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CLAIMS 

 

What is claimed is: 

 

1.  A method of forming a memory device comprising: 

forming an insulating material over a first conductive electrode; 

patterning the insulating material to form vias that expose portions of the first conductive 

electrode;  

forming a memory access device within the vias of the insulating material; and 

forming a memory element over the memory access device, wherein data stored in the 

memory element is accessible via the memory access device, 

wherein the memory access device is formed of a doped chalcogenide material, and the 

memory access device is formed using a self-aligned fabrication method. 

 

2.  The method of claim 1, wherein the doped chalcogenide material comprises one of the 

group consisting of a Cu-doped combination of Se and/or Te alloyed with one or more of Sb, In and 

Ge. 

 

3.  The method of claim 1, wherein the doped chalcogenide material comprises one of the 

group consisting of a Ag-doped combination of Se and/or Te alloyed with one or more of Sb, In and 

Ge. 

 

4.  The method of claim 1, wherein the self-aligned fabrication method for forming the 

memory access device further comprises depositing the doped chalcogenide material using 

electrochemical deposition. 

 

5. The method of claim 1, wherein the self-aligned fabrication method for forming the 

memory access device further comprises depositing the doped chalcogenide material using vapor 

phase deposition. 



 13

 

6.  The method of claim 4, wherein during the electrochemical deposition process, the doped 

chalcogenide material is only formed on the exposed portions of the first conductive electrode. 

 

7.  The method of claim 1, wherein vias formed in the insulating material have a width of 

40nm or less. 

 

8.  The method of claim 1, wherein the self-aligned fabrication method for forming the 

memory access device occurs at temperatures at or below 400 °C. 

 

9.  The method of claim 4, wherein forming a memory access device further comprises 

planarizing the electrochemically deposited doped chalcogenide material to a top surface of the 

insulating material. 

 

10.  The method of claim 1, wherein the first conductive electrode is a word line. 

 

11.  The method of claim 1, further comprising forming a second conductive electrode over 

the memory element. 

 

12.  The method of claim 11, wherein the second conductive electrode is a bit line. 

 

13.  The method of claim 11, wherein the memory device is a cross point memory. 

 

14.  The method of claim 13, further comprising forming a plurality of repeated levels of 

individual memory devices, each repeated level comprising the first conductive electrode, the 

insulating material, the memory access device, the memory element and the second conductive 

electrode, wherein the cross point memory device comprises multiple levels of memory elements 

and memory access devices such that it is a three-dimensionally stacked memory device, and 

wherein each memory access devices is a select device for a corresponding memory element. 
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15.  A method of forming a memory device comprising:  

forming an insulating material over a first conductive electrode; 

patterning the insulating material to form vias that expose portions of the first conductive 

electrode;  

forming a memory access device within the vias of the insulating material using a self-

aligned fabrication method; and 

forming a memory element over the memory access device, wherein data stored in the 

memory element is accessible via the memory access device,  

wherein the self-aligned fabrication method comprises: 

depositing a chalcogenide material;  

depositing a dopant material on the chalcogenide material; and 

causing the chalcogenide material to become doped with the dopant material. 

 

16.  The method of claim 15, wherein the chalcogenide material is deposited using vapor 

phase deposition. 

 

17.  The method of claim 15, wherein the chalcogenide material is deposited using 

electrochemical deposition. 

 

18.  The method of claim 15, wherein the dopant material is selectively deposited on the 

chalcogenide material using one of electrochemical deposition or physical vapor deposition of the 

dopant material. 

 

19.  The method of claim 15, wherein the chalcogenide material is a combination of Se 

and/or Te alloyed with one or more of Sb, In and Ge. 

 

20.  The method of claim 15, wherein the dopant material is one of Cu or Ag. 
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21.  The method of claim 17, wherein during the electrochemical deposition process, the 

chalcogenide material is only formed on the exposed portions of the conductive electrode. 

 

22.  The method of claim 15, further comprising planarizing the dopant material and 

portions of the doped chalcogenide material extending above the vias in the insulating material. 

 

23.  A method of forming a memory device comprising: 

forming an insulating material over a first conductive electrode; 

patterning the insulating material to form vias that expose portions of the first conductive 

electrode;  

forming a memory access device within the vias of the insulating material using a self-

aligned fabrication method; and 

forming a memory element over the memory access device, wherein data stored in the 

memory element is accessible via the memory access device, 

wherein the self-aligned fabrication method further comprises: 

depositing a chalcogenide material; 

infusing the chalcogenide material with Ge; and 

depositing a dopant material on the Ge-infused chalcogenide material with a dopant 

material; and 

causing the Ge-infused chalcogenide material to become doped with the dopant 

material. 

 

24.  The method of claim 23, wherein the chalcogenide material is deposited using vapor 

phase deposition. 

 

25.  The method of claim 23, wherein the chalcogenide material is deposited using 

electrochemical deposition. 
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26.  The method of claim 23, wherein the chalcogenide material is infused with Ge using 

gas-cluster ion beam modification. 

 

27.  The method of claim 23, wherein the dopant material is selectively deposited on the Ge-

infused chalcogenide material using one of electrochemical deposition or physical vapor deposition 

of the dopant material. 

 

28.  The method of claim 23, wherein the chalcogenide material is a combination of Se 

and/or Te alloyed with one or more of Sb and In. 

 

29.  The method of claim 23, wherein the dopant material is one of Cu or Ag. 

 

30.  The method of claim 23, wherein during the electrochemical deposition process, the 

chalcogenide material is only formed on the exposed portions of the conductive electrode. 

 

31.  The method of claim 23, further comprising planarizing the dopant material and 

portions of the doped chalcogenide material extending above the vias in the insulating material. 

 

32.  A memory device comprising: 

an insulating material over a first conductive electrode, the insulating material including vias 

that expose portions of the first conductive electrode;  

a self-aligned doped chalcogenide memory access device formed within the vias of the 

insulating material, wherein the memory access device is doped with a dopant material which is one 

of Cu or Ag; and 

a memory element over the memory access device, wherein data stored in the memory 

element is accessible via the memory access device. 
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33.  The memory device of claim 32, wherein the doped chalcogenide memory access device 

includes a chalcogenide material which comprises one of the group consisting of a Cu-doped 

combination of Se and/or Te alloyed with one or more of Sb, In and Ge. 

 

34.  The memory device of claim 32, wherein the doped chalcogenide memory access device 

includes a chalcogenide material which comprises one of the group consisting of a Ag-doped 

combination of Se and/or Te alloyed with one or more of Sb, In and Ge. 

 

35.  The memory device of claim 32, wherein the self-aligned memory access device is 

formed using electrochemical deposition. 

 

36.  The memory device of claim 32, wherein the self-aligned memory access device is 

formed using vapor phase deposition. 

 

37.  The memory device of claim 32, wherein the self-aligned doped chalcogenide memory 

access device is formed only on the exposed portions of the first conductive electrode. 

 

38.  The memory device of claim 32, wherein the vias in the insulating material have a width 

of 40nm or less. 

 

39.  The memory device of claim 32, wherein the first conductive electrode is a word line. 

 

40.  The memory device of claim 32, further comprising a second conductive electrode over 

the memory element. 

 

41.  The memory device of claim 40, wherein the second conductive electrode is a bit line. 

 

42.  The memory device of claim 40, wherein the memory device is a cross point memory. 
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43.  The memory device of claim 42, further comprising a plurality of repeated levels of 

individual memory devices, each repeated level comprising the first conductive electrode, the 

insulating material, the memory access device, the memory element and the second conductive 

electrode, wherein the cross point memory device comprises multiple levels of memory elements 

and memory access devices such that it is a three-dimensionally stacked memory device, and 

wherein each memory access device is a select device for a corresponding memory element. 

 

44.  A memory device comprising: 

an insulating material over a first conductive electrode, the insulating material including vias 

that expose portions of the first conductive electrode;  

a self-aligned Ge-infused doped chalcogenide memory access device formed within the vias 

of the insulating material, wherein the memory access device includes a chalcogenide material 

which is a combination of Se and/or Te alloyed with one or more of Sb and In; and 

a memory element over the memory access device, wherein data stored in the memory 

element is accessible via the memory access device. 

 

45.  The memory device of claim 44, wherein the chalcogenide material is infused with Ge 

using gas-cluster ion beam modification. 

 

46.  The memory device of claim 44, wherein the memory access device is doped with a 

dopant material which is one of Cu or Ag.   

 

47.  The memory device of claim 44, wherein the vias in the insulating material have a width 

of 40nm or less. 

 

48.  The memory device of claim 44, wherein the memory device is a cross point memory. 

 

49.  The memory device of claim 48, further comprising a plurality of repeated levels of 

individual memory devices, each repeated level comprising the first conductive electrode, the 
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insulating material, the memory access device, the memory element and the second conductive 

electrode, wherein the cross point memory device comprises multiple levels of memory elements 

and memory access devices such that it is a three-dimensionally stacked memory device, and 

wherein each memory access device is a select device for a corresponding memory element. 

 

50.  A memory device, comprising: 

a three-dimensionally stacked, cross point memory device formed by a plurality of repeated 

levels of individual memory devices, wherein each of the individual memory devices comprises: 

an insulating material over a first conductive electrode, the insulating material including vias 

that expose portions of the first conductive electrode; 

a self-aligned doped chalcogenide memory access device formed within the vias of the 

insulating material;  

a memory element over the memory access device, wherein data stored in the memory 

element is accessible via the memory access device; and 

a second conductive electrode over the memory element. 


