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20 construction of the second pale tip at the ABS. The second pol e piece
| ayer is constructed after constructing the insul ation stack i

insul ates one or nore coil layers. After constructing the i g&g@% k
a seed | ay¥? 0¥9putter deposited on the insulation stack fg ! pl ati ng
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spun on a wafer where the magnetic head is to be constructed. The
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the thicknegs plodd?esPhohayesimi bhdiBfe PRI €od iR €10iiA5u1aEHEn Beadk &ingt Bi S
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furt B exAPEFARIPT ntRYAMPER YL $EE FROFOTESIQE PLHEBHPORE. tIP 7oBlaRgys greater
Ref |l ecti ve thanctie@ehakt [rdehhe phetdrasd sprabovermbieninsvilat i gradigh ¥extgk the
wi dt h densighogsresd@tADaFdreisf peitor inde@ti eigpod PoN aht @fictessithy prvgaeddiaedi Sk
gr' ves 1s thGek! Bear _iEe%cP[b@' PénAeasi %égfre@lﬂ@n%lh h?enhteaféovelal Bl abfaRpdtng
ensity is asured.i.n_bi I , J upper [
t hat can bewr%rcl tten 18?%%“5’&?‘? e E’ggﬁgpg@mﬁg\%ggr l%%rlf m%f E‘ge tfr'a g%‘kéjé’%ﬁg
the megnet iRiess p&EecPrd@ete il FEH IOt e ifo™med e cPREPr IRt SNt L igPb FarhRe
| engt h of tipflerted igap trotieerpdipeemt the fingt sadotrEopd|sidei wall Fhtes PEngt h
i s equal tocHeheeddtiaclkaes xinf whith, Wipdne dgegl obfiyel rerbvied] Qorgiaid em the

obt ai ni ng thidRoKkdils® Hadk laAYEésnthafe F205: thE HRRESHIRGWANENS ihese

constructi ; I 0 K i S e r uent to
constructi Or}% rt(‘):tf2 8%%’;? Eeg%/\#rel# (lagé gﬁ F%%r EH% %ggéfgﬁghgﬁg‘igo%?g?ég’%?ag\%’ietcg ap
 ayerd® he {HSEeRTRAPIES GiiPh cgieess T BeFTELPONS BIP SPARKYS dTERRLEFIX SbaAPEN
top of the $idesvalisl.e Phiscanvanted lighs veflegtian betungebeliindf p fiterpinaiad oh
the first ineubatdminpbiygiiect Eayeecomiei fizitkapding 1ayRerd Thbosdtodagbilehe
wite coil daweriand af '&Qmﬂiéiﬁéhaéd QBalP%eted ih&yﬂalgfupvrs Y eghd or

snmoot hing out 35 the_ri s _of .the second Insulatian er. The insulation
| ayers are #&Pdn‘f)aﬁ%ﬁaﬁ%ﬂ’gr 1351 slf’.sulffhtg%r%écgtsbﬁhénépﬁﬁ‘ﬁ g‘%“_"ﬁheﬂﬁéf ate Yeght
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all of the insulation |ayers they are then hard baked so that they becone
hard. The wite coil layer is constructed by frame plating. A photoresist
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The product of the track density and the |inear density of

pol e tip wevesddhe the overall recording density of the w PEEGR&EISThI s
product is known in the art as "areal density". Another factor rating the
capability of the wite head is its data rate. The data rate of the wite
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35 a scal ed down thickness of the second pole piece |ayer. Since the second
pol e piece layer is thinner the thickness of the photoresist patterning
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| ayer. with the aforenentioned arrangenents the apex angle can be kept
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magnetic fields, the resistance of the sensor 74 changes. A sense current
Is conducted through the sensor causes these resistance changes to be
manifested as potential changes. These potential changes are then
20 processed as readback signals by the processing circuitry S0 shown in Fig.

3.

The write head porticn of the merged head includes a coil layer 84
located between first and second insulation layers 86 and 88. A third
25 insulation layver 90 may be employed for planarizing the head to eliminate
ripples in the second insulation layer caused by the coil layer 84. The
first, second and third insulation layers are referred to in the art as an
"insulation stack". The coil layer B4 and the first, second and third
insulation layers 86, 88 and 90 are located between first and second pole
30 piece layers 92 and 94. The first and second pole piece layers 92 and 94
are magnetically coupled at a back gap 96 and have first and second pole
tips 98 and 100 which are separated by a write gap layer 102 at the ABS.
As shown in Figs. 2 and 4, first and second connections 104 and 106
connect leads from the sensor 74 to leads 112 and 114 on the suspension 44
35 and third and fourth connections 116 and 118 connect leads 120 and 122
from the coil 84 (see Fig. 8) to leads 124 and 126 on the suspension. It
should be noted that the merged head 50 employs a single layer 82/92 to
serve a double function as a second shield layer for the read head and as
a first pole piece for the write head. A piggyback head employs two
40 separate layers for these functions.

The write head 200 of one embodiment of the present invention is
illustrated in Fig. 9. The write head includes a write coil laver 202
which is embedded in an insulation stack 204. The insulation stack
45 includes a first insulation layer 206, a secénd insulation layer 208 and
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20 second pole tip and a wite gap |layer that has a reliably defined-
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is not scaled down proportionally with othgp parameters of the wite 25
head. The construction enpl oyed does not increase reflective notching,
decreases alteration of the wite gap thickness, increases the data rate
and reduces protrusion at the air bearing surface. Cearly, other
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| ayer; and a second 1 nsul afi o | ayer of baked photoresist directly on the
coi | 40 | ayerrtAREEE RGETHEY oHITYRBRED PGt BFRESEEE S°89 & Fhe tRetPTIRAISAL i on
stack. 2. Alwgrefdx fnphe @lpeiny hBe deapt @0l ® PAPa¢ Mayen#éfel s sphatantially

i nsul ati on stoaekidtartheradcpedirgay, #irsa dddi sebdnAssaet wallsl 232 randi 2BCLEYa On

the second ifeuhatir Layeks, tdewhhid €14 N34l akii0nbd a¥el Rehéddl afnexXi@hsson
of t hebéM’itEEﬂlgptﬁéugiﬁe walls 222 and 224 will be parallel with respect to one
another, perpendicular to a plane of the first pole piece layer 212 and
perpendicular to the ABS. With the present invention the track width of
the second pole tip 226 can be submicron such as in a range of 0.5 um to
0.75 um. The flare point can be in the range of 1.0 pum to 1.5 pm from the .
30 2ABS without incurring saturation of the pole tip 226 which can best be
seen in Fig. 10.

The write gap layer 216 has a preferred thickness range of .075 to

.085 pm with an exemplary thickness of .08 pum. This determines the linear

35 density of the write head. The present invention constructs the write gap
layer 216 after construction of the insulation stack 204 except for the
third insulation layver 210 which, in the present invention, is an
extension of the write gap layer. Accordingly, the write gap layer at the
ABS will not be altered by various processing steps in the construction of

40 the insulation stack, such as etching of a seed layer after frame plating
the write coil layer 202. Accordingly, the write gap layer 216 at the ABS
can be made extremely thin and reliably dimensioned.

Another significant dimension scaled down is the pitch of the coil
45 layer 202 which is the distance between the commencement of one turn to
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head as claimed in claim1 or claim2 wherein the inorganic 2@9
selected fromthe group al um num oxi de (A1203), S silicon d| S

and siliwooo(3%h95. 4. A magnetic wite head as clained in aﬁﬁ}”@ﬂ”@ s 1 to
3 including: 10 the first insulation |ayei having a thickness about 0.2 the
t hi ckness of the coil layer; 15 20 the second insul ation |ayer having a

hei ght above the coil |ayer about 0.40 the thickness of the coil layer; and
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any precediatg £dtai. M mrenendgthishef tdheckitagsaf stéend pobd ppete jpyece Jhayekdi S
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| ow ‘moment” nmater an& ece 'S ? norfent

material . 1 &™ W%Qﬁe"c’ﬁeé‘pi‘l\?’ﬁ 83 11e2d a%f él (éu“i‘f’eda? rf 8?"%u’ﬁﬁ Tbgvﬁer e}?tnhlaﬁe | ow
monment natk@enafoynd phatorbES sgatled KHewn distarirehts reeRrpsamit sed\by SReBE ing 5
SA98086 NeskiePngihts~of MAY~RiEBt 14ndl secoharagnabi tonliatershead as zomiandd in in
any precedigigofdiaivin Whekei 8 tiksufdtabe RQeAt210as Mirdhst,ange @O idhRCor
thi Cl'%ness t%.fe E.lt;'&lggi(gn %tgéﬁ/eﬁrm :J'&'mits the zero throat height (ZTH) to be
aggressively placed close to the ABS. This is important from the
standpoint of quickly separating the first and second pole piece layers so
as to reduce leakage of flux therebetween. The preferred range for the
ZTH is 0.25 pm to 0.5 pum with an exemplary 2TH of .35 pym, as shown in Fig.
20 9.

Several factors have significantly contributed to maintaining a low
heat environment of the write head during its operation. One is that the
first insulation layer 206 is made of a nonorganic material, as discussed

25 hereinabove. This provides a greater heat sink for the heat than that
provided by the typical baked photoresist layer. The alumina material of
the extended write gap layer 210 also provides a better heat sink for the
coil than hard baked photoresist. Further, the coil layer 202 has not
been scaled down proportionately so that it does not generate undue heat.

30 Accordingly, protrusion of the overcoat layer 220 at the ABS due to
expansion of the insulation stack 204 has been cbviated by the present
invention.

Below is a chart which lists the preferred dimensions, preferred

35 ratios and preferred ranges for the various parameters of the present
write head. The preferred dimensions are shown in Figs. 9, 10 and 11 and
have resulted in a write head with a recording density of 11.3 gigabits
per square inch and a data rate of 60 megabytes per second. This is
accomplished with a write coil layer with 10 turns, as shown in Fig. 9, a

40 yoke length of 30 pum and yoke width of 17 um. It should be understood
that these preferred dimensions may be altered within the dimensions of
the preferred ranges without departing from the spirit of the invention.
With “X* egual to 0.5 pm the preferred ratios for the various layers are
shown in the third column of the chart hereinbelow. In the preferred

45 embodiment the material of the first pole piece layer 212 is a low moment



12. A magnetic wite head as clained in any preceding claimwherein -a t rack
wi dth of the second pole piece in the pole tip regionis 0.5-0.75 Vim 13.
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for exchan Qﬁbabove coil 0.60 1.2X% .5-0.65
Write gap .08 0.16X .075-.0850
Stack height 2.75 5.5X 2.7-3.2
15 ZTH 0.35 0.7X% 0.25-0.5
Coil to ABS 5.0 10X 5-7
Apex angle 22° 20° - 22° 20°-25°
Flare point 1.5 3X 1-1.5
Coil pitch 2.5 2.5 2.0-3.0
20 Track width 0.8 1.6X 0.5-0.75
Coil turns 10 10 -
Yoke length 30.0 60X 25-35
Yoke width 17 34X 15-25
Pl thickness 1.6 3.2X 1.5-1.75
25
Fig. 12 illustrates a front portion of another embodiment of the
present write head which includes the coil turn 202 embedded in the
30 insulation stack 204. The insulation stack includes the first insulation
layer 206, the second insulation layer 208 and, preferably, the third
insulation 210 which is an extension of the write gap layer 216. In this
embodiment the‘pitch of the coil layer is 2.6 um and the commencement of
the coil layer 202 from the 2TH is 6 pum. The flare point remains at
35 1.5 um. The overall stack height is 2.6 pum. The distance from the ZTH to
the back portion of the back gap is 41 um for a 10-turn write coil, 34 um
for an 8-turn write coil and 28 pm for a 6-turn write coil.
Fig. 13 illustrates still another embodiment 250 of the present
40 invention which is the same as the embodiment shown in Fig, 12 except a

third insulation layer 252 of the insulation stack is an additional baked



-signals with the merged magnetic head, for controlling rmverrent of the
hagnetic disk and for controlling the position of the nagne |@: qd p}B A
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(ABS), a“2MEMroat height (ZTH), a flare point and a yoke regron that is
| ocated between a pole tip region and a Back gap region, the pole tip
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the insulation stack 300 of the present head. These increased apex angles
will contribute to unwanted reflective notching of the second pole tip, as
discussed hereinabove. Accordingly, the insulation stack 300 is
considerably more favorable than the insulation stacks 302 and 304.

25
Fig. 15 illustrates various levels of photoresist layers employed
for frame plating the second pole piece layer of the present head and the
other two heads investigated. It can be seen that the photoresist layer
320 is shallow in the pole tip region which is desirable for minimizing
30 dispersion of light during the light exposure step of the photoresist

layer. The photoresist layer 322 of the low profile head is considerably
deeper in the pole tip region and the photoresist layer 324 of the prior
art head 304 is still deeper in the pole tip region. Accordingly, the
high aspect ratios of the insulation stacks and-the thicker resist layers

35 employed for frame plating the second pole piece for the other two heads
investigated significantly increases the risk of reflective notching which
degrades the track width density of the write head.

As shown in Figs. 5-11 a method of making the write head includes
40 forming the first pole piece layer 212 in the pole tip, yoke and back
regions, forming the first insulation layer 206 of a nonorganic material
on the first pole piece layer 212 in the yoke region, forming an
electrically conductive coil layer 202 in the yoke region, forming a
second insulation layer 208 of baked photoresist on the coil layer 202,
45 forming the write gap layver 216 on the first pole piece layer 212 in the



25 formng the first insulation |ayer wwth a thickness about 0.2 the-

t hi ckness of the coil; formng the second insulation | ayer \wth a hei ght
above the coil layer about 0.40 the thickness of the coil Ig\é\b

form ng tReoWhide§s 9ap layer with a thickness about 1/20 tha’dﬁcek%mso of
the coil layer. 35 19. A nmethod as clainmed, n any clains 15 to 18

I ncluding: formng the insulation stack with a height that is about tw ce
the thickness of the coil layer; 40 form ng the coil layer with a distance
fromthe ABS to the coil |ayer being about three tinme the thickness of the
coi | | ayer; Pa¥rd thBr FFignt v ZPFeiArehlya PhitdRnEBFORA RS 1aYipnt hayarhk @k nies shef
the coil | ayete rd5i@0.toAfoet hbe tdrédlimisnbtibm lauyyr cd1di, necching cchEOwniney @ap
the magneti gahgade hase 8acRpRp 28R, froom R0tk s@Bona pOA9HIRES 1I\J@é/rpﬁﬂﬁon12

e ok AR S e g S £ Sla g

to 20 V\/nerelnt etic 3 Ehé)ex an

met hod’as cfHi t8d*Hh é’ﬁ§ BfP EP%T s 2 cf’?)nsffl%é' &i Fs‘fleﬁﬁl S3YH 3&4
| ayer is fobpredenf iFstarPht CI8ES S 2BH A2t He tBaReck ark HegirnaéBPhats2fond The
pol e piece fayeng dH t38. cdimebyed 203 spkatheetorming| @ wha Zeshed gionet fiedel 1 St

pol e piece Lauer 216 fRmIBChOtot 1@V RIBN;: B! @bk @lnedBderhe: $acRal kol
prece 'ayer eatfe?r aq‘ %e%ﬂc J@?P%J?égﬁaga'ohegggcgo{“;}e?%as ¢laljred in

cl ai m 23 whé ¢ high roment
mater FAI | SPATRAFEBS 5 the) AIGRHIGARG ARSATIBRS 1 TSRy SoFIT I ReES B BE

wher ei n t hewfitgr gamdiayeri 216 oo detrp tthreatdnsiaic etieb distanise thltélkn‘e@sl of
the coil | aysfer 202 2 the nEshotheapitdnabfmdiei ¢pianychaf tBl@neBsdD clfOt2b First

it ncl Edi ngt h&m @%8&15 %%ae;@md Re@s [H18C8hd 314 NenPAU A ghi el €8 ARsWL it
rac W
v L 0% APEe R BRI SR A RSP IR R Ay

AA§

R Au" /6* 03 @/’)@’Vslnﬁﬁ%@]gcﬁﬁ gfﬁﬁﬁfﬁaﬁp(?adﬁ%é]’c%ﬂ gfbraﬂJth]LJ]l@é’ij AHrcsPeal
ca] ca] cal] c&j ¢&] Begtarc upss] fajcan) tfathe f9p€al] cal calc<a " A

Thus has been described a scaled down write head which has a high

recording density and a high data rate. The write lead has a well-defined

20 second pole tip and a write gap layer that has a reliably defined
thickness at the ABS. In addition, the write head that is scaled down
without causing a protrusion problem at the ABS. Furthermore, the write
head has a lower stack height even though a thickness of a write coil
layer is not scaled down proportionally with other parameters of the write

25 head. The construction employed does not increase reflective notching,
decreases alteration of the write gap thickness, increases the data rate
and reduces protrusion at the air bearing surface.

Clearly, other embodiments and modifications of this invention will
30 readily occur to those of ordinary skill in the art upon reading these
teachings. Therefore, this invention is to be limited only by the
following claims, which include all such embodiments and modifications
when viewed in conjunction with the above specification and accompanying
drawings.
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a second insulation layer of baked photoresist directly on the coil
40 layer and be:Lng the only baked photoresist layer in the insulation stack.

2. A magnetic write head as claimed in claim 1 wherein the insulation
stack further includes:

45 a third insulation layer directly on the second insulation layer,
the third insulation layer being an extension of the write gap layer.
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ld F (10%dHopt 0.40 the thickness of the coil layer; and

15
the write gap layer having a thickness about 1/20 the thickness of
the coil layer.
S. A magnetic write head as claimed in any preceding claim including:
20
the insulaticn stack having a height about twice the thickness of
the coil layer;
a distance from the ABS to the coil layer being about three time the

25 thickness of the coil layer; and

the 2TH being about 1/3 the thickness of the coil layer.
6. A magnetic write head as claimed in any preceding claim wherein the

20 magnetic head has an apex angle from 20° to 25°.

7. A magnetic write head as claimed in claim 1 wherein the magnetic
- head has an apex angle of 22°.

35 8. A magnetic write head as claimed in any preceding claim wherein the
thickness of the first pole piece layer is about the same thickness as the
second pole piece layer.

9. A magnetic write head as claimed in claim 9 wherein the first pole

40 plece layer is a low moment material and the second pole piece layer is a

high moment material.

10. A magnetic write head as claimed in claim 10 wherein the low
moment material is NigFe,, and the high mcment material is Ni,;Fe,,.
45
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nonmagnetic electrically insulative first and second read gap

layers;

the read sensor and the first and second lead layers being located
20 between the first and second read gap layers;

first and second shield layer; and
the first and second gap layers being located between the first and -

25 second shield layers.

14. A magnetic disk drive that includes at least one combined read head
and write head wherein the write head is as claimed in any of claims 1 to

30 12 and the read head includes:

a read sensor and first and second lead layers connected to the read

— sensor;

35 nonmagnetic electrically insulative first and second read gap
layers;

the read sensor and the first and second lead layers being located

between the first and second read gap layers;

40
first and second shield layer; and
the first and second gap layers being located between the first and
second shield layexs;
45

the magnetic disk drive further including:

a housing;
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25 forming a ferromagnetic first pole piece layer in the pole tip, yoke
and back gap regions;

forming a first insulation layer on the first pole piece layer in
the yoke region;
30
forming an electrically conductive coil layer with a thickness on

the first insulation layer;

forming a second insulation layer on the coil layer;
35
forming a nonmagnetic write gap layer on the first pcle piece layer
in the pole tip region;

forming a ferromagnetic second pole piece layer on the second
40 insulation layer in the yoke region, on the write gap in the pole tip
region and connected to the first pole piece layer in the back gap region;

the forming of the coil layer and the forming of the second pole

piece layer forming the coil layer with a thickness that is equal to or
45 greater than a thickness of the second pole piece layer; and

wherein the insulation stack is made by:
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FI10%:& () - 2e ¥oopidd% &Hikd sGlatiShl0ffe&' {)rectly on the second insulation

layer wherein the third insulation layer is an extension of the write gap

layer,
17. A method as claimed in claim 15 or claim 16 wherein the inorganic
20 material is selected from the group aluminum oxide (A1,0,}, silicon

dioxide (S,0,) and silicon (Si).

18. A method as claimed in any of claims 15 to 17 including:

25 forming the first insulation layer with a thickness about 0.2 the

thickness of the coil;

forming the second insulation layer with a height above the coil

layer about 0.40 the thickness of the coil layer; and

30
forming the write gap layer with a thickness about 1/20 the
thickness of the coil layer.
35 19. A method as claimed in any claims 15 to 18 including:
forming the insulation stack with a height that is about twice the
thickness of the coil layer;
40 forming the coil layer with a distance from the ABS to the coil
layer being about three time the thickness of the coil layer; and
forming the 2ZTH with a thickness abcocut 1/3 the thickness of the coil
layer.
45
20. A method as claimed in any claims 15 to 19 wherein the magnetic

head has an apex angle from 20° to 25°.
N
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pole piece layer is formed with a thickness about t same thickness as

the second pole piece layer.

10 23. A method as claimed in claim 22 wherein the first pole piece layer
is formed of a low moment material and the second pole piece layerxr is

formed of a high moment material.

24. A method as claimed in claim 23 wherein the low moment material
15 ig Ni,,Fe,, and the high moment material is Ni, Fe,.
25, A method as claimed in any of claims 15 to 24 wherein the flare

point is formed with a distance about the thickness of the coil layer.

20 26. A method as claimed in any of claims 15 to 25 including:
forming the second pole piece in the pole tip region with a track
width that is 0.5-0.75 pum.



