WO 01/ 31642 PCT/ US00141640 ACTUATOR ARM W TH TAPERED TRAI LI NG EDGE AND
RECESSED HEAD CONDUCTOR Field of the Invention This invention rel ates
gener al | ywO8V312 fi el d of magnetic data storage devi ceRBCT/USNAWE nor e
particularly, but not by way of limtation, to an actuator armused to
support a head adjacent a magnetic recording disc of a disc drive, the
actuator arm incorporating a tapered trailing edge and a recessed surface
to recess a head conductor used to provide electrical comrunication with
t he head. 10 Background Disc drives are used as primary data storage

devices in nodern conpyifATg Wﬁmmmﬁﬂém@ la, l\ﬁjsc drive
a

conpri ses a head-di sc assenbl H"gjcg) gechani c portions of
the drive, and a printed ci rcwt oar nount ed to an outer surface
of the HDA which supports electronic circuitry used to 15 control the HDA
and facilitat iyt al on between the disc drive an a host conputer in
whi ch the dr M@d A typical HDA includés one or nore rigid
magneti ¢ storage musmsrenmnmﬁatalgmajllmmmaﬁédio&b@netmﬂatacntqagpdmbesof a spindle

not or toform rot t an array of
heads5 adj acerf‘fl %@ar?l ne l&a‘%ﬁd lst%u%g’t}irjl a%cé"‘sa&%g%?%e?ypl cal actuator
construction suppohlazhem @jacant 4 magnetic ﬂamgmg:dxsn‘ofgldrscdn%oﬂleactaater armbout a
stationary shaft adj acen A C a vo coil nmotor (VCM
proj ects froff TR B0 Bf%@fné ?‘F?aggam@esss%lin rfa“?“r%cﬁg?sh%?ﬁl n the magnetic
field of a ragduetor gsed torprovide. eletinieal apminindedtipowitbthebeadr ent to the coil

i nduces rotation of the body about the shaft. 25. . A plurality of rigid
actuator. arns. project fromthe body toward the discs with one arm above
the toopnost daekgrommde arm bel ow the bottommost disc, and one arm between

each adj acent pai_of, .discs. [Flexible suspension .assenblies ("flexure- s")
are supported at bﬂ’ﬁé‘“&‘iswélfed@ﬁﬂ‘%mwg?‘ﬁgmgﬁ%mmﬁ’r"ﬁimﬁ?fap‘f turn support

the heads WO §ydidmislind AetRiorks. USHPical B4 Brive comprises a head-disc assembly (HDA)
which houses mechanical portions of the drive, and a printed circuit board (PCB)

mounted to an outer surface of the HDA which supports electronic circuitry used to
15 . control the HDA and facilitate communication between the disc drive an a host:
. computer in which the drive is mounted. | ‘

A typical HDA includes one or more rigid magnetic storage discs which are
journaled about a rotary hub of a spindle motor to form a rotatable disc pack. An
actuator supports an array of heads adjacent tracks defined on the disc surfaces.

20 A typical actuator construction utilizes an actuator body configurcd to rotate
about a stationary shaft adjacent the disc pack. A coil of a voice coil motor (VCM)
projects from the body opposite the discs and is immersed in the magnetic field of a
magnetic circuit. The application of current to the coil induces rotation of the body

) about the shaft. , . : :
_ ' 25_ o N _ A plurahty of ngld actuator arms project from the body toward the d]SCS with

one arm above the topmost disc, one arm below the bottommost disc, and one arm
between each adjacent pair of discs. Flexible suspensim:x assemblies (“flexures™) are

supported at the distal ends of the actuator arms and in turn support the heads



-2 adjacent the.disc recording surfaces. Thus, for a fully popul ated
configuration where data are stored to each avail able disc recording
surface, the top and bottom actuator arns are each configured to support
one flexurB¥PA¥3*%onmbi nati on, and each internediary ac®GRUSIY¥4 supports
two fl exure/ head conbi nati ons. Conductors are 5 routed al ong the edges of
the actuator arns and flexures to enable electrical comunication between
t-he heads and the disc drive control PE@B. The hi gh-speed rotation of the
di scs induces air currents that generally flow parallel to and in the

direction of sdjcaititienligfrecoftfngdiugass. THIE, fbreatly FopalatedRbifura86h Whdrd
aer odynam c f&atures ﬁhat erl%ll?l he heads to be supported in close

proximity to PR IEer BB H scaefopdingsurfags. the forgad betiegiackiaoa | i shed by
t he interacti amsafe cattacdnfigiesdad yuppoi 6nelfRRtremes RMBinkim, Adleadl r€Nt's. An
essentially | am n% air flowis desi rﬁd si nce air turbulence (also referred
to herein as ™AL agualeram suppartdwo fipareihazd orabinations Gasaucyrs ame spi ndl e

notors as WeldutedSlof@ e adlRs HRBE Ahia@h AmsPEA QLB RF&aBIE eleltfedli SC dri ve.
Particularly, non 15 repeatahbl e run out error _in the placenent of

NRI
t he heads adj %‘E‘éﬂ‘!ﬂi‘iaﬁ%“‘tef‘ﬁe@Rg‘eh&%@ﬁa?fb‘h?@gfd‘ﬁ"y)cPMB@& by wi ndage excitation

of the actuator anghedi _%ﬁeed%ié‘tﬂmoﬂhgqg&qnﬁ?é&iati%hgﬁsﬁﬁtiggﬁéalwm | arge-scal e
vortices that are shed in the wake of the actuator arnms. These vortices

are shed at SP#dishigiand infthediratinmpf rarption ke te disrre BhedivadsiarrconfigmedReiiiol ds
nunber and t hgrhatt MansR AXEbdalle 1R Headd &b biorEd ddsBBRRAMily b e air flow

and induce a forcing on the disc, increasing disc f ter (vibration) and
powet? consunplotaing disgsurfaess on air begringsrestablished by\thg interagtiencofshesss | | ght |y s| ower

speed than t hg fishimiefeatuts afP@L aif bti¥nts] MPI Nge upon the actuator and nodify
the nean flow Vortex sheddi ng frequency changes slightly due to the

repeat ed i npi ngene esgentigliydampipanajrdlow ipdesirédsinge vin arpdencd talse refertsles spect r al
25 broadeni NGy HeRefaskRndsderidh ' . ds, on the incident
mean flow. Consequent y?&a} Sl g’%ﬁ" |ecam%%h%ﬁlg;’ngﬁg?eg§ndge% ®¥ &4 ar ound

t he Strouhal ' %ell ¢sdsgmadanpprational parformasse ofghaxdisc-drive.cRartiamlarlpmonf t he act uat or .

Priogsart ef f Rpladunletul GROGRO] #Hk Bithe Pk i AEa st OO as el
: can be readily induced by windage excitation of the actuator and discs. Such
windage excitation arises from large-scale vortices that are shed in the wake of the
actuator arms. These vortices are shed at Strouhal’s frequency, which depends on
the flow Reynolds number and the actuator geometry.

20 Such vortices transport the air flow and induce a forcing on the disc,
increasing disc flutter (vibration) and power consumption. Further, such vortices.
which move at slightly slower speed than the bulk of the mean flow, impinge upon
the actuator and modify the mean flow. Vortex shedding frequency changes slightly
due to the repeated impingement of the vortices on the actuator. This causes spectral

25 broadening since the shedding frequency itself depends on the incident mean flow.
Consequently, a significant amount of energy centered around the Strouhal’s
frequency contributes to off-track motion of the actuator.

Prior art efforts to improve laminar flow include disc shrouding, as well as

the application of aerodynamically shaping to the actuator arms. Disc shrouding



the application of aerodynam cally shaping to the actuator arns. D sc
shroudi ng WO 01131642 PCT/ USOQ 41640 -3 typically involves the placenent

of a ci rcg,gf erentially extending surface closely adjacent the outernopst

di aneter BPYR¥%i sc pack to reduce windage at the di sECTHEWHHP es.
Aerodynam cal | y shaped actuator arns typically incorporate tapered |eading
and/or trailing edges which are nmachined into or separately fabricated and
5 affixed to the edges ofthe actuator-3arns. Wiile the foregoi ng approaches
have been operative to inprove |lamnar flow, the continued increases in
data aeri al typizaliydinvajves therpdicemans of aitctimfereatdllydstesding eefacfcldselys of t housands
of tracks per.,radial centineter make cqntinued .advances .hi ghly desirable.
One probl em APEKRLHEOUREROY %mélﬁ%e%:c’fs ea%slcﬁﬁ&gf) rt:tr(]’ﬁ"ée e '5?‘6&6’ 4%s relates to

10 t he pl acebamtariendAerodynamigaliyf shapged acromehaerhonypicallyantotporatodapasg cate with the
head. The use, .of et.o-resist.ive (MR} heads requires.nultiple conductive
paths to faE@F‘IhP% ﬁrgzogg%‘hﬁ%‘g s‘\‘?\?‘f}{aée ’é‘ﬁﬁ'@ﬁfﬂt‘éﬂ&e‘?ﬂg”g y%li’é\%atﬁff‘gent channel s
f or sach headffix&liolthe edgas diitht act@atararms: OMyilel thecfotegbifg fprqaches fawfbednnsul at ed
electrical wire or, .nore recently,. flex circuits conptising, one or nore
seni - f | exi bl SPFRUYF Wimpfoye [a&VéaF §°%Wecﬁ?"§ﬂ'5§‘5’l"feasf%ma?ﬁﬁa rff’éﬁﬂcﬁlgg‘gel ectrically
cgnduct :c veht dékities (meaaambdﬁﬁas@f&nﬁfehduyaémswdamrpeumd(;e%irﬁug@) t Ee tr ?: l'ing
edges of the respecgtiye, actuatqr .arng and are supported by bracket anges
whi ch pr otru%?&ﬂﬁ?"?%éd"é%ﬁeﬁgg@?dﬁf’%? The conductors and brackets can

- thus induce w ndage pedtiaeiviih e derbdahifiie shdpmg@f ihe Gétba@nphisreRfestdre aer odynam c
shaping of the actuator arnms, 20 As aerial recording densities continue to
i ncrl@ase, t hie@lacement g rpyting gfth equductqrs useg iy copmugicaie With thededsher at i onal

performance ipye 8 df@hghgtosBRYQMRY HeRb réquirBthislsle cdiMudive pakdtat or, and it is
to such inprovenents that,  the present .invention is directed. _Summary of

the | nvent i ofpcBitptersepargie waite current gud feadins spcpt chaanelsforgachbesd., Sudhor i npr ovi ng

disc drive gRRhdsk e omPAkitRisiFABER o@ﬁmﬁlﬁ%‘&&dﬁﬁamm%oﬁfréc@ﬁ%’,s i nduced by
an actuator used to controllably posjition a head adjacent a disc surface.
flex circuits comprising one or more semi-flexible dielectric layers which support

15 and insulate electrically conductive traces. The conductors are typically routed
along the trailing edges of the respective actuator arms and are supported by bracket
flanges which protrude from the actuator arms. The conductors and brackets can
thus induce windage effects and reduce the effectiveness of the aerodynamic shaping
of the actuator arms.

20 As aerial recording densities continue to increase, there is a continued need
to improve disc drive operational performance by reducing windage effects induced

by an actuator, and it is to such improvements that the present invention is directed.

Summary of the Invention

25 The present invention provides an apparatus for improving disc drive
operational performance by reducing windage effects induced by an actuator used to
controllably position a head adjacent a disc surface.

In accordance with preferred embodiments, a disc drive is provided with a

rotatable actuator which supports one or more read/write heads adjacent a




In accordance with preferred enbodi nents, a disc drive is provided with a
rot at abl e actuator which supports one or nore read/wite heads adjacent a
WO 01/ 31642 PCT/ USOQ 41640 -4 correspondi ng nunber of hi&g&“?"l surfaces
‘of a rot aV9BM¥HY sc pack. The actuator includes one or ¥ f‘%ﬁd act uat or
arns that project froman actuator body toward the disc pack. Each
actuator arm i ncludes opposing planar top and bottom surfaces and a pair
:0f opposing tapered surfaces which taper to a trailing 5 edge. The top,
bottom and tapered surfaces define a cross-sectional enclosure to provide
nom nal | y | arbfiépoddir@uiutiberaif fecarding sinfasesadjaacianlile disepagkt uat or arm i nduced by
rotation of the djll_ﬁc ack. @channel s formed in &Qte encl.osure by a
plurality of adj ot ﬁ”r?ﬁ”?f’éﬁ‘é dFfre P9 PRl apgatpr A at profect KRSy uct or  al ong
tge | engt h ofafcﬁlhterh way waabd thedise ch.hEdﬁhhéiﬁltcgfhﬂn mﬁhaﬁpp&iﬁ%lme@ﬁnt
obstruction o e air_currents t he conduct or. conductgr is
preferably a3{ é%m& ?“Efﬂ?eﬁa%atﬂ?“z??é@?f‘w YaB?F‘E?"‘é&EW &Ilfgﬁple to Iaévgngi ch
Supparts a [eligy. afhe kdp, Bittomaund tpbred Surfated @efine a bid3s Seclitifhl Mitlds@rd %o Ot her
features and advant ages whi.ch_characteri ze the resent i_ngenéi on will be
appar ent fromr%vlc}eé@m"r@y&wneaﬁ@o‘waﬁlbwwsa@fcamt CRGIORETLIIYER B and a

review of theoagsstiosididd peékawi ngs. Brief Description of the Drawi ngs FIG
1 is atop plan view of a disc drive constructed in_accordance with

preferred embodi mérfhamskis fomgedsindhesnelosurs by plerality shadiqiping tecessihvs an act uat or

of the disc dgif®s @fredeld@ hedd conliitc? GloH@ihe lengihdE e RALAS J0d vARindRE UAt Or arm
with an aerodynam cally tagered trailing edge and a recessed surface to

embetfi ngl y saplpBire topravertebstmuption; of the ais qureptshy dhe cgadusiosc g qogguctor
communi cat | OrlsBﬁfepa%lﬂﬁéicﬁfcﬁiﬁﬁ@naﬁhﬁﬂeﬁbl?ﬁﬁ}ébﬁ_@%y@rv@f&ss%pﬁgh' onal

i
representation of the actuator armalong 25 line 3-3 of Fl 2. FIG 4
provi des a criwality efeandyesive waspt esent ation of a prior art actuator arm

These and various other features and advantages which characterize the
present invention will be apparent from a reading of the following detailed

15 description and a review of the associated drawings.

Brief Description of the Drawings

FIG. 1 is a top plan view of a disc drive constructed in accordance with
preferred embodiments of the present invention.

20 FIG. 2 shows an actuator of the disc drive of FIG. 1, the actuator
incorporating an actuator arm with an aerodynamically tapered trailing edge and a
recessed surface to embeddingly support a flex circuit used to provide electrical
communication paths with a head.

FIG. 3 provides a cross-sectional representation of the actuator arm along

25 line 3-3 of FIG. 2.

FIG. 4 provides a cross-sectional representation of a prior art actuator arm
which uses twisted pairs of insulated conductive wire to establish head
communication paths, and the windage effects induced thereby.

FIG. 5 provides a cross-sectional representation of a prior art actuator arm



whi ch uses tw sted pairs of insulated conductive wire to establish head
communi cation paths, and the wi ndage effects induced thereby. FIG 5

provi des a_cr -sectional representation of a prior ar arm WD
01/ 31642 P& 21640 -5 whi ch uses a flex o rcu t t SCLOPUEPh, T
comuni cation paths, and the wi ndage effects induced thereby: FIG 6

provi des a cross-sectional representation of the actuator armof FIG 3,
illustrating the inprovenents in |aninab-flow provided by the enbedded fl ex
5 circuit. FIG 7 is a generalized graphical conparison of non-repeatable
run out ( NRRGyhiglruseva filex Chea'dOpsjéilishhmd ownmyni¢ation pathsoanddbet winddgaat or arm
configuration kag} the actuator armconfiguration of FIG 6. 10
FIG 8 is a genera |ze gra hi cal conparison of power consunption of a

spi ndl e notor usi n§lG. }Geprqmdeaacms&se@@daemsemimwﬁﬂrbhgmtatahnmfﬁm FIG 5 and
the actuator Nf f. El ChES sectlonal
representati on?é}Ps‘éa%“%P’? ﬁ% |\r}38(%f; %raﬁ@ wgrﬁ%fi Ytﬁ%%n%?g Jator armof FIG
3. 15 #1 G 10 direuia cross-secti onal representation of yet another
alternative construction for the actuator armof FIG 3. Detailed
Description Referring to FIG 1, shown therein is a top plan view of a disc
drive 100 used 20FI® 74$ ogethemalizeg gtaphical ecinghtiban of hiveregleasabledtn \oat 100 i ncl udes

a head-di sc as y (HDPA), 101 hauses va i ous chani c ortions of
Thecar ve. A" HRRROmesih Bt po G iPinE hedBt B HHy o PEEHBORELET o ¢ he
under si de of t3adih/actlibkbr drt configakativeof RIGe6.di sc drive 100, with the PCB
supporting electro Gircuit sed tqg control .the eration of the HDA
T K The Hoa. 1071 43F tiRberlnnd SEP kA eSHRE A PP SORBUBIORA ( showin 1 1
partial cut avgpjndfeasdior@Bihg Heipfibr £RCRBIHAIR chifiguritioh SIFIGNShEsd € Wi th a

control |l ed internal
actuator arm configuration of FIG. 6.

FIG. 9 is a cross-sectional representation of an alternative construction for
the actuator arm of FIG. 3.
15 FIG. 10 is a cross-sectional representation of yet another alternative

construction for the actuator arm of FIG. 3.

Detailed Description

Referring to FIG. 1, shown therein is a top plan view of a disc drive 100 used

20 to store computerized data. The disc drive 100 includes a head-disc assembly
(HDA) 101 thich houses various mechanical portions of the drive. A printed circuit
board (PCB, not shown) is mounted to the underside of the HDA 101 to complete
the disc drive 100, with the PCB supporting electronic circuits used to control the
operation of the HDA 101.

25 The HDA 101 includes a base deck 102 and a top cover 104 (shown in partial
cutaway fashion) which cooperate to form an enclosure with a controlled internal
environment for the disc drive 100. A spindle motor 106 rotates one or more
magnetic recording discs 108 in an angular direction indicated by arrow 109.

User data are written to and read from tracks (not depicted) on the discs 108

N



environment for the disc drive 100. A spindle notor 106 rotates one or nore
magneti c recording discs 108 in an angular direction indicated by arrow
109. User data are witten to and read fromtracks (not g_ﬁ%@lw on the

‘di scs 108WONRISHD 01/ 31642 PCT/ USO0/ 41640 -6 through tif

actuator 110, which rotates about a bearing/ shaft assenbly 112 adj acent
the discs 108. The actuator 110 includes an actuator body 114 from which
:project a plurality of rigid actuator &-ns 116 with aerodynam c features to
be discussed below. The actuator arns 116 support flexible suspension
assenbl i es 1lanazghfﬂheexsuoﬁa)acm#ohﬂadwﬂiﬁ&oimssbm:pmbctaa'dg/abaft deengblyl of each

flexure 118, h,.each h ad ur e aer LIy supported
over the di scgﬁl rbé b?é:gﬁ?ascg' 4ox ?mt) du °Sa“%° ua%/%g{)qry ﬁgtf%égln of the

di scs 108. Thevhmtpuaéwa plexiyy of tigidfactitbedrms ummﬁa&radynmt feafuees tckei | 122 of a
voi ce coil ot The actuator 122 is d.ip a
nmagnetic ci rchsF“si‘%%{’% 1‘%‘53 RG] ‘Lligﬁupp%?lﬁ’fl}’%ﬁ“SB?nSloﬁéssfg'ﬁﬁesllig, and
hence st he heacdﬂexi;&e} Amaemamppsﬂnﬁdtmyeﬁmemmemhuwmphcmad on of
current to the coi e heads 120 cone and are secured upon
texturi zed Iaﬁﬁ?ffﬁ“e? é%aef’g a‘ﬂ"ﬁ‘ﬁ’@ﬁ‘@t‘*l%’e”l ?@Wsié‘bbmﬁ?“ﬂ\é di sc drive
100 is deacti\égﬁ@ﬁhe(ﬂyqﬁﬂaﬁaiofemmmtlon bet ween the actuator 110 and
the aforenentioned__ 15 disc dri VE@‘QCB is established by a flex circuit

assembly 132, whi chbs #&etenRdyd 14 ersemoeamwﬂmw%l%ﬁﬁé&?*&?c%se whi ch

supportingly Rﬁ&aﬁvtmazdlﬁ{ea&umoﬂfm RemmkRXd inGinkaghitic clkdd 12BOUGh an
aperture (not shown the base deck 102 for interconnection wth the

PCB, ¥nd an adk¥f 12¢C§°t1‘3‘8‘ afthechil L5a prtheacethe headshal; is pccpmplishgdr circuit

(" preanp”) 140 pyiuLdon@alRl hpticaMoh bEcuiisk 16 BRG0PI DS ThE héAVIR dothelidRstheads 120.
20 FIGS. 2 and 3 illustrate the actuator 110 of FIG 1 in greater detail,

with FIG 3 ohéaeseruredupysisxtatized lagding zongs baPdwiaawagnetigilaich B0 whsathsct uat or

110 al ong | i Nggs3dRvd 100 iFddstivated.The actuator arm 116 i ncl udes opposi ng top
and bottom surfaces 142, 144 which extend in directions substantially

parallel to the di Elpgmwgor(lqnp@atlgx) betwegn the actuator 110 and the aforementioned
15 disc drive PCB is established by a flex circuit assembly 132, which includes a flex

circuit 134, a connector 136 which supportingly projects a distal end of the flex
circuit 134 through an aperture (not shown) in the base deck 102 for interconnection
with the PCB, and an actuator PCB 138 which supports a preamplifier/driver circuit
(“preamp”) 140 which applies write and read bias currents to the heads 120.
20 FIGS. 2 and 3 illustrate the actuator 110 of FIG. 1 in greater detail, with FIG.
3 showing a cross-sectional, elevational view of the actuator 110 along line 3-3 in
FIG. 2. The actuator arm 116 includes opposing top and bottom surfaces 142, 144
which extend in directions substantially parallel to the discs 108 (FIG. 1) and
opposing tapered, trailing edge surfaces 146, 148 which symmetrically extend from
25 the respective surfaces 142, 144 to taper to a trailing edge 150.
The tapered surfaces 146, 148 are angled with respect to the surfaces 142,
144 by an angle 0, such as 15 degrees. The various surfaces 142, 144, 146 and 148
are preferably formed using a suitable machining operation from a unitary piece of

material (such as aluminum), although the surfaces 146, 148 can alternatively be



opposing tapered, trailing edge surfaces 146, 148 which symetrically
extend from 25 the respective surfaces 142, 144 to taper to a trailing edge
150. The t urfaces 146, 148 are angled with resp surfaces
142, 144 g@ﬁgﬁﬁ%gl e 0, such as 15 degrees. The vari ougeéﬁ%@g%%g 142, 144,
146 and 148 are preferably forned using a suitable machining operation
froma unitary piece of material (such as alum nun), although the surfaces
146, 148 can alternatively be WD 01/ 316#2 PCT/ USOQ 41640 -7 provided in a“
separate piece that is affixed to the actuator arm 116, or die cast into
the arm An opprivided in sgsparate pigceltha is(affixed tatberaatuatoy amel k; oratie ¢ast inte a

"I'i ght eni ng m) ARSLERIEa o] oIS bottom surface
144 to reduceq?iagm %Sé o? tphtgﬂgr}:%z[}g?%r ar %Jl%&%éés%%%gﬁ8154 is forned
wi thin the crdok”)sxtendsdroat thetepisuriage d4200f theddttdny surface 1430 fedumshel 42, 144, 146
and 148 (this uﬁg I s indkcated at 155). The channel 154 allows a

pl anar flex cin?ag%{ﬁﬁﬁel ﬂggaerglnlﬁg' provi de el ectrical connection paths between
t he prseanp 140 andAtchantldadis¥@tet withia thel caaseskctipriahentlobive defuedibg e arm 116

al ong the |engt.h of,,t r-m L1 | be r.ec i ze recessin e flex
circuit 156 w® ?cﬁs{ éﬂ%Oﬁggﬁ? ﬁ?é@ﬁsoefml?%%wggggé?tgsg}r %?lﬁghsag% dé{]or arm 116
prevents the fallews aplamatifléx cirfodit fS56msed to povide elbdtrical ¢dreedtibnpatisfbetsreen cur r ent s
and contributi to w.nd ff S syi tabl chi ni ng .operation can be
used to form r’%g’é?gg’#@ﬂ?a‘ﬁg%gegdi%?be%H%@'ﬁ@%{aéﬂggﬁg"% ®vely define
t he channel 13ehgthadftierarmhAcwill beaechbfmizedriedessinig the fibxrircsit i 36adthiredle t her ei n.

Al though a flex circyjt i r rably us to establish th 5 head

Commill cat i on e ot et Rty SRS Peiufe P el Bedosy

cont enpl at ed. obMeteythe fiGeofir clrr@itsdnad Cortditeing torveibidage éffadeh as 156) i s

advant ageous due to | relatively narrow thickness of the ductor (as
conpared, for exan%ls%‘,ta%{% ac'?W"%f’%“dQ/“BﬁF?"sbed‘Fe‘W’?"éﬂ‘%ssﬁé’f'ﬂrgﬁéq? e i nmproved
el ectrical traggeaidIsR Mhichicomeratiely @fihethé clanned 1840 afidrivhichalid flexicéuihi gh speed

data transfer signals).. Since off-track 20 excitation of the actuator 110
depends on t hd>$ ’rsé‘i‘sFﬁt‘%ﬁ’dl’%ﬁb‘eA{ﬂPﬂ“EIk?l RELIreyt IS Bre used o eitARlsh the 1y of er abl e,

maki ng a pl anakad dofnusicktion iphths) ofher dohfigliratiohs/of2chdaBbAGRAMS Choi ce

contemplated. However, use of a planar flex circuit (such as 156) is advantageous

due to the relatively narrow thickness of the conductor (as compared, for example. to
twisted pairs of wire) as well as the improved electrical transmission line
characteristics (particularly for high speed data transfer signals). Since off-track
20 excitation of the actuator 110 depends on the trailing edge thickness, a narrower
channel is preferable, making a planar flex circuit a particularly advantageous choice
for the conductor.
The width of the channel 154 (i.e., the distance between opposing recessed
surfaces 158 and 162) is preferably selected to be as narrow as practicable while still
25 large enough to accommodate the thickness of the flex circuit 156. Friction forces
between the flex circuit 156 and the recessed surfaces 158, 162, as well as the
relative tautness of the flex circuit 156 when installed, are contemplated as being
sufficient in most cases to retain the flex circuit 156 within the channel 154;

however, additional measures intemal to the enclosure, such as the use of adhesive,

ST



for the conductor. The width of the channel 1 54 (i.e., the distance

bet ween opposi ng recessed surfaces 158 and 162) is preferably selected to
be as narrow as practicable while still 25 |arge enough to acconmpdate the
‘t hi cknessWEXOLBKAZ f | ex circuit 156. Friction forces bet WeaiPSPHH® ex circuit
156 and the recessed surfaces 158, 162, as well as the relative tautness
of the flex circuit 156 when installed, are contenpl ated as being
-sufficient in nost cases to retain thg-flex circuit 1 56 within the channe
154; however, additional neasures internal to the encl osure, such as the
use of adhesiaulsolbe Emip¥oyélilit RitbekFetbitibh E5DE0 ot HEAlEx cirEiCiB0 aitirequib® enpl oyed i f
further retention_fqrces for the flex circuj 6 are required. The

| eadi ng edge of fﬂ§R§@W§§Wﬁﬂf§FﬁF¥¥@"Fﬁéfgé%éméayéﬂﬁFﬁégﬂfﬁ§§ is not shown
t 0 i ncor por akwnab fichrperateMpehini) GlhotstCdich APRInk 0Pthe furflbe163Wak A6ELeL63 can al so
be applied. For disc rotatiaqnal speeds_enployed by present generation disc

drives 5 (whiemics Bardist rfations geeeds rploysd b PrsseabeeperaiRpekisc #5Y8500 r evol ut i ons

per ginute), dvkich fesnifanse fmsholi 500 Wi NEADD06 fdveRtiSns@eNBinak), t ari se from
discontinuities at the trailing edge, not the | eading, edge. Aerodynanic

shapi ng of t hes heanfopndihatyrjadage sifects epnezally arise fram discopimdtiss Adpeasi ngl y

advant ageous raiRAYEIET not i 1dadin BRE! Ao FramicRh i dTake 15R28@43dsoECh as above
20, 000 revol utions pé? ninqte%?#%O The taper?%g of_theﬁ%ct%ator arm 116 and
t he enbeddi ngetaftonaras bacemesdngreagingly adwagtagaons; hayever With highendise wit hin t he
Cross-sect | ofghyRG {s@choafsaﬁmzé‘ﬁéd&@&d?&ﬁo% Ifeyper mts a substanti al

i mprovenent in [am ar flow across the actuator arm 116 over _the prior

art .10For exanpl e, Thet@gringlofthejactater arri H6 and the smbedding otk fleegirciient at i ons of
prior art act 46 ek ealibaeg o L% 4 Sked pairs of
el ectrical 1§g€%$%m?%g§a%gﬁﬁvkx§g¥?%%¥?t%@% tobestaé isL %ﬁé reguisite head
connect i ons. pBritskeubstapyial imprayement if damingr Sowacrosh theactuatonamm Hi8even res 168 and

flrex cireil U il ﬁ.tﬁ&geﬁﬁgﬁ?ﬁfdggﬁ@ﬁ&@ﬁm&@&mﬁm@r&g&a&ﬁf shown for

clarity, but 1t nder st 0o suc features typrcally further
contri but e t griptet agtvetos arme d644i1 6eiwbich whrectively amplaytivisted @dirs of electrical
15 wire 168 and flex circuit 170 to establish the requisite head connections. Brackets or

similar features used to retain the wires 168 and flex circuit 170 to the respective

arms 164, 166 have not been shown for clarity, but it will be understood that such

features typically further contribute to the undesired windage effects illustrated

therein. By contrast, FIG. 6 illustrates a substantially laminar flow about the trailing
20 edge of the actuator arm 116.

FIGS. 7 and 8 graphically illustrate the advantages of the actuator arm 116 as
compared to the prior art. FIG. 7 provides a plot of non-repeatable run out (NRRO)
head position error (y-axis 172) versus disc rotational speed (x-axis 174) for the
prior art configuration of FIG. 5 (solid curve 176), and the actuator arm 116 (dashed

25 curve 178). From FIG. 7 it can be readily seen that windage effects upon head
position are reduced using the actuator arm 116. It will be noted that a continued
trend in the disc drive industry is to provide disc drives with ever higher disc
rotational speeds; hence, FIG. 7 suggests that the advantages of the actuator arm 116

will generally become more accentuated as rotational speeds are further increased.



therein. By contrast, FIG 6 illustrates a substantially |am nar flow about
the trailing 20 edge of the actuator arm 116. FIGS. 7 and 8 graphically
illustrate the advantages of the actuator ann 116 as conpared to the prior
art. FIG WOPYY#des a plot of non-repeatable run out (% UA8®ad position
error (y-axis 172) versus disc rotational speed (x-axis 174) for the prior
art configuration of FIG 5 (solid curve 176), and the actuator arm 116
(dashed 25 curve 178). FromFIG 7 it @an be readily seen that w ndage
effects upon head position are reduced using the actuator arm116. It wll
be noted that a cdiiGi hpreddestapbn df spimdiemgotoli powertonsnmptiordiysaxisyi82s t o provi de

disc drives with ever higher djsc. tational - .he G 7
suggest s t hat VEHE 58§°§a%gagssee%¢x'a§‘ﬁel%§c ﬁtggg?mglr%%gﬁému% é}ﬁ?g'eg;eral |y becone
nor e accent uaidchid cave 186, aid thoatua®paredi 6 adashefl wmtvé £88. iIneilldaneld théOD 01/ 31642

PCTI USO0/ 4164 -9 FI G rovides a.plot of spindle tor r
consunption (8‘98931”5“@)1?6 @sé’r%végeafg%bg%tfaéwp n%m%ﬁé'eergl? e(@(n-ozrii%? 1é\g‘?184) for the
priorsart confedagiigithé powedEtonkiniptiob requisepeint of the dizc @, arcimotdne feateuat or ar m
116, dashed curve 188. |t will] be poted that _.the actuator arm 116 al so
provi des a suﬁ??“éﬂé’i’%l?maf’rlﬁlawgﬂ’é’ﬂ?'ﬂﬁ\}‘é? baUETY PRGKS 83 8 BT S | educi ng t he
power consunpti on FIGS dn@ 8 pioSide hitemaivepreferrelt dofiguraions fophe hawdtorf eat ur e
especially in portabl e li.cations that .u tery . ks. as a power
source. FIGS. 2§ Qﬁd 3'0’1"8%86‘?@3“’5%’8‘?’?‘}5’(‘5"9g‘slﬁpg?%?“ﬁéd“ﬁg ‘?"?"@%?callsf ns for the
actuat or  ar n¥o} dinilaFeMmeitsah FIGS, 9 tuef 10 EFIGEI NhistRited b elevmtiohal, krdss-CS. 2 and 3
will |ikew se be used or simlar epents in E . 9. and 10. FIG 9

i | ludPrates affeh Y‘?‘Bﬂéﬂ“,“‘ﬁ?tﬁ'?gnfag Elgiatf?fﬂlna)igéﬁrﬂqugﬁgg&’uator ann 190
havi ng a changgface 42 bly 9éca®el suffadel £94] 095 an8 U9 ©BGEcodMdditY the@leesirit sur f aces

194, 196 and 198 to acconmodate the flex circuit 56. FIG 12 Il lustrates
an el evat i onal36- &G0 lusirptesanstevariongl gessaprtgral isw sl angciasgrm 1l ng a

channel 202 f graRt dhihnkl Y92 FHRed RAhethpckadGarkd G440y k@6RE Sathcapolaces 204,
206 and 208 to acconmodate the flex circuit 156. In these enbodi nents, the

top 15 surfac0qand208nesrsmmodats thedlex pigrut| 188, Inthess smbodiggnisthe\opi nal |y
al 1 gged with bfficd @6t desipratedysr tedifex Cirbui 158 )s iOminallp alighpewRKlthe wif ace 146 (FI G

10) so that these enbodi nents .
surface 142 (FIG. 9) or the tapered surface 146 (FIG. 10) so that these embodiments

provide substantially the same laminar flow characteristics as the actuator arm 116.
It will be understood that the flex circuit 156 could readily be placed in other
locations, such as in the bottom surface 144 or tapered surface 148. It will be noted

20 that the channel 154 of FIG. 3 extends into both of the tapered surfaces 146, 146 at
the trailing edge 150. As previously mentioned, since off-track excitation is a
function of trailing edge thickness, the configurations of FIGS. 9 and 10 are
particularly advantageous since the opposing tapered surfaces can be brought to a
sharp point along the lengths of the arms.

25 From the foregoing discussion, it will now be clear that the present invention
is directed to an apparatus for providing nominally laminar flow of air currents in a
disc drive.

In accordance with preferred embodiments, an actuator 110 supports a head

120 adjacent a rotatable disc 108 and includes a rigid actuator arm 116, 190, 200



provi de substantially the sanme |am nar flow characteristics as the actuator
arm116. It will be understood that the flex circuit 156 could readily be
pl aced in other |ocations, such as in the bottom surface 144 or tapered
surface 120043644 | | pe noted 20 that the channel 154 BFEFOYU4640 oyt ends
into both of the tapered surfaces 146, 146 at the trailing edge 150. As
previously nentioned, since off-track excitation is a function of trailing
-edge thickness, the configurations of -F-GS. 9 and 10 are particularly
advant ageous since the opposing tapered surfaces can be brought to a sharp
poi nt al ong t kadh bppoging plandr téphemd B6thdn surfaces 1 4aN1td andflafat @B bpiYsidg SCUSsSi on, it

w Il now be clear,that esent invention is directed to an, apparatus
for providi ngREH ﬂsﬁgfvtlﬁrh%gﬁ‘%’&w%&"%ﬁ'h? t°&fi‘P$8?ﬁ°§‘ ﬁuﬁg%fs HPRE i ve. In
agcor dance wi hh'aiﬂhbieédgéﬂﬁ@i ngﬁﬁi&rﬂ?&e&ﬁrﬁ%ﬂfgﬁﬂé&r&uaaﬁ%hﬂ a head 120
adj acent a rotata isc 108 and.ipcludes a_rigid actuator arm 116, 190,
200 T T1 + W0 G195 RS EY Gmian S0yt e CHTBOSANELEEN R S and
bot t om sur f ac ggm théwced byt fotARf ofthP ke (s@fFIGPHOSi Ng  tapered surfaces 146, 148
whi ch extend fromthe top_and bo%toms rfaces to gaper to a trailing edge
150. The top, bot tdfhaeael 64Jer-242 sdvmmed sxtheenclasure y e pyeadingedct i onal

encl osure 155 ygiginitgQitesied SiEtsaakd, 160,62 (FIG. 3) BV, Bls, BISI(FII Y, 204 208d] acent
the actuator 5 arminduced by rotation of the disc (see FIG 6). A channel
154, 192, 202 20&FG, 102tp reeesy headrroperiqried plongthp lepgth of the agpatorgfh 8y ni ng
recessed sur f a0 arkfly wifif the Aok Shreh: obkiorioh e 1 Bl @y o) | 204, 206,
208 (FIG 10) to recess a head conductor 154 along the | ength of the

act uafor ar m &enduptar skhe genductay is preferably aflexccuitvitina semi- flexble gtﬂf‘é‘(‘i‘lc

obstructi on ofjabhghigh fuppdtsaPRiratitP¥r bhfactd egaduct or . The conductor is
preferably a fl'ex circuit with a sem-flexible dielectric |ayer which
supports a pl ural i Biilbbe dlean thatthe preseptiaveation ip welljadaptey) fo ttainghe ¢emdat t he

present i nvenmﬁhv' S@éﬁh&&ﬂ@:ﬁ&%z@uﬁ&&%&& %ﬁeﬁg%@gﬁ%@vant ages

mentioned as a ose I nherent therein.
preferred embodiments have been described for purposes of this disclosure,

15 numerous changes may be made which will readily suggest themselves to those
skilled in the art and which are encompassed in the spirit of the invention disclosed

and as defined in the appended claims.



preferred enbodi mrents have been described for purposes of this disclosure,
15 nunerous changes may be nade which will readily suggest thenselves to

t hose Ski"l’ddﬁﬁlhg the art and which are enconpassed in gdiqsefdikdet Of the

i nvention disclosed and as defined in the appended clainms. WO 01/ 31642
PCT/ USO0/ 41640 -11- Cainms: 1. An actuator configured for use in a disc
drive having a rotatable disc surface, the actuator conprising: 5 an
actuat or body pivotabl e about an axisfik head configured to transduce data“
fromthe disc surface; a conductor configured to transmt electrical
signals to the heddiMgnd a rigid actuator armwhich projects fromthe
actuator body to support the head over the disc surface and having
opposi ng planar top and bottom 10 surfaces and a pair of oppasing tapered

surfaces respectively érperuorrgniigumshionyse ingslisg vy pvingmrataibladisc (o t aper
to a trailinggeage thelabuRbbhfisisgdbst antial ly lam nar flow of air currents
past the actuator = arm wherein the top, bottom and tapered surfaces
coopefatively defdnrpetuatorhogdy pivatable abontan agi§c| osure into which a plurality of
adj oi ni ng 15 recesﬁ?&ﬁdé&ﬁﬁ&nﬁ?@tﬁ a6 Gata Froldhd i saffgRnel whi ch extends al ong
a length of the actuator arm the channel receiving the conductor at

| east partial |y wi%dvngnctaneonfiguredto frapsmibeleckrical %@@s&%ﬂb@@bﬂﬂdgenerat es a
reduced drag. 20 . : ! i ﬁﬁ@@ el is formed
in a selected Onga%éﬁ‘%]u%ﬁ{r%gﬁg%g?%rg{é{:tg%@gkefag@?é@d%yﬁ}ﬁg actﬂat or of claim
1, wherein the channel heas oventheediscispriage ud having @pposing plgnar tapeand heftane d

surf qges. 25 4. The aciyfl@lensl il GoPboking UpEEHBrbAGHRRIG! 1S formed in

extending from the top and bottom surfaces to taper to a trailing edge
to provide substantially laminar flow of air currents past the actuator
arm, wherein the top, bottom and tapered surfaces cooperatively
define a cross-sectional enclosure into which a plurality of adjoining

15 recessed surfaces extend to form a channel which extends along a
length of the actuator arm, the channel receiving the conductor at
least partially within the enclosure so that the conductor generates a
reduced drag. '

20 2. The actuator of claim 1, wherein the channel is formed in a selected

one of the top and bottom surfaces.

3. The actuator of claim 1, wherein the channel is formed in a selected
one of the tapered surfaces.
25
4, The actuator of claim 1, wherein the channel is formed in both of the
tapered surfaces so that a trailing edge of the flex circuit is aligned with the trailing

edge of the actuator arm.

L
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tapered surfaces so that a trailing edge of the flex circuit is aligned
with the trailing edge of the actuator arm | ["II1IIl 1Il MW 01/31642
PCT/ USO0/ 41640 -12 5. The actuator of claim1, wherein the conductor
‘conpri sesWQMBYR circuit conprising a sem-flexible dFSTESIAIHO| ayer which
supports and insulates a plurality of electrically conductive traces. 5 6.
A disc drive, conprising: a rotatable disc having a disc surface; and an
-act uat or adj acent the disc, conprising2-an actuator body pivotable about an
axis; 10 a head configured to transduce data fromthe disc surface; a
conductor configured to transmt electrical signals to the head; and a

rigid actuator arm which projects. fromthe actyator body tq support the
head over the dise sur @gt}m ‘H’gcfiﬁ Lﬂ%ﬁ“’;ﬂ’?ﬁﬂ icg'inﬁ‘é‘%ésa Bbosi ng pl anar
top and bot t Qifcsitiédnipesiag a ddmidleRidierdieiciriRMyeswiich suppetisadd Hitlheces whi ch
respectively extend, fromthe top and bottom surfaces to a trailing edge,
the top, botRwAkEAtelclsalEePndyeyelaCes. qof i ni ng a cross- sectional encl osure
to provide nomnally lamnar flow of air currents adjacent the actuator
arm induced by 20 rotation of the disc; and a plurality of adjoining
recessed surfacesSwhi ch 36 SEYFCOMPFisng't he encl osure to forma channel which
extends along a Lenaible &bc HabBgaaisk aifake;@ahdn the channel receiving the

conductor at least partially wthin the enclosure so that
an actuator adjacent the disc, comprising:

an actuator body pivotable about an axis;

10 a head configured to transduce data from the disc surface;

a conductor configured to transmit electrical signals to the head; and

a rigid actuator arm which projects from the actuator body to support
the head over the disc surface, the actuator arm comprising:
opposing planar top and bottom surfaces;

15 a pair of opposing tapered surfaces which respectively extend
from the top and bottom surfaces to a trailing edge, the
top, bottom and tapered surfaces defining a cross-
sectional enclosure to provide nominally laminar flow
of air currents adjacent the actuator arm induced by

20 rotation of the disc; and

a plurality of adjoining recessed surfaces which extend into
the enclosure to form a channel which extends along a
length of the actuator arm, the channel receiving the
conductor at least partially within the enclosure so that

25 the conductor generates a reduced drag.

7. The disc drive of claim 6, wherein the channel is formed in a selected

one of the top and bottom surfaces.

L
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25 the conductor generates a reduced drag. 7. The disc drive of claim®6,
wherein the channel is formed in a selected one of the top and bottom
surfaces. 11111111111 1 L 14 S WD 01/31642 PCTIUSOO 41640 -13 8. The disc
drive of cWRi%B¥ wherein the channel is forned in a sePEPP¥W46he of the -
tapered surfaces. 9. The disc drive of claim®6, wherein the channel is-
formed in both of 5 the tapered surfaces so that a trailing edge of the
flex circuit is aligned with the traki3-ng edge of the actuator arm 10.
The disc drive of claim®6, wherein the conductor conprises a flex <circuit
conprising a seni -& | exiThd disccliriet efxlainh 6, Wikys theldhmihel S4pRRIS 2 sdlddiddnNsul at es a

1(3 IpII :.I:’a:—l 'ItVIy ggco§%%%Pg glllrl_axesf:onductl ve traces. 111111121112112 11111 11111
9, The disc drive of claim 6, wherein the channel is formed in both of
5 the tapered surfaces so that a trailing edge of the flex circuit is aligned with the

trailing edge of the actuator arm.

10.  The disc drive of claim 6, wherein the conductor comprises a flex
circuit comprising a semi-flexible dielectric layer which supports and insulates a

10 plurality of electrically conductive traces.
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