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	2.  Title of Invention: 
High bandwidth SET-WRITE of a PCMS Memory cell 


	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: Silicon learning and validation is obtained.   64Mb test chip, aka PT180, will implement the disclosed method. 


	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?

Q3, 2007


	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.
Energy required to “SET” or to crystallize an OUM memory cell is 10 to 100X the amount required to “RESET” a cell.  This is due to the nature of phase change kinetics as shown in time-temperature transition diagram for phase change.
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?
By changing OUM material, it has been reported that GeSb exhibits a  SET to RESET energy ratio that is approaching 1:1.  The corresponding latency of SET to RESET is less than 2:1.
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)
This invention is uniquely associated with a phase change memory cell with a selector exhibiting threshold switching and snapback behavior such as OTS or a thyristor.  
We illustrate the threshold switch and snapback effects on this class of memory cell.   The following example is used with a PCMS memory cell.   Similar characteristics can also apply to thyristor based selector such as SCR, DIAC and etc.  

To interrogate the state of the OUM portion of a PCMS cell, a demarcation voltage is applied.  This voltage must be sufficient to turn “ON” the PCMS cell when the OUM portion of the cell is in the “SET” state yet less than the threshold voltage of a PCMS cell in “RESET” state.  At the transient of OTS snapback, the snapback voltage is immediately transferred to memory cell due to the parasitic RC associated with connectivity of the two terminals of the cell.   If the snapback voltage is larger than the threshold voltage of a PCMS cell, OUM will undergo a triggered electronic threshold switching.   With this read mechanism, if OUM in a PCMS cell has a threshold less than the snapback voltage, when the demarcation voltage is greater than the sum of the OTS threshold voltage and potential drop of the OUM with current equal to OTS threshold current, the PCMS cell will snapback.   Therefore, the SET resistance requirement can be relaxed (meaning that it is not important to program the cell to the lowest possible resistance state).
The relaxed SET requirement in a PCMS cell compared to an OUM-only cell provides a path for a lower SET energy criteria for SET-WRITE operation.  
4. Describe advantage(s) of your invention over what is currently being done.
The program transfer curves illustrated below indicate the SET-WRITE current requirements under different “READ” mechanism. 
In the experiment, an OUM-only cell was used (no selector), preconditioned to the RESET state, then a set pulse was applied (x-axis of Fig. 1 and 2), then the resistance was measured (y-axis of Fig. 1), and then a DC sweep was performed to give the IV, the result of which is shown in Fig. 2.
Figure 1 is the exhibit of the R-I curves for 1T1R or 1D1R PCM cell.   OUM SET resistance is typically required at 10KOhms or lower for 40uA of read current (OUM cell voltage is 0.4V).   The SET resistance range is typically within 3X of minimum SET resistance for a robust SET state.  A typical SET current of hundreds of uA is needed in this example. 
The y-axis of Fig. 2 shows the voltage that corresponds to a particular current (see legend) during the subsequent  DC sweep on the same OUM-only cell. Figure 2 can also be used as a different detection method of the same experiment as Fig. 1.  The detection is the voltage cross OUM at the current level where OTS threshold switching happens.  The SET current required for 0.4V drop on OUM at OTS threshold current of 2uA or below is clearly in the range of tens of uA.   This is ~10X lower than what is required in a PCM cell with a non-snapback selector. This 10X reduction is a consequence of the fact that in a SET state of a PCMS cell, it is not important to have the OUM in a very low resistance state. Only the threshold voltage is relevant.
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Figure 1.   RESET to SET R-I program transfer curves of an IST OUM-only (no selector present), the SET current is typical hundreds of uA for a SET resistance in within 3X of Rmin.
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Figure 2.   RESET to SET Vt-I program transfer curves of an IST OUM-only (no selector present).  The metric is used for OUM in PCMS cell, which would include the selector as well.  The SET current is  as low as tens of uA at a potential voltage drop of 0.4V across the OUM (at OTS threshold current level).

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.
RESET to SET program transfer curves of a PCMS cell is shown below.  A PCMS cell preconditioned at 6V of RESET state with a pulse at 1.64mA is able to be programmed to SET state with 30uA of current.   The corresponding RESET to SET energy ratio is expected to be 1:1.
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Similar capability is also demonstrated in PT180 Array shown in the graph below.
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[image: image6.emf]Precondition pulse: WLgate@3.5V (IDUT=1.64mA, PW=1us);

shown is V@15uA during subsequent DC sweep;

 disturb pulse is a sweep (orange) and a square pulse (purple)
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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
Examining Product Spec sheet on SET operation on power delivery or reverse engineering to detect SET pulses
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OPTIONAL WITNESS SIGNATURE

DATE:    


WITNESS:   



BY THIS SIGNING, I (WITNESS) ACKNOWLEDGE THAT I HAVE READ AND UNDERSTAND THIS 

DISCLOSURE.
80uA/5usec Pulse is able to SET a bit (5.5V to 3.8V)








