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Jnvention This application relates generally to magnetic disc @Mi$f§ 7
assenblies and nore particularly 5 to a crash stop assenbly for a i@m
drive. Background of the Invention Information is witten to and read from
tracks on disc drive discs through the use of a pivoting actuator
assenbly. The actuator assenbly includes heads, which each nove in close
proxi mty above the correspondi ng surface of the associated disc. A voice
coil notor controls the 10 track position.of the heads by pivoting the
actuator assenbly. The voice coil notor typically includes a coil attached
to the actuator assenbly, as well as one or nore pernmanent nagnets, which
establish a nmagnetic field in which the coil is inmersed. A bottom pole
proxi mal the disc driveCBASH STOPASSEMBLYINoARISE BRIVESf r om t he base
plate typically establishes the magnetic field. The controlled application
of current to the coil causes magnetic interaction between the 15 pernmanent

magnets and the coil so that theﬂ%%ﬂ!grln%giﬁﬁl y pivots. Various
approaches have been devel oped t ion an actuator assenbly in
a disc drivehidapplicationirélates 8éncPalNElo ygetic @isc Ahve dssemblits Altbmofd paeticilardy

that the heads do not land on a portion of the disc real estate that
cont &i nto ajerash stayy pssembly,for Rdise davpr oaches i nvol ve either positioning the

actuator assenbly onto a shel flﬁ tg hol d tﬂz Beads_away fromthe discs or 20
positioning the heads over po oupd L B9 f aces that contain no
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contain no magn orrmati on or ernatively contain only
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damaged by, the heads act ua%lléa{ contacting the surfaces of the discs in this
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which establish a magnetic field in which the coil is immersed. A bottom pole proximal the disc
drive base plate and a top pole distal from the base plate typically establishes the magnetic field.
The controlled application of current to the coil causes magnetic interaction between the
15 permanent magnets and the coil so that the actuator assemb.ly pivots.

Various approaches have been developed to securely position an actuator assembly in a
disc drive during a loss of power event or shutdown of the drive such that the heads do not land
on a portion of the disc real estate that contains data. Typically these approaches involve either
positioning the actuator assembly. onto a shelf to hold the heads away from the dfscS or

20 positioning the heads over portions of the disc surfaces that contain no data, such as the landing
zones of the discs. The landing zones typically contain no magnetic recorded information or
alternatively contain only historical servo information that is not pertinent to drive operation if
damaged by the heads actually contacting the surfaces of the discs in this location. Approaches
for holding the arm assembly in such as "park” position include mebhan_ical latches,

25 electfomeéhanical latches and magnetic latches.

To limit the range of motion of the actuator and heads under loss of power conditions and

keep the heads in the landing zone, designers usually incorporate crash stops and a latch



mechanismto position and hold the armin the park position while the drive
1S without power. One concern in providing a latch and crash stop assenbly
is the 'l evel of energy absorbed by the <crash stops. It is desirable that
the crash stops absorb the inpact of the actuator assenbly as it stops

wi thout detrinentally affecting the head,disc interface, even though the
actuator assenbly 5 is designed to stop In a position away fromthe data
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provides a solution to this and other problens, and offers ot her advantages

over t HastalledsrForrexampls, amagpetis latdhethatroperatésdry using the magnetic flux from the voice

coil magnet may be installed with the bottom pole of the voice coil magnet. However, until the

top pole of the voice coil magnet is installed, the magnetic flux will not be channeled through the
20  magnetic latch and the latch wil_l not be operational. Additionally, crash stops are often installed
with the top pole of the voice coil magnet, and thus the magnetic stops are often not functional
between steps 2 and 3. o
With the crash stops and the latch not being functional between steps 2 and 3, the actuator
may pivot out of position, which may cause the recording head to contact the disc in a position
25 other than the park position or to contact other parts of the disc drive. This may damage the disc
or the recording head.
Accordingly, there is a need for an improved crash stop assembly. The present invention
provides a solution to this and other problems, and offers other advantages over the prior art.
Summary of the Invention
30 Against this backdrop the present invention has been developed. An embodiment of the

present invention is a crash stop assembly for limiting pivotal movement of an actuator assembly



30 Against this backdrop the present invention has been devel oped. An
.enbodi rent of the present invention is a crash stop assenbly for limting
pi votal novenent of an actuator assenbly -3- nounted on a base plate of a
di sc drive. The disc drive includes a signal channel extending from the
actuator assenbly to a disc drive circuit board, and the crash stop
assenbly includes a connector bracket secured to the base plate and
supporting the signal channel. The crasﬁ’stop assenbly further includes a
crash stop secured to th pnnect or, bracket and extendi t her ef r qm and
The” or austrugEn s Fseue Ofa @R ARe. The fide 6rve Beludhe Signal Shabndl evisaris for

a5 o101 the dtudtbidsberbly b &' disc R UG Bbart Gt UALP LB ISRHIMY fnchidcla .
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t he coroaaéotsr brackeksdcuredho tiy trsé phateodndrsappdrting thewigrel shamwel €Tiesdrash stbghe
actuator assenbly in a first direction and the crash stop assenbly may
f ur t herassembly fusther inclugdes a cash stopseenged tocthe sannestar pracketandaxiqnd prgfronm d

ding therefro d h | i
v Ent 1959 a8 ngitelog s B ek PR B Rt mBly o b BB
Pl at e, rad¢enfend by e akhuiop dieaibly: Undlyirbieined eMbEERRY, tDuakIestop prifaEBIyiis L he

disc on the base plate, and a read/wite channel extending omthe
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assenbly i'ncludes a cr op secur € connector bracket.

Thaocr ash stSused afibthete®ay, anefibodiniers of heGresetihvanivnds hdischitivadhdladiag a
assenbl%wto limt pivotal novenent of the actuator assenbly. The present
i nvent idive rotatably, mowatedion 4 base platss eedia pivotallyi supported.astuaten assmbly aouataduat or
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extending fromthe actuator asse y to a disc drive circult “board,” and
t he nedimitihgpivadtalihovegnent vHthelachmtoe assembiyo e (vash stepassedbly includesd i ng t he

signal channel. 25 These and various other features _as well_as advant ages
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a contact surface that contacts the actuator assembly to limit pivotal movement of the actuator

assembly. _
The present invention can further be implemented as a disc drive including an actuator
20 assembly pivotally mounted to a base plate of the disc drive and means for limiting pivotal
movement of the actuator assembly to a predetermined range. In a preferred embodiment, the
disc drive includes a signal channel extending from the actuator assembly to a disc drive circuit
board, and the means for limiting pivotal movement comprises means for supporting the signal
channel.
25 These and various other features as well as advantages which characterize the present
invention will be apparent from a reading of the following detailed description and a review of
the associated drawings. |

Brief Description of the Drawingg

FIG. 1 is a partially broken away plan view of a disc drive incorporating an embodiment

30  of the present invention showing the primary internal components.



the associated drawi ngs. Brief Description of the Drawings FIG 1 is a
partially broken away plan view of a disc drive incorporating an enbodi nent
30 of the present invention showing the primary internal conponents. -4-
FIG 2 is a perspective view of an actuator assenbly and a crash stop
assenbly according to an enbodi nent of the present invention. FIG 3 is a
partial sectional view of the crash stop assenbly shown in FIG 2 and a
base plate taken along line 3-3 of FIG4-2. 5 FIG 4 is a plan view of the
actuator assenbly and crash stop assenbly shown in FIG 2 depicting the
range of novElG®isafpetspectinst view of amactuator gssembly ard 4 erash giop sssemblyascotding of
a crash stop . acgcordi r}ghto an al ternative enbodi nent of the present

i nvent i 19N epjagdimentof thepresant Mvegllon,; ey of a crash stop according to an
alternative ' F‘iﬁh’ {}E}q ' ' in FIGS

per spective @laé\?vqg a lca?ges‘{%{&@?lo‘ée\gggor |§1%§t“gy§r%&gp esrhﬁgvtﬁ}l{l/e en%%‘dq ?rg%ste of
the prpisenikenaleny ke 3-30€FH] 22d Description Referring to FIG 1, disc
drive 100 includes a base plate 102 to which various conmponents 15 aof the

di sé drive 10.4is aplamyiew of the antuaterassembly and grash sioprassembly shown i BlG. 2
cooperates Mt t he bas |_at 02 form I nternal, seal ed environnent
for the e&??‘é‘%ﬂ?(ﬂé‘giag'ﬂﬁe@e Ocﬁ\;li%ﬁt%%%ass%ﬁ&m. The conponents include a
spi ndl e 1ot Op1G. &g a\Yeispetivii view of @ Bfash StofRicCordingd ahQitertative emBodiimRAt oftheh
speed. Infor rratioﬁ }Hgks\?\’/re‘i:tten to and read fromnt%?acks on the discs 108

t hr oughpresent inveatio. an actuator assenbly 110, which rotates during a seek
operation ab j vot or Dbear,i n%O sgaft assenpbly 11 ositio e&l adi afcﬁnt
the di scs 10BI0-#8 aperspaethre e Of A CIash $t9P;aqeon 0 anpdgmaliye grappdimept ol the
ext gndi fromthe pivot 112 and a notor aspect 116 extending
rea{r%nwar §&?;dﬁ%&n€%%e pi vot 112. The head aspect 114 includes a plurality of
actuat or ar nEIG.16is\alpegspectivecview of @\0bdshH StophiRcehdinsto kaGltewmiatie embodimenDéFthe

fl exures 120 extending fromeach of the actuator arns 118. Mounted at the
di st al presenbinvention.of the flexures 120 is a head 122, which includes an air

Detailed Description

Referring to FIG. 1, disc drive 100 includes a base plate 102 to which various components
15 of the disc drive 100 are mounted. A top cover 104, shown partially cut away, cooperates with
the base plate 102 to form an intemal, sealed environment for the disc drive 100 in a conventional
manner. The components include a spindle motor 106, which rotates one or more discs 108 at a
constant high speed. Information is written to and read from tracks on the discs 108 through the
use of an actuator assembly 110, which rotates during a seek operation about pivot or bearing
20 shaft assembly 112 positioned adjacent the discs 108. The actuator assembly 110 includes a head
aspect 114 extending forwardly from the pivot 112 and a motor aspect 116 extending rearwardly
from the pivot 112. The head aspect 114 includes a plurality of actuator arms 118 which extend
towards the discs 108, with one or more flexures 120 extending from each of the actuator arms
118. Mounted at the distal end of each of the flexures 120 is a head 122, which includes an air
25  bearing slider enabling the head 122 to fly in close proximity above the corresponding surface of
the associated disc 108. _
During a seek operation, the track positioh of the heads 122 is controlled through the use
of a voice coil motor 124, which typically includes a coil 126 attached to the motor aspect 116 of
the actuator assembly 110, as well as one or more permanent magnets 128, which establish a
30  magnetic field in which the coil 126 is immersed. The magnetic field is typically established by
a bottom pole 130 proximal the base plate 102, which includes a permanent magnet 128, and a



25 bearing slider enabling the head 122 to fly in close proximty above the
correspondi ng surface of the associated disc 108. During a seek operation,
the track position of the heads 122 is controlled through the use of a
voice coil nmotor 124, which typically includes a coil 126 attached to the
not or aspect 116 of the actuator assenhky 110, as well as one or nore

per manent nmagnets 128, which establish a 30 magnetic field in which the
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secured over the park zones 123 through the use of an actuator

ar r ange therinnéndismstepofithe disch 108 whemr thendriveinmatoris ideentrgizeda The heads 122eare
actuator assgenbly 110 when the heads are parked. A flex assenbly and crash
st op?as §%¢i¥5¢‘§°@& e hask zorss 123 through thejuse obanaqtyateriatch smangement (ngshawn}, or
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to the pethgdorthe actyrior assemblydl 16 and dimitspivotdl magermensiof the actiatar| asseasbly 110
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ci rcui t floxmres 120 talthe heidiazah'ﬁmpdimedéﬁcdinlsdwumﬁphﬁn Gidldes kiréuittycfor
extends from.the circuit board, 142 and is supported‘gy a connector or flex

br acket CAHEOIIRS {GeuErshts applisdhte thmhaade 122 duripg awaita operatiprsand a preamplifier
for amplifying read signals generated by the heads 122 during a read operation. The flex

assembly 140 also includes channels 143 for communicating signals to and from the circuit board

20 142, The channels 143 include a flex cable 144 that extends from the circuit board 142 and is
supported by a connector or flex bracket 146 for communication through the base plate 102 to a
disc drive printed circuit board (not shown) mounted to the bottom side of the disé—dﬁve 100.
Thus, the channéls 143 extend from the actuator assembly 110 through the base plate 102,

Referring now to FIG. 2 and describing the actuator assembly 110 and the crash stop

25 assembly 140 in more detail, the actuator assembly 110 includes a first side 220 facing toward
the connector bracket 146 and an opposing second side 222 facing away from the connector -
bracket 146. The actuator assembly 110 includes a head aspect contact surface 224 on the first
side 220 of the head aspect 114. The head aspect contact surface 224 is preferably on one of the
actuator arms 118, although it may be elsewhere on the head aspect 114 of the actuator assembly

30  110. If the actuator assembly 110 includes multiple actuator arms 118, then the head aspect
contact surface 224 is preferably formed on the arm 118 that is proximal the base plate 102. The



disc drive printed circuit board (not shown) nounted to the bottom side of
the disc drive 100. Thus, the channels 143 extend fromthe actuator
assenbly 110 through the base plate 102. Referring nowto FIG 2 and
describing the actuator assenbly 110 and the crash stop 25 assenbly 140 in
nore detail, the actuator assenbly 110 includes a first side 220 facing
toward the connector bracket 146 and apg.opposing second side 222 facing
away. fromthe connector bracket 146. The actuator assenbly 1.10 includes a
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114. The head aspectt contact surface 224 1s preterably on one o
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t he connector bracket 146 includes a pol yner body 236 that includes a plug
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ext end a roigh the base plate 102,
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al so i ncl udefheaconfédtorbrackdt 146 8lo inttudes aiate 24Pthrdhghaké ARmie 23944 Basteiges
t hrough the hole 242 and into a hole 246 in the base plate 102 where the
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circuit board where the signals do not necessarily pass through the base plate. For example, the
connector bracket could support the signal channels via a flex cable that pésses between the top
20 cover and the base platé to reach the disc drive circuit board.
Referring back to FIG. 2, a first or outside diameter crash stop 260 preferably includes an
arm that is integrally formed with the polymer body 236 of tﬁé éonnector bracket 146. The outer
crash stop 260 includes a first section 264 that extends from the connector bracket 146 in a
direction that is substantially parallel to the base plate 102. A second section 266 extends from
25 the terminus of the first section 264 substantially normal to and aWay from the base plate 102.
The second section 266 has a contact surface 268 formed thereon that faces the first side 220 of
the head aspect 114 of the actuator assembly 110. Preferably, the contact surface 268 is near the
terminus of the second section 266 distal from the first section 264. The outer crash stop 260 is
- formed so that the contact surface 268 of the outer crash stop contacts the head aspect contact

30  surface 224 when the heads 122 are pivoted to an outer circumference of the discs 108.



connector bracket could support the signal channels via a flex cable that
passes between the top 20 cover and the base plate to reach the disc drive
circuit board. Referring back to FIG 2, a first or outside dianeter crash
stop 260. preferably includes an armthat is integrally forned with the
pol ynmer body 236 of the connector bracket 146. The outer 'crash stop 260
includes a first section 264 that extendgs fromthe connector bracket 146 in
a direction that is substantially.parallel to the base plate 102. A second
section 266 Axesdndorinside didmetesciast stop 2880 piefériblyfihdladessmcinmanatds integrally
substantially normal.to and away fromthe base plate 102. The second
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shown i9an@iveténia s¢aend dirgetion 286 toaniinsidediameter Hadt298 (whepsn theTavtuatart uat or
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limit 298 the head 122 is within the landing zone 123, and at the outside diametgr limit 294 the
head 122 is at its outermost radial position on the disc 108. More specifically, when the actuator

20 assembly 110 pivots to the inside diameter limit 298, the motor aspect contact surface 226 of the
motor aspect 116 contacts the contact surface 288 of the inner crash stop 280 to prevent further
pivotal movement of the actuator assembly 110. Likewise, whén the actuator asséinbly 110
pivots to the outside diameter limit 294, the head aspect contact surface 224 of the head aspect
114 contacts the contact surface 268 of the outer crash stop 260 to prevent further pivotal

25 movement of the actuator assembly 110. Thus, the crash stop assembly 140 limits the pivotal
movement of the actuator assembly 110 to keep the head 122 within the predetermined range 290
on the disc 108.

Referring back to FIG. 2, the crash stops 260, 280 are preferably integrally formed with
the polymer body 236 of the connector bracket 146. The crash stops 260, 280 and the polymer

30  body 236 may be comprised of any material with suitable strength and stiffness characteristics. |
Preferably, the crash stops 260, 280 and the polymer body 236 are comprised of a polymer



assenbly is shown in solid lines) defined by the inner crash stop 280. At
the inside diameter |imt 298 the head 122 is within the | anding zone 123,
and at the outside dianeter limt 294 the head 122 is at its outernost
radi al position on the disc 108. Mre specifically, when the actuator 20
assenbly 110 pivots to the inside dianeter limt 298, the notor aspect
contact surface 226 of the nmptor aspectg 116 contacts the contact surface
288 of the inner crash stop 280 to prevent further pivotal novenent of the
act uat ' H : S byt s to
t he ou?g?lggﬁlgiﬁgdrr%ts él?@ll'eﬁlrﬂs%ﬁ%%ﬁests \ﬁ‘g@ ea aggggt%@g rlllt?éa‘?t suér/tfo ;rééeh uﬁ%ﬂ%’f t he
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stanped steel parts that have al so been use or prior cras For
exanpl enpoldingprecesseso I Thushtheicrashistops 268, 280 cah bmefidctiveteformed ukingteristing he
tol erance of the st? ed steel part can be controlled to 10 approxi mately
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crash stops 260, 280 can be effectively fornmed using existing processes by
ner el y h@,ﬁ%ﬁgpq{g@&ﬂgf the voice coil motor 124 is first installed. Second, the actuator assembly 110

and the flex assembly and crash stop assembly 140 are mounted on the base plate 102. Third, the

top pole 132 of the voice coil motor 124 is mounted above the motor aspect 116 of the actuator
20  assembly 110. Because the crash stop assembly 140 is assembled and mounted in the same
manufacturing step as the actuator assembly 110, the actuator assefnbly 110 is not freely
pivotable between the second and third steps. Adéitibnélly, iﬁe'biasing force of the flex cable
144 on the actuator assembly 110 will tend to bias the actuator assembly against one of the crash
stops 260, 280 to prevent the actuator assembfy 110 from even moving through the limited range
25  of motion 290. Thus, the crash étops 260, 280 and the flex cable 144 together act as a temporary
latch during manufacturing, preventing undesirable pivotal moveinent of the actuator assembly
110 even before the top pole 132 of the voice coil magnet 128 is installed. Additionally, by
having the crash stops 260, 280 extend from the connector bracket 146, the multiple parts
associated with prior crash stops may be omitted from the disc drive 100, thereby simplifying the

30  disc drive 100 and decreasing material and manufacturing costs.



15 Referring back to FIG 1, the actuator assenbly 110 and the flex
assenbly and crash stop assenbly 140 can be assenbl ed according to

exi sting assenbly processes. In such a process, the bottompole 130 of the
voice coil nmotor 124 is first installed. Second, the actuator assenbly 110
and the flex assenbly and crash stop assenbly. 140 are nmounted on the base
plate 102. Third, the top pole 132 of the voice coil nmotor 124 is nounted
above the notor aspect 116 of the actuator 20 assenbly 110. Because the
crash stop aThectablystop9260; 280 asdescabiedahovadomobincorpordte a parmanepblatehact uri ng

"step as the actuator, asse 110, the_.gctuator assenbl. s not freely
pi vot abmm%eﬁ}t‘? flisc éﬁﬁgﬁw‘éﬁ’l‘d’* on¢ af&c@&qy RS Q%eeéﬁhﬁg iajtc eﬁé‘“ﬁﬁﬁi ng
force o . : : ' tyagbi as
the. act Mpilical HechieShanteld, SindgBuc alerl 2h ARRETR, the Shigh W astitly 107,

t he act uat or Itds desifable td produce acrask stopukatigsuflficientiy clabtic dd that thel actaatge 25 of

nmotion 290. Thus, the crash stops 260, 280 and the flex cabl e, 144 together
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section
The characteristics of the crash stops can be estimated by finite element modeling (FEM)

software during design, and they can be further tested after prototypes of particular designs are
20 produced. Those skilled in the art will also recognize that many other alternative embodiments of
the crash stops are possible
Referring now to FIG. 5, a crash stop 320 includes a first section 322 with a constant
rectangular cross section. A second section 324 extends normal to the ﬁrsf section 322. The
second section 324 defines a rectangular cutout 326 facing away from the first section 322, which
25  cutout 326 reduces the stiffness of the crash stop 320. The second section 324 also has a contact
surface 328 formed thereon. The dimensions of the crash stop 320 and particularly the
dimensions of the cutout 326 can be varied to produce desired stiffness, strength, and endurance
characteristics.
Referring now to FIG. 6, a crash stop 340 includes a first section 342 and a second section
30 344 extending normal to the first section 342. The second section 344 defines a pair of opposing

lateral cutouts 346, 347 extending laterally inwardly from opposing sides of the second section



arms such as are shown in FIG 2. Such crash stops are preferably
Integrally formed with the polynmer body 236 of the connector bracket 146
as descri bed above. Such crash stops can be used 15 for both or either of
the crash stops descri bed above, and the di nensions of the crash stops can
be wvaried to produce the desired stiffness as descri bed above. Preferably,
t he di nensions are such that the strengfif and endurance of the crash stops
is maxim zed for the desired |l evel of stiffness. The characteristics of
Lhe. cr a3 s giaethedBodiil REhodSPH sibsthritibllyd-shaSUE heRckild da6riod 544 aizohbs'p" ©
during design, and they can be further tésted after prototypes o
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cutout 326 reduces the stiffness of the crash stop 320. The second. secti on
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section 342 and a second section 30 344 extendi ng horna
sect i ontleirst sebttons 36 an dafines o pai 6 oppdsingecureedomirfaces 368)A76. The sécond Eettion

cutouts_346, 347 extending laterally inwardly from opposing_sides of the
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stop 340 and particularly the dinensions of the cutouts 346, 347 can be
vari ed eRSlusgnegcheraetessticsd stiffness, strength, and 5 endurance
characteristics. FIG 7 depicts ap.alternative, enbodi nent of a c¢rash stop
360 havi ng ah} ?Wa?eﬁ‘? F’B‘ﬁgé‘gym gﬂt&cgressgx&td yentionds @ fragiy stop,assemhly; fsuch as
subss ani46y foy liMATHEY ' ' '
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I ncludes a wavy or curved section 366 that a
away f rplate (such 4si 102) of 2 dist drive (ichiasi 100 iTiRdise driver(swdh 211005 inttudes b ¥Rslal

surfaces 368,, 370. -The secqnd _section
ghanngl (suchas l4g) extenélmg from the actuator assembly (such as 110) to a disc drive circuit

board, and the crash stop assembly (such as 140) includes a connector bracket (such as 146)
secured to the base plate (such as 102) and supporting the signal channel (such as 143). The

20  crash stop assembly (such as 140) further includes a crash stop (such as 260, 280, 320, 340, or
360) secured to the connector bracket (such as 146) and extending therefrom, and the crash stop
(such as 260, 280; 320, 340, or 360) includes a contact surface (such as 268, 288, 328, 348, or
372) that contacts the actuator assembly (such as 110) to limit pivotal movement of the actuator
assembly (such as 110). '

25 In a preferred embodiment, the connector bracket (such as 146) spans an aperture (such as
248) in the base plate (such as 102) and the connector bracket (such as 146) passes the signal
channel (such as 143) through the aperture (such as 248). Preferably, the crash stop (such as 260,
280, 320, 340, or 360) is integrally formed with the connector brackef (such as 146) and is
composed of a molded polymer material. Also, the crash stop (such as 260, 280, 320, 340, or

30 360) is preferably an arm extending from the connector bracket (such as 146) that includes a.ﬁrst
section (such as 264, 284, 322, 342, or 362) extending from the connector bracket (such as 146)



10 364 al so includes a contact surface 372. The wavy section 366 reduces
the stiffness of the crash stop 360. The di nensions of the crash stop 360
and particularly the dinensions, including the curvature, of the wavy
section 366 can be varied to produce desired stiffness, strength, and
endurance characteristics. In summary, an enbodi nent of the present

I nvention is a crash stop assenbly (suchllas 15 140) for |limting pivotal
movenent of an actuator assenbly (such as 110) nounted on a base | at e
(such ain adizéction submwlcrmarpéle( touthe base piﬂ@}sucwaelen)sandmsemd( seolion gchLm)
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(such a8s 3UeP4a.r 3@)7) @?Eﬁ‘i‘n@" it mayedefinap cured suedace (such 251368 or3J0kh as 260,
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enbodi ment, the connector bracket (such as 146) spanS an aperture (such as
248) i nlmhdelaasseoqd crash stepi(suclnas 289) seamet! tolthe carmestor bracket(suohtas(146 indas
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340 or aétﬁataﬁ&)semblyr(sﬁlﬁdsauby ireseeond éixéctiofl i(Sighlas 296 é@oﬁﬁé\ﬂﬁﬂrﬂrmmﬁ@k et
(such as 146) that includes a first section (such as 264, 284, 322, 342,

or 362) (sugk an2iNg Im porefemed @rnbmbmntr, bothahe first e@mesaub(suq!w) 260) and the sgcond

second (g% R Z8G XA sips 3B Bronf it e ufipSiot Bisfkie P s AoBhe 1 v s
section (sucBtaa&l afefher 44§, ax?@rﬁboﬁﬂx%nt &H'thé ent%tlsﬁ&na &1@@dﬁ@§§uﬂ¥ & £00)

(such as 102) and defining the contact surface (such as 268, 28
34815 or ighwling atisc §suchiasi lﬁ&h‘otamblx swuohted on2dGse plate, (sGéhias 102, andra p?ﬁdt;\llyray

cur ved SHAOHBLapEr assemBBHsueH 53d8) mamaicd odiseersiop s (e 28 1B tHapes: i ¢
pivotal snRVEHETYs f2) 1400 AARhFHEL HRRRATRIN 45 Sl'lispextendmg from the actuator assembly
(such as 110) to a disc drive circuit board. The disc drive (such as 100) further includes a crash
stop assembly (such as 140) for limiting pivotal movement of the actuator assembly (such as
20 110). The crash stop assembly (such as 140) includes a connector bracket (such as 146) secured
to the base plate (silch as 102) and supporting the signal channel (such as 143) and a crash stop
(such as 260, 280, 320, 340, or 360) secured to the connector bracket (such as 146) and including
a contact surface (such as 268, 288, 328, 348, or 372) that contacts the actuator assembly (such as
110) to limit pivotal movement of the actuator assembly (such as 110). '
25 In a preferred embodiment, the actuator assembly (such as 110) includes a pivot (such as
112), a head aspect (such as 114) extending forwardly from the pivot (such as 112) and carrying a
read/write head (such as 122) thereon, and an opposing motor aspect (such as 116) extending
rearwardly from the pivot (such as 112) and carrying a voice coil (such as 126) thereon. The
contact surface (such as 268) of the crash stop (such as 260) contacts the head aspect (such as
30  114) of the actuator assembly (such as 110) to define a first limit (such as 294) ofa

predetermined range of movement (such as 290) of the actuator assembly (such as 110). The



as 110) in a first direction (such as 292) and the crash stop assenbly
(such as 140) may further include a second crash stop (such as 280)
secured to the connector bracket (such as 146) and extending therefrom
The second crash stop (such as 280) includes a second contact surface 10
(such as 288) that contacts the actuator assenbly (such as 110) to limt

pi votal novenent of the actuator assenbly (such as 110) in a second
direction (such as 296) opposite the first direction (such as 292). In a
preferred enbodi nent, both the first aforesaid (such as 260) and the second
(such as 280) crash stops are forned int&yrally with the connector bracket

(such as 146). Stated another way, an enmbodi nent of the present invention
i s a di ereshistop assemblyn(such a9140) furthdrindludtisagecondl crash( stop (sugk as 280) seeured tob y

caseny Ptatentardie) bt b Jod Rebiind b sondetsenle B ARt
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t he actuator asse such as 110) to a disc clrcul
di sc drlimit (fwcicds 298) aDthe predetdrminadrahgedsfmaoventens (such bop9@)ssenbl y (such as

140) for lingtin I vot al venment of the actuator assenbly (such as 20
110)% The cpg ergb@p&séfr&?ggvs q&ﬁ@ﬁh atep;(sw; as 360 anekthg second sxash stopr{suaheas
(such a r ' e t .10 Or b t.ne
S gnal S0 a8 REREEE ek Gedbh (855 Cos6d o 2B B BRind ol B SRR biglBeli,
or 360) dis&ticheabstentiall Bpani4boec ] '
contact surface (suchygﬁgggﬁgggwﬁgﬂ%ﬁg%g? 372) thgl?m?:dggtsgggtﬁgﬁ?sh%“
- act uat oand:286) extending substantially noymaldo|thefitst pection fsuchms 264 and 284)and anay feonor
assenbl suchl' %s' 110 ];9% In a preferred enbodi nment, the actuator assenbly
(such aSCP#fPi (,(F‘Efé’e%‘ ivot (such as 112), a head aspect (such as 114)
extending fo i car L yi 4 sl Ite
nead (such aStRyel BOBE Wit aR ohitoalriulf Br % phecelt AERGR o 6 i v Gl

ext endi 1@P) inclading tad lagtubtop assehiblyp(such ag B10) pivastalllmAbunted t¢ 8 base pléte {suchias 202)
coil (such as 126) thereon. The contact surface (such as 268) of the crash

stop (solthe discaisive (suchiag d08) andemeans dsushss d40) fog dimiting piyotal movementef the

actuato fine.a first.liQhhk, (;such as 294) of a
or edot crtEASEARentul ich SURE I bRaRREE Frsse (Fichgs Taf. TRk Eeg v
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a second crash stop l(such gs 280) gecured t(‘)én%t e cgn%@%sr}??gm?ﬁglggc
as 136) themadtuater lass¢mbdy ¢sush as bib)do atdisctdriverciranit boardg indathe 2fAns (snah as t40)tfact s
t he not gr , aspect {such as 116). of the actuator asserrblr%( (such as 110) to
defi ne mgtgtg%ﬂaota movement comprises means (such as 146) for supporting the signal channel

(such as 143).

It will be clear that the present invention is well adapted to attain the ends and advantages
mentioned as well as those inherent therein. While a presently preferred embodiment has been
20  described for purposes of this disclosure, various changes and modifications may be tr;ade which
are well within the scope of the pfeseht invention. For example, one of the crash stopé may
incorporate a latch, such as a magnetic latch. Such a magnetic latch could be formed by
mounting a permanent magnet on one of the crash stops, wherein the magnet would define the
contact surface. Numerous other changes may be made which will readily suggest themselves to
25  those skilled in the art and which are encompassed in the spirit of the invention disclosed and as

defined in the appended claims.



limt (such as 298) of the predeterm ned range of novenent (such as 290). 5
Preferably, the first aforesaid crash stop (such as 260) and the second

crash stop (such as 280) each includes a first sWand
284) extending fromthe connector bracket in a di ion substantially
parallel to the base plate (such as 102) and a seco m ‘“}“N%Hﬂas 266
and 286) extending substantially normal to the firs m ds 264
and 284) and away from the base plate fsuch as 102{‘.* 10 St at"ed ‘yet anot her
way, an enbodi nent of the present invention is a disc drive (such as 100)
i ncludi ng an actuator assenbly (such as 110) pivotally nounted to a base
plate (such as 102) of the disc drive (such as 100) and neans (such as
140) for limiting pivotal novement ofCldims actuator assenbly (such as 110)
to a predetg&gi ned, range (such as 290). In a preferred enbodinent, the
disc drive ( E‘Hs&?"‘_‘[ﬁfgﬁs-i ncl udes a signal channel (such as 143) extending

from1l5 the actuator assenbly (such as 110) to a disc drive circuit board,
and the neans (such as 140) for |limting pivotal novenent conprises neans

(sush as 144) Aerashsppasienitdy fordinitigg pivotdlans\@ment 6@ achtatdrdadiembly nvdunkedoe
clear that the present invention is well adapted to attain the_ ends and
advant jadaseplate ofadisadrive the disc dnivesiacludingrasignal phansehextending-fremghesent | y

preferr Lhen . i bed .for pur es of.this

di scl 035&3&%5%%{%@%&@39%%&%%&% _E'Aet‘ifsﬂ’ssq%g“ 'E‘&%a‘iﬂ’é”%f% are wel |
Wi thin the scpfiedtbr bracked sQufsd toithe/ 43t phife atﬁpsfup?if |tRe sighdl cRandelnd@ ash
stops may incorporate a latch, such as a magnetic [fatch. -Such a magnetic

| at ch coul d axrashostopestchred totheronnerter hrackehamd¢xtending therafronn dheérasthstopr ash
st ops, .V\‘ﬂg.ei n the n%%pet woul d define the contact, surface. Nunerous_ other
chdPgedneiuding @ cratet RFfachthaf eantactsthe pgtuatop gssemblyorirait paotal snoysmentaicthe
skill eqq¢ and which are enconpassed in the spirit of the invention
di scl ogg%lgt&ggsgg{btl%efi ned in the appended clains. -13- Clains Wat is
claimed is: 5 1. A crash stop assenbly for limting pivotal novenent of an
actuator assenbly nounted on a base plate of a disc drive, the disc drive
i ncl udi ng a &iHhegrashtomessemblyfelaim I wheraim the copnerterdracket spas gn aperturdins c

drive the gaus'etplat%g grrxéj thetcggne%ioe}%?ac%to asgegﬁﬁcnls‘@xlg}{al Chatnel i%rgv?gh the aperture.
15 '
3. The crash stop assembly of claim 1, wherein the crash stop is integrally formed with

the connector bracket.

4, The crash stop assembly of claim 3, wherein the crash stop is composed of a polymer

20 material.
5. The crash stdp assembly of claim 4, wherein the polymer material is molded.

6. The crash stdp assembly of claim 1, wherein the crash stop is an aﬁn extending from

25  the connector bracket.

7. The crash stop assembly of claim 6, wherein the crash stop includes a first section
extending from the connector bracket in a direction substantially parallel to the base plate and a

second section extending from the first section away from the base plate and defining the contact

30 surface.



a coennector bracket secured to the base plate aw gnal
channel ; and a crash stop secured to the connector bracket an xt endi ng
therefrom the crash stop 10 including a contact “mﬁmmm Eﬂ tacts the
actuator assenbly to limt pivotal novenent of tlmm nbly. 2.
The crash stop assenbly of claim1, wherein the connéctbr Bracket spans an
aperture in the base plate and the connector bracket passes the signal
channel through the aperture. 15 3. The crash stop assenbly of -claiml,
wherein the crash stop is integrally formed with the connector bracket. 4.

The crash stop assenbly of claim3, wherldin the crash stop is conposed of a
polymer 20 material. S. The crash stop assenbly of claim4, wherein the
pol ymer mat e8.i The crashnstbpiassembly, ofitieiny 7, veherein dhs sesandhssclion fdefinegiaguiout, oy oj
the crash stop is an armextending from 25 the connector bracket. 7. The
crash §§9§“hssenbly of claim6, wherein the crash stop includes a first
section extending fromthe connector bracket in a direction substantially
parallel to the base plate and a second section extendin% fromthe first
section away9.f Thectaslestopassepibly of claish Berhereinghe sesondsaction defiuesagurygde. « C
~MS -14 8. The crash stop assenbly of claim?7, wherein the second

sect§ onswi@enes a cutout therein. 9. The crash stop assenbly of claim 7,
wherein the second section defines a curved 5 surface. 10. The crash stop
assenbly of claim1, wherein: the crash stop |imts pivotal novenment of the

act uat or asse@bTie tiasistbp assembly efdlaian], wirdeint he crash stop assembly
further conprises a second crash stop secured to the connecft or.. to bracket
and ext endi nthetciashetopdimits pivotab mevementafitheactyatorassermblydn 2 FegteR A ct

ts E;f ggte u‘é? gJ; ﬂ%&@%ﬁp %sggrggl&m%rcogl%%ge@ 3 Sech brall] dtof SEAkEH 1o TRY EHEEoP
10 bracket and extending therefrom, the second crash stop including a second contact surface that

contacts the actuator assembly to limit pivotal movement of the actuator assembly in a second

direction opposite the first direction.

11. The crash stop assembly of claim 10, wherein both the first aforesaid and the second

15  crash stops are formed integrally with the connector bracket.

12. A disc drive including a disc rotatably mounted on a base plate, and a pivotally
supported actuator assembly mounted adjacent the disc on the base plate, and a signal channel
extending from the actuator assembly to a disc drive circuit board, the disc drive fufther including

20  acrash stop assembly fdr limiting pivotal movement of the actuator assembly, th_tlalcfash stop
assembly comprising:

a connector bracket secured to the base plate and supporting the signal channel; and

a crash stop secured to the connectbr bracket and inéluding a contact surface that contacts
the actuator assembly to limit pivotal movement of the actuator assembly.

25
13. The disc drive of claim 12, wherein the connector bracket spans an aperture in the

base plate and the connector bracket passes the signal channel through the aperture.



direction opposite the first direction. 11. The crash stop assenbly of
claim 10, wherein both the first aforesaid and the second 15 crash stops
are formed integrally with the connector bracket. 12—A disc—drive
including a disc rotatably nounted on a base plate '

supported actuator assenbly nounted adjacent the dmnm«mm’amml ate,
and a signal channel extending fromthe actuator asse c drive
circuit board, the disc drive further including 20 a crash stop assenbly
for limting pivotal novenment of the act yat or assenbly, the crash stop
assenbly conprising: a connector bracket 'Secured to the base plate and
supporting the signal channel; and a crash stop secured to the connector
bracket and inclydi -ﬁggﬁ .that contacts 'the actuator
assenbly to I?ﬁ{?g%?gg?é né@gﬁgﬁ¥6%§ﬁ%'e actuator assenbly. 25 13. The

di sc drive ofthehketusrolZssembBriaclndésepioon aheddaspéot zgtentdingfarveardly fegme tHetpieoti n
the base plate and the connector bracket passes the signal, channel through
t he aperandrcamyinga read/write head thereor, andias eppasinganetor aspertgxtending wapyasdlyfram

act uat or, assepbl y ine¢l udes. a t...a head aspect extending forwardly from
the pi V&pepgﬁggrb%;wl%agoy% @Hb%d[og, head thereon, and an opposing notor
aspest ext encthBgoRtaét'sipfact of thé Eii?h EtEE c@ﬂntﬂ&% tieHéad aéperi GXthéadtRhtoPasibtbly to

thereon; 5 the contact surface of the crash stop contacts the head aspect
of the adefinetadirstdimizobh pradetermipfed mange of mwementofithodctuatpr asdemblypambd r ange

of novement of the actuator, assenbly; and the crash stop assenbly further
incl udes a scbsRErsh sloprassanply Burther itsludss & fesond Grash stop se&%@i&ﬁgaﬁ@mtm

i ncl udi asih he
act uat oma %%cg gﬁﬁﬁglﬁﬁg{g@%ﬂ@yg&@%@gﬁ@ iﬂ?ﬁq{& B@‘?&? ﬁﬁeé\%?{esge eeF m nega‘r:tg%ltg;e of
nmovenent asséifiblyTo défie 4lsctond limitofake pledéteindifed wingé of moberhbntt he fi r st

af oresaid crash stop and the second <crash stop are integral with the

conndktor bracket. 16. The disc .drive of claim15, wherein the connector

bracket, . the 1f5I rﬁ\te d‘fsrca nQ/e%tf %E‘imqqywhgr%in both the first aforesaid crash stop and the second

crash stop are integral with the connector bracket.

16. The disc drive of claim 15, wherein the connector bracket, the first crash stop, and the

15  second crash stop are composed of a molded polymer material.

17. The disc drive of claim 14, wherein the first aforesaid crash stop and the second crash
stop each include a first section extending from the connector bracket in a direction substantially
parallel to the base plate and a second section extending substantially normal to the first section

20 and away from the base plate.

18. The disc drive of claim 17, wherein the second sections of both the first and second
crash stops each define a cutout therein that opens away from the respective first section of the
first and second crash stops.

25
19. The disc drive of claim 17, wherein the second sections of both the first and second

crash stops each define a pair of opposing cutouts therein that extend transversely inwardly.



15 second crash stop are conposed of a nol ded polymer material. 17. The
disc drive of claim 14, wherein the first aforesaid crash-stoep—andThe
second crash stop each include a first section extending fr _
connector bracket in a direction substantially pau‘ﬂl\!ﬂ“i@‘“ﬁ%!ﬁﬁﬂe pl ate
and a second section extending substantially normall lEsief! ction

20 and away fromthe base plate. 18. The disc drive of claim1l7, wherein
t he second sections of both the first and second crash stops each define a
cutout therein that opens away fromthe N spective first section of the
first and second crash stops. 25 19. The 'disc drive of claim17, wherein

L e, o AR AR, e R tga oSty

pai r of oppo reln transversely inwardly.

-16 20. cws%p%(éag{iﬂém@fa&kﬁd@ﬂﬂce,mer ein the second sections of both the
first and second crash stops each include a curved surface. 21. A disc
drive conprising: 5 an actuator assenbly pivotally nounted to a base plate
of the disc drive;,. and neans for limting pivotal novenent of the actuator
assenbly to 2lprAdiscdrYeRRBPRYREe. 22. The disc drive of claim 21, wherein

the gibs c drive Oe{cg.ﬁahg'%fen?ul? b%ﬂllyg@%ﬂatgﬁﬂvﬁgpia%f tfglé itk UhGeamguat or

assenbly to a rrve C eln the neans for limting
10 pivotal nyyesRTor itiig piestalTReveandn0of the aptttor agsetribly i pradetetzinedrange.

22. The disc drive of claim 21, wherein the disc drive includes a signal channel extending
from the actuator assembly to a disc drive circuit board and wherein the means for limiting

10  pivotal movement comprises means for supporting the signal channel.



