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Unit V :  Fault Detection in combinational circuit Types of faults, Fault detection using Boolean Difference and 

path sensitization method. Concept of PROM, PLA, PAL, CPLD and FPGA, PALASM software applications. 

 

Faults in Combinational Logic Circuits: 

 Consider the output of AND logic is high (logic 1), if all of its inputs are high (logic 1) and the output 

is low (logic 0), if any one of the inputs is low (logic 0). Let us assume that some faulty connections, makes one 

of the input wire shorted to ground. This make the wire to remain at logic 0 even if the input signal is 

changing. Because of this the output obtained is different from the normal output of the AND gate. Thus the 

input A=B=1 can be used to detect a 0 fault in one of the lines of AND gate. There are two faults possible in the 

combinational logic circuit and they are (i) Struck-at-One (s-a-1) fault (ii) Struck-at-Zero (s-a-0) fault. 

 

Struck-at-One (s-a-1) Struck-at-Zero (s-a-0) faults: 

 Struck-at-fault is a static approximation whereby all failures are represented as an individual gate-

level pin or wire net connection that acts as if it were shorted to Vdd or ground. Usually in digital combinational 

circuits, majority of the faults that occur fall under this categories. The situation where an input line or output 

li e is g ou ded  a fault  o e tio  so that the i put li e o  output li e is pe a e tl  at logi   is alled 
a struck-at-zero (s-a-0). If the input or output line is shorted to Vdd by a faulty connection, we say that line is 

struck-at-one (s-a-1). 

 

Detection of Fault: 

Boolean Differences: 

The Boolean difference method is an algebraic procedure for determining the complete set of tests that detect 

a given fault. These tests are derived directly from the function which represents the circuit being tested. 

 

The Boolean difference of a function f(x1,x2,x3,………., n) with respect to one of its variable xi, is defined �� ���� = � � , � , … . ��− , , ��+ , … . �� ⊕ � � , � , … . ��− , , ��+ , … . ��  

Let f(x1,x2,x3,… i-1,0,xi+1,……., n) = fi(0) 

      f(x1,x2,x3,… i-1,1,xi+1,……., n) = fi(1) ∴ �� ���� = �� ⊕ ��  

 If df(X)/dxi ≡ , the  fi  ≡ fi(1) and it implies that f(X) is independent of xi.  If df(X)/dxi ≡ , the  a  ha ge in the value of xi will affect the value of fi regardless of the value of the 

remaining variables. 

 The objective is to find those value of the variables for which df(X)/dxi =1, these values cause the 

output f to be incorrect when a fault exists on line xi. 

 

Fault Detection by Path Sensitizing: 

The main idea behind the path-sensitizing procedure will be illustrated by devising a test which detects a s-a-1 

fault at input A of Fig.5.1 
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Fig. 5.1: A Portion of a Circuit Describing a Sensitized Path. 
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The basic principles of the path-sensitization fault detection method, which is also known as the one-

dimensional path sensitization, can thus be summarized as follows: 

 

1. At the site of the fault, assign a logical value complementary to the fault being tested, i.e., to test x i for 

s-a-0 assign xi =1 and to test it for s-a-1 assign xi=0. 

2. Select a path from the circuit inputs through the site of the fault to a circuit output. This path is said to 

be sensitized if the inputs to the gate along the path are assigned values so as to propagate to the path 

output any fault on the wires along the path. This process is called the forward drive phase method. 

3. Determine the primary inputs that will produce all the necessary signals values specified in the 

preceding steps. This is accomplished by tracing the signals backward from each of the gates along the 

path to the primary inputs. This process is called the backward-trace phase of the method. 

 

 

Example: Create a sensitized path 

from the fault to the primary output 

for the Fig.  Find the test vector for it. 

 

 
 

Solution : A sensitized path from the 

fault to the primary output for 

detecting the fault struck-at-zero    

(s-a-0) is shown in Fig. The path 

sensitization method is used to 

determine the test vectors for 

detecting the struck-at-zero (s-a-0) 

fault. 

 

 

 At the site of the fault e assig  a logi al alue o ple e ta  to the fault ei g tested that is, logi   
and the other to logic gate G5 is at logi  O‘ gate   as sho  i  Fig. 

 Since the output of logic gate G1 is logi  , oth of its i puts ust e assig ed ith logi   alue to get 
logi   output as sho  i  Fig. 

 The output of logic gate G2 which is input to logic gate G5 is at logi  , at least o e of its i put ust e 
assig ed ith logi  , so possi le combinations are (0,0) , (0,1) and (1,0). 

 The output of logic gate G4 is at logi   hi h is i put to the logi  gate G6. 

 To get the logi   output fo  logi  gate G6 the two possible combinations are (1,0) and (1,1), since one of 

its input is at logi   

With these possible test values shown in Fig. to determine the struck-at-zero (s-a-0) fault, the test vectors are 

(1,1,0,X,X,X) or (1,1,X,0,X,X). 
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Example : Consider the combinational 

logic function F(x1,x2,x3,x4) shown in 

Fig.  where F = (x1+x2)x3  + x3.x4 . Find 

the test vector for detecting a struck-

at-zero     (s-a-0) fault at x3. 

 
 

F = (x1+x2)x3  + 3.x4 

Boolean difference of F(x1,x2,x3,x4) with respect to x3 is     dF xdx  =  F x = ⊕ F x =       =  x + x ⊕ x                            =  x + x x ′  + x + x ′ x  

The test vector for determining s-a-0 fault at x3 can be determined as    x  dF xdx  = x [ x + x x ′  + x + x ′ x ]                      = x x x ′ + x x x ′ + x ′x ′x x ′ 

The a o e e uatio  is e ual to  he  a  o e of the th ee p odu t te  is e ual to . He e ea h of the 

following input combination is a test vector faulty input x3 for s-a-0 fault. 

The test vectors are (1,X,1,0) , (X,1,1,0) and (0,0,1,1). 

 

 

 

 

Fig. 5.1: A Portion of a Circuit Describing a Sensitized Path. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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