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OPTIMIZED SEEK INITIATION Field of the Invention 5 This application relates
to hard disc drives and more particularly to an apparatus and method for
rotationally optimizing seek initiation. Background of the Invention In a
disc drive data is recorded on a disc in concentric, circular paths known
10 as tracks. Servo bursts are written in each track on the disc and
contain position information. The servo bursts are positioned along radial
slightly wedged shaped quasi-lines that cross the circular tracks and
divide the disc into zones. The burst wedge's width increases slightly from
the inner portion of the disc to the outer portion. Each zone contains a
number of sectors, and the number of sectors vary 15 from one zone to the
next. During operation the disc continually rotates and a read/write head a
given radius from the center of the disc would read or write data in a
given track. An actuator arm swings the head in an arc across the disc
surface to allow the head to read or write data in different tracks. The
read/write head is mounted upon the distal end of the actuator arm, and ZO
the arm is moved by a servo control system. Accordingly, the track position
of the head is controlled by the servo system. When the head needs to
access a different track, the actuator arm swings the head to the desired
track location. The motion of the head from one track to another includes
an acceleration and a deceleration phase, and the period during which head
movement occurs is known as the seek time. 25 In a disc drive, data is read
from or written to the disc in response to a read/write command. This
command contains information which tells the control system where the
target data is located on the disc in relation to the servo bursts, zones,
and sectors. The read/write head detects its position as it passes over a
servo burst by reading the position information the servo burst contains.
The control 30 system then uses the detected position to generate the
proper signal to apply in positioning the actuator arm.    ~ ~r SEp 2002 WO
00I63907 PCT/USOb/I0725 To increase the rate at which data can be retrieved
from a disc drive, a buffer is employed to store data that is prefetched.
Prefetching data is the process of reading data that is located
rotationally just ahead or just behind target data on a track and storing
the data in the buffer. The prefetched data has not been requested 5 by the
host, but often the host will request this data at some nearby future time.
The buffer can provide the prefetched data to the host computer much faster
than the data can be read from the disc. Therefore, a performance gain is
realized when the host requests the prefetched data. In a conventional disc
drive, prefetching begins once the target data has been 10 read and
continues until a new command is received. From the head's perspective,
data that will be read later in time is positioned ahead of the data
currently being read because one must look ahead of the head's current
position to see what the head will read next. Prefetching the data that is
rotationally positioned ahead of the target data, as viewed by the head,
and arrives at the head after the target data is referred to 1 S as a read
look ahead (RLA). When the new command is received, the control system
immediately halts RLA prefetching and seeks the actuator arm and head to
the target data's track. Zero latency prefetching (ZLP) then commences on
data that is rotationally positioned behind the target data, as viewed by
the head, and arrives at the head before the target data. Once the target
data arrives, prefetching ends and 20 the target data, is read. This
process increases performance, but the ZLP data that is prefetched from the
new target data` s track before the target data arrives is not as useful in
the buffer as the RLA data. The RLA data is more useful in the buffer
because the host frequently requests RLA data, which is written
sequentially after and rotationally ahead of target data. The host less
frequently requests ZLP data, 25 which is written sequentially before and
rotationally behind target data. To continue prefetching the RLA data
during the latency period once a command is received, the seek must be
delayed rather than initiating immediately. 



Conventional disc drives are only capable of seeking immediately once a
command is received. Thus, conventional disc drives are incapable of
prefetching useful RLA 30 data instead of less useful ZLP data once a
command is received. 2   2 ~ S E P 2002 WO 00I63907 pcT/~rsaonons Summary
of the Invention By utilizing an optimized seek initiation, the method and
apparatus in accordance with the present invention solves the
aforementioned problem and other problems of producing a disc drive that
prefetches RLA data once a command is 5 received. The seek operation method
involves receiving a command and then delaying the seek while prefetching
from the old target's track rather than seeking immediately and then
continuing to prefetch from the new target's track. The method involves
calculating the access rotation amount, which is the amount of rotation
that will occur from the current position of the actuator of the disc drive
to 10 the target data's position. A seek rotation amount is also
calculated, and the seek rotation amount is the amount of rotation that
will occur during the time the actuator arm moves from the old target's
track to the new target's track. A latency period is found by subtracting
the seek amount from the access amount. The latency period can be
represented by a burst count. The burst count is the number of bursts that
15 will rotate by the head during the remainder of the latency period. The
RLA data is prefetched during this latency period and the seek can be
delayed. As the latency period is elapsing, bursts are passing by the head
and are being read. Each time a burst is read, the burst count representing
the latency is decremented. Then, when the burst count is decremented to
zero indicating the latency period has expired, the 20 actuator arm seeks
to the new track just in time to begin reading the new target data. In one
aspect of the invention, a method for optimizing seek initiation involves
calculating a seek trigger burst rather than a latency period represented
by a burst count. In such a method, the command is received and then a
number of servo bursts that will rotate by the actuator arm during the seek
to the new track is 25 calculated. Subtracting the number of servo bursts
from the servo burst number derived from the command, which gives the
position of the new target, results in a trigger burst that once read by
the head indicates that the seek must initiate. The prefetch RLA data
located rotationally ahead of the old target is then read until the trigger
burst rotates to the actuator arm and is read by the head. At that point,
the 30 actuator arm seeks to the new track just in time to begin reading
the new target data. These two methods may also be adapted to disc drives
where several commands are qeued and scheduled to minimize the seek times.
In such a case,   WO 00I63907 2 ~ s E P zooz PCT/US00/107Z5 either the
latency period or the trigger burst between reading each command is
calculated for all the commands. In another aspect of the invention, the
apparatus includes a processor which calculates the latency period count or
the trigger value. The processor executes a 5 program stored in memory to
make these calculations. A servo detector reads the position information
contained in the servo bursts and provides it to the processor. A host
control logic decodes commands and provides them to the processor. A servo
control receives control signals from the processor and holds the actuator
arm over a current track that is being read from or seeks the actuator arm
to a new track. 10 A buffer manager receives a buffer control signal from
the processor that instructs the buffer manager as to how prefetch data
should be read and supplied. A buffer receives and stores the prefetched
data from the buffer manager and provides it to the host control logic upon
request. The processor computes an access rotation amount for the target
data to rotate to the head and a seek rotation amount for the 15 actuator
to move the head to the new track. A latency value is found by subtracting
the seek amount from tine access amount. The processor then instructs the
servo control to hold the actuator on the current track and the buffer
manager to prefetch during the latency period. At the end of the latency
period, the servo control is instructed to seek to the new track. 



20 In another aspect of the invention, the processor calculates a trigger
value. The trigger burst or value is calculated by receiving the target's
servo burst number position and fording the number of servo bursts that
will rotate by the actuator as it seeks to the new track. Subtracting the
number of servo bursts for the seek floor the servo burst number
representing the position of the target results in the trigger. The 25
servo control is instructed to hold the head on the current track until the
trigger is read by the head and the buffer manager is instructed to
prefetch until the trigger is read by the head. When the servo detector
receives the trigger read by the head, the servo control is instructed to
seek the head to the new track. Rotationally optimizing the seek initiation
by delaying the seek until the last 30 moment so that the actuator arm may
arrive at the target track just in time to begin reading the target data
enables the disc drive to prefetch and store more useful data in the buffer
and efficiently provide the useful data to the host upon request. 4   2 ~ s
E P 2002 WO 00I63907 PCTlUS00/10725 These and various other features as
well as advantages which characterize the present invention will be
apparent from a reading of the following detailed description and a review
of the associated drawings. S Brief Description of the Drawings FIG. 1 is a
schematic representation of a disc drive in which preferred embodiments of
the invention operate. FIG. 2 illustrates a disc drive system connected to
a host for the disc drive of FIG 1. 10 FIG. 3 illustrates a disc separated
into zones by servo bursts located radially adjacent in concentric circular
tracks. FIG. 4 illustrates a portion of two tracks in linear form where old
target data and RLA data is located on one track and new target data is
located on another track. 1 S FIG. 5 is an operation flow diagram of an
embodiment of the present invention operating in the disc drive system of
FIG. 2, and more particularly the control system of FIG. 8. FIG. 6 is an
operation flow diagram of another embodiment of the present invention
operating in the disc drive system of FIG. 2, and more particularly the 20
control system of FIG. 8. FIG. 7 is an operation flow diagram of another
embodiment of the present invention operating in the disc drive system of
FIG. 2, and more particularly the control system of .FIG. 8. FIG. 8
illustrates a control system in accordance with the present 25 invention. 5
2 ~r S E P 2002 PCT/USOOI10725 WO 00I63907 Detailed Description A disc
drive contains many elements that cooperate to provide data to a host upon
request. Among these elements, a control system moves an actuator which
contains the read/write head. Control system embodiments of the present
invention 



5 rotationally optimize the seek initiation of the actuator arm by delaying
the actuator movement until the last moment so that the actuator arrives at
the new track just in time to begin reading the target data. Seek
optimization methods delay the actuator seek initiation by first
calculating an amount of rotation or time to delay the seek initiation or
by finding a seek initiation trigger. The rotational seek optimization can
10 be applied in the case where each command is executed before the next is
received or in cases where several commands are qeued and scheduled before
being executed. A disc drive 100 constructed in accordance with a preferred
embodiment of the present invention is shown in FIG. 1. The disc drive I00
includes a base I02 to which various components of the disc drive 100 are
mounted. A top cover 104, 15 shown partially cut away, cooperates with the
base l02 to form an internal, sealed environment for the disc drive in a
conventional manner. The components include a spindle motor 106 which
rotates one or more discs 108 at a constant high speed. Information is
written to and read from tracks on the discs 108 through the use of an
actuator assembly 110, which rotates during a seek operation about a
bearing 20 shaft assembly 112 positioned adjacent the discs 108. The
actuator assembly 110 includes a plurality of actuator arms 114 which
extend towards the discs 108, with one or more flexures 116 extending from
each of the actuator arms 114. Mounted at the distal end of each of the
flexures 11b is a head 118 which includes an air bearing slider enabling
the head 118 to fly in close proximity above the 25 corresponding surface
of the associated disc 108. During a seek operation, the track position of
the heads 118 is controlled through the use of a voice coil motor (VCM)
124, which typically includes a coil 126 attached to the actuator assembly
110, as well as one or more permanent magnets 128 which establish a
magnetic field in which the coil 126 is immersed. 30 The controlled
application of current to the coil 126 causes magnetic interaction between
the permanent magnets 128 and the coil 126 so that the coil 126 moves in
accordance with the well known Lorentz relationship. As the coil 126 moves,
the 6   2 ~ S E P 2002 WO 00I63907 PCT/US00110725 actuator assembly 110
pivots about the bearing shaft assembly 112 and the heads 118 are caused to
move across the surfaces of the discs 108. The spindle motor 116 is
typically de-energized when the disc drive 100 is not in use for extended
periods of time. The heads 118 are moved over park 5 zones 120 near the
inner diameter of the discs 108 when the drive motor is de energized. The
heads 118 are secured over the park zones 120 through the use of an
actuator latch arrangement, which prevents inadvertent rotation of the
actuator assembly I10 when the heads are parked. A flex assembly 130
provides the requisite electrical connection paths for 10 the actuator
assembly 110 while allowing pivotal movement of the actuator assembly 110
during operation. The flex assembly includes a printed circuit board 132 to
which head wires (not shown) are connected; the head wires being routed
along the actuator arms 114 and the flexures 116 to the heads 118. The
printed circuit board 132 typically includes circuitry for controlling the
write currents 15 applied to the heads 118 during a write operation and for
amplifying read signals generated by the heads 118 during a read operation.
The flex assembly terminates at a flex bracket 134 for communication
through the base deck 102 to a disc drive printed circuit board (not shown)
mounted to the bottom side of the disc drive 100. 20 Referring now to FIG.
2, shown therein is a functional block diagram of the disc drive 100 of
FIG. 1, generally showing the main functional circuits which are resident
on the disc drive printed circuit board and used to control the operation
of the disc drive 100. The disc drive 100 is shown in FIG. 2 to be operably
connected to a host computer 140 in which the disc drive 100 is mounted 25
in a conventional manner. Control communication paths are provided between
the host computer 140 and a disc drive microprocessor 142, the
microprocessor 142 generally providing top level communication and control
for the disc drive 100 in conjunction with programming for the
microprocessor 142 stored in microprocessor memory (MEM) 143. The MEM 143
can include random access 30 memory (RAM), read only memory (ROM) and other
sources of resident memory for the microprocessor 142. 7   ~ ~ s E ~ zooz
WO 00/63907 PCTIUS00110725 The discs 108 are rotated at a constant high
speed by a spindle control circuit 148, which typically electrically
commutates the spindle motor 106 (FIG. 1) through the use of back
electromotive force (BEMF) sensing. During a seek operation, the track
position of the heads 118 is controlled through the application 5 of
current to the coil 126 of the actuator assembly 110. A servo control
circuit 150 provides such control. As will be shown in greater detail in
FIG. 7, during a seek operation the microprocessor 142 receives information
regarding the velocity of the head 118, and uses that information in
conjunction with a velocity profile stored in memory 143 to communicate
with the servo control circuit 150, which 10 will apply a controlled amount
of current to the voice coil motor 126) thereby causing the actuator
assembly 110 to be pivoted. 



Data is transferred between the host computer 140 and the disc drive 1D0 by
way of a disc drive interface 144, which typically includes a buffer to
facilitate high speed data transfer between the host computer 140 and the
disc drive 100. 15 This buffer is used to store the prefetched data. Data
to be written to the disc drive I00 are thus passed from the host computer
to the interface 144 and then to a read/write channel 146, which encodes
and serializes the data and provides the requisite write current signals to
the heads 118. To retrieve data that has been previously stored by the disc
drive 100, read signals are generated by the heads 20 118 and provided to
the read/write channel 146, which performs decoding and error detection and
correction operations and outputs the retrieved data to the interface 144
for subsequent transfer to the host computer 140. Such operations of the
disc drive 100 are well known in the art and are discussed, for example, in
U.S. Pat. No. 5,276,662 issued Jan. 4, 1994 to Shaver et al. 25 FIG. 3
shows a disc 160 from a disc drive. The disc is broken up into many slices
or zones by servo burst quasi-lines 162. The number of servo burst lines
varies and the number shown in FIG. 3 are for example only. These servo
burst lines 162 extend radially from the center of the disc 160 to the
outer edge. Though these bursts 162 appear as lines, their widths increase
slightly from the 30 inner portion of the disc to the outer portion so that
the burst information contained within them is read at a constant rate
regardless of their distance from the center of the disc. Each burst within
the burst line 162 contains vital position 8   2 4 s F P 2002 WO 00I63907
PCT/US00/10725 information used to guide the actuator. Tracks 164 form
concentric circles centered about the center of the disc 160. The number of
tracks also varies and the number shown in FIG. 3 are also for example
only. Commands received by the disc drive from the host computer contain
track information which indicates 5 the position for the target data on the
disc. A disc drive may contain several stacked discs and each disc may
contain data on each side. The command may also contain information
indicating the proper disc and side as well as the proper sector within the
zone. FIG. 4 illustrates both a conventional seek and a seek in accordance
with 10 the present invention shown on linear tracks for simplicity. To
further explain the convention for data that is rotationally ahead of the
head and data that is rotationally behind it, the disc rotation direction
is indicated as moving right to left. Old target data 170 is read, and then
RLA data 172 located ahead of the old target data 170 rotates by the head
and is prefetched. In a conventional seek 15 where commands are not qeued,
once the new command is received the RLA ceases at that point 174, and the
seek 176 initiates movement of the head to the new track where prefetching
occurs for ZLP data 178 which is located rotationally behind the new target
data 180. Once the new target data rotates around to the actuator,
prefetching stops and the new data 180 is read. On average, one half of 20
a rotation will occur before the new target data arrives from the time the
command is received. A seek 182 in accordance with an embodiment of the
present invention is delayed until the last possible moment. When the
command is received) RLA 184 continues during the latency period necessary
for the disc to rotate the new target 25 data to the head. Then, at the
last possible moment at point 186) the seek 182 initiates movement of the
head to the new track just as the beginning position of the new target data
180 approaches. If the head happens to arrive just before the target data
arrives, the small amount of data behind the target data is prefetched.
Rather than implementing one command before receiving the next, 30 commands
may be qeued in a disc drive. In such a case, the microprocessor in the
disc drive schedules the execution of the commands to minimize the seek
times. For example, a first command may be to read data on an outer track,
a second 9   WO 00/63907 2 4 S E P 2002 PCT/US00/10725 command may be to
read data on an inner track, and a third command may be to read a command
on a middle track. These commands are qeued while other disc activities are
executing. When it is time to implement these commands, an inefficiency
will result if they are implemented in the order received because the 5
total seek distance will be the distance from the outer track to the inner
track plus the distance from the inner track back to the middle track. To
eliminate such an inefficiency, the microprocessor may schedule the
commands so that the first command is implemented, then the third, and
finally the second. In such a case, the total seek distance is the distance
from the outer track to the middle plus the 10 distance from the middle to
the inner track. Scheduling the commands reduces the total seek distance by
the distance from the inner track to the diddle track. In FIG. 4, the old
target data 170 may also represent an earlier scheduled command when the
disc drive is qeueing the commands. In a conventional disc drive, the seek
176 then initiates immediately after the target is read rather than at 15
point 174 or point 186 as each command is received from the qeue. No RLA
data is prefetched, and ZLP data 178 is loaded into the buffer until the
next scheduled target data arrives. The new target 180 represents the next
scheduled new target data. Embodiments of the present invention utilize a
delayed seek 182 that initiates at point 186 when each command is received
from the qeue, rather than 20 seeking immediately upon completing the read
of the previously scheduled target. Delaying the seek permits useful RLA
data to be prefetched until the last possible moment. FIG. 5 illustrates
the operational flow of the control system according to one embodiment of
the present invention when the commands are not being qeued. 25 New command
operation 202 obtains the new instruction from the host computer. 



Cache hit query operation 204 tests whether the target data for the read
command has already been loaded into the buffer. If it is in the buffer,
then Provide data operation 206 sends that data from the buffer to the host
computer. If it is not in the buffer) then Target position operation 208
obtains the track and servo burst 30 number or sector that indicates the
location of the target data. The current position of the head can then be
compared with target's location to calculate an access rotation amount. The
access amount is the number of servo bursts or l0   WO 00I63907 2 ~ S E P
2002 PCT/USOOIZ0725 sectors that will rotate past the head before the
target data will arrive. This servo burst number can be converted to a time
value by multiplying it by a known servo burst sample period. Before using
the access amount to calculate the proper RLA, RLA query 5 operation 210
tests whether RLA was occurring before the new command was received. If
not, then Track query operation 236 tests whether the target data is
located on the track upon which the actuator arm is positioned. If not,
Seek operation 238 moves the actuator arm to position the head over the new
track. This step may involve moving the last used head to a different track
on the same 10 side of the same disc. This step may involve moving another
head set up for the other side of the same disc to another track or moving
a head on another disc to another track. The Seek operation 238 may also
involve a head switch. A head switch occurs when the actuator arm assembly
carrying the heads for all the discs only needs to be moved enough to align
a head on another disc or the other side of 15 the same disc to a track of
the same radius as the radius of the track for the head last used. If the
actuator arm assembly were perfectly aligned, a head switch would not
require any movement. However, due to manufacturing tolerances, the
actuator arm assembly is not perfectly aligned and the head switch requires
actuator movement that takes some time that must be considered. 20 Once the
seek or head switch has occurred) the Read operation 240 reads the target
data once it rotates to the head. If the target was on the same track, on
the same side, and on the same disc, then no seek or head switch is needed
and flow moves directly from query operation 236 to Read operation 240.
Once the new target has been read, New command query operation 242 tests
whether a new 25 command has been received. If not, then Begin RLA
operation 244 starts prefetching the read look ahead data. If a new command
is received at query operation 242, then operation flow returns to New
command operation 202. After RLA has been initiated by Begin RLA operation
244, query operation 246 tests whether the buffer is full. If so, then
Erase operation 248 30 clears out space in the buffer for the RLA data. If
not) then while RLA continues operation flow returns to query operation 242
to test whether a new command has been received. This loop continues until
a new command is received. 11   WO 00I63907 ~ 4 S E P 2002 PCT/US00/10725
Back at RLA query operation 210, if RLA is occurring then Track distance
operation 212 finds the current track position and compares it to the new
target track position to find the distance to the target data from the
current actuator position. Target seek operation 214 then chooses a proper
seek time for the seek. 5 Operation 214 is one optional step and is only
possible on disc drives where the actuator arm velocity profile may be
varied. For disc drives where the velocity profile for a given seek is
always the same) operation 214 is removed since there is no choice of seek
time. Number of bursts/sectors operation 216 calculates or looks up the
seek - 10 amount, which is the number of positions, in servo bursts or
sectors, that will rotate past the actuator arm as it seeks to the new
track. The burst number may be converted to an actual time value by
multiplying it by a known servo burst period. After the count number is
computed) flow then moves to Identify/Store Operation 218. 



15 In one embodiment, Identify/Store Operation 218 identifies a trigger
position. This trigger servo burst or sector indicates when the seek should
initiate so that the actuator arm will arrive at the proper track just in
time to begin reading the new target data. This position trigger is
identified by subtracting the seek amount from the servo burst number or
sector value that indicates the position of 20 the target data. In
instances where the seek amount is greater than one disc rotation, only the
fractional part of the seek amount is subtracted to find the trigger. Using
sectors to track the trigger requires extra processing, but provides for a
higher resolution seek which may permit more RLA data to be prefetched. In
fording the trigger, Identify/Store Operation 218 may make a conservative
25 computation so that the actuator arm arrives at the target track earlier
than just in time to begin reading the target. Using a conservative
computation prevents any lag in the system from causing the target to be
missed, which would require a complete revolution of the disc to bring the
target back to the head. Such a miss greatly reduces the efficiency of the
read. 30 In another embodiment, Identify/Store Operation 218 calculates and
stores a latency count in bursts, sectors or time. The count indicates the
instant a seek should be initiated when it reaches zero. The initial count
value is equal to the 12   WO 00I63907 2 4 SEP 2002 PCT/CTS00/30725 number
of servo bursts or sectors that will rotate past the actuator arm during
the seek subtracted from the access amount which is the total number of
servo bursts or sectors that will rotate past the actuator arm from the old
target data to the new target data. The initial count could also be
implemented using actual time units. 5 The initial count value is a latency
value that the system may utilize to prefetch the RLA data. By delaying the
seek until the count is decremented to zero, the RLA data is prefetched for
the duration of the latency. Again) Identify/Store Operation 218 may be
conservative, i.e. assumes a greater seek amount than necessary, when
calculating the latency count to prevent missing the target and wasting a
revolution 10 of the disc. This is necessary because the seek amount is an
estimate. In the embodiment where a trigger is identified in Identify/Store
Operation 218, Monitor/Decrement Operation 220 reads each servo burst or
sector as it rotates past the head, looking for the trigger servo burst or
sector value. In the embodiment where a count is stored in Identify/Store
Operation 218, 15 Monitor/Decrement Operation 2Z0 decrements the count each
time a servo burst rotates by the head. Ready to seek query operation 226
tests in one embodiment if Operation 220 reads the trigger value or in
another embodiment if Operation 220 decrements the count from one to zero.
If the trigger or zero count has not occurred, Buffer query 222 tests
whether the buffer is full and, if it is not, operation flow 20 returns to
Operation 220. If the buffer is full, then Erase operation 224 clears out
space in the buffer and the flow moves back to Operation 220. If the
trigger or zero count has occurred, flow moves to New target query
operation 228 which tests whether the new target is on the track containing
the old target. If so, prefetch is initiated by Prefetch operation 232. If
not, Start seek operation 230 25 moves the actuator to the proper position
and then Prefetch operation 232 begins. If Seek query operation 226 finds
that the trigger burst was not yet seen or the count was not zero, then
Buffer query operation 222 detects whether the buffer is full. If it is,
then Erase operation 224 clears out part of the buffer to free up space and
flow returns to Operation 220. If query operation 222 detects that the
buffer 30 is not full, then operation 224 is skipped and flow returns
directly to Operation 220. 13   2 4 S E P 2002 WO 00I63907 PCT/US00/10725
It is possible for the number of bursts, time, or sectors stored in
Operation 218 to be zero or the trigger identified in Operation 218 to be
reached at the time it is computed. In such cases, Operation 226 will
immediately detect that the trigger has been read or that the burst count
is zero. No RLA prefetching will 5 occur as the seek to the new target
track will initiate immediately if on a different track or the target will
be read immediately if on the same track. Once Prefetch Operation 232
begins, the prefetching continues until the target data arrives if the
target data has not yet rotated to the actuator arm. A conservative trigger
or count from operation 218 may cause the actuator to arrive I O slightly
before the target data and Operation 232 utilizes the time before the
target data arrives to prefetch the ZLP data. Read target operation 234
then reads the 



target data from the disc when the target data arrives at the head. Once
this data has been read, flow moves to New command query operation 242.
FIG. 6 illustrates another embodiment where RLA prefetching may 15 continue
beyond the last recorded data on the current track. The embodiment of the
operation flow shown in FIG. 5 can be configured to set the trigger equal
to the end position of the data on the current RLA track or will set the
count so that it reaches zero at the end position if the RLA will extend
beyond the current track. Then the seek initiates, and ZLP data, which is
located rotationally before the 20 target, is prefetched. Rather than
ending the RLA and prefetching the ZLP data before the target, the
operation may permit RLA to continue on sequential data on a new RLA
continuation track or head. When data is being written, as the head reaches
the end of a track, it must seek to the new track before continuing to
write the data. The seek requires time and the disc rotates an amount
before the head 25 arrives at the new track and begins writing again. That
seek, and the corresponding amount of rotation, is the same amount that is
required when the head is reading RLA data, reaches the end) and then must
seek to the RLA continuation track. Therefore, the seek triggered by the
end position of the RLA track results in the head arriving at the
continuation RLA track just as the 30 beginning portion of data on that
track arrives at the head. In such a case where the RLA is to continue
beyond the end of the RLA track, the operation flow of FIG. 6 may be
substituted into the operation flow of 14   2 ~ S E P 2002 WO 00I63907
PCTIUS00110725 FIG. S and flow moves to query operation 330 of FIG. 6
instead of query operation 210 of FIG. 5. Query operation 330 tests whether
RLA is occurring once the new command is received. If RLA has not begun,
flow moves to Begin RLA operation 5 352 and prefetching starts. Once
prefetching begins, the trigger or count must be calculated for the target
seek. Calculate track distance operation 354 fords the current track
position and compares it to the new target track position. The new target
position has already been found before query operation 330, as in operation
208 of FIG. 5. 10 Target seek operation 356 chooses a proper seek time for
the target seek. Bursts/sectors operation 358 calculates or looks up the
seek amount. Identify/Store Operation 360 then identifies a target trigger
in one embodiment or a target count in another. Flow then returns to query
operation 330 which will then detect that RLA is occurring. Flow is then
directed to RLA seek operation 15 332 which compares the current position
to the trigger or count to detect whether the RLA will reach the last data
recorded on the current track before the trigger or zero count occurs
indicating a switch to another track is needed to continue RLA before the
target seek must initiate. RLA seek query operation 334 then decides
whether to begin monitoring 20 for the target trigger or count based upon
whether the RLA continuation requires a seek. If RLA continuation does not
require a seek, then flow moves to Monitor/Decrement operation 344 which
begins looking for the target trigger or begins decrementing the
burst/sector count each time a burst or sector rotates by the actuator.
Operation 344 performs as operation 220 of FIG. 5, and the 25 remaining
operations of FIG. 5 continue. If the RLA continuation requires a seek)
then query operation 334 directs flow to Track distance operation 355.
Operation 355 computes the distance from the continuation RLA track to the
target track. Then Target seek operation 357 chooses a proper seek time for
the target seek. Bursts/sectors operation 359 30 calculates or looks up the
seek amount for the seek from the continuation RLA track to the target
track. Identify/Store operation 361 identifies a new target trigger in one
embodiment from the target position and the new seek amount from 15   WO
00I63907 2 4 S E P 2002 



PCTIUS00110725 the RLA continuation track. In another embodiment, Operation
361 stores a new target count obtained from a new access amount and the new
seek amount. The new access amount is computed from the target's position
and the start data position of the RLA continuation track. Last data
operation 336 then computes 5 when to initiate the RLA continuation seek by
looking for the last piece of data recorded on the current track and then
seeking once that data has been prefetched. End query operation 338 tests
whether the end piece of data for the current track has been read. If it
has not, flow moves back to operation 336 which continues to look for the
last piece of data. If the last piece has been read, then Seek operation 10
340 moves the actuator to the RLA continuation track. Continue operation
342 continues the RLA at the continuation track, and operation flow
continues to Monitor/Decrement operation 345 which detects when the new
target trigger has rotated to the actuator arm or the new target count has
reached zero. The target count is not decremented until the head is
positioned on 15 the RLA continuation track. Operation 345 performs as
operation 220 of FIG. 5, and the remaining operations of FIG. 5 continue.
FIG. 7 illustrates the operational flow of the control system according to
another embodiment of the invention. This embodiment corresponds to
operations when commands are qeued and then scheduled by the disc drive's
microprocessor. 20 New commands operation 250 obtains the new set of
commands from the host computer and qeues them. Cache hit query operation
252 detects whether the target data for the set of read commands has
already been loaded into the buffer. If it is in the buffer) then Provide
data operation 254 sends that data from the buffer to the host computer.
Target query 256 detects whether any targets were 25 not in the cache. If
all of the target data was in the cache, then operation flow returns to
Receive operation 250. If some of the target data was not a cache hit) the
flow moves to Schedule operation 258. If query operation 252 detects that
none of the target data was in cache, then flow would have moved directly
to Schedule operation 258. Schedule operation 258 reorders the commands so
that 30 access amounts are minimized. As a part of the Schedule operation
258, the position for each new target is found as well as the access amount
that occurs 16   WO 00/G3907 2 ~ S E P 2002 PCTIUS00/~ 07Z5 between each
new target data. The access amount can be expressed in servo bursts, or
time. Distance operation 260 computes the distance the actuator arm must
seek for each scheduled command. The actuator must seek from the track
containing 5 an earlier scheduled target data to the track containing the
next scheduled target data. Once the seek distance for each is calculated,
then Time operation 262 obtains the proper time for each seek. Operation
262 is one optional step and is implemented only in disc drives that have a
variable velocity profile for a given seek. Operation 262 is not included
in disc drives with a single seek time for each 10 seek. Bursts/sectors
operation 264 calculates or looks up the seek amount, which is the number
of positions in servo bursts that will rotate past the head as it seeks for
each scheduled command. This seek amount may be expressed in servo bursts
or time. Flow then moves to Identify/Store Operation 266. 15 In one
embodiment, Identify/Store Operation 266 identifies a trigger for each
scheduled target data command. This trigger is identified by subtracting
the number of servo bursts or position indicators that will rotate by the
actuator arm during the seek from the servo burst number or position value
that indicates the position of the next scheduled target data. The trigger
indicates when the seek should initiate so 20 that the actuator arm will
arrive at the proper track just in time to begin reading the next scheduled
target data. The trigger may be calculated similarly in terms of sectors
rather than bursts. In another embodiment, Identify/Store Operation 266
computes and stores a count representative of the latency period. The count
indicates the instant a seek 25 should be initiated when it reaches zero.
The initial count is equal to the number of servo bursts or sectors that
will rotate by the actuator arm during the seek subtracted 



from the access amount which is the total number of servo bursts or sectors
that will rotate by the actuator arm from the earlier scheduled target data
to the new or next scheduled target data. The initial count for each
command corresponds to the 30 latency period that the system may utilize to
prefetch the RLA data. The latency value can be expressed in servo bursts
or time as well as sectors since the number of 17   WO 00I63907 Q ~ s ~ P
zoo2 PCT/US00%10725 sectors per track is constant where the RLA will occur.
Delaying the seek until the count equals zero permits RLA data to be
prefetched for the duration of the latency. In the embodiment where a
trigger is identified in Operation 2G6, Monitar/Decrement Operation 268
monitors each servo burst or sector as it rotates by the actuator arm,
looking for the trigger. In the embodiment where a count is stored in
Operation 266, Monitor/Decrement Operation 268 decrements the count each
time a servo burst or sector rotates by the actuator arm. Seek query
operation 270 tests in one embodiment whether Operation 268 sees the
trigger or in another embodiment if Operation 268 decrements the count to
zero. If the trigger or zero 10 count has not occurred, Buffer query 2Z2
detects whether the buffer is full, and if it is not flow moves back to
Monitor/Decrement Operation 268. If the buffer is full, then Erase
operation 274 clears out space in the buffer and the flow moves back to
Operation 268. If the trigger or zero count has occurred, flow moves to New
target query 276 which detects whether the next scheduled target data is on
the same track 15 as the earlier scheduled target data. If so, prefetch is
initiated by Prefetch operation 280. If not, Start seek operation 278 moves
the actuator arm to the proper position and then Prefetch operation 280
begins. Prefetch continues until the target data has reached the actuator
arm at which time Read target operation 282 begins reading the next
scheduled target data. 20 After all the target data has been read, Cache
miss query operation 284 detects whether all the scheduled target data has
been read. If it has not, then Begin RLA operation 286 starts prefetching
RLA data and flow moves back to Operation 268 which continues to look for
the next trigger or decrement the count. If a11 scheduled target data has
been read, then Begin RLA operation 288 starts 25 prefetching RLA data and
New command query 290 detects whether a new command set is received. If a
new set has not been received, then RLA operation 288 continues the
prefetch. This loop continues until a new command set is received. Once a
new command set is received, flow returns to New commands operation 250. 30
FIG. 8 illustrates a control system 320 in an embodiment of the present
invention. The system includes a host control logic 300, a processor 302, a
memory 304, a buffer manager 306, a buffer 314, a servo control 316, and a
18   z ~ s E P 2002 WO 00I63907 PCT/USOO/I0725 servo detector 306. An
instruction is received from the host computer by the host control logic
300. The host control logic 300 is located within the interface 144 shown
in FIG. 2. The host control logic 300 decodes the command from the
instruction received by the host. The host control logic 300 also accesses
S prefetched data from the buffer 314. The buffer 314 receives prefetched
data from the buffer manager 306 and stores the prefetched data until it is
requested by the host control logic 300. The buffer 314 is described as a
part of the interface 144 of FIG. 2. The memory 304 stores the programming
code that the processor 10 implements when calculating when to initiate the
seek so that it arrives just in time to read the target data. The memory
also contains look-up tables for the seek distances and corresponding seek
amounts either in servo bursts, sectors, or time. The memory 304 is shown
as MEM 143 and as a part of the microprocessor 142 of FIG. 2. 1 S The servo
control 316 is operably connected to the processor. The servo control 316
responds to a control signal from the processor and drives the servo to
position the actuator arm appropriately. The buffer manager 306 receives
prefetched data from the read/write head located on the actuator arm. The
buffer manager 306 also receives a buffer 20 control signal from the
processor that instructs the buffer manager as to how the 



prefetched data is to be provided to the buffer 314. The buffer manager 306
may be included in the RIW channel 146 of FIG. 2. An additional function of
the buffer manager 306 may be to detect sector positions on the disc and
provide the sector position to the processor. 2S A servo detector 308
receives position information that is read by the head on the actuator arm
as it passes over servo bursts. This position information includes the
current position of the actuator arm. In one embodiment, the servo detector
reads and supplies the signal to the processor which is analyzed for the
trigger burst. In another, the servo detector reads and supplies the signal
to the 30 processor which is used to decrement the burst count. The
position signal may include sector information or servo burst information.
The servo detector 308 may also included in the R/W channel 146 of FIG) 2.
19   2 ~ S E P 002 WO 00/63907 PCT/US00l107 5 The processor 302, shown as
microprocessor 142 in FIG. 2, implements programming stored in the memory
304. In operation, the processor 302 requests and receives the command
information from the host control logic 300. The actuator arm's burst or
sector position information is also received by the 5 processor from the
servo detector 308. In one embodiment, based on the command received from
the host control logic 300 and the position information, the processor
calculates an access amount and a seek amount. The processor may obtain a
seek amount by crass referencing in the table stored in memory the current
track position of the actuator arm with 10 the track position indicated by
the command. The processor may instead compare the current and target track
positions to end the distance and then scan a table in memory to look up a
seek amount corresponding to the seek distance. The rotation and seek
amounts can be in servo bursts, sectors, or time. From the access amount
and the seek amount, the latency can be computed. 15 In one embodiment, the
latency period is found by subtracting the seek amount from the access
amount. Once the latency is found, the processor instructs the buffer
manager 306 to continue RLA prefetching until the latency is over and
provides a control signal to the servo control 316 to hold the actuator on
the current track for the duration of the latency. The processor 302
detects when the 20 latency is over by receiving the position signal from
the servo detector 308 and looking for a trigger burst or sector. In one
embodiment) the processor 308 could receive the sector position signal from
the buffer manager 306 rather than the servo detector 308. The processor
302 calculates the trigger by subtracting the number of bursts or sectors
required for the seek from the burst number or sector 25 contained in the
command. When the trigger is received, the processor 302 provides the
control signal to the servo control 316 which causes the actuator arm to be
repositioned to the new target data track. The processor 302 also instructs
the buffer manager 306 to stop directing data to the buffer 314 once the
target data has arrived at the lZ/W head. 30 In another embodiment, the
processor 302 receives the actuator burst position signal from the servo
detector 308 or a sector position signal from either the buffer manager 306
or the servo detector 308 and analyzes the signal for the 20   1 ~ S E P
2002 WO 00I63907 PCT/USOO/i0725 trigger or position. In one embodiment, the
trigger is calculated by the processor 302 by subtracting the number of
bursts or sectors needed for a seek from the burst number or sector of the
target data's position. The number of servo bursts or sectors that will
rotate by the actuator arm during the seek from the current track to the
target track is either calculated by the processor 308 or is retrieved from
memory 304. This number of bursts or sectors is then subtracted from the
burst number or sector contained in the command and the result is the
trigger position. Once the servo detector 308 reads the trigger servo burst
number and 10 signals the processor 302 or the buffer manager 306 or servo
detector 308 reads the trigger sector and signals the processor 302)
processor 302 sends the proper control signal to the servo control 316 to
initiate the seek to the new target data's track. The actuator arm will
arrive just in time to begin reading the new target data. 1 S To summarize
exemplary embodiments of the present invention, a method for loading a
buffer with data read from a disc drive can be realized by executing the
following steps . A command is received as in operation 202 and then an
access amount, in servo bursts, sectors or time, is calculated from the
target's position as in operation 208. A seek amount in servo bursts,
sectors, or time is 20 found as in operation 214. The seek amount can be
obtained by first finding the distance to the new track as in operation
2Z2. For drives with variable seek times) the appropriate seek time may be
found first as in operation 214. A latency) in servo bursts, sectors, or
time, may then be computed from the seek amount and the access amount. The
latency may be calculated by subtracting the seek amount 25 from the access
amount, as in operation 218. The data located ahead of the target data
continues to be read, as in operation 220 for a duration equal to the
latency. Then the seek is initiated from the current track to the desired
track as in operation 230. Another method for loading a buffer involves
executing the following 30 steps. Receive a command as in operation 202.
Then calculate a number of servo bursts or sectors that will rotate beyond
an actuator arm during a seek, as in operation 216. If the disc drive is
capable of varying the velocity profile, then a 21   2 ~ s E P 2002 



WO 00I63907 PCT/US00710725 proper velocity profile is chosen as in
operation 214 and the number of servo bursts or sectors that rotate by
during the seek is calculated based upon the chosen profile. A servo burst
number or sector that triggers the seek is then found as in operation 218.
The trigger may be found by subtracting the number of bursts or S sectors
that will rotate beyond the actuator during the seek from the burst number
or sector that indicates the position of the target data and is included in
the command. Data located ahead of the old target data is then read until
the trigger has rotated to the actuator arm, as in operation 220. When the
trigger has rotated to the actuator arm, the seek initiates and the
actuator arm moves from the current 10 track to the desired track as in
operation 230. The method for loading the buffer with data may also be
applied to instances where the commands are qeued and scheduled. The method
may be realized by executing the following steps. A set of commands is
received as in operation 250. The commands are scheduled to minimize the
seek times as in 15 operation 258. An access amount for each command is
computed in operation 258 as the commands are being scheduled. A seek
amount is found for each command as in operation 264. Where multiple seek
times for a seek are available, a seek time may be chosen, as in operation
262, and then the seek amount is found based upon the chosen seek time. A
latency is calculated for each command as in 20 operation 266 and data
located ahead of an earlier scheduled command is read) as in operation 268,
for a duration equal to the latency. Then, for each command, the seek of
the actuator to the track of the next scheduled command is initiated as in
operation 278. Another method for loading data into the buffer when
commands are being 25 qeued may be realized by executing the following
steps. A set of commands is received as in operation 250. The commands are
scheduled to minimize the seek times as in operation 258. For each target
data corresponding to a command, a number of servo bursts or sectors that
will rotate beyond an actuator arm during a seek to from the earlier
scheduled target data's track is found as in operation 264. 30 For each
target data corresponding to a command, a servo burst number or sector that
triggers the seek is found as in operation 26b from the number of bursts or
sectors that will rotate by during the seek and from the next scheduled
target 22   2 ~ s E P zoo2 WO 00/63907 PCT/US00/10725 data's position
indicated by a servo burst number or sector. The data located ahead of the
earlier scheduled target data is then read and stored in the buffer until
the seek trigger rotates to the actuator arm, as in operation 268. Then the
seek initiates and the actuator arm moves to the track containing the next
scheduled 5 target data, as in operation 278. In one control system such as
320, a processor 302 signals a servo control 316 to position the actuator
during the loading of prefetch data into the buffer. The processor receives
read/write commands as in operation 202 from the host control logic 300.
The host control logic 300 receives instructions from the host 10 computer
and decodes them for the processor 302. For each command the processor 302
receives, a latency is computed from the actuator's current position,
provided by the servo detector 316 or buffer manager 306, and the starting
position of the target data indicated by the command. The latency may be
calculated by the processor 302 by calculating an access amount as in
operation 15 208 and a seek amount as in operation 216, in servo bursts,
sectors, or time. The seek amount may be found by cross-referencing the
current position and target's position in the memory to find the seek
amount. Then the seek amount is subtracted from the access amount to yield
the latency as in operation 218. The processor 302 instructs the servo
control 316 to the hold the actuator arm on the 20 current track during the
latency. The processor 302 also instructs the buffer manager 306 to
prefetch the data and send it to the buffer 314 during this latency. At the
end of the latency ) the processor 302 instructs the servo control 316 to
reposition the actuator on the track containing the new target data as in
operation 230. The processor 302 executes a program contained in the memory
300 to 25 perform these functions. In another control system such as 320, a
processor 302 signals a servo control 316 to position the actuator during
the loading of prefetch data into the buffer. The processor 302 receives
read/write commands from the host control 



logic as in operation 202. The host control logic 300 receives instructions
from 30 the host computer and decodes them for the processor 302. For each
command the processor 302 receives ) a seek trigger is obtained from the
actuator's current position, provided by the servo detector 316 or buffer
manager 306, and the 23   2 4 S E P 200Z WO 00I63907 PCT/US00/10725
starting position of the target data indicated by the command. The seek
trigger may be calculated by the processor 302 by fording a number of servo
bursts or sectors on the disc that will rotate by the actuator arm during a
seek of the actuator arm from the current track to the desired track as in
operation 216. This number 5 may be found by cross-referencing in memory
304 the current track position with the desired track position of the
target data. Then the number of servo bursts or sectors that will rotate by
the actuator arm during the seek is subtracted from the servo burst number
or sector indicating the target's position to yield the trigger burst as in
operation 218. The processor 302 instructs the servo control 316 to 10 hold
the actuator arm on the current track until the seek trigger is reached.
The processor 302 also instructs the buffer manager 306 to prefetch the
data and send it to the buffer 314 until the trigger is reached. Once the
trigger is reached, the processor 302 instructs the servo control 316 to
reposition the actuator on the track containing the new target data as in
operation 230. The processor 302 15 executes a program contained in the
memory 304 to perform these functions. It will be clear that the present
invention is well adapted to attain the ends and advantages mentioned as
well as those inherent therein. While a presently preferred embodiment has
been described for purposes of this disclosure, numerous changes may be
made which will readily suggest themselves to those skilled in the 20 art
and which are encompassed in the spirit of the invention disclosed and as
defined in the appended claims. 24   2 ~r S E P 2002 WO 00I63907 WHAT IS
CLAIMED IS: PCT/LJSOO/10725 1. A method for loading a buffer with data read
from a disc drive by rotationally optimizing seek initiation, comprising
steps of a) receiving a read/write command for new target data stored on a
disc; b) calculating an access amount for the new target data to rotate
from a current new target data position to a head; c) obtaining a seek
amount for transporting the head positioned on a current track on the disc
to a desired track on the disc containing the new target data; 10 d)
computing a latency from the seek amount and the access amount; e) reading
data located ahead of a previous target data on the current track for a
duration equal to the latency; and f) seeking an actuator assembly
containing the head from the current track to the desired track at the end
of the latency. 15 2. The method of claim 1 wherein the access amount, the
seek amount, the latency, and the duration are amounts of time, and wherein
the amount of time is equal to the latency is decremented while the data
located ahead of a previous target data is read and the end of the latency
occurs when the time value equals zero. 20 3. The method of claim 1 wherein
the access amount, the seek amount, the latency, and the duration are
numbers of servo bursts, and wherein the number of servo bursts equal to
the latency is decremented while the data located ahead of a previous
target data is read and the end of the latency occurs when the number of
servo bursts equals zero. 25 4. The method of claim 1 wherein the latency
and the duration are numbers of sectors, and wherein the number of sectors
equal to the latency are decremented while the data located ahead of a
previous target data is read and the end of the latency occurs when the
number of sectors equals zero. 



30 25   2 ~ S E P 2002 WO 00I63907 PCT/US00/10725 5. The method of claim 1
wherein step d) comprises subtracting the seek amount from the access
amount. 6. The method of claim 1 wherein a seek refers to moving the head
located on the actuator 5 assembly from one track to another. 7. The method
of claim 1 wherein a seek refers to selecting a head on the actuator
assembly that is different than the head previously selected. 10 8. The
method of claim 1, wherein the end of the latency is identified by a
trigger position and wherein the trigger position is computed by finding a
number of positions that will rotate beyond a head during a seek of the
head from a current track containing old target data to a desired track
containing the new target data; and calculating the trigger position from
the position of the new target data and the number of positions that will
15 rotate beyond the head during the seek. 9. A control system for
optimizing the acquisition of read look ahead data by rotationally
optimizing the seek initiation for a head in a disc drive interfaced with a
host computer, comprising: 20 processor receiving read/write commands and
head position information, calculating a latency from the head position
information and a read/write command, providing an actuator control signal
to hold the head on a track containing old target data while read look
ahead occurs during the latency, providing an actuator control signal to
seek the head to a new track corresponding 25 to the read/write command
when the latency ends, and providing a buffer control signal; host control
logic receiving instructions from the host computer, decoding the
read/write commands from the instructions, providing the read/write
commands to 26   2 ~ s E P zooz WO 00/63907 PCT/USOO/10725 the processor,
and upon request by the host computer accessing previously prefetched data
that includes data from read look ahead; a servo control receiving the
actuator control signal, and positioning the head 5 according to the
actuator control signal; a buffer receiving and storing prefetched data and
providing data from the buffer to the host control logic upon request for
the data; 10 a buffer manager receiving prefetched data from the head,
receiving the buffer control signal from the processor, and loading data to
the buffer in accordance with the buffer control signal; a memory storing
code that the processor references to calculate the latency; and 15 a servo
detector receiving position information read by the head from the disc and
providing the position information to the processor. 10. The method of
claim 8 wherein the position, number of positions, and trigger position 20
are servo burst values. 11. The method of claim 8 wherein the position,
number of positions, and trigger position are sector values. 25 12. The
method of claim 1, wherein the command received is one of a plurality of
commands in a set, wherein step a) further comprises a)(i) receiving other
commands in the set for other new target data; and a)(ii) scheduling the
command and the other commands in the set to minimize the seek times; 30
wherein step b) further comprises calculating, for each scheduled command,
27   



2 4 S E P 2002 WO 00/63907 PCT/US00/10725 an access amount for a next new
target data to rotate from an earlier scheduled new target data position to
the head; wherein step c) further comprises obtaining, for each scheduled
command, a seek 5 amount for transporting the head from a track containing
the earlier scheduled new target data to a desired track containing the
next scheduled new target data; wherein step d) further comprises
computing, for each scheduled command, a latency for each new target data
from the seek amount obtained for each new target 10 data and the access
amount calculated for each new target data; wherein step e) further
comprises reading, for each scheduled command, data located ahead of the
earlier scheduled new target data for a duration equal to the latency
computed for the next scheduled new target data; and 15 wherein step f)
further comprises seeking, for each scheduled command, an actuator assembly
containing the head from a track containing the earlier scheduled new
target data to the desired track containing the next scheduled new target
data at the end of the latency. 20 13. The method of claim 1 wherein step
c) comprises choosing a seek velocity profile and obtaining the seek amount
from the velocity profile. 14. The method of claim 1, wherein the data on
the current track continues at a beginning 25 position of a continuation
track, the method further comprising g) detecting whether an end of the
current track will rotate to the head before the end of the latency occurs;
h) calculating a new access amount for the new target data to rotate to the
head from the new target data's position when the beginning position of the
30 continuation track is positioned at the head; 28   z 4 s E P zooz WO
00/63907 PCT/US00/10725 i) obtaining a new seek amount for transporting the
head from the continuation track to the desired track; j) computing a new
latency from the new seek amount and the new access amount; 5 k) reading
data located ahead of a previous target data on the current track until an
end of the current track is reached; k) seeking the actuator assembly to
the beginning of the continuation track; m) continuing to read data located
on the continuation track for a duration equal to the new latency; and 10
n) seeking the actuator assembly from the continuation track to the desired
track at the end of the new latency. 15. A control system for optimizing
the acquisition of read look ahead data by rotationally optimizing the seek
initiation for a head in a disc drive interfaced with a host computer,
comprising: 15 a processor receiving read/write commands and head position
information, calculating a latency from the head position information and a
read/write command, providing an actuator control signal to hold the head
on a track containing old target data while read look ahead occurs during
the latency, providing an actuator control signal to seek the head to a new
track corresponding 20 to the read/write command when the latency ends, and
providing a buffer control signal; host control logic receiving
instructions from the host computer, decoding the read/write commands from
the instructions, providing the read/write commands to 



25 the processor, and accessing prefetched data upon request by the host
computer; a servo control receiving the actuator control signal, and
positioning the head according to the actuator control signal; a buffer
receiving and storing prefetched data and providing the prefetched data 30
to the host control logic upon request; 29   ~ ~4 SEP 2A0 WO 00/63907
PCT/LTSOO/10725 a buffer manager receiving prefetched data from the head,
receiving the buffer control signal from the processor, and loading data to
the buffer accordingly; a memory storing code that the processor references
to calculate the latency; and a servo detector receiving position
information read by the head from the disc and providing the position
information to the processor. 16. The control system of claim 15 wherein
the processor calculates the 10 latency by computing an access amount from
a current position read by the head with a new target data position
contained in the read/write command and by obtaining a seek amount from a
current track position read by the head and anew target data track position
contained in the read/write command. 15 17. The control system of claim 16
wherein the processor calculates the latency by subtracting the seek amount
from the access amount. 18. A control system for optimizing the acquisition
of read look ahead data by rotationally optimizing the seek initiation for
a head in a disc drive interfaced with a host computer, 20 comprising: a
servomechanism that can seek the head, and means for scheduling a control
signal that initiates the seek of the head from a current track to a
desired track containing target data so that read look ahead continues on
the current track until a last instance before a seek must occur to 25
position the head at the desired track just before the target data arrives.
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