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(57) Abstract

In a hard disk drive (20), heads (36) are cleaned by loading them onto a storage disk (10) and rotating the disk at a low speed which
prodwes a high force of contact between the head and the disk to clean the head. Periodically, a more thorough cleaning cycle is manually
initiated. The heads are loaded onto a cleaning cartridge which has a disk surface which is mildly abrasive to the head, A low frequency
is _npplied to the actuator arm (32) to vibrate the heads radially on the medium which is rotating at low speed. Thereafter, the speed of the
spindie (29) is increased up to the operating speed at which the heads are in pseudo contact with the disk surface. This cleaning cycle is
repeated five times to clean the heads. The cleaning cycle is initiated by depressing the eject button (26) for longer than five seconds and
placing the cleaning cartridge in the drive in response to a flashing LED (27).
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HEAD CLEANI NG BY LOADI NG HEADS AT LOW SPEED

BACKGROUND Field of the Invention ' The present
invention relates to a data storage device having read/wite 5 heads for
accessing information on a storage. nmedium and, nore particularly, to

cl eani ng wesshetsls by | oading them onto thedi sk surfacBCHHFSATIS
rotating at a | ow speed bel ow that at which the heads have pseudo

cont act . Description of the Prior Art Peri odi cal |y,

magneti ¢ heads nust be cleaned to prevent head degradatlon 10 due to
contam nation build-up on the surfaces of the heads. See "Head Load/ Unl oad
And Cleaning In A Data Storage Device," Serial No. 08/324,895 filed

Cct ober 18, 1994 (Attorney's Docket No. | Ow8771).

Recently, disk drives have been devel oped using hard di sk technol ogy.
"Velocity Control for a Disk Drive Actuator," Serial No. 08/517,836, filed
August 22, 15 1995 (Attorney's Docket No. 10OwW8782), which is incorporated
herein by reference, and rel ated applications, show disk drives with a
renmovabl e cartridge having a hard di sk and a type of head suspension
referred to as "Wnchester". The high performance of the hard

HEAD CLEANING BY LOADING HEADS AT LOW SPEED

BACKGROUND
Id of ventio
) The present invention relates to a data storage device having read/write
5 heads for accessing information on a storage medium and, more particularly, to cleaning
the heads by loading them onto the disk surface which is rotating at a low speed below

that at which the heads have pseudo contact.

Description of the Prior Art _
Periodically, magnetic heads must be cleaned to prevent head degradation

10 due to contamination build-up on the surfaces of the heads. See "Head Load/Unload And
Cleaning In A Data Storage Device," Serial No. 08/324,805 filed October 18, 1994
{Attorney’s Docket No. IOM-8771).

Recently, disk drives have been developed using hard disk technology.
*Velocity Control for a Disk Drive Actuator,” Serial No. 08/517,836, filed August 22,

15 1995 (Attorney’s Docket No. JOM-8782), which is incorporated herein by reference, and
related applications, show disk drives with a removable cartridge having a hard disk and
a type of head suspension referred to as "Winchester". The high performance of the hard
disk technology depends on a very clean interface between the head and the disk. Debris-
may build up at the leading edge of the slider and may even cover up the gap. There is

20 intimate contact between the head and disk, sometimes referred to as pseudo-contact. In
order to maintain this critical pseudo-contact between head and disk, it is important that

the heads be clean.
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The normal operating speed for the spi nni'nzg' disk i s about 5600 rpm At

about 1900 rpm the heafig maltoﬁe&thgfsbeea%ymﬁrsﬁmﬁx@%isﬂii?'Kbo'i&“’Sé(ﬁPﬁJm.Tﬁ?

head/ di sk interface pressure decreases as the speed increases. -
Dat a storage @bautc990 mamg the) headststasytap lift aweay ofrem dheydisk fuvfacee s The head/disy pe

t hat interface pressure decreases as the speed increases.
Data storage devices, and in particnlar, data storage devices of the type that
5 accept a removable cartridge containing a disk-shaped storage medium, usually employ
either a linear actuator mechanism or a rotary arm actuator mechanism for positioning the
read/write heads 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
10 when the disk drive is not in use. In such a retracted position, the réadlwrite heads of the
disk drive are removed 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 be loaded onto the surface(s) of the storage
medium so that the data transfer can begin. It is important that the head loading
15 operations can be carried out in a controlled manner to prevent damage to the read/write
heads. '
It is an object of the present invention to perform routine head cleaning by
loading the heads onto a storage disk which is ttirning at a low speed.
It is another object of the invention to periodically perform a more thorough
20 cleaning cycle which is manually initiated.

Summary of the Invention

In accordance with the present invention, head cleaning is accomplished by
rotating the disk at low speeds, below the operating rotational speed of the disk. At low
speed, increased force between the head and disk is obtained. This cleans the heads.

25 In accordance with one aspect of the invention, the heads are routinely
cleaned by loading them onto a slowly spinning data storage disk. As soon as the disk is
detected to be spinning, the heads are loaded onto the disk. The disk speed is in the range
of 400 rpm, well below the take-off speed. This causes intermittent contact between the
head surface and the disk causing abrasion which keeps the head surface clean.

30 | In accordance with another aspect of the invention, a more thorough
cleamil‘xg. operation is started manually. The eject button on the front of the disk drive is



5 accept a renovable cartridge containing a disk-shaped storage nedi um

usual Iy enpl oy either a linear actuator nechanismor a rotary arm
actuat oy nmechani sm for positioning the read/ wite heads of the disk
drive over successive tracks of the disk-shaped storage nmedium | n nost

di sk drives, We®sesd®icularly in those that receive renovabPEVYFUQA7978
cartridges, the linear or rotary armactuators are noved to a retracted, or
parked position 10 when the disk drive is¥kot in use. In such a retracted
position, the read/wite heads of the di sk drive are renoved off and
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damage to the f
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10 spin, a low frequency is applied to the voice coil of the actuator to move the heads in a
rapid radial motion on the disk surface. The disk is spun up to operating speed and then
the low frequency is turned off. This cleaning cycle is repeated a number of times, for
example, five times and then the cleaning cartridge is ejected.

The foregoing and other objects, features and advantages of the invention

15 will be better understood from the following more detailed description and appended

claims.

Brief Description of the Drawings .

Figure 1 is a flowchart depicting operation of the control systems in the
performance of cleaning;

20 Figure 2 is a perspective view of a data storage device, or disk drive, in
which the present invention may be employed; |

Figure 2A is a perspective view of a portion of the disk drive of Figure 2
showing the mounting of an optical sensor and a gray scale pattern to produce a signal
representing the position and velocity of the actuator;

25 Figure 2B shows the cartridge;

Figure 3 is a block diagram of control systems for controlling the position
and velocity of the actuator, for controlling capstan speed and for controlling other
operations in the cleaning cycle;

Figure 4 shows various positions of the suspension arms of the actuator

30 during a head loading operation;
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speed, i ncreased force between the head and disk is obtained. This cleans
the heads. 25 In accordance with one aspect of the
i nvention, the heads ‘are routinely cl eaned by | oading themonto a

slow y spinning data storage disk. As soon as the disk is

be “spi nni ng, wigwnbaads are | oaded onto the disk. The di sk ppresverisersn t he

range of 400 rpm well below the take-off speed. This causes
intermttent contact between the heady surface and the di sk causing
abrasi on whi ch keeps the head surface clean. 30 In
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t he di sk dri vthejagtuator of Figure {\during the higag loading operation; and
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Figure 6 is a flowchart depicting operation of the control sﬁstems in a

pressed by the operator Tor |onger than a specified period, for exanple,
fi ve seconds. manually initiated cleaning operation.
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Description of the Preferred Embodiment

Figure 1 is a flow sheet depicting the operation of the actuator control
system and the capstan motor control system in performing the routine head cleaning
operation of the present invention. As indicated at 10, the microprocessor 82 (Fig. 3)
starts the rotation of the disk at a slow speed. A determination is made at 11 as to
whether the disk is spinning. About 600 rpm is preferred. It is preferred to load the head
onto a slowly spinning disk to prevent ringing. With presently used disks, if the head is
Ioaded onto a stationary disk, ringing may cause the head to lock onto the disk.

If it is spinning, the Disk Spinning Signal applied to microprocessor 82
starts the head loading operation as indicated at 12. This loads the heads onto the slowly
spinning disk. A determination is made as to whether the head is on the-disk as indicated
at 13. When this has been accomplished, a "Head On Disk Signal" from microprocessor
82 is applied to microprocessor 82. In response, microprocessor 82 controls spindle
motor 29 to spin up to operating speed as indicated at 14. In this manner, the disk is
rotated at a low speed with the heads in intermittent contact with the disk. This removes
contamination build-up on the head surface thereby preventing head degradation. The
take-off velocity is about 1900 rpm. Below that speed, the intermitient contact causes
cleaning. Before describing the manually initiated head cleaning operation, the disk drive
and its control systems will be described.

As shown in Figure 2, the 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
bas a substantially horizontal opening 22 for receiving a removable disk cartridge. An
LED 27 indicates status of the drive. An eject button 26 is provided on the front panel
for ejecting a disk cartridge from the disk drive 20. A spindle motor 29 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

detected to



This causes the disk drive to enter a cleaning node. The LED i ndicator on
the front of the disk drive flashes. This signhals the operator to
insert a cleaning cartridge. The cartridge contains disks which are
mldly abrasive to the heads. The cleaning cartridge 5 is detected by the
di sk drive by wdigrmabwence of a retroreflective marker whi ch PREISEVITYS
identifies the cartridge as one having information recorded thereon. For
exanpl e, cartridges which have retrorefbBective markers thereon are
suitable for use with the disk drive. In a cleaning node, if the
cartridge does suspensiauarms 3h ahitsrdistabend thateeagle sRITY aFespective repd/feitehgad A@ fori sk

drive while the disk i i-nni : L QY% ur{é@t ' Qi
spin, a low freﬁ@éﬁ@@s@%%"@ﬁe vgl8 @gﬁég%l ?f%gbtg}égﬁg?g{ra%tﬂgchr}%ee
the heads in a carridgepiAdheaddoadingnmechanismrB5t facilitdtes koadingfof dhe magreticlhedds jopto
spun-up to operating speed d,. then .. the.l ow frequency i

Thi s cl eani ng c'sﬁ F@gS%&P‘_@b-ejﬂ%B“Qq?ﬂﬁ‘ngéP“gﬁms{“i RIS piir of g’%%#{o‘ﬂ[‘}’gg"%ﬁ/‘%s
times and then 4d)e4g hg@mwmhcme tstispe@siorni arnBj BCoLthe actuator arm 32 ride during Hbal
foregoing and ot her o

will be better W@ﬁ%%ﬁ%@ﬁ%ﬁ%ﬁ%ﬁﬁ% ‘t8h g BETANER S
EOEY |, | Papemn 8 SO ntaga o opating ronkat ustoed, LS, T
per f or mance of ApeligatioadNo. @8/43&2 ) enfiled *Head L(?F? ' rﬁeé’%?’é‘r“g}"bz@tﬂgﬁi?’ég fb?bdgw
of a data storagg,dRyiR9s (Aktofles’ BbkéENo! TOM-8781), which is incorporated herein by
10 reference in its entirety.
Figure 2A is a perspective view of a portion of the disk drive 20 of Figure
2, illustrating the mounting of an optical sensor 54 and gray-scale pattern 52. Gray-scale
paltem 52 is attached to the lower surface of the voice coil 42. The voice coil 42 is
mounted to a forked member at the end of the actuator arm 32. The optical sensor 54 is
15 rigidly mounted to a surface of the disk drive 20 below the voice coil 42. An upper
surface of the optical sensor 54 is disposed in facing relation to the gray-scale pattern 52.
Figure 2B is a perspective view of a disk cartridge 10 that may be used with
the removable cartridge disk drive 20 of Figure 2. The disk cartridge 10 comprises an
outer casing consisting of upper and lower shells 10a, 10b, respectively. In accordance
20 with the present invention, the disk cartridge 10 contains two disk-shaped mediums 60,
62 that are attached, in stacked relation, to a hub assembly rotatably mounted within the
outer casing. In accordance with one aspect of the invention, the cartridge contains
cleaning disks. The cleaning medium is mildly abrasive to the head.
A retroreflective marker 11 normally identifies the cartridge as being the
25 correct cartridge for the drive. See "Retroreflective Marker For Data Storage Cartridges,”
Serial No. 08/388,242 filed February 14, 1995 (Attorney’s Docket No. IOM-8779), which
is incorporated herein by reference. In accordance with the present invention, the absence
of a retroreflective marker identifies the cartridge as being a cleaning cartridge.
A door 12 on the casing provides access to the recording disks by the
30 read/write heads of a disk drive. When the disk cartridge 10 is inserted into the disk drive
20, the actuator arm 32 will rotate counter-clockwise (as viewed in Fig. 2) causing the



whi ch the present invention nmay be enpl oyed, Figure 2A
Is a perspective view of a portion of the disk drive of Figure 2
showi ng it he nounting of an optical sensor and a gray scale pattern to
produce a signal representing the position and velocity of the

actuat or; 25wo0 9719449 Figure 2B shows the cartri dge;pcrnseenr97s
Figure 3 is a block diagramof control systens for controlling the.position
and velocity of the actuator, for controlligng capstan speed and for

control ling other operations in the cleaning cycle;

Fi gure 4 showssuspensionisrm3 st ¢fi the)scrbuitort 1 ancie STTEING il6¥d rakp BrrGdtured 86,048, YRdry 30
during a head | odadi Etgrgaﬂi%/ran%el %n('i o .. WD 97/ 19449 . :
PCT/ US96/ 1797d0ading heads 36 onto the disk surfaces within the cartridge 1Qy _
Figure 3 is a block diagram of closed-loop control systems for control of
the actuator and spindle motor during the cleaning cycle. In the manually initiated
5 cleaning cycle, the depression of the eject button 26 is detected by microprocessor 82.
If the eject button is held. for longer than five seconds, microprocessor 82 intermittently
flashes the LED 27 and a cleaning cycle is entered.
. The spindie motor 29 has a control system which includes power amplifier
63 and digital analog converter 65 which is in turn controlled by the microprocessor 82.
10 The engagement of the spindle motor 29 with the cartridge is more fully described in
"Disk Drive Having An Automatic Spindle Motor Loading Mechanism," Serial No.
08_/438,255 filed May 10, 1995 (Attorney's Docket No. IOM-8772), which is incorporated
herein by reference.
Marker detection circuitry 67 detects whether a retroreflective marker 11
15 is present on the cartridge. The marker detection circuitry is fully disclosed in
"Retroreflective Marker For Data Storage Cartridge," Serial No. 08/388,242 filed
February 14, 1995 (Attorney’s Docket No. IOM-8779).
The actuator control system comprises the low-pass filter 78 and
microprocessor 82. The low-pass filter 78 conditions the output of the optical sensor 54
20 for input to the integrated analog-to-digital converter 84 of the microprocessor 82. The
position signal is sampled at a predetermined rate and then processed in accordance with
a selected velocity control algorithm implemented by the microprocessor 82. The
microprocessor 82 outputs a control signal, which in the present embodiment may take the
form of a series of discrete pulses, to a pulse-width modulation digital-to-analog converter
25 (PWMDAC) 88 via line 86. The PWMDAC 88 converts the pulses of the control signal
into an analog control signal 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. .
When the heads are loaded onto the cleaning disk, a low-frequency source
30 89 is turned on by microprocessor 82. Low-frequency source 89 causes the heads to
vibrate in a radial direction at a frequency of about 175 to 200 hertz.



Figure 5 is a flowhart illustrating a method of controlling the velocity
of the actuator- of Figure 1 during the head | oadi ng operation; and
Figure 6 is a flowhart depicting operation of the control systens in a
manual |y initiated cleaning operation. 5 Description of the Preferred
Enbodi nent WO 97/19449 Figure 1 is a flow sheet depi #CTREIGILS
operation of the actuator control system and the capstan notor control
systemin performng the routine head cl e Ag operation of the present
invention. As indicated at 10, the mcroprocessor 82 (Fig. 3) starts
the rotation of the di skaum4sllmawpe\adDUSApmma$ of 1thet mnenspnnme 3 ofi theas

to 10 whet her di sk 0 0 I
preferred to | oaﬁg'at%%mh% %tﬁg)l ng{’%]gv ST é(‘)l'\%\ﬁa'g %ptﬁﬁ@aﬂ%arﬁ# E{E@{t%!%g‘r‘%’v&esn{ﬁmg
ringing. W g h Er Rendribiding | opedatitins KAs shdwi, Ithe huspehsion arms mm'aMgdlht doad ramp
stationary di sk, r|n Ca use the t, o] .,ont,. "

If it is spinniSYcnie égffg&tv’@p qsiag 1s 'Swggh %qug %ﬁ‘%}b OCELS sitigh
starts the hsad"| grGhspensvaQF@s waegmolmtdze@md:eaéspacﬁve Faniped lsodates bhihe hedds
onto the sl owly 15 spi nni.ng . di sk. determnat on i s _ nad astowhther

the head is on TARE stmeipres 46; 48 c"&t%s“sl’ensm&ta“&% RREG dowR eﬁé@%ﬂﬁ aces of

acconpl i shed, ane {dad thnigstiakibites 6 M the deAdIWritdl iaddICGRE SVwn) at the Yitdl ends of
appl ied to mcroprocessor 82. In res onse m croprocessor 82 controls

spi ndl e rhe) TeSPectivg SYSNERSion, ares 3 I0%e IOWRTd Hecrespestive, shrfaseseef the storage)
this manner, thge4 §Kad%2. When the suspension arms 34 reach "Position 4", the read/write heads

10 36 are fully loaded 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 position with respect
to the surfaces of the storage media.
Figure 5 illustrates the operation of the actuator control systcm of Figure
3 during the head loading sequence illustrated in Figure 4. As a head loading operation
15 is initiated, microprocessor control passes to step 64 where the 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 begins processing the incoming samples of the position signal in
20 accordance with a first velocity control algorithm. The first velocity control algorithm is
described in greater detail in the aforementioned application (IOM-8782), referred to
therein as the "initial push control."
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
25 preferred embodiment, comprises a closed loop velocity PID compensation and a nonlinear
braking control.
Once the suspension arms 34 reach "Position 4", the head loading operation
is complete, and control passes to step 72 where the microprocessor initiates acquisition
of the servo track information on the surfaces of the media 60, 62.
30 The operation of the disk drive in performing a manually initiated, periodic
head cleaning operation of the present invention is depicted in Figure 6. Microprocessor
82 detects whether the eject button 26 (Figure 2) has been held for more than 5 seconds



rotated at a | ow speed with the heads in intermttent contact with the
di sk. This renoves 20 contam nation build-up on the head surface thereby
preventing head degradation. The take-of f velocity is about 1900 rpm
Bel ow that speed, the intermttent contact causes cl eaning. Before

describing twoorasiel |y initiated head cl eani ng operati on, ptivessisssdri ve
and its control systens will be descri bed. As shown in

Figure 2, the disk drive 20 conprises a chgpssis 21 on which 25 a nunber of
di sk drive conponents are nmounted. A front panel 24 of the disk drive 20

has a subst anjd idicated @10 aNFighredD eif ititGjedPnitdh hiseen Héld Goromére MRS bedosliss K
cartridge. An LED 27 indicates status of the drive. An eject button 26

i s provided oftettRP 27 &y.¢ausedfg)flash intermitfently oindicated by thesep tRiipFigpee 41 om ¢ he

di sk drive 20. A spindl@riflai@imsetflon & deRbied 8¢ imditated at 163 eIrG @fsidge Ras Bebn
provide a neans for rotating the storage nedia within a disk cartridge. 30

An act uat or aif¥ered, a deteravination isgmasle s toowhether ghe fagtridgenhias i reworedeqtive maskaror
i s pivotallgy ?ﬂﬂ%ﬁﬁnﬁﬁti&ﬂ‘ﬁ iflditatéa #1095h Fighle R 18%e cdiBfagd Hatl @ rfordfidllive has

a plurality o
marker, it is ejected as indicated at 105. Then, the same head cleaning operation of Fig.

1 is performed. The disks are rotated as indicated at 10 and a determination is made as
to whether the disks are spinning as indicated at 11. At very low speeds, the heads are
loaded onto the disk with a high force between the heads and the disks.

10 As indicated at 12, the heads are loaded. A determination is made as to
whether the heads are on the disk, as indicated at 13. The heads are moved to the ID, the
extreme inner most usable diameter of the disk, indicated by the step 106. Then, the low
frequency source 89 is energized to induce a low frequency motion of the heads as they
engage the disks. The performance of this step is indicated at 108. The disks are spun

15 up to operating speed as indicated at 14. As the speed increases, the force decreases. In
the disk drive under consideration, speeds at about 600 rpm apply enough force for
cleaning. The disks are spun up to a speed of about 5600 rpm which is the speed for
reading and writing data.

Then, the high frequency source 89 is turned off as indicated by the step

20 110. The spindle motor is turned off to bring the disks down to zero rpm as indicated at
111. This head cleaning cycle is repeated five times as indicated at 112. Then, the
cleaning cartridge is ejected as indicated at 113.

While a particular embodiment of the invention has been shown and
described, modifications may be made. The head may be loaded with the disk stationary

25 if the disk surface is appropriate. The disk is rotated at a low speed to clean the heads.
Or, the head may be loaded at any speed below take-off speed.

The following claims cover all such modifications within the true spirit and
scope of the invention.
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suspension arns 34 at its distal end th K respective

read/ wite head 36 for recordi ng anilll,!@""ﬁﬂiﬂ{"Fmtion to and from
the surfaces WO%MHB448t or age nedia of a disk - rcartm dge. RCRYSPVTEdi ng
mechani sm 35 facilitates | oading of the magnetic heads onto t he st orage
nedi a. The head | oadi ng nmechani sm conprises?a pair of |load ramp structures
5 46, 48 upon which the suspension arns 34 of the actuator arm 32 ride

during head l_t_iiﬁ;imgi unl oadi ng operations. Further details concerning a
head | oading_mechani sm of, tNes gara g SEVRToR beadig Gl WiRingOhiRfimation to and
co- pendi ng, conmonly assigned, U S. Patent Application No. 08/438, 254,

entitled "Head ftapnalirofeablemedining said data stopigs |deyiee having an aciyator for mppying@ reabos
(Attorney's Do ) CM%QJ , s L& . i : .
reference in itqgr e%rog%ry. A“%h@mb‘ﬁ“’hm?%’?‘g Aopgﬁgkgg?aségijen&’is\yg
vi ew of a poft isoomagefdevice fulttek camprising20 of Fi gure 2, illustrating the

nmounting of an optical sensor_ 54 an - I Rm - .
pattern 52 is attached to theaq%eeg?pgogl&?g%’g&gf@ e élgﬁggéég?ﬁgg@s%ﬁv i ce
coil 42 is ofehidthead bws#d hwrfdced nmenber at the end of the actuator arm
32. The optical sensor 54 is 15 rigidly unted to.a surfac f the disk
drive 20 bel ow the voice coi |2 Fotor mwﬁggg"?Or cogxhpl‘hggzheoﬁpefcﬁgf)@&qoagfsﬁ
sensor 54 is digf@aedadgn facing relation to the gray-scale pattern 52.
Figure 2B is a perspective view of a disk cartridge 10 that may be used
W th 10 microprocessor means for loading said head onto said surface and
rotating said medium at a low speed below take-off speed so that said head contacts said

medium with a force which cleans said heads.

2. The data storage device recited in claim 1 wherein said

15 microprocessor further comprises:
means for rotating said disk before loading said head onto said

surface.
3. The data storage device recited in claim 1 further comprising:
.. means for manually initiating a cleaning cycle.
20 4, The data storage device recited in claim 3 further comprising:

a cleaning cartridge having a rotatable medium with a surface which
is mildly abrasive to said head.

5. The data storage device recited in claim 4 further comprising:

means for detecting insertion of said cleaning cartridge.

25 6. The daia storage device recited in claim S further comprising:
means for distinguishing said cleaning cartridge from a data storage

cartridge by the presence or absence of a marker.
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the renpvabl e cartridge disk drive 2070f Figure 2. The disk cartridge 10
corrpri ses an outer casing consi sti.ng OfjiyBRARegd | ower shells 10a,

10b,” respectively. In accordance 20 w MF@‘;“ i nvention, the disk

cartridge 10 contains two di sk-shaped 62 that are
attached, inwetsadessl rel ation, to a hub at abl ypemusysems7s t hi n

:i:s»

t he outer casing. In accordance w t h- one aspect—- of the invention, the
cartridge contains cl eani ng di sks. The-cl eaning nediumis mldly
abrasive to the head. A retroreflective marker 11

normal Iy identi f I es t he7car t Thetdzta ﬂ&a@@dmetrbﬂteaﬁn chafmi semﬁhgi@bﬁ,phﬁgg for
the drive. See "Retroreflective I\/arkeJl % itora Cartridges,
Serial No. 08/388,242 fil ed PEANS i §p14 slorage ?foF"Fngfng the, @ksepceygf said
| OM 8779), Whirgdker; and i S i ncorporated herein by reference. In accordance
with the present invention, the absence of a retroreflective marker
i dentifies the cartridge as BeAnsP gieet said farEdge i Faif pgker is present.

A door 12 on the casing provides access to the recording disks by the 30
read/ wite heads of a disk drive. \Wen the disk cartridge 10 is inserted
into the di&k drive 8. 20, Therdat@orage devicgrmesited inclaim 7 Jurher comprising:

counter-cl ockwi se (as vi ewedmédﬂs Brgpplgl}ng Q3w 'fﬁguetn@f to said actuator to vibrate said
heads radially when they are engaged with said medium.

9. The data storage device recited in claim 8 further comprising:
means for rotating said data storage medium up to a speed at which
10 said heads have decreased force of engagement with said storage medium.

10.  The data storage device recited in claim 9 further comprising:

means for repeating said cleaning cycle a plurality of times.

11. The data storage device recited in claim 1 wherein said
microprocessor means thereafter. rotates said medium at a higher speed at which said head

15 has pseudo contact with said surface of said storage medium.

12. The data storage device recited in claim 1 further comprising:
means producing a position signal indicating the position of said
actuator with respect to said surface of said storage medium;
said actuator control system being responsive to said position signal
20 for controlling the loading and unloading of said head on said surface.

/i
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. suspensjon arns 34 of the actuator to nove off the | oad ranmp structures 46,
48, thereby | oadi ng the read/ wite heads 36 onto the di sk surfaces

wi t'hi n the caworsiggés 10. -1t Figure 3 is a RGRSWHEG am of
cl osed-1 oop control systens for control of the actuator and spindle

m)t?)r during the t:i:?‘:‘:gam nl%t Eécl e. In t‘Wé ug%au g IF@E? §%€§V§3 I.ng
cycle, the depre f

82, It ther°§1‘%‘é‘? el A e e A e A S
m croprocessor 82 interntten |y, smm#'&%ﬁ@?oﬂdﬁaﬁdnh@%d?%nﬁﬂ nﬁ’oﬁﬁa?i%ﬂ't@%d

cycle is entered. not or as a control
system whi ch i ﬁomwmmqumzlammaﬁm storage e@nq;riuvmggntaamatan forogoing @ seader

65 which is in rn_contraqll CE mé.g a nt
of the spindl ewﬁt“t P‘?ﬁ?‘ V\A'SP gﬁzxcé%g h e‘ﬁ?é&m'?@(a scrH]lg‘ &gh&%ﬂa
"Di sk Dri ve HHavtorage Bevide funtiert comyfisingd| e l\/bt or Loadi ng I\/Echanl sm" Seri al

No. - 08/438,255 filed Ma éﬁ(’) 1995 lAt@E@?%oriroﬂongktﬁé lolslgmg O&/l-uﬁwé@é%

whi ch is incorporated h
det ecti on cir cyf §aiy héad di;es‘aiacgusfawjet her a retroreflective marker 11 15 is

present on the cartridge. The narker .det ecgl on CI Cuitr dé)fj id
di scl osed in "Ret r or ef | @dP9RFFORIEQNSETenE for '%8}5 & ?W'éﬁ@f 5al
Serial No. 08/ 3R8iaftandi | ed

10 a microprocessor having:
means for controlling said actuator control system to load said head
on to said surface means for controlling said motor control system so that said head is
loalied onto said medium at a speed below take-off speed so that said head contacts said
medium with a force which cleans said heads.; and
15 means for thereafter increasing said speed to the operating speed for

reading and writing information to and from said medium.

2. The data storage device recited in claim 1 wherein said
20 microprocessor further comprises:
means for rotating said disk before loading said head onto said

* surface.
3. The data storage device recited in claim 1 further comprising:
means for manually initiating a cleaning cycle.
25 4. The data storage device recited in claim 3 further comprising:

a cleaning cartridge having a rotatable medium with a surface which
is mildly abrasive to said head.

5. The data storage device recited in claim 4 further comprising:

means for detecting insertion of said cleaning cartridge.
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February 14, 1995 (Attorney's Docket No. |1OwW8779). The
actuator control system conprises the |owpass filter 78 and

m croproecessor 82. The lowpass filter 78 conditions the output of the
optical sensor 54 20 for input to the integrated anal og-to-digital

converter 84 wbotrdvadom croprocessor 82. The posi tion si gaAaluseswEwPl ed
at a predetermned rate and then processed in accordance with a

sel ected velocity control algorithminplemngnied by the m croprocessor 82.
The m croprocessor 82 outputs a control signal, which in the present

enbodi ment may take the6,  Tierdmdtorags edvice Tecifed G SlﬁfneSQ’uer?cﬁﬁl pridifig:2
pul se-w dt h nodul ati on digital -t& anal og,. converter 25 (PWDAC) 88 via |line
86. The PWWDAC 88 converts tH é‘é‘&"%‘%m{“ﬁéﬂl%'ﬁ%’}“zﬁ cagirigge from a datp slopregn

anal og contr olcam;@aaﬁy ms@rdaémloelgsse},&eoﬁwﬁh&gr control signal to an
anplifier 92 via line 90. The anplified control signal drives the

voi ce-coil notor of the disk drive via |line 94.

When the heads are | oaded ontip daiPyshgaBivg il in Baled ¥ hARAUERGHsRYT O 30

89 is turned on by m croprocessor 82. "Lowfrequency sourc uses the
heads to 3 vibrate in a rmefnalindiaid storage davice férr defenting ytho fabsenceibf 538 t 0

200 hertz. marker; and

means to eject said cartridge if said marker is present.

8. The data storage device recited in claim 7 further comprising:
means for applying a low frequency to said actuator to vibrate said
10 hegd radially when engaged with said medium.

9. The data storage device recited in claim 8 further comprising:
means for rotating said data storage medium up to a speed at which

said heads have decreased force of engagement with said storage medium.

10.  The data storage device recited in claim 9 further comprising:

15 means for repeating said cleaning cycle a plurality of times.

"11. The data storage device recited in claim 1 wherein said
microprocessor means thereafter rotates said medium at a higher speed at which said head
has pseudo contact with said surface of said storage medium.

12. The data storage device recited in claim 1 further comprising:
20 means producing a position signal indicating the position of said
actuator with respect to said surface of said storage medium;
said actuator control system being responsive to said position signal
for controlling the loading and unloading of said head on said surface.

\\\\\\\l\\\\\&\\\}\\\\\}\\\l\\
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Figure 4 illustrates various positions of the suspension arns 34 of the
actuator arm 32 as they nove over the surface of the load r LAdeed ur es
46," 48 duri ngv097194%head | oadi ng operation. As shown, the suSpension arns
nove al ong the | oad ranp structures 46, 48 from"Position 1", through
"Position 2" to "Position 3". At "Positi-od3 5 3", the suspension arns 34
begin to nove down the respective ranped surfaces of the | oad ranp
structures 46, 48. As the suspension arnms 34 nove down the ranped surfaces
of the load ranp structures 46, 48, the read/wite heads 36 (not shown)
at the distal ends of the respective suspension arns 34 nove toward the
respective surfaces of the storage media 60 and 62. Wen the suspension
arnms "34 reach "Position 4", the read/wite heads 10 36 are fully | oaded
onto the surfaces of the nedia 60, 62. The term "l oadi ng" neans to

bring the read/wite heads of the disk drive into nornmal operating position

W th respect to the surfaces of the storage nedia.
Figure 5 illustrates the operation of the actuator control system of Figure
3 during the head | oadi ng sequence illustrated in Figure 4. As a head

| oadi ng operation 15 is initiated, mcroprocessor control passes to step
64 where the m croprocessor sanples

STATEMENT UNDER ARTICLE 19
The amendments of claims 1 and 8 are made in order to bring the application
in compliance with changes made in the U.S. application. The amendments consisting of the
amendments to claims 1 and 8 do not go beyond the disclosure of the International
Application as filed since full support for these claims can be found in the description, as

well as in the orignally filed claims.



t he position signal received fromthe dptfcal sensor 54 to determ ne the

position of the actuator arm and hence, the suspension arnms 34. |f the
suspensjpon arnms are determ ned to be between "Position 1" and "Position
2", control pPReefTessp Step 66 where the M Cr opr ocessor PTTSH/IT78

proce55|ng the incom ng sanples of the position signal in 20 accordance
with a first velocity control algorithm The first velocity control -

algorithmis described in greater detail in the aforenentioned
application (10OW8782), referred to “tjqrein as the "initial push
control ." As the susperfsion arns 34 nove past position

2, control passes to step 68 where the m croprocessor switches to a
second velocity control algorithmthat, in the 25 preferred enbodi nent,
conprises a closed |oop velocity PID conpensati on and a nonli near

braking control. Once the suspension arns 34 reach
"Position 4", the head | oadi ng operation is conplete, and control
passes to step 72 where the nicrogopcessor initiates acquisition of
the servo track information on the“sufaeces—efy the nedia 60, 62. 30

The operation of the disk drive in\peifROTATE |a nanually initiated,
periodic head cl eani ng operati ofTjof pige e invention is deplcted
in Figure 6. M croprocessor 82 dg¢tects t he eject button 26
(Figure 2) has been held for nore than 5 4econds

11

12 LOAD
Y HeADS fe—

13

IS

HEAD
ON DISK?

14

FIG. 1

SPIN UP TO
OPERATING
SPEED
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indicated at 101 in Figure 1. If the eject button has been held for nore
than 5 secondg 97n94¢d N€ LED 27 i's caused to flash internitteatriusssims cat ed
by the step 1 I'n Figure 1. Cartridge insertion is
detected as indicated at 103. If a cartridge has been I nserted, "a
determ nation is made as to whether- the cartridge has a retroreflective
marker. 5 This determ nation is indicatg5ﬂ¥ 104 in Figure 1. If the

cartridge has a retroreflective marker’, it is ejected as indicated at
105. Then, the sanme head cl eani ng operation of Fig. 1 is perforned. The
disks are rotated as indicated at 10 and a determ nation is nade as to
whet her the disks are spinning as indicated at 11. At very |ow speeds, the
heads are | oaded onto the disk wwth a high force between the heads and
the disks. 10 As indicated at 12, the heads are | oaded. A
determ nation is made as to whet her the heads are on the disk, as

i ndicated at 13. The heads are noved to the ID, the extrene inner nost
usabl e di anmeter of the disk, indicated by ep 106. Then, the | ow

frequency source 89 is energizes
heads as they w2

to i ndydey frequency notion of the

SUBSTITUTE SHEET (RULE 26)



engage the disks. The performance of this step is indicated at 108. The

di sks are spun 15 up to operating speed as indicated at 14. As the speed

i ncreases, the force decreases. In t he di sk drive under consideration,
speeds at abowyg 6ffdadopm apply enough force for cl eani ng. pfhRssbgws are
spun up to a speed of about 5600 rpmwhich is the speed for readi ng and
writing data. Then, the high frequency source 89 4is
turned off as indicated by the step 20 1#%.&ghe spindle notor is turned off
to bring the disks down to zero rpm as i /' ted at 111. This head
cleaning cycle is repeated five tines as indicated at 112. Then, the
cleaning cartridge is ejected as indicated at 113. “VWile
a particul ar enbodi nent of the invention has been shown and descri bed,
modi fications may be nade. The head may be | oaded with the disk stationary
25 if the disk surface is appropriate. The disk is rotated at a | ow speed

to clean the heads. O, the head may be | oaded at any speed bel ow
t ake- of f speed. The followi ng clainms cover all such
nodi fications within the true spirit and scope of the invention.

SUBSTITUTE SHEET (RULE 26)



9 - In is clained: 1. A data storage device for reading and
witing information to and froma rotatable nmedium said data storage device
havi ng an actuator for noving a read-wite head over a surface of a
rotating nedi Wgsn@sgd notor for rotating said nedium said sporesssnkesi ce

further conprising: an actuator control systemfor
controlling the | oading and unl oadi ng of said head on said surface of said
rotating nmedi um a notor coqi;;& system for controlling the
speed of rotation of said nmedium and a m croprocessor '
havi ng: means for controlling said actuator control systemto
| oad said head on to said surface; and means for controlling

said notor control systemso that said head is | oaded

FIG. 2B

SUBSTITUTE SHEET (RULE 26)



onto said nediumat a speed bel ow take-off speed so that said head
intermttently contacts said surface of said rotating mediumw th a force
whi ch cl.eans said head and thereafter increasing said speed to the
operati ng speegoy9ndsdeiit said head is positioned for reading gierussbniorag
i nformation to and from said nedi um 2. The data storage
device recited in claim1 wherein said mcroprocessor further conprises:
means for rotating said disk before Ioadin%is i d head onto said surface.

5

3. The data storage device recited in c M 1 further conpri si ng:
means for manually initiating a cleaning cycle. 4. The
data storage device recited in claim3pL r conpri sing:
a cleaning cartridge having a rotatabl & giymw th a surface which is
mldly abrasive to said head. e
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- 10 - 5. The data storage device recited in

claim 4 further conprising: means for
detecting insertion of said cleaning cartridge.
6. , The dat gyghfjeage device recited in claim5 further conperiiksirers
means for distinguishing said cleaning cartridge froma data storage
cartridge by the presence or absence of a marker.
7. The data storage device recited in claim6 further conpri sing:
877
POSITION 1 POSITION 2 POSITION 3 POSITION 4
| INITAL PUSH | PID & BRAKE | __I
LOAD RAMP 1 B 2
'—7 DISK 1
./ L4 \
>4
./ "
LOAD RAMP 2 \& DISK 2
— %52
—/ L4
Stort

Inside Position
tand 2 ?

Inside 66
Push Control |/

FIG. 5

Inside Position
2 ond 4 7

PID Control
with Brake

L

70

N
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means in said storage device for detecting the absence of said marker;

and neans to eject said cartridge if said
mar ker i,s present. 8. The data storage
devi.ce recitequhgshad m 7 further conprising; PCT/US96/17978
means for applying a | ow frequency to said actuator to vibrate said 15
head radially when engaged with said nedi um 9.

The data storage device recited in claim$8 T7her conpri si ng:
means for rotating said data storage nedi um_z% to a spe

sai d heads have decreased force of engagement with said"StOy8 um 20
10. The data storageAe 'ce recited in claim9 further
means for repeating i ng cycleaplurallty?
11. The data storag# in-claim1 whereiln said rDISKIpBcessor
25 mean ImrrqgﬂtB[ENO at e saldmﬁu ﬁ ' at which
sai d head has pse&ydo HEID > § cont act ‘sai grface of Seiyfsstorage
medi um SECONDS? 106 ~ |
MOVE
TO ID
102 {
108
FLASH |/ §
LED APPLY
HIGH FREQ. i
T0 VCM
14 l
DETECT \
CARTRIDGE SPIN UP TO
INSERTION OPERATING
SPEED
110 ‘
105
/ TURN HIGH
DOES CARTRIDGE EJECT FREQ. OFF
HAVE. MARKER? :
11 ‘
10 | \ BRING DISK
ROTATE |/ T0 O RPM
DISK
1 "2/ 1ias
CLEANING
CYCLE
BEEN DONE
S5 TIMES
YES
/12
113l
LOAD HEADS

EJECT CARTRIDGE
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12. . The .data storage device recited in claim1 further conprising:

meand?PEIBUCIAY a Fpediopiconusugna i ndicating thesseegi tion of rsad dp 3P

F-758
act uat

respect to said surface of said storage fred IunPCTIUD Q v

N o

It is claimed: :
| 1. A dara storage device for reading and writing information to and from a
rotazable medium, said data storage device having an actuator for moving a read-write head
over a surface of a rotaling medium and a motor for rotating said medium, said storage
5 device further comprising:
an actuator conrol system for controlling the loading and unloading of said
head on said surface of said rotating medium;

a motor contral system for controlling the speed of roration of said medium;
and

10 2 microprocessor having:

-
H

means for conwolling said actuator contral system to load said head on to said
surface; and .
means for controlling said motor control system so that said head is loaded
onto said medium at a speed below take-off speed so that said head interminently contacts
15 said surface of said rotating medium with a force which cleans said heads, and thereafier

increasing said speed 1o the operating speed so that said head is positioned for rcadmg and
writing information to and from said medium.

2. The dara storage device recited in claim 1 wherein said microprocessor
bR further comprises: o - |
| means for rowating said disk before loading said head onto said surface.
3. - The data storage device recited in clasm 1 further comprising:
means for manually initiating a cleaning cycle.
25 . .
4, The data §torage device recited in claim 3 further comprising:
a cleaning cartridge having a roratable medium with a surface which
is mildly abrasive to said head. '
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- 1% - . sai d actuator control system bei ng responéi ve to said

posi.tApoH-8i thakn f Ciron-somCOkA WiskeiMGs t he | oading an adi ng of, said head on
said surface. WD 97/ 19449 Hstifld -8 bR 1

PCT/ US96/ 17978 | f ¢£g9.,/179-
6. The data storage device recited in claim5 furthér conprising: -

carcri dONIRIMAMRANENE 5 “absence or 2 mrker. o JPERAIS 17 AR R
* c L M § . *x - o

- 10 -

5. The data storage deﬁcc recited in claim 4 further comprising:
means for detecting insertion of said cleaning cartridge.

| 6. The data storage device recited in claim S further comprising:
s " means for distinguishing said cleaning cartridge from a dara storage
cartridge by the presencé or absence of a marker. )

7. The data storage device recited in claim 6 further comprising:
_ " means in said storage device for detecung the absence of said maurker;
(_ 10 and
means to eject said cartridge if said marker is present.
8.  The data storage device recited in claim 7 further comprising:
, means for applying a low frequency to said actuator 10 vibrate said
15 head radially when engaged with said medjum.

9. The data storage device recited in claam 2 further comprising:
. mezns for rotaring said data storage medium up to a speed asy which'
said heads have decreased force of engagement with said storage medium.
b 20 | | . :
10.  The data storage device recited in claim 9 further coinprising:
means for repeating said cleaning cycle a plurality of timés.

11. The data storage device recited in claim 1 wherein said microprocessor
25 means thereafter rotate said medium at a higher speed at which said head has pseudo
contact with said surface of said storage medjum.

12.  The dasa storage device recited in claim 1 further comprising:

means producing a position signal indicating the position of said
30 actuator with respect to said surface of said storage medium;
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7. - The data storage deV| ce recited in claim6 further conprising: 5
means.i:n.sai d storage, device for detecti ng the absence of said mar ker ;

~and _ neans to eject’ said cartridge if said mar ker
is pr*“é’s'é"r‘lf‘ 10:24am  From-WOODCOCK WASHBURN 33 8. The dat gssdsquzgroe devi ?Eénsr eg % / d Ln
claim7_further conprising: . nmeans a |3 yﬁnB“&

| ow frequency tor to vibrate said 10 head raf
engage m'l m 'm del um 9. * The Ga s‘fmyye/ 1 O 7

devi ce &’m 8 further conprising:
means f dr: data storage nediumup to a speedlgﬂMHSh 14 AEBi

~heads have decreased force of engagenent with said storage medi um

10. The data storage device recited in clh‘imQ further corrpr|5| ng: 15

. nmeans for repeating sai d cl eani ngon%?l plurality of tine

.

sald actuator systcm being responsive 1o saxd posmon signal for

conwolling the loading and unloading of said head on said surface.
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11. The_data storage-device recited in claim 1 wherein said
m croprocessor neans thereafter rotates said mediumat a higher speed at

vvhldch sai ﬁmmml'"““mmumeudo contact with said surface. of said storage
medi um

12. The data stor Sybstituteshesesi T2 April 1999 m 1
further cofprfsihg:™ 20 means producing a position

signal indicating the position of said ‘actuator with respect to said
surface of said storage nmedi um _ - sal d actuator
control system being responsive to said position signal - “for
controlling the |oading and unl oadi ng 6 3aid head on said surface.

It ix claimed:

1. A dara storage device for reading and writing informadon to and from a
rouatable medium, said data storage device having an actuatar for moving a vead<write head
aver 2 surface of 2 rotating medium acd ammrfe}muﬁng said medium, said storage
device further comprising: '

~ an actuator conwol system for conm:l.lmg the loadmg and unloading of szaid
head on said surface of said ratating medium;

2 motor canal system for conrolling the speed of rotadon of said medium;
od .

a micreprocessor having: .

_ " means for conxolling said actuarcr conrol system o load said head on ta smd
. surface; and ' ) o
' " means for controlling md motor conmrol system so tha: said head is loaded
mmdmadumuaspeedbe!nwuke-oﬁ'speedso that said head interminently contacts
said surface of said rotating medium with a force which cleans said % and thereafter
increasing said speed w0 the operating speed so that said head is positioned for reading.and
writing informadon to and from said medium. '

2.  The dam storage device recited in clam 1 wherein said microprocessor
' -means for rotating sad disk before loading said head onto said swface. -

- "

3. The dan storage device recited in clarm 1 fixther congprising:
means for manually inidating a cleaning cycle. '

-4, ' The dara storage device recited in claim 3 further comprising:
a cleaning carmridge having a rotatable medium with a surface which
is mildly abrasive to said head.
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