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ABSTRACT 
Testing of combinational circuit is crucial important to 

ensure high level of functionality. As density of digital 

circuit increases rapidly day by day these increases cost and 

time to test a particular combinational circuit for testing such 

circuit we need high quality test vector pattern with 

minimum number of input combination. In this work, we are 

designing Automatic test pattern generator (ATPG) 

D_Algorithm which will generate a minimum number of 

input pattern to detect fault like stuck-at-0 fault, stuck-at-1 

fault, short circuit fault. D_Algorithm has been design by 

writing practical extraction and report language script to 

generate VHDL coding which is simulated on Xilinx 9.1. 
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1. INTRODUCTION 
Density of digital circuits increasing rapidly day by day 

these increases cost and time to test particular circuit. 

Testing such complex digital circuits we need quality test 

vector pattern with minimum number input combination. 

For generating test pattern multiple number of algorithm 

used like D-algorithm, PODEM etc. important fact about 

these algorithm is that circuit should be tested with 

minimum number of input Combinations of test vector. One 

of the simplest cost efficient and reconfigurable method 

called FATE (FPGA based Automatic Test Equipment). 

FATE allows. FATE allows executing digital circuit’s test 

only using laptops and FPGA board and modified according 

to CUT (circuit under test).Complete test process consist of 

ATPG, CUT and comparator. ATPG generate an input test 

pattern for Circuit under Test and comparator compares 

output response to stored expected output complete test 

process shown in Fig [1]. ATPG algorithm injects fault into 

circuit and then uses different techniques to activate fault 

into circuit.  

The rest of the paper has been organized in the following 

way, section II presents complete mathematical and 

theoretical ATPG D_Algorithm with flowchart. Section-III 

present the D_Algorithm theoretical calculation. Section-IV 

present the implementation and simulation result and finally 

conclusion are drawn in section V. 
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Fig 1: Complete test flow 

1.1 ATPG Algorithm 
D_Algorithm also known as Roth algorithm [2] an efficient 

ATPG path sensitization method which consist of Singular 

cover of logic gate [10] is the minimal set of input signal 
assignments needed to represent the essential prime 

implicants in Karnaugh map of that logic gate, for both 

output case of 0 and 1. Table (1,2) gives singular cover of 

AND and NOR gate. A D_Cube [10] is collapsed truth table 

entry that can be used to characterize an arbitrary logic 

block. Combine rows 3 and 1 of the AND gate singular 

cover, express it in Roth’s five valued algebra yield 

propagation D-cube “D 1 D” by interchanging the role of the 

two inputs and we get the additional cube  as “1 D D” and 

these two D-cube together we get third D-Cube as “D D D” 

.Similarly for NOR gate we get d-cube as “D 0 D’” , “0 D 

D’” and “D D D’.” the D intersection operation [9] is 

defined as the set of circumstances under which different 

cube labeling for different logic gate can coexist in the 

circuit. Here if one cube assign a specific signal value, then 

other cube must assign either that same signal value or X to 

the signal. In intersection table Greek symbol ø and ψ 

represent incompatible assignments and similarly Greek 

symbols µ and ƛ indicates incompatibilities if both are 

present in D-Cubes with multiple input D and D’. Table (3) 
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represents the D-intersection table. Primitive D-cube [10] of 

failure model fault in a logic circuit and can model faults as 

stuck-at-0, stuck-at-1 fault, short circuit fault, Arbitrary 

change in logic gate function.    

Table 1. Singular covers for AND gate 

Table 2. Singular covers for NOR gate 

Table 3.  D-intersection Table 

 

ATPG path sensitization [9, 10] method generally comprises 

three phases Fault sensitization in which a stuck-at fault is 

activated by forcing a signal driving it to an opposite value 

from the fault value. Fault propagation in which the path is 

selected from the fault site to some primary output, where 

the effect of the fault can be observed for its detection. Line 

justification in which internal signal assignments previously 

made to sensitize a fault or to propagate its effect are 

justified by setting primary inputs of the circuit. In the 

second and third steps, we may find a conflict where a 

necessary signal assignment contradicts some previously 

made assignments this forces the ATPG algorithm to 

backtrack or backup. D_Algorithm Complete flow chart [2] 

given below in Fig (2). 

 

Fig 2: D_Algorithm flowchart. 

2. THEORETICAL CALCULATION 
Choosing stuck-at-0 fault at NOR gate output in given below 

circuit we will find input pattern for path sensitization. In 

which stuck-at-0 fault is activated by forcing a signal to a 

value 1 and these fault effect is propagated through path 

shown in fig [3] from output of NOR gate to output Z of 

circuit. Fault propagate to the output Z through gate no 2 ,3 

and 4 i.e output of NOR gate given to the input of NAND 

gate and output of NAND gate connected to the   First 

finding primitive D_Cube of fault for NOR gate and 

propagating Fault to the output of gate by calculating 
Propagation D_Cube of fault for gate 3 and 4 respectively. 

All calculations given bellow in D_Algorithm summary 

table with A, B, C, D, E are inputs and Z is final output of 

circuit. 

 

Gate type Input  Output 

AND A B Y 

1 0 X 0 

2 X 0 0 

3 1 1 1 

Gate type       Input  Output 

NOR C D Z 

1 1 X 0 

2 X 1 0 

3 0 0 1 

Intersect 0 1 X D D’ 

0 0 Ø 0 ψ ψ 

1 ø 1 1 ψ ψ 

X 0 1 X D D’ 

D ψ Ψ D µ ƛ 

D’ ψ Ψ D’ ƛ µ 



International Journal of Computer Applications (0975 – 8887)  

International Conference on Quality Up-gradation in Engineering, Science and Technology (ICQUEST-2014) 

34 

 

Fig 3: Design problem 

D_Algorithm summary: 

Table 4. D_Algorithm summary 
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3. SIMMULATION RESULT 
In this part the emulation of D_Algorithm implemented. The 

implementation process will be carried out by writing PERL 

script to generate VHDL program files which are simulated 

on Xilinx 9.1.Text file containing net list of digital circuit 

with Fault and without fault processes and generated VHDL 

file and test bench file are simulated on Xilinx 9.1 

 

Fig 4: D_Algorithm simulation result 

4. CONCLUSION 
These paper focused on the designing ATPG algorithm like 

D_Algorithm for generating a minimum number of input 

pattern to test a circuit i.e. differentiate a fault free circuit 

from faulty circuit. Design D_Algorithm and generated a 

circuit and implemented it on FPGA Spartan II kit. 

minimum test pattern for particular combinational 
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