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Abstract  

In this paper, a new double-adjacent-error- correction and triple -adjacent-error -

correction (DAEC- TAEC) code is proposed for simultaneous testing of the most general 

memory fault models in data bit arrays of memories. Simultaneous testing of data bit and check 

bit arrays eliminates the test time and hardware overheads and also reduces the complexity. In 

order to test data bit and check bit arrays simultaneously, the pro-posed DAEC-TAEC code 

generates the identical data background patterns for data bit and check bit arrays. The testable 

faults using the proposed DAEC-TAEC code  are  the  most  general  memory  fault models   

such   as   single-cell   faults   and   interword   and intraword coupling faults. Simultaneous 

testing of data bit and check bit arrays using the proposed SEC-DAEC codes brings significant 

decreases in the time required for memory array tests for 16, 32, and 64 data bits per word. 

 

Key words:   Error   correction   code,   fault   model, memory test, word-oriented memory. 

 

I.  INTRODUCTION 

Transient errors are caused by cosmic neutrons, alpha particles, and radiations and have 

emerged as a key reliability concern in semiconductor memories .Error correction code (ECC) 

techniques have been widely used to correct transient errors and improve the reliability of 

memories. ECC words in memories consist of data bits and additional check bits because the 

ECCs used in memories are typically from a class of linear block codes. During the write 

operations of memories, data bits are written in data bit arrays, and check bits are concurrently 

produced using the data bits and stored in check bit arrays. The check bit arrays, just like the 

data bit arrays, should be tested prudently for the same fault models if reliable error correction is 

to be insured. However, it is not feasible to directly access check bit arrays from outside the 

chip, and additional test time and hardware   overheads  are   often   unavoidable  for   check   

bit screening [4], [5]. Also, memory test cost increases due to the additional test time for the 
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check bit array and hardware overheads. 

 

Simultaneous testing of data bit and check bit arrays has been proposed in order to 

reduce the test time and hardware overheads required for separate check bit array tests . SEC 

code has been presented in order to test various memory fault models in both data bit and check 

bit arrays simultaneously in our previous work. 

 

In this paper, the double-adjacent-error-correction and the triple -adjacent - error-

correction (DAEC-TAEC) code without the DED function will be considered to test the most 

general fault models in data bit and check bit arrays simultaneously. Simultaneous testing of 

data bit and check bit arrays can reduce the additional test time and hardware overheads 

required for separate check bit array tests. In addition, the number of ones (1’s) in the H-matrix 

of the proposed SEC-DAEC code can be made to be close to the theoretical minimum number. 

Also, the proposed DAEC-TAEC code can be used in conjunction with bit interleaving such as 

the DAEC-TAED-TAEC codes. 

 

In this paper double-adjacent-error-correction and triple- adjacent-error correction 

(DAEC-TAEC) code without the DED function will be considered to test the most general 

fault models in data bit and check bit arrays simultaneously. Simultaneous testing of data bit 

and check bit arrays can reduce the additional test time and hardware overheads required for 

separate check bit array tests. The required number of check bits for the DAEC-TAEC codes 

is the same as those for the SEC-DED. In addition, the number of ones (1’s) in the H-matrix 

of the proposed DAEC-TAEC code can be made to be close to the theoretical minimum 

number. Also, the proposed DAEC-TAEC code can be used in conjunction with bit 

interleaving such as the DAEC-TED-TAEC codes. 

 

II. METHOD FOR SIMULTANEOUS TESTING 

In   order   to   test   data   bit   and   check   bit   arrays simultaneously for the same 

fault model, the data patterns and the read and write operation sequence for the tests should be 

identical for the data bit and check bit arrays. In addition, the test responses for check bit arrays 

should be evaluated together with data bit arrays. Because the identical data background (DB) 

patterns cannot be generated using just any ECC ,an appropriate ECC is required in order to 

generate identical DB patterns for data bit and check bit arrays. If certain regularity can be 

Engineering & Technoogy in India ISSN 2472-8640

http://www.engineeringandtechnologyinindia.com/


 

Engineering & Technology in India www.engineeringandtechnologyinindia.com   

Vol. 1:3 April 2016 

Ayyappan S., M.E. and Srividhya B., M.E. Student 

Triple Adjacent Error Correction (TAEC) Code for Data Bits in Memory Chips   3 

found in DBs for data bit arrays, the identical DB patterns for data bit and check bit arrays can 

be generated to conform to that regularity. The DB patterns for various fault models in word-

oriented memories (WOMs) have previously been suggested .DBs having the same regularity 

can test single-cell faults and interword coupling faults (CFs) because any DB is acceptable for 

single-cell faults and interword CFs . 

 

Fig. 1 shows the block diagram of the ECC processing circuit for simultaneous testing. 

The ECC processing circuit generally consists of the following four units: 1) a check bit 

generator, 2) a syndrome generator, 3) an error locator, and 4) a corrector .In order to detect 

occurrences of errors, an error detector is additionally required. It is assumed that the identical 

DB patterns for data bit and check bit arrays are already generated using the check bit generator 

based on the appropriate ECC. In order to evaluate the occurrences of errors, two test responses 

are used. The first test response is the corrected DB in which errors are corrected by the ECC 

techniques. The second test response is the error detection signal which indicates the existence 

of errors regardless of the number of erroneous bits and is the OR-sum of the syndromes 

 

 

 

Fig.1 Block diagram of the ECC processing circuit for simultaneous testing 

 

The error detection signal and corrected DB according to the number of erroneous 

bits. For the cases of no error, a single bit error, or an adjacent double bit error in the ECC 

word, the corrected DB is identical for  the  inputted DB  when the DAEC-TAEC code is 

used. However, the corrected DB is not identical for the inputted DB when a non-adjacent 

double or more bit error occurs in the ECC word. When there is no error in the ECC word, the 

syndromes become zero vectors and the error detection signal becomes zero. When a single or 

double bit error occurs in  the  ECC  word,  the  syndromes  become  non-zero vectors and the 

error detection signal becomes one. However, some syndromes generated by triple or more 

bit errors in the ECC word can be a zero vector and the error detection signal becomes zero. 
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Consequently, it is unknown whether the error detection signal becomes zero or one when 

triple or more bit errors occur in the ECC word. The occurrences of errors in the data bit and 

check bit arrays can be evaluated using a combination of the error detection signal and 

corrected DB. If the error detection signal is zero and the corrected DB is the same as the 

inputted DB, there is no error. If the error detection signal is one or the corrected DB is not the 

same as the inputted DB, there is an error in the ECC word. Therefore, simultaneous testing of 

data bit and check bit arrays can be realized without the test time and hardware overheads 

required for separate check bit array tests if the appropriate ECC is constructed to generate 

identical DB patterns for data bit and check bit arrays. 

 

III. BINARY LINEAR BLOCK CODES 

The SEC codes,  SEC-DED  codes,  SEC-DED-DAEC codes, and SEC-DAEC codes are 

binary linear block codes. A binary (n, k) linear block code is a k-dimensional subspace of a 

binary n-dimensional vector space. An n-bit ECC word consists of n − r data bits and r check 

bits. A binary (n, k) systematic linear block code is represented as a r × n H-matrix consisted of 

a r × k matrix for the data bits and a r × r identity matrix for the check bits. The H-matrices of 

the conventional DAEC-TAEC codes are constructed under the following four common 

constraints: 

 

1)  There should be no zero-weight columns. 

2)  Each column should be different from any other column. 

3) Each exclusive-or-sum (xor-sum) of any two columns should be different from any 

column in the H-matrix. 

4)  Each xor-sum of two adjacent columns should be different from any of the columns and 

the xor-sums of two adjacent columns. 

 

The first and second constraints are related with the single- error-correction (SEC) 

function. The first constraint guarantees the syndrome to be a non-zero vector when a single bit 

error occurs. The second constraint ensures that all single bit errors are correctable. The third 

constraint is related with the DED function. In the odd-weight-column code which is the most 

widely used SEC-DED code in memories, the XOR-sum of any two odd- weight columns 

always becomes an even-weight vector and then the third constraint is satisfied. When the 

odd-weight-column code is used, if the weight of the syndrome is an even number, a double bit 
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error is deemed to be detected. In the conventional SEC-DED- DAEC codes, not only odd-

weight columns but also even-weight columns satisfying the third constraint are used. If the 

syndrome is a non-zero vector and does not match any column in the H-matrix, a double bit 

error is deemed to be detected. The fourth constraint guarantees that all adjacent double bit 

errors are correctable. 

 

In order to construct the conventional SEC codes enabling simultaneous testing of the 

data bit and check bit arrays in the previous work, the following essential constraint for 

simultaneous testing is required: 

 

In each row of the H-matrix excluding the identity matrix, the number of 1’s in 

column-indexed positions that are such that the remainder in the division of j by q (j mod q) 

is the same as i mod q should be an odd number, where i and j denote the row and column 

indices, respectively. Otherwise, the number of 1’s in each of the groups formed by the 

column-indexed positions that have the same value of j mod q (but different from the value 

of i mod q) should be an even number. For the conventional SEC code, q is four when r is 

four or five. When r is larger than or equal to six, q is the smallest power of two larger than or 

equal to r. 

 

By the essential constraint for simultaneous testing, the r check bits (c0 . . . cr−1) 

should have the same values of the r lower data bits (d0 . . . dr−1) when a q-bit sequence is 

repeated in DBs. 

 

However, it is difficult to construct the DAEC-TAEC codes enabling  simultaneous 

testing  of  data  bit  and  check  bit  arrays because the essential constraint for simultaneous 

testing is not met for the third constraint of the DAEC-TAEC codes regarding the DED 

function. In order to satisfy the essential constraint for simultaneous testing, numerous even 

weight columns should be required in the H-matrix. However, the third constraint of the SEC- 

DED-DAEC codes regarding the DED function makes the number of even-weight columns 

equal to zero in the odd-weight-column code, or very small in the conventional SEC-DED-

DAEC codes. The DED function is ineffective in many types of memory when used together 

with the DAEC function because it is impossible to distinguish adjacent double bit errors from 

non-adjacent double bit errors. In this paper, the proposed SEC-DAEC code will be 
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constructed  without  the  aforementioned third  constraint  for  the conventional SEC-DED-

DAEC codes in order to increase the number of even-weight columns. Consequently, the 

essential constraint required for simultaneous testing can be satisfied. 

 

IV. PROPOSED SEC-DAEC CODE FOR SIMULTANEOUS TESTING 

A new DAEC-TAEC code is proposed in order to satisfy the essential constraint for 

simultaneous testing. The proposed SEC- DAEC code enables to test single-cell faults, 

interword CFs and intraword CFs in both data bit and check bit arrays simultaneously. A 

simple pattern having a cell count of some power of two is repeated in its sequence in DBs 

used for WOM tests The H-matrix of the proposed DAEC-TAEC code is constructed using 

this regularity in DBs. The identical DB patterns for data bit and check bit arrays can be 

generated using the proposed DAEC-TAEC code. In addition,  the  proposed  DAEC-TAEC 

code  is  constructed in order to reduce the number of 1’s in the H-matrix. The H-matrix of the 

(2r−2 + r, 2r−2) proposed SEC-DAEC code consists of 2r−2 data 

bits  and  r  check  bits  and  is  subject  to  the  following seven constraints: 

 

1)  There should be no zero-weight columns. 

2)  Each column should be different from any other column. 

3)  Each xor-sum of two adjacent columns should be different from any of the columns and 

the xor-sums of two adjacent columns. 

4)  In each row of the H-matrix excluding the identity matrix, the number of 1’s in column-

indexed positions that are such that j mod q is the same as i mod q should be an odd 

number, where i and j denote the row and column indices, respectively. Otherwise, the 

number of 1’s in each of the groups formed by the column-indexed positions that have the 

same value of j mod q (but different from the value of i mod q) should be an even number. 

When r is six, q is four. When r is larger than or equal to seven, q is the smallest power of 

two larger than or equal to r. 

5)  The number of 1’s in each row should be an integer as close to the ratio of the 

number of 1’s in the H-matrix to the number of rows. 

6) One-weight columns should be assigned as check bit columns. 

7)  Data bit columns should be selected in order to reduce the number of 1’s in the H-matrix. 

 

The first and second constraints guarantee that syndrome becomes a non-zero vector 
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when a single bit error occurs and all single bit errors are correctable. The third constraint 

guarantees that all adjacent double bit errors are correctable. The fourth constraint is the 

essential constraint for simultaneous testing. 

 

By the fourth constraint, the r check bits should have the same values of the r lower data 

bits when a q-bit sequence is repeated in DBs. The fifth constraint makes each row have a 

similar number of 1’s, thereby reducing the delay of the check bit generator. The seventh 

constraint reduces the number of 1’s in the H-matrix, leading to a reduction in both the area 

overhead and the power consumption of the check bit generator. 

 

When r is six, q cannot be eight because it is impossible to construct the H-matrix. In the 

(22, 16) proposed DAEC-TAEC code, q is not inevitably eight but rather four, demonstrates a 

manually constructed example of the H-matrix for the (22, 16) proposed SEC-DAEC code and 

its 6 × 4 characteristic matrix showing the numbers of 1’s in column-indexed positions that are 

such that j mod 4 is the same value in each row of the H-matrix excluding the identity matrix, 

respectively. Moreover, the resultant matrix comprised of XOR-sums of two adjacent H- matrix 

columns is shown in Fig. 2(c). It is confirmed that the columns in the H-matrix and the XOR-

sums of two adjacent columns are independent of each other. The 16 data bit columns are 

selected in order to satisfy the constraints. In the zeroth row of the H-matrix (i mod 4 = 0), the 

number of 1’s in the zeroth, fourth, eighth, and 12th column-indexed positions that are such that 

j mod 4 = 0 is an odd number (three), and the numbers of 1’s in the other column-indexed 

positions such that j mod 4 = 1, 2, or 3 are even numbers (two, two, and zero, respectively). In 

the first, second, third, fourth, and fifth rows, the numbers of 1’s in column-indexed positions 

that are such that j mod 4 is the same as i mod 4 are also odd numbers. 

 

During normal operations of memory with the (22, 16) proposed DAEC-TAEC code, 

check bits are generated using the following relations: 

c0 = d1 + d4 + d5 + d8 + d10 + d12 + d14 c1 = d0 + d2 + d4 + d6 + d7 

+ d11 + d13 c2 = d1 + d3 + d7 + d9 + d14 

c3 = d0 + d1 + d2 + d4 + d10 + d13 + d15 

c4 = d2 + d5 + d6 + d9 + d12 

c5 = d0 + d3 + d5 + d7 + d8 + d11 + d15 
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A 4-bit sequence is repeated in 16-bit DBs during memory test, the relations of data 

bits are as follows: 

                    d0 = d4 = d8 = d12 d1 = d5 = d9 = d13 d2 = d6 = d10 = d14 

 

The proposed DAEC-TAEC code for more than 32 data bits per ECC word can be 

simply expanded to accommodate a larger number of data bits in meeting the proposed seven 

constraints, demonstrate manually constructed examples of the H- matrices of the (39, 32) and 

(72, 64) proposed DAEC-TAEC codes and their characteristic matrices showing the numbers of 

1’s in column-indexed positions that are such that j mod 8 is the same value in each row of the 

H-matrix excluding the identity matrix respectively. In the (39, 32) and (72, 64) proposed 

DAEC-TAEC codes, q’s are both eight which is the smallest power of two larger than or equal 

to r. 

 

V. CONCLUSION 

A new DAEC-TAEC code is proposed to test the most general memory fault models 

such as single-cell faults, interword CFs, and  intraword CFs  in  both  data  bit  and  check bit  

arrays simultaneously. The proposed DAEC-TAEC code generates the identical DB patterns 

for data bit and check bit arrays. The test time and hardware overheads required for separate 

check bit array tests are reduced by simultaneous testing using the proposed DAEC- TAEC 

codes reduces. Moreover, the reduction in the number of 1’s in the H-matrix of the proposed 

DAEC-TAEC reduces hardware overhead. As a benefit for using the proposed DAEC-TAEC 

code in  memories, the  cost of testing highly reliable  memories with single bit error and 

adjacent double bit error correcting capabilities can be made more practical. 
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