+ ELECTROSTATI C M CROACTUATOR W TH ELECTRI CALLY | SOLATED MOVABLE PORTI ON AND
ASSOCI ATED DRI VE Cl RCU TRY Technical Field 5 This invention relates
.generally to electrostatic mcroactuators and nore particularly to

el ectrostatic mcroactuators as secondary read/wite actuators in magnetic
recording disk drives. Background of the Invention 10 Data recording di sk
drives, such as magnetic recording disk drives, store information in data
tracks on the data surface of a rotatable magnetic recording disk. A
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slider that is supported by a cushion of air on the rotating disk. The slider is attached to a
flexible suspension at the end of a rigid arm and is moved generally radially from track to

15 track by an actuator. The disk drive actuator is typically a rotary voice coil motor (VCM) that
moves the actuator arm and the attached suspension and slider generally radially to position
the head at the desired track under the control of a servo control system that receives pre-
recorded servo position information from the data surface. As the data tracks on the disk are
made narrower and placed closer together to increase the data density, it becomes increasingly

20 difficult for the actuator and the servo control system to quickly and accurately position the
head over the desired track and to provide track following. For example, a servo control
system with a VCM actuator will have difficulty achieving a servo loop bandwidth greater
than 2 kHz.

Electrostatic actuators have been proposed for attachment to the suspension to provide

25  asecondary fine positioning of the head while the primary actuator provides the coarse
positioning. One such secondary actuator is a rotary electrostatic microactuator (so called
because it is a micro-electromechanical system (MEMS) device) described in IBM's U.S.
Patents 5,959,808 and 5,995,334, and in the paper by T. Hirano et al. “HDD TRACKING
MICROACTUATOR AND ITS INTEGRATION ISSUES”, ASME International Mechanical



-because it is a mcro-el ectronechani cal system (MEMS) device) described in
IBMs US. Patents 5,959,808 and 5,995,334, and in the paper by T. Hi rano
et al. "HDD TRACKI NG M CROACTUATOR AND | TS | NTEGRATI ON | SSUES", ASME

‘I nternational Mechanical -1 Engineering Congress and Exposition, Ol ando,
FL, pp. 449-452, Nov. 2000. Advances in integrated circuit technology in
recent years have |led to the devel opnent of MEMS devices of mcroneter
di rensions that can be actuated and controlled using electrostatic and
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and coupling between the microactuator driver signal and the magnetic signal from the read/write
head, which adds undesirable noise to the magnetic signal.
15 What is needed is a disk drive el.ectrostatic microactuator and driver circuitry that does

not suffer from the disadvantages of microactuator grounding and relatively high voltages.

Summary of the Invention
The invention is a bidirectional electrostatic rotary microactuator and a disk drive
20  incorporating the microactuator for fine positioning the read/write head. The microactuator
has two sets of fixed electrodes, one set for driving the microactuator counterclockwise and
the other set for driving it clockwise, and a rotatable frame that has movable electrodes
attached to its outer wall and interleaved between the fixed electrodes. A layer of insulating
material is located between the outer wall to which the movable electrodes are attached and
25  the remainder of the frame so that the movable electrodes are electrically isolated. The frame
is maintained at ground electrical potential and the movable electrodes at a fixed non-zero
electrical potential when the disk drive is operating. The microactuator is driven by applying
a plus or minus voltage to one set of fixed electrodes and the opposite voltage to the other set

]

while maintaining the movable electrodes at a fixed non-zero voliage.
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.the other set for driving it clockw se, and a rotatable frame that has
novabl e el ectrodes attached to its outer wall and interl eaved between the
fixed electrodes. A layer of insulating naterial is |ocated between the
*outer wall to which the novable el ectrodes are attached and 25 the

remai nder of the frame so that the novable el ectrodes are electrically

I solated. The franme is naintained at ground el ectrical potential and the
novabl e el ectrodes at a fixed non-zero electrical potential when the di sk

drive is ope croactuator is driven lus o
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non-zero voltage. -2 For a full under st andi ature and

advant agasngfanying figuesent |nvent|on, reference should be nade to the

foll owi ng detailed description taken together with the acconpanying
figures 5 Brief Description of the Drawing Fig. 1 is a perspective view of
a prior art disk drive wthga. dpositioning system Fig. 2is
a Vi w of the secondary acttate Fre—stspensi on of the prior
art di sk dripye 19§ a pe@peclive muﬁbﬁh r%rla& cﬁ&k @NH @mdt\o@fsﬁage%ad/ﬁ)smo%gof a
prior art secondary el ect rostatic mcroactuator with suspension and
slider.systgm. 4 is a plan view of a prior art electrostatic m croactuator
with driver ¢irguitry. 9. 5 is a view of tion of Fi 4 al so
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el ect r ogjs@ighi%e m—p{gogct uator with driver circuitry according 15 to the
present 1 nvention lg 7 is a view of a section of Fig. 6 illustrating the
el etdrical i Fiy.atis amnexpdddedgrrspbative view of a prior art secondary electrostatic

microactuator with suspension and slider.
Fig. 4 is a plan view of a prior art electrostatic microactuator with driver circuitry.
Fig. 5 is a view of a section of Fig. 4 also showing a slider bonding platform,
Fig. 6 is a plan view of the electrostatic microactuator with driver circuitry according
15  tothe present invention.
Fig 7 is a view of a section of Fig. 6 illustrating the electrical isolation between the
two movable portions of the microactuator.
Fig. 8 is a plan view of an embodiment of the electrostatic microactuator of the present
invention with one fixed electrode branch from each of the two sets of fixed electrode
20  branches being associated with each movable electrode branch.
Fig. 9 is a sectional view of a portion of the microactuator according to the present
invention illustrating an improved mechanical connection and electrical isolation between the

two movable portions.

25 Detailed Description of the Invention

Prior Art
Figs. 1 & 2 show a disk drive having a two-stage servo system for positioning a
magnetic read/write head 36 attached to a head carrier or slider 30, which may be an air-

bearing slider or a contact recording slider, over a selected track on a magnetic recording
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.two novabl e portions of the mcroactuator. Fig. 8 is a plan view of an
enbodi nent of the electrostatic mcroactuator of the present invention
with one fixed el ectrode branch fromeach of the two sets of fixed

‘el ectrode 20 branches being associated with each novabl e el ectrode branch.
Fig. 9 is a sectional view of a portion of the mcroactuator according to
the present invention illustrating an inproved mechanical connection and
el ectrical isolation between the two novable portions. 25 Detail ed
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slider 30 may be a continuous contact type of head carrier, such as those having pads or skids
that remain in contact with the disk during reading and writing. The slider 30 may also be
either the non-contact type that provides a full air-bearing support, or a type that provides only

15  partial support with a portion of the slider being in contact or near-contact with the disk
during reading and writing. '

Fig. 3 is an exploded view of a type of prior art rotary electrostatic microactuator 14,
the disk drive suspension flexure 18, and the air-bearing slider 30. Fig. 4 is a plan view of the
microactuator 14 with driver circuitry, and Fig. S is a view of a section of Fig. 4. The

20  slider 30 has an air-bearing surface 32 that faces the disk of the disk drive and a trailing
surface 34 that supports the read/write head 36. The microactuator 14 comprises fixed and
movable portions on an insulating substrate 51, which is typically a silicon base with an
insulating surface layer, such as a layer of polyimide, silicon oxide or silicon nitride. The
substrate 51 is mounted to the flexure 18 on the end of the suspension 16 (Fig. 2). The fixed

25  portion of the microactuator 14 includes a central post 52 fixed to substrate 51 and two sets of
stationary electrodes 53, 53’ also fixed to substrate 51. The movable rotary portion of the
microactuator 14 includes a support fra}ne 54, a plurality of flexible members or springs 55
connecting the frame 54 to the fixed post 52, and a plurality of movable electrodes depicted as

two sets 56, 56” attached to frame 54. The sets of movable electrodes 56, 56’ are interleaved
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-slider 30 may be a continuous contact type of head carrier, such as those
havi ng pads or skids that remain in contact with the di sk during reading
.and witing. The slider 30 may also be either the non-contact type that
‘provides a full air-bearing support, or a type that provides only 15
partial support with a portion of the slider being in contact or
near-contact with the disk during reading and witing. Fig. 3 is an

expl oded view of a type of prior art rotary electrostatic m croactuator 14,
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electrodes 56, 56°, is connected to ground, and a drive voltage is applied to the stationary

15 electrodes 53, 53°. A non-zero voltage V1 applied to the set of stationary electrodes 53 will
apply an electrostatic attractive force bc;twcen stationary electrodes 53 and movable
electrodes 56, tending to cause the frame 54 (and attached slider 30) to rotate
counterclockwise. A non-zero voltage V2 applied to the set of stationary electrodes 53’ will
apply an electrostatic attractive force between stationary electrodes 53’ and movable

20 electrodes 56’, tending to cause the frame 54 (and attached slider 30} to rotate clockwise.
Thus the first set of stationary electrodes 53 are those associated with counterclockwise
rotation and the second set of stationary electrodes 53’ are those associated with clockwise
rotation.

This type of bidirectional electrostatic microactuator is commonly used because

25  electrostatic force can only generate one directional force, i.., an attractive force. Because the
attractive force is proportional to the square of the voltage difference, a positive voltage
difference and a negative voltage difference of the same magnitude will generate exactly the
same force in the same direction. Because the output force of an electrostatic microactuator

is proportional to the square of the voltage difference between the stationary and movable
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‘When a force is generated between the novable and stationary el ectrodes the
novabl e portion of mcroactuator 14 rotates (as depicted by arrows 59) due
o the flexibility of the springs 55. Thus causes the read/wite head 36
to nmove slightly to maintain its position on a data track on the disk. The
slider 30 attached to the bonding platform57 on frame 54 nust 10 al ways be
at ground electrical potential (zero volts) to avoid electrostatic

di scharge (ESD) between the slider 30 and the disk 11 (Fig. 1), which
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15 Preferred Embodiments
Fig. 6 shows the microactuator £14 and its driver circuitry according to the present

invention, The microactuator 114 has a movable frame 140 that includes generally
rectangularly shaped inner and outer portions 141, 142 formed of electrically conductive
material, typically nickel.  The two frame portions 141, 142 are connected together but

20  electrically isolated from each other by electrically insulating material 143. The frame 140
has two opposite side walls 145, 147, each of which faces respective sets of spaced apart
stationary electrode branches 153, 153’ respectively, on the substrate 151. The outer
portion 142 of the frame 140 also has side walls 161, 163 that support the sets of spaced apart
movable electrode branches 156, 156°, respectively. The walls 161, 145 and walls 163, 147

25  are connected by the insulating material 143. Fig. 7 is a view of a section of Fig. 6 (without
the optional bonding platform that would be attached to the inner portion 141 of frame 140)
and more clearly shows how the slider is electrically isolated from the movable electrode

branches 156, 156°.



--5 electrodes, it is desirable to linearize the voltage-vs. -force _
rel ationship. Fig. 4 shows the comon differential driving method. In this
met hod, an anal og control voltage x is the input to the system This
'voltage is processed in two ways, and applied to the two i nput termnals

of the mcroactuator. In one path, a fixed bias voltage of A is added,
followed by fixed gain 5 anplification G by a high voltage anplifier,
resulting in a voltage G(A+x), which is connected to the mcroactuator's
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156, 156I. Hirespeal. ipapdry. The wal ls 161, 145 and walls 163, 147
The embodiment shown in Fig. 6 is shown for simplicity with each movable electrode
branch being associated with only one corresponding fixed electrode branch, so that one set of
15  movable branches 156 is associated with the first set of fixed branches 153 for
counterclockwise rotation, and another set of movable branches 156’ is associated with the
second set of fixed branches 153 for clockwise rotation. However, it is known to have both
sets of fixed electrode branches associated with.each movable electrode branch, with each
movable branch being located between two fixed branches, one from each set, so that each
20  movable branch can generate both clockwise and counterclockwise torque. This embodiment
is shown in Fig. 8, wherein the first set of fixed branches 253 provide counterclockwise
rotation and the second set of fixed branches 253’ provide clockwise rotation. The frame 240
has an inner portion 241 electrically isolated from an outer portion 242 by insulating
material 243, with the movable electrodes 256 being attached to outer frame portion 242. One
25  fixed electrode branch 253, 253’ from each set is associated with each of the movable
. electrode branches 256. Fig. 8 also shows the manner in which the movable electrode
| branches and associated fixed electrode branches can be slightly tilted on the rectangular
frame 240,
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.25 are connected by the insulating material 143. Fig. 7 is a view of a
section of Fig. 6 (without the optional bonding platformthat woul d be
attached to the inner portion 141 of frame 140) and nore clearly shows how
*'the slider is electrically isolated fromthe novabl e el ectrode branches
156, 156'. _6 While the enbodiment shown in Fig. 6 illustrates a
bidirectional electrostatic rotary mcroactuator where the novable frane
has a generally rectangul ar shape with el ectrode branches extendi ng
perpendicularly fromthe frane walls, the inventjaon is applicable to any
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shaped auFigr 6t mithoutthe insalasing arpdersdl) iy formeidan the convemivinalymatrect witidthe
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fixed elhatwasaesivrdyderetoped SiydPM Gee WiStHatens Ne. Meffild8).eSUCH isavailableafiom,
WLh CaR RSt KA MR TR AT R T B of Wk do P AP AR IRDER a0

fromea
greater than 20 have been demonstrated with a standard contact lithography equipment.

Because SU-8 is a viscous liquid during spin coating, it fills the gap between the two

15  portions 141, 142 that are to be connected. The SU-8 epoxy is then selectively cross-linked
by applying UV light. This can be done by a typical photo-mask process. By this step, the
SU-8 material between the two portions is cross-linked. SU-8 is developed by its own
developer as per manufacturer's specification. This process removes any SU-8 that is not
cross-linked, and leaves only cross-linked SU-8, resulting in the SU-8 insulating connection

20  between the two portions 141, 142. The cured SU-8 is highly resistant to solvents, acids and
bases and has excellent thermal stability, making it well suited for this application in which
the cured structure is a permanent part of the microactuator.

Fig. 9 shows an improved interconnection between the side walls (such as walls 147,

163) of the frame inner portion 141 and outer portion 142. Each of the walls, such as wall 147

25  and wall 163, has a plurality of ribs 190, 192, respectively, that extend out and are aligned
generally parallel with the walls. The ribs 190, 192 are arranged to interlock with each other
but still be out of contact so that the walls are electrically isolated from one another by the
insulating material 143. In the embodiment of Fig. 9, the connection surfaces of the two

moving portions thus have mutually-engaging zig-zag shapes, which increases the bonding

-8



.20 novabl e branch can generate both cl ockwi se and countercl ockwi se torque.
This enbodinent is shown in Fig. 8, wherein the first set of fixed
branches 253 provi de countercl ockwi se rotation and the second set of fixed
‘branches 253' provide clockw se rotation. The frane 240 has an inner
portion 241 electrically isolated froman outer portion 242 by insul ating
material 243, wth the novabl e el ectrodes 256 being attached to outer frane
portion 242. One 25 fixed electrode branch 253, 253" fromeach set is
associated with ch of e [ | 8 al so
Shove, ¢ PitachAted: Ao gL ofs AMYA0 forc LARRELHE (RO prne Fidine 0, 2 o0
fixed eiré-”fa{iﬂgﬁlatb’rﬁﬁfé%ﬁ sFfiBieRE itJah @lipport iniplamdfoRses Vg welkt Bitgiiisaire f r ame
240. -7 Tﬁe fabrication process for mcroactu Jator 114 is nearly identical
t o t hat eassigdomneed tyndesigprof the lithograplie paléarn aisest for theynisrapstugtesaner which e, 1-5,

743 | hafeEBRRLLRO e O E o R kEh ¥ Sepgbitedyp s (8 Stalfg Bfline € -
6, byt mve\;p{}ﬁ&tg%g}ﬁplkﬁﬁﬁ Ib@édu@tﬂal'f@f i lefimentSor QIb8R4Ale 1151 bRGHBLALE BY 2 QTIRle

manner , ographic pattern nodified to define the gap between
portionghdtémhogﬂghwgtep,e the insulating material 143 is to be forned. The

insulating material 143 can be any dielectric material,. such ?ﬁ% ma;t_ial
oxi des and p&g fshpws thetmanngr i whigh theyelectiosiatic pu¢repqtuater i cannagted o driver

ensitive | r h L . t ep,
S5 | & CapRfy IR et Hhe RlleY pORE 130 e bigvible Heit®140iOnbalifigiBédds 1 P,
near - W?Hma%&%hﬂt(za@%ﬂtsp NA EROIDCSEL e ABOKHD doaserts the rOW dikteddveGosver cal )
ori

t hat wa ginally devel oped ba/ | BM (see US Patent No. 4,882,245). SU-8 is
avail0abiseprfly orput td ac+/6\Ch €V sdlegied 10 baedt ¥alts imthisembodispeatlpawr spureaihish o

thick as 2 nmand aspect ratios. grea ha hav e strated
with a $BRULP %‘BP&’@P&?"&F@%& %{Bﬁ’g}%&@f p'i}lgen—t'\(fgutpgt e ISR RO

converter 170 line is also connected directly to the outer portion 142 of movable frame 140.

Outer frame portion 142 includes the sets of movable electrode branches 156, 156" which are
thus maintained at a fixed electrical potential of -30V. The driver circuitry 180 has an input

15  for an analog control signal x. The magnitude and direction of the control signal X is
generated by the disk drive servo control system (not shown) to cause the microactuator to
rotate in the correct direction and amount so as to maintain the read/write head over the center
of the selected data track.

In the present invention, three voltages are applied to the microactuator 114. The

20 analog contro} voltage x is input to driver circuitry 180 and goes through fixed gain G
amplifier 181 which is connected to terminal V1 on the stationary electrode branches 153.
Thus a voltage G*x is applied to branches 153. The control voltage x also goes through
inverter 182 and then a second amplifier 183 with fixed gain G which is connected to terminal
V2 on the stationary electrode branches 153’. Thus a voltage -G*x is applied to

25  branches 153’. The movable electrode branches 156, 156’ on the moving portion 142 of the
microactuator 114 are connected to the fixed voltage source (voltage ~V3). Thus the net
torque on the microactuator is proportional to

(-V34G*x)~(-V3-G*x)’ = 4*G*V3¥x,



-Because SU-8 is a viscous liquid during spin coating, it fills the gap
between the two 15 portions 141, 142 that are to be connected. The SU 8
,epoxy is then selectively cross-linked by applying W light. This can be
done by a typical photo-mask process. By this step, the SU 8 materi al
between the two portions is cross-linked. SU-8 is devel oped by its own
devel oper as per manufacturer's specification. This process renoves any
SU-8 that is not cross-linked, and | eaves only cross-1linked SU 8,

resul ti nghich ig iseabtd the contrdlatpul §oRHRNE CTHOMic20achRkNRRpU: il

141, 142. The cured SU-8 is ﬁ?ghly resi st ant téhg%lvenﬁgﬁggéyggegﬁﬁh?ggses
and has ©%diffarence of e weltages.abon axamplexiiie owgputtfone ifions thietright had didv S

appl icat) i whigh e ed, structyre is er mapent part of the

mcr oactq.'?ia)f'tg 8’?&"* brapches, léﬂo\g&iﬁ Clefﬁﬁ%‘ifé‘g’ym éF'S@ﬁﬂ‘@g'EﬂbﬁF‘lb‘él Reeh+{Fe ard de
wal | s (siel foindel ; } f-| 4. out er
porti o§1 142F@E§3.Ch Oi?m%ﬁige l\ﬁgﬁ@g‘? Slgﬁéﬂgggd&a%ck%ﬁ%E%a)r{(k:la\}&vghu%@g, has a
pl ur & i tY1 of-Vi3).oxhith s equalip Wies ¥c tThos thye predeat imshticituses b naitt 16we dlvegned

general | l@?r | el WI]t h. t he w?l If/. The ribs 190, 192 are arranged to
i nt er | ocYORBE HFULXAMBlen Wstead ot a O¥;tp 60K systgm asfin gherprigriartsd -30Yato 4308 wal | s

are el ecibiemal h¥ed SRl : WS in terial 143.
In the g§r¥bodi mene‘t 0 Fi‘g%g%‘qﬁﬁgﬁg%ﬁgéﬁérﬁ %ﬁé‘?@c"e ueoqu‘?%'é "%\?ga aAbvi ng

por t i onsVBhusSOVave mustinaid Jifferepagbetyesn decaictiandss 15Miaal 1565 SA Sﬁvt he
bonding -8 surface area. Also, even if the adhesion force between the’two

movi ng PBF $aTRAas the rieart where 0¥ andp0¥rerapplied.s not sufficient, it can

t in-pl . . The, ribs. ar. ily f d by desi f
EheB! { hogr adel AdiferaE faviftate 8P e prekdit inloRbioRis o s ookl shupting O
el ect ri drbweenehngpsdl ifiomn diied Clratiitry 80 and MeGkSnktit SigHANRSH E&%?de%%et *}é&hs

(0] e

feature doesn't increase 5 the process conplexity, because al
el ement depase ghthe elpckrically insplating magariab #4%y Thusghe dliee sipidicah hothogtribaky st ep.

Fig. 6 %ggmohﬁ%@gﬁggighﬁ which the electrostatic mcroactuator is
connected to driv

15 While the present invention has been particularly shown and described with reference
to the preferred embodiments, it will be'understood by those skilled in the art that various
changes in form and detail may be made without departing from the spirit and scope of the
invention. Accordingly, the disclosed invention is to be considered merely as illustrative and

limited in scope only as specified in the appended claims.



_circuitry in the disk drive. The inner portion 141 of novable frame 140 is
mai ntai ned at ground potential (zero Volts). A DC/ DC converter 170
converts the +5V disk drive power 10 supply input to a +/-V3 (V3 sel ected
'to be 30 Volts in this enbodi nent) power source which is input to the
m croactuator driver circuitry 180. The -V3 output |line from DC/ DC
converter 170 line is also connected directly to the outer portion 142 of
novabl e fr 40.. ter frame portion 142 includes the sets of novable
el ectrode ‘gggtnlisﬁzfgmfgés 156" which are thus maintained at a fixed
el ectrical potential of -30V. The driver circuitry 180 has an input 15 for
an anal og control signal x. The magnitude and direction of the control
signal x is gqneratéffgggﬁl the disk drive servo control system (not shown)
to cause the ni‘¢roa FVe 6°TPRBR°e in the correct direction and ampount
So as to maintain the read/wite head over the center of the selected data
track. In the @riaagsguc reqoring disk hatinge pinpilitpgfdatatraclappl i ed to t he
m croactuator 114. The 20 anal og control voltage x is input to driver
circuitry 180 arrehcmoﬁ&Heaﬂmrqbadﬁhgeﬂa%mﬁwﬁfﬁ}g&%m%thé%@"hi ch is

e

connected to termnal VI on the stationary electro ranchés 153. Thus a

I Gx i g 3. .Th I I
v ongh 1 nver Eorrpspseb@ortoBCESEod Mmink e FERL0er 240k el inf@ad gar -

which is connected to termnal V2 on the stationary el ectrode branches

153' . Thus a v8PfigEosiaticsecendapmctuatoriconpestask tartahibend 58 the fifreanyavmbioe for

el ectrode branches 156, 156' on the noving portion 142 of the

m cr oact ufine positidning thedwadhevdrehk tedectddardck e s¥cUnii@gchAlbrebmprfhgage - V3).
to

Thus the net torque on the mcroactuator is proportional
(- V3+Gx) 2-(-v3-@xazubm&*aﬁm%tn@pﬁm&gvacéugm!ri near to the control input
I's now de 1

vol tage x. The m croactuator output iI's erm ned by the difference of
two voltages. For ey BIII&IJﬁy of IaIl%ct%léztdI)yuéonIiSétfv% sIarti%IIIIa}yIIa?ecIlj QsI fopxggddonf tihge
substrate; and
a movable member formed of electrically conductive material and having (a)
a frame connected to tIlc substrate and supporting the head, and (b) a plurality

of electrically conductive movable electrodes, the frame and supported head

being connected to but electrically isolated from the movable electrodes.

2. The disk drive of claim 1 wherein the disk drive includes an air-bearing

slider, wherein the read/write head is located on the slider, and wherein the slider is bonded

to the frame.
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_(electrode branches 153", 156') is determned by V2 - (-V3), which is equal
to V2 + V3, and the output force fromthe left hand side (el ectrode
branches 153, 156) is determined by 5 V1 - (-V3), which is equal to V1 +
V3. Thus the present invention uses a nuch |ower drive voltage. For
exanple, instead of a O/ to 60V systemas in the prior art, a -30V to +30V
systemis used, which is easier and safer. Since the maxi numvalue of V2 is
+30V, and -V3 z -3 .he .maxi mym dj f f erence between el ectrode branches
153" and 156' s s?ﬁqélgbq}?ve ?ﬁm%hwis@w@ PPfasy agiyatonjaekudesown amdarBloy/ ar e
applied. 10 An additional advantage of the present invention is that there
is no el eusnengian atiahot itathe apdtofiterarinyendsiverain the substtatevsfthCiccopdary Y 180 and
the magnetic signal fromthe read/ wite head because of the electrically

i nsul at i rgtuakr & dttichddd. thd Bikpedisigh. dri ve signal can not contribute noise to
the magnetic signal. 15 Wiile the present invention has been particularly
shown and described with reference to the preferred enbodi nents, it wll
be understood by those skilled in the art that various changes in form and
detail may be nade wi thout departing fromthe spirit and scope of the

i nvention. Aclor di ddegliskdiveqf slamslesherpinghe sesnndasy actulter isanstateacdatoer el y
as illustrative and limted in scope only as specified in the appended
clai ms. \fliericomptisingagobtsfixedl-to fhetiublire,ian@ wiierdds i fifne &f R ARALLIE
recording disk having a plurality of data tracks; a read/wite head for
readi ng Ggndh, j k. . ILsk: a priyary.actuator for
coarse posi ti%?\%ﬂﬁ% oletg%:lBgs\}e?tag)lﬁsrg““&&?g%@)?%@gn%&ﬁg? 8 RETE RSt i c
secondar ctuat or. connected to the head and the prinmary actuator for fine
posi ti on%?{gh?rh m@gl?o‘{tﬁ%‘dé’@ﬂect ed track, the secondary actuator
conprising: a substrate attached to the primary actuator;

5. The disk drive of claim 1 wherein the movable member of the secondary

actuator further comprises (c) a layer of electrically insulating material connecting the

movable electrodes to the frame.

6. The disk drive of claim 5 wherein the electrically insnlating material

comprises a cured photosensitive polymeric material.

7. The disk drive of claim 1 further comprising an electrical device coupled to
the movable electrodes for maintaining a fixed non-zero voltage to the movable electrodes

when the disk drive is operating.

=-12.



.a plurality of electrically conductive stationary el ectrodes formed on the

substrate; and a novable nenber forned of electrically conductive materi al
and having (a) a frane connected to the substrate and supporting the head,

and (b) a plurality of electrically conductive novable el ectrodes, the

frame and supported head being connected to but electrically isolated from
the novabl e el ectrodes. 2. The disk drive of claiml1 wherein the disk drive

i ncl udes an ai g- bea#, ng: i rein.the read/ wite head is_|ocated on
the slider, an% V\he*rné?gm{( elbg(ﬁf%lg}rmﬁswel}%ﬂﬂglfSt%“ﬁﬁ’eel?‘%‘@aés.c@mﬁﬁ@f%ﬁa@ﬁ
drive of clai(inl %erei n the primary actuator includes an armand a
suspensi off 314 SELH i FPacse; apart sttoparybisanchesrand whesgkretheimovahls ededtratiesat € of t he
secondary actuator is attached to the suspension. 4. The di sk drive of

claim| vénempgise spaved sparo mibeable deanchésointersavedrif tiay spadia4/Bdt@ken ﬂ(hHrsfap%
conprising a post fixed to the substrate, and wherein the frane o t?{g
novabl e PBrasdies. 1S connected to the post by a plurality of flexible

springs, the springs permtting rotation of said frame about said post. 5.
The disk drive of claiml wherein the novabl e nmenber of the secondary
actuator further conprises (c) a layer of electrically insulating nmateri al
connecting the novable electrodes to the frame. 6. The disk drive of claim
5 wherein t he 21 ectFhecdisk grivefiglaim $yhemiethe 2hch movghlé eleatraledslingdleaved

phot osensitive polyneric material. 7. The disk drive of claim1l further

conpri si rigtweenal eattonasadledtode o€ tHe TN Radda sthﬁtﬁla@éflé&}cﬁe%fﬁ%t é@&ﬁséeﬁi 0[ he

mai ntai ning a fixed non-zero voltage to the novabl e el ectrodes
di sk drive is operating.

10.  The disk drive of claim 8 further comprising driver circuitry coupled to the
electrostatic actuator, said driver circuitry providing a voltage to the first set of stationary

branches in a range between +V and —V volts and a voltage to the second set of stationary

branches in a range between +V and -V volts.

11.  The disk drive of claim 10 wherein the frame is maintained at ground

electrical potential and the movable electrodes at a fixed non-zero electrical potential when

the disk drive is operating.

12. The disk drive of claim 11 wherein the movable electrodes are maintained at

a fixed non-zero electrical potential of —V volts.

13.  The disk drive of claim 12 wherein V is approximately 30 volts..

-13-
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.8. The disk drive of claim1l wherein the stationary el ectrodes conprise
first and second sets of spaced apart stationary branches, and wherein the
novabl e el ectrodes conprise spaced apart novabl e branches interleaved in
"the spacings between the stationary branches. 9. The disk drive of claim3$8
wherein the each novabl e electrode is interleaved between a stationary

el ectrode of the first set and a stationary el ectrode of the second set.

10. The disk drjve Qf.claim8 further conprising driver circuitry coupl ed
to the el ectrj)i't atgélé‘cﬁbvﬁ‘i?mp@éﬂgd driver circuitry providing a voltage
to the first set of stationary branches in a range between +V and -V volts
and a vol tage #basehe second set of stationary branches in a range between
+V and -V volts. 11. The disk drive of claim 10 wherein the franme is

mai nt ai ned at grovatilsle nBeR&Hd 1 in2Q; | []:;it(?g | ect r.0d at a
fixed non-zero el ectri cgl p%lieg%ﬁr%ﬁﬁ%h}ggaﬁtfﬁe |Lﬁ%%ﬁ\?gbﬁ'§eaop§'éﬁagmﬁé. 12.
The di sk &I‘ﬁéﬁ k?f claim 11l wherein the novabl e el ectrodes are naintai ned at
a fixed non-zero' electrical potential of -V volts. 13. The disk drive of
claim 12 wherein V is approximately 30 volts.. -13 14. A disk drive

conpri sing a bAhEad/wzite headifapreading datatfram aed wridingglathi te khendisiqt ed to t he base
and having a plurality of data tracks; a read/wite head for reading data

fromand writimizadenmiet fortshppattink the lRadR&d thduriaBE of @k ddyPPOrti ng the head
near the surface of the disk; a primary rotary- actuator nounted to the

base; a primary rotary actuator mounted to the base;

an arm having one end attached to the primary rotary actuator;

an electrostatic secondary rotary actuator attached to the other end of said arm and
supporting the head carrier, the secondary rotary actuator comprising (a) a substrate attached
to said other end of said arm; (b) first and second sets of spaced apart electrically conductive
stationary electrode branches fixed on said substrate; {(c) a central post fixed on the substrate;
(d) a plurality of flexible spring elements extending laterally from the post; {e) an electrically
conductive frame attached to the ends of the spring elements and rotatable about said post,
said frame supporting said head carrier and having first and second side walls facing
respective first and second sets of stationary branches; (f) electrically insulating material
attached to said first and second side walls; and (g) a plurality of electrically conductive
movable electrode branches attached to the electrically insulating material on said first side
wall and interleaved in the spacings between the stationary branches of the first and second
stationary sets; and

electrical driver circuitry responsive to a control signal and coupled to the secondary

rotary actuator for providing a voltage to each of the first and second sets of stationary

=14-




e -

-an arm havi ng one end attached to the primary rotary actuator; an

el ectrostatic secondary rotary actuator attached to the other end of said
;armand supporting the head carrier, the secondary rotary actuator
conprising (a) a substrate attached to said other end of said arm (b)
first and second sets of spaced apart electrically conductive stationary
el ectrode branches fixed on said substrate; (c) a central post fixed on the

substrate : i Qf X1 i el.enents extending |aterall
rom t e oranehls iR aRaiedethdbnly LaEXV dofte BRI KD hFHERER fe FiheRerpmehes dhas

of the spring elenments and rotataple about said post, said frame

suppor t i n§* pgl-ﬁgg&ieggmafgqtergwg, tﬁﬁﬂcﬁﬁ‘c‘ﬂhﬂé@d&wmbﬂsg deintainédatf aci ng
respective first and second sets of stationary branches; (f) electrically

i nsul at i nglenteicalrgraiind ptertizhesia tesuls of s éleetsitalaslatiowyshidtiarivaly msuaf (9)
a plurality of electrically conductive novable el ectrode branches attached
to the el gateriagal |y i nsulating material on said first side wall and
interleaved in the spaci ngs between the stationary branches of the first
and second stationary sets; and electrical driver circuitry responsive to
a control signal and coupled to the secondary rotary actuator for
providing a voltage to each of the first and second sets of stationary -14
branches in a FangeThediikdrveof dain -1 wherein Vaisdppoximatelyt 360, adwhérbia satvabl e
branches at a fixed non-zero electrical potential, the electrically
conduct i vixdd mnezepe elegtrival putdntiabid approxBhA6ly 86 bl gr ound potential as a
result of its electrical isolation by said electrically insulating
material. 15. The disk drive of claim14 wherein V is approximately 30, and
wherein said fixed non-zero electrical potential is approximtely -30

volts. 16. The dis ri.ve . of clai.m wherein the electrically insulating
mat eri al corrp]'éj'ses ‘%hé%g‘?v%‘?tlC@ﬂ%iﬁmf%ﬁﬁﬁlﬁwﬂmwmcﬂmaéri al .

comprises a layer of cured photosensitive polymeric material.
7. The disk drive of claim 14 wherein the head carrier is an air-bearing slider.

18.  The disk drive of claim 14 further comprising a bonding platform attached to

the frame and supporting the head carrier.

19.  The disk drive of claim 14 wherein the movable electrode branches are
attached to an outer wall, and wherein the electrically insulating material interconnects said

outer wall with said first and second side walls.
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e s s e e "
-1'T The disk drive of claim14 wherein the head carrier is an air-bearing
slider. 18. The disk drive of claim14 further conprising a bondi ng
platformattached to the frame and supporting the head carrier. 19. The

di sk drive of claim 14 wherein the novabl e el ectrode branches are attached
to an outer wall, and wherein the electrically insulating materi al
interconnects said outer wall with said first and second side walls. -15
20. The di sk dr2bve Ofhecdisk dfivkS MEME b t d.said first and
second side walls include extendi n?%%%%lq\fﬁgroglﬁeﬁ ﬂeanﬁnsg%ds@ﬁ{jm%‘?cbe
wal | are | o Falo | .he .. ribs on said outer wall, said interlocking
ribs bei néﬁgﬁé%l??@‘g‘f%"t‘%l’s‘%‘f’]%?%sd "ﬁQ‘F??ﬂH the {hs onieach sige wall arenisglockedhwitly the
insulating, material. -16 21. A rotary electrostatic m croactuator

conpri si n&bs on, saif outer avall, said interlegking rihstbeingleyricatiy itciated froaLddoh Oftier bir st
and second sets of spaced apart electrically conductive fixed el ectrode

br anches tlfei stestricatly smudhtingsnatadialng substrate surface; a central post fixed
on said insulating substrate surface; a plurality of flexible spring

el enents extending laterally fromthe post; an electrically conductive
frame attached to the ends of the spring elenents and rotatable about said
post, said frame having inner and outer walls; electrically insulating
material attached to said inner and outer walls and electrically isolating
the inner wall fromthe outer wall; a plurality of spaced apart

el ectrically conductive novabl e el ectrode branches attached to the outer
wall and interleaved in the spacings between the fixed el ectrode




. i ekl
.branches; whereby the novabl e el ectrode branches are connected to but
electrically isolated fromthe electrically conductive rotatable frane. 22.
The microactuator of claim20 wherein the electrically insulating material
‘conprises a layer of cured photosensitive polymeric material. 23. The
m croactuator of claim20 wherein each novable electrode branch is _
I nterl eaved between a fixed el ectrode branch of the first set and a fixed

el ectrode brangp of o rBE't?y SEGLR R Shicroadthator comprising;

a substrate having an electrically insulating surface;

first and second sets of spaced apart electrically conductive fixed electrode branches
fixed on said insulating substrate surface;

a central post fixed on said insulating substrate surface;

a plurality of flexible spring elements extending laterally from the post;

an electrically conductive frame attached to the ends of the spring elements and
rotatable about said post, said frame having inner and outer walls;

electrically insulating material attached to said inner and outer walls and electrically
isolating the inner wall from the outer wall:

a plurality of spaced apart electrically conductive movable electrode branches
attached to the outer wall and interleaved in the spacings between the fixed electrode
branches; whereby the movable electrode branches are connected to but electrically isolated

from the electrically conductive rotatable frame.

22.  The microactuator of claim 20 wherein the electrically insulating material

comprises a layer of cured photosensitive polymeric material.
23. The microactuator of claim 20 wherein each movable electrode branch is

interleaved between a fixed electrode branch of the first set and a fixed electrode branch of

the second set.
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