1 DISK DRIVE USING MULTI PLE SERVO TI M NG MARKS THAT FCRM A

CODE OF UNI QUE | NTERRELATED BI T PATTERNS § fz‘fvg/ ‘_
Technical Field This invention relates to disk drives that stdre”

recorded"digital data, and in particular to disk drives that use servo
sectors with servo tining marks (STMs)-flor maintaining the recording heads
on the data tracks during read and wite operations.

Background of the Invention Magneti c recordi ng di sk drives
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tolerate up to a fixed nunber of bit errors. These nethods are inefficient
and do not allow the use of multiple STM patterns capabl e of being
accurately decoded by the servo electronics. Mreover, none of the prior
art disk drives allow any nodification in the STM correctl on and detection
power : What is needed is a disk-dive that can accurately detect
multiple types of STM patterns so that STMs can be used to identify

di fferent paraneters, such as track ID, track index and head nunber, even
when any one or nore of these nmultiple STM patterns contains bit errors,
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sectors, ﬁ}eito&;gitsz o QL H8a 30 UGl ﬁfnfi ?%cé’!réﬁ%% éiafee %alt}g:q_ctl%s Because

part of t I q i%on process requires e nu in error be
noni t or ed, THils aertdod peseegitatesethermel by elnspldh figrg ghedirecioveriesi | ur e

anal ysi s Cﬁoﬁﬂfbdj' S idinge th-Ehbémén P‘Bﬂﬁéﬂnoas aﬁﬂé’é"’%dé’éﬁnﬁﬂe’i‘%@r gngser to

t ake igrrectl ve action, such g STM decodi ng
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manuf act urger e a [ _ex during the early
phases of A oné&geﬁiﬁ%%eﬂ/%hr%gc ?ctzla’ﬁ gﬁ\ét&ﬁosﬁepel?% = %gﬁb?'ﬁe error rate may be
hi gher than it woul d be for a mature program It may t herefore be

benefi ci algyMuaAray P Ty EINVENTION | On | evel (hence higher detection Ievel)
duri nggt he earllé phases of manufacturi ng]%to i ncrease the yield. Once the

proceds is bettl§ REFHASH Adyentien Beg| Peen c3FhE{ed W iddh Sbléh ReAedSed,

provi di ng im mm‘d)rrrance boost at the sama time. For a fuller
under st andi ng he n ture.and_ad ant a of, the present invention,

ref erence shouﬁﬂ % %r?olfhg‘nfé’ 38\& de'f%?l%ﬁg%l%%Er?‘BY?BﬁlPﬁkg:r?

t oget her \nrtdvndmeaadcwmahqughf tgeating method using a jet burner and

Brief Descy f i I f pri or
art digk d Fosegieh apoirchfichararor wicte prafhdd et dradiatatny

ar chi 13§ct dFreduged i $trasterenpit the wpqmtwpéarbfb%|sg4mpd+nf\;@dca&asﬁpf@ of

i ncor por atdviet th@aPiesent novendc@Bsitated Figdhd 2i&Sa@ihd | Aysiiayi gr of the
track format for the disk drive of Fig. 1 |IIustrat|ng ata sectors split
by servo sectors. Fig. 3is anillustration of the servo sectors in
the track format of the type shown in Fig. 2, but with three uni que servo
timng marks (STMs) that formthe STM code accordl ng to the present

i nvention. Fig. 4 is a block diagramof the servo el ectronics,
i ncluding the STM




decoder, of the present -inventi on. Fig. 5A shows the input data

pat t er nThiobhed: Haf g fﬁ) aSCT(IF\]/I code at different shift |ocations when STML is

both the IMu &hd the search pattern. Fig. 5B shows the

i nput dat La (7,2,3) STM code at different sk (SSBE@NE
STM2 is t l,w rn and STML i s the-search patter nI%ﬂS ]SRE HAS '
shows the input data patterns, with 2-bit bursts highlig

(7,1,3:2) STMcode with a 2-bit burst error correction power at different
shift locations when STML is both the input pattern and the search pattern.
Fig. 7 is saderntaggonsbrkenhangead of the STM decoder of the present

i nventi on. 1tFigSan8fnée é@%%\htbgnitmlﬁ/gfg%ye%pghglghgﬁ_ogf +8 é‘l‘g"édé.) sSTM
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code at different shift | ocations ST e bit error,
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Det ai | ed Desspé piith OfrddiRslth@nsidtation where the request and needs
Pri or Ar5t resen nve to, be described i s applicable to

The I i 0
data recor ding HEKH | e?néh%fmﬁsg‘er 388?5&8“5&9&?% &'rht‘?aflggﬁrﬁsuﬁo’s?ti on
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enbedded bRIRI{(NEAW N UL, ithemgels opeenided aldky epdcksuskhiereatdng i on
is fully appip&sdtes t ShEREAA! iL£ FesRrdk ity dhakedisukes 4d1ah SR1@hker; data
archlt%tur S and servo fechnj q%{s, and tq optical disk drives that have
servo inf ortrt§yic nwis%?JrIélat’F’é Llng tank. g 1 js a block diagram of a
di sk drive of tMereyspeasfibteliyi hthéedpy esedtciustenttantindheaphakatlid ve
depicted i ne. t ' tt i . f1xed- bl ock "headerl ess” .
ar chi t ect ur%e&vm _h%g:t{a%% ?&ﬁﬁb (gﬂnfgziogr%% ta{ rJeecczico?Dd?r(r:\Ibeli 109 A sk
drives, théERRAIIENGPYY/ aad watiayr aantadind noones martieeriadd a AryHer gatding

direction. fzal; 20 al £e60vBELASMuRlt Setoileriing bAakseq IS dditladd the
outer zgnes e Ig{(:)n% r than those in the inner "zones, the tracks i1 n the
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outer z3dnes" CoTd dUREeThah t HBerrilkheh FEOYPRLRI zBAdS. is
Typi cal | y, idesttmllsedtwittdin ntiseadiny s reaadihftadkd.ch has the sane nunber of

data bytes. | i i i t dditi | ity in_th t
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varying 1o #md OF Wereydi¥ md)elo dxdtind ) 3G ;@%ﬁ_ta andlX di sk

drive that has .a constant servo sanpling rate for all zones by usi

si ngl etzpi x S TR S 1t h& A RanGEs Ofcr 6 odivtinge fdiogk toTvbereby

conbi nat i osegfarateandgereveer sollidat 8ns eFAPE ScDOs Arac kNG eaulliviad
nunber of ?aa{)sv%l%qptors per track can result in some of the data sectors
bei ng spli y Servo sectors. The di sk drive, designated generally
as 102, incl udé®rraspecdfdcaildy . dilvk drg4andctmetotraahiigaye thadd usdagr di ng
transducer z198¢ (RlSRL£a ; . : . .

7 recg%di nfheadgq, vl::)i %gﬁggsflﬂ%ttﬁe ﬁ%‘,pss%t; vgrgﬁ'ggt?%r?ll%s cfﬁ,alpé'gg/wri te
el ect r 6Ri cS*TPRA VRLEFT SOBTELBLREFAE dnater iRy 8| JoF RIAan0fRES 105,

m cr opr ocesspevdl¥ingEd oAbt R1FLuikthai keaee Hokprierd é@&h@%’a&@_ﬁnaﬁ@ﬂi&@um ive
a

read/ wite,he .conbi nation, of an_i.nductive wite head wt .

magnet or s t?\g‘é‘g{ﬁ%g&gﬁe%%? aéﬁfﬂ] 5§FI€?ttbrlf’(§”eeraF’€°HﬁpT? FEE NS uadked on
a hub that regorverdingddpyed finé paxttiglesd tMade sEptiiatmw eadediiag head
associ at ed pa-blre83¢ ff ch,dis rdipng.djzsk.104_has a
cent er3¢)f fot at fgﬁ' 1%&&1&:?31%5?03;@% ggdlaf gfyﬁ%%artgggt ?éﬁ?hghgg%% sgggi nto a
set of °Y adFEPFRingathe FawMeserdad B9 make Boilld dshibom partirde Thberehwks are

grouped radaakliyigi the sonudbLinefpaetEsSled e dO 1At aha §BpWRagagZONeES
151, 152 a g he di sk.contains aﬁ Iuralitx of .servo sectors 120, which
I

: 0y tl115§' e A\ ﬁv n P LG e i ipne
extend acr G551 tRe WS cREVPHVAL e 98521 T 5P adF SFOUPTLREI She BSRM.4 r &dRehas a

reference padéiclgs Fndinctite npudierisicantsof lowask .diWddifineaphre@Beest he
tracks are; Oy R LY At i.al j Vi into a nunber data sectors
154, 1Ty GifLo chblFLabeLeThL A el 0% A F Rk FBR FPERLFEERds for
uni que § i §8fit F19¥ngonkénuasatedes oravalyvaddn tihe dameediseconendeard to
have a "NoghBEraELingr@aiel ook dBtReHLHIAGHIEEs Al RPEFEL laegi%ﬂgf‘ggxgcﬁl ess”
data architecture. In accordance with the nofnmal neaning o I xed- bf ock
architecture”, all data sectors are substantially the sane size, expressed
in bytes of data. However, the present invention may easily be adapted to
tolerate sone variation in data sector size, such as from512 bytes per
sector to 520 bytes per sector, in the event such a configuration is
desirable for a particular inplenentation. The nunber of data sectors per
track varies fromzone to zone, and sone of the data sectors do not begin
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set o Belri Repla@fje at the sane radius on all disk data surfaces is

referr i nder" _
el ectroni cs 113 receives si gnals fr aggqams BEBN

passes servo |n or tion to servo el ectronics 112, and p gnal 3

to controller electronics 115. Servo el ectronics 112 useg_t.he

information to produce a current at 140 which drives voice coil notor 110

to position recording head 108. Interface electronics 114 communicates with

a host syspépe(not shown) over interface 162, passing data and command

i nformati on. 5 t | 0, CO | er

el ectronics 11%%%\/%’?9.??%(? a%}gﬁi‘g} slﬁ%l cr%%%g%egp%géﬁgé%%e%%nd }éé]?%\ll th

t he vari ouds@uasiids ar apparataisceonstiest bvewhenednfadey Iz@ating tank t he

operal | on fhvdh§ka Hddevelinhg LRLErEELR: URAIIIANDEStHd 4 116 §LVaEs fosequeS!

f or reiﬂ gor witing data sectors over Interface . Control
el ectr n?l%"?%%%l%é‘ 2074 3FARFY IrQ PIREPTHRPE 3@ S LontherebY ace

el ectroni Cgrdxx‘kﬂdendnceﬁveéhSCILBerﬁbuﬂt@dZ@f‘ﬁe ayﬂaamlaﬁs head, and data
sect or nunbers V\%I ch uel |der}b(_|‘rf t he | ocat t he des| red data

sectors. The h&ad%anf 8§ iLﬁa Hint ¥ G FEuﬁéogﬁaaFﬁnge?%a’é? ¥t oni cs
112, whi chcpmpréspogdsi &l ket dvumrosy Ui gviegpadifng lhpadp108ivvea die
appropri at g-dat dngethRk Qg %O%éé‘{f% yhi nder mddedf C%ﬁ‘h%‘ﬂﬁﬁ Lqnunber

provi deog to servo electroni'cs 112 Is not sanme as the trac er over
whi ch HbcoFRPREtALEE 21 68nReChieR ok T thes T et RS R &G ‘e RSEeFRRREENT 12

first execuhes aes:aebraﬁgr i tﬂﬂ@pgéruemeéecehdl HedweadiHP eyeE the
appropri atﬁ %LI ng i eI egtronics 112 hg gOfl tioned
Eeordi ng. RLEHOAEE BUERLR RS i preRkI RS, FPRr & SE7 IR EFELET dipish 12
begi ns exeeutitngosestpp lyimguthe imens maderdedt ¢oantei dewnt tfgatmg desik ed
data sect 0

No- 1 D) ]éri’ﬁa Y Sy S e ranrhRtaxab AR U ARy 4 nPEBT SoRRa T iy
each s¥rvoce® %’%%ll‘llgn Bhe cfuel Dy Mnditiofy ther Ket STWnes @%@dttll% T3tat e
servo SeCttﬁéﬁerﬁéJ;d @Wtcd}{ve%‘ib fan@Maa gAY t3RCEOLVER t @& Nh by | Ndex
mark 121 umlﬁggg entlﬁhws_ servo se tor. ddltlona hf’f rratlon is
mai nt ai ned>f ssd’bcr % 0 CRPELP o‘?ﬁ’?:% 1 ReRfd & yand

el ectroni cerddlb, taadtlsguapgiaratdet ¢snmidepoketihnandt Neagedsen sckoad-sect or
splits a t her ta sector starts immediately
follo d@i&%re%cﬁltggeer‘% $s1€ %or&?# her information is maintained in
servo I ectroni €8 ti@zpaﬁaeeﬁnxm&n@oru déer bneasingarudrvdend iguush t he

| ocation opaferid desposkanss ¢y ohkt%ﬁteask e tﬂ&dﬁﬁln@ahﬁﬁ%&@ﬁ dg omthe

present servo ector. _Still further information i s maintained

i denti fi es® CHECEEat | TREEEEPEER - (e TS sfé}%@rﬁﬁ?aﬁﬁf%}"??&ﬂ%ﬁd‘tﬁ%?rsect ors
Wh:cCh beglast:dagf‘mrﬁ‘cidnea rwgamﬂmgq@]glabeﬁegwoseﬁﬁg ubitl! Andf heince y

i nformati t S t.he. ex. mar
121. Thi soil% o?dr}taétglﬂolﬁfq Sb%é@% r%I oévggonfa}rlgl |§§&g {r?gnl‘@}s %Jtde
conparzé t HeeRRA %R Be%e cﬁfr%l?meﬁaﬁassihgi%m@rs#ﬁi@ rt@cérﬁiiﬁgahe@d-%ﬁm th

the |ist Otfréh?tttﬁ@e@é@ Erae6LLVedakr am 'ﬁé@ééé’&ﬁy ekgpt 698 GSrehltent
Referring now F| g ical] track 118 on the disk 104

ortion, of
i s shown &GH He 2 S'E:r?%ﬁ?( It r?‘ﬁ"ld‘y 229 PPy Al APBEHMe track
and is t hlﬂﬁ.rsdmvwneixrplaeaa@l ngnkesnd t3ec trefcoetinkgouhioapt ahaddlalmsect or s

are shown Thr tatlve s sect rs 210,
211, and Zt(fgeojint%g%so s‘ﬁ C%rh%t%_g} é:air? %%&%BPSE tflﬁl %sexa%ﬁ% “dat a
sect ond arsimplifiies, and \thes dos6ed Lasadnsspaceacan seks@rbe wqmtasadart

i mredi at el ¥ Jfr@iHaWi g ﬁaa&%h?otﬁgcﬁﬁgarggﬁsefﬁe@l§n &alxérﬁ%clteomu%%dand 204
are split b servo sectors 211 and , respectively. Data sector 202 is

split intdiRfta eds AOssiPieata Pove QHY Hatd SeEURTtedrlace@s tth|ent 0

dat a sect imses¥¥cypadizas, Mr&b@ecm@apgaaa%harﬁés bauBflk alett cRfalale .t he end
of data sector 20@ rat her th i mmedi at e a servo sector.

Typical |y, each saiSA et olrn ﬁ’§e\ﬁnef’}rr ﬁ"%ﬁ/ﬂ-o{‘h HRe s % reSane

bit paddt erarvsiy tabatseg\ﬂpmmshas been made into a structure wherein
10 the dried fine particlespfgé&;éxeﬂu;mg@ :[T?%rl%posed within the

are I|t bﬁ servo sectors. If the disk drive has multiple heads, then the




Operation of the Servo Systemw th the STM Code Fig. 3is a detailed
view of a portion of a data track, such as the data track depicted in Fig.
2, illustrating the unique set or code of patterns for use as servo timng
marks (STMs) according to the present invention. Index mark 121 indicates
the beginning of the data track and is@he first (STML) in the set of STM
pattérns. Qther than index, STM2 303 is the second STMin the set and is
present in all even- nunbered servo sectors to identify the start of

even- nunbered servo sectors. STM3 313 is the third STMin the set and is
present i mrarl Itredetingnbenled e \appeaatorss asoa i wiente fiys eldwastageookly

odd- nunber§¢ e r g of the
track and |s qrs] e t?rﬁatmg %ﬁ;ﬁ%ﬁ%%ﬁ/ﬂ& d\t%&%?ﬁ%utgtelﬁvgﬂgégg %? "210.
The STML |a§dshéﬁht1|1¢a %W@aérﬁ‘ioélﬁme é‘éltrfepﬂegen‘t'@h@c%%@%ﬁtnéiretd &§¥r&.dat a

track, but+Cafg bﬁo%%&@lbo Hdapc‘:@ﬁ@”%i%ﬁy $HU C&‘@q{x@§€‘t lo@N é’”r&&ﬁegﬁiﬁgt rack.
The servo sector 210 i ncl udes a wite-to-read recover%E ‘ﬁﬂré% ield 301, a
0 r

servo SecBES e iR Farths PIRAHL s 3TL5%F 300 QtR vott L& ng
mar k |ST?/2 pb&%,lbtulreac& datmmfthcatnme(stﬂ B 4 lelchtios xamlr?crs:et rGQuesto(rj

si gna PE I gl 1 Vi r rdi ng
systemto 5\% e‘héd%r o%%%vw Pf'}'%r]fgddgtta g %ga § sgggstt Or%t %%%e ?ﬁgal SO
provi des epwpargtus disamagdef dntpl wﬂumpuamw ant ke yphmdlle not or speed, and
other effects. InTBEhBE%IiHse éé@éﬁdf&@%t‘ostﬁé‘%%s'eﬁttﬂxﬁer?{mg' Bepings an

autorrgé]l c gain control % reanb field 302 is a constant
f requehcy C8fgRel dregbieatty %ﬁfi%qd,' (‘J'r't'@émtb‘é'tet efnthe RRPGLE i Fapobe

di stingui shmpha f3&M, pa¢kera foven theamngr ifd ehds, muukdsstalte@ .t yahaal |y
used to a%g the |n of .t he rea rrg 2 ﬁgnd |a necessary for the
accur at e ﬁé‘g fa é\"\‘fé’ 8 S'PXEPI SOTReYSTRP?36%% s a tining alignment
mar k that provides an accurate reference point that identifies the

begi nni nIgRIERN pELATHITON B9, FAEYAcEBAFANYIRBIpRAVEREY (0 | ocate the

subse%]gent Servo | ornmatl on ., it allows the

servo!3yst em Ihe &hPvenh&ng @uﬁtéﬁ€ obdesihs PRE Peveli EpAtYDes qRetBIND 303
lsbal SO ugeéstaatprlwe@telbnrrwaqﬂ mbrboeattwgaggtaarﬁeeb@rshete%het_ﬁa:bh caltg
su sequen ervo sectors in_.error hand e ie
304" cont atREaLIPer He PERPEROR oD ERect e 4 5RaR Bh CoribRgkiRg EhER
i nf or mat i theagcchapanydhgndrBwingser o whitbr nunber, and head nunber The
track nunber c es Lo a h C sing a
@ ay gpde " CERESS, W60 bpRckebBriback (04 Lo buPraslhy sncprercy
i nfor t|éﬁpﬁﬁéﬁuﬁsaﬁ§§§dﬂégpﬁ@c¢§él?raﬁﬁgﬁ @h@ehéaﬁnfor read and wite
operations. TheigucgagdhnkaElonaisetbtaddn hiohdedtlinal 1t orsEVRIGECt OF
210 excep& that the STM3 313 is the third pattern (STM3) in the set of STM
patterns, “and is used to identify servo sector 211 as an odd-nunbered servo
sector. Thus, &igshéwisi a Begtis8nahdviewwillubérekphgi actripleetpipe bel ow,
there are [ 0, $¥5,em and
t oget her 1‘s rg?{rﬁéguggtgfl% g‘I%%e{‘%fﬁ%ﬁ%aﬁg&g/é@céiga{ﬂgg ?%& dfet altgl g}j bl ock
dlagrghtoﬁn?he servo electronlcs 112. In operation, controller electronics

115 provides ippyt to B&t HaplanPasidw OﬁlE@Q’ﬁf@flﬁl@‘la WhiueR iwhdrd naprovi des
a signal 140tgtge actua*_seéi %Y?% ition the hegsl controller

el ectroni 88 Y¥8+Gs&s R ﬁratal"b FELG rttﬁﬁat gse??/%aE%Y:‘t‘%rs to
det er m neatberildpgt toothd precant dnvpasibnobs chidpaded Hseaneexamphé or mat i on
“is read by the read/wite electronics 113 (Fig. 1), and signals 166 are

input_to the servo electronics 112. STM detector 400 receives a cl ocked
dat a 3% r eBETASLERpDESCRERTEAN PBaBHRr PREFERRED; BMBERIMENTS and a control

i nput 430 fromnhe enired |81 banbeStid Hrdae-a erbbhlAsnPEeH:
det ect ed, F}n STM f ound S|gnal is enerat ed. The STM f ound srr?nal 420 is

used to alPfsPAgIAHy LRYERFLCBOY %IWW?%| $0t H S pRF TR ERRRience
for the raﬁawmdgs of Like FeMPErSeCArs . dSElighated sbgnaliké20repyrense be
sent to coptro %gr el ectronics 115. Each of the three STMs is a bit pattern
that is dFSPTREE FPom the preanble field 302 (Fig. 3). The detail ed

oper atd on of STNeRnkedibrenf)@ft bhe present invention is illustrated in

12 detec d de | 4t p e i tak |
respect tgiég i#ﬁ%ﬁ:gh etgggﬁ% géﬁtglglgégtr%logt g&TJIQ ﬁéeglﬂgr@%oté then
reads the cl ocked data stream 166, which is typically G ay-code encoded,
and passes the decoded TID) information 424 to controller electronics 115.
Subsequent |y, PES decode circuit 403 captures the PES signal from

read/ wite el ectronics 166, then passes position information to controller
el ectronics 115. Inputs to the PES decode circuit 403 are typically anal og,
al t hough they may be di gital or. of any ot her type. AI so, the PES decode

o o e a o A A N ——



Accurate detection of the STMs is required to recogni ze servo information
such as the TID field 304 and PES field 305, and is necessary for

cl osed-1 oop actuator control. Further, STM detection is used to generate
sector pulses needed to read or wite data sectors that are | ocated between
the servo sectors. STMs, therefore, playSa critical role in the operation
of the disk drive. Prlor di sk drive servo systens relied on detecting the
STMin the presence of sone errors. These nethods included transitionless
recording gaps in which the detection circuitry allows a fixed nunber of

errors w t RPParadtyeHidgnanpe expd alogchohkk rSEoEBRCe R tBRAE THAUT&ES -

adj acent to eachn ofFedthdint PP oot | ¢l bl |ty Dyrawejmatdnialot i ng.
These et hods are not format effici Snt and are i.nf

r Cll1
capabi | i ty BOPPET \RBA 35 AT EPYRT nAntbe? 2 GHR ST lt3 %Im%ai (r% ‘re’rfr%rl%aft i's
not possi blwaferidheswEsMp cieiyoanilos ins tadtledt athe BTMoipartiesulafs in
D e e PEo Tl QaiRhafle: 1 0 daldaivdy e DI dd e PO AR
bei ng m SSG a Servo sector 1I's no recogni ze t he servo
system wi | Ipieme? ainstaliedt bni hhei ansFAdei OF Bdsedasn “tatt@rﬁ@évusdwlgﬂvs

However, seLy, @fkmg and o itAeNgaRChHEBEYaM blebRe st hdisiwsl.7 i i s a
[imt on the nunber of

13
consecut i veaBTMNETRAUGeth I8t 1 BatderefEPR B FRRQVERtRPILItY sHigrparae
uRcertal nt If@tb@@cm,e Jmabﬁeiaéﬁt&qmtlhﬁgt:d;ﬂon gas affEerosepanalt 1 owrsheraah, cause
the seryo el ectronics i t
are al s§ po%%‘? ermapgﬁ g%a rﬁ%@?ﬁg%@t@%@%& 4 ﬁgn%arsﬁ? han a
m ssed STM oxﬂefatstensm oy Qétﬁs@lmmml@@t f-t Ahe §eﬁtllto°f H&I®.D and
PES decodergy,f esibiafige | fis rﬂlﬁé?doé’éwéé}?%ﬂéc&ié’cﬂﬂg?é F{.faﬁét Qi?hdﬂﬂ%ear}:%vPES

Fal se STMs have varyi ng consequences on di sk drive perforpmance acij
integrity. m¥teriat ardted MienreBliebRet e@ql@vhﬁ‘&tPESa&aFﬁe%e?ﬁ?

grleatly fT L Omem@éll Mrgéllg}@,lﬁ ]?:elos.eavo]yme&tew \t:hb|oignm}ﬁoi‘ fuhdafviﬂ”ahf ng
val ues is W st ect. fi rf ornance caus e_ar

valid sérvo’2ReF oPESF FOHISIRES A ‘S Eﬁguﬁ&tﬁa ? acak %%%rgiee fa"ﬁg bejt een
tracks. Theatbathedffo ciha oertzsmdecoﬁdrtheoneWt materlel;tpme‘netaﬂ)is!w inipshi ch
the disk drjve o %ﬁ%ﬁéﬁ& Sktndflg é”&%l%%“f'h%i-&é‘séd‘wtﬂ%@t M s type

of error occurs hin t desired tlmn%wlndow
but in the Wahgthecdiedn. cqfheb?eﬁ‘ﬁ’lltei RESHBEERE YAt FREOVEFEAL | o Tnehyfe

IO][ ?duce athr%hﬁiféalﬁé redd théfkﬂltf@i’lﬂ%fatﬁé’ﬂi'éwgdaaiéiﬁlﬁg préoheavbhglpitia ect |y
af f ect e djs ive's i retrieve dat itio cause
succeezzlong -é'lajl\% stfrqe o5t ggb &%Oe r'r8H88ﬁ§ 5%%@]%%/;%“8&&

pr obabi I i twaIlItm@:adesng:mameerhemg thtsmartegditsﬁnbech@dse Actea raaicly/ veel te3r

| Tpact S 1 ey Bpaeeneal %Lgld%a Hos® p%%e%mt@ergswoaxﬁfctfq@eﬁwnd 1hd I ack

so that there I's a possibilit at “portions of servo sectors, or different
dat a sect orkeahes rige RAESNEIL ?-ér‘l’%‘]’dd%f@ ANGhEHt R apiednRE TR e TANIRARSTHilf a

SteVO SE(I\:/It ?égrﬁlé)ﬂé%%n@’AMQh@H\é dlspersJ.Q@l’/h%%ﬁ:1h§¢abbfa'l£l.§§htﬂﬂgqﬁﬁehet

i ndex in Fi SO | eca ocat i ng, seryq..sectors
and datd seftd¥ sHH aa&hre%%rejﬁrb é’ra?rec k‘teuP'é‘ct}Pé'Eyd?%v% B é/t 1'% he
identificathbghetemberatdea GIMO Typi L300y, C) ndupemrddmic Wi 3P itdent3Fq es
the index xﬁ{%é’?zgféﬁost(z’eaﬁ ﬂeﬂ%fa{:éaséy Sdeg‘é‘E ﬁ@fﬁé’f 10805%&@60& drid

encoded wit reglo be encod he STM Uni que
i nf or mat i ondigpeised tqrackthezoﬁéspﬁgaangép@atﬁaﬁg/Béceleratlng pipe 2.

4 placed wphli-Mngr thdlsatwoithd-Ant tﬁeff@&Xoeerﬁi%eseCt@rlsAalls@@egeaTMrrd)bust
to errofs, that_1s reproduci blcé[a%watelflﬁqfcod d, |s thus crucé

achi evitly rapFeleratadcdtat g dHSP Reat

present inveatring, thAlsodilspessadt aﬁHVBaamelenm@&egebyodhefusemf a:r%t or
code of fix JIM bj t £ SP&f!

m ni mum Ha hgl%@g{‘a‘?\gg‘%agﬁalnﬁ%?%%%ggﬁggy %{‘SE |éﬂ‘[S seeecaerasch ﬁ ed the
sl i di ng di stahtestionThethanapfig dwithnce thet wedmnewo pawetldr ns afef erfshq o the
nunber of batépagegmg?ﬁeaéttgﬁte&léfht tﬁ/‘.@pé)"’bt fa%neepea%atl G\tiyg it

is the punber oneS in the pattern resulting fromthe exclusive OR71ng of

two i nptt phbierFereatrd H9didly ofi §1Bfccth®Tar JRteghadat Fer SR M nes
its error CReAEEd] WhdXWWF Fater and bheset &dyeabe erapprm@ed.nchiude, athe bits
associated with the servo sectors. The pattern eval uati on process begins
with serial bits, output fromthe RI'Welectronics, being converted to
parall el bytes. A shift register of length nis used for storing an SIM
pattern of n bits in length. Each shift creates new patt-erns which, when
conpared to the fixed STMbit patterns, formthe basis of the code. The
concept of sliding distance describes the behavior of the patterns when
viewed through this shift regi ster The shlft regl ster can be thought of as

. N



regi ster contents and the fixed STM pattern. Valid STMs are recogni zed when
the sliding distance between the repeating preanble pattern (which is
typically a ...11111... pattern) and the STM patterns are within
predetermned limts defined by the power of the code. (Unless specifically
stated, the rest of this description wi - assune this preanble pattern.) To

describe how these limts are determ ned, code dependencies are
defined in terns of the follow ng paraneters: d = sliding distance
bet ween STM patterns in the code, S = nunber of correctable errors,
and traw nuaberial dst ddspgklrgedr ramds. the TherLdcor acear ebkeiregfans

Dot eCti N9 RiAYEY Shotleasddl, SLALRERy LAY Held ELAANGE h el ndel! Nod

(Eg. 1) | fcomhushiamneas obs apesdodmeidng t FBigr cotamt ©f tohi ¢ausey ithet he
bit patter peHEnHRH ¥ hhegrd ftﬁgﬁu%} %&%@chemr aé&kne%p&h&ciﬂ&é' reghe

Iocatlog ({}_n it becorres p055| ble to correct or deteCt errors.
al |

Speci f i SRersingihes %taé?cr?sler?&stléxgsl i AR di &t andé d FOPRESTed |

patterns irtdiuyemssialinan the Qﬁﬂﬁmﬁcﬁﬁeﬁﬁl tpmttqo& e oF & a&q aalect Up
tot further_enr IS For _exa ode wi

| e, =
of 3 bits iTBrt &HGW PE"V%Beﬁe?‘zc‘i e Sé‘figc?f %)%orr éaﬁﬁts in

error (0 bid snft@m@(rr r es¢condinghys,the riasv paserihbd 19 Jtrrtaamhfdeden.mmlo

correcti on yuMeh-of 9k geE+QL i \Q%JZIEEI! Mt

Egq. 1. ,The naxi m?fm correctll1 o&e‘?ﬂt attne;hﬁsh%cg3 tafsilen dg?ll ned by
the follfonithg Jet [pmer W@u%%a%lﬂw code desi gn may require that
part of the det a&tlemepezo?r abfgl fS@.eluaﬁl padtf @, q&iimtbﬁﬂn%%e@@g&ga%ylt he
correction I acrificed for. detec Wi | e descy.i bed bel ow
with res pecrf%\tl\g' el%eagt?a 198 EPPES I US B'fLH" e 83nBhat10k af Inetar

16 i nventaanlAImtJIdms GO Dnrb&nigehaate&'ﬂwlmaaperﬁseﬁ randhere atieredy only

assur e 3 r S dd A | O CLot 18 REGLAR. N0l £ SIAAEC sy Byt o' SO
prOVId? an in catlon dIS rrve' hea ecause
det ect i'®n reér@ééfsi%qeﬂﬂ@smerrmtasmémgérgm nbuxaegl Whtbrfrftﬁ C@@bnﬁmlpcr ed,

bit errors gai t ohegheVethdi MY wherdagdthar soi £dlintdd tesr fh%'vll.lﬁrgebéaﬂl ysis
of the disk drl\(/%a Thi s lnfqo)fgmt on can_allow the user. to take corrective

action, sufhRISEHIRRSATY particles FryldnsAR%t FtSgRfang &R code
for use infilow thelgadeious mixtire preaent saldehhs dher piesiedearachangati ng

pattern pr%rfial %ﬁ ?ﬁf@l@feg aye (gol&.agua Jaflg;%&%deeufééns 24 dohQqle 2

code of siz , and ance
c={ u[ 0FY u[nf]tter ph@[qm] Frlmﬂﬁéﬂeté&é‘ﬁoef[l poldisipat theneof wakht kha, and

the Hammi n@u(ile&'t- P phRireR e s udfdceaN &Ry Prdd eﬁﬁbf&a@l weeh byew! g a
wi ndow of | en over 13:%1 bi tw se concat enati on &gé % is at | east d,
I

except in 5 855% PREMM I MRS ATy PR GHUSh EaEF‘I] anse §RidA case
t he di st anmatiterOpidbas tlsys trbe'b&vér enmmaié arsnsmﬁmet baseoae the Hesda

given pallghfigUblalsB1ble Cofifed ScitO MRS Sth LIS Al N4kl Ragh §RES' NPU!

streamﬁlt maln arns a |stanceo al’l
patter A% oBhERPEFRERA- iner- e@ﬁﬁﬂ?@tﬁ@ﬂ@h'sllé‘}qoeétEGthmegﬂmﬁﬁed@amthEnot ed

as an (n, mdhteade dremnebif$tactirdses ARG tHsd é?FérPWhethOQk'éét
|l ength b is _an_.additjonal_ paraneter. Burst codes are desi %nat ed wth the

notation (R3EALCHeSHRavRoPEeR RFTORRAES bRAIF LS IRt 1. ( RhRYJUNA$TIThe
sliding di at ahgh magel tude nes ddm;arﬂugrau gbetangee ofo iR icogeecahmasdeal i ng

W th burst aQhM ehay 886 1S lou A Gah T EREREE %A ¢ LRS! AL’ U N
30  dry and crush part 4 in which they are changed into fine
particles.

And, in a separation zone D, the diameter on the outer side
thereof decreases toward the upper part. Therefore, the
centrifugal force F = mv2/r. Assuming now that the revolution

35 speed v be fixed, the outside radius r decreases toward the upper

part and therefore the centrifugal force F becomes high in



| engt h b under consi deration.

17 By way of exanple, consider the foll ow ng code:

C= {0000010 0010111} In this exanple, each patternis 7 bits in length,
there are 2 patterns, and the sliding distance is 3. Thus, Cis a (7,2,3)
code. It is clear that the two patterns &re at a distance 3 from each
other, i.e., there are 3 bits which are different between the two patterns
(a necessary condition, but not sufficient as will be defined below). Fig.
5A is a table that shows the input data pattern with pattern 1 (e.g., STM)
concat enat etagnitudde priecdtdingly he imopthew sfcpaatémimr( 7,22;13) @odethél'he

ot her rows p t ek h|
contents ofgﬁ&égg?tebég%é?e}:ﬂgr é? Hggge: ?eeltrﬂ sin efto r ow ta%as t'have an
entry in a UPRRF PIME atWTSQﬁﬁ,bXSmhfet cPOYETSdAN th@rla@ftt%a%efl%mﬁﬁwi%lkﬁﬁ/\s t he

Hammi ng di sjgicendekpasaliba aﬁtﬁrf‘er BilNah8eystif bor@bhkearafrdn&ear ch
pattern.. The bits where the shift pattern differs fromtheagattern ab%
r a

hi ghl i gt ed 39 E&S81dF Ghsmmgulmgtﬁﬁr@ BefidiEesngnd YRRPTRxchHt
shift of O, béﬂ@g nmmerwm%meqmwb&nanewgm&tmeat Treastastous

Ther ef or e, 7, 2~3)..Ccode. can. corr et.e to
2 error bi t'g ﬂﬁé’%e n%lé%'ﬁr ea(ﬂq oﬁ°+§8 P‘?gkﬁ é’fﬂégér%eg :‘:"ﬁg sr}a%? gpbit
errors can bevelthedwnd bysedetas Lngrmvenedhélmmggdi%tﬁnf@@ betegdre t he
shift regi 5L aggrtt% S c PQ&B%Pﬂa& Qmert X Pgt 86VhREING BAoRgeTd OF S

can be achi Hanm ng di stanCe IS pattern is

consi de‘toed FWW% Mﬁﬁ’— fReatitheatetet £ oF. tl'{% rﬁ%’weﬂ%&ﬁ PRS- c R neet s
the d = 3 Cf¢tﬂﬁeO@enthﬁfﬁ@aﬁef@fdserrmp&msfrm @ ndawdutiiese e when

:)gtet IepﬁUtZ " Jn tr’]'fflbts %p%tfi'%%g??zﬁ(’%cf%g é:&%?’ﬂaa.ri th%tlﬁg régr ﬁgpaftern is
pattern 2, 3mefihke tduoviering paitérhebauaatdiiathezrmvmueselatcWhJ{iaﬂ tern
Is pattern 4, Jhe %@?ér %a’?%i ' Sch%h%%elbﬁs ﬁﬁxﬁtﬁ,@%ef%w'ﬂ ed %ﬁﬂfr

cases produce simlar resu I'S Ccode exanple there Is
sliding® the cen%ﬁrstsa&?ebépaase of fbks diijghie #edighdhand m.%qw

(excludi ng ¢he1depbing Fakehesh anldl everdt0al cm:f:a;:tt@l ostupglaadits

se in the ABABERERBIToY S A brtEse aHE T Al CPOE S EOAPET BN - f APSome
applicati onsolil'chmqhﬁeo:efine pamriedeisngo tduevrsiazel ehdtdme dmsleh@rgeﬂérom
correction poygLelsS 2 d 3%‘%%&1 \R)ugy Qfatt :.10& éhé? p b€ BS) - ahle the

fol l ow ng are suggested uses for codes o eren zes. O course, there
are ot & pIaseeN$ Mixddregfidovries Séﬁéﬁﬁv‘-‘&ledefd-%@]slif d{nt@o*éllées?ti‘é%ﬁﬂh&rg?er

than m= 5. ti&é’@&l‘ﬂ@ dfl%rch%&@%r th”&lé&&%&@ﬂ@@ &Pdio% @ecoﬂhélgfei\icﬁﬁgﬁédlm are
descri bed bel ow, I.ndex and one no ﬁ bifl\gw the i nde | S

robust to d*%tidmatter lﬁmm@velﬁ%&maﬁdr%ﬁrﬁd’rﬁ SHIR R

can be 1 bithodugleraveolid matter recovesengmomm 1(as Im achse?wHaré’landl e
even- and o C ead
nunber . f'g lr%urgg%gg&i Itr? dlé?(v:re% | g’r%eal? e deoe 3% '%}9% §Lcogérégma&e%%% ‘nat e
index 23 it is sufficdenfnes agdod H?tq01§ét§ @ﬁchééaﬁ“ohl REVILRGeX AqPdinghy be

used when water inlet H ar{d"%. Ho%‘l'z.@z@swblﬂégxoh@lgtsﬂ&g the outsmd-'e Bf
| ndex and four naqni npdex; | east si

n| f| S
servo sect ot matter ge‘l’?]v‘???e“%rcé’ ggrﬁ? c}rlrE' §g: E?éfll REE 1 h
respect to 1he track portion shown in Fig. 3 the three STM patterns (STML

for index, STWR {ore@Venunbaced: SElyp SR redfleSING L Olo@dd nymber ed
servo sectors) are e unique patterns in an §‘? Ined” as” an (nnd)
code of30( 16moBe myefewrbke fid sisch@nnaibecoofleSTREPENIEheOWORE then Hia

l'ength n of,$be §I%96&561@& jex bﬁkh@&eﬂ:é}ﬁ:Q@l‘édirﬂgwﬁ@lﬂ@%fbtﬁe fedid il
mechani sm and_t he nunber of patterns desired :E/ i cal | ure mechani sns

i ncl ude bi tegfﬁ?%en%?{nglpé-s& + 1R 5 F_ge w@pge considering the installation
of an on-vehicle mounted type jet burner treatment facility

(which will be described later), it is very preferable to make
35 up the apparatus according to this embodiment, i.e., an

apparatus construction wherein the recovering unit is built in



19 Wil e each STM pattern may be recorded on the disk in the exact
pattern of bits corresponding to the STM pattern, this is not necessary so
| ong as whatever pattern or sequence of magnetic transitions that is
recorded on the disk can be uniquely deci phered into the correspondi ng STM
pattern for presentation to the STM deedler. Thus each STMrecorded on the
disk is nerely representative of a pattern of n bits of digital

i nformation. STM Code Cenerati on The STM codes descri bed so far,
and those listed in the tables bel ow, were generated by a search al gorithm
on ? ;:grrp?tné tfé&t%ﬁ@rﬁﬂngwa%m&@b%tn'sﬁ&%btﬂéht ?ﬁ@lﬁ\@l%ﬁﬂ@dsgﬁé whi ch
nee e tar a e .code generation g mjs_shown as

fol | ows: g“&dglfon %ﬁggggerfzhx{fuqq He U5§e° g\ﬁ%‘? ﬂ%& ¢l jet burnep

Test ‘al | nibiis et emiy woislkible] 6 rdnharce [te thkamadl edfmgldn&irame d
when re I Lf .a pattern neets or
exceeds_ tha st ?d§%§83%8€§%§gez¥ér§di Q ggBQEE?R Fs? %?ogf%%é%?ger

This prbdutaska FP§@1ﬂ51W?t?I'EWmBE@mP @uFéhﬁF B acklongawatehepnprng codes,

where k It i6Std e MyTRer tAhtel TENISid N 1t RRel BSEcnhbgk 918 é here
is no such list.

3. Test foRAGYLIRLSTEah Prrheatingming 7 pEe dhePeseddn ﬁutcﬁeam
list for theRapreve aus:ied gedef ot baﬁﬁbutsomﬁi‘{t@f@ thaadedeoh¥r lthan

%2?2?. i 58 FRPERCE LS " HRIGA G Tk PRdtaferianeraE ba uTe kger
termns. OSpetNin cdie ynledr dbametendevienowhehe e warteri mtrtion in the gas
ufm1][J], 19 &&%éd,] tke ”i‘ésui‘{ti at&r afi%)@ f% SIeit o 4] B lded fﬁejdralﬁ"'l

Test slidi ng di stance of m el enent s st al nst
concat enat FRCRATIG AP én%ﬁ*@ isnlikesy fia Het%bg?ﬁ%%gﬁf% é%ﬁb?éﬂﬁ:-ﬁde
If all teststieeheoresuteethibecsivahivndet siangirsh. then the code bei ng

tested dded th | f, codes
there o 200%%al8 Mg el 1 o0 Wi Al RosB I edimenty 1@ o

val ue U rrsweedkng: s)tasm ashrhey diiseharge gas from Ttiee rci:ssﬂhamgé Igdzsa lists
of all (n, diﬁscﬁ&rgﬂ—nc_{;eﬁéitf J;eér] g‘ t§yvli§.9gﬁ rge ga 1‘3'0 e to
el ﬁ ﬁe crlterl i fro

nodi fy the above algorith m shown to cha m t he

sliding di SfeatReRb RghmPeonade o 9pan%teage or mre 1fhehe digiohpaas st

di stance. Jhere dﬁﬁyyb&h@aﬁﬁéaﬁﬂikﬁ{@wildﬁﬁﬁgéﬁxeldaéé’!ﬁb@|rﬁ2ierQﬂ'nﬁﬁﬁ Eerts
singl e blt%ﬁrrors n_the disk to bit _errors in the dat astream Therefore,

a code whi TH¥ARUI 22T STEH B st W&Iﬁ‘é“ 53985 The fol | owi ng
are spdcific exdbsdesiof Riglesli hahecaolde mantimmendamiebl tpaarieiss )

gener at ed mHsldige £y a0RYE 8l 99 ey Ocatﬁ%é] O@ftcgﬁgfé% S%d%s

since they place no restrictions on the he “érrors
readi |y vete3tdershatingdgan péaitagand im comsyrycteddef a member that c =

(00000010, J.QQQJéﬁﬂiﬁveQQQ&]LQﬁ)hr Oﬂlé)lgﬁgpe@]ﬁ.(kjeléjfhnnel 1t funct
21 Slnllarly C = 0000001001

t he, f
000100011 13% o&iﬁ’i&gbmb’b%oﬁg&oE*(‘aEOEBE)ﬂ‘éi@?S thendPEETLPRe Of o/thwi ng i s
a (12,25, 5)tmealeing tank 3 and that is made of a tapered, i.e. inverted

funnel shaped heat-resisting iron plate. And the lower parts

of the recovering unit 5 and separation zone D may have their

angular portions R so rounded that the raw material in the

gaseous mixture tangentiaily sent in cannot be adhered
30 thereonto.

Further,in Fig. 1, the dispersing/heating/accelerating
pipe 2 may be of a triplex type illustrated in, for example,
Fig. 3. In a case where a sufficient length for
dispersion/heating/acceleration cannot be given by a

35 single-layer pipe in view of the installation space, or in a

case where it is needed in view of the nature of the raw material



C = {000011101001, 000100011000, 000100110111, 001010000010, 001011010101}
Table 1 below lists a set of the optimum STM codes for various n, m and d
val ues for independent bit errors. For each choice of a sliding distance d,
and a nunber of codewords m we find a mnimal length n. That is, the
tables state that there is an (n, m d)1@ede, but not an (n, m+ 1, d)

code. A value of"." inplies that the code has not been neasured. Val ues
noted with an "*" are upper bounds on n, and indicate that there may be a
shorter code. 22

Table 1 (e.g. liquid wg&dat%fngqqe Eofq{av%TNhCOﬁ&ﬁgé\tt r].e‘ia‘gt(ﬂyl ngf

D stance d and m Code _Pattern d 1 nE4  nE5
3 5 dispersipn/heating/accelergtion plpg the pipe lS maI\Ee into ay

8 ’ O triplexlPipe strubture to thereby efhance th8 functiomnlthereof.11
12 12 T apparat% tha’t:]ﬁL been e&%lained %éove i ]tA a type

7 12 ey § 3% 34 17
17 5 whereing the dny treating8tank 1 i@pntains the solid mattes

20 recoveﬂ%i; uni%os and therefore léhe tre?a2tment can be doné?’at

24* timum STM bur st codes for handl I ng

burst errofs ¥NRStI E’E')e%%%ggEﬁ@PﬁFéH“r?h@e§F§8Pﬁ§ &iogt fHoe 9 sEPEPSP2 and
3 in the cedeageiesitat i 0h ad@DEidhnEkotecasihgptasrdl Wdd ittheintediog bur st

di stance. Each burst .(.of_ u t.he burst, len reat d.as a sipgle
error even iF&P?ﬁIBeﬁdrrﬁc?s sotfrac‘tﬁib%?f‘a tatﬂ?&gﬁimwéﬁﬁﬁa BRI ‘df‘ggances.
Fi g. 618howhet nesdéte‘clmbrtlm Gressihgrtank 7, ik, e8sy 2o cegafafitugecané has 1
pattern whigGhshs 4nbishtsJcnge.@and has a sliding distance of 3 for 2-bit

bursts. Therefore, |t can correct up to one 2-bit burst. The |eft-hand
col um of Fig. HeritstElghd bs B plamvievd Livsiced Hnaan rAamplevhergibt er n

and the STY @g¥tidicribs Sréuti h@baratashigmda@léae@ln ian18aahcapyyinghel p

ICleﬁ(E]![ Ly th%lertrfgrx% loca%e% rearwarci]s.y émc}/m aa rlvg\f\er eréolrf tthan #ﬂhg bur st

foll owing 18 &o( &heteby. mAkecatie, apparhtoaniodpr ent onpveébiale-bounbedst
error. C = {000010001, 010000011, 010010110, 010111001}
The foll ow XE i's an (11, 4, 3: 3) code, which can correct up to a 3-bit
burst error. Referringcte WO@O@GG@NW@I@.@O@@RVIMFOG&GQ‘_I&I_'LMQ

0110111101@hit 5 bulltTﬁbé:@e:gn hel Vspdfed ablaeguﬁgtaseiail?rdé?ftz%‘i%&ﬁges-
The tabl es gre ar.r ange I}é(slldhaﬂ di st ance hin each t L?%‘u the first

column 1isPE the §PRR- 3 taPrE FBPP‘E)WH@YQ:%l Quper
arrangéd adcasdcogneoteldethanbes by peanere ancdmeitenty pipe Che Theber of

bits in thﬁe\?T d’&iézerﬁl s "‘Qér?ﬂ‘eééé% @HEQESHb B r?tsheofogﬁe Tﬂ?& dﬁo%Tab' €

2 states t ere ot an
code. 1llustrated to a fuel pump unit 17 and to a compressor 19 for

compressing an air and is thereby constructed as a jet burner
unit. A raw material in a raw material hopper 9 is supplied
25 through a raw material pre-heating pipe 7 to the connection pipe
2 by way of a raw material supply conveyor 10 and these
constituent elements are constructed as a raw material hopper
unit. The discharge gas which has pre-heated the raw material
is pa'ssed through a discharge gas dischafging pipe 8 and
30 discharged from a blower 16. At a rearward part of the platform
there is disposed a control board 15 and at a forward part thereof
there are disposed a generator 18 and compressor 19, whereby
the control board 15 and generator 18 performa control function
for controlling a fuel pump unit 17, blower 16 and compressor

35 19 and a power supply function therefor, respectively.
In the case of an on-vehicle mounted type dry and crush



24 Tabl e 2A Some of the Optinmum STM Burst Error

Codes, Whend=3 Burstl engthb m=1l m=2 m=3 =4

2 7 9 9 9 3 9 10 11

11 T4 11 12 13 13 5 13 14

15 15 6 15 16 - 11 - . 7 17 18

8 ' 19 20 : 9 21* : 10 23*

: : 11 25* : : 12 27* .

* Partial search, this is an upper limt on n. Tabl e 2B
Some of therCRth AYMAMBUS! thed14Pd88a i.e. space is"WERflEdq. Bur st
Cengthb  mZoCing) ppdbaHiS; ch > area. 15°- P9 1 3
13 14 Thergefore, the apparaftus is madeinto a compact structure as

1ﬁ ' 6 illustrated in Fig.84. 1In adddtion, by* concurteh@rtsal oseasich,
this is an per Limi on n. . . _— 25
Table o 2iBEbo1ed buflel 1 13,2085 1 SrAMY ShecPFEYIEgRSOF @
Whend=5 supply equiPmest| fogt Supplyiny a mdling-3vatem-4and also to

12.8 réauce theljpower c%ﬁs%ptiaﬁ. Further, tl'%ere §s no Zt%gat 16 o7

: radiation vixkgh youddQeeur ?’ﬁle§.<’|l sodddupperer FCOVEF1Rg unit
Table 2D nas been separatel® @flaldea Qd raHBr2EY¥RBUNS fF rdsS0sies, to
Whend=6 Eurﬁtlengégb . mEL m:% nF3 rTE4 ) 2
15 17enhance1§ e heat liciency. s a result °fTBB+§'2E18 truck

Sone 0of0 t hmo@pbi omnaSTkhBurexte d=rirtyr afddes,and can comply with a request

Whend=7 u e 1 - 4
: soggary angbiushotibdientl /7t ¥ i RpelRs’ et e 4 i
a circuit dno¥rhdcigrunoupteEVnfcapnaralng vreomrRs del@tivedivedardag Hnd

detecting pigper il & didleSayV bd 4584 SIN pad@eSAWLH id&qid@eky DGt on
of Fig. 3. The _detection process begins with a reset pulse 524 to shift
regi ster 5B53TERTEr pul se 524 preloads the shift register 505 with the
preanbl® patterAn ¥kpbrémehtaloekampbasisisimokR2hebewi al data bits 520

oL o tncaRUE S ERHGBLRA I o LhnBhE, RS BSokBuleREIah F]

the shift thgitntyow@s a crude oil tanker) as a test piece for confirming
the advantage of the present invention. The compcnents of the
tanker sludge are 20% of water portion, 10% of o0il portion and

20 70% of solid matter portion. In the apparatus for executing
the conventional method, wherein the recovering unit is
separated from the treating tank, in order to prevent the re-dew

of the covered solid matter and thereby make the percentage of

0oil content in the so0lid matter 1% or less, the treating

25 temperature within the treating apparatus must be elevated up
to 350° C and the.amount of raw material treated per unit of
time was 132 Kg. However, in the apparatus of the present
invention wherein the recovering unit is disposed within the
treating tank, the percenfage of 0il content in the recovered

J0 solid matter portion can be made 1% or less at a treating
temperature of 275° C and the amount of raw material treated

per unit of time (hour) was 156 Kg, with the result that there

was exhibited a 18% increase in the amount of treatment.
Similarly., in an apparatus wherein an air-cooled jet burner is

38 concurrently used in the present invention, the amount of raw
material treated per unit of time {hour) was 190 Kg at the same



26 are exclusive OR ed (XOR ed) at 511, 512, and 513 with fixed bit
patterns STML, STM2, and STMB stored in pattern registers 501,502, and 503,
respectively. Frlters 541, 542 and 543 receive the XOR outputs 531, 532,

and 533, respectively, and conpare themto the value 534 stored in code
power register 504. An STM found i ndi catli2on 551,552, or 553 will appear at
the output of filters 541,542, or 543, respectively, if the nunber of bits
in error 531, 532, or 533, respectively, are within the error correction
power 534 stored in the code power register 504. STM pattern identification
is qualifi @lithér I t 56 ok &d e K adigisge
controller Qei‘leg:t ﬁr CS 115&%@ Oiéﬁ?; t‘?} 3WI§I(E:’I ﬁ% f%ge)%%?f Fgggs%M‘lggt tern.
The i ndi catifGFeasa 1B; F?evréﬂ“éu‘-i‘?r FGPat@ePFaﬁﬁécP’ﬁii@?tle%7’2”“%‘5579
respectivelghe agé déhetHoralcoveiiay Wil eldedratied topeewa bér dfbh 1 jeand
583, respee}rve&y The | ogged total errors for the detected STM are decoded
at 562 and ds signal 564 to the controller electronics 115. Timng

pul se 561, der iWhsidL e maf@\ra'le@aembodmentrs tafy the5Spreleert nimemn iteen hakre
pattern I D a |1 t hat ST™M
was found é’?’ %qlgg't er eg)%@nﬁ%%né ggg%@g ﬁﬂ%r c%a{ﬁﬂo%s tpq{e%no? % \ﬁgrge
found are gdstadtdiveoRugnpeesg@nNdi& battmnb@ BRACKE (e IBE5ChARIEEE6 are

sent to evaphwaka®n atlioas rnray BESmA@E wiiehddt CRiga:ing FF¥S thedspaking STM
m ssed 566, STM corrggti %%Hﬁ& 567, 39d STM found 568 are passed to the .

cont rol | er OF SOPEN wing: fdF1BScur within the valid tinng

wi ndowl@efi ned by reset signal 524 and the end of w ndow signal 526.

In many cases, it is desirable to preload the shift register 505 with the
preanbl e pattern. In this exanple, the preanble is an all ones pattern so
the shift register is preloaded with a 1 in each shift l[ocation. Therefore,
the nunber of bits needed in the preanble field is not required to be at

| east as long as the STM pattern. The nunber of bits needed in the preanble
wi ndow is then determ ned by the timng accuracy of the reset pul se 524.

St orage capacity is 27

t hereby increased since fewer bits are needed for the STM function. This
approach has the further advantage of increasing the tolerance of timng
errors. For exanple, if the STMdetector is configured to correct 2 bits in
error, then it is possible to correctly locate the STM when the reset pul se
occurs up to 2 bits into the STMpattern itself, assumng there are no
further errors. A decoding algorithmfor use by the decoding
circuitry of Fig. 7 is detailed below The algorithmallows for correct
identification of the STM patterns when an (n, m d) code Cis used. There
is a tradeoff between error correction and error detection, as shown in Eq.
1 above. Let u[A, u[l]... u[mM be the codewords (STM patterns) in C, and
p the repeating pattern (the preanble pattern). Assune that r is a received
(possibly with errors) version of the stored sequence (p, u). The decoder
keeps shifting a w ndow of |length n over r. For each shift, it nakes one of
t hree possi bl e deci si ons. Let v be a pattern obtained by sliding a

wi ndow of length n over r, and let |I[j] be the distance between each u[j]
and v, O [err] j [err] m- 1. Then, there are three possible decisions:

1. If I[j] [err] s for sonmej, then the STMpattern is u[j]. 2.

If [err] + 1 [err] 1[j)] [err] [err] +t for sonme j, then declare an
uncorrectable error, which is an STMerror (prevents
incorrectly finding an STM in the wrong place due to errors).

3. If [err] +t + 1 Jerr] I[J] for eachj, O J [err] m- 1, then continue
to the next shift |ocation. 4. Finally, if the end of
the timng window is reached wi thout finding an STM or an
uncorrectable error, the result is a mssing STM

28



determn rn fromthe read back pattern even in the presence

of s err |f nore than [err] errors occur, bpt

[err].+ t, these errors will be detecteld-and nisidentifi :iﬁ‘%SHEHnHBS BEEN |
occur. For exanple, consider the following (10, 5, §) codEPLACED C =
(0000001001, 0001000111, 0001101100, 0010110101, 0010111010} Here o =7,
so fromEg. 1 we can choose [err] =1 and t =1, therefore C can correct
one bit in WHADrISCLAMEEtIL bits in error. That is, there are 5 STM
patterns and all patterns with a single bit in error are corrected, i.e.,
correctly identified even in the presence of a single bit error, and all
pattérns with B 8rvys and emush adrneeatdinas t apbafh e ﬁ!ﬁlﬁt\gtae jetearddmepat t ern
(Fig. 3) ire‘gg&i' receding the STMis ... 1111..., and that the

expect eg rea 1:%:%%%"0 attern (0001101100) cont ai ns a single bit in error
(shown dnder | i ned bé®bwWPUTrBAredryingatarer albfcontaining 10676080 WG -5

read. To resHZeiddifaw i Riit; error, the decoding algorithmslides a
wi ndow over r and r%__y#es t he di stance to each pattern in the code. It
t

keeps shifting Wal FEEtdnG: 1AREs 278 at least 3, and it halts when the
di stance is 0, 1la oec@verdegturditcabcoreatnda died Ehfedbat BOEPeé tale

pattern is g r_r.or on occurs when the distance to a
aﬂgﬁ Pﬂpmﬁ]ﬁ 0] LR

The sec nthe algorrthmabovers omtted when 2s.=.d - 1, where ...... |
the alg W‘E"i’ plaiced correction only. The procedure can correctly

pattern is ex STsilTustrated explicitly in Figs. 8A-8C. The
di stand@ val ues #&he srReemeringhmitefs- hastatbédwithin ehehdshititeatdng 5 STM
patterns argpxonpared agai nst the input. The right-hand colum lists the
STM nunber . Bur st Code Decoder 29 It is

possible to generate the logic for the general case of burst length b and

code | engt [2.na ddyean@icrodhi trdatitfeme tROUNISINP A j&t K@ S, ddmpeiilany |t

starts at e dfeach bit is examined in turn. If a 1 is encountered,
the counteri1s |n<?rerrent ed, and then exam nation skips over b bits (skips

the buf8t) and chlMesirexfaxﬁmmg:ammrsg dectamd watepstonselningheawa

hi gh- speed plt@ak 215 RV & j@@ Sur@e.ni M ze the delay in conputing the burst
count. If it takes Ion%er t han b|t time to conpute the burst count,

nul tiple pipelinEGUEH ter%e‘mmidlgoéleye@f 3 €104 dnEwt pes SANRE ke diof

conbi nat or ithle kagi matérﬁalurﬁy tdtendustSich |a% Ebbﬁ! ﬂ@éejett %Iﬁierrshr%hﬁae of
it error

adder s of ent 0 repl ace urst code

det ect or . %hgegg g“’&%?erc‘?%orveﬁjéﬁ;e%\ﬁﬁeld ﬁé9§ ﬁ?’ﬁtjo‘irlf?)%t‘%a icth taR

addi t | 8hal rem platterrnarl i $haotecoveringlendt dispdmse inuEpdiry areatheg added
together t@aggt, the burst count. The general burst detector logic is that a
1 encountered in_an error pattern is counted as a burst if it is not in a
prior burst. Thedg§ZABEaRE RSN thenFayr Basashal bed ke solid fipe] =

bit i of tpartieue, Vﬂﬁéﬁéby(caﬁsﬁ.ﬁ{';rtlhé séﬁia]fl'ihe ﬂartlcles vbide F1bBdEgat es
V\/net her a bhurst. _of _si Wi

= 1. a bur@ ]segafgt%%wwp.%hﬁat %E‘Faf’?{”allvf"ng gas %HBW* total burst count,

i.e., 8um of W i Fesoveféng] the solid fine partlcles from the revolv1ng

30 course t pQss t C fer nt

| ogi ¢ conf ?aﬁr S??Z{n% aP1&a %ﬁﬁgmﬁlﬁvélnmes 2.31;% I gl%vm&' ?QVEE&B%O E& §

be used t oSHEReriMRNIRE sthaf st’éﬁclieﬁﬁlvihgs géﬁarﬁiloel A rigigshato nbe 6 b

:[gj ?nd }hafbﬂpdﬁ e the ¥8mEOR;+48P18n;: and 1] 0] S
X err err
wW 2] = x[2] [errflﬁfpfrgibg the gas of the rengeln %ﬁ ﬂiqq3 r?%rg] m{2]

2
0, 30 discharging pipe. w4] = x[4] [err] W3] =1

3. A dry and crush treating apparatus, comprising:
a jet burner unit having a fuel pump unit;
a dry treating tank drying and treating a raw material
35 supplied thereto by a connection with the jet burner unit;

a recovering unit recovering dried fine particles, the

* C L L] S *




+ wW4] + anmabl e Har dwar e Therefore, there is a

bal ance to en performance and reliability. Typically, the
| evel of c

W[5] = X[ : hgét ﬁ,&ﬂﬁcg d[ err]: W[O] + W[|] + W[Z] +W[3]

be chosen such that the probabilift er 1ot
than can be correct ed or detected is acddptably low This, m‘gc%i#i}ms BEEN
depends on the error rate. The hardware nay be made adaptlve foREEuﬁdfﬂ
operation by allowi ng the error correction and error detection conpartson
val ues to be updatable, such as by a programmabl e register (item504 in
Fig. 7). Threcewkkialgl awithdisposédcwviitRint cheeliryhereatimgatamky tine,
such as during ma r ﬁﬁggp r .
31 manufacturi nggt)gr%?bgklgrlggh };S dfléll: %g&ﬁ? g#% ?&?T’Saﬁéggj"‘ﬁ?]gher
than it mutqmd@y%eﬁmgetmbgya\rﬁy oﬁ anpgv Masesilal surpepenveyer: t o
have a | ower corrgciddfird £¥ehrGNese & onitddan 16ef %é'ﬁél' SM@F)ur@'ﬂE bRothe

early phases of manufacturing to increase_the rocess is
better ntBBFIEBrnﬁﬁeaPQvéPeOFanW?E%F?Bﬁ EBB%HYb%o?“%Y%%Seﬂn provi ding a
gerfor mance bOOStaageﬁBﬁaﬁﬁﬁBsé_Jtmgd lds i pUveex m@@ugl guthr ashenhdti Ferto
etermne t a r settings during operation by testing its
perfornancelgge ggn%%P %%Fﬁg' F@ Bf the codes, it may al so be desirable
to have the choi cthef dsyeanfl crusie thregiriog apm:das:\m iseldispdsed nayd be
acconpl i she tani By h r ers (501, 502,
503 in Fig ﬁg?dea 8?lsaa ggﬁpggér%F f%ﬁ%gg§gﬁ ﬁgr%agégg%ﬁ%reln t he Iength
of the Ubde is al so adjustable. Programmabl e regi sters would be used to set
the length of the shift register and the widths of the decoder chains. This
provi des great flexibility for the designer. This is especially-useful for
OEM vendors, since they need to allow great flexibility for their custoners
to choose the STM properti es. Programmabl e Correcti on Power It is
possible for a disk drive to use the distance val ues obtai ned during STM
search operations to nake an approxi nate neasurenent of the error rate.
This will allow the drive to determ ne whether the current correction |evel
is appropriate. Specifically, each STM code has a sliding distance
specification, and the el ectronics determ nes which STM was found by
conputing the distance of the shift register contents fromeach of the STM
patterns. Wen there are no errors, the mninumdistance will be O for only
one pattern. However, if there are errors, the m ninum di stance nay be
nonzero. \Wen an STMerror is corrected (i.e., an STMwith an error
correctly identified so that an STM found signal is generated), the
assunption nmade is that the distance value is equal to the actual nunber of
errors. Therefore, counting nonzero distance
32 val ues which were corrected gives an estimate of the occurrence rates
for those errors. This is not a precise neasurenent since STMs can still be
found at distance O even with a single bit error (e.g., in the preanble
field), and if the nunber of errors exceeds the detection span, it could
also result in a distance of 1. Wen the STM search halts by detecting nore
errors than can be corrected, the nunber of errors nmay be estinmated by the
value of [err] + 1. It is not possible to ascertain the actual nunber of
errors, but s + 1 represents the nost |ikely nunber of errors. If the STM
search ends without detecting the STMor halting due to error detection,
then the nunber of errors may be estimated by s +t + 1. Again, this is the
nost |ikely nunber of errors. It is possible to design the STM
detector to record such events. For exanple, consider the (12, 5, 5) code,
with the correction level set at s = 1, and the detection power set at t =
2. The nunber of single bit errors can be estimated by counting the nunber
of STMs corrected with a distance of 1. The nunber of 2-bit errors is
estimated by counting the nunber of STM searches halted for detected
errors. The nunber of 4-bit errors is estimated by counting the nunber of
STM sear ches whi ch ended without finding the STMor halting for error
det ection——Count+ng—ay- be acconplished by hardware counters or in software

by makj ISt val ues available to the m croprocessor, such as
Al T ' .




throughs@w&@ﬂ&ﬁ&ﬁke e an error rate estinmate has been arrived at, it may
be use correction level. Such a determ nation can be as =~
si npl ejgl &Eﬂﬂlm m needed. For example, a sinple criteriQ '

the le at the error detection rate. If the gﬁﬁpsﬂgﬂ'aASQﬁﬁﬂ
detected at the highest levels is belolW? sone threshold afjer a@py_ggggmunber
of STM operations, the correction | evel could be increaseb—{Ne

each error desired to be corrected, the detectability of two errors is
given up.) Simlarly, if the nunber of errors corrected at the highest

level excoe@Srssi® dF M Yr&c3ids¥fred 9i ven nunber of STM operations, then

the correction level my be determned to be
33 too hi GRY ANL&GRUSE W%METM&SI&G JET BUBHER PO TREATINGhere is

nore corr aEpaARATS\erHEREdrebl e. More conpl ex algorithns are clearly

possi bl e, including effects such as head | ocation. For exanple, a given

head, track, ox aegt &hdn'&‘rubﬁvtréahﬁ.ﬁberap@@.&.ﬁl’cubah%:l.h@afh tfeer &y@f@&e for

t he drlve bf &he Ievelstc uld be sted accordi n g Sl nce égy

soctors. ¢ SHIPTRATE: s RicdRtarthingE . HRrid caba o foiebt st thde FAA T os

speeds (e vgat;enf)@omta:imMOM‘s mpaer).all,t a dmpserdreing &apist ande a

correc io t he
t5i a'# Ak X C"{ﬁﬁ[an %&EB%%&};;% é%&@ﬁ F'tflcq.%%l {nsﬁe 54:' r%

adaptive esi gne ar dwar e, twar e i nat i on
of the twdcaw mate#hélerﬂérqn%e?QQﬁﬁﬁWﬁﬁ4Q#vob@%lﬁ§G°VﬁrﬂﬁBsqﬂ%ﬂu¥ﬁlcan
be put to imdwalbes withisd, tid dBy hesdsady tvag@p the error rate on the
various surfaces to determ ne the appropriate correction and detection
| evel s at specific |ocations. Second, it may be used for predictive failure
anal ysis (PFA). For PFA, the tinme evolution of the error rate information
is used, possibly including |ocation. For exanple, if the error rate is
seen to increase beyond a certain threshold, or the nunber of regions at
sonme error rate is above a threshold, then a likely failure nay be
predi cted. The advantage of using error rate information fromthe STMs is
that the informati on may be gathered continuously, w thout need to take the
drive offline. It may al so be used to aid in localized failure prediction.
These are failures which the drive can recover from For exanple, if the
underlying error rate for an STM area increases, it may be wise to relocate

the associ ated data sectors while the STMs are still readable. This sector
could then be avoided, w thout future | oss of custoner data should the STMs
fail entirely. Programmabl e correction power is also useful for error

recovery. An error recovery procedure could choose to adjust the correction
and detection |evels as appropriate to try and recover an STM This could
be changed through various |levels over multiple revolutions until a good
setting is found. 34 In
error recovery, typically the drive is trying to read data from a danmaged
area and relocate it to an undamaged area. It may be desirable in such a
case to nmaxim ze the correction power for the associated STMs if they are
unreadabl e. This increases the |ikelihood of a m scorrection, but it my be
possible to use other information to detect this, such as the servo gray
code, PES decode, and data ECC. This information nmay not be available prior
to the end of the servo sector, but it doesn't need to be for a recovery
read operation. If the other information indicates a |ikely m scorrection
(by not agreeing with expected values), then the operation can be retried.
There may be situations where the data recovery procedure is affected by

m scorrections of STMs. In such cases, it nay be beneficial to increase the
error detection level during the recovery to avoid possible timng and
tracking errors induced by a mscorrected STM Anot her i nportant use
of the programmable correction power is to increase manufacturing yield and
to reduce test tine. Disk drive manufacturing typically includes a test of
the servo quality, including the STM patterns. Wthout programmability and
error rate reporting, the tests are slowsince it is difficult to stress
the system These prior systens rely on either finding the STM or not.
Progranmability allows the servo test to be perforned at the |evel of
correction and detection best suited to the test, which nay not be the sane
as the nom nal operating |evel.. Further, the reporting of the nunber of
errors corrected allows for the drive to operate at one |level, while the
test screen is perfornmed at a different level. This has inportant

advant ages. First, the servo performance during the test can be controlled
i ndependently of the screening criteria. This allows specific servo
patterns to be flagged as bad W th one nunber of errors, but alloms the

______ b S M P ] . . M T - -



35 [err] =2 and t = 2 as the nom nal operating point. That is, it wll
find an STMwith 0, 1, or 2 bits in error, and halt the search with 3 or 4
bits in.error. During the manufacturing test, it is beneficial for the
servo to operate with these values for [err] and t. However, at

manuf acturing, it may be determ ned that STMs with 2 corrected errors
shoul d be flagged as bad, as 1 additiona/ rror in the STMwould result in
| oss of the associated servo sector. Further, manufacturing yield will be
increased if STMs are not flagged as bad with a single error as the STM .

will still be foung- A—-f.a second error were to occur in it at sone
time in the future| Therefore, the t'e procedure will nonitor the nunber
of errors corrected and effectively @pdrate at a different correction |evel
than the disk drive. This approach wl? prevent STMs flagged for 2 errors
fromaffecting the|servo tracking. IfT—§he |level of correction was |owered
to 1 error for theldrive as well, tHenjwhen 2 errors occur, the associated
servo informatio s lost and the tri ng accuracy di m ni shed. This

i ncreases the,liKelihood that subsequent vo sectors will be stressed due

to the loss of thefposition and ti myi nformati on fromthe prior servo
sector, possibly resulting in their ng erroneously flagged as bad.

Furt her enhancenenis are clearly possi®l e, such as | ooking at the tenporal

and spatial occupapcy of correctabl ro&s as well. This exanple show the
benefits of irrprovad-)LLe.Ld_LhLa.l_LQ_ si)ngl e errors to pass) and inproved
test tine by stressing the testg copf-+i4qns wit hout stressing the operating
conditions. It is not necessafy to 2y only STMs which have fail ed

outright. The prearrblejpiatT p-Off .. . 111... has been used in all

t he exanpl es descri bed hegg. Howeveifferent preanbl e patterns nmay be
used. It has al so been shown how co and systens for handling isol ated
errors and burst errors may be desj i} Fromthis, codes and systens for
arbitrary error criteria can be desj, for exanple, a 3-burst and an

i solated error, or an interl elved) - a Py

p for_the nost |ikely thannel 4

36 burst error. The codes descri hed 2

properties, such as are encountered heak detlect g PRM channel@
Wil e the present invention has bdef_pht Tyl arlly showbs ,,,qi)o; with
reference to the preferred enbodir sl |it{w !l be p byt

skilled in the art that/va'r'i—o'u's—c-l‘an i n\tlor mZhd ek ai L& be

wi t hout departing from/t he—spiti a:ope of |t e ention. Accordi hgly,
t he disclosed inventigh i% to be cqqsider edEmerdty Rs yifl lustrative and
limted in scope only s [Specified t he appérded A s What -
is clained is: L. | A data rgeosdi ng dr Sk drith@t has a recording
disk and a recording heqd that reads 1 nformatijon [f[rom|tthe di sk, the disk
drive conprising: a di sk having gap! yrallity tram(s, each traek
having a plurality of _fenvo seg__sors cont\a~JiMg serkgd |ijnf ormation for

det er m ni ng reoa:depé\"nead pogétLron, each df tthe seF4q S tors al so
containing a servo tinmng mark (STM recordgd d¢h [t{he)di and bei ng
represented as a pattefnjo 194 oAl i rién, each of the
tracks having a set of| mu : grlgCm|its greater than one;
a notor for rotating theld ( f whi ch reads
information in the se voi or—Roernected to the head
for positioning the hegad — e




tracks and maintaining the head on the tracks; an STM decoder for
detecting each of the munique STM patterns read by the head as the disk
rotates to thereby signal the presence of servo sectors; and servo
el ectronics coupled to the STM decoder for controlling the actuator in
response to servo information read by the head fromthe servo sectors after
detection of the STMs by the STM decodﬁ%/ and wherein each of the m
uni que STM patterns of n bits has a m &Ln1 sliding distance d to every
other STM pattern in the set, where d is greater than one.

38 2. sk 4rive according to clainllswherein the disk is a
magnetic re ;r gi k, and wherein the tra;é; are generally concentric
prur

and al so have a ality of data sectors intfrspersed with the servo
sectors. 3. The disk drive a Lng’to claim1 wherein one of the
STMs in the set is an index STM€] a>Qi que | ocation on the
track. 4. The di sk dp Q2 wherein one of the

The di sk drive
iS an even sector

i ndex STMs represents the
according to claim21 wher
nunber STM reprqﬂsnting . anot her of the
STMs in the set I's_an of gn odd- nunber ed
servo sector. J He/di [ A 1 wherein a

plurality of the STM

patterns represents a whi ch the STM

pattern is | ocated. 39
7. The disk drive acqg t he STM
patterns are arranged jesents a
portion of the nunbe t he di sk on

i ve according




patterns are arranged such that each of the STM patterns represents a
portion of the nunber of the track in which the STM patterns are recorded.
9. The disk, drive according to claim1 wherein each of the servo sectors
al so |ncludes a preanble pattern, and wherein each of the munique STM
patterns of n bits has'a mninumsliding distance d to the concatenation of
the preanble pattern and each of the gzy patterns. 10. The di sk
drive according to claim1l wherein the eanbl e pattern is an automatic
gain control (AGC) pattern.

40 11. The disk drive according to claim1 wherein the sliding
distance d is to single bit errors, and wherein the STM decoder incl udes
means for correctly identifying each of the m STM patterns in the presence
of up to [err] bits in error in the bits read fromthe head which contain

the concatenation of a preanble ttern with one of the STM patterns,
where s represents the STMerror (gorrection power of the set of m unique
STM patterns and is less than.arehual _to (d . 1)/2 12. The di sk

the STM decoder |[further conprises a
bits of the STMpatterns read by the
ans for storing{fixed bit patterns
dtferns in the sef, neans for
out put .of the shlft register with the
Hof generating ap-8TMdrpund si gnal when
8 OR ed output ik|lessTthan or equal to
41 13. The di sk
decoder ffurther conprises

drive according to claim11l wherei
shift register for converti
head into n parallel bits,
corresponding to the m uni
det erm ni ng the excl usive

"fixed STMbit patterns, a
the nunber of ones in the
S.

drive according to claiml

means for generating an STM corr ecfed i | hen the nunber of ones
in the exclusive OR ed out put i 3 = nd | ess than or equal
to [err], said STMcorrecte¢d err i s Wi pg a correctly
identified STM pattern haying on ' [ ror. 14. The

di sk drive according-to cl
means for | oggi ng the nunbg

pder further conprises
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£ -_f - .
generated during a predeternined tine interval. 15. The @@M&SV%Q
according to claim 13 wherein the STM decoder further conprises meankf
generating an STM corrected error count signal corresponding to the nurber
of ones i-n the exclusive OR output wheni$he unper of 1's t han
zero and | ess then or equal to s. 1%“%3?'5% %?f&@tmﬂbg\ﬂg@bﬁéﬂg to
cl ai m15 wherein the STM decoder further conprises neans for |ogging the
STM corrected error count values in a predetermned tine interval.

17. . The disk drive according to claim12 wherein [err] = (d-1)/2,"
and mher?alhr?stwccﬁl\?%lé’%?dé)rrw conpri ses neans for generating an STM
m ssed si gmMRY &AND amsmwmmm METHOD) USIENEXIETU BURNERR b (RENMING MBI NS
greater th ﬁﬂl termned tinme w ndow. 18. The di sk
drive according to cI al m wher ein the STM decoder further conprises a

pr ogr ammbl <18 485 ERANEAGh ShARAS Nondlthet uaitP £ Yot MEuBl o1 T
drivé accorknekpdes | # ijZ vmrmn 1dRyindr &ge Abdncongrindngri oy/and

fixed STM naéé@fr@oﬁéam% ambhate%a&ebh taey ftxede BAY ﬂ%ﬁé Lrdisa ngy be
nodi fied in the disk drive The disk drive accord gsto claim

1 wherePn tTRESIRF RS bt reﬁ@l"&&é§gn§a¢|§i?‘3rf¥%ﬁ rpéé'ttljﬁi}-e@pm@&es tRejp
error in eardw ohatbeialSTivh e atdiss triek IRRNSther récoeelring Wriiwuis

ti bj.t h of th STM pat t
wher o (2f eSS chado (S, i Gdfedd GRIC,)T The meTMpatterne,
43

21. The disk drive according to claim 20 V\/nerel n the STM decoder
further conprises a shift register for converting serial bits read by the
head into n parallel bits, storage nmeans for storing bit patterns
corresponding to the munique STM patterns in the set, neans for
det er m ni ng tl%?(;eﬁ:' usive OR of the output of the shlft register wwth the
fixed STM blt-pal—t-erns and neans for generating an STM found signal when
t he nunber of ones in the exclusive OR ed output is |less than or equal to
S.
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22. ;The disk drive according to claim21 wherein the STM decoder further
conprises nmeans for generating an SIM corrected error count signal

cmdi ng SEARGHERE PO RN ebAnpticatitreNe 2804659+ OR out put, when the

nu I ones is greater than zerp and |l ess than or equal to [err].
23. di sk drive according to clpim22 wherein the STM decoder further

CORRIT OFSTHEABSTRACPIJI Ng the STM corrected error count values Th a
pr_gd_e_t_e_r_m_p_e_d_u_me Lnterval 24. The disk drive according

to claim 21 wher ein the STM decoder further corrprr ses rreans for generating

OR edABBARrAlTU&TQEQHRﬂRt han s but ) | ess than or equal to s +t.

25. The disk drive according to claim?21 wherein the STM decoder furt her

CONPr ASRY aH® RAKh 1RatiHS AEpabiuE $4PEsimyd Vi&H t?rfrﬁéil %ﬁtd t}ﬁle'a
ones. el A il -cggtaﬂgﬁg%%vl?- @) g i a(gf W?O

A_:.Q,_,_

de b 3°‘&|
SBem %&fﬁcrrxefeﬁw*‘ét Jsr°verr}$ %rred r-gggs 51& r& ra? ke nfl;ﬂ"s
f or s‘t%?trh‘ﬁ’qnhg‘e\fﬁﬁ"?]’(?"{‘%t'?‘f is ‘“ fAeatingtat orrectr on pOV\er may beé

nodified in the disk drive. 27 The di sk drive according to claim
20 wherein the storage neans for storing the fixed STM patterns is
programuabl e, whereby the STM patterns nay be nodified in the disk drive.
45 28. The disk drive according to claim1 wherein the sliding
distance d is to bursts of up to b consecutive bits in error, and wherein
the STM decoder includes neans for correctly identifying each of the mSTIJ/I
pafterns in the presence of up to s bursts o fve bits in
error in the data read fromthe head which cnBERLACEME hation of a
preanbl e pattern with one of the STM pattern where [err]| rgepfesents the
't @ H Fpg 2008nd

(D
— T D

STM burst error correction power for bursts 5 | ess than
or equal to (d - 1)/2.

FSG005 960628 SG-Abstract



29. The disk drive according to claim1 wherein the STM decoder
set of at least mregisters for holding the m STM patterns.

The disk drive according to claim?29 wherein the STM decgc{grfﬂ~j;jwﬂq.§r;fgt‘
regi ster for selecting a nunber of STM patterns differentRffiom el minher

-2

i ncludes a :.

of STM pattern registers. 31. The disk drive a¢corditig to claim:
29 wherein the STM decoder includes a register for selecgtiing: thg:d el '(;)f’;
correction or detection. 32. Th@-di sk drive acgonding to claim31

wherein the register for selecting the |evel of correctiion-or—detection”
stores the correction val ue s. N
46 33avihe adiedlasdii WainageRudi ng to clai m 31 wherein-the di'sk drive
includes neans for retrying to read STMs, and wherein the | evel of
correction or détectiisonanethiex r ofpijscsr dr sbeecpirsgentie liaveintdfon to
correction ction.j lected ip_r se to STM d.retry. .
34. The di 5%:8%?&% a%:co%rf(fnaﬁ?o C uasﬁ’m gfe\%ﬁgg i naé%aera%%e‘%/sel wé%%gérnr etti o
or detectiopoissibtile regi dope f eithel £cireagielshe deval 0bcadibactwlosare®r the
detection is selected, in response to the nunber of stored bits in error.

35. The di skSGMRPE ADr BPRgSt 68 aiheredurt ePRdt H&oghi the r égFatépn, in
includes a poalboated RHLRths is made 1380 B Hodlhtdd ¥ aCcREAING o
claim 35 wherein the preloaded pattern is a preanble pattern.

47 37. A flioxearblenek thehiokdectre ardeiiots skeve nbignet | espectr difng
disk drive at ti.c recording disk and.a recording head that

r eads infoFEr?lgti%gg%%%nzi%g’eevr\ﬁJtoéls' ijrélggF%atJlsonPFSVf‘ﬁdeiask, Tthe? sl?rdlrsﬂ/e
conpri si ng: treatinga epgaekittsr eqhedelg daskréeyvegingpludistitsued as a
genretal .y concentric datj% tr%;ks, each track being divided into a

plural it ofY&4PESsect GrSPaRE S HMMA i3 TG 1&i% H3& -y - spaced servo
sectors contai ni pgreerapedididmty onfOrqaet shai Brigh tee@idndd Meatatys
position, each of the servo sectors also containing a servo ti'm ng marlk
(STM recor geapaAs g :dizs Kk ehdoweneny feprdsphngdaas od lpgongad ndfan dof Aandf

water-containing raw material; a dry treating tank; a dry

i

and crush part having an inverted funnel-like shape which is

15 mounted in the dry treating tank; and a recovering unit for
recovering dried fine particles of the raw material, wherein
the recovering unit is installed within the dry treating
tank. |

According to a second aspect of the present invention,

20 there 1is. provided a method of causing dry treatment to be
performed by means of a revelving flow around the recovering
unit and continuing the occurrence of this revolving flow to
thereby separate and recover solid fine particles from the
resulting gas flow.:

25 More specifically, the dry and crush treating method
comprising the steps of: drying an oil-containing or/and
water-containing raw material with a Jjet burner; causing a
revolving flow of a fluid mixture comprised of the raw
material by combustion gas from the jet burner around a

30 recovering unit for recovering dried fine particles of the
raw material, the recovering unit being disposed in a dry

treating tanks; a dry and crush part having an inverted



di gi‘t.al i nf or mat i on, each of the tracks having a set of munique STM

‘patterns, where mis greater than one; a notor fe&totating.the
di sk; a recordi ng head which reads information inftREPLACEMENT SHEPT S
and which wites and reads ujser data in the data sectofs T

actuator connected to the head for positioning the head {ojdi f{ gpgnéw d
tracks and maintaining the head on the data tracks during 'eéd pt
oper ati ons; an STM decoder for detg@cting each of fhe j

patterns read-by the head as the disk rotates to thereby signal the
presence of servo sectors; and servo el ectronics -c-ou-p-l—ed—t—e—(-he—sqlM
decoder for okl ng a or, in response to servo_information read
by the headfP ﬁ(%%]lt %’éks%ersbg%seeg{ht)i?%h art er?our%:ee?ecq[rla o‘%ﬁh%f thetEFRELBY LREKETM
decoder; andnd drying and crushing the raw material t48 produceWdeNngdn

each of the_m wunique STMpatterns of n bits has a_mnimum slidin
di stance d F&ngvéﬁ}to’t S'T#%/FﬁﬁgYeﬁ?‘ﬁs&ntghet%%t sohhdr & igpe spﬁ#?‘éh‘t:g?s t®an

one. be 3Blodbeddi skd drdarm AL diAgntia CLRE M 3% ey '“g%:%e @h olhe
STMs in the set is an index SIMrepresenting the start of the data track.
39. The di ske@PVeE1RGcdrR ngolddcifding IR Nkke ke Snemofcheher STakvimgt kes
set is an e S or ef: STM . [y n.gven-nunbered servo sector
and anot herngwt ﬁ% S'?l\];é'lé:érz %He%-s ta%%l%zlﬁer%dggggct%re nﬁngceﬂr’egﬁ\‘/gr e‘br?letseﬁf’i ng
an odd- nunbenell sermansecrt dthat the revéQvihlge ghskfUowveontdei@sNgtdObe

cl aim 37 V\/nereiﬁﬁ a pI.ura{}iPty of tk}gi STM, patterns are arranged such that
each of thefSYRES&Et erhstPepralentdize Nionangdf difEh8ERFBIs divor InsinBér
in_which then§Thepaliveng gasl aawedrom a_dischilgifBepdbek drive according
to~el aim 37 wherein a plurality of the STM pattérns are arranged such that
each of Phe STM PEEPERRETr dift eBethdrs pasneahn o6f thiee puedent ofinveetion,
rrecordi ng h S i Wi th e .di whj STM tterns ar

recor ded. ERErESSY BE%Q}WE?. éllllqeagksgéagpfveé%%%%ﬁgﬁtnlgorf oagﬁﬁfaﬂrpsfv\ﬁélyei'n
a pluralitytoeathegSTenk having a recovering unit built therein or the

like is disposed and loaded on a load-carrying platform of a
vehicle to thereby provide an on-vehicle mounted type
15 apparatus.

More specifically, the dry and crush treating
apparatus, comprising: a jet burner unit having a fuel pump
unit; a dry treating tank for drying and treating é raw
material supplied thereto by a connection with the jet

20 burner unit; a dry and crush part having an inverted funnel-
like shape which is mounted in the dry treating tank; and a
recovering unit for recovering dried fine particles, the

'recovering unit being disposed within the dry treating tank;
a raw material hopper unit for supplying the raw material to

25 the dry treating tank by way of a raw material supply
conveyor; a control board for controlling the fuel pump unit
of the jet burner and the raw material supply conveyor; and
a generator serving as a power supply to supply power to the
control board, wherein the dry and crush treating apparatus

30 is disposed and loaded on a load-carrying platform of a

vehicle.

In the present invention, the treating tank dry and



patterns are arranged such that each of the STM patterns represents a
. portion of the nunber of the data track in which the ST
- recorded. 43. The disk drive according to claimi3
the servo sectors also includes an automatic gain contrql
. and wherein each of the munique STM patterns of n bits |hds & 1AUG 2080
sliding distance d to the AGC pattern. 44, The {dilsk drive
according to claim 37 wherein the slidi.-ngadi stance d is ftosrngre prt
errors, and wherein the STM decoder 1ncludes neans for correctly
identifying each of the m STM patterns in the presence of up to [err] bits
in error | L Leadh.f he h i i h at.i of
2" pr canbl SBaT B S i B B S s e e e "SRR ALy
STM errorsgonrect i an qyoiemenf t lIhesmifare,m thegae iSTvhpatdmawismandthatl ess
than or egqual to (d -, 1)/2. .

50 Q%?tTH%?%%%ﬁ&%‘Zi QECHEEOrHF My o TPRFFAUA WhELEFD hESSPNFIERTder
further copRitseana,Shkiihlce’ @GeSttiledt3nf avmdttserdd Phé SrebotBeShY
patterns read by the head into n parallel bits, storage neans for storing
fixed bPt uphft SRS dAMREHFHFED the ARUAI qdé IPVIRREIRIS ta tHeaet,
means for eteryy ni usi f. t put Qf i raglster
W ih the fixed SHTEY: theeFErrs TR aRs R RY e B e T ol

si gnal whehrehtmentipberesofl tamgs im & hdeexebssi te ®Recd mHAtping i sobtss Inhan
or equal to a . . 46. The disk drive aﬁcord' ntg_ to claim45 wherein
the STM de@8G:FiPar tHACTohBFi & F8P%g aFPfig ZRFSM B r 80ddd
error signakeWhgiie hntUEREr iategR8S el doi tPtUDny e (IR egdopstfblisi Ss
greater than zero and less than_ or equal to [err], said STMcorrected
error 4Pgnal whpkesEan nee a sdawrlddiieg | aedt itheedinsStai patiern IRAGHgCeMe of
.nore bits i r{Qr 47 i i di al 6 :
wher ei n th%ﬂiﬁngegﬁﬁgfés Sfthé?n§%%39igééqﬁgﬁﬁgffgggl%gg?%gtghe&ﬁkébgp )
STM corr ectrdvehiolesingnaitsed gegpeat ek dusi ngpss frledeteor moweel bute to a

i nterval. . . 51 4 The
di sk driveTSIBSPERHg F035%i M%e WRGr eMFERS1EVM FiiRs f‘ﬁ??ﬁ%‘?yco%ﬂ% ses
nmeans for gpparatusghas S&Woper keetedeapler, count signal

15 Furthermore, in the present invention, since the dry

and crush treating apparatus has been made into a structure
wherein the dried fine particles recovering unit is disposed
within the



correspondmgto t he nunber of ones in the exclusive OR output when the
‘nunber of 1's is is greater—t+han. zero and |ess then or equal to [err].

49. The dis to claim48 wherein the STM de t9HEET
conpri ses mﬂ"lumm Wﬂt he STM corrected error count VQEN'?@EMEN[ gHE
predet erm ned tfrretlrmtes 50. The disk drive ccordln tomcala m
45 wherein [err] (d - 1)/2, and wherein the STM decoder} fiu dﬂj

conpri ses neans for generating an STM nmi Esed signal when tre nunber of
ones in the exclusive OR ed output refrains greater than during a
predeterm ned tine w ndow. 51. The disk drive a j
44 wherein WﬁﬁTSEMI@g@g@@b fisurther conprises a programabl e storage neans
for storing t value 8, whereby the STMerror correction power may be
nodi fied inlthe @l@kyd@mMecrush treatlng apparatus comprising:

52 52. The dl RYS rdin a 4 r

means for stori r?g 3(?1 'ﬁ(%drS% pglt 45 %%gé%xn?m{ﬁﬂggvﬁgr/éba t%%ger
fixed STM pahtering ngpyave mandidfiaad in the di sk drive. 53. The

di sk drive accordin to cl aim 37 wherein the STM decoder includes neans
for corrécting uf OFYs HieaEiNG &R in each of the'm STM patterns, and
means for detect 'angd?é‘&/tha%ﬂ %%rsﬁctgg&l Uhdng *ah biﬁ\sefﬁb@rrﬂfmél 1gaeh
. of the m STM patterns; where is |l ess than or equal (d - 1).

54. The di slshdpievehdedorigi m@qrrye@l ammts@ m&nﬁattri@gsm%c@d@r further
conprises a shift_r v n It

into n parallel b|t§gé3§§%%£ ﬁ%q%s:¢%¢ g?ggﬁﬁngB pét erns co?%%spon

to, the m urifquecsM pawt emla$e|r|iatlhe séiergiganstieor detevermnngg tnet 1s
exsHisi ve OR  of the output of the shift register, with the fixed STM bit
pat t er nsl% artdStedned 1 1B’b‘é’h deﬁd’gzrf %b %ignal when the number of
ones in thegexcl ysing, A eduiH RUtedtS e e tHRD Wmptiusing aHerddeps

53 55. The disk drive according to claim54 wherein the STM ecoder
further comofi'ses neans for generating an STM corrected error count signal

drying an oil-containing or/and water-containing raw

material with a jet burner;

15 causing a revolving flow of a £fluid mixture comprised
of the raw material by combustion gas from the jet burner
around a recovering unit for recovering dried fine particles
of the raw material, the recovering unit being disposed in a
dry treating tank;

20 drying and crushing the raw material to produce solid

e fine particles in a dry and crush part having an inverted
funnel-like shape which is disposed in the dry treating
tank, thereby causing the solid fine particles to be floated
and separated within the revolving gas flow;

25 recovering the solid fine particles from the revolving
gas flow as dried fine particles into the recovering unit in
such a manner that the revolving gas flow continues to be
revolved in the same direction; and

discharging the gas of the revolving gas flow from a

30 discharging pipe.

3. A dry and crush treating apparatus, comprising:

a jet burner unit having a fuel pump unit;



cor r espondi ng-te-the nunber of ones in the exclusive OR e

nunber of ones | ﬁﬁ‘i\i@er than zero and | ess than or equpl REPOAGEMENT SHEEi |
‘; s

56. Th ‘\‘m ‘ rding to claimb55 wherein the STM dgcoder T urt her |
conpri ﬂl 6ggi ng the STM corrected error coun al inN 0 -
predeterni fied tine interval. 57. The disk driveja cc}rﬁm %@ cl
54 wherein the STM decoder further conprises neans for geheL
uncorrectable error signal when the nunbgf-of ones in tTe excl usive OR ed
output is greater than [err], but |ess than or equal to-erri—T" '
58. The disk drive according to claim54 wherein the STM decoder further
conpri ses neans fpor ne i n m d Sl I n {Hﬁﬂ) f
ones in the exclSgi9g§CR#ggégg?guﬁé%g%aFﬁgegFggggg t aﬁ %%E%ﬁ +t O?ag

pr edet er mi. n@a tieini@ Iwi sehpplied thereto by 59. ddmnetitskondr iwidhacddredi gt o
clai m 53 wherein the STM decoder further conprises a progranmmabl e storage
neans for s He-Value s, whereby the STMerror correction power nay
be modified in the digk &idverush part Gvithe dhskififéveedcFontidld Ltike
claim53 wherein the storage neans for storing the fixed STM patterns is
pr ogr ammebl Shagfe el He IPUad dindhengr hé tesdiimidedank it BEdi sk dri ve.
61. The disk drive ] t Qn6t ais, 37 Mharsi; b diehg . disSt s
to bursts of up %% %gggiggcu iggggingiﬁ:err5§?ng%g§ﬂ£%$ngth£%§$%$§§%Bder
i ncl udes neahe foeccveresyl pnidereing ngispobedf wiilibim ST pdtyerorsatinche
presence of up.to [err] bursts of up to b consecutive bits in error in the
data read f73W’the head which contain the concatenation of a preanbl e
pattern with one a ofrdwhe riaidfaill emippashenmilter ror eFREARtISid haaheTMdaw st

erter correction power for bursts up to b bits and is less than or equal
to (d - )/ material to the dry treating tank by way of a raw material

supply conveyor;
a control board for controlling the fuel pump unit of
the jet burner and the raw material supply conveyor; and
a generator serving as a power supply to supply power
15 to the control board, wherein
the dry and crush treating apparatus is disposed and

loaded on a load-carrying platform of a vehicle.



