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FOR A MAGNETI & STORAGE DEVI CE PLesR I nve
t ransduces- suspensi on assenbly fory a madentic

Movi ng magneti c storage devices, especially u"-‘A C
menory device of choice. This is due to their PRPEHAEN nopaged Hlas itd pageand)

st orage capability together with a relatively |@Praveg(s) Ymged a.t L. E@ﬁgdegval

-of the stored information fromthese devices .m&cﬁrliﬂaﬁﬁ& wna{e
e to 10 e "Stor e chia

the magnetic tsmanrsdocer to be positionedias cli
as possible. Optimally, the transducer may actually contact the nedra.

Magnetic disk drives are informatiorf storage devices which utilize at |east
one rotatabl e nagnetic nedi a drsisolrar4sogpeaanc @seEnslg data tracks defined for

storing data, a read/wite tragbad,ugﬁ,ﬁ,@rsmaaﬂbg\gcg he data 15 from or S
witing the data to the various data tracks, a support means, generally
referred to as a'slider, for supporting the transducer adjacent the data

tracks typically i H’e prfeFV‘i"rf““‘r?ﬁHé‘ EOVE ohd CEINETaYESHIRUF " #s¥ibensi on
assenbly for rfesid ragmrliy ssuppordtving t he slider and the transducer over the
data tracks, and a positioning actuator coupled to 20 the

transducer/ sl i der/ BRHSRERSh AT GeRENBLI0dk, f QR IPM REk B dikarsduger

This is due to their expanded non-

U CRERLAGED SHEETS S
3g’$kp"lﬁ9f’ BE 1o, pagediid....

are the memory device of choice.
“volatile memory storage capability togather with & relatively low cost.
Rccurate retrieval of the stored informaticn frem these davices beccmes

critical, requiring the magnetic transducer to be positioned as close to

10 the storage media as pcssible. Optimally, the transducer may actually

contact the media.

Magnetic disk drives are infcrmaticn sloraga devices ich utilize

at least cne rotatable magnetic media disk having ccncentrin data tracks
defined for storing dats, & rvead/wrile transducer for reading the cdate

S

15 frem or writing the data to the varicus data tracks, a sevpport means,

cgenerally referred to as a slider, for supporting the transducer acdjacent

the data tracks typically in & flyingoc‘e abo\.e t"» storacge media, a

"suspension assembly for resiliently s noztlna the slider and the

transducer over the data tracks, ancd a pesiticning actustor cocupled to

20 the transducer/slider/suspension ccmbinaticn for moving the transducer

across the mediz to the desired data track and maintaining*the transduce:

over the data track center line éuring a rezd or & urite cperation. The

transducer is attached to or is fermed integrally with the slicder which

supports the transducer zsbeve the data surface cf the sterage disk kv a

referreé to as an &ir bezring, genersted by the rotatin

QA

25 cushion of air
Zlternatively, the transcucer may cperate in contact with the
lecading and

cisk.
surface of the disk. The suspensicn prevides desired slider
dimensional stability between the slider and an actustor arm which

couples the transducer/slider/suspensicn
30 suspension is required to maintain the transducer ead the slider adjacent

assexmbly tc the actuator. The

the data surface of the disk with as low a lcading fcrce &s possible.

The actuator positions the transducer over the ccrrect track according to

‘the datz desired on a read operaticn or to the corrzct track for

placement of the datz during & write cpervztion. Tke actuator.dis
ﬂ’. N
35 controllea to position the transducer over the c=51r d.data track by

shlftlna the cbmg ation assembly scross the 5UlfaC° of the disk in =

d st.- -
direction qenerall? trsnsverse to tihe dh?c Sfccit A T
i, P S »
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across the nedia to the desired data track and mai nt ai ni ng the transducer
over the data“track center line during a read or a wite operation. The
transducer is attached to or is formed integrally with the slicer which
supports the transducer above the data surface cf the storage disk by a 25
cushion of air, referred to as an air bearing, generated by the rotating
disk. Alternatively, the transducer may operate in contact with the
surface of 'the disk. The suspension provides desired slider |oading and
di mensi onal stability between the slider and an actuator arm which coupl es
the transducer/sligdegi/oppispensi on assenmbly t,0 the actuator. The 30
suspension is requifed to maintain the transducer and the slider adjacent
the data. surface of the disk with as l-ow a | oading force as possible. The

actuator positions ”}ﬁ &mna@ugealsgvoqavéshqhgs%rn@auce,t LRE KnedG0dding to the
ect track for placenent of

data desired on ormegfa:apa%ef‘y %ndnthen.ﬁj':tacg'lb ﬁ%ttlger susgergécn in atmrar(!) |1éd to

the data during operia
position the t raﬂ%‘dﬁ'(’:’érc%"\féPEP peedetomregradite (TrRIER By ”éeﬁchf"Fﬁ‘r‘@e"ttﬁé"e

conbi nati on assepthsmedc rudd shthdahspefigbminf of hechdieditivnta thd pHeriion

gener al ly transvefisfal @né Restdiad axakt aCkiing cpeDAorD3E BHeddisk drive, the
transducer must be exactly positioned relative to the data track, which
in turn means that the suspension must be exactly positioned onto the

slider. The suspension must also provide flexibility teo pitch and rell

rmotion for the slider relative to the direction cf motion of the rotating

10 disk and yet at the same time provide resistance to yaw motion.
Electrical conductcr leads ccnnected to the transducer signal

input/output terminsls are directed alcng the suspension and connected te

an amplifier placed on the suspensicn or cn the actuater. The conductor
stiffness cf the slider while previding

leads must nct add to the spring

The conducter l=ads are canerally

15 cgeced electrical interccnnection:
to Loth the

Eended by solcdering or ultrascnlc bcnding, for example,

14 h-.

transducer cutput terminals and the amplifier manually kv an operater.

While magnetic recording c‘blnFo t-cn is enocrmously successful,
t

there is an ever increasing need improve recording censity. In the

20 present state of the art the hcoular rmethed cf magnetic recording hes

been lecngitucdinal recording. "c*n recently, macnetic recerding

techniques have turred to censidering vertizal recording a

for impreov 1nc the linezyr densi ity ¢

longitudinzl recording as & mezns

recorded infermation. In vertical recording, the magnetic nolcrzty cf

25 the reccrded bits is criented vertically cr perpendicularl

to the reccrding media surface., The magnetic flux frem a reccréing head
. wribte pole tip passess vertically through the magnetic stcrazge medium,
eam {(or upstream) within the storage disk andé back thr
return peth for’

then downstr
the magnetic medium to a return pole which forms the flux

30 the magnetic head. The flux return cole has & pecle face many times
£flux paessing into the flux
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larger than the write pole tip so that the
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Eecause the density cf the flux passing through the recording medium &t

the return pole is low, there is very little effect by w2y of reversing

or weakening any magnetic patterns in the recording medium downstream of

W
[,

the write pole tip.

‘e
-

As discussed sbove,. the transducer, meunteg Qp a slider, is

succorted zbove the relatively moving re 1na mnaia SJrfars b; an sir

‘.



I n conventional disk drives, the transducer and the slider are forned
separately and then attached to the suspension in a nmanual, operator
controll ed precision operation. Typically, these conponents are extrenely
small and the positioning of each relative to the other is 5 <critical and
must be exact. During operation of the disk drive, the transducer nust be
exactly positioned relative to the data track, which in turn neans that the
suspensi on nmust be exattly positioned onto the slider. The suspension nust
also provide flexibility to pitch and roll nmotion for the slider relative
to the directigqgg{ ofption of the rotatlﬁg 10 disk and yet at the sanme
time provide resis ance to yaw noti on ectrical conductor |eads connected
to the transducer signal input/output terminals are directed along the

sctuator. TheSaRBeC obelepoRindR hichflie B RRE R M= LE SRR Dose of the.
slider while pPBordriyg YfSthej@ﬁﬂaﬁPﬁéf?“8hF”|hng%HﬁnESW%b  andiiBe conduct or
| eads are genersetdinpoedion dbyreasel dekdditiornllnl dacaspeisctboneirationf or exanpl e,

to both the trpsasencee @ud/ptite tteintinal Snéntk reerdmPkediveproavadegal |y by an

operator. Wy |%WERQ@QP&§ &ﬁ&ﬁ{dkmgn@£eJ9§Q£ﬂﬁL£9@ hﬁt%BPEUQFQLM:?UCfﬁSSES
Si n the

there is an evgr J(.:ar gt?‘ Jart]eg as uegl a the e orcegr(?a?a lnlera]'g denszt
The opu af ar et ecordlng has. been-

present state O %
ongi t udi nal rt‘l‘?b‘f‘ﬂ‘faﬁg“a“‘ I\‘zﬁarcé rlé‘?i”é?ﬁ‘l'fs wha dgrhets dei &dﬁdehﬁed the

risk of head wear, and in particular, the potential for the transducer to

insdvertently contact the disk surface incurring catastrophic wear

10 increases greztly. In reccrding systems designed to operate with tha

read/write transducer/slider in contact with the media, ths waar -may La

minimized by the preper selecticn of both slider and medium surface

materials relating tc hardness, coefficient cf ftlct1or, thermal

conductivity, etc. Ths waar Letween two surfaces in ribibing er sliding
15 contact is also a significant functicn of the area ol contact betwaen the
two surfaces and the zrplied lcad and inertial ferces. While the actusl
area of coentact is significantly less than tihe area cf the surfaces
involved, actual contact taking place cnly at microscopic asperities in
the surfaces, reducticn of the size Y mass of the slider enables z
20 sicnificant reducticn in the lccal pre$sure creatly recucing wear between

the surface of the slider and the mecdium.

Tc this end there have been disclesed & variety cf mechanisms which
utilize an integrated "REED" arproach to fabricatinc the
transducer/slidar/suscension assembly. Structured tc werk in .
25 perpendicular or vertical magnetic recording envirconment,

permit the head anc suspension to be ily manufacturesd h;ving: (i)
precise ccnirol cf component elements utilizing thin film vacuum
Geposition technigues, (ii) rprecise formaticn of air kearings to achie
specified flying heicihts, (iii) bonéing of sliders tec suspensions,

(iv) easy routing of cenductor leads.

W
o

U.S. Patent Mos. 5,041,%$32; 5,073,242; and 5,111,351 entitled

~ "Integrated Magnetic Eead/Write KHead/Flexure/Conductcr Structure” grzanted
to Earold J. Hamilten disclose an integral magnetic

transducer/suspensicn/conductive structure bgllna the form of ‘an elcncate

(43
wn

dielectric flexure cr suspension body with s magnetic read/write
transducer embedded within at cne end therecf. In‘a preﬁ
embodiment, Hamiltcn ciscloses an elongate, dielectric flﬂzurn bBecy of

aluminum oxzide having a8 magnetic pole structure and helical coil

“ay



techni ques have turned to considering vertical recording as conpared to
| ongi tudi nal recording as a neans for inproving the |linear density of

recorded information. In vertical recording, the nmagnetic polarity of 25
the recorded bits is oriented vertically or perpendicularty wih respect to
the recording nedia surface. The magnetic flux froma regogdi) cag wite
pole tip passes vertically through the magnetic storage

downstream (or upstream) within the storage di sk and back lm ml:ﬂ“ll
magnetic nediumto a return pole which forns the flux ret 0
the magnetic head.; ,The flux return pole has a pole face many times |arger
than the wite pole tip so that the flux passing into the flux return pole

i s disbursed thereal ong and hence the flux density is | ow Because the
density of the shlele)RAPRNO0E BLOUANoE Bfe FEGOLOMAP JBALIIAL Lhig. return pole
is low, there is ver i1t] e etfect way of reversjng 35 . or weakening
any magnetic péﬂdécrtﬁg PSR PR EBT df’f"%h r?édihﬁrﬁlﬁ‘éf{}%g‘ﬂye%n‘f'(g’fmfh_e wite pole
tip. As di scuss¥atdptiverrperéiay farsthacernsdpenint B HriedralIstekureiis support ed
above the rel afibridayedrordilingng e@werdiogl negéradspogit meandyphatelftihperaghy SA9- 93- 014

The integral transducer/susgension structure disclosed by

3 5 techniques.
Hamilton may be used

in a contact reccréing system or in & system whare

the transducer flies zbove the sterage msdium cn @ cushion of air.

Contact reccrding provides greater re
higher read signals and greaster resolutien unregulated by varistiens in
100 f£lving height. Hewever, the v t

reccrding is cenerzlly not
discloses an integrated trar
_________

fabricaticn precessing in

15 preblems and greatly cemplicates

In acccrdance with the present invention,
a transducer-suspension assembly
assemply coemprising: an elencated r
‘materiel and having a first end and &
20 shaped to have a suspensiecn perti :
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magnetic pole tis, said magnetl

25 eir kearing surface defined cn

porticn of sail elcngated mem

egccess con an extericr surfacs c¢f said eicngated merber and magneticzlly

3

agnetic transcducsr means. N

communicating with said
30 provided en intagrel, unitary

air kearing surfzce; & seconC magneti

said first pole piece to said vertica

z
1ly ¢

~
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35 pole piece jcined magnetically to said wertically
upper portion thereof, said first and second pole pieces magneticeliv

conrected at s backgsp region; a coil inductively ccupled to Lut

.



beari ng., . The perfornmance of nagnetic recording systens inprove
dramati cal | y @s the separation between the read/wite transducer and the
recordi ng nedi um decreases. Additionally, decreasing the separation between
the read/wite transducer and the recordi ng nmedi um provides 5 inproved
track density, the nunber of data tracks that can be defined on the nedia
surface, as well as the recorded data |inear density in an individual data
track. However, as the flying height is reduced, the risk of head wear,
and in particular, the potential for the transducer to inadvertently
contact the disk surface incurring catastrophic wear 10 increases greatly.
In recordi ng ssastearmadesi gned to operateswith the read/wite
transducer/slider in contact with the nmedia, the wear nmay be mnim zed by
the proper selection of both slider-and nmedium surface materials relating
to hardness, caefthri®ilbntscbtebirired isona, fﬂrh&l&ﬂmkecﬁmﬁhletniivdﬂfsy,saBitfbil The wear

between two SyLfRAGRSy labsdc bl WGeHOLa18 | dotl Bgeclﬁan&%L%GIn kS ;alngo a

significant funct kglnnqnfeargshmc rea of 1§a°s@t act, bet ween_t.he H\Qt;szurfaces and
the applied | oad and inertial fofce i"TE tHe” Actual Area of contact is

significantly ‘1°‘é*‘§§“§t Fdft ftll"n%\t éﬁde%{"cﬁ’fd G P§E|?'F6t’€%§a’f°n€/°dllvéﬂ1d #epatate cont act
taki ng pl acé aning decirierlds evhirwnespely tiselstidioheaslirfoactds poteeduct i on of
the size and pe&Rs ahdithR Sip, daid epdbl-as mat20s1 &itgniidfd egbia sgduction in the
| ocal pressure,gigatlgcfeducing wear between the surface of the slider and
t he medi um _ .
Viewing the present invention frem & third aspect, there is now
provided a metheé fer fabricating a magnatic transdu
16 assembly ccmprising the steps cf: ferming a cavity

substrate, said cavity having slanted sidswva

angle with the plane of the substirate sur
. 0f a wear resistance material cver saicd substratez: fernaing a slantsd

vertically oriented magnetic pole tip c¢f z macn

cns of the slanted sidewalls cf

[
w

cefining an ancle with the plane
egual to said sicewall ancle; fcrmin

20 ferming an insul

insulaticn layer electrically insulating said ccil fres

piece and said pcle tip; forming a sscond pole plecs of & magnetic
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material, saié szcond g
ocriented pole tip tc sazid horizontel firs:t pcl

N
tn

~at ends remote from sai
backgap extending throuch said ceil, said
30 said second pole

& dielectric mzterizl, said

O
rr
~

layer of diele
insulation layer znd said coil and extendin

backgzp.

The present invention thus provices an eshanced magn c
ated transducer/suspens cﬁ?% tructure that

(B3]
in

storage device hzving & integr

includes an enhanced read/write transducer conficuraticn.

Sheet Has Been Replaced
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To this gnd there have been disclosed a variety of nechanisns which utilize
an i ntegrated*"REED' approach to fabricating the
transducer/slider/suspension assenbly. Structured to WOr ky.i &8 HadBeen Replaced:
per pendi cul ar or vertical magnetic recording environnment, t

permt the head and suspension to be easily manufactured ha‘ mmn‘ “
precise control of conponent elenents utilizing thin film _
deposition techniques, (ii) .precise formation of air bearings to achieve
specified flying heights, (iii) bondina of stiders to suspensions, and, 30
(iv) easy routing of conductor |eads. U S. Patent Nos. 5,041, 932,

5,073, 242; andsa5;id14351 entitled "Integsated Magnetic Read/ Wite

Head/ Fl exur e/ Conductor Structure" Granted to Harold J. Ham Iton disclose an
i ntegral magnetic transducer/suspensi on/ conductive structure having the
form of an el ongat ehe3headthugdeegion i st ridt@eusfetierprassppaensnaionhiedy with a .
magneti c read/apidienilrRNSIUC S, SiReddedowiihidtoalinpne end thereof. In a
preferred enbodi nent, Ham |Iton discloses an elongate, dielectric flexure
body of al um num oxi de havi ng a magtneti_c Eol,e structure and_helical coil
integral |y formed Hfoh® &HYCTFe ChEPE IPESAIPE *HEBY Wit KU Eb et d**E dpper

Conduct or | eadascontact recording environment.

s Still furthermore the present invention providss an integrated
transducer/suspension assembly which is suitadble for baztch processing in

planes parallel to the surface cf the injtial wafer cor substrate.

provicdec an integrated, u
10 assembly for usa with rerpendicular cor wvartical recording media which ca
be acacted for ccntact recording as well zz for fivinz above the

recorcing mecia. Freferably & substrats I3 first zaizearned and etchzi t

provicde & cavity therein for fcrmaticn cf
c

the macnetic head vertical rpole tip.

15 cver the substrate and the individual thin
transcucer and suspensicn secticns a& ce:
conductcrs are inductivelv coupled to the
structure ancé are connected tec
suspensicn section crpecsite the
2C  The cecil le2ad cenductors and la
as the ceil conductors and are
forming an integral element ¢f the EZZD zs
suspensicn secticn leyers are deposited
" wafer in rcws. The substrate is remevad
2%  to leave an integreted transiucer/susgension
fabriczticn.
. s
In & partizily preferrec embocdiment cf the intecrated REED assembly
accorcding to the present inventicn, the transducer szciion of the
assembly comprises separate rezd and writs heads, ezzh head cptimized for
30 its particular function For example, the read hezd is constructed tc
have z narrow resdé megnetic pcle tip while the writz hezd has &
relatively wide write magnetic pole tig. 1In the tracx width éirecticn,
the write wicda, read narrow aspect cf the inventicn minimizes the effect
of spindle-runcut and intertrzck interference. In cne ¥bodiment, the
35  read head comprises & magnetcresistive ssnsor locates remote to the RES

and disgesed in & gap fermed in a macnetiz yoke struceure having the read



runni ng the I epgth of the flexure body to provide electrical connection for
the transducer’. The integral structure is fabricated utilizing conventional
vapor deposition and photolithography techniques. The integral

transducer/ suspensi on structure disclosed by Ham I ton nay be used in a
contact recording systemor in a systemwhere the transducer flies above
the storage nmediumon.a cushion of air. Contact recording provides greater
recordi ng density and achi eves hi gher read signals and greater resol ution
unregul ated by variations in flying height. However, the wear associ ated
with prior art gcontact recording is geneyally not acceptable. VWile
Hami | ton, cited above, discloses an i ntegrated transducer/suspensi on
assenbly with greatly reduced mass and size, the disclosed perpendicul ar

head requires %@Qréig%hi Q04 RE AGRRSI Nk flc LM0. 5 £HOGONAls P! 2RES, Mhi.ch creates
d I uf cturlnﬁ?pgocess.

processi ng propl ens and gy eat. conplicates the manufacturi I
SUMMARY OF THE M'}Emrm ‘ir"‘fa‘ilg‘yﬁﬁ“éb'f%“t“gf“ tIEPBFES it " ifehtFon to

amel i or at e onef®rnafpvet @fis atvanreigesapiont hBrepierer KritioneEdbdithg to one
aspect of the gmesestyifvenid 83 ¢lHemetdsSdepi@vindage:anionat egbddms uni tary
magneti c transgdeqkt-and s ¥sR8NSh QRc 38K NRE Yex GRIDN £:SEG  scadhedsNgat ed
resilient nmenber forned of a dielectric material and having a first end and
a second end, said_el ongated nenber shaped to have a suspension portion and
a transducer porti omic® $8F 87 LF SAFPETEIP Ports 6T S g6SBE Gt L EMEFT 'St end of
sai d el ongat edfaheintred And. iméddehingie wearrapad Protigditaeestesomrait exteri or
portion thereaftjilided priRF t8Uct-@CEn0f: 8@ dr@ate Patkcicer elements in i

subsequent precess slezs. This permits the use of temperature-critizzl

12 materials anc precesszs in sebsequent fzhricaticn

adverse effects resulting frem requirad anneziing nre
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resistant material in the t :
protects the pecle tip ragicns of tlle transfucey zns mzy be lcecalized
2% throuch patterning cf tha &3S to creste 2 favarabls sir bearing leading
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20 embodiment of zn integrated REED transducer/susrension assambly in

accordance with the pressnt inventicon;
v cian view of the REZD assextiv shcwn in Fig. I;
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defining an air bearing surface; magnetic transducer neans enbedded in said
el ongat €8 nember at said transducer portion, said magnetic transducer neans
conprising: a first vertically-oriented nmagnetic pole tip, said first
magnetic pole tip extending to and exposed at said air bearing surface,
said first magnetic pole tip formng a portion of a magnetic wite sensor
only for magnetically recording information in a magnetic storage nedia;
and a second vertically-oriented magnetic pole tip, said second magnetic
pole tip 5 extendi_ng to and exposed at said air bearing surface adjacent
said first magneti@-%pdl'é tip, said second rfagnetic pole tip forning a
portion of a magnetic read sensor only for reading informati on nagnetically
stored in said magnetic storage nedia;” and at_ | east one electrical.

conduct or associ at ed it f Fat ot 1B APt Erevitit the*dAY sWegrfet] & ead
sensors, said el &6 pwatbly ghetticiroFigenBerdeld adsntesafod Bfioaghevedtheenber and
havi ng access on raserédgededa; surface of said el ongated nenber for providing
el ectrical connectiong;}04s8id tgﬂiﬁﬂ%tdi{%w%'at Earand) RQREL) Gat B .aR05QT S.
According to ag_oto?et%e g§ ecsltsﬁ?%f(%ﬁs e Ppresent .invention there s Py ovi ded a

met hod for fabficating an" A UniPary fagnét € P ansduter® and

suspensi on assenBFsFetoffyertdPtig the steps of: fornming a cavity in the
sur face of a substratF_eg-s.sai-ali eV tioysfsactiioig 1 Sliewst ﬂduss'radexmtliesmfooqfsai_,rng a
predet ernmined anglfsWnidivddgr Pleanfufk iR rStRSIE At R asibdadrdt J-omai ng

present inventicn shewn in Figs. 3, 4, 5 ancd €;

10 Fig. ¢ is a cross-sectional view illustratinc a second preferrsd
embodiment cf an integrated REED transducer/susgensicn assembly .in
accordance with ths present inventien;

Fic. 10 is a tecp plan view of the REED assambly shown in Fig. ¢
Figs. 1la anc l1b are cross-secticnal views illustrating the preoba

15 tip and contact pad after se
the REED sssembly shewn in Figs. ¢ andé 19;

Fic. 12 is 2 cress-sectional view illustrasting & third preferrss

embodiment of an integrated REED transducer/susgensicn assembly in

accordance with the present inventien;

P
-

20 Fic. 13 is & tep plan view the FEED essexbly shewn in Fig. 1Z;
and
& , . . -
Figs. 14& ancd l4b are cross-secticnal visvs illustrating the prete
tip and ccntact pad after separaticn and after weszr-in, respectively, for

cf the REED assembly sicwn in Fics. 12 and 13,
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25 LCESCRIPTICH CF THE FRETERRED EMEODIMENT

for use in high density direct access st
lzrge infcrmaticn stcrece systems &s well z
typically used in perscnal computers., The desvices, e.g.,

30 files, may use megnetic memory disks as the mecia.

Referring now tc Figs. 1 and 2, & macnetiic storage system 10
incluéing 2 housing 11 in which is mounted z rctary actuator 13, one er
mere asscciated magnetic storage disks 15 mounted on a spindle 17 and &

Erive mezns (not shcwn) coupled to spindle 17 fcr rotating the dis

x5
=)
W
t

n

35 <shown. The rotary actuator 13 moves an integrated REED
N . s . .o A
transducer/suspensicn assembly 19 in accordance with the present

inventicn in an arcuate path across the surfzcez of the storage disk 15.



a first wear layer of a wear resistance nmaterial over said substrate, said
first wear |ayer covering the slanted sidewalls of said cavity; formng a
slanted vertically oriented magnetic pole tip of a magnetic material on at
| east one of the slanted sidewalls of said cavity, said slanted pole tip
defining an angle with the plane of the substrate surface substantially
equal to said sidewall angle; form ng a second wear |ayer over said
magnetic pole tip and said first wear layer; formng a horizontal first
magnetic pole piece of a magnetic nmaterial over said second wear |ayer;
formng an insulation |ayer over said first pole piece; formng a coil
an electrically cemdactitve material in sai @ insulation |ayer, said
i nsulation |ayer electrically insulating said coil fromsaid first pole
pi ece and said pole tip; form ng a second pole piece of a nmagnetic
materi al, sai d s@&bomdtapplaetyplece Fedwdes iacediky ceidupkirmnepmeaisihoverchilcdl |y
oriented pole tipotsBisaimihard gontal fitxdSér paliedieaentSiiahk tSaceardy pol e
b sard et av e R i e L2t "end
ip, said firs .S i eces being [ma | Cé . . S
remote from sai d1E>(5J ‘éﬁ%blq mésf?"tégr?g& et i%°sgaz?:kgéﬁg‘?p§%tl El‘mrr%%ﬁseta?tcac FacKgap
ext endi ng t hr ough™sathgr @8t I°f tha ety FEuitat $50HC| -AYBF et BetY Freafyrf2eSul ati ng
sai d second pol etiy é¢ 5k 0Mhs aupdorroddm, 29s alipdorpoltiee EntparfekedsREEANd second pol e
pi eces and coil k@anBdueg /a1 iMRGRGbididT ASHIG QR rrafekd Achidigy 8 SHSpensi on
menber of a di 6‘|_ Spotcgduge q@é ?gtjtﬁllx’ere%ﬁliq c%H?iH?«.Q?':QQuQEP'J@e‘?rthE ns?xl'Higé Q:g the 6

disk 15. The REEZD assembly 19 includes & suspensicn section 31 and &

of

10 transducer/slider 33 (as shown in Fig. 2} fcrmed at cne end integral with

the suspensicn section 31. The suspensizcn saction 31 supports the
transducer/slicar 33 asbove the surface cf th2 disk 15 on & bearing cr

cushion of air generated by the rotaticn cf the cdisk 15. While for &

(3

particular application the specific diman
i1l have an cvarall lexzih

15 performance, in genaral the REED assembliy 1

: maximum width in the

in the range cf esbout 5§ to 20 millimeter

range of about 0.3 to 2.0 mm, & maximum ¢ of sbout 20 to 50

micremeters (pm) in the suspension sectizn 2 zné abcut 30 to €5 pm in

the transcucer section 33 and a t#fal mass, in the range cf abecut 200
20 micregrams to 1.5 milligrams. Alternatively, the suspensicn sectien i
1

172)

may support the transducer/slider 33 in ccntact with the disk media

The surface of the slider parallel to and adjzcent the disk surface is

referred to &s the air bearing surfac

conficurations whera the slider is 3 .
25 scmetimes referreé to &s & winchester-tvrs Zrive, and whers the slidar is

be referred tc as a w2zr cr ccntact pad.

[#]

the slider may als

= v

While only cne disk 15 and one actuzicr arm Z5 are shown, it is

understocd that the magnetic storage systs= 10 may comprise a number cf

L
Q

magnetic storage disks 15 wherein the actuzter zrm 25 includes a
plurzlity cf suprert arms 2% with esch arm 22 surperting at least on

integral REED transducer/suspension assextiy 19,
associated with & surface of one of the ¢isks 15. Thus, disk 15 zlsc has

35 a REED assembly 1S mounted to an &arm 29 cf the zctuator arm 25 on the

each REED assembly i%

Further, other ccebination assemblies are

3

underside of the déisk 15.
asscciated with the top and bottom sides ¢~ cther,dié%s, the transducsr

access of which is controlled by the actuater 13.

tan



at | east. one . ayer of dielectric material covering and encapsulating said
magnet i ¢ 'tramsducer, said |layer of dielectric material extending beyond

sai d nagnetic backgap. According to still another aspect of the present
invention there is provided a nethod for fabricating an integral, unitary
magneti c transducer and suspension assenbly wherein an el ongated resilient
menber includes a suspension section and a transducer section, said
transducer section encapsul ating a magnetic read sensor and a magnetic
wite sensor, said transducer section having a wear pad protruding from an
exterior portiorsatfserreef, said wear pad deafi ning an air bearing surface,
said nethod conprising the steps of: formng a cavity in the surface of a
substrate, said cavity having a bottom and slanted sidewalls, said

sidewal I s form ng a Peedepasivhnedtiangh e fwihe (REEh @rqpbdane/ ofspdnlaéonsubst r at e
surface; form ngsamnbiy 4 pyu%@éaslaay&la af vl %ﬁsﬁu&@ﬁs’lﬁe?—@@ Jxednefd al over said
substrate, said ]:.\llnsrtSt nolmay coverlc'r_lgaxtpeth%as\gr;a)% o?tt'i\ rglg(ngs si dewal | s;

fornming a magnet] ¢ Write sensor imnc G 8 f or
vertical | y-ori efPiEdPeIBIgieutyy dredraints ¢ trFé’EséF‘ieéFlH’ﬁ c?ﬁe‘“ of°r8%fd sl ant ed

si dewal | s of Bawéthcthei dapa sypfieee Pf rtbi dpfd)l ¥ viep Wefdiski Hgianctabgibe with the

pl ane of the substatai. e patlink aperagitasdfatiei dlsk yir equal = o obhrenisi deviakl angl es,
said first polegfip 1§sg%99aaéaeﬁetwemh§emgljseagnpsuc@r% Y3 a§@@l$e0'f'0 mem ng a
magnetl c read Ssni ! r]c:s n tgc.g erpengl Lgar lSe O"rrlaq evetl;)ttl (e:q:l | X: uc IF p0| €
tip of a magnet(¢ et EFP AN Oh 5&?‘1‘erent On&®ots hied SHtfehal | s of
said cavity, safd C%‘é(’:’éﬂn&l’"p&‘l‘?%fe‘ﬁ/ﬁ‘éﬁrni’%& &l ’a"r?g‘f é' P ish %“h%‘cbi ane of the
subst rat e sut¥ atkesubbrant irakinpaaqueabrding. t dveingi westadd omd éisksidi dhsecond
pol e tip associ ataashuvdr/nigad e pagnat i caead SenINd RJiOrFBi Rgedansecond wear

| ayer over sai ercbzfd'iI.q ahd second pole ti ps. said second wear layer filling
said cavity; and

During cgerztion, the transducer/slidsr 3I is moved to the Casired
- track of a plurality concentric data tracks d2fined cn tha data suriace
15 o©f the disk 15 kv means cf the actuator 13. The moveabls ccil Zi.is
contrelled by pesiticning signals te move within the magnetic field cf
the magnet assembly Z3 and thus pivet the actuater arm 25 abcut the pivol
post 27. Because it is Cesired togprovicde rapid access of the
transducer/slider 33 frcm cne trac!kto a*ctﬁnv tracx for read or write
20 cperations, it is necessary that th° transducer ke rroperly positicnad

over the'desired track and resch that
It should be ncted that while the actuzter
rotatery actuator, cther disk cdrive sy
such as is knewn in the art.

- 25 stiffness, and have substantiz
as it rides abcve the data su

integrated circuit amplifier assembl

suspension secticn 31 cf the integra

Referring new also to Figs. 3, 4 and

30 the integrated REED transducer/suspension assembly

<
D
(o]
]
(9]
0
- O
~
Q.
el
o]
o
Q
cr
[
13

principles of the present invention is illustrated. The integrated REED
transducer/transducer structure 40 comprises an eilcngated generaliy
rectancular bedy 3¢ of a dislectric materizl such as aluminum oxicds

(21_0.) or siliccn diozide (SiC ), for exzample, having a relatively

uniform thickness slong most of 1ts length fsrming & suspension secticn

(]
wn

31 ané a somewhat greater thickness at cre end, the left hané end as
netic read/write transcucer or heéa 33 is formed and

shown, wherein a mag
a slider air kearing surface (ABS) is patterned cn & lower side ther=of.

ay



form ng a suspension nenber of a dielectric material, said suspension
menber including at | east one |ayer of dielectric material covering and

- encapsul ating said magnetic read and wite sensors, said |ayer of
dielectric material extending beyond said magnetic read and wite sensors
form ng an el ongated suspensi on nenber. DESCRI PTI ON OF THE PREFERRED

EMBODI MENT(S) Preferred enbodi nents of the present invention will now be
described with reference to the acconpanyi ng draw ngs, wherein: 7 Fig. 1
is atop viewillustrating a magnetic recordi ng mechani sm having a rotary
actuator and incorporating the integrated REED transducer/suspensi on of the
present invention;sabigg-012 i s a cross-sectional view of an integrated REED
transducer/ suspensi on assenbly in accordance with the present invention;
Fig. 3 is a cross-sectional view of illustrating a preferred enbodi nent of
an i ntegrated REERstweanidaeiC eifok&,USHRE eSin IBS a8 S Blrb Vthi 13 idC 6O KA BGe WIHibH t he

present invention;iskiegerd11ySpaieP tBl A8 MhRWhOtnet NQ; REER. asgephly shown in
' trati.ng th r.obe tip. and '

Fig. 3; Fig 5 is 3;8h08%; ti,onal..view 1llu p
! i hgsi_r;i e disk files aAg con ac% recordi fi t . s ;
cont act pad af t er WA St % . di applications. As shown
in Fig. 2, the ABS ccmprises a shaped protrusion 37 formed on the lower

5 side of the REED assembly body 39, preferably forming a wear or contact

pad for contact recording applications. Alternatively, the shaped

protrusicn 37 can form a slider having an ABS patterned to generate z
lifting force (as shown in Fig. 6) whsn relative motion exists between
the REED assembly 1% and the mecia disk 15 to allow the slicder to fly
10 closely zbove the media surface. The shaped protrusicn 37 and its
surface zre formeé of a suitable materizl, such as diamcnd-like'carbcn,
D assembly contacts

for exancle, tc minimize wear and damsgs when the EE

the mediz surface.

Iiy with the

15 suspensicn’ secticn 3! to provicds a

u
read/write head 33 and compriseg a vertical prcbe-tvpe magnatic incuctive
“a
ga;:pl- t

head for perpendicular recordingd ications, but can alternatively
ccmprise & ring-type magnetic inductive head vtilizes in heri
20 recording zpplicaticns as descrikeg in co-pending U.S. Fatent ar:

Serial MNo. 05/002,290 filed e¢n Janﬁary g,

reference as if fully set forth hersin.

& magnetic circuit ccmprising an urper magneti
iczily coupled to a vertical probe or pcle tip 4% 2
tc 2 lower macnetic ycke or pcle piecs 45 &t =z
3

ccie tip 4% is formed parzllel tc the protrusicn 37 wall and

through the ABS. The pole tip 4% is generally
having & relatively smzll cross-secticnzl
30 magnetic fiux and provide a.high
recording media 15. The width cf the pole tip 49 at the ABS is traverse
22tz tracks and is selected tc define the desired cdatz track
width. The lower macnetic pole 45 ferms the rzturn pzth
magnetic circuit. The lower macnetic pole 43 is shaped to have =
35 relatively large surface and cross-sectional zrea and to provide & low
Inductively coupled to the mzgnetic ycre

flux density return path.
Ae
with the effds of the ccil

structure is a horizontal spiral cecil 41,
connecting through lead conductors 53 extending the length of the

suspension section 31 to terminzl bonding pads 55. Eonding pads 5%



in for the REED assenbly shown in Figs. 3 and 4; SA9- 93- 014

8 Fig. 6is aviewin perspective of the air bearing surface of the REED
assenbly shown in Figs. 3 and 4 adapted for flying above the recording
media; Fig. 7 is atop plan view of a wafer illustrating batch processing 5
of the REED assenbly shown in Figs. 3 and 4 in accordance with the present

I nvention; Figs. 8a-8i are cross-sectional views illustrating the
processing steps involved in the manufacture of the preferred enbodi ment of
the present invention shown in Figs. 3, 4, 5 and 6; 10 Fig. 9is a
cross-sectional viewillustrating a second preferred enbodi nent of an

I nt egrat ed REED tsasiseu¢er/ suspensi on assern®ly in accordance with the
present invention; Fig. 10 is a top plan view of the REED assenbly shown in

Fig. 9: Figs. 1la and 11b are cross-séctional views illustrating the probe
15 tip and cont aetvipaderaliads foepapdingorhe amahsdideeds weaxtdrnzl cigspiact.i vel y

for the REED asseui y¥s sfavfiet Bs Rbgshol @ANgialQ).

the integrzl REED assembly 40 ccmprises
a width of 0.5 mm and a

In a preferred embodiment,
a body 39 of A1203 having a length of 12 mm,
5 thickness of 35 pm for that portion of the btedv 39 forming suspension

section 31 and mazimum thickness cf 50 pm for the read/write head secticen

33. The integral REED assembly 40 is fabricated utilizing well-knewn
‘deposition and photolithography technigues cn & base substrate or wafer,
as described in greater detail kelew, utilizing z release laver to
10 separate the finished REED assembly frem .the substrate. The upper and
lower megnetic yokes 43 and 43 are cf ni

referred tc as permallcy, or cthe¥ suitatle magnetic ma

preferariy plated as is well-kncwn in the

conductd#5553*éﬁé term

ﬂ.

15 windings 41, lea 3
formed cf ccpper (Cu) or cold (Au), fer examcle,
Manufacturability cf this embodiment is greatly n
vertical pole tip 49 is first faMjcated dud varicus annealing p
ccmpleted prior to the remaining pérticns cf 1

20 fabricated in layers parallel tc the supperting subs

conventicnal, well-known technﬂcues. Cnce thie RIZD assextly 40 has been
formed and separated frem the prccess supgerting substrate, & pertion cf

the wear-resistance material covering the lewer pertien cf the gretrusicn

37 is removed by & wear-in cr post-fabriczticn lapping rrocess Lo expess

tn
o5
(3]
)
=]
™
o
]
1
n
tn

the verticzl pole tip 45 at the AZSS as

Ny
wn

comprises & pair of rails formed aler

30 37 substantizslly parallel to the Cirection cf the air flcw as indicated
by arrow 58 generated by the relative mciicn between the REED assembly
and the cdisk 15. wear pad 59 formed between the rails 57 provides

suppcrt end protection from abrasive wezar fcr the vertical pole tip 49

exposed at the surface thereof. Rails 57 and wezr pad 5% are fabricated

from a suitzble wear resistant materiszl such zs diamond-like carken, for

(8]
[¥ 1 BN

. . . - , R
2s cdescribed with reference tc Fig. §, at gﬁe ccmpleticn of the
the surface cf the protrusion 37 is

example.
REED assembly fabrication process,

subjected to a lapping process which removes a portion cf the wezr

.



Fig. 12 .'s a .cross- secti onal viewillustrating a third preferred enbodi nent
of an integrated REED transducer/suspension assenbly in accordance with the
present invention; 20 Fig. 13 is a top plan view t he REED
assenbly shown in Fig. 12; and Figs. 14a and 14b are cross-sectional views
Il lustrating the probe tip and contact pad after separation and after
wear-in, respectively, another enbodi nrent of the REED assenbly shown in
Figs. 12 and 13. 25 DESCRI PTI ON OF THE PREFERRED EMBODI MENT. The preferred
enbodi ments of the present- invention are preferable for use in high density
di rect access storaqﬁ devi ces such as found in large information storage
systens as wel | “tfe single disk flles’typlcally used I n persona
conputers. .The devices, e.g., disk drives or 30 f|| nay use nagnetlc

menory di sks as the. nedia. Referring.now to Fi i
storage system 10°FH¢rFdTaie it R biﬁ'éf‘%d“gl'i"’l FePSusH tﬁe ’§1lﬁnsﬁn‘i"gdth§ "gﬁﬁ BT‘X/

actuator 13, one 9randprposans tle palediregnet i ¢ st orage di sks 15 nounted on a -
spindle 17 and a drive neans (not shown) coupled to spindle 17 for rotating

the disk 15 is 35 shqul. ing A& (LEALY 726UALEN 3, AOMES AR Rl egrat ed REED

transducer/suspe éogtrlgn su”;‘%cé'o}%¥e gm%g%:sor‘%gg\r emw; tgrme nggnt i nvention

in an arcuate pat he sur a
‘L°d 1n lows 71 on the

Individual REED assemblies 73 are batch labll ca
the width of the row 7C being equal to the
The entire

surface of the wafer 70,
desirad lencgth of the completed REED assembly bcdy 36.

fabrication process, with the excepticn cf the pest-fabricatien lapping

or wear-in prccess, comprises

8z-€i are cress-secticnal views illustrating the

a2 series cf process steps accemplished at

10 the wafer level. Figs.
precessing steps involved in the fabricaticn cf z preferrad embcéiment cf

the present invention incerporating the vartical readfwrite head 33 shewn
in Fig. 3.
First, as seen in Fic. €a, a laver cf phetoresist (not shewn) is

15 deposited cver the entire surface cf the subst

patterned. Then, for each EZED assembly 73 cavi:y 7% having slanted
-
sidewalls 77 is formed cr etched the stbstrats 70, Ly laser, icn,

chemical or mechanical etching, for exam:
template for the subseguent formagicn cf th
20 or release lazver 79 is then depcsflsd o
over the substrate 70. The releass laver
suitable matsrizl, such as Cu, for examcie,
acéiticnal thin film l vers (not shewn) ¢f titanium (

serving as

as shewn in Fig. €b, cavity 75 may ke form
such as alumina (21 0.}, for examp

(€
[=]

suitazble material,
the surface cf the substrzte 70. First,
formeé on the substrate 70.

layer of Cr cr tantalum (Tz) formed by syh}te. cepcsition or eveporaticn.

Nexzt, &n

aluminz layer 78 is deposited onto substrate 70 to & thickness

35 equal to the desired depth of the cavity 75. Follcwing the depcsiticn cf
the alumina layer 78, a via is etched into the zlumipa down to the etch

for the subseguent

(1]

stop layer 76 creating the cavity 75 and a templat

formation of the wear pad 37.

..



9 The rotary actuator 13 includes a

voi ce coil notor comprising a coil 21 novable within the magnetic field of
a fixed permanent magnet assenbly 23. An actuator arm 25 having the noving
coil 21 fornmed on one thereof is pivotably nounted on pivot post 27. A
support arm?29 is attached to 5 the other end of the actuator arm 25 and
projects across the surface of the disk 15. The support arm 29 supports the
i nt egrated REED transducer/slider/suspension assenbly 19 produced according
to the procedure set forth herein in cantilever fashion over the surface of
the disk 15. The REED assenbly 19 includes a suspension section 31 and a
10 transduceghskigesr 33 (as shown in Fijg. 2) forned at one end integral
wi th the suspension section 31. The suspension section 31 supports the
transducer/slider 33 above the surface of the disk 15 on a bearing cr

cushi on of air genajea{ esk Bé/entﬂel-_‘i:][g_g).t at isAd 68 theCerdiak pbhle tip]\c/%j ke for a s
particul ar app | . : [ . Ak €, o) timum

per f or mance, ihé’&g‘ﬁ‘éfggf‘gi}ﬁie"‘é%%%% '{%1%;?1 g§1tgp\?\nn%iqﬁgll\jg§y%g Sévcrélrg | length in
the range of aB%"gfy 51928330 i 1S KBTS p‘%?nﬁ"f 83 &° Fasiehth &F dBRei #F t he range
of about 0.3 tether Guisbleamsenstiimmateridli. cioAass befspalorrdemaited 50

5 electro-plated as is known in the art. A second wear layer 85 is now

SA9-93-014 .,

" patterned and formed over ‘the first wear layer 8! and the vertical pole -
tip 83. Sufficient material is deposited to £ill the cavity 75 which
serves as the wear pad in the finished REED assemtly. At this point in

the fabrication process, or immediztely zfter its formation, required

10 annealing steps &nd other high tamperature prccessss for optimizing the

electrical and macnetic characteristics of the vertical pole tip 49 may

be completed.

v 87 of dielectric

Next, as illustrated in Fig. &2, & firs|

re
[

material, such as 51203, is deposited cver the entire structure forming

15 the first of several layers of material ccmprising the REED assembly kedy

and suspensicn secticn. The first cdielactric laver E7 forms a surface

for the cepositicn of the lower macngtic pole piece S and is patterned

. N ) .
and etched to cpen vie E8 exposing tHe urrer“surface of the vertical pole
tip 83. As seen in Fig. 8&Ff

Y
terned. The lcwsr macgnetic pcle piace

20 first dielectric layer 87 and pattern
erti

91 and the v czl pole tip connecticn pad cr stud &S are formed by

plating, for examgle, as is known in the art.

PR -t - .- 3 - - . -
2 &h, ghotcresist is depcsited over

PR I apmet bavs hatend &
tterned gnd hard baked te ¢

the first dielec:iric layer &7 and £z
25 first insulaticn lzyer 95 for formation cf the hesd coil.
insulaticn layer €2 provides a surfzce for the formzticn cf the
the ccil from the magnetic

1.
[
W0
-~
m
=]
0,
1]
b=
1]
0
rr
~
(22
0
[
Ll
[y
LT3
1o
=3
n
2
-
[\
«r
1]
in
A
.

electrical coi
pole piecs 21 anc pole tip E3 structurs.
plated or otherwise deposited on the surface procvided by the first

30 insulaticn layer 5. 2 layer of photorasist is then deposited over the
coils €7 and the insulaticn layer €3, patterned anZ hard baked to precvide
a second insulaticn layer 9S. The end ccil cenducicr €8 is nct covered

by the sscond insulation layer 95k, but is left excosed for feorming &
.’-

B o-p- R N

connection to & lezdout cenductor ené terminzl. & layer of HiFe, or

other suitzble magnetic material, is then plated cr ctherwise depasited
An °

as is known in the art over the front portion of the sefend insulation

w
(94}

layer 99a to form the upper magnetic pole piece 10!. The upper magnetic

tan



mcroneters ([err]m in the suspension section 31 and about 30 to 65 [err]m
in the transducer section 33 and a total mass in the range of about 200 20
mcrograns to 1.5 mlligrans. Alternatively, the suspension section 31 nmay
support the transducer/slider 33 in contact with the disk nedia 15. The
surface of the slider parallel to and adjacent the disk surface is referred
to as the air bearing surface [err] It includes both configurations where
the slider is designed to fly above the disk, 25 sonetinmes referred to as
a W nchester-type dri.ve, and where the. slider is designed to contact the
recor di ng nedléJO IPAPLi sk 15, during operdtion. As described in nore detai
below, in a contact recording appllcatlon the slider nay al so be referred
to as a wear or contact pad. Wihile only one disk 15 and one actuator arm 25
are shown, it ipglﬁaleﬁﬁdé‘féf SoPet trdttor ‘H‘é trabiiet PelestBridge e F PBMm 6 may
conpri se a nuniyemebic prdgmétdec?isthypejevidi Sks 15 wherein the actuator arm 25
includes a plurality of support arns 29 with each arm 29 supporting at
| east one integral ﬁﬁ%élrﬁm&dusﬁilos&@p&@& o)1} aéﬁemmm 39, &Rehe REED .
is

assenbly 19 associ ated ace the disks 15 Thus,
15 al so has 35 a é rV\fO.: of clleflef ric maQ? ce 051tec over. e ‘PDEt he arclt uat or arm

25 on the untdePSiecRiets 1?1hé“dd?“§k“15 portpy f’ﬁéP" S‘EfPh‘éFle&Eﬁ‘fb%cnéac"Fon “Bassenbl i es
are associ at edcavietingtdné encgps@natingotht oavee thasragd/voithdread, dirgkieavint ke
transducer accessiff opehitehtnt Sn€QRBLIN Ank@doP¥st NhiaGhdbal Qle1ldiric iaver

is about one-hzlf the.remaining desired thickness cf the susgension

section 31. & leadout conductor 105 is then deposited and peatterned

(D

10 electrically connecting the ceil $7 at conductor S8 to a concuctor

terminal 55 (as shown in Fig. 3) formed at & remcte end cf the cenductor

105 through via 104. & final dislectric lzyer 107 is then éesrositec cver

.-

yer 103 encapsulating the leadout concducter 12

4

=
m

the saconé dielectric
and kuilding up the assembly kedy te the dasired thiickness.

15 To separate the ccmpleted REED assemilies 73, the
layer 111 is ccated with a photoresist layer which is patterned tc cefine
the external dimensicns of the assembly bccdy 3% (as shown i i
The cielectric layer 111 is then w»%gtcheé ir & basis solu
and separate the indivicdual REED transcuc=—

20 each cther en the wafer 70 snrfcce. To sa2zparate the

With ccntinuing reference tc Figs. 7 and 8a-8i,

25 gubsirate 70 can be cf any suitsk

such as &lumina-titznium-~carbid

i O

use of single-crystal Si is pr rred in tha%t it prevides przcise contrel
of the cavity sidewall 77 angle. Fer ezamclis, 2 <100> oriented Si wzfer :

enisotropically etched in a basic sclutien, KCH, for exama_e,.proviies &

sicewzll 77 angle along the <119> plane of

(€]
o

the horizontal plene.

The relesse layer 79 formed on the substrate
purpcses. The release layer 79 is a sacrificial layer which is
eventually dissolved to free the finisheZ transducer/suspensicn

35 assemblies 73 frem the substrate 70. The relesse 1aye§f79 can, fer

instance, be an electrically conductive material and thereby serve as a



SA9- 93- 014 10 The suspension section 31 of the

1

REED transdueer/suspen5|on assenbly 19 provides a |load on the
transducer/slider 33 which is substantially normal or perpendicular to the
surface of the disk 15. This perpendicul'ar | oad maintains the
transducer/slider 33 in contact 5 with the data surface of the disk 15 when
the disk 15 is not being rotated. During operation of the disk drive 10 a
aerodynam c lifting force is generated between the transducer/sli-der 33 ABS
and the rotating disk 15 opposing the perpendicular |oad applied to the
transducer/ sl i degye3gs-gausi ng the transduceig slider 33 to fly above the disk
surface. 10 Alternatively, in contact recording, during rotation of the

di sk 15, the transducer/slider 33 remains in contact with the nedia for

read:}I ng or ! egor guaegx%mngmaga 08P RSf ahd Qlbseduant tliﬁFEdblﬁEi‘t/eshltﬂef‘r?BB di S
moved to the desi r 0 i udek ackg..gdefined on
]rfg ng §re trﬁ.guea[ SEB gs %Iae ‘E%a g %?nc;f e g‘@(ﬁs% J Eﬁ !i_h

the data surface® %a e
noveabl e coi |l 21°3"8idatsst £51 e debsps f)dé’i"‘t"l OnirigiEt g?ﬁaﬂ” ‘”tl (s % W thin the
magnetic field ofeppsigedrtimedh aspettrips 28 pastdng RIpsessi- vabe raleasciayat 8 arm 25

about the pi\/Gﬁ may also serve as a barrier layer, or alternatively, a separate barrier

layer may be formed over the release layer 79.

The barrier lnyer {not shown) similarly serves several functicrs in

the productlon prccess The barrier layer is used to isolate the
subsequently deposited lavers from the release layer 7. The barrier
10 layer serves as an etch stop to terminate the wet etch process utilizsd

to separated the incdividual REED assemtlies 73 frem each cther in ths

wafe; rews 71, as descrikbed above. The barrier layer also serves as zx
etch stoep to protect the vertical pole tip fream any etchant which mar b2
later used to dissclve the release layer 7¢. The karrier laver may 3lso
15 be used as a wear layer to-protect the vertical pole tip during cperszicn
ic media. If the barrier lavar iz

in close proximity to & rctating magnet

rot to be used as a wear layer, it is Cesiral

release layer 7% is dissolved. ‘ N
A thin film cepositicn precess, such as sputter depesiticn, Is
20 utilized for fabrication of the veérticzl pecle tip &l. Whils Fig. &c

rtical pele tip €1 siznted 2t the angle formed by -

cavity 75 slanted sidewalls 77, the slant
The s
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tip can be any acute angle cf 45 to ¢0 cdegrees with respect to the azs

35 as shewn in Fig. 5. Since the vertical rcle tip 81 is the first
transducer element to be formed in the fzbrication process, relstivelr

hich temperature annealing processes may b= exployed to cptimize tie

madnetic characteristics cf the pole tip Ei without dédnger of acversz N
affects on other transducer elements to be fabricated in process

esses. For example, forming the

30 subsequent to the heat treatment proce
first and second insulation layers S5 and 113 after the pole tip €3 hest
treztment processes zllows & polyimide materizl to be used, such as hzrd-

baked photoresist which has a maximum expcsure temperature of

approximately 250 cegrees C,
35 material, such as slumina, ‘for example.
the e{centlﬂq of the wear- in process tc exrose the Vl;r‘lcal pcl ti?, the

afer level

entire REED assembly fabrication process is ccmoleted &t the wa

rather than an amorphous dielectric

It should be noted that, with

with no mechanical proce551ng steps. For example, there.are no lapping

ke



post 27. Because it is desired to provide rapid access of the
transducer/skider 33 fromone trac to another track for read or wite 20
operations, it is necessary that the transducer be properly positioned over
the desired track and reach that track in a mninmumanount of tine. It
shoul d be noted that while the actuator [err] illustrated in Fig. 1 is a
rotatory actuator, other disk drive systens may utidize a |inear actuator
such as is known in the art. The REED assenbly 19 must provide radial 25
stiffness, and have substantial flexibility about the pitch and roll axes
as it rides above PA¥3tdta surface of the difsk 15. . If desired an
integrated circuit anplifier assenbly 35 may al so be produced on the
suspension section 31 of the integrated REED assenbly 19. Referring now
al so to Figs. 3, #tetdreguiradpridedripeddsuhisodiofenttde dinad(lielacheici ayeghat ed
REED transducer/ suspehenoim Bigs@ihbly ti RERDCoIsehbhy it @ot Nepppd.i bl pdtes of t he
present inventi on foBloid ItMSEJnQ-&LQSI of theark3beqr %Brﬁ‘pdneREsEQxd the leadout

tr anSducer / tr anSd%Grﬁﬁ\ l‘.%t'g g| Ic t%e L}.O golrmréossleelss agll ﬁi ?n.ggcfr%lon {;?l’(&isudé&(:“

rect angul ar bodg/ 39 q} el ect frit nater! al umn
(Al[err]err])® 27 %‘PF éavﬁa*ch&(F’ﬂB“("slféf‘éf?"ﬂlse*r Grlyek AT PerssatAIR Gt a
relatively 35 unithotet Brekat sy fadeoty - bstreghrishe ¢fetigt REEP G rdmbly a
suspensi on sect i oRuspdnsaerdia nsoaBMIRly GERAtEL Ria6KBREStodtedCdtish 8NELe t he
left hand end as §hewor WARLSS Dieds TRYPRKLS E&é\fyﬂw tefe tem”i?aq (6:he Qf, head 33
is fornmed and a slji gg]rq al othbe%gclhglgicsyrface (AB Ea t-er ned- on a_l ower

S| de thel’ eOf aLp "oCcessin < St 8 rr1n1 es stress lPGUCEG in

10 the REED assembly during fsbrication.
Feferring now to Figs. ¢, 10, 1liz and lit, a szcend preferred

embodiment of an integres

formed in accecriance with the present inventicn is shewn. The Read

assembly 120 fcrmed cn a substrate 121 ov z
15 ccmprises ‘an elengated rectangular-shzped, resilient bedy 123 forming &
suspensicn secticn 125 ané & transducsr secticn 127. 1In this embodiment,
the transcducer ccmprises sepsrate read and write heads.
probe—typé write head 12¢ and a second vertical probe-type reacd head 131
are formed adjacent one anotheri 7 1 :
20 141, respectively, extending parallel ic the slznted sid
wear pad 140 in cpposed, fzcing relatisuship. The two heads ars
fabricated in s
with respect tc Figs. €2-8i. Inductively ccupled tc the magne!
3
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for each head 12%, 131 is a sa2parate heorizontzl c

25  respectivel 1y, cctimized for th
coils 133, 135 zre cennecied teo pairs ¢
lead concuctors 139. Th2 lezd cenducisrs 132 are plztec
assembly fzbricstion procsss and run ths lengih cof the suspensicn saction
125. sSimilarly, the matsrizls used &né the dimensicns cf the rezd ,

30 magnetic circuit and the write magnetic circuit are chosen to cotimize -
the magnetic chearacteristics for the resd or write function. For

example, the wiéth and cross-sacticnsl zr
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pole tip 14] are substantizll,

vertical pele tip 143.

35 Figs. 1la and 11b illustrate the structure of the wear pac 140 fcr
this preferred embodiment. ODuring fatiricaticn, the vertical pole tips
An
141, 143 for both the reaé head 131 anc the write ‘he®d 129 are initis lly

formed as a single magnetic layer 149 sancéwiched between the first and

~»



SA9- 93-014 - 11 As nentioned above, the term ABS
refers to the*side of the slider which is generally parallel to and

adj acent the nedia surface in both wi nchester-type disk files and contact
recording applications. As shown in Fig. 2, the ABS conprises a shaped
protrusion 37 fornmed on the lower 5 side of the REED assenbly body 39,
preferably form ng a wear or contact pad for contact recording
applications. Alternatively, the shaped protrusion 37 can forma slider
having an ABS patterned to generate a lifting force (as shown in Fig. 6)
when rel ative noti onsagxdisdiga bet ween t he REED agsenbly 19 and the nedia disk
15 to allowthe slider to fly 10 closely above the .nedia surface. The -
shaped protrusion 37 and its surface are forned of a suitable material,
such as di anond- | i keseeakihees 1§y@ks exasRd €47.t @ifenEicRilz&rdwdériandi tfarsmgs When

the - REED assenbl y %Qme@&ttﬁe m,e Jrech;gs awfﬁﬁ areT:J?«?us andl \eﬁé EﬁnetJfaﬂ%dHPﬂf 33
is formed int egral | yd W t' W rl!i §loort]‘ Slet(:: a te nm Et ‘Avt dhm. es
g? ST V4. P f°eiﬁep“ ar ef odr meht;

integrated and unitary>®

transducer is a dualPr{irpolde *E%FW‘ Qfe”‘ﬁe%mB‘B“eaﬁd Eén‘ﬁﬁ sé%d%fck'/’é’f’?l cal

probe-type magnet b c abovduche wecond wear layer 147 is etched to cpen vias 151 to allow
subsequent forming of studs to couple the reac head magnetic yoke and the

write head magnetic yoke to their respective vertical pole tip 141 and

143. Once the fabrication process is complete and the REED assembly 120

is released from the substrate 121 by dissclution of the release layer

10 122, the wear pad 140 is lichtly lapred tc ramove the bottem herizontsl
porticns cf the first wear layer 145 and ths macnetic layer 149 to form

end write pele tips 141 and 142,

o,

the AES and separate and exgesz the vez

respectively.

Eeferrinc new to Figs. 1Z 13, lia and 14k, a third praferred
15 embodiment of an integrated EIZD transcu:

formed in accordance with the nt i

assembly 180 fcrmed cn a sutstrate

cemcrises an elongated recta ijlcr sh ar'e"

resilient bcc» 123 fermirg &

suspension section 185 ané & Jransducer secticn 1687. In this embodiment,

20 the trensducer ccmprises separzte resc &nd write heads. & vertical
prcbe-tyvpe write head 166 anc & midgnetcresistive (MR) resd head 171

which servess as a magnetic flux cuids

25 sicewazlls of the wear pad
hezcés are fabricated in a
v coupled to the
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described zbove with respeci tc fFigs. ¥
is & herizental coil 173 optimized

(12}

macnetic yoke for thz write hesd 18
t The coil 173 is ccrnected to & pair of

ite only function.
7¢, The read head 171

30 connection terminals 177
structure 172 macneticslly coupled to the read
tip 181 by stud 174 through viz 1%1.
an MF censor element located

includes &z magnetic yoke
c The reac yoke

structure 172 ccnducts magnetic flux to
The MZ sa2nsor elament
&2 formed 'in the resad yoke.structure 172 anc
forming the gap 182. The

remotely frcm the AES. 175 is preferably positica
t

* ports of the yoke

72 is typically a thin film of HiFe or other suitable
) C . L e . . .
oresistive material. While shcwn”spaced apart slightly

1
macnetic magne
oke 172, the 112 element 172 can alternatively be in

t
from the read y



head for .perpenpdi cul ar recording applications, but can alternatively
conprise a ring-type magnetic inductive head utilized in horizontal 20
recordi ng applications as described in co-pending U S. Patent Application.
Serial No. 08/002,290 filed on January 6, 1993 and hereby incorporated by
reference as if fully set forth herein. The read/wite head 33 includes a
magnetic circuit conprising an upper magnetic yoke or pol e piece 43
magnetically coupled to a vertical probe or pole tip 49 at a front stud 25
51 and to a | ower nagnetic yoke or pole piece 45 at a back-gap 47. The
vertical pole tip 49 .s,formed parallel to tge protrusion 37 wall and

I ntersects the AB§ at an acute angle with respect to a vertical axis

t hrough the ABS. The pole tlp 49 is generally rectangularly shaped having

a relatively small,qrosaiaeat! a0aly ALEAoE LGSR 3l 630, BONEL! C

flux and provide a c%¥a | gnéal
The width of "f‘rFée"’EBF é7§ ih Pﬁ‘?feé%l’t ﬁ%“ﬂ%g" r]taPad\’/eﬁds%l“T’é‘atlﬁée’daf 8¢ r acks

15.
and is sel ected tdheldR ispesof lvdemirisitiedls deavn asrackold daviar. iTlshouldhemokrdgneti c

pol e 45 forns the that Ufemapsetnlaorf o5 4ihe theredl ragaskicmaiflayéded sthlreurk oner
magnetic pol e 4% Ilsclsme%drms 1?%?5 acﬁﬁlas;rgl alal mebiiding @8. swbace and

cross-secti onal l;ﬂ?afnso etle'ne 99’5 15 conn ec tlouax qxer}:SI t¥d rtext'nliltl:u SHQI h
I nductively coupl ed e structure is a orlzontal splral

coil 41, with thetl %ﬁd?“@F“?ﬁeg€0|F”c RECITRETE HFDUYR 1reRt Sttt Eoe 53

ext endi ng the | engtd askenbhe fabrication process and run the length of the suspensicn

section 125. The materials used and the dimensions of the read magnetic

10 circuit and the write macgnetic circuit ars chosen to optimize ths

magnetic characteristics for the read cr write function. Feor example,

the width and cress-sectional arez of the read h2zd verticzl pele tiz 181

are sunstan;x;‘ly smaller than that cf the write head vertical pcle tip
183. The remote lccaticn of the MR sanscv

freedcm so that performance can be cptimizad. For exam

—
wm

remotely located MR senscr, track width is & function eof the resd pele

tip Cimensions ancd is independent cf the M3 sanser lencii.

a and 14b illustra‘i the say:cture cf the wear pad 180 for
fabrication, the verticzl pele tirs

¢ the write head 18% are initizaily

4
this preferred embeéiment.  Durirn
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formed as 2 single magnetic lzv

seccnd wear layers 185 and 187 a2s shewn In figs. l4a and isb, the MR
sensor element 175 can alternatively be lccated adjscent & g3p 182 fermed
in the read pole tip 181 structure. Similsrly, a&s in the configuraticn
25 shown in Figs. 1Z and 13, the MR sensor element is locat2d remctely from
the AES and utilizes the reacd pecle tip 181 and razcé ycks siructure 17Z to
conduct the magnetic fiux. Dimensicnal and materisl diffsrances between
the two pole tips 181, 1&3 are zdiusted =zt the time of ths layer
deposition using well-known photcrasist pztterning and etch techniques

30 prior tc the depcsition of the s2cond wesr layer 127.
above, the second wesr layer 187 igs etche<d te open vias
subsaquent forming of studs to ccugle the rezd hezd magnet!

1

185. Once thﬂ fabrication prccess is complete and the REED zssembly 180

is released from the substrats 13i by disscluticn of the Te
162, the wear pad 180 is lightly lzpped to remove the bottcm horizentzl
5 and the magnetﬁf layer 18% tec form
rite pole tizs 181 and 183,

lesse layer

(O]
n

m

portions of the first wear layer 1
.

the 2ES and separate and expose the read end w

respectively.



suspension section 31 to term nal bondi ng pads 55. Bondi ng pads 55
SA9-93-014 .~ 12 provide termnals for coupling
the transducer 33 to external circuitry, such as anplifier 35 (as shown in
Fig. 1). In a preferred enbodi nent, the integral REED assenbly 40 conpri ses
a body 39 of Alferr]Jerr] having a length of 12 mm a wdth of 0.5 nmm and
a 5 thickness of 35 [err]mfor that portion of the body 39 formng
suspensi on section_31 and maxi mum thickness of 50 [err]mfor the read/wite
head section 33. THE 1’nt*&gral REED assenbly #0 is fabricated utilizing
wel | - known deposition and photolithography techni ques on a base substrate
or wafer, as described i.n eater detaii belo tilizing a rel ease.|ayer
to 10 separate the fi nf'?ﬁ%gnﬁéﬁ'ﬁ"%%gléé'ﬁ%lbﬁe”f Fad'%ctug“efl%q@osw?r"a?ed.escf eecﬁ'ﬁ%)her and
| ower magnetic yokke§emtnceatirigeergpd epfodifie ke e ain 141 by Y RPdeEgtocBher al |y
referred to as pertrasd bidyledoin Otehett thguiveaihe cimagrein formapéretlil meubh as
i lron ije)’ ni Ckﬂ 2Bl knagh 6aR&t depSRYnErohidi rspalik Qs scappheame pref erably
plated as is well - in r im.Jar s i Welel 41,
| ead conduct ors'r’531l§’gér%I Ler Fni Jra‘g‘fgﬁb%hﬁ iu%emsiogséoé;fourjgfg%%e%%rt%Qg%ﬁgﬁsper
éa ﬁlumlna i ed that

a
(Cu) or gold (Au) PEGFrax&RmCes? vy sHtht Fﬁ‘ﬁﬁl Gtrds >+ e recogniz

other methods of deposition may be employed and that other materials may

ke utilized, including-other suitable oxides, nitrides, carbenides,

glasses, amorphous carbon, diamond-like carken or laminated combinations
10 of suitable cenducting and insulating materizls. The suspension secticn

according ta the preferred embodiments could ke a dual layer of 2

pelyimice materizl and & metal layer cepesitad thereon to provide

Cerpar cr ¢eld is the preferred cenductive malar

availatle as is well kncwn in the art.



Manuf actupabiljty of this enbodinent is greatly sinplified in that the
vertical ‘poletip 49 is first fabricated and vari ous anneal i ng processes
conpleted prior to the renmaining portions of the REED assenbly 40 bei ng 20
fabricated in layers parallel to the supporting substrate_ by conventional,—

wel | -known techniques. Once the REED assenbly 40 has been fornmed and
a portion Tok Been R

separated fromthe process supporting substrate, S laced
wear -resi stance material covering the lower portion cf the p |&mlm7‘ lls
renmoved..by a- wear-in or post-fabrication |apping process to

vertical pole tipMP3an4the ABS as shown irelFig. 5. Referring now also to
Fig. 6, a plan view of the ABS of the REED assenbly shown in Fig. 3 adapted
to fly above the recording nedia 15 is shown. The ABS forned on the bottom

surface of the protrusion 37 conprises a @iams of rails forned al ong
opposi ng sides of the protrusion 30 37 substantially parallel to the

direction of the air {lpwas.|-8dbeal&d WAl rQW 8 ae0etal-ed @s\éiéehihe
rel ative notion between the REED assenbly and the disk 15. wear pad 59
formed between t R&FRN €"87H%vi des support and protection from abrasive
wear for the vertical2 pdiceeateprardlierpaswsr 4ermehef sudirtrctricferedtl e®ail s 57
and wear pad 59 &ré€nf abfiretatmdardba fseomi andustidElovnedmenesisbt@Attonmteri al
such as di anond- lai &€peaaioRqdrt ibOlan@ % atFRhRucehSodaser Ehed rmiskhef @batignce to -
Fig. 5 at the C%E’J,%L?Jd@ aqnthgffiggee,@Egpsggsqu@ayedf,@eg,ggrgati on process, the
surface of the protr li!xglgn%giCSt?raLsséucer means embedded in said elongated member at szid
transducer porticn and having at least & vertically criented first ™
10 magnetic pole tip, said magnetic pole tip extanding to and expcsed at an
air bearing surface cefined con an extericr surface of said transducer
porticn of szid elongated member; and
said eloncated mexbar and magnetica
15 transcucer means.
2. An assembly s claimed in Claim 1, inciuding at least cne
electrical contact pac¢ formed in 2 surfaci\cf saié elongat
electrically ccmmunicating with s¥§¢ eleciPiczl conductor, sai

electrical cecntact pad disgesad at the s2cend end of said elengated

stored in & macnetic storage medium, said
n

asscciated with a2 write se:

™~
w

storage medium.
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5. Z assembly &s clzimed in Clzai:
an incductive read sensor.

6. An assembly as claimed in Claim 3 wherein said%feac sensor

comprises a magnetoresistive read sensor.
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subj ected to a | apping process which renoves a portion of the wear
13 resistant material planarizing

SA9-93- 014 | _
the tops of the rails 57 and the wear pad 59 and exposihg—the—rpote tip 49
Referring nowto Figs. 7 and 8a-8i, Fig. 7 is a plan view of th dei{)e %ion
surface of the process supporting substrate wafer 70. Q‘hlsﬁﬁhﬁﬁ’ ﬁ(D

L er

assenblies 73 are batch fabricated in rows 71 on the sur
70, the width of the row 70 being equal to the desired |
conpl eted REED assenbly body 39. The entire fabrication process, with the-
exception of the fost-figbrication | apping o, wear-in process, conprises a
series of process steps acconplished at 10 the wafer level. Figs. 8a-8i
are cross-sectional views illustrating the processing steps involved in the
fabrication of prefeyred anbodinent nQhediDe HBRENknd QUEOLEQN 0GP POT at i ng
t he vertical reagl/—vvrl,te head 33 shown in Fig. 3. First, as seen in Fig.
8a, a layer of piidt6te8¥st (not shown) is 15 deposited over the entire
surface of the substraberipemter {76t gaerepist PRe PéeFe: Then, for each REED
assenbly 73 cavity 7% bhwiadg wktenildg oriented magnetic pole tip, said pole tip
§ extending to and exposed at an air bearing surface;
a second magnetic pole piece magnetically cqupling said first pole
piece to said vertically oriented bole tip, said szcond pole piece joined
magnetically to said vertically oriented pecle tip at an upper pertion

&

thereof, said first and seccnd pole pi=cas.macnetically connectzd at

10 backgap region;
a coil inductively coupled to bui eiszcirically isolated frem said

suspensicn means including at i=zst cne layver cf a resiliant
15 material covering said first and aces and sald ccoll, szid
suspension means electrically and macnetizally isclated frem said

magnetic pole pieces and pole tip,
beyond said backcar region.

[ 4

8. An assembly as claimed in Chm 1 cr Cizim 7 further comprising a
ticn of szid transducer periicn,

20 wear pad protruding frem an extericr gert

a lower porticn cf szic wear pacd formingc szif azir

S.  An assembly &s claimed in Claim 7 wha

oriented pole tip dafines an angle witi

pole piece in the rance of 4

16. An assemdly es claimed in Claim ¢ %herain

25
is formed substantislly parallel to said horiz
;
11. 2n assembly &as claimed in Claim 7 wherein air bearing surface is
adapted for operztion in contact with a reccrding media surfzce
12. 2n assembly as claimed in Claim 7 wherelin zir bearing surface is
30 adapted for operaticn in a flying mode suspended sbove and closely

adjacent a recording media surface.

13.  kn assembly as claimed in Claim 7 wherelr transdycer and
assembly has an overgll length in the range cf about 5"to 20 millimeters,

— ——————
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sidewalls 77 is formed or etched in the substrate 70, by
for exanple.
formati on of the wear pad s

chemni cal* or \rrechanl cal etching,

tenplate for the subsequent
or release layer 79 is then deposited by
over the substrate 70.
suitable material, such as Cu,

The rel ease | ayer 79 can be a 5|
for exanple or i

| aser, ion,
The cavity’ 75 forms a
heém aeﬁl el 20

sputter deposi £y

may al so

thin filmlayers (not shown) of titanium (Ti) or chromum(Cr) serving as

adhesi on | ayers.
assenbly 73 to s
bat ch processing

eslqg,agflrst wear |ayer 81

The rel ease layer 79 allows the conpleted 25 REED
t(ﬁg fromthe substrat §,70 at t he concl usi on of the

of wear resistant material is

deposited on the substrate 70 over the rel ease layer 79 and patterned

coating the bottaom and

| a I
as shown in Fig. QWEHIP f){"f’g i r%V\@e%
suitabl e materi altPiEgRsh st ’5.|rﬂ?ﬁen%/{ f’?&f‘fé
over the surface of the substrate 70. Fi
formed on the suhstrat eiskQriveTixRendllg [Rorplr
| ayer of Cr or tant alaunau(;;l;,g) formed by s
Next, an alum pa Iayer J 5..deposi.
equal to the desired deefﬂ of t %3%3?"9
the al umina | ayehs#ag '“?f“ﬁlfar 55°"é?%ﬁ%‘d "
stop layer 76 creatirg ahetoanin gos¥Soeaddi
media disk; and
a transcducer-suspension ass

al]o?zt (BfB Q@‘\él 6 }{1117]§neteél Lrﬁ}r Qat i vel 2

Pt J.%nylem met:llsayer of 30.
rPe for"exanpl e, deposited

irst, a patterned etch stop 76 is
opngmterial is preferably a thin
putter deposition or evaporation.

9;79&@%“%{ W B0y tgla Hofigkness 35
‘f"ﬁattﬁ | ow. ng deposition of

é"‘élpﬂ?ﬁlfﬁl 85\Aﬁ1°”to the etch
irasqigripheine i GrotinEysitbsdguent

embly zs clzimed in any preceding clzim

10 coupled to szig actuator arm.
15. A methecd for fabtricating a magnetiz trsnsducer-suspension assently
Zcm;rising the stegs cf:

' forming & cavity in the sunface cf z subsirate, sald cavity having
slanted sidewalls forming a predeterminsd ancle with the plane of the

15 substrate surfzce;

forming & first wear layer of a wesr resistance materizl cver said
substrate; ‘ .f:.
forming z slanted verticallyPoriented magnatic pole tip cf a
magnetic material on at least cne cf the siznted sidewalls of said
P

20 cavity, saidé slanted pecle tip defining an angle with the plane cf the

substrate surfzce substantially equal tc saic sidewall angie;

forming & second wear laver over szl magnetic pole tip and said
first -wear lzver

forming & horizental first magnetic rcle piece of 2z magnetic

23 material over szid sscond wear laver;

forming sn insulation laver over $zid Iirst pele pleca;

ferming @ coil of an ele:trically cenductive material in said
insulation layer, saié insulaticn layer electriczlly insulating said ccil
frem said firs: pole piece andé said pole Uif

20 forminc a seconé pole piece of a magnetic material, said seconc
pole piece magnetically coupling said verticaliy oriented pele tip tz

ié horizontzl first pol¢a iece,

oined to an upger end of said ve

l_l

nd second pole pie

[

said pole tip at

y

throucgh said csil, said insulation layer

piece from s2ié coil; and

LU

ces being magnetically

magnetic backgap, said magnetic

7

said saccnd pele piece macnetical

rticallv criented pole tip, said first

rsom

f

backgap extending

connected at ends' remote

eiect rlcallj,saﬂa second pols

..



formati on of, the wear pad 37. SA9-93- 014 14
Next, as‘seef in Figs. 8c and 8d, the vertical pole tip 83 is patterned and
formed over a portion of the first wear |ayer 81 on the cavity sidewall 77.
The vertical pole tip 83 is preferably of N Fe, or other suitable magnetic
material, and may be sputter-deposited or 5 electroplated as is known in
the art. A second wear |ayer 85 is now patterned and fornmed over the first
wear |ayer 81 ands‘tob%_é(ﬁrti cal pole tip 83. Sufficient material is
deposited to fill Yhe cavity 75 which serve¥ as the wear pad in the
finished REED assenbly. At this point in the fabrication process, or

i medi ately after itsfg‘ror mation, required 10 annealing steps and other

hi gh tenperature processes t SYPEptrhiF LRy of Redielastticirebdriandsanhignet i ¢
characteristics OT"ReAR' 0 rthegainciyding 1ti ppad opmyayee c€ atglleetred maddeyd;, as
illustrated in Fiqgver8eg saidfsersid doty @tec8 sofd d-iseiaefctn.rjape,mesraiié”coilsélﬁh as
Alferr]Jerr], i SxtapDgiHegshaoised mLJE@ti%rEaicEfp;structure formng 15 the first
of several layers of material conprising the REED assenbly body and
suspension section. The first dielectric |layer 87 forns a surface

»

L L. L

eet Has Been R

T




|

N

for the dep05|t| on of the | ower nmagnetic pole piece 91 and is patterned and
etched #b° op,en via 88 exposing the upper surface of the vertical pole tip
83. As seen in Fig. 8f, a layer of photoresist is forned over the 20
first dielectric |ayer 87 and patterned. The | ower magnetic pole piece 91
and the vertical pole tip connection pad cr stud 89 are fornmed by plating,
for exanple as is known in the art. Next, as shown in Figs. 8g and 8h,
photoresist is deposited over the first dielectric layer 87 and patterned
and hard baked to provide a 25 first insulation layer 95 for formation of
the head coil. The first insulation |ayer 95 provides a surface for the
formation of thes&lectrd cal coil 97 and el&ctrically insulates the coil
fromthe magnetic pole piece 91 and pole tip 83 structure. The coil
conductors 97 are then plated or otherw se deposited on the surface
provided by the first 30 insulation | apesiR&d A |ayer of photoresist is
then deposited over the coils 97 and the insulation |ayer 95, patterned and
hard baked to providg rag,see&oaqn;mw §x¥c' gnpén@mras%l E@Lﬁﬁg fgpluLe gonduct or
98 is not covered Py t he seco(p Ia er p tb leftb g:xposed
for formng a confied 'l‘tSﬁt {8 1[‘% u'f "”b uci B lﬁ oSN Fayer of
Ni Fe, or 35 ot hek sertidnIrectargyit plongraefiad| suspegsiop g™ bﬁrdf‘%’d“‘?)‘raot herwi se
deposited as i5s ‘embisml-itypet inducaite rréfvritretdargnterprisdontatallherigeciend
i nsul aj[i on | ayersugﬁasicg e 418 s URPak-dTRYRAL bk POLIR st_@eﬁ'leioja%mbeThG upper
magneti c The vertical inductive transducer is suilable for vertical reccrding

applicaticns. The transducer vertical macnetic pole tip and magnetic

yoke structure are formed at cn2 end cf the suspensicn member with the

10 vertical pcle tig extending to and expessd at an air bearing surface

fcrmed on the lcwer surface of & tenéing frem

the lcwer surface cf the end ci the susps % member, The intecral
transducer/suspgenzicn assembly C gzcve the
receréinc medis cr for use in continueus cantscl with the recerding
15 media. The gir bearing surface cf a wea
] caticn cf the trcv-c.Jcm /susgen edapted to

This Sheet Has Been Rem
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SA9- 93-014 . 15 pol e piece 010 is connected to
the vertical pole tip 83 stud 89 and | ower nmagnetic pole piece 91 through
vias 98~Fhe final series of process steps, as seen in Fig. 8i, conprise a
second | ayer 103 of dielectric material deposited over the upper magnetic 5
pol e piece 101 and the rear portion of the second dielectric |ayer 99b
covering and encapsul ating the conpleted read/ wite head, and | eaving a via
104 open to the end coil conductor 98. This second dielectric layer is

. about one-half the remaining desired thickness of the suspension section
31: A leadout conductor 105 is then deposited and patterned 10 electrically
connecting the coil 97 at conductor 98 to a conductor termnal 55 (as shown
in Fig. 3) forned at a renote end of theié®nductor 105 through via 104. A
final dielectric layer 107 is then deposited over the second dielectric

| ayer 103 encapsul ating the | eadout conductor 105 and building up the
assenbly body to the desired thickness. 15 -~ To separate the

conpl eted REED assenblies 73, the final dielectric layer 111 is coated with
a photoresist |ayer which is patterned to define the external dinensions of
the assenbly body 39 (as shown in Fig. 2). '

“ "}:



The dielectric layer 111 is then [err] etched in a basis solution to form
and separate the individual REED transducer/suspensi on assenblies from 20
each ot’her on the wafer 70 surface. To separate the conpl eted

transducer/ suspensi on assenblies fromthe substrate 70, the rel ease | ayer
79 between the substrate 70 and the first dielectric |layer 87 is dissolved
as is known in the art. Wth continuing reference to Fics. 7 and 8a-8i, the
waf er 25 substrate 70 can be of any suitable nmaterial known to those in
the art, such as alum na-titaniumcarbide (AITiC) or silicon, for exanple.
The use of single-crystal Si is preferred in that it provides precise
control of the cavity sidewall 77 angle. For exanple, a <100> oriented S
waf er ani sotropically etched in a basic2¢6lution, KOH, for exanple,
provides a 30 sidewall 77 angle along the <110> plane of 54.7 degrees

Wi th respect to the horizontal plane. The rel ease |ayer 79 fornmed on the
substrate 70 serves several purposes. The release |aygr, 79 is a -
sacrificial layer wigikch is eventually di s¥ol ved toqer the finished

transducer/ suspensi 35 assenblies 73 fromthe s rate 70. The rel ease
| ayer 79 can, for igg{geﬁg?—be—an—eLechiié#+y—eendueL+ﬁe mat eri al and
t hereby serve as a —~

aes ) V57 7!

FIG 2




SA9-93-014 16 seed or plating base | ayer for
t he subsequent |ayers deposited utilizing plating techniques, such as the
pol e pieces bf the transducer. Likely candidates for the rel ease | ayer 79
are NiFe or Cu which could be deposited through a sputtering or plating
process. The release layer 79 5 may al so serve as a barrier |ayer, or
alternatively, a separate barrier |ayer nmay be forned over the rel ease

| ayer 79. The barrier |ayer (not shown) simlarly serves several functions
in the production process. The barrier layer is used to isolate the
subsequent|ly deposited |ayers fromthe rel ease |ayer 79. The barrier 10

| ayer serves as an etch stop to termnate the wet etch process utilized to
separated the individual REED assenblies 73 fromeach other in the wafer
rows 71, as described above. The barrigyglayer also serves as etch stop to
protect the vertical pole tip fromany etchant which may be later used to

di ssolve the rel ease | ayer e barrier | gl so 15 be used as
a wear |layer to protect tHe Lc&l pole ti ration in close
proximty to a rotating magnetic ia. |If barrier layer is not.to be
used as a wear layer, it is desirgpble to renp it after the rel ease | ayer
79 is dissolved. Athin film deposW 48Uch as sputter

deposition, is

FIG &

i oy



20 wutilized for fabrication of the vertical pole tip 81. Wile Fig. 8c
illustrates the vertical pole tip 81 slanted at the angle forned by the
cavity 75 sldnted sidewalls 77, the slanted verti cal pole tip 81 is not
restricted to the angle shown. The slope of the slanted vertical pole tip
can be-any acute angle of 45 to 90 degrees with respect to the ABS 25 as
shown in Fig. 5. Since the vertical pole tip 81 is the first transducer

el ement to be formed in the fabrication process, relatively high

t enperature anneal i ng processes nay be enpl oyed to optim ze the magnetic
characteristics of the pole tip 81 w thout danger of adverse effects on

ot her transducer elenents to be fabricated in process steps 30 subsequent
to the heat treatnent processes. For exanple, formng the first and second
insulation layers 95 and 113 after the ddﬁg tip 83 heat treatnent
processes allows a polyimde material,to be used, such as har d- baked

phot oresi st whi ch has a nmaxi num Z% Lre tenperature of approximately 250

degrees C, rather{than an trlc 35 naterlab such as

al um na, for exanp gxception of the
wear -in process t(o expolseg t vz ti REED assenbly
fabrication procegs £'s £omy 2 i p nmechani ca
processing steps. For exaw her € %56 no Iapp|ng 70

79
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SA9- 93- 014 17 steps required. The final
surface 109 or the final dielectric layer 107 (as shown in Fig. 8i) of the
REED assenbly is not |apped, but rather follows the contours of the
transducer conponents and the | eadout conductors which the | ayer 107
covers. Since the portion of the surface 5 area which deviates from being
flat conprises only a snall percentage of the total area of surface 109,

t he perfornmance of the REED assenbly suspension is not adversely affected.
in addition to reduction of the nunber of process steps .and process
conplexity, the elimnation of any |lapping or other nechanical processing
steps mnimzes stress induced in 10 the REED assenbly during fabrication.
Referring now to Figs. 9, 10, 1la and llbg;@ second preferred enbodi nent of
an integrated REED transducer/syspensg®on assenbly 1&p formed in accordance
with the present invention is éﬁgmn. The 9Reed assepbly 120 formed on a
substrate 121 oyerseparation-laye 1&‘Ir anprisds an el ongatied

rect angul ar - shaped, regt+tt+er 23106r m ng a suspension sect{ion 125 and
a transducer sefii-an—1 Rt g/ perbadi-rent—it-he—transadeer—ecanpri ses

separate read afd i e Heal -"/47 epti gal- pr obe A ypé i tle head 129
and a second veAl¥i C pt oppe-Tpype Tedad Nead 131 dre/f orned ad)@egnt one
ei

anot her having® t verti‘cal” pdl  tipgs 143 “an
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20 141, respectively, extending parallel to the slanted sidewalls cf the
wear pad 140 in opposed, facing relationship. The two heads are
fabricated tn a series of process steps simlar to that described above-

Wi th respect to Figs. 8a-8i. Inductively coupled to the nagnetic yoke for
each head 129, 131 is a separate horizontal coil 133, 135, 25
respectively, optim zed for the purpose of the respective heads. The coils
133, 135 are connected to pairs of connection termnals 137 via | ead
conductors 139. The | ead conductors 139 are plated during the REED
assenbly fabrication process and run the |l ength of the suspension section
125. Simlarly, the materials used and g he dinensions of the read 30
magnetic circuit and the wite nmacnetic circuit are chosen to optim ze the
magnetic characteristics for the read or wite function. For exanple, the
wi dt h and cross-sectional area of the read head vertical pole tip 141 are

substantially smaller than that of the witef{head vert ip 143. 35
Figs. 1l1a and 11b illustrate the structure o the wear r this
s 141, 143

preferred enbodi nent. During fabrication, fthe vertica
for both the read head 131 and the wite Kegd 129lpare jriltially (formed as a

si ngl e magnetic LﬁffL~&ﬂ9\§TndM£Ched bet w&en| t he f{i rst

ey
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SA9- 93- 014 16 second wear |ayers 145 and 147.
D nensi onal and material differences between the two pole tips 141, 143 are
adjusted at the tinme of the |ayer deposition using well-known photoresi st
patterning and etch techniques prior to the deposition of the second wear

| ayer 147. As described 5 above, the second wear- | ayer 147 is etched to
open vias 151 to all ow subsequent form ng of studs to couple the read head
magneti c yoke and the wite head magnetic yoke to their respective vertical
pole tip 141 and 143. Once the fabrication process is conplete and the REED
assenbly 120 is released fromthe substrate 121 by dissolution of the

rel ease layer 10 122, the wear pad 140 is lightly | apped to renove the
bottom hori zontal portions of the first wear |ayer 145 and the magnetic

| ayer 149 to formthe ABS and separate and7é¥pose the read and wite pole
tips 141 and 143, respectively. Referring nowto Figs. 12, 13, 14a and 14b,
athird preferred 15 enbodinent of an integrated REED

t ransducer/ suspensi on assenbly 160Q,formed in accordance with the present

i nvention is shown. 7}pqueed assefbl y 16GGBbrangon ‘gsubﬁkgate 161 over
separation | ayer_162 conprises an Elongated re 2 resilient
body "163 forminf a-sdspedsion section 165 And a transiucd hoa AH7. In
t hi s enbodi ment o — -

{7 0N .t

741 ABS 140 143

FIG 775



20 the transducer conprises separate read and wite heads. A verti cal
probe-type wite head 169 and a magnetoresistive (MR) read head 171

i ncorperating nmagnetic circuit 172 which serves as a nmagnetic flux guide
for the MR elenment 175 are forned adjacent one another having vertical pole
tips 183 and 181, respectivelt extending parallel to the slanted 25
sidewal I s of the wear pad 180 in opposed, facing relationship. The two
heads are fabricated in a series of process steps simlar to that described
above with respect to Figs. 8a-8i . Inductively coupled to the magnetic
yoke for the wite head 169 is a horizontal coil 173 optim zed for a wite
only function. The coil 173 is connected to a pair of 30 connection
termnals 177 via | ead conductors 179. _Thqunead head 171 includes a
magneti c yoke structure 172 magnetically co gled to the read vertical pole
tip 181 by stud 174 through via 191. The read yoke structure 172 conducts
magnetic flux to an MR sensor elenent |ocated renotely fromthe ABS. The
MR sensor elenent 175 is preferably position 35 imediately adjacent a gap
182 forned in the read yoke structure 172 and nagnetically connects the end
ports of the yoke formng the gap 182. The MR elenent 172 is typically a
thin filmof N Fe or other suitable magnetic magnetoresistive material.
Wi | e shown spaced apart slightly fromthe read yoke 172, the MR el enent
172 can alternatively be in .
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SA9- 93- 014 19 contact with the end portions of
the read yoke form ng the gap 182. The MR el ement 175 is preferably fornmed
on a planarized alumina layer. Wile the MR sensor element 175 i s shown as
a single layer, it should be noted that the MR sensor 175 will typical
conprise a multilayered structure 5 including various |layers for biasing
and stabilizing the MR sensor. The MR sensor elenment 175 is connected to a
pair of lead termnals 176 by | ead conductors 178. The |ead conductors 178,
179 are pl ated during the REED assenbly fabrication process and run the

| ength of the suspension section 125. The materials used and the di nensions
of the read magnetic 10 circuit and the wite magnetic circuit are chosen
to optim ze the magnetic characteristics for the read or wite function.

For exanple, the width and crcss-sectiohal %a of the read head verti cal
pole tip 181 are substantially smaller than that of the wite head vertical
pole tip 183. The (ghotE/JorsXion of the MR sensgrs A7 /gsovi des ‘i nportant
design 15 freedom sy thay pejformance can b ORthﬁlZ d. ) For exanple, with

a renotely | ocal ‘ ] Chgiffﬁgr}ﬂﬂjP
tip dinensions gnd i5 ind p;ndent of the MR sens T é‘%ni

14b illustrate fhe dtructurg¢ of the we
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this preferred enbodi nent.
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187 As descri-bed: above,
187 is etched to open vias“191'to allow subsequent form ng of

t he second

studs to CouplTRANSDUSGER-SERPENSION ASSEMIBE. Y FOR AMANGNETIESTORAGIS! | C

yoke to their

respective vertical
fabrication process is conplete and the R
fromthe substrate 161 by dissolution of the rel ease |ayer

pol

W

1 and 183.

pad 180 is lightly | apped to renove the bottom hori zontal

first wear

| ABSTRABT and t he nmagnetic | ayer

Once

port

separate and expose the read and wite pole tips 181 and 183,

t he

assenbly 160 35 is rel eased
162,

t he wear
ions of the

189 to formthe ABS and

respectively.

A magnetic trans;ducer and suspension assembly suitable for use in both

contact recording and in winchester-type applications is described. A generally

rectangular elongated flat suspension member includes a vertical-type inductive

read/write transducer (33) formed integrally with the suspension member (31) and is

embedded in one end of the suspension member. The vertical inductive transducer

is suitable for vertical recording applications. The transducer vertical magnetic pole

tip (49) and magnetic yoke structure are formed at one end of the suspension

member with the vertical pole tip (49) extending to and exposed at an air bearing

surface formed on the lower surface of a slider-shaped protrusion extending from

the lower surface of the end of the suspension member. The integral

transducer/suspénsion assembly (40) can be adapted for either flying above the

: recordmg medla (15) or for use in eontmuous contact W1th the recordmg media (15) o

‘The air- bearmg surface is formed on the lower surface of a wear pad. “The

fabncatlon of the transducer/suspensxon assembly (40) is adapted to be performed at
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SA§T93- 014 20 Wil e |t Re/anyer Ay i paged 1.
particularly shown and descri bed with reference | T‘.‘ 3 rred: oéi Ppeﬁf‘%d """
thereof,- it will be understood by those skilled | %{h SEE7 t Hak \/ faged o
changes in formand detail may be nade therein "{(' U’t‘.??j%?éparﬁ i TW?&@‘ -----
spirit and scope of the 5 invention. Although t he suspen5| on C)OI”IIOI’IS of
the present invention are preferabl osed, of kL. T Ted' H)
it is recdyagaly formed B‘tWFrem’e?%@Gsz s¥ith & at

2;§§;nr§;§@ﬁxgpsgﬁ%pg§fm?@é£dsgp I B S I, R ol %&‘
conbi nati

Isuspensico eé(?)'i_egl%i agtg%%@%% 3 C&%?iggé%pg? il%d&gln%&idi n@hig{)g@gg %mn uaI
ayer o 2

pr)c/)vi de sﬁpﬁﬁéﬁﬁﬁggﬁhﬂe‘ c;?' g? o3 nggéﬁggérﬁsgﬁw rgh%g;/ﬂﬁgé gﬁglpog%})on
assenbl y. Hidmildn FhayObd\Bded iHHGnEdce Q&oidlﬁg syBReRY of iIE 8 systera Iwhere aiedtvdiistieer

materials 15 are available to formthe conductive circuitry and the
t r ansducerfligsdtsiive thstotige Medimh bnl Hcushivnpfadrer red conductive materi al

many others are available as is well

known in the art.
Contact recording provides greater recording density and achieves higher read

signals and greater resolution unregulated by variations in flying height. However, the
wear associated with prior art contact. recording is generally not acceptable. While
Hamilton, cited above, discloses an integrated transducer/suspension assembly with
greatly reduced mass and size, the disclosed perpendicular head requires fabrication

.processing in two orthogonal planes which creates processing problems and greatly

| complicates the manufacturing process.

SUMMARY OF THE INVENTION
It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.
According to one aspect of the present invention there is provided an integral,
unitary magnetic transducer and suspension assembly comprising: an elongated resilient
member formed of a dielectric material and having a first end and a second end, said

elongated member shaped to have a suspension portion and a transducer portion, said

transducer portion disposed at the first end of said elongated member and including a -

wear pad protruding from an exterior portion thereof, a lower surfaée of said wear pad
@fxﬁng an air bearing surface; magnetic transducer means embedded in said elongated
member at said transducer portion, said magnetic transducer means comprising: a first
vertically-oriented magnetic pole tip, said first magnetic pole tip extending to and
exposed at said air beafing surface, said ﬁrst,magnetié pole tip forming a portion of a
magnetic write sensor only for magnetically recording information in a magnetic storage

media; and a second vertically-oriented magnetic pole tip, said second magnetic pole tip

but



3

21 CLAAIMS 1. An integral, unitary magnetic transducer and suspension
assenbly conprising: an elongated resilient nenber fornmed of a dielectric
material and having a first end and a second end, said el ongated nenber
shaped to have a suspension portion and & transducer portion, said
transducer portion disposed at the first end of said el ongated menber and
including a wear pad protruding froman exterior portion thereof, a |ower
surface ofxigadingwe and saposediat aid girbeasing swifage; adijpcent seidoBrst magnReti pole tip,

t ransducer neans enbedded in said elongated nepber at said,transdu gr

portion, $adgsesantapagneic pole)Hpdormingnd Roghn: Pk 2. magnetic; fead sensor o
vertically-oriented nagnetic.. e tip,. sa.dfirst nmagneti t,i

ex][ endi ngf?@%ﬂ’f‘é&r%’é’gomﬁﬁneggﬁh %f?‘f'eﬁﬂﬂé?'ldﬂﬂa@ﬁﬁ? 3@&%633‘% ;1I‘DO Se lh%& R8%i ¢
pole tip [ ' ngf k.C |- r Lgal l
POl {1 D RN BrRibt Ao, SRA" Sk ot i e AERRE Al Yod SrogREE I Y
vertical '¥é1%5i'§;§5ﬁde18&ﬂ@ﬁtdoﬁdﬁ% ethbélided 3 6hid eﬁﬁgﬂedr&%ﬁiek and Bhink iaBcess
extending to and exposed at said air bearing surface adjacent said first
magneti c palfh extBrios furfaceesiOsil ERABMEE Gnadibeg fbF Providing REciridabchimwetion te
magnetic read sensor only for reading information magnetically stored in
sai d magneiidansgretiogriteadd magaett read sensors.

for

According to another aspect of the present invention there is provided a method for
fabricating an integral, unitary magnetic transducer and suspension assembly comprising
the steps of: forming a cavity in the surface of a _substrate, said cavity having slanted
sidewalls forming a predetermined angle with the plane of the substrate surface; forming
a first wear layer of a wear resistance material over said substrate, said first wear layer
covering the slanted sidewalls of sa:lid cavity; forming a slanted vertically oriented
magnetic pole tip of a magnetic matefial on at least one of the slanted sidewalls of said
cavity, said slanted pole tip defining an angle with the plane of the substrate surface
substantially equal to said sidewall angle; forming a second wear layer over said
magnetic pole tip and said first wear layer; forming a horizontal first magnetic pole piece
of a magnetic material over said second wear layer; forming an insulation layer over said
first pole piece; forming a coil of an electrically conductive material in said insulation
layer, said insulation layer electrically insulating said coil from said first pole piece and
said pole tip; forming a second pole piece of a magnetic material, said second pole piece
inagnetically coupling said vertically oriented pole tip to said horizontal first pole piece,
saici second pole piece magnetically joined to an upper end of said vertically oriented
pole tip, said first and second pole pieces being magnetically connected at ends remote
from said pole tip at a magnetic backgap, said magnetic backgap extending through said
coil, said insulation layer electrically insulating said second pole piece from said coil,
said pole tip first and second pole pieces and coil forming a magnetic transducer; and

forming a suspension member of a dielectric material, said suspension member including



at | east one electrical conductor associated with each of said magneti c
write and magnetic read sensors, said electrical conductor enbedded in said
el ongat ed nenber and havi ng access on an exterior surface of said el ongated
menber for providing electrical connectien to said magnetic wite and
magnetic read sensors. 2. An integral, unitary magnetic transducer and
suspension assenbly as in claim1 wherein said wear pad is forned of |

di anond- | Bkdeastransn laysr ofadieleetricyraaterialnreveripgt anth sacapsulating spids jazgnete
assenbly as in claim1 wherein: said magnetic wite senpsor includes a first
| oner nag H@Wdélcﬁblsélddﬂé%fé’ff%?lﬁgﬂc%ﬁﬁ%‘t‘%%?"ieﬁ‘im? bE¥ond, § m@gnestlgﬁ@c]égqp. beari ng
surface, and first p magpeti c pol | ece net j.cal coupling .said
First 1 ower mishees JBIEH, ARG, s eRt of 45 TGt SNeBHOL s R B vibaC
magneti c F D, ' [ [ . precTole T ks

magneti ca ?ﬁ%%ﬁﬁéyﬁggﬁggaé%kagﬁﬁﬁ%@ﬁgggﬁﬁééﬁon;HQ%%%EQ?BQﬁﬁﬁﬁggg%mW%%d
SENsor I NGjyd Sﬁ%dﬂai QI tmiiﬁclewé €a RispRAsidR sERidnSas h 'a.{.dey
parallel to g%?éﬁa?r ear%ng gyr ace, and g seé%ﬁdlupSer #hgnet?%ﬁgo e

pi ece nagp&itionshid GRaNAuERIscefibAl enEARIKih® WeMmapRfioSichd sBRoR 4des Sndghedd
upper portion of said second nagnetic pole tip, said second | ower and upper
magneti c paite h&Resaidogamiduce! section haeingedl wiar Pad gerotrading oftg@pan @gtepior

portion thereof, said wear pad defining an air bearing surface, said method comprising
the steps of: formihg a cavity in the surface of a substrate, said cavity having a bottom
and slanted sidewalls, said sidewalls forming a predetermined angle with the plane of the
substrate surface; forming a first wear layer of a wear resistant material over said
substrate, said first wear layer covering the cavity bottom and sidewalls; forming a
magnetic write sensor including forming a first vertically-oriented pole tip of a magnetic
material on one of said slanted sidewalls of said cavity, said first pole tip defining an
angle with the plane of the substrate surface substantially equal to the sidewall angles,
said first pole tip associated with said magnetic write sensor; forming a magnetic read
sensor including forming a second vertically-orieﬁted pole tip of a magnetic material on a
different one of said slanted sidewalls of said cavity, said second pole tip defining an
angle with the plane of the substrate surface substantially equal to the sidewall angle,
said second pole tip associated with said magnetic read sensor; forming a second wear
layer over said first and second pole tips, said second wear layer filling said cavity; and
forming a suspension member of a dielectric material, said suspens_ipn member including
at lé;ast one layer of dieleciric mateﬁal covering and encapsulating said magnetic read
and write sensors, said layer of dielectric material extending beyond said magnetic read
and write sensors forming an elongated suspension member.
DESCRIPTION OF THE PREFERRED EMBODIMENT (S)
Preferred embodiments of the present invention will now be described with

reference to the accompanying drawings, wherein:
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4" A magnetic disk drive systemincluding the unitary transducer and
suspension assenbly as clainmed in claim1l further including: a housing; at
| east one magnetic storage nedia disk mounted in said housing and havi ng
means for storing information in data tracks defined thereon; neans for
novi ng said magnetic nedia disk; and neans nounted in said housing for
supporting said unitary magneti c transducer, and suspensi on assenbly in a
transduci ng r &igat 1 dnaripp vigw pllystatieg @ magnetie racoydiog mechanism hayinga Joiee t o
novenent of said netic media disk. 5. n_integral . unitary.,transducer
and suspeASHYRT 704 MEPIPOLALing the| Wa@c?ﬁﬁl@lﬁet}'aqshgc%ﬁpﬁpﬁng?n o5 e eien
el ectrical_coptact pad associated with each of said electrical conductors
formed i WP Pace of said el ongat ed nenber and el ectrically conmunicating
with said elegtri CL.Qf: j:de il RS @ﬁ’s}% t he
second end of ﬁs%i gaigl %%g#e%%r%ﬁggilewéne%A%& rﬁtéégr al, utﬁiﬁltg%%ir ns gféer
and Suspegﬁ'e%\lfﬁls@dzgfdén&'swiitﬁtﬁéﬁfd&ﬁ%ﬁgﬁ;ﬂ-Sai d wite sensor is adapted
for effecting Vertical nmagnetic recording of information in said nagnetic
medi a, and saipg.r 8aj &eait6stsectiodayiewdof ditustratioli g prefertéd ahibpdingenor efedn
information fromsaid magnetic nmedia. 7. An integral, unitary transducer
and suspefaegrateds REED y trassducerdsuspensionassesibly simi decordancs emsthr thorpresengs an
i nductive read sensor.

invention;

Fig 4 is a top plan view of the REED assembly shown in Fig. 3;
Fig 5 is a cross-sectional view illustrating the probe tip and contact pad after wear-

in for the REED assembly shown in Figs. 3 and 4;



23 8. An integral, unitary transducer and suspension assenbly as in claim
1 wherein said read senor conprises a-nmagnetoresistive read sensor. 9. A
nmet hod for fabricating an integral, unitary nagnetic transducer and
suspensi on assenbly conprising the step8tof: formng a cavity in the
surface of a substrate, said cavity having slanted sidewalls formng a
predeterm ned angle with the plane of the substrate surface; formng a
first wear |ayer of a wear resi st ancéChAIMS al over' said substrate, said

first wear |ayer, covering the slanted  sidewalls of. said vity: .formng a
isl anted verti B3Pt 1%‘%&%&%?@588% Suwnﬁo%ﬁﬁ‘@ﬁﬁ'cmr@rés &l o% at
east one of {he slan .S ' It s '

st el ma p
defining an a%?l@nﬁfatﬁ?%géng aneﬂeg_ %eziadsf%bdsi@%t%% sur ag(?glh gﬂﬁglg gﬁﬁsg lI[l(§/
equal 10 gl QLYY &dlcfonghfRlbing: SREON o WA al A¥finsiiPortiBh tnd a
magnetic pole tip and sard Tirst wear [ayer; formng a horizontal first
magnetic &%ﬁu@é@f&ﬁ% SaidBRhcer 'Foron Aisposedr atsthe dirse e of weidr eloayfted
form ng an Insulation 1ayer over said first pole piece; formng a coil of
an el ect r ipaibey afid isideding @ wedrepadaprotradingi flom nmudxidriorrpartigre therexd| d lower
insulation layer electrically insulating said coil fromsaid first pole
pi ece andswficd gfichid wequ;pad defining an air bearing surface;

magnetic transducer means embedded in said elongated member at said transducer

| portion, said magnetic transducer means comprising:

a first vertically-oriented magnetic pole tip, said first magnetic pole tip extending
to and exposed at said air bearmg surface, said first magnetic pole tip forming a portion
of a magnetic write sensor only for magneﬁcal_ly recording information in a magnetic
storage media; and

a second vertically-oriented magnetic pole tip, said second magnetic pole tip
extending to and eiposed at said air bearing surface adjacent said first magnetic pole tip,
said second magnetic pole tip forming a portion of a magnetic read sensor only for
reading information magnetically stored in said magnetic storage media; and

at least one electrical conductor associated with each 6f said magnetic write and
magnetic read sensors, said electrical conductor embedded in said elongated member and
having access on an exterior surface of said elongated member for providing electrical

~ connection to said magnetic write and magnetic read sensors.
2.  An integral, unitary magnetic transducér and suspension assembly as in claim 1
whe-r‘ein said wear pad is formed of diamond-like carbon.
3.  An integral, unitary transducer and suspension asSembly as in claim 1 wherein:
said magnetic write sensor includes a first lower magnetic pole piece formed
substantially parallel to said air bearing surface, and a first upper magnetic pole piece

magnetically coupling said first lower magnetic pole piece to an upper portion of said

* ¢ L .M s *x
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f or i ng a second pole piece of a magnetic material, said second pole piece
magnetically coupling said vertically oriented pole tip to said horizontal
first pole piece, said second pole piece nagnetically joined to an upper
end of said vertically oriented pole ti@®2 said first and second pol e pieces
bei ng magnetically connected at ends renote fromsaid pole tip at a
magneti c ckgap, sai d magnetic_backgap extendi ng through said coil, said
i nsul at i orbfﬁﬁfa nelicopolei U a1 st loWSTHApds WPRET JBZERRHC FPSP%PEF%%WWﬁXi d
coil, said pol ip £irst .and second .pol e pieces and coil formng a

magnet i ¢ tcpﬁﬂ?g"(ﬁi‘t:@ra, ttlrgﬁﬁaqupphr?gjo% Wspensi on member of a dielectric

mat eri al, sai u | O ' I.n St . dj tric
mat eri al cove(rl?i?ligﬁ]gggédecngbaaggu a‘%ri ir#gaﬁlgggg &0&%‘45 nagnlél?grgen'%:r (ﬁés E%Cgr?o%gﬁd

| ayer of ghﬁétﬁﬁiaﬁlgcpa%ie‘? Ecmiid% ﬁ‘é&ﬁig@%ﬁﬁ&? 3fid %%Eébrﬁqgiﬁ@f hﬁgﬁiflkckﬁﬁﬁg%gr

The nethod as In Cllaim9 ereint step of formng susp

i ncl udes tdmlasﬁ@dnyoéoubgggrism seforidl PWef nfaghetioOisldl 6lebé td@Y upSeradsot8s of Fai@n
|

exterior surface of said suspension nenber renote fromsaid coil, said
el ect ri calseconddnggretic fpole dmusaid segondilowver and upper andgaetiapole ipletes imagnetivallg
el ectrical conductor insulated fromsaid first and second pol e pieces and
sai d pol e cobgpecteiilat aldecombbivkgamsegion.cl ai m 10 i ncl uding the step of forming
at | east one electrical
4. A magnetic disk drive system including the unitary transducer and suspension
assembly as claimed in claim 1 further iﬂcluding: ' |
a housing;
at least one magnetic storage media disk mounted in said housing and having
means for st_:oring information in data tracks defined thereon;
means for moving said magnetic media disk; and
i means mounted in said housing for supporting said unitary magnetic transducer and
suspension assembly in a transducing relationship with respect to the magnetic media in
response to movement of said magnetic media disk.
5. An integral, unitary transducer and suspension assembly as in claim 1 further
including at least one electrical contact pad associated with each of said electrical
conductors formed in a surface of said elongated member and electrically communicating
with said electrical conductor, said electrical contact pad disposed at the second end of
said elongated member.
6.  An integral, unitary transducer and suspension assembly as in claim 1 wherein said
writé sensor is adapted for effecting vertical magnetic recording of information in said
magnetic media, and said read sensor is adapted for reading vertically recorded
information from said magnetic media.

7.  An integral, unitary transducer and suspension assembly as in claim 1 wherein said

read sensor comprises an inductive read sensor.

H!lllﬂllTI\j’lllj\ I
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contact on said exterior surface of said suspension nenber, said electrical
conductor coupled to said at | east one electrical contact. 12. The net hod
as in claim9 including the step of providing a release | ayer covering the
surface of said substrate and said sidewealls and bottom of said cavity,
said rel ease | ayer deposited prior to said step of formng said first wear
| ayer. 13. The nethod as in claim12 including the step of releasing said
uni tary mBgnedcintegszls yoikary tEangduces gud syspansirsessemblyras dmclaimgl whesein said
14. The method as in claim12 wherein sajd release |ayer is of copper or

Ve EH,

ni ckelj-i r O7fC¢ SEBOT GOIARRISES & Wnefofiﬁsf‘?t ST nt egral , unitary magnetic
ol udes 9 oy BHEREN L o AGTRE ke Rt W89 Rafiefle s, b SRR

section eg b hPGsi Wsi&.read sensor and a nmagnetic wite sensor,
gucewsec{ﬁ?oﬁg aving a’

said trans i _ a wear pad protruding froman exterior
por tion ther egdrmifi@iatba¥Ritin REE suitedce Df Wsubbrate [ sali@éﬁi?'ghaiﬂiﬁé Nafted Shievali§t hod
conprising the steps of:"formng a cavity in the surface of a substrate,
sai d cavi fornliny apredetdrtiihadnanis withahé plins bfitheahbsiratsfirthcsj dewal | s form ng a
predeterm ned angle with the plane of the substrate surface; formng a
first wear | afenming aafivst avear dayestafrd weart sesistance weteridiaves shidtsubstegte s said
first wear layer covering the cavity bottom and sidewalls;

first wear layer covering the slanted sidewalls of said cavity;

forming a slanted vertically oriented magnetic pole tip of a magnetic material on at
least one of the slanted sidewalls of said cavity, said slanted pole tip defining an angle
with the plane of the substrate surface substantially equal to said sidewall angle;

forming a second wear layer over said magnetic pole tip and said first wear layer;

forming a horizontal first magnetic pole piece of a- magnetic material over said
second wear layer;

forming an insulation layer over said first pole piece;

forming a coil of an electrically conductive material in said insulation layer, said
insulation layer electrically insulating said coil from said first pole piece and said pole
tip;

forming a second pole piece of a magnetic material, said second pole piece
magnetically coupling said vertically oriented pole tip to said horizontal first pole piece,
said second pole piece magnetically joined to an upper end of said vertically oriented
pole tip, said first and second pole pieces being magnetically connected at ends remote
frorﬁ said pole tip at a magnef'ié backgap, said magnetic backgap extending through said
coil, said insulation layer. electrically insulating said second pole piece from said coil,
said pole tip first and second pole pieces and coil forming a magnetic transducer; and

forming a suspension member of a dielectric material, said suspension member

including at least one layer of dielectric material covering and encapsulating said

. sl ec L Mos oox



25 formng a magnetic wite sensor including formng a first
vertically-oriented pole tip of a magnetic material on one of said slanted
sidewal I s of said cavity, said first pole tip defining an angle with the

pl ane of the substrate surface substanti2al |y equal to the sidewall angles,
said first pole tip associated with said magnetic wite sensor; formng a
magnetic read sensor including formng a second vertically-oriented pole
tip of a [MRARREHE drapsducer. said Javer pfid Ic Waeriak extending bgjendy said quagnetis of
sai d cavitbé sai d second pole tip defining an angle with the plane of the
substrate WBCe substantially equal to-the sidewall angle, said second
pole tip SOoGMAt A I o . netl ... d n A ' econd ,wear

| ayer ove?ﬁ'sai flﬁl(rgs a%d%ecgad}rﬁggp%?‘éeél{gge, Stggi(gogdg@g?rﬁrjq‘mggpgqsz%fanqi ng
sai d cavi ty, 1 43 ﬁnﬁlg ' | | .o ] sai d
suspensiorllﬂcrlr% gpé'@{r? Idgg'long t eégg%tﬁ&c%@ ay%r gﬁgﬁcg%ég%{ﬁe%g%lgk&e
covering f@aidsuspeisiont tbiberttethdt@ &iont Sdid C6M.UsaAd dleddrichPeciRNBf For Sotiplinkayer
of dielectric material extending beyond said nagnetic read and wit

sensors f gaidi cgll 30 extepndl agifcthitey,s paid Sélevtrient rddaductd6 instlatedBbMO shid Sfidsh agliai- M
15 wherein the step of formng a suspension nenber includes the step of

f or mi ng asemindqiolé pietescamdcbairt pole ipvi ng access on an exterior surface of

sai d suspensi on nenber renote fromsaid magnetic wite and read sensors,
sai d el ectldi cdlhecoethod tasr inf ¢Jaing dQpincludingathe stepy n forming iat deash one edattieatsor s

to external '
contact on said exterior surface of said suspension member, said electrical conductor

coupled to said at least one electrical contact.
12. The method as in claim 9 including the step of providing a release layer covering
the surface of said substrate and said sidewalls and bottom of said cavity, said release
layer deposited prior to said step of forming said first wear layer.
13. The method as in claim 12 including the step of releasing said unitary magnetic
transducer and suspension assembly from said substrate.
14. The method as in claim 12 wherein said release layer is of copper or nickel-iron.
15. A method for fabricating an integral, unitary magnetic transducer and suspension
assembly wherein an elongated resilient member includes a suspension section and a
transducer section, said transducer section encapsulating a magnetic read sensor and a
magnetic write sensor, said transducer section having a wear pad protruding from an
exterior portion thereof, said wear pad defining an air bearing surface, said method
comprising the steps of: |

) forming a cavity in the surface of a substrate, said cavity having a bottom and
slanted sidewalls, said sidewalls forming a predetermined angle with the plane of the
substrate surface;

forming a first wear layer of a wear resistant material over said substrate, said first

wear layer covering the cavity bottom and sidewalls;

T



circuitry, said electrical conductor insulated fromsaid first and second
pole tips. 17. The nethod as in claim 16 including the step of form ng at
| east one el ectrical contact on said exterior surface of said suspension
menber, said electrical conductor coupl et to said at | east one electrical
contact. 18. The nethod as in claim 15 wherein said nagnetic read sensor

conprises a net oresi stive sensor., . . . . .
P mi' rming a magnetic write sensor including forming a first vertically-oriented pole

tip of é magnetic material on one of said slanted sidewalls of said cavity, said first pole
_tip defining an angle with the plane of the substrate surface substantially equal to the
sidewall angles, said first pole tip associated with said magnetic write sensor;
forming a magnetic read sensor including forming a second vertically-oriented pole
tip of a magnetic material on a different one of said slanted sidewalls of said cavity, said
second pole tip defining an angle with the plane of the substrate surface substantially
equal to the sidewall angle, said second pole tip associated with said magnetic read
sensor;
forming a second wear layer over said first and second pole tips, said second wear
layer filling said cavity; and
forming a suspension member of a dielectric material, said suspension member
including at least one layer of dielectric material covering and encapsulating said
magnetic read and write sensors, said layer of dielectric material extending beyond said
magnetic read and write sensors forming an elongated suspension member.
16. The method as in claim 15 wherein the step of forming a suspension member
includes the step of forming an electrical conductor having access on an exterior surface
of said suspension member remote from said magnetic write and read sensors, said
electrical conductor for coupling said magnetic write and read sensors to external
circuitry, said electrical conductor insulated from said first and second pole tips.
17. The method as in claim 16 including the step of forming at least one electrical
‘contact on said exterior surface of said suspension member, said electrical conductor
coubled to said at least one electrical 6611tact.
18. The method as in claim 15 wherein said magnetic read sensor comprises a

magnetoresistive sensor.
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TRANSDUCER-SUSPENSION ASSEMBLY FOR A MAGNETIC STORAGE
DEVICE

ABSTRACT

A magnetic transducer and suspension assembly suitable for use in both
contact recording and in winchester-type applications is deécribed. A generally
rectangular elongated flat suspension member includes a vertical-type inductive
read/write transducer (33) formed integrally with the suspension member (31) and is

-embedded in one end of the suspension member. The vertical inductive transducer
is suitable for vertical recording applications. The transducer vertical magnetic pole
tip (49) and magnetic yoke structure are formed at one end of the suspension
member with the vertical pole tip (49) extending to and exposed at an air bearing
surface formed on the lower surface of a slider-shaped protrusion exfending from
the lower surface of the end of the suspension member. The integral
transducer/suspension assembly (40) can be adapted for either flying above the
recording media (15) or for use in continuous contact with the recording media (15).
The air bearing surface is formed on the lower surface of a wear pad. The
fabrication of the transducer/suspension assembly (40) is adapted to be performed at

the wafer level.

FIG. 3



