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the Invention This invention relates generally to the fi elj [ w Il“@' C
drive data storage 5 devices, and nore particularly, but n

limtation, to disc drive actuators. Background of the |nventi dH¥"sc
drives of the type known as "Wncheste{" di sc drives, or hard disc drives,

are well known in the industry. Such dWt3c drives nagneticall um

digital 10 data on a plurality of circular, concentric data %“ mmmmmlﬂl‘w
surfaces of one or nore rigj i (S r i cal |y noungggdsf or
rotation on the hub of a bﬁtfsméw-ﬁiﬁl%’&éiﬁa‘tﬁ&wn di sc drives of the
current generation, the spindle notor rotates the discs at speeds of up to
15,000 RPM Data are recorded to and retrieved fromthe discs by ate |east
one read/ wite 15 head assenbly, also known as a head or slider, which are

controllably noved fromtrack t@jéldosiehelIingeniehuat or assenbly. \Wiere nore
than one head is used, an array of heads are typically vertically aligned.

The read/ wit e he iLes typiea ri .el ect net i
{ransducer. carnonVSAEan Bl eoaiE ) thedRT R AGr i g QAR
cooperative pneunatic relationship with a thin |ayer of air dragged al ong
20 bybt heleyjsiearanehmeire porticulanly, hutenaidbadway o ipitation, to dissskive antatews.
relationship to the disc surface. In order to naintain the proper flying
rel ati onship between the head assenblies and the discs, the head assenblies
are attached to and supported by -2 flexures attached to the actuator.
The actuator assenbly used t myve thg d frq‘mtrack to track has
assurmed many forns histori ca@—%‘—&%ﬂlﬂ—#ﬁﬁj&&&éﬁ, S rves of the current
generation incorporating an actuator of the type referred to as a rotary
voi ce coil actRise drivepobtheytyipedinoma as yWinthssteroidiscadttives, or hauhdisst s of a
pi vot shaft fixedly attached to the disc drive housing base nenber closely
adj acent driigsOMeSkellikABRAEIN tAE iﬁcﬂ'@st%lnsgéch df3e dpive8im fcally r8R#AIR jtsluch
that its central axis is normal to the plane of rotation of”the disCs. The
actugtor js nounted to the pjvot shaft reci sion ball bearing assenblies
ot ¢ nh 5 dslPh AP IHGIT 6 etreRlar rarvanisic Atp ks O the Jirfeta oharear Tora o
suspended in the magnetic field of an array of permanent magnets, which are
fixedly migididstst dhellischiaze typicakly housited fedatienbarthe Babtdia wudbless t he
actuat or bearing housing opposite to the coil, the actuator assenbly

typicall 3%% g e ABE B A¥PRives of i(t:]}‘?]@éti.k]reelﬁtl .eg{é?gvior{,QHE @tirﬁﬂl@i‘&&@fji‘ Gtes

act uat or mounting arns, to Wwhi suspensi ons nentioned above
are
the discs at speeds of up to 15,000 RPM.

Data are recorded to and retrieved from the discs by ate least one read/write
15 head assembly, also known as a head or slider, which are controllably moved from
track to track by an actuator assembly. Where more than one head is used, an array
of heads are typically vertically aligned. The read/write head assemblies typically
comprise an electromagnetic transducer carried on an air bearing slider. This slider
acts in a cooperative pneumatic relationship with a thin layer of air dragged along
20 Dby the spinning discs to fly the head assembly in a closely spaced relationship to the
disc surface. In order to maintain the proper flying relationship between the head

assemblies and the discs, the head assemblies are attached to and supported by



15 mounted. These actuator arns extend between the discs, where they
support the head assenblies at their desired positions adjacent the disc
surfaces. Wen controlled DC current is applied to the coil, a magnetic
field is formed surrounding the coil which interacts with the magnetic
field of the permanent nmagnets to rotate the actuator bearing housing, with
the attached head suspensi ons and head“20 assenblies, in accordance with
the well-known Lorentz relationship. As the actuator bearing housing
rotates, 4tbhe. he Vv enerally radially across the data tracks of
t he discge ﬁ%ﬁéﬁgﬁhgagagﬁaggggﬁF- -3 Wien the power to the disc drive is
turned off, the disc stops rotating. This neans that the slider stops
fl1ying and reflirerastuator assembly aged & mave the deadstnom tagk teolffagkhapave a
specified | anding zone on the disc surface for the slider to land on. This

| andi ng aedifme@ nﬁéfgj frhlsyhisRRicall P owRHiRbstRHEEd AT ed6Btheldi@r &R Fefbratfont he
disc 5 surface, and it is designed so that the head can contact the | anding

zone w t hout caysing damage t.q, the surface of the disc. This be

roconl | SHAPPRNE T oaraar s MasieRat s aitiohIPiorPHAE RO o ext ur o
the discs to prevent static friction, or "stictiori' to devel op between the
sur f aBes typicalhmtaiyswiendoihactdatadtdoasist afa pliviot ehafh fizedlyr atbgrhedito thatisows
the actuator to nove the head radially away fromthe disc 10 and then

i1t ed ek dHABHBaRHnbARRy elosthediadht ISLRS UidEih SRt djsrparhed” in a

| andi ng zone, on a ranp, Or sone location, 1t 1s desirable that the
actuator be held.in the parke qQsition when the power tqQ the dis¢ drive is
Ut nod_ ofFVORGRE i nertigl Such ukty i <c b Aries EFmALE %ﬁgﬁ%ﬂ%ﬁﬁ%ﬂlgm Phe
actuator, so if the disc drive is subject to a shock, the actuator arm can

15 dri ft thetiscs.nEhelasimatditis snamatted 2o ke porovaheftbydaeeigior balbbetirkgg Di sc
drives are typically provided with sonme sort of "latch" for this purpose.

The o ity YA o RASRE BBl NSRS ALl Oh e ERLE 905 L o

actuator to pivot once power is restored to the drive. 20 Histori cal lc{l’
| at ch@s susRendaddn the moagnaticdieldiof paasray ofgpermanest magnep, avhich aee fixedjes
have a stationary magnet fixed to the deck and a ferromagnetic el enent

at t ached rhourted taehe dierdrivdlbbudiN@basdertaget hol ds the ferromagnetic
el enment and -4 thereby the actuator in place when the actuator is parked.

The | atching a t i ten. di fficult t redict nd. when
t oo powerful (@Zﬁ %@ve %gflge %Cglé%s(:) g%aeﬁﬁng%gﬁgg%eég o?/\sgtre tgéﬁ% gﬂ%ﬂ#‘%ﬁ.&%ﬁﬁ%r S
i ncl ude springs which bias the latch toward a position in which it engages

t he act uassgm etﬁpiqallygnclﬁdgﬁ@npg)r mep@gti@albmligned, radially extending

actuator head mounting arms, to which the head suspensions mentioned above are

15 mounted. These actuator arms extend between the discs, where they support the
head assemblies at their desired positions adjacent the disc surfaces. When
controlled DC current is applied to the coil, a magnetic field is formed surrounding
the coil which interacts with the magnetic field of the permanent magnets to rotate
the actuator bearing housing, with the attached head suspensions and head

20 assemblies, in accordance with the well-known Lorentz relationship. As the actuator
bearing housing rotates, the heads are moved generally radially across the data

tracks of the discs along an arcuate path.



5.and is noved out of engagenent with the actuator by the use of an

el ectronmechani cal device such as a sol enoid when power is restored to the
drive. However, such | atches can be conplex to nanufacture and expensive to
install. Still others rely on the nere inertia of a latch body to nove it
into engagenent with the actuator when the drive is subject to shock. This
type of latch is prone to rebounding T@’amay fromthe actuator after

| at chi ng, however, such that it is incapable of responding to a second
shock before agtuator has left .the.park posit,on. et .of J.atch
which s of  pietipower i heeBsrare i Liined it tisa ot Bt 2R T

bi ased toward a | atch position but noves out of engagenent with a parked
act uat or meanse¢hpothealitder stops Ifiying end retueds whidre quoteee of she discoSethe dist he
drive 15 and the discs begin to spin. A disadvantage of the air latch is

t hat whe ' 2 ' . ' call ed
"spindowﬁ‘r ,£2%¥é§SP§§ﬁ¥§q%§§ﬁ§§%4ﬁ%éﬁ%ﬁgngp%P§§gﬁgfﬁg§? égﬁgggﬁmgﬁt of its
| at chi ng_position. Even when the actuator has been parked, hqck duri ng
spi ndown Tﬁwaaﬁﬁsg RORHE tHEICALY ek e SWeT PAEGORBSRT Tecsniesl 488 Wt h a di sc
surface. 20 Yet another type of latch of particular relevance is what is

known5 as sarfabe, asidabisadesigiezhso that shé gl afn ¢attadt the lawdihggonedvithows to use
magnetic forces to hold it in place in both the | atched and unl at ched

posi tion | ] of. .l S [ for
ovi ng. t AU R Jo . sERAETR thstlise LFte iy, 86 wLrRblis i REERABIERY B e
When subject to shock, magnetic force in conmbination with the inertia of
t he | at clvaysdhuperseonventionahmethesis toftextvae the disettppravenbstatie Sictiant he
rotational force exerted upon it by the actuator. A difficulty with this

type of loat‘stictichstot dlelofbétdydenahe @6tfaded dfetherliftedn S héd. cOthdt dibedtietched
position prevents unwant ed actuator novement, it also increases the anount

of VCM current required o ve the actuator,,sqQ as tq.force the | atch. out
of tre ' Yekf BrehBi el SR BiSa ol ® B! ol hedd hialf! e Rmd Biddist i
effect of increasing the tine for the head to return to the disc and

i ncr ¢8seanddhen liftedsawast from the swafdce of ghedisco an extrene, 10 unl atchi ng may
be prevented altogether. In any case, it should be clear that the bi stable

latch will al woystHRr %ehéadist AR In A)Fah‘él%?gz&ﬁé dr4 F:ﬁﬁg,r S§3Yrh&dtHe | at ch
the actuator in the face of shock and to unlatch the actuator when power is

restored to the driyve. t the prior ar as peen lacking is a | ow cost
Lot uat or 19GEIOR, Uit ERaPIE RRasche @éwt%%ﬁﬂ 35 186 enesa Bostan defere®S “out of
its parked position while mnimzing the anount of power required to
rel ease tposvexdbuhe discwirére jsduered sffr @hisos ddcausetthe voidewwil 1Botorang/loniget he
I nvention The present invention is directed to an actuator latch for
keepi N9 BnabiddeQctuator, so if the disc drive is subject to a shock, the actuator arm can
15  drift onto the disc. This can cause permanent damage to a disc. Disc drives are
typically provided with some sort of “latch” for this purpose. The latch must
prevent movement of the actuator out of the parked position when the actuator is
not driven by the VCM, but must also allow the actuator to pivot once power is
restored to the drive.
20 Historically, latches have taken a number of different forms. For example,

some latches have a stationary magnet fixed to the deck and a ferromagnetic element

attached to the actuator, such that the magnet holds the ferromagnetic element and



20 in a park position when the drive is subject to non-operating shock.
Magnetic forces hold the latch in both its |atched and unl at ched positions.
VCM control | ed actuat or novenent causes the latch to nove both into and out
of these positions. Airflow -6 generated by spinning discs effect
novenent of the latch out of the latching position when the drive is
power ed up. These and other features &hd benefits w |l becone apparent upon
review of the follow ng figures and the acconpanying detail ed description,

5 Brief scription of the Draw n FIG 1 shows _a plan view of a disc drive
"nwhi chBETEPY Bhe artgir iR RlacsrWhero theAHAlSF 1t HerlsieddiaiRRmPPBRT 08 i n a

| at chi ng position, holding an actuator in a parked position. 10 FIG 2
shows a phelna Vatelindften difficulito peediot, whdohhémtod powhrfub camwslesy data aetedst s
| at ching position. FIG 3 shows a plan view of a disc drive in which the

latch T egRiiRc Rl Rl kPEoddlietieth PORAL MR te bBENEE WILR bilRKE TPl er 2

surface 0 I'SC. a plan view o rve '1n Ich the

actuator is returning to 15 its parked position. FIG 5 shows a plan view
of a di séowards@ positigriinwhich ibengages theagtuptargyheryitisin the parkrd Possianyi on,
returning the latch to the latching position. Detailed Description of the

| nvens i oand@s movednaiti\enpagéhentiwat thg acardospeehd usedfan to FI G 1, shown
is an expl oded view of an exanple of a disc drive 100 in which the present

uni o a1 BesirBchaRiaR st Bckes a fBadie ek byt R o R BB R 2 op”

cover (not shown) which, together with the deck 110, forns a disc drive
housi ng Whiwevernsudsletchge car beeomplex tramanuhqssarsnand experisivg taiastallh Stidl
conponents from external contam nants. The disc drive 100 includes at |east

one di scoA00s WyGh ihe ABMhErid 6f a Ia‘@él@%&f S niIvedt HitbRALSAMEA! withChe
shown). The disc or discs 200 include on their surfaces a plurality of

circular, concentric, dat.a tracks on i.C ata are recorded one .or re
Cor 1 cal efaRSbn fhd e 1 S 330 sABC AR End Sk Ege 38 Geusmiing
supported by flexures 320, which are attached to arnms 310 of actuator 300.

The %@t uaway {36 the actuatoreaftérdatchimg tiavge ves ssuvhl thatid@s mdvepablettifch t he
actuator 300 rotates. 10 Power to drive the actuator 300 about the pivot

assenbl y y 40 ddin® tOY s8&thd$hdtk before the actuator has left the park position,

One type of latch which is of particular relevance here is known as an air

latch, which is biased toward a latch position but moves out of engagement with a
parked actuator in response to airflow generated when power is restored to the drive

15  and the discs begin to spin. A disadvantage of the air latch is that when power is
removed from the drive and the discs slow down (called “spindown”), air currents
are still capable of keeping the latch out of its latching position. Even when the
actuator has been parked, a shock during spindown may unpark the actuator and
return a head into contact with a disc surface.

20 Yet another type of latch of particular relevance is what is known as a “bi-
stable” latch. This type of latch is configured so as to use magnetic forces to hold it

in place in both the latched and unlatched positions. VCM-controlled movement of



vpice coil motor (VCM. The VCMincludes a coil 350 which is supported by
actuator 300 within the magnetic field of a pernmanent magnet assenbly

havi ng spaced upper and | ower magnets, the |lower of which is illustrated at
360. circuitry is provided on a printed circuit board (PCB, not shown)
mounted to 15 underside of the deck 110. Control signals to drive the VCM
are carried PCB and the noving actuato?-300 via a flexible printed circuit
cable (PCC) 370, which also transmts data signals to and fromthe heads
330. When the drive 100 is.tp be shut. d or, power is..cu o,the driye 100
Some ot nie Fuslgn S rerponebl e tos be Fch feeEov & tthubS gied Sl 1
the the 20 100 illustrated in FIG 1, the parked position is one in which

t he headudBficheatpositionss Whanquti&d to beydndndgretioforme idicandiinatiad wdttsthe200.
Ranp 120 is a sl oped protruding over the edge of disc 200, such that the
head 330;1 s.:li G‘%ﬁ“ j y]%]ﬁlﬁ'

di anet er nlé ghé)ff Etﬁ%lai%’ﬁ‘?g@%%g%\;e{hg%n 1 %{é%t té@gé%g%}%? pI vodgrtéag%%:{%ese.
The actuator, 300 nay be returned to the parked, position b¥1, any of _a numnber
of knownr¢igtiRpakiorehexexteshpen itky @@Lﬂcal%endﬁ dzgfimlty wihthisdyipeiab hatsl) is he
VCM as part of a power down procedure or returned using back EMF generated
by 5 i s¢katd0Rilditidreasing thiwewgnatieface avwie lakchedtpdsitidrhpredenteunwhfifeds hown
in FIG 1 is one enbodinent of a latch 500. Latch 500 is pivotally attached

to the degk 0 i Vot. : | I Q. f N es _two
por t1 ons S5 SpOYseNgiis S5 i Phstg the ARRul-BHE VY bt MAy AN B30
includes a corresponding ferromagnetic el ement 522,532 nounted to it. The
el enent s thpactyator 5o asdy forsefthg kdch eut pkthedatched posioravwhenfpoaverisber of
met hods; for exanple, they may be injection nolded into the latch 500 or

fixed torédtoked RAABUKRS THis RAFEhOSRRE oFBichedbik@thd BFeTBL S hdRl & red@d | S

able to pivot through a range of notion. At one end of this range of

not i on, \{\/ﬂﬁg éhe Iat.ch 500 has rotated.ful I%/ Cﬁuqt grcl ockwi se and is

| at chi ng % F&® GEE A2 dPCT88R8S BP W ECPRPRIRFPLRT VEbn [ 2EFPR AL AR S5F5™% | ocat ed
within 15 the magnetic field generated by at |east one of the magnets of

t he WM ufleichingrmaay berpreeented mltogethenghreany cédegitshantt bé elmanthai2Be bi-ases
the latch 500 into the latching position. Portion 520 also includes a first

engagenmegi;ped RREMwill %M%%s bitsEhG tradb Dft ﬁ&evekh%%ﬁfgbﬁeﬁiw ASRHORE |

engagi ng a projection 3 n the actuator 300. atch 500 1s in
the latchin ositiagn, surface 524 prevents noveneny of 20 projection 380
when t he 28% méi*egﬁee%ffsﬁﬂpgﬁéﬁaéfe, %mﬁéﬁ%ﬁgwtqrawﬁﬁ%eow e Estrredito 300 i n
its parked position. When power is restored to the drive 100, the VCM
at t enpt s theddveve t he
What the prior art has been lacking is a low-cost actuator latch which
15  effectively prevents movement of an actuator out of its parked position while
minimizing the amount of power required to release the actuator when power is

restored to the drive.

Summary of the Invention

The present invention is directed to an actuator latch for keeping an actuator
20  ina park position when the drive is subject to non-operating shock. Magnetic forces
hold the latch in both its latched and unlatched positions. VCM-controlled actuator

movement causes the latch to move both into and out of these positions. Airflow



-9 actuator 300 in a counterclockw se direction, and projection 380 exerts
a force against the surface 524 on portion 520 in an effort to pivot the

| at ch 500 cl ockwi se about pivot 510. This novenent is resisted by the
attraction between magnetic el ement 522 and the magnetic field generated by
the VCM as expl ai ned above, however, and 5 it is for this reason that |atch
500 is also provided with a mechani sm 9 or facilitating unlatching of the
actuator 300. The operation of this nechanismw ||l now be described. Latch

500 al so i ncl ud an. el.ement ich is respopsive to airflo ener at ed by

i sc 200 BSRER By SPEHRA Bitss s mpTeenL of e st B ithe (g PRgHEE ¢ ne
airflow 10 responsive el enent takes the formof an air vane 540. \Wen power
i s rest omdbnt ihetdrévelisipoover@d,upli sc 200 begi ns spinning in a

countercl ockwi se direction as depicted by arrow 210. Air |ocated above the
surface of di i J ATV INE (R ! i s @b,
applies a for ggletgeggréél??%%ﬁg@ﬁ%§&£b%}tﬂlpgﬁk 8%‘%%&*‘2%’? gal f]%}l@dgl? rff ace
524, air u?(g{ss against air, vane 540, and t he conbi ned forces are

suf fi ci ethe fllopsingdigires and the peqoraprnyIng deisddfSEPHPRect i on as
illustrated by arrow 550, until surface 524 nobves to an extent that

proj estion 380 can nove past it. Actuator 300 is now free to nove in a
countercl ockwi se direction, such that head 330 nay descend ranp 120 and

t hen pass over the surface pf: js : d/ wite operations.
FIG 2 depicts the unl atchiﬂlflefbﬂesgjl floh of 4 Biituif ion 380 has cleared
surface 20 524 _and gatch 500 has pivoted clockwise to its full extent. It
can al so be s&df 1§ROWSH PIRNYIGEQt @ e drine i whighadirst anb pertiof thes | of
the magnetic field generated by the VCM magnetic el ement 532 has entered

t he magnéitch of itled greskit Bivetition ieirca Bachihggiosition] Goldihgantdi@uater iww | ocked
into an unl atched position, where the actuator 300 is free to nove w t hout
cont acti . . FIG 3 depicts a disc drive 100 in which the actuator
300 is igggli(%%@%l?gﬁ'to al l ow head 330 to read or wite data on di sc 200.
Note that ferromagnetic elenment 5 532 remains in a position in which it is
attraBted to HlE. dahawisiacplenaiiew g aedise deiveyn vuch shelatevisimaseheutobig.
Latch portion 520 may al so be provided with a curved surface as illustrated
in FIG %tcniﬂgop@girgoﬁ_ull travel of actuator projection 380. Note al so that
ferromagnetic projection 532 is located in a projection of portion 530

whi ch cont act net 360 reventi ng fyrther gl. W npvenent of .|l.atch
500, A stop. 18105 1 SBheR BB AR a et diib T iER R S RIS AR oy e bR o
FIG 4 depicts disc drive 100 in which actuator 300 has noved toward the
par ked pdatchedpositigntasphe actuagor movhs ayerod sutfeceseftaidisor 300. Not e t hat head
330 has begun to ascend ranp 120, at which point the rotation of disc 200

begi ns to sl owIdRWho@s d planSyiew dfANdiSE dFeeen SAHivh tRe Adtatdias Raadnidgloabove
di sc 200. Projection 380
15  its parked position.

FIG. 5 shows a plan view of a disc drive in which the actuator has returned to

its parked position, returning the latch to the latching position.

Detailed Description of the Invention

20 Turning now to the drawings and specifically to FIG. 1, shown is an exploded
view of an example of a disc drive 100 in which the present invention is particularly

useful. The disc drive 100 includes a deck 110 to which all other components are



15 has just cone into contact with surface 534 of latch portion 530. FIG 5
depicts disc drive 100 in which actuator 300 has reached the parked
position, head 330 having fully ascended the ranp. As the actuator 300 is
driven cl ockwi se, projection 380 exerts a force on surface 534 of portion
530. This causes the latch 500 to rotate in a countercl ockw se direction
about pivot 510 as illustrated by 20 -afTow 560. This causes ferromagnetic
el enent 522 to enter the nagnetic field generated by voice coil magnets 360

once agai,n. Surface 5 is rotated into a position {o,0Qstru nov nt of
e vat o AeefLbr ey nubRiEi o b Soled Got shon) Gt epetheliFITg, oo
200 continues to spin down, airflow alone is not sufficient to overcone the
bi as f or declpityifoieds byliscadriverhgnsingovieich epnloséodelidate intetrerd compenents
restored to the drive 100, as depicted in FIG 2, will the conbined forces

of rotatipRg: | j [ ufficient to unlatch

t he act ugﬁg;&%%%@%@&%&%@%ﬁ%%&ﬁf g%@ﬂ}ag&gfﬂa?%‘hﬁg?ﬁted by contact between
a projection gn portion 520 i ich ferromagnetic element 522 is |ogated,
though a st opTgﬁﬁhSﬁf@H"ﬂ ijr‘ﬁ%oﬁt&wt o cis 400 V&hgg 1%@%%9‘5&%@@@“
shoul d be apparent that the bi-stable inertial air |atch 500 descri bed

aboves i sopardpindleanbtorghdesiiown). fiite gisevediscs@0@mdade ahaheid@lrfacesa | eavi ng
t he parked position 10 during nonoperative shock, while also easily

rel easin i . t L3V

ovever , PH4raBRR6t e AR- A0 RPYERcI N WHIN fde e 18 Ekbt Rl thare | o1
other forms wi thout departing fromthe spirit of the clainmed invention. For
exanpl e, verfically aligned hepdpesginblies3. theReadsassamblies 839 axsysupiiested hpes of

bi-stable inertia | atches. One such latch carries a snmall nmagnetic el enent

15 whi chflekifisB20eivhadarewtashad t®AAhY 31 @ bf STasrRet300. Thepchidisr 360M an air
vane would be simlarly useful in assisting to unlatch this type of |atch.

An air vane coul d al so be add bi - st.abl.e | agtc ihch, uses an

over - contluriptthg Bt Pngashanb: 4 ey iR s atiARn oD EOIRSs: it o
Moreover, the air vane 540 depicted in the acconpanying drawings is nerely
i1l udrative, Pamerdodrivetthe actuaper 30 abat the pisrot 20s€mblyst09ds poergidad hiyta
assists in rotation of a bi-stable latch out of a latching position. Wile
the i Il ugbicatcdd Hbior§VICMP PN VM iiR@ LHESa Rofl 350 witdlh id Afppsbiredd latch
woul d be equally useful in a drive in which the parking zone is 1ocpated on
the surface of ;12 .outer diameter. of disc 200. It is al.sq contenplated
hat *a sAsoater AithiEbRdhaendeReIpr 2 erriatens Magrich assemahi TaSehe

at an inner dianeter of a disc 200, though of course this would require

t hat t hespatechupyeerposl lovoer raagndts, the hewerofiwbichnisghestr@ed at360.r Elee
air vane 540 extends down the left side of a magnet 360 such as tha

circuitry is provided on a printed circuit board (PCB, not shown) mounted to th|

15 underside of the deck 110. Control signals to drive the VCM are carried between the
PCB and the moving actuator 300 via a flexible printed circuit cable (PCC) 370,
which also transmits data signals to and from the heads 330.

When the drive 100 is to be shut down or power is cut to the drive 100 for
some other reason, the actuator 300 is returned to its parked position. In the drive

20 100 illustrated in FIG. 1, the parked position is one in which the head 330 located on

[¢)

a ramp 120, beyond the outer diameter of disc 200. Ramp 120 is a sloped surfad

protruding over the edge of disc 200, such that the head 330 is lifted away from|the




5.in the acconpanying figures. Furthernore, while the term"air" is used

t hroughout this docunent, it should be understood that this termincl udes
any type of gas and should not be |imted to breathable air. In short, it
is apparent that the present invention is particularly suited to provide
the benefits descri bed above. Wile paérgi cul ar enbodi nents of the 10

i nvention have been described herein,~%difications to the enbodi nents
which fall within the envisioned scope of the invention may suggest

t hensel ves ta one .of skill in the art 0 reads.this discl.qsure.

At or nat ARSI OARG Bty ons! s otler i les Al AHE R e OR ratap 12R @ G evtentar
takes the formof a latch for holding a rotatable elenent (such as 300) in
a st at i opavats thckwdse. i e acthator 300 maynbe tetosned tathelparkey pesidion kizsapol, a
first elenment (such as 522) configured to bias the latch body (such as 500)
into a fLrjimPaSHiiRvn MEREQ§IESY é&%’i‘;&leﬂﬁ'&@ﬁlo@& 5?1%2%@1?3?}#&%&% feas

the latch body (such as 500) into a second position, rd el’enent
(such as ) configured to urge the | atch bod suc ) out of the
[ret podiathias Hatt pER pomsE doBproctavEnan e LSPEhaeb MY BentFase Bho)
may 20 be rotatable between the first and second positions. Optionally, the

first5el diees0( sducingaspibd@yvnrmiedecpdweer ionag tethecdriidie second el enment (such
as 532) may be ferromagnetic. The third el enent (such as 540) nay take the

form of a protyusi . o] i i .

510y about whi o FROVT if FRG1 8ot ELERoBRReR! OFn LG P Doclh 400 1 SHERIEE, o1,
body (such as 500) includes a first portion (such as 520) extendi ng away
from t heafpched tastherdegk léﬁav rixohpestion 51  Eha latnh d0fuzthes dndladpoiwe on
(such as 530) extending away fromthe pivot (such as 510) in a second 5

di rect i oportitnes 520,330 edterding AveaictroastHedsy obsl0 gEavbipdrednt 52055930 ih¢ludes a
portion ?such as 520) and the second el enent (such as 532) being nounted to

t he seco ' T i . C 40 be
nount ed ?%x@%&é@@g%@‘f-gg}%ﬁgﬁggf& %&;%g&g?g?ng#ﬁgﬁﬁétlé m%;gﬁleegéson I'glured to
allow the rotatable el ement (such as 300) to nove out of the stationary
posi 10 on mijehe fiked tathalabd 00 yuany afa sombearofimethodsiHer swemple, sy mayn.
Alternatively stated, a second contenpl ated enbodi nent of the invention

takes t h%efiﬁjé&iéﬁ niblded intdth¥ €atch 8OO oR$ixeQ Q) it B}ﬂﬁdihléﬂiw & domseothedch as
110), at |east one disc (such as 200) rotatably nmounted to the base (such

as 110), an,actuato such a 0 nted to the base (such .as 0)_ and
boi ng 1 oPaREBRIsAT Fstersth o G S IR0 Preotafiuduh arened SRR A dhee
actuator (such as 300) in the parked position. The latch includes a latch
body (suehdad thiBapng ot mationh wdeedthe dateh 08 hias retaterbilty courwhrshodkadise t he
first position and is biased toward a second position when near the second

posi ti onanfhe1dtehinl the d¥tuatsicAn0R iEsO;?QrkE_é sor; QEhE529 i§ ated Witkth avay
fromthe first position in response to air novenent generated by rotation
of t Tg dltﬁg n{asg%%ﬁc fie1d generated by at least one of the magnets of the VCM. The
attraction between the magnetic field and element 522 biases the latch 500 into the
latching position. Portion 520 also includes a first engagement element, shown in
FIG. 2 to take the form of a surface 524 engaging a projection 360 on the actuator 300.
While the latch 500 is in the latching position, surface 524 prevents movement of
20  projection 380 when the drive is subject to shock, and thereby latches the actuator

300 in its parked position.

When power is restored to the drive 100, the VCM attempts to drive the



20 200). Rotation of the actuator (such as 300) out of the parked position
may urge the latch body (such as 500) out of the first position. A
protrusion (such as 380) may be nmounted to the actuator (such as 300) and
may be configured to contact the latch -14 body (such as 500) when the
actuator (such as 300) is in the parked position. The | atch body (such as
500) may have a first surface (such a:s9524), such that the protrusion (such
as 380) is configured to exert a force against the first surface (such as

524) so as to urge the latc od such as 500) , away fromthe first |
posi ti onaQWéFP@(ﬁﬁg aaf&%%rarocgwééaedm?n P&tlpﬁg’sﬁéﬁﬁlgﬁ afgrgedesinst the
| at ch body may include a second surface (such as 534), such that the
protrusi eie fiatiade 524 @BPPrtioh 320nihiagetésit topivctithe ltélob0@clagkwisetalone second
surface (such as 534) so as to urge the latch body (such as 500) toward the

first postdl ; . .

posi ti onf’h‘%‘ﬁgﬁg;ﬂg‘g‘%&h@%ﬁ%ﬁc l%glssg%gftﬁﬁéa?ﬁ%g%? ﬁg’r% E‘??\%?ﬁ% Igaﬁggne 10
(such as _360) for effecting nmovenent of the actuator (such as 300), in
whi ch ca822 ahd thgmargnsaaﬁle?% generatediopnthe VeMias explainedsabavey hewey e aned

el ement (such as 522) for biasing the latch body (such as 500) toward the

firsts post it f@nthisiiRsbAtikdt 19RHB008Y aBb ProlitdusRha meckuitdsidbr faailinain
el enent (such as 532) for biasing the | atch body (such as 500) toward the

(cuoh. a5 Saiay B e At ) AR fon BEl PR BB 2o i 1 e

| atch body (such as 500) away fromthe first position in response to air
movenent dgesrirest ed by rotation of the disc (such as 200). Myvenent of the
actuator (such as 300) away fromthe parked position may urge the latch

body (such asaf®)s50ayo Hchdste élefidnt RAHER 'isor'ésgonsislétdmﬁ*ﬂo@vs%&{e@&t@ﬁd is:
1. Alatch for holding a rotatable elenent in a stationary position, the

| at ch conprj.si ng; | atch body; a first elenment, cqnfigqured tq bi, t he

| atch body ik Biwhendt S speritgn Orbrated i fup R fdi Bybitiae for BRavE ne

| at ch body into a second position; and a third el ement configured to urge
t he 1@t chedpuhgiveidlemint tades thestorposi dn air viane 548 p ¥ilsen powar is restored hd thel 0 2.
The latch of claim1, in which the latch body is rotatabl e between the
frst andrARCIARE2DH beRihs sPinrthE ih AlcblinBirelk RldReldirkdioM UL ledibRdly St
el ement is ferromagnetic” 15°4. The latch of claim1, 1n which the sSecond

element is ferro etic.
arrow 210, At located above the surface of disc 200 begins moving along with it,

and this moving air applies a force to air vane 540. As projection 380 pushes against

surface 524, air pushes against air vane 540, and the combined forces are sufficient to
15  rotate the latch 500 in a clockwise direction as illustrated by arrow 550, until surface

524 moves to an extent that projection 380 can move past it. Actuator 300 is now free

to move in a counterclockwise direction, such that head 330 may descend ramp 120

and then pass over the surface of the disc to conduct read/ write operations.

FIG. 2 depicts the unlatching process just as projection 380 has cleared surface

20 524 and latch 500 has pivoted clockwise to its full extent. It can also be seen that in

this position, while magnetic element 522 has left the magnetic field generated by the

VCM, magnetic element 532 has entered the magnetic field. It should be clear that



5. The latch of claim1, in which the third el enment conprises a protrusion.
6. The latch of claiml, in which the latch further conprises a pivot about
which the 20 | atch body is rotatable, the latch body further conprising: a
first portion extending away fromthe pivot in a first direction; and a
second portion extending away fromthe pivot in a second direction, the
-16 first elenent being nounted to t hdOfi r st portion and the second el enent
bei ng nounted to the second portion. 7. The latch of claim®6, in which the
third el nt .1 s nmounted to the second, portion. 5 8. The |at of .claim1,
1 whi chiAER SPAFIOY ok Pi e aniaoed Barking. 1bes the s tes Ol NS bie. ou
of the stationary position when the latch body is in the second position.

10 9. A dicwe withoat camtapting latgh 580.base; at | east one disc rotatably nounted
to the base; an actuator nmounted to the base and being rotatable into a

R L B S S T Y S

toward a first position when near the first paosition and being hiased
towar d aalewdmad,33 toiread wr avriteedata oRelise2Yh Nptesthat fssrompgnetic elpmesdly
further being configured to be urged away fromthe first position in 20

r esSpoBis e 582 réhhindam anfuitige iewaiid it iy atteicedd ethefmahieetit fi€ld pbderatb@ bei sc
drive of claim9, in which rotation of the actuator out of the parked -17

posi tion t ch \; f.. ' ition., 11 ..The di drive
b ol o mike 5% e il SRR pBibh 320 b b Be b hend il e
protrusion being_configured to contact the |atch body when the actuator is
in the paniaee poilustreted m EIG. 3ralowiing fl awebef acteater projectiom8% HNptre

| at ch body further conprises a first surface, the protrusion being

conf i gur @iso thaefe@fdmAgh@iCSroptioRF32liH Rochtddin SPFJEGRSEF Pértiod 5309phiche
| atch body away fromThe first position when the actuator | eaves the parked

position 'cor%toacts magnet 360, preventing further clockwise movement of latch 500. A stop

10  pinsuch as pin 130 illustrated in FIG. 3 may also be used.

FIG. 4 depicts disc drive 100 in which actuator 300 has moved toward the
parked position, just prior to latching of the actuator 300. Note that head 330 has
begun to ascend ramp 120, at which point the rotation of disc 200 begins to slow
down, as it is no longer necessary to fly the head 330 above disc 200. Projection 380

15  has just come into contact with surface 534 of latch portion 530.

FIG. 5 depicts disc drive 100 in which actuator 300 has reached the parked
position, head 330 having fully ascended the ramp. As the actuator 300 is driven
clockwise, projection 380 exerts a force on surface 534 of portion 530. This causes the
latch 500 to rotate in a counterclockwise direction about pivot 510 as illustrated by

20 arrow 560. This causes ferromagnetic element 522 to enter the magnetic field
generated by voice coil magnets 360 once again. Surface 524 is rotated into a

position to obstruct movement of actuator projection 380 in a counterclockwise



13. The disc drive of claim1ll, in which the |latch body conprises a second
surface, the protrusion being configured to exert a force against the
second surface so as to urge the latch body toward the first position when
t he actuator approaches the parked position. 15 14. The disc drive of claim
9, further conprising a magnet for effecting novenent of the actuator, the
| atch body further conprising:. a first ferromagnetic el enent for biasing
the latch body toward the first position. 20 15. The disc drive of claim
14, the latch body furih conprising: .a  second _ferromagnetjc el enent for

b1 st ng OECRaR AT BRASE 208 FRRERUSLOERE dORTy gsol piosa  Set SwBeRlE LS ari ve
of claim9, the latch body conprising: 5 an air vane overlying a surface of
t he di scolercomethediahfortapodvided pydeapniagnetit leberhiemts322p 63mlyivehen powesponse
to air novenent generated by rotation of the disc. 17. The disc drive of
claim16;. 4 | : r ; <ed
positionl%#ggﬁg?ﬁgﬂﬁggggggg%ggé&ggjggg#??ﬁ%2?%§ggk%gg?%¢§%%8?%3o§ di sc
drive conprising; at |egst one rotatahle disc;, an actuatqr novable a
parked p&eiatingactuaiar REoJRtions380and ar AR swEiciet E%Paﬁt&htherﬂs%%fpkéﬁﬂ-
position. 19. The disc drive of claim18, the |atching neans further

conprbsi Mpuner dockwina eraves pdiaited byaontsct ewessna pyejaetia ofl poytion620 iron of
the disc. 20 -19 Z0. The disc drive of claim28, further conprising a

magnet f of f | u I i further
conpr i si Adhich iFoiagnERy BTy 822 1< orRels, Bidven 4 N6p ARSILANTERIS B | 2T,
novenent when the first ferromagnetic el enent is near the magnet; and a
second féﬂ?éﬂ‘&]@r@ﬂpbe@ﬂ'@ﬁ@ﬁ@ configured to all ow actuator novement when the

second ferronmagnetic elenment is near the nagnet. .A Y.A32. A.A.A.AEAA
A LA LA A AETAhoMd BeAdphrént thBMBef=stdble inertial air latch 500 described above is

particularly effective for preventing an actuator 300 from leaving the parked position

10  during nonoperative shock, while also easily releasing the actuator 300 when power
is restored to the drive 100. However, it should also be understood that the latch
and/or drive may take other forms without departing from the spirit of the claimed
invention. For example, an air vane may be provided to assist a variety of other
types of bi-stable inertia latches. One such latch carries a small magnetic element

15  which pivots between two stationary ferromagnetic stop pins, and an air vane would
be similarly useful in assisting to unlatch this type of latch. An air vane could also
be added to a bi-stable latch which uses an over-center spring arrangement to assist
in unlatching of an actuator. Moreover, the air vane 540 depicted in the
accompanying drawings is merely illustrative, and could take a variety of other

20 forms so long as it assists in rotation of a bi-stable latch out of a latching position.
While the illustrated drive is shown to include a ramp 120, the disclosed latch would

be equally useful in a drive in which the parking zone is located on the surface of an
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the form of a latch for holding a rotatable element (such as 300) in a stationary

15  position. The latch includes a latch body (such as 500), a first element (such as 522)
configured to bias the latch body (such as 500) into a first position, a second element
(such as 532) configured to bias the latch body (such as 500) into a second position,
and a third element (such as 540) configured to urge the latch body (such as 500) out
of the first position in response to air movement. The latch body (such as 500) may

20 be rotatable between the first and second positions. Optionally, the first element
(such as 522) may be ferromagnetic. The second element (such as 532) may be

ferromagnetic. The third element (such as 540) may take the form of a protrusion.
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includes a first portion (such as
520) extending away from the pivot (such as 510) in a first direction and a second
portion (such as 530) extending away from the pivot (such as 510) in a second
direction, the first element (such as 522) being mounted to the first portion (such as
520) and the second element (such as 532) being mounted to the second portion
(such as 530). The third element (such as 540) may be mounted to the second portion
(such as 530). The latch may be configured to allow the rotatable element (such as
300) to move out of the stationary position when the latch body (such as 500) is in
the second position.

Alternatively stated, a second contemplated embodiment of the invention
takes the form of a disc drive (such as 100), including a base (such as 110), at least
one disc (such as 200) rotatably mounted to the base (such as 110), an actuator (such
as 300) mounted to the base (such as 110) and being rotatable into a parked position,
and a latch for holding the actuator (such as 300) in the parked position. The latch
includes a latch body (such as 500) which is biased toward a first position when near
the first position and is biased toward a second position when near the second
position. The latch body (such as 500) is also configured to be urged away from the
first position in response to air movement generated by rotation of the disc (such as
200). Rotation of the actuator (such as 300) out of the parked position may urge the
latch body (such as 500) out of the first position. A protrusion (such as 380) may be

mounted to the actuator (such as 300) and may be configured to contact the latch

10fy&3)- $$3" 109 & ()-LI": 10% & () -
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¥l éﬁ) ?s%]ég {o %ré% the latch body (such as 500) away from the first position when
5 the actuator (such as 300) leaves the parked position. The latch body may include a
second surface (such as 534), such that the protrusion (such as 380) is configured to
exert a force against the second surface (such as 534) so as to urge the latch body
(such as 500) toward the first position when the actuator (such as 300) approaches
the parked position. The disc drive (such as 100) may further include a magnet
10  (such as 360) for effecting movement of the actuator (such as 300), in which case the
latch body (such as 500) includes a first ferromagnetic element (such as 522) for
biasing the latch body (such as 500) toward the first position. The latch body may
also include a second ferromagnetic element (such as 532) for biasing the latch body
(such as 500) toward the second position. The latch body (such as 500) may include
15 anair vane (such as 540) overlying a surface of the disc (such as 200) for urging the
latch body (such as 500) away from the first position in response to air movement
generated by rotation of the disc (such as 200). Movement of the actuator (such as

300) away from the parked position may urge the latch body (such as 500) away

from the first position.
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a latch body;

5 a first element configured to bias the latch body into a first position;
a second element configured to bias the latch body into a second position; and

a third element configured to urge the latch body out of the first position in

response to air movement.

10 2. The latch of claim 1, in which the latch body is rotatable between the first and

second positions.

3. The latch of claim 1, in which the first element is ferromagnetic.
15 4. The latch of claim 1, in which the second element is ferromagnetic.

5. The latch of claim 1, in which the third element comprises a protrusion.

6. The latch of claim 1, in which the latch further comprises a pivot about which the
20 latch body is rotatable, the latch body further comprising:

a first portion extending away from the pivot in a first direction; and

a second portion extending away from the pivot in a second direction, the
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7. The latch of claim 6, in which the third element is mounted to the second portion.

8. The latch of claim 1, in which the latch is configured to allow the rotatable
element to move out of the stationary position when the latch body is in the second

position.

10 9. A disc drive, comprising:
a base;
at least one disc rotatably mounted to the base;
an actuator mounted to the base and being rotatable into a parked position;
and
15 a latch for holding the actuator in the parked position, the latch comprising:
a latch body, the latch body being biased toward a first position when
near the first position and being biased toward a second
position when near the second position, the latch body further
being configured to be urged away from the first position in

20 response to air movement generated by rotation of the disc.

10. The disc drive of claim 9, in which rotation of the actuator out of the parked
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contact the latch body when the actuator is in the parked position.

12. The disc drive of claim 11, in which the latch body further comprises a first
surface, the protrusion being configured to exert a force against the first surface so as
to urge the latch body away from the first position when the actuator leaves the
parked position.

10
13. The disc drive of claim 11, in which the latch body comprises a second surface,
the protrusion being configured to exert a force against the second surface so as to
urge the latch body toward the first position when the actuator approaches the
parked position.

15
14. The disc drive of claim 9, further comprising a magnet for effecting movement of
the actuator, the latch body further comprising:

a first ferromagnetic element for biasing the latch body toward the first
position.

20

15. The disc drive of claim 14, the latch body further comprising:

a second ferromagnetic element for biasing the latch body toward the second
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910%& (%6. The disc drive of claim 9, the latch body comprising:

5 an air vane overlying a surface of the disc for urging the latch body away
from the first position in response to air movement generated by

rotation of the disc.

17. The disc drive of claim 16, in which movement of the actuator away from the

10  parked position urges the latch body away from the first position.

18. A disc drive comprising:
at least one rotatable disc;
an actuator movable to a parked position; and

15 means for latching the actuator in the parked position.

19. The disc drive of claim 18, the latching means further comprising:

an air vane responsive to air movement generated by rotation of the disc.

20
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a second ferromagnetic element configured to allow actuator movement when

the second ferromagnetic element is near the magnet.



