12.3.5 Putting the Pieces Together

Now that we have an algorithm to generate a test for a given fault, we can address
the issue of how this algorithm is used to generate a complete test for a circuit. Given
a circuit, we generate all possible stuck at faults and then identify equivalent faults.
Only one fault, called representative, is chosen from each set of equivalent faults. The
circuit and the list of representative faults are then passed to the ATPG program.
The ATPG program works in conjunction with a fault simulator. A fault simulator
i1s a program that determines which faults from a given list are detected by a given
set of tests.

The ATPG program picks one fault from the list and tries to generate a test for it.
If no tests exists. the fault is marked untestable and removed from the list. If a test
is found. it is passed to the fault simulator. The point of doing that is that the test
generated for one fault may actually detect many other faults: The fault simulator is
run and all detected faults are removed from the list. Then the ATPG program picks
one of the remaining faults and iterates the process until no faults are found.

There are two advantages in coupling a test generator to a fault simulator. First,
time can be saved. because simulating laults is faster than generating tests. Second.,
the number ol tests generated is kept small. by not adding tests devised for faults
that are already covered.

In practice, several techniques complement the basic scheme we just outlined.
For instance, it is common practice to apply a set of randomly generated tests to a
circuit. The cost of generating (pseudo) random tests is negligible. and they cover
many faults. It is also common practice to set limits on the number of backtracks
performed for a given fault. Faults that require too many backtracks are aborted.
This is done to prevent a few faults from degrading performance substantially. Finally,
we can mention that the number of tests can be reduced, without affecting the fault
coverage. by applying reverse fault simulation. Once a set of tests has been created.
it is simulated in reverse order of generation. Those tests that provide no additional
coverage are dropped’.

As a final remark to this section, it is important to emphasize that test generation
is computationally expensive. For large circuits, the requirements of test must be
taken into account at the design stage. Various techniques have been developed that
go under the collective name ol Design for Testability.

12.4 Redundancy Removal

Our ATPG algorithm can be used to simplily circuits by a method called redundancy
removal. The method is based on the observation we made earlier that an untestable
stuck-at fault signals the redundancy of the circuit. If, for instance, the stuck-at-1
fault at a connection is untestable. it means that that connection can be replaced by
a constant 1. without changing the function performed by the circuit. Redundancy
removal can be applied to the circuit either before or after technology mapping. In the

It is also possible to minimize the number of tests by setting up a covering problem. The
columns correspond to the tests and the rows to the faults.









