DI SK DRI VE CONTROLLER SUMMARY OF THE | NVENTION An integrated di k
controller chip is disclosed which is designed to read and wri OSL’.L;]
iManchester ("MFM') and Group Code Recording ("GCR') formatted di sks and
ot her 0rmats under programcontrol. According to the present invention
there is provided an inproved disk drive controller for controlling
the transfer of data between a conputer and a disk drive, said conputer

i ncluding a clock for generating clocki ng'1§1 ghal s, an address bus and a
data bus, said controller including read | ogi ¢ means for converting data
received froma signal generated a for placenment on the
data bus, and wite |ogic neans ™ the data bus to a

si gnal for recording on nmagnetic nedla by the drlve said read | ogi c neans
i ncl udi ng nmeans g YIS S 1A received fromthe drive to
conpensate for M wherein said peak shift
conpensati on neans conprises: a) first counter neans and second counter
means for placi ng pul ses asrn priﬂﬁégfﬂt@&d tdeex i nESh‘tﬁbilEEt we&{hﬁsraa%ltlon

in said signal o sai d, dr sal,d predefer time _interv ] belng
det erm ned- by % d"‘H"FEt e s‘g"cﬂtﬂ"%unf'@r Feak WRRR v¥EdEe
gener at ed by salni:mxlm:aﬂea:r éSMEMf'l)ncand)nth\mecbdee RedowmBingr €¥GORS )
transitions in I sa dri sai d t t
Fohabllr! 100 Sad io¥fea N oE S 681 dLALE! goUILEn

means is set with a val ue corresponding t est €X
bet ween t he nextomk¥aleansiti ons and the. second counter

N\

According to the present invention there is
provided an improved disk drive controller for
controlling the transfer of data between a computer and
a disk drive, said computer including a clock for
generating clocking signals, an address bus and a data
bus, said controller including read logic means for
converting data received from a signal generated by the
drive to data for placel_nent on the data bus, and write '
logic means for converting data on the data bus to a
signal for recording on magnetic media by the drive,
said read logic means including means for processing
the signal received from the drive to compensate for
v - the effects of peak shift, wherein said peak shift
compensation means comprises:

~a) first counter means and second counter means for
placing pulses at predetemined time intervals between
transition in said signal from said drive, said
predetermined time intervals being determined by
se.tting-said first and second counter means with values
generated by said computer as a function of the time
between previous transitions in said signal from said
~drive, wherein said first counter means is set with a
value corresponding to the shortest expected time
between the next two transitions and the second counter



~-2- neans is set to a value greater than the shortest expected tinme between
the next two transitions and | ess than the maxi num expected time. bet ween
the next two transitions; b) bound detector neans coupled to said first,
and slecond counter means for counting the nunber of pulses generated g
said first and second counter neans between transitions in said signal
fromsaid drive; and c) first and second shift registers coupled to said .
bound detector neans for storing tm@munber of pul ses generated by said

first . and s 1sCo8EE e rsspe&iﬁaelqeé&&na%snsatﬂeb%f@ ctor

-means to generate peak shift conpensated ses fromsaid nal _from said
drive. BR EF DEZBYGRLtime Iﬁ%&\%ﬁ(‘% d"r%é‘tl %v&rad‘ii‘é"rjt‘?‘bﬁjlaé?d pR%%rn of
I's and O s intiav f ehenmaxingin eefpeetaa Qiade/ i BatWweenk theghaweoftwdie

i nvented contr IIer é?éﬁ”EEB is an overvi ew bl ock di agram of read | ogic

21. Figure 4a §ﬁqﬁ$ dgran1shomnng a portion-of half read 1ogic 41.
Figure 4b is a grabhl cbloumdprdﬂam aweayis t Goupledate geddr fiagusthyand| f

read | ogic 41. nﬁc@ﬂde cdifhtdss m@angrf‘tP'P €8Lnt 168" RS NRAAY 'df Ylisid ng.

particul ar exanpl es of en the si
- generated by said first and " second counter means

between transitions in said signal from said drive, and

c)  first and second shift registers coupled to said
bound detector means for storing the number of pulses: |
generated by said first and second  counters k;)
‘respectively to enable said bound detector means to
generate peak shift compensated pulses from said signal
from said drive. . : '

BRIEF DESCRIPTION OF DRAWINGS -

Figure 1 shows a: particular pattern of 1l's
and 0's in MFM format. - _
Figure 2 is an overview block diagram of the
~ invented controller. . o
Figure 3 is an overview block diagram of read
logic 21. ' _
: ' Figure 4a is logic diagram showing a portion
of half read logic 41, ' :
Figure 4b is a graphical’ "reb'resentation of -
the signals generated by half read logic 41.

' Pigure 4c is . a grapnical“ representation
illustrating particular examples of when the signal
SHIFT is. generated. o SR '

Figure 5 is a detailed block diagram of post
compensation logic 45. P :

Figure 6 is a state - machine .  diagram of
correction state machine 55. o :



SH ET is*generated., Figure 5 is a detailed block diagram of post
conpensation logic 45. Figure 6 is a state machine diagram of
¢orrection state machi ne 55. - 3 - Figure 7 is a detailed block diagram
of errd correction | ogi c 56. Figure 8-izs-an overview bl ock di agram of

wite logic 27 E.j,gyr S athJ i rmigg pt fa transformtion
| ogic 75. Fi gur’é 10 i"sai% e?al eﬁrgéég I'a ramV\%# (?%o%ﬁﬁﬁ%%til%‘n | ogi c
77. Figureldgia $6a detail ed bl ock diagramof half wite logic 79. - 4 -

DETAI LED DESCRI PTI ON OF THE | NVENTI ON Al t hough the present invention uses
vari ous codes for reading fromand witing data to disks, it wll be

described with L@Enmﬁ; utplized codjn chene,
nanely first, gri (g an?llt(:\il%otﬁgoccurs an?ig‘lgﬂne a aa%)n Zﬁ%g gﬂ%{ﬁu%.'zr ed in the

data pattern; and second, a transition occurs between any two adjacent
zero. As shown.in Figure 1, MM code produces a series of 2, 3 and 4 unit
di stances (cel Fi?“ﬁ%t??\é@n‘t bapek [diggrani ot Ivrikesdata transtomatia st ances,

when read fW‘i‘& 782N be

Figure 10 is a detailed block diagram of precompensation
logic 77. - . .

Figure 11 is a detailed block diagram of half write logic
79.



resolved into the actual data represented. Details regarding the readlng
and witing of GCR formatted disks may be found in U S Patent No. 4,210, 959
and copendi ng application Serial No. 943,839. In the follow ng descript+on,

- nunerous specific details are set fosth-such as specific word or byte_ﬁ”

Lo

| engths,__etc._ ‘EROVIde a tQﬂFO 1p Hgo-rstandlng of the present
ARRAN 2

i nvent i SETALLEL 8 one skifled in the art that t he
present inv QRgHEINS ﬂg&gﬁ%lgﬁggﬂgiggogg s Yari®asc Qehdi|'s...1ln ot her-
I nst ances, QGFP knomn cﬁ$CU|ts have been s own |EB§ b&i dlagran1forn1in :
order npsading!fronr and m#h:lagedatn rhee nlﬁ.lhn ¢ 11t wilache sdescxdbedi With/FM
Sector Fornmat The cgnce of . writin 3 and 4 unit cells provjdes the

mechani ¥ffexenga &0 the %fi"?‘ﬁ‘?% é’tté é?ﬁl GRAINg RCchApe B2RELYX  But
Lhere Migholstae eamm%‘i‘or §3ihe Idge fk%;.aﬁan%:ﬁe ggei fic group

of data can ocated |s I S on y Wit ata in a sector
f ormat . t&rs’eptmltnauts&xs uﬁcui-b any risat that vdictie 4kl encountezedrihl er to-
find the start of - 5 - the sector, 2) details about which sector is

bei ng r £h# dafa pattara; o@wesnedd.wr@ss'e#% qosHas hetwaen ANY B¥% | s

being r s S a )1 € fg hhe sector,
and 6) gé@?l caif ﬁ% hndar%/ eck*‘f%%r rb tec# gp‘;l rﬁ;or%at I on. Tabl e

1 showssabtesd rc@alzl zat and ofmﬂn Nétamant QeeﬁrﬂBlb'itinw tfinsi¥tibhs
DATA WRI TTEN * 80
which, based on the these distances, uhen read back, can be

resolved into the actual data represented. Details regarding the ' g_;

reading and writing'o:ﬂGCRﬁfofmittcd diik§4nay be found in U.S.
Patent No. 4,210,959_and copending application Serial No.
943,839, | . |

In the following description, numerous specific details are
set forth such as spﬁcitie word or byte lengths, etc., to provide
a thorough understanding og the present invention. However, it
will be obvious to one skilled in the art that the picsent :
invention may be praé;iced without such specific details. In
other instances, well known circuits have been shown in block
diagram form in order not to obscure the present invention in

unnecessary detail.
MFM Sector Format

The concept of writing 2, 3 and 4 unit cells provides the
mechanism by which the data is translated and written qn'the
disk. -But there must be some nethéd for organizing the data so

~ that a specifié gfoﬁp of data can be easily located. This is
done by writing the data in a s#ctor fornﬁt. A sector consists

ot'l) information which allows a controller to f£ind the start of

*



*

* 12 , 00 TRACK ID * 3

C2('|Vark Byt e) - * 1 FC (I ndex Mark) * 50

AE 12 00 3 Al (Mark Byte) 1

FE (I 5% ddr ess Mar k) SECTOR I D 1 | ~ TRACK NUMBER 1
S| DE NUMBER 1 SEETOR NUMBER 1

SECTOR LENGTH 2 CRC | NFORVATI ON 22

AE 12 the sector, 2) details) about which sector is bcingpg_qma.rsn Bhieh DATA |
FI ELD S 256
DATA 2 sidd of the disk is beeﬁe rmm%m& s Nﬁo:@g read (a AE **

1- track is a group &£ sectorS); %) thoThlﬂﬁQub)ﬂte%hiri‘ccﬁiﬂxy whatéen at
t he begl nni ng of _a track. These bytes are only witten at the end of a

track. S%“GP‘FEY aﬁﬂ?‘&at‘ﬁkﬂ arFopydetection dptoxmations each
sect or a | Kk consi sts of a-nunber
of bytes g.?.b%t f%em eC| ﬂ\%ﬁ s‘g\%‘ ggﬁ E'o{ﬁq%ér zone between regions

of neani ngful. informtion. The next_m in the pattern

NO. OF BYTES DATA WRITTEN
* 80 4B
* 22 | Y
- TRACK ID * s C2 (Mark Byte)
« 2 | FC (Index Mark)
*+ 50 S aE
12 - 00
3 Al (Mark Byte)
1 FE (ID Address Mark)
SECTOR ID 1 TRACK NUMBER
1 SIDE NUMBER
1 SECTOR NUMBER
1 SECTOR LENGTH
B 2 CRC INFORMATION
22 B 4B
12 | . 00
-3 o ' " Al (Mark Byte)
DATA FIELD 1 | | FB (Data Address Mark)
256 ' DATA
2 CRC INFORMATION
54 - 4E

ET I TS 4E



that aré wwitten are twelve bytes of zeroes (2 unit cells), known as the
bytes of zeroes". These bytes are used to | ocate the beginninhg of either a
trackf a sect.or ID or a sector data field. Fol | owi ng the bytes of zeroes
are three mark bytes. A nmark byte is- & speC|aI byte containing a patterhn
whi ch V|0Iates the asi c rules of ssing transjtion).
This ill8gal ef ar® PELY % ﬁﬁdﬂlﬂ 3\”395}' & $¥2Ckort ant
functiongg fi r.ﬁt“.sh% %‘t& & Cenl leal Béta f&c#&/vs the bytes of
zeroes, it serves .as-veri catlon t at the zeroes are indeed the begi nni ng
of a tranktesanieoeebﬁonrzm mﬂodathtﬁddebyltmchreoteﬂeead Ifoxr each0's) in a
data field and second, the mark byte provides a reference point or ..
sychronlzatloﬁﬂqqﬂhﬁmliﬁnFﬁg'NFM rules may be applied to decode the data.
(W thout synchronizing on a known pattern,~it is inpossible to tell the
difference beofrieepRginiing ez af tiadk Wi s@ctdsi cthalsts 62 )a %&Sirto‘f mar k
byte, the next byte encountered in the fornmat -pattern is't I nf or mati on
byte. Thbytesmtef 48 &s (hexidesdmal yivhichheeies asa budfen dsgienbetweshi s t he

track inforpat th LD_or, th tor_data figld. Th t four
byces | nERLo Ak, peRR A p Pty Rt Bifeb G e Pecie) nﬁ‘é%er

and sect Qﬁeteiﬂ RrestE8n Nénd 86108 Byted b2 §¥fode35(|2 Eﬁﬂt‘ NERANSY , CRAEGIS OF

bytes which are used to detect errors according to well-known technlques
- 7 - Weh the thytes oﬁnu;;;tee"of These\/Bytpat axs usaddtdFRoaate the in m nd,

D, a5 o SUEhF  Crneh, 4 SRS r gL I npSkot ddsarBaBS. >
i nterfac ?BﬂlWIHb TR Bgtes Ys zeroee are three mark bytes. A mark byte

is a epeoiel byte containing a pettern uhioh violetes the beeio
rulee of MFM (i.e., hee a niesing transition). Thie 111ege1
pattern can be recognired, and providee two very important
functions: firet, einee 1t is always in the bﬁte that follows the
bytes of zeroes, it eervee as veritication that the zeroces are
indeed the beginning of a treok, sector ID or sector data field
and not data (1's end o'e) in a data field and seoond, the mark
byte provides a referenoe point or sychronization from which the
MFM rules mey be epplied to decode the data. (Without
eynchronizing on e known pattern, it is 1npoesib1e to tell the
difference between e etring of l'e and a etring ot O'e.) .After
the mark byte, the next byte encountered in_the format pettern'ie
the information byte. This byte is used to determine Hhetner the
region being read is the track information, the sector ID, or the
sector data field.  The next four bytes in the sector ID contain
the track number, side number, sector nunber_end.eector length.

The next bytes are the cyclical redundanoy oheoke or CRC
bytes which are used to detect errore according to well-known

techniques.



.3 .

‘An overvi ew bl ock | evel diagramof the invented controller is shown in
Figure 2. Controller 11 conprises register block 15 which serves as an

i nterface between the processor and the controller logic; interface |ogic
16 whiYeh serves as an interface betweer ¥he controller and one or nore disk
drives; clock logic 17, which generates a signal TCLK used by the

controller fro e m %%wﬁe t 9&.{ eﬁ,{%) el - Ic 21,
FI FO, CRC and ?%r P?)*gic }{ write (Ii)’gi gﬂﬁ ; a%gtgé%ne emffﬁa.ﬁ%he :
devi ce sel fivtmindgnthe Fhctishshend atruttdrd\os thepineatad controXier for the
controller to utilize the ikgnals on address lines AO - A3 and data |ines

DO - D7. TWHll Hiow be| st forths changiy, bow 1t handles the, prebleps ORESET,
Regi st . Begli | ' i whi ch . b
rocessed pefdinty: GEULRS and Shkedeb ANDULEN N FEBLBAEES. (T O MY D

registers are p@dvepview B1Gek1EveY idiagoah o thes tiveritied EoAtFOTlere. | N
this connection, froma software point of view, there are a total of

si xt een ei {mishovn ipgFigure; 2as Centupiderdil £omprises registerploak 15ar k

pararet or VR MaSvE o WL IRFEHIGT bathBRE) bbb BN )| "Lt I
regi ster (&oRt¥oXleirclogieydntakease Acyier 16 Akth s8PVes (M0 an! EAt&FaRRS

(wite); node register ones (wite); and read status register (read).
Dat a Regi sbetvwamn: that gontxpldesr apd ane- or| yoxe idisk Acivesyslockslegdsi from

o 11000 O SRGf o add% i oblesbrTRE eR bl o7
~ signal FCLK generated by the processor; read logic 21; FIFO, CRC
and mark logic 24; write logic 27; and parameter RAM 31. The
device select signal DEV must be asserted by the processor in
ordcf foi the controller to utilize the -ignais'cn address lines
A0 - A3 and data lines DO - D7. The controller is =

reset whenever the processor asserts RESET.

Register Block 15

Register block 15 comprises registers which nay be accessed

Sy the §r6cessbr and by the'controiler'logic.' Some of the

\*’ registers afa raad only, some are write only and some are
rdid/write. In this connection, from a software point of view,
there are a total of sixteen eight bit regiétérs as follows: data
register (reaﬁ/write): mark reéistir'(féad/writd): error :cgister
(read) s wr;te CRC register (wfite)i paraneter data registef
(rcad/writo): phase register (tead/write)z setup register
(read/write) ; handshake register (read):; mode register zérdeg
(ﬁrite): mode register ones (wr;td); and read status regisﬁer

(read).



regd fromthis |ocatton when Action (data bit 3 in the node register) is

not set,
regi stfer

regl ster

bytes. Witing to this location wll

be read

i nf or mat igpem oo Wxdttynctofa’ @ITFOr inEErdia CROCANA etk Lbghey2af TEsabits are

set, an

bel ow. CRMBEXP¥te F‘Bi’tf% tﬂéénlg%ﬂ

t he regi
to cl ear

will provide two bytes of error correction information. . Th

e

_ is set up to toggle between the two bytes on successive .reads,=~.
thus providing both bytes of information. If there is still valid data
to-be rad when Action is not set, it ~&h be read by reading the mark

wi t hout cau5| ng an .error egl ster ocat I on provi

error. fag will be . set.in the Qendshake regi ster as describe

S regi ster. nust pr

Data Reqistexi or This location is used for readi ng and. writing mark
cause t he n1ssing'transition bet ween

two zeroes tqngpqﬂ mmﬁr%rror 188 RS yﬁl b & mark byte to

des

d

O 8P HRXTQ F&F-lb??%n Be set until
L e

eglnnlng a read or wite

. oper at i ozegibtexjodn hbt utpmmanﬂrovnm twochgted @f evror | dorwecttonnde,

when bit
words, t
handshak
FI FO has
enough.

mar k byt

0 - 1, the FI FO i s bei ng:underrun by.the processor.. In oth
ferpation.cghe m-m éroee%w tnasowte aeﬁnemefdgeﬁwphe

t t- O =.1
Syl SRR Siopan, Ky, HviEd 55, witgh Ot

e. In wite node, when bit 2 - the processer is whi:ki ng
is not set, it can be read by readinq the mark register. -~

Mark Re ister'

o Thie location ie used for reading and writing nark bytee.
writing to thie 1ocation will oauee the nieeing transition
between two zeroes to occur. Reading from this location wi11

allow a mark byte to be read without oaueing an error.

'Error Register

er

-t he

readlng t hen f ast
‘ihcax-hatidn. I chéné el.-A/etahi \miroeadti rmwhdatmdxéwcueﬁ was a

Thie 1oeation provides information on the type o: error that -

has oocurred._ 2 any of ite bite ara set, an error flag will be
set in the handohake regieter as deecribed below. Once any error
bit has been eet, no other error hit can be set until the
register ie elearod. Reading the error regieter will oauee the
regieter to olear. Thie regiater nuet be eleared prior to

beginning a read or write operation. _Tne poaeible orror

_oonditions are as tollows._

In write node, uhen bit o =1, the FIPO is being underrun by

the proceeeor. In othor worde. the FIFO is enpty and the

processor has not aoknowledged the handshake by writing another



faster than the FIFO is requesting bytes. In read node, when bit 2 - 1, the

processor is reading bytes faster than they are available. Wen bit 3 - 1,

the correcti on nunber obtained in the correction state nachi ne (descri bed

~in conjwnction'with Figure 5 hereinbelow) is so large that the error cannot
be corrected. Wen bit 4 - 1, the trandiTion occurred before the first

short couUpyts. (smcwwo(.debeﬂzﬁé'd o m éorﬁ!\maﬁrem twoFPyth R bey)

whi ch indicaje t ceII. When bit 5
=1, the ¥ ﬁ't %“%C%‘ﬁcg?slc’ Fgg&{'%veé\ g‘%l on e ch inplies that
the transition was too wide to be a valld cell. Wien bit 6 - 1, there were
t hree margi nalWhsnabittl ond,i & bytewhiichchas iquade £rohcthe idatar negistieans
cannot be resolwved. Bit 7 of the error register is not used. Wite CRC

Regi st er Y8%y8 M8XKkoPYE®« CRC register will set a status bit in the FIFO
which will cause the CRC bytes to be witten on the disk. Since the status

bit noves throggRribe Hbdy) whea SR DW 85 ¥heé lprocesBof tidwiritiagr the | ast
bit of data is witten. Paraneter Data Regi ster The paranmeter data register

i s where sntqerthbyttbedntmﬁane@mem bytes padancead m.3!hwé°i\ﬁr| tten .
and read. . This regi ster conp f_SEs i,ch the addr ess
par anet erzF& 31 a8ﬁ°??'ma° ’\f/rff% ﬁ!&&'t ‘ﬁ?é" ﬁg\’%‘g 5 urs. The
si xt een bytefrsfielata can be witten or read by successivel y witing to or
reading fromthis register. Thus, the o : _

When bit 3 = 1, the correction number obtained in the
correction state machine' (ducﬂbcd in conjunction with Figure 5

' _hereinbelow) -is so large that the error cannot be corrected.

When bit 4 = 1, the transition occurred before the first
short counter (sc'r) pnisc (described in conjunction with rig. P
below) which indicates that the cell was too narrow to be a legal

cclle

When bit § = 1, th. fourth SCT pulse occurred before the
transition which implies that the transition was too wide to be a
valid cell. -

ﬁhen_ bit 6 = 1, there were three n;rgina_l transitions in a

row wvhich implies that the transitions cannot be resolved.
Bit 7 of the error register is not used.

* Write CRC Register

A write to the CRC register will set a status bit in the
FIFO which will cause the CRC bytes to be written on the disk.

Since the status bit moves through the FIFO, the CRC bytes _win



four bit address placed on paraneter address line 30 accesses Si xt een
| cations in RAM 31 and the data fro the accessed |ocation is placed on the
ei ght bit ‘parameter data bus 32. The jncrement counter presets the »

addrésses to zero each tine a wite=t¥ The node register zeros occurs.. The

data is stored in RAM 31 in the, foll ow ng, sequence (the nmeanings of the-
varioussmmﬂgt%'Iﬂh'oé‘!'ﬁtb*%rquab'é?o%':"(%ﬁddress' S

SSL

SLL 0101 ' The parameter data register is wvher $ixteen bytes of . - |

Egl_- %éé&rmcfet data from parameter RAM 31 'ar{:s gé%ggom gead.. This

T TEC 1fggieter comprises o counter vaich ncrfific WEAserb'r )\

par anet garasetdic RAMN3DLsach tine sfwritacbr remlicod tbedxegiatieac a valid

e ars.  he- aisdedr kytas or data Sanbe vilttdn of reaa By ™ 17100
-ﬁecossivelf ﬁriiing;toIQfF?;ading.ffén this togisﬁoi}"Thué;'fhe_'a'
four bit address placed on parameter address line 30 ;’ccessei;; B
sixteen locations in RAM 31 -and the data- from the accessed . - L
location is placed on the eight bi.f: paraneter data bus 32. The = . . \J
increment counter .p_r:eisé't.s' the addresses o gzero each: tin‘ a
write to the nqué _rg_gi_été_: geros occurs. The data is llt‘p_re_d_n}nl
RAM 31 iﬁ the following sequence(the noanings _. o:‘. '_I;hg irafié:u;
parametd:é.ﬁil; bcii§£r:9fth'be;§§):' R

RAM Address ~ Parameter

0000 E © MIN CELL TIME (”iN)
e . MULTIPLIER (MULT(K)) = .  :

0010 ' SSL

oo2x - | | sss

0101 ) - . g8

0110 - L . .. mET ..

0111 _ csLS

1000 | . 181

001 R s

‘1020 . . - . - R 2

1011 | LLS

100 ) | " EARLY/NORM



R :
speed to an ideal speed. The SSS, SSL, SLL, SLS, RPT, CSLS, LSL, LSS, LLL
and LLS paraneters are eight bit fields used during post conpensation. The
EARLY/ NORM and LATE/ NORM paraneters are eight bit fields used TIMEL is an

ei ght bipm field containing the time delay associated with a transition sent
to the drive. TIMEO is an eight bit fieldygantaining the additional tine
del ay associ ated without sending a transition to the drive. TIME1 and TI MEO
are 7 bits lxx@ The |o order bit of each (HLFBT¥IMEG s used by .the half

wite logic, to | engthen WRDATA by one-half cl OM}%ﬁggesi red. Each of the
foregoing p ters is dynam cally programrabl conputer. In this

manner, the roller can be programed-to run ?m cl ock speed and data
rate determ ned by the conputer. Such progranmabl e paraneters enabl e the
controller to interchangeably read and wite constant angular velocity

drives and cThPENR PeraBetex; ds the minizpe punhezsef @ipckscpesded foase
register is gﬁ‘@&‘{%‘r%%ﬂ{pt\gﬁ;g four phase |ines (phase 0, phase 1,

phase a and ase are used to control or read status fromthe .disk

drive. The foné NUIATK) pRfsedtar U8 & VKIGRELINY (fartdi B WotmaTi firgh ariveput s
or outputs - 12 - depending on the state of the other four bits in the

register. Thepepaido mpnidealiansed.t o | ow outputs on reset. The function of
Co set the pRbERSSy S HE R Bfy RSP LA uSsr 1k coniES, rovenrers
are eight bit fields used during post compensation.

e The EARLY/NORM and LATE/NORM paramsters are eight bit fields used
during precompensation (four bits for each of EARLY, LATE and NORM.)
TIMEL is an eight bit field containing the time delay associated
with a transition sent to the drive.

TIMEO is an eight bit field containing the uﬁditional time delay
associated without sending a transition to the drive. TIME)
and TIMEOC are 7 bits long. The low order bit of each (HLFBIT)
is used by the half write logic, to lengthen WRDATA by one-half
clock when desired. | ' |

Each of the foregoing para:_netcéc is dynanically programmable
by the computer. In this manner, the controller can be .
programmed to run at a clock speed and data rate determined by °
the computer. Such programmable parameters enable the controller
to interchangeably lread and write ebnstant angular velocity

drives and constant linear velocity drives.

Phase ﬁegister

The phase register is used to read and vrite the four phase o
lines (phase 0, phase 1, phase 2 and phase 3) which are used to
control or read status from the disk drive. The four phase lines

can be independently progrnined as .1t.h§r 1nputs' or outputs



Bit 1 used to set the polarity of the phase 1 Iine when prograrmed as an
output Bit 2 is used to set the polarity of ‘the phase 2 | i he when
prograrmed as an output. Bit 3 is used to set the polarity of the phase 3
| i ne_when programmed as an output. Bit 4 - O indicates that the phasbr’o
line is an input. Bit 4 = 1 indi_ca_t§ Jdhat the phase O line is an output
Bit 5 - 0 indicates that the phase ine is an input. Bit 5 - 1 indicates:

that tdepeidiyg bnl the statd) oflitheltothrt £6ur bits A €Ré Aegiddert he phase 2
line is an input. Bit 6 - 1'indjicates that the phase 2 line is an. output.

Bit 7 The P‘Pﬁﬂ’céﬂ-&!‘t%‘ﬁlﬁetﬁm ontpuke on mﬂitnpul'ht Hunction of i ndi cat es
that t Set t Th et t
' usgd tggglggfhe cé%grr?ol er F‘ﬁt %R#tpsh_“vgr Fgﬁg Zéegr "(hf%l%é'éf)s[ :?I jvl Flr Ir-Zset

to all zeroes when a reset. occurs. The function of each of the eight bits
in the reglmlthelo is used tid set: thi ipcdlarity oflithe phase daRnklwhenbe out put

- 13 - Bit 3.5 inch.drive not selected Bit 1 =1 3.5-inch drive

sel ectarﬁ’f"?‘d B‘nﬁ?n%ﬂ tR®%eration. Bit 2 - 1 sets the controller into GCR
nmode. Bit 3. - 0 normal -operation. Bit 3 - 1 causes the internal cl ock

frequency tBitha dsvaséd! H se¥Othe polarity of the phase 1 line when
programmed as an outpﬁt_.- | o
Bit 2 is used to set the polarity of the phase 2 line when
programmed as an output. S Y
_313: 3 is us_dd t_o _sc_t_: the _pb;arii;y 'ot. tho phaso 3 1ine when
programmed as an output. | o
Bit 4’'= 0 indicates that th'e--'phud' o-'l:l.nc is an input.
Bit 4= )1 '1nd:léatcs--.£ha't--'tho phase o lino' is an output.
Bit 5 =0 indicates that the phase 1l 1:I.ne' is an_: 1i;pu.t. '.
Bit 5 = 1 indicates that the phase 1 line is an output.
Bit 6 = 0 indicates that the phase 2 ‘1ine is an input.’
Bit 6 = 1 indiéaths that-thd’phasb’2=11n§ is an cutput.
Bit 7 = o 1ndieat-s that the phan‘ _'3 _lih_c_ is an' :I.npiat.

Bit 7 = 2 1ndieates‘th__at thq_ phase 3 1_1:_:.' is an bu_téi:ﬁ. _

| Setup Register

The setup register is used to set the controller .{n_tp its
various modes. This register will reset to all zeroes when a
reset occurs. The function' of each of the eight bits in the

register is as follows:

_Bit 0=1 wi]_.:l cause n:nsﬁi. to be output



<

Bit 4 - O disables the correction state nmachine. Bit 4 - 1 enables the
correction state machine. Bit 5 - 0 sets up the read and wite signals for
Appl e ttype drives. Bit 5 - 1 sets up the read and wite signals for |BM
type diwves. Bit 6 - O normal operation. Bit 6 - 1 causes the read and -
wite data transformation |ogic (descrilded bel ow) to be bypassed. This bit

‘nmust be set whgfedeh bhes G Ruth drbvéd ghiysegwdes are set. Bit 7 - .0

wi |l produce no tinmeout when t urni ng off Motoron (node register, bit 7) Bit
7 - 1 causes t#it Nbwolon3is tirich drive melected/ 2 second (at 16 Miz) after
the drive is disabled. - 14 - Handshake Regi ster The handshake regi ster

perforns the fﬁjstl%w'_nﬁ functJ ons. 1\:/%en bit O =1 the next byte to be read
fromthe FIFO a4 m k"%?f%;t %é’ﬁ ™M* 1 - O the CRC regi ster becane all
zeroes when theieecany shks e cBACSELdxN1RLEGdRRoua0i Ster. This bit is
valid when the second CRC byte is the next to be read fromthe FIFO Bit 2

Is used to read the read data ignal fromthe drive. Bit 3 is used to read
t he SENSE i npuBi% ibm Phroxmal, opepBation. i s ysed to read the status of

Motoron (Mde Registey Bileds the' 1Rtérrnr cRO:R%¥:R3AAEy Ho HAcablided N the

error register -
by two.

Bit 4 = 0 disables the correction state machine.
\ Bit 4 = ] enables ﬁhe correction state machine.
Bit 5 = 0 sets up the read and write signals for Apple type
drives. _ _ ' |
Bit 5 = 1 gpets up tllze. read and write signals for IBM type
drives.

Bit 6 = 0 normal operation. _

Bit 6 = 1 caﬁses ;l:he read and write data transformation
logic (described below) to be bypassed. This' bit
-must be set whenever the GCR or 3.5 inch drive

modes are set.
L Bit 7 = 0 will produce no timeout when turning off Motoron

(mode register, bit 7).

Bit 7 = 1 causes the Motoron bit tc stay on for 1/2 second
. ~ (at 16 Mhz) after the drive is disabled.



has been set to a one. This bit is cl eared by reading the error register.
When bit 6 - 1 ,in wite node, there are two bytes of avail able space in

t he F{FO In read node, when bit 6 - 1, there are two bytes to be read,
fromthe FIFO. Wien bit 7 - 1, in witg pode, there is one byte of w
avai | abl e space in the FIFO In read node, when bit 7 - 1, there is one"
byt e t o Handsbakie Rexydstieer FI FO : Mode Regi ster (Wite Zeroes and Wite Ones)

The node register

is used to set the various status bits of the controller.

A bit can be t 0b itin o the Wite Zeroes location with the
correspondinaﬁg ha qgi‘%B 58é#g§°§Ang%°fﬁﬁ1q5§ Zellowing Snactiong« ting to the

Wite Ones |location with ~-15 - the corresponding bit set to a one.

schene is usWhehrbit dew Loth@lsfext! bPes td /b readDfidn thePfiFo iy & Dit

Thi s

wi thout having to rewite the entire register, The register Is cleared to
zeroes MEX BY¥BERset occurs. The Action bit (bit 3) will be cleared anytime
there is any error while witing. Bit 0 is used to clear the FIF. This bit

must bb set ffen INRD 1Cke) e&ows&sm&e#%gﬁgt@%rgﬁ %‘te mode

(bit 4) nust. be establlshed prior to-settl

I nce

i 1|

clear t cu@ppésﬂl@ hyrta nSdcqbatuhmghupm mdgihhcr. a Tiis Bieris Gﬁiiﬂper ation

i s about .to

-1, drﬁ%@ 1

- 1, drive 2 |s enabled

Bit 2 is uscd to rcad the read data signal from the drive.
- Bit 3 is_used-go;:cad;the SENSE 1nput~t:dn_the drive.

' Bit 4 is used. to :cad the status ot ubtoron (Hodo Register |
bit 7. o

Bit 5 = 1, indicates one of the bits in the error regisier

has been set to a cne. This bit is'cléirod”by riading the error

register.

When bit 6 = 1, in write nodh,_thgre-a:a two bytes of
available space in the FIFO. In read mode, when bit 6 = 1, there

. are two bgtes to be read from the FIFO.

When bit 7 = 1, in write mode;'thq:qiiq one byte of .
available space in the FIFO. In read mode, when bit 7 = 1, there

is 6ne.bytc-to be readéfrom:thc-rzrq,,_

Mode Register (Write Zerces and wrifeidnecj"'

The mode register is used to set the various stetus bits of

the ebntroller. A bit can be set to zero by wrlting to the Write

Zeroes location with the corresponding bit set to a one. A bit
can be set to a one by'writing to the Write Ones location with

| ace , drive 1 is not enabled. Wen bit 1
ﬁ%ﬂﬂ ti't u}‘ "f)“" Fo be vead fxrom the FIEP. \Wen bit 2

~



K]

‘When bit 3 - 0, Action is not set. Wien bit 3 - 1, Action is set. Bit 3 is
uséd to start.the read and wite operation. This bit should only be set .
;afterteyerything el se has bean setup. Wien witing, two bytes of data
shoul Bwbe witten into the Fl FO prior tl§ setting this bit in order for t he

FI FO to WE@?B‘%@%&E r ﬂ,_ .Vﬁﬁn bignid & 3%;.4&% asp 4" 8 laek

pl aced into the “contr |spaced|nto Wite
node. Weto lxakeSit fossibiestdemdiityad partituiarenit hEIiSEhtl Ravhreto) Wen
bit 5 =1, the side 1 head is, selected (HEDSEL is set.) Bit 6 is not used
and al waykeWritesthe entire reg “‘%eﬂhﬁl’i‘gﬁ"t‘ﬁ 1W%Hdl So #eaxa®sed. \When

bit 7 - Amdablgade GhrRNabkGe A1 EL HileA3F UL bl Lol | N0 OFi Ve

1 and driv IS bit nust not ﬁeare unt | ction bit is

cleared. digsdnst these Hxgianycerror mﬂhm::ﬁ;igst er is used to read back the
status of the node register. The registers in register block 15 comuni cate

with the ot heBifl Bck® Ysed: $a: Flsan.ithe FIFO| Fhdssbit nust barsek andrATUS

erai | bariy SAnERY L wiccREiypd HpeiBUe) | pina"by mEatihad i "

communi cade wdimbbhésﬁmmbﬂ prgmlts eattmq SIATUS-inw&héf P1IFO nﬁuuS) and
CONTROL
clear to opposite states depending upon whether a write or read

operation is about to take place.

/ When bit 1 = 0, drive 1 is not enabled.
When bit 1 = 1, drive 1 is enabled.

When bit 2 = 0, drive 2 is not enabled.
When bit 2 = ], drive 2 is enabled.

When bit 3 = 0, Action is not set.
When bit 3 = 1, Action is set.

Bit 3 is used to start th§ read and write operation. This
bit should only be aet atter cvcrything else has been setup.
When writing, two bytes of data should be written into the FIFO
W prior to setting this bit in order for _the FIFO to start shifting
' immediately. | | |

When bit 4 = 0, the controller is placed into Read mode.
When bit 4 = 1, the controller is placed into Write mode.

When bit § = 0, the side 0 head is selected (HEDSEL is
' reset.)

When bit 5 = 1, the side 1 head is selected (HEDSEL is iet.) :

Bit 6 is not used and always reads back as set.



-lines (for outputs) using conventional and well known techni ques. C ock

Logi ¢ Bl'ock 17 The inputs to clock logic block 17 are the system cl ock
signal FCLK fromthe processor which typically is a 7-24 Mz clock and a,

-signal fromregister block 15 which causes the clock to run at its fuII\r"‘

speed oOr half speed (bit 3 of the, setup Register). O ock |ogic block. 17
out puts the cwhex Bitgr7aks Eplwzmhusdinaﬂ.hy t he |nvent ed contfoller. .
Thus, TCLK is elther FCLK. OW 17 - Read. Logic. Bl ock
21 Figure 3 | ¥hem Bl modr agilaﬁ?‘ﬁ’f ‘Peaélg!‘%’g! arsassextedi ng t he

~applicable portions of FI'FQ :?R(;rﬂﬂ C %tk)’ v guthi ~q.shar ed
. with wite logic block 27.. alsreﬁgﬁé%gaﬁpé ymeansﬁb*_ aqg'lgnal

cal | ed RDDATA generated by thﬁﬂlﬂdﬁebcscu&d’deﬁdtﬂeéi!mstﬁﬁ Kotdori he

-magneti c nedi a.~-This signal consists of pulses-which are spaced at 2, 3 and
4 units apart, which of courRitiis eAsameds in its MM translated form . If

all conditions were ideal, to convert the MFMfornatted data into its
actual daigaa gg,wlﬁ#e.tarrel ati-vely sinple matter to .determ ne whether a
cel'l is Z 3, or uni ng, then decode the data, and transfer the data
through a serial to-parallel shift register for-.use by the processor-

However , condﬂﬁﬁn%‘ﬁ'éﬁ'aﬂ-!l‘}“# ftao¥end hagkythe statun ofr shewades known as

peak shi f:tn.ﬂ;[tgg occurs due to the non-ideal nature:of the properties of
magneti c Specifically, it is known that a 2.unit cell on a disk is

crowded toget iphe Fogistdianin M-ﬁﬂwaeﬁ Y= ldommiii Gatiec hdthvengense. The
effect of this crowding

other blocks in controller 1l by signals on the varioun STATUS

(for inputs) and conxnon lines (for outputs), as will be set

forth in detail below.

Intertace logic 16 o

The registers in rcgister block 15 communicate with the
drive by signals on the STATUS lines (fo:'inputs)-and;QONTRQL

lines (for outputs) using convqhtiong; a_n,d-.wéll known techniques..

Clock logic Block 17 -

_ 'zhe inputs to clock 1ogic block 17 are thu aylton clock
signal FCL‘K troni thc proccssor which typically is a 7-24 th
clock and a signal from register block 15 which causes the elock
to run at its full speed or halt lpcod (bit 3 of the SQtnp
Register). Clock logic -_block 17 outputs thc clock signal TCLK
which is used by the :invontcé controller. Thus, TCLK is either
FCLK or one~half of FCLK.

W



is that 2 unit cells will tend to push out their transitions into the
region of a 3.or 4 unit cell, when a 2 unit cell is adjacent to a 3 or 4
unit cell. This pushing out causes such a 2 unit cell to be longer than it
shoul &ebe, and a 3 or 4 unit cell to bgyshorter than it should be when the

data i s read hack. en the data is witten, it is known in the art to use
a techni e ensation to correct for this probl.em wherein a
transition is caused to occur earlier or |ater when witing. That is,

preconpensat i giguécs fe il o¥ervidw Xllokk Aldyrain ofdreadiNiogiecgls shorter
when they are next to each other during disk wites. However, if the

di sk that inelutinggthe-apnkisahle perticos 8f EIRC,nCRG) and M?ﬁch%%%s
becur T cabReE#A VhtbA o SGRRRE N SR sRCHodlBE BB R O OSSN

. solved in the present invention by using post conpensation which will be
descri bed.in deitai isberéady fxEGmhardislokycaeans xif aasignalircalledt RBDATAhe speed
of the disk drive or the frequency of the clock can be off, or there can be

some ot heFeReratad Bysthednive-pp the yeadchead pasagsrovar the Bagnetis, nake
it very dpbdiful wnig Ei—‘%ﬂhb%hsiﬁl@s% i’miﬁ# %Blﬂé? a@?@bﬂ.ﬁ%é S
cor macht ne. The di

corrected by use of a rectiron state cussi on of the read

| ogi ¢ wi | and et dndtshapart | whiphsét coursesis i the dadaciv rizal MP¥ state nachi ne
work, along with a description_of how.the beginning of a track or sector is
| ocat ed, FEntipteda fRIByt I8 §1E|e?‘é‘tq5&§,°"‘!nﬂ'-%di"°§gar¥% qonvert oEhe s of .

el 11k fasaoale e ST, g WP BRIy 22
shift .,simple matter to determine wh;tho: a cell is 2, 3, or 4 units ’
long, then decode the data, and transfer the data through a. |

serial to parallel shift register for use by-tho processor.
However, conditions trqlrarcly,'if ever, ideal. A first problem
is known as peak shift vhich occurs due to the non-idoal nature
of the properties of magnetic media. séecitically. it is known
that a 2 unit cell on a disk is crowded fogethcr more than a 3 or
" a 4 unit cell, in a relative sense. The effect of this crowding
is that 2 unit cells will tend to push out their transitions into
:the region of a 3 or 4 unit cell,:whcn a 2 unit cell is adjac.nt
/ to a 3 or 4 unit cell. This pushing out causes iuch a2 uhit
cell to be longer than it lhould be, and a 3 or.4 ﬁniﬁ cell to be
shorter than it should be when the data is read back.
When the data is written, it is known in the art to use
a technique kndwn as precompensation to correct for this problenm,
wherein a transition is caused ﬁo occur oatlicf or later when
) writing. That is, precompensation makes 4 and 3 unit éolls_
longer and 2 unit cells shorter when they are next to each other
during disk writes. '



regi ster 51, correction state machine 55 and error correction |ogic 56.

- Al'so shown in Figure 3 are FIFO 57, CRC logic 59 and mark logic 61, which
el ements are fromFI FO, CRC and mar k | ogi ¢ block 24, as shown in Fi gure,z
Hal f Rgad Logic 41 Half read |ogic 41 causes 2 unit cell, 3 unit cell and 4
unit cell i1input signal RDDAA which is asynchronous wth respect to the _
internal clock TCLK to become synchronous Mith TCLK and transformed:- o that
each RDDATA pul se is precisely one TCLK wi de. The synchroni.zed and.. - '
t ransf or med .out pHPUPSCref& the disk dhatnisdeinaerad vas nod vrmlesebY e

occurred in th econ f th o] cl.e thereb rovi-din

hal 1l‘J cl oclk r%@%lrl?#gﬁ %iéhg‘”ﬁpﬁ?u%'e’“&é’én§fn§¥oﬁ l’ﬁg"eb’?é/ﬂtﬁgf‘n)nl 019
“which hal f qigddeas! A6k csy&d@ , 88r6td ma! ofd TRating DalkCthé Watiaaue@nd in
whi ch hal f the previ ous RDDATA pul'se occurred in, there mght have been an

error in reks \Afrfgchsm,wﬁﬂt OhtmNCNhithnEObmlﬂa!ﬂMdnl the present.
stretch the ni.n celdl ne_c, Ke This
will effect |6§1 éﬁw% %g ?:’e“ﬁ’gf&g %ﬁﬁ&{%u% g'ﬁﬁr #Mock,

t hereby cor rm.ur:gbiqawthebemobrbmmemae 6P ecHR I thialopnd Tapiedt Cel |
times of the data comng fromdrive are very accurate, there 1s no problem

resol ving f et dheaGiskadzive s Mﬂaﬁumﬂzaﬂf theselock cant benotfcoxi ddl e
of each reglgt{‘l and th re.i.s-st flctentrorspa gg %éween th\%SCT apd LCT

pul ses gener 20Me (XPREEIRTR O PURENANIE ST AP .
descri ption ﬁcf'&lir&ﬁl:nﬂwhm Qt“‘ﬁ@i dﬁ’!’ﬂi’ﬂ% tbrkiﬁ‘UuEK the data

' relhbly. Such crrorl are eoructcd by e : )

use of a cortcction ntate nehine. The dilcuulon of the read
logic 9111 net forth how the post eonpenntion and correction .
state machine vork, along ‘with a description of how the beginning
of a track or nector h Iocated, how the aark byto is dctected.
and what :tnrts the proceu of trans!‘erring ‘data into the FIFO.
 Read Iogic block 21 eomprisu half read logic 41, post =

" conpensation logic 45. data transfornntion state machine 49, shift

| register 51, correction state aachine 55 and error correction
logic 58. M.so -hown 1n ﬂgurc 3 are FIFO 51. CRC logic 59 lnd
mark loglc 61. vh!ch elementl au from nro, ‘CRC ‘and’ mark logic
block 24, as nhovn 1n rigurc 2.

nalf nead Lo 1c 4

Half read logic 41 causes 2.unit een, 3 unit cell and 4
nnit cell input signal RDDATA which 1is asynchronou- with respecf. - |
to the internal clock TCLX to becone cynchronous with rcz.x and
transformed so that each RDDA‘I'A pulse is prcciuly one 'l'cu( wide.
The synchronized -and transforned _output 13_. referred to h__g_x:c_in as

TRANCK.



due to drive and noise error there can be sone error in the values of the
cell[ times. This can cause the SCT and LCT pul ses and the TRANCK pul ses:to
fall very close to each other. naking i'hgt_difficult to tell the difference
betweew two different cell tinmes. Wthout half clock resolution, what is

i ntended. t 0 beiR phrtifdiaks Kh120readC14g13N6] AebEsts' Midtndr 2 Aomamadt tern. Such
error can occur since_data can only be sanpled on the rising edge of the

cl ock. ThuBune oceurred incthm FArst oTsasopd MAIf 2f the cdpck (R¥cie sing edge of
the clock anékeBySHeridiiBPRUTE cROS Peditich b SthePiigiit &ﬁdkbe-” sing edge of

the clock, al npst one full clock of error has beeninttoduced in the |ength
of the cel PsPepding snsthe feabinagion ef whdeh fhplgcatothe wlngk wirethi thal f of t he

clock cycl guiant RUBATA pridhe SoRGMa & i.aa%dwﬁmfﬁiﬁgtwgfg%ug”d Lcr -

20 - pul ses (as described bel ow) by one count to conpens shi.fting the
SCT and LCROPATAcRMIss; pecuzred dpy \iheye Might davhbeghsamerszothdnvnveen TRANCK

| . T | ' t _ OdsSt _ TA pul
1555 Bt e sl 48 B i 0, LT 215

be resolved to within one ha .stance | nstead of one
cl ock. TheStretehithscbepnds whishiaxsdeterpini3@Tthm el TEivaibyt ohe pl ace in two

manners. Feisde.! onBQTPANC 3kfack ey BndieRR I} atbthndP SMSNR pBlicSe20Nd 1 O

I
allow for better resolution in calculating the paraneters for tRe scT and
LCT count epPylsesrhby enesclfickarkhexebys horregtingh dnnttheadrroepire tbatamki on of how a

shift signgy [ the counters is generated. Specifically, Figures 4b
and 4c showsc'ﬁat ‘P*e NCK signal is formed such that it is delayed for

four cl ocks. THifsthe cell times of the data coming from drive are very
~ accurate, there is no problem resolving ﬁho:data because the
paraneters can be set to fit in the middle of each region
and there is sufficient margin between the SCT and LCT pulses
generated by SCT and LCT counters (described below with the
description of Figure 5) and TRANCK pulses. However, in reality
dQue to drive and noise error thefe can be some error in the
values of the cell times. This can cause the SCT and LCT pulses
and the TRANCK pulses to fall very close to sach other making it
difficult to tell the difference between two different cell
times. -
Without halfclock resolution, what is 1nt;ndcd tobe 23 4
U pattern can be transformed into a 3 3 3 pattern. Such error éan
' | occur since data can only be sampled on the rising edge of the
. clock. Thus, if a first RDDATA pulse occurs just after the
rising edge of the clock and a second RDDATA pulse occurs just
prior to the fising edge of the clock, almost one full clock of
error has been introduced in the length of the cell. This
problem can be reduced by determining which half of the clock
cycle the RDDATA pulse occurred in and shifting the SCT and 1LCT

I SR



-pi pelining is necessary to be able to know when the TRANCK is going to:
‘occur four clocks before it occurs. The RDDATA signal is synchronized to.
t he nearest half clock and then del ayed by one clock to generate the S|gnal
RT3 as{shomn in Figure 4a, which shows a particular inplenentation of h et
read | ogic 41. Wen the TC. .signal be@bmes valid,. RT3 isa sanpled. |If
DDATA occurred in the first half of the clock cycle ‘RT3 woul d be a one.

| f RDDATA Belaes; (ap pasquibed helow) by gna,poyunt te compensatpe RT3 woul d. be

zero. Thi gnifthing el S afatitenplidesAd1i SefRstfveiPatnangs It9d BI AS. . The
signal BIAS is set to a zero if RDDATA occurred in the first half of the

¢l ock cycl| 8istangebstueen TRANCK pRiges. | (Thg ouarall| sffegt ds @& the ) f of the
clock cycl gistahtll retddéd. n%%ﬁium.us&ﬂ»&%ﬁim Bb AR eniielond HANEK occurs.

' This is used on the next determ ne what has just .occurred since

the Bl AS sF}erk ofithe apinsdcdistanem instaadrof onacclosks | ShepLfmetive t o avoid:
i ntroduci Ngagf bk s lolegor aﬂmﬂe&eeaﬁwbewinwo%m {he clock

signal' and RDDATA, it nust be known, in advance, - - whether SCT and
LCT shoul dFé¥sts ke ramparaatectar the ewohian 1%"-’1’”!‘3(3&“‘4’@5 Mﬂﬁdﬁn be resol ved

‘using the Wifg) Bk 0P REshAdon 68 dulat he B BailiRReH 2T RANCK [ 5 001 N

to occur four clocks prior to it actually-ocCurring, and 1t Is known which
hal f of thECE|apakLeR cpentexs. RELPARs & Andt 4 shoe weschapdtidad- TRANCK occurred

0, and ! heenAiintddiGhGE hoR &Rk chﬁ”“‘oﬁf & lnepyd Se 1S known, a

Si gnal cal H'FT can be ‘generate cause the conparison point
in the SCTisrasnpeatedounters 451 and 453 to-be al.tered by one count t her eby

correcting to 1gBg.NARRETY, Pihirel' £Fkna .@e.ﬂwa{x;ﬁntﬂp&n&w;e&lﬁg SHIFT is \J
is formed such: that it is delayed for four clocks.  This _
pipelining 1s noccuary to be able to. know whcn the TRANCK i- .
goeing to occur four c_lo_cks. bczor_c_ it ..oecuz:s_. The RDDATA signal . ..
is synchronized to the 'n'c'a_rest' half clock and thcn delayed by ox_ie'., o
clock to generate tho signal. RT3 as lhown in Figure 4a, which .
shows a particdlar'.-.iﬁp_lcncntation: of half rnd.__logic_'_u. When .
the TCK signal becomes: valia, -R-'I.‘:l"-is-.-l_anpl_cd.. It RDﬁAfrA occurred
in the first half of tha‘l clock cycii, ‘RT3 would be a one. Itl
RDDATA occurred in the second half of the clock cych, RT3 would -
be zero. This 1nfomtion is then latched in :as_____si_gna].__ called :
BIAS. The signal BIAS  1-.._- s_"o't to a zero, it kDDA'I‘A_,_ecegrrod S | _ u
in the tirst half of the clock cycle, and is set to a one if it
oecur:cd 1n the ucond halt of tho clock cych. -The signal ' _
NSTART is used to latch BIAS when TRANCK oecurl .This is used on
the next anoan..-_to determine what has .-dust occurred since the .
BIAS. signal will change on the next TCK. As nc:_t_g_iomd above, to.

avoiad 1ntroduc:lng crrerl resulting from the asynchronous nature .

of the clock signal and RDDATA, it must be known, in advance,

............



FRACTI ON * NSTART* Bl AS+ FRACTI ON * NSTART*BIAS. SHI FT is set with TCK1 and
reset with TRANCK. FRACTION is the |l ow order bit of the paraneter |oaded in
s:each of . SCT counter 451 and LCT counéer 453. Post Conpensation Logic 45
Post &hpensation |ogic 45 corrects” frors caused by the effects of peak
Shi 11 anetheeBoT! 6l IoC kngh D ¥ TuBbutld Siot® BUPEREAIA Reb U C 45 115 shown
in Figure 5. Post conpensation |ogic conprises two /-bit counters 451 (SCT)
and 453TRANGCK. Thim aan sowcbe grestlved msing thebinforuationegi sters 457 and

459. Th t d,t I | ses at _certain tinme intervals
bet meﬁ?’f‘%ﬁ%ﬂggﬁﬁégp*@ ?’%‘gfe'hgﬁeé;m%r SFodngko REMFet er s SSL,

SSS, SldourSeSockl praial Bo L6lactuabiy bbodilabl Sl (3 fnfbP YpdEREY DY the

software and €nable the controll er Various cel e SCT_
count erhaff] ofotbie glockreycle the RDDATR millsaukthatdgdreratpdctsdt a cel | which
has a short cell uni:t) following it. The LCT counter 453 | oads

i.e., 2
prare AU Ferocrof o i ok onfchrlmcsaraness 4 opvvioomas " o
cel | (1nsbath gide Ul tholfl | €4 sihah! cat¥ltl Sudld! dan Me'GeRELA

depend on the previous ce I's “cofinect1 on, the counter

par anetwiishS8$11 SShusl Ehandonparizon pohit Iy the SET anaunberodiitekBe SSL,
LSL, SLL and ., LL paraneters are used by the LCT counter. (The letters
repr esett BRAafE3 o he adtared by Che GPwWik Sherehy Farmecting ka thei nes are

short aggheaet | cdddiE | ?1#, Piay gay r&!&%u er of clocks
whi ch may occulrﬁ%tf%%dgig v_gﬁ r%%gth%%i.Eggg 'S an a dﬁi on correction
Qigd byFRAGTIONS tNSTARTNBIASH OFRACTION & WETART*BIAS. SHIFT is set

with TCKl and reset with TRANCK. FRACTION is the low order bit

of the parameter loaded in each of SCT counter 451 and LCT

counter 453,

Post Comgensatioﬁ Logic 45

Post ccnpensation logic 45 corrects errors caused by the
effects of peak shifting. A detailed block diagram of post
compensation logic 45 is shown in Figure 5.

Post compensation logic comprises two 7-bit counters 451
(SCT) and 453 (LCT), a bound detector 455 and two 4-bit shift

\ registers 457 and 459. The counters are used to plaée pulsos_ai
certain time intervals between transitions. The presets.ot_these
ceuntefs are the parameters SSL, 8SS, SLL, S1LS, RPT, CSLS, 1SL,
1SS, LLL and LLS which are programmed by the sotﬁwaro and enable
the controller to handle various cell times. The SCT counter 451
loads parameters which are calculated to represent a cell which
has a short cell (i.e. 2 unit) following it. The Lcr'counte;

453 loads parameters which are calculated to represent a cell
time which has a long cell (i.e. 3 or 4 unit) following it. .
Additionally, the parameters loaded depend on the previous cell



certain conditions. The follow ng describes how the paraneters are :

cal cul ated., The paraneters are cal cul ated based on th clock frequency and
cel | ti [I'es. Therefore it i's required to know both of these factors befaose
cal cul gt1ng paraneters. For cal cul ati ng post conpensati on paraneters, i Wi s
required to know the anount of -peak.shift. This factor can: be expressed ‘as
a percentage of the m ni mum cel | tim@2M N. The first step in calcul ating

the par agphél S Irs thdsdesmisttion} hehe tuntes  partutars \sssk,s ILsbyr spach of:t he.
three cell tinmes. This is done as follows: Nclks - length of cell (in.s) *

clock frandcHes aze unnd byrithe BETconytex: BRd the (85T, nEEL.,SLL BRAEE ned: as
Ncl kL, d
val ue t%ka @%%‘N%Etuﬁj-&%. ﬁ?ﬁ%&g?gl t&ﬂ qr& ace(ftpq‘s'ﬁ%el mJ(Tpm nt

bet ween pohycs short pPévidis/curtént ikt cald tm: Ibe;etimmsz.l N =Ncl kl / 2

The rest of the paraneters are calculated in a simlar fashion such that
t he bounkarsmetex,dspnged whan the preypiaus, prd\gurrenkocel) times:sr¥eThe only

combi nat FBREE AL et BRLL et Fay CHRAT e S bk b, 88 o
conpensaggocks vhith aiy 665 berorera danlla Ehenditiont obspedls ahi ft per__

edge can be calculated as follows: peak shift = PS = % peak shift (per. -
m ni mum aeuusqmmaorumtm umeds by uthe Pastorenpensation degdrunddrc| ocks that

an ed9e | 3rtain conditions. The following describes how the paramsters

‘are calculated. .
The parameters are calculated based on the clock frequency
. and cell times. Therefore it is rcqilircd to’ know both 'of'these_ .

factofs before calculating paranetcrs.' For calculating post
compensation paranctors , it is requind to lmow tho anount of peak
shift. This factor can be expressed as a. pcreentage of the -
minimunm cen_ t:l.ne. MIN. 'rhe tirst step in c_:alculat-.{-ng the:
paranmeters is to 'd_etcrhine' the number of éiock's:_. (Nclks) -fo_i each
of the three cell times. This is done "as'_-foll'owd: '

. Nelks = lc_ngth of cell (in  s) # c’lock'-’trc’quinc’y (in th)' )

The three éitfo_re'nf- cell times will be defined aﬁ Nclkl, - o
Nclk2 and Nclk3. The MIN parameter is defined ‘to be the minimum .-
value that a .cdl'-'l- pust be. This value is jatbitrdri'ly._:placo"d at
the midpoint between between zerc and the first transition time.
Therefore, _ | |

MIN = Nclkl ] 2

The rest of the paramotcrs aro calculated in a l:lnilar
fashion such that the bounds will be placed at the nidpoint o
between two cell times. The only 3ditfe_r¢n¢'e is that there is a.
different amount of peak shift for different combinations of .

cell times next to each 'qthér making it necessary to compensate



[

affected*if a 2 unjt cell is next to a 3 or 4 unit cell or vice versa. Wth
this in mnd, the renmai ning paraneters can be cal cul ated as foll ows: BUS -
(Ncl kl_ % Nclk2)/2 - INT(MN) - PS SSL - (Nclkl + Nclk2)/2 - XNT(XIN) LSS -
(Ncl kI®& Nl k2)/2 - INT(XIN)" LSL - (Nclgsl-+ Ncl k|2%(/22 NIC:\rlEgi(}gl) +I E?(gsf)
- Ncl k2 | k3 /2 - I NT(SSS) - 2*PS SLL - + -

; P(S LLS ‘;’P%T\E%i ¥°ﬁk:‘|‘%é}3'/2 -‘M‘EB‘L?E-P?%SL tt_pex @dasrcan\be 3/ 2 -
XNT(LSL) GRisulated hs- £éiflddell) The RPT parameter is sinply a-maxi num bound
check. Therefore, its value is not constrained to a particular val ue, but

it nust neet tpeak shistimdPs eqsi pealk shitRPper niniobklcel Ntline) + 2*PS
These val ues nust be converted to hexi deci WelMe¥®dex) since they represent

bi Lol S d di ach valye tp the
hearost half ols SRUBME! Seproblnfs Shd HReRY, &P YIGRRS, GO0 00 8 ot
val ue. ThitSevtédids a 2ompiYl cellols rexitPRera73 ix } Ghit 1306EoeHEdi Ng B

bit paraneter. The |ow order bit (FRACTX Is set to a one if the
fracti onaVepsrte Sithnthisinming, cthe remaining maxanetexrs icansbe to a zero.

. The use Ohigﬁﬂrad'@'ﬁt ?@f&%ﬂ_:l' now be described with reference to a

-particul ar exanple. Assune: _
888 = (Nclkl + Nclk2)/2 - INT(MIN) - PS

SSL = (Nclkl + Nclk2)/2 = INT(MIN)
1SS = (Nclkl + Nelk2)/2 - INT(MIN)
ISL = (Nclkl + Nclk2)/2 - INT(MIN) + PS
SLL = (Nclk2 + Nclk3)/2 - INT(SSL) = PS
I1S = (Nclk2 + Nclk3)/2 - INT(LSL) = PS
LLL = (Nclk2 + Nclk3)/2 - INT(LSL)
 csts = sLL - INT(LSL)

+
SIS = (Neclk2 + Nclk3)/2 = INT(SSS) - 24PS

+

+

The RPT parameter is simply a maximum bound choék.
Therefore, its éalug is not constrained to a particulir Value,
but it must meet the following requirement:
RPT => (Nclk3 = Nclk2) + 2+PS
&;) These values nﬁst be converted to hexidecimal (Hex) since
they represent presets to binary counters. This 1- done by
rounding each value to the nearest half and converting the
integer portion into its Hex equivalent value. This value.is
mapped into the upper 7 bits of the corresponding 8 bit
.parancter. The low order bit (FRACTION) is-sot to a 6n§ if the |
.fractional'part of the number is one-half, otherwise it is set to
a zero. _ _ -
The use of the parameters will now be dsscribed with

reference to a pirticular example.



. Fclk - 16 Mz. Cell

48. 00 d ocks #ﬂSS -
96)/2 - 32 +

62. 16 O ocks 5&3‘ = (Puhz}28) /2 - 48 - 1.92

128)/2 - 48 - 1.92-

63. 00 C ocks &s1l

t hose par amet

SSL

$7C LLL

times are 4, 6 and 8 Post Conp

(64 + 96)/2 - 32

$7E

49.92 d ocks SLS -
62.:08 C ocks: LLL- -

_-timo BQG‘A ©andog  s.

$GOSE€%té) Nex étélgs the fﬂlovm ng le -

This 1n911cs{'_ .
NCIX1 = ¢ # 16 = 64 Clocks
NCIK2 = 6 % 16 = 96 Clocks
NCLK3 = @ # 16 = 128 Clocks

PS = 3% . 64 c1°cks- 1.92 CIOcks

Therefore the parameters ere'

MIN =
§ss =
SSL =
1SS =
st =
SIS =
SLL =
1lS =
z,u,-
m-

(96

64/2
(64
(64
(64
(64
(96

(96
(96
128

+ + 4+ 4+ o+ o+ 4

+*

Converting these

HI“ -

855 =
SSL =

IS§ =

1SL =

81LS =

EE B

$40
sC

8
K
8

955/; - 33'5 1.92
s6)/2 =32
96)/2 = 32

96)/2 - 32 + 1.92
128)/2 - 46 2%1.92
12ej/2 - 48 - 1'92_”
128)/2 - 48 - 1. o2’
128)/2 -49

96 + 2#1.92

“Thi's inplies: NCOKL = 4 * 16 - 64 C ocks NCLK2
= * 16 28 Clocks * PS 3%* 64 Cocks= 1.92
pararreLers are: ‘M N - 64/2

+96)/2 - 32 - 1.92 -4608C:Iocks.£iSL-(

(96
(96

=6 * 16 -

64 + 96)/2 - 32

-~ 48.00 C ocks LSL - (64 + .
128)/2.- .46 .2*1.92 -

62.08 O ocks LLS * (96 +
128)/2 -49 -

+" 4+

= 3%of 4 s cell tine.
96 O acks-NCLK3
Cl ocks Therefore the ==
32.00 C ocks SS8 -

35.84. C ocks Converti ng

32.00

46.08
_4e:oo
48.00
49.92

62.16
62.08
62.08

163.00

35.84

, $40 SSS
$7C SLL

c:l.ecke
c19r_=ke
Clocks

_c1_oci:l

Clocks

'c1o¢k§ '_
‘Clocks

Clocks _
CJ.oc_ks
Clocks

paremeters to nex yields the fonowing-

40

60

&0
64

$7¢C

$1C
'$

7c

$7E

- $50

$7C LLS

D64



h25 - RPT $48 The other dynami cally programmabl e paraneters are

cal'cul ated as.follows: MIT (X -(256*256)/ (32*NC kl) * TI NEl
s-.Ncl kl. TI MEO . -Ncl kI /2 NORM -Arbitrary LATE
-NORMs#% Pre Conp * Ncl kI EARLY -NORM - Pre Conp * Nclkl Pre Conp

I's selectabl e by the software as a percenfage of the MN call time. Bound
detector 455 cougppp tde nggger of pul ses which occur between TRANCK
transitions. If one pul se occurs between transitions, then the cell nust be
a two unit (e othéridynamicstly quograipeble paranetérs ars talbculdtedces| nust
he a three u i&ﬁﬁell, and if three pul ses occur between transitions then it
nust be a f Pt cell. The reason for having two counters is that

dependi ng on vvhe“bg? {ﬂe next ';pigs_.izggg?rﬁ%ﬁwr 4 unit cell) or shorf (a
iTTer

2. unit cell) the pulses may occur iIn ent positions because, for
.exanple, a 3 uni TIMEL| will be=NdkkX er when next to a 2 unit cell than when
.néxt to a 3 or 4 unit cell. If both counters generate the same nunber of

pul ses bet ween t F3MEPti ons, t NE¥PYBUA@ detector 455 sinply generates a

space (a 0) for pul se and_ikgrgyg§gtion (a 1) at the end of the
transition tinme. Such output is referréd to herein as the trans-space data

pattern. |f the ELADEcounters geNGRMIHcPredtdremeNt1XUNber of pul ses between

transitions, then the length of the current cell cannot be determ ned until
the next transit®3RL¥inme i's deTHAMf Tedre Comp * Nolkl . :

. Pre Comp is selectable by the software as a percentage of the MIN
N ~ cell time. _ _

Bound detcctor.455 counts the number of pﬁlses which occur
between TRANCK transitions. If one pulse occurs between
transitions, then the cell must be a two.nnit cell, if two pulses
occur between transitions then the cell must be a three unit
cell, and if three pulses occur between transitions then it must

be a four unit cell.

The reason for having two counters is that depending on
whether the next cell isllcng (a 3 or 4 unit cell) or short (a 2
“unit cell) the pulses may occur in different positions because,
- “ for example, a 3 unit cell will be shorter when next to a 2 unit
- . cell than when next to a 3 or 4 unit cell. If both e?untcrs
generate the same number of pulses bstween transitions, then
bound detector 455 simply generates a space (a 0) for each pulse
» and a transition (a 1) at the end of the transition time. Such
output is referred to herein as the trans-space dat; pattern. 1If
" the two counters generate a different number of pulses between
transitiqns, then the length of the current cell cannot be

deternined until the next transition time is datnrnined;



- 26 - Two 4-bit shift registers 457 and 459 keep track of what has
happeéned until the next cell has been determ ned, thus asking it possible
to determne the length of the uncertain cell. Correction State Machi ne &3
Oorrec@ on state machine 555 corrects systematic errors such as those ‘w
caused*by a drive that runs too fast or too-$Bow or state nmachine 55 ie’”
shown in Figure 6. In MFM format, the beginning of a sector .or track can be:

- located by finding e labwmttf:MridSbmd bssutnpnttkclbw!ewhat hag .
Correction state machine: 55 is-used to_sync-up.on_ the: be/t es of zeroés

“fold owed by thebm'ﬁyf'ﬁt L he pext Gell bas been ge o| B making it
‘st f Folol d] hﬂﬁ&l mﬁgil%‘g hat ~
Ee[:/vggnoTjoNgk u ses pr?i&ne stigtgeé;natgh e ?e%s 24 ce %'S iqngveog(r:lijg/

one SCT puls between transitions, than it knows that it has found a region
of mni mum cel |l s.. The machi ne then | ooks to see if the first. non-m ni num .

cell-is part of a n‘&!!&ﬁﬂ-_’m&‘_‘&b&case then the rest of the bits
start shifting into the shift register 51 :end.FIFO'57 will begin

functioning. O herWé@rﬁi&l&ﬁ%ﬁt@%ﬁ%ﬂﬁc%b'c&%&&iku&ﬁ&&hﬁ i Whi ch

| ooks for a string of mninmumcells. The state diagram of Fig. 6 shows how
‘correction st atqumm rﬁwlimbyl! d;ti&ntthwm the DOT orAaed Slgw or

stays there unt ets _ h| S noj-nt oes nto t 001
stare where i1 by AR faqrerhtd Hiack A & Bpodi u Batragkied’
m ni mum cel | s agg,ﬁbejh&g_qﬁt 8, “ s otR CfH mgagace_eds on to the 010 state,
ot herwi se |t goes back to Iook for another

In MFM fonnt. the bcginning of a sector or ttack ‘can be e
locatca by ﬁnding ﬂu 12 bytu of zeros tonowcd by the mark.
byte. Correct:.on state machme 55 is -

| uscd to sync-up on tho bytu of nroes followed by the mark byte. |

o 8pec121ca11y, the statc nachinc looks for a string of '
nininum cens by locking at thc nunber of SCT ‘pulses that occur
between TRANCK pulses. If the stnto nachine sses 64 cells vhich
have -'6n1y_- one SCT pulse betvesn _trqn_iitions, then it knows that
it has touné' a region of minimum cells. The machine then looks

. to see if tho first non-ainimum cell is part of a mark bytc.

If this is thc case then tha rest of the bits start shittinq 1nto U
the shift vegister 51 and FIFO S7 wiu begin tunction:lng.

Othervise the state machine will go _b_ack into the state which

looks for a ;tring of minimun cells. - |

The state diagram o_f Fig. € shows how correction state o

'nachine 5 vo:ks. : It starts"-ou_t;_ in the 000 stats and stays -'thgrc
‘until it gets ‘& transition. At this point it goes into the 001
state vhere it stays until it encounters 32 minimus cells. If

32 pairs"'l;t minizun cells are then counted, the machine proceeds .
on tb the 010 dl_:'lfe. otherwise it goes back to look for another

transition. Once it has sncountered the 32 pairs, it waits for



Eransitibn, Once it has encountered the 32 pairs, it waits for -27- the
first non-mni.-numtransition to occur in state 011. If this non-m ni num

cell istpart of a mark byte, then it proceeds on to the 111 state where it
remai g until the processor is finished reading bytes. If the non-mini mum
cell is not part of a mark bytef the state2pachi ne goes back to state 000.

Error Correction Logic 56 Referring nowto Fig. 7, during the sync-up

peri od, ratethralfirpti non-aihians tahsdsionh tdoceurbin stfatel oaks fxg thisM N
CELL TIMEs. Upper .counter. 555 counts the even cells and | ower counter 557
counts the RRP-BIpiuumieRld dg part ofo &sEark hybegothen (it progeeds an fo,

Il as f s. ot b ool f
256 count o S Al PERP wellS Hgletld HRLEL ol pkodlaac” O flangaly 11 0T

nunber is theeadimgl bgtedd [TTSthe impakiaineh d¢eld dsSAdt qairtt of &Sarxnd LCT
counter 453 by stretching or shortening the counts using the output of rate
mul tiplier Mmmmmmcwmsqmgepbntq;tm-mm ne 49 Data out put

from post conpensation logic 45 is input to read data transformation state
machi ne 49 whi ch geoR¥CebSrddtlofldtsqidiisg actual MM data. Table 2 shows the
results of the oper ormation state machine 49 for al
conbi nations of trans-space and previous data. TABLE 2 PREVI QUS DATA
CURRENT Referying npurheNBigpAcEdnring the sync-up periecd, (nate
1 - multiplier 551 and 553 count the number of clocks for 32 MIN CELL
o " TIMEs. Upper counter 555 counts the even cells and lower
counter 557 counts the odd cells. This make it possible to
correct for asymmetry as well as frequency errors. The amount by
which the 8-bit counters vary from 256 counts represents the '
anount of error over the sample. This error number is then
' applied to post compensation logic SCT counter 451 and LCT
counter 453 by stretching or shortening the counts using the

output of rate multiplier 559 RATEOUT.

‘Data Transformation State Machine 49

Data output from pbst compensation logic 45 is input to read
data transformation state machine 49 which converts the data into
actual MFM data. Table 2 shawé the results of the cperation of
data transformation state machine 49 for all combinations of

trans-space and previous data.

TABLE 2
PREVIOUS DATA | CURRENT RESULT
- - TRANS-SPACE
1 ) 1
1 (01) 0
1 {o01) - 01



13 : (01) 01 : (001)
- 01 - 28 - 0 . (1) ' .0

(01 ,—. 01 0 8 (002) 00 Theﬁ
actua( data (i.e., after transformation Bf data transformation state ol
machiné 49) is input to serial-to-parallel shift register 51 which shifts
out CRC bytes, mark bytes and data byted)as parallel dat@. The eight bit
actual data, is tansferred to FIFO 57 é@ich i's a two by®%® FI.FO conprising
“two 10 bit reglsﬁbrs CRC | ogic 59 |349ﬁﬁpenented as thQDCIK:polynonla
[err]. Mark logic 61 is inplenented as a state machine which generates a
logic 1 when a nale Brteal astal 3l ed, altieretildforRlabibn Ay fdatdre 8 is an .
overvi ew bl ock diagramof wite logic 27, including the appllcable portions
of FIFQ CRmmtlegmtaﬁcouhcmmm sl inputh onserialedo-peraklel dat a

Lhomi r PToRRER ealskhe el Byl Mhfecs oleBlc Svkiba, REek hy'tan Bhi el |2

data regi st gyl ane :abfeﬁ%!t@n b-nt.e RepfRdkcthddl @hea, e byte whi ch
is witten in the da aregister is oade i-nto FFO 57. Ft)57 is a two

byte FIFO comlmﬂug'ﬂdf to PERD SInvhich riaglastuosbmglifpremnmibst tve @Gt er

[ dt t f t t dth h t d

as FI FO r:g?gfg : ”’%ﬁ 12sie) 8y i SbTapdiied A% Bhe pd FRrincais)’

whi ch i ndi cages -Mhs erx he fat aMagx A SPIK 61V18 Hifiethohitdd as a state
machine which qenorates a logic 1 when a nark byte is ‘detected.

write Logic Block 27

- Pigure 8 1s athvcrview_b;ock diagram of write logic 27,
including the applicable portions of FIFO, CRC and mark logic
block 24. o ” ' | |

The tollowing;will_de;c:ibc:how;éaﬁi_frcn.the.processor is

translated into 2, 3 andlﬁ.uhit.cgllhTtor vriting'to the disk.

The write procass begins when a procossor writes a byte into

‘the data rogister and sets the Action bit in tho nodo rcgister.
The byte which is: written in the data~r¢giste:~is.loa¢e¢ into
FIFO 57. FIFO 57 is a two byte FIFO consisfinq of three ten bit
registers. The fitst tan bit rcgistor 4is used to grab tho data
from the data rcgister and the other two are used as FIFO
registers. Thq gen bit FIFO consist:.qg~gight bits of data, a

- " 'bit which indicates whether the data is a mark byte and a bit

o which tells the controller to write the CRC bytes.

As shown in rigur¢~s, writi'Iog1g_27 inciudes Firblsi, shift
register 51, CRC logic 59, and'nark'logic-ﬁl.' While each of the

toregoinglconpcnentq can be separately inpiementad, in the



which tells the controller to wite the CRC bytes. As shown in Figure-8,
rite logic 27 .includes FIFO 57, shift register 51, CRC logic 59, and nmark
logic 1. While each of the foregoing conpgpents can be separately

i npl erfited, in the -29- preferred errbo%gmant of the subject invention,
such el errentpratmldanhbdﬂqn&entrm d@dnctﬂnuwimbtmdmgﬂonﬁtasrpart

of -FIFO, CRC and mark | ogi ¢ bl ock, 24, cou [ erformn
shift regi st whared Rﬁ‘ﬁ‘gr%ﬁqdell"gﬁcs’e}r japd !ﬁ{ te 1t°€ FE?-@r‘W r°f\I¥;§f

serial to pagghl t bx g | Sotth t
Simlarly, duri ngllaia/#t]ééf%?%& ogic 59 ca cul at’es ﬁc%xgﬂtng eevf/ritten
raf her than shiftregisten SRAsowt patnM”rporaMauhshmet\/d'igﬂ-tbasrm r ead.
Simlarly, mark | ogic 61, when in wite node causes a mark byte to be

written. Sel than Bp@erial te nazariel shift registex as isjthe Fegpswrn 51 is

I nput to sel % ek

actual data gﬁ%"{jhe%’ b&@&rwgggb H?%C&?*g{gﬂ%gpi pa tl ng e gata
or. CRC byt e aOcrebirter €oShe WHititan ralier than\¥dIculkeing T TRe Byt@itcon
Loaic 75 Wite data transformation logic 75 translates the data streaminto

a.formin mcm@mvﬁwrmm!éca hegheen Fradnd Sénélaﬁbvemlag%%a@e
Wmchlsthe A bl ock di agram
of write datg gﬁ%&ﬁgtﬁ’% c@gl‘é?ﬁ%‘%&p?g@% wg*'égélj‘rne 9. As shovv?n in

Flgure 9, the front end of data transformation Ioglc 75 is a four bit shift
register 751 which nakes it possible to know what the last two bits were,

t he Select Data 71
w _—

The serial data output from shift register 51 is input to
select data block 71 which, in effect, multiplexes between the
actual data and the CRC byte produced by CRC logic 59, outpufting
the data or CRC byte to data transformation logic 75.

Write Data Transformation logic 75

Write data transformation logic 75 translates. the data
stream into a form in which a 1 represents a transition and a 0
represents a space which is the form suitable for writing on a
magnetic disk. |

A block diagran of write data transformation logic 75 is
provided in Figure 9. As shown in Figure 9, the front end of
data transformation iog:l.c 75 is a four bit shift register 751
wvhich makes it possible to know what the last two bits were, the
current bit is, and the next bit will be. Nost of the time, the
only information needed is what the current bit is and
vhat the next bit will be. The exception is when writing the
mark byte. In this instance, more information is needed because

it must be determined when to leave out the transition. As noted



-cﬁurrent bit is, and the next bit will be. Xost of the tine, the only
informati on needed is what the current bit is and what the next .bit wll

be. The exceptlon is when witing the mark byte. In this instance, norg™
i nfor{mation i s needed because it nust heageternined when to | eave out e
“transrtioon. “As noted. - 30 - ~above, the only time a transition needs to

be ski pped absviélcthd hmg tine d transifigminesds. t3bs skippedois whens of
i nformati on are needed.. Tabl'e -3 ‘shows: the desired transforpation: qf the
data perfothezebis & a'!an Or fePathienny g Thys,; al} fopr bitgpf\infomatic NEXT

?I T : areN:Sue .0 '.l'ablo 3 W Qﬁ‘I’Aa%ired transfomgfion 9: the 01
4 data pezfoiied by transforuﬂtion logic 753. 01
1 1 -1 Preconpensation Logic' 77 Preconpensatlon

logic 77 conpnsates for. the problens created by peak shifts as descri bed

- above with respect to read |logic 21. E qpensatlon | ogic 77 performs the
anal og of post- conpensation-logic 45 te operations. A detail block

di agram of preconpensation logic 77 is shomn in Figure 10. Preconpensatlon

| ogi ¢ 37 COURREN®SBIMI ti pl exONEXT BIT 773 arRRANBEORMED) t countMARK'77, |atch

regi ster 779, AND gate 781, conparat-or 783, ANBE ate 785 shift.- register -

787 and X : - ¥ Gt

counting

) 1 00
1 o1 |
o
k!
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» » O ©O

Precénpdnsatibhtlogic 77'campcniathiffor the problems created
by peak shifts as dcscribed above with respect to read logic 21.
Precompensation logic 77 perforns the anang ot post eonpensation
logic 45 for write-operations. A detail block diggram of
precompensation logic 77 is shown in Figure 10. |
o Preéonpensétioi'logic“37=conpriqeeﬁitltipIQXOrs 771, 773 and
775, 7-bit counter 777, latch register 779, AND gate 781,
comparator 783, AND gatc 785, shift rngistcr 787 and XOR gate
789 _ : _

‘The 7-bit counter 777 shown in Figure 10 is used for counting
out the desired cell times. The counter is preset to either

- . TIME1 if a transition is3occurr1ﬂg3-of TIMEO if a space is

occurfing,' When the counter reaches the value of the compariscn
number, then thd.trhnsition is fed to thi-halt-wtito logic 79 it
the high bit of the lhift register 787 is al (indicating a
transition). By changing the compariscn point, it is possible to '
stretch or shorten a cnll_tinc thcrcby performing '



out the desired cell times. The counter is preset to either TINElL if a
transition is.occurring, or TIMEOif a space is occurring. Wen the counter
reaches -t he val ue of the conparison nunber, then the transition is fed to
the ha®-write logic 79 if the high bit of the shift register 787 is a 1
(indicating a transition) By changing_tfje_conparison point, it is possible
to stretch or shorten a cell time thereby performng preconpensati on.

The deci sion whether ‘the transition should be early or late is deci ded by
whet her a t PEMCPEReRsatdon,  The &*Ex@mm@-rrﬁb-démi&omm e

b
ttransition ' ) val C d ue is
made by | oo??ﬁ??%ﬁﬁ? E?ﬁ%ﬂ%%’?%'@%&ﬁﬁgﬂ g%ﬂ'f %ﬁs%ﬁ%ﬁ’gtx et her
the next ceplace.a Theriderisigpahather tii transeifiichcshdifld peopistas ake

ability to ook at-what is com ng next in order tg determ ne what to do
s

with the cuftEPORinALkvalyse om At 8 coxxected walue is-made dy Jeoking:- a8,
gt b of okt $He WG i de iRy Eo WG ‘bnuf Rondh YnarhdE (UG hadt | 1°

| engt h of ce be witten are

frequency, eelltisnelsiutlarstypey cadli nighidtcesgister PR Provides €he OUr
m crosecond cell. when a 7.16 Mz clock is used, the number of cl-ocks in

the cell isaPiliky tmilook at vhat s eoning, nextin order o degernine adat)c

used to wi - diﬁh:u% hS €336 t e le ol € an
‘integral nu%e?go?hg‘oc S. ?éér oungfgﬁ'y'f o?lc"es g‘:@@f%&%ﬁ%ﬂ\}%&y
fromthe deggredreadscpcurientndata),updn(ridit ahts), anadoz | (next, PRéxt bl e for
signi-ficant errors to result. In order to reduce this round off effect,

haFf write ABERYL70 L ol d RS IR o RN LORo T OS2 L Sl and
- multiples of the cﬁock frequency, adéit_ional errors may be
introduced. ¥For example, in a four microsecond cell, when a 7.16
- ¥Mhz clock is used, the number of clocks in the cell §s 28.64.
While the output from precompensation logic 77 can be used to
write to ﬁhe disk, it is necessary to round the cell length to an
integral number o:.e.lock:. This :éund off forces th§ cell times
to vary from the desired values. Depending upon the clock used,
it is possibh for signiticant errors to result. In ordcr. to
'~ zveduce this round off effect, half write logic 79 is
p- ~ utilized which works on' both edges of the clock and creates |
the effect of ha\_ring. half clock resolution. Writing using half
clocks can be very édifficult because of the high effective clock
speeds generated. For this reason, half write logic 79 is '

performed Just prior to writing the data to the disk.

Half wWrite Logic 79

A Getailed dlock diagram of half write logic 79 is shown in o
Figure 11.
Once a comparison point has been reached and the trans-space .’

data is a 1, then a transition is generated by toggling the



tha.effect of having half clock resolution. Witing using half clocks can
be very difficult because of the high effective clock speeds gener at ed.. For

. this reason, half wite logic 79 is performed just prior to witi.ng thg;
-data to-the disk. Half Wite Logic 79 A detailed block diagram of hal f
weite logic 79 is shown in Figure 11. Once a conparison poi nt has been
reached and the trans-space data is a. 1, then a transition is generated by
‘toggling the 32 WRDATA line to the dri This is done by toggling T- ~ .
counter 791.  This'toggle is SUbsequent?y delayed by- one hal'f cl ock using.
D-flip-flop 792. The resulting WRDATA signal..i-s then generated by

sel ecting of ¢ Rapaie itld &b oke ShEDGH . EVERLNG Waie 1 ailgganalzAW t hus |

pr oduci ng hal resol-ution in WRDATA 'si gnal ~accor.di ngyﬁg the ‘| ogi c

performed by &#nG&Tes’Ibda, THm ’aﬁﬂg¥94ésan%“‘P\m'g%‘PE1379 B T
signal is \Ahabndetﬁnf ne&.odketmng ODSEUEP-BAbD OB SiThet sresulming | n

particular uit 796 I t.h ONG to d h -
transition onlg% %ch%\ﬂ%‘r%‘%%f \g‘rhqu nga?uﬂsPe%ﬁttegq h%ﬁ r\_Sa_Jm * éo}g‘% etcgpeﬁgfng
U K Patent hap.rﬁ ickdclonshignal 1 BI2 615, nahvhalkfl clockf stxlgeapr #derthus -
ot &’ n rgﬁdeﬁgi e%qtrans Jeglbﬂ?ﬁldata qpreﬂgdﬂm&hdréi/&al |

controller fo et ween_a conputer and. a.'

di sk drive, saras:omﬂm eF°| Mhedlegis Rerformad gPNer%R‘?nQa@FGckT?@P
signal s, ~an’ a%ﬁ:ssanli‘3794c and NOR gate 795. The HLFBIT signal is

what determines ‘'whether to cause half clock shifts or .
not.__In particular, logic circuit 796 will cause the - \/
LONG signal to toggle on each transition only allowing
half-shifts on alternate edges. '

D In' our copending UK. Patent Application -
. No.9110826 6, . divided out of . the present application,
'there is described and claimed an. improved disk drive
_ controller for controlling the transfer of data between

a computer and a disk drive, said computer including a’
clock for generating clo.c__k:l.ng signals, an- ‘address bus
and a data bus, ‘said 'controll'-_e"r' including read 1logic
means for -converting data -received.. from a signal
ge‘nerated by' the drive to data for placement on the
data bus, and write logic means, said write logic means

~ for converting data on the data ‘bus to a signal for
recording on magnetic 'media by the drive, said
controller .'further including ‘a random. ‘access  memory
coupled to said read logic means, said write logic '
means and said data bus,' said memory for storing- '
parameters gen'erated by said computer and used by said
read logic means to provide interchangeability between

" disks written ‘by constant angular velocity drives and
constant linear velocity drives.



. ¢ _
“and a data bus, said controller including read |ogic neans™~ for converting °
. data received from a signal generated by the drive to data for placenent
. 0§ the data bus, and wite |ogic neans, said wite |ogic means for
C vé&ﬁing data on the data bus to a signal for recording on nagnetic"
media by the drive, said controller further including a random access
menory coupled to said read logic neans,__said wite |ogic neans and
said data bus, said nenory for storiﬂg3%%raneters generated by said
conput er and used by said read | ogic neans to provide interchangeability

bet ween di sks written by nstant anaul gt _velogity.drives and. constant

| i near velocity drives. Afg?' 33753 -gRgS&SJ'Pﬁ c@%ﬁd?ﬁ&eﬂgK.ﬁé}%ﬁ?é{‘m
Application NN®19DB0§22,4i digddedutoutf ¢fietheepmesenpl dapplicaticomere is
described and ohatgedsaRddBitidll 4l ke things Can! il Bvediafiiiidpled no the
transfer of data between a conputer and a disk driveé, said conputer
including a cleRRt¥e}leEntrhFPRtEPBEINGgthe jhEansfer afi(iata Betvwesn a

data bus, sai daCOBkhpateer anBChUdiRk a6 d,0 LA RAGpUtEr CONYRIding 4lat a
received from S|gn?I genera%g' by the drive to data foréP cenené on the
data bus, and W?te 83 ISHEh .iﬂﬁ' R ng 8855603t ®Hu%o a
signal for recandi ag datarebus}i caisllicomyrelerir ineluddnyr iready heghs for
producing halfpguRgk £820 UbhPlrtingCadts dedbibed® EP6n I LY esighal
recordi ng on magnetic nedia, sard hal f clock
generated by the drive to data for placement on the

: data bus, and write logic means for converting data omn
~ “the data bus to a Signal_ for recording on magnetic
~media by the drive, comprising means for producing
~ half-clock resolution in the signal sent to the drive

for recording on magnetic media, said half clock
- resolution for reducing the difference between the cell

length of the signal sent to the drive for writing on

the magnetic media and the clock signal.



‘resolution f g the difference between the cell length of the
si'gna sent ‘t.o the drive for witing on the nmagnetic nedia and t-he cl ock

si.g ‘Wﬂ\‘“} Al M5B 1. An inproved disk drive controgl;er
for \‘““ transfer of data hefqween a conputer and a di'sk driVe,
sai d'« orrputer“ i ricl ddi ng a clock for genérating clocking signals, an address
bus and*a data bus, said controller including read |ogic neans for :
converting :data recei ved froma signarxperated by the drive to data for
pl acenent on.the data bus, and witeTogrc neans for converting data on the
‘data bus to a signal for recordl ng on magnetic nedia by the drive, said

read | ogi'c freans i-ncl udi hgAneadmpirovedr odisX ngﬂﬁihte smgm&rdmmr vefbs rom
the drive to comensalse Sé%é *\?:a%IJP&zg ona J[ .m;s_ sfug peak
I'T'sS cou nean-»an second

shift conpensat' on rean _
count er neansa f ddskp| dcmg. ps&@s cca!pquleddummm ai nelogkerfex s

bet ween transigddnirdtimpichodipiny igRa$al dadr bY ssS%‘uQ FdetgLed ned

time interval’s. bel ng det er m ned %y settfng sal Srﬁ r-st second_count er
means with valht}@sr g&h ﬂat‘é?ﬂ'ﬁ'ﬂ]" é&?&&ldé-ln sraaﬁurﬂasm Beange £0%e

]{Jet ween previ eidhvdrinig idita ireddi vbd i £t d Tgsal Obé&iéﬂ@ceamsyetme sai'd
I rst counter

short est expeézrr&anslfr% ‘B%??\eswr: E?&gc\ég'lflfj‘%t\%‘ %rr a%onqmnsg anda Wr te -

logic means for converting data on the data bus to a
signal for recording on magnetic media by the drive, .
said read logic means including means for processing ' \)
. the signal received from the drive to compensate for
-~ the’ effects of peak shift, wh__ere_in_ sa___id. peak shift
'--compensation means comprises° " S
- a) first counter means and second counter
‘means for placing pulses at predetermined time
intervals between transition in said signal from said
drive, said predetermined time intervals being
determined by' setting said first and second counter_
means with values generated by said computer as a
function of the time between previous transitions in
said signal from said drive, wherein said first counter
means is set with a value corresponding to the
shortest expected time between the next two _
transitions and the second counter means is set to a
value greater than the hortest ei:pected time between
the next two transitions and less than the maximum
expected time between the next two transitions;
b) bound detector means coupled to said first
"and second counter means for counting the number of
pulses generated by said first"and_ second ‘counter means
between transitions in said signal from said drive; and



“transitions and the second counter neans is.set to a value greater than the
:shortest expected' tinme between the next two transitions ar”“ummwmmmmm
» maxi num expected tine between the next two transitions; I -
neané}tc zoupl ed to said first and second counter neans for co’Unt°| ng s -
nunber™ of pul ses generated by said first and second count er means _,between
“transitions in said signal fromsaid drive; and * C L MS *'-34-
c) first and second shift registers couplLgg-to said bound detector neans
for storing the nunmber of pulses generated by said first and second
counters respectively to enable said bound detector neans to generate peak
shift conpensated pul ses &)omiyaitd endinsecoh® Mehdifd dfégfﬁt&s coupledn

between a comput&r Sag FORPE. dftens ot AR, doR | 5Eortng e Japmper O

described with peleeenc@emeratnd adyonpaidi nEdixstaviangs. second counters
respectively to. enable said bound detector means to
generate peak shift compensated pulses from said signal
from said drive.

2. An improved disk drive controller for
controlling the transfer of data between a computer and
a disk drive, substantially as hereinbefore described

C

with reference to the accompanying drawings.




