;‘abcemmumm 17 S E P 2002 *166166* 1 3 4 5 6 MAGNETI C RECORDI NG

EN H A (1,7) CHANNEL HAVI NG A ?!3 CODI NG RATE BACKGROUND OF
THE | NVENTL&N,.l. Field of the Invention This invention relates genkGBP I to
a magnetic recordi ng encoder systemfor a 7 (1,7) channel having a ?J3
coding rate for encoding data in preparation for witing said a dat a“1efsa
disk during a wite gate signal being attive and, nore particularly, it
relates 9 to a magnetic encoder systemfor a (1,'7) channel haw‘mmﬂmmmmmm
coding rate for encoding t o data in preparation for witing sai

di sk during a wite gate \pAGNETI®RETORDINGENQODBRISYSTEMChani sm f or

ensuring that data durggg 4 fe7)lCHANNED HAVING Ate 0oDINE ReOTE i ons of the
witten daga field qualify as valid data for those fields irrespective of

|3 the data begi [m%rpﬁ er.. 14 15 Z. Description of the
Prior Art ?6 %&g 9 di sk, there nust be a way to read
the data back from.t, 7 the disk in order to synchronize the data to a cl ock
t hereby cl &ckilng FMMMn t s the shift register. Basically, the
data rmust be encoded as the data is itten tqQ the disk 19 in such a

fashi on t o8guar ant &8s fysguonelalgs generatly 1 hBpgasHe fReprdingenroder sysiem g’FBm t he

di sk 20 over tine. The length of tine is linmted so that every tinme a new
pi ece of data(RD dhatnst kayingd/d sodingrate forpnceding data inpreparation &1 vyitingsaid 22
Vari ous ways have been proposed in the past for increasing the recorded
dat a 23 dessi tistaon adisdiduring swoite gate signalheingactivesand, moretpapisulasdnit refatest her
simlar nedia. One 24 approach utilized is known as run-length-limted

(" RLL) codbngtodimagnetie entode@ydtéin fora% 1 Fnctantel havitg £ 263 edding rats i éadodingnust be
separated fromthe nearest adjacent 1 by a 2s specified nunber of 0's. This
nunber musp bmhbﬁg&moa%mﬁmsﬁd%ﬁlmmim%ghmga:esigml%_eiEEP 2Q02 |
because of inter-synbol interference but nust not exceed a maxi mum of Kk
which is r egui f Y (o gl 48 Sin ' this RLL

f or mat arélgegﬁ‘gﬁﬁg/hag&?cg%%?gﬁgto agﬂ%%?&%&rﬁengt%%#%e codes. The

present | (yenbhafd &bl GinkOnh GPAEFH Aliq 695 fr itk Rl BtesBRANELS ©

recordi ng Cha S wherein and conve unconstralned data
into a (d, _k)-copstrrai ned fo enerally requires that m6 unconstrai ned
bits be mifﬁpe&‘eiJ%?‘o“f?@ﬁ%‘t‘?‘&%%‘%ﬁ?%§'; where men. The ratio minis 7
usually referred to as the coding rate or efficiency. It is obviously

desirable!fo 8 maxim zed this coding rate. The tradeoffs usually considered

in maximzing the rate 9 are the decodi ng | ook-ahead and the hardware
conmpl exi tys 2. Description of the Prior Art

16 When data is written on a disk, there must be a way to read the data back from
17 the disk in order to synchronize the data to a clock thereby clocking the data back in
18 the shift register. Basically, the data must be encoded as the data is written to the disk
19 in such a fashion to guarantee that the data information will be readable from the disk
20  overtime. The length of time is limited so that every time a new piece of data

21 information is read, the clock can be synchronized.

2 Various ways have been proposed in the past for increasing the recorded data
23 density on mediums such as magnetic discs or tapes and in other similar media. One
24  approach utilized is known as run-length-limited (RLL) coding which requires that

25 each 1 in acoded bit sequence must be separated from the nearest adjacent 1 by a

26  specified number of 0's. This number must be at least equal to a minimum quantity d



tto Raising the coding efficiency or rate at the expense of decodi ng

| ook-ahead 1 t generally results in increasing the error propagation on
data read back. That is, a 12 single bit error introduced in the ¢Qd&Ep 2002
streamw || cause a certain nunber of 13 subsequent bits to al so be
erroneous before the coding algorithmbecones self to correcting. It is

al ways desirable to mnimze error propagation. To this end, it has 15 been
found that a coding rate of 213 is optinmal for the (1,'n code. t6 In the
Adler et al) U S. Patent No. 4,413,251, an algorithmand hardware for 17
produci ng 3 RipkcaGst iter-sytidgniaterfereh@ it eubithot B.aseeeh fakidnhe 6K Whiellis The
systemof t s the Adler et al patent produces sequences which have m ni num

of one 0 apd ka%éﬁﬂﬂeﬁ éodl@@to\neeﬂ:gaﬂisme%raa@m Eh&apde is

generated by a sequential 20 schene that maps two bits of unconstral ned

e Lt O S S 4P, BB GRtes The PSR AEAR00 BB b L e ot

machi ne wh i on r equi
decoder requires, a | o d of two future s oIs Si nd its 23
operation f*s @P@ﬁﬂé‘lc"g '@g? '&m hﬁ“};go gl’I’:"% %—% Wile the
har dwar e i npl enent ati on of the S stem of the Adler et al patent is 2 sinple
and can opér acenvat upemsirainegiataint addeprransupined frmat seerally rqiireythatan sy st em
(and 3 others like it) are generic and require know edge within the

control ling emh¢angtrainedcits be iappad)intofn cohgraged bits rvheravosdi Ty mte rémissm
Further, buffer space nust be 5 provided in the controller for the

i nformati on wukiallg feferredith es the abdingieatecorcffivierice. pacbtviasiysiesifable tonst ance)
when witing the training field, data nust be presented to the 7 encoder

whi ch generat egaximisDii3 codiag tits] Thertadboffsisudlly@pasidaydia

&'ra
al i gnment during read-back. Further, when witing the wite pad field, data

must be 9 pgr e%@&@&c&&nél&k&ﬁ@ﬁ%&m&ééd gléidgant ee al |l encoder

exception processing is lo conp eted before the end of the wite pad field.
Bot h situations re o) 9‘?&9 dghani smi f
proper datalta0 isto g'wsfngesent egqﬁL t1e3rc%tr?ta?g)le géisqeggmﬁglopgtter
situation, if aI ion roc has not I et at the end of
13 the wiYe 5’? r&%ﬁ%mb%? tpﬁoé) %Qﬁg %2% 3@ XPpte failure
node durin read 4 back od woul d re addltlona exception
processi ng‘%neé%jbt“aﬁnpﬁﬁmf’g‘é’ei 85‘&*%‘"&!‘&?@% RYMDEEAE of the write
pad field. The data gl?ew ously encoded on 16 the d| sk may not be

appropri até f gRbssauspebitsdq alse,bé erronspuschefoss the cading algprthmeegomes s¢lfgat a 17

sequences on the disk having less than one O or nore than seven 0's between
adj acent i® 1'correcgpghltdcalwaysalgsimblege mnimizerednpropagationeTo thisiewodas dat a
during read back. 19 Accordingly, there exists a need for a system for
encodi ng atsdatbeerd foetdithatn cudidg rate sK2/B its aptimzh farlie (¢ OMtodel | er does not require
know edge of the encodi ng mechanismto 21 properly wite data fields on a
di sk in a wanner appthepidlentralf10S. PaeadNags W 3,251y kn 2gorithin’ and batdw@recfof Or s. 23
24 SUMVARY OF THE | NVENTI ON

17  producing 2 RLL code for magnetic recording channels is described. The system of

18 the Adler et al patent produces sequences which have minimum of one 0 and a

19 maximum of seven 0’s between adjacent 1’s. The code is generated by a sequential
20  scheme that maps two bits of unconstrained data into three bits of constrained data.
21  The encoder is a finite state machine whose internal state description requires three
22 Dbits. The decoder requires a look-ahead of two future symbols (six bits) and its

23 operation is channel state independent.



17 S E P. 2002 4t The present invention is an inprovenent in a systemfor
encoding a data field z on a disk during the wite 'ate signal bei

active. The system has an encoder and a 3 data selection nmultipl exﬂfSE%ZUUZ
directing data fromthe controller in the formof O sad 1 a bits to the
encoder. The encoder, in response to the user wite gate signal becomng 5
active, produces a run length limted (:'RLL) code in the formof 0 and 1
bits dependent on the data presented by the controller and suitable for
witing to the disk. The RLL 7 code has criteria including a coding rate of
21 3 whi ch riequi r es Whileithe hadsdovart impleméntationand the systzmwf the{dlarey arpat¥nsisbet ween
adj acent |I's. The inprovenent conprises 9 neans for ensuring that during
user Wit e j9atsgnbiehmticandperhie 4t vir Bigh e Apeedp RsINEIREetlal Pardllr’s spdls fanlthat ar e
free fromexceptions and valid for training and wite pad fields. t t

Further, the m.m iafggig : il J oI necessary

| engt h of PhemW'?g pa %rl“%a{ug.réd’g?igl &?ﬁr éh‘gl?,ﬁnﬁ?gbg%‘?ﬁ?%%/ﬁg t he encoder
to generate suyitable.data for. the 13 trajni n ' fields

el i mi nat es 4an3°‘ﬁ%@h°‘? 86315 EUPATR egﬁgélgg "lge%h{hﬁ%gdg‘f@%%rse%g For l."éjhe
training and wite pad fields. .t 5. 1pn an, enbodi nent of .t he presen

i nvention, % hd g %&PB‘H@E"&”W@F{“’%W% "Q&?Mﬁ'&\ﬂ’dﬁ%ﬁaﬁ sm
injecting a two bit pair into the encoder, Preferably, the t'7 generating
mechani sm dendieldse Forinstangs, when yritingshe; traiping fieldedatp mysy be pagseyed toghencoded i s
RLL pattern output fromthe encoder. 19 In another enbodi nent of the
present i nvientancater which gerrasesi asknoon eeeded! synabol For pRipeesymibdéboundaryt par al | el
relationship with the data presented by the controller. The neans 21
interjects g nfaighmédt dirihgeld-baLk. FoiRE WhenaaRgNEeHiteqad HOR, dai mustrtesent ed
by the 22 controller in a multiplex fashion where selection is dependent

upon the USEr pidehid fithSercadet! veHidh willlgihfntee all dcoderexEepif froeessing i Pr esent

Feps
invention is flurther an encoder for receiving a user Ite gate 2 signal

and two bit, d 4" : %th -0nt. 'rl::ﬁfixﬁ ef i ned
data 3 in %ohea'{pglp %@égf&g&%ﬁg‘ %@gﬁﬁg%g%ah?%dﬁco e?’gﬁhér;ﬁgng t g& ﬁ‘?%?&%\?fidt e
gat e signal, beini i fi . i user

Wi te gat o'l ghar iR S tal A HARE i BRSSO T A B i Wil
control |l er data_and the user, ite gate signal being active odu a run
Fengt h 11 i edB i e tbepBonif el excrrsiim pEcsss iz s poter compleRdattb s oty
successive two bit, data_pairs froamthe controller._ The encoder,_ in response
to the s cbhnt riBf Maie g@issieng) baing iHvethen thars exists 4Rpssipls faijupemods daingaeads run
length imted (RLL) 9 code in the formof 0 and 1 bits independent on the
dat a bei ngl4pr ebnekt Tap degodenwould reqwire additienal exugptiqn progasing presssiatingdhe
including a coding rate of J3 which requires at t mninmumof one 0 and a
maxi num of 15 evreading of datatbapand thelgnsded the virits pad fieldnbe data previowsly edaotedon ng
text appears to be repeated erratically fromabove, 13 that is why it is
del et ed enid r ethy dizk chay adt tedippregdriaté for PripefexobSiion prideSsing(dr cobld résR W J4ES .

17 sequences on the disk having less than one 0 or more than seven 0’s between adjacent
18 1’s. Such data sequences can produce erroneous decoded data during read back.

19 Accordingly, there exists a need for a system for encoding a data field ona

20  disk in which the controller does not require knowledge of the encoding mechanism to
21  properly write data fields on a disk in a manner appropriate for reading without

22  introducing errors.

24  SUMMARY OF THE INVENTION



5 FIG 1 is a schematic diagramillustrating a magnetic recordi ng encoder
systemt 6 for a ( 1,7) channel having a J3 coding rate construct edlzs 0
accordance with the present 17 invention; is FIG 2 is a table illus QWI%
the primary encoding table of the magnetic 19 recordi ng encoder system for
a (1,7) channel having a Z3 coding rate constructed in 20 accordance with
the present invention; 21 FIG 3 is a table illustrati ng the secondary
encodi ng table of the magnetic 22 recordi ng encoder systemfor a ( 1,7)
channel having a 2/3 coding rate constructed in 23 accordance with the

present inyention; %%rl%enﬁgg% tiof 00 ithplovetnEhe iff alspstdr® BIr GRGRINRL! d4f iad & for

exanpl e, being enco y the primary 2 encodi ng tabl e and the
secondary encadi t abl f i r gi 1 or a

(10 7) ehander Shaykgitngyd ik Pl T i kG2, THEG-RROB B -RUIMATY, Tre &
present inventjon;, and s FIG is a schematic diagramillustracti t he
duration of tﬁémémFW?ﬁl?%?ormdﬁﬁr%%&ﬁﬁ “L“H;é“ #E@HE(SF‘E‘PIQ
recordi ng encoder systemfor a (1,7) channel having a 213 coding rate
constructed i itaicibe encades. (The prooger, respanse 1o Hgalservaie gafe Figmal peqopping

DESCRI PTI ON OF THE PREFERRED EMBCODI MENT 9 As illustrated in FIG 1, the
present i ndentakune, producesy sindeneth hinitedh{Rdd.) gedecin dhe form of Qiand110Yitsfdgpendentodi ng a
data field 12 on a disk (not shown) during the wite gate signal t 1 15

bei ng acti we. ohhite dayssiresenttd bp de camratiec ardicyuitatde fodt writih@ td the disk.n@hd REL r ef er r ed
to as t2 the encoder) and a controller or controlling entity 18 for
directing of 864 hadatiRrizhcAdthghXoding edté bO3 HhichlbquiteSh fnidimidTend\0i tten
data. The controller 18 directs user data 20) i.e., 14 generally a

pr edet er m ged FRakinfim . data 15
(NRzZ dat a)t’Q i r?mttlhe form g%/&g&acggb%@%ﬁégs?%mtlﬂ% Tgﬁg%lg{e%?%%&%ﬁﬂcoder 16)

1520 R e B A 1,
1 bits, [ . . il is FIG
R Tl

of 213) where two unconstrained NRZ data bits_are Zo mapped into three
constrai ned cH3FRE: the mimmization, ofrailing sxceptions minimizes e ngresrylengthgithe i ng a
m ni mum of one 0 cad_a maxi mum of seven 0's between adjacent 1's. 22 An
exanpl e of 12t hevrite paccfinkd;t $till fuctherzthe abiditynf thesensodes tajgenemteisuitablendataifonthel y 23
above) and as illustrated in FIG 2, will now be discussed. The encoder 16
recei ves iv 2drainimgandsirisepad fieldscelimindtes)any weedifot storage $paé¢ein et datarbuffern t he
controller 18 is the form of 17 S E P 2002
14  for the training and write pad fields.

15 In an embodiment of the present invention, the means includes a two bit pair
16  generating mechanism injecting a two bit pair into the encoder. Preferably, the

17  generating mechanism generates an two bit pattern which results in an 0 1 0 encoded
18  RLL pattern output from the encoder.

19 In another embodiment of the present invention, the means is connected to the
20 encoder in a parallel relationship with the data presented by the controller. The means
21  interjects information into the encoder independent of the data presented by the

22 controller in a multiplex fashion where selection is dependent upon the user write gate

signal state.



tt 0's and 1's. Each of these pairs are taken in their successive order and
translated z through a prinmary | ook-up table (FIG?) 22 froma t gtfg @Zair
to a three bit word. As 3 discussed above, the constraint of each ‘o tw
newly fornmed three bit words is that 4 there can never be two 1's next to
each other. These three bit words are then 5 concatenated successively
(Figure 4) to forma binary wite data Stream By using 6 three bit words)
the possibilities of having two 1's together is greatly | essened (See 7
FIG4). 8 If by chance, by using the two bit pair to three bit word | ook-up
tabl e 22, 9 concat engbiesént Gdidntch il Mdthdr M enogiet feemeceivivgy 2useoddre ghte pr oduces
a secondary coding 1o which violates the (d) k) constraint of the primry

RLL code crjt esﬁ%ﬁl aniht®o 8RAREPhird Hord tle BRESIRE.S ThlkdhuaNet drivests Uemfpddad! i ght |y
| arger secondary |ook-up table (FIG 3) to deal 12 with these exceptions)

i.e., four itiﬁ:ﬁﬁ o?:}été@ﬁ]dsl' bibftoy&%nwpﬂﬂngé&a&?ﬂrggggwg% ¢ | mary

criteria by transla e two bit pair 1n d, en the
previous |a NRZ data. bit pair i oncatenated with.th rrent data bit
ai T pr oduct ngiad idhpsd br BRom e S IR Flrelte YiedTocit B0 1 o

t hrough an secondary | ook-u able 24. s ch of the six bit. words

gener ated by t%@"@éd’bme E’d&?(%?@ﬁ%ﬂﬁa@aﬁg%dﬁgwrfﬁa{‘ﬁ@@l bEing#cHYS s t hus

guar ant eei ng that aay subsequent translation and concatenation by the 1 s
orimary | ock- usodusst ruadenggivlimind GLEbeadedn the forgh o ) BY NS depensient 0B ke
criteria. Upon 19 the entrd\;l of the next two bit NRZ data pair fromthe
control | er 718)suctessienivochérdatapair fiomgheepnirghiérn The ercoder: innespenseytoitheok - up
table 22. FIG 4 illustrates a typical data stream 21 being encoded by both
t he primarys t aloheoll? usen cvritdrgats ¢ greah being inhettvie cprdduce? 2 nimdlengiia timitdé P (RAL)t t en on
a disk to be accurately read back fromthe disk the 23 follow ng things)
fromthe poj nteodé invtheNrmfof 0a8d ¢ BROHEEdedfushd 0 the Wata bEiifpiprésested by thel 7 S E P
2002 8 1 1) the PLL nust adjust to the frequency of the witten data 12 and

al so 2 obt g N RAsMEer! TRARVL ha WiCeritéralih@idiARg Bodifg raf /3 WRich figRfeddi t Wor d

boundari es defined during witing the data 12 nust be identified and the

decoder nust synehroni ' | f j ; »;boundaries; 6 3)
the start g‘f actua ggé%dl@%%é%’&%éagg efﬁbﬁég?%hié’%géata 12 nust be
read in angd decoded; 8 endi t he read sequence nust not. gener.ate as
error inorBover ed Anmpianoe e Bflols if Ancas K PGB FRlfRER BV [ ovs
one to define the requirenents of 1 o witing.data 12 to the disk. In the
present enbbdi nent &?W’épf'éﬁdrs‘?@f‘dfeflgeys@spo‘l@?ﬁ%f ormation are contai ned

wi thin each section of witten data. As illustrated in FIG 5, 12 these are
a traini ng'4i eBBEZGIEM SR IONLIN I HE DRAWINGY yser data field 34, and a
wite pad 13 field 36. 14 The training field 30 is a repeating pattern of O
1 0 three Bbit wor dFIGThis aisshemagic diagrant illuswhtige 2 magnetisae¢asdige eprodertsystem t he
PLL to obtain phase and frequency | ock 16 and then continue in length | ong
enough f or 18 hefoea (b Oehantetaving al%33 talingiatetconstruated id accerdanderwith the ptesent he 0 1
O three bit word boundaries as opposed to synchronizing to a 0 18 01 or 1 0O
0 pattern. 1By meemignf hi s, the reading requirenents of 1 ) and 2) above are
19 satisfied. It should be noted that with the magnetic recordi ng encoder

system 10 @f 20 t hepIg 2 &Qithble NiSHtingthe fridfary Emiodingdatlé 6f tHe BdgheticCONSt ant
for all witten data. 2t The sync mark field 32 is also a known pattern

ot her than§ herct5863e86bd8r shystimdor &?\E@ ehdhnAlhal g L P dHidiratel Bhridfdg 41D Can

be generated by nay non-repeating bit 23 pairs. The pattern of the sync

mark field,32 ﬁoﬁ%e%&%éﬂ&s&?ﬁv&ﬁ%ﬂ; recognition 17 S E P 2002

21 FIG. 3 is a table illustrating the secondary encoding table of the magnetic

22 recording encoder system for a (1,7) channel having a 2/3 coding rate constructed in

23  accordance with the present invention;



9 1 signifies that user data follows imediately. The sync mark field 32 as
descri bed 2 above satisfies the reading requirenent 3) above. 3 Thg Lﬁgrmz
data field 34 is a knowmn nunber of three bit patterns which repres th
actual user data. The user data field 34 as described satisfies the reading
requirenent 5 4) above and the utility of this invention. s The wite pad
field 36 is extra data witten to the sk, inthe formof 7 repeating O |
O three bit words, which guarantees that the encoder 16 has conpleted 8 all
exception processing and to oyerwite extraneous data present on the disk
fromthe 9 last wi eration.at this location. The wite dfield 36 as
described shti sfi eﬁ&h‘@&@'ﬁéﬁ'ﬂ?%%ie{‘ﬁﬁﬁt“% °§5°d588¥89m¥€°pﬂﬁar¥ rai ni ng
field 30, the sync mark field 32, and the wite pad field 36 ared12

recogni zed Zis weeding@bleapd)thesewndyy errogdivg adlesfdheGagnedc wordREFE9Eat a. | t
is 13 preferable to mnimze the size of these fields 30, 32, and 36

t hereby yi e di sysenprfor @7) chanseichadipa 28X dodingrmaty comstructed i ascergarice &g W80 and
the wite pad field 36 are two fields in I5 which the encoder/decoder 16
can have ans i njreseht infentibitesad i N havi ng the encoder 16 I's generate the data
for the training field 30 and the wite pad field 36, the size of thet 7

data bufferscan be H@Qﬂ%@%ﬁéﬁdﬂclﬁ{%ﬁnﬁm&ﬁh&iﬂéidﬁﬁdou%emmdnﬂa&&ebﬁqm red
buffer ram1l 8 for the system 19 The system of the present application has

a mechani smy f Ofa LRSHE ot ha%lﬁc?&okﬁﬁqn@é&g%@%PQIWelﬁvﬂ%a bi ts

in the data field are free trofm an exception. Basi cal’l’y) the mechani sm

excopti on bent? puinp e Bpfinficd i SecBldandy bl VRO, PTC°GS, 2

exception even y eXtrtaneou e Wwite data on the
23 di sk thereby e T (e MN S E P 2002
to t In opef at PEA T2k - S AH h the
controller to the 2 encoder.. I.n_other words, the nechanismis, i ndegendent
of the contfoller. 4h iny F{fG ol thRPreSentdBiention,is 2 Sywer. ipdigaied gemerally,
mechani sm di sconnects the controller fromthe 4 encoder. \Wien the user
write gate lgoed i0nfsencpdingaidaty feirbl 29ncdisk (npeshown) dwing theywritergats sigaalis t o
change the nultiplexer so that it is always receiving a non-violating bit 6
st ream pai 117 Chbeing stive.oThe systeny 10rhas athengodedidecadem i thensinaften iferrechtodder , t he
mechanism 8 directs a non-violating two bit pair, i.e., 01, to the
encoder. Fag i theteacoder) andia tdmrolemarcomrdilivgdnttyi I8cfot dipdctifig 4f usehdatd20landwo bi t
pair is preferred since fromthe primary t o RLL coding table, the 0 1 two
bit pair tnanskeédtion bfub-feids oF thinien@an. Thecattller 18 ditecisakéraiata0yi.et her
encoded constrained three bit synbol w thout forcing as exception. 12 The

mechani sm fiQr C géneldlg aprekieteltRinkdl hurRr bf byids df data RBYwh §€hon YetubPtoGRicRiataS
directed to the 13 éncoder by the controller. The nechani smforces the end

of 1 hebga; gsfe ;?g‘%%%ﬂﬁiééfcﬁﬁcﬁw ! ari'b?éfog%‘e @dﬂtﬂ&e ﬁaéﬁc&mﬁ?%ﬁ can

never ion. n practice, two bit pair 1s ved
| ogically fro | | i . . r er . ni sm
w ehi n t he 'Enc sme NG Pl £6 ool el idelonte phdaicdlTT

17 length limited (RLL) code, also in the form of 0 and 1 bits, dependent on the write

18  gate data 15. As illustrated in FIG. 2, in the present invention, the RLL code

19  preferably has a coding rate of 2/3, where two unconstrained NRZ data bits are

20 mapped into three constrained channel bits, with a primary RLL code criteria

21  requiring a minimum of one 0 and a maximum of seven 0’s between adjacent 1°s.

pl An example of the 1,7 constrained 2/3 coding rate as described immediately
above, and as illustrated in FIG. 2, will now be discussed. The encoder 16 receives in

24  succession, for example, two bits of information from the controller 18 in the form of



17 being sent to the encoder and are not forced onto the disk. Th?
mechani sminterjects is independent of the state of the controller 7d§;1FtPaZUUZ
lines in a multiplex fashion the 0 1 19 signals at the end of the wite
gate. 20 The disk drive of the present invention preferably includes a
carriage assenbly 2t which is descri bed7i n U S. Patent Application No.
(Attorney Docket 22 No. CAL-P003) filed concurrently herewith and

i ncorporated herein by reference. 23 Furthernore) preferably, the disk 14
of the present invention includes servo sector 24 architecture for a high
density) ranovedirmd 1nEdagh bf thesethaitk arettiked in theitl axcessive drdes ard tfanslated 7 S E P
2002 11 1 Patent Application No. (Attorney Docket No. C~.L-P001 ) filed Z

concurrently hglayh 4 ridard ko) dsle eme@f) b f6in' thy bitgfalite Adigee Bt Word! e
magneti c recordi ng encoder system 10 of the present invention) FIG 1

i |1 ustrates t hes.aned opvk ahéc A eRA R e Hewly B rRRCAAR bir WiRMSERRAE at i on for

generating 5 the above descri bed requirenents.” Further, this is inplenmented

i n an Har dwar scrlpLi angys ) js illustrated
in Appendi &A%%%nﬁ%ﬁfeﬁggéﬁc cﬁg%ggcg(gg@k %?M%@%%&% witten in
AHDL, is illustrated iis 8 endi x 9. The foregoi ng exenpl ary .
descriptiofs &ABcasRated F‘FcﬁgsﬁAfvgkng‘@“ﬁﬁr%éf%@%ﬂ blr’&rye‘g%tﬁd’gﬁéﬁf"gg‘ogy%?ﬁg present

i nvention have been explained in the drawings and t t described in detail,
with varyi g er‘GFPF(‘FQFEOﬁS passibilifies af hayingywo d seRAthag it Freatlyilesgened (3esught .
Whil e the invention has been so shown, described and il it should be 13
under st ood by FlGo¥e skilled in the art that equivalent changes in formarid
detail may | a be made therein without departing fromthe true spirit and
scope of the i nventfwyrchamepbylsidghthd two it paixap ehred bit Werddoaksemtabler22ent i on i s
to belimted only to the clains except as t 6 precluded by the prior art.

Moreover) tohe dofdsednhafici cadses twé ¢1s@sRthet) AicinBodef By pldBuded a Sedohddd YoddigaCt | ced
in the absence of the specific elenents which are disclosed herein. 17
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14 NRZ data bit pair is concatenated with the current NRZ data bit pair producing a four

15  bit word and translated into a six bit word through an secondary look-up table 24.

16  Each of the six bit words generated by the secondary look-up table 24 ends with three
17 0 bits thus guaranteeing that any subsequent translation and concatenation by the

18  primary look-up table 22 can not generate a violation of the RLL code criteria. Upon
19  the entry of the next two bit NRZ data pair from the controller 18, the encoder 16

20  begins again with the primary look-up table 22. FIG. 4 illustrates a typical data stream
21  being encoded by both the primary table 22 and the secondary table 24.

22 For data 12 written on a disk to be accurately read back from the disk the

following things, from the point of view of the encoder/decoder 16, must occur;



-- DESCRIPTION: -- This coda generates a 1,7 inplenentation of a channel
encoder. -- Standard mapping of 2 bits to 3 bits is used. Thn follow ng --
tabl e indicates the general rrappl ng of the input datai -- NRZ Oatagnggz
Fsscoded Cata Qut -- -~-- --  +---------~------ 001001-- I
--LOI LOO--111101-- For thgse states where a V|0Iat|on would
occur the output -- data streamis nodified according to the foll ow ng
siolation -- table: -- NRZ Gata In | Encoded Data out -. - ~-~~- ~--- 00
101001000--0021221010000 --Z12101 101000--11
Z11 1000001 deriesusthdmst toihel feeguemy of thewriteh dadad 2 anéals@di ng
synbol is -- translated ditierently. -- Inplenentation of this encoder
assunes chat the !fi rStobfam)ptmselbtltﬁﬂ@therWritted@hﬁ 12afe presented at the tinme
wite gate (wg) - goes high and than every third read reference clock (rr

el k) -- ther eafterz - J&h@e%ﬁt'ﬁ&@b&ﬁﬁaﬁds%ﬁ%dﬂﬁﬁhb%@%&& Peha@y from
t he encoder, -- el ayed wite gate ( aiqgnal is generat ed that is

-- s nchr0|zed W|tht fhrggz[;teral
i mpl grrent a'?l onisto ug’gl&ﬁéﬁ%?%ﬂd%%%é&?ﬁ%&&ﬂ%% In an 1dle state

(dbtc(] ﬂ 11"1 durin Eoes when wite gate -- la held low iihen wite
gate goes high, Che co *aver -- and works in a divide by ehrea
node countlng fromO to 1 to and. - - back.tq 0 agaj n. Thin provides

i asowl edgebof wher \/\/e”%ﬁ%arfﬂg“’a{ @W‘Qéﬁ?‘&!’?‘%"dq t he output synbol .
Wite gate is expected -- to go |l ow otter ehe |ast nrz pair is clocked in.
Thi s eaused the --4courthedats b2 @by be regd dhandrigcededer flow into the idle state
during -- output of the last synmbol. This methodol ogy allows for ainplit3ed
-- mappi ng8of the Hel ayadingthetreadgaquenes mnsiinot genetate antembeingkcavired datacount er .
-- Synbol geMation is done through a | ookup table. The | ookup table --
handl es al b c#dewledgd afehedfofegbiag rdguizenetits fllvivsDyierodefing terrequiements\wd - -
symbol s that require the nodification or the previous synbol. a --

vi ol ation §| agrithy G290 tolthe &iSk. WHhChtedehtdinbBBaThént Gur dRAndtFRMsREOCedure - - of
the ahitt regi ster (ar out(]) ouch that the previous synbol IS 17 SEP
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aut horii zed copies._-- This_is _confidential and unBub i shed dgsrﬁerty of
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15  training field 30 must be long enough for the PLL to obtain phase and frequency lock

16 and then continue in length long enough for the encoder/decoder 16 to identify and
17 synchronize to the 0 1 O three bit word boundaries as opposed to synchronizing to a 0
18 01or 100 pattern. By doing this, the reading requirements of 1) and 2) above are
19  satisfied. It should be noted that with the magnetic recording encoder system 10 of
20 the present invention, the training field 30 is constant for all written data.

21 The sync mark field 32 is also a known pattern other than the repeated 0 1 0
22 pattern of the training field 30 and can be generated by any non-repeating two bit

pairs. The pattern of the sync mark field 32 is searched for and upon recognition



rr. clk. iNPOT: --read reference cl ockreaecb. i NPOT: --active | ow reset
signalnrz(1..0]. INPQI: --2 btC nrz dataaq. INPOT: --wite gatenwd: OOTPOT:
<-negative aerial Wite data outputlast bit: ODTPDT: --representsqgtgrgynf
| ast bit outputdly;aq |I: OQIPOT: -delayed wite gate synchronized with
aerial wite dataVARI ABLEsr out(5..0]: OFF:-- holds data to be

out putdbtc(L..d . DFF:-- holds a divi deg- by-three-counterload shift: SCET:--
generates the active high load, active low ahitt signalvtlag: SOFT: --
generates the violation state.requiring change of currentoutput synboltb
outl!l..0] (2. . QlgnifieSaTuser dom follatve immydiitelys The synouapk fiekir3ans descriteds| at i on
tablewgtt: DFF:.- generates the delayed wite gate synbollast. DfF:.-- holds
state of |3st ,gafeAatpiies iHeaokERY dfhieHEhIH) dbcke, 0] : SCFT: - local nrz data

input HBA N -- clack assigeaaenta ar out(].elk - rr elk: dbtc (] . clk ~

out (] ;J?Et?;e'r léiae': oé ey .ﬁ%f‘?"“%%‘é@&?’!f‘%&%‘?@?t"“ﬁéﬁe WEe A,
o-- L [ j | F. ~.VCC ' THEN -- . jti
mre(] ] sl o, A e SR G343 B b e g ot | 02

non viol ating §ynbol s7D_BF: -- divide by three counter inplenentation |6
wg ~ VCC THEN® 2bqve apg the upitity|of thiingention. >" THEN -- it ready to rol | over
counter dbee(] ~ 0. -- rollover counter 17 SEP 2002 14 r..SE

aaunt i ag~bda(1- dbdde¢ vritelpad fields¥érie pretratdatacyrittenrtotte disk, ipotke fomafngir ~t ; () !
] "['N~,1- L~ nCCi."~. " Ldle Statedbec(1- dbce(l - L;-- decrenent

councsr ~g- -7 - +epeatingl) b0 sitredt i words,hwilich guadinteesthat the éfcotercli6chas cqmpleted aad

ahitt inplsmentation I F dbcc~I] ~ VCC TNFtt - L- an Last count or Ldla |caa
aloft VCCs allenteaptibmploossing gnd19 overwrité extrafdous dath pfesem onl e diskoiroie the

laad_ahi-t CND: -- should be shitting ~D 1: -- delayed wits _
gat et pl emgnt st Mits opéhrion ar VS TocatiMENTre writd patf fis1d DG b deserited saratias BA-1- - it
Lnimacng a witelF dbecfl ~ Z "BEN i _ ready L'ar first synmbolwg!  VCC: --

del ayed vvr'tsrg@g% ‘?ﬁ{e "W esab o i noC ready Eor tirat sy-wg== GN\O -

del ayed vvriloz e gat rg | fﬁ%ﬁyéfljzﬁifly E~ it in the uiddle o! a wiwgtt uGC ~
del ayed wrju gals ~days~l1D EL3E~ 11 { itinal E watt, THEN-- i -
in bet Weenhvvri tesmaJtﬁmeﬂnlgdeLf%?ghgﬁgbc Wg 8‘d\é¥§r%“s %1y @éﬁe}ﬁggatre end of a

witelF dbtc(l ~ 3 THLN ~ it in.idle state -wgtt, CHD. ~.del gyed wite gate
becone. ELSE. . TROURRT SRR e eadiigand wHtaeptd T t o gat e
stillENOIF: LIIDIF: QLO I F;,- the eaeode_transl atiqn tableTgw ~-:~r=(1. ar
aut (4. . 21513t b PERfeRple fq minimizg the sige)of thegs fieldssH): o-and 36 fasardy yiclding grester.
H'001"~GND: ~ 00 can_follow anything9"d". 8"700C'~> d"700C'. 8"010".GiQ
~ OL can fWul | cieregeyeffiniengys The traiging feld 30 gndthejwrite gad fixld 3Garetvo fielgs in

Fol | owi ng vf. ol ati onsal ways valLd8' 10", 8"001"> 8"700C') 8' 000", &l D -~

f ol | owi ng Byabwsiclothe yndodérddecared 14 Gih)hase' Gulifipacts FRANE, in b@ving Gie)eGtader 16 - 10
can !'0110w O18"10", 8"011"> 8"700C'. 8"700C')G1ID: - invtlid encode, .ahould
not occur a" 160" ) gebérit8d @e-datafor (he Gamirty fleQDI0~ddilthe writelfad diakd 360 the Qixe 20 10",
8"10L"> 8"700C , 8"000",CGND: -- toll.ow ng synbol onlyviolation8 I0".

8" 710" > 8" A0C dataduffeftan tebidukced realizingthrd effiticnflGse anl (i3h feqiipéd Bufet fa1 1G' .
8"Il1"> 8"700C", 8"70f%)G\D: -- invalid eneod~) should sotoccurS"11",

d" 000" -a sig/pQbrthedysiddl’, Gat O -- data follow ng viol ationsal ways

val i d9"11". 8"001"> 8' 010"~ A'0X"~VCC -- L'01llwing and evtsent
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i £ " Hasiply g m i orces o escopG PR Gk HORA RV ot occun
Qo -_. 18L"22: : causes an exception even for any extraneous bits at the end of the write data on the

23  disk thereby guaranteeing to never run into a problem.



- our~ut shift :eqister s.m-plenerttac:an IF | oad abskt ~ VCC : HEN -- i _
Loadi ng data ar ouc(2..0] ~ :.b out(O](j; -- Load next aynool to output
IF~v==agq .~ VCO THEN -- ~~ in a violat_an atats sr aut(5..3] ~ 17 SEP2002
ets_out(11(]: -- Load :aadi~iad synbol i.n upper register ELSE -- "E not in
a vsolatian elate sr out(5..3] - ar oultd4..21: -- ahitt a bit END .. a:
r."LSE -- 1= not Loading data ar out(5.%11 - ar out(4..0]: - ahi.a a bst
evo L--: -- Last data bit atata inplenentation IF w'-- ~ VCC 2:i1 1!
witing last ~ sr ouc(5]: -- asii gn | ast output bit E>SE -- it not wieinq
last ~ last: - hol B qps@tion thepechppsm is attashed in parallel yeith the opgplerietes nod -
csr out(SJ: -- aerial wits daa outpus dly ~ ~ Wl ~. -- dalLayad ~rrite gets
act put | ase bencoder dmother worfls she méchanism gslindependent of the JorgollerP Wikpzhe 6 - -
‘ila: ~ecodar'.tdt VvVar -- v4 ..~~1 .0/06/47, -- v3 .."N 08/29/97, -- v2

, . "N 08/ 29447 pser writelgatd daiBgoéy ifdctive Tthe lechianism disoeanetey the caduddier ffom BeSZam

02: 08pm --: OLam OL: OCpm Last mad~. __ed: LO/06/97, :0:52am by .Jtl ~?m

'__nally =4g9uerddaltwiathd BetRiRigatedodRadiive, tRd! the encddstaecdasiiz@ddatSy NC

detect s _gnal to pin 7 of pro7eet. . New Decoder ynic_al Check .n =nl~:al
checkin -- (El : C . “Eat il ‘e il - ulm
NOXOn - - i .Soc-h%?% @\\%ﬁ}&%ﬁ%@@ |°&$:S at 1114 ﬁlﬁ'ag th:gg. %w;x_léi‘?ﬂ’gfr é"r‘r’#r?tygngl, 7
decoder with internal synchronization -- to the tribit boundaries. A signal
"I ocked" i 8 p “to indicate -- chat t.'~e decoder is |ocked co the
tribit boundaries. The input vrord -- |lock Len allows for a variable | ength
of valid tfibi~ bolReFihs eantrplier has bren disronmssted by be speodet the medhatis@ sgnal i s
asserted. -- InplenencaC on a through the use of a Look up table which

defi nes - - 8t hdireficdRRR-Yealptingsug bitpairhiee..dhls ¢riIde enonder: diog instapee. fin B er a
shifted in -- they are added to the previous data bite read to generate a

| ook up - - 9adduresns ethbpdimens of 6 dkthe P Litwb bl pain\iseprefarred since: framm thegaimarys road i n
that -- requires nodi _ication of the previous synbol Lor proper decoding, a

-- vtl aq 90gn&ILLicading sablel, thel Ot lotwithili plair ttahedatanintoe) 1 0 pehtichit danpregédetdre | nput - -
data shift :egistar pipeline allow ng the symbol to be corrected. --

Syncri ronijzat ifQew &E%&ﬁpeﬂebae%%ﬁsﬁameaw& Bih§mibdPwithout fétciig@R eRiéphidt. €€ - -
counter and a flip Elop indicating lock. The lock flip flop is cleared --

any tine tpat TheadoiBaish fhiced thed %@}Wgn}ﬁﬁ@%@% “agiepaﬁ{eiagletaiea a%%m;e -

| ock up logic to take control. ock 1s Iow, the divide by three --

counter (dbtc | nj.z 1 1 i - -
synchroni ggt i %%Qoﬁg@yzgﬂé;ogg&ééﬁ. gg? Igg%ﬁn@%{a ¢%Q{ﬁge€%?ﬁgpg#mﬁ hltg t%lg\g;i de by --
ynehr ani 4t | SHePRoRgh g Hele nnto B8 AR P be 19, SERER o Once the -~ 1 ock
counter ingrsmenta,l o e ted I'ove bt padris dved ISsically Bom 4 Signal supplied by

16  the controller to the mechanism within the encoder. The 0 1 two bit pair is merely

17 being sent to the encoder and are not forced onto the disk. The mechanism interjects
18  independent of the state of the controller data lines in a muitipiex fashion the 0 1

19  signals at the end of the write gate.

20 The disk drive of the present invention preferably includes a carriage assembly

21 which is described in U.S. Patent Application No. (Attorney Docket

22 No. CAL-P003) filed concurrently herewith and incorporated herein by reference.
Furthermore, preferably, the disk 14 of the present invention includes servo sector

24 architecture for a high density, removable media-type disk which is described in U.S.



-~ aync..sronization is asaumad | acked and the lock flip flop is aaaertsd.
-- The lock flip flop remains in the | ocked scats until read gate 4 (5 7
brought low. - A signal named aymerr is generated through the use oé Fﬁ@
| ook up -- table. This signal indieatea that an invalid synbol conbination
has -- accured even though this error qﬁy not violets the |I,7 code
constraint. -- Ons possible exanple of this is . .001 000 000 100... --
Clearly there is na 1.7 coda violation hers but this sequence can not --

| egal |y occur ainee the ayiebal stream 000 000 has no car:osponding --
decode stream -- REVISION H STORY: -- Daee Peraen Qeseripeion .- 08/25/97
---,T11 ,- Initial attenpt at a Decddar - - - - --- Thia nedia
contai ns an, aupaiagplicatioor _copi sa of @moﬂudyd)ochmm PO01GAledb
Technol ogy. This ownership notice and any other notices included -- in

nmachi ne r eagdablgGapte Serbdit addEndRpurRediBerein 0@ réfdrkneUit hor i zed copies. --
This is confidential and unpubli shed property o! Caleb Technol ogy. -- All

rights reseyved. E%g, cl&&';r stem 30/ BP e lords i idVRAGSH, B1G. 1
conpi |l ati on{ S~J90E% Q&er Fs>y2%mD2 17 r: r_t .Q&L -- read

;gf erence cl OCéﬁu{deé‘P agpmgnitgﬁgcggﬁé%bsofr Sabber imbledniadon | rﬁ%&&&gﬁ{ e t

ranss to 7u t | oci .on nc ei d p

n~~ data ou @'?"rvcdesﬁﬁ%”qmmgw‘b ‘ﬁ{ple&m}ﬁd ‘%%i%garewgﬁ%erre —d ¢l k
. QUTPUT: - - read data cl ock synchroni zed wth.r dat a Iocked PUT:

-- indicateb deesHRRon gk %Myﬁésé@[dmﬁdft@ﬂ‘?fi Cﬁi’rlir’ ur; --
psuedo sync detect 1 VARl elBLc'.. dhtc(:..0) . DFF;, -- di dee by t hree
counter au. 7symspomimgd@ﬁdﬂmplemn@gomnbgmualmbutlbwdzn data cu.
nrz(1..0) . DF': -- holds currently translated zrz data prey arx(1l..0] :
DFF; -- hol&ls apgegodix Barz data e.. . DFF: -- holds syiabol in error dat a
lock . DFF: -- idsntitads i= state counter |ocked to sync field pattern

|l ock cztr(5.0) : D%Efomgompmmlmaaes&xﬁﬁoubnﬁdtheanmaxﬁfurprufgrﬁync field
pattern prey cbl(l. . -- generates the corrected previous nrz data

bit pair cuyg t&hﬁo&m&h ofmenrmv&ﬁaﬁhﬂefb‘éeﬂ%l&wdﬁﬁmeﬁﬁm bit' pair
tbl input[5..0] : NOCE: -- generates the nuneric input for t | ook up

table vtlaq . MB¥edin dd])WidlvaidgHRodllikiahd £ altetndvel Mbofick
gener at es the synbol u:arror stat us -I%g I's ~E3UG Cl RCU TRY I ~ S%RATE

det BEG N
P> er ack ass.gn%%?“a’ 1R el B ey Banih MR P
P 541 bl B Do il oS e i i
dbt I ~ t tb: tb:
nrz ?]( ] crr :]n_ r e?gﬁgeﬁé’ﬂ%ﬁg&?@ﬁg aghec?‘feefu rp“?tnrég‘é:]f%pf QE'PE E‘&%{%Pn( %rde?/ clrn
~rssstb: --_|ogk nc atternlg)lerrentatlon I|F rg -- CND THEN -- Lt not
readi ng | adk Eﬁeﬂgs € pregent tj0g is to be limited only to the claims except as

16  precluded by the prior art. Moreover, the invention as disclosed herein, may be

17 suitably practiced in the absence of the specific elements which are disclosed herein.



I:* lock -- G\D THEN -- it not yet |ocked up IF Loek entr(] -- Lock len(~

THE:1 -- it reached |lock count lock VCC -- indicite that we are Iaé<ed
ELSE lock ~ G\ND: -- indicate that we are not | ocked END | F: ELSE -UﬁcPZUUZ
‘already | acked up lock ~ VCC. -- hold lock state ENOI F: EHD IF. -- |ock
counter inplenmentation IFrq -~ GNOT -- ft not teadtng 17 S E P 2002
1g lock ~cr(1 ~0: '"-:.SE| F _~d -~ "CliEN e dbc=(] ~ 1 THEN Lock
atr(] ~ Lock cntr(] + ~:.5~ LOCk C.Itr () ~0; r,10 :F ELJL _ '- dbtc(1l !~
1 THEN Lock cntr[] - locfc_cntr(]: ELSE lock_cnt;(] " O; ENDI. e.-P1D |:":
END 1?7 -- hold ccunter is :eady state -- -t reading -- L: a one bit is the
read data -- i LU iS, SYNCILONAUS MiLN.SLALE GOMILET Lolszan syl ACT ENENL the

counter == THE' T RyNeleoupus: sk hristiaise: € Gigntedrous -nov 3Sebidthe CBATPEENOL a
ana bit in thevseal d&f%/%7. P2l i s synchronous. W th stabe.. er -- hold
current count VAl uly -3323%33! t?fi%%ﬂﬁﬁ%ﬁjﬁfﬁtﬁ%c e or - reset
t he counter -- gi Smd@é%mhneessmmbwid pphenigeet-on i: | ock ~ VCC THEN - -
it 1ocked-up taysyRc WERRTF SHHEER | rotaiZaalHEN tapLidenGRUA @rolh RBXsT-asMATUDE =(]
~ 0: -- LDl aver idoescowni eeBedt taicial cgewt er not at ~nax: ~undbtc(] -~
dbtc[] +riTee 1.7 fetd@fient the counterEND le; ELSE -- it not |acked up to sync
field F Loe—fesaad==h tmbde @G H R G fohmmam—d S E ===t { a ONe bit in
t he read-datn%jbt_c(] - 2. caz SYNcChronize state coasterELSE -- it not a one
bitlF dbﬁbﬁma:ﬁz THEN:- - 1t counter at naxi mundbce(] - 0: -- roll over
count er EESEuTHoR:| t  cdtmis®er not at maxi nundbtc[] - dbtc(] + 1: -- increnent
the countBrBRETE: END I F:ELSE -- it not readingl F dbte(] w2 THEN -- it
eouat ar at opsEriEmIANd bt ng ~ 0: -- roll over the eount asELSE -- it counter

not at maxi GHAAIGIEI G0} 6Lk ® Fhice Lol o4 oMb tolRmagount et END | F; 121D

| F; END I|-F: table indicazes the genaral mapping of the input data;
-- NRZ Data In | Encoded Data Qut
- [P} f 0Q1l
- 01l } e10
- 10 1 Loo0
- 1L | La01
-=- For those states whers a viclation would occur the output
== data scream is madified according to the following violation
== table;
-= NRZ Data In | Encoded Data Qut
- 0gQ11L0 ] 061000
- go011 1 L0000~
- 1110 | 101000
- 11111 I\ 00000~

== * dencotes those violations in which the prscaeding symbol is
- translated differently.

-~ Implamentation of this encader assumes that the first two

== bits of nrz data are presented at the time write gate (wg)

== goes high and then avery third read raference clock (zr_clk)

== thereafter.

== To minimize the timing problems due tao delay from the encoedez,

== & delayed write gate (dly wg) signal is qgenerated that is

-= synchronized with the data at the write data (wd) output.

== General implementation is to use a 2 bit counter (dbtc{]) held

== in an idle state (dbtc(] == B8%11") during times when write gate

== i3 held low. When write gate goes high, the counter rolls aver

-~ and works in a divide by three mode counting from 0 %o 1 to 2 and
== back to 0 again. This provides knowledge of where we are in

-~ terms of serializing the output symbal. Writes gate i3 expected

== to go low after the last nrz pair is cleocked in. This causes the
-- counter to count down and underflow into the idle state during

-= output of the last symbol. This methodology allows for simplified
-~ mapping of the delayed write gate signal to the state of the

-= counter.

-~ Symbol generation i3 done through a lookup table. The lookup table
== handles all code violations for the current symbol. For those two
=~ gsymbals that require the modification af the previcus symbol, a

-= wialation flag (vflaqg) is set which then modifies the load procedurs
== of the shift ragister (sr_out(]) such that the previous symbol is



- 'pauedo sync datact inplenentationl F OEBUG Cl RCZ?I TRY : ~ 0 GENERATEpsyac
det ft.clk - r =clk:-- clack aaaigssmantlF | ock ~ VCC THEN-- it acquired

| ockl F psync dot tt - GND THEN-- it psuado sync not detected yet! R HREEpI)
=- | THEN-- it on a tribit boundarysym Z..Q 1- H'001" THEN -- it not in
training field IF eur_ psync dec~!! ~ VCC -- assert psuedo sync

detect ELSE-- if in training fieldpsync %Iet tt ~ G\ND:-- maintain sync not
found status_ ENO I F: END I F: ELSE-- it pauedo sync detectedpaync dot !t -
VCC: -- maintain sync found statuseENO | F: ELSE-- it not | oeknd and ready to
search for psuedosyncpsyne det t! - G\D:-- prepare for whoa ready to

sear chE. ‘.:LDchEhmyme:ndsb-mq)aynaddat-_! L; --- assign output El SE GENERATEpaync
det GN\D: I pin state 17 S E P 2002 19 END ~c. NERA ~ --
spc: sh_ L%Z&%%"?g{ﬁﬁapl ermm.agﬁ:.anon cur svrr(4 1J - cir, syrr( Q; --
shl:t up pit—cyr "sy' Shut-i-n~data bt =—"Tnpat data pi peline
i mpl ement &t ig@fhzf a7 HE? 3.-‘.252 e RN aranc i f 7 GRaed. -~ Vrlag ~ VCC THEN -- i f
tars prey--nroa{Ja/93 pre-‘v tb1(<=]ampl-=° eorecfor dewG. . 7reagedar z(] EaD |I: r csr_nrz[]

ELS E prey ol ZLla;Ql&EanInZ [a]\ aENQr-zed capy Jr caBbJsS:&Wuﬂ'&Z (o]meq gy shi ft up t ribit
boundary 4-Scaden/rech@idgen TS vopoBLnnecicba iy odh@l n&isbs0dbge@®h current nrz

data cur 5 L*;*‘;:umwf:negxzmrzmtzz:‘::‘; T g S PT Ot boundary prev
nrz[]; ----hold previous nrz ta cur nrz| -- current nrz data --
syrrbol er To¥-l cRegRse PRl enent ation | a’ dbtc(] ~~ 2 THEN -- i=on trlbit
boundary elcees-idl err; ﬂe.t-s.y-nba-l—erm't Sttt Smalm b i ~ not on a
tribit boundar r; current error status END _7?; --
transl ati gﬁ:.un%l%f%m%ms “hput 5?°§e'l'°| %’ét"b’ - c?"f{sl -cur sym(];thl
i nput [ O] ~$98CEFIML4nbdef nput (] ~> prev thbl (], cur thl (] VEl aq, t bl
err: H 000001 sp>8" XX", Bikd" G\Dﬁ\@,&nQDQQC;gQ"' >H' XX")B" 1", GNO, GN\D;
8" 000100’\~>§b>®(" a" 10"“@0-@\4@830@@}’9#_*5&@“%" H'117, GND GNO,
8"001000" - B 1% @OB\E;:H B3 486t " ~>B" Xx*, B 00", GND, GN\D;

H'0d1010" ~»¢' XX, H' 'OO‘!EN@ CNisg#{L D] OGO 3#:8* @01: ésita'-@'tVCC G\D;
B0l 0001" - %g %ﬁ . 8" 00 TR, DNt b A BB PL ND, G\ e s
3"0101 00" ->» B"1 O, G\D, G\D; 3’\010101’\ >8" XX", H I 1" GN\D, GN\D;
3"100000" zzBadd " . H' 11" . VCC, GN\D; 3" 100001" ~>8" XX", B" 00", GN\D, GND
$" 100010" ~aB'axe(5,.BI 01" , GNBF.GNG; 5140 8ale@ Oo>4d' 0Xpy A" 10", GND, G\D;

i S L) RS IR AT AR W e
o !
i nval i dsymt symbol

conbi nat | o HOUAHE LB BK . B TR DI Ie e R CRLr ST RA LR R TR, vCC,

o" XXX11X"- :J.Eps:)(z("-g B" XX" cggg -— holds state of last data bit transfared out

; — local arz data input

BEGIN
-= glock assignments
sr_out(].clk = rz_clk;
dbte(].clk = zz clk.
wgff.clk - T _¢ “elk;
lasc.clk = rT_clk;

-- reset assignments
sz_out(].clzn = resech;

dhec(] .pen - raseth;
wgfs.clzn = reseth;
last.clen = resetd;

== local nrz data implementation
IF wg == YCC THEN -- if writing

lnrcz(] = arz(]; ~= get next data
ELSE == if not writing

Inzz(]l = 1; == load non viclating symbol
END IF;

-= divide by three counter implementation
IF wg == VCC THEN ~= if writing
IF dbtc(] == 2 THEN ~= Lf ready o rollover counter
dbec(] = Q; ~~ rollover counter



VCC: 8" XX11XX"->B" XX", B" XX", GND, VCC: H" Xi | XXX""' >8" XX", 8" XX", GND, VCC,

8" I XXXX" ~>B" XX", BAXX", GN\ND, VCC, END TABLE: - - out put assi gnnentsnrz(]., =
prevnrz(1l:synyerr i err;locked - look:rd clk - dbtc(l]; 17 S E IJ’725.)EJDZZUUZ
END: 20 17 S E P 2002 21 W claim An encoder for receiving a wite gate
code froma data receiving controller, fhe data receiving controller
directing wite gate data in the form 0O and 1 bits to the encoder) the
encoder in response to the wite gate data producing a run length limted
(RLL) code in the formof O and 1 bits dependent on the wite gate data and
directing the RLL code to the disk, the RLL having criteria including a
coding rate of Z3 which requires a mnimumof one 0 and a maxi num of seven
0's between ﬁ%aacent 1's, the,engedes producing a secondary coding rate as
as exception whagn < wecnw+ t:e-gatcemgxt dugl@es not result is the RLL code
criteria) tjf® &ficoder conprisingse mgggi for rnsuring that the | ast

predet er m Nég Behes 1chedat & b bs i-nudhecadata field are free fivm as
exception. 2 e efctider HolZ (1AM ei n the neans includes a two bit
pai r gener atT’sagctnBchﬁaixsm i ¥ egti.agp &ats0 bit pair into the encoder. 3. The
encoder of ag?'&_j??n 2 wherein the generating nechanismis an 0 1 generator for
generating an 0 1hﬂt§wo bi tmp%ai r. 17 S E P 2002 22 4. The encoder of claim
1 wherein théoatp®s : mett ed, i l,el relationship with the
controller ,Irﬁa%ﬁaanﬁﬁe&j &ﬁa?ﬁpﬂ:&gfgng%ﬁeon into the encoder independent
of the cont®® |er in g mulTif e R gRync and

shil ke “sSRLLtING’

N0 I

~- dalayed wcite gate implementacion
IT wg == VYCZ THEN -— if wraiting
IF wqgfs == GNO THEN -- if iniciacing a writs
I[F dbeg(] == 2 THEN -- L2 ready faor flratc symbal
wgfd = VCT; -=~ daiayed writa gate become:

SL3E -= i2 not ready for first v
wgss = GND; - delayed wrize gate scill
END IZ:
ELSE - 12 in the middle af a wri
wgff = VCT; -- delayed write gats stays °
END IF;
ELSE - 12 nat writing
IF wgff == GND THEN -= 12 in between writes
wqff = GND; -—- delayed write gata stays
ELSE - Lf at end of a write
If dbec(] == 3 THEN -—— 1if la idle state
wgff = GNO; = delayed writa gate hecame.
ELSE - 12 finishing last symbol
wgff = VCC; - delayed write gate still
END IF;
END IF;
END IF;
-= the encode translation table
TABLZ
lazz(], s3r_que(4..2] => th_out(l] (], tb_out(Q](l, vilag
3"0g", BeXXX" > BoXXX", 8®00L", GND; =~ 00 can follow anything
3°gL-, BoXXX” -> BoXXX", 8"01Q0", GND; =- 01 can follow anything
a"ia", 8~0gQo” => BUXXX", 8*100", GND; -= data fallowing violations
always valid
3*10", 3*001" -> 3 X", a%oco-, GND; -— following symbol only
violation
8*10”, 3®q10” -> BUXXX", B"10qQ~, GND; ~— 10 can fallow 01
8*10", 3"g1L* -> BTRKX"., BoXXX", GND; =~ invalid encode,.should not
ogeur
3°10°~, 2~*10Q0" -> BUXXX", g~*100", GND; == 10 can follow 10
8*1a-~, B*10L" -> B KXX", 8<000", GND; ~=- following symbol only
vialatian
3*10-, a~i10" - a xx~, 3K, GND; == invalid encode, should nat
aceur
3”14-, 8°11L" -> B KXX", BUXXX", GND; == invalid encode, shauld not
accur
8 11", 8*go0"* -> XXX, aTio1i-, GND; =- data following violations
Always walid
a i1~ 3°CQL" -> 37010", a~0qqg~, VCC: == following and current symbol
vialatiaon

3 Ll-, 3*Q10" -> 3 x”, a“igeL~, GND; == 1l can fallaw 0L



In-a systemfor encoding a data field on a disk wwth wite gate data, the
system havi ng an encoder and a data receiving controller for di rgﬁt%@%’u
wite gate data in the formof 0 and 1 bits to the encoder, the C 0 n
response to the wite gate data producing a tun length limted (R LL) code
in the formof 0 and 1 bits dependentd]gn the wite gate data and directing
the RLL code to the discs, the RLL co having criteria including a coding
rate of 213 which requires a m ninumof one 0 and a maxi mum of seven 0's
bet ween adj acent 1's, the encoder producing a secondary coding rate as an
exception whey the wite gate data does not result in the RLL code
criteria, the inprovenent conprising: neans for ensuring that the | ast
predet er m ngd, nunbgh,,ef bits d-rxthe datexfi el guar e-fipee:d prgpdet Fecuekeept | on
6. The iggEoverment of claim 5 yherein fhe.meapg,incl.ydgs «3:tWee bit pair
generating dgdhani Fafinj €5t i ngi@-f wo ki~tacpai r vedit o-thEceng oderuTihe sFire:
pr overa@legh el aim 6 Wher ei nfhe gengeali Ny ECNaN NI Sycdih. GndudRgEr at or
for generatidfig™as B - two bit- pair. 17°S E P 2002 23°8. The inprovenent
of cl ai nf*hgrei nattie neans' 38CConnect"®& "t o CF encotere piFeY: Faraf 'Y

rel ati ongddag)_}ygi;_h the controller, the nmeans interjecting information into
t he encodé? Fnb‘é’pendent of the controller in a multiplex fashion. 9. A

met hod f or—eeweyatd: AHE R TrU B4 3 dsk avat h write gate data, the method
conpri sing ;,ﬁa,ssie:ps-_at_ou:[oprlovi di:n{g-tgs-grg?ygr’"tggﬁﬁi ding a data receiving
controller Hﬁpﬂﬁ@ﬁ'éﬁi&g gat &; I;dfﬁz‘&ixla«méy&nse iubde® @aulseszdata i s the
formof 0 agdsi bits to the encod-e%n rigcueichtrier P93t l ength limted (RLL)
code in the_fgaowiSf210" ahd =t bift's™ f‘ggf & encoder in response to the wite
gat e dat a, e RLI, code having ©f +1 exci @adipc Bardi ng a coding rate of Z3

whi ch req%g'q-gj‘és'rﬁlm afiehY -Yrie T I & *Aaxi num of seven 0's between

adj acent 1's; producing a secondary coding rate fromthe encoder as an

i \4 bit state implementatioR
except| on mgz ﬂf CC THEN -—— if writing

last = 3r_out(3}; -- assign lasc autpuc bit
ELSE -= Lf not writing

laat = laasc; -= hold last cutput hit
END I
- QUEPUC assignments
Awc = 137 aue{i]; -— serial writs data output
dly wg = wgfl; - delayed wZite gats autput
Last_bit = Lasu; -- last bit output

END:



wite gate data does not result in the RL.L code criteria; easuring that
the | ast predeterm ned atuaber of bits is the data field are fire fromthe
exception; and witing the RLL code or the secondary coding rate o7n Ip
data field to the dish 10. The nmethod of claim9 aad ftuther con‘drig @02

di sconaecting the encoder fromthe controller in response to and at the end
of the wite gate. 17 S E P 2002 24 . The nethod of claim9 and further
conpri sing connecting the encoder to a neans for easuriag that the | ast
predet erm ned nunber of bits in the data field are not an exception. 12.
The met hod of claim 11 wherein the nmeans includes a two bit pair generating
mechani sminjecting the two bit pair into the encoder. 13. The nethod of

cl ai m 12 -wherteeimcdabec ene‘reainongmechmmem.las apvoe/si gerseiason f ar

generating as (3l 12}/\05 97paazl'§§p 33. "% 5}2@ thP"a'rmlﬂ“‘imq? %@gzec:m

conpri si ng connéct L-mg:at( egvrrean(s.a Nyest :p sekack aRshi p W th

control | ér, theltmedhs?8iHrErjEectoPhgi-rfadrareacidn into tine encoder

[ ndependeL,-_of_,rt hRedeoitroller in a multiplex fashion. 15. In a systemfor
encoding a data field on a disk with wite gate data, the system having as
encoder apd a data recerving controller tor directing wite gate data in

t he form-efrtgamgd 1 dsdoier.tag t he encoder, the encoder in response to the

wite gat’é ﬁﬂﬁf prodiﬁfw‘gna pri mary code in the formof 0 and 1 bits and
di recti ng-tihexrpmi mary code to the disk, the prinmary code having certain

predeterrtt&gg: “Ldrky€ri @, the encoder produci ng a secondary coding rate as as
exception- r.nhe.mma.he gat e aélated HeeSndabdall Rbdh-énikdtiéche predeterm ned

criteria)-tHet Fpyooy BrRinTias omrﬁg'l gﬂbﬁ mi?ﬁ’iﬂ’“ﬁlé’ra P#gatshat the | ast

pr edet er L ngek “"‘rﬁaexw,q& Tastable [idi absunhicss b4 om t he excepti on.
17SE P-@@Oﬁ-@&sﬁ@eﬂﬁhehq hprced exyeait isndssetmag.m 15 wherein the neans

i acl udes 33 mmi‘m.nﬁdéﬁéf&ﬁaiﬁwﬁéﬁﬁ%ﬁa&r&i‘i BiBtdi ffdzegatipo bit pair into

t he encodercheyl¥ze abhe ¢ m:mm dagk oetsmkead 16 qshened A J.bheulgener ating

mechani SIS £ SR STt U BRACRNT I 00" LotSutE BT pai T

vflag signal is assertad to modify the normal operation of the input
-~ data shift zaegistar pipeline allowing the symbol to be corzectad.
-- Synchronization is accomplished through the use of a divide by thrae
-=- countar and a flip £flop indicating lock. Tha lock £flip f£flop is clearsd
-=- any time thac read gate (rg) is low. Read gate going high enables the
-- lock up logic to taks control., While lock is low, the divide by three
-~ counter (dbtc(]) is synchronized %o each incomming 1 bit. If the
~-= synchronization has caused an adjustment in the value of the divide by
-= three counter, the lock counter (lock_cntr{]) is reset te 0. If the
-~ synchronization is valid, the lock counter is incrsmenzed. Oncs the
-- lock countar increments tq the value on the lock _len input word
-=- synchronization is assumed locked and the leck !lip flop i3 assertad.
-— The lock f£lip flop remains in the locked scate uncil read gate is
-= brought laow.
-= A signal named sym err is generatad through the use of the look up
-= tabla. This signal indicates that an invalid symbol combination has
== occured even though this erzor may not violats the 1,7 code constraint.
== One possible example of this is ...001 000 QOO0 100...
== Clearly there is no 1,7 code violation here but this sequence can not
-~ legqally occur since the asymbol straam 000 000 has no carxsosponding
-= decode stresanm.
-= REVISION HISTORY:
- Date Person Desczipeion

-- 08/25/97 JN Initial attempt at a Decoder

== This media contains an auchorized caopy or copies of material owned by
== Caleb Tachnalegy. This ownership notice and any others notices included
== in machine readable copies must be reproduced on all authorized capies.
== This i3 confidential and unpublished property of Caleb Tachnolaqy.

-~ All rights reserved.

INCLUTE “GENERICS.INC”; == support for modes of compilation

SUBQESIGN decoder
(



18. The inproveneat of claim 15 wherein the mesas is connected to the
eacoder in a parallel relationship with the controller, the neans
interjecting information into the encoder independent of the conttBISERZN n
a multiplex fashion. . A _.A .Aal.A9L. AL. A Al u. A359 Al & A3. A y?. A" . AN9, . A
u.Asl . A . AL. A al . A9. Ay;. TAs A9 LA A Nyr. Asay& "q=@coT

] } xsnhc”Y] ca] ca] ca\/] caj ca] ca] caj ca] caj ¢ ] ca] ca] ca] ca] ca] c*a] caU] ca] ca] ca] ca
] ca] c™a] ca] c”a] caU] ca] ca] ca] ca] ca] cTa

8x¥BUWYg | bzupkf a[ U c”a] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca] caV]ca!] Myqg?

JIT P " RE#$" $| wr mhe”Y] ¢”] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca
] ca] ca] calcajcal cal cahﬁa&x] ;Caj-Cakd abflldalaadcal cal " SDEFSSUNBOKEEEEE (u(y(((

()*_++, 7, =~-T.b.C. tYj e[ M¢ ¢ajacad ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca]
c™aj ca] ca\‘/j’&%?] caj ca] c éﬁ] cﬁ] 2% ca] ca] ca] cal calca]c™al h//e01" 1.112*33
4{ 5555 9V,|_°cg can(%..0} : INPUT; -- number ol valid =ribi: frames to justify locx an sync fieiaq

t <<<<===@st*? 2 A7 BB&CC £ wr nhic cal] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]c
a] ca] ca] céjméb&@g] cal cg q@i] ca] %]:5 n]cc'S ama:]-ena]acaWdaa]scau]ueaJ ca] ca! t CCODE+EUEyF
GsH#I LI 833 LMvd VM ; == raad data zlcc); sync"xioté;:ad -:.t:‘t :Qa pac-en

NgOP$P' P) aPcP~Png(,@§@bk V\ﬂdﬁgam ?ﬁ 18 ca caf aJ calcalcalcalcalc
ajcaJca]ca ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! PPPPPPPPPQQ QOQ
QRRARE RL,RNR, Re RvRyRRRRRRRS~y snhc] XR} xr U] ca] cal] ca] cal)] ca] cal] ca] cal] ca] caU
] ca] cal] Ccajzad maU] caljezall caldlae ady cab.-&ca:]maald] cal ca cal] cal] ca] cal] ca] cal] ca

SSLSOS[ S SGSF‘S SHSSS SST xr cal] ca] cal] ca] ca
Ul ca] cgu} Gogv ?pl.U]lc 1ca a].cﬁnggfw ) ca ca cal caﬂ ]ca] 'E:J]aU] ]ca] 'E:J]aU] ]ca]

cal] ca] calk£3] caTTTTTTm'&J GOt~ $gbsIULR geror data

VLVOWVWVHIEVE FeJ-ﬁ“&i‘@Tm@lfm %ﬁﬂbﬁwﬁf ES1E33EREAY ca) ca
U] ca] cal gej.,call]x:ad]ca aa)] Galdbrez ﬁap%ca enkf«aad adfacsilca caV\Y/\Y/\W(XTX
WOXXXY" Y s WY 777 AZ7T ’g ; il U] cal] cal] ca
] cal] ca] cEeltHI'EaY g(bmé] calRa e e ML eals B{ﬂleai g%t&cpgg\“:%]é i caU] ca] caU]

cajcal[[][ 0[:8{ -T[ég‘h%\ Gt \-‘r\dﬂgﬁ]l@]' Bink| hepRL IrFget $aFue yiaqi c"XS} xr U] cal ca] ca

U ca] cal] ¢ den Tl G U saah Gahd Gadecablcal cal ca] cal] ca] cal] ca ca

Ul ca] cal] G‘é@mU}ca}ca 1111111111111

ANATRERREZEN NN {up) e_ZT} xr Ul U] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ¢

a] caU] cafc.a{&s&]lﬁal.&s&]:salﬂ ca] cal] ca] caU] ca] caU] ca] caU] ca] caU] ca] caUjca__S_
dbec(] Jelie” F° | = RFELR: S 7 T Tt T t ni cAXS} xr U] cal] ca] cal] ca] cal] ca] ca

ca] cammmamahm ca] cay ca] cal ca X1 cald cal cal] e cadf cal call

WV] cal] ca]se ] cadJ] cag ﬁa’t{l caJcaUcajca "

aaaa: a<aOsEf AXazaang a{é {aaaaazuoj d_YT} xr U] ] cal] ca] cal] ca] cal] ca] cal] ca] c

al] ca] cal| el esidl caicaltzat:cal] ca] caU] ca] cal] ca] caU] ca] caU] cal] ca] caU] ca] ca

U] caabbb sat assignme

b- bOb"b" bldakixlpﬁn ?omb-bbhhhbbccc) c4c|vgkf [UtxrU ]U] ca] cal] ca] caU] ca] ca] c*a

] caU] ca] cﬁ% ] ’Q@ cal] ca] caU] ca] caU] ca] cal] ca] cal] ca] cal] ca] cal] c

a] cal] ca4 cuedsaaicccccccd

ddd: d<dAdqukd=’~ ddd{ vp‘ké"zgg xrU ]]cay ca] cal] ca] cal] ca] cal] ca] caU] ca] cal] ca

] caU] cal Cff,ﬁg ﬁa]J];gﬁ .cam.ea] cal] ca] cal] ca] cay] ca] cal] ca] cal] ca] caddddddddd

eee"e)e- e2e7eNeYe] eae{e~ eeeeeeeeee%u je_ZT}xrU U] ca] caU] ca] caU] ca] caU] ca] ca

] cna] cal] ca éﬁ; EATCERI EA1R50T ca] cal] ca] caU] ca] caU] ca] cal] ca] caU] ca]

calU] caefff fi gf {fffffffffffgg2g5g;

9=gAgEg] ggﬁFk@c w‘zﬁ‘mzﬂ.c.atﬂgcalg Wsal.aall cal cal cal cau ca] cal] ca] cay caj ¢
al ca] cal ¢ €AlJ]-e apoaint njremilt€ a en}axlfossd caggggggh) hvhl hhhhi <
iLixiiiijjsSjnj,p ‘]“j‘] VEikekigtAake FaAcr Ut %’ aU] ca] ca] c

a] cay] ca] cay C&%&&U}:ﬁ!ﬂ] -Gah]dca]:cah.l]:ca] el j2ajoendd] ca] cal] ca] cal] ca] cal] ca] caU
] ca] ca] c™a] Kkl Ll 7L KIErTul EETETET nm mendnr mt md rm{ upj d_YT} xr U] ]
cal] ca] cal] c F E cca o e.eaU] caU] ca] caU] ca] caU] ca] caU] cal] ca] cal] ca]
cal] cal] ca xEia] ca] ca] cal ca] cammmmmmmmmmmnnnJniMhvnxnnnnnnnnnnnnnnozuoj d
ZT} xr U U] c%‘fgﬂ% cal] ca] caU] ca] caU] ca] caU] ca] cal] ca] cal] ca] cal] ca] cal] ca] caU]
ca] cal]ca] ca eatgFepral] cal] gaol or 9, 0<0>0l oLoi ol 000000000000000"
p${o pU]p p]Cﬁf: V%EEE% xfmJ]FU] ]ca] (l:J]aU] (l:J]a‘lﬁ] ca] ca ﬁ?'ga] caU] ca] caU] ca] caU] ca] caU
] ca] cal] ca] caU] ca] cal] ca] caU] ca] calU] ca] caU] ca] cal] ca] cal] ca] caUpXp[ pr pupppp
PPPPPPA- qqgqqqqqqqgrrrr

r.rlrztni cA"XS}xrU cal] ca] cal] ca] cal] cal] ca] cal] ca] cal] ca] caU] cal] ca] caU] caU
] caU] caU] ca] caU] ca] caU] ca] caU] ca] cal] ca] cal] ca] ca] calrsrvrrrssKsNsssssssttU
tXttttt, u/ uqut uuuvvM/{upj e _ZT}xr Ul U] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] c
aUy] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] caU] caM/Pvvvv
vEW W WOWMMWMWWAX DX XXX XXX XXX X" Y%y nypyyy}wr | ga\ V@ ] caU] ca] caU] ca] caU] ca] cal] ca
UV] cal] ca



, 0DJj px| {upj e_ZT}]] VY] ca] cal] ca] cal] ca] cal] ca] caU] ca] cal] ca] caU] ca] cal] ca] ca

U] ca] cal] ca] cal] ca] cal] ca] caU] ca] cal] ca] caU] ca] cal] ca| % ;

?tz06V{vpke ZU}]] Ul caU] ca] caU] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] éJ] é@dﬂ%]

cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] caW\ ox$' >BY\ qt Z~ytoje [ V] U

]1ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] i:gal] cal] ca] ca] cal] ca] cal] ca] cal] ca] caU

] ca] cal] ca] caU] ca]caUcalJcalUca R

$K=cWL2~yt 0j e [ VU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca

U] c”aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 2H &ai bpGkM

T} xsni d_ZU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]cajcal T [ai bpGkM

T} xsni d_zU| }e#]®&]'¢d] ¥a] ca] ca] ca] ca]x aj"t%aﬁmzfa]"ca?&’a]’&ﬁ]’ca] ca] ca] ca] ca] ca]

ca] ca] cal ca :sa}&a]@ahml’feg] ca] ca] ca]ca. a one bit 1A the —uz{;%%;%

"qgH) @109’ ( sl‘O 525098

g=@B) @10%& I)‘ 698 § 'go/% %g 4F10°/§& %% }nﬁen%&m( won! stQta MEZ.( ) -- 9L( )10%

&' ()-- @oTdE) J&&t'sl @‘U%& () -3+ 107&RFEY~ =P coMUR' ()-F 109& () - F#

109 ()-F# LHZ & ()-T bC@BIOYE S10%H Cack)s HAYE {r) cnelfhad QachOF! :
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h& ()-s10%m&i=t)- 10% L& () - 104| 104| 104|11710%| & ()-"]aBbC@10%&' 10%

h& ()-10% h&div)mg’/ Ynz Q@p& Yae:id% & ()-GY 10% 4& ()-G 10% h& () -

SbdEbC@&10%810ck &ocm 1% hghd yrerd 10% & ()- , 10% hé& ()-
. 10% &&' () XF GO/EF@ 10%& ;)& %nmacleﬂthro hs9&10% h& () -1710%
h& () - &3s109%4 ()~ 1& 10% h&' ()= idBeBCRdnE [k 2109 () -3z 109%& ()- 3

LO%E' () - - 1OMEE() = er0VEL( ) - "y liAGHBRE Fas MHERASCEEL 0% I|&
109 () - MYeER& () - YS 10%& () -3YP al0Yickad ks 3&SHUV& W12 -

10% &' -3 YRICGERADBEN 10 -= if reading
- () qchEF rd == VCC THEN -= if a one bhit in the read data
abte(] = 2; -=- synchronize statas counter
ELSE -- if not a one bit
IF dbtc(] == 2 THEN -= i{f counter at maximum
dbee(] = 0; -~ rall aver counter
ELSE -= if counter not at maximum
dbtc(] = dbte{] + 1l; ~-= increment the counter
END IF;
END IF;
ELSE -- if not reading
IF dbetc(] == 2 THEN =~ if counter at maximum
dbec(] = 0; == roll over the counter
ELSE -= 1f countar not at maximum
dbec(] = dbtef{] + 1; == increment the counter
END IF; .
END IF;
END IF;

-=- psuedo sync detect implementation
IF DEBUG_CIACUITRY != 0 GENERATE

psync_ d.t £2.clk = rx_clk; == clock assiqnment
IF Lock == VCC THEN == if acquired lock
IF paync_det_f£ == GND THEN -=- 1f psuedo sync not detectad yet
IF dbcc[) == 2 THEN = 1f on a tribit boundary
IF cur_sym(2..0] != B"001® THEN -~ if not in training field
psyuc_dc:_!t = VCC; -=- assert psuado sync detect
ELSE -= if in training fiaeld
paync_det_££ = GND; -- maintain sync not found status
END IF;
ENO IF;
ELSE == {f psueda sync datectad
psync_det_f£f = VCC; -- maintain sync found status
END IF;
ELSE -~ if not locked and ready to search for psuedo
syne
psync det_f£f = GND; -= prepare £or when ready to search
END IF;
psync_det = psync_det_f££; -= assign qutput

ELSE GENERATE
psync_det = GND: -= set default pin state
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10% & ()-SI 3 1%ae t) dsm{m&u@ 1op hep@apacion

& ()--movg (fI-3 ? 5563'?;‘8 C@10% f02nQ DRy, mz ¥

11 109%& () - 1! 10%&aldr m(z[J,OJ&r 30 {1L0YE ) =B S 14 CaB10% 3

109%&' ()-/ 3 10%B&8=()-/ 3 10%&' {)-/3 0%E {Hus/ 51 O0& « )rz%l:ﬂﬁp/&' () 8Y8 9n9v;
q<r <s<t <dYNC@IQEF L4 1FUS-FEIE ()= /SP3ELOVELYEFTe 376962 () -/ 3 10%& () -/
3 109& () -/t <<<z=ndEYNC@L0%, (1 10%_( )uf Srrent o

109%& () -, 310%&Lde) = i ()-STOWR' () - yBREOSER by o= Oy s G AGEYNC@10% | 9g
109 ()-m | 9g FOSEEF M orEOURY() : g-109@4 EFevigus nrz daca

109%& () -, 10%& % JEERAAZ BBSRTCAEHEIE: / -1 FoIDEPEITHRNTD 98EB5109%& () - | 310%& () -

| 109 ()--1, TOUE ()--19g 10%& ()-m bCcCqCt CCODEXY: /| 10@10%& () -
109 () - -~ symbol error detection implementation
IF dbre(] == 2 THEN -- if on tribit boundary
erz = tbl_err; -~ get symbol error status
ELSE == 1f£ not on a tribit boundary
arr = erxr; -= maintain current error gtatus
END IT;

-~ zzanslation table for input pipeline
tbl -nnuc[a -1] = cur_sym(];
tbl_ _input (0] = rd;

TABLZ

£S5l _input(] => prev_tbl([], cur_tbl(], vflag, tbl _arr;
3"00000L" => B“XX", B*00", GND, GND;
87000010 => B"XX", B"0L1", GNO, GND;
B"000100" => B"XX", a"io", GND, GND;
B8700010L" => B xXX", B"1l1", GND, GND;
B"001000" => B "XX", B*1a0", GND, GND;
B"Q01001L" => B XX"™, B*ao", GND, GND;
B"001010" => B"XX", B"0L", GND, GND;
B"010000" => B°Qo", BTi1", vce, GND;
B?010001" =~> B XX", a"oo*, GND, GND;
B"010010" => B"XX", g"gQL", GND, GND;
87Q10100" => g87Xx", B"10", GND, GND;
37010101" => B"XX", B 11", GND, GND;
37100000" => B"11", B"1l1", vce, GND;
3"100001L" => B XX", g8"0q", GND, GND;
37100Q10" => B"XX", B"goL", GND, GND;
B"100100" => B"XX", B"10", GND, GND;
B"10010L" => B XX", B"11", GND, GND;
B"1010Q0Q" => B "XX", B"1a-, GND, GND;
B71010QL1L" => BUXX"™, g"gao", GND, GND;
B"101010" => B"XX", B~Ql", GND, GND;
== invalid symbol combinatians

B"C000QQ0" w=> avxx", B XX", GND, vCe;
BUCOKLILY = B"XX", 8 xx-, GND, vCce;
BYXXX11X" => BYXX", B XX", GND, vCee:;
B"XX1IIXX" => B kX", B XK", GND, vee:;
BX11lXXX"™ => B XX", B XX", GND, vece;
BPLIXXXX" => 3"XX", B XX", GND, vee;

END TABLE;

== Qutput assignments
nrz(] = prev_arz{]:
3ym_ezr = err;

locked = lock;

rd_clk = dbtc(l};
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4, The encoder of claim | wherein the means is connected in a parailel

relationship with the controller, the means interjecting information into the encoder

independent of the controller in a multiplex fashion.

S. In a system for encoding a data field on a disk with write gate data, the system
having an encoder and a data receiving controiler for directing write gate data in the
form of 0 and 1 bits to the encoder, the encoder in response to the write gate data
producing a run length limited (RLL) code in the form of 0 and 1 bits dependent on
the write gate data and directing the RLL code to the disk, the RLL code having
criteria including a coding rate of 2/3 which requires a minimum of one 0 and a
maximum of seven ('s between adjacent 1’s, the encoder producing a secondary
coding rate as an exception when the write gate data does not result in the RLL code
criteria, the improvement comprising:

means for ensuring that the last predetermined number of bits in the data field

are free from the exception.

6. The improvement of claim 5 wherein the means includes a two bit pair

generating mechanism injecting a two bit pair into the encoder.

7. The improvement of claim 6 wherein the generating mechanism isan 0 1

generator for generating an 0 | two bit pair.
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14.  The method of claim 11 and further comprising connecting the means in a
parallel relationship with the controller, the means interjecting information into the

encoder independent of the controller in a multiplex fashion.

15.  Inasystem for encoding a data field on a disk with write gate data, the system
baving an encoder and a data receiving controller for directing write gate data in the
form of 0 and 1 bits to the encoder, the encoder in response to the write gate data
producing a primary code in the form of 0 and 1 bits and directing the primary code to
the disk, the primary code having certain predetermined criteria, the encoder
producing a secondary coding rate as an exception when the write gate data does not
result in the predetermined criteria, the improvement comprising:

means for ensuring that the last predetermined number of bits in the data field

are free from the exception.
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