Advantages of Asynchronous Design
Most of the electronic systems used today for control, computation, and communication are digital systems. The vast majority of digital systems are synchronous, meaning their operation is controlled by a central clock.  As synchronous systems have become larger and their operating speeds have increased, designers have increasingly encountered problems associated with the use of a clock.  This has led to the rise of an alternative design philosophy known as asynchronous design that avoids the use of a global clock altogether.  Asynchronous circuits potentially offer a number of significant advantages over their synchronous counterparts:

Simpler design: Designing synchronous systems has become increasingly difficult as their complexity has grown.  Designers must take into account more low-level timing details in the high-level view of a system, because they must ensure that every internal component can complete its task in the time allotted to it by the global clock signal.  Since the operation of asynchronous systems is not governed by a clock signal, their components have no equivalent speed requirement.  This greatly simplifies the design of asynchronous circuits and thereby shortens the length of the design cycle.

No clock skew problem: In systems whose clock speeds are slow, the clock skew, or difference in arrival time of the clock signal to different components in the system, is insignificant and can be ignored.  As clock speeds have grown, however, the clock skew has become increasingly important, and must be taken into account to ensure the correct operation of the system.  This greatly adds to the complexity of a synchronous design.  Since asynchronous systems have no clocks, they avoid this problem altogether.

Greater tolerance of variation in operating conditions: Small variations in operating conditions, such as variations in the input voltage or the ambient temperature, can have a large impact in the timing of a global clock signal.  Since the correct operation of synchronous systems is so dependent on the proper operation of the clock, these slight variations can potentially cause enormous problems.  Asynchronous system, however, are not so dependent on any individual signal, and therefore are much less sensitive to variations in operating conditions.

Increase in operating speed: Since every component in a synchronous system must complete its task within the period of the clock signal, the clock can operate no faster than the slowest component in the system.  Therefore the performance of a synchronous system is based on the worst-case performance of its internal components.  The performance of an asynchronous system, however, is based on the average-case performance of its components.  When the speed of components varies widely, this can result in an enormous increase in the operating speed of an asynchronous system when compared to its synchronous counterpart.

Greater frequency distribution of electromagnetic noise: Since all components in a synchronous system operate at the same clock frequency, the electromagnetic noise produced by synchronous systems is focused over a very narrow frequency band.  Components in asynchronous systems, on the other hand, often operate at vastly different speeds, meaning that the electromagnetic noise produced by asynchronous systems is spread over a much wider frequency band.  This reduces the effects of interference between different components in a system.       
Despite the many potential advantages of asynchronous design, its practical use is limited by a lack of tools for designing and verifying asynchronous circuits.  One method for avoiding this problem is for designers to use existing synchronous development tools and then translate their synchronous circuits into asynchronous circuits.  Phased Logic (PL) [1] is an asynchronous methodology that performs this translation automatically, which greatly simplifies the asynchronous design process.  Early work with PL used a fine-grained mapping technique in which each individual gate in a synchronous circuit was translated directly into a PL gate.  More recent work by Reese, Thornton, and Traver [2], however, has utilized a coarse-grained mapping technique in which entire logic blocks in a synchronous circuit are enclosed by PL wrapper logic.  Because wrapper logic interfaces between the external circuit and the internal logic blocks, the logic blocks can be reused without modification.

     The introduction of the original fine-grained PL gave digital designers a powerful new alternative to the traditional synchronous design approach, and the extension of PL to its current coarse-grained implementation represented yet another simplification of the design process.  In addition, adhering to the previously developed PL timing constraints guaranteed the hazard-free operation of the resulting circuit at the block level.  Until now, however, there existed no timing constraints governing the internal operation of the wrapper circuits.  My research was an attempt to fill that void and simplify the PL design process even further, and was performed at Union College, where I was the sole researcher under the guidance of Professor Cherrice Traver.

     Although VHDL models of the PL wrappers already existed, they were incompatible with software used later in the research.  Therefore the first step in the research was creating new wrapper models using only the subset of VHDL supported by our software.  Once the VHDL models were completed, I modeled the environment for each of the wrappers.  The purpose of the environment models was to assign values to the input signals and define the expected behavior of the output signals, as a means of determining whether the wrapper circuits were behaving properly.  I had to make a number of assumptions about the environment in order to properly model them in VHDL, all of which would be true in any real-world application.  Each model was tested extensively using a simulation tool to verify that it operated correctly within its respective environment.

     The final stage of the research involved the use of ATACS, a tool developed by the Myers Research Group at the University of Utah for the verification of the hazard-freedom of asynchronous circuits.  Hazards are defined in [3] as “conditions generated by the structure of the circuit or timing relationships between inputs and propagation delays that can cause incorrect behavior.”  By systematically modifying the delays of the individual components in each wrapper and using ATACS to find and examine the resulting hazards, I was able to determine the equations which the delays through all of the internal components must satisfy in order to guarantee the hazard-freedom of the wrapper circuits.  Using the equations developed in this research along with the PL timing constraints that are currently implemented in the mapping tool will guarantee the correct and hazard-free operation of a coarse-grain Phased Logic circuit. This represents a further simplification of the asynchronous design process and another step towards making the use of asynchronous circuits feasible.

     Eventually the results of this research will be implemented in the PL mapping tool in order to completely automate the process of translation from synchronous to asynchronous systems.  For future research, I will use the modified PL mapping tool to translate a wide range of real-world synchronous systems into asynchronous versions.  Comparing their performance will allow me to demonstrate more concretely the advantages that PL specifically and asynchronous design in general offer over traditional synchronous design.
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