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Abstract 
In current scenario of FLASH memories due to reduction in cell size and decrease in oxide thickness cause more noise, 
data retention reliability. Use of on-chip error correction codes (ECCs) will gain acceptance in multi- level flash 
memories. Reed Solomon is one of the forward error- correcting codes which will be in the form of block codes. 
Generally any codes will add parity to the message signals. In this paper RS code is implemented by using Euclidian 
algorithm (EG) and generating Galois Field elements by Galois Field element generator (GFEG).An ECC architecture 
based on Reed-Solomon (RS) codes of length 255 and 239 information digits constructed over GF(2^8 )  can correct up 
to 8 code words. Simulation of encoder and decoder can be done by using modelsim and the area, power calculations 
can be done by using cadence.. 
Keywords: error correction codes (ECCs), Reed-Solomon (RS), Euclidian algorithm (EG), Galois Field 
element generator (GFEG). 
 
1. Introduction 
In semiconductor industry we experienced an rapid growth in flash memory market over the decade. 
NAND flash memories are widely used for storage media for digital cameras, smart phones and low-end 
notebooks due to its high data transfer rate, low power consumption, large storage density and long 
mechanical durability. MLC technology is based on the ability to precisely control the amount of charge 
stored into the floating gate of the memory cell for the purpose of setting the threshold voltage to a number 
of different levels corresponding to different logic values, which enables the storage of multiple bits per 
cell [1]. To increase the reliability of MLC NAND flash memory we use linear block codes which will 
increase throughput.  

 

Block code is a code which will divide the message signals in to blocks of data and then protect the block 
with parity information. Correcting burst errors can be done by RS codes as they are non-binary codes 
constructed over GF(2m) [2]. RS decoder has lower complexity than any other decoder of t bit error 
correcting code; the reason is that in order to construct a code of ‘n’ bit length the required order of finite 
field for RS codes is much smaller than the required general decoder. This paper is organized as follows, 
Section.1 Proposed Galois field generator design, section.2 Reed Solomon encoder design using LFSR 
structure, Section.3 Reed Solomon decoder design using Euclidian algorithm and  section.4 simulation 
results of all the above sections. 
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2. GF ELEMENT GENERATOR 

A finite field with ‘q’ elements is called GF(q). Galois field elements can be obtained by dividing or 
modulo primitive polynomial which is generally prime number of order ‘m’. Addition is component wise 
XOR operation as the bits has either ‘1’ or ‘0’, which is only set of two elements and hence modulo-2 for 
addition. 

The multiplicative group of GF(q) is cyclic: every nonzero element is αi, where ‘α’ is a primitive element 
and 0≤i≤q– 2. Some of the primitive polynomials that can be used for generating Galois field elements are 
7, 11, 19*, 37*, 55, 61, 67*, 103, 109, 131*, 137, 143, 157, 191, 213, 247, 285*, 529*, 1033* [3]. Of all 
those ‘*’ represents that those prime numbers are taken as primitive polynomials for getting efficient 
outputs.  Galois elements for a primitive polynomial ‘285’ are obtained as shown in table 1. Generation of 
these elements can be done by the architecture shown in figure 1. In GFEG input will be given for only one 
clock cycle, so that the propagation of that ‘1’ will be done to the MSB bit and when it reaches the latch 
then latch will propagate that output as the selection line which in turns gives the ‘x8’ value as (1d)HEX. 
Thus the whole architecture generates the table 1 as shown below. [7] 

 
Figure 1. Galois field element generator 

 

 
 

Table 1 Galois field elements 
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3. REED SOLOMON ENCODER 

 
RS block of ‘n’ code words of which ‘k’ code words are message signal ‘2t’ are the parity bits generated 
from RS encoder. Reed Solomon can be described as (n, k) code which will detect ‘t’ errors [6]. 

     1 

     2 

 

 
 

Fig 2  Reed-Solomon code 
 
‘k’ information symbols forms the  message signal which has to be encoded as one block can called as 
message polynomial M(x) of  order k-1 . 
 

       3 
 

Where   is of ‘m’ bit message symbol. Figure 3 represents the linear feedback shift 
register format of RS encoder while G1, G2 … G2T-1 are the coefficients of generator polynomial g(x). 

 
     4 

 

 
Figure 3 RS encoder 

Encoding can be done- by dividing M(x) with g(x) and the remainder gives the resultant parity polynomial 
and it is added to the block as (n,k,2t) code which has to be transmitted. 
Encoding message signal 

    5 

Transmitted signal 
    6 

Let us assume that the noise or error generated in the medium or memory is the error polynomial E(x). 
Error signal 

        7 
 

4.  REED SOLOMON DECODER 

 
Received signal at decoder will be the sum of encoder output as well as error signal. Hence 
Received signal 
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Rs decoder mainly consists of two stages Error detection and Error correction. Error detection can be done 
by syndrome computation block and correction can be done by key equation solver followed by chain 
search and Forney algorithm [4]. Figure 4 shows the block diagram of Reed Solomon decoder which 
consists of five steps… 

1. Compute the syndrome (s1, s2, s3 …s2t). 
2. Determine the error-location polynomial . 
3. Determine the error magnitude polynomial  
4. Evaluate error position and generate the corresponding magnitude for that position. 
5. Correct the received word C(x) = E(x) + R(x). 

 
Fig 4 Reed-Solomon decoder. 

 
Step 1: The received code must be generating zero vale syndromes when there is no error. As the error has 
obtained it will gives nonzero values after dividing the received signal R(x) with the factors of generator 
polynomial that is (x+αi) which will be quotient and remainder and is shown in equation 8. 
 
Syndrome computation. 

     9 

 
Syndrome block architecture consists of (n-1)t parallel computational elements which will generate 
syndrome values after 255 clock cycles as it has to undergo with 255 code words. Figure 5 shows the 
architecture of syndrome computational block. 

 
 

Fig 5 syndrome computation 
Properties of syndrome 
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Because  is a factor of  

                       11 
Syndrome polynomial  
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Step 2: This step can be done in two forms. One form is denoted as , is having error locators as its 

roots, that is ‘v’ factors of form  where j= 1 to v. 
Error locator polynomial 

    13 

Where  are roots of error locator polynomial. 
 

Alternative form is generally denoted as . Is constructed to have v factors to form    has 

the inverse  are roots of error locator polynomial. 
 

       14 
 
Euclidian algorithm is one of the efficient techniques which will obtain coefficients of error location 
polynomial for finding the highest common factor of two numbers [3]. Euclidian algorithm is often referred 
to as fundamental or key equitation solver which will requires two polynomials i.e. syndrome s(x) and error 
magnitude polynomial . 
 
Error magnitude polynomial 

      15 
 
Euclid's algorithm is a recursive procedure for calculating the greatest common divisor (GCD) of two 
polynomials. In a slightly expanded version, the algorithm will always produce the polynomials a(x) and 
b(x) satisfying, 

GCD [s(x), t(x)] = a(x)s(x) + b(x)t(x)        16 
 
The flowchart for Euclid‘s Algorithm Is given in figure 6 

 
Fig 6 flow diagram of Euclidian algorithm 

 
Key equation 
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Step 3: Once the error locator and error evaluator polynomials have been determined using the above 
techniques, the next step in the decoding process is to evaluate the error polynomial and obtain its roots. 
The roots thus obtained will now point to the error locations in the received message. RS decoding 
generally employs the Chien search scheme to implement the same. A number ‘n’ is said to be a root of a 
polynomial, if the result of substitution of its value in the polynomial evaluates to zero. Chien Search is a 
brute force approach for guessing the roots, and adopts direct substitution of elements in the Galois field, 
until a specific i from i=0, 1... (n-1) is found such that σ(αi) = 0 . In such a case σ is said to be the root and 
the location of the error is evaluated as σ(x). Then the number of zeros of the error locator polynomial σ(x) 
is computed and is compared with the degree of the polynomial. If a match is found the error vector is 
updated and σ(x) is evaluated in all symbol positions of the code word. A mismatch indicates the presence 
of more errors than can be corrected [5] 
 
Step 4: Error computational Forney algorithm generates error magnitude by evaluating the error values e1, 
e2 … ev. According to Forney’s algorithm error value is given by  
 

     18 

 
Where    
 
Step 5: Correct the received word by Xor operation with the delayed received signal with the output of the 
Forney algorithm and thus regenerate the original message signal. 
 

C(x) = e(x) + R(x)      19 
 

5. SIMULATION AND COMPARISON RESULTS 
 
The timing diagram of GFEG is obtained at regular clock intervals by doing it in digital schematics dsch 
simulation software and then it is coded in HDL language to get the simulation results which is shown in 
Figure 7. Fig 7 clearly explains the formation of the tabular form. Figure 8 shows the simulation result of 
RS encoder and decoder by using modelsim for simulation result and   which will generate parity bits and it 
later decode the message signal by checking the error corrections and correct  
the errors by generating the error magnitudes. GFEG, RS encoder and decoder are synthesized using 
cadence to generate the layout by using 180nm technology. Power, Area and Timing reports of all the three 
circuits are tabulated in the table 2. 
 

 
 

Figure 7 simulation result  of GFEG 
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Fig 8 simulation result of Reed-Solomon encoder & decoder 

 

 
Fig 9.Lay Out for encoder 

 

Fig.10 layout for decoder 

 
 

 area(mm2) power(mw) slack time(ns) 
Galois Field 

Element Generator 0.719 0.087 14.709 

RS encoder 51.526 10.09 4.995 
RS decoder 967.616 174.7 1.125 

Table 2 performance metrics 

6. CONCLUSION 
Generation of Galois field elements for GF(2^n) of any n value can be achieved by the proposed 

architecture. Encoding of RS(255,239) is done using LFSR and we can decrease the total no of cells by 
using constant multipliers. Decoding of RS(255,239) can be done by using Euclidian algorithm to achieve 8 
code word correction. Instead of sending data directly to RS we can do hamming coding for 14 code words 
and add the resultant 8 bit parity as 15th code word in future work. Thus the probability of finding 



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 4, April 2014, Pg: 253- 260 
 
 

M Venkata Subrahmanyam   260 
 

uncorrected errors can be achieved by getting a chance of correcting another 16 code words i.e. one error in   
each row. 
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