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TRANSDUCER-SUSPENSION ASSENBLY
FOR A MAGMNETIC STORAGE DEVICE

The present invention relates to a transducer-suspension assembly

for a magentic storage device.

Moving magnetic storage devices, especially magnetic disk drives,

are the memory device of choice. This is due to their expanded non-

“volatile memory storage capability togather with & relatively low cost.

"suspension assembly for res

across the mediz to the desired cata

‘the

Accurate retrieval of the stored informaticn frem these davices beccmes
requiring the magnetic transducer to be positioned as close to

critical,
Optimally, the transducer may actually

the storage media as pecssible.

contact the media.

i
defined for storing dats, & read/write transducer for reading the catea
frem or writing the data to the varicus data tracks, & support means,

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

the data tracks typically in a flying mod
siliently s ncztlna the slider and the

bove the storace media, &

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

the transducer/slider/suspension ccmbinaticn for moving the transducer

t
over the data track center line during
transducer is attached to or is f
sucports the transcducer abeve the data
cushion of air, referred to as an &ir bezring, generzted by
€isk. &alternatively, the transcducer may cperats in contact with

surface of the disk. The suspensicn prevides desired slider 1

dimensional stsbility between the slider

couples the transducer/slider/suspension assembly tc the actuator. The

suspension is regquired to maintain the transducer and the slider adjzcent

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

datz desired on a read operaticn or to the corrszt track for

Tre & anéhr.is

controllea to position the transducer over the d;sg ed. “data track by
atlon assembly ecross the surface of the disk in a

P

shlftlna ‘the’ cbmg
direction qenerall? trinsverse to the dita tracids, 7Y F iy EL
éa’ € L3 , * f } ;_ - } ;;.
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placement of the dates during & write cpervztion.
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In conventional disk drives, the transducer and the slider are

formed separately and then attached to the suspehsion in a manual,

cperator controlled precision cperation. Typically, these compenents are

extremely small and the positioning of each relative to the other is

critical and must be exact. During operation of the disk 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
motion for the slider relative to the direction cf motion of the rotating
disk and yet at the same time provide resistance to yaw motion.
Electrical conductcr leads ccnnected to the transducer signal

o

input/output terminasls are directed aleng t

an amplifier placed on the suspensicn or en. the act
leads must nct add to the spring stiffness cf
geced electrical intercennection: ¢
Eended by.soldering or ulirascnic bendi

transducer cutput terminals and the

rmaticn is enormously successiul,

Khile magnetic recording c%in-
t

(]
there is an ever increasing need improve recording cdensity. 1In the
Q

present state of the art the pcpular methec cf magnetic recording has
been lengitudinal recording. IMere' recently, macnetic reccrding

techniques hkave turrnied to cons
longitudinzl recording as & means for imp 1

recorded infermation. In vertical recording, the magnetic polarity cf
the reccorcded bits 1

to the rececrding med

flux return peth for
>
face many times

ing into the flux

ursed therezleng an

r
return pole is disb d t
ty cf the flux passing through the reccrding medium &t

Eecause the densi
the return pole is low, there is ver;
or weakening any magnetic patterns in the recording medium downstream of

N

the write pole tip.

As discussed sbove,, the transducer, mounted dp 2 slider, is
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The performance of magnetic recording systems improve
dramatically as the separation between the read/write transducer and the

recording medium decreases. Additionally, dacreasing the separation

between the read/write transducer and the reccrding medium provides
improved track density, the number of data tracks that can be defined on

the media surface, as well as the recorded data linear 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 catastrephic wear
increases greztly. In recording systems

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

ninimized by the prercer selecticn of both slids

materials relating tc hardness, coefficies
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two surfaces and the zrpl c
area of centact is significantly 1
involved, ectual centact taking place enly at micrescopic asper
the surfaces, reducticn of the size Y mass of the slider ena
sicnificant reducticn in the lccal preé$sure creatly recucing w

the surface of the slider and the mecdium.

Tc this end thare have been disclesed a2
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r
ilj n integrated YREED" arproach to fabricating the

utilize
transducer/slider/suscension assembly. Structured tc werk in z.

perpendicular or vertical magnetic recordin
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U.S. Patent Mes. 5,041,932; 5,073,242; and 5,111,351 entitled

"Integrated Magnetic
to Earold J. Hamilten disclose an integral magnetic

Fead/%irite Head/Flexure/Conductcr Struct

transducer/suspensicn/conductive structure having the
dielectric flexure cr suspension body with a megnetic resd/write
£

transducer embedded within at cne end therecf. In a preferred
=" s

embodiment, Hamilton discloses an elongate, dielectric flexure bedy of

aluminum oxzide having a8 magnetic pole structure and helical coil
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electrlcallv isolated from said first and second pole pieces, said cecil

operatively associated with said pole pieces and said pole Lip; and
suspension means including at least one layer of a resilient material
covering said first and second pole pieces and said coil, said suspension
means electrlfally and magnetically isolated from said magnetic pole

pieces and pole tip, said resilient material extending beyend said

backgap regicn.

Viewing the present invention frem & third aspect, there is neow

provided a metheé fer fabricating a magnsatic transducer-su -hensvcn

1
[2]
rn
N

assembly ccmprising the steps surfac

substrate, said cavity having slan

fcrming a first wear layer

angle with the piane of the substirate surface; focrming &
substrata: feralng a slanted

r
vertically oriented magnetic pole ti
awal

cns of the sla

magnetic pol

ferming an ins

an electrically conductive matari

backgzp.

The present invention thus provices

storage device heving & integrated transducer t/

su
includes an enhanced read/write transducer conficuraticn.
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The head-suspension structure of the present invention is

especially suitable for vertical magnetic recording.

Also, the structure of the present invention is suitable for use in

a contact recording environment.

Still furthermore the present invention preovidss an integrated

transducer/suspension assembly which is suitadble for baztch processing in

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

structure and are connected tec l2acd b

its particular function Fer example, the read hesd is constructed tc
have z narrow resd megnetic pcle tip while the writzs hezd has &

relatively wide write magnetic pole tig. iIn the tracx width directicn,
t

the write w1ce, read narrovw asgec

c
runcut and intertrack interference. In crne dmMbodiment, t

o
"
0
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53
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h
mprises @ magnetcresistive ssnsor locateZ remote to the ERES

~
W
o
ﬂl
o
o
m
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o

and disgesed in & gap fermed in a macnetiz yoke struceure having the read
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pole tip adapted to conduct magnetic flux to the MR sensor. The remcte

MR read sensor locaticn makes track width independent of senser length

for narrew track senscr optimization. The remote location of the U=

sensor away from the ABS eliminates design and cperational problems

5 associated with corrosicn and wear, for example, present at the ABS.

Since the probe cr pole tip of the vertical
re annezling precesses m:

transcéucer elements in

utilized prier to formaticn of the remaining
subsequent precess slezs. This permits the use of temperature-critizzl
1¢ fzihr
1z
A
Zz

({3

Fig. 5 is a cress-sectionsl view illusirstinc the prc
¥
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Fig. 6 is a view in perspective of the air bearing surface cf the
REED assembly shown in Figs. 3 and 4 adapted for flying above the

reccrding media;
Fig. 7 is a top plan view of a wafer illustrating batch processing

of the REED assembly shown in Figs. 3 and 4 in accordance with the
present invention;
Figs. Ba-8i are cross-sectional views illustrating the processing

steps involved in the manufacture of the preferred embodiment of the

present inventicn shewn in Figs. 3, 4, 5 ancd €;
rating a second preferrad

P

Fic. § is & cross-sectional view illust

embodiment cf an integrated REED transducer/suscensicn assembly -in

accordance with ths present inventien;

i
Fic. 10 is & tcp plan view of the REEZD assambl

accordance with the present inventien;

b}
Fic. 13 is &z teop plan view the FEED assembly shewn in Fig. 1Z;
and
o . . A
Figs. 14& ancd l4b are cross-secticnal visvs illustrating the prete
tip and ccntact pad after separaticn and after wezr-in, respectively, for

The preferrsd extcCiments cf the prasent inmventic

c
The rotary actuator 13 moves an integrated R

shown.
traznsducer/suspensicn assembly 19 in accordance with
inventicn in an arcuate path across the surfzcz of the st
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The rotary actuator 13 includes a voice ccil motor comprising a coil 21

movable within the magnetic field of & fixed permanent magnet assembly

23. An actuator arm 25 having the moving coil 21 formed on one there

is pivotably mounted on pivot post 27. 2 support arm 29 is attached to

the other end of the actuator arm 25 and rrojects across the surface cof

n¥€
el 4

the disk 15. The support arm 29 supports the integrated REED

transducer/slider/suspension assembly 1S crecduced according to the

. procedure set forth herein in cantilever fashion over the surfzce cf the

assembly 19 includes & suspension section 31 and &

disk 15. The REE
trtansducer/slider 33 (as shown in Fig. 2} fcrmed at cne end integral with

the suspensicn section 31. The suspensicn sz2ction 31 supports the

transducer/slidar 33 zbove the surfacs ci

cushion of air

particular apclic

performance, in

in the range cf
range of about 0.3 to 2.0 mm, & maximum thicknass of sbout 20 to S0

micremeters (pm) in the suspension sectizn 2i zné

the transcducer section 33 and a t
micregrams to 1.5 milligrems. hlt“T
may support the transducer
The surface of the slider parallel to and adi
referred to &s the air bearing surface (3
configurations whers the slider is desigred
scmetimes referred to as & winchester-ty .
designed to ccntact the recording mediz, :the disk
RBs described in

di
the slider me

While only cne disk 15 &nd one &ctusicr arm Z5 are shown, it is

i
uncerstocd that the ma gnet*c storage sysizm 10 may comprise a number cf

magnetic storage cisks 15 wherein the actuater arm 25 includes &
arms z% with esch arv= 2% surperting at least ons

integral REED transducer/suspension asszztiy 1%, each REED assembly 1%

L surface of one of the ¢isks 15. Thus, disk 15 zlsc has
t

e
Jate
o]
3
o]
0
n
®
3
)
b=
»
1]
-
w»

n
a REED assembly 19 mounted to &n arm 2
he ¢isk 15. Further, other combina

uncerside of t

associated with the

he top and bottom sides c¢? cther,dié%s, the transcucer
hich is controlled by the actuater

acgess of w

tan
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The suspension section 31 of the REED transducer/suspension
assembly 19 provides a load on the transducer/slider 33 which is
substantially normal or perpendicular to the surface of the disk 15.
This perpendicular load maintains the transducer/slider 33 in contact
with the data surface of the disk 15 when the disk 15 is not being
rotated. During operation cof the disk drive 10 a aerodynamic lifting
force is generated between the transducer/slider 33 ABS and the rotating
disk 15 opposing the perpendicular load zpplied to the transducer/slider
33 causing the transducer/slider 33 to fly above the disk surface.
Alternatively, in centact recording, during rctaticn of the disk 13, the
transducer/slicder 33 remains in contact with the media for reading cr

recording data.

post 27. Because it is Cdesired tolirov

i
transducer/slider 33 frcm cne tracRgto

t is necessary that the transducer be rroperly pesiticn

[P
o

cperations,
over the'desired track and resch tﬁat track
It should be ncted that w
rotatery actuator, cther dis

such as is knecwn in the

1]
cr
e
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1]
[
5
(1]

Referring neow also to Figs. 3, é
ted REED transducer/suspensicn assembly 40 according to the
o]

rectangular bedy 3¢ of a dielectric ma

(AlZO:) or silicen dioxzide
m

uniform thickness slong most of its length forming & suspension sectien

Q
~
[
n
t
[1]
n
ct
=
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ot
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nl
[ad
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=
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m
n

31 ané a somewhat
. - : L3 . . £2 . .
shown, wherein & magnetic reac/write transcucer or he#d 33 is formed and

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

.
ey
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.

As mentioned above, the term ABS refers to the side of the slider which

is generally parallel to and adjacent the media surface in beth
winchester-type disk files and contact recording applications.

in Fig. 2, the ABS comprises a shaped protrusion 37 formed on the lower

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

pad for contact recording applications. Alternatively, the shaped

rotrusion 37 can form a slider having an ABS patterned to generate
S g
exists between

As shown

<

lifting force (as shown in Fig. 6) whan relative motion

the REED assembly 1% and the mecia disk 15 to allow the slicder to fly
closely sbove the media surface. The shaped protrusicn 37 and its

surface ere formed of & suitable materizl, such as cdiamond-like carbon,

for example, tc . minimize wear and damags when the EEED assembiy contacts

the mediz surface.

- The read/write transducer 33

suspensic

n" secticn 31 to provids an integratec and unitary
40. In the preferred embodiment, the transcucer i 1

read/write head 33 and ccemprises a vertica
g rplica

head for perpendicular recordingd t

cemprise & ring-type magnetic inductive hea

; i pending U.S. Patent Apclication
1

recordinc epplicaticns as descrikeg ir co-

Serial MNo. 05/002,290 filed ¢

3
[ 4
n
s ]
m
Lh 1
m

intersects the ABS at an acute ancgie with r
through the 2BS. The po

having a relatively smel
magnetic fiux and provide a.high fiux density wr
recording media 15. The width cf the pol
to the catz tracks and is selected
width. The lower macnetic pole &5
magnetic circuit. The  lower magneti

relatively larce surface and cross-sectional zrea and to provide & low
1

()
Hol
3]

flux density return path. Incuctively coupled to the magnetic ye:
1 with the, éﬂcs of the cecil

structure is a horizental spiral ceo
ing through lead conductors 53 extending the length cf the
n

connectin
suspension section 31 to terminzl bonding pads 55. Eondi ¢ pads 52

.y



10

Ny
wn

[<1)
(=]

(8]
wn

‘deposition and photolithography technigues cn

SA9-93-014 12

provide terminals for coupling the transducer 33 to external circuitry,

such as amplifier 35 (as shown in Fig. 1).

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

In a preferred embodiment,
a body 39 of A1203 having a length of 12 mm, a wid
thickness of 35 pm for that portion of the bedy 39

section 31 and maximum thickness of 50 pm fcor the read/write head sectien
utilizing well-known

..

forming suspension

33. The integral REED assembly 40 is fabricated

as described in greater detail

separate the

windings 41, lsad conchto*s "534

formed cf ccpper (Cu) or cold (Au

t is ¢reatly simplified in that the

Manufacturability cf this embodiment
vertical pole tip 49 is first fal:&

2

cated auc vari

cempleted prior to the remaining perticns cf

fabricatad in layers parallel tc the suppecriing subs
b

well-known technigues. Cnce the R

Feferrinc now alsoc to Fig. €, 2 plan v
assembly shewn in Fig. 3 adapted to fly atcve the recording mediz 15 is
- ?
shown. The 2S5 fecrmed cn the beticm surfzce of the protrusion 37

example. &s

REED assembly fab

subjected to & lapping process which remcves 2 porticn cf the wesr

i
rication process, the surfsce f he protrusion 37 is

.
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resistant material planarizing the tcps cf the rails 57 and the wear pad

59 and exposing the pole tip 49

Referring now to Figs. 7 and 6a-8i, Fig. 7 is a plan view of the

i
deposition surface of the process supporting substrate wafer 70.
Individual REED assemblies 73 are batch {fabrica n rows 71 on the

ated i
surface of the wafer 70, the width of the row 7C being equal to the

desirad lencth of the completed REED assembly bcdy . The entire

35
fabrication process, with the excepticn cf the pest-fabricatien lapping

or wear~in process, comprises a series cf process steps acccmplished at

the wafer level. Figs. 8z-8i are cress-secticnal views illustrating the

precessing steps involved in the fabricaticn cf z preferrad embcéiment cf

ha vartical readfwrite head 33 shewn

the present invention incergorating th

in Fic. 3.
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patterned. Then, for each EZED

sicdewzlls 77 is formed cor etched the ¥
chemical cor mechanical etching, for examcle. The cavity 75 forms a

template for the subseguent
B

or release laver 79 is then depositeé kv sputt )

suitsble materizl, such as Cu, feor examglie, cr mzv &lso include
acéiticnal thin film layers (not shewn) ¢f titanium (Ti) cor chremiuvm (Cr)
e chesion layers. The relezse lzver 7¢ zllows the completed

is cCerosited cn the subs

t
coating the bottom and slanted side

as shewn in Fig. Bb, cavity 75 may ke formed by etching a layer of
suitazble materizl, such as alumina (a1201), for exasmple, depositad over
the surface cf the substrzte 70. First, & patterned etch stop 74 is

formed on the substrate 70. The etch st
6f Cr cr tantalum (Ta) _ _
aluminaz layer 78 is deposited onito substrate 70 to a thi
the éesired depth of the cavity 75. Follcwing the depesiticn cf

n
o]
~
=
m
(&8
o
-3
mn
‘0
[
ry
cr
v
Lh
0.
[
3
Q
(1]
e
(ad
H-
[o}
3
‘o
~
111
b
1]
o)
a0
~
n
r
[
[s)
4

layer
Nexzt, &n

equal to
the alumina lzyer 78, & via is etched into the ziumipe down e

(LI ]

3
stop layer 76 creating the cavity 75 and a templizte for the subseguent

formation of the wear pad 37.
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the vertical pole tip 83 is

Next, as seen in Figs. 8c and 8d,
on the

patterned and formed over a portion of the first wear layer &1
The vertical pele tip 83 is preferably of MiFe, or
and may be sputter-depositsd or

art. A second wear layer 85 is now

cavity sidewall 77.
other suitable magnetic material,
electro-plated as is known in the

" patterned and formed over ‘the first wear layer 8! and the vertical pole

Sufficient material is deposited to fill the cavity 75 which

tip 83.
hed REED assemtly. At this point in

serves as the wear pad in the finisl
the fabrication process, or immediztely zfter its formation, required

annealing steps and other high tamp 2 precesses for optimizing the

rr

ere

u

™

electrical and mecnetic characteristics of thes verti

be completed.

=
1)
rr
-
a
n
[ 5
M
b=t
[
[A]
rr
~
[+1]
P
1]
[o%
[N
=]
"
[

and suspensicn sectic
for the cepositicn of the lowe

and etched to cgen vi

[\
m
[+}]
1]
A
o]
[e]
[2]
fr e

tip 83. As seen in Fig. 8f, a
first dielectric layer B7 and pa
91 andé the verticel pole tip connection rpad

plating, for examgle, as is know

"first insulaticn lzyer 95 for formetis

insulaticn layer $Z provicdes a su
electrical coil ¢7 and electricali
pole piecs 21 anc pole tip E3 str

plated or otherwise deposited on

at
‘D
wn
]
[
m
]
1]
”
o]
Hn

insulaticn layer
coils €7 and the insulaticn layer €3, patter

a second insu

by the seccnd
connection to & lezdout cenductor

other suitable magnetic material, is then plated ¢

nsulation layer

¥R

as is known in the art over the frent pczgl n of the setrend

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

.
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pole piece 010 is connected to the vertical pole tip 83 stud 8% and lower

magnetic pole piece 91 through vias 96.

The final series of process steps, as seen in Fig. 8i, comprise a

seccnd layer 103 of dielectric material deposited over the upper magnetic

pole piece 101 and the rear portion of the second dielectric layer %¢b
covering and encapsulating the ccmpleted r=ad/write head, and leaving a
S&. This second 'dielectric liaver

via 194 open to the end coil conductor S&.
is about one-hzlf the.remaining desired thickness cf the susgension
A lezdout conductor 105 is then deposited and patterne

(69

section 31.

electrically connecting the ccil S7 at conductor S8 to a concduct

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

105 through via 104. &~ final dialectric lzyer 1}
1

the s2coné dielectric laye
g

To separate the ccmpletecd R

"
“
[o%
n

layer 111 is ccated with a photor
the external dimensicns of the assembly bcdy 3%

The cielectric layer 111 is then weleltched ¥n & basis

each cther cn the wafer 70 surface. To sa2zaral
transcucer/suspensicn assemblies frcem the
strate 70 andé the first cislectiric

issclved as is knawn 1n the art.

e
enisotropically etched in a basic sclutien,
1

0> plane ¢ ©4.,7 degrees with resgect to

[y

sicewzll 77 angle along the <

the horizontal plene.

The release layer 7% formed on the substrzte 70 serves ssverszl
purpcses. The release layer 7% is z sacrificizl layer which is
eventually dissolved to free the finisheZ transducer/suspensicn

e
assemblies 73 frem the substrate 70. The relesse 1ayef‘79 can, fer

instance,

bl
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plating techniques, such as the pole pieces of the transducer.

" candidates for the release layer 79 are MiFe or Cu which could be

deposited through a sputtering or plating process. The release layer 7¢

may also serve as a barrier layer, or alternatively, a separate barris

layer may be formed over the release layer 79.

ng in

The barrier lnyer {not shown) similarly serves several functicns
The barrier layer is used to isolate the

the productlon prccess.
The barr

subsequently deposited layers from the release layer 79.

i
layer serves as an etch stcp to terminates the wet etch process utilizsd
to separated the incdividual REED assemtlies 73 frem each cther in ths

wafer rows 71, as déescribed ab

etch step to protect the vertical pols tip frem any

later used to dissclve the release laver 7¢. Tite karrier laver may slsc

be used as a wear layer to-protect the vertical pole tip during cperszicn
¢ magnetic media. If the barrier layer is

in close proximity to & rctatin

rot to be used as a wear layer,

release layer 7% is dissolved. ‘ N
A thin film cepositicn precess, such as sputter depesiticn, Is
utilized for fabrication of the veértical pcle tip El. While Fig. Ec
i ip €1 sizntad &t the ancle formed by the

2 fzbricztion prccess, relati
hich temperature annealing processes may L= Tpleec to cptimize the

e
magnetic characteristics cf the pole tip &l thout ddnger of acdverss
effects on other transducer elements to be

sses. For example, forming the

i
fabricated in process stecs

subsequent to the hest treatment proc

first and second insulation layers S5
polyimide mzterizl to be used, such as hzré-

and 113 after the pole tip €3 hest

trestment processes allows a

baked photoresist which has a maximum expcsure temperature of

approximately 250 cegrees C, rather than an amorphous dielectric

such as alumina, for example. It should be noted that, with

material,
the excepticn cf the wear- in process tc excose the vcgbwcal pcle
entire REED ascembly fabrication process is ccmoleted at the wafer

with no mechanical processing steps. For example, there-are no lapping
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steps required. The final surface 10% or the final dielectric layer 107

(as shown in Fig. 8i) of the REED assembly is not lapped, but rather

follows the contours of the transducer components and the leadout

conductors which the layer 107 covers. Since the portion of the surface
£

area which deviates frcm being flat cemprises only a small percentage of

the total area of surface 109, the performance of the REED assembly

suspensicn is not adversely affected. in addition to reducticn of the

exity, the ellmlnatlon of any

number of process steps and process ccmpl
t

lapping cr other mechanical processing steps minimizes ‘stress induced in

the REED assembly during febrication.

Feferring now t
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embodiment of an integrated EEZD
formed in acccriance with the g
assembly 120 fcrmed cn a substra
ccmprises 'an elengated ractangula hsp
suspensicn secticn 125 ané e trans
the transcducer ccmprises separ
plob°—tj’“ write head 12¢ and a second vertical prote-type reacd hea
are formed adjac s

141, resgectiv

megnetic circuit
the magnetic

C
example, the widt
4

this preferred e
141, 143 for both the reacd head 131 ané the write ‘he#d 129 are initially
1

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

~»



10

15

25

)
(=)

SA9-93-014 18

Dimensicnal and material differences

second wear layers 145 and 147.
ted at the time of the layer

between the twe pole t1ps 141 143 are adjus

deposition using well-known photoresist patterning and etch techniques

prior to the deposition of the second wear layer 147. As described

above, the second 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
and the REED assembly 120

143. Once the fabrication process is complete

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

122, the wear pad 140 is lightly lapred tc remove the botiem herizontal

porticns cf the first wear layer 145 and ths macnetic layer 148 to feorm

gl cver se;araticn layer 162

suspension section 165 ané 2 JXansducer secticn 167. 1In this embodiment,
the transcducer ccomprises saparzte resc and write heads. & vertical
prcbe-tyvpe write head 166 anc & midgnetcresistive (MR) resd head 171
incorporating magnetic circuit 172 which serves as a magnetic flux cuicds
for the MR element 175 are formed adjacent cne enother having vertical
pele tics 183 sné 181, respeciively, extencding parallel to the slanted

s t
The coil 173 is ccrnected to & pair of

codhe:tion terminals 177 Suct: The read head 171

inclucdes & magnetic yoke structure 172 macnetically coupled to the read
verticzl pcle tip 18! by stud 174 through viz 191. The reac yoke

structure 172 ccnducts magnetic flux to an ME sensor element located

The Mf ssnscr elesment
4 'in the read yokes.structure 172 anc

175 is preferably positica

the voke forming the gap 182. The

macnetically ccnnects the
or other suitzble

MR element 172 is typically
hile showdfspaced apart slightl
ic macnetoresistive material. While shcwn”spaced apart slightly

from the read yoke 172, the N2 element 172 can alternatively be in

magnet

LY
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.

contact with the end portions of the read yoke forming the gap 182.
MR element 175 is preferably formed on & planarized alumina layer.

The
While
the MR sensor element 175 is shown as a single layer, it should be noted

that the MR sensor 175 will typical comprise a multilayered structure

including various layers for biasing and stabilizing the MR senscr. The

MR sensor element 175 is connected to a pair of lsad terminals 178 by

lead conductors 176. The lead conductors 178, 179 are plated during the

REED assembly fabrication process and run the length of the suspensicn

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

circuit and the write magnetic circuit are chosen to optimize tha
magnetic characteristics for the read cr write function. Feor example,
3

c
the wicéth and cress-sectional arez of the read h2ad vertical pole tiz 18}

r e
are substantizlly smaller than that of the w

183. The remote lccaticn of the

the two pole tips 121, 183 are &
deposition using well-known pheotcrasist pztterning and
prior to the depcsition of the s2cond wear layer 187.
above, the second wesr layer ’
subssguent forming of st
write head magnetic yoke to their res

a
183. Once the fabrication prccess is cemplete and the REEC 2

portions of the first wear layer 125 and ¢
the 2ES and separate and expose the read and writ

respectively.
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thile the invention has been particularly shown and described with

reference to preferred embodiments thereof, it will be understood by

those skilled in the art that various changes in form and detail may be

made therein without departing from the spirit and scope of the

invention. Although the suspension portions of the present invention are

preferably composed of sputter-deposited alumina, it is recognized that
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
of suitable cenducting and insulating materizls. The suspension secticn
according ta the preferred embodiments could ke a dual layer of 2

imice material and & metal layer cepositad thereon to previde
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CLAINS
1. A transducer-suspension assembly for a magnetic storage device, the

assemply comprising:
an elongated resilient member formed cf a dielectric material and

said élcngated member shaped to have

5  having a first end and a second end,
said transducer porticn

a suspension portion and a transducer portien,

disposed at the first end cf said elongated member;

magnetic transducer means embedded in said elongated member at szid
e

and having at least & vertically criented first

transducer porticn
10 magnetic pole tip, said magnetic pole tip extending to and expcsed at an
air bearing surface cefined con an extericr surface of said transducer
porticn of szid elongated member; and
an electriczl conductor having access cn an exterior surifacs cf
said elongated mexbar and magnhetically communicating with said magnetic
15 transcucer means.
2. An assembly s claimed in Claim 1, inciuding at least cne

electrical centact pad
electrically ccmaunica
electrical ccntact pad disgesacd

25
»
d
30 information frem sz2id magnetic media.
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6.  Bn assembly as claimed in Claim 3 wherein said

comprises a magnetoresistive read sensor. )

* cC L .M s =
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7. An integral, unitary magnetic transcducer and suspension assembly
comprising:

a horizontal first magnetic pole piec
a slanted, vertically oriented magne:ic pole tip, said pole

§ extending to and exposed at an air bearing surface;
a second magnetic pole piece magnetically coupling said first
piece to said vertically oriented bole tip, said é%&bnd pole piece jo
magnetically to said vertically oriented pecle tip at an upper pertion

thereof, said first and second pole pizcas.macnetically con

1ecte£ at &

10 backgap region;
a coil incu
first and secend

pele pieces and
c

18]

15 material covering

8. An assembly
20 wear pad protruding frcm an extericr

a lcwer porticn e¢f saié

$.  An assembly

oriented pole tig
pole piece in the

25 10. An assembly
is formed substan
;
11. 2n assembly
adapted for operation in contzct w
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. 2n assembly zs claimed in Claim 7 wherein transdycer and susgensicn
assembly has an overzll length in the rangce cf about Séto 20 millimeters,

[T

ey



v

eet Has Been Replaced

T

SA9-93-014 23
an overall width in the range of about 0.3 to 2.0 millimeters and a
thickness in the range of about 20 to sixty-five micrometers.
14. A disk drive assembly comprising:
a housing;
5 at least one magnetic storage media disk mounted in said housing

having means for storing data in data tracks provided thereon;
an actuagor arm positioned in saic heusing in prox imity to saic

media disk; and

a transducer-suspension assembly zs claimed in any preceding claim

'CJ

10 coupled to szig actuator arm.

15. A methed for fatricating a magneti

cemprising the siegs c¢f:

20 cavity, saicd slented p
substrate su s
forming & seceond wear laver ov 212 magn

first wear laye
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forming
ferming

insulation layer

and second pole piece

t
said pele tip at & macnetic backaap, said magnetic backgap extending
a

(£} ]
y

through said csil, sai
1

piece from said coi

A

e
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forming a suspension member of a dielectric material, said
suspension member including at least one layer cf dielectric material
covering said second pole piece, said insulatien layer and said coil and

extending beyond said magnetic backgap.
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