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A SYSTEM AND METHOD FOR CONTROLLING
A SEEK OPERATION IN A DISK DRIVE
Field of the Invention
The present invention is directed to disk drives. More
particularly, the present invention provides a system
and method for controlling the velocity of a transducer
5 in a disk drive during a seek operation such that the
average ‘'velocities generally attainable by the '
transducer during seeks are higher than in preéent disk
drive products without encountering the deleterious
effects of fly height drop that may occur during the
10 seek. '

Backaro of t nv i
Disk drives are commonly used in workstations, personal
computers, laptops and other computer systems to store
15 large amounts of data that are readily available to a
user. -In general, a disk drive comprises a magnetic
disk that is rotated by a spindle motor. The surface of
the disk is divided into a series of data tracks that
extend circumferentially around the disk. Each data
20 track can store data in the form of magnetic transitions
on the disk surface.

An interactive element,'suéh as a magnetic transducer,
is used to sense the magnetic transitions to read data,
25 or to generate an electric current that causes a
| magnetic transition on the disk surface, to write data.
The magnetic transducer is mounted by a rotary actuator
and is selectively positioned by the actuator over a
preselected data track of the disk to either read data
30 from or write data to the preselected data track of the
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disk to atﬁ?”réégﬁkggigf the disk. Thus, the transducer does not
physically contact the disk surface during normal
10 . operation of the disk drive. The amount of distance
that the transducer flies above the disk surface is
referred to as the "fly height." 'One advantageous type
of head structure that operates at a fly height over the
- disk surface is a Transverse Pressure Contour (TPC) _
i5 head. Current disk drive designs using a TPC ﬁead-seek
to limit the fly height to approximately 2 g inches
above the disk surface. Any contact between the head
and the disk surface may result in damage to the disk or -
head. Accordingly, it is important to maintain an
20 adequate fly height whenever the actuator positions the
transducer over data tracks while the disk is rdtating{

A seek operation relates to the radial movement of the
magnetic transducer by the actuator from a current data

25 track to a preselected destination data track that
contains, e.g., a data file that the computer wants to
read data from or write data to. The actual ‘path
followed by the transducer is generally arcuate in shape -
when a rotary actuator is used. The amount of time it

30 takes the disk drive to move the actuator radially from
the current data track to the destination data track is
a very important operating characteristic of the disk
drive since it directly impacts the overall access time
-relevant to user data availability.

35 '
It has been observed that during a seek in a direction
from an inner diameter of the disk to an outer diameter,
the fly height of the transducer, particularly a
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flly height over pBek acceleration and the varying degree of skew between
the magnetic transducer and the surface of the disk as
the actuator moves_the transducer radially along the
arcuate path from the inner radius toward the outer
radius.

10 Typically, during the design of a disk drive, an optimum
acceleration curve is determined for moving a transducer
from, e.g., the inner diameter of the disk to the outer
diameter, in a minimum amount of time, while maintaining
an adequate fly height for the transducer. The

15 -acceleration curve is stored in the disk drive and is
referred to during each particular seek operation to
calculate a velocity profile for controlling the
velocity of the transducer during the seek operationm.
Bach velocity profile is calculated as a function of the

20 number of tracks that must be traversed by the
transducer, to go from the current data track to the
destination data track.

The velocity profile-provides optimum velocity values

25 over time for the transducer, to accelerate the
transducer to a maximum velocity and then decelerate the
transducer to zero velocity upon arrival at the
destination track. The velocity values are calculated
based upon the stored acceleration curve, to achieve as

30 fast a travel time as possible in view of the number of
tracks that must be crossed during the seek. The
maximum velbcity is limited for all seeks by the maximum
velocity obtained when following the optimum
acceleration curve.

35 _
At the present time, the acceleration curve is -
determined such that the maximum velocity reached in any
seek operation is limited to a value at which the fly
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rel evant tog ual raliehli! It has been observed that
during a seé#ﬁgézg‘%?rgtgrvﬁgbhiiég from an i nner di amet er of the disk to
an outer diBhetpresent invention recognizes that the decrease in
10 fly height during a seek operation is a function of both
the velocity of the transducer and the radial positions
of the current and destination tracks relative to the
inner and outer diameters of the disk. More
particularly, it has been discovered that fly height
15 loss during a long seek, from a data track in the
vicinity of the inner diameter to a destination data
track in the,vicinitj-bf the outer diameter, is greatest
at data tracks in the viéinity of the middle radius of
the disk. Fly height loss decreases substantially at
20 the inner and outer radii of the disk.

According to the present invention, each velocity
profile is determined as a function of both the number .
of tracks to be crossed and, during'a particular inner

25 diameter to outer diameter-éeek, the radius of each of
the current and destination tracks for that seek
operation. A velocity profile is developed for each
seek operation as a function of the number of track
crossings and the start and end radii range of the

30 particular seek. For example, if each of a current
track and destination track is in the vicinity of the
outer diameter of the disk, there is no limit placed on
the maximum velocity due to fly height loss factors
since the fiy height loss during that seek is

35 negligible. When the current and destination tracks are
spaced from each other at opposite sides. of the vicinity
of the middle radius of the disk, the maximum velocity
of the appropriate velocity profile would be limited,
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radii of the current and destination tracks. The disk
drive then calculates a velocity profile developed for
thé number of track crossings and the radii of the start
and finish of the particular seek, and uses that

10 velocity profile to control the velocity of the
transducer during the seek. 1In thié'manner, when the
total seek is, for example, outside certain regions
adjacent the middle radius of the disk, maximum
velocities can be increased above levels now used in

15 conventional disk drives. Only during certain inner
diameter to outer diameter seeks, is the maximum
velocity limited to a value that provides an adequate
fly height throughout the seek, particularly at the
middle radii regions of the disk.

20
The use of the maximum velocity scheme according to the
present invention results in overall average velocities
that are higher than the average velocities presently
used in seek operations, to thereby generally improve

25 access time characteristics for a disk drive. 1In

' addition, when using a TPC head and the seek is in the
direction from the outer diameter to the inner diameter
of the disk, there is no limit placed on the maximum
velocity because it has been observed that f£ly height

30 increases during seeks in that direction for a TPC head.

Brief Description of the Drawings
Figure 1 is perspective view of a disk drive.

35 Figure 2 is a schematic top view of the disk drive of
figure 1.

Figure 3 is a chart showing the changes in fly height
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Figure 6 is a chart showing'maximum velocities for seek
operations for various starting inner radii, each
maximum velocity being'relevant to a different
, destination radii.
15

Detailed Deggrip;ion
Referring now to the drawings, and initially to fig. 1,
there is illustrated a disk drive designated generally
by the reference numeral 20. The disk drive includes a

20 plurality of storage disks 22a-d and a plurality of
read/write heads 24a-h. Each of the storage disks 22a-d
is provided with a plurality of data tracks to store
user data. As illustrated in fig. 1, one head is
provided for each surface of each of the disks 22a-d

25 such that data can be read from or written to the data
tracks of all of the Storage disks. It should be
understood that the disk drive 20 is merely
representative of a disk drive system utiliéing the
present invention and that the present invention can be:

30 implemented in a disk drive system including more or
less storage disks.

The storage disks 22a-d are mounted for rotation by a
spindle motor arrangement 29, as is known in the art.

35 Moreover, the‘read/write'heads 24a-h are supported by
respective actuator arms 28a-h for controlled
positioning over preselected radii of the-storage'disks
22a-d to enable the reading and writing of data from and
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| Each of the read/write heads comprises a magnetic

transducer 25 mounted to a slider 26 having an air
beafing surface. As typically utilized in disk drive
systems, the sliders 26 cause the magnetic transducers

10 25 of the read/write heads 24a-h to "fly" above the
surfaces of the respective storage disks 22a-4 for non-
contact operation of the disk drive system, as discussed
above. When not in use, the voicé coil motor 32 rotates

the actuator arms 28a-h to position the read/write heads

15 24a-h over a respective landing zone 58 or 60, where the
read/write heads 24a-h come to rest on the storage disk
surfaces.

A printed circuit board (PCB) 34 is provided to mount
20 control electronics for controlled operation of the
spindle motor 29 and the voice coil motor 32. The PCB
34 also incudes read/write channel circuitry coupled to
the read/write heads 24a-h, to control the transfer of
. data to and from the data tracks of the storage disks
25 22a-d. '

Referring now to fig. 2, there is illustrated in
schematic form the PCB 34 and the electrical couplings
between the control electronics on the PCB 34 and the

30 components of the disk drive system described above. A
microprocessor 35 is coupled to each of a read/write
control 36, spindle motor control 38, actuator control
40 and ROM 42. The microprocessor 35 sends data to and
receives data from the storage disks 22a-d via the

35 read/write control 36 and the read/write heads 24a-h.

The microprocessor 35 also operates according to
instructions stored-in the ROM 42 to generate and
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10 Similarly, the actuator control 40 is responsive to the
control signals received from the microprocessor 35 to
generate and transmit a voltage to the voice coil motor
32 to controllably rotate the read/write heads 24a-h,

- via the actuator arms 28a-h,. to preselected radial

15 positions over the storage disks 22a-d. The magnitude
and polarity of the voltage generated by the actuator
control 40, as a function of the microprocessor control
signals, determines the radial direction and speed of
the read/write heads 24a-h.

20 .

When data to be written or read from one of the storage
disks 22a-d are stored on a data track different from
the current radial position of the read/wr1te heads 24a-
h, the microprocessor 35 determines the current radial

25 position of the read/write heads 24a-h and the radial
position of the data track where the read/write heads
24a-h are to be relocated. The microprocessor then
implements a seek operation wherein the control signals
generated by the microprocessor 35 for the actuator.

30 control 40 cause the voice coil motor 32 to move the
read/write heads 24a-h from the current data track to a
destination data track at the desired radial position.

According to the present invention, the ROM 42 stores an

35 acceleration profile that is available to the . '
microprocessor 35 in connection with the generation of
control signals for the actuator control 40 during a
seek operation.. The acceleration profile includes
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‘profile corresponds to the radial velocities over time,

from zero to a maximum velocity, and back to zero
velocity, that will result in the fastest movement of
the read/write heads 24a-h for a particular seek
operation.

Pursuant to the present invention, the stored
acceleration profile is determined as a function of the
number of data tracks to be crossed during particular
seeks and the radii of the current and destination data
tracks of the seeks. The microprocessor 35 deéermines
the number of tracks to . be crossed in a particular seek
and the starting and finishing radii of the seek. The
microprocessor 35 then retrieves the acceleration
profile from the ROM 42 and uses the acceleration
profile to calculate a velocity profile appropriate for
the seek. |

Referring now to fig. 3, it has been observed that
during a long seek from, for example, the inner diameter
of a storage disk to the outer diameter of the storage
disk, the fly height of the read/write head decreases
from the desired fly height. In the example of fig. 3,
the desired fly height is 2.0 u inches above the disk

- surface. As the read/write head moves from the inner

30

35

diameter to the outer diameter, the fly height
continuously decreases from 2.0 p inches to a low of 1.2
p inches, at the middle diameter of the storage disk,
and then continuously increases back up to the 2.0 pu
inch level at the outer diameter. Thus, the maximum
velocity of the read/write head during a long inner
diameter to outer diameter must be limited to maintain a
fly height throughout the seek. '
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exigimali divwhaightk ak ke inner diametgyr efothe disihematic
top view of the disk drive of figure 1. ;

A further illustration of the fly height loss phenomenon
is shown in the graph of fig. 4. The graph of fig. 4
plots minimum fly height in g inches versus seek
velocity in inches per second for each of several radii
of the disk during a seek toward the outer diameter.
From the graph it can be seen that, in géneral, a
considerable drop in fly height occurs at radii'near the

‘middle radius of the disk for seeks from the inner

diameter to the outer diameter. ' However, the loss in
fly height is significantly less pronounced for radii at
the outer diameter of the disk, and actually improves at
higher seek velocities. ' |

The present invention utilizes the observed fly height
loss phenomenon to set maximum velocities in the
acceleration prdfile values suitable for the starting
and finishing radii of each particular seek. A maximum
velocity as high as possible greatly reduces access time
to data on the storage disks 22a-d, as élearly shown in -
the graph of fig. 5. | ' -

According to the present invention, a maximum velocity
for each seek is set dependent on whetheér the seek is
toward the outer diameter or toward the inner diameter.
When the seek is toward the cuter diameter, a limiting
maximum velocity is set for those seeks wherein the

starting radius and destination radius result in a seek

35

that traverses the region of the disk around the middle
diameter of the disk. -

An example of "limits on maximum velocity according to
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Figure 4 is a graph plotting flying height versus seek vel ocity at
Six representative radii of a disk. 11 Figure 5 is graph show ng.
data access ti met:r(f‘es Sréggr({t :(L)rqventlon 1s0fshov.v>r(1I r{%mf%oastd ng 'fﬁel charX le 10

of fig. 6 relates to a disk having an inner diameter for
the innermost data track equal to 0.68 inches and an
- outer diameter for the outermost data track equal to
5 1.805 inches. The vertical column of the chart lists
starting radii from 0.68 inches to 1.577 inches and the
horizontal row of the chart lists destination radii of
from 0.68 inches to 1.805 inches. Each row/column
intersection indicates whether there is a limit to the
10 maximum velocity, and if so, the upper limit for the
maximum velocity for the corresponding combination of
starting/destination radii. '

As can be seen from fig. 6, many seek operations need

15 not be limited to an upper value for the maximum
velocity due to fly height loss considerations. Indeed,
only those seeks toward the outer diameter of the disk,
and passing through the middle of the disk, require a
limit on maximum velocity due to fly height loss. Thus,

20 seeks involving starting and destination radii that do
not circumscribe the middle radius, can be performed at
maximum velocities higher than those presently used in
velocity profiles. The remaining seeks are limited to a
maximum velocity that is suitable, in view of the

25 particular starting and destination radii, to maintain a
fly height, even at the lowest point during the seek, at
an acceptable level above the disk surface.

It has been determined that by limiting maximum
30 .velocities only when necessary, due to the passage of
| read/write heads through regions surrounding the middle
diameter of the disk, and not limiting the maximum
velocity for other seeks, including all seeks toward the
inner diameter of the disk, the average velocities
35 usable for all seeks increases.
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in a disk drive & SRHRGHRMRE ntipg the storggg @F 45 E@%sk

The storagerditaticta-d are nDunted for rotation by a : splndle not or
arrangement 29, %%ifhé%¥gﬂhiéétéféﬁiﬁt for reading information from

and writing information on the data tracks of the
storage medium;

the interactive element belng arranged and
configured to fly above the storage medium;

an actuator responsive to control signals, mouhting
the interactive element for motion to selectively .
position the interactive element relative to pfeselected
data tracks of the storage medium and to move the
interactive element from a first data track to a second
data track in response to the control signals; and

control electronics cdupled to the actuator for
generating the control signals to cause the actuator to
move the interactive element from the first data track
to the second data track, the control signals including
velocity control signals generated as a function of the
number of data tracks to be crossed from the first data
track to the second data track, and the location of the
first data track relative to the second data track, the
velocity control signals controlling the -actuator to
move at preselected velocities, including a maximum
velocity.

2. The disk drive of claim 1, wherein:

the storage medium comprises a disk having an inner
diameter, a middle diameter and an outer diameter;

the data'tracks extend across the disk from the
inner diameter to the outer diameter of the disk;

the control electronics generates the velocity
control signals with the maximum velocity being set as a
function of movement of the interactive element when

This.Sheet Has Been Reilaced :
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35’ Mor eover , HHI""H‘M\I"J "’,J em s 24a-h are supported by

respective actuator ntrolled - posi tioni ng over

pr esel ect SMOP6/I9804 of t he st orage d 8= 0 enalREA/¥I98/1694di ng
and witing of data from and l%%&BS g@tﬂ

PCT/ US95/ 16301 -to the data
tracks. To that end, the actuator arns 28a- * h are rotatably nount ed

S A et o F G B B, e s

Each of the read/outiltee duterts diametersandnagrnesscthe mlddﬂeadsam96612$f

nmounted to a she#g Faaving an air bearing surface. As typically
utilized in disk drive systens, the sliders 26 cause the nmagnetic
transducers 10 25 of the read/wite heads 24a-h to "fly" above the

surfaces of the respertiverigd alpsie d@isié d2aclalifr 1NOfiurther comprising
an acceleration profile, including acceleration and
velocity information corresponding to preselected.
numbers of tracks between first and second data tracks
and preselected relative locations between first and
second data tracks, and maximum velocities, each set as
a function of a respective number of data tracks to be
crossed and preselected relative Iocations of first and
second data tracks;

the control electronics using the acceleration

profile when generating velocity control 51gnals.

4. The disk drive of claim 3, wherein the
control electronics comprises a microprocessor operatlng
‘to generate the control signals, and

further comprising a memory for storlng the
acceleration profile. '

5. The disk drive of claim 4, wherein the memory
comprises a ROM. .

6. The disk drive of claim 3 wherein:

the storage medium comprises a disk having an inner
diameter, a middle diameter and an outer diameter;

' the data tracks extend across the disk from the

inner diameter to the outer diameter of the disk;

the control electronics generates the velocity
control signals from the acceleration profile, with the
maximum velocity being set as a function of movement of
the interactive element when such movement is in a
direction from the inner diameter to the outer diameter
and across the middle diameter of the disk.

7. For use in a disk drive comprising a storage
Sheet Has Been Replaced ' :

T




contact operati ?m,ﬂ!"ﬂnﬂlﬂlﬂﬂl"ﬂ' ve system as discussed above.
When not in use tor 32 r tes the actuator arns
28a- hpigod?d8ed | on the redld/ wri t'e JBL_EEN 24a-h oveCTAISYS/BE3OLL | ve

| andi ng zone 58 or 60, whd} &t 155?6%% read wite heads 24a-h come to

rest on the storage disk : . A printed circuit

board (PCB) 34 is provide fo nount 20 ¥4 " control electronics for

controlled operatlon of éﬁlndl notor 29 and t he vg#ce Coi
m

notor 32. TR&skchaving dat§4g£a5§q FRIGLR /MRER% BAURRERIcFREuitry
coupl ed to storage Ghekr€ad wotlat ivendariar, interant ivé éheménansfer of

data to and_fromthe_data tr f ot | 2
Ref erri ng nbRFt g]r?‘flafefrlflﬁe l&l%‘s%lcl IEE“% ?fta]?%“gqﬁ}lg éééa t?r%c g gﬁl c formt he
PCB 34 and aheasgedt tocflycaboiviendhe data tmmedur:mg c@npeni.oél oftronics

on the PCB 38e2881bAo#0tne diBRRANRAS Pindiifod! Ar dhbyEngYEhEM descri bed

above croprocessor 'S cou 0 each read/ wite
contr ol 36 1§5?ﬁ§F§1ﬁﬁtGﬂegﬁﬁﬁr@rQHBaziﬁﬁﬁﬁ(§a¥§nﬁ¥%ﬁk to a seggngnd ROM

42. The m cyaRLOELaSR! aamygyaiﬂgﬂﬁhé(gggﬁg of: " receives data fromthe
storage disks 222 glng the interactive element through a series of
velocities from the first data track to the second data
‘track; and
controlling the velocities to have a maximum

velocity set as a function of the number of data tracks
to be crossed from the first data track to the second
data track, and the location of the first data track

relative to the second data track.

8. A method for performing seek operations in a
disk drive, comprising the steps of:

for each seek operation, determining the radius and
number of a first data track, and the radius and number '
of a second data track;

moving an interactive element from the first data
track to the second data track through a series of
velocities, including a maximum velocity; and

setting the maximum velocity to a value determined
as a function of a number of tracks between the first
and second data tracks and the radii of the first and
second data tracks. '

9. . The method of claim 8 éomprising'the further
steps of: - '

determining whether the seek is from an outer
diameter to an inner diameter of a disk containing the
data tracks; and ' _

when the seek is from an outer diameter to an inner
diameter of the disk, placing no limit on the maximum

velocity.
. This Sheet Has Been RTlaced
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35 ; read/ %‘33553381?”0' 36 and the read/wite heads 24a-h. The
m cr opr ocessor oper at es acCopgH Q I nstructions stored in
the ROM 42 to generate and : 1906 tpea4

PCT/ US95/ 16301 IR REPLAGED g ” PELRSaYI6301
control signals to each of the spind t ntrol 38 and the
actuator control 40. The spindle nbfr control 38 is responsi ve
to the 5 control sisgnals received fromthe m croprocessor 35 to
generate and transmt a drive voltage to the spindle notor 29 to
cause the storage disks 22a-d to rotate at an appropriate
rotational velocity. -

uuuuuuuu

T oT

This:Sheet Has Been Replaced .
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'

10 Simlarly, the actuator control 40 is respon5|ve to the

control signals received fromthe rocesser—=3 o] generate and
transnit a WOOSAY4to t he voice cdf FHEPLIPEET HAS BEEN3R t o c ontRGIPS9S/14301
rotate the read/ wite heads 24a-h, REPLAGCEDt he afituator arnms 28a-h, to
presel ected radial 15 positio —di sks 22a-d. The
magni t ude and polarity of the volﬁﬁée generated by the actuator
control 40, as a function of the m croprocessor control si gnal s,
determ nes the radial «irection and speed of the read/wite heads
24a-h. 20 When data to be witten or read fromone of the storage
di sks 22a-d are stored on a data track different from the current
radial position af the read/wite heads 24a- h, the m croprocessor
35 deternmines the current radial 25 position jof the read/wite heads
24a-h and the r4dial position of the data track where the

read/ write heads 24a-h are to be relocated. The m croprocessor then
i npl ements a seﬁk dperation wherein the contrgl sjgnals gener at ed
by the m croprodesqor 35 for theaactuator 30 control 40 cause the
voice coil notor 34 to nove thél : read/ writle heads 24a-h fromthe
current data trgck jto a destinatggs data frack at the desired
radi al position.

ROM Yo

MOTOR
CTL

CTL
36

-ACT
CTL

40

PCB

FIG. 2

Thls Sheet Has Been Rep laced

SUBSTITUTE SHEET (RULE 26)
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10 Pursuant to the present invention, the stored
acceleration profile is determned_as a functlon of the nunber of

dat a track3V@86/19804&r ossed during pf eks an@CTSWIS0 of
the current and destination data 1% ﬂlglgﬁﬁ@% RFEN aE seeks. The

m croprocessor 35 determ nes cks to be crossed in

a particular seek and the startl ng/end finishing radii of the seek.
The m croprocessor 35 then retrieves the accel eration

profile fromthe ROM 42 and uses the accel eration 20 profile to
calculate a velocity profile appropriate for t he seek.

Referring nowto fig. 3, it has been observed that during a |l ong
seek from for exanple, the inner dianmeter 25 a storage disk to the

outer dianeter of the storage F!“lV |segk1éje|goilt:y®urmg Seek-Out
read/ wite head decreases romt he dgﬁd q %ﬂgn In the
exanple of fig. 3, th§£e5| red fly h g(ﬂ S i'nches above

t he di sk surf ace. rEao/ w1 e head moves rriom t'he i'nnef 30°
diameter to the outer dianmetep,of{hg.fly height conti nuously
decreases from 2.0 [err] inch€és oﬁa;.lfp.\“u, 1.2 [err] inches, ats
the middl e diameter of the st2rQgeathgks & 33;~.._ and then contl.__up.ueﬁf
i ncreases back up to the 2.0 ] T SN ...._;:'.......-g-—*"""
Minimum i 6' RADIUS (")  *--5a .
Flying Height (um) [ - 082 R v
P IEME TR
- e 1.
2F - 1372
12- = 1.577 - 3
0 20 40 60 80 100120140160180200
Seek Velocity (in/s)
- FIG.4
Maximum Coasting Velocity Impact AccessTime
Seek Profile
0-7 d ¥ ) v |} d LI ¥ I v 1 M 1 ¥ f.
06
05
Access Tme 04 [

Impact Impact (ms) 0-3 |
0.2

0.1 -
0-0 % [ | 3 1 [ L ] 3 (] 2 [ ] 3 1 [l |}
-0.1 50 70 90 110 130 150 170 190

Maximum Coasting Velocity (in/s)

FIG. 5
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|n§h | evel at the outer dianeter.

read/wite head during a long inner
be.limnmtedM®I6HM ain a

96/ 19804
10

T ”?Hlstél%

fl

As illustrated in fig. 3,

,,
=
3
B

EP Aé “+E
"5/5 PCT/ US95/

during a long seek fromthe outer dianeter to the inner

velocity of the

outer dianeter must

t he sSPERUSIS/16301 WO
16301

t he opposite effect occurs

di amet er of

the storage disk, i.e., the fly thght : i ncreases to a nmaxi mum over
the mddle dianeter of the 5 Hi SKO g;gggan%é Ml inches, and then
Iﬁll;_again to the At thori%altf%!% f ‘tohzfl h nnﬁ{ Idiam&*ter of
e di sk. urther ¢y pstratjion o e fly | g 0SS
phenonenon is shown in €he gregh of fig. 4. Thelgraph of fig. 4 10
plots mnimumfly height in [er@!lin S _versus EEEKJ_J :
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velocity in inches per second for each of several raditi of the disk
during a seek toward the outer dianeter. : Fromthe graph it ca

seen that, in general, a . . considerable 2drop in f,lﬁ H, : t
radii near the 15 mi ddl e radius of the dlsk for see # NmZ@,EﬂI
IS

di anmeter to the ouger dianeter. However, the loss in: € Elym
significantly | ess%ounced for radii at the outer dianeter of
t he di sk, and actually inproves at hi gher seek velocities. 20
The present invention=-utilizes the observed fly height | oss
phenonenon to set maxi mhm veAdliskdrys, ¢amprising: accel eration profile

val ues suitable for the startin . and fi.ni shing radii of each
particul ar. seek. A naxi ﬁﬁfmaﬁ%me‘g“mhe‘!é%ﬁ%‘%ga% ffising d2nssi bl e greatly
reduces access tine a spindié Sodamduing tessterh ey m@Rur ifsikstaded- d, as clearly
shown in the graph of .fi?. 5. L Accordi-ng to the present

i ivention, a maxi mum vedoaferagtiviglement fof gradiag inforpasion fromsind wiitisg iefasmatign on the
whet her the seek i trac ofth&&éﬁwmw&omer di anmeter or toward the inner
di aneter. en ﬁe seek I's toward the outer diameter, a limting

maxi mum vel ocity i s setthé interadtive medivmibsingtacranged andeonfigured to fly above thegtaragsi us
and desti nation rargé&ilém,r esult in a seek

an actuator respoasive to control signals, mounting the interactive element for
motion to selectively position the interactive element relative to preselected data tracks of
the storage medium and to move the interactive element from a first data track to a second
data track in response to the control signals; and -

eontrol electroriics'coupied to the actuator for generating the control signals to cause
the actuator to move the interactive element from the first data track to the second data
track, the control signals including velocity control signals generated as a function of the
number of data tracks to be crossed from the first data track to the second data track,éhe
location of the first data track relative to the.second data track})nd the location of the first
and second data tracks relative to an outer diameter or a middle diameter of said storage
medium, the velocity control signals controlling the actuator to move at preselected

velocities, including a maximum velocity.

2. The disk drive of claim 1, wherein: _
the storage medium comprises a disk having an inner diameter, a middle diameter

and an outer diameter;
the data tracks extend across the disk from the inner diameter to the outer diameter

of the disk;
the control electronics generates the velocity control signals with the maxim_um
velocity being set as a function of movement of the interactive element when such

movement is in a direction from the inner diameter to the outer diameter and across the

middle diameter of the disk.

3. The disk drive of claim 1, further comprising an acceleration profile,

including acceleration and velocity information corresponding to preselected numbers of

This is the replasement shes
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35 J that traverses the region of the disk around the_ml'———. o
‘-('jl‘lcg‘)m?é'?FlgoI 0t ne disk WO 96/ 19804An Sanp e O.fp_l s on WM!WB‘MLE“I,!H“LM |!||

PCT/ US95/ 16301 - 1 the present
I nvention is Sho"mtrh&éfbktgzeerpﬁrsg %1? sE6RERAE trés%kg afxd Rre?élecftéd%laﬁver 15Laah g&v&kgﬁ‘ﬁ st

di sk having an inner dianeter nher nost data trac
0. 68 inches and anand second dawiragks, didamarionmfvelocitipse eanlt st asrsiunction af & reapdctive

equal-to 5 1. 805 4 Vv Lcal I r i
starting radii froﬂ‘frgi? eé??ﬁ%ﬁ%csk} It{b gbelc?és%leﬁlﬁéq%%gl‘égg%f’e{l%%@?oc%t?o%s bt h’gf%@c?ﬁﬁogfi
row of the chart |{dfisackesti nation radii- of fromO0.68 inches to

1. 805 inches. Each row tchol um . . Int rsecsi on indl cathes whet her there
isalint to the . e control electronics using the acceleration protile when generating velocity

control signals.

4, The disk drive of claim 3, wherein the control electronics comprises a
microprocessor operating to generate the control signals, and

further comprising a memory for storing the acceleration profile.
5. The disk drive of claim 4, wherein the memory comprises a ROM.

6. The disk drive of claim 3 wherein:

the storage medium comprises a disk having an inner diameter, a middle diameter
and an outer diameter;

the data tracks extend across the disk from the inner diameter to the outer diameter
of the disk;

the control electronics generates the velocity control signals from the acceleration
profile, with the maximum velocity being set as a function of movement of the interactive
element when such movement is in a direction from the inner diameter to the outer diameter

and across the middle diameter of the disk.

7. A method for use in a disk drive comprising a storage disk having data
tracks, a spindle Imotor mounting the storage disk for rotation, and an interactive element
for transferring data to and from the data tracks and arranged to fly above the data tracks
during a period of operation of the disk drive, the method for moving the interactive
element from a first data track to a second data track, comprising the steps of:

moving the interactive element through a series of velocities from the first data
track to the second data track; and

controlling the velocities to have a maximum velocity set as a function of the
number of data tracks to be crossed from the first data track to the second data track, and
the location of the first data track relative to the second data track and the location of the
first and second data fracks fel__ative to an outer diameter or middle diameter of said storage
disk.

< e This s the replasement sh
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dif so, the upper |limt for the maxi mum

veI OCI ty memﬂEﬂI"M i ng conbi nati on of starting/destination
ansbesseen fromfig. 6, @ny seek operations need 15

not be limted to an upper value for the maxi num velocity due to fly

hei ght | oss consideratigns. kngged. forperformeQée‘léokgﬁﬁ&sﬁﬁﬁlﬁﬁktd?i‘(@ﬁgnﬁc%
outer dianeter of the disk, and passin rou he m ddl e of the

disk, require a interactiyg #Fme%fprmsfmng datp &fb@fldyff%éat? ragksythp glegind cpmprising the
Thus, 20 see é;srsYol ving starting and destination radii that do

not ci-rcunscribe t m ddl e radius, can be perfornmed at maxi mum

vel ocities higher than fohm spakemenatxdny deteruining the radius andveimber ofja finstodatd texck, and
The renai ni ng-see are Xi mumvelocity that is

suitable, in view Bf 44 ag%nuxgber °géF%°P'b‘{Ha£Pr"%°F§rtu ng and destination radii,

to maintain a f myvil@argitteractiverdlentdnt frb@ thORBS Hard rhdki to iy Settad i ta6lek,
at an accept abl e IeveI above the di sk surface. It has

been determ ned t H&FOUSY apssries of YRIOGHSS inclrdinga maximugeYelesity; @¢ on| y when

necessary, due to the passgee rQ:Ixzmum veloc:tyrtsad/al\% 'dE:@nﬁiﬁ&ﬂa’% A (AR Bt § BEthiRof

surroundi ng the mddl e di anmeter of the disk, and not Iimting the

maxi mum tracks between the first and second data tracks and the radii of the first and second data
tracks and the location of the first and second data tracks relative to an outer or middle

diameter of a disk containing the data tracks.

9. The method of claim 8 comprising the further steps of:

determining whether the seek is from an outer diameter to an inner diameter of a
disk containing the data tracks; and

when the seek is from an outer diameter to an inner diameter of the disk, placing no

limit on the maximum velocity.

This is the replasement sheet

Date: 2 1 JUL 1997



rul/uo 737145

vwel dcity for other seeks, including all seeks toward the ! neg = ..;-,.:B 19C
di aneter of the disk, the average velocities 35 usabl e for alT se&ks & “
I ncr eases. -12-

1 A di sk drive, conprising: f/sstor age nmedi um havi ng data

tracks for storing data,; a spindlé notor nounting the storage
medi um for rotation; an interactive el enent for reading

information fromand witing iinformation on the data tracks of the storage

medi um the i nteractive medi um bei ng arranged and configured to

fly above the storage nedium an actuator responsive to control

signals, nounting the interactive elenent for notion to selectively
position the interactive elenment relative to preselected data tracks of the

storage nediumand to nove the interactive elenent froma first data track
to a second -

FIG. 1

This is the rep‘laceme.n_ st
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data track in response to the control signals; and %GTI/U)S 63(
el ectronics coupled to the actuator for generating the contrﬂwﬁs 230

cause the actuator to nove the interactive elenment fromthe t FEB 9
track to the second data track, the control,gignals including velocity

control signals generated as a function of /%e nunber of data tracks to be
crossed fromthe first data track to the second data track,the | ocation of

the first data track relative to the second data track and the | ocati on of

the first and second data tracks relative to an outer dianeter or a mddle

di amet er of said storage nmedium the vel ocity control signals controlling
the actuator to icl udi ng a nmaxi mum

vel ocity. 2. The disk drive of claim 1, wherein: t he
storage nedi um conpri ses a di sk having an inner dijaneter, a mddl e dianeter
and an outer di anet ex t-he—data—t+rackssextjend across the disk from
the i nner di anet o t he outer dianeter of theL dijsk; t he control

s a functio f novenment off the interactive el enent
when such novene ils in a direction frogggthe ifnner diameter to the outer
di ameter and acr ¢ss {the m ddl e di anet er e|di gk. 3. The
disk drive of claim1, further conprising an accelleration profile,

irncl udi ng accel efati orhami vel oci ty i nformatfi on c¢rresponding to

presel ected nunbers 42

t
el ectroni cs genernat ﬁs t he vel och:tp control sigmalg with the maxi num
. . ) 2
[

-y
- -

‘MOTOR
CTL

RSW
CTL
36

ACT
CTL

40
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FIG. 2
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tracks between first and second data tracks and presel ected rEGtT/US
| ocati ons between first and second data tracks,
each set as a function of a respective nunber of data tracks t
| tions of first an

and presel ected rel

and maxi mum velociti es,

The disk drive of claim
The di sk drive of

t:he control electronjics 6§ the accel erati od/$rofile when generating
vel ocity control sijgnal HL 4, The di sk drive of claim 3,
wherein the control el &{T,Quilcs conprises a nicroprocessor operating to
generate the control s@ré% and further conprising a nenory for
storing the accel erati @ Qroffi | e. 5.
4, wherein the nenorly doOpPlses a ROM 6.
clai m 3 wherein: Vo

{44
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the storage medi um conpri ses a di sk having an inner dianeter, /Usdd9e5/l

di aneter and an outer dianeter;

di sk fromthe inner dianeter to the outer dianeter of the di

the control electronics generates

acceleration profile, with the maxi num vel
novenent of the interactive el ement when such novement

the data tracks ext 332}7ﬁ§ss t he

O
the velocity control signals fromthe FEBIS
5ty bei ng set as a function of
isin adirection

fromthe inner dianeter to the outer dianeter and across the m ddl e

.-

di aneter of the disk. 7.

conprising a storage di sk having data tracks,

storage disk for rotation, and an

to and fromthe data tracks and ar

during a period of operation of the dr sk dm@o%hq'p@r@@g

interactive elenent froma f|r2t4
conprising the steps of:

series of velocities fromthe 212
and controlling the ve

A nmethod for use in a disk drive

a spindle notor nounting the
eractive e nt .for_ transf at a

Fras. 5eaK \lelosithDuing See el

nnoving the
atrack 10 asecon data rack

DV ng the interactive el enent 't hrough a

,tﬂda.ta track to the second data track;
ve a nmaxi mumvelocity set asaa

function of the nunber of data t
track to the second data track %
rel ati ve to the second Mipimurir ac
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8.° ~ A'nmethod for perfornming seek operations in a disk drRﬁTfu\SnQ@/lés

Interactive elenent for transferring data to and fromdata tracks, the

nme& hod conprising the steps of: for each seek operat ﬁgl

determ ning the radius and nunber of a first data track, and rgljsuszanp'EB]
nunber of a second data track; novi ng +nteractive el enent from

the first data track to the second _data track ough _a series of

vel ocity to a value determined agh fURD a0 G Kudbel |of tracks between
the first and second data tracksgapd t radii of the firjlst and second data
tracks and the location of the f& Ft anyg second data tradks relative to an
outer or mddle dianeter of a dig€k|contdining the data_tprlacks. 9.
The nethod of claim8 conprising™he fi g 8@202 % det er ni ni ng
whet her the seek is from an out eghii arrﬁ o an i nner_ dilameter of a disk
containing the data tracks; and & when the seek is |froman outer
dianmeter to an inner dianeter of=t he digk, placing no linit on the nmaxi mum
vel ocity.
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(57) Abstract '

A disk drive, comprising a storage medium having data tracks for storing data, a spindle motor mounting the storage medium for
rotation, an interactive element for reading information from and writing information on the data tracks of the storage medium and an
actuator responsive to control signals, mounting the interactive element for motion to selectively position the interactive element relative to
preselected data tracks of the storage medium and to move the interactive element from a first data track to a second data track in response
to the control signals. The interactive element is arranged and configured to fly above the storage medium, Moreover, control electronics
are coupled to the actuator for generating the control signals to canse the actuator to move the interactive element from the first data track
to the second data track. The control signals include velocity control signals generated as a function of the number of data tracks to be
crossed from the first data track to the second data track, and the location of the first data track relative to the second data track. The
velocity control signals control the actuator to move at preselected velocities, including a maximum velocity.




