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POWER SAVING METHOD AND APPARATUS FOR COMPUTER DISK DRIVES

v/

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to computer memory disk devices in which the speed of
rotation is controlled, and particularly to reducing power consumption of muiti-speed constant
linear velocity and multi-speed constant angular velocity disk drives.

2, Description of the Related Art

It is known that reducing power consumption of computers and their peripherals
promotes energy conservation. Further, it has been recognized that redﬁciz_zg power
consnn;pﬁon of computer components and peripherals decreases the size of a power supply

‘needed for this function. A smaller power supply-facilitates the use of convenient portable

computers, ¢.g., laptop and notebook computers. Thus, it is desirable to reduce the power
required by computer petipherals in order to save energy and increase the convenience of
conipmcrs. | -

It is known to reduce the voltage supplied to the head transport mozor of a computer
disk when no recording medium is loaded in the disk drive. U.S. Pat. No. 4,783,706 to Shoji

"¢t al. discloses such an arrangement. However, when a recording medium is in the disk drive
then no power can be saved by using this method.

It is also known to "spin down", i.e. stop spinning, a recording media when a disk
drive has been inactive for a predetermined period of time. This resuits in a power savings,
since the disk is idle. Such 2 method is shown in U.S. Pat. No. 5,197,055 to Hartung et al.

~ However, a significant time delay is experienced when it is necessary to “spin up” the disk
to reach operational rotational speed.
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It is disclosed in U.S. Pat. No. 4,987,502 to Frecze, that random selection of
successive disk tracks can be used to distribute head contact wear. The system counts idle
periods in order to determine when to move the head. Afier a predetermined maximum
number of idle periods has been reached the system employs a controlier to stop the rotation
of the disk. Stopping the rotation of the disk has the same effect on power consumption as
the "spin down" method of the *055 patent discussed above. Additionally, the disadvantage
of a significant time delay to reach operarional speed after stopping is also present when using
the method disclosed in the *502 patent. ,

Similar methods and arrangements for displacing the head to reduce wear are disclosed
in U.S. Pat. No. 5,050,015 to Hack et al. and U.S. Pat. No. 5,117,315 to Nagasaki et al. The
’015 parent discloses moving the head to a waiting track or area outside the usable area of
the magnetic tracks. The track location and waiting time are dependent on which tracks are
read most frequently, since the objective of the 015 patent disclosure is to reduce wear. A
control circuit is stopped and started to achieve the displacement. Unfortunately, the stopping
and statting of the electronic control circuit involves more power consumption. The 315
patent discloses displacing the head when a processor detects presence or ahsence of rotation
in the disk. The system is capable of reducing wear by slightly displacing the head two or
three tracks aud lifting the head when the disk is started. Power is saved by reducing the
drag effect of the head inadvertently contracting the disk or start-up; however, the apparatus
and method are not useful to save power when a disk is already in motion.

" U.S. Pat. No. 4,658,308 to Sander discloscs a method and apparatus for moving a head
. to a safe *home*~position under microprocessor comtrol when it is sensed that power to a
romating disk is to be interrupted. Slight savings in power are probably realized by reducing
any inadvertent drag effects that would resuit if the head interfered with the disk rotation.
However, the method and apparatus are ineffective to save power while a disk is spinning in

a2 useful operation.
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SUMMARY OF THE INVENTION

An objective of the present invention is to reduce the power consumption of an optical
disk device without sipnificantly degrading response time to a command 1o seek data.

A;:Other objective of the present invention is to provide an apparatus and method for
" reducing power consumption that does not require removing a disk from the optical disk
device.

The present invention is based on the inventors’ critical observation that power
contsumption can be reduced in an optical disk drive by determining when 2 period of
inactivity occurs, and then issuing 2 command to reduce the velocity of the spindle motor
which spins the disk medium 10 the lowest "operational level" or just below the operational
level, without completely stopping or "spinning down” the disk for the duration of the
inactive period. The “operational level” refers to that angular velocity where the head may
still read or write data,

In a constant linedr velocity (CLV) disk drive, a signal is issued from a
microprocessor to an actuator to cause a head having read capability to seek to an outer track
when a predetermined period of inactivity occurs. This is advantageous because the angular
velocity of the disk medium is less at the outer periphery for a given constant linear velacity
(the speed measured under the head), and therefore the power consumption of the spindle
motor which spins the disk will be less.

In a constant angular velocity (CAV) disk drive 2 reduction of the rotational speed
“ during a Feriom relative inactivity is accomplished by issuing a control signal from the
microprocessor to the spindle control module to reduce the angular velocity of the sﬁindle
motor that spins the disk to the lowest operational level or just below the aperational level
without completely "spinning down” the disk for the duration of the inactive period.
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Advantageously, in either embodiment, the disk is operational, as it is never
completely "spun down" to the point that it stops rowating, with an exception for disks left
inactive for large periods of time. So there is no associated significant delay in “spinning up"
the disk upon receiving an /O command. Thus, the invention can be used to reduce power
consumptioxi of a disk spindle motor while maintaining the disk in an operational mode, or
spinning at 2 speed just below an operational mode. Regarding the mentioned exception, if
the disk is left inactive for a predetermined time which is significantly long the disk may be
stopped from spinning. The stopping of the disk, according to the present invention, will
only follow the event of either moving the head to an outer track for CLV drives, or reducing
the angular velocity to the lowest selectable speed for multi-speed CLV and multi-speed CAV
drives.

BRIEF DESCRIFTION OF THE DRAWING

FIG. 1 is a block diagram of the present invention;

FIG. 2 shows a disk medium useful with constant linear velocity type disk drives;

FIG. 3A is a graph illustrating a critical relationship useful with the present invention;

FIG. 3B is a graph illustrating another critical relationship useful with the present
mvennon-___ e

FIG. 4 is a flow chart of one embodiment of the present invention;

FIG. 5 shows 2 disk medium useful with constant angular velocity type disk drives;

FIG. 6 is a flow chart of another embodiment of the present invention; and

FIG. 7 is a diagrammatic timeline showmg a sequence of actions useful for

understanding the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Principles of Operation

Certain principles of electrical engineering, related to disk drives, and in particular
direct current (DC) motors useful for spinning disk mediums are heipful in understanding the
present invention.

It is well known that Ohm’s law teaches that voltage (V) is equal to current (I) times
resistance (R) of a motor, or V=1 3% R. Further it is known that power (P) of the motor is
given by the relationship P = V % I = VY/R. It is also known that voltage of a particular
motor is related to its angular veloeity by the following equation:

V=Ke¥ w
where Ke is a motor voltage constant dependent en the characteristics of a certain motor
type, 2nd w is the angular velocity of the motor, thus yielding the following helpful
relationship:
' P = Ke? % u’]R

Thus it has been recognized by the inventors that because the power expended by a motor
drops as the angular velocity of the motor drops it is desirable to employ a method and
apparamus for automatically taking advantage of this relationship. o

Embodiments __

Referring to FIG. 1, 2 general block diagram of an apparatus capable of reducing the
power copsumed by a disk drive 10 is shown. An optical disk drive is the preferred
embodiment; however, the teachings of the present invention are also useful with non-optical
disk devices, such as direct access storage devices. The invention is particularly useful in
those disk devices employing constant linear velocity (CLV) and constant angular velocity
(CAV) control schemes. Thus, disk drive 10 could be either of the CLV or CAV type. The
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invention is also useful with a particular type of CAV disk drive referred to as Zoned
Constant Angular Velocity (ZCAV). ZCAYV disk drives are CAV drives where the linear
density of the recorded data increases incrementally with radius. Microprocessor 12 has its
own memory, such as random access memory 13 and read only memory 15, which is used
to store commands and for accomplishing tasks such as "power on" tests. This memory is
used to store microcode 14, which is a set of pmoMcd instructions for camrying out
microprocessor functions. Preferably, the inventors envision implementing instructions in
microcode within a microprocessor that is part of the disk drive, such as microcode 14 shown
as part of microprocessor 12, which is dedicated to disk drive 10. It is recognized that
applicable instructions could be implemented in other ways, including as an application
program written in, for example, the "C" language and operating in control unit 26 which
interfaces to disk drive 10 through attaching circuits 27. However, it is believed that is more
efficient to implement instructions directly in the micropracessor because the length of the
data path of the instructions is kept to a minimum. The instruction set depends on the
particular microprocessor. Several popular microprocessors used with computers and
computer petipherals arc made by the Intel Corporation, although those from other

manufacturers, such as Motorola are also available and are commonly used for similar tasks.
For example, reference may be made to the following documentation for more in-depth

understanding of programming an Intel microprocessor: Intel, Microprocessor Peripheral
Handbook, Vol. 1, and J. Crawford and P. Gelsinger, Programming the 80386.
Again rgferring to FIGS. 1 and 2, the microprocessor 12 communiceates with a control

unit 26, which may be a personal computer microprocessor, through attaching circuits 27,

which may be for example a Small Computer Systems Interface (SCSI) card. The
microprocessor 12 controls a spindle control module 16 which controls the spindle motor 18
which receives power from power supply 19. The spindle motor has a rotating element 24
and a disk platter 22 for accomniodating and spinning a disk medium, such as disk 30 (FIG.
2). The microprocessor also controls an actuator 17 which through a known mechanism
comrols movement of data read head 23. Data read from the head is passed through buffer
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28 and data circuits 25 to the control unit 26. The spindle control module 16 and actuator
17 are controlled by microcode 14 in microprocessor' 15 according to whether the apparatus
is programmed to accommodate constant linear velocity or constant angular velocity schemes.
The microprocessor 12, containing microcode 14, and including the microprocessor’s on
board RAM 13 and ROM 15 and a clock 11, form a power saviags module 21 for disk drive
10.

Constant Linear Velocity

One embodiment of the present invention can be employed with known constant linear
velocity disk drives. In a constant linear velocity optical disk drive, such as a CD-ROM
(Compact Disc - Read Only Memory), 2 laser head is used as the velocity transducer.
Referring to Fig. 2, 2 CD-ROM disk 30 cmploys a single path 32 forming approximately
concentric circles, such as circles 35 and 34. The single path spirals from the center 35 of
the disk 30 to its outer periphery 36. A sector 37, containing data, is logically and physically
the same size as all the other sectors on the disk. Although.them is actually only onc path,
cach approximately concentric circle is referred ta as a track. A phantom radial line "¢” is
. shown extending from the center 35 to the outer periphery 36. Points r; and r, on the radial
line r correspond to an inner radius, starting near the'center of the disk, and an outer radius,
measured near or at the outer periphery, respectively. The angular velocity of the disk, o,
) is equal to % angular velocity of a spindle motor which turns it. Track 332 and 34a

correspond to circles 33 and 34, respectively. Thus, track 33a is the track closest to the outer
pertiphery of disk 30.

" Referring to FIGS. 2 and 3A, a critical relationship of the radius of a disk to the
power consumed by the motor using a CLV disk drive can be better understood, Using a
constant linear velocity method, a disk drive (e.g. drive 10) constantly varies the rate at which
a disk (e.g. disk 30) is spinning so that as a data reading head (c.g. head 23) maves over 2
portion of the disk, the speed measured at the head is held constant. This speed, Vp,,, is
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acwally the speed of the media being read by the head. V,, can also be varied for multi-
speed devices; however, once a speed is selected the V., is held constant as the anguiar
velocity changes. The kinematic, or rotational dynamic relationship is known by the equation;
. Vo =1 ¥ @,
where r is the radivs of the disk and Vy,,, is the tangential (i.e. in a direction perpendicular
to both the normal axis of rotation aud the radius) velocity of the data measured at the
head, and w is angular velocity, typically measured in rotations per minute (RPM). For a
given constant linear velocity, Vp,,, the corresponding angular velocity must drop in order
to obey the given relationship as the radius increase§ from the center of the disk to the
outer periphery of the disk. FIG. 3A is a graph plotting angular velocities versus the
radius in a multi-speed drive employing a constant linear velocity scheme, to illustrate this
point. The poims r; and r, correspond to the radial line “1" of FIG. 2. A top curve 38a,
shown in FIG. 3A, plots the inverse relationship of the angular velocity, w, to the
mcreasing radius at the higher speed setting of a multi-speed CLV drive. A lower curve
38b plots the identical relationship, but at lower magnitudes, for a lower speed setting on
a multi-speed CLV drive. This relationship can be related to power consumption, since it

is known that

P = Ke* % w¥R,
it can be seen that 2
P-_—_ Kez‘VDala
r-«R

-

The inventors having recognized that this principal may be implemented to reduce power
consumption in a disk drive, have invented an automatic method and apparatus to take
advantage of the fact that an increase of the radius r 10 its maximum value reduces the
angular velocity and thus the power consumption of the spindie motor in a constant linear
velocity disk drive, while lcaving the disk drive "operational” or at a speed close to
"operational” speed. An operational specd or level is that disk speed at which the head
may read or write data to the disk.
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Referring to FIGS. 1 and 4, the preferced implementation of the invention may best
be understood. An overview of the instructions is included in the flow chart shown in FIG.
4. In each step the miczoprocessor 12 implements microcode instructions in order to carty
out the process; however, for the sake of simplicity, reference will be made only to the
microproocssdr since it is the principal actor. The microprocessor 12 “Start" step 41 coincides
with the "powering on" of the disk drive. A "Drive Active" check step 42 is performed by
the microprocessor 12 to see if any data is being transferred between the head 23 and disk
or between the drive buffer 28 and data circuits 25. Alternately, step 42 is performed by
control unit 26 to see if any files are curtently open (i.e., being read or having data written
to them), If this is true, then the drive is considered to be "active" and a time clock 11 used
to measure periods of “inactivity” is reset to zero in step 43. The step 42 is performed
continuously until all activity ceases, and when this condition is met the drive is considered

"inactive.” Next the processor checks the clock 11, to determine if a predetermined time, T,,

has passed while the drive remains inactive (step 44). During this “inactive” time, the drive
is still checked for activity. Once a predetermined time has passed, with the drive inactive,
then it can be established that the drive “activity lével” is below a predetermined reference
activity level. Thus, after the clock time, t, measured at clock 11, has exceeded a
predetermined time, T,, while the drive is in an inactive state, the microprocessor 12 sends
disk drive 10 into a power saving mode (step 45). The inventors recognize that it is also

possible to cause the power saving mode w occur if a2 measured time, ¢, is less than &

predetermined time, T,, without deviating from the spirit of the inveation.

’ Referring to FIGS. 1, 2, 3A and 4, in a constant linear velocity disk drive, 2 message
is sent from microprocessor 12 to actuator 17 to cause head 23 to seck to the track 33a, which
has the maximum radius measured from disk center 35 (step 45 of FIG. 4). The spindle
control module 16, being actomatically configured to maintain a constant linear velocity
(Vp.,) compensares by . decreasing the angular velocity of spindle motor 18 1o the lowest
operational level of FIG. 3A (where the horizonal coordinate is 1), as shown in step 45.
Thus, given the previously described relationship which mandates a decrease of power when
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the radius is increased and the angular velocity is decreased, it can be seen that the power
savings are significant. The significance is especially recognizable when it is noted that the
power is inversely proportional to the radius squared. Additional power savings are
recognized by microprocessor 12 then commanding the spindle control module 16 to select
the lowest available speed for a multi-speed drive (step 46). For a CLV drive at its low
RPM, which occurs when the head is at the outer track (e.g., track 33a) a simple "seek"
command issued By microprocessor 12, is all that is required to access data located elsewhere
on the disk. Although a speed change is associated with the CLV seek, such a change is
associated with every "seek" implementation in a CLV device. Thus, the drive is still fully
operational in the power saving mode. It is advantageous that the disk is rotating at a reduced
speed when inacrive, rather than being “spun down" (i.e., at rest), because a completely spun
down disk takes a significant amount of time to be “spun up” to operating speed. Of course,
the disk may be spun to a level just below operational without stopping in order to save
power without departing from the spirit of the invention.

" Constant Angular Velocity

Referring to FIGS. 1 and 3B, another emboditnent of the present invention can be
employed with disks for constamt angular velocity (CAV) schemes. _Mulﬁ-sp;:e;i constant
angular velocity (CAV) schemes are well known. Typicaily a spindle motor, such as motor

_18, is used as a velocity transducer by attaching a tachometer to the motor’s rotating element
zsuch as element 24) and then digitally encoding the signal. Alternatively, a signal from a
motor is compared to a reference signal to determine the rotational or angular velocity of the
spindle motor. Ounce the velocity of the motor is known, it can be controlled by varying the
voltage applied to the motor, through a power supply 19 controlled by microprocessor 12,
The result is shown in FIG. 3B, a constant angular velocity is maintained regardless of where
a head, such as head 23, {s in relation to the radius, which is shown to increase from an inner
value “r,", ear the center, to an outer value “r,", near or at the outer periphery. The top line
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39a represents a higher speed setting for a CAV drive, and the lower line 39b Tepresents a
lower speed seting for a CAV drive. In either case the angular velocity remains at the same
value regardless of the radius at which the head is currently located.

Referring tw FIG. 5, a known type of disk 50, which is useful with a CAV disk device
is shown. Concentric circles form tracks 53, which are divided radially into sectors 52. The
disk is controlled by a servo or other type of control module (such as module 16) to always
spin at the same rate. The disk is typically a magnetic or optical type. Such CAV devices
typically allow for automatic selection of a desired speed, for example a high speed might by
3600 RPM and a low speed might be 2400 RPM.

An example of power savings has beer measured by the inventors and is illustrated
in the table below, where the angular velocity is measured in Rotations per minute, or RPMs:

RPM Current (Amps) Power
- 2400 052 A 6.2 Watts
3600 0.60 A 7.2 Waus
The experimental set-up included a Hewlett-Packard C1716T CAV optical disk drive, and a
Tekironix AMS03 current probe, spun at the indicated RPM values. The voltage applied to
the motor was 12 Volts DC, and wattage was calculated using Ohm’s law. It can be seen that
the reduction in RPM values results in a savings of about 16 % ((7.2-6.2)/6.2).
* In this case, it can be seen from the table above, that a savings of about 16% may be
obtained by operating at a lower speed. Of course the trade-off is that access time of data
is inherendy slower with a slower spin rate. Thus, applying the same general concept as
’ ngcn above for constant linear velocity disks, the inventors have recognized that mouitoring
the activity level of the drive and comparing this to a reference activity level criteria allows
for automatic reduction of the speed when there is a period of inactivity exceeding a
predetermined time. The "“active" versns “inactive” status is determined by the I/O activity
monitored by drive microprocessor 12 or whether files are opened, as monitored by control
unit 26.
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Referring to FIGS. 6 and 1, the embodiment of the invention using CAV disks is
illustrated. As with CLV drives, in each step the microprocessor 12 implements microcode
14 in order to carry out the process; however, for the sake of simplicity, reference will be
made only to the microprocessor action of camying out the microcode instructions. The
microprocessor 12 "Start” step 61 coincides with the powering on of the disk drive. As with
CLV drives, a "Drive Active" check step 62 is performed by the microprocessor 12 to sce if
data 1/O is occurring or if any files are currently open (i.e., being read or having data written
to them). If any files are open, then the drive is considered to be "active" and a time counter,
t, measured at clock 11, is reset to zeto in step 63. Step 62 is performed continuously until
all data transfer ceases or all files are closed, and when this condition is met the drive is
considered "inactive." Next the processor checks the clock 11, to determine if a
predetermined time has passed while the drive remains inactive. As with CLV devices, once

.a predetermined time has passed in step 64, with the drive inactive, then it can be established
that the drive “activity level” is below a predetermined reference activity level. Thus, after
the clock time, 1, measured at clock 11, has exceeded a predetermined time, T, , while the
drive is in an inactive state, the microi:mcessor 12 goes into a power saving mode by
reducing the disk angular velocity to the: lowest operational speed, as shown in step 66.

Reference will now be made to FIGS. 4, 6, and 7. Referring to FIG. 7, a time line
70, where time is measured in direction 76, shows that a complete device spin-.dc;wn can be
added to the general method of power saving mode described above for either CLV or CAV
schemes if the device has been in 2 power saving mode for a predetenmined period of time.
This might be implemented, for example, if 2 computer which uses the disk drive has been
left powered on, but is unattended. A device is determined to be an active device as shown
in time line segment 72 (segmeat 72). An active device is determined as described above in
either step 42 FIG. 4 or step 62 FIG. 6. A device or drive which is inactive (segment 74)
for T, seconds (segment 77) is sent into a power saving mode (segment 78) where it remains
for T;qw seconds (segment 82), and then the motor velocity is reduced until the motor stops

" spinning (segment 83). In this way, a method and apparatus for saving power in a normal
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opcration mode is combined with an additional savings technique for disks left inactive for
a long period of time, Such a method. in a preferred embodiment, would be catried out by
a microprocessor such as microprocessor 12, by instructions in microcode, such as microcode
14. Control unit 26 could also be programmed to perform the method. When the device is

needed it can be spun back up to operating speed.

A preferred embodiment of the present invention has been described for reducing

power consumnption of a disk drive, without significantly slowing the access speed of data on

the disk; however, it should be understood that modifications and adaption thereof may occur

to persons skilled in the art. Therefore, protection afforded the present invention should only

be limited in accordance with the scope of the following claims.

WE CLAIM:

13
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CLAIMS

1. A meﬂxod of reducing power consutption of a computer memory disk drive,
wherein the disk drive has a head capable of reading data, a head actuator, & disk medinm
having an outer periphery and being mounted in the disk drive, a clock, a control processor
in communijcation with the clock, a spindle motor for spinning the disk medium at a
measurable angular velocity, and a spindle motor control module, the method comprising the
machine-executed steps of:

(a) determining an activity level of the disk drive;

(b)  comparing the activity level of the disk drive to a predetermined activity level |
reference criteria; and

()  issuing a command to the spindie mortor control module to reduce the angular
velocity of the spindie motor while continuing to spin the spindle motor, based on the
compared activity level of the disk drive to the reference activity level criteria, thereby
reducing power consumed by' the spindle motor.

2 The method of claim 1, wherein said disk drive is a constant linear velocity
disk drive, and wherein step 1 (c) includes the machme-executed steps of:

(a) issuing a seek signal to the head actuator to displace the head 10 a uack of the
disk medium closest in proximity to the outer periphery of the disk medium, based on the
compared activity level of the disk drive to the reference activity level criteria; and

(b)  in response to the head being displaced to the outer wack of the disk, issuing
a command to the spindle motor control module to reduce the angular velocity of the spindie
. motor while continuing to spin the spindle motor, thereby reducing the power consumed by
the spindle motor.

————
———
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3. The method of claitu 2, including the machine-executed step of issuing a seek
signal tw the head actuator to displace the head from the outer periphery track to a wack
corresponding to a location of data, in response to a request to read the data.

4, The method of claim 2, including the machine-executed step of reducing the
angular velocity until the spindle motor ceases to spin, based on the compared activity leve]
of the disk drive to the reference activity level criteria, thercby further reducing the power
copsumed by the spindle motor.

5. The method of claim 4, including the machine-executed step of increasing the
angular velocity of the spindle motor and issuing a seek signal to the head actusitor to displace
the head from the outer periphery track to a track coxreSpondmg to a location of data, in
response 1o 2 request to read the data.

6. The method of claim 1, wherein said disk drive is a constant angular velocity
disk drive. '

7. The method of claim 6, including thé machine-executed step of issuing a
command 10 the spindle motor control module to increase the anguiar velocity of the spindle

motor if a request to read data is received.

8. The method of claim 6, including the machine-executed step of issuing a
command to the spindle motor control module to reduce the angular velocity until the spindle
miotor ceases to spin, based on the compared activity level of the disk drive to the reference
" activity level criteria, thereby further reducing the power consumed by the spindie motor.
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9. The method of claim 8, including the machinc-exccuted step of issuing a
commaud to the spindle motor control module to increase the angular velocity of the spindle
motor and issuing a seck signal 1o the head actuator to displace the head from the outer
periphery-track to a track corresponding to a location of data, in response to a request to read
the data.

10. A method of reducing power consumption of a computer memory disk drive,
wherein the disk drive is 2 constant lincar velocity disk drive which has a head capable of .
reading data, a head .acmator, a disk medium having an outer periphery and being mounted
in the disk drive, a clock, a control processor in communication with the clock, a spindie
motor for spinning the disk medium at a measurable angular velocity, and a spindle motor
control module, the method comprising the machine-executed steps of:

(2) determining an activity level of the'disk drive;

(b)  comparing the activity level of the disk drive to a predetermined activity level
reference criteria;

' (c) . issuing a seek signal to the head actuator to displace the head to a track of the
disk medium closest in proximity to the outer periphery of the disk medium, based on the
compared activity level of the disk drive to the reference activity level criteria; and

(d) in respanse to the head being displaced to the outer track of the disk, issuing
a command to ﬁle spindie motor control module to reduce the angular velocity of the spindle
motor while continuing to spin the spindle motor, thereby reducing the fmwer consumed by
the spindie motor. '

11.  The method of claim 10, including the machine-executed step of issuing a seck
signal to the head actuator to displace the head from the outer periphery track to a track
corresponding to 2 location of data, in response to a request to read the data.
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12.  The method of claim 10, including the machine-executed step of issuing a
comgand to the spindie motor control module to reduce the angular velocity until the spindle
motor ceases to spin, based on the compa.ied activity level of the disk drive to the reference
activity level criteria, thereby futther reducing the power consumed by the spindle motor.

13.  The method of claim 12, including the machine-executed step of issuing a
command to the -spindle control module to increase the 'angular velocity of the spindle motor
and issuing a seck signal to the head actuator to displace the head from the outer periphery
track to a track corresponding to a location of data, in response to a request to read the data.

14, A method of reducing power consumption of a computer memory disk drive,
wherein the disk drive is a constant linear velocity disk dtive which has a head capable of
reading data, a head actuator, a disk medium having an outer periphery and being mounted
in the disk drive, a clock, a control processor in communication with the clock, a spindle
motor for spinning the disk medium at a measurable angular velocity, and a spindle motor
control module, the method comprising the ordered machine-executed steps of:

(@  determining-sn ativity level of the disk drive;

(b) cotnparing the activity level of the disk dnve toa predetermmed acuvxty level
reference criteria;

(c)  issuing a seek signal to the head actuator to diSplace the head to a track of the
disk mediun closest in proximity to the outer periphery of the disk medium, based on the
compared activity level of the disk drive to the reference activity level criteria;

(@)  in respouse to the head being displaced to the outer track of the disk, issuing
a command to the spindle motor control module to reduce the angular velacity of the spindle
motor while continuing to spin the spindle motor, thereby reducing the power consumed by
the spindle motor; and | e
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(¢)  reducing the angular velocity until the spindle motor ceases to spin, based on
the compared activity level of the disk drive to the reference activity level criteria. thereby
further reducing the power consumed by the spindle motor.

15.  The method of claim 14 and further including the machine executed step of
issuing a command to the spindle motor control module to increase the angular velocity of
the spindle motor and issuing a seek signal to the head actuator to displace the head from the
outer periphery track to a track corresponding to a location of data, in response to a request
to read the data.

16. A method of reducing power.consumption of a computer memory disk drive,
wherein the disk drive is a constant angular velocity disk drive which has a head capable of
reading data, a heed actuator, a disk medinm having an outer periphery and being mounted
in the disk drive, a clock, a contro} processor in communication with the clock, a spindie
" motor for spinaing the disk medium at a measurable angular velacity, and a spindle motor
control module, the method comprising the machirie-executed steps of:

(a)  determining an activity level of the disk drive;

(b)  comparing the acuvity level of the disk drive to a predetermined activity level
reference criteria; o

(c)  issuing a command to the spindle motor control module to reduce the angular
velocity of the spindle motor while continuing to spin the spindle motor, based on the
compared activity level of the disk drive to the reference activity level criteria, thereby
reducing power cousumed by the spindle motor; and

(@)  issuing a command to the spindle motor control module to increase the angular
velocity of the spindle motor if a request to read data is received.

This Sheet Has Been Replaced

L

18

|

1

-

: | HIIlIII ||\I|\ IIIlI I || 1!



17.  The method of claim 16, including the machine-executed step of issuing a
command to the spindle motor control module 10 reduce the angular velacity until the spindle
motor ceases to spin, based on the compared activity level of the disk drive to the reference
activity level criteria, thereby further reducing the power consumed by the spindle motor.

18, The method of claim 17, including the machine-executed step of issuing a_
command to the spindle motor control module to increase the angular velocity of the spindle
motor and issuing a seek signal to the head acuator to displace the head from the outer
periphery track to a track corresponding 10 a location of data, in Tesponse 10 a request to read
the data,

19, A system for reducing power consumption of a Computer memory disk drive,
the system comprising:
a disk drive, wherein the disk drive further comprises:
' a head capable of reading daa;
a head actuator;
a disk medjum having an outer periphery and being mounted in the disk

drive; _
a spindle motor for spinning the disk medium at a measurable énéulu
velocity;
a spindie motor control madule; and
a power savings module coupled with the disk drive, the power savings module
including a processor and a clock and further including machine-executed means for:
(@  determining an activity level of the disk drive;
(b)  comparing the activity level of the disk drive to a predetermined activity level
reference criteria; and
(¢)  issuing a command 10 the spindle motor control module to reduce the angular
velocity of the spindle motor while continumg to spin the spindle motor, based on the

9
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compared activity level of the disk drive to the reference activity level criteria, thereby
reducing power copsumed by the spindle motor.

20.  The system of claim 19, wherein said disk drive is a constant linear velocity
disk drive, and wherein step 19(c) includes the machine-executed steps of:

(@)  issuing a seek signal to the head actuator to displace the head to a track of the
disk medium closest in proximity to the outer periphery of the disk medium, based on the
compared activity level of the disk drive to the reference activity level criteria, and’

(b) | in response to the head being displaced to the outer track of the disk, issuing
a command to the spindle motor control module to reduce the angular velocitf of thé spindle
motor while continuing to spin the spindle motor, thereby reducing the power consumed by
the spindle motor.

21.  The system of claim 19, including the machine-executed step of issuing a seek
signal 10 the head actuator to displace the head from the outer periphery track to a track
corresponding to a location of data, in response to a request to read the data.

22.  The system of claim 20, including the machine-executed step of }'efiucing the
angular velocity until the spindle motor ceases to spin, based on the compared activity level
of the disk drive to the refesence activity level criteria, thereby further reducing the power
consumed by the spindle motor, |

23.  The system of ciaim 22, including the machine-executed step of increasing the
angular velocity of the spindle motor and issuing a seck signal to the head actuator to displace
the head from the outer periphery track to a track corresponding to a location of data, in

response to a request to read the data, e
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24.  The system of claim 20, wherein said disk drive is a constant angular velocity
disk drive.

25.  The system of claim 24, including the machine-executed step of issuing a
command to the spindle motor control module to increase the angular velocity of the spindle
motor if a request to read data is received,

26.  The system of claim 24, including the machine-executed step of issuing a
command to the spindle motor control module to reduce the angular velocity until the spindle
motor ceases to spin, based on the compared activity level of the disk drive to the reference
acrivity level criteria, thereby further reducing the power consumed by the spindie motor.

27.  The system of:claim 26, including the machine-exccuted step of issuing a
command to the spindle motor control module to increase the angular velacity of the spindle
motor and issuing a seek siglnal to the head actuator 1o displace the head from the outer
periphery track to a track corresponding to a location of data, in response to a request to read
the data.

28.  An apparatus for reducing power consumption in a computer me:mory disk
drive, wherein the disk drive has a head capable of reading data, a head actuator, a disk
medium having an outer periphery and being mounted in the disk drive, a clock, a control
processor in communication with the clock, a spindle motor for spinning the disk medium at
a measurable angular velocity, and a spindle motor control module, the apparatus comprising:

discriminator means for determining an activity level of the disk drive;

comparator means for comparing the activity level of the disk drive to a predetermined
activity level reference critetia; and

command issuing means for issuing a command to the spindle motor control modﬁle

td reduce the angular velocity of the spindle motor while continuing to spin the spindle motor,
—/’_,_’__.__‘—’——— -
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based on the compared activity level of the disk drive 1o the reference activity level criteria, |

thereby reducing power consumned by the spindle motor.

23.  The apparatus of claim 28, wherein the disk drive is a constaut linear velocity
disk drive, and the command issuing means includes means for:

(8)  issuing a seck signal to the head actuator to displace the head to a track of the
disk medium closest in proximity to the outer periphery of the disk medium, based on the
compared activity level of the disk drive to the reference activity level criteria: and |

(b)  issuing a command to the spindle motor control module to reduce the angular
velocity of the spindle motor while continuing to spin the spindle motor, in response to the
head being displaced to the outer track of the disk, thereby reducing the power consumed by
the spindle motor.

30.  The apparatus of claim 29, including the command issuing means for issuing
a seek signal to the head actuator to displace the head from the outer periphery track to a
track corresponding to a location of data, in response to a request to read the data.

531.  The apparatus of claim .‘i9, including the command issuing meags for issuing
a command to the spindle control module to reduce the angular velocity until the spindle
motor ceases to spin, based on the compared activity level of the disk drive to the reference
activity level criteria, thereby further reducing the power consumed by the spindle motor.

32.  The apparatus of claim 31, including the command issuing means for issuing
a command to the spindie control module to increase the angular velocity of the spindie motor
and means for issuing a seek signal to the head actuator to displace the head from the outer
periphery track 1o a track corresponding to a location of data, in response to 2 request to read
the data.
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33,  The apparaws of claim 28, wherein said disk drive is a constant angular
velocity disk drive.

34,  The apparatus of claim 33, inciuding the command issuing means for issuing
a command to the spindle motor control module to increase the angular velocity of the spindle
motor if a request to read data is received.

35.  The apparatus of claim 33, including the command issuing means for issuing
a command to the spindle motor control module to reduce the angnlar velocity until the
spindle motor ceases to spin, based on the compared activity level of the disk drive to the
reference activity level criteria, thexeby further reducing the power consumed by the spindie

motor.

36,  The apparatus of claim 35, including the command issuing means for issuing
a command to the spindle motor control module to in'crcasc the augular velocity of the spindle
motor and issuing a seek signal td the head actuator to displace the head from the outer
periphery track to a track corresponding 10 a location of data, in response to a request to read
the data. '
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37. A method of reducing power consumption of a computer memory disk
drive, said method being substantially as herein described with reference to Fig. 1 and
either Figs. 2, 3A and 4 or Figs. 3B, 5 and 6 of the accompanying drawings.

38. A system for reducing power consumption of a computer memory disk
drive, said system being substantially as herein described with reference to Fig. 1 and
cither Fxgs 2, 3A and 4 or Figs. 3B, 5 and 6 of the accompanying drawings.

39, Apparatus for reducing power consumption in a2 computer memory
disk drive, said apparatus being substantially as herein described with reference to
Fig. 1 of the accompanying drawings.
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