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(57) Abstract: Apparatus for providing nominally laminar flow of air currents in a disc drive (100). An actuator (110) supports a
head (120) adjacent a rotatable disc (108) and includes a rigid actuator arm (116) with opposing pl top and bottom surfaces (142,
“~ 144) and a pair of opposing tapered surfaces (146, 148) which taper to a trailing edge. The top, bo}om and tapered surfaces define a

031642 A3

cross-sectional enclosure (155) to provide nominally laminar flow of air currents adjacent the actuator arm (116) induced by rotation
of the disc (108). A channel (154) is formed in the enclosure by a plurality of adjoining recessed surfaces (158, 160, 162) to at least
partially recess a head conductor (154) along the length of the actuator arm (116) within the enclosure to prevent obstruction of the
air currents by the conductor. The conductor (154) is preferably a flex circuit with a semi-flexible \dlelectnc layer which supports a
plurality of conductive traces.
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ACTUATOR ARM W TH TAPERED TRAI LI NG EDGE AND RECESSED HEAD CO\IDUC{WEBemM
of the Invention This invention relates generally to the field of ragnetic
dat a storaa}e devices, and nore particularly, but not by way of
limtati onVA®BYH actuator aria used to support a headcaupmaens 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 communication with the head. Background Di sc
drives are used as primary data storage devices in nodern conputer
systens and networks. A typical disc drive conprises a head-disc assenbly
(HDA)  which houses MACUTUNTOR ARM WIPAT AVEREETRAL ‘iﬁGﬁS‘ﬂB} i nted

e

circuit board (PCB) nounted tRE@ESQE‘DﬁEAWbﬁﬁg g ich supports
el ectronic circuitry used to control the HDA an acl litate communi cati on

between the disc drive an a host conputer in which the drive is nounted. A
typi cal HDA i rRididiofabe Iaveati@r nore rigi d magnetic storage discs which are
journal ed about a ratary .hub of a spindle notor to forma rotatable disc
pack. An actuat or ﬁﬁﬁ%?‘?’éregﬁs ﬁﬁnF’éﬁy 8itherfickl pf magnetie data staragealkvicedef i ned on

the disc surf asémorepatiyiliryabut A6tby MaP6f 1LAAKA, 16GhaQihidtabh LE8S, an act uat or
body confi gured tg kot aa. about a st@ti onary shaft adjacent the disc

e
pack. A coil OFPPRTgbradadiassntamagnesic s disppiy digrdsve, themetuster appdy opposi t e
the discs and incerponuing stegkrddnrailing ed¥R g redessbd fkflloeQd redess FRGREL I C Circuit.
The applicati c():nncﬁg”cu&{tent tdo lt hec&foil i nduces rotation of the body about
the shaft. A pPurality of oriogra-ae warpricaionwith thsihgadk from t he body toward
the discs with one arm above the topnost disc, one arm bel ow t he

botto st di nd.one arm between each adjacent pair of discs.

Fl exi bl e suspﬁ%‘%ﬁ%ssenbl ies ~"flexures") are supported at the distal
ends of the act uatDisc drivesarausdd s priiafyiatopgs aevtc&ﬁnhﬁaéiﬁ c&nﬁxte‘r: EB 2004 WD

01/ 31642 PCT/ Q%Qe%s%gfg rf'ech;rgs. A typical disc drive comprises a head-disc asqgembly (HDA)

which houses mechanical portions of the drive, and a printed circuit ﬂ)oard (PCB)

mounted to an outer surface of the HDA which supports electronic ci%cuitw used to
15 control the HDA and facilitate communication between the disc drivé an a host
computer in which the drive is mounted.

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

20 A typical actuator construction utilizes an actuator body conﬁ‘Fured to rotate
about a stationary shaft adjacent the disc pack. A coil of a voice coil botor (VCM)
projects from the body opposite the discs and is immersed in the magl#letic field of a
magnetic circuit. The application of current to the coil induces rotatién of the body
about the shaft. 1

25 A plurality of rigid actuator arms project from the body toward the discs with
one arm above the topmost disc, one arm below the bottommost disc,|and one arm
between each adjacent pair of discs. Flexible suspensioﬁ assemblies (“flexures™) are

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




adj acent the disc recording surfaces. Thus, for a fully popul at e 1 FEB 2004
configuration where data are stored to each avail able di sc recording
surface, the top and bottom actuator armnms are each configured to support
one fl exur¥PHL3&*%conbi nation, an :d each intermediary BEWUsAV@soar m
supports two fl exure/ head conbi nat‘i ons. Conductors are routed &l ong the
edges of the actuator arns and flexures to enable electrical

conmmuni cati on between the heads and the disc drive control PCB. The

hi gh-speed rotation of the discs induces air currents that generally flow
paral l el to amijhcem teldisc ctoording sunfaces THus)tfertal fITY 1) Eumtb&c&lﬁ\ §nonTJB€rehead5 are

f dw na ures fhat enable the eads to be
gagpi)?'ltj reg in &?aoasregsq&g%%eﬁﬁmavaﬂ?bg %lﬁcerec(’F‘%ﬂgafP’i faeg e 1SR and poftorp puas ai r

beari ngs estahmssthed:hloynﬁghedtomh@bﬂ@ﬁdﬂbﬂuxe/hea‘dh&ﬁﬂnﬂi@ﬁ(iﬂh/%ﬁ“ c features and
flow.is desired since air

the air curre ntial | am_nar ai
t ur bul ence (aiplsegnerd g\?yea‘r%ﬁ’gt a“tnsuﬁ?é PSR flggure EPér&’@‘a)‘mEaﬁmdeE‘P’é&@e t he power
consufpt i on ofouteddomgrhewiges ofithe mtuatoaarms\wd flextes degibigecrieqlr at i onal

erformance o riv ul.ar non eat abl e run out (NRRO
gr ror in the %Fyggﬁgtﬁ%e%eﬁnﬁ el}? df %If‘éc‘lé&f c‘fnf‘fgl cks can be readily
i nduced by wi ndag@hebigh-speed rouatmmfofthhdxsmﬁdmaésarr c&mﬂtsdhasgﬁ&ra@mw ndage

of
the  act uat or PEeL bh kBRI RES BadtR o b Bk keBb i migued whfhonoy. whi ch
depends on t deeodfagnie fresyresthat snahlenlizeheada Itu:betshm)oacd in albarprkg@rﬁﬁﬁietb glf.es o Such
! or i8e ng. dt Sachd dfediid ol Mk RS el b T B R ofeh. “Fur  her. such
vortices. memdynmn@eﬂwe@ndghtairyursmmer speeg thannt hleo\?vuls oI e;hghggglnng
frequency changes 2riapy el ANl BRRN ot SETREPS URIRETSE ¢ ne
vortices on tt ergzgtama)vlmage ’)’#msmcmsm:owpe:onsumbudmrodiaﬁeﬂncnngﬂof)ae t he
e 1 R M A
St ngggf y%fﬂ@,ﬂq@@nw o dARROD ertae én theplarefertt pémkhegdﬂadpaeﬂoﬂue tr!mkfj actuator. .

oudi ng, as we

2 “the LpST T‘?%E’ffs%&‘o?‘@%?éggm% R R B4 3S SRt o "o e, D s
shroudi ng 21 Epgage exgifation arises from large—scale voruces 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, su#h vortices,
which move at slightly slower speed than the bulk of the mean flow, ilippinge upon
the actuator and modify the mean flow. Vortex shedding frequency ch‘anges slightly
due to the repeated impingement of the vortices on the actuator. This dipauses spectral
25 broadening since the shedding frequency itself depends on the incidenﬂi mean flow.
Consequently, a significant amount of energy centered around the Strokxhﬂ’s
frequency contributes to off-track motion of the actuator. |
Prior art efforts to improve laminar flow include disc shroudiné, as well as

the application of acrodynamically shaping to the actuator arms. Disc :bhrouding



WO 01/ 31642 | PCT/ USO0/ 41640 -3 typically involves the placenent Pg fEB 2004
circunferentially extending surface closely adjacent the outernost

di ameter of the disc pack to reduce wi ndage at the disc boundaries.

Aer odynani SRQWHEhaped actuator arms typically i ncor popereswaser ed

| eadi ng and/or trailing edges which are machined into or separately
fabricated and affixed to the edges of the actuator arns. Wile the

f oregoi ng approaches have been operatj-ve to inprove |lam nar flow, the
continued increases in data aerial recording densities (wth track
densities of typialyifivalveoths alactnendof b tistiSergiiflly sridhdthg surfs@idsdIpt €r)  nmake
conti nued adv?&}&?rﬁt@o@@ﬁmﬂ?g rab{r g d.Che' l’%)robl emw th the aerodynam c
shaping of th& ACtuator arcs Per 8t Bgdipepack Raedyrendadagnit thadliscr out i ng of t he
conduct ors usbantaies cheamdyhauaitally shapéd dctastoneashypically@nddfBraftapered
magnet o- r esi st | 5 requjres | t.i.pl e conductive paths to ‘
facilitate se}peg&r‘lg %ﬂm\%ﬁ ?{)e'?ggeﬁ%eﬁ gﬁfChgﬁH’a{‘%@& "8? g{ge@gﬁxeﬁgﬁ{m I¢4@fEl s for each
head. 5Such  coeffigedar the sdgsaof thoavpniosems.\Whilette fofegbifig Sproatieshat e&nel ectri cal

Wre or, nore. 2 l. f frcuits .conprising one or nore

sem -fl exi bl e” |a(ef‘|%e1§:°t‘¥?’8“’| %‘ﬁi}é‘r’r§°&%{ﬁl’8ﬁ°"é‘ﬁ‘i§ o5 i daipe fabtegordipgct ri cal | y
conducti ve tr aeneitics (Wil tradidensitienofiena pthéusmide of thayksiperradisl cetineitg) t he trailing
edges of the i : . and are supported by bracket

fl anges whi chhgl?e%?%%%fﬁd?%%&%[ya%%%g&ebr arms. The conductors and buckets
can thus induce inagebsmetithgist asrodyrdmicstiapiig of the aqiidi@ainsteisess of the

aer odynam c shapj 4. As aerial recording densities
continue to i ngpgg%lg?&%%;eo:&gn%aogttﬁa&é%ﬁft?{%gsgeg ey umtc%e WH}E&‘S\??ddi sc drive
oper ati onal p&heuse pfmagaetiesisin RN beadd maldrgemafifle cingudtinglpiaigdo by an
actuator, andglgfiates e's,yrﬁ- {8y oty he oresent invention is

di rected. Sum"arlalrlif1 o?ﬁaﬁt}e E\c/ent|ag%%%§£s;c#%%g%}f&?ensvernﬁaab a%r%\ﬂ'des an
appar at us f or cdndgstsy/¢an goraiirise twigtédipairs of enlated elersricalpeird aymaraseendy, r educi ng

wi ndage effec J: ; d.. .cgontrallably position a
head adj acent h%‘ dg? gié%% rgglgg’ge ?gﬁogg%%g g%ﬁogeedl%&t"hﬁgregfw%ﬂ°P§W%%odi nents, a
di sc dri ve i sandrivpplat¢electyically condugtive tracad | Bhe aakiuadroare wipically sutpport s one or

nore read/ wri ngngh.ﬁ@ﬁlﬁlu@%é’eg 6fthe Rspective actuator arms and are supported by bracket
flanges which protrude from the actuator arms. The conductors and b:*ackets 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 cohtinued need
to improve disc drive operational performance by reducing windage ekfects induced

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

Summary of the Invention

25 The present invention provides an apparatus for improving dis¢ drive
operational performance by reducing windage effects induced by an ac¢tuator 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
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recordi ng surfaces of a rotatable disc pack. The actuator includes one or
nor e rlgld actuator arnms that project froman actuator body toward the
di sc pack. WRAYHQct uat or arm i ncl udes opposi ng pl anar PCEUSIRH#IE40bOt t OM
surfaces and a pair of opposing tapered surfaces which taper to a trailing
edge. The top, bottom and tapered surfaces define a cross-sectional
enclosure to provide nomnally |am nag flow of air currents adjacent the
actuator arminduced by rotation of the disc pack. A channel is fornmed in
t he encl osurecbryesponpingnahbetyfréﬁordafgjswdabMaE&ﬁmﬁ padUr faces to recess a
head conduct or o.ﬁ% of the %gt uat or armvmthl n the enclosure
c

to prevent obstru ?“?%‘gesaqnfo"c‘ﬂ?rw gctyjor s B3y pgirst fépm amThe  conduct or

i s preferabl yaetuaftdrdmd)ctbwnﬂtﬁe dist pdtk AERR Hituakdr @l Mb18ded bSo8ia pilbifar lgyer Whi ch
supports a plu m)éur%ces @ﬁuctlve traces., These and vari ous ot her
1

features and & van 1 SULacEHeRd fPAl Pf PRposing tapsted sigaces whichdaner fapj@ilingon wi || be
appar ént f r omedger &batioppotdm srideapkrel husfabes gefthe b aiobsdctdRAGRIRLEQS and a review

of the assom Brjef .Descri f the Dramwings FIG 1 is a
top plan view o? fofifde B mal{}g?ni"\r} fleg r?g?‘?wgf‘ggadﬂaﬁe"égfé?tlﬁ“é‘?f@g“wdt‘%dbbr ef erred
enbodi nent s ofrotatimeopmeélsu’nack nvent| on. FIG 2 shows an actuator of the disc
drive of FIG 1, t incor ti n uator armwi th an

aer odynani cal | y ta"i:lpera’glgle F dm oesag su&??éf ﬂ“"%@’c@é’@’&%uﬁ%@e to

enbeddi ngl y sapfaoestto mcdst ehcad;ccmduntdr alosgettle lengtipsfake ditmaet SfltwithGahe

Fepr et at i ofap g dbrbidn B dinchur SRR b B ool Bie g 6 4

provi des a cr aﬁssefsreldy aﬂmdxrcmeplﬂmmt-ﬁmmmdéctr& Iipfet WhiclBguppa@ghuat or arm

whi ch uses t I ul ated conductive wire to establish head
conmmuni cat i o;%g%at%ﬂlo?@%rﬁcﬁim?%tr&c\?f ndage effects induced thereby.

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 acmator
incorporating an actuator arm with an aerodynamically tapered trailing edgeand a
recessed surface to embeddingly support a flex circuit used to provides3 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 #ctuator 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



FIG 5 provides a cross-sectional representation of a prior art aztlugggr
arm2 7 FEB 2004 WD 01/ 31642 PCT/ U500/ 41640 -5 which uses a flex &ilr EGBt 2004
to establish head comuni cati on paths, and the w ndage effects induced

t hereby: FIYQUBIRoyi des a cross-sectional represent atiROT/AuS0041M0 act uat or
armof FIG 3, illustrating the inprovenents in |lamnar flow provided by
the enbedded flex circuit. FIG 7 is a generalized graphical conparison of
non-repeatable run out (NRRO error ins.head position using the prior art
actuator armconfiguration of FIG 5 and the actuator arm configuration

of FIG 6. FIGwhBhuss aflgarreuitt easilisiglieadinfhinicaUNyatht, SAILOfvindQuer
consunption of e?ec si@;ug%l,erergo_tor using the prior art actuator arm
configuration o Bl N ﬂge and the actuator arm confi guration of FIG 6.

FIG 9 is a cross- SUGt6 poddes b epssessaioha répfentitioR st (B dcRRIBAGrin\GE FRENST r uct i on

for the actuato f .FlG 3. FIG.10,is a.cross-sectional
representat i ong’ol?us%tmggtﬁd S Verients i} IRmingt flow Rroy ‘g“flglj’ﬁieﬁhedfjﬁﬁﬂecxhe act uat or
arm of 5SFI G 3. ciBwitai | ed Description Referring to FIG 1, shown therein is
a top plan view of a disc drive 100 used to store conputerized data. The
disc drive 100 includes a head-disc assenbly (HDA) 101 which houses

vari ous nechani cal FiGrtis egmenfizetl prpldeal veanparsop bf ivh&éepesthbl€tintout boar d ( PCB,
not shown) is mmg . nderside of the HDA 101 _to conplete the

di sc drive 100, w t)ﬁ"g’f’ﬁg h%é%%‘*ﬁ]%ps*?% ﬁ’ﬁ&“%ﬂ%é&?"é?ﬁa&“ gqnfigyption of By ¢ o
control the opardthe astvatof armivenfigiratidr0df FIGe HDA 101 i ncl udes a base deck
102 ang a top cover 21| artial .cutaway fashiqn) which
cooperate to form gﬁécekﬁéﬁg%g'\rmgze\l}\??ﬁ] 1%15 %°8‘HF?S8PP€??“¥?1‘E°8§“H}EP° % ronnent for
t he di sc dri vespisile mgtoryysing the priorartertudtGGrm cinfipwstion DEFIG. 5 Bl the nagneti ¢

recordi ng di sc%nk%aﬁrpcogﬂg%g%ﬁmq&r ection indicated by arrow 109.

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

STl

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 disjc drive 100 used

20 to store computerized data. The disc drive 100 includes a head-disc iassembly
(HDA) 101 Which houses various mechanical portions of the drive. ;A printed circuit
board (PCB, not shown) is mounted to the underside of the HDA 1011 to complete
the disc drive 100, with the PCB supporting electronic circuits used io control the
operation of the HDA 101. '

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

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



User data are witten to and read fromtracks (not depicted) on ih]e % S¢S
108 2 7 FEB 2004 WD 01/ 31642 PCT/ USOQ 41640 -6 through the use of fFEB 2004
actuator 110, which rotates about a bearing/ shaft assenbly 112 adjacent
the discs YOBUAYZL actuator 110 includes an actuator baedyusddids om which
project a plurality of rigid actuator arns 116 with aerodynam c features
to be discussed bel ow. The actuator arnms 116 support fl exible suspension
assenblies 118 (flexures). A head 120 i.g supported at the end of each
flexure 118, with each head configured to be aerodynam cally supported

over the di Scsﬂﬂﬁﬁhm}uﬁd’fa@w&a&ﬁlﬂ) wEiSﬁl%meisﬁlﬂﬁgaMnﬁé?ﬁnaﬁggs@ﬁxi)l?n of the
supports an actuator " coil 122 of

di scs 108. The tuat ?%ﬁ/? s)é glqi 4 furt her

a voice coil %j? conGERPSSH] F\%“‘(’i‘f,"w]aﬁlb‘il“ i actuator body il iersed i n a

magneti ¢ ci r cuiwhich gfdjeofa pmrhmy Wﬁidlﬁﬁato&hﬁt ﬂéQﬂthC&EroEl)hﬁmﬁ%Jturés%gFe and hence
current to

t he heads 120, ,is a the controlled application o

the coil 122. ‘Fﬁcusﬁéggg;g Jﬂs?(?“b’ﬂ?ﬂén?%l 16 support fexible suspeagienasesmbliesol 8t ext ur i zed
| andi ng zones llﬂbSurbg) Ahaauaetslsappbﬂéd@hm&&ﬁdﬁ/eﬁﬁﬂﬁ:ﬁ@ell‘ﬂ'@i@xéiEHl\é@d 100 is
deacti vat ed. EIcon uref@lbeae(r)g;um]gaq]tl on tween the actuator 110 and the

af or ement i oned ArF VECBEEIFARY SEPYTC oL g disgs LD8Y aig cwrrentsyi t assenbl y
132, whi ch i ncksabéishedby therotation ofithe discd 3§, a connector 136 which

supportingly proje d.of the flex circuit 134 through an
aperture (not shown %acua?cﬁé ‘g' gg%‘@%‘ﬁ“@@?q“(??matPrrfPérl%?o‘?fﬁéfelc??Pr’al with the

PCB, and an acmot GfCNBOB4.1 B8 astuitodcoll WIS frifiersed il Sasgabid dirgli{ Deioyer circuit
("pre gp") 140 ite and r s currents to t he heads
120. GS 2 angwg)ﬂ II?‘ES olaf nc%l}'?cméﬁiu%ﬁdﬁfmi%%ﬁds OGS agcopplighrdat er
‘‘detail, wit thﬂhéacontrﬁlledhppucatgmafmmwﬂheaﬁll lIanathe hedds 120 éoafead rewti ew of the
actuator 110 a | n. ctuator arm 116 incl udes
opposi ng top a%@%geoéte%%e% ’glérézgd %ﬂ%ng Tﬁifqg tRagagticdaigh |30 vder €6t i ons
substantially M@Wé@oﬁdeabmwdh scs 108 (FIG 1) and opposing tapered,
trailing edge surf end fromthe
respective surface?‘%ﬁ’f;ﬁ?%&égm ai’eg‘?’ee mgg?ﬁ”él F‘#ﬂét (fg‘ﬁef‘l%‘ﬁ”‘*fhe t aper ed
surfadés 146, disadrive BCB ixyiseblishadtbiy arﬂe:s geoit assemBnEB32swhifleiacladed 4 Bex

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 preampliﬂer/driver circuit
(“preamp”) 140 which applies write and read bias currents to the heéds 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 symmetricaily 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 uhitary piece of

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



144 by an angle 0, such as 15 degrees. The various surfaces 142, ,14 1
and 128 aregpreferably formed using a suitable machining operatZﬁ‘%EBoﬁ&&
unitary pi material (such as alum num, although the surfaces 146,
148 can aIS@Sﬁ@??@ely be 2 7 FEB 2004 WD 01/ 31642 -7 PETTUSOA1640640
provided in a separate piece that is affixed to the actuator arm 116, or
die cast into the arm An optional aperture 152 (also commonly referred
to as a "lightening hole") extends frgmthe top surface 142 and the
bottom surface 144 to reduce the mass of the actuator arm 116. A channel

154 is formed pvpyxmdnnamaretepa&tm&taffﬁcwiotwﬂuﬁlﬁwrﬁ l‘il@uf&iggaép t?ES) The

14 osure is indicate
(S:E;Lﬁgfsléjz a‘lll?1 oﬁﬁanaa e’?'fé iﬁ(ﬁﬁ? gcgi%f“mll%ef?i’éeé@ 33 b&léﬁiﬂiﬂtge el ectrical
connection pat h@e”bemmésaﬁpm mhmpmmamthhamdtomherf&emt&?&uéeqhé)e pl aced

wi thin the act ng the length of the arm As will be
recogni zed, reﬂggstggft%%c%go}gp xgm rcuit 156 within the confines of the

encl os¥ire of the aé‘t‘ﬁlmnelrlSé.lsrfil)rmtﬁwplﬂlﬂﬂﬁlio&-s“ehﬁnil|eﬁi910sﬁﬂe'ﬂ€ﬁﬂeﬁ b%fh@ fr](c)][n t
obstructing thgdl.0V4:0{448] 45 aﬁcpf48§ Is2nd orégrggsq? Ea'fg Hﬁgc’égg]\é\%g%ﬁge effects.

A suitabl e machi ning opefation c pe"u %aces 158,
160 and 162 whallews eplagse flextcirowt wdsﬁnmommeamraaine&ﬁﬁpama‘m&eemhl ch the

breferably usel pei OBl bheitad DREbLbncsd vl B adhsior e Fls sope s
(F:)onf i gur at i onslergth Qfé*ﬁ@uetmwﬂldxee)ceénm;ée\fmsﬂigglzi ﬂf*glam“ﬂm‘e EZlea?T VZ| y
pl anaig f | ex cidopfitlet ol(t.ﬁe UnbBio & o]t\‘agactka%o eclrax,ltstifg ﬁb% é‘roni 0

narrow t hi ckness of conduct or {ax conp P ASeU tw sted
pairs of wire)obgzuctirg the fow oflais cirrspis endeadntzibating o wmhagtewemsm ssion |ine

I ta transf nal s). Since
of -t rack excital| ok sAtiing Sy B RED o b s B eres Mg otige
t hi ckness, a ni&P prséR which aonerhtiviely dpﬁteftbrqhbind 15#mRéervehich tid fe @ircufit exf Ci LCUI t
a particui arl ylS@fi\{@s@xttéﬁgﬁ'e‘Péﬁ? &lglgﬁggﬁi flek %cu}thi%e gyﬁstggggété@ghvgedt h of the

channel 154 (i.e., the distan tween op
head communication paths, other configurations of conductors are also

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.c., the distance between opposing recessed
surfaces 158 and 162) is preferably selected to be as narrow as practidable 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 internal to the enclosure, such as the use of adhesive,



surfaces 158 and 162) is preferably selected to be as narrow as
practicable while still |arge enough to accommobdate the thi cknﬁisFEﬁ N(ﬁ
flex circuit 156. Friction forces between the flex circuit 156 d e
recessed sWMOXUB4 158, 162, as well as the relative taotosesieal the flex
circuit 156 when installed, are contenplated as being sufficient in nost
cases to retain the flex circuit 156 within the channel 154; however,
addi tional neasures internal to the epgl osure, such as the use of
adhesive, 2 7 FEB 2004 WD 01/31642 PCT/ US00/ 41640 -8 can al so be enpl oyed
i f further retantshbferhimoyee s flrder fed@ioh kdees Er fre Wk ci ‘ ired. The
| eadi ng edge of tg[?l ftczfj}gtor arm 116 (defi rﬁgglﬂte)ﬁc%g?%%%gﬁealg%?' IS not
shown to incor por ate' ’b?e?dgﬁ%f,theeﬁci“ﬁm%%@?ﬁqeééwwfn@ 168)is s surface 163
can al so be shophiceidcorgortte whesifig, ARHoaEH RBApRRE SR S%H‘me%?&g%%e{ esent

generation disc,.drives (whic resently range from about 0 over

10, 000 revol u?qu?fg FB'é‘flscngtﬁtﬂﬁ“g)s,B“gi emplpyed bygRsprent genseptiomdisc didverdage ef fect s
general |y ari @hidhipessently s@gstrdnnabotd 3360 Blovér6,000 AilldoRIpeE flfe) fOt the

| eadi ng edge.hAggequung%c shag%t?rg of the |eading edges of actuator arns
becomes i ncr e XS CHHIHOS SPLTRdaes SHERKts ernstaly arise frgmdiscontighities athe ¢ r ot at i onal
speeds (such walimrdpsndthediing edge) Wero@MEmid Shapitl BEthEleadiddRedsper i Ng of the
act uat or arm%%% gnd éhe enbedd] r@ ﬁgf the flex circuit ~ 156 substantially
whol 1y wi t hi n"THE" T8 STOLEPTTEATREY aharasepyschagieveryithighgedissr ar m 116

pernmits a substasodal speeds (selas@boya 0,000 rhdlkiG@iped hideaCr 0SS t he actuator arm

116 er the pri rt. F exanple, FIGS 4 and 5 provide

crosgysecti onal rgé?%geélﬁggﬁ)[{"%ﬁ’gmnpam‘drl?Gﬁ%%ﬁ?“b&%‘iﬂd{fgpﬂﬁ¥ﬁﬁ¢“&64, 166 whi ch
respectively E6phtmiantially shaity wictiirf the @bssbofibial éreRbur¥\bfithe RS oARE ifibeX circuit
170 to establ ish. the redyisite head connections. Brackets or simlar
features used® 10 rerarn ¢ HAPTRypEat in feginag fovy qepass the pqtygtor ammy 6oyert hey
respective athepriok 64, Fot6Sanipiey BIGS04 ardeSaitovide ives-detionsllréprdskntationsds it will be

i,cal |y f i h
Lo bk 0 T B ol D B
il1ludfrates awisalosmadfidxairtuit 176 esablish theveqaisitd Head ddBndctichs) BRASkets®gge of the

actuator arm FLGS. 7. and. raphically illustrate the advantages of
t he act uat or %lgil?ﬁ.r {ef eg gsed to retam%he%vxreg ?&8 and ﬂgx circuit ?}0 to the}respectxve
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 iﬂlustrated
therein. By contrast, FIG. 6 illustrates a substantially laminar flow abput the trailing
20 edge of the actuator arm 116.

FIGS. 7 and 8 graphically illustrate the advantages of the actua;tor 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 furtheér increased.



conpared to the prior art. FIG 7 provides a plot of non-repealaplfg 2004
out (NRRO head position error (y-axis 172) versus disc rotational speed
(x-axis 114) for the prior art configuration of FIG 5 (solid curve 176),
and the ac®™®MB1%nti 116 (dashed curve 178). From Fl GeCTusoi4men be
readily seen that wi ndage effects upon head position are reduced using
the actuator arm116. 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
wi |l general |y becHiGes povidesapineof spitlie shotos pévidk Sdrsyton REGISAT € furt her

i ncreased. 2 164 PCTNS0Q/ 41640 -9 FIG 8 provides a
pl ot of spi ndlzlgﬁgo 5%9&48%@%4 saﬁiﬁéfgb(g?{ V“&&?’%""E@'}*‘m@éﬂﬂ@s-" di sc

rotational speeli c(uwea&ﬁ and]dele)cmﬁtorarmhes ﬂﬁdhéﬂcuﬁd’etw@%ml%rxﬁfeh g of FIG 5,
solid curve 186, ..an %ﬂqlé\qgouatvoe ug1t11.6 dashed curve 188. It will be
noted that the act ar mAITE 4t 8 sﬁ?‘&\)ﬁ“ﬂ‘&""%“%‘?}’ﬁ"s‘f‘%ll’ﬁqra‘l‘ bY npr ovenent

over tshe pri omeduging @ypwademumgmbﬂneqnpmnems mﬁ&mw@&a kAt @aRRt s of the

di sc drive, portabl e applications that
use battery pac14 Q';IB E‘mable%?pthgaﬁ%m thﬁB?gfb é‘ gsr?daf@W?SFW?ede alternative
preferred confi gurHﬁScﬁmdﬂ@protnhealam'amtpmferreaEdiilﬁ@drﬁnonl:ﬂsf theh@tididry, reference

nuneral s used ,inl . i kew , simlar elenents
in FIGS. 9 anéhgbl.& %ﬁél @’kaﬁrug rrmé'{emlls it E&Eé)?é?fé’ W‘"d'&‘%‘%‘ée eaised onal vi ew
of an act uat oforgimilad §@nentsin HGSa9 anldann@lG PQIﬁwfrﬂésrmdlevaﬁoﬁdll,Q:rdsﬁp surface 142
by regessed sy cCco te.the flex circuit

156. FIG 10 |ﬂl§rsﬁt?‘rﬁgt;§§m§n evagﬁgﬁpga%%g@ﬁﬂegwﬁe WPew of an

act uat or ar m s@tce lﬂfé\bb'mgesaed@hmm%zwﬁaridoh‘)ﬁrmhccdmxﬁddaetmpEk eietugur f ace 146
by recessed sykf 3§8S ommdat e the fl circuit
156. In these & nbalff)gl Iogﬂu%uates%ﬂgle%gnaggg §a %egtm(x?] Jiewpl an a:ﬁtﬁ\{oé mn the flex
circuit 156 |ba‘14m§mql1mnﬂ)20&fqngmdﬂw2(pbred $uefatedg6 bﬁmca‘sﬁdeurﬂaé& 20k G 9) or the
tapered surfaggs 44604 5l Q nts provid
substantially the same &onr#nngarté Icl)%/)v(ac}:r %Ir]lggtléﬁgeg? e%bng'ggmisﬁ °19R ¢ uat or arm
116. 151t wi | | sustace (metalesignaisd) of ﬂntﬂex ¢izsuit | ¥is nimrigallly wlighb®witlothk ebpr eadi | y be

placed in Ot NekakOLAYEIRNG or bl herdPsultilee!1 IO PR B A Guddte L 2P e

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 présent invention
is directed to an apparatus for providing nominally laminar flow of ait 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



that the channel 154 of FIG 3 extends into both of the tapered u.ifr_aEcBes2
146, 146 at the trailing edge 150. As previously nentioned, sinéel ¥ 004
off-track excitation is a function of trailing edge thickness, the
configurat iVveme13p642F1 GS. 9 and |0 are particul arly advagirageptéesi nce the
opposi ng tapered surfaces can be brought to a sharp point along the

| engths of the arms. Fromthe foregoing discussion, it will now be clear
that the present invention is directeq,to an apparatus for providing
nomnally lam nar flow of air currents in a disc drive. In accordance
with preferred & 5,;5“ [ head 120 adj acent
a rotatabl e disc 3 {"E‘g i nc ﬁldggﬁgﬁﬁ%?e}}%c?thg@gﬁ%f%;Oﬂ%?mgwo 200 2 7
FEB 2004 WO 017"361%%2 557} 40538y which ggend fipmythe tep emgomgurﬁalcanampmqa and

bott om surfacesu&%edgé%oam@%m&&nglﬁt@ @M&sdéfﬂx@%y% S_sse& f gces 146, 148
whi ch ext end fropthe top and bottom surtfaces to tap railing edge
150. The top, 6 f‘BH%ﬁ%IP’P&S%'F‘@HMélM iarra@eﬂovueﬁalmmtmdmgn Eheacttumal

encl osgre 155 m,m@w@eotmopﬁghgcds@rm@% flow of air currents adjacent

t he actuator arminduced rotation of the disc (see FIG 6). A channel
154, 192, 202 is f&rFempel lr?“»tlr?&?@%eflfMﬁi@twndowmamlwnmf adj oi ni ng

d f cesskB Gur 204,
recessed surf agRniddces fa&e§351(,|f$((fj5‘l6f’()~‘16 39404, 49@19%(95 hzgh |2§%1’gt S he

206, 208 (FI G% ](‘Q@ai% recess, a conduct or

actuator arm at%8 © t1oyzepest aead, capgyctr r1\54t3f¥él8éh?d$ltsﬁmfé\etaqumrmm
obstruction of 1eishparmnp muﬂhrt&rehaosbﬁé t PreveROUBStHIchiG of thERG cGROHUGY 1S
prefetrlﬁblyaf cir sem-flexible dielectric Tayer which

supports a pl u?°§?‘f %UW&B’C‘P P’i?@’af’]ry adlex circpit with p senpidlexiple dieleciiat t he

pr esent |nventlayhﬂvm&hmbbns&%@ilﬁ;doﬁc&md@&dv@hﬁbé he ends and advant ages
mentioned as well hg%ée i.nherent therein. Wile presently preferred

enmbodi nents have b VH & et e?’BSFntWFﬁ%é%W%lfad%Wdéo ataycthoende e, nuner ous
changes may beanﬂad\&nmfusﬁhnﬂdnéd ashRAE! thiise HhESR Merdid) WRIR! pr&enily©0 t hose

skilled in the rr}_g%mlch are enconpassed in the sp|r|t of the
i nvention di scli’ AYmergs P‘?‘?%QFSF’H"*@ for Puprses i dhis disclasyre,,
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.



2 7 FEB 2004 WO 01/ 31642 PCT/ US00/ 41640 -11 C ai ns: 1. An actutoFEB 2004
configured for use in a disc drive having a rotatable disc surface, the
actuator conprising: an actuator body pivotable about an axis; a head
confi gur ed"P8"# ¥ nsduce data fromthe disc surface; a PGHEWH#6HO confi gur ed
to transmt electrical signals to the head; and a rigid actuator arm which
projects fromthe actuator body to support the head over the disc surface
and havi ng opposi ng planar top and botitlem surfaces and a pair of opposing
tapered surfaces respectively extending fromthe top and bottom surfaces
to taper to a traiflemy 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 adjoihi ngAnaguatersenfigured faoesn exisedrive havifgurronable dganel whi ch

extends al ong s@facg,mggatgjcofn Gsiget uator arm the channel receiving the
conductor at |east parti al wthin the enclosure so that the conductor

_genereﬁes a r educ®hcyptarpodppivatahie shortgmexis; of claim 1, wherein the channel
is formed in a sel gghg nﬁgﬂ&tgtraﬂsaﬁehﬂpfrﬁﬁ'ﬂxeggggu cesurfaces' 3. The
Inthe c

actuator of claiml, er annel "I's forire 'n a selected one of
the tapered surf ackeenductpr configured-tp gransmit elsftricd! sigmnlsitp thethemdeand t he channel is

formed in both of z“i@d actuator arm which projects from the actuator body to support the

head over the disc surface and having opposing planar top and bottom

10 surfaces and a pair of opposing tapered surfaces respectively
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.



tapered surfaces so that a trailing edge of the flex circuit is aligned
with the trailing edge of the actuator arm 2 7 FEB 2004 WO 01/ 21§4FPEB 2004
PCT/ US0O0/ 41640 -12 5. The actuator of claim11, wherein the conductor

conpri ses XOORL42 circuit conprising a semi-flexible dretressmaicw | ayer

whi ch supports and insulates a plurality of electrically conductive
traces. 6. A disc drive, conprising: a rotatable disc having a disc
surface; and an actuator adjacent thejdisc, conprising: an actuator body
pi vot abl e about an axis; a head configured to transduce data fromthe disc
surface; a conductor configured to transmt electrical signals to the

head; and a rigi d5 act yat or ar&) th&ﬁhv&}groj ects fromthe actuator body to
support the head Uver 'THEMIOLY AR { isrein theconducton eomprisesmfies npr i si ng:
opposi ng pl anaircitzpmpuisthglacthioffextble diede 8 layer AR supfort® AR L aper ed
surfaces whi chquﬁp&cf ;t\r/ielg engt end fromthe top and bottom surfaces to a
trailing edge Py otEsErcaly FONSHTIR RS per ed surfaces defining a cross-
sectidnal enclosure to provide nominally laminar flow of air currents

adj acent the actuagor arm induced bl¥ rotation of the disc; and a
plurality of adjoiti ng” recStS ™M Peices which extend into

a rotatable disc having a disc surface; and

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 tﬁailing edge, the
top, bottom and tapered surfaces deﬁnihg 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.



the enclosure to forma channel which extends along a |ength of é?e B 2004
actuator arm the channel receiving the conductor at |east parti I@E

wi thin the enclosure so that the conductor generates a reduced drag. 7.
The di sc d™owaswsiiz cl ai m 6, wherein the channel is forngpdriswmese! ect ed

one of the top and bottom surfaces. 2 7 FEB 2004 WD 01/ 31642

PCT/ USQQ' 41640 -13 8. The disc drive of claim®6, wherein the channel is
formed in a selected one of the tapengd surfaces. 9. The disc drive of
claim6, wherein the channel is formed in both of the tapered surfaces so
that a trailing edge ofhddk’ dfileof clai Ihkredl i with th railing
edge of the actuator arm 10. Thgmg{g?h%r?l?l\?g%o %ﬁsgﬁo%mg,mmg?@ft'n t he
conduct or conﬁ‘?"i°§g’§t"é’e’|ﬂ‘i‘%§fa"e€'i rcuit conprising a semi-flexible dielectric

| ayer which supports and insulates a plurality of electrically conductive

traces. . . .
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.





