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A M CROACTUATOR FOR A HARD DI SK DRI VE W TH AN | NTEGRATED G MBAL FUNCTI ON
BACKGROUND OF THE I NVENTION Field of the Invention [011 The present

i nvention 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
1021 Figure 1 shows an exenplary high-RPM hard di sk drive (HDD) 100 havi ng
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 read/wii k@i@i\gAﬂﬁ%m;&ﬁWﬁig@w ack. As used
r) is a sm

herein, a mcroactuator (or a mcropositione actuator that is
pl aced between a suspdWEIBANMINTEGRATED GEMBARFENCIEONs| i der relative to
the suspension. [031 Figure 2 depicts a conventional suspension and

m cr oact uat lon and m croactuator 200 includes a
suspensi on gé%gkgﬁﬂﬁﬁgﬁgggﬁgg%gngggﬂgid a slider 209. Suspension 201
i ncludes a | oad beam 202, a dinple 203 and a flexure 204. Suspension 201

i nparts a | oBidlduf tieongentiogr am | oad) to slider 209. Suspension 201 al so
provides pitch and roll freedomof notion to the parts attached to

suspens [[ﬁﬁ] 2’9&6 }pr}éseH? fno&tf&hr}a!at%s ?o(}ﬁe ﬁwa io? Hisi( ari'}es. 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 beatn 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 nmakes 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). [04] M croactuator
205 includes a substrate 206, a mcroactuator structure 207, and at | east
one flexure elenent 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 the pitch{ 9k l‘fyn'&%ﬁ%ﬂegrbmnf HESE nfaB8 Bh T RAEAS 292%nH Hhiikes XﬁBft& if:&gdtéc@ﬂ; by

desi gnl ng a spri ng structure 208 inside mcroactuator 205
especi al | y afhixzot 20001 Hexyr® 304 8l dedigned20thavaeh extesndy lowastifiress m rell@ng pitcl210

and is identi.cal. to the.sliders that e icII
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M cr oact uat OgspallPretdiRi 16 ¥4 BiidhastatiCA RifRle (BYANarRolPS it AitudAwsa)ovenent  of
the mcroactuator in the roll directions, thereby causi ng read/ wite

el enent tracking inaccuracies. Figure 3 depl cts novenent of m croactuator

200 in (F4P| |M§Er6&ﬁia'td?'2%5%§e1udé§‘9§ﬁbs¥rﬁl% 20@“:;J HRRfeuSHor @&‘Jdﬁir@@b'/ faﬁ&ﬁﬂ%ast §1‘1l=9h as
ai rflow as mcroactuator 200 noves over disk 312. Movenent in roll

di rections 3fducaekesnt 20% kiSwhstrata2Brisdicestaticrary depitacedf micreactuater 203.
070 oot et SRl SRS A e SR N AR e
parti cul ar | y2¢8iif Libaul dediPnddBb nové horizontally (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
in roll 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 making 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. 1081 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 mcroactuator 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 nicroactuator 405. Another solder ball 418 is shown for
one of the i

slider 409 f Gﬂ%jﬁ%t 9%0 ‘ger?'glg conr@g{ﬂ%&ggﬁc ?1\;\&#}6 Vﬁéﬁﬁgaﬁn glg%gdur e
4. [091 The qmméﬂtﬁﬂtecﬁﬁﬁﬂ@é@ttedlsw, bhseaorie ntidewed Hbaniepid connéotioh rchtique
includes that a bent-lead suspension is expensive and difficult to make.
It is also d®PPFEMY to control PSA and RSA after the terminations are
made. Further, the sol der-bunp connections nust be nade from the opposite
side and the term nations cannot be formed fron1|ead|n3 edge. side_ of  the
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for maki ng an ectric connection conventional microactuator
and a suspenstiuoteral Girengeneat shaeminFipurest camsspomes teethe swspemsiott andhorvactnatbi gur e

5 al so corresponds to the roa uato n nts shown in
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attached to the flexure. A slider 509 is attached m cr oact uat or  505.
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. [111 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. [121 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,
the PSA/ RSA of a suspension and dinple-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 gi ' I e | d I

di aneter so qut H]Eés%\a}%?’?@#?féagu 1? {Qoélge ?dr%ﬁi%e%g&;?}g??gﬁgo?ﬂ%?o%ut ﬁg{lg} npl e
tip to the finexescmatofri0S jmaldrechderdbafisil 8 isshidem foy oncefitles oohravtiansto readiedrite

slider havi very |low stiffness.i ed. [131 Yet anqfher problemwth
Convent | anal SesfH R SR IES SHEEer NG Frhehskier el CHPE R RBUPTLEh ( he
di npl e- cont agloPALible ih Bigukd'e center of rotation) to the Read/Wite el ement

is relatively large, the off-track notion caused by disk tilt (usually
caused by disk vibration) beconmes proportionally larger. \Wen a
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t hi ckness of a ‘'m croactuator. Accor tthe off-track tion 1ncreases.
[ 141 What i sexteepdbhdliffeult te nepebaidng padslomilersakesll af @ micnoacdmgenent t hat
overcones the drawbacks of a conventional suspension and m croactuator,
such as PSA/ RSA of the

[12] Thereis 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
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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 [ 151 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
novabl e structure with respect to the stationary structure. One enbodi nent
of the ginbal structure includes a dinple surface making a rolling-type

contact with at,j t . t r a | of
bar member s. * Eagyorg b8 [MGlo Rl UrfiechBt, NN Bt e 4l il
center bar nemnectioantetvesethendspengon falthé micredchandred to the stationary
structure. An alternative enbodi nent of the ginbal structure includes a
plurality of torsion bar nenbers that allow the pitch and roll notion of
t he novabl eBRIESUMMARY! OF TEHPBEMENDIGMe stationary structure. Anot her
alternative enbodi mrent of the ginbal structure includes a plurality of

fl exi bl rs.allowing the.pitch and roll . nmotion of the vahl e
structulih v Th e @pLBYLREn RS &b hEaRRior S misPRorutOe ek o T s fomss o
chi p can i ncihddeawbakbksdft £EorvesitithbUE8pdnEioh Rgd aflcroBetRatar) Qud dsUFSA/RS AadTdhé@n
out-of - plane structure. The limter structure |imts novenent of the

movabl e st r uB¥PSIoanaYd f misReactialor s praaneementy dimplecrontast psisiopr awbtedecicabd
di stance. Thg WG/ Qs B&We%ﬁﬁe%ﬂsp%mi& SRAMERA Tcgﬁz@ ve chip structure or,

alternatively, a mcroactuator "having a nova ructure that

[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 novabl e structure having a ginbal structure.
The stationary structure is attached to the |oad beam and t he 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 nent of the ginbal structure includes a dinple surface
making a rolling-type contact with the stationary structure, and a center
bar and a plurality of bar nmenbers. Each bar nmenber has a first end that
is attached to the center bar nenber and a second end that is attached to
the stafizpnarpe présehiGhtnBion Ao plobRedAbusysRAMOH dikdrive! ThéWispdisioh fcludes a
structure includes a plurality of torsion bar nmenbers that allow the pitch
and rol | nobadbeant, anherorfabridaled chiprandashderwilheimicrefzhricated chipdasa statiamanyr y

structure. Another ternat.ive _enmhodi nent. of the gi | structure includes
a pilural ity SReRRLaRs Bl SR iaiRg Hmae SrEue ahae rRfRRL PGS | e
novabl e St Ugiabhed t9ithé) 1da8 8! anldhé BRniSH 3trb I otk Mpiteh Whé roll Bidtion of the

m cro-fabricated chip can include a limter structure having an in-plane

structure arfuovableoytuctuss vitharaepest toutbe stationary striqtiret dhestlidercis attachied e the
movement of nhQ‘? pIPY AR e S odindeE bf ! mb%]ﬂs?m%h:?é RRfey a3 *iﬁlgféts‘t'}fg Py a
predet er m ne di’st Znce. S The M cro-tabri cated e I'p can e a passive hi p
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that noves in a rotational direction or a translational direction wth

respect to thiEmembersoKaghbar sembes hps a firgrndthatiraéacheshtodthe copterhir npsbier aids

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.

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 [20] Figure 2
depicts a conventional suspension and m croactuator arrangenent; [21]
Figure 3 depicts novenent of a mcroactuator in roll directions under the

i nfluence of external forces as the mcroactuator noves over a disk; [22]
Figure 4 depicts a conventional bent-lead connection technique for making
an electrical connection between a conventional mcroactuator 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; [24] Figure 6 depicts a

m croac t Of: F F%qk i j Lan. [25] Figure 7
depi ct sfzgﬁf iqult%gxeﬁ‘g ar yng‘%ﬁ%é?usp e%lﬂg% ngrrg{/ci g{s?fa%&f]g*gl?‘gﬁbh‘%ﬁt’f uncti on of
the present invention; [26] Figure 8 depicts rotational actuation notion
of the . S Fi . Jin EJ Gt

attit ud@)fﬁ ml%¥ 30435)%?%#{03%@&%rdg\%u]ggcégq%{at%%én éé(lg#g?%r%yggtﬂ?%c@a r@%ﬂ% o ?lfl gure
7 accor di ng dxerhdldopésesahd midivaniatod moveL8der Eidigler e 10 depi cts a second
exenplary structure that provides the ginbal function of the present
invention; [29] Figure 11 depicts a third exenplary structure that provides
the ginkal frRipetidadepizts 4 benvehtemahbentilendertinhéntion fechnique 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;
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[30] Figures 12-14 depict cross sectional views of an exenplary limter
structure that can be integrated with a m croactuator 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 load beamusing a

m croactuator according to the present invention. [32] Figure 16 depicts an
al ternative enbodi nent of an arrangenent providing a ginbal function
according to the present invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[33] The present invention provides a m croactuator having a ginbal
function. Thus, a mcroactuator according to the present invention has no
m croactuator substrate notion that 1is relative to the |oad beamso there
is less off-track notion of a read/wite elenent. Additionally, the
structures responsible for dinple-contact position and PSA/ RSA are

lithogr I C 11l : LGL:0- | C - | i ler to
cont ol (e Fieake 42" 4ARGHcR B0 RN Bl s oo it P SR 33 B

di st ance bet intsgmtecdhwithla mpoteactoatdrartordpgao theqgiesendintdigioRead/ Wite el ement
is less than that of a conventional mcroactuator by the thickness of the
m croactuator substrate. Consequently, the suspension can be cheaper

because[3lhe BigagpenSi anl Idbassppaivelenela side tiewdrs h Jowtsn wieofdisipdrend bf £lsbd €,

and PSA/ RSA . concerns in mnd. Mreover, electrical connections to the

M cr oact uat oPeaHH ingR Biczeaciyalor apeonding (. the BEESEM dnveni9bact uator is firny

fixed onto the suspension | oad-beam [34] Figure 6 depicts a suspension and

m cr oact uat or. arrangenent 600 providi ng afginbal function according to the
&

pr esent [3Zhy Fignesd 6 depisisan altgnatissmbrdimsatefan paangsmeriRjeviding agobal fnstionies a
suspensi on IQgg%@gﬁﬁwgﬁﬁaggtgkéﬁﬁﬁptuator 605 and a slider 609.

M cr oact uat or npl e 603, a mcroactuator substrate 606, a
m croactuator 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
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at | east one flexure 608. M croactuator substrate 606 is the stationary
structure of mcroactuator 605. Mcroactuator structure 607 is the
novabl e structure of mcroactuator 605. Slider 609 includes a read/wite
el ement 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
suspensi on | oad beam 602 does not need to be designed wth dinple,
fl exure, and PSA/RSA concerns in mnd. 1351 Figure 7 depicts a first
exenpl ary ginbal structure 700 that can be used for providing the ginbal
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Figure 8). e ro t 84 AEFER° Motion i s acconpl i shed by
appl yi ng 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 displacenent is absorbed by vertical bar 701 acting as a
torsion bar when the dianeter of vertical bar 701 is properly selected.
1371 Figure 9 depicts pitch attitude control 901 of a slider provided by
exenpl ary gi nbal 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 lines, change the pitch attitude of the slider in the
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is depicted as generally square in shape, it should be under st ood
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.




that franme nenber 1007 can have any other sanme lending itself to having two
axes of rotation. Exenplary ginbal structure 1000 is lithographically
defined and micro-fabricated wusing well-known techniques. 10 [391 Figure
11 depicts a third exenplary structure 1100 that provides the ginbal
function of the present invention. G nbal structure 1100 incl udes four
vertical bar nenbers 1101-1104. One end of each vertical bar nenber

1101- 1104 contacts a m croactuator 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. Fl exible 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 thab) slpigee 1PARSIERS tRikd®ERmplakp sthdfurk 916 BatdrOHBE thd SiitaPfinbifdnsof Hel 3
and 11%4]arég§gnne5§ed on oppositeg of indermﬁgnding p?até 1115, thereby

form ng a sauessdt mxémionofGimbalstiuokrel 100 ingludes|fouterertinehbirnperphess b10111194¢ hat
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techni ques. TitQihdriegdoBsach fespettidepirtiéal BEAGEMSR Q10 LNH04 ¥ bthedio ci epxefpl ary
limter structure 1220 that can be inteﬁrated with a mcroactuator 1205

havi ng a gi nfirxiblestrussuresachasaspang 4! 1ol Hie Epshdlexible stuptitgeill il 11448 attaghsch i n
Figures 12-14, .miGh : 05 [ ] t
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structure 129Q4h& QR opPosHeSSRRAEMBhANg PRSI & tRerdiHBrming 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. Qut-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




R TS
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 predeterm ned 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 mcroactuator structure 1207, as depicted
by Figure 13. Qut-of-plane |imter surface 1221 also limts any tilting
and rocking notion 1401 experienced by novabl e m croactuator structure
1207, as depicted by Figure 14. [411 Figures 15a and 15b respectively are a
side view and a bottomview of a slider end of a | oad beam 1501 using a
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attached to mcroactuator 1502. Traces 1504 are connected to bondi ng pads
1505 throughﬂgﬁpﬂ%fmﬁ%Pq picted iFigweddi y one sol der ball 1506 is shown in
Figure 15a. [42] Traces for a conventional suspension are nmade from

stai nl ess steel /polyimde/copper |amnate, in which stainless steel is
used as 4] meligurss &2 anddop seppagtivelyears 3 sideview andia befinm iew, of ashidergnéefaipad
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function so that the Stal nless steel ¢cadn I M nat e
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avai | abl e pol yi m de/ copp | am nat e having any _thickness because there is
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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 altemative 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

12




m croactuat or 1502 are al so easily nade. Connection nmethods, such as

sol der-bunp reflow, wultrasonic, 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 gi nbal
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
provide an actuation function like a mcroactuator, but instead is
passive. Slider 1609 includes a read/wite elenent 1610 and is identical
to the sliders that are typically used in non-mcroactuator HDDs. The

arr angenent m - 1 Nj rovi.d £ e. verti.cal
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concerns inOﬁ?ﬁg?&fgﬁ?q%Pfﬁgﬁﬁhqﬁﬁe F%%%Fﬁghgﬁgg%‘?%ﬁ%ﬁggﬁ%ggﬁwgggﬁéﬁbed

in sone det athe vértical distamos betweén the ewritdcy paiht ofidivelple 4600 Wireml/ wiite eWdnkdnt 1601 is
apparent that, certain .ghanges, and di fications nmay be practiced that are
wi thin the scé%%éf’%ﬁwtwéﬁgﬂﬂ@ﬁm%se %Pﬁ”é’ﬁe REEBI] Y119 comparisonde eppventional
embodi Ment s w@élfhiques. L8nekQN&INCHRPerRion!1bid it d08 @aft BE cAQbef Biat Ebrfvehtdhal 2N
the invention is not to be Iimted to the details given ﬁereln, but may be
nodi fi ed wi tlrachbaams bseanse suspensicmpadcant 1602 flogshot perdao te desigrled iwith.dimple,

flexure, and PSA/RSA concerns 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 micro-fabricated chip, conprising:
a stationary structure; and a novabl e structure having a ginbal structure,
the ginbal structure allowing pitch and roll notion of the novable
structure with respect to the stationary structure. 2. The mcro-fabricated
chip according to claim1, wherein the ginbal structure includes a dinple
surface making a rolling-type contact with the stationary structure. 3. The
m cro-fabricated chip according to claim2, wherein the ginbal structure
includes a center bar and a plurality of bar nmenbers, each bar nenber
having a first end that is attached to the center bar nenber and a second
end that is attached to the stationary structure. 4. The mcro-fabricated
chip according to claim1, wherein the ginbal structure includes a
plurality of torsion bar nenbers allowing the pitch and roll notion of the
movabl egki4AMfe W th respect to the stationary structure. 5. The

m cro-fabricated chip according to claim1l, wherein the ginbal structure
includeé?le,giur%ijly of flexible nenbers allowi ng the pitch and rol

not i on NREMBVaB e structure with respect to the stationary structure.
6. The micro-fabrjcated chip according to claiml, further conprising a
limter strukture® ™G aYICaedichiPpPURKISEAE uct ure and an out - of - pl ane
structure, the lijua toE Gt imting novenent of the novable
structure away ffgﬁ?ﬁﬁgﬁgﬁgtlohg?i structure by a predeterm ned di stance.
14 7. The m cr o- faabovabktsedctoteihpviag g gintbiahgyruttarec tha gimmbh) stdoearedl lowtnpepitch and

m cro-fabricat ed .chi I a ) ]
roll motion o(il the mgvalbfe structure with respect to the stationary structure.

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

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

3. The micro-fabricated chip according to claim 2, wherein the gimbal structure includes
a center bar and a plurality of bar members, each bar member having a first end that is attached to the

center bar member and a second end that is attached to the stationary structure.

4, The micro-fabricated chip according to claim 1, wherein the gimbal structure includes
a plurality of torsion bar members allowing the pitch and roll motion of the movable structure with

respect to the stationary structure.,

5. The micro-fabricated chip according to claim 1, wherein 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.
6. The micro-fabricated chip according to claim 1, further comprising a limiter structure

having an in-plane structure and an out-of-plane structure, the limiter structure limiting movement of

the movable structure away from the stationary structure by a predetermined distance.
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passive chip structure. 8. The mcro-fabricated chip according to claim1,
wherein the mcro-fabricated chip is a mcroactuator. 9. The

m cro-fabricated chip according to claim@8, wherein the novable structure
noves in a rotational direction with respect to the stationary structure.
10. The mcro-fabricated chip according to claim8, wherein the novable
structure noves 1in a translational direction with respect to the
stationary structure. 11. A suspension for a disk drive, conprising: a

| oad beam a micro-fabricated chip having a stationary structure and a
novabl e structure having a ginbal structure, the stationary structure
being attached to the | oad beam and the ginbal structure allow ng pitch
and roll notion of the novable structure with respect to the stationary
structure; and a slider attached to the novable structure. 12. The
suspensi on according to claim 11, wherein the ginbal structure includes a
dinple surface nmaking a rolling-type contact with the stationary
structure. 1B. ThHeesuigiselablicstedsBip@eenrding toslagndi wherein themaiersrfabriqated ghipien
structuge._.i ngl. center bar and a plurality of bar nenbers, each bar
menber %%%V%§n§g$&¥§?'end that is attached to the center bar nenber and a
second end that is attached to the stationary structure. 15 14. The
suspensi on according to claim21l, wherein the ginbal structure inc]udes a
plurality of8tor sihemmigtorfabrgated,chipgeeasdipg g claig 1pvhersin egniersrfabrgsted Ghipdsa t he
novabl e strictire with respect to the stationary structure. 15. The
suspensi on according to claim11l, wherein the ginbal structure includes a

9. The micro-fabricated chip according to claim 8, wherein the movable structure moves

in a rotational direction with respect to the stationary structure.

10.  The micro-fabricated chip according to claim 8, wherein the movable structure moves

in a translational direction with respect to the stationary structure.

11. A suspension for a disk drive, comprising:
a load beam;
a micro-fabricated chip having a stationary structure and a movable structure having a
gimbal structure, the stationary structure being attached to the load beam and the gimbal structure
allowing pitch and roll motion of the movable structure with respect to the stationary structure; and

a slider attached to the movable structure.

12.  The suspension according to claim 11, wherein the gimbal structure includes a dimple
surface making a rolling-type contact with the stationary structure.

13.  The suspension according to claim 12, wherein the gimbal structure includes a center

bar and a plurality of bar members, each bar member having a first end that is attached to the center

bar member and a second end that is attached to the stationary structure.
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plurality of flexible nmenbers allowing the pitch and roll notion of the
novabl e structure with respect to the stationary structure. 16. The
suspensi on according to claim11l, wherein the mcro-fabricated chip further
includes a limter structure having an in-plane structure and an

out - of -pl ane structure, the limter structure limting novenent of the
novabl e structure away fromthe stationary structure by a predeterm ned

di stance. 17. The suspension according to claim 11, wherein the
mcro-fabricated chip is a passive chip structure. 18. The suspension
according to claim 11, wherein the mcro-fabricated chip is a

m croactuator. 19. The suspension according to claim 18, wherein the
novabl e structure and the slider nove in a rotational direction with
respect to the stationary structure. 20. The suspension according to claim
18, wherein the novable structure noves in a translational direction with
respect to the stationary structure. 16 21. The suspension according to
claim11, ful4 herTheosuspensiongpegemlingxipmlaimebb|wherginithg gimbgal struetusg ineludssed t o

el ot EpROR AR thr REERAR RPN Bl BP g ey B ey B it

conpri SieBgkct @ thelgpionahodinbavdé.ng a | oad beam a micro-fabricated chip having
a stationary structure and a novable structure having a ginbal structure,
the stationary structure being attached to the | oad beam and the gi nbal

structure ajd ow-qg msgé}ﬂioﬂ%c&ﬂldﬁ tlatgléiglnl Of wildién ThY @ﬂlﬂﬁll il UnQuidst O
respect to the stationary structure; an
plurality of flexible members allowing the pitch and roll motion of the movable structure with

respect to the stationary structure.

16.  The suspension according to claim 11, wherein the micro-fabricated chip further
includes a limiter structure having an in-plane structure and an out-of-plane structure, the limiter
structure limiting movement of the movable structure away from the stationary structure by a

predetermined distance.

17.  The suspension according to claim 11, wherein the micro-fabricated chip is a passive

chip structure.

18.  The suspension according to claim 11, wherein the micro-fabricated chip is a

microactuator.

19.  The suspension according to claim 18, wherein the movable structure and the slider

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

20.  The suspension according to claim 18, wherein the movable structure moves in a

translational direction with respect to the stationary structure.




a slider attached to the novable structure. 23. The disk drive according to
claim 22, wherein the ginbal structure includes a dinple surface making a
rolling-type contact with the stationary structure. 24. The disk drive
according to claim 23, wherein the ginbal structure includes a center bar
and a plurality of bar menbers, each bar nenber having a first end that is
attached to the center bar nenber and a second end that is attached to the
stationary structure. 25. The disk drive according to claim22, wherein the
gi mbal structure includes a plurality of torsion bar nenbers allow ng the
pitch and roll notion of the novable structure with respect to the
stationary structure. 26. The suspension according to claim?22, wherein the
gi mbal structure includes a plurality of flexible nenbers allow ng the
pitch and roll notion of the novable structure with respect to the

stationary siyr uctn{eesusﬂeﬁmaﬁ accor@ingté L<1aﬁlﬁ 'lYeﬁlﬁﬁ&(Ho?dﬁﬂﬁlrIgoa f&:3b10c2Fe thiagy ei n
the mcro-fabricated chip further includes a limter structure having an

i n- pl andirestly attachedtodhelloadh beam wishoys imachanical cwnpliaace andformnatileast onsteleglitcal e
limtin of. th e structure away fromthe stationary
structd%@ng$°§%’ @H@P&%ﬁ?ﬁégp iRt ance. 28. The disk drive according to
claim 22, wherein the mcro-fabricated chip is a passive chip structure.

29. The disk drive according to claim22, wherein the mcro-fabricated chip
is a mcroa uathdisk dgve, TREDHFE drive according to claim 29, wherein the

novabl e structur%' n&ﬁﬁh?%hggcmd@BMﬁ in arotational direction with
respect to the stationary str ure

a mlcro-fabricated chip having a stationary structure and a movable structure having a
gimbal structure, the stationary structure being attached to the load beam and the gimbal structure
allowing pitch and roll motion of the movable structure with respect to the stationary structure; and

a slider attached to the movable structure,

23,  Thedisk drive according to claim 22, wherein the gimbal structure includes a dimple
surface making a rolling-type contact with the stationary structure.

24.  The disk drive according to claim 23, wherein the gimbal structure includes a center
bar and a plurality of bar members, each bar member having a first end that is attached to the center

bar member and a second end that is attached to the stationary structure.

25.  Thedisk drive according to claim 22, wherein the gimbal structure includes a plurality
of torsion bar members allowing the pitch and roll motion of the movable structure with respect to

the stationary structure.

26.  The suspension according to claim 22, wherein 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.




..
31. The disk drive according to claim?29, wherein the novable structure
noves in a translational direction with respect to the stationary
structure. 32. The disk drive according to claim?22, further conprising a
flexible cable that is directly attached to the |oad beam wi t hout
mechani cal conpliance and forns at | east one electrical connection to the
m cro-fabricated chip. 18

27.  The disk drive according to claim 22, wherein the micro-fabricated chip further
includes a limiter structure having an in-plane structure and an out-of-plane structure, the limiter
structure limiting movement of the movable structure away from the stationary structure by a

predetermined distance.

28.  Thedisk drive according to claim 22, wherein the micro-fabricated chip is a passive

chip structure.

29.  The disk drive according to claim 22, wherein the micro-fabricated chip is a

microactuator,

30.  The disk drive according to claim 29, wherein the movable structure and the slider

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

31.  The disk drive according to claim 29, wherein the movabie structure moves in a

translational direction with respect to the stationary structure.
32.  The disk drive according to claim 22, further comprising a flexible cable that is

directly attached to the load beam without mechanical compliance and forms at least one electrical

connection to the micro-fabricated chip.
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