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VELOCITY CONTROL FOR A DISK DRIVE ACTUATOR

. BACKGROUND
Field of the Invention
The present invention relates to a data storage
5 device having read/write heads for accessing information on a
storage medium, and more specifically, to a mechanism for
controlling the velocity of an actuator that moves the
read/write heads in relation to the storage medium,
particularly during head loading operations.

10 Descri on of the Prior Art
Data storage devices, and in particular, data
storage devices of the type that accept a removable cartridge
containing a disk-shaped storage medium, usually employ
either a linear actuator mechanism or a rotary arm acﬁuator
15 mechanism for positioning the read/write head(s} of the disk
drive over successive tracks of the disk-shaped-storage
medium. In most disk drives, and particularly in those that
receive removable disk cartridges, the linear or rotary arm
actuators are moved to a retracted, or parked position when
20 the disk drive is not in use. In such a retracted position,
the read/write heads of the disk drive are moved off and away
from the surface(s) of the storage medium in order to prevent
damage to the head(s) and storage medium. In order to resume
use of the disk drive, the read/write heads must once again
25 be loaded onto the surface({s) of the storage medium so that
the data transfer can begin. It is important that the head
loading operation be carried out in a controlled manner to
prevent damage to the read/write heads.
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conpl exity of the disk drive velocity, which may not be acceptable in many

applications.
Lee, U.S. Patent No. 5,128,813, describes a
velocity control technique for a disk drive actuator that
15 employs thermal measurements to estimate the velocity of the
actuator. Again, however, the circuitry necessary to cbtain
accurate thermal measurements unduly increases the cost of
the disk drive, and this technique is susceptible to
inaccuracies. .
20 Other prior art devices employ high-precision glass
" scales affixed to a disk drive actuator for obtaining
accurate position and track counting information during track
seek cperations. See, e.g., Thanos et al., U.S. Patent No.
5,084,791. Unfortunately, the cost and complexity of the
25 high-precision glass scales and associated optlcal circuitry
make them disadvantageous.
Certain products in the "BETA" line of Bernou111
dlBk drives manufactured by Iomega Corporation, the assignee
of the present invention, employ an optical sensor and a
30 gray-scale pattern affixed to a linear drive actuator to
obtain an indication of the linear position of the actuator.
However, these products do not, and are not capable of,
deriving or controlling the wvelocity of the actuator using
the position information generated with the gray-scale
35 pattern and optical sensor.
As the foregoing illustrates, there is a need for a
simple, cost efficient mechanism for controlling the velocity
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and from a storage medium and having an actuator for moving a
10 read/write head owver a surface of the storage medium
comprises an optical sensor mounted on either a surface of
the data storage device or a surface of the actuator, and a
gray-scale pattern provided on the other of these surfaces
opposite the optical sensor. The gray scale pattern provides
15 an amount of reflected light at the optical sensor that
varies with the position of the actuator. The optical sensor
receives the reflected light and generates therefrom an
output signal indicative of the position of the actuator. A
control system processes the position signal output from the
20 optical sensor in accordance with a velocity control
algorithm to control the wvelocity of the actuator,
particularly during a head loading operation. The optical
sensor and gray-scale pattern provide a simple, low-cost,
efficient means of generating a signal indicative of the
25 position of the actuator arm, from which the control system
can derive a velocity estimate and control the velocity of
the actuator arm.
These and other features and advantages of the
present invention will become evident hereinafter.

’ 30 EF DESCRY ON _OF THE D S
The foregoing summary, as well as the following
. detailed description of the preferred embodiment, is better

understood when read in conjunction with the appended
drawings. For the purpose of illustrating the invention,
35 there is shown in the drawings an embodiment that is
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-3- of a disk drive actuator, particularly during head | oading
operations. The present invention satisfies this need.
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DRAW NGS Figure 4 is a plan view of a gray-scale pattern.
according to a preferred embodiment of the present invention;

15 Figure 5 is a top view of the portion of the disk
drive illustrated in Figure 3;

Figure 6A is a block diagram illustrating the
manner in which the optical sensor is electrically connected
within the data storage device;

20 Figure 6B is a block diagram of a control system
for controlling the velocity of a disk drive actuator in
accordance with a preferred embodiment of the present
invention;

Figure 7 graphically illustrates various positions

25 of the suspension arms of the actuator of the disk drive of
Figure 1 as the suspension arms move along respective load
ramp structures during a head loading operation;

Figure 8 is a flow chart illustrating a preferred
embodiment of a metho@ of controlling the velocity of the

30 actuator of Figure 1 during the head loading operation
illustrated in Figure 7 in accordance with the present
invention;

Figure 8 illustrates a first velocity control
algorithm employed by the control system of Figure 6, when

35 the suspension arms are between positions 1 and 2 of Figure
7; and
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an exemplary data sto age device 20 or disk drive, 1n wh1c
the present invention may be employed. The exemplary disk
drive 20 is of the type that receives a removable disk
cartridge, however, the present invention is by no means
limited thereto. For example, the present invention can also
be employed in a fixed-disk type drive.

As shown in Figure 1, the exemplary disk drive 20
comprises a chassis 21 on which a number of disk drive
components are mounted, A front panel 24 of the disk drive
20 has a substantially horizontal opening 22 for receiving a
removable disk cartridge (Fig. 2). An eject button 26 is
provided on the front panel for ejecting a disk cartridge
from the disk drive 20. A spindle motor 110 is mounted on
the chassis 21 to provide a means for rotating the storage
media within a disk cartridge.

An actuator arm 32, which forms part of a rotary
arm voice coil actuator, is pivotally mounted to the drive
chassis 21 at 38. The actuator arm 32 has a plurality of
sgspension arms 34 at its distal end that each carry a
respective read/write head 36 for recording and reading
information to and from the surfaces of the storage media of
a disk cartridge. A head loading mechanism 35 facilitates
loading of the magnetic heads onto the storage media. The
head loading mechanism comprises a pair of load ramp
structures 46, 48 upon which the suspension arms 34 of the
actuator arm 32 ride during head loading/unloading
operations. Further details concerning a head loading
mechanism of the type shown at 35 can be found in co-pending,
commonly assigned, U.S. Patent Application Serial No.



for controlling the velocity of a disk drive actuator in accor dance
with a preferred enbodi nent of the present I nventi on;

Fi'gure-7 graphically illustrates various positions 25 of the -suspension
arnms of the actuator of the disk drive of Figure 1 as the suspension
arnms nove al ong respective | oad ranp structures during a head | oadi ng
oper ati on; wo97/08697 Figure 8 is a flow chart illustrating BCHUSS64810ed
enbodi ment of a nethod of controlling the velocity of the 30 actuator of
Figure 1 during the head | oading operation. g Lllustrated in Figure 7 in
accordance wth the present I nventi on; Figure 9 iltustrates
a first vel ocitysfuse,es4, eatiwléd MAeadpLogdind\Maahandsmt for \iakn of
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PREFERRED ENMBCDIadEhRtor arm 32 for Mp:pﬂ.ﬁéngotlpq]m%g esnsnt e
nuner al s the arm 32. A magnet return path assembly 50 is mounted to
the chassis 21 and provides a magnet return path for the
voice coil element 43.

10 Figure 2 is a perspective view of a disk cartridge
10 that may be used with the removable cartridge disk drive
20 of Figure 1. The disk cartridge 10 comprises an outer
casing consisting of upper and lower shells 10a, 10b,
respectively. Preferably, the upper and lower shells 10a,

15 10b are formed of a rigid plastic material. In the present
embodiment, the disk cartridge 10 contains two disk-shaped
storage mediums 60, 62 (Fig. 7) that are attached, in stacked
relation, to a hub assembly (not shown) rotatably mounted
within the outer casing. A door 12 on the casing provides

20 access to the recording disks by the read/write heads of a
disk drive. In the present embodiment, the storage media
comprise rigid magnetic media, however, other storage media
may be employed, such as flexible magnetic media or optical
media. As described hereinafter in greater detail, when the

25 disk cartridge 10 is inserted into the disk drive 20, the
actuator arﬁ 32 will rotate counter-clockwise (as viewed in
Fig. 1) causing the suspension arms 34 of the actuator to
move off the load ramp structures 46, 48, thereby loading the
read/write heads 36 onto the surfaces of the storage media

30 60, 62 within the cartridge 10.

According to the present invention, a data storage
device such as, for example, the disk drive illustrated in
Pigure 1, has an optical sensor mounted on either a surface
of the disk drive or a surface of the read/write head

35 actuator of the disk drive, and a gray-scale pattern provided

. on the other of the surface of the actuator or the surface of
the disk drive, opposite the optical sensor. The device



I ndicate |i ke elements throughout, there is shown in Figure 1 an

exenplary data storage device 20, or disk drive, in which t he present
i nventi'on may be enpl oyed. The exenplary disk 10 drive 20 is of the type
that receives a renovabl e disk cartridge, however, the present

I nvention is by no.nmeans limted thereto. For exanple, the present
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As shown in Figure 1, the exenplary disk drive 20 15 conprises a chassis 21
on which a nunber of disk drive conponeny s. are nmounted. A front panel
24 of the disk drive 20 has a substantially horizontal opening 22 for

receiving a atteaBMal| fo Atk stidrheb g fHe @isk) drive ej£cdtdtiicnary)6 i S

provided on the_front _panel for _ejecii | S 'qgg R e di sk
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Rctuator ar m 92 AEErIdaRL He (peopebiathy tioveh £ P8EFuitn ine’Feallimice
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S car ] g e e ol L Lot o8 20 oad paottth
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oad ngl unl o e S e B e e o 3 hEad T 3adi
35 mechani sm of Egﬁﬁc’:l’yg% hexrrore g%‘aﬁcé%tlbvee %&Juglé‘gi ﬁ(g%{o@@ﬂg@%nﬁ?m "
comonl y assi gneg¢tuiksy. PAsmsedpberetni drhesderm "hght" means
electromagnetic radiation from any portion of the
electromagnetic spectrum, preferably electromagnetic
15 radiation from the ultravioclet, visible or infrared portions
of the electromagnetic spectrum, and most preferably,
electromagnetic radiation from the infrared portion of the
electromagnetic spectrum. As used herein, the term "optical
sensor® means any device, component or circuit capable of
20 detecting light reflected from a surface or target, and
includes, without limitation, photointerxupters,
phototrangistors and the like.
Further according to the present invention, a
control system receives the position signal from the optical
25 sensor and processes the position signal for purposes of
controlling the velocity of the actuator. In a preferred
embodiment of the present invention, the control system
controls the velocity of the actuator arm during a head
loading operation, i.e., as the suspension arms 34 of the
30 actuator move over the lcad ramp structures 46, 48 to load
the read/write heads 36 onto the surfaces of the storage

* media of a disk cartridge.
Figure 3 is a perspective view of a portion of the
- disk drive 20 of Figure 1, illustrating the mounting of an

35 optical sensor 54 and gray-scale pattern 52 in accordance
with a preferred embodiment of the present invention, it
being understood that the present invention is by no means
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- 6- + 08/438, 254, entitled "Head Loadi ng Mechani smfor a Disk Drive,"
fited May 10, 1995, which is incorporated herein by reference inits
entirety. A voice coil element 43 (Figs. 3 and 5) is affixed 5

to a forked nmenber 42 (Fig. 5) at the other end of the actuator arm 32
for controllingwdoenesesrati onal novement of the arm 32. A maBEEUSI6E3I0 n

path assenbly 50 is nounted to the chassis 21 and provi des a nagnet
return path for the voice coil element 43.g 10 Figure 2 is a
perspective view of a disk cartridge 10 that may be used with the
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in Fig. 1) cay %rﬁhii§qﬁ?%§%en5|on arnms 34 of the actuator to nove off
the load ranp stru t hereby | oadi ng. the read/ wite heads 36
onto the surfaces of the Exmé Asdrn SmlaxgedsYigNt of A H@YcECRLRdge 10.
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15 means an optical pattern that varies in reflectivity at
different positions over its surface. Varying reflectivity
can be achieved by varying shades of gray, or by varying
levels of color from light to dark. Preferably, the gray-
scale pattern increases in reflectivity, preferably

20 continuously, along one direction. In the preferred
embodiment of Figure 4, the gray-scale pattern 52 comprises a
series of gradually thinning lines 58 extending substantially
lengthwise across the surface of the pattern. The pattern 52
increases in reflectivity in its lengthwise direction from a

25 first end 52a to a second end 52b. In the present
embodiment, the gray scale pattern 52 is printed on a backing
material, preferably a photographic polyester film, most
préferably a 0.1 millimeter thick polyester photographic film
with emulsion on a 0.05 millimeter white polyester. The

30 backing material is then affixed to the coil 43 using an
adhesive, with the gray-scale pattern facing the optical
sensor 54.

Figure 5 is a top view of the portion of the disk
drive 20 shown in Figure 3. As shown in Figure 5, in'the

35 preferred embodiment, the optical sensor 54 is affixed at 55
to a surface of the magnet return path assembly 50. The
optical sensor 54 is positioned directly under the surface of



Figure 1, has an optical sensor nounted on either a surface of the disk
drive or a surface of the read/wite head 35 actuator of the disk drive,

and a gray-scal e pattern provided on the other of the surface of the
actuator or the surface of the disk drive, opposite the optical sensor.
The devi ce WO 97/ 08697

PCT/ US96/ 13101 WO 97/08697 -7- at t acirasoé/31dihe
surface of the disk drive is stationary, while the device attached to
the actuator noves with the actuator asgit positions the read/wite
heads of the disk drive with respect to the storage nedia of the disk
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means any daWwi cmcmnqtouppn the csenmart. chpebte tie precision of the

actuator arm mounting 38, the gray-scale pattern 52 will move
in a constant plane above the optical sensor 54.
At any point during the rotation of the actuator
_ arm, the amount of light reflected upon the optical sensor 54
15 from the gray-scale pattern 52 is indicative of the angular
position of the actuator arm 32 relative to the optical
sensor 54. The output of the optical sensor 54, which is
proportional to the amount of light incident upon the sensor,
will therefore be indicative of the position of the actuator
20 arm 32. The output signal is transmitted via a conductor 56
to a control system, described hereinafter.

In the preferred embodiment, the control system
derives a signal indicative of an estimated velocity of the
actuator arm from the position signal output from the optical

25 sensor 54, and processes the estimated velocity signal in
accordance with a velocity control algorithm to ‘generate a
control signal to drive the actuator 32 and to maintain the
veioéity-cf the actuator 32 within a predetermined range. 1In
a most ﬁreferred embodiment, the control system selects one

30 of a plurality of different velocity control algorithms Ffor
processing the estimated velocity signal, depending upon the

. position of the actuator arm 32. An estimate of the velocity
of the actuator arm can readily be determined from the
. position signal, i.e., velocity is the rate of change of

35 position. As used herein, the term "control system" means
‘any circuit, device or algorithm, whether implemented in
software or hardware, that receives the position signal from



20 detecting light reflected froma surface or target, and I ncl udes,

wi thout limtation, photointerrupters, phot otransi stors and the |ike.
Furt her’ according to the present invention, a control systemreceives
the position signal fromthe optical 25 sensor and processes the position
signal for purposes of controlling the velocity of the actuator. In a
preferred enbWeises®7 of t he present invention, the control &¢EIUSHG/13101
controls the velocity of the actuator arm during a head | oadi ng
operation, i.e., as the suspension arnms 34-ofot$he 30 actuator nove over the
| oad ranp structures 46, 48 to | oad the read/ wite heads 36 onto the
surfaces of the shgr%@cal selisex 054 ;antl s basgdt thereon, generates a ¢onfirad 3

is a perspectivegyineyl Ao et tH@ @éléeh%ozl d3Skf dfhe/ @c2halbrFast £ o
illustrating the rrpuntJ nq:r;lof g& op senso% 54 and . g@gﬁ scal e pattern
52 in accor dance™@a%#iH of 8??'%\3 %%1‘53’8 REATAEPT (3 Br&gdtt @i nventi on,

It bei ng undepsed:elda:tntmedt rangeesent invention is by no neans

WO 97/ 08697 5 re 6A illustrates the B&iﬂéﬁ%{ %&Qﬂ the
- 8- Ilmtedtothee 0|rrents own in Fi

present enbodi nePRtiCRYSEREOT, PR ’p%lt?leer"r?rf}gaigya?‘?% W"Fbl’t‘h%h?cﬁ?é?a
surface of the vstoragmidevige 2De \/Indmecprlasdﬂt emhc;linannr, ethhe opticalked

menber 42 (Fig. nédy 43 o) lﬁtﬁi H h tf%l sgnsor
54 is rigidly rm%énte to ngr r of ﬁ% |ve égrellow ev0|ce
43. An that em:.ts :.nfrare energy (i.e., ght) from one half of its

~coi l
: 10 upper surface, and a detector 54 (1.e., phototransistor) that

detects reflected infrared energy and occupies the other half
of the upper surface of the sensor. The emitter 55 and
detector 57 portions of the optical sensor 54 face the gray-
scale pattern 52. A suitable photointerrupter that can be
15 used to implement the optical sensor 54 is the GP2S27
subminiature photointerrupter available from the Sharp
Electronics Corporation.
In the present embodiment, the emittexr 55 of the
photointerrupter is driven by a constant current sink 59 in
20 order to prevent variations in the power supply voltage (+5V)
from effecting the output signal. The constant current sink |
is turned on and off by a microprocessor 82 through a
transistor (not shown). '
An emitter that is driven constantly will degrade
25 significantly in a relatively short period. For example, the
dutput of the emitter may degrade as much as seven percent '
over the first 1000 hours of operation. Such degradation
would seriously affect the accuracy of the optical sensor 54.
In order to minimize degradation, in the present embodiment,
30 the emitter 55 is driven by the microprocessor 82 only when
required. In this manner, the operating time of the emitter
55 is minimized, greatly increasing its life.
The output signal generated by the detector portion
57 of the optical sensor is filtered, in the present
35 embodiment, by a three pole low pass filter 78 in order to
provide gain and to eliminate any high frequency componente
in the signal. The filtered output signal is then provided



upper surface of the optical sensor 54 is disposed in facing relation to
the gray-scale pattern 52. In the preferred enbodi nent, the spacing

bet ween t he upper surface of the 10 optical sensor and the gray-scale
pattern 52 is approximtely 0.9 mlIlimeters. : Figure 4 is an
enl arged view of a gray-scale pattern according to the preferred

enbodi nent of tWe9THsE¥ent i nvention. As used herein, the tBEKUSI6/13101.
"gray-scal e pattern"” 15 nmeans an optical pattern that varies in
reflectivity at different positions overiits surface. Varying
reflectivity can be achi eved by varying shades of gray, or by wvarying

| evel s of col orté raminpyitt of otberkicrapycnessry, 82 he 13y &he pregente pattern

increases in re&&ﬁ‘&&iﬁeﬁa’ tﬂéeﬁfé?@z\bc&s%enbnnWﬂsesahomtemsh rection.
In the preferred of

t
conprises a @%ﬁql’g‘s"%l 5?&388??%5%%"&5 %‘age%{ %t%%? ﬁaaéﬁgiog Yo-
substantial |y digimgt hainverser ossThehanalogate-digitad G&P’E’@Fﬁerﬁ% yrad ern

52 ~,increagesed r!sda@%e%kevbﬁupw sighd1e0at Bk SsprlidaacEeaBolroMm a B fi rst
n

end 52a to a seco res n Qdi.nent he scale
pattern 52 is p*?YﬁR&FﬁaﬁlétﬁﬁcK?rEF ﬁ?ﬂ?nt éFﬂf@%l§°% %hé%%
pol yester fil mLmass operpmébnahbaqpknﬂier nnﬂl&ﬁ!@@ﬂaﬂﬁﬂ @krpbiynxter

phot ographic film %_'E‘Jl;l_ﬁbef'té?ﬁl: ¥dd Qropetl b a%dmbtetﬁelyﬁésa{t

The 30 backi t | t f t h
adﬁe5| veacw: tn % gﬁ%ee% §§§Fet %??%t%'J)r(Fe 5%ﬁt§°$h% I c@&ﬁ'gra%%rﬁ%ru?f

Figure 5 isia trie wamichdehef ptine iautpeit cffiethe sd@teCt@m perpion HEivef the
Figure 3. As Sh.gmaaf 2l 44" Bonsidtedd'Erdm Bﬁgfcedfﬁﬁé esbadbRedtivd he optical

54 f f th t ret
acoenbly 50, TEemersidy svahLeRe pedeicre AT AVRB AR kBT Ahs,

surface of from the same manufacturer, will not have the same output for
a given input. From a manufacturing standpoint, it is simply
15 not possible to make each optical sensor perform eﬁactly
alike. The calibration scheme of the present invention
compensates for these manufacturing variations. Other
variations in the performance of the optical sensor 54 will
‘occur from drive to drive due to variations in the whiteness
20 of the gray scale pattern, contaminates and other variables.
The calibration scheme of the present invention compensates
for all of these variations.
In accordance with the present invention,
calibration is achieved by driving the emitter 55 of the
25 optical sensor with a pulse-width modulated signal having a
nominal frequency of 32 kilchertz. The aforemertioned
Motorola microprocessor has an integrated pulse-width
modulator that is used for this purpose. When the actuator
arm 32 is in a fully parked position, an all-white portion of
30 the gray scale pattern faces the optical sensor 54. Before
any movement of the actuator arm 32 occurs, the
microprocessor 82 drives the emitter 55 at a nominal
' frequency (e.g., 32 kHz) and pulse width. The output of the
. detector 57 is then sampled and its magnitude is compared to
35 a reference value. If the values do not match, the
microprocessor 82 varies the pulse width of the driving
signal until the output of the detector 57 matches the
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-9- * the voice coil 43 to which the gray-scale pattern 52 is _
atf-ached. As the actuator arm 32 rotates about its axis 38, t he voice
coil menber 43 will nmove in the direction indicated by arrow 53. Thus,

as the actuator armrotates, the gray- 5 scale pattern 52 will nove past

t he optical senswe 9%68697 reflecting a different anount of | i QEI/USHI3NG
opti cal sensor 54 dependi ng upon its position in relation to the

opti cal sensor 54. The optical sensor S4zgenerates an output signal

havi ng a magni tude proportional to the amount of light 10 incident -upon the
"~ sensor. Due to timfexegwiesveduef tThis calibrabtior ig merfgmmpdgigsevere disk

gray- chlf pat t edhR? uvylh #R¥Cgame ﬂ'édfe%'eﬁéésivélmef' meab?éteﬁam%a%&ﬁl
sensor pOi rotafi.on_o e_act uat or
arm the amount qutﬁef Fé% \é%i] #ttﬁg %éf’%@n?&? Bg i%q?%rﬁnc he
gray-scal e patt cEEPRIM ifor mdtentreiemnmhe ahgubm:.cal sposori Db aHn thee

actuator arm 32 5{4;4%%&%&8 LA¢ Oild e act étegf%#.ﬁ%z IBemg?@ﬁL%%étH ige

optical sensor proporti ohar amount
i nci dent upon t rRAxkees Jositiony, I | therefore be indicative of the position
of the actuator 20 arm 3Zigtlre elait.-pmta Slgekl disgtram refiticniee dmbodimento e or

56 to a contyQle g fare ﬁtr EhRe! EA be emgloxgﬁi in &: d¥nce

preferred enbodi nent, %e cont ro S derl ves a ive of
an estimated vel'dik }’-h&f pragent ’&Bﬁ%&i“‘ar fShawR &R SOEP?‘F ﬁmﬂ
out put from tbe minprdales?2bhs chowipaes, fafldeprmwﬂammhepeetem:ecka/otfoci ty

signal in ac ggﬁ:@c AW t ' t ecﬂﬁﬁ;@
control si gnal tCI‘g'L ri vg the%%tfuﬁ 8,95?@ gé{‘o*sngo%ta%?:%gﬁh Al vel ocCi ty of
the actuator 32 The PPhigapr 8RBT H4n£Qxr ARPRE. 4 the inkpgratpd analeg-to-
enbodi nent, t he dieritadl ceysériers dicolfs thaemBfradrozegbora2t y THe giokhietiont

vel oci ty contr olg @l aqr sLNgEn{fla at B PEEASLAMRARG SRELMBAENE! Hidktased

si gnal dependl n% upon t he
: accordance with a selected velocity control algorithm

implemented by the microprocessor 82. The microprocessor 82
outputs a control signal, which in the pfesent embodiment may
take the form of a series of discrete pulses, to a pulse-
width-modulation digital-to-analog converter (PWMDAC) 88 via .

20 line 86. The PWMDAC 88 converts the pulses of the control
signal into an analog control signai and provides the analog
control signal to an amplifier 92 via line 90. The amplified
control signal drives the voice-coil motor of the disk drive
via line 94. As recited in the claims, the PWMDAC 88 and

25 amplifier 92 form a means for applying the control s;gnal to
the actuator arm 32.

The magnitude of the control signal will determine
the velocity of rotation of the actuator arm 32. 1In the
present embodiment, the velocity control algorithms

30 implemented by the microprocessor 82 are designed to control
the velocity of the actuator arm 32 during head loading
operations. However, the control system described above, in
conjunction with the optical sensor 54 and gray-scale pattern
52 could be used to control the velocity of the actuator arm

35 32 during other phases of disk drive operation, if desired.
Moreover, the optical sensor 54 and gray-scale pattern 52 can
also be used, in another application, to obtain rough




position of the actuator arm 32. An estimate of the velocity of the

actuat'or armcan readily be determ ned fromthe .position signal, i.e.,
velocity is the rate of change of 35 position. As used herein, the term
"control systeni neans any circuit, device or algorithm whether

I mpl enented in software or har dware, that receives the position signal
from WO 91456%77/ 08697 PCT/US96/13101
PCT/ US96/ 13101 -10- t he opti cal
sensor 54 and, based thereon, generates a-cgst+ol signal to drive the
voice coil 43 of the actuator arm 32 to mai ntain the velocity-of the

actuator arm w pbeition infommhttionnvheneveshdgde pFimary track-isgyre bocses
illustrates theqg 861 o %s&hﬁon of Ad ¢ehayarses Ivhdss elrggkrically

connected within the data stora devi 0 In t e

embodi nent , thePSﬁYT-‘E‘éﬂ’ t°ta]sé-r‘?§6‘r %‘Eﬁﬁ?ﬁl ?% t&%ﬂ%?@f’r&tr"% Bi’ﬁrhﬁﬁﬁ ng
an emtter t hat eRidnsre rf naﬂadtnmggwa(nloas pbeibiongd dntbee hal f of
its 10 upper su @.nge cLer o |

detect s refleszt %ﬁgﬁg?r ar e ene?(i be't cﬁéolcgédt}m?gs?rpagﬁo%é?bs t?fe?r}no{'ga%veﬂ
upper surface ofFbehBusgag®of ‘FI?@ @ﬂ?‘?t’ampsﬁtéﬁﬁ tures 18 &% Fl 5"?“%0?@%?% of
the optical sen3eadidglewerddiongr ajs showxs,caclhe paspensidl arssuovabakong

phot oi nterrupte h lge b e S 4 is
t he GP2S27 E %mﬂﬁ?% ur“%e %%Pg?ﬁ?%ér %ud {ne;r8 g\%gﬁ aﬁTgseﬂﬁdg%&t eEﬁﬁar%1113

El ect ronics CorﬁBPﬁ%F-'EfPP 2% to "Position $%.neAky egﬁﬁ%t’ecfﬁ)&dfl'nﬁﬁ? t he
emtter 55 afot Baspensiwdi GirrseBrubégin it dhoveedowy bhe:m&ﬂpantn.verra@e&i nk

59 in surfaces of the load ramp structures 46, 48. As the
suspensioﬁ arms 34 move down the ramped surfaces of the load
ramp structures 46, 48, the read/write heads 36 (not shown)
at the distal ends of the respective suspension arms 34 move

15 toward the respective surfaces of the storage media 60 and
62. When the suspension arms 34 reach "Position 4", the
read/write heads 36 are fully 1oadéd onto the surfaces of the
media 60, 62. The term "loading® means to bring the
read/write heads of the disk drive;into normal operating

20 position with respect to the surfaées of the storage media.
Fully "loaded" heads do not necessarily contact the surfaces
of the storage media. Rather, in ﬁany disk drive
applications, and in the preférred'embodiment of the present
invention, the read/write heads of the drive f£ly closely

25 over, but do not contact, the surface of the rotating media.

Figure 8 illustrates the operation of the control
system of Figure 6B during the head loading sequence
illustrated in Figure 7. As a head loading operation is
initiated, microprocessor control passes to step 64 where the

30 microprocessor samples the position signal received from the
optical sensor 54 to determine the position of the actuator

. arm, and hence, the suspension arms 34. If the suspension
arms are determined to be between "Position 1" and "Position
. 2%, control passes to step 66 where the microprocessor 82

35 begins processing the incoming samples of the position signal
in accordance with a first velocity control algorithm. In
the present embodiment, the first velocity control algorithm,

-




20 order to prevent variations in the power supply voltage (+5V) from
effecting the output signal. The constant current sink Is turned on and
of * by a m croprocessor 82 through a transi stor (not shown). '

An emtter that is driven constantly will degrade 25 significantly in a
relatively short period. For exanple, the out put- of the emtter may
degrade as nuch V¥@94e6¥n per cent over the first 1000 hours BET/H2%131010N.
Such degradati on woul d seriously affect the accuracy of the optical
sensor 54. In order to m-nimze degradat®dn- in the present enbodinment,

30 the emtter 55 is driven by the mcro rocessor E oné v%wﬁ r~eqU| red
In this manner, 9eRErdBed RerRiNaEHer Ln FESRKRY &t a5
greatly i ncreasmg-enhsablﬁma "initial pusth:mmmtlr!ut 1mpyaaént3£raebahgdbh§(gt he

detector porti OQ'etlﬁcﬂyoé?ﬁ@ﬁeolO@e ter h]éﬁgfhl féil éﬁﬂdﬁtgr gﬁggt 35

enbodi ment, by a ree” pole 1 ow pass e gain
and to elininat ésaﬁ9sh9§¢ﬂf%@Y9¥§9m§oﬁ%%rﬁtﬁﬁ@-c rF-ﬁt%‘PFé' §‘©r$é'-| ctipa,
filtered out pyit bat@Bah tke tdifTapesVbbethe load ramp stiMEtdiB@s] 48 and

PCT/ US96/ 13101 | pput of t he
m croprocessor §5e Hs?ﬁ%sb%ggﬁ'ts 34 3%1)”3? aCtth%tﬁge ]?'nﬁ)croprocessor 82
conpri ses a Mt BickaprocesEBaHE26 zonhinvep rter &sudkor Heke tees iionnoggrihe ed
anal og-t o- daatﬁal:oﬁoawratzewamﬁeamé&&ﬁgOp%ﬂti@dz £iyhnearbeg i s used 5

to sanple the output s opt | orgz5 T oW
filter 78 can be™ T ‘éﬁ%n{j}éd §1 %?ﬁ éﬁ&% °f éhe Dot drR 52
10 'untlL the suspenszon arms move past "Posxtlon 2",

As the suspension arms 34 move past position 2,
control passes to step 68 where the microprocessor switches
to a second velocity control algorithm that, in the preferred
embodiment, comprises a closed loop velocity PID compensation

15 and a nonlinear braking control. The PID compensation
maintains the velocity of the suspension arms within a
predetermined range. However, since the PID compensation is
not able to respond to certain non-linearities and external
disturbances in the system, the non-linear braking control

'20 takes over when the velocity of the heads reaches a
predetermined threshold. Both the PID compensation and non-
linear braking control are described below in greater detail.
_ Once the suspension arms 34 reach "Position 4", the
head loading operation is complete, and control passes to

25 step 72 where the microprocessor initiates acquisition of the
servo track information on the surfaces of the storage media
60, 62.

Figure 9 graphically illustrates the bang-bang
velocity control technique of the initial push control
30 algorithm, i.e., the first velocity-control algorithm. The
initial push control algorithm is implemented as an interrupt
driven real-time program executed by the microprocessor 82.
At the beginning of each interrupt service function of the
microprocessor 82, the optical sensor’s output, which is
- 35 proportional to the position of the actuator arm 32, is
sampled by the microprocessor 82. A discrete differentiation
is conducted -(block 96) to obtain an estimate of the



LMB58 operational anplifier and associated circuitry. It is

| rrportant for proper operation of the present I nvention that the optical
sensor 54 be calibrated so that 10 the magni tude of the output of the
detector portion 57 of the sensor 54 is consistent fromdisk drive to

di sk drive. Commercially avail able optical sensors, even when obtai ned
fromthe sane Y¥P8V®6%urer, will not have the sane output forPCT/USS6H31PEN

i nput. From a manufacturing standpoint, it is sinply 15 not possible to
make each optical sensor performexactly - asakike. The calibration schene
of the present invention conpensates for these manufacturing variations.
O her vari atvelesiity, t Mg pShiier vatce i then wpltiplisbkigyoa Hdinil |

occur from drivgadidr kye (B¥8ck Oo3)al | dtheORaghlk | IR, Wik ePRSS [pg ehh@ g2y
scal e pattern, cont gt es andépher ar i abb_,Lﬁ%< 0 The, cal 1 brati on sc

of the present 3 Rf&Fro ted 2 biagk 3P0rnelhe \RHERHY Gfsthe

I n accordance vﬂWﬂtcmhéuch$Qnu Uﬂavewhndh definesl abeontxol isignalli €oed by
driving the gmgxigf bi, C Y5 h

nodul at ed si gnal t]gzésgﬁé 5&@%%%1056 f?g & Jn Ph%Zté;}:s)%ertz %E. power

af or enent i oned 3™ ot2 ‘T’HT‘Y’E%’on e an®FRPE &P [hes ewikghh
nodul at or that fwctied 6f)rthénprqsenpoembodﬂmti,he act uat or arm32 is in
a fully parked positiong aqEQH& WMIt61EOﬁtanUof 30 the gray scale pattern

faces the optical sensoa"bS B&'ore  ifap \(;é”rrgﬂa of the actuator arm 32
occurs, theio mcroprouggsgr-tﬁg, driveg ¢, e ter 55 at a nom nal

frequency e ggmané Fg)lm%iuéﬁgh%g}l&oj:r gg%ﬁ%"a re’f“g’r emgggﬁéector

is then sanple
the val ues do ﬁaftwarehanci t%‘ec'ltﬁficbﬁpﬂé%é%PPBQCQEWP?ésB?uhé-thBse wi dt h of

the driving ubidgiratotdtthat theopiragénbfidvenitdehess By o Mhakesihiced

thereto. For example, the initial push control algorithm

15 could be implemented using discrete circuitry. Moreover, the
present invention is not limited to the particular algorithm
described above. Rather, any suitable control algorithm
capable of overcoming the static friction between the
suspension arms and the surface of the head load structures °

20 can be employed during this phase of the head loading
operation. ' '

Figure 9 graphically illustrates the second
velocity control algorithm that is employed by the control
system when the suspension arms 34 are determined to be

25 between "Position 2" and "Pogition 4" (Fig. 7). This second
velocity control algorithm is also an interrupt driven real-
time program that is executed by the microprocessor 82. Aas
mentioned above, in the present embodiment, the second
velocity control algorithm implements both a PID compensation

30 algorithm and a nonlinear braking control algorithm, one of
which is selected at any given instant based on the estimated
velocity of the actuator arm 32.

At the beginning of each interrupt service function
of the microprocessor 82, the optical sensor’s output, which

35 is proportional to the position of the actuator arm 32, is
sampled by the microprocessor 82. A discrete differentiation
is conducted (block 102) to obtain an estimate of the
velocity, V,. This value is then compared to a velocity
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- 12 = reference value. This calibration is perfornmed in every disk
drive 'using the sane reference value. Once the calibration is conpl ete,
the value of the pulse width can be stored in EEPROM for | ater
reference. The optical sensor 54 can be 5-'recalibrated any tinme the
actuator arm 32WOS7/0869%d into its par ked position. PCT/US96/Blgjur e
6B is a bl ock diagram of one enbodi nent of a cl osed-1 oop control system
that can be enployed in accordance w thaghe present invention. As

shown, the control system 10 conprises the lowpass filter 78 and -
m croprocessor &Rreghold, Figur etoblodhd Q6w g4sshe| esimatedcyadoeityisvit he

out put of the akkClhar WIS Yquad £6'thdR1JALYhentadRaAted 293k 09 0-
digital converter_ 84 of .the m cropfocessor .82, T signal I's

he i tion
sanpl ed at a pr &d%eek rithaR theceghimy Vﬁl88§§¥eﬁa€§f?§1 axecBrogrseediim a
sel ect ed vel oci agcopdanesd witdpithiehPID comparisatinncdliggritim.n algproerasor

82. The micraopr r : hO [ ' .
resent ombod moagoct 164l repdduRll 3 bf 31dcR 10u0REleoct (HR BipklBriate
a pul se- Wi GPﬂgﬁﬂﬁLﬁ’aﬂq"ﬂn OYEBHE a¥id RLask dd6contRrihs PEPARBEC) 88 via
20 line 86. Theembditerdd cheyGIDScompgenmdtien dh Ghscxsud fobbm is signal

into an anal og ¢ | pvi des t he anal og control signal to
an anplifier 922@?%&%%%‘8%? ‘F%ggg?r%f ified cont rﬁb )si gnal drives the

voi ce-coi|l notor of tWew &1 K BrnfB] + Kay¥a (Vi g4Wh r dcfe &8l V{0 me
clainms, the IO\MIAEr8SvRIoY 26 vatpl)i #iw(092isocine ainveeaall of ipplvdlRgithe

control signal %Mgﬁn%tt_e%g ‘@mcihga&&)& t‘ﬁréﬂ\,?%?resent the c?r:;u}& %ile:hgde of the

control signal r city of rotatiron o act uat or
arm 32. In the Prepiaie welosisy aekimatens ¥epBeFtivebit Kot Kl §86i Kndres0
i npl ement ed by the prepertienalsointégrals dad doeiviniveofainl factdhe; and
velocity of thegactuatQe abmAg: WidDd Reefdut 03I tHe PID compensation
15 algorithm. In order to overcome the friction between the
suspension arms 34 and the surféces of the load ramp
structures 46 and 48, Uy is divided into n pulses by a pulse .
divider 112. The summation of these pulses has the
equivalent energy of Upyp. The p_ules' are then transmitted to
20 the PWMDAC 88 via line 86 and are realized by the PWMDAC 88
within a sample period. :

When suspension arms 34 app:i:'oach the end of the
load ramp structures 46, 48, a }:;raking force may be needed to
replace the PID compensation due to the severity of external

25 disturbances and non-linearities. Accordingly, 'if the
estimated velocity, V,, exceeds the velocity threshold, V,,
(i.e., Vy > V), the braking control algorithm 108 is
selected via selection logic 104. The braking control
algorithm, in combination with pulse divider 114, outputs a -

- 30 number of pulses with a constant amplitude. These pulses
represent the control signal for driving the actuator. The
Pulses are transmitted to the PWMDAC 88 via line 86 and are
realized by the PWMDAC 88. The braking control will continue
k samples until the velocity estimate again satisfies the

35 wvelocity threshold, i.e., V, = V,,, at which point PID
compensation will resume. It is understood that, as with the
first control algorithm, the second control algorithm is not



operations. However, the control system described above, in conj unction

with the optical sensor 54 and gray-scale pattern 52 could be used to
control the velocity of the actuator arm 35 32 during other phases of disk
drive operation, if desired. Mor eover, the optical sensor 54 and
gray-scal e pattern 52 can al so be used, in another application, to

obt ai n rough WO 97/08697 WO 97/ 08697 PCT/US96/13101

PCT/ US96/ 13101 - 13 - posi tion

i nformati on whenever the primary track sery® looses control of the
position of the read/wite heads. This  prevents total |oss of control of

the position ollimieedemisthe particular enkiogiiment deésasibest ebovarious
posi tions of t?? érs%ﬁﬁ”b'ﬂz‘?:&bi‘é”&ﬁ&ﬁmé E%raesﬂéfﬂﬂﬁ{gmtﬁg éé#'égﬁé’y move

over the su ace of the | oad structures 46 darin
| oadi ng oper at P&nt ﬁ\sa%tﬁlﬂ&?r il gg@ﬁ‘éﬁﬁ Bredrhg Fa5g5 canihe | oad
ranp struct ur eemgboydld vhrtdmdthepart]ingi fromhtbegbpirit Rogi stope28£tithe

"Position 3’5 fle é&%lfﬂm&" :géweisp%ﬂ 'Qgcﬂﬁééﬂﬁgsgaé&%ve down

the respectlve ram Sur, aces Struct.ur
t he suspensfige ‘FE"S&W igpieranted ¥eiBg SiFFERLS SiFcRRErY Rl is ranp

structures 46, nég, lidn‘ﬂ:d&afh/ vhet softadde iGplenentdion desceibédecalshwd Al

ends of the respective gu t r

surfaces of the st or aca_é %%89'%8{05& %éé ﬁie:%gf h@%ﬁegr%gfo%ﬁggﬁ&ég
reach "Positi oh843iregked t°r éaﬂ?’é\ﬁ‘ |§"€r}?€§d§e’§6°%r%a‘fltﬂﬂ ?PPBEGE‘GF oFf% t he
surfaces ofilt heontrolEdimy Ghe €8lodity tofr an' hotdatmy avmansThe appadatuie

read/wite headsmols 41 A 3Hedely Sdrte?, 9" oby ORGIYY HA8tern and a
control system. The optical sensor and gray-scale pattern
provide a low-cost, efficient means of generating a signal
indicative of the position of the actuator arm, from which

15 the control system can derive a velocity estimate and control
the velocity of the actuator arm. The present invention is
particularly well suitéd for controlling the velocity of the
actuator arm during a head loading cperation. It is
understood that changes may be made to the embodiments

20 described above withouﬁ departing from the broad inventive
concepts thereof. Accdrdingly, the present invention is not
limited to the particular embodiments disclosed, but is
intended to cover all modifications that are within the
spirit and scope of the invention as defined by the appended

25 claims.




position with respect to the surfaces of the storage nedia. Ful l'y
"I oaded'l'qLuﬂmmlﬂiﬂl "1 essarily contact the surfaces of the storage
medi a m ﬂnsk drive applications, and in the preferred
enbodi ment” of the "oréseit - invention, the read/wite heads of the drive
fly closely 25 over, but do not contact, the surface of the rotating nedia.
Figure 8 ill ust WQ BH8EH e operation of the control syst em of PT/URIF/E318B
during the head | oadi ng sequence illustrated in Figure 7. As a head
| oadi ng operation is initiat ed, mcroproddsor control passes to step 64
where the 30 m croprocessor Ies ‘the position signal received fromthe
optical sensor %%m@ $& position of the actuator arm and
hence, the sugpension arms 34A dhtatdioragepdevioce forareadmgeaﬂétﬁiﬁ:mg:l to

be between "Pgsi{ifn.l:al dtéggﬁetf% s oraﬁé’r}ﬁéﬁ.ul@a%ﬁ?a &&ét&l‘br@%e

where the nicioprocessor dI'Ns process | ncom gﬁ
the position 3i fpvice hayipg sk REEALGR FOR ‘P?Y’s‘ig Ve X680/ Yritmt Qﬁd over a

algorithm |na gidfade oFcthecsboridenieditthe faidtdatel stbiiige addvinle

al gorithm 697
PCT/ US96/ 13107 further colfr24Lhg! descri bed

hereinafter i & greater démapptimal regnsqrepougted on H?é}eel‘# assurgace % j gl
push control "7 ivHd eaeat %térb@é&iéﬁ!tﬁa and aVehPfudey cFOBheOhctedty;que With

o on o B e o mavsachPs BUARCREOAIR! TRALTLRLEAE st oo
46, 48 and 9 am@amspénghendwwt@xaeﬁ dersics ansg @mérwrﬂaﬂs of the
M croprocessad GetiRitorNdfbosPtd B il bptN€aD0Sddcd) @hilihgray scale
11 pattern providing an amount of reflected light at said
12 optical sensor that varjes with the position of the actuator,
13 said optical sensor receiving said reflected light and
14 generating therefrom an output signal indicative of the
15 position of said actuator; and
16 a control system responsive to the position sigmal
17 output from said optical sensor for controlling a velocity of
said actuator.

1 2. The data storage device of claim 1 wherein the

optical sensor is mounted on a surface of said data storage

3 GQ@evice and wherein the gray-scale pattern is provided on a
surface of said actuator.

N

3. The data storage device of claim 1 wherein the
actuator comprises a rotary arm voice-coil actuator having a
rotatably mounted arm with a coil attached at one end
thereof, and wherein said gray-scale pattern is provided on a
surface of said coil.

W ON R

)

4, The data storage device of claim 3 wherein
said optical sensor is mounted within a magnet return path
3 assembly of the data storage device, opposite the gray-scale
. pattern provided on said coil.

N



initial he actuator arm 32 10 until the suspension arns
nove past As the suspension arns 34 nove past
position 2, control passes to step 68 where the m croprocessor

Swi t ches to a second velocity control algorithmthat, in the preferred
enbodi ment, coMP¥48&7a cl osed | oop vel ocity PID conpensati onPCTBSIGAHOR
nonl i near braking control. The PID conpensation mai ntai ns the vel ocity
of the suspension arnms within a pr edeti® wi ned range. However, since
the PID conpensation is not able to respond to certain non-linearities
and external 1 di st uBbanc®heidatsh@toragengevine wdhcleimal winekeing
control 20 pakfisiOyehyead aetthoCivhyigs {he-draadeiveerps disserent

predet er m ne thore hol d Bot h, he PI D corrpensat i on and non- | near
br aki'ng cont I olPHt l&ﬂ‘@c??b%%“‘ FRegreater detail. Once
t he suspension arns 34 reach P05| tion 4", - the head | oadi ng operation

i s canpl ete, gand controk pasfgs ddta %‘é&&s& &é’vm%e ERgid & ARLAAeSSOr

initiates acguisition_of t%(f seryo track i,nforgation on the surfaces
of the storag gray scyif Rgftern {dcreases inFFﬁgi &G Shhi cal |y
illustrates She_':dMngubaa.'gy in a/dlengthyisendimdctiovhof gsmeidfpatiternni ti al
push control 30 algorithm i.e., the first velocity control algorithm The

initial push_control al orlt,‘;‘}1 ;%lnglerrent as an |ni rrug) driven
real -ti me prbgram execufed b YF EFBPRSRE Vd1°38?f claim:é (Mhengdgi nni ng
of each int eBr @aidsgray cecdlenpatsernf comprises ai plupabidss siff SAAdubbry :

optical sensgr thaus.ﬁgtnﬂ&u @a;tbﬁﬁﬁ%péméﬂﬁaﬂytpeﬂ AR Tab%sgf sdilf
actuator arm 32, sanpl ed e m croprocessor 382. A discre

dlfferentlatloﬁ’ atte €rPs conduct ed (bI ock 96) to obtain an estinmate of the

act uator mﬂ anom ng position signal and continues the

1 8. The data storage device of claim 1 wherein

2 gaid gray scale pattern is printed on a backing material that

3 is affixed to said other of said surface of the data storage
device and said surface of the actuator.

1 9. The data storage device of claim 8 whereiﬁ

2 said backing material comprises a photographic polyester
£ilm.

1 10. The data storage device of claim 1 wherein

said control system comprises a closed-loop control system.

11. The data storage device of claim 1 wherein
said control system derives a signal indicative of an
estimated velocity of the actuator from the position signal
output from the optical sensor and processes the estimated
velocity signal in accordance with a velocity control
algorithm to generate a control signal to drive the actuator
and maintain the velocity of the actuator within a
predetermined range.

SN oUW

1l 12.. The data storage device of claim 11 wherein
said control system selects one of a plurality of different
3 velocity control algorithms for controlling the velocity of

»



Y\Dlg7{086”'""!"”'"”""”‘&"“ This value is then mljlc';r{ t)Jlslggéllg)l/O; gai n

factor, K[é&rr} The result, Uerr], is then conpared to a
switch function depicted at block 100. The output of the switch
function, Uerr], which defines a control signal for 5 driving the
actuator 32, isWMOEN8PHt put to the actuator power anpl i f i RCTAISISMII00 N
t he PWWDAC 88. According to the switch function of the present

enbodi nment , Uerr] = +Ubb - 20f -Uerr] > Uerr];

Uerr] =0, if Uerr] = 0; and 10 Uerr%—-Uerr | f
Uerr] < U er#] the acppatertdependingauppusthe aesisionl g rﬁ‘-hﬁhrﬁqtslatcr as

i mpl enented in indicatedcbe By owepaut gyl dF sakiar 6?1&13@@15%&19%% s
understood that the present invention is by no nmeans linted t her et o.

For exanple, the initial push control algorithm 15 could be inplenented
using di scret® circuit ry13horBhe glatat Beorage piawiciet ofnebain o ivmem:z

limted to thg %@.&B‘ B85 1 AP R FEerentl&asitrdadath Qfﬂhﬁa%r
sui tabl e contﬁol g@il th e of .overconn atl f"rl ctl on

bet ween the s?'b a‘f'%rgﬂdai'ﬂ%r%m'a@epﬁ? nEggTeLruct ur es
20 can be enpt oMluatlmg Qdm;@qshasenoélgmﬂhmadahdadlhgaklng cpatadblon.
Figure 9 graphi gahb¥ithhustrates the second vel ocity control algorithm
that is enpl oyed by the control system when the suspension arns 34 are
determ ned to be 25 between "Position 2" and "Position 4" (Fig. 7). This
second velbcity contrbds. aI'Ijmr idahm 'sso:eéga) devicat of reldindrll whereeal -

time programg hgh;iSe Se¥m £dAr ocessor 82. As ment i oned
d ;%-j

above, in the present I ment, second vel ocity contraol algorithm
i mpl ements bosth a PID co‘?Fb 5 °3§ |Wﬁﬁﬁﬁrae}ﬁﬁﬂ¥%?€&llybﬁakph§d
control al gordt hen said apticalwsepbor sfeelsampddngt the youripuen sigaahnd£ hagieyl
on the estinef egd t,_cgflégﬂgo\;_. of the actuator arm 32. At the

i nni n f interr n
beg 90 6E ac te ug Slfégrecrgtn%tmg successive samples of the

7 output signal of said optical sensor to produce a gignal

8 indicative of an estimated velocity of said actuator;

9 _ -means for processing the estimated velocity signal
10 in accordance with a velocity control algorithm to generate a
11 control signal to drive the actuator and maintain the
12 velocity of the actuator within a predetermined range; and
13 means for applying said control signal to said

actuator.

1 15. The data storage device of claim 14 wherein

said means for applying said control signal comprises a '

3 pulse-width-modulation digital-to-analog converter (PWMDAC)
and an amplifier.

N

i . 16. The data storage device of claim 14 wherein
2 said means for differentiating and said means for processing
comprise a microprocessor.

1 17. The data storage device of claim 1 wherein the

optical sensor comprises a photointerrupter having an emitter

3 that illuminates the gray-scale pattern and a detector that
detects light reflected from the gray-scale pattern.

[



—
of the mcroprocessor 82 the optical sensor's output, which 35 is

proporti 3mm! “IM““/““ Mu‘ on of the actuator arm 32, is sanpl ed by the
n cropro ete differentiation i s conducted (bl ock 102)

to obtain *an‘estimate of the velocity, V[err]. This value is then
conpared to a velocity WO 97/ 08697

PCT/ US96/ 13101 WO 97/08697 - 16 - RERIesoRagL
Vlerr], at block 106. If the estimted velocity V[err] is less than or
equal to the velocity threshold V[err]. (4.2 ,-Vh [err] V[err]), then
the estimated velocity sanples are processed in accordance with the PID

conpensationlal gorithm ¥8goThehdatsd stuinage ﬁegiicere:pr:e‘m’m ad whebeimk 104
sel ects the eppﬁmréﬁt&er oECERL ' Rt itz denBULPik d&*:?véi‘i e? semr {di
orm i

resent rrbod he P! D compe satlo

!Orrpl emented &8s T !" Ch rrp Efier?fi r"F] FS?“grt?Qé’H] X
(Merr][O0] - V[mm;}qma)t& leE:‘eval]:lacJW![SO]in the wiatputyiof] the=daté¢dfjor:. .
V[err][O] istheintegral of the velocity estimate; V[err][0] and

Merr][1] epr esent the cur renh and th o] evi o€ veI ocCi t estl mat es,
respect i veI y: Klerr], K%t ] Aaflgt ?([sé?‘?ragfr geviceq i nt egral ,
and derivati e :@aewfea:taommouahu.e cartirédge centanelmnar etosa@\aiedilﬁrput of

the PID conpensegiaaraaﬂc‘; F8Phyd Fuanlaa aadeﬁgtah e/&rmlase EB@ ,ﬁcw Qn
bet ween t he enS|o ar he Su ces of

s an anp
structures 48 ai‘rrﬁf" %vecﬁ\ﬂ 885 Rfeo° é&é’rﬁﬁe “‘?) % said
di vi der 112. STEItaialrammaan déVimsfelrphbsesomlsm equi val ent energy of

Uerr]. Thegpul ses areénh tiéé‘:[‘ss'éﬂsfo&dmbﬁnggdt&? P \WAEc880¥ | thd Idit 8

and are real yzesctéorya %evme'

8 a gray-scale pattern provided on a surface of the

9 actuator opposite said optical sensor, said gray scale '
10 pattern providing an amount of reflected light at said
11l optical sensor that varies with the position of the actuator,
12 said optical sensor receiving said reflected light and
13 generating therefrom an output signal indicative of the
14 position of said actuator; and _
15 a control system responsive to the position signal
16 output from said optical sensor for controlling a velocity of

said actuator.

20. The data storage device of claim 19 wherein
the actuator comprises a rotary arm voice-coil actuator -
having a rotatably mounted arm with a coil attatched at one
end thereof, and wherein said gray-scale pattern is provided
on a surface of said coil.

oW

1 21. The data storage device of claim 20 wherein

said optical sensor is mounted within a magnet return path

3 assembly of the data storage device, opposite the gray-scale
pattern provided on eaid coil.

N

1 22. The data storage device of claim 19 wherein
2 said gray-scale pattern varies in reflectivity at different
position on said pattern.



within a ﬂ"’m When suspension arns 34 approach the
end of th m’mn #pructures 46, 48, a braking force may be needed
ce

"replact tthe | ensation due to the severity of external 25

d| sturbances and non-linearities. Accordingly, if the esti mat ed

velocity, V[err], exceeds the velocity threshold, V[ err] (i.e., V[err] >,
V[err]), the b™O&7M86%ontrol al gorithm 108 is sel ect ed vi FCEVVHAIEH

| ogic 104. The braki ng control al gorithm in conbination wi-th pul se

di vider 114, outputs a 30 nunber of pul ses?dith a constant anplitude. These
pul ses represent t he control signal for driyi ng a,ct uator The

pul ses are transmitted 43 t & cHEEage, VFrEeS% Jzi‘t@z whegain,ed by

t he PWWDAC &8. sditk greqklsugleopatbém:ldcrease“m reflectdmpkegs until the

velocity esti gl AALISA ISRl fendtifds MeLOEHIdn ¥ @A factetn, M orT]

[err] Verr], Ich conpensati on w
under st ood that , as wt h t he first control algorit hm the second control
al gorithmi g not 24. The\\@afd/lfifidge device of claim 23 wherein

PCT/ US96/ 1310 to the
particul ar ént%sodl dmgﬁayd Scalebgﬁtt%m compnsﬁa %e?ﬂra-htg uf’ffa%’?;e a”’rdlgla’ru t hm

for control Bi rgrinping ldgesy extendimg W&E@Eﬁ%ﬁliér]mﬂﬁtmme Agrasfets®id ned
range can be pattdgl.oyed w thout departing fromthe spirit and scope of
the 5 present invention. Mreover, the second velocity control

al gorithm can be inplenmented using discrete circuitry and is not
linited to &he soft war @53-npThaefata iMWPragscherviee Hordaim 19 wherein

2 said gray scale pattern is printed on a backing material that
is affixed to the surface of the actuator.

1 26. The data storage device of claim 25 wherein

2 said backing material comprises a photographic polyester
£ilm. '

1 27. The data storage device of claim 19 wherein

said control system comprises a closed-loop contrcl system.

28. The data storage device of claim 19 wherein
said control system derives a signal indicative of an
estimated velocity of the actuator from the position signal
output from the optical sensor and processes the velocity
signal in accordance with a wvelocity control algorithm to
generate a control signal to drive the actuator and maintain
the velocity of the actuator within a predetermined range.

N N od W N R

22. The data storage device of claim 28 wherein
said control system selects one of a plurality of different
velocity control algorithms for controlling the velocity of
the actuator depending upon the position of the actuator as
indicated by the output signal of said optical sensor.

i W N

1 30. .[The data storage device of claim 29 wherein
said plurality of different control algorithms comprises a
3 initial push control algorithm, a proportional-integral-

N



As the Illustrates, the present invention Is directed to a
dat a 'st m‘,&m g apparatus for 10 controlling the velocity of an

aet uato conprises an optical sensor, a gray-scale
pattern and a control system The optical sensor and gray-scale pattern
provide a | owcost, efficient neans of generating a signal i ndi cative
of the positioWOH084e2 actuator arm from which 15 the contr ACTHSEBWan
derive a velocity estimte and control the velocity of the actuator arm
The present invention is . particularly-wmBl-suited for controlling the
vel ocity of the actuator armduring a head | oading operation. Jdt is

under st ood t fatdegiamgbyve negrirnsagdont 3lgdml tdwhoandeat Braloingesiontired above
wi t hout departidlgokienmt he broad inventive concepts thereof.

Accordi ngly, the present invention is not limted to the particul ar
enbodi ment s di scl osed, but is intended to cover all nodifications that
are within the spi ri BlandThe alasaoBtonage ewiceonLaclaimn i ¥ wheretine

gg_r?/esggg/ ig ﬁ'lﬂaﬂfa control system'EomptLSbd.7 LAl VED
TS T an analosgsdiuEeb SHVERESH HSAARL Y, fgupsed

i nf or mat i on 4 o tensafidoepticslosepesoreitusampliingdbhe eukpuly@igdadeofceaid
having an aci UgpehchPlsdmidig a read/vvrl te head over a 4 surface of t he
storage nedi ym said data sto%)ﬁg%#% b furtﬂggegg__‘r}pe 1.Ng: f
an optical s®nsor nount8Fh e 8 gﬁﬁ%c’é’gois samples of the
7 output signal of said optical sensor to produce a signal
B8 indicative of an estimated velocity of said actuator;
9 means for processing the estimated velocity signal
10 in accordance with a velocity control algorithm to generate a
11 contreol signal to drive the actuator and maintain the
12 wvelocity of the actuator within a predetermined range; and
i3 means for applying said control signal to said
actuator. '

32. The data storage device of claim 31 wherein
said means for applying said control signal comprises a
3 pulse-width-modulation digital-to-analog converter (PWMDAC)
and an amplifier.

N R

i . 33. The data storage device of claim 31 wherein
said means for differentiating and said means for processing
comprise a microprocessor.

(V)

34. The data storage device of claim 19 wherein
the optical sensor comprises a photointerrupter having an
emitter that illuminates the gray-scale pattern and a
detector that detects light reflected from the gray-scale
pattern.

W N

)

35. The data storage device of claim 34 wherein
the emitter of the optical sensor is driven by a pulse-width
3 mndniated signal, the pulse width of which is adjusted to
compensate for variations in the output of the detector.

N



7. the d vice and a surface of the actuator; 8 a
gray- scajmu mﬂjﬂm d on the other of said 9 surface of the data
st or age rface of _ act uat or opposite said optical
sensor, said gray scale 11 patterr nt of reflected |ight

at sald 12 optlcal sensor that valj' i on of the actuator,
13 'sai d opti calVR&EHMEY recei ving sai " and 14PGEHE64810Lg

t herefrom an output signal indicative of the 15 position of said actuator;

and 16 a control -systemresponsi 2 to the position signal 17
out put from said optical sensor for ont rolling a velocity_of sai d
actuator. 11 365, APRARAHE £O% SPag’éngJem %&fve%aﬁm i n

the 2 optical ®tuagori shavuwrderiesn thesrebdberife ofi d data storaage de¥ice
devi ce and wgerg Q}er'lf NEuPEa¥a s%@lae s%%trﬁgénméénﬂﬁ 0y48d, ?@a@a usg Surface of

sai d actuator. ata st orage claim1l
wherein the £ m#nﬁerrprl ses a rotary armvoi ce- c0|I actuator having a
3 rotatably gounted arrrhw bptfcalidendoranbatitéd dihenendfiatherede oENd

e i sa1 AL RS RS DAl RHACE b by peothd Wit o0
sensor is m)'iint ed withi B garayprale PREEATRPFOVLAE enbihe opther ofasaid
storage devi gesueFaesi bt tHe Gitd) st62he dewitid @hA PADA| slatEae BF E€neoi | .
9 actuator opposite said optical sensor, said gray scale '
10 pattern providing an amount of reflected light at said
11 optical sensor that varies with the position of the actuator,
12 said optical sensor receiving said reflected light and
13 generating therefrom an output signal indicative of the
14 position of said actuator; and
i5 a control system responsive to the position signal
16 output from said optical sensor for controlling a velocity of

said actuator.

1 37. The apparatus of claim 36 wherein the optical

sensor is mounted on a surface of said data storage device

3 and wherein the gray-scale pattern is provided on a surface
of said actuator.

(V)

38. .The apparatus of claim 36 wherein the actuator
compriges a rotary arm voice-coil actuator having a rotatably
mounted arm with a coil attached at one end thereof, and
wherein said gray-scale pattern is provided on a surface of
said coil.

d W N R

1 - 39. The apparatus of claim 38 wherein said optical

sensor is mounted within a magnet return path assembly of the

3 data storage device, opposite the gray-scale pattern provided
on said coil. |

N

1 40. The apparatus of claim 36 wherein said gray
scale pattern varies in reflectivity at different positioms
3 on said pattern. -

N

This Sheet Has Been Re

U



Yf9?7/ %mﬂl“"l"“llullll"lme data storage device of EICZ %Si%\lrlérlgiln 2 said
gray scale ‘pattefn Varles in reflectivity at different 3 positions on said

pattern. 4 6. The data storage device of claim5 wherein 5
said gray scale pattern increases in reflectivity 6 continuously in a
| engt hwi se di r X¥QYH86%3t said pattern. 7 7.  The o%ﬁ'é”%’f’é?‘ﬂbe

device of claim6 wherein 8 said gray scale pattern conprises a plurality
of gradually 9 thinning lines extending sul2stantially |engthw se across
sai d pattern. 1 8. The data storage device of claim1l
wherein 2 safd gray scakd.paTheraprarasupneEdctiim 49 wkeprginesaid grayhat 3

is affixed t9 s¥aleopheteth Didrbandbl fficrefldddvdayacehoimpusly daviace and
The data storage device of

sai d surface_of. ator. .. 1
claims8 V\,her%i &e%%ggﬁggga :f'%%;tlr*roﬁlt 8rfi g?i%&%ﬁeggg a phot ographi ¢ pol yester
film 1 10. The data storage device of claim1l wherein sai d
contr.ol system conprised2a CTRSeafhda®apusost rélaiwy ewheredn said grayll
The data stoga%%a gvbggtgin(éégﬁgi%e§h§r§1ﬁkality of gradually thinning

lines extending substantially lengthwise across said pattern.

1 43, The apparatus of claim 36 wherein said gray

scale pattern is printed on a backing material that is

3 affixed to said other of said surface of the data storage
device and said surface of the actuator.

N

1 44. The apparatus of claim 43 wherein said backing
material comprises a photographic polyester f£ilm.

1 45, The apparatus of claim 36 wherein said control
system comprises a closed-loop control system.

46. The apparatus of claim 36 wherein said control
system derives a signal indicative of an estimated velocity
of the actuator from the position signal output from the
optical sensor and processes the velocity signal in
accordance with a velocity control algorithm to generate a
control signal to drive the actuator and maintain the
velocity of the actuator within a predetermined range.

O U od WwN R

47. The apparatus of claim 46 wherein said control
system selects one of a plurality of different velocity
control algorithms for controlling the velocity of the
actuator depending upon the position of the actuator as
indicated by the output signal of said optical sensor.

W N e

- 1 48. The apparatus of claim 47 wherein said
plurality of different control algorithms comprises an
3 initial push contrcl algorithm, a proportiomnal-integral-

N



vel OCIt fromthe position signal 4 output fromthe optical
sensor estimated 5 velocity signal in accordance with a
vel ocity control 6 aI gorlthmto generate a control signal to drive the

actuator 7 and maintain the velocity of the actuator within a
predet er mi ned VHhYjAO8697 1 12. The data storage devi cBCTPSISI}OM 11

wherein 2 said control system selects one of a plurality of different 3
velocity control algorithnms for controllin@&te velocity of WO

97/ 08697 - . . s . PCT/ US96/ 13101 -

- 20 - 4 tfe SRRV SPRRIRIRF 1 ALEREL B tﬁ‘ﬁ# %ngﬁ%"%c‘fW as

i ndi cated by t ledlgmxtiphim.si gnal of said optical sensor. 13.
The data storage device of claim12 wherein 2 said plurali ty of different

control algorithns corrprlses an 3 initial orithm a

proportional ¥i ntegral - 42- deﬂ‘?aﬁl?wa@b‘ﬁpeﬁsgigﬁﬁ%g rg’g’FFFﬁ%] Saif ePnEadi ng
control 2l gfgtiecomprises: 14. The data storage device of claim
1 wherein 25-said contp 91' aﬁ¥f3§ g Qﬂgﬂtﬁfsconverter electrically coupled
to said optzcal sensor for sampling the cutput signal of said
optical sensor;
means for differentiating successive samples of the
output signal of said optical sensor to produce a signal
. indicative of an estimated velocity of said actuator;
means for processing the estimated velocity signal
10 in accordance with a velocity control algorithm to generate a
11 control signal to drive the actuator and maintain the
12 velocity of the actuator within a predetermined range; and
13 means for applying said control signal to said

actuator.

2 sald ﬁ S stem derlves a signal indicative of an 3 estimted

O 0 39 0 N b w

1 50. The apparatus of claim 49 wherein said means

2 for applying said control signal comprises a pulse-width-

3 modulation digital-to-analog converter (PWMDAC) and an
amplifier.

1 51. The apparatus of claim 49 wherein said means
for differentiating and said means for processing comprise a
microprocessor. i .

N

52. The data storage device of claim 26 wherein
the optical sensor comprises a photointerrupter having an
emitter that illuminates the gray-scale pattern and a
detector that detects light reflected from the gray-scale
pattern.

S W

53. The data storage device of claim 52 wherein

2 the emitter of the optical sensor is driven by a pulse-width
3 wmodulated signal, the pulse width of which is adjusted to

- compensate for variations in the output of the detector.

[



3 an anal og-to-digital converter electrically coupled 4 to said
optical sensor for sanpling the output signal of said 5 optical sensor; 6
means for differentiating successive sanples of the 7 output signal of
said optical sensor to produce a signal 8 indicative of an estinmated
velocity of said actuator; 9 means for processing the estimted
vel ocity signalWOM8¥ accordance with a velocity control al gBFVVSRe13191
generate a 11 control signal to drive the actuator and naintain the 12
velocity of the actuator within a predeterm ned range; and 13

means for applying said control signal 1?! aid actuator. 1.

15. The data storage device of claim 1% erein 2 said neans for applying
said control signal conprises a 3 pulse-w dth-nodul ation digital-to-anal og
converter (PWDAQC) and an anplifier. 1 16. The data storage
device of claim 14 wherein 2 said neans for differentiating and said neans
for processing conprise a m croprocessor. 1 17. The data
storage device of claim1l wherein the 2 optical sensor conprises a

photoi nterrupter having an emtter 3 that illum nates the gray-scale
pattern and a detector that detects light reflected fromthe gray-scale
pattern.

o
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WD 97/ 08697 PCT/ US96/ 13101

- 21 ¢ 1 18. The data storage device of claim17 wherein 2
the emtter of the optical sensor is driven by a pulse-width 3 nodul ated
signal, the pulse width of which is adjusted to conpensate for
variations in the output of the detector. 1 : 19. A data
storage devi ce%‘?"{"ﬁé&type that 2 receives a renovabl e cart r PEEES96/13101
containing a storage nedium 3 said data storage device having an actuator
for moving a 4 read/wite.head over a }%gce of the storage nedium said
5 data storage device further conprisinzf an optical -sensor
nounted on a surface of the data 7 storage device; 8 a
gray-scal e pattern provided on a surface of the 9 actuator opposite said
optical sensor, said gray scale 10 pattern providing an anount of

refle€cted light at said 11 optical sergor thgt—varies with the position of
the actuator, 12 said optical sengbr rr—E;:;@Q sai )\ reflected light and
13 generating therefroman output g ign/%%g;mqgg&ive gg the 14 position of
said actuator; and 15 gco /;{////’ﬁ% = I esponsive to the
position signal 16 output from said Oy/gﬁﬁ§§_\:ia for controlling a

vel ocity of sai d actuator. 1 /%Aﬁ%/Vi \ \he data storage device
of claim19 wherein 2 the actuator Véﬂ/' ses Ry arm voi ce- coi

actuator 3 having a rotatably nountf attached at one 4

/ \
.////’//«' o wi N X
end thereof, and wherein said gray-/%%%ﬂwbstte\a \
surface of said coil. 1. /%U% 3 o
20 wherein 2 said optical sensor i g

\ : : i
NOr jge device of claim

N\maynet return path

10

FIG. 2

SUBSTITUTE SHEET (RULE 26)



3 assenbly of the data storage device, opposite the gray-scale pattern
provi ded on said coil. 1 22. The data storage device of claim
19 wherein 2 said gray-scale pattern varies in reflectivity at different
position on said pattern. WO 97/ 08697

PCT/ US96/ 13101 - 22 - 1 23. The
data storage dSWPOH0REPT c| aim 22 wherein 2.said gray scal e pat PETNSISIMases
in reflectivity continuously in a lengthwi se direction of said pattern.
1 24. The data storage device of claim?23 wherein 2 said gray
scale pattern conprises a plurality of VP ually 3 thinning |lines.extending
substantially | engthw se across said pattern. 1 25. The data
storage device of claim19 wherein 2 said gray scale pattern is printed on
a backing material that is affixed to the surface of the actuator. 1
26. ‘The data storage device of claim25 wherein 2 said backing nmateri al
conpri ses a photographi c pol yester

)
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film 1 27. The data storage device of claim19 wherein

said control system conprises a closed-loop control system 1

28. The data storage device of claim19 wherein 2 said control system
derives a signal indicative of an 3 estimated velocity of the actuator from
the position signal 4 output fromthe optical sensor and processes the
velocity 5 si gi¥P 978868kt cordance with a velocity control al gor PERHESIsH3IRI
generate a control signal to drive the actuator and maintain the velocity
of the actuator within a predeterm ned range. 1 ~ 29. The data
storage device of claim 28 wherein 2 s 'ﬁy ontrol system selects one of a
plurality of different 3 velocity controf algorithnms for controlling the
velocity of 4 the actuator dependi ng upon the position of the actuator as

i ndi cated by the output signal of said optical sensor. 1 30.
The data storage device of claim29 wherein 2 said plurality of different
control algorithns conprises a 3 initial push control algorithm a
proportional -integral - WO 97/ 08697

PCT/ US96/ 13101 - 23 -
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4 derivative conpensation algorithm and a braking control al gorithm

1 ) 31. The data storage device of claim19 wherein 2 said control
system'conprises: 3 an anal og-to-digital converter electrically
coupled 4 to sai'd optical sensor for sanpling the output signal of said 5
optical sensor; 6 means for differentiating successive sanpl es of
the 7 output swoombseef said optical sensor to produce a si gngcTaRoeision

i ndi cative of an estimated velocity of said actuator; 9 means. for
processing the estimated velocity signal 10 in accordance with a velocity
control algorithmto generate a 11 conE%gB signal to drive the actuator
and maintain the 12 velocity of the actudtor within a predeterm ned range;

and 13 means for applying said control .signal to said act uat or
1 32. The data storage device of claim31 wherein 2 said neans
for applying said control signal conprises a 3 pul se-w dth-nodul ati on
digital -to-anal og converter (PWDAQC and an anplifier. 1 33.
The data storage device of claim 31l wherein 2 said nmeansed or

differentiatilhg and said neans for processing conpri s¥’a m croprocessor.
1 34y The data storage device of claim19 wherg 2 the optical
Sensor conpri §8s=g=oholoi ntoreyptor-howtne-—ga=-3-—@ntias . -ekuynat es
the gray-scal ¢ pattern and a 4 detector that detects |igf

t he gray-scal d patrterm

S4a

— o,
e
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1 35. The data storage device of claim34 wherein 2 the emtter
of thé optical sensor is driven by a pul se-wi dth 3 nodul ated signal, the
pul se Wi dth of which is adjusted to conpensate for variations in the

out put of the detector. - 24- 1
36. Apparatus for controlling the velocity of an 2 actuator that carries
the read/ witeweomhse#s a data storage 3 device over a surfacecrbssensioor age

medi um said apparatus 4 conprising: 5 an optical sensor nounted
on one of a surface of 6 the data storage device and a surface of the
actuator; 7 a gray-scale pattegy/@rovided on the other of said 8

surface of the data storage device and sai‘d surgqpq § the 9 actuator
opposite said optical sensor, said gray scale 1 ttern prOV|dupg54n
anount of reflected Iight at said 11 optical sensof that varies/with the

position of the actuator, 12 said optlcal senggl T "“"""EfrerTébted

i ght and 13 gegﬁgatlng therefron1ew5 t put siggal dlcatlv of the {4

position of sai ésheator and 15 ~a con St em A DHTEOCTOR

t he positi on—stgreat—t6—ettput from sgre—opt+ea trolllnE]a
- velocity of sai d actuatar. 1 CONSTANT of claim 36

- wherein the joptical. ﬁ@mpor .S _nountie S
device 3 and wherein t g{ay-scale pa?ﬁgﬁﬁﬁrs provi ded & a qurface
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of said actuator. 1 38. The apparatus of claim 36 wherein the
actuator 2 conprises a rotary armvoice-coil actuator having a rotatably
3 mounted armwith a coil attached at one end thereof, and 4 wherein said
gray-scale pattern is provided on a surface of said coil. 1

39. The apparatus of claim38 wherein said optical 2 sensor is nounted
within a nagnetwo®togesr pat h assenbly of the 3 data storage decrwséision

opposite the gray-scale pattern provided on said coil. 1 40.
The apparatus of claim 36 wherein said gray 2 scale pattern varies in
~reflectivity at different positions 3 on77q3d pattern. - WO
. 97/ 08697 PCT/ US96/ 13101
- 25 - 4 41. The apparatus of claim40 wherein said gray 5

. scale pattern increases in reflectivity continuously in a 6 | engthw se

~direction of said (ROSEON.1 7 POSITION 22. The PASHIONts of POSITION: 4

| wherein said gray | INITIAL_PUSH | PID & BRAKE . | »l
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8 scale pattern conprises a plurality of gradually thinning i nes
extendi ng substantially | engthw se across said pattern. 1 43.
The apparatus of claim 36 wherein said gray.2 scale pattern is printed on a
backing material that is 3 affixed to said other of said surface of the
data storage device and said surface of the actuator. 1 44.

- The appar at us ofoeimsesm 43 wherei n sai d backi ng mat eri al CcoONPCT/USSS/13101
phot ographi ¢ pol yester film 1 45. The apparatus of claim 36

. wherein said control system conprises a cl osed-1o0op control system 1

' 46. The apparatus of claim 36 wherein s@ A8control 2 system derives a
signal indicative of an estinmated velocity 3 of the actuator fromthe

'~ position signal output fromthe 4 optical sensor and processes the velocity
. signal in 5 accordance with a velocity control algorithmto generate a 6
control signal to drive the actuator and maintain the velocity of the

actuator within a predeterm ned range. 1 47.  The apparat us of
claim46 wherein said control 2 systemselects one of a plurality of
different velocity 3 control algorithnms for controlling velocity of the
4 actuator dependi ng upon the position of the actuator a di cated by
t he out put signal of said96ptjcal sensorgg~_1 48 he appar at us
, of claim47 wherein sai (&L_mmiﬁly of _di ent congr I‘al gorgth
. conprises an ¥ROM ADB! push cont gol*pal r&thm a proporthbhyrret—=i pt eggbd-
——l | - 7 U.: \>
U... -1 "bb 86
bbi
10
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iz - 77) ‘|
16—

!
- 771 h le | ! brake control —m= pulse divider H*

r
102./ T\ms \-108 114—" : 1 -(;

Algorithm
Select Logic

104—"

FIG. 10

SUBSTITUTE SHEET (RULE 26)



'V\o 97[,08697 * | st PP/ 13101
‘ = 4d t t i gorith dab
L oorithm Coryvatver Conﬁgnsaﬁgnaﬁpgm b or ot ai m SIPEAILS 1aMAR 1997

ntrol 2 system conprises: 3 an anal og-to-digital converter
elactrically coupled 4 to said optical -segsar for sanpling the output
signal of said 5 optical sensor; 6 nmeans for differentiating
successi ye sanpl es of3¢ he agp P Dl 568 NebnOfoB B K oehecaélsems_yr off0an
produce a signal 8 i ndi cative of .an est ted ve it sai d ct uat or;
9 2 REANELCE thahc SATILS e XS Vé%'l'i/%llb%?‘g { n%?talﬁ Prage

accordane device weacid \swrffdcelofal gmtidiege cmegﬁ:tmatsaﬁd dppavatus|
si gnal t%:drl éﬁgin tuator and maintain the 12 velocity of the actuator
within a precci> ermn range; and 13 means for applying said
control S gnal to saian optibeaht @ensor (mounted onsgne Fheaappakaces off

clai m 49 gwhehel Q=33 GUBae ?déxpic@midwgs@@wcéoaf I Bhe SAGPRALEPIPI i ses a

pul se-w dt h- 3 nodul ati on dlgltf|-t0 anal o congerter g VWDAC) and an
anp||f|eﬂ a gray-scale pattern 8rov1 ed on e ot er of said

8 surface of the data storage device and said surface of the

9 actuator opposite said optical sensér, said gray scale
10 pattern providing an amount of reflected light at said

11 optical sensor that varies with the position of the actuator,
12 said optical sensor receiving said reflected light and

S~ 13 generating therefrom an output signal indicative of the
~" 14 position of said actuator; and
15 a control system responsive to the position signal

16 output from said optical sensor for controlling a velocity of
said actuator.

37. The apparatus of claim 36 wherein the optical
sensor is mounted on a surface of said data stérage device
and wherein the gray-scale pattern is provided on a surface
of said actuator.

38. The apparatus of claim 36 wherein the actuator
comprises a rotary arm voice-coil actuator having a rotatably
mounted arm with a coil attached at one end thereof, and

D W N

wherein said gray-scale pattern is provided on a surface of
said coil.

1 39. The apparatus of claim 38 wherein said optical
sensor is mounted within a magnet return path assembly of the

3 data storage device, opposite the gray-scale pattern provided
on said coil.

1 40. The apparatus of claim 36 wherein said gray
scale pattern varies in reflectivity at different positions
on said pattern.
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1 51. ®The apparatus of claim49 wherein said neans 2 for

differentiating and said neans for processing conprise a m cropro%ggépr.
17 ¢ 52. The data storage device of claim36 wherein 2 the oﬁPi cal
sensor conprises a photointerrupter having an 3 enmitter that il ates

the gray-scale pattern and a 4 detector that detects |ight ref | EIMig
the gray-scale JPM@W ern.  JORLD INTELLECTUALLFROPERTY ORYMYZATN or age d™
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(57) Abstract

Adamstmgedevice(m)formadingandwriﬁnginformaﬁonwandfrmnaswragsmedimn(62,60)andhavinganacmaﬁor(32)
for moving a read/write head (36) over a surface of the storage medium comprises an optical sensor (54) mounted on either a surface of the
damswmgedevice(ZO)orasmfaceoftheacmauor(32).andagray-scﬂepatm(SZ)provideQmmeoﬂwrofmesesms,opposu?pe
optical sensor (54). The gray-scale pattern (52) provides an amount of reflected light at the optical sensor (54) that varies with the position
of the actuator (32). The optical sensor (54) mceivesthcmﬂncwdﬂglnandgenmmuefrpmanouqmtsignalmﬂlat}ve of the position
of the actator (32). A control system (82) processes the position signal output from the optical sensor (54) for controlling the velocity of
the actuator (32).




