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CLAIMS

1, A method for improved linearity of a phase change memory (PCM) cell structure, the method comprising:

forming a bottom electrode over a substrate;

constructing a PCM stack including a plurality of PCM layers each having a different crystallization
temperature over the bottom electrode; and

forming a top electrode over the PCM stack,

wherein one of: the crystallization temperature varies in an ascending order from the bottom electrode to
the top electrode; and, the crystallization temperature in a central region of the PCM stack is at a low point and the

crystallization temperature at topmost and bottommost regions of the PCM stack are at a high point.

2. The method of claim 1, wherein each of the plurality of PCM layers includes a Ge—Sb—Te (germanium-

antimony-tellurium or “GST") alloy.

3. The method of claim 1, wherein the crystallization temperature varies in an ascending order from the

bottom electrode to the top electrode, and the plurality of PCM layers includes four layers.

4, The method of claim 3, wherein the first layer includes germanium (Ge) content of less than 20%, the
second layer includes Ge content of between 20-40%, the third layer includes Ge content of between 40-70%, and

the fourth layer includes Ge content of greater than 60%.

5. The method of claim 1, wherein the crystallization temperature varies in an ascending order from the
bottom electrode to the top electrode and a heating element is disposed between the bottom electrode and the
PCM stack.

6. The method of claim 5, wherein a resistive liner is disposed directly between the heating element and the

bottom electrode.

7. The method of claim 1, wherein the different crystallization temperatures are achieved by doping and/or

different material content.

8. The method of claim 1, wherein the crystallization temperature in a central region of the PCM stack is at a
low point and the crystallization temperature at topmost and bottommost regions of the PCM stack are at a high

point, and the plurality of PCM layers includes seven layers.

9. The method of claim 8, wherein the first layer includes germanium (Ge) content of greater than 60%, the
second layer includes Ge content of between 40-70%, the third layer includes Ge content of between 20-40%, the

fourth layer includes Ge content of less than 20%, the fifth layer includes Ge content of between 20-40%, the sixth
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layer includes Ge content of between 40-70%, and the seventh layer includes Ge content of greater than 60%.

10. The method of claim 1, wherein the crystallization temperature in a central region of the PCM stack is at a
low point and the crystallization temperature at topmost and bottommost regions of the PCM stack are at a high

point and a resistive liner is disposed adjacent sidewalls of the PCM stack.

1. The method of claim 1, wherein the crystallization temperature in a central region of the PCM stack is at a
low point and the crystallization temperature at topmost and bottommost regions of the PCM stack are at a high

point and the crystallization temperature varies in an ascending order in a portion of the PCM stack.

12. The method of claim 1, wherein the crystallization temperature in a central region of the PCM stack is at a
low point and the crystallization temperature at topmost and bottommost regions of the PCM stack are at a high

point and the crystallization temperature varies in a descending order in a portion of the PCM stack.

13. A semiconductor structure comprising;

a bottom electrode disposed over a substrate;

a PCM stack including a plurality of PCM layers each having a different crystallization temperature
disposed over the bottom electrode; and

a top electrode disposed over the PCM stack,

wherein one of: the crystallization temperature varies in a descending order within a portion or an entirety
of the PCM stack; the crystallization temperature varies in an ascending order from the bottom electrode to the top
electrode; and, the crystallization temperature in a central region of the PCM stack is at a low point and the

crystallization temperature at topmost and bottommost regions of the PCM stack are at a high point. .

14, The semiconductor structure of claim 16, wherein each of the plurality of PCM layers includes a Ge—Sb—

Te (germanium-antimony-tellurium or “GST") alloy.

15. The semiconductor structure of claim 14, wherein the different crystallization temperatures are achieved by

doping and/or different material content.

16. The semiconductor structure of claim 13, wherein the crystallization temperature varies in a descending
order within a portion or an entirety of the PCM stack, and a first layer of the PCM stack includes germanium (Ge)
content of less than 20%, a second layer of the PCM stack includes Ge content of between 20-40%, a third layer of
the PCM stack includes Ge content of between 40-70%, and a fourth layer of the PCM stack includes Ge content of

greater than 60%.

17. The semiconductor structure of claim 13, wherein the crystallization temperature varies in a descending

order within a portion or an entirety of the PCM stack and the descending order is from the top electrode to the
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bottom electrode.

18. The semiconductor structure of claim 13, wherein the crystallization temperature in a central region of the
PCM stack is at a low point and the crystallization temperature at topmost and bottommost regions of the PCM
stack are at a high point, and the plurality of PCM layers includes seven layers, wherein the first layer includes
germanium (Ge) content of greater than 60%, the second layer includes Ge content of between 40-70%, the third
layer includes Ge content of between 20-40%, the fourth layer includes Ge content of less than 20%, the fifth layer
includes Ge content of between 20-40%, the sixth layer includes Ge content of between 40-70%, and the seventh

layer includes Ge content of greater than 60%.



