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EFFICIENT RUN LENGTH LIMITED CODE WITH SHORT 

INTERLEAVED CONSTRAINT 

BACKGROUND OF THE INVENTION 

The present invention relates to digital co~unications systems and, 

5. more particularly to an encoding and decoding system in a disc drive .. 

In the field of digital communication systems, digital information is 

conveyed from a transmitter to a receiver through a channel. "Channel" is a 

generalized term that can include many different mediums such as recording 

media, telephonic lines and electromagnetic spectrum. 1n data storage 

10 devices, such as magnetic disc drives, the channel includes a storage medium, 

and the digital information is transmitted to the storage medium and stored 

for some period of time before being recovered and delivered to the receiver. 

A typical magnetic disc drive includes one or more rigid discs mounted 

for rotation on a hub or spindle. Each disc has an associated data head formed 

15 of a hydrodynamic bearing and a transducer, for conununicating with the 

sudace of the disc. An electromechanical actuator moves the data head 

radially over the disc surface for track seek operations and holds the 

transducer directly over a desired track on the disc surface for track following 

operations. A .drive controller controls the disc drive based on commands 

20 . received from a host system to retrieve information from the discs and to store 

information on the discs. The drive controller is comprised of various 

subsystems, typically including a '~host interface" for communicating with the 

host system, a "servo subsystem" for controlling the actuator, and a ''read 

channel" for recovering recorded data from the storage medium. 

25 . Information is typically stored in concentric data tracks on the disc 

surface. The. direction of current through the transducer is controlled to 

encode magnetic flux reversals on the surface of the disc within the selected 

data track. In one type of coding, known as non-return-to-zero-inverse 
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(NRZI) coding, a digital 111" is represented by·a magnetic flux reversal from 

one bit position to the.next itt the data track, and a digital zero is represented 

by a lack of a magnetic flux ~ersal from one bit position to the next. 

In retrieving data from the disc, the drive controller controls the 

5 electromechanical actuator 5o that the data head flies above the desired data 

track, senses the flux reversals stored in the data trade, artd generates a read 

signal based on those flux reversals. The read signal is typically conditioned 

and then decoded by the drive controller to recover the data represented by 

the flux reversals. 

10 All channels, including disc drive storage channels, iritroduce noise into 

the signals they convey. To detect and sometimes to c;orrect sigpal errors 

caused by this channel noise,· a large number of coding techniques have been 

developed. These coding techniques convert data words formed of a number 

of data bits into code words formed of a number of code bits. Coding 

15. constraints imposed on the code words permit the detection and sometimes· 

the correction of errors in the signals received from the chamtel. · 

The average ratio of the number of data bits to the number of code bits 

is known as the code rate of the code. In general, the ability to detect and 

correct errors in a recei,ved signal increases as the code rate decreases because 

20 a lower code rate means a greater number of additional bits in the code word. 

However, each additional bit added by the encoder increases the time and 

energy needed to transmit the signal through the channel. Thus, to minimize 

the time and energy needed to send the code, the code rate should be 

minimized. 

25 Depending on the detection scheme, the code imposes certain 

constraints on the code word pattern. For example, in a disc drive, the 

rotational speed of the spindle motor that rotates the magnetic media varies 

over time. This results·in non-uniform time intervals between read signal 

i i I 
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voltage pulses. A phase locked loop (PLL) is used to lock the phase and 

frequency of the read timing clock to the phase and frequency of the read 

Signal voltage pulses. To ensure that the PLL is updated regularly, a code can 

be used that limits the number of consecutive zeros to no greater than a 

5 maximum number "k11
• This kind of code is known as a run-length-limited 

{RLL) code with a "k" constraint. Smaller values of "k" ensure a greater 

minimum update rate for timing in the PLL. However, smaller values of "k", 

produce more constrained codes with a lower achievable code rate. 

In a magnetic recording channel that employs Partial Response, 

10 Maximum Likelihood {PRML) signaling and uses a Viterbi. detector to recover 

the data, another constraint "i" can also be incorporat~d in~ code to limit 

delay in the Viterbi algorithm. The "i'' constraint in a stream of code words 

represents the maximum run length of zeros in each of two interleaved sub-sequences 

of binary digits within the stream . One of the sub-sequences is formed by talcing the 

15 odd indexed binary digits of the stream, and the other of the sub-sequences is formed 

by t.aking the even indexed binary digits of the stream. Since the '' i" constraint · · 

directly affects the delay of decision in the Viterbi algorithm and also . 

influences the length of error propagation, it is advantageous to keep the 11i" 

constraint as short as possible. 

20 Suppose that the sequence of binary inputs to the channel is labeled {co, 

Ct, C2t ••• }. The compact notation 

.. 
c(D) = L c 1D; 

/sO 

Eq.1 

is referred to as the /1 D-transform" of the input sequence which uses the unit 

delay operator /1 D", as it is known in the literature, to express that the 

25 coefficient Ck of Dk is the kth input to the charurel. Partial response channels 

for magnetic recording condition the received output of the storage medium 
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so that the sampled response of the system' to an isolated input bit is given by 

a characteristic partial response polynomial, or 0 channel transfer function", 

P(D). Partial response channels for magnetic recording often have a partial 

response polynomial of the form 

. P(D) = (1 - D)(1 + D)n Eq.2 

where' n is a positive integer. Then-transform of the noiseless output of the 

channel, v(D), is given by 

v(D) = c(D)P(D) Eq. 3 

where the product is ~ken by normal polynomw multiplication. 

10 Because of the (1-D)(l +D) factor of P(D), the channel has an all-zero 

response to long runs of consecutive same binary input symbols m: the even 

and odd indexed binary sub-sequences and to long runs of consecutive 

alternating input symbols in the combined, global sequence. These sequences 

should be avoided because they c?ntain little phase and amplitude 

15 information for closed loop control of the read channel. 

One method of generating the desired channel input sequences is to use 

an encoder and a precoder at the input of the data channel. The encoder 

converts user data words that are to be stored in the channel into code words 

having selected constraints so that the code words avoid undesirable bit 

20 sequences. The precoder further conditions the code words and can have a 

transfer function of the form, 

1 
H(D)= 1E9D2 Eq.4 

where 11E0 11 denotes an exclusive-OR operation. The encoder produces a binary 

coded sequence b(D) which is input to the precoder. The output of the 

25 precoder is the channel input c(D), given by 

c(D) = b(D)H(D) Eq.5 

II 
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The conditioned code words are then provided. to the channel. When the noisy 

outp\lt of the partial response channel is received, a detector and decoder are 

lised to estimate the original user data. 

The present invention addresses these and other problems, and offers 

5 other advantages over the prior art. 

SUMMARY OF THE INVENTION 

One aspect of the present invention relates to a method of encoding 

successive data words into successive code words for transmission through a 

channel is provided. EE·.cll successive data word is divided into first and 

10 second portions. The first portion of each successive data word is mapped into 

a corresponding first code pattern and a corresponding state variable 

according to a selected code. The second portion of each successive data word 

is mapped into a corresponding second code pattern that is associated With 

the state variable, according to the selected code. The first and second rode 

15 patterns are combined to form each of the successive code words. The 

successive code words are concatenated to form an encoded bit st:ream having 

a plurality of bit positions. A run length constraint is imposed on the selected 

code such that the encoded bit stream has a maximum possible run of seven 

consecutive same binary symbols in adjacent ones of the plurality of bit 

20 positions. An interleave constraint is imposed on the selected code such that 

the encoded bit stream has a maximum possible run of five consecutive same 

binary symbols in every other one of the plurality of bit positions. 

Another.aspect of the present invention relates to an encoder for 

encoding successive data words into respective, successive code words which 

25 are concatenated to form an encoded bit stream. The encoder includes an m­

bit data word input for receiving the successive data words, an n-bit code 

word output and first and second encoders. The first encoder includes a p-bit 

data word _input coupled to the m-bit data word input, a u-bit code word 
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output coupled to then-bit code word output, and a state variable output. The 

. secon~ encoder includes a q:-bit data word input coupled to them-bit data 

word input, av-bit code word output coupled to then-bit code word output, 

and a state variable input co~pled to. the state variable output, where m, n, p, 

5 q, u and v are integer variables, p+q=m, u+v=n; and u<p. The first and second 

encoders implement a code which limits a first numbei: of consecutive same 

binary symbols appearing in a sequence of adjacent bit positions within the 

encoded bit stream on then-bit code word output to a maximum of seven and 

limits a second number of consecutive same binary symbols appearing in 

10 subsequences of even.and odd indexed bit positions in the encoded bit stream 

on then-bit code word output to a maximum of five; . 

Another aspect of the present invention relates to a disc drive storage 

channel which includes a transducer and a write channel. ·The transducer is 

. capable of conununkating with a data storage disc. The write channel is 

· 15 coupled to the transducer for encoding successive data words into successive 

code words according to ·a· selected code to form an encoded bit strea~ which 

is then precoded and applied the transducer as a channel input The selected · 

. code constrains the successive code words such· that there is a maximum 

possible run of seven consecutive same binary symbols in adjacent bit 

20 positions in the encoded bit stream and a maximum possible run of five 

consecutive same binary symbols in even indexed bit positions and odd 

indexed bit positions in the encoded bit stream. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a disc drive in which the encoder and 

25 decoder of the present invention can be used. 

II 

FIG. 2 is a block diagram of a generalized communication system in 

which the encoder and .decoder can be used. 

I i I; 
! I I 
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FIG. 3 is a diagram illustrating a division of input data words into 

resp~ve blocks for encodblg. 

FIG~ 4 is a flow chart illustrating a method of encoding according to one 

embodiment of the present invention. 

5 FIG. 5 is a flow chart illustrating a method of decoding according to one 

embodiment of the present invention. 

FIG. 6 is a block diagram of an encoder according to one embodiment 

of the present invention 

FIG. 7 is a block diagram of a decoder according to one embodiment of 

10 the present invention. 

DETAILED DFSCRIPTION OF tHE PREFERRED EMBODIMENTS 

FIG. 1 is a perspective view of a disc drive 100 in which the present 

invention is ilseful. Disc drive 100 includes a housing with a base 102 and a 

top cover (not shown). Disc drive 100 further includes a disc pack 106, which 

15 is mounted on a spindle motor (not shown), by a disc clamp 108. Disc pack 

106 includes a plurality of individual discs, which are mounted for co-rOta.tion 

about central axis 109. Each disc surface has an associated head 110, which is 

mounted to disc drive 100 for communication with the disc surface. In the 

example shown in FIG. 1, heads 110 are supported by suspen8ions 112 which 

20 are in tum attached to track accessing arms 114 of an actuator 116. The 

actuator shown in FIG. 1 is of the type known as a rotary moving coil actuator 

and includes a voice coil motor (VCM), shown generally at 118. Voice coil 

motor 118 rotates actuator 116 with its attached heads 110 about a pivot shaft 

120 to position heads 110 over a desired data track along an arcuate path 122 

25 between a disc inner diameter 124 and a disc outer diameter 126. Voice coil 

motor operates under control of internal circuitry 128. 

Write circuitry within internal circuitry 128 encodes the data to be 

stored into successive code words and sends the code words in the form of a 
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serial analog write ~ignal to the write transducer pn head 110 which encodes 

ma~tic flux reversals wi~ a magne~ lay~ on the disc surface. During 

read operations, the read transducer in heaq 110 senses the magnetic ~ux 

reversals and generates a serial analog read signal.. The analog read signal is 

5 converted into a seri.al ".ligital signal,. which is provided to. detector and 

decoder circuitry within internal cir<;uitry 128 to .produce a recovered data 

signal. 

FIG. 2 is a block diagram of a generalized communication system 148 

according to one eIX\bodiment of the r:-esent invention, which can be formed 

10 within disc drive 100, for example. Communication system 148 includes an 

encoder 150, which receives successive data words 15-? and encodes the 

successive data words into successive code words 153. Each data word can 

include any number of, symbols. In a binary system, for example, each symbol 

.. represents one logical data bit. In disc drive applications, common data word 

15 lengths are eight or ajxteen bits. As described in more detail below, successive 

data words are encoded into success~ve code :w~rdsusing a Run length 

Limited code with "k" and 1.1i 11 constraints where the 11i11 constraint is as small as 
. . . . . . . . . ·' . . . , . ·. . . . . 

possible for a chosen code rate~ In order tolixnit.error propagation, each code 

word is formed by concatenating two shorter. code words. Encoder 150 is 

20 state driven, and all code w<;>rds are carefully chosen such that the state can be 

determined using a small number of bits, such as the leading four bits, of each 

code word. Encoder can be ~plemented with combinational logic or in 

software with a look-up table for making the .co.11version between each user 

data words and its corresponding code word. Other hardware and softWare 

25 implementations can also be used. 

Parallel-to-serial converter 155 receives the successive code words 153, 

converts each code word into a serial representation and concatenates the 

serial representations to produce a serial stream of the code word bits 154. 

1 i 11 
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Precoder 156 receives the serial code word stream 154 and conditions the 

sequ~ so that it is o~d for the type o( detector used to recover the 

signal from the channel. In one embodiment, precoder 156 conditions the 

sequence according to.the polynomial given in Equation 4 above. Precoder 

5 156 produces an encoded write signal 158, which is provided to channel 160. 

In disc drive 100, channel 160 includes the write transducer in head 110, 

disc pack 106, and the read transducer in head 110. The encoded write signal 

· is stored on the disc surface by the write transducer. During a read operation, 

the read transducer reads the stored, encoded information from the disc 

10 surface and conveys the encoded information to receiver/ detector.162 as a 

read signal 164. Receiver/ detector 162 amplifies and ~ters read signal 164, 

and th.en recovers the encoded iitformation from the read signal using one of 

several known detection methods. For instance, receiver/ detector 162 may 

use a Viterbi detector, Decision Feedback Equalization (DFE), Fixed-Delay 

15 Tree Search with Decision Feedback (FDTS/DF) or Reduced State Sequence 

detection (RSSE)~ After detecting and amplifying the signal from channel 160, 

receiver/ detector 162 produces a recovered sequence of code word bits 165, 

which are provided to serial-to-parallel converter 163. The sequence of code 

word bits 165 is in a serial format at the input to serial-to-parallel converter 

20 163. 

Serial-to-:parallel converter 163 groups the bits into code words and 

converts the code words from a serial format to a parallel format. Successively 

.recovered code words 166 have lengths corresponding to the lengths of the 

code words generated by encoder 150. Serial-to-parallel converter 163 then 

25 outputs the successively recovered code words 166 in parallel format to 

decoder 168. Decoder 168 uses the inverse of the coding rules used by 

encoder 150·and converts successive code words 166 into respective data 

wordsl70. 
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Encoder 150 imposes several ~traints on the bit patterns in code 

word_ stream 153. Since the ~otational -velocity of the disc can vary over time, a 

Phase locked loop (PLL) is used to lock tlte phase and frequency of the read 

timing clock to the phase and frequency of read signal 164. To ensme that the 

5 PLL is updated regularly, encoder 150 uses a code that limits the number of 

consecutive zeros in code word stream 153 to no greater than a maxim.um 

number 11k 11
• This kind of code is known as a Run Length Limited (RLL) code 

with a global. 11k11 or "g'_ constraint. Encoder 150 also limits the maximum run 

length of zeros in each of two interleaved sub-sequences within code word 

10 . stream 153, which are formed by the odd indexed binary digits and the even 

indexed binary digits, respectively, in code word stre~ 153. This kind of 

. code constraint is known as an interleaved "i" constraint. Since the "i" 

constraint directly affects the delay of decision in a Viterbi algorithm and also 

influences .the length of error propagation, the "i" const;raint is preferably kept 

15 as short as possible for a. given code rate. In one example of the present 

invention, encoder ~50 uses a 16/17 rate code with a "k" constraint of seven 

.. and an 11i" constraint of five, and these constraints are enforced at all 

.boundaries between adjacent code words. 

In a RLL code of rate m/n, m-bit long data words .are mapped into n-bit 

20 long code words that satisfy the selected RLL constraints, where m artd n are 

. . positive integer variables. In independent block coding, 2m n-bit code word 

pattern$ are required to map all them-bit long data patterns. For example, a 

16/17-rate code maps successive 16-bit data words (or two 8-bit data bytes) 

into successive 17-bit code words. When m and n are large, the encoder 

25 becomes very complicated and error propagation in the decoder can be severe. 

To overcome these problems, encoder 150 divides each m-bit data word 

pattern 152 into two smaller patterns, as shown in FIG. 3. The first pattern is 

p-bits long and the second pattern is q-bits long such that p+q = rn, where p 

ll i i I 
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and q are positive integer variables. The p-bitlong data word patterns are 

mapp~d into u:..bit long code.word pa~, ~d the q-bit long data word 

patterns are mapped into v-bit long code word patterns, where u and v are 
r 

positive integer variables and u+v = n 

5 H there are Nu u-bit long code patterns and Nv v-bit long code patterns 

10 

that satisfy the code constraints, then Nu and Nv are checked to see if they are 

sufficiently large to map all of the 2P and 2q data words, respectively. Since 2P 

u-bit long code words are required to map all p-bit long data w:>rds, then 

Equation 6 must be satisfied, 

2PSNu Eq.6 

Similarly, since 2q v-bit long code words are required to map all q-bit long 

data words, then Equation 7 must be satisfied, 

Eq.7 

However, Equations 6 and 7 are not the only way to satisfy the 

15 requirement. An integer ut" may be defined such that, 

2P~ (Nu *t] Eq.8 

and 

Eq.9 

Equations 8 and 9 are variations of Equations 6 and 7. Equations 6 and 

20 7 are not changed individually, but are be changed together into Equations 8 

and 9, for example. Equation 8 ensures each of the p-bit data patterns can be 

mapped to one of the u-bit code word patterns and also associates each data 

pattern with a state number S, where 

0, 1, ... , t-1 e S. Eq.10 

25 This is a one-to-one mapping because 2P s (Nu* t). For the q-bit data 

patterns, Equation 9 guarantees all Nv v-bit long code words can be divided 
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into t groups while each group includes at least 2Cl code words. Each group 

can~ labeled with a state ~umber S. Within ~ch group, each of the 2q data 

patterns can be mapped into a unique v-bit code word. 

Figure 4 is a Bow chart showing an encoding process for mapping an 

5 m-bit data word into an n"'.l:>it code word according tO one embodiment of the 

present invention. At step 172, them-bit data word 152 is divided into a p-bit 

pattern and a q-bit pattern. At step 173, the p-bit pattern is mapped into au­

bit code word 81\d a state number S, where u<p. At step 174, the q-bit pattern 

is mapped inf-:> one of the v-bit code words that are associated with state 

10 number S. The u-bit and v-bit code words are combined at step 175 to form the 

n-bit code word 153. 

Figure 5 is a flow chart showing a decoding process for mapping an n­

bit code word 166 into an m-bit data word170 according to one embodiment 

... of the present invention. At step 178, then-bit code word 166 is divided into a 

15 .. u-bit code pattern and av-bit.code pattern. Since the group of v-bit patterns in 

each state number Sis unique, the state nuµtber S.for the v-bit pattern can be 

, determined at step 179. At step 180, the v"'.bit code pattern is mapped into the 

corresponding q-bit data pattern. Based on the state number S determined in 

step 179, and the u-bit code word, the corresponding p-bit data pattern is 

20 recovered at step 1,81. At step 182, the p-bit and q-bit data patterns are 

combined to form them-bit data pattern 170. 

II I i 1. 
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Example 

In one example, encoder 150 and. decoder 168 are configured to 

implement a 16/17 rate RLL ~ode, where m=16, n=17, k=7 and i=S. An 

efficient way to configure the encoder and decoder is to let p=S, q=8, u=7 and 

5 v=10. In satisfying the 0 k" and 0 i" constraints, there are 87 of a possible 128 7-

bit code words available and 812 of a possible 1024 lO·bit code words available 

(i.e. Nu=87 and Nv=812). 

H 11 t'' is selected to equal three, for example, then Equation 8 is satisfied, 

as shown in Equation 11: 

10 2P = 28 = 256 S [Nu* t] = ( 87 * 3) = 261 

Also, Equation 9 is satisfied, as shown in Equation 12: 

(2q * t] = (28 * 3) =768 s Nv == 812 

Eq.11 

Eq.12 

With t = 3, there are three states, SO, Sl and S2. Since there are more 

than enough 10-bit code words, the 10-bit code words in each of the three 

15 states can be carefully chosen such that the state of any particular code word 

can be uniquely determined in step 179 of FIG. 6 by decoder 168 with as little 

num~ of bits as possible. This arrangement helps limit error propagation;· 

Table 1 shows a grouping of 10-bit code patterns into respective states 

according to one example, where 11Xn designates a bit location having a binary 

20 value of 111" or 110". 

TABLE 1 

STATE 10-BIT CODE PATIERNS 
so OlXXXXXXXX oooxxxxxxx 
S1 10XXXXXXXX 0011XXXXXX 
52 11XXXXXXXX 0010XXXXXX 

Ibis grouping allows the state of a 10-bit code word to be uniquely 

determined by the four most significant bits of the code word. As long ~s an 

25 error burst is seven bits or less, the error of the decoded data will be confined 

to two consecutive data words. An 8-bit error burst, which spans the last 
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seven bits of a 10-bit code word and the first bit of the next 7-bit code word, 

may ~ause three decoded W<:>i'ds to be cprrup~d. 

In one embodiment, encoder 150 generates the code words by using a 

state driven code table for mapping each data word pattern to a respective 

5 · code word. The state driven code table is generated by collecting all the 7-bit 

and 10-bit patterns that satisfy the chosen constraints of k=7 and i=S. Table 2 is 

a state diagram, which maps each 8-bit data word D[15:8] to a corresponding 

7-bit code word and next state value S0-52 in the example provided above. 

The data words are provided in the columns labeled "DATA", the 

10 corresponding code words are provided in the columns labeled "CW", and the 

corresponding next ~tates are provided in the col~ labeled 11NXS". The 8-

bit data words and the 7-bit code words are each represented by ·two 

hexadecimal values. 

TABLE2 '· 

·· ... ·· State Diagram of 7-bit codeword mapping for 16/17(0,7 /5) code [Min 

Hwt=2] :· 

Data cw NXS Data· cw NXS Data cw NXS Data cw ·NXS 

00 OE so 40 4E so 80. OF so co 4F so 
01 16 so 41 64 so 81 17 so Cl 65 so 
02 26 sO 42 52 so 82 27 so C2 53 so 
03 36 so 43 43 51 83 37 so C3 43 S2 

04 46 so 44 49 so 84 47 so C4 69 so 

05 56 so 45 48 so 85 57 so cs 68 so 
06 66 so 46 46 . 51 86 67 so C6 46 S2 

07 76 so 47 47 51 t!r1 77 so C7 47 S2 

08 oc so 48 2C so 88 4C so cs 6C so 

09 13 so 49 49 51 89 58 so C9 49 S2 

OA OD so 4A 2D so SA 40 so CA 60 so 
OB lA so 48 4B 51 88 SA so CB 48 52 

oc oc 51 4C 4C S1 SC oc 52 cc 4C 52 

OD OD 51 40 40 51 SD OD 52 CD 40 52 

OE OE 51 4E 4E 51 SE OE 52 CE 4E S2 

OF OF 51 4F 4F Sl SP OF 52 CF 4F S2 

i l I 



. ··-·-.. -.. ·-----------

WO 99/67784 PCT/US99/13126 

-15-

State Diagram of 7-bit code word mapping for 16/17(0,7 /5) code [Min 

Hwt=2] 

. Data cw NXS Data cw NXS Data cw NXS Data cw NXS '. 

10 1E so 50 SE so 90 lF so DO SF so 
11 24 so 51 . 14 so 91 25 so D1 75 so 
12 12 S1 52 .52 St 92 12 52 D2 52 52 

13 13 S1 53 53 S1 93 13 52 D3 53 52 

14 19 so 54 59 so 94 39 so D4 79 so 
15 18 so 55 ·SB so 95 38 so DS 7B so 
16 16 S1 56 56 S1 96 16 52 06 56 S2 

17 17 S1 57 51 Sl 97 17 52. 07 57 S2 

18 18 S1 58 58 S1 98 18 52. D8 58 52. 

19 19 51 59 59 S1 99 19 S2 D9 59 S2 

lA lA 51 SA SA Sl 9A lA 52. DA SA S2 

1B lB 51 SB SB S1 9B lB S2 DB SB S2 

lC lC Sl SC SC 51 9C 1C S2 DC SC S2 

10 lD S1 SD SD Sl 9D lD S2 DD SD S2 

lE tE S1 SE SE St 9E tE S2 DE SE S2 

tF tF S1 SF SF 51 9F tF S2 DP SF S2 

20 2E so 60 6E so AO 2F so EO 6F so 
21 34 so 61 6t St Al 3S so El 61 S2 

22 32 so 62 72 so A2 33 so E2 73 so 
~ 12 so .63 63 51 A3 13 so B3 63 S2 

24 24 51 64 64 S1 A4 24 S2 E4 64 S2 

25 25 St 65 65 51 AS 25 52 E5 65 s2 
26 26 S1 66 66 51 A6 26 S2 E6 66 52 

27 27 51 67 67 S1 A1 27 S2 E7 67 S2 

28 lC so 68 3C so A8 SC so E8 7C so 
29 38 so 69 69 51 A9 78 so E9 69. 52 

2A lD so 6A 30 so AA SD so EA 70 so 
28 3A so 6B 68 51 AB 7A so EB 68 S2 

2C 2C 51 6C 6C 51 AC 2C S2 EC 6C 52 

2D 2D 51 6D 6D Sl AD 2D 52 ED 6D S2 

2E 2E S1 6E 6E 51 AE 2E 52 EE 6E 52 

2F 2F Sl 6F 6F S1 AF 2F S2 EF 6F S2 

30 3E so 70 7E so BO 3F so FO 7F so 
31 31 St 71 71 S1 Bl 31 S2 fl 71 S2 

32 32 S1 72 72 S1 82 32 S2 F2 72 52 

33 33 Sl 73 73 51 83 33 S2 f3 73 52 

34 34 51 14 14 S1 84 34 52 F4 14 52 
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State Diagram· of 7-bit code word mapping for 16/17(0,7 /5) code [Min 

Hwt=2] . 

Data cw NXS ··nata cw NXS Data cw NXS Data cw, .NXS 

35 .35 S1 15 15 SI B5 35 S2 PS 15 S2 

36 36 S1 16. 76 S1 86 36 S2 F6 76 S2. 

37 37 51 11 11 S1 87 37 S2 P7 11 S2. 

38 38 51 78 78 S1 88 38 52 F8 78 S2. 

39 39 51 19 19 Sl 89 39 S2 F9 19 52 

3A 3A 51 7A 1A SI BA 3A S2 FA 7A 52 

38 38 51 78 7B 51 BB 38 S2 FB 7B 52 

3C 3C 51 7C 7C 51 BC 3C S2 FC 7C 52 

30 30 51. 1D 70 51 BO 30 S2 FD 7D 52 

3E 3E 51 7E 7E 51 BE 3E S2 FE 1E 52 

3F 3F S1 7F 7F 51 BF 3F S2 FF 1F 52 

Tables 3-5 are state diagrams which map each 8-bit data word 0(7:0] to 

a corresponding 10-bit code word for states SO, Sl and 52, respectively. For 

each data word 0[7:0], either Table 3, 4 or 5 is used, depending on the state 

5 number associated with 0(15:8) which is determined in Table 2. 

The 8-bit data words are listed in the left rolumn of Tables 3-5 with two 

hexadecimal digits; such as "'OX". The second digit "X" can have the 

hexadecimal values 0-F, which are listed along the top row of the tables. 

Therefore, an 8-bit data word "OB" would be mapped into a 10-bit code word 

10 "lOB", where the "1" in "10B" is translated into a two-bit binary value. And 

the "O" and "B" are each translated into four-bit binary values. The code 

words in each state S0-52 are unique. Therefore, when decoding the code 

words, the corresponding state can be determined by determining the table in 

which the code word resides. 

15 TABLE3 

State SO of 10-bit code words for 16117(0,7/5) code 
0 I 2 3 4 s 6 7 8 9 A B c D E 

ox I 06F 034 04C 03C 078 079 058 059 070 109 071 108 IOC lOD IOE 
IX 06E 03S 049 03D 07A 078 OSA OSB 118 119 llA 118 llC !ID llE 
2X 060 121 04D 123 124 125 126 127 072 129 073 128 12C 12D 12E 

II 

I 
F 

!OF 
llF 
12F 
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JX 130 131 132 133 134 13S 136 137 138 139 13A 138 13C 13D 13E 13F 
4X 068 036 04A 03E 07C 070 osc OSD 148 149 14A 14B 14C 14D 14E 14F 
sx 06A 037 048 03F 07E 07F OSE OSF ISi 159 15A lSB ISC lSD lSE lSF 
6X 069 161 162 163 164 165 166 . 167 168 169 16A 168 16C 16D 16E 16F 
7X ·110 171 172 173 174 17S 176 177 178 179 17A 178 17C 170 17E 17F 

·SX 067 181 04E 183 184 18S 186 187 074 189 015 188 18C 18D IBE ISF 
9X 190 191 192 193 194 195 196 197 198 199 19A 198 19C l9D 19E 19F 
AX 065 JAi 04F IA3. IA4 lAS 1A6 IA7 076 IA9 077 JAB lAC IAD IAE IAF 
BX IBO IBI 182 IBl IB4 !BS 186 187 188 IB9 IBA IDB IBC lBD IBE 18F 
ex 063 lCl 1C2 IC3 IC4 lCS lC6 JC7 JCS IC9 ICA ICB ICC lCD ICE ICF 
DX 100 IDl 102 100 104 lDS ID6 107 lDI 1D9 IDA IDB lDC IDD IDE IDF 
EX 061 lEl 1E2 IEl lE4 IES 1E6 1E7 IE8 IE9 JEA 1E8 lEC JED IEE lEF 
FX lFO I Fl 1F2 lF3 IF4 IFS 1F6 lf7 1F8 1F9 1FA lFB lFC lFD lFE lFF 

TABLE4 

State Sl of 10-bit code words for 16/17(0,7/S) code 
0 I 2 3 4 s 6 7 8 9 A B c D E F 

ox OEF OC4 !K,;C ODC OF& OF9 206 207 OFO ODO OFI ODI 20C 200 20E 20F 
IX OEE ocs 212 213 OFA OFB 216 217 218 219 21A 218 21C 21D 21E 21F 
2X OED OCI OCD ODD 224 22S 226 227 OF2 002 OF3 ODJ 22C 220 22E 22F 
3X 230 231 232 233 234 235 236 237 238 239 23A 23B 23C 230 .23E 23F 
4X OEB OC6 242 243 OFC OFD 246 247 248 249 .24A 248 24C 24D 24E 24F 
sx OEA OC7 252 253 OFE OFF 256 257 258 259 25A 2SB 2SC 25D 2SE 2SF 
6X OE9 261 26l 263 264 265 266 267 268 269 26A 268 26C 26D 26E 26F 
7X 270 271 272 273 274 27S 276 277 278 279 27A 278 27C 270 27E 27F 
BX OE7 OC2 OCE ODE 284 285 286 287 OF4 004 OFS ODS 28C 28D 2BE 28F 
9X 290 291 292 293 294 295 296 297 298 299 29A 298 29C 290 29E 29F 
AX OES OC3 OCF ODF 2A4 2AS 2A6 2A7 OF6 006 OF7 007 2AC 2AD 2AE 2AF 
BX 280 2BJ 2B2 2B3 284 2BS 2B6 287 2B8 2B9 2BA 2BB 2BC 280 2BE 2BF 
ex OE3 2Cl 2C2 2C3 2C4 2CS 2C6 2C7 2C8 2C9 2CA 2CB 2CC 2CD 2CE 2CF 
DX lDO m1 202 2D3 2D4 2DS 2D6 207 21>8 200 2DA lDB 2DC ~D 2DE 2DF 
EX OEl 2EI 2E2 2E3 2E4 2ES 2E6 2£1 2E8 2E9 2EA 2EB 2F.C 2ED 2EE · 2EF 
FX 2FO 2Fl. 2F2 2F3 2F4 2FS 2F6 2F7 2F8 2F9 2FA 2FB 2FC 2FO 2FE 

TABLES 

State 82of10-bit code words for 16/17(0,7/5) code 
0 I 2 3 4 s 6 7 8 9 A D c D E 

ox 09F OA4 OBC 303 088 089 306 307 080 309 OBI 308 30C 300 30E 
lX 09E OAS Jl2 313 OBA OBB 316 317 318 319 31A 318 31C 31D JIE 
2X 09D 321 OBD 323 324 J2S 326 327 082 J29 08J 328 J2C 32D 32E 
3X J30 3JI 332 J33 334 335 336 337 338 339 33A 338 33C 330 33E 
4X 098 OA6 342 343 OBC 08D 346 347 348 349 34A 348 34C 340 34E 
sx 09A OA7 3S2 353 08E OBF 356 357 3S8 359 3SA 358 35C · 3SD 3SE 
6X 099 361 362 363 364 365 366 367 368 369 36A 368 36C 36D 36E 
7X 370 371 372 J73 374 375 376 377 378 319 37A 37B 37C 370 37E 
8X 097 381 OBE 383 384 JBS 386 387 OB4 389 OBS 388 38C 380 38E 
9X 390 391 J92 393 394 395 396 397 398 399 39A 39B 39C 390 39E 
AX 095 JAi OBF 3A3 3A4 JAS 3A6 3A7 086 3A9 OB7 JAB 3AC 3AD JAE 
BX 380 3Bl 382 383 384 385 3B6 387 JBS 389 3BA 388 JBC 38D 38E 
ex 093 3CI 3Cl 3C3 ,3C4 JCS 3C6 3C7 3C8 30J 3CA 3CB 3CC 3CD 3CE 
DX 3DO 301 3D2 3D3 304 JDS 306 307 308 300 3DA JOB JDC 3DO 3DE 
EX 091 3El JE2 3EJ JE4 JES 3E6 3E7 3E8 3E9 3EA JEB 3EC JED JEE 
FX 3FO JFI 3F2 3f3 3F4 3F5 3F6 JF7 3F8 JF9 3FA 3FB 3FC 3FD JFE 

FIG. 6 is a block diagram illustrating encoder 150 for producing a 16/17 

rate code with a global run length constraint "k" of 7 and an interleave 

2FF 
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constraint ui" of 5. Encoder 150 is divided into two parts, part A and part B. 

Part A-; includes code tester (~) 202 and ~oder (A) 204, and part B includes 

code tester (B) 206 and encoder (B) 208. 

Encoder (A) 204 receives the eight most significant bits D[15:8] ofa 16-

5 bit input data word D[15:0] along input bus 220. These eight bits are denoted 

as A:!:o in encoder (A) 204, which is shorthand. for a string of eight bits:· 

A1A6AsA4A3AiA.1Ao. Of the eight bits received by encoder (A) 204, code tester 

(A) 202 receives the least significant 7 bits, denoted as WA6:0 in code tester {A) 

202, along bus 222. 

10 Code tester (A) 202 produces output TA 203 which is input to encoder 

(A) 204. Based on TA 203 and inputs A7-AJ, encoder (A) 204 produces a 7-bit 

code word Y6:0 on outputbus 210. Encoder (A) 204 also produces three state 

variables So, St and Si and two part B bits WBs and WB9. One of the state 

variables So, St or Si is active, depending on the next state associated with the 

. 15 7-bit code word Y 6:0, determined by Table 2 

PartB bitS WBs and WB9.are input to code tester (B) 206, along lines 216 

and 218, respectively. Code tester (B) 206 also receives the least significant 

eight bits 0(7:0) of the input data word along input data bus 224. These bits 

are denoted as input bits WB7:0 in code t~ster (B) 206. Based on inputs WB1:0, 

20 WBs and WB9, code tester (B) 206 produces an output TB 214 which is input to 

encoder (B) 208. 

In addition to receiving TB 214, encoder (B) 208 receives state variables 

So, St and Si along lines 228, 230 and 232, respectively, and the least significant 

eight bits 0(7:0] of the input data word along input bus 226. Within encoder 

25 (B) 208, the least significant eight bits of the input data word are denoted as 

B7:o. Based upon all of the input values, encoder (B) 208 produces ten output 

code bits Z9:o along.output bus 212. These bits are concatenated to bits Y6:0 to 

form a 17-bit code word output. 

! i I 
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Encoder 150 can be implemented in combinational logic. This 

com~inational logic can be ~escribed m the ta~les below using the following 

symbols: 
11 I " represents a bitwise OR; 

"&" represents a bitwise AND; 

"+" represents an arithmetic sum; 

""" represents XOR; and 

"!X" represents the inverse of X. 

In addition, in the following tables, the subscript numbering notation is 

10 replaced by a single script notation. Thus, So is represented as SO, 81 is 

represented as Bl and so forth. 

Code tester (A) 202 produces output TA 203 based upon inputs W Ao:0 

using the equations in Table 6: 

TABLE6 

15 7-bit codeword tester (A) BOOLEAN EQUATIONS 

20 

25 

30 

35 

Inputs: WA6,WAS,WA4,WA3,WA2.WA1,WAO (7bits} 
Output: TA 

UAO=WA6 f WAS I WA4 f WA3 
UAl = WA3 I WA2 I WAl I WAO 
UA2=WA6 I WM I WA2 
UA3 ... WAS I WA3 I WAl 
UA4=WA4 f WA2 l.WAO 

TA = UAO &: UAl &: UA2 &: UA3 &: UA4 

Encoder (A) 204 produces output 210 (Y6:0) using input bits A7:o 

and TA 203 and the Boolean equations shown in Table 7 below. 

TABLE7 

7-bit Encoder (A) BOOLEAN EQUEATIONS 

Input: A7,A6,AS,A4,A3,A2,A1,AO 
Input: TA 
Output: Y6,Y5,Y4,Y3,Y2, Yl,YO 
Output: 52,Sl,SO 
Output: WB9,WB8 

NAO .. !A3&!A2&!Al&!AO 

(8-bit Dataword) 
(From CT-A) 
(7-bit Codeword) 
(foENC-B) 
(foCT-B) 
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NAI =IA3&!A2&!AI& AO 
NA23 •!A3&!A2& Al 
NA4S =!A3& A2&!Al 

Ga= NAO 
Ga6= Ga& AfJ 
GaS= Ga& AS 
Ga4= Ga& A4 
Ga3• Ga 
Ga2= Ga 
Gal= Ga 
GaO= Ga& A7 

. Gb = !(A61ASIA4IA31NAO) 
Gb6= Gb&. A2 
GbS= Gb& Al 
GM- Gb& AO 
Gb2= Gb 
Obi= Ob 
GbO= Ob& A7 

Ge= !TA&A3 
Gc:6- Ge& A7 
GcS= Ge &{ A6 I( AS & AO)) 
GCIF Ge&( AS I AO) 
Gc3= Ge 
Gc2= Ge&!AO 
Gel= Ge&( Al& AO) 
GeO- Ge &{ Al & !AO) 

Gd= ITA&NA4S& !Gb 
Gd6= Gd& A6 
GdS= Gd& A7 
Gcl4- Gd & -A4 
Gd3= Gd 
Gdl= Gd& AO 
GdO= Gd 

Ge= !TA&NAJ & !Gb 
Ge6= Ge& A6 
GeS= Ge--
Ge4= Ge &( A6" !A4 ) 
Ge2= Ge -
GeO= Ge& A7 

Of= !TA&NA23&!Gb 
Gf6- Gf&. A6 
GfS= Gf &.( AS & !AO) 
Gf4- Gf 
Gfl= Gf 
GID= Gf& A7 

-20-

Y6 = (TA&.A6)1(!TA&( Ga61Gb61Gc61Gd61Ge61Gf6 )) 

YS = (TA&AS)l(ITA&( GaSIGbSIGeSIGdSIGeSIGfS)) 

Y4 '"'(TA&A4)l(!TA&( Ga41Gb41Gc41Gd41Ge41Gf4)) 
Y3 • (T A&A3)1(!T A&( Ga31Gc3IGd3 )) 
Y2 =(TA&A2)j(!TA&( Ga21Gb21Gc21Ge2)) 
YI =(TA&.Al)l(!TA&( GallGbllGellGdllGfl )) 

PCT/US99/13126 
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YO = (TA&:AO)l(ITA&( OaOJGbOIGd>IGclOjGeOIGftl)) 

52= A7&TA 
S1=!A7&TA 
SO=!TA 

WB9•521S1 
WB8=52150 

PCT/US99/13126 

10 Code tester (B) 206 produces output TB 214 using input bits WB1:0 of 

15 

20 

25 

the input data word, bits WBs and WB9 from encoder (A) 204 and the Boolean 

equations shown in Table 8. 

TABLES 
10-bit codeword tester (B) BOOLEAN EQATIONS 

Input: WB9,WB8,WB7,WB6,WBS,WB4,WB3,WB2,WB1,WBO (10 bits) 
Output: TB 

UBO = WB9 I WBS I WB7 I WB6 I WB5 
UBl • WB4 I WB3 I WB2 I WB1 I WBO 
UB2. .. WB9 I WB7 I WBS I WB3 
UB3 = WB8 I WB6 I WB4 I WB2 
UB4 = WB7 I WBS I WB3 I WB1 
UBS= WB6 I WB4 I WB2 I W80 

TB = UBO &: UB1 & UB2 & UB3 & UB4 &: UBS 

Encoder (B) 208 produces output bits 212 (Z9:0) using the least 

significant 8 bits of the input data word {B7:0), the three state variables So, Si 

30 and Si. TB 214 and the Boolean equations shown in Table 9. 

35 

40 

45 

TABLE9 

10-bit Encoder (B) BOOLEAN EQUEA TIONS 

Input: B7,B6,85,B4,B3,B2,B1,BO 
Input: 52,51,50 
Input: TB 
Output: Z9,"ZB;z:l ;z,6;z5;zAZ3;z:i;zJ.;ZJJ 

NAO =IB3&!Bl&:!BJ&IBO 
NAl =!B3&!B2&!Bl&BO 
NA2 =!83&!82& Bl&!BO 
NA3 =!B3&!B2& Bl& BO 

Ha=B3 
Ha7= Ha&(SllS2) 
Ha6= Ha & (SllSO) 
HaS= Ha&IBO 
Ha4= Ha 

(8-bit Dataword) 
(From ENC-A) 
(FromCT-B) 
(10-bit Codeword) 



5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

II 

W099/4i7784 

~Ha&B7 
Hal= Ha& BS 
HaO= Ha& Bl. 

Hb=!B3&B2 
Hb7= Hb&(SllS2) 
Hb6= Hb & (S llSO) 
HbS= Hb&IBI 
Hb4= Hb 
Hb3= Hb 
Hb2= Hb& 86 
Hbl= Hb& B4 
HbO= Hb& BO 

Hc=NAO· 
Hc7= He& (SJIS2) 
Hc6= He& (SllSO) 
Hc5= He & (SllSO) 
Hc4= He& S2 
Hc3= Hc&!B7 
Hc:2= He & .!B6 
Hel= He&!BS 
HcO= Hc&!B4 

Hd = NA2 I (Sl&NA3) 
Hd7= Hd & (SllS2) 
Hd6• Hd&(SllSO) 
Hd4= Hd& BO 
Hd3= Hd 
Hd2= Hd &( !B6 & fB4 ) 
Hdl= Hd&( 871 86) 
HdO= Hd&( BS I 84) 

He= NAI I (SO&NA3) 
He7= He & (SllS2) 
He6= He& SI 
HeS= He & (SOIS2) 
He4= He& SO . 
He3= Hc&BI 
He2 ... He &( !87 & !BS ) 
·Hel= He&( 871 86) 
HeO= He&{ BS I 84) 

Z9 = (TB&(S2jSJ)) 
Z8 = (TB&(S2jSO)) 

-22-

Z7 = (TB&:B7)1(!TB&( Ha7IHb71Hc71Hd'71He7)) 
Z6 = (m&B6)1(!TB&( Ha61Hb61Hc61Hd6)He6)) 
ZS = (TB&BS)l(!TB&( HaSIHbSIHcSIHeS )) 
Z4 = (TB&B4)1(lTB&( Ha41Hb4fHc41Hd41He4)) 
Z3 = (TB&B3)1(1TB&( Hb31Hc31Hd31He3 )) 
Z2 = (TB&B2)1(!TB&( Ha21Hb2!Hc21Hd21He2)) 
ZI = (TB&Bl)l(!TS&( Hall~bllHcllHdllHel)) 
ZO ... (TB&BO)l(!TB&:( HaOIHbOIHcOIHdOIHeO )) 

PCT/US99n3124i 

Figure 7 is a block diagram of decoder 168 for decoding the codewords 

produced by encoder 150, according to one embodiment of the present 

; ; I 
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invention. Decoder.168 includes a part A and a p~1tr~here part A includes 
. \ .:,_ ' 

code ~ter (A) 252 and deco~er (A) 254~ and part B includes code tester (B) 256 

and decoder (B) 258. 

The least significant 10 bits of each codeword (Z9:0) are input to part B 

5 of decoder 168 along input bus 260. Code tester (B) 256 receives the same 10 

code bits along input bus 262, but denotes the 10 bits as WB9:o. Code tester (B) 

256 uses these input bits to produce outupt TB 264 using hte Boolean 

equations provided in Table 8 above. Thus, code tester (B) 256 contains the 

samf' combinational logic as code tester (B) 206 of Figure 6. The code tester 

10 circuit 206 may be shared by encoder 150 and decoder 168. 

Output TB 264 is input to decoder (B) 258 along with the ten least 

significant bits of the codeword (Z9:o). Decoder (B) 258 uses these inputs to 

produce state outputs So, St and Si, along lines 266, 268 and 270, respectively, 

invalid codeword indicator FB on line 272, and the eight least significant bits 

15 (B1:0) of the recovered data word along output bus 274. Invalid codeword 

indicator FB is simply the inverse of TB 264. State variables So, Si and fu and · 

recovered data bits B1:0 are produced using the Boolean equations shown in · 

TablelO. 

TABLE10 

20 10-bit Decoder (DEC-B) BOOLEAN EQUATIONS 

25 

30 

35 

Input Z9 ;D,;L7,Z6Z5:zAZ3:Z:Z:Z.1,ZO 
Input TB 
Output: B7,B6,B5.B4,B3,B2,B1,BO 
Outpu.: 52,Sl,SO 
Output: FB 

Ha"" ( ((Z71Z6)&Z5)1( Z7&Z6) )&Z4&!Z3 
Hb = ( ((Z71Z6)&.zS)l(!Z7&Z6) )&Z4& Z3 
He= (Z6&ZS&!Z4) I (Z7&!Z6&!ZS&Z4) 
Hd = ( ((Z71Z6)&:!Z4)1( Z7&Z6) )&!ZS&Z3 

(10-bit Codeword} 
· (FromCT-B) 

(8-bit Dataword) 
(ToENC-B) 

(invalid Codeword indicator) 

He= (!Z6&ZS&Z2&(Z7"Z4)) I (Z7&Z6&!ZS&!Z4&!Z3) 

Ha7= Ha& Z2 
HaS= Ha& Zl 
Ha3= Ha 
Hal"' Ha& ZO 
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HaO- Ha&!ZS 

Hb6= Hb&.Zl 
Hb4= Hb& Zl 
Hb2= Hb. 
Hbl= Hb&IZS 
HbCF Hb & zo 
Hc7• Hc4tlZ3 
Hc6=Hc&1i2 
HcS= He& !Zl 
Hj:'I;= He & IZo 

Hd7 ... Hd &(Z2 & Zl) 
Hd6= Hd &( Zl & IZ2) 
HdS= Hd &( Z2 &. ZO) 
Hd4= Hd &.( ZO &. !Z2 ) 
Hdl= Hd · .. 
HdO= .Hd&Z4 · 

He7 .. He&( ZI & IZ2) 
Hc6= .He •c Z2 & z1 ) 
Hc5= He &( ZO & IZ2 ) 
He4= He&(Z2& ZO) 
Hel= He&Z3 
Hc:O= He · 

ZZ=!Z9&!Z8 
52 = ( Z9 & ZB) I (ZZ&Z7&!Z6) 
51 = ( Z9 & lZB) I (LZ&Z7& Z6) 
so= (!Z9 & ZB) I (ZZ& !Z7) 

-24-

87 = (IZZ&Z7) I (ZZ&:(Ha71Hc71Hd71He7)} 
Bo = (!ZZ&Z(i) I (ZZ&:(Hbl51Hc61Hd61He6)) 
BS = (!ZZ&.z5)f (ZZ&(HaSIHcSIHdSJHeS)) 
B4 ... (!ZZ&.Z4) I (ZZ&:(Hb41Hc41Hd4IHe4)} 

83 = (!ZZ&Z3) I (ZZ&(Ha3)) 
82 = (!.zz&.Z2) I (ZZ&(Hb2)) 
Bl = (!ZZ&:Zl) I (ZZ&(HallHbllHdllHel}) 
BO = (!zz&ZO) I (ZZ&:(HaO!HbOJHdOIHeO)) 

PB= (HalHbjHclHd!He) 
FB=(!TB) I (ZZ&!PB} 

PCTIUS99/13126 

Code tester (A) 252 receives the seven most significant bits of the 

codeword, which are represented as WA6:0 in code tester (A) 252, along input 

bus 276. Code tester (A) 252 uses the Boolean equations shown in Table 6 

above together with the input bits to produce output tA 278,_which is 

50 provided to decoder (A) 254. Thus, code tester (A) 252 contains the same 

combinational logic as code tester (A) 202 of FIG. 6. 

II ! : I 
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Decoder (A) 254 also receives the most sigrufi~t seven bits (Y6:0) of the 

code~ord along input bus ~O and state varial?les So, Si and Si from decoder 

(B) 258 along lines 266, 268, and 270, respectively. Decoder (A) 254 uses these 

input values to produce the eight most significant bits (A1:0) of the recovered 

5 data word and an invalid codeword indicator FA along output bus 282 and 

line 284, respectively. Invalid codeword indicator FA is simply the inverse of 

TA 278 from code tester (A} 252. Recovered data bits A1:0 are determined 

using the Boolean equations shown in Table 11. 

10 

15 

20 

25 

30 

35 

40 

45 

TABLEll 

7-bit Decoder (A) BOOLEAN BQUATIONS 

lnput: Y6,YS,Y4,Y3,Y2,Yl,YO 
Input: TA 

(7-bit Codeword) 

lnput: 52,Sl,SO 
Output: A7,A6,AS,A4,A3,A2,A1,AO 
Output FA 

Ga= Y3&. Y2&. YJ 
Ob =!YJ& Y2& YI 
Ge= Y3&( (Y2&1Yl)l(!Y2&!YO) ) 
Gd= Y3&!Y2& YO 
Ge=!Y3& Y2&!YI 
Gf•!Y3&!Y2& Yt&Y4 

Ga7= Ga& YO 
Ga6= Ga&. Y6 
GaS= Ga& YS 
Ga4= Ga& Y4 

Gb7= Gb& YO 
Gb2= Gb& Y6 
Gbl= Gb& Y5 
GbO= Gb& Y4 

Gt!'/= Ge & Y6 
Gc6- Ge&( YS& Y2) 
GcS= Ge&( Y4 &( YS I Y2)) 
Gel= Ge 
Gel= Ge&( Yl I YO) 
GcO= Gc&!Y2 

Gd7= Gd& YS 
Gd6= Gd& Y6 
Gd4= Gd& Y4 
Gd2= Gd 
GdO= Gd& YI 

Ge7= Ge& YO 

(From CT-A} 
(From DEC·B) 
(8-bit Dataword) 
(invalid codeword mdica.tor) 
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Gc6- Ge• Y6 
GeS= Ge&(.' Y4 & !Y6) 
Ge4= Ge &( Y6 " !Y 4 ) 
GeO= Ge : , 

Gf7= Gf& Y() 
Gf6= Gf& Y6 
Gts= Gf &( :y5 I !Y6) 
Gfl= Gf ', , 
GID= Gf &( !Y,~ & !YS) 

Sl2=81I82 

-26-

A1, • 82 I ($0&(Ga7fGb7lGc7IGd7IGe71Gf7)) 
A6 = {Sl2&Y6) I (SO&(Ga61Gc:61Gd61Gc61Gf6)) 
AS = {Sl2&YS) I (So&(GaSIGcSIGeSIGf5)) 
A4 = (Sl2&Y4) I (SO&(Ga41Gd41Ge4)) 
A3 = (Sl2&Y3) I (SO&(Gc3)) 
A2 = (812&Yl)I (SO&(Gb2IGd2)) ', 
Al = (812&YI) I (SO&(GbllGcllGfl)) 
AO .. (S12&YO) I (SO&(GbOIGcOIGdOIGeOIGID)) 
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In summary, one aspect of the present invention provides a method of 

encoding successive data wards 152 into successive code words 153 for 

transmission through a channel 160 is provided. Each successive data word 

152 is divided into first and second portions A1-JJ and S.,:O. The first portion A1-A> 

, 30 , , of each successive data word 152 is mapped into a corresponding first code 

pattern Y 6:0 and a corresponding state variable So-fu according to a selected · 

code. The second portion B1:0 of each successive data word 152 is mapped into 

a corresponding second code pattern Z9:o that is associated with the state 

variable So-Si, according to the selected code. The first and second code 

35 patterns Y 6:0 and L:o are combined to form each of the successive code words 

153. The successive code words 153 are concatenated to form an encoded bit 

stream having a plurality of bit positions. A run length constraint "k" is 

imposed on the selected code such that the encoded bit stream has a 

maximum possible run of seven consecutive same binary symbols in adjacent 

40 ones of the plurality of bit positions. An interleave constraint "i" is imposed 

II 
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on the selected cod~ SU.ch that the encoded bit stre~ltas a maximum possible 
•: .. ·. 

run o~ five consecutive~ binary SYIJlbols i~ every other one of the 

plurality of bit positions. 

Another aspect of the present invention relates to an encoder 150 for 

5 encoding successive data words 152 into respective, successive code words 

153 which are concatenated to form an encoded bit stream. The encoder 150 

includes an m-bit data word input (A1:0, B7:0) for receiving the successive data 

words 152, an n-bit code word output (Y6:0, Z9:0) and first and second encoders 

204 and 208. The first encoder 204 includes a p-bit data word input A1:0 

10 coupled to them-bit data word input, au-bit code word output Y6:0 coupled to 

then-bit code word output, and a state variable outp~t So-52. The second 

encoder 208 includes a q-bit data word input B:7:0 coupled to the m-bit data 

word input, av-bit code word output Z9:o coupled to then-bit code word 

output, and a state variable input coupled to the state variable output, where 

15 m, n, p, q, u and v are integer variables, p+q=m, u+v=n, and u<p. The first , 

and second encoders 204 and 208 implement a code which limits a first 

number of consecutive saine binary symbols appearing in a sequence of 

adjacent bit positions within the encoded bit stream 153 on then-bit code · 

word output to a maximum of seven and limits a second number of 

20 consecutive same binary symbols appearing in subsequences of even and odd 

indexed bit positions in the encoded bit stream 153 on the n-bit code word 

output to a maximum of five. 

Another aspect of the present invention relates to a disc drive storage 

channel 148 which includes a transducer 110 and a write channel 150, 155 and 

25 156. The transducer 110 is capable of communicating with a data storage disc 

106. The write channel 150, 155 and 156 is coupled to the transducer 110 for 

encoding successive data words 152 into successive code words 153 accord:ing 

to a selected code to form an encoded bit stream 154, which is then precoded 
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and applied the transducer 110asachannelinput158. The selected code 

constrains the successive code words 1-?3 ~that there is a maximum 

possible run of seven consecutive same binary symbols in adjacent bit 

positions in the encoded bit streap't and a maximum .possible run of five 

5 consecutive same. binary symbols in even indexed bit positions and odd 

indexed bit positions in the encoded bit stream 154 .. 

It is to be Ull.derstood µiat even though numerous characteristics and 

advantages of various .embodiments of the present invention have been set 

forth in the foregoing description, together :with det~ of the structure and 

10 function of various embodiments o( the invention, this disclosure is 

illustrative only, and changes may be made in detail,.~~pecially in matters of 

structure and .arrangement of parts within the principles of the present. 

invention to the full extent indicated by the broad general meaning of the 

terms in which the appended claims are expre$sed; For example, the 

15 particular elements may vary depending.on the particular application for the 

coding method and apparatq.s while maintaining substantially the same 

IUil.ctionality without departing from the .scope and· spirit of the present 

invention. In addition, although the preferred embodiment described herein is 

directed to a coding system for a disc drive, it will be appreciated by those 

20 skilled in the art that the tea~gs of the present invention can be applied to 

other systems, like satellite communications or cellular. phone systems, 

without departing from.the scope and spirit of the present invention. Various 

other codes may also be used, more than one encoding or decoding table may 

be linked together, additional or different state numbers may be used, the data 

25 . provided to the encoders or decoders may be partitioned or may overlap as 

desired, etc. 

II ! \.I 
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.WHAT IS CLAIMBDJS: 
I 1111111111111 11111 11111 II 1111 

* .. :~ · L M S * 
,;:. 

1. A method of encodin~ successiv~ data ~ords into successive code 

words for transmission through a channel, the method comprising 

steps of: 

(a) dividing each successive data word into first and second portions; 

(b) mapping the first portion of each successive data word into a 

corresponding first code pattern and a corresponding state 

variable according to a selected code; 

(c) mapping a second portion of each successive data word into a 

corresponding second code pattern that is associated with the 

state variable according to the selected ~de; 

(d) combining the first and second code patterns to form each of the 

successive code words; 

(e) concatenating the successive code words to form an encoded bit 

stream having a plurality of bit positions; and 

(f) imposing a run length constraint on the selected code such that the 

encoded bit stream has a maximum possible run of seven 

consecutive same binary symbols in adjacent ones of the 

plurality of bit positions and an interleave constraint on the 

selected code such that the encoded bit stream has a maximum 

possible run of five consecutive same binary symbols in every 

other one of the plurality of bit positions. 

2. The method of claim 1 wherein: 

the successive data words each include m bits, where mis an integer; 

the successive code words each include n bits, where n is an integer and 

n=m+l; 

iirmriinm1mui 
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the dividing step (a) comprises dividing each successive data word into 

a correspon~ first, p-Qit portion and a second, q-bit portion, 

where p and q are integer variables;· · 

the mapping step (b) comprises mapping the first, p-bit portion into a 

first, u-bit code pattern, where u is an integer variable and u<p; 

and 

the mapping step (c) comprises mapp~g the second, q-bit portion into 

a second, .v-bit code pattern that is associated with the state 

variable. 

3. The method of claim 2whereinm=16, n = 17, p = 8, q = 8, u=7 and 

v=lO. 

. 4. The method of claim 2 and further comprising steps: 

(g) defining a plurality of v-bit code patterns and dividing the plurality 

of v-bit code patterns into a plurality of sets; 

(h) a8sociating each of the plurality of sets with one of a plurality of 

state values, wherein the corresponding state variable in the 

mapping step (b) has one ofthe plurality of state values and 

wherein the second, q-bit portion is mapped into one of the 

plurality of v-bit code patterns in the set that is associated with 

the state value ofstep (b). 

5. The method of claim 4 wherein v=lO and wherein: 

the defining step (g) comprises dividing the plurality of v-bit code 

patterns into first, second and third sets; and 

the associating step (h) comprises associating the first, second and third 

sets with first, second and third state values, respectively. 

6. The method of claim 2 wherein the method of encoding is part of a 

method of passing data through a channel, which further comprises: 

(g) dividing the encoded bit stream into the successive code words; 
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(h) dividing each of the successive code words from step (g) into the 

first and seco~d eode pa~ems; . 

(i) identifying the corresponding state variable from the first code 

pattern; 

G) mapping the first code pattern into the first portion of the successive 

da:taword; 

(k) mapping the second code pattern into the second portion of the 

successive data word based on the corresponding state variable 

identified in step {i); and 

(I) combining the first and second portions of the successive data word. 

7. An encoder for encoding successive data word~ into respective, 

successive code words which are concatenated to form an encoded bit 

stream, the encoder comprising: 

an m-bit data word input for receiving the successive data words; 

an n-bit code word output; 

a first encoder comprising a p-bit data word input coupled to them-bit 

data word input, au-bit code word output coupled to the n-bit 

code word output, and a state variable output; 

a second encoder comprising a q-bit data word input coupled to them­

bit data word input, a v-bit code word output coupled to then­

bit code word output, and a state variable input coupled to the 

state variable output, where m, n,. p, q, u and v are integer 

variables, p+q=m, u+v=n, and u<p; an.d 
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a code implemented by the first and second encoders which limits a 

first number o_f consecutiye same binary symbols appearing in a 

sequence of adjacent bit positions within the encoded bit stream 

on then-bit code word output to a maxim.um of seven and limits 

a second number of consecutive same binary symbols appearing 

in subsequences of even and odd indexed bit positions in the 

encoded bit stream on then-bit code word output to a maximum 

of five. 

8. The encoder of claim 7 wherein m = 16, n = 17, p = 8, q = 8, u=7 and 

v=lO. 

9. The encoder of claim 7 wherein v=lO and the .a;>de-defines first, second 

and third sets of unique v-bit code patterns, and wherein the first, 

second and third sets are each associated with a first state value, a 

second state value and a third state value. 

10. The encoder of claim 9 wherein: 

the first encoder comprises means for receiving a p-bit.portion of each 

successive data word on the p-bit data word input and mapping 

the p-bit portion into a corresponding u-bit code pattern on the 

u-bit code word output and into· a corresponding one of the first, 

s~ond and.third state values on the state variable output; and 

the second encoder comprises meanS for receiving a q-bit portion of 

each successive data word on the q-bit data word input and 

mapping the q-bit portion into a corresponding one of the v-bit 

code patterns on the v-bit code word output, wherein the 

corresponding v-bit code pattern is in the set that is associated 

with the state value on the state variable output. 

11. The encoder of claim 1 wherein the encoder is part of a data channel, 

which also includes a decoder comprising: 

: ; I ' i !· : 
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an n-bit code word input for receiving successive code words; 

an ril-bit data word o~tput; 

a first decoder comprising av-bit code word input coupled to then-bit 

code word input, a q-bit data word output coupled to them-bit 

data word output, and a state variable output; 

a second decoder comprising a u-bit code word input coupled to the n­

bit code word input, a p-bit data word output coupled to them­

bit data word output, and a state variable input coupled to the 

state variable output, where m, n, p, q, u and v are integer 

variables, p+q=m, u+v=n, and u<p; and 

wherein the first and second decoders are adaP.ted to implement the 

code. 

12. A disc drive storage channel comprising: 

a transducer capable of communicating with a data storage disc; and 

write channel means coupled to the transducer for encoding successive 

data words into successive code words according to a selected 

code to form an encoded bit stream, which is then precoded and 

applied the transducer as a channel input, wherein the selected 

code constrains the successive code words such that there is a 

maximum possible run of seven consecutive same binary 

symbols in adjacent bit positions in the encoded bit stream and a 

maximum possible run of five consecutive same binary symbols 

in even indexed bit positions and odd indexed bit positions in 

the encoded bit stream. 

13. The disc drive storage channel of claim 12 wherein: 

the successive data words each comprise 16 bits; 

the successive code words each comprise 17 bits; 

the write channel means maps a first, 8-bit portion of each successive 
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16-bit data word into a first, 7-bit code pattern and a 

corresponding_state value. accor4i1lg to the selected code; 

the write channel means maps a second, 8-bit portion of each successive 
r 

16-bit data word into a second, 10-bit code pattern as a function 

of the corresponding state value, according to the selected code; 

and 

the write channel means concatenates the first, 7-bit code pattern to the 

second, 10-bit code pattern to form each successive code word. 

14. The disc drive storage channel.of claim 12 and further comprising: 

decoding means coupled to the transducer for decoding the successive 

code words received from the transduCE!! into the successive 

data words according to the selected code. 

' : I i f .. 


