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Background Art
One of the key components of some electrical devices
is a place to store and read data. For example, compact disk
15 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

20 a disk drive which is also called a direct access storage
device.

Although this invention is not limited to a direct
access storage device one will be described by way of example.
A disk drive or direct access storage device includes several
25 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
30 touch each other.
The surface of each disk is uniform in appearance.
However, in actuality, each of the surfaces is divided into
portions where data is stored. There are a number of tracks
situated in concentric circles like rings on a tree. Each
35 track in a disk drive is further subdivided into a number of
sectors which is essentially Jjust one section of the
circumferential track.
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the data to be stored In some applications, the ngte eleéan
is the same as the read element. Other applications use a
separate write element and a separate read element.

To retrieve data stored on a magnetic disk, a read

15 element located, in close proximity to the write element, is
flown over the disk. The magnetized portions of the disk
provide a signal from the read element. By looking at output
from the read element, the data can be reconstructed@ and then
used by the computer system.

20 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 top and
the bottom surface of each disk in the stack of disks has its

25 own read element and write element. This would be comparable
to having a stereo that could play both sides of a record at
once. Each side would have a stylus which played the
particular side of the recorad.

Disk drives also have something that compares to the

30 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

35 of each disk supported in a structure that looks like a comb.
Sometimes the structure is called an E-block. Like a tone arm,
the actuator arms rotate so that the read element and write
element attached to the actuator arm can be moved to locations
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data at one of several
device having rotat:mq 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

15 devices which have different types of media or read and write
elements.

The use of direct access storage devices (DASD), such
as magnetic disk drives, in portable computers has increased
significantly over the past several years. Such computers

20 typically have a portable battery pack which provides power to
the various components of the computer when the computer is
used away from a power outlet. It is important that the
battery pack used to supply power to the portable computer be
compact and light weight. However, as the portable computers

25 are increasingly used in locations where an external power
source is unavailable, for example, traveling on an airplane,
it is also increasingly important that the portable computers
operate for significant periods of time between recharging of
the battery pack.

30 The desire to achieve a compact and light weight
design often competes with a desire for longer usage time of
the computer between charging the battery pack. In order to
increase operating time at the portable computer, various steps
have been taken to reduce the power consumption of components

35 used in the computer. Moreover, increased efforts have also
been made to reduce power consumption of desk-top computers in
order to more generally conserve energy resources. The
Environmental Protection Agency now provides for power saving

-3-



| ocations. The read elenent is used to detect the magnetized 5 pattern
on one of the tracks of a disk. For exanple, the needed data nay be stored
on two different tracks on one particular disk, so to read the magnetic
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the spindle speed of the disk drive be reduced or stopped when

15 the disk drive is not being used by the portable computer. In
a typical approach, a normal operating spindie velocity is used
by the disk drive during read and write operations to the disk.
When the power saving mode is initiated, for example, when the
disk drive is not accessed over a predetermined period of time,

20 the spindle velocity of the disk is reduced or stopped to
conserve power. When an access operation to the disk drive is
initiated, the spindle speed is increased until the disk is
rotated at the normal operating velocity prior to beginning the
read or write operation. In other words, the power saving mode

25 is disengaged prior to the commencement of read and write
operations.

Another increasingly important reguirement of storage
devices, including those used in portable computers, is that
the devices have a high storage capacity. In order to conserve

30 power and provide a light weight compact design, it is also
desirable that the disks used in the drives be as small as
possible. By using smaller disks, power is saved by reducing
the size of the disk which the spindle motor must rotate. The
increasing demand for high storage capacity while using smaller

35 disks present competing interests to the disk drive developer.

One technique used to increase the storage capacity
of a rotating disk is zone bit recording {ZBR). The principle
behind ZBR is that at a constant spindle velocity, the linear
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write frequency could be selected as a functlon of the radial

position of the head such that the maximum linear density of
transitions used (e.g., data) at the outer diameter of the disk
15 is the same as the density at the inner diameter of the disk.
In such a system, the linear density of the data recorded on
the disk is constant and equal to the maximum linear density
limit regardless of the radial position on the disk at which
the data is recorded. In practice, to achieve near optimum
20 storage capacity, it is not necessary to change the density for
each track location. Rather, the disk may be divided into a
number of concentric zones made up of a band of adjacent track
locations. Each zone has an associated frequency at which data
is written to and read from the disk. The zone frequency is
25 typically selected for each zone such that the linear density
of data at the innermost track of each zone is constant and
equal to the maximum linear density limit. In this manner, the
overall storage capacity of the disk can be significantly

increased.

30 The object of the present invention is to reduce the
power consumption of disk drives for use with computers,
especially portable computers powered by a battery pack.

Digclosure of Invention

35 Generally, the present invention solves this object
by providing an improved low power direct access storage device
and method. In one particular embodiment, the present
invention is implemented in the form of a memory storage device
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i nner disk velocity, performing access operations to the plurality
of concentric zones while rotating the disk at the first disk
velocity, rotating the disk at a second disk velocity and

15 performing access operations to the plurality of concentric
zones while rotating the disk at the second disk velocity.

The invention may be advantageously implemented in
a portable computer. The disk drive provides added value to
the portable computer because it provides decreased power

20 consumption.

The above disclosure 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

25 which follow.

Brief Description of Drawings
The invention may be more completely understood in
consideration of the following detailed description of various
30 embodiments of the invention in connection with the
accompanying drawings, in which:
Fig. 1 illustrates a disk surface having a number of
recording zones;
Fig. 2 depicts a block diagram which exemplifies an
35 embodiment of the present invention;
Fig. 3 depicts a more detailed block diagram
exemplifying an embodiment of the present invention;
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15 Figs. 8A and 8B, respectively, are tables depicting
the geometrically and arithmetically located zone radii, flying
height, power requirements and frequency as a function of
varying spindle speed for a 2.5" disk drive; and

Fig. 9 illustrates another embodiment of the

20 invention.

While the invention is amenable to various
modifications and alterative forms, specifics thereof have been
shown by way of example in the drawings and will be described
in detail. It should be understood, however, that the

25 intention is not to 1limit the invention to the particular
embodiments described. On the contrary, the intention is to
cover all modifications, eguivalents, and alternatives falling
within the spirit and scope of the invention as defined by the
appended claims.

30
Best Mode for Carrying Out the Invention

The present invention provides an improved power
saving mode for use in a storage device which is well suited
for use in a multiple frequency zone (i.e., ZBR) drives. More

35 particularly, the present invention provides an improved power

savings mode of operation for a memory storage device, by
allowing the storage device to be accessed while in the power
savings mode. As described more fully below, when conservation
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by providing an inproved | ow power direct access storage device and net hod.
In one particular enbodinent, the present invention is inplenmented in the
formof a nenory storage device -5- WO 97/ 37349

PCT/ US97/ 05091 whi ch includes a disk having N concentric zones, N being an
i nteger gr eXP&MBMhn 1, provided around a surface of the FRCHUSITRON s
stored in each zone such that a linear density of data at an inner track
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consunption. The above disclosure_of the present invention is not
In Figures 1-3, various components of a disk drive
are shown for the purpose of illustrating various features of
the present invention. A diagram illustrating a disk surface
using multiple frequency recording zones (i.e., ZBR) is
15 illustrated in Figure 1. In Figure 1, a 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 Z, at the outer
diameter of the disk to zone %, at the inner diameter of the
disk. The zones 101 may be defined by the inner radii 102 of
20 the zones. The radius R; corresponds to the inner radius of
zone Z;. The radius 103 of the disk defines an outer diameter
Rop of the disk.
The disk 100 is rotated by a spindle motor at a
velocity @; in the direction of arrow 104. As described more
25 fully below, the disk may be rotated at two or more discrete
velocities ;. The particular velocity «; used can be
determined on the basis of the operating mode in which the disk
drive is being used.
As described more fully below, data may be written
30 to the each of the zones at different write frequencies while
the disk 1is rotated at a constant velocity, as is
conventionally know in ZBR drives, such that all write
operations are carried out at the same spindle velocity with
a write frequency selected according to the zone.
35 Alternatively, data may be written to the disks at different
spindle speeds. When different spindle speeds are used for
write operations the write freguency for a particular zone is
selected such that the linear density for data written to the
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and spindl e Aehel aBiP&aliebods ltumclsﬁeaardﬁ ttb:ﬁneﬂ_ihmé)_nmmsiamsﬁnﬁem_ to ia
geonetric praogression, . raje e p r ona
power and hegg gﬁ??ggwﬁg?ghtE%%,%#?%egén?hg%énégéég%fgﬁ'v% 00|q$%§w¢§&
tracks parti trapséition® rohbe atgerbi AFe prgrented to the transducer for

10 a given zone varies as the spindle motor speed changes.
Hereinafter, 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" is to represent the rate at which bits of data

i5 are presented to {or written by) the transducer. The zone bit
frequency is a function of both the linear density of the data
in the zone and the rotational speed of the disk ({i.e., the
spindle velocity).

The components of a disk drive used to control the

20 spindle velocity and operating frequency of a data channel are
illustrated in Figure 2 in block diagram form. In Figure 2,
the disk 100 is rotated by a spindle motor 201. The rotational
velocity of the spindle motor 201 is controlled by a motor
controllier 202, The motor controller 202 is provided to rotate

25 the spindle motor 201 and hence the disk 100, at a number of
known, discrete velocities. A transducer 203 is positioned
adjacent the disk 100 to read and/or write information to and
from the surface of the digk 100.

The transducer 203 may be mounted to, for example,

30 a rotary actuator (not shown) to position the transducer over
a desired track 1location. The radial position of the
transducer 203 relative the disk determines which zone of the
disk 100 is being accessed. The transducer 203 is connected
to a variable frequency data channel 204 which may be used to

35 read and write signals from and to the disk at an appropriate
zone bit frequency for a selected zone and disk speed. In a
read operation, for example, the transducer 203 provides a raw
signal of information read from the disk to the data channel
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10 arithnmetic progression; Fig. 7 illustrates a relationship between
fractional power and head flying height at different spindle notor
velocities for tracks partitioned into zones according to a geonetric
progression; 15 Figs. 8A and 8B, respectively, are tables
depicting t WO %BBMRtrically and arithnetical ly |ocated zontCVERMs0% |'ying
hei ght, power requirenents and frequency as a function of varying spindle
sEeed for a245"whlictk @Etitz\&titsarﬁhda GErdin | RISk igh£s agomaragﬁ‘@eﬂfﬂsﬂé of
t he 20 [ i ' t i t] Iy n e Q. Jvarious
modi {1 cat i ons HUSIRY, g%t the #’orerrrxs ,%f’s?%e%’? iseﬁtﬂ%%%?e%avé‘%eegﬁ%ehsﬁ?\d by
way of exanfirem gbendigk didhds aneprihied fiyemisber vaetable daeguency datahoul d
be under st othannoveeerto & F@ﬁocédd_m:ﬁS intefﬂé_@%tidm vhﬁdﬁpbrbeels{baiat thée
i nvention tq.t p ar. [ t esgri bed. the contrary,.the
i nt ent i%n i %1?21%010\%)? gﬁe r?dg{g]?%a | on%jije%& ?/aFgﬁ?‘ge%n'ﬁs:'arI’? eﬁﬁ%\t ?ﬁﬁg
falling witi¥mviehe spirit and scope of the invention as defined by the
appended cl ai ms. 30 BgstcoMtdelf ami€arzos Dﬂs%ghbf@téﬂvw!%Tbﬁrﬂéﬁ§8nt
i nvention prQvides an.ipproved power, sayi node for use.i.n_a.storage
devi ce whi o TeGUSFY gl e‘ggﬁ‘g’%&u\?@“i A% ﬁﬂ?t‘f‘%?%r 52 &&?rzéﬁé'(ia'g’é?,
ZBR) drives comtrel3gnit 22f mengizesya zone moatand shymal 26 andvadesden
i mpr oveafl POWRINETRY| B8gndP AR 70ErORA R bPBcbok iRy MRIFYrFatk0F APE G8YI £6ne DY
all owi ng the storﬁge.dev c$ %No.rgﬁ a%cesggd whi eénﬁ,h% RQuer savings node.
As descri be&OMFEL BLEY2bef O, 1UHER “E5n 58P AP AT Which the transducer
203 is performing an access operation. This information can
be obtained by any of the conventionally known methods for
determining head position. For example, zone information may
15 be obtained from the transducer as it reads servo information
(e.g., Gray code information) from the surface of the disk.
The mode control signal 207 informs the control unit

205 of an operating mode of the disk storage device. For
example, if the disk storage device is operating in a power
20 savings mode, this information is provided to the control unit

205 as the mode control signal 207.

On the basis of the mode control signal 207, the
control unit supplies a motor speed control signal 209 to the
motor controller to cause the spindle motor 201 to rotate the

25 disk at the appropriate velocity. The contreol unit also
determines, on the basis of the zone control signal 206 and the
mode control signal 207, the appropriate zone bit frequency for
accessing the disk zones 101. The data rate (zone bit
frequency) is determined on the basis of both the mode control

30 signal 207, which reflects the spindle motor 201 velocity and
the zone control signal 206 which reflects the relative rate
at which the data is written to the disk at the particular
zone. The appropriate zone bit frequency is communicated to
the variable data channel 204 on line 208 from the control unit

35 205.

The processing interface 212 processes information
and provides an interface to the main CPU 211 of the computer
210 using the disk storage device. The operation of this
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is more critical to a user than the access speed to the data on the drive
or when access operations to the storage device are relativel y infrequent,

t he storage q‘@/é_,%qﬁay be operated in power savings node top gﬁ
consunpti on. |l e the invention relates in general to rect access

storage devices such as magnetic and optical disk drives, CD ROMs and the
li ke, the exenpicariyreninadibentreieysavodefirdel the detaiilbe a:ahrﬂle grovedéar
purposes of ildyugtration. The inplenmentation of the described features in

other types of storage devices 10 wi |l be apparent fromthe description.
I'n Figures 1-3, variou® BERPBheME sd’(ﬁ‘f%FeﬂitsE‘e&gPQES‘&?é“%)hMW Piethe
pur pose of iIdyuﬂienatongetmmmstheadpmﬁspnﬁaﬂdﬁmoaemnbelrauﬁﬁmom péwer

diagramil | usgaﬂ)&ig';gn@a@' agy% fg%f%i g%amb%ef fﬁﬂt@%\éns@%dhggr

zones (i
100 hag N zord¥Puto¥higBhshecif iR5 & d&%&ﬁd‘i‘bfoﬁerra?&?slﬁrat-\f%IPOIWGé'aﬂ‘Péﬁs

(not shown) . roktheexzmpae,10dhgrageesnaf’ ba mﬁ?gz[tﬂfer leciipultiee Qiﬂ &d ﬂbg@eagrl
V4 S
may be def | nb i opes fhiohe nbDE 1RhAYS AT BpyBt bofebhStiod 5o R0FS

Rl err] corres‘ﬁ&ﬂﬁ% Phénlq‘ﬁf@ssr 8§0PES P %é’llzfceﬁﬂ"eThélrtﬁa‘ilé§lY98Y0f

t he di sko def inpowan sartingsimpietmiy BeDantohdeicliBly ehbared SJhelDQctivi@ir ated

Db e o e 8o HENGE LW BEily § S 58! LoRAlorY (211 %

di screte battery power level is below a threshold It is noted that
monitoring activity level of the disk drive can be accomplished
using the technigues generally known in the art. However, in

15 conventional power saving disk drive devices, data is not
written to or read from the disk while the speed of the spindle
motor is reduced. Thus, in addition to determining when a
power savings mode should be initiated the system must also
know when to exit the power savings mode. In contrast to the

20 conventional power savings approach which automatically exits
the power savings mode when any access is made to the disk
drive, in accordance with an aspect of the invention a more
sophisticated mechanism is employed to determine when the power
savings mode should be initiated and terminated.

25 In certain environments, it may be desirable to
operate the disk drive in a low power mode only for read
operations and resume full speed when a disk write operation
is initiated. Such an approach may be used where it is desired
to write data only at the higher spindle speed. For example,

30 as the spindle speed is slowed, the time between servo sectors
is increased, thereby decreasing the sampling rate of servo
information. A lower sampling rate may result in lower servo
stability increasing track mis-registration (TMR). Typically,
a higher TMR is acceptable for read operations than for write

35 operations. Thus, for certain configurations, it may be
desirable to increase the speed for write operations in order
to decrease TMR. Reduced power consumption may still be
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velocities Werr]. The particular velocity Werr] used can be

determ ned on the basis of the operating node in which the disk drive is
bei ng used. As described nore fully below, data may be witten 30 to the
each of the zones at different wite frequencies while the disk is rotated
at a const MPNEP®ity, as is conventionally know i n ZBR ®CIESET0seUch t hat
all wite operations are carrled out at the same spindle velocity with a

wite freqpgagyzea SRS ¢4 a lngxfsf el 8f 4 hﬁskzg.?eve:géh %er 53l vely,

data may be_written to the dISkS at erent spin spe
di fferent spPRAI PIHERD arfé’ru§¥8rYo'1’r’v\}‘? {WPEFFEAL ons the wite frequency
for a particul ar zonelf yritkesperhtsions ahattd be tanebed datsohyy fad tdet a

witten to hgneS SIRA9 3
PCT/ USQ7/ 050{?'| nnserrun%ﬂ%a?:{ﬁ o, 18, mecessary to resume full speed

and suBst anPTPY y %q%t%lﬁeanﬁ%ﬂﬁﬁﬁpﬁﬁ%ﬁ%omeﬁ%lﬁgﬁ 1digk. | Gf Wéte
particul ar D¥SEss Pgieratdpnal so e ddatt dremirianali, Sk 8imb1® fodd@dse of

spi ndl e vel pg ﬁrhﬁ’?g fu-Jr.liu.% eé@eoﬂ' Engéﬁé‘t{@ﬁ % h?ftj-d; c%hazlaﬁ:l%%agt?yt he

the rate at which present tot e rea varies
speed of th%r%‘?}?‘?f’dlségﬁ'ﬁbe ng Q‘P’réﬁ}'géé"mﬂs ot ﬁéFeKBPEIEVGl-YIe infoamatieni ch
data bits, temesentskhytd rtamsmsnnmaynbéhsaﬁe@nﬁi a w&m&%&@nh@ﬂm&? t he

ansgicel Sain 1 5 oSS b S G0 508y PG e

changes. Herel na e rate at
upon initiation of a write operatlon. The data in the RAM 213

may then be transferred to the disk at a later point in time,
when the normal operating speed of the spindle motor is
resumed. Some form of data hierarchy, such as that used by

15 cache memory schemes, may be used to determine whether the data
on the disk or in the RAM should be used for read operations.

The above described temporary storage of data to be
written to the disk may be advantageous in a system where a
user manually selects a- power saving mode and where write

20 operations are not to be carried out at slower spindle speeds.
In this mode, the spindle motor may be generally operated at
a lower spindle velocity. Periodically, the spindle motor
velocity could then be increased to the normal operating speed,
at which time the data is transferred from the RAM 213 to the

25 disk. After the data is written to the disk the reduced
spindle speed may be resumed. It is noted that instead of the
RAM 213, any other type of temporary storage may be used. For
example, a temporary memory may incorporated directly into the
disk storage device to serve this function.

30 In another alternative embodiment, the power savings
mode may be invoked and maintained when the average number of
disk access operations, including read and/or write operations,
occurring during a predetermined time period fall below a set
threshold. A give spindle speed may be selected which

35 corresponds to a particular activity level.

A more detailed circuit diagram exemplifying various
components which may be used to implement a low-power disk
storage device is illustrated in Figure 3. In Figure 3, a
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transducer at a given spindle velocity will be referred to as the "zone bit
‘frequency”. Thus, as used herein, the term"zone bit frequency" is to
represent the rate at which bits of data 15 are presented to (or witten

by) the trangducer. The zone bit frequency is a function o

I?/)near densi W%?F’?‘ﬁe data in the zong and the rotational s%%@%’g’f’gopﬁe di sk
(i.e., the spindle velocity). The conponents of a disk drive used to
control the ZAfkcordmigndkbadvi Idist poabhdioped aic krgalir &ndenciteofinfodméaion ]
channel are i tr IR i | | agr-gm.f.o N, Fl : t he
di sk 100 is réo!tdaﬁealé’%tq?/:%atga hg?}gg&%t%? (gjo%kzllﬁi rg}?:atliso?\lg}te\l?efgélg%ﬁ% et he
spi ndl e not oro™Y & $18gAer 8E sk dihyt HuRbratedont higwre o2 muRhdPhBt é%SKS
control | er 2CG&hd hepdeymdedbéoused at ar2actuatbe s@sembley BUdQr ingluahdghence

t he di skz 100, at_ . a e k di,scr Nelociti r c 203
I's posi t?onedv%];ﬁ:g%%gnﬁégféfsg%%gé’tol;:r&in‘glt ékr%dgé&\g/vr??gei? orfr}ng%ing{% and
fromthe surfE& e R L inge sdifcer ®0spiRGADHMORRMNL t®s for
exanpl e,OI 30 providdarys asdtaieortHenMisk @Ay, t oripessphindnd hﬁ;ﬁdﬁmcﬁé
over a desire ' radi pRsSLti.oNn

t ransducer 20 nrte oeaigi ilé\?eg ﬁagggggglae?%-qu%or}é%g |20h gg’ﬁeé%]fndtlﬁeeca%lggoﬁb%ri S

bei ng accessetl2 Ta¥ e HRismentedvikh @ophacedpakedaloapi iiile spehuehay
data chamnel g speed wEY fige UsPEndDe Shotor’ 6Ad amsy Wbkt ecsiiiahied neyn and

0 sk speed. iPEAREY S0 AT ChlcdlMEOEN" il ot i EBT e Res

raw si gnal ofCOMHIXe1ARE dh2r edid fiSoRPERR Whadk the varviens gomtamicklenents

illustrated in Figure 3, while shown as discrete blocks may be

implemented on a microprocessor using microcode. Moreover, a

15 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 or as
discrete circuits.

20 An adaptive actuator controller 315 is provided to

control the actuator 314. The actuator controller 315 uses a

set 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. It should be noted that

25 the various coefficients used in a storage device will

typically be tuned for the particular storage device at final

test stages of the manufacturing process. The disk velocity

is changed under control of the frequency control signal f (i)

from one discrete velocity to another. As the disk velocity

30 is changed, the actuator controller 315 loads a new set of a

coefficients corresponding to the new disk velocity. The

different coefficients are required because of the change in

sampling rate of servo information formed by transducer 313 and

servo patterns written on equispaced and radial sectors on the

35 disk and decoded by demodulator 317 to produce a position error

signal (PES). The coefficients are used to adjust the dynamic

operation of the adaptive actuator controller 315 thereby

optimizing actuator access and tracking performance. The
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extracts data fromthe signal at the appropriate frequency for the given
zone and spindle speed. The data read fromthe disk 100 is supplied from

the variabl e frequency data channel 204 to a processing interface 212 which
processes tW@I®7M49 signal for use by the CPU 211 of a conﬁ&?&sg'ﬁ‘?f’?’rg t he

I ve. A control unit 205 is connected to the variable frequency data

di sk dri
channel

20

zone contro

process

i ng ??ﬁde

PCT/ US97/ 05091 204 whi ch

e Y GYRER0Isehsed2 folN@ ezl dntyBit t30kekBCRhkeS a

?’F&c@léﬁedﬁ‘éeggﬁ%@ ESHPFSFont"’b‘ﬁ%IISC‘E%ngl ﬁ‘é.oza{ etg‘né[ tD@rfg's}‘one at

v\/n:c ch the t3zhsiducdowed3dpwnpefénreramplan abecssmppinate¢bHriherposition
In ornatlon

determ

obt ai néd fr

ni ng ea

d
¥ thife ftaP&ﬁ§ REinal; spee

ke 4R @l Mfih e %%w%fr £hSn GRS Hred aakkya kpowwn rrtahveds for
position. For. ex amFQj zone, i nf.or mat

dgh%@rwtllﬁieo?ﬁk\ Nl (Ce"”g‘mléﬁéy code

i nf or mati onj1% rmust Hee siyrfardeadfiyt ecdnfkguiitd twdeoromitdl tdiegmaiop2d7

i nforns
devi ce.

t he

F%r exa

Iléry t}p%o'lr?hg é‘il% Al #d8a0f the disk storage

starage device is oper
20 savi ngs node, Il’ﬁf§rF‘PrF69PraFPBH ito ghﬁﬁ TR HeP ¢ ‘Frnggm%ll %Eras
the node copasses sihgoagh2s imuliniplexeradke. of Thhaultdplesat r320 siedesits207,
][ re(r)l 3 Ujdad® uEE‘hinesvfrirHHsor nenasd f&ﬁédﬂw%l&naEOEPQSLS&xd NRor

t he cgp

contr

0 cause [

appr opri at et HRLg disk 'Pr\’éféﬁﬁ?

e spind tor 201 to r I 25 t th
"SPRnK: pig| BEAGTLE Ao, ithEindes of

the zone copj! olrhel guontipDékean320hes coupled to the arm electronics (AE)

15

20

25

30

35

module 321, The arm electronics module 321 is coupled to
buffer 325 to receive data to be written 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 portable 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 zone in
which the data is to be written. Thus, the buffer is provided
with a control signal f(i,k) which is dependent upon the disk
velocity denoted by "i* and the zone denoted by the letter "k”.
In other words, write data enters the buffer at constant speed
and is output at a variable speed dependent upon disk velocity
and zone information.

In a read operation, using head 313, for example,
data is read and passed to the multiplexer 320, amplified by
the AE module 321 and then provided to a digital equalizer 322.
The adaptive digital eqgualizer (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
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node control signal 207, the appropriate zone bit frequency for accessing
‘the di sk zones 101. The data rate (zone bit frequency) is determ ned on
t he basis of both t he node control 30 signal 207, which reflects the
spi ndl e not q ?%b3§HOCIty and the zone control S|gnal 206 165881 ect s
the relative ? at which the data is witten to the disk at the
particul ar zone. The appropriate zone bit frequency is comuni cated to the
vari abl e dat aocharom(32304coneteine 208etr ofn ddef fiaritentls gorte8dondimp3 .o The

processi ng i pLer ﬁ‘ﬁ’i‘d asef i | B¥bdESoR Ny ﬁrerglﬁece to
the main CPU %E : tfhee%%gr?&cher ﬁ1 Qu‘g%i@})t ?\Hgﬁ;:lgepgt }élreaige lae l|ice The

oper ati on of Fﬁ?slslﬁead igrespapsg oto the control signa
PCT/ US97/ 0508detficientsy awey drecaidelateddvaleas t twe k:letmédactcemqﬂmze

provi ded bel @ ép&i—'ﬂlﬂn e thef gigggaﬂeg&\m% be used by the system
to determnet e appr 5 | at e node_ of S&{atl savi ngs npde

may be entered, for |Qutout PEsER® qltfa\}s&q‘ﬁaﬁﬁﬁﬁrvﬁ?%hl%p%‘fﬂ‘ﬂd&d a
desire to opebatlaei ﬂeaed:msr B2der mhee defectexadpd eist dksasprovicdedevitdi ng

the computer (8 cdiib:n! HabARe 1 LOfK) YRS CobOliuhad | Rt PEYBEADS U | On

IS nore |rrportant than accesSs speed t di’s Ive. ternatlv
a power savi AgkeRbien rﬂ%ﬁrﬁélaﬁt‘gﬁéﬁ%gﬂﬁc%‘h’f Qte ihgreas it ofy he 5'11?’?1"{44@ d| sk
drive fial | s bpkaw anfiathecphatidculashaink dironf whictbaibeerdatpowars |mase.
bel ow a thr e%nglcﬁieteégori §zﬂoﬁggeétr?hata 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
15 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 at which write data is received by buffer 325 from
the host system interface 340.
20 A demodulator 317 is also shown receiving the output
from the arm electronics module 321. The demodulator 317
extracts servo information from a signal read by the head 313
from equispaced and radial servo patterns written on the disk
surface. From the servo information the position error signal
25 (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 operation is provided in United
States patents: 5,285,327 entitled "Application for Controlling
Reading and Writing in a Disk Drive", issued February 8, 1994;
30 5,440,474 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.
The control signals f(i) and £(i,k) are generated by
35 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
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monitoring activity |level of the disk drive can be acconplished using
technlques generally known in the art. However, in 15 conventi onal

saving di sk drive devices, data is not witten to or read fromthe dis
whil e the speed of the splndle notor is reduced. Thus, in addition to
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the drive is ready to perform access operations.

The disk drive controller 335 also receives a control
mode signal 336 indicative of a desired operating fregquency for
the drive. This control mode signal 336 will indicate, for
example, whether the disk drive should be operated at a lower
spindle speed to conserve power. The control mode signal 336
may be used to control, for example, a variable 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 control mode signal 336 is determined on the basis
of a mode of operation which in which the disk drive is to be
operated.

By way of example, the internal variable frequency
oscillator may be controlled to a desired frequency on the
basis of the type of the operations that are being called for
by the host or the activity level of such operations. If, for
example, there is high activity in the disk drive, the activity
monitor 330 may instruct the disk drive contrcoller 335 via
control mode signal 336 to operate at full speed. Certain
types of operations, such as interactive operations, may also
be recognized by the activity monitor as needing to operate at
full speed. Further, a manual power savings mode selection
entered by the user into the host system may be passed to the
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‘'since in a typical use of a disk drive there are 5-10 read operations for
every wite operation. If wite operations are to be carried out only at

t he hi gher spindl e speeds, it is necessary to resune full ggﬂg prior
to initiatinsv & e operation to the disk. If wite acce ope'u Plons to

the disk are mninmal, a sinple process of resumng full speed on the
i.nitiation ofackivitie m@pdraii.on IRY respdnee Jiagnthée c polvepovsrivisas nusde

Al ternati vel %ele@%ggﬁa&éﬁ%&&ﬁ% ran%érgngghgltﬁ% fl.%kbféaﬁlae&%&saefd lgEy t he

t enporary meno ccess use
conput er, up@ﬁ’li“ﬁﬂ?l 8PesR Of Fhfy iYskoptriaie OFF‘?%% &5 ntliﬁ’]eaw
t hen betranafeerreuedtothe disk at a later point in tine, when the nornal

operating speed of the ﬁgl le;gv{%oﬁlohfttr) SYapd S%’}ﬁclfu%re | 918{81—%1

hi erarchy, such as tha e menor used to
det er mi ne whé&dmer Pﬁéddét’a‘“%lf»% LRIy ikeveds wAVhiRoR| Ie\éel%%%ﬁ"#b-r

read- operati anhe aEth&b?VﬂoﬁlE&Qﬂ‘ | 3300 defMaQisar Yonliebegeodf rédada weite or

witten to t%(%h(ll sg%?rrgy d{%%%&l}%g%&g%%greﬁu ggtg}anally

sel ects a- power operatlons ré no 0 be
carried out &aetsrmipe @rﬁﬁwbﬁéeém&@e ahsenge ofplbe Mand toFeddPRe Rt BMmsmay

be gglne:rcal Iy f%ﬂelraafqure&t p%rh.@&lebfsgh.ﬁ_d| enyel erkt ypmdP@rs@é&d:aéﬁdma hee
D kR s g 5ol i "EDFRS R bt ok TPl PERS G,
di sk. Aftemlﬁheuéatb@|$Pammfﬂ?éna@€ﬂYiﬁ¥(ﬁh@kcphérﬁbdmukﬂsgphﬁdlé3§pmﬁd may
be resuned. igreferapigdifdatudneheadiek dhev&AMRED1128Y395hes sVee @ie
Loy ot PR SR a"RnSe Y Gucleh€RBE S 6 IR V1l ¥houta
15 be apprec1ated that the spindle speed c¢can not be
instantaneously changed. Moreover, while changing the speed
of the spindle from one value to another read and write
operations cannot be carried out. Thus, if the disk drive is
in the process of changing spindle motor speed, the disk drive
20 controller provides a short *busy" signal along line 341 to the
host system interface to place the system in a wait state until
the desired spindle velocity is achieved.
In order to eliminate or reduce the waiting time
while changing spindle speed, the host system may provide an
25 indication to the disk drive controller when high disk drive
activity is anticipated for future operations. In response to
such an indication, the spindle speed may be increased prior
to initiation of the high activity disk drive access
operations. Information used by the activity monitor 330 is
30 stored in the ROM 331 which may include a look-up table (LUT).
The look-up table can be referred to determine whether a
particular type of activity typically requires very high, high,
medium high, average, etc, disk drive activity. For example,
operations such as search operations of large dJdatabases,
35 operations heavily using graphic images, video games, and the
like, typically all require high disk drive activity.
Initiation of interactive operations, for example, a “spell
check" operations may also indicate a high activity level. The
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di sk storage device to serve this function. 30 I n anot her

al ternative enbodi ment, the power savings node may be invoked and .

mai nt ai ned when the average nunber of disk access operations, including
read and/or _write operations, occurring during a predeternined time period
fall bel ow ¥9%8F™hreshold. A give spindle speed may be BEIE®rAWIWhi ch 35
corresponds to a particular activity level. A nore detailed CIrCUIt di agr am

eXGnD'|fy|ngoﬁﬁﬂhﬁuﬁaﬁﬂgﬂﬂﬂﬁnéfsdwﬁﬁgh J“ﬁ%§¥?%ﬂtggeggkfﬂgn£5 OGP OVer

din ure ure WO
g;f{;’?gzgraggsgg&ggeé w1th USt;{aai:[teicullar 1 vel of Faggl(gggy/ 05@13@ i@@mxﬂmg

Head 313 i smppéteroAdd meyr eddscanihainidee sonfeorfoatni O5f f & DERBELLd OmdritSry

f f 3 ;840 Sj.Rg K is
V1 ust Ea?ed“%‘ﬁ‘f‘é. %ﬁ?e"*‘,’és"@m@é’ Ay Tekete SbEDRELILEY Jfet Miat or

assembPy 31%,“F% BEPﬁédéng add} %%S}?Xm%?ty @va\anlm@tpmammzo nove
t he head 318avihasimmde.o the rotating disk 310. A spindle notor 311 is

provided o rotate Ligdli3i0y pdlisPiad S108 oL bd 3 gopbrplled, by o

spindle controller 312. The spi roll er
apphase | ockBf Ilaﬁit(ﬁlﬁt%cﬁrt%faf@ 34Phel§9e%tm9th@%plmee it or

311 may be tofiormdtish bedngl vead Edoneqpenwyicpsh'r @b aﬂ?{lgjblgﬁl) gt he
A T i e ke i T e
on a nicrop?d ce‘s‘gtﬁratﬁ’é:lll’f nF¥PeRoRE Apfespation, may requlre faster
response times for access operations. This type indicator may
be used to ensure that a satisfactory spindle speed is used for
the type of information being read.
15 The activity monitor 330 may also be provided with
a signal indicating battery power level from the host system
interface 340 where the host system is operating on battery
power. When the battery power level is below a predetermined
set value, the system may be placed into a low power mode until
20 adequate power levels are resumed by for example, hooking up
to a power an AC power source or changing the battery.

As described above, as the spindle speed changes the
read frequency changes for the various zones. This increases
the overall complexity of the system. For example, in the

25 circuit described above, for each discrete spindle velocity the
digital equalizer (filter) 322 must be loaded with filter
configuration data for each zone from ROM 323. The
configuration data is unique for each different zone bit
frequency. Thus, as the number of zones and discrete spindle

30 velocities used by the storage device increase, the number of
different zone bit frequencies alsoc increases. An increase in
the number of different zone bit frequencies is even more
problematic when an analog or hybrid digital/analog data
channel is used. As described more fully below, such a channel

35 must include separate analog front end components such as
resistors and capacitors for each different zone bit frequency
used, increasing significantly the cost and size of the read
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15 nunber of different mcroprocessors may be used, each

‘i npl enmenting one or nore of the described functions. The present
description describes the functional operation of the vari ous el enent s
whet her inpl enented as mcrocode or as discrete circuits.

An adaptive WR¥¥#8r controller 315 is provided to control PFWQS%?@F??Ator
314. The actuator controller 315 uses a set of coefficients stored in a

read-only Weai%yne(lRO\/koevééveiFhenR@&&a@nsmwﬁeﬁrf%rﬁekaaf:oﬁQﬁrs‘u @rafves for
veIOC|t of the d| 310 It should be noted that

each di screter}rot at 3{61
25 the vartoREeaSerPREFeipd %elae Srage device will typically
be tuned for the partilgureiewsodr e mweecgnsmmtxm sittadéss desirrd

manuf act uri Ngh ¥ OQ%S Snunber b ka el ¥edrity do%xecfwtg%éq&@ﬂmagnﬁéeb 9& hhe
frequency control S Jom.one di screte_ vel OCIt 312’5% t he

nal
di sk vePoci t §*&EPIe V&ﬁﬁnqé%lr PRt BEEBPS c FRFGHEP 31%t ex H&w set
of a coeffi cslem@a:mnmbom mgnimizied. nedsddskcyBietimore fullly dieflbws ent

coefficients;angd SGHhr@fk&ﬁfé’%‘éﬁelﬁfcéﬁ}é&H@ﬁgﬁltﬁ' tSRABrbSERE éitr&eﬁftiéﬁr Vo
i nformati on formed by transducer S atterns witte

equi spaced aht aBY aiSPEELE r?a(fﬁlttHBnégg °© d| APt otfRYP b§°ﬁ%ﬁn&ﬁﬁat or
317 to producemmlexidiy iodn ther evsfselgrmay (RESecrenedcoef ficients are used to

adj ust yphe dynam c OpPeidr@ing ta%@ﬁaétﬂ vsnasﬁé@é@fngcq%&abheg ,815

t hereby optim zi ng_act uat or acces and_trackin erf ormance
VO 97/ %7329 hertz g(Hz) . fFor zone §. may determkine ypélit,eugg:!ﬁ

£, = 4;(2nr,0;/60),

15 where d; is the linear density at r; in zone z,, r; is the inner
radius of zone z;, and @; is the discrete j-th disk annular
velocity in revolutions per minute {(RPM). This eguation may
be reduced to

20 fi = 0-1047d1rimj.

and assuming that the maximum linear density for each zone is
constant {(i.e., d; = 4,) for zones of equal width, the eguation

becomes
25
£, = 0.1047d,r,0,.
In accordance with one embodiment of the invention,
a specific allocation of tracks into zones, by selecting the
30 radii for the inner track for each zone is used to minimize the

complexity and cost associated with a read channel. While the
reduced spindle velocity is described for the purposes of
saving power in battery based applications, the specific
partitioning of tracks may be advantageously used in other
35 applications as well. For example, high performance drives may
use different spindle velocities for different applications.
A "lazy tape backup" of a drive may also be carried out at
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position error signal is used for servo control to keep the head 313

al i gned over the correct track location. If the disk 310 is sl owed down,
for exanple, the sanpling of the position error signals will be slower than
when the disk 310 is rotated 5 at the faster nom nal speed. The
adaptive acV@8M¥P¥ontroller 315 nust be dynamically recofCT§EPEWM wor k
with the proper sanpling rate of the position error signal. Information

read from gfeddddd % fda:ltcge il %ﬁs%%seg.ésevﬁe&lar eugh se,sgkunt Rl exes véip The

mul ti pl exer 320 sel ects romvarious respective
cor r espondi%ifd F&rnﬁpllePér'ﬂl%% l'sltﬁfdffé’es‘e( gnl y20R8URRhd 313 is shown in
Figure 3). The nulti gheraecoB@énce witipl &l ¢mbddieneartmod] edier dmiventish)

modul e 321.¢he Tighe¥ r&ﬁé&@tfmlcsdé@fﬁﬁg 32&11 Sz&rPé'pi\Pé’ L@18uidgragea to
recei ve data to be witten the d;%%urln write operation.

Buf f er® 325 I8OMESEFFe PTPLEHTIOR h #+Ht & ffo\‘&‘éc%“ﬁ‘ wWhf cFaddusyy n A8

coupl ed to ddmxiidbed mpseefaliyc bedswl hehis amadwidngf ubandirig araakisathheo
conput er. ' a S fr e S nt ces340 to
Che but for %00 PEOTHEE TroY WERES | RGLLR ALy By S5 Tl S8

per - second)ETeqneRCdgEPREWERR FRRSST &F tﬁebﬁP#Eﬁil%Z?ieloqiﬁé/ d&t é’eﬁE‘céfiec ked
fromthe burrf eged@balp tthe diskewi aadliesari), el @etimiticseavnulmndll asd the

I ti I t
and the yorietetningd akerdils tb HYRBRLLAD ERABEINE il Ralnsdae! ool 1Y
provi ded 2% S“bﬁntﬁﬁtéa%%tws%ﬁfitf?l°’f<)r%10HeF‘§e%ﬁéW@éiﬂ“ubéﬁd§he
di sk vel ocmt:y zdmmt.edxhyoth r amddsherzOme denstidtimytidiciy elguanr th"K, I n

ot her Word g@tﬁs r§ ddifg buffer at constant speed and is output
at a vari a spee& epen upon di sk vel ocity and zone infornation.
The advantages obtained using such an allocation will
15 be apparent from the examples provided below. 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 egual to N+M-1. For
example, a drive having 10 recording zones and operating at 10
20 discrete spindle speeds will require channel capable of
handling 19 (i.e., 10+10-1=19) different zone bit freqguencies.

In contrast, the number of different zome bit
freguencies required for a disk banded according to a simple
arithmetic progression is determined according to the

25 relationship N+ ({ (M*M) -N) /2). In 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 geometric progression
offers significant advantages in terms of reduced channel
30 complexity and cost.

The advantages obtained by partitioning the tracks
into zones according to a geometric progression in comparison
with an arithmetic progression will better understood by the
following discussion in connection with Figures 4-8.

35 Consider a disk having the inner band radii ry;, of
each zone, follow a geometric progression. This may be
expressed as
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30 In a read operation, using head 313, for exanple, data is
. read and passed to the multiplexer 320, anplified by the AE nodul e 321 and
then provided to a digital equalizer 322. The adaptive digital equalizer
(filter) 322 coq%gnsates for anplitude variation in bit freguederecarising,
for exanple t he head 313 and/or the arn1e|ectron|cs nmo e 321
The digital equalizer 322 anplifies all frequencies of the recorded signal s
such that the overall anplifEcatj'dh dforeach=fteguencyni s of the sane
‘anplitude. The digital equalizer 322 is coupled -14- WO 97/ 37349

PCT/ US97/ 05091 to a ROM 323 to receive a set of coefficients corresponding
to the spi ndherepeels (@1iceifdicdenty Fornthe IRFOAFRESLPEm whi ch the data is
read in response to titee cattibobetwepmitwo adj&gent Homecoadiii cfeahd 2L g

precal Iatgg ggﬁyggggc?éﬁyfﬁya Eﬂeopg%gé%ﬁ%ﬁﬁ%ﬂz t he operation of the

dlglta equali zer out put of equal i zer 322 is provided
to the detector 324. The detector 324 is also provided wth the control
signal f(i,k) to optim ze the cloclg;fg.ardxd@t ecti on operation of the
detector on the basis of the spindle 10 speed and the particular zone
from whi ch the data was read. The detector 324 detects data bits in the
signal read 9§|hg the?head?#3. Once the data bits now have been detect ed,
error 1gorrection for seft #£r rdzfsk nﬂyaxkieng Ulalphering@fr | edddus | &, he wird ect or

324. The dal.gogRycilen by Pagsedsl HigehNe Eerop28al2 paddl SMRSGAENt!Y

read fromt syste
determined as follows

1n(rln) = (1'Np) ln(rgp)o
15
which may be rewritten as:

= 1/N(1 - 1In{r;)/ln{ry)).

20 By way of example, consider a 2.5 inch disk divided
into 10 zones (N=10) and having an inner radius r,, of 14 mm,
an outer radius r,, of 29.7 mm. The value of p for a disk having
these dimensions can be calculated as follows:

25 p =1/10(1 - In{14)/1n{29.7)) = 0.022178.

Using this value for p the inner radius of each of
the 10 zones will be determined as the geometric progression:

30 r, = roau-o.ozzzvan .
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 r,., is

35 a constant b providing the relationship:

r! - r,,; = bl
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interface 340 at a frequency which is accepted by the interface. This

frequency, for exanple, may be the sane as the frequency at which wite

data is received by buffer 325 fromthe host systeminterface 340. 20

A denodul ator 317 is also shown receiving the output fromthe arm

el ect roni cs WRAHATMP321. The denodul ator 317 extracts servECTHFYIOMAI on

froma signal read by the head 313 from equi spaced and radi al servo

patterns wright -f:a formation the

posi tion errk%r e@fgﬂ%“}%5cgﬂ( I%larl %e dae:rl vegg&rgglgégp?%w ded to the

actuator controller 315 to control the positioning of the head as descri bed

above. A detailed analysis of the ahowveroper@,ion is provided in United

St at es patents 5, 285, 327 entitled "Application for Controlling Readi ng and

Wit nt% in a Disk Drive", issued Februar%/ 8, 1994; 30 5,440,474 entitled

"Magneti ¢ REE&FHlee%ﬁ%k”W tfPlgguapey © ted Servo Sectors Extendi ng Across

Mul tiple Data Bands", issued August 8, 1995 and 5,210,660 entitled

Sectored Servo Independent of Data lArtht ecture", issued May 11, 1993. The

control signals f (i) and f(i, Ig); arle gepérajed ly, .35 a disk drive

controller 335. The disk dri v&,cent; Gl bee 335 i3p;coupl ed to comunicate

W th tilte host systeminterface 340 as im#ércated by |line 341. The host

systeminterface 340 provi des aWdfessindg Enfprnekbi.on, read/ wite comuands

designating the -15- WO 97/ 37349

PCT/ US97/ 05091 type of o eratlo to be perforned, and the |ike, tgo the disk
Recalling e expression f;’ 0.1047d,r;@; and by

substitution, the following equation for £, may be written:

15
f} = 0-1047 da (ro = ib) 0}.
This equation can also be written as f; = fy-iaf,; where f, =
0.1047 d, r,w; and af,, = 0.1047 d,bw,. Thus, a general equation
20 for the zone bit fregquency can be expressed as

fij = (kﬂ - idk)‘d’

where k, = 0.1047d,r,, and ak = 0.10474,b.
25 When the disk is rotated at full speed (i.e., when
@ = w;, and j = 1), the following relationship can be derived:

fll (ko - ak) @,z
23 (ko - ZAk) 01;
£, {k, -~ 3ak} @,;
30 * N *
fiI {ko - iAk) fd,.

o

i

At a lower speed, when v = @, and j = 2, the freguencies can be
calculated as:

35
f}z = (ko he Ak) 02:
f22 = (kg - ZAk) “2;
.f32 = (ka = Bdk) 02;
* * ¥
40 fiZ = (kg - iAk) 02
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drive controller 335. The address information may include, for exanple, a
head nunber, a cylinder nunber or track nunber as well as a data sector
nunber. The disk drive controller 335 5 may al so conmuni cate i nformation

to the host %égmignt erface 340. For exanmple, the di %gg’t"g%){?é?’ém

controller may communi cate status information to the

interface along line 341. When the disk drive is initially powered up, the
control l er may perfornraperastons iedlepenaeil oofitiyhefhest. rd@d chihhée,
performng s : i t ' i \ve goniro r 5 | nf or he

host system ﬁgé%?g%%%ﬁtehgt% %ggd% dI’IIEZ{/eécIK stl‘rgaﬁtsya an&%l?n? u?énhé e
notify the hdFCRPRCARS| At :f AER NANSsblicealr the Joweresngedovper Fornthtsess -
operations. THee shadr,drixe comtial hﬂgtS%@uallsouJoecfeigv@@ o co]Lj;ttr ojshlgjaso

node .si ghal alel L.ve. of_ a. desire rafi requen or t rive.
Thi s co%’?rol %%% é‘%gi ;t?i’t&t 8% wirt’ is"ﬁ%ll%'aﬁge?aqsort x‘%n@ﬁ‘e, gt)l‘\'ér"tﬁﬁ" di sk
drive shoul d3d\¥)d’perat ed at a | ower spindle speed to conserve power. The

control node signal 33Bofregore iYsed hed ) =olf,, f OwnexBMRbens anmal i @bl e

frequency 20 cillgtor i.n the di,sk drive congrol]er 335. .  The frequency
of this oscill% r%zmay ﬁhen(lgel‘u“g)ed‘b‘?sméf mast er l}eeab@ﬁ%f%tcr&ﬁﬁtﬁlc her

el enents in HifewFiskelr age®; Fdrikexanpll) akie (ks equibsicy] f, t dmd oo | thed or

may be yw ovi ged dpedd@, Phese +ackadnsnep fRlLbe Obxprss s il & angg Lrer
312 to contro}.+t12% Zgl(ﬂdl_eAE; speed. The control node si gr{al S
det ermi ned on2tRé 25485 of X folle of operation which in which the disk
drive is to be operat efhepBpowgy ofaviegml @ssphdatedemidh vaowebingf rdgwency

oscillator mapih@ieospéad lcath be dettamitRé biCaKARHY: Y thResBPnale Fasiey Of
the type of tRgueRehBht Ol3 1L2%kuREE:BS 03 A °dpl08.  this value may

15 empirically be expressed as:
Py = (9, / 0,)%%p,.

where P, is the power dissipated in the spindle at speed @, and
20 P; is the power required to spin the spindle at speed 0.
If we substitute the relationship for @, into this
eguation, the power savings may be expressed as:

Py = [{ky - (3 + 1)ak}/ (k, - ak)}*%°p,.
25
Consider the example described above using a 2.5"
disk having the dimensions r;, = 14 mm and r,, = 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
30 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 dy r, =
16527.47 and ak = 873.67. 1In this case, some of the spindle
velocities, using the arithmetic progression for the inner band
radii, may be determined as:

35
0, = [(k, - 24k)/(k, - 2ak})] o, = 0.9442 @,
0, = [(k, - 34k)/(k, - ak])@, = 0.8884 o,
0, = [(k, - dak)/(k, - akl)w, = 0.8326 @,
0, = [(k, - 54k)/(k, - ak]}w, = 0.7768 @,
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by the host or the activity level of such operations. If, for exanple,
there is high activity in the disk drive, the activity nonitor 330 may

i nstruct the disk drive controller 335 via control node signal 336 to
operate at full speed. Certain 35 types of operations, such as

i nteracti veWsh¥B&¥Pons, may al so be recogni zed by the acti P¢EYSNOHOL or as
needing to operate at full speed. Further, a manual power savi ngs node

sel ection entered by jfhe roi t hos te e passed to the
- 16- WD 97/ 37349 ﬁs = lﬁ%‘; - Eﬁ%ﬁ%ﬂ - “E]J:}sf/:? =ng:n?gg§) z"PCT/ Us97/ 05091

activity nonitor. I'n response to fhe’power ‘sdvi ngs node 'Sel ection the
control node signal 3%kimpyheeabete trela®dBhst, hens Foldberiagessnsdridamsdi sk

330 ey Pt tebs meaF cp8bred the Weipeckic, and prichnerts REVEU 0 o
set i ntervalethpds of selegtipaithe igserneand|radifoef ttdie varipwadzones.te or
Chat | based gn b epeance or L oo apeTtLy 10t s BT 166! tuif 1e
boriod of t ARRVPRABRREN SkablPe IR BrboL L0 BT A bR e ARk I OERE ks o
then the | eAgt Bhat of e disduusdaonthfoarithretsine pirogzesgéonvity the control
T ow Lhe apLpdl 5 chebd Srer e ANber o receate ratle teeaapattg Vertee ' 16
Eeowappr ecrgﬁgdgo?%afnd?’gepoé tlr}r?all 8T JE8E 8 aR® ﬂo?“n%relcﬁ;scférﬁw |y
changed. Moepdndle mhtde sbapdénforha@ongsedanded using the arithmetic
progression and the geometric progression, respectively. fThe
spindle motor speed is varied over ten discrete drive speeds

15 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 $02 in the case of the
geometric progression (Pigure 5).

20 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 5 is
viewed horizontally, it is noted that the zone bit frequencies
line up along a horizontal line. For example, the zone bit

25 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 freguencies indicated
at points 504 and 505 (corresponding to freguencies 1.78 MHz
and 6.90 MHz) are used by more than one zone. It is further

30 noted that the frequencies alsoc align wvertically. This
indicates that as the drive speed is reduced, the zone bit
frequencies are shifted toward the outer diameter (OD} of the

disk.
Referring to Fiqure 8A, the following example
35 illustrates an advantage obtained by using the geometric
progression to allocate track locations to zones. 1In zone

number 2, when the disk is rotated at a nominal speed of 3600
RPM, the zone bit frequency is 6.3999 megabits/sec (MB/sec)
(i.e., 6.399 MHz). If the drive speed is reduced to the next
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of the spindle fromone value to another read and wite operations cannot
-be carried out. Thus, if the disk drive is in the process of changi ng

spi ndl e notor speed, the disk drive 20 controller provides a short
"busy" sign line 341 to the host systeminterface tx‘hﬁ}sgﬂ@so; she
systemin aakb(fa)%% {sltggate until the desired spindle velocity is achieved. In
order to elimnate or reduce the waiting tinme while changi ng spindl e speed,
t he host syslismmene pspeedlieofin 3233 REMAI cepresented hbydilskhedr5%e, the

control | er wéméatg@oqie%ﬂr If\f%qaghhyl E¥ri $opbt ncaeabegaégrmﬁywée As
operations. |In res eto%ﬁc an_in kcatlon t he sglndle
1%t |

i ncreased prilos al gFaPRe KPR LEEAVPRGY gk H??éebﬁc@gé g
oper ati ons. whdrortiet sphndkedsprned wasad6d¥iRBM.noBiimbIaBBY, i she8@one dabaed in

t he 331,\@! hss%ayby% a9 Qtl%%ﬁﬁ lﬁo&r%@df. hgoh80K: U&nt pRig can

be referred determne partlcu ar activity prcally
requi res verMAHigh, tﬁ?gﬁc’n‘?r&ﬁt@mrﬁ §f, %é@"ar@t Ehed‘P‘é‘Re%rer\?é‘ 8F| ofty.
For exanpl e,tlxpeatizk.ondtsktle dsnecmost zpeeAtzams If imrtge datakasased35

operations 1%, @:ﬁ@:%g, BMb £ | FARRNCY) HEh SOHRP by ffle I d Lhnner.
typically all require high drive_activity. In|t|at|on I nteractive
operations, &% eémcémgpéﬁ‘l spiRdle R SRAS -nayftaSbeul Agreyt ke

hi gh atti vi tapgracdlate@hethak/- for WPi0€53H¥MAng N zones and M spindle
Ceoeror by SRR, e 0l OGP B RLLET SR Ml 880
descrlbed by the relatlon G=N+M-1

As illustrated in Figures 4 and 8B, when the
rotational speed is reduced using a disk having zones banded

15 using an arithmetic progression, the number of zome bit
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 wusing the geometric

20 progression.

In addition to handling varying data rates, other
factors must be considered when operating a disk drive at
multiple spindle velocities. For example, the flying heights
of the heads in a drive will decrease as the drive speed is

25 reduced. In conventional power saving techniques, the heads
are moved to a safe zone prior to slowing the disk velocity.
In the present technigue, however, the heads must retain a fly-
height within acceptable read and write operation parameters.

30 The flying height H, forming an air bearing between
the recording head and the disk surface of a disk rotating at
a velocity V may empirically be approximated as:

H = (V/V,)"*H,
35
Where V, is the nominal disk speed, and H, is the
nominal flying height at V,. Referring to the drive spindle
speeds illustrated in Figure 5, and assuming that the fly-

-25-



moni tor 330 may al so include some formof alterable nmenory which can have
val ues representing |levels of activity set by 5 a user, providing
additional flexibility for initiating a power savings node. The activity
nonitor 330 also receives a signal fromthe host systeminterface 340

i ndi cating WYRE™BI® of information being read fromor wi tREHUPHORe dj sk.
For 10 exanpl e, certain types of information such video information or

i nteractivendypes 1of JonhahBREESRs (B RAChECndABL HRYHORSE :}]ﬂﬂiyf-or
access operatjans.  This type |<{]d| cat.or _my, be uged tQ ensur%li| at a

sati sfact or§°¥ %d’ltetbﬁeﬁ%‘g‘f%e SP&EAS AT R PP 310 REMY oh® W F§7r ead.
15 3,097 TRRMacangi 4§ nonfoor 23803 nBPMal sanbehgsoexdmplei t htaasi gnal
ihndicat i ?g Sid ey pteweitﬁvgkt Iz.cwat hﬁPﬁPSEhEYﬁcﬁJMbﬂ%ct?risI@% 34 }Mﬁ%rle the
ost systemis operating,on power . en 't he ery power level is
bel ow pre?fé’tré‘f Hf?&%ef‘sv‘é‘f%‘}f,eg %8 g%/\%toéfm\é\ﬂ% e 3pl6§@eﬂp nt S1OX V&R pover
node until @20 fluieguakdghowereduetébs dse omisunedniny f oSueixaaplsdigheoki ng
up to a povgicAdhAL PR i3QULESIRE LHANAIHIG R PaiLflNced hdRRRl t*iﬁg

above, as the sp _ng(le spéed changes the read frequency changes for
various zorfRRY HESC 3fd"€8ses the overal | conplexity of the system For
exanple, in the 25 Thel fractioesk mdved abdvieead dilydaghhdightetforsphedl e

vel ocipy t 1 o 1l ' | i) 23 . q : e
confi j(j]?,ll‘ at ir%rﬂﬂlg%étﬁc f({;:l g?%gﬁtﬁqur#ea%l%r om %102%359@ ﬁg)h‘}ég%%n%‘ld &rﬁat i on

data is uniftE%e 6 2RA i f FRTRGAC MY -bi (FIAE§Te 8By 20¢n 48 aze tAblRsnber
of zones anteplicicimet ehepzodéerdlii (foel chetimsenmiyadillyfoheesttorzage davi ce

: nerease,. tn;taﬂmmrsqf aBldl E2EGOENnEP " Mdgahle?UYCRSE Eond! bl FiB2868 AN
arithmetic radii progressions, respectively, as a function of
15 varying spindle speed (RPM). The tables alsc list the
fractional flying height (FH) and fractional power (POWER} for
the different spindle speeds. In Figure B8A, representing the
geometric progression, the zone frequencies are identical along
the diagonals of the table. The diagonal relationship of the
20 frequencies illustrates the above-noted advantageous
characteristics of the geometric progression in tabular form.
Figure 9 is similar to Figure 3 with 1like parts
having like reference numerals. In Figure 9, a tunable analog
equalizer 922 is incorporated into the read channel of the disk
25 drive. The tunable analog egualizer 922 may consist of
operational amplifiers with tunable RC networks having
capacitors and banks of selectable resistor 923 which are used
to change the coefficients of the analog equalizer 922. The
resistor bank 923 includes a number of resistors‘that can be
30 switched in parallel or series to make up different resistor
values used by the analog equalizer 922. The different
resistor values correspond to the coefficients needed by the
analog equalizer 922 as the spindle speed is changed. Thus,
different resistor values are used depending upon the spindle
35 velocity and zone information provided to the resistor bank by
the control signal f(i, k).
The embodiment depicted in Figure 9 is useful when
very high operating frequencies are used in the disk drive.
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the nunber of different zone bit frequencies is even nore problematic when
an anal og or hybrid digital/anal og data channel is used. As described nore

fully bel ow, such a channel 35 nmust include separate analog front end
conponents s esi stors and capacitors for each differ

frequency us&g&ﬂﬁ:ﬁg{seasi ng significantly the cost and size i’?d‘{“ﬁ%??e’id - 18-
WD 97/ 37349 PCT/ US97/ 05091 channel .

Mor eover, incaetbat aivmbkeves oiap bpetate ditskedbriesg tsrieﬂmeﬁledq@&e@femy
not  be ava"g@ ehradt Slcdherby ARG CRRSLUS HANS ahbabg fE2al St A

t he nunber erent enci es use Vi ce
per f or mi ng &€B¥§§Sb‘ﬁ%r ﬁﬁF%ﬂkt%tbﬂ?‘P‘f‘%‘? eRBiED ﬁHP@%b‘é%ds H@ rﬁrr*ﬁem 8. As
descri bed noredhakl gobel ovhei reddschamiedi B89 VBE iimp NeBONEL thHihgMmdrd he

present of NveBL 9! DA Meriec! o bl il BeeaLe O] LARCKE LOBS ZENG N

conplexity o e syst may be reas
Figure 1, an b)'pé‘lsapgnenﬁi@ﬁu%é‘}‘lﬁ@'r}herﬁ*bmem‘i‘lf(m CAsiys .z onurtheny,

det er ni ned bpolbe detaipnidH Rakl Bérke&usé@radira %&{ahbgeééﬁt%ﬁéﬁﬂé 60)ps 15

wh d d n err] is the
ner 1 nai us TP SESEAGHET spasalt Vot ikl k8 S dRiatns L raRed i ar
vel ocity in Peedl &Pi BES pealay néﬂél‘(lﬁ’Mn tthe sreafd achannedn ybéeomesd woeh t 0
20 10 more important. f[err] 0. 1047d[ err] r[err]vv[err] and

assumng that the max'@@po'tgggﬂaS!e&:?a'&l}/agkortcegscpngz %%ealoq components in
a disk drive changing spindle speed to conserve power is that
discrete components must be made available for each zone bit
frequency used. As can be appreciated, using the above
i5 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
20 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 wvarious
embodiments described above are provided by way of illustration
only and should not be construed to limit the invention. Those
25 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 from
the true spirit and scope of the present invention which is set

30 forth in the following claims.
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constant (i.e., d[err] = r r.zones of equal w dth, the equation
beconmes 25 f[err] = 0.1q ﬁ# l %l ”ﬂ"ﬁrr]. I n accordance with one
enbodi nent of the invent' o "a, |l ocation of tracks into zones, by

selecting the 30 radii for the inner track for each zone is used to
mninze t NO¥BMMPexity and cost associated with a read cREHHE50%}i | e the
reduced spindle velocity is described for the purposes of saving power in
battery based applications, the specidjigmgartitioning of tracks may be
advant ageously used in other 35 appfications as well. For exanple, high
performance drives may use different spindle velocities for different
applications. A "lazy tape backup” of a drive nay also be carried out at
-19- 4 WD 97/37349 p memory storage device comprising: . PCT/ US97/ 05091
reduced velocity in bus]nesses where the systemis actively used for only
part &f the day (e.g® ABHEGVIPI %F%f&"ﬁ‘r‘déﬁc@%?h 1, PedRGoBP EHECHIT t he

i nvent3i on, girbatennehatr ackpradidededronml) ®asirface off ctlee| didled desta 5
geonetri c ess) I chy, NGO aqli ' re
fuIIy4belo%%ggﬁig??@?ﬂgghogm%gﬁﬁrﬁg tracEgg%n%oqggﬁgg,gégil egséggﬂgﬁﬁigh
degre® of 8%erdpiPRelofdagk: Yacdddoncies BafhedRneonks BYPSRRNGHINY e

vel ocisty 1 gohgddfied. I n general, the inner radius r[err], defining each

zone, s 10 detergiped, acediidal Qo hé WHRIK 11D ReQEEESTLAP Yo AL

mai nt ai ns

8 the disk at a plurality of discrete disk velocities; and

9 a transducer provided to perform at least one of a
10 write and a read operation to and from at least two of said
11 zones on the disk at each of the plurality of discrete disk
12 velocities.

1 2. A device as recited in claim 1, wherein said
2 plurality of discrete disk velocities include a normal
3 operating disk velocity and at least one low power disk
4 velocity, the at least one low power disk velocity being lower
5 than the normal operating disk velocity, the at least one low
6 power disk velocity being used to conserve power.

1 3. A device as recited in claim 2, wherein:

2 the transducer writes data to a selected zone on the
3 disk at a storing freguency corresponding to the selected zone
4 while the disk is rotated at the normal operating disk
5 velocity:;

6 the data written to the selected zone is read at the
7 storing frequency corresponding to the selected zone when the
8 disk is rotated at the normal operating disk velocity; and

9 the data written to the selected zone is read from
10 the disk when the disk is rotated at the low power d4isk
11 velocity at a storing frequency used to write data to a
12 different zone when the disk is rotated at the normal operating
13 disk wvelocity.
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a substantially constant ratio of radii between adjacent bands or zones. In
‘other words, rierr]/r[err] JH"‘HMEM Eﬂﬂw equal to K, where K equal s a
constant. The advant ages o an allocation will 15 be
apparent fromthe exarrpl es provi déd bel ow. Using this net

havi ng N zon®@%38%4perating at Mdifferent discrete spi ndlm%s%%gspeeds
w Il have a total nunber of different required zone bit frequencies equal
to N+Mh. For exagpl e, Aad@lfﬂdéeabayéagtd@ ;erembdbﬂgcw 12868 Ppesdtdith at

10 20 d' S fxetﬁ cc_aLgc_'F 1cEsteoe% erelqtef %&r% ﬁr}%@ zo%%pﬁ‘glﬁugog

handllng 19 t” frequencl €s ontr ast,
t he nuniBer ofodl f-f’érbrﬁo ébnénﬂl whemmeamz@@ereqqneewdws &:di 8k daAnR]

accordl Qg toza %Me@e&fmhemg G BEBRbes St PrdgTe@el 6h M RRE adC §AREE b t he
%I atlon g \ﬂ%(%ﬁ) I\/ﬁ al\% (:2; fe In t he above exanpl e, the nunber of

zone bi t fre ﬁ 2 ed! FRAAERANNET Skt handl e equals 55 (i.e.,

10+((10*10) - 10) / 2) =55) . Thus, partitioning the tracks into zones in

accordance with asgeonzetdéﬁdér agr Qééi@@doifrf one SFOMidingAnt tadyaniaaesid n
terns of edgﬁed channe The advant ages obt ai ned
|

by part &1 onthg DECPPERREs ABRoREe JeboRanrDy b Lo ee EaR 08 Bxel on
i n conpari sofiow £+ dntariy [Hetermipedgrecserdimantbl a lpeometraqdersyxession t he

foll owipg di %ﬁﬂéﬁ'rﬁhdt{hl%nﬁ%ﬁﬁéﬁhd/ﬂﬁahlg' S PSarft $at 38 of radii between
Consi der a avin he inner band ra r[err], of each zone, follow a

geomet r i’ praa?ﬁgg?ﬁngonesl“hl s may be expressed as - 20-

6. A device as recited in claim 4, wherein in the
geometric progression determines the inner radius r; for zone
Z; according to the relationship

Ty = rettP,
where ry,, is an outer diameter radius of the disk and p is a

O N W

substantially fixed geometric progression coefficient.

7. A device as recited in one of claims 1 to 3, wherein
each of the N concentric zones is defined by a corresponding
inner zone radius r,, for i = 1 to N, and wherein the density
of data stored on the disk at each of inner zone radius r, is
substantially constant.

U b W N =

B. A method of accessing a memory storage device having

a disk for storing data in a plurality of concentric zones,
data being stored at an innermost track location for each of
the plurality of concentric zones at a substantially constant
linear density, the method comprising the steps of:

{a) rotating the disk at a first disk velocity;

(b} performing access operations to the plurality
of concentric zones while rotating the disk at the first disk
velocity;

W o~ bW N

=
o]

(c} rotating the disk at a second disk velocity; and

(d} performing access operations to the plurality
of concentric zones while rotating the disk at the second disk
velocity.

o
W N =
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r[er mﬂm""ﬂmm”m, , N where [err] is a coeffisgﬁ#s?g/rosggl rlerrl =

progr dssiont The ¥at4 0 between two adj acent zone radii r[err] and r[err] 5
is constant providing the relationship: rlerr]/r[err] =r[err] for i =

N-1. 10 WO97/37349 For a disk having an inner ¥ ﬁ?g"m’[err]
the coefficient, p, for a given nunber of data bands can be determ ned as

fol | owsy In(r[erg]) —A(Iae&lmal@(&L@i{:&a,nilil\emnCB rwexb&x{ec\f{é %eatﬁﬁg

[err] 1/ N er By way of
exanpl & cort eél’er(cg % %p %")FF' cfrl'ﬁ [E‘P & |nto 10 zones (N=10) and havi ng
an innér radius r[err] of 14 mdetmctiagesn ladipewef ;ade congdtionm anfe

;gl ue of p for a di Skllhi\éli‘ ”‘!ﬁﬁ% @}lrm sw&m&&elﬁ%ﬁk a;teq@cae feéal ows:
p = n 0.022178. Us |
for p the irfh&r SeAngs q}fs(“eavcer}oﬁg‘tt‘%emld" eyt %éedje‘?"érﬂ‘z)ﬂn S?Va e

geonet rd ¢ proagddsibnn: =r[err] By way of
contrast, the inner rad|| of each zone nay be determned as an
arithnetic progreSS| on. re the difference between two adj acent I nner
zone radii r[errf® andAr[“éFP]’dl 5535"e°1t5dcéﬁst°&ﬁ11“‘b 8 Fvi i n§heFRin the

rel ati anshi pecelser sperdteions—eomprise at least one of data read operations

3 and data write operations.

1 11. A method as recited in claim 8 or 9, wherein the
2 access operations comprise data read operations.

1 12. A method as recited in one of claims 8 to 11, further
2 comprising the steps of:

3 (e} resuming the first disk velocity; and

4 (f) writing data to the plurality of concentric
S zones while rotating the disk at the first disk velocity.

1 13. A method as recited in one of claims B to 11, further
2 comprising the steps of:

3 (e) initiating a write operation to write data to
4 the disk;

5 (£} if the disk is rotating at the first velocity,
6 writing the data to the disk at a frequency corresponding to
7 a zone in which the data 1is written in response to the
8 initiating step {(e): and

9 (g) if the disk is rotating at the second velocity,
10 i, writing the data in a temporary memory,
11 ii. changing the velocity of the disk to the
12 first disk wvelocity, and

13 iii. copying the data from the temporary memory
14 to the disk at the frequency corresponding to the zone in which
15 the data to be written while the disk is rotated at the first
16 disk velocity.
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X\gszwﬁmﬂmulll “lu I“lcan be expressed as r[err] :PF[riarJrS?7{ Og?zrlri n5thi >
h yrelds 4t hé& félldbwing radii r[err]=r[err] - b; r[err] = r[err] b =

r[err] - 2b; H’L =r[err] -b =r[err] - 3b 10 r[err]—él{;‘%ﬁd

rlerr]- kb. 'ﬁgca ng the expression flerr] = 0.1047d[err]r[err err] and
by substitution, the follow ng equation for f[err] may be witten:

flerr] 2 0.1047 dllécr]A(mgtdhad as Feénitddedn] onqm&Céqmasrﬂ)rtOcaa,aflsntmr

wittenas fl;::%ﬁxyr sihbCthd t{éﬂ IJel.err] where f[err]— 0.1047 d[err]

rierr err] an err err . 1047 d[err r ery Thus
gEanerl'a}N[:*equLt i on go i j’h‘é‘gzﬁﬁea%??sﬁ‘ F’Q&ﬁéﬁ&: é]f\nﬂgbgl%i'br%’?eafaghe
flerr] = (K[ plufalitjevt ]zlo)'l‘ﬁ#ewh;levrhéreedk[sers] rotating 7alf dihd fiest]disind
[err]k 5 O. 1%‘4%@\/\5,] Be £5rirst data bit Y@ ey digtlg is rotated at full
speed (i.e., err thefoILo grelatro shr can be
derived:® f[err] = (k[ ePP¥Le ’é’rgr]% a\ﬁr‘%ﬁﬁ] opefaFren -t (%[%???n r9%)
werr]; #[er rt]hezpiti'el:rt}y of3genes khilecth; diXk fiserotatidd Idterth]a_ sedad | k)
Werr] A a IQWr vER668ey e tnY it bhedHit frequdddy.freduencies can be

1 15. A method as recited in claim 14, wherein the first

2 zone is radially adjacent to the second zone.

i 16. A method as recited in claim 14 or 15, further

2 comprising the steps of:

3 rotating the disk at a third disk velocity; and

4 performing an access operation to a third zone of the

5 plurality of zones while rotating the disk at the third disk

6 velocity at the first data bit frequency.

1 17. A computer, including a disk storage device having

2 a disk formed with a plurality of concentric zones of banded

3 track locations for storing data for use by the computer, an

4 innermost track location of each of said zones having data

5 stored thereon at a substantially constant linear density, the

6 computer comprising:

7 rotating means coupled to the storage disk for

8 rotating the storage disk at a desired disk velocity;

9 control means, for determining a current operational
10 mode of the disk drive and for controlling the rotating means
11 to rotate the disk at a disk velocity corresponding to the
12 current operational mode; and
13 access means for performing access operations to the
14 plurality of concentric zones at zone bit frequencies
15 corresponding to the plurality of concentric zones for the disk
16 velocity corresponding to the current operational mode.
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caIcuI = (Klerr] - [err]k) Werr]; flerr] = (k[err] -

2[err] mﬂl@ﬂﬂmmmﬂl— (k[err] - 3[err]k) werr]; * * * 40 |
[err] = (K[etr]™ -Si[*err]lk) Werr] -22- WD 97/ 37349

PCT/ uso7/ 05091 I n order to reduce conplexity of the read channel, it is

desirabl e twobHEVRMX [err] = f[err], so that all but one of RGN enci es
at Werr] are reusabl e at the Iovver speed Werr]. For this to occur,

(k[err], - [err]k er

deswe& that f e%# —1(1‘ erkrlt%u%] lr-réé‘gintgsg%]g% 'zferr Wﬁéﬂem lltnléléal 20 5
(k[err? - 3?59??&)%%?@?10%?0?85%5? dafea r'}'@éé? Fa¥ Qnﬁ‘ m "T]Teans
that (R[errbperdteomgk)Werr] = (k[err] - (i + 1) [err] k) V\[err] The
above constraints can be witten as Werr] = [(k[err] -
(i+l)[err]k)/(k[err] - i[err]k))Werr], and for the 10 _ J[err] speed

Werr] 1 the rel al? onshiGompifeneasxprebted s chpainr 17 07 18y eWherein the

I(Jo ;éa I[ e rl E)gbﬁb{l@éf]opex{'ﬁés] k)n) W eaofaTbey pofespeatogalamsdes at mellwdd h
o B A5k S5, BEadcLgi T 1 e B 0 S o1

irical
be exprdessedhgseip| g rdisk( V\[’é?ﬂ?‘]:l Y W‘{rrrﬂsl’PPéllP]! PR r ]thev\,héP'é g)%‘?’]
t he power doperatissal nnddee isplegds etidn spdedkWelsdimndorresponding to

6 the normal operational mode.

20. A computer as recited in claim 19, wherein the

control means comprises:

input means for inputting a user selected low power
mode; and

means for controlling the rotating means to rotate
the disk at the disk velocity corresponding to the low power
operational mode in response to the user selected the low power
mode.

@ 30 oW

21. A computer as recited in claim 19 or 20, wherein the
control means comprises:
monitoring means for monitoring access operations to
the disk storage device; and
initiation means for automatically initiating the low
power operational mode when a number of access operations to
the disk storage device is below a predefined threshold.

g WD

22. A computer as recited in one of claims 13 to 21,

further comprising:

a temporary holding memory; and

a write control means for controlling write
operations to said disk storage device,

wherein, when a write operation of data to the disk
storage device is initiated while the computer is operating in
the low power operational mode, the write control means writes
the data in the temporary holding memory until the velocity of
the disk is increased to a disk velocity corresponding the

W @ ~1 oo W e

[
)
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lﬂ"”ﬁ & Hﬂ t&ﬂﬁr required to spin the spindle at speed Werr]. If
'me subs onship for werr] into this equation, the power
savi ngs may be expressed as: Plerr] = [ (k[err] - (j + 1)[err]k) / (k[err]
- [err]k))][aW6bﬁgﬁ&{]. 25 Consi der the exanpl e descri bed above using a
2.5" disk having the dinensions r[err] = 14 nmand rQD = 29P0Pq#mmwmh 10
zones divided into equal sized bands of approximately 1.57 nm{i. b =

(29. 7- 14}/ 10)nomhmegaalbnmbanomnanayccs;héi;aftﬁe%ta f%%gl gﬁ?'&f}ner radius

of eachlzone 1wd1d: ( e
the val y Hsﬁ w’m %Ogg'(ﬁal?r ngfe f1e ‘%% JasncF‘{té‘ltrl]fllg ﬁt81®e67
I n thls case %ﬁDQﬁ%g §BFA ?%P%QAQRHQQGﬁbe ugrmgltbpeaatidﬁaﬁlmbde
progression for the inner band radii, may be determ ned as: 35 Werr] =
k[err] - 2[err]k)/(k[err] - [err]k)] Werr] = 0.9442 Werr] Werr] =
k[err] - 3[err]k)/(k[err] - [err]kd))wWerr] 0.8884 werr] werr]
k[err] - 4[err]k)/(k[err] - [err]k])werr] = 0.8326 werr] werr]
k[err] - 5[err]k)/(k[err] - [err]k])wWerr] = 0.7768 wWerr] -23-
/ 37349 PCT/ US97/ 05091 wW err]
k[err] - 6[err]k)/ (k[err] - [err]k))werr] = 0.7209 werr] werr]
[(k[err] - 7[err]k)/(k[err] - [err]k))wWerr] = 0.6651 werr]. Using the
above rel ations, the foll ow ng conmparisons 5 can be nmade between the
geonetric and arithnmetic progression nethods of selecting the inner band
radii of the various zones.

I gll I
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It is noted, that the storage capacity of a disk using the above-descri bed
geonetric progression is substantially the sane as that of a disk using the
arithnmetic progression. 10 In Figure 4 and 5, zone data rate
frequenci es Xﬁga%ﬁ?&he zone index position are graphed as a_function of
varyi ng spi ndl & 1otor speeds for zones banded using the ari FHFED]E®591
progression and the geonetric progression, respectively. The spindle notor
speed is varied over ten discrete drive speeds 15 bet ween a nom nal
speed of 3600 revolutions per mnute (FE{?, represented by lines 401 and
501 to 1792 RPM represented by |line 40 iL? the case of the arithnetic
progression (Figure 4) and 1830 RPM represented by line 502 in the case of

the geometric progression (Figure 5). 20 A conpari son of
Figures 4 and 5 illustrates various advantages obtained by using a
geonetric progression to allocated tracks to zones. When the graph in
Figure 5 is viewed horizontally, it is noted that the zone bit frequencies
line up along a horizontal |line. For exanple, the zone bit 25 frequency
of 3.78 negahertz (MHz) extending along line 503 is used by each of zones
1-9 at different discrete spindle np . reov@gBld all but two zone
bit frequencies indicated at pgints 504 and 505 (co pondi ng to
frequencies 1.78 MHz and 6. VHz use y t han~qne zone. It is
further 30 not ed t hat he guenci alig ertirsally. Thi s
i ndi cates that as the I ve _speed-S redu t he eb fraguencies are
shifted toward the ouyrer a er of the di Referri ts Fi glB& SA
the foll owi ng exanple 3 | | st r an a age~obtqj n byusi hg the
geonetric .
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progression to allocate track |ocations to zones- In zone nunber 2, when
“the disk is rotated at a nom nal speed of 3600 RPM the zone bit frequency
is 6.3999 negabits/sec (MB/sec) (i.e., 6.399 MHz). If the drive speed is
reduced to t - 24- WD 97/ 37349

PCT/ US97/ 0508’?%?2%?ete speed of 3339 RPM represented by I?%Téu%'g)'gmlt he
correct zone bit frequency for zone 2 is 5.9363 MB/sec. As illustrated in
t.he graph, this frequency was used by zone 3 when the spindle speed was
3600 RPM Simlarly, the zone data 5 ?ige used by zone 2 at 3600 RPMis
now used in zone 1. In this matter, thg ne data rates shift toward the
outer dianeter of the disk. At the innernost zone, zone 10 [ the
illustrated exanple, a new zone bit frequency is needed by e data channel

for each reduction in spindle notor speed. It shouyld now be £10
appreci ated that for drives having N zones and M §pi ndl e speeds, the nutfber
G of data rate frequencies required may be des&d by the relation
G=N+M 1. As illustrated in Figures 4 and 8B, whdnl t rpt ati onal —speed ils
reduced using a df ' y anjarithmet&l
progression, thg nunber of zone bit frequenci es}wji chfmay be r¢used by
ot her zones is sijgnificantly less than a di sk having zohes ?Ilocate usigng
the geonetric pragression. Thus, the conplexity apdf{cosy off{the data
channel can be jsignificantly reduced by usin? the| gepnetric 2
progressi on. 0
~N
\ .
- S — 2
S
le—L.
=
-—JLL; o=
oS 8
N
- =
e =
= 00
2| |
wE | N\
g ‘ =2] N
Ef_‘ (== =
<< N ™~
>
=
S
4 — § o
\7 o - u/a
N <
S
o \ 4= N
Eg 4 oo
2 >— =° (9.
% —
= L
= -
- O ax —
=0
=
/ he
M
(o)
N
ol




In addition to handling varying data rates, other factors nust be
.consi dered when operating a disk drive at nmultiple spindle velocities.
exanple, the flying heights of the heads in a drive will decrease as the
drive speed is 25 reduced. In conventional power saV|n F&ﬁﬁ?ﬂkgﬂ t he
heads are mYR¥A™% safe zone prior to slowing the disk veloci 'n the
present techni que, however, the heads nust retain a fly- height mﬁthln
acceptable read and wite operation paranmeters. 30 The flying
hei ght H, form ng an air bearing betmes 12he recordi ng head and the disk
surface of a disk rotating at a vel oci 2 may enpirically be approxi mated

For

as: H= (v/v[err])[err]Herr] 35 Wiere V[err] is the nom nal disk speed,
and H err] is the nomnal flying height at V[err]. Referring to the drive
spindle speeds illustrated in Figure 5 and assuming that the fly- -25-

WD 97/ 37349 , is
50 nanoneters (nn 2g)

reduced speeds arel ‘ for 3 339 RPNl 48 nn1fc for

2,873 RPM | at a spindle yelocity : _ he power
consuned by t¥ e~{rACBUAT@R r §at 3égf t hat 332,12300 RPM
However, the flylng rgduction isjonly 4 nm Such a sjight decrease
inflying helgr thetolfrances al | oped@ 1Tn many Kk drives.
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The fractional power and head flying heights for the 10 arithnetic and

- geonetric radii progressions 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 mllinmeters) and frequencxmﬁﬂmpggﬁgprtz
for the geon¥PP7e™%hd arithnetic radii progressions, respectively, as a
function of 15 varying spindle speed (RPM. The tables also |Iist
the fractional flying height (FH) and fractional power (POANER) for the
different spindle speeds. In Figure 8Aw%;f?resenting t he geonetric
progression, the zone frequ i i denti cal al ong theyth

table. The di geQnal relatid i he Kﬁpuencies illustrataés
t he above- : hr-art-g g EE@ha WRITE gonetric

progression i h~tabular forrp Frgure i i% ilar to Figureg 3 with lik
parts having |like reference nu al's. In ghre 9, a tunabl e anal og
equal i zer 922 is incorporated:%ic)jhe read channel of the¢ disk 25
drive. The tunabl e anal og equaWﬂéek)QZZ may consi st of ¢perational
anplifiers wth tunabl e RC networks having capacitors andjbanks of

sel ectabl e resistor 923p¢hi ch are ugpgl to change the coefficients of tfhe
anal og equal i zer 922. Pank 923 includes a nuipber of resigdtors
that can be 30 M r series to make ¢p different

resistor val 'zeREnBZDATAThe di}f HOSANt resijst or
val ues corre 22 as

5 QS er S

t he spindle sp . [hus. diffgrent resistor vallu "?ﬁF ed
dependi ng upon the spiftdle 35 vel ocity and zone infor tﬁiﬂiﬂgatided to
‘?(%o ;rol signal f(i,k). The enbodifnent depictTd in

t he

=

the resistor bank by t
Figure 9 is useful whe
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very high operating frequencies are used in the disk drive. -26- WO

97/ 37349 PCT/ US97/ 05091 Current disk
drives may operate at recording signal frequencies of over 200 negahertz
(MHz). At such rates, analog-to-digital conversion circuitr quite
expensive. WHYH&r to reduce cost, the read channel may ggﬁﬁﬁp|e ment ed
using nore 5 anal og conponents. For exanple, detection can be
sinmplified by using analog circuitry thereby reducing costs. Further,
power dissipation nmay be reduced usingfgggLog conponents. As the operating
speed of the disk drive is further incr d the need to use anal og devices
in the read channel becones even 10 nore i nportant. One potenti al
drawback to using anal og conponents in a disk drive changing spindle speed
to conserve power is that discrete conponents nust be nade avail able for
each zone bit frequency used. As can be appreciated, using the above 15
descri bed geonetric progression for partitioning zones provides for
significant cost savings by reducing the nunber of different zone bit
frequencies the drive nust handle thereby reducing the nunber of discrete
anal og conmponents needed. While the invention has been described above in

20 connection with various enbodinments, it will be apparent fromthe
above di scl osur e~t.ha he i npl enentation—HRyrhemiised A! akhi @US ot her
systens and enbgdi nents. Thus, the vari ous/ dnhbfifrehi descr’hed above
are provided byjway of iIIustratlon o
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only and should not be construed to Iimt the invention. Those 25
skilled in the art will readily recognize various nodifications and changes
whi ch may be nade to the present invention without strictly follow ng the

exenpl ary en&p&lg 0oS and applications illustrated and deschi ,zlg”h rqi n,
and wi thout departing fromthe true spirit and scope of the €
i nvention which is set 30 forth in the following clains. -27- WO
97/ 37349 PCT/ US97/ 05091 Cl ains 1
1. A nmenory storage device conpri si ng'slf a di sk having N
concentric zones, N being an integer 3 %reat er than 1, provided around a
surface of the disk, data 4 being stored in each zone such that a linear
density of data 5 at an inner track | ocation of each zone is
substantially 6 constant; 7 a notor connected to the disk
to selectively rotate 8 the disk at a plurality of discrete disk
vel ocities; and 9 a transducer provided to perform at | east
one of a 10 wite and a read operation to and fromat |east two of said
11 zones on the disk at each of thegl@ality of dfscrete disk 12
velocities. 1 2. A device S ecited inftlaim 1, wherein
said 2 pluralffty o _darscrete disk rporesrretegdeS a nornmal 3
operating disk velagity and at | easjn ongf | o ik 4 vel ocity, the
at least one | oW pdRer disk vel ocit®Del/ng Q
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5 than the normal operating disk velocity, the at |east one | ow 6

power disk velocity being used to conserve power. 1 3. A devi ce
as recited in claim2, wherein: 2 the transducer wites data
to a sel ecteqy@opesfn the 3 disk at a storing frequency ﬁﬁw nding to
t he selected zone 4 while the disk is rotated at the érating
disk 5 vel ocity; 6 the data witten to the sel ected zone is
read at the 7 storing frequency corresponding to the sel ected zone when
the 8 disk is rotated at the nornal 29iéating di sk velocity; and 9

the data witten to the selected zone i ad from 10 t he di sk when the
disk is rotated at the | ow power disk 11 vel ocity at a storing frequency
used to wite data to a 12 different zone when the disk is rotated at

t he normal operating 13 di sk velocity. -28- WD 97137349

PCT/ US97/ 05091 1 4 A device as recited in one of clains 1 to 3,
wherein 2 the N concentric zones are defined by N inner zone radius
rferr], 3 for i =1to N and wherein an inner zone radius r[err], of a
zone 4 Z[err] is determined as a geonetric progression froman inner

zone 5 radius r[err] of an adjacent zone z[err]. 1 5. A devi ce

as recited in o 2 the N concentasi ¢ zones are

defined by N inper zone radius r[e}r], 3 for i 2 1 td N, ddBer ni ned

according to a geonetric progression 4 whi ch maintains a qubstantially
constant ratio pf radii between
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5 adj acent zones. 1 6. A device as recited in claim4, wherein
inthe 2 geonetric progression determnes the inner radius r[err] for
zone 3 Z[err] according to the relationship 4

rlerr] =rf[err] 5 where rlerr] is an outer dianeter radpgfuedhpiose di sk
and p is a WO9¥Bstantially fixed geonetric progression coefficient. 1

7. A device as recited in one of clainms 1 to 3, wherein 2 each of the
N concentric zones is defined by a corresponding 3 i nner zone radi us
r[err], for i = 1to N, and wherein thg f?nsity 4 of data stored on the
di sk at each of inner zone radius rfer f s 5 substantially constant. 1
8. A net hod of accessing a nenory storage device having 2 a disk for
storing data in a plurality of concentric zones, 3 data being stored at
an innernost track |location for each of 4 the plurality of concentric
zones at a substantially constant 5 | i near density, the nethod
conprising the steps of: 6 (a) rotating the disk at a first
di sk velocity; 7 (b) perform ng access operations to the
plurality 8 of concentric zones while rotating the disk at the first
disk 9 velocity; 10 (c) rotating the disk at a second di sk
vel ocity; and 11 (d) performng access operationg to the
plurality 12 of concentri ones _while rotating the disk at3the second
di sk 13 vel opN\l Y. - 29- s
(o=
i 19
=
M
o
- 18
N
8
g 1S
M
=
[ JjJo =
o g L& M
S < 2 QO
I © T e
1 = 48 = W
2 T8
S
= L —8
® &
¥,
=z
=
r—
18
S
- -(c
o™
o=
i X L ) 3 1 | ) g
s o c © o o o © o

Fraction



WD 97/ 37349 PCT/ US97/ 05091 1

9. A nethod as recited in claim8, wherein the rotating 2 step (c)
conprises the steps of: 3 i detecting a | ow power node
condition; and 4 ii. initiating a reduction in_disk
velocity to 5WO?"Pf#second disk velocity in response to the TEWHBRT node
6 condition. 1 10. A nethod agyfgecited in claim8 or 9, wherein
the 2 access operations corrpri se at |east one of data read operations 3
and data wite operations. 11. A nmethod as recited in claim8 or

9, wherein the 2 access qgeﬁa %lgeﬁj a read operatlons 1
12. A nethod as re:nl &eeblng Colglgs g further conpri si ng

the steps of: 3 % K8 Y, st disk veI ocity; and 4
(f) witing data t© the! pl d“a t’?/%’f colﬂqéntrlc—g zones while rotating

the disk at the first Uk vgl@ctzi-)eo&mmoml&; A nethod as recited in
one of claims 8 to 1. Lurt &R B BiRGI e steps of: 3

(e) initiating a vy per'&tﬁ’bﬁ"t%WF}e"‘d&tQFb4 the disk; 5

(f) if the disk i s—radetingrat MRafN S WeNo £y, 6  witing the data

to the disk at a fregaeecy correspondi ng to 7 a zone in which the data
S wrlttenlnresponsetot nest (e); and 9

(g) if the disk |S'Rr |ng~a egsngc% gg)y 10

i. witing the dat® Baa te?jp [y «TEND . .
changi ng the vel ocityché& t he™d t'e f¥st disk velocity, and

2293
6
I’}

3940 4.0757 3,7804 x'3“’59‘55

3,5065 3.2524 3.0168 2.7982 K§f535§
3.0168 2.7982 2.5955 2.4075 2.2

=]
M TheN D
ON IINT O NININGS
FunowNORNNN
LD ONRBOIN—H OO M
T-3+21 Mm o tnNO Ln. N
VN FgxmmmmaN SN
oo
NO N TN 00NN LA LA
NS N INOWLN O® WA
N N N O 00 O th O = =
S 28 NMONIARNOKNINF =
- @ .- B @ - -
XM T MMM NN NN »
oo 4
~ N S LA S 00 O LN
Nnn NN FIS DO QS o &
OB OSMOIANISIHoAdD s <
ggg ANMSKANSRKD =
S LN S S MM N AN N « @
oo © P
PO NN NON SN = 00O
~ s ODRNNIINO BN W R = 9..
o0 oy P SCSCMHMIOIND O D =
N meaRMmonnNonN £ L
oo N LW oo M N LE
M~
o 98 MO NN O N S LY S 00
SRS BONKNIIN O®O N O
A RE MO OMD N 0O LN —~
s SR ANMSRRANDS
oo INLA WS S = = M MMM
223 o 72l
M O NNND N SN S
MmN SBLENNIFIREBS
Moo DN OSSP N B S A
10 Mo MANMONIAN
co Wi NN aMMMMMN
o
—$=¢ 4 0D MANNN DN LN
288 22LERRILSE
oS AR A AR R A A S
— LW LIN DS T MM
—
ElMnnowomas~No o
Exae SN OMOUMINGSO
2Ll NP O NN
ggNNNNN-—o—(—n—n—q
& &
w
Sl msuno~N0oo
N ﬂ




13 iii. copying the data fromthe tenporary nmenory 14

to the disk at the frequency corresponding to the zone in which 15 t he
data to be witten while the disk is rotated at the first 16 di sk
velocity. -30- WO 97/ 37349 AUS97/05091

PCT/ US97/ 050340 4737349 14. A method as recited in one of &FAiMe B to 13,
further 2 conprising the steps of: 3 perform ng an access
operation to a first zone of the 4 plurality of zones while the disk is
rotating at the first disk 5 vel ociigylat a first data bit frequency; and
6 perform ng an access operation to 2 second zone of 7 t he

plurality of zones | e theBIiBKA & @@t%ég ikRhe second 8 di sk
velocity at the firgdIggta bR RrEQERRXEN 1R = & 15 A nethod as

recited in claim14r-qm1-ere| nﬂﬁg,ﬁq[@tﬁjg\, ~ APng s radially adjacent to
the second zone. 1 oo A nmethod as recited in claim14 or 15,
further 2 corrprismgthe S0 N oo rotating the disk at a
third disk vel ocitym §e§§§§§e§§r§° an access operation to a
third zone of the 523§l uraf’?é‘i of “20Res WhlilerOtating the disk at the
third disk 6 veloc Y 5 "adt'a™bNY Prequency. 1 17. A
conputer, including a dISk skernage de\bcs havw @ a disk fornmed with a
plurality of concenamonegcﬁ} Bl B um\ﬂ;gc‘;ﬁ | ocations for storing
data for use by the enaut er N£g @ N MRetRtMttTihack | ocati on of each of
sai d zones having d&Y 6:: TIM MMM NN NN
NWm NOS O ar 0
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ARITHMETIC PROGRESSION
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5 stored thereon at a substantially constant |inear density, the 6

conmput er conprising: 7 rotati ng neans coupled to the storage
disk for 8 rotating the storage disk at a desired disk velocity 9
control nean .determining a current operational 10 ? e disk
drive and foSw%;ﬁ¥?§IIing the rotating neans 11 to rotate F@h at a
di sk velocity corresponding to the 12 current operational nnde, and 13
access neans for perform ng access operations to the 14 plurality of
concentric zones at zone bit frquqzﬁtes 15 corresponding to the
plurality of concentric zones for the vel ocity corresponding to
the current operational node. -31- WO 97/ 37349

PCT/ US97/ 05091 1 18. A conputer as recited in claim17, wherein in
the 2 access operations conprise data read operatio da [
operations. 1 19. A conputer as recited fn clpi

the 2 conput er operate MUY N pt——rrede [

a nor.nmal operatlonal node} and F | ow_power operatlonal :

a disk velocit rrespo dingl to the ower operat] &nal . node is
| ess than a dl§%0 gy cA0dUATAR too-gi t he égphal ope} at3&hal
node. 1 i gég ef as recitdd in claim19, whereijp the 2
control neans conprlses. £ 3 I nput ¥ ng a user

sel ected | ow power 311
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4 node; and 5 means for controlling the rotating neans to
rotate 6 the disk at the disk velocity corresponding to the | ow power 7
operational node in response to the user selected the | ow power 8 node.
1 21. A conputer as recited in claim19 or 20, WhegpiSedm:2
control mea¥OeEHPY ses: 3 noni tori ng means for nonitoring
access operations to 4 the di sk storage device; and 5

initiation nmeans for automatically initiating the low 6 power oper ati onal
node when a nunber of access operatiOQ§/22 7 t he di sk storage device is
bel ow a predefined threshold. 1 . A conputer asg ' I

of claims 19 tg 21, 2 fufther conpyi sipg: a tenporar
hol di ng rrenor BUFFER a KME&TEEHAIM meads for
controlling wide 5 opeiatibns tol sai d di sk storage ddvice, 6

wherein, when a wite operat a 25he disk 7 dqt orage devicle is
initiated while the conputer is ¢perating in 8 t he | ow|power operat} onal

mode, the wite control neans wilfgeg, K) the data in thejtenmporary hoj di ng
menory until the velocity of 10 he disk is increased tjo a disk velpcity
correspondi ng the -32- WO 97/ 373

PCT/ US97/ 05091 11 nod4fhl operati%%gl node, and copies tjhe data fromthe
tenporary 12 hol di ngf menory to tife disk while the disk }is rotating pt

t he
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hd

13 — di sk vel oci ty corresponding to the normal operational rmd%%ggﬁ"
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