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Extended D-Algorithm

(Kubo, NEC Research & Development, Oct. 1968)
(Putzolu and Roth, IEEE TC, Ju

1. Pick up atarget fault f.

2. Create a copy of a combinational logic, set
frame O.

3. Generate a test for f using D-algorithm for time-
0.

4. When the fault effect is propagate to the DFFs,
continue fault propagation in the next time-frame.

5. When there are values required in the DFFs, contin
the justification in the previous time-frame.
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Example for Extended D-Algorith
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Example: Step 1

Exten_d ed D-



Example: Step 2




Example: Step 3
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Example: Nine-Valued TG

9-V Algorithm



If Five-Valued TG Is Used

The test can not be generated by five-value TG.
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Directed-Search in Input Vector Space
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Phase 1 : Initialization

e Start with arbitrary vector.
e Start with all flip-flops in unknown st

e Use only true-value simulation
- Cost = number of flip-flops in unknown state.

- Generate new vectors to reduce cost by one-bit C
In the present vector.

e Stop when cost drops below desired value.

VLSI TESTING



Phase 2 : Concurrent Fault Detection

e Start with Initialization vectors.

e Fault simulate the vectors and remove
faults.

e Compute cost function for the last vector.

- Cost of an undetected fault = minimum distance of its effe
an PO.

- Cost of the vector = Sum of costs of all undetected faults.

e Generate new vectors by accepting only those on
bit changes that reduce vector cost.
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Example : Distance Cost Functic




Multi-Target Guidance

N

-------------------- > Search directed by a single target fault
—> Search directed concurrently by a set of faults



Phase 3 : Single Fault Detection

e Start with the last vector obtained fro ase 2.

e Cost =k x Activation cost + Propagation

- Activation cost is the dynamic controllability of faulty li

- Propagation cost is the minimum (over all paths) dynamic
observability of the faulty line.

- Kis a large weighting factor.

e Generate new vectors by accepting only those on
changes that reduce vector cost until the fault is
detected or the search is abandoned due to a local
cost minimum.
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Simulation-Based Approaches

Advantages:
e Timing Is considered.
e Asynchronous circuits can be handled.
e Can be easily implemented by modifying a fau

Disadvantages:
e Can not identify undetectable faults.
e Hard-to-activate faults may not be detected.
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Difficulties of Sequential
Test Generation

e Initialization is difficult.
- Justifying invalid states
- Long initialization sequence
- Simulator limitations
ex:

e Timing can not be considered by time-frame exp
- Generated tests may cause races and hazards.
- Asynchronous circuits can not be handled.
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