-1- 77 ~ ADHESI VELY ATTACHED HARD DI SK HEAD $§ 9701300~-3
SUSPENSI ON AND ETCHI NG PROCESS BACKGROUND OF HIEP! g cop
| NVENTI ON 1. Field of the Invention The present invention
rel ates to a head ginbal assenbly (H&) for a data storage system and nore
particularly, to such an assenbly wherein the head suspension is attached
to an actuator armusing an adhesive that is distributed through a network
of channels formed in that portion of the surface of the head gi nbal
assenmbly base that nmates with the actuator-larm 2. Descri ption
of the Related Art Direct access storage devices of the type known as
"Wnchester" disk drives, or "disk drives", are well known in the conputer
i ndustry, Disk drives stor ADHESIVELY ATTACHED: BARD DISICEHEABI t r acks

witten on one or nore rotat $USPENSIDNIANDAEFCHINGEROCESS eads or
transducer elenments are provided for each such disk, and nove fromtrack to

track to either read previouslyaeKGROUND OMHPINVENTIONCOrd information”
on the magnetic tracks ("read" - "wite", respectively). An

el ectromagnetic transpucerFiE%o&c&IeIva&i&arri ed in a slider that is
supported over the surface of a rotating disk by a self-acting,

hydr odynami ¢ ai r. bearThegpresent invenfitue relatesi¢o athead giinbalrassemibily (BGAnforsa data
referred to collectively as a,"head", a it is gttached a,head gi npal
assenbly (HGA) tTorReS ¥ @ndénsnﬂowoaa@cﬁféﬂvmoa&% *‘Phéf_‘sﬁ%‘gg’ iy de gﬁ‘)‘?ﬁ
surface. The HGAykSension is/4tthcReHoUn RElatd? afin uSha i a@hesivetBalis afstribited thidigh
control |l ably noves the head fromtrack to track on the disk, in response to

electrical signa seigoreofichanns)s famedoinl thatpertion afi thy surface ‘of the heaq gimbal
towards incr eas!d}gen%ﬂng%%eythg{ ‘["g&gﬁ“ﬂ&%mfﬁ' ces has not bypassed di sk

drives. Continuin rovenen e nagneti ¢ recording nedia, the head

designs, and the control circuitry have permtted the data tracks to becone

smal | er and cl oser taogether. Providi i storage capacity, rotary disk
2 Dese Refuedlf a3t OF 29¢ capacity Y

SO n
drives have ription of the

Direct access storage devices of the type known as "Winchester" disk drives,
or "disk drives”, are well known in the computer industry, Disk drives store
* information on concentric, recorded tracks written on one or more rotatable, magnetic
disks. Magnetic heads or transducer elements are provided for each such disk, and
fnove from track to track to either read previously stored information or to record
information on the magnetic tracks ("read™ - "write", respectively). An
" electromagnetic transducer typically is carried m a slider that is supporfed over the
surface of a rotating disk by a self-acting, hydrodynamic air bearing.
The slider transducer combination is referred to collectively as a "head", and
it is attached to a head gimbal assembly (HGA) that suspends and loads (or biases)
_'the head toward a disk surface. The HGA is in turn connected to a rotary or linear
actuator that controllably moves the head from track to track on the disk, in response
to electrical signals generated by controlling circuitry.
The trend towards increasing density of memory storage devices has not
bypassed disk drives. Continuing improvements in the magnetic recording media, the
head designs, and the control circuitry have permitted the data tracks to become

smaller and closer together. Providing a high storage capacity, rotary disk drives have

»



-2- begn designed that enploy a nultitude of magnetic disks within a
package hei ght of 1" or 1.6" high. A head is provided each such disk
to read/wite magnetic data, with individual heads and respective gi nbal
assenbl i es each attached to a separate actuator. The actuators collectively
forma device terned an "actuator conb.” Wth present space requirenents
restricting the rotary disk drive vertical package height to either the 1"
or 1.6" form any further increase in the storage capacity requires

i ncreasi ng the nunber of disks placed with2n this dinensionally-linited
package. Increasing the nunber of disks requires a decrease in the distance
bet ween adj oi ni ng di sks. One of the limtations to achieving snmaller
di sk spaci ngs i sbeehdesighcictharanhplogramaltiudes efimagnetivndisks within #i@ackage theight
rotary actuatorépr F%5§Qn ly, ball swaging is the preferred nethod, and
such formof at tdnRErtO Mgk res the utilization of two nmount plates - one

for each HGA. For verynsqmk g@gcﬁeg-eh&r $lich WiskRe\FealBrite ShtpReSdata, vitlPindividual

it is possible to nake use extensi ons of swage technol ogy, such_as.
the HTI i nter| odieadsiangkrespértivegimbel eassembliesneachnaftachedh to arsspamsiel adwator. The

back- t o- back . Utra thi | d.in thi head
otspensi on asee e cblfschidE s dribt feiedd i HB el WA PR A,
0.15 mm thick nMydBtirdMedtSRstibtndthe rofhPdisk HAVE Yaaeaghckddei leidlt e eithe Qe 48N

probably be extended down to approximately 1.65 nm disk-to-di sk spacing,
However, as the aik&" famgiasy eri ingeeasti in Hiesslomrgae capacityt sequizes increasing the

insufficient roomto s t - Al .ar . o0 at JoC K :

swage connect or ™ be&ﬁ ?@%ﬁ@%ﬁ'ﬁ?ﬁ??ﬁg&%{g}% %menbe&f%a gl%g%ﬂngotpe
mounts, and sti |dunibey of disks reguites a decredsa e ¢heldistasoerbetweenpadjoiningf disktst achnent
and the disk for manufacturing to]lerances gnd shock defl egtion.

Si nce the above- descr(?‘l!feﬁyglﬁdb‘@“%{méﬁﬁﬁhﬁv@ﬁé Froﬁ‘gkéH?F"Eﬁﬂ 15 the atiachment

to approxi nat el Ypaldfe WiRdth Shndelr e HG.S RAKE RitSry abhuafd Bfth© PRIstAS/) B8N swagin

technol ogies are required if such disk-to-disk™spacing Is to be reduced to
bet ween 1.1 nm :dsdhelp@ferrehmethod, and waehi form of|attachmaant vequires henwiilivation Of Hde

have been atte nprglgxgnt%Ya%s j—h&e%xaéa%h HGA. For very small disk-to-disk spacings, such as 1.4

" to 1.6 mm, it is possible to make use of the extensions of swage technology, such as
the HTI interlock swage, the Seagate tandem swage, and the IBM thin back-to-back

-

swage. Ultra thin swage spuds are used in this IBM head/arm suspension assembly.
to achieve 1.82 mm disk-to-disk spacings. By utilizing 0.15 mm thick mount plates
and 0.5 mm arm thicknésses, this {echnology can probably be extended down to
. approximately 1.65 mm disk-to-disk spacing. However, as the disk-to-disk spacings
diminish further, there is insufficient room to stack together an arm of appropriate
thickness, a swage connector, an appropriately-thick suspension member, and a pair
of mounts, and still have sufficient clearance between the point of attachment and the
" disk for manufacturing tolerances and shock deflection.
Since the above-described swage attachment technology can only be extended
' to approximately 1.65 mm disk-to-disk spacings, alternate attachment technologies are
required if such disk-to-disk spacing is to be reduced to.between 1.1 mm and 1.65
mm.
Various alternative attachment methods have been attempted over the years,

with varying degrees of success::. _()né IBM head/arm assembly utilizes welding to



wi th varying degrees of success. One | BM head/arm assenbly utilizes wel ding
to - 3- attach single
suspensions to arnms in a one-disk file. Wl ding has proven successful in
this application, both because the arm provides the same function as a
commonl y- used nmount plate in conventional systens, and since only one
suspension is attached to each arm the suspension can be pre-welded to the
armprior to wring a slider attachment. As originally assenbl ed, an
| BM di sk drive system used head gi nbal ass&lbl i es that were bonded to

al um num arns, which were in turn conbined with other such assenblies into
an actuator stack. Usi ng such construction techniques, 1.365 nm

di sk-t o-di sk spaattacly single svwapensions ¢ bines intporssdisk fileyi Welding hagprovem successful

utilizes the manual. .l cati f the ' '

doct or bl ade. Th%%ﬁ?%@h%al%%ﬂ’ ?@"%8%%“?‘? @E%&ﬁ?‘gﬁﬁy%gﬁgﬁl%%@&ﬂed,

and the epoxy i susedaiowntplee in[donsértionalosykiems, aid dindelordy anes susbensiql iscattashed -
caused these assenbljes to | ater pake use of ei v‘\fil di.ng techni&e,.V\herF‘iﬂn,
the head gi mbal Q<€ the suspensionesan by PrsTwelded;tosthsrarmy prigr _ fider
which in turn arﬁmyzﬁ?{gﬂﬂ dually inserted into a special steel actuator hub.
This wel ding was performed after the wiring and the sliders were assenbled
to each suspension. Tés carigimgllyi sssembled, tanskBMediskr duve Isystemnnsed bead (gimbeled

during the wel din ocess,. i ski l,d_cont and nati t.0 of he L Qe
surface of the s?s?ﬂ'gﬁl.‘esﬁﬁastb‘x?rﬁ%@g@ sé,l‘l"e I3 fﬁ‘g}%ﬂfé%%g‘lw %%I iﬁbord‘l";r%gv%&ilgmh
t echni que or t heptherossughenkdeymnbliesdinee! gh Nnactustohnstagkes Visiag usach ednstradtiomnt

proceeded on an individual armbasis, with, the arns theﬁs‘rs] acked of .

i nserted to conplechniqyesel 363 mm disk-to-disk spacing wasmadepagsi PHEVEre ng
and the wel di ng ' ' '

assenbly. ﬁ]@lgﬂ ggg&%ﬁgﬂé@%? #%l?}c%ﬁgﬂ ?f:atggc %%#u’gsg?ﬁﬁ?o-' |“§ s%%é%r
woul d provi de fobladéieThe suspensioris puisitiohed omo the loehting pinssclafipett; and lthe epoxy

t hi nnest nount pJgte in yse,. now_neasures_approxjmtely 0.2 in thickness,
the el imination B eofHed iﬂ%é“sé%*spéﬂﬁh‘hég%?éﬂyim% el Begt aemblity
Addi tional l'y, i Tiaieremanaase b BowaaRBCEthfdhe, WHARN, the head gimbal assemblies are
- welded to both sides of steel snap arms, which in turn are individually inserted into
a special steel actuator hub. '

This welding was performed after the wiring and the sliders were assembled
to each suspension. To accomplish this task requires the arm to be inverted during
the weldi;xg process, risking weld contamination onto the bearing surface of the slider.
In both cases, whether the original bonding technique or the subsequently used
welding techniques were used, attachment proceeded on an individual arm basis, with

| the &ms then stacked or inserted to complete the actuator. In either case, the bonding
technique and the welding technique are not suited for use in the actuator comb
" assembly. _ |
One possible solution to reducing the disk-to-disk space would provide for the
elimination of the two mount plates. Since the thinnest mount plate in use now
measures approximately 0.2 mm in thickness, the elimination of both plates enables
a savings in thickness of 0.4 mm. Additionally, if the swage-type connection is not
utilized, a reduction in the arm tip thickness of by 0.1 or 0.2 mm becomes possible.

The combined savings in thickness values would permit the disk-to-disk spacing to be
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utilized, a reduction in the armtip thickness of by 0.1 or 0.2 nm becones
possi bl e. The conbi ned savings in thickness val ues would permt the
di sk-to-di sk spacing to be
-4- reduced to within the range of 1.2 mmto 1.4 nmm The use of an
adhesive to directly bond the head suspension assenbly to the actuator arm
would permit the elimnation of the nount plates and the ‘reduction in the
actuator armtip thickness. ~Previous, attenpts to utilize an adhesive
to directly bond the head suspension. to t ht*act uat or arm have not proven
practical, even with |large disk-to-di sk spacings. The use of an adhesive
mat eri al presents a nunber of separate nmanufacturing process problens. -
Si nce a sound newcHugeddawithimthe cangerofils2 niestor bé mm: The userpban aghesive io dirertly

adhesi ve be disty] ed over the bondi sprface in a thin  unjforml.aver.
The HGA then rruslfmagf‘%_gfﬂ%gﬁlfqunﬁ'f’ﬂ %Eﬁ'b?f%‘ﬂsa?%%‘gﬁ?"‘? 3‘$ Q"Fde]""éru .‘té‘?c?ﬁmé%%n
tip, and caref ul oftheasdunt PRARE ah@ tRCredastibn! iRGhe héthatdR brnd tipahitkiéssy equi red of -
the read/wite el ement and the slider_aerodynam c bearing surface, relative

to the actuator pivotPrevious attenmpts to utilize apradbesive toodiractly hond the head: suspension

whi 6 the adnes OO Sl deph et sREPRYeh BricBbdh thoh it RERF SR 1PAK Spftaghd
t hg. adhesi ve nmusThd)seoflant @iRsdiveifidierid) phesbite a @0nfbei oDseparatmimeiictindng piotess

curing do not inpose undye environnental effects on either {he-MHGA or the
act uat or mechani&Rplems. Sincex soynd; meghanical conpegtion s desized, it 15 importapk;that

gi mbal assenbl i Cadlhbve'be HRhithutedl R 'bordfig! sirfhdedin'd il Anbfdtn 18" THEIFFHA
drives having hi storage capacity, for a process technique that wll,
with mnimal thithkmaeanst bpdrenght dnto positiontadiscentito the agtugtortaxm tip.sand rarefidly
the actuator armig. a nb, assenpl abling it. Lo r ' hyes
of small disk-t o‘-’°&ﬂ’s°§2°‘g %a%"?’hedé Beeriftoal difEAmefiretylifed B¥ine Eﬁj&%ﬁ@%ﬁﬁm
| NVENTI ON slider aerodynamic bearing surface, relative to the actuator pivot. -

Once such. precise positioning is obtained, the overlying surfaces must be

- -

clémped to retain this precise positi;ming while the adhesive cures. Additionally,
preparatory to this latter step, the adhesive must be selected such that the conditions
required for its curing do not impose undue environmental effects on either the HGA
or the actuator mechanism. | _

Ag_:cordingly, there is a need in attaching head gimbal assemblies to actuator
arms for use in tightly packed rotary disk drives having high storage capacity, for a
process technique that will, with minimal thickness, permit attachment of the head
gimbal assembly to the actuator arm in a comb assembly, enabling its use in rotary
disk drives of small disk-to-disk spaéing. - | |

- SUMMARY OF THE INVENTION

The present invention provides a head gimbal assembly ("HGA") that is
attached to an actuator arm utilizing an adhesive without mount plates. In accordance
with the present invention, an area of the suspension is etched by a suitable etching
means to form capillary grooves. During manufacture, the suspension is clamped in

place to the arm, and the adhesive is applied to the entrance of the grooves. The



$ 3
The present invention provides a head gi nbal assenbly ("HGA") that is
attached to an actuator armutilizing an adhesive w thout nmount plates. In
accordance with the present invention, an area of the suspension is etched
by a suitable etching neans to formcapillary grooves. During nmanufacture,
the suspension is clanped in place to the arm and the adhesive is applied
to the entrance of the grooves. The :
-b5- adhesive is drawn into the grooves byscapillary action, and the
adhesive is then cured. The direct attachnent of the HGA to the actuator
armpermts elimnation of the nmount plates required for swaging, resulting

i hi ck ' f 0.4 Addi t i | S| -
poi 1t of - at  achrEHEos H U5Am it AR Rraee oy AR e 1R e Eceite 8 Bhrec.
stresses i nposedThy diié@ditathméntcofahe ' HGA fohthe laotiator cam panditsrdlintihaticr of ot

by 0.1 or 0.2 mm Wen conbined with the thickness reduction resulting from
the el imination BouRtplates required for swagmg, sespiting\ia 3 thickness mdugiop@f 0.4 mm. -

results in a thi %hﬁﬁéﬁagﬁ@%ytﬁ@ ﬂm&o.lra%%ﬁ 8¢ ShathndeRs ﬂ5515n§e96§§i1@?t|ﬁ§é21 ide

range of 1.2 mm1. using materials and standard drives turren
found in the indwithstynd the mechanical stressesi impasedvby Iswagiogpthe somt tip thicknessoean bene

praperl y & ghoataits? RelbedbEo 1 7 AR Wik oo SRS Hle A REGHion
assenbl ed dry. Treselting fiohd the elidindGon b6 tHean@int plaesd, theiadbesive HEAF sineuttathimeht
dat uns, and when properly, aligned, the assenbly_ is clanped, together to

precl ude the fur¥esels mﬁéwlsmss gefaiction thatrpermitsjacdisksto-disk spasinedn therange of 1.2

HGA-arm i nterfac tilizis t%}ﬁﬁ%’\ﬁwstmda@&%.ﬁﬁr&ﬂ? ' -"mgrijce
of the HGA that-ﬁ%‘?’géuw#ha%'ﬁgn%p uator arm By utillza fgﬂldgpnéﬂfow )

vi scosi ty adhesive, shtdecordanceosith the pessentinvention, the aglesiveds ypplied oaljafter e
t hese channels djstribute an effectjive anount of adhesive throuq%gi) t.the

mating surface aHSf-8¢tustpe W%B“ﬂﬁp&?stb?énw abgnedeand gsselaedeifa
arm In 1 RRividee c&ﬁ?&%ﬁmaa:@lgséfflbﬁﬁr&ﬁcmégﬁrg@m HGA% bQQIigli‘.éa%ling

head gi nbal asse I es nus e properly position n therr respectlive
actuat or arns, sguitablesxtermal dtums| arslovhencproperiyedignet the asseniblp is ¢lamped together

clanmp then installed t onpress the entire ck of .actuator, arpgs,
Spacer s, —and rioA® PEele iR THERE S, T dlesie s appléa & B2 HGA-arm
interface by utilizing a network of channels formed in the surface of the HGA that

mates with the actuator arm. By utilization of a low viscosity adhesive, such as a

It

capillary epoxy or a cyanoacrylate adhesive, these channels distribute an effective
amount of adixesive throughout the mating surface- aréa of the HGA at which the HGA
is mounted to the actuator arm.

In the case of the a multi-arm actuator comb, the individual head gimbal
assemblies must be properly positioned on their respective actuator arms, spacers are
then inserted between each such pair, with a clamp then installed to compress the

- entire stack of actuator arms, spacers, and HGAs to preclude any movement in these
multiple connections until after application of the adhesive. Alternatively, wedge-
- shaped spacers can be used, with the insertion providing the necessary clamping force.
Both of these alternatives are well known to the industry, and have been used to
construct multi-arm actuator combs where attachment of the HGA’s ﬁtilizes swage
technology. After application of the adhesive, the clamping continues until the

required cure time has elapsed. Since elevated témperatures act to reduce the cure
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mul tiple connections until after application of the adhesive.

Al ternatively, wedge- shaped spacers can be used, with the insertion
provi di ng the necessary clanping force. Both of these alternatives are well
known to the industry, and have been used to construct multi-arm actuator
conbs where attachment of the HGA's utilizes swage technol ogy. After
application of the adhesive, the clanpihg continues until the required cure
time has el apsed. Since elevated tenperaturgs act to reduce the cure

- 6- time, heating of the arm HGA connecti on may be desirabl e, perhaps
utilizing resistive heaters placed within the clanping nmechani sm

Addi tional features and advantages of the present inveption are described

in, and will be Hmsahesting of thearmiHGAconpection may be dptiyable, perhapsutilizngsesisive
referred enbodi . ' . - BRI EF
IICI))ESCRI PTI ON OF T@Mﬁﬂ}%ﬁm {h@%ﬁﬁg@%@%ﬁ%ﬁ?@m%nt op, plan view of a head

gi nbal assenbly (" HGAAddftiohalofelxared atd alvahtiges of tliet pregeat inventfornareadeseritiedadnor
arm shown in phantom_ipn accordance with the present invention;

Figure 2 is a cr8& Willcbe ApRATeHY »attgndetnilid, description of jtheprysgutly, preferred
showi ng a portiohﬁﬁdiﬁﬂﬁw'ﬂ%‘ﬁﬁﬁﬂ#&iﬁwﬁ{ 1interface; Figure 3 is a
|

cross-sectional view taken along ne 3-3 of Figure 1, show ng an
HGA: actuator armsurface interface at an alternative location to that shown

phant om Cof an al ternative ol RRSCRAFITOL G otk pRAREINGT T HONT "
phantom of an alternative e ad” gl S y shown -
attached to an act uat Biguss Iis A t6ys; PMrdiviencofd héad! gimbal essembly (THEGA™) dor a hard
Figure 5 is a cragss-sectignal vi e\/}( taken along |1 ne 5-5 of _FI gur

, 4; .
Figure 6 is a pafiskdrivparitheertipnsolanagtuatar arm igRhagteBip fFOFaReR With the
show ng an al term%@mg&i ment of an HGA attached to an actuator-armin

Figure 2 is a cross-sectional view taken along line 2-2 of Fi_gure 1,- showing
a portion _of the HGA-actuator arm interface; _

Figure 3 is a cross-sectional view taken along line 3-3 of Figure 1, showing
an HGA-actuator arm surface interface at an alternative location to that shovn in
Figure 2;

Fiéure 4 is a top, plan view, with portions shown in phantom, of an alternative
embodiment of a head gimbal assembly shdwp attached to an actuator arm in
accordance with the present invention; ' '

Figin’e 5 is a cross-sectional view taken along line 5-5 of Figure 4;

Figure 6 is a partial perspective view, with portions shown in phantom,
showing an altémative embodiment of an HGA attached to an -actuator arm in
accordance with the present invention; '

Figure 7 is a top, plan view, with portions shown in phéntor_n, of a further
alternative embodiment of and HGA attached to an actuator arm in accordance with
the present invention;

' Figure 8 is a partial cross-sectional view showing an interface between an
actuator arm and a head gimbal assembly in which an adhesive receiving cavity has

been formed in accordance with the present invention;
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accordance with the present invention; Figure 7 is a top, plan view,
with portions shown in phantom of a further alternative enbodi nent of and
HGA attached to an actuator armin accordance with the present invention;
Figure 8 is a partial cross-sectional view showi ng an interface between an
actuator armand a head gi nbal assenbly in which an adhesive receiving
cavity has been forned in accordance with the present invention;

-7- Figure 9 is a partial plan vi e]W, with portions in phantom
schematically illustrating an actuator arm‘attached to an HGA, having an
adhesive receiving cavity forned therein; Figure 10 is a parti al

plan view, with portions i n_phantom simlar to Figure 9, show ng an .
actuator arm at t achedigue SnisHe/pantiali plan aews withnparfigns jo qphantgrs SChematiqallx

receiving cavity g% ﬁg S-‘i ; ' ' c g’,ﬂgaé Lew
taken along |i nelll - ﬁggﬁg | gﬁ?gniﬁt;ta‘:hed @ wﬁ?ﬁf:hgb%f%ﬂéﬁ‘r’%g%?lse |agn I
vi ew showi ng a datmedtherilijeSi ve cavities formed in adjoining head gi nbal ’

assenblies at their tac nt | ocat,ion, on actuator, armin accorLanc
e o he or asent 1 ny die 1055 s partal bt s v orions it phatiom, Smie Gl iENe,

portions in pharghewings & iéRiator drhy atthdhed ! ook THGANhAkE aRdkiterRati RN @Esigiled
attachment of an actuator armto a head ginbal assenbly utilizing adhesive
grooves in accoradhesies nceivingtravity feymed thereisnt i on; Figure 14 is a

cross-sectional viewdg.aken,alaong lLine. 14c f. Fi .13: .
-Figures 15, 16, and ffmﬁéﬁga‘?%symgﬁleﬁﬁ’qﬁégﬁﬁ %/‘égfl Pfg? dqfn%g%rgelso’a
head gi nbal assenbly FEgireq266la chossBectiohaldiew slivwing B paie of adlsesive cavities formed
present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Di sk drives i ncriszdjoijng head gimbgl assemblies ahtheir pitachmentilocation on an actuator arm
?Lf;i gglmgelgggit Lﬁﬁé!%iﬁg%‘cgﬁg’aﬁélpg&@ﬂgﬁ%?i ng di sks mounted on a single,
' Figure 13 is a partial plan view, with portions in phantom, schematically
illustrating an _altemative manner of attachment of an actuator arm to a head gimbal
assembly utilizing adhesive grooves in accordance with the present invention; -
Figure 14 is a cross-sectional view taken along line 14-14 of Figure 13; and
Figures 15, 16, and 17 illustrate a magnetic disk drive that includes a head

gimbal assembly attached to an actuator arm in accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Disk drives increasingly tend to utilize multiple heads that electromagnetically

act with multiple recording disks mounted on a single, rotatabie spindle. Head gimbal
assemblies (hefeinaﬁér "HGA’s") are provided to support and position the heads over
desired radial positions on the magnetic disks. HGA’s include several independent
" members that terminate at a point of attachment for a slider that carries a transducer
head. As traditionally constructed, three separate members are attached together to
- support the slider in its radial movement over the magnetic medium in response to the
controlled movements of an actuator motor, namely the load beam, mount plate and
flexure. For multiple disk storage devices, a number of actuator arms are attached to
the motor, with each arm attached to a separate HGA at the "support” or "mount”

plate member thereof.



assenblies (hereinafter "HGA s") are provided to support and position the
heads over desired radial positions on the magnetic disks. HGA's include
several independent nmenbers that termnate at a point of attachnent for a
slider that carries a transducer head. As traditionally constructed, three
separate nmenbers are attached together to support the slider in its radial
novenent over the magnetic nediumin response to the controlled novenents -
of an actuator notor, nanely the | oad beam ,nount plate and fl exure. For
mul tiple disk storage devices, a nunber of "actuator arns are attached to
the notor, with each armattached to a separate HGA at the "support" or
"mount " pl ate nenber thereof.

- 8- The supp@he syppettelatemesmber is fitaisated gutof axigid nfaterial;isyrhias stainless

material, such as _stainless steel . t ovi de | J or I.fac

Whi ch the ot ner - Fieh RLMBERS » 3EF ippu sBRE S Bt dEsCHERObmBYs oY Gk fed
i ndustry noves t By@wasing L Alsithelisk deive tndusiry aovBrtwagisahaltietisiedidk dtiosehawiigs k
spaci ngs, the thickness required by the nounting plate has limted the
extent to which elser #ndeslossr disks ppecings,sthe Shickness aequized by the moumswpﬂge k&
to Figure 1, a h ' AYANIeR s : ly

I dentifiable sec??gtﬁg@%@%%r@?%i%@%%ﬁﬁ%@sﬁﬁg}g&%gnet e
transducer (not shownYnrming hew e Bighfs 1,cahiad snspensign gssefblyelGihasthiee separately

base of the flexuge,. e flexurg .1s degiane o enable |imted vemen
of the slider 141‘{%@&%@“{‘5’%%@"@{’1%@ s@ﬁ?’f cﬂmgfii‘geﬁf m&ﬁﬂerqchgﬁgggcer e
enhance the trackhqvh)aBiflekiné 18, ahdl mtirdsurfhbe afeai2] dtithebase Vf the ERGRE! The
di sk (not shown in Fi glure 1). An internediate opening_ 23 is formed .in the

flexure 18. The fexure 185 slssigned tpoenable limited apavemrent At the sliderddiralative te theg
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posi tioned and ri, ﬁgggﬁwlawﬁﬁmb%tﬂéﬁeﬁrﬁbénh&g% Qﬂedfttheﬁ&hure 18.

ef fectuate such a I zi ng an adhesive, a dendritic etc _
pattern is formed in The mating sgrfacerdrecc2] providef 3 pldtfarimeupon which can be mounted

an actuator arm 27 (shown in phantom). In order for the slider to accurately locate

and obtain information stored on the magnetic medium, it is vital that the attachment
between the actuator arm 27 and the HGA'IO be precisely positioned and rigidly
maintained over the life of the component. To effectuate such an attachment utilizing
an adhesive, a dendritic etch pattern is formed in the mating surface area 21 of the
flexure 18 of the HGA 10. This tree-like pattern forms a network of channels in the
surface of the mating surface area 21. After placement and positioning of the
suspension on the actuator arm 27 at the mating surface area 21, these channels can
 then subsequently be filled with a suitable adhesive, |

The dendritic etch pattern 29 is so formed in the mating surface area 21 as to
enable access to the surface channel pattern through a source point 32 after the
actuator arm 27 has been placed and properly positioned upon the flexure 18 at the
mating surface area 21. The source point 32 enables admission of the adhesive
material (not shown in Figure 1) to the individual channels making up the dendritic

etch pattern 29 after the majority of the etch pattern has been covered by the actuator



flexure 18 of the HGA 10. This tree-like pattern forns a network of
channels in the surface of the mating surface area 21. After placenent and
positioning of the suspension on the actuator arm 27 at the nmating surface
area 21, these channels can then subsequently be filled with a suitable
adhesi ve. The dendritic etch patfern 29 is so fornmed in the mating
surface area 21 as to enable access to the surface channel pattern through
a source point 32 after the actuator arm 27, has been placed and properly
positioned upon the flexure 18 at the mating surface area 21. The source
point 32 enabl es admi ssion of the adhesive material (not shown in Figure 1)
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through the source point 32, after the actuator arm has been properly
posi tioned and ctoathedHGAJO; Math-ibe cleop b@mg\marmam&mulb@%qﬁghmmnp enegingnef | -

after the conpl eﬂ‘%&%ﬂﬁ\@lgg Llhe adhesive materi al . The wi dth -as

wel | as the dept 58%es of the dendritic etch pattern 29 can be
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the narrower the etch wdth, the shallower the groove to, obtain
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narfower width, the narrow channel 36 requires less depth in order to obtain a flow
of adhesive therethrough. In such in’stances, where the flexure 18 has a depth "T" at
the mating surface area 21, the depth of the narrow channel 36 is a*T, where "a" is
less than 0.5.
When a disk is rotated in a disk drive, a cusluon of air is generated and lies
. adjacent the surface of the rotating disk. The slider 14 is provided with an
aerodynamic surface that causes the slider to "float" or "fly" upon this cushion of air.
One of the design requirements for the HGA attachment to the actuator arm relates
to the ability to consistently control the actuator arm-HGA boundary. Control of this
** boundary, in turn, permits control over the gram loading and sus;pension dynamics.
These parameters are carefully selected, and must exhibit a high degree of consistency,

in order to support the flying and servodynamics functionalities.

The manner of securing the actuator arm to the HGA utilizing adhesives as
taught under the present invention introduces certain inherent uncertainties with regard

to the base boundary condition. The amount of adhesive in the actuator arm-HGA



adjacent“the surface of the rotating disk. The slider 14 is provided with
an aerodynam c surface that causes the slider to "float".-or "fly" upon this
cushion of air. One of the design requirenents for the HGA attachnent to
the actuator armrelates to the ability to consistently -control the
actuator arm HGA boundary. Control of this boundary, in turn, permts
control over the gram |l oading and suspensi on dynam cs. These paraneters are
carefully sel ected, and nust exhibit a high degree of consistency, in order
to support the flying and servodynam cs functionalities. The
manner of securing the actuator armto the HGA utilizing adhesives as

taught under the present invention introduces c ai n i nher ent
uncertainti es wjaiht cappet-be predicted %@W&Wwﬁ)ﬁiﬁﬁew%.mﬁgﬁﬁﬁ%fh% ©
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Under such circunstances, the cantil evered boundary condition is destined

to be sonewhat weendition is destined to beosomseydwh vaniable. npor t ance of this variance

i 1t adhesi ve anount, ?&qg%gﬁ% ﬁé@g@é{%& Variahék inHdhbsive hiabeits ieyfidiuey 1 8led

with a pair of expos eners 41 that abut respective
sides of the nmi(ihogns if Figedpie prefarablynprvitiedi with # Ipeiri of expesed exterafefifing

23 is provided wi,ith a | ater stiffening fl.ange 43. InQu e
menti oned, the isttfenssiA] that aByJrIpagHveSt Pﬁ@ﬁ;ﬁq%ﬁfgéﬁrnglgh@dlggn,the
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aerodynamic force created by the flying slider 14. That portion of the ﬂexure 18
lying adjacent the intermediate opening 23 is termed the load spring portion of the

HGA, and in Figure 4 such load spring has a length indicated by the referenced letter

"c".
By carrying a consistent stiffness to the suspension load spring, the side
stiffenersu41,. as shown in Fig. 5, address the inherent variability in the boundary
. condition at the point of attachment between the actuator arm 27 and the mating
surface area 21. Unfortunately, when fabricating actuator combs that are to be used
' with inultipie disks, the presence of the side stiffeners 41 will interfere with the
placement of the adhesive in the mount plate channels, particularly when the second
~HGA is attached to the actuator arm. Figure 6 illustrates a compi'omise solution to
'~ this dilemma, wherein a pair of shortened side stiffeners 47 extend from the load
spring portion of the flexure 18 to just short of the source point 32, where the

adhesive is introduced into the mount plate channels.

One embodiment of the present invention resulted from experimental flow

observations with respect to a specific adhesive. In this regard, the inventors



By carrying a consistent stiffness to the suspension |oad spring, the side
stiffeners 41, as shown in Fig. 5, address the inherent variability in the
boundary condition at the point of attachnment between the actuator arm 27
and the mating surface area 21. Unfortunately, when fabri.cati ng actuator
conbs that are to be used with nmultiple disks, the presence of the side
stiffeners 41 will interfere with the placenent of the adhesive in the
mount plate channels, particularly when thg;second HGA is attached to the
actuator arm Figure 6 illustrates a conprom se solution to this dil enma,
wherein a pair of shortened side stiffeners 47 extend fromthe |oad spring

portion of the f|exure,18 to . usi. shar.t the sourc i.nt

adhesive is int r%°a‘§8%‘8d %??WW%BLYHPCM{'QCQ‘??&{H%{? Sve?gglﬂ"m‘ﬁgd b%tgf:lgné 85
enbodi ment of t hiequsasfostdiniesy Siaéll Bétwe@s glake thicroSudpe dlides b fordd grdoes having
observations with respect to a specific adhesive. In this regard, the

i nvent or s various widths, and: thicknasses: x BEAGKe MAX bragd adhesine mas thencintgduesdes -

were sinmul ated ' t DI st.aLn .
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BLACK MAX brand thelpesovearsus svéré 0bserved iligce steteo rhisfosgoprove entrances using

a watch oiler. The rates and extent of penetration_into_the grooyve_areas
were observed using aWhile BLAGKMAZ brgad adhesive wagphserved srke pffcctbyely gvicked

adhesi ve was .obs | ' ' %@ge 3 S
gaps of range .0@ -and{h.gigarrrgnlfl.ci ?ﬁgéﬂg)p%ea dgzgg%e'a %ﬁh&%ﬁ?@gﬁ%é@b@%
requi renment . Forwiitathyesholdateqhirementp For exainple, aOthe gap) ofoptintsi0V76 mm, adhesive
successfully wi cked int.o a 0..23 i,de gropve: however { 03 mm

Uhere vas no adnBSroRliE ke i 033 g wide ihowes e 8,2 O3 Sy ete
widths of 0.25 -whs o #dResivé Peri@atén iitd 80.13I aRide grdtveO Foe gitire Hidihs 0O
0.9 - 1.6 mm For slightly w der, grooves, having w dths of - mm the

1 2.5
observed penet r at Pdnmén, themeaetgtionoliganceywas gbgeryer af| betwean0.9 pdfemmat i Koy
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'seconds te reach e’ maxi ffum pénetr | st ance. . .
was 0.6 - 2.8 mm. In all cases, penetration was observed to occur at a relatively slow

velocity, taking perhaps 10 - 15 seconds to reach the maximum penetration distance.
The lodsely clamped steel-to-glass interface also created a separate type of penetration
by the BLACK MAX brand adhesive. The small gap around the edges of the various
grooves evidenced a penetration of the adhesive of 0.04 - 0.06 mm, up to a maximum
penetration of 0.10 - 0.2 (even 0.3) mm.

The experimentation with the BLACK MAX brand adhesive also included
investigation with respect to radius or half circle grooves. At least upon this
preliminary investigation, grooveé of such a shape seemed ﬁarticularly advéntage;)us,
with the BLACK MAX brand adhesive wicking quickly into the entrance gap. These

" grooves were so shaped that the width of the groove decreased as the adhesive
penetrated inwardly, coinciding with the decrease in adhesive speed with increasing
distance of the adhesive from the application point.

As a result of these observations, the embodiment illustrated in F ighre 7,
particularly the more blunt dendritic etch patterns 29, was aeveloped to take advantage
of the observed penetration properties of the BLACK MAX brand adhesive. Since

the inward extent of penetration is somewhat limited, both lateral sides of the actuator



The | oosely cl anped steel-to-glass interface also created a separate type
of penetration by the BLACK MAX brand adhesive. The small gap around the
edges of the various grooves evidenced a penetration of the adhesive of
0.04 - 0.06 nm up to a nmaxi mum penetration of 0.10 - 0.2 (even 0.3) mMm
The experinentation with the BLACK MAX brand adhesi ve al so i ncl uded
investigation with respect to radius or half circle grooves. At |east upon
this prelimnary investigation, grooves of i%lmh a shape seened particularly
advant ageous, with the BLACK MAX brand adh&Stve wi cking quickly into the
entrance gap. These grooves were so shaped that the width of the groove
decreased as the adhesive penetrated inwardly, coinciding with the decrease
i n adhesi ve speedmi tip 27 nwilbasquitg adlxsivec applicatione afifditionallyf rtben dendritic etch
appl i cation point, As a._r |t. of these observati.on he i.ment
illustrated in FPgUse 27 hasheen gm%iﬁjqck,totangmﬁeoeﬁgmﬁﬁ}ﬁm g%‘ﬁ'ﬁ% isgfcf‘}ces o %@aﬁ’fj@?&e
patterns 29, was sH%eﬁhﬁ)elﬁn!iﬁtihg’lm& ity brainolis. Eachhf théseaderddtip efehtpatteingrare
properties of the BLACK MAX brand adhesiyve, Since Lohe,i nwar d ext ent of
penetration is s®Hifeswith aiseragate poree point3Zunt whigh location the adhesivg is introduced
-12- armtip 27w j re adhesive application. Additionally, the
dendritic etch pzzal%t?ﬁgrléngfzogq%gés been nodified to a nore blunt design, having
groyes of a half-circlan shampinatiomdsetd theaclatiopshipe between bthenextent. of casthesive

t hese dendritic etc atterns are vi ded, wi th ,a separat e, source.poi nt 32
At whi ch | ocat | ofcekaRan aad i Bhte ¢h 1BY it hanie SuBHAR s GpB Bther e pellepnd
exam nation as t Adhbéivé peadtiatios Hebvdeat thRe Burfdees exd @BéurcéitiRe BDuYk the natural,
penetration and the shape of the_etched channel suggests possible other

etch patterns. ANviekdng Progesstbwtvigie 9E oapitlaritynorsb aeans ofapressureyr fascing eits
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proportional to: the edge channel shape, the penetration length is proportional to:

L1

Av
where A_\_is the cross-sectional area of the etched «channel to which the adhesive will
propagaté, L is the length of the perimeter of A, » is the viscosity of the adhesive, and
I is a term that is dependent upon three factors: (a) surface tension of the adhesive;
(b) the-cohesion of the molecules of the adhesive; and (c) the adhesion of the channel
surfaces. Where adhesion is greater than cohesion, the channel is wet by the adhesive
and the adhesive penetrates the channel. This relationship also indicates that where

~ cross sections are long in one dimension and short with respect to the other (e.g., a

very narrow rectangle), the term :I; will be maximized.



[err] where Ais the cross-sectional area of the etched channel to which
the adhesive wll propagate, L is the length of the perineter of A [err]
is the viscosity of the adhesive, and r is a termthat is dependent upon
three factors: (a) surface tension of the adhesive; (b) the cohesion of the
mol ecul es of the adhesive; and (c) the adhesion of the channel surfaces.
Wher e adhesion is greater than cohesion, the channel is wet by the adhesive
and the adhesive penetrates the channel. This relationship also indicates
that where cross sections are long in one dinension and short wth respect
to the other (e.g., a very narrow rectangle), the termJ[err] will be
maxi m zed.

channel shown in cros5bsehappe)shoym in @'F.?F%segu?‘f n Kigpes, egl‘*sﬁaé?ype c%%r?irgale
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to Rerr], the ratfo [err] 1s constant: [err] In conparison, consid
for a rectangl e isoonstgntt ength B and width A the ratio becones:
[err]

In comparison, consider, for a rectangle havmg length B and width A, the ratio

becomes:

N o
=

Returning once again to Figure 8, an adhesive application opening 52 is
formed in the matmg surface area 21. Where it is desired to apply the adhesive under
 pressure, the opening 52 having a radius R, can be selected to correspond to the
injector used to dispense the adhesive. Alternatively, when no pressure is available,
radius R, is preferably made large in order to accept a larger amount of the adhesive,
which will expand to fill the enlarged lower cavity having radius Rg.

ﬁésed upon such mathematical theory, tl-1e embodiment shown in Figure 9
provides a pair of injector openings 56 in the mating surface area 21 of the head
gimbal assembly 10. The injector openings 56 provide adhesive access through a pair
of rectangular cavities 5.8.that have been etched into the surface of the flexure 18 at
the mating surface area 21 that will receive the actuator arm 27 (shown in phantom).

.- After the head gimbal assembly 10 has been properly positioned upon the actuator
arm 27, an appropriate amount of an adhesive (not shown) i§ introduced into the pair
of rectangular cavities 58, under pressure, through the injector openings 56.

In those instances where the adhesive is not pressurized, an embodiment such
as that shown in Figure 10 may be appropriate. An adhesive deposit opening 61 is
formed in the mating surface area 21 and provides access to a semi-circular cavity 63

that has been etched into the surface of the mating surface area 21. Upon proper
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Returni ng once again to Figure 8, an adhesive application opening 52 is
formed in the mating surface area 21. Were it is desired to apply the
adhesi ve under pressure, the opening 52 having a radius RA can be sel ected
to correspond to the injector used to di spense. the adhesive. Alternatively,
when no pressure is available, radius RAis preferably nade |large in order
to accept a | arger anount of the adhesive, which wll expand to fill the
enl arged | ower cavity having radius Rerr], Based upon such

mat hemati cal theory, the enbodi nent shomn'?ﬁ‘Figure 9 provides a pair of

I njector openings_56 in the mating surface area 21 of the head ginbal
assenbly 10. The injector openings 56 provi de adhesive access through a
pair of rectangligamentofithé asudior arhma27 (shown fie phanterohand the mgating surfaeer aree 2bf
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of an adhesive (pnot s,hqvvni is . introd ced,i nto jhe pair of rectangular
cavities 58, undB$ sgmicircylas cayify cepillary 8198y openi ngs 56. I n
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as that shown in Figur esive deposit opening
61.is formed i rarmhelmFigurg 13, fHeapair af gnathp surfacprascasds, At és sttached to the
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surface area 21 of the head gih’nbal assghnbly 10, 'the enl arged di aneter p(;ifs
t he adhesi ve dempehing®danbldy 61 enabl es a greater deposit of an adhesive
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si ngl e actuat or mgdified fndbing Butfadel arcad 674 H7b i9fshowh i atgclied foaa amedified -adthator

21b is attached to the actuator arm 27 utilizing, an adhesive (nat sho,vm%
deposi ted wit hi T8 9Shaving a paifiof thrppghberes T2formedithersy  Opse PIOReHY Pesitinasd:
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throughbore 72 into a respective pair of radial cavities 76. The utilization of the

~ throughbore 72 permits a larger amount of adhesive to be initially dispensed, with
propagation thereafter resuiting through capillary action. _

For non-capillary adhesives, the embodiment illustrated in Figures 13 and 14
includes aﬁlplurality of adhesive grooves 81 forme& in the mating surface area 21. The
adhesive grooves 81 are formed at locations about the periphery of the actuator
arm 27 when the actuator arm 27 is received and properly positioned on the mating
surface area 21. When so- positibned, a fillet of adhesive 85 is placed within each
adhesive groove 81. The fillet of adhesive 85 is anchored within the adhesive

“grooves 81 and attaches to a lateral edge of the actuator arm 27. The fillet of
adhesive 85 thereby secures the actuator arm 27 to the mating surface area 21. In this
case, the adhesive grooves 81 are providing only increased adhesioh, rather than a
controlled thickness.

Referring now to Figures 15, 16, and 17, a disk drive 130 is illustrated, and
employs a disk stack assembly 134 and a head stack assembly 136. The disk stack
assembly 134 includes a plurality of vertically stacked disks 138 that are supported



nodi fied mati ng surface areas 67a, 67b is shown attached to a nodified
actuator arm 69 having a pair of throughbores 72 forned therein. Once
properly positioned, an appropriate anmount of adhesive (not shown) is

i ntroduced t hrough the throughbore 72 into a respective pair of radial
cavities 76. The utilization of the throughbore 72 permits a | arger anpunt
of adhesive to be initially dispensed, with propagation thereafter
resulting through capillary action. -18or non-capillary adhesives, the
enbodi ment illustrated in Figures 13 and 14 includes a plurality of
adhesi ve grooves 81 forned in the natlng surface area 21. The adhesive:

grooves 81 are f ocat | a

27 when the actu ?rd? PW}?SP‘Qdﬁg‘i B{fhélﬁ operm%ofshloﬁrg%gdqgl%q{eﬁ& Stgél{n
mating surface a'é@amgl& 13¢'meludes 99&&&1&9 Ivfd'ertﬁalﬂy-kﬂadteddiead%hﬁbalvaswiﬁbhes 144,
pl aced w thin each_adhesive groove 81. The fil|et of: adheshégé% IS

anchored within € asserably keing mopatedgtp &ﬁ%ﬁpaﬁttvac?@?t%a@ R A magger that
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arm 27 to the mating surtrace area |s case e ad | ve grooves
are providi ng onlboy anactwsacchuta id8: sihich, 1srmtdnedr by leavoice coihilf0! IE@hhﬁadkﬂaﬂ’él
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di sk stack assenihyied SMgaeﬁéJH&a @opémb iférireding aid wmngynfghaﬁ« signals kthe
138 that are supported for rotation on a spindle 140, which in

turn is.rotated idiskal3®ot or 142. The head stack assenbly 136 includes a

plurality of verti cal

bei ng nounted to a reg%ec%s?l%’q “Fﬁﬁ?%g g?ﬁ Pﬂm e?na;nnnéﬂwnﬁg‘?&etﬁbodl es

t he present i nvemiotonl42Z dehvaife ¢dib15n;hnd1tlmrmagmac hegisi(sotrshawnkih érder to rotate
rotation on an actuator hub 148 which is rotate e oild ch
head gi nbal asseﬁ]l‘ﬂ% &ﬁ%‘ié’&%‘é" &ﬁﬂtﬂémg“fbx\ﬁﬂf a‘ﬁﬁg&m?‘é& &
thereon a slider rdapdetivagt %&Hﬁe%ﬁeg&&r 150 Reagerhteq) tifh@iBhetico heddzagh rie

and writing nmagnetic signals on the disk Processing circuitry
156 (See Figure Xideri K4mre moved & wlmm tracks (not slistwi)l aa the disks 138 where

information is miagnetically read and magnetically written by the heads. Because of
direct access to the circular tracks by simple rotation of the actuator arm 146, this type

of storage device is known as a direct access storage device (DASD).

Each of the load beams 152 pre-loads the respective slider 154 on the surface
of the dlSk 138. When the disks 138 are rotated, each disk creates a cushion of air
(an "air bearing") that countefba.lances the pre-loading applied by the load beam 152.
This counterbalancing causes the slider 154 to fly slightly off of the surface of the
disk 138 — on the order of .075 microns. The surface of the slider 154 that is
supported by this air bearing is known as an air bearing surface (ABS). In some

. applications, the surface of the disk 138 may be provided with a lubricant (not shown)
allowing the ABS of the slider 154 to slightly contact the surface of the disk 138
“when it is rotated. The head suspension assembly 144 is constructed to permit slight
vertical movements as well as pitch and roll of the slider 154 during rotation of the
magnetic disk 138. |
One of the advantages of the present actuator arm of an HGA assembly process

is that its manufacturing flow is similar to the presently used swage assembly process



notor 142, the voice coil 150, and the magnetic heads (not shown) in order
to rotate the disks 138, and di splace the actuator arns 146, and to read
and wite on. the disks, respectively. Wen the voice coil 150 is operated,
t he magnetic heads on the slider 154 are noved.to selected circul ar tracks
(not shown) on the disks 138 where information is nmagnetically read and
magnetically witten by the heads. Because of direct access to the circul ar
tracks by sinple rotation of the actuator arm 146, this type of storage
device is known as a direct access storagGIGEVice ( DASD) . Each of
the | oad beans 152 pre-loads the respective slider 154 on the surface of
the disk 138. Wien the disks 138 are rotated, each disk creates a cushion

of air (an "air flovari NG respect tmouhe qrésehtinased tthanufacturing, gtonysspast iastiatoy

the | oad beam 152. ,This count.et bal angi.ng,causes the slider. 454 to f].
SlTghtry of fof oMbl s hedunin g 58 Siehins Sy Hbed e ihond o e
The surface of tdembshdseiblylatl hitdheld againpdthet@th tigs Withs revaininigefifigers untl all

known as an air pearing surface (ABS). In, sone arﬁ{zl i cations, the surface, of
the di sk 138 nmy opiomy Beadgimbal assemblies grs inplace nldie swagespuds|are ispried Hieashs

of the slider 1 e;% glhgqpé )écg@ﬁ&@qﬁr%f;%g}ggemt&hi%%@%&?e&ﬁﬂ"’ﬂ?@hh&

Is rotated. The pensi on asse IS ‘constTucte 0 permt
slight vertical fittingspacers ans insertéd besween ths nsomit platds offthd hispaisiahsr Thedwage

during rotation of the netic di sk, 138. One, of t he advant ages of
the present act &éhdf%?@%ﬁ%ﬁ@%&é%%p‘%'@&@%ﬂq eiSage SRUCs into'the arm
manufacturing flpagl Sl'hé'vm'ih%fstt fnihited & %@ﬁh%rméaﬁmtﬁég%msw £eas

-16- flow. Wth respect t E|e presently used manufacturing process, an
act uat or conb/ cablaccamsplishithe attachinent: off altiof the S'tapd diead gimshal assembliesir e pl aced

b into th . nbl d hel d inst, th ' i th

Cetaimi ng tinger s undRie i marse e Aswanly Bonms tLcoR bt Aabifat pleaiisk b

The swage spuds thé rds&ﬁ%ﬁ&ﬁoh%e%?yﬁl]ﬁ@méhﬁwaﬁ%oﬂb%m dsS¥nibly iR aClo6h
i ghtly

assenbly to align the suspensions. fitting spacers -are inserted

bet ween’ t he nounkhepfuspensiops axeragain plaeadsensrhy-oneniatos theromnpssembly; pad age heldn
t hrough each noypt: : Al nyl ut ;ikee
wi.ring is term %@gﬁggﬁ}pﬁﬁ%& C gi g Qgﬁ t eur?@l{oﬁﬂe ﬁ&rg%%ie&s%ﬁ%@nb ik .
repeat ed are in place. Alignment pins are inserted in stages through each load beam as they

are placed into the comb assembly to properly align the suspensions. Tightly fitting
spacers are then inserted between the bases of the suspensions, and an adhesive is
dispensed_ along each side of the suspension base and allowed to wick into the half
etch gfoow}es. The adhesive is then to cured for a s-ufficieht time, followed by removal
of the spacers, alignment pins, as well as removal of the actuator from the tool.
Wiring is then terminated to the actuator cable, and this process is repeated to
accomplish the insertion and attachment of all the "top" head gimbal assemblies.
 The actuator rework process flow would likely be more difficult than with the
" current swage rework. Utilizing the capillary adhesive bonding technique of the
present invention, work would first consist of peeling the suspension away from the
arm, a process that is not likely to present any serious difficulties. A more difficult
process step would then be in cleaning the adhesive frorﬁ the arm. It is presently
conceived that a controlled scraper would be used to, in a single stroke, scrape off the
high points of the adhesive and a vacuum would then be used to remove the powder

generated by this scraping. Prior to reassembly, the actuator would have to be



to acconplish the attachnment of all of the "top" head ginbal assenblies.

In a like manner, the assenbly process utilizing the attachnent procedure
of the present invention begins by placing the actuator conb/cable assenbly
in a tool. The suspensions are again placed one-by-one into the conb
assenbly, and are held against the armtips with retaining fingers until

all "bottont head ginbal assenblies are in place. Alignnent pins are
inserted in stages through each | oad bean1g§_they are placed into the conb
assenbly to properly align the suspensions. Tightly fitting spacers are
then inserted between the bases of the suspensions, and an adhesive is

di spensed al ong each S|de of the sus ensi_on BEFB and.all owed,tq M%@k i n

the half etch gr&isersd, andcasseamblyweul é’etﬂ%‘?‘g 1dsptical steps s dhp rinfial assem
fol |l oned by rennhﬁ;cﬁ&fdets&?xawg%s al i gnment pins, as well as renoval of

the actuator fro ring is then termnated to the actuator
cable, and this proc eitshonldrbepmd&rdﬂod thatearinup chaniges #nd modifications teithg presently

attachnent of all i,mbal

rewor k process f Pﬁf\.;l‘ﬁi‘i’u 8?4 a‘)? '%é 3 flesc Bﬁ%?effﬁw%%ena%ﬁw %?1 gfbtgg rg‘fru‘ﬂléi1 m
swage rework. Ut igd Zﬂt%SchQ:hﬁﬁ%Bs'dnd&ﬁodiﬂEﬁtﬁh&’earbwdnm WMIdtpmg frdm the
present invention, work would rst consist of peelingt penslon a

fromthe arm a gPistcnd soene ofsthdresept dmvention, ands without, “%‘@ its atten
difficulties. A GRGfuffel ftiyltherBoRé GaSndtlithar 464l ChahbelbridinbdiiEAiRiAR bEGoléred
adhesive fromthe arm i'S reseﬁ y concei ved t a controlled scraper
woul d be used to;ntheappendaglqiaxmsroke scrape of f the high points of the
adhesive and a vacuunkﬁg%gggggen be used to renove the powder generated by
this scraping. Prior bl y, the actuator would have to be

-17- cl eaned, and assenbly woul d be along the identical steps as the
initial assenbly process described above. It should be understood

t hat various changes and nodifications to the presently preferred

enbodi ments that are described herein will be apparent to those skilled in
the art. Such changes and nodifications can be nmade wi thout departing from
the spirit and scope of the present invention, and without dimnishing its
attendant advantages. It is, therefore, intended that such changes and
modi fications be covered ' ;




+

in the ab.pended cl ai ms. VE CLAI M

CLAI V5 1. A suspension assenbly for supporting a transducer in
a disk drive, conprising: a suspensi on nenber; and,

a base on sai W a portion of. said base including a

mat i ng surfac in which is forned a netvvork of channel s, said network
of channel s def \ﬂ tern. A suspension assenbly
as descri bed m““\ mm sai d etch attern conprises a dendritic
etch pattern. L3.% S A suspensi.on~ h@serrbl y as described in daim2,

wherein said etch pattern conprises a blunt dendritic etch pattern.

4. A suspension assenbly as described in Claim 1, wherein said etch
pattern conprises a cavity. 5. CLAIMﬁspenm on assehbly as
described in Claim4, wherein a pair of cavities are provided.

1. A ‘suspension assembly for supporting a transducer in a disk drive,
comprising: )
a suspension member; and,
a base on said suspension member, a portion of said base including a
matmg surface area in which is formed a network of channels, sa1d network
of channels defining an etch pattern.

2. A suspension assembly as described in Claim 1, wherein said etch

pattern comprises a dendritic etch pattern.

3. A suspension assembly as described in Claim 2, wherein said etch

pattern comprises a blunt dendritic etch pattern.

4. A suspension assembly as described in Claim 1, wherein said etch

pattern comprises a cavity.

5. A suspension assembly as described in Claim 4, wherein a pair of

cavities are provided.

6. A suspension assembly as described in Claim 4, wherein said mating
" surface area includes an injector opening formed therein, said injector opening in fluid

communication with said cavity.

7. A suspension assembly as described in Claim 4, wherein an adhesive
deposit opening is formed in said mating-surface area, said adhesive deposit opening

in fluid communication with said cavity.



6. A suspension assenbly as described in Caim4, wherein said mating
surface area inciudés an injector opening fornmed therein, said injector

opening in fluid et {th said cavity. 7. A

suspensi on asse ﬂm(lmc“mmm in Claim4, wherein an adhesive deposit
opening is formed«- 1t sai d*nmatimy surface area, said adhesive deposit
opening in fluid comuni cation with said cavity.

-19- 8. A suspension assenbly g _described in Claim1, wherein
a pair of suspension nenbers are provided, éach having a respective base
and a mating surface area therein, said mating surface areas of said pair
of suspension nenbers_including a,throughbore, and ,sai ¢, etc ttern in
each conprising a cavity, Aasuspensioneasser) yt??r%@ﬁ?f&r’é’sem ga‘sﬁ?rf”é’sas%‘r of

| ocated on sai d LSBT MEMmBRS bRAGrSWELACE: Stespeclifeibase/ana agadtthghaifacof

suspensi on menbers-are superposed, saild throughbores overlie said cavitjes.
9. A suspensi amradsreinpéajd amting senfideceas of caidpair of siyspensipn membersincinding

. | | f. i G |
LS T LS, Al Wi 9 SRR S s

drives, conprisi fifoughbores and cavities sa/loéutéd i said respectiveithating surface areas such thetid

gi nbal assenbly having_ a base with an etch pattern defi.ned t her eon

sai d base recei vvhen said prir 9f suspension Heﬁé?rﬁ&f%?“?é?ﬂ?e » st%mroughbér?s overlie said
cavities. | -

9. A suspension assembly as described in Claim 1, wherein said etch

pattern comprises a plurality of adhesive grooves located about a periphery of said

mating surface area. -

10.  An actuator assembly for disk drives, comprising:
an actuator arm; and "
a head gimbal assembly having a base with an etch pattern defined

- thereon, said base receiving a surface of said actuator arm.

11. ©  An actuator assembly as defined in Claim 10, and further comprising:
an adhesive received within said etch pattern for bonding said base to

' said surface of said actuator arm.

12.  Anactuator assembly as defined in Claim 11, wherein said etch pattern
- includes a source point, and said etch pattern comprises a plurality of channels, with

access to said channels provided through at least one source point.

13.  An actuator assembly as defined in Claim 12, wherein said etch pattern
is configured to enhance the penetration of an adhesive material from said source

point into said channels of said etch pattern.



11. An actuator assenbly as defined in Caim10, and further conprising:
an adhesive received within said etch pattern for bonding said base to
said surface of i 12. An actuator assenbly as

defined in Caiml ' i @ .sai tch pattern.includes a source point, and
said etch pattern @ﬂ%ﬂ% lﬁl ity of channels, with access to said
channel s provided t' N one source point. 13. An

actuator assenbly as defined in Caim12, wherein said etch pattern is
configured to enhance the penetration of ar%adhesi ve material from said
source point into said channels of said etch pattern.

- 20- 14. An actuator assenbly as defined in Caim 13, wherein
said activation arm al)'bt s Anmetuatog assembhicas defiped dr Cwnldl?(;mreiheaidrasﬁmtimd
t hereby, with said eg pattt ern onfi gur.ed souch hat sai gé@ ﬁx
| ocated outside B2 &3f ﬁar{ﬁ?flﬁgs ¢4 arel of sud basg, 8%§e°§bvé’ Cre ’s"g cte
plurality of chapsfingcorfigaredsul eledmssmwmﬁs Io@ﬁ@@bh@i&le@i‘sﬁéh&tﬂgtstﬂﬁ&r

arm by said mating surface area An actuator assenbly as
defined in O ai narea, Whﬂdryeaoneasab qa!épbmalptupf ehannels isprowided isubsequent to eqeptionn .

paitern 1o a bl Rt CHRORHYY B B Bl fedider TeTEn SE €t

15.  Anactuator assembly as defined in Claim 13, wherein sa1d etch pattern

is a dendritic etch pattern.

16.  An actuator assembly as defined in Claim 15, wherein said etch pattern
is a blunt dendritic etch pattern. . '

17.  An actuator assembly as defined in Claim 13, wherein said etch pattern

is a cavity.

18.  Anactuator assembly as defined in Claim 17, wherein said etch pattern
isa radlal cavity.

19.  Anactuator assembly as defined in Claim 11, wherein said etch pattern
comprises a plurality of adhesive grooves located about a periphery of said mating
surface area.

20.  An actuator assembly as defined in Claim 19, further including a fillet
of adhesive within each of said adhesive grooves, said fillet of adhesive attaching to

a lateral edge of said actuator arm and securing same to said base.



17. An actuator assenbly as defi ned in Claiml13, wherein said etch
pattern is a cavity: An actuator assenbly as defined in

C aim17, wherein sai a radial cavity. 19. An
actuator assenbly as [I ‘mm 11, wherein said etch pattern
conprises a plural |t esnves grooves | ocated about a periphery of said

mati ng surface area. An actuator assenbly as defined in
Claim 19, further including a flllet of ad ive within each of said
adhesi ve grooves, said fillet of adhesive &taching to a lateral edge of
said actuator arm and securing sanme to said base.

-21- 21. An actuator assenbly as defi r1ed in dai and ..,
further conprising: 21 actuatoregsgqn&y;ﬁas fefineddn (Hlaim 1 ?faﬁﬂn?ﬁf‘s&‘g

base with an etch pattern . second el Qﬁﬁ)af tgfsg@gﬂ, héMi @l Base Aith gﬁtdﬁ; Bhttedh M

has an etch pattern conprising throu bores defined
t hereon, and said etckieﬁmdthemon,fwhereinsazdabtﬁatosanmhdsanetch pattesndcomnprising a

head glnbal assenbl i es cQupri Ses a 0 hbo avi

patterns of said respé%tt Hég’(? |d:?gﬁ?&] %ﬁﬁeéi%ﬁ%ﬁgf%éﬁgsrt%nd
canfigured such that \e&ia%eéomoheaargs&xbaaradse&ﬂme@do:hpﬂstsgﬂmghmamula cavitgy e
positioned and ali gned on said actuator_arm _on Opposi ﬁ si des er eof ,

sai d etch patt er seidgtchs pattermsoefisaid sespectiveshead | gimbal asssma §%¥P%F°"
throughbores of & géélﬁﬁ%a}t%;ﬂghﬁiﬁtﬁrét@?{ls&gh@hw E&ﬁblfgsa?@ﬁ&dﬁddéat

and second head gl asse ies are1n Icatton wth sa

cavities of the maadpligiedwn saithgetstorgmingen opposing sides therbofy said etch patterns of said
head gimbal assemblies cooperate with said throughbores of said actuator arm such
that said throughbores of said first and second head gimbal assemblies are in fluid
communication with said cavities of the respective, opposing head gimbal assembly,

through said throughbores of said actuator arm.




t hrough sai d throughbores of said actuator arm

-22- 22. A net hod of attaching a head gi nbal assenbly nenber to
an actuator arm CWM: pl aci ng a head
suspensi on assenbly a nounti urface an. actuator armin a
manner such that a W ad gi nbal assenbly, havi ng an etch
pattern formed thereeohy j@ ai d rmount i ng surface of sai d
actuator arm “akig sal d h d gi nbal assenbly on said
actuator arm wherein a head on sai d iead gi nbal assenbly is properly
positioned relative to said - actuator arm cl anpi ng said
head gi nbal assenbly to said actuator arm upon achi eving the proper

al i gnent -t hereof;  22. A methoddifagtaching\g head gimhebassemblytraerabrr to anggfuator
source points f or med surface of said head ginbal assenbly, said

source point in §M ampnsmgﬂte fftation with said etch pattern of said
base; provi gjliteng? aPBédd bldpensith wisemblyonts facfiountngsutfate ah
sai d adhesi ve Wi cks i nto sai d et attern and

sai d di spensed adhesiagiuatas oy in a/mansek Sy ﬂ%ﬁrl@éﬁ of$aid head gimbal assembpy?
having an etch pattern formed thereon, mates with said mounting surface of

said actuator arm;

aligning said head gimbal assembly on said actuator arm, wherein a

“ head on said head gimbal assembly is properly pdsitioned relative to said

actuator arm; .

clamping said head gimbal assembly to said actuator arm upon
achieving the proper alignment thereof;

dispénsing an adhesive into one or more source points formed in a
surface of said head gimbal assembly, said source point in fluid
communication with said etch pattern of said base;
| providing a path through which an effective amount of said adhesive
wicks into said etch pattern; and )

curing said dispensed adhesive to form an adhesive connection.



- 23- 23. A nmethod of attaching a plurality of head gi nbal
assenblies to an actuator conb, said actuator conb conprising a plurality
of actuator arns attachee-to.one another at respective base portions

t hereof, conprising teps of: _ -form ng an etch pattern in
a head gi nbal assen“)l!ﬂn]ﬁm&uﬂm ttern I ncl udi ng a source point
in fluid comuni cati H %ﬂ h pattern; pl aci ng sai d
etch pattern against an armtip®of *one of sgid actuator ar ns;
repeating the formng and placing steps until a head gi nbal assenbly

has been placed on each of said plurality of activator arns of said

act uat or conb/ cabl e assenbl y; : aligning said head

gi nbal assenbly on said actuator arm cl anpi ng sai d head

gi nbal assembly to saigd, actalgh@hodbfMafthdhitig b fpturality of hédd ginibabtassehdliesfto an
di spensi ng an adhesive into said source point after the alignnment and

cl anpi ng of sai d asbiator gpmbasaid actuaten sombycomaprising-a phrality of agtuates ymsAtacheddo
wi cking into sai t . ' -0t 3
U 1 ng sal o adne S ARPRF Stk l QUEborilel BAKE Soliithg 1 fops o
actuator arm and sai d head fgiminglanaetctepdtteyn in a head gimisad assembly;rsaisieetch pattern

recited in Caim23, agnd further conpri,si the steps of .. . .

i nverting sai d act uat dRCluding ASoprcs P&%éﬁﬁp"‘gd FRpTOHBicatiqn Wit said; eteh pattern;

adhesi ve connections formed;hat V\ﬁﬁ? e%cgatg.[hg kiflst PnUard #ipYofobne26f Sl Qctidtd¥®
Aoop y and a head

of said actuator conb/cabl gi nbal aSsenbly; and
repeating the steps ofarmsai m 24 until a second set of adhesive
connections are fornmed between. .eagh ﬁf sai d '

said actuat or conb/ JEPRELDG gampég‘{@é:ﬂééﬁ %@%C%eégg%@.rggcﬂly

has been placed on each of said plurality of activator arms of said actuator

comb/cable assembly;

aligning said head gimbal assemﬁly on said actuator arm;

clamping said head gimbal assembly to said actuator arm after the
alignment thereof;,

dispensing an adhesive into said source point after the alignment and
clamping of said head gimbal assembly to said actuator arm, said adhesive
wicking into said etch pattern through said source point; and
curing said adhesive to form an adhesive connection between said

actuator arm and said head gimbal assembly;

24. . A process as recited in Claim 23, and further comprising the steps of:
inverting said actuator comb/cable assembly having a first set of
adhesive connections formed between each of said plurafity of actuator arms
of said actuator comb/cable assembly and a head gimbal assembly; and
repeating the steps of claim 24 until a second set of adhesive
connections are formed between each of said plurality of actuator arms of said

actuator comb/cable assembly and a head gimbal assembly.



>

- 24- 25. A nmethod of attaching a plurality of head gi nbal

assenbiies to an actuator co 1d actuator conb conprising a plurality
of actuator ar Wnot her at respective base portions.

t her eof conpri sing the \S\\T .form ng an etch pattern in a
head gi nbal asse \> ning a mating surface area, said

etch pattern conp a pt ural i ty of adhesive grooves | ocated
about the periphery sai d mating surface,grea,; pl aci ng said
mating surface area against an armtip of ‘6ne of said actuator arns
of said actuator conb; repeating the form ng and pl aci ng
steps until a mating surface of a head ' gi nbal assenbly has been
pl aced on and aligned with each of said plurality of acti-vator arns

of said actuator conbjgabl Yo Ld) Iﬂgals&géhmfégq
gi mbal assembly on salé% actua %‘?Eggrf aitaching a plurality Of © n%?ng sal d o an

gi mhal assenbly acuster cbnaly; tshidtactuator oomb comprising apluralﬁmqﬁangnamrfanm macbcd t
adhesive in each of s d adhesi yve 0 anchor i.n i d. adhesi ve
in said grooves RGN F??Be“é‘aﬁt]?gﬁef %rﬁf”?f Wsﬁ?af@?‘HBEng thegStépas ésjfsenbl ies to
a‘respective one of said afdrihirigOdn @EHPattedi th a head gimbal assembly] thegebyalefining a
di spensed adhesive to form an adhesi ve_connecti on bet ween

actuat or arm and sai dmiatingi Sgtfm?aﬂre&s%@tﬂf‘ih pattern comprggxg a mu@p%ggsa%ggswe

recited in Cdaim 25, Hh,h@f surf;
i nverting said act uat rgg‘té)%}éc}g% e asse aving a Pﬂést %cgtm%
adhesi ve connections for rre;ilahagvmxdnnnangl sudfaacaarda pgmnstl an yrmftlpaot’@accqf saids

of said actuator conb/ca | e ass diy %!f ead gi nbal assenbly; and
repeating the steps o?"tﬂ?%ﬁ"%o i ?e‘i? @ set of adhesive

connections are forned bet ypesingaRéfodmirpaind phicitigitépsyanif a ARLHEEEFaca B hedd
sai d actuat or conb/ cabl e ‘assenbl y.
: gimbal assembly has been placed on and aligned with each of said plurality of
activator arms of said actuator comb/cable assembly;
" aligning said head gimbal assembly on said actuator arm;
clamping said head fimbal assembly to said actuator arm;
forming a fillet of an adhesive in each of said adhesive grooves,
anchoring said adhesive in said grooves and attaching each of said head gimbal
assembhes to a respective one of said actuator arms; and
curing said dispensed adhesive to form an adhesive connection between

said actuator arm and said head gimbal assembly.

26. A process as recited in Claim 25, and further comprising the steps of:
inverting said actuator comb/cable assembly having a first set of
adhesive connections formed between each of said pluraliiy of actuator arms
of said actuator comb/cable assembly and an head gimbal assembly; and
repeating the steps of claim 25 until a second set of adhesive
connections are formed between each of said plurality of actuator arms of said

actuator comb/cable assembly.
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- 25- 27. A magnetic disk drive, conprising: a

di sk stack assenb;lroﬁﬂngLgﬁg,pLupa4ity of vertically-stacked disks are
supported for rot on a notorized spindle; a head stack
assenbly, wherein ﬁ ““‘m tically-stacked head gi nbal
assenblies are resp “l‘ to a plurality of actuator arms
formng a pIurallty adhesi®ve *connecti'ons, "each such adhesive connection
conpri si ng: an etch pa?&ern on sai d head gi nbal
assenbly defining a mating ace area;

an adhesive received within said etch pattern; and a
surface of said actuator armreceived by and bonded to said

nounting surface area by the adhesive-filled etch pattern; . an

actuator hub rotat abl %ﬁ“pp&rrﬁdgﬂgu@&ﬁﬂdﬁ%,&i rffjgdat or arns;

a voice coil mechanically connécted to sald uator arm and
processing circuitry conneddisk stackassegnbiy,twhereind phyalityiof yertically-stacked disks are

coil, and a plurality of tic eads ch of said magnetic heads being
supported by one of saﬁ“ﬂp?r}?%rﬁff?tﬂ ?R°‘h8a‘a°3f‘ﬁé‘fp‘%d§%’enb| i es. 28.

A magnetic disk drive as d%ﬁéddbﬁ&kld%séﬁ'llﬂy,rTWBZreni/\bQI@MRyQﬂI\fértﬁiaﬂﬁ-s&%ké&héhd
conprises a plurality of adhesive grooves |ocated about a periphery of said

mating surface. gimbabassemplicseaya aespectivelx atiached tase phuality mfcrdtuater anms
27, further including he 0 far E{H@I
assenbly at a locati ont%frf@g |§i%$lt§§g§?i’éﬁéﬁ€ osnl9 ’d‘ge%gf‘c’hg%%1 esﬂféa&xﬁé
surface area, said adheompeBingeposit opening in fI ui d communi cat | on vm th
said etch pattern.

an etch pattern on said head gimbal assembly deﬁmng a mating
surface area;

an adhesive received within said etch pattern; and -

a surface of said actuator arm received by and bonded to said
mounting surface area by the adhesive-filled etch pattern; o
an actuator hub rotatably supporting each of said actuator arms;
a voice coil mechanically connected to said actuator arm; and
processing circuitry connected to said motorized spindle, said voice

coil, and a plurality of magnetic heads, each of -said magnetic heads being

éﬁpported by one of said plurality of head gimbal assemblies.

28. A magnetic disk drive as described in Claim 27, wherein said etch
pattern comprises a plurality of adhesive grooves located about a periphery of said

mating surface.

29. A magnetic disk drive as described in Claim 27, further including an
- adhesive deposit opening formed in the head gimbal assembly at a location that is at
least partly outside of said mating surface area, said adhesive deposit opening in fluid

communication with said etch pattern.
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- 26- 30. A magnetic disk drive as described in Caim 29,

wherein said etch pattern conprises a dendritic etch pattern. 31.
A magnetic disk drive as described in Caim30, wherein said etch pattern
conprises a blunt dendritic etch pattern. . 32. A magnetic disk

drive as descrlbed in Caim29, wherein said etch pattern conprises a

cavity. M“lm m "Iltulllsk drive as described in daim 32,
wherein sai.d etch p a pair _of cavities. 34. A
ri

magnetic disk drive as dest in daim2% wherein a pair of said head
gi nbal assenblies is attached to said actuator arns, each of said pair of
head gi nbal assenblies having a respective mating surface area, said nmating
surface areas including a throughbore and said etch pattern in each

conprising a cavity, i d [espect.ive,throu ore I
such that when said h€ad df (fﬂ&negggéﬁlfb& gsaa %‘F la&&n SRl
throughbores ovepdtietn 8cthptises\ i dehditic etch pattern.

31. A magnetic disk drive as described in Claim 30, wherein said etch

pattern comprises a blunt dendritic etch pattern.

32. A magnetic disk drive as described in Claim 29, wherein said etch

pattern comprises a cavity.

33. . A magnetic disk drive as described in Claim 32, wherein said etch

pattern comprises a pair of cavities.

34. A magnetic disk drive as described in Claim 27, wherein a pair of said
head gimbai assemblies is attached to said actuator arms, each of said pair of head
gimbal assemblies having a respective mating surface area, said mating surface areas
including a throughbore and said etch pattern in each comprising a cavity, said
respectiv;: throughbores and cavities so located-such ‘that wheén said head gimbal

assemblies are superposed, said throughbores overlie said cavities.



