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	2.  Title of Invention:
Operation of a MOS-OTS RAM cell


	3. What technology/product/process (code name) does your invention relate to (be specific if you can):
P894


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

Ovonic, Chalcogenide


	5.
Stage of development (i.e. % complete, simulations done, test chips if any, etc.):
Electrical principles understood
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	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?

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


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

NA


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


	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.
A dense memory cell is sought for embedded memory applications.  This can be achieved by a MOS-OTS cell.

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?
There are no known publications/data on a MOS-OTS cell.
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)
A cell consists of a single transistor in series with an OTS element.

The cell can be inserted into a dense array, with size smaller than a conventional 6T-SRAM cell layout.
To write a state “1”, the voltage drop across the selected OTS bit exceeds its threshold voltage (Vth,ots).  To write a state “0”, this voltage drop is reduced below the OTS holding voltage (Vh,ots).  During write, the gate voltage of the series MOS is set up such that Rmos < Rots, which ensures that most of the column voltage drops across the OTS.  Negative substrate bias can be used for NMOS select transistors if a negative voltage is passed from its source side; this avoids forward biasing the source-body junction.

There are alternative writing approaches.  For example, to write a “0”, the select transistor gate voltage can be reduced such that the cell current falls below Ih,ots.  This approach would require a “0” to be written across an entire row or array block before a “1” can be written.

To read, the voltage across the selected OTS bit is kept between Vh,ots and Vth,ots;  gate voltage of the series MOS can be raised to ensure a large difference in read current between the “0” and “1” states.  
Finally, holding requires the voltage across OTS bits to be above Vh,ots and below Vth,ots;  gate voltage of series MOS can clamp currents at lower levels, in order to minimize cell leakage.  This current must be higher than holding current (Ih,ots);  the lower bound of Ih,ots is the OTS subthreshold current at Vh.  
In all cases, Vh,ots < Vth,ots.
The write and hold concepts in a MOS-OTS cell are reiterated in the figure below.  If the voltage drop across the selected OTS is >Vth,ots, then a stable DC operating point exists where the MOS IV intersects the OTS IV in its ON-state.  Once the OTS is latched into the ON-state, the column voltage can be brought down, which would shift the MOS IV to the left in the figure below.  
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The read concept is depicted in the figure directly below.  For larger Vgs, there is a correspondingly larger difference in current between an OTS in its ON-state vs. its OFF-state.
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There are many ways to realize these basic rules in a dense array.  Below is one example:

- n-channel MOS select transistor in series with OTS bit

- array layout:
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- bias scheme:
	
	Selected BL
	Selected WL1
	Selected WL2
	Deselected BL
	Deselected WL1
	Deselected WL2

	Write:
	
	
	
	
	
	

	1 -> 0
	Vh + V2
	Vg2
	-V1
	Vh
	Vg2
	ground

	0 -> 1
	Vh
	Vg2
	Vh
	Vh + V2
	Vg2
	ground

	
	
	
	
	
	
	

	Hold
	Vh
	Vg2
	ground
	Vh
	Vg2
	ground

	
	
	
	
	
	
	

	Read
	Vh
	Vg1
	ground
	Vh
	Vg2
	ground


- typical voltages:

	Vg1 can be as simple as Vg1 > Vth,mos for read

	Vg2 biased such that (1) Rmos < Rots, ensuring most of the column voltage falls across OTS and (2) current is larger than Ihold (lower bound = subthreshold current at Vh)

	Vh,ots = 1V

	Vth,ots = 3V

	-V1 = -1V

	V2 = 1V


4. Describe advantage(s) of your invention over what is currently being done.
· scalable, compact cell size
· low power
· robust against soft error
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.
See figures in section 3
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
Infringement is determined by X-section SEM imaging of the physical structure & understanding of operation priniciples. 
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BY THIS SIGNING, I (WITNESS) ACKNOWLEDGE THAT I HAVE READ AND UNDERSTAND THIS 

DISCLOSURE.









