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Abstract 
Stuck-at-faults may occur at input and output gates inside CMOS combinational logic ICs. The faults may be caused by an 

imperfect manufacturing process. Moreover, they may generate a function of the ICs becomes errors. There are two types of 
the faults, namely stuck-at-1 and stuck-at-0. The stuck-at-1 and the stuck-at-0 may affect logic values of the gates become 1 

and 0, respectively. Thus, they should be detected early. In this paper, a built-in self test circuit is proposed to detect them. 

The test circuit consists of a linear feedback shift register and multiplexers.  The shift register is made by D-flip flops and an 

XOR gate and is used to generate test vectors.  The multiplexers are used as test selectors to select the ICs either in a normal 
mode or a test mode. Analysis results show that the stuck-at-faults at the combinational logic IC of xx855 can be detected by 

the test circuit.  

 
Keywords: Stuck-At-Faults, Combinational Logic ICs, Built-In Self Test Circuit, Linear Feedback Shift Register, 

Multiplexers 

 

1. Introduction 

Nowadays, almost all of integrated circuits (ICs) are complementary metal oxide 

semiconductors (CMOS) [1], [2],. They have advantages than before, i.e. lower power consumption 

and higher speed responses [3]. 

Many kinds of CMOS combinational logic ICs are made for specific functions [4],[5]. 

However, stuck-at-faults may occur at input and output gates inside the combinational logic ICs [6]. 

The faults may be caused by an imperfect manufacturing process [7]. Furthermore, the faults may 

generate the functions of the ICs become errors [8]. Thus, they should be detected earlier before 

delivering the ICs to customers.    

There are two types of the faults, namely stuck-at-1 and stuck-at-0 [9]. Logic values of the 

gate become H values caused by the stuck-at-1. On the other hand, the stuck-at-0 may cause the logic 

values of the gate become L values.  

A built-in self test (BIST) circuit was proposed to detect the faults [10]. However, only single 

stuck-at-fault may be detected by it. So, it is difficult to detect the faults in a combinational logic IC 

since many input and output gates the IC.   

In this paper, a BIST circuit is proposed to detect stuck-at faults namely stuck-at-1 as well as 

stuck-at-0 occurring at input and output gates of a combinational logic IC. An analysis circuit design 

and analysis results are denoted in this paper.  

 

2. Research Method 

A built-in self test (BIST) circuit is proposed to detect stuck-at-faults at input and output gates 

inside CMOS combinational logic ICs. The test circuit is shown in Figure 1. The test circuit consist of 

a linear feedback shift register (LFSR) and multiplexers, M1 to Mn.  

The LFSR is made by D-flip flops and an XOR gate. Each output of the D-flip flops is 

connected to one of inputs of each the multiplexer. The LFSR is used to generate test vectors. 

Numbers of the generated test vectors based on numbers of digital inputs, Di1 to Din. TCK and RST 

are a test clock signal and a reset signal, respectively.  

The multiplexers are used to select the BIST either in a normal mode or a test mode. When an 

H logic value is provided to a test mode select (TMS), the BIST is in the normal mode. Logic values 

of the digital inputs, will be propagated directly to a combinational logic gate in which as a circuit 

under test (CUT). However, the BIST is in the test mode by providing an L logic value to the TMS. 
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Thus, output logic values of the LFSR will be propagated to the CUT regardless logic values of the 

digital inputs.  

 

 
Figure 1 BIST 

 

Stuck-at-faults may occur at input and output gates inside the combinational logic gate as the 

CUT. There are two types of the faults, i.e. stuck-at-1 and stuck-at-0. For example, when a s-a-0 

occurs at node i of a combinational logic gate as a CUT in Figure 2, a digital output of Do2 become an 

L logic value regardless logic values of nodes d and f.  

 

 
Figure 2 Combinational logic gate 

 

3. Results and Discussion 

In order to evaluate testability of a BIST circuit for detecting stuck-at-faults in a 

combinational logic gate, an analysis circuit is proposed by using XX855 from Nexperia 

Semiconductor Co. Ltd. as a CUT. The analysis circuit is shown in Figure 3. The used faults are stuck-

at-1 and stuck-at-0 inserting to input and output gates of the CUT.  

Analysis results are summarized in Table 1. The results are defect-free and defective circuit. 

The defect-free circuit is derived from a normal mode by providing an H logic value to a TMS. On the 

other hand, an L logic value is provided to the TMS for deriving the defective results in a test mode. 

The results show that the faults may be detected by the BIST circuit. The detected faults are denoted 

by shading in Table 1.    
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Figure 2 Analysis circuit 

 

Table 1 Analysis results 

Condition 
D

o 

LFSR 

00 01 10 11 00 01 10 11 

Defect-free 
o1 0 0 1 1 1 0 1 0 

o2 0 0 0 0 0 1 0 1 

a,d (s-a-1) 
o1 1 0 1 0 1 0 1 0 

o2 0 1 0 1 0 1 0 1 

a,d (s-a-0) 
o1 0 0 1 0 0 0 1 1 

o2 0 0 0 1 0 0 0 0 

b,e (s-a-1) 
o1 1 1 1 1 1 0 1 0 

o2 0 0 0 0 0 1 0 1 

b,e (s-a-0) 
o1 0 0 0 0 1 0 1 0 

o2 0 0 0 0 0 1 0 1 

c,f (s-a-1) 
o1 0 0 1 1 0 0 0 0 

o2 0 0 0 0 1 1 1 1 

c,f (s-a-0) 
o1 0 0 1 1 1 1 1 1 

o2 0 0 0 0 0 0 0 0 

g,h (s-a-1) 
o1 1 1 1 1 1 1 1 1 

o2 0 0 0 0 0 1 0 1 

g (s-a-0) 
o1 0 0 0 0 1 0 1 0 

o2 0 0 0 0 0 1 0 1 

h (s-a-0) 
o1 0 0 1 1 0 0 0 0 

o2 0 0 0 0 0 1 0 1 

i (s-a-1) 
o1 0 0 1 1 1 0 1 0 

o2 1 1 1 1 1 1 1 1 

i (s-a-0) 
o1 0 0 1 1 1 0 1 0 

o2 0 0 0 0 0 0 0 0 

 

4. Conclusion 

Stuck-at-faults occurring at input an output gates inside a combinational logic IC may be 

detected by a BIST circuit. The faults are stuck-at-0 and stuck-at-1. Analysis results show that the 

faults can be detected.  
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