2243059 DI SK DRI VE CONTROLLER SUMMARY OF THE | NVENTION An integrated disk
controller <chip’ is disclosed. According to the present inventizgﬁgagéﬁcbés
provi ded an i.nproved disk drive controller for controlling the t E)
dat a bs¥ween a conputer and a disk drive, said conputer including a clock
for generating clocking signals, an address bus and a data bus, said
controller including read | ogic neans for go&vgrting data received froma
signal generated by the drive to data for placenent on the data bus, and
wite logic nmeans, said wite |ogic nmeans for converting data on the data
bus to a signal for recording on npgegt pRIVR] coNProLigRrdr i ve, said
controller further including a rantonTaccess nenory coupled to said read

| ogic means, said wite |ogic nmeans and said data bus, said nmenory for
storing paranet er SUSNARY2DFJ THE INVENTIONUt er and used by sai d read

| ogic - means to  provide interchangeability between disks witten by
constant angul ar velocity drives and constant |inear velocity drives.

-2- BRI EF DESRI PTI ON OF DRAAKNNGSiLttegratdd shaldska peaontralierpate¢heim ofisl' s
and Os in MM f ogiBlLa oEk@ure 2 is an overview bl ock diagramof a :

"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 c¢lock for
generating clocking  signals, an address bus and a data
bus, said controller including read 1logic means for
converting data received from a signal generatéd 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 generated by said computer and
used - by  said réad logic means to provide

_ interchangeability between disks written by constant

_ N angular velocity drives and constant linear velocity
' drives.



disk drive controller. Figure 3 is an overview bl ock diagram of read | ogic
21. Figure 4a i a logic diagram showi ng a portion of half read | ogic 41.
Figure 4b i's a graphical representation of the signals generated.by hahf
read logic 41. Figure 4c is a graphical representation illustrating ™
particul ar exanpl es of when the signal SHI FT is generated. Figure 5 is a
detai |l ed bl ock di agram of post conpensation logic 45. Figure 6 is a
state machine diagram of correction state machine 55. Figure 7 is a
detail ed bl ock di agram of error correcttoh 1ogic 56. Figure 8 is an
overvi ew bl ock diagramof wite logic 27. Figure 9 is a block diagram of
wite data transﬁornatlon I0o|c 3 Floure 10 is a detailed block diagram
of preconpensa&s=sH R = AU RAMNINGES a2 detail ed bl ock di agram of hal f
wite logic 79. DETAI LED DESCRIPTICN OF .THE I NVENTHON Al t‘hough the

present invention uses ri QuS s for_readi fron1an€ W iti ﬂata to
disks, it wll be descﬂlﬁﬁfﬂﬁt é?%n%eng HﬁﬁuP? Eﬁﬁ%n qg t?llzed

codi ng scheneanda®lsy in MFM format.
Figure 2 is an overview block" diagram of a
disk drive controller.

- _ Figure 3 is an overview block diagram of read

logic 21. , '

- Figure 4a i a logic diagram. showing a portion _
of half read logic 4l. | - o o

' Figure 4b is a- graphical representation of
the signals generated by half read logic 4l.

Figure 4c- is a graphical representation
illuétrating particular examples of when' the signal
SHIFT is generated. |
_ Figure 5 is '‘a detailed block diagram of post
compensation logic 45. ' ' ' ' _

. Figure 6 is a . state machine diagram of
correction:state machihe 55. -
. Figure 7 is a detailed block diagram of error
correq;ion_logic 56. ' '
-Figure 8 is an overview block diagram of
. write logic 27. -

F:.gure 9 is a block d:.agram of write data
transformation logic 75. _

Figure 10 is a detailed@ Dblock diagram of
precompensation 1ogic 77.

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



7

Manchester or, MFM code. The MFM code follows two basic rules: first, a
transition occurs any time that a one is encountered in the data pattern;
and second, ‘a transition occurs between any two adj acent zeross. As shown
in Fige 1, MM code ‘produces a series of 2, 3 and 4 unit distances
(cells) between transitions which, based on the these distances, when read
back, can becDETAXLEP-DESERIPTION OF: THE IWVENTION)resented. Details regarding

Moo 4510 950  andeBBER he FRsbRpe {vibetbs el Vatfold iidep feok 5 Pat N
fol | owi ng deggsdifid PromNah® itingeditd ¢olaiskd,s 487 GiXE be Aebbribadhwash

specific word or byte lengths, etc., to provide a thorough understandi ng of
the present rafersnics toHthemast freguentlycutilizeds codingschrpp) HANeIY: he

art that. the_present invepiion jray he Lce Lt hout such.specifj.c
details. In Ugﬂ%‘?'* 8hces, ﬁ kﬁ%ﬁ%%ﬁf S?Yﬁm%‘g’e*‘_gﬁgmﬁﬂl‘n"bl ock
di agram f or mei Pe@r e traRk 1t ford TCUES AW t1h6SANEt aNEAR 1P ericdunta@® Inar y
detail. MM Sector Format The concept of witing 2, 3 and 4 unit cells

provi des t hethecdsts patiterahiwid mecond; & itransiticinapocurs detvesd AN #WPhe

di sk. But there nust be some nethod fo ani zj ng._the data go that a
specific gr oaﬁs?‘%t%frean- be %‘a?g’ﬂf"l %‘tg{‘gﬂr‘ﬁn g‘}*‘seﬁ‘gﬁ?‘&?"ﬁﬂt* ng the
data in a Se%?iciocs , 3"af&C{ UnitOoATitunten' (é&nlagf Betiddrd trahboticid Ovs a
controller to find the'start o the sector, 2) details :about which
sector is bewhdchpdhsed onhthé these distirsesi swhers resdnpacladanibe whi ch
track is being read_(a track is a groug of sectcwf), SL 1Pe Ieng&? of .t he
sector, and Gfsolved into the actual data represented. Detalls regarding the

reading and writing of GCR formatted disks may be found in U.S.

Patent No. 4,210,959 and copending application Serial No.
943,839, S

In the following description, numerous specific details are
‘set forth such as specitic'word or byte lengths, etc., to provide
a thorough understanding of the present invention. However, it
will be obvious to one skilled in the art that the present
invention may be practiced without such specific detalls. 1In
other instaﬁccs;- well known circgits have been shown in block
diagran form in order not to cbscure the present invention in

W unnecessary detail.

MFM Sector Format

The concept of writing 2, 3 and 4 unit cells provides the
mechanism by ﬁhich the data is translated and written on the
disk. But there must be some method for organizing the data so
‘that a specific group of data can be easily located.' This is
done by writing the data in a sector format. A sector consists

of 1) information which allows a controller 1_:0 £ind the start of



cycli cal redundancy check (CRC) error detection infornmation Table 1 shows

t he organi sation of an MFM sector. TABLE 1 NO OF BYTES . * DATA
WRI TTEN *° 80 - 4E ¥ . ,QO
TRACK ID * - 3 - : &(I\/ark Byte) * 1 '

FC (I ndex Mark) * 50 4E 12 _ 00
3

Mar k) SECT&‘ ppctor, 2) “gvﬂ- aBout) which ”"t?ﬁAﬂ(mE#gd.F%)(uEi&dress .

S| DE NUVBER1de of the aisk. is be oSk
SECTCR LENGTH 2.~ g ¥ g@ | NF%%‘&““’ read (a

4E 12 track is a group otOﬂaéto:l). 5) the length of thél s¢dtox, Bylte$) DATA
E!AE,I&DZ _ c%clicaI rodu.ndancy w N%Adgﬁféfm'\f&@mmum. AE 4E
;re onrges ‘P?éﬁia?ﬁﬁe end%“ﬂlfg%ﬁt%# iH@he sect.oa TrDé;Ed gzszef |ngt SS
bytes are repeated for each TABLE 1 |
¥o. oF ByrES m\n wxrrum
* 22 00
TRACK ID & 3 - -+ . .2 (Mark Byte) | .
I . FC (Index Mark) \
N —— T
120 . .00 |
3 ' Al (Mark Byte) . |
1l FE (ID Address l!ark).
SECTOR ID ° 1 TRACK NUMBER
S SIDE NUMBER .
| 1 - ' SECTOR NUMBER
- 1 'SECTOR LENGTH'
2 CRC INFORMATION U
22 4E
12 00
| 3 | Al (Mark Byte)
' DATA FIELD a - ~© ' 7B (Data Address Mark)
26  pama
| 2 B CRC INFORMATION -
s« - - . 4E.

o aw = . 4E
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sector on a track, The beginning of a track or sector consists of a nunber
of bytes 'of 4E s (hexidecimal) which serve as a buffer zone between regions
of neadi ngful.information. The next bytes the pattern that are witten
are t watve bytes of zeroes (2 unit cells),“known as the "bytes of zeroes".
These bytes are used to |ocate the beginning of either a track, a sector ID

or a sector deta firtese Bytdswiregohhe vriteten ait theobegirirdnghoteca txakkbyt es.
A mark byte is a special byte containing a pattern which violates the basic
rul es of MFMt% . e. Thege & STHqORIY WFitten)at the end 9L A krpgks ern can be

| Zed. T i d . ¢ . Lt . i
Eys |t nReyft, e BRcte atflap S 3Uia W QP pondathy 247 Gach' ! ©
verification that igeetee’ 68sa Xrackideed the beginning of a track, sector ID

or sector data field and not data (1's and 0's) in a data field and second,
the mark byte provides a,reference point or sgchroni zation from which_the

a/FM rul es may be JRM Pegipping afja track or sectan congists A%, A Rumber of, ,
nown patter ;‘lla#is ‘o '4;‘!7.3?5 Q&ﬁe&&&%r%%t g&{w{ﬁ a8 CHOFENC NG HitveRl Of

1's and a st g of 0O ter t _ , e next byte encountered in
the format patsgions ©f meaniigfulntinforimtiion. THiise neixt bytemwdn the gettEtemrnne
whet her -the region being read is the track infornation, the sector LD, or

the sector datBatie¥e) epa¥e tyslve hytes Af;zprass. (3 unit celis), known
MR L e T R
errors accor dbegihninelds ledther tec tivack | as sectorGID or a sector data field.
— - Pollowing the bytes of zeroces are three mark bytes. A mark byte
is a special byte eontaihing a pattern which violates the basic
rules of MFM (i.s., has a missing transition). This illegal
paﬁtern can be recognized, and provides twe very important
functions: first, since it is always in the byte that follows the
bytes of zerces, it serves as verification that the zerces are
indeed the beginning of a track, sector ID or sector data field
and not data (1l's and 0's) in a data field and second, the mark
byte provides a reference point or sychronization from which the
MFM rules may be ipjal:lod to decode the data. (Without
synchronizing on a known pattern, it is impossible to tell the
difference between a' string of 1's and a string of 0's.) After
the mark byte, the he:_:t byte cncouni;erid in the forn&t pattern is
the information byte. This _byte is used to deternmine vh;thcr the
region being read is the track information, the secter ID, or the
sector data field. .'rhe next four bytes | in the sector 1D contain
the track number, side numbgf, sectbr nunber and sector 1eng_th.
The next bytes are the cyclical rodundancy checks or CRC
bytes which are used to deteét errors a-ceording to well-known

technigues.



Wth the basic concepts of the MFM pattern and MFM sectors in mnd, the
functions and structure of the controller will now be set forth, nanmely how-
it handl es the problems of reading, witing and interfacing with a —
processor. An overview bl ock |evel diagr anm & ~the controller is shown | QU
Figure 2. Controller 11 conprlses regi ster block 15 which serves as an -
i nterface between:the %‘gcessor ‘and the controller logic; interface |ogic

16 which serves adifh cPIEAE. CHREERES, OF Ehe M. PALEATT, ARAWEM MectETE di sk
drives; clocky 1 V\?ﬁﬁ& ge Kedhisd t he

control | er froJrln llg’sﬁ%;na Fai%%ge%’gég.t%e gﬁﬁ;e g%cessorlfefead logic 21
FI FO, CRC andwikk Indw)glecsﬁﬁ foxrthl, cnawefiyc hd¥; it hndles e prodibme ofThe

devi ce sel ect sigpnal-. nmust_ he asserted t he processor in order for
(2% it
the controll eF‘! N RP ARG dptexiacing With & PrAESSSQT.. A3 and data
lines DO - Dr7. asserts
[err]. Register BI oc%?’ g‘é?‘éﬁég?‘ %Fé% %sggxrrgértl Tst'gg %ﬁ&??;%s whi ch may be

accessed by 't bs sieaedsorigure (3. ! Controller! LAErcdxpgises aylater Bivek 15
regi sters are read only, sone %e wite only and sone are read/wite. In

this connecti¥hich; 55 BF 8B tﬂGFH?‘d?‘WFEWﬂiﬁ?ﬁ’e"&!@ra'@étﬁb'of
t ht
0 I i P A, S U k8l b

par anet er dat hetegenithe (ooearlomezt and ohE T ROge sam artosk Wdlbe)c logi®d Up

regi ster (read/wrlte) handshake regi ster I&siead ‘node regi ster zeroes
(wite): nodelfeghBigh GARETALEF (8 Signgh LCIK, yse s&h@ﬁeﬁ?%ﬁ@(nere&mn the

signal FCLK generated by the prooessor. reed 1ogic 21; r:ro, CRC

/
and mark 1ogis 24; write logic 27: and peremeter m 31. The

device select signal DEV nust be esserted by the prooeseor in

-order for the controller to utilize the signals on address lines

‘A0 = A3 and'data lines DO =~ D7. The controller is

- reset whenever the processor esserts RESET.

"Register Block 15

N Register block 15 conprises registere vhich may be accessed
by the processor end by the eontroller 1ogic. ‘Some of the
,registers are reed only, some are write only end ‘some are &;) '

reed/write. In this connection. fron a softwere point of view,

. . there ere a totei ot eixteen eight bit registers as follows: dete
_ register (reed/write): nerk register (read/write); error register
'(reed): write CRC register (write): peremeter data register
.(reed/urite)z phese register (reed/write): setup register
' (reed/write): hendsheke register (reed): mode register reroes

(write): node register ones (urite)s end read status register
_ (reed).



Dat a Regi ster.The data register is the location where data is read from or
wrltten toa FIFO.in FIFO CRC and mark logic 24. If a mark byte is read
ffomthis lotation, an error will occur. Aread fromthis |ocation when
Action {ata bit 3 in the node register) i?not set, will provide two bytes
of error correction information. The register is set up to toggle between

the two byt ewve reads, thus providing both bytes of

i nformati on still valld data to be read when Action is not
set, it can be read by reading the mark register. Mark Register This
location is used fToe dataiizegister is thegleeaticn vhere Batsi 4y xepd hi s

Road ng" 1 om HR SR WATHRE Koy & EFRD AL By SR B5e R ToRE8 361008 o

causing an ergofg ﬁ%&OL-RﬁaﬁtzeanTmﬁ heeatisH) RRO¥LFS wilhopadirF.ONaON the
type of error that has occurred. If any of its bits are set, an error flag

wi || be set |rveshdzemtbisidocasionivhemdctiton idats bit Guinchbe ®ode error
bit has b t h t t

ol oo od. | RoncPREARtRRICAPchot maty, i1y, Hitviin i WRtee ot Rl Shftasion,
register must §ReolataoRd mowﬁseeﬂlmma aprwdoeaavrs&ﬁeaaeeﬁ& Im The

possi ble error conditions are as follows. In wite nbde, when bit 0 = 1,
the FIFO i s bbytes .ondeuccassive: Inapso(ﬁnuoprovtdimghboth\ms plie FI FO is

Sggt Ke?nd t heiﬁ%é):gn?astsi%rn.haf! ter%leg OV%ﬁqg%glig datango ek e:‘b I ; Iac%ion
_ is not set, it can be read by reading the mark register.
Mark Register

This location is used for reading and writing mark bytes.
writing to this location will cause the missing trahsition _
between two zeroes to occur.  Reading from this location will

2llow a mark byte to be read without causing an error.

Error Register

- This location provides information on the type of error that
U has occurred. If any of its bits are set, an error flag will be
set in the handshake r'égistcr as described below. Once any error
bit has been set, no other error bit can be set until the
register is cleared. -Readin-g the error register will cause the
register to clear. This register must be cleared prior to
beginning a read or write operation. The pos.sibh' error
conditions 'urc as follows. _
In write mode, when bit 0 = 1, the FIFO is being underrun by
the processor. In other words, the FIFO is empty and the
processor has not acknowledged the handshake by writing another



byt-e. In read node, when bit 0 = 1, the FIFO has two bytes to be read, but °*
the processor is not reading them fast enough. Wien bit 1 = 1, a byte which
was ‘read fromthe data register was agrk byte. In wite node, when Dbigs 2

= 1, the processor is witing faster t#hn the FIFO is requesting bytes.~In
read node, when-bit 2 =1, the processor is reading bytes faster than they
are avai hles. Yhoredd molle; ¥hek NMALCOr LCL) ithe PEFOAad Rl BPted d BR
correction state machi ne (éescrl bed in conjunction with Fi‘gure 5 -

her ei nbelxmed,i butotheprocessert i not, seading) shepctast wnough. \Wen bit 4 =

1, the transition occurred before the first short counter.. (SCT) pul se

was oo narr ONPRD BRECA B0 2% RIp O el w ekl fooh o' G5 Heffpenl C°1

occurreden&kebftanleon which inplies that the transition was too

wide to be a valid ceII When bit 6 - 1, there were three narginal
transitions in a r éh |rrpllef that _.the transitions canqoi be resol ved.
Bit 7 of the éq"rUF T‘ﬁg? when Bit 2. 5,1, \fhe Propesseris Wit'e to the

CRC regi S%ﬂtﬂ khafCtné ﬁﬁ 4$ bagam:hpebﬁf.o WehCHedl 'Joasa

bytes to be.witten on the.disk nce the status bit noves 't oug the
FI FO the2 GRG,bgl:thespmussor disi teadirig hirtes tduelrathahltheyf atteta i s
written. er Dat a Regl ster The paraneter data register is where
si xt een b¥Y %@ -

When bit 3 = 1, ‘the correction number obtained in the
correction state machine (described in conjunction with Figure S \)

hereinbelow) is so large that the error cannot be cor_rectcd._

'When bit 4 = 1, the transition occurred before the girst
short counter (SCT) pulse (described in conjunction with Fig. 4
below) which indicates that the cell was too narrow to be a legal
cell.

When bit 5 = 1, the fourth SCT pulse occurred before the
transition which implies that the transition vas ‘too wide to be a
valid cell.

When bit 6 - :I. 3 there vere thru narginal transitions in a _ -

'row which :I.mplics that thc transitians cannot be resolvod.
Bit 7 of the error register is not used.
Write CRC Regisi_:ér

A vrite to the CRC i'egistor will set a status b:l,t __ ;ln the
'FIFO which will cause the CRC bytes to be written on the aisk.

"si'nc:o the status bit moves through the FIFO, the CRC bytes will
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par anet er - dat.a from paranmeterr RAM 31 are witten and read. This register
conprises a counter which increnents the aggress parameter RAM 31 each tine
a*wite or read to the register occurs. Th®” sixteen bytes of data can be
writteor read by successively witing to or reading fromthis register.
Thus, the four bit address placed on paraneter address |line 30 .accesses

si xt een | ocashdfit out ROteZ thadlastobitiief datm isamxittensed | ocation is

pl aced on the eight bit parameter data bus 32. The increnment counter

presets the ﬁgﬁgég m.zvir‘ﬁigg %F time a wite to the node register zeros
occurs. The 31 in the foll owi ng sequence (the

meani ngs of the vehegpEriutaitdsts reglistdr: iacwhes (dixtesn Byteds AbRAddr ess
Par amet er 0000 - MN CELL TIME (M 0001
CORRECT| ON Mperrpeter: dafar £rep) paxapeter RAN 31 are written and read. This gg)
ggilmm register comprises a counter vh%%% g&’%gﬁ'ﬁ’tf' the address

RPT 0111 parameter RAM 31 esach time a write OPlPed@Xd the register

LSL 1001 LSS 1010 - . _
LLL 1011 occurs. The sixteen bytes of data can_Lgc Mpitten or read by

EARLY/ NORM ‘ulc(%”siv.ly writing to or reading from this register. Thus, the

four bit address placed on parameter address line 30 accesses
sixteen locations in RAM 31 and the data from the accessed _

\— - locaticn is placed on the eight S;lt paramefe: data bus' 32. | The
increment counter presets the addresses to zero each time a
wvrite to the mode register zerocs occurs. The data is st_ored in
RAM 31 in the following sequence (the meanings of the various

: parameters will be set forth below):

m Address Parameter
0:000 | ' MIR CELL TIME (MIN)
0001 CORRECTION e
: R _ _ MULTIPLIER (MULT(K))
0010 - : - o 8SL |
9 0011 R N 58S
0100 S _ : - SLL
o101 o | sLsS
0110 o . mer
0111 Cs1s
) 1000 ~ LSL
1001 ' | 1ss
| 1010 S | . LLL
1011 | o ' ' iLs

100 S EARLY/NORM



1101 TIMEO 1110

LATE/ NORM 1111 , _ TI ME1 The KIN paraneter is
t he m ni mum nunber of cl ocks needed to dﬁﬁr-m' ne a valid transition. The
MULT(K) paraneter is a weighting factor nornal i zing drive speed to {y
| deal speed. The SSS, SSL, . SLL, SLS, RPT, CSIS, LSL, LSS, LLL and LLS

paraneters are eight bit fields used during po-s*- :F qyrp pensation. The
EARLY/ NCRM%P@ LATE/ NORM par aneters are eight b | el ds used during

preconpensafyy@ (four bits for each of EARLY, L¥aTemiMNORM .) TIMEL is an -
eight bit field containing the time delay associated with a transition sent
to the dri V@32 TIMEO is an ei.ght bit fi'eld con®®®ng the additional tinme
del ay associ ated without sending a transition to the drive. TIME1l and TI MEO

are 7 bits Jugn RS rhgit e A5 thit Q{l‘%ﬁcﬁ M,F id"Be Te1dcka ' nadaby ¢d1e hal f
wite |ogic, t?ﬁ“&gfﬁg#mA ty‘one- hal f c o?t vahen des?rgg. Each of the
f oregoi ng paeteniiares a validavansbtion ogr ammabl e by 't he conputer. In this

manner, the controller can be:programed to run at a cl ock'-sgegjﬁar;g dat a
rate deter n¥MeINURT (lcPasapttern sy e RO TAGYPE $or RAImaldsing frdve e

controller £o.j " | ghde@dd and write constant angul ar:velocity
drives and %g?]&s{'tgﬁ{ |§g§?@v o'ci ty drives. Phase Register The phase

regi ster i sTheas$s, OSS’Lgas'ua,'ndLs\;r RPE, tOSES{ @81, N1s8s ath Qﬁ@jj_g[}gt?m&erghase 1,
S

phase 2 and phase 3 'which are . used to gontrol .or read stat fromthe disk

drive. The Bereightditi fdelds paed dnring PoskFIrPEPERtiOHed as eit her

| nput s or. Oith B UERRLY /NORM nndIATE/NORH parameters are eight bit fields used
during pi‘ei:llt”s:peﬁnti'an (four bits for each ©f EARLY, IATE and NORM.) ./
TIMEL is ll'l night bit field 'eoniiinihg.'thg time delay associated
with a transition sent to the drive. .
TIMEO s an eig_hf.i:it tield céhiaihihg ‘the additional time delay
associated without sending a transition to the drive. TIMEL
and TIMEC are 7 bits long. The low order bit of each (HLYBIT)
is used by the ha].:: write logic, ‘to lengthen WR!SATA 'by"éne-halt
clock vhen desired. | -

Each of the foregoing paraneters is dynamically programmable |
by the conputex;.  In this ianmr. the contioll-er can be _ '
progranmed to run at a clock ipud and data rate determined by - |
the computer. Such bzogramabh paraneters enable the controller
to 1nterchange:n!'>.1y read and write constant angular velocity

Lo drives and consimt linear velocity drives.

Phase Registe_r

The phase register _ii used to read and v'rit_'o the :fc;»ur phase
lines (phase 0, phase 1, phase 2 a’ndj;hnc.!_) wvhich d:_-o__ used to
control or read status from the disk drive. The four phase lines

can be independently prograzned as sither i'nputs. or outj:ut:_



. :

depending on.the state of the other four bits in the register. The phase
lines default to | ow outputs on reset. the function of each of the eight
bits ip the-phase register is as follows: Bit 0 is used to set the polarity
of theMhase 0 |ine when prograned as anng tput. Bit 1 is used to set the
polarity of the phase 1 Iine when progra as an output. Bit 2 is used to
set the polarity of the phase 2 |ine when programmed as an output. Bit 3 is

used to set phfeR®irdy ionytRs stite’B2SEne dthse PEG PALE VLR EHY ragisteaut put .
Bit 4 = 0 indicates that the phase O line is an input. Bit 4 =1 indicates

t hat the pha¥he(phas liipegndetauls: toplow Dutputs i raset. t (Rhe funchiansef]l
line is an inpui. Bit 5 3 i.ndi cates, that the. se line i,g_an output.
Sit 6 - 0 nARehief e eIahs Hie dnsing ilaen"EadliARE, e sy Torlodl) i 00 o
that the phase 2 Iine is an output. Bit 7 = 0 indicates that the phase 3
line is an input.sftt0 is—uided kb satcthé ilariity (i thedphase 0 1ine wherput .
Setup Register The setup register is used to set the controller into its
vari ous nmodeProgrrmmed: &SsBp O¥kRYt. cset to all zeroes when a reset occurs.

The function of each of the eight bits in the register is as follows: Bit 0O

= 1 will cause HERBELY 4y BBe@Uid Wet thigorhrity o THenphask i1vasRetwdl eCt ed
Bit 1 =1 3.5 inch drive selected -

programmed as an output.

Bit 2 is used to set the polarity of the phase 2 line vhen
K./ programmed as an output. '

Bit 3 is used to set the polarity of the phase 3 line vhen
_programmed as an output.

Bit 4

0 indicates that the phase 0 line is an input.
Bit 4 = ) indicates that the phase 0 line is an output.

Bit 5 =

indicates that the phase 1 line is an input. .
Bit 5 =»

'

indicates that the phase 1 line is an output.

Bit 6 =

indicates that the phase 2 line is an input.
Bit 6 =

v

indicates that the phase 2 1line is an output.

Bit 7 = 0 indicates that the phasd 3 line is an 1ﬁput.
Bit 7 = 1 indicates that the phase 3 line is an output.

Setup Register

The setup register is used to set the controller into its
various modes. This register will reset to all zerces vwhen a
reset occurs. The function of each of the eight bits in the

register is as follows:

Bit 0 = 1 will causs HEDSEL to bes output



Bit-2 = 0 normal operation. Bit 2 = 1 sets the controller into GCR node.
Bit 3= 0 nornal operation. Bit 3 = 1 causes the internal clock frequency
to be divided by two. Bit 4 = 0 disables the correction state machi ne. Bit
4 = 1 enables the correction state machi e. Bit 5 =0 sets up the read wad
wite signals for Apple type drives. Bit ‘5 = 1 sets up the read and wite
signals for IBMtype drives. Bit 6 = O0-nornmal operation. Bit 6 = 1 causes
the read and wBitel dutth B-8ndnch drivennce@electiedcri bed bel ow) to be

- bypassed. This_bjpt, mu e set ever {h or 3.5 inch drive nodes are
set. Bit 7 = O’a#ﬂ' 'pidgég ﬁﬁafi : Hﬁt'ﬁ*ﬁ%"&cﬁning of f ‘Mbtoron (node -
"register, bit 7). Bit 7 = 1 causes the Mtoron bit to stay on for 1/2 :
second (at 16 Ebt)2 ateemoriaal depematiiandi sabl ed. 13 Handshake Regi ster
The handshake regi ster_ perforns the follow ng functions. Wien bit 0 = 1 the
next byte to bBIFcRd™ i} MetS Ehe gantroller Anto,GER med=n bit 1 = 0, the CRC
regi ster becane all zeroes when the second CRC byte passed through the
register. Thisphttsis ¢/ FHdrdalhpetdtdongcond CRC byte is the.next to be read
fromthe FIFQ _

Bit 3 = 1 causes the internal clock frequency to be divided

by two.

Bit 4 = .0 disables the _cq:_:_::q_:_tién -lta_té ‘machine.

Bit 4 = 1 enables the correction state lia_chinc; ) _

Bit 5 = 0 sets up the r_'nd and write signals for Appl‘ type -~
drives. | L e

Bit 5 = 1 sets up the read and write sighals for IBM type

drives.

Bit 6 = 0 normal operation.

Bit € = 1 causes the read and vrite data transformation
logic (described below) to be byp_uéeﬁ{_ This bit
must be set whenever the GéR or 3.5 inch drive

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

(mode reg'i:st'e'r, bit 7).

Bit 7 = ) causes the Motoron bit to stay on :fq? 1/2 second
(at 16 Mhz) after the drive is disabled.



Bit 2-is used to read the read data signal fromthe drive. Bit 3 is used to
read t he SENSE |nput fromthe drive. Bit 4 is used to read the status of
Mbt or oy (Mbde. Regi ster bit 7. Bit 5 = 1, '§cates one -of the bits in the
error i ster has been set to a one. Th|s Is cleared by reading the
error register. Wien bit 6 - 1, in wite node, there are two bytes of

avai | abl e spaanashakdRegisCer| n read node, Wnen bit 6 =1, there are two
bytes to be read fromthe FIFO Wen b|t 7 =1, in wite node, there is one

one byt 1o bo.r CERE PPAEbRbd Fr ot Reidiihe RO ntiBh B ebetaton v

Ones) The node register is used to set t he var.i ous stat us bits of the
controller. A bitwhen ¥t Oc= 1cotinenexb\byts ttonhe!{ radd £rvki the 2IFocis a

|l ocation with the corresponding bit set to a one. A bit can be set to a one
by writing t®E¥P¥¥Pte Ones | ocation with 14 the corresponding bit set
to a one. This schene is used in order to make it possible to nodify a

particular bit w yhedtp{\a &Jo} Othe WRC! Pegiuted botsnd WNSEEFoes! Wheh S T
is cleared to zeroes when a reset occurs. The Action bit (bit 3) will be

cl eared anyt ismsonde CBCi byts passed rthriough bh# meg4ster: This bitds vatidar
the FIFO. This bit nust dth d on SUGL$331 tions.
Read or Wi te%@s‘fbffcﬂﬁfr@tb gﬁf ?é:det rgﬁrrf'b ?Eﬂ'.ﬁb‘ @&?30 si nce
the FIFOw Il clear to opposite states dependi ng upon whether a wite or
read Bit 2 is used to read the read data signal from the drive.

—/ Bit 3 is used to read the BENSE input from the drive.

Bit 4 is used to read the status of Motoron (Mode Register
bit 7. '

Bit 5 = 1, indicates one of the bits in the error register
has been set to a one. This bit is cleared by reading the error

register.

When bit 6 = 1, in write mode, there are two bytes of
available si:acc in the FIFO. In read mode, when bit 6 = 1, there
are two bytes to be read from the FIFO.

When bit 7 = 1, in write mode, there is one byte of
available space in the FIFO. 1In read mode, when bit 7 = )}, there
is one byte to be read from ‘thc FIFO.

Mode Register (Write Zerces and Write Ones)

The mode regisf.er is used to set the various status bits of
the controller. A bit can be set to zero by writing to the Write
Zeroes location wifh the corresponding bit set to a one. A bit.
can be set to a one by writing to the Write Ones location with



operation is.about to take place. Wen bit 1 =
Wien bit 1 =1, :drive 1 is enabled. Wien bit 2

0, drive 1 is not enabl ed.

0, drive 2 is-not - enabl ed.

When bit 2 = 1, drive 2 is enabl ed. v%en!gi 3 =0, Action is not set. \hen

bit 3 =1, Action is set.

Bit 3 is used

start the read and wite W

operation. This bit should only be set after everything also has been . ..
setup. Whenthe iqdnrgsxapm.'mg/th;s sbtdtn 2 sheul This scherenis nsedt fie drided

%ﬁd‘eﬁﬁer )}?r P 4@‘1&":0 tgP tﬂa‘;’tﬂ‘{S?r‘]‘:’Qfet&Iﬂ‘r’]ﬁﬂﬁé" When
bit 4 = 1, poprRiehe Lﬂﬂtﬁ lgdseer nhﬁ.W—% ﬁ%d?ISH?i}cl&' %g ur s L NE

prior to se t| tg:s b|t
i medi at el y*°

side O head IS selected (HEDSEL is reset

i s sel ect edwheEBCEesiet oecu:)l.Bl Thé Actiont bme(bla'nd)aﬁ!\m/w eads:hnck as

t -15-
[Sgrr] Si gnaﬁ% %é’?é'?t iy an

not be cleared i lp g;tﬁ;.&
This register i's used to fea

Motoron is dis

% STTAEUMS WF

regi sters |thenmpk!nsndbbnctnddiaudnulupezltéoucIrlndua or Write mode (bit

4) must be estab}ighed prior to,setting bit 0 since the FIFO will

clear to opposite ltates:depending upon.whefhéf'a write or féad_

cperation is about to take place.

‘When bit 1 = 0,

~ When bit 1

When bit 2

When bit 2

When bit 3

1,

0,

1,

o,

When bit 3 = ],

-drive'l_ts not enabdled.

drive 1 is enabled.

drive 2 is not enabled.
d:ive 2 is enabled.

Action is not set.

Action is set.

'Bit 3 is used ‘to start the read and write operation. This

”.bif'ihohid“bnly be set after everything else has been ictupt

When writing, two bytes of data should be written into the FIFO

prior to setting this bit in order for the FIFO to start shifting

immediately.

When bit 4
When bit 4

When bit 5

.ﬂhen.bit 5

1,

the controller is placed into Read mode.

the controller is placed ihto Write'node.

the side 0 head is selected (HEDSEL is

rcset )

the side 1 hcad is lelccted (HEDSEL 13 set.)

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

Sl 1 head

fbled When bit 7 = 1, [err] and
% and drive 2. This bit nust

(f?% bag&h%)tr}ﬁs?é?ﬂscl) reﬂ“%g??é?éer&a?'l o

v



ot her ‘bl ocks \in controller 11 by signals on the various STATUS (for inputs)
and CONTROL |i nes’ (for outputs), as will bejget forth in detail below
Interface Logic 16 The registers in register block 15 comunicate with the
drive Enf signals on the STATUS lines (for inputs) and CONTROL |ines (for
out puts) using co a ues. O ock Logic Block 17
The inputs to cloc og??? Iocr]g ﬁkg:r'égpt edg%igggcl ock..signal FCLK from
t he processor whi dhﬁxy]hita?l-y 1 5 Ena¥léY! alvidzExdbiai nﬁghals-gnatsicmd,
regi ster block 15 which causes the clock to run at its f speed ,or _hal f
speed (bit 3 of the Setup Regi st &°F. Wlwr"& B spd "Gu?put'%h lffl ock
signal TCLK which is used by the ql t her
FCLK or one-half of s£CLK. Rea ogl c i‘?l‘ Pﬁﬁ%le § g%&/det?\?l ew
bl ock diragram of read logic 21, ipitl &dlmdrbe. appl i cabl e ,p_ort i ons of FIFQ,
CRC and mark | ogic bl ock 24 whi ch are shared with wite | ogi ¢ bl ock 27.
Data is read oy désk ns of a signal called RDDATA generated by
the drive as m@%@&&s over the magnetic nedia. This signal .
consi sts of pulses which are 'spaced at 2, 3 and 4 units apart, which of
course i s the dat aThisitegiskrt imnmsedt to fendndback thel statuk iafothe\mode
i deal , to convert the MFM formatted data into its-actual data, it would be
arelatively S®935E®Fniter to determine whether a cell is 2, 3, or 4 units
| ong, then decode g fot o071 ARELr 11824 dRHEbn e SAEhnd O
parallel shift register Tor use rocessor

other blocks in controller 11 by signals on the various STATUS

- © (for inputs) and CONTROL lines (for outputs), as will be set
| forth in detail below. |
Interface Lo_gie 16
The registers in register block 15 communicate with the
arive bj signals .on the STATUS lines (for inputs) and CONTROL

.lineé (for outputs) using conventicnal and well known techhiques.

Clock logic Block 17

'x’tie inputs to clock logic block. 17 are the syltén eioek
slgnal FCLK from the processor which typicany h a 7-24 ¥hz
clock and a lignal from rcghter block 15 which causes the clock
to run at 1ts £ull spud or halt opud (bit 3 of the Setup
Register). Clock logic bloek 17 outputs the clock signal TCLK
wvhich is used by the controller. : Thus, TCLK is either
FCLK or one-half of FCIK. |



. However, conditions are rarely, if ever, ideal. Afirst problemis known as
peak shift which occurs due to the non-ideal nature of the propert’ies of
magnetic -media. Specifically, it is known that a 2 unit cell "on a disk=is
crowded together nore than a 3 or a 4 ugyet cell, in a relative sense. TN
effect of this cromding is that 2 unit Is-will tend to push out t heir

'transitiorﬁjmggglbeuﬂ' @ of a 3 or 4 unit cell, when a 2 unit cell is ‘.
adj acent to a unrt-cell. This pushi ng out causes such a 2 unit cell
to be longer than it shoul'd be, d a3 or 4 unit cell to be shorter than
it shoul d be W 3H“Fﬂe30‘o& an ?PE%%E&R“M@G&!‘OM 3ogiet3m it is

Known i n {463 Botﬂﬁ %anaﬂﬂa%&ﬁmﬁgﬁﬁce&aw%ﬂ gii@”e‘?t for

this problem erein a sitioh I's caused to occur | at er when
witing. Thidek 24 phichruanshared withewritedbgicubléckd.s | onger and 2
unit cells shorter when they are next to each other during disk wites.

-17- Ho , i Jthe disk,t d X
whl o ece b e ThReTecERE A3k phabR B RS  anhadiad iidagd iR o
errors Mygéféidtedcsyi tie laqlo.t 88 €% Telllonddu PahtthSoWir tAkn éttie Thl S

pr obl em may be sol ve -by using post conpensation which will Dbe described
In detail shediav Msr-;mwl copsists afapulses vhich ahetspacedspbaRl, &f t he

disk drive o the fre ency he_cl ock can ere can be sone
ot her forn® r"&“i‘ of ireuyse is ﬁﬁ]%ﬁ'o&é #&n so nmake it
very diff 'Gi-'iﬁslt&cheidrbac kg g Rﬁldé&ﬁdfﬁbhi‘bwu i‘&ﬁleréé’réorﬁkﬁtcﬂ{é ected by

use of a-correction state nachi ne. The discussion of the read
xm fornattcd data :lnto 11:8 actual data v :l.t would bc a relatively

simple natter to deterninc whcther a cell 1- 2 R 3, or 4 un:ltc ~
long, then decode the data, and transfer tho aatc through a
serial to parcnol chift rogistor tor use by thc procucor. '
nowovcr, conditions cro raroly, if ovcr, 1dca1. h ﬁ.rct problen

: is known o.c peak ohi!t whi.ch occurc duo to tho ncn-ldoal nature

.cf the properties of nagnotic nodic. Spociticany, it is known
that a 2 un:lt cell on a disk is crowdcdg_togcthcr-n_oro t_!gan_ a3or
a4 un:lt ccu, 1n a relative sense. The effect of thic crowding
is that 2 unit ceuc w111 tcnd to puch out thoir trcncitiono into

. the rcgion of al or 4 unit coll, uhon a2 unit cou is adjacent
toa 3 or«4 uni.t ccll. 'I'hic pushing out cauces such a 2 unit B u
cell to be longcr than .{t ohould bo, ond a 3 or 4 unit cell to be
shorter than it should be vhen thc data’ 13 read back.

When the data is written, it 1: k.nown in thc art to use

a technique known as precompcnsation to correct for thic preblen, |
wherein a transition is caused to occur earlier or later when '
writing. That is, ‘preconpensation makes 4 and 3 unit cells _
longer and 2 ‘unit cells shorter when they are ncxt to each other

during disk writes.



logic will set forth how the post conpensation and correction state nmachine
work, along Wth a description of how the beginning of a track or sector is

| ocat ed, _.how s he mark byte is detected, and what starts the process of
transf&fing data into the FIFO Read |ogic block 21 conprises half read

| ogi ¢ 41, post conpensation |ogic 45, data tranddformation state nachi ne 49,
shift register 51, correction state machine 55 and error correction logic

56. Al so shown in Fi %ﬁﬁfrf&%gﬁgh YR ipg;.qn?%@ﬂdwgﬁrgod s Etéhlpy a

which el ements are from Fl EO, mark | ogic block 24, as shown in
figure 2. Half Reentisifier ¥bith|dsescptie¢oppensaticguertid pracorpensatPruni t

cell and 4 unit cell input signal, RDDATA which is as hr gnous, W t.h. respect
to the internal BF8E k"ﬂ&’f?_tt _BgB'é%nﬁrﬁﬁ: Iﬂ‘gnﬁf&“ﬁ\ffﬁgﬁ'ﬁ%‘ﬁﬁdq? &ﬁET(§ d
so that each RDDQAP#écSEs et ggglﬁglﬁ,o%{ﬁ%iowge.ma;heoesynchr oni zed and
transfornmed output 1s referred to herein as NCK. In particular, half

read | ogi c 41 detseived whettyemsinRipost \conpensation whichi wiXdhbef destribed in

second hal f ‘of the clock cycle thereb roviding half clock respluytion o
the input pul se. 8ERSAPRAPm PERST HTEPRSHY SHeSicayocRur Ake Shat the pBe

cycle the curr enh%ﬁ?ﬁlwlﬂvgcgyr{,ﬁg&%@g of tid efodde!dant BE d¥LEVHPUS

RDDATA pul se occur t here night an error 1n resolving
RDDATA i nt 0 TRAN@Keréhcan béacmal éthiemntors P systénsticcoriox Hn bthe@itavhi ch

are determning the_cell tinme by_one clock. This wi]l effectively shorten
the distance bet AR $REREX FAR _§é§°lﬁF‘i?ngth%Bk,‘”Fﬁle?‘@gyieo“%’c#ﬁb%r Sf'f‘fb
error in the one ﬂﬂ‘ilﬁl§§”pé§cﬁ_'o¥§ors sre corrected by

~ use of a correction state machine. The discussion of the read

logic will set forth how the post compensation and correction
tt_ﬁte machine work, along with a description of how the beginning
of a track or sector is located, how the mark byte is detected,
and what. starts the process of ttansferfinq data into the FIFO.
Read logic block 21 comprises half read logic 41, post
compensation logic 45, data.tr#nstornt_ion state machine 4%, shift
register 51, correction state agachine S5 and error correction
logic S6. Alsc shown in Figurse 3 ars FIFO 57, CRC logic 59 and
mark 1ogic 61, which elements are from FIFO, CRC and mark logic
U block 24, as shown in Figure 2.

Half Read logic 41

Half read logic 41 causes 2 unit cel.l, 3 unit cell and 4
unit cell input signal RDDATA which is nynchrdnous with respect
to the internal clock TCLX to become synchronous with TCLX and
transformed so that each RDDATA pulse is precisely one TCLK wide.
The synchronized and transformed output is xeferred to herein as

TRANCK.



If the Cell times of the data conming fromdrive are very accurate, there is
no problemresol ving the data because tlg parameters can be set to fit in
the m ddl e of each region and there is fficient margin between the SG&.
and LCT pul ses generated by SCT and LCT counters (described bel ow V\Ilth%e
description of Fig pul ses. However, in reali tx due to-

ure S%éand TRANCK
drive and noi se B} PAFticwipe, bA)f lfé‘%&?!"’er‘ﬁo?“l‘ﬁq [Wbethar B RADATA ho cof |
times. This fhiageebitherdd 8n nb M¥btléd shtdrcEary g2 1tiR & diel ses to fall

- .very close to each other nmaking it difficult to tell the difference between

“two differertherehy PFFﬁ%‘“’WHo‘E&”ﬁaW‘BHTéR"r%H‘ﬂt’PBH‘ BHA8®: i s intended to
be -2 3 4 patpepefaty)ohtre’ ehbinieie é8'WRich Bare %spai.t Ei&k fa %¢ Or can

occur since data can only be sanpled on the rising e he cl ock.

Thus, if a fFRISARBOBATA Pylee: ogeuxred ﬁ-‘hs!""aﬁ-!‘é‘?h‘l’héﬁl swvgpwge%f t he'

cl ock and 2 AR Gulth SeAuPHIE §n 0 RENES s G niVd Beeh Qn' Bfrdy $4NY €dge of the
clock, alnmbst one full clock of error -has been introduced in the | ength of

the cell. THFesoRYins BRPATA,inko FRANKed THys d&he il Frpdbogde WEIY of the
clock cycle m%tap%mmhae-ﬁesw.ed.e.gnmﬂgsm.f b0t 10E pypetnd LCT 19

pul ses (as-descri bed.bel ow): by one count to Conpensate. shifting the SCT
and LCT pul sekpeke | |Thdsfeidd; v%ﬂ'?t&?éﬁg@m GhStﬂﬁéwmbmnm pul ses.

. The overal | gifuegtnd g,,&fafofcfg téJyaESﬁ-. /Sk2ol UrS Bfe G ggof one

]
resolved to Wlthl none half clock of the actu I Stance | nstea
cl ock. The e¢¥asktsamplmtimes| ock shift of SCT and LCT can take place in two

manners. First tﬁzwgﬁ‘ﬁakﬁiﬂhtﬁ% .ﬂﬁb&%%nmv‘o&e‘de second to
- "accurito',' there is no problem resolving the data because the o/
‘parameters can be set to fit in the middle of each region
and there is sutt:l.cient na:gin between the 8CT and 1T pulses
generated by SCT and ICT countnrs (describod bnlow vith tho
description of. Figu:c §) and TRANCK pulsu. Howev.r. in rcality
due to drivc and ‘noise error thcre can be some error in the
vnlues of. the eeu tines. '.l'hil can cause thc sc'r and ICT pulses
lnd the 'rmcx pulus to f.au vcry elon to each other making it
" aifficult to ten the ditferencc between two different cell
tines. ' _ .
" without halfelock rcs.o'lutio'n. wvhat is 1nt@cd tobe 2 3 ¢
pattern can be transformed into a 3 3 3 pattern. Such error can
occur since data can only be.. saxpled on the r;-:lng edge of the
elock.l '.l’hus. if a tirst RDDATA pulse occurs just. after the
rising .dge of the cloek and a second RDDATA pulso occurs just
| prior to the riling cdgc of the elock, ‘almost orie full clock of
‘arror has been ‘introduced in the length of the cell. This
-prbbleﬁ ‘can be reduced by determining which half of the ._qlock
cycle the RDDATA_j:ulse occurred in and ihi:t.i’ng_ the SCT and LCT



]

allow for better resolution in calculating the paraneters for the SCT and
LCT counters. Figures 4b and 4c show a schematical representation of how a :

shi ft signal ‘used by the counters is gene:l%ed. Specifically, Figures 4b
and 4c Sfiows that the TRANCK signal is forfed such that it is delayed for

four clocks. This pipelining is necessary to be able to know when the

TRANCK i s goi NGui1ged (as’ adsinéd Belcw) DY Ghé dolintd €6 Udchpersite RDDATA signal i's

synchroni zed to the nearest half clock and then del ayed by one clock to

generat e the siShiSFiNSrEne SCTHeRt LFT PR1oAN ¥ill, o2inctivply chinas the tj cul ar

i npl ement at i on @fsthidd vatidbn PRiNex Phisslllc Nmid BveaXa Sis2gat saceaiteene/al i d,
RT3 is sanpled. |If RDDATA occurred in the first half of the clock cycle,
RT3 woul d be ‘a Giftanss batysen ROQATHA puiges Gap ke Texcdved ke vithin qne hald.

cycle, RT3 woul ghdaf g€itfle skl id1bOHDR! {:30eid ok R LRJCKCUns asFactivanal
called BIAS. The signal BIAS is set to a zero if RDDATA occurred i-n the
first hal f of .t*PRAEcFIRGk shiftcof G and LR cpp take Rlace inttypc mpAnezd.in t he

second ha T Of #iGeCtPLufitiiale blCun %.Nfﬁ%mmﬁgd.'w.&&m Bl AS

when TRANCK occurs. ‘Thi's‘Ts used on thée next "RDDATA to determ ne at has
just occurred. shHew for bEttes Tespintion fn cohenigting) the panasatengifor the

menti oned aboveg, ViQid ey duc [Ql § thil Sk

asynchr onous na?%‘l}r g-ngf -t hg&(ﬂ:{tégﬁ Slk §F£ a‘%d%%%uk%blr? 'En%st %geﬁknom, in

advance, whetremes@TRtinn dfOiow aoshidt orignab mised byt thee covntiered near a

TRANCK. Thi s caﬁs %&{%zﬁesol ved using the information generated. Since it
e .

I s known when t | s going to occur four clocks prior to it actually
ocgurring, and it i Spégidically,cPigenes 4dfardhéc ahouk tbyt [the! TRANEDIRAG®RIDUI Se
that” generat ed ilh SFormed such that it is delayed for four clocks. This
pipeliuing is necessary to be able to knaw_w}'uﬁ the TRANCK is
gbing to occur four clocks before it occurs. The RDDATA signal
- 18 synchronized to the nearest hai'f clock and then delayed by one
clock to generate the signal RT3 as shown in FPigure 4a, which
_shows a particular implementation of half read logic 41. When
the TCK signal beccmes valid, RT3 is sampled. If RDDATA occurred
in the first ha;lf 6! the clock eycls, RT3 would be a one. I¢
RDDATA occurred in the second half of the clock cycle, RT3 would
be ieéo. Thii information is then latched in as signal clllld.
BIAS. !‘;u signal BIAS is set to a zero if RDDATA occurred
N\ ~ in the first half of the clock cycle, and is set to a one if it
. occurred in the second half of the clock cycle. The signal
NSTART is used to latch BIAS when TRANCK occurs. This is used on
the next RDDATA to datonin§ what has just occurred since the
BIAS signal will change on the nexf_ ircx. As mentioned above, to
avoid introducing errors resulting from the asynchronous nature

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

=
o

...........



TRANCK occurred in, and the same information about the previous RDDATA

pul se is known, a signal called SH FT can be generated which will ‘cause the
conparison point in the SCT and LCT c@ ers 451 and 453 to be altered.sy
one count thereby correcting to the n est half clock. The equatlon f Ow
generating SHIFT is [err] - *NSTART*[err]+ FRACTION * [err] SH FT is set -
Wi t h TCkéhethen &3t andt ICT BNGGIA oF RhCULANOY; behshitted meer #it of the

"~ paranete each of SCT c (of0) er 453. Post N
Oorrpensamogf“%g%%s'f%gﬁp é?‘{%“?g‘gﬂ 39135&% ’r'%’tti'tq?“errors caused by
- the eff egiSestddRakgifbd (1€'As Anoih Utlenthe MHANCK S 0 g R8SbecuTPENSAL i ON
l ogic 4571s shown in Figure 5. Post conpensation Ioglc conprises two 7-bit

count er secit ¢18CKs prdoz o (Mktuvllmoedurﬂxmt and4st fandknbwn whileht shift

regi sters 457 an 59. The-counters.are used to gl ace puI ses at certain -
time i ntheyhef lfg‘\/\ééﬂ“l‘r%‘t tﬁﬂsm%m% o’_"P LA LMt ers are the

paramete{.,gaﬁ aL A lﬂﬁp Hﬁ,ﬁmlch are
programed by the sof tmg?ei:r?dtgﬁa%@kﬁe contr er ﬁg e various cell

times. TRODAYN mulse ds WhdwH padsignahcalied mm«nebcdmeh:etw to

repr esent cel J. whi.ch ‘has a short cell 2. unit) followi.ng it. The LCT
count er !Bg"’l‘ FHI Fauss-the Soppariscn é’%"&f’ctﬂ Jhe €T Q%r@eﬁP“%Fﬂfél | time

whi ch ha |+M ﬁf;g , the
par amet e?sfl %‘gildedﬁéletlge%g on %1 B?e%%“%% '%? bBrr nyhl saicdo&/nnect I on,
t he counhearest relf cloEES, mﬂSpqﬁhﬁmdok’Lﬁw‘ntiagdsbm He SCT count er

and the SSL,_LSL, SLL and_LLl paraneters_ate used by the LCT counter. (The
letters Fg.bpg@ﬁtmsrmrﬂnu-f 'RACTION # NSTART#BIAS, ~ SHIFT is set _

with TCK1l and reset with TRANCK. !_'RAC'.I.‘IO_N is the ‘low order bit ~/

U’

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

counter 453.

Post Compensation lLogic 45

éoet conpeneet‘on .1ogic. 45 eorreete"' errors caused by the
effecte of peek ehifting. A dete:lled block diegrem of poet
conpensetion logic 45 is ehown in rigure 5.
Post compensation logic. eomprisee two 7-bit countere 451
(5CT) and 453 (ICT), a bound detector 455 and two c-b:l.t lhift
| registers 457 and 459. _The counters are used to plece_ pulses et | v
certein time intervals between treneit:l.ens-. The presets of these h
counters ere the parameters 8SL, . sss, SLL, S18, RPT, CSLS, LSL,
z.ss, _I..LL end LLS which ere pregramed by the software and enable
- the controller te hendle verious cell times. The SCT counter 451
loads parameters which ere celculeted to represent a cell which
has a short cell (i.e. 2 unit) .following it. The 1CT counter
._453 loads peremetere which are calculated to represent a cell
time which has a long cell (i.e. 3 or 4 unit) felleu.{ng it.
Additienelly, the parameters loaded depend on the previous cell



Long or short"_previ ous/current/next cell tinmes; eg., the SSL paraneter is
used when the preV|ous and current cell tines are short and next cell tine
is Iongﬂ) RPT is the maxi mum nunber of clocks which nmay occur before a

val i d ansition. CSLS is an addition cz‘ ection used by the

post - conpensation | ogic under certain c itions. The follow ng describes
how t he paraneters are:cal cul ated. The paraneters are cal cul ated based on

t he cl ock frtdaeancinthis sionnection, f-h!rmwl#%leS& A8S,kn®% bot h

Compencat i o iiorE Sy B 8ha M BRaRE" hRn L o CHet, 13 RRE e
This factor Wcsxpﬁﬁ&maas%wmr&wt t (ehd 10t ER S GRiprebent M N.

The first step in calculating t araneters is to determ ne the nunber of
cl ocks (Ncl KiSng ox Bhest cnrmuum-mynm el tHines: egdprthe$slol | ows:

Nclks:Ien h of.. cel ock fr enc (in M ree
different ¢ ? raneter afl'l" 8&%#@‘51’5&" RICFW dcﬂgf oF, 8% N
paramet er i syxiohi aad hﬂx@%&lﬁetﬁﬂ'W%ﬁ&lre ﬁp&ahwuum ﬂiﬁnbthi@
value is arbitrarily placed at the m dpoint between between zero and the

first transi ¢1m HMchThly afoone, bmm:-maud fringitionsst CSLS tisc an

t | at ed Lo f ashi h t he, bound Il b
biaced at t FRAA{EheR ROTERTtiR, uBAR RIthe, PREC-CORAREAT PN APRLE HARE, ¢ (ot

there is a digéfHaiBcondRefind| BREKelding Mesdtiribes Miw %%%&%.Of
cell times next to each other making it necessary to conpensate
are calculated. _
- | The parameters are calculated based on the clock frequency
and cell times. Therefore it is required to know bbth of these
factors before calculating parameters. For calculating post
compensation parameters, it is 'uqui_tcd to know the amount of peak
shift. This factor can be expressed as a percentage of the
. minimum cell time MIN. The first step in calculating the
parameters is to determine the number of clocks (Nclks) for each
'©f the three cell times. This is done as follows:
Nclks = length of cell (in s) * clock frequency (in Mhz)
'I'he three different cell times will be defined as Ncikl,
Nclk2 and Nclk3. - The MIN parameter is d_etinéd tb be the minimum
value that a cell must be. This value is arbitrarily_ placed at
the midpoint between between zero and the first transition time.
Therefore, |

‘MIN = Nclkl / 2. _

' The rest of the parameters are calculated in a similar
fashion such that the bounds will be placed at the midpoint
between two cell times. The only difference is that there is a
different amount of peak shift for different combinations of

cell times next to each other making it necessary to compensate



differently for each. The anpbunt of peak shift per edge can be cal cul ated
as follows: peak shift = PS = % peak shift (per mninmum cell tine) This
nunber represents the nunber of -cl ocks thzz\n edge is affected if a 2 ugit
cell is next to a3 or 4 unit cell or vic rsa. Wth this in nind, thgy -
remai ni ng pararreters can be calculated as follows: SSS = (Nclkl + Nel k2) /2
- f.ﬁ%my £6bChkdn ¢+ THE! dakhint of| PENabls £k Sper Sageohis Ioe
Nclk2)/2- LSL {Ncl kI -+ Ncl k2)/2 .- I NF(M PS SLS - = -
(Ncl k2 + Ncbhxwlzltcd Iﬂ(sGS}M-Z*PS SLL = (Ncl k2.+ Ncl k3)/2 - INT(SSL) -
PS LLS = (Nclk2 ' )1 ) S,LLL k3)/2 -
INT(LSL) CSLS = ._%tt téﬁ 'r#T%'&&Fgwé?? ’?‘E’“ﬁpﬁ’&ﬁ’&% mum bound
check. Therefore, its vaI ue i s not constraine 0 a particular value, but
it nust neet therhis lmusbey reprisentanthe FRikber of Nlocks- thist lad) edgd* 15 '
These val ues nust be converted to hiXI deci mal (Hex) si nge theﬂ repr esent

presets to BEfacted if ®:i2sunitcells Bcﬂﬂé‘”o§°rﬁu?|cﬁ’hd oadk or ¥icee
onr oSt nat GedRd, CWHEL 'nlg LR, OB syl PHheBrhiad B/ VI O

val ue. This ue i s map e s of  the correspondi ng 8
bit paranet %Jcimtbovaormloht (FRACTI ON) is set.to-a one.if the
fractional part._.of -the nunber is one-half, otherwse it is set to a zero.

The use of the p&Fﬁnﬂer@Ml*Ml‘Bé/ﬂésmmWT P& ef erence to a
particular exanbpgy o -(Nclxl + Nclk2)/2 = INT(MIN)

1SS = (Nclkl + Nclk2)/2
1SL = (Nclkl + Nclk2)/2
SLS =  (Nclk2 + Nclk3)/2

INT (MIN) __
INT(MIN) + P§ - = N

INT(SSS) - 2+PS

INT(SSL) - PS5
INT(1SL) - PS
INT(LSL)

SLL = (Nelk2 + Nclk3)/2

118 = -'(‘"néné'z"-n-'nélka)/z-

111, = (NElk2 + Nelkd)/2
| CSLS = SLL - INT{LSL) .

The RPT parameter is simply a maximum bound check. |
Therefore, its value is not constrained to a particular value,
but it nmust meet the following reguirement:

RPT_=> (Nclk3 = Nclk2) + 2+PS

These values must be converted to hexidecimal (Hex) since |
‘they re'ﬁréséiﬁ:’ ‘presets to binary counters. This is done by LN\ _
roundiné' each value to the nearest half and converting the
integer portibn into 1t_l. Hex equivalent v,alue'. 'l‘his___'va:_l,ug is
mapped into the upper 7 bits of the corresponding 8 bit
p’arameter.' "fhe"idw order bit (FRACTION) is set to a one if the

| tractional part of the number is one-half, otherwise it is :et to
a zero. . _
| The use of the parameters will now be described with

refersnce to a particular ‘example.



Assune: Fclk = 16 Mz. Cell times are 4, 6 and 8 s. Post Conp = 3%of 4
s cell tine. This}irrplies: NCLKI =4 * 16 = 64 Cocks NCLK2 = 6 * 16 = 96
"Gl ocks. NCLK3 = 8°* 16 = 128 O ocks PS = 3%« 64 C ocks= 1.92 C ocks

Ther eflage the paranmeters are: MN = 64/2 5 = 32.00
Clocks SSS = (64 + 96)/2 - 32 - 1.92 = 46.08 Clocks SSL = (64 + 96)/2 -
32 43sdBes) OCks LSS = (64 + 96)/2 - 32 . = 48. 00
Clocks LSL = (64 + 96$ - 32 +1.92 = 49.92 Clocks SLS = (96 + 128)/2
- .46 2*1.92 =5 8 4L ftd_niqs. SLL = (96 + 128)/2 - 48 - 1.92 = 62.08
Cl ocks LLS = (96 + 1281*} 48 - = 62.08 O ocks LLL = ('96 + 128)/2
- 49 L &PT‘J% ®6 + 2+1. 92 35. 84
O ocks Convertin e&g,pa,;ay;e;,gr tpéﬁi Yikd ds the fol | owing: MN =
$40 SSS = $5 L $60 LSS $60 LSL = $64 SLS = $7C
SLL = $7C LLS = $7C

_'rhis implies:

NCIK1l = 4 * 16 = 64 Clocks

NCILK2 = 6 * 16 = 96 Clocks

NCLK3 = 8 * )6 = 128 Clocks

PS = 3% * 64 Clocks= 1.92 Clocks

' 'rherefofe the parameters are:

— MIN = 64/2 . = 32.00 Clocks

B85S = (64 + 96)/2 - 32 - 1.92 - 45._08 Clocks

BSL = (64 + 96)/2 ~ 32 : = 48.00 Clocks

188 = (64 + 96)/2 ~ 32 = 48.00 Clocks

1SL = (64 + 96)/2 - 32 + 1,92 = 49.92 Clocks

S1S = (96 + 12B)/2 ~ 46 2%1.92 - 62.16'Clock_s.

BLL = (56 + 128)/2 - 48 - 1.92 = §2.08 Clocks

LLS = (96 + 128)/2 -~ 48 ~ l'.,.'92 .- 62.0_8 Clocks

LLL = (96 + l28)/2 _-49 = §3.00 Clocks

RPT = 128 ~ 96 + 2+1.92 = 35.84 Clocks
U Converting these paranmeters to Hex yields the following:

MIN =  $40
BS5 =  $5C
§SL = $60

1Ss = $60
1SL =  $64
SIS = $7C
SLL =  §7¢C
118 = $7¢C
LLL = $7E



LLL. = $7E RPT = $48 The other dynamically progranmabl e paraneters

are calculated as follows: MILT (K) : =(256*256)/(32*Ncl ki) TIMEL
=Ncl k1 TIMEO =Ncl k1 /2 NORM _ —Arbltrary LATE o
=NORM- + Pre Conp * Ncl kl EARLY = - Pre Conp * Nol kl Pre Co#p

is selectable by the software as a percentage of the MN cell tine. Bound
detector 455 counts the nunber of pul ses which occur between TRANCK.

transitions. |If @ee pel se gamcurs between transitions, then the cell nust
be a two unit cell, if _two pul ses occur between tranS|tions.then t he cel
nust be a thr@&‘ mhprcmn 1y pXograzmable pargneters Axm: caleulatad Bsns

then it nust unit cell. The reason for having two counters is
t hat dependi n d%ether the next. cell is long (a 3 or 4 unit cell) or

short (a 2 unit cﬁdﬂp (R pul seqmmqynzmﬁuﬁf)er ent positions because,
for exanple, a 3 unit cell will be shorter when next to a 2 unit cell than

when next to a 3 &IMElunit cel | ="NeIRL hbot h counters generate the same nunber

of pul ses between sitions, t d detector 455 sinply generates a
i3 SHERCh 4 Y

space (a 0) for e ul se and ion (a 1) at the end of the
transition tine. JoRM OUtput | S=pPhPEdaRy L O herein as the trans-space data

pattern. I'f the two counters generate a different number of pulses bet ween
LATE =NORM + Pre Comp * Ncikl.

EARLY =NORM - Pre Comp * Nclkl - -

Pre Comp is selectable by-the_sottﬁo:eﬂ;o a poroontooe of the MIN
cell time. o : S -g‘)
nound detector 455 counts ths number of puloos which occur

_botwoon TRANCK transitions. If one pulse occurs botwoen
transitions, then the cell must be a two unit cell, if two pulses
occur between transitions then the cell must be a thtoe.unit
cell, and if three pnises'oocur between transitions then it must

be a four unit cell.

The iooson"tor having two oountoro'il that“doponding on
whether tho next ooll is long (a 3 or 4 unit ooll) or short (a 2
unit oell) the pnlsos may occur 1n ditforont positions booauoe, _
for oxamplo, a 3 unit cell will be shorter uhon noxt to a 2 unit \-i
cell than when next to a 3 or 4 unit oo;l. It both counters
generate the same number of pulses betwoon transitions, then _
bound detector 455 simply generates a opooo (a o).for sach onlse
and a ttanoition (a 1) at the end of the transition time. Such
output is referred to herein as tbo trans-space data pottofn. it
the two counters generate a different number of pulses between
transitions, then the length of the current cell cannot be
deterzined until the next transition time is determined.



*transitions, then the length of the curre el | cannot be determ ned until
the next transition tine is determ ned. rzﬁo 4-bit shift registers 457
and 459 keep track of what has happened until the next cell has been

‘det eryjsned, ‘thus nmaking it possible to determne the length of the

uncerTain cell. CowoebiiitnsBizt aelyietivic 459 £01 (50! kabp SErdck BROAE K3 .
corrects systematic_errors such as those caused by a drive that runs too

fast or too BPBRERP RAtdd the next ceil basibesn sAeternined; s making dt
correction s : ' | | gur& 6...1n format, the
begi nni ng of b??é%?ﬂ‘%?'??ﬁ%ﬁ"‘é?%%‘ a?gdéb'y e ﬁgﬁg’l’t‘ﬂ@' 2 bytes of

zeros followed by the mark byte. Correction state machine 55 is used to
sync-up on the bytes of zeroes followed by the mark byte.. Specifically,

the state nachi ne€exraction Spats Maching 88 ni num cel | s by | ooking at the
nunber of SCT pul ses that occur between TRANCK pul ses. |If the state nachine

sees 64 cells whi rﬂﬁé/ n - between transjjions, then it
khows that it hasepoundtq'aog‘régllgpn%(')l n?‘ﬁ;gnslsjﬁffﬁﬁ S SYRLORRALIF METPFEN | ooks

to see if theubhras thsseTicRusedntyehl ai v bt Ofuis VK Lhit Sor tho! Picy iu% the
case then the rest of the bits start shifting into the shift register 51

and - FI FO 57 R RRpdReecyate: FiRfkrg. AGBtate machine dingrennet areection go
back into th f.at i C ogks._.for in f mnimumcells. The state
di agr am of F:i(jﬁttg gﬁ%\g\/\%n{ogv!\’/ gg‘r?m&ni gﬂsits‘{géirg ?rachi ne 55 works. It starts

out inthe 000 state and stays there until it gets a transition. At this
poi nt it goes intdnt MEMOfrratat theVbegnhingoTya séétdr ior SPEOHHaGl He 32

mnimmecells. |If .
s located by finding the 12 bytes of zeros folloved by the mark
byte. Correction state méchine 55 is
used to sync-up on the bytes of zeroes followed by the mark byte.
Epecifically, the state machine looks for a string of
minimunm cells by looking at the number of SCT pulses that occur
between TRANCK pulses. If the state machine sees 64 cells which
have only one SCT pulse between transitions, then it knows that
it has found a region of minimum cells. The machine then looks
to see if the first non-minimum cell is part of a mark byte.
If this is the case then the rest of the bits start shifting into
the nh'i:t register 51 and PIFO 57 will begiﬂ tunctiﬁning.
Othgrwise the state machine will go back into the s.tate which
locks for a string of minimum cells. |
The state diagram of Fig. 6 shows how correction state
nachigﬁ 55 works. It starts out in the 000 state and stays there
until it gets a transiiion._ At this point it goes into the ooi'
state where it stays until it encountefs 32 ninimum _eeils. _I!
32 pairs of minipum cells are then counted, the machine proceeds

‘on to the 010 state, otherwise it goes back to look for another

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



32-pairs of mnimumecells are then counted, the machi ne proceeds on to the
010 ‘state, otherwise it goes back to | ook for another transition. Once it

has "encountered the 32 pairs, it waits for the first non-mni mum g
trdnsition to occur -in state 011. If this n nimumcell is part’of a\g
mark byte, then it proceeds:.on to the 111 state where it remains until the
processor .is finished reading bytes. If the non-mnimmcell is not part of
a mrk byte, €M@ fir¥tcneRChLNANG)teaRsiticn0ts!5cn0dn sEAP0150" ' £6
Logic 56 Referring nowto Fig. 7, during the sync-up period, rate.

mul tiplier SoRonrRirisun-gedl impartneta @nrl;lbm ftden3it \PxoceRls an Mies.

- Upper counter t count.er 557 o ts the
odd- cel | s. 1%?@ elalgt%.pgg‘sﬁo %o cort & 1?%.@& RFRfeeesr pisnad

frequency er rﬁﬁiﬁamuntszheﬁ-ihﬂﬁnbéilfthSQ% = 3btf 5%2?156

counts represents t he anount of error over the sanple is error nunber is

theh applied P¥tPosthe statasmachine goee back soustate #90.and LCT counter 453
by. stretching or shortening the counts using the output of rate nultiplier
559 RATEQUT. Dataﬂﬁ}sﬁ:gm&% §& d@chine 49 Data output from post
conpensation | ogicC TS | ta transformati on state machi ne 49
whi ch converts the data into actual MFM dat a. Tabl e 2 shows the results of
the operation of dReferrdagsnew ke Fig. s'lat'%l!l#aghthe =chup pericdyrpatet i ons

(I;]ICESUL'?'D'SI' RZ Rg_cébig%ﬂeeﬁ/ 584528 663 LORKE the R PREVLEY exr oP A-Eocks for 35 HIX%ELLI_\__W

TIMES. Upper .eounter S55 counts the "oven cells and lower

. counter 557 counts the odd cells. This make it possible to \J
correct for asymnetry' as vell as trc‘q‘u’_ancy errors. The ubunt by |
‘which. the 8-bit counters vary from 256 counts represents the .
amount of error over the sample. This error number .is then
applied to post compensation logic SCT counter 451. and 1CT
counter 453 by stretching or shortening the counts using the
output of rate multiplier 559 RATEOUT.

Data -!'rahéfcmation State ua'c!'zinc: 49

Data output from post conpcnntion logic 45 1: 1nput to read
data transtomtion state nachine 49 which eonverts the data into o/
actual MFM data. Table 2 uhws the results of the operaticn of
data transformation state nachine 49 for all combinations of

trans-space and previous data.

TABLE 2
PREVIOUS DATA° =~ CURRENT RESULT
. . TRANS-SPACE -
- a R
i | () o

(ool) 01



1 N (1).1 (01) 01
(001) 01 0 L) : 00

(1) .+ .. 010 | - Xfo 00 The
actual™data (i.e., after transformation by data transfornation state
machi ne 49) is input.to serial-to-parallel shift register 51 which shifts
out CRC bytes, mark bytes and data bytes a ﬂgarallel data. Tge eight bit
actual data, is transgerred to FI FO 57 whi §o1i)s a two byte FG¥FO conpri sing
two 10 bit registers.® CRC logic 59 is inplé®hted as the CR® pol ynomi al
[err] + [err] + [err] "+ 1. Mk logic 61 is inplenented as a state

machi ne whi ch generatfﬁ.a.‘;%cd;%%@rkl.a w&#§*&‘&$Fg§%’Mt e Logic

Bl ock«27 Figure 8.is an overview df agr a write I'ncl udi ng

the appl.i cabl e pairanspersition stati@achdnetesy Usoisputl teksssdialHto-pataTauing
wi |l describe how data fromthe processor is translated into 2, 3 and 4

unit- cell's for wshiffgregistar §iswhich,shifts out CRE ytesy; mark hytes and data

processor wites te i redrs and, s h ti bit in
t he node regqi st eeregﬁﬁueﬁﬁpghgiﬂsaaw fiﬁe‘n- hr? Fgg 'E%ﬁ%g&r §6I€§T er is loaded
into FIFO 57. Fltz@nsferfed to\FIPYiS7 Mhicthchins Tuwbeytd FIFOCCohp¥lsing two 10

regi sters. The first ten bit register is used to grab the data fromthe
data regi ster an®ithxegisters.,oCREclogls)Sasis impleaentad: as tip LRG polynonial

FIFO consists of ARt bFte (f \dgta, Al ogll ¥1 LLEASRRE1 LS Ligedat 2

is a mark byte a
_ machine vhich generates a logic 1 when a mark byte is detected.
AN
Write logic Block 27
Figure 8 is an overview block diagram of write logic 27,
including the applicable éortion_s of FIFO, CRC and mark logic
block 24. |
The follewing will describe how data from the processeor is

translated into 2, 3 and 4 unit cells for writing to the disk.

The write process begins when a processor writes a byte into
‘- .the data register and sets the Action bit in the mode register.
~ The b;rte which is written in the data :ogiptcr is loaded into
Y o FIFO 57. FIFO 57 is a two byte FIFO consisting of three ten bit
registers. The first ten bit register is used to gradb the data‘
from the data register and the other twg are used as FIFO
registers. The ten bit FIFO consists_ of eight bits of data, a
bit vwhich indicates whether the data is a mark byte and a bit
which tells the controller to vri_te the CRC bytes.

As shown in Figure 8, write logic 27 includes FIFO 57, shift
register 51, CRC logic 59, and mark logic 61. While each of the

totego:lng components can be separately implemented, in the



whi-eh tells the controller to wite the CRC bytes. As shown in Figure 8,
wite logic 27 includes FIFO 57, shift register 51, CRC logic 59, and mark

| ogi'c' 61. While each of the foregoing corrporéés can be separately P
i npl enrented, in the- 28 preferred enbodi nent of the subj ect |nvent|om..¢,r

‘such: elements are share twe n dlo and ite | 27 .as rt .
of " FI FO, CRC &¥#% HEFR‘? ‘!78?"% BFoEob Khe s g (J-?r“ « 8P %“W"'tépg

. shift register it U.eh i ﬁﬁhuakn&fuzf&.rfeﬁféerv i.ataei—:télalrm,

‘~serial to para I.s regrster as Is the case when doing a read. :

"Simlarly, durcnmaadmﬂe 1@6 bbogk 229 COf mduxses; in Qe foymingm seritmi t t en

‘rat-her than calculatln ytetoc are vmég one, whi ch has bee read

Sinklarly, nambiféy Fn‘v?ﬁ‘i’é 1 shith E‘E}PE ¥ F

witten. Sele ag e IS

i nput to sel'eg%h‘?:?'a &% ﬂﬁﬁs\r\,h &af‘%ig f,eﬁi&#uglr%rég‘e% ?\L/vee“ehnatlhe
actual data argbirige aCéadyt emmdmpl durififGa Iugn:-. 5eRc Aegict 59 neplaulatiesa
or.CRC byte to data transformation logic 75. Wite Data Transforrratlon

Logi'c 75 Wit ed SRCADHTAnEP e wribhen theysthan, calgulating a;CR m'eéﬁ’r into

f. whi
3\1/m (C:)[rml Isnt heI f% swr?gﬁsﬂ%?h\%fﬂ%ﬁgIggﬁggtﬁ{a%ngf%ig“?e%groc agram

of Wwite data viendnowrite wvdeocansdsd & markobyte to beFiAttard. As shown in
Figure 9, the front end of data transformation logic 75.is a four bit shift
regi ster 751 whi ch nakes it  possible to know what the | ast two bits were,

the sclect pata 71

| .
The serial data output from shift register 51 is input to I

sclect data bloek 71 which, in cttcct, multiplexes between the
- actual data and the CRc byte produced by CRc logic 59, outputti.ng
the data or CRC bytc to data transtornation logic 75.

write ‘Dat'a Transf.ormatien :I.ogic 75

. Write data transfornation logic 75 translatcs the data
‘stream into & form in vhich a 1 represents a transition and ao
:apresents a’ spacc-which is the form suitable for writing on a
" nagnetic disk.

- A block d:lagran of write data transformation logic 75 13 . W/
provided in Figure 9. As shown in Figure 9, the front end of
'data'tfanéféﬁation logic 75 is a four bit ehift.:.rogister 751
'which makes it possible to know what the last two-bits were, the -
current bit is, and the next bit will be. Most of the time, the
enly infémition needed is vhat the currcnt bit is and
wvhat the ri'ext bit will be. 'l‘hc exception is when writ:lng the
mark byte.  In this instance ' norc intormat:lon is needed ‘because

it must be d__e_ternj.ned when to l_oave out the transition. As noted



current bit is, and the next bit will be. Mst of the tine, the only

i nformati on needéed is what the current bit is and what the next bit wll
ke. The exceptloh is when witing the mark bgﬁ In this instance, nore

i nf or nh:tdl on i s needed because it nust be det i ned when to | eave out the

transition. As noted above, the only time a transition needs to be
ski pped i s when sticves thcao:ﬂyOt&nO a transition hesds to bef skippead dsowhen
i nformati on are neede Tabl e 3 shows the desired transformation of t

dat a. perf or med tperesi€; 8,38 00 PathernssThus,pail toghiks ef Anformat on
TEXT _.BI T | TB@S@EQBNEP Table 3 S W fadkirea trugfomtion of the

1 ~ " . data Psrformed by transformation logic 753. 1

1 e 1 1 Preconpensation Logic 77 Preconpensation
| ogi c*-77 conpensates for the probl ens created by peak shifts as descri bed
above 'with respect. to read | ogic 21. Preco gtlon | ogic 77 perforns the
anal og of post conpensation logic 45 for W?%vperations. a detail bl ock
di agr-am of pr econpensati on | ogi c 77-is shown in Figure 10. Preconpensation
| ogi 6 37 conpri SEURRANT! BgTexors 77MEXY BEXTand 77FRARSBORMEDLunt er 7MARK| atch
regi ster 779, AND gate 781, conparator 783, AND gaPATE85 shift register
787 and XOR gat e—F89—Fthe—F—bt—eotht-ef—Fr—shewi—h—-gte—to—s—dsed—i-o+
count i ng out the desiged cell times. The counter is greset to ei t heigg

01

0 1 | o o1
—/ g ' 1 ' o 0 0
1 : 1 : 1 1

frecomgensﬁtion gic 15

| _ Precompenution :I.ogic 77 conpensatcs for the prohhns created

by peak shifts as described above with respect to read logic 21.
Precompensation logic 77 performs the analog of post compensation
logic'Qs torlwritc operations. A detail block diagram of .
. precompensation logic 77 is shown in Figure 10. _
- Precompensation logic 37 éonﬁriio-'iulfiplcxors 771, 773 and
775, 7-bit counter 777, latch register 779, AND gate 781,
K~/ . - ~ comparator 783, Ann gate 785, shift register 787 and XOR gate
- C7es. - o .
~The 7-bit.c6unter 777 shown in Figure 10 is used for counting
out the desi:éd.cell times. The counter il brcsit to either
TIMEl if a transitién is:occnrring,'or TIMEO if a space is
occurring. When the counter reaches the value of the comparison
number, then the transition is fed to the half-write logic 79 if
the high.bitlot fhe shitt fogister 787 is a 1 (indicating a
transition). BY changing the comparison point, it is possible to
otrctch or shortcn a cell tiae tharoby perfozning



TIMEL if a transition is occurring, or TIMEO if a space is occurring. Wen
t he counter reaches the value of the conparison nunber, then the
transition is fed to the half-wite |ogic 79 if the hlgh bit of the shift,
register 787 is a 1 (indicating a transﬁ By changi ng the conpari sag
point, it is possible to stretch or sho a cell time thereby perforning
preconpensation. The deci sion whet her:the transition should be early or _
|ate is.decided b vvhetger apgra sition i s about to take )l ace. The "
deci si on wh HE’PF PR ¢ BHR LHRASIER Mhetber the transit I!QP“E'ﬁl‘tfe or at

@ correct ed ggghyeelSaIRd oL wacelka g as-tfml | $Eailts0n® *L .Lb%ugt B3 oe.

t.-hus know ng V\/net her the next cell 1I's a sim ar type cal
787 provi desltdm.abl'hntqwbﬂwouhmuhmlkmhm mhouldbe placelat

det er m ne V\% i gnth t he cugrent trapsition. The outputs of shift’
regi ster 78 DOFAnAL VAluA OF,8L)8 GerTeGteq '&&%‘a)" Ardecby Aneking Ak
data). In asmps4c e&10 Sbé 0 tifas _
mul tipl es of the cl oc&hfr equetr%?y,aa d:thgﬁal er\rl\ﬁoiriéé%@gg#‘r# rtséuc&(‘f For
exanpl e, in ce¥bds = .hthmrﬂpoebﬂ,l.whthiﬁt Teyistier u'lopkwmw tlie t he

nunber of -cl Q¢ the cell is 28, 64. ile the output fro
pr ecorrpensatﬂ’iﬁ“tt?gl g?"taﬂ?‘ atsi8 qoping; mext &"t oF &P, ‘P?‘W’\!e%s%ary

to round thegedd Ji‘i:?sgrtﬂ Ale nb 1%;(

forces the ce | tines to‘vary :‘;romaﬁ a'gglre ﬁé: %epen |ng {
cl ock used, 787 isx@*si(cherént datgh) foace(nhxerdwn t @nd @ I¢hext ) gwxder to
reduce this round off effect, half wite logic .79 is utilized which works

on both e_dge%"ﬁﬂ’ he C| ck d real.es.. he ffec V|n hal f. cl ock .
resol ution. Wit |$fb“ Rt e of &5 I}t% re not exact o

zultiples of the clock fregquency, ndditional errors may be
introduced. For exazple, 1n a four microsecond cell, wvhen a 7.16
uhz clock 1: used, the nunbcr ot clockc :I.n the ccn is 28.64.
_. While the output t:om prcconpensation logic 27 ean be used to
i writc to the disk, :I.t is nocasury to tound th. con 1ength to an
integral nunber of clocks !'hil teund o!! torces the cell times
to vary tron thc desircd vaiues. Depending uyon the clock used, -
it 1: ponibh fot -igniticmt o::or- tc :osult. In ordct to
"~ reduce t.his round off oftoct “half wnte 10g1c 79 is
| utlllzed wh:.ch works on both sdges of the clock and creates
the effect of having halt clock :csolution. wtiting using half .. L
clocks can be very gifficult becauu of the hiqh effective clock |
.. speeds genetated. ‘For this :eason, halt write logic 7 is

. performed just prior to vriting the data to the aisk.
Half Write logic 79

A deta’ihd ,bloék_diaé?i@ of half write ,' logic 79 iis shown in
- Figure 22. o -
. Once a conparison point has bun :nebod tnd the trlns-spnec

datn 4s a 1, then a transition is goncratcd by toggnng the -



cl ocks can be very difficult because of the high effective clock speeds
generated. For this reason, half wite logic 79 is performed just prior to
witing the data‘to the disk. Half Wite Logic 79 A detail ed block diagram
of halfywite logic 79 is shown in Figure 11. Once a conparison point has
been reached and the trans-space data is a 1, then a transition is
generated by toggling the -31- WRDATA |ing to the drive. This is done by
toggling T- counter 791. This toggle is subs quently del ayed by one hal f
clock using D-f IWRDATA cbin@2to The deiubtinghWEDﬁﬁAd@mgn¢Wthggﬁﬂng T-

generated by sel e&; e ygretr- t hy, pal fl:o%lﬁ%k S gg%ﬁ%%%naggl&e@l o&}(

signal AWthus pro ucm f clock resdlution in t si gnal

accordi ng to the ongyi bapés fQiIQﬁé‘d wying dDgfldp-f30R 78%h afhe7 RRSBHANMOR

gate 795. The. HLFiniJAcpA as M%h&?tﬂﬁaf@&m hed1déx Lriy S Hadd Wl CK
shifts or not rticu ic circuiit 796. wll causgthﬁ LONG si naI

to toggle on eacH‘Qf nS1PFEn s&ﬂl”?galqvb\ﬂﬁg“ﬂ%ﬂ‘aéﬂl FLechn s
The present apm|pm5dunum@shh&cndno&wedesulueﬁoﬁuﬁnxxnedmmgmmmesﬁgnal

application : 87 coé)@éin (% 05 Z&Qe?) g?gﬁ%l cg%#m{ge escr §gt%1gdda %A med

an i nproved dISk FTVe contro transf
bet ween a ‘conput e79ﬂndaadd7§|4cd|am¢e N@hl@b@@%ﬁer rI'hGI FLRRITh silansd fis

generating clockiygh&i @8ebsmiABsAdHeths DU Eshde IR REDIockal shiGHY Tok | €f
not. . In particular, logic circuit 796 will cause the
LONG signal to toggle on eaCH transition only allowing
L half-shifts on alternate edges.

‘The present application has been divided out

of our copending patent application No. 8720026.7
(2205467)in which 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 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
placement 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 the effects
of peak shift, wherein said peak shift compensation
means comprises:

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 Tbeing
determined by setting said first and second counter
means with values generated by said computer as a



i ncluding read | ogic neans for converting data received froma signal
generated by the drive to data for placenent on the data bus,” and wite

| ogi ¢ nmeans for converting data on the data bus to a signal for recordi*fig
on magnetic media by the drive, said read |ogic neans including neans r
processing the signal received fromthe dr 2% to conpensate for -the effects
of peak shift, wherein said peak shift co sation nmeans conprises: a)
first counter means and second counter neans for placing  pulses at
predetermned time .intervals between transi‘tion in said signal fron1said

drive, — said  eRReqdshel Fethe iflfe bhEkEENAIE ﬁ@gt%hsmgﬁgy h

‘setting said first and second counter neans Wt s generate
“conputer as a Safidnsigsalof rome sgiige dydvigec Wherel; dinet seunten,id

signal from sai gedhisVds %Qf %.'thS%L .drafluest;o&w%% Std THEeisHrtest

val ue correspond gto thg &éest expect ed t 3 e next, t
transitions and®¥REct&d, tHeqh o |%3§Ett?8 §r93F é&gpéaﬁ&dt t he
short est - expect edcanEcbehweenmelaasne)st slexo tior msnanw%ﬁatdmaﬂmmamé he
maxi mum expect e e t tra or
means coupl ed tghg:gq%s% Iasé:g'?r%dbg\g&ete r]:rir‘\s‘ans or co%fjﬁﬁg
nunmber of . pul seenderkess e(!'-hlayl sthel . mancémuahdespeghqdcmeerbnﬁuﬁsnbeﬂween

:realnzlttelrgniolunl égkq teNRhalisdPidHsd drive; and c) first and second shift
J P - 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 \J
b'etween transitions in said signal from said drive; and

_¢) first and second shift registers coupled
to said bound detector means for storing the number of
pulses generated by said first and second counters
respeétivel—y to enable said -bound detector means to
generate peak shift: compensated pulses from said signal
from said drive.



to said bound det ect or means f or storing the nunber of pulses generated by
said first and second counters respectively to enable said mﬂ

means_to generate peak shift conpensated pul ses from said SIJ u”ﬂ"ﬂi"mg"i"""
driveXy - 33 - CLAIMS 1. An inproved disk drive Ccontrokler s

for controlling the transfer of data between a conputer and a.disk drive,

said conputer including a clock for generating clocking signals, an

address bus and a data bus, said controllef 3ﬁcrud|ng read | ogi c neans for
converting data received fron1a signal generated by the drive to data for

pl acenent on the data bus, and wite | ogic , said wite |ogic nmeans
for, converting data on the data bus to a ssgaiﬁgfor recordi ng on nmagnetic
medi a by.the drive, said controller further including a random access

menory coupled to sa| d reathorglf SP8d s%ﬁwlagiﬂ, gic ‘gglﬁgﬁla&d SQBQ

data bus, said nenDry for s | Ng par aneters genera by conput ér "and
used by said condxellingjithe txamsfer of dagaobetveem er conpyseyi andy

bet ween di sks wri fgf eaime capgvet ﬁwl %m\s@:%g tinélh&fﬁganél G tor
l'inear velocity drives. An roved di (ive control

claimed in clalwn§GWQF4M¥WQ1Q$£Q¥ﬁq&(ﬁiﬁﬂﬂkﬁ%&ﬂq|¥ E@ﬁ%ﬁ%“sd?gﬂsamBPFPen
by constant angul dusyel 9818y cbrttelleid tnetuddhg |tewdr logtcoandans dfoves

s obta|ned by converting data received from a signal generated by the
drive to data for placement on the data bus, and write
logic means, said write logic means for converting data

W 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 memofy
for storing parameters generated 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.

2. An improved disk drive controller as claimed
in claim 1, in which said interchangeability between
disks written by constant angular velocity drives and
constant linear velocity drives 1is obtained by
operating the controller at a continuously variable
clock speed dynamically programmable by the computer
based upon 'parameters stored in the random access
memory. '



La%rﬁg’rﬁé—EaﬁFraller at a continuously variable clock speed dynam cally

progra conput er based upon paraneters stored in the random
‘“ 34- 3. An inproved disk drive controller as =

asm*4, in which said interchangeability between disks Wi t»en

by constant angul ar velocity drives and constant |inear velocity drives
Is obtained by operating the controller a continuously variable data
rate dynam cally programmable by the cdﬁ%&té? based upon paraneters

- stored in the random access nenory. '

3. An improved disk drive controller as claimed

- in claim 1, in which said.interchangeabiiity between
disks written by cohstant-angulat velocity drives and
constant .linear velocity  drives is obtained by
operating the controller at ‘a 'cqntinuohsly variable
data rate"dynamically -programmable by the computer
based upon parameters stored .in the random access
memory.

&+



