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I. INTRODUCTION 
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The first problem to overcome with a m

resistive devices is the sneak path problem
refers to conduction paths other than the p
resistor connecting the selected row and colu
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In addition to the sneak paths, there is th
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A. CBM Threshold 
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Our layout and device parameters are
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�). Our simulator is LTspice IV. 
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C. Write Block 
At the head of each column is a write bl
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D. Column Sense Amp 
The column sense amp circuit shown 
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E. Simulation  
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B. 3D, Back End of Line Memory 
The CBM and similar technologies present the possibility of 

integrating memory cells into the metallization structure of 
device connections. We note that a memory bit could be 
substituted in place of a standard metal via in about the same 
area [8]. Arrays of such bits would be limited only by the 
metal pitch of the lines to access them, and there is no reason 
to limit the devices to a single via layer. Transistors on the 
base silicon layer would not be affected and could be 
independent of the memory. 

The memory could extend upward in the 3rd dimension as 
far as the technology allows. This appears quite achievable, 
because the Memristor devices are created with low 
temperature processes. However, accessing 3D stacked 
memory bits in a general random logic design, such as for an 
SoC (system on chip), remains an ambitious exercise. 

C. Dense FPGA 
FPGAs (Field Programmable Gate Arrays) are becoming 

very popular both as a prototyping tool and as a short 
production run solution. The economy of designing and 
tooling new mask sets for an ASIC are making the volume 
requirements for a single design very large. FPGAs avoid 
much of the NRE cost for small volume products. 
Furthermore, if a product becomes unexpectedly popular, 
there are companies which specialize in “conversions” of the 
FPGA design to ASIC form. A dense integration of memory 
and logic is the greatest need for economical FPGA design. 

D. Nonvolatile Memory 
A memory which is nonvolatile in addition to these other 

benefits enables new applications, architectures, and design 
strategies stretching out into the future. 

IV. FUTURE DIRECTIONS 

A. Memory Progress 
Memory has progressed from threaded magnetic cores to 

drums and disks to solid state, but we still rely on the 
magnetics for non-volatility. In fact we think we have 
progressed, but it might look like digression the way we over 
complicate our processors with multiple levels of cache 
attempting to speed the access to ever slower (compared to 
CPU clock speed) storage media. A proximate memory which 
scales sufficiently to match the associated processor seems a 
bit overdue. 

B. Hardware Design Tool Progress 
Having graduated from using pencil and slide rule to 

calculator to CAD to CAE, we are now using genetic 
algorithms and evolutionary programming to search design 
spaces. Reconfigurable hardware enables machines which 
adapt to their environment and circumstances. The processing 
requirements are huge, and the memory demands as well. The 
future will routinely expect multiprocessor machines with 
large numbers of processors each with sufficient memory in 
close proximity. Such machines should not require 
modification by human hands, but will learn and adapt 

according to the momentary need. 

C. Future Architectures 
 As our experience with memristor designs grows and 
matures, we might expect entirely novel architectures to 
emerge. One direction is particularly exciting. From the 
beginning, researchers have compared the memristor function 
to that of the neural synapse. One recent paper gives results 
from a heterogeneous design involving memristors as 
synapses and CMOS circuits for neural summing and output 
[11]. Another discusses difficulty with a single memristor and 
proposes a more complex design for a multi-memristor 
synapse [12]. We believe such research is the beginning of a 
new and exciting computational architecture which will be 
able to learn from its environment rather than require detailed 
human programming. 
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