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Disclosure #:  5435
It is important to provide accurate and detailed information on this form.  Please complete this form in English.
	1.  Concise Title of Invention:
	Method to read phase change memory cells with built-in refresh


	2. INVENTORS:   All inventors must be listed including individuals who are not Numonyx employees.   Remember, that an inventors is a person who conceives or contributes to the conception of the inventive subject matter contained within at least one claims

ALL of the inventor information must be filled out or the disclosure will be sent back to the inventor(s).
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 (PROVIDE SAME INFORMATION AS ABOVE FOR EACH ADDITIONAL INVENTOR)
	3. Brief description of invention.
A method to read a phase change memory cell and quickly restore its correct state, which might be degrading over time.
This invention falls predominately under the classification of:

Memory 

· NOR Flash

· NAND Flash

· PCM 

· SSD

· Processing & Manufacturing

· Packaging, Cards, Modules

· Other _______________________________________

Explain the problem being addressed by the invention.

Phase change memories (mainly chalcogenide-material based) store information as the material state (either crystalline or amorphous).  Although PCM is characterized as non-volatile, amorphous regions may increase in resistance and threshold voltage (through a process known as “drift”), or crystallize through solid-phase epitaxy.  Both processes can change the state of a memory element such that a read will return an incorrect result.  Additionally, some PCM materials may have retention characteristics that make it unsuitable for non-volatile applications, but adequate for volatile applications as a DRAM replacement.  A refresh operation would be needed for such materials.
How does the present invention solve this problem? 

The present invention provides a quick method to read and restore the state of the phase change memory cell to eliminate any drift or crystallization that may have occurred since the cell was originally written.  The method must be applied before the cell has changed (drifted or crystallized) to a point that a read returns an incorrect result.
      


	4. Metrics:

Likelihood of Infringement:

· 5 -  High: likely to be adopted by a standard
· 4 -  Very Good: the best solutions to an industry-wide problem
· 3 -  Good: a good solution to an industry problem, or best solution for a problem common to some.
                      (alternatively, the solution is implemented or will be implemented in actual product)

· 2 -  Moderate: a good solution to an industry-wide problem, but there are others that may work equally as well.

                      (alternatively, the solution is a theoretical one, no plans to implement in product)

· 1  - Low: addresses a problem of a Numonyx product, not a problem common to others.
What companies are likely to want to use this invention or infringe the patent?
Other companies pursuing phase change memory products may need such a refresh scheme to guarantee data retention to meet customer specifications (e.g. 5 years, 10 years, or even 1 second for DRAM replacement)
Ease of Detection:  how difficult would it be to detect whether someone is using your invention when looking at the final product

· 5 - Very Easy: technology incorporated into a standard.
· 4 - Easy: Infringement proven simply by looking a data sheet of other products.
· 3 - Moderate: requires cross-section of cell structure.
· 2 - Difficult: Requires circuit tracing or signal probing.

· 1 - Very difficult: No signature of infringement exists on product as sold by competitor.
Explain how to detect infringement:  The proposed invention requires power to be applied in order to function, so it may be described in the datasheet; an infringement may be detected if the datasheet specifies how often a refresh is required or how to initiate a refresh.  However, once it is confirmed that a PCM product uses refresh, it may be difficult to detect the refresh scheme – circuit tracing or signal probing may be required.
Ease of Avoidance:  Assuming a competitor is using your technique, how difficult would it be to use other techniques to achieve the same or similar results?

· 5 - Very difficult: technology incorporated into a standard.
· 4 - Difficult: would require compete product redesign or alternative manufacturing technology.
· 3 - Moderate: would involve new mask set, product re-qualification, and/or significant customer impact.
· 2 - Easy: alternative solution could be implemented in < 2 years, likely to have only minor customer impact.
· 1 - Very Easy: alternative solution could be implemented in < 6 months; likely indemnified by others.


	


	5.  Please cite all published information or prior art of which you are aware that is relevant to the subject matter of the invention.  Remember, do NOT conduct a search.  Cite only things of which you are aware.

None.





	6.  Date and location of the first conception of invention:  April 14, 2008 – Santa Clara, CA


	7.  Date of first written documentation or drawing of the invention (attach copies):  April 18, 2008


	8.  Date and location where the invention was first successfully reduced to practice:  April 16, 2008 – Santa Clara, CA


	9.  Describe how the invention was reduced to practice (on paper, modeling, testing structure, device, etc.) Note: Actual reduction to practice is NOT necessary before this form is submitted.  
Demonstrated on test structure in lab


	10.  Has the subject matter of the present disclosure been disclosed or will be disclosed outside of Numonyx?  no
If YES, explain and give date:

Was it disclosed pursuant to a Non-Disclosure Agreement (NDA)?  
If YES, with whom?


	11.  Has your invention been sold or used internally or externally, or are there plans for sale or use of the invention internally or externally?  no
If YES, what is the first date it was used or sold, or will be used or sold, by Numonyx or others:

Was it used or sold pursuant to a Non-Disclosure Agreement (NDA)?

If YES, with whom?



	12.  Is a Standard, SDO, or SIG active in this technology (e.g., IEEE, JDEC, etc.)?     no
If YES, name of Standard/SDO/SIG:



	13.  If the invention is software, actual or anticipated date of any beta tests or other distribution outside Numonyx:  n/a
Are there plans to provide this invention as “open source”?




	14.  Was the invention conceived or constructed in collaboration with anyone other than a Numonyx employee or in performance of a project involving entities other than Numonyx (e.g. Joint Ventures, Joint Development Projects, Government, other companies, universities or consortia)?  yes

If YES, name of individual or entity, and attach the contract with the individual or entity:

JDP with Intel Corporation



PLEASE READ AND FOLLOW THE DIRECTIONS ON

HOW TO WRITE A DESCRIPTION OF YOUR INVENTION

Try to limit your description to 2-3 pages contained WITHIN THIS WORD DOCUMENT

Do NOT attach separate diagrams, presentations, white papers, or specifications.  
(All information should be included in this document)

ANSWER ALL OF THE QUESTIONS BELOW
Please provide a description of the invention and include the following information:

1. Describe in detail what the components of the invention are and how the invention works.
2. Describe advantage(s) of your invention over what is currently being done. 
3. Feel free to include figures illustrating the invention.  If the invention relates to software, include a flowchart or pseudo-code representation of the algorithm. 
4. Value of your invention to Numonyx (how will it be used by Numonyx or a competitor). 
5. Identify the closest or most pertinent information related to your invention that you are aware of. 

	Detailed Description of Invention:   

Phase change memory (PCM) stores information as the material state of the memory film (typically a chalcogenide-based material).  The current-voltage (IV) characteristics of a PCM cell differ between the amorphous and crystalline states, as in Figure 1.  Typically, the low-field resistance of the PCM is measured to determine the state of the bit, with an amorphous cell being 10 to 1000 times more resistive than a crystalline one.  The threshold voltage (Vth) tracks resistance [2] and can also be used as a means to differentiate between cell states.  This invention utilizes Vth to determine the state of the cell to be read and refreshed.

The proposed read/refresh scheme can be broken into two operations, read and write-back.  To read, a voltage ramp that linearly increases in time is applied across the cell of interest.  Depending on the time that current starts to flow through the cell during the ramp, the threshold voltage can be inferred.  The stopping point of the voltage ramp is set at a value high enough to guarantee that the cell with the highest expected Vth will still threshold.  Thus, at the end of the read phase, the cell will be in its conductive “on-state.”  A current clamp may be used in series with the cell so that an originally crystalline cell does not progress into the amorphizing current regime of Figure 1 when the voltage ramp nears the value of amorphous Vth.
Once Vth has been determined based on the linear voltage ramp, the state into which the cell should be written-back is known.  The cell can be re-programmed by setting the amplitude and pulse width of the current that will be allowed through the cell:  a higher magnitude, fast pulse will amorphize the cell, whereas a moderate magnitude, longer pulse will allow the cell to crystallize [1].  The amplitude can be set by a single transistor configured as a current mirror and the width can be set by simple timing circuitry.  Since the cell is already in its conductive state at the end of the read phase, the write-back can begin as soon as the circuitry that shapes the current pulse is ready.  Figure 2 shows a possible implementation of the invention using a source follower transistor to apply the voltage ramp and a current mirror transistor to set the current level.  Figure 3 shows corresponding waveforms.
Another use for this invention is an on-chip, built-in self-cycling stress test to check reliability.  If the write-back circuit inverts the data obtained during the read phase, the read/refresh operation will actually cycle the cell between the amorphous and crystalline states.  This may be performed in rapid succession to quickly cycle the memory cells.  Extra circuitry can specify the number of cycles to run, and the write-back circuit can be enhanced to ensure that the cell indeed toggles between the correct states each cycle, raising an error flag if the cell fails to toggle at any iteration during the cycling.

This invention can be extended to PCM that has Vth (i.e. exhibits snapback) even in the crystalline state.  An example set of IV curves for such a memory is shown in Figure 4.  The circuit of Figure 2 can read the cell state based on Vth for either state and feed the information to the write-back circuit.

The main advantage of this invention is that the cell can be read and written-back in a short amount of time.  Prior art would typically read the state of the bit using the low-field resistance and then issue a separate write pulse, incurring the overhead that is necessary to change from read to write mode.  This invention combines the two into a single operation – the cell enters the conductive state only once.  Another advantage is that this invention allows the use of PCM material that has poor retention characteristics.  Similar to DRAM, if power can be maintained, periodic refresh operations can be utilized to maintain the state of all memory cells.  Lastly, with the capability for built-in self-cycling, the amount of costly tester time required to ensure the quality and reliability of cells is reduced.
[1] S. Lai, “Current status of the phase change memory and its future,” in IEDM Tech. Dig, 2003, pp. 255-258.
[2] D. Ielmini et al, “Recovery and drift dynamics of resistance and threshold voltages in phase-change memories,” IEEE Trans. Electron Devices, Vol. 54, pp. 308-315, 2007.
Referenced sketches/drawings/diagrams: (use additional page(s)
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Figure 1.  IV curves of PCM cell (from [1]).  A SET (crystalline) cell will conduct a normalized current of 0.5 at ~0.4V, whereas a RESET (amorphous) cell will not conduct until V>Vth (~1.1V), at which point the IV curve snaps back.  0.4V can be applied to sense low-field resistance.
[image: image4]
Figure 2.  One possible implementation of the invention.  The voltage ramp for read is applied on the gate of the top transistor.  It is biased as a source follower, so its source ramps up as well.  The current sensor detects when the current through the cell exceeds a prescribed value (e.g. 0.5 on the y-axis of Figure 1) and then informs the write-back circuit block.  By comparing the time that the current sensor trips to the time along the voltage ramp, the write-back circuit determines the state to which the cell should be re-written and sets the gate of the bottom transistor with the corresponding value and timing to either re-amorphize or re-crystallize the cell.
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Figure 3.  Waveforms from possible implementation of Figure 2, showing read/refresh of a SET (crystalline), followed by a RESET (amorphous) cell.  All axes (both x and y) are in arbitrary units.  The bottom gate is first raised to a low value that will allow a moderate, crystallizing current to flow.  Then the voltage ramp is applied to the top gate.  A crystallized cell begins to conduct shortly after the ramp begins, after which the bottom transistor limits the current to that which re-crystallizes the bit.  The write-back control determines that the cell was in the crystallized state and continues the current for a long enough time to ensure re-crystallization.  The second half of the waveforms show the result for an amorphous cell, which does not conduct until near the end of the voltage ramp.  Once the write-back control determines that the cell was in the amorphous state, the bottom transistor is enabled to flow the high magnitude, amorphizing current, which can end earlier than the crystallizing pulse.  The double-headed arrow indicates the timing margin available for the write-back circuit to determine the state of the cell, which can be increased by reducing the ramp rate.
[image: image5.jpg]N

nUMoNyx"




Figure 4.  An alternative PCM may exhibit Vth and snapback behavior even in the crystalline state.  The invention will also function for this type of cell.
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