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FULLY PARALLEL ENCODING METHOD
AND FULLY PARALLEL DECODING
METHOD OF MEMORY SYSTEM

RELATED APPLICATIONS

[0001] This application claims priority to Taiwan Applica-
tion Serial Number 101135990, filed Sep. 28, 2012, which is
herein incorporated by reference.

BACKGROUND

[0002] 1. Field of Invention

[0003] The present invention relates to a memory. More
particularly, the present invention relates to a codec of
memory.

[0004] 2. Description of Related Art

[0005] Inrecent years, since the performance demands for
NOR flash memories in the applications, such as consumer
electronic products are increasing and the manufacturing pro-
cess is scaling down, the NOR flash memories face extreme
challenges in their reliability. Gradually, the conventional
single error correcting codes is no longer sufficient in perfor-
mance. The NOR flash memories is mainly used to store the
control program of a system. In addition to the NOR flash
memories are widely used in the Personal Computer (PC)
products and consumer electronic products, such as the digi-
tal camera, the DVD player, the MP3 music player, the
printer, the set top box (DVB-S,-T), and the automobile elec-
tronics, etc.

[0006] The NOR flash memory features executing in place
(XIP), which makes an application program directly operate
in the NOR flash memory, instead of reading the codes to the
random access memory (RAM). Therefore, the transmission
ofthe NOR flash memory works very efficiently with no need
of long boot time.

[0007] At first the storage spaces of the NOR flash memory
is limited and the writing speed is slow. But because of its
high speed in random access, the NOR flash memory mainly
targets on the applications of the consumer electronics of the
embedded memory, such as the mobile phone and the digital
still camera (DSC), and the digital video recorder, etc.
Recently, the demands, such as the automobiles electronics,
the consumer electronics, the video game consoles (e.g. Nin-
tendo Wii®, XBOX®, Play Station3®, etc.), and the intelli-
gent ammeters are in power, and thus the NOR flash memory
plays a more and more important role in the technology
industry, especially for the market of automobile, e.g. the
digital dashboard, the satellite navigation system, the in-car
entertainment systems, the digital TV, and the set top box
(STB), etc.

[0008] For a memory cell, the bit error rate (BER) of the
memory cell is going to be as high as 107 and even worse
after the manufacturing process reaches 45 nm. However, in
the NOR flash applications, the BER should be less than
107'2 for providing enough reliability. As a result, the error
correcting codes (ECC) is used for ensuring adequate reli-
ability to meet the specification of the products. Formerly, the
single-error-correcting code (SEC), such as Hamming code,
can detects two errors and corrects an error of a bit.

[0009] However, with the advance of nanoscale manufac-
turing process, the error correcting capacity of Hamming
code is apparently not enough. Even if the Hamming code is
replaced by the Bose-Chaudhuri-Hochquenghem (BCH)
code, which can correct more than one error bit, the circuitry
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of BCH code is still too complex to provide the speed of
decoding fast enough to keep up with the demands for elec-
tronics devices nowadays.

[0010] Therefore, there is a need for a new method of fully
parallel encoding and decoding, which is used for accelerat-
ing the speed of encoding and decoding and simultaneously
reduces the complexity of the circuitry.

SUMMARY

[0011] The present invention, in one aspect, provides a
method of fully parallel encoding of a memory system, which
can accelerate the speed of encoding and decoding and simul-
taneously reduce the required hardware circuit and the circuit
complexity.

[0012] According to an aspect of the present invention, the
method of fully parallel encoding of a memory system
includes the steps of factorizing a generator polynomial in the
encoding procedure into a plurality of minimal polynomials;
deriving the plurality of roots from the minimal polynomials;
and generating an encoding matrix from the plurality of roots
or factorizing the plurality of roots into a plurality of factor-
ized matrices.

[0013] In one embodiment, the method of fully parallel
encoding of a memory system includes the following steps.
First, a generator polynomial in the encoding procedure is
factorized into a plurality of minimal polynomials at first.
Then, the plurality of roots are derived from the minimal
polynomials; later, a plurality of equations from the roots of
the minimal polynomials are obtained, and a first encoding
matrix is generated from the equations. Afterwards, the first
encoding matrix is factorized to a second encoding matrix,
which is one sub-matrix of a parity check matrix of'a decoder;
and encoding is conducted from the second encoding matrix.
[0014] Inother aspect of the present invention, a method of
fully parallel decoding of the memory system includes the
steps of deriving the plurality of syndromes from a parity
check matrix at first, wherein the partial elements of the parity
check matrix are common in a factorized matrix of an
encoder; deriving an error locator polynomial from the syn-
dromes and substituting a plurality of primitive elements to
the error locator polynomial for obtaining a plurality of roots
of the error locator polynomial. When there is an error in a
codeword, deriving the root of the error locator polynomial
for finding a corresponding error location.

[0015] In other aspect, the present invention provides a
method of fully parallel decoding of a memory system, which
can achieve the same error correcting capability with a
smaller area of circuitry than that by the methods in the art.
[0016] In another aspect, the present invention provides a
memory system, which can accelerates the speed of encoding
and decoding and simultaneously reduces the required the
area of circuit in the same error correcting capability.

[0017] Inanembodiment, the memory system includes: (a)
an encoder for utilizing a second encoding matrix to encode
an input data for generating a codeword, wherein the code
includes the parity bits; (b) a memory cell for storing opera-
tion from the codeword and the parity bits; (¢) A write circuit
electrically coupled to the encoder for transmitting the code-
word and the parity bits to the memory cell; (d) a read circuit
for reading the data from the memory cell; and (e) a decoder
for utilizing a parity matrix to decode a data read from the
memory cell.

[0018] Thememory system and the method of fully parallel
encoding and decoding of the foregoing embodiments use the
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fully parallel architecture to accelerate the speed of encoding
and reduces the latency of decoding, so that the memory
system and the method of fully parallel encoding and decod-
ing have a ability of encoding and decoding in high speed,
which accelerates the reading and writing speed of the
memory. On the other hand, an improved algorithm is applied
to efficiently share the hardware of the encoding and the
decoding, which eliminates the need for the hardware of the
encoding and reduces the longest path of latency of decoding.
As aresult, the total area in the memory system and the cost
of hardware can be significantly reduced.

[0019] Itistobeunderstood that both the foregoing general
description and the following detailed description are by
examples, and are intended to provide further explanation of
the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Theinvention can be more fully understood by read-
ing the following detailed description of the embodiment,
with reference made to the accompanying drawings as fol-
lows:

[0021] FIG. 1 is the schematic of the cube according to one
embodiment of this invention;

[0022] FIG. 2 is the schematic of the hardware of codec
with the CFFM and the square according to one embodiment
of this invention;

[0023] FIG. 3 is the schematic of the hardware of decoder
with the n m-by-m matrices according to one embodiment of
this invention;

[0024] FIG. 4 is the flow chart of the method of fully par-
allel encoding of a memory system according to one embodi-
ment of this invention;

[0025] FIG. 5 is the flow chart of the method of fully par-
allel decoding of a memory system according to one embodi-
ment of this invention; and

[0026] FIG. 6 is the block diagram of the memory system
according to one embodiment of this invention.

DETAILED DESCRIPTION

[0027] Reference will now be made in detail to the present
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible, the
same reference numbers are used in the drawings and the
description to refer to the same or like parts.

[0028] With the progress of memory and the demands for
entertainment of the general public, the electronic program-
ming guides (EPG) of the STB requests to the NOR flash
memory is increasing gradually. The functions of the EPG are
more diversification and more complex. If the contents of the
EPG were stored at the volatile memory, such as the dynamic
random access memory (DRAM), where the power off, it has
to takes several hours to recover completely. It’s different if
these contents were stored at the NOR memory, the contents
can be preserved well whether the power is on or off due to the
feature of the non-volatile. Therefore, the contents of the EPG
need to stored at the NOR memories with high density.
[0029] Many car manufacturers are going to use the
memory with high performance to reduce the boot time in the
new electronic dashboard and information entrainment sys-
tem. The NOR flash memory can meets this demand. It pro-
vides a quick boot time and giving feedback constantly with
high reliability. These features are necessary for the safety-
driving environment, which is the car manufacturers want to
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provide to the driver. And the voice recognition systems build
in the car and the consumer electronics are based to the lot of
related technologies of the memory, where they want to
achieve to be processing quickly and correctly the related
commands for reducing the time of searching and responding
and increasing the accuracy of voice searching. The chips of
the NOR flash memory with high capacity of storage, which
is up to 256 Mb, 512 Mb, even 1 Gb are very important in
these fields.

[0030] After introducing the Double-Error-correcting code
(DEC), such as Bose-Chaudhuri-Hocquenghem code (BCH),
the bit error rate can be reduced to about 1073, Thus, the
NOR flash memory with DEC and BCH can meet the required
reliability of the products.

[0031] Inthe condition that the length of codeword and the
error correcting capability are same, the one of embodiments
of this invention is related to a BCH codec with fully parallel
architecture for reduce the hardware complexity. Further-
more, the one of embodiments of this invention uses the error
locator polynomial with new definition, which has less time
of decoding compared to the error locator polynomial from
the Peterson’s algorithm. Compared with the decoder in the
prior art, the codec in one embodiments of this invention have
a high advantage in the area and the cost.

1. Basic Operations of Finite Fields

[0032] Constant Finite Field Multiplier (CFFM)

[0033] Each arbitrary element over the finite field GF(2™)
can be presented as A=A A0+ . . . +h, ", with the
binary coordinate &, and the basis {a%, &', . . ., @™ }. Hence,
the multiplication between a constant symbol ' and an arbi-
trary symbol A, ¢’ A, can be expressed as

XA =af X Qo+ M@+ A @™

= .lo(lj +A1(Ij+l +... +Am_1(lj+m_l

A Ao
w{ &,{H w{érmfl Al

jrm-1
™

i el || Ay
o, [t "

oy Ay

m—1

=i

[0034] Where the binary element o.f stands for the I-th
coordinate of & and ¥ is considered as a multiplicator matrix
of constant finite field multiplier (CFFM) with the constant
o

[0035]

[0036] Each arbitrary element, A, over GF(2™) can be con-
sidered as a polynomial with binary coefficients, so the cal-
culation of square can be defined as:

Square

A= (o FAat ..+ hpa™

= AO +/\1w2 +... +Am,1a’2(m7“

= o+ A X+ o+ A ) | 2
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[0037] From the matrix described before, for each arbitrary
polynomial with binary coefficients f(x), the computation of
£(*) can be derived from *(x).

[0038] Cube

[0039] Traditionally, as shown in FIG. 1, a cube 101 can be
constructed by a square 103 and a multiplier 105. The critical
path of this architecture can be can be estimated as (log,
m+log,(2m=-2)+1)Tyop+T i nvp, Where Tyoz and Ty, denotes
the delay of XOR gate and AND gate, respectively. In order to
reduce the latency, A can be rewritten as matrix form in this
invention:

B=@Qothat+.. +h 0"

= Ao +ApAra+ (AL + /10}2)(1’2 +... +/1m,1(13(m’1)

0 1 2 3(m-1)
¥ @ ¥ ... @ L
30m-1
0‘(1) w} w% wl(m ) AgAy
=\ o) o & .. "V A+l
0 1 2 3(m-1) Apet
-1 Up-l Fpy e U]

[0040] Note that the critical path of our proposed cubic
operation i8 (log,(3m-3)+1) Ty r+T ap- 10 One embodi-
ment, m=9, the cube 101 can reduce the latency of three XOR
gates, and FIG. 1 shows the schematic of the cube according
to one embodiment of this invention.

2. Combine Encoder and Syndrome Calculator

[0041] Inoneofembodiments, the encoder and the decoder
uses the Bose-Chaudhuri-Hocquenghem (BCH) code,
wherein the architecture of the encoder and the decoder is
fully parallel, and the hardware of the syndrome calculator of
the encoder and the decoder can be shared. The encoder uses
the systematic encoding, u(x)x"*=q(x)g(x)+p(x), where u(x)
is a message polynomial, p(x) is a parity matrix, and g(x) is a
generator polynomial, which can be defined as:

g(x) = LCM{M,(x), Ma(x), ... , My, (x)}

= M{(0)X Ma(x)X ... X My (%)

= gn,kx"’k ot gzx2 +g1x+ g

[0042] Where M,(x) is the i-th minimal polynomial with
binary coefficients. Note that of and its conjugates are the
roots of the i-th minimal polynomial. Taking all the roots of
generator polynomial into the systematic encoding to get the
n-k equations, which can be expressed as P(x)=u(x)x"*|x=o/
and their conjugates, where i=1, 3, .. ., 2t-1. To express the
n-k equations in matrix form as:
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1 a okt
1 Q/Z alx(n—k—l]
[yo1-t Ce!
1 g2 e e ]
&
Do " 0 0
P 0 oo
. 0
Dkt 0 g a[(2r—1»><2/2171_1 k)
1 @ o
Uy
1 o 1 "
211 2/2171’1 2—1 "/21—1*1 k-1 Uy
1 11( 1—1)x. a(,.rf >2 Xlk—1)

[0043] Where, I, denotes the number of o’. For conve-
niences of description, we rewritten the matrix as
BP=AH,,,U.

[0044] By definition, g(x)=M,(x)xM;(x)x . . . xM,, (%),
which can be divided into parts based on the minimal poly-
nomial, we can use the concept of the square, which is
described in the first part of this chapter:

P (PP W WYL o S
= .10 +/lla'2j +... +).m_1avzj(’"'”

=+ x4 +/\m,1x’"’1)\xzay-

) 24(m-1)
o o .. ap %
i J (m—
e S L | S

al, ak ., .. azj,(ﬁ"*l) At
=0Q( ... (Q(QA)
=QiA

[0045] We factorized the matrix Hy,, Ho=QpyFen,
where Qg -and Hp, is:

0,0 .. 0
0@ -
Qev=|. . . 0
0 0 Qu
o 10 .0
0 ¢ o | |
Ty 5 .0
o' 0 .. 01
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-continued
1 a .. -1
- 1 0.’3 &,S(kfl)
Hgy = .
1 aZr—l . av(zr—l)x(k—l)

[0046] From the aforesaid equation, we can find that the
matrix 1, is a sub-matrix of the parity check matrix [, so
that the hardware can be shared with syndrome calculator.

[0047] Therefore, BP=AH_,U can be rewritten as
BP=AQH:\U. Further, there exists an inverse matrix due
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drome calculator. The syndrome is calculator only adds a
little bit of number of extra hardware for encoding. Table 1
demonstrates the estimated XOR gates of proposed method
with comparison with the prior art. Where n is the length of
codeword, k is the length of message, t is the error correcting
capacity and m is a parameter of the finite field. Table 2
demonstrates the implementation result of joint encoder and
syndrome calculator from UMC 90 nm 1P9M CMOS tech-
nology and the comparison result with the prior art. From
table 1 and table 2, in one embodiment, we can find that the
proposed hardware with 256-bit or 512-bits data length and
2-bit or 3-bit error correcting capacity can saves at least forty
percent of the hardware complexity in the prior art. It means
the proposed hardware in one embodiment not only meets the
demands of the reliability of the NOR flash memory in nowa-
days but also has a advantage in low hardware complexity
even there is a need for 3-bit or more error correcting code,
when 2-bit error correcting code is not enough in the future.

TABLE 1

Nkt

One embodiment of this
invention
mtxmt+mtxn

Area
saving (%)

Prior art
kx mt+mtxn

(274, 256; 2)
(283, 256; 3)
(532,512; 2)
(542, 512; 3)

45%
43%
47%
46%

324 X Prave 4932 X Poang
729 X Pravg + 7398 X Poyng
400 X Prye + 10640 X P,y
900 X Pravg + 16260 X P

4608 X Py + 4932 X P
6912 X P + 7398 X P
10240 X P+ 10640 X P
15360 X P + 6260 X Pse

to B is a non-singular matrix, so that the parity bits can be
obtained by P=B~'AQ . H . U=EH, U, whete the matrix E
is equal to B™'AQ,,,. Note that after the message length and
the error correcting capability is decided, the matrix E and

Hycanbe obtained by the computer program, such as C/C++
or Matlab, without extra hardware cost,

[0048] The operation of matrix is a series of addition and
multiplication. From the concept of CFFM described in the
first part of this chapter, where multiplying each elements of
matrix E is equivalent to get a m-bit element over GF(2™) by
multiplying a mxm constant multiplication matrix. After-
wards, we get a parity bit by adding the corresponding result
of multiplication. But each element in parity bits is a one-bit
symbol. For this reason, each CFFM in matrix E can be
reduced to one row as:

2 XA =af XNy + A @+ + g @)

Ao
L . Al
:[&/é ll"j;l w{rm—l ]
A
Am—l
—cia

[0049] Where C,/ is called a CFFM with ¢ as the constant
multiplicator of the matrix E.

[0050] By factorizing the conventional encoding matrix,
one of the factorized matrices can share hardware with syn-

TABLE 2

One embodiment

(m, k; t) of this invention Prior art Area saving (%)
(274, 256; 2) 2671 4621 42%
(283, 256; 3) 4100 6904 41%
(532,512; 2) 5105 9234 45%
(542, 512; 3) 7745 13707 43%

[0051] Table 1 estimated the number of XOR gates by the
dimension of the matrix, where p,,,, is the average density of
“1” in each multiplicand matrix, pg,,, is the average density
of the correlation matrix of the syndrome calculator, and
Pra.g 18 the average density of the correlation matrix of
encoding. Table 2 demonstrates the comparison of the gate
count of the encoder and the syndrome calculator. For the
BCH decoder with low complexity, BCH decoder first calcu-
late the syndromes S,, S,, . .., S,,. Because the even number
of syndromes is the linear combination of the odd number of
syndromes, it only calculates t syndromes S,, S;, ..., S5, ;.
Taking the BCH decoder with double error correcting for
example, the calculation of syndromes is described as:

ro
Si Il a .. ot n B
[SJ= 1 a8 .. JSenl| = Han R

Te-1

[0052] After getting S, and S;, we adopt the reversed error
locator polynomial for subsequent processing due to its
shorter latency compared with Peterson’s algorithm. For a
double error correcting BCH decoder, the reversed error loca-
tor polynomial is
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O(X)=S8, X2+, 2+(S, 3453 =0V (x)+(S, 2 +55)

[0053]  After the error locator polynomial is decided, Chien
search is performed by substituting o°, @', . .., a”' into the
error locator polynomial. If o’ is the root of the error locator
polynomial, the i-th bit is erroneous. From the above equa-
tion, we can find that S, x*+S,%x is the main cause of the high
hardware complexity when performing Chien search. There-
fore, we proposed two methods for the operation of S,x*+
S,

First Embodiment

[0054] Because S, is an element over GF(2™), assuming
that S, iso/, S, x*+S,%x can be written as &’x”+a¥x. Then, we
use the concept of the CFFM and the square for the following
derivation:

j j+1 -1 2
@ @ ..o %
j j+1 j+m-1 2
2 2 (l’{ a’{) (I{ A1
a'x" o x = . . . . +
j jtl frm=1 || 2
AR AR Al |
2 2+l 2j+m-1
@ @ R0 X0
2 2+l 2j+m-1
alj alj ozlj " X1
2j 2j+1 2j+m=1 || Xyt
| Byl v U] "
j j+1 -1 2 20m-1)
& @ .. a 1 o ... a4 X
i j+1 j+m-1 20m-1 ;
o o oo™ 0 o .. |
i 1 j+m—1 2 20m-1) || X
Gy Uy e G 0 ap ) ... ap m-1
2 2+l 2j+m-1
@y e @ Xo
2 2+l 2j+m-1
a/lj lllj aflj " X1
2j 2j+1 2j+m=1 || Xyt
1 Byl v U] "
j j+2 j2m-1)
W o . o %
i j+2 j+2(m-1
a'{ a{ a',Jn,l( o=
j J+2 t2m=1) (] X,
Tl Tl e G "
2 2+l 2j+m-1
oy e Xo
2 2+l 2j+m-1
ay o L X1
2j 2j+1 2jtm-1 || Xt
Gl Wyt - Uyl "
i, 2 42 | 2j+l j+20m-1 2jtm-1
a+ay o +ey L a o )+aoj "
P2 2 | 2+l j+20m-1 2j+m-1
o +ai o+ o Hml) | R
2j 2, 2+l 2m-l) | 2jem-l
Gy F 0y O+ gl v
Xy
X1
Xm-1

=[P +Qa! Pl +C'Qef ... CHV L " Q0
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-continued

Ol (C+ClQed ... (Y 40l )

I
G

LS
5

Am-1
X0

X1

=[ToS1 TiSi ... TootSi]

Xm-1

=cV(x)

[0055] The error locator polynomial can be described as
o(x)=0(x)+S,7+S,. After m is decided, the matrix Ty, T, .
.. T,,.; canbe calculated in advance by the computer program,
such a C/C++ or Matlab. Furthermore, the dimensions of the
matrix Ty, T,. ... T, are the same with the CFFM. We can
consider them as a CFFM when we estimated the hardware.
Therefore, we need only n+m CFFMs instead of 2n CFFMs to
implement o‘”(x) in the prior art, where n is the length of
codeword and m is a parameter in GF(2™). In general, m=log,
1.

[0056] FIG.2 shows the schematic of the hardware of codec
with the CFFM and the square according to one embodiment
of this invention. As shown in FIG. 2, a syndrome calculator
201 derives the S,, S; from the codeword 1, 1y, . . ., I,_;
received by the decoder. The cube 203 and the adder 207
derive S;+S,° from the syndromes S, and S,. Further, the
circuit 205, the multiplier 209 and the adder 207 derive the
output results Output[0], Output[1], . . . , Output[n-1] from
the syndrome S, and the matrices Ty, T, ..., T,, ;. Then, we
obtain the error locator polynomial o(x) from these output
results.

Second Embodiment

[0057] The main idea of this method is that we generate n
m-by-m matrices instead of the 2n CFFMsin Chien search.
When the inputs of these matrices are the same, the error
locator polynomial can be further optimized. Assuming that
S, is oo’ is taking into o(x) when Chien search is applied and
can be written as o(a’)=c""(a’)+S,+S,. Consider the o'*
(o) at first:

cW(d) =507 + 5ol

o o
= + Vo
524l 2itm-1 j
& & - G )
2 2isl 2itm-1 j
of o .o o

= . . . . . +
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[0058] Where L can be obtained by the computer program,
such as C/C++ or Matlab, at first.

w%x w%xﬂ w%ﬁ»nﬁl
(l’%‘ a/%wl a/%wm—l
Li=] . . Lot
i 2i+] 2i+m-1
w%n—l U] = Ep
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o @y .. " 1 a; g™ Y
. . A N _
o ot Lodml|lo & =l
i i-1 itm-1 2 2(m-1)
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[0059] FIG. 3 shows the schematic of the hardware of
decoder with the n m-by-m matrices according to one
embodiment of this invention. The syndrome calculator 301
derived the syndromes S,, S; from the codeword r, 1y, . . .,
t,.;. The cube 303 and the adder 307 derived S;+S,°. After-
wards, the multiplier 309 and adder 307 derived the error
locator polynomial from the syndrome S, and the matrices
LyLy....,L

n-1°

TABLE 3
One embodiment of this

invention Prior Art
Component Encoder + Decoder Decader
Technology 90 nm 180 nm
Cyeles for 1 1
operation
Latency 2.5ns 4.51 ns
(Synthesis)
Data Size (bits) 256 256
Throughgut 102.4 Gb's 56.76 Gb/s
Area (™) 41,705 or 35,205 283,512
Gate count 14,789 or 12484 N/A

[0060] Table3 demonstrates the comparison results oftotal
(274,256;2) BCH codec and the prior art, where the prior art
is X. Wang, D. Wu, C. Hu, L. Pan, and R. Zhou, “Embedded
high-speed BCH decoder for new-generation NOR flash
memories,” in IEEE Custom Integrated Circuits Conference,
pp. 195-198, September 2009.

[0061] From the data of the table 3, the one embodiment of
this invention not only has the advantage of the shorten
latency of decoding but also uses less hardware than the prior
art. Further, the method in one embodiment of this invention
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is in no way inferior to the related researches in the interna-
tional conference. And it shows the method in one embodi-
ment of this invention is very competitive and can suits to the
actual products.

[0062] The following embodiments present the encoder,
the decoder, and the memory system respectively. The
encoder and decoder use the fully parallel architecture for
increasing the encoding speed and decreasing the latency of
decoding to meet the demand of the applications.

[0063] Please refer to FIG. 4, which shows a flow chart of
the method of fully parallel encoding of a memory system
according to one embodiment of this invention. The encoding
method in this embodiment is constructing a matrix from the
roots, and then factorizing it.

[0064] The method of fully parallel encoding of the
memory system factorizes a generator polynomial in the
encoding procedure into a plurality of minimal polynomials
(step 401), which is:

g)=LCM{M, (M) Ms(), . . . M)}
[0065] Where g(x) is the generator polynomial, M, (x),M,
(), .. ., M,,(x) is the minimal polynomial; then deriving the

plurality of roots from the minimal polynomials (step 403),
which are o and its conjugates; further, generating a plurality
of equation from the roots (step 405), which is P(x)=u(x)x""]
x=c and their conjugates.

[0066] Then, generating a first encoding matrix H,, (step
407) from these equations, which is rewriting these equations
in matrix form, BP=AH_, U, where the matrix H,,is:

1 o4 o

alx(k—l)

1 w(Zr—l)ler—l -1 w(:r—l)xz’Zr—l L1y

[0067] Then, factorizing the first encoding matrix Hp,
(step 409), which is H,~Qpr v to obtained the second
encoding matrix, where the second encoding matrix H,,, is
obtained by the computer programs, such as C/C++ or Mat-
lab.

[0068] As described earlier, the second encoding matrix is
a sub-matrix of a parity check matrix H,,, of a decoder,
where the parity check matrix H,, is:

[0069] At last, encoding from the second encoding matrix
(step 411). The parity bit required by the memory can be
derived from the second encoding matrix Hy,, and the non-
singular matrix B, which is P=B™'AQ HU.

[0070] Please refer to FIG. 5, which shows a flow chart of
the method of fully parallel decoding of a memory system
according to one embodiment of this invention. The decoding
method in this embodiment defines a new error locator poly-
nomial and uses the square to rearrange the equations.
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[0071] The method of fully parallel decoding of a memory
system derives a plurality of syndromes from a parity check
matrix at first (step 501), where the partial elements of the
parity check matrix [1, are the same with the second encod-
ing matrix [, of the encoder, and the parity check matrix
f,, and the second encoding matrix F,, are derived in the
embodiment of the FIG. 4.

[0072] Then, deriving an error locator polynomial from the
syndromes (step 503), where the error locator polynomial is:

o) = S16° +Six+ 57 + .55
Xo

=[ToS1 TiSi . TmiSi] +57 455

Xm—l

[0073] Where the o(x) is the error locator polynomial, T,
T,,T,,, arethematrices, and S, and S; are the syndromes; the
matrices Ty, T, can be derived from the computer program,
such as C/C++ or Matlab, which is performed by a computer
system.

[0074] Then, substituting a plurality of primitive elements
a’, o, ..., o to the error locator polynomial (step 505).
When there is an error in the codeword, deriving the root of
the error locator polynomial (step 507). Further, finding an
error location from the roots of the error locator polynomial
(step 509), where if of is the root of the error locator polyno-
mial, there is an error at the i-th location.

[0075] Please refer to FIG. 6, which shows a block diagram
of the memory system according to one embodiment of this
invention. The memory system 600 includes an encoder 601,
a write circuit 603, a memory cell 604, a read circuit 607, and
a decoder 609. The encoder 601 encodes the input data from
the aforesaid second encoding matrix for generating least one
codeword c(x), where has the parity check bits. The write
circuit 603 is electrically connected to the encoder 601 for
transmitting the codeword to the memory cell 605. The
memory cell 605 used for storing from the code word,
wherein the memory cell is the NOR flash memory.

[0076] Theread circuit 607 reads the data from the memory
cell 605. The decoder 609 utilizes the parity check matrix to
decode the data read from the memory cell 605, wherein the
decoder 609 includes a syndrome calculator 609a, a key
equation solver 6095, and a Chien search 609¢. The syndrome
calculator 609a calculates a plurality of syndromes. The key
equation solver 6094 is electrically connected to the syn-
drome calculator 609a for solving the error locator polyno-
mials. The Chien search 609c is electrically connected to the
key equation solver 6095 for finding the error location from
the error locator polynomial, wherein the syndrome calcula-
tor and the encoder are fully parallel architecture in this
embodiment.

[0077] Inthe memory system 600, the decoder 609 and the
encoder 601 is a combined circuit, each of them takes a cycle
for operation respectively. The second encoding matrix used
by the encoder 601 is a sub-matrix of the decoder 609. Due to
the matrix used for operation of both them has the partial
elements and the decoder 609 and the encoder 601 can’t be
driven at the same time, they can operate alone at the different
time. So the encoder 601 and the decoder 609 can share the
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circuit, which corresponds to the matrix that has the partial
elements, without the collision. Thus, the required circuits of
hardware can be reduced.
[0078] The aforesaid memory system and the method of the
fully parallel encoding and decoding use the fully parallel
architecture to accomplish the operations of encoding and
decoding in a short time. Due to the matrix used by the
encoder and the decoder has the partial elements, the hard-
ware of the codec can be shared. Further, the application of
the new error locator polynomial can reduce the number of
the CFFMs, which used for operation, to reduce the complex-
ity of the required hardware and to accelerate the speed of
operation.
[0079] Although the present invention has been described
in considerable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the spirit
and scope of the appended claims should not be limited to the
description of the embodiments contained herein.
[0080] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the present invention without departing from the scope
or spirit of the invention. In view of the foregoing, it is
intended that the present invention cover modifications and
variations of this invention provided they fall within the scope
of the following claims.
What is claimed is:
1. A method of a fully parallel encoding of a memory
system, comprising the steps of:
factorizing a generator polynomial in the encoding proce-
dure into a plurality of minimal polynomials;
deriving the plurality of roots from the minimal polynomi-
als; and
generating an encoding matrix from the plurality of roots
or factorizing the plurality of roots into a plurality of
factorized matrices.
2. The method of claim 1, wherein the encoding matrix
Hpis

1 a ot
1 2 DD
»
by (-1 ol 1L
1 gt el -y

and each elements of the second column of the encoding
matrix Hyy

_1p2l2-1-1
Q22

is the roots of the minimal polynomials, where t and k are a
positive integer, and k represents a message length and t
represents an error correcting capability.

3. The method of claim 1, wherein the plurality of factor-
ized matrices are a sub-matrix of a parity check matrix of a
decoder.

4. The method of claim 3, wherein the sub-matrix of the
parity check matrix is Fl,, is
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a3(k71)

(2t=1)xk-1)

5. A method of a fully parallel decoding of a memory
system, comprising the steps of:

(a) deriving a plurality of syndromes from a parity check
matrix, wherein the partial elements of the parity check
matrix are common in a factorized matrix of an encoder;

(b) deriving an error locator polynomial from the syn-
dromes;

(c) substituting a plurality of primitive elements to the error
locator polynomial for obtaining a plurality of roots of
the error locator polynomial; and

(d) finding an error location from the roots of the error
locator polynomial.

6. The method of claim 5, wherein the step (c) further
comprising the step of reducing the degree of error locator
polynomial for the operation.

7. The method of claim 6, wherein the steps of reducing the
degree of error locator polynomial comprising the steps of:

utilizing a square matrix operation to combine the opera-
tion of the odd and the even degrees of the error locator
polynomial.

8. A memory system, comprising:

an encoder for utilizing an encoding matrix to encode an
input data for generating a codeword,

amemory cell for storing from the codeword;

a write circuit electrically connected to the encoder for
transmitting the codeword to the memory cell;

a read circuit for reading the data from the memory cell;
and

a decoder for utilizing a parity matrix to decode a data read
from the memory cell.

9. The memory system of claim 8, wherein the encoder
factorizes a generator polynomial in the encoding procedure
into a plurality of minimal polynomials and then derives the
plurality of roots from the minimal polynomials, and the
encoder generates an encoding matrix from the plurality of
roots or factorizes them into a plurality of factorized matrices.

10. The memory system of claim 9, wherein the factorized
matrices generated by the decoder are a sub-matrix of a parity
check matrix of the decoder.
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11. The memory system of claim 10, wherein the sub-
matrix of the parity check matrix is

1 o .. ot
1 & ... b
1 0[2171 . w(z,»—l (k=1)

12. The memory system of claim 8, wherein the encoding
matrix Hy, is

1 o -l

1 a? oD
b1 a1l

1 11'(2' 1)x2b-1 a,(zr Ix22t-171 (k-1)

13. The memory system of claim 8, wherein the encoder
comprising;

asyndrome calculator for deriving a plurality of syndromes

from the parity matrix, wherein the partial elements of
the parity check matrix are common in a factorized
matrix of the encoder;

a key equation solver electrically coupled to the syndrome

calculator for solving an error locator polynomial; and

a Chien search electrically coupled to the key equation

solver for obtaining a root of the error locator polyno-
mial from the error locator polynomial and finding the
error location from the root of the error locator polyno-
mial.

14. The memory system of claim 8, wherein the decoder
substitutes a plurality of primitive elements to the error loca-
tor polynomial for obtaining the root of the error locator
polynomial, whereby reducing the degrees of the error locator
polynomial for the operation.

15. The memory system of claim 14, wherein the decoder
utilizes square operation to combine the operation of the odd
and the even degrees ofthe error locator polynomial, whereby
reduces the degrees of the error locator polynomial for the
operation.



