30 MARCH 2007 1 LOW COST HEAD GIMBAL ASSEMBLY BACKGROUND OF THE INVENTION 5
The present invention relates to a low cost head gimbal assembly for a multiple étddMRag7EHE disc
drive. More specifically, the present invention relates to a head gimbal assembly with an integrated
electrical/mechanical attachment to the arm assembly and with a stiff plate on the flexure to set the
system attitude. 10 Generally, a magnetic disc drive includes a magnetic disc and a magnetic
read/write head. When the disc rotates, the magnetic, read/write head reads and writes magnetic
signals on circular tracks on the disc. The read/write head is typically mounted on a slider, which is
mounted to a suspension or load beam. The load beam biases the slider toward the surface of the
rotating disc. 15 This biasing is sometimes referred to as "pre-loading”. The load beam is attached to
an actuator arm of an actuator, which moves the read/write head over_the spinning disc during
operation. In a high capacity disc dl’i\;'é,)%l.ﬁmg = ' ,S%@é)d vertically in a stack, can
be read from and written to by multiple 20 read/write heads, each attached to a slider that is mounted

to a load beam. In a high capacity disg@diiteGR OIS aff4aie RREMEeY controls a pair of load
beams, and each pair of load beams are arranged between adjacent discs in the stack, such that the

first read/write head in the pair is biased toward the bottom of one disc while the second read/write
head is biased dward the top of fbe PEeanicindetion rolstesitp adeureesidinad sinbial arserativm metal

that is bent to bias toe hiclatiftwudicd hegdisic distadvel M aresineifibailyl themesinpatentioneight
stiffness to the assembiys the.SusReNginBdP fupically alachar iR RN RERRMANCELAIEOING. IN

other words, during &thcgc Sse%wgyﬂ%r%tgsgés%xggﬂ/% with a stiff plate on the flexure to set the

system attitude.

10 Generally, a magnetic disc drive includes a magnetic disc and a
magnetic read/write head. When the disc rotates, the magnetic read/write head
reads and writes magnetic signals on circular tracks on the disc. The read/write
head is typically mounted on a slider, which is mounted to a suspension or load
beam. The load beam biases the slider toward the surface of the rotating disc.

15  This biasing is sometimes referred to as "pre-loading”. The load beam is
attached to an actuator arm of an actuator, which moves the read/write head over
the spinning disc during operation.

In a high capacity disc drive, multiple double-sided discs,
arranged vertically in a stack, can be read from and written to by multiple

20  read/write heads, each attached to a slider that is mounted to a load beam. In a
high capacity disc drive, a single actuator arm typically controls a pair of load
beams, and each pair of load beams are arranged between adjacent discs in the
stack, such that the first read/write head in the pair is biased toward the bottom
of one disc while the second read/write head is biased toward the top of the

25 other disc.

A typical prior art suspension is made from metal that is bent to
bias the slider toward the disc surface. The pre-load bend region imparts z-
height stiffness to the assembly. The suspension is typically attached to the arm

assembly by swaging. In other words, during the assembly process, a ball and
30



30 30 MARCH 2007 2 cross is used to plastically deform the suspension material into the arm at the
attachment area. Finally, the electrical interconnections formed on the suspensicf MrRkaHaEAed by a
separate process via wires to the electrical connections on the actuator arm to complete the assembly
process. s As the disc drive industry advances technologically, each element of the disc drive
assembly is becoming increasingly integrated, and space and assembly costs are at a premium.
Increasingly, circuitry is integrated with the actuator arms and other mechanical elements of the disc
drive. It is desirable to integrate the mechanical connections with the electrical connections to provide
a to simpler, less expensive head gimbal assembly. BRIEF SUMMARY OF THE INVENTION The
low-cost head gimbal assembly has a substrate with an attachment region, a flexure region and a

gimbal. The substratgrbasia flsed Gahyeastis MR aRleRtitat inissernpR SHoRa dsfinethenasHrfage. which
extend from the attacai@{nc%%&gioré ACrogs 'ghe fI%%Jrelr% Lon anq onto th%ﬁimb | of E{;e substrate.
Solder bumps disposeé‘m ne aftaehment region Both ech n‘i"éa‘fﬁ%ﬂ%“ Bt Sﬂﬂﬁ Mhelethe
substrate to the actuS¥SPEFPIE REettarhedd Ve R IPRERE COFATEBS NI sBiides Bointhes Wetttididx cable.

A stiff plate is depositedr2etionbondizeldchthierathstontenhsintethe Sssembbeproessregion and the flexure
region. The stiffplate is bent to agiugye dhe éﬁ%r%hﬁg&?im&@%t&ém%gtﬁlgﬁa@%ie&%me

assembly. BRIEF DEQGRIRTION OF THE DRAWINGS 2,5 FIG. 1 js a perspective view of a_disc drive
including an actuator‘% et %ﬁSﬁ%@é& eS?Wfé‘%Hb‘?%?ﬁ‘,‘ﬁg#é,‘ ??ﬁ%‘br%‘ééﬁ%e\m of an

actuation assembly iasgsBblycroststare at a premium. Increasingly, circuitry is integrated with the
actuator arms and other mechanical elements of the disc drive. It is desirable to

integrate the mechanical connections with the electrical connections to provide a
10  simpler, less expensive head gimbal assembly.

BRIEF SUMMARY OF THE INVENTION

The low-cost head gimbal assembly has a substrate with an
attachment region, a flexure region and a gimbal. The substrate has a flex cable
15 and electrical interconnections defined on a surface, which extend from the
attachment region across the flexure region and onto the gimbal of the subsﬁate.
Solder bumps disposed in the attachment region both mechanically and
electrically connect the substrate to the actuator arm. Electrical leads
electrically connect the solder bumps to the flex cable. A stiff plate is deposited
20  or bonded to the substrate between the attachment region and the flexure region.
The stiff plate is bent to achieve the desired z-height and to impart the pre-load

to the assembly.

BRIEF DESCRIPTION OF THE DRAWINGS
25 FIG. 1 is a perspective view of a disc drive including an actuator
assembly and a load beam of the prior art.
FIG. 2 is a perspective view of an actuation assembly in the prior
art. A
FIG. 3 is a perspective view of the load beam of the present
30  invention.
FIG. 4 is a side view of the flex head gimbal assembly of the
present invention prior to z-height formation.
FIG. 5 is a side view of the flex head gimbal assembly of the

present invention after z-height formation.



FIG. 3 is a perspective view of the load beam of the present 30 invention. FIG. 4 is a side view of the
flex head gimbal assembly of the present invention prior to z-height formation. FAEMSFCH 38é view of
the flex head gimbal assembly of the present invention after z-height formation. 30 MARCH 2007 3
FIG. 6 is a rear view of the electrical/mechanical attachment between the load beam of FIG. 3 and the
actuator arm. DETAILED DESCRIPTION 5 FIG. | is a perspective view of a prior art disc drive 10
including an actuation assembly for positioning a slider 12 over a track 14 of a disc 16. Disc drive 10
includes a voice coil motor (VCM) 18 arranged to rotate an actuator arm 20 on a spindle around an
axis 22. A load beam 24 is connected to actuator arm 20 at a head mounting block 26. A gimbal 28 is
connected to an to end of load beam 24 and slider 12 is dttached to gimbal 28. Slider 12 carries a

o Aiac) s o i e gl DBilE | 1 1
. DISC rotates ajoun axIS o rogynamic layer or alr that keeps the shder
lt’)ct{;veer‘gl Ehgle)foag’ Begn tt}%%gl%arﬁ gl.e f:Y a{gr aé'%

aloft a small distance above the surface o shows gh capacity disc driving having is
multiple rotating discs 16. The disc drive has an upper and lower actuation assembly for each disc 16,
with the lower actuation assembly being shAETNATERIXERCREBTRON a perspective view of a prior art

actuation assemply 32 for positioring, Jliel Je-pustiverric HLh Pise: L Actuptimasaemile32 20
includes an upper asg,negég%nSoZnAaglsnd 2 lo er ass iaomkx)ll z:f’%ﬁd%‘r re_ldentlc l. got%th .upper
assembly 32A and the lower SoSamBN ?2% R ugtor arm i ?ogacage 4h? il gﬁﬁprfegcted to the
actuator ann 20 at h&senssiystihg Bietidessa voice coil motor (VCM) 18 arranged to rotate an
actuator arm 20 on a spindle around an axis 22. A load beam 24 is connected to
actuator arm 20 at a head mounting block 26. A gimbal 28 is connected to an
10 end of load beam 24 and slider 12 is attached to gimbal 28. Slider 12 carries a
transducing head (not shown in FIG. 1) for reading and/or writing data on
concentric tracks 14 of disc 16. Disc 16 rotates around an axis 30, producing a
hydrodynamic layer of air that keeps the slider 12 aloft a small distance above
the surface of disc 16. FIG. 1 shows a high capacity disc driving having
15 multiple rotating discs 16. - The disc drive has an upper and lower actuét,ion
assembly for each disc 16, with the lower actuation assembly being shown in
phantom. ,
FIG. 2 is a perspective view of a prior art actuation assembly 32
for positioning slider 12 over track 14 of disc 16. Actuation assembly 32
20 includes an upper assembly 32A and a lower assembly 32B that are identical.
Both the upper assembly 32A and the lower assembly 32B have actuator arm 20
with load beam 24 connected to the actuator arm 20 at head mounting block 26.
Gimbal 28 is connected to an end of load beam 24, and slider 12 is attached to
gimbal 28. Slider 12 carried by upper assembly 32A reads and writes data from
25  an upper surface of disc 16. Slider 12 located on lower assembly 32B reads and
writes data from the lower surface of disc 16.
FIG. 3 is a perspective view of the flex head gimbal assembly 34
of the present invention for linking the slider 12 to the actuator arm 20 (in FIGS.
1 and 2). In the present invention, the flex head gimbal assembly 34 is formed
30 from a polymeric material. In essence, the assembly 34 replaces the load beam
24, slider 12 and gimbal 28 in FIGS. 1 and 2). Assembly 34 includes an
attachment area 36, a flexure portion 38, and an integrated gimbal 40. The
attachment area 36 includes solder bumps 42 connected via electrical leads 44 to
the flex cable 46, which is disposed along the length of the assembly 34. The
35  flexure portion 38 includes the flex cable 46 and electrical interconnections 48.



Gimbal 28 is connected to an end of load beam 24, and slider 12 is attached to gimbal 28. Slider 12
carried by upper assembly 32A reads and writes data from 25 an upper surface 8P H9k48 2&lder 12
located on lower assembly 32B reads and writes data from the lower surface of disc 16. FIG. 3 is a
perspective view of the flex head gimbal assembly 34 of the present invention for linking the slider 12
to the actuator arm 20 (in FIGS. 1 and 2). In the present invention, the flex head gimbal assembly 34
is formed 30 from a polymeric material. In essence, the assembly 34 replaces the load beam 24,
slider 12 and gimbal 28 in FIGS. 1 and 2). Assembly 34 includes an attachment area 36, a flexure
portion 38, and an integrated gimbal 40. The attachment area 36 includes solder bumps 42 connected
via electrical leads 44 to the flex cable 46, which is dispésed along the length of the assembly 34. The

35 flexure portion 38%9&%31&#@ 1505040 aRIRIRCHITRLEN FHECRBRRIPS A 38 MraFiEé* 2007 4
A thick and stiff platet? ee the g%Jre or 38 andg%e atta t%;a; rtion 36 on
the substrate 52. Th# ?ﬁ‘éﬁ\e W]‘B Z\ouTh) Fuséfés f C ca é%‘hfg M Sectrical
interconnections 48 eleeticalclaads fdrirxionsting Sinmertbe éP@VWNnWﬂW?t@@e‘WeMthme solder
bumps 42 provide béléxilre pogtidictoitiad sliderthe Elesiddalphtainm)ent between the actuator arm 20
and the assembly 34. In the prlor@gﬁe}g_ﬁ Q’{@'sgﬁ%‘%ﬂn 4§ We%@l@@n@ﬂ%&ﬂﬁd&ﬁ gam 24
was independent of the electri aI co ect| therégt% uir tw ndent assemb steps In
the present inventiofPh§! 8?‘0 ?hﬁ%eﬂ g%?ﬁit%fgﬁ% F SR Xﬁ"bo and the
electrical connectlorﬂbemieenﬁhﬁlﬁamdtbﬁfavmmﬁlaﬁmwhmr%IM%@&@MI%)MSS is
simplified. Additionaﬂueﬁéﬁaen&heﬂ&ad&%mmhﬁ)@mb@&xpmﬁng’ argaimbly 8do nadgiddianal wires
are required to esta% %glc%cg{énﬁfgm %ggggxnrquﬁ%%ygmrmtgieﬂu|red used

he h I
in the head glnll(:))a as?a?brﬂsh both the mechanical bond and the electrical connection between the

actuator arm 20 and the assembly 34, the assembly process is simplified.
Additionally, since the leads 44 can be etched onto the assembly 34, no

additional wires are required to establish the electrical connection, thereby
reducing the number of parts required used in the head gimbal assembly 34.

15  Moreover, by reducing the number of parts, the overall weight of the assembly
34 is reduced, which can improve overall resonance in the system.

Stiff (and thick) plate 50 replaces the formed bend region of the
prior art suspension. The stiff plate 50 may be bonded or deposited onto the
substrate 52 of the assembly 34. The stiff plate 50 is then bent to set the attitude

20 or orientation of the assembly 34, and specifically to set the attitude or
orientation of the flexure portion 38 of the assembly 34. In essence, the stiff
plate 50 becomes the load beam and the flexure portion 38 creates and delivers
the pre-load. By deforming the stiff plate 50 (as shown as 50' in FIG. 5) to
achieve the desired z-height (and orientation), the loading of the read/write head

25  onto the disc causes the flexure portion 38 to impart the desired pre-load.

Generally, the stiff plate 50 is positioned in a bend region of the
substrate 52 (between the attachment area 36 and the flexure portion 38). The
stiff plate 50 can be formed from the same material as the substrate 52 or from a
different material. Specifically, the stiff plate 50 can be formed from polymeric

30  material (such as polyamide), from metal, from glass, or from any other material
that is strong enough to maintain a bend formed in the underlying substrate 52.
Generally, the thickness and material properties of the substrate 52 determine
the requirements for the stiff plate 50 to maintain a bend in the substrate 52. In
some instances, it is possible to maintain the bend of the substrate 52 simply by

35 depositing a plate of the same material as the underlying substrate. In this




Is Moreover, by reducing the number of parts, the overall weight of the assembly 34 is reduced, which
can improve overall resonance in the system. Stiff (and thick) plate 50 replaces tR&Noritéte8end
region of the prior art suspension. The stiff plate 50 may be bonded or deposited onto the substrate
52 of the assembly 34. The stiff plate 50 is then bent to set the attitude 20 or orientation of the
assembly 34, and specifically to set the attitude or orientation of the flexure portion 38 of the assembly
34. In essence, the stiff plate 50 becomes the load beam and the flexure portion 38 creates and
delivers the pre-load. By deforming the stiff plate 50 (as shown as 50' in FIG. 5) to achieve the
desired z-height (and orientation), the loading of the read/write head 25 onto the disc causes the
flexure portion 38 to impart the desired pre-load. Generdlly, the stiff plate 50 is positioned in a bend

region of the SUbStfﬁi@ta‘ix%é,bﬁiW‘éﬁff%tét%mBﬁﬂ BLeR ﬁ,@@m tmﬂgew%%%@ A8 g“a stiff plate
50 can be formed from the Sar raut ubstr rfrom nt, materla Specifically,
Brec r§ rom p Stymerlc At 8??5& FIRLE ity éée)r REARREC from

the stiff plate 50 can®be torme
glass, or from any ofteF PtePRumayhedammadré asctitfereatmatstish suelepsidoneteld Regaedlesderlying

substrate 52. Generdlithehaafeitkinessiaodforaietial giffopiitiessof ihe solasiatthbdsicsming the
equirements fog SR/ OISR PRI BRSO R B SIRRARGES

possible to maintain bP end of i%S“b ate 52 simply by 35 depositing a p ate of the same material
as the underlying su gt?ﬁ ﬁ ORPARCH 2007 5 instance, the stiff plate 50 would be a location
along the substrate having a greéteW?’élé@véﬂﬁ%ﬁﬁ@éshﬁmmk@'sSbﬂhﬂbEuﬂs‘tratta tet (thether

instances, the stiff platkizesrofshbatiatpled 50 defidiatsoh thatstidihessioh tas sub3atab 2agrrdiess of the
material used (0 1O SHEAAEIRLAR ity G4 gmpsgia £ 186.° esamblary! ¥ Wi ggtion of the
stiff plate 50 is %reaterdtef}gl r(]x; e‘t})k/"%kr\}veosr er sﬁaﬁescybs”t% ItSlexe stiff plate 50 must be
sufficiently tluck_and stiff to maintain the bend in the underlying substrate 52.
Moreover, it will be understood that the stiff plate 50 can be extended into either
the attachment region 36 or the flexure portion 38 to further strengthen the
substrate 52, provided the stiff plate is symmetric about a longitudinal axis of
15 the assembly 34. Generally, the:st_iff plate 50 may be of any thickness and may
be formed from any material provided the stiff plate 50 is deformable to bend
the substrate 52 to the appropriate z-height, and provided the stiff plate 50 is
sufficiently thick and stiff to maintain the bend in the substrate 52
In the embodiment shown in FIG. 3, the stiff plate 50 is formed
20 from stainless steel deposited in the bend region on a polyimide substrate 52.
The stainless steel plate 50 is deposited to a thickness sufficient to allow
bending of the stiff plate 50 without cracking the plate. Additionally, the thick
plate 50 is deposited over sufficient surface area of the substrate 52 and to
sufficient thickness relative to the thickness of the substrate 52 to maintain a
25  bend, so that the stiff plate 50 can hold the substrate 52 at the desired z-height.
By delivering the pre-load via the flexure portion 38, the present
invention simplifies the assembly 34 over previous structures. Specifically,
stiffening rails along the length of the flexure and various other elements are
eliminated. Since the entire structure of the assembly 34 is formed from a
30 polymeric material, the entire assembly 34 can be made very cost effective.
Moreover, the stiffening plate 50 can be added only in the bend region, allowing
the polymeric flexure portion 38 to deliver the pre-load directly.
Finally, electrical leads 54 cormect the flexure portion 38 to the
integrated gimbal 40, which, in turn, is electrically connected to the read/write
35 head via the slider 56 (shown in phantom). |



It will be understood by a worker skilled in the art that the thickness of the stiff plate 50 depends on
the stiffness of the substrate 52 and on the material selected to form the stiff platd BA-R&HAtOhally, it
will be to understood by a worker skilled in the art that the stiff plate 50 must be sufficiently thick and
stiff to maintain the bend in the underlying substrate 52. Moreover, it will be understood that the stiff
plate 50 can be extended into either the attachment region 36 or the flexure portion 38 to further
strengthen the substrate 52, provided the stiff plate is symmetric about a longitudinal axis of 15 the
assembly 34. Generally, the.stiff plate 50 may be of any thickness and may be formed from any
material provided the stiff plate 50 is deformable to bend the substrate 52 to the appropriate z-height,
and provided the stiff plate 50 is sufficiently thick and sti§ to maintain the bend in the substrate 52 In

the embodiment shown in FIG. 3, %s ff E{JE& g ) @r@g@fﬁ?ﬁ ess st{ael de s%( din the
bend region on a polyimide substrate 5 e staln ess steel p a e Oatedt ess

sufficient to allow be?ﬁh‘@l?ﬁefﬁ’étéﬂi‘feﬁ%ﬁé Bﬁ%ﬁ%éﬂ%&m%ﬁ@’plaﬁ sAﬂWﬂrdhﬁlP}taﬁ*@mt:k plate
50 is deposited over perfficied6 suclades aeldenftimmubdir BetEeantidatauHinenn pirdtnsssairiative to

the thickness of the &H@%@%&mﬁl@@l% %% tesq@h&t npsdifte'ate R Gapdpald the substrate
52 at the deswed z-hej deli)a«?%q tlgﬁ g?gla loﬁ"x V|a (ﬁslll(ﬁ?gétlon 38, the present invention
ctures. y, st

simplifies the asdem eglprewous Str peC| Cal ing rails along the length of the
flexure and various other eIement? WG S dlinstaiesc sidecaanobine det gimabahessemblyiBY 34 is
formed from a 30 pobfrshrcprestatidhvimetiontizfarsdreight Foras:tibe mAdesheWhpmﬁﬁai:t'me

Moreover, the stlffenmm@@g&ﬁexb@@qqawmhmepeﬁ%r@@lQﬂe644 Qtet% PRhgagric flexure
portion 38 to deliver th&aqre lo es?r'{e?lCtI% Sggf a.r¥ electJE ?Polnl% exuregp ezthlon 38 to
the integrated gimbal Shecesireg, A:S 4 St AR cornec tgsfﬁ f"ﬁ speificailyia the
slider 56 (showHlin pqhgr%?ﬁsatlon of the flexure portion 38, which creates the pre-load Subsequent

loading of the read/write head on the slider 56 over the rotating disc 16 of the

disc drive 10 imparts a pre-load onto the flexure portion 38.

FIG. 6 illustrates a side view of the attachment between the
actuator arm 20 and the flex head gimbal assembly 34 of the present invention.

15  The flexure portion 38 is shown in phantom as is the attached slider 56. The
solder bumps 42 provide both the electrical and the mechanical connection
between the arm 20 and the assembly 34, reducing the number of assembly steps
and the number of parts, thereby simplifying the assembly process and reducing
the overall costs of production.

20 ‘ Generally, the invention is designed to work with any existing
disc drive system; however, the assembly 34 is designed to work with arms 20
having integrated circuitry. The assembly 34 is specifically designed to work
with actuator arms 20 made from printed circuit boards (PCB) for low cost
manufacture and assembly and for electronics integration. The solder bumps at

25  the "swaging" area (i.e. the attachment portion 36) assure both the mechanical
attachment and the electrical interconnection.

While the stiff plate 50 has been illustrated to extend only a small
portion of the substrate, the plate 50 can be extended into the attachment portion
36 to strengthen the attachment portion 36.

30 The solder bumps 42 can be integrated easily with conventional
suspension designs by extending the flexure portion 38 to the base plate 26 of
the conventional actuator arm 20 and by securing the flexure portion 38 directly
to the base plate 26 using an adhesive. The solder bumps will then secure both
mechanically and electrically the head gimbal assembly 34 to the arm 20. The




30 MARCH 2007 6 FIG. 4 illustrates a side view of the flex head gimbal assembly 34 of the present
invention prior to z-height formation. As shown, the attachment portion 36 includ&sMokéet Blimps 42.
Between the attachment portion 36 and the flexure portion 38, the stiff plate 50 is deposited on the
substrate 52. s Integrated gimbal 40 is shown with the attached slider 56. FIG. 5 illustrates a side view
of the flex head gimbal assembly 34 of the present invention after z-height formation. As shown,
between the attachment portion 36 and the flexure portion 38, the stiff plate 50" is bent, setting the
desired z-height and orientation of the assembly 34, and specifically io the orientation of the flexure
portion 38, which creates the pre-load. Subsequent loading of the read/write head on the slider 56
over the rotating disc 16 of the disc drive 10 imparts a pfe-load onto the flexure portion 38. FIG. 6

illustrates a side vie t lex d gimpal
assembly 34 of the \p,%{rrgsé%? |%Vﬁr%%%r&?%§§§ g%%l{izﬁrgg%sﬁgsvyﬁ%&gﬁfn%%gaﬁs?Ee

attached slider 56. THEEGIHER dﬁ?‘&l designs, SRR the mechanical connection
between the arm 20 and the assefirgraliyyeidacisubsirate f@beanftasSominid st€ps poigitieeiaiumber of
parts, tf:leretr)]y simplifyieHiIE spesERpily [ Pedsmadyl HRtHNg Bb%ﬁg&ﬁfﬁﬁ§@§é%ﬁf;lﬂf%%ﬁii;g- 20
Generally, the inventjQn,i Si WOJK Wi existing i rive system; hawever, the
assembly 34 is desi ,r?gg'&tlcl?\?vo?&(v%vlt%asfm{ﬁio L%g}\%g %(r#?és r§t€§ %lercgﬁ?éfy‘iihoél as%eemrﬁfleuge is

specifically designed@PHlicrRIN:tT % Stifo Pl SO FARabE edrinfetheisame ards tor low
cost manufacture amhtesiobfitbly thedstbstrite (F3niTherstetfiplitn 5T e salbs theithjckres? b fttiee"swaging"

area (i.e. the attachrgistrafy5on Jh:anfikieQ08F the MEGHARIGH catfdevagd apdilissiscthical
interconnection. Whilg (g S RIRERA0P LER" IHSHRLCS I SHEOWAS M he substrate

10  material does not bend easily, the thickness of the stiff plate 50 can be adjusted
as' needed during manufacturing to impart the permanent z-height on the
substrate material.

In the instant invention, the substrate 52 can be formed and
etched to establish the electrical interconnections 48 and the flex cable 46 on a

15 flat surface. The stiff plate S0 can be bonded or deposited at the same time or at
a later time onto the flat substrate 52. The substrate 52 can then be bent in the
area of the stiff plate 50, such that the stiff plate 50 maintains the bend, holding
the flexure portion 38 and the integrated gimbal 40 at a permanent z-height, and
at the appropriate orientation. The flexure portion 38 delivers the pre-load.

20 Finally, the electrical and mechanical connection between the assembly 34 and
the actuator arm 20 can be formed with a single soldering process, simplifying
the assembly process and eliminating unnecessary wires.

Although the present invention has been described with reference
to preferred embodiments, workers skilled in the art will recognize that changes

25 may be made in form and detail without departing from the spirit and scope of
the invention.



portion of the substrate, the plate 50 can be extended into the attachment portion 36 to strengthen the
attachment portion 36. 30 The solder bumps 42 can be integrated easily with cor?féhtiBREI2&Ispension
designs by extending the flexure portion 38 to the base plate 26 of the conventional actuator arm 20
and by securing the flexure portion 38 directly to the base plate 26 using an adhesive. The solder
bumps will then secure both mechanically and electrically the head gimbal assembly 34 to the ann 20.
The 30 MARCH 2007 7 ant 20 can be formed of PEB as in the case of a Jackson drive or of
conventional metal designs with electrical interconnects. Generally, the substrate 52 can be formed of
a polymeric material, specifically a polyimide material. By producing the substrate using s polyimide
materials, tiGALAIMSH costs of the production are reduced significantly. The stiff plate 50 can be formed

of the same or of different material frgm the substrate 52. The stiff plate 50 increases the thickness of
the substrate 2%ﬁeafﬁ?gll<gr? sgof)fnfﬁge}lg |ﬁ%&t§“§g0eé%cr%§§1 arlilg%lggc%lrcﬁﬁtﬂz}@rt@b@ﬁ@ir?g
characteristics of fidgubsgipertit® almeatteriteohdad iptheimalestratstatid gnditeriahelcigarobdiepnd easily,
the thickness of t og@%ﬁjgt&l%%ﬁggahgh%dj%%ﬁﬁlyacso%eg?g%d during manufacturing to impart the

permanent z-height on the substrate materi he In tant%hvention, the substrate 52 can be formed
and etched to establish the eletfidzmenicmthstratstioninggaatiatientekregiols 46lone iegiat surface.

The stiff plate 50 can be hongemhlflonesialdinapladne o'l BRLIR QiR ear substrate

52. The substrate 52 can then be bent in the area of the stiff plate 50, suc cthat e sti p?ate 50
maintains the bend, holdibfySthERESFrEorabls SdmdingEqmdbs atiashinenaesaearpwsrthanent

z-height, and at the appiRRIiAi.gliNAlRoIREe fetHtoPaltion3d.deliyars the pre-load. 20 Finally,
the electrical and mechanical connection between the assembly 34 and
electrical leads on the attachment region to electrically connect the

- substrate to the actuator arm.

2. The assembly of claim 1 further comprising:
solder bumps disposed in the attachment region for mechanically

attaching the substrate to the actuator arm.

3. The assembly of claim 1, further comprising:
a relatively thick and stiff plate disposed on the substrate between

the attachment region and the flexure region.

4. The assembly of claim 3, wherein the thick and stiff plate is deposited during

fabrication of the flex cable.

5. The assembly of claim 1, wherein the gimbal is integrated with the flexure region

such that the assembly is fabricated from the same piece of material.

6. A method of fabricating a flex head gimbal assembly comprising:
fabricating a suspension having an attachment region, a flexure

region and a gimbal;



the actuator arm 20 can be formed with a single soldering process, simplifying the assembly process
and eliminating unnecessary wires. Although the present invention has been desttMéd Witk Péference
to preferred embodiments, workers skilled in the art will recognize that changes 25 may be made in
form and detail without departing from the spirit and scope of the invention. 30 MARCH 2007 8
CLAIMS: 1. An assembly for mechanically and electrically linking an actuator arm with a slider
supporting a read/write head proximate a rotating @sc, the slider being positioned on a gimbal, the
assembly comprising: a polymeér%iﬁ substrate having an attachment region, a flexure region and a

gimbal, the substrate having eldé2F&a IkedcHhN etaRn s2aE fifisaIBrR RIS BRACSONS 1Rk ble

extending from the attackuspatsieiaheafleassable diendmgetion ardmatnitaoistiat abthe substrate;
and electrical leads on th?ﬁ'gt%cgw&lgteﬁgg}gg fcl)nttelectrlcall}/ connect the su%gt te tqQ the actuator arm.

2. The assembly of claintL further Conprisig. Sorder BEH BRSSPt s e AIeX F4NENt region for
mechanically attaching the subisindtega titeffaptatatontarthe 3udfeasies detblseof thtatmathfugtiner

comprising: a relatively tm‘%#gqusm | isposed on the substrate between the attachment region
and the flexure region. 4. The asserébq}%%gg%og’, wherein the thick and stiff plate is deposited during

fabrication of the flex cable. 5. Phedisthablidettoldimgimbiicrad the gimbal is integrated with the
flexure region such that the asggmblyJsdabLead; BRMLING SARGHeSEOLMAE AL fnidmethod of

fabricating a flex head gimbal assembly comprising:
region.

7. The method of claim 6, wherein the steps of fabricating and bonding are

performed simultaneously.

8. The method of claim 6, wherein fabricating the flex cable and electrical
interconnections comprises:
etching the flex cable and electrical interconnections on the substrate;
depositing solder bumps onto the attachment region; and
etching electrical leads to form the electrical interconnections from the

solder bumps to the flex cable.

9. The method of claim 8, wherein the step of soldering mechanically attaches the
substrate to the actuator arm and electrically connects the substrate to the actuator

arm through the solder bumps.
10. The method of claim 6 further comprising:
deforming the stiff pate to achieve a desired z-height of a slider

over a rotating disc in a disc drive.

11. The method of claim 10 wherein the preload of the slider is delivered by the stiff
plate.

12. The method of claim 6, wherein the substrate is a polyimide material.



fabricating a suspension having an attachment region, a flexure region and a gimbal; 30 MARCH
2007 9 fabricating a flex cable and electrical interconnections on the suspension? théifex ¥able
extending from the attachment region to the gimbal and the electrical interconnections connecting to
the flex cable; bonding a stiff plate onto the suspension between the attachment region and the
flexure region; bonding the slider to the gimbal; and soldering the suspension to an actuator arm at the
attachment region. 7. The method of claim 6, whet@in the steps of fabricating and bonding are
performed simultaneously. 8. The method of claim 6, wherein fabricating the flex cable and electrical
interconnections comprises: etching the flex cable and electrical interconnections on the substrate;

depositing soldEs. Bungkaando fitei adtagh Tt ieg eimbalchaiahtg alagirisalgleads to form the electrical
interconnections from the solder bumtps to the flex.cahle. 9. The met%%d of claim 8, wherein the step

of soldering mechanically attachis Hi8"8 b SHRE O N RS 0r AFATUREPL &R R, MSHIE cts the
substrate to the actuatorregiontimdaghinbel solder bumps. 10. The method of claim 6 further comprising:

deforming the stiff pate to achieé{ a de%ir z-t&e{ght ofda_s 'd?{. oyer a rotatinﬁjfgisc in a disc drive. 11.

The method of claim 10 wherein t 1en%re oad of the slider is de R/ceredno%/r‘fﬂréngl Ifﬁatoerf 12°The method

of claim 6, wherein the seigpention thedlykriaeareatending from the electrical interconnections
on the attachment region to the gimbal;
depositing a stiff plate onto the suspension;
bonding the slider to the gimbal;
depositing solder bumps on the attachment region; and
connecting the suspension to the actuator arm electrically and

mechanically at the solder bumps.
14. The method of claim 13 further comprising:
bending the substrate and the stiff plate to achieve a desired z

height of the slider relative to a rotating disc of a disc drive.

15. The method of claim 14, wherein the step of bending permanently deforms the
substrate at the stiff plate.

16. The method of claim 14, wherein the step of bending imparts a pre-load to the

flexure portion.
17. The method of claim 13, wherein the suspension is a polymeric material.

18. The method of claim 17, wherein the stiff plate extends into the attachment region

to strengthen the attachment region.

19. The method of claim 13, wherein the gimbal is integrated with the flexure region.



30 MARCH 2007 10 13. A method of fabricating a flex head gimbal assembly comprising: fabricating
a suspension having an attachment region, a flexure region and a gimbal; etchinty ¥#iB%¢a#lé and
electrical interconnections on the suspension, the flex cable extending from the electrical
interconnections on the attachment region to the gimbal; depositing a stiff plate onto the suspension;
bonding the slider to the gimbal; depositing solder bumps on the attachment region; and connecting
the suspension to the actuator arm electrically andl imechanically at the solder bumps. 14. The method

of claim 13 further comprising: bending the substrate and the stiff plate to achieve a desired z height
of the slider relg(?l\/ﬁ‘ﬁ)“gem?gtﬂfﬁ]&f&&év BRLEIR RS teR OfrpEhing Fithes «QEIRAISSS: wherein the step of

bending permanently defachisghcatibsiiaiesatdheisitorlateuifs ThenewsRedyi claim 14, wherein the
step of bending imparts a pre-load to the flexure portion. 17. The method of claim 13, wherein the
suspension is a polymeric material. 18. The method of claim 17, wherein the stiff plate extends into the
attachment reddnAto atrehgiine fah enattacheaiin relgebertd Sl lihknkiethad afeieimata, Nehgrgin the

gimbal is integrateqfe %Q flexure regign. 30 MARCH 2007 11.20. The method of claim 13, wherein
the step of etchinge l\Jé\l’{t eatrpcl;%oam p‘ﬁéti‘s"’:‘ %tgc%iﬁlépg?&ﬂ%c%ﬁgaavs Folrlﬁatﬁlietﬁ;lseofmg?rb%‘?%gg%gtﬁg flex cable.
21. An attachmengfginthelchahis atachied tslectomshiisnlihkinggantagtatatociamntdyatlingttachment

comprising:
solder bumps disposed on the load arm for attaching mechanically
and electrically the electrical leads of the actuator arm to the integrated

circuitry of the load arm.

22. The assembly of claim 21, further comprising:
a thick and stiff plate disposed on the load arm to impart a z-height

stiffness to a substrate such that the substrate delivers a preload.

23. The assembly of claim 22, wherein the thick and stiff plate is deposited during

fabrication of the flex cable.

24. The assembly of claim 21, wherein the gimbal is integrated with the load arm

such that the assembly is fabricated from the same piece of material.

25. The assembly of claim 21, wherein the load arm and the gimbal are formed from a

polymeric material.



electrical leads with a slider supporting a read/write head, the slider positioned on a gimbal that is
attached to a load arm having integrated circuitry, the attachment comprising: soldl¥"%4Mpg8%isposed
on the load arm for attaching mechanically and electrically the electrical leads of the actuator arm to
the integrated circuitry of the load arm. 22. The assembly of claim 21, further comprising: a thick and
stiff plate disposed on the load arm to impart a z-height stiffness to a substrate such that the substrate
delivers a preload. 23. The assembly of claim 22, wherein the thick and stiff plate is deposited during
fabrication of the flex cable. 24. The assembly of claim 21, wherein the gimbal is integrated with the
load arm such that the assembiyow fa@log®te® ADnGihessna psEeBIfynaterial. 25. The assembly of
claim 21, wherein the load arm and the gimbal are formed from a polymeric material. 30 MARCH
2007 12 LOW COST HEAD GIMBAL ?Eéﬁ%%l_gx éﬁ%ﬁ}%ﬁg E DISCLOSURE A low cost,
flex head gimbal assembly has a substrate™wi a ?ggﬁ’ , a flexure region and an
integrated gimbal. The flex head gimbal assembly is electrically and mechanically connected to an
actuator arm via solder bumps in Adoattacitniex kg ginbalitsetniblis Bitoghabsteatbeviggtrate
between the attachnmgmgpl@%ﬁpg flexune 5%%1895%&'% qg@@_a&[&dgq}iﬁ%%ilc hg}ﬁgcggﬁctlons

extend from the attachment regiq acrOfs the ilL[jl"c@exure region to the gimbal, Electrical leads extend
from the solder bumSRBakAESHIP I X5 &'er i %@?@ﬁ&}?ﬁgﬁﬁ‘é"gﬁﬁtﬂé&% AN desired
z- height and to impatatiselfee-tempsoithdhassdrbipetigegios. A stiff plate is attached to the

substrate between the attachment region and the flexure region. A flex cable

and electrical interconnections extend from the attachment region across the

flexure region to the gimbal. Electrical leads extend from the solder bumps to

the flex cable. The substrate is bent at the stiff plate to achieve the desired z-

height and to impart the pre-load to the assembly.

Figure 3




