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PRODUCT FOR CONTROLLING COMMUTATION OF DISK DRIVE MOTOR BACKGROUND OF THE
INVENTION 1. Technical Field: The present invention relates in general to
motors, and, in particular, to the control of motors for disk drives. Still
more particularly, the present invention relates to a system, method, and
program product for controlling the commutation timing of a motor, such as
a disk drive motor, that has a commutation profile characterized by an
exponentially decaying curve. 2. Description of the Related Art: Hard disk
drives for data processing systems are driven by motors. The operations of
hard disk drives are controlled by a disk drive controller, and the disk
drive controller controls a motor driver. The motor driver either
externally controls the commutation using an external commutation sequence
or internally controls the commutation using self-commutation, which
utilizes a back electromotive force detection circuit in the motor driver
that receives feedback from the motor windings. When the motor is first
starting-up, self-commutation is not available since the motor is not
moving fast enough. Therefore, the motor driver must externally control
(i.e., via open-loop control) the motor using a commutation sequence
provided by a microprocessor of the disk drive controller.     ' < < 2 7 N
OV 2002 2 During the initial part of start-up (i.e., before
self-commutation is available), the motor driver externally controls the
commutation and therefore the speed and acceleration of the motor. The
motor driver circuit typically comprises six field-effect transistors
(FETs), which are controlled by a "pre-driver" Application Specific
Integrated Circuit (ASIC). The pre-driver switches through six commutation
states by individually energizing pairs of the six FETs. A commutation
period is the duration of time that the commutation driver maintains a
particular commutation state before switching to another commutation state.
A motor that is starting up is ideally characterized by a velocity profile
that is generally linear. As operational time of the motor elapses, the
speed of the motor linearly increases. The speed of the motor in
relationship to elapsed operational time is characterized as a linear
equation. The commutation period is inversely related to the speed of the
motor (i.e., in the form y = 1/x) and therefore exponentially decreases as
motor speed increases. An exponential equation cannot be efficiently
implemented by a processor, such as a processor in the disk drive
controller or the motor controller. A polynomial. equation has therefore
been used by processors to approximate ideal commutation period values over
the commutation curve (i.e., the exponentially decaying curve). For
example, a fourth order polynomial has been used. The ideal commutation
curve can be described as having two portions: the first portion comprises
the beginning portion of the curve including the "elbow" of the curve while
the second portion is the remainder of the curve following the "elbow". One
t ,i 



2 7 N 0 V 2002 3 problem with polynomial approximation is that if
coefficients are selected so that the second portion of the ideal
commutation curve (i.e., the portion after the "elbow" of the curve) is
approximated well, the first portion of the curve (i.e., the portion before
and including the "elbow" of the curve) is not approximated well. If the
polynomial coefficients are changed to better approximate the first portion
of the commutation curve, then the approximation of the second portion of
the commutation curve becomes worse. The reason that a polynomial is unable
to accurately approximate both the first and second portions of the
commutation curve is that the two equations are of different types. The
back-electromotive force (BEMF) detection circuit provides feedback to
enable the motor controller to determine when the motor should be
commutated (i.e., detects movement of motor rotor's magnetic poles). Some
BEMF detection circuits have high BEMF sensitivities that require lower
BEMF amplitudes in order to function reliably. Such circuits can employ
self-commutation at a _ lower motor speed (i.e., lower critical sEMF
speed). Other BEMF detection circuits have low BEMF sensitivity that
require larger BEMF amplitudes to function reliably. In this case, the
motor must be accelerated to a higher speed (i.e., higher critical BEMF
speed) before self-commutation _ can be employed. In order for an open-loop
start sequence of commutations to drive a motor to reliably reach these
higher speeds, the ideal commutation curve must be approximated very
closely and accurately. Additionally, a motor may fail to start and reach
the critical BF,MF speed on a first start-up attempt. Higher than normal
drag may exist for the motor. For example,   a r 2 7 NOV 200 4 this higher
drag may exist at cold temperatures at which motor grease has a higher
viscosity. Higher drag may also happen when a motor has been sitting idle
for long periods of trme, allowing grease to accumulate rather than
remaznlng distributed evenly around the motor bearings. Adapting the
acceleration profile in this higher drag situation is therefore needed in
order to start the motor. Therefore, the present invention recognizes the
need for consistently and reliably accelerating a motor from a stopped
position to the speed at which self-commutation is able to be used. The
present invention also recognizes the need for a commutation period
determination that is able to accurately approximate both the first and
second portions of the ideal commutation curve in order to control
commutation of a motor. The accurate approximation of the commutation curve
is especially needed when a BEMF detection circuit having low BEMF
sensitivity is used when controlling motor commutation. The present
invention further recognizes that the acceleration profile must be adapted
for a motor having higher drag.   c 2 7 N 0 V 2002 5 SUMMARY OF THE
INVENTION A system, method, and program product for operating a disk_ drive
motor according to an exponentially decaying ' commutation curve are
disclosed. A disk. drive includes a 



motor, a spindle driven by the motor, one or more rotatable storage media
coupled to the spindle, a motor driver circuit coupled to the motor, and a
disk drive controller coupled to the motor driver and other disk drive
components. The various components of the disk_ drive are controlled during
operation by signals generated by the disk drive system controller. In
particular, the disk_ drive controller can provide commutation timing
signals to the motor driver that, in turn, drives the motor. During the
first part of motor start-up, the disk drive controller selects external
commutation of the motor. Commutation values approximating the first
portion of the ideal commutation curve are pre-defined and stored as a
look-up table into a memory system. Commutation values approximating the
second portion are derived from a linear equation having a slope based on
an acceleration characteristic of the motor. If the motor fails to reach
the critical BEMF speed, the slope is repeatedly decreased, as necessary,
and commutation values are recalculated for this second portion of the
commutation curve until the motor is started. Commutation values generated
during both portions of the initial start sequence are used to externally
control commutation of the motor. After the motor reaches the critical BEMF
speed at which the back-electromotive force is high enough for
self-commutation to work properly, internal commutation or self-commutation
of the motor is used to commutate the motor.   2 7 N O V 2002 6 The above
as well as additional objects, features, and advantages of the present
invention will become apparent in the following detailed written
description.   1 2 ? N ov 2002 BRIEF DESCRIPTION OF THE DRAWINGS The novel
features believed characteristic of the invention are set forth in the
appended claims. The invention itself however, as well as a preferred mode
of use, further objects and advantages thereof, will best be understood by
reference to the following detailed description of an illustrative
embodiment when read in conjunction with the accompanying drawings,
wherein: Figure 1 is a block diagram of a hard disk drive driven by a motor
that is controlled in accordance with the present invention; Figure 2 is a
graph of the acceleration profile for the motor In Figure 1; Figure 3 is a
graph of the commutation profile for the motor in Figure 1; Figure 4 is an
exemplary block ciagram of the disk drive controller and motor controller
for controlling the motor of the hard disk_ drive of Figure 1 in accordance
with the present invention; and 



r Figure 5 is a flow chart of a method for operating a disk drive motor in
accordance with the present invention.   2 7 N 0 V 2002 s DETAILED
DESCRIPTION OF ILLUSTRATIVE EMBODIMENT With reference now to Figure 1, disk
drive or data storage system 100 includes a housing (not illustrated)
containing at least one rotatable magnetic disk_ 106 supported on a spindle
104 and rotated by a drive motor 102. Each magnetic disk_ 106 has a
magnetic recording medium formed on at least one disk surface 118, where
the magnetic recording medium is arranged in an annular pattern of
concentric data tracks (not shown). At least one slider 108 including one
or more magnetic read/write heads 110 is positioned over magnetic disk 106.
Slider 108 is suspended from an actuator arm 112 by a suspension 119 (also
referred to as a head gimbal assembly (HGA)). The radial position of slider
108 with respect to the tracks of magnetic disk 106 is controlled by voice
coil motor (vcM) 116. During operation of disk drive 100, the rotation of
magnetic disk 106 generates an air bearing between slider _ 108 and disk
surface 118. The air bearing thus counterbalances the slight
downward-biased spring force o~ suspension 114 and supports slider 108
above disk surface 118 by a small, substantially constant spacing. As _
magnetic disk 106 is rotated by drive motor 102, slider 108 is moved
radially in and out in response to the movement of actuator arm l12 by vCM
116, thus permitting magnetic read/write head 110 to read or write data of
interest in different tracks. Read and write signals are communicated to
and from read/write head 110 via data channel 124, which includes conductor
lines running along suspension 119 and actuator arm 112. Data read from or
to   1 J 2 7 N 0 V 2002 9 be written to magnetic disk_ 106 via data channel
124 is buffered by a memory system within Application Specific Integrated
Circuit (ASIC) 11. The various components of disk drive 100 are controlled
during operation by signals generated by ASIC 11, which contains a disk
drive system controller, such as a disk drive controller 402 shown In
Figure 4. Another ASIC 12 is coupled to and in communication with ASIC 11.
ASIC 12 comprises a motor controller or motor driver that controls overall
operation of motor 102 for disk drive 



- - 100. The motor controller or motor driver comprises a pre-driver system
408 and a driver circuit 420 as shown In Figure 4. The control signals
generated by Aslc 12 include motor control signals 120, which control the
rotation of spindle 104 by drive motor 102, and head position control
signals 122, which provide the desired current profiles to optimally move
and position a selected slider 108 to a desired data track on the
associated magnetic disk 106. Thus, a disk_ drive controller is made part
of ASIC 11 while a motor controller having a pre- driver system and driver
circuit are made part of Aslc 12 to drive and operate motor 102 in
accordance with the present r. invention. The disk drive controller and
motor controller with pre-driver system and driver circuit will be
discussed later in more detail with reference to Figure 4. Referring to
Figure 2, a graph 200 of a velocity profile for motor 102 during a start-up
period is shown. Graph 200 shows speed 204 of motor 102 in revolutions per
minute (RPMs) plotted against elapsed time 206 in seconds,   x z ~ Nov zooz
which yields a linear velocity profile 202 having a positive slope. The
acceleration of motor 102 is given by the slope of velocity profile 202.
Thus, for motor 102 of Figure 2, which has a velocity profile slope 2200
RPNL per second, the speed of motor 102 can be calculated by: Speed = (2200
RPM/Sec) * time The commutation period is inversely related to motor speed.
With reference to Figure 3, a graph 300 of the commutation profile for
motor 102 during the start-up ' period is shown. Graph 300 shows
commutation period 304 In seconds plotted against elapsed time 306 from the
time motor 102 starts (i.e., time 0) in seconds. The commutation profile of
motor 102 is shown to be an exponentially decaying curve 302. Curve 302 has
an "elbow" portion 308, a first portion 302A before elbow portion 308, and
a second portion 302B after elbow portion 308. The present invention
externally controls the commutation of motor 102 during the start-up period
to accurately or _. closely model exponentially decaying curve 302. After
motor 102 reaches a critical speed at which back-electromotive force
("BEr~tF") is large enough for self-commutation, commutation is internally
controlled by the self-commutation of the motor for the remainder of the
motor acceleration to the target operational velocity and thereafter.
Referring to Figure 4, an exemplary block diagram of disk drive controller
402 and motor controller or driver 



having pre-driver system 408 and driver circuit 420 for controlling motor
102 in accordance with the present   , a 2 7 ~ N 0 V 2002 n invention is
shown. Disk drive controller 402 drives predriver system 408 of the motor
controller. Pre-driver system 408, in turn, drives driver circuit 420.
Driver circuit 420 is coupled to motor 102, which has three phase windings
A, B, and C. Driver circuit 420 delivers current to motor 102 during a11
commutation states. Driver circuit 420 comprises six field effect
transistors (FETs) 12A, 14A, 12B, 14B, 12C, and 19C. FETs 12A and 19A are
coupled to wending A, while FETs 12B and 14B are coupled to winding B and
FETs 12C and 14C are coupled to wending C. For proper operation, driver
circuit 420 is coupled to power supply voltage vs"~"1,, and to ground.
During any commutation state, driver circuit 420 supplies current to motor
102 as follows: Current flows from the power supply VS"P,,IY, through an
upper FET ( i . a . , either upper FET 12A, 12B, or 12C), and into the
motor terminal attached to this upper FET. The current flows through two of
the three motor windings (depending upon which upper/lower combination is
utilized) and out the motor terminal attached to the single lower FET which
is turned-on. Finally, the current flows through the lower FET to ground.
Signals from windings A, B, and C of motor 102 are fed back to a back_
electromotive force (BEMF) detection circuit 4l8 in pre-driver system 408.
. Disk drive controller 402 comprises processor 404 and memory system 406
coupled to and in communication with ' each other. Pre-driver system 408,
in addition to having BEMF detection circuit 418, also comprises a series
of logic circuits that include an internal/external commutation select
circuit 410, an external commutation circuit 412, an internal commutation
circuit 414, and a   1 1 2 7 N 0 V 2002 12 commutation contro7_ logic
circuit 416 for controlling commutation of motor 102 in accordance with the
present invention. Commutation control logic circuit 416 determines the
commutation state of motor 102. Processor 404 of disk drive controller 402
selects between an internal and external commutation mode by issuing a
commutation mode select signal 405 to internal/external commutation select
circuit 410. If the external commutation mode is selected by signal 405,
processor 404 must issue a pulse via commutate signal 407 to external
commutation circuit 412 of pre-driver system 408 in order to commutate
motor 102. If internal commutation mode, on the other hand, is selected by
a signal 405 from processor 404, then motor commutation is handled by
internal commutation block 414 independent of processor 404. Commutation
control logic circuit 416 receives the processed data from logical circuits
410, 412, and 414 and controls driver circuit 920 to drive the commutation
of motor 102 based on signals, such as signals 405 and 407, received by
pre-driver system 408 from disk_ drive controller 402. BEMF detection
circuit 418 provides feedback in the conventional way to enable pre-driver
system 408 to determine when motor 102 should be l ' commutated (i.e.,
detects movement of rotor's magnetic poles relative to phase windings A, B,
and C which affects how commutation timing is to be controlled). During the
"external commutation mode", commutate signal 407 determines when motor 102
should be commutated by pre-driver system 408, which, in turn, drives
driver circuit 420. Commutation values for first portion 302A of 



commutation curve 302 are pre-defined and stored as a   2 7 N 0 V 2002 13
look-up table into memory system 406. Processor 404 retrieves the
commutation values from the look-up table in memory system 406. The linear
equation for calculating commutation values for second portion 302B of
commutation curve 302 and the elapsed times for the linear equation are
also stored into memory system 406. Processor 404 executes the calculations
for determining the commutation values for second portion 302B as well. To
implement the commutation values, processor 404 pulses commutate signal 407
each time a new commutation is to occur. Commutate signal 407 is received
by external commutation logical circuit 412 and carried out by commutation
control logic block 416. G7ith reference now to Figure 5, a flow chart of a
method 500 for operating and controlling commutation of a motor 102 for
driving a disk drive 100 in accordance with the present invention is shown.
Method 500 starts at block 502 and moves to decision block 504, which
depicts processor 404 selecting between an external commutation mode or an
internal commutation mode. If motor 102 has already been started-up and has
reached the critical BEMF speed, then processor 404 selects an internal
commutation mode or self-commutation mode to drive motor 102 via BEMF _
detection circuit 418, internal commutation block 414, and commutation
control logic block 4l6. Following an internal commutation mode selection
at decision block 504, method 500 proceeds directly to block 514, which
shows that pre-driver system 408 directs the self-commutation mode for
commutating the motor throughout the remainder of the start-up of motor 102
until motor 102 finishes   1 7 2 7 NOV 2002 14 accelerating to a target
operational speed, and method 500 then ends at block. 516. On the other
hand, if motor 102 has not yet been started-up or has not yet reached the
critical BEMF speed, then processor 404 selects external commutation mode
to drive motor 102. External mode control select signal 405 is sent to
internal/external commutation select circuit 410 of pre-driver system 408.
Following an external commutation mode selection at decision block 504,
block_ 506 shows that motor 102 is commutated by utilizing the 



_ _ first commutation values pre-defined for first portion 302A of
commutation curve 302 and stored in memory system 406 (i.e., stored In the
look-up table). Commutation values for first portion 302A of commutation
profile 302 are derived from an equation based on velocity profile 202 of
motor l02. The general equation for computing first commutation control
values for first portion 302A is as follows: Comm Period for FP = 1/V(t) -
1/(slope * t) in which Comm Period for FP is the value of the commutation
period for the motor during first portion 302A of curve 302 at a particular
elapsed time t from when motor 102 started, V(t) is the velocity at time t,
and slope is an acceleration based on the ideal start-up velocity profile
of the motor. For exemplary motor 102, the specific equation is Comm Period
for FP = 1/(((2200 RPM/sec) * time) * (29/60)) since 2200 RPNt/sec is the
start-up acceleration for motor 102 and 29/60 is a conversion factor from
units of   2 ~ N o v 2002 revolutions/minute to commutation
intervals/second. Only a certain number of commutation values, such as five
or six values, need to be pre-defined for modeling first portion 302A of
commutation profile curve 302. Each of the particular commutation values is
sequentially derived on the basis of when a total of the pre-defined
commutation values, including the commutation value to be determined,
equals the elapsed time. For example, if T1 is the first commutation period
and tl is a first total amount of elapsed time from when motor 102 has
started, then T1 is determined when T1 equals tl. Referring back to Figure
3, T1 equals tl at about 0.035 seconds. Furthermore, if T2 is the second
commutation period and t2 is a second total amount of elapsed time from
when motor 102 started, then T2 is determined when the sum of T1 and T2
equals t2. Subsequent pre-defined commutation values are derived for
following elapsed times in the same manner. Referring back to Figure 5,
method 500 moves from block 506 to block 508, which depicts that motor 102
is commutated by utilizing commutation values derived for __ second portion
302B of commutation curve 302. The general linear equation for computing
commutation control values for second portion 302B is as follows: y Comm
Period for sP = (slope * SP time) + (last Comm Period for FP) in which Comm
Period for SP is the value of a commutation period for the motor during
second portion 302B of curve 302 at a particular elapsed time starting from
the last commutation period for first portion 302A, slope is the linear
rate of decrease of commutation periods (a negative value) as shown in
second portion 302B of commutation   ' ' 2 7 N 0 V 2Q02 16
revolutions/minute to commutation intervals/second. Only a certain number
of commutation values, such as five or six values, need to be pre-defined
for modeling first portion 302A of commutation profile curve 302. Each of
the 



particular commutation values is sequentially derived on the basis of when
a total of the pre-defined commutation values, including the commutation
value to be determined, equals the elapsed time. For example, if T1 is the
first commutation period and tl is a first total amount of elapsed time
from when motor 102 has started, then T1 is determined when Tl equals tl.
Referring back to Figure 3, T1 equals tl at about 0.035 seconds.
Furthermore, if T2 is the second commutation period and t2 is a second
total amount of elapsed time from when motor 102 started, then T2 is
determined when the sum of T1 and T2 equals t2. Subsequent pre-defined
commutation values are derived for following elapsed times in the same
manner. Referring back_ to Figure 5, method 500 moves from block 506 to
block 508, which depicts that motor 102 is commutated by utilizing
commutation values derived for  second portion 302B of commutation curve
302. The general linear equation for computing commutation control values
for second portion 302B is as follows: Comm Period for sP = (slope * sP
time) + (last Comm Period for Fp) in which Comm Period for sP is the value
of a commutation period for the motor during second portion 302B of curve
302 at a particular elapsed time starting from the last commutation period
for first portion 302A, slope is the linear rate of decrease of commutation
periods (a negative value) as shown in second portion 302B of commutation
2 7 N 0 V 2002 m curve 302, and sP time is the amount of time that has
elapsed for second portion 302B starting from the last commutation period
of first portion 302A. Various commutation periods for second portion 302B
are computed for respective elapsed times (i.e., sP times) and stored in
memory system 406. Alternatively, values may be calculated one at a time,
as needed, and then immediately used and applied as the values are
computed. The calculated commutation periods are then used by processor 404
and pre-driver system 408 to drive driver circuit 420 and control
commutation of motor 102 to model second portion 302B of commutation
profile 302 for motor 102. Method 500 next moves to decision block 510,
which shows processor 404 determining whether motor 102 has reached a
critical BEMF speed. Windings A, B, and C are located in a stator of motor
102. A rotor revolves around 



an outside portion of the stator. The rotor houses _ magnetic poles, and,
as these poles move around windings A, B, and C, the poles generate a
moving electromagnetic field. The resulting effect on windings A, B, and C
is a j moving (sinusoidal) voltage waveform (i.e., BEMF voltage). The
magnitude of this voltage is directly proportional to motor speed. BEMF
detection circuit 418 only operates properly when this BEMF voltage is
above a critical threshold level (i.e., motor 102 is rotating above a
corresponding critical BEMF speed). As stated earlier, motor 102 may not
have started and reached the critical BEMF speed due to drag conditions
(i.e., due to cold temperature conditions or accumulated grease) that have
2 7 N 0 V 2002 ~s not been factored into the equation for the commutation
values for first portion 302A. If motor 102 has not reached the critical
BEMF speed, method 500 proceeds to block_ 512, which shows that processor
404 decreases the slope (i.e., acceleration) of motor 102 in the equation
used to derive commutation values for second portion 302B. The slope is
decreased by a pre-determined adaptability factor. This adaptability factor
is the amount by which the desired acceleration is to be reduced in an
attempt to retry starting motor 102 following a failure of motor 102
reaching the critical BEMF speed during start-up of motor 102. For example,
the factor may be defined as ten percent (l00) of the slope every time
motor 102 fails to reach the critical gEMF speed during motor start-up, and
therefore, the slope term of the equation is reduced by ten percent each
time motor 102 fails to reach the critical sEMF speed. Method 500 loops
from block 512 back_ to block 506, which shows that the pre-defined
commutation values for first portion 302A from the look-up table are used
again to commutate motor 102. Block 508 shows that motor 102 is commutated
using values that have been re-calculated from the linear ` equation in
which the slope has been decreased for second portion 3028. Method 500
repeats the process at blocks 506, 508, 510, and 512, as necessary, until
motor 102 reaches the critical sEMF speed. The final commutation periods
that are used for motor 102 reaching the critical BEMF speed are calculated
and used by processor 404 and pre-driver system 408 to drive commutation
driver 420 and control commutation of motor 102 to model second portion
302B of commutation profile curve 302 for motor 102.   J 2 7 N 0 V 2002 19
After motor 102 reaches the critical BEMF speed, method 500 moves from
decision block_ 510 directly to block 514. Block_ 514 shows that
commutation is switched to the internal commutation mode In order to finish
accelerating motor 102 to the target operational speed. Method 500 then
finally ends at block 520. While the invention has been particularly shown
and described with reference to a preferred embodiment, it will be
understood by those skilled in the art that various changes in form and
detail may be made therein - without departing from the sprit and scope of
the invention. For example, although aspects of the present invention have
been described with respect to a computer system executing software that
directs the functions of the present invention, it should be understood
that present invention may alternatively be implemented as a program
product for use with a data processing system. Programs defining the
functions of the present invention can be delivered to a data processing
system via a variety of signal-bearing media, which include, without
limitation, non-rewritable storage media (e. g., CD-ROM), rewritable
storage media (e. g., a floppy diskette or hard disk_ drive), and
communication media, such as digital and analog networks. It should be
understood, therefore,- that such signal-bearing media, when carrying or
encoding computer readable instructions that direct the functions of the
present invention, represent alternative ' embodiments of the present
invention.  



2 ? N 0 V 2002 -20 CLAIMS: What is claimed is: 1. A method for controlling
a commutation timing of a motor that has a commutation profile
characterized by an exponentially decaying curve, said method comprising:
pre-defining a first set of commutation values for a first portion of an
exponentially decaying commutation profile of the motor; deriving a second
set of commutation values approximating a second portion of the commutation
profile based on a velocity profile of the motor; externally controlling
commutation of the motor during startup using the first and second sets of
commutation values; and thereafter, internally controlling commutation of
the motor utilizing a back-electromotive force (BEMF) detection circuit. 2.
The method according to claim 1, wherein pre-defining a first set of
commutation values for a first portion further comprises: deriving said
first set of commutation values based on the velocity profile of the motor.
3. The method according to claim 2, wherein deriving the first set of
commutation values further comprising: defining an initial value of the
first set of commutation values as an inverse of a motor speed at an
elapsed time from when the motor has started; and defining a next value of
the first set of commutation values at an elapsed time when a total of the
previous commutation values equals the elapsed time.   2 7 N 0 V 2D02 -21
4. The method according to claim 1, wherein the velocity profile of the
motor is linear. 5. The method according to claim 4, further comprising: 



defining each value of the second set of commutation values as a product of
a negative slope based on acceleration characteristics of the motor and an
elapsed time from a last commutation value of the first portion added to
the last commutation value of the first portion of the commutation profile.
6. The method according to claim l, further comprising: if the motor does
not reach a critical speed by commutating the motor utilizing the second
set of commutation values, re-calculating the second set of commutation
values by decreasing a desired velocity at each commutation period; and
controlling commutation of the motor using the re-calculated second set of
commutation values. 7. A method for operating a motor that has an
exponentially decaying commutation profile, said method comprising:
coupling a motor that has an exponentially decaying commutation profile to
a motor control system; pre-defining a first set of commutation values for
a first portion of the commutation profile; deriving a second set of
commutation values approximating a second portion of the commutation
profile based on a velocity profile of the motor; utilizing the control
system, selecting between externally commutating and internally commutating
the motor; and   2 7 NOV 2002 -22 in response to selecting external
commutation, controlling start-up commutation of the motor utilizing the
first and second sets of commutation values. 8. The method according to
claim 7, wherein pre-defining a first set of commutation values for a first
portion further comprises: 



deriving the first set of commutation values based on the velocity profile
of the motor. 9. The method according to claim 8, wherein deriving the
first set of commutation values further comprising: defining an initial
value of the first set of commutation values as an inverse of a motor speed
at an elapsed time from when the motor has started; and defining a next
value of the first set of commutation values at an elapsed time when a
total of the previous commutation values equals the elapsed time. 10. The
method according to claim 7, wherein the velocity profile of the motor is
linear. 11. The method according to claim 10, further comprising: defining
each of the second set of commutation value as a product of a negative
slope based on acceleration characteristics of the motor and an elapsed
time from a last commutation value of the first portion added to the last
commutation value for the first portion of the commutation profile. 12. The
method according to claim 7, further comprising: if the motor does not
reach a critical speed by commutating the motor utilizing the second set of
commutation values, re-calculating the second set of commutation values by
decreasing a desired velocity at each commutation period; and   2 7 N 0 V
2002 - 23  controlling commutation of the motor using the re-calculated
second set of commutation values. 13. The method according to claim 7,
further comprising: coupling a spindle to the motor; coupling at least one
rotat~able magnetic disk of a disk drive to the spindle; coupling a
read-write sensor to a positioning device; positioning, by the positioning
device, the read-write sensor over the at least one rotatable magnetic disk
to read and write therefrom; and driving the motor to operate the spindle
and the at least one rotatable 



magnetic disk of the disk drive. 14. The method according to claim 7,
further comprising: in response to selecting internal commutation,
controlling commutation of the motor utilizing self commutation at a timing
indicated by a backelectromotive force (BEMF) detection circuit. 15. A
system for controlling a motor having an exponentially decaying commutation
profile, said system comprising: a memory that stores a first set of
commutation values for a first portion of the exponentially decaying
commutation profile and a linear equation describing a velocity profile of
the motor for defining a second set of commutation values approximating a
second portion of the exponentially decaying commutation profile; and   2 7
N 0 V 2002 -24 a processor, coupled to the memory, that, based upon the
first and second sets of commutation values, generates commutation signals
utilized to control commutation of the motor at startup. 16. The system
according to claim 15, and further comprising a motor pre-driver circuit
having a back-electromotive force (BEMF) sensor that provides a feedback
signal indicative of rotation of the motor, wherein the motor pre-driver
circuit includes a control circuit that selects between external
commutation of the motor in response to the commutation signals generated
by the processor and internal commutation of the motor based upon said
feedback signal. 17. The system according to claim 16, and further
comprising a motor driver circuit coupled to said motor pre-driver circuit.
18. The system according to claim 17, and further comprising motor windings
energized by said motor driver circuit. 19. A disk drive, comprising: 



a motor having an exponentially decaying commutation profile; a spindle
coupled to the motor; at least one rotatable magnetic disk of a disk drive
coupled to the spindle; a read-write sensor coupled to a positioning device
for positioning the read-write sensor to read from and write to the at
least one rotatable magnetic disk; a motor driver circuit; a motor
pre-driver circuit coupled to the motor driver circuit;   2 7 N 0 V 2002
-25 a memory that stores a first set of commutation values for a first
portion of the commutation profile and a linear equation describing a
velocity profile of the motor for defining a second set of commutation
values approximating a second portion of the commutation profile; and a
processor, coupled to the memory, that, based upon the first and second
sets of commutation values, generates commutation signals to control
commutation of the motor at startup. 20. The disk drive according to claim
19, wherein the motor pre-driver circuit fiu ther comprises: a
back-electromotive force (BEMF) sensor that provides a feedback signal
indicative of rotation of the motor; and 



a control circuit that selects between external commutation of the motor in
response to the commutation signals generated by the processor and internal
commutation of the motor based upon said feedback signal. 21. A program
product for controlling a commutation timing of a motor that has an
exponentially decaying commutation profile, said program product
comprising: first instructions that access and use a first set of
commutation values pre-defined for a first portion of the exponentially
decaying commutation profile; second instructions that derive a second set
of commutation values approximating a second portion of the exponentially
decaying commutation profile from a linear equation describing a velocity
profile of the motor; third instructions that generate commutation signals
for commutating the motor at startup using the first and second sets of
commutation values; and computer usable media bearing said first, second
and third instructions.   2 7 N 0 V 2002 -26 22. The program product
according to claim 21, wherein said first set of commutation values are
pre-defined based on the velocity profile of the motor. 23. The program
product according to claim 22, wherein an initial value of the first set of
commutation values is defined as an inverse of a motor speed at an elapsed
time from when the motor has started and a next value of the first set of
commutation values is defined at an elapsed time when a total of the
previous commutation values equals the elapsed time. 24. The program
product according to claim 21, wherein said velocity profile of the motor
is linear. 25. The program product according to claim 24, wherein each of
the second set of commutation values is defined as a product of a negative
slope based on acceleration characteristics of the motor and an elapsed
time from a last commutation value of the first portion of the commutation
profile added to the last commutation value of the first portion of the
commutation profile. 26. The program product according to claim 21, wherein
if the motor does not reach a critical speed by commutating the motor
utilizing the second set of commutation values: 



said second instructions re-calculate the second set of commutation values
by decreasing a desired velocity at each commutation period; and said third
instructions generate commutation signals using the recalculated second set
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