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† Built-In Self-Test of Global Routing Resources in Virtex-4 FPGAs

J. Yao*, B. Dixon, C. E. Stroud, and V. P. Nelson
We discuss the application of previously proposed and examined Built-In Self-Test (BIST) approaches for the programmable routing resources in Field Programmable Gate Arrays (FPGAs). We describe the choice and application of the cross-coupled parity BIST approach to test the global routing resources in Xilinx Virtex-4 FPGAs.

† Built-In Test and Calibration of DAC/ADC Using a Low-Resolution Dithering DAC
W. Jiang* and V. D. Agrawal

This paper presents a BIST scheme to test and calibrate on-chip DAC and ADC and to improve both linearity and resolution of converters using a built-in sigma-delta modulator. We use a dithering dynamic element matching (DEM) techniques. A first-order sigma-delta modulator is used to sample DAC outputs because of high linearity of its outputs with high oversampling rate (OSR). The scheme is capable of characterizing non-linearity of DAC/ADC by a polynomial-fitting algorithm to obtain calibration coefficients. A built-in low-cost low-resolution dithering DAC is employed to compensate analog outputs of the on-chip DAC for higher resolution and linearity. Simulation shows that using a 6-bit dithering DAC a 14-bit on-chip DAC could be calibrated with 2-bit ENOB gain. Calibration of the on-chip ADC is also discussed.
Probabilistic Soft Error Rate Estimation from Statistical SEU Parameters

F. Wang* and V. D. Agrawal
Nanometer CMOS VLSI circuits are highly sensitive to soft errors, also known as single-event upsets (SEU) that induce current pulses at random times and at random locations in a digital circuit. Environmental causes of SEU include cosmic radiation and high-energy particles. Our neutron induced soft error rate (SER) estimation method propagates single event transient (SET) pulses through the affected logic circuit. A pulse is modeled by two parameters, a probability of occurrence and a probability density function of the pulse width. We consider the entire neutron linear energy transfer (LET) spectra of the terrestrial background in our analysis. Failures in time (FIT) rates are calculated for ISCAS85 benchmark circuits. In comparison to the reported SER analysis work, our method considered many more factors like the sensitive region of a device, electrical masking and circuit technology that influence the SER. A comparison with measured SER for SRAMs shows better relevancy of our work over other published work. Our CPU times are reasonable; benchmark circuit C1908 with 880 gates requires only 1.14 seconds. We conclude that soft error estimation is highly sensitive to factors like sensitive regions, process variation and circuit characterization. Field test or accelerated test data on logic devices would be needed to further validate the accuracy of the analysis.

Analyzing Reconvergent Fanouts in Gate Delay Fault Simulation

H. Grimes* and V. D. Agrawal
To determine the quality of gate delay tests, Min/Max delay fault simulation must determine the detectable sizes of faults. In conventional Min/Max timing simulation, correlations at the inputs of reconvergent gates are ignored. This paper shows how correlation information can be used when fanouts reconverge to produce more accurate results.

† Sequential BIST Synthesis using Spectrum and Noise from ATPG Patterns

N. Yogi* and V. D. Agrawal 
ATPG test patterns of a digital sequential circuit contain temporally and spatially ordered bits as well as random bits. We synthesize BIST hardware that mimics these characteristics by controlled mixing of spectral components and noise. A Hadamard digital wave generator circuit produces all required spectral sequences and a weighted pseudorandom bit generator provides random bits. While these two blocks serve the entire circuit under test, specific to each primary input are two small blocks, one that combines the required Hadamard sequences in proper proportions and the other a randomizer that adds the required amount of noise if necessary. As an example, the FlexTest ATPG produced 55110 patterns for s38417, detecting 15472 of 31180 stuck-at faults. Sixty four-thousand BIST patterns detected 17020 faults as compared to 4244 detected by a previously reported spectral BIST method utilizing similar hardware overhead.
† Built-In Self-Test of Programmable I/O Cells in Virtex-4 FPGAs

B. F. Dutton*, L. W. Lerner, and C. E. Stroud
This work presents a Built-in Self-test (BIST) approach for testing the programmable I/O cells in FPGAs. Using this approach, three BIST architectures and a total of 78 BIST configurations were developed to test the I/O cell logic resources and I/O buffers in all modes of operation in Xilinx Virtex-4 FPGAs. Each BIST configuration is valid for both bonded and unbonded I/O buffers such that the BIST approach is package independent.  Furthermore, this general BIST approach is applicable to any FPGA or programmable System-on-a-Chip (SoC) with bidirectional I/O buffers. The experimental results, capabilities, and limitations of the BIST approach are also presented.
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