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SPECI Fl CATI ON Docket No. SA9-94-127 TO ALL WHOM I T MAY CONCERN: BE.| TyKNOWN »
tat 1:. Darrell 0. Palnmer. a citizen of the United States of Anmerica.

residisng in the State of California. have invented new and useful @Mjl&..é?i%
LI DER SUSPENSI ON ASSEMBLY AND METHOD FOR  ATTACHI NG A
B\ON | N A DATA- RECORDI NG DI SK FI LE of which the follow ng
PLERTI FI CATE OF EXPRESS MAI L 2 BACKGROUND COF THE

cal Field: This invention relates generally to a
BEsenbly for a data-recording disk file and,

particul arl y¥ oM i nproved sl i dep EQIEPECA Tn gaNsenbl y and t&a rretﬁogv
mechani cally and el ectronically attaching the slider to the s pen@»ankqf,e%f
Description of the Related Art: Disk files are information storage gg,)fiaq@;’ 7P
that utilize at Doclket NoncSA®BE4N2AP| e di sk with concentric data tracks /
containing the information, a head (or "transducer") for reading data from
or witing data to the various tracks, and a head-positioning actuator
connected to the head for noving it to the desired track and maintaining it
over the track center line during read or wite operations. The transducer

Is attached to an air-bearing slider that. is -
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TO ALL WHOM IT MAY CONCERN:

BE IT KNOWN that |, Darrell D. Palmer, a citizen of the United States
of America, residing in the State of Califernia, have inventad new and useful

improvements in a

SLIDER SUSPENSION ASSEMBLY_AND METHOD FOR ATTACHING
'A"sm:’a TO A SUSPENSION IN A DATA-RECORDING DISK FILE

of which the following is a specification:
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supported adj acent to the data surface of the disk by a cushion of air
generated by the rotating disk. The slider is connected to a support arm of
*t he head- positioning actuator by means of a suspension. The suspension
previ des di mensional stability between the slider and actuator arm
controlled flexibility in pitch and roll notion of the slider relative to
its direction of notion on the rotatpng disk, and resistance to yaw notion.
In conventional disk files, the suspension provides a | oad or force agai nst
the slider that is conpensated by the force of the air bearing between the
slider's air-bearing surface and the disk surface. Thus, the slider is

mai ntai ned in extrenely cl BAEKGBOIUNDYOFOTHBUNMVENTION contact with, the
data surface of the disk. 3 The suspension typically conprises a | oad
beam which is nounted at one end to the actuator arm and a flexure

el ement, which is attached to the other end of the | oad beam and supports
the slider. The | oad beam provides the resilient spring action that biases
the slider tlowar JechaicalFiedd:e of the di sk, 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. In the conventional

sl i der suspensio ﬁ,q,gp _ ' St ' asdsd

fl exure el enment 2?“? e st‘é%éﬁ%ﬁ%ﬁbgﬁgéadxtﬁ%ﬂggtg&d*ﬁ’f ectri %W&r@
connecti on datawecording tdisk filecandantoré epaditidulérily,e to ean/ improved| stideoni cs
I's made by discrete tw stg[i wires that rup.the I%ré%th'of t&e!sus enslon

| oad beam aftHSBRTYAR a5veM ménﬁtgxﬁﬂaegrﬂﬁ $p5 mechapipally and electronically

attaching the slider to the suspension.
2. Description of the Related Art:

Disk files are information storage devices that utilize at least one '
_rotatable disk with concentric data tracks containing the information, a head
{or "transducer”) for reading data from or writing data to the various tracks,
and a head;positioning actuator connected to the head for moving it to the
desired track and maintaining it over the track center line during read or
write_ opérations. The transducer is attached to an air-bearing slider that is
-supported adjacent to the data surface of the disk by a cushion of air

generated by the rotating disk.

The slider is connected to a support arm of the head-positioning
actuator by means of a suspension. The suspension provides dimensional
stability between the slider and actuator arm, controlled flexibility in pitch
and roll motion of the slider relative to its direction of mation on the rotating
disk, and resistance t0 yaw motion. [n conventional disk files, the
suspension p}ovides a load or force against the slider that is compensated
by the force of the air bearing ﬁetween the slider’s ;ir—bearing surface and
the disk surface. Thus, the slider is maintained in extremely close_ proximit\) .

to, but out of contact with, the data surface of the disk.



ends of the wires are soldered or ultrasonically bonded to the transducer
terrination pads on the slider. The fabrication of such a slider suspension
“in nost cases requires manual assenbly and is thus tinme-consum ng and
costly. It is this manual assenbly and delicate operation of attaching the
‘slider suspension assenbly that |eads to the +1argest portion of errors and
failures of product during operation. Accordingly, what is needed is an

i nproved sl ider suspensi on assenbly and method for making such assenbli es.
Moreover, what is needed is an inproyed nethod of attaching a slider head
to:a suspension el enment that is easy to perform thus |eading to being

I npl emented in an automated process. 4 SUMVARY OF THE INVENTION It is

t herefore one object of the present invention to provide a slider

suspensi on assentng %Peas'eattyw@brrmmfﬁegla ha@beam. vehighds eeudigtect of
t he present I y and
a nethod f o?{ Hrrég%gﬁﬁgaf'? 3%9%{ fa(argp réor{rﬁ)%gﬁg% r%t k‘gﬁ%n {?ﬁgﬁsl Ider ‘EﬂHJ[ :
suspensi on. thic ottieh exyd tof tmeloaapbeémoénﬂ rupporee tite Lc,nde:nt Thie {03 Bebf
provided a head ginbal assenbly conprisin a | oad beam a flexure coupled
to said | oaﬂ'q}ﬁ‘&%i theresiliead sprieg a,fémrethaigtr@ae%ﬁhq slider tguyard dheysurfagg n
said | oad b e bl e i a

i el cotri o Pogy oRkg i HREMeRyke BrERss S} B8 AR B < Khadr

diel ectric tidgson tﬁe&idsﬁib’n aﬂuntmweérsﬁiéiaﬁib@aum diafddedamd Bhe'Fédating of
conductive pads di sposed along a selected edge thereof; a loop within said
i ntegrated €8Kte of a -

In the convention'al. slider suspension assembly, the slider is
mechanically .attached to the flexure element‘of the suspension by epoxy
bonding. The electrical connection between the transducer and the disk file
read/write electronics is made by discrete twisted wires that run the length
of the suspension load beam and extend over the flexure and slider. The
ends of the wires are soldered or ultrasonically bonded to the transducer
termination pads on the slider. The fabricatioh of such a slider suspension
in most cases requires manual assembly and is thus time-consuming and
costly. It is this manu_al assembly and delicate operation of attaching the
slider suspension assembly that leads to the largest portion of errors and

failures of product during operation.

Accordingly, what is needed is an improved slider suspension
assembly and method for making such assemblies. Moreover, what is
needed is an improved method of attaching a slider head to a suspension
element that is easy to perform, thus leading to being implemented in an

automated process.



radius sufficient to cause said integrated cable to overlie said selected
edgé of said slider; and at | east one aperture within said dielectric |ayer
"'within-said | oop of said integrated cable overlying said pl gtedity—of—
conductive pads such that said plurality of conductors are |THI®SHEET HASHBEEN |
contact with said plurality of conductive pads. According tp andiEBREACERspect
of the present invention there is prgvided an information storage-system
conprising: a storage medium having a plurality of tracks for recording of
‘data; a | oad beam having armel ectronic termination pads; a flexure coupled
to said | oad beam an integrated cable fornmed at |east partially wthin
said | oad beamalong the le , I Gy A ted cable having a
dielectric layer and a plura |@>¢§F%§&dﬂi€é)’9¥b§f@§§ged upon sai d
dielectric layer; a slider nounted to said flexure having a plurality of
conductive pads disposed along a _sel ected edge thereof; a loop within said
i ntegrated cabl dtés therefare,ane ghiect efrthe: present invenition ta prpvidea slidedre t o
overlie sai l4deShA : | east one aperture within
sai d diel ec%ﬁ%%hsg/rggsﬁﬁﬁﬁyﬁosr?Hgf%k)éﬁ%g?in§g¢]gk?&?'egr ated cabl e overlying
said plurality of conductive pads such that said plurality of conductors
are in electrical contact wth said plurality of conductive pads. According
to still anot herlt isgBethes objget of dbemresenteinvention ier provide eovimiravad et hod

of manuf actdgpi ' | onprd sing the,steps
of : positi ﬁ‘?ﬁgg‘é&% [ e? Q%rg%%bﬁ @gwgtﬁgaghgﬂé%hgﬂﬁgiar%éa%?%ﬁﬂ"?@”&t ed 90
degr ees wi tdttackipgthetslideaitd theadispeasionsai d slider having a plurality of

conductive pads al ong one edge thereof; positioning an integrated cable
al ong said | oad beam and ext endi ng beyond an end of said | oad beam said

I nt egrated cabl rﬁﬁﬁl ) | o .ave rali of._conductors
di sposed thereoﬁA;é%Hr ovi %éﬁ%ﬁrg%)%&tvﬁwgphgé'a% é‘iggtégﬁzﬁf ggséééhéfg use _
subst ant i alih yardinfdeqration Starage symen iglidistlosed. s THe fiffodmation SRREYe
removing a §ort| on Rf S?\I d dielectric |layer within said |oop of said

i ntegratedS SIBB. (W m a&eaaﬁtqggptmegugp having a plurality of tracks for

recording of data, includes a head gimbal that has a load beam, ‘a slider, and

a cable. The load beam further includes arm-electronics termination pads.
The slider couples to the load beam and has a read and/or write transducer
and ele_ctrical leads terminating at te;mination pads. The slider maintains a
closely spaced position relative to the surface of the storage medium during
relative movement between the storage medium and the slider. The cable
is mechanically and electrically coupled to the slider and has etched
integrated read and write conductors attached to the slider so as to provide

a strain relief section.

The head gimbal further includes a flexure coupled to the load beam
for connecting the slider to the load beam. The load beam and cable are
etched from a laminated panel. The cable is strain relieved using epoxy and
includes a Ioop to prevent oil canning when the slider pivots. The slider is
offset with respect to a gimbal pivot in order to compensate for bias forces

exerted by the cable on the slider.

The foregoing objects are achieved as is now described.

This Sheet Has Been Replaced
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REPLACEMENT SHEET 4a a point overlying said plurality of conductive pads;
mati:ng said plurality of conductors w t‘h said plurality of conductive pads
*t hrough said aperture; rotating said slider 90 degrees to a point adjacent
to,said | oad beam and attaching said slider to said | oad beam The

f oregoi ng objects are achieved as i s now descri bed. 5 DESCRI PTI ON OF THE
DRAW NGS The novel features believed Sharacteristic of the invention are
set forth in the appended clainms. The invention itself however, as well as
a preferred node of use, further objects and advantages thereof, wll best
be understood by reference to the follow ng detailed description of an
illustrative enbodi nent whdESCRIFTIQNCOR] THE DRAWINGSt he acconpanyi ng
drawi ngs, wherein: Figure |la depicts an isonetric view of a prior art

Hut chi son Type 1900 series head gi nbal assenbly (HG) wth a discrete,

Lwi sted wire cabRebaiiaebfuelohdRody! SldTubRlrid: BR4Re iRLBHIiEN diel seran end

view of the suspension In Figure 1 gure 2a 1s an t1sonetric view of the
current i nvéorth dn.thei gppendeid clginas.s dtte vention aSelf however ras welli as Bi gur e
2A showi ng the constryction o% the integrated read/vvrir&’e caple in the | oad
beam area. PIJBIEIIBOHE of Use fyihenAGrTSiandadvaningesi thereqt. mill hest ba

show ng understood by reference to the following detailed description of an
illustrative embodiment when read in conjunction with the accompanying
drawings, wherein:
Figure 1a depicts an isometric view of a prior art Hutchison Type
1900 series head gimbal assembly (HGA) with a discrete, twisted wire cable
bonded to the head termination pads.
Figure 1b is an end view of the suspension in Figure 1A.

. Figure 2a is an isometric view of the current invention.

Figure 2b is a section view of the suspension in Figure 2A showing

the construction of the integrated read/write cable in the load beam area.

Figure 2c is a section view of the suspension in Figure 2A showing

the construction of the integrated read/write cable in the gimbal area.

Figure 3a is a top view of the current invention illustrating the process
for attaching and terminating the integrated read/write cable to the head and
the head to the suspension flexure.

Figure 3b is a side view df Figure 3A.

Figure 4a is an end view of the HGA shown in Figui'es 2 and 3.



t he construction of the integrated read/wite cable in the ginbal area.
Figure 3a is'a top view of the current invention illustrating the process
“for attaching and terminating the integrated read/ wite cable to the head
and-the head to the suspension flexure. Figure 3b is a side view of Figure
3A. Figure 4a is an end view of the HGA shown in Figures 2 and 3. 6
"Figure 4b is an alternate enbodi nent of the current i nvention showi ng a
symetric design that can be used for both "up" and "down" suspensions.
Figure 4c is still another enbodi nent Qpat can be used for applications
requiring thin filmnmagneto-restrictive (MR) heads with vertica
termination pads. Figure 5 depicts a magnetic disk storage systemin
accordance with the preferred enbodi ment of the present invention. 7

DETAI LED DESCRI TICN THE, | NVENTI Ref erri first to Figure |la here
are four major éE;b‘JﬂJSn {8 enFterpgtegm ‘é‘r""é?fé‘rfgnﬁg'ﬁﬁﬁ"%gé%? gofbﬁ‘

the suspeng %rﬁrﬁéﬂ'uﬁe@é@lﬁﬁefﬂﬁt ckh w@'&&&aﬁ:rcwaiﬁct"es"abnut Sdewh-to a
flexure .18, which is nmechanically connected to slider 14, which is

electrrcalsysnemmeused via a discrete

Figure 4c¢ is still another embodiment that can be used for applications
requiring thin film magneto-restrictive (MR) heads with vertical termination

pads.

Figure 5 depicts a magnetic disk storage system in accordance with

the preferred embodiment of the present invention.



twisted wire cable 16. Slider 14 may be, for exanple, a conventional thin-
filminductive head having dual read/wite elenments 19 and 20, and
“horizontal termination studs 24 and 25, which are all depicted nore clearly
‘insFigure 1b. Suspension for |oad beam 12 is a Hutchinson-type 1900 Seri es
HGA (head gi nbal assenbly), which is widely used in the hard-di sk drive
(HDD) industry. Qther types of |oad beans may be freely substituted for the
one illustrated in Figure l1a, and is Used nerely for illustrative purposes.
Figure 2a is an isometric view of the current invention. The | oad beam 12
in Figure 2a is simlar in shape to the |oad beam 12 in Figure la, except

that it is fabricated 0] | such described in
comonl y assi gned Uni t@%ﬂ'&é%&%‘%ﬁ%ih%wmk‘?”%/ 270,928, filed
7/ 5/ 94, incorporated by reference herein for all purposes. The integrated
cable 16 and.load beam 12 is Figure 2a are formed by selectively etching or
patterning the cBefesringdiret tatfigure dmdthereddre!fayensajof cohepdragrits aifethe '
mat eri al, or.poth. Figqure 2b i ﬁ_‘(ie(i:tion view of the cable 16 taken at a
typi cal | ocHidesSusRep '8"@?5&"!@! -2 FEIS i Heg FH%Rertsr'l%"i%?ﬁ begghalements 22
are electrigal it t Paaﬂé t g ki o er 15,
t hereby pr eve'ntni)hrqgﬁ?%g (?g‘rﬁgjcgﬁ%gg?lzgﬂéﬁ S o)gtt?rie%s't gﬁ]t'ﬁlé?% ggégk%]g'é 2.

Fi gure 2c icenpegteditonavslerol4; lvehichbisceleGtticdiignconnédtedgividoal didcrdteexur e

area of th nsi on shaowi ng. .that the | oad beam|ayer in this area is

5 Fonove t CVUFTRHCCRDR ALt SFUOR4.av tie T EREEPIS.@ SmYEnFPesl thirse! y

w th the gifithlintLetivé enddti having dual read/write elements 19 and 20, and
horizontal termination studs 24 and 25, which are all depicted more clearly

in Figure 1b. .

) Suspension for load beam 12 is a Hutchinson-type ‘1900 Series HGA
(head gimbal assembly), which is widely used in the hard-disk drive (HDD)
industry. Other types of load beams may be freely substituted for the one

illustrated in Figure 1a, and is used merely for illustrative purposes.

Figure 2a is an isometric view of the current invention. The load-
beam 12 in Figure 2a is similar in shape to the load beam 12 in Figure 1a,
except that it is fabricated from a lamir;afed material such as described in
commonly assigned United S;ates Patent Application Number 08/270,928,
filed 7/5/94, incorporated by reference herein for all purposes. The
integrated cable 16 and load beam 12 is Figure 2a are formed by selectively
etching or patterning the copper, dielectric, and steel layers of the laminated
material, or both. Figure 2b is a section view of the cable 16 taken at a
typical location on the load beam 12 showing that the cable conductors 22
are electrically isolated from the‘load beam 12 by the dielectric layer 15,
thereby preventing the conductors 22 from shorting to the load beam 12.
Figure 2c is a section view of the cable 16 taken in-the gimbal or flexure

area of the suspension showing that the load beam layer in this area is



Figure 2a is also a closeup view of the slider 14 and cable 16. Slider 14
attaches to | oad beam 12 via a flexure 18. Cable 16 connects to slider 14
‘via epoxy bunps 20, which also serve as a strain relief for conductors 22
on, cabl e 16. Conductors 22 extend across head termnation pads 24 (Figure
lb) on slider 14 and are exposed to pads 25 through an opening 9 in the
dielectric layer 15 of cable 16. The dielectric |l ayer 15, being on the side
of cable 16 closest to the |oad beam®2 and slider 14, insul ates conductors
22 fromload beam 12 and slider 14, théereby preventing the two conductors
22 fromshorting together. Figures 3a, 3b, and 4A are top, side, and end

b ocess. §ofeprEdR S heEAIARTAN 22 pnd etibBotil T da R Y il

conduct or Stﬁ@gimbbhﬂeihréiﬂs term nati on pads 26, and attachi ng the slider
14 to the flexure 18 . Figure 3a also shows a cable | oop 32 which contains
an ESD shunt 28. The shunt 28 is used to protect the slider traducer from

. ESD damage dur| I I t.h th n oop 32
are romuved at BYUSPAISARE  ARsRGR Ylew i Ve el 4 dnd BaB 1 G Bet o
Slider 14 jadstreelededtoddbabm M25id aoMBeirdi 18] Dabld/N8Scainsdiavd slifef| gure

3A and 3B. Slider 14 is oriented 90[err] with respect to |oad beam 12.

Cabl e 16 i 34ndRceRgxvhumps 20; whighialeo servd as Bestrain @eiforzoon@urcmmensed

to the fac 4 bhS nate with sli 14
b that coRAen e, Lol 22 btaR iredy Fidab JefRidadin Pads
t hrough t heFigpeniby oh stmérhmdhalaéte'xnbsbayterpéd?s 28uiheduER&h GFEnid ?LISS used
so that sli der 14 is held in place qui cklg)é when attached to cable

Slider 14,inbthe digledsientayer v fr@@féeelﬁ -ad herdielestrie layerat9.ohging2n e or m a

l'0op 44 i gide of cable 16 closest to the load beam 12 and slider 14, insulates
conductors 22 from load beam 12 and slider 14, thereby preventing the two

conductors 22 from shorting together.

Figures 3a, 3b; and 4A are top, side, and end views, respectively, of
the suspension in Figure 2 and illustrate the process for attaching the cable
16 to the slider 14, terminating the conductors 22 to the slider termination
pads 26, and attaching the slider 14 to the flexure 18 . Figure 3a also
shows a cable loop 32 which contains an ESD shunt 28. The shunt 28 is
used to protect the slider traducer from ESD damage during the assembly
process. Both the shunt 28 and cable loop 32 are retnoved at a later point

in the assembly process as explained below.

Slider 14 and load beam 12 are positioned with fixtures as shown in
Figure 3A and 3B. Slider 14 is oriented S0° wit_h respect-to load beam 12.:
Cable 16 is held up by fixturing while strain-rélief epoxy 20 is diépensed to
the face of slider 14. Cable 16 is then allowed to mate with slider 14 so
that conductors 22 can be bonded ultrasonically to termination 25 through
the opening 9 in the dielectric layer 15. Quick-tack epoxy is used so that
slider 14 is held in place quickly when attached to cable 16. Slider 14, or

load beam 12, is rotated as indicated by arrows 42 to form a loop.44 in



9 cable 16. The slider 14 is then nechanically bonded to the flexure nount
surface 38 with epoxy 39. Loop 32 and ESD shunt 28 are then separated from
.cable 16 at notches 30 and peeled away from | oad beam 12 at point 34. The
center of slider 14 can be offset with respect to | oad beam di nple 36 by
anounts X and Y as needed to conpensat,e for ginbal-bias forces created by
cable flex loop 44. Figure 4b illustrdtes an alternative enbodi neht for

i nductive sliders 14 where cable 16 has two notched areas 50 and 52; the
remai ni ng nunbers are identical to those previously described and
associated in Figures 2-3, and 4a, except there are two dielectric openings

9, and two gahl 96, OPRE HiterNG $6theh%EEE§r#§?Wo%deh% {%W%éﬁnfﬂgn

cable 16 are symetrical so the sane asse y can be use

and "down" syrfager38 with epoxy39. laopnd? AnddeSD shiurea2® 2ratiern separagddd t o
the left set of sli ads ,25,and cable | oop 44 is reppved breaking it

| oose at natam csle A abASHEx 3 G0ieded Gitey fora 030 bRm T2 ahAmbLA 0
the right gef YheddiF oPslider’fs an%eqﬁhg M@@reé EF1d B idpfAKi ng
it loose at natch 52. |?l bot h cages, t he %nuse sgte o? ter mﬁ%a{ﬁﬂ(‘)ﬁbg%ds are
i nsul at ed StobycambenteXiand’Y ias nérdedetp mompergataifog gimbyl-biasxfpréds
“Figure 4c il stdrat esbigh anot her. enbodi nent for use with a particular type
‘of fl oat er CFEEd RY,CROIGTEX {0OR#pi e, an I BM MR head 14 using verti cal
studs 40. In this case, four cable | eads 22 and 23 are accommopdat ed.

Term nation to the four slider studs or pads 40 is done by ultrasonic

bondi ng t hr ough Fgrre 4h dustratésangternative 2inbudicienafer induttive sidersilge and
staggered with respect.to each other so that |leads 22 can.cross over

i aoent st G g hs ivansidhenreas bepd i heoshaitiag probess

are identical to those previously described and associated in Figures 2-3, and

4a, except there are two dielectric openings 9, and two cable loops 44 and'
46. In this example, the load beam 12 and cable 16 are symmetrical so the
same'assemb!y can be used with both "up” and "down" sliders. For an
* "up” facing slider, wires 22 are terminated to the left set of slider pads -
25,and cable loop 44.is removed by breaking it loose at notch 50. For a
"down" facing slider, wires 22 are terminated to the right set of slider pads
26, and cable loop 46 is removed by breaking it loose at notch 52. In both
cases, the unused set of termination pads are insulated from cable leads 22

in the region of opening 9 by epoxy 20.

Figure 4c illustrates yet another embodiment for use with a particular
type of floater head, such as, for éxamp!e, an IBM MR head 14 using
vertical studs 40. In this case, four cable leads 22 and 23 are
accommodated. Termination to the four slider studs or pads 40 is done by
ultrasonic bonding through four dielectric openings 26 which are smaller in -
size and staggered with respect to each other so that leads 22 can cross
over adjacent slider pads without shorting to the pads. The actual process
for attachment and termination of MR head 14 is identical to that described
above for inductive slider 14 in Figure 2. Further, the two read lines 23 are |

inside the two write lines 22 so that the latter serve as a noise shield during -



for attachnent and term nation of MR head 14 is identical to that described
above for inductive slider 14 in Figure 2. Further, the two read |ines 23
are inside the two wite lines 22 so that the latter serve as a noise
shield during 10 the read operation. A symretrical version simlar to
Figure 4b is also possible for the enbodi ment of 4c. Although the present
invention is described as enbodied in the magnetic di sk storage system as
shown in Figure 5, it will be appareﬁ@ that the invention is al so _
applicable to other magnetic recording systens such as a magnetic tape
recordi ng system for exanple. Referring nowto the figures, and in

parti cul ar FLaur . | gast _one rotatahle magnetic disk 112 is

suppor t ed o{anea ré%?lr?gﬂggati%it aﬁdeM?‘é’&?‘LQ’ 355'8["5?"‘8 e Fgue %‘18.5 JFe
magnet i ¢ r epossibiofortHE @nithodintdhtdBdci s in the formof an annul ar pattern
of concentric data tracks (not shown) on disk 112. At |east one slider 113

I's positioned on the disk 112, each slider 113 supporting one or nore
magneti c read/ wri 1 disk 112.rofates, the sliderg 113 are
noved radially i ﬁﬁtg\ﬁgs’ﬁﬁﬁ‘esg&?%é:ﬁ f'JhVeerWé’é'dés °H§9d aﬁ&gb%&f*ae%ﬁFe
portions of riagheticdisie $iorage sysik @isHoWA th Fifurd &, 3 wWilReB sppafehy thid | S

attached to a | oad beam or actuator arm 119 by neans-of a suspension 115.
The suspensttgnhinyestipn is/glge 2pplisablgito atper mpaneticseopiding sy stesss sbeh 8si der

113 agai nstt | f : h agtuator arm .S attached to an
act uat or rre%n'gsggéﬁéf%géa%?éé%é% ?isgﬁg":f%\/\gx%ﬁ'p%'gﬁ%fgg ng rﬁ"’\"/oﬁocgh%o'rl
not or ( VCM figiies, Gl inspartieaidr taoFighle 5)idteasttohe ¥6thtaBRehghefit lisk and
the direction_and velocity of the coil novenents
2 is supported on a spindle 114 and rotated by a disk drive motor 118.
The magnetic recording media on each disk is in the form of an annular

pattern of concentric data tracks (not shown) on disk 112.

. At least one slider 113 is positioned on the disk 112, each slider 113
sdpporting one or more fnagnetic read/write .heads 121. As disk 112
rotates, the sliders 113 are moved radially in and out so that the heads 121
may access different portions of the disk surface 122 containing the data.
. Each slider 113 is attached to a load beam'or actuator arm 119 by means
of a suspension 115. The suspension 115 provides a slight spring force
which biases the slider 113 againsti the disk surface 122. Each actuatorarm
119 is attached to an actuator means 127. The actuator means shown in
Figure 5 is a voice coil motor {(VCM). The VCM is a coil movable within a .
fixed magnetic field, and the direction and \_relocity of the coil movements
is controlled by the current supply. During operation of the disk storage
system, the rotation of disk 112 generates an air bearing between slider 113
and the disk surface 122. The air beéring thus counterbalances the slight
spring force of the suspension 115 and supports the slider 113 off the disk
surface by small, substantially constant spacing during operation. The
surface of heads 121 in contact with the air bearing is commonly known as

the air bearing surface (ABS).



i's controlled by the current supply. During operation of the disk storage
system the rotation of disk 112 generates an air bearing between slider
-113 and the disk surface 122. The air bearing thus counterbal ances the

sl i.ght spring force of the suspension 115 and supports the slider 113 off

the disk surface by small, substantially constant spacing during operation.
The surface of heads 121 in contact with the air bearing is comonly known
as the air bearing surface (ABS). 12 CLAIMS 1. A head gi nbal assenbly

conprising: a |oad beam a flexure ddupled to said | oad beam an integrated
cable formed at least partially within said | oad beam along the | ength
thereof, said integrated cable having a dielectric layer and a plurality of
conductors di sposed upon said dielectric layer; a slider nounted to said

fl exure having aTRé vafbus oPhp6Reltecs (1R m@ﬁ%:&bg@%?@fbrﬁ'aga%&n&ﬂe?ﬁﬁwed
& o u

edge thereof; a loop within said integrated cab a radius s Icient to
cause sai d PpPgragoattytisigaplsegenecrated bycarral unit $29oduehigs adcessiabritalder ;-

d at |easg; ithin said dielectric | within said| f
ar - nt ogr dBBASAR EH8E FAc elRls. sharafiery milidboalt sartalaecuton t nat

said pluraldtoragd heaIGnd & AierddioBest! | The COMrBF LN 120> YehioPbidsa! I 1Y

of conductive pads. 2. The head gi nbal assenbly according td claim

‘wher ei n saiePpirelrsighaly tof comtnalcaniows aysten bpesativinsasuch & noietbrtapreasid
plurality Osfigﬁg sdgr('f tlf.n\ée‘lagdghd head position control signals on line 128. The
control signals on line 128 provide the desired current profiles to optimally
move and position a selected slider 113 to the desired data track ‘on the
associated disk 112. Readand write signals are communicate.d to and from

read/write heads 121 by means of recording channel 125.

The above description of a typicai magnetic disk storage system and
the at_:companying illustration of it in Figure 5 are for representation
purposes onl_y. It should be apparent that disk storage systems may contain
a large number of disks and actﬁators, and each actu‘ator.}nay subpbrt a

number of sliders.

The improved suspension and attachment structure further provides
a means for adapting laminated suspension technology and integrated
read/write cable technology to many of the popular suspension load beam
designs in use today as well as a means for terminating the integrated cable
to either thin-film, inductive or thin-film magneto-restrictive heads. Other
applications will be evident to those skilled in the art based upon the
applications thus disclosed; therefore, the scope of the invention is not to

be limited by the specification, but only by the claims.



3. ‘;I'he head gi nbal assenbly according to claim 1 wherein said plurality
of conductors are termnated to said plurality of conductive pads by |aser

Sol der ref 4, The head gi nbal assenbly accordi ng THal m I Wier e n
said’'slider is o ith respect to a ginmbal pivot- pol RUSWHER] E@;ﬁﬁ%"
flexure in conpens for bias forces exerted by st - egr at éd

"cabl e upon wmw’mjﬂﬂ he head gi nbal assenbly according to claim1l

wherein said irfteg e is symmetric with respect to a | ongitudinal
axis of said | oad beam® 6.+ . The heaqg,gi mbal assenbly according to claim1
wherein said slider is a thin-filmi ng{ucti ve head. 7. The head gi nbal
assenbly according to claim1l wherein said slider is a thin-film MR head.
13 8. The head gi nbal assenbly according to claim 1 wherein said

plurality LtRin said integrated cable conprises a pair of
read |i nesq&g‘ao@gél%’&ééﬁgai r of wite lines so that said wite |ines act
as a noise shield during a read operation. 9. The head gi nbal assenbly -
according to claim8 wherein said wite lines are grounded during the read
operation so as %o erhiesd gimhal assambihicetmfirising:10. The head gi mbal
assenbly according to claim8 wherein said plurality of conductors are
shunt ed together near said plurality of conductive pads for added

el ectrostatic digSgharieamy otection during the assenbly process. 11. An

i nformation storage system conprising: a storage nediumhaving a plurality
of tracks for recording of data; a | oad beam having armel ectronic -

terminati on pady ol EELRFRIRLETohG Rl 4050 beam

a cable, mechanically and electrically coupled to said slider, having
etched integrated read and write conductors within said cable and attached

to said slider so as to provide a strain relief section.

I
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“an I ntegrated cable forned at | east partially wthin said | oad beam al ong

the l ength thereof, said integrated—cable having a dielectric |ayer and a
“plurality of conductors disposed u said dielectric |ayer. _a slider
-mounted to said flexur eAmum“‘“!‘“xﬁﬂiﬁﬂ y of conductive pags g;ﬁEE‘pBBQGEEN\
al ong a sel ected edge t ] Wthin said integratjed catitaCE® a
radius sufficient to caus® said int egrated cable to overl ite—sai-e—seteCTed
edge of said slider; and at |east one ggerture within said dielectric |ayer
within said | oop of said integrated cabfe overlying said plurality of
caonductive pads such that said plurality of conductors are in electrical
contact with said plurality of conductive pads. 12. The infornmation storage
syst em accor di ng2t o cFBeassampvzegarding @ gisim 3| furyhef carppdsioge fiexure

ul trasonica | . | ' f conduct.y ad . The

I nf or mat i onééq%‘rgggge%;’as?%%gg?:@{r ﬁr%&r{%ec&ng ?ﬁ'%f%%eﬁéf%%ﬁ'égaé%ﬁﬂpal ity of
conductors are termnated to said plurality of conductive pads by |laser -
sol der reflow 14 14.° The information storage systemaccording to claim
11 wherein sai d 3 i defhe@ssgmbbtacgardingtomiaim i owdiegeintsaid lpaddeapoand
within said ure.,i rder tQ ¢ ens for bias forces exerted by said
I nt egrat ed %% I?érﬁ&%ﬁé&g?‘%m‘gﬂ %@'Sg%%{.]p%é'i nformati on storage system
-according to claim 1l wherein said integrated cable is symetric with
respect to a longitudinal axis of said |oad beam 16. The information
storage system a‘gcor dThe assermbly ascordiggtaglairg di avhereinesaid cable igistraif i | m

I nductive h < L.npformati on storage systemaccording to claim11l
wher ei n sai %ﬂgr?%g’rsmgggb?h n- film MR head.

5. The assembly according to claim 1, wherein said cable further

includes a loop to preveht oil canning when said slider pivots.

6. The assembly according to claim 1, where said cable leads are .
ultrasonically bonded to a set of head pads.

7. The assembly according to claim 1, wherein said cable is

terminated to a set of head pads by laser solder reflow.

8. The assembly according to claim 1, wherein said slider is offset
with respect to a gimbal pivot_ in order to compensate for bias forces exerted

by said cable on said slider.

9. The assembly according to claim 1, wherein said cable is

symmetric with respect to a longitudinal axis of said load beam.

10. The assembly according to claim 1, wherein said slider is a thin-

film inductive head.

11. Theassembly according to claim 1, wherein said slider is a thin-

film MR head. : - e
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"18. The information stor age systemaccording to claim 11 wherein said

~plurality of conW_i ntegrated cable conprises a p %f .
read |ines nested insi pair of wite lines so that said wi ﬂl\\l,\gm% agt
as a noise shield durin - ration. 19. The infor MyStQieg9e '

system accordi ng tﬂm‘ aﬂ“ﬂ ﬂ“\an said wite lines are gﬂ%&w@%‘d& 1 ng

the read operationii® t 0 wenhante el ectrical shielding. 0. Faeg

i nformation storage systemaccording to claim 18 wherein said plurality of

conductors are shunted together near said plurality of conductive pads for

added el ectrostatic discharge protectilen during the assenbly process. 21. A

nmet hod of manufacturing a head gi nbal assenbly, said nethod conprising the

steps of: positioning a slider proximate to the end of a | oad beam and

fotated 90 degreen Wity RIBRTy ! AceBidingOfs! PBH 15hHeRdih I8kid" B0 2

-plurality of conductive pads along one etdge thereof; positioning an

i nt egr at ed comprisesl apgir odirdad dings rested inside tacpair of) Writg dinds a0 thad s2id sai d

| oad beam sajd.integrated cable fqorped by a dielectric layer and a

pluraiity d’?’"@o‘r‘fb"nﬁc‘[’%‘r%s ai%a%éﬁiq'ﬁé{@mg Zﬂﬁaai%eﬁ@"%‘ﬂ oop Wi thin said

integrated cable at substantially 90 degrees froma |ongitudinal axis of
said | oad beam 15 renoving a portion of said dielectric layer within
said | oop of saild@.i nildgrassemblyldceordingrtovclden dn velpereinusaid attsidp avite
overlying ?ai dﬁpl ural i té g conduct i vg gads;, mati ng said gl urality of

conduct or s "AFT HTEH'GUBARA AYring dhe J5ad RPERALIGN3R a5h1h §ghaRes @legigrelr e

rotating sg’hq!@ihbger 90 degrees to a point adjacent to said | oad beam and

14. The assembly according to claim 1, wherein said cable leads
are shunted together near a pair of head termination pads for added

electrostatic discharge protection during the assembly process.



“attachi ng said slider to said | oad beam 22. The nethod of manufacturing a
head gi nbal assenbly according to claim 21 wherein said | oad beam i ncl udes

.a flexure nounted to one end t ' m “Ln sai d t+taC )
said slider to said | oad beam Hmﬂuumﬂu Tﬂ p of attlacis sEETHAD BFNdjer
to said flexure. 23. The net hod+ofc manuffacfurt ng a head| gi mREFLASSenbl yvi
~according to claim2l wherein said step of mating said ptafrarTty O
conductors with said plurality of conductive pads through said aperture
conprises the step of mating said plurality of conductors with said
plurality of conductive pads through csila_x; d -aperture by ultrasoni c bondi ng.
24. The nethod of manufacturing a head gi nbal assenbly according to claim
21 wherein said step of mating said plurality of conductors with said
plurality of cogducti,ve pads_through sajd erture conprises the step of
mating said pl urqgl'i ¢ 0 ‘f’?%%ﬁﬂ%?g? rﬂﬂ%tﬂ'ség dc?)'%ﬁf'aﬂgry of conductive pads
t hrough said aperture by |aser sol der refl ow 15 15. An information
storage system conprising: a storage nmedium having a plurality of tracks
for recording of sdarage aedism having lsaplungitirof tsaeks farmecordiogrefndataon pads;
a slider, coupled to said | oad beam having a read and/or wite transducer
formed therein and electrical |eads termnating at term nation pads,

mai nt ai ned in aaqbas Be¥nf RACREY HPsicddtroniel abivinatiBntgiissur f ace of said
storage nediumduring relative novenent between said storage nedi um and
said slider; a cable, nmechanically and electrically coupled to said slider,
havi ng etched i gt gt e pfas! 8"Saltf Idst BRAMIChAUiRg"s Rl SRLLAaRhe and

transducer formed therein and electrical leads terminating at termination

pads, maintained in a closely spaced position relative to the surface of said
storage medium during relative movement between said storage medium and

said slider;

a cable, mechanically and electrically coupled to said slider, having
etched integrated read and write conductors within said cable and attached

.to said slider so as to provide a strain relief section.
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"to said slider so as to provide_a strain relief section. 16 16. The
syst’em according to claim15, further conprising a flexure coupled-te4said
‘| oad beam for connecting jjumﬁmclm”m”m d | oad beaffi, Ty Ehanspsee
according to claim15, whelBimm!iskileul am and cablje ar ggmincbed fram a
| ani nated panel. 18. The system-aclorliry to claim1 er el p—sate—cabl e
is strain relieved using epoxy. 19. The system according to claim 15,
wherein said cable further includes a | (%{) to prevent oil canning when said
slider pivots. 20. The system accordi ngl o claim15, where said cable

| eads are ultrasonically bonded to a set of head pads. 21. The system
according to claim 15, wherein said cable is termnated to_a set of head

pads by laser sdi®ier & swskenaccording teyclaiaml Sec furthpngomprising aflesuravher ei n
sai d slider.,l - W 50 ' J . Dyt 1 0.qr conpensat e
for bias fc():r0 gg‘s%ﬁ%? '3\3’0%9 6sa| d?@; {”gn%:ntmélp %dsﬁk(yce}rt.o %8 lg%gteg%t em
according to claim 15, wherein said cable is symetri-c with respect to a“

| ongi tudi nal axis of _said | oad beam 24. The_system accordi ng to claim15,
wherein sai d slilder ildesystemagoordingiasdainydSyuhereyssaidjoad Boamand

accor di ng Qpfd e btehed WEREL rl’arﬁﬁia‘?e@'p'bﬂﬁf. Is athin- filmM head.

-

18. The system according to claim 15, wherein said cable is strain

relieved using epoxy.

19. The system according to claim 15, wherein éaid cable further

includes a loop to prevent oil canning when said slider pivots.

20. The system according to claim 15, where said cable leads are

- ultrasonically bonded to a set of head pads.

21. The system according to claim 15, wherein said cable is’

terminated to a set of head pads by laser solder reflow.

22. The system according to claim 15, wherein said slider is offset
with respect to a gimbal pivot in order to compensate for bias forces exerted

by said cable on said slic!er.

23. The system according to claim 15, wherein said cable is

symmetric with respect to a longitudinal axis of said load beam.

24. The system according to claim 15, wherein said slider is a thin-

film inductive head.

25. The system according to claim 15, wherein said slider.is a thin-
film MR head. .
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17 26. The system according to claim 15, wherein said cable conprises a
pair of read lines nested inside a pair of wite lines so that said wite

. lines act as a noise shield during a read operation. 27. The system
according to claim15, wherein gds,..@gi ﬁL\QQnW| te lines are grounded during
the read operation so as to eniancengsmctml cal {shi el ding. 28 The—system
.according to claim15, wherein -

are shunted together a
pair of head ternmination pads for added el ectrostatic dum“ﬂ Hﬁ“\ ““ %ﬂmon

during the assenbly process. This Sheet Has Been Re | ac
17

26. The systerh according to claim 15, wherein said cable
comprises a pair of read lines nested inside a pair of write lines so that said

write lines act as a noise shield during a read operation.

27. The system according to claim 15, wherein said outside write
lines are grounded during the read operation so as to enhance electrical

shielding.

-28. The system according to claim 15, wherein said cable leads are
shunted together near a pair of head termination pads for added electrostatic

discharge protection during the assembly process.
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