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TECHNICAL FIELD
This invention relates to a new and improved slider-suspension
assembly. for data recording disk files and to a method for making such an
assembly. In particular, the invention relates to an adjustable solder bump
spacer for spacing the slider from the suspension at a désired distance, and to

a method for providing such spacing.

BACKGROUND OF THE INVENTION

Disk files are inforrhation storage devices which utilize at least
one rotatable disk having concenﬁi_c data tracks containing such information.
A slider-suspension assembly is provided for bringing a slider containing a
read/write deviée close to the data surface of the rotatable disk utilized for
storing the data on various tracks concentrically arranged thereon.

A head-pdsit_ioning actuator is connécted to the read/write head
for moving the head radially across the various tracks 6f the disk to reach the
appropriate position for writing or reading data to or- from a specific track. The
head contains a slider on which, as noted above, is contained the read/write
device.

The Suspension supporting ‘the slider may be flexed through
different angles so that the slider can be properly positioned at the appropri_ate

track on the disk when desired. Thus, the suspension contains a flexure element



,er.I’ mbvi ng the head radially across the various tracks of the disk to reach
the appropriate position for witing or reading data to or froma specific
track. The head contains a slider on which, as noted above, is contained
the read/wite device. The suspension supporting the slider may be fl exed
through different angles so that the slider can be properly positioned at
the appropriate track on the di sk when désired. Thus, the suspension
contains a flexure el ement -2 - known as the flexure. The suspension
provi des the dinensional stability needed for the slider and the actuator
arm It controls the flexibility and pitch-and-roll notion of the slider
relative to itkhownrasche Sexere. Fbeisuspension providesahe dimeiisidnal stabilidy neededce to
yaw notion. The slider generally has an air-bearing surface which is
support ed for the slider and the actuator arm. It controls the flexibility and pitch-and-roil
motion of the slider relative to its direction of motion on the rotating disk and
resistance to yaw motion.

The slider generally has an air-bearing surface which is supported -
adjacent to the data surface of the disk by a cushion of air generated by the
rotating disk. The slider is attached to the susﬁension on the side of the slider
opposite the air-bearing surface.

Typically the suspension will provide a lower force against the
slider which is compensated for by the force of the air bearing between the
slider’s air-bearing surface and the disk surface. Accordingly, the slider is
maintained in extremely close proximity to—but out of contact with—the data
surface of the disk.

The suspension can comprise a load beam, which is mounted on
one end to the actuator arm, and a flexure element which is attached to the
other end of the load beam and supports the slider. The load beam provides the
resilient spring action which biases the slidér toward the surface of the disk,
while the flexure provides flexibility for the slider as the slider rides on the
cushion of air between the air-bearing surface and the rotating disk. Such a
suspension is described in U.S. Patent No. 4,167,765, which is assigned to the
same assignee as the present application. An example of a conventional slider

is described in U.S. Patent No. 3,823,416, which is assigned to the same

assignee as the present application.



adjacent to the data. surface of the disk by a cushion of air generated by
the rotating disk. The slider is attached to the suspension on the side of
the slider opposite the air-bearing surface. Typically the suspension will
provide a |lower force against the slider which is conpensated for by the
force of the air bearing between the sliger's air-bearing surface and the
di sk surface. Accordingly, the slider i5”maintained in extrenely close"
proximty to-but out of contact with-the data surface of the disk. The
suspensi on can conprise a |load beam which is nounted on one end to the
actuator arm and a flexure el-ement which is attached to the other end of

t he | oad beam and supporThe t suspensieter gerenally ocantdinnnelecwically s comductiesi | i ent
spring action which biases the slider toward the surface of the disk, while

the flexure pmsmisies sblagtb Rohdidt sighfals pieked up Dy he rédiing hedbn thelgiiepn t he

cushion of air between the air-bearing surface and the rotating disk. Such
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to the sane assignee as tlte present application. An exa

conventional slider . ..
1mp01?tant to prevent the back surface of the slider from coming into contact

with the conductive surface of the suspension. Such contact can cause short
circuits whigh will obscure the reading and writing of the data. Since-the slider
ié flexed by the flexure element of the suspension, there is always a possibility
that such flexure will cause undesired contact.

It is cieai'rly recognized that the requirement for more and more
information storage capacity requires the slider and the suspension assembly to
be made still smaller so that the information may be written to and read from
the data surface of the rotating disk.

It has been known to make mechanical bond between the back
surface of the slider and the suspension by utilizing a plurality of solder balls
arranged on solder contact p:ic_ls on the back surface of the slider. These solder
balls make contact with the electrically isolated, solder wettable pads on the -
surface of the suspension. Electrical connection between the transducefand the
lead lines on the suspension are made by another set of solder connections to
provide a good signal trahsmission_ path in both directions. Such an arrangement
is shown in U.S. Patent No. 4,761,699, assigned to the same assignce as the
present invention. . -

In more conventional arrangements of the slider-suspension

assembly, the electrical connections made to the slider include electrical lead



Js déscribed in U S Patent No. 3,823,416, which is assigned to the sane
assi gnee as the present application. -3- The suspension generally
contains electrically conductive nenmbers so as to conduct signals picked up
by the reading head on the slider and to conduct signals to be witten on
the disc by the witing head. It is very jnportant to prevent the back
surface of the slider fromconing into confact with the conductive surface
of the suspension. Such contact can cause short circuits which will obscure
the reading and witing of the data. Since the slider is flexed by the
flexure el enent of the suspension, there is always a possibility that such
flexure will g&lféé"'l} Bys,Qvgr therfon of the slides. Ap eaédwbp%dgrﬂezw %ﬁé’c‘d‘tl’he
requi renent for nmore and nore infornmation storage capacity requires the
slider and theoditcpendirol with aespest toghe suspension, the electrical lead lines can be

electrically shorted if the suspension allows the slider to deflect too much.

If the electrical lead lines do not pass over the top of the slider,
but pass adjacent the surface, this will take up a good deal of disk space and
prevent the miniaturization of the apparatus which is being required more and

more as greater capacities of storage information are utilized.

SUMMARY OF THE INVENTION

A spacing device is provided between the suspension and the

back side of the slider to space thé suspension at a preselected distance from the

,  slider. The spacing device may be; in the form of one or more 'solder bumps.
-This spacing is needed to prevent contact between the electrical traces running
on the suspension, and the slider itself. It is also needed to provide a space for
the deflection of the flexure. The solder bumps are arranged to have a
preselected height at lassembly so that the spacing between the slidér and the |
suspension can be carefully controlled.

A feature of the present invention is that the solder bump spacers
may be formed at the same time and using the same process as used for the
other set of solder bumps intended for electrical connections to the slider. Thus,

_additional processing steps are avoided. |
In the method incorporating the principles of the present

invention, solder bumps are formed on the flexure area of the suspension to

:This Sheet Has Been Re;
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be made still smaller so that the information may be witten to and read
fromthe data surface of the rotating disk. It has been known to nake
mechani cal bond between the back surface of the sl.ider and the suspension
by utilizing a plurality of solder balls arranged on sol der contact pads on
t he back surface of the slider. These'sogger bal I s make contact with the
elettrically isolated, solder wettable patsS on the surface of the
suspensi on. Electrical connection between the transducer and the |ead |lines
on the suspension are nmade by another set of sol der connections to provide
a good signal transm ssion path in both directions. Such an arrangenpent is
shown i n U.S. whichrthe gtiderswilb latgobe atianhiednThe volume of theeseldey apdethesize he
present invention. In nore conventional arrangenents of the

sl i der - suspensofothe 3dkiefipai to wWiicte theioldes Bunpe e attached cande doatrolied,séo der

i ncl ude electrical |ead
lthat the ultimate height of the solder bumps at the end of the manufacturing
process can be precisely controlled. Therefore, the spacing between the slider
and ﬁe Suspension can be precisely controlled.

During the process, the solder bumps can be heated to form
hemispherical shapes. Adhesive material is then placed in between the solder
bumps so that the slider can then be attached to the suspension vig the adhesive
and the solder bumps will provide a point contact with the slider to precisely
position the slider a desired distance away from the suspension. This results in
a slider—s_uspension arrangement wherein the slider is correctly spaced from the
suspension to avoid any electrical shorting problems. As noted above, the
spacing can be achieved without the need for additional parts and welding in the
manufacturing process. |

| For a fuller understanding of the nature and advantages of the

present invention, reference should be made to the following detailed descrip-

tion taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a perspective view of a conventional slider-suspension
assembly illustrating the mechanical attachment of the slider to.the flexure of

the suspension.
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li nes which pass over the top of the slider. As noted above, in flexing the
slider to pitch and roll with respect to the suspension, the electrical _
| ead |ines can be electrically shorted if the suspension allows the slider
to deflect too nuch. If the electrical |ead lines do not pass over the top
of the slider, but pass adjacent the surface, this will take up a good deal
of disk space and prevent the niniaturize®iron of the apparatus which is
being required nore and nore as greater capacities of storage information
are utilized. SUMVARY OF THE INVENTION It is an object of the present

i nvention to aneliorate one or nore disadvantages of the prior art.
According to one aspect &ligurhe2piseaeplani viewntonstnicted én | secordarie agitia a
slider- suspension assenbly for a data-recording disk file having a data

surface conprigrefifiredembbditient dfi the Iﬁ'&eﬁ'll(riﬁs‘%éﬁ%ﬁr& the"dotfomn gﬁiﬁ?&egf i face

sai d data surface of said disk and a bac e opposite said arr bearing

11 der 1o bi ag ahryh FRAAE e RickE if doBERSHAR. "L out of “contact with

isﬁitg ggfg 3;{ ;ace of sai igduireS issoa §iﬂé" tvieciv(laz)t{21 ﬂfeagmggdiinee?lg oI‘ rF(i)grPlrng \p!\:'rulnzt Eoen
the attacﬁment of the slider to the suspension showing the arrangement of the
electrical and the spacing solder bumps;

Figure 4 made of Figs. 4(a) and 4(b) are side views of the
arrangement of Figures 2 and 3 after the slider has been attached to the
sﬁspension showing the spacing between the slider and the suspension;

Figures 5-7 illustrate different types of flexures and slider-
suspension assemblies utilizing the principles of the piesent invention; and

Figure 8 is a perspective view of a magnetic disk device using

a slider-suspension assembly of the type shown in Figure 1.

—

DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings, and more particularly to Figure 1, a
prior art arrangement of a conventional slider-suspension assembly is illustrated.
The suspension assembly includes a load-beam 10 and a flexure element or
flexure 12 located at the end of the load-beam 10. The suspension is attached
to disk-file actuator arm (not illustrated) by means of a mount plate 14. The
slider 16 is a conventional slider formed of a ceramic material, such as a
mixture of aluminum (Al,O;) and titanium carbide (TiC). The slider 16 has an

air-bearing surface 18 and a back side 24. The back side 24 is opposite and



surface; nmeans for attaching said suspension to said back side of said _
slider; and a spacing device including at |east one solder bunp for spacing
sai d 'suspensi on a presel ected distance fromsaid slider wherein said
attachi ng neans include an adhesi ve nedi um surroundi ng said at |east one
sol der bunp. According to anot her aspect,ﬁf the present invention there is
provided a nethod for controlling the spacing between a slider and a
suspensi on wherein said suspension has a generally planar surface facing
the back side of the slider conprising the steps of: formng at |east one
sol der contact pad on said generally planar surface of said suspension;
depositing a sgsngellynparplieldoithe)ais-beating surfreq 1§. Therslidend6 issecurpdpe then sai d
sol der contact pad; placing adhesive material around said sol der bunp; and
attachi ng sai diidan&dRdey arf ep@iydborid betwetw tizabatkoside 24 lany the Merires1q.f ace of

sai d suspensi on by neans 5 of said adhesive material whereby said slider

I's spaced from said suspgfgi QidePY16 has a trailing edge 26 on which are located
transducers 28 and 30. Typically, multiple thin-film transducers for reading and
writing information are formed on a single slider, even though only one of the
transducers is active as a read/write element. This improves the yield of the
slider during the thin-film apblication process. The transducers 28, 30 have
bonding pads 33, 35 and 37, 39 respectively for connection to ;pe read/write
electronics of the disk file.

In this prior art embodiment, shown in Figure 1, the electrical
attachment to the read/write electronics is made by twisted wires 34 which
extend from the read/write electronics through a tube 36 on load-beam 10 and
out the end of tube 36. The ends of wires 34 are ultrasonically bonde@ to the
pads 33, 35 of the transducer 28.

It is clear that with the conventional arrangement shown in Figure
1, the slider 16 is urged toward the data surface of the rotating disk (not
shown). The air—bmring surface 18 of the slider 16.is supported .adjacent the
data surface of the disk by a cushion of air which is generated by the roiating
disk. The suspension pfovides the dimensional stability between the slider and
the actuator arm, and the controlled flexibility in the pitch-and-roll motion of

the slider relative to its direction of motion on the rotating disk and resistance

to yaw. Thus, the suspension provides a lower force against the slider, which



di stance determni ned by said sol der bunp. According to still another aspect
of the present invention there is provided in a magnetic di sk data storage
system wherei n a suspensi on arm supports and positions a head/ slider
conbination to specific tracks at particular radii on a data surface of a
magneti c di sk and wherein said head/slider conbination is electrically
connected to external control circuitry-&aid suspensi on arm and
head/ sl i der assenbly conprising: a slider having an air bearing surface
adapted to face said data surface of said disk and a back slide opposite
said air bearing surface; a suspension adapted to be attached to said back

side of said skicampensatds by theafocesof theraif bearirgsbetiveenx the $lidet’s ditbeding Of
contact with said data surface of said disk so that data can be read from

or witten intsarfageé dnd WMediskshagss, means for attaching said suspension to
sai d back side of said slider; and a spacing device including at |east one

o7 dor SzgfefﬁrsZFSCLP?a .%lglﬁéfeﬁﬁ R K e T o S I il
said at | east l soI der, H}?\/‘Eﬂ a fuller under stand| ng of the nature and
advant ages of %mcké?féhéﬂé@'mgoﬁﬂs@cmﬁéhﬂ diskHato

foI | om ng det ai l ed descrl ption taken in conjunction wth
which information is to be written or from which information is to be read. It

is clear that as the slider is moved in such radial direction and is flexed by the
flexure 12 during such movement, that the slider 16 may be moved into
electrical contact with the flexure 12. With more recent developments in flexure
and slider construction, due to the required miniaturization, these problems
become more critical.

Referring now to Figures 2 and 3, a slider-suspension assembly
incorporating the principles of the present invention is illustrated. Figuré 2is
a plan view of the bottom of the assembly, while Figure 3 is a side view
thereof. The suspension is a laminated structure made up of three layers., best
seen in Figure 3. The upper layer 42 may be made of stainless steel, the middle
layer 44 may be made of an insulating material like polyimide, while the
bottom layer 46 may be made of a good electricél cbnductor such as copper.

As shown in Figure 2, the copper layer 46 is provided with
solder contact pads 48, adapted to have the solder spacers mounted thereon. In
Figure 2, the steel layer 42 has been etched to form a flexure element 52,
which is thinner than the overall dimensional of the steel element 42, and serves -
as a mechanical communication between the end of the suspension assembly and

the load-beam to which the flexure member is ultimately connected. In this



.the acconpanyi ng drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a
perspective view of a conventional slider-suspension assenbly illustrating
t he nechani cal attachnent of the slider to the flexure of the suspension.
-6 - Figure 2 is a plan view constructed in accordance with a preferred
enbodi nent of the present invention of the bottom surface of the suspension
showi ng the slider in dotted outline. Fi‘g%re 3 is a side view of the

enbodi ment of Figure 2 prior to the attachment of the slider to the
suspensi on showi ng the arrangenent of the electrical and the spacing sol der
bunmps; Figure 4 nade of Figs. 4(a) and 4(b) are side views of the
arrangenent ~of afFanpemest,2it adledr tiat ¢he slider sWhiicteis attachid eon thet suspéisibnt cant he

be moved through several angles with respect to the rotating disk for reading
and writing purposes.

Also shown in Figure 2 are electrical termination pads 54 which
are used. for making electrical connections to the slider. The slider 56 is shown
in dotted outline in Figure 2 so that its “footprint* with respect to the
suspension arranged thereabove is clear. It can be seen that the electrical
connections to the slider 56 are made via the copper connectors 58 ending at
electrical pads 54. The path of the copper connectors, shown in Figure 2,
passes over the slider footprint in their path to the read/write electronics.

In such an arrangement, it can be; seen that as thf: slider 56 is
moved through various motions by the thin flexure element 52, there is. a .
possibility that the copper connectors 58 may, in fact, contact the ﬁpper surface
of the slider. If the slider body is made from. an electrically conducting
materiall, the copper connector lines will be electrically shorted. As noted in
Figure 2, the flexure portion 52 of the suspension is almost wholly within the
footprint of the slider 56. It is therefore essential to separate the flexure from
the slider to prevent contact between them when the flexure deflects due to the
preload of the slider. |

If the flexure’s flexible members are located outside the slider
footprint, the deflection does not present a serious problem. However, it is

clear that placing such flexure portion outside of the slider footprint will utilize



.suspénsi on showi ng the spaci ng between the slider and the suspension;
Figures 5-7 illustrate different types of flexures and slider- suspension
assenblies utilizing the principles of the present invention; and Figure 8
s a perspective view of a magnetic di sk device using a slider-suspension
assenbly of the type shown in Figure 1. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Referring to the draw ngs, and 1for e particularly to Figure 1, a
prior art arrangenent of a conventional slider-suspension assenbly is

il lustrated. The suspension assenbly includes a | oad-beam 10 and a fl exure
el ement or flexure 12 |ocated at the end of the | oad-beam 10. The '
suspensi on i s additiora¢diskaealiestatd.i This icnotadesirable in arrangemdnis i whisll)sphse neans
of a nount plate 14. The slider 16 is a conventional slider forned of a

ceramc nateriiglexugyﬁ[yﬁﬁr%@ﬂh.xture of alumnum (Al[err]Jerr]) and
titaniumcarbide (TiC). e slider 16 has an air-bearing surface 18 and a

baqk side 24. .'The back s hfj%ogv%nkiﬁnapaﬂfféﬁs?or?sngsing a dimple, the flexure is an
additional piece and is formed in .the area (footprint) to provide desired spacing
between'the flexure legs and the slider. With conventional suspensions having
no dimple and with integral flexures, spacing is normally provided by forming
and by partially etching the flexure from the slider side. Forming is restricted
to 50 percént of the slider’s size and to 3 mil (0.0762 mm) thick load-beams.
This results in high .stiffness.

In laminated suspensions, the steel layer is 2 mil (0.0508 mm)
thick and there is-_a copper layer on the slider side. Thus, partial etching of the
steel layer can be done from the arm side only. If a dimple is used with planar
designs, a separation is required between the slider and the copper conductors
in order to avoid shorts when the conductors run over the top of the slider.
Because of the presence of the copper conductors in the slider area, forming is
severely constrained by the lack of in plane space. Normally, the addition of a
separate component as a spacer i# difficult because c;f the lack of available free
space for welding, and because welding produces unac':cebtable distortions. This

. is particularly true in thé case of Pico sliders which are extremcly small in size.
The addition of separate spacers by using other methods, such as adhesives, is
complicated due to the difficulty in handling and positioning such a small

component.



~7 -’generally parallel to the air-bearing surface 18. The slider 16 is
secured to the flexure 12 by an epoxy bond between the back side 24 and the
flexure 12. The slider 16 has a trailing edge 26 on which are | ocated
transducers 28 and 30. Typically, multiple thin-filmtransducers for
reading and witing information are fornmed on a single slider, even though
only one of the transducers is active asld-read/wite elenent. This

i nproves the yield of the slider during the thin-filmapplication process.
The transducers 28, 30 have bondi ng pads 33, 35 and 37, 39 respectively for
connection to the read/wite electronics of the disk file. In this prior

. art enbodi nent, shown i nThe guesentlinvehtiorebesrcomes thes¢ diffionities by providing
read/wite electronics is nade by twisted wires 34 which extend fromthe

Libe 36, The onme of s Tae e e e s st as.
of the transdugledPihe flexure element and the slider. The solder bumps are deposited on

the solder-wettable copper pads arranged in positions 48 shown in Figure 2.
The solder bump may be formed by either evaporating solder onto the solder-
wettable pad 48 through the mask openings or by. spreading solder paste onto
the solder-wettable pad 48 through the mask openings or by any other suitable
means. The mask is then. removed and thereafter the solder is hgated so as to
form the solder bump adhered to the solder contact pad. Such solder bumps 60
are best seen in Figure 3. It can be seen that they are generally hemispherical
in shape. |

Also shown in Figure 3 are s;JIdér burﬁps 62 which are not used
for spacing but which make electrical oonn:ec_:tion to the slider. One advantage
of using the method incorpoxﬁting the principles of the present invention is that
the solder bumps 60 used for spacing may be formed at the same time as the
solder bumps 62 used for making electrical connections. Thus, a single process
may be used for providing both the spacing and the'electrical connections.

Such an arrangement and process is clearly advantagcous and
highly efficient. As noied above, it is very difficult otherwise to work in these
small spaces without adversely effecting the areas between the slider and the
suspension.

The spacing can now be controlled in two different ways. The

height of the hemispherical bumps 60, can be tightly controlled by the size of



lt is clear that with the conventional arrangenent shown in Figure 1, the
slider 16 is urged toward the data surface of the rotating disk (not
shown). The air-bearing surface 18 of the slider 16 is supported adjacent
the data surface of the disk by a cushion of air which is generated by the
rotating disk. The suspension provides thg, di nensional stability between
the slider and the actuator arm and the tontrolled flexibility in the
pitch-and-roll notion of the slider relative to its direction of notion on
the rotating disk and resistance to yaw. Thus, the suspension provides a

| ower force agajnst,  the slider, which -8- i's conpensated by the force of
the air bearind"bERlfefsrntact padiand the amppntefsoldey used s Such andrtangerdentkis

surface. The slider 16 is noved radially along the rotating disk to a
| ocati on opposishewntin Riguterd(d).t r ack of the data-bearing surface of the disk

e In gnother method, the solder bumps 60 and 62 may be flattened
by means of a pressure plate. The pressure plate advance during ﬂ;tteniqg is
limited By hard stops between the steel layer of the suspension and the plate to
provide the desired height to a precise degree. The result is shown in Figure
4(b).

In this embodiment, the gap 64 between the slid_gr 56 and the
suspension 42 is 0.5 mm. 'I_‘his gap is precisely controlled by the height of the
flattened solder bumps 66. The height may also be controlled by the amount of
paste used for forming the solder bumps, the size of thé solder contact pad and
the size of the openings of the mask utilized for forming the pads and the solder
bumps. It can be seen that the solder bumps 62 used for making electrical
connection to the slider transducers are outside of the edge of the slider and
form no part in the spacing arrangement. The upper surfaces of the solder
bumps 62 are electrically connected to the electrical conductors in the laminated
load arm. The upper surface of the solder bumps 66 on the other hand contact
only the insulating layer of the load arm while their 10§ver surfaces contact the
back side of the slidex;;

It should be noted that the size and spacing of the copper pads

can be adjusted to provide a skewed angle between the suspension and the slider

56.



which information is to be witten or fromwhich information is to be read.
It is clear that as the slider is noved in such radial direction and is

fl exed by the flexure 12 during such novenent, that the slider 16 may be
noved into electrical contact with the flexure 12. Wth nore recent

devel opnments in flexure and slider construction, due to the required

m ni aturization, these problens becone e critical . Referring now to
Figures 2 and 3, a slider-suspension assenbly incorporating the principles
of the present invention is illustrated. Figure 2 is a plan view of the
bottom of the assenbly, while Figure 3 is a side view thereof. The
suspension is a | am nat o asdentoconeecttivaslidpr tof the suspensioy.cadhesive saterdadn i n
Figure 3. The upper |ayer 42 may be made of stainless steel, the mddle

llayer 44 nay 68 igrgpplied afithel right! éiid fthe®wuspension), iak hewh \h IFigere #hinl thet he
bottom | ayer 46 nmay be nade of a good electri cal conductor such as copper.

T LS 5 Bk e B4 W el et o
the steel lay escr)mézoftlﬁes ccl)opepeeg areth %pe%fi s&r?acfeg in the ééigﬁ%%ﬁ'x%get{reeart%e ?l?der 56 is
then plaéed in the appropriate position in contact with the solder bumps and
maintained in such position by the adhesive material 68. An epoxy Blackmax
manufactured by the Loctite Corporation may be used for this purpose.

With the above arrangement, the metallurgy of the ~‘solder bumps
provides a material that has little elasticity left, and thus when plastic'
deformation takes place at yield, there is little springback.

It should be noted that the copper contact pads need not be
circular, but can be pr(;vided in any shape desired to bring about the be;st
spacing for the particula;' size of the slider and suspeﬁsion.

The location pa;tem for the spacer bumps depends on the
particular type of flexure that is used. Suspensions with or without a dimple can

| be used. In Figures 5-7, different types of flexures and slider-suspensions that
utilize the principles of the present invention are illﬁstrgted. In Figure §, the

| conductors 58 run over the slider footprint and therefore must be separated
from the flexure. |

InmeeﬁA,meammmmm28nmcmmwemeﬂmmﬁMOrme

border of the slider, but the flexure deflection requires a gap. This is best

shown in Figure 6B.



which is thinner than the overall dinensional of the steel elenment 42, and
serves as a nechani cal communi cati on between the end of the suspension
assenbly and the | oad-beamto which the flexure nenber is ultimtely
connected. In this 9 arrangenent, it is clear that the slider which is
attached to the suspension can be noved }P%ough several angles with respect
to the rotating disk for reading and witfhg purposes. Al so shown in Figure
2 are electrical term nation pads 54 which are used for making el ectrical
connections to the slider. The slider 56 is shown in dotted outline in
Figure 2 so that its "footprint” with respect to the suspension arranged

t hereabove is clear. It cEigupe 74cshownanothes arangenientincwhichbca ispacertis t he
slider 56 are nade via the copper connectors 58 ending at electrical pads
54. The pat h ofreqiieedcbgtpeen tensiiier and thes Rexwurel n Fi gure 2,

As noted above, the adhesive is applied at the right end of the
suspension in the spacer bump area for properly adhering the spacer to the
suspensfon.

It is clear from the above that tﬂe method and apparatus utilizing
the principles of the present invention will provide a simple way to manufacture
a spacer device between the slider and the suspension. When the electrical
connections are also made by solder bumps, as is illustrated in t.he aforemen-
tioned U.S. Patent No. 4,761,699, it is possible to form the solder bump
spacers for providing the point cont‘act between the slider and the suspension
during the same process that forms the solder .bumps for the' electrical
connections. This is very economical since it saves times and additional
manufacturing processing steps.

The height of the solder bumps can be precisely controlled by
controlling the volume of the solder and the size of the solder pads to which the
solder bumps are attachéd. This provides great flexibility for providing a spacer
device, as can be seen with the various embodiments shown in Figures 2-7.

Referﬁng now to Figure 8, a slider-suspenion assembly 70 such
as that shown in Figure | is shown mounted in operative relationship with a
magnetic disk data storage system 80 having a plurality of disks 81. While the
assembly 70 is shown facing the upper surface of the top disk 81 it can be

appreciated that each of the disks 81 has a separate assembly. Of course, only



passes over the slider footprint in their path to the read/wite

el ectronics. In such an arrangenent, it can be seen that as the slider 56
is moved through various notions by the thin flexure elenent 52, there is a
possibility that the copper connectors 58 may, in fact, contact the upper
surface of the slider. If the slider bOdi Is made froman electrically
conducting material, the copper connect® SFines will be electrically
shorted. As noted in Figure 2, the flexure portion 52 of the suspension is
al nrost wholly within the footprint of the slider 56. It is therefore
essential to separate the flexure fromthe slider to prevent contact

bet ween t hem vihénglenmagreticudisk deay be tusedi witht @ single plidarcsugpansiontassemnblyer . | f
the flexure's flexible nenbers are | ocated outside the slider footprint,

t he defl ecti ondeperding@n the asorage and spaceusquifendmsn However, it is clear

that placing such flexure portion outside of the slider footprint wll

utilize As is well known, each of the disks 81 has a plurality of
cpncenﬁic data tracks. The disks are mounted on a spindle shaft 82 which is
connected to a spindle motor (not shown). The assembly 70 is mounted on an
actuator arm 83 in turn coupled to an actuator 84. The actuator 83 moves the
arm or arms 83 in a radial direction across the _respective disk when data is to
be read from or written on to the disk.

A load/unload tab 86 may be utilized when it is des.ired to move
the slider' away from the rotating disk 81, when the apparatus is not being used,
or when the apparatus is being shfpped or otherwise mechanicaily handled.
This .avoids any mechanical damage to the sensitive slider 56 and ﬂexure
elemz:ent 52.

While the preferred embodiments of the present invention have
been illustrated in detail, it should be apparent that modifications and
adaptations to those embodiments may occur to those skilled in the art without

departing from the scope of the present invention as set forth in the following

claims.



-~ 10- additional disk real estate. This is not desirable in arrangenents in

V\/ni ch space-isextrenely inportant. In conventional suspensions using a
nple, the flexure is an additional piéece and is formed in the area

(foot p“““nmlﬂ“ummwdey red spacing between the flexure |egs and the

sl ider suspensi ons ha éng no dinple and with integral

f1 exures, paC| ng i°s nor mal | y provided b¥ formng and by partially etching

the flexure fromthe slider side. Forni ng is restricted to 50 percent of

the slider's size and to 3 m!| (0.0762 mm) thick | oad-beans. This results

in high stiffness. In lam nated suspensions, the steel layer is 2 ml

(0.0508 nm) thick and there is a coppeECLAIMS on the slider side. Thus,

partial etching of the steel |ayer can be done fromthe armside only. If a

dinple is used with planhr degisfider-sispesien skmbly for & datdireestdhpidigiefilet he
slider and the copper conductors in order to avoid shorts when the

conduct ors rUmaQul a 4h@ suPfac@tomn ﬁSﬁhl der. Because of the presence of the
copper conductorsin the slider area, formng is

a slider having an air-bearing surface adapted to face said
data surface of said disk and a back side opposite said air
bearing surface;

a suspension adapted to be attached to said back side of
said slider to bias said slider in close proximity to, but out of
contact with, said data surface of said disk so that data can be
read from or written into said data surface; and

a spacing device including at least one soldex" burﬁp for

spacing said suspension a preselected distance from said slider.

2. The slider-suspension assembly, according to claim 1,
wherein said spacing device includes a plurality of solder bumps of predeter-

mined heights, each making point contact with said slider.

3. The slider-suspension assembly, according to claim 2,
wherein said solder bumps have a surrounding adhesive medium for mounting

said slider on said suspension.

4. The slider-suspension assembly, according to claim 1,

wherein said suspension is a laminated planar suspension.

Thls Sheet Has Been Rep
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sevefely constrained by the lack of in plane space. Normally, the addition

of a separate ctonponent—as._a spacer is difficult because of the |ack of
available e for welding, and because wel di ng produces unaccept abl e
distortio ’!ﬁﬂgm cularlytrueinthe case of Pico sliders which

are extrene e The additiop,of separate spacers by using

ot her net hods, such as aahe3|ves S congrfcated due to the difficulty in
handl i ng and positioning such a smal | conponent . The present invention
overcones these difficulties by providing one or nore sol der bunps on the
copper |ayer 46 for providing_precise spacing between the flexure el ement

and the siider. The sol d& bufpe shider-gispersien @symblie acearding- terlaim| 4
copper pads arranged in positions 48 shown in Figure 2. The sol der bunp may
be formed by eviidrein seidyuspatsiongnsloliesesteeipinsulatieg polyimide, and togier [pyets.48
t hrough the mask openings or by spreadi ng sol der paste onto
6. The slider-suspension assembly, according to claim 5,
wherein said suspension has a plurality of copper péds on which a pluralify of
solder bumps are located for forming said spaéirig device between said slider

and said suspension.

7. A method for controlling the spacing between a slider and
a suspension wherein said suspension has a generally planar surface facing the
back side of the slider comprising the steps of:
forming at least one solder contact pad on said generally
planar surface of said suspension;
depositing a solder bump having a substantially
hemispherical shape on said solder contact pad;
placing adhesive material around said solder bump; and
attaching said backside of said slider to said generally
planar surface of said suspension by means of saxd -adhesive
material whereby said slider is spaced from said suspension by

a distance determined by said solder bump.

8. The method, according to claim 7, wherein said solder
bump is flattened before said adhesive material is added for attaching said

suspension to said slider.

Sheet I-Ilii“Beenll |Tlacc—:d




.t he W% t hrough the mask openings or by any ot her
suita§ W nmeans. The mask is then renoved and thereafter the solder is
heat e

a

! wﬁﬂglﬂﬂlmlm he sol der bunp adhered to t.he sol der contact pad.
Such : ' re best seen in Figure 3. It can be seen that they
are. general |y hem®spherical in shape. A gig_shown in Figure 3 are sol der
bunps 62 which are not used for spacing t which nake el ectri cal
connection to the slider. One advantage of using the nmethod incorporating
the principles of the present invention is that the sol der bunps 60 used
for spacing may be forned at e sane tinme as, the so| der bunps 62 used for
maki ng el ectrical connects onsﬁ?hﬂ?,‘hoﬁlrsﬁ‘ﬁiﬂ g 4@ e Sk, ha¥heedy sy
provi ding both the spacing and the electrical connections. Such an
arrangement arsisgensionsis fosmed ofiral threcdlayer agtariad ofrstedd; gishlatieg fpotyiende, As
noted above, it is very difficult otherwise to work in these snmall spaces

W t hout adver smdyoppérsahd B steFoffoRing Slidssldef B6ntadtipadcomprised \@ie steps
suspensi on. The spaci ng can now be controlled in two different ways. The
of locating a mask having at least one opening over said suspension, evaporat-
ing a ﬁrét,adhesion film onto said suspension through said mask opening, and |

evaporating a solder-wettable film onto said first adhesion film through said

mask opening.

10.  The method, according to claim 9, wherein the steps of
fbrming the solder bump comprises the steps of either evaporating a solder film
onto the solder-wettable film through said mask opening or spreading solder
paste onto the solder-wettable ﬁll;n through said mask opening, removing the
mask, and thereafter heating the solder film so as to form said solder bump

adhered to said solder contact pad.

11.  The method, according to claim 9, wherein said mask has
a plurality of openings so that a plurality of solder contact pads are formed in

preselected positions on said suspension.

12.  The method, according to claim 11, wherein a plurality
of solder bumps are formed by either evaporating a solder film onto the solder-
wettable film through said mask openings or spreading solder paste onto the

solder-wettable film through said mask openings and removing the mask, and

—_—
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hei ght of t he—hem-spherical bunps 60, can be tightly controlled by the size
of - 12 - the solder contact pad and the anount of sol der used. Such an

ar r angenent |smumvmum'mmgm4(a) I n anot her nethod, the sol der bunps 60
and 62 may be s of a pressure plate. The pressure plate
advance during flatteéni Mg s Finmited by hard stops between the steel |ayer
of the suspension and the plate to provide the desired height to a precise
degree. The result is shown in Figure 4(b). In this enbodinent, the gap 64
bet ween the slider 56 and the suspension 42 is 0.5 nm This gap is
precisely controlled by the height_of the flattened sol der bunps 66. The
hei ght nay al Heresdtes bsating rt filen sor8ste form saish pluradisy) of seldenbwinpy t he
sol der bunps, the size of the solder contact pad and

adhered respectively to said plurality of solder contact pads.

13.  The method of claim 11 wherein the height of each of said
solder bumps is controlled by respectively controlliﬁg the volume of the solder

and the size of the solder contact pads. |

14.  The method of claim 12 wherein said solder bumps are
formed in a preselected pattern by selectively positioning the plurality of

- openings in said mask.

15. In a magnetic disk data storage system wherein a
suspension arm supports and positions a head/slider combination to specific
tracks at particular radii on a data surface of a magnetic disk and wherein said
head/slider combination is electically connected to external control circuitry,
said suspension arm and head/slider assembly comprising:

a slider having an air bearing surface adapted to face said
data surface of said disk and a back side opposite said air bearing surface;

a suspension adapted to be attached to said back side of
said slider to bias said s;lider in close proximity to but out of contact with said
data surface of said disc so that data can be read from or written into said data
surface; and -

a spacing device including at least one solder bump for

spacing said suspension a preselected distance from said slider. _
This Sheet Has Been Re[ilaced
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the size of the openings of the mask utilized for ‘formng the pads and the
sol der bunps. It can be seen that the sol der bunps 62 used for making
electrical connection to the slider transducers are outside of the edge of
the slid in the spacing arrangenent. The upper surfaces
of the 531“mﬂm:IIWI|m“mL electrically §8nnect ed to the electrical
conductorstirt the Faninated | oad arm ThéYupper surface of the sol der bunps
66 on the other hand contact only the insulating | ayer of the |oad arm
while their |ower surfaces contact the back side of the slider. It should
be noted that the size and spaci % of the copper Fads can be adi' usted to
provide a skewed angl e b&éwdde slidersusgosionoassamdly, hacoordiggrtoselaim 15, 13 -
In order to connect the slider to the suspension, adhesive nateri al

wherein said spacing device includes a plurality of solder bumps of predeter-

mined heights, each making point contact with said slider.

17. The slider-suspension assembly, according to claim 16,
wherein said solder bumps have a surrounding adhesive medium for mounting

said slider on said suspension.

18. 'I'hé slider-suspension assembly, according to claim 15,
wherein said suspension is a laminated planar suspension.
19. The slider-suspension assembly, according to claim 18,

wherein said suspension includes steel, insulating polyimide, and copper layers.

20. The slider-suspension assembly, according to claim 19,
wherein said suspension has a plurality of copper pads on which a plurality of
solder bumps are located for forming said spacing device between said slider

and said suspension.

This Sheet Has Been Re;
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88 is applied at the right end of the suspension, as shown in Figure 4, in
the vicinity of the spacer bunps. This adhesive wets the sol der bunps as
wel | as some of the copper and steel surfaces in the neighboring area. The
slider 56 is then placed in the appropriate position in contact with the
sol der bunps and mai ntai ned in such posigyi on by the adhesive nmaterial 68.
An epoxy Bl acknmax manufactured by the Loctite Corporation nmay be used for
this purpose. Wth the above arrangenent, the netallurgy of the sol der
bunps provides a material that has little elast|C|ty | eft, and thus when
plastic deformation takes place at yield, there is little springback. It
shoul d be noted that the cqpper contact -ads need not be circular, but can
be provided in any shape e3\RHdABLESOLDER BUMPIPAGERt spacing for the
particul ar size of the s SUSRENS Q¥££§§; tion pattern for the
spacer bunps depends on #Qgigéﬁﬁﬁ%ﬁ 3 h.;bgqu B@iﬁughat i s used.
Suspensions with or without a dinple can be used. In Figures 5-7, different
types of flexures and slider-suspensions that utilize the principles of the
present invention are illustrated. Ié&ﬁﬂiﬂﬂ@i 5, the

A slider-suspension assembly for a data-recording disk file is provided having a
spacer device separating the slider (56) from the suspension. The spacer device includes
- one or more solder bumps (60) having a height that is precisely controlled to provide the

desired spacing. The spacing device prevents contact between the slider (56) and the

suspension.

Fig. :4a

i



..conductors 58 run over the slider footprint and therefore nust be separated
fromthe flexure. In Figure 6A, the conductors 28 run outside the footprint
or the border of the slider, but the flexure deflection requires a gap.
This is best shown in Figure 6B. - 14 - Figure 7A shown anot her
arrangenment in which a spacer is required between the slider and the

fl exure. As noted above, the adhesive is applied at the right end of the
suspensi on i n the spacer bunplgygg for properly adhering the spacer to the
suspension. It is clear fromthe“~above that the nethod and apparatus
utilizing the principles of the present invention will provide a sinple way
t o manuf acture .

(PRIOR ART)




: a spacer device between the slider and the suspension. Wen the electrical
connections are al so nmade by sol der bunps, as is illustrated in the
aforenen- tioned U S. Patent No. 4,761,699, it is possible to formthe

sol der bunmp spacers for -providing the point contact between the slider and
t he suspension during the sane process that forns the sol der bunps for the
el ectrical connections. This is very economcal since it saves tines and
addi ti onal manufacturing processing steps. The hei ght of the sol der bunps
can be precisely controlled by contr@4 &g the vol ume of the solder and the
size of the solder pads to which the solder bunps are attached. This

provi des great flexibild for providing a spacer device, as can be seen
wi th the various enbodi nmen shoywr= e Lo Ref-erwing nddBto Figure
8, a slider-suspenion asse mly‘!i +eh—a 3 -oVW— \gure 1 i s shown
mounted in operative rebati dnSQLf Wt a TgyFres-e—H storage system
80 having a plurality of thdks{pili~While t g;z shown faci ng
t he upper surface of the togN\djlsi4 81 I} ca tﬂgl4§pch of the
di sks 81 has a separate assqif O course;
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- 15 - a single magnetic disk may be used with a single slider-suspension
assenbly dependi ng on the storage and space requirenents. As is well known,
each of the disks 81 has a plurality of concentric data tracks. The disks
are nounted on a spindle shaft 82 which is connected to a spindle notor
(not shown). The assenbly 70 is nmounted on an actuator arm83 in turn

coupled to an actuator 84. The actuator ves the armor arns 83 in a
radi al direction across the respective di en data is to be read from or
witten on to the disk. d/unl oad tab 86 nay be utilized when it is
desired to nove the slider—awsyxtndomthe rotating disk 81, ggien the

apparatus i s not being used, or
ot herwi se nechani cal ly handl ed. T
sensitive slider 56 and flex

g ng shi pped.or
Al damage to the
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el ement 52. While the preferred enbodi nents of the present invention have
been illustrated in detail, it should be apparent that nodifications and
adaptations to those enbodi nents may occur to those skilled in the art

wi t hout departing fromthe scope of the present invention as set forth in
the foll ow ng cl ai ns. CLAIMS 1. A slider-suspension assenbly for a
data-recording disk file having a data surface conprising: a slider having
an air-bearing surface adapted to face said data surface of said disk and a
back side opposite said air.bearin&xégiface; a suspensi on adapted to be
attached to said back side of said slider to bias said slider in close
proximty to, but out of contact with, said data surface of said disk so

t hat

FIG. 7(b)



data can be read fromor witten into said data surface; neans for
attaching said suspension to said back side of said slider; and a spacing
device including at | east one sol der bunp for spacing said suspension a
presel ected distance fromsaid slider wherein said attachi ng neans incl ude
an adhesi ve nmedi um surroundi ng said at | east one solder bunp. 2.  The

sl i der-suspensi on assenbly, according to claim 1, wherein said spacing
device includes a plurality of soIderEfu of predeterm ned hei ghts, each
maki ng poi nt contact with said slider 2%”?; The slider-suspensi on assenbly,
according to claim 2, wherein said attaching neans include an adhesive
medi um surroundi ng sai d sol der. bunps. 4. The slider-suspension assenbly,
according to claim1l1, wherein said suspension is a |am nated pl anar
suspensi on. 17 ' .
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5. The slider-suspension assenbly, according t pseriptiomhetest Etél ppged 2.
suspensi on includes steel, insulating polyim de, ga I?d’p(pér | BAEsE 52 18. pagede??.
The slider-suspension assenbl y, according to cl alumﬁfﬁm&(@] npagaid=: to paged=...
suspension has a plurality of copper pads on whi ¢ghChApstictl it yagstl .soﬂodpaged .....
bunps are located for form ng said spacfng devi cé between said slider and

Zﬁhdasgapenﬁls:)g vv'heref\nm:t hod for controlling t emio}g mg}p?r_]_"z_i_msl]g‘g)m’
Faci ng 1t NP SR, PeS et ecot of i kgt As i ARSCCPlsatog GerBhe

I I

suspensi ot Gabou ARl 203%62?%W'm%i@?&%%tﬁg@b%?%n@r%ﬁcﬁem il

- shape on g@jd $Othe YhsgeRsiba allows the sHdBCIY @R BS nyfehmt eri al around said

sol der bunp; and attaching saird backside of sard slider to said generally
pl anar surfacy thé eRoiriéablea@eimes A6 oy pisaasver e ®pidf e BBAdrY But'Pdss ddfcent

whereby said slider is spaced fromsaid suspension by a distance determ ned
by sai d sthedarfade)mipis will take up a good deal of disk space and prevent the miniaturization of
| the apparatus which is being required more and more as greater capacities of storage
information are utilized. |
SUMMARY OF THE INVENTION
It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.
According to one aspect of the present inve_ntion there is provided a slider-
suspension assembly for a data-recording di;sk file having a data surface comprising: a
slider having an air-bearing surface adapted to face said data surface of said disk and a
back side opposite said air bearing surface; ia suspension adapted to be attached to said
back side of said slider to bias said slider in close proximity to, but out of contact with,
said data surface of said disk so that data can be read from or written into said data
surface; means for attaching said suspension to said back side of said slider; and a
spacing device including at least one solder bump for spacing said suspension a
preselected distance from said slider wherein said attaching means include an adhesive
medium surrounding said at least one solder bump.
According to another aspect of the present invention there is provided a method for
controlling the spaciﬁg between a slider and a suspension wherein said suspension has a
generally planar surface facing the back side of the slider comprising the steps of:
forming at least one solder contact pad on said generally planar surface of said
suspension; depositing a solder bump haviﬁg a substantially hemispherical shape on said

solder contact pad; placing adhesive material around said solder bump; and attaching.

said backside of said slider to said generally planar surface of said suspension by means

REPLACEMENT Sﬂﬁﬁfi '
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8. The nethod, according to claim 7, wherein said solder bunp is
flattened before said adhesive material is added for attaching said

suspension to said slider. 9. The net hod, according to claim?7, wherein
said suspension is formed of a three- layer material of steel, insulating
pol yi m de, and copper, and the step of $orming said 18 sol der cont act

pad conprises the steps of Iocating a mask having at | east one opening over

sai d suspensi.on, euapor ti.ng rst sipon filmonto said suspension

hr ough: B SHORESEE Hiattf il onferehi SICRE B waperli Rt el srRRRT M 8 s o

first ad openi ng. 10. The nethod, according to
. \A;jthl?% cu:I uuQ{ %gﬁogaldor ma'ﬁné .

claim?9, nthn the sol der bunp conprises the steps

of @i t her - evaRaioRiihatoAuhOhsiRfer il Ut the e kiRAAP HieAD i€ phiidid i QU

sai d nmask openl ng o spreadi ng so er past'e onto t tta ilm

through SpighelBislOBSA! sibragé SFhNGhdrbia ATBSIpensiord M%@p&&@ and 9BkitibAs ahe

sol der filmso
head/slider combination to specific tracks at particular radii on a data surface of a

magnetic disk and wherein said head/slider combination is electrically connected to
external control circuitry, said suspension arm and head/slider assembly comprising: a
slider having an air bearing surface adapted to face said data surface of said disk.and a
back slide opposite said air bearing surface; a suspension adapted to be attached to said
back side of said slider to bias said slider in close proximity to but out of contact with
said data surface of said disk so that data can be read.from or written into said data
surface; means for attaching said suspension to said back side of said slider; and a
spacing device including at least one solder bump for spacing said suspension a
preselected distance from said slider \a;herein said attaching means include an adhesive
medium surrounding said at least one solder bump. |

For a fuller understanding of the nature and advantages of the present invention,
reference should be made to the following detailed description taken in conjunction with
the accompanying drawings.

' BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of a conventional slider-suspension assembly

illustrating the mechanical attachment of the slider to the flexure of the suspension.
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as toform—&&i—d\‘saunggdhered to said solder contact pad. 11. The

met hod, according to claim9, wherein said mask has a plurality of openings
so that a im’!ﬁm’”mw er contact pads are formed in presel ected
positions mm’gﬁ 12. The method, according to claim 11,
wherein a plurality "f ssokder bunps ard6forned by either evaporating a
solder filmonto the solder-wettable filmthrough said mask openi ngs or
spreadi ng sol der paste onto the sol d&ir@&ﬁg able filmthrough said nask
openi ngs and renovi ng the mask, and ter heating the solder filmso

as to formsaid plurality of sol der bunps adhered respectively to said
plurality of solder contact pads. 13. The method of .claim 12 wherein said

sol der bynps C ﬁﬁ"g‘ si t eh Bhd d | 15%ideV S |i¥%taP oni ng
the plurafli t)‘;@(%) déégsé‘ ngiSOBi %Sés}gﬁz%ng%k@qalﬁa&fihegng%h%lg 1%? (gl aid%%ta %%f erein
the hei ghbmptismgeh of said sol der bunps is controlled by respectively
controlling the volune of the solder and the size of the sol der contact
pads. o '

a slider having an air-bearing surface adapted to face said data surface of said disk

and a back side opposite said air bearing surface;

a suspension adapted to be attached to said back side of said slider to bias said
slider in close proximity to, but out of contact with, said data surface of said disk so that

data can be read from or written into said data surface;

means for attaching said suspension to said back side of said slider; and
a spacing device including at least one solder bump for spacing said suspension a
preselected distance from said slider wherein said attaching means include an adhesive

medium surrounding said at least one solder bump.

2.  The slider-suspension assembly, according to claim 1, wherein said spacing device
includes a plurality of solder bumps of predetermined heights, each making point contact

with said slider.

3. The slider-suspension assembly, according to claim 2, wherein said attaching

means include an adhesive medium surrounding said solder bumps.

4.  The slider-suspension assembly, according to claim 1, wherein said suspension is a

laminated planar suspension.
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15. Hr—a—+maghetic—di-sk-data storage system wherein a suspension arm

supports and positions a head/slider combination to specific tracks at
particH m I“ “ﬂ IHllEata surface of a magnetic di sk and wherein said
head/ s i is electrically connected to external control
circuitry, said suspension arm and headislider assenbl y conprising: a
slider having an air bearing surface adapted to face said data surface of

sai d di sk.and back slide, opposi said air bearing surface; a suspension
adapted td beTﬁ? tsgaﬁféﬂlsl’%m&ﬁ\p gssﬁ'a’ii‘ﬁyssi}ca‘érdmg éanB“gl d’dlé’lhelt%n galéss@faﬁwg}j i der
i n close L[] . .0f . contact with sai ata surface of sai

di sk so tﬁ%ﬁf&gg‘?ttgﬁcgl%ugagﬁlggﬁhnﬁ%ema&&cwqeﬂagﬁrsi. nto said data surface; neans
for attaching said suspension to said back side of said slider; and a :
spaci ng device including at | east one sol der bunp for spacing said

suspensi 06, a Phe SRIRTustnSioR :ReRbI) | RBbRMIFoUIAAES, WHREEH! Bid diPelibRAf N
east one~“so er unp.

nmeans i ncl ude an adhesi've nmedi um surroundi'nhg sald at

16. The si phaakityusfeoppeopadssaewhich,a pragaditfloPSoldér BlphrtIocHELESH forifgd
spaci ng
- said spacing device between said slider and said suspension.

7. A method for controlling the spacing between a slider and a suspension wherein
said suspension has a generally planar surface facing the back side of the slider

comprising the steps of:

forming at.least one solder contact pad on said generally planar surface of said

suspension;
i

depositing a solder bump having a substantially hemispherical shape on said solder

contact pad;
placing adhesive material around said solder bump; and

attaching said backside of said slider to said generally planar surface of said
suspension by means of said adhesive material whereby said slider is spaced from said

suspension by a distance determined by said solder bump.

8.  The method, according to claim 7, wherein said solder bump is flattened before

said adhesive material is added for attaching said suspension to said slider.

9.  The method, according to claim 7, wherein said suspension is formed of a three-

layer material of steel, insulating polyimide, and copper, and the step of forming said
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device includes a plurality of solder bunps of predeterm ned heights, each
maki ng h said slider. 17. The slider-suspensi on assenbly,
accordi ﬂmm)"mrﬂlm erein said attachi ng neans include an adhesive
medi um stirrourdi Mg sai & sol der bunps. 18. The slider-suspension assenbly,
according to claim15, wherein said susf¥nsion is a |am nated pl anar

suspensi on. 19. The slider-suspensi on assenbly, according to claim 18,
wherei n sa suspensi on i ncl udes steel,.insulatin ol and copper
ayer s o9erironet g ceﬁ@msﬁ*&rﬁws%w@tmga% R g ARt AEPRHE e 1

d | it
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slider ang,§a ogerﬁﬂﬁ,pgﬂé'é?/gporaung a solder-wettable film onto said first adhesion film
thfough said mask opening.

10. The method, according to claim 9, wherein the steps of forming the solder bump
comprises the steps of either evaporating a solder film onto the solder-wettable film
through said mask opening or spreading solder paste onto the solder-wettable film
through said mask opening, femoving the mask, and thereafter heating the solder film so

as to form said solder bump adhered to said solder contact pad.

11. The method, according to claim 9, wherein said mask has a plurality of openings
so that a plurality of solder contact pads are formed in preselected positions on said

suspension.

12. The method, according to claim 11, wherein a plurality of solder bumps are
formed by either evaporating a solder film onto the solder-wettable film through said
mask oﬁenings or spreading solder paste onto the solder-wettable film through said mask
"openings and removing the mask, and thereafter heating the solder film so as to form
said plurality of solder bumps adhered respectively to said plurality of solder contact

pads.

13. The method of claim 12 wherein said solder bumps are formed in a preselected

pattern by selectively positioning the plurality of openings in said mask.

14. The method of claim 11 wherein the height of each of said solder bumps is

controlled by respectively controlling the volume of the solder and the size of the solder

contact pads. | [ REPLACEMENT SHEET

17 JAN 1998




R NN 19

15. In a magnetic disk data storage system wherein a suspension arm supports and
positions a head/slider combination to specific tracks at particular radii on a data surface
of a magnetic disk and wherein said head/slider combination is electrically connected to

external control circuitry, said suspension arm and head/slider assembly comprising:

a slider having an air bearing surface adapted to face said data surface of said disk

and a back slide opposite said air bearing surface;

a suspension adapied to be attached to said back side of said slider to bias said
slider in close proximity to but out of contact with said data surface of said disk so that

data can be read from or written into said data surface;

means for attaching said suspension to said back side of said slider; and

a spacing device including at least one solder bump for spacing said suspension a
preselected distance from said slider wherein said attaching means include an adhesive
medium surrounding said at least one solder bump.
16. The slider-suspension assembly, according to claim 15, wherein said spacing
device includes a plurality of solder bumps of predetermined heights, each making point

contact with said slider.

17. The slider-suspension assembly, according to claim 16, wherein said attaching

means include an adhesive medium surrounding said solder bumps.

18. The slider-suspension assembly, according to claim 15, wherein said suspension is

a laminated planar suspension.

REPLACEMENT SHEET

17 JAN s




I

L L L

19. The slider-suspension assembly, according to claim 18, wherein said suspension

includes steel, insulating polyimide, and copper layers.

20. The slider-suspension assembly, according to claim 19, wherein said suspension
has a plurality of copper pads on which a plurality of solder bumps are located for

forming said spacing device between said slider and said suspension.
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