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I. INTRODUCTION 
 

Error Correction Codes (ECCs) are generally used to 

protect memories and other electronic circuits 

against errors. Single Error Correction Double Error 

Detection (SEC-DED) codes are used. However, there 

is a growing interest is more advanced. The most 

common error correcting code is used in single 

error- correcting, double-error-detecting (SEC-DED) 

codes.  

 

These codes can correct single bit errors in the 

memory and can detect double bit errors, have 

moderate redundancy in terms of check bits and are 

relatively easy to decode. Decoding and correction 

are completed via syndrome method which takes 

single cycle. A special class of SECDED codes known 

as Hsiao codes. It was proposed to improve the 

speed, cost, and reliability of the decoding logic.  

However, some circumstances demand more 

stringent reliability necessities, thus requiring error 

correction stronger than usual SEC-DED Stronger 

error correcting codes contains single byte error- 

correcting, double-byte error-detecting (SBC-DBD)  

 

 

 

 

 

 

 

 

 

 

codes. These codes perform at a higher order Galois 

field and consequently the encoding and decoding 

are more complex. Moreover, they have need of 

more check bits thereby increasing the size of the 

memory.  

 

There are also Double error correcting Triple Error 

detecting (DEC-TED) codes, which come at the cost 

of much larger overhead in terms of both the check 

bits and more complex hardware to implement the 

error correction and detection the general drawbacks 

3 with these methods are latency and speed. 

 

Most of these codes need several cycles to correct 

the first error unlike the SEC-DED codes. Moreover, 

the encoding and decoding are much more difficult 

and require several table lookups for multiplication 

in higher order fields. However in spite of their low 

check bits overhead and single cycle decoding, SEC-
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DED codes are not able to provide requisite reliability 

under certain conditions.   

 

There are several sources of errors that affect 

modern electronic circuits, such as manufacturing 

defects, circuit aging, electromagnetic disturbances 

or radiation induced soft errors. Many different 

techniques can be used to either prevent failure from 

occurring or to detect and correct them. These 

includes modifications to the manufacturing process, 

circuit level and logic level techniques. Techniques at 

different levels are commonly combined to achieve 

the desired reliability target. 

 

SRAM memories are one of the most commonly 

used electronic circuits. They are present as 

standalone devices and also embedded in most 

Digital Signal Processors (DSPs), microcontrollers, 

System On- Chip (SoCs) and FPGAs. Therefore their 

protection is critical to ensure system reliability. To 

deal with defects, redundant rows and columns are 

commonly used.  

 

Traditionally, the ECCs used to protect SRAM 

memories have focused on providing Double Error 

Correction and Triple Error Detection (DEC-TED). 

However, as electronic technology scales, there is an 

increased number of multiple bit errors. For example, 

for radiation induced soft errors, the % of errors that 

affect more than one memory cell has increased with 

each technology node. To correct multiple bit errors, 

more advanced ECCs are needed. Although there are 

many such codes, most of them do not fit the needs 

of an SRAM memory. To be used with an SRAM 

memory, encoding and decoding need to be done in 

parallel in less than one clock cycle. However, most 

multi-bit error correction codes are serially decoded 

or require complex decoding circuitry when the 

decoder is implemented in parallel. This is for 

example the case of Bose Chaudhuri Hocquenghem 

(BCH) codes, for which a parallel decoder requires 

complex circuitry. However, this is properly called 

“One Step Majority Logic Decodable (OS-MLD)” that 

only few ECCs have, that makes them suitable for fast 

parallel encoding. 

 

II. OS-MLD CODES 
 

There are many wide range of codes proposed for 

memory applications. In general for correcting one 

bit per word, Double Error Correction (DEC) codes 

are used. 

 

Advanced codes can correct triple adjacent errors. 

Some of the complex codes can correct more errors 

that is limited by impact on delay and power, in turn 

will limit their applicability to memory design. To 

overcome those issues, one step majority logic 

decodable codes (OS-MLD) are developed. These are 

decoded with low latency and used to protect 

memories. OS-MLD is Orthogonal Latin Square (OLS) 

code. OLS codes are mostly used for 

interconnections, memories and caches, for high 

speed applications. These codes are simple in 

construction, due to their modularity; the error 

correction capabilities are easily adapted due to the 

error rate. 

 

OLS codes require more parity bits than other codes. 

These are implemented for low delay decoding. One 

major issue is that the encoder and the other 

decoder circuits needed to use (ECCs) may also suffer 

error sometimes. The protection of Reed-Solomon 

and Hamming codes for encoders and decoders had 

studied for ECCs. 

 

The ECC encoder first computes the parity bits, and 

in majority of cases the decoder detects and corrects 

the errors by checking the parity bits. In general this 

is known as syndrome computation. In some codes, 

based on the properties of the code, serial encoding 

and syndrome computation are performed, but low 

delay and parallel implementations are preferred. 

After syndrome computation, the errors are detected 

and corrected.  

 

By this we can say that the encoder and decoder 

generate and check the parity bits. Depending on 

some definite properties, it is presented that parity 

prediction is productive technique to detect and 

correct errors in encoder and syndrome 

computation. For most block codes it is not the case 

for which parity prediction will not provide effective 

protection. It is an advantage for OLS codes in 

addition to its modularity and low-decoding 

capability.   

 

1. Single Mi Sub-Block 

OLS codes can be extended by using the parity check 

bits on each of the M_i sub-blocks to form a new 

code. One option for TEC OLS codes is to use DEC-

TED codes for the extended codes. For example, for 

the TEC OLS code with kOLS= 16 and n = 32, the 

sub-blocks have four parity check bits and a DEC-
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TED code that protects four bits can be formed for 

each sub-block. Therefore, sixteen additional bits can 

be protected with DEC-TED. This means a 32-bit data 

word can be protected with two protection levels, 

TEC and DEC-TED. Let us denote as kDEC-TED the 

additional data bits that are added. Then, we have a 

code with kOLS= 16, kDEC-TED = 16 and n = 48. For 

the DEC-TED codes, a Hsiao code with columns of 

weight three can be used so that when a double 

error occurs there is no miscorrection in the data 

bits. The obtained parity check matrix is illustrated in 

Fig. 1. It can be observed that the added columns for 

the DEC-TED codes have all the ones in a single M_i 

sub block. Conversely, the columns for the TEC OLS 

protected data bits have a single one per sub-block 

as discussed before. 

 

  
Fig. 1 Parity check matrix H (single sub-block). 

 

2. Tec-Ols And Dec-Ted Encoders 

 

The encoder can be implemented as a combination 

of the TEC-OLS and DECTED encoders. TEC OLS 

Encoder its Consist of Sixteen 4 input XOR Gate 

Design. The inputs are Combination of d and de and 

the outputs are Co. 

          

Another side we have DEC-TED Encoder, It Consist of 

Four 3 Input XOR Gate design in Four Blocks. Both 

Encoders results are connected to two inputs XOR 

Gate and the Parity bits are generated. Parity Bits are 

named as C. This is illustrated in Fig.2 Basically, the 

encoders can operate in parallel and the final parity 

check bits are obtained doing the xor of the TEC-OLS 

results, and DEC-TED results.   

 

  
Fig. 2 Encoder diagram of TEC. 

 

3. Syndrome Computation Unit 

For the syndrome computation, the parity prediction 

can be realized by testing the following two 

equations take the same value. The proposed circuit 

is for the code with k =16 and t =1. The input code 

space is subset of the possible 2k+2tm input 

formations as only up to t errors are considered. It is 

given by the valid OLS code words and the non-valid 

OLS code words that are at a Hamming distance of t 

or less from a valid code word. Those match to the 

input formations in which there are no errors or at 

most t errors on the d_(i )inputs such that the errors 

can be corrected.  

 

The output code space of the OLS syndrome 

computation is composed by the outputs given by 

Equations satisfying   r_1=r_2, while the output error 

space is the complement of the output code space. 

The fault-secure property for the syndrome 

computation is easily established for the faults in F 

by seeing that the circuits that compute r_1and r_(2 

)do not share any gate and together circuits are only 

self-possessed of XOR gates.  

 

Therefore, a single fault could broadcast to only one 

of the outputs, generating an output on the output 

error space. To verify the self-testing property for the 

syndrome computation, suppose that a fault occurs 

in one of the gates computing. If the input formation 

is a effective OLS code word, all the syndrome bits 

are 0, detecting all stuck-at-1 faults in the XOR gates. 

Instead, if the input is a non-OLS code word that is 

affected by a t or fewer errors, some syndrome bits 

are 1, allowing the detection of a stuck-at-0 faults in 

the XOR gates. Finally, suppose that a fault occurs in 

(1) one of the gates computing in (2). Since any 

combination of the 2tm check bits is permitted, any 

fault can be stimulated and the error propagated to 

the output  r_2. For OLS codes, the cost of the 
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encoder and syndrome computation in terms of the 

number of two-input XOR gates can be easily 

calculated (note that for the calculations an l-input 

XOR gate is assumed to be equivalent to l - 1 two-

input XOR gates). For a code with k = m^(2  )and 

that can correct t errors, there are 2tm parity check 

bits and the computation of each of them requires m 

- 1 two input XOR gates. Therefore, the encoder 

requires 2tm(m-1) two-input XOR gates. 

 

 
Fig. 3 Diagram of syndrome computation unit. 

 

For the syndrome computation, an additional XOR 

gate is needed for each parity check bit, so total of 

2tm2 two-input XOR gates. The proposed method 

requires combination of encoder and decoder for 

computations. 

 

4. Ols Majority Voter 

 

The OLS Majority Voter Consist of Four Input 

Majority Gate and Xor Gate. The syndrome bits (s 

bits) are then used as inputs to the OLS majority 

voters that determine if the correction is needed for 

the OLS data bits (d bits). The syndrome bits that 

correspond to each of the sub-blocks are also 

compared with the SEC-DED syndrome patterns to 

determine if a correction is needed on the SEC-DED 

data bits (de bits). The Majority Gate Design is 

Consist of Four 3 Input AND Gate and the results are 

connected into two inputs OR Gate.   

 
Fig. 4 Logic circuit of majority voter. 

 

5.  Dec-Ted Decoder Block 

The syndrome computation is common to both and 

consists of re-computing the parity check bits as in 

the encoder and performing the xor with the stored 

parity check bits. The syndrome bits (s bits in the 

Figure) are then used as inputs to the OLS majority 

voters that determine if the correction is needed for 

the OLS data bits (d bits in the Figure). The syndrome 

bits that correspond to each of the sub-blocks are 

also compared with the DEC-TED syndrome patterns 

to determine if a correction is needed on the DEC-

TED data bits (de bits in the Figure). From the 

description, both the encoder and decoder have a 

similar complexity per bit to that of the OLS code. 

The delay for the OLS decoding should also be 

similar as only one level of xor gates is added to the 

encoder and syndrome computation. 

 

  
Fig. 5 Decoder diagram of TEC. 

 

The Proposed Decoder Consist of Three Major Units 

like Syndrome Computation OLS Majority Voters and 

DEC-TED Block.   

 

 

IV. SIMULATION RESULT 
 

The Schematic diagram and HDL simulation of the 

Encoder and Decoder is given during this section. 

 

   
Fig.6 Schematic diagram and HDL simulation 
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Fig. 7 RTL Schematic for combined structure. 

 

 
Fig. 8 Technology Schematic for combined structure. 

 

 
Fig. 9 Schematic Result of Combined structure. 

 

V. PERFORMANCE ANALYSIS 
 

The device utilization summary shows the 

improvement compared to DEC-TED 

 

 
Fig. 9 Device utilization summary. 

 

Table No. 1 Comparison of Existing and proposed 

technique. 

The analysis table is given in table 1. 

Area 

and 

Delay 

Existing System Proposed 

System Encoder Decoder Total 

LUT 32 90 122 118 

Slices 16 48 64 60 

Gate 

Count 

192  636 828 510 

Gate 

delay 

7.567 ns 8.478 ns 16.045 

ns 

10.418 ns 

Path 

delay 

3.197 ns 4.718 ns 7.978 ns 4.417 ns 

Overall 

Delay 

10.764 

ns 

13.259 

ns 

24.023 

ns 

14.835 ns 

     

 

VI. CONCLUSION 
 

In this paper, two techniques to derive Unequal Error 

Protection (UEP) codes from Triple Error Correction 

(TEC) Orthogonal Latin Squares (OLS) codes have 

been presented. The derived UEP codes can protect 

part of the word with TEC. The codes can be 

decoded in parallel with low latency. Finally they do 

not require any additional parity bits compared to a 

standard OLS code.  The implementation results for 

an FPGA platform have confirmed the low complexity 

and latency of both the encoder and the decoder.  

Future work will consider the derivation of UEP codes 

from OLS codes that can correct more than three 

errors. For example a QEC OLS code can be extended 

to also provide TEC for additional bits. It would also 

be interesting to derive a formal and general proof 

of the UEP capabilities of the proposed codes that 

does not rely on a case by case analysis and 

exhaustive error pattern testing. 
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