4’ LEW PROFI LE . THIN FI LM WRI TE HEAD BACKGROUND OF THE | NVENTI an-b. ., 2 Fi.efd
of the Invenhtion The present invention relates to a thih Filfmwifte head’
and nore particularly to athin filmwite head in which a segzg)pﬁl,._,pokg.,r‘jgp
with narrow track wi dth can be patterned and plated sinultaneously w th 4 -
second pol e piece. 2. Description of the Related Art Athin filmwite
head i ncludes first and second pol e pieces which are magnetically connected
in a pole tip region and at a back gap. In the pole tip region the first
and second pol e pieces provide first and second pole tips which are
separdted by a thin insulative gap layer. The pole tip region is defined by
a head surface and a zero throat hei ght between the head surface and the
back gap. A body portion of the head |ies between the zero throat height
and the back gap. In th e} : re-located one or
nore | ayers of pancake W&ﬁﬁ&g‘bﬁﬁﬁlé@g@%MMn | ayers. The
pancake coils couple-flux into the pole pieces and/or receive flux '
therefrom Each of the i-nsulation |ayers has an apex near the pole tip
region where the insulation |ayer commences. Each apex is |ocated at ‘or .
bet ween the zero throat hei n e back gap. |ln the prior art the apex
of a first insulation | aygﬁﬁgw% Q%rﬁﬂ‘g Is typically | ocated
at and defines the zero throat height. Each insulation |ayer has a steep
sloping surface fromits apex to its highest |evel above the first pole
piece. This slFi¢ld dfthe dusaftiony a process

The present invention relates to a thin film write head and more particularly to a thin

film. write head in which a second pole tip with narrow track width can be patterned and

plated simultaneously with-a second pole piece.

2. Description of the Related Arxt : o
. A thin film writé head inéludes_ first and second pole pieces which are magnetically
connected in a pole tip region and at a back gap. In the pole tip region the first and second
: pble pieces provide first and second pole tips which are separatz;.d by a thin insulative gap
layer. The pole tip region is defined by 2 head surface and a zero throat height between the
head surface and the back gap. -A body portion of the head lies between the zero throat
height and the back gap. In the body portion of the heéd there are located one or more layers
of pancake coils and a plurality of insulation layers. The panéake coils couple flux into the
pole pieces and/or receive flux therefrom. ‘
Each of the insulation layers has an apex near the pole tip region where the insulation
layer co@mces. Each apex is located at or between the zero throat height and the back .
i gap. In the prior art the apex of a first insulation layer above the first pole piece is typically
v lqéate;l ét and defines the 2610 throat height. Each insulation iayer has a steep sloping surface
frbm its apex to its highest level above the first pole piece. This slope is caused by a process
step in -wl_;ibli'the insulation layer is heated, The heating process drives out solvents causing
the -;nsuléﬁon layer to shrink and slope fronl the a?ex 1o the highest level. .
The second pole; piece has a flare point at which it widens beyond the width of the

~ -

second pole tip to form a large main-body portion. This f_lare_. point is located between the



“stepain which the insulation |layer is heated. The heating process drives
out solvents causing the insulation layer to shrink and sl ope fromthe apex
to the highest |level. The second pole piece has a flare point at which it
wi dens beyond the width of the second pole tip to forma |arge nmain body -
“portion. This flare point is |ocated between the 2 zero throat height
and the back gap. If-the flare point is set too far back towards the back
gap flux may leak fromthe pole piece due to the extra |l ength of narrow
materi al through which the flux nust be transmtted. However, setting the.
flare poi.nt too close to the zero throat height may prevent sinultaneous
fabrication of the second pol e piece2and a high resol ution narrow track

wi dt h second pole tip as will be explained in nore detail hereinafter. The
length of the gap |ayer between the second pole tip and the-first pole tip,
and t heerodhrdag'gmht and the hack gep.cdhthepiare poins isiset tohdfanback towardsathediagkent s
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configuration of the second pole tip are the most crucial elements in a thin film write head.

The length of the gap layer at the head surface determines the linear density of the head,
namely how many bits per linear inch of a magnetic medium the head can write. The width
of the second pole tip determines head track width, which establishes how many tracks per
width of a magnetic medium in inches can be written by the head. The product of these two
factors is areal density. With present day demands for storing and processing large amounts
of data, such as in high definition television (HDTV), there is a strong felt need for a thin
film write head which provides high areal density by way of a high resolution, narrow track
width second pole tip. .

A high resolution second pole tip can be made by an image transfer proceés followed
by reactive ion etching. The image transfer process typically masks the top surface of a resist
layer with a metal pattern which is unaffected by reactive ion etching. The area n.ot covered
by the mask is where the pole tip is to be plated, and this -area is shaped by reactive ion
etching. The steps of depositing the metal pattern and etching are very costly. The second
pole tip can also be made by ion-beam etching in which the second pole piece is bombarded
with ions to form a second pole tip with a desired track width. This process is also very
costl};. In both of these methods the second pole. tip is constructed individually and then the

| remainder of .the second pole piece is stitched to the second pole by ordinary
photolithography. ' '
| 'fhe least costly process for makiﬁg the second pole tip is to construct it with the same ~ _ -
process steps which construct the second pole piece. These process steps employ a single
photoresist layer which can be patterned for plating the entire second pole piece along with -



~filmwite head which provides high areal density by way of a high
resolution, narrow track width second pole tip. A high resolution second
pole tip can be nade by an i mage transfer process followed by reactive ion
_etching. The inmage transfer process typically masks the top surface of a”
.resist layer with a netal pattern which is unaffected by reactive ion
etching. The area net covered by the nask is where the pole tip is to be
plated, and this area is shaped by reactive ion etching. The steps of
depositing the netal pattern and etching are very costly. The second pol e
tip can also be made by ion beametching in which the second pole piece is
. bonbarded with ions to forma secoAd pole tip with a desired track w dth.
This process is also very costly. In both of these nethods the second pole
tip is.construct . ndi vi. I%ra%,t Enrhi & B W& hod : pol e
pi ece i eé?sﬁ%@ﬂ’é’zgf‘ Bqﬂﬁe&g%igocj 'p%‘ﬂ'e 1{2)?/‘\9%‘?% %rgtry photolit %5?%%#3%#% _
| east ge&dndypdlé Pice anfl alie satohd polenp sirhiothe spne @rodess steps havonst providetta wi t h
t he same process steps which cgnstruct the second pol e piece. -These process
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hi gh resolution”second pole_tip. Wen the second tEi)ol e piece_and the second
pol e t iapgagrlayer in the pole tip region and above a stack of insulation layers in the body region.

The insulation stack is typically 7 to 8 microns (xm) above the gap layer and has a marked

slope as the first insulation layer transitions to its apex at the zero throat height. When the
resist is spin coated onto a wafer it planarizes across the body portion and the pole tip region,
causing the resist in the pole tip region to be considerably thicker than the resist in the body
portion of the head. The thickness of the resist in the body portion of the head is dictated
by the desired thickness of the second pole piece. For example, if the second pole piece'in
the body portidn is to be 4 pm thick the photoresist layer would have to be ?pproximately
4.5 pym thick. With a typical insulation stack of about 8 um this results in the resist layer
being about 11 pm thick in the pole t1p region. This thickness in the pole tip region plus t_h;:
steep slope of the first insulation layer near the pole tip region makes it very difficult to
construct a narrow track width second pole tiﬁ with subsequent photolithography steps. In
a viable manufacturing process for making high resolution thin film write heads the aspect
ratio of the thickness of the photoresist layer with respect to the track width of the pole tip
should be in the order of 4 to 1. A'ccordixigly, the thickness of the photoresist should be no
more than four times the desired track width of the second pole tip. - After the photoresist
layer is deposited it is patterned by the exposure of light in one or more areas which are to
' be re‘mo;(ed by a subsequent step of &issqlving the exposed photoresist. Because of the
thickness of the photoresist in t_hé pole tip region the intensity of the tht for patterning has
to be high inorder to penetrate the full depth of the photoresist. When the intensity of the
'light. is-'.'high}'the nairow slits employed for patterning miniature features introduce deflective
comﬁonent.; in the light at the edges of the slits, which causes the light to fringe as it strikes

the photoresist. This results in poor resolution. . A more serious problem however is the



constructed sinultaneously by ordinary photolithography a photoresist |ayer
IS spin coated onto the body portion and pole tip region of the head. The
phot oresi st |layer is |ocated above a gap layer in the pole tip region and
above a stack of insulation layers in the joody region. The insul ation stack
Is typically 7 to 8 mcrons [err] above the gap | ayer and has a marked
slope as the first insulation layer transitions to its apex at the zero
throat hei ghiefledfimnoft1ipght ie6 ithd pdls tipregion Frdme SlopiiglinsuliiiiClayérs behmfiahé 265
across the body portion and the pole tip region, causing t%e resist in the
pol e tip reghroat levehe In ansiggeavateld \situhticrk assutnb dhattthe flages peoint of thiehsacbadl pole
portion of the head. The thickness of the resist in the body portion of the
head i s di cttip édtcbbe tith¢hedsmne ptane iwitt theszero fthrioht heighto n The qlattemied qphotdEesist
exanple, if the second pole piece in the body portion is to be 4 err%

t hi ck the pHayesreommencesife flaggoaf the gerpcthreat beighbandwidens anickly © the backck .
Wth a typical insulation stack of about 8 [err] .this results in the resist
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desired track width of the second pole tip. After the photoresi'st 1ayer
I s deposiot edubstantinllyatetiacing thedyesdlntion xif abelsetond poleotip. iPlatinpeafder iy §parofas
whi ch are to be renoved by a subsequent step of dissolving the exposed
phot or esi st .paBexning eesults tih@a sehomk pelestip whidhehashirtegnlaglysshaped side wallscand p
region the intensity of the Iight for patterning has

poor line width.

A solution to the reflection problem is to move the flare point further away
from the zero throat height towards the backgap. If the flare point is pushed far enough
15  back the reflected light will not reach the pole tip region.. The light will simply be
reflected into a narrow portion of the pole piece are a behind the zero throat height
where notching occurs without any substantial harm to the second pole tip. However,
moving the flare point rearwardly extends the Iength of this narrow portion through
which flux must be transferred from the large part of the second pole piece to the
20 second pole tip, resulting in flux leakage from the narrow portion, which degrades the
performance of the head.
An object of the present invention is to make a second pole piece and a high
density second pole tip in a simultaneous photolithography patterning process.
 Another object is to make a high density thin film write head without image
26 transfer, reactive ion etching or ion beam processes.
A further object is to provide a compact, high density thin flim write head.
Yet another object is to overcome the problem of notching in a pole tip region
when a photolithography process is employed to simultaneously construct the second

pole piece and the second pole tip.



to be-high in order to penetrate the full depth of the photoresist. Wen
the intensity of the light is high the narrow slits enpl oyed for patterning
m niature features introduce deflective conponents in the light at the
edges of the slits, which causes the light. to fringe as it strikes the
photoresist. This results in poor resolutifon. A nore serious problem
however is the 4 reflection of light into the pole tip region from

sl opi ng insul ati orsthﬁuﬂftﬁerbaijedids td) ProvadeCa inhire iffidie High WBn<dy thitD Fiftd akQed
situation assunme that the flare point of the second pole tip'is to be in

the sane pl dead whith ¢dicbezemstrudted avithllessgoit. The patterned photoresist |ayer
commences its flare at the zero throat height and w dens quickly toward the
back 5 gap to tI84lF al further bbject ist toeprowirenal thiol flnpiverite . heddiwehiel (has es high

| arge expanse of the sloping portions of the insulation layers imediately
behi nd the pe&sautionp swgdcpole Viperd flatgrpointsclosertns e verottheent heightsand aj kead
heavily refl egt ed at an angl e of jncidence fromthe sloping portions of the
i nsul ati &n hejaht which is less the Driog aftegi on where it is not wanted. The
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SUMMARY OF THE INVENTION
10 The present inventidn employs a typical photoresist patterning process to
simultaneously construct a second pole piece and a high resolution second pole tip with
a narrow track width. This is accomplished primarily by utilising one of the insulation
layers other than the first insulation layer for defining the zero throat height. In a
preferred embodiment of my invention the apex of the second insulation layer is located
15 at and defines the zero throat height. With this arrangement I have discovered that
proper positioning of the first insulation layer will contribute 1signiﬁcantly to the quality
of the head. The first insulation layer can now be moved back towards the back gap so
that its sloping portion will not reflect light. into the pole tip region during the
photolithography process. By distancing the apex of the first insulation layer about
20 5 um from the zero throat height this goal is achieved. Secondly, the first insulation
layer can be made much thinner than the prior art first insulation layers. With the'
present invention the first insulation layer is reduced from the prior art thickness of
about 1.8 pym to about .5 pm. This reduction significantly contributes to a lower
topography of the body portion of the head. The third insulation layer can be still
25  further back on the head so that it will not affect the patterning for the second pole tip.
During photolithography the illumination intensity is reduced because the depth
of the photoresist in the pole tip region is about one-half of what it was in the prior art.
Since the slope of the second insulation layer is the only slope close to the pole tip

region very little light will be reflected from the slope into the pole tip region during



fromthe zero throat height towards the backgap. If the flare point is
pushed far enough 15 back the reflected light will not reach the pole tip
region. The light will sinply be reflected into a narrow portion of the
pol e piece are a behind the zero throat hgight wher e not chi ng occurs

w t hout any substantial harmto the second pole tip. However, noving the
flare point rearwardly extends the |l ength of this narrow portion through

whi ch flux nyghida@oh ! siMikeplictéresiso M Futthel 2bNCotRE insBfatibh Gayed§ WikerPfag HeeCe
to the 20 second pole tip, resulting in flux | eakage fromthe narrow

portion, whisetordeipsiaton lager havef located earwhrdly) aoivanld . thd\backog Ay tsocthat! liildup
present invention is to make a second pol e piece and a high density second
pol e tip in of asthink photeresist Iayert inlthe polgrtippregiqnaddes mot acpupr (Khis allows tehfare
object. is to make a high density thin filmwite head wi thout inmage 25
transfer, rq@intitpcbe awmchclasentp e zesn throatrhpightcthen dor prior art: heads.obVatht the s
to provide a conpact, high density thin flimwite head. Yet another object
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also discovered that I can make the layers on top of the first insulation layer
significantly thinner. I have found that the coil layer can be reduced about 20 percent,
10 that the second insulation layer can be reduced about one-third, that the third insulation
layer can be reduced about 25 percent and that the second pole tip can be reduced about
25 percent. With the present invention the height of the photoresist in the pole tip
region can be approximately 6.5 um which makes the aspect ratio for the 2 Gb second
pole tip now possible. With the present invention I have also been able to maintain the
16 height of the insulation stack to approximately 5 pm as compared to 8 um in the prior
art. '
DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic block diagram of the present thin film low profile write
head being employed in a magnetic medium drive, such as a magnetic disk drive.
20 Fig. 2 is a cross sectional side view of the low profile write head being used in
combination with a MR read head to form a merged MR head.
Fig. 3 is a cross sectional side view of a front portion of a prior art write head.
Fig. 4 is similar to Fig. 3 except a photoresist layer is shown for patterning
second pole piece and the second pole tip.
25 ~ Fig. 5 is a schematic isometric illustration of the sloping portions of insulation
layers reflecting light into a pole tip region during fabrication of a prior art head.
Fig. 6 is another prior art head where the third insulation layer defines the zero
throat height.



-head.whi ch can be-constructed with less cost. Still a further object is to
provide a thin filmwite head which has a high resolution second pole tip,
a flare point close to the zero throat height, and a head 5 hei ght whi ch
is less than the prior art. Other objects, advantages and features of thi$
tnvention will be nore clearly understood fromthe followi ng detailed
descrlptlon when read in conjunction with the acconpanyi ng draw ng.
SUMMARY OF THE | NVENTI ON 10 The present invention enploys a

typi cal photoresist patterning process to sinultaneously construct a second
pol e piece and a hi.gh resolution sec ?d pole tip with a narrow track width.
This is acconplished primarily by utifising one of the insulation |ayers

ot her than the first |nsulat|on | ayer for defining the zero throat hei.ght .

In a preferred embodi nment i nvention the apex of the second_ insul ation
| ayer is | ocakigd? iesimilay thFH& QiraeRka Phgteresist layeis shawm i gatternigg the seqop

arrangelrp%i]é pfec@gff&s?‘#ﬁ&g%fé t hat proper positioning of the first

i nsul at ayer jute significantly to the quality of the 'head
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is achi eved I nsul at1 0 er can bé na € c nner
t han th&vl{&é e third ﬁxslﬂéﬁod Raged ﬁﬂn&ﬂﬂi@&é%hroﬂi’lﬁéigﬁthe present invention the

first insulation |ayer is reduced fromthe prior art thickness of
Figs. 10-14 are schematic illustrations of various steps involved in making the present
16w profile write head shown in Fig. 8.
Fig. 15 is similar to I;‘ig. 9 except a photoresist layer is"shown for patterning the
second pole piece and the second pole tip. '
Fig. 16 is a schematic illustration of the difference in profile between a prior art write

head and the present low profile write head.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring now to the drawings wherein like reference numerals designate like or
similar parts throughout the several views there is illustrated in Fig. 1 a magnetic disk
. drive 20. The drive 20 includes a spindle 22 which supports and rotates a magnetic disk 24.
The spindle 22 is rotated by a motor 26. which is controlled by motor conu'ols 28. A
magnetic head 30, which may be a merged MR head for recordmg and read.mg, is mounted
on a slider 32 which in tum is supported by a suspension and actuator arm 34. The
suspension énd actuator arm 34 positions the slider 32 so that the magnetic head 30 isin a
transducing relationship with a surface of the magnetic disk 24. When the disk 24 is rotated
by the motor-26 the slider rides on a thin cushion of air (air bearing) slightly 6&' the surface
of the disk, in the order of .075 pm. The magnetic head 30 is then employed for writing
information io'mulﬁple circular tracks on the surface of the disk 24 as well as for reading
information therefrom These information signals as well as . control 51gnals for moving the
slider to various tracks are processed by drive electronics 36.



~about 1.8 [err] to about .5 [err]. This reduction significantly contributes
to a | ower topography.of the body portion of the head. The third insulation
| ayer can be still 25 further back on the head so that it will not affect
.the patterning for the second pole tip. During photolithography the B
Flluym nation intensity is reduced because the depth of the photoresist in
the pole tip region.is about one-half of what it was in the prior art.
Since the slope of the second insulation layer is the only slope close to |
the pole tip region very little light will be reflected fromthe slope into
the pole tip region during 6 illumnation of the photoresist. Further,
all other insulation |ayers other than & he second i nsul ati on | ayer have

| ocated rearwardly, towards the back gap, so .that buildup of a thick -
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one-t hi rgierget VRtHead tthe sedondshitldtlayer 48 is employed as the first pole piece for the write
head. In a piggyback MR head (not shown) the first pole pi;:ce of the write head portion is
a separate layer on top of the second shield layer of the MR read head. A gap layer 50 is
sandwiched between the first pole piece 48 and a second pole piece 52 which are
magnetically connected at a back gap 53. The forward ends of these pole pieces 48 and 52
form first and second pole tips 54 and 56 respectively which are magnetically separated in
a transducing relationship by the- gap .layer 50. The second pole tip is the most critical
element of the write head since it is the last pole tip to induce magnetic flux signals into the
moving magnetic medium adjacent the head surface. Accordingly its width is very important
in establishing the densny capability of .the head. A coil layer 58 and a second insulation
layer 60 lare sandwiched between first and third insulation layers 62 and 64 which in turn are
sandwiched between the. first and secon& pole pieces 48 and 52. A forward end or apex 65
of the second insulation layer 60 is located at and establishes a zero throat height (ZTH). The
~ forward ends of all of the layers forward of the zero throat height form a head surface 66
which is referred to as an air beanng surface (ABS) in a disk drive. This air bearing surface
is constructed by lapping the front of the head. '
A pole tip region is located between the head surface 66 and the zero throat height and
the head has a body region which is located between the zero throat height and the back gap.
The ﬁrst,- second and tlnrd insulation layers 62, 60 and 64 are located above the first pole
piece in thé;'.l:':gdy- region and are commonly referred to as an insulation stack. Each insulation
layer has an apex Where the insulation layer commences and each _insulaEion layer extends

from the a—pex toward the backgap.



1 ayer can be reduced about 25 percent and that the second pole tip can be
reduced about 25 percent. Wth the present invention the height of the
photoresist in the pole tip region can be approximately 6.5 [err] which
makes the aspect ratio for the 2 Gb second pole tip now possible. Wth the
“present .invention | have al so been able to maintain the 15 height of the

I nsul ation stack to approximately 5 [err] as conpared to 8 [err] in the
prior art. DESCRIPTION OF THE DRAWNGS Fig. 1 is a schematic bl ock di agram
of the present thin filmlow profile wite head being enployed in a
magneti c nediumdrive, such as a magnetic disk drive. 20 Fig. 21is
a cross sectional side view of the |ow profil® wite head bélnq used in
conbination with a MR read head to forn1a nmerged MR head. Fig. 3.is a-cross
sectional si f a front,.portion rior art w ea . 4 is
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from its apex to a flat portion where the coil 58 and the second insulation layer 60 are
formed. The second insulation layer 60 slopes upwardly from its apex 65 to a generaily flat -
portion where the third insulation layer 64 is formed. The ;hird insulation layer 64 slopes
upwardly from an apex 74 to a generally flat portion. The third insulation layer 64 planarizes
the ripples in the second insulation layer caused by the coil layer 58. When the secend'pole
piece 52 is formed it has a high profile with consecutive sloping portions which replicate the
sloping portions of the first, second and third insulation layers. The second pole piece has
a flare point 76 which is located about 10 um behind the zero throat height. The flat point
is the location where the second pole piece 52 commences flaring from a narrow width, !
which is equal to the width of the second pole t1p, to the large expanse of the second pole
piece..

The high apex angles @ and high sloping portions of the first, second and third
insulation lays pose a problem in the construction of a narrow width second pole tip 56. The
problem commences when photoresist is spin coated on top of the partially completed head
causing the photoresist to planarize across the insulation stack and the pole tip region, as
shown in Fig. 4. Photoresist planarized in the pole ﬁf) region can be typically 12 pm thick
while the photoresist above the insulation stack can be typically 4.5 pm thick. Resolution is

 lost when light is exposed into a thick layer of resist for photopatterning purposes. The light
bas to be intense to expose the full depth of the photoresist layer. When intense light is
directed through narrow slits for patterning the hght deflects at the edges of the slits causing

| poorxnqung
' A more serious problem causing poor resolution in forming the second pole tip is due
to the reflection of light  from the top sloping portions of the first, second and third insulation
layers during the light exposure step." Fig: 5 is an exaggerated example where a flare point -



7 Fig. 7 is simlar to Fig. 6 except a photoresist |layer is shown for
patterni ng the-.second pol e piece and second pole tip. Fig. 8 is a cross
sectional side view of one enbodi nent of the.present invention where the
apex of the second insulation |ayer defines the zero throat height. Fig. 9
'S a cross-sectional side view of another enbodi nent of the present

I nvention where the third insulation |ayer .defines the zero throat height
Figs. 10-14 are schematic illustrations of various steps involved in making
‘the present low profile wite head shown in Fig. 8. Fig. 15 is simlar to
Fig. 9 except a photoresist |ayer is shown for patterning the second pole
pi ece and the second pole tip. Fig. 18% s a schematic illustration of the
difference in profile between a prior art wite head and the présent |ow
profile wite head, DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI NMENTS

Ref er ri n§2 isolgcated dirsctly abaveghe Rexor thraat Ihcxgbt (aptx 7@rafctha dirstrinpuatines layem 62)

Fio. 1 aripnets R aefiaR 8 Wt broblS. SRGh bt bhieRahE o e Pt TR,

suppor t sthalged sshaﬁ@axeaﬂafa?,a&& i8Q il *s@ﬂ'ce@élopﬁé %u&ﬁéeaow 88%ntiBY 6 thb SHsulMich

notor 26 which is controll'ed by notor.controls A magneti c head 30,
whi ch relpyére ab anengledofuRcidence. f Thisreauses dightytahel rcﬂmdwgtreqﬂer it theepble r!npa 'f

slider 32 whic rn,i,s ed,by .a, suspensj,on actuat r ar

The. Sus BRI, Thitoretieiad 5abt SRRAEDS e S RoR° b P S Feaiy R

magnet i Gnkaaded 3fdel Wall'ofithe second pole tip. This is called notching and results in poorly
formed photoresist walls for patterning the pole tip. The result is that when the pole tip is

plated it has a poorly defined line width and poor resolution. In order to overcome this
problem the prior art moves the flare point a significant distance back from the zero throat
height, such as 10 um, as illustrated in Fig. 3. With this arrangement only 2 very namrow
region (same width as second pole tip) of the sloping portions:of the insulation layers is
exposed to light immediately behind the pole tip region. chbrdingiy, when the light
exposure step is implemented virtuaﬁy no light is reflected from the sloping portions of the
insulation layers to notch the pole tip region. The problem with this app{oach is that
magnetic flux has to'tra.nsiﬁon this very narrow portion of the second pole piece from _tﬁe
yoke point to the zero throat height which causes significant ﬂﬁx leakage. It would be
desirable if the flare point could be positioned approximately 3 pm from the zero throat
height so that this flux leakage could be minimized, ' |

Another prior art magnetic head 90 is illustrated in Fig. 6. In this head the apex 74
of the third insulation layer 64 is located at the zero throat height for forming the zero throat
height. In this embodiment, the third insulation layer 64 is formed after the formation of the
first insulation layer, the coil layer and the second insulation layer. With this arrangement
the third insulation layer covers the ripples of the second insulation layer 60 so that the
ripples will not be replicated into the second pole piece when it is plated. This construction,
however, has a high profile similar to the prior art head shown in Fig. 3. When the -

- -~ - - - -



*transducing rel ationship wwth a surface of the magnetic di sk 24. \Wen the
disk 24 is rotated by the notor 26 the slider rides on a thin cushion of
air (air bearing) slightly off the surface of the disk, in the order of
.075 [err]. The magnetic head 30 is then enployed for witing information-
to multiple circular tracks on the surface of the disk 24 as well as for
readi ng i nformation therefrom These information signals as well as control
signals for noving the slider to various tracks are processed by drive

el ectronics 36. 8 Fig. 2 is a side cross sectional elevation view of a
front portion of amerged MR head 30 which enpl oys the present invention.
The nmerged MR head includes a wite hgad portion whi ch i s stacked on top of
an MR read head portion. The MR read head portion includes an MZ stripe 40
which is sandw ched between first and second gap |ayers 42 and A4 which are
in turn Bhotetsishiayenis spiacoatedy as shomar iadignt thep grelsﬁyplagm@smsasxe Rdea

o coe. 1 ofb Poiaon iR HoRptie el P B his el (UBY Rkt b e detPRSh,o

pi ece of afd@flectidrt plobRinddistussed hereinaliovRdh Regard 3 Bie Hrforl APhedd SHWRvP

shield | ayer of the MR read head. A gap |ayer 50 is sandw ched between the '

first pod.e piece 48 and a second pole piece 52 which are magnetical | y
oL F o, " RRABRBeRe o BE B e Y el SRRl B, 4000 >
nmagnet i CRllowss ePR¢ HRe dap 50 is .4 pm, the first insulation layer 62 is 1.8 um, the second
insulation layer 60 is 4.3 pm, the coil layer 58 is 3.5 pm, -the third insulation layer 64 is
-8 pm and the second pole piece 52 is 5 pm.
Fig. 8 is an illustration of a low profile write head 100" according to the present
invention. The first insulation layer 62 is not used for defining the zero throat height. The
+ apex 72 of the first insulation layer is set back from the zero throat height towards the back
gap approximately 5 pm. The pancake type coil layer 58 is then formed on top of tl\le' first
insulation layer 62 with the first coil commencing from the zero throat height at a distance
of about 15 pm. The second insulation layer 60 is then formed on top of the coil layer 58
with its apex 65 being located at and defining the zero throat height. An advantage of this '
arrangement is that the first insulation 62 layer can be kept comparatively thin, in the order
of .5 um as compared to 1.8 um for the prior art first insulation layer. This significantly
decreases the thickness of the insulation stack. The third insulation layer 64 is formed on top
of the second insulation layer 60 to planarize the construction for the formation of the second
pole piece 52. The apex 74 of the third insulation layer can be on the order of 10 um back
from the zero throat height. - Since a high profile insulation stack has been minimized behmd
the pole tip region the flare point 75 can be moved forward to about 3 um behind the zero
throat height. Because the flare point is moved forward in the present invention the thickness
of the coil layer 58 can be in the order of 2.8 um as compared t03.5 pm for the prior art coil
layer since, fluk Jeakage is less. Consequently the second insulation layer 60 can be on the
order of 2:'5- pm as compared to 4.3 pm for the prior art second.'i_nsulat.i_on layer. The apex
angle « is also considerably less. Since the magnetic flux does not have to transition a ldng
distance between the flare point to the-zero-throat l}eightthe second pole piece can be thinner.



a transducing relationship by the gap | ayer 50. The second pole tip is the
nost crd-tical elenment of the wite head since it is the last pole tip to

j nduce magnet.iic flux signals into the noving magnetic medi um adj acent the
head surface. Accordingly its width is very inportant in establishing the”
density eapability of the head. A coil layer 58 and a second insul ation

| ayer 60 are sandw ched between first and third insulation |ayers 62 and 64
- which in turn are sandw ched between the first and second pol e pieces 48
and 52. A forward end or apex 65 of the second insulation layer 60 is

| ocated at and establishes a zero throat height (ZTH). The forward ends of
all of the layers forward of the zero throat height forma head, .surface 66
which is referred to as an air bearing surface (ABS) in a disk drlve -~ Thi s
air bea t pol e
i b ©oqmuatefiFRReDiLS, SRR\ 6 ot of B0 G LRI 436 5 IR SO0 pibe P!
hei ght artcpolehpiebeadVikiatheap rbmym\eghmﬂm&mghtldf the dasudationestaskecant beekepgito

| ayers Bootlchuha e tallowind i smined Hhiver Hosttogs (chapt et FROG3E by
region Pﬂﬂuéﬂﬁ&%%@ﬁ‘}ﬁc{ Eﬁ@fgﬁ?%’ﬂ‘i’)“aﬁdaﬂ ;é}ﬁ%aae@as-s g}éprege?ﬁai ns% sgt1on

| ayer has an apex ere the rnsul at1on-l ayer connmences a tion
| ayer eptefercksl positionstaad ahiekndssescofcthe varibasclagers .of the Prdsent idvertion. f r ont '
portion of a prior art thin filmnagnetic wite head 70. This wite

Layer Positions from Zero Throat Hex:ght (ZTH)

HLayer , Preferred - Most Preferred u
I, 1 3.0 pum up to 2 SOp.m
“ pm from coil
" Coil | 10-uwp 150 ym. "
|| I, (8-13) - 0 : o _
" I 0 - (8-13) 10.0 pm
" Flare Point 3 pm - up 3 pm - up




“head -:can be an inductive head only or the wite head portion of a nmerged MR :
head or a wite head portion of a piggyback MR head. In the prior art head
an apex 72 of the first insulation |ayer 62 typically defines the zero
throat height. The first insulation |ayer 62 slopes upwardly fromits apex
‘to a flat portion where the coil 58 and the second insulation |ayer 60 are
formed. . The second insulation |ayer 60 slopes upwardly fromits apex 65 to
a generally flat portion where the third insulation layer 64 is formed. The
third insulation | ayer 64 slopes upwardly froman apex 74 to a generally
flat portion. The third insulation |layer 64 planarizes the ripples in the
second insul ation | ayer caused by the Soi | | ayer 58. When the .second pole
piece 52 is formed it has a high proflle wi th consecutive sloplng por t.j ons
which replicate the sloping port Ons'ﬂ@ he first, second and third

i nsul ation | ayers. The second p e flare point 76 which is

| ocat ed about 10 he zero throat height. The flat point is the

| ocation where th DPRefe cormergg m-a narrow
width, which is efpual 1o the wi flih of fhe secq the | arge

ll’)T

expanse of the se Mﬁelﬂlﬂpe((}sbec “03T,laﬁ:|h§m% ape)oyy)_g;{gslo%an hi-gh sl-opi ng
portions of the f a problemin’™
t he construction i {07 ;nac;’aoﬁ@%pol ¢ 5 pn5£ 20%e fr obl em

commences when phptorestst—s—sprr—coated—orn—fop—of—the—partji al | y conpl et ed,
head causing the or esi st * t o| Bilawrark 2Q%acr ¢Hsl pmexi20%il atfl on st ack and

the pole tip regi as_snown 1. El Mot ST gmarijzed in the pole
|2 e Bt

; o7
tip region can be @%I cally 12 %‘rsrﬁ%ntihz% tor dsi st above the
i nsul ati on stack AN be typi caT f"l 569 tm?c_J,( slcaty.ltl nis |lost when
ayer

light is exposed JAto a thick I Fesi st o1 . B otﬂpatt rni ng purposes.
The |i ght on
0.5 pm * 20%
{topofcoil
L 1.0 pm + 20% 0.5 pm * 20%
i o | top of coil
L+1 1.0 pm£20% | 1.0 jim + 10%
- | top of coil ~ | top of coil :
Total Insulation | 5.0 um + 20% 5.0 pm % 10%
Stack :
Second Pole 3 p.m _ 3 pm
Piece (P2) ' ’

Because of the layer ihickness'es and especially the positioning of the insulation layers in the
present invention the second pole tip can be constmcted with a very narrow track Wldth as
will be explained hereinafter.” '
Alternatively, the apex 74 of the third" insulation layer 64 can be employed in
~ accordance with the present invention to define the zero throat height as shown in the
.magnetié heaci 110 of Fig. 9. The first insulation layer 62 can be positioned about 5 pm from
the zero throat height and the second insulation layer 60 can be positioned about 12 pm from
the z'e_r_o throat height. The thicknesses of the layers in the coil area can be substantially the
same as deseribed for the head 100 shown in Fig. 8 and as set forth in the charts. The héad
110 has a low profile similar to the low profile head 100. '



~has to be intense to expose the full depth of the photoresist |ayer. Wen
..intense light is directed through narrow slits for patterning the |ight '
defl ects at the edges of the slits causing poor inaging. A nore serious
probl em causi ng poor resolution in formng the second pole tip is due to -
"the reflection of light fromthe top sloping portions of the first, second
and third insulation layers during the |light exposure step. Fig. 5is an
exagger at ed exanple where a flare point 10 82 is located directly above
the zero throat height (apex 72 of the first insulation |layer 62) to

il lustrate the magnitude of the probdem Wen |ight penetrates through the
photoreskst in the area behind the flare point 82 it strikes sl oping
surfaces 84, 86 and 88 of the insulation |ayers at an angle of “i.nci dence.

Thi's causes tidibthiof ofhd ﬁ%xﬁﬁ)tneiﬁi ilftistratedl iy Figd! @ollhe IHQ*;% ig i)fﬁﬁghﬁﬂano-ﬁh' S
reflected |ight penetrates the photoresist 1h the pole Tip region beyond

t‘he i ntlayetea® ef approxitdately {5 phethsakeisrfdnped enmpaof e gap kyen$0 epproximételyy and

aul t 3 bt behind dherero g teiebt o Eieo i cheicoi ayBE Sh SpBISRpaRY F0c 1o |

wi dt h ahiﬂkﬂ??&mﬁéﬁs&i i Ofthe ik T;p{ngﬂgtﬁ ance%ggﬁzcﬂ?%)ﬁ{ PP eMbh{E ok e art,

nmoves t are polnt “a significant the zero throat
hei ght ,zesuthoatsheight| &n Fig. 12sthe Iséamdnnﬂtﬂahonriaﬁ:rgﬁO a)prmmatdlhasb' p thiceisent

only a yvery narrow. re h, ag second t he slopi ng
por t i orferBfd em o Akt gpﬁgwgqr 3§§1h§ ff@ inSilarion Iayer &F asd the"gap Tayer S0 Sits
- apex 65 being located at and forming the zero throat height. It can be seen from this figure
that the sloping region 86 of the second insulation layer 60 extends from its apex 65 a short

distance as compared to the .cofqbined sloping regions 84, 86 and 88 of the insulation layers
of the prior art write head shown in Figs. 3 and 5. A third insulation layer 64 on the order
of 1 um thick is formed on top of the second insulation layer with its apex 74 approximately
10 uym behind the zero throat level. These three insulation layers form a low profile
insulation stack height which is approximately 5 um. In Fig. 14 the photoresist is spin coated
on top of all of the layers which causes a thickness of the photoresist layer in the body of the
. head to be approximately 3.5 pm and the thjclméss of the photoresist layer in the pole tip
region to be approximately 6.5 pm thick. This thickness of 6.5 um of the photoresist in the
pole tip region of the present invention is considerably less than the thickness of 11 pym of _
| the photoresist in the pole tip region of the prior art. The flare point 76 can now be located
approximately 3 pm behind the zero throat height so that the head has mmunal flux leakage
and is more efficient. Accordingly, when the photoresist layer is exposed to light for
pafterning very little light wxll be reflected from the sloping portion 86 of the second
insulation layer into the pole tip region since the width of the exposed sloping portion 80 is
| Ehe.samé as the width of the exposed pole tip region. After photo patterning in Fig. 14 the
sec;.ond pble piece and the second pole tip are simultanec.msly plated. After removal of the
photoresist pattemmg layer the pole piece and pole tip-are configured as shown in Fig. 8. '
The pole tlp has well formed sidewalls and excellent line width. Since the thickness of the
| photoresist layer in the pole tip region is only about 6.5 pm a 2 Gb write head can ‘be
constructed using the desirable aspect ratio of 4 mentigned hereinabove.



~“exposed to light inmmediately behind the pole tip region. Accordingly, when
the light exposure step is inplenented virtually no light is reflected from
the sl oping portions of the insulation |ayers to notch the pole tip region.
The problemwi th this approach is that magnetic flux has to transition thrs
“veryy narrow portion of the second pole piece fromthe yoke point to the
"zero throat height which causes significant flux | eakage. It would be
desirable if the flare point could be positioned approximately 3 [err] from
~the zero throat height so that this flux | eakage could be m nim zed.

Anot her prior art magnetic head 90 i1$ illustrated in Fig. 6. In this head
the apex 74 of the third insulation layer 64 is |located at the zero throat
hei ght for formng the zero throat height. In this enbodinent, the third

oyer i he 0B6Ts st BeHaBlbfin bF F ehPaitRi B by Sotfrbdy W prball O
ar r ang emRA shdwe it %ng 9. iTAStHisHea@thd AR’ 74 6F RleSthird ntllRWnCRyé 64 BefisacMmed

i nsul ation | ayer so that the ripples will not be replicated into §he

second zemd threitdeighth dhe ithicknesy bfithehhotinesist dayes im thet pale tipaegivaris abewt &S hi gh
profile sim..ar to the prjor art head _shown i.n, Fig. 3. en the o
Phot or g4 sthisthisehe e b shivom £ fie” L8 Erae of e IoW profIRdhg weoii solesie -
pl anaric%ﬁﬁ’bea‘gaﬁﬁn{ebqopg}i@hégdp regi on making the photoresist very thick in
this region. This causes the sane deflection and reflection probl ens

di scussed heAsshosmoincFignl6 erpainsilation steckol20oof thetpresentithim film writcFiegd has
been significantly decreased from the insulation stack 130 of the prior art thin film write

head. Accordingly, the present low profile write head is lighter in wéight and more compact
than the prior art write head. With the present invention a very high resolution high density
second pole tip is constructed simultaneously with the second pole piece by ordinary
photolithography processing. The present invention allows the flare point to be optimized
close .to the zero throat height so that there is minimal flux leakage and improved
performance of the head. | |

Clearly, other embodin;ents and modifications of this invention will occur readily to
those of ordinary skill in the art in view of these teachings. For instance, in a broad concelit :
of the present invention, the insulation stack could consist of only two insulation layers with
one insulation layer defining the zero throat height and the other insulation layér having is
é.pex at least 3 pm from the zero throat height toward the back gap. Therefore, this invention
is to be limited only by the followihg claims, which include all such embodiments and
ﬁodﬁcaﬁoﬁs when viewed in conjunction with the above .speciﬁcaﬁon and accompanying

drawings.



- Typi.cal thicknesses of the various layers of the prior art head shown in
Fig. 3 are as follows: The wite gap 50 is .4 [err] the first insulation
layer 62 is 1.8 [err] the second insulation layer 60 is 4.3 [err] the coil
‘layer 58 is 3.5 [err], the third insulation |ayer 64 is 8{,ew]'/and t he -
" second, pol e plece52|55[err] Fig. 8is an il lustration |on of@é profile
e

wite head 100 accordi ng to the present invention. ‘\\i‘ I on
| ayer 62 is not used for defining the zero throat \\
p

x*72.of
the first insulation layer is set back fromthe zer oa‘t hei ght towards

the back gap approximately 5 [err]. ,The pancake type COI| | ayer 58 is then
foramed on top of the first insulati | ayer 62 with the first coil
commencing fromthe zero throat height at a distance of about 15 pm The
second insulation layer 60 is theg.ééx_ﬁqﬁd on top of the coil |ayer 58 with
Its apex 65 being |ocated at and g the zero throat height. An
advantage of this arrangenent is that the f| rst insulation 62 |ayer can be
kept conparatively thin, in the order of .5 [err] as conpared.to 1. 8 [err]
for the prilor arA tiinfim Jowsprofile writq bepdrcompmisingsi gni fi cant |y decr eases t he

t hi ck f, th | at I 4 f d
on top of %msag S PoReth B B 1 7o niset P Breled beSen MCheweBet for
the fQhdwtd the second pol e piece 52. The apex 74 of the third

i nsul ati on. ayer can be on the order of 10 [err] back fromthe zero throat
hei ght. Si nqmlatlp rggloprlo¢at¢debthsm thei head stifade #ndsthiscaero throattheight 4shand t he

ole ti I O ar e .poi nt rward to about 3 pm

Eehi nho&lé %H'B’ ‘5%?“°é€£°§ﬁ§%¥ggﬁ@r“?‘¥’ﬁ%€°€§m i s noved foralard in
the pr esen&mt%a%édaa jde pie@escieeaeé upthet;me Plﬂegioayﬁa 188 beap réfios;n t he
order of 2.8 [err] as ‘conpared .5 [err] he prior art coil |ayer

si nce fl ux alpariabityeofi insulatiom laMqullm tl;c ﬁﬂstepsleqmm inrtbeibedy magidmeech 60 can
be (_)noi' t‘}'?e insulation layers having an apex where the insulation layef' commences, each layer
extending from the apex toward the back gap; |
. a first one of the insulation layers being a closest layer to the first pole piece and
having an apex which is located at least 3um from the zero throat height toward the back gap;
and l !
the apex of another one of the insulation layers being locate& at and defining the zero
throat height. '

2. A magnetic media drive including the write head as claimed in claim 1, the
drive comprising:

a housing; . _

a support mounted in the. housing for supporting the head;

medium moving means moﬁﬁted in the housing for moving a magpetic medium past
the head in a transducing relationship therewith; |

positioning means connected to the support for moving the head to multiple positions
with respect to a moving magnetic medmm so as to process signals with respect to multiple

tracks on the’ magneuc medium; and



S Y

order of 2.5 [err] as conpared to 4.3 {err] for the prlor art second

i nsul ati on | ayer. The apex angle [err] is also considerably less—Since the
magnetic flux does not have to transition a |long di stance betwe the flare
point to the zero throat height the second pole “ 'ﬁ“ﬂwuuw l&ﬁﬂner. 12
The second pole piece 52 can be on the order of $ n ed to 4 to
“ [err] for the prior. art pole piece. Wth the presént i nYention the hei ght
of the insulation stack can be kept to about 5 [err] The follow ng charts
entitled "Layer Positions Chart” and entitled "Layer Positions from Zero
Throat Height (ZTH" and "Layer Thicknesses" show preferred and nost
preferred positions and thicknesses of the various |ayers of the present

i nvention. Layer Positions fron1Zero Thr oat- Hei ght (ZTH) Layer:

Preferred - Most Pr ef 3. 8 {herml 5. 0 l{_lerr]a-‘_lde'_cnr] from
| Coi| -control means congecte hea %%5 gﬁ @0"11'18

?g' 13) I g eans for contr fnb and processin. g%lpmthr?résgg to the head, c39tr91h[1§r r]

Fl arep%l R{ungm ? c% S]il % P g::;);

movement of the magnetic medium and controlling the position of the head.

3. A write head as claimed in claim 1 including:
said plurality of insulation layers including second and third insulation layers;
the apex of said another one of the insulation layel:s being the apex of the second

insulation layer.

4. A write head as claimed in claim 3 wherein the first insulation layer has a
thickness of 0.5 + 20% pm
1
5. A write head as claimed in claim 3 including:

the first, second anc_l third insulation layers forming an insulation stack;
a total thickness of the insulation stack being 5 + 10% p.m

6. A write head as cldﬁed in claim 3 wherein the apex of the first insulation

layer is substantially 5 um from the zero throat height.

7. A write head as claimed in claim 6 wherein the second pole has a flare point

which is 3 um or greater from the zero throat height.

| , ' 8. A write head as claimed in claim 7 wherein the commencement of the coil

layer is 10 pm or greater from the zero throat height.



~13 Layer Thicknesses Layer - . Preferred Mbst Preferred Wite

Gp (XR) 0.3 [err] 50% 0.3 [err] 10%[err] r‘7~[err]
50% 0.5 [err] 20% Seed . 0.1 [err]
20% Coi | 2.5 [err] 20% 2.5 [err] u mlﬁm
[ertr] . 2.5 [err] 10%front of coil 0.5 [err] err]
1.0 [err] 20% 05[err] 20% top of coil [err] 1.0 [err]
20% 1.0 [err] 10%top of coil - top of coil Total Insulation
5.0 [err] 20% 5.0 [err] 10% Stack Second Pol e 3 [err] 3
[err] Piece (P2) 18 Terr] '

9. . A write head as claimed in claim 8 including:

the flare pomt being substantially 3 pm from the zero throat helght and
. the commencement of the coil layer being substantially 15 pym from the zero thrdat

height. | . . ' ' ' -

10. A write head as claimed in claim 9 wherein the first insulation layer has a

thickness of 0.5 £ 20% pum.

11. A write head as claimed in claim 10 including:
the first, second and third insulation layers forming an insulation stack;
" a total thickness of the insulation stack being 5 + 10% pm.

12 A magnetic media drive including the write head as claimed in claim 11, the '
! ’ !
drive comprising:

a housing;
a support mounted in the housing for supportmg the head;
" medium moving means mounted in the housing for moving a magnetic medium past
the head in a transducing relationship therewith;

‘positioning means connected to the support for moving the head to multiple positions
with respect to a moving magnetic medium so as to process signals with respect to multiple
tracks on the maénetic medium; and

control means connected to the head, the magnetic medium moving means and the
positidéning means for controlling and processing signals with respect to the head, controlling
movement of the magnetic medium and controlling the pc_)sition-of_the head.

13. ™ A write head as claimed in claim 3 including:

the first insulation layer lying substantially in a common plane with a portion of the

second insulation layer.



.. Because of the layer thicknesses and especially the positioning of the
insulation layers in the present invention the second pole tip can be
constructed with a very narrow track wi dth as will be explai

hereinafter. Alternatively, the apex 74 of the thiTd 1Tnsul a
can be. enpl oyed in accordance with the present inve “m‘\““g““‘\ mhe zero
t hroat height as shown in the nagnetic head 110 of H\“ d rst

i nsul ation | ayer 62 can be positioned about 5 [err] fr ofn t he zero throat

hei ght and the second insulation | ayer 60 can be poesitioned about 12 [err]
fromthe zero throat height. The thi d®@nesses of the layers in the coil area
can be substantially the sane as described for the head 100 shown in Fig. 8
and as set forth in the charts. The head 110 has a low profile. simlar to

thelowpr |Ie q: . t e invention is illustrated
in Figs. l ﬁﬁgelg. 10 clanf]n E%}a@u{‘ogm “?éjlyer 62 of appr-oxi mately .5
[err] thi c{helﬁaré ?biﬁ%%eﬁ% lbcatedin 4 FepidttBetvee theSitra irbatdigtitaind the b ] .
behind the zero throat height. In Fig.11 the coil layer 58 approximtely

- 2.6 tof te[fust ipsulationlayer.f ormed on top of the first insulation |ayer 62
approximately 15 [err] back fromthe zero throat height. ILn Fig. 12 the
second insul ation |ayer 60 approximately 2.5 [err] thick is formed on top-

of the coi{s.| ayarwh hdaaasididimed iineldiat 10mchaugt 62 and the gap | ayer 50
with its apex 65 being |ocated at and formng the zero throat height. It

can be seethefapenof theshird ipgnlation layer being located in a regmn between the apex o the
first insulation layer and the back gap.

16. A write head as claimed in claim.15 including:
a coil layer located above the first insulation layer in the. body of the head; and
the coil layer commencing in a region between the apex of the third insulation layer
and the back gap. ) i |
17. . A magnetic media drive including the write head as claimed in claim 16, the
drive comprising: | '
a housing;
a support mounted in the housing for supporting the head;
medium moving means mounted in the housing for moving a magnetic medjum past
the head in a transducing relationship therewith;
positioniﬁg means connected to the support for moving the head to muitiple positions
with respect to a moving mé;neﬁc medium so as to process signals with respect to multiple
tracks on the magnetic medium; and | :
| R " control means connected to the head, the magnetic medium moving means and the
positioning means for controlling and pi'dcessing signals with respect to the head, controlling
movement of, the magnetic medium and controlling the position of the head. |
18. A write head as claimed in claim 16 wherein the apex of the first insulation
layer is substantially 5 pm from the zero throat height,



~that. the sloping region 86 of the second insulation |ayer 60 extends from
its apex 65 a short distance as conpared to the conbi ned sl opi ng regions
84, 86 and 88 of the insulation |ayers of the prior art mxlte,heae-shomm in
Figs. 3 and 5. Athird insulation |layer 64 on the—erder ol ert] thick is

formed on top of the second insulation |ayer wt mﬁ‘ oxi mately
"10 [err] behind the zero throat |evel. These thr i“‘ rs forma
mat el y*5 err] In Fig.

| ow profile insulation stack hei ght which is appr
14 the photoresist iis spin coated on top of all of the |ayers which causes
a thickness of the photoresist |ayerapn the body of the head to be

approximately 3.5 [err] and the thirckness of the photoresist layer in the
pole tip region to be approxi rrately 6.5 [err] thick. This thickness of 6.5

f th h t f t
Lore! cor abl - ool i et ¥ el Bl b P BRPASEY pl s bORLBEBRED QAL ©7) 09
pol e tymich§ B%Q;rggé’!ﬁrpﬁ-brﬁrth@&ém thiat hb@he poi nt 76 can. now be | ocat ed
y

appr oxi mate 3 pm Ind the zero throat” height so that the head hag
mnimal flux | eakage and is nore effi CI ent. Accordi ngly, when t he '

hotoresist_layer is sed,t.o lLi.ght .fo tter n I|t
\F/)\AII be ret QegtédWY‘Yeoﬁ‘? fiﬂg f ﬂ’et‘ﬂ’ fﬂg ﬁ%
Iayer l%&s?lbe;frﬁ%r At £:681 RS 280 at it dt h of the exposed sl opi ng
0 i's the

porti me as the wdth of the exposed pole tip region. After
photo patterning in Flg 14 the second pol e piece and the second pole tip

are sinultaneousl y pl at e At t.er .r.enpval, of hot or esi st patterning
Ialyertfthe pl-e o ‘%“Wﬂ n@‘;ﬁ&% E’ngf;i shomhg![ﬁ!dﬁsg 8. t'rghe
pole tip - &%‘ﬂl 64Ch bdt% i nce e

t hi ckness o gﬂr%? bﬂot?%re ist. la ?53% ﬁe pole tip regleic/)gn is only about 6.5

[err] a 2 Cme\mbnﬁﬁedcemdntcefrmbeoﬂdamrhsmgembmngly he meﬁnonameezea@ rduoat ratio

of 4 nmentioned herelnabove
height.

.22. A write head as claimed in claim 21 wherein the first insulation layer has a
thickness of 0.5 + 20% pm. | '

23." A writé head as claimed in claim 22 iricluding;-
the first, second and third insulation layers forming an insulation stack;
a total thickness of the insulation stack being 5 & 10% pm.

24. A magnetic media drive including the write head as claimed in claim 23, the
drive cqmﬁrising:
a housing; _
. a support mounted in the housing for supporting the head;
, . medium moving meaﬂs mounted in the Housing for moving a magnetic medium past
the head in a transducmg relationship therewnh
posmomng means connected to the support for moving the head to multxple positions
with respect toa moving magnetic medium so as to process eignals thh respect to multiple

tracks on the magnetic medium; and



- 15 Fig. 15 illustrates the configuration of a photoresist layer to

construct the low profile head shown in fig. 9. In this head the apex 74 of
the third insulation | ayer 64 defines the zero throat Mthlckness
of the photoresist layer in the pole tip regi on—is—about 6, whi ch-is
“the same as shown in fig. 14. Because of the Iow W\\“ﬁl ﬁ‘ﬁ“ nd pol e
“tip-can be well formed for this head. As shown i nsul ati on

stack 120 of the present thin filmwite head has én Significantly
decreased fromthe tnsulation stack 130 of the prior art thin filmwite
head. Accordingly, the present |low profi2le wite head is lighter in weight
and nore .conpact than the prior art wite head. Wth the present invention
a very high resolution high density second pole tip is constructed

si mul t aneou | ' ' | \
pr ocessi ng. %ﬁgﬂp%?@%&%ﬁﬁfggﬁé g‘r{ab%ﬁgf%énﬁ‘g#éa{%? W e op%&?n zed
cl ose tpositiofinganears/fopesntivdling dndsprotdssing sk with fé;gedm tHel hend) @mlgatlingand

i nproved performance of the head. Cearly, other enbodjnents and
modi f i deqveseat of themagasticamedism mwn@r@&lmg the pesitipniad thevbead. of or di frary ..
skill in the art in view of these teachings. For instance, in a broad

concept of the present invention, the-insulation stack could consist of
only two i nsl at i Qindthyd 6 malking © Iy pf&uéaiﬂwmeh&y&hpﬂﬁﬁgmmﬁepbefzero

throat height and the other insulation |layer having iIs
forming a first pole piece which has a pole tip region between a head surface and a -
zero throat height and a body region between the zero throat height and a back gap;
forming a first insulation layer in the body region above the first pole piece with the
apex of the first insulation layer being located at least 3um fmm the zero throat height
toward the back gap; and '
forming another insulation layer above the first insulation layer in the body pof_tion

with the apex of said another insulation layer being located at and defining the zero throat
height.

26. A method as claimed in claim 25 wherein said another insulation layer isa

second insulation layer which is formed on top of the first insulation layer.

27. . A method as claimed in claim 26 including the steps of;
forming the first insulation layer with a thickness of substantially 0.5 +/-20% pm.

28. A method as clalmed in claim 26 mcludmg the steps of;
formmg the apex of the first insulation layer substantlally 5 pm from the zero throat

peight.

29. A method as claimed in claim 28 including the steps of;
formmg the flare point of the second pole piece 3 p.m or greater from the zero throat
height. '



"apex-at least 3 [err] fromthe zero throat height toward the back gap.
Therefore, this invention is to be limted only by the follow ng cl ains,
whi ch include all such enbodi ments and nDdlflcatl_ns,mhen—v&ewedﬂﬂT
‘conjunction with the above specification and acco an | 16~
‘CLAIMB 1. A thin filmlowprofile wite head co %!ﬂg urface
a back gap and a zer-o throat height |ocated betme +ace and

t he back gap; a pole tip regi'on | ocated between the,head surface and the
zero throat height and a body region | ocated between the zero throat height
and the back gap; first and second polg, pi eces located in the pole tip
region and the body region; a plurality of insulation layers overlying the
first pole piece in the body region, each. of the insulation Iayers havi ng

an apex whepge th at i I er, co ch,lay extending fromthe
apex toward” 6’he %‘a’@ﬁﬁ’ﬁg Ea.uin §P mrg?e ﬁ@s‘f%gﬁlséﬁpﬁooﬁll ayers -being a
closest |aygy rffuegtﬂeecomé&ceﬁ%teomeesﬂqow%y ighéhted Troih She Mb@lﬂ‘ob@hdlglﬁ.at ed
at | east [er fTomthe zero throat height toward the back gap; and
31. A method as claimed in claim 30 including the steps of; I -
' forming the flare point of the second pole piece substantially.3 pm from the zero
throat height; and |
" forming the commencement of the coil layer substantlally 15 pm from the zero throat

height.

32. A method as claimed in claim 31 including the steps of;
‘forming the first insulation layer with a thickness of substantially 0.5 + 20% pm.

33. A method as claiﬁned in claim 26 including the steps of;
forming a portion of said second insulation layer in a common plane with the first

insulation layer.

34. A method as claimed in claim 33 including the steps of;
forming a second pole piece with a flare point in a region which is located between

the zero throat height and.the apex of the first insulation layer.

35. A method as elaimed in claim 34 including the steps of;
forming a third insulation layer on top -of the second insulation layer, the third
.instllaﬁon layer haﬁng an apex which is located in a region between the apex of the first
- insulation layer and-the back gap. - '
36. A method as claimed in claim 35 including the steps of;
forrmng a coil layer between an apex of the third msulatton layer and the back gap.



t he apex of another one of the insulation |layers being |ocated at and
defining the zero throat height. 2. A magnetic nedia drive including the
wite head as clainmed in claim-l, the drive conpﬁ—sl—ng~a-—hau51_nﬁgg
support nmounted in the housing for supporting the | uUm novi Nng neans
nmounted in the housing for nmoving a magnetic medi ﬂi’ﬁ & in a
transduci ng rel ationship therewith; positioning nea t he
support for noving the head to mJItlpIe pa8itions with respect t0 a novi ng
magneti c nedium so as to process signals with respect to nultiple tracks on
the magnetic medium and 17 control neans connected to the head, the
magneti ¢ nedi um novi ng nmeans and the positioning nmeans for control I I ng and
processi ng si gnal s37i t h Aausthet ag clained ihebaim 36anclnding|thagstnmﬂﬁnent of the
magneti c medi um and controlling the position of the head. 3. Awite
head as claimed i nfosmingnthe apexcefiie figst insulation layes| subsjanifally ﬁeunétqn@mel z2yer s

I ncl udi ng second _and third insulation |ayers; the apex of said another one
of the insul ®f9%Ael&ers being the apex of the second

5 38. A method as claimed in claim 37 including the steps of;

forming the flare point of the second pole piece 3 pm or greater from the zero

throat height.
39, A method as claimed in claim 38 including the steps of;
10 forming the commencement of the coil 10 pm or greater from the zero throat
height.
40, A method as claimed in claim 39 including the steps of;

forming the flare point of the second pole piece substantially 3 pm from the
16  zero throat height; and ' |
forming the commencement of the coil layer substantially 15 pm from the zero

throat height.

41. A method as claimed in claim 40 including the steps of;

20 forming the first insulation layer with a thickness of substantially 0.5 + 20% pm.

42. A thin film low profile write head substantially as hereinbefore
described with reference to any of the accompanying drawings except Figures 3 to 7
and Figures 10 to 14.
25
43. A magnetic media drive including a write head as claimed in claimed

42.



insulation |ayer. 4. A wite head as claimed in claim3 wherein the fist

insul ation |layer has a thickness of 0.5 [err] 20% [err] 5. A wite head
as claimed in claim3 including: the first, sece«nel—acnd_t_mid__l_nsu__atlon

| ayers formng an insulation stack; a total thlc t he insul ation
stack being 5 [err] 10%[err]. 6. Awite hea & ﬂm 'IIalmB
wherein the apex of .the first insulation iﬁyer i * [err]
fromthe zero throat height. 7. A wite*head as clal in cIa|m6
wherein the second pole has a flare point which is 3 [err] or greater from

the zero throat height. 8. A wite head as clainmed in claim7 wherein

t he comencenent the coil | ayer at t.
t hroat hei ght. g'%err] Al gnetlcy %‘ﬂ/ﬁf‘t‘%'&?gm ﬁ%ﬁﬁ@e &@{leﬁ]%?ﬁe&)
i ncl udi ng: 4?eflare poi nt being substantially 3 [err] fromthe Zero throat

hei ght; and The comencenent of the coil |ayer being substantially 15 [err]
- fromthe zero throat height. ) :

44, A method of making a loW profile write head, the method being t
5  substantially as hereinbefore described with reference to Figures 10 to 14 of the

accompanying drawings.



10. A wite head as claimed in claim9 wherein the first insulation |ayer
has a thickness of 0.5 [err] 20% ([err]. 11. A wite head as clained in
claim10 including: the first, second and third insulation |layers form ng
an insulation stack; a total thickness of the insulation stack being 5

[err] 10% [err]. 12. A magnetic nedi a drive including the wite head as
claimed in claim11l, the drive conprisin a -housi ng; a support nounted in
t he housing for supporting the head; nedi movi ng means nounted in the

housi ng for noving a magnetic medi um past the head in a transducing
rel ationship therewith; positioning neans connected to the support for
nmovi ng the head to nul ti pl e positionsswith respect to a noving nagnetic

medi um so as to process si i r t i tracks ‘@n the.

magnetic medium . and cont%wmﬂgmmwg , the nignetic

medi um novi ng neans and the positining nmeans for controlling and processing

signals with respect to the head, controlling novenent of the nmagnetic

medi um and m&-&-ng the position of the head. 13. A wite head as

clainmed in clairm 3 including: the first insulation |ayer |ying L

substantially in a common plane with a port| on of the second insul ation

| ayer : "
5 A thin film low profile write head (30) is provided which has first and second

pole pieces (48, 52) which are magnetically connected in a pole tip region (54, 56) and
at a back gap. The pgle tip region (54, 56) is located between the head surface (66) and
a zero throat height, and the head (30) has a body region which is located between the
zero throat height and the back gap. A plurality of insulation layers (60, 62, 64) are
10 located above the first pole piece (48) in the body region. Each of the insulation layers
(60, 62, 64) has an apex where the insulation layer comm'ences“ and each insulation
layer (60, 62, 64) extends from its apex toward the back gap. The plurality of
insulation layers (60, 62 64) typically includes first, second and third insulation layers
(60, 62,_' 64). In the preferred embodiment the apex of the second insulation (62) layer
15  is located at and defines the zero throat height of the head (30).
Figure 2. '



=Bl A wite head as clainmed in claim13 including: the flare point
_.belng l.ocated in a region between the zero throat height and the apex of
“the first insulation |ayer. 15. A wite head as clainmed in claim13
including the apex of the third insulation |layer being |ocated in a region
bet ween the apex of the first |nsulaq]gn | ayer and the back gap. 16. A
wite head as clained in claim15 |nc(uding: a coil layer |ocated above the
first insulation layer in the body of the head; and the coil |ayer
comencing in a region between the apex of the third insulation |ayer and

t he back gap. 17. A magnetic nedia drive includin@Q@he wite head as
clainmed in claim16, the drive conpri'sing: a housing;, a support nounted’in
t he housing for supporting the head; nedi um ing nmeans nountéd in the °
housi ng for A AG-& ABgRet+ e fredrum-past—+he-kead +r- -t +ansddei Ag-——
relatlonshlp therew th; positioning s connected to the support forl
novi ng t he Head24o nultl th respect to a noving magnetit

medi um so a% to pr espect-to nultiple S :
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¥rack® on the magnetic nmedium and control neans connected to the head, the

~magneti c medi um novi ng neans and the positioning means for controlling and

~ processing signals with respect to the head, controlling novenent of the

magneti ¢ nedium and controlling the posjition of the head. 18. Awite |

- head as clainmed in claim16 wherein t_hf/qa]lpex of the first insulation |ayer

. 1s substantially 5 [err] fromthe zero™throat height [err] 20 19. A
wite head as clainmed in claim18 wherein the second pole has a flare point

which is 3 [err] or greatgr f zera.throat height. 20. A wite head
as clainmed in clai®19 \M&e&i bpfrenemgnt of the coil layer is 10
[err] or greater frmthgszel hei ght | 21I. A wite head as clained
in claim20 includikhg: the fl [{ bel ngfsubstantially 3 [erF] fromthe
zero throat height; Yand the nt pf {he coil layer being =
substantially 15 [er from thro%t ei ght . 22. A wite head as
claimed in claim21 rein_t insul afion |ayer has a thickness of
0.5 [err] 20% [err] - i t
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» 23.- A wite head as clainmed in claim22 including: the first, second and
third insulation |layers formng an insulation stack; a total thickness of
the insulation stack being 5 [err] 10%([err]. 24. A magnetic media drive -
including the wite head as clainmed in claim23, the drive conprising: a-
housi ng; a support nounted in the houggng for supporting the head; medium
nmovi ng neans nounted in the housing for noving a magnetic nedlun1past t he
head in a transduci-ng relationship therew th; positioning neans connected
to the support for noving the head to nultlple positions with respect to a
movi ng magnetic nedium so as to proces& signal-s with respect taq nul&bple
tracks on the nagnetic nedium and 1 cont Qj nggnssgonnect e
head, the magnetic medi um geyvi ng74e ﬁs and t osT{ionitng nmea#s for ..
controlling and processing giggal res ct to sAhe/head, controlling
novenent of the magnet {g nmedi ontrollln thé pgsftion of the head.
25. A net hod of Ki a |t _helad corfpri sindg the steps of :

.0
.formng a firsggpol g pi gce ifch WY eg I en a heqd
surface and a : 60 :
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Zero Throat height and a body regi on between the zero throat height and a
back gap; formng a first insulation |layer in the body region above the

. first pole piece wi-th the apex of the first insulation |ayer being |ocated
I at least [err] fromthe zero throat height toward the back gap; and forning
. anot her insulation |ayer above the fir?} insulation layer in the body

‘ portion with the apex of said another fsul ati on | ayer being | ocated at and
- defining the zero throat height. 26. A method as. clainmed in claim25

. Wwherein said another insulation layer is a second insulation |ayer which is
~ fornmed on top of the first insulation layer. 27. A method as clained in
claim 26 including the steps of; fornming the firsf insulation |ayer with a

. thickness of substantially 0.5 +/-20%[err] 28. A nmet hod as crﬁined in’
. claim26 including the steps of; formng the apex of the first insulation
- layer substantially 5 [err] fromthe zero throat height. 29. A nmet hod as

~claimed in claim 28 including the steps of; fqrning t he flafg poi nt of the
second pole piece 3 [err] or greater {j%‘pﬁ-hg)&gb%@ﬁtoat hei ght. ‘_.32
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-~ layer on top of the sec

;,30. o Anethod as clainmed in claim29 i'ncluding the steps of; forning the
comrencenent of the coil 10 [err] or greater fromthe zero throat height.
31. . A nethod as claimed in claim30 including the steps of; form ng the
flare point of the second pole piece substantially 3 [err] fromthe zero -
throat height; and form ng the comeng lgnent of the coil |ayer substantlally
15 [err] fromthe zero throat height:. 32. A nethod as clainmed in claim3l
including the steps of; formng the first insulation |ayer with a thickness
of substantially 0.5 [err] 20%Terr] 33. A nmethod as clainmed in claim?26
including the steps of; formng a portion of said second insulation |ayer
in a.conmon plane with the first i"nsul atjion |ayer. 34. A nethod as _
claimed in claim33 including the steps of; formng a second pofe =193
with a flare point in a.region mhb <) | oc88ed bet viERn6ihe’ zeL%,(E#oat
hei ght and the apex of the_fir6Gd A net HOd as
} nsul ation .
&ion | ayer

f the first-
n claim35 ..
of the third "

ation ]ayer. 3§.

having an apex w#@idch i \
insulation |ayer and\thke

insul ation |ayer
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r 23 37. A method as clainmed in claim36 including the steps of; formng
the apex of the first insulation |ayer substantially 5 [err] fromthe zero
throat height. 5 38. A nmethod as claimed in claim 37 including
the steps of formng the flare point of the second pole piece 3 [err] or -
greater fromthe zero throat height.. 628. A nmethod as clainmed in claim38
I ncl udi ng the steps of; 10 i formng the commencenent of the coil 10
[err] or greater fromthe zero throat height. 40. A nmethod as clainmed in

claim39 including the steps of; forming the flare point of the second pole
and for.m ng

pi ece substagé%all%NgT[err] fron1h5§ 15 zero throat height;
t he commence ta.df tHE cit ye ubstantially 15 rr]‘w S~2Fr 0 O3y
t hroat hei ght <«4%. FA n@Iho as _claimed in claim %grclud n§¢ghé E;eps
of; 20 forni @@ YHe filfst|iinsylatCdn layer with a tiFe@ess pf || -] ¢9
substantially 0.5|[er{] 2p¥[drr]f42. Athin filmltgw prpfilg W]t e
head substantial |y as{jher gl nbqgf or ) L
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e — e, 4 e

.desctibed with reference to any of the'acconpanying drawi ngs except Figures

3 to 7 and Figures 10 to 14. 25 43. A magnetic nmedia drive including a-
wite head as clainmed in clainmed 42, 24 43. A magnetic nmedia drive
including a wite head as clained in clainmed 42. 44. A met hod of making

a low profile wite head, the nethod bgigng substantially as herei nbefore
described with reference to Figures 10 to 14 of the acconpanyi ng draw ngs.
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