DI SK DRI VE CONTROLLER SUMVARY OF THE I NVENTION An integrated disk
controller .chip. is disclosed which is designed to read and wite
Manchester ("MFM') and G oup Code Recording ("CCR') formatted disks and
other ormats wunder programcontrol. According to the present invention
there is provided an inproved disk drive controller for,QBntroIIing
the transfer of data between a conputer. and a di sk e, AT Conmput er

i ncluding a clock for generating clocking signals, address bus and a
data bus, said controller including read |ogic neans for converting data
received froma signal generated by the drive to data for placenent on the
data bus, and write logic neans for converTi%g‘data on the data bus to a
"signal for recording on nagnetic nedia by the drive, conprising neans for
produci ng hal f-cl ock resol ution i”D&%K ﬁkggﬁlcggzgqﬁﬁgnthe drive for
recordi ng on magnetic nedia, said ' -. for reducing the
di fférence between the cell length of the signal sent to the drive for
writing on the nagSUMMARWEOF :THEIANVENTTONCK signal. Al so 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,
sai d conputer. including a cl&tk inregraadti8gskl osentgoslgnal shian dddress
bus and a data busdisaldsednt whitkr €scl ddstignedad tbogireadeanmd Orwrite

‘converting data regglugdstL oM 85 alarde "GE RIS I cBYe! Hecording ("ecrR™)
. formatted disks and .other"formats' under program
-/ control. ' o

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 placement on the data bus, and write
logic means for converting data on the data bus to a
signal for rééording'on magnetic media by the drive,
comprising means for producing half-clock resolution in
A 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 writihg on the magnetid media and the
clock signal. '

_ Also 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
bns; said controller including read logic means for
converting data received from a signal generated by the
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_ recgived,f;om_thé d:ive representing data recorded on
~magnetic media, said half clock resolution for reducing

the difference between the cell length of the signal
received from the drive and the clock signal.

' BRIEF DESRIPTION OF DRAWINGS

Figure 1 shows a particular pattern of 1's
and 0's in MFM format. | | _
Figure 2 is an overview block diagram of the

. invented controller.

_ illust:atiﬁg_ particular examples of when the signal

Figure 3 is an overview biock diagram of read
logic 21. _ |
_ Figure 4a 1 a logic diagram showing a portion
of half read logic 41,
~ Figure 4b is a graphical representation of
the signals generated by half read logic 41.
Figure 4c is a graphical representation

SHIFT is generated.
Figure 5 is a detailed block diagram of post

compensation logic 45.

Figure 6 is a state machine diagram of

_cd:reciion state machine 55.

- Figure 7 is a detailed block diagram of error
correction logic 56. ' | o

Figure 8 is an overview block diagram of
write logic 27. " ' |



Figure 8 is an aqvervi.ew bl ock diagramof wite |ogic 27. -3- Figure 9 is
a block diagramof wite data transformation logic 75. Figure 10 is a

detailed bl ock diagram of preconpensation logic 77..-Figure 11 is a detailed
bl oek di agram of half wite logic 79. -4- DETAI LED DESCRI PTION OF THE

| NVENTI ON Al t hough the present Invention uses various codes for reading
fromand witing data to disks, it will be described with reference to the

nost frequently utilized coding schenme, nanely Manchester or M-M code. The
MFM code follows two basic rules: first, a transition occurs any tine that
a one is encountered in the data patter nt and second, a transition occurs
between any two adjacent zeroes. ‘An shown.dm Eigure 1, MFK code produces a
series of 2, 3 and 4 unit distances (calls) between transitions which,
based on the these di stances, when read back, can ‘be resolved into t he
actual data represented. Det Eiggreegarisﬁ ng tbﬂeckeaijmggaancpﬁmrw:ing datecr
formatted di sks maypbadoradtionUseidaent No. 4,210,959 and copendi ng
application Serial No. 943,839. In fol | owi,n r ous
specific details are set for?gggﬁﬁh ecﬁfﬁeg&gf%‘g hﬂﬁﬁg ‘?%’?g’ﬁﬁ“s °fic.,
to provide ~ precompensation logic 77.

: : Figure 11 is a detailed block diagram of half

write loglc 79.



a thorough understandi ng of the present invention. However, it will be
obvious to one skilled in the art that the present invention nay be

practiced without such specific details. In other instances, well Knowne,
circuits have been shown in block diagramformin order not to obscure tkwe
present i,nvention in unnecessary detail. MM Sector Format The concept of

“writing 2, 3 and 4. unit cells provides the nmechanism by which the data is
translated and written on the disk. B&t=there nust be some nethod for :
or gani zi beep TESCROPTION cB s@:ﬁngoup of data can be easily |ocated.
This is Oneohi/ writing the data In sector format. A sector consists of

1) i nfor mati ohthAugh tHhe M’ﬁ"fc&m’?’!ﬂ’f’@r“ﬁ? FRFiPUS, godes, TOT of t he :
sector, .ﬁ%elé%nahﬂatwm& St ey a&ﬁxpelﬂguifgi. distlibgll wikfle of the

disk is being fead 4) which ttack is being read trac a group of '
sect ors) raE:)erphee [tonghe mrsty fregueptly utiliced codirng sahemadumialucy check .

(CRCO) err etgction or matl n. bl ows the organi zat | on of an MFM
sector. '&ﬂcg g C#’g e u;;? eod %(’P}qm ﬂ: rufes 80 -
4E * 1#5rst, a t:ansition oceurs Qﬂym:& 2 one & encountered in

C2 (Mark Byte) * 1 FC (1 ndex Mark) * 50
4E 12 the data pattern; andygecpnd, a transition occurs bpfweampRY f§pe) 1

FE (1D A%ﬁ%%nw&eﬁECTQ% bhbwn in PW N%E&de produces a
series of 2, 3 and 4 unit distances (cells) between transitions
which, based on the these distances, when read back, can be
resolved into the actual data represented. Details regarding the
reading and writing of GCR formatted disks may be found in U.é.
Patent No. 4,’210,‘959 and copending application Serial No.
643,839,

In the | following description, numercus specific details are
set forth such as specific word or byte lengths, etc., to provide
a tixorough understanding of the present invention. However, it
will be obvious to one skilled in the art that the present
invention may be practiced without suéh specific detajils. In
other instances, well known circuits have been shown in dlock
diagram form in order not to obscure the present invention in

unnecessary detail. ' o/

MFM Sector Format

The concept of vriting 2, 3 and 4 unit cells provides the
mechanism by which the data is translated and writ'_l_:ex_x on the '
disk. But there must be some method for erganizing the .d.ata_ $0
that a spe_e:lﬁc. group of data can be easily located. This is
done by writing -the data in a sector format. A sector consists

of 1) information vhich allows a controller to find the start of



1 : . - SI DE NUNBER 1 SECTOR NUMBER 1

SECTOR LENGTH 2~ . CRC | NFORMATI ON 22

4E 12 A« 00 3+ : Al (Mark Byte) DATA
FI ELD 1 FB (Data Address Mark) 256

DATA 2 ' CRC | NFORNMATI ON 54 4E 4E
* These bytes are only witten at the beginning of a track. **

bThese bytes are only witten at the end of a track. Note: The sector ID
and data field bytes are repeated for each~settor on a track. The begi nning
of a track or Siagt f : ' ' s {hexi deci )
whi ch -serve as a E)&?Fgr_'zg esf)%ti\%ge%%ﬁ%g%‘% gﬁ%a#r%&ﬂ? ‘l(.en 6r%&&h’g% The
next bytes in tiddepalt e aibmtisabeing rba®) 4)r vhinkebysckibebeing seadqa. (2
unit -cells), known aﬁ%t he "bytes of zeroes". These bytes are used to |ocate

the beginning of*35% ABr® FTERRAE BaCtFS) o) Bhe 16path 9%, the Mectrr o apd €)
Fol | owi ng the by@3cal ARfuRlEndy Bhbdi RREPdirbY (RtectidiPikedbiatibs. 2

speci al byte containing a pattern which violates the basic rules of I
(i.e., has a miTablegltshows theorganigation ofjan XM sectersan be recogni zed,

and proyi des two very inportant functiol iBf. st, since it is always in the
byte that follows the bytes of zeroes, i _ es as verification that the
zeroes are indeed the bew.norgyTes a track, spatOWrIfYEw sector data field
| % 80 : | 4 :
v, _
o a2 .- 00 .
TRACK ID * 3 © c2 (Mark Byte)
- « : FC (Index Mark) |
*. 50 . 4E
12 N 00
3 ~ Al (Mark Byte)
1 FE (ID Address Mark)
SECTOR ID b | TRACK NUHBE#
' | . SIDE NUMBER
l SECTOR mézk
&vj' i SECTOR LENRGTH
2 CRC INFORMATION
22 . 4E
12 ._ 0o
3 ' _ | Al (Mark Byte)
" DATA FIELD 2 FP (Data Address Mark)
256 : | pATA
2 : "CRC INFORMATION
) 54 - 4E

*h Q- - 4E



and not data (I's and Os) in a data field and second, the mark.byte

provi des a reference point or sychronization fromwhich the" MM rul es may

be applied to decode the data. (Wthout synchronizing on a known pattern,.

it is inpossible to tell the difference between a string of I's and a
string of Os.) After the mark byte, the next byte encountered in the .
format pattern is the information bytg.. This byte is used to determ ne

whet her the region being read is the track information, the sector ID, or

t he sect o dat aresel Mytéshermcnlyf wittentats the bhdyinsbg of 4 Xracki ai n t he

track nunber, side n er _.sector_n er_:and sector |ength. The next bytes
are the cydi c_a?hﬁsédgggﬁth‘c c‘,'kgr%r@% %Pe?%ﬁ' ch t&%@ tised to detect .
errors acGqiidiNhd Gededd -IoNaNd dats FlieldaSytes are repédted Ber RABhC concepts
of the MFM pattern and . MFM sectors in mnd, the functions and structure
of the invent ed®®’HeTr BN |&EXF¥Y now be net forth, namely how'it handles the,
problems of reading witing and interfacing with a processor. An overview

bl ock | evel di ¢g¢aBgRIniME ot "y AFaEN TOBBERS bnitstshoVa nGxBdrgute 2.
Controller 11 conprises reisi ster block 15 which serves as. an interface
bet ween t HytesoetFis fhaxidnginad) Yhichopexva)as: & Hnedey £one| RAFVEEN 6 whi ch
serves as ahsoikesf AenPaiMECinddiaaCAL! Ol hedt byRlE £ tHR Factesk drives;
cl ock Iogi‘?:'&N,El \(/a\#lch agﬁ&erat.es“a.;i gnal TCL%eusengy ﬁ;g co%ttr oﬁ(er from
t he si gnalthRel Kregcrritisn ey tvelvepbykess o6rzercead(d ypit celisy REPWICRC and

mark | ogic 24, wgite |ogi Lwan r - 16 devj.ce sel ect
si gnal DE\/‘?]'ﬁ%'te bié}tzfs‘sgfg'té'g%é?/”'t hghgﬁéiggé%r"%%&’ o h%he.cont roller to
utilize theeginpdfibSodeithiél astrdck)ca s¥btor AD apda (hbaoijima 21a.D7. The W

control yerr;fiowing théhbyfés of zeroes are three mark bytes. A mark byte
is a spegiai byte containing a pattern which violates'fhe basic
rﬁles.of MFN (1.§;, ha# B missing transition). This illegal
pattern can be recognized, and prqvidés two very important
functions: first, since it is always iﬁ the byte that follows the
bytes of iéroes,'it'serves as verification that the zeroces are
indeed the beginhing'ot a track, sector ID or sector data field
and nbt éata.(l'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 applied to decode the data. (Without
synchronizing on a lmoﬁn pattern, it :1 3 hpossible to tell the
difference betwesn a string of 1'3. and a string of 0's.) After
the mark byte, the_l next byte _encountered in the format pattern is .
the information byte. This byte is used to determine wh;ther the
region being read is the tzaék inféma‘l.:ion. ‘the sector ID, or the
sector data field. The next four Sytes in the sector ID contain
the tr_aék nunber, side number, sector number and sector length.
The next bytes are the cycliéal redundancy checks or CRC
bytes which are used toldetgct errors according te well-known

technigues.



reset whenever the processor asserts RESET. Register Block 15 Register

bl ock 15 conprises registers which nmay be accessed by the processor and by
the cotsoller I ogic. Sone of the registers are-read only, sonme are wite
only and sone are read/wite. In this connection, froma software point of
view, there are a total of sixteen eight bit registers as follows: data
register (read/wite); mark register (read/wite); error register (read)
wite CRC register (wite); paranmeter data register (read/wite); phase
register (read/wite); setup register (read/ Write);handshake register
(read); node register zeroes (wite); node register ones (wite); and read
status. register (reaien the BsdcRedicebes e?h&:ﬂﬂﬁ’ﬁg@éﬂe%eind firs R ckBF@t | ON
where data is road fromor witten to a FIOin IFO CRC and mark |ogic 24.
If a mark byte 38 Py thapfunstions and shruchere ofothe inventked pontxoitex from
this location wagpy Agl %? b0 ! ndwmbily HOE {@iﬂnéfﬂ i&ﬂﬁerobie&‘s%:se.t ’

will provide two bytes of error.cofrectron I nformation. regrstéer is set
up to toggl e betrweding,isriting) whdsintersamingseitic ar pratessdis provi ding both

bytes of information, If there is still vglid data tob d when Act |
"$ ot st Tt can’ oAR SAEVERY BARK AgvehAlaRren SEPAY dAvRRSaR RERSEOIAPT Thi <

| ocat l on i S useqgf Hﬁoﬁrﬁaﬂ!_ﬂﬂg@idzw iddbﬁﬂoiﬁikli))ﬂoﬁﬁrid%i bodithe® Btk 15
| ocation will cause the missing transition between two zeroes to occur.
Readi ng from t hMMirhRaYVes f (8D Antexfage hetwess (the: prosessen andi thmut

Ca‘{Si Ng an erroleentbliex 98 Ed Llintertace 1ogic 16 which serves as an interface
\‘"/_ befween the controller and one or more disk drives: clock logic
17, which generates a sigﬁal TCLK used by the controller from the
signal FCLK generated by the processor; read logic 2); FIFO, CRC

and mark logic 24; write logic 27; and paranctei RAM 31, :_rhe
device select signal DEV must be asserted by the processor in
order for the controller to utilize the s_ign#lé on iddx;ess lines
A0 - A3 and data lines DO - D7. The controllér is h

reset whenever the processor asserts RESET.

negigter Block 15

k/ - ' _Régister bloék 1S comprises registers which may be accessed
| B by the processor and by the controller logic. Some of the
- . registers are read 'cnly,' some are write only and some are
' _rgad/write. In this 'connect'ion, from a software ;Soinﬁ of viéw, _
there .'are a total of sixteen eight bit registers as fpl.lows: data
" register (readhr’ite) ¢} mark régistcr (resd/write): error register
© (read); irf_ité CRC tegistér (write) ; parameter dat;’ register
. {read/write); phase :egi;t@r (read/vrite): setup register
(read/write): hgndshake ‘register {read) ; mode register zeroces
. _— (vrite); mode registér ones (vrite); and read status register
| (read). '



This location provides information onthe type of error that has occurred.

If any of its bits are set, an error flag will be set in the handshake
regi ster as described below. Once any error bit has been set, no other .
error bit can be set until the register is cleared. Reading the error -’

regi ster will cause the register to clear. This register nust be cleared
prior to beginning a read or wite operation. The possible error -
conditions are as follows In wite node, when bit 0 1, the FIFOis being
underrun by the processor. |In other” ot ds, the FIFO is enpty and the
processor Daka Regiskernow edged the handshake by writing another - 9-
byte. In read node, when bit- 0 =1, the FIFO has two bytes to be read, )
_ but the procesggs datangégisess!issgthé adchesin GneﬂghatWW:hh& 1=1 a byte
~which was read fromthe data register was a mark byte. In wite node, when

bit 2 =1 ftt°ﬂe°’p’n*6’é§§§%rtq & FFEG AR FAFQqt €RC t‘ﬁ&rﬂ%’l’Felﬁﬁ"Ozi‘s rigBesting
bytes. | 0 fadyfiiae #heN ghbh dhts JocdtlBnpTAF SEREL vify IRAILI0 APy LS Taster

than they are avai I ab When bit he .correction nunber obtained in
the corr emqadntsm@im&% sbenrAdkien mmnptmat iorthe wbdéi gure 5

her ei nbel qw at e rect ed en bit 4 -
1, the tra’h'?ﬁit’gﬁ?? o"ccurr Q6 'f'%%%’?#ﬁ‘l ?I]?'%ort T fgélf)wl Bul se
(descri bechuuﬁeﬁanctmmlkt& ds dlatbeboue toBgTd bleﬂdtéh’:ltﬁs gwat the cell
was too narrow to be a | cell 1, .the fourth SCT pul se

occurred HAtSScOR fNSCLY FS?F%FEH‘ HFBF#‘&%"Q hath dytes ofqsition was too

wi de to bejrrormation. If there is still valid data to be read when Action

»

is not set, it can be read by reading the mark register, U

Mark Register

'rhis locat:lon is used for :eading and vriting aa:k bytes.
writing to this 1o=at:lon will cause the missing tramsition
between two zeroves to occur. Reading from this locatien will

allow a mark byte to be read without c#using_ an error.

Frror Register

ihié location provides information on-'the type of error that N
has occurred. If any of its bits are set, an error flag will be - \J
set in the handshake register as described below. Once any error
bit has been set, no other -e&o: bit can be set untii. tﬁe
register ':I.s cleared. Rendix;g the erxor ::egisf._e: wil_i cause -the
regiséer to'eieai'. This register must be cl_earéd prior to
beéinning i read or v::lte operation. The pessible error
eonditions are as follows. .'

In write node, vhen bit 0 = :I., the FIFO is being underrun by
the processor. In other words, the FIFO is e;np'_cy and _th_e
processor has not acknowledged the handshake by writing another



val i-d cell. When-bit 6 = 1, there were three marginal transitions in a row
which inplies that the transitions cannot be resolved. Bit 7 of the error
register,is not used. Wite CRC Register Awite to the CRC register wll
set a status bit in the FIFOwhich will cause the CRC bytes to be witten
on the disk. Since the status bit noves through the FIFO, the CRC bytes

wi | -. 10 -, shift out after the last bit of data is witten. Paraneter
Dat a Regi ster The paraneter dat.a register is where sixteen bytes of
paramet er data from pararret er RAM 31 are yitten and tead. This register

corrprlsesac ter n addr 1 tinme
a wite or re fo t%g regl s%%tra( occutr'ist %Tﬁgfim x?een by éegtvgf %%atgg%]be

wWitten or reathaly Bufc theSpreziegsoy iiki mit teamqrenchmgs{:rmmgms register.
Thus, the four bit address placed on paraneter address |ine 30 accesses

si xtegn | ocations ?Q%M%SJ} 21d 1@2.48&@ %[Lp E?Eeaﬁggsw asPgald gt;,:s

pl aced on the eigh It paramet’ I nCrement cou
presets the adeheasm)tbytero each time a wite to the node regi ster Zer os
occurs. The data is stored in RAM 31 in the follow ng sequence (the

meani ngs of the va QH§ t |, Re ddr ess

Par anet er 0000. h Wt BB Ghén Yik'2 0°279nd g;ﬁgﬂﬂ&l_{@ ¥r N) 0001

CORRECTI ON lVULﬂ'dd%leh:EBu(thlhI (PP Mﬂquesting bytes. In read mode, when bit SSL
2 = ), the processor is readiqg bytes faster than they are

\ available,

When bit 3 = 1, the correction number obtained in the
correction state machine (deséribed in conjunction with Figure S

hereinbelow) is so large that the error cannot be corrected.

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

-

ce:fl .

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

¥When bit 6 = 1, there were three marginal transitions in a

row which implies tﬁa_t 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 will



0011 SSS 0100

SLL 0101 S 0110

RPT 0111 CSLS 1000 ' o
LSL 1001 LSS 1011 -
LLL .1100. EARLY/ NORM - 11 - 1101

TI MEO 1110 -10- LATE/ NORM 1111

TIMEI The M N paraneter is the mni num nunber of cl ocks needed to determi ne

a valid tgmfi bheeeboedlibeX) pitn b2 Bital 14 Sxde¥@i ghting factor for _
normal i sing drive speed to an ideal speed. The SSS, SSL, SLL, SLS, RPT,

CSLS, [er LS% I aﬂd IS paraneters are eight bit fields used during .
post conpm-g-ﬁ—&ﬁ%%?M and LATE/ NORM par aneters are eight bit
fields used danengayinRtes RitadiregistetOls vhbié slifteanbited deARYL. , LATE and

NORM ) TIMEL is_an eight bit field containing the tine delay associated .
with a trRMEAReteR dakn from parapster RAM| Ncere Written amd ¥ead-f | BMS cont ai ni ng

t he addltk%@ | t désyg sition to the
drive Jc'f-l O’%rxeé?%gﬁ%gi %g‘%b iIi"ﬁhl&ugl\?vgor dera ﬁgﬁﬁgf each (KLFBOT)

i's used bpatimetex| mm:t sathdiine narlitngmmamm regibskerhal f cl ock when
desired. Eg%]rsqf e fore o] ny(%.g iu;e&gr &%’l@@l,?%';' x.ﬂ ggr ammabl e

successively writing to or reading from this rog:lster. mius:,' the
four bit address pluced on paranmeter addreu 11n¢ 30 accesses
sixteen locations in RAM 31 and the data from the accessed v
location is placed oi: thé eight bit parameter data bus 32. The
increnent éounter .pfeseté the addresses to zero each time a
write to the nodé : tégister gercs occurs. The data is stored in
RAM 3] in the :Eolloi_v:lng sequence (the meanings of the various
parameters will be set forth below): |

RAM Address N _ Parameter

0000 MIN CELL TIME (MIN)
0001 | CORRECTION |
MULTIPLIER (MULT(K))
0020 | sSL | _
0011 sss . « _
0100 si. - | % B
o10r - 518 | '
0110 RPT
0111 CsLS
1000 - LsL
1001 1ss
1010 N - 7T
1011 o - 1is.

1300 ~ EARLY/NORM



by the conputer..In this nmanner, the controller can be programmed to run at
a clock speed and data rate detern1ned by the conputer. Such progranmabl e
parane&gxs enabl e the controller to interchangeably read and wite constant
angul ar velocity. drives and constant linear velocity drives. Phase

Regi ster The phase register.is used to read and wite the four phase |ines
(phase 0, phase 1. phase 2 and phase 3) which are used to control or read
status fromthe disk drive. The four phase i nes can be independently
progranmed as either inputs or outputs dependi ng on the state of
the other four $igs in the register. The phase | iemEadefault to | ow out puts-

on reset. The function of each of the eight bits IH E)Sﬁﬁhase register is
as follows: Bit3®s used to set the polarity of e 0 |ine when

programred as ag, oyt put. Bit 1'is used to set thewpgtprity of the phase 1
| i ne when programed as .an output. Bit 2 is used to set the polarity of the

phase 2 |ine when programmed as an out Bi t 3 i to s he
polarity of theTh® pEFRRRteR M oﬁggm io}ffﬁﬁ%f nes G"4L

i ndi cat es t hat hgcm%q,hme&&,geu,nput Bi t 4 - 1 indicates that t he
phase O line is an output. Bit 5 - i ndi cates that the phase 1 line is an

input. Bit 5 - The rmmnsmmstmd-paayésllt.wnsaqt@ra#n)epsmnléw érive
i ndi cates that t.hee Qt 21§ je b& ninput. Bit 6 - 1-indicates that the
phase 2 line is BR puf' nul i ndicates that the phase 3 line is an
I nput . The SSS, SsL, SLL, SLS, RPT, CSLS, ISL, LSS, 11L and 11S parameters
AN are eight bit f£ields used during post compensation.
| The EARLY/NORM and IATE/NORM paramsters are eight bit z;eids n;ed
during: preconpensation (tour bits for each ©f EARLY, IATE and NORM.)
TIMEL $i5 an eight bit f£ield cantaining the time delay associsted
with a transition sent to the drive.
TIMNEO is an eight bit field containing the additional time deliy
associated without sending a trxansition to the drive. TIMEL
and TIMEO are 7 bits long. The low order bit of each (KLYBIT)
is used by the half write logic, to lengthen WRDATA by 'ong-halt
clock when desired. o '
Fach of the taregoiﬁg parameters is dynamically programmable
u ' by the computer. In this unner, the controller can be
| ' prograrned to run at a clock speed nnd data rate deternined by
the computer. Such programmable paraneters enable the controller -
to interchangeadbly read and write.constant angular velocity .

drives and constant linear velocity érives.

Phase Register

The ph'as'e: :égister iz used to read and writs the tp'_n: phase
' lines (phase O, phase ), phase 2 and phase 3) which are n;a:l to
control or read status from the aisk drive. The ‘four phase lines

. can be &ndcpeﬁaently prograzned as sither inputs or outputs



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 nodes. 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 will cause
HEDSEL to be out put - 13 - Bit 1 - 0 3.5 inch drive not selected Bit 1 -
1 3.5 inch drive selected Bit 2 = 0 normal operation. Bit 2 =1 sets the

controller into GCR node. Bit 3 = O_perJral operation. Bit 3 - 1 causes the
internal clock frequency to be divided by two, Bit 4 - O disables the
cor r ect i ctepending e thacstatie; off the]othaxhFeur bits cly kbetyemistend e nachi ne.

Bit 5 - sets u e reag an ite s I p t [ yes. Bit 5 -¢
1 sets up %gﬁfggoi%ﬁg sze%ugﬂglt%gfi Sm#&g Q?@ %gé%égrkgésﬁgfgs%%g 0 nor nal
oper at i Ongadii of6the leightsieitst bn waapghayedregidterdid ast gerxses Nat i on | ogi c
(descri bed belew) to be bypassed. This bit nust be set whenever the GCR or .

3.5 inch dri 1P | dna! na: L | | wh
Curning of  NAEOrorin SERA°, pefi e opatay oo THACHAS, 8 O "VET

-bit to stpsogyamhed & Ansevtput.

Bit 1 is used to set the polarity of the phase 1 line when

programmed as an output.

Bit 2 is used to set the polarity of the phase 2 line when _
_ progranned as an output. : . _ o
Bit 3 is used t.ojsat the polarity of the phase 3 line when

programmed as an outfut.

Bit 4 = 0 indicates that the phase 0 line is an input.
Bit 4 = 1 indicates that the phase 0 line {s an output.

- Bit 5 = 0 indicates that the phase

(v

line is an input.

™

Bit 5 = 3 hdiﬁates that the phase 1 line is an cutput.

- Bpit 6 - 0 indicates that the phase 2 line is an':l.nput:.
Bit 6 = 1 indicates that the phase 2 line is an output.

Bit 7 = 0 indicates that the phase
 Bit 7 =2 inqicites that the phase

W

line is an imput.

line is an output.

Setup Register -

The setup register is used to set the contreller into 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 will cause HEDSEL to be output



(at -16 Nnhz) after the-drive is disabled. @ - 14 - Handshake Regi ster The
handshake regi ster perfornms the follow ng functions. Wen bit 0 = 1 the
next bye to be road fromthe FIFOis a mark byte. Wen bit I - 0, the CRC-
regi'ster becane all zeroes when the second CRC byte passed through the
register. 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 signal fromthe drive.
Bit 3 is used to read the SENSE input fromthe drive. Bit 4 is used to
read the status of Mdtoron (Mdde Register bit 7. Bit*5 = 1, indicates one
of the bits in the error register has beém%®et to a one. This bit is .

cl eared by readi ng Eitelosroor 3;8dinshairivélmot Betedted 1, in wite node, there
are two bytes of avaiiéls’i\ble space, in %ﬁq'e FIFQ = In read node,. when bit 6 =
1, there are two bytisit® bhe3rBAPP AFHVErmeIocked \ien bit 7 - 1, in wite

node, .there is one byte of available space in the FIFO In read node, when
bit 7 1, there i pigne 6\ ackrsedepexmtdofif om t he FI FO. Mdde Register (Wite
Zeroes and Wite Ones) The node [fegi ster k} ;sed to set the various status

bits of the control¥ 2 A Hsete Fhepgonkzpl BEQ QR WPd4-ing to the Wite

Zeroes location with the corresponding bit set to a one. A bit can be set
to a one by witingitto3tded Vibrhsl Gpematiienati on with o - o

Bit 3 = ) causes the ixiterhal clock frequehcy" to be divided.
| by two. o
" Bit 4 = 0 disables the correction state machine.
Bit 4 = 1 enables the correction gtate machine.
Bit 5 = 0 sets up the read and write signals for Apple type
drives. '_ '
Bit § = 1 gets up the read and write signals for IBM ty§e '

drives.

Bit 6 = 0 normal operation.
Bit 6 = 1 causes the read and write data transformation
‘logic (Gescribed below) to be bypassed. This bit
aust be set whenever the GCR or 3.5 inch drive |
\/ nodes .au set. | |

_ Bit 7 = 0 will produce no timeout vhen turning off Motoron

(mode register, bit 7) .

Bit 7 = 1 causes the Motoron bit to sty on for 1/2 second
. s (at 16 Mhz) after the drive is disabled.



- 15 - the corresponding bit set to a one. This schene is used.in order to
make it possible to nodify a particular bit without having to rewite the
entire register. The register is cleared to across when a reset occurs. Fhe
Action bit (bit 3) will be cleared anytine there is any error while o’ l
witing. Bit O Is used to clear the FIFO This bit nust be set and then g
cl eared on successive operations, Read or Wite node (bit 4) nust be l
established prior to setting bit O sidee the FIFOW || clear to opposite :

states d en | \won 1\:/vhet her a wite or read operation is about to take
pl ace. V&Q—%—H =& ive 1 is not enabled. Wien bit 1 = 1, drive 1 is
enabl ed. When bit 2 - 0, drive 2 iis not enabled. Wen bit 2 - 1, drive 2 is:

enabl ed. \WenThe thaddshgke \gegisterspenfiorsetthe/ekiduing Stunctiomet i on i s set.
Bit 3 is used to start the read and wite operation. This-bit should only

be set after gygK Wikl 6% the Hast BB redFholf thd Wrol D aDYIES OF .
data should be witten into the FIFO prior to setting this bit in order for

t he FI FOmegksbyke. shifting i medi ately. Wen bit 4 - 0, the controller is
pl aced into Read node. Wen bit 4 = 1, the controller - is placed into Wite

nmode. When bi gnén iR 11d@,StHe crcheasioter Wicankckh ) BERSE- when @3t . ) Wien
bit 5 = 1, the side 1 head is selected (HEDSEL is set.) Bit 6 is not used

and al wayseqosddERG hyte passed through the register. This bit is valia
when the second CRC byte is the next to be read from the FIFO.

Bit 2 is used to read the read data signal from the drive.
Bit 3 is used to read the SENSE input from the drive,

Bit 4 4s used to read the status of Motoron (Mode Register

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 vrite mode, there are two bytes of
evailable space 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
avajlable space in the FIFO. In read mode, when bit 7 = 1, there
is one byte to be read from ‘the FIFO.

Mode Register (Write Zerqés and Write Ones)

The mode re'gister' is used to set the various status bits of
the controller. A bit can be set to zero by writing to the Write
Zerbés Jocation with the corresponding bit set to a one. A bit
can be set to a one by vrii;ing to the Write Ones location with



When bit 7 = 0 ,Mdtoron is [err] Wen bit 7 - 1, Enablel and Enabl e2
signals are asserted, for enabling drive 1 and dr|ve 2. This bit mnmust not
‘be cleared until after the Action bit is cleared. Read Status Register This
reglsﬁ%? is used to read back the status of the node register. The
registers in register block 15 comunnmicate with the other blocks in
controller 11 by signals on the various STATUS (for inputs) and CONTROL
lines (for outputs) an will be set forth in detail below. Interface Logic
16 The registers in register block 15 conmusi€ate wi'th the drive by signals

oo~ SR e SRR, W6 ke Yl

convent i onal ni ques. C oc e'lnputs to

cl ock | ogic bl ctﬂm!.had‘lemheihiystem@ﬂtmh P&gtia:lulmhlit withouthsavyingcts sor
which typically_is cl oc and Si I ister block 15
whi ch causes tH’é?Iigﬁ ﬂ?‘ 'I\@ft‘af‘?{('uful I pgé?%‘ ﬁ' fgagggdf:?b:le%q Bof the
Set up Regi st er )whenCaOgésdtogecursl. 00Mhel Zc16Pbic (Hie 3| @tk) Vegeabard K whi ch
is used by the invented controller. Thus, TCLX is either FCLK or one-half

of FCLK. _ 1anytips there is amv exror) vBIR Weitdngs an overvi ew bl ock

di agram of read | ogiggs2d 44l aﬂﬂbneu.&etﬁow:rsabh-sw@rmm 8k E&tFQnaCRC
and mark | ogic block 24 which are shared with wite | ogic block

then cleared on successive operations. Read or w:ite nude ('bit
4) must be established prior to setting bit 0 since the rzro will
clear to opposite states depending upon whether a write or read

operation is about to take place.

When bit 1 = © ' ‘drive 1 is not enabled.
When bit 1 = ), drive 1 is enabled.

" When bit 2 = 0, drive 2 is not enabled.
When bit 2 = 1, drive 2 is enabled.

ﬁhen_ pit 3 = 0, Action is not set.

When bit 3

‘1, Action is set.

_ Bit 3 is used to start the read and write operation. This
o~ " b3t should only be set after .ver'ything else has been setup.
| When writing, two bytes of data sihpul.d be written into the FIFO
pricr to 'setting this bit in order for the r:I;I-‘.Q to start shifting
hmedia'tely.
When bit 4 = 0, the controller is placed into Read mode.
wWhen bit 4 = ), the controller is plaqed into Write node.

¥When bit 5 = 0, the side 0 head is selected (HEDSEL is
Teset.)

" When bit 5 = 1, the side 1 head is selected (HEDSEL is set.)

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



Data is read froma disk by means of a signal called RDDATA generated by
the drive as the read head passes over the magnetic nedia. This signal

- consi sts of pulses which are spaced at 2, 3 and 4 units apart, which of
course is the data inits MFMtranslated form If all conditions were .

i deal, to,convert the MFMfornatted data into its actual data, it would be
arelatively sinple matter to determ ne whether a cell is 2, 3, or 4 units
| ong, then decode the data, and transfer the data through a serial to
paral | el shift wWhegi bie 7 =0p, Mp&opyn ke prrocedsor.. However, conditions are

rarely, if everg, (deal .- A irﬁt‘—f‘?ﬁ) w 4 k i whi ch occurs
due to the non-‘?h(f(l’a’aﬁﬂr:]z;t ur_é'o e l%%’gper Ies o ﬁ%ﬁ%&?l ?:é%ergl %’. ' *
‘specifically, it is known thaforaefahling dxdive DmnA dirise 25 hdwdedt t oget her
nore than a 3 or a 4 unit cell, .in.a_relative s e._.. The effect of this
crowding is that 22 unit cal | %% Pk ?ﬁd‘*ﬁ?’ﬁgﬂ%t‘ﬁ?&i Fhe r‘&ﬁg‘?’t ions into -
the region of a 3 or 4 unit qsid gsWledr@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 should 3 e, .and.a 3 oraé unit cell to be shorter than it should be when
the data i &% ROTAERL he data s witten, it is known in the art to
use a techni que known as preconpensation to correct for ‘this. problem
wherein a transthisoregistarudedised te @erd dncki the ptatus @f whemodei ting. That
IS, precospen?aéion makes 4 and 3 unit cells longer and 2 unit cells
shorter wh&t9th V'are next to each other during disk wites. However, if

the disk that ifhdeiesistand inaregisterdilbilensbyommmisitowies thei ch uses
praconpensation or the_preconpensati on used was not enough, errors nay _

occur r eadigtgepeiodktoln Aoptoklerolb M tighads PR AhesYATLCUSBEAIUS, obl em is
solved in 1HRPILRADH and CONTROL 1ines (for outputs), as will be set '

" forth in detail below.

Interface logic 16 _
The registers in register block 15 communicate with the |

drive by signals on the STATUS lines (for inputs) and CONTROL

lines (for ocutputs) using conventional l_and well_known techniques.

Clock 'I_..ggic Block 17

The inputs to clock logic block 17 are the_._sg;tepcloek
signﬁl FCIX from the processor which typicaily is a .7_-2.4' Mhz
clock and a signal frem register block 15 which causes the clock v
to run at its full speed or half spesd (bit.3 of the Setup
Register). Clock logic block 17 outputs the clpck_lig_ngl TCLX
vhich is used by f.h_e invented controller. Thus, TCLK is either
FCIX or one-half of FCLK. | |



i nvention by using post conpensation which will be described In detail

bel ow. . Ot her problens that can occur are that the speed of the disk drive
or theHrequency of the clock can be off, or tfiere can be some other form
of systematic error in the data. such errors can also make it very
difficult to read back the data reliably. Such errors are corrected by use
of a correction state nmachine. The discussion of the read logic wll set
forth bow the post conpensation and correction state machi ne work, along
with a description of how the’*begi nning ofl%a-tracki-or sector is |ocated,
how the mark bydsa 'gggﬂstnebnoh; and what starts the process of transferri.ng
data_into the FIFO Read | ogi ¢ bl ock 21 conprises half read | ogi c 41,

post conpensati on C data tr n stat shift
regi ster 51, corre%?g%ﬁ afe Wﬁfﬁl%gﬂ%dhgr?&? %of?@éﬁ c?re{‘c | 6dfi ¢ 56.
Al so shown in fhacpwadng waeaﬁﬂaasic ﬁi@lbmb! FE¥o3NCROTARE 2x Bodils Whi ch

el ements are from_ FlEQ, mark |.ogi c .bl ock .24, as shown in Figure 2.
Hal f Read Logl’él‘lPl‘ Flal‘l'h‘rcéaﬂr? (?&FE‘%I"S&M‘?W& 279 unit cell and 4
unit cell input signal RDDATA which is asynchronous w t_h respect to the

i nternal clock TCLbatﬂ heeesd oAcCHdiskUBy teblis TZLX sighal rilearsppATA0 t hat
each RDDATA pul se is preci seg‘_ one TCLIK wi de. The synchroni zed and _
t r ansf or med ou?%"tﬁ"ltg R &PeAFive aR theTepd heaq-passes ooy the ppgnstic) ) 1

read | ogic 41 gdeiRct SeNhiesighat cBREYEA aylﬁﬁs%%&wc&feﬂ.{»x&é bt s, @

second half of the clock cycCle thereby providing half clock resolution of
tRe i nput pul send Bepnhth rapagh, (which ol crardeods Khenatrh dnakts WMt he cl ock

cycle the cur rEPtm@QQAIAf&%' SerP ey dtd st fons®0lrd 1alll CloBlrdvelt Guld €V1 OUS
| MFM formatted data into its actual data, it would be a :elutively
sinple ‘matter to determine whether a cell is 2, 3, or 4 units
Iong, then decode the data, and transfer the data through a
serial to paranel shift register for use by the processor.
However, conditions are rarely, if ever, ideal. A ﬁ:st prob:lem
is known as peak shift which occurs due to the nan-ido;l_ nature
' of the properties of magnetic media. Specifically, it is known
that a 2 unit cell on a disk is crowded together more than a 3 or
a 4 unit cell, in a relative sense. The effect of this crowding
g\/ '_ ) is that 2 unit cells will tend to push out their traﬁs;t_ipns into
' the region of a 3 or 4 unit cell, vhen a 2 unit cell is adjacent
~ to a 3 or 4 unit cell. This pushing out cax_xseé sﬁch a 2 unit
- cell té be longer than it should be, and a 3 or 4 .unit cell to be
- shorter than it should be when the data is read back.
When the data is vritten, it is known in the art to use
a technique known as precoapensation to correct for this problen,
wherein a transition is caused to ‘occur earlier or later when’
writing. That .13. precorpensation makes 4 and 3’ unit cells
longer and 2 unit cells shorter when they are next to eat;h other

during disk writes.



RDDATA pul se

RDDATA into TRACK thus, the half read logic will stretch the bounds which
ng the cell time by one clock. This will effectively shorten™
bet ween TRANCK pul ses by one cl ock, thereby correcting for t
one clock sanple tine. If the cell times of the data com ng

are determ ni
t he di stance
error inthe
fromdrive ar
because the p
there is suff
and LCT count
TRANCK pul ses.

occurred in, there m ght have been an error in resolving

e very accurate, there is no problemresolving the data

araneters can be set to fltckp_the m ddl e. of each regi on and
SCT” and LCT pulses generated by SCT

ers gheandd,Def 4l Bﬂ%& URCHEGRCELDE LRD. flr LLAR w) 4270

re can
be some err oreant:bmbex/amjeh ‘usfest hamﬂnmtm ofhth; paecaxpeasatitbs SCT and

LCT pul ses and the TRA CK ul.ses to fall ve o0 each other making It
diTficult to ¥8ad VRRPGH SPRYGHsc STERR, BRY, OFRRE Fe ?i’?geh ok e rth8ue g ¢ nout

i cient margin between the

However, 'in real it etod e and noise-error t

hal f cl ock resgé isireBts \mabms shAreNdenis griBleh IsledlVelofr) thd priagent
nto a 3 3 pattern. Such error can occur since data can only

transformed i
be sanpl ed on

reduced by de
occurred in a

one count to EQEPETOEE. ea‘.hhhiié Rgké It GCFy aad:idaitpw FRS4VHddk aid‘ astd vel y
st ance bet ween TRANCK .:Eulses The overaII affect is that the

change t he di

nmtulpemgveag% - tmpevmﬁon viigh vill beidessritdDiTA pul se
t t I
Cours Just phielsl Berdy > Bl §eobiukEhaltl ORK ol R3CERV LSDBLIR D o0

error has beeafititer adsk attive Qmshhetxguhem:’y bhel:haebloek €hn depod)) em can be

"

LR

wh h half le th |
43, e e S fipe 6F oeRhtn GiCotery Tn R A bt ow by

reliably. Buch errors corrected by

use of a correetion state machine. The discussion of the read

logie will set forth how the post compensation and correction

state nachine work, slong with a deseription of hov the buginnlng

of & tzack or. nector is located, how the mark byte is detected,

and Hhat startes the proces: of transferring data into the r:ro.
Reaﬁ legie block 21 comprises half vread logic 41, post

cenpensation logic 45, data tnn:fomatien state machine 45, shift

~register 31, correction state machine 55 and erroer correction

logic 56. Alsc shown in Figure 3 are FIFO 87, CRC leglc 5_9 and

- mark 109!: 61. which elements are from FIFO, CRC and mark logic

. block 24, as shown in rlgura 2.

Mﬂs_‘_

Half read logic 41 causes 2 unit c_en. 3 unit"cell and 4

" unit cell input signal RDDATA whieh;is asyndhronbug with respect

to the internal clock TCLK to become synchronocus with TCLK and
transformed so that each RDDATA pulse is precisely one TCLK wide.

 The synchronized and tnnstomed output h referred to herein as

TRANCK.

-/



di stance between RDDATA pul ses can be resolved to within one half clock of
the actual distance instead of one clock. The effective half clock shift of
SCT and, LCT can take place in two nmanners. First to-*conpensate for the

pr qbl @rﬁj ust mentioned and second to allow for butter resolution in
calculating the paranmeters for the SCT and LCT counters. Figures 4b and 4c
show a schematical representation of .how a shift signal used by the
counters is generated. Specifically, Figuwes 4b and 4c shows that the
TRANCK signal is fornmed such that it is delayed for four clocks. This
pipelining i s neces¥MPPTHGUIAF ML X8 APHAR ?/%Eht‘f’ﬁ%mﬂ BMPng to occur

four cl ocks bef plixsei bccitfed $n tHé @iFRRATdechhg bale of ynaleewiyeérmd to t he
nearest half clgck and then del ave y._one.cl oc 0 ., generate the signal RT3
as shown in Fi gg??“g’é,”%“gﬁ’ gﬁ%fl%"gp'é?%‘%&"a?;i&nﬂ’%%n 21%*dn of hal f read
| ogi ¢ 41. When démandiBg en ghalcobbiretins ofavtiidh HRIS of stheaeipek dhycld tRDDATA
occurred in the_fJ kﬁqﬁlﬁg C I f
RDDATA occurred%#‘?%eﬁgke%oﬁ&dhha 0 ?ﬁéxg{lgg‘kﬂg%}%é#%g%ﬁﬁggbe zero.
Thi s informati oROPATA{PRIReE |ogretred Inp thereskight | haye beew| aB|exgor the signal Bl AS
|5 sel 10 3 Zer QuldyoBRDARARCEND WRsck] i, [ ieShaidAtdaaOlogif§ag] OCK cYCl €,

and is set to aone It It occurredin the second half of 'the clock cycle.

The signal NSTAR¥retsh thedbaugds yhich sxe dstorpininpribecredctimestY PRt s i s used on
the next RDDATAghé&cxdCl981R1wis) Watdctivaly jstisiteR ihid! diRtarive ek wbiCTINGS Si gnal
w 11 change on the next - TCK_. As menti oned a?ggve, to avoi d,introducing
errors fesultin&}96n%% fa® L2o7% HPEFUNCHENGT 0 Top bt ipxTen 4B XbeWhal and
RORATA, it nust checkssapie d3meadvance, whet her SCT and LCT shoul d or

shoul d not be shi ft4g A2aLed JEANGE end ata CBNAOM a8 Ay WS N0 the

accurate, there is no problen resolving-the data because the
' paraméter: can be set to fit in the middle of sach region
and there is sufficient margin between the SCT and LCT pulses |
generated by SCT and LCT counters (described below with the _
description of l-'ignre 5) and TRANCK pulses. However, in reality
due to drive and noise error there can be scme error in ttie_
v'alués of the cell tiines. This can cause the 5CT and LET pulses
and the TRANCK pulses to fall very close to each other nakipg it
dif!iéult to tell the difference between two different cell
| times. |
\J | | without ha:fi:ipcﬁ resolution, what is intended to be 2 3 4
pattern can be transformed into a 3 3 3 pattern. Such error can
. oceur l_inca data can only be sampled on the rising edge of the.
clock. Thus, if a2 firat RDDATA pulse occurs just after the
. :.tsingiodga of the clock and & second RDDATA pulse occurs just
_pri.br' to the rising edge of the clock, almest cns full clock of
error has been introduced 3n the length of the cell.  This |
broﬁien ‘can be reduced by deternmining which half of the clock
éycle the RDDATA pulse occurred in .lnd shifting the SCT and LCT



generated. Since it is known when the TRANCK is going to occur four clocks
prior to it actually occurring, and it is known which half .of the clock
~cycle the RDDATA pul se that generated the TRANC occurred in, and the sane

i nformati on about the previous RDDKTA pul se is known, a signal called SH:FT
can be generated which will cause the conparison point in the SCT and: L '
" counters 451 and 453 to be altered by one count thereby correcting to the
nearest half clock. The equation for fenerating SH FT is FRACTI ON

* NSTART* Bl AS+ FRA *BIAS SH FT is set with TCK1 and reset with
TRANCK. FRAZTIISY 28 %ﬁ%ﬁ%&‘é’r PR P 1P H 8° FEPRERYY | oaded in each of

SCT count er sabftiagcthe GETcodniey pulsss wiEll mtfichbaag ahamge thegi ¢ 45 Post

conpensati Ol age Bl pAGHE pRided! S sh2 USRI B ke Bl peak

shifting. A agram of post conpensation |ogic 45 is shown
in Figure 5aigtance RekyasnsBRDATH PRIRSE COSOPM Feapdved Gp wittinionsobpifer s 451 (SCT) .

and 453 (LChhoci of @ thctBhE @1 Hande Initdtla (0h0ordh- Qlickx S Ninfdl efeteer s 457 and

459. The counters are used to place pul ses at certain tineintervals

bet ween tr ak#rfdnck shift of SCT e JCTqantake RIpga- 18 tHP ®APPATSnar anet ers SSL,
SSS, SLL, ‘Sls3rstlEd comphrdaté For thSProdlen jiiid dehfionbd Gha absnaregr anned by the

software and enabl e the controller, to_handlLe various cell ‘tines. The SCT
count er 451 3132 EoF ReEERT EIRLINHOCR Hn ralcpiating the pajageters for the , el | which

has a short geelind(iciccouhters.t )Figotdsosm RHa i4t. shoﬂse-éaﬁ'ﬁuemt er 453 | oads

Pa P Ce” FaaPa Rt aes AR PERARIER R R St o et o onded
depend on t his gereratads cel | tine. In this [err] _ t he counter paraneters -
SSS, LSS, ,SLS Specifically, Pigures 4b and 4c shows that the m_ncx .s.ig.nal ' _ o
48 formed such that it is delayed for four clocks. This

pipelining is necessary to be able to know wf:e_n the TRANCK is

going to occur four clocks before it occurs. The RDDATA -ignil

is synehronized to the nearest half clock and then delayed Sy one

clock to generate the signal RT3 as shown in Figure 4a, uhich

shovs g particuler implementation of half read logic 41, wmn

the TCK signal becomes valid, RT3 is sampled. If RDDATA occurred

in the first half of the clock cycle, RT3 would be a one. If

RDDATA occurred in the second half of the clock cycle, RT3 would

be zero. This information is then latched in as signal canod

PIAS. The signal BIAS is set to a zero if nnmu eccurnd .
in the first halt of the elcck cycle, and is set to a one if it \J
occurred in the second half of the clock cycle. me signal |
WSTART is used to latch BIAS when TRANCK occurs. This is used on -

the next RDDATA to determine what has just occurred since the '

BIAS signal will change on the next TCK. As n_enﬁo_ned .albove', to

avold'iﬁtroduéing errors resulting from the an:yn_chr_mu:us= n;#ufe .

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

oyt et
é



and LIS are used by the SCT counter and the SSL, LL, OLL and LLL paraneters
are used by.the L CT counter. (The letters represent Long or short
previqg§/current/next cell times eg., the SSL parameter is used when the
previols, and current cell tines are short and next cell tine is long.) RPT
is the maxi mum nunber of clocks which may occur before a valid transition.
CSIS is an addition correction used by the post-conpensation |ogic under
certain conditions. The follow ng descrilp¢s how the parameters are

cal cul ated The paraneters are cal cul ated based on tthcIock frequency and

cell tinmes. TYRAReE ECT @nd ICT, ahpyldoF SheRid AoGt he Mrifhed MepxcR or s pefore

cal cul ating PagkAERL e fhniamBhn GRWCHE kD edOahi O thE NGAbLREL AT ameters, it is
required to know the ‘amount of peak shift. Thi's factor can be expressed as
a percent age génexatedi nibinae 34l s tknown \Whien thec TRANGE it gplinghtoasurati ng

the paraneterg is deternine e nu r of .cl.ocks  ((Ngl k for of the
three cell ti?&‘?‘. 7 -&?‘8‘6%@ %g ?SFF%‘\%S?CWI@Q! ’"é%#hf%l’.m%gf I%gglgtr‘] a) *
cl ock frequengas o th&)c1dbk dyelecthd REDATANPUINR thit Fenerdtded Bre defi ned as

Mel kI, Ncl k2 and Ncl k3. The M N Sararret'er is defined to be the njininmum
val ue that a TRANCKpeeuxyed iny ang thecsrne Ipfommagion pbopt the RrevdoNs i dpoi nt

bet ween bet Wegkna@Ql Bupdl! saRndun, Sa d1GAp \cah P8l SEPT emef,efﬂneaw\l - Nel ki

/| 2 The rest of the paraneters are calculated in a simlar fashion such
that the bounwsich wilbecaysacthe gompardseon GodhhiirhtbeBOT and 1LY countprs. The

only differen | S At t here I f - f 1§t r
di fferent corrg?)ﬁa%‘l‘lolﬁg5 (o} gélﬂn?f:?raeg&né’g{ %%n%%gﬁﬂggﬁgﬁiﬁg {ﬁ Jﬁ‘gcessar y
t o\eOnpensat enearest half clock. The equation for generating SKIFT is il

_?RACT_I_Oﬁ *NSTART*_BIAS+ FRACTION « NSTART*BIAS., SHIFT is set
with TCKL and reset with TRANCK. FRACTION is the low order bit

of the paranmeter loaded in each of SCT counter 451 and ICT .

counter 453.

. Post Comg'ensation logic 45

" Post co:.n'pensation. 16gi= 45 corrects errors caused by the
effects of .peak shiftirig_. A detailed Dlock diagram of post
compensation logic 45 is shown in Figure S. | |

Post céﬁﬁgnsaﬂén legic comprises two 7-bit counters 451
W, | (S8cT) and 453 (ICT), a bound detector 455 and two 4-bit shift
| registers '_457. ai:d 45§ . The counters aré used ‘I:c:oT place pulses a:t
certain time intervals between transiticns. The presets of these |
counters are the paraneters SSL, §ss, S1LlL, SLS, RPT, CSls, 1si,
1SS, LLL and LIS vhich are programmed by thé poftw_ére_and enable
the controller to handle various cen__i_ines. '1'h§ SCT counter 451
loads parameters vhiéh-ai:e calculated to repreéent a2 cell which
has a short cell (i.e. 2 unit) followinyg it. The wr counter
453 loads parahet__ers which are calculated to represent a cell
time which has a long cell (i.e. 30or4 unit) following it.
Additionally, the parameters loaded depend on the previous cell



- 23 - differently for each. The ampbunt of peak shift per edge can be
calcul ated as follows: peak shift = PS - % peak shift (per m ninmam cell
time) * Nclkl This nunber represents the nunber of clocks that an edge is_
affected if a 2 unit cell is next to a 3 or 4 unit cell or vice versa.
Wth this in nmind, the remaining paraneters can be cal cul ated as foll ows:
SSS - (Nclkl + Nclk2)/2 - INT(MN) - PS SSL - (Nclkl 4+.Nclk2)/2 -
INT(MN) LSS = (NcI kI + Ncl k2)/2 « z2lNT(MN) LSL (NG kI + Nal k2)/2 -

| NT( M te el DNILRSSE Sldss Nel k2
Y kg'i/'%”‘? Nitslbe:h el MEL@N"E‘Q = pabdid 3) /§5¥..E§sﬂLSL) . e L

- (Ncl k2nd REE(EmY P“IM@ESL?%SEB‘“’S&‘ “FM%SE-?LFFWM B&Fameter is -
sinply . a{#ﬁ%ﬁ@ﬁ}bmduﬁw tﬂ_@%f%&}to*t S (fEb Ukskird WEGM ained to a

parti cul val ue, but 1t meet t OW ng require RPT => (Ncl k3
- Ncl kZ)mitE&Hm@nmwmtmm:anmdetnolgexlﬂacsanl (Hex) since .

th t t b t hi ' d h
Val e o PREAIRRT CLR YRR L i RFVLTRy $R SSRTRY: Pabh eeR TR o 1t Hox

equi val engnosdl wad nehlti %e!ﬁ'tﬁgl ss rmaeﬁﬂ ROt Qtel BRe WRRSHu rRibér @ t he
corresponding 8 bit parameter. The | ow order bit (FRACTIQN) is set to a one

i f the fretekmyhich RaYoPCoUr DATORSR Yalid bxansitiony hEFLE 48 38 s set to a
zero. They ﬂ:% ED&J&&EH‘%S&%S::W&L M-Q@uﬂ&%ﬁfi&le(io&ié ket erence to a

parti cul ar exanpl e.
certain conditions. The following describes how the pnraneters

are calculated. s

The paraneters are calculated bued on the elock f:equency \J
and cell times. ' Therefore it is required to know both of these
factors before calculat:lng parameters. For calculating post
eonpensation paraneters, it is required to Xxnow the anount of peak
shift. 'rhis factoxr can be expressed as a percentage of the
ainimum cell time MIN. The first step in calculating the
paraneters is to determine the pumber of clocks (Nclks). for each
of the three cal:l. times. This is done as follous:

Nclks = length of ccn {in s) * clock tx:eqnency (in Mhz)

The three aifferent cell times win be def:lned as Nclkl,
¥clk2 and Nclk3. The MIN parameter is dgt_ine_d to be the minimum
value that a cell must be. This value is arbitrarily placed at U
the nidpoiﬁt between between zero and the first transition time.
Therefore, | '

MIN = Neclkl / 2

The rest of the paraneters are calculated in a similar
fashion such that the bounds will be placed at the nidpoint_
between twé cell times. .The only dif.ference is that theré is a
different amount of peak shift for ditfarent conbinations of

cell times next %o each othe: making it necessary to conpensate -t



. 24 - Assume : Fclk = 16 Mhz. Call tines are 4, 6 and 8 s. Post Conp 3%

of 4 = -cel'l time. This inplies: NCLKI =4 * 16 =-64 O ocks NCLK2 =6 *
= 96_C ocks NCLX3 = 8 * 16 = 128 docks PS - 3% * 64 O ocks = 1.92
CI ocks Therefore the paraneters.-are: MN - 64/2 o -
32.00 G ocks SSS - (64 + 96)/2 - 32 - 1.92 - 46.0B.Cl ocks SSL = (64 +
96)/2 - 32 - = 48.00 Clocks LSS - (64 + 96)/2 - 32 - 48.00
Cl ocks LSL- (64 + 96)/2 - 32 + 1.92 - 49.82- C ocks SLS - (96 + 128)/2
46 2*1.92 L (9 - w48 - 9 - ocks
LLS -= (96 + 1%%%&&%8,& En.( el pugiie prpallh pndee '?‘5’6 sash; 5'8'? 5 o
- 63.00 C ocks PRIculat2d as F6lowdt 1. 92 =35. 84 C'ocks Converti ng

55 PSS O MRS T L Bttt e

ohis nunber represents the number of clocks that an sdge is
affected if a2 2 unit cell is next to a 3 or 4 unit cell or viée
versa. With this in mind, the remaining parqmeters can be
calculated as follows:

'8SS = (Nelkl + Nelk2)/2 ~ INT(MIN) - PS

V 8S8L = (Nclkl + Nclk2)/2 - INT(MIN)
IS8 = (Nelkl + Nclk2)/2 - INT(MIN)
ISL = (Nclkl + Noclk2)/2 = INT(NIN) + PS
SLS = (Nelk2 + Nclkd)/2 = INT(SSS) - 24PS
BLL =  (Nclk2 + Nclk3)/2 - INT(ESL) - PS5
- 11S .-.- (Nelk2 + Neclk3)/2 - INT(ISL) = PS
LLL = (Nclﬁz + Neclk3)/2 = INT(LSL)
- CSLS = SLL = INT(1SL)
The RPT paranmeter is sinply a maximum bound check.
Therefore, 11:3 value is not constrained ¢to a particulaz value,
but it nust meet the following reguirement: .
U RPT => (}xcll;s - Nclk2) + 2¢p5

These values 'nust be converted t6 haxidechnal (Hex) since
they 'zepresent presets to binary counters. This lis_ done by
rounding each value to the nearest halt and..conve'rting the '
integer portion into its Hex equivalent value. This value is
mapped into the upper 7 bits of the correspondi_ng 8 bit
parameter. The low order bit (FRACTION) is é_et to a "e_ne it the
fractional part of the number is one-half, otherwise it is set to
a zero. " -

The use of the parameters will now be described with

reference to & pnrt:lcular example,



LLL -

$7E - 25 - RPT =

$48 The ot her dynamical |y praogranmmabl e

paraneters are calculated as follows: MILLT (K) . =(256*256) f (32* Ncl kI')
TI MVEI =Ncl kI TI MEO =Ncl kI /2 NORM =Ar bi tr ary
LATE -NORM + Pre Conp * Ncl ki EARLY =NORM - Pra Conp ¢
Ncl kI Pre Coup is selectable by the software as a percentage of the MN
cel.l

bet ween
the cell

TRANCK transitions. |f one~pff

ti me. Bound detector 455 counts the nunber of pul ses which occur
I'se occurs between transitions, then

MUShslenet WO unit cell, if two pul ses occur between transitions

then the cell nust be a three unit cell,

transiti

ons ¥Rk % A6¥% be a four

and if three pul ses occur between

unit cell. The reason for having two

counters is rchg% SReNgid 3,08 aMachers.t he next cell is long (a 3 or 4 unit

cell) or short

because,

cell than when next to a 3 or 4 unit cell..
sane nunber : r
generates a space (a 0) for each

the transiti cIKlre. 4 Sud6 = HspElo
data pattern.

bet ween

" converting these parameters to Hex yields the ‘following:

f or PoRbIGaEp, =38 ofnft & EP

NCLX3 = 8 % 16 = 128 Clocks

PS = 3% * 64 Clocks= 1.92 Clocks

Therefore the parameters are:

MIN = 64/2

§Ss = (64 + 98)/2 = 32 - 1.92

SSL = (64 + $6)/2 ~ 32

1SS = (64 + 96)/2 - 32

Lé:. - .(64 + 96)/2 ~ 32 + 1.92

S1LS = (96 + 128)/2 --GS 2%1.82

SLL = (96 + 128)/2 -~ 48 - 1.92
118 = (96 + 128)/2 - 48 - 1.92

LIL = (96 + 128)/2 =49

RPT = 128 = 96 + 2%1.92

"MIN = $40
888 = g§5C
- S8L = ge0

188 =  $60
JLSL -L ‘64
§Is = $7C
sLL = $7C
T e
L = §7E

= 46.08

= 48.00

- 48.00
- 49.92
- 62.16
- §2.08
= 62.08
= 63.00
- 35.84

Clocks

Clocks
Clocks
Clocks
élocks

Clocks

a2 unit cell) the}{)ul ses may occur in different positions
Wi®e« be shorter when next to a 2 unit

| f both counters generate the
1BUisA3 e et WeEN transitions, then bound detector 455 sinply

ulse and a transition (a 1) at the end of

referred to herein as the trans-space
le t.bes LDg GOWRt Bf spgenerate a di fferent nunber Of. pul ses

ciocks o

clocks'

clocks
Clocks

&



‘transitions, then the length of the current cell cannot be determned until
the next transition tinme is determ ned. - 26- Two 4-bit shift 457 and
459 keep track of vhat has happened until the next cell has been

det er f¥ned, thus nmeking it possible to determine the |ength of the
uncertain cell. Correction State Machine 55 Correcti'on state machi ne 55
corrects systematic errors such as those caused by a drive that runs too
fast or too slow or by an inaecurate clock. A state machine di agram of
correction state nmachine 55 i's shown in Figet& 6. In MFM format, the

begi nning of .a sector or track can be located by finding the 12 bytes of
zeros, fol | owed by t heRRRr & bytﬁ“.8 Correction state machine 55 is used to

sync-up on the byggs oﬁez%ﬂeﬁiéah},%%me.@& bfiﬁa;spmicmeﬂd %s the

-}
state machine | ooks for a string of mninum:cells by |ooking at ‘the nunber
of SCT pul ses thafeldewar bet ween TRANCK pul ses. |f the state nachi ne sees

_64 cel I's which have o%o SCT p%§§s‘gﬁFv@.{‘£m§i tions, then it knows

that it has found a régronof m ni mimca ‘he~nmachi ne then | ooks to see
if the first non-mni maMexrel | is pantlx¥ a mark byte. [f this is the case
then the rest of the bits start shifting into the shift register 51 and
FIFO 57 will begin fu¥s¥®ning. O MEFI¥SE2the state machine will go back

into the state which hpgks for a s“}g&,ggym' ni.mumcells.. The state

di agram of Fig. .6 shows how correction state machine 55 works. It starts
out.-in-the 000 state AMIEStays t he~BORMt+ PretCogptd Kelkransition. At this

poi nt i { goes into the,Qp) state wighgyil 3l RS liidhyd ! encounters 32

migimum cel l's. |f _
Pre Comp is selectable by the software as a percentage of the MIN

-cell time. )

Bound detector 455 counts the number of pulses which occur
between TRANCK trans_it_i_cns.. If one pulse occurs between
transitions, then the éen_ must be a two unit cell, if two pulses
occur between transitions then the :eii must be a three unit

.cell, and it threé pulses ocecur between ‘l:':ans:lt:lons-'th_en it must
‘be a four unit cell. - | | | | |

| The reason for having two counters is that @epending on

| ) whether the next cell is long (a 3 or 4 unit cell) or short (a 2

o " unit cell) the pulses may occur in different positions because,

© for exanple, a 3 unit cell will be shorter 1..*h_en next to a 2 unit
Cell than when next to a 3 or 4 unit cell. £ both counters
generate the same nunber ©f pulses between_ transitions, then
bound detector 455 sthly -generates a space {a 0) for each pulée
and a transition (a 1) at the end of the transition time. Such
output is referred to herein as the trans-space data pattern. If
the two counters generate a different number of pulses between

' transitions, then the length of the current cell cannot be
'determined until the next transition time is determined.,



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

has [err] the 32 pairs, it waits for - 27 - the first non-m nimum

transition to occur in state 011. If this non-mninumcell in part of a ~*
mark byte, then it proceeds on to the 111 state where it remains until the!
processor is finished reading bytes. If the non-mninumcell is not part of

a ark byte, the state machi ne goes back ta gtate 000. Error Correction
Logic 56 Referring nowto Fig. 7, during the sync-up period, rate
mul tiplier 551 and @8 €uint shite upibeirs0RST |0@ 859 MeeB A dlchl d2Ebhatl iNES. -

Upper counter 555 counts t.he even cel and | ower. coynter 557 counts, . the
on0 Cel Lo Thi coagaper SoridcFEY BerD St PR, et CALOTHIBsF, hel paking, 3¢
frequency errorgossitaeatd Wite AN nd i1 éAN oL itheCRRENrEREn \G1Y. f r OM 256

counts represents the anount of error over the sanmple. This error .,nunber is,-

. then applied to post conpensation |logic SCT counter 451 and LCT counter 453

by stretching or sh Fé'mmt.%ﬁwi 4SisNg the output- of rate nultiplier
559 RATECQUT. Data T%I,Q & 5n| ne 49 Data output from post

- conpensation logic 45 is input to read data transformation state nachine 49
whi ¢h converts the &arzerticn state-paohine 85 gormptsceystenatic smomscsul ts of

the operation o t fRLEEE b0 | bladd ONs
- of trans-space g‘rll%Qp‘} eﬁgﬁg c&a?? gABE%ﬂZP%E\E/%E g%qu%t%é tgg@b%fﬁgREl\rr
RESULT TRANS- SPRgRan inaccurate clock. A state machine diagram of correction
state machine 55 is shown in Pigure 6.

In MFM format, the beginning of a sector or track can be
locgfe&.by .ﬁ:.m_!!.ng_ the 12 bytes of zerecs followed by the mark
byte. Oon_:ection étate machihe 55 is .
used to sync-up on the bytes 6! .'zei-'bcs tolibued by the mark byte.

Specitically, the state machine looks for a stﬂng of
minipur cells by ;opking. at tﬁe nunber of ECT pulses that occur -
between TRANCK j:ulns. | If the state machine sees 64 cells which
have only one BC'.E pulse between &anslﬁions, then it knows that
it has found a region of minimum cells. The nach'ine then locks
to see if the first non-minimunm ceu_is part of a mark byts, .
If this is the case then the rest of the bits start shifting inte ..
the shift register 51 and FIFO 57 will begin _Mctioning. T\
Otherwise the state pachine will go Sa_ck into the state which :

| looks for a string oi’ pinimun cells.. o |
' The staté l!:lagin. of Fig. 6 shows h_oyr eor_t_eqtion state
machine 55 works. It starts out in the 000 state and stays there
' un‘_l:i.’:l:'it gets & transition. At this point it goes' into the _ooll
state vhere it stays until it encounters 32 ninim cells. If
32 pairs of minizum cslls are then counted, the machine proceeds

on to the 010 itlte_'.‘ otherwirs it goes back to look for another
transition. Onte it has ¢-...antered the 32 pairs, it waits for

O e ity e




1. . . (1) - 11 | (01)
01 . . . (001) 01 - 28-0

(1) < 0o | (01) 0l o
-(001) 00 The actual data (i.e., after

transformation by data transformation state machine 49) is |nput to :
serial-to-parallel shift regi ster 51 which shifts out CRC bytes, mark bytes
and data bytes as parallel data. The eight bit actual data, is transferred
to FIFO57 which is a_two byte FIFO conprising,two 10 bit registers. CRC
logic 59 is inplenented as the CRC pol ynoni al 7e"rr] Mark logic 61 is '

Pl ement ed as A 5 2e HRChNR UhAN AEAIEALE Lo bl fo helIE DA TR ML

is detected. Wité ogl C gure an overview b di ‘agram of
wite logic 27, inehdindgub keraphs pasb| et pounmhstqf thed @t fRiceadd omto

| ogi c_bl ock. 24.. The fQllo escrlbe ho ta fromthe ris
transiated into 2] % 2 ® y?ﬁ%"&‘fﬁlﬂ "a'ﬁ)pf?l%"di'%kipfa&fé}ﬂ%[e
process begins V\h_eaa:_m-ar Worzﬂw-esmm e&n tigenstaipart gl St firiand
sets the.Action bit in the node register. The byte which is witten in the

data register is Prttiedhestate peeitine goeaback te stat®ol®i4 e FI FO consi sting

of three ten bit registers. The first ten bit register is used to grab the
dat a from_ t he data reg ';&bercmdctm gohfy swo are us_ed as FIO re_gi sters.
The ten-bit FIFO consists of eight bits of data, a bit which indicates
whether the data is.a Mmgygt noengo ix?l tv, during the sync-up period, rate
> multiplier 551 and 553 count the number of clocks for 32 MIN CELL .
‘TIMEs. Upper counter 555 counts the even cells and lower
eoﬁnter 557 counts the odd cells. This 'nnke it possible to_
_ correct for asymmetry as well as frequency exrors. The amount by
which the 8-bit counters vary from 256 counts reprcsents the
amount of error over the sanple. This error number is then
' '_'applied to post compensation logic £CT counter a.l___51 and ICT
-c_m_.mtér 453 by stretching or shortening the pountjé ﬁs.’mg the
.output of rate multiplier 559 RATEOUT. o

Data Transformation state Hachine 49

Data output from post compensation log:lc 45 is input to read
data transformation state aachine 49 which eonverts the data into
actual MFN data. Table 2 shows the results of the operation of .

- data transformation state machine 49 for all combinations of

trans-space and previous data.

S . mamEe2
. PREVIOUS DATA CURRENT  RESULT -
. ¢ . TRANS~SPACE .. .
1 Ty
3 (01) o
3 (002) - n



which tells the controller to wite the CRC bytes. As shown in Figure 8,

write logic 27 includes FIFO 57, shift register 51, CRC logic 5% and mark
logic 61. While each of the foregoing conponents can be separately

i mpl enent ed
I nvention,
27 as part
a wite, sh

, In the - 29 - preferred enbodi ment of the subject

o

such el enents are shared between read logic 21 and wite |ogic
of FIFO, CRC and mark | ogic -bewek 24. O course,, in performng

ift register 51 is a parallel to aerial shift register rather

than a serial togarallel shift registg§ as is the cage when doing a read.
durin@a wite, CRC |ogic H®xyal cul ates a @C byte to be witten"
rather than calcl® ating a CRC byte to{(€8hbare with ond%hi ch has been read.:

Bimlarly,
Simlarly,

input to se
actual data
or CRC byte

Logic 75 W

a formin whibyttes a8 pspaldedndata: t Thmsighbrbitnectua) detr,cdents a spice

mark logic 61, when in wite node causes a mark byte to be

witten. select [nienacfusinBater(iab. fairted Uxanbedrnatish ity asgi ster 51 is
l ect data bl ock 71 which, in effect, nultiplexes between the

Axpnsinrmphion, state maching 48) imdnpuyite serisjatprparpilp) he data

%

 PRARE SethE0S T TR0 00 Bud Tnolbrlfe, R, RRRUEMIRTRASTT

which is the for

RpekEab R e85 ML bl 308 o BHER Moo reprraeind RS aoun |1

of wite dat&r

Figure 9, theikreegistegsof cietFogicass ia iBplienenteyiae e ickoopdigHbntdit shift

regi ster 751 Wi ch ¥akes®it _possible to know what the |ast two bits were,

the current

Bt X afi®t felnexMepki1RFic 6hds inplanepted pe & sfatet he
machine which generates a logic 1 when a mark byte is detected.

Write Logic Block 27

Figure 8 is an overview block diagram of write logic 27,

| including the b.ppi icable portions of FIFO, -CRC and mark logic

block 24. o _
The following will describe how data from the processor is
translated into 2, 3 and 4 unit cells for writing to the 4isk.

The write process begins when a processor writes a byte into
the data register and sets the Action bit in the mode register.
The byte which is written in the data register is loaded into
FIFO 57. FIFO 57 is a two byte PIFO consisting of three ten bit
fegiste‘r"s. The first ten bit register is used to grab the data
from the data reg:lster'.nna the other two are used as FIFO .
registers. The ten bit FIFO consists of eight bits of data, a
bit which indicates whether the data is a mark byte and a bit
wvhich telis the contfoller to .vrite the CRC bytes.

As shown in Figure 8, write 1ogic. 27 ihcludes FIFO 57, shife

register 51, CRC logié 59, and mark logic.él. Hhile"each of the
foregoing componénts can be separately implemented, in the



only information needed i s what the current bit is and what the next bit

wi Il be. The exception is when witing the mark byte. In this instance,
nore igfformation i s needed because it nust be deternined when to | eave out
the*tranSition. .As noted above, the only time a transition needs to be

skipped is when thereis a1l 0 0 O pattern. Thus, all four bits of
i nformati on are needed. Table 3 shows the desi red transformati on of the
data performed by transtformatkon logic 753. JABLE 3 CURRENT BIT

NEXT ‘ BIT TR%%EWP exbodiment oAl %%c@ invcntictﬂ such elw@l@tﬂ u'e

1 01

1. “ sharked betveen read 16gic 21 and write logfc 27 as part of PIFD,

1 1 Pr ec ic 77, Preconpensation gl c A '
conpensates for tf&¢ p‘?’ﬁb %%S’Bﬁlab ‘ncRE SHVTREs IR REISIETR Wi th
respect to read | ggig %lzifmcsmaq&m&x&p&bcuiﬁame&ﬁmrrﬁeémeérﬂ@ﬂrof
post conpensation | ogic for wite operations detail btock di agram of

preconpensati on | ShRR W!‘?%'lsﬁsvﬂﬂ‘hiﬂ #hitt regigtercaspianshecasel vhan 37
I tipl 7 5 {
7767 AND gate 701 B0 o fna. "BRANR LY nfiol b SR, Bind Bbasp B Dl AIaTAE -
?ﬁt ed789 ‘(Ij'he I7I btntcmmw:_erto?ﬂ \?’Mlmtﬁug;thtenmlbauﬂmd ioagu:wt‘é iteg out
e desired ce i Nes coun ese i
transition i s occOPPRHS v gﬁ" (=GR é‘gkéﬁ‘b !i‘ggbcféPﬁ'rféy'm BRI S3nt er
reaches the val uevwien tifievEDEEAbE6 Qauses a mark byte to be written.
\/

Select Data 7}

The serial data cutput from shift register 51 ‘is input to
select data block 71 which, in effect, nultiplexes between the
'-aetual data and the CRC byte produced by CRC loqic 59, outputting
the data or CRC byte to data transformation logic 75.

Write Data Tra_nsformat’ion Legic 75

Write data transformation logic 75 transiates the data
» 7 gtream into a form in which a 1 represents 'a' tran#ition and'ya o
represents a space which {s the form suitable for wr.ﬂ_:ing on a
 magnetic disk. _ , .' o
A block diagram of write data transformation logic 75 is
' provided in Figure 9. As shown in Figure 9, the front end of
data transformation logic 75 1_;_# _foﬁr bit shift register 751 . _
‘ which makes it possible to know what the last two bits were, the
current bit is, and the next bit win' be; Most of the time, the
only information needed is what the current bit is and
what the next bit will be. The excepticn is when writing the
| iirk byte. In this instance, more in_formation is needed because

it must be determined when to leave out the trn_-nsition. As noted



nunber, then the transition is fed to the half-wite logic 79 if the high
bit of the shift register 787 is a 1 (indicating a transition) “By

changi ng the conparison point, it is possible to stretch or shorten a cell_
time thereby perform ng - 31 - preconpensation. The decision whether tig
transition should be early or late is decided by whether a transition is
about to take place. The decision whether.the transition should be pl aced

at its nomnal value or at a corrected Value is nade by | ooking at what the
next cell is gaiveg tie baly itine & XanBtibAchERTs £5Dd SXipsed hsivhed SiNi | ar
type cell. Shift rggi séer 787Rgrovi des the ability to | ook at what is :
com ng next iThReSPEE % 4 A & RREERMhat THUS: MAXEPPT hisscof dafernatdmition.
The out put s ‘Gees i ,E04 7 ﬁnfﬂ:ﬁ:‘ﬁ 3. t data),
.and 02 (next fjrn.zgt“%eé‘t a??%%s’nﬁ%ﬁ???é%%?ﬁo ce}:f;s" Sébrl?&wri tten are
not exact nuldatyl perishraed by tyshsformgbionc Yegixidssi onal errors nmay be .
i ntroduced. For exanple, in a tour microsecond cell, when a 7.16 Mz cl ock
is used, the nunmber of clocks in the cell is 28.64. Wile the output from
preconpensation logic 77 can be used tTABMEide to the disk, it is necessary
to round the cell length to an integral nunber of clocks: This round off
forces the cellppidiBeg 0 vary e desiLe s. Dependi ng upon the
clock used, it 1s posg‘f.bl e forﬁg%nrﬁlﬁi cant %ﬁ% result. order to
reduce this round off effect, half wite logic 79 is utilized which works

on both edges of the clock and creates the effect of having halT clock
resolution. Witifhg using half cl odks can be \'/eF"'y difficult behuse of the

hi gh effective cleck speeds generatyed. For thigyreason, half vwgjte logic 79\)
is

1 0 o | B
S 1 | 1 1

Precompensation Logic 77
Precémpensatio'n ioﬁi'c 77 conpensates for the problems created
by peaJ_c.sh'ifts'ai described sbove with respect to read legic 21. .
.Precompensati'oz'z logic 77 performs the analog of post compensation
logic 45 for write operations. A detail block diagram of
. o preconpensation logic 77 is shown in Figure 10.
_ | Precdmpensat:lon'logic 37 comprises multiplexors 771, 773 and
775, 7-bit counter 777, latch register 779, AND gate 781, _
compara_tor'_'lss, AND gate 785, shift register 787 and XOR gate \-dr
785. ' .
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_tranéition'is occurring, or TIMEO if a space is

eccurring. ~ When the counter reaches the value of the comparison

. number, then the transition is fed to the half-write logic 79 if

| the high bit of the shift register 787 is a 1 (indicating a
transition). By changing the cbnpaﬂson point, it .18 possible to )
stretch or shorten a cell time thereby performing



performed just prior to witing the data to the disk. Half Wite Logic 79 A

detail ed bl ock diagramof half wite logic 79 is shown in Figure 11. Once a -

conparj son point has been reached and the trans-space. data is a 1, then a
transition is generated by toggling the - 32 - WRDATA |ine to the drive.
This is done by toggling T- counter 791. This toggle is subsequently.

del ayed by one half clock using D-flip-flop 792. The resul ti ng WRDATA
signal is then generated by selecting either the half clock signal BWor
non-hal f cl ock signal AWthus produci ng khaif- cl ock resolution in the WRDATA
signal according to the logic performed by and gates 794a, 794b and 794c
and NOR gat e 79prectBperdatBbd. siapeadecisicthebetinketii ReanditTohaihdula aause

hal f clock shifts Qr not. ~In particular, logic circuyit 796 will cause the
LONG signal to tﬁ&&?e’%ﬁ“@&cﬂ' t‘?&%&ﬂ L‘%WH‘Y 2 m&&iﬁ’él‘ﬂ-’ ahoyt; to ke
al ternate edges.pihit@, PrARE decHiiin Gt Ovh Placel@Uit

1 10 fie & eF thaStiiaaie i stieshd te _ |
copending patent application No. 8720026.7 (2205467)in which there is *
descri bed and cliimBaninal Wpiue &F ot Hcoxnecsed yalne nmade byc ooy 8thg t he

el uding a ol ot LEE e SO 4K 903 €0 Ba? il w134 FhetBUR 2 mere,
data bus, said omely disl ®rsimichrctypy ceddd [BnJLE aEgaASter F87gRrvtaés tBe dat a
focel ved f1om & SUATRY PEEER! SR lCeodil Suk® 103 Ok ISR M e
_ to déo with the current fmsit&on. The outputs of shift register
N 787 are 04 (current data), 03 (next duta); and 02 (next, next

data}). C _
Inasnpuch as the length of cells to be written are net exact

zmultiples of the clock frequency. additional errors may be
introduced. For example, in & four microsecond cell, when a 7.16
Mhz clock is used, the number of clocks in the 'ccnl. is 28.84.
While the outj:ut from precorpensation logic 77 can be used to
vrite to the disk, it is necessary to round the cell length to an
integral number of clocks. This round off forces the cell times
‘to vary from the desired values. Depending upox_x. the cl_o_ck'used,
it is possible for signiticant arrors to result. In erder to
- reduce this round off effect, half write logic 79 is
utilized wirich works on both edges of the clock and creates
the effect of having hal? élock resolution. Writing using half
clocke can be very @ifficult because of the high effective clock = -
"'speeds generated. For this reason, half vﬂte 169__1:: 79 is )
: performed Just prior to writing the data to the disk. N
Half Write Iogic 79 | E - | : T |
A detailed block diagran of half write _.logitlz 7% is shown in
. . Figure 2. , . o
) : Once a compariibn point has been rnched nn'd_.the trans-space .”

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



converting data on the data bus to a signal for recording on magnetic nedia
by the drive, said read | ogi c neans including neans for processi-ag the
signal received fromthe drive to conpensate for the effects of "peak shift,
wherein said peak shift conpensation neans conprises: a) first counter ‘%
means and second counter.nmeans for placing pulses at predeterm ned -
tinme intervals between transition in said signal fromsaid drive, sai d

pr edet er mi ned time intervals bei ng determ ned by setting said first

and second counter - 33 - neans with yalues generated by said conputer

as a function of the time-between prévfous transitions in said signal
fromsaid drive, wherein said first counter neans is set with a val ue :

tcorre_st)s)nd.i ng ga?%ms !bﬂéé E_Gttl@%(p@ﬁiﬁi '_fi'mfﬁ.sbﬂfsV\?%Bet B9|, aegguxg T- '.[.h
ransitions an se c er_nmeans js sef to a value greafer than the
short est expecf:gﬂ“g?ﬁesggfmegﬁ‘r}t%et?ﬁe,tiﬂi) PP ﬂ%‘?'ﬁ'&ﬁﬁ?’ & y«f?selﬁhan the =
-maxi mum expect edet ilfllﬁ;é-fb_e,‘_tm usiagn dxtf kipo floani9%2i.onsThe) résuhtiagt ect or
means colypl eld WRDATAds{ ﬁﬁx bﬁlcthie.cgeqegey@% By r?é].ré%-tfi.ﬂgt eoLRE: nehéb hte
nunber of .-pul ses.generaf ed a irs econd copn ans bet ween
transitions in §&?d°§?§ aF15¥5i1bﬂi&rdPPvggaﬁﬁd°g?g#i? “%Ldﬁge shift
regi sters c0uppeddngiagihaﬁéumdogktaamwduwéansﬁnwthﬂcﬂkbﬁgkrﬁignmber of
pul ses gegeéat 8dcBy¥asAgd thl Mitle ADGRHECHELEEAMEH Cby aRAPGidtes! Y944, enabl e
sal oun.ﬂ etsgagrag5a9§kgpand_NOR_gatg 795. The HLFBIT signal is
e what determines whether to cause half clock shifts or B
not. In particular, logic circuit 796 will cause the \J
LONG signal to toggle on each transition only allowing
' 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

_.zimproved- disk drive controller for controlling the

- transfer of data between a computer“and a disk drive,
said computer includihg a clock for genmerating 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 writg'logic'méans for = (;;
converting data on the data bus to a signal for
recording on magnetic media by the drive, said read
lbgic 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 being b
determined by setting said first and second counter



generate peak shift conpensated pul ses fromsaid signal fromsaid drive.

34 - CLAIMS 1. An inproved-disk. drive controller for
controlllng the transfer of data between a conputer and a disk drive, said
: Tty
computer including a clock for generating clocking signals, an address bus
and a data bus, said controller including read |ogic neans for converting
data received froma signal generated by the drive to data for placenent on
the data bus, and wite |ogic-means for converting data on the data bus to
a signal for recording on magnetic nedia by the drive, conprising means for
produci ng hal f-clock resolution in the S|gnaé sent to the drivefor
recordlng on magnetic nedia, said half clock”resolution for reducing the
di fférence between the cell length of the signal sent to the drive for

witing on the nagaRing WEHK PdTuddeg Eh@ﬁktéd 9'8 | .sa2d computekhead nproved

troll d fined - l-ut i
contof o o1 e Rt L LS8 L 6Ll LA\,
D-flip-flop coupl e@atld signal- fmmmmdr dripeovwhierrim anid Kirstceounter| ay

to said toggle si gmhnscisne@e&emum QA1ue E8tFedpsiiy rtoa@ﬂesahal:tesc
D-flip-flop for selectlngd Fg bsald t ogal e S|gnal d del a d toggle
signal for mntlng expestad fipe between next” two rans 1ons an

. second counter means is set to a value greater than the
shortest expected time between the next two transitions
. _ and less than the maximum expected time between the
2 o - ‘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
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
respectively to enable said bound detector means to
generate peak shift compensated pulses from said signal
from said drive. .
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.upruvcd disk drive controller for controlling.the

fer of data etmeen a conputer and a disk drive, said conplter
m! H" Ht& generating clocking signals, an address bus and a <~
oIIer i ncluding read | ogi ¢ nmeans for - 35 - Yoot

convertlng data received froma signal generated by the drive to dat

r~

pl acenent on the data bus,

a for

and wite logic neans for converting data on the

data bus, and wite | ogic nmeans for converting data on the data bus to a
signal for recording on magnetic nedia b the drive, wherein said re
| ogi ¢ means conprises neans for producin 4naElf-clock resolution in

signal received fromthe drive representing data recorded on magnetic

medi a, said half clock resolution for c

cell length of the signal :received fro drive and the clock sign
A control |l er as defined by claim3 wherein said read | ogic means includes

first and second counteranandmpebdedeadiskor deﬁChJCl 86nbeéit&d OCkor

resol uti on co

flip-flops being t

%%gaxﬁgftﬁét tAHb RGeS @dam'wn} Y cPplBY s
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t he

kNg the difference between the

al. 4.

sai d
i p-flop

for storing th@ s8hsk d’f’-’i{% i ppid m&tﬂnerﬁ-ﬂﬂé’ﬁm ng edgskof fohe cl ock
occurs, the segendr@tihgpciockﬁﬁgwsfﬁﬂulsqgahhedﬂkabe Bhst BAdi apgkeaul se

when the fal i agecdagafll bBFeEbOFl: OGMISa1h) SERECH QARG SORBLeT 1O

said D-flip-

oonverting data receivod 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,
compr1s1ng 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.

2. The improved controller defined by claim 1
wherein said half-clock resolution means comprises:
a) a T-counter for generating a toggle

- signal;

b) a D-flip-flop coupled to said T-counter
for providing a one half clock delay to said toggle
signal; :

. ‘c) means coupled to said T-counter and said
D-flip-flop for selecting one of said toggle signal and
said delayed toggle signal for witing to said disk.

3. 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

k4



detected the change’in state of the.input -pul se, c) means co

fl ops for deter.m ni ng which of said first’ and second D . fI|p flops first
first: and second counters for generating a shift signal used 'ﬁ

| qgi &=rreans to adjust said first and second counters, said count er s* f ¢
generating pul ses used to determ ne the distance bet ween pul ses in sald

si gnal

generated by the drive. Published 1991 at The Patent O fice House

Carriff Road Newport [err] NP9.1RH . Further copies may ‘be obtai ned from

Sal es Branch Unit 6 Nine M| é Point [err]
by NUItlpIes techniques lid St Mary Cray Ken

$§s Keys" Nevvport [err] Printed

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, and
write logic means for converting data on the data bus
to a signal for recording on magnetic media by the
drive, wvherein said read logic means comprises means
for producing half-clock resolution in the signal
received from the drive representing data recorded on
magnetic media, said half clock resolution for reducing
the difference between the cell length of the signal
received from the drive and the clock sigha15

4. A controller as defined by claim 3 wherein
said read 1logic means includes first and second
counters and said means for producing half-clock
resolution comprises:

a) first and second D-flip-flops, an input to
said flip-flops being the data input from the input
pulse, the first D-flip-flop for storing the state of

the input pulse when the rising edge of the clock

occurs, the second D-flip-flop for storing the state of
the input pulse when the falling edge of the clock
occurs; ' . _
b) detection means coupled to said D-flip-
flops for determining which of said first and second D-

- flip~flops first detected the change in state of the-

input pulse, .

c) means coupled to said first and second
counters for generating a shift s1gnal used by said
read logic means to adjust said first and second

. counters, said counters for generating phlses used to

determine the distance between pulses in said signal
generated by the drive. ’

* Publjshed 1991 ar The Patent Office. Oonm House Ctrdlﬂ‘m-d . Gwent NP9 1RH. Further copies may be obtained from
Sales Branch. Unit 6. Nine Mile Point.

1 7HZ. Printed by Mumplextechnlques td. St Mary Cray. Kent.
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