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complete test is conducted for each cell before moving to the next one. The test usually
takes 4 to 17 ns to finish per cell [BIST of Memory]. The March test is commonly used
to detect stuck-at faults in both RAM and address decoders on top of all transition faults

and some coupling faults [Otterstedt98].

Neighborhood Pattern Sensitive Tests (INPSF):

“A NPSF tests every cell of the memory in relation to its set of 5 or 9 neighboring
cells (including the base cell)”. This test takes 195 ns to be completed [BIST of

Memory], longer than the march test.

BIST Applications

BIST is widely applied in various memory circuitries: SRAMs [Tehranipour2000],
DRAM, flash [Yeh2002], and embedded memonies.

Using BIST in SRAM testing was approved effective in Tehranipour and
Zavabi’s paper. They implemented a so called “length 9N test algorithm™ to conduct
March testing on SRAM. Their testing method was able to utilize the existing hardware
and software and the results showed an achievement of 100% fault coverage without
increasing any overhead [Tehranipour2002].

Using BIST for testing embedded memories also showed great advantages simply
because the memory is very compacted, consequently, the BIST overhead is small in
comparison to the overall memory circuit [Burgess2000].

Figure 12 shows the block diagram of memory with BIST. The BIST circuitry is
enlarged for explanation purpose. Once a failure is flagged, its address will be scanned

out for diagnosis [Burgess2000].
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Figure 12 Memory with BIST block diagram (Ref: [Burgess2000])

BIST Design Concerns

There are many different designs in which to conduct a BIST. The following are
some concerns when designing a BIST so that each test will meet specific goals.

e Faults: We would like to know what faults the test should detect. In Otterstedt and
Niggermeyer’s paper, they used modified march test to detect address faults,
stuck-at faults, coupling faults, and transition faults [Otterstedt98]. The NPSF can
detect “the class of Active, Passive, and Static Neighborhood Patiem sensitive
faults, which including stuck-at faults and all coupling transitional faulis™ [BIST
of Memory].

e Time: Timing is always a big issue because the goal is to reduce the test ime fo a

minimum. The bottom line 1s how much more time is allowed before it slows

down the device significantly.
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« Area: How much area should we sacrifice to gain the BIST benefits? For instance,
the small memory arrays normally do not justify the benefits of the BIST because
their high percentage of area usage can decrease core circuit’s performance. The
sizes of the BIST are varied depending on the purpose of the design.

« Overhead: There are at least two issues we need to consider for minimizing
overhead when designing a BIST. First of all, the need to determine which
method is required in order to keep the overhead low, and secondly, what type of
memory is suitable for adding BIST circuit.

e Cost: Since testing expenditure is part of overall product cost, it is critical to
design a test method that is economic but has high performance. Consequently,
the trade offs between the testing time, the fault coverage, testing method
complexity of each test methods and their costs are need to be considered as well
at the designing stage.

e« Others: More advanced techniques, such as Automatic Built-in Self-Test (ABIST)
has been developed based on [EEE Std 1149.1 and its extensions. The goal for
testing in the near future is to apply Electronic Systems Test Automation (ESTA)

when design a Hierarchical and Integrated BIST (HIBIST) where it is possible to

test the chips all the way to the systems.
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SUMMARY

The intent for this paper is to introduce various testing concepts and to discuss
some of the current testing techniques and their set of trade offs. In addition, some of the
design concerns are addressed in order to deal with different testing needs.

There are many advantages of using the boundary scan testing technique. The
boundary scan enabled testing the same device at different levels including: components,
PCBs, and systems. Further, this method is also able to enhance and support other testing
features and makes the testing more efficient. However, the overhead can become the
limiting factor. In general, the design goal is to decrease the overhead and increase chip
usage area while maintain high fault coverage.

Inog test showed its unique advantages—detect some of the defects, while the
voltage based measurement method does not have the same capability. The hmitation
when using Ipgq is that any dynamic circuit will reduce the defect detection sensitivity.
Since Ippg test is designed for CMOS circuit only, it becomes useless when non-CMOS
circuits exist in the DUTs.

Using BIST has been proven beneficial in embedded memory circuits, high
density DRAM and other large memory circuits. Moreover, BIST reduces the use of
expensive external ATE. However, when BIST is not designed properly, especially, in
the small memory circuit, the advantages disappear. The problem is that extra overhead
causes complexity, as result resulting in low yield. Therefore, a BIST design that can
achieve maximum fault coverage, minimum overhead, and more flexibility are strongly

preferred.
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