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MAXI MUM TRANSI TI ON RUN LENGTH CODE . - 5 . -

BACKGROUND OF THE | NVENTI ON ' ‘The preseint invention relates to’
~digital conmunications systens and, nore’ . particularly to an encodi ng

and decoding 'systemin a disc drive. 1 In the field of digital
communi~cation systens, digital information"Ts conveyed - froma _
transmtter to a receiver -through a channel. "Channel” is a generalized -
term 10 that can include many different nediuns. In data storage devi ces,

such as nmagnetic -lfiiﬁﬁlﬂﬁl\’fﬁ:ﬂ'bfﬂ?l Na@pﬁl ' st orage nedi.um
and the digital information 1S ' t,ra?lsm - e%Eggirt*ggﬁ)s]?%rage medi um and

stored.for sone period of time before being - recovered and delivered- -
to the receiver. A typical magnetic disc drive includes one or

more rigid discs nounted for 15 ‘rotation on a hub or spindle. Each disc’
has an associated data head formed.of a -~ - hydrodynanmic bearing and a -
transducer, for comruni cati ”QAV&I& GENPHOFAETES ' ON di sc. An

el ect roméchani cal actuat or nDVE E-data nead raor arty over the di sc
surface f or The pedseatiiventicl Rldtestd dipitalcongauhieatitnssysrutemddiopst | y
over a desired track on the disc surface for _track follow ng

oper at i ons. . particvlady o ar encoding audhdecoding systeam inadiscdEiveo = pbased on

commands recei ved,f [0 h@st .system.t etrieve inrfqr ' '.fromthe'd"scs_-'
and to-store inf o%ﬁ%ﬁdé’ﬁﬁfﬁ@ﬁ?@?&"&a&%ﬂ_ sygtem_s__, &g}%ﬂ@%ﬁ?ﬂ 13 goqveye&

typical |y stgbfih irneRiNeP R 4 tdeeiVal Murblight & Shétthel NSCRHn%e1"SH kigdfialized term The
direction of current through the transducer is controlled to encode

magnet i L0 | uthat can includeanary! different mediums. alredata stomgedleyicen suchias nimgnetic

oS 92 k8 e B Ao S Bt nrmaions

repr esent ed 0B, ' ' | farR@H i ' ext
Rinstniffed b6 fieSstdrabd nfgla%?xti gﬁ& stor&I T ¥ ndd! ﬁeriéﬁ%fttirﬂé‘béﬁféagfn% .

in the data track, and-a ( zero 1S represented by a f-a
magnet i ¢ f | urecoeered and deliveredixethe receivérit position to the next. VWO
98/ 44636 - ' ' ) L ' '

' PCT/ US98/ 06321 - A'typical maghe'tic disc drive inc_:ludes one or more rigid discs mounted for
N retrigyi ngeglfiod 4 8b bR Spilife Ed-A%iY HaenGRAR iRkl BhtaHeAl Folnted S
- hydrodynamic bearing and a. transducer, for communicaﬁng with the surface of the |
dis_c. An electromechanical é.dtuator moves the data head fadiall_y over f_'_he disc surface
: for track seek operations and holds the transducer direétly over a desired track on the
~disc sufface for track foliowing operations. A drive coh&oller controls the disc drive
20  based on commands received froma host system to retrieve information from the discs
and to-store information on the discs. . | , _ L | .
Information is typically stored in concentric data tracks on the _disc'smface_.
The direction of current through the .trax_l_s._ducer is con’;ro_lled to encode m_agnét_ic flux
. reversals on the surface of the disc within the selected data track. In one type of
25  coding, known as non-return-to-zero-inverse (NRZI) coding, a digital "1" 1s 3 )
fepresentéd bya magneticl flux reversal from one bit .posifti__o_n to the next in the giatg- 5
| track, _anZi a 'digitallze_ré is rep_r_esén_ted__by a lack of a magnetic flux rev_efsai from one

bit position to the next.. B
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" el'ectromechwoiogalszsct uat or so that the data head flies above rEEUSs#icszd
data track, senses the flux reversals stored in the data track, and
generates a read signal based on- . those flux reversals. The read signal
is typically conditioned and then decoded by the 5 drive controller to
recover the data represented by the flux reversals. : , All _
channel s, ‘i'ncl udi ng disc drive storage channels, introduce noise into the
signals they convey. To detect and soneti-Bes to correct signal errors
caused by -this channel noise, a |arge nunber of coding techni ques have

been devel oped. These codi ng techni ques convert data words formed of a
number of data bilngetrievingodattefronyttie diso, thedrivecontrollercontiols e code bits.

Additional bits in {he gode words mt the, .. detection _and soneti nes
the correct j%gFtom E‘?’B W#%éoﬁéﬁé?néa?beﬂ_% qbpgﬁﬁ}%ctesxre&ﬁa el .

The ratio of . : ' adD ki i as.
The 2" O coehits i HRE feRlealhhofl i o hed B8 AR Fenletcl At Badpfal tust BN
correct err ghése fiwereverssisy The tead sigipl s typivallyp esnditisned hrd thenalecodesd by the

decreases because a | ower code rate neans a gr eatg;ﬂ‘ unber of _
addi ti ondl Hirive controller tegerovgn the datasppresented hyihe tf?‘fﬁﬁ%ﬂ?s-bit added by the

encoder increases he time.and..epas . , 2135 itk Sel .t hrough
the channel Aﬁ‘ﬁﬁé‘”ﬁ%‘@?ﬁ‘ﬂ??@%ﬁ&%ﬁ%@%ﬁ% gy ggg%lé%%?gﬁééél% t he
code, the cogghaldthey conveys Todededd@ndsdinbtihesito édtrect signal errorPepesedibyahisn t he
detection schene, the coge i-nposes certain constraints on _ t he code
wor d pat t er rehafinel neisepplasge humbertifeoding techniques haye been deyelapede dlhese t he

LS o Bt o B RO AR B Sl ®
pul ses. p%ﬁﬁg& §g§§&nba0&&ﬁl=uts.i_ Addftfshal bits in the co@é worliepdthiacgeand -

frequency of t timng clock to the phase and frequency of 25 the .
read signal demdtippangsbmetimed thesctsrection bfierrotsdn ehe sigpale pergived framgthar |y, a
code can ' .ba used that limts the nunber of consecutive zeros to no
greater tharf ximum  nunber "k". This kind of code is known as a
run-length-limt Suib tkbite to the nf e bi Wh! he
val ue of "k", th(eeﬂil’tl)éefétdeo)r‘)ftqﬁéeI per l}(.)brﬁnlaa%éélgtsotfo?ﬁe .PLL?bﬁédHeblﬂlv%kgng%é

PCT/ US98/ 06 3sdlie rate of the code. In general, the ability to detect and correct errors in a-rgceived
However, the smaller the %al ue of nor. e. qi fficut the code betgorres.

"k", th
to I|5rrpl %m«lﬁr}creases as the code mgte decsgase FeAAFS 8 PV Godefate fafARs 2 grater
consecutive gnoS.. aﬁ&iﬁ%ﬂﬁﬂﬂmﬁqn\fﬁ’é Hdelord, HowdvBr! edch@deiiional Bit 8dded by the.

i nter-synbol T nterterence, i'ch occurs when consecutive 5 transitions in

t he transmi témddad igorbsdsnhetimenadehédgymeededibltemsnuthis signdbthrough theown
as maxi mumtransitign run (MIR) codes wi,ith an "L" constraint, ere IS
~ the e hRaRe n S togpinimisdbe tmpand caraynesAsd 1 Seidhe F?fiem& %%ié‘ﬁﬁ*&
si gnal .- For hould 6 AERHSred © avoid three or nore consecutive transitions,
codes with an constraint ‘L=2 can be desi gned. Al t hough MIR codes
reduce ‘i2g er - symbDlepéntigy b ey detectioRavheiie, the todenimtposas tartaje constiabuts oh
‘avai |l abl e code words making it difficult and sometimes, i gp(%stﬁi.bl.e to.
i npl ement  Mrikecede woxd patterny Far exagpledae disg ddve, the rotational speed of the spindle

motor that rotates the magnetic media varies over time. This results in non-uniform

time ir_itervals between read 51gna1 voltage pulseé.- A phase locked loop (PLL) is used
_ - to lock the phase and frequency of the read timing clock to the phase and frequency of -
25 the -read signal voltage pﬁlses. To ensure that the PLL_is updated regularly, a code can
" beused that limits the number of consecutive ze0s to 10 greater than a maximum -
" number "k". This kind of code is known as a run-length-limited (RLL) code with a g
" constraint. ‘The smaller the value of "k, the better the performance of the PLL. .~



" ‘co-rotation

‘The presentwiopsdned6éon addr esses..these and ot her probl ens, andPETUSHHGSEher ~ - -

advant ages' over the prior art. . . SUWARY OF THE

| NVENTI ON 15 One aspect of’ the present ‘i nvention includes an
encoder and. nethod of encodi ng whi ch encode successive data words into’
~successi.ve code words having - alternating code word | engths. Each code
word has a plurality of bit locations. "Afirst maxi mum transiti on run
constraint is inmposed on a first set of t4%e bit |ocations. Each _ " bhit

| ocation i.n the first set is spaced S bit |ocations apart fromone another,
where Sis 20 an integer greater than one. A second maxjnmumtransition run
constraint, WHowenes, the smallegthervalusnf "kii:the mase diffiult thscaderhecemeste i on run
constr ai nt, LS osed on a second set - of the bit locations. The
second set CHHBHTTE each of the bit locations that are not irn  the '
first set. The al tmeeaaéﬁﬁ%ﬁgaqummédmafc&mécﬁmmsqﬁaafen&@é@vﬁéwed
such that correspondi hg bit locationhs in successive code words have
t he sane naxiimitthe sffects aﬁmten-symhull interferencesiwhich occurs when conseoutive as pect -

2 codo ot d SERSRAARIRIRG REUR SERHREONE VR 42 ADEh Sueadss sk
Maxi mum trangs Lo dH rafGBoh it IRy codes with Xip‘ﬁ'séé}ﬂsﬁ%ﬁlt, where L is the |
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BRI EF DESCR! Rix@hinGfulilier DROOMNsbEfive transitions allowéd [ the chanmel sigmal. vI-‘mW of a .-
di sc drive in which the, encoder and decoder of  the Jresent invention
can be used. example, to avoid thygeor mom§oasq§u6&tquﬁesawgb%wamfe§sﬂmnt

FG 3 o antorianplarahel Hislolh MR SAEQHRe e SRR inEOticEe B8

numberin goan @lm@ﬂ laﬁg’é‘ﬁﬁﬁbércﬁf avaibdblacdde WoRls y [TRkfficait &H&oﬁ{eﬁ%ﬁet
I nventi.on. FIG 4 is a block diagramof an encoder according
to one enbodmpmsxhhtqmnpimentmgs@mmmm hcoderatess. = FIG 5 is a

et o ©" o BROE PSRl SER LRI, Mot g 07 S

stream show Bﬂvéd@&eQ@d&the noréﬁ?rd l ength and MIR constraint vari abI es
according to one enbodinen? t he cresent 15 . |nvent|on '
DETAI LED DESCRI PTI O\I OF THE. ‘L"ALL‘ 2, JDU/ENTY FIG 1is

apl an vi of a di drive 0 | n | cht he

present ﬁ%lvent i on spect of “UFP%%“'PGB’%%M'? oéﬁﬁaﬂ‘g&qﬁ%d%t h a
base pl ate 1Qgcoding whﬁ:ﬁténeod@ﬁce&gﬁe dl@ﬂwéﬁ@‘iﬂtb%ﬁéce@ﬁv& RBd& Woeds Hlvangr €
removed for clart ty) Disc drive further includes a disc pack 106,

whi ch i s nounitentatimg codepivord lengths. oEac@mde word has & plunglity Of bit loaationso e\ st
i nclude a plurali uél of 1 ndividual discs whi h ar

RS R pastra 3 PR Sn A STSEoah AL B it lasgtipS Rt ng

bit location in the first set is spaced S bit locations apart from one another, where S is

112

20 integer greater than one. A second ma_icimu‘m transition run constraint, w_hich'is
- different than the first maximum transition run constraint, is imposed on a second set
of the bit lbcati_ons. The second set cbm'_prises- each of the bit locations that are not in
the first set. The alteniating code word Iengths and the value of S are defined such that ..
corresponding bit locaﬁons in succeésiv_e code words have the same maximum
25 - transition run constraint. o |
Ancther aspect of the present mventxon xnciudes 2 decoder anda method of
decodmg a code word stream having altematmg code Word lenoths and the above o

‘maximum transition run constraints. . 7




whi ch carri WO WBHd636r nore read and wite transducers for conmeci/osdsiosseinvi th - .
the disc surface. Each head 112 is supported by a suspension 118 i
which is in turn supported 25 by a track accessing arm 120 of an actuator
assenbly 122. Actuat or assenbly 122 is rotated about a shaft
126 by a voice coil notor 124, which is controlled by servo control _
circuitry within internal circuit 128. Head 112 travels in an arcuate
path 130 between a disc inner dianmeter 13% and a disc outer dianmeter
134: During wite operations, actuator assenbly 122 positions head 112 over.

WO 98/ 44636 - | |
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the desired data o Lte circul.try-wi.thi,n.pternal cirtqguit 8 | 3
encodes the data Ff‘gé fs aqlﬁ%?’o‘?@?%‘#b"?f}&l&% &1E éaﬁé‘ﬁﬂ‘éo‘{ggﬂ%é’énds o
the code wor fifesédt iiv@tibRcan Bé ugedserial -~ analog wite signal to the
write transducer on head 112 whi ch encodes magnetic fl ux "~ reversals

‘wi thin-a magnet i c FIGy2is ablotkdiagtasofa gehemtizedkomimynicatich systenein which the
read 5 transducer, in head 112 senses the magnetic flux reversals and
generates a g’é‘?"%ﬁﬁ“@réﬂ% rcanbeuseday signal . The anal og read signal is

converted into a Fﬁ'.'?.'ﬂs.aﬁ' hgﬁgr}%}wm‘g‘ﬁ% nghf%m%%ﬁfg&gto let ept_or

and decoder circuitry within internal® circul

recovered dahamberingdnd naming convention #se@with éife entddakntdifabe presait a .
generalized gconmuyni cati on system 148 10 according to one enbodi nent of
the present I¥6@#8%-0on, which can be forned within di sc drive 100, for
exanpl e. Comuni Cgfch O . i pcl udes, an encoder 150 . which.
recei ves successi %‘3’3‘;&5?@%5@&4@‘? ora{%h cBFedst A gi%‘&%“e%@%“&&f&%r ds

into 10 spesan dnveatiopde words 153. Each data word can incl ude any nunber'_

~—

~of synmbols. In a . binary system for exanple, each synbol represents
one | ogical data BlIG.5 iss tieckdiagramef aglecodepptdording tmepe embodiment dfthe wor d
l ength is ei ent?%rg% .@s described in nore detail - bel ow, successive .
data words € e BHO%nt 0 successive code words havi ng - al ternating

code word | engt hsFIG.16 1828 ofgHRRaiioRd) layoit GELSRe ord %ﬁ@mﬁ@ﬁ@@i&e code

al ternate.between eight bits and ten"bits i'-n | ength. o
Par al | el -t o-werd lgngthand MTR cons@int wetablesaccomding toceesmbedimeiet ofthelpreddit, 20
convertslseacﬁrgngoe word into a serial representation and concatenates the
seri al Bsent at i ons to produce a serial streamof the code word

bits 154. The enCDMEDDESQMN@FmPREFBMEﬂ@B%m- gver al
constraints on the serial code wor _ Stream as dlLScus her
bel ow, Transni t t.eFIG.driarplin viewofddisc5ive 160 & whichithe coding scimeid of the ode .
word stream 154 and condi ti,ons thg, seguet .S hat it, is qptjm zed for the
25 type of WS {HYENGULEANGS Yse oﬁ@@ﬂ@%&&ﬁg‘?&eﬁ@ Iﬁg"éﬁh% @eplate 102
Transm tter/glaadves! : nedYaSs Qgﬁ_ﬂar ' j_gnal

158, which is pr ogicgg%lr Itog (g%:gﬁgégfftgég?vé? 164 Hﬁﬁ}e&?ﬁ' 'S derjlgs\%éﬂfgo _
channel 2060 10{tfuctiesintludes disepackat@6giwhizh is mohared ohbspintlls totor (not pack 106,

The disc surPanB)opiReck g S ndhida s phelipar mbvidusldites SHRRREROROIRE r oad
t .r ansducer  for co-rotation about a central axis. Each disc surface has an associated head 112 o
' which carries one or more read and write transducers for communicating with the disc.
_ sulfface.' Each head 112 is supported by a suspensibn 118 which is in turn supported -
25 ° byatrack accessing arm 120 of an actuator assembly 122. R |
' | Actuator éssem'bly' 122-is rotated about-.a- shaft 126 by a voice coil motoTr 124,
- which is controlled by servo control circuitry within internal circﬁi_t 128 _ Héad 112

- travels in an arcuate path 130 bet*#een a disc inner diameter 132 andadiscouter ~ 7 S

diameter 134. During write operations, actuator assembly 122 positions head 112 over
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reads the stored, -encoded |nfornat|on fron1the dISC surface and conveys the
encoded information to receiver/detector 162 as a read si gnal 164. i
Recei ver/ detector 162 anplifies and filters read signal 164, and ‘then -
recovers the encoded information from the read signal using one of
sever al~ known detection nethods. For instafice, 5 receiver/detector 162

may use a Viterbi detector, -Decision Feedback Equalization . .(DFE),

Fi xed- Del ay Tree Search W|th Deci sj on Feedback (FDTS/ DF). or Reduced
State- Sequenc@%@ i tragle SWite mwyaeﬂ@tmtg al girguitiy28repcades the datagaal

of code vor d B pored 185 sobEEENLEDAS RORE' B 565 ABF POl B Rhsp R RAA"
converter 163analhe weitsisihdl %o fHe Wit@SrahSduceV' 6t Hedd 112 axﬁéh eficddes Eha%ﬁéﬁ@ﬂux .
format at the input to Serial-to-parallel converter

Serial -to- parwwemalmmlalamgntﬁelayemrpﬂmetdm sorface. |1aumg:maé0pmaﬂgnsmhb read
converts a serial_format | el r |n_;
whi ch succ%ss% cer m%egﬁ’ L7k EHE&“%&&%‘?‘WXG’&”%PP@S%E‘%%&E%@

leﬁggzjgf ?gbch to e g_‘ﬂﬁé}?a% fggat th s@%ﬂ%l%ut S ?ﬁﬁé’hls '

successi vely pﬁwideﬂﬁedemaﬂd)debbdéﬁﬁrduT&ﬁwhhﬁﬂhtenialﬁﬂcm&y 128 tdgfmﬂee al68.
Decoder 168 uses the inverse of the-coding rules used by encoder 150 and
converts - recoyered datasignabde words 166 i nto respective data words 170.

Encoder 150 d .
tream 165, S noe. P 7 BeENofR Rk 8t ofislidiq BdrhBlii buidn 987 . & -
‘phase 2010 ockesbrdiagko 6153-éxhb¢<ﬁmuﬁﬁ6fth@pie@€xk ifveatiohasldcibsh bé fatRAGHtgh the

read timng clock to ~  the phase and frequency of read signal 164. To

ensure that tgiscdrveil QO,prdexa@@ple Communigation systera 148 mu@@nm@q 158de

{0 ho or eas or "GRG o ERASE Al ek TS2E0d SRt sl VBTl
as a run- Iengkﬁbclegsmetaﬂe(xﬂ;aalsm%cwdatwordkcanqmﬁdé Hep 6P bé&%omlhso

25 limts the nunber of consecutive ones in code word stream 154 to limt
the effects obinary systermrferemnbe; lea¢insymmtiod represents\omie dogical detabivilm disc drive

orher sulfy ¢ oRUEHDE R oRmolEdiiE yor rethin ciehf Bs. A 0ésu20% s Bk
with an "L" ceapiy, shdibssivdWitSwerdshrd &f‘coa@&xﬁym&&m&rcoaé woRdSEaMEd Ve

tran3|t|ons allowed i n channel si gnal WO 98/ 44636
PCT/ US98/ 0632 alternating code word lengths. In one embodlment successive code words 1537-

I n one exarrple of t pr es t.Lnventi rJ coder 150 uses an 8/9 rate
Locati on E? BRe l%éi} Pﬂﬁ?‘q‘? %Rf (LDMIR) code with a "k"

constraint of s eve 'Parallel-to-serial converter 155 receives the successive code words 153,

20 - converts each code word into a serial representation and concatenates the scfial
representations to produce a serial stream of the éode word bits 154. The encoding
scheme used by encoder 150 imposes several constraints on the serial code word

. stream as discussed further below, Tfansmitter/ channel precoder 156 receives the
serial code word stream 154 and conditions the sequence s0 that it is opnmu.ed for the -

25 type of detector used to recover the signal from the channel Transmltter/channel
precoder 156 produces an encoded write s1gnal 158, whxch is prowded to channel 160.

In disc drive 100, channel 160 includes the write fransducer in head 112, disc
pack 106, and the read transducer in head 112. The encoded write signal is stored on’
the disc surface by the write transducer. During a read operation, the read trénsducer



-~ The LDMIR wnies/4463oses di fferent MIR constr ai nt val ues . for  dptrasesioss2r

pre-defined | ocations within each code word.” For "exanple, transition ’
runs starting at even bit- 5 locations within code word stream 154 nay have
an MIR of three (L[err]=3) while - - transition runs starting at odd bit-

| ocations within code word stream 154 may have an MIR of two

(L[err}=2). The 8/ 9 rate LDMIR code is achi eved by encodi ng ei ght-bit
‘data Wwords into eight-bit code words and-6en-bit code words alternately.
Since the - alternating code word lengths (e.g. eight and ten) are both-

even, correspondlng bit 10 locations in successive code words have the
sane ‘MIR coneadsthe storeds encaded information fram ¢heidisc swface and sonvays theencoded

pre-defined ,MIR c raints over t boundar.i t adj acent code
wor ds- ef f i cilBH 89&‘%91“’584" @I 'E@ii‘ g“‘ﬁl%ﬁ \f&""“’eﬂdm hows an .

or.gani zati o gad: hadn
code word s{@{ ﬁ%%&ﬂlﬁﬁs o%@? I'n ﬁéﬁggcé t%\s}e exgsrrp e. ?fg}fg%vm 1
~ stream 178 ithe feadsighabfisihg oreof several knowedetectibh methods. IR, instlidcepnd 182.

Code vvords o b@‘ and 182 have code word lengths of eight bits, and code
word 1815nhageseives{fietertord 62 may usedVitarbidateston, DegistonFeedback Equalization; j ne is

20 L PR B S R T,

based on It$tﬁté@eqhénde%m@m(mssmy mﬁételefeeﬁﬂgﬁﬁda&ﬁ GRS thesibnal @ this
20 nunbering system the first bit in each code word i's the nost

si gni fi cant dbaenel 160, @celver/detmmowebateogvmd s¢equencoofcoderwnrd b#® and

182 and e 1 b d d
2R’ e ttes: B SRrARR dFEedS Rl copvRRSd 8 R oo B ol T

. assi 9”5 ien 'v(?érﬁgﬁtrs 168 1§ﬁP£‘sé?ial forthat 4Re 9&) SeHiaL- ébg%a:ﬁi’éi%gn%drtﬁ&t enpor al
| ocat.ion within the overal code word st feam 178 _ ven/ odd
line 188 lies abo’imall-ltmpamﬁel cnnderperd\ﬁB@mpanheEﬂsnttmccgieamrdaaﬁd)commub.

even bit in gode, wor fream 1 and an " nati,on for each odd bit"in |
code S ol Fors Herg 2 Sl Gyt t9 & pealleh e a WS FRPES e o) gned |

~wWthits re%%&éﬂecoﬁbtwdrﬁs have alteﬁQQE%\@gdéjw&tdr l@ﬁéfﬁ%ﬁlch%ﬁ‘e n}ﬁ J(]ﬁﬁe

desi gnates the MIR constraint for eac ocat 1 on e words
180- 182. Eawiodewsnd kkngths@geaenated byrencodbe 160 Senalrteq:aralléBcdnmrter 163 thek\D

44
I%?J{I' / Ugg g 506 ygiputs the successively recovered code words 166 in a parallel format to decodergl 68.

an MR constsaiofiér Qs 4k 8 infidd 8P6H c0ifg fodd 130984 3b 178

has an MIR constraint o incet te nating co engt hs
of code \Aordsacdeﬁﬁivéaddawerds 166mbtrbspemdamwonkd60dl ng bit locati.ons (as’

designated by lit 4).]n successive code rds 180-182_have, t he sane
MIR const rai nt . %@3 mposemEey c?ﬂ?ﬁﬂ%ﬁh\é\%ﬁt@ﬁe@ ingade Ward sfjed in

t he overall r agmﬁ pdual

code words |S§Q%1e1%§ %"i‘ﬁ@etﬂ?otaﬁﬁnai Vatobs coderéfglggﬁgg’gfét{ﬁ ?ﬂ%aécode wor ds
by using0a ‘Joclted 1dop @Hﬂ,)qsdadtmbbcﬂ:ﬂzephase andmnﬁenwoe‘asd”reddhﬁun@mcmdtern
to.a respectjve, code %d The state dr| ven code t i s generated by

col | ecti ng ¢ phase apd dreguency of seadiignab194. pke F@?“F%thﬁh@ﬁl’%iswslaﬁeﬁe MIR 10
constraints JQ%géllfreﬁltocﬁeralgg %ései dé%hatfl%tsetﬁé‘r ! Ig?rcykﬁ ﬁ{ﬁ?}grgﬁﬁl %&e bi't

patterns an erns that sa S Eons
' - word stream 153 t0 no greater than a maximum number "k". This kind of code is

- known as a run-length-limited '(RLL) code with a "k" constraint. Encoder 150 also
25  limits the number'df consecutive ones in code word stream 154 to limit the effects of
__inter-symbol intgrférgncé, w_hi'ch_ét_:curs when consecutive transitions iﬁ'channel signal
158 interfere with each other., Such codes are known as maximum transition run
~ (MTR) codes with an "L" constraint, where Lis the maximum number of consecutxve

" ‘transitions allowed in channel signal 15 8.



The ei ght - biWOPB##®Pns that sati'sfy:the constraints are divi deCTHIWASHH
states, SO~ .and S1, and the ten-bit patterns that satisfy the
constraints are divided into four states, S2, S3, S4 and S5. Table 1
shows the criteria used for dividing the patterns into 15 respective
states, where "X de5| gnhates a bit |ocation having a binary value of -"1" or

TABLE -1 | . STATE =~  CODE PATTERNS
SO IXXXXXXX : . ST “TOXXXXXXX S
S2 - IIXXXXXXXX  1OLLIXXXXXX  0LLIXXXXXX | 'S3

100 XXXXXXX

ei ght -'bi t atlij;_?l 65 LU 2 BV i ke Fi s AF cduilnt NE
209 most g' gni Plgaérl# % ; posi {IOI’I ar e gq“oupegy?ééo stg’tg % %ﬁtafs‘*‘gn

patterns havi ThedDMTR ¢ode imposdsiiifieresnt MRy coristrain valnes fop dififérestprédefined -
grouped into state S1. For the ten-bit patterns in © states S2, S3, 4

“and S5, t hose lqrations withingsich pdeyward. hFer example, trapsition nugs stagting at eyen bit

orouped > NeRiEnshin' G b 5138 S e AR R0 .90 g are
"0110" are gr %ﬁﬁﬁoh Rl Hring oP5dd b:%caﬁmmtcbaé %r@aséammmaymv@an 00"

are grouped into state .
PCT/ US98/ 0632 MTR of two (Lo—2) The 8/9 rate LDMTR code is achieved by encodxng eight-bit - 9-

The vali d ei g t bit. gatterﬁsbit%oat ate (avtgp lt%%dg% saciyev?nat&y g)i(n%gtﬁl mal

form

8051 85 83 8k f%ma%% s ol AL O g Sk andlhoh 1 86t b SbrrespRyipg b,

96 97 98 B 9kﬁﬁo$3r£dﬁcé‘é§s1% cAde Words have the same MTRAcohStrdifit. AThiddlléds AA AB
AC AD BO Bl B2 B3, B4 Bg.Bf COCl C C3 CA C Co C7 C8 C9

" CA CB CC.CD en¢°der150 to enfprgethe pre-defined MbER gonstyainis oper thpb wdaeemen

TABLE 2B ad_;acent code words efficiently with a low complexxty code.

T F 1G. 3 shows an organizational layout for a code word stream 178 that can
. appear as code word stream 154 or 165 of FIG. 2 in the above-example Code word
15 stream 178 is formed of three concatenated code words 180, 181 and 182. Code words
180 and 182 have code word lengths of eight bits, and code word 181 has a code word
length of ten bits. The first bit in time is o the far left of stream 178 and later bxts in
time extend to the right. Line 184 assigns an mteger to each bit i in code words 180-
182 'base_d on its overall location within the respectlve code word. Under thls
20 numbering..system,- the first bit in each code word is the most significant bit and is
"~ numbered as bit seven for code words 180 and 182 aﬁd as bit nine for code word 181.
The last bitin each code word is the least s1gmﬁcant bit and i is numbered as ‘mt zero.
Line 186 assigns an mteger to each bit in code words 180-182 based on its temporal
loganon within the overall code word stream 178. )

25 ' 'Even/odd line 188 lies above line 186 and pro’vides an "E" designatio'n for each '
~even blt in code word stream 178 and an “0“ des1gnatxon for each odd bit in code
stream 178 "'he "E" and "O" des:gnanon is vertmally ahgned thh 1ts respecnve bit in

- code word stream 178. MTR linie 188 designates the MTR constraint for each bit
location in code words 180-182. Each even bit location in code word stream 178 has -



- Pat'terns foWOSI44636S1 (100 patterns) 00 01 .02 PCT/YRB3ZIE 07
08 09 OA 0B OC OD 10 11 12131415161718191A181C1D '
20 21 22 23 15- 24 25.26 27 28 29 2A 2B 2C 2D 30 31 32 33 34 35
36 37 40 41 42 43 44 45 46 47 48 49. 4A 4B 4C 4D 50 51 52 53
54 55 56 57 58 59 5A 5B 5C 5D 60 61 . 62 63 64 65 66 67 68 69
6A 6B 6C 6D 70 71 72 73 - 74 .75 76 -77 20 ‘The
valid ten-bit patterns in states S2- 85 ares'shovvn i n hexadeci nal form in .
- Tabl-es 3A--3D, respectively.

T o s TRsonsinio G bbb STk B 408 1 s TR
201 2G5 208 %@%%@é&%% %%%%@?‘%@*‘%%%%@18@&@

2D6 2D7 208 it366atitas (AR sipAdted by 1Hie 83Pih Sdessive code

308 309 30A 305 30C 30Ds§10 311 312 313 314 315 316 317318 319 30
31A 31B 31C 3wadsg180-182 bave thesage MTBwnstran Sbhi szmwhsfaﬂmconmms

50 50 il bl e b
358 359 35A %‘éﬁe%m%é’@@eéﬁl 362 363 364 365 366 367 368 369

36A 36B 36C 36D 370 371 372 3/3 374 375 376 377 35
TABLE 3B Encoder 13®%generates thecodt woeds3% ysirgpa satetdgms)code table for

212 213 214 PRI ASPRORIAEIA AR PIEYS ol Y6r LhSate e Gode able
536 237 2o I3betaedty B RRBRE PRI T BG halcie Bt ety e MTR

250 251 362 ZodstedidtsHFT.:256nad 55=250r 2EdmpleA Thef 26 ¢78 Biphebit pa@erns and 634
262 263 264 265 266 267 268 269 26A 26B 26C 26D 270 271 272 273
274 275 276 2ewbitgatiomns thaysatisfy thaoonstainisss 237 288 289 28A 28B 45

2 28D 200 2L Lot TS e SIGNR AR B o sates, S0
2B2 '2B3 2B4 233 ABandBié ten-bit patteid B/ sa&f9tGhe constraints are divided into four states,

PCT/ U898/ 06321
S2, S3, S4 and S5. Table 1 shows the criteria used for dividing the pattems into

15 respective states, where "X" designates a bit location having a binary value of "1" or

"0"‘
o TABLE 1
STATE " CODE PATIERNS
50 TOOCKKKK
S1 OXXIOKKK T
2| 15000000 | 0115000GKK. | G110
§5 | 1003000C0KK | 101050000K '
s OTOXKXKKXK | OTI03CTKKRKK
S5 00XRHKIHX -

For the elght-blt pattems in states SO and S1; those patterns havmg a” 1 " in the
- 20 most sxgmﬁcant bit position are grouped into state SO. Those patterns havmg a “0"
N the most 51gn1ﬁcant bit posmon are grouped mto state S1. For the ten-blt patterns m
states SZ S3, 84 and S35, those patterns begmmng w1th a"l1", "1()1 ", or "0111" are k
N grouped intc state S2. Those patterns beginning thh a"100" or "1010" are grouped
into state S3. Those pattems begmmng thh a™"010" or "0110" are grouped into state
25 | S4. Those pattems beginning with a "00” are grouped into state SS.



©10- -~ WO98/44636 . - - L __ TABLE 3&CT/US98/06321

Patter'ns for State S4 (150 patterns) L 100 101 102 103 104 105
106 107 108 109 10A 10B 10C 10D 110 111 - o 112 113 114 115 116
117 118 119 11A 11B 11C 11D 120 121 122 123 5 124 125 126127
128 129 12A 12B 12C 12D 130 131 132 133 134 135 136 137140
141 142 143 144 145 146 147 148 149 14A 148 14C 14D 150 151 -
152 153 154 155 156 157 158 159 15A 15B 15C 15D 160 161 162

163- 164 165 166 167 168 169 16A 16B 16C 16D 170 171 172 173

1o 108 106 101 1% i G55 odidnd B EPs8 B0 M Sl AR ARl o

1A0 1A1 1A2 &Qﬂec{?eg] 1A9 1AA 1AB 1AC 1AD 1BO 1B1
1B2 1B3 1B4 1‘@31‘186 2%@;:!&-% y:

TABLE 3D 15 Patterns for . alABEE 2A 78 patterns)

000 001 002 003 004 00 08 009 OOA. 00B OOC OCD 010 011
- 012013 014015 016 %Aiézé Al 84k 889; 021 022 023

024 025 026 027 0O ﬁ;?&@ﬁ@.ooamaz 033 034 035 :
036 037 040 041 0424 Qﬁewws&smmm)wmmw BIB 04C 04D 20
050 051 052 053 05HS B%T0AHC0E7CHES 0651 5 OAEBOER-CB5D 060 061 -
062 063 064 065 0680 B P20RBDHES RGN BB W PBES P 0 071 072 073
074 075 difs 077 080 081 082 083 084 085 086 087 088 089 08SA 08B
08C 08D 090 091 092 093 094 095 096 097f

M 09A 09B 09C 09D
-~ 0A0 OA1 OA2 OA3 0A4 OAS 0OA6 OA7 OAS8 0A9~8 OAC OAD 0BO 0OB1 25
0B2 0B3 0B4 0BS5S OBﬁan&Ek?orG@&SDmOﬂﬁ&n@CS OC4 0C5 0C6 0Cr 0C8 0C9

~0CA 0CB 0CC 0CD 0 “31“ %580D90DAODB .
oDC 0DD e , , of the eight-bit code
wor ds cartbe uni quid & %g%d ne;;%,}g‘,m REaAest significant bit, and
- the state, S2, ‘S3, 50351 915 5506§7h$359eﬂmsc51)5051 code words can be . .
uni quel y* det er i nedz ba/64 68166 60068 69564968 KC 6RITO MiITRI3 error events of

seven or less bits74W376 @ nost cause decoding errors of two data words:
Error evellts of eight to fifteen bits - wll, at worst, cause

decoding errors of .t hre ata. wor ds |
constraints of L[e %F‘A?ﬁ?%fg?mms%ﬁs%'ssaf%\s/% ‘ggl{){&[eigns 4o mol . 35
occur at the ?QMQQIQALﬁj fefRRtivalgcessi ve code words are concat enat ed wi t h

one anot her, each code word is associated with a next state poi nt er
such that an eight- bi t TABLE 3A

Patterns for State $2 (156 patterns):

25 : 1C0 1C1 1C2 1C3 1C4 1C5 1C61C7 1C8 1C9 1ICA ICB ICC 1ICD 1DO ID? -

' . 1D2 1D3 1D4 1D3 1D6 1D7 1D8 1D9 1DA 1DB 1DC 1DD 2C0 2C1 2C22C3

2C4 2C5 2C6 2C7 2C8 2C9 2CA 2CB 2CC 2CD 2D0 2D1 2D2 2D3 2D4 2D5
2D6 2D7 2D8 2D9.2DA 2DB 2DC 2DD 300 301 302 303 304 305 306 307
308 309 30A 30B 30C 30D 310311 312313 314 315316 317318319

30 31A 31B 31C 31D 320 321 322 323 324 325 326 327 328 32932A 32B

-32C 32D 330 331 332 333 334 335 336 337 340 341 342343 344 345

346 347 348 349 34A 34B 34C 34D 350 351 352 353 354 355 356 357

358 359 35A 35B 35C 35D 360 361 362 363 364 365 366 367368 369

36A 36B 36C 36D 370 371 372 373 374 375 376 377

35
TABLE 3B 3B
Patterns for State S3 (150 pattems) .
200 201 202 203 204 205 206 207 208 209 20A 20B 20C 20D 210211 .
- 212 213 214 215 216 217218 219 21A 21B 21C 21D 220221 222 223 -
40 224 225 226 227 228 229 22A 22B 22C 22D 230 231 232 233 234 235
C 236 237 240 241 242 243 244 245 246 247 2483 249 24A 24B 24C 24D
250 251 252 253 254 255 256 257 258 259 25A 25B 25C 25D 260 261
| 262 263 264 265 266 267 268 269 26A 26B 26C 26D 270 271272273 | .
274 275 276 277 28C 281 282 283 284 285 286 287 28828928A28B . . . . ... .. . .
45 .. 28C 28D 290 291 292 293 294 295 296 297 298 299 29A 29B 29C 29D
: 2A0 2A1 2A2 2A3 2A4 2AS5 2A6 2A7 2A8 2A9 2AA 2AB 2AC 2AD 2B0 2B1
2B2 2B3 2B4 2BS5 2B5 2B7



code -word | rwWeva4es3sO or Sl al \A/ay‘s'-"pdi nts to a ten-bit code WBEHUSHS/AGZte

S2, S3, S4 or S5 and a ten-bit code word in-stat'e S2, ‘S3, S4 or ‘S5
al ways  points to an eight-bit code - word in states SO or S1. The
encodi ng process may start with either the eight-bit code 40 = words or
the ten-bit code words. . . Tabl e 4 shows the valid next state-
pointers for each code pattern-in states SO S5, where "X'= "0" or
"1". . .~ WD 98/ 44636 R (L | . |

PCT/ US98/ 06321 _ o -11-

" TABLE 4 - ' Current Sta Code Pattern - Next
State | © S0, S1- LBLE-:&xxxxxxo o 52, S8,
4, 55 Patterns for State S4 (150 patiems): XXXXXX01 S2, S3, .
S4, S5 100 101 102 103 10410510610710810910A10310010w®o>()®<11 . . S4, S5
S2, S3, &4, S5 XRACO0XD116 B7 181119 11A 11B 11C 11D 120 121 122 123 _—
XXXXXXXX01 § 126125 $26 127 128 129 12A 12B 12C 12D 130 131 132 133 134 135 o : :
OO 1 - 136%140141142143144145146:-;714 <§§P 9876543210
Code patterns in st 3ds E@lgi 105 2A SEtshslh 70 001 112173 he "1 east
significant” bit 741750958k ta@li\m[l 189184143186 188G ALY 190WBE i ons [ 1: 0] may have

states S2,10S3, S4 arzd 18190 sott1iecios 194 5 19619X198 $9A4WB 1YL patterns in states
SO and S1 that end 1A0tLAl YARTIAS 1441ADIAS IADSHADHA JAB:1AC IAD IBO IBLgy only have
states S4 and S5 as!B2AB} 1B4AB%1B64B%tes. This enforces the MIR constrai nt

of L[err]=2 on bit position [1] by ensuring that the first bit in the next
successi ve code word in the code a "0", as shown in the
code patterns for states S4 and S5.in - iﬁ%‘gse 1. Three "1's" are not.
‘possi bl e &5 t he boursaitsyorktaess @133tess)SO and Sl to stat es S4 10 and S5,

beginning at bit po@ﬂ)@@l@ﬁz 0400500600700800900A }‘ode patter ns in
states S2, S3, S4 & 16 Doéfl 03 034035 position [0O] or
01" in bit p05|t|o ﬂrm their next states.
Code patteggs in St@b@ ,osﬁésozm sSﬁ:ots)nedBosmnismadm "11" in bit

. positions [1:0] mayoszosaoambgsomaeossomtoelawoasmhewfﬂQ‘iext state. 15 :
Usi ng these state d@mmﬁoamngsmmzm 3?‘8 te code having a
| ocati on dependent é’? °§ 3? 93 e apfnd with a "k
constrai nt, k 6csack scracsdodt e di agram whi ch

maps each dsgt a wor doé@oo% occ ocn 0D0 om onz om 0D4 0DS 0D6 0D7 0D8 0D9 0DA 0DB
- 0DCODD

Since the state, SO or S1, of the eight-bit code words can be t;niquely' |
30 | determined by one most significant bit, and the state, S2, 83, S4 or S5, of the ten-bit
~ code words can be uniquely detenhined by fOI:Ii‘ most significant bits, error events of
seven or less bits will at most cause decoding errors of two data words Error events of
eight to ﬁfteen bits will, at worst, cause decoding errors of three data words. |
_ To enforce the constramts of Lg=3 and Lo—2 such that invalid patterns do not
35 occur at the boundaries when successwe code words are concatenated with one
another, each code word is associated w1th anext state pointer : such that an elght-bit
code word in state S0 or S1 always pomts to a ten-bit code Word in state S2, 83, S4 or
- 85 and a ten-bit code word in state S2, S3, S4 or 85 always points to an exoht-blt code
word in states SO or S1. The encoding _pr_oce_ss may start w_;s_r_x_tn elther the etght-t?tt .code_ B
40  words or the ten-bit code words. - : - :
B Table 4 shows the valid next state pomters for each code pattem in states SO-
- 85, where "X"="0" or "1".



correspondl ﬁﬁoeffﬁ’é‘sﬁord and next state vaI ue for each state S(f%"?%"w‘?é

exarrpl e.
t wo hexadeci mal

provi ded above.

| abel ed " DATA",
PCT/ US98/ 06321

words are provided in the colums | abel ed

20
t hr ee hexadeci mal

The eight-bit code words- are represented by

val ues and the ten-bit code -.words are represented by
data words are provided in the colum

val ues. _
t he correspondi ng code

The

IO 98/ 44636

sooer |

- 12_

and the correspondi ng

SO -

18 -
S2 |

next- states are provided in the colums Iabeled " NXS" .
TABLE 5 | 8/ 9 RATE LDMIR (L[ L[err]=3) CODE WTH "K"
CONSTRAI NT =7 STATE 0 (. SQ): -STA ) STATE 2 (S2) STATE 3 (S3)
STATE 4(S4) STATE $(S5) Cummm 3 Nxsodemaa NX] CODBeistBe CODE | NXS .
CODE NXS CODE NXS TERCE S LA T T TR 1132 S92ty . SO . .
111+ S0 - 011 $o W 85 S2 15 s2__315 "% 215 S0
115 SO 015  §0 02 89 S2 XXxXX3pep1. S - _3&@53 S8 - 219 SO
119 -SO. 019  §6- 038P ST S8 ———Sifs—Se—321D SO
11D SO 01D S 04 91 . S2 - 21 - S2. BZT#S S0 221 SO
121 SO - 021 .EO 52, 9554,85 95 | SEKXXXXPMX0 . SP 3WpSt SO . 2p5 - S0
125 SO 025 $6 06 99 R e S ——3 29— S56——2P9 SO
129 S0 029 0 o7  op| B J B! "o o 50
12D SO 02D SO - 08 G mﬂ- 2 911 S1 211 S
111 S1 011 S T TES RSS2 ——3t——St+—245 Sl
115 s1 015  $1 Bﬁ%&mo%~ o 5“)329l s2__ 319 sl 2h9  si
119 Sl 019 Sl .CD 82 _ _ 82 31D Sl 21D' S1--
11D 11D Sl 01D 21
2291 51 121 Caode pa’@gg;s in stggs SO an@ﬁl thatpgd vnﬂgi)" mtlpg least ggmﬁcggg bit 51
225 "
599 | ééétxon @ or Oggl‘gl bit é%mons [@] may%ve staé% S2, Sg,%tl amgs éng
gé 2351 5 Sﬁext sﬂaé't’e:ELﬂ5 Eod§ atterﬁ@ﬁllstateﬂo and Sl%at eﬁ@wﬂh g2 | m bxi 9051&01%2[51 :0135 i
355 SO 2551ay onbphave sla;@ S84 8d S5 as)&su nethﬂates mgenfomsﬂthe M§S const:amt
gg gg% ' gﬁl bit pgamon {ll-‘g)y ens apng ﬂﬁg%e ﬁrs it in the fﬁxt sucg:gswe cgée 16
361 SGJord #bthe codftream &1"0", ﬁ@howﬁ@ﬂ the cod@patterns for states S4andS5in
Table 1. Three "1's” are not possxble at the boundary from states S0 and S1 to states S4
10  and S5, beginning at bit position [1].
Similarly, code patterns in states S2, 83,54 and S5 that end thh "0" in b1t
position [0] or "01" in bit posmons {1:0] may have states SO or S1 as their next states _
Code patterns in states S2, S3, S4 and S5 that end with "11" in bit positions [1:0] may
only have state S1 as their next state. | S
15 Using these state deﬁnitiohs_,_mg mapping for an 8/9 rate code havinga |
location dependent MTR constraint of Lg=3 and Lo=2 and with a "k" constraint of '
seven can be denved Table 5 is a state diagram which maps each datawordtoa
correspondmg code word and next state value for each state SO-SS in the example o
. provzded above. The eight-bit code words are represented by two hexadecimal - |
20  values and the ten-bxt code Words are represented by three hexademmai values. The

data words are provxded inthe column labeled “DATA" the correspondmg code -



s2

SO

SOPCT/US8%06321 SO. |

15" -8A° 98D 98/44636 365 265 SO 165
16 8C S2 1C S2 369 SO 269 SO 169 SO 069 SO
17 -Bl - S2 32 S2 36D SO ° 26D SO 16D SO 06D SO
18 90 S2 20 S2 351 S1° 251 S1 151 S1 051 S1
19 92 S2 22 S2 355 S1 255 S1 155 Si 055 S1
A 94 S2 24 S2 359 S1- 259 S1 159 S1 059 Si
1B .96 S2 26 S2 35D Si 24D 'Sl 15D S1 . 05D S1
1C 98 S2 2'8 SZ' 361 Sl 261 ' Sl 161 S1 . 061 S1 -
ID° 9A 2 , S1._ 065 Sl
1E  9C  Swords areprowézd in tbs golunsﬁ labeleﬁa 530135&1@(1 % 9°H3599nd1ng oeg Sl
1F B2 S2 GRX w S1 16D S1 06D S1
W0.98/ 44636 . states are provxdS %mtﬁe columnssilabele% S". :
PCT/ US98/ 06321 TABLE 5 -13-
8/ 9 RATE LDMI
STATE 0 (S0) ISTATE ﬁ(mmmm&e;)cmwms‘@&vmmrﬁm (S4) ST E 5
(S5) DATA o v A n-,:- N YL LT e 5) 20
co - S2 s 18 4 d X
2. S22 CORR) NXSFOGDE | NXS COP@E NXS@_GODF- N}$J CODEONXS P> C4.
gg 524 ' S 1¥oP s2 |81 L-swﬁ_zu $0so JURY SSGDD guéﬁsocaCG <
. Q . .
58 S2 3 | B Pa 3| 254, %6 yg B84 0P,
BA S22 3 1500 52 138 | SQp 2“bt5s° S%q 919AB S0 § 4
5C S2 3 1B0] s2 JsHp | S0 | 21m99so SI)D 3¢ | 01DB) S0 | S2 .
gg ggl 34 §98 s34 D321 5%01 Q9D 150532121 2850 -Eli-s)sosz62 60
_ 3 : p .
S2 305 S i% s"*1 %3'5 225170 | 8’. B‘a?l 0255b 0 164
309 S1 . 2 29 4152 J08% | SB1) 22%p SO DB | S&7 029 60 § S
30D " S1 2 -2[Sl 28ﬁD_ $h | 28} SO 2D | S@ } 02068 S0 } S2 .
%‘111 Zgé éi T DS S%‘ll_ %;Ezﬂﬁd)cm “é 3T [ 2349345 |
st 209 s.® hdg | B Sop§ )& | S pRAS | B ﬁ PP %iz 34D
S1 29D SH§ 0A1PS9 |S | ob[ S2d1319 | S3of 2190 S1 M9 | Sh(Q 019 BB} 2C1 -
SO 241 S osliilp |Sep | SBAL s2 {SiD | si3[l2iDA2st | 138 | s1 420D |2 | 2C5
0 4o oq TR | B hpw | | o f 0 | 0p2 s Hin | $2 B
o 24D sd %P1 4@5 S% 610 szgloszs st™f 225 | "s1 1§§ s1 40025 |
- . - JoE | D9 |s2| 6 |[s2§320|s1i{22|st]o]s1]o9]s
oF | DD | s2 | 6D | s2 |32p | st 22D | st 12D | s1|o02D] s
10 | BO | S2 | 10 | sz | 351 | S0 | 251 | SO | 151 | S0 | 051 | S0
m | 82 | s2| 12 fs2]355]|sof2s5]so]155]s0]os5]so
12| 84 {s2| 14 | 52|39 |so| 250 so] 159) 50} 05950
13| 8 |s2) 16 |s2]3D|so|20]|so]D]|so|osD] so
14 ) 88 {s2] 18 | s2)36 |so}26 {so}] 161}sof o6 | so
15 | sA | s2 | 1A | s2] 365 | 50 | 265 | SO | 165 ) S0 | 065 | SO
16 | sc | s2 | 1c | s2 |36 |sof 265 | sof 1605006 {so
17 | Bl | s2| 32 [s2{36D|so|26D)so}16D| S0 06D | S0
18 |90 | S2 | 20 | 52 | 351 | S1 | 251 | St | 151 | st | 051 | si_
19| 92 | s2| 2 | s2]3s5|st|2s5]|s1]155]s1]|0s5]Ss1
1A} 94 | s2 ) 24 |'s2 350 |s1)2so [s1{159)s1]os9])st
1B |96 | s2 | 25 | §2 35D | s1 | 25D | st [ 15D | st | 05D | s1
1| o8 |'s2| 2 |'s2)3e |'sif261 | si)aet | s1oer | st
1D | 9A ['s2 | 2a | s2 §365.] s1 [ 265 | 51} 165 51 065 | s
IE | 9c | s2|2c | s2]|369 |s1| 269 stj169|st]oee|si
IF | B2 | s2 | 3 | s2|3D | sr|26D]| s jiD]|s1|oeD] st



34

O 9844636

0.

2A1

21,

A8 . s2 201 - so 1Al so  FETUS%EPe
35 AA 'S2  4A S2 *2D5° SO 2A5 SO 1A5 SO 0A5 . ‘SO
36 . AC S2. .4AC S2 209 SO 2A9 SO 1A9 SO 0A9 SO
37 . B4 S2 34 S2 2DD ‘SO 2AD SO 1AD SO OAD SO
38 A S2 41 S2 2C1 S1I 241 Sl 141 S1 041 S1
39 A5 . S2° 45 S2 2C5 Sl 24543 Sl 145 Sl 045 Sl
3A A9 S2 49 S2 209 S1 2497 81 149 S1 049  si
3B AD - 32 4D S2- 2CD .Sl 24D S1 14D° S1 04D S1
3¢ 87 T B/ RATE LDMFR Lo~ ‘COBEWITH ‘X CONSTRAINT 3 UAL 31
3D 97 27 -2’%‘3) MWLV~
3E C7 ISTATE 0 (80) [STAPE (S1) IATEZZ% STAH 3 (S3) ﬂg‘m‘*@f) STHlES 9 &1
ig - 3[3)1 QATA?:PDE-N%% COBETNXs [oDE | ¥AD hc ryfs\ﬂs'o
41 85 320 | 8 | ¥ b2 'sg‘“ E BT %8450 §o
42 89 © §321 |1%x2 | ®B| 523442 $91 4 Soqp 085 3189 | SO
-43 8D S 14 | 31 s81bs2 'S@09 2806 s&0] 089 Q1l¢b § SO
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STATE 0 (SO)W%?M@? (SI) STATE 2(S2). STATE 3 (S3) STATE 4 ( SECTESR/peR1 -

(S5) DATA CODE -NXS - CODE NXS CODE NXS CODE

NXS F8 - AL, SS 41 S5 31B S1 243 Sl 143 S1 01B. S1 :

F9 A5 S5 45 S5 32B S1 247 S1 147 S1 02B . sS1 FA A9
S5 49 S5 35B S1 24B S1 14B SI 05B S1 FB AD S5 4D

S5 34B S1. 2B3 .S1 1B3 S1 06B Sl ..9. FC 8B S5 1B S5 2CB
S1 2A3 S1 1A3 S1 08B S1 ~ FD 9B S5 . 2B S5 2DB S1 .2A7

S1 1A7: S1- 09B Sl 5 -FE CB S5 SB S5 1CB S1 2AB S1 1AB
st ocB siT =201l £ WITH INSTR

S1 . =

di agram showny i e 50 STA | H%ré‘. 2B

GODE | NS | EORB[HSC | CQDE] MRS

s0q 55 [38 | &1

I n Jcodq worp stlream 1/8§
af etof] oqdot#Br| £69 &Y (Y b d
i 4% [2051 Ji 398i L&t §524Bh¢ o} |
 O4pn |1 8 cgdi wpridspsl 3%13-
b 1 S pli
| gﬁiat #he 7tC§p Is£ft2§0 sq, R
| Qr2Ehex 8UdciDBal SYql WY {1 qi
"40", "80" or] 'FEO[ psandii 58y joss fjheeBvpisug nis {f peas
word 181) oo Lincl B SE1LarNe [Py SEAM | i) abricst
hexadeci métl val ue of "34A". In t he col urm corresponding to state S2,
PP o N A L - L0TE N R Y
exanpl e, the t onding
Gara o wer R BB AHE RO el Y el bt EFE OO0 10 e
word. The i nvé{esrede:ﬁmal line ZQQqn'avldm hevcadeMabgepeesemdeon'lﬁﬂ ti#ﬁé‘rmﬂd'é)&"tfer
dat a words, rdey_to map, ej ght ta vvor t-bit
or ten-bit 3 cofLIGHPHS, 188nl$/1%1f822fep?qﬂvsimmc% 3 I}code
word patterns t‘;stéf Wﬁﬁ e SO S5.°
Si nce each stgdeig?t re t éégg i |6£18:'{tg:{%én§g ccti gg{)éga 'Qbéﬁ-@t

98/ 44636 decoded. Data lme 204 mdtcates the correspondmg decoded data word in hexadecxmal
PCT/ US98/ 0632 :
code word pat Far orgpde Hiogls 189 aﬁéﬂ@éfﬁg cqda Wm0 baring 8 headecimal WAIERF can |

e avoi ded  ngye Rnael TRLEA'6Y, flcbBie 188106 SETH! L ARibE ik Bl 207 am

For exanple, a rnco |nat|ons se | ong

- runs of zeOOeeomer ef Tahled] e coly ohﬂﬁg data word for Bendedisiahvalue 81"l either
elimnated. In the exanple provided_in Table 5, enough atterns _ 5 . were

el i minated to "PeHIEE, (3 orkCOLsiepending on the vabieof thanext sate pointesdpithis at

| east 256 t o t lvQ4 i I wor d

pat torns are STEAPRAfBRR e plyfapbiat B fue So70 (@ Yl 151 R Re"

which is knO\Mtoﬁ'Esp@ndhhg?datﬁéﬂih "WhC@déﬁGi:dEI&Ehésfhﬂiexadeclmal value of “34A" In
o ‘the column corresponding to state S2, code "34A" corresponds to either data word

word stream's
hexadeci mal r
181 and 182, fesp
i ndi cates the] pre
bei ng - defpd@de
word in hexadpggn
havi ng a hexa gﬁl
168 is in sta
“correspondi ng| &Rt

15 "D5" or data word "DD", dependmg on whether the next state pomter is state SO or S1.
| In this example, the next state pomter points to state SO so the con'espondmg data |
word is "D5". Th1s operatxon contmues for each successive code word. The inverse of B
 operation is used by encoder 150 to- encode the data words. L
In order to map elght-blt data words mto exght-btt or ten-bit code words, only

20 2% or 256 unique combmattons of code word pattems and next state values are reqmred R

for each state SO—SS Smce each state has more than 256 combmatlons undesnable _



may - force t WO@8#4836or to keep a |l ong nenory Iength ~ PCT/USD8/®328 | S
a block diagramillustrating encoder 150 which, in the above- 10 exanple,
encodes successive data words into successive code wor ds havi ng al ternating
code word |l engths of eight bits and ten bits. Encoder 150 includes

ei ght-bit encoder 220 and ten-bit encoder 221. Eight-bit encoder 220
i ncludes eight-bit data word input (ﬁ 0] which is coupled to bus
222, eight-bit code word output Y[7:0] which is © coupled to bus 223,

next- state pointer |nputs S[err] and S[err] which are coupled to buses 224

15 and 225, %a%eﬁ-js r
whi ch are coupﬁed t o ‘nuses &Q&QW respectlvg*MI en-d§6%1e’§%g§i{d%d221

i ncl udes ei ghbybydterdaticallyelithinatingtthéih Tron] the state diapgiaeh Fos examyple call éddehMSrd
230, ten-bit code word_ output .Z[9:0] -which is coupled to bus

next state poPatterr cpmbinations that wilkpaus ¢}owpfazesoeém|gé@t%h%@és"k'ézs 229,

e coupl ed t SoFRint G5 FRSRbidliBh ToBR4 BLICHIOBHRS i nsbils, ARty o7
ti me- nul ti 9l exeee ARhathdta rédice thdM consMafit@d seven wmmﬁuﬁ{egpa}; at RSt 2566‘ |

.correspondi ng code words generated on code word outputs Y]
Z[ 9: 01 are ti membinations iveach stateo Ipadditions Ialltcodgwmbpattcmme eliminngesd tbshnam in

FI G t bi t 220
ten-bit enco?jé’?“sfé‘ingW(?ﬁ“lz‘yﬁooper@ﬁiéfﬁqm 1@5%5:35%%50 ‘g’[?SWFnF%H’FébI e
5, can be exp wareltﬁbrﬁagéésﬁf&ea ﬁ‘il?&%memo léﬂéthl npl emented in either

har dware or so n° equdt 1 ons for el ght-bit encoder 220
and ten-bit encodeFIGZlhwablopkdmthHmtrMmod‘dk 1500vifih, lie thevabowker "
' repr es a bitw se | ogical represents a hitw se | ggical AND, .
fd'ep epFEABPIFseTCOfes wseswggﬁ@awé& Bt SHCpRSSEYR Codh iporde havigg ltcapating: he
_inverse of X g o
PCT/ US98/ 063 2g'jode word le}{&? gf éiﬁﬁ?ﬁts and ten bits. Encoder 150 includes eight-bit egioder

TABLE 6A 220 and ten-Yit &4dbdeY ZENBQ@EWEWBH@HSmght-bﬁ data word inplf2=A7
& A6 & A5 & A 5 NH4=A7 & A6 & A5 & A NHA=A7 & A6 &
A5 & A4 A[7:0] whights caypled tebus 232, gighisbit code word outpyy {7:04 whichnis ¢ Al &

':‘12 A5 & A & x%v.ll\ﬂigﬂ wﬁ&z@%@%@ﬂﬁ%&gu&% Kgd Si wh@mé%oﬁbléé to buses 224 -

A4) &( A2 SAIRAO ind 225, 2ésp@étiveN))and next state pointer outputs S,-Ss which are coupled to buses
- 226-229, respectlvely Ten-bit encoder 221 includes elght-bxt data word input B[7 0]

which is coupled to bus 230 ten-bit code word output Z[9:0] which is coupled tobus
. 232, next state pomter inputs S;-Ss whlch are coupled to buses 226-229, respectwely,
. . and next state pointer outputs Sp and S; which are coupled to buses 224 and 225,
20  respectively. Incommg data words are time-multiplexed onto data word inputs A[?.O]
| and B[7:0], and the corresponding code words generated on code word oﬁtputs Y[7:0]
and Z[9:0] are time-multiplexed into parallel-to-serial converter 155 (showninFIG.
The operation of eight-bit encoder 220 and ten-bit encoder 221, which
E 25 ' impl’ement the state diagrarh shown iﬂ Table 5,can .be expressed in Boolean 'algebr_a _
and implemented in either hardware er software. The Boolean equations for eight—bit
encoder 220 and ten: -bit encoder 221 are provided in Tables 6A and 6B below, where "o
5L represents a bitwise loglcal OR,"&" represents a bitwise logxcal AND "A" -
- represents a bitwise logical exclusive-OR, and "X" represents the inverse of X. |



KA = (A78A6WD BARERS &( A28AL&AQ) - 15 - - LA=GAGHAGIAGKA  PCT/USIB632] )\
= SO & LA & AT&ASEA3&A28ALEA0 ©YY7= S0 20 YT6

(JAG( ( SUEADEAA) | (S1&((AOZAS)| A4)))) | (LA&(A4 | (S18A58A4)))

YY6=( GAGA3) | ( HA&( ( S1&A2) | (A28A1))) ]| YT6 YT5=

JA&( (SOEASEAL) | ( S1&A3) | AD)) | KA | (LA&((SO&ABEAA) | (S1&A3))) | LAA |

YY5=( GA&SL&A2) | ( HA&( ( SO&A2) | ( S1&A28A0))) YIR 25 YT4=

(LA&( (SO&A3) | (S1&A3&(A5|A4)))|LAA YW= '

(JA&( ( SO&A3) | ( S1&( A5| Ad) &A3) | AD) ) | ( KA&( ( SO&( A3| (A5&A4) ))|'S1)) | YT4

(GA&((Sl&A2)|(so&A2)))|(HA&A2&((ﬁ‘;@o&m)m\m 30
( GAZAL) | ( HA&( ( A2&A1) | ( AT&A2)
A5| A4D) | (LABAL)

YT2 (JA&Ao&((so&A5ﬁqG@$-1382(
' (GABAD) | (HAR(LATEAR) | (A28A0))) | YT2 35

(KA&( S| ( 18A3))) | (‘-, e 6 & ﬁﬁll AO).) ml_ - Wo -

(HAGAZ) | ( TA&( ( ( SO\ RS

GA| HA| (JA&(((SO&AS&HASMMsdiﬂ&NKA.)%- Q’% =
( NH2&NL6&S0) | (NH4&NL6€&)z BAASNMIBES] - (W?&QA) | (QA&Az)
Y6 = (YY686OA)|(QA&N¥? &AL&AD y5 —( YY5&0A)|(QA&A5&A2) 45
= (YY480N - A5 &Yé = (YY3&QDA) | ( QARAS) (YYZ&OA) _
Y1 =( W1&0A)|(QA&A§§-A5&M&A3 YO ( YYORQA) | (QA&AS5) 50 S Tl =
A5&A4&A3EA2 . JA=GA&HN& acwm&aamm»u (Ammm&mo)
S2= A7&A6&TI 55 KA = (A7& AS 2GR0 & (A7&A6)|(A6&T1)|T2
S5 = ((A7ER6) | (Aa&mr)g&m&m&& WD 98/ 44%36 _ _ '
PCT/ US98/ 06321 LAA=S0 & LA & ATEASRASRAIEAIA
YY7=5S0 .
20 - YT6 = JA&((SOZAORAL) | (SI&((AIEAS) |AON | (LAR(AL| (sx&As&M)»

YY6= (GA&M)I(HA&((S] &A2) | {A2&AN | YT6

YT5 = (JA&((S0&AS&A4) | (S1&A3) | AO)) | KA | (LAR((SO&AS&A4) | (S1ZA3)) | LAA -
s YY5=(GA&S1&A?2) | (HA&((SOZA2 __)l(Si&AZ&AO)));YTS
2
YT4={(LAZ((S0&A3) | (S1ZA3&(AS | AD))) | LAA
YU4 =((JA&((((50&A3) | (S1&(AS | AD&A3) | AD)) | (KAS((SO&(A3 | (AS&A4))) I s1)| YT4
" YY4=(GAZ((S1&A2) | (S0&A2))) | (HAXA2&((S1&AD) | (S0&AQ))) | YU4

30 |  YY3= (GA&A1)|(HA&((_&A1)1(A1&A2)))|(LA&A2)

YT2= (JA&AO&((SO&AS) | (S1&(A3 | (AS&A4))) | (KAK(AS | A1) ] (LA&AI)
YY2=(GA&A0)|(HA&((_&A2)|(_&AO)))IYTZ o

35 YT1 = (KA&(SO | (S1&A3))) | (LAZAD)
YY1 =(HA&A2) I(JA&(((SO&M) | (S1&(A3 I A AD) | Y11

_ YYO=GA|HA| (JA&(((SO&AQ&(__IL))) | A} KA
40 . QA= (NH2&NL6&S0) | (NH4ENL6&S0)] (NHA&NLB&S1)

Y7=(YY7&QA) | (QA&A2)
Y6 = (YY6&0A) | (QAZAT)
- - Y5 =(YY5&0A) | (QAAS&A2)
45 Y4 = (YY4&0A)
Y3 =(YY3&0A) | (QAXAS)
Y2=(YY2&0A)
_ Y1=(YY1&QA)[(QA&AS)
'. 56 Y0 =(YY0&QA) | (QA%ZAS)
: TI=ASZAAZA3RA2 -
T2 = (NHD&A2&A1&A0) | mmma&sm

' S2=AT&A6&TL

85 S3=A7&A6&TL
S4 = (AT&A6)| (A6&T1)| T2
S5=((A7&A6)| (A6&T1)) & T2



=225 WO 98/44636 o S " TABLE 6B PCT/US98/06321

TEN- BI TENCODERBOOLEANEQUATI ONS: 5 . S345 S3|S4|'S5 N
-B7 & B6 & B5 & B4 NH5 = B7 & B6 & B5 & B4 NH7 =B7
& B6°& B5 & B4 10 - NHC=B7&B6&B5&B4 © N6=B3 &B2 & Bl & -
BO . NL8=B3 & B2 & Bl & B0 . NLB=B3 & B2 & Bl & B0
15 GB=B7&B6 @ =S2| S3 | @B= (S2&(B5| B4)) | S4
G7 = (S345&B5&(B4| (B4&B2))) | (S28B58B4) 22 &
~(B5484) | (S24854B) | (B54BASE2) 20 - (B5&E2)| (S3458856B4652)
& =( BS&BZ)|(SZ&BS&B4&BZ)|(SS45&BS&B4&B§ABLE s BBl @ +
B0 . G=025 =1 1ABLEGB HB=B78&B6 |
- BO 30 - HB3= HB&HBLEHB?
H = S2|'S3 %B‘TWE@DERS%?‘)&Hi%Q&%&. H7= (HB1&B5&S5) - -
H6 = (HBYEBS| ( HB3§5) siiss (HB1&B5&S5) | HB2| ( HB3&B4)
H4e = HB2[( HB3&B4) H3= (HBl&BS)|(HB3&BZ) | =
( HB28B5) | ( HB3&B1) N“;‘?%_ZEE“’%%“ (HB1&BS) | ( HB28B4) | ( HB3880) a0’
HO = HB1&B5 ._Nm_g_usggéugs?&%
10 _ NHC=B7&B6&B5& B4
. NL6=B3 & B2 &Bl1 & B0
© NL8=B3 & B2 &B1& B0
NLB=B3 & B2& Bl &B0.
15 = GB=BI&BE ,
T Gy=s5283
G = (S28(BSBA) | S4

G7=(S345&B5&(B4|(B4&B2))) | (52&35&134)

. G6 = (B5&B4) | (S2&B5&B2) | (BS&B4&B2)

.20 . G5 =(B5&B2) | (S345&B5&B4&B2)
G4= (1_;_5_&13 _) | (32&35&34&32) | (3345&35&34&52)
- G3=Bl- _
G2=B0
. Gl=0-
25 Go=1

HB=B7& B6 .
- HB1 = B4&B3&B2&B1&B0
. HB2 =B2&B1&B0
30 ' HB3 = HB&HB1&HB2
L H9 =S2|S3
H8 =S2|S4
H7= (HBI&BS&SS)
: H6 = (HB1&BS5) | (HB3&B5) -
35 HS = (HB1&B5&S5) | HB2 | (HB3&B4)
. H4 =HB2 | (HB3&B4)
H3 = (HB1&BS5) (HB3&B2)
H2 = (HB2&BS5) [(HB3&B1) - :
HI = (HB1&B5) | (HB2&B4) | (HB3&BO0)

40 : "HO=HBI&B5
B= B?&Bs - .
Bl= sz&m&ss&az&_a_x_&g _ R
. . JB2=B2&BI&B0 . - -
45 JB3 =S345 & (B2&BI&B0) '

- IB4=IB&IB1 & IB2 & B3
19 = UB1&B5) | ({B2&(52iS3)) | (JB3&S3) | (B4&((S2&B35)|S3)) -
. 13=(B1&B __)[(332&(52134))|(m3&s4)1(134&((sz& __)154))
. J7=]B1|JB3|(JB4&(S2B5B4)) -
50 36=1B1}JB2 | (JB4&(S2|(B5&B4))
J5=JB2|JB3 | (JB4&S345&B5&B4)
J4=JB1|3B2] B3] (134&(34&(321__)))
13=1B4& B2
e .. - )J2=)B1|((/B2IB3)&BS5) | (JB4&BI) -
.55 . ... . I=IB1 ;((mngs)&m) | (IB4&B0)
Jo=J81

. KB=BT&B6&BS
KB1 = (B2&B1&B0)(B2&B1&B0)



JBL = 52&545%8325&%50 ... JB2 = B2 & BL & B0 45 FCT/USISNGRY _
S345 & (B2&B1&B0) JB4=JB &JB1 &JB2 & JB3 :

J9=( BB1&B5) | ( JB2&( S22 ss)) | (JB3&S3) | (IBB4&( ( S2&B5) | S3)) .

J8=(JB1&B5) | (IB2&( S2| S4)) | (IB3&S4) | (IB4&( ( S2&B5) | S4)) J7
=JB1| JB3| (JB4&( S2| B5| B4)) 50 J6 =JB1| JB2| (JB4&( S2| (B5&B4))

J5= JB2| JB3| (JB4&S3458B58B4) - 234 |

=JB1| JB2| JB3| (JB4&( B4&( S2| B5))) - J3=)B4& B2 .

J2=JB1| ((JB2| JB3) §B) | (IBAGBL) 55 ~ J1=JB1| ((JB2| JB3) &B4) | ( JB4&BO)
J0=JB1 %mg?@s . KB1=( B2&B1&B0) | ( B2&B1&B0)
VO 98/ 44636 KBi}BI&(szlss»uxsz&sznmmass) o o
PCT/ US98/ 06321 K8 = (KB1&(52/S4)) | (KB2&S2) | (KB3&S4)’ -23-

KB2 KB&KBI&( S2| S5)K7= (Km&((sus&m&sméb __mmm ﬁgbg‘@‘;&m &(BZIBO))) K9 =
(KB1&( S2| S3) ) | ( KBRXKS2YKBILTHEGBIS | |
(KB1&(S2| S4)) | (KBZ‘&SS o s *'=1j ) 5&@&@_;34»»|a<swsz&s4nssmxxs

(KBl&((SS45&B4&BO PREBLEA2) Rlskbe) Kk

( KB3&( B B2&B0) [ BRI st e | 5
&) ; 9%&’&@&&6)&MI ) : K5 =

( KBL&( ( S28B4) | ( S5&0Sigdkiae
( KBL&( S2| ( S588&( B%ﬁBQKBIMCSI&Q)T(MN&BO)K(SBISQ&M&MKKZ L1
=( KB1&( S2| ( S345& KB3&B4 -
((KBlf&( ||(s4) &Bow% (i 34&(33130))))l27‘z9§&34XK2 S |

=( KB2&B1}1 ( KB3&( _

 (KBL&((S2&B0) | (S3 by o KL =
( KB1&S5&B4&B3&E0) u;xag St KES&BA&B0) |
~( KBLY( Spy ((S31 SALEE as;tm?(mm&&m&( B3| BO) M ( <B38B4) LB =
'B7&B6&B52 eI E T LB2 =(S3| 54) LB
B1&82) | 2854 B2iB1
L8B3 =(52] 59) & LB&%ZL@BI 10.3)282(34&(@)_5@1&«»)«53&(821221&30»»» |(LB3&B2) -
LL6 = (LB3&(B1|(S2&B2&B1)) -- |
' - L6=LB1 ](LB2&((BB&(BllBO)&(B_](B4&B_)))](B4&B3&Bl&BO)))|LL6
25 LL5 = (LB3&(B2&BO&(B1ISS))

L5 = (LB2&((B4&2B2&.(B1BO))|(B3&B2)|(B4B3)&B1&B0))) | LLS
LL4 = (LB1&B2) | (LB3&((B2&B0)|(B2&B0)))
L4 = LB2&((B4&B28&:(B1BO))|(B4&B __Q&BZ)I(BI&BO&(B4[B3))))|LL4
L3 = (LB1&B1) | (LB2&B1&B0) | (LB3&B3)

30 L2 = (LB1&B0) | (LB2&((B1/B2)&B0)) '
Li=LB2|LB3
LO=LB1|LB2|LB3

279 =(GB&GY) } (HB&H9) | JB&J9) | (KB&KYI) | {(LB&LY)
- 35 _ Z7Z8 = (GB&GS) | (HB&HS) | (JB&JB) | (KB&KS) | (LB&LS)
: ZZ7=(GB&GT)| (HB&H7){ ({B&IT) | (KB&K7) | (LB&LT)
2Z6 = {GB&GS6) | (HB&HS) } (JB&I6) | (KB&X6) | (LB&LSG) -
ZZ5 = (GB&G5) | (HB&HS) | (JB&J5) HKB&KS) | (LB&LS5)
N ZZ4=(GB&G4) | (HB&H4) | JB&14) | (KB&K4) | (LB&LA4)
40 273 =(GB&G3) | (HB&H3) | (JB&3I3) | (KB&K3) | (LB&L3)
. ZZ2 = (GB&G2) | (HB&H?2) | ('B&J2) | (KB&K2) | (LB&L2)
ZZ1 = (GB&GI1)| (HB&HI1) | (JB&J1) | (KB&K1) | (LB&L1)
270 =(GB&GO0) | (HB&HO) | (JB&J0) | (KB&KO) | (LB&LO)

45 QB = (NH2&NL6&54) | (NH‘I'&NLB&S_S)].(NHC&NLG&SS)

‘29 =(ZZ9&0B) | (QB&B0). .
Z8 = (ZZ8&0B) | (QB&B5&B2)
- Z7=(ZZ7&0B)|QB
50 ' 26 = (ZZ6&0B)
- Z5=(ZZ5&0B)
Z4=(ZZ4&0B)
. Z3=(ZZ3&QB)

: - 22=(222&QB) _

T1=3;1&(.(B.ZIB§|§§)!((SZIS5)&B;9) : |
T2 = (NHS&NLS) | (NH7&NLB&S3)



20 . wodmdeB28S3) | (LB3&(S2&(B2| Bl)) °  L8=PCT/US98/06321

(LB1&S2) | (LB2&S4) | (LB3&(S2&(B1))) - CL7="

LB1| ( LB2&( B4&( B3&( B1| BO)) | ( B3&( B2| (B1&BO)))) )) | (LBS&BZ)

LL6=( LB3&( B1| ( S2&B2&B1))) © L6 =LBI |

(LB2&( ( B3&( B1| BO) &( B4| (B4&BZ) )| (B4&83&81&BO) ))| LL6 25 ' LL5 =

(LB3&( B2&B0&B1| B5))) . S

(LB2&( B4&B2&( B1| BO))|(BS&BZ)|((B4| BS) &Bl&é'dy))uLs E LL4 =

(LB1&B2) | (.LB3&( ( B2&&B0) | ( B2&B0) ) ) )

=L.B2&( B4&B2&( B1| B0) ) | ( B4&B3&B2) | ( B1&B0O&( B4| B3)) )) | LL4 . L3=

(LBI &Bl ) | ( LB2&B1&BgH)4 %14 BB&B3) 30 L2 =(LB1&BO) | (LBZ&((Bl| B2) &BO))
- L1=LB2| LB3 st=T1&120=LB1| LB2| LB3 - 229

(GB&®) | (HB&H9) | (JIB&J9) (KB&K9) | (LB&LY) 35 '

( GB&GB) | ( HB&H8) | ( JBHGLY) is@kibasiedipgrameillgytrating decoder 168\@gqh mthe above-

E %z%g i E Egi@#g_g%&degﬁg&ggl% d?L L‘Zéngs having altematmg €Sie wdrﬁgﬁl)nl ngéﬁm_

E %ﬁgg I E Egg si % %ﬁ% g@ﬁf% yvozdos having eight b¥§4Dccoder 168 includes

( GB&G3) | ( HB&Heipht-HiBddchdet Z«B&iﬁiﬂ fefibiddedpder 241. Eight-bit demr 240 includes elght-bxt
(GB&EY) | (HB&H2) | (JB&J2) | B&KZ) |.(LB&L2)
( GB&GL) | ( HB&Hagde(wesd jnput(WZ N which ggg_oyyled to bus 242, elght%éyoge word output

il et e S
Z8 =(ZZ8&0B) | t&upi&Dbill 244, next state pointér mpﬁm@)/llu@aﬁ(boupled to buses285-
=(2Z68&0B) 75=( 2Z5&0B) 74 = céz4&03 b g5 240

- 73= (ZZ380B) 248, respectively, and nexy state poggermytputs So-S whi

_ (Z&H(s éﬁe g‘ﬂ?’ ?\1H7 m%%és:spechve}y \%u%g i%:gé%r% 5 1££1§8$s§§)1 %ﬁ@oﬁe word input Z[9 O]T2

PCT/ US98/ 06324hich is coupled to bus 251, elght-blt code word output B[7 0] whxch is coupléd-to :
15 -bus 252, invalid code word indicator output FB whlch is coupled to bus 253, next state -
pointer inputs So-S; which are coupled to buses 249 and 250, respectively, and next

state pointer outputs S,-Ss which are coupled to buses 245-248, respectively.: Incomfng
code words are tihié-multiplexéd onto code word inputs Y[7:0] and Z[9:0] from serial-
to-parallel converter 163 (_éhown m FIG. 2), and the corresponding decoded data words
20" are time-multiplexed onto data word outputs A[74 0] and B[7:0]. |
The Boolean equatxons for eight-bit decoder 240 and ten-blt decoder 241 are
prov1ded in Tables 7A and 7B below. ' '



CT/US98/06321 .

. . WO 98/44636 . _ ' -
S0=Ti|T2  WOMMEE .o 116125  FIG 5is a block dTSHER
illustrating decoder 168 which, in the above- - exanpl e, decodes

successi ve code words havi-ng al ternating code word | engths of eight -
bits and ten bits into successive data words having eight bits. Decoder 168
i ncl udes eight-bit decoder 240 and ten-bit- decoder 241. Eight-bit -
decoder 240 includes eight-bit - code we¥d input Y[7:0] which is coupled
to bus 242, eight-bit code word output 10 A[7:0] which is coupled to bus
243, -inval ird code word indi eator output FA Wiich is coupl ed to bus
244, next state pointer inputs S[err] _-S[M-‘m ch are coupled to buses

245- 248, 1 espeht-bMSIECopBBodEXi EBUAFEN$0I Nt er- outputs S[err]-S[err]

which are coupl ed to buses 249 and 250, respectively. Ten-bit decoder

241 i ncl udes ten-bise=x¥rde word i nput - Z[ 9: 0] which is coupled to bus
251, eightSbit codeSWw¥Id output B[7:0] which is coupled to 15 bus 252,

invalid code word ingic e ut FB whi'ch is coupled to bus 253, next
state - poi nt erﬁf}ig&%ﬁ%ﬁ] -S[err] which are coupled to buses 249 and
250, respectively, «ypkyg¥éayseays State pointer outputs Slerr]-S[err] which
are coupl d0 to busesH245aYdBsavespect i vel y.- | ncom ng : code words are .
time-nultipl exed ori¥is<YQ8¥6&X&N4i nputs Y[ 7: 0] -and Z[9:0] from serial-
to-parall el conver tH6=ME&YEENIEXL in FIG 2); and.the correspondi ng decoded
data words 20 are NEIRHHISIE A ed onto data word outputs A[7:0] and .
B[7:0]. 15 NHO= VS equati.ons for eight-bit decoder 240 and

ten-bit decoder 24IngAeyreysaysayaovided i n Tables 7A and 7B below. - W

98/ 44636  NHB=YI&YE&YS5&Y4 = ' PCT/ US98/ 06321
- 25- NHC =Y7&Y6&Y5&Y4 TABLE 7A .

El GHT-BI T QECCDER B PR YRR ONS: S0=Y7 5 Sl =Y7

NHL =Y7&Y@8Y58Y4 o=viayeyibp= Y7&Y6&Y5&Y4 NH3 =Y7&Y6&Y5&Y4
10 N =Y7aeaiaiave - NHB SY7&Y6&YS&Y4 . NHB
=Y7&Y6&Y5&Y4 NL4 =Y3& WX 1&YT &Y6&Y5&Y4 - . .

S - NL6=Y3&Y2&Y1&Y0 :

25 NL7=Y3&Y2&Y1&Y0

NL8 =Y3&Y2&Y1&Y0

NLI=Y3&Y2&Y1&Y0

NLB =Y3&Y2&Y1&Y0

NLC=Y3&Y2&Y1&Y0

30
P30 =NHS&NLO
PBO=NHB&NLO
MS4A =NH4]NHA o
- MS89CD =NHSNHOWNHCINHD . -
35 MS1256 = NH1NH2NH5[NH6
_ MSGY =MS89CD | MS1256
MSLY =MS4A | MSGY

' GY = MSGY&Y1&Y0 -
40 HY = (MS4A&Y1&Y0) | (MSGY&(NL7INLB)). -

Y11= Yé&((NHB&((Yl'\?O)[NL#))l-mm&cyzwn&@xmm&*z1&_\:9)) E
JY2=NL3&MSLY&(S4{S5). R .

45 Ty =JY1|JY2
KY ='(Y-}'&ﬁ&Ys&Nx;7) | (NHB&NL3) | (NH3&Y3&(Y2{[Y1)&Y0)
LY= (MSLY & ((Y3[Y2IY&Y0) &ff-_s's_&NM!ism N (P_Bb&(52ts3))
50 G7=S4)85 S '
. G6=S3|S5
G5=0
G4=0
. o G3=Y$6 - _
- 55 G2 = (Y7&Y(YI&YD
Gl=Y3

Go=Y2

\



NHB ‘=Y78Y68¥B8YAects = NHO=Y7&Y6&Y5&YA  © NHA PCTRNSGNGRYS

NHB =Y7&Y6&Y5&Y4 - NHC =Y7&Y68Y5&Y4 . NHD =Y7&Y6&Y58Y4

20 NLO =Y3&Y2&Y1&Y0 NL3 =Y3&Y2&Y1&YO0 -

NL4 =Y3&Y2&Y1&YO NL6 =Y3&Y2&Y1&Y0 25 NL7=Y3&Y2&Y1&Y0

NL8 =Y3&Y28Y1&YD | NLO =Y3&Y2&Y1&YD NLB=Y3&Y2&Y1&Y0

NLC=Y3&Y2&Y1&Y0 30 - P8O =NH&NL! PBO =NHB&NLO

VB4A =NH4| NHA VB89CD =NH8| NHOTAGRC| NHD 35

MB1256=NHL| N2| NH5| NH6 - MBGY MB89CD| MB1256

NBLY=NB4A| NEGY 40 HY =

( MB4A&Y1&Y0) | (NBG&;@F??\?EW 5)'&@91%&& JY1= |

Y3&( ( NHB&( ( Y1AY0) | 2= ) | ( NH3&( Y2| Y1) &Y0) | {: NH7&Y1&YO0) )

JY2=NL3&MBLY&( S4| SB)=1 Y =3Y1 Y2 45 KY

=( Y7&Y6&Y5&NL7)|(I\M\IL3)|(NH3&Y3&( Y2| Y1&Y0) - LY =(MBLY

&((Y3i v2| Y1) &Y0) %‘%? | BEOY) | (PBO&(S2] S3)) 50  GI=S4| S5

 ®=S3| S5 | &= Y6 55
(Y7&Y4) | (Y782 I (rrevapgeyerD © @=y2 W

98/ 4463610 37 (S4/S5) : '

PCT/ US98/ 06321 J6=S5(S3&IY1l) .
: Js=(JYI&((Y'J&Yz)wqaa&__))n(JY:&(Yslm&Ys)))
14 = (Y 1&((Y7&(Y2(Y1&YO)|(YI&Y6) | (Y2&(Y6I(Y T8 Y5&Y4)))
_ 3= (JYI&((Y7&YI)[0'_&Y2&Y1))) | (m&((w&m[(l_&ys»)
- 15 - R2=JY1
Ii=JY1
Jo=JY1

- K7=1
20 K6=1
. K5=S5]Y2
. K4=sa|Yy2. .. -
K3=Y4&Y2&YI]
K2=1
25 Ki=0
K0=0

L7=S5|S4
- L6=85|S3 .

30 0 0 L5=YS|(YT&Y5&Y4H)
L4=Y6|(Y7& Y5 & Y4)
L3= (Y?&YS&Y4)|(‘_1_&Y5)
12=Y3
L1=Y2

35 - LO=Yi

AA7 =(GY&GT) | HY&ZHT) | (JY&J‘I) | (KY&KT) HLYZLT)

AAG = (GY&G6) | (HY&HS) | FY&I6) | (KY&ZKE) | (LY&LSE)

. AAS = (GY&GS) | (HY&HS) | JY&I5) | (KY&KS5) | (LY&LS)

40 . AA4=(GY&GH4) | (HY&H4) | TY&I4) | (KY&K4) | (LY&L4)

. AA3 =(GY&G3) | (HY&H3) | JY&I3) | (KY&K3) | (LY&L3)

AAZ =(GY&G2) | (HY&H2) | (Y&I2) | (KY&K2)| (LY&L2)

AAl = (GY&G1) | (HY&H1) | JY&I1) | (KY&KI) | (LY&LL)
AAD = (GY&GO) | (Y&HD) | (Y&I0) | (KY&KO)| (LY&LO) |

QY =(P80'& S3) | (NHANH4) & NLB & $4)

A7 (AA7 & QY) | (QY & Y6) -
S A={AASZOY)|(QY &Y3)
50 . AS=(AAS&QY)[(QY &Y3)
- Ad=(AAL & OY)
CA3={AA3 & OY)(QY &Y¥6) .
A2 =(AA2 &QY)|(QY & YT)
L A=Al QDIQY) . .
5 Ao =(AA0 & OV QY &YE) . .

45

RY= (NHC&NLC&SZ)](NHQ&NL9&SJ)!G\IH6 &NLG&Sé)
FA=(GY |HYIJYIKYILY|OV}[RY



_26. © WOMME6 | _ (4 S5) g((Y7RY5)| (Y7&Y5RYA) | NLB) - SO U6l
| H =15 ' |

s3] ss* " . Hs=1 = =

H2=Y1 HL =(Y1&Y3)| ( Y6&Y1) Ho=

(YL&Y2) | (((Y7&Y4)| (Y7&Y5))&Y1) 10 = (S4] S5) | 6=
S5| ( S3&JY1) J5=(JY1&( (Y7&Y2) | Y6| (Y7&Y1)) | (IY2&( Y6| ( Y7&Y5)))
34" = (JIYI&((Y7&(Y2| (Y1&Y0))) | (Y7&YB))) | (J Y23 Y6| (Y7&Y5&Y4))) |

J2 = (JYl&((Y?&Y1)|(Y7&Y2&Y1)))|(JY2&((Y7&Y4)|(Y7&Y5))) 15 J2=Jv1
=1yl . K7 =.1 20 K6= . K5 = S5| Y2
Ka=S4| Y2 - K3=Y4&Y2&Y1 ~ =1 25 © K1=0
Eo =0 ’ | L7=S5|S4 - Legéﬂﬂéélgé- - .
5=Y6| ( Y7&Y5&Y4) Y4 |

L3=( Y7&Y5&Y4) | ( Y7&¥EBYyBIT DECODER 500&’{“‘(2““—%& : L1 = Y2 35

&K6) | (LY&L6)

LO Y1 (GY&06)|(HY&§%§@ @%W &W%?)l(JY&J7)|(KY&K7)|(LY&L7)

( GY&GB) | (HY&HS) | (J¥6= 2D |{(A8Y&E)N 2L Y&L5) * 40
. (GY&®A) | (HY&HA) | (I ¥8329 & EKY&KA) | (LY&L4)
(GY&R3) | (MvaH3) | (IY&I3)| (KY&K3) | (LY&L3)
(GYa®) | (Hv&H2) | (IYE 25 R ( Lv&L2)
- NH2 “Z?&ZQ&ZS&Q
. NH3 =Z7&Z6&Z5&Z4
15 © NH4=Z1&Z6&Z58Z4
NHS =Z7&Z26&Z5&74
NH6 =Z7&Z6XZ5&Z4
NH7 =21&Z6&258Z4
NH8 =Z7&Z6&Z58Z4
20 ' NH9 =Z7&Z6&25&74
: NHA =Z7&Z6&Z5&Z4
NHB =Z7&Z6&Z5& Z4 -
e e ratag
- NHD =ZT&Z6&ZS&ZA

- 25 :
: NLO =Z3&Z2&Z1870
NL1 =Z3&22&Z1&Z0
NL3 =Z3&Z2&Z1&Z0
. ' NL5 =Z3&Z2&Z1&7Z0
30 NL6 =Z3&Z2&Z1&Z0
. NL7 =Z3&Z2&Z1&Z0
NL9 =Z3&Z2&Z1&Z0
NLB =Z3&Z2&Z1&Z0
NLC =Z3&Z2&Z1&Z0
35 . o
: PPO=Z9&Z8
PPl =Z9&Z8
. PP2=79&Z8
N PP3 =2Z9&Z8
40 : PP21 =PP2PP1

LS15 =NL1|NL5
LS37 =NL3NL7
} LS37B=LS37NLB,
45 MS37 = NH3[NH7
, MS37B=MS37|NHB
MS037B =MS37B|NHO
MS4A = NH4|NHA
o MS89 = NH8[NHS
50 - MSCD = NHC[NHD
MS12 =NH1NH2
- 'MS1245 = MS12[NH4|NH5

. MSI256=MSINHSNH6 . . ... - .

MSS2=PP21&(Z71&Z6&ZS)

55 NBE=(@RIEITRZD

GZ1=MS1256 .
GZ2 = (PP3&ZT&Z5&ZA) | (PPZ&MSCD)
GZ3 =PP3&(MS39MS34A)

'AA3

AA2




(GY&GJ»W(&)WH(JY&J1)|(KY&K1)|(LY&L|) o AAG?'C:‘/US9810632'1.-

(GY&GO)|(HY&HO)|(JY&J0)|(KY&K0)|(LY&L0) 45 L QY= |
(P80&83)|((NHA4| NH4) &NLB & S4) A7T= (AA7 & OY)| (QY & Y6)
(AA6 & OY)| (QY & Y3) 50 = (AA5 & OV)|(QY & Y3)

= (AAM & OY) A3 =(AA3 & oY) | (QVaY6) A2 =
(AA2 &OY)| (QY & Y7) : A= (Aajg & OV | (QY) 55
AO=( AAO% OY) | (QY & Y6) RY Z¥NHC & NCC & S2)| (NHO & NLO &
S3) | (NH6& NL6 & $4) : | FA =(GY | HY | JY | KY [ LY | OV |RY
WO 98/ 44636 GZ=(GZ1|GZ2GZ3) & (Z1&Z0) | o
PCT/ US98/ 06321  @7=0 - S27- - :
TABLE 7B+ G6=0 TEN- Bl T DECODER BOOLEAN EQUATI ONS: 5 'S2 =
(Z9 & 78)L((Z9 | BSrk2ep S3 =(Z9 & 78)&(Z7|Z5) . -
S4=(29828) & 27| Z6\33 g‘;‘z‘&ZG)l(Gﬂ&@i(G%z%sés 10 - NHO =Z7&76875874
NHL Z7&26&25&Z4 NH3 =Z7&768&758Z4
5 _Gugnppibfeatbitiiiftimamy, O 778200080
=Z7&26&25&Z4 . Go=2z2 NH7 =Z7&Z68&Z58Z4 B NH8 =Z7876875874 20

NHO =778¥8&758&74
' : " HZ1=(NH4&NLO&S0) | (((_J_’_Q&NHO)I(PPO&NHA))&NLB)
HZ2 = (NH3&Z3&Z0)
HZ3 = MSIZSG&(ZQ.!Z_ZD&Z.J&(HML_)
_ HZ = HZIHZ2|HZ3
15 H7=0
H6=1
HS = (HZ1&73) | (HZ2&22) | (st&zs)
H4=HZ1 | (HZ2&Z1)| (HZ3&24)
. H3=HZ1|S1 :
20 H2=HZ2 | (HZ3&Z3)
. H1=HZ2[(HZ3&Z2)
HO = HZ2 | (HZ3&Z1)

" JZ1 = MSS2&(NLO[(Z4&NL7&S1))

25 JZ2 = (NH7|((Z9IZ8)&NHB)) & (23&20)
- 3Z3 =NBE & (GZ3]MSS2)
C)Z=)Z213Z2))Z3 :
L J7=1
J6=0

30 JS=(JZI&Z9)](JZZ&Zz)l(IZ3&((MSSZ&Z9)](MS4A))) .
3= (121&24&;_)1(122&21”(123&(51&)) _
13 =S1&(JZ13Z2))Z3)
- 12=(JZ2&Z6)| (1Z3&2Z3)
- J1=(122&Z6) | (JZ3&22)
35 J0=(JZ2&Z6)| 323&Z1)

KZ1 = (PP3&MS37&LS15) | (PP21&NHO0&(Z3|22)&Z1&Z0) |(PP3&NHI&NLO)
KZ2 =NBE& ((PP3&(NHONH4))|(PPO&MSCD))
- KZ3 =PP21 & (NHO&NBE)|(MS37B&LS15)) -
40 - .KZ4=PPO&((Z7&ZG&ZS&NLO)IO*IHA&NL3)1(NH3&NL5))
: KZ195 = (KZ1&(NHINLS))
KZ=KZIKZ2KZ3|KZ4
K7=1
: Ké=1
45 K5=0
e K4 = (KZ1&(Z6|ZN(Z3&Z2))) | (KZZ&(Z4|NH4)) |{(KZ3&2Z4) | (KZ4&Z6&Z4)
K3 = S1&(KZ1|KZ2]KZ3[KZ4)
K2=KZ195 | (KZ22&2Z3)| (KZ3&(23|(Z4&22))) | (K248:22) -
. K1 =KZ195 | (KZ2|KZ4)&22) | (KZ3&((ZALZ2)ZTNZ6&Z2)))
50 - K0=KZI95l(KZZ&ZI)l(KZ3&(Zl|(Z4&(ZG’.‘Q)))I.(KZ4&ZZ)

LZ1 = (Z9&Z1&Z68Z5)&(Z1&Z0) :
LZ2=PP21 &((MSIZSGIMSB91M84A)&LS37B) _
o LZ3 =PP21 & (MS037B&LS37) ' L
55 LZ4= ((PP3&M31245)NSSZI(PPO&(MS12:6|M889MSCD)))&(__&ZI&ZO) S
- LZ= LZl]LZZILZ3}L24 . -
L7=1
L6=1
L5=1



M51256=M512| NH5| N

" NHCRETUS9885378 74

NHA =Z78Z68MWRI%44636 - “NHB -=Z78Z68Z58&Z4

NHD =Z78&Z68Z58Z4 25 ‘NLO =Z3&Z28&718&70 NL 1
=738&72871&70 NL3 =Z3&7Z28&718&70 ~ NL5 =73&8728718&70 30
NL6 =Z38Z28&8Z18&8Z0 NL7 =Z3&Z28&718&70 NLO =73&728&718&70
NLB :23&22&21&20' NLC =Z3&728&718&70 35 . PPO = Z79&78
PPl = Z79&Z8 PP2 = Z9&Z8 =~ .p9. PP3 = 79&Z8 40

_PP21 =PP2| PP1 ' LS15 :NL1| NL5 LS37 =NL3| NL7 _
LS37B = LS37| NLB 45 MS37 = NH3| NH7 MB37B = MS371 NHB
MB037= NMS37B| NHO L4 =(LZ2&(Z7]NH4)) NGZBa:226) NiZA M589 = NH8| NH9 50
MSCD=NHC| NHD L3 =(LZ1&S1) (Z90f)

‘ )Nﬂaz3&26&25)l(1-z4&z3) MB1245 =NB12] NH4| NH5
(L23& 826&25) 55

- NBE

A\ A\ 1.Z2)&Z3 _ 18768
e e 2T

(PP3&27827824) | (P

98/ 44636

PCT/ US98/ 06321

10
15
20
25

30

35

40

45

- BB7=(GZ&G7)| (HZ&HT) |(JZ&)T) | (KZ&KT) | (LZ&ELT)
BB6 = (GZ&G6) | (HZ&HS6) | (JZ&J6) | (KZ&KS6) | LZ&LE) = :
BBS = (GZ&GS) | (HZ&HS) | 0Z&J5) | (KZ&KS) | (LZ&LS)

BB4 = (GZ&G4) | (HZ&H4) | (JZ&)4) | (KZ&K4) | (LZ&L4A)

. BB3=(GZ&G3) | (HZ&H3) | 0Z&J3) | (KZ&K3) | (LZ&L3) -
BB2 = (GZ&G2) | (HZ&H2) | (Z&)2) | (KZ&K2) | (LZ&L2) -

BBl =(GZ&Gl1)| (HZ&H1) | JZ&J1) | (KZ&KI) | (LZ&L1)
BBO = (GZ&GO0) | (HZ&HO0) | (JZ&J0) |(1<z&1<0) | (LZ&LO) -

QzZ= CZ_9, | Z8)&(NHEZNLO)&S0

B7=(BB7&07Z) | (QZ&Z9&Z8)
B6=(BB6&0Z) | (QZ&Z8)
B5 = (BB5&QZ) | (QZ&(Z9I1Z8))
B4 =(BB4&0Z) | (QZ&Z9)
B3 =(BB3&0Z) | (QZ&Z9)
B2=(BB2&Q2)|(QZ&Z9) .
B1 =(BB1&07)|(QZ)
BO=(BB0&QZ) { (QZ&Z9)

- RZ=(PPI&NHI&NLI&SO) | (PP2&.NH6&NL6&SI) | (PPO&NHC&NLC&SO) |
(PPO&NHC&NLO&ST)

=(GZ|HZ |JZ |KZ|1Z1QZ)|RZ
The coding structure of the present mventlon can be expanded above the
above-example to generate code words havmg a variety of alternating code word -

lengths and a variety of MTR constraints beginning at different pre-defined _locatxons

- within individual code words. However, it is important that the alternating code word

lengths and the MTR location dependency be defined such that corresponding bit

locations in: successive code werds have the 'same MTR constraint and all MTR

'consu'amts are satisfied when the code words are concatenated to one another to form =

the code word stream
This expansmn can be defmed in terms of vanables, including code word
Ien gth variables "Y" and “Z" MTR constraint variables BV and "N" and an MT R

location dependency variable "S" These variables are shown in FIG 6 thh reference o |

" to code word stream 178. Agam, bxt location line 184 is shown above code Word__

stream 178. Code words 180-182 have alternating first and second code 'iz'ib'i'r'd' lengths'

of "Y" bit locations (labeled 260) and "Z" bit locations (labeled 262), respectively. In



-28: . WO 98/44636 GZ= ( GZ1| GZ2| GZS) & (Zl&ZO) L T (PTRUS98/06321
G6=0 & = &Z2| &3 5 A ' oo
(GZI &26) | (GZ28&Z7) | ( GZ3&( Z6| Z5)) @ _s1 @ =

( Gzl &Z5 )|(GZZ&((Z8&26)|(Z7&Z4)))|(GZB&(25| 74)) GL =23
@ =22 10 = (NH4&NLO&SO)|(((PPO&NHO)|(PPO&NHA))&NLB)

HZ2 = (NH3&Z3&z0) = .' 3 =(MBL25&( 73| 72| 21) &(Z4| NLO| S1)

Hz = HZL| HZz2| HZ3 15 H7 0 ‘H6=1 HS =

( (Hz28&72) | (HZ38Z6) H4 =Hz1| (HZ2&Z1) | ( HZ38&Z4)

= |
Hz1&73) |
D = o] (st premele shbmin #9816 6 ods ponts Lapaqe, L ppli 20 PEER)

JZ2 = (NH7| ((%%izﬁl&ﬂi&)de&(lgﬁﬁﬁ dses aﬁrstMTRconsﬂ:ZﬁltﬂfNBEu%dﬁ?s%éﬁ‘ﬁheY
JZ =371| 22| 3z3 6=0 3

(JZ18&29) | (Jz2&mDy PGJ@&&Q@W@SM by METR)cppstraint hne 264 Each bxt:locatlon in the ﬁrst

2

o o, (S aldd "R GRSk tabled 266 spat i Bppe o et J 1T 8, S=2. 5 _

(‘]22&26) | ( Z3 T L) li_n 1" nyn 80 8
(PP3aNE37éL 5181 BP PENPERCRS| 22) 52125859 (138 §Rds gl 180 and 182 cach hayg gn

=NBE&( ( PP3&( NMIR\cehsjrainPBO RAEstd Yre spaced two bxt locatiofi3 apart from one another (e.g. 7-

PP21&( ( NHO&NBE 3(B&LS15 KZ4
pp'o&(g(y&ze;&z ) ( NB ; )¥19Wm§ §5°, "3" and "1"mcodgyggd 181 each have an

=( KZ1&( NH9| NLWR c?gtrsmt of M ami%e Spﬁéélt*%%ﬁ%at% apart from one anotﬁZr Jl'he

K6=1 45

(KZ1&( Z6| 77| ( ZafeARor)edgty 2 abies\YH260) (5 FBQ6R) 444 S8R%0aT¢ bvenly divisible by thK3 .

S1&( KZ1| K22| KZ3| KZ4)
' MTR location dependency variable S (266) In the example shown, Y=8 and Z=10,

whzch are both evenly divisible by S, which is equal to two. The encoder imposes a
second MTR constraint of "N", which is dxfferent than "M, on a second set of the Y-
-and Z bit locations. The second set compnses each of the Y and Z bit locations that are

not in the first set. For example, M may be-equal to two at.ld_.N may be equal to three.’

15 _ In an alternative emf:odiment, the MTR location dep-ende'n_cy variable S equals -

three. Therefore, every third bit locéﬁpfx ha_s an MTR constraint of M, and all
remaining bit locations have an MTR constraint of N. For eight-bit data words,
possible alternating code word leﬁgﬁxs include nine and twelve, for example, since
these lengths are evenly divisible by three | | |
20 : In summary, the present mven’uon provides an encoder 150 and a method of
| encoding successive data words 152 f01_' transmission th:rough a channel 160. The
successive data words 152-are encddéd into successive code words 153,'- 180, 181, 182
having alterating code word lengths Y (260) and Z (262). Each code word hasa -
plurality of bit locations, such as Y[7j:0] and Z[9:0]. A first MTR constraint of M is- |
.25 _ i_niposed on a first set of the bit Iocaﬁ'oi;_s, wherein each bit location in the first set is
épé.’ced S .(.266) bit locations apart from one another. S isan integei' greatef than 1. A
second MTR constramt of N, whzch is different than the first MTR constramt is
: nnposed ona second set of the bzt locatlons wherem the second set comprises each of
the bit locations that are not in the ﬁrst set. The altemaung code word lengths Y and z



K2 = Kz195| (W@?Wf(KZS&('ZB-|-('Z4&ZZ)-))|(KZ4&22) S RCTAUSIE06321

| ((KZ2| KZ4)'&Z2) | (KZ3&( (Z4&Z2) | Z7| (Z6&22))) 50 . | KO = |
_K2195|(KZZ&Zl)|(KZS&(Zl|(Z4&(26"22))))|(KZ4&22) '- - Lzl =
(Z98Z78Z68Z5) &( Z18Z0) Lz2 = PP21 & ((MB1256] I\/S89| MB4A) &LSB?B)
LZ3 =PP21 & (MS037B&LS37) 55 Lz4 =

(( PP3&MB1245) NBS2| ( PPO&( I\/I51256| VBB9| NBCD) 3R (Z2821820) Lz =
Lz1| LZ2f LZ3| LZ4 =1 L6=1 - S Ls=1
WD 98/ 44636 |

PCT/ US98/ 06324nd the value of S are defined such that correspondmg b1t locatlons in successi¥@code
(LZ2&( 271 NHAY ) [ (LZ23&( 271 78)) | L4

( Lﬁﬁ% ( L@%ﬁ%mm b &Z22 154&27 - o 52 71| L72) &23
|_( LZ3 | ( ?_ lzg 876 &E 79 % érxgéodslment) of(die pq_egexzt invention, the me'chod1 of enco%lZ gI ghc gdes )

(_EB(Z ;é % :—(Za)z& ﬁ%%ﬁ%ﬁ%ﬁ%ﬁ%@ X and Z such thgté(gez atd dvenly divisible

( GZ&G6) | ( HZ&HBy B( BaAtampley i) théthdd i deﬁne S*2 such thatABS first set of bit locations
(&Z7&G5) | (Hz&H5 |(JZ&J 5) L ( KZ&KS‘) 'Ll( LZ&L5 BB4
(&Z&HA) | ( |-|z&|-mci1{ 3:,2&3@17 |o of bit locations. Agmnmum fransition run

E gigg I E %gﬂi’ (;r&%%ggh‘r% KZ&K?’H %ilb?%h% first set of the bit locaggﬁs, Such as every evenbit _

=( GZ&GL) | ( HZ&dkhtiér) 4fd HnhAx{rAGH ttanktioflrim constramt of two is #}sbsed on the second set
(GZ&Q0) | ( Hz&H0) | (I2&J0) | ( KZEKO) | ( L&l 0)

X =
(29| Z8) &( NHe &K thediidocations, such as eveerGdd:bBBE&ﬁﬁM a(s@hem&x@:e 190 of FIG.3. B6

bt

; E ggggoz 4 %&28 sxgeo data words 152 aggex;c 9502%14 é)% )t)code words 1§ and B4
(BB2&QY) | (QZ&i and ten-bit code wordd! 181, ( BB1&QZ) | (QZ) 25 | BO =
(BB0&Q?) | (QZ&L9

Inone aspect of the mventxon, each code word 153, 180—182 is formed ofa .
series of code symbols, such as binary "1's" and "0's", angi the method of encodmg
-further includes concatenating the successive code words togethei to form a serial code
15  word stream 178. The number of consecutive bit locations in the serial code stream
178 that have identical code symbols is limited to a maximum of seven
- Another aspect of the present invention relates to a encoder 150 for cncodixig
data words 152 into respective code words 153, 180-182. Encoder 150 includes a data
- word input A{7:0] and B[7:0} for receiving data.woi'ds 152, a code word ootput Y[7:0]
26 and Z[9:0] and a state machine 220, 221. The state machin.e' includes a sequence of
states which encodes successive data words 152 received on the data word input
A{7:0] and B{7:0] into code words 153, 180-182 having altematmg code word lengths -
Yand Zon the code word output Y[7 0} and Z[9:0]. Each code word 153 180-182 has
| a plurality of bit locatmns The sequence of states is arranged to impose a first MIR
- 25  constraint of Mona first set of the plurahty of bit locations. Each bit Iocation in the
| - first setis spaced § bit locations apart from one another, where S is an mteger greater
than one. The sequence of states is arranged to 1mpose a second MTR constraint of N,
: -whlch is different than_ the ﬁ_r_stMTR constramt, on a s..cond_set of the phlrahty of bit -

- locations which comprises each of the bit locations that are not in the first sét. The
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( PPO&NHC&NLO&ST) 30 FB=(&Z | HZ | JZ |-*KZ | 'Lz | Q2) | )
The coding structure of tke present invention can be expanded above the
above-exanple to generate code words having a variety of alternating code
wor d | engths and a variety of MIR constraints beginning at different .
pre-defined | ocations 35 within IndIVId£f| code words. However, it is

i nportant that the alternating code word ~ | engt hs and the NWR
“location dependency be defined such that correspondi ng bit | ocati ons

“constraints. aPioREE R G Tntetf ? AT 2 g Vb Bt Ser iRl oy Ml e,
anot her to f opfchine such #HaEcoRBonRAEbTE Idcaifs indlccessive code wdids 58X PEREZ PN
can be defl ned in terns of varilables, including code word 1ength

variabl es "Y" havﬂthe}amem@‘omm nt variables "M and "N', and an IvrI'R

| ocation de endency, vari abl e These varj abl es S FI.G 6
‘reference P % E‘!’FE&?%F@E?%V%&F#‘“GS fiﬁ‘@%f"f l)‘#lp?‘ﬁﬁg Ja_g.g
- shown abov

alternati ng fi rst@ug lg%’czgr%dzi% gﬁﬁoﬁ % r@'ﬂﬁgw zgﬁgndlggm?ﬁﬁ?hd%%fzf%ns

" (1 abel ed 260) 24bd The stats thadhine240y241 hhsabedqadnc%&ﬁ)statemhehﬁs arednged kondecode

WO 98/ 44636
PCT/ US98/ 0632 successive code words into successive data words having a fixed data word leggth

the exanple s ! Xy r
code f’lgx‘é’%gﬁ 55 f%ee%%% wﬁgh‘; rrpad%g%%g&??gésﬁ%%sﬂgﬂ né?&al n I:}gn a
first set of tshgce¥sive codemEthbEImﬂﬁ?@fbﬁm&auaﬁs Sﬂaewaodm:m&ermsf ai nt
-line 264. Each bit location in the first set is spaced "S" bit

| ocati ons 101 amaxemumnsmmrmn meamﬁéd enetfirstrset ofthepluralgy ofbit. iocasmns
code rds 180

Th f bi . 1
eaoh have an Eech tincR3n i e sk setis Sppd bl locaforbirie it e Predifh opls
' apar t fromo n%eﬁig%hﬁfegéﬁgrﬁateﬂthan one. Each code word has a second maximum transmen

run constraint N, which is different than the ﬁrst maxxmum transition run constraint,

_ on a sccond set of the plurality of bit locations which include each of the bit locations
15 thatare notin the ﬁrst set. The altemating code word lengths and the value of Sare -
| defined such that correspondmg bit locations in successive code words have the same |
maximum transition run constraint. The sequence of states is arranged to apply the
. s_uecesswe data words on the data word output 170, 243,252,
* Yet another aspect of the present invention relates to a method of decoding a
20  code word stream 166 received from a storage channel. Successive code words from |
| the code word stream 166 are decoded into-a data word 170, 243, 252 having a fixed
- data word length. The successive code ‘words have altematmc first and second code
word lengths 260 and 262 whlch are dlfferent from one another. Each each code word
hasa plm'ahty of bit locatmns A first maximum transition run constraint M is applied
25 - ona firstset of the bit locatmns Each bit location in the first set is spaced S bit ‘ '
locations apart from one aniother. S is an integer greater than one: A second maxammn
- transition run constramt N wl'nch is dlfferent than the first max1mum transition run -
constraint M is apphed ona second set of the bit loca’ﬁons, Wherem the-second set -
includes each of the bit locations that-are not in the first set. The value of S relative to -



5=2) . ' Li kewi ¥@,%844#436] ocati ons "9, “7v "5, "3 and "1" in codPGRPsMEI2L

.each have an ' NWR constraint of Mand are spaced two bit | ocations
apart from one another. The - ‘code word | ength vari abl es Y (260) and zZ
(262) are preferably evenly divisible by the 10 MIR | ocati on dependency
variable S (266). In the exanple shown, Y=8 and Z=10, which are both
evenly divisible by S, which is equal to tgs.  The encoder inposes a -
second MIR constraint of "N', which is different than "M+, on a second set
of the Y - and Z bit locations. The second set conprises each of the Y
and Z bit |OC&htﬁlﬂa‘niﬁitgtcodémrdlengﬂﬂ@ﬁolaﬁdﬂﬁmédethbdsmhthEMor&spémhﬂng may
be equal to two and N nay be equal to three. 15 In an alternative

embodi ment ,  t Hecatiprs mmsgwe@eéewemdwmesa@péng@qmr@smon runicpnizaint.
Therefore, every t rd bi ocat has an MIR..consts ai,nt  of nd
remaini ng bit | ocatPsP i&ﬁé EBFFSFIF rH’Yﬁmf?f" ﬁhsf:g‘PV%Ftﬁ Mal?ﬁ?m}fihﬁs
wor ds, gﬁd&iea vllible it RideS 8 taRstRcOrId daﬁﬂﬂé BE cotfiturfta tifig O\

for exa y divis

tmelve, , since t hese | engths are even
three. 20 5 storage dxsmmﬁnmchnyanstfneemdmgrdatamxdaﬂ&mtpmde Wetdsairﬁehsmder

tlrSgngz‘l:sgl gﬁtP dﬂ‘t}ﬁhﬁ""ﬁ 5?3@5 00%2‘?‘!“ mé‘ﬂé"cg@g‘% @8&&“&5#6@3@52 are_.
o ormat | no. o426 SRR R fud B idpdi ik Wnoridls adflespd sbopd OV 19,

plurality of bit | dektto®deandarswbddmat ¥eh Bbuglimuniérdudthardetéristies add R .
constraint of Mis 25 inposed on_a first set of the_ bit Iocatlons wher ei n

each bit | ocatadyantpgesiof¥arioysembodimenis of the presgatiaventionwas besn set frth inthe

Pt oo 07 PR esceprioh, AeBl SR e B B otfAmand hncton ofRRRRR M
i mposed on a satdinaRs oPthetiiventibh, thid@cldife is atative bil9, HRICMAAzdsThay be -

conpri ses each of the bit |ocations that are not in the first set.

The al ter nat i myadedadetatls espeeially insmatters of structure and mxmmseﬁparts wnhm the .
PCT/ US98/ 06321

and t he val ue pgpcgaleﬁ,og‘t%meﬁ% 1%"58“"? H’aq‘e @iﬂ ?’S?Hdﬂ%ﬂcﬁtad BY fhel 1385‘! E%‘%F?H n

successi ve COQfieaning ofﬂi@fei'x%s evAichiBe SF¥RdéiPelhitis ré ERpIeSsell For'eitBmple, the
constraint. 1n one enmbodinent of the present inventi on t he

met hod of 18nc quitiapldreldmaitssmay vary depéridingen thegarti naphcmgond@rethmodﬁng
| engths Y and Z sug¢h fhat the re eyenl i visihl 5 S. Eor exanpl e
the ot hod ¢ afBeEps At epsretyi Wl Galntsipint sptafackialy She Sme PictimpRLniiSE

i'ncludes ever Weﬂ%é ﬁ‘bﬁ?tﬁéfscﬁﬁkeanw frftl drthe fibset InveREAH. T Bdditifn, kb

transiti-on run constrai'nt of three i's i nposed on the first se f t he
_ bit | ocations,preferrhd embedierent deseribéd herein is dir¢opexrhiioi ancodingsystemmfor iardisn drive, :

h
o on e ST By ”Le‘ﬁébxi@»skﬁbhg@&s 8 ot g dhe RESTHRES Slthr presews of Fi'G
3. 10 Syg Cesiﬁ*béﬁ?oﬂ%&@b%ﬁd]t&%ﬂﬁf ﬂgg sarbilied &ﬁiﬁﬁhﬂxchﬁﬁ:ﬁ dicaitiaP! t
0 an and t |t ¢o . I n

code words 18 e wor ds

one aspect of phose systemns, m&puﬂdnphﬂhrgdmmﬁhatcﬁﬁ@andl@ﬂaﬂﬂhé preSentrirventibna

series of code synbol's, such as binary "1's" and "0's", and the nethod of

encoding ~further includes concatenating the successive code words
together to-forma serial code 15 word stream 178. The nunber of

consecutive bit |ocations in the serial code stream . ~ 178. that have.
identical code synbols is linmted to a maxinmum of seven. '



Anot her aspew09®ida3he present invention relates to a encoder’ PEF/USIB/I06321
encodi ng data words 152 i nt,wm“mﬂmﬂmg wor.ds .153, 180-182.
Encoder 150 includes a data 1 Wb} and B[ 7:0] for
recei ving data words 152, a code wor d obit put %[ 7:0] 20 and Z[9:0] and a
state machi ne 220, 221. The state nmachine includes a sequence of :
states ‘whi ch encodes successive data words,J52 received on the data wor
i nput -~ A[7:0] and B[7:0] into code V\K.).? s 153, 180-182-having
al ternating code word |engths Y and ' Sr‘ adep¥EN [l out put Y[ 7: (O]
and Z[9:0]. E ) : . 180-182 hagh 'Ch-q pluraligy of bit
| ocati ons. Th%gﬁg%mﬁfes i's arrarged t BEPH¥GYe a—+*rst MIR 25
constraint of Mon a first set of the pluriaty of bit. |ocations. Each bit.
location in the = ... first set is spaced.S bit [ocations apart fromone
anot her, wher & S i & mathodiofgaeoding suceessive data weorsls forfeansmigsiondlirangba of
states is arranged #o i{rpose .a.'se@ond- MIR constraint of N, - ,Which is
di fferent than _.t_h_'ec » CRIPARTE i ., on a second set of the plurality
of Dbit + L ocat (gns . phidding QRREdsHR a8 AHBrda fintoi8cddkdivé S5 WEraS hhting are
not in the first set. The WD 98/ 44636 - , :
PCT/ US98/ 06321 ' alternating code word lengths, each code word having a plurality3ef bit
alternating code word | ﬁon ths Y and Z and the value of S are defined by the
state machi ne suc 9BSicorresponding bit locations in.successive
code words. 153, 18(~181: : - : LRl .
‘Anot her aspect of e p#%lggﬁg?%%r#?g%ﬁrﬁ{ﬁ%nﬁgﬂghﬁeco é’?al%'?%‘%\?fﬁ‘be a
cade 5 word input 166itl3dkionsdhereindatlabitdocdtion irpthe fitst@et i84PacedSbiand a
state ‘machi ne 241, - .- 241. The state nachi ne_ 240, ,241 has a sequence of
states which is arrangedoqaiopeapastirom one agotherwith Sbeingan iptrger gieates than 1;

codo vords have af (9 nadtnbiaBasteil dRRIEstsl BRI coparaing, Jitp3pcces! ve

-

successi ve code word hagifferght thah tHe)firs¢ mitimuhoeadsititruncasitraititon wakcbridas a
first 10 maximumtransition run constraint Mon a first set of the .
plurality of bit | ocati éetefthe bit logatiens, pyhersinthetseennd set eorapiises sachsef the bit

spaced S bit |ocations .t a sV S being an

i nteger greater than ong&%éég%{hgg%%q\%bfr@g%gg&ga\é\%%&;nd maxi mum transition
run constraint N, yd)i chdefinfdeftheslethatidgiodt Mord lengths wBd thevahid 60 bidhofiat’ UN
constraint, - on a second set of the plurality of bit |ocations which

i ncl ude each of the bit coresponding bitlocatinns imsuccessivejogde werds haye thesamerhe
alternating code word | engths and the val ue. of tS are defi ned such
that corresponding bit Figg TEes{1i00, FiR SQuStepin code words have the sane

~maximumtransition run constraint. The sequence of states is arranged to
apply the successive data words on the data word output 170, 243,

252, 2 Yoe metiadef claiopt svhersin definipg stcp () dompsises definieg thees to a
met hod of decoding a 20. code r.d ream 166 regcgived.froma starage
channel . Successi v@ﬁ%ﬁ@%\iﬂ ch\f!\rﬁ(}mg’%ﬁs an%%ﬁgglggaggmﬁhthg{&gg m}wggngggde_
decoded into a dat gop@lcfghéGre Srbdly d9nkillery 80 a fixed data word _
I'engt h. The successive code words-"have alternating first and second code

word | engths 260 and 262 which are different fromone another. Each each
code word . has,a plurality. of bit-l.ocations. A first npxinmm .
transition r Ut copﬁ?ﬁ%"k‘?‘fﬁé éz%iﬂ%ﬁ“@sf COIBP_F_‘S&WFF@P @&%ﬁ*’mgﬁ guch )
ocations. Each bl ik feirsOle bP vt MealibhfnoRitks i BRELSheDEthd plurality of bit
| ocations apart- fromone another. S i1s an integer greater thah onel A
second maxi mum  locations, and wherein imposing step (b) comprises imposing 2 maximum

transition run constraint of three on the first set of the bit locations; and
wherein imposing step (c) comprises imposing a maximum transition run

- . constraint of two on the second set of the bit locations.
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tran5|t|on rWr???éMﬁ‘ral nt N, which. is different than the flrstPﬁﬁﬂsﬂmﬁ?’zl L

transition run : constraint-'‘M is applied on a second set of the bit
| ocations, wherein the second set : i ncl udes .each: of the bit Toca

}3?:161'; Uggg/ gggzlln t.he first set The vaI ue of Srel atl ve t‘ﬂl,"”"l"'"m’im"fm% o

the alternating code word Iengt hs 260 and3$2 is defined schtthat s
correspondi ng bit - locations in successive code words have the sane
maxi mum transition run contraint. I n yet another aspect of the
present i nverd.ion, Themeﬂmdzb:ﬁolrzanﬁmmﬂieqﬂmhtyldlﬂm locationiscompoisesievdnbii ch

i ncl udes a transdu 112 capahl.e of ;co ni.cating wth a data 5 storage
di sc 106 and neans W%Olﬁr?@é(ﬂ 1M1%%W‘P%°ﬂwémm)d§%es 180-

second " Ccode hdsidd 'S{aﬁ%%%%%ﬂ.rﬁ%é@%@fﬁgﬂg%%é e By 2002
above. lochfioriss afidwhereitn s cimOser (v) compeiSes itposing AUFRfRItM

characteristics and - advantages_of various enbodj ments of the present
i nventi on have beetansitior; mn:donsimaintef tv® Oﬁﬁc@dlbﬁdom.l ption, together
with détails of the structure and function of various enbodl ments of
the invention, this disclosure is illustrative only, and changes may be
made in detaid, es f parts
e, 11, dSUAIS, CSPRE At FVIR £ Bl oAl WO AL ARGITRRL o 071
i ndi cat ed by the bwhestimeredilg step (a) comprisesgnodding ¢het swcosssive datai words he

appended cl ai-ns are expressed., Far, exanpl articular elenents
may vary. dependi ngglﬁﬁﬁngﬁ]ﬂlﬁ@rqlmlé?" dﬁ‘l’rflﬁé:l“i?iﬁﬁ‘lh%wwré&dl ng S
met hod and apparatus while naintaining substantially the same functionality

w t hout departing fromthe scope and spirit of the present invention.

| n addition, @l thoTidmietidd of claimpl whereiieehchrdode woedis fdaned bpeskries oficodd S
dlrectedtoacodlngb‘%stemfor a_disc drive, - it wll be.appreciated
by those skilled i$m Sﬁﬁdwb%m@ﬁ@@tb%ﬁm@@ﬂpﬂﬁésfﬂpésent 20 |nvent| on

phone. systens, w (0ot SRR e °€E%%l%'° %%Wéﬁ%"?%"—'ﬂ?&%g#‘"ﬁ fEa? i
i nvention. _ ~ word stream; and - -34-
| S CLAI VED | S '

(® lnmtmg the number of consecuttve bit locatlons in the senal code
stream that have identical code symbols to a maximum of seven.
7 An encoder for encoding data words into respective code words, the encoder
comprising: "
a data word input for receiving data words;

a code word output; and
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1: - - A net wealessassicodi ng successive datawords for ‘transni sspamushs/esgh -a.

channel , conprising steps of: (a) encodi‘ng sliccessi've data words °
into successive code words_hawi#at . alternating code word

| engt hs, each code—v ' olurallty of bit
| ocati ons;

constraint Oh a\fi I’.tR ,“ Ly 2 first 'rraXI mJlrJnI E r‘aumm"unwm‘u'"

each bit | ocati dn The first set is spaced S bit
| ocations apart fromone another with S being an integer greater than 1;
(c) i nposing a $ | ¥

Ergﬁ}g?éﬁmch kéqlﬁﬂcé P SEROWHA dheoldl ﬁ!&cés%we data

different than the I on run constral nt, secon

set-of the bit Iocatlomrdsweeé‘eémoﬁﬂedwcwafﬂﬁ@utmmdmdemhngf the bit.
| ocations that are not in the first set; defining the . .
al ternating code word aléﬁng@mrgendeworé mhseomheeogemrd ﬁﬁﬁmt wherein: (i)

di bit | h
ol o T andi D on' Contkied B I BB AR R
further conprising a S&ﬁﬁsﬁ@iﬁﬂfged% aStﬁ%tﬁielfdinumtransmoixﬁ‘@:icétil@raiﬂtrSt

set of bit locations includes every ot er one of the plurality of bit
| ocati ons, and wher ei nonaﬁirsﬁsegoﬁtbeph(rbl)tymfrhmlnsﬁmnsrvpﬁsmgbatlneatmnmﬁxe

transition run constrapnt of three he first se of the b|t ocatipns;
and wherein i F Si’ ﬁﬂ 3tiops ap !ﬁﬂif ths

“transition run téﬁ’@ax? ‘Errg{.l

| ocati ons. 3. The éﬁgérég V\:{Tl gjﬁ? gg%ﬁg%%?ﬁ&ftestdg %rmed
of -a series .of code toxmposeytrrbcdrﬂmadehetranmumhammhminf wvliitlels
conpri ses steps: concat enat,i ng t he _successive code words

togethér to forma serﬂgfer%d@anth fipg mppxdmuay fransifiep run constraing, pn a sepead | ng
th nb f t
e Chavol™ Gomt ket ol AR bONP el b B cBnpfiench of the bit

98/ 44636 - locations that are not in the first set; and (iv) thea&Ematmg code whrd -
An encoder for encoding data words into ressectlve code. words, the encoder

conpri si ng: . lengthsand tharyalue obb ﬁgteda%‘aumwb that

-corresponding bit locatl_ons in successive code words have the same

maximum fransition run constraint.

8.  The encoder of claim 7 wherein the alternatmg code word lengths are evenly

dmsxble by S
9.  The encoder of claim 8 wherein:

S is defined as being equal to two; - | _
the first set of bit locations comprises every. other one of the plurality of bit
locations; _ | | N N
the séquence of states impoées amaxxmum transition run constraint of three on -
. each of the bit locatlons in the first set;and '
the sequence of states imposes a maxxmum transition run constraint of two on

each of the bit locations in the second set. -
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a code V\Drd“@?ﬂlﬁ“ﬁ‘hnd T a state machi ne conpri si ngPETAEY0E2L Of
states whi ch encodes successi ve wor ds' recei ved on
the data word i nput into code- \Aummmuullll;""””", al ternati ng
code word | engths on the code:wofd but'put", wherein; (i]
each code word has a plurality of bit Tocations; (i 1) Eﬁ'&&d&anmsmm
states is arranged.to inpose a first ‘maxi im transitioh run REPIDACE@.I nt

on a first set of the plurality-of bit" Iocatlons wi th each brt—tocat+e n
t he - : first set-being spaced S bit | ocati ons apart ‘from
one anot her , @nd ¥hé Encoder of claim 9 wherein the plRFAIRY of Bit 164-8RS c&h‘p’ﬁ&é’srevlaﬂ@ﬂ L
(iii) the sequence of states IS arrange | npose a
second maxi mum t r koeatidnsand odd biolwehticnsHnd wiereih: i s .

different ‘than the first maxi numtransition run constraint, on a second

set of the pl ural theyseguenseof sitesimpeses.amanmEaFRRLEGN Sy sonstraing of hree on

| ocations that are not 4.n thebé{f&rst set-.and (iv) the alternati ng code word

| engths and the val ue 5!? g°q 8??%&% the state such that = _
corresponding bi ttﬂe%éﬁérﬁ:@%f bﬁte%liﬁﬁﬁ%'d&ﬁaﬁﬁﬂﬁhﬁﬁﬁﬁﬁoﬂﬁ)ﬂ?c&ﬁ&aﬁ@%mo on

maxi mumtransition run constraint. The encoder of claim4
wherein the alternati nﬂlﬁ:miibbm/lmdtmmagt hs are evenly di vi si bl e
by S. 6. The encoder of claim?5 wherein: ' S is defined
as being qual to two; the first set of bit |ocations corrpri ses
every other pne offpi Qﬁcd@ei"ﬁf‘!:lhfxﬂ 9Q%heikih each data word has eight bit i&%ﬂ&ﬁé’

the sequence of sfates | nposes a maxinumtransition ruff constrar nt three
on - whereirethelseqhierice @f Isiateslio arrdriged 0 encddedhé sucsbsshwd datamﬁbrds

t he ~sequence of states jnposes. a nmaximumitransitjon run constraint of two
on alternatelyigtogightbit gpde W%lﬁtapé fen-bit C?%Wgﬁ,‘@ond set WO
98/ 44636 o _ ' '

0 9 OCT 2000 ' - -36- 7. The

encoder of clAi m @ déeoder donipising:ural ity of bit locations conprises even

bit | ocations and odd bit |ocations and wherein: " the
sequence of stat egcodmwg&uwutmm num transition run-constraint of ‘three on

the even bit Ioca " the sequence of states inposes a
maxi mumtransiti o 3"’%@2"3‘@% ?‘Rd of two on - the odd bit

| ocations. a state machine comprising a sequence of states which is arranged to decode
successive code words into successive data words lhavi_ng a ﬁ_xed daté
word length, wherein: (i) the successive code words have altemating _
code_word lehgths, each with a plurality of bit locations; (ii) each code -
word has a first maximum transition run constraint on a first set of the _
plurality df bit locations; (jii) each bit location in the first set is spaced
S bit locations apart from one another, with S being an integer gréafer"
than 1; (iv) each code word has a second maximum transition run
constraint, which is different than the first maximum transition run
constraint, on a second set of the plurality of bit locations which
comprises each of the b1t locations that are not in the first set, (v)the

' alternating cod_e word lengths and the val_ue of S are deﬁned such that_

corresponding bit locations in successive code words have the same . .

maximum transition run constraint; and (vi) the sequence of statesis - . - ... .

arranged to apply the successive data words on the data word output.
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8. A decoligaRip! | Si ng: a code word input; ' pchcimbecer d

out put; and a state machine conprising a sequence of states which '~
is arranged to decode : -~ successive code words into successive
data words having a fixed data ' : word | ength, wherein: (i) the.
successive cod 'Saggm ating -~ code word | engt hs _
each with a pl g bt Tocations; i) each codeu“I“Lmllmlln 1”“10rd
has a first maxi num E L -2 N constra‘isnt on a fi

plurality of biT Tocations; (iii) each bit location iin the° fitst" sét is
spaced S bi-t | ocations apart fromone another, with S being
an i nteger greater than 1; (iv) each code vvord has a-second
Maxi mum tr ansyg i ongithod ofdecodmgacode%?é&&@dnﬁece%&%ni§sﬁk§§eedh§ﬂﬂelt han
‘the first maximumtransition run- o constrar nt, on a second set
of the plurality odommrismgniepsofns whi ch conpri ses. each of -
the bit | ocations re not in the first s

al ternatifig .code vé? @%SHFRPS?IH%C ‘M%rdé%@ﬁeé"gsw%aﬁmmt? Asata

correspondi ng bit Iocat
maxi mum transition run %:vgns andﬂ(’xe‘ﬁc’&?%g séquence of s % g‘é?de

arranged to apply the SWﬁﬂis&ﬁWﬂt&ﬂétﬁz tisndsecombeotizt worddenths ivhich are
WO 98/ 44636 9. ° A nmethod of decodi ng a code word stream received

froma storage channel , different fromeenganothen gnd wWhgeeineach each code ward has @ecodl ng
successi ve code words fr m]ﬂli he @ﬁ&c t\f/ord streaminto a data

word having a fixed dat%E f A OR%erein the successive code .

words have alternagphng iﬂﬂlﬁhgﬁﬂﬂsﬁﬁ&@ﬁﬂn?@d&tMﬂn'oﬁﬂﬁidiﬁdﬂlﬁﬂt§ét%fthe

different from one anot hér” and wherei n.each each code word has a
plurality of bit |ocatibitlocations, where(rbgachb@qdpcgtmngnahé ﬁrsssetnaspanedrs bit -
transition run constralhflt on a first set of

| acations, wherein eachlO5HO QS&B%‘?PBH* e ngﬁlwgrsggpglagzgtﬁggﬁe%ew

| ocati ons apart from ONgpeanot her with S being an int eger greater than

one; - (c) appl yl hig a second maxi mumtransition run constraint,
which is {c) apfilfihg a setontiheaximhm transitionmriconstraintawhichiisn run
constraint, on a second set of the bit |ocatipns, wherein

the second set conpri se@@%ﬁ%@%@%ﬂ“mmms‘mnmc‘i’lﬁgéﬁt’dﬁ'sai%’_t’ are
not in the first set; alflofthe bitlocdtibhs, whéttinthdecol slotifpritts cachRrdld e ! O

the alterating code wor eng suc orrespondi ng
| ocations in successi velocatdmsmhntdse gt thehfirst set; and same maxi mum
~transition run constraint
(?15 deﬁmng the value of S relative to the altematmg code word lengths
_such that correspondmg blt locations in successwe code words have the

same max1mum transmon nn contra.mt

14.. The method of claim 13 wherein defining sfep (d) comprises defining the value
 of S such that the altemating'codc word lengths are evenly divisible by S.

15. - A disc drive storage channel coraprisiﬁg:

a n'an_sducer capablé of communicating with a data storage disc;and -
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10. A dj sc_ WPiP¥d486or age. channel - conpri si ng: transc?ﬂvs%sml e

of commuhi cati ng with a data storage disc; and

908/ 44636 -38- neans for"Ecrerw—ﬁg—s—ueeesswe
data words and encodi ng the data words into code '
successively alternate between a first code word ﬁi’jwjﬂﬂe"wﬁmrd
code word length far inposing a first trang glion run e

first set of bit locations in the code'words and a = = -Seeend-transitio

run constraint on a second, different set of bit - | ocations in the

code words, wherei Bidagk cﬁ%@%ﬁ?u&e&sﬁ@&dt& WORds drdt én'ESdm% the daty %?&éhl’l’(?
code wor ds have the sanme maxinmufhtransition run stral nt
~ code words which successively alternate between a first code word
~ length and a second code word length and for imposing a first transition
run constraint on a first set of bit locations in the code wordsanda
second transition run constraint on a -sécond,'different set of bit
| Iocatioﬁs in the code woi'ds, wherein corresponding bit positions in the
successive code words have the same maxxmum transmon run

constramt.

16.  The disc drive storage channel of claim 15 wherein:
each of the code WOrds is formed of a series of code symbols one code symbol |
- per bit posmon
the code words form a senal code word stream when concatenated thh one
~ another; and _ _
~ the means for encoding compriseé means for limiting the number of
| consecutive bit locatzons that have identical code symbols to a

maxmum of seven
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