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	1.
	Field of the Invention:    

· Semiconductor Process:  device and integration

· Semiconductor Process + Equipment:  thin films

· Semiconductor Process + Equipment:  etch/litho

· Circuit Design

· Flash

· Test

· CQN (Q&R)

· Packaging

· Boards/Cartridge

· Automation

· Optical/MEMS

· Digital Health
· Other _______________________________________

                     

	2.
	This invention falls predominately under the classification of:

· Planned processes/components (inventions which relate to processes/components on the production roadmap)
· Path finding (inventions which relate to R&D types of programs)
· Targeted blue sky (high level “what if” inventions)
· Discontinued processes/components (inventions arising from discontinued programs which may have generated valuable IP)
· Other _______________________________________________ 

      (inventions not contemplated by the other categories)


	3.


	Concise Title of Invention:  
A memory architecture using a transistor connected to two or more OTS or diode isolated OUM or other resistive memory elements. 


	4.


	Brief description of invention (please use only space provided and font #10 or larger).  Write what is new about the invention (EXPLAIN HOW YOU DETECT INFRINGEMENT):

What is new? Current state of the art of resistive memory cell consists of 1 resistive memory element and 1 switch, a.k.a. 1R/1T cell, randomly accessed through column and row decoding scheme in an array.   When a column and a row are selected, the selected switch at the cross point is turned on and the resistive memory element is accessed, i.e. read or write. 
In this invention, two or more OTS or diode isolated resistive memory elements such as OUM in a row connect to one single transistor.  In contrast to 1R/1T memory cell topology, this invention is having memory cell topology of mR/1T, where “m” stands for multiple.  Each of the resistive memory elements sharing the connection to the single transistor is addressed by individual column. The shared switch is turned on or selected by the addressed row. The column and row decoding scheme can be used for a seamless random access memory array. 
Alternatively, the shard transistor can be connected to a single column of two or more OTS or diode isolated resistive memory elements with exclusively addressed row decoder to each memory element for yet another seamless random access memory array.
The main elements are: This invention is a wired-OR configuration of two or more OTS or diode isolated resistive memory elements in serial connection to one transistor as a low capacitive variable resistive loadline at range of sub 100Ohms to sub Megaohms.  
EXPLAIN HOW TO DETECT INFRINGEMENT (I.E. HOW YOU DETERMINE IF SOMEONE IS USING YOUR INVENTION WHEN LOOKING AT A FINAL PRODUCT):
The unique feature of the invention is the circuit arrangement and layout topology of the connectivity between resistive memory elements and the selective switches.  In a typical resistor based memory cell, shown in figure 1, the individual resistive memory element, named 101, is connected to one selective switch, named 102, exclusively.  That is, the connecting point, named 103, is fully isolated from other memory cells.    The electrical isolation or leakage is required at least less than 1/N of the min switch-ON current of the isolation devices, where N is number of cells in the row or a column.

This invention, as shown in figure 2, includes two or more OTS or diode isolated resistive memory elements, named 201a, 201b, and 201c, connecting to one single transistor, named 202, by wiring multiple memory elements to the shared node of the switch, as shown in 203 of figure 2. 
Alternatively, This invention is also applicable to the orthogonal orientation, as show in figure 3.
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Figure 1. Current art                  Figure 2.  This Invention ---                           Figure 3.  This Invention ---
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	6.
	HAVE YOUR APPROVING MANAGER READ AND DATE THE COMPLETED FORM  
(use first inventor’s approving manager if multiple inventors)

	
	(For ATD: Approving Manager is a Staff Level Manager)

DATE: ________________    APPROVING MANAGER NAME:________________________________

BY APPROVING, I (APPROVING MANAGER) ACKNOWLEDGE THAT I HAVE READ AND UNDERSTAND THIS DISCLOSURE AND RECOMMEND THAT THE DISCLOSURE AWARD BE PAID.



	7.
	Has subject matter of present disclosure been disclosed or will it be disclosed outside Intel?

If yes, explain and give date: No
(Give expected tape out date if applicable):



	8.
	Has the subject matter of present disclosure been published or will it be published outside of Intel? No
If yes, explain and give date:



	9.
	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 Intel or others:



	10.
	Has this invention been conceived, or constructed during accomplishment of a government or third party contract?  If yes, give contract name and number: No


	11.
	Is this invention being promoted as one that has potential licensing value for Intel?  Not yet


	12.
	Explain the problem being addressed by the invention:

This invention addresses the problem of: 
Addressing the issues with MOS-OUM and BJT-OUM and its scaling path

1. Select transistor size therefore memory cell size in 1R/1T memory architectures 
2. Free from parasitic leakage related isolation issues resulted in column-to-column or row-to-row leakage/short
Addressing the issues with Diode OUM

1. Allowing physically stacking of memory layer to improve packing density.
2. Free from parasitic leakage related isolation issues resulted in column-to-column or row-to-row leakage/short
Addressing the issues with OUMS (OUM+OTS)

1. Eliminate OUM read disturb due to OTS snapback during the transient when memory cell is selected and OTS is threshold switched on in an OUMS memory architecture.

2. Peak current control to prevent electrical overstress and damage of the selector and memory elements from OTS and/or OUM snapback when memory cell is selected. 

3. Eliminate selector leakage constraint to block sizes dependency which is imperative to array efficiency.



	13.
	Explain current state of the art (i.e, how is the problem solved today):

Presently the problem described above is solved by: 

1. Cell Size: Large programming current requiring larger planar MOSFET or BJT is addressed by 3-d MOSFET or Vertical diode integration as part of memory cell.
2. Isolation:
· Dual silicon trench isolations, one each for rows and columns.
· Selected Epi diode or vertical BJT on the top of silicon trench isolated rows or columns.
· 3D MOSFET, FinFET or vertical/cylindrical FET.

3. Multiple level stacking using thin film switch such as OTS
4. No known solutions with OUMS snapback and OTS leakage problem

	14.
	Explain technical advantages of the invention over current state of the art: 

The technical advantage of this invention is: 
1. Keep smallest cell size capability promised by OUMS memory array (x-y cross point and multiple level physical stack) 

2. Significantly improving from OTS off-state leakage limitation to array block size therefore improving array efficiency

3. Solve snapback induced disturb and electro-thermal overstress related operational and wearing failure. 

	15.
	a.  Is the invention experimentally verified? Partially
b.  Is the invention verified with simulation? Yes
c.  If neither a. or b. above, then you can get a patent on the concept, but please explain the technical basis to justify that your invention will work (use extra space if necessary):

	16.
	Detailed Description of Invention (try to use only the space provided with font #10 or larger type. Refer to your drawings):  

This invention is a wired-OR configuration of two or more OTS or diode isolated resistive memory elements such as OUM connecting to one single transistor such as MOSFET or BJT.  As shown in Figure 7a, it deploys memory cell topology of mR/1T.  Each of the resistive memory elements is addressed by individual column, column 1 through m.   The shared select transistor is turned on when row “x” is addressed.  Alternatively, the mR/1T topology can be arranged by wiring multiple rows to a single transistor with col-y control, shown in Figure 7b. 

Layout of the Memory Array:

1. Cell Sizes: Due to stackable OUMS memory array on the top of transistor, both of the proposed mR/1T topologies can work with at least two memory array layer stack like a simple OUMS without needing additional space for transistor.  Shown in Figure 9a and 9b are two tiles for the basic array layout.  By carefully oriented the two tiles as shown in Figure 9c, The array effective array cell size is 100% of cross point OUMS layout for single layer of memory of 50% of two layers.
2. Determinations of minimum memory element for each transistor, i.e., “m” of mR/1T:  To realize best effective cell size, one of the requirements is making sure the transistor layout density is equal of better than the clustered memory cell density m.  Therefore, m must be equal or larger than the ratio of the minimum area required for one transistors to minimum area of one cross point memory.

3. The maximum number of memory cells connecting to a single selecting transistor is driven by the leakage requirement of deselected or de-biased memory cell in the selected transistor memory clusters. 

Select operation a Cell for Read/Write, illustrated with local row select transistors (clustered columns) configuration
1. All transistors in De-selected row are turn off all the time

2. All deselected columns are biased ensuring OTS maintain in off-state.

3. Selected column asserts a bias enabling OTS turning on 
4. Bias the selected row transistor such that the current are limited to prevent from snapback damage while turning OTS of a SET cell and/or OUM+OTS of a RESET cell. 
Similar operations can be applied to a clustered rows configuration.

	17.
	Present State of the Art (often this is helpful to explain your invention, but it is not required).

Figure 4.  Generic 1R/1T cell            
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Figure 5.  Various implementation of 1R/1T cell (a) MOSFET switching; (b) BJT switching; (c) Diode switching; (d) Ovonic Threshold Switching
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Figure 6. illustrating a 4X4 1R/1T array implementation with (a) Generic switching (b) MOSFET switching as the select devices for each cell
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(a) Generic switching device for memory select in 1R/1T Cell
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(b) MOSFET in 1R/1T for memory element select
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	17
	The Invention (use additional figures as needed to show details and additional 

                     embodiments)

Figure 7.  Generic mR/1T cell 
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Figure 8. Various implementation of mR/1T cell (a) MOSFET switching; (b) BJT switching; (c) Diode switching; (d) Ovonic Threshold Switching
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Figure 9. illustrating a 4X4 4R/1T array implementation with (a) one generic switching and (b) one MOSFET switching as the select device for each of 4 cells
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(a) a 4X4 memory array with generic switching devices using 4R/1T cell
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(b) a 4X4 memory array with MOSFET switching devices using 4R/1T cell
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	18.
	Key Supporting Data (1 page limit on separate page): 

Layout exercise and electrical performance assessment of memory programming current/voltage vs. transistor drive capability are evaluated from 90nm to 22nm tech node (5 generations).  The summary and benchmark of technology scalability of various cell topologies is illustrated on Figure 3.   These include 1R/1T planar MOSFET, 1R/1T 3-D MOSFET and 2R/1T planar MOSFET. 

	19.
	What is the product or process invention to be used on? (e.g., P8xx, name of product, etc.): 

We are currently evaluating 65nm and 45nm OUM lead vehicle implementation.


	20.
	Have you reviewed your invention with a TMG Patent Mentor? (see below for mentor names)   If so, give name: ________________________________



	21.
	Any other information the IP Committee should consider?




MENTOR REVIEW

If you don’t already have a departmental peer review process for invention disclosures, we recommend you have it reviewed by a Mentor before you submit your invention disclosure.  The purpose of this Mentor review is to ensure that the invention disclosure is written clearly enough for the IP Committee to comprehend your invention including all the novel aspects of it.  Please refer to the list below for recommended Mentors by area.  Select ONE Mentor to review and acknowledge.   This recommended step is not meant to unreasonably slow down the invention disclosure process.  If your Mentor fails to respond to you in a reasonable amount of time, then submit your invention disclosure.

	AREA OF EXPERTISE
	MENTOR NAME

	
	

	Semiconductor Process-device and integration
	Mark Bohr, Robert Chau, Krishna Seshan

	
	

	Semiconductor Process-thin films
	Ken Cadien, Michael Goldstein, Valery Dubin

	
	

	Semiconductor Process-etch/litho
	Peter Silverman, Peter Charvat (etch), Yan Borodovsky (litho), George Chen (litho), Susan Holl (litho)

	
	

	Fab Process Equipment
	George Chen

	
	

	Circuits Design
	Ian Young, Greg Taylor, Clair Webb, Rajesh Galivanche

	
	

	Flash
	Manzur Gill, Krishna Seshan

	
	

	Test
	J.J. Grealish, Rajesh Galivanche, Mike Tripp

	
	

	CQN (Q&R)
	Ian Young, Greg Taylor, Clair Webb, Valluri (Bob) Rao

	
	

	Software/CAD
	Vivek Singh, Changhong Dai

	
	

	Packaging
	Ravi Mahajan, Vijay Wakharkar

	
	

	Boards/Cartridge
	Damion Searles

	
	

	Automation
	Chandra Mouli, Hazem Hajj

	
	

	Optical and MEMS
	Valluri (Bob) Rao, Ted Zarbock, Kevin Reif

	
	

	Digital Health
	Xing Su, Terry Dishongh

	
	

	Legal Department Patent Attorneys
	Rob Winkle, Kerry Tweet, Mike Plimier, Kevin Reif, Julia Hodge, George Chen (patent agent)
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