CAD Characterization of MQCA Devices

Basic Circuit Elements
· One of the fundamental choices that we need to make when evaluating MQCA is the actual basic unit that needs to be used to implement logic.  Currently, the focus is on a 3-input majority gate that can be used to implement both the AND and OR functions and an inverter.
· The nature of the interconnect also plays a major role when evaluating MQCA.  From our literature review, interconnects are a chain of nano-magnets and these can be used for storage as well as information transportation.  Some questions that still remain include the nature of the energy and information loss in the actual interconnect. We also need to consider driving strength. For instance, if there were fan outs both on the interconnect and also in the gates, how the signal strength will be affected by expanding them to multiple channels.

· Clocking, in terms of use, delivery, and routability, needs to be evaluated for MQCA architectures.  Currently, there does not seem to be a practical clocking scheme for electronic QCA systems.
Modeling of Circuit Elements
· There are many aspects of our circuit architecture that need to be modeled and analyzed.  Some of the factors that need to be considered include the following: 


· Switching Speed of Gates

· Interconnect Delay

· Power Sources

· Area

The following section will expand on some of the areas we will be modeling and give some basic questions and ideas we have about each one.  For instance, in terms of interconnect delay, some published articles have suggested that it is negligible.  But we will need to further evaluate this statement because intuitively delay and latency may be proportional to distance.  In terms of power estimation, we will need to evaluate all the different types of power sources.  Finally, in terms of area, the trade off between spacing of gates and reliable transmission needs to be considered.  Also, we will need to consider the tradeoff between area and power.


Fault Tolerance
· As technology scales down to nanometer-sized elements, there is an increase in the probability for errors both by manufacturing defects and transient faults.  Therefore, there will be a need to use fault-tolerant techniques in order to make systems that work reliably.  There are two major planes of thought when it comes to fault-tolerance and they include redundancy and field programmability.  


· Redundancy needs to be evaluated by figuring out the granularity scheme.  In terms of granularity, fault tolerance can be applied on the physical, device, or gate level.

· Also, we may consider if field programmability is an area we will want to explore to avoid defective resources.

Circuit Architectures and Design

· Benchmarks and applications for our MQCA architecture need to be carefully chosen.  Most likely an application that has a large amount of parallelism will be desired as opposed to random logic.

· Basic logic element layout will also be a major consideration in terms of our circuit architecture design.  Some of the decisions we will need to make include if we will chose an array type layout.  If so, how will they be organized in the actual chip – regular rows, mixed size blocks, systolic, etc…

· Placement and routing are also very important issues to evaluate.  In terms of placement the question of whether we use timing as a major factor will be determined by the characteristics of the interconnect and basic logic gates.   We will need to investigate whether gates and interconnects need to be on the same layer.  If they have to be on the same layer, routing will be a major challenge.


· Finally, the evaluation scheme can be quantitative and benchmark driven.

