"B SK DRI VE HAVI NG OPTI M ZED SPI NDLE SPEED FOR ENVI RONMVENT ¥ quaetlthe
I nvention The present invention is directed'to a method and appafat us' f
optimizing a rotating velocity of a magnetic medium and in particular to a
met hod and apparatus for controlling the rotating velocity in response
to. environnental conditions. One of the key conponents of sone electrical
devices is a place to store and read datal For exanple, conpact disk

pl ayers read dat a, such as nmusic. _froma plastic disk her exanple is
a VCR which reads d&SK %1#%X%NG(QﬁﬁﬁﬁiﬁE§y§?ENEL§I§8E§‘oF@Rand read

| ar ge anounts of data. Typlcally COMENNEROMMENENS enpl oy a nunber of
storage nmeans to store data. "One of the places where a conputer can store
data is in a disk drive which is also caIIed a direct access storage

devi ce. Al though this inventBagkg ' LTONN. atilonect access storage
device one w il be described by may of exanple A disk drive or direct
access storage device includes several disks which ook simlar to records
used on a record prkgepreseasnperentiiis khi dirgaragetioi @ anethpdapnd

The di sks ar epfcqeads ofoR oﬁumiﬁngﬂécl%o@ale%@ewwcfﬁ%da ANRNeitAG: Lo

be played. In"a disk drive, "however, di sks "are nounted to thé spindle
and spaced Wmedium,’ and in partlcular to a method and apparatus for

controlling the rotatlng velocity in response to
environmental conditions. '

One of the key components of some electrical devices
is a place to store and read data. For example, compact
disk players read data, such as music, from a plastic
disk. Another example is a VCR which reads data from a
tape. Computer systems also store and read large amounts
of data. Typically computer systems employ a number of
storage means to store data. One of the places where a
computer can store data is in a disk drive which is also
called a direct access storage device. d

Although this invention is not limited to a direct
access storage device one will be described by wéy of
example. A disk drive or direct access storage device
includes several disks which look similar to records used
on. a record player'or compact disks which are used in a CD
player. The disks are stacked on a spindle, much like
several records awaiting to be played. In a disk drive,
however, the disks are mounted to the spindle and spaced
apart so that the separate disks do not touch each other.

The surface of each disk is uniform in appearance.
However, in actuality, each of the surfaces is divided
into Arf ff T re data is stored. There are a number of

W ated{™ concentric circles like rings on a
ﬁ"n a disk drive is further subdivided

stctors which is essentially just one
'AdhmeICDtlal track.




apart so that the separate disks do not touch each other. The surface of
each disk’'i's uniformin appearance. However, in actuality, each of the
surfaces is divided into portions where data is stored. There are a nunber
of- tracks situated in concentric circles like rings on a tree. Each track
in a disk drive is further subdivided into a nunber of sectors which is
essentially just one section of the circuhferential track. 2 Storage of
data on a magnetic. _disk .entails magneti zin ortions,.of, the disk in a
pattern which repféetsoeﬁ%et hgfdatcg‘a?tal'o Wor & da‘f‘%g‘gﬁr:écdi Gi5he Spgl?li
magneti zed. nmagratdearing mmgridtorre tife thenedisgk| ayrer ,a apsunitldrc ewdiich

bl ock whi ch | eRlL.trans S 4 e eqent_ i,S
passed over %% sﬁgﬁggzngggtﬁéﬁﬁfsga %Eggésgggl f%hffj*i%%etﬁ#iagskléﬁ%nt
is flown at @agsiefhized. appnogkdereky siagnetilzeortites wigretinchayeem tshe
surface of thgdisk-ésmié HLOWR QKELh! BBnktad%ls a5 ddgnd¢ it e ehalkBticd,S

energi zed to various states caysing the track beIOM/tg be netized to
represent t h&TPHY &% HETAS &M 45B28FEC CYEToRSe BHELRCE OTetdifent
is the same addkhe naare edpeeifical hethappticatébsneriseia flown at a

height of approximately six millionths of an inch from the
surface of the disk and is flown over the track as the
write element is energized to various states causing the
track below to be magnetized to represent the data to be
stored. In some applications, the write element is the
same as the read element. Other applications use a
'separate write element and a separate read eleﬁent.

To retrieve data stored on a magnetic disk, a read
element located in close proximity to the write element is
flown over the disk. The magnetized portiéns of the disk
provide a signal from the read element. By lodking at

: output from the read element, the data can be
reconstructed and then used by the computer system.

‘Like a record, both sides of a disk are generally
used to store data or other information necessary for the
operation-of the disk drive. Since the disks are held in
a,stack and are spaced apart from one another, both the
ﬁop and the bottom surface of each disk in the stack of
disks has its own read element and write element. This
would be comparable to having a stereo that could play
both sides of a recoxrd at once. Each side would have a
.stylus which played the particular side of the record.

Disk drives also have something that compares to the
tone arm of a stereo record player. There are two types
of disk drives, rotary and linear. Rotary disk drives
have a tone arm that rotates much like a record player.

The tone arm of a rotary disk drive, termed an actuator
arm, holds all the transducers or read/write elements, one

head for each surface of each disk supported in a



separate wite element and a separate read element. To retrieve data stored
on a magnetic disk, a read elenent located in close proximty to the wite
element is flown over the disk. The magnetized portions of the disk provide
a Signal fromthe read elenent. By |looking at output from the read

el enent, the data can be reconstructed and t-hen used by the conputer
system Like a record, both sides of a di¥k are generally used to store

data or other information necessary for the operation of the disk drive.
Since the di EFUFFRIthakH Jep%)f%cféﬂa:h@ gpabspaSenctpres thenstmucanateher

both the top iaa|1d:at1hBBCbCﬁﬁ %}51’6&){'&193 Qik@%*‘t@ﬁék?%%?’égi%ﬁ?ég?ér?%?%v?ﬁg
its own read _el.enent a I te el enpnt. IS ul d,
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al so have songthi coymares Lo, the tone m of .a_stereo_recor

pl ayer. There aré&%ﬁ%P?%E%s.o di s &%ﬁﬁegéyro?QwaﬁﬁgelFESQ??t CR%: Bey

di sk drives W&®RS ateoRagnehiaetthet auefanacof] itdee adiskors ph apatteke

tone arm of adpicdentehsk QﬁéVéathe%EE@n@”d%“ééﬂé¥af”€&a€ﬁ'ﬂéc?kﬁq&hg sk
t ransducers cir ereraeda/ ellt‘_zemeerln__errl';\snt&,%e nteo hgad for each surface of .each dis
supported in Q‘ -

etect the magnetized pattern
on one of the tracks of a disk. For example, the needed
data may be stored on two different tracks on one
particular disk; so to read the magnetic. representations
of data, the actuator arm is rotated from one track to
another track.

It should be noted that this invention is not limited
to use in disk drives using magnetic media but is useful
in any device having rotating media. In this particular
application, where magnetic media is described as an
example it should be recognized that the invention would
be useful in other storage devices which have différent '
types of media or read and write elements. .

The use of direct access storage devices (DASb) in’
portable systems has increased significantly'over the pasé
severai'years. For exémple, magnetic hard disk drives are
commonly incorporated into portable computers. The
poftable nature of the computer subjects the storage
device to a variety of different operating environments
and conditions. For example, the portable computer may be
used in an airplane, thereby subjecting the storage device
to substantial. variations in atmospheric pressure,
turbulent vibrations and the like. |

‘The various operating environments and conditions in

which a storage device is used can. have significant
adverse effects on the operation of the storage device.
For example, a conventional magnetic disk drive which
employs a rotating disk may be used in a portable
computer. The disk drive uses a transducer, formed as



3 structure that |ooks |ike a conb. Sonetinmes the structure is called an
-block. ‘Like'a tone arm the actuator arns rotate so that the read
elenment and wite elenent attached to the actuator arm can be noved to

| ocati ons over various tracks on the disk. In this way, the wite el enent
can be used to magnetize the surface of the disk in a pattern representing
the data at one of several track |ocatiofas. The read elenent is used to
detect the magneti zed pattern on one of the tracks of a disk. For exanple,
the needed dBREE Y danagreeiic dierdrafigiEnentta reaid iod ogmatyon i Tudmr

di sk, so t0 §eadwiNe dTRgAEbLRak TBHESRNt BhbORE N, dalihe tHEGAEE YRt QL AEM i S
rotated from one tiack to ar&to}té,her track. It\éshiould be npoted that this
e

i nvention i S2FRETPLHI VPR FRCHRGERS dPi Vel 4R ngaYRReRied osimanbut s
useful in anyregerttebayhfigicgbati 66 APULGW. the HdU & fsdnisly alo aPpPy i oation,
that “the i mveEerBnPRga ey (et Ffn  BERERCR, SEaduiiht e aRTORt e,
different typbs beamdvga betweend whrl transdwtencand. thhedisk cuxfaest
T ooy PR AP Blat fo okl BTy Wiihonc o
drives are an actuator arm. The flexure arm is spring loaded and
opposes the aerodynamic lift of the slider to control a
flying height over the surface of the disk. In a typical
disk drive, the air bearing forms a head to disk spacing
on the order or 50 nanometers (nm). When a conventional
disk drive is incorporated into a portable computer used
on an airplane, the lower cabin pressure reduces the lift
capacity of the slider thereby reducing the air bearing
between the head and disk. As the _flyiﬁg height is
reduced, the likelihood of a head to disk cragh increases.

A head to disk crash is a catastrophicai event for a

i disk drive. It renders the disk drive useless, since
accéss to data is no ‘longer possible. This data loss can
have severe economic implications for the user. It is
therefore, of c¢ritical importance to minimize the
likelihood of a head to disk crash.

Other environmental conditions can also adversely
effect the operation of a storage device using a rotating
storage medium. Generally hard disk drives used for
portable applications are physically small and rugged
devices employing embedded servo control for positioning
of the actuator. A portable disk drive employing embedded
servo can be significantly impaired by external shocks and
vibrations. Embedded servo pattern information 1is
typically -ﬁrdvided on the surface of the disk in a number
of servo sectors extending generally outward from the
center of the disk at regularly spaced intervals around
the disk. Because the portion of the disk used for the
embedded servo information cannot be used to store data,



cgmmonly incorporated into portable conputers. The portable nature
of " the conputer subjects the storage device to a variety of different
operating environments and .conditions. For exanple, the portable conputer
may be used in an airplane, thereby subjecting the storage device to
substantial variations in atnospheric pressure turbul ent vibrations and
the like. The various operatlng enV|ronnE ts and conditions in which a

st orage devi ce |s u ave si f|c§ghgadverse effects on the

operation of tthet §t ikcé HRLEY e REi FREV e §RatE i sk
drive which ehlplaz)y,s sptam:teatthng dieskrorain hermstetion noa pané alblieke caputfar:
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over the surface of the disk formng an air bearlng between the trans ucer
and the di sk @ f k¥acka f|'§k&9réaa’meero@mae*§thbet EEFYRuckriQr akion is

arrangenment tgp@dedstHow@ies] "the mbeelLEXELE BEMibStRREI Bbel B wANd
move sufficiently off of the proper track location to
cause an error. - External shocks and vibrations tend to
cause more movement in the transducer between servo
sectors increasing the likelihéod that the transducer will
move off of the track prior to reading the next servo
sector.
- . As the above examples illustrate, current storage
devices fail to adequately provide a mechanism to account
for the various external influences resulting from the
environment in which the disk drive is operating.
Bccordingly there exists a need for an improved storage
device which accounts for the environment in which the
device is opérating. '



opposes the aerodynamic lift of the slider to control @ fTyrng herght over
the surface of the disk. In a typical disk drive, the airis 9R&MHa0Hech REfIReA

head to di sk spacing on the order or 50 nanoneters (nn).

conventional disk drive is incorporated into a portable ﬂwmm l‘HIH“‘n an
ai rplane, the | ower cabin pressure reduces the |ift capaci der
t hereby reducing the air bearing between fghe head and di sk. As the flying

hei ght is reduced, the likelihood of a head to disk crash increases. A head

to disk crash is a catastrophi @ahmerendf e ar S8kt dbhve. It renders the
di sk drive useless, since access to data is no longer possible. This data
| oss can have severe econom c inplications for the user. It is therefore,
of critical inportance Generalliyze the |pkeseheodinteathead poodigkscrash.

Q her environ coRrgdi, t Lans | s a ff t he operation of a
st or age devic£€€%?%8 a&gg%ggin%%g?ggag%nng%ﬁﬁﬁfigéégﬁégéﬁﬁ%eha.%Fﬁ?gksm
drives used ¥@F2hdPradl e vedsiaidat i ovltich e atgounts| y fomnl ithend vamieds

devi ces enpl oykegraabediiee] $€r¥8s CORU£101 & 11y Fﬂ%nt' EBLengegéiEBﬁ appuatgr. A
portabl e disk drive egglo Lng enbedded servo can be signi |cantwy.|npa|red
by external sfBtRR ahBi®vi Bi8ki oAZive opgEaEgsSt serb QR t @articular

information eémbogpmént]y yheo\priesenr Lhoeauibace of ihpeerloikeln ig NERREr
of servo sect p5rm eSE eglddgl&llgg Gl lrglté/tl%g Vﬁ)rrd cforn%nr]'glrfing the rotational
' velocity of a rotating storage medium in a storage device.
The environmental condition in which the storage device is
operating is determined and the rotational velocity of the
rotating storage medium is selected based on the
environmental condition.. Sensors may be provi&ed in the
storage device to detect the environmental condition or
environmental information may be entered by the user.

The above summary of the present invention is not
intended to present each embodiment or every éspect of the
present invention. Rather, the invention will be
understood by reference to the figures and the associated
description which follow.




center of the disk at regularly spaced intervals around the disk. Because
the portion of the disk used for the enbedded servo i nformation cannot be

used to store data, 5it is desirable to reduce the nunber of servo

sectors (i.e

possi bl e) .

t he center

., space the servo information on the disk as far apart as

At each servo sector the transducer, which tends to drift off
of a desired track | ocati on between servo7sectors,

vibrations tend to cause nore novenent in the transducer between servo

sectors increasi nd”'!fheim’ﬁé‘ﬁiiﬁ’@od“%}ha}t’etﬁ@r?r

track prior t@rfiadbrgeibe wttﬁér%ﬁ@ﬁmf &ét&'ﬂ@eab%@@é@igﬁ of

illustrate,

envi ronnent

current sto e _devi ces, f to ad gqu uat el rovide, a nech ni sm
to account f&?ﬁ%ﬁa%a??%ﬁg ﬁ??u é%

ithevdadotbengisg drawéngs, opar ehiied: Accordingly there exists
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a need for an inprgyed $t 0§ #8rrates a diagram of a disk surface; ..

Fig. 2 depicts a block diagram which exemplifies an
embodiment of the present invention;

Fig. 3 depicts a more detailed exemplary embodiment
of the present invention;

Fig. 4 illustrates a relationship between =zone

frequency and spindle motor velocity for tracks

partitioned into =zones according to an arithmetic
progression; '

Fig. 5 illustrates a relationship between zone
frequency and spindle motor | velocity for tracks
partitioned into zones according to a geometric
progression;

Fig. 6 illustrates a relationship between fractional
head flying heights at different spindle motor velocities
for tracks partitioned into zones according to an
arithmetic progression;

Fig. 7 illustrates a relationship between fractional
head flying heights at different spindle motor velocities
for tracks partitioned into zones according to a geometric
progression; and

Figs. 8A and 8B, respectively, are tables depicting

‘the geometrically and arithmetically located zone radii,

flying height and frequency as a function of varying
spindle speed for a 2.5" disk drive.

While the invention is amenable to wvarious
modifications and alterative forms, specifics thereof have
been shown by way of example in the drawings and will be

degscribed in detail. It should be understood, however,

may be realigned over
of the track. The farther apart the servo information is
spaced, however, the nor&fi&b|Rescriptiontof hbhheRrtawinsmove sufficiently

off of the proper track |location to cause an error. External shocks and

W | wn@evatepd dm t he



devi ce which accounts for the environnment in which the device is-operating.
6 -SUMMARY OF THE INVENTION It is an object- of the present invention to
anel i orate one or nore di sadvantages of the prior-art. According to one
aspect of the present invention, there is provided a nenory storage device,
conprising: a storage nmediumfor storing data; a notor connected to the
storage nediumto selectively rotate thegstorage nediumat a plurality of
di screte operational velocities; a transducer nounted to access the storage
nmedi um at eaghaef thiee iHudidy 96 dotCrel a MeltoCthé eshvantddin’ Ao UBhE,
coupl ed to recejve gn envi.ro nent si gnal dlcatlve o% an enV|ronnEEé

whi ch thelﬂﬁﬁﬁélgP PEg&E %ﬂ??%s 88?5?? §9- t hEohbf o FORTR LY ovFBfNg a
control signahténtiba det ao icotdieratalde mobidieadfidise Equiatdlents, dandrete
oper at i onal LA a r i t

anot her aspe%ﬂg?h%‘ﬁg%p#e;%l&[ﬂhn% ?g%h 9 g'r3 ergﬁlss,kllggg%/? %Egb@ B%Eo Qh
control ling lovant@nalaweﬁﬁﬁnq3dﬁbxiUhﬁzﬁppﬁpdﬁde%ﬁ&mﬁdlun1|n a storage
devi ce, the nethod conprising the steps of: rece|V|ng an indication of an
environmental condition in which the storage device is operating; and

sel ecting, based on the environmental condition, an operational velocity of
the rotating storage nediumfroma plurality of. operational velocities at
whi ch data can be witten to and read fromthe storage nedium According to
still another aspect of the present invention, there is provided a storage
device, conprising: a rotating storage nedium and a control unit provided
to



cantrol an operational velocity of the storage nediumat which data can be
read fromand witten to the storage nedium the control unit selecting
.anong a plurality of operational velocities an.operational velocity based
orr an operating environment in which the storage device is operating.
According to still another aspect of the present invention, there is

provi ded a nmenory storage device, conprisidng: a storage nediumfor storing
data; a nmotor connected to the storage mediumto selectively rotate the
storage nediumat a plurality ofDetasiedeDeseriptadenl velocities; a
transducer nounted to access the storage 6a nedium at each of the
plurality of discrete velocities: a control unit, coupled to receive an
envi ronnent si gnal THfdi REEPSRE oANYANEAPH PHANIASH AR dRPERVEfendE9rager age

devi ce i 3_ ope_aatw'i@, toa ]9aﬁthdrpl ltnai ltgrﬁfi@%rmcﬁm: aiBoRKdh s!tgz@a: st8rhBe
mot or indicatiye.of aqne,of. the pluraljty o crete operational velocCities
based on the gﬁ\')’ilrc(?nr}fmbeéi%ﬁp?erﬁttfda l(fatuzfeéina eqorbt&f)f& g't}‘? oolf?l’éaLlon
transducer, tbhé ddea stiarags deorifdegur dos e acgddeahdnorre tiullky doatow, ninber
of different LLe@EH&S, Ay, t el dsiRlANt d¢ e“&%'?'ﬁ%v%gﬂgﬁpogﬂleng
to a respective one of the discrete operational velocities. e above
summary of t h&obAddanal nVeHagty s ofot ai nFeRlE4ngo presade cBefdiumbodBnent

or every aspec¢hagigdddaeabasii tHy &Spd @it idpldiprirdiitent VAt t 98 debiage .
under stood by yefielencento { RSNl Iun°ge FFeL "En23R08ANC L Slongy | BELOR N ch
foll ow.
device employing a rotating storage medium such as
magnetic and optical disk drives, CD ROMs and the like.
The exemplary embodiments prOVided below describe a disk
drive for purposes of illustration. The implementation of
the described features in other types of storage devices
will be apparent from the description.

A diagram illustrating a disk surface is illustrated
in Figure 1. The disk surface’includes a number of data
track locations (not shown) provided around the disk. The
track locations correspond to concentric data tracks which
may be either a number of concentric circles or one or
more continuous concentric spiral tracks. The density of
data tracks may be on the order of thousands of tracké per
inch (TPI). The disk is alsoc provided with embedded servo
information which extends as a thin wedge in a generally
outward direction from the center of the -digk as
illustrated by lines 10S.

The disk 100 is rotated by a spindle motor at a
-velocity w; in the direction of arrow 104. As described
more fully below, in accordance with an embodiment of the
invention, the disk may be rotated at two or more discrete
velocities Wwy. The particular velocity w; used can be
determined on the basis of the operating mode in which the
disk drive is being used.

In accordance with an embodiment of the invention, a

disk storage device is provided which uses a number of



7 .Brief Description of the Drawi ngs The invention nmay be nore conpletely
under st ood in consideration of the follow ng detail ed description of
vari,ous enbodi ments of the invention in connection with the acconpanyi ng
dr-awi ngs, in which: - Fig. 1 illustrates a diagramof a disk surface; Fig.
2 depicts a bl ock diagram which exenplifies an enbodi nrent of the present

I nvention; Fig. 3 depicts a nore detail edb exenpl ary enbodi nent of the
present invention; Fig. 4 illustrates a relationship between zone frequency
and spi ndl edififeyentydieciceye fbek e bokit pas td;t Beredtedney thenkssis

according tQf ghe HdPAEIAG BROYELBARLAL: iF thlc'iu theURLGER 65 Bein

rel ati onship between zone requency and splnd notor _velocity gfor
tracks parti¥tf8fed Onenes mopaet %uﬂ%ﬁhﬁﬁu? - £ B replo RARGEE HPBEr B3¥i on:

Fig. 6 illuspeat@ased rebat ideeminket W@eNa irdnale hessefdtying heights at
di fferent splnﬂle notor velocities for tracks partitioned into zones
according to'4 Gt ¥hnet i c progression; Fig. 7 illustrates a relationship

between fracti onafompatieitd ngfhedmhezeapldichf edbsk sjdirvd ecaphble of

velocities controlling the spindle velocity in response .. to
environmental condition are illustrated in Figure'2 in
block diagram form. In Figure 2, a disk 200 is rotated by
-a spindle motor 201. The rotational velocity of the
gspindle motor 201 is controlled by a motor controller 202.
The motor controller 202 provides a control signal 202A to
the spindle motor 201 which causes the spindle motor 201,
and hence the disk 200, to rotate at selected discrete
velocities. A transducer 203, such as a read/write head,
is positioned adjacent the disk 200 to read and/or write
information to and from the surface of the disk 200.

The transducer 203 may be mounted to, for example, a
rotary actuator: (not shown) to position the transducer
over a desired track location. The transducer 203 is
connected to a data channel 204 which may be used to read
and write signals from and to the disk. It is noted that
because the disk 200 is rotated at different velocities
the data channel 204 must be capable of reading and/or
writing data at number of different frequencies, each
corresponding to one of the discrete rotational disk
velocities used by the disk drive. 1In a read operation,
for example, the transducer 203 provides a raw signal of
information read from the disk to the data channel 204
which extracts data from the signal at the appropriate
frequency for the given disk velocity. The data read from
the disk 200 is supplied from the data channel 204 to I/0
interface 212 which processes the signal for use by the

CPU 211 of a computer 210 in which the disk drive is
provided.



fQr tracks partitioned into zones according to a geonetric progression;
Figs. 8A and 8B, respectively, are tables depicting the geonetrically and
arithnmetically located zone radii, f lying height and frequency as a
‘fanction of varying spindle speed for a 2.5" disk drive. Wile the

i nvention

is amenable to various nodifications and alterative forns,

specifics thereof have been shown by wayiaf exanple in the draw ngs and
will be described in detail. It should be understood, however, 8 that
the intention is nbt gensom t21he iisnvprbiradetio tbe pemsecuwbe enbodigmnt S
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invention as teti ddgkbydnine appebedagciogiermted. 9 DieaidutbWesEropt itdre The
present inveniiQboProYhdfgyaBel TREAVEY S1O6AEL01 unit 205 to determine

an appropriate disk velocity. The control unit 205 is

‘connected to the data channel 204 and the motor controller

202 and is used to change the operational rotational
velocity of the rotating storage medium and to establish
an appropriate operating frequency to read and/or write
data to the storage medium in response to a condition
signal 215 from the sensor 214.

The control unit 205 may also be coupled to the
computer 210 to receive a control signal 207 from the
processing circuitry 212. The control signal.zd7 provides
additional information which may be used by the control
unit 205 to determine the appropriate disk velbcity. For
example, the disk velocity may be changed, or maintained
constant, regardless of the sensed condition as directed
by an input from a user of the computer. @Also, in'certain
circumstances it may desirable to always write data to the
disk at the same disk rotational vel&city. In such
situaqions, the control signal 207 may inform the control
unit 205 of the type of operation to be carried out to
ensure that the appropriate disk velocity is being used.

The control signal 207 may also be used to provide a
signal indicative of environmental operating conditions in
addition to or in lieu of the condition signal 215 output
from the sensor. Such operating environment .information

-may be entered by a user of the system in which the

storage device is connected. For example, a computer
having a disk drive capable of altering the spindle speed

in response to environmental conditions may be used to

prompt the user to input the environmental conditions.
The user may enter into the computer an indication that
the computer is being used in an airplane. This
information may be provided, via control signal 207, to



device, in which the environment in which the storage device is being
operated i's useéd to control the operation of the storage device. As
described nore fully below, in accordance with an enbodi nent of the

i fivention the rotational velocity of a rotating storage nediumis changed
based on the operating environnent of the storage device. The invention
rel ates in general to any storage devi celénpl oying a rotating storage

medi um suchngg etic and, optical  disk drives, CD ROV, and the _like. The
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rotated by aopeiadli;giot or Felr aexample, the sensor may include an
accelerometer mounted in the disk drive housing to detect
vibrations and shocks. If the amount of vibration or
shock experienced by the disk drive is above a set
threshold, the spindle speed may be increased to provide
better servo control by increasing the sampling rate of
embedded servo information. In other words, by increasing
the disk velocity, the rate at which the transducer
encounters the servo information is increased thereby
providing better servo control. The heads will also
typically fly higher at the increased disk velocity which
will reduce the probability of head-to-disk contact.

As will be appreciated, different types of sensors
may be used to determine an appropriate spindle speed. An
atmospheric pressure sensor may be provided to detect the
atmospheric pressure inside the disk drive housing. As
will be appreciated, in a ty;iical digk drive the heads
will have a lower flying height at lower atmospheric
pressures such as when the disk is being used in an
airplane. 1In general the flying height of a head is a
function of the rotational velocity of the disk beneath
the head. For example, in certain disk drives as the disk
velocity is increased the flying height of the head is
also increased. Thus, when the atmospheric pressure drops’
below a desired threshold it may be desirable to increase
the spindle velocity. It should be appreciated, however,
that for éertain glider configurations the inverse is true
such that increasing the disk velocity tends to decrease



velocity [err] in the direction of arrow 104. As described nore fully

bel ow, in accordance with an enbodi nent of the invention, the disk may be
rotated at two or nore discrete velocities [err]. The particular velocity
W used can be determ ned on the basis of the operating node in which the
di sk drive is being used. In accordance with an enbodi ment of the

I nvention, a disk storage device is prOV|&%d whi ch uses a nunber of 10
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operating environ in e disk is beling used
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condi tion aré E?T@??ﬁfgg e Pﬁﬁﬁglﬁ?lﬁPﬂﬁes £ b¥aﬁ$?§?ﬁ:r%ﬁ %92 a
disk 200 is rh&rghm by a spindle notor 201. = The rotational veIOC|ty of

the spindle notor 201 kg cQatk gl I Q:qxatg:y q__ %]Egg%\#g I Sé&% m)H)éS' A or

controller 202 provides a a control e spin
whi ch causesQlkN%%@hﬁdebﬁnbéVlaglthe user enter directly the altitude

at which the disk drive is operating. This value may
provided to the control unit 205 via control signal 207 to
control the disk velocity. In this manner, the £flying
height can 'be optimized for the altitude at which the
storage device is operating. ‘Such a feature may be
advantageously incorporated into desktop as well as
portable computers. A set-up operation for the disk drive
may inquire of the user the altitude at which the computer
is being used. The disk speed may then be selected to
optimize the flying height of the head for the disk drive
at the altitude input by the user.

Rather than sensing atmospheric pressure, the system
may directly sense the flying height of the heads and.
adjust the speed of the disk to increase the flying heighﬁ
when the flying height is reduced. Flying height may be
reduced, for example, as a result of debris forming on the
slider. A reduction in flying height may be detected
using known techniques for detecting f£lying height such as
harmonic ratio flyheight (HRF) detection wmethods.

’ It is noted that various other environmental
condifions may indicate that an increase or decrease in
the spindle speed from the nominal or normal operating
spindle speed may be desirable. For example, the sensor
214 may sense a temperature inside the disk drive. When
the sensed temperature exceeds a particular threshold, the
control unit 205 may reduce the spindle speed to cool off
the disk drive. As can be appreciated,; when more than one
condition is sensed or input from by the user, competing
interest may be encountered. For example, the conditions



and hence the disk 200, to rotate at selected discrete velocities. A
transducer 203, such as a read/wite head, is positioned adjacent the disk
200:to read and/or wite information to and fromthe surface of the disk
200. The transducer 203 may be nounted to, for exanple, a rotary actuator
(not shown) 'to position the transducer aqver a desired track |ocation. The
transducer 203 is connected to a data chHannel 204 which nay be used to read

and wite si I n t ' [ o] b use & I sk
200 is rotate at%Jl fe?e%?q:gelé(}gi gbggef% cﬁ?%‘g g%gﬁtr?gl%%zoﬁﬁ?ms 1bl{e1ﬁ£é<;jlpabl e
of - readi ng aFRESE - wri IFngriddk abat appresi aseddi thet emr orddu@si ean hech

correspondi ngstb2AShel EBe ¢onaietiensoba! Larabudi shmbanatildms dsedhdy the
di sk drive. read operation, ;g iﬁﬁﬁﬁéﬁ’ t he transducer 203 provides a
t

In a
raw si gnal otfa“f?ﬁ‘oJr%‘Pi GePRaY #n SReqh & Fa e FeMpdinatopmhi ch
extracts dateatdrben specifded byt thlee cepprenr wadie freenuency for the given
disk velocity. The_ d r ead fr9n1éh | sk. 200 is suprg%yd fromthe data

channel 204 to I/ ?n?ie ace D19 % |-cﬁ2%roé)§sc’sceesssﬁ15e SR GO s & t he

CPU 211 of Pxeovipdesr apldntenfiaceh tichahli SPWr2ve € phevicdeguter 210
using the disk storage device. A more detailed
description of the operation of such circuitry is provided

~with the detailed example described below.

Figure 3 illustrates a detailed exemplary embodiment
where the rotational velocity of the disk may be modified
in response to the sensed condition. The embodiment
illustrated in Figure 3 utilizes a disk haviﬁg adjacent
track locations banded into a plurality of =zones, each
zone having a uniquely assigned zone frequency for a given
spindle velocity. This technique, used to increase the
storage capacity of a rotating disk, is commonly referred

; to as zone bit recording (ZBR). To £facilitate an
explanation of the system depicted in Fig. 3, the
principles behind ZBR are briefly described.

At a constant spindle velocity, the linear speed of
the disk surface as it moves past the transducer varies as
the transducer is moved from the inner portions of the-

disk to the outer edges of the disk. 1In particular, the
linear speed of the disk surface is greater at the outer

edge of the disk. 2BR takes advantage of this higher
linear velocity by increasing the frequency at which data
is recorded at the outer portions of the disk in order to
increase the linear density of the recorded data.
Idgally, the write frequency could be selected as a
function of the radial position of the head such that the
linear density of recorded transitions, such as data, is
the same across the entire surface of the disk. Thus, in
gsuch a system the linear density of data recorded on the
disk is constant for each track on the disk. 1In practice,



A sensor 214 is provided to sense one or nore conditions related to an

operating ‘environment in which the disk drive is being operated. The
output fromthe sensor 214 nmay be used by a control unit 205 to determ ne
an appropriate disk velocity. The control unit 205 is connected to the

data channel 204 and the notor controller_202 and is used to change the
operational rotational velocity of the r&?ating storage nediumand to
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the storage medi umi‘n résponse to si'gn from
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certain circhEE 1t My HE8FFadPEAIRANEF WTRYP YA FOERBEEISK at
the sane di sidatat atraoks whiedi tyay bel eithelr sat nambenrs,off heonorhtalic
signal 207 W@ifﬂé’é,mézﬂe 091 tg Hakk Zgéng.fm{zlgﬁst yBSnBEnQB%E:?‘t'bBEr% be
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control si gn&lramiee nayRalzsmehcExegeeney piavicgaventionally assigned to

each zone and is used to write data to and read data from

the disk. The zone frequency is typically selected for

each zone such that the linear density of data at the

innermost track of each zone is substantially constant.

In this manner, the overall storage capacity of the disk

can be significantly increased.

Referring to Figure 1, disk 100 has N zones 101 each
made up of a band of tracks or track locations (not
shown). The zones 101 progress from zone 2%, at the outer
diameter of the disk to zone Z, at the inner diameter of
the disk. The zones 101 may be defined by the inner radii
102 of the zonee. The radius R; corresponds to the inner
radius of zone %;. The radius 103 of the disk defines an
outer diameter Ry, of the disk. When different spindle
speeds are used in accordance with an ‘aspect of the

illustrated emwmbodiment, the. write frequency for a
particular zone is selected such that the linear density

for data written to the inner track of each zone is
substantially constant. .

. As noted above, "data may be read from and/or written
to the disk at two or more spindle velocities. Thus, the
linear data rate (i.e., the rate at which data is
‘pregented to or written by the head) also varies as the
speed of the spindle motor is changed. 1In other words,
the rate at which data bits, represented by transitions in
the signal, are pfésented to the transducer for a given
zone varies as the spindle motor speed changes.



si-gnal indicative of environmental operating conditions in addition to or
in lieu of the condition signal 215 output fromthe sensor. Such operating
envi ronnment information may be entered by a user of the systemin which the
stforage device is connected. For exanple, a conputer having a disk drive
capable of altering the spindle speed in rﬁgponse to environnental

condi tions nay be used to pronpt the user I nput the environnental
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215 and/or the controgl signal 207, the control unit 205 provides a veIOC|ty
control signal tm“tozt’ﬁé fittor EEBAVEREY &y r?@&‘ets@@ﬁectilw Fagesiaty eWbdichy .
As noted abovebiithe cohdiddwn %r&ﬂabr%kirw&@/ Okot h¢ogonwiekttengndl)20€he

i nformthe control unit 205 f, an ope t|n envir Ln,which the disk
drive is operat13ft sduc é@ﬁﬁ% tdens8f ﬁﬁgﬁ %Hglﬁﬁ% ea éens1ty
accel eronet er rfurntieel datahanﬁthechmme am@sthg rota¢tienal speed of the

disk. '

In Figure 3, a recording head 313 is positioned to
read and write information from and to the surface of disk
310. It is noted that while only a single disk is
illustrated in Figure 3, multiple disks and heads may be
used. An actuator assembly 314,'inc1uding a voice coil
motor (VCM), is provided to move the head 313 relative to
the rotating disk 310. A spindle motor 311 is provided to
rotate the disk 310. The spindle motor 311 is controlled
by a spindle controller 312. The spindle controller 312
may be implemented with a phase locked loop (PLL) such
that the speed of the spindle motor 311 may be controlled
by applying a frequency control signal £(i) to the spindle
controller 312. It is noted that the various control
elements illustrated in Figure 3, while shown as discrete
blocks may be implemented on a microprocessor ﬁsing
microcode. - Moreover, a number of different
microprocessors may be used, each implementing one or more
of the described functions. The present description
describes the functional operation of the various elements
whether implemented as microcode on one or more
microprocessors or as discrete circuits. '

An adaptive actuator controller 315 is provided to
control the actuator 314. The adaptive actuator controller
315 uses ‘a smet of coefficients stored in a read-only
memory (ROM) 316. The ROM 316 stores one set of
coefficients for each discrete rotational velocity of the
disk 310. The disk velocity is changed under control of
the frequency control signal £(i) from one discrete



~vi-brations and shocks. I f the anount of vibration or shock experienced by
the disk drive is above a set threshold, the spindle speed nay be increased
to provide better servo control by increasing the sanpling rate of enbedded
sérvo information. In other words,. by increasing the disk velocity, the
rate at which the transducer encounters the _servo information is increased
thereby providing better servo control ¥{e heads will also typically fly
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the adaptive actuator controller 312 is adaptively changed

to optimize actuator access and tracking performance. The
position error signal is used for servo control to keep
the head 313 aligned over the correct track location. If
the disk 310 is slowed down, for example, the sampling of
the position error signals will be slower than when the
disk 310 is rotated at the faster nominal speed. The
adaptive actuator controller 315 must be dynamically
reconfigured to work with the proper sampling rate of the

. position error signal. )

Information read from or written to the disk 310

passes through a multiplexer 320. The multiplexer 320
selects a head from various heads respectively
corresponding to multiple disk surfaces (only one head 313

is shown in Figure 3). The output of multiplexer 320 is
coupled to the arm electronics (AE) module 321. The arm
electronics module 321 is coupled to buffer 325 to receive
data to be written to the disk during a write operation.
Buffer 325 is coupled to a host system interface 340 which

in turn is coupled to the host system such as the
processing unit of a computer. Data is typically passed
from the host system interface 340 to the buffer 325 at a
fixed rate (i.e., at a fixed number of bytes-per-second).

The data is then stored in buffer 325. The data is
clocked from the buffer 325 to the disk, via the arm
electronics module 321 and the multiplexer 320, at a rate

{(or frequency) which depends on the disk velocity and the



such that increasing the disk velocity tends to decrease 13 the head to
di sk 'spacing.” In general, the flying height as a function of spindle speed
mgy be.determi ned for a particular disk drive and di sk velocity can be

i Aicreased or decreased in order to appropriately adjust the flying height.
It is noted that the pressure sensor nmay be elimnated by having the user
enter directly the altitude at which the dis& drive is operating. Thi s
val ue may provided to the control unit 205 via control signal 207 to
control the di skopel 48i vich thetatanhdne? be hrithamg Hauht tden ffer

optim zed for thg apibbydadat wilkich ot hecatekage sdewaae ifS{i0Rr atiHikh SUEH a-
feature may be advantageously incorporated into désktop as well_ as portable

computers. A seBSBBREFBLallPSR £be Bhekdyekost FYAsRgt ARy rierlatHeenshd"
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t he system may dutput| ptsemsvarhableyispgedeidgpersieritheupenddiakd velocity
and zone information. |

In a read operation, data is read and passed to the

multiplexer 320, amplified by the AE module 321 and then
provided to an adaptive digital equalizer 322. The
adaptive digital equalizer (filter) 322 compensates for
amplitude variation in bit frequency arising, for example,
in the head 313 and/or the arm electronics module 321,
The digital equalizer 322 amplifies all frequencies of the
recorded signals such that the overall amplification of
each frequency is of the same amplitude. The digital
equalizer 322 is coupled to a ROM 323 to receive a set of
coefficients éorresponding to the spindle speed (disk
velocity) ;and the zone from. which the data is read in
response to the control signal f£(i,k). The coefficients
‘are precalculated values to be used to optimize the
operation of the digital equalizer 322.

" The output of the digital equalizer 322 is provided
to the detector 324. The detector 324 is also provided
with the control signal £(i,k) to optimize the clocking
and detection operation of the detector on the basis of
the spindle speed and the particular zone from which the
data was read. The detector 324 detects data bits in the
signal read using the head 313. Once the data bits now
have been detected, error correction for soft errors may
be further carried out in the detector 324. The data may
then be passed into the buffer 326 and subsequently read
from the buffer 326 to the host system interface 340 at a
frequency which is accepted by the interface. This
frequency, for example, may be the same as the frequency



adj ust the speed of the disk to increase the flying height when the flying
hei ght is reduced.” Flying height may be reduced, for exanple, as a result
of debris formng on the slider. A reduction in flying height may be

dét ect ed usi ng known techniques for detecting flying height such as
harnmonic ratio flyheight (HRF) detection nethods. It is noted that
various other environnental conditions naysindicate that an increase or
decrease in the spindle speed fromthe nom nal or normal operating spindle
speed may be destr afflich pgriegadpite iserecaived2by tuyffns225 dewpertchere

i nside the di skndigkveys gnﬂﬂy§f¥gggu§4@mperature exceeds a particular
t hreshol d, the contro? uni t may reduce the spindle speed to cool off

the disk drive. As ¢ d&@‘%aé’&rat:’éd igh éd seo shavia F esifd vidiithe reuput
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control unit 20
error signal (PES) is derived and is provided to the

actuator controller 315 to control the positioning of the
head as described above. A detailed analysis of the above
oberation is provided in United States patents: 5,285,327
entitled “"Application for Controlling Reading and Writing
in a Disk Drive", issued February 8, 1994; 65,440,474
entitled "Magnetic Recording disk with Equally Spaced
Servo Sectors Extending Across Multiple Data Bands",
issued August 8, 1995; and 5,210,660 entitled Sectored
Servo Independent of Data Architecture", issued May 11,
1993, o _ |

The control signals £(i) and £(i,k) are generated by
a disk drive controller 335. The disk drive controller
335 is coupled to communicate with the host system
interface 340 as indicated by line 341. The host system
interface 340 provides addressing information, read/write
commands designating the type of operation to be
performed, énd the like, to the disk drive controller 335.
The address information may include, for example, a head
number, a cylinder number or track number as well as a
data sector number. The disk drive controller 335 may
also communicate information to the host system interface

340. For example, the disk drive controller 335 may
commuhicate status information to the host system
interface along line 341. When the disk drive is

initially powered wup, the controller may perform
operations independent of the host. While performing such
operations the disk drive controller 335 may'inform the
host system interface 340 that the disk drive is busy and



-

The 1/O interface 212 processes information and provides an interface to
thé CPU 211 of the conputer.210 using the disk storage device. A
nore detailed description of the operation of such circuitry is provided
wi‘th the detail ed exanpl e described below Figure 3 illustrates a detailed
exenpl ary enbodi nrent where the rotational velocity of the disk may be

modi fied in response to the sensed condi t4%n. The enbodinent illustrated
in Figure 3 utjJjzes a,disk having adjacent track | qcatigns banded into a
plurality of s?uégéﬁrzd%th%i ﬁgea h&’rﬁ%ﬂ%"-%@s?&ﬁ@dﬂ{fl‘&% Yhegudries for
a given spindieiwel bsi tgady tHi pelrfolbhi gueesesepetratiiagisaase the storage .
capacity of a rota}ing,disk, is commonly referred to_ as..zone bit ~
recording (ZBR). %he'l%ls‘?a%’fﬂ"f? aft ]e?bls’g"ré\taiqﬁ‘? FEHY SR & EnttdRtt ed
in Fig. 3, theogeinsighed beBiend iZBR catdvier | efff y alesdesbedd Abpereonitant
spi ndl e vel ocg | kpea pgﬁg ft ' CEe: ht v t he
transducer v;fr%éé%u%lgg}’hgg‘t?rgr?gducer_‘%l's %\}{eE rgﬁéﬁegiﬁgg E)_?rgt ?‘?)ar};s)a%% t he
disk to the difef eRdgeBanget hhedrprndla paeefcafaFhet Adski dedvesaedhe the
di sk surface pe s eaf eppatat h8nOdbakiadgat@bnbhefdihl. diskBRHiAkES For

advantage of Agefhdnel Lidieas nelog e ot asiia e heouelbial

i ncrease the speedridepsidey do tdenseanay dqesvetat @onsumption of the disk
drive in response to a determination by an activity
monitor 330 that a power savings mode should be initiated.
The operation of the such a power savings device is
described in the related application Sex. No. 08/ 625,334
filed on April 1, 1996 , entitled "Power Saving Method and
Apparatus for use in Multiple Frequency Zone Drives" and
having an ‘attorney docket number IBM R0995-090. The
control signal .335 may also include user settable
environmental 'conditions which may be used by the disk
drive controller 335 to control the spindle speed.

The disk drive controller 335 uses the control mode
signal 336 to control, for example, a ivari:atble frequency
oscillator in the disk drive controller 335. The
frequency of this oscillator may then be used as a master
frequency to control other elements in the disk drive.

For example; the frequency of the oscillator may be
provided to the phase locked loop (PLL) of the spindle

controller 312 to control the spindle speed.

The output of a sensor 350 is provided a threshold
detector 352 which generates a control signal 353 which is
used by the disk drive controller to change the spindle
speed by altering the output signal £(i) provided to the
spindle controller 312. Sensor 350 is provided to sense

one or more conditions representative of an operating
environment of the disk drive. For example, sensor 350
may be an accelerometer fi‘xedly mounted to the base
casting. of the disk drive housing. When the disk drive



| deally, the wite frequency could be selected as a function of the radi al
‘posi tion of t'he héad such that the linear density of recorded transitions,
suych as data, is the same across the entire surface of the disk. Thus, in
stich a systemthe linear density of data recorded on the disk is constant .
for each track on the disk. In practice, 15 however, it is not necessary
to change the density for each.track |ocatidn since it is typically
desirable to have an, i ntegral, nunhQer of data bIockgﬁon each track Iocashpn.
P

Rather, the di SKBREIFRCEF v VILIAEACHSa FunBarclhs LBRc ARGSETIMRLTald
of a band of adjwgwut &r acdntosht isdgtal Thimdicokivecafi arlse cehvekpond The

or one o moned e b cHEY shBeR, A%l ARLEH sl WO LShERR BRI

i's conventi onalpscebdiggetheoocvsiphtz ofe tiued dccalsatbniatar ite dathreshaid
Lo done Londdietior | mRUBMIPQRITtdR it trtebEchEd Fatn
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capacity of thexbdiks Cabrbevibgaicfiopantilsy iwitgiasethcceptable operating
parameters. "

In addition to wusing the output from the
accelerometer to control the spindle speed, other types of
control may also be carried out. For example, when the
shock or vibration exceeds an upper threshold, it may be
determined that disk drive access operation (e.g., read or
write operations) should not be carried out.
Alternatively, the disk drive controller 335 may inhibit
write operations while allowing read operations. This is
because write operations present a greater risk if the

i head moves significantly off track since adjacent tracks
of data may be damaged by writing into the adjacent track.

If the output from the sensor is below the upper
threshold limit, but is also above the normal threshold,
the disk drive controller 335. may control the spindle
motor to increase the rotational velocity of the disk. 1In
this manner, the head flying heights in a drive having a
positive correlation between disk velocity and flying
height may be increased providing increased marginal
safety. Moreover, stiffer actuator control will be
obtained due to the increased frequency of servo
information being provided to the actuator controller 315.

While in Fig. 3 a single sensor 350 is illustrated,
as noted above; a number of different sensors may be
provided to sense the various operating environments and
conditions. The outputs from the multiple sensors are
respectively provided to threshold detectors related to
the sensed parameters. These various sensors may be used

in combination to determine the overall control of the



Referring to Figure 1, disk 100 has N zones 101 each made up of a band of
fracks or track Iocatlons (not shown). The zones 101 progress from zone
Z[err] at the outer dianeter of the disk to zone Zerr] at the inner

diamet ér of the disk. The zones 101 may be defined by the inner radii 102
of the zones. The radius R err] corresponds to the inner radius of zone
Z[err]. The radius 103 of the disk defines aa outer dianeter ROD of the

di sk. When di fferent spindle speeds are used in accordance with an aspect
of the illustratéskedyidarentAlttdmnatrival ¥f r dtheeragngaxs angiarke cel tminatedi s

o oo sona SUA I | Sl £80EH | Unl OLoHRLR el B Bl ET 51 8Tl

of each zone is s const ant not ed above, ta my e rea
from and/ or wi fEem MFSthdniwk- at two or nore spi ndl e vel 00|t|es Thus,

the linear data rateqHe egigkhedraie atoNbt&I dat Bis M85eahad t Qze0r the

witten by the hﬁgro) al so var es as thﬁ spee of the s m%lﬁgz‘rotor IS

changed. In oft la&tr’(?dat PRAPchEREt £9REE, Sant Bfegy to

transitions in tetexngr ,wheehplres&flt ettt otd hd ditdnaducechear Gpgraeiongne

varies as the ;plndl eno™hebyx SBEEYe. CNANYSS example, in the system
illustrated in Fig. 3 a power savings mode is prbvided
which reduces the spindle speed of the drive. When the
activity monitor 330 determines that activity has dropped
below a particular threshold, a signal is sent along line
336 to initiate a power savings mode. While the disk
drive  is operating in ite 1low power mode, the
effectiveness of the servo control is reduced for the
reasons described above. A lower threshold of acceptable
vibrations or shock may be set for the powei- savings mode.
The lower threshold may be used to determing whether it is
safe to remain in the low power mode. While a certain
level of vibrations may be acceptable at a nominal disk
speed, these vibrations may be unacceptable when rotating
the disk velocity at a lower speed. The sensor output may
be used in this fashion to exit the low power mode and
resume nominal operating speed in response to increased

~ vibrations.

- It should be appreciated that other types of sensors
could be employed . depending' upon the environmental
condition to be accounted for and appropriate thresholds
can be determined based on the operating environment and
the overall storage device structure.

When the spindle speed is changed, the frequency at
which data is to be read from and written to the disk
changes. . In a multiple frequency zone drive as the
spindle speed changes in response to the control signal
353, the =zone bit frequency changes for each of the
various zones. If a number of different spindle speeds
are used, the overall complexity of the system may be



Hefei nafter, the rate at which data is presented to a transducer at a
given spindle velocity will be referred to as the "zone bit frequency".
Thus, as used herein, the term"zone bit frequency" represents the rate at
which bits of data are presented to (or witten by). the transducer. This is
a function of both the linear density of the data in the zone and the
rotational speed of the disk. In Figure 3, &3recording head 313 is
positioned to regd gand wite information fromand to the surface of disk
310. It is nofedAfcantiin Hhryeasedngl Eog srample)| ddt rtdieemhodigent

3, nultiple di sld.ilamtﬁh&%&‘ ey beigeed. 3 An @t uadddh a&ﬁﬂ’@l‘é/tél“s indle
I ncl udi ng a voi o provided ta nove

cal.l
relative to the %&to:ftll d?@l‘ﬁe s‘?ﬁgr?cﬁael R+ 48T | ng'r e%IZ% gnust
rotate the di skb@lOloa’dnedspumehl eibter 3ddhfiguecantioal Idasctd)yferswalw ezone

ocked | oop (PLEF BLARM 2 | nor iReERnSEORRRELpRr Ao s aid o B

controlled by a f;ﬁem}rd: f zenaedvit cﬁneqoensygnal Thés) te thleesmwrrdble&- of

control l er 312 lds s iedddad &E{g ol b I ed .
in Figure 3, v\,hlzloé1 shown, asl dlxtscretée bl ocks ma eél }f%ﬁ‘gnte é%’TL’\ éa%jé}g?&
m croprocessor GSVAGS RRSE, the NDPB@}PSF ofy diffeyent @one bit

different nicrofrerpmiRied s iffeteasi@sh lm'ﬁ{@&!aé@ Dk ARfilSer of

different zone bit frequencies is even more problematic

when analog or hybrid digital/analog data channels are

used. As described more fully later, analog channels must

include separate analog front end components such as

resistors and capacitors, for each different zone bit

frequency used, increasing significantly to the cost and

- ‘physical size of the data channel. Moreover, in certain

small form factor disk drives the needed space on an
electronic circuit board may not be available.

In view of the above considerations, it is desired
that the number of different zone bit frequencies used by
a storage device performing access operations at different
spindle speeds be minimized. As described more fully
beldw, by special partitioning of the tracks into zones
the complexity of the system may be decreased.

" Referring to Figure 1, an operating frequency £, in
hertz (Hz) for zone i may determined by the relationship.

fl = di(ZWr‘wj/GO) 7
where d; is the linear density at r; in zone z,, r, is the
inner radius of zone z;, and wy; is the discrete j-th disk
annular velocity in revolutions per minute (RPM). This

equation may be reduced to



of the described . functions. The present description describes the
functional operation of the various el enents whether inplenented as

m crocode on one or nobre mcroprocessors or as discrete circuits. An
adaptive actuator controller 315 is provided to control the actuator 314.
The adaptive actuator controller 315 uses a set of coefficients stored in a
read-only nmenory (FKA@ 316. The ROM %46 stores one set of
coefficients for_each discrete rotational vel t he di sk 310. The
Gk vel oci Ly 1A EABRILBAGERAE bR JRani MR e TRedn RGO LEt OF AGhaFoRei )
fromone discrets conéﬁanelqdlmy A darodher fohs zbhesdiofk edgladcividdtls, the
changed, the ad é¥fo ggﬁr controller 315 | oads a new set of a
coefficients co espon g ®fhe new di sk velocity. The different sets of
servo coefficients are reqU|red because of the change in sanpling rate of
servo information. The servo infornqﬁlgn o".§84 Q% rldhe transducer 313 and
servo information witten on the di S denng atdd by denodul ator 317 and
is used to produce a position error signal (PES). In this manner, the

dynani ¢ operation of 1hhgcedaRlnt® APttt SHe CORbEALKERL3SZ ithertaRtdieldn,

changed
a specific allocation of tracks into zones by selecting
the radii for the inner track for each zone is used to
minimize the complexity and cost associated with a data
channel. In particular, the inner track radii defining
each zone may be selected as a geometric progression which
is a function of radius. 1In general, the inner radius r,,
defining each zone, is determined according to a geometric
progression which maintains a substantially constant ratio
of radii betweén adjacent bands or zones. In othexr words,
r,/r,,, is substantially equal to K, where K equals a
constant.

As described more fully below, this method of banding
tracks into zones provides for a high degree of overlap in
zone bit frequencies between zones as the spindle velocity
is reduced. Using this method, a drive having N zones and
operating at M different discrete spindle (disk) speeds
will have a total number of different required zone bit
frequencies equal to N+M-1. For example, a drive having
10 recording zones and operating at .10 discrete spindle
speeds will require channel capable of handling 19 (i.e.,
10+10-1=19) different zone bit frequencies.

In contrast, the number of different zone bit
frequencies required for a disk banded according to a
simple arithmetic progression is determined according to
the relationship N+(({(M*M)-N)/2). 1In the above example,
the number of zone bit frequencies which the channel must
handle equals 55 (i.e., 10+(((10%10)-10)/2)=55). Thus,
partitioning the tracks into zones in accordance with a



to’optimze actuator access and tracki ng performance. The position error
signal is used for servo control to keep the head 313 aligned over the
correct’ track location. If the disk 310 is slowed down, for exanple, the
sanpling of the position error signals will be slower than when the disk
310 is rotated at the faster nom nal speed.25 The adaptive actuator
controller 315 nust be dynamically reconfigured to work with the proper
sanpling rate ojedmierpeei té%ﬁéé@ioﬁ' q;rﬁlerg nggémaeaneea&a&mea§
witten to the dISk 319 g ases roug t|p xer t|plexer
320 selects ar®fBRdOT frERrFedarhsne H@H@§ @Q§|QR§%rcorrespond|ng

to multiple di sk surfheeadvemtagme daseshﬁé& by ﬂlrbrfirgyrehé) trﬁlﬁcs
out put of nultijngéE er_320.-is_cou t he arn1e|e§tron|cs AE) dul e

321. The arm el onf 8¢ ﬁndﬁF8°§§inEs EBupPed9PEMEGF-Er BES Gqﬁéﬂﬁ\w%n
data to be witeonpavisbe dith @mwax;uhmuui¢apmmgnés@ﬂonBuilErb&25dgter
coupled to a h I at.e C c LS coupl d _to.t
host system g%ﬁ%§¥§£8§ﬁ B% Eggsngigwwg g%sgug%g Q ln . Bt %'c¥§ﬁ7 |y
passed fronltheF#ﬁ%¥e§y8t§ﬁ1|nterface 340 to the buffer 325 at a fixed rate
(i.e., at a fixed nugbgE;igbrby e&m@rnaeﬁﬁad)cheT%M abéﬁ%t K}gaﬁt%ed A€
buf fer 325. The data is c ked fromthe buffer 325 t.o the Vi‘a the
arm el ect r oni c<CHFIUFEPS21 Phe? nﬁF?‘“ﬁFE%@r PYsgregsipon. g ¢This may be

expressed as

ry = rypt¥, for i =1,2,...,N,

where p is a substantially fixed coefficient for the
progression. '

The ratio between two adjacent zone radii r; and | S
is constant providing the relationship:

) Yy/Tin = Toos

for i = 1,2,...N-1.
For a disk having an inner radius 1r;, the

coefficient, p, for a given number of data bands can be
determined as follows:

ln(xrp) = (1-Np) 1n(zgp),
wﬁich may be rewritten as:
p = 1/N(1 - In(ry)/In(xry)).
By way of example, cons-ié.er a 2.5 inch disk divided
into 10 zones (N=10) and having an inner radius z,, of

14 mm, an outer radius ry of 29.7 mm. The value of p for

a disk having these dimensions can be calculated as
follows:



(or frequency) which depends on the disk velocity and the 18 zone in
which the data is to be witten. Thus, the buffer is provided with a
controk signal f(i,k) which is dependent upon the disk velocity denoted by
tHe letter "i" and the zone denoted by the letter "k". In other words,
wite data enters the buffer at constant Sgﬁfd and is output at a variable
speed dependent upon di sk velocity and zon nfornation In a read

operation, data is read_and d_t r (ﬁ%ﬂy fied by the
AE nodul e 321 and then %rov}zz§§§ gﬁ(gg$ZEh628 |t§| ‘& Egzer 322.
jhe_adaptlye digital equalizer (fllter) 322 conpensates for anplitude

2rm ol ectroni cs. rodul 3 991 s Urat of Lol Ser 0SS St rIT oSttt ok ¢
frequencies of Ehe ré@or@@@%ﬁgyﬂﬂiasnkﬁlt¢ﬁ&e¥ﬂén%@eraﬁl &Rl | Feame LNl of
each frequency 4 gfegggoganp anpl i t ude. The digital equalizer 322 is
coupled to a 323 to receive a set of coefficients corresponding to the

spindl e speed (disk velocity) and the zone fromwhich the data is read in
response to the control signal f (i,k).= he°cBBI¥icients

By way of contrast, the inner radii of each zone may"
be determined as an arithmetic progression. Here the
difference between two adjacent inner zone radii, r; and
ry;,, is a constant b providing the relationship

' o r; - ry, = b.
In this case, the radii r; can be expressed as
ry = ryy - b,

which yields the following radii

; T1 = Xp - b;
r2=r1"b=ro"2b
ry=1x, -b=1x - 3b
* %%k
Yy = X - b =1xry, - kb
_Recalling the expression f; = 0.1047d,rw; and by

substitution, the following equation for f, may be written:
f1 = 0.1047 do {ro - ib) wjo

This equation can also be written as £; = f,;-iaf,; where

£o; = 0.1047 d, rywy and afyy = 0.1047 dybwy. Thus, a general

equation for the zone bit frequency can be expressed as

£y = (k, - iak)w,;

where k, = 0.1047d,r,, and ak = 0.1047d,b.



are precal cul ated values to be used to optim ze the operation of the
digital equalizer 322. The output of the digital equalizer 322 is provided
to therdetector 324. The detector 324 is also provided with the control
si'gnal f(i,k) to optimze the clocking and detection operation of the
detector on the basis of the spindle speeddg?d the particular zone from
whi ch the data was read. The detector 324 ects data bits in the signal
read using the head e 4. i etsect ed, or. .
correction for soft gq?n%gr sgﬁ(r\?a)?fl%} 19'3% ?ﬁ%ﬁ%&?%}gﬁ‘éﬁt %fg';ene%[fe e 'e’ct%}r%éZJZ’l.
The data may thenwp@rpghgsedl) nt bhehfoblowing el atntorsibie qtamtby dasativédom
the -buffer 326 to the host systemi eriag@ 340 ) @, trequency which is
accepted by the interface. This?%fqgugﬁbx,z&qg énple, may be the sane
as the frequency 19 at which wit#£ dat@] s r:96i \§d by buffer 325 from
t he host systeminterface 340. A denodul atsomr 317 is al so shown receiving
the output fromthe arm el ectronics fpdul gk321.isKe ujenodul ator 317
extracts servo information froma signal read by the head 313 from
equi space radial servo patterns witten on the _

At a lower speed, when w = w, and j = 2, the frequencies

can be calculated as:

f12 = {ko - Ak) Wy
. 2 = (ko - ZAk) wz;
32 = (ko - 3Ak) wzl'

* % %
£, = (ky - iak) w,

In order to reduce complexity of the data channel, it
is desirable to have f,, =:fh so that all but one of the
frequencies at w; are reusable at the lower speed w,. For
this to occur, (k, - sk)w, must equal (k, - 2Ak)w,. It is
also desired that f,, = f;, which means that (k, - 2ak)w, =
(k, - 3ak)w,. _

For zone i, we need f;, = f&d“ which means that (k, -
l1ak)w, = (ks - (1 + 1) ak) w,. The above constraints can
be written as w, = [(k, - (i+1)ak)/(k, - isk) w,, and for
the j“‘speed.wf, the relationship may be expressed as wy =
[(ky - (J+1)ak)/ (ks - 8k)] w,.

Consider the example described above using a 2.5"
disk having the dimensions ry, = 14 mm and ryp, = 29.7 mm
with 10 zones divided into equal sized bands of
approximately 1.57 mm (i.e., b = (29.7-14)/10). Assuming
a linear density of data on the inner radius of each zone
of 135 kilobits-per-inch (i.e., d, = 5315 bits per mm), the
value of k, = 0.1047 d, ¥, = 16527.47 and sk = 873.67. 1In
this case, some of the spindle velocities, using the
arithmetic progression of the inner band radii, may be
determined as:



dirsk surface. . Fromthe servo information the position error signal (PES)
Is derived and is provided to the actuator controller 315 to control the
pasitioning of the head as described above. A detailed analysis of the
above operation is provided in United States patents: 5,285,327 entitled
“Application for Controlling Reading and Witing in a Disk Drive", issued
February 8, 1994; 5,440,474 entitled "MagneBc Recording disk with Equally
Spaced Servo Sectors Extending Across Miltiple Data Bands", issued
August 8, 1995; and 5, 210,%66 e[n(thot I‘eéASéét(lfbed ‘Sé)rl/dﬂd rdébeidehtof Dat a
Architecture", issued My WA= 100 -TRaké uo’r s @88 Yo(i , k) are
generated by a disk drive ‘énﬁ'tr Koer 33 (¥phe- d‘i]& ] i ve ©EH4%ol4er 335 is

coupl ed to comuni cate w t% t’h st‘ g é vnTe‘f e?840 0&57 Grgjl“bat ed by
line 341. The host system‘?mte ? des, r‘é@& d orfrat i on,
read/ wite conmands de5|grf“éﬁ| n e ty bpera i on’e & be 9 rlfé?"ﬁed and
the like, to the dis fgﬁ r

i ncl ude, for exanpl ei%éj{llfget(ﬁ éeé‘e cy déler %anﬁflw{&%f@&&ﬁﬁ%%@xns
wel | as a data $@& orb@unpade bﬁi‘é”Qﬁst e vegeometalicer 885 nmayithmetic

comuni cat e i nf iRl {idh tHEthOaE 8¥SkeTeLRiaL *&R 31491er Ba %@&Pieof
the disk drive controller 335 ma conmmyni cate s hus information to th
host system the various zone It is noted, that the storage capacity

- of a disk using the above-described geometric progression
is substantially the same as that of a disk using the
arithmetic progression.

In Figure 4 and 5, zone data rate frequencies versus
the zone index position are graphed as a function of
varying spindle motor speeds for zones ‘banded using the
arithmetic progression and the geometric progression,
respectively. The spindle motor speed is varied over ten
discrete drive speeds between a nominal speed of 3600
revolutions per minute (RPM), represented by lines 401 and
501 to 1792 RPM, represented by line 402 in the case of
the arithmetic progression (Figure 4) and :1830 RPM,
represented by line 502 in the case of the geometric
progression (Figure 5).

A comparison of Figures 4 and 5 illustrates various

advantages obtained by using a geometric progression to
allocated tracks to zones. When the graph in Figure S is

viewed horizontaily, it is noted that the 2zone bit
frequencies line up along a horizontal line. For example,
the zone bit frequency of 3.78 megahertz (MHz) extending
along line 503 is used by each of zones 1-9 at different
discrete spindle motor speeds. Moreover, all but two zone
bit frequencies indicated at points 504 and 505
(corresponding to frequencies 1.78 MHz and 6.90 MHz) are
used by more than one zone. It is further noted that the
frequencies also align vertically. This indicates that as
the drive speed is reduced, the zone bit frequencies are
shifted toward the outer diameter (OD) of the disk.



i.nterface along Line 341, Wen the disk drive is initially
powered up, the controller nmay performoperations independent of the
host. Wiile perform ng such operations the disk drive controller 335 may

i nform the host systeminterface 340 that the disk drive is busy and 20
will further notify the host systeminterface when the drive is ready to

perform access operations. The disk drive cHhtrol | er 335 also recei ves a
control node signa

d f d he
Grive. Control mode etgrainsneidorhe  2abl 1 FERGE B, ShRbaRe Yptingr
the_diskcﬂive 9ﬁampéebmﬂ}msﬁr@@esaHMMhdMHnnagﬁabboaineﬁtwm dsskhadrtve.
or examn e oohiBReedit TBYcRGAURIh. Onetuefoblee SALACLE SPSEE: LT dEL

to conserve po consu On-0 FTve r esponse
det ermi nati on byoaﬁ&mn|Lntyon9nnumbe33@ tM@@naqhwwﬁl%hvkﬁg§0#9@@dﬂﬁnnd

be initiated. TB@mQB%.'latéﬁQle a@esgugh @pwow@hesa%ws HiQ:V' fﬁezfﬁeﬁegcriped
in the rel ated ap Ilcatlon 5 334 file 6

entitled "Power $SdviPdy %/rﬁFCApH‘&‘? aft% f bk ®se §n3ﬁ/ﬂpt P"ﬁzé -Fr Sefuchig
Zone Drives" andrlianel Bpead dld dlemicedd tecithel Meadt IBMIRAMD-4bd of 339

RPM, represented by 1line 506, the correct =zone bit
freqﬁency for zone 2 is 5.9363 MB/sec. As illustrated in
the graph, this frequency was used by zone 3 when the
spindle speed was 3600 RPM. Similarly, the zone data rate
uged by zone 2 at 3600 RPM is now used in zone 1. In this
'matter, the zone data rétes shift toward the outer
diameter of the disk. At the innermost zone, zone 10 in
the illustrated example, a new zone bit frequency is
needed by the data channel for each reduction in spindle
motor speed. It should now be appreciated that for drives
having N zones and M spindle speeds, the number G of data
rate frequencies required may be described by the relation
=N+M-1.

As illustrated in Figure 4 and the table in Figure
8B, when the rotational speed is reduced using a disk
having zones banded using an arithmetic progression, the
number of gzone bi£ frequencies which\may be reused by
other zones is significantly less than a disk having zones
allocated using the geometric progression. Thus, the
complexity and cost of the data channel can be
significantly reduced by using the geometric prdgression.

As noted above, the flying heights of the recording
heads over a disk in a drive will change as the drive
speed is changed. For a drive having its flying height
increase with increased spindle velocity, the £flying
height H at a velocity V'may-be empirically approximated
as:

H = (V_/Vo) 0.33H°'



¢ontrol signal

335, may al so include user settable environnmental conditions

whi ch may be used by the disk drive controller 335 to control the spindle
speed. * The disk drive controller 335 uses the control node signal 336 to

control, for exanple, a variable frequency oscillator in the disk drive

controller 335. The frequency of this o$§illator may then be used as a
master frequency to control other el enent s the disk drive. For exanple,
the frequency ofnthe @scill a |%§g éﬂ?(

(PLL) of the spln%Pé n%%o n?g ?3%$ro eﬁg gre Sspee qﬂﬂﬁfﬁgl

output of a sengé}’lagohﬁégbﬁoatd\éd aR?ﬁﬁ@Sé'hBBdt@e‘ﬂ@%tcblfl%zsmnﬂ%l\e (ROReds es

a control signak13p3tWairey | A g .h reqt Hg¥ﬁﬂ€
t he spindle speed b t:al teri r%l Fﬁgﬁout SEJt %gag%lagsq!{m\ﬁ% %?g/tlr? F fl}p

spi ndl e control F&r ¥ NanpRerasinm SFO\HIH‘eoF“?‘Bl%%%sépﬁﬁé 640 mS'—rb@ fly-
condi tions reprheﬁghat iate te afedtedt spedsVareNEBNhmoEokha ,di3sk riM vess

For exanpl e,
casting of the
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vi brations or shbowﬁ,tﬁé:amnplbeodsséramIuo reduce the spindle speed to

cool the disk drive in response to a sensed temperature
which exceeds a set threshold. As noted in the above
example, the flying height is reduced by only 4 nm when
changing from nominal speed to 2,873 RPM. Such a decrease
in flying height is within the tolerances allowed in many
disk drives. '

Conversely, the flying height may be increased by
increasing the spindle speeds if the flying helght drops,
for example, as a result of decreased atmospheric
pressure. The fractional head flying heights for the
arithmetic and geometric radii progressions are
illustrated in Figure 6 and 7, respectively.

FPigures 8A and 8B are tables depicting the zone radii
(for the inner radii for each zone in millimeters) and
frequency in Megahertz for the geometric and arithmetic
radii progressions, respectively, as a function of varying
spindle speed (RPM). The tables also list the fractional
flying height (FH) for the different spindle gpeeds. 1In
Figure 8A, representing the geometric progressicn, the
zone frequencies are identical along the diégonals of the
table. The diagonal relationship of the frequencies
illustrates the above-noted advantageous characteristics
of the geometric progression in tabular form.

It is noted that while in Figure 3 a digital system
is shown, the advantages of the invention may also be
obtained using analog'or hybrid analog/digital components.
For example, a tunable analog equalizer wmay be
incorporated into the read channel of the disk drive in
place of the adaptive digital equalizer 322. The tunable



qui put a contr,ol signal indicative of the shock. The magni tude of the
shock or vibration may be determ ned by providing the output of the

accel eroneter to a threshold detector. The threshold detector conpares the
out put fromthe accel eroneter to determ ne whether the experienced shocks
or vibration is within acceptable operating paraneters. In addition to
using the output from the acceleronet®k to control the spindle speed,
ot her types of control nay also be carried out. For exanple, when the

shock or vi brat #B*8%c LifSfpperulfr Bsherypled ey deresisrarndanknain
di sk drive acceptaepebst RON 6230. , THRAGeR sWor BankORRKALIHRNNGe ém@ger
not be carrjgd oug..Al%Er atlve% , the digk drive fontroller 335 nmay
inhibit wite o?)gr’é??bﬁ O%Ai Fe3al Fali é?‘é’a“o"l&% r iR iRATR Ll oF Seyetenisto
write operati onsakeeapniiiffetreateresiscor v?h@efsemébel@\a@tc@éfﬂﬂdticétmhé Ye&f f
track since adjgage rack f ma .damage wWiti I nto e

adj acent track{ fH%ﬁé %ﬁtﬁﬁg Pg%#%?h§£E§§§§Fr}s %& /% 7 g Heehst d
limt, but is aWBenatRmy t 'glhormerapiash(ﬂnﬁed$eadiesk\_zsiedvdmouh_éoldﬁk
335 mmy cont rol ke i Ok SefB! AlakOtfeE ey (Sfer 8t ONale ash %l dde Ao

the disk. In this manner, the head flying height's in a L a
positive correl%%?oWQﬁﬁhﬁﬁﬁFdR@ﬁz@elocﬁgy f¥3¥ @9, hanglogrdpshigital

i ncreased providongersionaseiiréui gryal becomes expensive. In order to
reduce éost, the read channel may be implemented using
more analog components. For example, detection can be
simplified by using analog circuitry thereby reducing
costs. Further, power dissipation may be reduced using
analog components. As the operating speed of the disk
drive is further increased the need to use analog devices
in the read channel becomes even more important.

One potential drawback to using analog components in
a disk drive changing spindle speed to conserve powériis
that discrete components must be made available for each
zone bit frequency used. As can be appreciated, using the .
above described geometric progression for partitioning
zones provides for significant cost savings by reducing
the number of different zone bit frequencies the drive
must handle thereby reducing the number of discrete analog
components needed.

While the invention has been described above in
connection with various embodiments, it will be apparent
from the above disclosure that the implementation may be
used with various other systems and embodiments. Thus,
the various embodiments described above are provided by
way of illustration only and should not be construed to
limit the invention. Those skilled in the art will
readily recognize various modifications and changes which
may be made to the present invention without strictly
following the exemplary embodiments and applications
illustrated and described herein, and without departing



safetyﬁ Moreover, stiffer actuator control will be obtained due to the
i ncreased frequency of servo information being provided to the actuator

controller 315. Wile in Fig. 3 a single sensor 350 is illustrated, as
aoted above, a nunber of different sensors may be provided to sense the
vari ous operating environments and conditions. The outputs fromthe

mul tiple sensors are respectively provided to threshold detectors rel ated
to the sensed paraneters. These various sensors may be used in conbination
to determ ne the overall control of the 22 disk drive. Alternatively,
the sensors may be elininated and the opérfational environment may be
determ ned solely fromuser input. The disk drive controller 335 may. al so
use the i nf orfRH oRNBL XS FRI M t #RA SBRSBEs Cdnditr REBFERb &Qﬂﬁqggﬂp
whet her or nathii¢hi hstsateforbar iapehat Eobdowinhki klhiesdi sk dri ve. For
exanple, in the systemillustrated in Fig. 3 a power savings node is
provi ded which reduces the spindle speed of the drive. Wen the activity
nonitor 330 determines that activity has dropped bel ow a parti cul ar
threshol d, a signal is sent along |line '



336 to initiate a~peMEf—savtngs node. Wiile the disk drive is operating

ih its low po fectlveness Of_%DEpEELMQ_QQﬂLLQLFk
reduced for the re‘amgmjl bove A |l ower threshol d of accept abl e
vibrati ons or shocky the power savi Nggnisstiter H

threshold may be used to deterntne whether it is saf ‘ the | ow
power node. Wile a certain | evel of virations nay at a
nom nal dIS%ﬂﬁg ePs se rations nmay be unaccept al en rotatlng t he
di sk vel oci ty a > The sensor out put may be used in this
fashion to eX|t t he | ow power node and resune nom nal operating speed in
response to increased XlgFﬁngn to&gg%hggchge QﬂﬁH i AR, that other types
of sensors could " be epen upor envitonnment a

condition to be accoun@eatpeaganmeépymo pFa§§QMﬂﬂQﬂﬂﬁQﬁycan be determ ned

based on the Operatlngaeﬂﬂéi6¥”ﬁﬂBnﬁﬂﬁké&“3ﬂ%VeEﬁE| St8rage dRVELEm to
structure. n the sglndle speed is chan ed t.he frequengx at whlch data

is to be reaf'd" S BRI wrRtRES i hetarage c Regen HERdL5Ye
frequency zclisahrétve wslobatipsndl e speed changes in response to the.
control signal 353, thg z e h e agh,of | ous
zones. |If a nunber Ofgdl %a%%@cgi qﬁ?gﬁ%ege a%EL%%§% qahe 5%%$§¥
coaneX|ty(ﬂedinms§§tQMQhwoﬁethe plurallty of discrete velocities;

and

a control unit, coupled to receive an
environment signal indicative of an environment in which
the memory storage device is operating, the control unit
providing a control signal to the motor indicative of one
of the plurality of discrete velocities based on the
environment signal. .

2. A device as - recited in c¢laim 1, further
' comprising an accelerometer detecting an amount of shock
or vibration in which the memory storage device is
operating, wherein an output of the accelerometer is used
to produce the environment signal and the control unit
changes a rotational velocity of the storage medium when
the amount of shock or vibration reaches a predefined
threshold.

3. A device as recited in claim 1, further
comprising a temperature sensor detecting a temperature in
which the memory storage device is operating,'wherein an
output of the temperature sensor is used to produce the
environment sSignal and the control wunit changes a
rotational velocity of the storage medium when the
temperature reaches a predefined threshold.

4. A device as recited in claim 1, further
comprising a pressure gensor detecting an atmospheric



23 signifi cant ly i ncreased. For exanple, in the embodient—i1lustrated in

FL.gure 3, "for cou,ll discrete —spindle velocity th a%grt veB a
equal i zer (filt oaded with filter con
each zone from %m« I[E “'ll guration data is uni q midf er ent
zone bit freque he nunber of zones and

vel ociti es used by the storage devi ce i ease, the nunber

di fferent zone bit freqUﬁ %eg al so |ncreases g ncrease in tLa)rnunber
of different Zone bt tPelfilid be; DepgLy AbPEAEPBEEMSE: &S\Aﬁé’ﬁre?n 59 or
hybri d di gi t sthermming adat @utpatnebs arlee upetssAredesenisbed der euseatll yto

| ater, analo I st p n f t

such as resi gtroqtlg?g%d clg@acﬁé‘g&%m I§"‘?ea(’@atéczjl??;rga]?f Zgrﬁt t{zﬁe c?}&frequency
used, increasthapgegnaf r@&nttllyntad ted ccddty arfd i sstaragez seski uthewhien a
channel . MraQyelembSpReLlal ?r@oarg ef Pedhas! ar pqie%i&ﬁrﬂé@stﬁlh@sﬂ&g.t

space on an el ectroni c Cl r cui may not be available. In view o
above considerations, it is desired that the nunber of different zone bit

t; rfeguencu es used by.a shorgeidleviaee R ftddi g afrehd aper@hePBSndtthe
I er ent

environment signal represents user input data indicative
of the environment in which the memory storage device is
operating.

6. A device as recited in claim 1, wherein the
environment signal represents a spacing between the
storage medium and the transducer.

7. A device as recited in claim 6, 8, wherein the
control unit selects a new discrete velocity when the
spacing is below a predefined threshold, the new discrete
velocity cofresponding to a velocity at which -the spacing
between the storage medium and the transducer is
‘increased. '

8. A device as recited in claim 1, wherein the
storage medium ié banded into multiple zones each having

a uniquely assigned zone bit frequency for reading data
from the storage medium at a given discrete velocity, the

zones being defined by radii determined according to a
geometric progression which maintains a substantially
.-constant ratio of radii between adjacent zones.

9. A.méthod of controlling rotational velocity of
a rotating st:ora.ge' medium in a storage device, the method
comprising the steps of:
receiving an indication of an environmental
condition in which the storage device is operating; and



spi ndl e speeds be nini cribed nore fd‘T?—beIOM/ by'spetral
partitioning of the tracks |ntomj the COﬂpleXltmi;&kg@ijF

decreased. Referri n%mmmj operatl ng freque éﬁﬁ?ﬁi
(Hz) for zone i rel ati onship [e

the linear density at” r[err] |n zone z[enw], rlerr] i |us of
zone z[err], and [err] is the discrete j-th disk annular velocity in
revol uti ons per mnute éEE&&tlnghaSreﬂuaioﬂaln&ylbethdUGEdHH)ﬂdﬂddlng 24

and assum ng e [axinu ear nS|t for S, const ant
(e S aler I e PR Fned°8h EBRaF Y sBR R L3R SR ones
[err] In acCordance with one enbodlnent of the invention, a specific

al location of trackg injo &Qﬂﬁédbya%el%%Uﬁﬂéér“iﬁadbiaiﬁr 5he|€gggpérack

for each zone is used to mnimze e conplexity and coSt associ Wth a
dat a channel .compxipingi eheaptepreofnner track radii defini ng each zone may

be selected as a geonet gtAsPhGI’ £ERGEPNEPLEN pressure in the storage
device; and
producing the indication of the environmental
condition using the sensed atmospheric pressure.

11. A method as recited in claim 9, further
comprising the steps of:
sensing movement of the storage device; and
producing the indication of the environmental
condition using the sensed movement. .

12. A method as recited in claim 9, further
compfising the steps of: :
sens;ng temperature of the storage device; and
producing the indication of the environmental
condition using the sensed temperature.

- 13. A method as recited in claim 9, wherein the
receiving step comprising the step of receiving input from
a user indicative of an operating environment in which the
disk drive is operxating. -

14. A method as recited in claim 9, further
comprising the step of: :
- dividing the storage medium into multiple zones
of track locations, each zone having a uniquely assigned
zone bit 'ffequency for reading data from the storage
medium at a given rotational velocity, the zones being
defined by radii determined according to a geometric
progression which maintains a substantially constant ratio
of radii between adjacent zones.



iIs a function of radius. In general, the inner radius r[err], defining each
zone, is determ ned 3‘ mmmtlm orretri Cc progression which maintai ns a
substanti al | y constagm““ ‘m bet ween adj acent bands or zones

other words, r[err]/r[err] s %ubstantlally equal to KTHMSGEeEHKB@.

constant. As described nore fully bel owaet his nmet hod of |nto
zones provides for a high degree of overlap in zone bit tmeen
zones as the spinhe vklsborggesdeedueedcohbrmglhgls met a drlve

N zones and operating at r C pi ndl.e (dISk) speeds mnll
have a total nunber ofg' $¢%¢£ﬁ ggéﬁg ﬁgéﬁgﬁbl requenC|es equal to

N+M 1. For exanple a.dr¢®@tha¥|ungOPIQ@DdddnQOZOQBSrahdaopetaMqu&m 10

discrete spidld s 0 6 tid lethUitd %.e%q?lpnnelcpnaeamt%oqf uh2RILLAAAS A4 - e

10+10- 1=19) one bit frequencies contrast, the RUTD

di fferent zéheVeiPCiE¥qRARGDs2RePRSTEE NG %P‘d’r%‘kmbaﬁélednac‘db?-@hng‘-haa a
sinple arit yeidtagPr@Gvreesi 98 bpedtatehgl ned according to the relationship
NH((MM-N/2). In the above exanple, the nunber of zone bit frequencies
whi ch the channel nust handle equals 55 (i.e., 10+(((210*10)-10)/2)=55).

Thus, partitioni ngst heAtstasksge deviesaes rectsd danedadint 155 further
comprising a sensor mounted in the storage device to sense
the operating environment in which the storage device is
operating and to provide an indication to the control unit
of the sensed operating environment. '

17. A storage device as reéited in claim 16,'wherein
the sensor comprises an accelerometer to detect an amount
of shock or wvibration in which the storage device is
operating, ‘and wherein the control unit changes a
rotational velocity of the storage medium when the amount
of shock or vibration reaches a set threshold.

18. A storage device as: recited in claim 16, wherein
the sensor comprises a temperature sensor to detect a
temperature in which the storage device is operating, and
wherein the control unit changes a rotational velocity of

the storage medium when the temperature reaches a
predefined threshold. )

19. A storage device as recited in claim 16, wherein
the sensor cgmprises a pressure sensor to detect an
'atmospheric pressure in which the storage device is
operating, and wherein the control unit changes a
rotational Qelocity of the storage medium when the
atmospheric pressure reaches a set threshold.

20. A storage device as recited in claim 15, further
comprising:



2% geonetriwc progression off ficant advantages_in terms of reduced
channel conpl exit cost. The %?gt ages obtained by parti tioning ng the

*ttacks into zones a “‘“ tric progresdh rHas: Réplz&afl W th
an arithnetic pr ogrééﬂ\ “m under st ood
di scussion in connect'kontw'4 h Flgures 4- 85 Consi der the I nner
nmay

band radii r[err], of each zone, follow a geonetric progressmn Thi s

be expressed as [err] wherss sd S et gtd @ de/afi xgd coREE] cbeng:l%%r t he
progression. The ratio between two adjacent zone radii_r[err] and rferr],

i's constant PPSYREIRG t HPYETFRTSREhi 15°n1?eF?'?nfoFci provide g 1fggst g
di sk havi nginddcatdmer toadines coherdl, udire odeffhei ffritrstp opetrad igig/en

mb f d d foll I = (1-N
T CrLer]) . ORReR e D T {Thh B9 < 1/ ML - In(rLert])/In(rlerr])).

a second sensor provided to sense a second
operating environment condition to provide a second
indication to the control unit of the second operating
environment condition, wherein the control unit selects a

velocity based on the first and second operating
environment conditions.

21. A storage device as recited in claim .20, wherein
the first sensor is an accelerometer to detect an amount
of shock or vibration in which the storage . device is
operating and the second sensor is a pressure sensor to
detect an atmospheric pressure in which the storage device
is operating.

22. A storage device as recited in cla:.m 15, wherein
the storage medium is banded into multlple zones each
having a uniquely assigned zone bit frequency for reading
data from the storage medium at a given discrete velocity,
the zones being defined by radii determined according to
a geometric progression which maintains a substantially
constant ratio of radii between adjacent zones. '

23. A computer incorporating the storage device of
claim 15. |

24.,. A computer as recited in claim 23, further
comprising a user input device for inputting data
indicative of the operating environment in which the
storage device is operating. '



By way of exanple, consider a 2.5 inch disk divided into 10 zones (N=10)
and having an inner radius r[err] of 14 mm an outer radius rQOD of 29.7 mm
The value of p for a disk having these dinensions can be calculated as
fol | ows: 26 p = 1/10(1 - In(14)/In(29.7)) = 0.022178. Using this value
for p the inner radius of each of the 10 zones will be determ ned as the
geonetric progression: [err] By way of contrast, the inner radii of each
zone may be determined as an arithneticsgrogression. Here the difference
bet ween two adj acent inner zone radii, r[err] and r[err] is a constant b
providing the relationship [err] In this case, the radii r[err] can be _
expressed as r[err] =r[err] - b, which yields the following radii r[err]=
rlerr] - b =D]SK DRIVEZEHAVING OPTIMIZEDr SPINDLE-SPEEDrFOR ENOYIROQNMENT r[err]
- b=r[err] - kb.

ABSTRACT

A disk storage device in which two or more discrete disk velocities are used is
disclosed. The disk velocity is selected using operating environmental conditions. Various
types of sensors (214) may be used to detect the environmental conditions or the
environmental conditions may be input by a user. The allocation of track locations on a
disk (200) into zones reduces the number of zone bit frequencies the storage device must
handle when multiple frequency zones are used in connection with the various spindle

speeds.
Fig. 2



Recalling the expression f[err] = 0.1047d[err]r[err] and by substitution,
the follow ng equation for flerr] may be witten: flerr] = 0.1047 d[err]
‘¢tr[err] - i[err]) [err]. This equation can also be witten as f[err] =
“ﬁ@[err] where flerr] = 0.1047 d[err]r[err], and [err] = 0.1047 [err] Thus,
‘a general equation for the zone bit frequency can be expressed as [err]
. where k[err] = 0.1047d[err]r[err], and PT&L]k = 0.1047d[err]b. 27 \When
the disk is rotated at full speed (i.el, en [err] = [err] and j = 1), the
following relationship can be derived: [err] At a |lower speed, when [err] =
[err] and j = 2, the frequencies can be calculated as: [err] In order to
reduce conplexity of the data channel, it is desirable to have f[err] =
flerr] so that all but one of the frequencies at [err] are reusable at the
| ower speed [err]. For this to occur, (k[err] - [err]k) [err] nust equal
(k[err] - 2[err]k)[err]. It is also desired that f[err] = f[err] which
nmeans that (k[err] - 2[err]k)[err] = = 3[err]kK)JB0r] . For zone i

we need flerr] = f[err] which ns that (k[err] =
104
105 o
Z; X Ry | '
Z,- AN _ 105
Z R ~ '
L3 1 _
23 102| "N-1
ROD -
Ry
Vd
102
103 Zy
N1
101

FIG. |



1[err]k) [err] = (k[err] - (i + 1) [err]k) [err]. The above constraints
ean be witten as [err] = [(k[err] - (i+1)[err]k)/(k[err] - i[err]lk) [err],
and for the j[err] speed [err] the rel ationship nay be expressed as [err]
= [(k[err] - (J+1)[err]k)/(k[err] - [err]k))] [err]. Consider the exanple
descrlbed above using a 2.5" disk having the dinmensions r[err] = 14 nmm and
rlerr] = 29.7 mw th 10 zones divide%ji t o equal sized bands of
approximately 1.57 mm(i.e., b = (29. /10). Assuming a linear density
of data on the inner radius of each zone of 135 kilobits-per-inch (i.e.,
d[err] = 5315 bits per nm, the value of k[err]= 0.1047 d[err] r[err] =
16527. 47 and [ err ] pe———8td~b-L lpthiscase sope of the spindle
vel ocities, usi the arith er band radii, may
be determned aX |~ 28 [errN err] Using the above
rel ations, the fol] owi ng conpa
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can be made betweem the geonetric and arithnetic progression nethods of
selecting the inner band radii of the various zones. It is noted, that the
storage capacity of a disk using the above-described geonetric progression
is substantially the sane as that of a disk using the arithnetic
progression. In Figure 4 and 5, zone data rate frequencies versus the zone
i ndex position are graphed as a funcgii of varying spindle notor speeds
for zones banded using the arithneti / grogression and the geonetric
progression, respectively. The spindle notor speed is varied over ten

di screte drive speeds between a nom nal speed o 600 revol utjQns per-
mnute (RPM, represented by lines 401 and 501 3 1792 RPM <

line 402 in the case of the arlthnetlc progrg - (Fie and 1830

RPM represented by |ine i ) e pgEl Ly

(Figure 5). A cogparidon of Flgures 4 and 5 | ﬁH tfates ages
onmet mi on to @ ated t to zones.

obt ai ned b using a gg
Wien t he 3&Qﬂ1tﬂ) Fi ure 9
zone bit frequengies lfi ne y
bit fr eq a2 Qela g1 A I

oted that the
exanmpl e, the zone
503 is used by

i s viewed 'Bﬂﬂontally, it is
pAGTUATOR h rizontal |ine. For
ertz (Miz) pxtends g R

each of zones 1- é at dl‘ifr e spi . ¥ppeover, al
but two zone //
S ' DEMOD DIGITAL
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bit frequencies isndicated at points 504 and 505 (corresponding to
- frequencies 1.78 Mz and 6.90 MHz) are used by nore than one zone. It is
further noted that the frequencies also align vertically. This indicates
that as the drive speed is reduced, the zone bit frequencies are shifted
toward the outer dianeter (OD) of the disk. 29 Referring to the table in
Figure 8A the foll ow ng exanpl e illgiipates an advant age obtai ned by using
the geonetric progression to allocat ack locations to zones. In zone
nunber 2, when the disk is rotated at a nom nal speed of 3600 RPM the zone
bit frequency is 6.3 ts/32% (MB/sec) (i.e., 6.399Q.Mdz) lf_t he

i ve SPeS R o BUPEERS ol O scr oWRITECOATH 3329 Fpu repr ecent oo
illustrated Tn the dgra h1 thisjfrequency was used by zone 3] when the
spi ndl e speed was 3600 Simlarly, the zone data rate uped by zone 2 at
3600 RPMis now used in z 1,.In this matter, the zone daja rates shi-tt
toward the outer dianeter,gfirkg disk. At the innernost zong, zone 10 i*
the illustrated exanple, a new zone bit frequency is
- A 3% |
‘——~|' DETECTOR —0| BUpFER | A0 AT averen
| T | INTERFACE
f(1,k) | |
330
I
R/W ACTIVITY
@ MONITOR , R/W
INTERVAL TIMER
_~-331
ROM
@ ADDRESS __R/W
340

FIG. 3B



needed by the data channel for each reduction in spindle notor speed. It
.Shoul d now be appreciated that for drives having N zones and M spi ndl e
speeds, the nunber G of data rate frequencies required may be descri bed by
the relation GGNWM 1. As illustrated in Figure 4 and the table in Figure
8B, when the rotational speed is reduced using a disk having zones banded
using an arithnetic progression, thesgﬂﬂﬁer of zone bit frequencies which
may be reused by other zones is signi4i¥antly | ess than a di sk having zones
al | ocated usi'ng the geonetric progression. Thus, the conplexity and cost
of the data channel can be significantly reduced by using the geonetric
progression. As noted above, the flying heights of the recordi ng heads over
a disk in adrive will change as the drive speed is changed. For a drive
having its flying height increase with increased spindle velocity, the
flying height Hat a velocity V may be enpirically approximated as: H =
(MVerr])[err]Herr], 30 where V[err] is the nonm nal disk speed, and
Herr] is the nom nal ' :
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flying height at V[err]. Referring to the drive spindle speeds illustrated
In Figure 5, and assuming that the fly-height is 50 nanoneters (nm at the
nom nal speed V[err], the fly- height at the reduced speeds are 49 nm for
3,339 RPM 48 nmfor 3,097 RPM and 46 nmfor 2,873 RPM As descri bed

" sabove, it may be desired to reduce the spindle speed to cool the disk drive
in response to a sensed tenperature Ezhﬁh exceeds a set threshold. As _
noted in the above exanple, the flyi eight is reduced by only 4 nm when
changi ng from nom nal speed to 2,873 RPM Such a decrease in flying height
is within the tolerances allowed in many disk drives. Conversely, the
flying height nmay be increased by increasing the spindle speeds if the
flying height drops, for exanple, as a result of decreased atnospheric

pressure. The fractional head flying heights for the arithnmetic and
geonetric radii progr essi ons are illustrated in Figure 6 and 7,

respectively. Figures 8A and 8B are tables depicting the zone radii (for
the inner radii for each zone in mllimeters) and frequency in Megahertz

for the geonetric and arithnetic ragiigprogressi ogs, respectively, as a
function of varying spindle speed ERP;;. The tabl §& also list the
fractional .flying height (FH) for tRe Qifferent sphndle sqsgds. In Figure
=
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zone frequencies are identical along the diagonals of the table. The
_di agonal relationship of the frequencies illustrates the above-noted
advant ageous characteristics of the geonetric progression in tabular form
It is noted that while in Figure 3 a digital systemis shown, the
:advant ages of the invention may al so be obtai ned using anal og or hybrid

anal og/ di gital conponents. For examp a tunable analog -equalizer
may be incorporated into the read ch | of the disk drive in place of
the adaptive digital equalizer 322. The tunable 31 anal og equal i zer

could be coupled to a resistor bank in place of ROM 323. The resistor hank
may include a nunber of resistors that can be switched in parallel or
series to nake up different resistor values used as coefficients to be used
by the anal og equalizer. Such a systemis useful when very high operating
speeds are used in the disk drive.. Current disk drives nmay operate at

speeds close to 200 nmegahertz (MHz). At such rates, analog-to-digital
conversion circuitry becones expensi ve. In order to redyge cost, the
read channel-+ay ; R : g For
exanpl e, dEIECtIOH can bhe =
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sinplified by using analog circuitry thereby reducing costs. Furt her,
_.power dissipation may be reduced using anal og conponents. As the
operating speed of the disk drive is further increased the need to use
anal og devices-in the read channel. becones even nore inportant. One
:potential drawback to using anal og conponents in a disk drive changing
spi ndl e speed to conserve power is thgt 8iscrete conponents nust be nade
avai |l abl'e for each zone bit frequency 4d8d. As can be appreci at ed, using
t he above descri bed geonetric progression for partitioning zones provides
for significant cost savings by reducing the nunber of different zone bit
frequencies the drive nust handl e thereby reduci ng the nunber of discrete
anal og conmponents needed. Wile the invention has been described above in
connection with various enbodinments, it will be apparent fromthe above
di scl osure that the inplenentation may be used with various other systens
and enbodi nent s. Thus, the various enbodi nents descri bed above are

provided by way of illustration only and should not be construed to limt
the inventi T t ] t

. e various
nodi ficatiorjs and changes which may be made to the present ifp§ntion
w thout strifetly follow ng the exenplary enbodi nents and apphicati ons
illustrated {fdnd descri bed herein, and w thout departing o
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33 CLAIMS What is clainmed is: 1. A nenory storage device, conprising: a
storage nediumfor storing data; a notor connected to the storage nediumto
selectively rotate the storage mediumat a plurality of discrete
operational velocities; a transducer nounted to access the storage nedi um
at each of the plurality of discrete velocities; a control unit, coupled to

receive an envi roa:mmt Si gnAl o gglgpt'_;\v‘_g‘ Joij @ggl ronmeng/si@ Which the

nmenory storage de§d is o %ﬁ it providing a contro
signal to the notot ﬂjndl calﬁﬁq"ﬂ% lity of discrete

operational velociti®s basqd ppﬂﬂhg,edwurgbqénL,$qgnal 2. A device as

recited in claiml, further conpr|5|ng an accel erometer detecting an amunt
of shock or vibra

Wﬁgégé sﬁ eﬂdeV|ce i s operating,

wherein an outputEEﬁ&#he a0 net &n gl quroduce the environnent
signal and the contrg unit .c‘ﬁ}a\ﬁ‘de? Ertr §iNnA RNel ocity of the storage
medi um to one of the di scrét¥ ¥putNMafN W Qtitli es when the anount of

shock or vibration reaches a e d.t A device as recited

inclaimil, furthRy Eonpri smngrﬁ élmrg &ﬁs&&r det ect i ng a tenperature

in which the neno or aged e'eQScﬁe%@ Byherein an output of the
.

t enper at ure sensor used &o"pmqw%ttmec@wlgpqqent signal and the

control unit
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changes a rotational velocity of the storage nediumto one of the discrete
operational velocities when the tenperature reaches a predefined threshold.
4. A device as recited in claim1, further conprising a pressure sensor
detecting an atnospheric pressure in which the memory storage device is
"bperatl ng, wherein an output of the pressure sensor is used to produce the
envi ronnent signal and the control . unit changes a rotational velocity of
the storage nediumto one of the di sd041d operational velocities when the
at mospheric pressure reaches a predefined threshold. 5. A device as )
recited in claiml M\h&rel n envi ronrrent signal represents user input
data i ndicative of Qhenenw kérée % ry storage device is
operating. 6. A dévibBe as @(ﬁtﬂiarﬂbﬁ @{Q SHh& ein the environnent
signal represents a spgacing ez\ltﬁgt es rre i um and the transducer.
7. A device as recited in el i control unit selects a new

di screte velocity fynopQthe p.Lur..ald. af Jichell]R @perational velocities

when the spacing i g§ibRfow agp m%ﬁeﬁq;ﬁ:r@s@l R | he new discrete velocity

correspondi ng to a m™ebdcCi tyoatto & dpak) my @et ween the storage medi um

and the transducer isancrepsad. M3.m 1A devcmeqaﬂ «ecited in claiml,
wherein the storage nmediumis banded into nultiple zones each having a

uni quel y assi gned Zgngy bit ﬂ@um@ SRrFR Y Bta fromthe storage

nmedium at a given ¢sglete QRM@Z@‘%H\?}?Q defined by radii
determ ned according e a gee) trl-c-pr-ogrlses-slan- ch maintains a
substantially constantrati & of Fadhi™ v%'eﬁ'éﬂj%ent zones. 9. A net hod
of controlling rotational velocity of a rotating storage nediumin a
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st orage device, the method conprising the steps of: receiving an indication
of an environnental condition in which the storage device 'is operatlng and
sel ecting, based on the environnmental condition, an opefet y of
the rotating storage nediumfroma plurality of operaREi?IeAC? m%}f@iat
which data can be witten to and read fromthe storagé¢
as recited in claim9, further conprising the steps o}: g?l q%gg)sph ric
pressure in.the storage device;.and praducing the indifcati t

envi ronnment al condition using the sensed at nospheric présstter A
method as recited in claim9, further c rising the steps of: sensm
movenent of the storage de\ﬁmﬂﬁ'@?dﬂ&pWQN]dl"catlon of the

envi r onnent aI condltfon ng the sensed novenent. 12. A nethod as recited-
in claimo, fii§ABed L‘G?T%éj &&lmﬁeﬁh’é"%’éﬂé" @mell%féWs‘Pl#gOTt@ﬁM%ﬂdﬂmagﬁ ofhe

st orage d%w c and producing the indication of. the environnmental condition
using the éq;c?nrerrperature 13. A nmethod as recited in claim?9, wherein

| nai cat1 ve. of ARROTYSE G pie ek P s iRmBh. e, FERroridedch oy
oper ati N swtfke dévilE} Aifpriiing! AStdeift mbiifithTof bdring Yida o Wnheillfed fiE S* ©P

storage medium to selectively rotate the storage medium at a plurality of discrete”

dl um 10. A h_od

operational velocities; a transducer mounted to access the storage medium at each of the
plurality of discrete velocities; a control unit, coupled to receive an environment signal
indicative of an environment in which the memory storage device is operating, the
control unit providing a control signal to the motor indicative of one of the plurality of
discrete operational velocities based on the environment signal,

According to another aspect of the present invention,'there is provided a method of
controlling rotational velocity of a rotating storage medium in a storage device, the
method comprising the steps of: receiving an indication of an environmental condition in
which the storage device is operating; and selecting, based on the environmental
condition, an operational velocity of the rotating storage medium from a plurality of
operational velocities z;c which data can be written t0 and read from the storage medium. |

| According to still another aspect of the present invention, there is provided a
storage device, comprising: a rotating storage medium; and a conttol unit prov:ded to
control an operational velocxty of the storage medium at which data ca.n be read from and

Writteq to the storage medium, the control unit selecting among a plurality of op_eranonal
velocities an operational velocity based on an oﬁerating environment in which the storage

“device is operating. |

According to- still another aspect of the presém invention, there is provided a
memory storage device, comptising: a storage medium for storing data; a motor

. connected to the storage medium to selectively rotaie the stbr,age medium at a plurality of I

discrete operational velocities; a transducer mounted to access the storage



dividing the storage mediuminto nmultiple zones of track |ocations, -each
Zone having a uniquely assigned zone bit frequency for reading data from
the storage nediumat a given rotational velocity, the.zanes bejng de i ned
by radii determ.ned according to a geonetric pr ogre r}Z\@E@{{EN% ns a
substantially constant ration of radii between adja e

storage device, conprising: a rotating storage nedi un %A%?ntro uni t
provided to control an operational velocity of the $t Dra@ Whi ch
data can be read fromand witten to tBe storage nedi um._the. control junit
selecting anong a plurality of operational velocitigs an oper ati onal
vel ocity based on an operating environnent in whi ch-tte-storage—dev de is

P sensor gl afiefth HEE ol or Hlreie vigeues Lol B, SRl o SR B e
IZ. Esl“ggﬁg é&eﬂﬁﬁﬁrﬁ%ﬂ@ﬂg‘e bty %fﬁ%fé{f'il’ﬁéﬁsﬁ\rﬁﬂ %lﬁﬁlﬁ h%vﬁgtﬁo%&%gé R8GO 00
accel er O?YE?Q& %@jéh{lc@{ag ?60‘»@5%? CBH&&ESI@ET Ig@fnlitlﬁﬁéa\}&?lggﬁ 09?1gf

ot at onae PR ARG Vheralbhal RRKcRIES darel %‘%25%?*‘“#’““%‘%‘2?%%5"? a

vel oCi t i QaaiaRndl NQUAIER 4B the traBlREk, We WhkRhhr] cbﬁﬁ%l}é‘& 16 redcesief ware

threshold. 18. A storage device as recited in claim16, wherein the sensor
conpri segia@ at a number of different frequencies, each of the different frequencies corresponding '

\‘1

to a respective one of the discrete operational velocities.

The above summary ‘of the present invention is not intended to present each
embodiment or every aspect of the present invention. Rather, the invention will be
understood by reference to the figures and the associated description which follow.



tenmperature sensor to detect a temperature in which the storage device is
‘operati ng, anTWIT@FGLFQ—LhLCO\n%Lm unit changes a rotational velocity of
t he storage negj to one of the operational vel ociti&ﬁﬁﬁf/\@p T < T e—

tenperature re Hm'mﬁﬂw. d threshold. 19. A stéra IR o
in claiml6, ot |” ‘conpri ses a pressure; sEnsor to detec

at mospheric pressure i n"which the storage device is pp ra‘iQWGJtszgpg
the control unit changes a rotational Q/el ocity of th t orage nediu
of the operational velocities when the™at nospheric pyessure reaches™a |set
threshold. 20. A storage device as recited in clai m¥e~—further conprifsing:
a first sensor provided to sense a first operating environnent condition to
provide a first indieation to the control unit of the first operating -«
envi ronnment condition; and a secondcq? § provided to sense a second
operating environnment condition to provide a second indication to the
control . WhatisefaithéEissecond operati ng environnment condition, wherein the
control unit selects a velocity based on the first and second operating
envi ronneint ¢ adirory storage Hevide, cotmpriding: device as recited in claim 20,
wherein the first sensor is an accel eroneter to detect an anmount of shock
or vi brati on a storagé miedininefos storingdatdpvi ce i s operating and the second sensor
is a pressure sensor to detect an atnospheric pressure in which the storage
~devi ce i s opérmotongonmeeted Ao sherstorage dnadium to selectivielyerptite the storagé Snedivimr ei n
the storage nediumis banded into nultiple zones each.having a uniquely
assi gned 2t @rplumslity afidisgese eperational velogities;dat a from t he storage nedium at a

given discrete velocity, the zones being defined by radii 37
a transducer mounted to access the storage medium at each of the plurality of

discrete velocities;

a control unit, coupled to receive an environment signal indicative of an
environment in which the memory storage device is 'operating, the control unit providing
a control signal to the motor indicative of one of the ﬁlﬁrality of discrete operational
velocities based on the environment signal.

2. A device as recited in claim 1, further comprising an accelerometer detecting- an
amount of shock or vibration in which the memory storage device is operating, wherein
an output of the accelerometer is used to produce the énvironment signal and the control
unit changes a rotational velocity of the storage medium to one of the discrete
operational velocities when the amount of sfxock or vibration re_achés a predefined
threshold. . . -
3. A device as recited in claim 1, further comprisihg a temperature sensor detecting a
temperature in which the memory storage device is operating, wherein an output of the
temperature sensor is used -to produce the environment signal and the control unit
changes a rotational veloéity of the storage medium to one of the discrete operational
velocities when the temperature reaches a predefined threshold.

4. A device as recited in claxm 1, further comprising a pressure sensor detettiﬁg an
atmospheric pressure in which the memory storage device is. oiaerating, wherein an

output of the pressure sensor is used to produce the environment signal and the control



determ ned according to a geonetric progression Lch maintains a

SubstantialTy C of radii between adj t
conput er storage device of claim L\,Amgﬂ tler as
recited mﬂﬁm ! &r conprising a user irnpyt device for ifnputting

dat a i ndi catl ve ating envir¥nnment i nwilgch'JtMUGt'}ey&ge
i

operating. 25. A rrem)ry st orage device, conprisi i..a_storage rre11|
storing data; a notor connected to the storage diumto seléctively rot ate
the storage nmediumat a plurality of discrete opé+ u+ i nnnl velociti

transduc 'P‘EHEH%%Q Sy rage | ] f P |ty of
di scret ee‘\if‘él ocit es4 a cgﬁro‘fwéws%f cou%‘?ﬁgéto 'ecel ve g g}gf r%#:ﬁéﬁ '
signal i ationXOvelicitid wHeH ‘pﬁm evice is
operati ngfyet he control unit t?)ér)%% |hr?gea control si gggrdg t rﬁr%ltdbr

i-ndi cati v ofAakeeicefast feeitgd Lir claini 1, qﬁhaemmteam&eﬁmlﬁgmd répefmts b based
on the environnent signal; and a data channel coupled to the transducer,

the data inputndata dicativeirofdthe cenvivodment inwwhich cthé ameihnosy neTREs debiceli §f er ent
frequencies, each of the different frequencies correspondl ng to a

respect i vaperatingof the di screte operational velocities. 37 a first sensor
provided to sense a first operating environnent condition to prOV|de a
first 6. A device as recited in claim 1, wherein the environment signal represents a spacing -

between the storage medium and the transducer.

7. A device as recited in claim 6, wherein the control unit selects a new discrete
velocity from the plurality of discrete operational velocities when the Spacing' is below a
predefined threshold, the new discrete velocity corresponding to a velocity at which the
_spacing between the §torage mediurn and the transducer is increased. |
8. A device as recited in claim 1, wherein the storage medium is banded into multiple
zones each having a uniqpely assigned zome bit frequency fof. reading data from the
: storége medium at a given discrete velocity, the zones being defined by radii determined
gccording to a geometric progression which maintains a substantially constant ratio of
radii between adjacent zones. |
9. A method of controiling rotational velocity of a rotau'.ng storage medium in a
storage device, the method comprising the steps of: _
receiving an indication of an environmental condition in which the storage device
is operating; and | . N
selecting, based on the environmental condition, an operational velocity of the
rotaﬁng storage medium from a plurality of operational velocities at which data'can_be
written to and read from the storage medium, o
10. A method as recited in claim 9, further comprising the s@s of:
sensing atmosphétic préssure in the storage device; and
: producing ' the indication of the environmental condition using the sensed

atmospheric pressure.

[N:\libsg\claims]00216:vip



i ndication to the control unit of the first operating environment
condition; and a second sensor provided to se I ng

environnment _condition to provide a secon REPibA@EMEbﬁ‘ g@ £k control

unit of the second operating environment conditiform—wrerern—thej contr ol

unit selects Ewﬂ“mrum'umﬁm on the firs agg @ﬁf?@%c ppkr at i ng
envi ronnent ¢ storage @®vice @si|r 2 i | Bi m 20,
wherein the first® sénsdr s an accel eroneter foldetect an_amiinf of shock

or vibration in which the storage device is operating and the spcond sensor
is a pressure sensor to detect an atnospheri c t he storage .

devi ce isjppe Ioh ggf fgﬁw claim 15, wherein
t he st oragie) rré Fum .S SZ%artlé(?e Itf)tﬁmi &g%sl (#aw ng a uni quely

assi gned zonegdk (ﬁ/ﬂh‘l a fromthe storage nediumat a
gi ven di scret e v&\gfggl ty',é tﬁéz)étﬁga?@ggﬁ% gfl ned by radii determ ned _

according ! 0 Gro@GAfE! e MiCHHORS B Othe Weinibuititnfll % diRitfon® WRHEAThY Aehied

constant ratio of radii between adjacent zones. comput
I ncor por amoveméme storage device of claim15. 24. A conputer as recited in
claim 23, further conprising a user input device for inputting data

12. A method as recited in claim 9, further comprising the steps of:

sensing temperature of the storage device; and

producing the indication .of the environmental condition using the sensed
temperature. |
13. A methéd as recited in claim 9, wherein the receiving step comprising the step of
receiving input from a user indicative of an operating envi:on{nent in which the disk
drive is operating. |
14. A method as recited in claim 9, further comprising'tﬁe step of:

dividing the storage mediuni into multiple zones of track locations, each Zone
having a uniquely assigned zone bit frequency for readinghdata from the storage medium
at a given rotational velocity, the zones being defined by radii determined according to a
geometric progression which maintains a substantially constant ration of radii between
adjacent zones.
15. A storage device, comprising: .

~ a rotating storage medium; and ' % - ‘-

a control unit provided to control an operétional velocity of the storage hedim at
whxch data can be read from and written to the sibragd medium, the control unit |
selecting among a plurality of operational velocitiés an operational velocity based on an
operating environment in which the storage device is operating. |
16. A storage device as recited in clﬁm 15, further comprising a sensor mounted in the
storage deviée to sense the operating environment in which. the storage device is
operating and to provide an indication to the control unit of the sensed operating

environment.
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i ndicative of the operating environnment in whi ¢
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17. A sworage device as recited in claim 16, wherein the sensor comprises an
accelerometer to detect an amount of shock or vibration in which the storage device is .
cperating,' and wherein the control unit changes a rotational velocity of the storage
medium to one of the operational velocities when the amount of shock or vibration
reaches a predefined threshold.
18. A storage device as recited in claim 16, wherein the sensor comprises a
temperature sensor to deteci a temperature in which the storage device is operating, and
wherein the control unit changes a rotational velocity of the storage medium to one of
the operational velocities when the temperature reaches a predefined threshold.
19. A storage device as recited in claim 16, wherein the sensor comprises a pressure-
sensar to dé.tect an atmospheric pressure in which the storage device is operating, and
wherein the control unit changes a rotational velocity of the storage medium to one of
the operational velocities when the a_tmdsphe’ric pressure reaches a set threshold.
20. A storage device as re_cited in claim 15, further cdmprising: . |

a first sensor provided to sense a first operating environment condition to provide a
first indication to the control unit of the first operating environment condition; and

a second sensor provided to semse a second operating environment condition to
provide a second indication to the control. unit of the second operating environment
condition, wherein the control unit selects a velocity based on the first and second
operating environment conditions.
2l. A storage device as recited in claim 20, wherein the first sensor is an
accelerometer to detect an amount of shock or vibration in which the storage device is
operating and the second sensor is a pressure sensor to detect an atmospheric pressure in .
which the storage device is operating. | _
22. A storage device as recited in claim 15, wherein the storage medium is banded into
multiple zones each having a uxﬁquely assigned zone bit f;equencyl for réading data from

the storage medium at a given discrete velocity, the zones being defined by radii
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determined a:;cording to a geometric progression which maintains a substantially constant
ratio of radii between adjacent zones. | |
23. A computer incorporating the storage device of claim 15.
24. A computer as recited in claim 23, further comprising a user inpui device for
inputting data indicative of the operating 'environmer}t in which the storage device is
operating. | | |
25. A memory storage device, comprising:
| a storage medium for storing data;
a motor connected to the storage medium to selectively rotate the storage medium
at a plurality of discrete operational velocities; |
a transducer mounted to access the storage medium at each of the plurality of
discrete velocities: - |
a control unit, coupled to receive an environment signal indicative of an

environment in which the memory storage device is operating, the control unit providing

~ a control signal to the motor indicative of one of the plurality of discrete operational

velocities based on the environment signal; and
a data channel coupled to the transducer, the data channel configured to read and
write data at a number of different frequencies, each of the different frequencies

corresponding to a respective one of the discrete operational velocities.
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