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	2.  Title of Invention:

Method to Reduce Write Current and to Improve Cycling Endurance of Phase Change Memory


	3.  What technology/product/process (code name) does your invention relate to (be specific if you can):

A path finding test vehicle for OUMS Memory Array validation and exploration using P894 Process Technology and beyond 


	4.
Include several key words to describe the technology area of the invention in addition to # 3 above:

OUM, OUMS, Phase Change Memory, PCM, Triggered PCM, P-RAM


	5.
Stage of development (i.e. % complete, simulations done, test chips if any, etc.):
Path Finding: Concept exploration.  


	6a.  Has a description of your invention been (or planned to be) published outside of the ISO Collaboration:

If YES, please identify the publication and the date published:
No


	6b.  Has your invention been used/sold or planned to be used/sold by Intel, ST Micro, Ovonyx, or others?

No
If YES, date it was sold or will be sold:


	6d.  If the invention is embodied in a semiconductor device, what is the actual or anticipated date of tapeout?

Not Planned Yet.


	6e.  If the invention is software, actual or anticipated date of any beta tests or other public distribution outside the ISO Collaboration: N/A


	7.  Is this invention related to any other invention disclosure that you have recently submitted?  If so, please give the title and

     inventors: No



PLEASE READ AND FOLLOW THE DIRECTIONS ON

HOW TO WRITE A DESCRIPTION OF YOUR INVENTION

Please provide a description of the invention and include the following information:

1. Explain the problem being addressed by the invention.
· Write current reduction using confined memory structure. 

· Eliminate over heating and composition change at interfaces to phase change region for high cycling endurance. 

· Further write current reduction can be achieved by narrowing cross section of the ‘active’ region for phase change activities. 

2. Identify the closest or most pertinent prior art that you are aware of.

· What is done today to alleviate the problem solved by the invention?
· Structural confinement such as Damascene Lance Architecture or other confined structure demonstrated by Taiwan Phase Change Memory Consortium published in VLSI-TSA/2007.
· Reduced Heater/Memory interface such as µ-Trench Architecture and Ringed heater Architecture
· Material exploration including doping modification, nitrogen incorporation and new phase change material synthesis.
3. Describe in detail what the components of the invention are and how the invention works.

· Provide a summary paragraph of what your invention is, and what it does.
· Next, briefly describe each of the key elements, and how they relate to each other in the overall invention (optional: reference drawings)
Write current reduction is achieved by “symmetric” or “near symmetric” phase change memory structure design.   The electrical and thermal symmetry is accomplished by deploying heater-less or symmetric heater electrodes with an optional memory cross section narrowing in between two metallurgic interfaces.   With the confined symmetrical memory structure, the low current high endurance phase change memory operation is expected.
· Peak temperature location (fire ball) can be expected at the middle of memory element.
· Also, the boundary of the phase change body is away from metallurgic interfaces between upper/lower electrode material and phase change material. 

· Electrical current reduction for effective Joule heating can be expected due to improved thermal confinement using same phase change material at top and bottom of the narrowed region with dielectric surrounding.

Two embodiments are illustrated for the implementation of the confined structures.  
1. Self-Aligned Phase Change Memory: Memory Cell active area is defined by line/space subtractive patterning of phase change memory and lower electrode, and self-aligned upper electrode to phase change memory.   With proper matching the electrical and thermal properties of lower and upper electrode,  an thermally active behavior is expected for a confined region between and away from upper and lower electrode metallurgic interfaces.


[image: image1]
2. Isotropic Etch Reduced Phase Change Memory: Further reduce of active region can be achieved.  After Phase Change Material is deposited and patterned, an isotropic etch to the exposed side wall of the Phase Change Material is deployed.  The active region is therefore narrowed.
 
[image: image2]
4. Describe advantage(s) of your invention over what is currently being done.
Phase Change Memory Confinement through a simpler and robust process flow:  
· Deposition of Phase Change Memory on the top of flatten surface.   No gap fill requirement is needed.

· Confined Memory cross section is defined by line/space subtractive [etch] processes.  Minimum pitch at sub-lithography active cross section can be achieved for lower programming current.
· Common known techniques for sub-lithography Line includes, as examples, pitch doubled thinner spacer as mask or photoresist reduced CD (by ashing) for mask or hardmask formation.

· Self-alignment between upper/lower electrodes and memory ensure good control of cell geometry variability for yield and performance.

· Symmetrical or near symmetrical structures ensure amorphous to crystalline phase change body fully embedded in the phase change material.  Metallurgic Interfaces will not be overheated.  The proposed structure will reduce the susceptibility of barrier material breakdown and/or phase change material composition changes, therefore, improve cycling endurance. 
Further active cross section reduction through isotropic etch:
· Current density increment will be delivered to where the narrow location.   “Fireball” location control is obtained.

· Further write current reduction beyond current generation of patterning tools can be achieved. 
5. Include at least one figure illustrating the invention.  If the invention relates to 


software, include a flowchart or pseudo-code representation of the algorithm.

6. How would infringement be detected?
· Identify how use of the invention would be visible, measurable, provable
· Examples of Detection Methods: Visual Examination, Reading Product literature, Reading Programming Reference Manuals, Reading Data Sheets, Reverse Engineering
Self-aligned symmetrical or near symmetrical memory architecture can be detected by

· bitline and wordline cross section for self-aligned

· upper to lower electrode (including memory) symmetries;  this can be heaterless (dual heat-sinks) or symmetric (dual) heater
Fireball control with center or near center narrowed phase change memory can be detected by 

· bitline and wordline cross section for narrowed phase change material layer geometrically symmetrical at center or near center of the layer
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Fig 1E:  Self-Aligned –�Upper Electrode to Memory Cell





Fig 1D:  Upper Electrode Deposition & �Column Patterning; CD reduction can be achieved similar to Fig 1B





Fig 1C:  Row Patterning (2)�Etch, Dielectric Fill & Planar





Fig 1B:  Row Patterning (I) –�Direct Masking or Pitch Multiplying; narrower line can be achieved by commonly known CD reduction techniques.





Fig 1A:  Lower Electrode  and Phase Change Material Deposition








Isotropic GST etch deployed after Self-Aligned segmentation of GST








[image: image3.png]


[image: image4.emf][image: image5.png]


[image: image6.emf][image: image7.emf][image: image8.emf][image: image9.emf][image: image10.emf]