SU SI ON STRUCTURE FOR LONG TUDINAL OPERATI ON DESCRI PTI ON The present

i nv#ntion /€l ates to a unitary magnetic transducer and 5 suspension '
structure amshotéweopy oducti on and use therieof for |ongitudinal operation.
Movi ng magnetic storage devices, especially disk drives, are fast becom ng
the nmenory device of choice. This is“due to their expanded nonvol atil e
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Accurate retrieval of the stor RI% Lo H«ﬁ,”o; Rﬂ'ﬂ hese devices is
essential and requires a trans d as ctose to a storage

medi a as possible. In sone instances it |s deS|rabIe that the transducer
shoul d touch the nedia. Disk fil es arpEscREPpIONAti on storage devi ces which
use at least one 15 rotatable disk with concentric data tracks containing
data information,_ A unitar S ucer-sllder-sus ensi on asseq?ly I n¢l udes
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tracks, a5 slsudpensfior shokatitng anfetherpneduckion andjuscetitereef the longickdigader al |y
in a fIyi ng Jpeeggrishove the nedia, and a suspension for resiliently holding
t he slider
Moving magnetic storage devices, especially disk drives, are fast
becoming the memory device of choice. This is due to their expanded -
nonvolatile memory storage capability together with a relatively low
10 cost. Accurate retrieval of the stored information from these devices is

essential and requires a transducer to be positioned as close to a

storage media as possible. In some instances it is desirable that the

transducer should touch the media.

Disk files are'information storage devices which use at least ohe
15 rotatable disk with concentric data tracks containing data information.
A unitary transducer-slider-suspension assembly includes a transducer for
reading the data from or writing the data to the various tracks, a slider
for holding the transducer adjacent to the track generally in a flying
mode above the media, and a suspension for resiliently holding the slider
20 and the transducer over the tracks. B positioning actuator connects to
the unitary structure to move the transducer to the desired track and
maintains the transducer over the track centre line during a read or a
write operation. The transducer is attached to the air bearing slider
which supports the transducer close to the track by a cushion of air that
25 is generated by the rotating disk. However, the transducer may be placed
in contact with the disk. The suspension provides a high spring
stiffness and dimensional stability between the slider and the actuator

30 £ 5“ i k uator is controlled for posxtlon:mg the transducer

fvehtional disk drives, the transducer and its slider are
35 formed separately from the suspension and then attached through an
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20 ang the transducer over the tracks. A positioning actuator connects to
the unitary structure to nove the transducer to the desired track and
mai gt ai ns the transducer over the track centre line during a read or a

wite operatigp, olh§ot ransducer is attached to the air bearing slider which
supports the transducer close to the track by a cushion of air that 25 is
generated by the rotating disk. However, the transducer may be placed in
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2 on the slider is detrimental to ﬁerformance and durability of a storage
device using such a structure. Even if the suspension and the slider are

10  ‘correctly positioned, the conductor leads to the transducer must then be

connected to the transducer. The conductor leads are generally directed
along the suspension and connected to an amplifier placed on the
suspension or the actuator. The conductor leads must not add to the
spring stiffness of the slider while providing good electrical

15 intérconnection.

Generally, the conductor leads are bonded by soldering, for
instance, to both the transducer output and the amplifier by an operator.
Again, errors can cause destruction of the entire unitary structure.

i i

Contact or touching the media by the transducer/slider structure or
20 head presents unique problems in wear and the possibility of creating a
ncrash" of the media. To reduce the wear problem and "crash" potential,
it has been recognized that the mass of the suspension system must be
reduced. The lower mass reduces the physical contact the head has upon
the media and thereby reduces the possibility of damage and of wear. -

25 To this end there have been disclosed a variety of mechanisms which
use a "reed" approach to producing a transducer in conjunction with a
suspension. Structured to work in a perpendicular recording environment,
the reed device allows the head and suspension to be easily manufactured
having: (i) precise throat height control, (ii) precise contact

30 recording transducer placement or the formation of air bearings to
achieve specified flying heights, (iii) bonding of sliders to
suspensions, and, (iv) easy routing of conductor leads. Some structures,
as disclosed in U.S. Patent No. 5,041,932 to Hamilton, for example, have
included a horizontal transducer with a horizontal first pole piece and a

35 horizontal second pole piece which includes a vertical component that

forms a magnetic gap in spaced relationship with the first pole piece.



operatof controlled precision operation. The parts are snall ‘and the
positioning of each elenent relative to the other nust be exact. The
transducer nust be exactly positioned over the track which in turn neans

t hat the suspedri-82-078st be exactly positiohed onto the slider. The 5
suspensi on nmust provide flexibility and pitch and roll notion for the
slider in the direction of rotation of° the disk and yet provide resistance
to yaw notion. Any my héted sbdvhe d&hﬁé&ﬁﬂé’ﬂordﬁngtﬂi&mswsﬂﬁdj}feiroilgﬁﬁad agd sl i der
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posi tioned, th&EeEHEdEE F‘I—?aﬂ%art Bs‘i%éatteldaﬁ%&ﬁﬁ%‘l"a‘?ﬁﬁ?“trﬁb‘?? b%enéﬁ‘hlr?éct ed fo
t he transducerestihetedotaibet4N0 hizadinches oyendhealfije diifectiedisahblygnethe

suspensi on snob&eﬁemteedzst &@Hezamaavhﬂra 9'0@’0@&1!:9& trbso@weasuhge e the
actuator. The ,g:ong,ucttor ess f the
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slider while providing °5eﬁ o el € ful%agﬁ fggy fé’re Wﬁéﬁ‘&%ﬁ“% 8P Y5 t he
conduct or | ead?taﬁ‘é‘-tbb%ﬁjéﬂr Byngidhdinalipedip or Alhof hde hasondsiet thet he
transducer outprpeiiduldierédophiy RéadOyf aRe APEVvAIGREIgnAGRIubtab@E [REShigBN cause
destruction ofy éQ?EFQL&L%I litary structure. Contact or touching the nedia
by the transducer/sli-der sttucture or 20 head presents unique problens in
wear and the possibility of creating a

10 An object of the present invention is to provide a unitary magnetic

transducer and suspension structure.

Another object of the present invention is to provide a magnetic
moving storage device having a héad structure that includes a unitary
magnetic transducer and suspension structure.

15 Yet another object of the present invention to create a unitary
magnetic transduce’ and suspension structure which is suitable for
longitudinal recording.

It is another object of the present invention to make such a
longitudinal head resistant to wear and to variations in contact pad
20 contours.

Accordingly, the present'invention provides a unitary magnetic

transducer and suspension structure comprising a first pole piece having
a poletip; a second pole piece having first and second components, said .
first component being disposed substantially parallel and adjacent to

25 said first pole piece, said second component having a poletip disposed
substantially perpendicular and adjacent to the poletip of the first pole
plece and forming a magnetic gap therebetween; the first and second pole
pieces being magnetically connected at a back gap region and magnetically
isolated at the poletips by said magnetic gap; a coil electrically

30 isolated from but magnetically coupled to the first and second pole
pieces and encircling the first component of the second pole piece; and
a suspension section of resilient material adjacent to the first
component of the second pole piece and electrically and magnetically
isolated from said second pole piece and coil, the resilient material

35 extending beyond the back gap rééion.
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"crash™ of the nedia. To reduce the wear problemand "crash" potential, it
has been recogni zed that the mass of the suspensi on system nust be reduced.
The sl ower nass reduces the physical contact the head has upon the nedia and
t her eby redut®s°¢19d%possibility of damage*and of wear. 25 To this
end there have been disclosed a variety of nechani snms which use a "reed"
approach to producing a transducer in conjunction with a suspension.
Structured to wordecPraizgpky peetdiet Lispect.cthy Brergnt ivvendiore providhe a disk

devi ce al Lovﬁribbeashﬁlﬁiiyaﬂﬂmcﬁi@jﬁgﬂéiuﬁﬂtét@_ Rneeis| taaﬁ%ﬂ@i %&Lh&usﬂe.ll?& ng. (i)
reci-se thro t nt oL, (Ll P nt ac recordi ng transducer
BI acenent orgétrﬁg rgl’ ngaatglgo‘?]Jlg?.aglg?m%gaéﬁggéﬁf gn%géﬁngv%g'g'bselgﬁf iaeﬁggﬁdyi ng

hei ghts, (iiRytbnarfessin paifopousino hagirhesangstorapkpring dytaanytragks i ng of
conduct or 5| eadyideSohieersbn yokanseSor aotaliing|s@iddigid plditePdhesdi dNusbhndi41, 932
to Hami | ton,af QErud%arTirR pda@¥fonkGinUserh Rodd®hd 2RNLRLrbEANSUGEL Mielle a

hori zontal fi rdtst g)ol &RLeGe and, a ifS ‘Lr]ortcgont f%ﬁond gol e_piece which

i ncl udes a V&Ft1t F°’E:15ﬁ%%n8n?net R 3F et rﬁ%{’?n%ﬁ e4jaPB*3s aced

rel ati onshi pPogitiering spid sctyrdos Fmeediacent pg anparsdicullbovieacic ont sdd

recordi ng perigid prateier tiel GRitady dagndic Ar@hsduesOlabd IsQBpension structure

10 being mounted to the free end of said positioning means.

According to a further aspect, the present invention provides -
a method for making a unitary magnetic transducer and suspension
structure comprising the steps of forming a contact region on a
subs%%ate:

15 forming a release layer on said substrate; forming a first pole piece of
a magnetic material on said formed release layer and said contact region;
forming a backgap member on said formed first pole piece; forming a wear
resistant layer on said formed first pole piece and along a distance for
a suspension section; forming & magnetic and electrical isolation layer

20 on said formed wear resistant layer covering at least said first pole
plece layer and extending the distance for the suspension section as a
first suspension layer; forming a first one-half of a coil of an
electrically conductive material on said formed isolation layer; forming
a first electrical insulating layer covering at least said formed one-

25 half of the coil; forming a first of a second pole piece layer of a
magnetic material on said formed insulating layer; forming a second
electrical insulating layer covering at least said second pole piece
layer; forming a second one-half of the coil of an electrically
conductive material on said formed second electrical insulating layer,

30 the second one-half of the coil being electrically connected to said
first one-half to form a complete coil; forming a magnetic and electrical
isolation layer on said formed second one-half of the thin film coil and
extending the distance for the suspension section as a second suspension
layer; forming a second section of the second pole piece layer of a

35 magnetic material contacting a free end of said first second of said
second pole piece layer thereby forming a magnetic gap between said

second section of the second pole piece layer and the first pole piece;

heet Has Been Replaced
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unregulated by variations in flying height. Unfortunately, the wear
associated with contact recording, generally estinmated to be 400 .

m cskoi nches over the file life, is usually not acceptable. A further

di sadvant age 8%9-88rft7dct recording is that $he "reed" type of head is
suitable only for perpendicular recording and is not suitable for

| ongi tudi nal nedia. Al of this has nmdde the perpendi cul ar recordi ng head
of the above fewign aupsitietetecrdyet dveghsalanmirhed pELOPIidAY. and) RELGIgOf the

present inven{jiOBulsirhQ Q{.&% ggd 3 {.‘&ﬁt F&agggtlniﬁrt rapsducer me%uapeg& on

stucture and assocj at e orate one or
the above di sBHVaPtEGe Yeﬂc‘l?ofi’tﬁsﬁ@'f’fg T‘}}’r EIEBFUAATE-wi th a first aspect,

the present invention discloses a conbination thin filmnagnetic head
transducer and sUSBEBMAAMEWESSE ThE YPrebHtIidvdAl iRl proosedsdh NGhi EQYPH 'JJ a

hori zontal .th f bst an
ver ![ |anl t Bi né%n%adcmr a{net gus%gnsw a 5P°€“§V|€§ g‘ﬁ%ﬂ) ‘1%?‘@?]5 r?%?é'?ﬂ'{f hy ’t c%{’nd
second subst 2hft 8¢9 y"°’€/é=r°f‘F§9&I r%q‘?FﬁlW pinfer Flgings abovietie pestiaan@hsecond

vertical thintfankdnceurinatedesbeihogizmeel Fyra ﬁ&mpﬁa‘a:eoéndt guuarigolnagﬂgg@y tion
wi t hout | app'%tl@ﬁesédtﬁ§ﬁeé Qé&nﬁ ﬂcma %chh Q{]gﬁgﬁct{g { fomeget?eq: eLLc gap
r gl Fi't st

| ayer dlrectl cti.ng | I zon
pol e pi ece; h ’rfs |‘?%°S%’(?5F10£‘60P§ B ”é:&éalhéﬁ?‘ﬂﬁ“é’ vERe Fecemd Rodp dHeRt- whi ch

has a pol é0t|qye pole pieces are shaped to avoid magnetic saturation and to provide
narrow poletips. The suspension is formed mainiy from two layers. The
first layer is an insulation layer that separates the first horizontal
pole piece and the horizontal section of the second pole piece. The
second layer is an insulation layer that covers and protects the
15 transducer layers.

Hinkzl et al, USP 4,624,048 discloses a process for making magnetic
head substrates suitable for use with the present invention.
i
In the method of producing the unitary magnetic transducer and

suspension struction, a plurality of contact pads of patterned

20 photoresist is formed on the substrate in a row and column configuration.
A release layer is then deposited on the substrate. A first pole piece
is pattern formed in partial contact on each contact pad. A thick
backgap layer of magnetic material is deposited on each first pole piece.
A wear-resistant layer followed by a thick layer of electrical and

25 magnetic insulative material is deposited. This layer forms part of the
suspension portion of the unitary structure. This suspension film is
lapped flat and an initial coil layer is formed on the suspension film
for each pole piece. A second pole piece of magnetic layer is deposited
for each first pole piece on an insulation layer at least partially

30 covering the initial coil layer. An insulation layer covers the second
pole piece layers, but permits contact to the initial coil layer. The
coil circuit is then completed on this insulation layer along with
conductor leads connected to the coil circuit. The conductor leads and
subsequently deposited conducting studs provide the connection to the

35 drive circuitry (not shown) for each transducer. A second thick layer of
electrical and magnetic insulative material ié then deposited to form the
second and last part of the suspenéﬁgﬁ portion of the unitary structure.

-
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directly contacting the second vertical thin filmsurface of the thin film
magnetic gap | ayer and a horizontal conponent nmagnetically isolated from
bute« adj acent and parallel to, said first pole piece, said first and second
pol e pi eces $#gAZid?€al | y connected at a b@ack gap region and nagnetically

I solated at their pole tips by said magnetic gap; a thin filmcoi
electrically isolated frombut magnetically activating said first and

second pol e ;pitepqﬁ,rafuj, 8RQinks | ding fsheappedi dapital aH@M@@ﬂhc@i cetddtsesond
pol e pi ece; ﬁ%l \@srirtev?ouslgegogﬂg pogﬁu.gl Ei&-eénll%g{‘)g] gtrucréuﬁeg;u Feddt\e% ! h a(} Wlpger

surface at ¢t on_and narrower

a suspensi or? ay‘tﬁfeﬁf’-“ar?‘fﬁ H“‘f icPHngy efach fisgthepsdivided intn érR’éFa tYI st
coveri ng saircbwsechuditpolestpuetaresori zontal conponent and being electrically
and magnetically isol ated 4 fromsaid second pol e piece and said coil,

sai d resi #l ent eri adl gxﬁg_‘endl beX gmctge back og %e don et go etip
of the fiPst pol e pi &te’ ﬁg}’aﬁo zon"fa S oBRPAHES) ?)(S'?ﬂ'é dr fiPar to
t he verti cal layerpgndenoséted-neh §E’€€"€ﬂ¢(§ el &s ﬁh@téﬂ"teﬁemf Fh%fﬂamrtec [ieBce
havi ng a doviuyar dloyespospi thg £sriohd @oletpiebe ilayard] acenirdt polbgiped @fti p of
the first pcwéﬁngﬁf%cﬁiterial is pattern deposited over each row to form the vertical
' section of the second pole piece. A protective overcoat may then be
10 deposited over the completed row of unitary magnetic transducer and
suspension structures. Then the row is divided into a plurality of
individual unitary structures. The substrate is next removed by
dissolving or etching the release layer to leave a partially completed
unitary structure. The unitary structure is completed by removing the
15 portions of the gap, third pole piece and final protective layer which
extend below the original contact pad. Preferably, the'suspension is
" créated using layers of deposited alumina (A1203}; The desired
structure of the suspension is formed by cutting the alumina layers and
then separating the shaped suspension from the slibstrate surface.
20 Removal of the substrate is preferably accomplished using a release
layer.

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

Fig, 1 is a plan view of a magnetic recording mechanism having a
25 wunitary magnetic transducer and suspension structure attached for
positioning to a rotary actuator in transducing relationship to a disk
surface of a disk;

Fig. 2 is a perspective view of a unitary magnetic transducer and
suspension structure produced according to the present invention for use
30 with the disk drive as illustrated in Fig. 1;

Fig. 3 is a perspective view of a substrate with a plurality of
structures formed thereon in rows and columns for use in the process to
build the unitary structure as shown in Fig. 2;

3



the first pole piece narrowing in width fromsaid sloping portion to the
conponent of said second pol e piece having an
portion on an end adjacent to said nagnetic gap Iayer

pole tip; and the verti cal
essentially vertical

and havi ng asgepiiogs on a second end which is angled away fromthe

essentially vertical portion to contact the horizontal conmponent of said

second pol e piece. In accordance with a second aspect of the present

invention there iggdigchased &oég %lecd{an\ﬁs Aee WIRLY aw{&)iin%um & RQysi ng;

rigid platte nDunted i n said housing having neans for storing data in
tracks provitled thereon; means for rotating said rigid platter in said
housi ng; an actuator arm positioned in said housing and operable to place a

free end in proxisrigt 5 tie HPerdpedtiveobiciabsl ar k@i df Ptalidtarss FRANSEIR! the

posi tioni ng 3%%&&%?9@%9 ) %r@qaﬂ&ﬁ&@ﬂtfotrof & %IE,{,&QL n track on said rigid
in fi

ransducer and suspension
| ongitudi nal recording nounted to the free end of said actuator
arm and i Bcl udi ngtiga. 68ramxohR are tdtions fsekhiohed stiepolo€ qpbedisettarypfig a pol e

platter; a co

system f or

I'nation t m negneti c

tip; a subst@ahidicky acebidiag!td bhd) phidehtnBIBRLIR; @A | ayer having
oppositely facing first
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Fig. 7 is a perspective view of a transducer of the present
invention without the insulation and conductor layers.

The preferred embodiments of the present invention are used in
large multiple disk drives but should also find use in the single disk -
drives used generally for personal computers, or any other type of media

drives such as tape drives.

Referring to figure 1 there is shown a data recording disk file including

‘a housing 8 in which is mounted a rotary actuator 10, an associated

magnetic storage disk 12 and ;'drive me;ns 13 for rotating the disk 12.
The rotary actuator 10 moves a unitary structure according to the present
invention in an arcuate path over the disk 12. The rotary actuator 10
includes a voice coil motor, which comprises a coil 14 movable within the
magnetic field of a fixed permanent magnet assembly having a core 16. An
actuator arm 20 is attached to the movable coil 14. The other end of the
actuator arm 20 is attached to a unitary magnetic transducer and
suspension structure 22 according to the present invention and produced
according to the method setforth herein. The unitary structure 22
includes a transducer-slider segment 24 and a suspension section 26. The
suspension section 26 can support the transducer-slider segment 24 above
the surface of the disk 12 on a bearing or cushion of air generated by
the rotation of the disk 12. Preferably, the suspension section 26
supports the transducer-slider segment 24 in contact with the surface of
disk 12. The air bearing or air bearing surface refers to the surface of
the transducer parallel and adjacent to the disk surface. It includes
both configurations where the transducer is designed to fly above the
disk, and where the transducer is designed t¢ contact the recording
media, the disk 12, during operation. The actuator arm 20 can include a
plurality of arms with each arm supporting its own unitary structure 22,
each unitary structure 22 being as;ociated with a surface of the disks

-

a



and second substantially vertical thin filmsurfaces; the first and second
vertical thin filmsurfaces being nmade by a process of thin fil mdeposition
wi thout |apping; the first thin filmsurface of the thin fil mmagnetic gap
| ayer direckhy.o0ffsacting the pole tip ofy the horizontal thin filmfirst
pol e pi ece; 5 athin filmsecond pol e piece having a vertical conponent
with a pole tip directly contacting 1he second vertical thin filmsurface

of the thin,filmmagpeti.c. gap. a izontal c ongnt netically

i solated fr (?)'Ir)r%atmfljtma Jeac?gtf’f? rgﬁ%f 63?6‘# Pﬁeld%f‘ge,.ass%elmg{?'i ?@}ergfé%g' |§£|t°5ce, sai d
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regi on and neigrRedr aahl20 Eeolaatedationt hitilr tipohediki psfige saite nagaetide gap;
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eir bac reqi nd narrower surfaces el po I, PS; 1in film
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and second puive pisevely.abke dnvisdutémeeedse dfovhichnisakleconpdmetiedoby shed

second pol eapi@esr 180d a suspension |ayer of a thin filmlayer of a
resilient material at |east covering

The suspension section 26 of the unitary magnetic transducer and

suspension structure 22 provides a load to the transducer-slider segment

10 24 which is generally perpendicular to the surface of the disk 12. This
perpendicular load maintains the transducer-slider segment 24 on or above
the data surface of the disk 12. During rotation of the disk 12 by the
drive means 13, the unitary structure 22 remains in contact with the disk
12 for reading or recording data. Alternatively, the unitary structure

15 22 can be designed to fly above the disk 12 using the lift or upwards
force generated between the transducer-slider segment 24 and the disk 12
to oppose the perpendicular load applied to the transducer-slider ségment
24 by the suspension section 26. Contact recording is the preferred
embodiment of the present invention.

20 ) During operation, the transducer-slider segment 24 is moved to the
desired track of the concentric data tracks on the data surface of the
disk 12 by means of the coil 14, which moves within the magnetic field of
the magnet assembly. Rapid movement of the transducer-slider segment 24
from one track to another track is required. In order to increase data

25 access times, it is necessary that the transducer of the segment 24 be
properly positioned over the desired track as quickly as possible.
Cuzner, et al, USP 3,849,800, discloses a rotary actuator suitable for
use in a drive using the present invention. It should be noted that
while the actuator 10 illustrated in Fig. 1 is a rotary actuator, other

30 types of conventional disk files use linear actuators which can be used

with the present invention.

The suspension section 26 of the unitary structure 22 must provide
radial stiffness, and have substantial flexibility in the pitch and roll -
directions as it holds the transducer of the segment 24 above the data
35 surface of the disk 12. If desired, an integrated circuit amplifier 28

may also be produced on the suspension section 26 of the unitary



sai d second pol e piece horizontal conponent and being electrically and
magnetically isolated fromsaid second pole piece and said coil, said
resislient material extending beyond the back gap region; the pole tip of :
the first poim-ppoge being horizontal and substantially. perpendicular to
the vertical conponent of the second pole piece; the first pole piece
havi ng a downwardly sl oping portion which is adjacent to the pole tip of

the first PolguphiRez, ang, Eﬂﬁﬁr‘é éts'cﬁéxlatggmgﬁf%ﬂéaﬁén 3 fhesgiaeng, pol e pi ece

havi ng an essent ! al ¥ vert [ c portion on a 1 d magnetic
gap and havi HJUStY56r$3 8 d B A hiZh i s angl ed away fromthe
essentially verti cal port | on to contact the hor| zontal conponent of said
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tip; a thfnhy F‘Yﬁ%’eg%nd“ ﬁé’P@sdﬁFé‘téamﬁ/it% taarrféwezo ider @emﬁe?ﬁ and a
subst ant i al | freveidail gaile coRpinesbown) his pesitianld afapanctie baw 1y far pol e tip
opposi te theRalgy Eh@w?iutng%afghél.sitc &%&ﬁbﬁ&%m@ theRgbanbi aLrlué( vertical
thin fil W\ﬂTH%QEEAA%agéygans gér-sgggeg ion Ef tﬂe pregéé%n} Jg££ion refers to the

Jocation of the transducer-suspenslon parallel to the disk 12 and is for

10 ease of presentation of the invention since most disk drives have their

disk mounted horizontally. It will be appreciated by one skilled in the

art that the present invention is equally applicable to vertically

mounted disks and that the operation of the transducer is still parallel

to "the disk surface notwithstanding the orientation of the disk mounting.

15_' The suspension section 26 suspends the transducer 38 over the disk
' 12. The suspension section 26 in this embodiment includes a first
insulation layer 40 and a second insulation layer 42. A conductive .
circuitry layer (not shown} is encapsulated between these layers. The
bulk of the support provided by the suspension section is maintained by
20 the first and second insulation layers 40 and 42. The transducer 38 is
electrically connected to the conductive circuitry layer. Electrical
connection conductor paﬁs 48 are provided to interconnect with an
amplifier which can be located adjacent thereto. An integrated circuit
émplifier (not shown) could be provided in place of the conductor pads.
25 The deposited integrated circuit amplifier 28 of Fig. 1 is an example of
a potential placement of an amplifier.

The insulation layers 40 and 42 provide electrical insulation
between the conductor layer and the possibly conductive magnetic portions
of the transducer 38. The two insulation layers 40 and 42 provide the

30 suspension support which holds the transducer 38 in position over a track
of the disk 12.

Figure 3 illustrates the steps in the method of forming the unitary
structure 22 according to the configuration as shown in Fig. 2. The
batch fabrication of the unitary structure 22 is accomplished by

35 preparing a non-magnetic wafer substrate 50, The substrate 50 has a
thickness, T, which must be suff1c1ent to support the structures during

-



5a the bottom portion of the vertical thin filmmagnetic gap |ayer being
sandw ched between the pole tip of the first pole piece and the pole tip of
the *vertical- conponent of the second pole piece; the bottom portion of the
vertical thinskd-d9grovagneti c gap | ayer havipg first and second thin film.
surfaces the first and second thin filmsurfaces being nade by a process of
thin filmdeposition wi thout |apping; the first thin filmsurface of the

bottom porti OEheOEr&cfl@si/r%rt | 2 Bhudall By fo'fl He"RUREES Qtﬂﬁguée%é’g’{] afld rd%ﬁ&%ﬁérd
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exgoseg end o'?‘"'te“ﬁ'é %of?wfo{‘ﬁ é‘P 8 ent shpvy I’l@ Fgc S bf erpilused; omapd the
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been exposed wifed A0S The Afizé AFPLY 1hAR16QA BAbIP LAl ehg vertical thin
filmmagnetic gap layer. In accordance with a fourth aspect of the present

i nvention there is disclosed a
911 referring to Fig. 3, one row 52A is separated from the wafer

10 50 by saw cuts 56, for instance. The row 522 has its transducer segments
38 at an end surface 59. The row 523 undergoes further processing as
shown in Figs. 5 and 6 and then is separated into the individual
structures by saw cuts 58 or otherwise dicing, as shown in Fig. 3. Figq.
4 shows the cross sectioned view of the layers deposited on the ‘wvafer 50

15 to provide the first part of the unitary structures 22.

Referring now to Fig. 4, the unitary structure 22 includes a
plurality of layers that form the transducer-slider segment 24 and the
suspension section 26. In the cross sectional view, the horizontal
transducer contemplated in the present invention forms the whole or at

20 least a part of tﬁe transducer-slider segment 24 of Figs. 1 and 2. The
transducer includes a first pole piece 62 placed horizontal, that is,
parallel, to the contact surface of a magnetic disk (hot shown). The
first pole piece 62 is formed with a sloping contact region 63 that could
be produced by molding the original substrate 50 surface as shown in Fig.

25 4. The surface of the wafer substrate 50 is coated with a release layer
60 before the deposition of the material that produces the pole piece 62.
The wafer substrate 50 and the pole piece 62 are separated later in the
process by dissolving the release layer 62. A magnetic member 64 is
deposited in contact with the pole piece 62. After magnetic member 64 is

30  formed, the entire release layer 60 surface of the wafer substrate 50 is
coated with a layer of a wear-resistant material 65 and an insulating
layer 66. The wear-resistant layer 65 covers most of the contact area
between the transducer section 24 and the disk 12 (see Fig. 2). The
wear-resistant layer 65 and the insulation layer 66 are lapped flat after

35 deposition to provide a smooth surface for the subsequent layers and to
expose the top surface of the member 654. 2 first set of conductor
stripes 68 for the transducer c011 1s then formed on the insulation layer
66 and coated with a coil 1nsu1atlon layer 70 of an electrically



met hod -of making a magnetic head assenbly conprising the steps of: formng
a substantially horizontal first pole piece, the horizontal first pole

pi ece having a front edge; formng in unordered steps an insul ation stack,
a coil assenlypy_guigsst hori zontal conponentjjof a second pol e piece on said
hori zontal first pole piece wherein the insulation stack includes a
plurality of insulation |ayers, the coil assenbly includes at |east one

coi | | ayer S%{l%ma%ggd mta) erlﬁen qulorl.t%gnq'.l ilt}#OQEllJnayf § aa;;gconlae Jlgr nt al

conponent of € Ssecon ertlcal gap
| ayer on t he Hhepforpesdan dihetﬁ’é“?-"?tﬂ% }33ee B edbe aﬁ?&°‘6’npfjr?ep$?‘6n]i‘°réag‘étaéf
t he hori zont portionpthenttaets tthe wmbeand4ptd eomplete a bakogipnforathorti on of
the gap | ayercra.@daae&nt i:h%d&it@gﬁaledgf‘erof:f taheo108istoR 3k & ?apeaem of the
second POl e HREEiaq alfiuk kol A%, Pod eyl £ gl campnsy) of (he
second pol e sioaduston Stth@ega'iﬁ Haydepogigdoth the Ceklpé§§&aﬂ%‘niamg€4-ofﬁtehe
hori zont al ceapaieBét F d¢die Gnaartdrpsdrépgd @6 cintercohbedts Wwith athdaficet Welth a
fifth aspect o@f cgnlaﬁctmre&ﬂqbeé QX%W&L ttﬂ? ra@t:i.v%tgrlgs QLrﬂﬁ@goracoil around the
horizontal portion 72 of the second pole piece of the transducer section
10 24. The coil formed by the conductor stripes 68 and 76 are electrically
connected to a conductor layer 78 deposited on the conductor coil
insulating layer 74. This coil, together with the magnetic members of
the transducer, permits the transducer to read and write magnetic
transitions on the disk 12. The signals sensed by the coils are directed
15 by the conductor layers to circuitry (not shown) via a conductor stud 80
formed at the free end of the conductor layer 78. A second electrical
insulation layer 82 is deposited over the conductor coil stripes 76 and
the conductor layer 78. This second insulation layer 82 and the first
1nsulat10n layer 66 are the support structure of the suspension sectzon
20 26. The conductor pads 48 (see Fig. 2) are then formed on the second
insulation layer 82 in contact with the conductor studs 80. The conductor
pads 48 interconnect with the circuitry of its associated disk drive,
possibly through integrated circuit 28 as shown in Fig. 1.

After completion of the deposition process as shown in Fig. 4, the
25 wafer 50 is cut into rows, see Fig. 3. In Fig. 3, the row 52A is
separated from the wafer substrate 50 by the saw cuts 56. The row 522 is
then fastened by an adhesive, for instance, to a transfer tool 90, see
Fig. 5, with the-end surface 59 of the row 52A exposed. The end surface
59 of the row 522 is then lapped flat. The further processing of the
30 transducer is shown in Fig. 6A for one embodiment of the present
invention.

Referring now to Fig. 6A, the end surface 59 of the row 52a is
lapped flat and a magnetic gap layer 92 is formed. The end of the
horizontal part 72 of the second pole piece is exposed and a vertical

35 part 94 is deposited. The second pole piece 96 includes its horizontal
part 72 and its vertical part 94. The transducer section 24 then
includes the second pole piece 9% together with the magnetic gap 92 and,
see Fig. 4, the first pole piece layer 62 and the magnetic member 64.



met hod- f or maki ng a combination thin filmmgnetic head transducer and
suspensi on system conprising the steps of: obtaining a wafer substrate;
form ng a sloping contact region on said obtained substrate; formng a
rel ease | ayegag0g,-934d obtai ned substrate;y,forming a first pole piece of a
magnetic nmaterial on said fornmed rel ease | ayer and said contact region;
form ng a patterned back gap menber on said formed first pole piece;

formng a Wekafrt ;eSI Sfe%lon o%y&ae vert ca];j atq:r Q?d H)r[o% :weelag CS% eXt endi ng
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athlnfllm z%an etlectrlcallé#i %c ﬁge'!aa; don sai.d forned
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| east. sai d fiodividushamptany struckireshi @ $¢cond dgpe offwariesd partoferz dhe al

secti on of aepaid peregisacondspshmmpireGeg.l ayer of a magnetic nmaterial on

said fornmed insulating layer; formng a second electrical insulating |ayer

covering at Ieast sai d patterned second
Referring now to Fig. 6B, the magnetic gap layer 92 is again first

deposited on the end surface 5% of the row 52A. The magnetic gap layer

10 92 is then lapped at an angle X from the vertical to expose the end of
the horizontal part 72 of the second pole piece. A layer of magnetic
material is deposited to form a vertical part 99. The second pole piece
96 includes the horizontal part 72 and the vertical part 99. The
transducer section 24 thus includes the second pole piece 96 together

15 with the magnetic gap 92, the first pole piece layer 62, and the magnetic
member 64. After completion of the vertical part 99, the:protective
layer 98 is deposited as previously stated. Similarly as discussed with
Fig. 6A and Fig. 3, the formation of the row 52A is now cémpleted and the
row is ready to be divided into individual unitary structures 22.

20 Referring again to Fig. 4, the completed unitary structure 22
including the transducer section 24 and the suspension section 26 is
separated from a substrate 50 by dissolving the release layer 60. The
release layer 60 can be & plated copper. Another possible release layer
material is tungsten. Removal of the copper release layer is readily

25 accomplished using ammonia persulfate, for instance, which does not
attack the alumina generally used in the process for providing the
transducers. Once the unitary structure has been so manufactured, its
incorporation into a rigid disk system is easily accomplished and is
obvious to those of ordinary skill in the art.

30 The wafer substrate 50 can be any suitable material known to those
in the art. Jacobs, USP 4,251,841, discloses a wafer-substrate material
suitable for use with the present invention. There is no requirement
that the wafer be alumina-titanium-carbide or silicon. The release layer
60 can, for instance, be an electrically conductive material and thereby

35 serve as a seed or plating base layer for the subsequently deposited
layers such as the first pole piecelayer 62 of the transducer. The
electrically conductive material is preferably plated copper but could be

-



pol e pi-ece layer; formng a second one-half of the thin filmcoil of an
electrically conductive material on said forned second el ectri cal

i nsulating | ayer and electrically connected .to said first one-half to form
a conpl et e csa9-9290gpmi Nng a nmagneti c and elsectrical isolation |ayer on said
formed second one-half of the thin filmcoil and extending the distance for
t he suspensi on section as a second suspension |layer; formng a magnetic gap

| ayer oL a r@egae&ﬂ @eﬁérysa{b%yiafcbmce&t Lerfral c&ﬂu&Jgrfe%dﬁ% afeogér;lm&eafslsreg?' y
ce rmng. st.eps a Il en sS4l
produ y 4G ? t%er@usgfnsz,[og porg LN, ¢ &b da%ac(r(n%u tor, s g & ‘lthg g ch %g a

pol e piece | aye 0 ‘sal or me
vertical sect$e8p ad'F ‘E‘f’i’él%‘me@e‘t*‘ﬁédi §é’€9®3r6“°p6}"@“§?“§§'é qfaw £t shivadgrssi c
mat eri al on siace ther sesgensign gloreidgaps liayehin frdr tHengtrsE Gymhidtg RGeiat i ve

| ayer oveg sal éo.x;;a&mi ppdheamt%ﬁmeréew@l Sfifet étﬁgensagg el £ ﬂ%eﬂgst he
Substrate fro g ﬁe cont.act g aafor gal g lorned rst pol e
pi ece |ayer l?fﬁ a? DIRFPAYLHY FeRosisY 3%?“ ¢ t an °°
insulating 1ayers 66 and B82. Standard stud and pad technology is used to
produce the conductor stud 80 and pad 48 to complete the thin film
unitary magnetic transcuer and suspension structure as known in the art.
10 2 thick deposition of alumina can be used to encapsulate the transducer
with the protective layer 98. A thin layer of alumina, for instance, can
form the magnetic gap 92. Permalloy, for instance, can be the magnetic
material that forms the pole piece portions of the transducer. The shape
of the transducer pole pieces are shown in Fig. 7. The coils and
15 condﬁétors are not shown to provide a view of the preferred shape of the
magnetic portions of the transducer of this invention.

Referring now to Fig. 7, the preferred embodiment of the present
invention includes a transducer that incorporates the .advantages of the
transducer shown in the Jones, Jr. et al, USP 4,190,875, issued on

20 February 26, 1980. The transducer includes the first pole piece layer 62
magnetically connected to the horizontal portion 72 of the second pole
piece at a back gap 100 through the magnetic member 64. The vertical
portion 94 of the second pole piece is magnetically connected to its
horizontal portion 72 and is separated from the first pole piece 62 by

25 the magnetic gap 92. The first pole piece has a wider width at the back
gap 100 than at its pole tip 102. Similarly the horizontal portion of
the second pole piece has a wider width at the back gap 100 than its end
104 that connects the vertical portion 94. The vertical portion 94 also
has a wider width at the end that connects to the pole piece 72 at the

30 end 104 than its pole tip 106. The preferred shape of the transducer as
shown in Fig. 7 provides a narrow pole tip structure while avoiding
saturation of the magnetic force along the pole pieces.

While the invention has been particularly shown and described with
reference to preferred embodiments thereof, it will be understood by
35 those skilled in the art that various changes in form and detail are
possible. For instance, the transducer may be produced onto the wafer in
the form as disclosed in U.S. Paten§%§,190,872.for the preferred
enmbodiment, but other configurations could be used without departing from



An enbadi nent of the present invention provides a unitary nmagnetic
transducer and suspension structure for |ongitudinal recordi ng which can be
used for contact recording or for flying above the medi a. The transducer -
includes a h %;_égn&,gl first pole piece ang a horizontal and verti cal
sectioned se pol’e piece. A magnetic g ‘b is formed between the first

pol e piece and the vertical section of the second pole piece. The pole

pi eces are sg Pged to avoi d magnetic saturation and to provide narrow
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| ayer is (jepgﬁgpkﬁghoﬁoﬁldéégrEhEiEﬁiﬁséﬂékﬁ in contact with the media during
15 operéfion. i
The present invention may advantageously prévide a narrow gap

between two magnetic poles on the contact pad surface, longitudinal
recording is possible. -This greatly enhances the!applicability of the
invention to applications which were previously beyond the scope of the

20 prior art. Additionally, the mostly planar deposition arrangement for
the present invention permits major processing of the structure directly
on a wafer surface. This greatly enhances the utility of the invention
and allows batch production of the unitary structure.

Still another advantage of the present invention is the use of wear
25 vresistance material on the head structure. This protects the poletip

regions of the head.



pi ece en an insulation |layer at |east partially covering the initial coi

| ayer. An insulation |ayer covers the second pole piece |ayers, but permts
contact to the initial coil layer. The coil circuit is then conpleted on

t hi s insul at sesshayier al ong with conduct ofs | eads connected to the coi

circuit—The conductor |eads and subsequently deposited conductor st uds
provi de the connection to the drive Circuitry (not shown) for each

transdugﬂmm’ mﬂ H hi ck | ayer of &B ggrical and magnetic insulative
materia E u Lg"ﬂéd to formthe second and | ast part of the
suspen5|on ortldh tthe unitary structure. SA9- 92- 079

6 A top portion of thIS filmis | apped away to allow el ectrical contact to

the studs previ auglitafohagdtiSitpesdubér WAL lsakpensidnlStik Ofredédpdiagi t ed on
a wafer in rows and colunns each is then divided into a plturality of rows
of unitary stryctures. The end of the partial row structure is
pol i shed andadhﬁﬁbﬁﬁpf@lﬁﬁbhﬁﬁfér PelefdBasited. A contact via is then
formed in the magnetic gap

a second pole piece having first and second components, said first
5 component being disposed substantially parallel and adjacent to said
first pole piece, said second component having a poletip disposed
* substantially perpendicular and adjacent to the poletip of the first pole
piece and forming a magnetic gap therebetween;

the first and second pole pieces being magnetically connected at a back
16 gap region and magnetically isolated at the poletips by said magnetic

gap;

a’coil electrically isolated from but magnetically coupled to the first
and second pole pieces and encircling the first component of the second
pole piece; and

15 a suspension section of resilient material adjacent to the first
component of the second pole piece and electrically and magnetically
isolated from said second pole piece and coil, the resilient material
extending beyond the back gap region.

2. A unitary magnetic transducer and suspension structure as claimed in
20 claim 1 wherein the first and second pole pieces are configured with a
wider surface at the backgap region and a narrower surface at their

poletips.
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| ayer .t 0o expose t I i ece layer. A third pole piece of magnetic
material is pattmgwmu“al& each row to formthe vertical section of
t he second pol e protecti ve overcoat may then be 10 deposited over
the conpleted row of unitary nmagnetic transducer and suspensi on structures.
Then the rof??S23%18 ded into a plurality®f individual unitary structures.
The substrate is next renoved by dissolving or etching the rel ease layer to
| eave a partially conpleted unitary structure. The unitary structure is
conpl et ed by- refditony nageetis pransfivnes T suseeRfdpn stRPGtEr IS ecigiteed iand
final proteaty peetaaiing allin Fuettiee nthclediny dnhele@ttijiah adond@nbacionpedted

Preferabl y, +t NQigUsRENYa08 d13c&i8R1 @EndiRtHO chbithehcy RitndRNQSH Lo als4P N
e desired structure of the suspension is formed by

(Al [err]qe&é;%. Th
cutting the M na | ayers and then separating the shaped suspension from
the substrate surface. 20 Renoval of the substrate is preferably
acconpl i shed. usl. i tary @lagieicl asducerhadi s@pdnsiod sthrtifeeselaidbaem i on
WLl oW beafpastidiifly di¥inRy fler HRIPAGG Y War Yhfed REEIENGE oherliBE
acconpanyi ng d ,avmﬁr%gs in ich; Fig. 1S a _plan View Q npgne? e
recordi ng nBYHAAR Gh AEA Ayprgnoten,Iaves 3rdntadfetiret pplh Sdtree rIiatE s d8pensi on
structure atitephketipor positioning to a rotary actuator in transducing
rel ationship to a disk _

5. A unitary magnetic transducer and suspension structure as claimed in

10 any preceding claim wherein the portion of the second component of said

second pole piece which is adjacent said magnetic gap and substantially

perpendicular to the first pole piece and the remaining portion of the

second component of the second pole piece is angled to contact the first

component of said second pole piece.

15 6. A disk drive assembly, including a ugitary magnetic transducer and
suspension structure as claimed in any preceding claim, said drive
assembly further comprising: ’

a housing;

a rigid platter mounted in said housing having means for storing
20 data in tracks provided thereon;

means for rotating said rigid platter in said housing;

an actuator arm positioned in said housing and operable to place a

free end in proximity to one track of said rigid platter;

means for positioning said actuator arm adjacent to a particulat .
25  track on said rigid platter;

the unitary magnetic transducer and suspension structure being

mounted to the free end of said positioning means.

7. A method for making a unitary magnetic transducer and suspension

structure comprising the steps of:

30 forming a contact region on a substrate;
forming a release layer on said substrate;
forming a first pole piece of a magnetic material on said
formed release layer and said contactrregion;

forming a backgap member on said formed first pole piece;

‘This Sheet Has Been Reﬂlaced

(T



surface of a disk; ,[mmms ctive view of a unitary magnetic
transducer and suspe ,ﬂnmﬁgﬁr oduced according to the present

i nvention for use 30 with the "di ive as illustrated in Fig. 1; Fig. .3
is a perspett¥§&0/Pew of a substrate wit¥ a plurality of structures fornmed
thereon in rows and colums for use-in the process to build the unitary
structure as shown-in Fig. 2 SA9- 92- 079 7
Fig. 4 shows a cross foesitigonaleayirewistakbrlageoog daidcorded fixfstipale 3; Fig. 5
IS a perspegiely tundi ﬂ/anefa algsmc@ffosta ts&&;sarne'for; gk@fofy on the substrate of

Fig. 3 and mounted f-%r t‘l1'g1 é: %%PEJQSE%%' nﬂ’ctrlcald:.solatlogslayar ognfalgB are

cross sectioned views ucer
present i n/ikaTeedyeangsiitgnt dayer goprniagadt 1epst\qadd %Fs‘apf’}%lﬁéﬁﬁfcéﬂ'%’f t he
present snvad extendirighehd distance Sk atheosuspaskionnadeionr as ay£irst The
preferred eghgdidfeRtSy0f, the present invention are used in
forming a first one-half of a coil of an electrically
conductive material on said formed isolation layer;
forming a first electrical insulating layer éovering at least
10 said formed one-half of the coil;
forming a first component of a second pole piece layer of a
magnetic material on said formed insulating layer;
forming a second electrical insulating layer covering at
least said second pole piece layer; )

15 ; forming a second one-half of the coil of an electrically
conductive material on said formed second electrical insulating layer,
the second one-half of the coil being electrically connected to said
first one-half to form a complete coil;

forming a magnetic and electrical isolation layer on said

20 formed second one-half of the thin film coil and extending the distance

for the suspension section as a second suspension layer;

forming a second component of the second pole piece layer of
a magnetic material contacting a free end of said first second of said
second pole piece layer thereby forming a magnetic gap between said

25 second section of the second pole piece layer and the first pole piece;

forming a protective layer over said formed second component
of said second pole piece; and

releasing the substrate from said formed contact pad layer
and said formed first pole piece layer by dissolving the release layer.

30 8. A method for making a unitary magnetic transducer and suspension
structure as claimed in Claim 7 further including the steps of:
forming a first conductor layer of an electrically conductive
material on said formed isclation layer along the distance for the
suspension section and connected to said formed first one-half of the
35 coil; -
forming a second conductor layer of an electrically -
conductive material on said formed second electrical insulating layer
along the distance for the suspensiop section and connected to said
formed second half of the coil; and,
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10 |l arge mul 1[”'&““%“‘“"!}&“ but should also find use in the single disk
drives used g I onal conputers, or any.other type of nedia
drives such as *taﬁe rives’ If{eferring to figure 1 there is shown a data
recording diggk dhLyR i ncluding a housing §gin which is mounted a rotary -
actuator 10, an associated 15 nmagnetic storage disk 12 and a drive neans
13 for rotating the disk 12. The rotary actuator 10 noves a unitary
structure according tgo the present inyention,i.n an cuate path qver the

di sk 12. The rotary abllAPSFoToetRE PRIES PoP derhe Fises 1Y ogngh

conpri ses acewluctay) Iayarsbediagenthitn amendra§ride| suspensign sechioni sppgspler fmnent
magnet assemnhé olhmd Borsd &7 eeddnd p¥le2Picaed uator arm 20 is attached to the
novabl e coil 14. The other end of the actuator arm 20 is attached to a
unitary magnetic transducer and suspension structure 22 according to the
present invénti 8reihad FPERAELRT ZcLATRFH GO A STARINGEH SBY FUFRSTSA®t ein. The
uni tary sir gttugtereasiqieinmidn zithanolueinsliaded wegeanthe2 4tensdof
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ransducer-slijder .segmen ave, t he i, Sk a bearing
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30 the t:r ansducer- paral l el and adjacent to the disk surface. It includes
bot h” confi gurati ons where the transducer is designed to fly above the di sk,
and. where the transducer, i s designed to contact the recording nedia, the

di sk 12, dusdAongz-@perati on. The actuator @rm 20 can include a plurality of
armse with each arm supporting its own unitary structure 22, 35 each unitary
structure 22 being associated with a surface of the disks SA9- 92- 079

8 located in the dabﬁrﬁaﬁ?&fg%ﬁgﬁﬁcﬁ@hsﬂf@ K@@ﬁﬁ@iﬁ%ﬁ, Egﬁfzc_g{, e for

I nstance, the disk can al'so _have a unifary structure nmounted to the
actuator arm 20 for associ atiWMace on the underside of
the disk 12. Further, other unitary structures are associated with 5 the
top and bottom sides of other disks V\tﬂsqkhdj‘ay be included in the disk drive
assenbly, the transducer access of which is also controlled by the actuator
10. The suspension section 26 of the unitary magnetic transducer and
suspension structure 22 provides a |load to the transducer-slider segnent 10
24 whi ch i s genepatdigapemperdic trassducet hrd susfengionobtriubeurdi s&d¢ 12. Thi s

5 longitudinal recording which can be used for contact recording and flying
above the media. The transducer includes a horizontal first pole piece
and a horizontal and vertical sectioned second pole piece. The'magnetic
gap is formed between the first pole plece and the vertical section of
the second pole piece. The suspension layers are formed mainly from the

10 insulation layer that separate the first horizontal polé piece and the
horizontal section of the second pole piece, and an insulation layer that
covers and protects the transducer layers. The layers of the unitéry
structure head are deposited on a wafer in a row and column
configuration. A release layer is deposited on the substrate first and

15 then the individual thin film layers of the transducer are deposited. 2
horizontal first pole piece is formed. A horizontal section of a second ,
pole piece is formed and activated by a conductor coil wound around the
horizontal section. .The backgap is displaced horizontally from the .
poletips. The wafer is then divided into rows. The vertical section of

20 the second pole piece is formed on the end of the row.in contact with its
horizontal section. The substrate is removed by attacking the release
layers.

TR




per pendi cul ar | oad mai ntains the transducer-slider segnment 24 on or above
thesdat a surface of the disk 12. During rotation of the disk 12 by the
drive nmeans 13, the unitary structure 22 remains in contact with the disk
» for reading or recording data. Alternatjvely, the unitary structure 15
22 can be designed to fly above the di sk 1/8 using the lift or upwards force
gener ated between the transducer-slider segnent 24 and the disk 12 to
oppose the perpendicul ar | oad applied to the transducer-slider segnment 24
by the suspension section 26. Contact recording is the preferred enbodi nent
of the .present invention. 20 During operation, the transducer-slider
segnent 24 is noved to the desired track of the concentric data tracks on
the data surface of the disk 12 by neans of the coil 14, which noves within
the magnetic field of the nagnet assenbly. Rapid novenent of the
transducer-slider se s required.
In order to increase {data 25 access i it the
transducer of the segnment 24 be- P esired track
as qui ckly as possi bl i S a rotary
actuator suitable for ijon. It should
be noted that while t > 10 illustrated in Fig. i | rotary
actuator, other 30 tﬁ of conventional disk files use [\! actuators
whi ch can be used

~ 12




with §he present invention. The suspension section 26 of the unitary
structure 22 nust provide radial stiffness, and have substanti al
flexibility in the pitch and roll directions as it holds the transducer  of
t he segnment 24 above the data 35 surface of the disk 12. If desired, an -
integrated circuit anplifier 28 may al so bg/groduced on the suspension
section 26 of the unitary . SA9-92-079 9
structure 22. An enlarged schematic configuration of the unitary structure
22 of Fig. 1 is showmn in Fig. 2. Referring to Fig. 2, the unitary structure
22 is shown-positioned over the disk 12. The direction of rotation of the
disk 12 is indicated 5 by arrow 36. A transducer 38 of the
transducer-slider segnent 24 (vertical pole section shown) is positioned
adj acent the disk 12 for reading and witing nmagnetic transitions onto the
di sk 12. The horizontal transducer-suspension of the present invention
refers to the | ocation of the transducer-suspension parallel to the disk 12
and is for 10 ease of presentation of the invention since nost disk drives
have their '

/G 2



di sk yoounted horizontally. It will be appreciated by one skilled in the art
that the present invention is equally applicable to vertically nounted
digks and that the operation of the transducer is still parallel to the

di sk surface notw thstanding the orientatign of the disk nounting. 15

The suspension section 26 suspends the tr ducer 38 over the disk 12. The
suspension section 26 in this enbodi nent includes a first insulation |ayer
40 and a second insulation |ayer 42. A conductive circuitry |ayer (not
shown) is encapsul ated between these |ayers. The bul k of the support

provi ded by the suspension section is maintained by 20 -the first and second
i nsul ation layers 40 and 42. The transducer 38 is electrically connected to
the conductive circuitry layer. Electrical connection conductor pads 48 are
provided to interconnect with an anplifier which can be | ocated adjacent
thereto. An integrated circuit anplifier (not shown) could be provided in
pl ace of the conductor pads. 25 The deposited integrated circuit anmplifier
28 of Fig. 1 is an exanple of a potentiaft, pl acement of an amplifier. The
insulation |ayers 40 and 42 provide el ecfrical insulation between the

conductor |ayer and the possib e magnetic portions of the
transducer 38. The two insula ’h.iag 42 provide the 30
UC®RR8 i n pesitiddn over a track

suspensi on support which hold
;;;;:?-5?
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of the disk 12. Figure 3 illustrates the steps in the nethod of form ng the
unitary structure 22 according to the configuration as shown in Fig. 2. The
batch fabrication of the unitary structure 22 is acconplished by 35
preparing a non-nmagnetic wafer substrate 50. The substrate 50 has a

thi ckness, T, which nust be sufficient to gfgoport the structures during
SA9- 92- 079 10 the processing. A plurality of the
unitary structures 22 are deposited onto the substrate 50 in a row and

col um configuration. Eich &bw 58 fige&hown, and each col um 54, four
shown, delineate t ilan.ofl_the Il‘i:fiTaI’V structures 22 into a
plurality of rows hen Ye 5 M a¥t her separated intjo the individual
structures. Mire o zjof rows 52 and collums 54 shown in
Fig. 3 can be [§od substrate 50. The{number is
dependent on tHe .s the size of the iindividual

i chcan
| ess thhn t he nun
ced on .af §i ngl e wa{

ze of thelwafer an#f

s
Y

unitary structuges|y Still rpefferring t g. 3, one row 52Aji s separated
fromthe wafer 50 by saV/cuts 56, i nstance. The rgw 52A has its
transducer segnentp
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38 at, an end surface 59. The row 52A undergoes further processing as
shown in Figs. 5 and 6 and then is separated into the individual structures
by saw cuts 58 or otherw se dicing, as shown in Fig. 3. Fig. 4 shows the
cross sectioned view of the |layers deposited on the wafer 50 15 to provide
the first part of the unitary structures & Referring nowto Fig. 4, the
unitary structure 22 includes a plurality ‘of layers that formthe
transducer-slider segnent 24 and the suspension section 26. In the cross
sectional view, the horizontal transducer contenplated in the present

i nvention forms the whole or at 20 |least a part-of the transducer-slider
segnment 24 of Figs. 1 and 2. The transducer includes a first pole piece 62
pl aced horizontal, that is, parallel, to the contact surface of a nagnetic
di sk (not shown). The first pole piece 62 is forned with a sloping contact
region 63 that could be produced by nolding the original substrate 50
surface as shown in Fig. 25 4. The surface of the wafer substrate 50 is
coated with a rel ease |ayer 60 before the deposition of the material that
produces the pole piece 62. The wafer substrate 50 and the pole piece 62
are separated later in the process by dissolving the rel ease |ayer 62. A
magneti c nenber 64 is deposited in contact with the pole piece 62. After
magneti c nenber 64 is 30 forned, the entire release | ayer 60 surface of

t he wafer substrate 50 is :




coated with a |ayer of a wear-resistant material 65 and an insulating |ayer
66. "The wear-resistant |ayer 65 covers nost of the contact area between the
transducer section 24 and the disk 12 (see Fig. 2). The wear-resistant
lYayer 65 and the insul'ation |layer 66 are |apped flat after 35 deposition
to provide a snooth surface for the sub$g@uent layers and to expose the top
surface of the nenber 64. A first set of conductor stripes 68 for the
transducer coil is then formed on the insulation |ayer 66 and coated with a
coil insulation layer 70 of an electrically Cains 1. A conbi nati on
thin filmmagnetic head transducer and suspension system for | ongitudi nal
recording conprising: a horizontal thin filmfirst pole piece having a pole
tip; a substantially vertical thin film magnetic gap |ayer having
oppositely facing first and second substantially vertical thin film
surfaces; the first and second vertical thin filmsurfaces being nade by a
process of thin filmdeposition without |apping; the first thin film
surface of the thin filmnagnetic gap |ayer directly contacting
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the pole tip of the horizontal thin filmfirst pole piece; a thin film
second pol e piece having a vertical conponent which has a pole tip directly
contacting the second vertical thin filmsurface of the thin filmmagnetic
.gap layer and a horizontal conponent magnetically isolated from but
adj acent and parallel to, said first po# gpi ece, said first and second pole
pi eces magnetically connected at a back gap regi on and magnetically
isolated at their pole tips by said magnetic gap; a thin film coi
el ectrically isolated frombut magnetically activating said first and
second pol e pieces and _encircling the horizontal conponent of said second
-pol e piece; said first and second pol e pieces being configured with a w der
surface at their back gap region and narrower surfaces at their pole tips;
a suspension layer of a thin filmlayer of a resilient material at |east
covering said second pol e piece horizontal conponent and being electrically
and magneticalty isolated fromsaid second pole piece and said coil, said
resilient material extending beyond the back gap region; the pole tip of
the first pole piece being hqrigontal SE% substantially perpendicular to
i gh

the vertical conponent of thg second p pi ece; the first pole piece
havi ng a downwardly sl opt ot whi is adjacent to the pole tip of
the first pole piece; the firjstf pole piece narrowing in width from said
sl oping portion to the pole tjp; and '
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o
/{;e wertical conponent of said second pole piece having an essentially
“vertical portion on, an end adjacent to said nagnetic gap |ayer and having a

paertion on a second end 16 which is angled away fromthe essentially
vertical portion to contact the horizontal conponent of said second pole-
pi ece. 2. .di sk drive assenbly conpﬁyﬁ ng: a housing; arigid platter

mounted in said housing having nmeans for storing data in tracks provided

t hereon; means for rotating said rigid platter in said housing; an actuator
arm positioned in said housing and operable to place a free end in
proximty to one track of said rigid platter; means fqQr positioning said
actuator arm adjacent to a particular track on said rigid platter; a
conbination thin filmmagnetic head transducer and suspension system for

| ongi t udi nal. recording nounted to the free end of said actuator arm and

i ncluding: a horizontal thin filmfirst pole piece having -a pole tip;




a substantlally vertical thin fil mmagnetic gap | ayer havi ng oppchagz3y s
facing first and second substantially vertical thin filmsurfaces; the
. first and second vertical thin filmsurfaces being nade by a process of
thin filmdeposition without |apping; the first thin filmsurface of the
thin filmnagnetic gap layer directly cgptacting the pole tip of the
hori zontal thin filmfirst pole piece; a thin filmsecond pol e pi ece having
a vertical conponent with a pole tip directly contacting the second
vertical thin filmsurface of the thin fil mmagnetic gap and a hori zont al
conmponent negneticakly isolated fro but adj acent _and parallel to, said
first pole pi CARY] MNETK&H' bSHSBENIS@ﬁ@TF%ﬁg‘HP&I ly
connected at a back gap re@QRnLQMWAEQHERA'HQP&t ed at their pole tips
by said magnetic gap; said first and second pol e pieces being configured
with a w der surface at their back gap region and narrower surfaces at
their A? ra thinfilmecoil electrically isolated from but
magneti ca ?y actlvatlng, said first and second pol e pieces and encircling
t he horizontal conponent of said second pole piece; and a suspension |ayer

of a thin filn{Aney fenrid GahidREY afPsepbAliof brb&@AR! forOhEinitinal recording
which can be used for contact recording and flying above the media. The transducer

includes a horizontal first pole piece (62) and a horizontal and vertical sectioned second pole
piece. The magnetic gap is formed between the first pole piece (62) and the vertical section
of the second pole piece. The suspension layers are formed mainly from the insulation layer
(66) that separate the first horizontal pole piece (62) and the horizontal section (72) of the
second pole piece, and an insulation layer (74) that covers and protects the transducer
layers. The layers of the umtary structure head are deposited on a wafer in a row and
column configuration. A release layer (60) is deposited on the substrate (50) first and then
the individual thin film layers of the transducer (38) are deposited.

Fig. 4

T——
—————

—

This Sheet Hag

[T, Iill



Wovorr-g stol
tricaﬁ’y and
i1, said
pole tip of

17 said! s . Gh. ol e pi ece horizontal conmpof 3 , 3

7; magnet i calf| yo-i-solat ed. frﬁm"%&!‘&l second pol 1S )
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DSt

“the firstuipokeipt (eC& heiing, ThOrI’I gpht al. and $u il 1999perp ndicul ar to
the ver |lqa1w¢»an,poneint -9t t,e, segand ‘pol e pigce; the first | e piece
“havi ng downwar dl y sr'opl ng p‘ort I on which s“"ﬁa] acent—to~theg pole tip of
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_havi ng ~esse«nu 'y“..'_'AL'EIt toportion on an end adj acent 'to said magnetic
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- thin fil rsuitabeenixfoypermeadisnlan secording and i mat suieblsfoplongitedieal media. bAlltafm
portion qh;dfis ¥88d ifeerpiidiodidr FLSTRHIH R o¥3Re BN dfpn EhsiRA WG fEn

density recording.

An object of the present invention is to provide a umtary magnetic transducer,
suspension structure and associated methods which at least ameliorate one or more of the
above disadvantages.

Accordingly, in accordance with a first aspect, the present invention discloses a
combination thin film magnetic head transducer and suspension system for longitudinal
recording comprising: :

a horizontal thin film first pole piece having a pole tlp,

a substantially vertical thin film magnetic gap layer havmg opposrcely facing first
and second substantially vertical thin film surfaces;

the first and second vertical thin film surfaces being made by a process of thin
film deposition without lapping;

the first thin film surface of the thin film magnetic gap layer directly contacting
the pole tip of the horizontal thin film first pole piece;

a thin film second pdle piece having a vertical component which has a pole tip
directly contacting the second vertical thin film surface of the thin film magnetic gap layer
and a horizontal component magnetically isolated from, but adjacent and parallel to, said
first pole piece, said first and second pole pieces magnetically connected at a back gap
region and magnetically isolated at their pole tips by said magnetic gap;

a thin film coil electrically isolated from but magnetically activating said first and
second pole pieces and encircling the horizontal component of said second pole piece;

said first and second pole pieces being configured with a wider surface at their
back gap region and narrower surfaces at their pole tips;

a suspension layer of a thin film layer of a resilient material at least covering said

second pole piece horizontal component and being electrically and magnetically isolated



bet ween t he pole tip of the first pole piece a 1.5 OB 1t he
vertical conponent of the second pol e piece; the bottom port|0 of the
vertical thin filmmagnetic gap | ayer having fijrdt Adalledepsd fhin film

- surfaces the first and second thin film surfacgs |bei ng rrade bya process of
thin filmdeposition without |apping; the firs N T urface of the
“bottom portion of the vertical thin film mgnett er diregtly
“engaging the pole tip of the first pol é piece and the second thin film

.surface of the bottom portlon of the vertical thin frlmrragnetlc gap | ayer

dlrectly I N e.v 0 pol e
bi coo: { HEIE SRb b PaRhiferant ol g i ElolER! maRRR A irRpeb o REEERE,

W th thegupiégl@ﬁl conponent of the second pol e piece, the angl ed portion
anglingfromt rt|c c ent and. k|n ngagenent w th an
exposed end of SHEOIRGPIC) it B BORRse REngor e Ang Ty peendigila ° 1
t he expos@gle%ﬁ,&jC&mgoﬁkg{bgmeg@dong@mmt of the second pol e piece having
been exposed by a process of lapping the top portion of the vertical thin

- filmmagnetic &pfirshyele piece havmg/x1 dowmwardly sloping pertion ydueh sadiacenidpttbeli nal
recor di ng,LafPsf Bk Fst pole piece;

the first pole piece narrowing in width from said sloping portion to the pole tip;

and

the vertical component of said second pole piece having an essentially vertical
portion on an end adjacent to said magnetic gap layer and having a portion on a second end
which is angled away from the essentially vertical portion to contact the horizontal
component of said second pole piece.

In accordance with a second aspect of the present invention there is disclosed a
disk drive assembly comprising:

a housing; i

a rigid platter mounted in said housing having means for storing data in tracks
provided thereon;

means for rotating said rigid platter in said housing;

an actuator arm positioned in said housing and operable to place a free end in
proximity to one track of said rigid platter;

means for positioning said actuator arm adjacent to a particular track on said rigid
platter; |

a combination thin film magnetic head transducer and suspension system for
longitudinal recording mounted to the free end of said actuator arm and including:

a horizontal thin film first pole piece having a pole tip;

a substantially vertical thin film magnetic gap layer having oppositely facing first
and second substantially vertical thin film surfaces;

the first and second vertical thin film surfaces being made by a process of thin
film deposition without lapping;

the first thin film surface of the thin ﬁIm magnetic gap layer directly contacting
the pole tip of the horizontal thin film first pole piece;



.

a horizontal thin filmfirst pole piece having _ SERED film

- second pol e piece having a horizontal conponent |anek ’i’ y
vertical component, the vertical conmponent havi ei?k@gih oppogite the
"pole tip of the first pole piece; a substantialljy{v [ inffllm

magneti c gap | ayer having top and bottom portiofsj.the. [ i on of
“the vertical thin filmmagnetic gap |ayer beingjsandw ched betweep the pole
tip of the first pole piece and the pole tip of = ' nent of

the second pole piece; the bottomportion of the vertical thin film
gnetl ¢ e | B YRR PR By B BB YR B e s
deposi t i cdontdctig Ube |sapqidngertitdlethin filin $urfade fof| die shiinf Aile migretie dpt iina

Do O gl b e A, T B0 S sl TSRO,
bott om poydié PRece sald irst hlliseedndt pyld pfe'bés%dﬁ?@ﬁﬁ%in&icﬁl@ﬁ coéBled it la®ick Yoap
engaging the pole tip of the vertical conponent of the second pol e piéece;
the top pegierand sragnpiécaliyiisplated At thelg neleitips gy seid magpeti@aPig an aperture

' CRe ver i cal - conmh At and B hal B AR o R M SR B
" of the hdrick gap sdgicoapsbmarawen suttfines stthein goledips; pi ece t hrough sai d aperture.

a thin film coil elecirically isolated from, but magnetically activating, said first
and second pole pieces and encircling the horizontal component of said second pole piece;
and

a suspension layer of a thin film layer of a resilient material at least covering

said second pole piece horizontal component and being electrically and magnetically
isolated from said second pole piece and said coil, said resilient material extending beyond
the back gap region; '

the pole tip of the first pole piece being horizontal and substantially per'pendicular
to the vertical component of the second pole piece;

the first pole piece having a downwardly sloping portion which is adjacent to the
pole tip of the first pole piece; and

the vertical component of said second pole piece having an essentially vertical
portion on an end adjacent to said magnetic gap and having a portion on a second end
which is angled away from the essentially vertical portion to contact the horizontal
component of said second pole piece.

In accordance with a third aspect of the present invention there is disclosed a thin
film magnetic head for longitudinal recording comprising:

" ahorizontal thin film first pole piece having a pole tip;

a thin film second pole piece having a horizontal component and a substantially
vertical component, the vertical component having a pole tip opposite the pole tip of the
first pole piece;

a substantially vertical thin film magnetic gap layer having top and bottom

portions;



REYLACEMENT ShEE(

5. A thin filmmgnetic head for |ongitudiralf recording co Ising:. a
hori zontal thin filmfirst pole piece having a ipdl eq4@ JL g999ni i I msecond
pol e pi ece having a horizontal conponent and alsybstantially vértical

~ conponent the vertical conmponent having a polelti ' ole tip of

the first pole piece; a substantially vertical fthin filmmagnetig¢ gap | ayer
_having top and bottom portions; 19 the bottomportion of the vertical
thin filmnmagnetic gap | ayer being sand®® ched between the pole tip of the
first pole piece and the pole tip of the vertical conponent of the second

pol e piece: th -1 f r -4 cal in fi net.i | ayer
havi ng first aﬁgggéégﬁﬁ?ﬁédnggtlhgngeg&% égnefsﬂ’rﬁ?rhagh %}llcr &P lggég nlgec%%ﬂﬁfvﬂ&%df Ilm
sur f aces Yeewemn thegeleltip of the fies poleqfiedehing tie pote dp pbdictvettivahbdrhpatient afhe ng;
the first thin filmsurface of the bottomportion of the vertical thin film
magnet i ¢ SGEP° %@%Pleﬁ?{r ectly engaging the pole tip of the first pole piece
and the second th®ibdtthi! porfisr ofielk: Gértitdl@hiA0fild Mapadticl &p 1fer Rintehikst Gall thin
filmmagnetic gap_layer. directly engaglr;%n .

second thin film Surfaces the first and second film surfaces being made by a process of

thin film deposition without lapping;

the first thin film surface of the bottom portion of the vertical thin film magnetic
gap layer directly engaging the pole tip of the first pole piece and the second thin film
surface of the bottom portion of the vertical thin film magnetic gap layer directly engaging
the pole tip of the vertical component of the second pole piece;

the second pole piece having an angled portion which is integral with the vertical
component of the second pole piece, the angled portion angling from the vertical
component and making direct engagement with an exposéd end of the horizontal
component of the second pole piece; and .

the exposed end of the horizontal component of the sec'ond pole piece having been
exposed by a process of lapping the top portion of the vertical thin film magnetic gap layer.

In accordance with a fourth aspect of the present invention there is disclosed a
method of making a magnetic head assembly comprising the steps of:

forming a substantially horizontal first pole piece, the horizontal first pole piece
having a front edge;

forming in unordered steps an insulation stack, a coil assembly and a horizontal
component of a second pole piece on said horizontal first pole piece wherein the insulation
stack includes a plurality of insulation layers, the coil assembly includes at least one coil
layer sandwiched between the insulation layers and the horizontal component of the second
pole piece has a front edge;

forming a vertical gap layer on the front edge of the first pole piece and on the
front edge of the horizontal component of the second pole piece;

removing a portion of the gap layer adjacent the front edge of the horizontal
component of the second pole piece so that the front edge of the horizontal component of
the second pole piece is exposed; and

forming a vertical component of the second pole piece on the gap layer and on the

exposed front edge of the horizontal component of the second pole piece.



the pole tip of the vertical conponent of the secqm vrcene first
pol e piece and the horizontal conponent of the sed® i{ng
magneti cal ly connected at a back gap; a thin filmjsuspensi on of rgsijlient

-material covering the first pole piece and the horl Jondld JBb9¥hent jof the

second pol e piece between the vertical thin filmnagnetic gap | aygr jand the
“back gap and continuing a distance past_the back dap™away TTONT T fli rst
pol e piece and the horizontal conmponent3bof the sedond pole piece; the thin

filmmagnetic gap | ayer having an aperture opposite an end of the

hori zontal conponent of the,second pole piece, and the vertical.¢ nent
of the second BI%’CB'%B%C B‘éﬁhn%?%@lnﬁ%ﬁte EhS q,r%sgntgmye%?or{ ﬁ'éer%g 9?8@?% a
conponentméthod for aekoda p@ntbimitRacthih fidk ghagmrtid lrpé rifansduced and suspdnsiosk
drive including the thin filmmagnetic head for |ongitudinal recording of
claimb5, Sﬁ’ﬂé’“@ﬁ"é‘?&’rﬁmg@eﬁ?ﬁgbi ng: a housing; nmeans nounted in the housing
for rotating a gmganmgiaGvafesiibs@aeact uator nmounted in the housing; and the

thin fil msuspension being nounted on the actuator so that the pole tips of
the first and Jeuning adopngreniecs region presai getaed pubstrafeansduci ng

rel ationship wfgg?lﬁgﬁ%ﬁgsé%y&m%m%ﬁib%ﬁ?. A thin filmmagnetic

head for longitu recordi ng conpri sing:
forming a first pole piece of a magnetic material on said formed release layer and

—+

said contact region;

forming a patterned back gap member on said formed first pole piece;

forming a wear resistant layer on said formed first pole piece extending along a
distance for a suspension section;

forming a magnetic and electrical isolation layer on said formed wear resistant
layer covering at least said first pole piece layer and extending along the distance for the
suspension section as a first suspension layer;

forming a first one-half of a thin film coil of an electrically conductive material on
said formed isolation layer;

forming a first electrical insulating layer covering at least said formed one-half of
the thin film coil;

forming a horizontal section of a patterned second pole piece layer of a magnetic
material on said formed insulating layer;

forming a second electrical insulating layer covering at least said patterned second
pole piece layer;

forming a second one-half of the thin film coil of an electrically conductive
material on said formed second electrical insulating layer and electrically connected to said
first one-half to form a complete coil;

forming a magnetic and electrical isolation layer on said formed second one-half
of the thin film coil and extending the distance for the suspension section as a second
suspension layer;

forming a magnetic gap layer of a magnetically insulating material on a free end
of the assembly produced by the forming steps and covering the end of said formed first

pole piece layer opposite to said formed back gap layer;



a horizontal thin filmfirst pole piece having a pale.llp, 20..a thin

- fil msecond pol e piece having a horizontal conpo\é.f n fially
vertical conponent the vertical conponent having a'rw¥+ ‘|te t he
"pole tip of the first pole piece; a substantiall fli l{m
magnetic gap | ayer having top and botton1portion~f; oftijon of
the vertical thin filmmagnetic gap |ayer being { 2hed betwegnit he pol e
tip of the first pole piece and the pol & tip of tlhe vertlcal gent of
t he second pole plece the bottom portion of the et '
nagnetlc gap |l a havi n I rst. _and.sec nd hi n surf ces,.the first
ond second ¢ hi niormink & el ieof A & 3oind oalfitte BRe dﬁ% iggactlc

deposi ti Ofmaitkib N $aid BhRednagnbic g Byert hin fil msurface of the bottom
portion of the vertical thin filmmgnetic gap | ayer directly engaging the

pole tip of theformng a seYRng HeECUYRay¢eovsE 4R dormsd-pale pipce yertisaksestionne
bott om po&ﬁf on of the vertical thin filmnmagnetic gap |layer directly

engaging the pole tip of the vertical conponent of the second Pole pi ece;
releasing the substrate from said formed contact pad layer and said formed first

pole piece layer by dissolving the release layer.

An embodiment of the present invention provides a unitary magnetic transducer
and suspension structure for longitudinal recording which can be used for contact
recording or for flying above the media. The transducer includes a horizontal first pole
piece and a horizontal and vertical sectioned second pole piece. A magnetic gap is formed
between the first pole piece and the vertical section of the second pole piece. The pole
pieces are shaped to avoid magnetic saturation and to provide narrow poletips. The
suspension is formed mainly from two layers. The first layer is an insulation layer that
separates the first horizontal pole piece and the horizontal section of the second pole piece.
The second layer is an insulation layer that covers and protects the transducer layérs.

Hinkel et al, USP 4,624,048 discloses a process for making magnetic head
substrates suitable for use with the present invention.

In an embodiment of the method of producing the unitary magnetic transducer and
suspension struction, a plurality of contact pads of patterned photoresist is formed on the
substrate in a row and column configuration. A release layer is then deposited on the
substrate. A first pole piece is pattern formed in partial contact on each contact pad. A
thick back gap layer of magnetic material is deposited on each first pole piece. A wear-
resistant layer followed by a thick layer of electrical and magnetic insulative material is
deposited. This layer forms part of the suspension portion of the unitary structure. This
suspension film is lapped flat and an initial coil layer is formed on the suspension film for
each pole piece. A second pole piece of magnetic layer is deposited for each first pole
piece on an insulation layer at least partially covering the initial coil layer. An insulation
layer covers the second pole piece layers, but permits contact to the initial coil layer. The
coil circuit is then completed on this insulation layer along with conductor leads connected
to the coil circuit. The conductor leads and subsequently deposited conductor studs

provide the connection to the drive circuitry (not shown) for each transducer. A second



the first pole piece and the horizontal conponent of Di ece
* bei ng magnetically connected at a back gap; a thin fli lJm3suspenston pf
resilient material covering the first pole piece and tfthel@aililz ®9gel
‘conponent of the second pol e piece between the vertijcgl thin film nhghetic
gap layer and the back gap and continuing a distanc ap away
fromthe first pole piece and the horizontal conpongnt of the second pole

pi ece; the second pol e piece having an &hgled portio i
with the vertical conponent of the second pol e piece, the angled portion
angling f he vertical . comonent and. maki ng dir.ect engagenent .wth an
exposed e{r}fgﬁ@o#ay? h 8F ﬁ&ﬁg ﬁkcgh %&pn&acgﬁ?ﬁ%% dplagye ngeréaé & ﬁ&%@%@gﬁqﬁ% forgh the he
exposed esedomd andlastRiti ofahé sdspesigopstibn of tht heiaeeenduRol e pi ece having
been exposed by a process of Fapping the top portion of the vertical thin
filmmagnetic gap | ayer. 8. A thin fil mmgnetic head for |ongitudinal
recording as clainmed in claim?7 including: the pole tip of the first pole
pi ece being horizontal and substantially perpendicular to the vertical
conponent of the second pole piece; and the first pole piece having a
downwar dl y sl oping portion which is adjacent to




21 the pole tip of the first pole piece. 9. A di

PLACGMENT SHERTY ¢ he
- thin filmmagnetic head for |ongitudinal recording gf armUsTeTE=l sk
dri ' ousi ng; neans nounted in the hogsiingy ?QuLr hgj a
rragnmngﬂllmunﬂumt uator nmounted in the housing; &ng L |
suspenst ort b& n§ ndbunted on the actuator so that thg p first

- b v vy

‘respect to the magnetic disk. 10. A het hod of nmakin rad
assenbly conprising the steps of: formng a substantially horizontal first
pol e piecg, .the horizontal first pole piece having a front edge; formng in
unor dere @{’Ei)s an insulation stack, a coil assenbly and a hori zont al

conponent].of a gesAin@iretih A ARgHRICThAA hARMCRE ahil 'stbpeRSlof YSREE for
wherein the jnsulation stack includes a plurality of insulation’layers, the

coi | assédgrBejuding recpeding comprsitgone coil | ayer sandw ched between the
I nsul ation | ayeﬁﬁoﬁi&ﬁt&l'&ﬁnmim&ép%mﬂ?ﬁ (ﬂéﬁ he second pol e pi ece has
a ﬁ n ? e

a front edge; formng a vertical "gap layer T ont edge of the first
pol e pi ece and @substaatiallpmerticalghinofilnt egieticigap hayst having oppositelyf facing fastcond

pol e pi ©Cahd second substantially vertical thin film surfaces;

the first and second vertical thin film surfaces being made by a process of thin
film deposition without lapping;

the first thin film surface of the thin film magnetic gap layer directly contacting
the pole tip of the horizontal thin film first pole piece; )

a thin film second pole piece having a vertical component which has a pole tip
directly contacting the second vertical thin film surface of the thin film magnetic gap layer
and a horizontal component magnetically isolated from, but adjacent and parallel to, said
first pole piece, said first and second pole pieces magnetically connected at a back gap
region and magnetically isolated at their pole tips by said magnetic gap;

a thin film coil electrically isolated from but magnetically activating said first and

“second pole pieces and encircling the horizontal component of said second pole piece;

said first and second pole pieces being configured with a wider surface at their
back gap region and narrower surfaces at their pole tips;

a suspension layer of a thin film layer of a resilient material at least covering said
second pole piece horizontal bomponent and being electrically and magnetically isolated
from said second pole piece and said coil, said resilient material extending beyond the back
gap region;

the pole tip of the first pole piece being horizontal and substantially perpendicular
to the vertical component of the second pole piece;

the first pole piece having a downwardly sloping portion which is adjacent to the
pole tip of the first pole piece;

the first pole piece narrowing in width from said sloping portion to the pole tip;
and

the vertical component of said second pole piece having an essentially vertical

portion on an end adjacent to said magnetic gap layer and having a portion on a second end



. ME ShCE]
removing a portion of the gap |ayer adjacent the frojt ]

- hori ﬁm‘ of the second pole piece so tha} {helZdJtibi19890d qf the
horl‘mmmmumm of the second pole piece is expps; I nNg ja
"verticalt canpdneht 'of the second pol e piece on the ghp Tt e
exposed front edge of the horizontal conponent of th | e pieqe.
11, A nethod as clainmed in claim 10 wherein the step of renoving
conprises formng a via in said gap | aydr to expose the front edge of the
hori zontal conponent of the second pol e piece. 12. A nmet hod as cl ai med

inclaim] er ei he st Of _renovi comprises | appin e | ayer at
an angl e ‘f’@lﬁﬁﬁa %’1%2“‘; FORY %ﬁ'ﬁe{h& ests?{gaaﬂgr\(e?g%{i aﬁo(?%%’rr%g ﬁgﬂgcog S ﬁ@ﬁg%r@ nd
pol e pi ec@niponextfsaidisecordd puie prdge of the horizontal conponent of the
second pon%e pi eéﬁ. 1C§, Alﬂ‘?t hod.as claimed in claim10 further

conpri si t he A5k BrveRAssaRHY CPREIYEET i cal conponent of the second pol e
piece with a naarﬁ&&gr%grtion adj acent the front edge of the first pole
piece and with a wi de portion adjacent the front edge of the horizontal
conponent of tf?eﬂg’é‘cblﬁgefp@pémﬁdé@ gaidihpusing having: meansder stosingedatd in greksm 13
wherein t}ﬁfmﬁﬁ@dﬁ{éﬁz tep of formng the vertical conponent, the step of

removi ng ‘conprises forming a via in said gap | ayer to expose the
means for rotating said rigid platter in said housing;

an actuator arm positioned in said housing and operable to place a free end in
proximity to one track of said rigid platter;

means for positioning said actuator arm adjacent to a particular track on said rigid
platter;

a combination thin film magnetic head transducer and suspension system for
longitudinal recording mounted to the free end of said actuator arm and including:

a horizontal thin film first pole piece having a pole tip;

a substantially vertical thin film magnetic gap layer having oppositely facing first
and second substantially vertical thin film surfaces;

the first and second vertical thin film surfaces being made by a process of thin
film deposition without lapping;

the first thin film surface of the thin film magnetic gap layer directly contacting
the pole tip of the horizontal thin film first pole piece;

a thin film second pole piece having a vertical component with a pole tip directly
contacting the second vertical thin film surface of the thin film magnetic gap and a
horizontal component magnetically isolated from, but adjacent and parallel to, said first
pole piece, said first and second pole pieces being magnetically connected at a back gap
region and magnetically isolated at their pole tips by said magnetic gap;

said first and second pole pieces being configured with a wider surface at their
back gap region and narrower surfaces at their pole tips;

a thin film coil electrically isolated from, but magnetically activating, said first
and second pole pieces and encircling the horizontal component of said second pole piece;
and

a suspension layer of a thin film layer of a resilient material at least covering



" et hogmmﬁmi ' aim 13 wherein before the step

verti lm;m"”nl% step of renoving conprisesjlp |l ayer at
“an angl'e ttoward®the fsont edge of the horizontal cpnpegent of the fsgcond
pole piece to expose the front edge of the horizonfal conponent of
.second pol e piece. 16. A nethod as clained i n crerrm=t-fuithor,
conprising the step of formng a suspenb? on |ayer or |layers on the first

pol e piece and/or the horizontal conponent of the second pol e piece which
extends f | t LI RE I i and
The. hor i zana i8I BEEE phopBueL e 3R hing HEGHEAR' o dBadhleBEd

cl ai med i soletedifrom Gaifiisetdndrpodepiece sndspid tnsl, stid pesitient orandriad) exthedifg bsyorpbl e
pi ece w tt I‘?i .St _and. second horizontal portions which are interconnected by
an i ntercon gﬁg??greﬁﬁ)ﬁi on which slopes downwardly fromsaid first

hori zontal por tihemolettiysaf the FROqRIE pietd Baiyg Bridoatal hsubistagtiSBE petPertinail &0 Rt al

portion termnating in said front edge of the first pole piece. 18.
met hod astoéh%ﬂ"%ﬂ‘gicﬁn&o&T’%Oﬁhef‘-i?P?’HgPOIEBWﬁ‘?;i sing the steps of: forming said

second hori zontgk ﬂ?&rﬁdlégﬂiecé Bevigan do%%r@f‘ﬁlobﬁ@ poRiidd GRIchGOIBAERto &fe t e

second pol e piece wth bottom surfaces whictch are contiguous wth respect to

one anot heele tinef thedfingt paje piesenend | ayer over the vertical conponent of the
second pol e pi &ge J@pﬁ&l %o&%&ﬁéﬂ?o?%ff&e%of{ﬂ‘ b618 PiSoe VI MP USselidily LhBCRO tom
surfaces of the vertical conponent 0

portion on an end adjacent to said magnetic gap and having a portion on a second end

which is angled away from the essentially vertical portion to contact the horizontal
component of said second j;!ole piece.
3. A thin film magnetic head for longitudinal recording comprising:

a horizontal thin film first pole piece having a pole tip;

a thin film second pole piece having a horizontal component and a substantially
vertical component, the vertical component having a pole tip opposite the pole tip of the
first pole piece;

a substantially vertical thin film magnetic gap layer having top and bottom
portions;

the bottom portion of the vertical thin film magnetic gap layer being sandwiched
between the pole tip of the first pole piece and the pole tip of the vertical component of the
second pole piece;

the bottom portion of the vertical thin film magnetic gap layer having first and
second thin film surfaces the first and second thin film surfaces being made by a process of
thin film deposition without lapping; ' .

the first thin film surface of the bottom portion of the vertical thin film magnetic
gap layer directly engaging the pole tip of the first pole piece and the second thin film
surface of the bottom portion of the vertical thin film magnetic gap layer directly engaging
the pole tip of the vertical component of the second pole piece;

the second pole piece having an angled portion which is integral with the vertical
component of the second pole piece, the angled portion angling from the vertical
component and making direct engagement with an exposed end of the horizontal

component of the second pole piece; and



t he second pol e piece, the gap |layer and the second '&E

DIV D G
-t hat es forman air bearing surface
cI al nﬂm]ﬁ llHﬂHﬂm”Zﬂirther conprising the step of bgf Dreﬁl?dUﬁn‘W@th first
; pt ece, f omm substrate with a downwardly sl pp|ng portlontoform
sal d |nterconnect| ng portion of the first pole piece A Tet hod jas
‘clainmed in claim19 further conprising the steps of: before formng.t
“first pole piece forming a conductive r& ease | ayer on the substrate; and

23 enpl oying the conductive rel ease Iayer as a seedl ayer for formng the

Tirst pole piec | ai ned i furth i sin
Lhe st o ob: <10k skpsed endofis Banadiacm el tiumedirns Pebe Rhfd B, "
portion Oéprbéﬂ Byt & pfocéﬁkﬁ"lﬂi}ﬁﬁfgéthémb poreionof the ¥aitiah] thnflen@ainedic ghp eayeecond
pol e piec and forrP ng a a?t(ﬂ? back. of the, back gap connection. 22.

A et hod s cl af\ilia fiim ‘E‘P%Heﬁ‘Fi‘Ga loneitudigalyerafing CORPTISNEDs of . forning a

back gap connecs h@fzdaed WALk st fol6 biebOkdviRS plile BBy t i on of the first

a thin film second pole piece having a horizontal component and a substantially

vertical component, the vertical component having a pole tip opposite the pole tip of the
first pole piece;

a substantially vertical thin film magnetic gap layer having top and bottom
portions;

the bottom portion of the vertical thin film magnetic gap layer being sandwiched
between the pole tip of the first pole piece and the pole tip of the vertical component of the
second pole piece;

the bottom portion of the vertical thin film magnetic gap layer having first and
second thin film surfaces, the first and second thin film surfaces being made by a process
of thin film deposition without lapping;

the first thin film surface of the bottom portion of the vertical thin film magnetic
gap layer directly engaging the pole tip of the first pole piece and the second thin film
surface of the bottom portion of the vertical thin film magnetic gap layer directly engaging
the pole tip of the vertical component of the second pole piece;

the top portion of the thin film magnetic gap layer having an aperture opposite an
end of the horizontal component of the second pole piece; and

the vertical component of the second pole piece being connected to the end of the
horizontal component of the second pole piece through said aperture.

5. A thin film magnetic head for longitudinal recording comprising:.

a horizontal thin film first pole piece having a pole tip;

a thin film second pole piece having a horizontal component and a substantially
vertical component the vertical component having a pole tip opposite the pole tip of the
first pole piece;

a substantially vertical thin film magnetic gap layer having top and bottom

portions;



pol e pmcii\zgnt al conponent of the second ;%@EMW7'=fter
-form ng irst pole piece formng a first one of shild insul ation ajers
on top Mﬂ@k{mﬂ’ pi ece so that after formng s i dd ok dpgm| !
tonmponent e pol e piece the first insulatijorf_|ayer is Ioct%d
bet ween the first p%l € piece and the horizontal conpgnent of the n

pol e piece and extends back from sai d back gap conned=mer-forn ng a pair

of |eads on top of the first insulation ’I9ayer fromsaid at | east one coil
l.,ayer to a |ocation back of said back gap connection; depositing a second

one of said ins | —IP%%Q t.Qn: ' 0O B - d
the | eads; and ;tggﬁr%bﬁ%hl pa(?rfog?lec‘%gt%cggz@%ggg%aﬁhﬁiéﬁelggﬁggl%%ﬁﬁ %}%H
| ayer in destwesnt the poleitifhof the fipstipoleafiedecrmd sbe pdle tip of fhernettivall cormpaieat afthei n
claim?22 further .conprising the steps of: formng each of the first and
second inssu?oé’tdle%qjiepla?y%rs with a front edge which is contiguous with the

front dedgfas of tthe bbttgmt p@tibe of itl&](c:e?:ﬁbd thimeﬁ]lﬁm hiagﬂeﬁi‘.oagapCl@wOmig ﬁi‘sfttdind

second pol e pigce; .and the step. o or m i gap.l ayer. conpri ses form ng

the gap | ayeind i flns mese@\@ﬁﬁratfanérﬁ@cqn oo gy Sirfioes being B b3 POAES of

the hori Z@ﬁhﬂﬂﬂ%@ﬁﬁbn%ﬂfohﬁa piagnd pol e piece and the front edges of
con I

the first and se I nsul ation Tayers. 24. A nmethod as clainmed in claim

23 further conprthe fisg thindilsm gpfaceiof the bottom portion of the vertical thin film magnetic
gap layer directly engaging the pole tip of the first pole piece and the second thin film
surface of the bottom portion of the vertical thin film magnetic gap layer directly engaging
the pole tip of the vertical component of the second pole piece;

the first pole piece and the horizontal component of the second pole piece being
magnetically connected at a back gap;

a thin film suspension of resilient material covering the first pole piece and the
horizontal component of the second pole piece between the vertical thin film magnetic gap
layer and the back gap and continuing a distance past the back gap away from the first pole
piece and the horizontal component of the second pole piece;

the thin film magnetic gap layer having an aperture opposite an end of the
horizontal component of the second pole piece; and

the vertical component of the second pole piece being connected to the end of the
horizontal component of the second pole piece through said aperture.

6. A disk drive including the thin film magnetic head for longitudinal recording of
claim 5, the disk drive including:

a housing;

means mounted in the housing for rotating a magnetic disk;

an actuator mounted in the housing; and

the thin film suspension being mounted on the actuator so that the pole tips of the
first and second pole pieces can be placed in a transducing relationship with respect to the
magnetic disk.

7. A thin film magnetic head for longitudinal recording comprising:

a horizontal thin film first pole piece having a pole tip;



before formng the gap layer, formng a nultiple of s
-pole i | ayers, coil layer, |eads and
and mﬂmluiﬂgaﬁyﬂrate; 24 dicing the substrat
Substrate raws us respective front edges are exp st adj acent a
substrate row edge of each substrate row, the step of jformng fﬁe gap
conprises fornming the gap | ayer on one of the substra he
of forming the vertical component of the&lsecond pol e piece conprising

ort aidfadSI n o

yer
Btep

f.orm ng the vertical conponent of the second pol e piece on the gap |ayer on

e secon

the $Ub5t rate r %\r,\(hf gg’frl %@0%{1?{50?9 glef:e @2{1% Q%og'ggnt ]%(Jn %Xtegndc 8 gplfoo tlgﬁt

€ pfece
on the subwsitical eompwnend ties veltical ngnipoeerstudsingad pole cmv opyositelitecpode eip of the

formng the cov ‘Corrponen

substrate E\Ahioi% support discrete reed magnetic heads; and rel easing said

di screte

portions;

the bottom portion of the vertical thin film magnetic gap layer being sandwiched
between the pole tip of the first pole piece and the pole tip of the vertical component of the

second pole piece;

the bottom portion of the vertical thin film magnetic gap layer having first and
second thin film surfaces, the first and second thin film surfaces being made by a process

of thin film deposition without lapping;

the first thin film surface of the bottom portion of the vertical thin film magnetic
gap layer directly engaging the pole tip of the first pole piece and the second thin film
surface of the bottom portion of the vertical thin film magnetic gap layer directly engaging

the pole tip of the vertical component of the second pole piece;

the first pole piece and the horizontal component of the second pole piece being

magnetically connected at a back gap;

a thin film suspension of resilient material covering the first pole piece and the
horizontal component of the second pole piece between the vertical thin film magnetic gap
layer and the back gap and continuing a distance past the back gap away from the first pole

piece and the horizontal component of the second pole piece;

the second pole piece having an angled portion which is integral with the vertical
component of the second pole piece, the angled portion angling from the vertical

component and making direct engagement with an exposed end of the horizontal

component of the second pole piece; and

the exposed end of the horizontal component of the second pole piece having been
exposed by a process of lapping the top portion of the vertical thin film magnetic gap layer.

8. A thin film magnetic head for longitudinal recording as claimed in claim 7

including:

the pole tip of the first pole piece being horizontal and substantially perpendicular

to the vertical component of the second pole piece; and

the first pole piece having a downwardly sloping portion which is adjacent to

_ _ 1 &% ¢ heads from sai d_ di screte substrat es. 25. A net hod
as clained in C|aakﬁ6s23%tiﬁﬂi tyaaiical QRR Gifh rkﬁagd&ﬁc Séagplasiér hevwing nep tdhd bottom



verti cal conponent of the second pole piece with a na

“the fro st pole piece and with a wid
front eﬁumﬂﬂm‘mumruanntal conponent of the second po em?g%vgﬁ. A
‘met hod as ckFaiwedt i3 clt]aim 25 further conprising the jap of formhg th
first pole piece with first and second horizontal porgi '
interconnected by an interconnecting portion which sligpes downwardly frjom
said first horizontal portion to said sétond hori zont al portTom—the-second
horizontal portion terminating in said front edge of the first pole piece.
27. A | I.n:cl.aim?26 further conprising the steps of:
form ng sgﬁ%p@gé@ﬁ"ﬁ%ﬁ% %fteg)llé‘égbrtion, the gap | ayer and the verti cal
conponent 9of t hé disk ainire podledipg doe thin fikmboignetic Seadf foc dengifuidinial eacerding of
contiguous, W th..respect t.o one another; and form ng a cover |ayer over the
verti cal 8]8%§ng’r?tds1§?&r”?em§18§%d pol e piece with a bottom surface which is
contiguous w thatbesihgtt om surfaces of the vertical conponent of the second

pol e piece, the gap | ayer .an he ,second hori zont a| rtion so that the
bot t om sur f aces W&ﬁ“ﬁ?l‘ng’ééppﬁﬁg Qfrpighag a magnetic ‘ﬁﬁﬁmt hod as clained in
clai m 27 wher ei g bQatdt fduffed i€ RHIGngMAr i ses fornmng a via in said gap

| ayer to expose the front edge of the horizontal conponent of the second
pol e pi ece. the thin film suspension being mounted on the actuator so that the pole tips of the

CEMED 8HERgent
%&mg@% tn he

first and second pole pieces can be placed in a transducing relationship with respect to the
magnetic disk.
10. A method of making a magnetic head assembly comprising the steps of:

forming a substantially horizontal first pole piece, the horizontal first pole piece
having a front edge;

forming in unordered steps an insulation stack, a coil assembly and a horizontal
component of a second pole piece on said horizontal first pole piece wherein the insulation
stack includes a plurality of insulation layers, the coil assembly includes at least one coil
layer sandwiched between the insulation layers and the horizontal component of the second
pole piece has a front edge;

forming a vertical gap layer on the front edge of the first pole piece and on the
front edge of the horizontal component of the second pole piece;

removing a portion of the gap layer adjacent the front edge of the horizontal
component of the second pole piece so that the front edge of the horizontal component of
the second pole piece is exposed; and

forming a vertical component of the second pole piece on the gap layer and on the
exposed front edge of the horizontal component of the second pole piece.
11.” A method as claimed in claim 10 wherein the step of removing comprises forming
a via in said gap layer to expose the front edge of the horizontal component of the second
pole piece.
12. A method as claimed in claim 10 wherein the step of removing comprises lapping
the gap layer at an angle toward the front edge of the horizontal component of the second
pole piece to expose the front edge of the horizontal component of the second pole piece.
13. A method as claimed in claim 10 further comprising the step of forming the

vertical component of the second pole piece with a narrow portion adjacent the front edge
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of the second pole piece; and

component, the step of removing comprises lapping the gap layer at an angle toward the
front edge of the horizontal component of the second pole piece to expose the front edge of
the horizontal componeént of the second pole piece.
16. A method as claimed in claim 10 further comprising the step of forming a
suspension layer or layers on the first pole piece and/or the horizontal component of the
second pole piece which extends from the gap layer to a location back of the first pole
piece and the horizontal component of the second poles piece.
17. A method as claimed in claim 10 further comprising the step of forming the first
pole pie&i:e with first and second horizontal portions which are interconnected by an
interconnecting portion which slopes downwardly from said first horizontal portion to said
second horizontal portion, the second horizontal portion terminating in said front edge of
the first pole piece. ,
18. A method as claimed in claim 17 further comprising the steps of:

forming said second horizontal portion, the gap layer and the vertical component
of the second pole piece with bottom surfaces which are contiguous with respect to one
another; and

forming a cover layer over the vertical component of the second pole piece with a
bottom surface which is contiguous with the bottom surfaces of the vertical component of
the 'second pole piece, the gap layer and the second horizontal portion so that the bottom
surfaces form an air bearing surface,
19. A method as claimed in claim 18 further comprising the step of before forming
the first pole piece, forming a substrate with a downwardly sloping portion to form said
interconnecting portion of the first pole piece.
20. A method as claimed in claim 19 further comprising the steps of:

before forming the first pole piece forming a conductive release layer on the

substrate; and
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form a wear |ayer back of the back gap connection. g it _?h‘ﬁﬁz’ f
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pole piece and the horizontal component of the second pole piece; and

forming a wear layer back of the back gap connection.
22, A method as claimed in claim 10 further comprising the steps of:

forming a back gap connection between the first horizontal portion of the first
pole piece and the horizontal component of the second pole piece; and

after forming the first pole piece forming a first one of said insulation layers on
top of the first pole piece so that after forming said horizontal component of the second
pole piece the first insulation layer is located between the first pole piece and the
horizontal component of the second pole piece and extends back from said back gap
connection; '

i forming a pair of leads on top of the first insulation layer from said at least one

coil layer to a location back of said back gap connection;

depositing a second one of said insulation layers on top of said at least one coil
layer and the leads; and

forming a pair of contact pads in the second insulation layer in connection with
the pair of leads.
23. A method as claimed in claim 22 further comprising the steps of:

forming each of the first and second insulation layers with a front edge which is
contiguous with the front edges of the first pole piece and the horizontal component of the
second pole piece; and '

the step of forming the gap layer comprises forming the gap layer on the front
edge of the first pole piece, the front edge of the horizontal component of the second pole
piece and the front edges of the first and second insulation layers.
24, A method as claimed in claim 23 further comprising the steps of:

before forming the gap layer, forming a multiple of said first and second pole
pieces insulation layers, coil layer, leads and contact pads in rows and columns on a

substrate;
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row edge;

the step of forming the cover layer comprising forming the cover layer on the
vertical component of the second pole piece on the substrate row edge;

dicing the substrate row into discrete substrates which support discrete reed
magnetic heads; and _

releasing said discrete reed magnetic heads from said discrete substrates.
25. A method as claimed in clasim 23 further comprising the step of forming the
vertical component of the second pole piece with a narrow portion adjacent the front edge
of the first pole piece and with a wide portion adjacent the front edge of the horizontal
component of the second pole piece.
26. A method as claimed in claim 25 further comprising the step of forming the first
pole piece with first and second horizontal portions which are interconnected by an
interconnecting portion which slopes downwardly from said first horizontal portion to said
second horizontal portion, the second horizontal portion terminating in said front edge of
the first pole piece.
27. A method as claimed in claim 26 further comprising the steps of:

forming said second horizontal portion, the gap layer and the vertical component
of the second pole piece with bottom surfaces which are contiguous with respect to one
another; and

forming a cover layer over the vertical component of the second pole piece with a
bottom surface which is contiguous with the bottom surfaces of the vertical component of
the second pole piece, the gap layer and the second horizontal portion so that the bottom
surfaces form an air bearing surface. )
28. A method as claimed in claim 27 wherein the step of removing comprises forming
a via in said gap layer to expose the front edge of the horizontal component of the second

pole piece.
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interconnecting portion of the first pole piece.
31. A method as claimed in claim 30 further comprising the steps of:

before forming the first pole piece forming a conductive release layer on the
substrate; and

employing the conductive release layer as a seedlayer for forming the first pole
piece.
32. A method as claimed in claim 31 further comprising the step of forming a
suspension layer or layers on :the first pole piece and/or the horizontal component of the
second pole piece which extends from the gap layer to a location back of the first pole
piece and the horizontal comp:;ment of the second pole piece.
33. A method as claimed in claim 32 further comprising the steps of’

forming a back gap connection between the first horizontal portion of the first
pole piece and the horizontal component of the second pole piece; and

forming a wear layer back of the back gap connection.
34. A method as claimed in claim 33 wherein the step of removing comprises forming
a via in said gap layer to expose fhe front edge of the horizontal component of the second
pole piece.
35. A method as claimed in claim 33 wherein the step of removing comprises lapping
the gap layer at an angle toward the front edge of the horizontal component of the second
pole piece to expose the front edge of the horizontal component of the second pole piece.
36. A method for making a combination thin film magnetic head transducer and
suspension system comprising the steps of:

obtaining a wafer substrate;

forming a sloping contact region on said obtained substrate;

forming a release layer on said obtained substrate;

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

said contact region;
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said formed isolation layer;

forming a first electrical insulating layer covering at least said formed one-half of
the thin film coil;

forming a horizontal section of a patterned second pole piece layer of a magnetic
material on said formed insulating layer;

forming a second electrical insulating layer covering at least said patterned second
pole piece layer;

forming a second one-half of the thin film coil of an’ electrically conductive
material on said formed second electrical insulating layer and electrically connected to said
first one-half to form a complete coil;

forming a magnetic and electrical isolation layer on said formed second one-half
of the thin film coil and extending the distance for the suspension section as a second
suspension layer;

forming a magnetic gap layer of a magnetically insulating material on a free end
of the assembly produced by the forming steps and covering the end of said formed first
pole piece layer opposite to said formed back gap layer;

forming a vertical section of the patterned second pole piece layer of a magnetic
material on said formed magnetic gap layer;

forming a covering protective layer over said formed pole piece vertical section;
and

releasing the substrate from said formed contact pad layer and said formed first
pole piece layer by dissolving the release layer,
37. A method for making a combination thin film magnetic head transducer and

suspension system as defined in claim 36 further including the steps of:
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connected to said formed second half of the coil; and
forming conductor pads for said formed first and second conductor layers adjacent
to an end of the suspension section opposite to the formed first and second pole pieces.
38. A method for making a combination thin fillm magnetic head transducer and
suspension system as defined in claim 36 wherein the steps of forming a first pole piece of
a magnetic material, forming a horizontal section of a patterned second pole piece layer of
a magnetic material, and forming a vertical section of the patterned second pole piece layer
of a magnetic material configure said first and second pole pieces with a wider surface at
their back gap region and narrower surfaces at their pole tips.
39. A method for making a combination thin film ' magnetic head transducer and
suspension system suitable for longitudinal recording, said method comprising the steps of:
a) obtaining a substrate wafer;
b) creating multiple rows and columns of combination systems on said obtained
substrate wafer by;
1) forming a sloping contact region on said obtained wafer along each of
the created multiples rows at one edge thereof}
2) forming a release layer on said obtained wafer and over each of said
formed sloping contact regions;
3) forming a first pole piece of a magnetic material on said formed
release layer and each patterned contact pad; '
4) forming a patterned back gap member on each formed first pole
pieces:
5) forming a wear resistant layer on said formed first pole pieces
extending along a distance for a suspension section for each formed first pole piece;
6) forming a magnetic and electrical isolation layer on said formed wear

resistant layers covering at least said first pole piece layers and extending along the
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magnetic material on said formed insulating layer for each of said formed first pole pieces;

10) forming a second electrical insulating layer covering at least each of
said patterned second pole piece layers;

11) forming a second one-balf of the thin film coil of an electrically
conductive material on said formed second electrical insulating layer for each of said
formed first one-half of the thin film coils;

12) forming a magnetic and electrical isolation layer on each formed
second one-half of the thin film coil and extending the distance for each suspension section
as a second suspension layer;

¢) detaching a row from said created multiple rows and columns on said obtained
substrate wafer and containing said combination systems;

d) lapping a preselected design on each detached row on the edge having the
sloping contact region;

e) forming a magnetic gap layer of insulator material on each lapped row edge of
each detached row;

ﬁ forming a layer of a magnetic material to provide a vertical section of said
formed horizontal section of the second pole piece on said formed gap layer ends of each
detached row; and,

g) forming a covering protective layer over said formed vertical section of said
second pole piece of each detached row.

40. A method for making a combination thin film magnetic head transducer and
suspension system suitable for longitudinal recording as defined in claim 39 further

including the steps of:
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a) detaching individual combination systems from each detached row; and
b) releasing said substrate from each detached individual combination system by

dissolving the release layer.



REPLACEMENT SHEET
37 JUL 999

30

UNITARY MAGNETIC TRANSDUCER AND SUSPENSION STRUCTURE
FOR LONGITUDINAL OPERATION

ABSTRACT

A unitary magnetic transglucer and suspension structure for longitudinal recording
which can be used for contact recording and flying above the media. The transducer
includes a horizontal first pole piece (62) and a Iiorizontal and vertical sectioned second pole
piece. The magnetic gap is formed between the first pole piece (62) and the vertical section
of the second pole piece. The suspension layers are formed mainly from the insulation layer
(66) that separate the first horizontal pole piece (62) and the horizontal section (72) of the
second pole piece, and an insulation layer (74) that covers and protects the transducer
layers. The layers of the unitary structure head are deposited on a wafer in a row and
column configuration. A release layer (60) is deposited on the substrate (50) first and then
the individual thin film layers of the transducer (38) are deposited.

Fig. 4 |



