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	2.  Title of Invention:

WRITE method for 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: 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.

Some OUM materials such as the Inx-Sby-Tez compound, are identified as a good candidate due to their effective transition from crystalline state, aka SET, to glassy states, aka RESET.  It is however also reported a slow crystallization process from RESET to SET for these alloys.  The proposed method is to improve WRITE (SET) efficiency by increasing speed and reducing power, therefore reducing WRITE energy and increasing data transfer rate.   It can also reduce variability to a SET state for OUM.

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?
In the 90nm PCM technology co-developed by Intel and ST, an iterative SET operation by interlacing a write-step and a verification-step is implemented in Alverstone.  The write-step is an electrical pulse with a long falling edge.  The verification-step is used to determine the necessity of further iteration.  The subsequent write-step after failing verification uses a higher pulse amplitude and/or a longer falling edge, shown in Figure 1.


[image: image1]
Figure 1.  Prior Art SET operation

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 core of the method consists of two short square pulses in the write (set)-step, aka Double-Pulse method.  The first pulse is chosen to write the memory from a “high” RESET state (“high” in terms of resistance R or threshold voltage Vt level) to a RESET state with lower resistance or threshold voltage (compared to the original “high” RESET state).  Immediately, afterwards, the 2nd pulse is deployed to SET the weakened RESET state.  In contrast, a single square pulse, similar to the second pulse in the Double-Pulse method, is frequently unable to program a bit from the RESET state to the SET state if the first pulse is skipped.

The embodiment shown in Figure 2 illustrates one of the applications of the Double-Pulse method.
Select Pulse-1 & Pulse-2: First, SET to RESET statistics are obtained for a memory technology.  The amplitude of Pulse-1 is then chosen to RESET the OUM device in lower RESET level compared to the original RESET level.  Pulse-2 is chosen at a current level below the maximum pulse amplitude before RESET occurs (in the above set-to-reset statistics), or in other words, below the so-called “SET disturb current” for any bit.  

SET Sequence: SET cycle starts by delivering Pulse-1 and Pulse-2 in sequence followed by a verify-step, in which either resistance or threshold voltage are measured (Figure 2).  When a bit failed for verification, the iterative SET cycle starts with a reduced Pulse-1 amplitude from the previous SET cycle (while Pulse-2 amplitude remains unchanged).   The iterative SET cycle can stop right before Pulse-1 amplitude is less than or equal to Pulse-2 amplitude.  

Other Pulse 1 searching technique, such as linear increment of binary search, can also be used.


[image: image2]
Figure 2. Double Pulse SET operation

4. Describe advantage(s) of your invention over what is currently being done.

Increase WRITE (SET) speed by eliminating long falling edges; reducing iterations requirement.  It ultimately reduces WRITE Power and Energy and improves WRITE (SET) efficiency.  Experimentally, double pulsed SET resistance exhibits tighter distribution than traditional SET SWEEP resistance.   It matches empirically with crystallization transition statistics and electrical current percolation model.

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.
Figure 3 exhibits one SET-TO-RESET (S2R) R-I-curve for a single bit and 3 RESET to SET (R2S) R-I-curves for 3 different RESET precondition levels (identified in terms of original RESET threshold voltage Vt, which is given in the caption). In the S2R RI curve, Imelt is the current at which crystalline OUM begins forming a ‘wall-to-wall’ amorphous layer seals the conductive path (identified by an initial increase in R and Vt).  In R2S R-I curves, IstbnS is the highest current at which OUM is stuck at a “stubborn” RESET state (high resistance R or non-zero Vt).  The higher the original RESET resistance or threshold voltage Vt is (see caption in Figure 3), the higher is IstbnS.  

The R2S and S2R R-I curves are expected to match for I > IstbnS which is also observed (Figure 3).
The enabler of the method is based on two characteristics, 

1. For any given original RESET state, any square pulse with amplitude > Imelt will re-RESET the bit.

2. For lower original RESET state, IstbnS is lower
Based on S2R R-I curve, a fixed 2nd Pulse of, e.g.,  450uA (< Imelt ) is chosen while the 1st Pulse is scanning from low to high current (Figure 4).  The device has been pre-conditioned with a 2mA RESET pulse (corresponding to Vt=2.26V) before applying this double-pulse method.  The 2nd pulse cannot SET the memory if the 1st pulse is less than IstbnS.   When the first pulse is > IstbnR, the memory becomes “RESET stubborn” to a subsequent SET pulse of 450uA or lower.  The Effective pulse amplitude of the 1st pulse in a double-pulse operation is therefore between IstbnS and IstbnR. 

[image: image3]
Figure 3.   SET to RESET (crosses) and RESET to SET (open symbols) R-I curves for a typical OUM memory (single bit).

[image: image4]
Figure 4.   Double Pulse R-I (single bit): For each of the double-pulse operation, the bit has been preconditioned with a sequen
ce of a SET pulse (blue) and a subsequent RESET pulse (dark green) to the Vt=2.26V level. Comparison of red (single pulse, RESET to SET) and light-green (double pulse, RESET to SET) curves reveal that the double pulse substantially widens the set window on its right side.   
Double Pulse operation has also been validated with memory arrays of 4096 bits.  

Figure 5(A) shows typical S2R Vt-I curves of 4096 bits in a memory array.   A pulse amplitude larger than 0.8mA starts to reset bits in the array.   

Figure 5(B) shows a RESET to SET Vt-I curve (precondition with a 2mA RESET pulse) of all 4096 bits.  A set sweep (width=3us, falling edge=4us) was used. For any pulse amplitude with 4usec of falling edge sweep, a significant amount of bits remain in the RESET state (“stubborn state”).   

Based on the S2R Vt-I curves in Figure 5(A), a fixed Pulse-2 amplitude of 0.5mA is chosen.  The Double-Pulse Vt-I is then examined with Pulse-1 varying from 0.2mA to 2mA, as shown in Figure 6(A).  All 4096 bits are nicely SET if the pulse 1 amplitude range is between 0.8mA and 1.2mA.

As an alternative method, the first pulse can be fixed and the second pulse is varied: In Figure 6B, Pulse-1 is fixed at 1.0mA, and the Double-Pulse Vt-I is examined by varying Pulse-2 from 0.2mA to 2mA.   All bits are SET if the Pulse-2 amplitude is < 0.8mA.  It turns out that the method in Figure 6(B) works if pulse 1 is fixed at an amplitude between about 0.8mA and 1.2mA, which is in agreement with the experiment in Figure 6(A).  All double-pulse experiments were performed with square pulses of width 0.5usec. Therefore, the double pulse is not only far more effective but also substantially faster than the set sweep in Fig. 5(B), for which the total time has been 7us.
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      (A)                                                                                                               (B)
Figure 5. (A) SET to RESET Vt-I curves with square pulses of increasing amplitude and (B) RESET to SET Vt-I curves with a single set sweep of increasing amplitude for a 4K OUM memory array.  The RESET precondition pulse was 2mA in (B).
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(A)                                                                                         (B)

Figure 6: (A) RESET to SET Vt-I curves for 4K OUM array (double SET square pulse, where the first pulse varies from 0.2mA to 2mA, and the second pulse is fixed at 0.5mA. (B) RESET to SET Vt-I curve for 4K OUM array (double SET square pulse, where the second pulse varies from 0.2mA to 2mA, and the first pulse is fixed at 1.0 mA.  Curves similar to those of Figure 6B are obtained if the first pulse is fixed at 0.8mA or 1.2mA. The RESET precondition pulse was 2mA in both (A) and (B). A wide SET window is obtained with both method (A) and (B), demonstrating the superiority of the double pulse method compared to the single set sweep in Figure 5(B).
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
It can be identified with pulse timing of SET operations. 
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