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Please provide a description of the invention and include the following information:

A.
THE INVENTION

1. Describe your invention:

a. What problem(s) does your invention solve?

To reduce decoder footprint of multi-stack cross point memory array.
This will allow to make dense memories (large capacity in a small die size) using cross point tiles with a reduced number of row and columns (useful because it allow to have functional tiles with less demands on the switch quality).
b. What is the invention, what are the components, and how does it work?

A column driver is connected to a row of OTS switches.  The OTS switches is cross connected to the columns in the cross point PCMS array.   One small footprint decoder connected to each of columns in the array serves as the trigger to select the column uniquely.   When the column decoder is triggered, the OTS switch is turned on,   The selected column voltage is boosted to column driver level.  The access of single memory cell can be achieved.
2. How is your invention new:
a. How is the problem currently being solved?

Dedicated column and row decoders with large device footprint to deliver the current drive required for the access of a single memory cell in the cross point array.
b. What does your invention do to solve the problem differently from current solutions?

1. One  column drivers (large footprint)for entire array + dedicated  column triggers (small footprint) for each column vs. current art, dedicated  column drivers
2. Multi-stack using common row drivers + dedicated column trigger vs. vs. current art, shared column and row drivers with bi-layer architecture.
c. What specific components/features of your invention are not present in current solutions?

Embedded OTS Switch in PCMS memory technology by different layout. Once we found how to get a different component we also describe how to make use of it to make a memory with high array efficiency.
d. To the best of your knowledge, identify any other pertinent information related to your invention.
None available. 
e. Describe any aspect(s) of your invention relating to unusual results or unusual functions of the components/techniques in the invention, OR check the box below.

[image: image13.wmf]
3. You MUST include at least one figure illustrating the invention.  If the invention relates to software, include a flowchart or pseudo-code representation of the algorithm. 

State of the art (POR) cross point memory array is formed with fully decoded drivers for bitlines, BDy and wordlines, WDx.  BDy and WDx devices size need to be sufficiently large to deliver the voltage and current required for read/write operations.  (Fig. 1)
[image: image2.emf] 
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Fig. 1 State of the art cross point memory array such as PCMS.

This invention is to reduce the footprint required for bitline and wordline drivers.   It uses a smaller decoded transistor for each of bitlines (BTx) and one driver circuit shared with all the bitlines.  shown in Fig 2.   The same technique is applicable to the wordline  transistor (WTy) selection scheme.   Shown in Fig 3, the schematics illustrates the circuit topology on both bitline and wordline selection using the same triggering mechanism.   
[image: image3.emf] 
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Basic Schematics
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Fig 2.  Basic schematics of this invention.   It uses a row of OTS switches cross connected to each column.   The size of the column selection transistors, BTy, is smaller than column drivers in the current art cross point memory array.
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Fig. 3.  Deploying the same concept of select trigger mechanism, the embodiment illustrates smaller select transistors on both column and row decoder.

There are several methods making OTS switches, shown in Fig. 4.  In one embodiment, OTS switch can be made by shorting multiple rows and/or shorting multiple columns in a PCMS array.  In another embodiment, the switch can be made by a wider row and/or wider column.   Due to larger cross point area of those devices than that of a PCMS cell,  PCM remains in crystalline state subject to normal operating condition.   Thus an OTS switch is formed. Of course it is also possible to use a dedicated mask to remove locally the memory material.
[image: image5.emf] 
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OTS Switch embedded in PCMS technology
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Fig 4.  Forming OTS switch in a PCMS technology.
We will use the basic schematics as shown in Fig 2 to illustrate how to select one bit in an array.   To select cell C4R4, array bias is shown in Fig.5.   The column selection is done by pulsing TC4 node.  As soon as, OTS on C4 is turned on, the “Deck supply” will pull up C4 to 5 volts.  The potential drop between C4 and R4 will become 10V therefore threshold switch the PCMS cell C4R4 to complete the memory access. 
[image: image6.emf] 
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Fig. 5.  Select Bit C4R4 with column trigger mechanism.

The detailed timing is shown in Fig. 6.

[image: image7.emf] 
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Fig. 6.  Timing diagram for the selection of cell C4R4 in a column select trigger technique.
To implement column trigger select scheme in a multi-deck cross point memory array, three embodiments are illustrated, as shown in Fig.7, Fig.8 and Fig.9.

[image: image8.emf] 
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Fig.  7.  Fully decoded column select.
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Fig. 8. Sharing column decode circuit between decks with deck isolation transistors.
[image: image10.emf] 
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Fig. 9.  Sharing column decode circuit between decks with deck isolation resistors.

In one embodiment of double trigger scheme (both column and row), Fig. 10 illustrates the bias to access the cell C4R4 in the array.  In this example, column select is triggered by pulsing TC4 and bitline C4 is therefore pulled up to 5V.  Likewise, row select is triggered by pulsing TR4 and wordline R4 is pulled down to -5V.  Once the voltage at cross point is higher than the threshold voltage of the cell, cell C4R4 is successfully threshold and accessed.

[image: image11.emf] 
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Fig. 10.  Both columns and rows use select trigger mechanism for access one cell  
B.
VALUE PROPOSITIONS AND DETECTABILITY

1. Value of your invention to Intel (how will it be used by Intel or a competitor). 

A candidate for 4 stacks PCMS implementation for smaller tile density without degrading array layout efficiency.
2. Who is likely to want to make, use or sell this invention?

DRAM and NAND Incumbents and new players.
3. How would use of the technology by others be detected (i.e. how would you determine whether someone else was using your invention)? 

Operating spec and physical (SEM/TEM) die analysis.
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