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This thesis discusses reliability-aware coarse-grained reconfigurable architectures. Bridging the
gap between Application Specific Integrated Circuits (ASICs) and microprocessors,
reconfigurable devices gained a remarkable popularity in the last couple of decades. Just as
many times as computer software can be updated, hardware now can be updated as well. These
revolutionary devices introduced a new class of flexibility in hardware design and
implementation. The reconfigurable device domain is divided into fine-grained reconfigurable

devices, such as Field Programmable Gate Arrays (FPGAs), and coarse-grained reconfigurable
devices.

Unlike FPGAs, conventional coarse-grained architectures lack reliability consideration in their
designs, and they are not capable of reliability-demanding computing. With the aggressive
process technology scaling, many reliability issues are becoming more pronounced. They are
mostly dominated by process variation expressed as randomness in device properties,
environmental variations such as voltage and temperature fluctuation, negative bias temperature
instability (NBTI) and soft errors. For this purpose, reliability consideration in the design
process of coarse-grained reconfigurable devices should be taken into account.

On the other hand, FPGAs have been dominating the reconfigurable computing device domain
due to their flexibility, universal capabilities, and their standard HDL/C programming model.
Despite that coarse-grained architectures are much more superior in there processing power,
dramatic reduction in configuration memories yielding in smaller silicon area, less power
consumption, and less placement and routing efforts, they are not successful in gaining
popularity. This is traced back to the weakness of the programming model and to the fact that
they require some special constraint of programming to optimally utilize their hardware. Briefly
stated, there is a strong need for coarse-grained architectures to standardize their programming
models, and establish compatibility with existing tools, such as high level synthesis tools.

Addressing these issues in coarse-grained architectures, this thesis proposes a coarse-grained
dynamically reconfigurable architecture with an embedded mechanism enabling flexible
reliability. The reliability level for each basic element is individually selected, and the overall
achieved reliability is tuned to match the designer requirements and reduce the excessive area
and power overhead. The reliability issues addressed in this architecture are NBTI and soft
errors. Application specific acceptable soft error rates are accomplished by mitigating soft
errors with partial spatial redundancy. NBTI is mitigated through regularly swapping active
elements with relaxing ones. In order to effectively decide which part of the application requires
a higher reliability consideration, a model needs to be established to correlate a specific
mapping of the application with the mean time to failure (MTTF) and the failure in time (FIT)
rate. Upon deciding the acceptable FIT rate, a corresponding application mapping can be
generated by trading area with FIT rate. For this purpose, radiation tests on a test chip
fabricated in a 65 nm process were carried out, and the experiment results show that the MTTF
and the FIT rate are well characterized with the number of sensitive bits, which is a variable
estimated solely through simulation. A model was extracted, and the minimum resources
necessary to achieve the required FIT rate are identified using this model.

Next, this thesis addresses reliability threats that are composed of process, voltage and
temperature variations (PVT). Such variations cause timing failures in the circuit. In the
reconfigurable devices domain, guard-bands are still utilized to accommodate the process,
power supply voltage, and temperature variations. This thesis investigates mitigation techniques
for PVT variation-induced timing errors. Such techniques include path-replica circuits,
circuit-replicas, and time-shifted redundant circuits. Experiments were performed using a
fabricated chip, and the results of each technique are compared and analysed. For an
approximately similar false positive error probability for the path-replica and circuit-replica, the
false negative error probability of circuit-replica is approximately two orders of magnitude less
than that of the path-replica circuits. When attaining a false negative of zero, the probability of
error detection and re-execution is higher in path-replica circuits than in time-shifted circuits by
one order of magnitude or more.
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Finally, addressing the compatibility issue with compilation tools in coarse-grained
reconfigurable devices, a mixed-grained reconfigurable architecture with flexible reliability is
investigated for gaining compatibility with high level synthesis tools. This architecture is
composed of a mixture of fine-grained processing elements with coarse-grained ones. This
architecture strongly exploits multi-step processing through dynamic reconfiguration. The
fine-grained fabric is used to implement state machines, conditional statements, and control
signals, while the coarse-grained fabric is in charge of the intensive data processing, and data
storage. This architecture allows the ease of implementing state machines and utilizing dynamic
reconfiguration required for high level synthesis tools.

As a conclusion, this thesis addresses very important issues in the coarse-grained reconfigurable
device domain. This thesis takes a comprehensive approach towards enhancing and promoting
coarse-grained reconfigurable architectures by devising several architectures, by introducing
and evaluating techniques and mechanisms for various reliability issues in coarse-grained
architectures concerning soft errors, NBTI and PVT variations, and by demonstrating
architectural designs to increase the compatibility of coarse-grained reconfigurable architectures
with high level synthesis tools.
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