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ABSTRACT

The rapid development of integrated circuits has resulted in an increase in the scale of digital
systems. In order to seize the product market, Field Programmable Gate Arrays (FPGAs) have
rapidlly become the main choice of developers because to their numerous advantages such as a
shorter design cycle, configurablility and extensive internal resources. However, as FPGAs become
more widely used, the requirements for their dependability increase, and the reliability of SRAM
based FPGA is especially concerned and valued due to the unique properties of different FPGA
processes. With the high integration of circuits, the probability of interconnect failures in SRAM
based FPGA is also increasing, it is critical to analyze the reliability of the interconnect networks in
SRAM based FPGA in order to improve the FPGA’s reliability and assure the stability of the related
digital system.

In this thesis, the reliability research of FPGA interconnect networks is studied using the
application-dependent concept, the main contents of this thesis include the following:

1. An application-dependent interconnect testing strategy which based on an enhanced fault
model is proposed. The strategy limits the occurrence of bridging faults to the nets of a single LUT,
and subdivides the model of feedback bridging faults into types of influence output and feedback
input. Finally, the Boolean Satisfiability (SAT) constraint is employed to build the optimized fault
model and generate corresponding test configurations.

2. Following the interconnects testing in the preceding stage, a coarse-grain and fine-grain
non-adaptive interconnect fault diagnosis scheme is proposed. Firstly, the faulty path is determined by
examining the interconnection of the circuit under test and merging the information from error output
port of the test phase. The path is next subjected to a coarse-grained diagnosis in order to to narrow
down the fault location. Finally, the fault detection configurations are reused to precisely locate the
faulty net within the coarse granularity.

3. After detecting and diagnosing the issue, a fault tolerant method based on fine-grained
redundancy is proposed for repairing the located interconnect fault. Firstly, the located
interconnection fault is mapped to the neighboring logical resource, followed by a fine-grained
redundant replication of the nearby logical resources using the Look-up Table. Finally, a correction
circuit comprised of two XOR operations is introduced to repaire the interconnect fault and restore the

normal functionality of the circuit.
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Simulating the insertion of interconnect faults into ISCAS'89 benchmark circuits is carried out to
verify the effectiveness of the related solutions. The data of the proposed schemes are then studied
and evaluated, and they are compared to existing schemes. The results indicate that the test
configurations generated in the proposed testing scheme minimizes the number of test configurations
required to cover all interconnect faults. The proposed diagnosis scheme simplified diagnosis and
reduced the number of diagnosis configurations while maintaining the same diagnostic precision, and
the proposed fault tolerant scheme directly addresses the interconnect fault, requiring only a small
amount of area consumption to restore normal operation. Therefore, the proposed schemes are
effective and advantageous, which benefits the FPGA’s reliability and the stability of the related

digital system.

Keywords: SRAM-based FPGA, Interconnect testing, Application-dependent testing, Fault diagnosis,

Fault tolerance
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