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	2.  Title of Invention:

Four Vertically Stack Layers of OUMS Memory Array


	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.
Reduce effective cell size of a bit of memory (0/1)
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Effective cell sizes is measured by:             , where
· :  Planar Cell layout:  
· :  Minimum Pitch Capability for technology 

· M: Electrically multilevel or physically multilayer (bits/cell-area)

· AE: Array efficiency; Periphery analog, digital, I/O circuits for memory array operations
The following table benchmarks memory cell size performance between current art and this disclosure
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This invention disclosure addresses the reduction of effective cell sizes without performance penalty.
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?
“Effective cell size” reduction of a given technology node comes from cell layout, MLC capability and Arrary efficiency.  OUMS technology gives the best in the class.  Current art, proposed by Bedeschi et.al., deploys 2 layers of memory stacking on the top of transistor which is used for array decoding, programming and sensing operation.  3 embodiments were proposed, shown in Fig 1.

[image: image8.emf]1

3

2

4


[image: image2]
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)
The invention disclosure enabled 4 layers of memory stack without increasing circuit complexity therefore maintaining array efficiency.  
It use the layout of 4 with tiles common-centroid symmetry as shown in Fig.2.   The vertically and horizontally interleaved decoding, selecting, sensing and programming circuits are placed directly under each of the tile, exhibited in Fig.2
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For each tile there are 4 unique decoding supported by the circuit below the memory tiles, as shown in Fig 3.
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The integration of the common-centroid symmetry tiles forming a memory array is exhibited in Fig 4.


[image: image5]
Three variants of 4-Layer memory stacks with circuit under the array tiles are illustrated using 3D cross sections.  As shown in Fig. 5, it exhibits the connectivity of 4 layers of OUMS memory to the decoding circuits.
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4. Describe advantage(s) of your invention over what is currently being done.
Smallest effective-cell size enabled.  
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
Cross section on memory layer and decoder connectivity
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Fig.1 2 layers memory stack on the top of wordline and bitline circuit 


(a).   common-centroid symmetry with 4 tiles of bi-layer memory implementation.


(b)    1 tiles of bi-layer memory implementation.


(c)    Vertically interleaved 2 tiles of bi-layer memory implementation 





Fig 5.  3 variants of 4-layer stack OUMS memory array.  This invention disclosure is also applicable to other stackable cross point memory array




















(b)





(c)





Fig 2.  4   symmetric tiles over decoding, sensing and programming circuits





Fig 3.  Decoding topology provided by the common-centroid symmetry topology 





(a) 





(b) 





(c) 





Fig 4.  Decoding topology provided by the common-centroid symmetry topology 
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2 layers of Bi-Layer memories
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² Cell

4 Symmetrical Memory Layers

• Either All levels of pitch cells alternate between Column & Row

• Or Memory Cells (storage and selector) are symmetric (Heater-less)
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