;ede@@ 4j6 6HTPa$0 ~ D ~ C 2002 1. Title of the Invention D sk
drlve devi ce with shock resistance flexure and ranmp limit gp 01].
[Field of the Invention] The invention relates to a disk rlve evi
containing a rotating data recording disk and a head suspensi on assenbly
[ 0002] [Background art] In a hard disk drive device, at | etlc
recording disk is nounted on a spindle notor, and a head ﬂmmmummﬂmmmmm
assenbly is provided for each of data recording surfaces of the«ixagnetic

recordi ng di sk. The head suspension a§%énbly cont ai ns an rear
end of which is nounted on a shaft nounted on a frame of mmﬁﬁmm

drive device, a load beama rear end of Wiich is fixed o

the arm nenber, a flexure a rear end of which is fixed on a Pﬁ@%ﬁ*portlon

of the Iaad ad/ Ilder assenbly fixed on the flexure. The
magnetic -* #%gyg'l qf qﬁ f@?ated by the spindl e notor, and the head
suspensi on assenblies are nnved in a radial direction of the magneti c

recor di NPkl kiriyed deriice Qith Fabek L¥6MtaddDG3k lbe ELE- Laghiovs a
portion qfnL] apa q}lc recording disk 1 and the head suspensi‘on assembly
2. The radi &t7%8h of the head suspensi on assenmbly 2 is shown by
arrows 3@é6@ﬁ 3B. The disk 1 rotates in a direction shown by an arrow R A
ranp el e 4 is nounted outside the magnetic recording disk 1. The ranp
el ement 4pganbabpsthel 2PEALSHRface 5 and a rest position 6 for each of the
head suspension assenbly 2. For the ranp el enent 4-shown in 0 4 DEC z0OQZ
~z_the Fig. |, two magnetic recording di sks and four head suspensi on
assenbl i Ebearinvuayed otHowedetesonty @nedhdigndriiver elryidiengeatiteddnlingndaonl y

‘one headrs¥gReRs| 99t38§sa®£a13gaa§sxsmiw of Qeadl BRspAYdNh G eHbaY Ng. When
t he head suspenSion assenbly 2°is noved in the direction of the arrow 38 by

t he VCNIg Qﬁg the conpletion of a read/wite operation, a | oad/unload tab
BA provi de n the front end of the head suspension assenbly 2 rides on the
ranped suUBeakgrbuaadair$)Stopped at the rest position 6. This scheme for
accessing the head/slider assenbly 10 homn in the Fi 9 to and fronka dat a
Lrack of 1h8 BtFd b ToR=E GRYkCY, &t 1east one mignetie’racording d

is mounted on a spindle motor, and a head suspension assembly is
provided for each of data recording surfaces of the magnetic
recording disk. The head suspension assembly contains an arm
member a rear end of which is mounted on a shaft mounted on a
frame of the hard disk drive device, a load beam a rear end of
which is fixed on a front end of the arm member, a flexure a rear
end of which is fixed on a front portion of the load beam, and
a head/slider assembly fixed on the flexure. The magnetic
recording disk is rotated by the spindle motor, and the head
suspension assemblies are moved in a radial direction of the

magnetic recording disk by a voice coil motor (VCM).
[0003]

The Fig.l shows a portion of the magnetic recording disk 1 and
the head suspension assembly 2. The radial direction of the head
suspension assembly 2 is shown by arrows 3A and 3B. The disk 1
rotates in a direction shown by an arrow R. A ramp element 4 is
mounted outside the magnetic recording disk 1. The ramp element
4 contains a ramped surface 5 and a rest position 6 for each of
the head suspension assembly 2. For the ramp element 4-shown in

-



and for hol ding the head suspension assenbly 2 at the re l,p@@% gﬁﬂ@ of
the ranp elenent 4 is called Load/ Unload. The ranp el enent

provided Wth a plate 7 extended therefromand that plate resi des beyond
the outside perimeter of the disk 1. The Fig.2 shows a detail of the front
portion of the |oad beam 8 of the head suspension assenbly 2 and the ranp
elenment 4. In the Fig.2, tw head §nspensr on assenblies 2 are shown. One
end of a flexure 9 is fixed to the | e@d beam 8, and a head/slider assenbly
10 is fixed on the free end of the flexure 9. A MR (magnetoresistive) head
51 is mounted Wthin a front portion of a slider, and these are called as
the head/slider assenbly. Wen the head susgensr on_assenblies are

posi ti oned tBE Ti@- } oddq Argaatiesteqrrdingofigks and fond Bppdctusnensisn es
10 are beyesdehbriaetsidlcugpal.i Rivavenf, bhéydiosk hagh80dd] rdvoditiig RAMGK ON
A 1S Providegh@n dufig Mbfxuiiast REplheidPNasiahi PN PAL2K! ehglfd oy ough

an aperture 11 I S posltione ace a surface %% the
| oad beam 8”%%@%“%%@« q"é“'&ﬂﬁl i BheR othehapd sugpersienvassrmble 2dus ng
the state mbeadt ha Ithad/dideeadohalofS8Altes xxvu | IWMEBy ORhe hgCHe e RS ithdoN 6
of the rang 4 _chead S t ends e i di rection
of an arrow %f&?:[‘én bf nag“%%h %Jéggs%m%&%gn G lélgy%\ﬁeafgogab 64
portion 9APEAWHEERd af tthet ﬁeorrt)@dldoe&ntlae hegd,pugReRSiqn: AFsambLy| 2eides
assenbly 10nf then bamped SueRfce Plan@ isn stthppddr 86t the f)éstt fxﬂaﬁrt&@ﬂ 352 t hat

woul d causrri]. &Eeagﬁg‘ﬁés&ge& ﬁ‘?ﬂ;‘&] £Ohte 99#?937@5 no tlrbe ate , or

t he opposi dér™ asse pres 05]

,As the si zégethmeZ Heer @ndi §KoBra \ftafae\ﬁreekbe ok synface afsthedliskd,

‘d: st ance E&nbetﬂa&emdm:@rfmeheﬁdt aspeadishi derseasalgrrtzl YatlOtnad ddaa 0.2
ate 7 o (0} a eX e

P bhe ttar% CLETEAL dahS LEGWGR 10 2o SBRLIad @ Hoaa /R LG O, 2

mm The inventors o rnventi on have
provi si on SRWPRLeRaRt ﬁo‘i“%Yd?? 9Rr081¢?6rﬂ1té’d@epl®¢9 or e&tﬁéé¢dé3§fefemﬂbf

t he head/ shndethasslﬂéxla/ rH3idels| bdgsndgehedutidiclespekaneted dhechy atigk’ of
the ranp ehenpni 4 Qﬁﬁwéghe é{ E‘:‘%‘igegfdt dée \‘}‘I’ngxtDﬂf%W&T Ak U.HSXPc?éé %Sa?n)écess

shock is agplred t I""sion TS

a nmovenent Pftheerk%eﬁaqwsaseeﬁaﬁ?ﬂﬂwl% aa‘dpltP@hFﬁﬁpdﬂ%’Emerﬂ shdmn by
an arrow 18nhar pugd2} hewdetdad asispan sibnand seibl i eslUZ edirs stixaen), ,OneTr&exd

col lision gguges Lhg.Lobl oui Bg aarﬂtgretrtefaadm afh | € Staid PRI ANl the
ranp el enen de efectrica y nonconduct| ve as a
pl astic, aﬁasé‘F'%%YrileaP-sclfaF‘ﬁés ofic dihfu BHes o 1ok F%t?rpféPé‘h’é?ttgﬂf &ré‘R
transf err edmagnéberddidigact )Shead theiseonslirsiddien thiseabEyod® pdrttion of

col I'i des agagirﬁeﬁ Nanu@eRe 64 ear@t:aheaoag hale taed}\ﬁfw@;d asbemB1J2MRARE, DY

the electri

rges. The second problemis I ece f plastic
which are §§ﬁa‘?%& ¢ £AB % ’EerFeﬁlre4pﬁﬁ?et’t?)“%‘{tT§‘ Bf‘)Fsz‘?atﬂf Wedd t on
t he surfaceeet pheihioml/ 6] i the head/blide<h) assmnbilies tlfe dweadleylonderthe
@ssenbly 19&53@ Jﬁéece'i:“rffa‘i:ﬁeofnéi‘el magnetic recording disk 1, the
smal | pi eces depos on the head/slider assenbly 10 contaminate or
scratch portions of the surface of the disk 1, and the damaged surface
prevents tlje00érmati on of an air bearing between the head/slider assenbly
10 and the disk 1, so that the head/slider p 4 DE C 2002 -4 assenbly 10
contacts o tge dana ed surface of th chSk duﬂ%the read/w.ite
oper at i on, ephePALFLGR éﬁaﬁﬁaﬂ"?"k‘% &y ad@hithenPefitsk 1,
wher eby a pestien 9kaekbendingpdrouigbn abappestube peréHrieal load eagnBaged

surface . LE bhel%x@@&e% PEste d sarffé@\m df ORd N d LB aR enerrthe‘h d he
slider to s r.se aratron di st ance inthe Fig.2 for a snmal hard di sk
drive devi & °E niHeARRERGd 8 mq?f"g ’e%rf{ﬁ‘eve t%é(ﬂcﬁhgﬂrh“%hgtﬁ( jtate
appli ed towhbas hhedldadkumlroade by i8Re ist lposiltideednoni bhes rext ysbaigkitdne
pitching ig B,h;etﬂlarﬁ Ogléxﬁer\(‘é 14, aRlaey d18es! hgﬁ&nﬁi’ysibd@% C&ﬁead

t her eby danmag |ng bear1 ng surfgce of the | i der or 0006]
[ Sunmary ofPt e tﬁ%ﬁ"r’t?‘brﬂf 'Fr'i‘eaﬁﬁf’gc of 1% HER Gt dohien; RYBRESSN the (hent
provi de a disk drive device which solves the probl ens descri bed above.

[ 0007] A Disk drive device conprises:



a data recording disk, a head suspension assenbly containing a front
portion and a rear portion, with the front portion being provﬂd'ecﬂﬁvﬁlfgﬁz
tab, means coupled to the rear portion of the -- head suspension assenbly
to nmove the front portion between an inner nost position and an outer nost
position along a radial direction of the rotating data recording disk, a
ranp el enment containing a support surface for engaging with the tab of the
front portion of the head suspension ;ssenbly when the front portion is
noved to the outer nost position, and a flexure nounted on the front
portion of the head suspension assenbly, and having a front portion

di sposed tomards the tab of the head suspension assenbly and a rear portion

di sposed J.oqgiyfl %ﬂeéan Ceharw;EhDﬁneC ?LQQ% ﬁe rg,0ne gl NG NS

suspensi gn assenb acterized in e ranp elenent rovrded
with an &&aé{&ééldﬁﬁntﬁﬁsmldh 18cdgon SB?Y%R:% ofe¥‘l’%3§r5ﬁt"—196rt1|‘bnt £ the
fl exure wildactiphedst etRenadtrdwacE2 Withatt oulab cdysd hehbeaﬁaﬁusmeasron
assenbly L1438 Wd Ned hgﬂﬂﬁwr gur,;ecmf gﬂaeterarm £ CERE! oppdlEag i f ace

of the front. p i'on can _be ¢ ed vvrt pr ot Fon Iayer,
such as Awaidisjifrgeaspemply 10 if) thesplate,d igviek Q'Eﬁﬁﬁ‘ltses a rotating
data recording disk a head suspension assenbly containing a front portion
and a r ego o) rtlon Wth the front portion being provided with a tab, neans
coupled to thé rear portion of the head suspension assenbly to nove the
front portion between the an inner nost position and an outer nost position
a: ong a radithk di.ieC&f Olfhé)fhatrlded]l.:mkadhf'nge dixtvel ceebetdingg sinasxlah a rs pape f

el ement contai n| n ort s ace for et t ront
{portr on &F gi&t Prﬁ gggﬂgFﬁn é‘ﬁﬁﬁ?e\/\ﬂgg&ﬁz‘%ﬁ%ﬁ? é%’r"ﬁ rrsged to
t he out eranmsthqoqslat@m afid thef Im@r e lrementted mﬁthedﬁmmttqaoatrsmﬁlbf t he
head Susmsieonfaﬁssimme ang haVivtie ankeRBLrpUL ithl gkémqnmweaeﬁ the

tab of t i on_asse a_rear ort e Wards t he
rear port ad’r‘f‘ “f‘ ﬁ@id %ﬂsﬁgﬁgboﬁfags%n%fmfl ¢ a:\"g‘ Zﬂ‘pﬁ"}eg °Fi*PRat the
ranp el erfdnt asfpoom ¢dgeniidd zor ert ae@ed erﬁéﬁbelfoﬁmpéh thgcdwag/sditlace of

the rear Ydnikdy 20 B21ilEXURGaVhEE EhOrSiEtRIdTIdFedheP A tehenoEhenbab of
t he head suspensi on assenbly engages w th _t he support surface of the ranp

‘el enent . TATP Shemart 41ae¥RST e FEAPFSH 9FSEIRCT Paxtihen Bt URexPS¥FERPEd wit h
t he prot enideys | stysedk s$sClappdlilelde fwl yhel dard( GGX dhivd | dsuiee i sThaunt ed
on one SWdiee;eh §0°alrad WERCABLARent sl MFnbadflz;al: AR, 187

contains | h&: ion _extended to yr tace head
suspensi o e sBHEFRA R SLERCEPHPERMR %1 2R hBTRRYd L 3udpenatohes SeRtI v.
The bent gpdiicdn das HOVEKE drb@i ¥&ENspaee fB,aNtTHROIdd1AA s@bnt RAukkEX Ehe and
t he rear f.pci{t' qn of _the fI glrng Lr%%lo&:.faétp' Kog{diye ?evéh% C%@I’I :
rotating a2 880 B ngpa a head sus ensr assenﬁ y co arni ng front
portion eﬁkﬂna’-‘nr’teérlﬁ)mdeoﬁf Wteﬂetqkn?ﬁ‘ kY WQQW%"ﬁg‘“@F% sfckh a
stab, nmeangs couplgdtie, t BRdr @dkechelitadncharybs headmﬁuspemsmntasseﬁhby to

move the JfQM. Y 1D AShuRen aa rpnﬁﬁemthggélsioﬁ% HeblieA3 RSt

p05|t|on al on Ion O tatin data recor
ranp el erisge éanhgnalgL&Rﬂdrltd%uﬁﬂaéésFo?h%rﬁjé@i géemerrh 1he’*°t &bagt the
front porﬁﬂ@mnoﬁaeraaemead d&HaGed Shyp netas sdekity i dAENchaegés Othed Geldond | S

moved 10 ARG ¢ TREL BRRi1! %ceasnngfapﬂsﬁwwsgg Q%Améc{ Hom

portion ead stuspensiof ort
di sposed thaaramp eHemend & duee q?eé&esﬁgﬂjéﬁgfﬁ’n ‘é%%%?r’o‘r W‘hn"d‘ea sr‘-’e‘%"‘“’ﬁortr on
di sposed 6f)WedBeah£sI£@ér ¥seinbly01 0 | mdhehdn stisp heaidgsl sds e il sembayd

char acter] gegh | g, 10at (A Deg 28l Sephe | da A ISt dlddL iy (diLs! 19X tigaded

menber whic aces A Surface o ortl on fléexure W
pr edet er n§ad f’paéesaqiﬁp%ﬁls%ﬁ& the headd shiApEragfamkly 40ceontaminate
or scratch portions of the surface of the disk 1, and the damaged

surface prevents the formation of an air bearing between the
head/slider assembly 10 and the disk 1, so that the head/slider



- assurface of the rear portion of the flexure with a predeﬁghngggg 2@@@e
When the tab of the head suspensi on assenbly engages with t ort
*surface of the ranp elenent. The surface of the front portion and the rear
portion of the flexure can be covered with the protection | ayer, such as
the polyimde. [0011] [Description of Enbodi nent] ~ 4 DE C 2002 The
Figs.3, 4, 5 and 6 shows a first enbodi-ment of the present invention. The
hard di sk drive device contains a plurality of rotating data recordi ng disk
or magnetic recording disks 21 nmounted on a spindle notor, not showmn . A
head suff@esidy A9sepmptycts on thedamagedopu off dheadiek ok dlwigimeur f aces

of the rmw&telaa/weeeédbperatsknZland\susdnwualga tg&edﬁamﬁl spreadeatber

Ly 28 f dt
Che ar milbA8F 2880 of Sre A AT | MR QUR BT X AAadRF RS S amdiged ©
suspensiean apteris ;P@qulanﬂ VR atlllﬁy danaged surfacshaf tIB6the e texhdend a

frame ofpitdt@ haid gemdvadi FeomatL Gamd ¥0EAENEY,| URR!E 811 8¥FMo 4A idh.coupl ed
to a rear portion of the head suspensi.on assenbl 22 to nove a front

porti on SAPATFEiRBadisapensPont hsharfliy -2 fpay ﬁeéﬂa% hardrdidstdadors ti on
and an @éveceTfin pesSisiall ,al0asg aw Fdirakbxdinpbe] | tila @3Mar 2 Fhadk tihe
magnet i Cadtpqe%redd' pg digk flraA 4080/ ggteéd &aﬁ%SA Lﬁep qggggdu?atthe front

portion head suspensi on asse 22. A rear
por ti on ¥Msladigg the P%gﬁ’t‘l’b‘br’c‘? oﬂleofhfﬁetheadl%a'st&énwaﬁea%ls%rﬁimﬁegz and
a front tmrsuudardcaqnm'd titowritgs dahegingdiien ho adbé i it Auefatbeo hegh
{suspen5| Pl e2fcadhe rear portion of the flexure 29 is disposed
owar ds t e rear portion of the head suspension assenbly 22. A head/slider
assenbly 30 is fixed on a free portion of the flexure 29. The | oad beam 28
is provipEabesth a bent area 46 to increase a flexibility of the | oad beam
28, and to provide a spring force neans to |oad the - head/slider assenbly
30 against the disk 21. In a read/wite operation, the magnetic recording
di sks 21[$#@art afedhSy IPNENEAPRAI e notor, and the head suspension
assenblies 22 are rotated around the shaft 36 by the VCM 47 to nove the
head/ sl iglel Assep }qa ef&%{g,taqnwaa%aoavﬁt gat arsegaéda N i 3% a&é&@@d an
rac

out er nost data recor netic recording dis

posi t i oS &S 5gdV 5S§BﬁbP§°B%e%Fg%£ FPeFatRoV&cor di ng track for
reading data fromthe data recording track or witing the data in the data
recordi ngodgAck. Q4 DE C200Z .s_[o00i2~ Aranp elenment 24 is nounted
on the frane of the hard disk drive device, and the ranp elenent 24 is
posi ti oned outside of the magnetic recording disk 21. The ranp el ement 24
cont ai nsA PiskadppedeyifefcaBwrBesand a rest position or a support surface 26

for eachy ofia ter et SHP RENSE Ok amwmwsp%%sﬁarahaems ﬁpcatartmt ¢4 shown
in the kgﬁg t Wo nagnet [ recordln di sks_, %é ead susq%€5|on
assentl yERE ROTKRT SRR cFobrt S e ‘et Lhor EEBPY RS ERER DM onl y
;one headpsersiderdtiwitlszetaby @eans ccotpled f bo t:,lilerrpteax;/mgrtm Rfy. the When
the headhé&@pﬁﬁ'%@@sf&ﬁeméé&n@ﬂylﬁom@@ ﬁﬁé Oﬁﬁoﬁhep@blﬁfén nwtwéiat dan
recording track o sl net i recorglng n_ t he radial tion
of “the aPPtF e b PRRLFTRR 899 . pFPUPRE ERS BOFOR ST THEE dhcTAiITh
operat|od1r¢¢m&¢mmmﬂuhheaéOFablzsAdptévreeGr@#Pqtﬁ&#kon% pamp | ehemdnt he

head Suse&m@am sarrbtt B2t | SuPPNEE fOr COUPOR Y Wi e dheckanped
surface ES to g gpltlft thedhead/ 48 ss%{ml Onfr m'%_ﬁe dj sk 21
and is s ﬁﬁ‘bt'edpgf 192 PEstthSoNETb SIS ”tqne T A errenet chene
f or acceperhipn he iseauywdd dee &dsec@miter2 most amfﬂttrl@m:a@ataﬁlrébemlrﬁg

trac ﬁbffméii‘@té&rdcna‘%ﬁeofréﬂé ptsxsd&o%lofaade fuaradhghs @gsme amaﬂmiys P&R&! On
asse y

on er element 24 is c ed L a this raaner,
e T oa PaRiBRda: dFIEA RAT LI ¢ FERRSS s ESReRfe HIE h 2B ol bR fR
assenbl ys@fpéess iy e ssatbdgeandhe rmmqmtonpdsﬁpomdamp@d@hshannear nmost
data recording track of the nmagnetic recording disk 21 and an outer nost
position defined by the rest position 26 of the ranp el enment 24 along the
radi al direction 23A/23B of the magnetic recording disk 21. [0013] The ranp
el ement 24 is provided with an extended nmenber or a bl ock nenber 27
extended fromthe ranp elenent 24. The Figs.5 and 6 show a detail structure
of the front portion of the load beam 0 4 D E C 2002



-9 28 of the head suspension assenbly 22 and the ranp el enegt ﬁEQ ?ddke
Fig.5, two head suspension assenblies 22 arranged on the bo h

‘recording . surfaces of the magnetic recording disk 21 are shown. As shown in
the Figs. 5 and 6, one end of a flexure 29 is fixed to the | oad beam 28,
and a head/slider assenbly 30 is fixed on a surface of the free portion 29B
of the flexure 29 by an adhesive matemial. A MR (nagnetoresistive) head 51
is resident within a front end of a slider, and these are called as the
head/ sl i der assenbly 30. Four electrically conductive ' connecting Wres 43
of the MR a t.hrough apert.ures 4 and s the flexure, 29 and
apertures p}%%q.o f&oa&% 3% S at ¢ en{) AmPBEEnd &R bé:fh Fegheshzeheln
surface (It%wer ther kamp Phemﬁet Fg. @Otﬁd%@lltbaan bexterdd manfercwhiaebt i ng

condu]gt OrtthaﬁstCht Qﬁrbgcl@e%gf CéHe berbmt egoatiéw bfbe Jhbe?@w&u%% aﬁuii Egg _

case for the ead suspensi confi.guration is
provi ded (?rfet‘#?g: rg'éﬁe e3R8 ¥ er@%ﬁ[ ngvf%%he ﬁ?fiaﬁ'és%‘?nsﬁ?é‘ PF@gRBSYtl on
29B to pr engdges yikhatherwrepemt snrfage pfatthe|tamy edenenbl YIR0 sup@atd] Two

bent portl@StR&Ai%etprwwm bgivagia t#RadurentcdPr bhondferklie i@xuge and
the rear port| on .of exure 29. The erxuére 29 i s nounted on one

he Tl
surface (@FAGFH-urPZEE i AvEhe Ei P BPWA™Y® . the | oad beam 28 . Each of
the bent portions 29A extending through apertures 31 of the | oad beam 28 is
posi tionedidgasfiace the other surface (lower surface in the Fig.6) of the
| oad beam 28) When a shock is applied to the hard disk drive device during
‘L,he state when the | oad/unload tab 28A is positioned on the rest position
26 of the X dPpskel| dnene 24vikead/slider assembly 30 tends to nove in a

directi on &Qfmpi ss:0M% 32—6t95:1383c&%a5%ﬂd1nbh%1@k9 a5 haad tsfaepeeaaon
portions 29A ace 0 hat . an_excess

Povenont RIS HOEaREPEAEPS R PI5tEAR, AET (h RERE] BRE BIOH naLtP ShBaon
or 32B duefrantt Iponticok besing prpvB3dedCwigh2 a tabpr meensegobplefietenghgenent
of the ber!éeaﬁorﬂdz@lo%96f\/\ﬁthﬁ hB8d Ssh § s iQdn tafsee}neaﬁl @@aﬁe@ the_ [FOBAR) To

m nimze the rmve nt of e head/. sl i der asse

mos 11\./1.0 rl;] the g &Chl ng
di rect i on BoF &198hn ‘?*h“et% a5 GAPRH BREGN.PATTHCT nd"Pr fBr OHEP 8k
drive deviresitivn flergra QQdic'sl pHagcgdanwp £ hthn reﬁgégnagd@m frecorgdingand

the ranp edgsenta 2angs @I&h@xﬁked:duﬂahn&hg Qthepﬁefit rrmmceﬂfdm e&@eg&dance
Wth the pret%e’)éx}' LuEn kot’Le e gn 3,9%” %‘Mﬁﬁ% gf tees{éx?xur%@
arranged of positioned at a 03|t| WeEen eh cadl SPTORTORSS
and t he | o#Rrurithsad noat: P@Atepnt he meerP Henrkhegouthe meg?qﬁ}tg@rnf,aeedeﬂ is
a looréI I gn £XfBéhEi@£ie7 f O t&® i exné e£26nt Ther €iga @ M uriace s%%;?ﬁi@:bhe
ext ende I i e ﬂgﬁg! C a to
t he surfag%g;%%"? e %x% %geggﬁeé P{‘oﬁ%kﬁﬂ;ﬁw af et g%"ﬁgé&g g%eg § e%%tsh
| oad/ unl oathe firTBAVERGAGAS VR TR Ros: apﬁ%?"f |H9t¥t28no$hﬂ’1‘e3?darﬁ9wé‘lré’1‘?ent
4. \Wen t ¢ise heﬁdAﬁI i gertassendty BRei shemgedsuspdreion t Ghsegbdyr, eclandn 13
Pown |1 (BB 6k e s 0n haAN0Bks 2Bk *dafiehbe T gl sl ryyen dgy ce
-t-he m)vement engagi ng surface 3/ 1s sto e extende
27. Al so, ?i‘l"eefkf%ﬁ?ﬂ "ﬁﬂhﬁ%ﬁé‘%%@%ﬁ%g’e SYFERCE N I"J’zﬁjrﬁéénP?Bther?ft f@eshock
i s appliedfldhersepiitht aOrpricitaradnbd [splaweewhiehe tfHeextule' sf empagiead

surface 374 Le e en g@gxngggg%g? FE:Y Q:Egsgg%@ﬁequg ableo 8 PALE

bet ween the nt portlon eam In or er to mnimzé the
anpl i t ude efm%m%e N ¥ iAo rﬁ‘e’né’&&FSPPaéF"%s%%nﬂP%/ Bkexpre 5@ he
shock eventovdyed Gl tly, tH @raraceivhslapst gnactht aspehsi polfpmbdnt portion
29A to engage the | oad beam 28 before the engagi ng surface 37 contacts the
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values D3 and D, for any systemare a function of many paraneters, such as
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t0o2q] As shown in the Fig.10, the engagi ng surfaces 37 of tlhe fb
portion of the flexure 29 and the engagi ng surface 40 of the éa ﬁ@rZU%

of the flexure 29 of the first, second or third enbodi nents can be covered
with a protective layer 50, such as a polyimde naterial to prevent the

ext ended nmenbers 27 and 41 nade of a plastic material from being danaged by
t he engagi ng surfaces 37 and 40 nade of a stainless steel,, respectively,
When t he engagi ng surface 37 and 40 .are stopped by the extended nmenbers 27
and 41. Inthe Fig 1O the protective |ayer 50 is shown as being on both
sides of the flexure surfaces 37 and 40, but it may be nore readily
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I nventi on.load/unload tab 28A of the head suspension assembly 22. The rear

portion of the flexure 29 is disposed towards the rear portion
of the head suspension assembly 22. A head/slider assembly 30 is
fixed on a free portion of the flexure 29. The load beam 28 is
provided with a bent area 46 to increase a flexibility of the
load beam 28, and to provide a spring force means to load the

- head/slider assembly 30 against the disk 21. In a read/write
operation, the magnetic recording disks 21 are rotated by the
spindle motor, and the head suspension assemblies 22 are rotated
around the shaft 36 by the VCM 47 to move the head/slider
assembly 30 between an inner most data recording track and an
outer most data recording track of the magnetic recording disk
21 to position the head/slider assembly on a desired data
recording track for reading data from the data recording track
or writing the data in the data recording track.



0 ~ G~ C 200z -15 Figure 10 shows a protective |ayer provided on engagi ng
surfaces of the flexure in accordance with the present inven%LﬁnEg%€§26Q221
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recordi ng di sk Head suspensi on assenbly Ranp el enent Ranped surface Rest
position ... Extended nmenber 28 ... Load beam 29 ... Flexure 30 ..
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Clainms: 1. A disk drive device conprising: a rotating data recordi ng disk
a head suspensi on assenbly containihg‘a front portion and a rear portion,
said front portion being provided with a tab; neans coupled to said rear
portion offoeparg head suspension assenbly to nove said front portion between
an inner nost position and an outer nobst position along a radial direction

of said rotating data recordi ng disk
A ramp element 24 is mounted on the frame of the hard disk drive

device, and the ramp element 24 is positioned outside of the
magnetic recording disk 21. The ramp element 24 contains a ramped
surface 25 and a rest position or a support surface 26 for each
of the head suspension assembly 22. For the ramp element 24 shown
in the Fig.3, two magnetic recording disks 21 and four head
suspension assembly 22 are used. However, only one magnetic
recording disk 21 and only one head suspension assembly 22 are

) shown for simplifying the Fig.3. When the head suspension
assembly 22 is moved across the outer most data recording track
of the magnetic recording disk 21 in the radial direction of the
arrow 23B by the VCM 47 after the completion of the read/write
operation, the load/unload tab 28A provided on the front portion
of the head suspension assembly 22 is moved to engage with or
ride on the ramped surface 25 to unload and lift the head/slider
assembly 30 from the disk 21 and is stopped at the rest position
26 of the ramp element 24. This scheme for accessing the
head/slider assembly 22 to and from a data recording track of the
surface of the disk 21, and for holding the head suspension
assembly 22 on the ramp element 24 is called Load/Unload. In
this manner, the load/unload tab 28A of the front portion of the
head suspension assembly 22 is moved between the inner most
position above the inner most data recording track of the
magnetic recording disk 21 and an outer most position defined by
the rest position 26 of the ramp element 24 along the radial
direction 23A/23B of the magnetic recording disk 21.

[0013]
The ramp element 24 is provided with an extended member or a

block member 27 extended from the ramp element 24. The Figs.5 and
6 show a detail structure of the front portion of the load beam



ranp el ement containing a support surface for engaging with said tab of

said front portion of said head suspension assenbly when saf I on
is nmoved to said outer nost position; and a flexure nountegﬂghwygp%ngght

portion of said head suspension assenbly, and having a front portion

di sposed towards said tab of said head suspension assenbly and a rear
portion disposed towards said rear portion of said head suspension
assenbly; characterized in that said +@rp elenent is provided with an

ext ended nmenber which faces a surface of said front portion of said flexure
with a predeterm ned space when said tah of said head suspension assenbly
engages wi48h ofaitheshigpdr suspensien Assomkly, £%) adde kAt ramp delerants 244
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COMpri SiNgped BQLS?LPEdé@“ELJé%HET@ ngoqlskéur electrically conductive
connecting wires 43 of the MR head can pass through apertures 44
and 45 of the flexure 29 and apertures 48 and 49 of the load
beam 28, and can be fixed on the surface (lower surface in the
Fig.6) of the load beam 28 or the connecting conductors 43 to the
MR head can be integral to the flexure 29 as is the case for the
integrated lead suspension (ILS) configuration. A dimple 38 is
provided on the load beam 28 to contact with a surface of the
free portion 29B to provide a gimbal movement of the head/slider
assembly 30.

[0014]

Two bent portions 29A are provided between the front portion of
the flexure and the rear portion of the flexure 29. The flexure
29 is mounted on one surface (an upper surface in the Fig.6) of
. the load beam 28. Each of the bent portions 29A extending through
apertures 31 of the load beam 28 is positioned to face the other
surface (lower surface in the Fig.6) of the load beam 28. When
a shock is applied to the hard disk drive device during the state
when the load/unload tab 28A is positioned on the rest position
26 of the ramp element 24, head/slider assembly 30 tends to move
in a direction of an arrow 32A or 32B as shown in the Fig.5, and
the bent portions 29A engage with the surface of the load beam
28, so that an excess movement of the head/slider assembly 30 in
the direction of the arrow 32A or 32B due to the shock is



a head suspension assenbly containing a front portion and r p hon,
said front portion being provided with a tab; neans coupl e@’t@a&& 20b ar

portion of said head suspension assenbly to nove said front portion between
an inner nost position and an outer nobst position along a radial direction
of said rotating data recording disk; ranp el enent containing a support
surface for engaging with said tab of said front portion of said head
suspensi on assenbly when said front portQen is noved to said outer nobst
position; and a flexure nmounted on said front portion of said head
suspensi on assenbly, and having a front_portion disposed towards said tab
of said h®XEVeRspEndYorthes engRgemant £% cthe RFRE PPTH PP t Gk dsheai d
rear portisaxfatesaEdtheallosddpeasia assenbly; characterized-tn that said
ranp elenment is provided with an extended nenber which faces a surface of
said rear portion of said flexure with a predeterm ned space when said tab
of said hé&81§&spension assenbly engages with said support surface of said
ranp element. 6. A disk drive device according to claimb5, wherein said

contai ns B4R 58 sRACuBYENARE, BF, BRI HURTSL AR PTSTIY HBEG
suspensi oPifshingl giraetien bh shrwn die the Eigd Aathidyuosensred ansthel y.
0 4 D E Cp2302 hdBd7didk dsikdidevicdevilie fleamrdi 39 i9 prcaiided, wiBRN 8hN
sai d bent e&%ﬁ;':.ge ;érpggé/iéj)e,dand the ramp element 24 is provided with the
extended member 27 in accordance with the present invention. The
engaging surface 37 of the flexure 29 is arranged or positioned
at a position between the head/slider assembly 30 and the
load/unload tab 282 of the load beam 28. The engaging surface 37
is a portion extended from the flexure 29. The engaging surface
37 and the extended member 27 are so positioned that the engaging
‘surface 37 faces to the surface of the extended member 27 with
a predetermined space when the load/unload tab 28A engages with
'the rest position 26 of the ramp element 24. When the head/slider
assembly 30 is moved in the pitching direction 13 shown in the
Fig.2, due to the shock applied to the hard disk drive device,
the movement of the engaging surface 37 is stopped by the
extended member 27. Also, the bent portions 29A engage with the
load beam 28 when the shock is applied. The separation distance
D, between the flexure's engaging surface 37 and the extended
member 27 is chosen based on the space D, between the bent
portion 29A and the load beam 28 in order to minimize the
amplitude of pitching motion of the head/slider assembly 30
during the shock event. Typically, the system is designed to
permit the bent portion 29A to engage the load beam 28 before the
engaging surface 37 contacts the extended member 27. For example
for the first embodiment, if the space D, between the bent
portion 29A and the load beam 28 is 0.075 mm, then a typical
separation or space D, between the engaging surface 37 and the
extended member 27 will be on the order of 0.50 mm. The optimized



| between said front portion of said flexure and said rear pg& %f
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flexure. 8 A disk drive device according to claimb5, wher

of said rear portion of said flexure is covered with a protection layer. 9.
A di sk drive device according to claim8, wherein said protection layer is
a polyimde. 10. A disk drive device conprising: a rotating data recording
di sk; a head suspension assenbly containing a front portion and a rear
portion, said front portion being provittled with a tab; nmeans coupled to
said rear portion of said head suspension assenbly to nove said front
portion between an inner nost position and an outer npst position along a
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el enent . ebd st@egmser&tgly 0 in a roll:l.ng rection. The movement in

the rolling direction means a movement of the head/slider
assembly 30 around the center line 39.

[0016]

The Figs. 7 and 8 show a second embodiment of the present
invention. The same reference numbers as that in the first
embodiment are assigned to the same elements as that of the first
embodiment. The structure of the second embodiment is
substantially the same as the structure of the first embodiment
except that the ramp element 24 is provided with a connecting
portion 42 and an extended member 41, and the extended member 41
faces a surface 40 of the rear portion of the flexure 29 with a
predetermined space when the load/unload tab 28A engages with the

(_' rest position 26 of the ramp element 24. The engaging surface 40
is arranged on the flexure 29 at a position between the
head/slider assembly 30 and the rear portion of the head
suspension assembly 22. The connecting portion 42 extends between
the two head/slider assemblies 30 facing each other.

[0017]

When the head/slider assembly 30 is moved in the pitching
direction 13 shown in the Fig.2, due to the shock applied to the



11. A disk drive device according to claim 10, wherein said pugf I d
front portion and said rear portion of said flexure are cove é% Qﬁﬁgfzpoyi :
protection layer, 12. A disk drive device according to claim 12, wherein
said protection layer is a polyimde. .A.A
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[0018]

The Figs. 9 shows a third embodiment of the present invention.
The same reference numbers as that in the first embodiment are
assigned to the same elements as that of the first embodiment.
The structure of the third embodiment is substantially the same
as the structures of the first and second embodiments expect that
the ramp element 24 is provided with the extended member 27 of
the first embodiment and the extended member 41 of the second
embodiment and the bent portion 29A is not necessarily required.
The extended member 27 is called as a first extended member and
the extended member 41 is called as a second extended member in
the third embodiment. The first extended member 27 faces the
surface 37 of the front portion of the flexure 29 and the second
extended member 41 faces the surface 40 of the rear portion of
the flexure 29 with the predetermined space, respectively when
the load/unload tab 28A engages with the rest position 26 of the
ramp element 24.

[0019]

It is noted that the bent portions 29A and the apertures 31 are
not necessarily required in the third embodiment. When the
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The present invention solves the first problem and the second
problem described hereinbefore due to the collision which is
caused by the movement of the head/slider assembly in the
pitching direction.

4. Brief Description of the Drawings:

Figure 1 is a perspective view of a magnetic recording disk, a
head suspension assembly, and a ramp element of a prior hard disk
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drive device.

Figure 2 is a cross sectional view of the magnetic recording
disk, the head suspension assembly and the ramp element shown in
the Figure 1.

Figure 3 is a perspective view of a magnetic recording disk, a
head suspension assembly, and a ramp element of a first
embodiment of a hard disk drive device in accordance with the
present invention.

Figure 4 shows a structure of the head suspension assembly.

Figure 5 is a cross sectional view of the magnetic recording
disk, the head suspension assembly and the ramp element shown in
the Figure 3.

Figure 6 is an exploded view of the head suspension assembly in
accordance with the present invention.

Figure 7 is a perspective view of a magnetic recording disk, a
head suspension assembly, and a ramp element of a second
embodiment of a hard disk drive device in accordance with the
present invention.

Figure 8 is a cross sectional view of the magnetic recording
disk, the head suspension assembly and the ramp element shown in
the Figure 7.

Figure 9 is a perspective view of a magnetic recording disk, a
head suspension assembly, and a ramp element of a third
embodiment of a hard disk drive device in accordance with the
present invention.
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Figure 10 shows a protective layer provided on engaging surfaces
of the flexure in accordance with the present invention,.

[Description of symbols]

21 ... Magnetic recording disk
22 ... Head suspension assembly
24 ... Ramp element

25 ... Ramped surface

26 ... Rest position

27, 41 ... Extended member

28 ... Load beam

29 ... Flexure

30 ... Head/slider assembly

37, 40 ... Engaging surface
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Claims:
1. A disk drive device comprising:
a rotating data recording disk;

a head suspension assembly containing a front portion and a rear

portion, said front portion being provided with a tab;

means coupled to said rear portion of said head suspension assembly to
move said front portion between an inner most position and an outer most

position along a radial direction of said rotating data recording disk;

ramp element containing a support surface for engaging with said tab of
said front portion of said head suspension assembly when said front portion is

moved to said outer most position; and

a flexure mounted on said front portion of said head suspension
assembly, and having a front portion disposed towards said tab of said head
suspension assembly and a rear portion disposed towards said rear portion of

said head suspension assembly;

characterized in that said ramp element is provided with an extended
member which faces a surface of said front portion of said flexure with a
predetermined space when said tab of said head suspension assembly engages
with said support surface of said ramp element; and that said flexure is mounted
on one surface of said head suspension assembly, and contains a bent portion
extended to face the other surface of said head suspension assembly through an

aperture of said head suspension assembly.

2. A disk drive device according to claim 1, wherein said bent portion is provided

between said front portion of said flexure and said rear portion of said flexure.

3. A disk drive device according to claim 1, wherein said surface of said front

portion of said flexure is covered with a protection layer.
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5. A disk drive device comprising:
a rotating data recording disk;

a head suspension assembly containing a front portion and a rear

portion, said front portion being provided with a tab;

means coupled to said rear portion of said head suspension assembly to
move said front portion between an inner most position and an outer most

position along a radial direction of said rotating data recording disk;

ramp element containing a support surface for engaging with said tab of
said front portion of said head suspension assembly when said front portion is

moved to said outer most position; and

a flexure mounted on said front portion of said head suspension
assembly, and having a front portion disposed towards said tab of said head
suspension assembly and a rear portion disposed towards said rear portion of

said head suspension assembly;

characterized in that said ramp element is provided with an extended
member which faces a surface of said rear portion of said flexure with a
predetermined space when said tab of said head suspension assembly engages

with said support surface of said ramp element.

6. A disk drive device according to claim 5, wherein said flexure is mounted on one
surface of said head suspension assembly, and contains a bent portion extended
to face the other surface of said head suspension assembly through an aperture of

said head suspension assembly.
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between said front portion of said flexure and said rear portion of said flexure,

8. A disk drive device according to claim 5, wherein said surface of said rear

portion of said flexure is covered with a protection layer.

9. A disk drive device according to claim 8, wherein said protection layer is a
polyimide.
10. A disk drive device comprising:

a rotating data recording disk;

a head suspension assembly containing a front portion and a rear

portion, said front portion being provided with a tab;

means coupled to said rear portion of said head suspension assembly to
move said front portion between an inner most position and an outer most

position along a radial direction of said rotating data recording disk;

ramp element containing a support surface for engaging with said tab of
said front portion of said head suspension assembly when said front portion is

moved to said outer most position; and

a flexure mounted on said front portion of said head suspension
assembly, and having a front portion disposed towards said tab of said head
suspension assembly and a rear portion disposed towards said rear portion of

said head suspension assembly;

characterized in that said ramp element is provided with a first extended
member which faces a surface of said front portion of said flexure with a
predetermined space and a second extended member which faces a surface of
said rear portion of said flexure with a predetermined space when said tab of said
head suspension assembly engages with said support surface of said ramp

element.



10m:10m 10m >! 109& ()-z 10%Z& ()- Normal" "Heading 13]c" @ﬂa@ﬁ@ 2@]]2
"Headi ng 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"
**Headi ng 83]c" "Heading 93]c"A "Default Paragraph Fontp

k&' (07?DGNTZ_Zagm+t @z| ~ ' | X* 1T8=CK- Q2 YL’ 9W@ PQRSTUVWKYZ[ \ ]~ " O{ %86 &+3;
"?CEJPSW AN b dd f Onj Ukl npr suw@abcdef ghi j kIl mopqgr st uvwxyz{|} ~6Ti mes New
RomanAri al Couri er New'h Root EntryWrdDocunent

" #$UR' ()*+,-./0123456789: ;

<=>7? @\BCDERGH J KIAVHGRQRSEAWEY Zcedrilingatoceleiiig hDj Whemapsyid tsustweey 3£ kdid front

portion and said rear portion of said flexure are covered with a protection layer,

12. A disk drive device according to claim 12, wherein said protection layer is a
polyimide.



