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1 R . Integrated Suspen5|on Flexure FHV|n
T|p Term'nation Platform _ B Back n the | nventj on
Technlcal Field This invention rel ates generallyi—pg i ntegrated | ead

“suspension assenmbly for a data recording disk drive and more particularly
to a flexure which connects a transducer to a [oad beamw thin an

I nt egrated suspension, which is capable of vertical and angul ar
deformation to effect a desired nechanical and electrical connection

bet ween the integrated suspension | eads &nd the transducer.

Description of the Prior Art . Direct access storage devi ces (DASD)
such as disk drives, store information on concentric tracks of a rotatable
magneti c -recording disk. In order to read or record the desired-

i nformation on 'api('a %:'a%dj s?f%pé% &h bgupga%‘pfnd)tﬁ%mptﬁ%%ducer

el ement on a suspensi’on arm1s ITDVE,‘ romtra track by a rotary or

| i near actuator. The suspen5|@§%a@g}ﬁ§nigggn Ahteokmad, Fuspensi on assenbly
that typically includes a | oad beam o

B_aglgg;gggummr_ﬂiﬁ_on
Technical Field

This invention-relates generally to integrated lead
suspension assembly for a data recording disk drive and more.
particularly to a flexure which connects altransducer to a load
beam within an integrated suspension, which is capable of
verticql and angular deformation to effect a desired mechanical
and eléctrical connection between the integrated Suspénsion leads
and thé transducer.

esc tion of the 16 Axt

Dirépt access Storage de#ices-(DASD), such as disk drives,
store iﬁformation on concentric tracks of a rotatable magnetic
'recording disk. In ordér to read or record the desired
-iﬁformation on a rotating disk, a magnetic head or other
transducer element on a suspension arm is moved from track to
track by a rotary or linear actuator. The suspension arm is part
of a head suspension assembly that typically includeé a 1oad_beam
attached to an actuator arm, a flexible member known as a flexure
connected to the load beam, and a transducer or magnetic head
attached to the flexure. The magnetic heads, which actually read

or write data on the disk, are positioned within an air bearing

-
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~attached to an actuator arm a flexible nenber known as a flexure
‘connected to the | oad beam and a transducer or nagnetic head attached to
the flexure. The magnetic heads, which actually read or wite data on the
di sk, are positioned within an air bearing slider. Wile
the disk rotates, the slider flies slightly above the surface of the
rotating disk, the | oad beam supports the slider and the flexure allows it
to ginbal to adjust its orientation for ungvoidable disk surface run out
or flatness variations. The conbination flexure/transducer are often
referred to as the head gi nbal assenbly. " Exanpl es of suspension
systens are shown in the follow ng references: US Patent 5,491,597 to
Bennin et al. issued Feb. 13, 1996; US Patent 5,490,027 to_Hanilton et

al ., issued Febiders, WhidgetheSlimk awtatedpgihegglidenfiddng 614ghtly akaxgied

27 1004, Us B BREPRCS0t 0B (ipakirg: irkorn e seadpepm BEPRSSET BT,
Patent 5, 225’3(9&91etzoa%a9ﬁe fféﬂﬁ:‘i: ‘Jalillﬁwﬁiié-gz%:g'giﬁ&l Ry @abjust1P8s 945 to
Bl aeser et al., 1ssued March 30, 1993; US Patént 5,187,625 to Bl aeser et
al ., issued Refwaitiayidh, fdPAMmawdidable disk surface run out or flatness ’
variations. The combination flexure/transducer are often
- referred to as the head gimbal assembly.
) Examples of suspension systems are shown in the follgwing
references: US Patent 5,491,597 to Bennin et al. issued Feb. 13,
1996; US Patent 5,490,027 to Hamilton et al., issued Feb. 16,
1996; US Patent 5,428,489 to Takamufe et al., issued June 27,
1995; US Patent 5,377,064 to Yaginuma et al., issued December
27, 1994; US Patent 5,282,102 to Christianson, issued January 25,
1994; US Patent 5,225,950 to Crane, issued July 6, 1993; US
Patent 5,198,945 to Blaeser et al., issued March 30, 1993; US
Patent 5,187,625 to Blaeser et al., issued February 16, 1993; US
?atent 5,115,363 to Khan et al., issued May 19, 1992; US Patent
.4,996,623 to Erpelding et al., issued February 26, 1991; US
Patent 4,797,763 to Levy et al., issued January 10, 1989; US
Patent 4,761,699 to Ainslie et al., issued August 2, 1988.
European Patent Application Publication No. 0487914A2 to Foote
et al., published June 03, 1992; PCT Publication No. W094/24664
-for Jurgenson, published October 27, 1994; PCT Publication No. WO

94/16438 for Budde, published July 21, 1994; PCT Publication



_Patent 5,115,363 to Khan et al., issued May 19, 1992; US Patent 4,996, 623
"to Erpelding et al., issued February 26, 1991; US Patent 4,797,763 to Levy
et al., issued January 10, 1989; US Patent 4,761,699 to Ainslie et al., .

I ssued August 2, 1988. European Patent Application Publication No.

0487914A2 to Foote et al., published June 03, 1992; PCT Publication No.

W94/ 24664 for Jurgenson, published Cctober 27, 1994; PCT Publication No.
WO 94/16438 for Budde, published July 21, 1994; PCT Publication

No. WD 94/12974 for Budde, published June 09, 1994 and Japanese Patent

Publ i cati on No. 59-207065 for Hashi noto, published Novenber 24, 1984. .

As indicated by the prior art, in a conventional air-bearing

sl i der-suspension assenbly, the slider is nmechanically attached- to the

flexure el endit- MO PHE1383hefey dndde cpuRlidwmddiinge The 1994 @ngdi dapanese

of i st o0 wiiHEAtPaR 1 ERCEA Yl o 2BT O 2, Haphfae G SR L0BEH ana
extend over tRrdupexube, ehegent and the slider. The ends of the wires are

sol dered or uItrasonicafIy,
' As indicated by the prior art, in a conventional air-bearing

slider-suspension assembly, the slider ;s mechanically attached
to the flexure element of the suspension by epoxy bonding. The
electrical connection between the transducer and the read{vrite
electronics is made of twisted wires which run the length of the
suspension load beam and extend over the flexure element and the
slider. The ends of the wires are soldered or ultrasonically
bonded to the transducer bondinﬁ areas or pads located on the
slider. Another type of suspension is a composite or laminate
structure’ with patterned electrical leads formed thereon. In the
laminaté& suspensions, the slider is epdxy bonded to the
laminated suspension and the transducer leads are formed on the
suséension. Assignee's U.S. Patent No. 4,761,699 describes a
llaminated suspension-for usé with a conventional slider wherein
solder ball connections provide both the mechanical cohnection'of
the slider to the laminated suspension and the electrical
connection of the transducer to the leads on the laminated
suspension.

| It is well'known that a head gimbal assembly must provide
a proper pivotal connection for the slider so that during

operation, the slider can compensate for irregularities in
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.bonded to the transducer bonding areas or pads |located on the slider.
"Anot her type of suspension is a conposite or lamnate structure with
patterned el ectrical |leads fornmed thereon. In the | anm nated suspensions, .
the slider is epoxy bonded to the |am nated suspension and the transducer
| eads are formed on the suspension. Assignee's U S. Patent No. 4,761, 699
describes 'a | am nated suspension for use with a conventional slider
wherein solder ball connections provide both the nechani cal connection of
the slider to the | am nated suspension and the electrical connection of
the transducer to the | eads on the |lamnated suspension. It is~ -
wel | known that a head gi nbal assenbly nust provide a proper pivotal

connection for the slider so that during operation, the slider-can
conpensat e fOmapgﬁggﬁﬂggqappegppﬁation by pitching and/or rolling slightly in

4 manuf act ur,e rgié§¥g%%3hoghgyéééﬁq%§ggg?E”%ﬂfi% EQLh i sSlg ngfﬁg%{%te .

order to mai nPEART t 12 K17 earin mar htal ni ng appropr i-at nes
agai nst yaw nR¥eFBidss Rjdinke ¢8% Merbrdnt! OlR110As abpilied dsORgthvtomal

axi s extending directly out fromthe actuator armin the plane of the

di sk, and pitabout alcfomgpdudinal axis extending directly out from the
actuator arm in the plane of the disk, and pitch is defined as
rotation about an axis pefpendicular to the roll axis but still
lying in the plane of_the disk. Yaw is gyration around an axis
perpendicular to the air-bearing surface. In order to be useful,
any flexure must achieve low enough pitch and roll stiffness for
the a;r bearing flying'height tolerances while at the same time
achieving hibh:enough yaw stiffness.

Anothexr important consideration for a head gimbal assembly
is that it must provide good dynamic characteristics. When the
suspensfén is being actuated to seek a track or when it is being
excited by external forces such as air flow, certain modes of
vibration of_the flexure can be excited. The mode of vibration

'of concern is the flexure leg out of phase bending mode. "If this
mode of vibration is excited, the suspension will exhibit large
gain in the sway direction. Therefore, it is desiréble to place
this mode of vibration high in the frequency range to avoid any
servo problem.

One of the broblems associated with disk drives using a
conductive base conventional suspehsion or laminated type

suspension is the creation of a vertical displacement in a
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_rotation about an axis perpendicular to the roll axis but still 1lying in
the plane of the disk. Yaw is gyration around an axis perpendicular to the
air-bearing surface. In order to be useful, any flexure nust achieve | ow.
enough-pitch and roll stiffness for the air bearing flying height

tol erances whi'te at the sanme tine achieving high enough yaw stiffness.
Anot her inportant consideration for a head ginbal assenbly is that it nust
provi de good dynami c characteristics. Wen the suspension is being
actuated to seek a track or when it is bein§ excited by external forces
such as air flow, certain nodes of vibration of the flexure can be
excited. The node of vibration of concern is the flexure |eg out of phase
bending node. If this node of vibration is excited, the suspension wll
exhi bi t- | ar ge pogr&iipni of t the hwaylidigr acea dro whlich efhe ¢ lideri s deeridesbby t o
place this node of vibration _high in the frequency range o avqid any
servo probl emvirtue ofhan O‘fnst“ljrétgPSb]r%YF'sr éggég?gtté% S\}\ﬁs?ﬁnﬁf‘%’k' drifVes usi ng

duct i ! : 3 . .
a conductive i?lggiegzr%?%/ g‘g%}}egp 3l RHSREY Sll.cf) ﬁarg(teﬁ@ EHRALEAnbY¥ PE neHiS RERRI ON 'S

the creation 0 I Spl acenent
' : being shorted when the slider bonding pads are bonded to the

electrical leads or wires on the suspension. This vertical
displacement defines a gap between the slider baék surface and
the flexure, which is encountered when attempting to bonqmthe
flexure to the slider.

There are several problems encountered as the result of this
vertical displacement in the slider bonding area. For instance,
when the slider is bonded to the flexure, the flexure tongue has

; to be flat with respect to the slider's back surface. If the
distortion on the flexure tongue due to the vertical deflection
-i8 too éﬁcessive, the slider cannot be bonded securely to the
flexure. During manufacturing, the slider is usually being held
in a tool block when it is being bonded to the flexure. The
‘suspénsion with the integrated flexure is then pressed down onto
the slider. Part of the flexure will have to deflect a small
amount in the vertical direction so that the back of the slider
and the flexure tongue will bé back to back for bonding. However,

_in doing so, internal forces and moments are created.
Furthermore, aftér the slider is bonded, the epoxy is cured, and

the suspension is taken out of the tool block, the internal
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;portion of the bonding area to which the slider is bonded by virtue of an
I nsul ating | ayer applied to suspension. An insulating |layer is needed to
prevent the magnetic head from being shorted when the slider bondi ng pads
are bonded to the electrical leads or wires on the suspension. This
vertical . displacenent defines a gap between the slider back surface and
the flexure, which is encountered when attenpting to bond the flexure to
the slider. There are several problens encountered as the result of
this wvertical displacenent in the slider banding area. For instance, when
the slider is bonded to the flexure, the flexure tongue has to be flat
wWth respect to the slider's back surface. If the distortion on the

fl exure tongue due to the vertical deflection is too excessive, the slider
cannot be bonfiedceecand|npmentshuil} |rokate. therflfyrurandRddeias die PhEch| arrkr
I's usual ly being, hel i.n. a taool.block when it is being bonded to the
flexure. The SE%Eb%ﬁ%#%#FRﬂ%:ﬁ%t%gei ?%ﬁﬁngggﬁ’flexure is then pressed down
onto the slider. Basindd drid@phbRXelcouMtekedalie the gﬁiJ)scatna apProhchagpunt
in the vertical direction so that the back of the slider and the flexure
tongue will behhtckhé aanmanit bdr fboeeliavailbhbie vior, bondingi the sd,idemt tonthe °
‘forces and nonents are created. Furthernore, after the slider is bonded,
the epoxy is Ehesare g thengramshesd ok the sugpansdgop Lead theamyo[Thg| iR of he

-%nternal the flexure has to be compliant enough to be deformed vertically

using no more than this amount of force. The smaller the amount
of force is required for this deformation, the less resulting
distortion and static éttitude bias on the flexure.

Yet another disadvantage encountered as a result of the
vertical displacement in the bonding area is the problem of
tilting. It is known that when the tip of the flexure is
displaced vertically, it will also tilt. This tilting is
undesiraﬂle for several reasons. The tip of ﬁhe flexure is a
platform for slider read/write element terminations. The edge of
the slider which contaihs the read/write elements and the flexure
-piatform should ideally be perpendicular to each other. Ahy
amount out of perpendicular will increase the termination
tolerance. In addition, for a'loﬁ profile suspension, the
distance between the suspension load beam and the flexure is
small. Any tilting at the tip of the flexure will decrease that

. .small distance fﬁrther and increase the chance of interference.

It therefore would be an advahtage to provide an integrated

suspension assembly wherein the flexure provides adequate support



_forces and noments will rotate the flexure and bias the pitch-and static
‘attitude of the suspension. Anot her drawback encountered in the prior
art approach is that the anount of force.available for bonding the slidet
to the flexure is the gram|oad of the suspension |oad beam The tip of
the flexure has to be conpliant enough to be deforned vertically wusing no
nore than this amount of force. The smaller the anobunt of force is
required for this deformation, the |ess resglting distortion and static
attitude bias on the flexure. Yet anot'her di sadvantage encountered as
a result of the wvertical displacenent i-n the bonding area is the problem
-of tilting. It is known that when the tip of the flexure is .displaced
vertically, i

i1 will also tilf. This tilting.i floxure is i |
reasons. TheI%‘Tr\pl)vI e %ﬁ%%%é&’ttﬁ% %'115%35?' 'ﬁ’%ljal{]efg peing Compl i Al 6ik eRE s

or er read/ writ

el ement ter mAtiyNg nelhea 8 Sudipenkién sags%bl?wi cit GR1al Asbhseread/ wite
elenments and the flexuré platformshould ideally be perpendicular to each

ot her. Any astisntagebusf toepymoridiecal means [to incressse thiec frequency iadh the
tolerance. 1In addition, for a low profile suspension, the distance

between the stkayawrs dRgl B9k PehagRiLeRiing BRAR Of JiRERHIPN WHThQYY ¢ ng at
the tip of ”Eeanle%)é%S %Ll ltgv? ‘i{i%%ﬁeaﬁé‘%u stiffness required for flying

height tolerance and at the same time increasing yaw stiffness.
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smal | distance further and increase the chance of interference. It
therefore woul d be an advantage to provide an integrated suspension
assenbly wherein the flexure provi des adequate support -
7 for the air-bearing slider while being conpliant with the |ayers of
the integrated suspension assenbly. It would al so be advantageous to
provide a neans to increase the frequency of the flexure |eg out of phase
bendi ng node of vibration without increasing the |low pitch and rol
stiffness required for flying height tolerdce and at the sane tine
I ncreasi ng yaw stiffness. : Sunmmary of
the I nvention In accordance with the objectives of this invention, as

Summary of the Invention

In accordance with the objectives of this invention, as
described above, and to overcome the limitations of the prior
art, the present invention is a suspension system for supporting °
a slider in a disk drive comprising a load beam for supporting a
slider, a flexure for connecting the load beam to a slider, ghe
flexure including a bonding area upon which the élider is
attached, a tip termination platform supporting the slide;
read/write element terminations, and a hinge-like complianée
member for flexibly connecting the tip platform and the bonding
area. _ |

The flexure further inc}udes a pair qf substantially
parallel flexible longitudinél legs, partially enclosing the
slider mounting area. Each leg further comprises a small side
tab, extending outward substantially perpendicular to the flexure
longitudinal axis. A plurality of electrical leads are routed ,

.from slider termination péds located 6n the ﬁip termination
platform, alongside the flexure legs but connected to the side
tabs, .and then along the longitudinal axis of the flexure for
connection to the controlling electronics.

In the preferred embodiment, the suspension is a laminate
"structure which includes a support layer, an insulating layer,
and a conductive layer. The support layer is comprised of a non-

magnetic, high strength material such as stainless steel,
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.descri bed above, and to overcone the limtations of the prior art, the
present invention is a suspension systemfor supporting a slider in a disk
drive conprising a | oad beam for supporting a slider, a flexure for ;
connecting the load beamto a slider, the flexure including a bonding area
upon which the slider is attached, a tip termnation platform supporting
the slider read/wite elenent term nations, and a hinge-like conpliance
menber for flexibly connecting the tip platformand the bonding area.

The flexure further includes a pair of substentially parallel flexible

| ongi'tudinal legs, partially enclosing the slider nmounting area. Each |eg
further conprises a small side tab, extending outward substantially
perpendicul ar to the flexure itudinal axis. A plurality of -eI ectrical

| eads :ar e roui"-é&an?*‘i"bm%‘ll lyltléP& FRBG 8358@?‘86’??85 ?\“?‘I{ yer in
term nation f | r 1‘@1?&,; de
tabs, and then a%o%é Zdﬁjg(ri%i tgﬁ#’gﬁ ﬂz;gi% g? tﬁ%ﬁllfl%%%re %g‘%ﬁgggtal ;é)%

to the controhghi age@iﬁ‘daflw dfsulated nateriel pswiteasepobyimitiee mefibheor
suspension is a lamnate structure which includes a support |ayer, an

i nsul ating | apeexy. d&Fhe lestadicelvbeads @r. trages axgopPrefesahly SOPRREr PSed

of & non-  nag n%ct:lI giatedg D:o%tpre?:r,] ggﬂd n&atf o alprogecme%s wii:ﬁl an‘ e(;sp %tn%&l

electrically insulating cover layer, for 1nstance, polyimide.

The hinge-like compliance member is formed as part of the
support layer, and flexibly attaches the flexure tongue t; the
tip terminafion platform. The compliance member functions as a
cantilever element and is located along the central axis of the
flexure, substantially parhllel with the integrated traces.

In accordance with the present invention, when the
suspension is pressed onto the slider for bonding, the flexure
tip terniination platform will be displaced vertically by an
amount equal to the thickness of the insulating layer. This
amount of displacement allows the slider back surface to be flusﬁ

.with the flexure support layer, allowing for a secure bond to
form between the flexure and the slider. At the same time, the
compliance member, since it is attached on one end to the tip
platform, will also deform. The compliance member is designed
such that it is soft enough in the displacement direction so that

“it complies with less thén the gram load amount of force. The
stiffness of the compliance member is designed to be in balance

with the integrated traces routed from the flexure tip
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titanium or berylliumcopper. Overlaying the support |ayer in sone_ areas
of the suspension is an insulating layer conprised of an electrically

i nsul ated material such as polyimde, Teflon or epoxy. The electrical

| eads or traces are preferably copper or gold plated copper, and nay be
protected wwth an optional electrically insulating cover |ayer, for

I nstance, polyi m de. The hinge-like conpliance nenber is fornmed as
part of the support layer, and flexibly attaches the flexure tongue to the
tip termnation platform The conpliance nmgixber functions as a cantilever
el enent and is |located along the central axis of the flexure,
substantially parallel with the integrated traces. I n accordance with
the present invention, when the suspension is pressed onto the-slider for

bondi ng, the ??B&ﬂ%§l°P|Bl?E§9ﬁWuﬁﬁqH dpFEff%ﬁﬁﬂ PPUReing &5°2c88 YRt iThE 1y
by an amounty rmt_[ﬂa{:}t: Q% gyl aﬁéﬁlgid %eaisgbaﬁ%.mmg

of dlsplacenent ows t ace to be flush w

flexure Suppoéémdla)a&be RAEhSE Nigs faarsoadees:guai hentate vdmyr mokevepencihe
flexure and the slider. At the sane time, the conpliance nenber, since it
i s attached ostififmessdseothate the regudting Htayic) agtLndeechange The

O e 30"k ki ABRAS e O0 SRR vbish o oo

anount ag{: ef Orgfi1 bENEn Shfdfiettith bhE EAIRGRRECH I prdadeasie bl be
therefore can be adjusted by some static attitude adjustment
method farther on in the manufacturing process. In addition,
since the compliance member is located along the center axis of
the flexure, the deformation of the compliance member creates no
moment to bow the flexure tongue in the transverse direction.
Therefore, the flexure bonding area remains flat with respect to
the slider back surface, which results in good slider bonding.

Stfil in accordance with the preferred embodiment, angular

compliance may also be desired to either side of the hinge like
compliance member. In the slider attach process, this angular
'compliance may be necessary to align the electrical leads with
pre-disposed solder bumps on the front face of the slider. To
this end, the integrated suspension further includes a pair of
secondary complaince members, each extending outward from the end
of, and at a right angle to the hinge like compliant member. The
”secondary compliance members are also cantilever members which
connect the distal end of the compliance member with the tip

termination pads.
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Wth the integrated traces routed fromthe flexure tip

10 termnation platformaround the slider nmounting area so that the tip
termnation platformw |l not tilt when it is displaced. The conpliance .
menber is al so designed to have very low vertical stiffness so that the
resulting static attitude change is mnimzed. Any resulting static
attitude change which may occur wll be in one direction and the anpunt
will be predictable and therefore can be adjusted by sone static attitude
adjustment nethod farther on in the manufddéturing .process. In addition,
since the conpliance nenber is |ocated along the center axis of the

fl exure, the deformation of the conpliance nenber creates no nonent to bow

"the flexure tongue in the transverse d ,rec;tionf Ther ef re, t he -f | exure
bondi ng area remains flat m@?ﬁ1?€s%%ﬁﬁs%%¥gqﬁﬁ}1ﬁq%£éggﬁg3ﬁ—surface, whi ch
results in good S'hgfv‘ér%{ﬁd'n%% to the d¥awihghNiRGARHANERe W-dfbridhRe

preferred enbodi nent, angular conpliance may al so be desired to either

side of the hnagbets keepramenlti aberesporiting partdechloudboutit t ach process,
this angular conpliance may be necessary to alggg the electrical |eads
with pre-di sposedFE@t derish@ngddgnviere of gndishEriye pyeteniand a 1o

controller unit in block form; _

FIG. 2 is a top view of one disk drive system;

FIG. 3 is a side, perspective view of a preferred embodiment..
of the suspension assembly in accordance_with the presenﬁm
invention;

FIG.4 is a side cross sectional view of the suspension
assembly in accordance with the present invention before the
slider is attached to the suspension. .

FIG. 5 is a side cross sectional view of the suspension
assembly in accordance with the present invention showing the
slider being bonded to the suspension.

FIG. 6 is a side cross sectional view of the suspgnsion
-assembly showing the slider bonded to the suspension assembly.

FIG. 7 is a bottom plan view of a preferred embodiment of
the suspension assembly in accordance with the present invention.

FIG. 8 is a top plan view of a preferred embodiment of the

suspension assembly in accordance with the present invention,

showing the conductive leads patterned thereon.



this end, the integrated suspension further includes a pair of secondary
conpl ai nce nenbers, each extending outward fromthe end of, and at a right
angle to the hinge like conpliant nenber. The secondary conpllance menber s
are al so cantilever nembers which connect the distal end of the conpliance
menber with the tip term nation pads.

Brief Description of the Draw ngs Referring now to the drawings in
which. i ke reference nunbers represent corr pondlng parts throughout:

FIG 1 is a side view of a disk drive systeﬂland a controller unit in

bl ock form FIG 2 is a top view of one disk drive system FI G
3 is a side, perspective view of a preferred enbodi nent of the suspension
assenbly in accordance with the present |nvent|on FIG.4-|s a side
cross sectional view detajgded Reacrinid HRRELNORE h the

present invention before they, s 'iﬁ%ntfonati‘%sagé‘s‘?cdrfb%dtE é%@e%%:‘r%&

embodiment in the following description with reference to the
Figures, in which like numbers represent the same or similar
elements. While this invention is described in terms of the best
mode for achieving this_invention's-objectives, it wi;l be
appreciated by those skilled in the art that variations may be
accomplished in view of these teachings without deviating from
the spirit or scope of the invention.
FIGS. 1 and 2 show a side and a top view, respectively,
of a disk drive system designated by the genefal reference number
i 110. The disk drive system 110 comprises a plurality of stacked
magnetic recording disks 112 mounted to a spindle 114. The disks
112 may be conventional particulate or thin film recording disks
or, in other embodiments, thej may be liquid bearing disks. The
spindle 114 is attached to a spindle motor 116 whieh rotates the |
1Spindle 114 and disks 112. A chassis 120 provides a housing for
the disk drive system 110. The spindle motor 116 and an acthator
shaft 130 are attached to the chassis 120. A hub aesembly 132
rotates about the actuator shaft 130 and supports a plurality of
.actuator arms 134. The stack of actuator arms 134 is sometimes
referred to as a "comb"™. A rotary voice coil motor 140 is
attached to chassis 120 ahd to a rear portion of the actuator

arms 134.



FIG 5 is a side cross sectional view of the suspension assenbly in
accordance with the present invention showing the slider being bonded to
t he suspensi on. FIG 6 is a side cross sectional view of the .
suspensi on assenbly showi ng the slider bonded to the suspension assenbly.
FIG 7 is a bottomplan view of a preferred enbodi mrent of the suspension
assenbly in accordance with the present invention. FIG 8 is a top
pl an view of a preferred enbodi nent of the suspension assenbly in
accordance with the present invention, shoygng the conductive |eads

patterned thereon. - 12

Det ai | ed Description of the Pr eferred Enbodi nment _ Thi S

i nvention is described i r ef err enbodi nent b e I

description with ref er‘“er?::}l!,*”:fi itKeo Iﬁ‘ﬁﬂe@?mﬁ‘nas\ﬁn Eifg‘gklegér)lu ers rae:f)l?eceisent

. the same or %b%héracﬁlwf&m%&e tipi ub BV AR i02N tie&nS@SEd iRshds) ber Ns

of the best node for achieving this invention's objectives, it wll be
appreci ated byidepselskiddecdttached mdpebhavemmoatthensumnwn
acconplished in view of these teachi ngs wi t hout. deviating from the spl rit
or. scope of agsemblief {15Q. ~ The sliders 152 are located proximate to
) disks 112 so that, during operation, they are in electromagnetic
communication with the disks 112 for reading and writing. The
rotary voice coil motor 140 rotates actuator arms 134 about the
actuator shaft 130 in order to move the suspensien assembiies 150
to the desired radial position on disks 112. The shaft 130, hub
132, arms 134, and motor 140 may be referred to collectively as a
rotary actuator assembly.
A controller unit 160 provides overall control to

system 110. Controller unit 160 tybically includes (not shown) a
central processing unit (CPU), a memory unit and other digital
circu;try, although it should be apparent that these aSpects
‘could also be enabled as hardware logic by one skilled in the
.computer arts. Controller unit 160 is connected to an actuator
control/drive unit 166 which in turn is connected to the rotary
voice .coil motor 140. This configuration allows controller 160
to control rotation of the disks 112. A host system 180,
typically a computer system, is connected to the controller unit
“160. The host syétem 180 may send digit&l data to the controller
160 to be stored on disks 112, or it may request that digital

data at a specified location be read from the disks 112 and sent



FIGS. 1 and 2 show a side and a top view, respectively, of a disk drive
system desi gnated by the general reference nunber 110. The disk drive
system 110 conprises a plurality of stacked nmgnetic recording disks 112.
nounted to a spindle 114. The disks 112 may be -conventional particulate or
thin filmrecording disks or, in other enbodinents, they may be |iquid
bearing disks. The spindle 114 is attached to a spindle notor 116 which
rotates the spindle 114 and disks 112. A chassis 120 provi des a housing
for the disk drive system 110. The spindle1 tor 116 and an actuator

shaft 130 are attached to the chassis 120. A hub assenbly 132 rotates
about the actuator shaft 130 and supports a plurality of actuator arms

134. The stack of actuator arns 134 is sonetines referred to as a "conb".
A:rotary voi cdacdhp fpEEem 1189 . s Thgt basie Presather (s DASD umits disg weddr

por_t ion of thFI‘c %%tng?.‘h?% ar:r.r{:‘S n% is described i Tore dfgall J.nm%

13 |ty of® suspension-asse I'es are

the actuat or ié&;&?ﬂg HaiBgoX, ©Y BénhiLMedusRd BYSUD. PhAniél, RGEawCRiBi €

att-ached respectively to the suspen3|on
Book Company, 1990.

FIGS. 3 to 8 show various views of the preferred
embodiment of the suspension assembly in accordance with the
present invention. Particularly, Fig. 3 is a perspectivemview.
FIGS. 4 to 6 are cross-sectional views élong the center of the
flexure, FIG. 7 is a bottom plan view, and FIG. 8 is a top plan
view.

With reference to FIG. 3, it is seen that the flexure 250 of
the present invention is comprised of a main flexure body 202, a
slider supporting flexure tongue 220, and a flexure tip platform
208 whicﬁ is flexibly connected to the flexure tongue 220 by
compliance member 264. In the first preferred embodiment, the
compliance member is rectangular in shape and is approximately
0.1 mm in width by .65 mm in length. The bonding area for the
slider, indicated in shadow and referenced generally by numeral
252, encompasses substantially the flexure tongue 220.
Referring now to FIGS; 4 to 6, it can be seen that flexure
250 is a multilayered structure comprised of a first layer 230, a
“second layer 232, and a third layer 234. The first layer 230
extends the length of the flexure 250 and is positioned adjacent

to one surface of the second layer 232. The second layer overlies
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.assenblies 150. The sliders 152 are |ocated proximate to the disks 112 so
that, during operation, they are in electromagnetic comunication wth the
di sks 112 for reading and witing. The rotary voice coil notor 140
rotates actuator arms 134 about the actuator shaft 130 in order to nove

t he suspension assenblies 150 to the desired radial position on disks 112.
The shaft 130, hub 132, arns 134, and notor 140 nay be referred to
collectively as a rotary actuator assenbly. : A controller unit
160 provides overall control to system 110.15Controller unit 160 typically
I ncludes (not shown) a <central processing unit (CPU), a nenory unit and
other digital «circuitry, aIthough It should be apparent t hat these aspects
could al so be enabled as hardware | ogic by one skilled.in the Hﬂr%

arts. Control EBF &hFEEt PJRYSts TX8MAnLhe ALt And bl ThEofirTRt
166 which in EHthésdféﬁHle Gﬂﬁdzhg %Peu{é)tt%y pl¥PE&S 9Qil. TRE OfnidP 1a§'2_-5:5

configuration allows control to control rotation of the disks 112.
A host system380, is tpgs itdlongdaad aEente rtos pakesurisceC ofnené esiedand Nayer
controller unit 160. The host system 180 may send digital data to the
controller 18@2tm%@%ﬁime@dtemW%kiﬂszdSo?l?tzWay 2?1§qéﬁét2¥¢1a%h¥|egptraﬁ°'

dat aat a Spe%haL éjhel Os(_:ez%:tc;n nlaye:r:'eftgz fsre%@rtatggs d‘l':l?ek%i}:%% ?Q}geg eﬂo from the-
B third layer 234, with the layers 230, 232, and 234 all lying in
planés that are parallel to each other. The-three layers of the
flexure function as follows: Thé first layer 230 is a_sti;fer
layer that gives rigidity to ﬁhe suspension assembly 150. The
second iayer 232 is comprised of a dielectric material that
functions as an electrical insulator between the first layer 230
and the third 1ayeri234. The third layer 234, also defining the
conductive traces 210, is preferably comprised of a high
conductivity alloy (e.g. copper alloy) because the read/write
element terminations need to function as efficient electrical
conductors. B
Representative dimensions and compositions for the various
elements illustrated in FIGS. 4 to 6 are as follows: In a
preferred embodiment, the first layer 230 has a thickness in the
range of approximately .051 millimeters and comprises full hard
301, 302 or 304 stainless steel. In a more general terms, the
--first 1ayer 200 has a thickness of approximately .076 millimeters
or less and comprises a rigid material such as stainless steel.

.Although typically the first layer compfises 300 series stainless



14 to the system 180. The basic operation of DASD units is well known

inthe art and is described in nore detail in The Magnetic Recording
Handbook, C. Dennis Mee and Eric D. Daniel, McGawH || Book Company, _
'1990. ' FIGS. 3 to 8 show various views of the preferred

enbodi ment of the suspension assenbly in accordance with the present -

I nvention. Particularly, Fig. 3 is a perspective view FIGS 4 to 6 are
cross-sectional views along the center of the flexure, FIG 7 is a bottom
plan view, and FIG 8 is a top plan view g Wth reference to FIG 3,

it is seen that the flexure 250 of the present invention is conprised of a
mai n fl exure body 202, a slider supporting flexure tongue 220, and a
flexure tip platform 208 which is flexibly connected to, the flexure tongue

220 by conpl ¥8fde REREE T8 Batanials; FetldAdrer Pe rasthd G- FenPery hilum

conpliance ne | ; r in shape and is approximately 0.1 mmin

w dth by .65 |?#i§gaggﬁaﬂgﬁgﬁbbnding area for the slider, indicated in

shadow and referemed peacentédd dmbodient) thibzZec6id MEHRASQI2SobmpLiEésnld y

the fl exure tongue 220. Referring.nowto FIGS. 4 to 6, it can be seen

.that flexure poatinidesthatthagpnopersiescsimidazotprthe propertiessef| ayer
234.. The

230,.a second |layer 232 nd a third | ayer first |ayer 0

extends the AR Brand| ool elseonafifact sy BY gy BuPRBEnte Yerapre

surface of thg, pLRRAnydY Bhehuntfing' A€ d16886¢ 1A YEha O | the range of
approximately 3.0 to 3.5. Additionally, in a preferred

embodiment, the second layer 232 has a thickness of .018 -
millimeters or iess,-and the coefficient of thermal expansion
(CTE) of the polyimide should be such that the laminate will be
in a’ neutral stress condition after the laminate is manufactured.

;In a preferred embodiment, the third layer 234 has a
thickness’ in the range of .0178 millimeters, and comprises  a
copper-nickel-silicon-magnesium alloy sﬁch as the copper alloy
C7015 with a TMO3 temper (full hard heat temper) manufactured by
Olin Brass (composition 96.2 - 98.4% Cu; 3% Ni; 0.65% Si; and |
-0.15% Mg). In more general terms, the third layer comprises a
high strength electrically conducting material and has a
thickness of approximately .018 millimeters or less.

Still with reference to FIGS. 4 to 6, more generally stated,

the compliance member 264 has a length in the range of 0.3 - 1.0
“mm and a width in the range of 0.075 - 0.3 mm. The thickness of

the compliance member is the same as the thickness of the first

layer 230, the supporting layer. It is understood that the



.15 the first layer fromthe distal end 221 of the conpliance nenber to
the distal end 244 of the tip platform 208. The third layer 234, is
positioned adjacent to one surface of the second | ayer 232 and defines
term nation pads 212,214, 216 and 218 thereon, so that the second | ayer
232 separates the first layer 230 fromthe third layer 234, with the
| ayers 230, 232, and 234 all lying in planes that are parallel to each
other. The three |ayers of the flexure funcfjon as .follows: The first
| ayer 230 is a stiffer layer that gives rigidity to the suspension
assenbly 150. The .second layer 232 is conprised of a dielectric material
.that functions as an electrical insulator between the first layer 230 and

e L Slditel SN U 2%, 3% SSHIAR 15 RTSHELLYS,
copper al | oy) pheCitiafold]® 1heaH! i ddrhatd e "B odiflet N RO LonBEGEAnES halilsdd ON
as efficient electrical conductors. Representati ve dinensions and
conposi tions 264 nide Momgeeuand etieimarirs okl shisttieat addi thidKes:, depenéimg aupm
follows: In a preferred enbodinent, the first |ayer 230 has a thickness in
t he the desired operational parameters of the. suspension. Likewise, ’

. the compliance member may shaped in the alternative like a
diamond, or slightly bowed in the center rather than rectangular
or squared in shape. Further, the compliance member may be
comprised of more than one hinge like elements flexibly B
connecting the slider bonding area 252 on the flexure 250 to the
tip platform 208, as will be shown and described in connection
with FIGS. 7 and 8.

; In accordance with the preéent invention and as shown in
connection with FIGS 4 to 6, when the suspension 150 is pressed
onto the slider 152 for bonding, the flexure tip platform 208
will be displaced vertically by an amount equal to the thickness
of the second layer 232. This amount of displacement allows the
.slider back surface 254 to be flush with the first layer 230,
with no gap present, allowing for a secure bond to form between
the flexure 250 and the slider 152. At the same time, the
compliance member é64, since it is attached to the proximal end
221 of the tip platform 208, will also deform. The compliance
“member 264 is-deSigned such that it is soft enough in the
displacement direction 504 so that it complies with less than the

one gram load amount of force. The stiffness of the compliance
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. range of approximately .051 mllineters and conprises full hard 301, 302

or 304 stainless steel. In a nore general terms, the first layer 200 has a
t hi ckness of approximately .076 mllinmeters or less and conprises arigid
material such as stainless steel. Although typically the first |ayer
conprises' 300 series stainless

16 steel, other rigid materials could also be used (e.g. beryllium
copper or'tltanlun) In a preferred egpodi nent, the second |ayer 232
conprises a polyimde that has properties simlar to the properties of
Kapton[err] E brand polyi m de manufactured by E. 1. DuPont de Nenours and

Conmpany, including a dielectric constant in the range of approximtely 3.0

to 3.5. Addi t#&m& Ya64 r%saaﬁgsf e&gf&,eoe@oﬂwaemeryt bew sesandaiagen £2R3sd1as
a t hickness 018 mllineters or |l ess, and the coefficient of thermal

expansi on (G@&)tdt tihe pekylride stetilcd abeitudsh chhage td¢fe tlhmnsnapenmw iﬁa
in a neutral stress condition after the lam nate i s manufact

a preferred enbobmiaat. tAF?é' ERPRYLinG &tasig atidtyde; ghangs wd 1 ﬁet 8 ?’é“?‘lge.
or o178 m!lafRié Sim K Vﬁﬁtméesreaam%%ﬁ?gfar{a ¢hebaflld CUR BRIBGThSTRA -

aIon such as
‘ by some static adjustment method farther on in the manufacturing -

process.

Referring now to FIGS._? and 8, for_reference purposes, a
dashed iine (longitudinal center line) 504 is shown, ﬁhieﬁ
denotes the geometric center of the flexure 250 in the
longitudinai direction. In a preferred embodiment, the
longitudinal center line bisects the flexure into two
approximately symmetrical halves so that the weight of the ;

flexure 250 is balanced about line 504. In can also be seen that
the compiiance member 264 is located along the center axis 504 of
the flexure 204, so that deformation of the compliance member 264
.creates no moment to bow the flexure tongue 220 in the transverse '
"direction 506.. As the slider 152 is bonded to the flexure 250,
the compliance member 264 holds the flexure tongue 220 flat with
respect to the slider back surface 254, which results in good
slider 152 bonding.
This positioning of the compliance member 264 also allows
" for uniform pitching and rolling action about the center of the
slider 152. Pitch is defined as the rotation of the slider 152

about axis 502 that is perpendicular to the center line 504. Roll
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C7015 wwth a TMO3 tenper (full hard heat tenper) manufactured by din

" Brass (conposition 96.2 - 98.4%Cu; 3% N ; 0.65%Si; and 0.15% Mj). In
nore general terms, the third | ayer conprises a high strength electrically
conducting material and has a thickness of approximately .018 mllineters
or |ess. - Still with reference to FIGS. 4 to 6, nore generally stated,
t he conpliance nenber 264 has a length in the range of 0.3 - 1.0 mmand a
width in the range of 0.075 - 0.3 mm The thjckness of the conpliance

. menber is the sane as the thickness of the first |ayer 230, the supporting
| ayer. It is understood that the
17 - dinensions described are neant to be exenplary and not |imting.

For exanpl e, ifL aarahbgl Aatinee RIRRILAEMout! Rie COM ARG Re "BIPY: 1284 cIBYg
t e JESIFEE

| onger ‘and thinner or shorter an | cker, dependi ng upon

oper ati onal paareireed afrdhesosuspensi on. Li kewi se, the conpliance nmenber
may shaped in the alternative |like a dianond, or slightly bowed in the
center rather thaWitbcrefrusnge ngw tQuBk@d 8i.nwhiclpds Rutebaplan view of a

: ' - han one hinge |ike el ements
fC.IOgE! Ibﬁgce mrﬁ%&u%yigeaccco% arnlcseegii?l]; the %rtesgnt Oin%entign, a slider 152 is

shown in dotted liﬁes where it is positioned on the flexure
tongue 220, compliance member 264 and left and right tip
platforms 236 and 238, collectively, the bonding area 252.
Particularly, the slider is 152 is bonded to the flexure 150 on
its lower surface 254 by a suitable means, such as an adhesive.
The slider 152 rests also on the bottommost point of the load
beam dimple 238. The sl;der.lso is bonded to fhefflexure 250
such that the contact pads on the eqﬂ face of theislider 150 are
in close -proximity and aligned with bonding pads 212, 214, 216
and 218 on tip platforms 236 and 238. A plurality of copper and
polyimide traces 210 are routed from the bonding pads 212, 214,
216 and 218 on the tip platforms 236 and 238, outside the flexure‘
-legs 222, 224 and then down the main flexure body 202 for
connection to the disk drive electronics.

With continued reference to FIG; 8, the length of conductive
traces 210 alongside of the fleiure legs 222 and 224 is supported
by the side tabs 266, 268, which are 1ntegraliy formed with the

. "base layer 230 of the flexure 250. The side tabs 266, 268 serve
to reduce the unsupported free lengths of the traces 210 and

therefore have effectively increased the yaw stiffness of the
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.connecting the slider bonding area 252 on the flexure 250 to the tip

pl atform 208, as will be shown and described in connection wth FIGS 7
and 8. In accordance with the present invention and as shown in -
connection with FIGS 4 to 6, when the suspension 150 is pressed onto the
slider 152 for bonding, the flexure tip platform208 w | be displaced
vertically by an anmount equal to the thickness of the second | ayer 232.
Thi s anount of displacenent allows the slider back surface 254 to be flush
with the first layer 230, wth no gap presgmt, allowng for a secure bond
to formbetween the flexure 250 and the slider 152. At the sane tinme, the
conpliance nenber 264, since it is attached to the proximl end 221 of the

tip platform208, will also dqeform The conpliance nenber 4 - desi_gned
suh that 1t FXERER 280 R TIENE. SRPCHS JRRR P I HREN 508 WP e
conpl i es wi t.h, deLSgpbhabmb andd b 2P hndRHE t §f J10tE8rm THE8 St infrleness
of the conpliance 18 menber
264 is al so qascegmedtt of hthee sideythbsy 268,t 268| istddfigned sachtitimt titewill

resulting static attitude change of the suspension is mnimzed. Any
resul ting st aatc izcrpase ctha hyapd ¥Rll gtdfifness of the flexure

appreciably. In order to minimize the impact to the pitch and
roll stiffness, the side tabs 266, 268 are placed at some
distance from the two radius 272, 274 indicating the top of the
flexure legs. In a preferred embodiment, the distance is-in the
range of .5 mm, however this distance may vary between designs
and applications. The side tabs 266, 268 have a thickness equal
to the thickness of the base ;ayer_230 of the flexure 250, and
has a width in the range of .1 mm to .5 mm. Preferably, the width
is .2 mm.: The side tabs protrude outward from the flexure legs
approximately .25 mm, although this distance may be increased up
to 1 mm, depending on the desired operational characteristics of
the suspension.

The hinge-like compliance member 264 is able to flexibly
attach the tip platforms 236 and 238 and the flexure tongue 220
such that when the suspension 150 is pressed onto the slider 152
for bonding, the flexure tip 244 will be displaced vertically by
the amount equal to the thickness of the second layer 202 of the
“flexure 250. This amount of displacement allows the lower surface
254 of the slider 152 to be flush with the first layer 230 of the

flexure 150, allowing for a strong adhesive bond between the



Jdirection and will be predictable and therefore can be adjusted by sone
static adjustnent nethod farther on in the manufacturing process.
Referring nowto FIGS. 7 and 8, for reference purposes, a dashed |ine
(longitudinal center line) 504 is shown, which 'denotes the geonetric
center of the flexure 250 in the |longitudinal direction. In a preferred
enbodi nent, the |longitudinal center |ine bisects the flexure into two
approxi.mately synmetrical halves so that the weight of the flexure 250 is
bal anced about line 504. In can al so be seen that the conpliance nenber
264 is located along the center axis 504 o#l the flexure 204, so that
deformati-on of the conpliance nenber 264 creates no nonent to bow the

fl exure tongue 220 in the transverse direction 506. As the slider 152 is

bonded to figqét exduér Zafhradd'2 500 Rl @ReCE B &1 ARG AbGert Bgpf | exure
"tongue 220 flat with respect to the slider back surface 254, which results

in good showeved52athaulh rgpme time,Tithe pomplianuengenibetrh@6dowpliaatso
menber 264 also allows for uniformpitching and rolling action about the
center of deformy isierthey the compldageei mewbers 264c widdabeodnobalance|wilkh

152 about axis 502 that is perpendicular to the cent.er |ine 504. Rol
_ the integrated traces 210 routed from the flexure tip platform

208 around the slider mounting area 252 so that the tip platform
208 will not tilt when it is displaced. Stated another way, the
tip platform 208 is raised slightly in parallel when the slider
152 is bonded to the flexure 250.

With reference still to FIGS. 7 ahd 8, it is seen that the
flexure 250 also includes a pair of secondary compliance members,
232 and 234, which extend outward from the end of and at right
angles to the compliaﬁce memberuéé4: These secondary complaince
members 232 and 234 terminate at top platforms 236 and 238
resbectf&ely. These secondary compliance members providé left
and right compliance to the flexure 250 which further improves
the alignment between termination pads 212, 214, 216, and 218
.with the read/write element termination pads on the slider front
face.

While the preferred embodiments of the present
invention have been illustrated herein in detail, it should be
apéarent that modifications and adaptations to those embodiments
may occur to those skilled in the art without departing from the
scope of the ﬁresent invention as set forth in the following

claims.



.19 is defined as the rotation about the center Iine 504 as indicated by
curved arrow 506. ~Wth reference nowto FIG 8, which is a top plan
Vi ew o ccordance with the present invention, a slider 152.
IS l " ﬂﬁﬂu Hulwunes where it is positioned on the flexure +tongue

20, cowp Fance mrenber 264 and left and right tip platfornms 236 and 238,
collectively, the bonding area 252. Particularly, the slider is 152 is
bonded to the flexure 150 on its |lower surface 254 by a suitable neans,
such as an adhesive. The slider 152 rests 28 so on the bottomost point of
the | oad beam dinplLe 238. The slider 150 is bonded to the flexure 250
such that the contact pads on the end face of the slider 150 are in close
proximty and aligned with bondi ng pads 212, 214, 216 and 218 on tip
platforms 236 and 238. A plurality of coff@™8nd polyinide traces 210 are
routed fromthe go di ng pads 212, 214, 216 and 218 on the tip platforns
236 and 238, TR the flexure Iegs 222, 224 and then down the main
fl exure body 202 fpr qomegat bﬁéﬂéﬁﬂcﬁﬁadkédﬂaw ifve & @ftd Aeicording disWV t h
continued reference to FIG 8, the length of conductive traces 210 )
al ongsi de of dhtvd |mprdsiiegs 222 and 224 is supported by the side tabs
266, 268, which are integrally formed with the base |ayer 230 of the
fl exure 250. The §1&€qpag§a?66 268 serve to reduce the unsupported free
! ten?; hs of ]E hteht F 3068 exh®e?BOnnb L L it gai‘é‘vfoa‘af B@Qﬁl' V&l iflekaased the yaw
stiffness o

comprising a tongue, a tip platform, and a hinge-like compliance

member flexibly connecting said tip plétform and said tongue; and

a slider attached to said flexure.

2. The head:suspension assembly of claim 1, wherein said
flexure further gomprises a pair of flexure legs including a
first flexure leg and a second flexure leg substantially

enclosing said flexure tongue.

3. The head suspension assembly of claim 2, further
comprising a plurality of electrically conductive traces -

connecting said slider to disk drive controlling electronics.

4. The head suspension assembly of claim 3, further
comprising a pair of tabs éxtending from said flexure legs and

supporting said électrically conductive traces.



.20 fl exure 250 by making a shorter |oop between the side tabs 266, 268,
the conpliance nenber 264 and the tip platform 208. The placenent of the
side tabs 266, 268 is designed such that it will not increase the pitch _
and roll JWW,Miﬂ"c"mum flexure appreciably. 1In order to mninize the

I mpact t loll stiffness, the side tabs 266, 268 are pl aced
at sone distante Yrom t*he two radi us 272 274 indicating the top of the
flexure legs. In a preferred enbodi nent, the.dlstance is in the range of
.5 mMm however this distance may vary betmé%h designs and applications.
The side tabs 266, 268 have a thickness equal to the thickness of the base
| ayer 230 of the flexure 250, and has awdth in the range of .1 mMmto .5

mm Preferably, t@@ mﬁ@h Y The side HﬁbﬁﬁPé9%¥§?§n“%gwgig Léf

u ns:.on
the flexure | egs apprOX|na?é?y . a??%oug ce may be
i ncreased up tdms Je:df%ddﬁﬁﬁé‘ﬁ’éﬂ&ﬂrlyt bargeﬁdi&ﬂaepaaaéamadleed&&ea@égé; s
of the suspension. The hinge-11ke conpliance nenber 264 is able to
flexibly attaodh Ydeatedp.pl st fbromw thes tepdof Iheaddernre flagaur e t ongue 220
such that when the suspension 150 is pressed onto the slider 152

6. The head suspenéion assembly of claim 3, wherein said
compliance member is positioned along a central axis of said

flexure.

7. The head suspension assembly of claim 3, wherein said

flexure is a laminate structure comprising:

a support layer;

an electrically conductive layer formed on the sgpport layer
as a plurality of electrically conductive tracés ihterconnecting
said sliﬁer and said disk drive controlling electronics, each of
said conductive traces having a bonding area near each of its
ends for electrical connection to the slider and the disk drive
'controlling electronics; and

an iﬁsulating layer of dielectric material deposited on the

support layer to insulate said bonding areas.

8. The head suspension assembly of claim 7, wherein the
support layer-coﬁprises a stainless steel material and is .076 mm

or less in thickness.



_for bonding theflexture tip 244 will be displaced vertically by the
anount equal to twin“ﬂ%ckness of the second | ayer 202 of the flexure 250.

;l_(l’;l Eeﬂ“ﬂl‘ﬂ“‘%‘lw\l ment allows the lower surface 254 of the slider 152

rst layer 230 of the flexure 150, allowing for a
strong *adhesi ve bond between the

21 slider | ower surface 254 and the first flexure |layer 230. However, at
the sane tinme, the conpliance nenber 264 will also deform so that the
conpl i ance nenber 264 will be in balance wi2éh the integrated traces 210
routed fromthe flexure tip platform 208 around the slider nounting area
252 so that the tip platform 208 will not tilt when it is displaced.

' Stated another way, the tip platform208 is raise li.ghtly jn-parallel
when the slider f52 |§'hﬁo'i‘|%%£ FUSPERELPT BEFATP2E 0 clam %\'ltﬁi"? ?p Ztéee

i of seconfiRang Faket SARELEE ol udy SR e e v 0

Ila ce ers nd 234, which extend outward
fromthe end gﬁldyygsgt right angles to the conpliance nmenber 264. These
secondary conpl ai nce nenbers 232 and 234 terminate at top platforns 236
‘and 238 respectively. These secondary conpliance nmenbers provide |eft ‘

10. The head suspension assembly of claim 7, wherein the
electrically conductive layer cbmprises an electrically
conductive material selected from the group consisting of Cu-Ni-

Si-Mg alloy, Be-Cu-Ni alloy and Cu-Ti alloy.

11. The head sﬁspension assembly of claim 10, wherein the
electrically conductive layer is approximately .018 mm or less in

thickness. ;

12.: The head suspension assembly of claim 7, wherein said

compliance member has a length in the range of .3 mm to 1.0 mm.

13. The head suspension assembly of claim 12, wherein said
compliance member has a thickness in the range of ,075 mm to .3

mm.



.and right conplia he flexure 250 which further inproves the
alig etween ternipati on pads 212, 214, 216, and 218 with the

read/ wri “m‘\m‘\ﬁ“ﬂnat ion pads on the slider front face.

Wil e t di rents of the present invention have been

i |l ustra%edehereih i'n detail, it should be apparent that nodifications and
adapt ati ons to those enbodlnents may occur to those skilled in the art

wi thout departing fromthe scope of the prgsent invention as set forth in

the follow ng clains. 22
CLCAIMS | daim 1. A head suspension assenbly for a data recerding
di sk drive conprising: a | oad beam a flexure connected to

Py nge- | ke compl i ahbe Amiise: TrreRt by Beh-aefi gondrlbfhdt 71 220 T) T and”
said tongue; and 5 qig)@wilthdaraatd aéiﬂﬁ@cbooﬁfﬁdilchheiﬁwedata tracks;
means attached to the disk for rotating the disk about an
axis generally perpendicular to the disk;

a slider maiﬁtained in operative relationship with the data
surface when the disk is rotating,

a transducer attached to the slider for reading data from
and writing data to the data surface; . .

an actuator for moving the slider generally radially
relative to the disk to allow the t:ansducer to access the data
tracks;

an e%ectronics mbdule for processing data read from and
written to the data surface; |

a sﬁspension Comprisiqg a load beam, a flexure éonnected to
said load beam, said flexure comprising a tongue, a tip platform,
gnd a hinge-like compliance member flexibly connecting said tip' 5

'platform and said tongue;

a plurality of electrically conductive traces
interconnecting said transducer and said electronics module, each
of said traces having a bonding area near each of its ends for
connection to the transducer and the electronics module; and

a generally rigid support arm having two ends, its first end
attached to the suspenéion and . its second end attached to the

actuator.
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»2. The head suspension assenbly of claim1, wherein said flexure further

conprises a pair offtexure legs including a first flexure leg and a

second tantially enclosing said flexure tongue. 3.
The heH’llwm'EImrMIFﬁﬂe”bl y of claim2, further conprising a plurality of
el ectriealty conducti ¥e traces connecting said slider to disk drive

control bing el ectronics. 4, The head suspensi on assenbly of claim
3, further conprising a pair of tabs extending fromsaid flexure Iegs and
supporting said electrically conductive t2@ces.

23 5. The head suspensi on assenmhly of claim4, wherein said tabs
extend substantially perpendicular to said flexure | egs, and are |ocated

.5 mmfromthe top of the flexure Ieg ) The head suspensi on
assembly of cl3¥mEhe dadeinecozddngcaipki dnive ﬁénﬁé?imsl‘bos‘mq]%ﬁ?éﬁ s@igng a

Fentral a%igxége fhé&her comprises a pair of flexure legs including a

first flexure leg and a second flexure leg substantially

enclosing said flexure tongue.

16. The data recording disk drive of claim 15, further
comprising a pair of tabs extending from said flexure legs and

supporting said electrically conductive traces.

17. The data recording disk drive of claim 16, wherein said
tabs extend substantially perpendibular to said flexure legs, and

are located .5 mm from the top of ‘the flexure legs.

18. The data recording disk drive of claim 14, wherein
said compliance member is positioned along a central axis of said

flexure.

19. The data recording disk drive of claim 18, wherein said

compliance member has a length in the range of .3'mm to 1.0 mm.

20. The data recording disk drive of claim 19, wherein said
compliance member has a thickness in the range of .075 mm to .3

mm.
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. flexure 7 The head suspension assenbly of claim3, wherein said
flexure is a lamnate structure conpri sing: a support | ayer; an

el ect rillnlllmllﬂmmilum | ayer formed on the support layer as a plurality.
of ele ve traces interconnecting said slider and said
di sk dri've“cohtr®l 13 ng el ectronics, each of said conductive traces having
a bondi ng area near each of its ends for electrical connection to the

slider and the disk drive controlling electronics; and an insulating
| ayer of dielectric material deposited on thesy support |ayer to insulate
sai d_ bondi ng areas. 8. The head suspension assenbly of claim?7,
wherein the support |ayer conprises a stainless steel material and is .076
mm or |ess in thickness. - 24

9.  The head suspehsi éh 92t8ehBrording Ash FoiVh SOMPRITHRI*

a disk with a data surface of concentric data tracks;

means'attached to the disk for rotating the disk about an
axis generally perpendicular to the disk; '

a slidef maintained in operative relationship with the data
surface when the disk is rotating;

a transducer attached to the slider for reading data from
and writing data to the data surface; .

an actuatér for moving the slider generally radially
relative to the disk to allow the transducer to access fhe data
tracks;

an electronics module for processing data read from aqd
written to the data surfaqe;

.a sﬁspension comprising a load beam, a flexure connected to
said load beam, said flexure comprising a tongue, a tip platform,
and a hinge-like compliance member flexibly’cdhnecting said tip

-platform and said tongue wherein said flexure is a laminaﬁe
structure comprising a support layer, an electric¢ally conductive
layer formed on the support layer as a plurality of electrically
conductive traces interconnecting said slider and said
electronics moduie, each of said conductive traces. having a

“bonding area near each of its ends for electrical connection to

the slider and the disk drive controlling electronics, and an
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mihsulating | ayer conprises polyimde and is .018 or less in thickness.
10. The head suspension assenbly of claim7, wherein the electrically

conductii I es an electrically conductive material selected
fromt f“lﬂlumllﬁﬂm Itg of Cu-Ni- Si-My alloy, Be-Cu-N alloy and Cu-Ti
alloy. * ¢ 1% fThe'head suspension assenbly of claim10, wherein the
electrically conductive layer is approxinmately .018 mmor less in

t hi ckness. 12. The head suspensi on assenbly of claim7, wherein
said conpliance menber has a length in the r@gige of .3 mMmto 1.0 nm

13. The head suspensi on assenbly of claim 12, wherein said conpliance
nmenber has a thickness in the range of- .075 mMmto .3 nmm

14. data _recording, di sk drive conpri.sing; -
25 insufgting layer of dielectric materfga depogiteduon the base

layer to insulate said bonding areas; and
a generally rigid support arm having two ends, its first end
attached to the suspension and its second end attached to the

actuator.

22. The data rebording disk drive of claim 21, wherein the
support layer comprisés a stainless steel material and is .076 mm

or less in thickness.

23. The data recording disk d:iﬁe of claim 21, wherein the
insulating layer comprises polyimide and is, .018 or less in

- thickness.

24. The data recording disk drive of claim 21, wherein the
electrically conductive layér comprises an electrically
conductive material selected from the group consisting of Cu-Ni-

Si-Mg alloy, Be-Cu-Ni alloy and Cu-Ti alloy.

25. The data recordind disk drive of claim 21, wherein the
electrically conductive layef is approximately .018 mm or less in

”thickness.
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.adisk with a data surface of concentric data tracks; . means attached
to t i i the di sk about an axis generally perpendicular to
t he di g lider maintained in operative relationship with the data
surfa4MHM4mﬂﬂﬂﬂﬂi§s rotating; a transducer attached to the

sl i der c I s from and witing data to the data surface;

an actuator for noving the slider generally radially relative to the disk
to allow the transducer to access the data tracks; | an el ectronics
nodul e for processing data read fromand wePtten to the data surface;

a suspension conprising a |l oad beam a flexure connected to said |oad
beam said flexure conprising a tongue, a tip platform and a hinge-like
conpl i ance menber E{s.e?(' %’ &%“g-%&{:@&:?f'dls&' Bridd Y %&Q&ﬂ“iﬁ?%&z&‘lﬂgg&d
a plurality of electrically conductive traces 1 nterconnecting sal _
transducer andomphflafit€GhdnburC haBDEUiéngthagh tRé rdigé bfac8smias 1g 0amm.
bondi ng area near each of its ends for connection to the transducer and

t he el ectronics nodul e; and a generally rigid support arm having two

ends, its first end attached to the suspension and its segfnd end attached
to the actuator. 27- The head suspension assembly of claim s Wherein said -

compliance member has a thickness in the range of .075-mm to .3

28. The data recordihg disk.drive of claim 21, wherein said
flexure further comprises a pair.of flexure legs including a
first flexure leg and a second flexure leg substantially
enclosing said flexure tongue.

f .

29. . The data recording disk drive of claim 28, further

comprisfﬁg a pair of tabs exténding from said flexure legs and

supporting said electrically conductive traces.

30. The data recording disk drive of claim 29, wherein said
tabs extend substantially perpendicular to said flexure legs, and

are located .5 mm from the top of the flexure legs. -
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. 26 15. The data recording disk drive of claim 14, wherein said
flexure further conprises a pair of fliexure legs including a first flexure
| eg and a second flexure |eg substantlally encl osing said flexure tongue.
16. The data recording disk drive of claim15, further conprising a pair
of tabs extending fromsaid flexure | egs and supporting said electrically
conductive traces. 17. The data secording disk drive of claim16,
wherein said tabs extend substanti all erpendi cul ar to said flexure |egs,
and are | ocat NTEGRATED, SUSRENSIONGFLEKERE HAVING AGOMPLIANT TB. The
data recording disk drive of claim14 mhereln .conpl i ance-nmenber is
positioned along a central axi E@@d§ﬁ$ Epﬁiﬁ 19. The data

recordi ng ghsjf,%e of claim 18, wherei n sal d conpliance nenber has a
| ength in .3 mMmto 1.0 nm 20. The data recording disk

drive of ¢l alm k2 nBEhc fushaiston SRMRL b ViFpdtRRY & mdhARd realll iR TRt " 1 DO

range of .075
.comprising a load beam for supporting a slider (152), a flexure (250) for connecting the

load beam to a slider (152), the flexure (250) including a bonding area upon which the |
slider (152) is attabhed, a tip platform (208) supporting the slider read/write element
| terminations, and a hinge-like compliance member (264) for flexibly connecting the tip
platform (208) and thé bonding area. The flexure (250) further includes a pair of flexure
legs which substantially enclose the slider bonding area, and a pair of tabs extend
perpendicular from the flexure legs to support conductive elements electrically
connecting the magnetic read/write slider to the disk drive controlling electronics.

Fig. 3
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fr | | | | 27 21. A data

fecording disk drive conprising: .. -:a-disk wwth a data surface of
cancentric data tracks; means attached to the disk for rotating the
di sk about an axis generally perpendicular to the disk; a slider

mai ntai ned in operative relationship with the data surface when the disk
s rotating; . a transducer attached4b the slider for readi ng dat a
from and witing data to t¥#® da _ M®di ng
the slider generally radially | aCPNEROUER; h ek to °§$’x\/ t hg—tT ansducer
to access the data tracks; : n Mt roniles dul rogessing data
read fromand witten to the data surffce;} - a_suspension conprising a

| oad beam a flexure cpmmect e@at 0. said |Ochl"Deam sard Tlexure conpri si ng

a tongue, 168 ti =11 npl i prree - exi Koy
connecting sa . Yér m@%&i H"é s a
| am nate strugt , I g a supo yer (l,) y fconducti ve
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layer formed on the support layer as a plurality of electrically
conductive traces interconnecting said slider and said electronics nodule,
each of said conductive traces. having a bonding area near each of its
ends for electrical connection to the slider and the disk drive
controlling electronics, and an

28 - insulating layer of dielectric npygrial deposited on the base |ayer
to insul ate .sai d bondi ng areas; and a generally rigid support arm
having two ends, its first end attached to the suspension and its second
end attached to the actuator. 22. The date recording disk drive of
claim 21, wherein the support |ayer .conprises & sthinlesX steel materi al
and is .076 nm or less in thickness. 238. atA recording di sk
drive of claim2l1l, wherein the insulating |ayer [ Rs\p& yi mde and is

.018 or less in thickness.

28

%4

FIG. 3




24" The data recording disk drive of claim2l, wherein the electrically
.conductive | ayer conprises an electrically conductive material selected
fromthe group consisting of Cu-Ni- Si-M alloy, Be-Cu-N alloy and Cu-Ti

al | oy. 25. The data recording disk drive of claim21, wherein the
el ectrically conductive layer is approximately .018 mmor less in

t hi ckness. _ 29 26. The
data recording disk drive of claim?21l, whérdin said conpliance menber has
alength in the range of .3 mMmto 1.0 nm + 27. The head suspensi on
assenbly of claim 21, wherein said conpliance nenber has a thickness in
the range of .075 mMmto .3 mm ~- 28. The dat #3 ecor di ng digg dri v
of claim2l, wherein saidyg flexywp further cogprisegs pair of flexuNe |ggs
includinga -first flexure \eg @ a second fl exuregEeg substantial | =
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-entl osing said flexure tongue. 29. The data recording disk drive of
.claim28, further conprising a pair of tabs extending fromsaid flexure
| egs and supporting said electrically conductive traces. 30. The
data recording disk drive of claim?29, wherein said tabs extend :
substantially perpendicular - to said flexure legs, and are located .5 mm
fromthe top of the flexure legs. 4/4
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