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20
FIELD OF THE INVENTION

The present invention relates to disc drives. More specifically, the
present invention relates to a configuration for a channel-to-controller

interface in the disc drive.



BACKGROUND OF THE | NVENTI ON A typical disc drive includes one or nore discs
nmounted for rotation on a hub or spindle. A typical disc drive also

i ncl udes vome2/a¥188 5 nore transducers supported rel ative toreDUR@c®s450f t he
discs in the disc drive to read information from and wite information to,
the discs. The transducers along with any air bearings associ ated
therewith are collectively referred to as a data head. A drive controller
is conventionally used for controlling the disc drive system based on 10
commands received froma host system "The drive controller controls the
disc drive to retrieve information fromthe disc and to store information
on the disc. An actuator operates within a servo systemand typically

i ncludes an actuator armthat supports a flexure or flexure assenbly
which, in 15 turn, suppBACGKGROUNIACKEMIE [NMENIIOM or noves the data head
radially over the disc surface for track seek ogperations_and holds the
transducer di r eAttypicaldisc driviedorlustesone agimeresdiseseunged £9%ack f ol | owi ng

operations. |nf ti is typi I t d t di b i di
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flies abovegtihe to dbSCinfS@RRiAOfloRE drdf winainformatiohhe, thesdiscsarithegener at i ng
a read signal based on that information. The read signal is then decoded

by the dri veaansdweers alohgsvith angeiykearings ataociatedpthesaniith@rpy t he
informati on stored on WO 02/03188 PCT/ US0Q1/20645 -3 the disc, and
consequent | Wlleéﬁi"é]é’e‘ﬁf%‘?ltp e dﬁ&@a’aeaﬂt-J g%aér“ffr %Rﬂfa%lger By ‘

conventionally used for controlling the disc drive system based on

10 commands received from a host system. The drive controller controls
the disc drive to retrieve information from the disc and to store
information on the disc.

An actuator operates within a servo system and typically includes
an actuator arm that supports a flexure or flexure assembly which, in

15  turn, supports the data head. The actuator moves the data head radially
over the disc surface for track seek operations and holds the transducer
directly over a track on the disc surface for track following operations.

Information is typically stored on the discs by providing a write
signal to the data head to encode information on the surface of the disc

20  representing the data to be stored. In retrieving data from the disc, the
drive controller controls the actuator so that the data head flies above the
disc, sensing the information on the disc, and generating a read signal
based on that information. The read signal is then decoded by the drive

electronics to recover the data represented by the information stored on



the data head. In conventional disc drives, user information is provided
froma host to a controller circuit where it is stored as bits in a cache
buffer. Weoz18ata are fornmatted, appended with error coP€BRUSIIRIGENd
detection information and provided to a read/wite channel that encodes the
data and wites it to the nedia. During a read operation, the signal
stream fromthe disc is inverse transforned back to user information
through a separate read path, sonme of, which resides in the read/wite
channel 1o circuit and sone of which resides in the controller. Al

circuits are cl ocked synchronously such that the data rate at any point in

the data paf st@,%ﬁ*ﬁ%ﬁs{c}gggngg%%ﬁlﬁeg%fgt-eﬁhﬁt eREdPLioghl %fbv’ﬁﬁ@db diais a

direct transtorm™ Each circulrt adds a shall delay or
| at ency sucthetdidh Heh@ Wite data bytes |eaving the cache 15 buffer arrive
on the disc after a transformation several bit intervals later. The read
circuit detecti o ententivenbdist daivssonsatintrsmatioroisguavidleshigpm a del ay,

usual Iy longer than the wjte circuit,.delay, fromthe disc signal through
the read pagﬁs"tté 2 GoEL ]@ﬁé%ﬁﬁfv‘éli‘?relih%sﬁt%reﬂieﬁse}?}%%‘r?% eﬁ‘?’aﬁ%é‘f (Tr%ﬁati on

met hods wi | |;_add _conpl.exit ks to all ow higher
areal densi g9taao¥e&ﬂ$§?ﬁé#’i%’r? e%tglgaggﬁgt% (r)lf%csi:%gfr;gctfl Egaa |dg%ét§ur 1rzlace. However ,

the read ang¥rihBoRahl préelddstom tadyaviirn@emnnbbtlemehtodSpgeiddtaal 1y, for
exanpl e, read path delays with iterative decoding channels can be |ess

t han, equal ahd wnteslitioghe rhédin. Dwing aread pperativay, thasignsl sfeesdr is a
] o0 D bam i i Tnvetae trafsformed badk t8 uSPRFSFa e bicbufR 02/ 03188
separate read path, some of which resides in the read/write channel .
10  circuit and some of which resides in the controller.
All circuits are clocked synchronously such that the data rate at
any point in the data path from the input buffer in the controller to the
media is a direct transform of the user data rate. Each circuit adds a
small delay or latency such that the write data bytes leaving the cache
15 buffer arrive on the disc after a transformation several bit intervals later.
The read circuit detection and inverse transformations also add a small
delay, usually longer than the write circuit delay, from the disc signal
through the read path to the cache buffer.
Future detection and transformation methods will add complexity
20 to the system in an attempt to allow higher areal density of information
to be stored on the disc surface. However, the read and write path
delays will no longer be small.
Specifically, for example, read path delays with iterative decoding

channels can be less than, equal to, or longer than a sector time, where a

25  sector is a minimum unit of user information stored as a separate entity



on the disc. Currently, the path delay occurs between sectors. For

exanpl e, the read decodi ng path delay occurs during the intersector gap
field, arvdootiesissite encodi ng path delay occurs during theCpuseartobses fiel d.
However, as the path delay increases, the unused portion of disc 5 space
bet ween sectors increases, resulting in wasted storage space. To address
this deficiency, long latency interfaces decouple the data transfer from
the controller circuit to the read/wigte channel circuit (or between the
controller and read/wite channel functions if they are inplenmented on a
single physical integrated circuit chip) fromthe data to transfer between
the read/ Vgé{tg'@cﬁg@r@ﬁfreﬁiﬂ Cthd &&rdé’wf@éétﬁ@beﬁﬂéeﬁb@:tﬁ‘fsS(ForrTEdi a. The

cl ocki ng an ata bus requi rema%ts of Tong latency interfaces are
different tdxamplbabe réad detadirig pathldeldraoneirs duoingptiterivtdresctor gaper f aces and
nust address many different timng jssues. Enbqdi ments of t pr esent

i nventi on dirldearisl Breeweite gpeedisg path defrsseccasd dgting ths REBR and of fer

advant ages over _fhe prior art. MVARY OF T, I iments of the
present | nvféeﬁgi ﬁ?W‘F Ystf gi‘eep@%‘rﬁ?egﬁg m%g?ﬁeis’gﬂr%a rfl}ll:)égggoc}%f) Eergf A

channel -t o- I ' fs QNGRS i MR R aced il of synbol s
Crossi ng5 th%%?%@g%%{:neé#g i1xg%:as%§£ri S tlﬁ%n?cl ock rat%g Ipr%l ot her

ermbodi nent s, t hersydtialss whidtdeficerwyy laaty laterepdntarfaces Hooduplatlee i s al so

varied based upon the size of the interface synbol w dth and the operation
of the chandmh trafsferdxempihe contradles ciaaib e Hemteady yarityGhsonel G IERHt vari es

based ' 25 upon Lhe (el DLlafddih and based uRol AlleBAL I b af functi ons
implemented on a single physical integrated circuit chip) from the data '
10  transfer between the read/write channel circuit (or function) and the disc
media. The clocking and data bus requirements of long latency
interfaces are different than those for traditional channel -to-controller
interfaces and must address many different timing issues.
Embodiments of the present invention address one or more of

15 these and other problems and offer advantages over the prior art.

SUMMARY OF THE INVENTION

Embodiments of the present invention illustrate various
configurations of the channel-to-controller interface. In one
20 embodiment, width of symbols crossing the interface is fixed, as is the
clock rate. In other embodiments, the symbol width is variable, and the
clock rate is also varied based upon the size of the interface symbol
width and the operation of the channel.
For example, in one embodiment, the symbol width varies based

25 upon the user bit width and based upon the particular functions located



in the controller. In other enbodinents, the synbol width is set at a

fixed bit wdth, or is fixed at a size based on the particular error
correcti ovoowossynbol wi dth (such as the Reed Sol onon coBeT/Agoaob4ss wi dt h) .
5 The cl ock can al so be variable and can be based on the nunmber of bits in
the user data, the nunber of bits in the error correction code synbol, the
nunber of bits in the interface synbol, or based on the nedia clocking
speed. O course, the clock period ingthese enbodi nents can be varied as
wel | to accommpdate the addition or subtraction of bits 1o by the various
functional blocks used in transformng the data in the controller and
channel . BR) BE, DESCRIETIENRE: &HidBoRRAMNGS Flyanbdl widthsé sattaga a disc drive
in accordance wth one enbodinent 15 of the present invention. FIGS. 2-1
and 2-2 il lfyetmat eidite drds fimed af a aizditmsed padke pakculdr egon bl ock di agram
illustrating a conventional disc drive contr II?r and read/ ite channel .
FIG 4 is aobtegtknddgsambaliwisith fuchgsihgikeedfalomopsrelesimeel and 20
read/ wite channel having functions variously distributed throughout.

FIGS. 5 andNGﬁﬁ}lustrate a bl ock diagramof a disc drive controller and
read/ wite cha éclo@l@g?ﬁtaﬁslo% diab10hnalcah beB3Balon the deR@sdriorel y, for

various “configurations o e channel -to-controller interface. FIG 7 is a
bl ock di agnam inlthbskenthng thaatufiter 00bfts gutlad érmor obrredtion &fle

channel -to-control ler interface. W 02/03188 PCT/ USP1/ 20645 -6
symbol, the number of bits in the interface symbol, or based on the
media clocking speed. Of course, the clock period in these embodiments
can be varied as well to accommodate the addition or subtraction of bits '

10 by the various functional blocks used in transforming the data in the

controller and channel.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a disc drive in accordance with one embodiment
15  of the present invention.
FIGS. 2-1 and 2-2 illustrate the format of a disc track.
FIG. 3 is a block diagram illustrating a conventional disc drive
controller and read/write channel.
FIG. 4 is a block diagram illustrating a disc drive controller and
20 read/write channel having functions variously distributed throughout.
FIGS. 5 and 6 illustrate a block diagram of a disc drive controller
and read/write channel, and a plurality of clock signals, respectively, for
various configurations of the channel-to-controller interface.
FIG. 7 is a block diagram illustrating another configuration of the

25 channel-to-controller interface.



FIG 8 is another block diagramillustrating other configurations of the
channel -to-controller interface. DETAI LED DESCRI PTI ON OF | LLUSTRATI VE
EVMBODI MENN@02/631B8 G 1 il lustrates an enbodi nent of a di scPATUSE/ X645 age
device 100. Disc drive 100 includes a disc pack 126 havi ng storage
surfaces 106 that are illustratively layers of material (such as magnetic
material or optically readable material). The disc pack 126 includes a
stack of nultiple discs each accessile by a read/wite assenbly 112 which
10 includes a transducer or head 110. A spindle notor 127 drives rotation
of the discs in disc pack 126 in a direction such as that shown by arrow
107. As discs 13§Rgas hAbAIR Blodkadidsimm ilkusdsaaipthel idnfapoesions di fferent
rotational |ocations on the storage surfaces 106 in disc pack 126. Read/
wite assemdilthe thanhe-tactomnttadldr imerfaeeli al novenment relative to the 15 disc
surfaces, such as in a direction indicated by arrow 122, in order to

access different tracks (or radial positions) on the disc surfaces. Such
actuation of read/ wri =y LS rhd [ f\evged by a servo
syst em whi ch ﬁ@ éﬁ@%bﬁ)ﬁé %é}%@%Ué brh @LSI notor 118

el udes a 1ot orprg Jilne&a@;wténpwi%rﬁ ok 2Quis Va3 rabs aede

illustratively inc es an arm 114 that supports the read/ wite head
assenbl y 1120, Dhise déivievi®0Li06luideb aslisapackel 2p havihg desagosunfadesd0pcui try 130
for controlling operation of disc drive 100 and for transferring data in
and out oftheheradilkstutively lagers afgnateriobwshpemametic e85l 07 FiGs. 2-1

and 2-2 1 l#;égaﬁgferegggb eorgflgPetria%f ﬁmd L pgélg(f% Mdss Htack of

multiple discs each accessible by a read/ write assembly 112 which

10 includes a transducer or head 110. A spindle motor 127 drives rotation
of the discs in disc pack 126 in a direction such as that shown by arrow
107. As discs 126 are rotated, read/write assembly 112 accesses different
rotational locations on the storage surfaces 106 in disc pack 126.
Read/write assembly 112 is actuated for radial movement relative to the

15 disc surfaces, such as in a direction indicated by arrow 122, in order to
access different tracks (or radial positions) on the disc surfaces. Such
actuation of read/write assembly 112 is illustratively provided by a
servo system which includes.a voice coil motor (VCM) 118. Voice coil
motor 118 includes a rotor 116 that pivots on axis 120. VCM 118 also

20 illustratively includes an arm 114 that supports the read/write head
assembly 112.

Disc drive 100 illustratively includes control circuitry 130 for

controlling operation of disc drive 100 and for transferring data in and

out of the disc drive 100.



discs 106. FIG 2-1 is a view of part of a data track. The data track

includes a plurality of servo bursts 300 distributed therethrough. Between
the servovborexiss a plurality of sectors 302 are | ocated. PCT/USOIROb4F 5 al so
be noted that sectors 302 can be split on either side of servo bursts 300.

Gaps 304 illustratively separate the servo bursts fromthe sectors, and
the sectors fromone another. FIG 2-2 illustrates a single sector 302 in
greater detail. Sector 302 includes a7_preanbl e portion 306, a sync mark

308, an encoded user data io field 310, and an EDC and ECC (error
detection code and error correction code) field 312. The preanble 306 is

I lustratively agphase; dokodilaefe theldhnidiak aaldi@ack obageod ocked

oscillator to lock on to signal recorded on the disc. Sync nmark 308
i ndi cates t AescendeoFI@ranbh &ievd06 partcbfthdatatteack. dfheetrtadedkuser data 310.

The user data are encoded 15 accordlng@to vari ous coqgfconstralnts (such as

run | ength twdedes ep&ul)allaﬁéfsqrﬁékéﬁéf@ @ disfrikutacktherethr@mslan the disc in
field 310. The erraor detetlon COrr i on cod tionis
appended toBFH‘@e%% e BRIV PREsi &P ‘W‘ﬁm reroTP 5@? a"“g'fﬁatear g];}ﬁg :Ig a bl ock
di agram s%rﬂ) Of ofdidt h%’c ?é\tt&rs'%g cEfRBkls giﬁ 6h efthifr 588 ARErVSHEYsW | te channel
circuit 03| I one €n a host uter 318 and one of disc

surfaces 10@00 Nl f%@onanﬁs&a&@velﬁe aparald tie sBibAo badtaftem the watasbuf f er 320
and a formatter 322 which has included ECC generator 324. The read/wite
channel ci r amidttheséctons frodesne koothegenerator circuit 326, run Iength limt

operat i on, user Qa2 EoRRBHSAUE SR 759D 18 U Py S56T Bt t o
322 retri evelrslclurc]ies Cai\al:;r% ; rb?%gfgon%%?’ggyng QRYERE, dlendddeddtér data
10 field 310, and an EDC and ECC (error detection code and error
correction code) field 312. The preamble 306 is illustratively a phase

locked loop field that allows a phase locked oscillator to lock on to the
signal recorded on the disc. Sync mark 308 indicates the end of preamble
306 and the start of encoded user data 310. The user data are encoded

15 according to various code constraints (such as run length codes, etc.) and
the encoded data are written on the disc in field 310. The error detection
and error correction code information is appended to the user data and is
written in field 312.

FIG. 3 is a block diagram of a prior art disc drive controller 314

20  and read/write channel circuit 316 positioned between a host computer
318 and one of disc surfaces 106 in disc pack 126. Controller 314 includes
a data buffer 320 and a formatter 322 which has included ECC generator
324. The read/write channel circuit 316 includes clock generator circuit

326, run length limit encoder 328 and parity generator 330.



ECC information, appends it to the user data, and transfers the user data
and EDC/ ECC data across the channel-to-controller interface 332 to 5

read/ wri tveootiems®el 316. In preparing the data for transfePCHUS@SX645
interface 332, formatter 322 packages the data so it can be |aid down on
the nedia according to the particular desired format, such as that shown

in FIGS. 2-1 and 2-2. Once the data are transferred across interface 332 to
read/ write channel 316, the data are_gncoded by RLL encoder 320 and 1o
parity information is generated by parity generator 330, and the data are
witten to disc nedia 106. Interface 332 illustratively includes data

signals 334 and ﬁPGPéngltion,Sﬁ%Qieﬁa 3R6prdvided &ronh hust 318t ot fesrtBadi nent , t he
control signals inctude a clock sighal which is generated by clock

gener at or CEofuhiteRER woitleves ths datd from htffeed30, compudes the ERE aspbed at
which serial data are clocked to and from(i.e., wr%ﬁtét n to and read from
di sc nedi a EGE informatonsippeads igoghe sisebdatey gad amsipes {he Hesti2 ot her

rodi o 106, - ans D/ B0 S RectBE e Pharg - PROntiplL RRAR G 80, 01, 10, =

Wite Ga%(e ?éaqpl gt%rgl%ﬁgié? l%ﬁreglﬁgﬁg%ﬁe B brHHdr-ackdssone enbodi ment,

the O ock sign n ta sign are used for transferring data back
and forth beipapace 83N ttbAhheEr ahkdges taddatasd ecarhzntaid d®vér othe O ock
signal, the Wite Gate signal, the Read Gate'signal, and possibly the Sync
Found si gnathamedisecdrding torthagrastieulaydasired frsmdetnchasdhat $1€WBhannel 316
and disc nedia_ 106,

embodi ment i Flfs®r4t \é\gdlo?ﬁ'ﬁgéé%g éﬁg%‘gis%éifé%g?%éﬁ %(érlors]? }nnq?erefgéé %ZI ?{et channel
316 is of a rge%)f 08 LRl el B & Gfle G RPL I erRBHel B AL 8ncoder 320 and
10  parity information is generated by parity generator 330, and the data are
written to disc media 106.
Interface 332 illustratively includes data signals 334 and control
signals 336. In one illustrative embodiment, the control signals include a
clock signal which is generated by clock generator circuit 326 and is
15 illustratively coupled to the speed at which serial data are clocked to and
from (i.e., written to and read from) disc media 106. Control signals 336
also illustratively include other control signals for controlling reading
and writing data from and to disc media 106. Such signals illustratively
include a Read Gate signal, a Write Gate signal, and possibly a Sync
20  Found signal. In one embodiment, the Clock signal and the Data signals
are used for transferring data back and forth between controller 314 and
read /write channel 316. The Clock signal, the Write Gate signal, the
Read Gate signal, and possibly the Sync Found signal are used for

transferring data between read/write channel 316 and disc media 106.



noves through the pipeline at the same rate that it is clocked across the
data interface 332. Therefore, during a wite operation, data is retrieved
S from bwéoeroad2), formatted by formatter 322 to correspordIUsoeedsdesi r ed
track format timng (such as that illustrated in FIGS. 2-1 and 2-2),
clocked across interface 332, encoded, and witten to disc 106 by read/
wite channel 316. This data transfer and encoding sequence happens in a
synchroni zed fashion, with relatively.gmall delays or latencies associated
10 with each bl ock in the processing stream During a read operation, the
signal streamfromthe disc is transfornmed back into user information

through read/ w i tegehaanedrt 3tfhodifteet flagaraid? imFIGcYrthe datepipslidei n a
synchroni zed fashion,” with short |atencies possibly di fferelr)ltpat han t hose
of the writi spdyatiterhanBel31@ is of asubstintiely dixedrlangdr andgbe dan of a | ong

| atency interface 400. A nunber of the ite .e. sim | ar |

t hpts e ﬁhommlqvgi thiqued: thegipgidre at Bisgpams @ﬁg@ﬁ%f’éﬁ‘?@i&%ﬁo@&g‘gg '? g £ gad/
wite chann , i i nel udes 8 : : Si

both contr oﬁ?@rm%\ﬁ%]c&%'zr 33'5’; W F?’gddcr?ia%%g&% %ﬁ%ﬁf%ﬁgﬁ féetrrlgg%io ( BIZBCSnd
402), | 009 kkeRelet B 1EARGHAQByabh Bttet BRERRRGeBipoRITAD b desiredont r ol | er
i nterface and channel-to-nedia data transfers at possi bl different rates,

and i ncl udegragk dedraat timiig (Sueb asebhtiliustratechior FIGR A~ #iad \Qlca)odkckﬁéldences

1t o i B cabiot o B BT s 2 10
bei ng 36/1 dir é%?ml(‘:r%&ggaﬁ&m?‘i%gagﬂf)?fg?elg%cgg&%%[%g%%é{g%gﬁé%gﬁm utf subsets, one
synchronized fashion, with relatively small delays or latencies associated
10 with each block in the processing stream. During a read operation, the
signal stream from the disc is transformed back into user information
through read/write channel 316, interface 332 and controller 314 ina
synchronized fashion, with short latencies possibly different tlﬁan those
of the write operation.
15 FIG. 4 is a block diagram of a portion of a long latency
interface 400. A number of the items are similarly numbered to those
shown in FIG. 3. However, long latency interface 400 supports
read/ write channel 316 which includes a large channel data buffer 402.
Since both controller 314 and read/write channel 316 include buffers
20 (320 and 402), long latency interface 400 allows independent channel-to-
controller interface and channel-to-media data transfers at possibly
different rates, and includes a data throttling mechanism other than the
clock cadences (i.e., it includes buffer 402).
Long latency interface 400 can also illustratively operate ina

25  plurality of different modes. The long latency interface mode has two



In the direct long latency interface node, the ECC function is perforned
by ECC generator 324, located in formatter 322 which itself resides in
control | a¥O082d3188hi |l e the run | ength encodi ng function i sP@geUSarvets by 5
RLL encoder 328 which is located in read/wite channel 316. In the

permut ed node, both the RLL and ECC functions (and the correspondi ng ECC
generator 324 and RLL encoder 328) are located in, and perforned at,
controller 314. Show ng RLL encoder 333 and phantomin FIG 4 illustrates
that it can be located in either controller 314 10 or read/wite channel
316, depending on the particular node of operation. A backward

conpat i bi i byhdRdEnalHeds a AR £{d grithet being S33ernwitel modeli ti onal
non-long | atency interface channels. There are two subsets of this node as

vel | : the did 8« direddoagdatehey peenfacethadedthe BECnesios ifpafarmgd t he sane

as the direct and pernuted subsets_ discusse in the precedin ar agr aph.
In a nati vebyﬁ‘;&gﬁn@@é@ra%2%ﬁ9cﬁt‘?§i%f%mgzgl’{g@cﬁﬁtégifﬁ?sé ‘Fsagépi s g Fong

| atency interfac ith permyted RLL/ECC, 14 | : the RLL
and channel C%‘Fﬁﬁ?%’ﬁ@‘lger%%%’e 8 %%coén%ﬁ%ﬂgi%&l%?% igletsim;’to Ieags to
one addi {1 opaly, dgllial 5hOWniRS: IRaIGRIEAE) wie Bhatilel Bl STistese, refers Lo
the m ni rumincrenent nunber of bits operated on by the iterative or

parity code paemetad Biodd) bottatineRLE bod E@Cifsncissamieddtthat the iterative
codes will have a | arge code word conposed _of an igtzge)gral nmul.ti pl e of the
1

! ELZ ] [nl gln m ﬁgfnggz@m%gg Eoﬁlf gerepBes82bard Bod1¢uuyeies 528) arerReatsi dRent
and per ormed at, coﬁg%ﬂg% gcféﬂtscho%ing RLL encoder 328 and
phantom in FIG. 4 illustrates that it can be located in either controller 314

10 or read/write channel 316, depending on the particular mode of
operation.

A backward compatibility mode allows operation of controller
314 with traditional, non-long latency interface channels. There are two
subsets of this mode as well: the direct mode and the permuted mode.

15 These subsets are the same as the direct and permuted subsets discussed
in the preceding paragraph.

In a native mode of operation, it is assumed that the interface is a
long latency interface with permuted RLL/ECC. Itis also assumed that
the RLL and channel word lengths are independent of one another. This

20 leads to one additional definition. The term channel word, in this sense,
refers to the minimum increment number of bits operated on by the
iterative or parity code generator in channel 316. It is assumed that the
iterative codes will have a large code word composed of an integral

multiple of the this minimum increment.



configurations of interface 400 for enhancing operation in one or nore of
these nodes. FIG 5 illustrates a first such configuration. In FIG 5, RLL
encoder wWO082®18% | ocated in formatter 322 in control |l er BAWUSH®64hat a bus
334 varies in size, illustratively between 8 and 9 bits, during the data
transfer operation. The physical size of the data bus is illustratively the
| argest size of the variation (e.g., 9 bits wide). It should al so be noted
that if the RLL encoder 328 is located in read/wite channel 316, then the
data bus 10 334 can be fixed at 8 bits. The interface clock is sourced by
cl ock generator 326 in read/ wite circuit 316 for both read and wite

operations. The Thd gidsaafinvehtiok ihtludes vatibuetmbbdamantgerri od whi ch
corresponds to the period of either 8 channel bits (8 clock periods used

to clock 8 donfigumbtiens ofinterdace 400dior ehbaridng epeyaiion ia arieeI@Preaes out to
di sc nedia 106) or_nore channel bits. The base period of the clock is
illustrati \ﬁble%em%i@énnel bits, and the period is stretched by one channel

bit for each cy that the interfage s . WM i i i.e., for
each cycle that i%ﬁ?ughgﬁ?r ﬁ%#@?@%ﬂﬂﬁgggégoﬁkgﬁ@ggsﬁ%gﬁé%%xgﬁﬁ by one
channel bi t32‘b8% 162G5d S PERSAtRADLY cBhiroll853I4 ethodaRbus@Bavadiesn t he
signal path by parity generator 330 in read/ wite channel 316. The

cadence Wi tin site, Ghusthatively debwee rndd ks, deeingdthanthtdtrdaster bits is based

upon the code rate inplenmented by RLL encoder 328 in cggéﬁgéler 314. This
cadence is epeatiohl Jherphysical gizsios hadniadrys s dfustratpely $te channel

gé’?’/ tugo g;atz ggat rcl? i:}(iézjgérrigtlicl)r? ze. é:.?g%itrs %i?ief.mlq_ SI’lg{lfde algg' Be \Qgté)dzﬁpa% lfgc%e
RLL encoder 328 is located in read/write channel 316, then the data bus
10 334 can be fixed at 8 bité.
The interface clock is sourced by clock generator 326 in
read/ write circuit 316 for both read and write operations. The interface
clock illustratively has a period which corresponds to the period of either
8 channel bits (8 clock periods used to clock 8 bits of serial data from the
15 read/write channel 316 out to disc media 106) or more channel bits. The
base period of the clock is illustratively 8 channel bits, and the period is
stretched by one channel bit for each cycle that the interface symbol
width is 9 bits (i.e., for each cycle that 9 bits are transferred across the
data bus), and by one channel bit for each channel parity bit inserted or
20 removed in the signal path by parity generator 330 in read/write
channel 316.
The cadence with which the data bus varies between 8 and 9 data
bits is based upon the code rate implemented by RLL encoder 328 in
controller 314. This cadence is also illustratively programmably set in

25  read/write channel 316 to match the controller code rate and force the



same width requirements to both functional blocks 314 and 316 on each
interface synbol in the sequence. FIG 6-1 shows an illustrative interface
cl ock si gwab2/d048 Associ ated with each clock period is areBer206f5 dat a
bits transferred on 5 data bus 334 during that interface clock period.
During the first clock and second cl ock periods of clock signal 404, the
data bus is 8 bits wide. During the third clock period, the data bus is 9
bits wide. Wile cadence shown is ong-9-bit data transfer every third
clock cycle, this cadence will illustratively conformto a predeterm ned
peri odi c cadence based on the 1o code rate being used. Since formatter 322

IS responsi é&ef&fdtﬂ%ﬁgﬁgrr%ts_ WraBkunaiand Hlocksleranidriiédat eachcr oss
interface 402, the formatter inplenents the predeternm ned cadence and thus

swi t ches th@ntéafaaeazmbcﬂmmds’;e@leylce.Fl G 6-1 also illustrates a channel

cl ock signal 408, ich 15 corresponds to the frequency w th which serial
bit data is cl ocKidt. prioshowean ilstrativerdaify Ce§i‘§ q%gﬂ?clé@4nedi a 106.

Interface cl ock signal, .404.i shown, havij ficr i |40 8

Cycl esof cHAHERIE DUt s5H opR prov e byRihts cEiagte B LasRfe ol 0 ]
period that 1bék peBBH Wudhe thefisst eockl channel

cl ock 408. gﬁggg?’ggﬁ%%ﬁ%gﬁ%%g@?g 9 giets w de, %he int_erfc.ace cl ock
period nust fgl slcbaticeck paricdeof dydt signél HHeathmedatallosks 3bats widleaddi ti on,
whenever parity generator 330 in read/w.ite channel 3 inserts or renoves
a channel papittingtihe thisdstodkrpaniod, e databusis SamS Wi 1Cad8nes ock

7 aadi 1 on SN 8 gek ooty e rte Sen tEdCe Ry eghf (Xme WL 7L, 7°
across data 1?1%%&%%66:1}7%1198{19%& %%r@&é%H%ﬁ%d%@&‘iédic cadence based on the
10 code rate being used. Since formatter 322 is responsible for packing or
unpacking and transferring data across interface 402, the formatter
implements the predetermined cadence and thus switches the data bus
accordingly.
FIG. 6-1 also illustrates a channel clock signal 408, which
15 corresponds to the frequency with which serial bit data is clocked from
read /write channel 316 to disc media 106. Interface clock signal 404 is
shown having a first period equal to 8 cycles of channel clock 408,
followed by a second period and a third period that have each been
stretched to a period of 9 cycles of channel clock 408. Whenever data bus
20 334 is 9 bits wide, the interface clock period must be stretched by one
cycle of channel clock 408. In addition, whenever parity generator 330 in
read /write channel 316 inserts or removes a channel parity bit to or from
the data stream, the interface clock period must be stretched by one cycle
of channel clock 408, which may be in addition to a clock stretch

25 associated with a 9-bit data transfer across data bus 334.



-13 FIG 6-2 illustrates this rel ationship anong channel clock signal 408,
interface clock signal 404, and the width of data bus 334. In this
enbodi mrewQ of/axiedtter 322 is illustratively programred toPCDURM/2064N a
synbols (bytes), allow ng accurate representation of the track format in 5
units of nedia bytes. However, because read/ wite circuit 316 is adding
parity and/or RLL bits to the data to be witten to disc nedia 106, and
because the data bit rate into read/ysite circuit 316 is equal to the data
bit rate out of the read/ wite circuit 316, user data will accunulate in
read/ wite circuit 10 316 during a wite operation. Therefore, this

configuration reguGr 82 illpafrateb Hiib @élaﬁ@ﬂshi@%n&@ch@nﬁelmgmd in
read/ wite channel 316. This nethod allows the controller greater tinme

bet ween wri %68 tinter$dcerdodlosiged] 404 parid theawidithsefcflpsnbus 88t ofn thipot her

enbodi ment of the present inventiqQp is simlar to that 15 shown.in FIG 7,
except that CRHROGMSER; ﬁ@gmagteagf% ’érlﬂH§t.ratWFg]y§Vﬂﬁ’fﬂmme tR coypt media
channel -t o-control l.er, i\nter e i i . i i:de. Al so,
the interfal® 08% ths)a%@?‘&%%oatf?éga&% %ﬁggﬁﬁ?ggéﬁgrt% g%c%%%ﬁ@# 1(rillead/ wite

channel §16ufrﬁﬂ's &%@dfaq%qegnd wite operations. However, in this
enbodi nent, the interface clock signal has a period of either 8 or nore 20

channel bits. Thdibaseepdetadeirsad )/ Wuike catii 81§ isaddiagmaritiang/osut t he
period is stretched (as illustrated with respect to |bock sign | . 404 in
FIG 6-3) WRLIoh#sénshmdrtagpbempiittensp discanadin 108 #1g berauseile 9efd i nsert ed

channel 316 PG B3EaC (R SR b 17 b S I B B ERFNE 1T o o
by RLL encoqgrq 2Btk icatF16) dRf dRldwall abfuhBRUé W idetl/Ghamgtcudd 6. This
10 316 during a write operation. Therefore, this configuration requires that
buffer 402 (see FIG. 7) be provided in read/write channel 316. This
method allows the controller greater time between write transfers to set
up for a subsequent sector.
Another embodiment of the present invention is similar to that
15 shown in FIG. 7, except that the clocking is different. The symbol width
of channel-to-controller interface 410 is again fixed at 8 bits wide. Also,
the interface clock is again sourced by clock generator 326 in read/ write
channel 316 for both read and write operations. However, in this
embodiment, the interface clock signal has a period of either 8 or more
20 channel bits. The base period is illustratively 8 channel bits, but the
peribd is stretched (as illustrated with respect to clock signal 404 in FIG.
6-3) by one channel bit for each channel parity bit that is inserted or
removed in the signal path by parity generator 330 in read/write
channel 316, and by one channel bit for each RLL bit inserted or removed

25 by RLL encoder 328 in controller 314 or in read/ write channel 316. This



WO 02/ 03188 PCT/ US01/ 20645 -14 cl ocking nethod allows formatter 322 and
controller 314 to be programmed for clock timng with respect to user
bytes. Ayadn2/03iBe difference in data rate between the che@hERetwessedi a
interface and the channel-to-controller interface is acconmodated by speed
matching 5 buffer 402 in read/ wite channel 316. However, because

read/ wite circuit 316 is adding bits to the data to be witten to disc
nmedi a 106, and because the interface_%_ock and the channel clock are fixed
relative to one another and the interface clock corresponds to 8 channel
bits, that neans that the channel-to-controller 1o interface data rate is

hi gher tharusél@n%mémsaa11@wmﬁﬂa&@tazz ah@ conffbiectore,bd hi s requires that
buffer 402 be provided on read/ wite channel 316. This allows the

controller égbgedmmddMChekmmg/wvﬁiﬁHespeqﬁgﬂléest’@ssétgaﬁb ther a subsequent
sector. illustrates an enb &1 nt o{ not he nnel %ﬁ-control | er
15 |nterfadhff¢2@1¢ﬁn&]@€%¥%i9h€’€N%Q ;&E‘F‘ﬁ‘@ 't(éfft%ﬁ"i‘ Sef ang Present
invention. Sim aresmla ngﬂ in the
previ ous F.fg\ﬂ@éﬂq 'EOI& l%én’%eéteaﬁetl%a%%nglﬁ\ ﬁ%pb};glh an tc:ﬂela wite
channel kOth&iddien e di rect ECC/ RLL node or pernuted

ECC/ RLL rmgj@ﬁ&@%q% %Wre‘gﬁloz In read/wite channel 316. 20 In interface
420, data bus 33Mohases Yecxest raady Writewtrcuit 316 i§ adding bits teethedatah of the

ECC synbol s generated by ECC generator 324 in the forira ter 22 of
control | er @®ilkde wsittsm ta @mmedﬁylf?@ rodibesengeihy igtertnces ts. The

\F,)Mhéf Ihf:al buc annei Qloci( Iagg %1 re a’l1¥e & toﬁg %ﬁo’}he% aquﬁg intef4RE Efo%ﬁ ECC synbol

corresponds to 8 channel bits, that means that the channel-to-controller
10 interface data rate is higher than the channel-to-media data rate.
Therefore, this requires that buffer 402 be provided on read / write
channel 316. This allows the controller greater time between write
transfers to set up for a subsequent sector.
FIG. 8 illustrates an embodiment of another channel-to-controller
15 interface 420 in accordance with another embodiment of the present
invention. Similar items are similarly numbered to those shown in the
previous Figures. It can be seen that controller 314 and read/write
channel 316 are configured for either direct ECC/RLL mode or ‘
permuted ECC/RLL mode, with buffer 402 in read/write channel 316.
20 Ininterface 420, data bus 334 has a fixed width, but it is fixed to the
width of the ECC symbols generated by ECC generator 324 in the
formatter 322 of controller 314. Such widths may illustratively be 8, 10 or
12 bits. The physical bus width illustratively matches the widest
expected ECC symbol width.



WO 02/ 03188 PCT/ US01/ 20645 -15 As with the previous enbodi nents, the
interface clock is sourced by clock generator 326 in read/wite channel
316 for hodh2/o3a8kl and wite nodes and has a vari abl e perpPoUUSTI645ase
period illustratively corresponds to 8 channel bits, but the period is
stretched (as illustrated in 5 FIG 6-4) by one channel bit for each
channel parity bit inserted or renoved in the signal path by parity
generator 330 in read/wite channel_ﬁ%G, and by one channel bit for each
RLL bit inserted or renobved in the signal path by RLL encoder 328 in
controller 314 or in read/wite channel 316. This clocking allows the

formatter 322 i QR @l drAbA@nken B Pah ARG ClbckdyBbutesdr dat a
byt es. Agai n, thpéggliqtﬁerSe ncgﬁf&n& data rate between channel -to-nedi a

interface IbHe cehaars 3260naeatly eirite chanmldlbdoeboth mwedamdbwaited by speed
mat chi ng buffer 4%2. In this enbodi nent, since a major fuynction of the
formatter imotles andbaravariable peipdn The berepeded illusrativelduces t he

conplexity of the 15 fgrmatter, . reat deal ..Als ihn,Q i t.rative
embodi ment , CHHSPERES te g&ﬁ%?ﬂg@lfss %Pfﬁ‘uf’s??ré?‘f‘l \lﬁeﬁtﬁ}&m%&l ‘(arffgaﬁsk!é%eé? 8ol omon
t echni que 0, S i j ; Wi t he w dest
expect g:‘} Rzlgg;'%églbg]an%ﬁe Q@%g%?ﬁ%%gf #&?‘%@%Pﬁgﬁ Biﬁr%ﬂ%éggeo?ggnce with the
present i NVimhdwid inSthe 20rEdl fﬁa'tl@b?ztpartt?%bnsi‘mw(%% trirendgpetite to FI G 8,

except that the clocking is different. In this enbodi ment, data bus 334
al so has a dliared] 96jand yhondchamndl biider each RELpiginsesedigraemavedol | er' s

gener ator smetesiibiet Bidldnancadarces aabolfiB ey R affihtfhan i ng
stretched, élbaennie%fé.f Phis c%c%ﬁl%g allows the formatter 322 in controller 314 to
10 bé programmed to count user data bytes. Again, the difference in data
rate between channel-to-media interface and the channel-to-controller
interface is accommodated by speed matching buffer 402.
In this embodiment, since a major function of the formatter is to
add ECC information to the data, this reduces the complexity of the
15 formatter a great deal. Also, in one illustrative embodiment, the ECC
technique is illustratively the known Reed Solomon technique and so
data bus 334 is illustratively as wide as the widest expected Reed
Solomon symbol.
" Another embodiment in accordance with the present invention is
20  similar to that shown with respect to FIG. 8, except that the clocking is
different. In this embodiment, data bus 334 also has a fixed width, which
is fixed to the width of the controller's ECC symbol. Again, the interface
clock is illustratively sourced by clock generator 326 for both read and
write modes. However, rather than being stretched, the interface clock

25 has a period in channel bits equal to the ECC symbol width in bits. In



25 has a period in channel bits equal to the ECC synbol width in bits. In
WO 02/03188 PCT/ US01/20645 -16 other words, if the ECC synbol is 8, 10 or
12 bits waeoxbe interface clock period is 8 10 or 12 eaBbAel206450Ck
bits, respectively (as illustrated in FIG 6-5). This clocking allows
control |l er-to-channel data transfer to occur in wunits that avoid bit
padding. Again, the difference in data rate between 5 the channel -to-nedia
interface and the channel -to-control | interface is acconmodated by speed

mat ching buffer 402. Yet another embodinent of the present invention is
simlar to that shown in FIG 7 in that the data bus wdth is fixed and

the interf%ﬁﬁeﬁéveﬁ&,imt%@c@s' 1561 iD8SE) Merd s wilewakerintetfiee tiockr f ace

c! ock period can be 10 stretc ed. The data bus is illustratively fixed at 8
bits Wlddg, p’tfiidcﬁithEO oph@shaaheluisclknbids, respigéivaly ahdllusiraetlan&lGl ock is
sourced by clock generator 326 in read/ wite channel 316 for both read
and wite rpoesThiagpcking alows iC@Htr@ﬂe%FQ'ﬁ]é%mEF?@@t%ﬁBSf@ﬁé‘h REFUBNts. The

base period il lustratjyvel orresponds, tg. h i - b
stret ched B&}“B"rfga*igv@ﬁatﬁﬁggdaﬁg‘f égaﬁ’a@iﬁe @ﬁ%ﬁ%%‘faen e‘{%tgg’é?‘? ]?é;%%qua:] edﬁndancy
bit insert ecﬂF%flﬁnﬁQ%yI?@diepirﬁgﬁa@ Ind IHEABRKI-&RGAWIEE Busliaiiel circuitry
316. Thi's <clocking alTows the controller's track formatter 322 to be

programed dclomnibditbddsy byé@bmattigngdtdferd02. at the channel -to-nedi a
interface and channel -to-controller interface are thus identical, allow ng
easy 20 i npl enenYettarmtherf embedbaerief theopgratinyentiqn jspiilatipthatannel 316

Gt chi g BV a7 Y ek ghe dah i Wi bt ek RGP DR oy nc
mark det ecty on, GHANEMRse PelRBVEEA2GL AL kntbAhEe WBLL PetBAUalDbe Wi LI Ng
10  stretched. The data bus is illustratively fixed at 8 bits wide, as is the
physical bus width. Again, the interface clock is sourced by clock
geneérator 326 in read/ write channel 316 for both read and write modes
and has a period of either 8 or more channel bits. The base period
illustratively corresponds to 8 channel bits, but can be stretched by one
15  channel bit for each channel RLL, parity, or redundancy bit inserted or
removed in the bit stream by read/write channel circuitry 316. This
clocking allows the controller's track formatter 322 to be programmed in
interface bytes. The data rate at the channel-to-media interface and
channel-to-controller interface are thus identical, allowing easy
20 implementation of the backward compatibility mode. The channel 316
may also illustratively stretch the interface clock cycle while source
switching into and out of the read data recovery mode and/or over sync
mark detection. However, the average clock rate while reading, writing

and in idle is the same for format counting purposes.



and inidle is the sane for format counting purposes. WO 02/ 03188

PCT/ US01/ 20645 -17 It can thus be seen that the present invention provides
a nunber w@h2/ei1g§ er ent enbodi nents or configurati ons of aPCT/US01/20645

channel -to-controller interface in which the data bus width and cl ocking
are configured to acconmodate one or nore different operating nodes. 5 The
present invention includes a channel-to-controller interface (CCF) 402,
410, 420 in a disc drive 100 having a4disc 106 for receiving data during a
wite operation and providing access to data during a read operation. The
data are transferred along a data path and is transferred to and fromthe

disc 106 as seriglafdghfs Bk sBe®thatlthé Eré&"eﬁt’irﬁ%ﬁbﬁ providiRRehurhBet 0- nedi a
(CM clock 408. The disc drive 100 further includes a disc drive

control | er differehteernbadimentser (cBhiifurdmmseif a3hannehteomtestbadi ment, t he
interface 402, 410, 420 includes a data bus 334 having interface synbols
t r ansf er r edint¢réreedperhichndresdnta hus widdeand clpckingar \ggded fom t he CM

cl ock 408 and havia a vari abl eﬁ‘gﬁ;ri od. 15.the ﬁgri od being varied based on
bits added $SOBFP PF BIRTE FHESNLOPERERE TRE®YHat a path by the W

channel 316. In ?ﬂéggg%&@gﬁ%mm%m & raeReLtREéntter ifQG¢er r esponds to

an integer nunber peri ods 408; and wherein the interface cl ock
404, 406 i s(QCIRUOReL(hY20ne adibcdtek]pRhividgaadisc 106oraebéivirigs added to
20 or renoved fromthe data by the R Wchannel 316._ I|n another enbodinent,
R W channetlataidBuiimg howikite apgrationandgenowidingracess tarladhdysingraead parity

(t;in'és ’CMO£| ngﬁ%g%g% ')ﬂ{g&?pt@% t‘%@\rr]l%fer}'erg a%Lg %ede{;c.la %%t 30 f98stkeqt " et ched by
to and from the disc 106 as serial data at a bit rate provided by a channel-
10 to-media (CM) clock 408. The disc drive 100 further includes a disc drive
controller 314 and a read/write (R/W) channel 316.

In one embodiment, the interface 402, 410, 420 includes a data bus
334 having interface symbols transferred thereover, and an interface
clock 404 derived from the CM clock 408 and having a variable period,

15 the period being varied based on bits added to or removed from the data
along the data path by the R/W channel 316.

In one embodiment, the interface clock 404, 406 corresponds to an
integer number of CM clock periods 408.and wherein the interface clock
404, 406 is stretched by one CM clock period each time a bit is added to

20  or removed from the data by the R/W channel 316.

In another embodiment, R/ W channel 316 includes a parity
generator 330 which generates parity bits, or redundancy bits, and the
interface clock 404, 406 is stretched by one CM clock period each time a
bit is added to or removed from the data by the parity generator 330.



bit is added to or renoved fromthe data by the parity generator 330. WD
02/ 03188 PCT/ US01/ 20645 -18 In another enbodi nent, R Wchannel 316

i ncl udes vam ozomaskler 328 wherein encoder 328 adds bits toPa@n@SeRwBises bits
fromthe data during wite and read operations, respectively. The
interface clock 404, 406 is stretched by one CM cl ock period 408 for each
bit added or 5 renoved. In another enbodi nent, controller 314 generates
error correction code (ECC) synbols | g§ed on the data being transferred
and wherein the data bus 334 is fixed to the width of the ECC synbols 312.
In anot her enbodinment, the interface clock period 404 is fixed based on a

width of 1o the{n%tﬁ)éﬂ@ﬁ{b%dlﬂn@nvwwwhﬁﬁél BEeeh IR b cddbderl S T ecei ved

by the disc drive controller in uni'ts having a user byte width and wherein
t he data bua8 whefdixegcbdet 328 ackdrbityytioeanwl winhovdsrbitt firbin thaakakeer enbodi ment,
controller 314 includes a formatter 322 that generates the_interface
synbol s wi tduring veiterand fepskopsrations, wespastiyglye dl gmint @M@G&W%d encodi ng

functi ons for at h data bus 334 is
fixed to lﬁﬁffé‘%?e 3%2%? R 4 4 8%@&%5& the disc drive
controll t§$ludes encoder 328 and the RFWchannel 316 includes a
speed matchl ng fer 20 402 in the data path. In another enbodi nent,

drive control | erirdddothee kutirslimRagdentrdl8r 3Bhgeridiatedaiwrivosred@dnhas a
variable width, the width being varied based on a code rate of the ‘encoder
328. The da¢<aid)(|E§Z@Bsymholsdmse onithe data being transferred and wherein the
data bus 334 is fixed to the width of the ECC symbols 312. In another
embodiment, the interface clock period 404 is fixed based on a width of ‘
10 the ECC symbols.
In yet another embodiment, data is received by the disc drive
controller in units having a user byte width and wherein the data bus is
fixed to the user byte width. In still another embodiment, controller 314
includes a formatter 322 that generates the interface symbols with an
15 interface symbol width based on redundancy and encoding functions
performed along the data path, and wherein the data bus 334 is fixed to
the interface symbol width.
In other embodiments, the disc drive controller 314 includes
encoder 328, and the R/W channel 316 includes a speed matching buffer
20 402 in the data path.
In another embodiment, drive controller 314 includes encoder 328
and the data bus 334 has a variable width, the width being varied based
on a code rate of the encoder 328. The data bus 334 varies in width

according to a cadence determined by the disc drive controller 314 based

25 on a code rate of encoder 328.



according to a cadence determ ned by the disc drive controller 314 based

25 on a code rate of encoder 328. WD 02/03188 PCT/ US01/ 20645 -19 In one
enbodi merwQ 02/6338% nt erf ace cl ock 406 varies by one CM cl oR&T/p&¢t/29c45each
time the data bus 334 changes width according to the cadence. In another
enbodi nent, the disc 106 has data stored thereon in 5 nedia synbols, and
wherein the interface synbol wwdth is fixed to a nedia synbol width of the
medi a synbols.- In another enbodi ment, johe period of the interface clock is
fixed to a nunber of CMclock periods required to transfer a media synbol
havi ng the nedia synbol width. It is to be understood that even though
nuner ous char act B{ baé ehodifeat)dhatttaith@gedoclolly aniiesiby enbaivinent s of the

i nvention have been set forth in the foregoing description, together with
details of tloek periodtaach tinnathd datattived3dchengeowidtbrassaidingtathd t he
invention, this disclosure is illustrative only, and changes nay be nade
in detail, Fally in matters of structure and arrangenent of parts

W thin the pri nC![IE!’:lSS%I%];‘ err%oso%i&%nwtﬁg %tcg;o%;iﬁagt 20 stcfed Bﬁ%gﬁin ext ent

indi cated by the"Droad genera nEani ng _ erns in t he appended
claims ase gxRfigs ﬁfﬂ)olsfailad OHERR fhe ihhefRBIY MYl avideh enprddstomy vary

dependi ng on the particular application for the interface while
mai nt ai ni ngnsadis sambohmtigith betheanmediafsyndidleonkd angther embodimepathe ng from
b beoh 20 BagoR dithe Ttertace otk i fixed fo a Murnber of CM Aotk periode
required to transfer a media symbol having the media symbol width.
It is to be understood that even though numerous characteristics -
10 and advantages of various embodiments of the invention have been set
forth in the foregoing description, together with details of the structure
and function of various embodiments of the invention, this disclosure is
illustrative only, and changes may be made in detail, especially in
matters of structure and arrangement of parts within the principles of
15  the present invention to the full extent indicated by the broad general
meaning of the terms in which the appended claims are expressed. For
example, the particular elements may vary depending on the particular
application for the interface while maintaining substantially the same

functionality without departing from the scope and spirit of the present

20 invention.



WHAT IS CLAIMED IS: 1. A channel-to-controller interface (CCF) in a disc
drive having a disc for receiving data during a wite operation and for
provi di ngv@ovexss to data during a read operation, the daPersiwRye4s
transferred along a data path and being transferred to and fromthe disc
as serial data at a bit rate provided by a channel-to-nedia (CM cl ock,
the disc drive further including a disc drive controller and a read/wite
(RFW channel, the interface conprisiagg: a data bus having interface
synbol s transferred thereover; and an interface clock derived fromthe CM
clock and having a variable period, the period being varied based on bits
added to or weiwyeslCihrxIMEDgsSdat a al ong the data path by the R Wchannel.
2. The CCIF of claim1l wherein the interface clock period corresponds to
an integer nunber of CM clock periods and wherein the interface clock is

tretched b | ogk ' h ti Lt i dded t d
1 om e datla. by A RORICRpERRRADES Tuerisrl el ior eV S TakBeER n tho R w
h | incl j 1 i 2k bi t
From the daioapa tsRavie et RS £l E2bePaih M for AATEHRRIRESS G o1 ock

period each thida auﬁhg d ﬁadﬁ%@?&’ci&r@, the daenbuiag tiareletddaliaigea bytat he parity
generator. WO 02/03183 PCT/US01/20645 -21 4. The CC F of claim2 wherein
the R W chamthlanddusnghdnsfenmedds andfonddhecdishas seriad dateatiabi rafd wher ei n

Fodundancy imovidecbreaheparto meary (WF ot e HisPERV SR ARE" 11T 2

" including a disc drive controller and a read/write (R/W) channel, the

interface comprising:
a data bus having interface symbols transferred thereover; and
an interface clock derived from the CM clock and having a
variable period, the period being varied based on bits
added to or removed from the data along the data path by
the R/W channel.
2. The CCIF of claim 1 wherein the interface clock period
corresponds to an integer number of CM clock periods and wherein the
interface clock is stretched by one CM clock period each time a bit is
added to or removed from the data by the R/W channel.

3. The CCIF of claim 2 wherein the R/W channel includes a parity
generator that adds bits to and removes bits from the data and wherein
the interface clock is stretched by one CM clock period each time a bit is

added to or removed from the data by the parity generator.



removed fromthe data. 5. The CCF of claim2 wherein the RI Wchannel

i ncludes an encoder and wherein the encoder adds bits to and renoves bits
fromthewaoar/esistiring wite and read. operations, respectP@BU§I/2a45 wherein
the interface clock is stretched by one CM cl ock period for each bit added
or renoved. 6. The CCIF of claim2 wherein the controller generates error
correction (ECC) code synbols based on the data being transferred and.
wherein the data bus is fixed to a widpft of the ECC synbols generated. 7.
The CCIF of claim2 wherein data are received by the disc drive controller
in units having a user byte width and wherein the data bus is fixed to the

user byte V“'?.th- Phe C08F GELRIAN2 HHREENINWRIVEICRahAE L dstaril tatfioeant rol | er
includes a formatter that generates the interface synbols with an

interface syphindancibits basesddat aretiwibdasinthairteracodonk i simetcheds
perfornmed along the data path and wherein the data buys is fixed to the
interface syhpene Gildlork papiepeady gmepardusdenonbygs addeddo ofhe cCl F of
claim1 wherein the disg drive controller includes an encoder and wherein
the R/ Wcha?ﬁ%@?v?cﬁf:rp{fﬂ t8peed matching buffer in the data path. 10.
The CCIF of claim2 wherein the disc drive controller includes an encoder
and wherein the data bus has a variable width, the width being varied
based on a cgde rahe (UFtdIRlLACD diereihlthe RYGNGBabnef inclademakd wherein the

data bus varies in width ) .
encoder and wherein the encoder adds bits to and removes bits from the
data during write and read operations, respectively, and wherein the
interface clock is stretched by one CM clock period for each bit added or

removed.

6. The CCIF of claim 2 wherein the controller generates error
correction (ECC) code symbols based on the data being transferred and

wherein the data bus is fixed to a width of the ECC symbols generated:

7. The CCIF of claim 2 wherein data are received by the disc drive
controller in units having a user byte width and wherein the data bus is

fixed to the user byte width.

8. The CCIF of claim 2 wherein the disc drive controller includes a
formatter that generates the interface symbols with an interface symbol
width based on redundancy and encoding functions performed along
the data path and wherein the data bus is fixed to the interface symbol
width.



according to a cadence determ ned by the disc drive controller based on a
code rate of the encoder. 12. The CCIF of claim 11 wherein the interface
cl ock vawes2/isdone CM cl ock period each time the data bRET/ARe@ryes wi dt h
according to the cadence. 13. A channel-to-controller interface (CCF) in
a disc drive having a disc for receiving data during a wite operation and
for providing access to data during a read operation, the data being
transferred along a data path and beixg transferred to and fromthe disc
as serial data across a channel-to-nedia (CM interface at a bit rate
provi ded by a channel-to- nmedia (CM clock, the disc drive further

i ncl udi ng aodi sc TheiCEIFcaisiph 1 avherendtle disadtweicoatioRleindhdesnat, t he
interface conprising: a data bus having interface synbols_ transferred

t her eover t leacodartaads whereinthe Ry Wahangelintliuded aspepd majiching buffer wo

02/ 03188 PCT/ US01/ 2064 -23 an interface clock derived fromthe CM cl ock
and havi ng anfig %Faﬂi’é i0od, the RWchannel having a speed matching buffer
to accommpdate for msmatches in data transfer rates on the data bus and
on the CMinterface. 14. The CCF of claim 13 wherein the controller

generates enpor TRICEH bLilaink8G/herde tisydse Usiveasadrdler ifiduded an bei ng
transferred and wherein the interface synbol wdth is fixed to a width of

the ECC syrenobderpenkbwiieeein the dathbuChaga yarigbks width, eswidth haieg i nt er f ace

clock period corresponds to an integer nunber of CM cl ock periods and
wher ei ,E,) t he varied baseg onacoc?e rate of thegenco er. P

11.  The CCIF of claim 10 wherein the data bus varies in width
according to a cadence determined by the disc drive controller based on

a code rate of the encoder.

12.  The CCIF of claim 11 wherein the interface clock varies by one -
CM clock period each time the data bus changes width according to the

cadence.

13. A channel-to-controller interface (CCIF) in a disc drive having a
disc for receiving data during a write operation and for providing access
to data during a read operation, the data being transferred along a data
path and being transferred to and from the disc as serial data across a
channel-to-media (CM) interface at a bit rate provided by a channel-to-
media (CM) clock, the disc drive further including a disc drive controller
and a read/write (R/W) channel, the interface comprising:

a data bus having interface symbols transferred thereover the

interface symbols having a fixed symbol width; and



i nteger nunber of CMclock periods is based on a wwdth of the ECC code
synbols. 16. The CCF of claim 13 wherein the disc has data stored thereon
in medi aveymaBs, and wherein the interface synbol w dt hP€BURIX®MS 0 a
medi a synbol width of the nmedia synbols. 17. The CCIF of claim 16 wherein
the fixed period of the interface clock is fixed to a nunber of CM cl ock
periods required to transfer a nedia synbol having the nedia synbol w dth.
18. A disc drive, conprising: a discp3and WO 02/03188 PCT/ US01/ 20645 -24
interface nmeans for transferring information to and fromthe disc to
accommodat e for various operating nodes. 19. The disc drive of claim18
wher ei n the di scardiritegfaéanclodk elerizvedifsam the CM ebmikamdhaving adiixddhg a wite
operation and for providing access to data during a read operation, the
dat a bei ng transferreﬁelépén@ed{/ﬁ‘éﬁ@an@ﬁlha‘éﬁgabﬂ?%éI’E‘F‘%?%é"f%g‘r“ré@ to and from

the disc as serial data at a bit rate . provid l-10-media (CM
clock, the disc dri Ve%q%?CPHgPOdﬁFFCﬁ%G&“ﬁTS‘ag&}?FE%C%i{?%é‘%g%g?%gf%’gr and a
read/wite (R'W chan daé%sdﬂaggiﬁé@m@ﬁa@@mrisi ng: a data bus
havi ng interface synbols transferred thereover; and, an interface clock
derived fromthe CMcl ock and having a variable period, the period being
vari ed based on bits added to or renoved fromthe data along the data path
by the R W.chabhelCCIF of claim 13 wherein the controller generates error

correction (ECC) code symbols based on the data being transferred and

wherein the interface symbol width is fixed to a width of the ECC

symbols generated.

15.  The CCIF of claim 14 wherein the interface clock period
corresponds to an integer number of CM clock periods and wherein the
integer number of CM clock periods is based on a width of the ECC code -

symbols.

16.  The CCIF of claim 13 wherein the disc has data stored thereon in
media symbols, and wherein the interface symbol width is fixed to a

media symbol width of the media symbols.

17.  The CCIF of claim 16 wherein the fixed period of the interface
clock is fixed to a number of CM clock periods required to transfer a

media symbol having the media symbol width.

18. A disc drive, comprising:

a disc; and



20. The disc drive of claim 18 wherein the interface neans further
conprises: a data bus having interface synbols transferred thereover the
i nterfaceveymmBs having a fixed synbol width; and an i nt RET/ES&/2b45ck
derived fromthe CMclock and having a fixed period, the R 'Wchannel
havi ng a speed matching buffer to accommodate for m smatches in data
transfer rates on the data bus and on the CMinterface.

4.

interface means for transferring information to and from the disc

to accommodate for various operating modes.

19.  The disc drive of claim 18 wherein the disc drive includes a disc
for receiving data during a write operation and for providing access to
data during a read operation, the data being transferred along a data
path and being transferred to and from the disc as serial data at a bit rate
provided by a channel-to-media (CM) clock, the disc drive further
including a disc drive controller and a read/write (R/W) channel, the
interface means comprising:
a data bus having interface symbols transferred thereover; and.
an interface clock derived from the CM clock and having a
variable period, the period being varied based on bits
added to or removed from the data along the data path by
the R/W channel.

20. The disc drive of claim 18 wherein the interface means further
comprises:
a data bus having interface symbols transferred thereover the
interface symbols having a fixed symbol width; and
an interface clock derived from the CM clock and having a fixed
period, the R/W channel having a speed matching buffer
to accommodate for mismatches in data transfer rates on

the data bus and on the CM interface.



