
(19) United States 
US 2005O168358A1 

(12) Patent Application Publication (10) Pub. No.: US 2005/0168358A1 
Kuznetsov et al. (43) Pub. Date: Aug. 4, 2005 

(54) METHOD AND APPARATUS FOR CODED 
SYMEBOL STUFFING IN RECORDING 
SYSTEMS 

(75) Inventors: Alexander Vasilievich Kuznetsov, 
Pittsburgh, PA (US); Erozan Kurtas, 
Pittsburgh, PA (US) 

Correspondence Address: 
SEAGATE TECHNOLOGY LLC C/O 
WESTMAN 
CHAMPLIN & KELLY, PA. 
SUTE 1400 - INTERNATIONAL CENTRE 
900 SECOND AVENUE SOUTH 
MINNEAPOLIS, MN 55402-3319 (US) 

(73) Assignee: Seagate Technology LLC, Scotts Valley, 
CA 

(21) Appl. No.: 10/767,831 

- 

14 

32 

Inner 5ubchanne/ 
18 

Encoder(s) 

(22) Filed: Jan. 29, 2004 

Publication Classification 

(51) Int. Cl." ...................................................... H03M 7700 
(52) U.S. Cl. .................. 341/59; 341/58; 341/67; 341/81 

(57) ABSTRACT 

A System and method of forming RLL coded data Streams 
with Separator blockS has an RLL encoder and a channel 
encoder. The input code word is divided into data portions 
and a separator portion. The data portions are inserted into 
an output codeword without encoding. Each data portion is 
Separated from a next data portion by a Space. The Separator 
portion is encoded into non-Zero Separator Sub-matrices, 
which are Stuffed into the Spaces between the data portions. 
The Separator portions and the data portions may be sepa 
rately permuted without exceeding a maximum number of 
consecutive ZeroS. 
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METHOD AND APPARATUS FOR CODED 
SYMEBOL STUFFING IN RECORDING SYSTEMS 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 
0001. None. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to data storage and 
retrieval Systems. More particularly, the present invention 
relates to a method and apparatus for coded Symbol Stuffing 
in optical and magnetic recording Systems where run length 
limiting coding Schemes are used. 
0.003 Generally, both data storage/retrieval systems and 
data transmission Systems communicate information. Stor 
age/retrieval Systems communicate information through 
time, while data transmission Systems communicate infor 
mation through space. Typically, data Storage and retrieval 
Systems use a read/write head to communicate data to a 
corresponding one of Substantially concentric tracks or 
channels in the media. Using various modulation techniques, 
data transmission Systems similarly communicate data over 
channels in the transmission media or receive data from 
channels in the media. Storage/retrieval Systems and data 
transmission Systems often utilize encoding/decoding 
Schemes for error detection, for privacy, and for data com 
pression. 

0004 One common type of coding scheme is referred to 
as Run Length Limiting. Run length limiting encoding 
Schemes involve Separating consecutive "1s' in a binary 
Sequence by Some predefined number of Zeros. Coded data 
Sequences having this property are referred to as Run Length 
Limited (RLL) codes. 
0005 Conventional systems that utilize RLL coding 
Schemes, Such as optical and magnetic Storage Systems, as 
well as in Some communication Systems, typically include 
an outer error correcting code (ECC), and a run length 
limiting (RLL) encoder. Such Systems may also include an 
optional inner channel encoder. Data is encoded first by the 
ECC, then passed through the RLL encoder. If the optional 
inner channel encoder is used, the RLL encoded data is then 
passed through the inner channel encoder. The output of 
either the RLL encoded data or the inner channel encoded 
data can then be pre-coded before being recorded onto 
channels on the media. 

0006 Typically, at the detection side, a Viterbi detector is 
used to reconstruct the coded bits from the channel; how 
ever, due to electronic and media noise in the channel, 
conventional detectors cannot recover the original data with 
an arbitrarily small error probability. To correct errors after 
the coded bits are reconstructed by the Viterbi detector, an 
ECC decoder is used at the output of the read/write channel. 
Generally, the ECC decoder decreases the output Bit-Error 
Rate (BER) and the Sector Failure Rate (SFR) of the channel 
to the levels typically provided in the technical Specifica 
tions for the implementing apparatus. 
0007. It is known that the RLL code typically facilitates 
the operation of the timing circuits. At the same time, the 
RLL code shapes the Spectrum of the Signal and modifies the 
distance properties of the output code words of the channel. 
Since the RLL code effects both the shape of the signal 
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Spectrum and the distance properties of the output, the RLL 
code can be used to improve the BER and the SFR charac 
teristics of the System. 
0008 Conventional RLL coding schemes employ a state 
transition diagram. In a finite State encoder, arbitrary user 
data (p) is encoded to constraint data (q) via a finite State 
machine, where p and q represent Sequences of data objects, 
each containing two or more elements. The data rate of the 
encoder can be defined as p/q ("p divided by q), provided 
that, at each Stage of the encoding process, one P-object of 
user data (p) is encoded to one q-object of constraint data (q) 
in Such a way that the concatenation of the encoded q-ob 
jects obeys the given constraint. 

0009. The finite-state machine has multiple states, and 
the encoder or decoder moves from one State to another after 
the generation of each output object. A Single error in the 
received Sequence can trigger the generation of wrong States 
in the decoder, resulting in long Sequences of errors. This 
phenomenon is referred to as error propagation. 
0010. It is expected that the received sequence to be 
decoded will not be identical to the transmitted Sequence due 
to a variety of factors, Such as inter-Symbol interference 
(ISI), damage to the storage medium, noise, and the like. 
0011. These factors lead to errors in the decoded 
Sequence, and the decoder must account for these errors. For 
the purpose of limiting error propagation, the decoder can be 
implemented via a sliding-block decoder, which is a decoder 
having a decoding window of a fixed size. The encoded data 
Sequence is decoded a portion at a time, Such that recovery 
of a specific original bit involves only a portion of the 
received Sequence. Specifically, the portion of the received 
Sequence being decoded is the portion of the Sequence that 
falls within the decoding window of the specific bit. Thus, 
the decoding process can be considered as a Sequence of 
decoding decisions where the decoding window "slides’ 
over the Sequence to be decoded. The sliding block decoder 
limits errors in the received Sequence Such that the error only 
influences the decoding decisions made within the window, 
thereby effecting only a limited number of recovered bits. 
0012. The size of the decoding window of a sliding block 
decoder is relatively significant. The size of the window 
provides an upper bound to the expected amount of error 
propogation and it provides an indication of the complexity 
of the decoder (and the corresponding size of the decoder's 
hardware implementation). 
0013. One technique for constructing finite state encoders 
is the State-splitting algorithm, which reduces design pro 
cedure a Series of Steps. As a design technique, the State 
Splitting algorithm works well for Small and moderate values 
of p, but when p is relatively large, the State-splitting 
algorithm encounters simply too many possible assignments 
of data-to-codeword in the encoding graph, making design 
difficult. Moreover, a poor choice of assignments, given the 
complexity, could lead to a costly implementation. In prac 
tice, the implemented design should include the fewest 
possible number of States. However, the State-splitting algo 
rithm does not directly Solve the general problem of design 
ing codes that achieve, for example, the minimum number of 
encoder States, the Smallest Sliding-block decoding window, 
or the minimum hardware complexity (a less precise valu 
ation). 
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0.014 Recently, various types of iterative detection and 
decoding Schemes were developed for use in data Storage 
and data communication Systems, based on turbo codes, 
Low Density Parity Check (LDPC) codes, and turbo product 
codes. These types of codes provide very low BERs, but 
they usually require the use of an interleaver after the RLL 
and optional inner channel encoder(s). An interleaver 
changes the order of the bits in a Sequence. By processing 
the already encoded bits with an interleaver, the interleaver 
changes the order of the already encoded bits, which can 
effectively nullify the operation of the RLL encoder. Since 
encoders based on finite-state machines transform all (or 
almost all) data bits while generating the output code words, 
the use of Such codes in channels with interleaving coded 
bits is virtually impossible, or at least Severely restricted. 

BRIEF SUMMARY OF THE INVENTION 

0.015. A method of forming RLL coded data streams uses 
Separator blocks to limit consecutive Zeros to a predeter 
mined maximum. An input code word is divided into data 
portions and a separator portion. Each data portion is 
inserted into an output codeword without encoding and 
Separated from a next data portion by a Space. The Separator 
portion is encoded into non-Zero Separator Sub-matrices, 
which are Stuffed into the Spaces between the data portions. 
The Separator portion and the data portions may be sepa 
rately permuted without violating a constraint on consecu 
tive Zeros in the output. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a block diagram illustrating a read 
channel architecture in which the embodiments of the 
present invention can be implemented. 
0017 FIG. 2 is a generic separator matrix used by the 
m/n encoder to generate nonzero Separators Stuffed in the 
uncoded data Stream. 

0.018 FIG. 3 is an illustrative example of the separator 
matrix used by the m/n encoder to generate nonzero Sepa 
rators Stuffed in the uncoded data Stream. 

0.019 FIG. 4 is the block diagram illustrating the prin 
ciple of the coded bit Stuffing providing the k-constraint. 
0020 FIG. 5 is the block diagram illustrating operations 
of the RLL encoder and permuter. 
0021 FIG. 6 is the block diagram illustrating the prin 
ciple of the coded bit stuffing combined with data interleav 
ing (permutation). 
0022 FIG. 7 is the block diagram illustrating the imple 
mentation of the 32/33 RLL code with k=12 constructed by 
Stuffing of 3 Separators in the data Stream. 
0023 FIG. 8 is the block diagram illustrating the imple 
mentation of the 48/49 RLL code with k=13 constructed by 
Stuffing of 4 Separators in the data Stream. 
0024 FIG. 9 is a graph of the bit error rates (BER) versus 
signal to noise ratio (SNR) of a stuffed 48/49 RLL code 
having a k-constraint of 13 both before and after RLL 
decoding with ND=2.5 and no jitter. 
0025 FIG. 10 is a graph of the BER versus SNR of a 
conventional 48/49 RLL code having a k-constraint of 13 
both before and after RLL decoding with ND=2.5 and no 
jitter. 
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0026 FIG. 11 is a graph of the sector failure rates versus 
SNR for conventional RLL codes and for stuffed RLL codes 
of the present invention in a channel with ND=2.5 and no 
jitter. 

0027 FIG. 12 is a graph of the BER versus SNR of a 
stuffed 48/49 RLL code having a k-constraint of 13 both 
before and after RLL decoding with ND=2.5 and 50% jitter. 
0028 FIG. 13 is a graph of the BER versus SNR of a 
conventional 48/49 RLL code having a k-constraint of 13 
both before and after conventional RLL decoding with 
ND=2.5 and 50% jitter. 
0029 FIG. 14 is a graph of the sector failure rates versus 
SNR for conventional RLL codes and for stuffed RLL codes 
of the present invention in a longitudinal channel with 50% 
jitter and 50% electronic noise. 
0030 FIG. 15 is a graph of the BER versus SNR of the 
Stuffed 48/49 RLL code in a PR2 channel with ND=2.0 and 
no jitter. 

0031 FIG. 16 is a graph of the BER versus SNR of the 
conventional RLL code in a PR2 channel with ND=2.0 and 
no jitter. 

0032 FIG. 17 is a graph of the sector failure rates versus 
SNR for conventional RLL codes and for stuffed RLL codes 
of the present invention in a PR2 channel with ND=2.0 and 
no jitter. 

0033 While the above-identified illustrations set forth 
preferred embodiments, other embodiments of the present 
invention are also contemplated, Some of which are noted in 
the discussion. In all cases, this disclosure presents the 
illustrated embodiments of the present invention by way of 
representation and not limitation. Numerous other minor 
modifications and embodiments can be devised by those 
skilled in the art which fall within the scope and spirit of the 
principles of this invention. 

DETAILED DESCRIPTION OF PREFERRED 
ENBODIMENTS 

0034 FIG. 1 illustrates a read/write channel of magnetic 
and/or optical disc drives. AS shown, the System 10 reads 
and writes data to an inner Subchannel 12 of the magnetic 
and/or optical disc of the disc drive. The System has an 
Reed-Solomon (RS) Error Correction Code (ECC) encoder 
14, a Run Length Limited (RLL) encoder 16, a channel 
encoder(s) 18, an Interleaver precoder 20, head media 22, 
front end and timing element 24, a channel detector 26, an 
outer decoder 28, an RLL decoder 30 and an RS ECC 
decoder 32. 

0035 Generally, RS codes are linear block codes, mean 
ing that they can be processed all at once as blocks of data. 
The RS algorithm takes data words, splits them up into code 
words, and adds redundant parity bytes in order to correct 
symbol errors. RS codes are written as RS(N, K) where there 
are k data Symbols in each in Symbol codeword. This means 
that there are N-K parity symbols in each codeword and the 
RS algorithm can correct up to (N-K)/2 symbol errors in 
each codeword. 

0036) The RLL codes are codes that are limited by the 
number of flux changes that can be written in a given amount 
of disc area. In other words, RLL techniques limit the 



US 2005/0168358 A1 

distance (run length) between magnetic flux reversals on the 
discS Surface. By limiting the run length, the RLL coding 
technique defines the size of the data block that can be 
written within a given amount of disc Space. 

0037. When data is presented to the system 10 for trans 
mission over the inner Subchannel 12, the RS ECC encoder 
14 encodes the data and passes the RS encoded data to an 
RLL encoder 16. The RLL encoder encodes the RS encoded 
data and passes the RLL encoded data to a channel encoder 
18. The channel encoder 18 encodes the RS encoded data for 
the channel 12 and passes the encoded data to an interleaver 
precoder 20, which reorders the coded data. Finally, the head 
media 22 writes the data to the inner Subchannel 12. 

0.038 Encoded data is read from the inner subchannel 12 
of the disc by the heads media block 22. The encoded data 
is then processed by Some analog filters, Such as a preamp 
(preliminary amplifier), a low pass filter (LPF) and other 
elements, a process that is Sometimes referred to as "front 
end processing”. The filtered signal is then Sampled using 
timing circuitry. In FIG. 1, the filtering and Sampling 
elements are indicated by the front end and timing element 
24. 

0.039 The data is then passed to a channel detector 26 and 
to an outer decoder 28. The outer decoder 28 decodes the 
encoded data into RLL encoded data. The RLL encoded data 
is then decoded by the RLL decoder 30 and passed to an RS 
ECC decoder 32 for decoding into the originally transmitted 
data. 

0040. The read/write channels of magnetic and/or optical 
disc drives include a number of different encoding/decoding 
circuits, each encoding or decoding data in different manners 
for different purposes. The various circuits shown in the 
blocks of FIG. 1 can be implemented as integrated circuits, 
discrete components, or Suitably programmed processing 
circuitry. Additionally, while the discussion has included 
references to head media, other devices may be utilized to 
write data to a channel and to read data from the channel, 
Such as a transceiver. 

0041. In general, the system 10 utilizes a combinatorial 
object called a separator matrix S, for Stuffing Separator bits 
between coded bits of the input data word. The separator 
matrix S is a matrix of Size LXm and consists of binary 
elements 0 and 1. Generally, the Separator matrix S is 
defined by two sets of positive integer parameters: 

n1n2, ...,n-1, and 

WoV1, . . . .V1. 

0.042 where n=n+n+ . . . +n. 
0.043 FIG. 2 shows the generic structure of the separator 
matrix S. As shown, the matrix S is partitioned by 1-1 
boundaries 34 into l Submatrices S1, S2, ..., S. of Size LXn, 
LXn, ..., LXn, respectively. The matrix S is called the (vo, 
V1, ...,v)-separator matrix if 1) each Submatrix Si, of 1 si-l 
consists of nonzero rows, or in other words each row of S 
consists of 1 nonzero Separators S1, S2, ..., S.; 2) each line 
of S has at most Vo consecutive leading Zeros, and at most V 
consecutive trailing Zeros, and 3) each line of S has at most 
V consecutive leading ZeroS at the i-th boundary 1 sizl-1. 
Specifically, in each row of the matrix S, the total number of 
consecutive ZeroS at the left and right Sides of the i-th dotted 
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Vertical line is not greater than V, and this inequality is 
Satisfied at all 1-1 boundaries and for all rows of the 
Separator matrix. 
0044 FIG. 3 illustrates an embodiment of the separator 
matrix S. In this embodiment, the separator matrix S has the 
following parameters: 

0045 where M is the number of rows, n is the number of 
columns, and l is the number of Separators in each row. Each 
code word (n1, n2, and na) has two bits, and Vo-V=V2=va-1. 
0046. A generic RLL encoding Scheme using the (vo, V, 

. . . , V)-separator is constructed as follows. First, the input 
data word consisting of N bits is split into 1+2 parts Do, D, 
..., D of lengths. No, N,..., N, respectively. The first 
1+1 data parts Do, D, ..., D are placed directly into the 
output code word without encoding as shown in FIG. 4. 
0047 The last data part D is sent to the m/n encoder 36 
that converts m input bits into one of the rows of the 
Separator matrix S. Thus, the output of the m/n encoder is a 
binary word of length n. It consists of 1 Separators S, S., . . 
., S of length n, n2, ..., n., respectively, and created by the 
boundary lines 34 shown in FIG. 2. 
0048 Finally, the output of the m/n encoder is split into 
parts, which are then stuffed between the first 1+1 data parts 
in the output code word. The resulting in coded bits Satisfy 
the k-constraint, which requires no more thank consecutive 
Zeros in the bit sequence. 
0049. With this encoding technique, the maximum num 
ber of consecutive Zeros between any two consecutive ones 
in a coded Sequence is not greater than 1) N+V-V+No (at 
the left and right boundaries of the codeword); 2) v-N: 
(between Separator components S and S, 1 sizl); or 3) ko 
(the maximum number of consecutive Zeros within the 
Separators S). Here, ko is less than n-2, where i is greater 
than 1 and less than 1 (e.g. 1 sizl). When the lengths in are 
Small numbers, the constraint ko is usually defined only by 
the first two conditions given above. 
0050. By separating the data bits with coded data (e.g. by 
“code Stuffing'), bit errors are contained between Separator 
blocks. More specifically, bit errors are prevented from 
propagating throughout the bit Sequence, thereby minimiz 
ing transmission errors by limiting them to a particular 
block. In this instance, an error in encoded block S would 
effect only the Subblocks, but not the data blocks D. 
0051 FIG. 5 illustrates an embodiment of the system 10 
having an RLL encoder 16, an Interleaver (permuter) 20, and 
a channel 38. As shown, input word x is passed to the RLL 
encoder 16. The RLL encoder 16 encodes the input word 
into an RLL encoded word y. The RLL encoded word y 
is then passed to the Interleaver (permuter) 20, which 
produces an output word 7. The output word z is then 
passed onto the channel 38. The channel 38 may be the inner 
subchannel 12 (as shown in FIG. 1), a communication link 
between a transmitter and a receiver, or any kind of com 
munication or transmission channel, including magnetic 
recording channels. 
0052 Generally, the permuter 20 changes the positions of 
the components in y in a random manner to facilitate the 
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operation of iterative detection scheme shown in FIG. 1. 
Additionally, the permuter 20 must preserve the operation of 
the RLL encoder 16. Specifically, the permuter 20 operates 
in the Subblocks rather than on the entire codeword all at 

once. In this way, the resulting output Sequence z satisfies 
the same or Similar constraints as its input Sequence y. 
0053. The RLL encoder 16 produces the following output 
Sequence: 

y-Dos.D.S. 
0054 where 

0055 D=xx, .. 

..S.D.), 

XN, s 

0056) D1-XN-1-XN-2. • • s XN-NJ- and 

0.058 are the uncoded blocks of the input data sequence 
x, and 

s-sis, . . . sil 

0059) is the output of the m/n-encoder, which converts 
the last m user bits 

D1-ANo. ... +N+1-No-... +N+2 No. . . -N-Nil 
0060 to the nonzero separators {s1sis1}. 
0061 The structure and properties of the output code 
word y allows the permuter 20 to preserve the k-constraint 
at its output while performing permuting operations, Such as 
Swapping any two data blocks (D, and D.) within the output 
codeword y without shifting the boundaries between the 
two data blocks if D, and D, have the same length or 
Swapping any two separators S; and S in Do-X1,X2,...,xnol 
without shifting boundaries between blocks if S; and S, have 
the same length. 
0.062. As shown in FIG. 6, K data bits 40 are passed 
through permuter A42 (for the first 1 data bits) and through 
permuter B 44 (for the 1+1 data bit) to produce the output 
codeword 46. When the RLL encoder 16 performs Swapping 
operations, the permuter A 42 Swaps data blocks D, and 
permuter B 44 Swaps the Separators S. Thus, none of these 
Swapping operations changes the k-constraint provided by 
the RLL encoder 16. Thus, the k-constraint is preserved in 
the proposed Scheme combining the RLL encoder 16 and 
permuter 20. 

0.063 A number of pseudo-random and structured per 
muters are capable of Separately shifting the data blocks and 
the Separator blocks in an encoded bit Sequence, So as to 
encode the Signal without unwanted Shuffling of the coded 
bits. Thus, the technique can be used in the magnetic 
recording channels, and other Storage and communication 
Systems facilitating the operations of the iterative detection 
Schemes with Soft decisions, Such as Turbo codes, Low 
Density Parity Check (LDPC) codes and Turbo-Product 
Codes (TPC). 
0064 FIG. 7 illustrates a RLL encoder 16 with a code 
rate of 32/33 and a k-constraint of k=12. In other words, 
FIG. 7 shows a (0.12) RLL code with rate 32/33. In this 
embodiment, the input word of the RLL encoder consists of 
four bytes and is encoded into a code word of length 33. 
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0065. As shown, the 32 data bits are split into five parts 
D. (specifically Do, D, D, D, and D.) of lengths N (N=4, 
N=8, N=8, and N=5), and m (m=N=7), respectively. The 
first four data parts are directly placed in the output code 
word without encoding. The last 7 data bits Dare sent to the 
7/8 encoder 36. The output of the 7/8 encoder 36 is three 
nonzero Separators S1, S2, and S of lengths n=3, n=3 and 
n=2, respectively. In this case, the first twenty four data bits 
are placed in the output code word without encoding at 
positions 0-3, 7-14, 18-25 and 29-33, respectively. The 
Separators S, S, S are inserted between the uncoded data 
parts Do, D, D, and D at positions 4-6, 15-17, and 26-28, 
respectively. 

0066 None of the separators s, s, S. consists of all 
Zeros. Specifically, Separators S and Stake nonzero Values 
from the following range of values: (0,0,1); (0,1,0), (0,1,1); 
(1,0,0); (1,0,1); (1,1,0); and (1,1,1). Separator S takes a 
nonzero value from the following range of values: (0,1); 
(1,0); and (1,1). Thus, there are 147 words (7x7x3=147) of 
length 8, which can be used as output codewords of the 7/8 
encoder 36. 

0067. In this example, the maximum number of consecu 
tive Zeros in the coded bit Stream is not greater than 12. At 
the left boundary, data block Do has 4 bits (4 possible zeros) 
and separator bit S has 3 bits (2 possible Zeros). At the right 
boundary, data block D has 5 bits (5 possible zeros) and 
separator block S has 2 bits (1 possible Zero). Thus, the 
maximum number of consecutive ZeroS at the boundaries is 
12. 

0068. Between sands, the maximum number of con 
secutive ZeroS is also 12, corresponding to the 2 possible 
Zeros from each of S and S., and the eight bits (8 possible 
Zeros) associated with data block D. Between S and S, the 
maximum number of consecutive ZeroS is 11, corresponding 
to the 2 possible Zeros from S, the two bits (1 possible Zero) 
from S, and the eight bits (8 possible Zeros) associated with 
D. Therefore, the constructed code has the parameter k=12. 

0069. This example demonstrates that an additional bit 
could be included without altering the Zero constraint k. 
Specifically, by including an extra data bit in the part D, it 
is possible to increase the length of the output code by one 
bit, resulting in a 33/34 RLL code with k=12 for all portions 
of the data Stream. 

0070 The 7/8 encoder/decoder can be implemented 
based on Simple integer arithmetic. For example, each input 
bit u=(uou, . . . ,u) of the 7/8 encoder can be represented 
as an integer I=0, 1, 2, . . . , 127, using the following 
equality: 

0071. As discussed above, there are 147 possible output 
words of length 8 with three nonzero Separators S, S., and 
S, and any 127 of them can be used to encode the final Seven 
input data bits. 
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0072 To form the encoder, let delta (A) be a predefined 
constant (0s. As 20), and J=I+A. In this example, the integer 
J Satisfies the following inequality: 

Ass127+A&147. 

0073. By altering the parameter delta (A) within the 
defined range, it is possible to produce 21 different versions 
of the encoder using the following encoding StepS. 

Encoding Step 1. 

s = (001), h = J, if Os J < 21; 
s = (010), h = J - 21, if 21 s J < 42: 
s = (011), h = J - 42, if 42 s J & 63; 
s = (100), h = J - 63, if 63 s J < 84; 
s = (101), h = J - 84, if 84 s J & 105; 
s = (110), h = J - 105, if 105 s J & 126; and 
s1 = (111), h = J - 126, if 126 s J & 147: 

Encoding step 2. 

s = (001), g = h, if 0 s h & 3; 
s = (010), g = h - 3, if 3 s h & 6; 
s = (011), g = h - 6, if 6 s h & 9: 
s = (100), g = h - 9, if 9 s h & 12: 
s = (101), g = h - 12, if 12 s h & 15; 
s = (110), g = h - 15, if 15 s h & 18; and 
S2 = (111), g = h - 18, if 18 s h & 21 

Encoding step 3. 

s3 = (01), if g = 0; 
s3 = (10), if g = 1; and 
ss = (11), if g = 2. 

0.074 The decoding algorithm for the 7/8 decoder is 
constructed as follows. 

0075 Decoding Step 1. 

0.076 Given codewords (c., c, and ca), the integer J is 
reconstructed using the following equality: 

0.077 
word S. 

where i(S) is an integer represented by the binary 

0078 Decoding Step 2. 

0079 Subtracting. A from J gives the integer I. The binary 
representation of I is then Sent to the output of the decoder 
(7 bits). 
0080. The 7/8 encoder/decoder described below effec 
tively Suppresses error propagation. To encode data using 
the 7/8 encoder 36, first the input data bits are split into three 
parts (a, b, and c) of lengths 3 bits, 3 bits and 1 bit, 
respectively. The input of the 7/8 encoder is a, b, and c. The 
output 8 bits are also represented by three parts (S,S, and 
s) of length 3 bits, 3 bits, and 2 bits. The output 8 bits are 
calculated as follows. 

0081 Case 1. If az0 and bz0, then 

0082) 

0083) b) s=b; and 
0084 c) sa=(c). 

0085) where c is the binary compliment of c. 
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0086) Case 2. If az0 and b=0, then 

0087) a) s=(1,1);and 
0088 b) s=a and s=(010), if c=0; or 
0089) 

0090 Case 3. If a=0 and bz0, then 

0091) a) sa=(1,1), and 
0092) b) s=(010), s=b, if bet {(001),(010)} and 
c=0, 

0093) 
c=1, 

c) S=a and S=(001), if c=1. 

c) s=(001), s=b, if be{(001),(010)} and 

0094 d) se{(100),(011)}, s =(011), if b=(001); or 
0.095 e) se{(110).(101)}, s =(011), if b=(010). 

0096) Case 4. If a=0 and b=0, then 

0097) a) s=(1,1), and 
0.098 b) s=(100), s=(100), if c=0; and 
0099 c) s=(011), s=(100), if c=1. 

0100. To decode a received encoded signal, the 7/8 
encoder/decoder 36 divides the input codeword into three 
parts (S., S., and S) having 3 bits, 3 bits and 2 bits, 
respectively. The output codewords of the decoder 36 con 
sist of three parts a, b and e of lengths 3 bits, 3 bits and 1 bit, 
respectively. The output codewords are calculated as fol 
lows. 

0101 Case 1 (7/8 Decoder). If se{(01), (10), then 
0102) 

0103) b) 6=s, and 
01.04] 

0105 Case 2 (7/8 Decoder). If s =(1,1) and se{(001), 
(010), then 

01.06) 

01.07 b) b=(000), and 
0108) 

0109) Case 3 (7/8 Decoder). If s =(1,1), s={(001), 
(010)}, but seE {(001), (010)} then 

0110) a) a=(000), 
0111 b) 6=s, and 
0112 

0113 Case 4 (7/8 Decoder). If s =(1,1), s=(011), and 
se{(001), (010)} then 

0114) a) a (000), 
0115 b) 6=(001), if se{(100), (011)}, or 
0116 c) 6=(010), if se{(110), (101)}, and 

a) a=S, 

c) é is equal to the first component of S. 

a) a=S, 

c) é is equal to the last component of S. 

c) é is eqal to the last component of S. 

0117 d) & is equal to the last component of s. 
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0118 Case 5 (7/8 Decoder). If s =(1,1), s=(100), and 
se{(100), (001)} then 

0119) a) a-(000), 
0120 b) b=(000), and 
0121) 

0122) Thus, the system 10 divides the input codeword 
into Several parts, each part being composed of data bits. The 
last part is passed to the 7/8 encoder/decoder 36, which 
utilizes the last portion of the input codeword to generate 
Separator codes for Stuffing between the other parts, which 
are inserted into the output codeword without encoding. The 
resulting output codeword is constrained Such that the 
maximum number of consecutive ZeroS is determined by the 
k-constraint. Here, no more than 12 consecutive ZeroS is 
possible. 

0123. In FIG. 8, a (0,13) RLL code with rate 48/49 is 
illustrated. In this instance, the input codeword of the 
encoder 36 consists of 48 bits, and is encoded into an output 
codeword of length 49. 
0124 First, the 48 data bits are split into six parts D, D, 

. . . , Ds of lengths N=5, N=9, N=9, N=10, N=5, and 
m=N=10, respectively. The first five data parts Do, . . . ,D 
are placed directly in the output codeword without encoding 
at bit positions 0-4,8-16, 20-28, 32-41, and 44-48, respec 
tively. 

0125) The last 10 data bits illustrated as D are passed to 
the 10/11 encoder, which uses Ds to produce an output 
consisting of four Separators, S1, S2, Ss, and S. The Output 
Separators S, S, S., and S have lengths n=3, n=3, n=3 
and n=2, respectively. 

c) e is equal to the last component of S. 

0.126 None of the separators S, S, S., and S consists of 
all Zeros. Each Separator S, S., and S takes one of the 
following seven nonzero values: (0,0,1); (0,1,0); (0,1,1); 
(1,0,0); (1,0,1); (1,1,0); and (1,1,1). The separator S takes 
one of three nonzero values: (0,1); (1,0); and (1,1). There 
fore, there are total 1,029 words (777-3=1,029) of length 
11 that can be used as output codewords of the 10/11 encoder 
36. These codewords form the rows of the separator matrix 
of size 1029x11 with the following parameters: 

0127 M=1029, n=11, l=4, 
0128 n=n=n=3, n=2, 
0.129 vo-2, v=V=4, V=3, and V =1, and any one 
of the 1024 of them may be used to construct the 
48/49 RLL code with k=13. 

0130. In this example, the maximum number of consecu 
tive Zeros in the coded bit Stream is not greater than 13. At 
the left boundary, data block Do has 5 bits (5 possible zeros) 
and separator block S has 3 bits (2 possible Zeros). At the 
right boundary, data block D has 5 bits (5 possible zeros) 
and separator blocks has 2 bits (1 possible Zero). Thus, the 
maximum number of consecutive ZeroS at the boundaries is 
13. 

0131 Between sands, the maximum number of con 
secutive ZeroS is 13, corresponding to the 2 possible Zeros 
from each of S and S, and the 9 bits (9 possible Zeros) 
asSociated with data block D. Between S and Ss, the 
maximum number of consecutive ZeroS is 13, corresponding 
to the 2 possible Zeros from each of S and S, and the 9 bits 
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(9 possible Zeros) associated with D. Between S and S, the 
maximum number of consecutive ZeroS is 13, corresponding 
to the 2 possible Zeros from S, to the 1 possible Zero from 
s, and to the 10 bits (10 possible zeros) associated with D. 
Therefore, the constructed code has the parameter k=13. 
0132) The input blocks D of the 10/11 encoder 36 
consists of 10 bits, which are represented by an integer I=0, 
1, 2, . . . , 1023. Here, there are 1,029 possible codewords 
of length 11 bits. Each codeword consists of four nonzero 
Separators (S1, S, S, and S), and 1024 of these words can 
be used to encode the 10 data bits as follows. Let Abe Some 
predefined constant (0s A<5), and J=I+A. By changing 
parameter A, it is possible to construct 5 different versions 
of the encoder as follows. 

Encoding step 1 (10/11 Encoder). 

s = (001), h = J, if Os J & 147; 
s = (010), h = J - 147, if 147 s J & 294; 
s = (011), h = J - 294, if 294 s J & 441; 
s = (100), h = J - 441, if 441 s J & 588; 
s = (101), h = J - 588, if 588 s J & 735; 
s = (110), h = J - 735, if 735 s J & 882; and 
s1 = (111), h = J - 882, if 882 is J & 1029. 

Encoding step 2 (10/11 Encoder). 

s = (001), g = h, if 0 s h & 21; 
s = (010), g = h - 21, if 21 s h & 42: 
s = (011), g = h - 42, if 42 s h & 63; 
s = (100), g = h – 63, if 63 s h & 84; 
s = (101), g = h - 84, if 84 s h & 105; 
s = (110), g = h - 105, if 105 s h & 126; and 
S2 = (111), g = h - 126, if 126 s h & 147. 

Encoding step 3 (10/11 Encoder). 

s = (001), f = g, if 0 is g < 3; 
s = (010), f = g – 3, if 3 s g < 6; 
s = (011), f = g – 6, if 6 s g <9; 
s = (100), f = g – 9, if 9 s g < 12; 
s = (101), f = g - 12, if 12 s g < 15; 
s = (110), f = g – 15, if 15 s g < 18; and 
s3 = (111), f = g – 18, if 18 s g < 21 

Encoding step 4 (10/11 Encoder). 

S = (01), if f = 0; 
S = (10), if f = 1; and 
S = (11), if f = 2; 

0133. The decoding algorithm for the 10/11 decoder is 
constructed as follows. 

0.134 Decoding Step 1. 
0135) Given separators S, S, S., and S, the integer J can 
be reconstructed using the following formula: 

0136 where i(s) is an integer represented by binary word 
S. 

0137 Decoding Step 2. 
0.138. Subtracting. A from J results in I, the binary repre 
sentation of which is passed to the output of the decoder (10 
bits). 
0139. As with the 7/8 encoder, the 10/11 encoder pro 
duces Separator blocks for insertion into the output code 
word. The Separator blockS Serve to limit error propagation 
during transmission. In this embodiment, the System 10 
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divides the input data bits into four parts (a, b, c, and d). The 
11 output data bits are also partitioned into four correspond- TABLE 2-continued 
ing parts (S1, S2, S3, and S) of lengths n =n=n=3 and n=2 
bits. Depending on the bits in the four input parts (a, b, c, and b d S1 
d), the output bits are calculated as follows. 1. 1. O 1. 1. 1. O 

0140 Case 1. If az0, bz0, and cz0, then d 
0141 a) s=a; 
0142 b) s=b; 0155 Case 4. If a=0, b=0, and cz0, then 

0143 c) sa=c; and 0156 a) sa=C; 
O157 b) s-(1,1); and 0144 d) s-(d., d), where d is the binary compliment 

of d. 0158 c) sands are defined by d according to the 
following ment Table 3 

0145 Case 2. If az0, b=0, and cz0, then 
0146) a) s=a; TABLE 3 

d 
0147 b) s-C; S1 S2 

1. 1. 1. 1. O 1. O 

0148 c) s-(1,1) 1. 1. O 1. 1. 1. 1. 

0149 and s is defined by a and d according to the 
following replacement Table 1. 0159) Case 5. If az0, bz0, and c=0, then 

TABLE 1. 0.160) a) s=a; 
0161 b) sa=b; 

al C S2 

O O 1. O O 1. O 0162 c) s-(1,1), and 

O O 1. O O 1. 0163 d) s is defined by a and d by the following 
g g O d replacement Table 4. 
O 1. 1. O 1. 1. O 
O 1. 1. 1. O 1. TABLE 4 
1. O O O O O 1. 
1. O O 1. 1. 1. al C S2 
1. O 1. O O 1. O 
1. O 1. O 1. 1. O O 1. O 1. O O 
1. 1. O O 1. O O O O 1. 1. O 1. 
1. 1. O 1. O 1. O 1. O O O 1. O 
1. 1. 1. O 1. 1. O O 1. O 1. 1. 1. 
1. 1. 1. 1. 1. 1. O 1. 1. O O 1. O 

O 1. 1. O O 1. 
1. O O O 1. O O 
1. O O O 1. 1. 

0150 Case 3. If a=0, bz0, and cz0, then 1. O 1. O 1. 1. O 
1. O 1. O O 1. 

0151) a) s=b; 1. 1. O O O O 1. 
1. 1. O O 1. 1. 

0152 b) s-C; 1. 1. 1. O O 1. O 
1. 1. 1. O 1. 1. 

0153 c) s-(1,1), and 

0154 d) s is defined by band d according to the 0164 Case 6. If a=0, bz0, and c=0, then 
following replacement Table 2. 

0165) a) s-(1,1), and 
TABLE 2 0166 b) S1, S2, and S are defined by a and d 

according to the following replacement Table 5. 
b d S1 

O O 1. O O 1. O TABLE 5 
O O 1. 1. 1. 1. 1. 
O 1. O O 1. O O b d S1 S2 S3 
O 1. O 1. 1. 1. O 
O 1. 1. O O O 1. O O O O 1 O O 1 1 O 1 O 1. 
O 1. 1. 1. O 1. 1. O O O 1. 1 O O 1 1 O 1 1 O 
1. O O O 1. O 1. O O 1. O 1 O 1. 1 O 1. 1 O 1. 
1. O O 1. 1. 1. 1. O O 1. 1. 1 O 1. 1 O 1. 1 1 O 
1. O 1. O 1. O O O 1 O O O 1 O 1 1 O O 1 1. 
1. O 1. 1. O 1. O O 1 O 1. O 1 O 1 1 O 1 O O 
1. 1. O O O O 1. O 1 1. O O O 1. 1 1 1. 1 O 1. 
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TABLE 5-continued 

b d S1 S2 S3 

O 1 1. 1. O O 1. 1 1 1. 1 1 O 
1 O O O O 1 1. 1 O O O O 1. 
1 O O 1. O 1 1. 1 O O O 1 O 
1 O 1. O 1 O 1. 1 O 1. O O 1. 
1 O 1. 1. 1 O 1. 1 O 1. O 1 O 
1 1 O O 1 O O 1 1 O O O 1. 
1 1 O 1. 1 O O 1 1 O O 1 O 
1 1 1. O O O 1. 1 1 1. O O 1. 
1 1 1. 1. O O 1. 1 1 1. O 1 O 

0167 Case 7. If az0, b=0, and c=0, then 
0168 a) s-(1,1), and 
0169 b) s,s, and s are defined by a and d by the 
following lacement Table 6. 

TABLE 6 

al C S1 S2 S3 

O O 1. O O O 1. 1 1 1. O 1 1. 
O O 1. O O 1. 1 1 1. 1 O O 
O 1 O O O 1 O 1 1 O O O 1. 
O 1 O O 1 O 1 1 O O 1 O 
O 1 1. O O 1 1. 1 O O O 1 1. 
O 1 1. O 1 1. 1 O O 1 O O 
1 O O O 1 O O 1 1 O O 1 1. 
1 O O 1 O O 1 1 O 1 O O 
1 O 1. O 1 O 1. 1 O 1. O 1 1. 
1 O 1. 1 O 1. 1 O 1. 1 O O 
1 1 O O O 1 O 1 1 O 1 O 1. 
1 1 O O 1 O 1 1 O 1 1 O 
1 1 1. O O 1 1. 1 O O 1 O 1. 
1 1 1. O 1 1. 1 O O 1 1 O 

0170 Decoding of a received encoded signal operates 
Similar to the decoding of a 7/8 encoded Signal as described 
with respect to FIG. 7 above. To decode a received encoded 
signal, the 10/11 encoder/decoder 36 divides the input 
codeword into four parts (S,S, S, and S) having 3 bits, 3 
bits, 3 bits, and 2 bits, respectively. The output codewords of 
the decoder 36 consist of four parts a, b, c and d of lengths 
3 bits, 3 bits, 3 bits, and 1 bit, respectively. The output words 
are calculated as follows. 

0171 By assigning ao-i(S1), bo-i(S2), and co-i(S3), ao, bo, 
and co are integers resenting the Separators S, S, S., and S, 
respectively. 

0172 Case 1. If se{(01), (10), then 
0173 

0.174 b) 6=s; 
0175) c) ?=Ss, and 
0176) d) d is equal to the first component of s. 

0177 Case 2. Let T(i) be the last three bits of the i-th 
row of Table 1. If S=(1,1) and S=T(a), then 

0178) 
0179 b) 6=(000); 
0180 c) ?=Ss, and 
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0181 d) d is equal to the last bit of s, if aoz4; and 
is equal to the Second bit of S, if a=4. 

0182 Case 3. Let T(i) be the last three bits of the i-th 
row of Table 2. If S=(1,1) and S=T(bo), then 

0183) a) a=(000); 
0184 b) b=2; 
0185 c) &=3; 
0186 d) d is equal to the second bit of s, if boa1; 
and is equal to the last bit of S, if bo=1. 

0187 Case 4. If (a-7 and b-5), or (a-6 and b-7), then 
0188 a) a=(000); 
0189 b) b=(000); 
0190. 
0191 d) d is equal to the second bit of s. 

0.192 Case 5. Let T(i) be the last three bits of the i-th 
row of Table 4. If S =(1,1) and S=T(a), then 

0193) 
0194 b) 6=s; 
0195 c) e=(000); 
0196) d) d is equal to the second bit of s, if a=6; 
and is equal to the last bit of S, if aoz6. 

0.197 Table 7 is used for decoding in cases 6 and 7 below. 
Let t(i) and T(i) represent the first and the last three bits of 
the i-th row of Table 7, respectively, and let 

a) a-S; 

TABLE 7 

O 1. 1. 1. 
1. O O 1. 
O O 1. 1. 
1. O 1. O 
O O 1. O 
1. 1. 1. O 
O 1. O O 
1. O 1. 1. 
O 1. 1. 1. 
1. 1. 1. O 
O 1. O O 
1. O O O 
O 1. O 1. 
1. 1. O 1. 
O O O 1. 

0198 Case 6. Ifs=(1,1) and t(i)=0, then 
0199 a) a=(000); 
0200 b) b=T (i); 
0201 c) c=(000); and 
0202) d) d=(co-1)mod2. 

0203 Case 7. Ifs=(1,1) and t()Z0, then 
0204) a) a-T(); 
0205 b) b=(000); 
0206 c) c=(000); and 
0207 d) d=(co- 1)mod2. 
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0208 While decoding has been described mathematically 
above, it is important to understand that the system 10 
preserves the main portion of the data bits "as is, encoding 
only a part of the data bits for use as Separator blockS. Thus, 
the main portion of the data bits can be permuted by the 
channel interleaver 20, arbitrarily, and without violating the 
k-constraint. The channel interleaver 20 may also permute 
the separator blocks formed from the part of the data bits 
without violating the k-constraint. Specifically, the channel 
interleaver 20 may permute the data bits and the Separator 
blocks without altering the maximum number of consecutive 
Zeros defined by the k-constraint. Thus, the system 10 may 
be utilized with various types of iterative detection Schemes 
based on turbo codes, LDPC codes, and other similar coding 
Schemes. Moreover, the Separator blockS limit error propa 
gation. 

0209 FIG. 9-17 illustrate the BER and SFR character 
istics of the 48/49 RLL code with k=13 construct by stuffing 
of 4 separators in the data stream. FIG. 9 shows a graph of 
the bit error rates (BERs) before and after the RLL decoder 
of the present invention and before Error Correction Coding. 
Using a code rate of 48/49 with a k-constraint of 13, and a 
GPR target of length 5 and an ND of 2.5 (and no jitter), the 
system 10 provided an output code before and after the RLL 
decoder with a very Small error propagation. Specifically, 
the before and after RLL lines are almost on top of one 
another. 

0210 FIG. 10 illustrates the BERs of the same RLL code 
before and after decoding with a conventional RLL decoder. 
AS shown, bit errors are propagated by conventional RLL 
decoders. Specifically, the before RLL and after RLL graph 
lines do not overlap, and the after RLL decoder graph line 
shows a higher bit error rate than the line showing the Signal 
before the RLL decoder is used. 

0211 FIG. 11 illustrates the conventional RLL code as 
compared with the RLL code of the present invention. Both 
the conventional and the new RLL code have a code rate of 
48/49 and a k-constraint of 13. As shown, with no jitter, the 
new RLL code of the present invention has a better sector 
failure rate than the conventional RLL code, particularly at 
higher Signal to noise ratioS. For example, at a signal to noise 
ratio Qf 19, the new RLL code has a sector failure rate of 
2x10 as compared to 8.5x10 of the conventional RLL 
code. In data Storage and retrieval Systems, Such error rate 
improvements are significant. 

0212 FIGS. 12 and 13 illustrate the BERs of the new 
RLL code as compared with the conventional RLL code, 
both before and after the RLL decoder. As shown, both the 
new and the conventional RLL codes tested had a code rate 
of 48/49, a k-constraint of 13, a GPR target of length 5, a ND 
of 2.5, and 50/50 jitter. In FIG. 12, the BERs before and 
after RLL decoding are almost identical, indicating that 
there is very little error propagation during the decoding 
process. In FIG. 13, by contrast, there is a visible difference 
between the graphs showing before and after RLL decoding. 
Specifically, at every data point, the line showing after RLL 
decoding is visibly worse than the graph of the before RLL 
decoding. At a signal to noise ratio of 12, for example, the 
bit error rate is 2.5x10° before the RLL decoder versus 
3x10 after the RLL decoder. 

0213 FIG. 14 illustrates the sector failure rates of the 
conventional RLL code versus the new RLL code of the 
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present invention. Here, the code rate was 48/49 and the 
k-constraint was 13. The data was written in a longitudinal 
channel with a GPR target of length 5. Noise consisted of 
50% jitter and 50% electronic noise. As shown, the sector 
failure rates are approximately the same between the con 
ventional RLL code and the RLL code of the present 
invention, and at high signal to noise ratios (such as 20), then 
RLL code of the present invention slightly out-performs the 
conventional RLL code. It is significant that the RLL code 
of the present invention performs as well as the conventional 
code with respect to the Sector failure rate, Since noticeable 
degradation in the Sector failure rate would be intolerable. 
0214 FIGS. 15 and 16 illustrate the BERs of the new 
RLL code as compared with the conventional RLL code, 
before and after decoding using the RLL decoder in perpen 
dicular magnetic recording. In both cases, the RLL code had 
a code rate of 48/49 and a k-constraint of 13. FIG. 15 once 
again demonstrates a very Small error propagation between 
the before and after graphs of the invented code. By contrast, 
FIG. 16 shows a visible separation between the graphs of 
the BER before and after RLL decoding. 
0215 FIG. 17 illustrates the sector failure rate of the 
conventional RLL codes and the RLL codes of the present 
invention, with a code rate of 48/49 and a k-constraint of 13. 
Here, the Sector failure rates are approximately equal, with 
the RLL code of the present invention slightly outperform 
ing the conventional RLL code at a signal to noise ratio 
between 18.5 and 19.5. 

0216) The code stuffing technique of the present inven 
tion, while described with respect to 7/8 and 48/49 encoders, 
may be implemented using other code rates and with dif 
ferent encoderS. Regardless of the encoder and the code rate, 
the system 10 divides the input codeword into parts and 
encodes one of the parts to form Separator bits for Stuffing 
between the remaining, unencoded parts of the input code 
word to form an output code word. This allows for the use 
of InterleaverS/permuters for randomly reordering the bits, 
without effecting the k-constraint and without allowing 
errors to propagate throughout the output codeword. 
0217. Although the present invention has been described 
with reference to preferred embodiments, workers skilled in 
the art will recognize that changes may be made in form and 
detail without departing from the Spirit and Scope of the 
invention. 

1. A method of forming RLL coded data Streams com 
prising: 

dividing an input codeword into data portions and a 
Separator portion; 

placing the data portions into an output codeword with 
Spaces between the data portions, 

producing a separator matrix from the Separator portion, 
the Separator matrix being composed of a plurality 
rows, each row being a separator Sub-matrix of ones 
and ZeroS Such that each row is nonzero; and 

Stuffing a respective one of the plurality of rows into a 
respective one of the Spaces between the data portions 
of the input codeword to form the output codeword. 

2. The method of claim 1 wherein Separator Sub-matrices 
prevent the output codeword from having more than a 
predetermined number of consecutive ZeroS. 
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3. The method of claim 1 wherein the step of producing 
comprises: 

passing the Separator portion to an encoder to produce an 
encoded Separator portion; and 

generating Separator blocks of a predetermined bit Size 
from the encoded Separator portion. 

4. The method of claim 1 wherein the data portions of the 
input codeword are placed directly into the output codeword 
without encoding. 

5. The method of claim 1 wherein the data portions of the 
input codeword are groups of bits, each group having a 
predetermined number of bits. 

6. The method of claim 1 further comprising: 
interleaving the Separator Sub-matrices without changing 

boundaries between the Separator Sub-matrices prior to 
Stuffing. 

7. The method of claim 1 further comprising: 
changing an order of data portions of equal size within the 

output codeword without changing boundaries between 
data portions. 

8. A method of forming RLL coded data streams, the 
method comprising: 

Separating an input data block into data blocks, each data 
block having one or more data bits, 

dividing one of the data blockS into a plurality of Sets of 
data, each Set having a predetermined number of bits, 

encoding the Sets of data in an encoder to form Separator 
blocks, and 

forming an output code word from the data blockS and the 
Separator blockS Such that the Separator blocks are 
positioned between the data blocks within the code 
word. 

9. The method of claim 8, wherein each RLL coded data 
Stream has a component code rate of 10/11 and a k-con 
Straint of no more than 12 consecutive Zeros. 

10. The method of claim 8 further comprising: 
permuting the Separator blocks after encoding. 
11. The method of claim 8 further comprising: 
permuting the data blockS and the Separator blockS Sepa 

rately before forming the output code word. 
12. The method of claim 8 wherein a binary value of each 

Separator block is greater than Zero. 
13. The method of claim 8 wherein a code rate of the RLL 

coded data stream is 48/49. 
14. A System for producing a coded data Stream having 

consecutive one values separated by a separator block, the 
System comprising: 

an RLL encoder adapted to Separate an input code word 
into data portions and a separator portion, the RLL 
encoder adapted to place the data portions into an 
output codeword with Spaces between the data por 
tions, 
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an encoder block adapted to process the Separator portion 
into a separator matrix and adapted to place a respec 
tive one of the rows of the Separator matrix into a 
respective one of the Spaces between the data portions 
in the output codeword; and 

a transceiver adapted to transmit the output codeword to 
a channel. 

15. The system of claim 14, further comprising: 
front end and timing elements for filtering data read from 

the channel; 
a decoder block for processing the output codeword into 

data portions and rows of the Separator matrix and for 
decoding the Separator matrix; and 

a RLL decoder for decoding the data portions. 
16. The system of claim 14 wherein the system is a disc 

drive. 
17. The system of claim 14 and further comprising: 
an interleaver adapted to process the output codeword 

prior to transmission by the transceiver. 
18. The system of claim 17 wherein the output codeword 

is interleaved without changing boundaries between the data 
portions in the output codeword. 

19. A method for encoding data for transmission over a 
channel, the method comprising: 

breaking an input codeword into n data portions and a 
Separator portion; 

placing the data portions into an output codeword without 
encoding, each data portion being Separated from a 
next data portion by a Space; 

encoding the Separator portion into n minus 1 Separator 
blocks, and 

placing a respective one of the n minus 1 Separator blockS 
into a respective one of the Spaces between the data 
portions in the output codeword. 

20. The method of claim 19 further comprising: 
Writing the output codeword to the channel. 
21. The method of claim 19 wherein one separator block 

of the n minus 1 separator blocks has a fewest number of bits 
compared with other Separator blocks, the Step of placing the 
Separator blocks further comprising: 

placing the one Separator block having the fewest number 
of bits between data portion (n) and data portion (n-1). 

22. The method of claim 19 and further comprising: 
permuting the n minus 1 Separator blocks with a first 

encoder, and permuting the n data blocks with a Second 
encoder. 

23. The method of claim 19 further comprising: 
detecting transmitted data using an iterative detection 

Scheme. 


