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FLUTTERI NG | NDUCED TRACK M SREAQ STRATIONS Field of the Invention 5 The
present invention relates to controlling head positioning actuators in
storage devices such as disk drives via feed forward control, to reduce or
counteract disk flutter induced off-track deviation of the read wite head.
More specifically, the invention rel atds to enpl oyi ng sensors to detect
the magnetic 10 di sk vibration perpendicular to the disk surface, and using
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A typical magnetic disc drive (HDD) includes one or more read/write
(R/W) heads for reading data from or writing data to one or more discs
mounted on a spindle motor. The data is stored in generally concentric tracks
20 on the disc surface. During operation of the drive, the read/write heads are
positioned at selected radial locations while the discs are rotated by the spindle
motor. Rotary actuators are often employed to carry the read/write heads to
the desired locations. The actuator is usually coupled to a voice coil motor
which provides the torque for rotating the actuator about its pivot.
25
In the field of magnetic disk drives, there is a need to provide a high-
performance, reliable, and fast servo control system which is economic,
compact and robust. Furthermore, to increase the tracking accuracy of the
R/W element and thus support higher area density data storage, the servo
30 controller should reject all disturbances such as windage and amplifier noise,
without amplifying the measurement noise. Furthermore, movement of the
magnetic disk and thus relative movement of the R/W head from the track
center needs to be followed accurately. To reject mechanical disturbances and

non-mechanical noise, a high bandwidth servo system is normally required.
35 - |
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35 0 4 JUL 2006 -2 Typically, two types of narrow bandw dt h mechani cal

di sturbances are present in an HDD servo system both of which contribute
to the RF'Whead deviating off-track. The first type is the repeatable
runout (RRO), which is synchronous with rotation of the disk. One approach
to cancel the effects of 5 RROis to nodutate the position reference signal
such that the actuator output foll ovvs one or nor e corrponents of the runout
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Another approach to deal with RRO is to insert a narrow band filter into
20 the servo loop to increase the servo loop gain at the required frequencies. As a
result, the runout signals can be more efficiently rejected. U.S. Patent No.
6,097,665 granted to Sri-Jayantha et al on 1 Aug 2000 describes a narrow
bandwidth filter to increase the servo loop gains at selected frequencies which
are a multipte of the disk spinning speed to increase the attenuation. The
25 patent further proposes a method to initialize the filter so that the transient of
the filter is minimal. The prolonged oscillation that is present in servo systems

with narrow band filters may thus be alleviated.

The second type of narrow bandwidth mechanical disturbance which can

30 be present in a HDD servo control ‘system, arises due to disk vibration and thus
is asynchronous with the disk spinning. This narrow band vibration is not

phase locked to the disk rotation and thus, it is called nonrepeatable runout or
NRRO. One way to deal with NRRO effects is to eliminate or alleviate disk
vibration. This can be attempted by providing a balanced motor and disk pack,

35 improving the damping of the disk, optimising the stiffness or resilience of the
disk, and selecting the correct spinning speed. Such optimization of the
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and i very effective in 25 providing a robust servo |oop, which may allow

hi gher servo bandwi dth. U S. Patent No., 5,526,208 granted to M Hatch of
Qjant um Cor p Expandmg the servo loop gain by using dual-stage servo and using

multi-sensing by adding various sensors can help improve the rejection of
NRRO both with and without the narrow bandwidth filter.

20 US Patent No. 6,064,540 by Huang Fu-Ying et al, IBM, entitled "active
control for stabilizing a servo-controller actuator system," filed in March 1998,
and granted on May 16 2000, uses strain sensors to detect the actuator lateral
vibration and thus actively control the actuator in-plane vibration. This method
can cancel the first two actuator vibration modes and is very effective in

25 providing a robust servo loop, which may allow higher servo bandwidth.

U.S. Patent No. 5,526,208 granted to M. Hatch of Quantum Corp

presents a flex circuit located between a rotary actuator and electronics of a

disk drive, for sensing vibration. The apparatus contains a strain gauge

30 attached to or imbedded within the flex circuit. The resistivity of the strain
gauge varies in response to vibrations of the flex circuit, which correspond to
off-track vibrations of a read/write head supported by the rotary actuator. This
resistance variation can be transformed into electrical signals that are used by

a servo system to move the actuator assembly in a compensatory manner, in

35 an attempt to cancel any off-track motion of the read/write head caused by the
vibrations.
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Although these sensors assist to expand the servo bandwidth as well as

improve the seftling performance, the bandwidth improvements are usually up

20 to a few hundred Hertz. The error rejection improvement is thus limited to a
few dB.

United States Patent No. 6,181,520 granted to Fukuda of Fujitsu
January 30, 2001, entitled "Head slider and disk unit having contact detection
25 means”, discloses a suspension, on which the slider is mounted, and an
electric resistance pattern formed on the suspension for detecting a strain
generated on the resistance pattern when the slider body comes into contact
with the disk recording medium. This approach however, does not help
improving the tracking accuracy.
30
‘ With the recent and rapid increases in the number of tracks per inch
(TP1) on magnetic data storage media, there exists a need for a simple yet
effective mechanical-electronic-control solution to considerably improve the
tracking accuracy, and especially to improve disk fluttering induced track
35 misregistrations (TMR).
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rel evant to the prese I pvention ~as exl sted before the priority date
of each cl & 8?"%{995%3 QppiNecRiGrsy da 9%1%@‘3}" ¢aing pkthinaeRlicatien10 According to
a first aspect, the present invention provides an actuator for supporting
a read/writ f.or Rpsitioni ng the read/ wite head adjacent to a
magneti c dmmm (LetQn, magneti c data storage di sk being rotatable
about an axis of the disk and conprising a plurality of substantially
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axial direction rel ati to. the , at 1's, . I ar totﬁe.disk
surface, t PG @0exis iOX\?/*é%ldi'%ha%ﬁempd@mgaa PRl @fﬁSWﬁt%W'aﬂV@nfCﬁﬂfrt%r may
be moni t or ethta Aacks skudtedtabeiut the axis, the actuator comprising:

15
means for detecting displacement of the actuator in an axial direction
relative to the disk, and for producing an output signal for use in a disk flutter
control system.
20 By monitoring movement of the actuator in an axial direction relative to

the disk, that is, perpendicular to the disk surface, the present invention
provides a manner in which disk flutter may be monitored. As disk flutter
causes the read/write head to move, via the air bearing surface (ABS), axial
movement of the read/write head and thus the actuator is representative of disk
25 flutter, typically being approximately proportional to disk flutter. Hence,
measurement of movement of the actuator in an axial direction relative to the
disk enables compensatory control signals to be generated from the output
signal of the means for detecting, in order to counteract the effects of disk
flutter, and in particular, to counteract disk-flutter induced off-track deviation of
30 a read/write head supported by the actuator. For instance, the control signals
may have an amplitude which is proportional to an amplitude of the output
signal of the means for detecting, and may have a corrected phase relative to a
phase of the output signal of the means for detecting. The control signals may
then be passed to an actuator drive means in order to counteract deviation of
35 the read/write head caused by the disk flutter.
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i nvent i on, 9AY2RYRRELARA det ecting di spl acenent of the actuator may be 20
positioned on the actuator. In enbodi ments of both the first and second
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' the output signal of the means for detecting.

it will be appreciated that in embodiments of the second aspect of the
invention, the means for detecting displacement of the actuator may be
20 positioned on the actuator. In embodiments of both the first and second
aspects of the invention, in order to provide relatively high sensitivity the means
for detecting is preferably situated so as to detect movement of a portion of the
actuator which is expected to move by a relatively large amount in response to
disk fiutter. For example, in embodiments where the actuator comprises a
25 head portion for holding a read/write head, the head portion being supported
via a suspension by an arm portion, the means for detecting is preferably
positioned proximal to the suspension, and even more preferably is positioned
on the suspension. As will be appreciated, disk flutter induced movement of
the head portion will strain the suspension and cause the suspension to flex.
30 Accordingly, the suspension is an advantageous position for the means for
detecting to be located, particularly in embodiments where the means for
detecting is a strain sensor. Further, as a data cable from the read/write head
typically passes over such a suspension and therefore flexes along with the
suspension, the means for detecting may be positioned on or in the data cable.

35
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electrlc accelerometer mounted on the MEMS actuator driven slider or head.

20 While the means for detecting may comprise a strain sensor positioned
so as to detect flexing of the suspension, it will be appreciated that the means
for detecting may alternatively comprise an accelerometer for detecting
vibration or movement of the actuator.

25 The means for detecting may even be situated elsewhere in the

-magnetic disk drive. For example, the means for detecting may comprise an

optical sensor mounted on a casing of the magnetic disk drive and operable to
optically detect movement of the actuator in an axial direction.

30 According to a third aspect, the present invention provides a method of
compensating for disk flutter in a hard disk drive system, the method
comprising the steps of:

rotating a magnetic data storage disk about an axis of the disk, the disk
35 having a plurality of substantially concentric data tracks situated about the axis
of the disk;
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the actuator in an axial direction relative to the disk; and generating a
conpensatory control signal fromsaid detected _di splpfzricerrent,

., fOr
conpensating fodS8EfANGs 8f CANIRensalPRer control TrgRA! e Hfrem o%ﬁ‘@ctchﬁctﬁﬂy

conpri se a digplecdmeist, ésrtdomparisatihg fbestemabf aisk flukter.act uator, for exanple
by pl.acenent of a strain sensor on the actuator, or by optical nonitoring

of t actuator. Alternatively, the step of detecting may conprise
i ndi rect det ect ilde stkp dif ptentiagenay obmphise acdirext defedtion of dispbhaerbgntics

Communi cat 13 Sceteh, frmible 8 AaCiBANSES siiiniobrispr b 1R 4RHlARGy or by
comuni cat iopHical menitedng cefutheo actugiterpl Aliarativelf, thieestept obdstesiingl maause a
known corr egpsitien thaireretRidctish diN8ispRIRARS of tHRNEEUaMIETorS BRBMNO WY
' 15 placement of a strain sensor on a component which is in movable
communication with the actuator. As such a component is in movable
communication with the actuator, displacement of the actuator will cause a
known corresponding movement of the component. Hence, when such known
movement of the component is detected in the step of detecting, it can be
20 determined that the actuator has been displaced in an axial direction relative to
the disk.

It will be appreciated that the feed forward control configurations for
different types of sensor arrangements may be substantially the same,
25 although particular parameters will typically be different. The output of the
means for detecting, such as resistance variations or accelerometer outputs,
can be transformed into a control signal to be used by a servo system to move
the actuator assembly in a compensatory manner, in order to cancel or
counteract off-track deviation of the read/write head which may be caused by
30 disk flutter.

The present invention provides a sensor based tracking control method
and apparatus that can be easily incorporated with fraditional track following
controllers. Further, as the external injected signal is advantageously outside

35 the closed-loop servo control, it will not affect the stability of the system. This
avoids the difficulties involved in shaping the response of the servo loop at




noverment of the conponent is detected in the step of detecting, ilt4chi 1805
20 determ ned that the actuator has been displaced in an axial direction
relative to the disk. It will be appreciated that the feed forward control
configurations for different types of sensor arrangenents my be
substantially the same, 25 although particular paranmeters will typically be
different. The output of the neans f or 9det ect | ng, such as resistance
variations or accel eronmeter outputs, can be transformed into a control

signal to V. SEryo systemto npve t acruat or .assenbly in a
conpensat o?@qﬁ%ﬁﬁgg,dﬁ? ﬁ:'r %@rc%ﬁs'@é(ﬁﬁ %PQH?“C%;OSE‘H@T regrementy o\éetb?at i on
of the readkwd toophkandwiditc kndegorsequantiethdyequifendéensts dint tive actuattre qr esent
i nvention pgovi : ing control nethod and apparatus

t hat can bglug}e/lg%%% %ﬁ%%?;%rg?%e%'bﬁ%adi tional track follow ng
controllers. Further, as the external injected signal is advantageously

outside 35 the ¢ agpdid AR SSEreLiacNtthal - thbt tdinh | “HaRY 6Tsi(e%‘i'ivbh%y§t'ﬁ§?i ity

of the system, This he difriculties 1 nvolved In shaping
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response ofM¢HIONSd i dhe septaxt. sushrasacrardingdodne secend @nd third aispgotsrof

frequency. tHépeesenhvieptioh] iRgrRIAES O0foritd has@ disk driePamBBAYi rfhdneatitthard
consequently.,the re |rerren{r%%[?§lﬁib$§é§§wator or dual -stage actuator, are

less strindiHdme 'PﬁHgﬁgﬂYcﬁ PrPREES t he term "hard disk drive

systenf nmentioned in the context, such as according to the second and
thir spe : [LESE j tion, includes a normal hard disk drive
and/ g’roaa ”%'%éﬁecschgﬁ%rpoj EK%E’I“?IPJQQl n the servo track witing (STW
process. 10 Brief Description of the Drawi ngs Exanpl es of the invention

w [ now be desgy i ewtio ; [Tt | i fpMhi ch:
15 FIG 13 shovs %g{; ;JP?S“@‘?%@%‘{“EL bl e BT M AR e

bl ock di agP&RPEP23YiH9 ng/® whichat or servo system FIG 2 is a
configuration of a HDD head di sk assenbly; 20 FIG 3a shows a disk drive

act ualt5o rwtha F?éf %1 nsh%?vrésaotr:iisﬁldarf\:/gdac?ﬂlatgp gervo system;

FIG. 1b shows a block diagram of a disk drive actuator servo system;

FIG. 2 is a configuration of a HDD head disk assembly;

20
FIG. 3a shows a disk drive actuator with a strain sensor placed on the
suspension according to the present invention;
Fig. 3b is an enlarged view of a part of FIG. 3a.
25
FIG. 4 is the block diagram of the HDD servo system employing the
proposed stain sensor; '
FIB. 5a is yet another two configurations of the proposed method where
30 the sensor is implemented in the flexible cable or the flip chip on the

suspension;

FIG. 5b shows a possible configuration of embedding the strain sensor
inside the flex cable; and
35




suspensi on according to the present invention;, Fig. 3b is an enlfakghél ValBhv
of a part of FIG 3a. 25 FIG 4 is the block diagramof the HDD servo
system enpl oyi ng the proposed stain sensor; FIB. 5a is yet another two
configurations of the proposed nmethod where 30 the sensor is inplenented
in the flexible cable or the flip chip ?n the suspension; FIG 5b shows a
possi bl e configuration of enbedding the Qtrain sensor inside the flex
cable; and 35 0 4 JUL 2006 -10 FIG 6 shows an alternative configuration

where an accel er t nb | der. Det ai scription
of the I nvent i orf 1 foboMen gl rlte veing 2bnfiglafiad iste ar 4rdelsipamtel” I o
drive (1) wimbeddedinsitterthefslidet.at abl e di sks (2) which may be turned by a
spindle notor (3). A rotary actuator (4) noves a suspension (5) supporting
a RNV head . whi ch accesses concentr| c data tracks on the disk surface. The
si gnal pi cKeefailad DgscHy of ) s anplified and filtered. The signal
IS passed to a ci rcwt (7) t hat detects t he p05|t|on error signal (PES)
and track nunber. The RI'W can, for exanple, net or esi stive
tordes ofd.

(MR) head or a grR&iRfIngrdigNe tbereiR) lyteed @1@'%35\/‘9 A) i @
Iemoodu rnanéI mdml@elP&rotatalbmdd?gngSmrﬁélﬁrrl%ﬁaaéwnﬁi)@d'lﬁ} grspﬁﬂdlelrﬁom@r(aﬁl lay g

i neari ze n e Si r rs are passe
to a servo rggcﬂ’?rag ag )mW"ﬁ @'sug%q; {@ssugploglmg Wﬁﬁﬁf signal in .
di gi tal forwith sotessespaoscartac date trebks shghaldislosarfaas.cé hecslc_tjnahmckec{ VCM

drivipg ci rer‘P‘Jb‘k tﬁ&%\l\yh?aa lggmrpglﬂlag eﬁdaﬂgrgg 'ﬁ‘%nél,lgﬁéieé F(eBAgEi té)ga? agirquit

Dependi ng o e ser
secondary dfadeatadetgstothe ﬁ@ﬁltlﬂn cRIEOpSigogh kS hand Héatﬁ@nwmeﬁay'rhﬂ &SV\be

provided. Ineddigar;afst Hamfid! waild REBUERRcSSNSEMR) head or a giant

magnetoresistive (GMR) head, and thus, in such embodiments the PES

obtained from the PES demodulator (7) is normally linearized. The linearized

15 PES signal and the track numbers are passed to a servo controller (8) which

calculates a required confrol signal in digital format and outputs the control

signal to a voice coil motor (VCM) driving circuit (10) via a digital to analog

converter (DAC) (9). Depending on the servo loop bandwidth and access

speed requirements, a secondary stage actuator that rides piggyback on the

20 VCM may also be provided. In this case the VCM would provide coarse

movement control while the secondary stage actuator would provide fine

positioning control. The controller (8) thus may be required fo calculate the
'necessary control signals for both the VCM and the secondary stage actuator.

25 The controller (8) may be implemented as a digital signal processor
(DSP), as one or more micro-controllers, or in the form of a digital infinite
impulse response (IIR) filter. The controlier (8) should have various correction
functions to deal with various disturbances such as windage, disk fluttering,
amplifier noise, external vibration, and measurement noise. Normally, the error

30 rejection transfer function (or sensitivity transfer function) and the
complementary sensitivity transfer function are carefully selected by the servo
designer to ensure adequate disturbance rejection and noise attenuation
capabilities.

35 FIG 1b is a block diagram of the servo system shown in FIG 1a. Here
the dynamics of the actuator assembly including factors such as the VCM, the




movenment control while the secondary stage actuator would provid§ §ig 2006
positioning control. The controller (8) thus may be required to cal culate
the necessary control signals for both the VCM and t he secondary stage
actuator. 25 The controller (8) may be inplenmented as a digital signal
processor (DSP), as one or nobre mcro- ‘?ntrollers, or in the formof a
digital infinite inpulse response (11R)'filter. The controller (8) should
have various correction functions to deal with various d| st urbances such
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space nodelsoufoes obnoipkiprésent it lite searsibep dalnri@é iumnped ab hidsdatd wiih ( 10)
another seq? EO0IETSpE #RB8S K16, trid bighel Mot FoiBind, Bbbiics HixMthetean: o
runout ( RRAneditiar (bh-whipk deals with tl.:tm)ﬂeXIbKeNRRd)ps iof thenactuiatarp ahd dipe basicbe
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servo | oop can | €S (16)

The di gi ta|PfPP%&@“ﬁbW%ﬂUﬁh@lﬁ@b@m%|(PLJ?) Ration wdheseas {13) ihe kindtef nptch)

whi ch deal Hilter tdstipysrebh exé Bt@amrdRxibké nidiR. actuator, and the basic 10
f eedback control section (14). In sone cases, (14) assunes the formof a

proportional -integral-differential (PID) action whereas (13) is a kind of
notch filter tolaprfaeact heomatamat qn 7§ | xild! l@eﬁadetepﬂmnieﬂf @f n@OfTTTBnd

nunber g of Tremkatr sy o e Huriss diRES e Y BERR IR 10 BRUBO AT cnce
si gnal coulAltaseativelymtieheferancei signal colld ke ep snicdined vessidniof thesstepases,
it is precalighdidbhl iANfhost @688, 38 i proicHBiddPBhE stored as a look-up table
(LUT). In systems where the same RRO components are to be cancelled, the
reference signal can have the same pre-determined values for the steady state
20 operation for each track, such that the corresponding response of the pre-
calculated values at the actuator output cancels the RRO components.

Referring now to FIG. 2 which illustrates a disk drive actuator with coil
(21), pivot bearing (22), arm or E-block (24), and suspension (5). At the tip of
25 the suspension is the read write head (30). A flex cable (26) connects the read
write head (30} and the main printed circuit board (PCB) of the HDD which
contains most of the electronic circuits and is not shown in Fig 2. The flex
cable could include a R/W amplifier chip located on top of the suspension (e.g.,
at position (29)). One end of the flex circuit (27) is connected to the main PCB.
30
The actuator (4) is designed to have high stiffness in the lateral direction
and relatively low stiffness in the vertical direction or axial direction relative to
the disk. Higher lateral stiffness results in a higher resonant frequency and
thus higher servo loop bandwidth. During operation of the disk drive, the
35 read/write head (30) flies slightly above the disk surface due to the action of the
air bearing surface (ABS).




(LUT). In systems where the same RRO conponents are to be cancel §dd JULhel(h
reference signal can have the sane pre-determ ned values for the steady
state 20 operation for each track, such that the correspondi ng response of
the pre- calcul ated values at the actuator output cancels the RRO
conponents. Referring nowto FIG 2 \/\hiﬁ? Il lustrates a disk drive actuator
with coil (21), pivot bearing (22), arnfor E-block (24), and suspension
(5). At the tip of 25 the suspension is the read wite head (30). A flex
cable (26) connects the read wite head (30) and the main printed circuit
board (PCB) of the HDD which contains nost of the electronic circuits and
i s not shown in Ry 32 shows Al digk deixpl acteator withna Istrain aemsan plaped oincthechi p
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i sk. Higher ral ,stiftness resu in a higher, resgnan req cy an
thus  hi gheratEeneg S Bﬁf&wﬂ?ﬁﬁnsﬂ?ﬂ Bng ThERces (6 °SRaN merieot B TED The
35 read/ widomnieetsd (Bthe fiéx eablsl 2@hahg pabss® t¢ liee disik BOBfwhiehdmplifizst he

action of t +al ' surface (ABS). 0 4 JUL 2006 -12 FIG 3a shows a
di sk drive %&f&g%rértﬁ%%hag strain sensor placed on the suspension

according to thelr dsshows aveodifien versioriof FIGh1b,sacooustingfgethevuisavof af part
o o 50, SRR ACESRA Y 05,SEERC (BNl ALESMNE IS pRHRITaRP S o
al t er nat i veNyaCCaeangee withh they presient Heveltimedbe ovirain sensosdgiaetsovedipal
B BB sGRetne SO endgh Ko Hbieraapie sifuat pashen hop
version of WiEhggl 33&5,c%nn¥f?%§gan%gﬁ%rﬁ3h%§@r@?’%ﬁﬁcfmaeg}%%@fﬂ?ﬁsoa@@b?@%%e
with the prasdog drndigitali offheAtiteoedivegsibn dfhihe Sigoar & adddd tona deedwsatknce
of thbSai SRl oM O Gl oS SR 3" ] 198 4864 ARl K e Ml 1
at (34), argnplfiess(Bhd fiha dowearhemplifieraldrivesi e estuater, cand i due dat then
ei ther measurement of vertical or axial displacement of the actuator and the
calculation of appropriate correction signals, the head is caused fo respond to
the movement of disk vibration in addition to other vibration sources.
20
In an alternative configuration shown in FIG 5a, a strain sensor is
integrated in the flex cable (33) and attached firmly to the suspension. The
sensor detects displacement of the suspension in the axial direction, that is, the
vertical bending or flexing of the suspension. FIG 5b shows one possible
25 configuration where, inside the flex cable (33) the strain sensor (41) is printed
alongside the usual printed circuits. Alternatively, a strain sensor can be buried
inside the flex cable.

In yet another alternative configuration as shown in FIG 5a, an
30 accelerometer is integrated in the flip chip (32) on the flex cable. The
accelerometer could be a piezo-electric, electrostatic, MEMS, or other type of
accelerometer. The accelerometer detects the vertical or axial vibration of the
suspension, and the signal output by the accelerometer is amplified and
passed back to the main PCB for use by the control circuit.
35




analog or digital. The filtered version of the signal is added t@HaJUL ﬁmﬁ
feedback 15 signal fromthe digital servo control (13 & 14), and passed

the power anplifier (12). The power anplifier drives the actuator, and due
to the neasurenent of vertical or axial displacenment of the actuator and
the calculation of appropriate correctjon signals, the head is caused to
respond to the novenent of disk vibratt®n in addition to other vibration
sources. 20 In an alternative configuration shown in FIG 5a, a strain

sensor is integrated in the flex caphle (33 d attached fi
suspensi on. The% ¥8ﬁ§%‘?tﬂ8&?§%¥‘§ﬁ&? g%ﬁ?c%é@ﬁ%c%r%gpﬁ%t% e‘?l‘ﬁﬁeiﬁ{oﬁ?tt?rh'g axi al
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vi bration of the suspensmn of the 5 sllder and the signal is anplified
and passed back to the maj the control circuit. The

control . systemlti§ie |b§LH"ﬁqr§W°ﬂHBﬁt tﬂ"'!?ed'ﬁﬁlé‘é!“@r igritusiradivg anly, 59l ehangese t he
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scope and spirit of the present invention.

It is also to be understood that the technique in this disclosure is not

limited to the applications in hard disk drives, but is also applicable to disk drive

20 servo track writing (STW) process. As shown in Fig. 1a, during this process,

the media or disks (2), the spindle motor (3), can be in final assembled format

with the disk drive (1). The actuator (4) and the suspension (5) may be an

external design specifically for the STW process according to the invention. It

- may also be the normal HDD actuator (4) and suspension using the present

25 invention. The disk vertical vibration is monitored using the method disclosed
above.

it will be appreciated by persons skilled in the art that numerous

variations and/or modifications may be made to the invention as shown in the

30 specific embodiments without departing from the spirit or scope of the invention

as broadly described. The present embodiments are, therefore, to be
considered in all respects as illustrative and not restrictive.




R'Whead of f-track deviation due to disk flutter. It is to be ufdériflodd}s
that this disclosure is illustrative only, and changes nay be made in
detail, especially in matters of structure, arrangenent, and 15 paraneters
of sensors and controller/filter used without departing fromthe scope and
spirit of the present invention. It is also to be understood that the
technique in this disclosure is not tiéited to the applications in hard
di sk drives, but is also applicable to disk drive 20 servo track witing
(STW process. As shown in Fig. la, during this process, the nedia or

di sks (2)CLAWSspindle notor (3), can be in final assenbled format wth
the disk drive (1). The actuator (4) and the suspension (5) may be an
external design specifically for the STWprocess according to the

i nventionl. |t Amagiuaterassemtiy compriaingHDD act uat or (4) and suspensi on using

t he present 25 iguents s ki t | ' ' it Qb I n
t he ﬁet hod di scl géeﬁétugﬁév@?esll%bémhﬂ\éeée*éjfypl)vyﬁﬂgib Qté%eé(j:l d E%rpggﬂg%lﬁglq%d ign
the a¥t that numerdg3d/Wiei Beadnadiaeentoto mpdnagetis 61%3 ndgrage Sitke 16 the

i nvention as shown mBghéiic d8tasfBridd disk ey rRabblaaba\in 86 f thadiskr om
the spirit or scope of the Jnventhn i as@bro%cll ﬁtafsc” bed.. Bﬁai resent
enbodi ments are, t HEI%RCOPPNSING Fe PIUBIY; Yo PRRSTPRIGNY CPRIGING HalR Tracks
illustrative and nddituaést abautithe ax3; 4 JUL 2906 -14 5 10 15 CLAIMS 1 An

act uat or assenbl ST Yol far L A head
and for positi onﬁn%r%r%%%}@ﬁi?éfa}%g@néaﬁq é@%%&ﬁ%ﬂﬂgén&gﬁ@céhﬁ#fgﬂ
stora@e di sk, the Telajivettpdheidisk storage di sk being rotatable about an axis

of the di _Sk andnfé%mérfb$ipﬂﬁtjlﬁ:_ir|i§ Hﬁ?ﬁdtél)‘t Q@nﬁ%béi!&iécﬁbvﬁtﬁ tﬁ@’&%‘éé&irﬁeﬂata
tracks situated abo%3 the axis: neans ci<r det ect | nP di Sr[%l acgrrent of the
2 fl system, an

actuator in an axi 2 B Asiygterfor use in a disk flutter contro
means for moving the actuator in a radial direction based at least in part

on the output signal.
15
2. An actuator assembly according tc claim 1, wherein the actuator comprises
a head portion for holding a read/write head, the head portion being
supported via a suspension by an arm portion, and wherein the means for
detecting is positioned proximal to the suspension and detects axial
20 movement of the suspension.

3. An actuator assembly according to claim 2, wherein the actuator is formed
integrally with the suspension.

25 4. An actuator assembly according to claim 2, wherein the actuator is
mounted on the suspension.

5. An actuator assembly according to claim 2 wherein the means for detecting
is a strain sensor.
30
. 6. A magnetic disk drive system comprising:

a magnetic data storage disk rotatable about an axis of the disk and
comprising a plurality of substantially concentric data tracks situated
about the axis;

35 an actuator supporting a read/write head, for positioning the read/write
head adjacent to the data tracks of the magnetic data storage disk;




relative to the disk means for producing an output signal associaffely it IG5
the di spl acenent of the actuator for use in a disk flutter control system
and nmeans for noving the actuator in a radial direction based at |east in
part on the output signal. 2. An actuator assenbly according to claim1,
wherein the actuator conprises a headagortion for holding a read/wite
head, the head portion being supportet®via a suspension by an arm portion,
and wherein the neans for detecting is positioned proxinmal to the

suspensi on and detects axial 20 novenent of the suspension. 3. An actuator
assenbl y accor di ngans fot aleteingwdliepleicameing of che actuatos if anresdbl dirgeéignal |y

with the suspensio . t ol t MY

wherein the actuat 3‘?'3?'_234%ﬁ9§5’ #)ﬁ& ﬁ{eﬁ éég&g@ééngﬁﬁB%lgé@ﬁaI&%r%%%ﬁ%lég

assenbl y accor di ng tsai displagemesitei n the neans for detecting is a strain

sensor. 6. A maggeidnfrofls§itell fo\f%t%étﬁ%ﬁi%ﬁfﬂeﬂsaﬂiry%Qﬁﬁfgf‘ﬁbhﬂ fféthanat or age
1

di sk rotatabl e about .an axi s of d and  conprising a plurality of
substantial |y concéPicsignglplithg means éﬁé%d'n&gg?fthwgeré‘?ﬁ@ eReCtgpf

act uat or supporti ngigk fletest whdt e head, for positioning the read/ wite head

adj acent to the data tracks.of,. the netic data storagge disk: 0.4 L 2006
O heans for HBEDEPRECHIBRE AR 61 = Falal BrBatied al least oA
direction rel ativen thetdmmpkndatioarmdntrot signalduci ng an out put si gnal
corresponding to said displacenment, a control systemfor generating a
conpensatory control signal fromthe output signal of the neans_ for

det et i ng- f orA co@snetiactiskgdeye esysiewr asgiciximedutin eglainanf, wherein the

compensatory control signal is proportional in amplitude to the output signal
of the means for detecting, and is phase corrected relative to the output
signal of the means for detecting.

15 8. A magnetic disk drive system as claimed in claim 6, wherein the
compensatory control signals are passed to an actuator drive means in
order to counteract movement of the read/write head caused by the disk
flutter.

20 9. A magnetic disk drive system as claimed in claim 6, wherein the means for
detecting is positioned on the actuator.

10. A magnetic disk drive system according to claim 6, wherein the actuator
comprises a head portion for holding a read/write head, the head portion
25 being supported via a suspension by an arm portion, and wherein the
means for detecting is positioned proximal to the suspension and detects

axial movement of the suspension.

11. A magnetic disk drive system according to claim 10, wherein the actuator is
30 formed integrally with the suspension.

12. A magnetic disk drive system according to claim 10, wherein the actuator is
mounted on the suspension.

35 13. A magnetic disk drive system according to claim 10, wherein the means for
detecting is a strain sensor.




means for noving the actuator in a radial direction based at IeaguiumLpémﬁ
on the conpensation control signal. 10 7. A magnetic disk drive system as
claimed in claim®6, wherein the conpensatory control signal is
proportional in anplitude to the output signal of the means for detecting,
and is phase corrected relative to the output signal of the neans for
detecting. is 8. A magnetic disk drivel8ystemas clained in claimé®,
wherein the conpensatory control signals are passed to an actuator drive
means in order to counteract novenent of the read/wite head caused by the
disk flutter. 20 9. A magnetic disk drive systemas clained in claim®,

mmoneti o 1 sk skl g Ak SFelemy BECO Rl R e BAE o e Bl Gf
conpri ses a hdeum plag head pootiorhpasiasgoverteaduspénsiomead] whereiméwimesansi on 25
bei ng 5“"””‘?&8&1@0&?@%@% %Pp[h MR bbby, and wherein the neans

for detecting I's positTone | to the suspension and detects axi al
novenent of the suspension. 11. A magnetic disk drive systemaccording to

claim 10454%2&%29@&%&{&%@% Eygtenﬁacé&ﬂtrf@dtd abﬁﬂrﬁglwnérmhttpe_trh@ans fomrh _
suspensi on. magnet.i c S rive systemaccording to.claim erein
The’act uat or - etetipaituted Fotalie AH PedRpoor tad heliasr andldsfor Ve
syst em accor dimgvémeni ¢fi the toivewloetien.n t he means for detecting is a strain
sensor. O 4 JUL 2096 -16 14. A magnetic di sk drive systemaccording to
claim 10, wherein a data cable fromthe head portion passes over the

suspehsi dif. - ari magnedic Wiskdrivaeaysient as clddmedtin slpimP, pdrreindhedneansfori n t he
data cable. 5 7 ' ' i i s
Wherein the restecthesiEhics ih ttectlerifelof P ALRERAY UHAUSR of niverient. 1 of

0 1S situated pr '
the actuator, ke getuatqrdn Wg'éﬂ’fec@if)”trﬁ'é‘t'lﬂ? E@%ep@?k-i on.

17. A magnetic disk drive system as claimed in ¢laim 6, wherein the means for
15 detecting comprises an optical sensor mounted on a casing of the magnetic
disk drive, operable to optically detect movement of the actuator in an axial

direction.

18. A method of compensating for disk flutter in a hard disk drive system, the
20 method comprising the steps of:
rotating a magnetic data storage disk about an axis of the disk, the disk
having a plurality of substantially concentric data tracks situated
about the axis of the disk;
positioning a read/write head adjacent to the data tracks of the magnetic
25 data storage disk, the read/write head being supported by an
actuator;
detecting displacement of the actuator in an axial direction relative to
the disk;
generating a compensatory control signal from said detected
30 displacement, for compensating for effects of disk flutter, and
moving the actuator in a radial direction based at least in part on the
compensatory control signal.

19. The method of claim 18 wherein the step of detecting comprises directly
35 detecting axial displacement of the actuator.




10 16. A magnetic disk drive systemas clained in claim6, wherei § hifJ 7008
means for detecting conprises an accel eroneter for detecting vibration or
novenment of the actuator in an axial direction relative to the disk. 17. A
magneti c disk drive systemas clainmed in claim6, wherein the neans for is
detecting conprises an optical sensor nounted on a casing of the magnetic

di sk drive, operable to optically detetf-movenent of the actuator in an
axial direction. 18. A nethod of conpensating for disk flutter in a hard

di sk drive system the 20 nmethod conprising the steps of: rotating a
magnet i ¢ 2kt a Bieomaglodiot klaith ol wherainitbe step bbdeiesting thmpilisek indieadtlyg a

plurality of ! ; i t I axi s
of the disk; Eggééﬁ n?ﬁh{nggggﬁ&%ﬁfgtﬂ%é%j%%?gc nPbF%ﬁbﬁgnggggaéﬁgﬁgs of
the magnetic CEsNRRant whighigdn dnevable gemnapication with thejaetvates: supported by
an actuator; detecting displacenent of the actuator in an axial direction
relative to the disk; generating a conpensatory control signal fromsaid
detected 30 displacenent, for conpensating for effects of disk flutter,
and noving the actuator in a radial direction based at |east in part on the
conpensatory control signal. 19. The nethod of claim 18 wherein the step of
detecting conprises directly 35 detecting axial displacenent of the
actuator. 0 4 JUL 2006 -17 20. The nmethod of claim 18 wherein the step of
detecting conprises indirectly detecting axial displacenent of the
actuator, by detecting novenent of a conponent which is in novable

comuni cation with the actuator.




