;e3e&#t  "6"T&#WL4 May 2003 i METHOD AND APPARATUS FOR POSI TI ONI NG A

READ' WRI TE HEAD OF A HARD DI SK DRI VE 5 TECHNI CAL FI ELD OF THE | NVENTI ON

This invention relates in general to dual actuator systens f §bé'oning
_ . A MBY

one part relative to another and, nore particularly, to a ne

apparatus for positioning a read/wite head relative to a hard disk using a

voi ce coil notor and a m croactuator. 14 May 2003 2 BACKGROUND OF THE

| NVENTI ON A hard disk drive typically includes a rotating magnetic di sk and

a read/wite head supported adjacent one side of the disk for approxi mtely

radi al nmovenment relative 5 to the disk. Dat& on the disk is organized in

the formof a plurality of concentric tracks, each track bei ng subdivi ded

into a plurality of arcuate sectors that are circunferentially distributed

Each track also includes servo informti can_be read by t

read/wite head, 10 which MEEHEY fﬁ@s@ﬁ%ﬁqq |F(95I EPSTTLANING, Ay V\:hl ch al so

i ndi cates the extent to whi BEAD/WRITEQHEAD OB M ER@&D DISK DRIVEOt accurately

radially aligned with that track. The read/wite head is typically

supported on a no PRQLL . a n ator such as a voice coil 15

notor is provided f the support arm When the

support armis noved, Thies rinigmuicne redates héneganesahoveddinl aadtyaseri on

approxi mately radls?bwm@ffdﬂﬁ@oduakonﬁ@wﬂer phrsysbtEstive t@SRABSHe® drd,t he

servo information,pead fromdhe.disk Ry the readiyritaheadoiMeus  for
5 positioning a read/write head relative to a hard disk using
a voice coil motor and a microactuator.
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20 controlling the voice coil notor so as to position the support armin a
manner that radially aligns the read/ wite head with a selected track on
the disk. The capacity of hard disk drives is progressively %?ﬁ%Fgﬁh g, due
in part to a progressive increase in the 25 nunber of concen y ks
provi ded on a given hard disk. O course, the radial w dths of the tracks
decrease as the nunmber of tracks is increased. As a result, there has been
an increase in the precision and resol ution needed for controlling the
radi al position of the read/wite head in 3@ order to keep it aligned with
a particular track. A further consideration is that, as central processing

units becone progressivelg faster, there is an associated increase in the
need for hard dis . and access tines. 14 May 2003
3 One proposed approach flardacHigvi dgige eatygpricpidgi sineludad reesebudt iy

whil e reduci ng seglasadei @BERSahd ESaBYRLYES iR YaBpOft & Wagheakt UdLr to
novably support the read/wite h Mcroactugtors are

ead on the support ar
5 miniature actuat®df§ @ TSt §FEF ﬁﬂ’fi E?P?‘Pé?’mﬁtégf%ﬂﬁafiéﬁin PSRt FRORUE ng
seni conduct of f abrtiocihé ohistkechRatpueon thaddidk cis argasbred iitesheefermeaf t o

as mcroel ectromeghapgiaahl sttt &9 cMEMRItriA MeeheRS) UdLh | $raaRabbéi
effecting rapid ansqlb%gggcrléaéeiﬁrpélea{renfurglittheorfeaadé:vw i:ée hgad rel.ative 10 to
the support arm i'n a direction app‘ﬁom matel ¥ &g ar y BFCt e dtfl'&t Pt
within a rel ativeldlrsHREerentnfd 1ot digvehruted ThEarh deachi rlAat dpciudeshys
used to nove the sepporinfarimtborefwvhéch emabsergnsityi oné Ngef/vicheeresa Wi te

head) and tfg m CW&Ehuaitﬂncii§iH§e‘éhE0p%frft‘g‘é\fﬁléi ne iéxépo%hhi QJ}H% ofydde.
read/ wite head. The,servo informationre romtﬁg I sk the read/wite
head identifies 0H§lfﬁ%e%&§et PHTERT tonBhEeh i FEASAEEEES dieati 98 5 the

di sk. In a typi calnotapdcdratielyr redizliyt ehighedowttha tiatr brathuiat or, the
read/ yvri tef 20hhead i's i-hgecﬂeﬁdsgpp@tadaan e cgppporty agﬁpp@m d hgg tahe
position of the s a i_cect r t t Ition. !
read/wite head. Wg h%e.o%@eéro t-far'-’ll%,g ! .V\%%dn a? %cgggggfua corf%lssstapgg\ll%e%el

bet ween t hel3uppoMetaF midhdP¥eidedadimw P¥dehesal, effechi MoygPenat &F the
facilitates novenmasnppoft 2brmi hewheandher suppolre ashni dlsatmbved | aHeheesaduaitte ar m

Thus, know edge of; ]?gttegé | 5 o) f 4t LWh 465 s t he
servo i nformati Onhfégg‘; ??Pn]?t hgq’gdlvrseﬁ h & d ggcﬁf;&{jﬁ oﬁmﬁi angbélg%%ﬂ@
S

ovi t
regardi ng the act &4 © n dt cﬁ’férgﬁlp%‘?tte"hrlﬁ TEPARLITiI RGPS 795 s
been consi der ed ndedssmayien madpifeapnthe tdiskodit tbe Fedd/writeohead ofant he
read/ wite dead widoht2oIBNEPr thdavoltrd eddiiNafoddie fctaml cPopbsiibroftide

support arm eithey Pé!r«?ia{rﬁfk{;ya %%g.g&?%%'&%g&f% tl.éroglgé éh:[‘%ﬁs‘éQBQNrPJé“ or
by sensing the amoURt _of relative nmovenen e]’f cte %y e m croact uat or
bet ween t he suppoPFad with a selected track on the disk.
The capacity of hard disk drives is progressively
increasing, due in part to a progressive increase in the
25 number of concentric tracks provided on a given hard disk.
0Of course, the radial widths of the tracks decrease as the
number of tracks is increased. As a result, there has been
an increase in the precision and resolution needed for
controlling the radial position of the read/write head in
30 order to keep it aligned with a particular track. A
further consideration is that, as central processing units
become progressively faster, there 1is an associated
increase in the need for hard disk drives with faster seek
and access times.



14 May 2003 4 arm and read/wite head. However,the need to provide such a
sensor decreases the reliability of the system while increasing its costs.
In this regard, as storage capacity increases and the nunberagp &@?ﬁ

i ncreases, the actual 5 position of the support arm nust be & ed with
progressively increasing resolution and precision, which in turn invol ves

i ncreased coat and conplexity for the sensor and associated circuitry that
are provided to detect the actual position of the support arm
Consequently, while 10 existing hard di sk dsives which use m croactuators
have been generally adequate for their intended purposes, they have not
been satisfactory in all respects) due in part to the need to provide a
sensor and suppl enent #%F EFPERFYF fPPrO‘?Lgfhl\g%F 25d3e5ing ausREeOP R sion

| NVENTI ON From t henBioregailng iont wigylde rappetd atsedkt hatd a aceeds hasings sen

for a method and aapé\f@suméous&%rOlnLeP&a&Lgt&%& estde&}a%ysgﬁgng&emeﬁa j ust

'a si ngI e source of Q%?I tion information. Accord % ne as
or

i nvention, there FEPIG/ited 2Lt e af‘b‘;?&f’ﬁu?r %ﬁf"??ﬁ Y4t9rs &fStem
whi ch includes a fiinsatwes tactaapoyeadt enaberiger whach imayt bectfabhtrbratadporti ng

a second part on Tshhé’@-nbﬂénf@r sa@ymmfctbel &Talb\ﬂc&@lérheté@ﬂ’ﬂmfues@nQr@
second act uat or oe,%raf;1 ect no irst ,and

second actuators each ef ecﬁometlmefa’f?%//eerrr%%vé:r?eﬁtg m%cf%ti%dtfg?e%}?lacfl seclond
parts, wherein saPySEemd rﬂfE@épar & Ficronprvatar i fqarebleont ref feririmgon
havi ng an i nput weapid repdeayesrate imdyaitenti ghathd kahdppeidd head ard Bitgtte

posi t1on of1d e SEEOPs PALIpdiR! arhieyt O (d¥rddiSh RBFFoxsiRktfl £aiyhay ol

portion being operg rve tq actuat or
causing the first Sactdft ofh?]& rer‘E t%h%écoandrﬁé?’fl‘f%r gme e Fapget of
position with respevement { heTHe nsticgarcbil andter sier diitisc gred oto purts drhe

haVIt ngI an | ?put ggup&&@ EQmEE@ éﬂtfe%tt ?55’{@4 Cﬁosq%mhg %?Q&L: ré?dﬂsziQ(‘eondl

conL oL POrLTon DRaRE, CRRET LA L SR Berechnd b o ggnLicle e

second par t1%oves PPeiteninge of af R tresedvriibn bﬁ%‘h respect to the first

part; wherein said appeieat gexvs fin€erwdtiorcepead ffabmsata ngisk pbgi tihen of
sai d nenber, read/write head identifies only the position of the
read/write head relative to the disk. 1In a typical hard
disk drive system without a microactuator, the read/write

20 head is fixedly supported on the support arm, and thus the
position of the support arm is directly related to the
position of the read/write head. On the other hand, when
a microactuator is provided between the support arm and the
read/write head, the microactuator facilitates movement of

25 the read/write head relative to the support arm. Thus,
knowledge of the actual position of the read/write head
based on the servo information read from the disk provides
no information at all regarding the actual position of the
support arm.

30 Accordingly, it has been considered necessary to
supplement the position information from the read/write
head with a sensor that determines the actual position of
the support arm, either by directly sensing the position of
the sgsupport arm, or by sensing the amount of relative

a5 movement effected by the microactuator between the support



14 May 2003 5a the first actuator is a mcroactuator which has an initial
state in which the second part is in a predeterm ned position with respect
to the nmenber; wherein the mcroactuator is operative to nove h@e cond
part away fromthe predeterm ned position in either of first 14 agé d
directions which are opposite in response to the first actuator control
signal respectively having positive and negative polarities; and wherein
the m croactuator includes a resilient arrangenent responsive to novenent
of the second part away fromthe predeterm ngd position in either of the
first and second directions for urging novenent of the second part toward
t he predeterm ned gosi ti.on force with which the resilient arrangenent
urges the second part @&Aﬁ?%&“ﬁétﬁrk&f@t'erﬁ?wrpo@%imdi fer pesesiasuah
di stance of the se®of€nfrir tddqumasehe theedel fabl Nty PSS tHONsySHEEASAT 1e

According to a furihefeaaspgcitPlokps. i Wr?rttﬂignfe@?&,f al'tsfs s%?%%edfcdaé%cgi@k
0 rotati on abou S,

T odrive apparatus, ¢ i.slng: sk_s orte )

‘and havi ng thereonPgarn%Ssﬁgt Fggsgb? a%‘é“,t'ip% i eRCckEp ABFF RS Or they evvsnal
relative to Said dRPULLIRR aof usber surpcirti saupematstyebd o detéeaine®Veaent of
sai d menber; a ni qroREEEatelyDEAYiERAngNr SRHIGTBADSE pReb s iergcneilg

er,

supported by said ¢1,6f I ement relative to sald e

wher ei n nmovenent O@ﬁa??%sg#n 95%%3?&(; “SEfuat rc%r%ﬁﬁeé‘éﬁﬁng%rt'ﬁ‘enﬁ\?éﬁ@ﬁt of
said read/wite hée aacﬁsé’(?éﬁ{:e?ocg?ﬂi“itﬁyatéiaFeéFFoﬂra‘pﬁaﬂec@(iumtdeltyctadhal |y
of said surface ofadtaiad diosktiemdofihgreeisupporenaein. of consstadAW iWhe1 bead
by said ~ 14oMyy 200%3hghhakaaeli Rt QL160L " GRDANISsd Om{@%/oenc?:r&%toﬁ' SR50
read/ wite head acge%%e% E?affd 'd{] a_direction approxina ealy Padr al of
said surface of sald drsk:-a podlTBAtGet et raririrpde RUmRses: i theyo
generate a positi ditv&i BefalPeeappatisfiantiory oh allosispiecnspfdsaiih pagd/ ¥site
head relative to sl niakrospish imepar BkHSobeug dpBeeRln MInAId12RGFERD! | o
sensing an actual position of said nenber; and a control system respohsive
to the position signal, and responsive to an input signal specifying a
target position of said read/wite head relative to said disk, said control
system bei ng operative to control said actuator and said m croactuator so
as to position said read/wite head at the target position with respect to
sai d di sk,



wherein said mcroactuator effects relative novenent of said read/wite
head and said disk at a speed which is substantially faster than a speed at
whi ch said actuator effects relative novement of said read/wwiﬁq?fgﬁﬁ and
said disk. According to a further aspect of the invention, t H4 MY,

provided a nmethod for controlling a systemwhich includes a first part, a
novabl e nmenber, a first actuator supporting a second part on the nenber for
novenent relative to the nmenber, and a second actuator operative to effect
novenent of the nenber, the first and second actuators each effecting

rel ati ve novenent of the first and secdnd parts, conprising the steps of:
receiving an input signal that specifies a target position of the second

part relative to the first part:; 14 May 2003 5c generating a first

act uat or céﬂﬂﬂﬁﬁlsﬂ%ﬁgﬂLégyggiﬂﬂktion of the input signal and without
sensing an actual p@gbhi @Re OFotdgoitRIDER, ddie dd radpractivakar te@nt sol si gnal
causing the first actyator .to nove the second part toward the har et

bosi i on i PRET Mo 1860 RGET fr SEERRH (30 RPPGEAGES Py SPieOdmAPdct uat or
control sigaaldwas aatuasteon sgbtbhe withst jast uad orsigger osowig@nabfand

wi t hout sensing an actual position of the nenber, the second actuator
control sigh&f inén?ﬁ§g§€66hd actuator to nove the nenber in a manner
so that the second part noves toward the target position with respect to
the first part. 1# May . 2003 6 BRI EF DESQ?%P | ON OF THE DRAW NGS A nore
conpl et e under st and ﬁﬁo%(fl”t%etoploé‘?eﬁlsp?ﬁ?/e i GIF WFPBECR eati®fEd 1y om t he

det ai | ed depesvipidddra wonehol cdprmsstubaken contomljlingt bogystdm whieh

acconpanyingng&&HéEMan%ﬁisknpg@kFhé moveable member, a first actuator
supporting a second part on the member for movement
relative to the member, and a second actuator operative to
effect movement of the member, the first and second
actuators each effecting relative movement of the first and
second parts, wherein said control apparatus comprises:

a first control portion having an input which
receives an input signal that specifies a target position
of the second part relative to the first part, said first
control portion being operative to output a first actuator
control signal for causing the first actuator to move the
second part toward the target position with respect to the
first part:; and

a second control portion having an input coupled
to the first actuator control signal, said second control
portion being operative to output a second actuator control
signal to cause the second actuator to move the member in a
manner so that the second part moves toward the target
position with respect to the first part;

wherein said apparatus is free of a sensor for

sensing a position of said member,



FIGURE 1 is a block diagramof a hard disk drive system which enbodies the
present invention; FIGURE 2 is a diagrammatic perspective view of a

m croactuator which is a conponent of the hard disk drive 10 te f
FIGURE 1; FIGURES 3 and 4 are graphs show ng operati onal chaﬂgiiﬁﬁ ics of
the hard disk drive systemof FIGURE 1; FIGURE 5 is a block diagram of the
hard di sk drive systemof FIGURE 1) showing in nore detail a control system
15 which is part of the hard disk driwy system FlIGURES 6A and 6B, which
are collectively referred to hereinafter as FIGURE 6, are respective
portions of a block diagramshowing in detail the control system of FIGURE

5; and 20 FI GURE 7 igearblaclkycthagbam ofa afi Alohetnatdy anrardpotiagenth of a
m croactuat or,  spring effect, block that is a conponent of the control system

of FI GURE 61Pitigd \p§taf03 ¥ DETRIYED BESCREAMEN GREFHE YNVENTI ON FI GURE 1
is a di agr apF@ddte iiawdoboai firdrd Wlitsk rdispyet Syst eme lhentiGh wvarbedhes

the-present invention. Figure 1 depic¢ts only the portions of the system 10

whi ch are 5CPeMiFHEACTEA N ﬁ%dﬁ?@?ﬁhﬁ?r&f(ﬁgW?h§hgr§§%9HdiH?ﬁ§nFW8ﬁ. The

ZySL/ehm 18 [ ﬂﬁcbztrx:geaea pjjeﬁlefthgﬁﬂn@csslparbhlyio]rz, ifﬁndai&hégntdﬂél fi‘.i:sfflﬁ:Jiahd(Jj.B. kThe
IS ead asse y .12 includes .a plurality aof spaced an ar a i sks 16,

Which are cSSFH Xetrs OGS TR e ion PRI Sott 72 e S 0] il £197 and 1 he

di sks 16 togetdreradafdtee aoatack dBgnalherespierdiecly kaeidgheodiitksel6

thereon are_r tatablx driv%P by.a not-i IuEtratedtﬁgindle mot.or The di sks
16 each hav®on HEEHEF dL 1 HéF&8F 7 a n¥PFESHhatPRg, Mk A EiREPEs

i nf or mat i onindhelekb strarsdd ient oaAPdngemean easpoms e dfo emslemdhskofs

or gani zed i@hthe form of g pIurak§t qj concqgg;ic.trgckss.mhich.are not

i |1 ustrat ed " EalRCPPACKEFE BY8Ferd 5 o8 PP nteEd 879 aPREAEEng®

ci rcunf erentitehdry difst thduticdssechnd s.selcaol seinteartiohseatdr t naglingi ncl udes
servo infor ion, The s 0 20 . info io r ovi posi ti.on. i rmation
so that a rlggédél%rq‘ltt e%%eagﬁ%/mygebce(m%ro%g?fy %%‘";s)alrt%l o%gg rg’?%(%%t\/e%rntlggghe
particul ar peaicikiam the particul ar di sk 16.

a force with which the resilient arrangement urges
the second part toward the predetermined position increases
as a distance of the second part from the predetermined

position increases.

According to a further aspect of the invention,
there is provided a disk drive apparatus, comprising:

a disk supported for rotation about an axis, and
having thereon a magnetic surface;

a member supported for movement relative to said
disk;

an actuator which is operative to effect movement
of said member:;

a microactuator provided on said member;

a read/write head supported by said microactuator
for movement relative to said member, wherein movement of
said member by said actuator corresponds to movement of
said read/write head adjacent to and in a direction
approximately radially of said surface of said disk, and

wherein movement of said read/write head by said



The di sk/ head assenbly 12 further includes an actuator which is a voice
coil nmotor (VCM 21, and includes a 25 plurality of support arns 22. The
support arns 22 are pivotally supported on a stationary axleagiﬂtgg%@is
parallel to the spindle 17. The voice coil nmotor 21 urges si

pi votal novement of the arms 22 about the axle 23. Each of the arns 22 has
at the end thereof renote from30 the axle 23 a m croactuator, one of which
is shown at 26. The mcroactuator 26 is described in nore detail later.
Each m croactuator supports a respective read/ wite head, one such
read/write head being shown at 27. EaéR read/wite head is disposed

adj acent a respective 35 side of a respective disk 16 of the stack 18. Wen
t he 14 May 2003 s voice coil nmotor 21 pivots the axle 23 and all of the
support ar feCI23CtYRF P a@P T IOTABadY 2B 008  Sadfpr BsAdETéry radial |y
Wi th respeciedd ddiacadt agenhndi sk §-6dif‘eéﬁ%rﬁta?)%&o;&maiélﬁdﬂdd—ﬂa@@y each

m croactuator 26 can 5 effect a small anopunt novenent of the read/wite
head 27 t hetestifeparfareato sehd &s¥%ci ated support arm22, in a direction

whi ch causes the read/ pbii€i dicadieZéct OndOVE @YX h Bt Shyrdtadieal k¥ W th
respect to the adjacent disk 16 in the stack 18. Each read/w.ite head 27
can read deASReEEtEr BrPEFLIFTR S 1B *SPERECREI LIS WiRWETEoRaRd can read

the servo igdiar r}e&etaldanrif@nhé&w 1138, thn sgenenakk, j 88id ofgpdreadswite
head 27 is active to rje::a or wite |nfgrmat|on at _an ?leen Qi nt in tine.
Servo i nf or?feti% i FFEalT f $H AT AFHISRSRE v° & TEdPwAt 8° 13#°Ps

suppl i ed atoBlads memisewed egaservo information signal to a servo channel
circuit 32, whichis a gaéﬁ%ff the control circuit,_13. The seryq channel

circuit 32 processe§ tfé" ogs%setre\% iN¥FBPRETYon & gndlte sP U %8 gener at e
an anal og ps:zs;rtalon adnaksposiote i sosumppl imﬁhtat s33n@0 tspeahfying a

anal og-t o- converter rc onverter circuit 34
converts thg aq:egrél égosﬁgéopl s%aglﬁal e§§P/|tw i ed|h§| ?alreg gf’Y?oﬁ Si ﬁngl and
supplies i td:aik BEsatml xothitgbl alsystgmabe prgcessmati(ieSR)o 3tantkoé IBSE’dBG IS
operatlvely edtoarrermr 38, which stores PLOgram. 25 ructions
and data fot° OISSFW?B Saﬁ‘ﬁd Béﬁrg%CF%%te?rveégat s41Jéa élogsﬂ%a nsF&%QI

i dentifyi ngr@cd@rsutedh@ad tetr gite tthagkt positnicot Wéthwoesiseet ttroacleidn one of
the disks 16 gggth whi ch the associated read/wite head 27 is to be radially
al i gned. The désired or target track signal 41 30 may originate froma

| ocati on external t®heheimar daddsk my¢noactypstem 1GLfegtsexarpladiffeom a

conput er t gy Wurelhet B¢ @% d Qbﬁlﬁ/&'ﬂé’ee RO &fRdl G di% QRgkationaldpkegoupl ed.
The DSP 36 outputs at Ital voice coll notor control signal, which

i s recei ved'ilAcha gi’%%ﬁtatl‘élaghl/oéa%e{ DERpgn canv@eedr agi midich #7idThe D/ A
circuit 47 cONMRLES effects relative movement of said read/write head

and said disk.

According to a further aspect of the invention,
there is provided a method for controlling a system which
includes a first part, a movable member, a first actuator
supporting a second part on the member for movement relative
to the member, and a second actuator operative to effect
movement of the member, the first and second actuators each
effecting relative movement of the first and second parts,
comprising the steps of:

receiving an input signal that specifies a target

position of the second part relative to the first part;



14 May 2003 9 the digital signal 46 to an anal og signal, which is supplied
at 48 to a voice coil notor power anplifier 51, which anplifies the analog
voice coil motor control signal. The anplified signal fron1tq§£?u %v

the anplifier 51 is 5 supplied at 52 to the voice coil notor yéﬁ? oi ce
coil nmotor 21 is responsive to the signal 52 to urge pivotal novenent of
the arns 22 about axle 23. The DSP 36 outputs at 56 a digital m croactuator
control signal, which is received by acfurther 10 digital-to-analog (D A)
converter circuit 57. The D/ A converter circuit 57 converts the digital

m croactuator control signal 56 to an anal og signal, which is supplied at
58 to a nlcroactuatggngpygﬁmgnplEgkgf ggtuggﬁraegﬁggbp1g{€@§tu§§or contro
signal is anplified by the fier 61, and then su ed to each of
the m croadtigtérs 28, t%% %WRW&1%ﬂQﬂ@#aﬁﬁétMéébeta§e¥§ﬁnwu%quﬁﬂﬂ¥a@he D A

converter gokgdibnSérantet hemBEB] i Lher £8is€0RLERA AL e e diGgact uators
in the disclosed enbodi nent, it will be recogni zed that it woul'd be

gossi bl e 263481p8 oblBle FATSRpAFRIAETY AT IR t e aFRFUIIRFGtert P deach

M croact uatede, t88géthosike PSPl reepdrcont i fAik@tmpsrOaddeat ors
i ndividually. The m croactuator 26 wi|l be briefly described in order to

facilitate a better IGREEF SHhd? ndEEINY MREPIESENICORELPhy §AFNBH. 2Fhé

m croact uatmhcboh Sod %HBI Ifidetuatetia®fr NBERErd1absifatiechid widHoe@n for the
pur pose of nDV|ng a load through a small range of travel. FIGURE 2 is a
p

di agr ammat i*€"fef i FEVRew BPSHHE M Bf 0abhRiatBibss: THRS mik&ERE uat or 26

i ncl udes aataaaat@ﬁr&mmro?il signdlacaeshey tHe Gecphat hetwavck Wy eldvies capabl e
of a Iinittg t of nmovenent relaﬁlve to the base portion 71, in
directions ﬁrgF BT th B3RS WS 07 302 T hE % $5°5RE BAF briovehdL a5 ng
portions 7&handardet Wisdltianewiltls pespdcantopfrosiftiessi gest of the platform 72
and whi ch urge novenent of the platform 72 35 toward a central or

equi libriumposition. In the 14 May 2003 to equilibrium position, the
spring portions 76 and 77 do not exert any forces on the platform72. I|f
the platform 72 noves away fromthe equilibriumposition. in one direction
parallel to arrows 73, two spring portions 76 are



5 resiliently conpressed and the two spring portions 77 are resiliently
expanded, whereas if the platform72 is noved away fromthe equilibrium
position in the opposite direction, the two spring portions p;Mg ap63
resiliently conpressed and the two spring portions 76 are reS|I|entIy 10
expanded. The m croactuator 26 further includes two permanent nmagnets 78
and 79, which axe fixedly nounted on the base portion 71 on opposite sides
of the platform 72. The magnets 78 and 79 are oriented to have inverse

pol arities. 15 Al though permanent magnets 7& and 79 are used in the

di scl osed enbodi nent, it wlll be recogni zed that small coils could
alternatively be used to generate eIectronagnetlc fields. Acoil 80 is

fixedly nount ed orRRIE RRAWGNGEsi t e sides- of the coil are

20 di sposed beneath thﬁrﬁ@ﬂi‘%&pf&@ﬂﬁdgﬂsta%i‘lgaoﬁLtrHeeBi'eééhdJQMQtl@ﬁOUgh
the coil 80, a smal Illelgctro gng& G5 f| eI dggne{aée%egcn%{&%s M}?ch

platform72 to move away fr om| sew brlum 0 irTecti
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25 oriented ®ith idraeiagspolmrnitiicRs, and since-the portions of the coil 80

adj acent the magnets haygug@speqtl ‘ée BYJke i QS i £hpaxe QPQQSBE‘i‘vet he
platformw || be ur ed In t%h ma |r§}t|on I'n_the regi on of both nagnets
78 and 79. The fort@t8%eVRE cﬁ‘f%f’ &P H% SAFS9BC Y fée to the 30 coil
current is a positioni RGGPREcE, isndandiegratnmayilcatpersper2ivgaiview tdfe a

urging of the sprifidreattiL1206r #“hidRdid7a ééh;i’ﬂri‘ern@a%ffu&h@rha?ﬁi dik& dirg$tance

which the p tform? romthe cequilibriumposition is
di recti onal #@ pro a’tﬂt angf ’flaél‘\[{i%e fragni tude of the current 35 supplied to

the coil 80. Because oFIFHRESH | a§ﬂze4 ofarghegraghe V@hopdng loperational
m croactuator 26, chagatterivtikks 6ANgR Ghrdodeske drisfe tgbet@rhasﬂ‘ FTOURE 1;

relative to base porti QEG&%E éihﬁssé’eﬁ Jﬂt&‘laqﬂa%h deh& Y ?i{?fr '&}‘%Zﬁ ﬁ'ilﬂvémVe
relative to the base 11s s Iantl ster than t speed wit
whi ch the 5 voi ce ¥6f ‘“n‘?)é GrECTRE (g 16‘aﬂ°%?\i7gﬁtat"ﬁre 2T ré g‘ﬁ'ée'Base

portion 71 &% the whlchoaetmu)rofzehesha‘nd(@dlsy detve esvatema support arm 22,
W th andori entation SOFt@@mzslt lfm dﬁdesrzlsti gﬂltﬁdéﬁéitdﬁillé&&t&i’réw\ﬁreﬁﬂr&d to "
oriented approxi ngf al_ly r
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The associ at ed readl w orte rm72.
Thus, the read/\/vrlqlégﬁéﬁdséq"”r%g ﬂﬁ‘vé&taﬂa %‘3@ rFé—‘t"’é'-Ir?lr EYBEST 3PfofFItGH§E i
adj acent di sk 16 iamdresponse to pivotal novenent of the arns 22, or in

response tosgovenent OPIEQQEa%soql at £d actat gg_agi_gtﬁfq;fm 4R 'J‘J.t-_tef}%al?ve

direction of arrows 73 rin ortirons 76 and /7 re
Toverent of the pISTEPGLAFRS She THETPRSEFIFTY CHADE 2520 APt Hm
the center or equid icompaneposif ithe, contrall syspeoveleF EiRFobt and al i gnnent
for the read/wite head 27. In the disclosed enbodi nent, the range 20 of
novenent of the platform72 in either direction away fromits equilibrium
position relative to the base portion 71 corresponds to novenent of the
associ ated read/ wite head 27 by approximately four or five tracks in
either direction away froma track with which the read/ wite head



25 is currently aligned., Wthin this range of novenent, the m croactuator
26 can effect novenent of the platform 72 relative to base portion 71 nuch
faster than the voice coil notor 21 can effect an equal amoupi y%§265 yenent
of the read/wite head 27 by pivoting the arnms 22. According, primry
control for positioning the read/wite head 27 is directed to the

m croactuator 26, and secondary control is directed to the voice coil notor
21. In general, this nmeans that a necessary positioning novenent of the
read/wite head is first effected by using 35 the mcroactuator 26 to nove
the read/wite head 27 toward 14 May 2003 12 the new position, while
directing the voice coil nDtor 21 to nove the arns 22 until the platform 72
of the m croact uakBrae MEOLE LIRNr i um position with the

read/wite head 27 a|IENBﬂiEWUthsaarﬁiﬁgﬁam&KtlEOWLé%(Efaﬁphﬁrdliléﬁ“ﬂrlve
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\évith that 15 traclspaaé@nanahq:a&hhneﬂ dﬂ??}t%d p:5 pivﬂﬂétedaﬁéi gﬁhhy ﬁ’hﬂteldﬁﬁr
ecreasi ng the cur 0 e | e
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pl at f orm 72 novestPgether fQafiinepai E’Fﬁ%sllsu ofthe pgpinbiehar é%‘én‘iﬂ% digks
essentially the sase Hereppr ceaeh wotdthils, udeivehebg tdienveatll lwdtratedad 27
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away fromthe cur i n other wor ran verrent
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platform 72 relat 've 1 trak
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partlcular track on the particular disk 16.
The disk/head assembly 12 further includes an actuator
which is a voice coil motor (VCM) 21, and includes a

¥an]
SN

25 plurality of support arms 22. The support arms 22 are
pivotally supported on a stationary axle 23 that is
parallel to the spindle 17. The voice coil motor 21 urges
simultaneous pivotal movement of the arms 22 about the axle
23. Each of the arms 22 has at the end thereof remote from

30 the axle 23 a microactuator, one of which is shown at 26.
The microactuator 26 is described in more detail later.
Each microactuator supports a respective read/write head,
one such read/write head being shown at 27.

Each read/write head is disposed adjacent a respective

35 side of a respective disk 16 of the stack 18. When the



13 tracks and before the read/wite head reached the target track. Further
novenment of the read/wite head 27 toward ' the target track would then be
ef fected through pivotal novenment of the arns 22 by the voi cel4&blay 2603 or
21. Wien 5 the read/wite head 27 reached the target track, the current

t hrough the coil 80 would be progressively decreased as the arnms 22 sl owed
to a stop, until the platform 72 reached its equilibriumposition with the
arnms 22 positioned so that the read/wite head 27 was in radial 1.0
alignnment with the target track. In this particular type of situation, a
systemwi thout a mrcroactuator may linmt he speed of pivotal novenent of
the arnms 22 in order to avoid or mnim ze overshoot of the arns past their

target position .BEGaUag;gxGeRsl 6, 13, 9XEL SEROL 20d bRCapgsHnt! 0g negd for

a corrective return novemsnt er’s i'ie “than si mpl y
novi ng the arns &MPROFBHWETMFe| 88i t \EheOnredd/ "Gftlﬁér a#de  t27r oB@eh t tReve
provision of theappesdmatedy aradi]ly hdtar s8spbtecan tiee pidjatedt adisk hisgher

rate of speed thap Eﬂe sésvaz &g 20 py gﬁayal&m%&@%ﬁ%gemm

allowed to over sh%? helr target EOSI tion so ng e overshoot 1s |ess
t han four fivEESSTiRs smpht ﬁ'ﬂPPP REafovepent, of %‘i‘:i/%aidt/&rh%%d‘ef‘ﬁl§
W thin four or fithereomckalafiveheot &hgemsspatksed hmuppoctoactuaRer iR6 acan

keep the read/ w igigebefsh 2%niéh 2§a@éésgnaﬁ@t r%aMﬂ% tRELLL 24 7 @K ¥iel € the

arns 22 are carrying out . the over oot sar correc return.
More speci fical | é %mt"ﬁ&ep ? dr%percé:a 'gh Ip5PRet }ﬁ\j%clﬁ

this situation, thetbarstackthd ougE“PQMere@@l/Ue‘llFeSDem 2Thecan clrQ?aJctdmor 26
woul d be dBET eas@doh o @rtasddtie tar Bhe 22 dErMadei0aidIeives ! angetadasidd on,

dth ld b d.wit d ty. th
arms 22 over snot her P aEo-kacl] SRR e ik LG8 B oBRLAR, MR G

I O
in alignment witRBEhergas Q’gtltSS lieraélckﬁTh{e? eé‘f“c é?’e t'Ffé &3 &r sef ﬁtﬁ’érel ty
current woul d be infdvmavhon?@03adyl givegr pesntvelny tdeer.eased to zero during

the corrective returngdived blﬁf@fnm‘u%a +&ad Neidm hanosk :w)%lyt hOBeaa}wztﬁt% ar s
22 carrled]f%ut a gggl £7a unLt1 qﬁ a nF g OSCi Ilagl rl)ar%un 1 ?II’ ttaircglet
posi tion, e polh rrt S t AP d e tﬁ?oﬁ h ¥HEL S VB0 BT
m croact uat or mi gﬁﬂnﬁlvs EPah geer e rbranel | akecuit GRdewhieh kb thart of
read/ wite head 2Rei roatevlaicdrathignuent WhHeh $dwdrd adlgainelr agkectdei 3@ t he
oscill ation. processes the analog servo information signal so as to
generate an analog position signal, which is supplied at 33
20 to an analog-to-digital (A/D) converter circuit 34. The
A/D converter circuit 34 converts the analog position
signal 33 to a digital position signal, and supplies it at
35 to a digital signal processor (DSP) 36. The DSP 36 is
operatively coupled to a memory 38, which stores program
25 instructions and data for the DSP 36. The DSP 36 receives
at 41 a digital signal identifying a desired or target
track, or in other words a track on one of the disks 16
with which the associated read/write head 27 is to be
radially aligned. The desired or target track signal 41
30 may originate from a location external to the hard disk
drive system 10, for example from a computer to which the
hard disk drive system 10 is operationally coupled.
The DSP 36 outputs at 46 a digital voice coil motor
control signal, which is received by a digital-to-analog
35 (D/A) converter circuit 47. The D/A circuit 47 converts



FIGURE 3 is a graph showi ng a situation where the 10 read/wite head 27 is
noved to a new track which is only two tracks away fromthe current track,
where the vertical axis represents tracks and the horizontal HxMey 2003
represents tinme. More specifically, the displacenent of the m croactuator
platform72 is shown at 86. It will be noted 15 that there is an initial
spi ke at 87 representing an initial displacenent of the m croactuator
platformthat effects rapid novenent of the read/wite head by a distance
of approximately 1.7S tracks, which is nost of the twotrack di spl acenent
required for the read/wite head to 20 reach its new position. The novenent
of the outer end of the support arm22 is indicated at 88. By the tine the

m cr oact uat of 26¢Aas qTeMed1t hgn@dd/ad | 6 MeACahdrQUOBidndl ST aRGE, Of 51, 75
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the read/ wite hehiclpanpdif §lhm ylalioge vaise oAl smears eanbyol rdgnal .
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of
96, and incl udes™ ﬁr??'ﬁ'i“}aﬁlorg Eé 972% hdt" &P e %ﬂ%\a Pit‘ he
read/wite head é?tQQHQ@ueheaD Somyeshentcigicuiity 87 1804 rté‘ekém?bi/feired‘ fhe new
track. Since thecoatwysi ofayiovefienthef nitwoakcetnaesidiatior phat fdigvloseli mted

to about five t rgﬁgédd.%y;:t hgg \ieg@qtecg%ng%@d Leag/ |v;oglgegg2%] #&g@r d the

new track is effecte pi vot nove he sucE) port ,arm

movenent o° t he FRRFWAL eah%%i?frffel 8 QW?‘W&’@GH\H AP LA LBF L EAFR of
t he m croact uat omigterdtoatmoand sde thappditie ab&P ald tdbuwkl t kentwle tdd

representing thigi dRYEIRArs 8ndtiRb1pe curves 96 and 98. After the
initial spike at 97, the current throu t_h i res
e %I}%atvi‘lglrlm%f? §Pleﬁ\¥p cfp %crl%g oward its

reduced, so that the Mer DA ORATBIR-95
equi | i bri um posi PFGﬁra%Ot#ﬂ?iéGﬁﬁBPtaalP?ﬁt?Z‘ Npdesstandtieghof hehe tesenge
tracks of 5 ten-tneekidirspl atiemanicrodstieosuppois ar am reaniaesri b

target positi On’mBE'@r %%P&%&%ﬁt Qh RigLEQE M2 Eﬁé‘cﬁ'\%dsfes d2duWdviiRG lum
position at 103. 1 ge ﬁ he su rt armBg)rﬁZ overs OO%fo%:S:, targ1
position at 101, *8A9 & §°H?'Er8a orrange 513vEd - af t S0*3s%t o
di spl ace the pl atifagranratia pexdipeetiveoviewppbditeeni¢xoantiugkanl 26i sFhacenent
and by an amount mg&fbd&d fitor! @6CORPRNEY & baket PEronRr FAQ0An@fa trbeRpPPOr t
arm 22. 30 or platform 72 which is capable of a limited amount of
movement relative to the base portion 71, in directions
parallel to the arrows 73. The microactuator 26 has spring
portions 76 and 77, which are disposed on opposite sides of
the platform 72 and which urge movement of the platform 72
35 toward a central or equilibrium position. In the



14 May 2003 16 As evident fromFI GURE 4, the corrective novenent of the
support arm 22 does not bring the support arm 22 back to its target
position until nore than 0.01 seconds have el apsed fromthe stéMay@f03
novenent. Nevert hel ess, because 5 of the provision of the m croactuator,
the read/wite head reaches its target position in approximately 0.0006
seconds after the start of novenent, and is thereafter nmaintained in
accurate alignnent with the target track through appropriate control of the
m croactuator so as to 10 conpensate fox the overshoot of the support arm
22. Wth reference to FIGURE 2, it will be1Qecognized that, if the support
arm 22 and the m croactuator base portion 71 thereon are noved, the inertia

of the platform Zduanithrieadpd¥sididn)ette OfbrtihRy PLaLiOHN W lhdt 89dad hdir ge 15
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coils could alternatively be used to generate

electromagnetic fields. A coil 80 is fixedly mounted on

the platform 72, so that opposite sides of the coil are

20 disposed beneath the magnets 78 and 79. When a current is

passed through the coil 80, a small electromagnetic field

is generated and urges the platform 72 to move away from

its equilibrium position in a direction determined by the

polarity of the current. Since the magnets 78 and 79 are

25 oriented with inverse polarities, and since the portions of

the coil 80 adjacent the magnets have respective current

flows which are opposite, the platform will be urged in the

same direction in the region of both magnets 78 and 79.

The force exerted on the platform 72 in response to the

30 coil current is a positioning force, and moves the platform
72 against the urging of the spring portions 76 and 77.

In microactuator 26, the distance which the platform

72 moves away from the :equilibrium position is

directionally proportional to the magnitude of the current

35 supplied to the coil 80. Because of the small size of the



5 di splacenent of the platform 72 corresponds to the polarity and magnitude
of the mcroactuator current. FIGQURE 5 includes a block diagramof a
control system 106 which is inplemented in the DSP 36 of FI GUREMay2R0%r der
to effect appropriate control of the m croactuator 10 26 and the voice coi
notor 21. Conponents in FIGURE 5 which also appear in FIGURE 1 are
designated in FIGURE 5 with the sane reference nunerals as in FIGURE 1. The
novenent of the support arns 22 by the voice coil nmotor 21 is shown

di agrammatically at 109 in FIGURE 5. The forces which the spring
portions 76 and 77 can exert on the read/w'ite head 27 are shown
diagrammatically at 111 and 112, and the positioning forces exerted on the
read/ wite head milcidadtRaBOASES | Oardl NEHY @aﬁuma&@ﬁg@%f afdveneneuel €akl 80
are shown di agrgf%ﬂ G 1% 3lay %J.Ye 20, TQ%&ﬁ&E Yo yﬁte@‘h@% LaFLPHRE 5
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control |oop 122to |msvesmat afi bhe masosighead 4(2!813uom'rrpﬂhefmr‘t&adw&her

\mnt L ol Iggp 121gifectybR! &€ ah%hbevfn cr-lq@crsgﬂﬁg é‘&'ttibﬁts Y &cdmd e nde3,
ich in turn ou NQ C C op
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ef fect adj Lést rrent bl ock 124 15 is rjﬁggnsw to si and 137 from

the nicrod®t uat Pt cBAYFHRY PRB §%| tB ng‘ e% ’o’?e &3 oop
122, respectivel Q:OHTI'MSSQBWiévriB@ PORILEEDN aedating dot ithe base moxtdenr ol
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ef f ect adeStnEnﬁe£&053 %;4approximately four or five tracks in either

direction away from a track with which the read/write head

25 is currently aligned. Within this range of movement, the

microactuator 26 can effect movement of the platform 72

relative to base portion 71 much faster than the voice coil

motor 21 can effect an equal amount of movement of the

read/write head 27 by pivoting the arms 22. According,

30 primary control for positioning the read/write head 27 is

directed to the microactuator 26, and secondary control is
directed to the veice coil motor 21.

In general, this means that a necessary positioning

movement of the read/write head is first effected by using

35 the microactuator 26 to move the read/write head 27 toward



20 outputs a signal 138, which is supplied to each of the control |oops 121
and 122, and which is representative of at |east one characteristic of the
spring portions 76 and 77 of the microactuator 26. The control4 Mgy2edg 106
of FIGURE 5 is shown in nore 25 detail in FIGURE 6. Wth reference to

FI GURE 6, the m croactuator control |oop 121 includes a proportional gain
el ement 151 which receives and scales the desired or target position signal
41 by a constant Kina. The output of the gain elenment 151 is coupled to a
positive input of a 30 junction 152, the ogt put of which is coupled to an
input of an anplifier 153 with a gain of K< a. The output of the anplifier
153 is coupled to a limt block 156 which applies a limt to the output

tsi g?ﬁl ; g om =anpthd irférw Peditide, bfrgq!esaiﬁ@ic@ﬂd_:{ 1:21@ %Eétésé@iﬁdtni;]o‘ﬂaﬁt bsiza:vlay
o the m croagctu r. power amplifier : C rat es a y
2003 19 five vol ?‘?s%‘ﬁpley tg}rll%l t%rgl% cét%no‘fnq;d'rlo\é\gié‘% aP(r)Ilpaouf{%ﬁﬂt Z\ﬁigr?gl Fﬂeexcess
of five volts. TRECXRFCFUBLOF Ithdas Fetupned ktd 564 squddpbeihin pogipdonti ve

i nput o; a j unctwigh iﬁg,réaﬁﬂw@ﬂtéuﬁeﬁ ZWhthL_lﬂghéd_&mum fewtorddre postti \ée

i nput of ag unct : A iy i t he

i nput of aslgai n ée’?%“ré%t’ iglghgh%%g |W%E8% ﬁ%éé&le er%e%gtb%?gi '?%Jﬁ%#gq : ere

Lnma- represents SAfidatiEMeetWiEh & RaELFBhEE FMRANEHG| F5AT0 OfhEhe
i nduct ance of thasxzwiht&d difskt he, l€henaomsactuatibl Reallfzebeuyiqrittiohedhe

Shich i s coupl edoy e tlal Habhb! dfeielt fe1Bkidy it caP a0 i g00bEPUL Of
desi gnat ed ssnboFl?ecgﬁlF§°?)?/t‘%$ Tr aPt c@‘ﬁpgpﬁtgfgﬁf%fm igﬁﬁr %%&MFFy

associ at edOw t h emdlldgriunt popitimps, Bitthg readfvrnitige heado@di shdfthat t he
i ntegration funggimtny faeﬁraaa@ntswwebmi Bt etRadled &l BmbDE anlduRt36f USi Ng

an appropriate iq X t.Qut t in t

coupled to the i%‘%‘:ﬁeﬁgf&gﬁ %en%%lyégt 94{6@% 5%3% e eir?etr??g§g6&{1§\/gg§dig gai n

20 Kt"athat reprBe&htishey ?rg%"tﬁ"‘-?‘br"(?e onshanticretyatptt 261 WpRdl g&ba

el ement 166 is coeqdAdite hepdsii iidse agaput infradjaineilignmdfy witthe thatput of

which is gaupl edeigian ichRH! QOhe 3293 226WEHEN b G JoRvENE1 Aty wii1d/ J. ~ -
The term J, ~a represents the conbi e()i_ nassS g_ﬁ_‘lrt h%rp[croagiu%# Qr 25

pl at for~n' 72 and“THEF &Y/ WS £&F Sowing, R B ERE g ne&fBnht 168
is a force, and #h&batit g xsad/Weleaiheasd efernemabes rigphradiat s ldgnment

accel eration. - wirh ehéptitack asl erendlatForims 72 Ongprestl too 1i8s peguiilibeiunput of

a_junction 171, theyquput ofgWiiighyls COUNEAd, t Ocfeddtiliey 3hd NegAEAL OF

172. Si ncezot he i'hput o |nt§grator %“Z IS a%accefe atlgn,etc{:e o:it put of

[t egr at oR%L72 1 BTG ¥OULH 2% (4P EBBE AR P AUBAES ohedh g idt bP 172

is coupled to a bosieved tmputdidferentunctaan whish theless prharoffoutri ok is

coupl ed to anot hgfvd Rtk tdWayl £Pom HHE &uirRent NEHdcl 0 035 LhNdEHPWRIdd 76 | S

a velocity or Sp&?ﬂiint h:%eou}aq'xugte %ff movement of the platform 72 of the
microactuator 26.

25 Still another example is a situation where the
read/write head 27 is to be moved into radial alignment
with a different track which is more than four or five
tracks away from the current track, or in other words
beyond the range of movement of the platform 72 relative to

30 base portion 71. For example, the target track might be
ten tracks away from the current track. In this situation,
the primary control would attempt to use the microactuator
26 to rapidly position the read/write head 27 at the target
track, but the platform 72 would reach the end of its range

35 of travel after the read/write head moved four or five



14 May 2003 20 integrator 176 represents position, and in particular the
estimated position of the platform 72 and thus the estinmated position of
the read/wite head 27. The output of integrator 176 is coupl 82003
negative 5 input of a junction 177. The actual position signal 35 fromthe
A/ D converter 34 is supplied to a positive input of the junction 177. The
out put of the junction 177 thus representsa position error between the
actual position of the read/wite head, which is determ ned fromthe servo
10 information read by the read/wite heai fromthe spinning disk, and the
estimated position that the control | oop 31 calculates the read/write head
is theoretically expected to have in response to the control signals being
out plut df rom L he teRiks0langy be€brd Obhe Thaad)uirRté Réad NEeddHaat ithe tafgés 15
coupled to the i o] e - C ve out puts
respectively couﬁl%%s't o%gggflgigvlg&%enq‘egksggp&?%é%%%??li%gn\gﬁﬁ%zGa’l%f”%ﬁ 173,
respectively. TH&€gdiaFIEte FeRCE NSY-#SShﬁ%VEerégfﬁﬁﬁqdu$ﬂiﬁwsg FAVPRBL Lnp
and Lm, which atererehitnelfi 6hegatms 22hdy theliseiideecol Enmoicxe 2Al.- 18Ber0 to

function ag stat dj v ol D { Spnt 1@;]]% g te ate
adj ust nent gval ue@legagg%amlsltﬁe g%as% t %n%ﬁr%grggﬂ&tc})%j unc %ongﬁg% aﬁgéi nj ect

on t .
t hese val ues i nt%‘rFﬁé‘tcoﬁBF%‘l‘gkf odpet hFBthh §Undtrdfs BB2, PAcHressdveys. The
out puts of the clemmeasedla® Uhe? armb 183, shbwed B5 reespsud, vehyik ephesent

posi ti lon, vtel O(ii mfgggmaﬁz_c@leaﬁasa%s @qatigeypi\ﬁﬂ ﬁo@tikmaﬂltﬁi&_f cm%s]geﬁéi ve

gain el enents - i ch haye_r ecti oporti.o ains o ma,

K2nma and K3na. ep8ﬁ{"f)¥1\c/ff]nse. of" %t ﬁga%gﬁ%% 5F5¥r2%€£te?%§?f8gga‘?%s cléhﬁfga'ﬁo

respect i vé%negat3i@nmepht With theetpugRY it3i®ck52, and the 30 el ements 186-188

thus define respectiva tebdipackipatdys typdeofoutpudtian,t Aespdtmenithddti s

simlarly coupl ed Q.f ﬂJéEBE oy alﬁn#ttﬁ?er EBé’ﬁ:&‘ &F gg@&{;]aﬂ%ve‘ﬁ{‘éhﬁha?as a
ack enf of t ol l, 80 t

gain Kbnma representing the C e croactuator.
The out put of t eela’éﬂ%rﬁz f§‘1'°i"'§eﬁo'iﬂ)laér&qgo°§5“’d‘%§§t?Ver?rpfﬂﬁft obf thee
junction 157, tHmmnsdefpasitng theirl4taiget20@®sitidnr t heecdwmdbanicepatiie The

out put of 15he elfnEdhob€3ahd €REPLESLANENAck8PESr 0f Sofifddt iRleC FRRLYH 64

havi ng a gain vevﬂx{n resgntative,of a resklsgt nce the ¢

igh_is,re f Qil 80
of the m croactua or.en%hgogﬁflpg?s% the 2l Jé?%etr 55 S ShBPe £ B Y
negative input JIOVRG jthecermA 2582 IOWPR Velertk¥nt AB4ANhS quheyr pard. of
anot her feedbackhratgh the provision of the microactuator 26, the arms 22
can be pivoted at a higher rate of speed than in a system
20 without a microactuator, and can be allowed to overshoot
their target position so long as the overshoot is less than
four or five tracks. In particular, if the read/write
head 27 is within four or five tracks of the target track,
the microactuator 26 can keep the read/write head 27 in
25 alignment with the target track while the arms 22 are
carrying out the overshoot and the necessary corrective
return.
More specifically, as the read/write head 27 reached
the target track in this situation, the current through the
30 coil 80 of the microactuator 26 would be decreased to zero
as the arms 22 moved to their target position, and then
would be progressively increased with a reversed polarity
as the arms 22 overshot their target position, so as to
keep the read/write head in alignment with the target
35 track. Thereafter, the reversed polarity current would be



The output of the junction 152 serves as the m croactuator control. signal
56, which is supplied through D/A converter circuit 57 to the m croactuator
power 10 anplifier 61. The output of the limt elenent 156 set4Mey3803 he
signal 128 to the mcroactuator control technique 123. The signal 128 i.s
representative of the direction and magni tude of the displacenent of the
platform 72 of the m croactuator 26. Since a goal in controlling 15 the
voice coil nmotor 21 is to cause it to position the arm 22 so that the
platform72 is at its equilibriumposition, or in other words has a

di spl acement of zero, the signal 128 may be viewed as an error signal for
pur poses of controlling the voice coil notor 21. Accordingly, the 20 input
signal 129 to therofrezesicely nretcoeasadt tel i@ap A2ing daei veskdeceivé he

signal 128 througly bhe N0l hgchsi ggetﬂlgﬁ ngg&lggﬁ‘éioﬂf C;gskﬁgrthe

control loop 122 to ?jgﬁprlate % contraol e positi ar s
specifically, tH" TFAEGr Obbnt r Fratle ARNYRGe 0554 i“?&e RIGiddetinn
integrator 196 wriaind ebeivesaxgret iposégianesthhediagnty 428 het lmroahput of
the integrator %&@nﬂgheouaiﬁobd Qaft lﬂﬁe' AREtodt R e mlgﬂ@r@tcha%ea The
gain el enent 197 has % %c‘ aﬁr S.a coré t ant % &F {7 the gain
el enent |97 serv‘?aesvegl émSFg 3 O stlfpp’ﬁeegd 6 Fgaq tr‘f‘p a8t 2/ h&lvoi ce
coi|l notor cont ragcyrake 12kigmpntyowteh cdille nbavgettormagk | Gopintp2thec| udes
a gain el enent 28skiMhiagllonecei ves the signal 129, scales it by a

proportional gain Klpand-syppld es #%ﬁpl eﬁ%’}i‘n%o afﬁ:ﬁxatt' g '.,,?,QEL Phe @

junction 202. The out put of the arrpl

203 havi ng%a gai TP/ Wedter heaﬂd h’e”3 m°£’4adl\/ﬁ'39 2093“22’-'6%‘5 P cly Ph@n Y

anplifier 203 istwoupheks taway ffromtitle enemenfObrackie whkeartiis v238ieall 206

gigemer hCOV r (ES I%El% fﬂé@%tebeﬂtl‘?‘% | el st Qﬁav%é%&ﬂﬂon@gioﬁxf?@"g r%'tEEhl:B' er |
i ch works olt su roduce an out put signa

in excess of 12 %s TﬁT? tﬁgegfacfaa%ye €20 iFP#ﬁeﬁ“%e ﬁggnﬁ’ﬁde of

t he out put si gnaﬁiqrpéﬁtﬁmlaﬂﬂ)ﬁi‘—fqm 7208s tshoan apitopr L&t wikhikge notedhe

out put of ishe |itHdt etkemnt id0Gni siidipledsgiked POSiBYI wRprapeht g aan

junpt!on 207’ tt#hf%#é%“q#%blgggmégEj3§0§hgnﬁ&gZoggﬂdglo O%HEQQQEQ %ggt

positive input art j unct j-uncton

coupl ed to the iFHFRFCEf rPILrRVENRerf e ’iﬁ"ffléﬂrﬁ'fe?s hgagaby i/qﬁﬁtaﬁﬁ%re Lm
i s an induct ancecfbfappmaiinacély he. Vi taaks,| widichr 131 moghe ofutcpat teb-t he

gai n el enent 211tia°c1&0&£)éﬂhcfe%e$5 %el&gﬁi-édveotnl@.% Qfeaa/wi]@é' A8adlée the
out put of |ch2}1 ccl_loug__l edetwo thf ljhoé"o 8’ anvénpen r% I‘Q'{" The ou%put of
the integr at or 2139% cc?ur?l HaPPE % i np £ Or'd gai 5 ﬁe?h‘ ezrlgnﬁaw ng a
gain Kt, where Kithe sSypRtq ™ 3dstandnfbratert atoidsd of Bhdhpoitd@ecshe not or
21. The output aiidrdvacZagernzel kaeniovdld the cedp/edite hHéwl pisiougheai nput
of a junction 21d;eddieeoubpuly 95 WHatRsl S GRUPLELHAA. | Bem! %utlé-?f jsgain

el ement 218. The gain .elenent 218 aln éﬁ} r? reﬂa gsgnts t he

é‘& 5§ ’Pﬂ‘éeva&? E’BISI'L HBt ot e read/write hea

mass of the part$
25 is represented by the curve 89. Since the wmovement of the

read/write head 27 is the sum of the movements caused by
the microactuator and the actuator arms 22, the curve 89 is

the sum of the curves 86 and 88.
Following the initial spike 87, the displacement of
30 the microactuator platform 72 is gradually decreased until
the microactuator platform is back in its equilibrium
position, while the support arm 22 moves toward a new
position in which it is displaced by a distance of two
tracks from its original position. It will be noted that
35 it takes the support arm between 0.004 and 0.005 seconds to



25 The input to the elenent 218 represents a force, and the out put
represents accel eration. The~output of the elenment 218 is coupled to the
positive input of a junction 221, the output of which is coupleMaydi®de

i nput of an integrator 222. Since the input to the integrator 222 30
represents accel eration, the output of the integrator 222 represents

vel ocity, and is coupled to the positive input of a junction 223. The

out put of the junction 223 is coupled to the input of a further integrator
226, the output of which represents positiygn. The output of the 35
integrator 226 is coupled to the input of a gain el ement 14 May 2003 23
227. The gain elenent 227 has a gain R which represents the radi al

di stance from t hteash dts3ngwrogREicn. t Bhashe ife5He iQueantrat oF wakhaotout put

of the gain el enpréseti?] LEeRAANESKPOBLS I hg BBEoH R ked)wFidddenasi tion
e oo ot PPO! | wBL TR R R LA e AR UotlE oLERTOM LG oad

The out put of the
junction 228, théntRIIRELOR: | nIdUFOPBrWﬁrCIl?elcéu?ﬁeo%ctt*lfalprﬁﬁéﬁ?rb@fs|t§ﬁal
fromline 3. Thaidtcatvattbrof théeredd)eiries R28di seidhss an wdidiioni gbal

ti th t | t
SO0 st Sk Uil Lo s Wi 1

control |oop 122¥?:%1?'}9L?I' a?Es“E eF h%chE%&valFf‘Et hfe‘a‘ff |t§'“Fﬁe5?%"t‘?rc§Ihla§?
expected to haveinm lystespwhthouto at hbcxeadtuatosi.gnal s out put fromthe
control system 1D6. Th&uRE @ iSl gngkaﬁﬁ oaaﬂimhboa $28ubeicPpldred che the
i nput s of tohree 93%& %ﬁ:”eﬂt 2§1 ?ﬁ Tge galn eI erren S 2§]k2 3 ha\ie
respective gains 0 nt RAR9WRPERE 2 maf Fon s *Phat
cause the gain eFéﬁe’Fﬁ%c"tSoal‘"éMcf-F% e §§FF%'E o'F"saCkI'heTbGt gier %ﬁenteﬁé gain
el ement s 231- 233cArthec ptht Baipl7edof @ha pDStdact@atoplis @hoanr £ gt |ana one

of the juncti ons;2df.aee2dn il 428 o ﬁeoweéhéto e BEES A &\Bf ol | oop

respectl ve esti nmafor vaI fromthe error t by
the junction 228%%%s *&2f %ﬁh%"d 5% tﬁ@rBHg Bufs %‘rsprlﬁse@ RreR s § 222,
and 21S rdspecti veagksy Msénth@amvt magkvel Sitncy tded rangel ef andwmmenthe

outputs of the ebemihkes mefoadddatdNHiakBorme i6OURMREeHO tbh%ﬂoﬂlﬁu'[ﬁ.v@f

spectve promact i AR SR s SRl ls 12

gai ns K1, K2 and e %8| are ‘each coup I
o a respective RBYafeYe GHASH it ??\@ﬁ%ﬁctﬁ%np’z“ﬁ?ta]anﬂq’ﬂ‘ée%l A el':é’ﬁ‘ents
236- 238 are thusspppdrs efmrzzpedheveoteretitaclf phéhsead/write head 27 is

20 the sum of the displacements of the microactuator platform
and the support arm, and thus the curve 99 representing
this movement is a sum of the curves 96 and 98.
After the initial spike at 97, the current through the
coil 80 is progressively reduced, so that the microactuator
25 platform 72- is moved back toward its equilibrium position
as the support arm 22 moves through the last five tracks of
a ten-track displacement. As the support arm 22 reaches
its target position, the microactuator platform 72 reaches
its equilibrium position at 103. However, the support arm
30 22 overshoots its target position at 101, and the
microactuator is controlled after 103 so as to displace the
platform 72 in a direction .opposite its original
displacement and by an amount sufficient to compensate for
the overshoot of the support arm 22.



14 May 2003 24 The output of the elenment 222 is also coupled to theinput of
a further gain elenent 241. The gain el enent 241has a gain Kb
representi ngwt he back enf of the coil in thevoice coil notor PAMayRBO0dut put
of the gain elenment 241 isbcoupled to a negative input of the junction 207.
The gainelenent 241 is thus part of a further feedback path. Theoutput of
the el ement 213 is coupled to the i nput ofanother gain el enent 242) which
has a gain RmrepresentingF3a resistance of a coil in the voice coil notor
21. ThelOout put of the element 242 is coupggd to a negative input

of junction 208, and the elenent 242 thus is part of yetanother feedback
pat h. The m croactuator spring effect adjustnent bl ock 124includes a
junction 246 with posid iewddand PegatFIGIRENRYt 8hd Sddweredtipet moterdnRyEt 176

serves as the si I 1}%& i hLSC ; i 4] L.n

junction 246, angﬂghseo t %ag? th%eggféeqrr%ré %f%gssggié/e%dpg’grltthgyéiHnaﬁta%pﬁ?
whi ch iscoupl ed ¥8 th8 ﬁg‘fﬁf’(q WOSLEEER BREHh 9 dthegn 0286, seFRIdFLthAYE of
the junction 246elspscupked the atarbpaf mivemegdi. n20eveardweilebayi beransgai n

Kma, whichds regfeanbabliy@id o2SBhtHi&URIRAREoLO chd & bWOwS PEL Hbag
portions 76 and 77 %It e mcroaﬁt uator,. T pent 247 is

he out put of the
Chesi gnal 138, WA RTSP LFB 4085 o7 ToBs 16 HPRIBRLPRT Tk B QPEF nEPISER ¢ he
opposed forces offtér the sdactuaf onoemaritng apdr L8 obkera@ fary MIinGEimest gnal
138 iis coultol gggt Qna@ﬂﬁlﬂaft?_ iﬂp:!;ﬁnr@;ntt hetij:unpmeon_t%&%@nd;r%tﬁhr OkligRb x.lagh t
gai nel enen : it e junc ain el enen
249 has a gain Rab%%cl?% %’l%éa t\égnggﬁ a%thé(}g'geai n gfoig{:ﬂ%g% errsgogt %7 *°The
out put of tthe juRETPHIFAEG2 505 ctRR LVRTShREt \RF ddiec SUPPRBE AYt@3trol si gnal
supplied at46 to the With cosfierener 46 FIGURENEX,alit ewihl] béeratogmizesduat or

Chrough the gai neafarokE SRACBUEEERE skl 981 aRADEht T ORe s e e
at the junction 285%1%h 7@3%‘85??%%“ "ﬁl'e%i’ay%ﬁoén?%ei@oﬁtfr gﬁ‘*s%&% 6 for
the mcroactuatof2 Ind yeariwring beadepmsthd platfierer widlubend womngsl | oop
1|21 comnbi nﬁst_he EROt pIACfdr@nalz o6 r&b{rg £8BAL ive\io |td1eg[&:aé_30§>gfi§6ﬂ ca.of the
el ect romechani cal,, st e na rder_to
derive at the ou{nﬁ%t g%ﬂﬁ}%ﬁ%gtﬁé%t H§78‘R§nggxggg?édggrg?ﬁie.%?’etcl?aén% aﬁl sition

of the read/ wit&8Ufateletive, moveRest cfleatooineXpirt edSHoktaklynm i€ 2
conpared at 177 tortdre aid updsgeahithmughl thee acddd/afr i ire disledr itndivwaeed by
Si g?al | 3|5, lntﬁrds{r%rﬁe?lﬁdsye%wp?at%ﬁprns: Qﬁ@ét}itahég tl;f-e8;:%‘1_lc_l Qrb@t_@khédla thet
contro rQug est | r el, S : : e.gain el ements
(6. 188 1 hect| 2 yScaite shigeaEntors S ENany At Ie Saugfe R RReCci ty
and accel er ati onPe¥tiqme Féa@/’\%ri%lée hEHEPOBhd 2&Mf 3] Efe BeecdmEak éBntrol 15
t hrough juncti ondif2ctildie eppoeits e adilrd&lidyr ovifdemdweadinac kopatdte

correspondi ng topi 8SRGGE 1946 ChgAc endnal idss185 pBee fbkd OAFtiiad of7 Gy,
nanely back enf énd resi s anc}féT e efh% s%ﬁ-(%?gt Ee m croact uat or spri ngs,

f ect
represented by t fAR"RiYHal® i§8“F?’69ﬁatlh§f%FEFoact uator spring effect
adj ust ment220 bl ock 124 ordert fkeaffertno mupesumconhreheotfc driner pbsiobyn A

t hr ough Itlhe j_un_clt:hen reRE/wiDee VPleal ﬁﬁ,l Eet Ol CQﬁﬁJéﬂaﬂtOO:;rog 12:%0%?6&? es in
a generally sim [, pnner cept %‘? t the put | I’l{_ | a on
the magni t ude anagﬁf'?'le%rfi%fn ﬁetﬁ'ép % Y?E%e%h%ht "’E@C’gf fff‘é efct%ré;[ o?&e
platform from itBogtedan i Fhepserd/vhite Thrad AheYe it AEPURBOBIUBL to
controls the voi eReCaisplaiemient]ods theshaveatsr fulldtfwen 7@ thdative to
m croact uafPr 26y SNGR bBFtion 71. It would be possible to determine the
actual position of the support arm 22 through the provision
of a sensor, which directly sensed the position of the
support arm 22, or which sensed the displacement of the
actuator platform 72 relative ‘to the base portion 71.
35 However, the disclosed embodiment avoids the need to



operation of the control loop 122 is generally simlar to that of the
control loop 121, a detailed explanation of the 3d operation of the control
| oop 122 is believed unnecessary. The nicroactuator spring eft4edayBPetk 124
of FIGURE 6 nodels the primary characteristic of the m croactuator spring
portions 76 and 77, nanmely the net resilient force . which they exert
between the platform 72 and the base 35 portion 71. However, there are
secondary characteristics 14 May 2003 26 5 10 15 20 25 30 35 of the

m croactuator and the spring portions whigh may optionally be taken into
account, including a danping characteristic and a stroke limt. Mre
specifically, FIGURE 7 shows a m croactuator spring effect adjustnent bl ock
256 which is an mtavddrasucte aesbodoneithroughnthevhiseh offayibecsathsitioruted f or

| nol Ldes a | unct L on ae e R | e I e a1 0
Lhose depi cf 6 | REPRERETAL afia B THEHEPOPoof uEHF! PYERPHh ibRdedake
reference nuneratke crHd @6t-pufhat ishe thai diveetion apd7magnidods of tbea
positive imput odigbladBféntORt2EHe plACfOk: M2t cofradpcndsi 6oatied Poalaridd' that
is functionally §A£‘nla§§1il:9dé he $hdngl o 8ct‘21fata:c%{ﬁfre§rt The out put of the

ch rep POS I's al so

junction 246, whi resents a. I't1on, coupled to the input of
a differentiating el &FHREL5D. ipFiydasenti Bk ofLagFRRi Ofor yicomgsod rat e
or velocity. Thesyattenutlosf whihehdid fimpaehmeatedigireltteedsP25® o5 KIoUREed t o

the input of a proRQERLONAlergald SISBERLadd Lopbish J1Ptna §AlibJdtarber e

Dma represents a_danp| ng characteri stic of the m croactuatqQr sprin

portions 78 and %%.QQAMﬁ%ﬁHYRﬁFeOF°P e"g5PH 2 enefPTERRELRtS &Buﬁ&@HRgosa

posi tive input ofhidie lgoecappealsinm FIGYREl dclrgs8ealgnatiad |imd #IGHREt Foke
limt block 262 yhitlknecsghy ofeddiensytMifiersil@nab {4 GmduRg hunction 246. The
stroke Iimt block 2 I i h i f i r I 246 to
a predefined range, ﬁﬁeo{?‘%@eeﬁmsetn% §£%2tsw§§r€a%’%“tﬁer%t gpﬁ%hél\g%r %1855 of

t he ni craact uat ofP¥ Rasis %W@@Wrﬁmmll‘i’e?‘éﬂi%"e1?0“"{5‘%@%&% BBt i on
71 whi ch 1§ physfmalesywhicti tbd. sgitimgopépritonsf 76 hends tr7oken| éxdrt kinoche262 i s

coupled to a propofd Wiak €2h8 &% eaRDisrhid %&&EBQmﬁaé&ﬂdll§”§E11WQeﬁﬁdK”a|
is a scaling faciﬂ{ for, the outfut Q troke | o]

f the s imt bl ock 26 e
output of the galt¥ elBitbi®283515 ¥4 s Earf%s ae’i?c%FrFr: g F%Lﬁeaé’szflge
junction 257. Thieeast @3ein Hesponse ¢ proidrhactyaren @irrenhntixdugideadi ages.
One such techni ced aQvaAbRgedifyrahdbtfcally at 114.

20 The control system 106 of FIGURE 5 includes a

microactuator control loop 121, a voice coil motor control

loop 122, a microactuator control technique 123, and a

microactuator spring effect adjustment block 124. The

microactuator control loop 121 is responsive to the desired

25 or target position signal 41, and the digital position

signal 35 from the A/D converter circuit 34. The

microactuator control loop 121 is also responsive to the

output of the microactuator spring effect adjustment block

124. The microactuator control loop 121 generates the

30 digital microactuator control signal 56, which is supplied
to the D/A converter circuit 57.

As previously mentioned, the disclosed embodiment

positions the read/write head 27 using the microactuator 26

for primary control and the voice c¢oil motor 21 for

35 secondary control. Stated differently, the voice coil



14 May 2003 2 7 ''" mcroactuator can be utilized in a hard disk drive,
whi | e avoi ding the need to provide a position sensor to determ ne the
actual position of the support nmember on which the nicroactualé4May@padl y
supports the read/ wite head. This 5 reduces the cost of ‘the system while
achieving nore efficient control through use of the dual actuator
arrangenent. In particular, seek tines and thus access tinmes are reduced. a
further technical advantage is increased reliability, due to elimnation of
the need for 10 a sensor and its associ at support circuitry. Al though one
enbodi nent has been illustrated and descriDed in detail, it should be
under st ood that various changes. substitutions and alterations can be nade

there: n w Lhog't whapar 2 ngs foont bbﬁeaqﬁp@a@ﬁlyh@sm@?@ag ci)ﬂq?d';QﬂtLbQBr d® For
exanmpl e, the di 0 t,uti S i t r r to
control the posisﬂeoznq%fr gggggér‘%%glz\ﬂ# i tler,hégad,ﬁf%}% idlqs\?\nf'{)?&%eef?)gggg‘%lggéd t hat
the position of thedpeberducrt Barged PeshtPisdanak 4doher HrgrRId-agy tanthal og
control circuit.miMdrpeovestora conttabl aponticel bwomotorot tte: AdiweceosTt uat or

and a suitabl e GRIMLOLhORA le&;gH%N%E&éé@,' amd&@ubayfgrbﬁeazgg ?9&9360'1

but it will be recognized that there ar nﬁﬁn var] ations ari no | cations
of these specifi'P%coftFEP2FIFEE W TPrte ‘%/H'ui Rt ndsscpRlet %% pResent

i nvention. |In tmisroagesaton conktkdl eahadqyai ¥23, 2dichatr divecoucpnbect i ons
di scl osed herei m Gaghsdl bR2Rkbet sl voldehcdMainot WP dlnteb@SEShS QBRONERhE Of

el ements are cou ilceroatc uggg aggrtlggcglt I Qug Pntﬁunterqrgee%lgat% g_ewr?e ar

devi ces Wt hout being dir et connec e, Plet st i The 5Ii?|n§ Wgrﬁresent
i nvent i on10Ct herrearpiges, taubbei tdesilsRd Al BarIat cpeditden Fiamalsosl

possi bl e wi t houttidefmght | agpfsgprbatiee spntidl avd Se€ippe mabrddecyurasents,

i nvention as def&ﬁ&%a'gychgev{.féé QW4479 bk 8k MBont 011_41% :?99%%&1@%%&@ 1. A
contr ol apparat us f.or COﬂtEO |n%% sgs{em ICrh I NC des a I rst part, a
moveabl e a slave or followe unction.

The microactuator spring effect adjustment block 124
15 is responsive to signals 136 and 137 from the microactuator
control loop 121 and the voice coil motor control loop 122,
respectively. The signals 136 and 137 are indicative of
the control implemented by the control loops 121 and 122.
The microactuator spring effect adjustment block 124
20 outputs a signal 138, which is supplied to each of the
control loops 121 and 122, and which is representative of
at least one characteristic of the spring portions 76 and

77 of the microactuator 26.
The control system 106 of FIGURE 5 is shown in more
25 detail in FIGURE 6. With reference to FIGURE 6, the
microactuator control loop 121 includes a proportional gain
element 151 which receives and scales the desired or target
position signal 41 by a constant Kl,,. The output of the
gain element 151 is coupled to a positive input of a
30 junction 152, the output of which is coupled to an input of
an amplifier 153 with a gain of K,,. The output of the
amplifier 153 is coupled to a limit block 156 which applies
a limit to the output signal from -amplifier 153. The
blocks 153 and 156 correspond functionally to the
35 microactuator power amplifier 61, which operates with a



5 nmenber, a first actuator supporting a second part on the nenber for
novenment relative to the nenber, and a second actuator operative to effect
nmovenent of the nenber, the first and second actuators each et4May26@3
relati ve novenment of the first and 10 second parts, wherein said contro
apparatus conprises: a first control portion having an input which receives
an i nput signal that specifies a target position of the second part
relative to the 15 first part, said first control portion being operative
to output a first actuatflr control signal .for causing the first actuator

to nove the second part toward the target 1.9position Wi th respect to the

first part; and 20 a second control portion having an input coupled to the
first actuator céid Golsi gRFdly SHdd tEES Ofshrist tprelduper h osuthiRitngigagLat i ve

to output a sec qgegt%gggtgf fciQ,rét 58# ignal to cause the second actuator to
nove the nenber Th & mann 5 the second Eart noves toward the

target position wit hTF‘ésSéEPW 0°§ hehe LtéPipabiodinet 8f nigarguapgfar&®ud is
free of a sensorpdsitisensnpgt opasijunaeioh savd oeebestput bE MaicBOA3 29

the first gctuat a i h S e i i ch
t he secondgpart ﬁudl%d t@qgéﬂa%&atﬁgg:{)mg#ﬁo%%wa{ H%é%iaér} %%éthemr}éhnber

wherein the ni cr%‘&c&”&at%:r dPBFEIoR 1] tSethifd 1PRIE 8haf from
the predeterni negaijposiltementi 62 t HEre gfain oft thrdedeventd Y et ilgBmawhi ch

are opposite in wm@nﬁﬁatoréﬂi@séhaét art qaaeet&mrQJhiéhgn@érfe@waabl vely -
havi ng positive rle atjve r and the 0 Ju crpactuat or

i ncludes a resil ﬁ?yhﬁ t"r’illr Jﬁb@s‘i‘\%“’? i t%”uye € §§?8 part
away fromiPhe pr@dﬁpéﬁﬁ‘ﬁféﬁ Bésl tThenoukpu Pﬁth®fe]tefﬁ@nFl L8l Emraswdedd
directions for udgiahgosiniareninpat étha Janebdopard2 t anar dutpet pyedaienn ned

position, 15 a ffmg LD W aN GRS, 188! AFEANGREEILHoH Furig oRecond
part tovvard thenf I stance of

ermn i NGreases as_a
second part fro rﬁ?fﬁgﬂﬂp??glllty g‘ﬁ’ i e e%\%%’sacechpfra,&ﬁraﬂﬁérat us
according to Cl awhich, iahemnaﬂily ressbciatedotight analag somcredabears,obuthi ch

includes asresilienyigl rBQQQBEGéniﬁd)CE}EtVetﬁ@ ﬂi@ﬁ/ég’ﬁ%tioﬁf fumetsesond part
away froma predeterergepl?d pr)nos on, nleelett}: o{ SI:;GE 8?1:\3’% ggtl ons
relative to the l?lygl HOVENBNt- 0 seco part

predet ermi ned poRRRYPHLIALE; %Iisf‘ltlagt taﬂleplsfé&)nd cont rol portions respectively
outputting first andTheceondpst gofil shé hbhtemsreat ineal \is eqpupdedt ta the

input of a gain element 166, gain element 166 having a gain
20 Kena that represents a motor force constant. The output of
the gain element 166 is coupled to a positive input of a
junction 167, the output of which is coupled to an input of
a gain element 168 having a gain of 1/J,. The term J,,
represents the combined mass of the microactuator
25 platform-72 and the read/write head 27. The input to the
gain element 168 is a force, and the output of the gain
element 168 represents an acceleration. - The output of
element 168 is coupled to a positive input of a
junction 171, the output of which is coupled to a further
30 integrator 172. Since the input of integrator 172 is an
acceleration, the output of integrator 172 represents
velocity or speed. The output of integrator 172 is coupled
to a positive input of a junction 173, the output of which
is coupled to another integrator 176. Since the input to
35 integrator 176 is a velocity or speed, the output of



14 May 2003 30 position of the second part and a position of the nenber;
and including a third control portion responsive to the first and second
signals for generating a signal representing a force which tH& May@eddient
arrangenment is expected to be exerting between the second part and the
menber; said first and second control portions each being responsive to the
signal fromsaid third control portion. 10 3. A disk drive apparatus,
conprising: a disk supported for rotation about an axis, and havi ng thereon
a magnetic surface; a nenber supported f05 novenent relative to said disk
15 an actuator which is operative to effecP novenent of said nmenber; a

m croactuator provided on said nenber; a read/wite head supported by said

m'_c& oac';rtl;at olr3 f dinteayee®nt 1 7€ Ripréseqos Sﬁdﬂt&%ﬁ%ﬁb@rir} Wt gbmagyémnt of
sai d nenber by s at rresppn to t ite
head adj acent toeaéa{%gg?ﬁaa %ﬁ%gtoﬁonggpgc}c?xi TF% %a&?aﬁ‘s’@d ofﬂ@%i dt\:,\{é%rface
of said disk, arRPbifeEed PefhFdrBNPE othe; Hiead/wrirsvhedd Réad 25 by said

m croact uat or corr espbhadsatipotnof eirdregratogal e risadbupléd theadnagaatent to

and in a directigpRPREO g%%ugﬁ agypl | yrRE 8@¢ch1SWdsdt Sofl s SGhLL AiSK;
31 14 May 2003 os|tign detecting arrangenment. operative to.generate a

posi tion signal afr’g’ﬁ‘r &‘%%%t/zﬁ i 58“‘6?’"%%8& t oﬂu%‘?llsegl °r?ezﬂﬂs\;m%|lgg hRRt

relative to sai dPiitdle juvactieppiZat uShbepwnpdl of theajurmtisngaddgnthus

represents-a position error between the actual position of

the read/write head, which is determined from the servo

10 information read by the read/write head from the spinning

disk, and the estimated position that the control loop 121

calculates the read/write head is theoretically expected to

have in response to the control signals being output from

the control system 106. The output of the junction 177 is

15 coupled to the inputs of three gain elements 181-183, which

have outputs respectively coupled to positive inputs of the

junctions 162, 171 and 173, respectively. The gain

elements 181-183 have respective gains of Lm3, Lm2 and Lml,

which are estimation gains that cause the elements 181-183

20 to function as state adjustors. That is, the elements 181-

183 generate state adjustment values based on the position

error from junction 177, and inject these values into the

control loop through junctions 162, 171 and 173.

The outputs of the elements 176, 172 and 168, which

25 respectively represent position, velocity and acceleration,

are coupled to inputs of respective gain elements 186-188,

which have respective proportional gains of Kilma, K2ma and

K3ma. The outputs of the gain elements 186-188 are coupled

to respective negative inputs of the junction 152, and the

30 elements 186-188 thus define respective feedback paths.

The output of the element 172 is similarly coupled to the

input of a further gain element 191, which has a gain Kbma

representing the back emf of the coil 80 of the

microactuator. The output of the element 191 'is coupled to

35 a negative input of the junction 157, thus defining a



5 for sensing an actual position of said nenber; and a control system
responsive to the position signal, and responsive to an input signal
specifying a target position of said read/wite head rel ati vel4 May gPeB di sk,
said control system 10 being operative to control said actuator and said

m croactuator so as to position said read/wite head at the target position
wWth respect to said disk, wherein said mcroactuator effects relative 15
novenent of said read/wite head and said disk at a speed which is
substantially faster than a speed at which;said actuator effects relative
novenent of said read/wite head and said disk 20 4. An apparatus accordi ng
to Claim3, wherein said actuator effects a range of relative novenent of
sai d read/ wite hoxdeandesdbakldimithuhi Thei suspiistehtilad lelegeent 263t han a

range of rel ativeJpavameat chBeigofe & eClRAnbY1 ALt 2 dMihaagt HakQin S5 An
appar atus accordj ng to.‘:gl‘ aim3 V\/nere{__n sai.d contirol s%st m.i Acl ydes a
first portion r%&nﬂb 25 FARISIIREECLYS PLl 21 175istancs oRufheGeil 80
generating a m bhadtauatiorrcechuvattdr si gfizd ovticels iof ddepleddment shedl is

mcr oacE uaf,or,Sadtdmtlaa: vges ﬁtlaéf@ﬂtd iphti 6 Eﬁépﬂﬁkfdt\&t%nt qStehteanld the |

m croact uat or ontr na r € C r rol signa

whi ch is coupl edacjteéneggi %lééac suzi:tl"(‘)'lrg. P%‘?e@ﬁf%%gg‘r‘gfu%eﬁzﬂ%ggdﬁgﬁt o Caim 3,
wher ei n sai d ni cr oacTh&t oPUHRKE a®fi ntheal JWIGHIOD n13® \WPREIPSsaPd rEBRI/ wite

head is in a predisiresstusasbrpeshtrah adignalr B6pedtidho ishsupgldeel thaodgkher ein
sai d m croact uatry i $oneSPONST W4 LA ¢ Ne 9T ¢50a0{dIat0k 698 E M oxST BBRLy f OF
novi ng sa:;vﬁ read/ w.i.t e head avvae/ romthe predg}ierm nﬁg 15 pasition ’E)y a

di stance Whi ch i¥RIAEHEF $bnal Theo OFERRG NPT Jdie dimiheehe RS OEaEEEVERNt 1 ol
signal. 7. An apparathe aségnal ngled Ctai mthe wheiaiqrctaatiorontcopkreyst em

i ncl udets at fi rStteSﬁmﬂ&ﬁé' Qﬂ?fﬁf}_@ﬁﬁsbygnép %ﬁ? %é‘%@pzﬁés@;’ﬂ%hti@% gengpat | 39 a
m croactuat or coptrol.sian | s sai d_m.grgactyatar. an

i ncl udes a secon rﬁgkf'?%%nt g?grh%éldgnofﬂ%ﬁet Sgﬁ%fagceeﬁ\gflgt%g %ﬁe giarﬁg?g})

control signal wH Qf itdecHipredctuntesi 3625 S4rgatdrgodhiin MAIKERLing or
havi ng anisniti alhesvaiee idvidhmotos ad1d iscad/ vsudee itcdd pssition phed&iwr m ned

position with regpgetchigh ﬁ:ﬂed TEORSH, 3NdsPet N d %ﬁﬂﬁlﬂ%x\éﬁmﬁ ®dsition,
m croact uat or Coonzt rionI ostlh Qawofgsr l'rlral.)sv Iangdissaﬁlgcgrﬁeagé V\g tzeeroe:a%he signal
128 may be viewed as an error signal for purposes of
controlling the voice coil motor 21. Accordingly, the
20 input signal 129 to the voice coil motor control loop 122
is derived from the signal 128 through the control
technique 123, for purposes of causing the control loop 122
to appropriately control the positioning arms 22.

More specifically, the microactuator control technique
25 123 includes an integrator 196 which receives and
integrates the signal 128, the output of the integrator 196
being coupled to the input of a gain-element 197. The gain
element 197 has a gain Kct which is a constant. The output
of the gain element 197 serves as the signal 129 supplied

30 to the input of the voice coil motor control loop 122.
The voice coil motor control loop 122 includes a gain
element 201 which receives the signal 129, scales it by a
proportional gain K1, and supplies the result to a positive
input of a junction 202. The output of the jurnction 202 is
35 coupled to an amplifier 203 having a gain of K,.., and the



33 14 May 2003 away fromthe predeterm ned position by a distance which is
proportional to a magnitude of the m croactuator control signal; and
including a third control portion which is responsive to the # May2003

m croactuator control signal and which outputs a control signal obtained by
subj ecting the mcroactuator control signal to integration and a gain, said
I nput of said second control portion being coupled to the control signal
fromsaid 10 third control portion. 8. An apparatus according to Caim 3,
where~. n said mcroactuator has an initialypstate in which said second part
Is in a predeterm ned 15 position with respect to said nenber, said

m croact uator being operative to nove said second part away fromthe
predet er m ned po®RtHusn afntbet amplidfieri 83 dmouwdeddtdi & ekinignselaeoh are
opposite in resppgse torhhe @dndret URIDr ANt 50§ 2QgekcHen! dasRepbhyel y
having positive apdyicaaniye.goLALIVACS ANd WRELE! Rosal dlligioac! ual or

I ncludes a resili e.ncf' por i-on responsive to ovenent Pof - sald second part
away fromthe prédfettertanked wishi 8i 38 VALEi FHBPLLfaldhecqnnOst PEREGUSS 3Bcond
di recti onssfor useipuy raesrEENntinofexssisd seCcorz palis it owahds| heher adeter m ned

position. 34 14 My 2008 1%-rrbi|%s ér‘mqlgargfn‘lg:ugggr‘&f Utld B Fus Vil MELER

h
i ncludes a first part, nmovabl e ne \ I.rst actuator supporting a
second part on tﬁlge mgfl?ﬁrz%\}:é’nﬁﬂtai?%‘l'%lﬁéetBa‘fgr?e' merrbefl,o and g second
5 actuator operative The eitput obverertimit efhemewtrbz06 isheodupled tndasecond
actuators e?ﬁh e{:é@il?ﬁiiv'&? Ll i ye @V?@iﬁ‘é\ii?f boe, ritgxétt&i&iluée;‘émdtﬁérlgs,
conprisin e step's, of: ceiving an.i signa at specifies_a
ta;rget pogiot i on 5)¥'??51’eonse%:§)ﬁdb%]eﬂgt g?%‘ipa?ﬁ%\elel“% ott?%ep?ﬁ vepg MRty Qfrdting a
first actuator cbmitheir siupmiioas 208.uncThen witpuke 9fhpinaiignal 2¢hdigi t hout
sensing an act uatoyrdett tonchef ihpe: EThegaid ReehéritSt211 which has a gain

1/Lm, where Lm is an inductance of a coil of the voice coil
motor 21. The output of the gain element 211 is coupled to

15 a positive input of a junction 212, the output of which is
coupled to the input of an integrator 213. The output of
the integrator 213 is coupled to the input of a gain
element 216 having a gain Kt, where Kt is a torque constant
for the coil of the voice coil motor 21. The output of the

20 gain element 216 is coupled to the positive input of a
junction 217, the output of which is coupled to the input
of a gain element 218. The gain element 218 has a gain
1/JdJm, where Jm represents the mass of the parts moved by
the voice coil motor 21.

25 The input to the element 218 represents a force, and
the output represents acceleration. The'output of the
element 218 is coupled to the positive input of a junction
221, the output of which is coupled to the input of an
integrator 222. Since the input to the integrator 222

30 represents acceleration, the output of the integrator 222
represents velocity, and is coupled to the positive input
of a junction 223. The output of the junction 223 is
coupled to the input of a further integrator 226, the
output of which represents position. The output of the

35 integrator 226 is coupled to the input of a gain element



15 actuator control signal causing the first actuator to nove the second
part toward the target position with respect to the first part; and
generating a second actuator control signal as a function of TéHéday 2003
actuator control signal 20 and wi thout sensing an actual position of the
menber, the second actuator control signal causing the second actuator to
nove the nenber in a nmanner so that the second part noves toward the target
position with respect to the first part. 25 10. A nmethod according to Caim
9, including the step of detecting an actuyal position of the second part
relative to the first part; and wherein said step of generating the first
act uat or 35 14 May 2003 control signal is carried out by generating the
first actuator codtsolThsi gaan elementyReli basod ddie Rapwhich grepresadts he

det éct ed pOSitiQ’lfhé)fra_tdl_leQﬁf%dnB@r Erbe! @hé‘{ﬁxi@ bb\ﬁ (fgkc@ﬁs pgrtto%ﬁgom S
sensing an actu | n t mepber . ... a_fret.hod_ accor.di ng, t aim
9, including thgres%%loprté#gcggg? n%?t he ‘le.rg‘tl&%%t@ uA orrhet c?a\*lé‘sﬁ&ﬁﬁ‘eg% ?ﬁf first
actuat or contr ol *eHY§RENE pYPArdFing, 13N 1o pacbhenlr thawaysitiom &F theti al
posi tion rel ati veugpert herdd 2t rpchidr han dheppesaimn othtkd teadywepoét i onal

to the magnitude,nfq the first actuator control signal. 15 12. A nethod
according to darm9,__ including the step, of causi n&ithe first_actuator to

respond to the first THEt GHFBRE cOht FRF SFHMaleRPitodidg iEh&O8BLERdEDaRt anay
froman initial pregsativen inphtit pfeat gunbeidn r 228 patie Iposwitdivepliapenend whi ch

i 520 proporti onglid0 fdher KB tiduade ffs1tdBnf ik Sha ACEHGH OL1OME O ghgnal
and in a g_lorecFlorEv%ch conrespon s.c"to t2 pol ar tz of the first ac{’uator
control signal ; BhPHhePEi i dURT P by 3§ne’rsat Fh@ t R sBEERY S4ERAt or
control signal 25Huespnding tthe ditferasfces bstween he hetpht shosidtiont of
control signal tt¢hd nte@l/aied Besd aigfiidated Bydehet fodD Hdm sigmadi 85ped
signal, and then,gf tRet L0 iSRANAR ERATEReRN 1806 RS LhPA A edd €hat
the read/write head is theoretically expected to have in
15 response to the control signals output from the control
system 106.
The error signal from junction 228 is supplied to the
inputs of three gain elements 231-233. The gain elements
231-233 have respective gains of Lv3, Lv2 and Lvl, which
20 are estimation gains that cause the gain elements to
function as estimators. The outputs of the gain elements
231-233 are each coupled to a posgitive input of a
respective one of the junctions 212, 221 and 223, in order
to inject into the control loop respective estimator values
25 developed from the error signal output by the junction 228.
As explaiﬁed above, the outputs of the elements 226,
222, and 218 respectively represent position, velocity and
acceleration. The outputs of the elements 226, 222, and
218 are coupled to the inputs of respective proportional
30 gain elements 236-238, which have respective gains K1, K2
and K3. The outputs of the elements 236-238 are each
coupled to a respective negative input of the junction 202,
and the gain elements 236-238 are thus parts of respective
feedback paths.



10 15 20 nenber by using error signal. 36 14 May 2003 the nodified signal
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The output of the element 222 is also coupled to the
input of a further gain element 241. The gain element 241
has a gain Kb representing-the back emf of the coil in the
voice coil motor 21. The output of the gain element 241 is

s coupled to a negative input of the junction 207. The gain
element 241 is thus part of a further feedback path. The
output of the element 213 is coupled to the input of
another gain element 242, which has a gain Rm representing
a resistance of a coil in the voice coil motor 21. The

10 output of the element 242 is coupled to a negative input of
junction 208, and the element 242 thus is part of yet
another feedback path.

The microactuator spring effect adjustment block 124
includes a junction 246 with positive and negative inputs.

15 The output of element 176 serves as the signal 136 which is
coupled to the positive input of the junction 246, and the
output of the element 227 sexrves as the signal 137 which is
coupled to the negative input of the junction 246. The
output of the junction 246 is coupled to an input of a gain

20 element having a gain Kma, which is representative of a
spring constant for the two spring portions 76 and 77 of
the microactuator. The output of the element 247 is the
signal 138, which is representative of the net force
resulting from the opposed forces of the wmicroactuator

25 spring portions 76 and 77. The signal 138 is coupled to a
negative input of the junction 167 and, through a gain
element 249, to a positive input of the junction 217. The
gain element 249 has a gain R, which is the same as the
gain R of the element 227. The output of the junction 202

30 serves as the voice coil motor control signal supplied at
46 to the D/A converter 47.

In general terms, the microactuator control lcop 121
takes the desired or target position signal 41 received
through the gain element 151 and generates, with some

35 feedback injected at the junction 152, an appropriate
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control signal 156 for the microactuator. The remaining

elements of the microactuator control loop 121 combine the

control signal 56 with real. world characteristics of the

electromechanical structure controlled by the signal 56, in

5 order to derive at the output of the element 176 an

expected or theoretical position of the read/write head 27.

This theoretical or expected position is compared at 177 to

the actual position of the read/write head indicated by

signal 35, in order to develop an error signal that is fed

10 back to the control loop through the estimator gain
elements 181-183.

The gain elements 186-188 respectively scale signals
corresponding to the position, velocity and acceleration of
the read/write head, and effect the feedback control

15 through junction 152. The elements 164 and 191 provide
feedback paths corresponding to respective characteristics
of the microactuator coil, namely back emf and resistance.
The effect of the microactuator springs, represented by the
signal 138 from the microactuator spring effect adjustment

20 block 124, is taken into account in the control loop 121
through the junction 167.

The voice coil motor control loop 122 operates in a
generally similar manner, except that the input signal 1293
is based on the magnitude and direction of the displacement

25 of the actuator platform from its equilibrium position. ---
Thus, the control loop 122 controls the voice coil motor 21
as a slave or follower to the microactuator 26. Since the
operation of the control loop 122 is generally similar to
that of the control loop 121, a detailed explanation of the

30 operation of the control loop 122 is believed unnecegsary.

The microactuator spring effect block 124 of FIGURE 6
models the primary characteristic of the microactuator
spring portions 76 and 77, namely the net resilient force
which they exert between the platform 72 and the base

35 portion 71. However, there are secondary characteristics
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Kmal, where Kmal is a scaling factor for the output of the
stroke limit block 262. The output of the gain element 263
is coupled to a positive input of the junction 257.
The present invention provides various technical
35 advantages. One such technical advantage is that a



'109%4 | & ()-*!" '10% | & ()-*195" '10% m & ()-*!f '109%|& ()-*!"
'10% | & ()-*!" '10%| & ()-*B }oPl,ft10%& ()-#10%& ()- 10| 10|| 10||!b
'10% | & ()-*!" '10% | & ()-*104 ' 10%l|d| & ()-* xV4oPll g ' 10%66Miay 003! °
'10% ;& ()-, # H '10% & ()-, # k°

27 J

microactuator can be utilized in a hard disk drive, while
avoiding the need to provide a position sensor to determine
the actual position of the support member on which the
microactuator movably supports the read/write head. This
5 reduces the cost of the system, while achieving more
efficient control through use of the dual actuator
arrangement. In particular, seek times and thus access
times are reduced. a further technical advantage is
increased reliability, due to elimination of the need for
10 a sensor and its associated support circuitry.

Although one embodiment has been illustrated and
described in detail, it should be understood that various
changes, substitutions and alterations can be made therein
without departing from the scope of the present invention.

15 For example, the disclosed embodiment utilizes a digital
signal processor to control the position of the read/write
head, but it will be recognized that the position of the
read/write head could also be controlled by an analog
control circuit. Moreover, a suitable control loop for the

20 microactuator and a suitable control loop for the voice
coil motor have been disclosed, but it will be recognized
that there are many variations and modifications of these
specific control loops which lie within the scope of the
present invention. In this regard, it will be recognized

25 that—directlconnections disclosed herein could be altered,
such that two disclosed components or elements are coupled
to one another through an intermediate device or devices
without being directly connected, while still realizing the
present invention. Other changes, substitutions and

30 alterations are also possible without departing from the
spirit and scope of the present invention as defined by the
following claims.



C10% ;& ()-, #10 10% ;& () -, # ~ ' 109EE& () -, #[\]~j {pezZ: ! y#10%& ()- 10Z 10Z
107" .1109@& ()-y!'b .1 10%&' ()-y .!10%& ()-y!'b" ' 10% .

£ & ()-, #j1 QYZ[\hzl "\P1#10%& ()- 10 10 10! A p" Y3(10%& ()-!A Y3t MwgoP3. 1 k
Y3(109%&’ ()- @ S10%: ()-hj 9\}[ 9 P1! s*310%m& ()-! 10%m&: ()- &!

10%m&: () - &' Y10%m&' () - YL0%T& () - s10%r& ()- uSLl! S10%| 4| & ()- @ Y

10%4| 4| & ()-"1 10%4| & () - #10%4| & ()- 10m8Bn8 10mBnS8

CLAIMS:

1. A control apparatus for controlling

a system which includes a first part, a moveable

5 member, a first actuator supporting a second part

on the member for movement relative to the member,

and a second actuator operative to effect movement

of the member, the first and second actuators each

effecting relative movement of the first and

10 second parts, wherein said control apparatus

comprises:

a first control portion having an input

which receives an input signal that specifies a

target position of the second part relative to the

16 first part, said first control portion being

operative to output a first actuator control

signal for causing the first actuator to move the

second part toward the target . position with
respect to the first part; and

20 a second control portion having an input

coupled to the first actuator control signal, said

second control portion being operative to output a

second actuator control signal to cause the second

actuator to move the member in a manner so that

25 the second part moves toward the target 'position
with respect to the first part;

wherein said apparatus is free of a sensor

for sensing a position of said member,



10nm8n8! s*310%8r8&' ()-_ P

| WUBUSL! 1 - 41096 4] & () -1 - 410%.L& ()-!"-410%4| 4] & ()-! $410%| 4} & ()1 $410%
4|4|&'()-!$410%1|4|&'()-!!!""""#$xV4!!!nﬁOWm&'()-MnﬁOWm&'()-kﬁlﬁ&%()-M
10%m& () - #10%m& ()- 104| 4] 104|4] 104|29$9%w ' "' ' "' }oP1109%Z& () - #109@& () -

10nmm 10mm 10mm s*Z10%m&' () -!s*Z10%m& () -!! 10%m& ()-s' #((
)" FVFWEX*Y*aVK@ 10Z 10Z 10Z S109%&Z&' () -! nl0%ZZ&' () - mlO%&Z&' () - Z10%&Z& () - @
T109%&Z&' () - Y*e*g**C++, } [9VK@ ! 10% B
B& ()-!"11098BB& (),-! "1 10YBB& Qch! | 10% = & () -y 109B&' () - y#S1QB& () -, #,, /-~

y.z.{.zXJ<@ 1o0B#he first a

10BB!'] " ! 109
/OoMr@C' !'1

110% | & () -
5

10

15

20

25

ator 1s microactuator which
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move the second part away from the predetermined
position in either of first and second directions
which are opposite 1in response to the first
actuator control signal respectively having
positive and negative polarities; and wherein the
microactuator includes a resilient arrangement
responsive to movement of the second part away
from the predetermined position in either of the
first and second directions for urging movement of
the second part toward the predetermined position,

a force with which the resilient arrangement
urges the second part toward the predetermined
position increases as a distance of the second

part from the predetermined position increases.

2. An apparatus according to Claim 1, wherein
the first actuator is a microactuator which
includes a resilient arrangement responsive to
movement of the second part away from a
predetermined position in either of two opposite
directions relative to the member for urging
movement of the second part toward the
predetermined position, said first and second
control portions respectively outputting first and

second signals that respectively represent a
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5 resilient arrangement is expected to be exerting
between the second part and the member; said first
and second control portions each being responsive

to the signal from said third control portion.

10 3. A disk drive apparatus, comprising:
a disk supported for rotation about an axis,
and having thereon a magnetic surface;
a member supported for movement relative to
said disk;
15 an actuator which is operative to effect
movement of said member;
a microactuator provided on said member;
a read/write head suppo;ted by said
microactuator for movement relative to said
20 member, wherein movement of said member by said
actuator corresponds to movement of said
read/write head adjacent to and in a direction
approximately radially of said surface of said
disk, and wherein movement of said read/write head
25 Dby said microactuator corresponds to movement of
said read/write head adjacent to and in a
direction approximately radially of said surface

of said disk;
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disk, said apparatus being free of an arrangement

10@@

5 for sensing an actual position of said member; and

a control system responsive to the position

signal, and responsive to an input signal

specifying a target position of said read/write

head relative to said disk, said control system

10 being operative to control said actuator and said

microactuator so as to position said read/write

head at the target position with respect to said
disk,

wherein said microactuator effects relative

15 movement of said read/write head and said disk at

a speed which is substantially faster than a speed

at which said actuator effects relative movement

of said read/write head and said disk

20 4. An apparatus according to Claim 3,
wherein said actuator effects a range of relative
movement of said read/write head and said disk
which 1is substantially greater than a range of
relative movement thereof effected Dby said

25 microactuator.

5. An apparatus according to Claim 3,
wherein said control system includes a first

portion responsive to the input signal for
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6. An apparatus according to Claim 3,

wherein said microactuator has an initial state in

10 which said read/write head is in a predetermined
position with respect to the member; and wherein
said microactuator is responsive to the
microactuator control signal for moving said
read/write head away from the predetermined

15 position by a distance which is proportional to a

magnitude of the microactuator control signal.

7. An apparatus according to Claim 3,

wherein said control system includes a first

20 portion responsive to the input signal for
generating a microactuator control signal which is
coupled to said microactuator, and includes a
second portion that has an input and generates an
actuator control signal which 1is coupled to said

25 actuator, said microactuator having an initial
state in which said read/write head 1is in a
predetermined position with respect to said
member, and being responsive to the microactuator

control signal for moving said read/write head



[ wwU3{\ =1\ " @109 ()-,,!'u @10%B83& ()-,,!u @10983& ()-,,!z @10983& ()-,
T @109 () -, ,! @L10YB3& ()-,, w Sl $10%& ()-S, 10%& ()-$10%%§£|\£3 -2030(% 10
100\ " @10%& ()-,,!'u @10983& ()-,,/< 11+ $10%& ()-S, 'k y
$10%&' ()-S,!'p° $10% ()-S,!p $10%& ()-S,!  $10%& ()-S,!°
$10%&' ()-S, <vr~_ @'+ yl0% & ()-$10% & ()- 10 10 10 $10%& ()-S,!°
$10%&' ()-S,  $10%& ()-S,)WIB~_@!]"

away from the predetermined position by a distance

which 1is proportional to a magnitude of the

microactuator control signal; and including a

third control portion which is responsive to the

5 microactuator control signal and which outputs a

control signal obtained by subjecting the

microactuator control signal to integration and a

gain, said input of said second control portion

being coupled to the control signal from said

10 third control portion.

8. An apparatus according to Claim 3,
wherein said microactuator has an initial state in
which said second part is 1in a predetermined

15 position with respect to said member, said
microactuator being operative to move said second
part away from the predetermined position in
either of first and second directions which are
opposite in response to the microéctuator control

20 signal respectively having positive and negative
polarities; and wherein said microactuator
includes a resilient portion responsive to
movement of said second part away from the
predetermined position in either of the first and

26 second directions for wurging movement of said

second part toward the predetermined position.
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10 target position of the second part relative to the
first part;
generating a first actuator control signal as
a function of the input signal and without sensing
an actual position of the member, the first
16 actuator control signal causing the first actuator
to move the second part toward the target position
with respect to the first part; and
generating a second actuator control signal
as a function of the first actuator control signal
20 and without sensing an actual position of the
member, the second actuator control signal causing
the second actuator to move the member in a manner
so that the second part moves toward the target
position with respect to the first part.
25 ‘
10. A method according to Claim 9, including
the step of detecting an actual position of the

second part relative to the first part; and

wherein said step of generating the first actuator
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to the first actuator control signal by moving the

10 second part away from an initial position relative
to the first part by a displacement which is
proportional to the magnitude of the first

actuator control signal.

16 12. A method according to Claim 9, including
the step of causing the first actuator to respond
to the first actuator control signal by moving the
second part away from an initial position relative
to the first part by a displaéement which is

20 proportional to the magnitude of the first
actuator control signal and in a direction which
corresponds to the polarity of the first actuator
control signal; and wherein said step of
generating the second actuator control signal

25 includes the steps of subjecting the first
actuator control signal to integration and a gain
in order to obtain a modified signal, and then

effecting feedback control of the position of the
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