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* BACKGROUND OF THE | NVENTI ON The present invention relates generally to a
disc drive t0 a H Hmm articular, the present application relates to a
"shock limting m@mm mw r a magnetic read-wite head in a disc drive
assenbly. Disc driveg,gt systens are known which read data froma disc
surface during operation of a disc drive. Typically, such disc drive
systens include netic disc drives and optical disc drive systens.
Generally, discs 1HEADGIBAL 4BSEMBIoEHGH REREORMANCH SHOGK LIMITAR, a
spindle notor to position for reading data fromor witing data to sel ected
portions or tracks on the disc surface. The read-wite head generally

i ncludes an air bearing surfa “m“\“)ats or flies above the disc
surface in a known manner. m\\% “\\ he slider flies with a positive
pitch angle at @hich the Ieadlng e .Of the slider flies at a greater

di stance fromthe disc surface than tﬁe trailing edge via a suspension
assenbly, which includes a | oad beam and a ginbal. The slider is coupled to
the | oad beamvia a ginbal. The | oad beam applies a |oad force to the

slider via a dinple. The di m'B%(ﬁ@éR@@’N]ﬁ@FQ@WB’Wﬁ b 25 whi ch the slider
pitches and rolls via the gipbal e slider Is prefera ny resiljent in the

pitch and roll direction toT@ﬁaleF%mf HE"E’?P?’HéFlaFB $‘°‘8Frla he fispsEraphy of

t he di sc basedion dshembly.diogemiaviag thd presenyapplicgncela®e do byshodkelimiting

rotation. General | Yupdidn 6 M en DR 1 RritdiRadtin’s ASAAHPEssBhbGEr Lo PILCh 30
er

and roll as the sli I es ve t edlsc rfac nportant to
mai ntain the proximty of tll;?éscs‘%"ﬂ%? VP pry P%nf’vﬁé’hd?”él@%&ffqnééélsﬁurl ng
operation. In a tyurfaed ddingopefativieof admmgnmrtyptdaﬂygsdclcém ditienaystems S
carried on the sl 'ﬂgﬁldéﬁaé%h&ﬁlsgﬁﬁ%stag%%\%aﬂd Cdrﬁ»‘ér% ﬂgld}& on the

mass and stiffness suspensi on asse gL nbal and
the | oad beam 1%xt‘€Fﬁ‘§P""@f%r°§F‘iaﬁ?P plefe dise duge ‘f‘ﬁé SP‘BQIG “Hé%FrfPQﬁﬂ“@ﬂ fBal at a
resonant frequencyreadiigifata tffoén bnptitingrddta oo sedecteeXiontiona lor widltsadni the disey be
anplified substantjally, causing unstable 2 msalignment of the slider
relative to the disc surface, Such nisaljgnnent. nay result in data | oss
and/ or damage to the disc s@?é@g'wrﬁﬁﬁgﬁdrﬁ’gf‘er@u%’tn ﬁ??rf‘nc?l‘”@%?&%ﬁa% of the
suspensi on assenbl whizhdlosts iod Bies rmhyvei the dmduur&cvaraknbwmtmammrot}ehdsrellﬁl i der
and suspensi on s Sggtier fesRFRLRGLARVOird i @aawhechatﬂgléaaﬁg ¥e @k the

excitation force | d3er ang suspehsi on-assenb g‘z t or si onal
node notion, sway fﬂ’(ﬁla"e 185 B} & 81e8t5r Q‘Fﬁ‘]n o g ‘Hﬂﬁ%"fa%"s H@et‘al}l‘%ﬂr%qgﬁnal node
notion rel ates to viataafspensiod adsenbly] whichinchides s lddeamhand aggebdl] yfhabout an

(n-pl ane axes. Bengighgi el @&a{eqam&ﬁﬁagé @lebit, "BleAbaPpdth Hilagon moti on

of the suspension assenb ?/ tive to. t f
vibration rel ates 1084 forepfoathe shidgrenap dipplpofhg dipplgjdstnesgn qCFGSF abeidr y

i nportant to | s twhiesdiasitier pidhepand wllassaithe gimbddl Tl sjidehiapeferablysti cs
for the stider. |MegfbldGUhabich bnd Soil ARAALAN chébic Bal difkr Iyl g on. and

sway node resonance, since oduce, a transverse.notion o i der,
causi ng head m sal \BPgFERIY ‘R)c\/lt}teH%(%Cg’@ﬁél&“ ﬂt‘%hﬁdﬁéiya"é{“&i fngdRice gpusgdyy @F s c 15

surface. GCenerall ydisd¢ heatioesonance frequency of the suspension assenbly is
Generally, the gimbal permits the air bearing slider to pitch

30  and roll as the slider flies above the disc surface. It is important to maintain
the proximity of the slider relative to the disc surface during operation. Ina
typical disc drive, a magnetic transducer element is carried on the slider to
write data to the disc surface.

Depending on the mass and stiffness of the suspension

35  assembly, including the gimbal and the load beam, external vibration may
excite the load beam and gimbal at a resonant frequency. Thus, the input
motion or external vibration may be amplified substantially, causing unstable



.related to the stiffness or elasticity and the mass of the suspension
'system Thus, it is desirable to design a suspension system which limts
the effect of sway node and torsion node resonance in the operating
frequenci es of the disc drive, 20 while pr@viding a suspension design which
permts the slider to pitch and roll relative to the dinple. Deflection
limters are beneficial for multiple reasons. During a shock event, such as
dropping the disc drive or the lap top conputer, the mass of the head can

pull the gi nbal ﬁ%y%%ﬁéﬁ%f fife. dlidecPaR thd K18 axr'fa%g.“@hlcﬂ%ﬁéa@rghh%ﬂt Ry

limter. The shock_ event can induce stress  jn the ginbal. This stress” may
be enough to bedBsWia d3talpes andipy dawags to the digF s esepar ati on and/ or changes

ltp the pi tcg and rgll StatE}ﬁemﬂD{Ii@re(ti@h_tdrtdxdﬂétidﬁfoﬁt_lhrerggisp&gﬁbp aéseﬁ_ﬁj‘lyaﬁ% i on
imter is desi to prevent separati.on of .the.gi i nsurin at
the deflection %Eﬁﬁopap'aﬂnﬁgg'é‘ﬁoﬁ@ﬁ% BIO(I,’QHS%E fhr?ese%‘% e3§1§ ?‘ﬁg‘?r@}%’haﬁsﬁ‘gbb? nbal s
yi el d poi nt, swhildpeding aml the amtize agd fizghersoypafi the i eanitateauforden thd sliddr and dri ve
failure. Such d ect. . r I n e rally,
t hey are desi gng‘ggqeglglgﬁ&ﬁ%érrﬂ%&g‘é n?él{é’ggé}ég@éleﬂlﬁgsgﬁréﬁo ’ vdh %Mgho %aggents
such as the j ar randcgpendingr mpge mesonfincg. cdoysicnel mode motiqyr ealatas to rotation or

non- oper ati onal gammge t enst A ol L ly,
there are two ways | g ?/\f}ltl(ﬁg héﬁ'tgl;())e%lgﬁ)%l r%g%dg@ygd%ﬁg%ﬁqfl ipltn%ﬁ%Le%X%?'o %élglﬁggz:]ﬁfgrﬁ%ve
structure: feat dPesaBgeccsspritaliy: wlptem tq HB-doyadmBEemnof dhe sysRsasipnasimifal  and
limit the exeesskMaveds ithd ditdrsuffics hFayemens Sibratiord editds &5 ipRmBrigsaiNt ed
on the ginbal to en(ﬂg%? B{}e.l oaguigeam to cPrE egﬁnh 5, excessi ve notion during
a shock event. oY q Byigting pERS FRROTADE i S Trserancemption; te assue
drives, stainl estabid¢ figkharactenygtics it the sisded hspartienlay ipomipstantiotaontrofthe t he
slider. Atypic [ ' ' : [ I Lch is
vel ded to the squsiAtrs S hb SRaha, Sndk oD pOISE T EHTRe bR LT | 3
the steel gi nbalslider, Tausinghicatk misplighment with| regnseh éx theodata dracke of theddisc The
assenbly is gantglgyered fromthe | oad beam and pre-|oaded against a
di mpl e, which protrudes fromthe | oad beam _For rob St ness, .a hook js,
formed in the steel gi nbal C&RERLY, hedesanancs fEequenieef the sepgpsiethaspBhivig in
the | oad beam Tblafedft6aidtidnesy stadastisity hed the indst 6f the sispenrslos sysyde. Thus,
limter is relat.] Ysel %s shlrrpl edeto i ncor or.at e S'itent 0 B hﬂad/tLEé' %.gedt rrgbi | e
drive applicati ¢h'Sifesiaple RASSED 4 SAPEIAT Systear- APEnd thE 34" 86i°HEY and
sl i der necessar ymode andppsidn mhde tasénanceain the aperating fregiencits of the discdrive,
However, incgrp j > elLibB qeki He8+Rad act
Start st op (g s Bigvies Susdefhibiachih oyl kAR WIARH Sn AR a0A R
material 20 avai®lye fathe dierlenance requirenents, tol erance "stack-up”,
SLI! der E_olndl ng ar ga, gl ear@éﬂ@ti?@ninﬂﬁeﬁsiml})}eﬁaii@ﬂemﬁﬁmi g&%atsu@be Durin%]a ,
adj ustability, and robustness.  |n .non-Load/ Unlo n esigns, there is
sur 1o et av APPSR e pdroPrRE ecaomivutie 3P ton adine deaetnet
feature. Speci fithahbad canhmll thagimbarawayfroms thaloadweandf theee isead dpfdsctibni s
typically caqj.nci 1 end : I LiNG. 1
et er al 11 o whLER ool e, lnde VieRElihe SR CTA Wi ) b2
requirenents of anhbghteekbndithdaimbed sedissylt it dimnlesepaeationsnd/or changes to thems s
at the |oad armdijcR s tolPStafit runglezeﬂt-itu%esf theCalhdal | A adnedfst Nl kO
mnimze the nass ,add(fd to the strycture.” If n‘la%s .must be added, 1t .

designed to prevent separation of the gimbal by insuring that the deflection is

not large enough to cause the stress to reach the gimbal’s yield point, which

30  could cause gimbal separation resulting in disc drive failure.
Such deflection limiters structures are broadly known. Generally,
they are designed to either prevent excessive movement during shock events
such as the jarring or dropping of a computer, or to prevent non-operational

damage to the suspension-gimbal structure.



.30 is desirable to keep the added nmass as cl ose as possible to the center
“line or axis of the structure in order to maintain the equilibriumor

bal ance of the structural mass. By mnimzing the mass and by keeping the
added mass near the center line, the overall resonance performance of the
structure is enhanced. Wth respect to tol erance "stack up", incorporation
of alimting 35 feature internal to the | oad beam (such as the interl eaved
hook t hrough an 4 opening in the | oad beam requires clearance for

cl aanLPg, form ng, aggdme!@@deﬁuygmm%@tﬁ@ﬁwa}yem Bf wihith foahfttiddﬁéé ansh%elel ]
assenbly processes., i t.ional en the limter i nt aved t hroug
an opening in tﬁ’émf%ata HELH Mgmcgpen#@mr%a@e%wgedf P’&ﬁfl‘? ﬁ%adl g%ﬁﬁn BRam t o
provi de the 5 opapagegtheTpinshal iandt kinnit, theng@edsivet hmtior sdurmgceshopkrdventspnee of
the system as a W Addi i onal Ly tarl f e
gi nbal / t ongue ar%%&{eg aﬁ?ggf%él??tﬁhghlt}l?ﬁ%q@x@{mr %%F%?eea%egdégsg% ;tgrpera‘ﬁeélés t he
size of the Bondxeessiveeotinauringlashédrevgntaching the slider to the ginbal.
Finally, the various |im tiarfeifild BE sipbiotdchhdiBhY 3ot ﬁlaglli@ﬁS?iSé'.dﬂves,

s..al 'ow ng

structural limtations on the disc drive structure, suc

clearance for gdfainlpe stesbdntipirgllp Mercbassias supreTt strcturR forllp sidatbid tpycadf ¢ he
pitch and roll <shafiggrafbd | dousiSts A8 1af Jetohée Bhlal fiREr SHXIE is iveldsd destheabl e
to have a robust shock Ilrgtter :]gat nEl ntatlas theaﬂr&arrow EElisoflle.o t he

| oad beam and t IS4EPERSIQR 19ad; heam. A cpbys Ppted oyer g5 Adiacemido the sirrl &imabal 1| ose
to the centen ayrsvideamtkttriohl sorasctionfto thessligers PHresisssmblivty eamtidveradtfrons
desirabl e that the,ai.r,nhal i rl.eave W e | oad. ' eqguiring
an opening in tﬁge Fc%gob %@a?ﬂd;élrg'lwtﬁﬁoa# nrrs{;arlr}){v '}r’lla’ %@E%ﬁé@{%ﬁ#gﬁﬁ FJ(;)e Pgle

gi mbal in the bdwdinng Far gabustiess| & yhooktisi ormiediin bt esteaed gimbal sheebludtis shock
limter that mai;pt.al ' d [ )4 Udeadi bt ring
20 assenbly. BRI:EI%ﬂ% ,M%{Eh&%a#H?@%ﬁ&%&B%@%ﬁ%%kdﬁ%q%%?&?%ﬁéas% tglimlzlt hin
a disc drive havlftefot at abl e discs is formed froma unitary piece of

rrai erial intggrally with ';Tlﬁs g'l of hlnilitbe iafrtela'tiw edimb{ias’(tjo?iﬂb?iﬁorété iﬁfcoaf.lﬂe

extensi ons arra e metr al,l. rel,atl.ve 0,a ongl I N .axl's e

o a Chach 1 AR PR kb8 Hiite BPRAHOE dhd 1€ s AAIRSIE el Sidund

i nter I eaved ar ouoatl pbiet and _ak'rdmrmbessirp tbsupport thenknfy ¢atefeptuoé at the djstabedd.

relative to the ﬁ%epqg&%&aﬁr\}%g@&ka ﬁx‘ﬁft@lt in?? n&BtEEd/Bﬁﬁgﬁ'ogE gﬁ‘tag:st E
ctl Vi ew O a I SC

I
DRAWNGS FIG 1 is a_ perspt \ drlvelncuincg an actuat or
assenbly and a |sted(GeRndestgnteeomes diffienlt beqapgy oba inympepef fstars:i veateriabw of
an act uat i omgas sRaRABIlityD rdsBRarRE irquirtidents, tdlerance “stack-up”, slider bonding area,
clearance for assembly processes, attitude adjustability, and robustness.

In non-Load/Unload and CSS designs, there is insufficient

-

available material to incorporate the limiter engagement feature. Specifically,
the load beam tip is narrow and the load point is typically coincident with the

25  end of the beam, leaving little extra material from which to form the limiter
engagement feature.

Resonance requirements of the head gimbal assembly dictate that
the structural mass at the load arm tip must be minimized. Specifically, it is
desirable to minimize the mass added to the structure. If mass must be added, it

30  is desirable to keep the added mass as close as possible to the center line or axis
of the structure in order to maintain the equilibrium or balance of the structural
mass. By minimizing the mass and by keeping the added mass near the center
line, the overall resonance performance of the structure is enhanced.

With respect to tolerance “stack up”, incorporation of a limiting

35 feature internal to the load beam (such as the interleaved hook through an



.FIG 3 is a perspective view of a prior art shock limiter positioned
"through an opening in the load beam FIG 4 is a bottomview of another
prior art shock limter. FIG 5 is a top plan view of an interl eaved shock
limter 5 according to the present inventidh. FIG 6 is a bottom plan view
of the interleaved shock lirniter of the present invention. FIG 7 is a
bottom plan view of the shock Iimter prior to assenbly. 1o FIGS. 8a-8c are
bottom plan views of the limter engagenent el enent shown prior to bending,
after the first dpngs m WA Beahf Qécl:diﬂé@ degand RRnelampid@dBrming, and
respectively. DETALLED DESCRI PTIO# 15 FIG. 1 |§ a ’g’ﬁ[ﬂs ective view of a
prior art disc drsig@eadnd qtherstaps gt e falqation gnd asse l:5}‘:’ﬁ"fi§Fesposi tioning a
slider 12 over a track 14 Additiomtllss whén the Bmitelr isviatetl@avedahtodigh af openiag coi |

notor (VCM 18 arranged.to rotate,an tu r.arm 20 0on spi.ndl e.around an
i o 20, A 1 oact BeBnY befim: Sl BRs06 K0 Hom g B8 BeaR SRT BB ng
bl ock 26. A di nbyplenidg. i Bhis,dnrieny, égpaas the @Sonance pérféromucd efithe2sysendashi der
12 is attached t L mbaly i [ ' j d

shown (1 £ G 1 5REly Addina, SfloioP dhaLRD okt MGG W |,
of disc 16. Di s®Pradde dhexligdtenstuetureancegssaslyzredupesothgciizeyof theyeunsinen aneh c
layer of air thajy#8ap%rlaliectihg HR'slide 1811 ginfbapmel | di stance above the

surface of disc 16. FIG 1_shows a high capacity disc, driving having 25
multiple rotating di scs 1610 %@ %}Fs‘@“gl‘? \C;‘é‘ﬁf‘f’é% "éﬁgﬁﬁ’ﬁ’é’f‘ ath AyRieANyr MRASEat i on

assenbly, wifoh tda@cluealdimitationgbhahe ai36 dribé yirbaireg swdhoasaliowiph aletrante for G 2
is a perspective_ yi f rior ar t yati on mbl.y, 32, f0or .posi fi.oni ng
slider 12 over tgoﬁﬁﬁhﬁorbcﬁngprsoge¥g§ %ﬁl&ﬁﬂgg@]lg@%@ﬁg|0§¥l§2plfcﬁgcqngd'8§ Sffhcupper
assenbly 32A anditttulodeningasemblyy 32B that are identical. 30 Both the upper
assenbly 32A and the | ower L.y - : t I s beam
TESSBIR LY i 2B BBYP 18 HaB O bortsi R Mitdhel OB

24 connected to the actuator arm ead nount | n% ) nbe 8 is
connected to an /awgtagss the aarrpwarpfile offhe load beam aml thet addsditle matesiagimbal

28. Sl de][ 13 c ]?Ja('lja:ln%éh %aﬁgaﬁﬁgt @1@&%&2 Ihe/cetiee&\ ak RABStEF isky &f{h@%&zsgeﬁéi&g‘ an
upper surface of disc ool oca on | ower ,assenbly reads an
35 wites data FYBWFOY#el %ﬁ@wr@ﬂﬁ ?"é&@‘ecﬁlmgg]s@t%%?"e WG‘E#EET% Geam WHBI £ i ed
perspective vi eweqdiriag [hi epenittgt imhthedlogd bah arlswithbiyt @howidghmacls meatérial
limter 36 posity Qpeni 38 . T

| ocation of the %ﬂgg%gpﬁ?ﬂ% @%P(f%. %gﬁaﬁ@ﬁyﬁiﬁog&%@%??ﬁ% 3 IJc%g_?:ftbeam
24 is shown in sHeeodimitenitBatppigtaing pitgh andk roll statisrat@wde adisipbiity idonag wel |
behi nd the sjj defgsehthiysuch that the inertial load on the ginbal 28 is
acting away fromthe Shock limter 36 and fromthe weld point 40. During a
shock event particularly in the direction indicated by arrow (L), this
shock limter 36 may fail toBRIFFSUMMARY OFEIHEINVENTI@NDDal 28 and sli der
12. Specifically, the ginbal,28 is.likely to bend.due to t.he | oad dj.sposed
Tar away 10 1rom the | i m tarhock i OE sokte oA fisf 45t Bobing RGPSy
out of the openiingoBfed fiosr ebynitagi pieag of ankterialt intdgrallye mithnihe ngitbeln  dhet he

gi nbal 28 a h : F iy ﬁ‘nrﬁﬁ‘é rpative
enbodi nment 2‘? aqg‘gﬁt%'ﬁ?%?r% _a"lera(()jf gﬂﬁaﬁ%ﬁ%ﬁb%%@ avi ntgg%%wgﬁ%%:t&%l F)mater
36 forned from tiRegifiding axseolsthy gimbalt | Barddtlatige Sugamsiopdins g 88 pxfensian, | oad
beam 24. As showghicH 2ah b ifiletld@fedladontd RRSitlachmest @ 1 SmifdoPehbnt sv@E t he
limter 36, there%)é llernPr'OVI n&)ﬁéhe tﬁ%%;.or ngn e of the limter 36; however,
to produce the I§PRElafive iR thedoad MASNOGEERlal nust be renoved from
the ginbal 28, directly in the bonding area under the slider 12. This

mat eri al renpval necessari Iﬁﬁbﬁg?@ﬁ@g%?ﬁhw‘ﬁ%@ nbal 28 and the

slider 12, ich my l|lead t
FIG. 1 is a perspective view of a disc drive including an actuator

el

assembly and a load beam of the prior art.
FIG. 2 is a perspective view of an actuation assembly in the prior
art,



20 separate fromthe ginbal 28 during a shock event. The opening 38 shown
+in both FIGS. 3 and 4 is formed by renoval of material fromthe | oad beam
24. I n order to provide openings for interleaving the limter through the

| oad beam 24, the |oad beamtip 48 nmust be rade | arger, thus conpron sing

t he resonance performance of the structure. 25 FIG 5 illustrates a shock
limter configuration in a head gi nbal assenbly 42 according to the present
invention, which is intended for disc drive applications, including

Load/ Unl oad and non- Load/ Unipad feai pitspectivés vidwi bf WSptiat et anbadinkiggm 44
having a static-attjitu dinple 46.and a | o beamtip 48 with a dinple 50.

The gi mbal 52 i SPositioned Buove anepepigdn thelprdiieal-a wel d 30 points 54. The
slider 12 (shown in shadowid. ibabdesmtview bfargitidy pkiobart sifodkllgmitezi rcui t 56

is shown attached to the gipbal 52 j h .0 & 5 in

fl ange portions 60 and ar %@r%il_ n& tgam% ‘gﬁ‘gmgf a?hiar{t#pllegﬁé% 33‘8%’??1‘6%‘ '60 of

the limter 38 aaceondang toupepresendinvgntion.ne | oad beamtip 48, and the arm

portions 62 are bent towar r . 1148 .¢Bot h
rei3% Q[Eﬁlécﬁfb?% F!Eﬁl H4F of teird: Yﬁ(gﬁgcircmlgw@%ff n

bends define angles relative to anar surface o
one enbodi nent, thppreserfilavesfiopach bend approaches 90 degrees, relative to

the surface of the ginbal B ¥nsa BoR&Ar pRA BEROS MRNshodkh Sinfep!RRr abe
approxi mately 80 degrees. \Wien a shock event occurs, the event can I nduce

stress in the gi#EMPE2. The arm portions 62 5 prevent separation of the
gi nbal 52 frmmthe | oad beRIGSIBa8ec hresbotiong pldnatiedcofitit! aitéroehgaerhéie

gi nbal 52 is not .l arge,enqugh cause skress 10 reach.the yield point
of "the att achmerfeBPSREnE Rt I b RRC o e i Biad 8 SRR aRE: e SecepB: o
head/ gi mbal assebdnidyis nRdgfrespe@ively.f rom a bottom plan view. FIG 6 shows a
| oad beam 44 connected to a ginbal 52 via to weld points 54. The | ocation

of the dinple 50 is shown (in phanto on the tongue 64 of the ginbal 52
for clarity, though the dinple 50 DEduHEERJPEBERIF e through the ginbal

52 in actualidy. As shown, Fidhq isiaPetspecth iew of b Piide sl Widd @Re 1B0n¥ulifgan
arm portions 62 that are bent arfound.the Iogsgl befint‘lap 48 og bgth.m&es of
the | oad beam t it aduation sssembly) foy positientng aslider}2 PR # fragky L4 95 Atdighni6-60
and the arm portDisosdrb2 B0 éndludest £doley dolemotatt (V1) t18e aganged| toSidtatd fant | ae
| oad beam 44 has i I I It h, t 0. el nf d
beam 44, the | en%cﬁlﬁdt%r;‘sﬂ?’?e&%?%n or e?“g‘ﬁ‘é‘ dé‘% a#aggg%eAIkg?ar% fégﬁ’ %{/ﬁt%ﬁégﬁe%égg ion
of the end of t hactyaien any 20 at ¢ head moupfengolesl Lon Aoginehad 28iisbetnestzd to an

Speci fi cal | yao dugidnsr 1856 880 24 ah 81idrM2Nieatth@2a 16 Birfikal 28 NIRMRE 13 @4YRfed ot he
di mpl e 50, and therﬁ st

nu be suff.icient earance hetweeyn the armportions

62 and the end offans %cméihle%‘?%(’tt showay 1 §g¢t i})%%r 632887(8 Of; WA dafh ey i | 5
duri nﬁ t he bendi Mcﬂ{tgﬁﬁﬁ@ks Lﬂoﬁéi@c 16, Di#ifl@fdﬁhﬁd aroénd §1|1 sigi@\m, pxro'gﬁdsing@
attachment to t 0 ea , ci.fically, .. gi,npa e
mmchi ned. | acer Drasebeie RYp ot AP B o6%, bt siipd o PURR A ol TnrE e
Ik_noyvn teggni que. thassusfacevof disee 1Gi nBi. b3hows fal highwéaphcitshdisshdnpeng thaving

imter c : u ; t i : e Xists a
gap 66 bet Weée%l ?%gltfggﬁ]%&tﬁlﬁ girﬁgst ég gﬁﬁr ?E‘g dﬁ%ﬁéﬁg %46@?4 taﬁ% lo‘i;%}n%)czllla%éé on
both sides of thssembly; with s loyer agtuatioa agsemply beigg shewin phapihed to t he
| oad ggam 44. OITyloi cally, ]gmfj_ﬂé aﬂ?flspet@ti\l‘ﬂ;c VieWlon d Ej.'i_it aftuation Me!n@my;ﬁbese
gaps provide a range o ust abi l'i ead- ia spacing an r
adj usting the at tH?dgmBl‘ngt ﬂéd%lli d%Yerlti%guﬁ ﬁ’g ‘ﬁ??qu'ssg%‘ or, 2 E{i?g)’ 38n
?th helr _ w_o; ds, t8 heingiuﬂb?hn ggpereussdmblycﬂﬁmmﬁa dorveer af@mblyaﬁ’zbn ﬂﬂlﬁ] _taffeoi_dsntﬁ‘al.of

e limter nded_ar 0 S in e

gi nbal 52 refat iaégthﬁge ﬁ@)e{%%sefng)g)g%gﬁq heég?(gf%%ﬂi’%&ﬁﬁ%’gﬁf‘ﬁa{% a&ﬂ?anot
avai |l abl e wi t h pwithdoalrheatnsZfagonneged ta thelactwatos asm Reat beadumoltirig Wocke@nent s
snapped through Gfigf19fs Sbudddfed' 83 EYPIoALRLM aniAfiabe 1 1sGiadlh

. . d
including the flange portions : e arm portions are cut_ out § rom
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an upper surface of disc 16. Slider 12 located on lower assembly 32B reads and
35  writes data from the lower surface of disc 16.



5 such that no additional material nust be added to the ginbal 52 to
-provide the limter 58. Mreover, the footprint of the |oad beam 44 can be
made smaller than the prior art interleaved assenblies because no opening
38 is provided in the substrate of the | oaddbeam 44. Since no such openings
are required, the load beamtip 48 can be kept narrow w thout sacrificing
attachnment surfaces for 10 bonding or welding the ginbal 52 to the | oad
beam 44. In this manner, the flat footprint of the ginbal 52 is mnimzed

wi t hout sacrificing perfor : - oy : red to
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.30 By positioning the slider 12 adjacent the shock liniter 58, not only are
"the structural resonances of the systemas a whole inproved, but the nonent
arm caused by the load of the slider 12 on the ginbal 52 is at the center
of mass, allowing the shock limter 58 to flnction properly. Finally, the
limter 58 introduces little interference with ball bond and SA adj ust
processes. 10 Al though the present invention has been described with
reference to preferred enbodi nents, workers skilled in the art wl|
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toward one anot f@dmemq]@uhaﬂ g()ﬁﬁﬁns%ﬁ thdtird G aRRAUAADAE BRIm lip3gGnDal

engagenent end. assenb claimT, wherein e | ange
extension is posbqthékﬁ]éﬂofﬂ@FéQ?é‘rhe amE) 48. i der bond| ng area and adj acent the
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the flange an ext ensi ngt ex t he the .qinbal .. 7. e
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arm portions 62 may be limited by the location of the end of the rails relative to

the position of the gimbal 52. Specifically, during assembly, the arm portions
20 62 are bent toward the dimple 50, and there must be sufficient clearance
between the arm portions 62 and the end of the rails so the arm portions 62 do
not contact the rails during the bending process.
In FIG. 7, the gimbal 52 is shown prior to attachment to the load
beam 44. Specifically, the gimbal 52 may be machined, laser processed, etched
25  or otherwise fabricated using any known technique. As shown, the gimbal 52 is
flat with the shape of the limiter 58 cut out from the flat substrate of the gimbal
52.
There exists a gap 66 between the arm portions 62 and the tongue
64 of the gimbal 52 on both sides of the limiter 58, after the gimbal 52 is
30  attached to the load beam 44. Typically, gaps 56 have a minimum length of 2.5
mils. These gaps 56 provide a range of adjustability for head-media spacing and
for adjusting the attitude of the slider 12 during the assembly process. In other
words, the gimbal 52 can be adjusted even after arm portions 62 of the limiter 58
are extended around the load beam tip 48 by shifting the gimbal 52 relative to
35  the load beam tip 48. This adjustability was not available with prior art “snap



12 {oad beamat the tip of the ginbal engagenent end and a bottom edge of
an arm extension extending fromthe flange extension. 8. A nethod of
fabricating a shock lirniter conprising: etching a ginbal with a limter
‘froma flat substrate, the linmter having & pair of flange extensions, each
fl ange extension having an arm extension; bending the flange extensions to
an angl e approaching nornmal relative to the flat substrate of the ginbals
bendi ng the arm extensions toward one another; and attaching the ginbal

with the lim terﬁt’f’ Finfiter® dheR HeAimmertdl Shernts 'sﬂéppeahﬁro'ugﬁ‘ih@wﬂi‘ai’ kH%gloﬁd
gi nbal engagenent end wth edges extending |ongitudinally along a | ength of

the load arm sWAMthat the flange extensions and the arm extensions are
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adjusting a pitch and roI attlt ud rreth in the
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extension is bent at . an angle appr oxi ely 8 egrees reI ative to the
gi nbal and the DeAMCHR &8ssabnd ?ieBbHW%‘Y ‘g’ﬁéﬂué SB‘F“ N@?P‘?ﬁ’?@{t)ﬁ“ﬁé"f‘de@%es
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of a slider atta
oad beam 40 resonance performance is maintained. Moreover, since the

15  material is removed from the gimbal 52 symmetrically to provide the limiter 58,
the overall assembly 38 experiences negligible change in mass. While a change
in mass would effect resonance characteristics of the assembly and lower the
performance of the system, the invention can be implemented without adversely
effecting performance or resonance.

20 FIGS. 8a-8c illustrate the limiter 58 with the flange portions 60
and arm portions 62 in various positions. FIG. 8a shows the limiter 58 in a flat
position. The limiter 58 has flange portions 60 and arm portions 62, and the
location of the dimple 42 is shown for clarity. As shown, each arm portion 62
defines the gap 56. Additionally, the flange fold line 68 and the arm fold line 70

25  are illustrated as dotted lines.

In FIG. 8b, the limiter 58 is partially bent along the flange fold
line 68. As shown from a bottom view, the flange portion 60 extends downward
and the arm portion 62 remains in the same plane as the surface of the flange
portion 60.

30 In FIG. 8c, the limiter 58 is shown in the fully assembled
position, where the flange portion 60 is bent along the flange fold line 68, and
the arm portion 62 is bent along the arm fold line 70. In this fully assembled
position, when the limiter 58 is attached to the load beam 44, the arm portions
62 extend around the load beam tip 48 as shown in FIGS. 3 and 4.



.15."The nethod of claim8, wherein bending the arm extensions conprises:

- bending the armextensions toward a dinple of the load arm 16. A shock
limter for use with in disc drive systens having actuator arns, |oad
beans, a ginbal, and a slider, the shock li9riter being integrally forned
with the ginbal, the shock limter conprising: a pair of flange extensions
extending froma body of the ginbal at an angl e approaching normal relative
to a planar surface of the ginbal on opposing sides of the body in a

symmetric arrangenent aboufh@gi%ﬂbﬁl?iw?th'tﬂ@ﬁnﬂ%ﬁ% idemad B%hfaﬁxfxite&y ece
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to maximize adjustability during assembly. Furthermore, the load beam tip 48
can be minimized because no internal load beam 44 features are required, such
as slots, forms and the like, in order to implement the limiter 58. Finally, the
arrangement of the weld points 54 relative to the limiter 58 allows for more
25  effective control of the gimbal 52 during a shock event, preventing damage.
Additionally, the invention minimizes the loss of the slider
bonding area between the slider 12 and the tongue 64. Deflection under
acceleration loading in a shock event does not degrade the engagement of the
slider 12 and the tongue 64.
30 By positioning the slider 12 adjacent the shock limiter 58, not
only are the structural resonances of the system as a whole improved, but the
moment arm caused by the load of the slider 12 on the gimbal 52 is at the center
of mass, allowing the shock limiter 58 to function properly. Finally, the limiter
58 introduces little interference with ball bond and SA adjust processes.
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CLAIMS:
1. A head gimbal assembly for connecting a read/write head to a load beam
for use with a rotatable disc, the assembly comprising:
a load beam having an actuator engagement end and an
gimbal engagement end opposite the actuator
engagement end; and
a shock limiter formed from a gimbal, the shock limiter
having a pair of flange extensions arranged
symmetrically relative to a longitudinal axis of the
shock limiter, the flange extensions interleaved around
a tip of the gimbal engagement end to limit movement
of the gimbal relative to the load beam during a shock
event.

2. The head gimbal assembly of claim 1, wherein the shock limiter further
comprises:
an arm extending from each flange extension.

3. The head gimbal assembly of claim 2, wherein each arm has a width that
defines a limiter gap.

4. The head gimbal assembly of claim 2, wherein each flange extension is
bent at an angle of approximately 80 degrees relative to the gimbal and
around the gimbal engagement end, and wherein each arm is bent at an angle
of approximately 80 degrees relative to each flange extension, such that the
arms extend toward one another over a top surface of the load beam adjacent
the gimbal engagement end.

5. The head gimbal assembly of claim 1, wherein each flange extension
is positioned adjacent the slider bonding area and adjacent the load point.

6. The head gimbal assembly of claim 2 wherein the length of the flange and
arm extensions do not exceed the width of the gimbal.

7. The head gimbal assembly of claim 2, wherein the arm extending from
each flange extension defines an adjustment gap between a top surface of the
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etching a gimbal with a limiter from a flat substrate, the
limiter having a pair of flange extensions, each flange
extension having an arm extension;

bending the flange extensions to an angle approaching normal
relative to the flat substrate of the gimbal;

bending the arm extensions toward one another; and

attaching the gimbal with the limiter to a load arm of a disc
drive, the load arm having a gimbal engagement end
with edges extending longitudinally along a length of
the load arm, such that the flange extensions and the
arm extensions are bent around the edges.

The method of claim 8, further comprising:
adjusting a pitch and roll attitude.

The method of claim 8, wherein the step of attaching further

comprises:

aligning the gimbal with a dimple on the load arm such that the
flange extensions and the arm extensions are in close proximity

to the load point.

The method of claim 10, further comprising:

adusting a pitch and roll attitude of the gimbal within an
adjustment range that is maximized by the arm extensions
being in close proximity to the load point.

The method of claim 8, wherein the flange extension is bent at an

angle of approximately 80 degrees relative to the gimbal and the arm

extension
extension.

13.

is bent at angle of approximately 80 degrees relative to the flange

The method of claim 8, wherein attaching comprises:
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14. The method of claim 8, wherein the flange extensions and the arm
extensions are positioned adjacent a center of mass of a slider attached to the
gimbal.
15. The method of claim 8, wherein bending the arm extensions
comprises:

bending the arm extensions toward a dimple of the load arm.
16. A shock limiter for use with in disc drive systems having actuator

arms, load beams, a gimbal, and a slider, the shock limiter being integrally
formed with the gimbal, the shock limiter comprising:
a pair of flange extensions extending from a body of the
gimbal at an angle approaching normal relative to a
planar surface of the gimbal on opposing sides of the
body in a symmetric arrangement about a tip of a load
beam; and
a pair of arm extensions, each arm extension extending from
each flange extension at an angle approaching normal
relative to a planar surface of the flange extension
such that the pair of arm extensions point toward one
another to interleave the arm extensions around the tip
of the load beam.

17. The shock limiter of claim 16, wherein the gimbal is attached to
the load beam via a-weld points.

18. The shock limiter of claim 16, wherein the flange extensions are
defined within a profile of the gimbal.

19. The shock limiter of claim 16, wherein the arm extensions have a
width less than a width of the flange extensions such that the arm extensions
define a gap between a top surface of the tip and a bottom edge of the arm
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the arm extensions are positioned adJacent a center of mass of a slider
attached to the gimbal.

22. The shock limiter of claim 16, wherein the flange extensions are
bent toward a gimbal of the load beam.

23. The shock limiter of claim 16, wherein the flange extension define
a gap for adjusting an attitude of the gimbal relative to a surface of a rotating
disc.

24.  The shock limiter of claim 23, wherein the gap is greater than a

thickness of the load beam.

25. The shock limiter of claim 16, wherein the flange extensions are
designed to be located at or near a center of mass of a gimbal slider
assembly.

26. The shock limiter of claim 16 wherein the flange extensions
maximize an area on a tongue of the gimbal for bonding the slider to the
gimbal.

27. The shock limiter design of claim 16 wherein placement of the

limiter in close proximity to a center line of the load beam enhances
resonance performance of a head gimbal assembly.



