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ADHESIVE ATTACHMENT OF A F'IRST MEMBER
TO A SECOND MEMBER

Field of the Invention

The claimed invention relates generally to the field of adhesives and more

particularly, but not by way of limitation, to an apparatus and method for

adhesively attaching a first member to a second member, such as components in a

data storage device.

Background

Adhesives are used in a variety of applications to attach a first member to a

second member. For example, designers have proposed various configurations

whereby adhesives are used during the manufacture of data storage devices, such as

in the attachment of a suspension assembly (flexure) to a rigid actuator arm, the

flexure being configured to support a data transducer adjacent a data storage

medium (disc).

While operable, there are a number of limitations associated with the use of

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

strong adhesive bonds, but can require excessively high temperatures and offline

operations and fixturing.

Ultraviolet (tIV) cured adhesives may not provide sufficiently strong

adhesive bonds, and may also require off-line operations to establish a LIV cure.

Shadowing effects, whereby the IIV 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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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 method for  ad esively attar t3Fn tF fir S# n;.;:i3 ber to a
second me.3Y3ber, such as Components in a  :5 data storage device,
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 whereby adhesives are used dining I he in' i3 t o
e 3:'. of daE;a storage devices, such as  in the attachment of a suspension
assembly ;flexure) to a rigid actuator ann, the  )flexum being eonligtu'e 3
to support a data transducer adjacent a data storage  medium (disc). while
opetable, there are a number of limitations associated .with the use of  15
adhesive is in these 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 sufficienFly strong  adhesive bonds, and may
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effects, whereby the UV light is hlcucked or otherwise prevented from
reaching the adhesive due to component interi rence., can also But the
ability to  establish the recuisite bond strength. There are also situation,
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members, and these and other prior art approaches may not  25
adequately control the distribution of residual adhesive on to respective
members. Accordingly, there is a continual need for improvements in the
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Summary of the Invention

Preferred embodiments of the present invention are generally directed to

an apparatus and method for attaching a first member and a second member, such as

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 to ultraviolet light

to initiate curing of the adhesive, placing the second member onto the adhesive, and

applying heat to the adhesive to finalize curing.

The adhesive is subsequently cooled to a temperature below a glass

transition temperature (Tg) of the adhesive to detach the first and second members.

This cooling places the adhesive in a substantially brittle condition, allowing the use

of a relatively small mechanical force to detach the members.

Respective mating surfaces of the first and second members are preferably

provided with different adhesive coupling characteristics, such as by the application

of a surface adhesive promotor or a micro-texturized pattern to only a selected 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.

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 to &travet fight  to inmate curing of
the adhesive, placing the second member onto the adhesive, and
applying heat: Eo the adhesiv=e to l9nahze curing. 10 The adhesive is
subsequently cool:d to a to iferature beloww a glass  transition
temperature (`fg) of the adhesive to detach the first and second members.
his cooling places the adhesive in a sub tantially brittle condition, al owing
the use  of a relatively small mechanical force to detach the members,
Respective treating surfaces of the first and second me it bens are
1>re:leratly  1> provided with different adhesive coupling characteristics,
such as by the application  of a surface adhesive ptomotor or a rafai;
ro-tertisaszed pattern to only a selected one  of the, alternatively. or ad,
tion a:ly, filler material is preferably added to  the adhesive to control
adhesive thickness and enhance structural unity of the  adhesive. 20 In
this way, Upon detachment of the first and second members, substantially
ail of late; adhesive is preferably retained on the selected rE3fE ben, and
ttiftEStaf :ia:t4'  all of the adhesive is t'eanoved from the rernanung
member. While any number of apphcatu;ns are e:rntearnaheed, in a
preferred  endWir ent the first and second members comprise an actuator
arm and a  25 suspension used to support a transducer adjacent a data
storage medium. in an alto native preferred embodiment, the first and
second members comprise a  suspension and a transd ae f'. These and
various other features and advantages which characterize the  claimed
invention will become apparent upon reading the fohowin detailed  
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Brief Description of the Drawings

FIG. I is an exploded view of a particular construction for a data storage

device accordance with preferred embodiments of the present invention.

FIG. 2 shows a suspension (flexure) and a portion of an actuator arm of the

data storage device of FIG. l.

FIG. 3 provides a flow chart for an ASSEMBLY ROUTINE, illustrative of

steps carried out in accordance with preferred embodiments of the present invention

to attach a first member to a second member, such as the components of FIG. 2.

FIG. 4 is a sequence of elevational, cross-sectional representations of the

first and second members to further illustrate the preferred sequence of FIG. 3.

FIG. 5 is a flow chart for a DISASSEMBLY ROUTINE. illustrative of

steps canied out in accordance with preferred embodiments of the present invention

to subsequently detach the first and second members of FIG. 3.

FIG. 6 is a sequence of elevational, cross-sectional representations of the

first and second members to further illustrate the prefened 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. I provides an exploded

view of a data storage device 100 of the type configured to store and retrieve

computerized data.

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 for 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 representations of the  first and second members to
farther illustrate the preferred sequence of FIR-3. 3, PIG. S is a low chart
for a DISASSEMBLY ROUTINE, itustraiive of  sterns carried out in
accordance with preferred embodimee is of the present invention  15 to
subsequently detach the first and second members of FIG, 3. FIG. 6 is a
sealtience of elevational, cross-sectional representations of the  first and
second members to further illustrate the preferred sequence of FIG, S.
FIG, 7 provides an alternative embodiment for the first and second
members whereby one of the nie hers is provided with a surface adhesive
243 pronoun, preferably comprising a siane anent, Fin, S provides another
alternative embodiment for the first and second  rraem hers, whereby one
of the members is provided with a micro-t'sturized pattern  to enhance
adhesion of the adhesive. FIG. 9 provides another alternative ernixaliment
wherein a filler material is  'G5 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  30 the present invention can be advantageously
practiced, FIG, i provides an exploded  view of a data storage device 100
of the type configured to store and retrieve  computerized data. 
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An environmentally controlled housing 102 is formed from a base deck lM

and a top cover 106. A spindle motor 108 is mounted within the housing 102 to

rotate a number of magnetic data storage media 110 (in this case, two) at a relatively

high speed.

An actuator Il2 is rotated by an actuator motor ll4, preferably

characterized as a voice coil motor (VCM). A plurality of rigid actuator arms 116

project from the actuator ll2 toward the media ll0 as shown. Suspensions ll8

(flexures) extend from the actuator arms 116 to support data transducers 120

adjacent recording surfaces of the media 110.

A flex circuit assembly 122 establishes electrical communication paths

between the actuator ll2 and an externally mounted printed circuit board (PCB)

I24. ThePCB 124 supports various circuits and connectors (not separately shown)

to facilitate control of the device 100 and communication with a host.

It is contemplated that the device 100 is fabricated in an automated

manufacturing environment wherein hundreds, or even thousands, of nominally

identical devices are produced each day. Such manufacturing is preferably carried

out by 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 I 16

and suspension ll8 of FIG. 2 as an illustrative example.

At step 132, a layer of adhesive is initially applied ro the first member.

This adhesive is denoted in FIG. 4 at 134, and is shown to be applied to the

_..._  .......................... ......... -w AY? en'Yird>Yairge3Yni?)' controlled
housing 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 motor (VC;,M, A plurality of rigid actuator
areas 116  project from the actuator 112 toward the media 110 as shown.
Suspensions 118  (flexures) extend from the actuator anus 11 to support
data transducers 120  al.accut recording surfaces of the media 110. ill A
flex circuit assembly 122 establishes electrical eorf33T3nin al.f i3 paths
between the actuator 11.2 and an externa1i' mounted printed circuit hoard
(PCB)  124, The Pill 124 supports various circuits and connectors not
sepa rattily shown)  to Iaciiitaite control of the device 100 and
communication with a host. It is contemplated that the device tik) is
fabricated an an automated  15 ? mnufeturn?p environment wherein
hundreds, or even thousands, of nominally  ideraical devices are
produced each day. Such mane acturing is preferably carried  out by
conveying pallets to a series of automated assembly stations Which  se
,uentially assemble the devices to final fond, Various components are
preferably attached together using adhesive during  20 the assembly
process, such as the suspensions I18 and the actuator arms 116 as
generally depicted in Flit. .. Other components can he a advantageously
aded  usma adhesive. as well, including the transducers 1.20 to the
suspensions 115'3, the  flea circuit assembly' 122 to the lose deck 102, l
ee ing,, assemblies not nuns-rically  designate d) used to support
rotational movement of the actuator 11., etc. 25 Accordingly, NO. 3
provides a flow chart for an ASSEMBLY ROUTINE  13 ). ilb"ttranve of
steps carried out in accordance with p ...feared en n<)tlh3YBents of  the
present invention to attach a first member to a second member, FIG. 4
provides  
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suspension assembly 118. However, this is merely for purposes of discussion, as

the adhesive could alternatively be initially applied to the actuator arm I 16, as

desired.

The adhesive I34 is preferably characterized as a non-aromatic, flexible,

non-chain linear epoxy (with no crosslinking). As explained below, the adhesive

formulation further preferably comprises a super acid catalyst and a photo initiator

which enhance the polymerization (curing) process. A suitable fluorescent agent

can also be added to the adhesive formulation as desired. Suitable formulations can

be commercially obtained from a number of sources, such as The Henkel Group,

Dtisseldorf, Germany.

The adhesive 134 is preferably selected to have a glass transition

temperature (Tg) that is significantly lower than the specified operating/storage

temperature requirement range for the application. For example, it is contemplated

that the device 100 has a specified temperature requirement range of 5 "C to 85 'C.

The Tg for the adhesive is preferably selected to be substantially below this range,

such as -25 "C.

As those skilled in the 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

L32 can result in this configuration, it is contemplated that the adhesive I34 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, lfv 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 (W) radiation

from a LfV 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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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 ................................................... 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
adhesive 134 is preferably characterized as a :ion-arotranic, flexible,  5
non-chain linear epoxy (whit no cross-inking). As explained below, the
adhesive  formulation further preferably comprises a super acid catalyst
and a photo initiator  which enhance the polymct i;tation (curing) process.
A suitable fluorescent ascent  can, also f ; added to the adhesive
formulation as deih-xi. Suitable formulations can  be cotmnercially
obtained from a number of sources, such as The Henkel Group,  f0
Dusseldorf, Germany.. The adhesive 134 is preferably selected to have a
glass transition  temperature (Tg) that is significantly lower than the
specified opcratingistorage.  temperature requirement range for the
application. For e xainple, if is contemplated  that the device 100 has a
specified 3:e miler:3.F3rc rcgtiiretnent range of 5 'C to 85 C. I s The If for
the adhesive is preferably selected to be substantially below this range,
such as -25 `C.. As those spilled In the an: will recognize, Tg refers to a
temperature at  which a ,polymer transitions front a generally viscous
(rubber) state to a solid. amorphous {glass) state. The'Ig can vary widely
for different types of polymers,  20 and Me transition from rubber to glass
is often gradual rather than being more sharp  in cba3-acte-E'. For
reference, the applied adhesive 134 in FIG 4 is shown to have a
substanttailly uniform thickness on the first 3.. eruber. While the operation
of step  l32 can result in this configuration, it is contemplated that the
adhesive 134 may 25 alternatively be applied as one or more locate ed
dos that are subsequently  
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during which the adhesive can be mated with the second member, such as at step

140.

After placement of the second member (actuator arm I 16) onto the adhesive

134, the flow of FIG. 3 preferably continues at step 142 with the application of heat

to the adhesive 134 in order to accelerate and finalize the adhesive cure. This heat is

shown to be provided by a suitable heat source 144, such as a source of convected

hot air or radiant heat source.

The operation of step 142 is preferably referred to as the application of a

"thermal bump," since the attained temperature of the adhesive is generally lower

than that required for a conventional thermal set (e.g., on the order of perhaps 300o

C as opposed to perhaps 500" C or more). The adhesive 134 and the members 116,

118 are allowed to retum to ambient temperature and the adhesive substantially

achieves a finalized cured state, at which point the process ends at step 146.

It is contemplated in some embodiments that under normal circumstances,

the first member and the second member will remain attached pursuant to the

routine of FIG. 3 for the operational life of the combination.

However, under certain circumstances it may be desirable at a later point to

subsequently detach the first and second members, either as a result of the desired

operation of the members, or to facilitate 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 I12, 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 I 16 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,

`squashed" to provide a final sF3bstaanally uniform, thickness between
the first and  second ruenthers. Continuing with the flow of FIG, 3, I
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 f4I3Ff}.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_  fair ng which the adhesive Can be mated with the second member,
such as 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 with the application of heat  5 to the adhesive 1.34 e3 order to
accelerate and finalize the adhesive cure. This heat is shown Eo be
provided by a suitable heat source 14-1, such as a source of convected
hot air or radiant heat source, The operation of step 142. is preferably
referred to as the apphcatnon of  "thermal hump.' sinice the attained
temperature of the adhesive is generally lower  to than that required for a
conventional thermal set (e.g., on the order of perhaps 3i [3 C as opposed
Eo perhaps 5000 C or more), The adhesive 134 and the members 116,
118 are. ailewed to return to ambient temperate and the :adhesive sub
Eantialy  achieves a finalized cured state, at ;which point the process ends
at step 146. It is contemplat .d in some. embodiments that under nomiat
circumstances,  15 the first member and the second member will remain
attached pursuant to the  routine of MG. 3 for the operational life of the
Comnbination, However, under certain circumstances it may be desirable
at a aster point to  subsequently detach the first and second members,
either as a result of the desired  op .ration of the meaxmbers, or to
facilitate repairs or other rework type operation's. 20 For example, during'
the aferedescrii`,ed rnaraufaciuring process it may be determined  that a
;articular Data transducer 124) is :E3tfDerative. While in so le
environments it  may make economic Sense to simply discard the entire
actuator 112, in other  nv3rera3nents it may he desirable to remove the
offending transducer and reattach a  
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FIG. 6 provides a sequence of views that correspond to the steps set forth in FIG. 5.

At step 152, the adhesive 134 is locally cooled to a temperature that is

below the selected Tg of the adhesive. This is preferably carried out using a

suitable cooling source 154 as shown in FIG. 6, such as a vortex chiller, a hand held

spot chiller, a cryogenic mini-gun, etc.

Preferably, the cooling source 154 supplies a low temperature fluid (e.g.,

chilled air) across the adhesive/members and heat is transferred from the

adhesive/members to this fluid to lower the temperature of the adhesive 134. The

temperature of the adhesive 134 is preferably lowered to as low a temperature as

practical without inducing damage to the members or surrounding elements of the

device 100 (e.g.,  -100'C, etc.) .

Once cooled to a temperature below the Tg, the adhesive 134 will have

transitioned to an amorphous (glass) state, and will be characteristically brittle.

Application of a mechanical force (such as depicted by vector 158 in FIG. 6) will

thus result in a relatively easy detachment of the respective members.

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 tIV 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-lo7o 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

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
correspond to the steps set forth in FIG. S,  At step 151 the adhesive 134
is locally cooled to a temperature that is below he selected Ta of the
adhesive. This is preferably carried out using a  5 suitable cooling source
154 as shown in FIG. 6, such as a vortex chiller, a hand held  spot chiller,
a cryogenic mini-gun. etc. Preferably, he Cooling source 154 supplies a
loan terttperature fluid (e.g.,  chilled air? across the adhesive./. E3e;iA
i:F':: and heat is transferred Iron" the  adhesiveintem hers to this fluid to
lower the temperature. of the adhesive 134. The 10 temperature of the
adhesive 134 is preferably lowered to as low a temperature as  practical
without inducing damage to the memo rs or surroandir[l, elements of he
device 100 (e.g., -100 'C, etc-) Once cooled to a temperature below the.
Tg- the adhesive L1 will have  transitioned to an amorphous (glass) state,
and will be cna acteristicaliy brittle.  15 Apphcat on of a tnechatncal force.
Such as depicted by vector 158 in FiGa. 6) will  thus result in a relatively
easy detachment of the respective members. An optional inspection of the
members can next take place at step 160. The  inclusion of the
erne-ntioled fluorescent agent into the adhesive formulation  allows
application of Cl ' li=chi (star's as by th source  ) to facilitate detection tl  20
the extent to which residual adhesive is left on the members. Ile Mow then
ends at  step 162. 
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compared to the other, substantially all of the adhesive can be removed from one of

the members and retained on the other, such as depicted in FIG. 6.

FIG. 7 shows the application of a surface adhesive promotor 164 to only

one member (in this case, the suspension 118). The material 164 can take any

number of forms, such as a silane agent, and acts as a 'primer" coat for the adhesive

134. In FIG. 8, a micro-texturized pattern 166, such as a series of detents, is applied

to only one member (suspension I l8) to enhance the adhesion of the adhesive 134

to this member as compared to the other member.

Altematively, or additionally, an inert filler material can be added to the

adhesive 134, such as a quantity of glass balls 168 as shown in FIG. 9. The filler

material generally establishes a desired separation distance between the first and

second members l16, 118, and hence, controls the thickness of the adhesive 134.

The filler material further advantageously helps to maintain the structural unity of

the adhesive 134 upon detachment of the first and second members I16, 118.

Preferably, a relatively small amount of the filler material is provided, such

as on the order of a S-lOVo volume fill. The filler material can be initially mixed in

with the adhesive 134 so that both the adhesive and the filler material are

concurrently applied to the first member (step 132 in FIG. 3). Alternatively, the

adhesive can be applied to 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 offline 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

l 5
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Depending on the adhesive fbrnntdation, the mechanical force 159
applied  at step 156 may be only 5-1il% 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 controlled 9angle.  flatness, Z axis
height, etc.), and so it may be desirable to not affect these  closes
l:etistscs during the routine of P1(3.. 5 in order to allowv reuse. of the arm.
Along these lines, the respective mating sutiaces of the first and second
30 members are, preferably provided with dIli rent adhesive coupling
characteristics.  By increasing the tendency of the adhesive to he affixed
to one of the members as ..............  compared to the other, substantially
all of the adhesive. can be removed from one. of  the members and
retained on the othm such as depicted in FiG. 6. FIG. 7 shows the
application of a surface adhesive promoter 164 to only  one member in
this case, the snspensron 118), The material 154 can take any  5 number
of forms, such as a siane agern, and acts as a "pruner" coat for the
adhesive 134. In FIG. 8, is micro-textnrized pattern 166, such as a series
of detects, is applied  to only one member (suspension 118) to enhance
the adhesion of the adhesive 134  to this member as compared to the
other paeanrer. Ahecoaaively, or addh_ronalty, an ianesrt filler material
can be added to the  10 adhesive BA such as a quantity of glass balls 168
as shown in It: 9. The taller  material ;enerafly establishes a desired
separation distance between the first and  second members 116, 118, and
hence, controls the thickness of the adhesive  34.  The finer material
further advantageously helps to maintain r he structural unity of  the
adhesive 134 upon detachment of t:lie First and second members 116,
118. 15 preferably, a relatively small aumum of the filler material is
provided, such  as on the order of a 540% volume fill. Ile filler material can
he initially mixed in  with the adhesive 134 so that both the adhesive and
the fuller material are  concurrenty applied to the first member (step 132 in
FIG. 3). Alteraiatively, the  
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adhesive thickness, and enhances the ability to retain substantially all of the

adhesive on just one of the separated members.

Accordingly, the various preferred embodiments presented herein can be

advantageously used in a wide variety of applications, such as where a relatively

high bond strength is desired for a given operational range, and the members can be

subsequently separated at a significantly lower bond strength at a temperature below

this operational range.

While a cooling source has been disclosed in preferred embodiments to

actively drop the temperature of the adhesive to a temperature well below "ambient

room temperature" conditions (e.g., 20'C), such is not necessarily required. For

example, in other applications, the operational range may be sufficiently high such

that passive cooling of the adhesive to a given ambient temperature may be

sufficient to place the adhesive below the glass transition temperature and in a state

suitable for detachment of the members.

It will now be understood that preferred embodiments of the present

invention are generally directed to an apparatus and method for attaching and

subsequently detaching a first member to a second member.

In accordance with prefened embodiments, the method preferably

comprises steps of using (such as by steps 132, l4O) an adhesive (such as 134) to

attach a first member (such as ll8) 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 ofthe 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.

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 ovens, and  other requirements that might
impact high volume inanui Cturing environments. 25 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 r ,ember further facilitates  controlled removal of the adhesive
so that, as desired, substantially all of the  301 adhesive is removed from
one member (which can be reused) and retained on the other (which can
be discarded). The use of a tiller material further controls _.....  adhesive
Sickness, and enhances be h'slity to retain s Eras ntia@ly all of the
adhesive on just one of the separated anembers. Accordingly, the various
preferred embodiments presented herein can be  advantageously used in
a wide variety of appljearaons, such as wheyt a relatively  high bond
st3englae is desired for a given operational range, and the rnetnbers can
be subsequently separated at a significantly lawyer bond strength at. a
temperature below  this operational range. While a cooling source has
been disclosed in preferred embodiments to  actively drop the
temperature of the adhesive to a temperature well below "ambient  l()
room teiriaerat re" conditions Cc*, 24YC), such is not necessarily required.
For exari3pe, in other appltcatto ns, the operational range may be
sufficiently ,high such  that passive cooling of the adhesive to a given
ambient temperature may be  sufficient u o place, the adhesive be'ow the
glass transition temperature and in a stage  suitable for de achment of the
niemhers. 15 It v ill now to understood ?hat preferred embodiments of the
present  inventsari are generally directed to all apparatus and method for
attaching and  
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The method further preferably comprises selectively configuring respective

mating surfaces of the first and second members with different adhesive coupling

characteristics, such as through the use ofa 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 ofthe adhesive.

The method further preferably comprises applying an ultraviolet light (such

as by 138) 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.

Preferably, a selected one of the first and second members comprises an

actuator arm (such as I 16) and wherein the remaining one of the first and second

members comprises a suspension assembly (such as 118) which supports a data

transducer (such as 120). Altematively, a selected one of the first and second

members comprises a suspension assembly (such as l18) and the remaining one of

the first and second members comprises a data transducer (such as 120).

In accordance with further preferred embodiments, the apparatus comprises

a first member (such as 118), a second member (such as I 16), and an adhesive (such

as 134) 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

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 unitv of the

adhesive.

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 comprise: applying the adhesive to the first member (such as by step
132), exposing the adhesive to uhravmle t light (such as by  25 1381) 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 f42), The
method further preferably comprises applying (such as by step 156) a
mechanical force (such as 158) to at least it selected one of the first and
second  30 mernhers while the adhesive is at said temperature below the
glass transition  temperature. to detach the first and second members.
The method further .preferably comprises selectively configuring
respective  mat ng surfaces of the first and second members with diff.{e{rt
adhesive coupling  c a:racier sties, such as through the use of a surface
adhesive prornotor (such as 1 4)  or a micro-texturizcd pattern (such as
166) to only one of the nrem er . A filler  material (such as 168) Can also
he utilized to control thickness and enhance  structural unity of the
adhesive. The method further preferably compnses applying an nltraviolet
light (such  as by, 13Y 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  IEl after the cooh{r, skp. Preferably, a.
selected one of the first and second a embers comprises an  actuator arm
(such as 116) and wherein the remaining one of the first and second
members comprises a suspension assembly (such as 118? which
supports a data  transducer (such as 120). Alternatively, a selected one of
the first and second 15 members composes a suspension assembly (such
as 11$) and the re aininl one of  
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For purposes of tbe appended slaims, the recited steps fc attaching and for

detaching the first and second rnembers will be understood to correspond to the

disclosed routines 130 and 150 of FIGS. 3 and 5.

It is to be undentood that even thogh numerous characteristics and

advantages of various embodinpnts of the present invention have been set forth in

the foregoing description, together with details of the stnrcture and function of

various embodiments of the invention, this detailed descripion is illustrative only,

and changes may be made in detail, especially in matters of structure and

arrangernents of parts within the principles of the present invention to the full extent

indicated by the broad general meaning of the terms in which the appended claims

are expressed.

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,  upon Subsequent eoohng of the
adhesive below a glass transition femperature of the  adhesive and
detachment of the first and second nwrnbers, substannally all of the
adhesive is reruoved 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). 25 As before, respective mating surfaces of the first and
second members are preferably conigored with different adhesive
coupling characteristics, such as  through the use of a surface adhesive
promotot (such as 164) or a micro-te mnzed  pattern (such as 160) to only
one of the members. A filler material (such as 16$)  can also he utilized to
control thickness and enhance structural unity of the  30 adhesive.
....................................................  pmq For ;ATI or amabog and IT  Sa'1t a
hh ` the fist 130 and SeSo ul 3 will ',a"xkmm-k.xA . :Co the  t.istiou _
alme.\ as i `S ` of 'OS.. and S. i to '` ee \. \\ that even though ` ~`,:\- ~  c3\:
ac`s \` - and  :~ .o`:~S` 3xtages c. of the i rese` t mvoo do., Nave b e. se,
fomh, in  the \,\l, , tog he., with deaa:k of the, Emm e n Mm"'t o. of  va
kS\3s t s xvh:\.r US of h Env :'..ion, this detailed &eac:Ii 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 ,p n`, S of p' ,\ \ y .337 t\ `\\ mcipk s CA the ` eser : `le`Z._, \: to
the :ffl e \ke of  0 i Z, dic ate", by the towns gene ` . \anu `.. ,`: i e terms in
which" .m j pe . e\....a.. B  are ~~xpn ss d. ...................
........................................... 
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What is claimed is:

1. A method comprising steps of using an adhesive to attach a first

member to a second member, and subsequently cooling the adhesive to a

temperature below a glass transition temperature of the adhesive to detach the first

and second members such that substantially all of the adhesive is removed from a

selected one of the first and second members and retained on the remainins one of

the first and second members.

2. The method of claim 1, further comprising a step of applying a

mechanical force 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.

3. The method of clairn 1, furthcr comprising a prior step o[

selectively configuring respective mating surfaces of the first and second members

with different adhesive coupling characteri stics.

4. The method of claim l, 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-arornatic, flexible, non-chain linear epoxy with a super acid

activator and a photo initiator.
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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 retained 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 below the glass transition 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 configuring respective mating surfaces of the first and
second u;emb rs  with chffirrent adhesive. Coupling 2.0 4. The method of
claim 1, further comprising a prior step of applying  a surface adhesive
promotor in only the first member so that, upon detachment of  the first
and second members, substantiazl y all of the adhesive is removed from
the  second member and retained on the first nmember, 25 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 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, wherein the adhesive of the using step  comprises a rrotr-ur
rnafro, flexible, nonchain linens' epoxy with a super acid  activator and a
photo initiator, ................... The method of claim 6, wherein the adhesive
further coirlarises a  
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7. The method of claim 6, wherein the adhesive further comprises a

fluorescent agent.

8. The method of claim l, wherein the using step comprises providing

a filler material to the adhesive to establish a separation distance between the first

and second members and to enhance structural unity of the adhesive during

detachment of said members.

9. The method of claim l, wherein the using step comprises applying

the adhesive to a selected one of the first and second members, exposing the

adhesive to ultraviolet light to initiate curing of the adhesive, placing the remaining

one of the first and second members onto the adhesive, and applying heat to the

adhesive to finalize curing of the adhesive.

10. The method of claim l, 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 l. 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

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 one 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
adhesive, and applying heat to the  adhesive to finalize Curing of She
adhesive. 15 10. The method of Claim 1, forihe-r comprising a step of
applying an  ultraviolet light to at least a selected one of the detached
firs1, and second members  to assess an extent to which the adhesive
adhered to said first and second members  after the cooling step, "fa 11,
The art..t.hod 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. f2. The method of claim 1, wherein at
selected one of the first and  second members comprises a suspension
assembly and the remaining One of the  fir: a and second members
comprises a data transducer. 30 13, An apparatus comprising a first
member, a second member and an  adhesive which attaches the first
m.mber to the second member, wherein die:. first  nember, the second
member and the adhesive are respectively configured so that,  upon
subsequent cooling of the adhesive below a glass transition od the
adhesive and detachment of the first and second members, substan ial y
all of the -14- adhesive. is removed from a selected one of the first and
second members and  
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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.

14. The apparatus of claim 13, further comprising a surface adhesive

promotor applied to the first member and not to the second member.

15. The apparatus of claim 13, wherein the first member comprises a

micro-texturized pattern and the second member does not comprise a micro-

texturized pattern.

16. The apparatus of claim 13, wherein the adhesive of the using step

comprises a non-aromatic, flexible, non-chain linear epoxy with a super acid

activator and photo initiator.

I7. 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 arrn, a suspension,

and a data transducer.

19. The apparatus of claim 13, further comprising a filler material

which establishes a separation distance between the frst and second members and

enhances structural unity of the adhesive upon detachment of the fust 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 frst and second members and retained on the remaining one of the first and

second members.
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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,
non-chain linear epoxy with a super acid  actrvator and photo initiator. 15
1 .. The apparatus of claim 16, wherein the adhesive further comprises  a
fluorescent agent configured to provide a visual df3dication of an extent to
which  adhesive remains on at Least: a selected one of the detached first
and second  merr i?ers. 20 18. the apparatus of Claim 16, wherein the first
and second members  are selected from a group consisting essentially of
an actuator aran, a suspension,  and a data transducer. 19. The
apparatus of claim 13, further comprising a filler material  25 which
establisf es a separation distance between the first and second meuitbers
and  enhances structural unity of the adhesive upon detachment of the
first and second  nie rimes. 20. An app tus comprising a first member, a
second member and an  30 adhesive, whereby the first and second
members are attached and subsecp gently  detached by steps for
attaching and for detaching the first and second members; wherein
aa3t3atantiaily Al 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. 


