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ABSTRACT 

Neighborhood Pattern Sensitive Fault (NPSF) is the typical fault which occurs due to the coupling action among 

neighbouring cells in the memory. Other faults like stuck at faults, address decoder faults can be detected using March 

Algorithms, but Neighborhood pattern sensitive faults can’t be detected easily. So, there is a need for the improvisation of 

fault detection in memories for NPS Faults. This paper proposes a new approach for testing of passive NPSF (PNPSF) in 

memories. This approach comprises of a Hamiltonian and Gray sequences for non-optimized and optimized techniques 

used for PNPSF detection with Linear Cellular Automata (LCA) and Linear Feedback Shift Register (LFSR) as address 

generators. A 3-cell neighborhood approach is considered for the testing of PNPSF, which has one base cell and 

corresponding neighborhood left cell and right cell. The complete test setup using this approach will configure the PNPSF 

impact on base cell due to transitions in the corresponding neighborhood cells. The comparison of the timing and fault 

insertion analysis of all four PNPSF testing approaches are tabulated, also the optimized sequence gives better fault 

coverage than non-optimized Hamiltonian and Gray sequence. The proposed methods of PNPSF architecture for memory 

testing is synthesized and implemented using Xilinx 14.7.  

 
Keywords: passive neighborhood pattern sensitive fault, 3-cell neighborhood, linear Feedback shift register, linear cellular automata, 

Hamiltonian and gray sequences. 

 

INTRODUCTION 

The purpose of memory systems is to store 

massive amounts of data. Memories do not include logic 

gates and flip-flops. They use an inbuilt clock, address and 

data generators and read/write controller logic to generate 

the test patterns for the test. Accordingly, there are two 

conflicting constraints that require to be addressed when 

considering a test algorithm, lowering the quantity of 

memory operations so as to permit large capacity 

memories to be examined in an appropriate period of time 

and a greater number of memory faults can be identified. 

The single cell faults are stuck open fault, stuck- at-0 fault, 

stuck- at-1 fault, transition fault.  NPSF is occurred due to 

coupling of cells with the neighborhood cells [1-4]. In 

NPSF base cell value depend upon the value of adjacent 

cells. If the base cell fails to change its values due to the 

impact of neighborhood cell it is called Passive NPSF. 

Base cells have some fixed value because of the pattern of 

the pattern of the neighborhood cells, it is called Static 

NPSF. When the base cell changes its value because of the 

transitions of deleted neighborhood cells then it is called 

Active NPSF [5, 6]. The existing method uses 

Hamiltonian and Gray sequences with cellular automata 

for detecting of only static NPSF [7, 8] which is 

inadequate due to deficiency in complete fault detection. 

Authors in [9] proposed a reduction of dynamic power of 

the memory controller by reducing the switching 

activities. The clock gating cell is implemented in DC 

while optimized in ICC. 

In [10, 11] the built-in-self repair module 

performance was measured for the optimal repair rate and 

the area overhead. Furthermore, the literature survey 

noticed that the repair rate and area overhead would 

increase with the size of the spare row/column allocation. 

The neighborhood pattern sensitive fault is determined 

with the involvement of a base cell and its corresponding 

neighborhood cells. In 2002, different environment March 

tests were proposed which concerned a couple of 

backgrounds however they could not help to complete the 

Neighborhood Pattern Sensitive Faults. Due to the linear 

complexity, regular structure of memory and simplicity of 

the hardware implementations, the march tests are usually 

a preferred method for few fault models for RAM testing 

[12-15]. So, the focus is on the detection of the PNPSF 

testing in memories which may occur due to their high 

density. The non-optimized Hamiltonian and Gray 

sequences are considered as pattern generators because 

there is only one-bit variation between any two 

consecutive sequences. Hamiltonian sequence considered 

here is 000, 100, 110, 010, 011, 111, 101, 001 and Gray 

sequence is 000, 001, 011, 010, 110, 111, 101, 100. Also, 

the optimized Hamiltonian and Gray sequences 000, 010, 

000, 001, 011, 001, 101, 111, 101, 100, 110, 100 are used 

to cover all NPSF’s.  

Rest of the paper is as follows: Section 2 explains 

the proposed 3-cell PNPSF testing methodology, section 3 

explains about non-optimized and optimized Hamiltonian 

and Gray test sequences which are required for testing. 

Section 4 describes the address generation using LCA and 

LFSR. Section 5 explains about the simulation and 

synthesis result and Fault insertion analysis. Finally, 

Section 6 gives the conclusion followed by references. 
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PROPOSED METHODOLOGY 
Here 1024X 8 Bit memory is designed to model 

PNPSF test methodology shown in Figure-1. The LCA, 

LFSR address generators generates the addresses for the 

memory. It requires 13- bit sequences to generate 1024 

rows with 8 columns, out of those 10 bits are used for 

selection of row and 3 bits are used for selection of the 

column in the memory. 3-bit sequences are applied to the 

3-cells of the memory, then centre bit from memory and 

centre bit from pattern generator are compared if both are 

same then there is no fault. When Left and Right bits of 

two consecutive sequences are same and the centre bits 

take a transition from 1 to 0 or 0 to 1, then there is no 

PNPS Fault. Alternatively, if there is no transition in the 

centre bits of the two consecutive sequences, it is assumed 

that a PNPS Fault exists and is tested by using a 

comparator.  

 

 
 

Figure-1. Block diagram of PNPSF testing in memories. 

 

Here two types of sequences are used to generate 

addresses for the memory. To select a cell 13-bit LCA and 

LFSR are designed to select a particular cell by providing 

column address and row address described in the 

following sessions. 

 

TEST SEQUENCE GENERATION 

To detect transitions of centre cell of a memory 

two types of test sequences are used. One test sequence 

consists of 16, 3-bit L C R patterns and another one 

consists of 12, 3-bit L C R patterns which are shown in 

following Table-1, and Table-2. Table-1 shows the non-

optimized 16 pattern Hamiltonian and Gray sequences to 

detect PNPSFs. The sixteen 3-bit patterns are applied to 

the 3 memory cells and considered them as Left, Centre 

and right cells, respectively. If the bits in column 4 are 

same as centre bits of 
 
column 2 then they are referred as  

fault free bits shown  in Table-1. 

No change of centre cell bits of two consecutive 

sequences are identified as PNPSF’s shown in 5
th

 column 

of the Table-1. XOR operation of 4
th

 and 5
th

 column of the 

table identified as PNPS fault by rising the values of C2, 

C6, C10, C14. All PNPSF are not covered with sequences 

shown in Table-1. To cover all PNPS Faults of memory, 

12 pattern reduced test sequences are proposed shown in 

Table-2. All the PNPSF’s are detected by rising the values 

of bits C1, C2, C4, C5, C7, C8, C10, C11.  

 

Table-1. Non-optimized sequence and PNPSF 

identification. 
 

Left Centre Right 
Fault 

free 
Fault Comparison 

0 0 0 0 0 0 

1 0 0 0 0 0 

1 1 0 1 0 1 (C2) 

0 1 0 1 1 0 

0 1 1 1 1 0 

1 1 1 1 1 0 

1 0 1 0 1 1(C6) 

1 0 1 0 0 0 

0 0 0 0 0 0 

0 0 1 0 0 0 

0 1 1 1 0 1(C10) 

0 1 0 1 1 0 

1 1 0 1 1 0 

1 1 1 1 1 0 

1 0 1 0 1 1(C14) 

1 0 0 0 0 0 

 

Table-2. Optimized sequence and PNPSF identification. 
 

Left Centre Right 
Fault 

free 
Fault Comparison 

0 0 0 0 0 0 

0 1 0 1 0 1(C1) 

0 0 0 0 1 1(C2) 

0 0 1 0 0 0 

0 1 1 1 0 1(C4) 

0 0 1 0 1 1(C5) 

1 0 1 0 0 0 

1 1 1 1 0 1(C7) 

1 0 1 0 1 1(C8) 

1 0 0 0 0 0 

1 1 0 1 0 1(C10) 

1 0 0 0 1 1(C11) 
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ADDRESS GENERATOR 
To generate addresses for the memory 2 types of 

address generators are used. One is Linear Cellular 

Automata (LCA) and Linear Feedback Shift 

Register(LFSR). 

 

LCA 
It is the random number generator [16, 17] which 

produces random numbers according to the inputs 

specified shown in Figure-2. To generate each bit, the 

LCA consists of the XOR and the flip-flop. It is evaluated 

in steps and value of node depends on the value of 

neighbourhood. It consists of a collection of nodes formed 

by flip-flops which are logically related to their nearest 

neighbourhood using XOR gates. The advantage of using 

LCA is it is logically connected with their neighbourhood 

as that the pattern length forming by the LCA changes 

easily by cascading nodes. The randomness of the parallel 

patterns is high using LCA and also the performance of 

the LCA is high due to no feedback path and maximum 

one XOR gate between the nodes. But LCA can’t generate 

all the sequences to specify all the cells of the memory. 

 

LFSR 

It is a shift register [17-19], whose data bit is 

a linear function of its past state shown in Figure-3. LFSR 

is used to generate the addresses of the memory of size 1024 × 8. Here the circuit uses the feedback paths with 

XOR gates called taps. LFSR can never have the initial 

value as zero since it generates zero only for every shift. 

Hence the LFSR must be initialized with non-zero value. 

The primitive polynomial function of LFSR is  

 𝑥12 + 𝑥11 +  𝑥10 + 𝑥7 + 1      (1) 

 

Depending on the seed value LFSR generates 13-

bit random sequences. Out of that 13-bits, 10 Bits are used 

to generate 1024 row addresses and 3 bits are used to 

generate 8 column addresses. The advantage of this LFSR 

circuit is less area overhead than LCA circuit due to less 

XOR gates of this circuit. 

 

 
 

Figure-2. Block diagram of LCA. 

 

 
 

Figure-3. Block diagram of LFSR. 

 

RESULTS AND DISCUSSIONS 

The simulation results show the testing of 

memory for detecting PNPSF using LFSR and non-

optimized test Sequences. As shown in the waveform, 

PNPSF is identified for row address 893, and column 

address 3 in the memory. Whenever a bit is high in the 

Fault_check register there exists PNPSF. That can be 

shown in Figure-4 by rising C2 at 41,168 us. The results of 

the simulation waveform show the testing of memory for 

detecting PNPSF using LFSR and optimized test 

sequences. The PNPSF is identified for row address 893, 

and column address 3 in the memory shown in Figure-5. 

Whenever a bit is high in the Fault_check register there 

exists a PNPSF. That can be shown by rising C5 at 30,876 

us. The results of the simulation waveform show the 

testing of memory for detecting the type of PNPSF using 

LCA and non-optimized Test Sequences. The PNPSF is 

identified for row address 893, and column address 3 in 

the memory shown in Figure-6.  

 

 
 

Figure-4. Simulation waveform showing the fault using 

non-optimized test sequence with LFSR. 
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Figure-5. Simulation waveform showing the fault using 

optimized test sequence with LFSR. 

 

 
 

Figure-6. Simulation waveform showing the fault using 

non-optimized test sequence with LCA. 

 

Whenever a bit is high in the Fault check register 

there exists a PNPSF. That can be shown by rising C6 at 

1,680 us. The result of the simulation shows the testing of 

memory for detecting the type of PNPSF using LCA and 

optimized test sequences. The PNPSF is identified for row 

address 893, and column address 3 in the memory shown 

in Figure-7. Whenever a bit is high in the Fault check 

register there exists a PNPSF. That can be shown by rising 

C6 at 1,260 us. 

 

 
 

Figure-7. Simulation waveform showing the fault using 

optimized test sequence with LCA. 

 

FAULT INSERTION ANALYSIS 

Graph shown in Figure-8 gives the timing 

analysis of 4 PNPSF methods using LFSR non-optimized, 

LFSR optimized, LCA non-optimized and LCA optimized 

at 3 different addresses. 

 

Table-3. Simulation time of LFSR non-optimized, LFSR optimized, LCA non-optimized 

and LCA optimized are shown for 3 different addresses. 
 

S. No. Address 
Row-893, 

Col-3 

Row-233, 

Col-0 

Row-59, 

Col-6 

 

1 

LFSR non-optimized 

(µsec) 

 

41.165 

 

85.790 

 

64.800 

 

2 

LFSR 

optimized (µsec) 

 

30.876 

 

64.345 

 

48.600 

 

3 

LCA Non-optimized 

(µsec) 

 

1.680 

 

12.112 

 

6.272 

 

4 

LCA optimized 

(µsec) 

 

1.260 

 

2.952 

 

4.704 
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Figure-8. Fault insertion and timing analysis. 

 

SYNTHESIS REPORT 

Figure-9 shows the comparison of 4-Methods for 

various parameters like number of slice registers, number 

of slice LUT’S, number of fully used LUT-FF pairs and 

number of BUFG. The timing analysis constraints are the 

Minimum period, the minimum input arrival time before 

the clock, the maximum output required time after clock, 

maximum combinational path delay and maximum 

frequency, total memory usage, total CPU time XST 

completion are analysed. 

 

 
 

Figure-9. Performance comparison of obtained synthesis 

parameters using optimized and non-optimized with 

LCA, and LFSR. 

 

CONCLUSIONS 
In this paper, different test methods using LCA 

and LFSR as address generators, optimized and non-

optimized sequences as test patterns are analysed for 

testing of PNPSF. LCA does not cover testing of all the 

cells of the memory. To improve the efficiency and to 

reduce the area of memory testing method, LFSR address 

generator for PNPSF testing is proposed. All PNPSF are 

not covered using the non-optimized Hamiltonian and 

Gray sequences. So, to achieve higher fault coverage for 

all PNPSF’s and to reduce the test time an optimized 

Hamiltonian and Gray sequence is proposed in this work. 

More and more test methods are necessary to reduce test 

time further for NPSF’s in the memory. 
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