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Scan design synthesis may also be available. This turns a nonscan
design into a scan design by replacing standard latches with scan
cells, adding the scan clock circuitry, and connecting the scan cells into
chains. It may be necessary to tune the synthesized design to meet timing
criteria.

Design verification is still required to verify the functionality of the
design. However, since scan designs are synchronous, zero delay simula-
tion can be employed quite effectively. More efficient design verification
is another added benefit of scan.

After successful design verification, the designer is ready to enter the
test development phase. Often the design data will need to be optimized
for use by the scan tools. After this new scan model is built, critical path
analysis is normally utilized to provide timing verification.

An automatic test pattern generator (ATPG) program can then be run
to create the scan patterns. This is the point where the benefits of scan are
most readily apparent, since patterns can be created in hours that would
require weeks or months to generate by hand. The fault coverage created
by the ATPG program will be quite high, generally in excess of 99%. The
scan patterns are normally then run through a test postprocessor to mod-
ify them for the specific syntax of the target scan tester.

Many designers feel that scan is an absolute imperative given the
testing demands of today's ASIC designs, and the dramatically increasing
popularity of scan is testimony to its effectiveness. However, should you
decide to use scan, be certain that you adopt a total methodology
that supports scan from schematic capture to testing the finished device
on the tester. Failure to do so could result in the real estate used to
implement scan going to waste because an adequate scan tester is un-

obtainable.

EMERGING TEST TECHNOLOGIES

As we have seen, the cost of generating tests for ASIC designs can be
significant. However, the cost of inadequate testing can be disastrous. To
meet the need for improved test techniques, a number of technologies
have evolved, including built-in self-test (BIST), boundary scan, and em-
bedded test matrix.

BIST

BIST is a scheme for generating test vectors within the ASIC and report-
ing a go/no-go result to a primary output. In general, the term BIST
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encompasses a wide variety of test methods that meet these criteria.
However, BIST is most often implemented through the use of a pseudo-
random sequence generator that supplies a repeatable sequence of ran-
dom data to a block of logic. Results from each test are combined with the
result of the previous test through a technique known as signature analy-
sis. After a known quantity of tests have been run against the logic block,
a control signal is used to compare the computed signature with a signa-
ture programmed into the ASIC by the designer. A matching signature
indicates that the logic block passed the test.

BIST is often used to test embedded RAM structures, since a great
number of vectors are needed and these are difficult to create using any
other technique. In addition, a random testing approach has been shown
to be very effective with embedded RAM.

BIST should be designed with great care if it is to be effective. In
general, BIST is most useful on extremely regular structures such as
memories or purely combinational blocks. In any case, be very careful
that only valid data are captured by the signature analysis registers since
on the production line a single bit error will be sufficient to indict the
device as defective.

Boundary Scan (JTAG)

Boundary scan is a specialized scan structure principally designed to aid
with board-level test. Utilizing boundary scan implies the addition of logic
to the design to allow the primary pins of the design to be electrically
isolated. Data are input and output from the logic normally connected to
these primary pins by shift registers, which are enabled by a dedicated
test pin on the ASIC. In this way the ASIC is effectively isolated from the
rest of the components on the circuit board, allowing test data to be
applied to the ASIC without the burden of propagating test vectors
through many levels of logic. An added benefit is the ability to identify a
defective component on the circuit board immediately, without time-
consuming guided fault analysis. In general, boundary scan can be a very
effective technique for improving the manufacturability of complex
printed circuit boards. Figures 8-8 and 8-9 demonstrate a scan path archi-
tecture.

Boundary scan has been highly promoted by an international consor-
tium of companies known as the Joint Test Advisory Group (JTAG).
Philips, Texas Instruments, British Telecom, AT&T, and IBM are among
the major contributors to JTAG. JTAG has been very active in promoting
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Device PIs and POs in boundary scan mode
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FIGURE 8-8. Boundary scan architecture.

standards in the test industry, particularly in the area of boundary scan.
IEEE P1149.1 is a proposed standard for implementing a boundary scan
architecture. P1149.1 describes a methodology for implementing bound-
ary scan that minimizes real estate usage and performance degradation.
The architecture consists of an instruction register to control switching
between test and normal operating modes, a test access port (TAP) for
applying test data, and a boundary scan register (BSR).

P1149.1 boundary scan is becoming very well known and popular in
the industry as companies seek innovative ways to control test and manu-
facturing costs. The addition of boundary scan to an ASIC design will cost
very little in real estate and can have immense benefits in manufacturing.
However, the methodology must be consistently applied to the circuit
board design to be of any use. Be certain to meet with the circuit board
designer and test engineering to verify that the boundary scan design is
completely carried through to the board design. It is most disheartening to
see a well-implemented boundary scan ASIC mounted on a circuit board
with the test circuitry hard-wired to power or ground. Additionally, be
certain that the test circuitry cannot be accidentally enabled during nor-
mal operation of the circuit board unless the board has been specifically
designed for self-diagnosis.
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FIGURE 8-9. JTAG architecture.

Embedded Test Matrix

One of the most promising of the emerging test technologies is embedded
test matrix, which is being developed by the CrossCheck corporation.
This proprietary technology permits every node in the design to be
completely observable, allowing for extremely high fault coverage with
normal functional test techniques. Check with the ASIC vendor for





