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The Pursuit of Atomistic Switching and Cross Point Memory  
Abstract: With the disclosure of the chalcogenide memory technology in the early 2000s[1], the pursuit of nonvolatile memory beyond electrostatic storage escalated across the industry. Within a decade, an experimental attempt to integrate chalcogenide switch and memory for a 64Mb array was successfully demonstrated[2].  It illustrated a vision of a new class of memory, bridging the gap between DRAM and SSD.  Another decade later, Optane Memory is commercialized, disrupting the prevailing memory hierarchy.
I. INTRODUCTION
As illustrated in Figure 1, a cost-effective computing architecture constructs a layered pyramid of memories, each of which possesses higher performance at lower capacity than the layer beneath.  NAND Flash based storage, SSD, successfully displaces performance deficient hard disk drive in primary storage.  However, the gaps between main memory (DRAM) and SSD remain large.  Optane memory[3], a non-volatile cross point memory technology demonstrating high capacity and performance at byte access, is the chartered to bridge the gaps.  This paper reviews cross point memory technologies and the enablers for high density, low latency.
Bandwidth, Cost
Capacity, Latency

Figure 1. Layered pyramid of memory.  Each of memory layer possesses higher performance and lower capacity than the layer beneath.
II. CROSS POINT MEMORY ARRAY 
 A cross point memory array, as the name suggests, is an array of memory cells sandwiched between wordlines and bitline oriented Orthogonally.  The cell possesses distinct resistance levels as memory switches. Active researches of  the memory materials explore atomistic switching mechanisms including spin polarization, ferroelectricity, phase change, interfacial barrier modulation, filamentation in solid electrolyte and composition segregation. 
In a cross point memory array as shown in Figure 2, cell consists only storage elements without selector device.  When read a bit, the selected BL goes to +½V and the selected WL goes to –½V in order to detect the selected bit resistance.  In a fully networked x-y resistive array, sneak paths thru all de-selected cell will convolve with the intended Interrogation.  The functionality of cross point array will be deteriorated as the array size become larger.

Now we can simplify the cartoon to a x-y matrix, as illustrated on the right.  BLs go vertically and WLs go horizontally.   Memory cells are at the cross points, hence called cross point memory array.

When read a bit, shown in green dot, the selected BL goes to +1/2V and selected WL goes to -1/2V in order to detect the selected bit resistance.  In the grand scheme, this is a fully networked x-y resistive array,  sneak paths thru all de-selected cell in yellow color will convolve with the intended Interrogation.  The functionality of cross point array will be deteriorated as the array size become larger.

The second issue is about the reliability of the array 

As you can see here 
all the blue-color bits are deselected in the selected WL
and all the red-color bits are deselected in the selected BL.
All those bit will suffer read/write disturb and retention since they are not insulated from array active bias.

Adding a selector in series to each storage element will isolate the memory cells, reduce the cross talk, improves access accuracy and strengthens reliability.


as evidenced by 3D XPoint and Optane SSDs and PMEM, are proving ideal at filling the memory capacity-cost and storage performance gaps.   System innovations exploiting 3D XPoint capabilities, blurring historical notions of separate semantics of memory and storage, are significantly boosting system performanceng it’s low latency byte access to fill the gaps.y
DRAM latency will be sustained and throughput will im-prove with Moore’s Law. Predictably, NAND will continue its cost per bit strength and maintain or improve perfor-mance relative to other memories in the hierarchy.  There-fore, any disruptive memory innovation to challenge the incumbents must possess performance strength within a narrow cost window between NAND and DRAM. Among all the NVM innovations, PCM technology demonstrates its maturity, scalability and robustness in integration over the others.  This survey reviews cross point PCM tech-nology basics and benchmarks against DRAM and NAND.
Cross point memory array and operations
Two terminal memory switching
Two Terminal threshold switching
Recent Advances of Optane memory Technology 

With the disclosure of the chalcogenide memory technology in the early 2000s[1], the pursuit of nonvolatile memory beyond electrostatic storage escalated across the industry. Within a decade, an experimental attempt to integrate chalcogenide switch and memory for a 64Mb array was successfully demonstrated[2].  It illustrated a vision of a new class of memory, bridging the gap between DRAM and SSD.  Another decade later, Optane™ Memory is commercialized, disrupting the prevailing memory hierarchy.

The core of Optane™ Memory is a two-terminal memory cell, pairing a storage element and a selector switch. The selector isolates memory cells in an array.  It improves the signal to noise ratio and disturb immunity.  Effective cross-point memory technology is realized through low thermal budget processes integrated at the cross point between metals.  This backend memory technology is compatible with mainstream semiconductor processes that feature CMOS under array allowing deck stacking for low-cost memory products.  

Prospective two-terminal switches exhibiting nonlinear I-V characteristics in a cross-point memory array will be discussed.   The phenomenology, switching speed, underlying mechanisms, and compatibility to memory access will be benchmarked. 

[1] Stefan Lai, et.al., IEDM Tech. Dig., 2001, pp36.5.1-36.5.4
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[3] 3D XPoint™: A Breakthrough in Non-Volatile Memory Technology,https://www.intel.com/content/www/us/en/architecture-and-technology/intel-micron-3d-xpoint-webcast.html 
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