WO 02/ 059883 PCT/ US02/ 01114 ADJUSTABLE FLY HElI GHT CONTROL USI NG AN
ADJUSTABLE HEAD ACTUATOR ASSEMBLY FIELD OF THE | NVENTION 5 The present

i nvent i onwioalasesss generally to fly height control for a datraydogadisel ative
to a disc or read-wite surface, and nore particularly but not by
limtation to an adjustable head stack or arm for fly height control.
BACKGROUND OF THE | NVENTI ON 10 Data storage devices store digital
information on a disc or read-wite surface. Heads are supported relative
to the disc or read-ADJUSTABLERS HEIGHT CONTRODUSINGrANe data to the

di sc. Heads include tAppedYABLEBERD ACTUATOR ASBENIBINE.
magnet oresi stive and magneto-optical transducer el enents, which are

carried on an air 15 bearing slider. The slider is coupled to a suspension
assenbly which supplies a | oggrfOroRTHE INWESTIdRY at a | oad point. For
operation, rotation of the diSC creates an air fTow along the air bearing
of the slider to cr&aeerasdmydnoshtivanietatts genarglly o Cly. hefglet camprbl ddy nami c
lifting force is countered by the |oad force supplied by 20 the suspension
assenbly so t hatdathbead relativefo pdiss qurﬁé‘%""élb@\ﬁélrf , EEOT8yrface at a fly

hei ght defined_in.part t he, hydr.odynam c | ifti fo f the air

beari ng and th@aﬂb(g@arf%%éng%%%{' 1gad%c§}1 ’thzgl %@gﬁéﬁg‘?% ac{%tgglg%ﬁgs

Manuf act uri ng Tf&lizz); ﬁ?%?[icgﬂgoyari ations can introduce 25 variations in the
dynam c paraneters o he disc drive or in particular, fly height
paraneters of the head. VBAGKGRAUND OFTH® INNWENTdONret ers can affect
read/ wite resolution and clarity thus affecting operation of the disc
drive. Enbdfii nents &¥ata porpgedevices sioendigital indpraptien o81adise®s to t hese and

other probl ems ’J:eai%ﬂgvrg)’c];fsg{‘fagé.hﬁreagg a?edsvu%)rf}o%geedsre?é‘aevre ’;[oht RlibO0r &kt

write surface to read data from or write data to the disc. Heads
include transducer elements, such as inductive, magnetoresistive and
magneto-optical transducer elements, which are carried on an air

15 bearing slider. The slider is coupled to a suspension assembly which
supplies a load force to the slider at a load point .

For operation, rotation of the disc creates an air flow along the
air bearing of the slider to create a hydrodynamic lifting force. The
hydrodynamic lifting force is countered by the load force supplied by

20  the suspension assembly so that the slider or head flies above the disc
surface at a fly height defined in part by the hydrodynamic lifting
force of the air bearing and the load force supplied by the suspension
assembly.

Manufacturing tolerances and variations can introduce

25  variations in the dynamic parameters of the disc drive or in
particular, fly height parameters of the head. Variations in fly height
parameters can affect read/ write resolution and clarity thus affecting
operation of the disc drive. Embodiments of the present invention
provide solutions to these and other problems, and offer other

30 advantages over the prior art.



WO 02/ 059883 PCT/ US02/ 01114 -2 SUMVARY OF THE | NVENTI ON The present
invention generally relates to an adjustable interface for fly height
control . wopopasssxul ar, the present invention generally Pelratsezotiod an
adj ust abl e actuator arm height or elevation 5 relative to the disc surface.
The height elevation of the actuator armis adjustable relative to the

di sc surface to provide adjustable fly height <control. The hei ght

el evation of the actuator armis adjusted based upon read-back data from
the head to provide desired fly height control. Oher features and
benefits that characterize enbodi ments _of 1 present invention will be
appar ent upon reading the fedMMARY QEIEE UN Bt i on and revi ew of the
associ ated drawi ngs. BRLEF_DESCRI. PTI TH I\ ey IS a
schematic illustration o ESPHS?%“é?%?§3%8535¥%gyﬁ9%%?S%Fﬁf‘&ﬁ&%ﬁ%odinent of
an actuat or asggghhye fd}qlr?gﬁéiga_t 8ntrdP Iﬁﬂia&'ﬁ&@l‘ﬁh@h@%&'@h@ﬁn@éﬂﬁ&{ evation or
height. FIG 2 is a schematiC illustration of an enbodi nent of a device

i ncluding an agdenatadiylrelates or dfraadjubableemtuator acinladight aisdendtign and a
chassis portion to adjust the elevation of the actuator arm FIG 3 is a

schemati c i bl uselptive bnthst diss serfperii Hembeight elgvaon ef the artuatos apm i

i ncl udi hub i d i ndl t ' dj,yst abl
nterface | ncl AARRAR Pelafive Fo RS Suftate rige e adflolte fRARRAGHT or
el evation of t?SnééﬁglgEd%{erzTigm 8l HBLR Of MdActhhGr afm! i8 a@j@s@&%ﬁéécp

illustration of an e of an actuator assenbly’ novabl e between an

i nner portion apdnaeadbia€k dabbfrpnt tHedieadftodrdiide devirddefbg hpightenent. FIG 5
is a schematic illustration of an enbodi nent of an interface spring

i ncl udi ng an adpuohbPthardeatures andpenefis thatjcherasierize epbpdimnents©é to an

act uator bqu e S?essgrr{P fnxfention will be apparent upon reading the following

detailed description and review of the associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of a data storage device
including an embodiment of an actuator assembly including an
15 adjustable actuator arm elevation or height.
FIG. 2 is a schematic illustration of an embodiment of a device
including an adjustable interface between an actuator assembly and a
chassis portion to adjust the elevation of the actuator arm.
FIG. 3 is a schematic illustration of an embodiment of an
20 actuator assembly including a hub portion and a spindle portion and
having an adjustable interface including an adjustable spring force to
adjust the height or elevation of the assembly or actuator arm.
FIG. 4 is a schematic illustration of an embodiment of an
actuator assembly movable between an inner portion and an outer
25  portion of a disc for head placement.
FIG. 5 is a schematic illustration of an embodiment of an
interface spring including an adjustable load to supply an adjustable

spring force to an actuator body or assembly.



WO 02/ 059883 PCT/ US02/ 01114 -3 FIG 6 is a schematic illustration of an
enbodi nent of an interface spring having an adjustable spring constant to
suppl y arwoadjsmssrbl e spring force to the actuator body orcaasembiiya FIG 7
is a schematic illustration of an enbodi nent of an 5 actuator assenbly
including a disc spring interface to supply an adjustable spring force to
the actuator body or assenbly. FIG 8 is a detailed illustration of the
disc spring illustrated in FIG 7 and #tlustrating a | oad force supplied
to the disc spring to supply a spring force to the actuator body or

assenbly. 10 FIG 9_j _flow chart illustratin esting steps for fly

hei ght control. FI Eigf él’@-alsf\ﬁlfem%tﬂrl‘éitéaté??b@{ﬁxhgﬁ'ﬁ’é’a&)‘f‘e’gﬁ%{ﬁrgack signal s

for adjusting, el. gk r. e j t.ai odi nent of
testing oper at %’Ié%%%{be%%m%ﬁg‘@% %/Cﬁﬁset:;tg’@tsl’%g“r% ‘fsoolf“%ﬁ‘c}ggg‘?gls’f frir[ignt. DETAI LED

DESCRI PTI ON' OF 5 ik 4B T4 vEf GVBEDINENtRat o Ibedy borsgb@nBlyi.cal |y illustrates a
data storage de\)i ce 10 ihcluding a data head 102 whi ¢ch is adapted to read

data fromor wite POGdaisa dchemasicollagteatibrsof @n emboidanéovof dm t he
illustrated enbodi nent, the head 102 is carried by an actuator assenbly
106 and al i gnedctuptrasperablygnchisling s disqsararg irtera¢eta umnly 8noper at i ons.

The actuator asse 106 s red. by a.driver_ or ice coil notor 108
(illustrated séwh%%ﬁrll% kcerQS(\é\@?‘:t ?C%XE%30H¥§J afgezméf(),yr' oss the disc 25
surface (i.e. relatgys ¢ R S@dalé@AndRtRion Fake HidWprirfatliustratel @per ati ons.
In the illustrated enbodi nent, the head 102 includés an air bearing slider
whi ch carries Fl@rsand diusttatingd badforcessuppbiedftorthe elésd/spairigt® oper ati ons.
Transducer el ements are coupled to read/ wite circuitry
supply a spring force to the actuator body or assembly.
10 FIG. 9 is a flow chart illustrating testing steps for fly height
control.
FIGS. 10-11 illustrate embodiments of read-back signals for
adjusting fly height parameters.
FIG. 12 is a detailed embodiment of testing operation steps for
15 fly
height control and adjustment.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

FIG. 1 schematically illustrates a data storage device 100

including a data head 102 which is adapted to read data from or write

20 datatoa storage disc or media 104. In the illustrated embodiment,
the head 102 is carried by an actuator assembly 106 and aligned
relative to the disc surface for read/write operations. The actuator
assembly 106 is powered by a driver or voice coil motor 108
(illustrated schematically) to position the head 102 across the disc

25  surface (i.e. relative to selected data tracks) for read/write operations.
In the illustrated embodiment, the head 102 includes an air bearing
slider which carries transducer elements (not shown) for read/write

operations. Transducer elements are coupled to read/write circuitry



WO 02/ 059883 PCT/ US02/ 01114 -4 110 of the device as schematically
illustrated which interfaces with a host system as known. For operation,
rotati on wb othssss sc 104 creates a hydrodynamic |ifting PPorasopemithe air
bearing slider or head 102. The slider or head 5 102 is coupled to the
actuator assenbly 106 through a suspension assenbly 114. The suspension
assenbly 114 supplies a load force to the head or slider 102 which
counters the hydrodynamic lifting forces4 The | oad force and hydrodynami c
lifting force define in part a fly height 116 of the slider above a

surface 118 of _the disc. As previously 19 expl gi ned, .fly,. heigh araneters
af fect read-wilt Oéglggﬁgvcgﬁﬁsc F%ﬁb’dﬁ‘.l“ﬂfgtﬁafvg}é‘t:hﬁ‘ facgy g’ﬂ%‘r&es or
variations can,j e variations in fly height paraneters. The present
i nvention re|a€E§E£%§¥$§ﬁ&Hq%RPg a system for conpensating for fly height

variations. In the gReghefRitn $HQWoN df the Giscl04lcheatdsh hgtesd peaflEdl y 106

15 includes an actuat or body 120 and at |east one actuaftor arm 122. As
shown t he act udifting &ore b2xheatiehelsirfg didet lve heat 182 oThbstiled @0heattl t he
suspensi on assenbly 114 and slider 102 are coupled to an extended end

thereof . AsSshd¥g is eoiplad be thoagtyatoggseambly 106 through aguspasioav4 spaced

fromthe disc surfa 8.+ The el evation of t 20..act wat 122
affects the fl fsﬁeéf‘éﬁ’tﬁ%‘r WeS”ﬁPFlasé?né‘Fseﬁ@élX ]@gf}lpﬂ}ﬁss?&l(\%%cflfoar? ‘lg (F)Bn_s in the
el evation of anm hézd bE SHUEMZMN BRhSWune&Gs tﬂéﬁydkdﬂdf&ﬁﬂﬁqgtiﬁ bRkl Ons i n
the fly height paraneters of the head or slide 102 which can affect read/
wite clarity drherleadlfoitce@nd Hjdrodevanéc hftirghfome defitheittepan atfg ght  adj ust er
126 (as 25 illustrated schematically) operab:lé coupled to the actuator arm

122 to adj ust heightdlléwaftthe alidher afterve rosuréricetlAB8 ofthe disg. Asi previgaistd t he di sc
The actuat 0P bRy Freh bRt BE e s
resolution. Manufacturing tolerances or variations can introduce
variations in fly height parameters. The present invention relates
generally to a system for compensating for fly height variations.
In the embodiment shown in FIG. 1, the actuator assembly 106

15 includes an actuator body 120 and at least one actuator arm 122. As
shown the actuator arm 122 extends from the actuator body 120 and
the suspension assembly 114 and slider 102 are coupled to an
extended end thereof. As shown, the arm 122 is supported at an
elevation 124 spaced from the disc surface 118. The elevation of the

20  actuator arm 122 affects the fly height of the slider or head 102. Thus,
variations in the elevation of arm 122 from the disc surface 118
introduces variations in the fly height parameters of the head or slider
102 which can affect read / write clarity or resolution.

The device as shown includes a height adjuster 126 (as

25  illustrated schematically) operably coupled to the actuator arm 122 to
adjust the elevation height 124 of the arm 122 relative to the disc
surface for fly height control. In one embodiment illustrated in FIG.
2, the actuator body 120 is floatably supported between opposed
chassis portions 130, 132 (schematically illustrated) and the height



chassis portions 130,132 (schematically illustrated) and the hei ght WO

02/ 059883 PCT/ US02/ 01114 -5 adjuster 126 includes an adjustable interface
134 bet wewo o2hsosghassi s and the actuator body 120. |n thecpasb/eular
enbodi mrent shown, the actuator body 120 is floatably supported relative to
a spring 136 coupled to chassis portion 5 132. Spring 134 biases the
actuator body 120 towards chassis portion 130. The adjustable interface 134
nmoves the actuator body 120 against theé-spring bias to adjust an el evation
or offset of the actuator body 120 relative to the chassis to adjust a

hei ght el evation of the at |east one _actuator 122. | tge particul ar
enbodi ment sho@justesd 28dnelydss an gdpsiable interpes et%egrqtglee ed bet ween

chassis porti O%Bé%ﬂe%\%&p‘)rg&{mﬁ chassi s base of the device and the
0 adj he™r

actuat or body ust ei ght of the actuator body 120 and arm

122. Alternatively thehe gailtidaldtenislindet) sEOWNdtiReadth 8RR boldgIR0ds Chassi s

portion 132 or cover and the interface 134 could be coupl ed between the
actuat or body 1ldatably anmppaited selstipotd a spriog 186 venplesi2totdnhaasip psttiome hei ght
el evation of the at |east one actuator arm 122 In one enbodi nent

i || ustratedsinlfR-coprngWAd biases e aniuptor body 120 jewardschaspisporioni ke parts

in the previou &S, , ;th dj.ystabl act uat;or - chassh s 4 rface. includes
a spring 140 mﬁ?@h%%ﬁgﬁsgasbﬁ%#%ﬁﬁaﬁed PREFR ep?‘ci%ﬁ% of :?nggnlg aigla}nl%t rated
schematical |y lye QhoeknildZob@iddan AYHRNVr &%Yo?—ﬁ%aktuﬁ%rﬁbﬂgﬂmsm' ng
140 is interposed between ch555| s portion 130 and actuator body 120-1. The
adj ust abl e spr irglgtivé &6 elee dihdsis 3o adjust hégiglgalasitionhs theas leabt spei ng 136 to

adjust the elevation or position of the actuator body 120-1 to adjust fly
hei ght 25 par aseueter am 1% hethe proticulan ertheodiment shown, deistHatent shown in

E Lﬁ i gn 5230 :ﬁgﬁggsgsrintg‘?g % 134 igl g(?u}i)lggilb%gv%geﬁ clﬁailsrsisstpéjr%ro%i 130 wlﬁli%hand a second
forms a chassis base of the device and the actuator body 120 to adjust
the height of the actuator body 120 and arm 122. Alternatively the
actuator body 120 could be biased toward chassis portion 132 or cover
and the interface 134 could be coupled between the actuator body 120

15 and chassis portion or cover 132 to adjust the height elevation of the
at least one actuator arm 122
In one embodiment illustrated in FIG. 3, where like numbers
are used to refer to like parts in the previous FIGS,, the adjustable
actuator-chassis interface includes a spring 140 which supplies an
20  adjustable spring force as illustrated schematically by block 142 to the
actuator body 120-1. As shown, spring 140 is interposed between
chassis portion 130 and actuator body 120-1. The adjustable spring
force 142 is supplied against the bias of spring 136 to adjust the
elevation or position of the actuator body 120-1 to adjust fly height
25  parameters of the head 102.
In the particular embodiment shown in FIG. 3, the actuator
body or hub includes a first portion 144 and a second portion 146 and
a stepped surface 148 between the first and second portions 144, 146.

The second portion 146 is insertable into a channel 150 of the chassis



a stepped surface 148 between the first and second portions 144, 146. The
second portion 146 is insertable into a channel 150 of the chassis WO

02/ 059883wbB@THE88R/ 01114 -6 portion 130 and is biased theceiusobgiispri ng
136. Spring 140 is coupled between the stepped surface 148 and chassis
portion 130 to supply the adjustable spring force 142 to adjust the

el evation of the actuator arm 122. 5 The actuator body 120-1 illustrated
in FIG 3 includes a hub portion 152 arft a spindle portion 154. The
spindle portion 154 is rotationally coupled to the hub portion 152 by a
bearing assenbly 156. As illustrated in FIG driver 8-1 rqtates

spi ndl e porti oPortign 138 and igplased thaerein IPB{)‘?IB“’E‘EgBﬁeéHmi‘GZdBéﬁ € nner and

outer portions,l 9.1 h i 0} .0 . i , hub
ot e 2O L3S KRS 1, 8% pla itacl 8 A0fenBs LA SHSE RN

st epped surfac‘a@'d@bmgm byRe) tH%adfeh eh@Eletatibl of evistuslios @rd04 is
rotated for ope#atlon y driver 162. As previously described, rotation of

disc 104 creatl2? a hydrodynamc lifting force to the head to fly above the
15 disc surface at a fly height adjustable through the adjus%gble actuat or -

chassis intérface. Adesiesuptor Rody @204 illgpirated indoG: Adnelades 8 pydsed
termnals 164, 166 a ,spri.ng, portio 68..t her ehet ween. rmnal 164 is
coupled to thé’%ﬁ?{}g{%gﬁf‘g&@?%g]@ R%r!tno nlg%p &‘%BH‘QE@"_I%@W Supply the 20
adj ustabl e SPri B a0ls HAPIAPI AR HIPSSiok 0N LBbAdhERNemBly! USt Tt ed 1 n
FIG 5, an adjustable toad 170 (i1llustrated schématicalty) 1s’supplied to
term nal 166 of156prAsifuddBiedonHIOY Uddrivdrel (8d] tistatsslspindiprportjohdbée 142 as

descri bed to adjust elevation or height for fly height control. 25
Al ternatively @boutpyistlb8tteanove thedead, 103 bebnseminner 6ad qwee pogtons

HTustrat edloby 1%5,0 féb 3T7t eccﬁlgc ﬁﬁ iHQR&le ier(?l o%?rglerallt sﬁ'%vlvrrll,ghl?l? Bg%t%]r% 1&27 4 of
includes the first and second portions 144, 146 and the stepped
surface 148 therebetween. As schematically shown, disc 104 is rotated
for operation by driver 162. As previously described, rotation of disc
104 creates a hydrodynamic lifting force to the head to fly above the

15 disc surface at a fly height adjustable through the adjustable actuator-
chassis interface.

As shown in FIG. 5, spring 140 includes opposed terminals 164,
166 and a spring portion 168 therebetween. Terminal 164 is coupled
to the actuator body 120 (or stepped surface 148) to supply the

20  adjustable spring force 142 as described. In the embodiment
illustrated in FIG. 5, an adjustable load 170 (illustrated schematically)
is supplied to terminal 166 of spring 140 to provide the adjustable
spring force 142 as described to adjust elevation or height for fly
height control.

25 Alternatively as illustrated in FIG. 6, a constant load force as
illustrated by block 172 can be supplied and a spring constant 174 of
the spring 140 can vary to adjust the spring force 142 supplied to the
actuator body 120 (or stepped surface 148) through terminal 164. In
particular, the spring force F is provided by



the spring 140 can vary to adjust the spring force 142 supplied to the
actuator body 120 (or stepped surface 148) through termnal 164. In
particul awp ozlessspri ng force F is provided by W 02/ 059882CcR@Bbe024 01114
-7- F= kx EQ.1 where k is the spring constant of the spring 140; and x is
a distance spring 140 is conpressed by input load 172. 5 Thus, k is varied
to adjust the spring force F to adjust fly height paraneters of the head
as described. FIGS. 7-8 illustrate one efrbodi nent of an actuator-chassis
interface including a disc spring 180 interposed between chassis 130 and
actuator body 120-1. In the il]Justrated enbodi ment, spring 180 10 i ncl udes
an i nner portion 182(or terniﬁﬁﬂ?‘and an outer portion 184 (or termnal).
In the illustrated %yb diment, the inner portion 182 is coupled between
chassis 130 and stepﬁ% surface 148 of the actuator body 120-1 as shown

more clearly in Fl Gyifere QUk €he BS¥ihg 08nst8At bStheGPHRLEAO} £ngCr ews 186, shown
in FIG 7, to supply an adjustable load 15 force 170 to the outer portion

184 of the spring 18&dstdaistdhossprite14(Qisicognpresseckby imgplitilead 182.t he act uat or
body 120 or stepped surface 148. In particular, portion 146 of the actuator
body 120-1 éxt ds, k isyanigshtosadjnsigtheseringdoneesF toadigst ly bgighte spring 180
bet ween the actuat O{f bog (1)%0-1 and cga@si s portion 130. Chassis portion
or base 20 130 RAAUPGEFES© é}? <o 35 94568990, 192, as shown in FIG 7, which

are operably coupl e4cEhy QuERsBHLRNR hbdin{ént QFhRacRRIbI-BRaskB4 Of  spring
180 is coupl ed between plates 190,192 and plate 192 1s novable toward

plate 190 by tiigletfoe nfrlsdingwsdib8eptiagd8p phigr pdved| lmddeeh ohasid IB( he out er
spring portion 184. As exaggeration in FIG 8, 25 application of |oad force
170 to the out @ndsystuatgr pody i18p-11dn the dlustrated embodiment, spring 180

10  includes an inner portion 182(or terminal) and an outer portion 184
(or terminal). In the illustrated embodiment, the inner portion 182 is
coupled between chassis 130 and stepped surface 148 of the actuator
body 120-1 as shown more clearly in FIG. 8. Outer portion 184 is
coupled to screws 186, shown in FIG. 7, to supply an adjustable load

15 force 170 to the outer portion 184 of the spring 180 to adjust the spring
force supplied to the actuator body 120 or stepped surface 148.

In particular, portion 146 of the actuator body 120-1 extends
through spring opening 188 to position the spring 180 between the
actuator body 120-1 and chassis portion 130. Chassis portion or base

20 130 includes opposed plates 190, 192, as shown in FIG. 7, which are
operably coupled through screws 186. The outer portion 184 of
spring 180 is coupled between plates 190, 192 and plate 192 is
movable toward plate 190 by tightening screws 186 to supply the load
force to the outer spring portion 184. As exaggeration in FIG. 8,

25  application of load force 170 to the outer spring portion 184 produces
an opposite reactive or spring force 142 through the inner spring
portion 182 as illustrated in phantom in FIG. 8. The spring force 142
moves actuator body 120-1 against the spring bias toward opposed

chassis portion 132 to raise an offset or elevation height of the



an opposite reactive or spring force 142 through the inner spring portion
182 as illustrated in phantomin FIG 8. The spring force 142 noves

act uat or wody/03i®83 1 agai nst the spring bias toward oppose@®CTalsaxsiis4 porti on
132 to raise an offset or elevation height of the WD 02/ 059883

PCT/ US02/ 01114 -8 actuator arm 122 relative to the disc surface 118. Thus,
as described, the spring tension can be easily adjusted by tightening or

| oosening screws 186. This provides ad¥antages over static systens and
allows for easy stack or arm adjustnents to conpensate for variations in

fly 5 height paranmeters, illustrated in FlI 9, .stack or actuator
hei ght can be affjugtreym i%ff@?‘il‘(/%t‘bﬁ\?r §S %%”Féa%’%éd Thysnas @%Stmgﬁéf ating

L s AT B O e D

and feedback o sigha ucer elenents®are

provided as 10gilbsigbatiofs BYoHECkdRRRasdd FRASHIR JyBRdhs Whd hRowsarity or
off-track capability (OIQ. In particular, if the pulse wdth (PW of the

read back sigfial edsy sRAMKDr(qrm sdjusirderits 50 ¥pmipeesatefor vamationsipaby [ ity is
poor and the fly height of the head is below the glide aval anche height of
t he nedi a résuheighy parameteds.di sc interface (HDI). Thus, the 15 height of

th t uat i i . t to the di f t 0. | th
'y hei gt of e sAIFSRSERnTIC: b dadny! sfatiet el e tiuRl “ang |
i nprove track fg aﬁ%ggemﬁoﬁﬁﬁﬁ%d UBbM te%?@s?{t%rﬁﬂamé&%@ gy or arm 122

is |lowered towards t disc surface to | fly height of the slider

as i1l ustrat edilbystidted by206ci2200, drivardpecation is ikit{alizedidndfetdbidsor
read-back signal 210 as a function of time 212 for a head which is not
able to stay omead batk signals deam e reasdwies cleraentaere previdedasi11 il ustrates

d- back d ti 14 d t act Dl filteri 20- 200kHz) .
Thas, as. edpl alGuraiRs DACLEE AT eBEnghy e i €3pey ceafiidh i ve co

capability (OTC). In particular, if the pulse width (PW) of the read
back signal is PW50 (pulse width 50%) then off-track capability is
poor and the fly height of the head is below the glide avalanche
height of the media resulting in head-disc interface (HDI). Thus, the

15 height of the actuator or arm is raised relative to the disc surface to
increase the fly height of the slider as illustrated by block 204 to
reduce HDI and improve track following. Alternatively, the actuator
assembly or arm 122 is lowered towards the disc surface to lower the
fly height of the slider as illustrated by block 206

20 In particular, FIG 10 illustrates a read-back signal 210 as a
function of time 212 for a head which is not able to stay on track
indicating head-disc contact and FIG. 11 illustrates read-back
modulation 214 due to contact or HDI upon filtering (20-200kHz).
Thus, as explained the actuator assembly or arm is raised relative to

25  the disc surface to increase the fly height of the slider to reduce HDI
or signal modulation. Thus, the tested device can be statically
adjusted to compensate for manufacturing tolerances or variations

compromising read-write resolution and clarity.



25 the disc surface to increase the fly height of the slider to reduce HDI
or signal nodul ation. Thus, the tested device can be statically adjusted

t o conperweatoe/0fm83 manuf act uri ng tol erances or vari ati ons PCORgsNDmiis4 ng
read-write resolution and clarity. WO 02/059883 PCT/ US02/ 01114 -9 FIG 12
is a nore detailed illustration of a testing operation which increnentally
adj usts or lowers stack or armheight for test operations as illustrated
by bl ock 216. The read-back signal is 1easured at increnental heights as
illustrated by block 218 and 5 conpared to desired paraneters as

illustrated by block 220. The desired, ararrﬁter‘ls?aare stored, in nenory or
in a | ook-up table. Fis 13 isjpyepredelailed ilyrtratiquolimicRting gpgratian accept abl e

or within desiregd ters, then test tion i t
O e Vi B ATERIS kA8 o P SR RIS 2
i ncrement al hebgbﬁatiok@ ak iIREAtdteA By Btk MBI THRE RAdDYAdY Peifald24, then the

systemindicates head failure as’illustrated by bl ock 226, otherw se, if
the read-back siegsated st inE\dhenthhlerighrisdlitistratedridi ldatke@1&andl | ustrat ed by
bl ock 228 and then the stack or armheight is raised as illustrated by

bl ock 230 td acompavedinsdetizeskparamsters apfillusteatediby block dAP.athet he head is
increnental |y 15 .| oyer ed a3 illugtr t.ed ?t;%‘ | ine. 232 for q t her test
iteration. Thu ,eSIF‘?fY\%?]F?émF FIAEE AE BrbdarReft " ¢ %cfli HE g@&r 5 ons
increnental |'y hﬁ?sttﬁntéc??;%e%éd-ﬁaﬁ@éigﬁﬁlti@%%cé;%bl'et&r@ithﬂﬁdésth%@k or arm

hei ghts for desire helr ght cont’rol. An“adj ustabl e height elevation for

an actuator ar patfitetergshétOtebPaperatioaris aciphdtoas dbssrated biyhlotk 222.106) . The
hei ght el evation of the actuator arm (such as 122) is adjustable relative
to a disc surface (3ueht opsrationy hapexaugtegeingsimepnincegmertiabheighght

oo S e e N oA ke I ARSI | one
embodi ment t hefeﬁiﬁgaa%iiﬁtﬁ]strated by block 226, otherwise, if the read-back signal is

PWS50, then contact is indicated as illustrated by block 228 and then
the stack or arm height is raised as illustrated by block 230 to a
previous stack height. If there is no contact the head is incrementally

15 lowered as illustrated by line 232 for another test iteration. Thus, in
the illustrated embodiment, testing operations incrementally test
read/write parameters for iterative stack or arm heights for desired
fly height control.

An adjustable height elevation for an actuator arm (such as

20 122) of an actuator assembly (such as 106). The height elevation of the
actuator arm (such as 122) is adjustable relative to a disc surface (such
as 118) for fly height control. The height elevation of the actuator arm
(such as 122) is adjusted based upon read-back data from the head to
provide desired fly height control. In one embodiment the elevation

25 of actuator arm (such as 122) is adjusted by an actuator-chassis
interface (such as 134) including an adjustable spring force (such as
142) coupleable to the actuator body (such as 120) to adjust a position
of the actuator body (such as 120). For simple adjustment control, a
screw (such as 186) is coupled to a spring (such as 140, 180) to supply



25 of actuator arm (such as 122) is adjusted by an actuator-chassis
interface (such as 134) including an adjustable spring force (such as 142)
coupl eablwotoe/osdse3 act uat or body (such as 120) to adjust aPppwdisvr/erii4 of the
actuat or body (such as 120). For sinple adjustnent control, a screw (such
as 186) is coupled to a spring (such as 140, 180) to supply WO 02/ 059883
PCT/ US02/ 01114 -10 a load force to adjust the spring force supplied to the
actuat or body or assenbly (such as 1201806). It is to be understood that
even though numerous characteristics and advantages of various enbodi ments
of the 5 invention _have been set forth in the foregqing descyription,

t oget her wi t hadeadforse ¢ adiwst S spring @rﬁ%ﬂlﬁﬂ%{ ?(bﬁ‘ecﬂ‘:h\‘PéPF gﬁg}’@ﬁbodi ment s
of the inventi on, tlhi S isanEP@ is illustrative only, and changes may be
made in detai | 25%IRYER A3 ers of structure and arrangement of

parts within the pri HB'b%%an‘er&tB@d%ﬁS&%ﬂh@\d?ﬁ%ﬁﬂeﬁo@nst he full extent 1o
i ndi cated by the broad general neaning of the terns in which the appended
clains are expkhageteristios apdaniphatagebef paribuis einbodimensnifshemay vary
depending on the particular application while naintaining substantially
the sane fufict ivyentiaryhaye beantsed éqrah in the foregringslesedpéondagetdstrit of the

present invention. p.addition, althoygh the 1 referred.enbodi nent
Gescr i bed her e Qeﬁlﬁegttﬁ?jsﬂc%rﬁﬁﬁﬁg‘r“i‘%h‘?ﬂ8 VAR RMEOSHRRSA Wi 11 be
appr eci ated by ¢hh %1‘6('51', {Iﬁgdis'elotsﬁfe Rriflubt?aivd b1 ,!’aﬁa%hhﬂﬁés Phytae present
i nvention can be applied to optical systens as \XB| |, w tHout Hepartl ng
fromthe scope nade Bpdéthil, viisfgetilaﬁ fh @54tEdrs bR e attiuee and 201N D% 12883

PCT/ US02/ 01114 -11- WHAT CLAI MED | S:

parts within the principles of the present invention to the full extent

10  indicated by the broad general meaning of the terms in which the
appended claims are expressed. For example, the particular elements
may vary depending on the particular application while maintaining
substantially the same functionality without departing from the scope
and spirit of the present invention. In addition, although the

15 preferred embodiment described herein is directed to a magnetic disc
drive system, it will be appreciated by those skilled in the art that the
teachings of the present invention can be applied to optical systems as
well, without departing from the scope and spirit of the present

invention.
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1. A head actuator assenbly conprising: an actuator body coupleable to a
chassis and having at | east one actuator arm extendi ng therefrom and
havi ng a woavasdsend coupl eabl e thereto; and an adj ust abl e Pagtusat/eri€hassi s
interface operably coupleable to the actuator body and the chassis and
operable to adjust an elevation height of the at |east one actuator arm
relative to the chassis. 2. The head actuator assenbly of claim1 wherein
the actuator body includes a first portllon and a second portion and a
stepped surface between the first portion and the second portion and the

first portion ii g%igtibli éﬁ gprtable in a channel of the chassis and the

adj ust abl e act rface is coupled between the chassis and

t he stepped surface J ' n. t he stepped surface of the
o ARl SRS B R

actuat or body and the chassi's. tor assenbly of claim?2

wherei n the actuat oran Re@¥tor BotYEBs pleaBltoRDOERAsER adidthA/ifpiabWagt porti on
rotatably coupled to the hub portion and the hub portion~includes the

first portion and the sewemttypadot aom dxteridigg therefioeppad Mewirdga e
t herebetween. 4. The head actuator assenbly of claim 1l wherein the
adj ust abl e act uat or - chasiata head epwupleabletbeipieand spring. 5. The head

actuator assenbly of_claim i1, wherein the.adustable t yat Ssi s

i nterface includes a?%%‘ﬁ?ﬁtﬁ%#a‘}fﬁ%c’&c;‘ﬁsﬁ 1r{teer?a}ﬁ%ncgrera§1%ucp u@gé%bgg&e
actuator body and a seconflebefiitdiboBPacEthd ARlssis2d opdtdbR toRIdji portion
between the first and second term nal’s and the spring being operable to
supply a spring force to dhéetatict htightohile atdeagplopd actudtbeannt uat or body
to adjust the elevation height of the at [|east one actuator armrelative
to the chassis. WO 02/ 0598B8ivecotlysobassisi14 - 12

2. The head actuator assembly of claim 1 wherein the actuator
body includes a first portion and a second portion and a stepped
surface between the first portion and the second portion and the first
portion is floatably supportable in a channel of the chassis and the
adjustable actuator-chassis interface is coupled between the chassis
and the stepped surface to adjust spacing between the stepped
surface of the actuator body and the chassis.

3. The head actuator assembly of claim 2 wherein the actuator
body includes a hub portion and a spindle portion rotatably coupled
to the hub portion and the hub portion includes the first portion and
the second portion having the stepped surface therebetween.

4. The head actuator assembly of claim 1 wherein the adjustable
actuator-chassis interface includes a spring.

5. The head actuator assembly of claim 1 wherein the adjustable
actuator-chassis interface includes a spring having a first terminal
coupled to the actuator body and a second terminal spaced therefrom
and a spring portion between the first and second terminals and the
spring being operable to supply a spring force to the first terminal
coupled to the actuator body to adjust the elevation height of the at

least one actuator arm relative to the chassis.



6. The head actuator assenbly of claim1 wherein adjustable
actuator-chassis interface includes a spring having opposed first and
second t ewpionabmssand a spring portion therebetween and thecfriusst/otit€r m nal
is coupled to the actuator body and the second termnal is adapted to
receive an adjustable load force to supply a reactive spring force to the
first termnal to adjust a position of the actuator body relative to the
chassis. 7. The head actuator assenbly d2-claim6 wherein a screwis
operably coupled to the second termnal to supply the adjustable |oad

force to the second termnal to supply . th eactiye spring force to the
first termnal %o a(ﬁh?s}teaflr?ét%ﬂ?ﬁ@m%}’ Ogﬁiéﬂ%‘c]tw gwinggistakieat i ve to the

chassis. 8. The he uat.Q sse ust abl e
ctuat of - chass PSP ER AR Fle PRI e g sPu B Fod i Gh RO ARG Lot Fon
and an outer p%éédrﬁi‘te@ﬁﬂﬂél@%ﬁhea%ﬁ g;goﬁfdwﬁ{e%bebmyn%a thBgirsichassi s and
configured to receive a load f e supply an opposed reactive force to
the actuator baeymiral &djouplechtptisi dctwatoobotipenddhaataind teodhinalds The head
actuator assenbly of claim@8 wherein the inner portjon is coupled to the
actuat or body aﬁlépten'btq waeiveancslingabigdpad éercett@sunﬁlmr@ctlmﬁprlag to

supply the oppQ sed reac forc to,the inn tio d to the
actuat or body. ‘i’ﬁ?et‘?ﬁgh e%m? %?d]é@g% O&f&g‘ ﬁﬁ@%%u@? I n the outer
portion of theréBﬁb@Qo%ﬁeEﬁ%&kloned betmeen first and second plates and

t he second plate 1s noveable relative to the first plate to supply the

| oad force to the ollerhdadrddt@atopbisseheblsprf clagm Glivheldia dweaeivact uat or
assenbly of claim 10 wherein a screw nobvable connects the first and second
pl ates. WO 02/ 059883y roTpledo®y the seeond tegminal to supply the adjustable load

force to the second terminal to supply the reactive spring force to the
first terminal to adjust the position of the actuator body relative to the
chassis.

8. The head actuator assembly of claim 1 wherein the adjustable
actuator-chassis interface includes a disc spring having an inner
portion and an outer portion coupleable to the actuator body and the
chassis and configured to receive a load force and supply an opposed
reactive force to the actuator body to adjust a position of the actuator
body.

9. The head actuator assembly of claim 8 wherein the inner
portion is coupled to the actuator body and the load force is supplied
to the outer portion to supply the opposed reactive force to the inner
portion coupled to the actuator body.

10.  The head actuator assembly of claim 9 wherein the outer
portion of the spring is positioned between first and second plates
and the second plate is moveable relative to the first plate to supply
the load force to the outer portion of the spring.

11.  The head actuator assembly of claim 10 wherein a screw

movable connects the first and second plates.



12. The head actuator assenbly of claim 1l wherein the screwis tightened
to raise an elevation of the at | east one actuator armrelative to a disc
surface. WB.02h5988% a st orage devi ce conprising: a data di secratsar/oamal |y
coupled to a chassis; an actuator coupled to the chassis and supporting at
| east one actuator armat an el evation hei ght spaced froma surface of
the data disc and the actuator being operably to position a head coupl ed
to the at | east one actuator arm betwedd-i nner and outer portions of the
surface of the data disc; and a height adjuster coupled to the at | east
one actuator armto __adjust the elevatjon height of the at |east one
actuator arm f¥om tHhee %!?aé{:a%?ﬁoé@ésec%blé{d?f&iﬁlg‘fh/""lh??%}ﬁtt BECHMEIS head. 14.

The data storage ,devi of. claim 13 wher.el i.gh L ust . j.ncludes a
spring coupl edg(b%lf ﬁ/rel%(%?? HESqat ﬁ%ltvggorér?gh%%% 1%%%5021%5&5%%}8913@&% [eaélvjteo supply
an adj ust abl e sprj idc EQFfq& .t 0 the actuator to adjust the elevation height
of the at |east one actuator armrelative to the disc surface. 15. The
data storage dedd. ce Afdata siomageldewride torapuidingg a screw operably coupled to
the spring to adjust the spring force supplied to _the actuator by the
spring. 16. The dat & defgrdiseraiatipealibeounled to 23hasfdsiei n t he hei ght adj uster

el udes 2 0 s¢ bl AELERY, 0 SOt LG er i tuens 10 11y
testing a read-back si gnalctfifBFhAndata MeAfictRLRAsSRed from a
surface of the data disc and the actuator being operably
to position a head coupled to the at least one actuator
arm between inner and outer portions of the surface of
the data disc; and
a height adjuster coupled to the at least one actuator arm to

adjust the elevation height of the at least one actuator
arm from the disc surface to adjust fly height of the
head.

14.  The data storage device of claim 13 wherein the height adjuster

includes a spring coupled between the actuator and the chassis and

adapted to supply an adjustable spring force to the actuator to adjust

the elevation height of the at least one actuator arm relative to the disc

surface.

15.  The data storage device of claim 14 and including a screw

operably coupled to the spring to adjust the spring force supplied to

the actuator by the spring.

16.  The data storage device of claim 13 wherein the height adjuster

includes a disc spring.

17. A method for compensating for variations in fly height

parameters comprising steps of:



an actuator armof a head actuator through a flexible suspension assenbly;
and b) adjusting an el evation height of the actuator arm based upon the

r ead- backweiognsdsss rom t he data head. 18. The nethod of cl @acmusé2/ohes ei n t he
step of adjusting the elevation height of the actuator armincludes: c)
supplying an adjustable spring force to the head actuator to adjust the

el evati on height of the actuator arm 19. The nethod of claim 17 and
further conprising the steps of: «¢) inddenentally testing the read back
signal at different actuator arm height el evations and increasing or

decreasing the height elevation of the actuator arm _based uponp the read
back signal. 20. Thé)nmet ﬁ%ﬁlr}ﬁaéqaé-ﬁ?@ﬂ&ﬂ%\ffé?fﬁ%%@aé}e@aﬁugf?£@ ght of the
actuator armis adjusted Baged ponuPorPABAL AR thkiGeh G3ddbaek  signal

relative to preset paraneters.
suspension assembly; and

b) adjusting an elevation height of the actuator arm based
“upon the read-back signal from the data head.
18.  The method of claim 17 wherein the step of adjusting the
elevation height of the actuator arm includes:

c) supplying an adjustable spring force to the head
actuator to adjust the elevation height of the actuator
arm.

19.  The method of claim 17 and further comprising the steps of:

c) incrementally testing the read back signal at different
actuator arm height elevations and increasing or
decreasing the height elevation of the actuator arm
based upon the read back signal.

20.  The method of claim 17 wherein the elevation height of the
actuator arm is adjusted based upon a comparison of the read-back

signal relative to preset parameters.



