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............ ADHEMVE ATTACHMENT OF A F (STMEMBER TO A SECOND
MEMBER  ----------=moemmmommeoee o e e
--------------------------------------------------------------------- Fielld of the
Tmveratiom The cnul e d invention relates generally to the field of
adhesives and more t3a-rticuti_rly, but not by way mot limitation, to an
apparatus and ﬁ; '%ﬁ‘i‘ @E t ﬁrs.f.m glﬁgr to a
second me.3Y3ber, suc MRINEHES VAN a stora evice,
TTaekgroukid dhesiv S are a ed io a variety of applications to attach a fist
member to a second member. For example, designers have proposed
various configurations 10 wihéidhy tidliesarg®mre used dining | he in'i3to
e 3:'. of dak; A SIALAYR BRYIFGSIRNCR RS IQ%@%‘PJ‘B?%L&E@?&&%P%%O”

assembly erxure) to a rigid actuator ann, the )flexum being eonligtu'e 3
to %ﬂ%ﬁ ¥ it BUnBYuReY £ Jdﬂ%‘l‘ﬁ“&‘ﬂaﬁ SforaRarane oititn Raises Wile
opelableslthere-bire a Aitumbenbilmitations assoeiatedhwithdhediseofn 15
ad&%gy(gdgelgemgge and other aptlic:at.ions. 'T'hermal set adhesives can
provide very strong adhesive bonds, but Can require excessively high
temperatures and oif-hue o:perat3ons and fixtunng. Ultraviolet (UV) cured
adhesives may not provide suffiBiakkhpsitong adhesive bonds, and may
aso requimalflng:canaralacnndg seighlishianl b Jfiie: 79 Rigdowng

effects, whereby the UV light is hicucked or otherwise prevented from

re STy T8 2idhe ERFe BRI iR RE HitaFPRORL VAN arsn LS
abilliyréby edtiablishathexsecdisite thenthsifengihoflheretargalzoisityaiidins
Wherg It may.Re: desiral mm&@&u b/eﬂ%f?o ahﬁgfasﬁcm@&%%nqw

members, and these and other prior art approaches may not 2
adlitizitaly RbrH B BHEP i SRriBHRRGH Gf Pk s deiesiiGA'ta ﬁéaébéeer@ée

members(discrordingly, there is a continual need for improvements in the

Sl Whefesb}{ﬂé‘%ﬁ}éﬁa%ﬁ'é’%ﬂé}g PGSR P AANGRINE M ARG AT DRS

uently detach
adhesives in these and other applications. Thermal set adhesives can provide very

strong adhesive bonds, but can require excessively high temperatures and off-line
operations and fixturing.

Ultraviolet (UV) cured adhesives may not provide sufficiently strong
adhesive bonds, and may also require off-line operations to establish a UV cure.
Shadowing effects, whereby the UV light is blocked or otherwise prevented from
reaching the adhesive due to component interference, can also limit the ability to
establish the requisite bond strength.

There are also situations where it may be desirable to subsequently detach
the first and second members, and these and other prior art approaches may not
adequately control the distribution of residual adhesive on the respective members.

Accordingly, there is a continual need for improvements in the art whereby
respective members can be adhesively attached and subsequently detached in a

controlled manner.
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controlled manner. 2. SunYmrtary of the ,Inyeretion Preferred
embodiments of the present inv'eifion are generally darected to an appal
atus and Euei od for attaching a first member and a second acre r, such
as 5 components of a data storage device, An adhesive is used to attach
the first and second members, preferably by applying the adhesive to the
first member, exposing the adhesive fo &travet fight to inmate curing of
the adhesive, placing the second member onto the adhesive, and
applying heat: Eo the adhesiv=e to |19nahze curing. 10 The adhesive is
subsequently cool:d to a to iferature beloww a glass transition
temperature (‘fg) of the adhe R}Elﬁ?ﬂe‘fgg?fﬁ?é( {t"hnd second members.
his coolind’yslaved thdetimesivefitha subetantiatyibritie gonditipniatiewing

theuspanta feletivelysmalpeshanicaliongs todetach h e MeINbers: as
Resg]ectwe tre'g%tﬁlgg surfaces of the first and second me it bens are
p

157ENRPATRS 2 Uit¥as R Hifferent adhesive coupling characteristics,
such as Bynthéeapplication tofdasshrfiacEradhdsiverptoneotomrerpeefatdily by

rogsiisasard ARESEN oMk A Raiecied ane AhtNRn AR RAUIMELYioR: 8Fh:

tion a:ly, filler material is preferably added to the adhesive to control
ad RV AR N SRl A SR LA O T BPEhem dheailes3p frd
thipwayg Upordetadherientofithézéistrapd second members, substantially

ail of late;radhegive.is preferabivreiaingd Lndhe selpsteddERiE.Pen and

ttiftEStaf :ia:t4' all of the adhesive Is t'eanoved from the rernanung

SR ARRS BHY i fdr Bt ABiSHEA LS, HE et A Arlareay T mbers
préfesred!iendWirsent siesfirstiand secondimenbersndoimpride vangabtuator

argt ?ﬁ%@v@? %%E@i%édﬁﬁ?e&&ﬂ&@éﬁ 423 H@Hx‘é@}é?ef adjacgnt a data
storage medium. in an alto native preferred embodiment, the first and

second MSTRBBRE IBHPH SEACSU¥BRIEH i 3 PeBEMEE™ 2ThREE SRl
vapioudathehfdibftrres adhehiad vamghge shathictrioharacterizéthie: ghalivechn

inyentiarudll.BRCAm e BRBRIEH LR EAdiN%the. feRPWIB-AStallgt cd one
of the members. Alternatively, or additionally, filler material is preferably added to
the adhesive to control adhesive thickness and enhance structural unity of the
adhesive.

In this way, upon detachment of the first and second members, substantially
all of the adhesive is preferably retained on the selected member, and substantially
all of the adhesive is removed from the remaining member.

While any number of applications are contemplated, in a preferred
embodiment the first and second members comprise an actuator arm and a
suspension used to support a transducer adjacent a data storage medium. In an
alternative preferred embodiment, the first and second members comprise a
suspension and a transducer.

These and various other features and advantages which characterize the
claimed invention will become apparent upon reading the following detailed

description and upon reviewing the associated drawings.
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30 description and upon reviewing the associated drawings. Brief
Description of the Drawings FIG. i is an exploded view of a particular
consmction for a data storage 5 device accordance with preferred
errtscxfinre xis of the present invention. FIG, 2 shows a suspension
iflexur'e). and a p;rton of an atauator arm of the data storage device. of
F.IG. i, FIG. 3 provides a flow chart fgr an ASSEMBLY ROUTINE,
illustrative of steps Carried ow in accordance with preferred embodiments
of the present invention 14) to attach a first member to a second member,
such as the components of FIG. 2, FIG, 4 is a sequence of eiesational,
cross-sectional represgpiations:afibs oﬁigbmdvmggnd members to
farther ill e the dse uence of FIR-3. 3, PIG. low chart
for a DIS k!ﬁsﬁ,'aé gxlg]f&({ﬁ‘ q‘f tPau\l/cemo csotlclesrtrljlusc té%nrr%j ouattailnStorage
adi%ﬁ%?ﬁ?@fﬁﬁmepféfewef&@ﬁ podithasis of theppresse mvimiention 15 to

subsequentydgtachathe fiish andisasenshmepohess AR fzndidr em Bitha

se alttz!lesné:rg gf g‘l}lac\éatﬁﬂg fross- -sectional representations of the first and
second me q)erst her illustrate the preferred sequence of FIG, S.
FIG, 7 pro\fidé omnigtserritey eherhisodinferitHdhE RQUdmisatuntive of

MeHIRLS Sﬁemamﬁwmﬁméﬁés arevidad.with @esbmﬁelacmﬁeh/e
243£rono refe abl%/ com sm S|an arzselnt Fln S nother

{ 1' suc € CoOm
alterna ve embo imen II'S and secon rrae ers W ere )y one

of the méiltbetdsig pﬁa\mﬂe@l Qﬁuﬂlﬁaammm@aaﬁze@pﬂtremswtmﬁethe
adfiesian of dhe adhesive. fhiGrRtavides anathes @45%@%&%@@&1 ixaliment

wherein %‘Z‘J' mat |aI |sh'G dngFEg Sﬁ(?l},? neral 3899”
y of the

thickness an enhance ructurafiunl aahesive. e’tallg
Dessersiptiondiorprovide dancexeithplafyredvirdrdientinofthic hrprefemeaition

embadimeeia ph-8eHhe praseatRveNtien6as he-advantageously
practlcedF EI% i prowdes an fe>ieloded view of a dat stora e devic ]h%O

of the type confgure& %n% ore aﬁ' t'roe ?ilé\(/:éos(sl(gtrtﬁu% aeI‘IrZ trons ©
first and second members to further illustrate the preferred sequence of FIG. 5.

FIG. 7 provides an alternative embodiment for the first and second
members whereby one of the members is provided with a surface adhesive
promotor, preferably comprising a silane agent.

FIG. 8 provides another alternative embodiment for the first and second
members, whereby one of the members is provided with a micro-texturized pattern
to enhance adhesion of the adhesive.

FIG. 9 provides another alternative embodiment wherein a filler material is
added to the adhesive to generally control thickness and enhance structural unity of

the adhesive.

Detailed Description
To provide an exemplary environment in which preferred embodiments of
the present invention can be advantageously practiced, FIG. 1 provides an exploded
view of a data storage device 100 of the type configured to store and retrieve

computerized data.
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................................... -w AY? en'Yird>Yairge3Yni?)' controlled
housmg 102 is formed fiord a base decal 1104 and a top cover 196, A
spindle motor 108 is mounted within the housing 102 to rotate a number of
magtse do data. storage media 110 (in this case, two) at a relatively high
speed. An actuator 112 is rotated by an actuator motor 114, preferably
d:lf~?racterized. as a voice coil motoy, (VC;,M, A plurality of rigid actuator
areas 116 project from the actuator 112 toward the media 110 as shown.

Suspensighsnlidniilexresd RERach M 836 AU A4S A1da 10 RU4RNOH
data transducers 0 al.ac ut recor g surfacteg of }h ﬁ]eﬁj'a 110 2 A
fleX' C|rcu assem ﬁpes abrlnshe e't‘?tflnc?e‘a1 eor nin a 'f‘qg%
bewigen nh@@mfawgrﬂmzdamtawmmaiF%muhlfe@mwwuaéﬁr@dﬁtmbnd
(Pg;g)sge%f}, The Pill 124 supports various circuits and connectors not

sepa ratti showngh to r[?l(:mtalte C(%pt[)0| of thetdewce 100 aP14 ]
communicatiéi Wi £ 1S nte ST d G RS (e Evice tikgT e e

fabhiatédized anzavtometeédna s PaMifetm?planvifommentwheseis 116
htmfaeisrd;ﬁ méeabmisarwawpirmﬁemuya iﬁwaécamavi%@r&mns 118

uced each h mane acturln preferab arried qut b
COTRgTY SAIRHL 178 <D S Oh 8 BB ASSSHRB <BoRHIER 420
ue*rlmem}l @SQB?MISJtﬁeedeﬂbemmiapfond Various components are

preferablx aitached.fogathenyising adhaaive dwing.2OdReassamR!Yaths
%(E:ess Sé%'Ch as the]]ilﬁs ensions 118 and the actuator arms 116
t

V2R 15 ACLRHCH, o And 3B Ao Hied e Kb RERBL L)
ad@& uSm& @i nésivepagswetloincluding avectransducorg $¢p0asithghown)

Sl&%ﬂﬁ&ﬁ@@%&%llﬁ;ﬁoﬁhr%t d@e@eciwﬁhaggﬁm%a%% mtlzng;ﬂ%e dectk 102, |
ee ing,, semplies no S-rica y esl e useda 1o suppor
{ovVemen afet% BtStorY e 98 QBES?'&MW aRy@uigmated

rotational mMoVEMSRE
prm:dé@altﬂwvemaﬂanEnVASSE MBI IRCW EWE k@ spnills; tofanveiodily

stepscalriediQutin aecRrdancenwith psudearedeanmtin3yBants ob.the

present invention to Etach a first member to a second member, FIG. 4
pr81\l/tl dlé)é conveying pallets to a series of automated assembly stations which

sequentially assemble the devices to final form.

Various components are preferably attached together using adhesive during
the assembly process, such as the suspensions 118 and the actuator arms 116 as
generally depicted in FIG. 2. Other components can be advantageously adjoined
using adhesive as well, including the transducers 120 to the suspensions 118, the
flex circuit assembly 122 to the base deck 102, bearing assemblies (not numerically
designated) used to support rotational movement of the actuator 112, etc.

Accordingly, FIG. 3 provides a flow chart for an ASSEMBLY ROUTINE
130, illustrative of steps carried out in accordance with preferred embodiments of
the present invention to attach a first member to a second member. FIG. 4 provides
a sequence of views corresponding to the various steps of FIG. 3 using the arm 116
and suspension 118 of FIG. 2 as an illustrative example.

At step 132, a layer of adhesive is initially applied to the first member.
This adhesive is denoted in FIG. 4 at 134, and is shown to be applied to the
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a sequence of views corresponding to the various steps of FIG. 3 using
the air 116 and suspension 118 of FIG. 2 as an illust ative example. 3t1
At step 132, a layer of adhesive. is initially applied to the first member.
This adhesive is denoted in FIG. 4 at 134, and is shown to be applied to
the (o suspension assembly 11S. ?low'ever,
this is merely for purposes of discussi n, as, the adhesive could
alternatively be initially applied to the actuator ann3 116, as desired. The

a%@&“ﬁ&ﬁédénﬂ{@fﬁéb|¥I§Q€€@Pt§ﬁh2%dn§§e® 9P H@@iss HRXIBGn Bas
non-chain linear Whlt n cross [ explained below, the

e R G TR AT %@%E SN SR Batafy
anttarphoto initiator which enhance the polymct i;tation (curing) process.

A SU'tab|QﬁLl19&ﬁ§s‘?€é1tl @59?BFefé%lf"&ﬁlfacéﬁgeﬁﬂaEOaﬂﬁ%@%ﬁﬁW@ flexible,
formulation as deih-xi. Suitable formu ations can be cotmnercially

OBISIEE R OREY FRRRbAY B 88 TEEsWHER ad THERTUIRTCSPEUBS 48hesive
Dudsseldiidn Getmapyfcfhl adhpsive 4 84is pidferably sedectédttoifidvea

glags ransitien (erpasratiie:chak that is,significantly;lowenthandhe agent

specified opcratln Istorage.. temperature requirement range for the
RO 5P QAR 1€ CRREMBted thed (e HEliderTsls s sen
specifiethBreisijlerbBBEdtdrogtiretndat rdngerafs5s\Cta8The HeskEhEtbidpr
thg@sqgggye@ghggg;ﬁrably selected to be substantially below this range,
such as -25 "C.. As those spilled In the an: will recognize, Tg refers to a

temperathbé A8GHIEh B dly REFEARSITEIRETbriP algihetallf SistiBition
(rubbenpstatd Te) alsolid. agndrphiuddgltasdpstate sidifigl ogrraany/ vwickely
forQlifferent tuagsfRemers, 40 apd Mg frapsitiq ;?m{@&%{eﬁgp%?eﬁs

is often gradual rather than being more sharp _in cba3-acte-E'. For

refételied thes APPRaY awRESRA T3 T G A1 SRS hve @ © 85 °C
substadittailliheadfomydhigkaissbnsthettidsb e erbibaniAViheltheloperation
of step,sI32 ean result in this configuration, it is contemplated that the

adhesive 134 may 25 alternatlvely be applied as one or more locate ed
dos that étse gﬁsgsgau%m/t e art will recognize, Tg refers to a temperature at

which a polymer transitions from a generally viscous (rubber) state to a solid,
amorphous (glass) state. The Tg can vary widely for different types of polymers,
and the transition from rubber to glass is often gradual rather than being more sharp
in character.

For reference, the applied adhesive 134 in FIG. 4 is shown to have a
substantially uniform thickness on the first member. While the operation of step
132 can result in this configuration, it is contemplated that the adhesive 134 may
alternatively be applied as one or more localized dots that are subsequently
“squashed” to provide a final substantially uniform thickness between the first and
second members.

Continuing with the flow of FIG. 3, UV activation of the adhesive 134 next
preferably takes place at step 136 in order to initiate the curing process. This is
preferably carried out by exposing the adhesive 134 to ultraviolet (UV) radiation
from a UV source 138. For formulations such as described above, this will result in

the start of a “green time,” or reasonably short period of time (e.g., 5 minutes)
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“squashed" to provide a final sF3bstaanally uniform, thickness between
the first and second ruenthers. Continuing with the flow of FIG, 3, |
activation of the adhesive 134 next preferably takes place at step 136 in
order to initiate the curing process- This is 30 preferably carried out by
exposing the adhesive 134. to ultraviolet (UV) radiation W M3 a till source
138. F'or f413Ff}.4latiiiri5 such as described above, this will result in the
mart of a "green time," or reasonably shirt peiiod or time (e.g. 5 minutes)

t_dfainhamdichethenadhesive,Candbe mated Wit ine.sesond eohetep
su@)xas all step After placement of the second member (actuator area

116) onto the adhesive 134, the flow of Fags. 3 preferably' continues a,
step 142 Ajith phescapplicaticrsohéateBba thevatdhesivé! §)34te Bhordbesioe

aceeleniaAndiinglize iheaohesie (Urg. sis Nealis RhW R ERPSE heat
prOV|q¢edFE)§S a sujtable heat source 14-1, such as a source of convected
I

hoP Al 8P 1RaInt AP SUIRACFIESHRrAHBH Bt St 128 5§ retiinbiyt '
refbmed ttorapthedeg phcasnorbbf héthermead hiimpitsimicestheatiined:cted

temperatirsiphihe.adhgsive is generally lower to than that required for a
conventignal thermal set (e.?., on the order of perhaps 3i [3 C as opposed

Eo perhap¥ 556G bPhibRe) it Breblersaedra mdimarrberior 06 2
118hanmalabiewe d soaete ntei sev tepe tempefate adtkthe iadhesiiey Sober

Eantiaii.:achievesa finalizad sred state. alwhishiRalnfihg pracess@rds

at step 146. It is contemplat .d in some. embodiments that under nomiat

circdmURAEA L0 FEENARS 7St fnaRIB¥FAAdTRENSE D Ad eI BR PRAPRET AR
attdéhed pllvsudnt tethe troatiheof iMpedtior the dperdtional kidsofrthely

ComphinationHWeNa B ARRGeaIn GkaY P?éé@{mﬁétam%)s bgsdesirable

at a aster point to subsequently detach the first and second members,

either as'a P SHEBPINE LBSIFERY TPPIASH b thc MEaRATBaLS o rstances.
fadikitatetrepaibsronrothier rework typeopeiitionisin2@kdréxampie; duting'

the,afigkedeseris S HRYRWAGHITNG Bragessllimaybe determined that a

;articular Data transducer 124) is :E3tfDerative. While in so le

environn &SN A T SRE L ESHEIRN SE AR s Bis ebp datrkPaitife
aciuatgndril?, datathér NvdrerdSwendsnit maysheittesisablesiot reimevé:thed

0%@%& t@@%dﬂféﬁ{b@ﬂg({xe%ttﬁ‘éﬁiéte repairs or other rework type operations.
For example, during the aforedescribed manufacturing process it may be determined
that a particular data transducer 120 is inoperative. While in some environments it
may make economic sense to simply discard the entire actuator 112, in other
environments it may be desirable to remove the offending transducer and reattach a
new substitute slider/transducer assembly if possible.

Engineering evaluation of new designs, or reliability testing, may also make
it desirable to utilize a particular actuator arm while attaching different styles or
types of suspensions thereto. This is also true for other combinations of members
besides the arms 116 and suspensions 118 discussed herein.

Accordingly, FIG. 5 provides a DISASSEMBLY ROUTE 150
illustrative of steps carried out in accordance with preferred embodiments of the

present invention to subsequently detach the first and second members. As before,
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new si3bstitiate slide r;transducer assembly if possible. 25 Engineering
evaluation of new designs, or rehamhty testing, may also make it
desitable to utilise a particular actuator inn while. attaching different styles
or types of suspensions thereto. This is also true for other Combinations
of ri3naliers besides the arms 116 and suspensions 1 IS discussed
herein. Accordingly, FIG. 5 provides a DISASSEMBLY ROUTE 150 30
illustrative of steps carried out ha accordance With preferred euit odiments
of the present invention to subsequently detach the first and second
members. As before. FIG. 6 provides a sequence of views that
COTTESAETTY 1EF tHS SHES o s thresresponskierds sops tRifahiediVe: P34
is locally soeled t62a tiemyaacsitiera that inbelpwobke Selestethjaaftheat is
adhesive. This is prefer cayried outusing a_35 suitable cooling source
oA e R B e e B R oA
a Erable SROMIMIYUTE. Bt 2prederatiy I RedCoenng sutireechBlersappidsod
logpoteriperattkediid (ag-guehiled air? across the adhesive./. E3e;iA
i:F:: and tis transferred Iron" the. adhesiveintem hers to this flyid to
ower e L il R TP WL 8 ey e
adhdiide 43498 prefdrasifisiversentbess W dteimiseftmiferss Srastich
withpe iaehciper-damiag €l ol thel snemper s Apsuiiaasdiny .alesmentsof g
device 100 (e.g.. -100'C ).0nce copled to a temperature below the,
o e e R e e SRR
arfdagiii e ERet b Erddtie AR asetie tha snappie &t evrofeding elvaerialforee.
Suehiasidepigted by «geton.158 in FiGa. 6) will thus result in a relatively
easy deteplinetof 10 IRRRREiNE MemPaLs- AN pPtsnal osasclian elie
members can next take p?a e at step 160. he”inclusion o?.t e _
erliRtoNSd fiGRe8TRMIQYRARTI HicadResKiB RsriliaratisHs it drittle.
apphigatiannod Gl iizehii{stdos a s inh th sepikeal pyo facilitete idatvationvl 120
(e S9N WRICHVE5 el REbRRNE P dRTAR RS MRMBSLS: e Mow then

ends at step 162. ]
An optional inspection of the members can next take place at step 160. The

inclusion of the aforementioned fluorescent agent into the adhesive formulation
allows application of UV light (such as by the source 138) to facilitate detection of
the extent to which residual adhesive is left on the members. The flow then ends at
step 162.

Depending on the adhesive formulation, the mechanical force 158 applied
at step 156 may be only 5-10% of the force normally required to detach the first and
second members under ambient conditions. This advantageously reduces stresses or
other effects that may deform one or both members. For example, particular
characteristics of actuator arms such as 116 can be highly controlled (angle,
flatness, Z axis height, etc.), and so it may be desirable to not affect these
characteristics during the routine of FIG. 5 in order to allow reuse of the arm.

Along these lines, the respective mating surfaces of the first and second
members are preferably provided with different adhesive coupling characteristics.

By increasing the tendency of the adhesive to be affixed to one of the members as
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Depending on the adhesive fbrnntdation, the mechanical force 159
applied at step 156 may be only 5-1il1% of the force normally required to
detach the :trst and second members under atnbr'nt conditions. This
advantageously i'4"duces stresses or 25 other effects that may deform
one or both membe s. For e.xam3le, IFaticuha; characteristics of actuator
arras such as. 116 can be highly co_nérplled 9angle. flatness, Z axis
height, etc.), and so it may be desirable to not affect these closes

- etistsasdwing theroutingehR43 «aHp Qidertoalewiereise rfhthaasm.
Al%ng these lines, the Ee§é)%ctivg matiﬂ%s tiac;eés.o%%e éirst and second
3d rﬁg}?{g@% 5?g,r%t?érfeer |§/ ?3?(‘)\7155?1‘:W| h-dtirentaahieSive coupling
charactefigfics. sByintdreagitigative e entycohthesadhesivetdo He affixdd
10 QREQIBE MEMPELSAS the: suspensiG®MPBred o Mig.Athaksubsiantially

all of the aﬁ esive.ﬁilan be,lremoved from one. of the members ang{1 X
relAIREE Sh' eI &tRR AEHERTEB I AHIES %6 PEIEST 7°8Row frachesive
applicalidri@f & sorfacecathesive proniobesutB4ste oribp dretenembarired

thig eagEath %éﬂn%@ﬁ{l_ﬁEBéhJiéﬁ)be?ﬁ) mateHakdoficanipkeRYamRSMBer
of forms, such as a siane agern, and acts as a "pruner"” coat for the

adRAR BT EIBPE I MR SRS pattern 166, such as a series
of detectslisrapphbd doadriyconiéymeniver (dlespensioh cbi8kteddnthande

theqadhesion of. the,adhgsive, 13411 BismemnRenas.campared Bhhgier

other paeanrer. Ahegﬁgaivel ,.or.addh_ronalty, an ianesrt filler material

calt B AderEGTPO HHE DO A B S BATSRAEH S A HRshtRS BFA8S BRfidbe
assstowmimke®. [Theltdllendiateriat qendsafly dsthiblishesta ddlsised 134.

separafiep distancaeivesthe fist andssecand members 1d& 448, and

hence, controls the thickness of the adhesive 34. The finer material

fuHsEr B En A G BB RIS Yo h ATt Phes sapd Rt ot Lhe

adhesivePi34raippr ddtachimentibhnbenFirstharfdlsererdane mbeis:d. 1sG¢ch
118.chanreferably, Rieiativeiesanaliaumumof the llgnmateria) iixed in

provided, such as on the order of a 540% volume fill. lle filler material can

he™iliftiay ATEH fn (Wit b a abbivhe: a9hed harh o il amesie a1
theohsitercmiatepidlicire> dontutrentybepplies ta2tie Fitgt Membem(stepy182 in

Flﬁhg’s)ivé‘lé%a{ﬁtWeJhg the first member, and then the filler material can be
deposited prior to the mating of the second member (i.e., prior to step 140).

The various preferred embodiments presented herein provide certain
advantages over the prior art. The adhesive 134 is particularly suited to automated
assembly lines and eliminates the need for off-line processing, curing ovens, and
other requirements that might impact high volume manufacturing environments.
The cooling of the adhesive 134 to below the Tg allows controlled detachment of
the first and second members, and reduces deformation or other damage to the
members during the detachment process.

Selective configuration of the respective members further facilitates
controlled removal of the adhesive so that, as desired, substantially all of the
adhesive is removed from one member (which can be reused) and retained on the

other (which can be discarded). The use of a filler material further controls
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adhesive can be applied to the first naeaaber, and then the fill, r material
can be 20 deposited prior to the mating of the second member (ire., prior
to step 140). The various preferred embodiments presented herein
provide certain advantages over the prior art. The adhesive 134 is
particularly suited to automated assembly lutes and eliminates the need
for off,-line processing, curing ovensgand other requirements that might
impact high volume inanui Cturing environments. 25 The cooling of the

adhesive 13tita-belavs thenleallons gomntyolled-detachimentaief thedirste

anql second memberf.thand redtu(é:es dgformation or other damage to the
maMIBYrS AU S HEEASRAVERT PIOESEE. Selective configuration of the
respectivaacoednizdy. ftheherifasilitafescd smbolleterentosentidtheread vesive

so,that«as sesiredsubstantiallyiall of thendebadbesive isempyagifram

one member (which can be reused) and retained on the other (which can
O ARGl e 8 P Aok TREEN AN AB L M hed
Siekrresssaldaatidrice s berhislity ol vetaibosEtam giia@ |y afleofttihebelow
adhgesive-ppdust.ape of the separated anembers. Accordingly, the various
preferred embodiments presented herein can be advantageously used in

a wide variety 8t A1pi8arabhs "au A NHaY a PePAEERT RIGRPHEIAt ©
st3emglaelispdésiradpfortargiviehecbeationah ramgeraanel ted baketnberdean
be. shseAMEnlY:seRArAeH: at 3 Siantficantly lawyesdhongd: sirengih.at. for

temperature below this operational range. While a cooling source has

be @A eSS QU ThABPErEH - TEBATANGATS TS5 CHVER? Pop-iFmly high such
terhperatare ciotimadiiesivedbesi temperature welhibe]ownriizmabientmi() be

rogmitelriaerphte IRoRALoNSGEY, 44 Yfads Yehdsnetpesrssanlyfedyired.
For Eﬁéifﬁpﬁ’e incgrtrtlwee{ gﬁglt%rtnqjgrs, the operational range may be
su?'ﬁmenty ,nigh such t at passwes'cooling of the adhesive to a given
ambient feriypéragiirebaydsestendiigrs neraferisihcanpdiregtiie si dhbetoevettie

glassttRAsiiontepNsr atwaand iandsiagausuitable fcdeachmenk ofhe
nielrl'ghers. gISAt t\a/lciLIinow 0 understood ?hat prefq)rgred embodiments of the

prcsasesﬁ “iveéntsarn a eaglésr%érr'%ﬁ’y dired gﬁloPéi ngrélpparatus and method for
attachinglran@pcordance with preferred embodiments, the method preferably
comprises steps of using (such as by steps 132, 140) an adhesive (such as 134) to
attach a first member (such as 118) to a second member (such as 116), and
subsequently cooling (such as by step 152) the adhesive to a temperature below a
glass transition temperature of the adhesive to detach the first and second members.
Preferably, the using step comprises applying the adhesive to the first
member (such as by step 132), exposing the adhesive to ultraviolet light (such as by
138) to initiate curing of the adhesive (such as by step 136), placing the second
member onto the adhesive (such as by step 140), and applying heat to the adhesive
to finalize curing of the adhesive (such as by step 142).
The method further preferably comprises applying (such as by step 156) a
mechanical force (such as 158) to at least a selected one of the first and second

members while the adhesive is at said temperature below the glass transition

temperature to detach the first and second members.
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subsequently detaching a first naunril r to a second member. In
accordance with prefer ed e.mbodiments, the method preferably
comprises steps of using (such as by steps F32, 140) an adhesive (such
as 134) to 201 attach a first member (such as 18) to a second member
(such as 116), and subse uently' cooling (such as by stop 152) the
adhesive. to a temperature below a glass tt ansinon temperature of the
adhesive to detach be first and second Eneinbers. Preferably, the using

step comm&ewmlmﬁgeme@&bawens&m imkm@mp&{dgmg@& Rysiep
132 m eggjacgs ftﬁd?es%lgg to uglnr vae trllghtﬂg| éigl as bx 138?
iniBALE S oftHe At &N TS0Nh B IR St ™ 965 5T AT e SRudRe
mehatssieostiosthechdh é@ml(mmasfbwgt@pemmsmﬂurapplwﬁglﬂeat t6tthe
adé‘{ﬁasg&‘ﬁcﬁﬁtﬁmﬁéf@d%%ﬂlﬁ%%ﬁbﬁ @dwit@o(ﬁy%@ﬁfbufm{wi 51Ahﬁner
method further prefe ses ying (such as by step a
méE erhalcé‘?%rc%s (§u§1 gg f% % éi"?pﬁ%t fPse Bt(fi)éaﬂBﬂgl%slstﬁBdleé‘f‘é?fﬁ
segontr80ummeefhersditilecthe adhesive is at said temperature below the

glass tramlaﬁtmat%fem@ﬁ&%%m@sﬁ i andseqendRempersich

The d further .preferably comprises sele t|vely configuring
regbg%tb ﬁ‘?azft:l %Lﬂf‘?i?‘cée e (ﬁp I S oS S hTB P\ GRS rt

adhesivencoupling chachabie rditiescsattiiras thieughrthendseohd surfies
adfigsive prarnotei,(such as 1 4) or a micro-texturized pattern (such as
166) to only one oIPthe nrem er . A filler material (such as 168) Can also
he utlllzeﬁr%/ge@gmgl RS E QBCAR B Fikh cad SO rRPTRRS SPpppsises an
adhesive aTthéspbtinod! furthe vpretarabtyroompns eseapphany anmitsaviolet

||9RE1€§5&FI‘c&%ﬁ?iﬁeé—%YJ&é}lésl%ﬁsis?e%l?%glp%e akthedatached dirst and

secon taggs to segjtanaext ntto Qltgg thea he%¥etagnheredt
salél}srsut and second Triembers. fﬁfgfter?ﬁe COORTF, kP Pretefdbly a"

SeRsERBer DFRETOTithe FiFstngnel Betoribdy dplers ébﬁh pm&é& aﬁm%iemmmp afm

(suelrias dbGrand whasein dhepemaining eneiatdhedirstand second
members comprises a.su nS|on as such 1187 which
su pportsﬁa cfaf%d?rgﬁgdilc%g% fe”ﬁﬁﬁ’%ﬁ&eﬁ] Atively D garatféc‘ielapélﬁees

the frstegsePsecontiay 3 e prisersdcopipuseva sméwnsmrwas@mwsemch
a%d 18} aneidha e ARk ane Ghember to the second member, wherein the first

member, the second member and the adhesive are respectively configured so that,
upon subsequent cooling of the adhesive below a glass transition temperature of the
adhesive and detachment of the first and second members, substantially all of the
adhesive is removed from a selected one of the first and second members and
retained on the remaining one of the first and second members (such as in FIG. 6).
As before, respective mating surfaces of the first and second members are
preferably configured with different adhesive coupling characteristics, such as
through the use of a surface adhesive promotor (such as 164) or a micro-texturized
pattern (such as 166) to only one of the members. A filler material (such as 168)
can also be utilized to control thickness and enhance structural unity of the

adhesive.
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the first and second members comprises a data transducer (such as 120).
In accordance with further prefeEred aria{{>dixazeuis, the apparatus
comprises a first member such as 118). a second member (such as 1 an
adhesive (such as :34) which aaaches the first member Km the second in
tuber. wherein. The first 20 mentor, to second member and the adhesive
are respectively configured so that, ypon Subsequent eoohng of the
adhesive below a glass transition femperature of the adhesive and

detachm%; phARElISt @R pRAARC RN RAL SeSHRSIRPOAINL AL RIS for

(g:eswe is re oved from a selected on of the first gnd second members

@?e?ﬁ‘ﬁ’l?ﬁn‘@e Brte i taRgeat Sn G e o &tich
asdinckkE&d @Jtﬁﬁm(bafd)ﬂém@éiﬁ:@emdeﬁtmg surfaces of the first and

second mebgy e gainfeiab bk OwaP s ifisces! adhieaitBics and

couﬁ{?){hn haracterlstlcs such as through the_use of a surface adhesive

praTBIBEL AN AL berT R ATRIE SRS BRI A Bheh 5e b T dRly
ongeofdlrgame rdberimtitufillepetiatewah (defelisast 166 stoamal smd duntifige dfo
copirghtigiaassand.e BQQHG&:‘%&HJQM%E&EIM Qésﬂ}ﬁuﬁf? RINEINEve only,

.................................................... For ;ATI or amabog and IT Sa'lta
hHAhERREE 3T AN P 888U \ﬂﬁﬂﬂﬂa SRR IR, TSt tf5tieyre and
almeh@sens oiﬁdﬁkSvnthmdlﬁ priteipleedf. tHethatevenvtndugt the de exteﬁl\:
AGfikcaidE) fhe GoadendiAdaS i dNGd 1638 ih WHRR 0R-a ﬁ}&@(

fomh, in the \\l, , tog he., with deaakof the, Emm e n Mm' of va
KSEESTRSHHN 1 US of h Env = ..ion, this detailed &eac:li j\iem 3J ilhus sve

o&v, and changes "my be 1..... in de: '~,,, e pe .ti ,A e.. root m.:\ of wu
nmue and ,pn, Sof p' \\y.337 t\ \\ mcipk s CA the "eser: le'Z._,\:to
the :ffl e \ke of 0i Z, dic ate", by the towns gene " . \anu "..,: i e terms in

which" .mjpe.e\..a..B are ~~xpnssd. ...................
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12.. What is :itimed is: 1, A method comprising steps of using an
adhesive to attach a first member to a second member, and subse a n#}
cootmg the. adhesive to a temperature below a glass transition temp
nature of the adhesive to detach the first and .second nremfser s such
that substanl:iatiy at) of the adhesive is removed from a selected one of
the first and second members and [eltf\i_ned on the remaining one of the
first and second members. 10 2- The method of claim 1, further
comprising a step of apptying a mechanical force to at least a selected
one of the first and second members While the adhesive is at said tenl
raiture be%wﬂ%él@ﬁ‘é‘gg‘ﬁ;ansition temperature- to detach the first and
second mem ers. 15 3. Tlre. met od of claim 1, furtisr caarsprisng a pnor
stc.P of selectively,GanfiQuURRASRSREGUIVSG mating sifiages of thefirstand
second u;emb rs with chffirrent adhesive. Coupling 2.0 4. The method of
ClAMAPP Rl Er CEIBHSING S hrigt s P SAREPYiInGCasu s cadaHysive 2
promotorinedrlipwhe dirst menibertsottratyeponhdetdchivient dftathehir Stst
ang, $ecoRd MEMPRTs.sURsiaptiaziv ! af BreRdRaSIG i§ FemAuedfiam

the second member and retained on the first nmember, 25 5, The method
of IS ELo%e 8 AP TG A b6 BEELBF SrEVASThY! DFiRPa S GAZ&H
patie fivstauohiycie firshbasmber so that, upon detachment of the first and
second memmBbers, substanrially all of the adhesive is removal from the
second member and retained on the first member, 't) 6. .'ne method) of
claim 1, Whereir fe"5dSsRie B the Ly st REbipAsYePat aRRlyine 2
rnafechdiéxiblecaonahieds: linelaged pox pinithfassepbseanid nastivator ldkdia
P%E%AWE' QL sz temperatureT t@o@%@%@ag &&ﬁk‘iﬂo@r m&%ﬁmrg]t% QQQS}?{K@

further coirlarises a
first and second members.

3. The method of claim 1, further comprising a prior step of
selectively configuring respective mating surfaces of the first and second members

with different adhesive coupling characteristics.

4. The method of claim 1, further comprising a prior step of applying
a surface adhesive promotor to only the first member so that, upon detachment of
the first and second members, substantially all of the adhesive is removed from the

second member and retained on the first member.

5. The method of claim 1, further comprising a prior step of providing
a micro-texturized pattern to only the first member so that, upon detachment of the
first and second members, substantially all of the adhesive is removed from the

second member and retained on the first member.

6. The method of claim 1, wherein the adhesive of the using step
comprises a non-aromatic, flexible, non-chain linear epoxy with a super acid

activator and a photo initiator.
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fluorescent agent, The anethcxl of Chaim 1, wherein the using step
comprises Providing a filler material to the adhesive to establish a
separation distance between the first and sec and members and to
enhance structural unity of the adhesive during detachment of said
members. It; 9. The method of claim 1, wherein the using step comprises
applying the adhesive to a selected pne of the first and second members,
exposing the adhesive to ahraviolet fight to i tiate curing of the adhesive,
placing the remaining one. of the first: and second members onto the
adheswe and yin attq the ad esive to fi aIlze ng of She
adhesive 15 18'P€eheer%1he tf : I&Ialm% e ?cg?nﬁrlgln[ié lgs Step of* ?
appipiReF e 2ettfaviolet Ilght to at least a selected one of the detached
firsl, and second members to assess an extent to which the adhesive
adhered to said.first a ond members after.the coolin
The art..t.hod o hlealmrhm? Fer{elrrlfrgl s"]]gg’ 3(5% one ot the fir n}%m%;) ‘é’E‘on
mérfiBersaehrm iz dy adhseirato et sherem theansmbihingnohe ot
therf&rssream seeRBeMambers aomprisesa:sUSPaRSINAS SRRV Whishe
ﬁppo[‘ts a da érans%gcer f2. The method of claim 1, wherein at
el6cted one of the first and second members comprises a suspension
assembly and the remaining One of the fir: a and second members
compriseps a datentarsehicer cB0nl B, ik @RPakatUS LABRIEsHEsasfiStlying
mehm ;Fal se%)gdse ember gno gsrtlea e whuah att%ehes the first
m.mber to the Second member, wherdin &e Yirst nEMDEY. the'® OS'O%dhe
mefhbeyaind: ey ki disivd airdtieis sedny oftieordhgsined Merc theatheupopining
sms;eewaetm@p!iﬁtg ofdhe aéﬁes&yerhelﬂw Apass, thansitianiRd the © the

gl\ll\% aonpngle Cmmgrg)ﬁc ghflrst and second members substan ial y

Vi
aI o e -14- a eswe is removed ﬁom a selected one of the first and
second members and
10. The method of claim 1, further comprising a step of applying an

ultraviolet light to at least a selected one of the detached first and second members
to assess an extent to which the adhesive adhered to said first and second members

after the cooling step.

11. The method of claim 1, wherein a selected one of the first and
second members comprises an actuator arm and wherein the remaining one of the
first and second members comprises a suspension assembly which supports a data

transducer.

12. The method of claim 1, wherein a selected one of the first and
second members comprises a suspension assembly and the remaining one of the

first and second members comprises a data transducer.

13. An apparatus comprising a first member, a second member and an
adhesive which attaches the first member to the second member, wherein the first
member, the second member and the adhesive are respectively configured so that,
upon subsequent cooling of the adhesive below a glass transition temperature of the

adhesive and detachment of the first and second members, substantially all of the
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retained on the remaining one of the first and Seconds SB ems r 14. The
apparatus of claan3 13, further comprising a sztspace adhesive
prrm3otor applied to the first. member and not to the second member. 15.
The apparatus of claim 13, wherein the first member comprises a
nztcra?-texturized pattern and the second member does not comprise a
micro- text:arized pattern, 10 16. The apparatus of claim 13, wherein the
adhesive of the using seep comprises a azo=.z-aa,a aatic, flexible,

noiEhAn HNRACRORLMI RISUBETREIdr ALryALonANdePRRIQNIiIAQr 1A
1. t'l'heda\é) ; ratus of. cIaiméfG wherein the adhesive further comprises a
AUSHELRERT DS &R RBRRR IR (BB SooradAPaPS8itation of an extent to

which adhesive remains on at Least: a selected one of the detached first

and secongd mefhi?ghsrA0: 18- dhgAPPakatHs QbGIRIM, A G, svsreinibg first

and second members _are selected from a group consisting essentially of
ROTPRISH, S e O MBI AP et O BEPPLS, The

apparatus of claim 13, further comprising a filler material 25 which

establist g5 a separafiondisangs RetweaR e HSHARGSEEeNdMEHIRErS

and. enhances structural unity of the adhesive upon detachment of the
firSY FRdSEEERA FECHEY. 285 A RIS R pISing aAFR e B s
sgeomdanepatben.and an 30 adhesive, whereby the first and second
members are attached and subsecp gently detached by steps for
attachinghand for detaching the first and second members; wherein

aa3t3atahtiaily APSFHREHANEEHIET teniOVEd O APSHISREPEHE Y e
firstrapidsse eondhmemipers exxdbretainedham theepe mpiringvonea ofupre firsd
angdi »eGond e Restor.

17. The apparatus of claim 16, wherein the adhesive further comprises
a fluorescent agent configured to provide a visual indication of an extent to which
adhesive remains on at least a selected one of the detached first and second

members.

18. The apparatus of claim 16, wherein the first and second members
are selected from a group consisting essentially of an actuator arm, a suspension,

and a data transducer.

19. The apparatus of claim 13, further comprising a filler material
which establishes a separation distance between the first and second members and
enhances structural unity of the adhesive upon detachment of the first and second

members.

20. An apparatus comprising a first member, a second member and an
adhesive, whereby the first and second members are attached and subsequently
detached by steps for attaching and for detaching the first and second members;

wherein substantially all of the adhesive is removed from a selected one of
the first and second members and retained on the remaining one of the first and

second members.



