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Description POWER SAVING METHOD AND APPARATUS FOR USE IN MULTIPLE FREQUENCY
ZONE DRIVES 5 Technical Field The present invention is directed to a method
and apparatus for saving power in zone bit recording (ZBR) drives, and in
particular to a method and apparatus for carrying out 10    operations in
multiple zones at different spindle velocities. 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  just  one  section  of  the
circumferential track. -1-    WO 97/37349
PCT/US97/05091 Storage of data on a magnetic disk entails magnetizing
portions of the disk in a pattern which represents the data. To store data
on a disk the disk is magnetized. In order to magnetize the magnetic layer,
a small ceramic block 5    which contains a magnetic transducer known as a
write element is passed over the surface of the disk. More specifically,
the write element is flown at a height of approximately six millionths of
an inch from the surface of the disk and is flown over the track as the
write element is energized to various 10    states causing the track below
to be magnetized to represent the data to be stored. In some applications,
the write element is the same as the read element.  Other applications use
a separate write element and a separate read 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 record. 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
-2-    WO 97/37349                                         PCT/US97/05901
over various tracks on the disk.   In this way, the write element can be
used to magnetize the surface of the disk in a pattern representing the
data at one of several track 



locations.  The read element is used to detect the magnetized 5    pattern
on one of the tracks of a disk.  For example, the needed data may be stored
on two different tracks on one particular disk, so to read the magnetic
representations of data, the actuator arm is rotated from one track to
another track. 10              It should be noted that this invention is
not limited to use in disk drives using magnetic media but is useful in any
device having rotating media. In this particular application, where
magnetic media is described as an example it should be recognized that the
invention would be useful in other storage 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-    WO 97/37349
PCT/US97/05091 status to be granted to computers meeting certain standards.
Thus, efforts to reduce power consumption of the various components of a
computer have been increasingly employed. For example, the central
processing unit (CPU), often includes some 5    from of power management
function to reduce clock frequency of the CPU when the computer is in a
power savings mode.   In general, a power saving mode may be invoked to
reduce use of power by a component of the computer when the component is
not being used. 10              In the case of memory storage devices
various power savings techniques have been employed. For example, in disk
drives, the spindle motor uses a large percentage of the total power. In
order to conserve power, it has been proposed that 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
spindle 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 requirement 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
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speed of the disk as it moves past the transducer varies from the inner
diameter to the outer diameter of the disk.   In particular, the linear
speed of the disk moving past a transducer positioned at the outer diameter
of the disk is 5    higher than when the transducer is positioned at the
inner 



diameter. ZBR takes advantage of this higher linear velocity by increasing
the frequency at which data is recorded to the disk at the outer diameter
in order to increase the linear density of the recorded data to the maximum
linear density 10    limit for the particular DASD. Ideally, to achieve
maximum storage capacity, the write frequency could be selected as a
function 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. Disclosure 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 -5-    WO 97/37349
PCT/US97/05091 which includes a disk having N concentric zones, N being an
integer greater than 1, provided around a surface of the disk. Data is
stored in each zone such that a linear density of data at an inner track
location of each zone is substantially 5    constant.  A variable speed
motor may be connected to the disk to selectively rotate the disk at a
plurality of discrete disk velocities and a transducer may be used to
perform write and/or read operations to and from each of the zones at each
of the plurality of discrete disk velocities. 10              In accordance
with an aspect of the invention a storage device may be operated by
rotating a disk at a first 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; -6-    WO
97/37349                                       PCT/US97/05091 Fig. 4
illustrates a relationship between zone frequency and spindle motor
velocity for tracks partitioned into zones according to an arithmetic
progression; Fig. 5 illustrates a relationship between zone 5    frequency
and spindle motor velocity for tracks partitioned into zones according to a
geometric progression; Fig. 6 illustrates a relationship between fractional
power and head flying height at different spindle motor velocities for
tracks partitioned into zones according to an 



10    arithmetic progression; Fig. 7 illustrates a relationship between
fractional power and head flying height at different spindle motor
velocities for tracks partitioned into zones according to a geometric
progression; 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 limit the
invention to the particular embodiments described. On the contrary, the
intention is to cover all modifications, equivalents, 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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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 relatively infrequent,
the storage device may be operated in power savings mode to reduce power
consumption. 5    While the invention relates in general to direct access
storage devices such as magnetic and optical disk drives, CD ROMs and the
like, the exemplary embodiments provided below describe a disk drive for
purposes of illustration. The implementation of the described features in
other types of storage devices 10    will be apparent from the description.
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[err] at the outer diameter
of the disk to zone Z[err] 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[err] corresponds to the inner radius of zone Z[err]. The radius 103 of
the disk defines an outer diameter ROD of the disk. The disk 100 is rotated
by a spindle motor at a velocity W[err] in the direction of arrow 104. As
described more 25    fully below, the disk may be rotated at two or more
discrete 



velocities  W[err].   The particular velocity W[err] 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 is 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 frequency
for a particular zone is selected such that the linear density for data
written to the -8-    WO 97/37349
PCT/US97/05091 inner  track of  each  zone  is  substantially  constant
and substantially equal to the maximum linear density limit for the
particular DASD. Data may also be read from the disk at two or more 5
spindle velocities.  Thus, the linear data rate as the disk is read, (i.e.,
the rate at which data is presented to the read head) also varies as the
speed of the spindle motor is changed. In other words, the rate at which
data bits, represented by transitions in the signal, are presented 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 15    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 controller 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 disk 100. The transducer 203 may be mounted to, for
example, 30    a rotary actuator (not shown) to position the transducer
over a desired  track  location.    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 -9-  
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extracts data from the signal at the appropriate frequency for the given
zone and spindle speed. The data read from the disk 100 is supplied from
the variable frequency data channel 204 to a processing interface 212 which
processes the 5    signal for use by the CPU 211 of a computer using the
disk drive. A control unit 205 is connected to the variable frequency data
channel 204 and the motor controller 202. The control unit 205 receives a
zone control signal 206 and a mode 10    control signal 207 from the
processing interface 212. The zone control signal 206 indicates the zone 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 control 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 -10-    WO 97/37349
PCT/US97/05091 circuitry may be understood from the detailed example
provided below. A number of different mechanisms may be used by the system
to determine the appropriate mode of operation. A power 5    savings mode
may be entered, for example, in response to user input which specifies a
desire to operate in a low power mode. For example, the user may be using
the computer on a long airplane flight where low battery power consumption
is more important than access speed to the disk drive. Alternatively, 10
a power savings mode may be automatically entered when activity in the disk
drive falls below a particular threshold or if the battery power level is
below a threshold.  It is noted that 



monitoring activity level of the disk drive can be accomplished using the
techniques 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 -11 -    
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since in a typical use of a disk drive there are 5-10 read operations for
every write operation. If write operations are to be carried out only at
the higher spindle speeds, it is necessary to resume full speed 5    prior
to initiating a write operation to the disk.  If write access operations to
the disk are minimal, a simple process of resuming full speed on the
initiation of a write operation may produce significant power savings.
Alternatively, information to be written to the disk may be saved in a
temporary memory 10    such as a random access memory 213 (RAM) used by the
computer, upon initiation of a write operation. 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 -12-    WO
97/37349                                       PCT/US97/05091 recording
head 313 is positioned to read and write information from and to the
surface of disk 310. It is noted that while only a single disk is
illustrated in Figure 3, multiple disks and heads may be used. An actuator
assembly 314, including a 5    voice coil motor  (VCM), is provided to move
the head 313 relative to the rotating disk 310.  A spindle motor 311 is
provided to rotate the disk 310.  The spindle motor 311 is controlled by a
spindle controller 312. The spindle controller 312 may be implemented with
a phase locked loop (PLL) such that 10    the speed of the spindle motor
311 may be controlled by applying a frequency control signal f(i) to the
spindle controller 312. It is noted that the various control elements
illustrated in Figure 3, while shown as discrete blocks may be implemented
on a microprocessor 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 -13-
WO 97/37349                                       PCT/US97/05091 



position error signal is used for servo control to keep the head 313
aligned over the correct track location. If the disk 310 is slowed down,
for example, the sampling of the position error signals will be slower than
when the disk 310 is rotated 5    at the faster nominal speed.  The
adaptive actuator controller 315 must be dynamically reconfigured to work
with the proper sampling rate of the position error signal. Information
read from or written to the disk 310 passes through a multiplexer 320. The
multiplexer 320 selects 10    a head  from various heads  respectively
corresponding  to multiple disk surfaces (only one head 313 is shown in
Figure 3). The multiplexer 320 is coupled to the arm electronics (AE)
module 321.   The arm electronics module 321 is coupled to buffer 325 to
receive data to be written the disk during a 15    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- 20
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 25    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. 



30              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 equalizer
(filter) 322 compensates for amplitude variation in bit frequency arising,
for example, in 35    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 -14-    WO 97/37349
PCT/US97/05091 to a ROM 323 to receive a set of coefficients corresponding
to the spindle speed (disk velocity) and the zone from which the data is
read in response to the control signal f (i,k).  The coefficients are
precalculated values to be used to optimize 5    the operation of the
digital equalizer 322. The output of the digital equalizer 322 is provided
to the detector 324. The detector 324 is also provided with the control
signal f(i,k) to optimize the clocking and detection operation of the
detector on the basis of the spindle 10    speed and the particular zone
from which the data was read. The detector 324 detects data bits in the
signal read using the head 313. Once the data bits now have been detected,
error correction for soft errors may be further carried out in the detector
324. The data may then be passed into the buffer 326 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 f(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 -15-    WO 97/37349
PCT/US97/05091 type of operation to be performed, and the like, to the disk



drive controller 335. The address information may include, for example, a
head number, a cylinder number or track number as well as a data sector
number. The disk drive controller 335 5    may also communicate information
to the host system interface 340.    For  example,  the  disk  drive
controller  335  may communicate status information to the host system
interface along line 341. When the disk drive is initially powered up, the
controller may perform operations independent of the host. 10    While
performing such operations the disk drive controller 335 may inform the
host system interface 340 that the disk drive is busy and will further
notify the host system interface when the drive is ready to perform access
operations. The disk drive controller 335 also receives a control 15
mode signal 336 indicative of a desired operating frequency 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 20    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 25    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 30    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 controller 335 via control mode signal 336 to
operate at full speed.   Certain 35    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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activity monitor.   In response to the power savings mode selection the
control mode signal 336 may be set to lower the spindle speed of the disk
drive regardless of the activity level. 5              The activity monitor
330 may include an interval timer used to monitor activity levels within a
set interval. The activity monitor 330 may also monitor for read, write or
other types of operations from the host system. The system may determine
that based on the absence of the monitored operations 10    for a given
period of time that the spindle speed should be slowed down. Depending on
then the length of time incurred without the specified activity the control
mode signal 336 may preferably instruct the disk drive controller 335 to
slow the spindle speed over a number of increments or steps. It should 15
be  appreciated  that  the  spindle  speed  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 databases, 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 -17-    WO 97/37349
PCT/US97/05091 look-up table may also include a desired operating frequency
associated with a particular level of activity. The activity 



monitor 330 may also include some form of alterable memory which can have
values representing levels of activity set by 5    a user, providing
additional flexibility for initiating a power savings mode. The activity
monitor 330 also receives a signal from the host system interface 340
indicating the type of information being read from or written to the disk.
For 10    example, certain types of information such video information or
interactive types of information, may require 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 also 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 -18-
WO 97/37349                                       PCT/US97/05091 channel.
Moreover, in certain smaller form factor disk drives the needed space may
not be available. In view of the above considerations, it is desired that
the number of different zone bit frequencies used by a 5    storage device
performing  access operations  at different spindle speeds be minimized. As
described more fully below, it has been discovered in connection with the
present invention that by special partitioning of the tracks into zones the
complexity of the system may be decreased. 10              Referring to
Figure 1, an operating frequency f[err], in hertz (Hz), for zone i may
determined by the relationship f[err] = d[err](2[err]r[err]w[err]/60), 15
where d[err] is the linear density at r[err] in zone z[err], r[err] is the
inner radius of zone z[err], and W[err] is the discrete j-th disk annular
velocity in revolutions per minute (RPM). This equation may be reduced to
20                           f[err] = 0.1047d[err]r[err]w[err]. and
assuming that the maximum linear density for each zone is 



constant (i.e., d[err] = d[err]) for zones of equal width, the equation
becomes 25 f[err] = 0.1047d[err]r[err]w[err]. 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
-19-    WO 97/37349                                       PCT/US97/05091
reduced velocity in businesses where the system is actively used for only
part of the day (e.g, 12 hours). In accordance with an embodiment of the
invention, the inner track radii defining each zone are selected as a 5
geometric progression which is a function of radius.   As described more
fully below, this method of banding tracks into zones provides for a high
degree of overlap in zone bit frequencies between zones as the spindle
velocity is reduced. In general, the inner radius r[err], defining each
zone, is 10    determined according to a geometric progression which
maintains 



a substantially constant ratio of radii between adjacent bands or zones. In
other words, r[err]/r[err] is substantially equal to K, where K equals a
constant. 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 equal
to N+M-l. 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 frequencies. In contrast,
the number of different zone bit frequencies required for a disk banded
according to a simple arithmetic progression is determined according to the
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 r[err], of each zone,  follow a
geometric progression.   This may be expressed as -20-  



WO 97/37349                                        PCT/US97/05091 r[err] =
r[err], for  i = 1,2,....,N where [err] is a coefficient for the
progression. The ratio between two adjacent zone radii r[err] and r[err], 5
is constant providing the relationship: r[err]/r[err] = r[err] for i = 1, 2
.. N-1. 10               For  a  disk  having  an  inner  radius  r[err],
the coefficient, p, for a given number of data bands can be determined as
follows: ln(r[err]) = (1-Np) ln(r[err]), 15 which may be rewritten as:
[err] = 1/N (1 - In (r[err]) /ln (r[err]). 20               By way of
example, consider a 2.5 inch disk divided into 10 zones (N=10) and having
an inner radius r[err] of 14 mm, an outer radius r[err] of 29.7 mm. The
value of p for a disk having these dimensions can be calculated as follows:
25               p = 1/10(l - ln(14}/ln(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[err] 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[err] and r[err] is 35    a constant b providing the
relationship: r[err]-r[err]=b, 



WO 97/37349                                        PCT/US97/05091 In this
case, the radii r[err] can be expressed as r[err] = r[err] - b[err] 5
which yields the following radii r[err]= r[err]  - b; r[err] = r[err]- b =
r[err] - 2b; r[err] = r[err] -b = r[err]   - 3b; 10 r[err]= r[err]- b =
r[err]- kb. Recalling the expression f[err] = 0.1047d[err]r[err]w[err]  and
by substitution, the following equation for f[err] may be written: 15
f[err] = 0.1047 d[err] (r[err] - ib) w[err]. This equation can also be
written as f[err] = f[err]-i[err]f[err] where f[err]= 0.1047 d[err]
r[err]w[err] and [err]f[err]  = 0. 1047 d[err]b[err]w[err].  Thus, a
general equation 20    for the zone bit frequency can be expressed as
f[err] = (k[err] - i[err]k)W[err] where k[err] = 0.1047d[err]r[err], and
[err]k = 0.1047d[err]b. 25              When the disk is rotated at full
speed (i.e., when W = w[err] and j = 1), the following relationship can be
derived: f[err] = (k[err] - [err]k) w[err]; f[err] =  (k[err] - 2[err]k)
w[err]; f[err] = (k[err] - 3[err]k) W[err]; 30 f[err] = {(k[err]  i[err]k)
W[err] At a lower speed, when W = w[err] and j = 2, the frequencies can be 



calculated as: 35 f[err] = (K[err] - [err]k)  W[err]; f[err] = (k[err] -
2[err]k) w[err]; f[err] = (k[err] - 3[err]k) w[err]; * * * 40
f[err] = (k[err]  - i[err]k) w[err] -22-    WO 97/37349
PCT/US97/05091 In order to reduce complexity of the read channel, it is
desirable to have f[err] = f[err], so that all but one of the frequencies
at W[err] are reusable at the lower speed W[err]. For this to occur,
(k[err] - [err]k)W[err] must equal  (k[err] - 2[err]k)W[err].  It is also 5
desired that f[err] = f[err] which means that (k[err] - 2[err]k)W[err] =
(k[err] - 3[err]k)W[err]. For zone i, we need f[err] = f[err]  which means
that (k[err] - 1[err]k)W[err] = (k[err] - (i + 1) [err]k) W[err].    The
above constraints can be written as W[err] = [(k[err] -
(i+l)[err]k)/(k[err] - i[err]k))W[err], and for the 10   J[err] speed
W[err], the relationship may be expressed as w[err] = [(k[err]  -
(j+1)[err]k)/(k[err] - [err]k))W[err] The power savings associated with
lowering the spindle speed can be determined by examining the spindle power
requirement as a function of the speed.   This value may 15    empirically
be expressed as: P[err] = (W[err]  / W[err] )[err]P[err]. where P[err] is
the power dissipated in the spindle at speed w[err] and 



20    P[err] is the power required to spin the spindle at speed W[err]. If
we substitute the relationship for w[err] into this equation, the power
savings may be expressed as: P[err] = [ (k[err] - (j + 1)[err]k) / (k[err]
- [err]k))][err]P[err]. 25 Consider the example described above using a
2.5" disk having the dimensions r[err] = 14 mm and rOD = 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[err] = 5315 bits per mm),
the value of k[err] = 0.1047 d[err] r[err] = 16527.47 and [err]k = 873.67.
In this case, some of the spindle velocities, using the arithmetic
progression for the inner band radii, may be determined as: 35 W[err] =
[(k[err] - 2[err]k)/(k[err] - [err]k)] W[err]   = 0.9442 w[err] w[err] =
[(k[err] - 3[err]k)/(k[err] - [err]kJ))w[err]   0.8884 w[err] w[err] =
[(k[err]  - 4[err]k)/(k[err] - [err]k])w[err] = 0.8326 w[err] w[err] =
[(k[err] - 5[err]k)/(k[err] - [err]k])w[err] = 0.7768 w[err] -23-    WO
97/37349                                       PCT/US97/05091 w[err] =
[(k[err] - 6[err]k)/ (k[err] - [err]k))w[err] = 0.7209 w[err] w[err] =
[(k[err] - 7[err]k)/(k[err] - [err]k))w[err] = 0.6651 w[err]. Using the
above relations, the following comparisons 5    can be made between the
geometric and arithmetic progression methods of selecting the inner band
radii of the various zones. 



It is noted, that the storage capacity of a disk using the above-described
geometric progression is substantially the same as that of a disk using the
arithmetic progression. 10              In Figure 4 and 5, zone data rate
frequencies versus the zone index position are graphed as a function of
varying spindle motor speeds for zones banded using the arithmetic
progression and the geometric progression, respectively. The spindle motor
speed is varied over ten discrete drive speeds 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 502 in the case of
the geometric progression (Figure 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 frequencies indicated at points 504 and 505 (corresponding to
frequencies 1.78 MHz and 6.90 MHz) are used by more than one zone. It is
further 30    noted that  the frequencies  also align vertically.   This
indicates that as the drive speed is reduced, the zone bit frequencies are
shifted toward the outer diameter (OD) of the disk. Referring to Figure SA,
the following example 35    illustrates  an advantage obtained by using the
geometric 



progression to allocate track locations to zones-  In 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 -24-    WO 97/37349
PCT/US97/05091 discrete speed of 3339 RPM, represented by line 506, the
correct zone bit frequency for zone 2 is 5.9363 MB/sec. As illustrated in
the graph, this frequency was used by zone 3 when the spindle speed was
3600 RPM. Similarly, the zone data 5    rate used by zone 2 at 3600 RPM is
now used in zone 1.  In this matter, the zone data rates shift toward the
outer diameter of the disk. At the innermost zone, zone 10 in the
illustrated example, a new zone bit frequency is needed by the data channel
for each reduction in spindle motor speed. It should now be 10
appreciated that for drives having N zones and M spindle speeds, the number
G of data rate frequencies required may be described by the relation
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  zone 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  using  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 technique, 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[err])[err]H[err] 35 Where V[err] is the nominal disk speed,
and H[err] is the nominal flying height at V[err]. Referring to the drive
spindle speeds illustrated in Figure 5, and assuming that the fly- -25-
WO 97/37349                                        PCT/US97/05091 height is
50 nanometers (nm) at the nominal speed V[err], the fly- height at the
reduced speeds are 49 nm for 3,339 RPM, 48 nm for 3,097 RPM, and 46 nm for
2,873 RPM.  In this example, at a spindle velocity at 2,873 RPM,  the power
consumed by the 5    spindle motor is reduced to 55% of that at 3,600 RPM.
However, the flying height reduction is only 4 nm.   Such a slight decrease
in flying height is within the tolerances allowed in many disk drives. 



The fractional power and head flying heights for the 10    arithmetic and
geometric 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 millimeters) and frequency in Megahertz
for the geometric and arithmetic radii progressions, respectively, as a
function of 15    varying  spindle  speed  (RPM).   The  tables  also  list
the fractional flying height (FH) and fractional power (POWER) for the
different spindle speeds. In Figure 8A, 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 like
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 equalizer 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. -26-    WO
97/37349                                       PCT/US97/05091 Current disk
drives may operate at recording signal frequencies of over 200 megahertz
(MHz). At such rates, analog-to-digital conversion circuitry becomes quite
expensive.   In order to reduce cost, the read channel may be implemented
using more 5    analog components.  For example, detection can be
simplified by using analog circuitry thereby reducing costs.  Further,
power dissipation may be reduced using analog components. As the operating
speed of the disk drive is further increased the need to use analog devices
in the read channel becomes even 10    more important. One potential
drawback to using analog 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 15
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 various 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. -27-    WO
97/37349                                       PCT/US97/05091 Claims 1
1.   A memory storage device comprising: 2              a disk having N
concentric zones, N being an integer 3    greater 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 location of each zone is
substantially 6    constant; 7              a motor connected to the disk
to selectively rotate 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 frequency 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 disk 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 velocity. -28-    WO 97137349
PCT/US97/05091 1         4    A device as recited in one of claims 1 to 3,
wherein 2    the N concentric zones are defined by N inner zone radius
r[err], 3    for i = 1 to N, and wherein an inner zone radius r[err], of a
zone 4    Z[err] is determined as a geometric progression from an inner
zone 5    radius r[err] of an adjacent zone z[err]. 1         5.   A device
as recited in one of claims 1 to 3, wherein 2    the N concentric zones are
defined by N inner zone radius r[err], 3    for i = 1 to N, determined
according to a geometric progression 4    which maintains a substantially
constant ratio of radii between 



5    adjacent zones. 1         6.   A device as recited in claim 4, wherein
in the 2    geometric progression determines the inner radius r[err] for
zone 3    Z[err] according to the relationship 4
r[err] = r[err] 5    where r[err] is an outer diameter radius of the disk
and p is a 6    substantially fixed geometric progression coefficient. 1
7.   A device as recited in one of claims 1 to 3, wherein 2    each of the
N concentric zones is defined by a corresponding 3    inner zone radius
r[err], for i = 1 to N, and wherein the density 4    of data stored on the
disk at each of inner zone radius r[err] is 5    substantially constant. 1
8.   A method of accessing a memory storage device having 2    a disk for
storing data in a plurality of concentric zones, 3    data being stored at
an innermost track location for each of 4    the plurality of concentric
zones at a substantially constant 5    linear density, the method
comprising the steps of: 6              (a)  rotating the disk at a first
disk velocity; 7               (b)  performing 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 disk
velocity; and 11              (d)  performing access operations to the
plurality 12    of concentric zones while rotating the disk at the second
disk 13    velocity. -29-    



WO 97/37349                                       PCT/US97/05091 1
9.   A method as recited in claim 8, wherein the rotating 2    step (c)
comprises the steps of: 3                   i.   detecting a low power mode
condition; and 4                   ii.  initiating a reduction in disk
velocity to 5    the second disk velocity in response to the low power mode
6    condition. 1         10.  A method as recited in claim 8 or 9, wherein
the 2    access operations comprise 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 5    zones while rotating
the disk at the first disk velocity. 1         13.  A method as recited in
one of claims 8 to 11, further 2    comprising the steps of: 3
(e)  initiating a write operation to write data to 4    the disk; 5
(f)  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
is 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 velocity, 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. -30-    WO 97/37349
PCT/US97/05091 1         14. A method as recited in one of claims 8 to 13,
further 2    comprising the steps of: 3              performing an access
operation to a first zone of the 4    plurality of zones while the disk is
rotating at the first disk 5    velocity at a first data bit frequency; and
6              performing an access operation to a second zone of 7    the
plurality of zones while the disk is rotating at the second 8    disk
velocity at the first data bit frequency. 1         15.  A method as
recited in claim 14, wherein the first 2    zone is radially adjacent to
the second zone. 1         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. -31-    WO 97/37349
PCT/US97/05091 1         18. A computer as recited in claim 17, wherein in
the 2    access operations comprise data read operations and data write 3
operations. 1         19.  A computer as recited in claim 17 or 18, wherein
the 2    computer operates in a plurality of operational modes include 3
a normal operational mode and a low power operational mode and 4    wherein
a disk velocity  corresponding  to  the  low power 5    operational mode is
less than a disk velocity corresponding to 6    the normal operational
mode. 1         20.  A computer as recited in claim 19, wherein the 2
control means comprises: 3              input means for inputting a user
selected low power 



4    mode; and 5              means for controlling the rotating means to
rotate 6    the disk at the disk velocity corresponding to the low power 7
operational mode in response to the user selected the low power 8    mode.
1         21.  A computer as recited in claim 19 or 20, wherein the 2
control means comprises: 3              monitoring means for monitoring
access operations to 4    the disk storage device; and 5
initiation means for automatically initiating the low 6   power operational
mode when a number of access operations to 7    the disk storage device is
below a predefined threshold. 1         22.  A computer as recited in one
of claims 19 to 21, 2    further comprising: 3              a temporary
holding memory; and 4              a  write  control  means  for
controlling  write 5    operations to said disk storage device, 6
wherein, when a write operation of data to the disk 7    storage device is
initiated while the computer is operating in 8    the low power operational
mode, the write control means writes 9    the data in the temporary holding
memory until the velocity of 10    the disk is increased to a disk velocity
corresponding the -32-    WO 97/37349
PCT/US97/05091 11    normal operational mode, and copies the data from the
temporary 12    holding memory to the disk while the disk is rotating at
the 



13    disk velocity corresponding to the normal operational mode. -33-    


