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ATPG: Path Sensitization
• First Try Single Path Sensitization


• D-calculus: fault-free/faulty value


• D=1/0, 

v/vf =
D = 0/1, 0 = 0/0, 1 = 1/1



ATPG: Path Sensitization
• Now Try Multi Path Sensitization


• D-calculus: fault-free/faulty value


• D=1/0, 

v/vf =
D = 0/1, 0 = 0/0, 1 = 1/1



ATPG: No Test = Redundancy

• Sometimes single-path sensitization works

• Sometimes multi-path sensitization works

• Sometimes, test does not exist = redundancy

• Redundancy removal via s-a-f propagation



Testing using Boolean Difference
• Let  be a PI,  the PO. Prove that Test for x/1  


• Fault-free function , faulty function 


•  = miter between faulty and fault-free circuit

x Z Tx/1 = x ⋅
δZ
δx

= x ⋅ [Zx ⊕ Zx′ ]

Z Zf = Z(x = 1) = Zx

Tx/1 = Z ⊕ Zx





Testability of Two-Level Logic Circuits
• Two level logic = sum of product forms

• Implementation on Programmable Logic Array (PLA)

• Exact minimization using K-maps


• Make the cover prime and irredundant

• Minimize area, minimize delay, also fully testable circuit!



Structure of PLAs
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B.6.1 Programmable Logic Array (PLA)

Several types of PLDs are commercially available. The first developed was the pro-
grammable logic array (PLA). The general structure of a PLA is depicted in Figure B.25.
Based on the idea that logic functions can be realized in sum-of-products form, a PLA
comprises a collection of AND gates that feeds a set of OR gates. As shown in the figure,
the PLA’s inputs x1, . . . , xn pass through a set of drivers (which provide both the true value
and complement of each input) into a circuit block called an AND plane, or AND array.
The AND plane produces a set of product terms P1, . . . , Pk . Each of these terms can be
configured to implement any AND function of x1, . . . , xn. The product terms serve as the
inputs to an OR plane, which produces the outputs f1, . . . , fm. Each output can be config-
ured to realize any sum of P1, . . . , Pk and hence any sum-of-products function of the PLA
inputs.

A more detailed diagram of a small PLA is given in Figure B.26, which shows a PLA
with three inputs, four product terms, and two outputs. Each AND gate in the AND plane
has six inputs, corresponding to the true and complemented versions of the three input
signals. Each connection to an AND gate is programmable; a signal that is connected to
an AND gate is indicated with a wavy line, and a signal that is not connected to the gate is
shown with a broken line. The circuitry is designed such that any unconnected AND-gate
inputs do not affect the output of the AND gate. In commercially available PLAs, several
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Figure B.25 General structure of a PLA.
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Figure B.26 Gate-level diagram of a PLA.

methods of realizing the programmable connections exist. Detailed explanation of how a
PLA can be built using transistors is given in Section B.10.

In Figure B.26 the AND gate that produces P1 is shown connected to the inputs x1 and
x2. Hence P1 = x1x2. Similarly, P2 = x1x3, P3 = x1x2x3, and P4 = x1x3. Programmable
connections also exist for the OR plane. Output f1 is connected to product terms P1, P2,
and P3. It therefore realizes the function f1 = x1x2 + x1x3 + x1x2x3. Similarly, output f2 =
x1x2 + x1x2x3 + x1x3. Although Figure B.26 depicts the PLA programmed to implement
the functions described above, by programming the AND and OR planes differently, each
of the outputs f1 and f2 could implement various functions of x1, x2, and x3. The only
constraint on the functions that can be implemented is the size of the AND plane because
it produces only four product terms. Commercially available PLAs come in larger sizes
than we have shown here. Typical parameters are 16 inputs, 32 product terms, and eight
outputs.



ATPG: Redundant Cover
• Redundant cube = untestable s-a-0 fault at AND-gate output



ATPG: Non-prime Cover
• Non-prime cube = untestable s-a-1 fault at AND-gate input



Prime & Irredundant 2-level Circuit = Fully Testable!



Fault Equivalence
• Two faults are functionally equivalent if their effect cannot be 

distinguished

• Detect only 1 out of ALL equivalent faults

• Infeasible to identify all functionally equivalent faults, so we try a 

simple problem of structural equivalence



Fault Equivalence
• Two faults are functionally equivalent if their effect cannot be 

distinguished

• Detect only 1 out of ALL equivalent faults

• Infeasible to identify all functionally equivalent faults, so we try a 

simple problem of structural equivalence



Structural Fault Equivalence



Fault Dominance
• Let  be the set of all tests that detect fault 


• Fault  dominates fault  if 


• Clearly .


• If the goal is fault detection (and not fault distinguishing/diagnosis), then  is not needed,  
suffices to detect fault 

Tg g
f g Zf (t) = Zg(t) ∀t ∈ Tg

Tf ⊇ Tg

Tf Tg
f


