SYSTEM AND METHOD FOR WRI TI NG DATA TO HDD I N BANDS 1. Field of the

I nvention The present invention relates to hard disk drives. 1t. Background
of the Invention In current hard disk drives, data is witten in concentric
‘circular tracks by a magnetic recording head which is positioned above a
spi nning di sk. The nmagnetic recording head consists of a wite head el enent
which is used during witing, and a read head el enent which is used during
reading. During witing, the position of the magnetic recordi ng head above
the disk is precisely controlled by a servonmechani cal feedback | oop so that
the witten data tracks do not overlap. The width of each track is

determ ned by the w dt S YSTEMAND METHOD RORWRITINGDATA er -t o- cent er

spaci ng of each track (al so knowO3DDIN BARPS pitch) is slightly [larger
than the track width, and is determ ned by the servonechani cal contro

system whi ch keeps the head properly positioned above the disk. Each track

is separated fromits neighbor by a guard band whose width is equal to the

track pitch mnus the track width. During read back, the read back el ement

in the recordi Kieldofithd nventien sel y positioned above a single track. The

wi dth of the read back elenent is usually equal to or smaller than the wdth

of a writtenThehaGknt iiCertidatrelalRs td Bad digamiveb ement detects the signal from
only that single track and not from neighboring tracks.
II. Background of the Invention
In current hard disk drives, data is written in concentric circular tracks by a magnetic
recording head which is positioned above a spinning disk. The magnetic recording head
consists of a write head element which is used during writing, and a read head element which
is used during reading. During writing, the position of the magnetic recording head above the
disk is precisely controlled by a servomechanical feedback loop so that the written data tracks
do not overlap. The width of each track is determined by the width of the write head
element. The center-to-center spacing of each track (also known as the track pitch) is slightly
larger than the track width, and is determined by the servomechanical control system which
keeps the head properly positioned above the disk. Each track is separated from its neighbor
by a guard band whose width is equal to the track pitch minus the track width. During read
back, the read back element in the recording head is precisely positioned ébove a single track.
The width of the read back element is usually equal to or smaller than the width of a written
track, so that the read head element detects the signal from only that single track and not from

neighboring tracks.



1 Wth current hard disk drives, each track may be randomy witten at any
time without disturbing the data on any of the other tracks. This ability
to randonly access the data on the surface of the disk is an inportant
characteristic of hard disk drives which is not shared by all data storage
systens. In U S. Patent No. 6,185,063, incorporated herein by reference, a
met hod of witing tracks in a partially overl apping fashion is descri bed.
This overlapping witing fashion can be referred to as "shingled track"
witing. Specifically, with shingled track witing, data tracks are witten
such that each witten track partially overlaps an i nmedi ately adj acent
track that i sidooirtentbag disk drives) éack tabk ngh &8 ramomly wre@naoady tilbuwdthoat fi r st
track is partially overwitten when a second track contiguous to the first
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t he conventional approach described above, the wite head width

advant ag&ass|of theghskois anilmppraE shetagterighicelharddisk driwes which ipnetshated bytllngl ed
track witing, whereas the width of the read back head el enent can be
S|ight|ﬁmhgﬁﬁ%¥h@ﬂeﬁﬁﬁ track pitch so the read back head still detects
signal fromonly a single track and not from neighboring tracks. The
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tracks in a partially overlapping fashion is described. This overlapping writing fashion can

be referred to as "shingled track" writing. Specifically, with shingled track writing, data
tracks are written such that each written track partially overlaps an immediately adjacent
track that is contiguous to it, like shingles on a tiled roof. Thus, a first track is partially
overwritten when a second track contiguous to the first is written, which in turn is partially
overwritten when a third track contiguous to the second is written, and so on.

As recognized herein, unlike the conventional approach described above, the write
head width advantageously can be significantly ‘larger than the track pitch in shingled track
writing, whereas the width of the read back head element can be slightly less than the track
pitch so the read back head still detects signal from only a single track and not from
neighboring tracks.

The present invention recognizes that although, for reasons discussed more fully
below, shingled writing can result in higher data storage density, it may not allow for random
access writes to any arbitrary track, because to rewrite one track it may also be necessary to

overwrite some of the information stored on subsequent adjacent tracks. The present



access wites to any arbitrary track, because to rewite one track it may

al so be necessary to overwite sone of the information stored on subsequent
adj acent tracks. The present 2 invention recognizes that it is possible to
update data on a track using a nulti-step process, in which the data from
nei ghboring tracks is copied el sewhere, the desired track rewitten, and
then nei ghboring tracks are restored to their original state. However, it is
no | onger possible to update the data on any arbitrary track in a single
step, and so sonme of the random access properties of the storage nechani sm
are sacrificed. As critically recognized by the present invention but not
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shingled track witing nay require a different kind of file system structure
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el ement confi %lil)l’ ed for witing data to the disk, potentiall Y using
per pendithan ngighbering tiacks arprasivgedlodheir Prigingk stator Howemen, Husne langarkessibkhi ch
are partially overlapped using shingled witing, constitute a band. The
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of tracks, where shingléd witing is used in each band. HDD controll er

controls the.wit.e el enent such that r re than.one data file or
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witten to a band. Thus, a single file or AV i ) ) )
invention but not the above-referenced patent, a consequence is that a disk drive which uses

shingled track writing may require a different kind of file system structure from a

conventional hard disk drive.

SUMMARY OF THE INVENTION

A hard disk drive (HDD) includes at least one rotatable disk and at least one write
element configured for writing data to the disk, potentially using perpendicular recording
principles. Two or more contiguous tracks, which are partially overlapped using shingled
writing, constitute a band. The storage area of the HDD can be partitioned into isolated
tracks and bands of tracks, where shingled writing is used in each band. A HDD controller
controls the write element such that no more than one data file or audio-visual (AV) data
stream consisting of audio and/or video data is written to a band. Thus, a single file or AV
data stream may span more than one band, but a single band does not store data from more
than data file or AV data stream.

In the preferred implementation disclosed below, isolated tracks can be used for



data stream may span nore than one band, but a single band does not store
data fromnore than data file or AV data stream In the preferred

i npl enent ati on di scl osed bel ow, isolated tracks can be used for 3 storing
data that requires fast random access, wi th bands of tracks being used for
storing data, particularly AV data, which requires fast sequential access.
For the case of AV data, data is transferred to and fromthe host in AV
transacti on bl ocks which are snaller than the size of the band, and | arger
than the size of a single physical sector on the disk drive. The controller
may store, for each file or AV stream a list of bands associated therewth.
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di sk, at least one wite el enent conflgured for witing data to the di sk,

and a controller ntrolling the ite elenent to ite t.a . onto the disk
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and each band is established by at | east two contiguous data tracks. In
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hol ding data in bands or in isolated data tracks, and neans for witing
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means for witing such that data fromone and only one file or AV data
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code parity on witten data. Means are provi ded for
In another aspect, a data storage system includes at least one data storage disk, at least
one write element configured for writing data to the disk, and a controller controlling the
write element to write data onto the disk in bands. Each band contains no more than one data
file or one AV stream, and each band is established by at least two contiguous data tracks.
In still another aspect, a hard disk drive includes disk storage means for holding data
in bands or in isolated data tracks, and means for writing data to the disk storage means.
Means are also provided for controlling the means for writing such that data from one and
only one file or AV data stream is written to a band.
In another aspect, a hard disk drive includes means for writing data to a disk, and
means for computing error correction code parity on written data. Means are provided for
controlling the means for writing such that error correction code parity from a first write

operation is used to generate error correction code parity for a second write operation

subsequent to the first write operation.



controlling the nmeans for witing such that error correction code parity
froma first wite operation is used to generate error correction code
parity for a second wite operation subsequent to the first wite
operation. 4 The details of the present invention, both as to its structure
and operation, can best be wunderstood in reference to the acconpanying
drawi ngs, in which like reference nunerals refer to like parts, and in

whi ch: BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a schematic view of the
hard di sk drive, showi ng the actuator armnear the inner diameter (I1D) and
the outer dianeter (OD) of the disk; Figure 2 is a perspective schematic

view of the sthenietald ofledpréseacisemion Bethdis skits WridiurePad bperatiolroalk ®8stdeay ;
Figure 3 is schematic diagram of the data storage architecture using bands

of adjacent . shingl.ed tracks; an i.gure 4 is.a bl oeck diaqgr e disk
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video (AV) streanms to the disk. DETAILED DESCRI PTI ON OF THE PREFERRED
EMBODI tordfearartsrapdiinivehielll| y to Figure 1, a data storage systemis shown,
general ly designated 10, which includes one or nore (only one shown for
clarity) rotatable hard disks 12 onto

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic view of the hard disk drive, showing the actuator arm near the
inner diameter (ID) and the outer diameter (OD) of the disk;

Figure 2 is a perspective schematic view of the shingled data tracks of the disk, with
portions broken away;

Figure 3 is schematic diagram of the data storage architecture using bands of adjacent
shingled tracks; and

Figure 4 is a block diagram of the disk drive in combination with a host device that

reads and writes plural audio video (AV) streams to the disk.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring initially to Figure 1, a data storage system is shown, generally designated
10, which includes one or more (only one shown for clarity) rotatable hard disks 12 onto
which data can be written and from which data can be read by a read/write head 14 that is
mounted on an actuator arm 16 for movement of the head 14 over the disk 12 between an

inner diameter (ID) 18 of a data storage area 20 of the disk 12 (indicated at position 22 of the



whi ch data can be witten and fromwhich data can be read by a read/wite
head 14 that is mounted on an actuator arm 16 for novenent of the head 14
over the disk 12 between an inner dianeter (ID) 18 of a data storage area
20 of the disk 12 (indicated at position 22 of the 5 head 14) and an outer
di aneter 24 of the storage area 20 (indicated at position 26 of the head
14). The head 14 and actuator 16 nay be controlled by a processor such as a
hard disk drive (HDD) controller 28, which executes the bel ow descri bed
shingled witing and file architecture in accordance with present
principles. The controller 28 may al so access a solid state data cache or
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figuratively showmn in Figure 1, the head 14 nmay include a wite el ement 32
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witten into the data storage area 20 in _shingled fashion. Mre

par t i cul(HDDY, coatrpilersA8, which execwigsihs bsloshdessribeshshangled wyitiggerd fileack 36 s
overl apped by a second data track 38 that is inmmediately adjacent (i.e.,

cont i guQuitettard in@ictordsicedaitiapics@t rid6iples) Thé cérdllee 28 Afiyddsoiccéa sbiid st
track 36, when data is witten to the second data track 38. In turn, when

data is [ tt.en i data track 40 that is contiguous to the second
dat a trgggé&%tgfa({h%ﬁg{e}@%% ‘data track 38 is overlapped by the third track.

Simlarly, when data is witten to a fourth data track 42 that is,
conti guous t dnepeordaice avithalRD: principlapknovreinthe ad apdesfigyratvely shown in

Figure 1, the head 14 may include a write element 32 and a read element 34. The head 14
may be configured for longitudinal recording or for perpendicular recording.
As shown in Figure 2, data is written into the data storage area 20 in shingled fashion.

More particularly, a first (in the example shown, outermost) data track 36 is overlapped by a
second data track 38 that is immediately adjacent (i.e., contiguous) to the first data track 36,
just to the inside of the first track 36, when data is written to the second data track 38. In
turn, when data is written to a third data track 40 that is contiguous to the second data track
38, the second data track 38 is overlapped by the third track. Similarly, when data is written
to a fourth data track 42 that is contiguous to the third data track 40, the third data track 40 is
overlapped by the fourth track. When data is written to a fifth data track 44 that is contiguous
to the fourth data track 42, the fourth data track 42 is overlapped by the fifth track. If the fifth
track 44 is the last track in the band, it is not overlapped by any other track. It is to be
understood that the pattern of overlapping may be reversed, i.e., the first track 36 might

overlay, instead of underlay, the second track 38, and so on. While only five data tracks are



over|l apped by the fourth track. Wen data is witten to a fifth data track
44 that is contiguous to the fourth data track 42, the fourth data track 42
is overlapped by the fifth track. If the fifth track 44 is the last track
in the band, it is not overl apped by any other track. It is to be

understood that the pattern of overlapping may be reversed, i.e., the first
track 36 mght overlay, instead of underlay, the second track 38, and so
on. Wiile only five data tracks are 6 shown for clarity of disclosure, the
disk 12 can contain many nore bands of partially overlapping tracks, as
wel | as isolated tracks that do not overlap other tracks and that are not

part of sRowafist clérnf/@@a@m&m@,ethwﬁdid;k 2hRnRbAGERthahy eTY badds ofpdrdady is
established by at Teast two contiguous data tracks which are witten in
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isolated tracks with different nunbers of tracks in each band, dependi ng on

the syded@fedgodrenments. Thus, if random access witing is required for
sone data, then that data nmy be stored in isolated tracks. Many tracks per

band may be useacconriieie hWamdBeprsatIventibntd tigdiisSestablishediby st€ldast @soi N the case
of storing AV files. As also shown in Figure 2, the wwdth "W of the wite
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wi dth of the read el enent 34, however, is slightly less than the track pitch
P, embodiment, the data storage area 20 or portion thereof might be subdivided into multiple
bands and/or isolated tracks with different numbers of tracks in each band, depending on the
system requirements. Thus, if random access writing is required for some data, then that data
may be stored in isolated tracks. Many tracks per band may be used when random access
writing is not required, as in the case of storing AV files.
As also shown in Figure 2, the width "W" of the write element 32 shown in Figure 1
is larger than the track pitch "P" (essentially, the non-overlapped portion of the width of a
data track). The width of the read element 34, however, is slightly less than the track pitch P,
so that the read element 34 reads only signals from a single track. With the relatively wide
write element width "W", the write element 32 can generate higher fields at the disk 12,
allowing disk coercivities to increase and grain sizes to decrease, resulting in increased
overall recording density.
A second advantage afforded by the above combination of structure is that the track

pitch "P" need not be directly related to the write head width "W" (except the last track in a

band), so that tolerances constraining the write head width "W" can be relaxed. A third



so that the read elenment 34 reads only signals froma single track. Wth the
relatively wide wite elenent width "W, the wite elenent 32 can generate
hi gher fields at the disk 12, allow ng disk coercivities to increase and
grain sizes to decrease, resulting in increased overall recording density.
A second advant age afforded by the above conbi nation of structure is that
the track pitch "P" need not be directly related to the wite head w dth
"W (except the last track in a band), so that tol erances constraining the
wite head width "W can be relaxed. Athird 7 advantage is that the track
pitch "P'" can be adjusted to obtain optinum performance for the wdth of
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variations i réa ue to process con erances I n ﬁead
manuf act uri g}g can be handl ed. Figure B%i}leustrat es in,filllrther detail the
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storage area 20 mght include the file system netadata, stored either in
i sol at egeadrteak svidth dus tdprodsss@bntrolatoksancdhinchead ntiatifactusiad chy bt hendled.e syst em
to describe the |layout of data on the disk. The portion 46 may occupy an

i nner portior. of tF ISk - . | 1 ] e pogtian, or

ot her porti oﬁ.léh K ?llhl(r?ussgj agégﬁrs zitrh%ggéflvgﬂ ggendé)%xgﬁ%gfégés?g%d%mg Si lﬁAFh a{h{)g@h%ent ric
contiguous shingled data tracks can be established radiall outward of the
net adat Argeettionfto efithe data sosagsrscaithaight inchuderibe Blorsyplemsmel@ddassiened of t he
first band 48. Many bands, up to an Nth data band 52, can be established on
t he di skitHet.in isolated tracks or in bands of tracks. This is data used by the file system to describe

the layout of data on the disk. The portion 46 may occupy an inner portion of the disk as
shown or it may occupy a middle portion or other portion. A first annular data band 48
consisting of plural concentric contiguous shingled data tracks can be established radially
outward of the metadata portion, while a second band 50 can be established outward of the
first band 48. Many bands, up to an N™ data band 52, can be established on the disk 12.

Each band 48, 50,...52 stores data from only a single AV data stream or file, so as to
simplify the management of file system metadata. For each written stream, new bands are
allocated as required, until the stream has been fully written to disk. If the last allocated band
for a stream is only partially full when the stream has finished writing, then the remaining
storage space in the band is not used. The sizes of the bands in terms of number of tracks can
be established dynamically depending on systems requirements, or the sizes may be fixed
during drive formatting.

The transaction block size with which AV data is transferred to and from the host is

significantly larger than a physical sector (typically five hundred twelve bytes), but



Each band 48, 50,...52 stores data fromonly a single AV data stream or
file, so as to sinplify the nmanagenent of file system netadata. For each
witten stream new bands are allocated as required, until the stream has
been fully witten to disk. If the last allocated band for a streamis only
partially full when the streamhas finished witing, then the renaining
storage space in the band is not used. The sizes of the bands in terns of
nunber of tracks can be established dynam cally dependi ng on systens
requirenments, or the sizes may be fixed during drive formatting. The
transaction block size wwth which AV data is transferred to and fromthe

host is g 'i%&tlggﬁag&rythm ?&ﬂd.tﬂﬁé‘niéaﬂé‘%ﬁi G R|ngSREMES ok MRInC @by five hundred

twel ve byte significantly smaller than a band. This neans that
during nornmal operation, when, simuljfaneously servicin re than one AV
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forth fromband to band, interleaving wites and reads from different

st r eans.hedd 14 kd segk batleahd forthifopm dad] todrand ciateslsaying tweites dnd readsdratance wit h
t he above discussion for the case when the disk drive services three AV
streans Cgif&%%@tdmiegmgands 48, 50, and 52 can be shown. After accessing a

a

bl ock of tai1nthe first band 48 froma first AV stream the disk
drive seeks to the Nth band 52 as indicated by line 54, where it accesses a
bl ock of dat &bs Hlughrated HfigE s ap @gqess Patcrhim ac5edapge with thaaboye discyssioan as
fast forward) for the second stream

for the case when the disk drive services three AV streams stored in bands 48, 50, and 52 can

be shown. After accessing a block of AV data in the first band 48 from a first AV stream, the
disk drive seeks to the N" band 52 as indicated by line 54, where it accesses a block of data
from a second stream. In the case of "trick" play (such as fast forward) for the second stream,
plural blocks of data may be sequentially accessed from the N™ band 52 as indicated by the
loops 56. In any case, as indicated by the line 58 the drive then seeks to the second band 50
where it accesses a block of data from a third stream, and then back to the first band 48 as
indicated by the line 60 where it accesses the next block in the sequence for the first AV
stream.

An advantage of this data layout pattern is that system performance is improved when
one or more of the streams are being read back or written at higher than normal speed, an
important consideration in so-called "trick play" circumstances which allow a user to fast
forward or rewind a stream as it is being played. For fast forward speeds greater than three
times the normal rate of play the AV system may skip through the AV data stream without

reading all of the data, whereas for fast forward speeds up to three times the normal rate of



pl ural bl ocks of data may be sequentially accessed fromthe Nth band 52 as
indicated by the |oops 56. In any case, as indicated by the |line 58 the
drive then seeks to the second band 50 where it accesses a bl ock of data
froma third stream and then back to the first band 48 as indicated by the
line 60 where it accesses the next block in the sequence for the first AV
stream An advantage of this data |ayout pattern is that system perfornance
is inmproved when one or nore of the streans are being read back or witten
at higher than normal speed, an inportant consideration in so-called "trick
pl ay" circunstances which allow a user to fast forward or rewind a stream

as it i%la??&l[‘@f 1Bk AN dredr® Hath 3 tisula Ry YWl tht _ﬁ@ﬁ%géedga%ﬁmrngi skt if§iRQe afel MeS the
normal rafe of play the AV systemmay skip through the AV data stream

wi thout reading all qf the data,, whereas r fast. forward speeds up,.to
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read at high speed, a challenging task if there are also other streans to
be ser vitethster mt¢ Hanmoeselnthealigdhdr watead enlywhahmaresdate fromi the baadl or written
at a faster rate than normal, the disk drive need only read nore data from
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Furthermore, because of the requirement that each band contain only data from a
single file or single AV data stream, the file system metadata is simplified. The sequence of
bands which are used to store each incoming AV content stream is recorded, preferably in a
table. The bands on the disk are large enough to store séveral seconds to several minutes
worth of AV content. This means that the storage capacity of each band is large, and that the
number of bands on the disk is small enough so that the corresponding metadata can be
managed in random access memory (RAM).

In a non-limiting embodiment, for a two hundred gigabyte disk drive used to store
video content at four million bits per second, a band size of ten megabytes may be used. In
this example, there are roughly twenty thousand bands on the disk, each of which holds
roughly twenty seconds of video content. For each AV stream or data file stored on the disk,
a list of band identifiers (e.g., sixteen bit identifiers) can be maintained to indicate the

locations where the data is stored. The amount of space in RAM required to store this

information is forty thousand bytes, an amount of data that can be readily cached in the host
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single file or single AV data stream the file system netadata is
sinplified. The sequence of bands which are used to store each incom ng AV
content streamis recorded, preferably in a table. The bands on the disk
are |large enough to store several seconds to several mnutes worth of AV
content. This neans that the storage capacity of each band is |arge, and
that the nunber of bands on the disk is small enough so that the
correspondi ng netadata can be managed in random access nenory (RAM. In a
non-limting enbodinent, for a two hundred gi gabyte disk drive used to store
vi deo content at four mllion bits per second, a band size of ten negabytes
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t he di s of “Wwhi ch”hol ds roughly twenty seconds of video content. For
each AV stre or data file store i st of band i ifiers
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where the data is stored. The anount of space in RAMrequired to store this
i nformati on i&dedsired,\to proters apainftysystem casshasyvhametafatd aifarhétain manbbe readi |y
cached in the host 10 system nenory, leading to very fast netadata handling.
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the disk, and wit e aI ter nat eI y to each copy, to enforce a transacti onal
behavi oupdates anettadsbepravide redundant metadata in case of disk corruption. Another approach is
to use a log data structure to log changes to the metadata as transactions in the manner used
by modern file systems and databases to ensure atomicity of updates on the file system
metadata.
In addition to storing for each AV stream or data file a list of bands where the data is
located, the file system metadata may also contain a bitmap of free bands on the disk. Disk
space management is simple. When a stream or file is deleted, all bands used for storing that
data are freed up, this change being reflected in the free-space bitmap. The metadata may
also store other information required by the AV application, such as time stamps and content
descriptions.
In the preferred embodiment, the AV data is transferred to and from the disk drive in
large transaction data blocks (larger than the standard five hundred twelve byte block size
used in information technology applications but smaller than the band size). In this case, the

disk drive may optionally use large physical sectors to improve format efficiency, and also

large ECC codeword sizes (larger than the transaction block size) to improve reliability
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updates and al so provide redundant nmetadata in case of disk corruption.
Anot her approach is to use a |log data structure to | og changes to the

net adata as transactions in the manner used by nodemfile systens and

dat abases to ensure atomicity of updates on the file system netadata. In
addition to storing for each AV streamor data file a |list of bands where
the data is located, the file systemnetadata nay al so contain a bitmp of
free bands on the disk. Disk space managenent is sinple. Wien a stream or
file is deleted, all bands used for storing that data are freed up, this
change being reflected in the free-space bitmap. The netadata nay al so

store OLfifiout fgﬁe;;ﬂcsf@td 1Rd-RAHy VeSke PértbRBardY ofRRY &yeRil. OTo d6 UaH, tAS disk Mevet anps

and cont ent riptions. In the preferred enbodi nent, the AV data is
transferred to and fr he .di rive in large transactjon, data bl ocks

(1 ar ger styrashe s@mdiirett b Phribele Hiimein shsevd A BREER oL Fisb W icton

i nformati on technol ogy applications but smaller than the band size). In this

case, t bhipckdb shat drd pezityregmpyttd onafiksy wige opaatyen ishpsd wagensmiet the patity fonpr ove
format efficiency, and also |arge ECC codeword sizes (larger than the

transaciyRqnP Gkits bp&atid® | mprove reliability 11 without inposing a
read-nodi fy-wite performance on the system To do this, the disk drive

cach 1 ransactlbhiebt Gty trecing bpaRrEs uanthas meen® i et °
operation is used to generate the parity for a
might span the entire band. Each time a transaction block is written, gradually filling up the
band, the cumulative parity state for the ECC is maintained, so that at the end of the last
transaction block in that band, the ECC parity can be written out. This provides a very long
ECC block size and therefore a very efficient ECC code which is resilient to defects and
errors. The ECC code could be very simple, such as a single parity sector computed by
XORing all of the physical sectors in the band. This provides protection against a single
sector failure within the band.
Particularly for AV applications, the hard disk drive has the capability to
simultaneously store and retrieve one or more streams of AV content, as mentioned above.
This is because AV applications typically are dominated by very large multi-sector writes and
reads to and from the disk. Figure 4 shows a host system 62 that can use the present HDD as
shown for this task.
The exemplary non-limiting host system 62 can include first and second write buffers

64, 66 that receive respective input streams for writing thereof to the disk 12 as discussed

above. The host system 62 may also include a read buffer 68 that sends data read from the
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subsequent wite operation. Wth these features, a transaction bl ock size

m ght be one negabyte, and the ECC m ght span the entire band. Each tine a
transaction block is witten, gradually filling up the band, the cumnul ative
parity state for the ECCis nmaintained, so that at the end of the | ast
transaction block in that band, the ECC parity can be witten out. This
provides a very long ECC block size and therefore a very efficient ECC code
which is resilient to defects and errors. The ECC code could be very
sinple, such as a single parity sector conputed by XORing all of the
physical sectors in the band. This provides protection against a single

sector il 1916 WNIPEG deb@de? a0%or & f@ﬁl&ﬁuﬁ%’ lnar hogfapks Ve aRplal 72t THBYatat he hard

di sk drive has the capability to 'sinu taneously store and retrieve one or
nore streans of AV con ntioned ThIS beca

Rop! | catBer bepeamiey 64 R b BT By B Ra gt s ol B304 Phas and
reads to and fromthe disk. Figure 4 shows a host systen162 that can use the

pr esent inddExtesschematigallfydry a dwitchingskechihismekebgsivaenythadwost 62nandi the dafast syst em
62 can include first and second wite buffers 64, 66 that receive

respect kMBsfbiitrfast bEATSof BE H’FﬁIDt asHlsd d]?r!l@é%ﬁ ab8vd MGeftrdite %@F t%ﬁréji scussed

above. The host system 62 may al so include a read buffer at sends data

e rom U 1g ek 12 8 TSR AR Rl AL AT AV o

a display 72

BANDS as herein shown and described in detail is fully capable of attaining the above-
described objects of the invention, it is to be understood that it is the presently preferred
embodiment of the present invention and is thus representative of the subject matter which is
broadly contemplated by the present invention, that the scope of the present invention fully
encompasses other embodiments which may become obvious to those skilled in the art, and
that the scope of the present invention is accordingly to be limited by nothing other than the
appended claims, in which reference to an element in the singular is not intended to mean
"one and only one" unless explicitly so stated, but rather "one or more". It is not necessary
for a device or method to address each and every problem sought to be solved by the present
invention, for it to be encompassed by the present claims. Furthermore, no element,
component, or method step in the present disclosure is intended to be dedicated to the public
regardless of whether the element, component, or method step is explicitly recited in the
claims. No claim element herein is to be construed under the provisions of 35 U.S.C. '112,
sixth paragraph, unless the element is expressly recited using the phrase "means for" or, in

the case of a method claim, the element is recited as a "step" instead of an "act". Absent
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transfer between host 62 and the HDD may be nmultipl exed between the buffers
64, 66, 68 as indicated schematically by a switching nmechanism 72 between
the host 62 and the data transfer interface bus 74 of the HDD, as al so

di scl osed above in reference to Figure 3. Wile the particular SYSTEM AND
METHOD FOR WRI TI NG DATA TO HDD I N BANDS as herein shown and described in
detail is fully capable of attaining the above- described objects of the
invention, it is to be understood that it is the presently preferred

enbodi nent of the present invention and is thus representative of the
subject matter which is broadly contenpl ated by the present invention t hat

h
t he sco;&p%gs &éﬁlt%rg%gf&nldfﬁ{ %fn%arfaﬁké/ glvgﬁ‘ﬁ@'gﬁﬁﬁ %n&’ta&ﬁfst E&@Hﬂ e scope of

whi ch may" becone vious to ose ski In the and

the present invention,i ordin gpe | i m nothlng ot her than the
appende(ﬂhaélaléﬁ%m‘?%’ bi“h gfﬂé?%rﬁg“é%? aEP’éﬁ%iqungtPﬁ’e singular is not
intended to nmean "one and only one" unless explicitly so stated, but rather
"one or nore". It is not necessary for a device or nethod to addr ess each
and every probl em sought to be solved by the present invention, for it to
be enconpassed by the present clainms. Furthernore, no elenment, conponent,
or nethod step in the present disclosure is intended to be dedicated to the
public regardl ess of whether the el ement, conponent, or method step is
explicitly recited in the clains. No claimelenment herein is to be
construed under the provisions of 35 U S.C. ' 112, sixth paragraph, unless
the elenment is expressly recited using the phrase "neans for" or, in the

case of a nethod claim the elenment is recited as a "step” instead of an
"act". Absent
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13 express definitions herein, claimterns are to be given all ordinary and
accustoned neanings that are not irreconcilable with the present
specification and file history. 14 WHAT IS CLAIMED IS: 1. A hard disk drive,
conprising: (a) disk storage neans for holding data in at |east one of (i)
bands conprising a plurality of tracks and (ii) isolated tracks; (b) neans
for witing data to said disk storage neans; (c) neans for controlling said
means for witing data such that data fromone and only one file or AV
streamis witten to a band on the disk storage mneans such that if a |ast
all ocated band for a file or AV streamis only partially full when said

file or yASt [€eMAIRPEBGSN conmpletely witten to the storage neans, then
the remai ning space 1s not used; wherein the neans for controlling cause the

means for witing to wite shingled tracks. 2. The HDD of Claim 1, wherein
the means for witing is configured for perpendicul ar recording.

l. A hard disk drive, comprising:

(a) disk storage means for holding data in at least one of:
(1) bands comprising a plurality of tracks and
(i1) isolated tracks;

(b) means for writing data to said disk storage means;

(c) means for controlling said means for writing data such that data from one
and only one file or AV stream is written to a band on the disk storage
means such that if a last allocated band for a file or AV stream is only
partially full when said file or AV stream has been completely written to
the storage means, then the remaining space is not used;

wherein the means for controlling cause the means for writing to write shingled

tracks.

2. The HDD of Claim 1, wherein the means for writing is configured for

perpendicular recording.

3. The HDD of Claim 1, wherein a first band has a first number of tracks and a

second band has a second number of tracks different from the first.
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3. The HDD of Caiml1, wherein a first band has a first nunber of tracks and
a second band has a second nunber of tracks different fromthe first. 15 4.
The HDD of Claim 11, wherein the disk storage neans is partitioned into
isolated tracks and bands of tracks. 5. The HDD of Claim1l, wherein audio
video (AV) data is stored in at | east one band. 6. The HDD of C aim5,
wherein the sizes of bands are larger than an AV transaction bl ock size. 7.
The HDD of Claim 1, wherein the neans for controlling stores, for each file
or AV data stream a list of bands associated therewith. 16

4. The HDD of Claim 1, wherein the disk storage means is partitioned into isolated

tracks and bands of tracks.

5. The HDD of Claim 1, wherein audio video (AV) data is stored in at least one

band.

6. The HDD of Claim 5, wherein the sizes of bands are larger than an AV

transaction block size.

7. The HDD of Claim 1, wherein the means for controlling stores, for each file or

AV data stream, a list of bands associated therewith.
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