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. |1. 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 magnetic recording head consists of a wite head

el ement which is used during witing, and a read head el enment which is
used during reading. During witing, the position of the magnetic recording
head above the disk is precisely controlled by a servonechani cal feedback
| oop so that the witt SYSHEM ANDCMETHODBPORWRITING DAT AV dt h of each
track is determ ned by the w dt hTrof HDBEINBANDSead el enent. The
center-to-center spacing of each track (also known as the track pitch) is
slightly larger than the track width, and is determ ned by the
servonechani cal control systemwhich keeps the head properly positioned
above the disk. Each track is separated fromits nei ghbor by a guard band
whose wi dt h i b Eigldhof the Inventionack pitch minus the track width. During read
back, the read back elenent in the recording head is precisely positioned

above a si ngl Thé pRednt invERBometttds ofhatddisk édvksback el ement is usual ly equal
to or smaller than the width of a witten track, so that the read head

el enent detects the signal fromonly that single track and not from

I1. 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.



nei ghboring tracks. 1 Wth current hard disk drives, each track may be
randomy witten at any tinme wthout disturbing the data on any of the
other tracks. This ability to randomy access the data on the surface of
the disk is an inmportant characteristic of hard disk drives which is not
shared by all data storage systens. In U S. Patent No. 6,185, 063,

I ncorporated herein by reference, a nethod of witing tracks in a
partially overl apping fashion is described. This overlapping witing
fashion can be referred to as "shingled track” witing. Specifically, with
shi ngl ed trackvitd ¢uriengharddisk driveglich aick may bd @Adanghwiitial ateaas dmerwithcn
track partially overlaps an immedi ately adjacent track that Is contiguous
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approach descri bed above, the wite head w dth advantageously can be

si gni f i cdata biprdgarsgstems.han the track pitch in shingled track witing,
whereas the width of the read back head el ement can be slightly | ess than
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single track and not from nei oring trac

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



The present invention recognizes that although, for reasons di scussed nore
fully below, shingled witing can result in higher data storage density,

it may not allow for random access wites to any arbitrary track, because
torewite one track it may al so be necessary to overwite sone of the

I nformati on stored on subsequent adjacent tracks. The present 2 invention
recogni zes that it is possible to update data on a track using a nmulti-step
process, in which the data from nei ghboring tracks is copied el sewhere,
the desired track rewitten, and then neighboring tracks are restored to
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on any arbitrary track in a single step, and so sone 0 e random access

properties.qf.the storage nechanismare sacrificed. As gritjcall
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consequence is that a disk drive which uses shingled track witing may
requi re thegineighberng ttackd arsfrestpred te yheironginal stateurlBowevem ibis nodongen possitdé  har d
di sk drive. SUMVARY OF THE | NVENTI ON A hard di sk drive (HDD) includes at
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witing data to the disk, potentially using perpendicular recording
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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




tracks and bands of tracks, where shingled witing is used in each band. A
HDD controller controls the wite elenent such that no nore than one data
file or audio-visual (AV) data stream consisting of audio and/or video
data is witten to a band. Thus, a single file or AV 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 inplenentation discl 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,
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of AV data, data is transferred to and fromthe host in AV transaction
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di sk, at | east one wite elenent configured for witing data to the disk,

and a comqhﬂndemlddmgertbhnthwgnzdﬁ a simgl¢ physicahseotor bo the ditledrded. aTlendomtroller di sk
in bands. Each band contains no nore than one data file or one AV stream
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still another aspect a hard di sk drive includes disk storage nmeans for
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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 contignous 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.



Means are al so provided for controlling the neans for witing such that
data fromone and only one file or AV data streamis witten to a band. In
anot her aspect, a hard disk drive includes neans for witing data to a

di sk, and nmeans for conputing error correction code parity on witten
data. Means are provided for 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

i nvention, botrfe @8taflof the pfdséntGhvtnBoR B HIORALAsIsBlctufcddhdtpetatiBh, canMd&ret ood
in reference to the acconpanying drawi ngs, in which |ike reference nunerals

refer to | ik rts. and.ip which: BRI DESCRI PT1 OF THE DRAW NGS Fi gure
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the inner dianeter (I1D) and the outer dianmeter (OD) of the disk; Figure 2
i s a per sferdeilike paghanditn whighew of the shingled data tracks of the disk,

with portions broken away; Figure 3 is schematic diagramof the data
storage architecture using bands of adjacent shingled tracks; and

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic view of the hard disk drive, showing the a;:tuator 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



Figure 4 is a block diagramof the disk drive in conbination with a host
device that reads and wites plural audio video (AV) streans to the disk.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Referring initially to
Figure 1, a data storage systemis shown, generally designated 10, which

I ncludes one or nore (only one shown for clarity) rotatable hard disks 12
onto which data can be witten and fromwhich data can be read by a

read/ wite head 14 that is nounted on an actuator arm 16 for novenent of
the head 14 over the disk 12 between an inner dianeter (ID) 18 of a data
st orage headal 42@ndan puiter diamietet 24 of theisteragearea 2(pGadicatedhatysisiontdécof3hakead 14)
and an outer dianeter 24 of the storage area 20 (indicated at position 26
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processor such as a hard disk drive (HDD) controller 28, which executes
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data cache or buffer 30. In accordance W th HDD principles known in the art
and as f pighiteptyre én gcoordsnpe With presgfrsingiplesy d'hg éamﬂbr ARyDayAisoaseess agpelid e

el ement 32 and a read el enent 34. The head 14 nay be configured for

| ongi t udstarldatsamohaomignffer 300r per pendi cul ar recording. As shown in Figure

2, data is witten into the data storage area 20 in shingled fashion.
In accordance with HDD principles known in the art and as figuratively 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



More particularly, a first (in the exanple shown, outernost) data track 36
I's overlapped by a second data track 38 that is imedi ately adj acent
(i.e., contiguous) to the first data track 36, just to the inside of the
first track 36, when data is witten to the second data track 38. In turn,
when data is witten 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. Simlarly, when data is witten to a fourth data track 42 that is
contiguous to the third data track 40, the third data track 40 is
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44 that is contiguous to the fourth data track 42, the fourth data track

42 is ovscérwgﬁg d%llcg Be whilfab ksolaﬁapdfackh ihaft B8 nbt §vieh ap Bﬂﬁ?ﬁaﬁé ahd tid? §re| Rt

track in the I's not overl apped by any ot trac Is to be
understood t aBmBCe pattern of overl apping may be reversed, i.e., the first
track 36PHF erlay, instead of underlay, the second track 38, and so
on. Wile onI five data tracks are 6 shown for clarity of disclosure, the
di sk 12 can cbracgbrdanesyithiheeresgnuiavertionas band llsystablwépdl bppi lsasttwacks, as
wel | as isolated tracks that do not overlap other tracks and that are not
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establ i shed by at I east two conti guous data tracks which are witten in
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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



bands and/or isolated tracks wth different nunbers of tracks in each band,
dependi ng on the systemrequirenents. Thus, if random access witing is
required for sone data, then that data nmay be stored in isolated tracks.
Many tracks per band nmay be used when random access witing i s not
required, as in the case of storing AV files. As also shown in Figure 2,
the wwdth "W of the wite elenment 32 shown in Figure | 1is larger than the
track pitch ?" (essentially, the non-overl apped portion of the width of a
data track). The width of the read el enent 34, however, is slightly |less
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froma single track. Wth the relatively wwde wite elenent wdth "W, the
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rel axed. A third 7 advantage is that the track pitch "P" can be adjusted to
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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



Figure 3 illustrates in further detail the above-di scl osed banded storage.
As shown, a first portion 46 of the data storage area 20 m ght include the
file system netadata, stored either in isolated tracks or in bands of
tracks. This is data used by the file systemto describe the |ayout of
data on the disk. The portion 46 may occupy an inner portion of the disk as
shown or it may occupy a mddle portion or other portion. A first annul ar
data band 48 <consisting of plural concentric contiguous shingled data
tracks can be established radially outward of the metadata portion, while
a secondsignifidaitly steallebthaastbahd. Thudnaus tat duriig ddmmal éperstionhavhen 48. Many
bands, up to an Nth data band 52, can be established on the disk 12. Each
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st or age diffetent streantfe band is not used. The sizes of the bands in terns of
nunber of tracks can be established dynam cally dependi ng on systens
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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



significantly smaller than a band. This means that during normal operation,
when simultaneously servicing nore than one AV streamat a tine, the
controller 28 causes the head 14 to seek back and forth from band to band,
interleaving wites and reads from different streans. As illustrated in
Figure 3, an access pattern in accordance with the above discussion for
the case when the disk drive services three AV streans stored in bands 48,
50, and 52 can be shown. After accessing a block of AV data in the first
band 48 froma first AV stream the disk drive seeks to the Nth band 52 as
i ndi cat eBlapyall ¢fribe BY stygaay data is usadlbosadathigh snerd.of challenging taskrifihere etnd
stream In the case of "trick" play (such as fast forward) for the second
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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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times the normal rate of play the AV system may skip through the AV data
streamw thout reading all of the data, whereas for fast forward speeds up
to three times the normal rate of 9 play, all of the AV streamdata is
usually read at high speed, a challenging task if there are also other
streans to be serviced. In the present architecture, when a streamis read
or witten at a faster rate than normal, the disk drive need only read
nore data fromthe band corresponding to that stream before seeking to the
next band. Wre the AV data blocks to be arbitrarily distributed about the
di sk sur fystam meprosy.deaskng woignufaplemetadatp handliagd The fransagiéembloelgsizeuthis not be
af forded. Furthernore, because of the requirenent that each band contain
only dat gastmsightebe rdugtdy @ ridgabytorsoshai@hch Biddadiad sérteiamarylitankidtion djskem
netadata is sinplified. The sequence of bands which are used to store each
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worth of AV content. This neans that the storage capacity of each band is
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t he correspondi ng netadata can be rmanaged in random access nenory (RAM.
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store video content at four mllion bits per second, a band size of ten

megabyt egpdmes 8 alkd§Hovill@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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this exanple, there are roughly twenty thousand bands on the di sk, each of
whi ch 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 |ocations where the
data is stored. The amount of space in RAMrequired to store this
information is forty thousand bytes, an anount of data that can be readily
cached in the host 10 system nenory, l|leading to very fast netadata
handl i ng. The transaction block size in this case mght be roughly a
megabyt e without ikffosieg altedmddifipwrile perfiraiafcd@nhe tsya6aa ol dorthiz| deldssk drive
desired, to protect against system crashes, the netadata information may be
peri odi c ' . ' h.i d | es._of the
ot adat a bt LR TCE afy Shre (HECANREPAGH: biubPWEEEDT o EBRARN®
transact | pnal hehavi or, for net adat updat es and al so provi de redundant

met adat abféﬁf21 é%?@t www@piaﬁ.ﬂ WHiSIOPSTatign by Bssd ko generatg thgqwnly 1058 dat a
structure to |l og changes to the netadata as transactions in the manner used
by nodensdlisbquentwrienepesatibndat abases to ensure atomicity of updates on the
file system netadata. In addition to storing for each AV stream or data

file a list olyippds fehafe, 4 Hgnsd@ich BlSck dinCRid be Bﬁ@m%ééslﬁl;de? % BIOEEE adat a

may al so contain a bitnmap of free bands on the disk. space manhagenent

s Si Pl & AST, e ShS WM B! ink § 195kkEu1o8k ks WAASS olisoshy Rlingl§ehe®

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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data are freed up, this change being retlected in the free-space bitmap.
The nmetadata may al so store other information required by the AV
application, such as tine stanps and content descriptions. In the
preferred enbodi nent, the AV data is transferred to and fromthe disk drive
in large transaction data bl ocks (larger than the standard five hundred
twel ve byte block size wused in information technol ogy applications but
smal l er than the band size). In this case, the disk drive may optionally
use | arge physical sectors to inprove format efficiency, and also |arge
ECC codevmkd 29b 20 MREG dgendet 7@ fortdisplayirens S qirogramb bo aldigil#e}2. t The date ove
reliability I I without inposing a read-nodity-wite performance on the

system @nsfer Between Hd3€eHhnikthd HIYS mayDeesulliPRx & BRtvad e bERErsRA! k& Yssdsat e
bet ween successive partial wites of "each transaction block so that the

parity c ed in a.first wite operati.on.i sed .t rate the parity
Por o cmeitochOuRiceld B o itc @ MieRbi PR 22 el S0 QS BZ pd frehlh B bl bk
size mght be one negabyte, and the ECC might span the entire band. Each
time a t tanderdniesicebecid ofgheHDD, @ alsgdisslpsed gbove in referengs totfégurbdnd, t he
cunul ative parity state for the ECC is maintained, so that at the end of

the last traNgsisthe padicelakSYSTENRANIAMETHOP RSICWRITING DATAVEOMDDIEN
out. This provides a very long ECC block size and therefore a very

ef fici enig AHss GORGe M UnGln afid GESEbEE R dddil ﬂ?&lﬁ%a@a@i@ ot 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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errors. The ECC code could be very sinple, such as a single parity sector
conputed by XORi ng 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

sinmul taneously store and retrieve one or nore streans of AV content, as
ment i oned above. This is because AV applications typically are dom nated
by very large nulti-sector wites and reads to and fromthe disk. Figure 4
shows a host system 62 that can use the present HDD as shown for this

t ask. Thexprsndeifiartions berein, olaim teynisast tosheggiem Blordmary and acchestémed meamidgs
second wite buffers 64, 66 that receive respective input streans for
witing ghearefor erecBH&la@léKitH%eﬁﬁes‘éhﬁﬁn‘ééiﬁ%ﬁion%@‘fﬁc mﬂéthﬁ]y.host system 62 may
also include a read buffer 68 that sends data read fromthe 12 disk 12 to
an MPEG decoder 70 for displaying AV prograns on a display 72. The data
transfer between host 62 and the HDD may be nultipl exed between the buffers
64, 66, 68 as indicated schematically by a switching mechani sm 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 IN BANDS as herein shown and described in
detail is fully capable of attaining the above-
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descri bed objects of the invention, it is to be understood that it is the
presently preferred enbodinent of the present invention and is thus
representative of the subject matter which is broadly contenplated by the
present invention, that the scope of the present invention fully
enconpasses ot her enbodi nents whi ch nmay becone obvious to those skilled in
the art, and that the scope of the present invention is accordingly to be
limted by nothing other than the appended clains, in which reference to
an elenent in the singular is not intended to nean "one and only one"

unl ess expl i cWHATSES €LAIMEDBS: rather "one or nore". It is not necessary
for a device or nethod to address each and every probl em sought to be

sol ved by thelpresgmmudhﬁygﬁpgqu[ﬁggnﬁﬁﬂh? be encompassed by the present
clainms. Furthernore, no elenment, conponent, or nethod step in the present
di sclosure is inteqﬂedtto bﬁgqﬁdicgted to the public regardl ess of whether
the el enent, conpoﬁ RSt OBF TR 85“ tep is explicitly recited in the

clains. No claimelenent herein is to be construed under the provisions of
35 U.S.C. ' 112, afleashopawaly dementganBgwed frs witingedata toghedisk én ragksy eci t ed
using the phrase "neans for" or, in the case of a nethod claim the

el ement is rewhéeih deadt tvid @mtighd\Bitemkls &habdish adahd; andbsent 13 express
definitions herein, claimterns are to be given all ordinary and accustoned

meanings that are pkad bAEARISLIAIRNIE: WntBlAIhOLAREEmERHl/doiRbigN and
ile history. 14

causing no more than one of: a single data file, and a single audio video (AV) data

stream, to be written to a band.

2. The HDD of Claim 1, wherein at least some bands include at least three

contiguous tracks.
3. The HDD of Claim 1, wherein the tracks are concentric to each other.

4. The HDD of Claim 1, wherein the write element is configured for

perpendicular recording.

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

second band has a second number of bands different from the first.
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VWHAT IS CLAIMED IS: 1. A hard disk drive (HDD) conprising: at |east one
rotatable disk; at |least one wite el enent configured for witing data to
the disk in tracks, wherein at |east two contiguous tracks establish a
band; and at | east one HDD controller controlling the wite elenent, the
controller causing no nore than one of a single data file, and a single
audi o video (AV) data stream to be witten to a band. 2. The HDD of C aim
1, wherein at |east sone bands include at |east three contiguous tracks. 3.
The HDD of Claim 1, wherein the tracks are concentric to each other. 4.
The HDD of d &i m 1TheHB2pFClaira lwwhersinaselated tracks asonsdadgastage fdaga requiring
perpendi cul ar recording. 5. The HDD of Claiml1l, wherein a first band has a

first numB@smairitt heckSariBhnds sRAGEH oAcE diRTequiiRE Siddeminlvelte Bfcebands
different fromthe first. 15 6. The HDD of daim1l1, wherein isolated tracks

are used to store data requiring randomwite access and bands are used to
store data requiring sequential wite access.

7. The HDD of Claim 1, wherein at least one band contains data from one and

only one audio video (AV) data stream.

8. The HDD of Claim 7, wherein the size of bands used to store AV data are
larger than an AV transaction block size, the transaction block size being larger than a sector

size.

9. The HDD of Claim 1, wherein at least some tracks are shingled.

10.  The HDD of Claim 1, wherein the controller stores, for each file or AV data

stream, a list of bands associated therewith.

1. A data storage system, comprising:
at least one data storage disk;
at least one write element configured for writing data to the disk; and
at least one controller controlling the write element to write data onto the disk

at least in bands, each band containing no more than one data file or one AV data

16



7. The HDD of Claim1, wherein at |east one band contains data from one and
only one audio video (AV) data stream 8. The HDD of Claim?7, wherein the
size of bands used to store AV data are |larger than an AV transaction

bl ock size, the transaction block size being |larger than a sector size. 9.
The HDD of Claim1, wherein at |east some tracks are shingled. 10. The HDD
of Caim1l, wherein the controller stores, for each file or AV data stream
a list of bands associated therewith. 11. A data storage system
conprising: at |east one data storage disk; at |east one wite el enent
confi gured f ostreat, ehchobaitd being@stablishdd di at kast tad chetdgious data tacks. ol | er
controlling the wite elenent to wite data onto the disk at least in
bands, each band containing no nore than one data file or one AV data 16
stream each band being established by at | east two contiguous data tracks.
12. The system of aim 11, élrer in at Jeast sone tracks are shingled. 13.
The system of & ai iQIystehef aﬁniﬂ,w efen & SBH}?&?CFNT"I% g<l;f"1%'least t hr ee

contiguous tracks.

13. The system of Claim 11, wherein at least some bands include at least three

contiguous tracks.

14.  The system of Claim 11, wherein the write element is configured for

perpendicular recording.

15.  The system of Claim 11, wherein a first band has a first number of tracks and

a second band has a second number of tracks different from the first.

16. The system of Claim 11, wherein isolated tracks are used to store data
requiring random write access and bands are used to store data requiring sequential write

acCcess.

17.  The system of Claim 11, wherein at least one band contains data from one and

only one AV data stream.
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14. The systemof Claim 11, wherein the wite elenent is configured for

per pendi cul ar recording. 15. The systemof Claim 11, wherein a first band
has a first nunber of tracks and a second band has a second nunber of
tracks different fromthe first. 16. The systemof Caim 11, wherein

I sol ated tracks are used to store data requiring randomwite access and
bands are used to store data requiring sequential wite access. 17. The
system of Claim 11, wherein at | east one band contains data from one and
only one AV data stream 17 18. The systemof Claim17, wherein the size of
at | east one B&nd Ubedystem sf Claam 1Xywherem the sizaofjatrleashane bandAlded tasts@ct i on
bl ock size, the transaction block size being larger than a sector size.

19. The maﬁmmrg]@.il Bafadt AV WaNaElidh BIB& G898 HtdrRbctiDh Y&k siie%iﬁlrggf;i le or

AV data stream a st of bands associ ated therewth. 20. A har
drive, c rising.. di sk storage neans for holding data in at |east one of.
bands, an iassg?tg?:gae.t racks:

19.  The system of Claim 11, wherein the controller stores, for each file or AV data

stream, a list of bands associated therewith.

20. A hard disk drive, comprising:

disk storage means for holding data in at least one of’ bands, and isolated
tracks;

means for writing data to the disk storage means; and

means for controlling the means for writing such that data from one of: a
single file, and a single AV data stream, is written to a band on the disk storage

means.

21.  The HDD of Claim 20, wherein the means for controlling causes the means

for writing to write shingled tracks.

22.  The HDD of Claim 21, wherein the means for writing is configured for

perpendicular recording.
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means for witing data to the di sk storage nmeans; and nmeans for controlling
the nmeans for witing such that data fromone of. a single file, and a
single AV data stream is witten to a band on the di sk storage neans. 21.
The HDD of C aim 20, wherein the neans for controlling causes the neans for
witing to wite shingled tracks. 22. The HDD of C aim 21, wherein the
means for witing is configured for perpendicular recording. 18 23. The HDD
of Claim21, wherein a first band has a first nunber of tracks and a second
band has a second nunber of tracks different fromthe first. 24. The HDD of
Claim 21, wherein the disk storage neans is partitioned into isolated
tracks and bands of tracks. 25. The HDD of O aim 21, wherein audi o video

he sizes of Bands 1o BTl SRt A SRR Rl ekl irar o pmpet pElacke ARd g

HDD of Cl aim 21, wherein the neans for controlling stores, for each file
second band has a second number of tracks different from the first.

24.  The HDD of Claim 21, wherein the disk storage means is partitioned into

isolated tracks and bands of tracks.

25.  The HDD of Claim 21, wherein audio video (AV) data is stored in at least one

band.

26. The HDD of Claim 25, wherein the sizes of bands are larger than an AV

transaction block size.

27. The HDD of Claim 21, wherein the means for controlling stores, for each file

or AV data stream, a list of bands associated therewith.

28. A hard disk drive, comprising:
means for writing data to a disk;
means for computing error correction code parity on written data; and

means for controlling the means for writing such that error correction code
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or AV data stream a list of bands associated therewith. 28. A hard disk
drive, conprising: neans for witing data to a disk; nmeans for conputing
error correction code parity on witten data;, and neans for controlling
the neans for witing such that error correction code 19 parity froma
first wite operating is used to generate error correction code parity for
a second wite operation subsequent to the first wite operation. 20

parity from a first write operating is used to generate error correction code parity for a

second write operation subsequent to the first write operation.
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