A M CROACTUATOR FOR A HARD DI SK DRIVE W TH AN | NTEGRATED G MBAL FUNCTI ON
BACKGROUND OF THE | NVENTION Field of the Invention 1011 The present
invention relates to the field of disk drives. In particular, the present
invention relates to a mcroactuator for a disk drive that reduces
off-track notion of a read/wite elenent. Description of the Related Art
[02) Figure 1 shows an exenplary high-RPM hard di sk drive (HDD) 100 having a
magnetic read/wite head (or a recording slider) 101 that includes, for
exanpl e, a tunnel-valve read sensor, that is positioned over a selected
track on a magnetic disk 102 using, for exanple, a two-stage servo system
for reading data stored on disk 102. The two-stage servo system includes a
voi ce-coil motor (VCM 104 for coarse positioning a read/wite head
suspension 105 and may include a m croactuator, or mcropositioner, for

fine positioning readiCRGARTUATORIFORSL HileD PAISRODREVET ack. As used

herein, a mcroactuator (or a mcropositioner) is a snmall actuator that is
pl aced between a susp®ITHANINTEGRATHED GIMBALBUNCTIM¥NS| i der relative to
the suspension. [03[ Figure 2 depicts a conventional suspension and

m cr oact uat ion and mcroactuator 200 includes a
suspensi on %ﬁ&éﬁwg’ﬁﬁ@?&@%@ﬁ a slider 209. Suspension 201
i ncludes a | oad beam 202, a dinple 203 and a flexure 204. Suspension 201

imparts a IG&ﬂdagmémﬁmﬂﬁ@gran}load) to slider 209. Suspension 201 al so
provides pitch and roll freedon1of notion to the parts attached to

suspens usi ng .di | e
P [JO?] Zl%e present ?nve tion relates to t 0he ﬁe\M]ofc c{] sk dsnves In particular, the present invention
relates to a microactuator for a disk drive that reduces off-track motion of a read/write

element.

Description of the Related Art

[02] Figure 1 shows an exemplary high-RPM hard disk drive (HDD) 100 having a magnetic
read/write head (or a recording slider) 101 that includes, for example, a tunnel-valve read
sensor, that is positioned over a selected track on a magnetic disk 102 using, for example, a
two-stage servo system for reading data stored on disk 102. The two-stage servo system
includes a voice-coil motor (VCM) 104 for coarse positioning a read/write head suspension
105 and may include a microactuator, or micropositioner, for fine positioning read/write head
101 over the selected track. As used herein, a microactuator (or a micropositioner) is a small
actuator that is placed between a suspension and a slider, and moves the slider relative to the

suspension.

[03] Figure 2 depicts a conventional suspension and microactuator arrangement 200. Suspension
and microactuator 200 includes a suspension 201, a microactuator 205 and a slider 209.
Suspension 201 includes a load beam 202, a dimple 203 and a flexure 204. Suspension 201
imparts a loading force (gram-load) to slider 209. Suspension 201 also provides pitch and
roll freedom of motion to the parts attached to suspension 201 by using dimple 203, which is



a hem spheri c-shaped bunp that is nade on | oad- beam 202 and nakes a point
‘contact to flexure 204. Flexure 204 is designed to have an extrenely | ow
stiffness in roll and pitch direction, and to have an accurately defined
free-state both in roll and pitch directions, wusually referred to as Pitch
Static Attitude (PSA) and Roll Static Attitude (RSA). [041 M croactuator 205
i ncludes a substrate 206, a mcroactuator structure 207, and at |east one

fl exure el ement 208. Substrate 206 is the stationary structure of

m croactuator 205. M croactuator structure 207 is the novable structure of
m croactuat or 205. M croactuator 205 is usually designed to nove

hori zontally (either rotational or translational) so that the position of
slider 209 attached to m croactuator 205 can be changed. M croactuator 205
must be designed to have very high stiffness in the z-axis direction and in
t he pitch/rghbmiiph@ed-émaped biihp Gt isaeatier@MOsd-Beai 202! shtbinklesfapdint do@itictns
designing a spring structure 208 inside mcroactuator 205 that is

especi al l'y ﬁm@oﬂgﬁprxu@cﬂ% isHesigned 2o baviernn axtremely lpwatifipgsstie rell andepitch210

and is identjcal to e sliders that e.typi cal .used in_. S

non- i cr oacfiﬁﬁ’:?’_(S’P’- ?‘iffpg’ hipyecen Tcﬁ%rfg&g&%‘nﬁ%ﬁegﬁga %é%t_]cjilgtrgg it Picl dHeiort-onal
m croact uat @&lly efbried toe% PRCR 8tatit AltGa8e (FWOANA@Rol1Btdt{d wmdéqasgl).rmyerrent of
the mcroactuator in the roll directions, thereby causing read/wite

el enment tracking inaccuracies. Figure 3 depicts novenent of m croactuator

200 1 o410! hilohSGibONSs Rlibgebeddie2i0h hliGBRRyAL SELREIAT, LA A8 Gech o

airflo as m croact uat or noves over dis ) vemrent Inro
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Anot her probl em associated with conventional m rpactuatorgais,that t he

el ectrical MigitAEHRIPHHEICHES AL the BORMHETISRIrapidmierercRials dt habisroagtuator
particul arl yodif Jsh&lw &es¥gﬂem1?10ve lgorizontally (either rotational or translational) so that the

position of slider 209 attached to microactuator 205 can be changed. Microactuator 205 must
be designed to have very high stiffness in the z-axis direction and in the pitch/roll direction.
These requirements are usually fulfilled by designing a spring structure 208 inside

microactuator 205 that is especially anisotropic.

[05] Slider 209 includes a read/write element 210 and is identical to the sliders that are typically

used in non-microactuator-type HDDs.

[06] One problem associated with conventional microactuators is that external forces, such as
airflow, cause movement of the microactuator in the roll directions, thereby causing
read/write element tracking inaccuracies. Figure 3 depicts movement of microactuator 200
inroll directions 311 under the influence of external forces, such as airflow, as microactuator
200 moves over disk 312. Movement in roll directions 311 causes tracking inaccuracies, as

depicted by arrow 313.

[07] Another problem associated with conventional microactuators is that the electrical

connections between a suspension and a microactuator are particularly difficult to make.



There are two conventional ways for meking the electrical connection. First,
‘a bent-lead connection technique can be used, or second, a

si dewal | - bondi ng- pad connection technique can be used. [08] Figure 4
depicts a conventional bent-lead connection technique for making an

el ectrical connection between a conventional m croactuator and a
suspensi on. The m croactuator structural arrangenent shown in Figure 4
corresponds to the suspension and m croactuator structural arrangenents
shown in Figures 2 and 3. A dinple 403 is forned on a suspension 401 and
makes a point contact to a flexure (not shown in Figure 4). A m croactuator
405 is attached to the flexure. A slider 409 is attached to m croactuator
405. A bent lead 415 is electrically connected to a solder ball 416 and a
bondi ng pad 417 to m croactuator 405. Another solder ball 418 is shown for

no p _ : | _ball 4 P
one of the gﬁg@%é gggmfo%aﬁms! fbpmlaﬁgg e Qbct3E WonreBtior | Birdt€a Bant zad[sob] er

409 for ano ent - connection t I's not visible In Figure

The probl enmsoraestiu ta¢hmitjusichinbaudeddr séw@ad, astdematitHoadinggat nompeetiontethnilps t hat
a bent-lead suspension is expensive and difficult to nake. It is also
difficult t&biesedi PSA and RSA after the terninations are nade. Further,
t he sol der-bunp connections nust be made from the opposite side and the
term nations cannot be forned from | eadi ng-edge side of the mcroactuator
and sl i[08r &igves hidspictpiat comventionflnkensldsd sommestien techiigbe fqrroaking gy electsicdepi ct s

a conventi onal s%de | | - bondi n ﬁga connﬁﬁtipn(§echi ue f?é ”B§£QQ% \n
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to the mcroactuator structural arrangenments shown in Figures 2 and 3. A

di npl e 503 isgudtaehasthngemerds shosan Figuresz0md dnd dimplest03 iplormed eomsuspension a

fl exure (not,.sho in Figure.b), m croact uat.or.. 505 .. s, attached to_the
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attached to the flexure. A slider 409 is attached to microactuator 405. A bent lead 415 is
electrically connected to a solder ball 416 and a bonding pad 417 to microactuator 405.
Another solder ball 418 is shown for one of the connections to read/write head (not shown in

Figure 4) on slider 409 for another bent-lead connection that is not visible in Figure 4.

[09] The problems associated with a bent-lead connection technique includes that a bent-lead
suspension is expensive and difficult to make. It is also difficult to control PSA and RSA
after the terminations are made. Further, the solder-bump connections must be made from
the opposite side and the terminations cannot be formed from leading-edge side of the

microactuator and slider otherwise pitch stiffness becomes too high.

[10] Figure 5 depicts a conventional sidewall-bonding-pad connection technique for making an
electrical connection between a conventional microactuator and a suspension. The
microactuator structural arrangement shown in Figure 5 also corresponds to the
microactuator structural arrangements shown in Figures 2 and 3. A dimple 503 is formed on
a suspension 501 and makes a point contact to a flexure (not shown in Figure 5). A

microactuator 505 is attached to the flexure. A slider 509 is attached to microactuator 505.



3 A side-wal |l -bonding pad 515 is electrically connected through a sol der
ball 516 to mcroactuator 505. Another solder ball 518 is shown for one of
the connections to read/ wite head (not shown in Figure 5) on slider 509
for another side-wall bonding pad connection that is not visible in Figure
5. [11] The problens associated with a sidewall-bondi ng-pad connection
technique includes that it is extrenely difficult to make bondi ng pads on
the sidewall of a microactuator. [12] There is a difficulty in controlling
PSA/ RSA and di npl e-contact position that is commonly experiences with
conventi onal non-m croactuator Head G nbal Assenblies (HGAs). Currently,

t he PSA/ RSA of a suspension and di npl e-contact position nust be controlled
very accurately using conventional sheet-nmetal machining techni ques, such
as stanping and folding, for properly maintaining the fly-height of the

slider. The adijph@llondig ﬂgaldysm%ne&eﬂﬁam%bﬁﬂecfeamgﬁnﬂ shrer Ball #1660
dianeter so it is very difficult to define the contact point of the dinple

tip to the irhemntmtor'ﬁ@ﬁsApoﬂlbﬂ sobder balbialrﬂtw shohmrfblwnaoﬁthe couneetians thoradawtite
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di npl e- cont otQBiH]&n(ﬁ%uﬂe'Se center of rotation) to the Read/ Wite el enent
is relative | ar ge, of f-track notion caused by disk tilt (usually
caused by disk vi bration) becones proportlonally | arger. Wen a
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[ 14] V\hat l%xﬂﬂ@ﬁaszdlfﬁanﬁtosm%ﬁdmg padscbnrﬂle:maaxzztm@ﬁa)ﬂmmarcamgﬁnent t hat
overcones the drawbacks of a conventional suspension and m croactuator,

such as PSA/ RSA of the
[12] There is a difficulty in controlling PSA/RSA and dimple-contact position that is commonly

experiences with conventional non-microactuator Head Gimbal Assemblies (HGAs).
Currently, the PSA/RSA of a suspension and dimple-contact position must be controlled very
accurately using conventional sheet-metal machining techniques, such as stamping and
folding, for properly maintaining the fly-height of the slider. The dimple is usually
hemispherically shaped and has a large diameter so it is very difficult to define the contact
point of the dimple tip to the flexure. This problem is particularly acute when a contact

slider having a very low stiffness is used.

[13] Yet another problem with conventional microactuators occurs when the vertical distance
between the dimple-contact point (at the center of rotation) to the Read/Write element is
relatively large, the off-track motion caused by disk tilt (usually caused by disk vibration)
becomes proportionally larger. When a conventional microactuator is used, the vertical
distance increases by the thickness of a microactuator. Accordingly, the off-track motion

increases.

[14] What is needed is a suspension and microactuator arrangement that overcomes the

drawbacks of a conventional suspension and microactuator, such as PSA/RSA of the



4 suspension and m croactuator arrangenent, dinple-contact position and

el ectrical connections between the suspension and the m croactuator. BRI EF
SUMVARY OF THE | NVENTI ON [ 15] The present invention provides a suspension
and m croactuator arrangenent that overcones the drawbacks of a
conventional suspension and m croactuator, such as PSA/ RSA of the
suspensi on and m croactuat or arrangenent, dinple-contact position and

el ectrical connections between the suspension and the mcroactuator. [16]
The advantages of the present invention are provided by a mcro-fabricated
chip having a stationary structure and a novable structure having a gi nbal
structure. The ginbal structure allows pitch and roll notion of the novable
structure with respect to the stationary structure. One enbodi ment of the
gi nmbal structure includes a dinple surface naking a rolling-type contact

Wi th the st gtdpevisy @il ubtroc@uatén drang@ingr digile-antlad pbsiticl idnd efectpiasl
menbers. Each bar menber has a first end that is attached to the center bar
menber and &ornsebons beheeniiza suspensignapd hednicwaetielost at i onary structure. An
alternative enbodi nent of the ginbal structure includes a plurality of

torsion bar nmenbers that allow the g;tch and roll notion of the novable
struct ure WBRIEF S$PMMARY OFHEHE INVEDHEOYN structure. Another alternative
enbodi ment of the ginbal structure includes a plurality of flexible nenbers

al | owi th ' - YL | - | ect to
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structure hald M@wbicks df @lcafieensibhidl Ghspessicn shdni@odctiator, filchne PSARISA Wwf ¢he The
limter structure limts novenent of the novable structure away from the
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ﬁgcagfeas . 'ro3@%}&@%&&%&%éu%é%s%%’ané‘kﬁeer{ﬁ%?c}abr‘é&'o}/.’ a mcroactuator having a

[16] The advantages of the present invention are provided by a micro-fabricated chip having a
stationary structure and a movable structure having a gimbal structure. The gimbal structure
allows pitch and roll motion of the movable structure with respect to the stationary structure.

One embodiment of the gimbal structure includes a dimple surface making a rolling-type
contact with the stationary structure, and a center bar and a plurality of bar members. Each
bar member has a first end that is attached to the center bar member and a second end that is
attached to the stationary structure. An alternative embodiment of the gimbal structure
includes a plurality of torsion bar members that allow the pitch and roll motion of the
movable structure with respect to the stationary structure. Another alternative embodiment
of the gimbal structure includes a plurality of flexible members allowing the pitch and roll
motion of the movable structure with respect to the stationary structure. The micro-
fabricated chip can include a limiter structure having an in-plane structure and an out-of-
plane structure. The limiter structure limits movement of the movable structure away from
the stationary structure by a predetermined distance. The micro-fabricated chip can be a
passive chip structure or, alternatively, a microactuator having a movable structure that
moves in a rotational direction or a translational direction with respect to the stationary

structure.



noves in a rotational direction or a translational direction with respect to
the stationary structure. 5 [17] The present invention also provides a
suspension for a disk drive. The suspension includes a |oad beam a

m cro-fabricated chip and a slider. The mcro-fabricated chip has a
stationary structure and a novable structure having a ginbal structure. The
stationary structure is attached to the |oad beam and the gi nbal structure
allows pitch and roll notion of the novable structure with respect to the
stationary structure. The slider is attached to the novable structure. One
enbodi ment of the ginbal structure includes a dinple surface mnmaking a
rolling-type contact with the stationary structure, and a center bar and a
plurality of bar nenbers. Each bar nenber has a first end that is attached
to the center bar menber and a second end that is attached to the

st ati ofHr]ly Fhe presant Bverionalsogirovddéswausrhgoh foe atisk firivdeTheguspendiorsincluddsiar e
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rotational direction or a translational direction with respect to the

stationary bstmensbais.cEacBRrERemEE hRs PisOpRdtimat T3-attacird\e fhegenter bar member and

a second end that is attached to the stationary structure. An alternative embodiment of the

gimbal structure includes a plurality of torsion bar members that allow the pitch and roll
motion of the movable structure with respect to the stationary structure. Another alternative
embodiment of the gimbal structure includes a plurality of flexible members allowing the
pitch and roll motion of the movable structure with respect to the stationary structure. The
micro-fabricated chip can include a limiter structure having an in-plane structure and an out-
of-plane structure. The limiter structure limits movement of the movable structure away
from the stationary structure by a predetermined distance. The micro-fabricated chip canbe
a passive chip structure or, alternatively, a microactuator having a movable structure that
moves in a rotational direction or a translational direction with respect to the stationary

structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[18] The present invention is illustrated by way of example and not by limitation in the
accompanying figures in which like reference numerals indicate similar elements and in
which:

[19] Figure 1 shows an exemplary high-RPM disk drive having a magnetic read/write head,



[ 18] The present invention is illustrated by way of exanple and not by
limtation in the acconpanying figures in which |like reference nunerals
indicate simlar elenents and in which: [19] Figure 1 shows an exenplary

hi gh- RPM di sk drive having a magnetic read/wite head; 6 1201 Figure 2
depicts a conventional suspension and m croactuator arrangenent; 1211 Figure
3 depicts novenent of a mcroactuator in roll directions under the influence
of external forces as the microactuator noves over a disk; [221 Figure 4
depicts a conventional bent-lead connection technique for making an

el ectrical connection between a conventional m croactuator and a
suspension; [23] Figure 5 depicts a conventional sidewall -bonding-pad
connection technique for naking an electrical connection between a
conventional mcroactuator and a suspension; [241 Figure 6 depicts a

m croaqeojat Gigudd I aHQE. 0dnveateall idPersiont dhd npit@aenitor Avaigbment; [ 25] Figure 7
depicts a first exenplary structure that provides the ginbal function of the
present invention; 1261 Figure 8 depicts rotational actuation notion of the
exenmpl oy StRghed Yidepieds Mbedt 6f a bibfoabtusteF &1 HINGIREbAs Bhdes Mh@irflubhtdeos
control of a slider provided by the exenplary structure of Figure 7

accor di ng t extetmal forees estheimigrmactuator moP@lover gdisk, 10 depicts a second
exenplary structure that provides the ginbal function of the present
invention; 1291 Figure 11 depicts a third exenplary structure that provides
the gi 2]l fRigues 4 depiots a dvavprtimelnbent-lead @ohnedtion Technique for making an electrical

connection between a conventional microactuator and a suspension;

[23] Figure 5 depicts a conventional sidewall-bonding-pad connection technique for making an

electrical connection between a conventional microactuator and a suspension;
[24] Figure 6 depicts a microactuator arrangement according to the present invention;

[25] Figure 7 depicts a first exemplary structure that provides the gimbal function of the present

invention;
[26] Figure 8 depicts rotational actuation motion of the exemplary structure of Figure 7,

[27] Figure 9 depicts pitch attitude control of a slider provided by the exemplary structure of

Figure 7 according to the present invention;

[28] Figure 10 depicts a second exemplary structure that provides the gimbal function of the

present invention;

[29] Figure 11 depicts a third exemplary structure that provides the gimbal function of the present

invention;



[30] Figures 12-14 depict cross sectional views of an exenplary limter
structure that can be integrated with a mcroactuator according to the
present invention; and [31] Figures 15a and 15b respectively are a side view
and a bottomview of a slider end of a |oad beam using a m croactuator
according to the present invention. [32] Figure 16 depicts an alternative
enbodi nent of an arrangenent providing a ginbal function according to the
present invention. DETAILED DESCRI PTION OF THE | NVENTI ON [ 33] The present

i nvention provides a mcroactuator having a ginbal function. Thus, a

m croactuator according to the present invention has no m croactuator
substrate notion that is relative to the |oad beamso there is |ess
off-track notion of a read/wite elenent. Additionally, the structures
responsi bl e for dinple-contact position and PSA/RSA are |ithographically
defi neqzgnd Fig'geésq-ztﬂbaérgmtcms sbdihgoYiew kT P etdmprasilRhitdr Qtradte thht daiebedi NPl €
| ocation and PSA/ RSA. Further still, the vertical distance between the

di npl e- cont adegratod siithjagnicenadiuater aRerding/oithepresaahinyention; peds t han that of a
conventional mcroactuator by the thickness of the m croactuator substrate.
Consequently, the suspension can be cheaper because the suspension does not
need t d3te degirgnied and 1 5b wipeptiecly freesidesjevaand akBrORSAew obmdilenend of aeadd.

Mor eover, el ectrical connections to the m croactuator are nore easily nade
because t he DRITB MEAE £ GHETGRCI R acepdingrtp thePressRidnY§ikioByspensi on | oad- beam
[34] Figure 6 depicts a suspension and m croactuator arrangenent 600
providing a ginbal function according to the present invention. Suspension
and m dﬁ%actFme)w dapiciirnattematispanbadiment gban arangepen sroyidingagimbebitngon o

m cr oact uat qr. Q%S gﬂ% a€§luqun§09. M croactuator 605 includes a dinple
603, a m cr SSCY U 6T S HESYT AT S"BY6, a microactuator structure 607, and 8

DETAILED DESCRIPTION OF THE INVENTION

[33] The present invention provides a microactuator having a gimbal function. Thus, a
microactuator according to the present invention has no microactuator substrate motion that
is relative to the load beam so there is less off-track motion of a read/write element.
Additionally, the structures responsible for dimple-contact position and PSA/RSA are
lithographically defined and micro-fabricated, thereby making it easier to control the dimple
location and PSA/RSA. Further still, the vertical distance between the dimple-contact
position and the Read/Write element is less than that of a conventional microactuator by the
thickness of the microactuator substrate. Consequently, the suspension can be cheaper
because the suspension does not need to be designed with dimple, flexure, and PSA/RSA
concerns in mind. Moreover, electrical connections to the microactuator are more easily

made because the microactuator is firmly fixed onto the suspension load-beam.

[34] Figure 6 depicts a suspension and microactuator arrangement 600 providing a gimbal
function according to the present invention. Suspension and microactuator arrangement 600
includes a suspension load beam 602, a microactuator 605 and a slider 609. Microactuator

605 includes a dimple 603, a microactuator substrate 606, a microactuator structure 607, and



at | east one flexure 608. M croactuator substrate 606 is the stationary
structure of mcroactuator 605. M croactuator structure 607 is the novable
structure of mcroactuator 605. Slider 609 includes a read/wite el enent
610 and is identical to the sliders that are typically used in

non- m croactuator HDDs. The arrangenent of m croactuator 605 provides that
the vertical distance between the contact point of dinple 603 to read/wite
el enent 601 is closer by the width of thickness of m croactuator substrate
607 in conparison to conventional techniques. Consequently, suspension | oad
beam 602 can be cheaper than conventional |oad beans because suspension

| oad beam 602 does not need to be designed wth dinple, flexure, and

PSA/ RSA concerns in mnd. [35] Figure 7 depicts a first exenplary ginbal
structure 700 that can be used for providing the ginbal function of the

present i nvanica@nonelehimé 698 UMictosctlA6r subsiratd egeaisviet dtatinaBastruci@etagr 701
that has a dinple 702 at one end of vertical bar nenber 701 that contacts a
mi cr oact uat BicreagherH08. Misroagthatonstrusturep isthemeyabiestrushire pemiseeactgpri s
attached to sk der. .. bondj n | at e, 703 reh i s .at Q. i.der (not
Shown) - D nfife ST S0 IRTED & Pef e/ Soinent 81T e B A RE BBt BT et B
substrate 788icangurliPNeh-Ridrédenabd HISY. THe birfiperiht ofniicdbétastor 603 padlidesdi npl e

702 in place, a plurality of horizontal bar nenbers 704 is connected to
vertical batharthe vertind diktarice betereen the zomshct painhofimplediiB 40 resdiwritestbment0d i s

fi d t . m t yat te 706.. EX I i t t 700 i
1t hogr aphi EaFIRG bt MRetadh ot thicEhSs L piemArBRor sHineRerl”. BhoNRPELER Paues.
[36] Figurecévdpmidal fechfifddsl AHseqichatsh§iend®rt iR0 R 602 @x YeRhadpér eafibal

structure 700. Cbunter-clockmﬁse rotational actuation notionis
acconpl i shedorygntigal lpad §ednos basa®@2uspsnsien lodé bedpo O depsploanesd30Be dexigned 802

is generated.by.the m croac not shown.in Figure 8). C ockw se
rot ati onal &'&'BL?HP&&EW?’BH&PSAMWCF@H&HW‘ appl ying force 803 to

[35] Figure 7 depicts a first exemplary gimbal structure 700 that can be used for providing the
gimbal function of the present invention. Gimbal structure 700 includes a vertical bar
member 701 that has a dimple 702 at one end of vertical bar member 701 that contacts a
microactuator substrate 706. The other end of vertical bar member 701 is attached to a slider
bonding plate 703, which is attached to a slider (not shown). Dimple 702 makes a rolling-
type contact with microactuator substrate 706 and allows pitch and roll motion 705. In order
to hold dimple 702 in place, a plurality of horizontal bar members 704 is connected to
vertical bar 701. The distal end 707 of each horizontal bar member 704 is fixed onto
microactuator substrate 706. Exemplary gimbal structure 700 is lithographically defined and

micro-fabricated using well-known techniques.

[36] Figure 8 depicts rotational actuation motion 801 of exemplary gimbal structure 700.
Counter-clockwise rotational actuation motion is accomplished by applying force 802 to
slider bonding plate 803. Force 802 is generated by the microactuator (not shown in
Figure 8). Clockwise rotational actuation motion is accomplished by applying force 803 to

slider bonding plate 703, which is generated by the microactuator (not shown in Figure 8).



slider bonding plate 703, which is generated by the m croactuator (not shown
in Figure 8. 9 Tabs 804 in conbination with forces 802 and 803 represent
the torsional forces generated by the m croactuator. The rotational

di spl acenent is absorbed by vertical bar 701 acting as a torsion bar when
the dianmeter of vertical bar 701 is properly selected. 1371 Figure 9 depicts
pitch attitude control 901 of a slider provided by exenplary ginbal
structure 700 according to the present invention. Two forces 902 and 903,
depicted by solid lines, are generated by the m croactuator (not shown in
Figure 9) and are applied to slider bonding plate 703. In response to
forces 902 and 903, slider bonding plate 703 tilts and thereby changing the
pitch attitude 901. Forces 904 and 905, depicted by dotted |ines, change the
pitch attitude of the slider in the opposite direction. 1381 Figure 10

depi cts a seggyBbh4exesTbiadtionStithiofods 802144AB03 Reptesprit@ivd tdR%oriahfor@@h pdietatddbyct i on
of the present invention and allows pitch and roll notion 1005. G nbal
structure 10ganicreertyates Thewstaienalidisplacementipalserbed byyerticaldbar b actmgas énd of

each vertical .ba nb 001, an 0 nt.act s \ croact uat or substrate
1006. The o?‘ﬁﬂ?néﬂgvelbefleié%\éﬁwt&ﬁg‘éﬁ}vgg?}ertlilsc%rf’pg rsgeﬁéeﬁber 1001 and 1002 is
attached to one end of a torsion bar nenber 1010 and 1011. The other end of
each t i on. bar_ nenber. 1010 and 10 i tf ache 0 a frane. er 1007 on
opposi 1871s1 ighies) St hatude couBo! T abs Bt FET HehGy S Rre PasGetieon
1020 around 70@%38%%@21% hveh®Bd, PRO fdrs30E and' 983, ggﬁaedwsﬂuema

h
menbers 1012 an connected on opposites of ane nenber 100r%
t her eby f or genegated bethendicemettsatof (mod skwom Fig@2 D) ahhérei apphet peshiderchondingt

axis of rotation 1020 and around which_ f  nmenber 1Q07 n. rotate.
Tor si on bar bl i stnmesbensip fLéfffe ¢ é§é8ﬁ§g§é%robqn§m§ #p 405 t%taﬁasa T e
1014. Wi | %%;Ier{rggiggtgg‘p’ﬂ&eittitkﬁé@oi.SF&S&' JoSHd 365, HPRIA ydotdl Bh&, bingddRe, 1t

shoul d be un
pitch attitude of the slider in the opposite direction.

[38] Figure 10 depicts a second exemplary structure 1000 that provides the gimbal function of the
present invention and allows pitch and roll motion 1005. Gimbal structure 1000 includes
two vertical bar members 1001 and 1002. One end of each vertical bar member 1001 and
1002 contacts a microactuator substrate 1006. The other end of each respective vertical bar
member 1001 and 1002 is attached to one end of a torsion bar member 1010 and 1011. The
other end of each torsion bar member 1010 and 1011 is attached to a frame member 1007 on
opposite sides of frame member 1007, thereby forming an axis of rotation 1020 around
which frame member 1007 can rotate. Two more torsion bar members 1012 and 1013 are
connected on opposites of frame member 1007, thereby forming a second axis of rotation
1021 that is perpendicular to axis of rotation 1020 and around which frame member 1007 can
rotate. Torsion bar members 1012 and 1013 are connected to a slider bonding plate 1014.
While frame member 1007 is depicted as generally square in shape, it should be understood
that frame member 1007 can have any other same lending itself to having two axes of
rotation. Exemplary gimbal structure 1000 is lithographically defined and micro-fabricated

using well-known techniques.
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that frane nenber 1007 can have any other sane lending itself to having two
axes of rotation. Exenplary ginbal structure 1000 is lithographically
defined and micro-fabricated wusing well-known techniques. 10 [39] Figure 11
depicts a third exenplary structure 1100 that provides the ginbal function
of the present invention. G nbal structure 1100 includes four vertical bar
menbers 1101-1104. One end of each vertical bar nenber 1101-1104 contacts a
m croactuat or substrate 1106. The other end of each respective vertical bar
menber 1101-1104 is attached to one end of a flexible structure, such as a
spring, 1111-1114. Each flexible structure 1111-1114 is attached to a
slider bonding plate 1115. Flexible structures 1111 and 1112 are connected
to a slider bonding plate 1115 on opposite sides of slider bonding plate
1115, thereby formng an axis of rotation 1120 that slider bonding plate

1115 cqB9)r ofFiguee Br dapicis a havdssxermplasy ssrutthiie3] 1@0dhat pickddea tiee gimbalkfoh@bnoifithe
opposites of slider bonding plate 1115, thereby form ng a second axis

of
rotation 11Peseranmiionr Giabalistuctpies 80 inclusies four veicpldhap sartets H01t1d04xi s of

and i or o- 1 AP ERPL et B fheniet 11811 R bt il OB UER I 1LE i ot

cross sect i amabth¢t enof@hchaesRyevedleptionl barMenter $101UCLI04atladBEY foldat ecbot abe
integrated with a m croactuator 1205 having a ginbal structure according to
t he present flexiplesturiyre, syeh as psting hl It 1dis dach fleyihle sipetpigd d 1 1rat s attaghed

i ncludes a dj np|l 20 1,GEO t 6 1 &r.0 uat or
structure 13%%“%1‘ %?%‘gf&% ﬁg%emlqé'ugg%ﬁgtsﬁcﬁ%éﬁ :j gglf%iéﬁgtaé%&glﬁgﬁtga {s%tarszig%rur e of

m croact uat %ndiﬁ@?latd\/i 105 @aGppatitekided 6titiettondidQ platé1 115ethefeBy &dtrengSdn it ur e
of mcroactuator 1205. Limter structure 1220 I ncludes an out-of - pl ane

limter surfodeetationphl20ehaiislif¢rHonding plate bl ifraan 10421G areungn chossieribarg 1113 and

m croact uat M2 grg%gﬁn%%%d ]6% ggposites of slider bonding plate 1115, thereby forming a second axis

of rotation 1121 for slider bonding plate 1115 that is perpendicular to axis of rotation 1120.
Exemplary gimbal structure 1100 is lithographically defined and micro-fabricated using well-
known techniques.

[40] Figures 12-14 depict cross sectional views of an exemplary limiter structure 1220 that can be
integrated with a microactuator 1205 having a gimbal structure according to the present
invention. As shown in Figures 12-14, microactuator 1205 includes a dimple 1203, a
microactuator substrate 1206 and a microactuator structure 1207. Microactuator substrate
1206 is the stationary structure of microactuator 1205. Microactuator structure 1207 is the
movable structure of microactuator 1205. Limiter structure 1220 includes an out-of-plane
limiter surface 1221. Each limiter structure 1220 is anchored to microactuator substrate 1206
in a well-known manner at predetermined points so that movement of microactuator structure
1207 parallel to the surface of substrate 1206 is limited to a predetermined in-plane distance
L by contact with an in-plane limiter surface 1220a. Out-of-plane limiter surface 1221
extends above microactuator structure 1207 so that movement of microactuator structure
1207 away from the microactuator substrate 1206 in the z-axis direction is limited by surface

1221 to a predetermined out-of-plane distance g (shown in Figure 12) by contact with
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in a well-known manner at predeterm ned points so that novenent of

m croactuator structure 1207 parallel to the surface of substrate 1206 is
limted to a predetermned in-plane distance L by contact with an in-plane
limter surface 1220a. Qut-of-plane limter surface 1221 extends above

m croactuator structure 1207 so that novenent of m croactuator structure
1207 away fromthe m croactuator substrate 1206 in the z-axis direction is
limted by surface 1221 to a predeterm ned out-of-plane distance g (shown
in Figure 12) by contact with 11 microactuator structure 1207, as depicted
by Figure 13. Qut-of-plane limter surface 1221 also limts any tilting and
rocki ng notion 1401 experienced by novabl e m croactuator structure 1207, as
depicted by Figure 14. [41] Figures 15a and 15b respectively are a side view
and a bottomview of a slider end of a |oad beam 1501 using a m croactuat or
according t §SEN t abRt- in$t A 1ito

| oad bean11g8%6§¥%g susggﬁgygﬂ %gﬁpggﬁrhg?gﬁgqgagﬂ%ggﬁgﬁztaugZ&%hgpgg%bal
function isapp dmudeahybgvltmg and aodkirgg miotidb 0201 gxpetiented bySDBvabde ati¢raadueatiort o

m cr oact uat or 1503& ces égO% are connected to bondi ng pads 1505 through
sol der bal | Struggre PE HWVE Br1 r ball 1506 is shown in Figure 15a.
[42] Traces for a conventional suspension are made from stainless

steel / pol yi mi de/ copper |am nate, in which stalnless steel is used as

mechanilé¢Hl  $jgiresgl Sapnd kb resRactivaly aeig sids vigaand a boftae i gbmtlidenendafi |aé‘Pi“dus es a
suspensi on tbh%P 15&1 sgl%eg ﬁ:%acﬁlgtotr CB{'(RH t(g‘?h 3;) géfgglglfen&ldﬂc 1@r(1%8tuat%)p?§02t he

st ai nl ess stS can rom rac ccor racés 1504

can be nades stschal to TeRdRRSI 1501 2Tk sikpensian dhrybestid 1ok lsaeaame)caﬁgedm gapger
| am nate having any thickness because there is no stiffness concern. Traces

1504 can be funcxleulsmnwcdtrdia/dnnmmua@sbﬁmuéu stigerd 5P%is attached tp migtoastaaiorlsdénbl y

tol erance. %8%31 565 %146 éorrlxgécté:cf) %%%ﬁlné %ads 1505 through solder balls, of which only one

solder ball 1506 is shown in Figure 15a.

[42] Traces for a conventional suspension are made from stainless steel/polyimide/copper
laminate, in which stainless steel is used as a mechanical spring at the flexure. In contrast,
the present invention uses a suspension that is not required to provide a gimbal function so
that the stainless steel can be eliminated from traces 1504. Accordingly, traces 1504 can be
made using inexpensive and standardly available polyimide/copper laminate having any
thickness because there is no stiffness concern. Traces 1504 can be fixed onto load beam
1501 using a relatively relaxed assembly tolerance. Traces 1504 that connect to
microactuator 1502 are also easily made. Connection methods, such as solder-bump reflow,
ultrasonic, conductive film or adhesive techniques, can be used without worrying about
affecting PSA/RSA.

[43] Figure 16 depicts an alternative embodiment of an arrangement 1600 providing a gimbal
function according to the present invention. Arrangement 1600 includes a suspension load

beam 1602, a micro-fabricated chip 1605 and a slider 1609. Micro-fabricated chip 1605

includes a dimple 1603, a substrate 1606, a movable structure 1607, and at least one flexure
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m croactuat or 1502 are al so easily nade. Connection nmethods, such as

sol der-bunp reflow, ultrasonic, conductive filmor adhesive techniques, can
be used without worrying about affecting PSA/RSA. [43] Figure 16 depicts an
alternative enbodi nent of an arrangenent 1600 providing a ginbal function
according to the present invention. Arrangenent 1600 includes a suspension

| oad beam 1602, a mcro-fabricated chip 1605 and a slider 1609.

M cro-fabricated chip 1605 includes a dinple 1603, a substrate 1606, a
novabl e structure 1607, and at | east one flexure 12 1608. Substrate 1606 is
the stationary structure of chip 1605. Mcro-fabricated chip 1605 does not
provi de an actuation function |ike a mcroactuator, but instead is passive.
Slider 1609 includes a read/wite element 1610 and is identical to the
sliders that are typically used in non-mcroactuator HDDs. The arrangenent
of m cro-f ahphg auddirabh oL AR UtRHaFAIubhIRLof chipel 608! MicRLfabrigtantks) tpsveen
the contact point of dinple 1603 to read/wite elenent 1601 is closer by
the w dt h oflogsiriot krewsts anfactmatiam fimction like amécra®@iatarnbw omgdeadiis passive. Slider
conventi onal echni ques,, Consequ ., suspension | nad heam 1602 can ,be
cheaper thar® dﬁ@@ﬁ?ﬂﬁﬁﬂywnﬁﬁiﬂn%gE%txﬂﬁéﬂa wéﬁgB?ﬁg?ﬁﬁgpgﬂﬂq@¥§H¥3§62 does
not need to; i b iRl - : ; hat M nd.
[44] Al't houéﬁﬁ%ﬁ%&%@%vﬁt@gﬁgﬁe? e@ﬁrﬁ%gggffgde?ﬁ% S ng‘!} lggsttgaiﬁl for
pur poses of tlevarticaldisthncelbatieres tlervdntagt poirt ofidildpld 608 ppeeadivtrite Elamentdi60 hisn

changes and podifications may be practiced that are within the scope of the
appended cl §l08% byAbe Bidii ﬁ@ﬂlﬁm@wf FRQYERIS SITRGHIE JiORE: it comapagison tp qopvetiqailder ed

as illustratiye and (oY o ' ' ' - Liim ted
fo the  det ot el e BRAY. it fon AR teafl 160 Gl b henferilin Sy Bfichl
equi val ent s laid belias bgppesedaspensibalowd beam 1602 does not need to be designed with dimple,

flexure, and PSA/RSA concemns in mind.

[44] Although the foregoing invention has been described in some detail for purposes of clarity of
understanding, it will be apparent that certain changes and modifications may be practiced
that are within the scope of the appended claims. Accordingly, the present embodiments are
to be considered as illustrative and not restrictive, and the invention is not to be limited to the
details given herein, but may be modified within the scope and equivalents of the appended

claims.
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13 THE CLAIMS What is clainmed is: 1. A mcro-fabricated chip, conprising:
a stationary structure; and a novable structure attached to the stationary
structure, the novable structure conprising: a ginbal structure contacting
the stationary structure; a mcroactuator structure attached to the gi nbal
structure and the stationary structure, the m croactuator structure
configured to nove the ginbal structure in pitch and roll directions; and a
slider attached to the ginbal structure such that the m croactuator
struct ur e THEVEEAINS npvabl e structure and hence the slider in the pitch and
roll directions with respect to the stationary structure. 2. The

m cro-fabricated chip according to claim1l, wherein the ginbal structure

i ncl udes AMitiptleinmmkisng a rol l i ng-type contact with the stationary
structure. 3. The micro-fabricated chip according to claim2, wherein the
novabl e structure noves in a rotational direction with respect to the

stationary stryct urg.miéro_fgbﬁcﬁé@gmp,fcggb}iga%:ed chip according to claim 2,
wherein the novable structure noves in a translational direction with

respect to the st atasiadgonarsstrugbreiasd 5. A suspension for a disk drive,
conprising: al C)ada brr?c?v%leastmc e _Jtt%geidcf%t 81% gtgtii&na?yogglrlcitﬁriep %he movable
structure comprising:

a gimbal structure contacting the stationary structure;

a microactuator structure attached to the gimbal structure and the
stationary structure, the microactuator structure configured to move the gimbal
structure in pitch and roll directions; and

a slider attached to the gimbal structure such that the microactuator
structure moves the movable structure and hence the slider in the pitch and roll

directions with respect to the stationary structure.

2. The micro-fabricated chip according to claim 1, wherein the gimbal

structure includes a dimple making a rolling-type contact with the stationary structure.

3. The micro-fabricated chip according to claim 2, wherein the movable

structure moves in a rotational direction with respect to the stationary structure.

4. The micro-fabricated chip according to claim 2, wherein the movable

structure moves in a translational direction with respect to the stationary structure.

5. A suspension for a disk drive, comprising:
a load beam;
a micro-fabricated chip comprising:
a stationary structure attached to the load beam;
a movable structure attached to the stationary structure, the moveable

structure comprising:
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a stationary structure attached to the | oad beam a novable structure
attached to the stationary structure, the noveable structure conprising: 14
a ginbal structure contacting the stationary structure; a m croactuator
structure attached to the ginbal structure and the stationary structure,
the m croactuator structure configured to nove the ginbal structure in
pitch and roll directions; and a slider attached to the ginbal structure

such that the m croactuator structure noves the novabl e structure and hence
the slider in the ptg@babserctuss pontapting the stiongy SHUGtB®pect to the stationary

structure. 6. The SYSRRASARACHAICHICrlafhdi® Ghel irbal WISEEHN shliengi bl

structure includes a dinple making a rolling-type contact wt
stationary st rstetiamag. stfucturb,eths usiornasiuaor struatiraiqonBgwbé teinmvetbe igontzd| e
structure and the, sli ional direction with respect to the

d Iy t
stationary strdeictrem Ig{Ch'Fﬁng\rl‘ghélge&ﬁgﬁqsgﬁ%;ccor ding to claim6, wherein the

novabl e structure AQygs httached tGNAE AimbAladtn@ture GhtiPthat thB mRSARRMEFO t he
stationary structure. 9. A disk drive, conprising: a suspension having a

| oad beam a nbteyctire amvies drearovabiestowstise ard hence dhes slider dm ghreypitchrandtrall e
attached to th el gite gre attached to the stationary

.l oad b noyah t
atructure, tned R BELTER Repfty KPP dBafit HEldHGe
6. The suspension according to the claim 5, wherein the gimbal structure

includes a dimple making a rolling-type contact with the stationary structure.

7. The suspension of claim 6 wherein the movable structure and the slider

move in a rotational direction with respect to the stationary structure.

8. The suspension according to claim 6, wherein the movable structure

moves in a translational direction with respect to the stationary structure.

9. A disk drive, comprising:

a suspension having a load beam;

a micro-fabricated chip comprising:

a stationary structure attached to the load beam;

a movable structure attached to the stationary structure, the moveable
structure comprising:

a gimbal structure contacting the stationary structure;

a microactuator structure attached to the gimbal structure and the
stationary structure, the microactuator structure configured to move the gimbal
structure in pitch and roll directions; and

a slider attached to the gimbal structure such that the microactuator
structure moves the movable structure and hence the slider in the pitch and roll

directions with respect to the stationary structure.
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a ginbal structure contacting the stationary structure; a m croactuator
structure attached to the ginbal structure and the stationary structure,
the m croactuator structure configured to nove the ginbal structure in
pitch and roll directions; and a slider attached to the ginbal structure
such that the mcroactuator structure noves the novable structure and hence
the slider in the pitch and roll directions Wth respect to the stationary

structure. The .drive accor claim9, erein t i nbal
Structare i mor Hies e GHRArEs setRiaite 0 R hherybl ebtealarug Bt
Stat'Onarxdﬁﬁﬂﬂﬁhkm%aréﬂmgl &m&ktaﬁhﬁﬁs&ﬁﬁﬁi isit@cthi@, Cl ai m 10, wherein the
novabl e structure and the slider nove in a rofational direction with

respect to the stationary structure. 12. The disk drive accordi ng to claim

10, wherein th tructure nsjatio irectiogn with
respect to t he?% t at ?g §1|§E dglV? u% dnéngPqLéalm TO wheremstile mova e structuré an8

the slider move in a rotational direction with respect to the stationary structure.

12.  The disk drive according to claim 10, wherein the movable structure

moves in a translational direction with respect to the stationary structure.

16





