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FIELD OF INVENTION

The invention relates generally to magnetic disk
sector formatting and data synchronization.
BACKGROUND OF TBE INVENTION

Digital data processing systems typically include data
storage devices, for example, multi-disk disk drives. Data
is recorded on the disks in concentric tracks. Thé tracks
are divided into sectors, and each sector is further divided
into a header séction and a data section. Data is recorded
in (written) or retrieved from {read) the data portions of
the sectors while address information, that is, disk surface
number, track number and sector number; is stored in the
header sections. | |

Data is read'from or written to the disks using’
read/write.héads. Each head is associated with a particular
disk surface or portion of a disk surface. As the disks
rotate under the heads, data is, for example, read from a
particular sector when the associated head is over the data
portioh of th§t sector.

To begin a read or write opération the appropriate
head is mo&ed to the triack containing the desired éector.
Unles; the head was used in the preceding read or write
operation,ior it has been kept in synchronization by
appropriate timers, for example during idle times, the head

must then be synchronized to the disk so that the sector
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Digital data processing systens typically include data storage devices,
for exanple;, multi-disk disk drives. Data is recorgded-aa-the=
concentric tracks. The tracks are divided into sectiofgis
further divided into a header section and2x data selction
in (witten) or retrieved from (read) the data port ils=gE=

whi |l e address information, that is, disk surface nunber, track nunper and
sector nunberadfiseseefeROtAtiRg uRdeFett s@RR | BRsread.  Onggithe headids rom
or witten to the disks ysinp read/ wite heads. . Each head is associ gted
with a particﬁYﬁFhmﬂfEﬁgsdga%‘éc% e?)\cl)\{l?? o?lechée%i§T<c%%’ff e't'eﬁ”fgnet sks

sector addresses and then it performs the read or write

operation. Head switching, which ﬁay involve switching
between heads on a common actuator arm or switching between
heads on different arms, occurs quite often during the
normal operation of the disk drive and thus synchronization
is'performed often also. The speed with which the heads are
accurately synchronized to the disks affects the speed with
} which data can.be.transferred to or from the drive.

Using prior technology, timing information for
synchronizing is recorded either on an extra servo surface
or as an additional information zone between sectors,
referred to és an embedded-servo zone. If the disk drive is
one which uses fixed block architecture and data surface
only embedded-servo information, certain information must be
contained within the space of each sector and related servo
zone to enable the system to operate in real time, that is,
to pefform certain functions within the time it takes for
the sector to rotate under the head. For example, sector
timing must be established, and bit, data symbol and data
word synchronization must be determined using the recorded
segvo and synchronization information. Also, if alternate
sectors can be used to rep}ace corrupted, or bad, sectors
flags indicating which sectors are good and which are bad
must be read and interpreted. Additionally, each sector
contains data that must be read and validated, and if

necessary corrected, using recorded data redundancy symbols.
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N B feads, data is, for exanple, read froma _ particular
S e e’ he aSSOCIated head is over the data ' 4 /Qg% gt or.
To Begin a read or write operation the appropriate Oﬂggéﬁggiﬁaﬁg Eég t he
track containing the desired sector. UglLess the h was-used in

preceding read or wite operation, or it has been kept in synchronization

by appropriate tiners, for exanple during idle times, the head nmust
~then be syngfgrggigggntébi@ewi;s&mﬂ heltl tdf tSededrfunctions with

minimum disk overhead, that is, with minimﬁm consumption of
extra recording space, leaving the disk space free for data.

prior technology embedded—servo disk drives typically
use three-zone formats. The three zones are a servo zone,
containing servo position information which is permanently
written at the factory when the disks are formatted, and two
sector zones, a header zone containing address and bad
sector information which can be re-written during re-

» formatting ﬁo indicate which sectors have degraded from good
to bad, and a data zone containing data and data redundancy
symbols which can be easily written and re-written by the
user.

Using three zones requiies the disk drive to
synchronize three times, once per zone, in order to perform
a read or write operaéion in a sector. Thus each zone must
contain synchronization énd timing information. This causes
increased overhead, resulting in a loss of recording -
efficiency. Thus it is desirable to reduce the number of
zones while retaining all the functionality of the three-
zone architecture. Also, as users demand disk drives with
more and more data storage capacity, it is more and more
desirable to use less disk space for synchronization.

Prior technology also requires significant dedicated
timing hardware, for example; timing logic or analog
electronics is required to interpret the recorded timing
information and synchronize the heads. The servo-zone

typically contains a long synchronization burst written in a
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precdr esses rotating under it can be read. Once the head is .
#gsoni zed, it locates the sel ected sector by read n,g”& BREEP BGEBEEN
addresses and then it performs the read or wite opgrati Qtp HR¥ '
swi tching, which may involve sw tchi ngg-between headsrﬁﬂ-a compRR-—astudt or
armor switching between heads on different arnms, occurs quite often
during the normal operation of the disk drive and t hus synchronization 4s
per f or medfpé@&mcy swhidinel s perell e Ih whiedcutheimedts datn, aoouvat el y

synchroni zed to the disks affects the speed with
ijnformation for track following, and several 1nformatlon

pits for track identification. Thus the embedded servo
system must use analog filters to locate the synchronization
burst and special timing and control logic to find the servo
information, as well as to synchronize the head to the servo
zone. This additional hardware increases the cost of the
system. _Thus it is desirable to perform synchronization
using muchnof the éame hardware as the normal read and write

operations, and in particular using mostly digital logic.

v,

It is also desirable to perform synchronization quickly,
even if the heads are not in a known position with respect
to the servo information that would be used to align the
data head on the track.
SUMMARY OF THE INVENTION
The invenfion is a disk drive system which provides
all the required funcﬁions within each sector including:
track error positioning information, sector bit, data symbol
.’ and data word synchronization, cylinder, track and sector
addresses and aadress validation, good/bad sector flags, and
data and data. redundancy. All of these functions are
provided within two zones to provide high data efficiency,
that is, low overhead per sector. The inventive system
synchronizes a controller staﬁe machine to the real time
relation between the head and the disk by using hardware
which is also ﬁsed in read/write operations, thus reducing
the required hardware.

Basically each sector is formatted with a header and
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- e transferred to or fromthe drive. Using prior
' L t|n1ng information for synchronizing i -on an
R Servo surface or as an additional informatio Eﬂﬁ@HﬁﬁﬂM%SB§§@t rs,
ref¥rred to as an enbedded-servo zone. If the disk Lve 'T‘gf"ﬁcmﬁ)v\hl chf uses
fixed bl ock architecture and data surfa®e only enbedded-Serve tion,
certain information nmust be contained within the space of each sector and
rel ated servo zone to enable the %zsten1tp operate.in real ti that is,
to performycasatai aeﬁﬁheﬁionghw heg ’Eh%e‘f?h%“l’tn‘f RIS f%rpr??'f%brsgee'ctaor to
rotate under the head. K For exa e, e&t ng pus dbe es\.t,afﬁl [ shed and
bit, data synbbFoahﬁaHé?% charactet and an a res ield, as we

rvo informatzon for track following. The data section of

se

each sector includes a data preamble, a data synchronization
character, a bad sector bit map, and the data and data
redundancy information. The header section of at least one
sector in a track includes a short DC-erase field, that is,
a transitionless segment.

The inventive system first looks for a DC-erase field,

% using system hardware that normally is used in the

read/writé opefations. Once it detects a DC-erase field it
looks for the header preamble and synchronization character.
If each of these are detected within predetermined times, a
timer is set which allows the system to time to the address
field and then to the servo information contained in the
header. If the address field contains a valid sector
address, the system assuﬁes it is synchronized and the servo
information is then used to center the head on the track.

- Thereafter, the desired sector is located by reading the
addresses of the succeeding sectors. If any of the header
sﬁb—seétions following the DC-erase field are not detected
correctly within the predetermined times, the system looks
for another DC-erase field and then continues the
synchronizaiion process. In this way the system is able to
find the beginning of a sector and to synchronize using only
the short DC-erase field and other header information.

.The bad sector bit map is used to identify all bad

sectors within a track or a section of a track. The bit map
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Nl zation nust be determ ned using the
cheeni zation information. Also, if alternate
repl ace corrupted, or bad sectors flags indicati
and which are bad nust be read and inte;preted et 0nal: ,
contains data that nust be read and validated, and if necessary corrected
usi ng recorded data redundancy syntol s.

;s redundant and located within each data zone within the

track or section of the track to which it pertains. Thus
the loss of_one or more sectors is not likely to cause loss
of knowledge abcut which sectors are bad.
DESCRIPTION OF THE DRAWINGS

The invention will be pointed out with particularity
in the appended claims. The above and other advantages of
the invention may be better understood by referring to the
following description taken in conjunction with the

‘ accompanying drawings, in which:

Figure 1 is a functional block diagram of a system
built in accordance with the invention;

Figure 2 illustrates the format of a disk recorded for
use with the invention;

Figure 3A is a flow chart of the operations of a
system built in accordance with the invention, including the
steps of looking for a DC-erase field, looking for a
preamble, looking for a synchronization charactef and

h setting the data channel gain;
| Figure 3B is a more detailed flow chart of the steps

used in looking for the DC-erase field;

Figure 3C is another detailed flow chart,lshowing the
steps used in looking for theepreamble;

Figure 3D is a further flow chart, illustrating the
steps used in looking fer the synchronization character;

Figure 3E is a flow chart of the steps used for
setting the gain of the data channel;

Figure 4 is a functional block diagram of a controller
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-3-! Is desirable to performall of these functions with m ninmum disk-
overhead that is, with m nimum consunption of extd ordlng space
| eavi ng the disk space free for data. Prior tg
disk drives typically use three-zone fer+mts. The threenezq ervo
zone, containing servo position information whi ch=Es=perm '
at the factory when the disks are formatted, and two sector zon-
header zoneheomt dimifiguaddlegs@andnd bad sector information which can be
re-witten during re- formatting to indicate which sectors have degraded
fromgood to badigwe $ d& 2 fynstionedi Pllﬁgkdétlégéﬁ& @4t 8 Aaandancy

separator ‘shown in Figure 1.

DETAILED DESCRIPTIOR
With reference to Figure 1, a system 8 is shown which
may be used for synchronization and reading or writing data
to or from magnetic disks (not showe). Data is, for
example, read from a disk by read/write heads (not shown)
and sent over line 12 to a read channel consisting of an
» automatic gaih control {(AGC) 20, a data separator 14 which
"converts" peaks in the signal read from the disk to data,
and a phase-~locked loop (PLL) 16. During a read operation
the AGC 20 sets the gain of the data channel such that the
system 8 can distinguish data signals from noise. The data
signals typically consist of relative positive and negative
peaks within a predetermined amplitude range while noise
signals typically consist of peaks below that range. Thus

the gain of the AGC 20 is set either by feed-back from the

- signal or a setting from an external source, such as

controller 22, to a value which will amplify the data signal
enough to "read" it but which will not amplify the noise
signal to bring its peaks, which fall below the data signal
range, within that range. 1If the AGC 20 gain is too large,
noise peaks may be misinterpreted as data.

The PLL 16 sets the timing of signal sampling, that is,
the times at which the analog signal from the read/write
heads is sampled by the data separator 14. These samples

are then turned into digital symbols representing the data

—
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#rcan be easily witten and re-witten by the user.
g zones requires the disk drive to synchronize three tines, once

per*v'ﬁ._ in order to perform a read or wite oper 1q§jfiﬁrﬁﬁﬁﬁﬂﬁ_ﬁ.Thus
each zone must contain synchroni.zation gnd timing [f 6P REEEDHASBREN lauses
i ncreased overhead, resulting in a | oss™®T recordi ef REALARER. Thug it

I's desirable to reduce the nunber of zones while retaining altr thne

functionality of -t zone,ar c qGLur denand
‘?etr}é ithe gr 1% s’”t%r Se g’a mhed saorel eﬁerse%ofscg

di sk driveswaktHeR paci and nore

desirable to us u]!aeéegd CHOS%W df¥a %’1@r1q{"a2@énm&ulator (not

demo

shown) . The drive also contains a write channel (not shown)
for writing data to the disk.
when data is to be read or written to a disk the system
8, using 2 controller 22 and a.microprocessor 24, selects
the head (i.e., the disk surface) associated with the sector
involved in the operation and moves the head to the track
containing the sector. If the selected head is not-the head
' used in the preceding. read or write operation on this disk
surface, that is, if a head switch occurs, the timer and the
clocks associated with the controller state machine
operation must be re-synchronized to the recorded data on
the disk. This is often referred to as synchronizing the
head.
| The head is synchronized by first finding the béginning
of a sector and using the sector header information to set
both the gain of the AGC 20 and the phase of the PLL 16 to
a values appropriate for the system 8 to read and interpret
the header information. The sector to be read 6r written is
then located by reading the addresses recorded in
consecutive sectors on the track. Once the appropriate
sector is fdund, the read or write oper;tion is performed in
the data section of that sector.
With reference to figure 2, a disk 28 is recorded with
a radial contiguous.format, that is, with portions of the
header section of each sector recorded such that the start

of each bit in these portions is radially contiguous with

I
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Pri - ¢ nology al so requires significant dedicated timng hardware, for
exaf®e t i ning | ogic or analog .electronics is req i T t he
recéfded timng information and synchroni ze the hefd&siS B&ES _ 5N
typical ly contains a |ong synchronizatigg_burst wif{ten |RERLACED
4  frequency which is unlikely to-occur in the datd, servo 1nfornation
for track follow ng, and several information

the corresponding bits in the adjacent tracks. For example,

the bits in the preamble of header section.ZQB'in track 29A
are radially contiguous with the corresponding bits in the
preamble of header section 29D in track 29C. 1In the
preferred embodiment the sector addresses are Gray coded and
thus there is only a one-bit difference between the i
addresses of céntiguous sectors on adjacent tracks.
At least one sector, and preferably several or all
sectors on a track, are formatted with a header section that
. includes a DC—erése field .30 at the beginning of the sector,
followed by a preamble 32, a synchronization character 34,
an address field 36 and a servo field 38. The DC-erase
field 30 is a field without any magnetic transitions, that
is, a signal recbrdea on the disk without magnetic flux
reversals. It has a leﬁgth in the preferred embodiment
corresponding to the length of between three and eight bytes
of recorded data. |
v The preamble 32 is a pattern of ONES and ZEROS
£o3, containing a predetermined number of ONES, preferably the
maximum number of ONES, that is, flux reversals, for a given
number of recorded bits. The data recorded on the disk are
typically encoded to aid in the demodulation of the signal
when it is later read from the disk. Thus the code may
prohibit ONES in consecutive bit locations. 1In the
preferred embodiment the preamble 32 is the pattern
+1010...101. The preamble 32 is used to set the gain of AGC
. 20 and to lock the phase of the PLL 16 to the bit frequenéy

and phase of the header.
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ack identification. Thus t he enbeddeff=S¢
rs to | ocate the synchroni zation |

congt gic to find the servo information, _

hea& to the servo zone. This. addltlonaLlhardmare ncreases the cost of the
system Thus it is desirable to perform synchronization using nuch of the
sane hardware as the normal read and wite operations, and in particul ar

using nostly di giphgl s P%&h?onlhhthénakﬁﬁrd&&b&abhelkoapgéﬁeéﬁh of ONES
synchroni zati on quick even if the heads are not ‘in a known position

Wi th respect,,q aerbs stuich adfiowsathencbharohdekrd2Retusddteombhegthéhe
data head on the track.
poundary of the decode group, that is, the number of bit
cells on the disk used for recording a given number of
binary data bits, and for locating the start of the byfe
boundaries. For example, some codes encode two @ata—bits
into three bits for recording, again to aid in the .
demodulation of the read-back signal, and thus the start of
each three-bit decode group must be determined. The
") | synchronization character 34 also allows the controller 22
to deterﬁine the boundaries of bytes of information recorded
in the sector. At the end of the synchrpnization character
a timer 22A (Figure 4) is started which is used to time t&
the remaining header fields and to the next sector header.
The synchronization character usea in the preferred
embodiment is, s = lo;ologo;ogolo;ogoiologlglgoiogl. The
system, using-a clqck from the PLL 16 which is one~half the
bit frequéncy, as described in co-pending application
5 entitled A Method of Handling Data From a Storage Device,
filed May 12, 1988 and identified by Nutter, McClennen &
Fish file number 15311-0281 which has a common assignee and
is incorfporated herein by reference, examines 6nly every
other bit. Thus the portion of the synchronization
character which is actually used to synchronize is s’ =
1110101101100010, the under-lined portions of s. The bits
which are interspersed with s’ substantially eliminate
inter-bit interference caused by, for example, the magnetic

flux reversals representing two ONES interacting with each
..,;_,___-——-—~————~
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3001858 discl oses a nagnetic di sk storage syst e Feh
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positioning of the head. The docunent does not di _
—crarm L has beem put in

i dentification. EP-O 166 373, according-to whi

. the two-part form describes a disk drive systemin which the disk

surface is formatted in sectors with each sector having an addr ess

porti on andothent a Pochi bnterfer Sahd iy CRATHE pNUENHIGN s, rerd. timgent i on

is a disk drive systemin accordance with claim 1, and which
in the PLL 16 taking longer to lock to the correct bit-
tracking phasé or increased error in data seperating this
pattern.

Alternatively, the preamble 32 can be used to
determine the decode group. If, fof example, the preamble
is a pattern 100100...1 it can be used to determine the
boundary of the three-bit decode group. The synchronization
character 34 would then be used to determine the byte

L V) boundaries.

Following the synchronization character 34 are the
address field 36 and the servo field 38. The address field
36 contains at least one copy of the sector address, in the
preferred embodiment it contains four copies. The servo
fiéld 38 contains information which is used by the system 8
to center the head on the track.

The data section contains a data preamble 40 and a data
synchronization character 42 which are identical with the
. preamble 32 and synchronization character 34 in the header.
Following the data synchronization character is a bad sector
bit-map which contains information about the good and bad
sectors in the track, or a portions of the track. The bit-
map is redundant in that it is recorded in multiple sectors
in the track. The bit-maps can be re-written and thus up-
dated, that is, as sectors degrade from good to bad the maps
can be revised to reflect the degradation. Recording the
map in multiple sectors serves to protect the map from loss

due to the degradation of any one sector or group of
R —
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sectoré. The bit-map is followed by the data and data
redundancy symbols. |

The radial contiguous formatting of the disk 28 allows
the preamble 32 and the synchronization character 34 to be
located, regardless of where the associated head is placed
with respect to the tracks. Without radial contiguous
fofmatting, if, for example, the head straddles two tracks,
the data signal in one track may be read as canceling the
data signal in the other track, that is, a segment in which
negative peaks in one track correspond to positive peaks in
the other track may be read as a transitionless signal.
Thus a DC-erase may be detected in the data section of the
sector. If the acquire mode of the AGC 20 is then enabled,
that is, duriﬁg the detection of a false DC-erase, the
acquired gain may cause the read channel to saturate and the
system would not recover in time to "see" the real data.
However, by recording the preambles 32, the synchronization
characters 34 and the addreés fields 36 in a radial
contiguous format bit canceling due to an off-center head is
eliminated, and thus, each of these fields can be located
once a true DC-erase is detected. - Gray coding the
addresses, also, allows the address to be determined to
within two tracks, even if the head is straddling two
tracks.

With reference to Figure 3A, the system 8 operates in
one of two modes during synchronization. If the system has
not previously synchronized to the track, the appropriate

gain of the read channel for data retrieval from the track
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|
is not known. Accordingly, the systeﬁ f;rst determines the
approximate gain (Figure 3E) before it begins the
synchronizétion process at step 100. However, if the system
has previously synchronized to the selected track, the

approximate gain for that track has already been determined

and stored in an appropriate memory (not shown). The system

8 retrieves that value and adjusts the gain of the AGC 20 to

this fixed value. It then begins synchronization (step
102). |

The éynch:onization process begins with a search for a
Dc—eraee field 30 (step 104). The search operation is
discussed in.more detail with refereﬁee to Figure 3B below.

With further reference to Figure 3A, when a
transitionless signal segment is detected, it is assumed.
that it is a DC-erase field (step 106). Thus the start of a
sector is assumed found and a "search" for the preamble is
started (step-108). It is likely that false DC-erase |
fields will be frequently found due to an off-center head’s
*canceling" of data signals. However, if the start of a
sector has in fact been detected, the preamble will be
detected within a predetermined time thereafter. The
preamble will be detected regardless of whether or not the
heed'is centered on the track due to the radially contiguous
format of the disk.

If the DC-erase detected is not the start of a sector,
the preamble will not be detected within the predetermined
time and the search for the DC-erase field is begun again

{steps 114—115). The preamble search is described in more
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efficiency, that is, |ow overhead per sector. Theg
'synchroni zes a controller state machink4to the rea
the head and the disk by using hardware which is

anddat a word. synchroni zation, cylinder, track and sector. addresses
addfess validation, good/bad sector flags, and data and data redundancyi
of these functions are provi ded within two zqQres—te=~provae 0o}

TRNG AHEFE Hé sﬁ"’ )
_tlrnﬁuﬁ%ﬁc

operatlons thus reducing the required hardware. Basical ly
sector isdpbRiht V&BRWFEREEeRESQEP Bhgure 3C below. . DC-erase fields

| are continuously searched for during the preamble search.

If another DC-erase field is detected at any time during the

preamble search, the search is re-started (Step 166, Figure

3C).

Again referring to Figure 3A, once the preamble is
detected, a se#rch-for the synchronization character is
begun (step 116). The synchronization character will be
found within a predetermined time if the previously detected
DC-erase field and preamble denote the start of a sector.
Sensing of the synchronization character allows the
controller 22 to set a sector timer 22A (Figure 4). The
timer 22A is then used to enable controller operations on
specific sector segments, for example, the end of the
address field and then the start of the servo field, and
also to the header section of the next sector. 1If the
synchronization character is.not sensed within the’specified
time, an indication of false detection of the DC-erase field
and the preamble, the DC-erase field search is'again started
(step 119A). The synéhronization character search is
described in more detail with.reference to Figure 3D below.
The DC-erase field search also continues throughout the
synchronization character search. If a DC-erase is found at
any time, the synchronization ﬁrocess is re-started (step
174a, Figure 3D). |

With further reference to Figpre 3A, when the
synchronization character is sensed in the specified time

interval, the next bits read from the sector are interpreted

and

I reéa7MW|te

each
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for tfack follow ng, and several information bits
i dentfi ficati-on. Thus the enbedded servo system

m:equency which is unllkely to occur in the data, servo information

k
stHigseiEanyaeopddN tilers to

| ocatie the synchronization burst and specigg- timjng andﬂgnﬂmjgb Iogic to

findlthe servo information, as well as to synchro
servor

b e
This additional hardware increases the cost of the - system

Thusfit is desig athe gectper fadde ey cfifedd Zaited) 120). The validity of the

- address retrieved from this field is then checked (step-

122). In the preferred embodiment the address field
contains-a numbef of copies of the address, for example,
four copies, and if some minimum number of copies match each
other,_for example two copies, the address is deemed valid..

If the address is valid, the controller 22 (Figure 4)
uses the sector timer 22A to time and enable the sampling of
the servo field 38 and this sampling may then be used to
move the head to the center of the track. It then uses the
timer 22A to time to the next sector where it expects to
find the sector header and enables the acquire modes of both
the PLL 16 and AGC 20 in the preamble to synchronize to this
next sector. It then feads the sector address field (steps
124-128) and determines the validity of this address by
comparing a minimum number of copies to the expected sector-
address (step.130). Thus if, for example, the first sector
found is sector 10 the next sector should be sector 11; If
the sector addrgss-matches the expected address the head is
assumed to be synchronized. If the address is an invalid
address or it does not match the expected address, the
system times to the hext sector and reads thaﬁ address to
determine which sector is then rotating under the head. 1If
the location of the head cannot be determined in a
reasonable number of sectors the system re-starts the DC-
erase field search (steps 130-133).

The DC-erase field, preamble and synchronization

character searches are all performed by the controller 22
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h of the sane hardware as the normal read and wrlte operatlons
and partlcular using nostly digital logic. It | arSo<e
perforn1synchron|zation qui ckly, even if the heads aP@SﬁﬁEHﬁHﬁsEg-g
position with respect to the servo information tha mulfdﬁgﬁeﬁmd to al i gn
the data head on the track. SUMVARY €¥6THE | NVENTION ————— i
Is a disk drive systemwhich provides all the required functions mﬁthln
each sector including: track error positioning information, sector bit,
data synbof Figwee dhi a whhe SoRERebIfZ o84 o‘nec?:’y‘f?%o@wmt?%ﬁ:kdaa?ﬂj sect or

addr esses and add esp valL9pL1o0, B90ULPAC POLLRN 1AWk, The

controller 22 examines these samples as a bit-stream and

determines if any segment of the signal match the signal

pattern for which the controller is then looking. For

exanple, if the controller is conducting the DC-erase field

search it will examine the signal segments for a segment

without transitions.

The system controller 22 can vary the number of bit-~

l.‘. : matches required to detect a synchronization character
and/or the number of symbol-matches required to signify a
valid address, thus allowing for more or less severe
checking. For example, during the factory checking of a
drive the controller 22 may require perfect matching, whiie

much less than perfect matching may be required during

L

system error recovery procedures.
With reference to Figure 3B, the DC-erase field search

is begun by loading all ONES into a cﬁrrel%tor, or shift
£ . register, 23 in the controller 22 (Figure 4). Thereafter
signal samples from the data separator 14 are shifted into.
the qﬁrrelator 23 and the ONES are correspondingly shifted
out. Each time a sample is shifted into the correlator 23
the contents are examined to determine if.the signal segment
represented by the samples contains fewer than some
predetermined'number of ONES, indicating, with some
allowance for error, a transitionless signal segment (step
144). Fof example, if a forty-bit signal segment is

examined, a DC-erase field may be indicated if four or fewer

This Sheet Has Been Replaced
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' ithin two
ions are provided w ,
data & ;data redundancy. Al of these functio ow over head per sector.

. : ta efficiency, ine to the real
zones ,waroglgsng%P gsnchronizes a controller state mach e o
The ‘i nventiv

' i ar gwer €
rel ation between the head and the disk, by g (B FEiTdTErEN| ¢

time

al so used in read/wite operations,

Basi cal | y each
Been Repl aced

e

that is,

thus redbéing
- i header an
.is formatted with a
GifiEd Oérq_ qantaindd 1id 1 eédd 1dde1at o, 23,

After detecting a DC-erase field, the controller 22

EPEAPED Sheet || Has

a "pattern" of 3 minimum number of ONES in a Predetermined
number of bits, where ONES represent transitions, although.
not necessarily in bit alignment (step 150). The preferred
embodiment looks for four ONEsS inp a twelve-bit signal
Segment. 1If 3 signal Segment has a sufficient number of
ONES, allowing for Some error, the Preamble jis Presumed to
have been detected (step 150-152). If, however, the timer
22A reaches time T, before a Preamble is defected, the
Synchronization Process is Te-started with the DC-erase

field search (step 170).

it also checks the signal Segment to determine jif it
contains another DC-erase fielgq by tracking the number of

ONES in the Segment (step 150). Another DC-erase field is

- deemed to have been detected if the segment contains fewer

than a Predetermined number of ONES, where the Predetermined
Rumber may or may not be the same as that used inp the DC-
€rase field Search (step 166). In the Preferred embodiment
a stricter test is used. For example, if fewer than four

ONES are found in any twelve-sample signal segment 3 DC-

-
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-5-wgr-a data section. The header section includes a preanble, a
sy51;%anation character and an address field, as well as servo

information for track follow ng. The data section of i_ncl udes
a data preanble, a data synchronization_jgharacter, £
and the data and data redundancy |nformat|on The ] =ee8h
| east one sector in a track includes a short DG er &&=l

erase field is presumed detected and the synchronization

process is re-started.
Once the preamble is detected (step 152), acquire modes
of the AGC 20 and the PLL 16 are enabled. This allows the
AGC 20 to detérmine the apéropriate read channel gain for
tﬁe header section, by feeding back the signal magnitude to
set the gain to a constant value, and the PLL 16 to lock to
the header bit-frequency and phase. The time to the end oﬁ
the preamble is sufficient for the AGC 20 and PLL 16,
.-‘ respectively, to lock the apbropriate gain and phase (step
154). Thereafter the gain of AGC 20 is held for the
remainder of the header and the PLL 16 tracks the frequency
and phase of the héader data-bits until the end of the
address field 36. At this point the AGC gain may be stored
for future use by the microprocessor 24. At the end of the
field, PLL 16 is lockea to the phase of the'reference clock

18 (Figuré 1) because the servo field 38, which follows,

{ does not contain information recorded with the same
k. frequency and phase as the data-bits. Timing diagrams for

¥ the AGC 20 and the PLL 16 are shown in Figure 2.

" The operation of the AGC 20 is described in more detail
in a co-pending application entitled Automatic Gain Control
System, filed September 4, 1987 and identified by Cesari and
McKenna file number 83-476. That application, which has a
common assignee with this application is incorporated herein
by reference. The operation of the PLL 16 is described in
more detail in co-pending application entitled Data Decoding

Circuit including Phase-Locked Loop Timing, filed October

This Sheet Has Been Reilaced
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a trsi tionl ess.segnent. : The inventive systemfirst | ooks for a

DC-¢grase field, wusing systemhardware that nornal | ==
read/wite operations. Once it detects a DC erase flj éHtP $HEET YARBEEDr !|t he
header preanble and synchroni zati on charaster. |f dach ofREFRAESEDar e

detécted within predetermned tines, a tiner is set wiich alTows the
systemto tine to the address field and then to the servo inforration
cont ai ned i r30t,hd 98T adat .iden ttiHd edd drye S sfaird| dngoMcKenaaa fildlej augdetror
address, the systemassunes it is synchronized and the servo infornmation
i s then used®x-d&dent dthasre armdd cations + whdich alpey d@veeR, SOFEFesi red

sector is located by reading the _. , . )
: assigneé with this application, are also incorporated herein

by reference.
At the time indicating the end of the preamble, the

syn;hronization character search is started (step 116,

Figure 3A). With reference to Figure 3D, this search is

begun by initializihg the correlator 23 (Figure 4) with the

synchronization character and thfting signal samples from
‘.' the data separator 14 into the correlator 23 (step 172).
The signal segments are then examined for a match with the
synchronization character pattern. 1If the pattefn is found
before time T, (Figure 2), a synchronization character is
deemed detected (stéps 174, 176). At the end of the
synchroniiation character the timer 22A is re-started to
time to the remaining header fields and to the header
section of the next sector (step 178). The timing diagram
for the timer is shown in Figure 2. 1If, however, the

synchronization character is not detected before time T,

! the synchronization process is re-started with a DC-erase
field search (step 175).

If the approximate AGC 20 gain setting for the data
track to which the head is beiné synchronized is not known
at the start of the synchronization process, a gain value is

first determined which allows the gain to be pre-set and the

e R 7 Sy

.

DC-erase field to be.detected and the same steps are

followed thereafter to complete synchronization (step 100,

b

Figure 3A). |
-
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sses of the succeeding sectors. If any of-the header sub-sections
wing the DC-erase field are not detected correctlywithin the
termned tinmes, the systeml| ooks for another DC ¢ :
i nues the synchronlzatlon processT28n this way thg
t he begi nning of a sector and to synchroni ze u5|na—n-
dgrase field and ot her header informatijon. . sec
sed to i denfi¥y BeFepamceske: BrauLf i n the rgpie o‘?f &%&q%r?r%f”a
k. The bi t
first

sgt to a maximum value (step 182). The timer 22A
(Figure lf is then started and a search is made for the DC-
erase field (step 184). The search uses the same steps as
‘the DC-erase field search described above. If a start of

' sector DC-erase field is not found before time T,, the gain
of the AGC 20 is pre-set to another value, the timer 22A is
re-started and a search for the DC-erase field is again
started (steps 194-198).

It is unlikely that the DC-erase field will be found
when the'gain of the AGC 20 is set at the maximum value
because noise signais associated with the field will be
amplified to look like data transitions and thus a
transitionless signal will not be found. This searching and
gain adjusting process continues until either the DC-erase
field is found or system recovery procedures are
implemented, for éxample, if after a predetermined number of

tries no DC-erase fields can be found on the track (steps

198-204).

At the end of a successful synchronization prodess the
gain of AGC 20 is stored in an appropriate memory (not
shown) so that it may be used the nexﬁ time the head is

switched to that track. Pre-setting the gain of the AGC 20

allows the system to simultaneously enable the acquire modes
of the AGC 20 and the PLL 16 without having the PLL 16 try
to lock to the phase of amplified noise signals, for
exanmple, ;f the gain of the AGC 20 was too high. By pre-
setting the AGC gain to the appropriate value, the normal
\
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- 6- i's redundant and | ocated within each data zone wit I e
secfion of the track to which it pertains. Thus the | osg OfiSEBHEERTHAD BEEN
secfors is not likely to cause loss of know edge about which BeEtb@BBare
badf DESCRI PTI ON OF THE DRAW NGS -21The invention wil " BEHoF
W tfh particularity in the appended clains. The above and ot her advant ages

of

AGC action does not have to correct very far, and it can
thus acquire the appropriate gain within a rélatively short
time. This allows the PLL 16 to operate on almost all 6f
the preamble 32 to acquire phase-lock and the preamble can
therefore be relatively short in length.

During the DC-erase field search and portions of the
pre#mhle search the system has no knowledge of the bit
frequency of the sector header information. Thus the data

separator 14 and the PLL 16 may have to sample the signal

: .ﬁ. read from the disk even if the frequency and phase to which
" the PLL 16 is locked is not the data-bit frequency and

phase. With reference to Figure 5, the data separator 14
includes a comparator 300 and flip-flops 302 and 304. The
flip-flops 302,304 are clocked by the PLL 16 which is locked
to the reference ciock 18 (Figure 1). The signal read from
the disk is input to the comparator 300. The comparator
output is aséerted when the signal peak is within a
predetermined range, indicating a flux réversal on the disk,

4 which is interpreted as a ONE. The asserted output of the

comparator is then input to flip-flop 302 and appears at its

output.

5 .' The output of flip-flop 302 is 1nput to flip-flop 304
when it is clocked by the PLL 16. Flip-flop 302 is then
cleared. WwWhen flip-flop 304 is next clocked, the contents
of the flip-flop are stored in the correlator 23 as a ONE
(Figure 4). 1If the signal peaks do not come within the
predetermined amplitude range, the outpuf of flip-flop 302

remains de-—-asserted and ZEROS are input to the correlator

This Sheet Has Been R
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I nventi on may be better understood by referrihg to the follow ng
scription taken in conjunction with the acconpanying draw ngs, in which:
igure 1 is a functional block diagramof a system built in accordance

th the invention; Figure 2 illustrates t
ecorded for use with the inventiom22- Fi guf aHERSHEERHAPEFChert of
tfhe operations of a systembuilt in accordance th tﬁﬁﬂﬁﬁVéﬁﬂlon_J

|nclud|n% the steps of |ooking for a DC erase fi€fd, to00King for
reanbl & I ooking for a synchronization character and setting the data

shannel galn’The foregoing description has been l1m1ted to a
specific embodiment of this invention. It will be apparent,
however, that variations and modifications may be made to
the invention, with the attainment of some or all of the
advantages of the invention. Therefore, it ié‘the object.of
the appended claims to cover all such variations and
modifications as come within the true spirit and scope of

the invention.

i
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gure-3B is a nore detailed flow chart of the steps wused in |ooking for
ﬁ? 3Cis another detailed flow chart,

t e m er ase f|e|Ta}SSheetHas Be
ow ng the steps “mHm i ng for the prea ﬁ
rther flow chart t he steps used [fi HHSO%LREE'TQ-,A@BEE‘Qe
nchroni zation character; Flgu 3E is al REBkACHS the
ed for setting the gain of the data channel; —
nctionakLR&%&k di agram of a cqntroller

s wm o

1. A magnetic disk for recording Signals representing
binary data for storage and retrieval of information in

conjunction with a read write head, said disk comprising:

A. a plurality of concentric tracks, each of said
tracks comprising a plﬁrality of sectors,

B. each of said sectors comprising a header section
and a data section, said header section having a leading eﬁd
5 +‘ _ and a trailing end, said data section having a leading end
and a trailing end; said trailing end of said header section
being adjacent to said leading end of said data section,

C. said header section having a plurality of

magnetically recorded fields including:

1) a DC-erase field disposed adjacent to said léading
end of said header section and coﬁprising a transitionless
signal segment,

JF. 2) a preamble field having recorded therein a series
of.signals suitable for synchronization of a clock to bits
recorded in said header section, |

3) a synchronization field containing a
synchronization character for synchronizing reading

operations with group and byte boundaries, and

4) an address field containing the address of said

sector.

2. The magnetic disk defined in Claim 1 in which each of

* [ L M S *




-Yr sho ure JRe]ce Figure 5 is a functional block diagram
of} a data n Figure 1. DETAILED DESCRI PTI ON Wth
ref erence to Mﬁ ystem 8 is shown which y'. :
syhchroni zat g or witing-gata to or [fr REBREHAS BHEKY ( not
shown). Data |s or exarrpl e, read froma disk by r;g@gl_%;:_écﬁéads (prot
shpmn) e

said sectors includes in its header section a servo field
following said address field,.said servo field containing a
recorded signal for use in a servo system that maintains the
position of said read write head over said track.

3. The magnetic disk defined in Claim 1 in which the DC-
erase fields and information recorded in said preamble

fields and said synchronization fields of the respective

tracks in radially aligned so that the sensing of said DC-

erase fields and said information is independent of the

radial position of said read write head.

E 4. The magnetic disk defined in Claim 1 in which said
addresses are recorded in grey-coded binary form, with
corresponding bit positions in the respective address fields
being in radial alignment. |

5. The magnetic disk defined in Claim 2

A) in which said addresses are recorded in grey-coded
binary form, with correspondiﬁg bit positions in the
and

reépective address fields being in radial alignment;

B) in which the signal in
comprises first ‘and second high
on opposite sides of the center
apart in the circumferential di
circumferential positions of th
being reversed from each track

thereto.

A

each of said servo fields

frequency bursts positioned
line of the track and spaced
rection, the relative

e first and second bursts

to the tracks adjacent



andygent over line 12-te—aread channel consi sti ng of an automatic gain
contgol (AGC) 20 a dat e§eparator 14 which “"converts"” peaks in the signal
r eady f r onfFristide i3, and a phase- | ocked | . =Ry a

r ead} opera ﬁ 0 sets the gain _of the dat@ligBaEheHASUBEEN hat t he
systgm 8 c data signals frdmmoi se. | The d&FE%LA@ugnal S
typikally conS|st of relative positive and negati Ve —peaks W tHI 1T a

predet erm ned anplitude range while noise signals typically consi st of
pealds bel ow that range. Thus the gain of the AGC 20-is set either by

feeq- back freom tahGagHe1d Qlsi@ s@gtttelrpgofmrpqrpsq@, 2xt ernal source, such as
conggrol l er 22, to a’value which will anplify th ‘dat a si gna

A) a plurality of magnetic disks, on a common spindle,

for recording signala representing binary data, each of said
disks comprising:

1) a plurality of concentric tracks, each of said
tracks comprising a plurality of sectors,

2) each of said sectors comprising a header section
and a data section, said header section having a leading end
.+‘ and a trailing end, said trailing epd and of said header
section being adjacent to the leéding end of said data
section,

3) said header section having a plurality of
magnetically recorded fields inclﬁding, in order,

a) a DC—erase_field disposed adjacent to said

leading end of said header section and comprising a

transitionless signal segment,

b) a preamble field having recorded therein a
series of signals suitablé for synchronization of a
;lock to bits recorded in said header seetion,

c) a synchronization field containing-a
synchronization character suitable for synchronizing
reading operations with group and byte boundaries of

information recorded in said header section, and

d) .an address field containing the address of
said sector;
B) a read write head for sensing flux transitions on

said disk;

AR




enoUBi S ceﬂ)ut which will not anpllfy the noise signal to br|ng
its p bel ow t he data S|g% range, \fFERFFRr=t-hsa .
‘the too | arge, noise peakKs may be ﬁ]}' -Q

‘The PLL 16 sets the timng of signal sanpling, that
the a§a' og signal cfrcamdc{*%:ra%aed/ Wt o B det et

separ gtor 14. These sa are t en turned into
repre gntlnglgh@ daloh the output of said read write head; - 10-

D) means responsive to the detection of said DC-erase
field for detecting said preamble in the output of said read

write head;

E) means responsive to the detection of said DC-erase

field and said preamble for detecting said synchronization
character;

F) a clock for providing timing signals corresponding

* to the retrieval of bits, groups and bytes from said disk;

G) synchronizing means

1) responsive to said preamble for synchronizing said
clock to the bits recorded on sa;d disk, and

2) responsive to said synchronization character for
synchronizing said clock to group and byte boundaries of

information recorded on said disk.

7. The system defined in Claim 6 in which said clock
“ provides timing signals for timing sector fields successive
! to said synchronization field and including means for
synchrénizing said timing signals to the detection of said

synchronization character.

8. The magnetic disk defined in Claim 1 in which each of
said sectors includes in its data section a sector map
section, said Sector_map section containing information

i ' concerning which sectors in the track are defective.

—_—
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yrchr oni zafid gheet Bits iﬁﬁeﬁ is a pattern of ONES and ZERCS V\:hl ch

t he cont term ne the boundary—of he—detode gr pup,
is, the num\!‘ﬂ“\@\\“ | I's on the7di sk used| fioNs SE\EbTW*ﬁ ven

r of binary“data bits, and for locating the start Rﬁf&i:f

aries. For exanple, sone codes encode two dat &= Nto three bits
ecor ddng, Thgamagne tdicd diskt de fidedodul &liadm 6f ihhehteadshaédk signal,
hus the start of each three-bit decode group nust be determ ned. The
r-oni z &eicé® rc maPasoartadasaliadogmabiont koncemniogl ar neRberoofet er i ne

boundari es of hytes of information recorded
sectors in the track.

10. The magnetic disk defined in Claim 8 in which said

tracks contain multiple copies of said sector map.

11. The magnetic disk defined in Claim 9 in which said

tracks contain multiple copies of said sector map.

12. The system defined in claim 7 in which said clock
further provides timing signals for timing the detection of
said preamble, and if said preamble is not detected within a
predetermined time said preamble detecting means is

responsive to the detection of a next DC-erase field.

13. The'system defined in Claim 12 in thch said clock

additionally provides timing signals for timing the =
detection of said synchronization character, and if said
synchronization character is not detected within a
predetermined time said synchronization character detecting'
means is responsive to the detection of a next DC-erase

field and a next preamble.

14. The system defined in claim 12 wherein said preamble
detecting means is further responéive to the detection of
more than one DC-erase field within said preamble and

successive .sections of said header section.

A
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t he
eferr
usi
ncy,
roma

vsector._ At the-end—of—the synchronization character a timer 22A

Is started [ ' ed totine to th ping header fields
next 13 MB% Reflacsd The2gynchr oni %i;@gHgﬁaHggt%* Auged in
ed e mm&) = 1010100010001010P0101 G0 k@R f The
ng a c LL 16 which is one- it

as described in US- 4908721 entitled A Method of Handling
.St or age Devi ce, filed May 12, 1988 which has a common

ee, exdmi ke opagneierdi sk heyspin offfilaitheé plraiein ofaid DC-

synclhyroni zati on character which is actually used to synchronize is s =
11103011011000A%° dfkeerRerdstects piatd s ofase fimied Ry detafitdnare

‘I nt egsper se

chdgggrSofsyﬂgéagééggigkgﬂé gfgéaa predetermined threshold.

16. The magnetic disk system of Claim 15 wherein said
threshold is selected from a number of prédetermined
thresholds such that the threshold can be raised if no DC-
erﬁse fields are detected within a prede;ermined period of
time or lowered if more than a predetermined number of DC-
erase fields afe detected within a predetermined period of

time.

17. The magnetic disk system of Claim 6 wherein said
synchronization field detection means detects said
synchronization field by detecting a series of flux
transitions corresponding to a synchronization character to

within a predetermined threshold number of transitions.

18. The magnetic disk sfstem of Claim 17 wherein said
threshold is selected from a number of predetermined
thresholds such that the threshold can be raised if no
synchronization fields are detected within a predetermined
period of time or lowered if more than a predetermined
number of synchronization fields are detected within a

predetermined period of time.

19. The magnetic disk system of claim 6 in which said header

* [+ L M S * :



reprigsenting two ONES interacting with each
: the corresponding bits in the adjfagent tracks.

THE SHEERHRE BEEND
_EFELAG8Dal | y

cont ¥Jguous with the corresponding bits in the
; section further includes a servo field following said

address field, said servo field containing a recorded signal
- for use in a servo system that maintains the position of

said read write head over said track.

20. The magnetic disk system of claim 19 further comprising

a phase-locked loop which acQuires the phase and frequency
of the flux transitions during said preamble field, said

y - phase-locked loop switching to the phase of a reference
'?_ clock during said servo field wherein said clock is
synchronized to the reference clock until the end of said

header section.

This Sheet Has Been Replaced
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pr @bl e of header section 29D in track 29C. In the preferred enbodi nent
ctor addresses are Gray coded and thus there is only a one-bit

ence between the addresses of contjguous septers—en-—adiacent tracks.
At | dast one sector, and preferably several or allj| Ts#&EHEET gasBEENafKk, are
gtted with a header section that includes a C- er asiEFLseied 30 aff the -
Ining of the sector, followed by aBsERaOD| e 37 n
icter 34, an address field 36 and a servo field 38. The EK}erase

30 152, C1 ) ! hautcomN URGDEk, BobiAg=hih RanckiBhyahirof k88l

recorided on the di

t he preferred enbddidiesit drive system prov1des s all requlred
' synchronization, positioning, wvalidation, and data functions

within each disk sector. All of these functions are
provided within two zones, a header section and a data
section. The header section includes a preamble, a
synchronization character and an address field, as well as
servo information for track following. The data section of
each sector includes a data preamble, a data synchronization
character, a bad sector bit map, the data and data
redundancy information. The header section of at least one
sector in a track includes a short DC-erase field, a :
transitionless segment which is used in synchronization. To
synchronize a read/write head to the disk, the system first
detects the DC-erase field. The system next searches for

‘ the header preamble and synchronization character. 1If it
finds them within predetermined times, it then looks for a
valid sector address to complete the synchronization. 1If
the system does not detect the preamble and synchronization
character within the predetermined times, it looks for
another DC-erase field and continues the synchronization
process. After the preamble and synchronization character
are found, the desired sector is located by reading the
addresses of the succeeding sectors.

)

Sheet Has Been Replaced

i -

1
'
4




esponding to the length of between three and ei ght bytes

recor ded
containing a

: ___~Ihe~pLeanbLe—32_is a pattern of ONES and ZERGCS
S, preferably the
nunber of
encoded to aid in the de
the disk. Thus th
preferred

t% étern1ned nunber of ONES,

ﬁmﬁ%ﬁﬁ&ﬁT*@ﬂ3BﬁﬁNs
may pRBEALBFED ONES

nmbodi rrerrt"‘f-ﬁer“pT‘Ea'rTN‘E—?

naxinun1nunber

i recor ded
i he dISk

fsecutive bit Iocatlons

v pattern

t hat
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n

The preanble 32 is used to set the gain of AEC

3.nd to | ock thé-bhasé of the PLL 16 to the bit frequency
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data bits, and for locating the start of the byte boundaries.. For
#%. sonme codes encode two data-bits into three bits for recording,
B 0 aid in the denodulation of the read-back signal, and thus the
&gof each three-bit decode group nust be determj =

ggonrzatron character 34 also allows the eontrol ||eFHIBBHEE BF Y ik

i nf or mation record&d lhe seREREA t he lend
# synchronization character a timer 22A (Figure 4) Ts started which
t he remai ning header fields and to the next sector

The synchroni zati on character used in the preferred

is, s - 1%@10@§1ﬂ@¢0@m&1m%91m@%-1h§—-® FIG. 3E
[ves
102 SET AGC GAIN TO KNOWN VALUE

104 SEARCH FOR A DC ERASE (® FIG. 3B

106 DOC ERASE FOUND ? FIG. 38
NOr ' ' YES

110 PERFORM SELECTED 108 SEARCH FOR PREAMBLE
. DC-ERASE FIND C) FIG. 3C
PROCEDURES
l NO—114 PREAMBLE FOUND ?
112 EXIT
| YES
116 SEARCH FOR
: SYNCHRONIZATION
115 (@) FIG. 38 CHARACTER (D) FIG. 3D
1194 @) FIG. 38 =—N9 118  SYNCHRONIZATION
OR CHARACTER FOUND ?
‘ | ® FiG. 30
| |ves
1198 IF AGC GAIN NOT 120 READ NEXT FIELD AS

KNOWN (STEP 100)

119C X) FIG. 3E

NOl——122

124

123 (A) FIG. 3B

FIG. 3A
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syst &8 'using a clock fromthe PLL 16 which is one-half the bit frequency,
.as degpribed in co-pending application entitled A Method of andllng Dat a
From & Storage Device, filed May 12, 1988 and identi
McCl eghen & Fish file number 15311-0281 which has a cﬁwﬁﬁff%@w@&naémﬁﬁ
is inforfporated herein by reference, exam nes only gvery R8VRFEBI t. Thus
the p@rtion of the synchronization character Wi ch is actualrry used to
.synchfgoni ze is s' = 1110101101100010, the under-lined portions of s. The
| Hwhi ch are interspersed with s' substantially elimnate inter-bit
‘interfjerence caused by, for exanple, the magnetic flux reversals

126 ENABLE PLL AQUIRE

é ENABLE AGC AQUIRE
._ - FIND SYNCHRONIZATION
NO ‘CHARACTER ?
127 (A FIG. 3B lYES
128 READ NEXT SECTOR
ADDRESS
- ?
NG 130 VALID ADDRESS °
lYES
131 (A FIG. 38 132 ADDRESS MATCH
To . EXPECTED ADDRESS ?
‘ 1 lYES
133 (@ FIG. 38 134 EXIT-SYNCH FOUND

FIG. 3A CONT.
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-11- other. Such interference may cause peak shift spess ' in the
PLL 16: taki ng longer to lock to the correct bit- tra

i ncriafed error in data seperatlng this pattern.

preanbi e 32 can be used. to

'4__ 5
i -

!

¢«

INSTIALIZE CORRELATOR

138 READ BITS
[ves

144 ARE THERE “N“ OR FEWER ONES NO
IN CORRELATOR ?

Jres
146 A DC-ERASE FIELD IS FOUND

LOOKING FOR DC-ERASE FIELD

| | FIG. 3B
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det e”m ne t he
100100...1 it
decode group.

determ ne the

decode group. If,
can be used to determ ne the
The synchroni zati on
byte boundari es.

character 34 are the address field 36 and
fiel 36 contains at
FNMeHedeMMdem

i nf orlmat | on M@ OKI|NUSRIQ Rhe system 8

for exanpl e,

character 34 woul d th
Fol | owi ng the synghfidifiSHEETOMS ¢ ey |

| east one copy of the s
it contains four copies.

the preanble is a pattern
boundary of the three-bit

servo field 38“¥”Fftmcmlbidress
t or address TAThe =5
The servo flel d 38 contains
to ce t he head on the track.

th

The data seCriom comtarms & dat a a preanble 40 and dat a
PREAMBLE |
148 [INITIALIZE CORRELATOR
149 READ BITS
150 DOES CORRELATOR CONTAIN
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‘ ' YES
RE-START AT 166 ARE THERE 152 ASSUME
@ FIG. 38 =vgsS FEWER THAN PREAMBLE
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o |
o) 168 IS TIME 154 START PLL
N OVER Tq? ACQUIRE
START AGC
o YES ACQUIRE
170 RE-START
AT ® -
FIG. 3B
¥
t NO
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NO 158 PLL ASSUMED
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FIG. 3B
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PROCESSOR
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4 _
sync®roni zati on character 42 which are identical with the preanble 32 and
synchroni zation character 34 in the header. Follow ng the data
synchroni zation character is a bad sector bit-nap =
i nformation about the good and bad sectors inp,the t
the track. The bit- map is redundant in that 4t is -cordéﬂ@kAﬂﬁﬁltlple
sectors in the track. The bit- maps can be re-witten—araecRus—up: — dat ed,
that is, as sectors degrade fromgood to bad the maps can be revised to
refl ect the degradation. Recording the map in nmultiple sectors serves to
- protect the map fromloss due to the degra { on of any one sector or

group of

[ HIS OHERT KA BEGNS | of

172 [INITIALIZE

CORRELATOR
le

173 Ft"EAD| BITS

'
175 IS TIME Y
OVER T, 7——=RESTART AT

‘ | lNO @ FIG. 3B

176 HAS A MATCH FOR

- SYNCHRONIZATION

CHARACTER BEEN
FOUND

1YES

178 PRESUME SYNCHRONI(ZATION
CHARACTER FOUND
TIMER RESTARTED

(To)

NO

Y i

174 CORRELATOR
CONTINUES

CHECKING '

- ONES IN 12-8(T| -

é SEGMENTS

174A ARE THERE
FEWER THAN—
N ONES 2

ves @ FIG. 3D

RESTART AT
A FI1G. 38

NO

LOOKING FOR
SYNCHRONIZATION
CHARACTER
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-12- r+sectors. The bit-map is followed by the data and

synbol s. . The radial contiguous formatting of the disk 28 all ows

data redundancy

preanbl e 32 and the synchronization character 34 to Focat eg L
of where the associated head is placed ‘ THIS SHEET HAS BEEM"

REBLACGED

8

t he
dl ess

¥

\
182 SET AGC GAIN TO MAXIMUM VALUE
STARTLTIMER
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" START TIMER

: |
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v
188 READ DATA

' v
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) 1}

194 IS TIME OVER Tp,—

(B . [ves
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Wkt h respect to the tracks. Wthout radial contiguous formatting, if, for
exanpl'e, the head straddles two tracks, the data signal in one track may
be read as canceling the data signal in the other ack that is, a
segnent in which negative peaks in one track corr "qpﬁglgH}'gT goalééEﬁe:‘peaks
i'n the other track may be read as a transitionle :

DC-erase may be detected in the data section t 108 ch|re
node of the AGC 20 is then enabled, that is, during the detection of a

fal se DC-erase, the acquired gain may cause the read channel to saturate
and the systemwould not recover in tine to "see" the real data. However,
by recording the preanbles 32, the synchroni zation
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even if the head
3A, the system 8
t he system has

gain of the read

fields can be |located once a true DC-erase is det n' t he
addresses, also, allows the address to be determ Eﬁh?gSHEEEE%Gg—Lg—ﬁracks,
is straddling two tracks. 0 4h~refgn§n

characters 34 and the address fields 36 in a radial

. contiguous format bit
canceling due to an off-center head is elimnated,_and thus, .each of these

i gure

operates in one of two nodés during synchronization. |f

not previously synchronized to the track,
channel for dqga retrieval fromthe track
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- 13- I S not knovvn Accordingly, the systemfirst determnes the

approxi mate gain (Figure 3E) before it begi ns the synchronization process
at step 100. However, if the system has previously synchroni SR
sel ected track, the apprOX| mate gain for that track has alrejg
determined and stored in an appropriate nmenory (not/shown).

1

HIGH EFPICIENCY DISXK FORMAT AND SYNCHRONIZATION SYSTEM

Digital Equipment Corporation, Applicant
Based Upon US 07,193,090 filed 12 May 1988

. FIELD OF INVENTION
 The invention relates generally to magnetic disk
sector formatting and data synchronization.
BACKGROUND OF THE INVENTION
Digital data procéssing systems typically include data
1storage devices, for example, multl—dxsk disk drives. Data
is recorded on the disks in concentric tracks. The tracks
are divided into sectors, and each secto;-ls further divided
into a header section and a data section. Data is recorded
in (written) or retrieved from (read);the data portions of
the sectors while address information, that is, disk surface
number, track number and sector number, is stored in the
header sections. -

Data is read.from or written to the disks using’
read/write.haads. Each head is associated with a pa:ticulaf
disk surface or portion of a disk surface-~ As the disks |
rotate under the heads, data is, for example, read from a
particular sector when the associated head is over the data
portion of that sector.

To begin a read or write operatlon the appropriate

#5 .

head is moved to the ,track cpntalnxng the desxred sector.

G,.

e

Unless the head was used in the precedxng cead or write
operation, or it has been kept in synchronization by
appropriate timers, for example during idle times, the head

must then be synchronized to the disk so that the sector



~

8 retrieves that value and adjusts the gain of the AGC 20 to this fixed
value. It then begins synchronization (step 102)- The__
synchroni zati on process begins with a search for a DC-eras Eb?é& ﬁ@s&b
£104). The search operation is discussed in nore detail wt % =
Fi gure 3B bel ow. Wth further reference to Figure 3A Sgeaug OCT ﬁmﬁ
transitionl ess signal segment is detegted, it is assumed tlal _Lf 17§ g mme
DC-erase field (step 106). Thus the start of a sector is assuned found and

a "search" for the preanble is started (stepl08). It is |ikely that

fal se DC-eddsessés etafabiing updefriywean Ibe freadd CQRFQ(ihaaheeﬁfltenter

head' s

synchronized, it locates the selected sector by reading the
sector addresses and then it performs the read or write
operation. Head switching, which may involve switching
between heads on a cdmmon actuator arm or switching between
heads on different arms, occurs quite.often during the
normal operation of the disk drive and thus synchronization
is'perfo:med often also. The speed with which the heads are
accurately synchronized to the disks affects the speed with
which data can be transferred to or from the drive.

Using prior technology, timing information for
synchronizing is recaorded either on ag.extra servo surface
or as an additional information zone getween sectors,
referred to as an embedded-servo zone. If the disk drive is
one whicﬁ uses fixed block architecture and data surfgce
only embedded-servo information, certain information must be
contained within the space of each sector and related servo
zone Eb enable the system to operate in real time, that is,
to perform certain functions within the time it takes for
thé sector to rqtate under the head. Fgr example, sector
timing must be established, and bit, data symbol and data
word synchronization must be determined using the recorded

servo and synchronxzatlon:lnformatlon. Also_

jf alternate .
o

sectors can be used to replace corrupted; é&;b%h; sectors
flags indicating which sectors are good an: wéich are bad
must be read and interpreted. Addition#lly, each sector
contains data that must be read and validated, and if

necessary corrected, using recorded data redundancy symbols.



“canceling" of data signals. However, if the start of a sector has in fact

been detected, the preanble will be detected within a. preggketﬁFﬁéﬁ'%%
thereafter. The preanble will be detected regardl ess gf E$EK¢EMENW3ﬁE t
head is centered on the track due to the radially contlguous f or mat__of t

di sk. |f the DC-erase detected is not the start d&a@gng@ﬁ 1086
preanble will not be detected within the predet er gj ped

for the DC-erase field is bagun again ‘@steps 1145115) . The preanbl e search
is described in nore '

t is desirable to perform all of these functions with

minimum disk overhead, that is, with minimum consumption of
extra reco:ding space, leaving the disk space free for data.

Prior technology embedded-servo disk drives typically
use three-zone formats. The three zones are a servo zone,
containing servo position information whicﬁ is permanently
written at the factory when the disks are fbrmaﬁted, and two
sector zones, a header zone containing address and bad
sector information which can be re-written dﬁring re—
formatting to indicate which sectors have degraded'frcm'good
to bad}'and a data zone containing data and data redundancy
symbols which can be easily written' and te-written by the
user.

Using three zones requires the &isk drive to
synchronize three times, once per zone, in order to perform
a read or write operaéion in a sector. Thus each zone must
contain synchronization and timing information. This causes
increased overhead, resulting in a loss of recording
efficiency. " Thus it is-desirable to reduce the number of
zones while retaining all the functioﬁality of the three-
zone architecture. Also, as users demand disk drives with
‘more and more data storage capacity, it is more and more
desirable to use less disk space for synchronization.

Prior technology also requires significant dedicated
timing hardware, for example, timing 1og;c aor analog
electranxcs is requxted to interpret thé ‘recorded timing
information and synchronzze the heads. The secrvo-zone

typically contains a long synchronization bursﬁfwritten in a



-14- detail with reference to Figure 3C below.  DCerase fields are

continuously searched for during the preanble search. If another DC-erase
field is detected at any tinme during the preanble search, the search is
re-started (Step 166, Figure 30). Again. referring to Figure 3A once

the preanble is detected, a search for the syhbhronization character is
begun (step 116). The synchronization character wll be




found within a predeternined tinme if the previousl
field and preanbl e denote the start of a sector.
synchroni zation character allows the controller 22
22A (Figure 4). The tinmer 22Ais then used to enable
on specific sector segnents, for exanple, the end of qpmgﬁs\
and then the start of the servo field, and also to thé PRIGY F
the next sector. If the synchnenlzatlon character is sensed within the
specified tinme, an indication of false detection of the DC-erase field

and the preagpé@;emclyewmkrasearihéded.yséar ehcks la'gaFihﬁ §P§Pteﬂe=‘(°step 119A).

The synchroni zati on character search is
jnformation for track following, and seve:al information

operatlc

bits for track identification. Thus the embedded servo
system must use analog.filéers to locate the synchronization
burst and special timing and control logic to find the servo
information, a§ well as to synchronize the head to the servo
zone. This additional hardware increases the cost of the
system. Thus it is desirable to perform synchronization
using much of the same hardware as tpe;normal fead and write
operations, and in particular using ﬁostly-digital logic.
It is also desirable to perform synchronization quickly,
even if thé heads are not in a knogn'position with respect
to the servo. information that woulé be used to align the
data head on the track.
SUMMARY .C_)E' THE INVENTION

The invention ig a disk drive system which provides
all the required funétions within each sector including:
track error positioning information, sector bit, data symbol
and data word synchrdnization, cylinder, track and sector
addresses and'aédfess Qalidation, gg?d/bad sector flags, and
data and data redundancy. All of these functions are |
provided within two zones to provide high data efficiency,
that is, low overhead per sector. The inventive system
synchronizes a controller state machine to the real time
relation between the head and the disk by using hardware
which is also used in read/write operations,_thus reducing
the required hardware.

‘Basically each sector is formatted with a header and

This Sheet Has Been Replaced




described in nore detail with reference to Figure 3D below. The DC-erase
field search al so continues throughout the synchronizati,
-search. If a DC-erase is found at any tine, the synchron| ZtrNCENENIESSEES
re-started (step 174A, Figure 3D). -~ - Wth further reflerence to F| gure

3A, when the synchronization character is sensed in the
interval, the next bits read fromthe sector are interpre

-5-

a data'section. The header section includes a preamble, a
synchronization charactér and an address field, as well as
secvo info;mation for track following. The data section of
each sector includes a data preamble, a data synchronizétion
character, 2 bad sector bit map, and the data and data
redundancy information. The headef section of at least one
sector in a track includes a short DC-erase field, that is,
a transitionless segment. .

The-invenﬁive system first loéks for a DC-erase field,
using system hardware that normally is used.in the
read/write operations. Once it detects 2 DC-erase field it
looks for the header preamble andxsynchroqization character.
If each of these are detected within predetermined times, a
timer is set which allows the system to time to the address
field and then to the servo information contained in the
header. If the address field contains a valid sector
address, the system assumes it is synchronized and the servo

~information is then used to center the head on the track.
Thereafter, the desired sector is lgpated by reading the-
addresses of the succeeding sectors. If any of the header
sub-sections following the DC-erase field are not detected
correctly within the predetermined times, the system looks
for another DC-erase field and then continues the
synchronization process. In this way the system is able té
find the beginning of a sector and to synchronize using only
the short DC-erase field and other header information.

The bad sector bit map is used to identify all bad

sectors within a track or a section of a track. = The bit map



- 15- as the sector address field (step 120). The validity of the
retrieved fromthis field is then checked (step 122). 1In the preferred

enbodi ment the address field contains a nunber of copie

for exanple, four copies, and i f sone mi ni mum number of || HFTIACEMENTHOUEET
other, for exanple two copies, the address is deened val ||d. 098 OCT 1996
address is valid, the controller 22 (Figure 4) wuses the S o ti-neF- 22A

addr ess

iy
W

to tink and enable the sanpling of the servo field 38 andg this Sanpt 11y

may then be used to

-6-

is redundant and located within each data zone within the
track or section of the track to which it pertains. Thus
the loss of one or more sectors is not likely to cause loss
of knowledge about which sectors are bad.

DESCRIPTION OF THE DRAWINGS

The invenﬁion will be pointed out with particularity
in the appended claims. The above and other advantagés of
the invention may be better understobdd by referring to the
following description taken in conjunction with the
‘accompanying drawings, in which:

Figure 1 is a functional block diagram of a system -
built in accordan&e with the invention;

Figure 2 illustrates the format of a disk recorded for
use with the invention;

Figure 3A is a flow chart of the operations of a
system built in accordance with the invention, including the
steps of looking for a DC-erase field, looking for a
preamble, looking for a synchronizat®on character and
setting the data channel gain; s

Figure 3B is 2 more detailed flow chart of the steps
used in looking for the DC-eraSe £ield;

Figure 3C is another detailed flow chart, showing the
steps used in looking for the preamble;

Fiqure 3D is a further flow chart, illustrating the
steps used in looking for the synchronization character;

Figure 3E is a flow chart of the steps used for
setting the gain of the data channel;

Figure 4 is a functional block diagram of a controller



nove the head to the center of the track. It then uses the
time to the next sector where it expects to find the sector
enabl es the acquire nodes of both the PLL 16 and AGC &
synchronize to this next sector. It then reads the se
(steps 124-128) and determnes the validity of this agdres QyOCEoﬁﬁﬁrln
a m-ni mum nunber of copies to the expected sector add e@@e(step 430z
Thus if, for exanple, the first sector found is sector the next Sect or
shoul d be sector 11. |If the sector address nmatches the expected address
the head is "assuned to be synchronizﬂd. If the address is an invalid
address or it does'not natch the expected address, the

shown in Figure 1; and

22A to
and

timer
header

Figure 5 is a functional block diagram of a data

separator ‘shown in Figure 1.
DETAILED DESCRIPTION

With reference to Figure 1, a system 8 is shown which
may be used for synchronization and reading or writing data
to or from magnetic disks (not shown). Data is, for
e#ample, read from a disk by read/write’ﬁeads {not shown)
and sent. over line 12 to a read channel consisting of an
automatic gain control (AGC) 20, a data separator 14 which
"converts" peaks in the signal read from the disk to data,
and a phase-locked loop (PLL) 16. During a read operation
the AGC 20 sets the gain of the data channel such that the
system 8 can distinguish data signals from noise. The data
signals typically consist of relative positive and negative

peaks within a predetermined amplitude range while noise

signals typically consist of peaks below that range.

the gain of the AGC
signal or a setting
controller 22, to a
enough to "read" it

signal to bring its

Thus
20 is set either by Pfeed-back from the
from an external sdurce, such as

value which will amplify the data signal
but which will not amplify the noise

peaks, which fall below the data signal

range, within that range. If the AGC 20 gain is too large,
noise peaks may be misinte:preted as data.

The PLL 16 sets the tihing of signal sampling, that is,
the times at which the analog signal from the read/write
heads is sampled by the data separator 14. These samples

are then turned into digital symbols representing the data



systemtinmes to the next sector and reads that address to determ ne which
sector i's then rotating under the head. |1f the |ocatiea-ef_the head
cannot be determned in a reasonable nunmber of secto Sﬁéh@n@yﬁéﬂﬁbHEET
re-starts the DC- erase field search (steps 130-133). DC- eras
_field, preanble and synchroni zation character search@spage QI %

by the controller 22 =

presuned detected and the synchroni zationg.

writteh to the disk. The digital symbols are thereafter
demodulated to binary data bits in a demodulator (not

shown) . The drive also contains_a write channel (not shown)
for writing data to the disk.

Whén data is to be read or written to a disk the system
8, using a controller 22 and a microprocessor 24, selects
the head (i.e.; the disk surface) associated with the sector
involved in the operation and moves the head to the track
containing the sector. If the seldcted head is not -the head
used in the preceding read or write operation on this disk
surface, that is, if a head switch occurs, the timer and the
clocks associated with the controller state machine
operation must be ré-synchronize& to the recorded data on
the disk. This is often referred to as synchronizing the
head;

The head is synchronized by first finding the béginning
of a sector and using the sector header information to set
both the gain of the AGC 20 and the Phase of the PLL 16 to
values appropriate for the system 8 to réad and interpret
the header information. The secto{ to be read or written is
then located by reading the addresses retordedlin
consecutive sectors on the track. Once the appropriate
sector is found, the read or write operation is performed in
the data section of that sector.

With reference to Figure 2, a disk 28 is recorded with
a radial contiguous format, that is, with portions of the
header section of each sector recorded such that the start

of each bit in these portions is radially contiguous with



process is re-started. Once the preanble is detected (step 152), .
acquire nodes of the AGC 20 and the PLL 16 are enabled. This allows the
AGC 20 to determi ne the appropriate read channel gain for the header
section, by feeding back the signal nagnitude to set the gain to a
constant value, and the PLL 16 to lock to the header bit-ftreguency—ane
phase. The tine to.the end of the preanble is sufficient ngLthméﬁra&EEr
and PLL 16, respectively, to lock the appropriate gain afd phase (step
154). Thereafter the gain of AGC 20 is helgd for the remaifndete: cﬁQtﬁET 1996...
header and the PLL 16 tracks the frequency and phase of ttre=hesde

data-bits until the.end of the
the catrespondlng bits in the adjacent tracks. For example,

the bits in the preamble of header section 298 in track 29A
are radialiy contiquous with the corresponding bits in the
preamble of header section 29D in track 29C. In the
preferred embodiment the sector addresses 5re Gray coded and
. thus there is only a one-bit difference between the
addresses of contiguous sectors on adjacent tracks.

At least one sector, and preferably several or all
sectors on a track, are formatted ;ith a2 header section that
includes a DC-erase field 50 at the beginning of the sector,
followed by a preamble 32, a syncprbnizatibn character 34,
an address field 36 and a servo field 38. The DC-erase
field 30 is a field without any magnetic transitions, that
is, a signal recordeé on the disk without magnetic flux
reversals. It has a length in the preferred embodiment
corresponding to the length of between three and eight bytes
of recorded data.

The preamble 32 is a pattern of*ONES and ZEROS
containing a predetermined number ?E ONES, preferably the
maximum number of ONES, that is, flux reversals, for a given
number bf recorded bits. The data recorded on the disk are
typically encoded to aid in the demodulation of the signal
when it is later read from the disk. Thus the code may
prohibit ONES in consecutive bit locations. In the
preferred embodiment the preamble 32 is the pattern
1010...101. The preamble 32 is used to set the gain of AGC
20 and to lock the phase of the PLL 16 to the-bit-frequency

and phase of the header.



address field 36. At this point the AGC gain may be st Eﬁﬁfﬁﬂ% %gga?EEu
by the m croprocessor 24. At the end of the field, PLI{_16 i B=

phase of the reference clock 18 (Figure 1) because the servo field 38,
which follows, does not contain information recorded W tfapi R8e cET |
frequency and phase as the data-bits. Timng diagrans fipr the A an nd
the PLL 16 are shown in Figure 2. The operation D@@g. Ch@EP.
described in nore detail in US-4849{%_ entizt-ed Ve
Gain Control System filed Septenber 4 87. That application, which has a
common assignee with this application is incorporated herein by reference.

The operation of thgePllndfrb®isO8idrd RAdchBter 34 is a pattern of ONES

and ZEROS which allows the controller 22 to determine the

poundary of the decode group, that is, the number of bit
cells on the disk used for recording a given number of
binary data bits, and for locating the start of the byte
boundaries. For example, some codes encode two data-bits
into three bits for recording, again to aid in the .
demodulation of'the read-back signal, and thus the starct of
each three-bit decode group must Hé determined. The
synchronxzation character 34 also allaws the controller 22
to determlne the boundaries of bytes of information :eco:ded
in the sector. At the end of the synchrpnlzatzon character
2 timer 22A (Figure 4) is started which is used to time to
the remaining header fields and to the next sector header.
The synchronization cpa:acter used in the p:eférred
embodiment is, s = 101010001000101x00010100101001001. The
system, using.-a clock from the PLL 16 which is one-half the
bit frequency, as described in co-pending application
entitled A Method of.Handling_Data From a Storage Device,
filed Méy 12, 1988 and identified gy Nutter, McClennen &
fish file number 15311-0281 whicg has a common assignee and
is incorfporated herein by reference, examines only every
other bit. Thus the portion of the synchronization
character which is actually used to synchronize is s’ =
1110101101100010, the under-lined portions of s. The bits
which are interspersed with s’ substantially eliminate
inter-bit interference caused by, for ekample, the magnetic

flux reversals representing two ONES interacting with each

-
—
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nore detail in US- 4908841 entitled Data Decoding Crcuit

I ncl udi ng Phase-Locked Loop Timng, filed Cctober

-19- 30, 1987. These patents, which al so have a coMmPrRrepiACHNENEIMEER
this application, are also incorporated herein by refergnce.

.08 0CT 1998
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othér.' Such interference may cause peak shifts, resulting
in the PLL 16 taking longer to lock to the correct bit-
tracking ﬁhase or increased error in data seperating this:
pattern.

Alternatively, the preamble 32 can be used to
determiné the decode group. If, for example, the preamble
is a pattern 100100...1 it can be used to determine the
béundary of the three-bit decode group. The synchronization

character 34 would then be used to determine the byte
boundaries.

Following the synchronization character 34 are the
address field 36 and the servo field 38. The address field
36 contains at least dne copy of the sector address, in the
preferred embodiment it contains four copies. The servo
field 38 contains information which is used by the system 8
to center the head on the track.

The data section contains a data preamble 40 and a data
synch:oﬁizatioh character 42 which are identical with the
preamble 32 and synéhronization character 34 in the header.
Following the data synchronizationﬁcharacter is a bad sector
bit-map which contains information about the good and bad
sectors in the track, or a portions of the track. The bit-
map is redundant in that it is recorded in multiple sectors
in the track. The bit-maps can be re-written and thus up-
dated, thaﬁ is, as sectors degrade from good to bad the maps
can be revised to reflect the degradation. Recording the'
map in multiple sectors serves tc protect the map from loss

due to the degradation of any one sector or group of



At the tinme indicating the end of the preanble, the synchronization
character search is started (step 116, Figure 3A). Wth reference to
Figure 3D, this search is begun by initializing the correlator 23 (Figure
4) with the synchronization character. and shifting signal sanples from
the data separator 14 into the correlator 23 (step 172). The signal
segnents are then exam ned for a match with the synchrprzatFor—character
pattern. If the pattern is found before tinme T[err] (F)|JRERLADEMENT SHEET
synchroni zation character is deenmed detected (steps 174, 176)QgAUCt[h¢gggnd
+0-timeto

of the synchronization character the-t2Aer 22A is re-sljdrated.-
the remaining header fields and to the header

sectoré. The bit-map is followed by the data and data
redundancy symbols.

The radial contiguous formatting of the disk 28 allows
the preamble 32 and the synchronization character 34 to be
located, regardless of where the associated head is placed
with respect to the tracks. Without radial contiguous
formatting, if, for example, the head straddles two tracks,
the data signal in one track may be :é?? as canceling the

‘& data signal in the other track, that is, a:segment in which
negative peaks in one track correspond to positive peaks in
the other track may be read as a trénsiﬁionless signal.

Thus a DC-erase may be detected in th; data section of the
sector. If the acquire mode of the AGC 20 is then enabled,
that is, durihg the detection of a false DC-erase, the
acquired gain may cause the read channel to saturaﬁe and the
system would not recover in time to "see” tﬁe real data.
However, by recording the preambles 32, the synchronization
characters 34 and the address fields 36 irr a radial
contiguqus'format bit canceling due o an”off-center head is
_eliminated; and thus, éach of these fields can be located
once a true DC-erase ig detected. - Gray cading the
addresses, also, allows the address to be determined to
within two tracks, even if the head is straddling two
tracks.

With reference to Figure 3A, the system 8 operates in
one of two modes du:in§ synchronization. If the system has
not previously synchronized to the track, the aéprapciate

9ain of the read channel for data :et:ieyal from the track



section of the next sector (step 178). The timng diagram for the tiner is
shown in Figure 2. If, however, the synchronization character is not
detected before tinme T[err] the synchronization process is re-started with
a DC-erase field search (step 175).. " If the approximate AGC 20 gain
setting for the data track to whi ch the head is bei ng synchronized Ot
known at the start of the synchronization process, arTTT;TEQMENTQHEFTr.t
det erm ned which allows the gain to be pégeset and the "D -iy |@gﬁltu

be detected and the same steps are fol [0®ed thereaft ¢
is not known. Accordingly, the system first determines the

synchroni zation (step 100, Figure 3A).

approximate gain (Figure 3E) before it begins the
synchronizﬁtion process at step 100. However, if the system
has previously synchronized to the selected track, ;he
approximate gain for that track has already been determined
and stored in an appropriate memory (not,;shown). The system
8 retrieves that value and adjusts the-éain of the AGC 20 to
this fixed value. It then begins synchronization (step
102)}.

The synchronization process begins with a search for a
DC-erase field 30 (step 104). The search operation is
discussed in mofe detail with reférenﬁg tec Figure 3B below.

‘With further reference to'Figure 3A, when a
transitionless signal segment is detected, it is assumed
that it is a DC-erase field (step 186). Thus the start of a
sector is assumed found and a "search" for the preamble is
started (step.108). It is likely that false DC-erase
fields will be frequently found due to, an off-center head’s
"canceling" of data signals. However, if the start of a
sector has in fact been detected, th; preamble will be

~detected within a predetermined time thereafter. The
preamble will be detected regardless of whether or not the
head is centered on the track due to the radially contiguous
format of the disk.

If the DC-erase detected is not the start of a sector,
the preamble will not be detected within the predetermined
time and the search for the DC-erase field is begqun again

(steps 114-115). The preamble search is described in more



- 18- erase field is presuned detected and the synchronization process is
re-started. Once the preanble is detected (step 152), acquire nodes

determ ne the appropriate read channel gain for the heage
feedi ng back the signal magnitude to :

-14-

detail with reference to Figure 3C below. DC-erase fields
are continuously searched for during the preamble search. -
If another DC-erase field is detected at any time during the
preamble search, the search is re-started (Step 166, Figure
3c). | '

Again referriﬁg to Figure 3A, once the preamble is
detected, a search for the synchreonization character is
begun (step 118). The synchronization_character will be
found within a predetermined time iffihe previously detected
DC-erase field and preamble denote the start of a sector.
Sensing of the synchronization character allows the
controller 22 to set a sector timer 22A (Figure 4). The
timer 22A is then used to enable controller operations on
specific sector segments, for example, the end of the
address field and then'the start of the servo field, and
also to the header sgction of the next sector. If the
synchronization character is not sensed within the specified
time, #n indication of false detection of the DC-erase field
and the preamble, the DC-erase field sé;rch is again started
(step 119A). The synchronization cha;acter search is
described in more detail with reference to Figure 3D below.
‘The DC-erase field search also continues throughout the
synch:onizatidn chafacte: search. 1If£ a DC-erase is found at
any time, the synchronization process is re-stacted (step
174A, rigure 3D). |

With further reference to Figure 3A, when the
synchronization character is sensed in the specified time

-interval, the next bits read from the sector are interpreted



set the gain to a constant value, and the PLL 16 to lock to the header

bit-frequency and phase. The tine to the end of the preanble is sufficient
for the AGC 20 and PLL 16, respectively, to lock the appropriate gain and
phase (step 154). Thereafter the gain of AGC 20 is held fQ < eFrar o er

data-bits until the end of the address field 36. At
gain may be stored for future use by the m croprocessqr
the field, PLL 16 is |ocked to the phase -dfS-the referd
(Figure 1) because the servo field 38, which foll ows,

| nformation recordggevggc Jg1address field (step 120). The validity of the

does not contain

address retrieved from this field is then checked (step
122). In the preferréd embodiment the address field
contains a number of éopies of the address, for example,
four copies, and if some minimum number of copies match each
other, for example two copies, the address is deemed valid.

If the address is valid, the controller 22 (Figure 4)
uses the sector timer 22A to time and enable the sampling of
the servo field 38 and this sampfing may then be used to
move the head to the center of the track. It then uses the.
timer 22A to time to the next sector where it expects to
find the sector header and enables the acquire modes of both
the PLL 16 and AGC 20 in the preamble to synchronize to this
next sector. It then reads the sector address field (steps
124-128) and determines the validity of this address by
comparing a minimum number of copies to the expected sector'
address (step.130). Thus if, for example, the first sector
found is sector 10 the next sector ,should be sector 11. If
the sector address matches the expected address the head is
assumed to be synchronized. 1If é%e address is an invalid
address or it does not match the expected address, the
system times to the next sector and reads that address to
determine which sector is then rotating under the.head. If
the location of the head cannot be determined in a
reasonable number of sectors the system re-starts the DC-
erase field search (steps 130-133).

The DC-erase field, preamble and synchronization

character searches are all performed by the controller 22



frequency and phase as the data-bits. Timing diagrans for the AGC 20 and
the PLL 16 are shown in Figure 2. The operation of the AGC 20 is
described in nmore detail in a co-pending application entitled Automatic
Gain Control System filed Septenber 4, 1987 and identified by Oesarl and
McKenna file nunber 83-476. That appli catlon whi ch ha :
with this application is incorporated herein by refd ﬁg@ﬁAcﬁmNiﬁ@f’Eﬁﬂ

Y
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of the PLL 16 is described in nore detail in co-pendjng a
(Figufe 4). The controller 22 receives from the data

entitled Data Decoding Circuit includrk® Phase-Locke
Cct ober @_ o

separator 14 samples of the signal read from the disk. The
controller.zz examines these samples as a bit-stream and
determines if any segment of the signal match the signal
pattern for which thé controller is then looking. For
example, if the controller is conduéting the DC-erase field
search it will examine the signal segments for a segment
without transitions.

The system controller 22 can vafy the number of bit-
matches required to detect a synchronization character
and/or the number of symbol-matches required to signify a

" wvalid address, thus allowing for mdre or less severe
checking. For example, during the factory checking of a
drive the controller 22 may require perfect matching, while
much less than perfect matching may be required dﬁring
system error recovery procedures.

With reference to Figure 3B, the DC-erase field search
is begun by loading all ONES into a éq;relator. or shift
register, 23 in the contfoller 22 (Figure 4). Thereafter
signal samples from the data separagbr 14 are shifted into
the correlator 23 and the ONES are cor:espondingly shifted
out. Each time a sample is shifted into the correlator 23
the contents are examined to determine if the signal segment
represented by the samples contains .fewer than some
predetermined number of ONES, indicating, with some
aliowance for error, a transitionless signal segment (step
144). For example, if a forty-bit signal segment is

examined, a DC-erase field may be indicated if four or fewer



-19- 30, 1987 and identified by Cesari and MKenna file nunber 83-461.
These applications, which also have a cormbn assignee with this
application, are also incorporated herein by reference. At the tine
i ndicating the end of the preanble, the synchronizatio -
Is started (step 116, Figure 3A). Wth reference to Fi
i's

'fzpt ReehiENT SresETC |

ONES are contained in ﬁhe correlator 23,

After detecting a DC-erase field, the controller 22
starts the-pteamble search (step 108 Figure 3A). With
reference to Figure 3C, the controller starts the timer 22a,
and initializes the correlator 23 to all ZEROS (step 148).
Signal samples are then ;hiftea into the correlator from the
data separator 14 and the contents of the correlator are
repeatediy compared with the preamble pattern, that is, with
a "pattern” of a minimum number of ONES in a predetermined
number of bits, where ONES represent transitions, although
not necessarily in bit alignment (step 150). The preferred
embodiment looks for four ONES in a twelve-bit signal
segment. If a signal segment has a sufficient number of
ONES, allowing for some error, the preamble is presumed to
have been detected (step 150-152). If, however, the timer
22A reaches time T, before a preamble is deéeqted, the.
synchronization process is re-started with the DC-erase
field search (step 170).

While the controller searches fo;'the preamble pattérn
it also checks the signal segment to:determine if it
contains another DC-erase field by tracking the number of
ONES in the segment (step 150). Another DC-erase field is
deemed to have been detected if the segment contains fewer

- than a predetermined number of ONES, where thé predetermined
number may or may not be the same as that used in the DC-
erase field search (step 166). In the preferred embodiment
4 stricter test is used. For example, if fewer than four

ONES are found in any twelve-sample signal segment a DC-



begun by initializing the correlator 23 (Figure 4) w th ths SHEET HAS BEEN
synchroni zati on character and shifting signal sanples filrom RESLAGER
separator 14 into the correlator 23 (step 172). The si SEgh ' :
then examned for a match with the synchronization cha T R
the pattern is found before tinme T[err] (Figure 2), a yﬁEﬁ\%ﬁ%’éﬁ%FﬁH'
character is deenmed detected (steps 174, 176). At the énd of 6@h@CT 100§
synchroni zation character the tiner 22A T e-started td| Peereto trHE
remai ni ng header fields and to the header section of the next sector (step
1178) . The ti meh@sdi 29edd) 14 Of rddtmeldl BBEeESe SN thl EL A forfizatlibn hovever,
the synchronization character is not detected before tine T[err],
process is re-started.

Once the preamble is detected (step 152), écquire modes
of the AGC 20 and the PLL 16 are enabled. This allows the
AGC 20 to determine the appropriate rea& channel gain for
the header section, by feeding back thé signal maghitude to
set the gain to a constant value, and the PLL 16 to lock to
the header bit-frequency and phase. The time tao the end of
the preamble is sufficient for the:AbC 20 and PLL 16,
respectively, to lock the apbropriate gain and phase (step
154). Thereafter the gain of AGC 20 is held for the
remainder of the header and the PLL 16 tracks the frequency .
and phase of the header data-bits until the end of the
aadress field 36. At this point the AGC gain may be stored
for future use by the microprocessor 24. At the end of the
field, PLL 16 is lockea to the phase of the reference clock
18 (Fiqure 1) because the servo field 38, which follows,
does not contain information recorded with the same
frequency and phase as the data-bits? Timing diagrams for
the AGC 20 and the PLL 16 are showp®’in Figure 2.

The operation of the AGC 20 is described in more detail
in a co-pending application entitled Automatic Gain Control
System, filed September 4, 1987 and identified by Cesari and
McKenna file number 83-476. That application, which has a
common assignee with this application is incorporated herein
by reference. The operation of the PLL 16 is described in
more detail in co-pending application entitled Data Decoding
Circuit including Phase-Locked Loop Timing, filed October

.
eet Has Been RTlaced

"



t he synchroni zation process is re-started with a DC-e
(step 175). I f the approxi mate AGC 20 gain sett
track to which the head is being synchronized is not K
the synchroni zation process, a gain value is first d
the gain to be pre-set and the DC-erase field to be.d
steps are followed thereafter to conpl ete synchronizat
Figure 3A). -19-

30, 1987 and identified by Cesari ‘and McKenna file number
83-461. These applications, which also have a common
.assignee with this application, are also incorporated herein
by reference.

At the time indicating the end of the preamble, the
synchronization character search is started (step 116,
Figure 3A). With reference to Fiqure 3D, this search is
Eegun by initializing the correlator 23 (Figure 4) with the
synchronization character and shifting signal samples from
the data separator 14 into the correlator 23 (step 172).
The signal segments are then examined for a match with the
synchronization character pattern. If the pattern is found
before time T, (Figure 2), a synchronization character is
deemed detected (steps 174, 176). At the end of the
'synchronization character the timer 22A is re-started to
time to the remaining header fields and to the header
section of the next sector (step 178). The timing_diagram
for the timer is shown in Figure 2. 1If, however, the

»

synchronization character is not detected before time T,,
the synchronization process is reJ;tarted with a DC-erase
field search (step 175). |

If the apprnximate AGC 20 gain setting for the data
track to which the head is bein§ synchronized is not known
at the start of the synchronization process, a gain value is
first determined which'allows the gain to be pre-set and the
Dé—erase field to be.detected and the same steps are

followed thereafter to complete synchronization (step 100,

Figqure 3A).

Sheet Has Been Replaced

T




-22- 23. The foregoing description has been limted to a specific
enbodi nent of this invention. It wll be apparent, however, that

variations and nodifications my be nmade to the invention, mnth the
attai nnent of sonme or all of the advantages of the inv
it is the object of the appended clains to cover all s
nodi fications as cone within the true scope of the inv#
t he appended cl ai ns. —20-

With reference to Fiqure 3E, the'gain of the AGC 20 is
first set to a maximum value (step 182). The timer 22A
(Figure 1) is then'started and a search is made for the DC-
erase field (step 184). The search uses the same steps as
the DC-erase field search described above. If a start of

~ sector DC-erase field is not found before time T,, the gain
of the AGC 20 is pre-set to another value, the timer 22A is
re-started and a search for the DC-erase field is again
'started (steps 194-198). )

It is unlikely that the DC-erase field will be found
when the gain of the AGC 20 is set at the maximum value
because noise signals associated wiéh the field will be
amplified to look like data transitions and thus a
transitionless signal will not be found. This searching and
géin adjusting process continues until either the DC-erase |
field is founﬁ or system recovery procedures are
implemented, for example, if after a predetermined number of

tries no DC-erase fields can be found on the track (steps
198-204). .

At the end of a successful synch}onization process the
gain of AGC 20 is stored in an appropriate memory (not
shown) so that it may be used the next time the head is
switched to that track. Pre-setting the gain of the AGC 20
allows the system to simultaneously enable the acquire modes
of the AGC 20 and the PLL 16 without having the PLL 16 try
to lock to the phase of amplified noise signals, for

__.example, if the galn of the AGC 20 was too high. By pre-

setting the AGC gain to the appropriate value, the normal



-23- CLAIMS 1. A magnetic di sk system conpri sing: A) a plurality of
magnetic di sks, on a common spindle, for recording signals representing

bi nary data, each of said disks conprising: 1) a plurality of
concentric tracks (29A 29C), each of said tracks conmprising a plurality of
sectors, 2) each of said sectors conprising a header section (28A)
and a data section (28B), said header section having aff ER
trailing end, said trailing end of said header section bug Eﬁg Jggggﬁito
the | eading end of said data section, 3) said he r.s “"m"ng a
plurality of nagnetically recorded fields (30-38) incl '"Tﬁlééﬂgf————
a) a preanble field (32) having recorded therein a series of signals
suitabl e for synchronization of a clock?X18) to bits recorded in said
header section (28A), and . b) a synchronization field (34) containing

a SynChroni%%hiQEE§Q§T§54§”not have to correct very far, and it can

thus acquire the appropriate gain within a relatively short

time. This allows the PLL 16 to operate on almost all of
the preamble 32 to acquire phase-lock and the preamble can
. therefore be relatively short in length.

.During thé DC~erase field sea;ch:and portions of the
preémble search the system has no knéwledge of the bit
frequency of the sector header informatioa. Thus the data
separator 14 and the PLL 16§ may have :6 sample the signal
read from the disk even if the frequency and phase to which

" the PﬁL 16 is locked is not the data-bift frequency and
phase. With reference to Figure 5, the data separator 1;
includes a comparator 300 and flip-flops 302 and 304. The
flip~-flops 302,304 are clocked by the PLL 16 which is locked
to the reference clock 18 (figure 1). The signal read from
the disk is input to the comparator 300. The comparater
output is asserted when the signal peak is within a
predetermined range, indicating a EIJ; reversal on the disk,
which is interpreted as a ONE. The as;efled output of the
comparator is then input to flipfflop 362 and appears at its
cutput. .

The output of flip-flop 302 is input to flip-flop 304
when it is clocked by the PLL 16. Flip-flop 302 is then
cleared. When flip-flop 304 is next clocked, the contents
of the flip-flop are stored in the correlator 23 as a ONE
(Figqure 4). If the signal peaks do not come within the
predetermined amplitude range, the dutput of flip-flop 302

remains de-asserted and ZEROS are input to the correlator



suitabl e for synchronizing readi ng operations mﬁth_g[ , y
boundaries of information recorded in said header SeithmmSHEETHA$BEEN|
~address field (36) containing the address of said sedtor; REPLACED at |
one of said header sections (28A) in each of said tracks—aerr
DC-erase field (30) disposed adjacent to said | eading
section (28A) and conprising a transitionless signal
read wite head for sensing flux transition$ on said
DC-erase detector (22) for detecting said DCerase fi

out put of said read wite head, D) neans (22) responsive to the
detection of said DC-erase field for degigecting said preanble (32) in the
output of said read wite head; E) nmeans (22) responsive to the
detection of said DC-erase field (30) and said preanble (32) for detecting
sai d synchr@akzation character (34); F) a clock .(CLK) for providing

timng signals COLr es ondi n

he, . s
Lo Doty Poval of T e regeaig. anaFiptian Mg besr Liksed to a

specific embodiment of this invention. It will be apparent,
however, that variations and modifications may be made to
the invention, with the attainment of some or all of the
advantages of the invention. Therefore, it is the ébject of
the appended claims to cover all suc}": variations an._d
modifi;catio'ns as come within the true spi,t::.t and scope of

the invention.
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G synchroni zi ng means (22) 1) responsive to sa
synchroni zi ng—said Tl ock (CCK) to the bits recordedor
2) responsi ve q},0 sk 15hs BYAR3pINRA Zat i on character for

clock to group | #llaries of information re d—en—5arg
characterized |mmml !ﬂsai d header section (2 : ..\1

servo field (38)*10l I d address field (36), &8k ’?ield
containing a recorded signal for use in a servo systemlthat ngi
position of said read wite head over s@&3d track. 2. || PR Sye

in claiml in which each of said sectors includes in it
(28B), a secppryp@p section (44), said sector map section containing

i nformation concerning which sectors in the track are defective. 3. The
magnetic di sk.ded imefhddicCladisk 20Ol r&ddding kDgndU Lk epRle@en€Ch®r map (44)
contains information ¢goncerning a nunber of sectors in the track. 4.

The magnet i cbilhaky diftindipri stokagen dnd ddedichePabrotlimifimrRaithonhirch sai d bad

sector map is u?dated when . a previousjy non-def ecti ve sector  becones
def ective. conjunction with a read write head, said disk comprising:

A. a plurality of concentric tracks, each of said
tracks comprising a plurality of sectors,

B. each of séid sectors comprising a2 header section
and a data section, said header secEion having a leading end
and a trailing end, said data section having a leading end
and a trailing end, said trailing end of said header section
being adjacent to said leading end:of sai@ data section,

€. said header section having a plurality of

magnetically recorded fields including:

1) a DC~erase field disposed adjacent to said leading
end of said header section and comprising a2 transitionless

signal segment,

»

2) a preamble field having recerded therein é series
of signals suitable for synch:onization of a clock to bits
lfrecorded in said header section,
'3) a synchronization field containing a
synchronization character for synchronizing reading
operations with group and byte boundaries, and

4) an address field containing the address .of said

sector.

2. The magnetic disk defined in Claim 1 in which each of

(T



5. The systemdefined in claim1 in which said clogt .
to provide timng signals (22D) for timng sector fieg dElSBHE%ﬁM‘BEEW i
synchr oni zat+-efr—fi-el¢«34)—and i ncl uding means for s nchromas:zqz Ag: ,@al d

~timng si gn S}le(gﬁrafg%egﬁggﬁlg& on of said synchronizati -{-= =8

The syst.em in which said timer (224) REBH.-ﬁ'éMEM@HE&és
timng S|gnal edetectlon ‘of said prean e, ; a
She . HETC 00

pr eanbl e -2
within a predetermned tine sald preanbl-e detecting ESPO oe]
the detection of a next DC-erase field-24-7. The system defined in cI aim

6 in which said timer (22A) additionally
said s;ctors includes in its header section a serve field
following said address field, said servo field containing a
recorded signal for use in a servo system that maintains the

position of said read write head over said track.

3. The magnetic disk d;fined in Claim 1 in which the DC-~
erase fields and information recorded in said preamble
fields.and said synchrohization fieLas of the respective
tracks in radially aligned so that the seésing.of said DC-

erase fields and said information is independent of the

radial position of said read write head.

4. The magnetic disk defined in Claim 1 in which said
addresses are recorded in grey-coded binary form, with
corresponding bit positions in the respective address fields

being in radial alignment.

5. The magnetic disk defined in Claim 2

A) in which said addresses arej}ecoréed in grey~coded
binary form, with correspondidg bit positions in the
respective address fields being in radial alignmeat; and

B} in which the signal in each of said servo fields
comprises first and second high frequency bursts positioned
on opposite sides of the center line of the track and spaced
apart in the circumferential dircection, tﬁe relative
circumferential positions of the first and second bursts
being reversed from each track to the tracks adjacent

thereto.
I

A



provides timng signals for timng the detection of said synchronization
character, and if said synchronization character is not detected within_a

pr edet er m_ned-tine—sai-d—symnchroni zati on character detecg C

responsive_to_th Ly of a next DC-erase field )
8. The s Bl SLERD claim6 wherein said preant &3 hear
(22) is furt ﬁm i‘& to the detection of nore t hg=sfE=tX =&+ 4] d

within said uccessi ve secti% s of said hg

J se de{pgtgg

The magnetic di sk system of claim1 whereéin"said DC er
uRaier-anst

detects said DC-erase field by detecting a nunber of fl
a predeterm ned threshol d. 10. The nmagnetic di sk systernrtof claim9
wherein said threshold is selected froma nunber of predeterm ned

t hreshol ds such -t hat magre tiln aEiskl dyshem eompaiséugi f no DC-erase fields are

detected within a predeterm ned period of ti ng_or | onered if nore than a

predet er ni ned number®bf2 [R’&-"e‘ré@é’r f PEI BRIVG Cget BET e Pt AR pF R i ned

period of tine. fyicC - 0i e el [

P oot 7t | OE°F, %%éorcﬂ.}f‘g TBHNIC Ih b HIRE b Ola f} Hallal VRERCLS SAIL
disks comprising:

1) a plurality of concentric tracks, each of said
tracks comprisin§ a plurality of sectors,

2) each of said secto:s.comprising a header section
and a data section, said header séétion having a leading end
and a trailing end, said trailing epd and of said header
section being adjacent to the leading end of said data
section,

| 3) said header section having a plurality of
magnetically recorded fields including, in order,

2) a DC-erase field disposed adjacent to said
leading end of said header section and comprising a

'transitionless signal segment, -

b) a preamble field hiying recorded therein a
series of signals suitable for synchronization'of a
clock to bits recorded in s#id header se;tion,

c) a synchronization field containing a
synchraonization character suitable for syachreonizing
reading aperations with group and byte boundaries aof
information recorded in said header section, and

d) an address field containing the address of
said sectof:

B) a read write head for sensing £flux transitions on

said disk;

e
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detection neans (22) detects said synchronization field b
series of. H*urf’ansmlons correspondi ng to a synchroni Z b Qé]qQEQT&[(ASEBEEN)
within a prefgt éﬁHEkEBiethpa&hol d nunber of transitions. || -'12. p=fegmgnet |

di sk system o rel n.said threshold is sel ecleds

of predeterm “Eﬂw such that the threshold can be REPLACEMENTSHEET
-26- raised i hroni zation fields are detected with 0
predeterm ned period of time or |lowered ifzgwre than a pre lgDé‘te -ned: GM% .
of synchronization fields are detected within a predeterm

tinme. 13. The magnetic disk systemof claim1 further conprising-a

phase-1 ocked | oop (16) MPEtecasguidessctee frradetartiag apidnBG-of2s%he f1 ux
transitions duwerd from the output of said read write head:

D) means responsive to the detection of séid DC-erase
field.for detecting said preamble in the output of said read
write head;

E) means responsive to the detection of said DC-erase
field and said preamble for detecting said synchronization

_ character;

F) a clock for providing tiqiné signals corresponding
to the :étrieval of bits, groups and bytes from said disk;

G) synchronizing means

1) responsive to said preamhle for synchronizing said
clock te the bits recorded on said disk, and

2) responsive to said synchronization character for
synchronizing ;ﬁid clock to group and byte boundaries of

information recorded on said disk.

7. The system defined in Claim 6 in which said clock
provides timing signals for timing sector fields successive
'ﬁo said synchronization fieldhand:including means for |
synchronizing said timing'signals to the detection of said

synchronization character.

8. The magnetic disk defined in Claim 1 in which each of
said sectors includes in its data section a sector map
section, said sector map section containing information

concerning which sectors in the track are defective.

) O



said preanble field (32), said phase-locked | oop sw tchi
a reference clock (I8) during said servo field (38) whereg

(CLK) is synchmggk&qgsggmhgﬁm&pference clock (18) unti

header secti on. e iEystem as defined in claiml
i ncl udes a ser HHI IH
interpreting s

nsive to said synchroni zi ng
mation in said servo field

read/ wite head on a track. 15. The system defi ned

t he header section of each sector is recoftred in a radi4

format on the disk to thereby enable the preanble field (32) and th

synchroni zati opn fi.gl d d,the s; fial 6) tqg . I ted

regardl ess of ﬁhetﬁleer méaﬁgl};ggd‘ﬂ/\% tdge(}ﬁégg ls% rcg&glm(eg %Q/\D‘p‘}l%gxcfgga
sector map contains information concerning a number of

| obai. by

=L a

e

sectors in the track.

10. The magnetic disk defined in Claim 8 in which said

tracks contain multiple copies of said sector map.

11. The magnetic disk defined in Claim 9 in which said

tracks contain multiple copies of said sector map.

12. The system defined in claim 7 in which said clock
further provides timing signals_éor timing the detection of
said preaﬁble, and if said preamble is not detected within a
predetermined time said preamble detecting means is

responsive to the detection of a next DC-erase field.

13. The system defined in Claim 12 in which said clock
additionally provides timing signals.for timing the
detection of said synchronization character, and if said
synchronization character is not détected within a
predetermined time said synchronization character detecting

. means is responsive to the detection of a next DC-erase

field and a'next preamble.

14. The system defined in claim 12 wherein said preamble
detecting means is further responsive to the detection of
more than one DC-erase field within said preamble and

successive sectiqns of said header section.

Qe



- 25- 6. A magnetic disk system conpri sing: A) a plurality of

magneti c di sks
bi nary data, e

concentric ttacks, each of said tracks conprising a plufjalityrefiLsSeehors,
2) each of sairgis SIREI{HAE Beeh ot =en

sai d header se
end and of sai

, on a common spindle, for recording signa-s—representing
ach of said disks conprising: 1) a|lprasadst 94s BrEN

cesing a header section and s ]
R ==~ o e o1 oo frmcabinranes
=28~
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;

15. The magnetic disk system of Claim 6 wherein said DC-~

erase detector detects said DC-erase field by detecting a

" number of flux transitions below a predetermined threshold.

16. The magnetic disk system of Claim 15 wherein said
threshold is selected from a number of predetermined
thresholds such that the threshold:.can be raised if no DC-
erase fields are detected withinfé predetermined period of
time or lowered if more than a predetermined number of DC-
erase fields are detected within a p:edetermined period of :

time.

17. The magnetic disk system of Claim 6 wherein said
synchronization field detection means detects said
synchronization field by detecting a series of flux
transitions corresponding to a synchronization character to

within a predetermined threshold nupber of transitions.

18. The magnetic disk system of C{aim 17 wherein said
threshold is selected from a number of predetermined
thresholds such that the threshaold can be raised if no
synchronization fields are detected within a predetermined
period of time or lowered if more than a predetermined
number of synchronization fields are detected within a

predetermined period of time.

19. The magnetic disk system of claim 6 in which said header

* c L M S *



section being adjacent to the |leading end of said data seff 4 gthgFHASéﬁEN
sai d header section having a plurality of nagnetically re o ded R 191

i ncludi ng, in order, a) a DC-erase field di

to said | eadi ng end of said header section and conpri !
transitionl ess signal segnent, b) a preanble ff@gﬁi ﬁ? SHEET
recorded therein a series of siggﬂls suitable for symc@mpnﬁ d%m

a clock to bits recorded in said header section, .l =27 (o2 Il

synchroni zation field containing a synchroni zati on character
sui tabl e forsepticar §przhey includes a servo field following said

address field, said servo field containing a recorded signal
for use in a servo system that maintains the position of

said read write head over said track.

20. The magnetic disk system of claim 19 further éomprising
a phase-locked loop.which acquires the phase and fregquency
of the flux transitions during §aid preamble field, said
phase-locked loop switching to the p@aée of a reference
clock during said servo field whe:eih said clock is
synchronized to the reference clock until the end of said

header section.

&wa}hsBﬁchlmmd -
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readi ng operations with group and byte boundaries of THIS|SHERT A4S BREN

recorded in said header section, and d) 4n add?e§%9$$%ld
cont ai ni ng the address of sai d sector; B)
for sensing flux transitions on said disk;

- 26-
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ABSTRACT

HIGH EFFICIENCY DISK FORMAT AND SYNCHRONIZATION SYSTEM

A disk drive system provides all required
synchronization, positioning, validation, and data functionms
within each disk sector. All of these functions are
provided within two zones, a header section and a data
section. The header section includes a preamble, a
synchronization character and an address field, as well as
servo information for track following. The data section of
each sector includes a data preamble, a data synchronization
character, a bad sector bit map, the data and data
redundancy information. The header section of at least one
sector in a track includes a short DC-erase field, a
transitionlese segment which is used in synchronization. To
synchronize a read/write head to the disk, the system first
detects the DC-erase field. The system next searches for
the header preamble and synchronization character. If it
finds them within predetermined times’, it then looks for a
valid sector address to complete the synchronization. If
the system does not detect the preamble and synchronization
character within the predetermined times, it looks for .
another DC-erase field and continues the synchronization
process. After the preamble and synchronization character
are found, the desired sector is located by reading the
addresses of the succeeding sectors.

Figure 1

This Sheet Has Been Replaced
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:C): a.DC-erase detector for det ect | ng said DC-erase field fr

om t he out put

of said read wite head,; D) neans responsif o—tre—detection of
said DC-erase field for detecting said preanbl e || REFhACEBNEDTISHEETSgi d read
wite head, . B) neans responsive to the det 3ctiz§i1.gé aji d_DC- ¢gr ase
field and said preanble for detecting said synchr|phie iz CLcBA? act g ;

F) a clock for providing tining signals correspondrig—to-—tHe eval of

bits,

%rr%u usen%r}d wtglyitcis ifsr %leié}cieca.éjitsok;occur in (@hcasy$a(:t:r]ar ,Onslezx.ivn eans
information for track following, and several information

bits for {rack identification. Thus'the embedded servo
system must use.analog £ilters to locafe the synchronization
burst and special timing and control logic to find the servo
information, as well as to syncﬁrﬁnize the head to the servo

zone. This additional hardware increases the cost of the

system. Thus it is desirable to perform synchronization

using much of the same hardware as the normal read and write
operations, and in particular using mostly digital logic.

It is also desirable to perform synchronization quickly,
even if the heads are not in a known position with respect
to the servo information that would be used to align the

data head on the track.

WO083/01858 discloses a magnetic disk storage system in which each
sector provides servo data which provides track position data to enable
radial positioning of the head. The document does not discuss sector -

-

identification.

EP-0 166 373, according to which claim 1 has been put in the
two-part form, describes a disk drive system in which the disk

surface is formatted in sectors with each sector having an

address portion and a data portion.

SUMMARY OF THE INVENTION

The invention is a disk drive system in accordance with claim 1, and which

may provide



1) responsive to said preanble for synchronizing
recorded on said disk, and 2) responsive t
character for synchronizing said clock to group d bytg bqpm mps:of
i.nformation recorded on said disk. 7. The systmnna@flned Ju ajn
whi ch said clock 3 provides: timng signaks for timnmtng=s
successive to said synchronization field and |nclud|ng neans for

| Ra‘;’d‘k@WENT awezat

e--bits
jon

‘6 in

synchroni zing said timng signals to the detection of said synchronization

charaet3¥.

all the required functions within each sector including:
track error positioning information, secfor bit, data symbol
and data word synchronization, cylinder, track and sector.
addresses and address validation, good/bad sector flags, aéd
data and data redundancy. All of these functions are
provided within two zones to provide high data efficiency,
that is, lanoverhead per sector. The inventive system
synchronizes a controller state machine to the real time
relation between the head and the disk by using hardware
which is also used in read/write operations, thus reducing
the required hardware.

Basically each sector is formatted with a header and



8. The magnetic disk defined in daim1l in which eac
includes in its data section a sector map section,

containing information concerning mhh&ﬁ_sectors in
def ecti ve. -

di sk defined in C&im8 in which said
The synchronization character 34 is a pattern of ONES -

ars.
EEMENTER 5 ECT i On

and ZEROS which allows the controller 22 to determine the
boundary of the decode group, that is, the number of bit
cells on the disk used for recording a given number of -
binary aata bits, and for locating the start of the -byte
boundaries. For example, some codes encode two dgta—bits
into three biﬁs for recording, again to aid in the
demodulation of the read-back signal, and thus the start of
each ih;ee-bit decode group must be determinga. The
synchronization cﬁaracter 34 also allows the controller 22
to determine the boundaries of bytes of informat;on recorded
in the sector. At the end of the synchronization character
a timer.ZZA (Figure_4) is started which is used to time to
the remaining header fields and to the next sector header.

The synchronization character used in the preferred
embodiment is, s = 10101000100010100010100101001001. The
system, using a clock from the PLL 16 which is one-half the
bit frequency., as described in 'US-4908721§

entitled A Method of Handling Data From a Storage Device.

filed May 12, 1988 which has a common assignee, examines only

every other bit. Thus the portion of synchronization

character which is actually used to synchronize is s’

1110101101100010, the under-lined portions of s. The bits
which are interspersed with s’ substantially eliminate
inter-bit interference caused by, for example,

the magnetic

flux reversals representing two ONES interacting with each



t he
racks
k

sector map contains information concerning a nunpeEpPAcERERT WHEETN
track. 10. The magnetic disk defined in Caim8 in which said
contain nmultiple copies of said secters+wap. 1 Dag;r&_lﬁ,ﬂﬁiﬁ.ei& i
defined in Caim9 in which said tracks contain ' '
sector map. 12." The systemdefined in claim7 in which said clock
further 8358 dekeld i figPssgpmed dekected nandhkhgct¥RENBANGE2ELIRY preandl e,

and if ;ggétgggafglSélgtggéeg?tected within a

said

Once the preamble is detected (step 152), acquire modes
of the AGC 20 aﬁd-the PLL 16 are enabled. This allows the
AGC 20 to determine the appropriate read channel gain for
the header section, by feeding back the signal magnitude to
set the gain to a constant value, and the PLL 16 to lock to
the header bit-frequency and phase. The time tb the end of
the preamble is sufficient for the AGC 20 and PLL 16,
respectively, to iock the appropriate gain and phase (step
154). Thereafter the gain of AGC 20 is held for the
remainder of the header and the PLL i6 tracks the frequency
and phase of the header data-bits until the end of the
address field 36. At this point the AGC gain may be stored
for future use by the microprocessor 24. At the gnd of the
field, PLL 16 is locked to the éﬁase o§ the reference clock
‘18 (Figure 1) because the servo field 38, which follows,
does not contain information recorded with the same
frequency and phase as the data-bits. Timing diagrams Egr
the AGC 20 and the PLL 16 are shown in Figure 2. -

" The operation of the AGC 20 is described in more detail
in - US-4849711 -entitled Automatic Gain antrol

System, filed September 4, 1987 That application, which has a

common assignee.with this application is iqcorpo:ated herein
by reference. The operation of the PLL 16 is desccibed in
more detail in US-4908841, entitled Data Decoding.

Circuit including Phase-Locked Loop Timing, filed October



.predetermned tinme said preanble detecting neans is

detection of a next DC-erase field. 13. The syste im 12
in which said clock additionally provides tim ng | t he
detection of said synchronization character, and at i on
character is not detected within a predeterm nediti il zat i on

character detecting neans is responsibd8e-to the dey 8
DC-erase field and a next preanble. 14. The s
wherein said preanbl e '

30, 1987. These patents, which also have a common

assignee with this application, are also incorporated herein
by reference. .
At the time indicating the end of the preamble, the
synchronization character search is started (step 116,
Figure 3A). With reference to Figure 3D, this seacrch is
begin by initializing the correlator 23 (Figure 4) with the
synéh}onization character and shifting signal samples from
the data separator 14 into the correlator 23 (step 172).
The signal Segments are then examinéd-for a match with the
synchronization character pattern.. If the pattern is found
before time T, (Fiqure 2), a synchronization character is
deemed detected (steps 174, 176). At the end of the
synchronization character the timer 22A is re-started to
time to the remaining header fields and to the headec
section of the next sector (step 178). The timing diagram

for the timer is shown in Fiqgure 2. If, however, the

synchronization character is not detected before time T,

the synchronization process is re-started with a DC-erase
field search (sten 175).

If the approximate AGC.ZO gain setting for the data
track to which the head is being synchronized is not known
at the start of the synchronization process, a gain value is
ficst determinéd which allows the gain to be pre-set and the
DC-erase field to be detected and the same steps are

followed thereafter to complete synéhrbnization'(step 100,

Figure 3A).



.detecting neans is further responsive to the detection of nore than one

DC-erase field within said preanble and successive sections of said header
section. ' —————=, REPLACED
15. The magnetic di sk systemof C aim6 wherei

-

-22-

23,

The foregoing description has been limited to a
specific embodiment of this invention. It will be apparent,
however, that Qariations and modifications may be made to
the invention, with the attainment of some or all of the
advantages of the invention. Therefore, it is the object of
the appended claims to cover all such variations and
modifications as come within the true scope of the

" invention as defined in the appended claims.



erase detector detects said DC-erase field by detecting a nunber of fl ux
transitions bel ow a predeterm ned threshol d. 16. The magneti c di sk
system of Claim 15 wherein said threshold is sele Frem-a-nurher of
predeterm ned thresholds such that the threshold aREBEACEMSﬂ(iSHEE?O \DC-
erase fields are detected within a predeternined p
if nore than a predeterm ned nunber of2PC  erase f
within a predeterm ned period of tine. 17. The
dai m6 wekAIMS i d :

1. A magnetic disk system comprising:

Beigd) gr eCcH e’lﬂﬁlt ed

A) a plurality of magnetic disks, on a commnn spindle, for recording
signals representing binary data, each of said disks comprising:

1) a plurality of concentric tracks (29A 29C), each of said tracks
comprising a plurality of sectors,

2) each of said sectors comprising a header section (28A) and a data
section (28B), said header section having a leading end and a trailing end, said
trailing end of said header section being adjacent to the leading end of said
data éection, '

3) said header section having a plurality of magnetically recorded fields
(30-38) including, in order, | |

a) a preamble field (32) having recorded therein a series of signals
suitable for synchronization of a clock (18) to bits recorded in said header
section (28A), and _

b) a synchronization field (34) containing a synchronization character
suitable for synchronizing reading operations with group and byte boundaries
of information recorded in said header section;

¢) an address field (36) containing the address of said sector;

4) at least one of said header sections (28A) in each 6f said tracks
including a DC-erase field (30) disposed adjacent to said leading end of-.sgid-
header section (28A) and comprising a transitionless signal segment;

B) a read write head for sensing ﬂﬁx transitions on said disk;

C) a DC-erase detector (22) for detecting said DC-erase field (30) from
the output of said read write head;

D) means (22) responsive to the detection of said DC-erase field for
detecting said preamble (32) in the output of said read write head;

E) means (22) responsive to the detection of said DC-erase field (30)
and said preamble (32) for detecting said synchronization character (34);

F) a clock (CLK) for providing timing signals corresponding to the

A

riod of. tinme or | fdwered



synchroni zation field detection nmeans detects said

by detecti

synchroni zation character to w thin a predetermnm nedf
transitions. - 18. The nagnetic di sk system of C ailfr

t hr eshol d

the threshold can be raised if no synyc roni zation fjy

or edet or B R grSTbh B9 B FPutan G o ot éﬁt o i

pr edet er m

ng a series of flux transitions corresponding to a

is sel eCted froma nunber of redeterm ned

ned NGy i Qhchtodizify means (22)
1) responsive to said preamble (32) for synchronizing said clock (CLK)
to the bits recorded on said disk, and

2) responsive to said synchronization character for synchronizing said

clock to group and byte boundaries of information recorded on said disk;

characterized in that :

said header section (28A) further includes a servo field (38) following
said address field (36), said servo field containing a recorded signal for use in
a servo system that maintains the position of said read write head over said
track.

2.  -The system defined in claim 1 in which each of said sectors includes in

its data section (28B), a sector map section (44), said sector map section

containing information concerning which sectors in the track are defective.

3. The magnetic disk defined in claim 1 or claim 2 in which said sector

map (44) contains information concerning a number of sectors in the track.

4, The magnetic disk defined in claim 1, claim 2 or claim 3 in which said
bad sector map is updated when a previously non-defective sector becBr_pes

defecﬁve.

5. The system defined in claim 1 in which said clock clocks a timer (22A)
to provide timing signals (22D) for timing sector fields successive to said
synchronization field (34) and including means for synchronizing said timing

signals to the detection of said synchronization character.

6. The system defined in claim 5 in which said timer (22A) further provides

timing signals for timing the detection of said preamble, and if said preamble
e . _ N

T

synchroni zation field



19. The magnetic disk systemof claim6 in which said header

-29- section further includes a servo field foll ~add S
field, said servo field containing a recorded siglhaggef %Eﬁk gr Slervo
systen1that nalntalns t he p03|t|on of said read Ite head over sa
track. _

|| Date QZOCT]QQT ..... i
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is not detected within a predetermined time said preamble detecting means is

responsive to the detection of a next DC-erase field.

7. The system defined in claim 6 in which said timer (22A) additionally
provides timing signals for timing the detection of said synchronization
character, and if said synchronization character is not detected within a
predetermined time ‘said synchrohizatién character detecting means (22) is

responsive to the detection of a next DC-erase field and a next preamble.

8.  The system defined in claim 6 wherein said preamble detecting means
(22) is further responsive to the detection of more than one DC-erase field

within said preamble and successive sections of said header section.

9. The magnetic disk system of claim 1 wherein said DC-erase detector
(22) detects said DC-erase field by detecting a number of flux transitions below
a predetermined threshold.

10. The magnetic disk system of claim 9 whefein_said threshold is selected
from a number of predetermined thresholds such that the threshold can be
raised if no DC-erase fields are detected within a predetermined period of time
or lowered if more than a predetermined number of DC-erase ﬁelcis sare

detected within a predetermined period of time.

11.  The magnetic disk system of claim 1 wherein said synchronization field
detection means (22) detects said synchronization field by detecting a series of
flux transitions corresponding to a synchronization character to within a

predetermined threshold number of transitions.

12.  The magnetic disk system of claim 11 wherein said threshold is selected

from a number of predetermined thresholds such that the threshold can be

* [+ L M S *




20. The magnetic disk system of claim19 further conprising _a phase-locked
| oop which acquires the phase and frequency of the g@@-rd&yrl ng
said preanble field, said phase-locked |oop swtchi 6‘%‘% %gi?tgs‘&,’o
reference clock duri ng said servo field wherein saijd_cl ocl £DLI K 9
synchroni zed to the reference clock untzll t he end of E"al_d‘; """"""

| Sm—

on.

raised if no synchronization fields are detected within a predetermined period
of time or lowered if more than a predetermined number of synchronization

firlds are detected within a predetermined period of time.

13. The magneticl disk system of claim 1 further comprising a phase-locked
loop (16) which acquires the phase and frequency of the flux transitions during
said preamble field (32), said phase-locked loop switching to the phase of a
reference clock (18) during said servo field (38) wherein said clock (CLK) is
syrichronized to the reference clock (18) until the end of said header section.
14. The system as defined in claim 1 wherein the system includes a servo
system responsive to said synchronizing means (22) for interpreting said servo

information in said servo field and centering said read/write head on a track.

15. The system defined in claim 1 wherein the header section of each sector
is recorded in a radially contigubus format on the disk to thereby enable the
preamble field (32) and the synchronization field (34) and the address field (36)
to be located regardless of whether the read/write head straddles two tracks.

R O 00 A ' DR
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ABSTRACT

HIGH EFFICIENCY DISK FORMAT AND SYNCHRONIZATION SYSTEM

A disk drive system provides all required
synchronization, positioning, validation, and data functions
within each disk sectar. All of these functions are
provided within two zones, a header section and a data
section. The header section includes a preamble, a
synchronization character and an address field, as well as
servo information for track following. The data section of
each sector includes a data preamble, a Jdata synchronization
character, a bad sector bit map, the data and data
redundancy information. The header section of at least one
sector in a track includes a short DC-erase field, a
transitionless segment which is used in synchronxzatxon. To
synchronize a read/write head to the disk, the system first
detects the DC-erase field. The system next searches for
the header preamble and synchronization character. If it
finds them within predetermined times’, it then looks for a
valid sector address to complete the synchronization. If
the system does not detect the preamble and synchronization
character within the predetermined times, it looks for
another DC-erase field and continues the synchronization
process. After the preamble and synchronization character
are found, the desired sector is located by reading the
addresses of the succeeding sectors.

Figure 1



