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Abstract---Error correction codes (ECCs) have been used for 

decades to protect memories from soft errors. Single error 

correction (SEC) codes that can correct 1-bit error per word 

are a common option for memory protection. As technology 

scales, soft errors on registers also became a concern and, 

therefore, SEC codes are used to protect registers. The use of 

an ECC impacts the circuit design in terms of both delay and 

area. Traditional SEC developed for memories have focused 

on minimizing the number of redundant bits added by the 

code. This is important in a memory as those bits are added 

to each word in the memory. However, for registers used in 

circuits, minimizing the delay or area introduced by the ECC 

can be more important. In this paper, a method to construct 

low delay SEC codes that correct errors only on the data bits 

is proposed. The method is evaluated for 8 bit data block 

sizes, showing that the new codes offer significant delay 

reductions when compared with traditional SEC codes. The 

results for the area of the encoder and decoder also show 

substantial savings compared to existing codes. 

 

Index Terms—Error correction codes (ECCs), single 

error correction (SEC), soft errors. 

 

I.INTRODUCTION 
 

Soft errors are an important issue for electronic circuits, 

and many different techniques are used to mitigate their 

effects[2]. To protect memories, error correction codes 

(ECCs) are widely used [3]. ECCs have an impact on 

circuit delay, area and power consumption. The delay is 

added as data has to be encoded when writing into the 

memory and decoded when reading from it. The impact 

on area and power comes from the encoding and decoding 

circuitry and also from the redundant bits that the ECC 

adds to each data block. For memories, the number of 

redundant bits is typically the most critical factor as those 

bits are added to each memory word. This means that the 

impact on area scales with memory size. Single error 

correction (SEC) codes are the ones most commonly used 

to protect standard memories and circuits [3], while more 

sophisticatedcodes are used in critical applications such as 

space [4]. The main reason for this is that SEC codes can 

be encoded or decoded with simple circuitry and require a 

low number of redundant bits. SEC codes can correct a 

single bit error per block. A classical type of SEC codes is 

Hamming codes that can be constructed in a simple way 

[6]. Hamming codes can also be extended with a parity bit 

to obtain a SEC-DED code. In this case, the number of 

redundant bits is kept to the lowest achievable value, and 

the different codes optimize the area and delay of the 

encoder and decoder or the detection of triple errors. This 

is a reasonable approach for memories as the number of 

redundant bits has a direct impact on memory size. 

 As technology scales, soft errors also become an 

issue for registers used in digital circuits. SEC codes can 

also be used to protect those registers that may store, for 

example, the state of a finite state machine or data-path 

values in an arithmetic circuit. In those cases, the design 

constraints for the SEC code are different than in 

memories. For example, in circuits minimizing the 

encoding and decoding delay may be the most critical 

aspect. The impact on area is also different, as the 

redundant bits are only added to the register being 

protected such that their cost can be lower than that of the 

encoding and decoding circuitry. In memories, since the 

redundant bits are added to each word, their overall cost 

commonly has the largest impact on area. Another 

difference is that in memories it can be useful to correct 

errors on the parity bits when decoding. This is the case, 

for example, when scrubbing is used to periodically 

remove errors to prevent their accumulation [9]. In 

registers, the correction of parity bits has little interest as 

the register contents are in many cases updated frequently 

and the input data comes from other circuit elements. In 

spite of these differences, the SEC codes that have been 

used or designed to protect memories are also used in 

registers. This clearly suggests the interest of designing 

SEC codes that are targeted to the needs of registers. 

In this paper, a method to construct SEC codes 

that have low encoding and decoding delay is proposed 

.The proposed scheme can be used to design codes for any 

data block size using a simple script. To illustrate the 

benefits of the method, the derived SEC codes are 

compared to Hamming SEC codes presented in [7]. The 

results show thatthey achieve a significantly lower delay 

and also a lower area for the encoder and the decoder. The 

proposed codes require, in most cases, more redundant 

bits than traditional codes.  

This limits their applications to large memories, 

but is not an issue for registers where the area of the 

encoder and decoder can be larger than that of the register 

itself. Therefore, the proposed method can be used to 

design SEC or SEC-DED codes that are tailored for the 

protection of registers in circuits. Another application of 

the proposed codes is the protection of high speed 

memories or caches in which speed is more important than 

area.  

The rest of this paper is organised as follows. Section 

II Describes existing error correction codes analyzing, in 

detail, the encoder and decoder. In Section III, the 

proposed method to construct low delay SEC and SEC-
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DED codes is presented. In Section IV, the derived codes 

are evaluated in terms of area and delay and compared 

with existing codes. Finally, conclusions of this paper and 

some ideas for future work are summarized in Section V. 

 

II.EXISTING SINGLE ERROR CORRECTION 
CODES 

 
A linear block code takes k data bits and produces an 

n-bit block [10]. In many applications, systematic codes 

that preserve the original k data bits and simply add n-k 

parity bits are preferred. A given linear block code can be 

described by its  Generator matrix. 

 
Fig.1 Generator matrix for an SEC Hamming code 

 

Given a block of k data bits, the n bits codeword 

is obtained by multiplying the data block by the generator 

matrix. As an example, the generator matrix for an SEC 

Hamming code for k = 8 and n = 12 is shown in Fig.1. The 

last four columns define the added parity bits. The 

generator matrix is used to encode the data Block.To 

decode a codeword, the parity check matrix H is used. 

This matrix when multiplied by a codeword will be an all 

zero vector if there are no errors.If there is an error, the 

value of that vector, usually called syndrome, will serve to 

detect the error and correct it. The H matrix for the SEC 

Hamming code previously considered is shown in Fig.2. It 

can be observed that all columns in the matrix are 

different. This means that any single-bit error will produce 

a different syndrome, and therefore the error can be 

corrected. 

 
Fig.2 Parity check matrix for an SEC Hamming code 

 

The structure of the encoder and decoder can be 

explained using the G and H matrixes. Encoding is simply 

computing the multiplication of the input data block by 

the G matrix. This requires a number of XOR gates for 

each column in G that is proportional to the number of 

ones in that column. Decoding starts by multiplying the H 

matrix by the codeword. This requires a number of XOR 

gates for each row in H that is proportional to the number 

of ones in that row. Then the obtained syndrome must be 

checked against every column in H and if there is a match; 

that is the bit in error that isthen corrected. Each of those 

checks requires an n − k input AND gate. The encoder for 

the Hamming code used as an example is illustrated in 

Fig.3. The data bits (di) are the inputs and the parity check 

bits (ci) the outputs 

 

 
 

Fig.3 Encoder for the SEC Hamming code with k = 8. 

 

 

 
 

Fig.4 Structure of the decoder for the SEC Hamming code 

with k = 8. 

 

The structure of the decoder is shown in Fig. 4. 

In this case, the data bits (di) and the parity check bits (ci) 

are the inputs, and the outputs are the corrected data bits 

(dic). It can be observed that the complexity and delay is 

larger in the case of the decoder as it is normally the case 

for most ECCs. The number of parity bits required by a 

Hamming code grows logarithmically with the data block 

size, and the values for common block sizes are shown in 

Table I. These values are the same for other SEC codes, 

and as discussed before are an important parameter when 

the codes are used inmemories. SEC-DED codes are 

similar to SEC codes and can be obtained by usinga parity 
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check matrix H with an odd number of ones (odd weight) 

in all its columns [5].This reduces the number of 

combinations that can be used in the columns, and 

therefore increases the number of additional bits required. 

This can be observed in Table I, where the parity check 

bits for traditional SEC-DED codes are illustrated. The 

encoding and decoding is similar to that of SECcodes with 

the addition of some logic to detect doubleerrors. This 

logic simply performs the OR of the n − k syndrome bits 

and also the XOR of those bits. A double error is detected 

when the OR takes a value of one (at least one syndrome 

bit is different from zero, therefore there are errors) and 

the XOR a value of zero (an even number of syndrome 

bits are different from zero, i.e., more than one error has 

occurred). 

 

Table I 

  Number of parity bits in existing SEC and SEC DED 

codes 

 

K Hamming SEC Proposed SEC 

8 22 21 

16 43 39 

32 87 73 

64 186 140 

 

The number of ones in the parity check matrix is 

related to the number of XOR gates needed to generate 

and check the parity check bits. Therefore, it can be 

usedas a first estimate of the complexity of the encoders 

and decoders [6]. The values for the different codes and 

block sizes are provided in Table II .The proposed SEC is 

the values for the codes that will be presented in the 

remainder of this paper. It can be observed that SEC codes 

have less ones than SEC-DED codes as they are simpler. 

For the Hamming codes, columns have been reordered to 

ensure that the ones with the lowest weights are used for 

the data bits. The SEC-DED codes with the lowest 

number of ones are those presented in [6], and therefore 

they will be used as the reference for comparison in the 

following. It is important to note that for the decoder, the 

number of ones gives only a rough idea of the complexity 

as the logic to identify the syndrome values that is 

independent of the number of ones is the most complex 

block. 

 

III.CONSTRUCTION OF PROPOSED LOW 
DELAY SINGLE ERROR CORRECTION 

CODES 
 

The proposed method to construct SEC codes tries to 

minimize the number of ones in each row and in each 

column of the H matrix. Reducing the number of ones in 

the rows lowers the delay when computing the parity bits 

in the encoder and also when recomputing the parity 

checks in the decoder. Reducing the number of ones in the 

columns of the H matrix does not lower the delay by 

itself. To achieve a reduction in the delay, the final phase 

of decoding is modified. This is done by checking only for 

the bits that are one in each column to correct the 

corresponding bit. For this modification to work, this 

checking must be sufficient to uniquely identify the 

column of H corresponding to the bit affected by the error. 

This condition is satisfied if no column of H includes all 

the ones present in another column. For data bits, this can 

be achieved for example, if all the data bits have the same 

number of ones w in their column of the H matrix. Then, 

as the columns are different, no column can include all the 

ones in another column as that would imply that the two 

columns are equal. To minimize the number of ones, the 

value w = 2 can be used to obtain SECcodes. It is also 

interesting to analyze the case w = 3 as in that case the 

code is SEC-DED. 

 

Table II 

Number of one elements in the H matrix for different 

codes 

 

 

 

 

 

 

 

Since for the parity bits the columns have only a one, 

the condition is not met as other columns have a one in 

that bit. Therefore, this modification cannot correct errors  

in the parity bits. This is not an issue for registers as the 

correction of parity bits is not normally needed as 

discussed before. The decoder modification combined 

with a low number of ones in the columns of the H matrix 

results in an additional reduction of the decoding 

delay.The method to construct the code starts by finding 

the smallest value of n − k for which the following is true 

 

﴾   n – k ,  w﴿≥  k   (3) 

 

For w = 2, this value can be found analytically by 

solving(3) that is a quadratic equation in n. As the value of 

n has to be larger than k, only one of the two possible 

solutions of the equation is valid in our case. The value of 

n − k obtained is  

𝑛 − 𝑘  ≥  
1± 8k+1

2
                           (4) 

 

that shows a growth of the number of parity bits with the 

square root of k that is larger than the logarithmic growth 

of Hamming codes. This means that as k increases, the 

overhead of the proposed codes in terms of the number of 

additional parity bits compared to Hamming will also 

increase. Similarly, for w = 3, the solution to (3) is given 

by 

𝑛 − 𝑘   ≥  

 
 243𝑘2−1

 3 
3
2

+ 3𝐾 

1

3

+
1

3 
243 2−1

 3 3/2 +3𝑘 
1/3+1   (5) 

 

that, as k is larger than one, can be approximated by  

 

n− k ≥ (6k)1/3 + 1. (6) 

 

The growth of the number of parity check bits 

with k is smaller than for w=2 ,but is still larger than the 

logarithmic growth of traditional SEC-DED codes. In the 

K SEC(Hamming) SEC-DED 

8 4 5 

16 5 6 

32 6 7 

64 7 8 
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second step to constructing the codes, a different 

combination of w of the n − k added bits is used for each 

of the first k columns of the H matrix. Equation (3) 

guarantees that there are sufficient different combinations. 

The remaining n − k columns form an identity matrix of 

size n − k. An H matrix constructed using this procedure 

for w = 2 and k = 8is shown in (6). Compared with the 

matrix in figure (2), it can be observed that the number of 

parity bits (n − k) is five instead of four. However, the 

maximum number of ones in any row is five compared 

with six in figure (2). The number of ones is two in every 

column compared to some columns with three ones in the 

Hamming matrix. This reduction in the number of ones 

enables a lower encoding and decoding delay. The 

proposed decoder is illustrated in Fig.5. Compared with 

the one in Fig.4, it can be observed that the logic depth is 

significantly smaller. The reduction in the upper part 

comes from having less ones in the rows of H. The 

reduction in the lower part comes from having only two 

ones in the columns of H and using the modified decoding 

to correct errors. 

 

 
 

Fig.5 Structure of the decoder for the proposed SEC code 

with k = 8 

 
Fig.6 Parity check matrix for an Proposed SEC codes 

 

Table III 

 

Number of parity bits in the proposed SEC and SEC DED. 

 

K SEC(Weight 

Two) 

SEC-DED(Weight 

Three) 

8 5 5 

16 7 6 

32 9 7 

64 12 9 

 

 

In a general case, a Hamming code will have rows with a 

number of ones that is roughly k/2. This compares with 

the proposed SEC codes (w = 2) for which the number of 

ones in a row is by design at most n − k − 1. Similarly, to 

locate an error a traditional SEC code requires an n−k 

input AND gate compared with a simple two input AND 

gate in the proposed code. In practical implementations, 

this results in a significant reduction of the encoding and 

decoding delays, as discussed in the next section. The 

number of parity bits is, however, larger than for 

traditional SEC codes. Table III illustrates for different 

values of k the number of parity check bits required in the 

proposed scheme. Those can be directly compared with 

the values for the Hamming codes in Table I.  

For larger values of k, reductions in the number 

of ones in the parity check matrix are obtained at the 

expense of additional parity check bits. One interesting 

observation is that Hsiao codes for small values of k have 

a weight of three in all the data bits. Therefore, the 

proposed optimized error location scheme can be used to 

reduce the delay of the decoders when we are only 

interested in correcting errors on the data bits.One distinct 

feature of the proposed codes is that they correct errors on 

the data bits only. This is similar to other codes such as 

orthogonal Latin square (OLS) codes [10].However, in 

OLS codes, each pair of data bits participates in at most 

one shared parity check bit to ensure that majority logic 

decoding can be used. This is different from the proposed 

scheme in which the goal is to ensure that no data bit 

participates in all the parity check bits, in which another 

data bit participates. This is then used to simplify the 

location and correction of an error, as described before. 

Another difference is that OLS codes are commonly used 

when multiple error correction capabilities are needed 

although SEC can also be implemented. The main issues 

with SEC OLS codes are that they are only implemented 

for a few block sizes and require a large number of parity 

check bits. 

Finally, it is worth mentioning that the parity check 

matrixes of the proposed codes are similar to that of low 

density parity check (LDPC) codes commonlyused in 

communication systems [12]. Nevertheless, since LDPC 

codes usually have large block size, and must provide 

multiple error correction, the encoding and decoding 

procedures are very different from our proposed codes and 

require complex logic circuitry [12]. 

 

IV.RESULTS SIMULATION  RESULTS 
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Encoder for existing SEC code                                        
Encoder for Proposed SEC code                                        

 

  

 
 
 
Decoder for existing SEC code 
 

 
 
 
Decoder for existing SEC code in the presence of errors 
 

 

 
 
 
Decoder for Proposed SEC code 
 

 
 
 
Decoder for Proposed SEC code in the presence of errors 
 

 
 
 
To evaluate the benefits of the proposed codes in practical 

implementations, the method has been used to design SEC 
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codes for the values of k in Table II. Then, the encoders 

and decoders have been implemented in HDL. The designs 

have then been synthesized using Xilinx Design. 

 

Area Estimates for the SEC Encoder and Decoder 

 

Calcul

ations 

Reduct

ion in 

Encod

er   =  

30 / 36 

=  16.67% 

Reduction in Decoder  =  78 /126 

 = 38.10% 

Delay Estimates for the SEC Encoder and Decoder 

 

Calcul

ations 

 

Reduct

ion in 

Encod

er   =  7.629ns / 9.055ns 

=  15.74% 

Reduction in Decoder   =10.661 / 12.708 

= 16.11% 

 

 
 

Chart I. Estimates the Area comparison between the 

Existing and Proposed SEC Encoder and Decoder 

The results of the proposed SEC codes are 

compared with those of an SEC Hamming code. In this 

case, the decoders only correct errors in the data bits. The 

delay estimates (in ns) and area estimates (in μm2) for both 

the encoder (Enc) and the decoder (Dec) SEC codes are 

shown in Tables IV and V. For delay, significant 

reductions over a Hamming code are achieved confirming 

the low delay of the proposed SEC codes. For area, 

significant savings are also obtained in most cases. This 

means that the use of the proposed codes may also be more 

cost effective than Hamming codes, since the area savings 

in the encoder and decoder can outweight the cost of the 

additional flip-flops needed by our code. 

 

 
 

Chart II. Estimates the Delay comparison between the 

Existing and Proposed SE C Encoder and Decoder 

It is important to note that the delay results for the 

decoders are for the correction of data bits. The correction 

of data bits is followed by the actual circuit logic, and 

therefore adds directly to the circuit delay. Therefore, the 

impact on circuit delay is due to the correction of the data 

bits, and it makes sense to report it. The area is also 

reduced in most cases. The impact on the delay of the 

proposed ECCs when used in a circuit would be that of the 

encoder plus the decoder. For circuits that have a higher 

clock rate, there will be parts of the circuit that have 

significant timing margin, and therefore the ECCs can still 

be used to protect those parts of the circuits while the 

faster triplication with voting can be used on the critical 

paths. 

 

V. CONCLUSION 
In this paper, a method to construct low delay 

SEC was presented. The proposed method used some 

additional parity bits to reduce the number of ones in the 

rows and columns of the parity check matrix. This 

reduction was then used to simplify the decoding logic to 

achieve lower delay and area. The proposed method was 

evaluated and compared with traditional SEC Hamming 

codes, showing significant reductions in both area and 

delay. The proposed codes can be useful to protect 

registers in circuits where the area and delay of the 

encoder and decoder can be a more important issue than 

the number of parity bits. The codes can also be useful to 

protect high-speed memoriesor caches as they can 

minimize delay at the expense of a few additional parity 

check bits. 

 

REFERENCES 

[1] P .Reviriego, S. Pontarelli, J. Antonio 

Maestro, and  M. Ottavi,” A Method to 

Construct Low Delay Single Error 

Correction Codes for Protecting Data 

Bits Only,”     IEEE   Computer aided 

design of IC’s and systems, 

vol.32,no.3March 2013. 

[2] M. Nicolaidis, “Design for soft error 

mitigation,” IEEE Trans. DeviceMater. 

Reliab., vol. 5, no. 3, pp. 405–418, Sep. 

2005. 

[3] C. L. Chen and M. Y. Hsiao, “Error-

correcting codes for semiconductor 

0
20
40
60
80

100
120
140

En
co

d
er

D
ec

o
d

er

En
co

d
er

D
ec

o
d

er

Existing Proposed

Series1

0
2
4
6
8

10
12
14

En
co

d
er

D
ec

o
d

er

En
co

d
er

D
ec

o
d

er

Series1Existing 

 

Proposed Reduction(%) 

Enc. Dec. Enc. Dec. Enc. Dec. 

36 126 30 78 16.6 38.1 

Existing(ns) 

 

Proposed(ns) Reduction(%) 

Enc. Dec. Enc. Dec. Enc. Dec. 

9.06 12.71 7.63 10.67 15.75 16.11 

 



International Journal of Advanced Information Science and Technology (IJAIST)         ISSN: 2319:268 

Vol.2, No.12, December 2013                                                          DOI:10.15693/ijaist/2013.v2i12.67-73 
 

73 
 

memory applications: A state-of-the-art 

review,” IBM J. Res. Develop.,vol. 28, 

no. 2, pp. 124–134, 1984. 

[4] G. C. Cardarilli, M. Ottavi, S. Pontarelli, 

M. Re, and A. Salsano, “Fault tolerant 

solid state mass memory for space 

applications,” IEEE Trans .Aerospace 

Electron. Syst., vol. 41, no. 4, pp. 1353–

1372, Oct. 2005. 

[5] M. Y. Hsiao “A class of optimal 

minimum odd-weight column SECDED 

codes,” IBM J. Res. Develop., vol. 14, 

pp. 395–301, Jul. 1970. 

[6] R. W. Hamming, “Error detecting and 

error correcting codes,” Bell Syst.Tech. 

J., vol. 29, pp. 147–160, Apr. 1950. 

[7] V. Gherman, S. Evain, N. Seymour, and 

Y. Bonhomme, “Generalized parity-

check matrices for SEC-DED codes with 

fixed parity,” in Proc.IEEE On-Line 

Testing Symp., Jul. 2011, pp. 198–20. 

 

[8] M. Richter, K. Oberlaender, and M. 

Goessel, “New linear SEC-DED codes 

with reduced triple bit error 

miscorrection probability,” in Proc.IEEE 

On-Line Testing Symp., Jul. 2008, pp. 

37–42. 

[9] A. M. Saleh, J. J. Serrano, and J. H. 

Patel, “Reliability of scrubbing recovery-

techniques for memory systems,” IEEE 

Trans. Reliab., vol. 39,no. 1, pp. 114–

122, Apr. 1990. 

[10] S. Lin and D. J. Costello, Error Control 

Coding, 2nd ed. EnglewoodCliffs, NJ: 

Prentice-Hall, 2004. 

[11] M. Y. Hsiao, D. C. Bossen, and R. T. 

Chien, “Orthogonal latin square codes,” 

IBM J. Res. Develop., vol. 14, no. 4, pp. 

390–394, Jul. 1970. 

[12] G. Li, I. J. Fair, and W. A. Krzymien, 

“Low-density parity-check codes for 

space-time wireless transmission,” IEEE 

Trans. Wirel. Commun., vol.5, no. 2, pp. 

312–322, Feb. 2006. 

 

 
Authors Profile 

Velmayil.kreceived the 
B.E. degree in 
electronics and 

communication 
engineering from the 
Govt. College of 
Technology, Anna 

University, Coimbatore, India, in 
2011.Currently doing M.E. in electronics 
and communication engineering (VLSI 
design) in United Institute of 
Technology, Coimbatore, India. Her 
research interest includes Low Power 
Vlsi Design, Testing of Vlsi circuits, 

Digital electronics and Communication 
networks 

 
 
 

T.Kowsalyareceived the 
B.E. degree in 
electronics and 

communication 
engineering from the 
VLB JanakiAmmal 
College of Engineering 
& Technology, 

Coimbatore, India, in 1996. She received 
the M.E degree in electronics and 
communication engineering 
(Communication Systems) from theGovt. 
College of Technology, Anna University, 
Coimbatore, India, in 2005. Currently 
doing Ph.din electronics and 
communication engineering (VLSI) in 
Anna University of technology, 
Coimbatore, India. His research interest 
includes VLSI, Low Power VLSI 
Design, wireless communication, analog 
and Digital Communication, Neural 
Networks and fuzzy logic, 
Communication networks. 

 
 

 

 

 

 

 

 

 

 

 


