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ﬁA AND SUSPENSICN STRUCTURE The present invention

rel at®s generally to noving magnetic storage devices and their

recording elements and nore particularly to a unitary magneti c

‘transducer and suspension structure and a nmethod for making such 5

structures. : - Movi ng magnetic storage devices, especially

magneti c di sk drives, are the nenory device of choice. This is due to

t heir expanded non- vol atile nmenory storage capability together with a
relatively | ow&£Qglyse: Accurate retrigval of the stored nmenory fromthese
devi ces becones 10 critical, requiring the magnetic-transducer ‘'to be -
positioned as close to the nedia as possible. Optimally, the transducer

shoul d actual l'y tOUChUNITARYLMdelTﬁANSDUCER anD suspensEbS Krrbdrb@s are i nformation
storage devices which utilize at I east one rot at abl e rragnet I C rredl a,

di sk with concent rllc data t.r acks t.ai ni 69?1]15 i nformation
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e memor ice of choice eir expanded non-
-volatlle memory. 'storage capability together with a relatively low cost.
Accurate retrieva1'6f the stored memory from these devices becomes .

10 critical, requiring the magneticatransducer to be positioned as close to
the media as poséible. Optimally, the transducer should actually touch

the media.

Disk files are information storage devices which utilize at least

one rotatable magnetic media disk with concentric data tracks containing

15 data infotmation;'a read/write transducer for readinﬁgthe data from or
writing the data to the variois tracks, a slider for holding the -
transducer adjacent to the track generally in a flying mode above the
media, a suspension for resiliently holding the slider and the transducer
over the data tracks, and a positioning actuator connected to the

20 transducer/suspension combination for moving the transducer across the
media to the de31red data track and maintaining the transducer over the
data track center line durlng a read or a write operation. The
transducer is attached to the air bearing slider which supports the
transducer above the track of the disk by a cushion of air that is

25 generated py;thearbtating disk. Alternatively, the transducer may also
operate in Eontaat with the disk. The suspension provides desired slider
loading and dimensional stability between the slider and the actuator
arm. The suspension is required to maintain the transducer and the
slider adjacent to the data surface of the disk with as low a loading

30 force as possible. The actuator positions the:transducer over the
correct tréck ‘acfording to the data desired on a read operation or to the
correct track for placement of the data during a write operation. The
actuator is controlled to position the transducer over the correct track
by shifting the combination generally transverse to the direction along

35 the track. ' .



daia.ttﬁbk center line during a read or a wite operation. The
transducer is attached to the air bearing slider which supports the
transducer above the track of the disk by a cushion of air that is 25
generated by the rotating disk. Alternatively, the transducer may also
operate in contact with the disk. The suspension provides desired slider
| oadi ng and di nensional stability between the stider and the actuator
arm. The suspension is required to nmaintain the transducer and the -~
slider adjacent .to the data surface of .the disk with as |Iow a | oading 30
force as possi Qhfq;-odd1e actuator positiops the transducer over the
correct track according to the data desired on a read operation or to the
correct track for placenent of the data during a wite operation. The

actuator is controlineébntttnsi biRMuing, thaRSHAVERL: WLl NBaGOL L ECt track
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the slider are correctly positioned, electrical conductor leads to the
transducer must then be connected to the transducer. The conductor leads
are directed along the suspension and connected to an amplifier placed on

15 the suspension or on the actuator. The conductor leads must not add to
the spring stiffness of the slider while providing good electrical
interconnection. The conductor leads are generally bonded by soldering
or ultrasonic bonding, for example, to both the transducer output —
terminals and the amplifier by an operator. BAgain, errors can cause

20 destruction of the entire combination. Touching the media presents
unique problems in wear and, during operation of the disk file, the
possibiiity of creating a "crash" of the media. To reduce the wear _
problem and “crash" potential, it has been recognized that the mass of
the suspension system must be reduced to a minimum. Minimal mass

25 minimizes any'thSical "impact® the head has upon the media and thereby
reduces the possibility of damage and wear.

To this end there have been disclosed a variety of mechanisms which
utilize a "reed" approach to producing the transducer-slider-suspension,
Structured to work in a perpendicular recording environment, these

30 devices permit the head and suspension to be easily manufactured having:
(i) precise throat height control, (ii) precise formation of air
bearlngs to achleve specified flying helghts, (111) bonding of ‘sliders to
suspen51ons, and (1v) easy routing of conductor leads.

. U.S. Patent Nos. 5,041,932; 5,073, 242; and 5,111,351 entitled
35 T"Integrated Magnetic Read/Write Head/Flexure/Conductor Structure" granted
to Harold J. Hamilton disclose an integral magnetic
\ transducer/suspen51on/conduct1ve structure having the form of an elongate
dielectric flexure or suspension bddy.with'a magnetic regd/writs-



regul t€¥'n the destruction of both conponents. Even if the suspensi
the slider are correctly positioned, electrical conductor |eads to the

transducer nust then be connected to the transducer.
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perpendlcular head of two perpendicular planes which create processing
problems. all of this has made the prior art perpendicular recording
head unsuitable for high density recordiné. :

It is therefbre an aim of the present invention to provide a
transducer/suspension structure and a method of manufacturing the same
which improves on prior structures and manufacturing processes.

Accordingly, the present invention provides in a first aspect, a
‘unitary thin film magnetic transducer and suspension structure
comprising: a first pole piece including a horizontal component; a
slanted gap layer; a second pole piece having a slanted component
adjacent said gap layer and a horizontal component magnetically isolated
from but adjaceﬁt said first pole piece, said first and second pole
pieces having opposing first and second poletibs, respectively, defining
a magnetic ‘gap thefebetween; a portion of said slanted gap layer being
disposed within said magnetic gap, said first and second pole pieces
magnetically connected at a backgap region; a coil electrically isolated
from but magnetically activating said first and second pole pieces; and

suspension means including at least one layer of a resilient material

. covering said second pole piece horizontal component, said suspension

means electrically -and magnetically isolated from said second pole piece,

said resilient material extending beyond said backgap region.



& 3 transducer enbedded wi thin at
one end thereof. 1In a preferred enbodi nent, Ham I ton discl oses an
el ongate, dielectric flexure body of al um num oxi de having a magnetic
pol e structure and helical coil integrally forned at one end of the
fl exure body with enbedded copper 5 conductor-|eads running the |ength of
"the flexure body to provide el ectrical connection for the transducer.
The integral structure is - --fabricated utilizing conventional vapor
deposi tion and photollthography techni ques. The i ntegral
transducer/ suspensi on structure discl osed by Ham | ton may be used in a
contact recording,susigm or in a systemwhgre 10 the transducer flies
above the storage nediumon a cushion of air. As noted earlier,
contact recording permts higher signals and greater resol ution
unregul ated by vari at 11R8Sisi grofilayd B thRE@atwnich incllifeOlah LARIBLY trah iR cwear
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density recor dfngflying mode. - It is therefore an aimof the present
invention to provide a transducer/ suspensi on structure and a nethod of

manuf act uring the sanmen 2Qevdnid ClapdcBTHEONE rodanPlihdhtish) WRdrbili@ prafided a
manuf act uri Ng Pr QleBRaCiir fabrlcatmg a unué?f%d}lle{kg' Mansfdl}k%r%ﬁ%ﬁé’btenh@:‘/e“t Ion

provides 1N @ 1 &y A8 Ehriding wne WILLALY ki JILIROASLY 5, Lrtllaghiger and
suspenS|on structure { 8Ie ? a

hori zontal conporf@htacesn formin féh"tsécg?°b%15“1°§3?§ra ma&"%‘@&d‘ﬁ&”bﬁ gn fﬁléce havi ng a
sl'ant ed conporiéntre@sadprrterfermied d ey ticageer Laapd 2 b st ttiprendlof cefthonent
magneti cal | y i sol &itetdpole pitcegnficnihg adjiaciehionSlayd éver Shidbiret prleceiecsai d
first and second'spe):h @solatiofi18FeR St i daQ1yO pjAO&le B i £d11 B isaAREing LN Lirpol €t i ps,
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sl ant ed gap ! ayerlsofaltg.]gx layer,dkoépgaedsewongthbor].eSpq. g& gpg g&ne?ugaaq:bn%f" g first

and second pole pl e
poletlp end thereof being adjacent said magnetic gap layer, said poletip

ends of said first and second pole pieces, respectively, being disposed
in opposing relationship separated by said magnetic gap layer defining a
magnetic gap, said first and second pole pieces being magnetically
connected at ends remote from said magnetic gap defining a magnetic
20 backgap, said magnetic backgap extending through said coil; and forming a
‘suspension member of a dielectric material, said suspension member
including at least one layer of dielectric material covering said second
pole piece, said isolation layer and said coil extending beyond said
' magnetic backgap. The method of the-preéent invention is eminently
25 suited to wafer or batch processing in planes parallel to the surface of
the initial substrate.

The method preferably includes the step of selectively stiffening
the suspension during the suspension member forming step thereby
producing a suspension system having the stiffness and shape to achieve

30 maximum actuator bandw1dth
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:Partlcular embodiments of the horizontal head may be fabricated
with sidewall gap technology. The suspension is preferably created by
deposited alumina and is formed by etching the alumina into the desired
shapes followed by separating the alumina from the substrate surface.-

35 Removal of the completed reed assembly from the substrate is preferably

accomplished utilizing a release layer.



30 ¥Ymagret i cal |y connected at a backgap region; a coil electrically isolated
frombut magnetically activating said first and second pol e pieces; and
suspensi on nmeans including at |east one layer of a resilient materi al
covering said second pole piece horizontal conponent, said suspension

means el ectrically and magnetically isolated fromsaid second pole piece,

35 said resilient material extendi ng beyond said backgap regi on. '

SA9- 91- 056 . _ Thus is provided a
structure which includes an enhanced transducer configuration which is
especially suitable for |ongitudinal recording. The structure can be
used either for contact recording (in which case it . may be desirable to
i ncorporate a mearsi LY gsor in the conventignal 5 flying node.

In a séecond aspect ~of tRe present invention, there is provided a met hod
~for fabricating a unitary nmagnetic transducer and suspension- structure

conprising the steps thddltgfmi}g the p@Ln%@%@sz%%ﬁ apﬁnfemmbﬁ:trraxg %res t
surface; fornlng a

fi ce
rel ease |ayer; for r’ﬁ“’ﬁ"tm“ t‘?ﬁmﬁe{)aﬁ l"’Ceslsm malgg? Leaﬁ of et
first pole piece; Pﬁfrfﬁ'i"ﬁﬁ °arf°‘ rsr e‘it"i 8FF | éﬂlé‘r 3Pt bsh 6“1’"1"?%?" ﬁBI"-Ee Btadce,
+said isolation | ayelﬂd ey piePEnsadnl 85 efitdundtectrically isolating said first
~pol e piece; forming a coil of an electrically conductive material in said
isolation |ayer;sform ngin speRatdpokayepieaR KHesat MAEHACIoh CisNE Qisk alf,wedr 15
poletip end thereof . Neif0 mdt-GEH tRAhdla RAREILC AR Jradels tﬁ%&i}ﬁ?' etip

regions of the head and may be 1oqalized through patterning of the-:

%Le suslgdns:b?n to ba

suspension surface to create a favorable air bearing loading condition
for the head and suspension. '

10 Hinkel et al, USP 4,624,048, shows a process for making magnetic
head sliders useful with the present inverition.

Preferred embodiments of the present invention will now be
described, by way of example only, with reference to the accompanying
drawiﬁgs in which:

15 Fig. 1 is a perspective view of a combination reed assembly
" according to the present invention attached for positioning by a linear
actuator in transducing relationship to a disk surface of a disk file;

Fig. 2 is a top view of a magnetic recording mechanism with a
rotary actuator and employing the reed assembly according to the present
20 invention; '

Fig. 3A is a cross-sectional view of the preferred embodiment of a
combination reed transducer/suspension assembly according to the present

invention;
Fig. 3B is a top plan view of the reed assembly shown in Fig. 33;

25 Fig. 43 is a cross-sectional view of the poletip design
incorporated in the reed assembly shown in Figs. 3A and 3B;

Fig. 4B is a top plan view of the poletip design shown in Fig. 4A;

Figs. SA and 5B are cross-sectional views of two additional

embodiments of poletip conflguratlons designed according to the present
30 invention;



ends of said first and second pol e pieces, respectively, being disposed
n 05505|ng rel ati onship separated by said magnetic gap | ayer defining a
magneti c gap, said first and second pol e pieces being magnetically
connected at ends renote from said magnetic gap defining a nmagnetic 20
backgap, said magnetic backgap extending through said coil; :and formng a
suspensi on nenber of a dielectric material, said suspensi on member
including at |east one |ayer -of dielectric mat eri al* covering sai d second
pol e. pi ece, said isolation layer and said coil extendi ng beyond said
magnet i ¢ backgap. The nethod of the present invention is enminently 25
suited to wafer or batch proceSS|ng i n planes parallel to the surface of

t he initTaI.subs% a% The net hod preferably includes the step
of selectively: s f enlng t he suspension during the suspension nenber
formi ng step thereby produci ng ‘a suspensi on system having the stiffness

and shape to achieve an%gl o th Dustrating the nrocesE@lyt 1 cul ar
bod nent s of the © e TETD AGLURLALRAYIM, dilkistrating the procesERL oap

technol ogy. The 3Ti8péRs) ‘6’% 1% e r%af"gr agﬂre °5r°é’§te3'3f%bme"t of tB"eﬁB“sef‘P@B al umin
and is fornmed by“Ef”éﬂ‘fF?fg“q ﬁ*éf %‘TlﬁPﬁPn‘&s’r‘-’ﬁ‘t Borhér §issi PBed shapes fol | owed
by separating the alum-na fromthe substrate surface. 35 Renoval of the.
conpl eted reed assenisliy. friem tives-sedrsématitveed shopirgf ek alabibus procags nayaks shéd

utilizing a rel eageided@)idlthe production of an embodiment of the invention;

Figs. BA-8D are perspective views of the reed assembly of the

present invention illustrating various preferred shapes;

" Figs. 9A-9D are side views illustrating two processing techniques
employed to create localized patterning to effectuate local stiffening
10 and Air Bearing Surface (ABS) contouring; and

Fig. 10 is a side view of a another preferred reed assembly
~composed of a longitudinal transducer head and suspension incorporating
the poletip design shown in Fig. 5a.

The préferred embodiments of the present invention are especially
15 suitable for use in high density direct access storage devices such as
found in large information storage systems as well as in the single disk
files typically used in personal computers. The devices, e.g., disk
drives or files, may use magnetic memory disks as the ﬁédia.

Referring now to Fig. 1, a linear actuator 10 and a segment of an
20 associated disk 12 of a data recording disk file is shown. The linear
actuator 10 includes a voice coil motor, which comprises a coil 14
movable within the magnetic field of a fixed permanent magnet assembly
_(not shown). The magnet assembly includes a core within the coil 14 and
an outer struétﬁré supported by a housing 16. One end of an actuator arm
25 20 is attached to the movable coil 14. Attached to the other end of the
. actuator.arm-éojigﬁﬁﬁﬁlﬁrality of suppori arms Zi; eacﬁ of which support
a combination transdﬁcer-slider-suspension reed assembly 22 produced
according to the procedure set forth herein. The combination assembly 22
includes a suspension section 26 and transducer-slider 24 formed at one
30 end integral with the suspension section 26. The suspension section 26
supports the transducer-slider 24 above the surface of the disk 12 on a
bearing or cushion of air generated by the rotation of the disk 12.
Alterpatively, the suspen51on section 26 may support the transducer-
slider 24 in contact w1th the disk media 12.- The air bearing or air

~



SAD-914056 5 Additionally, the planar

deposition arrangenent for the presept I nvention permts all processing
of the head and the suspension to be performed on a wafer surface. This
al l ows batch production of the head and the suspension as one unit. 5
Still another advantage of the present invention is the use of wear

resistant material on the head structure. This protects the poletip

regi ons of the head and may be |ocalized through patterning of the
suspension surface to create a favorable air bearing | oading condition

for the head and suspension. 10 H nkel et al, USP 4,624, 048, shows
a process for maki pg-gmgaeti c head sli.defs useful. wth the present

i nvention. : - Preferred enbodi nents of the present invention wll
now be descri bed by way of exanple only, with reference to the
acconpanyi ng db&\Mﬂ’ggQJrEd’teVﬁABﬂ)hreferslﬁa the surfackidf. thd d15de@ HRE13PEES e
view of a conbinat i@acdneadle FgSCLREIe. 1t IRAQEM 18N Q&f&aﬁaﬂaﬁém&e iepyent i on

attached for positigning, Q d 'Jleﬁﬁy boye t&k%&?%mle@mﬁ 0RJUGI Ng
4 : E

relationship to a djs |satop
view of a rrggnet icY1ET ? er?étvﬁar?i“ Wict tﬁ’eaﬂlder Foleatdehsr lﬁ&‘ltd‘ft id 5
enpl oyi ng t he re%d”%f%‘i%ﬁ%f" 150 &b Biskhgtze Surive BeRsEMt 20 i nvention;

Fig. 3Ais a cross-sectional view of the preferred enbodi nent of a
combi nati on reed transdu€ estusts pen 20 Oikc BEEL BHH1yraa0Q0sedtiatarko 21 hgtpeasent
I nvention; : arm 21 E\!l;ﬂort%% iR @mbRReich a'@ed/hé\éﬁﬂ:ﬁ;' ZEhQaJheaﬂbﬁﬁ@i%Hbl y
shown in Fi g. -3/\; assembly 22 associated with each surface of the disk 12. Therefore, disk
. .12 .also has a combination assembly 22 mounted to an arm 21 of the
10 actuator arm 20 on the undergide of the disk 12. Further, other

"~ combination assemblies are associated wiéh the top and bottom sides of

other disks, the transducer access of which is controlled by the actuator

10.

The sﬁspension section 26 of the combination transducer- slider-

15 suspension assembly 22 provides a load to the transducer-slider 24 which
is generally perpendicular to the surface of the disk 12. This
perpendicular load maintains the transducer-slider assembly 24 in contact

" with the data surface of the disk 12 when the disk 12 is not in rotation.
During operation of the disk drive a lifting force is generated between

20 the trapsducer-slider 24 ABS and the rotating disk 12 opposing the
perpendicular load applied to the transducer-slider 24 causing the
transducer-slider 24 to fly above the disk surface. Alternatively, in
contact recording, during rotation of the disk 12, the transducer-slider
24 remains in contact with the media for reading or recording data.

25 During operation, the transducer-slider 24 is moved’ to the desired
track of the plurality concentric data tracks defined on the data surface
of the disk 12 by means of the coil 14. The coil 14 is controlled by
positioniﬁg signals to move within the magnetic field of the magnet
assembly. Because it is desired to provide rapid access of the

30 transducer-slider 24 from one track to another track for read or write
operations, it is necessary that the transducer be properly positioned
over the desired track and reach that track in a minimum amount of time.
It should be noted that while the actuator 10 illustrated in Fig. 1 is a

‘linear actuator which moves the combination assembly 22 in a precise

35 direction transverse to the data tracks, other ﬁypes of conventional disk
files utilize a rotary actuator such as is shown and described in U.S.

" Patent 3,849,800 and in Fig..2 herein. The combination reed assembly 22



255 ¢ %z Fig. 4Ais a cross-sectional view of the poletip design
I ncorporated in the reed assenbly shown in Figs. 3A and 3B;
Fig. 4Bis a top plan view of the poletip design shown in Fig. 4A

Figs. 5A and 5B are cross-sectional views of two additional enbodi nent s
of poletip configurations designed according to the present 30 invention;
SA9- 91- 056 6 Fi gs. 6A-6F are
cross-sectional views illustrating the processing steps involved in the.
manuf act ure .of one enbodi nent of the invention incorporating the
pol-etip design shown in Fig. 5B; Fig. 7 is a cross-sectiona

vi ew showi ng the various process Iayers 5 utilized inn the production of an
enbodi rrent of tl"@glgavmt ion; 8 -

must provide radial stiffness, and have substantial flexibility in ;the
.pitch and roll directions as it rides above the data surface of the disk
12. 1f des1red an integrated circuit amplifier assembly 28 may also be

produced on the suspension section 26 of the combination assembly 22.

il

'5 Referring now to Fig. 2, a data recording disk file including a
o hoqsing 25 in which is mounted a rotary actuator 37, an associa?éd disk
34 and a drive means 32 for rotating the disk 34 is shown. The rotary
actuator 27 moves a combination reed assembly 30 of the present in;ention
. in"an arcuate path over the disk 34. The rotary actuator 27 includes a
10 ~voice coil motor,'which comprises a coil 36 movable within the magnetic
. field of a fixed,perménent magnet assembly 38. An actuator arm 29 is )
attached to the movable coil 36. The other end of the actuator arm 39 is
attached to the combination transducer-suspension assembly 30 of the

present invention produced according to the procedure set forth herein.

" 15 Referring now to Figs. 3A, 3B, 4A and 4B, a preférred embodiment of
" the combination suspension/transducer-slider reed assembly according to
" the principles of the present invention is illustrated. The combination
suspension/transducer-slider structure 30 comprises an elongated
génerally rectangular body (31) of a dielectric material such as aluminum
20 oxide (A1203) or silicon dioxide (Sioz), for example, having a relatively
uniform thickness along most of its length forming a suspension section
37 and a somewhat greater thickness at one end, the left hand end as
shown, wherein a magnetic read/write transducer of head 40 is formed and
a slider air bearing surface (ABS) is patterned on a lower si_cl'e_t:her_ec)f.’_f
25 As mentioned above, the term ABS refers to the side of the §1iéer vhich
is generally parallel to and adjacent the media surface in both
winchester-type disk files and contact recording applications. As shown
in Fig. 3A, the ABS comprises a shaped protrusion 33 formed on the lower
side of the reed assembly body 31, preferably forming a contact pad for
. .30. contact recording applicétionsJ Alternatively, the shaped protrusion 33
) can form a slider having an ABS patterned fo generate a lifting force
when relative motion exists between the reed assembly 30 and the media to
allow the slider to fly closely above the media surface. The surface of
the shaped protrusjon 33 is coated with a wear layer 35 of suitable
35 material, such as diamond-like carbon, for example, to minimize wear and
damage when the reed assembly contacts the media surface. Although
protrusion 33 as shown in the figures comprises a simple structure; other
embodiments of the present invention can include a multiple-stepped



Fi;gs.. @A- 8D are perspective views of the reed assenbly of the pr esent

I nvention illustrating various preferred shapes; Figs. 9A-9D
are side views illustrating two processing techni ques enpl oyed to
create localized patterning to effectuate |ocal stiffening 10 and Air
Bearing Surface (ABS) contouring; and i Fig. 10 is a side view of
a another preferred reed assenbly . conposed of a |ongitudinal transducer
head and suspension incorporating t he poletip design showm in Fig. 5A
The preferred enbodi nents of the present invention are especially 15
suitable for use in high density direct access storage devices such as
found in large informati on storage systens as well as in the single disk

files typi-call y.Ag_sego-si n personal conputers. The devices, e.g., disk
drives or files ngéy dse magneti c nenory di sks as the nedia.

Referring nowto Fig. 1, a linear actuator 10 and a segnment of an 20

associ ated di sk wPondnddt 8158 ALY 19LSKssf Ld Eonle §a .iad €. |1 near
actuator 10 incﬁrlgj%é]si{oa \;‘gﬁ%c né;’gu i li(e\/vhg'ScI% o uéflg Vi T 14

e tor, onpri s '
movabl o wi t hi n RRECHTN: 1 FHErUBTecs S At pSPritBRLe vabh Btk y
(not “shown) . THeveketet*Patdettbihy ABdcledithes P& “eofr & RY Hivhes PRFtzoi | 14 and
an outer structfsbeicstigpderrdol byocesshintspded t GedCnche mebneticasepaatitat or ar.m 25
20 is attached setvwdeheahedeabhel geidisddurfadd tacheby tie thiekmethor teand of tHe

actuator ar m_2o,,eg;,asigme@|lg,tey @f eneURPOREp 88diBn.21, each of which support
a conbi nation transducer-slider-suspension reed assenbly 22 produced
according to the prgCedur set fgr‘}tog],L hgrei n, .The cowgpli} nation ‘assenbly 22

: PR Penarurit d integral
i ncl udes a suspensj Of SBENBE B89 and St FARSAtE ey ey BEASYBFRET at one 30

end integral w tRtRSTstRsprEME e seBRtipRfiongeed apREbLdhenisi B Retrrvh 26
supports the treaheHnends -tht ireml/vidte hirsh/ €0 tdnerises k adeg-tiretteed diidikzeti2inon a
beari ng or ciueshio@izontalatecorgemesmpl Bdtivyist b ¢t Atéraamiodlytdoaprdislk 12.
Alternatively, glife-SpaPRig i pspetdioNarl GedRYing UPPNQEJtidlE X ARSENLSle
slider 24 in COIQEQ‘C&B :‘chfulaest Q%a&ﬂe?ﬁ gﬁghiq Joaprisi]; eanadpE:erbﬁa%utqg ygl';e M
magnetically coupled to a lower yoke 45 at a front stud 53 and a back-gap
stud 55. The lower yoke 45 is broken to form a horizontal gap 47 between
15 the two pole pieces formed by the break in the lower yoke 45. The lower
yoke 45 is shaped to provide the gap 47 near the surface of protrusion 33
with the poletips substantially co-planar so as to be closely adjacent
the recording media. Inductively coupled to the magnetic yoke structure
is a horizontal spiral coil 41, with the ends of the coil connecting
20 through lead conductors 49 extending the length of the suspension section
37 to -terminal bonding pads S51.

In a preferred embodiment, the combination reed assembly 30

comprises a body 31 of al having a length of 12 millimeters (mm). a

o
width of 0.5 mm and a thigkgess of 35 micrometers (pm) for that portion
25 of the body 31 forming suspension section 37 and maximum thickness of 50
pm for the read/write head section 33. The reed assembly 30 is
fabricated utilizing well-known deposition and photolithography
techniques on a base substrate, as described in greater detail below,
utilizing a release layer to separate the finished reed assembly from the
30 substrate. The upper and lower magnetic yokes 43 and 45 are of nickel- '
-iron alloy (NiEe), generallf referred to as permalloy, or other suitable
magnetic material, such as iron (Fe), nickel (Ni) and cobalt (Co) or
their alloys, and are preferably plated-as is well-known in the art.
Similarly, the coil windings 41, lead conductors 49 and terminal bonding
35 pads 51 are also formed of copper (Cu) or gold (Au), for example, by
’ plating techniques. Manufacturability of this embodiment is greétly_
simplified in that the complete reed assembly 30 is fabricated in layers

~



SA9:91g056 7 bearing surface (ABS) refers to

the surface of the slider parallel to and adj acent the disk surface. It
i.ncl udes both configurations where the slider is designed to fly above
the disk, sonetimes referred to as a W nchester-type drive, and where
the slider is designed to contact the 5 recording nedia, the disk 12,
during operation. : The actuator arm 20 includes a plurality of
the arns 21 with each . arm 21 supporting the combi nation reed assenbl y
22, each conbi nati on assenbly 22 associated with each surface of the

di sk 12. Therefore, BE 12 al so has a_ conbi nati on assenbly 22 nounted

to an arm 21 of ‘ﬁ’e Y¥8°%ct uator arm 20 on the undersi-de of the disk 12.
Further, other conbi nati on assenblies are associ at ed with the top and
bott om si des of lftlhtt ud I sks.  the transducer aec Of ichis

control I ed by t hBAEhatof™ SupPofping substrate by conygy 1(”“’Spenél Of"settion 26 of

the conbination t§RRMEter- slider- 15 suspensi on assenbly-22 provides a
| oad to the transducer-slider 24 which is generally perpendicular to
the surface of the diRekertfhg fPRito Figs. preppbbRli ovbaredtomel miavatoditys t he
transducer-sli defurasaeéﬁbbgﬁmmslﬂar abaipetip confitjutdtidnher et presentf ace of t e
di sk 12 when tdejgieSkiod ard ShdiR! Fiy. '9at ALilPates one ERHobABNOPEE Fot @Bl the

disk d lif f d
2'45 ABSr ;‘r’lg ?hel i gtlg?:ll,p 9Jn fgukasc %.epe%ﬂk‘f& &%‘h%ﬁ“ ’I%Qs elkdl‘&‘ﬁ\ehaﬁé‘?,%ﬁ% §% Ipplelr ed

to the transducels®fiy 'i“?&“lf‘é’t?s?’r% Hegec nigpg éh‘g’difc FeeePrhiRy L?zi‘a’floe'f |y
above the disk satf atheNevaThip Faln PRPéICy““PFFm I.C.card d'cHEEE deonsastiens euring
rotation of the Hagmktit?, Voluge 2¥.aMSdSCRIgesiiPUlel989. Pd2d plemmidls andi4dont:act~ -
w th the nedigo f ere Epacd B&r@fbyra{e&ﬁ_ﬁéﬂlag;aﬂatia This permits the horizontal head

40A to read and write magnetic signals and to communicate these signals

via coils 48A te cifcuitry {(not shown) of its associated disk drive.

In a similar fashion, the horizontal head 40B shown in Fig. 5B
utilizes pole pieces 42B and 44B separated by a gap 46B. Horizontal head
/15  40B communicateé via coils 48B. The pole pieée 42B is slanted and can be
fabricated withoﬁt the use of a free standing sidewall such as required
for 'the embodimeht shown in Fig. 5A.

Figs. 6A-6F are cross-sectional views illustrating the processing

steps involved in the fabrication of a préferred embodiment of the

20 present invention incorporating the horizontal head shown in Fig. 5B. A
‘seed layer 57 is first deposited by sputter deposition, for example, on
a substrate 2. -The next step is the deposition of a layer of
photoresist 50 onto the substrate 52 over the seed layer 57 and then
etching or otherwise forming a resist pattern having a slope 54. The

25 substrate 52,'as shown, represents a substrate and release layer as
described in greater detail with reference to Fig. 7 below. A first pole
piece layer 56 of NiFe, for example, and a:separation layer 58 of copper
(Cu), for instance, are deposited onto the ‘seed layer 57, as is shown in
Fig. 6B. The separation layer 58 provideé ‘separation between the two

30,_pole pleces .ﬁ;the head. _ The only requxremeﬁt for the separation

~ layer 58 is that it be of a non-magnetic material. The slope 54 of the
resist pattern causes the layers 56 and 58 .to be formed with a slope 60.
Preferably the first pole piece layer 56 and the cu layer 58 are
sequentially plated onto the substrate 52. . A layer 62 of a magnetic gap
35 material is then deposited over the layers 56 and 58 after the resist-
pattern of the photoresist 50 is removed as is shown in Fig. 6C. Fig. 6D
shows that the unneeded material of the magnétic gap layer 62 is then



25% ¢ 9 During operation, the transducer-slider 24 is noved to the
track of the plurality concentric data tracks defined on the

desired
~data surface
~controlled b
- the magnet

y

assenbly. Because it

of the disk 12 by nmeans of the coil 14. The coil 14
positioning signals to nove within the magnetic fie

the 30 transducer-slider 24 fromone track to another track for read
"write ~ operations, it is necessary that the transducer be properly

posi ti oned
amount of ti

ne.

over the desired track and reach that track

sa9-si-oseshoul d be noted thatiwhile the actuator 10

illustrated in Fig. 1is a.- | i near actuator which noves the cbnbih
assenbly 22 in a precise 35 direction transverse to the data tracks,

types of convent rawadd threkgh a resfis esskuanil| 4tzie stepr Foaleyangid uaitoshov&uchoas S

shown and descri pagidena daPSiayer 62 Ratéiihg 3rn1946he 8l6peattd (el ﬁbgesﬂoh%ﬁl n.

is
| d of

I's desired to provide rapid access of

or

in a mnimm’

ation
ot her

The

of ghe

conbi nation reedi1a38£@Pla¥g 48, Fhotoresmt pattern 64 for d% 15 nQé he seco

8 .~ nust progg,ﬂ e@edhé‘lthe%t;l 31%§§§s 19”5 o na1 igu s% ant, g"l[ ﬂfﬁg ?;Lty in
the pItCh nd [ecti § 3 bl f hé d&a’s a

disk i a’“"" ed“ %ﬁ“ Fﬁ°é 1 é&’ B.PFE{?FT 3 mlf"ilé? S HIRTSFID8 nay

al so be pr odH'E‘,t(-ffEI"“of’i4 FHevSUSpENS 20t PIloPion oF a1 he sbaynbinngil: ¢A- .
assenbly 22. 5The first pRef mierd AlyendW deberiings the thradathaighecor dhaig di sk file

i ncluding a
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resultant poletip structure 70, as is shown in Fig. 6F. The poletip
structure 70 comprises a first pole piece formed by the NiFe layer 56 and
a second pole piece formed by the NiFe layer 68 having a gap therebetween
formed by the gap layer 62. The separation layer 58 thlckness is
determined by the minimum required separation distance between the first
pole piece formed by NiFe layer 56 and the later deposited second pole
piece 68. WhilefFig. 6F illustrates the gap layer 62 slanted at the
angle formed by slope 60, the slanted gap layer is not restricted to the
slope as shown. That is, the slope of the slanted gap layer can be at
any angle betﬁeen 90 degrees, i.e., perpendicular and + 70° with respect
to the plane of the substrate 52.

An important consideration in the process shown in Figs. 6A-6F is
the material utilized for seed layer 57 required for the deposition of
both pole piece layers 56 and 68. Preferably a plating process is used
and a single seed layer 57 can be used for plating both pole pieces. .
However, if the seed layer material used is magnetic, it must not be
present in'theIMagnetic gap 65 to prevent magneticalIQ'ehorting the gap
65. If the seed layer is non-magnetic and deposited over the magnetic
gap 65 and is greater than a fraction of a microinch, it generally should
be removed to minimize the magnetic head/disk,separatioh. If the non-
magnetic seed leyer is of a material suitable for use as a wear layer,
the need for deposition of a separate weaf layer can be eliminated.

Referring now to Fig. 7, a cross-sectional view illustrating the

varlous process layers utilized in the fabrication of a preferred

'embodlment of ‘the present invention is shown. One obJect1ve of the
present invention is to fabricate horizontal type heads and encapsulate
these heads in a suspension structure fabricated by thin film deﬁosition
of a dielectric material, such as A1203 (alumina), for example. The
suspension shape is patterned around the horizontal head using
conventional etching techniques well known to . those in the art. The

completed head and suspension assembly is separated from the substrate



hqusing 25 in which is nmounted a rotary actuator 37, an associated disk

34 and a drive means 32 for rotating the disk 34 is shown. The rotary
actuator 27 noves a conbination reed assenbly 30 of the present invention
in an arcuate path over the disk 34. The rotary actuator 27 includes a 10
voi ce coil motor, which conprises a coil 36 novable within the magnetic
field of a fixed pernmanent magnet assenbly 38. An actuator arm29 is
attached to t-he.movabl e coil 36. The other end of the actuator arm39 is
attached to the conbi nation transducer-suspension assenbly 30 of the

pr eséent inventionﬁgroduced according to the procedure set forth herein

15 ~ Referri Ho®% o Figs. 3A, 3B, 4Atand 4B, a preferred enbodi ment
of t he conbi nati on suspensi on/transducer-slider reed assenbl y accordi ng
to t he prlnC| | es of theJoresent |nvent|bon is illustrated :
conbi nat i on B ASTRORTE r ATt er =8 1P ErEr e§‘fe|’ﬁctf’ﬁf}ébséfftf:&ﬁ%ﬁ"%lé%"éﬁ

el ongat ed gené‘i’saf’}sy“‘r BEERGul 2 HOERFSInI L) R frmed & ebaes erthiedrical such
as al uminum 20 oiedeafe\E@BBYatersusiakt-con di oxi de (SiO2), for exanple, .
having a relatively “ uniformthickness along nost of its length form ng

a suspensi on Section with ohtfHRth@Areermvhas rif.ent @pridiskiless absaaee end, 7

the left hand endafne o off QWi tNGLAID IndRUBGhbe LEBY Wil Lot pansducer or
head 40 is forned (i e?hn%dor Bﬂ surface BS) grne ed
a

on a | ower side tﬁe“?"é%‘f ut%"""ﬁs e 1R ef‘a"'g’{r% A@S“‘*éfé?’s to the

side of the slidePr iffeaTf laver 83 igether pymyd ﬁ&rtélf surstEase Bid B EeleHE t he

~nedia surface in Bweh 83 servygsremersl enrroygse dhs kelepectryend3 derthaict recordi ng
applications. Ass&bdfipial layemwitdich.is 3henthlldy ABGol@dtol Se6 the Sheptied :

protrusion 33 {gr ememoerném&r assembl1§ 18866 theNSub: 86 35SERR! X1ddy '31

pref erabl formna . et o o i ons.
,}g\l ternati zel y, 2 y% r‘%@catl oDé‘QpL& %Q ¢ ‘RQ} gts?'g Q&QLQ&”&%&QP v\%lgtﬁg an ABS

? I’Otl’L&;l on 3 \form a

patterned to gene %ﬁeé a tlﬁ’”ig ¥y cd Zan, %é‘ﬁs Fefat Ve ?ﬁfﬁ%ﬁ i sts

bet ween the reed 5%“@%?1"51’%/"'%}6”’& PnE HEertyiserve 35 @ seed| IroRbetife barg dwerifgrfly
cl osel y above t hetireglibgequentf tayers d4pesided bidézing plating pechuiqngse buph @¢ rthsi on
33 is coated wit hpelewysaces| ey ee GonGlicesUi Likehe c3idaned €dri ele, re3erch lager

di amond- i ke car bef ard QireesatdP liGich tcauidl BY 8dp3At¥EBMroddhda sputtdlangpge when the

reed assenbly CONLARERy pl3BesdBdh BasMbf EiQﬁar Bl N kormea RELOLEUSIIOM33 as
shown in the figu s qQnprises a si npl e structure; other enbodi nent s of

the present invenfi'on €an include a nmultiple-stepped

The barrier layer 85 similarly serves several functions in the
20 production process. The barrier layer 85 is used to isolate the
subsequently deposited layers from the release layer 83. For instance,
the magnetic poletip structure 70 and head 90 formed as described with
reference to Figs. 6A to 6F can be the subsequently deposited layers.
Thus pole pieces 71 and 73 of Fig. 7 can be formed in the same manner as
25 discussed for the pole pieces 68 and 56, respectively, of Figs. 6A-6F.
The barrier layer 85 serves as an etch stop to protect the pole pieces
from any etchant which may be later used to dissolve the release
layer 83. Additionally, the barrier layer 85 may be used as the seed
layer for plating of the pole pieces 71 and 73, as described above, for
30 example., Even more, the barrier layer 85 may be used as a wear layer to
protect the pole pieces during operation.in close proximity to a rotating
magnetic media. In this capacity, it is preferable that the barrier
layer 85 be an électrically conductive material which could assist in
promoting a longer lifetime in a contact recording mode. If the barrier
35 layer 85 is not to be used also as a wear layer, it is desirable to
remove it after the release layer 83 is dissolved. ‘



SA9-9O1-e0)56 9 protrusion which allows the
wear l.ayer 35 to continue to provide wear protection to the slider
surface even after the nagnetic yoke poletips have been exposed at the
ABS, either by wear or by a brief post- fabrication | appi ng process
i ntended to reduce_the nmagnetic separation 5 between the head and the disk
surface caused by the thickness of the wear-resistance |layer in the
pole tip region. . - The read/wite head 40 is forned integrally
wi th the suspension section 37 to provide the conbination reed assenbly
30. In the preferred enbodi nent, the read/wite head 40 conprises a
ring-type head utilized in 10 horizontal recordi ng applications, but can
alternatively corspsi9sesa probe-type head for perpendicul ar recording
applications. The read/wite head 40 i ncludes a nmagnetic circuit
conprising an upper magnetic yoke 43 magnetically coupled to a | ower
yoke 45 at a front studhBGfdmdleposhtiok-rgeqess for Eabyirab®n ofTHe Hodsweiscyoke 45°
i s broken to formtenchate montialzegdp e chigidiween sidvn inhEigt ohsgdleen pi eces
formed Py the breRkcriibedt fi€n | rO¥¥REncY OJ6EFidS. 6a-8H.e WAV Ehe descdiBkLprbaedsS Shaped
to pr QVI de the gaoBleotQ@ﬁ’[edttng fg%gti%f;%fq;he QB%E&S&Qnﬁé%agneti%;ph the
pol eti ps subst antbal by, 0 PlANALL 2085 §,00BS: GKATE Yo 3 86CRbricatichE 7
recording media. 1n uctt|vély coup e,é?oytﬁe magnéti c yoke structure IS
a horizontal spi rt8F PRIRHEP AYPuctre {Otiferos fdsisatet 718”68?5?{ b rifeCt iRy e20
t hrough | ead conduth tkes fabgicakicamfi Hy tiiirel wegeathc bfadt We FospeamBlconthgecti on
37 to term nal bomdiragiopadsoclslpiece or lower yoke 1M is tpried1dy rfecheérihadenent, the
conbi nati.on reed As6aFbYra8n rathes ONRY 18RScdm{Ig e Jdvedl pold 2P I hiWiragera
length of 12 )l 'eo%kgrtﬁe (O nge? of the WolllehyoRE 79 SofTMAABGe A nbill, GlBRSS of 35
;neg'[ ?gﬁt g;sag]gn')rraoj(f?‘?ﬁﬁJnsl)l“]"a}ﬁig%%Iéllst‘ggso?geﬁé—dggwnt met}:nbeogtx..w%%chf anr%engnc%!yﬁ.g%gm on
during its fabrication, the upper poletip 68 is formed. in a separate
plating step and the remainder of the upper pole piece or upper yoke 71
plated and nstitched" to the upper poletip 68 in a subsequent process
15 step after the coil windings 77 and lead conductors 79 have been formed.
Alternatively, the entire upper pole piece 71 ‘including poletip 68 can be
placed in a single process step subsequent to the plating of the coil
windings 77 and lead conductors 79. Similarly, the formation of the
dielectric layer 75 including the separation layer 58 in which the coil
20 windings 77 are embedded can be accomplished in a single step or series
of steps prior to the plating of the upper poletip 68. However, if a
non-magnetic electrical conductive material such as Cu is utilized as the
separation layer 58, it will be necessary to form the dielectric layer
separately because the coil windings 77 must be embedded in an insulating
25 material.

When fabrication of the transducer 90 is complete, a layer of a
suitable dielectric material, such as alumina, for example, is deposited
over the magnetic transducer 70 to provide the transducer suspension
assembly 80 to support the transducer 70 in sensing relationéhip with the

30 magnetic media (as shown in Figs. 1 and 2). The suspension section 87
includes coil turns 77 and associated conductor leads 79.embedded in the
layer or layers that form the suspension section 87. Céntact studs 78
are formed in the suspensibﬁ section 87 at the external termination“ C
points of the conductors 79 at the end opposite the transducer 90.

35 Preferential aspects of the present invention are the use of an
electrically conductive release layer 83 as the primary seed layer, with
.possibly a thin electrically conductive barrier layer 85 on top to

provide a wear layer for the completed poletip structure 70. The wear

~



pm foLgt he read/wite head section 33. The reed assenbly 30 is

fabrlcated utilizing well-known deposition and photolithography

techni ques on a base substrate, as described in greater detail bel ow,
utilizing a release |ayer to separate the finished reed assenbly fromthe
30 substrate. The upper and | ower nmagnetic yokes 43 and 45 are of nickel -
iron alloy (N Fe), generally referred to as permalloy, or other suitable
magnetic material, such as iron (Fe), nickel (Ni) and cobalt (Co) or
their alloys, and are preferably plated as is well-known in the art.
Simlarly, the coil windings 41, |lead conductors 49 and termnal bonding 35
pads 51 are al so fornmed of copper (Cu) or gold (Au), -for exanple, by

pl ating .t echni quessas-dvbosef act urability of thi4s enbodi ment is greatly
sinmplified in that the conplete reed assenbly 30 is fabricated in |ayers
SA9- 91- 056 10 parallel to the supporting .
substrate by convenytoraild tiskby knowin vithout eohleppiesprocess. In this Referring

now to Figs. 5A anghb&fnent| Q6S pSIRCIieodtal1 MideVs af prle¥rably fobhéalBYed: plated
enbodi ments for the pah&t jR.&ONf h%!&nﬁt ia%lmgfoft 0e RiEsRALs ﬁay wv&meeemoar e

shown. Fig. SA iIl]ustrates one.emb r oletip
configuration readllnw‘?le e’ aé‘a‘d%d?x % sn%“calrﬁemﬁtémm t‘%‘1asbfrabm:f‘p usi ng

a free standing sﬂH@“ﬁé1l t echni que such as described by Lazzari et
al., "A New Thin FilmHead Generation |.C. Head," |EEE Transactions on
Magnetics, Vol ume 25, Riferf3ng pagte BiB30,8A1898 PerspPefiiee piegs @f p4XArzdd 44A
’ embodiments of the present invention wherein the reed assembly body.is
fabricated in desired shapes to provide specific suspension ’
~.characteristics are shown. Since the reed assembly is fabricated on a
10 substrate with thin film technology, it is possible to locally shape and
stiffen the suspension. The topographical shape of the suspension system
can be as shown in the aforementioned Watrous USP 4,167,765 or in any of
the other planar view shapes commonly used. The planar shape of the
suspension should not be taken as a limiting factor in this invention.
15 In Fig. 8A a reed assembly body 92 combrisés an elbngate structure having
a generally rectangular {parallel piped) shape in which the suspension
characteristics are determined primarily by the material and the length,
width and thickness of the structure. In Fig. 8B, the reed assembly body
94 comprises a suspension section 91 in which the width of the body is
20 changed to form a trapezoidal section 93 necking down to the transducer
section 95. In this embodiment, the suspension characteristics are
primarily determined by the change in width between the suspension
section 91 and the transducer section 95 and the rate of width change:;
i.e., the length of trapezoidal section 93. Figs. 8C and 8D illustrate
25 the reed assembly of Fig. 8A wherein one or more longitudinal ribs 97 or
one or more transverse grooves, respectively, have been formed on the
upper surface of the suspension section of the reed assembly body 96 and
98, respectively. In these embodiments, the number and dimensions of the
ribs 97 or grooves 99, respectively, effectuate selective stiffening or a
30 decrease in the stiffness of the reed assembly suspension.

Referring now also to Figs. 9A and 9B, side views of the reed
assembly suspension section fllustrating one processing technique
employed to create the localized patterning to fabricate a thin film
suspension system in a plane parallel to the top plane of the process

35 carrier substrate to effectuate the selective stiffening shown in Fig. 8D
is shown. As illustrated in Fig. éﬂ, a release léyer 100 is formed on a
-substrate 102. The thickness of the release layer 100 is varied locally
to provide thinner portions 104 and thicker portions 106 to provide a

by



10+ aga,Spaced apart by a magnetic gap 46A. This permts the horizontal

head 40A to read and wite magnetic signals and to comruni cate these

signal s via coils 48A to circuitry (not shown) of its associated disk

drive. In a simlar fashion, the horizontal head 40B shown in

Fig. 5B utilizes pole pieces 42B and 44B separated by a gap 46B.

Hori zontal head 15 408 conmunicates via coils 48B. The pole‘piece 42B is

sl anted and can be - fabricated without the use of a free standing
~.sidewal | such as required for the enbodi ment shown in Fig. 5A

Figs. 6A-6F are cross-sectional views illustrating the processing st eps

involved in the fabrication of a preferred enbodi nent. of the 20 -present

i nvention i ncor posaatdineset he hori zontal headSshown in Fig. 5B. A seed

llayer 57 is first deposited by sputter deposition, for exanpl e, on a

substrate 52. The next step is the deposition of a layer of phot or esi st

50 onto the subst®at daBpgdhedetined susaepsioppattapingnip yeyesfe reliegt cHilfgisor
ot herw se for m ngagompdshed. fat ineranchaim plptingstvopleyd4. ofTipe REassubstrate 52,
‘as shown, represefitérial Substdeadng lape I£haacRed By Photatesist, agCplabidd 4 n

greater dEt ai | W tfick efRE WRCEe trO1daET matlr RG] AW the:Alcfc'aIl%tm.L@Q.lnﬁ or etciihg§Ce

I(za;g;ar f5(6)r OT nls\llt Zﬁéaexjeg)&g‘[pg)g. %)lglase % etal&pp%?st Lﬁ)go%cﬂxgralggugefup?gtfpgrh whin 7
Hy) 6B The. conEeaR iRt ASroeaarat: dhe  SEEPL t1earoh APhas taik S 30

- pol e pieces of thentpdhe relepirelayss 909 Behs FefidRttivgr vere theePuFiwesoRt the | ayer
58 is that it be sfspashomatagreldsc rMht epsrahsion Higeril o9, SHenofepitated
resi st pattern caps®ht ieldase/ @dyar 260 abdtom3 thd dugpehGbnpartabd ioacshk apen 60.

- Preferably theigsh @msau&ygggekﬁxﬁrre&asaml* Re iOUnbAYES F RS 9Bl €
sequentially plated onto the substrate 52. A layer 62 of a magnetic gap 35

- material is then deposited over the | ers 56. and 58 after ngtfrl?te‘?ch

pattern of the phot or BsTeEt"IsEPT8h Aindvgtrased & EWowac i*h IEPQ{
~shows that the unPreBtéermnhr i 4° BFPPRen TREHaLS Lliglpoissfernte 2 f"sleisﬁen

layer 112. The release layer 112 in formed by depositing a release
material onto a substrate 114. The top of the suspension layer 110 is

15 patterned with photoresist and etched at portions 116 -to provide a
suspension layer that is flexible along its length. The top of the
suspension layer is etched at portions 116 while it is still attached to
the release layer 112 and the substrate 114. After the release layer 112
is dissolved, a contoured suspension portion 118 is obtained. By using a

20 combination of the technlques shown in Figs. 9 and 9C, both the top and
bottom surfaces of a suspension system can be featured as desired in a
batch process. Using the illustrated techniques, suspension structures
can be obtained with localized patterning to increase or decrease
localized stiffness as well as provide desired air bearing surface

25 contouring.

Referring now to Fig. 10, a side view in section of a transducer-
suspension combination assembly 120 incorporating the horizontal
transducer shown in Fig. 52 is shown. The assembly 120 includes a
horizontal transducer 122 which can be produced according to the side-

30. - wall process described by Lazzari referenced herein.above. A wear layer
124 and coils 126 can be produced in the same process. Conductor leads
128 and stud pads 130 can be provided as discussed with reference to Fig.
7 along the length of a thin film suspension section 132. The suspension
section 132 can include one or more stiffening portions 134 and 136 to

35 support the transducer 122, and a contoured air bearing surface portion
136 which will control the flying height of the transducer 122.



SA9- 91- 056 11 removed through a resist mask

ahd“éﬁgh'step, for exanple (not shown);, to provide a gap |ayer 62
covering only the slope 60 (see Fig. 6B) of the | ayers 56 and 58. A
phot oresi st pattern 64 for deposition of the second pol e piece is then
provided as is shown in Fig. 6E. Alayer of NNFe, for 5 exanple,-is then
deposited, again preferably by plating, and the resi st pattern 64
renoved to forma second pole piece 68 as is shown in Fig. 6F. The

first pole piece’layer 56 deternines the throat height for the

resultant poletip structure 70, as is shown in Fig. 6F. The poletip
structure 70 conprises a first pole piece formed by the N Fe |ayer 56 and -
10 a second pol eS}&8c85 orned by the Ni Fe Fayer 68 having a gap.....eocime = —e-

t her ebet ween fornmed by the gap |ayér 62. The separation |ayer 58
thickness is . determned bé the m ni numrequired separation di stance
bet ween the first e |cenPreceter sy HdR ByPrRFSERP Y RJefed 58PRshd Thie liat er

deposited second pwidactor lepisel?8 8. royyed|sdomd He BFEPenfiopstrusters BRAetogte | ayer
62 slanted at thest@ pangbe. fen@odgyorsieape arontiyerel tng etrigipe| ayer is
not restricted tOaéddBgement SinOP@hASuspEMINSh 13ENAL tHif, ank RRe SLRPLE s@fmetye sl ant ed
gap layer can bg @lquired BN¥ompftAbR DL WEARiAILLAEEES i sEpen&] RERGICUl ar 7 -

and + 70[err] wt spegGt - ta t plane. of t.he substrate.
An i nport ant cons?%{er?%? fet)\ftrelralb%ly f ﬁogucﬁlra gbgeésegosslﬁb" all""ﬁmﬁoés"%eéﬁué%%ﬁ% 20 the

material utilized™SFiade®ye 8y &1L 1RGP 497 &Y (Hier Ao (P Redf bot h-
pol e pi ece | ayer stSéneiney 68 usqh bf prodpfeyths PFhaPphédhroeempietp Shedbih: film gnd a
-si.ngl e--seed | ayer h&a/oapenbionused abenblyl B0 Ng dboddkhdepadieioni Fcasmina can Hewever ,
if the seed | ayer viedt & brithrdI58g1dte NBHO@Mation det thaLighnsB@er- 82 Fol1odaesLAt 1N
the magnetic. gap QzpkQ Blee¥QBl MRINQli-caht %os ROILLING: tACLAARER- 65 I

the seed | ayer |ss‘r115%£1'-"sn§rgra1este;né:lyand deposited over the nmagnetic gap 65
and is greater than a fraction of a mcroinch, it generally should be

renoved to mnimze the magneti c head/ di sk separation. If the non-

magnetic seed | ayer i SheflynipheesPraaion iitestit olsfrypfqgarly feutdeidalc ¢ ayer,

t he need for deposhickeess of faoms@pap FOenineonetef sy cthe caspehsior shapenigt &gmed 30

Ref erring now 1D by @tching BheC b@$E0as Gl iuBi@toat i caluhinalSt ARAEd BE sd3Bension
shape is formed, the release layer is dissolved to free the

head/suspension devices for use.

The described head-suspension structure embodiment is suitable for oo
longitudinal recording and is resistant to wear along its poletips and
20 the air bearing surface contours. This structure can be batch processed

in planes.para;lg%.to the starting wafer surfacg;andwa;lﬁﬁi;gggﬁ N
anisotropic stiffening for maximum actuator bandwidth. Production of
these suspension/transducer assemblies is facilitated since an extensive
lap process is avoided.

25 While the invention has been particularly shown and described with
reference to preferred embodiments thereof, it will be understood by
those skilled in the art that various changes in form and detail may be
made therein without departing from the spirit and scope of the
invention. Fof instance, a transducer may be produced onto the wafer

30 such as is describeﬂ in U.S. Patent 4,190,872, assigned to the assignee
of the present invention. The wafer may be made of material such as is
the subject matter of the Jacobs U.S. Patent 4,251,841, entitled
"Magnetic Head Slider Assembly" and assigned to the assignee of the
present invention. Although the suspension'portions of the present .

35 invention are preferably composed of sputter-deposited alumina, it is
;ecognized that other methods of deposition may be employed and that -
other materials may be utilized, including other suitable oxides,



vafi pyse process layers utilized in the fabrication of a preferred

enbodi nent of the present invention is showm. One objective of the

present invention is to fabricate horizontal type heads and encapsul ate
these heads in a suspension structure fabricated by thin filmdeposition 35
of a dielectric material, such as Al[err](err](alumna), for exanple.

The suspensi on shape is patterned around the horizontal head using

. conventional etching techniques well known to those i-n the art. The

conpl eted head and suspension assenbly is separated fromthe substrate

'SA9-91-056 12 using a rel ease or
sacrificial | ayersag)_gtly@,en the substrate and-dielectric suspensi on
materi-al. Al processing is perforned in planes parallel to t he waf er
substrate surface. Wth continuing reference to Fig. 7, a

process carrier siibSeéat @rfchides, @assbe oforghoys sarbbrabdiemdwailerd adrbéiomn to
those in the art,;asiiahed@Sombinatidhd!BF Raithbileadtnate 63l fl GRs(14¢4 iR GhteREa1si | i CON,
for exanple. A Sﬁisrsh;aeﬁgl%l, sectipfle: QCJO% gasc@ th@¥6lrePRal e§bédtmqt Qsaiecie% the

substrate 81. The re

serves sey 0ses

rel ease | ayer 83 Jua! ifsr of 2 B%ﬁ‘ff"‘i’%? EF%ﬂ“ tl""l:ﬁ*’?'? %Vﬁifﬁaﬁe?% $sol ved
to free the fi Ai gHetdycuiticieperneiidinney a?%a é*}esaggémlyedsw f SBFReRHEn
substrate 81. Thesrebbasdt shoulldzheenot8d thsnthg| sepedpeiop aste@blvechuld bshape a
subsequent |y depgfbdueél Wearsingle lagyehif thel b@récd| gaciteday@r stiBineayerkor
instance, be an ejefhid ¢Rlthd singre EARAUCEH Y€ DR RI1E RhaRBidod hﬁarterkh\ﬂyser ve as a

seed or pl ating b"i§§tr£¢%¥ﬁf angtEctJ.ve materials are available to form the conductive

10 circuitry and the transducer leads. Copper or gold is the preferred
"’ conductive material but many others are available as is well known in the
art. While air bearing suspensions are discussed herein, the present
invention also includes contact recording wherein the air bearing surface
is any suitable surface that can be placed in contact with the media
15 .during operation. It should also be evident that the linear actuator
could be a rotary styled actuator without departing from the present

invention.



the _subsequent |ayers deposited utilizing plating techniques, such as the
1 “ﬁﬁﬁé pi eces of the transducer. Likely candidates for the rel ease |ayer
83 are NiFe or Cu which could be deposited through-a—sputteringor

pl ati ng process. A barrier layer 85 is then fornmed . t I =
| ayer 83. The barrier layer 85 simlarl }ﬁm I!@Mﬂgiﬂll
* en

functions in the 20 production process. The barrie Is wsed to
i sol ate the subsequent |y deposited | ayers fromthe rel ease | ayer 83.
For instance, the magnetic poletip structure 70 and head 90 formed as
described wi'th reference to Figs. 6A to 6F can be the subsequently

deposited | ayers. gag.9;Jj3¢S pol e pieces 71 gpd 73 of ‘Fig. 7 can be forned
in the sane manner as 25 discussed for the pole pieces 68 and 56,

respectively, of Figs. 6A-6F. The barrier |ayer 85 serves as an etch
stop to protect the pole pieces from aqyiet chant which may be |ater
used to dissolve the rel ease | ayer 83. Additionally, the barriér |ayer
85 may be used as the seed Ja%_r for.platig of She pol.e pieces 71 and
73, as described diove? RHPTLEMAIMBIEet LG aNASE an SRR PETUSer 85
may be used as a /fEETF®Fer to . protect the pole pieces during operation
in close proximty to a rotating magnetic media. In this capacity, it 7-
is preferabl e that thealxarstiple piecelinymaing5e barisdatal aempdnesgl | y conducti ve
mat eri al which could assist in pronoting a longer lifetine i:a a contact

recordi ng node. ¢l f theagg+ﬁlg5ﬂ§§wehayer 85 is not to be used al'so as a
able to

wear layer, it is desir renove it after the release |layer 83 is-

di ssol ved. ) . ' .
a second pole piece having a slanted component adjacent said gap

layer and a horizontal component magnetically isolated from but adjacent
said first pole piece, said First and second pole pieces having opposing
first and second.poletips, respectively, defining a magnetic gap
10 therebetween, a portion of said slanted gap layer being disposed within
said magnetic gap, said first and second pole pieces magnetically
connected at a backgap region;

a coil electrically isolated from but magnetically activating said
first and second pole pieces; and

15 suspension means includiﬁg at least one layer of a resilient
material covering said second pole piece horizontal component, said
suspension means electrically and magnetically isolated from said second
pole piece, said resilient material extending beyond said backgap region.

2. A transducer and suspension structure as in claim 1 further
20 including a wear layer covering an exterior portion of said thin film gap
layer and said first and second poletips.

3. 2 transducer and suspension structure as in claim 1 or claim 2

further including means for stiffening said suspension means.

4. A transducer and suspension structure as in any preceding claim

25 wherein said slanted gap layer defines an angle with respect to said”
horizontal component of said first pole piece in the range of plus or
minus 70 degrees.

5. an integral transducer and suspension structure comprising:



SA9- 91056 13 A thin filmdeposition

process for fabrication of the pole piece structure 70 utilized in the
enbodi nent shown in Fig. 7 has been described with reference to Flgs
6A-6F. \While the described process only concerned,ﬂheﬂierﬁarlon of the
pol eti ps and the nmagnetic gap 5 therebetween, it i's unders

skilled in the art fabrication of t he poletlp str m“%“f

i sol ated process, but is integrated with the fabr entire
magneti ¢ head 90. For exanple, the entire | owner p6|e pi ece or | ower
yoke 73 is typically forned in one pl ati ng operation rather than just
formng the | owegppeiakip 56 and later 10 ;5orm ng the remai nder of the

| owner yoke 73. On the other hand, because of various difficulties
wel | -known in the art which can be encountered during its fabrication,

the upper poletip 68 inSefofgdted ménbed f&xapahaataedlelectﬁlcaiakagalsB.ephaam.d; the
remai nder of the fReinaPRkc RIcBALeld, JARPRIonYKE néber shagdh @b GveBthain
stitched” to th%o%ﬁ’o%ft dé?,oln% PesEhslilh o.»%gtg.s QSRS PR Gf‘?:%tépﬁd glapsafter

~ the coil mnndlngs an conductors ave een forme

Alternatively, t BE™Eht i re upper pol e piece 71 including poletip 68 can bg -
placed in a single process step subsequent to the plating of the coil '
wi ndi ngs 77 andl | ead rcamxtic ttomsdut@r mSingi embgdded in h&idf ommatddomemdr 4rde
dielectric |ayer néfing el 14eitguot RRNALPIERS p12Bed, 33628 mdfhetild pold Glecehe coil 20
windings 77 are qubgeded nadcReqACHAPRLE SDGH dxberforSLRFLE oH SR QktAEIoneS

of steps prior tookgglgkaghpgl ?“3 € ablpPer poletip 68. However, i-f a

non- magnetic el ectrical conduc mat eri-al - such as Cu is utilized as the
separation layer 58, it will be necessary to formthe dielectric |ayer
separately because t han ebFFrlv\ﬁln'éH"ﬁ%“?‘Famﬁc%es emse gt igmsufece reful at i ng
25 material. said elongate§\hewbef abriidcdesyhcadfcohdvetdrr antducievitBd sadd
conplete;, a |l ayeremfgaa:d membe§ Udnkl alalre t da] ye EdmibrG c4makewital saiS Hadaeds al um na,
for exanple, is depfRsideBGheans; Over the magnetic transducer 70 to provide
t he transducer suspension assenbly 80 to support the transducer 70 in
sensing relationship with the 30 nma n ti¢c nmediag shown Fi and
2).  The suspension sec{‘|°5 8% maInetic Ry U(‘;féescefzoi3 m% e 5°r(§1%’fs§155? gfu ed
conduct or | eads 7OsReftfeiiacPlpif paratlliel ‘°Isa§/%F“"6F1°Fa3}‘é"r’§e PrhaEeiF HraripR
suspensi on sedfi pari@gsn, eacionidetgnstigdeply @iece pogtkien finglydida ianmaghetis @slrensi on
section 87 at theipxk&rdnalgndtes pbreatipeiisposedidi Bipdsinh el idemguat oria 79 at
the end opposite dapeeld _ducer 90. 35. Preferential aspects of the
present invention are t use of an el ectrically conductive rel ease

| ayer _83 as t he pér.l ITB.}I;')/ :Lr?t%ggl trx sducve\nr and suspension structure as in claim §

wherein said elongated member is resilient.

20 7. An integral transducer and suspension structure as in claim 5 or
claim 6 further including an electrical contact pad formed in a surface
of said member and electrically communicating with said electrical

conductor.

8. An integral transducer and suspension structure as in any of claims
25 5 to 7 further including a wear layer extending over said exterior

surface of said extension portion and covering said magnetic pole pieces.

9. An integral transducer and suspension as in any of claims .5 to 8.

vherein said elongated member includes means for selectively stiffening

said elongated member, said means for selectively stiffening disposed . .
30 between the first end and the second end of said member .

10. A disk drive assembly comprising:



pOSSkay a thin el ectrically conductive barrier layer 85 on top to
prOV|de a wear |layer for the conpleted poletip structure 70. The wear

SA9- 91- 056 14 | ayer coul d thereby be thin
wi t hout any | apping process. 1In this embodi ment, the pole pieces 71
and 73 are preferably forned by a plated Pernalloy process. A light

| appi ng of the pole pieces nay be required to - l Eﬂlleve
poletip structure 70 fromthis fabrication 5 processT“llmmw ﬂ“ﬂm erring
now to Figs. 8A-8D, perspective views of preferred * efrbotli nent’s 6f the
present invention wherein the reed assenbly body is fabricated in
desired shapes tQ@, p@pﬁgge specific suspens59n characteristics are
shown. Since the réed assenbly is fabricafed on a 10 substrate with thin
filmtechnology, it is pOSSIb|e to locally shape and stiffen the
suspensi on. The topogS galk shape of the suspension system can be as
shown in the aforenentione vatrous USP 4, 167, 765 or in any of ' the

ot her planar view shapes- commonly used. The planar shape of the

suspensi on shoul d not®*btEaRvN"Ed2 §itk pAuptedginf spde dpusine baviing peaperfer on. 15
In Fig. 8A a reed“ﬁé@éﬁﬂﬁymb@dytg%“smnpwﬂgbgwawnelongate structure haV|ng
a general ly rectangul ar (parallel piped) shape in which the suspension 7

characteristics are dewer mrnedafind R hepiDyidkhe FBbEGGLIALgand the | ength,
wi dt h and t hi ckness of the structure. In Fig. 8B, the reed assenbly body

5 an actuator arm positioned in said housing in proximity to said
media disk; and

a transducer and suspension structure as claimed in any preceding
claim, coupled to said actuator arm.

11. A method for fabricating a unitary magnetic transducer and
10 suspension structure comprising the steps of:

forming a release layer on a substrate surface;

forming a first pole piece of a magnetic material on said release
layer;

forming a magnetic gap layer at a poletip end of said first pole
15 piece;

forming an isolation layer over said first pole piece, said
isolation layer magnetically and electrically isolating said first pole
piece;

forming a coil of an electrically conductive material in said
20 isolation layer:

forming a second pole piece of a magnetic material, a poletip end
thereof being adjacent said magnetic gap layer, said poletip ends of said
first and second pole pieces, respectively, being disposed in opposing
relationship separated by said magnetic gap layer defining a magnetic
25 gap, said first and second pole pieces being magnetically connected at
ends remote from said magnetic gap defining a magnetic backgap, said
magnetic backgap extending through said coil; and. .



“-4945(20&])“ ses a suspension section 91 in which the width of the body is 20
chan@ed to forma trapezoi dal section 93 necking down: tHheJransducer
section 95. In this enbodi nent, the suspension char ac stics are .-
primarily determ ned by the change in width between th w MIR

section 91 and the transducer section 95 and the rate

i.e., the length of trapezoidal section 93. Figs. 8C and 8D i1 lffstFate 25
the reed assenbly of Fig. 8A wherein one or nore |ongitudinal ribs 97 or
one or nore transverse grooves, respectively, have been fornmed on the ,
upper surface of the suspension section of the reed assenbly body 96 and.
98, respectivel ysaston-vdsese enbodi nents, tha nunber and di mensi ons of the
ribs 97 or grooves 99, respectively, effectuate selective stiffening or a
30 decrease in the stiffness of the reed assenbly suspension.

Referring now al so t domilpgs2a sgfpepsidn gBrbesiofe Jiedsosrisf matppdak.eerdd | assenbly
suspensi on sect i empérsieanstembén hgloiay pt dess Shagageecdindiglietric maeempbhoyed to
create the | ocal t@eflinpahalEEdiondpde Fidll,i 34 @sdatiBh Nagdrl &M saia S4iIPENSI ON

system.in a pl angpad:al b&jond QaidhfaghdtRe BLA Pg, of . the process 35 carrier _
substrate to effectuate the selective stiffeni ng shown in Fig. 8D isy.

shown. AS|IIustrated|n Fig, 9A,. a release layer 100 is fornmed on a
substrate 102.5 Yhe lafﬂe(‘f’k"r‘?e%ss”bfl"‘tlﬂeur‘”@F"éa%éh? shrBrofr framing s349 Fed™ ocal |y
to provide thinneelerirte eameritey theetephio€ker portions 106 to provi de a
SA9 91- 056 15

forming said poletip end of said second pole piece;
forming a horizontal component of said second pole piece over a
- portion of said isolation layer;

10 magnetically connecting a first end of said second pole piece to
said second pole piece poletip end; and
N forming a backgap stud at an end of said first pole piece remote
from said first pole piace poletip, said backgap stud extending through
said coil, and magnetically coﬁnecting said backgap stud to a second end
15 of said second polé piece.

13. A method as in claim 11 or claim 12, wherein the step of forming
said suspension member includes forming at least one layer of a flexible

material.

14. A method as in any of claims 11 to 13, wherein the step of forming
20 said suspension member includes the step of selectively stiffening said

suspension member.



.th I d.;having the desired suspension patterning in reverse relief. This is
acc@hﬁ“l shed, for instance, by plating two |ayers of the rel ease
material. The second | ayer is patterned by photoresist, or by pl atl ng a

thick layer of the release material and then Iocaliim.....f,}‘,?i§ BCEtN ng 5
r

areas of the release |layer 100. This approach is a

creating the ABS contour nold. A suspension materi 10eREPLABER oS t €

onto the release |ayer 100 nold to selectively vary the thickness of the
suspension material 108. The suspension material 108, when separated
fromthe rel ease | ayer 100, becones the suspension portion 110 of a thin 10
filmtransducer- %&?siﬂehfél on reed assenbly a®& is shown in Fig. 9B

A second approach is itlustrated in Figs. 9C and 9D to locally etch or
pattern a | ayer of suspension material 111 deposited onto a rel ease

layer 112. The rel ease layer 112 in for M8 depositing a rel ease
material onto a substrate 114. The top of the suspension |ayer 110 is 15
patterned wi th phot or esiwtraan tiaedecivethardpuERr AD CFUSPERIDN tsOryeiwREi de a .

- suspension |ayer that is flexible along its length. The top of the

suspen5| on | ayer s %tlﬁnligaq%'%grwe:[ct ELQQ§dug‘e]r6an\Muth?enLIonlaise?ngu Lu).%;bl?cfg?d t07

the rel ease | ayer %g stra t 1 ayer 112

i s dissolved, a ¢on oﬁ? RS pLRST NI (5'?t "Tf% o SRR hcé'amnBﬁsum ng a 20
conbi nat i on ofS tH*e“c’f‘é?&ﬁnlhe%fas‘%\mc??ﬁ“ﬁfg?“@,&e &htf gEPensiAntepkes t op and
bottom surfaces iricledes i#spl@pdiyem indpstisenreaiiviice femtdnced fasedl betegradlly N a
batch process. UsitAGht h@spehdids meidle® dind @6 RABILES in SMSRRANSH OR Sikpddcionl €S

can be obtained W& .| Q‘Bé"r'.u?geE’pr%%E&rtivenGaJ;é&u&eQC{seﬁﬁ@ab% fHeRS 8RRl

| ocali zed stiffnes s wel s proyi de desired ai.r urface 25
cont our i ng. ?ec%rcg.ng aﬂall;ca%long ¥he ?rans@cer mafbetlc pglaé \g/alngvr\n/a ngsect i on of

now
a transducer-1° gapsi@p‘fé’ﬁ'%‘ido‘ﬁ’dc‘ﬁ’ﬁ%lﬁ%ffil%‘ﬁh é’%%e%l%?litéﬁs PicePpBEat i ng t he

hori zont al t pEARidati@rcosiandt vith fhe) 215 peqrings puyfitre ofhde shidsembirgd 120

i ncludes a hprot naRdraxtesding dumethe 12Fe rkir€dre cetntis eenpredbe estsrocion di ng t o
t he side- 30 wal hempé0e@acendaSkdviibededdy difiag apdratRher eRCad Haefiag Rudleve. A
wear | ayer 1A saltdd €9iths alAOnasamsPes DO AW&LEovk Fal f1eh SaE: RERFESS.

Conduct or | eagsfgmmmijzgg:egtngf st %11% §uxjf% ) %r%npotiﬁtiﬁi ovi ded as di'scussed with

reference to along t engt fllnlsuspen5|on sectlon'
132. The suspensi on section 132 can include one or

portions 134 and 136 to 35 support the transducer 122, an, @ﬂe
beari ng surface portion 136 which will control the fl
transducer 122. n“‘ m



SA9#'G1- G56. 16 _ The conductor |eads 128
are preferably-plated copper. The conductor |eads 128 are routed al ong
t he suspension structure 132 to the stud pads 130. The conductor | eads
are configured in a stripline arrangenent since the suspension 132 is
thin and the stress symmetry 5 required is conpatible with a stripline
desi gn. The suspension section 132 is preferably produced by depositing
al um na or other suitable: - material onto the release |ayer of Fig. 9A

St andard stud and pad technol ogy is used to produce the stud pad 130 to
conplete the thin film - . head/suspension reed assenbly 120. A thick
deposition of alumna can be 10 wused to ensure conplete encapsul ati on of

t he transducer 122 followed by a | appi ng operation to planarize the top
surface of the transducer- suspensi on ngenbly. : The alumina™
suspension nmaterial is preferably sputteré to a t hi ckness of from 20

to 50 mcronmeters. The suspension shape is fornmed 15 by etching the
overcoat and undercoat of ‘alumna. After the suspension shape is
formed, the release layer ‘is dissolved to free the head/ suspensi on
‘Uevices for use. " The described head-suspension structure
enbodi nent is suitable for - | ongi tudi nal recording and is resistant tpg.
wear along its poletips and 20 the air bearing surface contours. This
structure can be -batch processed in planes parallel to .the,starting
waf er surface and all ows for !
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anjsotropic stiffening for maxi num actuator bandw dth. Production of
t hese suspensi on/transducer assenblies is facilitated since an extensive

| ap process i s avoi ded. 25 Wil e the invention has been
particularly shown and described with reference to preferred

enbodi ments thereof, it will be understood by those skilled.in the art
t hat vari ous changes in formand detail may be made therein without
departing fromthe spirit -and scope of the invention. For instance, a
transducer may be produced onto the wafer 30 such as Ts described in U S.
Pat ent 4,190,872, assigned to the assignee of the present invention. _
The wafer may be nade of material such as is the subject matter of the
Jacobs U. S. Patent 4,251,841, entitled "Nhgnetic Head Slider Assenbly”
and assigned to the assignee of the HEF i nvention. Although the
suspensi on portions of the present 35 invertion are preferably conposed of -
sputter-deposited alumna, it is recogni zed that other nethods of
deposition may be enpl oyed and that other materials nay be utilized,

i ncluding other suitable oxides, ' ~ . ..SA9-91-056

17 nitrides, carbonides, glasses, anorphous carbon, dianond-Ilike

car bon or Ianlnated conblnatlons of suitable conductlng and insul ati ng
mat eri al s. The suspension section according to the preferred

enbodi nents could be a dual” Tayer of_a Imde nmaterial]apd a netal

| ayer deposited thereon
requi red by a suspension

0 5 provide resi | iency anfl :stiffness as

-25




assénblys It should be noted that the suspension assenbly could be
produced in a single layer if the correct thickness and stiffness were
obtained in the single layer. It is also well understood that many
electrically conductive materials are available to formthe conductive 10
circuitry and the transducer |eads. Copper or gold is the preferred
conductive material but many others are available as is well Known in the
art. While air bearing suspensions are di scussed herei.n, the present
invention also includes contact recording wherein the air bearing surface
is any suitable surface that can be placed in contact with the nedia 15
during operation. It should al so be evident that the |inear actuator
could be a rotary styled actuator w thout dgﬂ?rting fromthe present

invention. _ SA9-91- 056 18
CLAI V5 1. A unitary thin filmmagnetic transducer and suspension
structure conpri'sing: = a first pole piece including'a

hori zontal conponent;
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5 = i a slanted gap | ayer; a second pol e piece having a

sl ant ed conponent adjacent said gap | ayer and a hori zontal conponent
magnetically isolated from but adjacent said first pole piece, said
first and second pol e pieces having opposing first and second pol etips,
respectively, defining a magnetic gap 10 therebetween, a portion of said
sl anted gap | ayer being disposed within sai d magnetic gap, said first
and second pol e pieces nagnetically " connected at a backgap region;

a coil electrically isolated frombut nagnetically activating said

first and second pol e pieces; and 15 suspensi on nmeans includi ng at
| east one layer of a resilient mat eri al covering said second- pol e piece
hori zontal conponéent, said  suspension negﬁs electrically and
magnetically isolated from said second e piece, said resilient

materi al extending beyond said backgap regi on. 2. A transducer and
suspension structure as in claiffifurther 20 including a wear |ayer

covering an exterior portion of sail thip 4¥l mgap | ayer and said first
‘and -Second poletips. 3. A transgucer and suspemsgi on structure as
inclaim1 or cllaim2 further in d-ag—seansyf or/ st1ffening sai d
suspensi on neans. 4. A trapgg ic0@ structure as in
any preceding claim25 wherein sai® edsgap—+ayer defines an angle

with respect to said horrzontaL%ionpgn- t of said first pole piece in
the range of plus or m nus 70 degree 5. An integral
transducer and suspension structure conprﬁsrng .
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SAG- 91- 956 19 an el ongat ed nenber
formed of a dielectric material and having a first end and a second
end, said el ongated nenber shaped to have a main body portion and an
extension portion disposed at the first end of said menber ; 5
magneti c transducer neans enbedded in said el ongated nenber and = having
at | east two magnetic pole pieces, said nagnetic pole pieces defining a
magneti c. gap di sposed at an exterior surface of said, extension portion
of said el ongated nenber; an el ectrical conductor having access
on an exterior surface of 10 said el ongated nenber, said electrical
conductor contained within said el ongat ed nenber -and magnetically
conmuni cating with said rmagnetic transducer means; each of
sai d nmagnetic pol e pieces having at | eastsdgportion thereof di sposed in
- a plane parallel to said exterior surface of said. extension 15 portion,
each said nmagnetic pole piece portion inckgding a magnetic pole ' tip,
sai d nagnetic poIe tips disposed in opposing relationship at said :
nagnetlc gap. - 6. ~An integral t€er and suspension structure
as’'inclaim5 mhereln sai d elongédted ne i resilient.
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20 *7. » An integral transducer and suspension structure as in claim5 or
claim6 further including an electrical contact pad formed in a surface
of said nenber and electrically conmunicating with said electrical

conduct or. 8. An integral -transducer and suspension structure as
inany of claims 25 5 to 7 further including a wear_layer ext.endi ng over
sai d exterior  ‘surface of said extension portlon and covering said
magneti c pol e pieces. - 9. An integral transducer and suspension as
in any of clains 5 to 8 ~wherein said el ongated nenber incl udes- means
for selectively stiffening - sai d el ongated nenber, said neans for
sel ectively stiffening di sposed 30 between the first-end and the second -
end of said nenber. 10. ~ A disk drive assenbly conprising:
SA9- 91- 056 o ' 20 6/8 a housi ng;
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at Feasts one nedia di sk nmounted in said housing having neans for

storing data in data tracks provi ded thereon; means for
rotating sai.d nedia disk in said housing; 5 an actuator arm
positioned in said housing in proximty to said medi a di sk; and

a transducer and suspension structure as claimed in any preceding

claim coupled to said actuator arm 11. A nethod for fabribating a
uni t-ary magneti c transducer and 10 suspension structure conprising the
steps of: : - fornlng a rel ease layer on a substrate surface;
formng a first pole piece of a magnetic material on said rel ease

| ayer; - . formng a nagnetic gap layer at a poletip end of said .
first pole 15 pi ece;. . formng an isolation |ayer over said first
pol e piece, said |solat|on | ayer magne¥y8ally and eletctrically
isolating said first pole pi ece; formng a coil of an

electrically conductive material in said 20 isolation |ayer; i
form ng a second pole piece of a magnetic material, a.poletip end
t hereof being adjacent said magnetic gap |ayer, 'sald pol etip ends of said
first and second pole plecesé&ﬁeisectlvely, bei ng di sposed in opposing
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rel 4t1 6rishi p separated by said nagnetic gap | ayer defining a nagnetic'25
gap, said first and second pol e pi eces being magnetically connected at
ends renote from said magnetic gap defining a magneti c backgap, said

magneti ¢ backgap extendlng through said coil; and

SA9-91- 056 - - 21 - form ng a suspension
menber of a dielectric naterlal sai d suspensi on member i ncludi ng at

| east one | ayer of dielectric naterial covering said second pole pi ece,
said isolation llayer and said coil ext endi ng beyond sai d nagnetic
backgap. 5 12. A nethod as in claim11l wherein the step of formng said
second pol e pi ece conprises the steps of: : formng said

pol etip end of said second pole piece; form ng a horizonta
conponent of said second pol e piece over a8/8 portion of said isolation

| ayer; 10 magnetically connecting a first end of said setond pole
piece to sald second pol e piece poletip end; and
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form ng™a bac-kgap stud at an end of said first pole piece renote

said first pole piece poletip, said backgap stud extending through

from

coil, and magnetically connecting said backgap stud t,‘“

sai d second -pol e pi ece. 13. A nethod as in cla HEE&AQEMENWSWEH
wherein the step of formng sai d suspensi on nenbgr i ncl qmorm ngjj at
| east one |l ayer of a flexible mat eri al . 14 atﬁ ______ ANy

of claims 11 to 13, wherein the step of ghorm ng 20 saio

i ncludes the step of selectively stiffening said suspensi on nenber

UNITARY MAGNETIC TRANSDUCER AND SUSPENSION STRUCTURE
ABSTRACT

A unitary magnetic transducer and suspension assembly (22) suitable for use in
both contact recording and in winchester-type applications is described. A generally
rectangular elongate flat suspension member (26) includes a ring-type inductive
read/write transducer (24) formed integrally with the suspension member (26) and is
embedded in one end of the suspension member (26). The ring-type inductive
transducer (24) is suitable for horizontal recording applications. The transducer (24)
magnetic poletips and magnetic gap are formed and positioned such that the poletips
and gép are essentially co-planar with the air bearing surface of a slider-shaped
protrusion extending from the lower surface of the end of the suspension member
adjacent a moving media during operation. The air bearing surface presented to the
disk has most of its area covered with a wear layer to minimize wear of the slider

surface and poletips.

FIG. 1




