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Abstract 
 

Devices are manufactured using VLSI technology. In VLSI technology billion 

of transistors are integrated in a single chip. During integration failure may 

occur. Fault diagnosis plays an important role to find faults in the chip. Single 

fault is identified using single fault based diagnosis method such as the single 

location at a time (SLAT). This method become invalid if multiple faults, fault 

masking and reinforcing may exists. The existing method use fault element 

and fault element graph to diagnose faults occurred at multiple locations. This 

method includes the effect of fault masking and fault reinforcing which are the 

problems in diagnosing multiple faults. This method construct FEG for all 

failing pattern and fault element scores the solution is identified. All candidate 

locations are ranked to constitute the final diagnosis result. This may lead to 

many solutions to be identified which cause long run time. The existing 

algorithm only based on failing pattern. The proposed system use fault 

diagnose algorithm which is used to reduce long run time by introducing 

limitation on number of solutions. The new fault diagnose based algorithm is 

based on both passing and failing pattern. The proposed system has the 

advantage of better accuracy and reduced delay. Johnson counter is used to 

generate the test pattern which is used to analyze the circuit. 

 

 

Introduction 
Testing is important parameter in VLSI technology. Many challenges are imposed on 

tools and methodologies used to design and test complex VLSI circuits. The most 

important issues in the development process of an integrated circuit during testing are 

manufacturing yield, product quality, and test cost. To describe manufacturing defects 

and their fault models in the circuits, test patterns are generator which is applied to the 
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circuit under test (CUT) and to detect faulty circuits can be done either externally 

using automatic test equipment (ATE) or internally using built-in self-test (BIST) 
[1]

. 

     The CUT may contain a resistive-open defect is defined as an imperfect circuit 

connection that can be modeled as a defective resistor between the circuit nodes that 

should be connected.  A defective wire that can be modeled by a resistive open defect 

(Rdef ). Examples of resistive-open defects are thin wires
[2].

 

     Determining the location is much simpler, and can be done in a piecemeal fashion 

by analyzing failing patterns and building up a composite picture of the defect‟s 

whereabouts. This diagnostic technique is called single location at a time (SLAT) 

because it uses only those patterns during which the defect affected only a single 

location, be that a pin or a net
[3]. 

     Diagnosing multiple combinational logic faults can be classified into two 

categories: diagnosticpattern-based diagnosis methods [4]–[7] and manufacturingtest- 

pattern-based diagnosis methods [8]–[15]. In the first category [4]–[7], failure chips‟ 

failing responses under manufacturing test patterns are analyzed to obtain the initial 

candidate faults. When testing a chip, if the chip‟s response under a test pattern is 

different from the expected good machine response, the test pattern is a failing 

pattern, and the response is called the failing response.  

     For the manufacturing-test-pattern-based diagnosis methods, no diagnostic patterns 

are generated and used. Failure chips‟ failing responses under manufacturing test 

patterns are compared with potential faults‟ failing responses to find the candidate 

faults. In [8]–[15], fault simulations are applied to obtain the failing responses of 

potential faults. In [14] and [15], the X-fault model is used to represent the unknown 

behavior of potential faults. The faults that can produce more matched failing outputs 

and cause less passing outputs to fail are ranked higher in the reported candidate fault 

list.  

 

 

Overview 
The work is splitted into two phases. They are, 

1) Generation of test pattern 

2) Circuit analysis 
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Block Diagram For Generation of Test Pattern 
 

 
 

Figure 1: Test pattern generator block diagram 

 

   Steps in producing the outputs are:- 

1) The seed generator generates a new seed by clocking CLK one time using 

enable seed. 

2) RJ_mode is set to „0‟. The Johnson counter will operate in circular normal 

mode and generate a Johnson vector by clocking more than one time. 

3) After that RJ_mode and Init mode are set to 1, the Johnson counter will 

operate as a circular shift register and produce n codewords by clocking CLK 

n times. 

4) If 2n Johnson vectors are generated and then XOR the output of seed 

generator with the output of Johnson counter. 

5) The outputs are given to the circuit under test (CUT). 

6) The procedure are repeated until the fault coverage is achieved.  

 

A. Analysis of Johnson Counter 

 

 
 

Figure 2: Johnson counter 

 

   Johnson counter will operate in three modes of operation. They are 

1) Initialization 

2) Circular shift register 

3) Normal mode 
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1) Initialization : 

In this mode of operation RJ_mode is set to logic 1. Init is set to logic 0. Then 

the Johnson counter will produce 0 as the output for all stages by clocking 

CLK more than n times. 

2) Circular shift register: 

In this mode of operation RJ-mode are set to logic1. Then the Johnson counter 

will produce Johnson codeword by clocking CLK n times. 

3) Normal mode: 

RJ_mode is set to logic, the reconfigurable Johnson counter will produce 2n 

unique vector. 

 

B. Seed Generator 

Seed generator has three inputs. They are clock, reset enable. The input signal clock is 

always set to 1. If the input signal reset is set to 1, it will display all the output as 0. If 

the input signal reset goes to 0 but enable signal will rise to high value then it will 

generate the output as equal to the output of linear feedback shift register output. Then 

this output and Johnson counter output are given to the XOR gate to produce the test 

pattern. 

 

 

Circuit Analysis 

 

 
 

Figure 3: Circuit Under Test 

 

   The circuit has AND,NOT,OR gates. To identify faults in the circuit, it will be 

explained by the use of fault element method. Consider a circuit with three fault 

locations q, b, and c. The three faults produce three failing patterns. The good 

machine value of each location is written aside the location label. The FEG of each 

failing pattern is given below the circuit. In the FEGs, each vertex represents a fault 

element, and each directed line represents the relation between corresponding fault 

elements, which will be explained next. The score of a fault element is written below 

the fault-element label in the vertex.  
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   The circuit was tested using 3 different test pattern and the faults are analyzed and 

the graph was plotted. Three test patterns are P1=abcd(0010) ,P2=abcd(0110) 

,P3=abcd(1110) 

 

 

Hargware Implementation and Results 

 

 
 

Figure 4: Johnson Counter Normal Mode Output 

  

   Johnson counter normal mode output is obtained by setting rj-mode value as 0 and 

init mode value as 1. The MSB value is set to 1 by XOR ing the 3
rd

 bit and the 1
st
 bit 

value. This value is set throughout the operation. And it passed to the prior MSB bit. 

The circuit will generate the output with delay 4.063ns 

 

 
 

Figure 5: Johnson Counter Circular Mode Output 
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   The Johnson counter will operate in circular mode by setting the rj-mode value and 

init value as 1. In this mode the MSB is set to high value at first clock cycle. At the 

rising edge of second clock cycle the MSB value was changed to 1 and prior MSB bit 

is changed to the value 1. This process is continued till all the bit value is changed to 

1. It will generate the output with delay 4.063ns 

 

 
 

Figure 6: Seed Generator Output 

 

 
 

Figure 7: Output For Pattern 0010 
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   The above figure shows the output for pattern 1. The pattern 1 value is 0010. This is 

applied to the input line abcd. The t output is produced by input a and b. These two 

input values are given to OR gate and it wll produce the output at t. The u value is 

obtained by passing the b value through a NOT gate. The v value is same as the b 

value. The w output is obtained by passing input b and c through a AND gate. The y 

output is obtained by passing d value via NOT gate and combinig this with a w value 

by the use of OR gate. The z output is produced by passing c and via AND gate. Then 

the circuit will produce the output as 010010at port tuvwyz. The circuit will produce 

the delay as 5.934ns 

 

 
 

Figure 8: Faulty Output For Pattern 0010. 

 

   The above figure shows the faulty output for pattern 1 (0010). Faults are injected in 

b,q and c. This is applied to the input line abcd. The t output is produced by input a 

and b. These two input values are given to OR gate and it wll produce the output at t. 

The u value is obtained by passing the b value through a NOT gate. The v value is 

same as the b value. The w output is obtained by passing input b and c through a 

AND gate. The y output is obtained by passing d value via NOT gate and combinig 

this with a w value by the use of OR gate. The z output is produced by passing c and 

via AND gate. Due to the fault in the circuit the output is changed to 101110 for the 

same input 0010. The circuit will produce the delay as 5.934ns 



15300          Dr. T. Jaya 

 

 
 

Figure 9: Output For Pattern 0110 

 

   The above fig9 shows the output for pattern 2 (0110). The input value 0110 is 

applied to the circuit This is applied to the input line abcd. The t output is produced by 

input a and b. These two input values are given to OR gate and it wll produce the 

output at t. The u value is obtained by passing the b value through a NOT gate. The v 

value is same as the b value. The w output is obtained by passing input b and c 

through a AND gate. The y output is obtained by passing d value via NOT gate and 

combinig this with a w value by the use of OR gate. The z output is produced by 

passing c and via AND gate. Then the circuit will produce the output as 101110. The 

circuit will produce the delay as 5.934ns 

 

 
 

Figure 10: Faulty output for pattern 0110 
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   The above fig10 shows the output for pattern 2 (0110). The input value 0110 is 

applied to the circuit. This is applied to the input line abcd. Faults are injected in b,q 

and c. The t output is produced by input a and b. These two input values are given to 

OR gate and it wll produce the output at t. The u value is obtained by passing the b 

value through a NOT gate. The v value is same as the b value. The w output is 

obtained by passing input b and c through a AND gate. The y output is obtained by 

passing d value via NOT gate and combinig this with a w value by the use of OR gate. 

The z output is produced by passing c and via AND gate. Then the circuit will 

produce the output as 101110. The circuit will produce the delay as 5.934ns 

 

 
 

Figure 11: Output For Pattern 1110 

 

   The above fig11 shows the output for pattern (1110). The input value 1110 is 

applied to the circuit. The t output is produced by input a and b. These two input 

values are given to OR gate and it wll produce the output at t. The u value is obtained 

by passing the b value through a NOT gate. The v value is same as the b value. The w 

output is obtained by passing input b and c through a AND gate. The y output is 

obtained by passing d value via NOT gate and combinig this with a w value by the 

use of OR gate. The z output is produced by passing c and via AND gate. The circuit 

will produce the output as 101110. The circuit will produce the delay as 5.934ns 
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Figure 12: Faulty Output For Pattern 1110 

 

   The above fig 12 shows the faulty output for pattern 3 (1110). The input value 1110 

is applied to the circuit. Faults are injected in b,q and c. The t output is produced by 

input a and b. These two input values are given to OR gate and it wll produce the 

output at t. The u value is obtained by passing the b value through a NOT gate. The v 

value is same as the b value. The w output is obtained by passing input b and c 

through a AND gate. The y output is obtained by passing d value via NOT gate and 

combinig this with a w value by the use of OR gate. The z output is produced by 

passing c and via AND gate. and it produce the output as 101000 instead of 101110. 

The circuit will produce the delay as 5.934ns 

 

 

Conclusions 
This project generate 4 bit test pattern using  johnson counter and the generated test 

pattern was applied as an input to the circuit under test to find the faults. This found 

all the faults in the circuit during testing. And this program run faster compared to the 

previous method. So it reduces delay that was produced in the circuit. In further 

analysis I will implement fault element graph which is used to find multiple fault at 

the same time. 
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