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MAGHBT:IC Hll:ITB BBAD 

The present invention relates qenerally to a magnetic write head for 
magnetic storage apparatus. 

The heart of a computer· is an assembly that is referred to as a 
magnetic disk drive. The disk drive includes a rotating magnetic disk, 
write-and read heads that are suspended by a suspension arm above the 
rotating disk and an actuator that swings the suspension ann to place the 

10 read and write heads over selected circular tracks on the rotating disk. 
The read and write heads are directly mounted on a slider that has an air 
bearing surface (ABS) • The suspension a:i:m biases the slider into- contact 
with the surface of the disk when the disk is not rotating but, when the 
disk rotates, air is swirled by the rotating disk adjacent the ABS causin9 

15 the slider to ride on an air bearing a slight distance from the ·surface of· 
the rotating disk. The write and read heads are employed for writing 
magnetic impressions to and reading magnetic impressions from the rotating 
disk. The read and write heads are connected to processing circuitry that 
operates according to a computer program to implement the writing and·· 

20 reading functions. 

. . . 
The write head includes a coil layer embedded in first, second and 

third insulation layers (insulation stack), the insulation stack being 
sandwiched between first and second pole piece.layers. A write gap layer 

25 between the first and second pole piece layers forms a maqnetic·9ap,at 'an 
air bearing surface . (ABS) of. the write head. The pole piece layers are 
connected at a back gap. current conducted to the coil layer induces a 
magnetic field across the magnetic gap between the pole pieces.· This 
field fringes across the magnetic gap for the purpose of writing: 

30 info:rmation in tracks on moving media, such as the circular tracks on the 
aforementioned rotating disk or a linearly moving magnetic tape "in a tape 
drive. 

The read head includes first and second shield layers, first and 
35 second gap layers, a read sensor arid first and second lead layers that are 

connected to the read sensor for conducting a sense current through the 
read sensor. The first and second gap layers are located between the 
first and second shield layers and the read sensor and the first and 
second lead layers are located between the first and second gap layers. 

40 The distance between the first and second shield layers determines the 
linear read density of the read head. The read sensor has first and 
second side edges that define a track width of the read head. The product 
of the linear density and the track density equals the areal density of 
the read head which is the bit reading capability of the read head per 

45 square inch of the magnetic media. 
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A significant factor .i,n ach:1,~ing gigabyte densities in computers 
has been increasinq the tra.9k density of the write head. Track density 
is expressed in the art as tr~cks·per inch ('l'PI) which iS the number of 
tracks that the write head q~n write per inch o~ width of a rotating disk 

5 or linearly moving :magnetic tape. In order to achieve high track density 
it is necessary that the. ~ec~9- pol~ tip have a narrow width, which width 
is referred to in the art as track width. This pole tip is typically the 
second pole tip of the writ~ h~ad. Considerable research has been 
undertaken to provide submicr.on trac~ widths for increasing the track 

10 density. The track width is measured between first and second side walls 
of the second pole tip at the~~. It is important that these side walls 
be straight and well·formed·so t)).at ~he width.is uniform between the side 
walls from the. bottom to the top of the second'pole tip. If these side 
walls are irregular the writ~ ~eadwill write a poor magnetic impression 

15 into the rotating disk and the track. width will be unpredictable from head 
to head. 

A pr9blem in constructing a highly defined narrow track width second 
pole tip has been 11reflectivE! notching•. which occurs durinq the 

20 construction of the second pale tip at the ABS. 'rhe second pole piece 
layer is constructed after cQnstrncting t?e insulation_stack which 
insulates one or more coil layers. After constructing the insulation 
stack a seed layer is sputter deposited on the insulation stack for frame 
platinq the second pale piece layer. This seed layer:. which is typically 

25 nickel iron (NiFe), is hiqhly reflective to light. Next, a photoresist 
layer is spun on a wafer where the :magnetic head is to be constructed. 
The photoresist layer bas a height on top of the· insulation stack and a 
depth in a pole tip region Where the second pole tip.is to be censtructed. 
Since the phctoresist layer tends to be planarized, due to the spinning 

30 operation, the depth of the photoresist in the pole tip region is greater 
than the hei~ht . of .the photoresist ~ove the insulation stack. Next, the 

photoresist layer is photo·imaged exposing a region of the photoresist 
layer that is to be removed. This reqicin is then removed by a developer 
which provides an opening in the phctoresist layer where the second pole 

35 piece and second pol~ tip are to pe foxm.ed. Unfortunately, light can be 
reflected into regions adjacent the first and.second side wall sites of 
the second pole tip which, .. upc>n developing, removes portions of the 
photoresist mask adjacent the first and second side walls. These 
portions are irregular in shape and, upon plating the second pole piece 

40 and second pole tip, causes tl'le second pole tip to have irregularly shaped 
side walls. This unwanted light reflection occurs behind a flare point of 
the second pole piece layer. ~e flare point .is where the second pole 
piece layer first commences.to widen after thepole tip region. The 
sloping surfaces of the insulation stack behind the ·flare point are the 

45 reflective regions which reflect the unwanted light adjacent the first and 
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second side walis of the second pole tip. Accordingly, the prior art 
tends to locate the flare point further from the ABS so that the amount of 
light reflection is minimized. Unfortunately, the longer the pole tip 
reqion between the flare point, and the ABS the greater the magnetic 

s saturation of the second'': pole tip,· which reduces the recording strength of 
the write head. Factors bearing upon the degree of reflective notching 
are the height of .the in~ulation stack, the proximity of the insulation 
stack to the ABS, the location of the flare point and the apex angle. The 
apex angle is the angle that the insulation stack takes with respect to 

10 the plane of the write gap layer. As this angle becomes :Less than 4Sr 
there is less light reflected into the regions adjacent the second pole 
tip reqion. The heiqht of the insulation stack also bears on the 
thickness of the photoresist in the pole tip region. The greater this 
thickness the greater the dispersion of light durinq the light exposure 

15 step, which causes poor resolution of the light at the bottom.of the 
photoresist where the side walls are to be formed. Reflective notching is 
further explained in commonly assigned u. s. Patent No. 5,798,897. 

Reflective notching has been a serious problem in obtaining high track 
width densities. 

20 
Another factor bearing upon high density magnetic disk drives is the 

linear recording density of the write head. Linear recording density is 
measured in bits per inch (BPI), which is the number of bits that can be 
written by the write head per linear length of a track along the magnetic 

25 disk.· Linear bit density is directly dependent upon the length of the 
write gap between the fi-rst and second pole tips. This length is equal to 
the thickness of the write gap layer. A major problem in obtaining thin 
write gap layers has been the processing steps in constructing the 
insulation stack, which steps typically are subsequent to construction of 

30 the write gap layer. After construction of the write gap layer the first 
insulation layer of the insulation stack is constructed on top of the 
first pole piece layer, the write coil layer is frame plated on the first 
insulation layer, the second insulation layer is formed on the write coil 
layer and a third insulation layer is typically employed for smoothing out 

35 the ripples of the second insulation layer. The insulation layers are 
hard baked photoresist. Photoresist is spun on the wafer, light exposed 
in areas that are to be removedby a developer. After constructing all of 
the insulation layers they are then· hard baked so that they become hard. 
The.write coil layer is constructed by frame plating. A photoresist layer 

40 is spun on the head, light exposed in the regions to be removed and then 
developed. After frame plating the write coil layer the photoresist is 
removed and the wafer is ion beam milled in order to remove all portions 
of the seed layer except the seed layer underneath the write coil layer. 
It is this ion beam milling step, in particular, that reduces the 

45 thickness of the write 9ap layer causing this thickness to be unreliable. 
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Accordingly, the prior art tends to deposit a ~hicker write gap layer to 
account for the ion beam mi~ling operation. 

-The product of the track density and the linear density of the 
.5 ,Second pole tip determine ~e overall recordinq density of the write head. 

~is product is known in the.art as "areal density".· Another factor 
rating the capability of the write head is its data rate. The data rate 
of the write head is its fre9uency of writing bits of information into the 

10 

15 

circular tracks of the rotating disk .. '!'he data rate is inversely 
p·roportional to t~e inductance of the write head. Inductance is directly 
proportional to the length, width and thickness of the first and second 
pole piece layers. Accor~ingly, it is desirable to reduce the size of 
these layers in order to increase the data rate. -

Another concern with a write head is the heat 9enerated b~ it while 
ol>erating in a disk drive. A write current is conducted through the write 
coil at high frequencies which qenerates heat. The amount of heat 
generated is invets~iy proi>ortional to the cross section of the·turns;of 
the coil. Because of the different coefficients of expansions of 

20 materials in the write head, such as photoresist for the insulation stack 
and aluminum. oxide (Al203 ) for an overcoat layer covering the write head, 
the heat. can cause a •protrusion problem at the air bearing surface. The 
heat causes the insulation s~ack to exp~d more than the overcoat layer 

25 

30 

which results in the overcoat layer beinq pushed forward beyond the ABS. 
While it is d~sirable to decrease the ·thickness of the wr.ite coil layer in 
order to reduce the height of the insul.ation stack so as to minimize 
reflective notching~·this is difficult to do because of the heat generated 
by the smaller t:oil layer. 

According to one aspect of the invention there is provided a 
magnetic write head that has an air bearing surface (ABS), a zero throat 
height (ZTH), a flare point and a yoke. region that is located between a 
pole tip reqion and a back gap region, the pole tip region extending from 
the ABS to the flare pointand the yoke region extending from the flare 

35 point to the back gap region comprising: first and second ferromagnetic 
pole piece layers extending t~roughout the pole tip, yoke and back gap 
regions, each pole piece layer having a thickness in the yoke region; an 
insulation stack; an electrically conductive coil layer embedded in the 
insulation stack, th~ coil layer having a thickness; the iruiulation stack 

40 being located between the first.and second pole piece layers in the yoke 
region~. a norunagnetic write gap layer locate·d between the first and second 
pole piece layers in the pole tip region; the first and second pole piece 
layers being connected together in the back gap region; and the thickness 
of the coil layer being equal to or greater than the thickness of the 

45 second pole piece layer. 
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Thus, as will be described below in relation to the embodiments of 
the invention, most of the significant dimensions of a write head are 
scaled down proportionally in order to achieve a higher recording density 
and a higher data rate than that aChieved by the prior art. One dimension 

5 not scaled down proportionally· is 'the thickness of the write coil. 
Another dimension not scaled down proportionally is the apex angle which 
is the angle that the insulation stack takes with respect to the plane of 
the write gap layer. In a preferred embodiment, this angle remains at 
between 20° and 25°. AS stated hereinabove, the lower this angle below 

10 45° the lower the amount of reflective notching will occur adjacent the 
second pole tip region. In·the preferred embodiments, the dimensions 
scaled down are the thickness of the write gap layer, the zero throat 
height, the distance of the coil layer from the ABS, the, pitch of· the coil 
(distance between commencement of one turn to commencement of adjacent 

15 turn of the coil layer), the thicknesses of the first and second pole 
piece layers, the height of the insulation stack and the flare point. A 
scaling down of all these factors is achieved without increasing 

. reflective notching, degrading the write gap layer, decreasing the data 
rate or increasing the generation of heat within the hea.d. A lower stack 

20 heiqht has been accomplished~ even thouqh the write coil layer has not ··· 
been scaled down proportionally. 'rhis has been aChieved by providinq a 
unique combination of insulation layers in the insulation stack. Instead 
of the first insulation layer employing a baked photoresist material •. the 
first insulation layer is preferably a thin layer of aluminum oxide 

. : . . 
25 (Al203), silicon dioxide (S10 2 ) or silicon (Si) formed directly on top of· 

the·first pole piece layer. The write coil layer is preferably formed by· 
frame platinq on the first insulation layer followed by formation of a 
hard baked photoresist second insulation layer. The second insulation 
layer fills in the spaces between the turns of the coil and covers the top 

30 of the coil sufficiently to insulate the coil from the second pole piece 
layer. The second insulation layer can be the only baked photoresist 
layer in the insulation stack. Because of this reduced height there will 
be less reflective notching of the second pole tip, as discussed 
hereinabove. Reflective notching is still further minimized by employing 

35 a scaled down thickness of the second pole piece layer. Since the second 
pole piece layer is thinner the thickness of the photoresist patterning 
layer is thinner so that light penetration during the light exposure step 
is more effective. we have found that the thickness of the write coil 
layer can be equal to or greater than the thiclcness of the second pole 

40 piece layer. With the aforementioned arrangement the apex angle can be 
kept between 20° and 25°, which is desirable for minimizing reflective 
notching. 

In a preferred embodiment of the invention the write gap layer is 
45 constructed after the construction of the insulation stack so that the 
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processinq steps in constru~ti~ th~ insulation stack do not alter the 
thickness dimension of the write qap layer. AccorcUnqly, after 
constructinq the insulation stack and before f~ame plating the second pole 
piece layer, the write qap layer is deposited on.top of the first pole 

5 piece layer in a pole tip reqion and is priafera})ly also depoSited on top 
of the insulation ~tack in a yoke region •. The.processing steps in 
constructing the second pole piece layer do not.alter the thickness 
dimension .of the write gap.layer. The extension of the write qap layer on 
top of the insulation stack ~rovides additional insulation between the 

10 . coil. layer and the second po~e piece layer; Accordingly, the·thickness of 

15 

the second insulation layer baked photoresist can·be reduced because of 
the insulation provided by tne extended write .gap layer over the 
insulation stack. 

Further, the lengt:Ji.and t;hickness·of the first and second pole piece 
.. layers is scaled down. This i.lil accomplished by scalinq down the pitch of 
the w+i~e coil.layer as well:as the distance of.the write cdil layer from 
t4e air bearing surface,. With the reduced pitch of .. the write c0il the 
~ite current field is increased so that the length of the second piece 

20 can be dec~eased. The reduction of the distance of the coil ·1ayer from 
the ABS also decreases .the length of the second.Pole piece layer. The 
r~duced thickness of th~· second pole piece·layer has been made passible by 
the reduction of other significant dimensions .of· the .write head. Since 

.. t:he second pole piece layer has .been scaled down; it then follows that 
25 the first pole.piece layer c~,be scaled down accordinqly. With less 

material in the first and second pole piece layers there-is less 
inductance which equates to a hig'her d!lta rate. 

As stated hereinabove, the thickness of the write coil layer has not 
30 been scaled down proportionally. Accordingly, no additional heat is 

gener~ted by the present write head, which heat can cause a protusion 
problem at the ABS. Furth,er, the aforementioned materials for the first 
insulation layer of the insulation stack dissipate heat better than the 
prior art baked photoresist layer. 

35 

40 

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

Fig. 1 is a planar view of an exemplary magnetic disk drive; 
Fig. 2 is an end view of a slider with a magnetic head of the disk 

drive as seen in plane 2-2; 
Fig. 3 is an elevation view of the magnetic disk drive wherein 

multiple disks and maqnetic heads are employed: 
Fig. 4 is an isometric iilustration of an exemplary suspension 

45 system for supporting the slider and magnetic head: 
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Fig. 5 is an ABS view of the magnetic head taken along plane 5·5 of 

Fig. 2; 
Fig. 6 is a partial view of the slider and a prior art magnetic head 

as seen in plane 6·6 of Fig. 2; 
Fig. 7 is a partial ABS view of the slider taken alonq plane 7-7 of 

Fig. 6 to show the read and write elements of the prior art magnetic head; 
Fig. 8 is a view taken along plane 8-8 of Fig. 6 with the insulation 

stack removed; 
Fig. 9 is a side elevation view of write head according to an 

10 embodiment of the present invention; 
Pig. 10 is a view taken along plane 10·10 of Fig. 9 with extensions 

of the turns of the coil broken away; 
Fig. 11 is an ABS view of the write head taken along plane 11-11 of 

Pig. 10; 
15 Fig. 12 is a cross-sectional side view of the front portion of a 

preferred embodiment of the present invention; 
Fig. 13 is a cross-sectional side view of a front portion of another 

embodiment of the present invention; 
Fig. 14 is a schematic illustration of various heights of insulation 

20 stacks of the write head and two other write heads investigated; and 

25 

Fig. 15 is the same as Fig. 14 except various resist layers used for 
frame plating the second pole tip as well as the two other write heads 
under investigation are shown. 

·Referring now to the drawings wherein like reference numerals 
designate like -or similar parts throughout the several views there is 
illustrated in Pigs. 1·3 a magnetic disk drive 30. The drive 30 includes 
a spindle 32 that supports and rotates a magnetic disk 34. The spindle 32 
is rotated by a motor 36 that is controlled by a motor controller 38. A 

30 combined read and write magnetic head 40 is mounted on a slider 42 that is· 
supported by a suspension 44 and actuator arm 46. A plurality of disks, 
sliders and suspensions may be-employed in a large capacity direct access 
storage device (DASO) as shown in Fig. 3. The suspension 44 and actuator 
arm 46 position the slider 42 so that the magnetic head 40 is in a 

35 transducin9 relationship with a surface of the magnetic disk 34. When the 
disk 34 is rotated by the motor 36 the slider is supported on a thin 
(typically, .05 µm) cushion of air {air bearing) between the surface of 
the disk 34 and the air bearing surface (ABS) 48. The magnetic head 40 
may then be employed for writing information to multiple circular tracks 

40 on the surface of the disk 34, as well as for reading information 
therefrom. Processing circuitry 50 exchanges signals, representing such 
information, with the head 40, provides motor drive signals for rotating 
the magnetic disk 34, and provides control signals for moving the siider 
to various tracks. In Fig. 4 the slider 42 is shown mo\J.nted to the 
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suspension 44. The COJ11Ponents described herein/ilbove may be mounted on a 
frame 54 of a housing SS, as shown in Fig. 3. 

Fiq. 5 is an ABS view of the slider 42 and the magnetic head 40. 
5 'l'he slider has a center rail 56 that supports the magnetic head 40, and 

side rails 58 and 60. The rails 56, 58 and 60 extend from a cross rail 
62. With respect to rotation of the magnetic.disk 34, the cross rail 62 
is at a leading edge 64 of the slider and the maqnetic head 40 is at a 
trailing edge 66 of the slider. 

10 

Fiq. 6 is a side cross·sectional elevation view of the merged MR or 
spin valve head 40 which has a write head portion 70 and a read head 
portion 72, the read head portion employing an MR or spin valve sensor 74. 
Fig. 7 is an ABS view of Fig. 6. The sensor 74 is located between first 

15 and second qap layers 76 and 78 and the gap layers are located between 
first and second shield layers 80 and 82. rn response· to external 
magnetic fields, the resistance of the sensor 74 chanqes. · A sense current 
Zs conducted through the sensor causes these resistance chailqes to be 
manifested as potential changes. These potential changes are then 

20 processed as readback signals by the processing circuitry SD shown in Fiq. 
3. 

25 

The write head portion of the merqed head includes a coil layer 84 
located between first and second.insulation layers 86 and 88. A ~ird 
insulation layer 90 maybe 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 84 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 maqnetically coupled at a back gap 96 and have first and second pole 
tips 98 and 100 which are separated by a writeqap 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 Fiq. 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 layer 202 
which is embedded in an insulation stack 204. The insulation stack 

45 includes a first insulation layer 206, a second insulation layer 208 and 
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preferably a thit~:~:insulation layer 210, which will be described in more 
detail hereinafter. The insulation stack is located between first and 
second pole piece layers 212 and· 214 in a yoke region of the head. A 
write gap layer 216 is located· between the first arid second pole piece 

5 layers 212 and-214 in a pole tip recjion of the head. The first and second 
pole piece layers 212 and214 are connected at a back gap (BG) 218. 
Accordingly, when a write current is conducted through the write coil 202 
a write coil field is induced in the first and second pole piece layers 
212 and 214 which causes magnetic flux to fringe across the qap layer 216 

10 between pole tip portions of ·the· first and second pole pieces at the ABS. 

All significant dimensions of the 'write head have been scaled down 
proportionally except the thickness of the write coil layer 202 and the 
apex angle which is shown as 22° in Fiq. 9. The thickness of the Write 

15 coil layer was purposely not. scaled down proportionally so as not to 
-generate undue additional heat which.potentially could cause the 
insulation stack to expand and protrude the overcoat layer 220 at the·ABs. 
:Instead of emplcyinq a typical· hard baked photoresist layer for the first 
insulation layer 206 of the insulation stack, the present invent.i·on 

20 emplcys a nonorqanic material for this layer, such as aluminum oxide 
(Al20 9) , silicon dioxide (Si02 ) or silicon (Si) • This layer has been 
scaled down to a thickness range of 0.25 iAm to 0.50 µm with an exemplary· 
thickness of 0.5 µm. The coil layer202 has a thickness range of LSD' µm 
to 1. 75 µm with an exemplary thickness of 1.6 µm. The second insulation 

25 layer 208 is a baked photoresist layer and has a thickness above the top 
of the write coil layer in the ranqe of 0.5 µm to 0.65 µm with an 
exemplary thickness of 0.60 µm. In the preferred embodiment the write gap 
layer 216 is extended over the top· of the second insulation layer 208 
which provides the third insulation layer 210 for the insulation stack. 

30 When the write qap layer is so extended.the thickness of the second 
insul.ation l.ayer 208 above the write coil layer can be reduced to the 
aforementioned preferred height. The overall stack height, including the 
third insulation layer, is approximately 2.75 µm. This height is 
significantly less than prior art stack' heights even though the write coil 

35 layer has not been reduced in thickness. The only hard baked photoresist 
layer in the insulation stack is the second insulation layer 208. The 
reduced stack height siqnificantly contributes to reducing reflective 
notching during construction of the second pole tip portion of the second 
pole piece 214. Further, the thickness of the second pole piece layer has 

40 been scaled down to a preferred range of 1.5 µm to 1.75 µm with an 
exemplary thickness of 1:6 µm. It should be noted that this thickness is 
the same as the thickness of the write coil layer 202. 

The thickness of the'write coil layer202 is equal to or greater 
45 than the thickness of the second pole piece layer 214. The reduced 
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thiclcness of the second pole piece layer also significantly contributes to 
reducing reflective notching durinq construction of the second pole piece 
layer 214. The preferred range of the apex angle is 20° to 25° with an 
exemplary anqle of 22° as shown·$.nFig. 9. After constructing the 

5 insulation stack 204, with .th~ optional extended write 9ap layer as the 
third insulation layer 210, a seed layer is sputtered on the wafer in . .· . . 
preparation for frame plating the second pole piece layer 214. A 
photoresist layer is then spun on the head which causes it to 

.substantially planarize across the.write head with a thickness·greater in 
10 the pole tip re9ion.than in the Yoke region. However, in the present 

invention the thickness of the photoresist layer in the pole tip region is 
significantly re~uced over the prior art so as to minimize dispersion of 

15 

.. light during the light exposure step of the photoresist layer. 

It should be noted that the flare ·point is located at 1. 5 µm. from 
the ABS which can be seen in Figs. 9 and 10. The insulation stack behind 
the flare point is· the·· troublesome portion ·Of the insulation stack for 

. light reflection: into areas ad~acent the first ,.aria· second side walls of 
,the _intended second. pole ·tip. Since the apex angle has been maintained 

20 between 20°·and.25° by the small height of the'insulation stack, 
reflective notchitlejduring the light eXposure·step of the photoresist . . ;tayer for frame plating·the ·second pole piece layer 214 is substantially 
nonexistent. Accordingly; first and second side .walls 222 and224 of a 
second pole tip· 226, shewn in. Fig.· 11, will be well formed. This means 

25 .that the ·side walls 222 and 224 will be parallel with respect to ene 
another, perpendicular to·a planeof.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 o.s µm. to 
0. 75 µ.m. The flare point can be in the range of 1. 0 µm. to L 5 µm from the 

30 ABS without incurrinq saturat.ion 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 µm with an exemplary thickness of .08 µm. This dete:rmines 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 layer 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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the commencement of an adjacent -turn. The preferred range for the pitch 
of the coil layer is 2.5 µm to 3.0 µm with an exemplary pitch of 2.5 pm. 

With this scaled down pitch the length of the second pole piece layer can 
be shortened which, in turn, permits shortening of the first pole piece 

5 layer 212. Accordingly, with shortened first and second pole pieces 212 
and 214, and with scaled down thicknesses of each of these layers, 
inductance of the head is siqnificantlyreduced which equates to a hiqher 
data rate. The lengths of the first and-second pole piece layers· 212 and 
214· is further shortened by scalinq down the distance of the coil layer 

10 202 from the ABS. This distance is preferably in the range of 5 µ.m to 
7 µm with an exemplary distance of 5.0 µm, as shown in Fig. 9. It has 
been found that this scaled down distance has been permitted by lowering 
the heights of the first and second insulation layers 206 and 208 and, 
optionally, the third insulation layer 210. Further, the low height of 

15 the insulation stack 204 permits the zero throat heiqht (ZTH) to be 
agqressively 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 µm with an exemplary ZTH of .35 µm, as shown in Fig. 

20 g. 

several £actors have sic;nif icantly Contributed to maintaininq a law 
heat environment of the write head during its operation. One is that the 
first insulation layer 206 is made of a nonorqanic 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 doei; 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 obviated by the present 
invention. 

Below is a chart which lists the preferred dimensions~ pref erred 
35 ratios and preferred ranqes 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 arecordin9 density of 11.3 qiqabits 
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 µm and ycke width of 17 µm. 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" equal to 0.5 µm 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 
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material, such as Ni80Fe2o,· and the material of the second pole piece layer 
214 is a high :moment material, such as Ni,5Fe55. The first insulation 
layer 206 is aluminum -oxide (Al2~) , the coil layer 202 is copper (Cu) , 
the second insulation layer 208 is baked photoresist and the third 

5 insulation layer 210, which is an extension of tll.e write qap layer 216, is 
aluminum oxide (Al203). The overcoat layer is aluminum oxide· (Al20». 

10 

15 

20 

25 

Parameter Preferred Prefi.irred Preferred 
.Dimension Ratio Range 

. (pa) (Approximate) 

P2 thickness 1.6 3.X 1.5-1. 75 

11 thickness 0.3 0.6X 0.25·0~30 

Coil thickness 1·6 3X 1.50-l. 75 

12 above coil 0.60 l.2X 0.5-0.65 
.. 

Write qap • 08 O.l6X .075-.0850 

Stack heiqht 2.75 5.5.X 2.7-3.2. 

Z'l'H 0.35 0."(X 0.25-0.5 

.Coil :,to ABS 5~0 10X 5-7 

Apex angle 22° 20° - 22° 20°-25° 

Flare point .1 .• 5 JX. · 1-1.S 

Coil pitch ~-5 2.5 .. 2.0-3.0 

'!'rack width 0.8 1.6X 0.5-0.75 

Coil turns-·· 10 '. ·10 -
.. 

Yoke len.qth 30~0 60X 25-35 
'.:. 

·Yoke width 17 34X 15-25 

Pl thickness 1.6 3 .• 2X 1.5·L75 

Fiq. 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 J.Ull and the commencement ·of 
the coil layer 202 from the ZTH is 6 µm. The f.lare point remains at 

35 1.5 µm. 'l'he overall stack height is 2.6 pm. The distance from the ZTH to 
the ba~ portion of the back qap is 41 ,:tm for a 10-turn write coil, 34 µm 

for an 8-turn write coil and 28 µm for a 6-turn write coil. 

Fiq. 13 illustrates still another embodiment 250 of the present 
40 invention which is the same as the embodiment shown in Fi9. 12 except a 

third insulation layer 252 of·· the insulation stack is an additional baked 
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·Et')':.. •.itr~. 
photoresist layer on top of the second insulatien· layer 208. :rn this 
embodiment the extension of the write qap layer 2·16 becomes a fourth 
.insulation. layer 210 for the insulation stack. In this instance, the 
stack height is increased from 3. O µm to 3. 4 µm. Further, the distance of 

s the coil layer from the ZTH is increased from 6 µm in Pig. 12 to 7 pm. 

10 

While the embodiment in Fiq. 13 provides additional insulation between the 
coil layer and the second pole piece layer 212, it has been found that 
this additional insulation is not necessary. Accordinqly, the embodiments 
shown in Figs. 9-12 are preferred over the embodiments shown in Fig. 13. 

As shown in Fig. 14 the insulation stack 300 of the present head is 
compared to an insulation stack 302 of a low profile type write head and 
to an insulation stack 304 of a typical prior art write head. The present 
head investiqated is typified by the head 200 shown in Fig. 9. It can be 

15 seen that the write coil layer 306 of the present write head.is 
considerably closer to the Z'l'H than the locations of the write coils 308 
and 310 of the other heads to·the Z'l'H. 'rhis significantly decreases the 
lengths of the first and second pole pieces in the present write head. 
Further, it should be noted that the apex angles of the insulation stacks 

20 302 and 304 are significantly greater at the Z'l'H than the apex angle of 
the insulation stack 30D of the present head. These increased apex angles 

25 

. . 
will contribute to unwanted·. reflective notching of the second pole· tip, as 
discussed hereinabove. Accordinqly, the insulation stack 300 is 
considerably more favorable than the insulation stacks 302 and 304. 

Fig. 15 illustrates various levels of photoresist layers employed 
for frame platinq the seccnd pole piece layer of the present head and the 
other two heads investiqated. 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 liqht exposure step of the photoresist 
layer. The photoresist layer 322 of the low profile head is considerably 
deeper in the pole tip reqicn 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. 9·11 a method of makinq the write head includes 
40 forming the first pole piece layer 212 in the pole tip, yoke and back 

regions, forminq the first insulation layer 206 of a nonorqanic material 
on the first pole piece layer 212 in the yoke reqion, forming an 
electrically conductive coil layer 202 in the yoke region, forminq a 
second insulation layer 208 of baked photoresist on the coil layer 202, 

45 forming the write gap layer 216 on the first pole piece layer 212 in the 
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pole tip ·region and, preferably, on the second< insulation layer 208 in the 
yoke reqion to form the third insulation layer 210, etching the write qap 
layer at the back gap region, forming the seco~d pole piece layer 214 on 
the third insulation layer ~10 in the yoke region, on the write 9ap layer 

s 216 in the pale tip region and connecting the second pole piece layer 214 
to the first pole piece layer 212 in the back gap region (BG) at 218. The 
forming of the coil layer 202 and the forming qf the second pole piece 
layer 214 _forms the coil layer 202 with a thickness that is e(Jual to or 
greater than the thickness of the second pole piece layer 214. !n the 

10 method all of the siqnificant dimensions, such as the thickness of the 
write gap layer 216, the zero throat height, the.distance of the coil 
layer 202 to the ABS, the pitch of the coil, the.thicknesses of the first 
arid secon.d pole piece layers.212 and 214, the hei9ht of·the insulation 

15 

20 

·2s. 

stack 204 and.the flare point are all scaled down praportionally. 
Proport;onal scaling has not been applied to the•write coil layer 202 so 
as _to.prevent undue heating of .the head . 

. 'l'hus has been : desc:J;"i};led a scaled . down write head which has a high 
recording density ~da high data rate. The write lead has a well-defined 
second pole tip and.:_il Wl!'it!! gap. layer that. has a reliably defined 

·.thickness ·at. the AJ3S. J;n addition, .the write head that is scaled down 
without causing a pro.tr~sion P~C>blem at t;he ABS •.. Furthermore,. the write 
head has a .lower stack heiqht even thouqh a thickness of a write ·coil 

· larer is not scaled ,_·d~ p;opo~tionally with other parameters of the write 
head· •. The construction eJ11Ployed does not increase reflective notching, 
dec;ireases. alteration_ of· the. l'l%"ite gap thickness, .increases the data rate 
and reduces protrusion at the air bearing surface. 

Cle_arly, other emb()diments and modifications of this invention will 
30 ·· readily occu:;'. 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 v.iewed in conjunction wit.h the above specification ·and accompanying 
drawinqs. 
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CLAIMS 

1. A magnetic write head that has an air bearing surface (ABS), a zero 
throat height (ZTH), a flare point and a yake region that is located 

5 between- a pole tip region and a· ba·ck qap region, the pole tip region 
extending from the ABS to the flare point and the yake region extending 
from the flare point to the back gap region comprising: 

first and second ferromagnetic pole piece layers extending 
10 throughout the pole tip, Yoke and· back gap regions, each pole piece layer 

having a thickness in the yoke region; 

an insulation stack; 

15 an electrically conductive coil layer embedded in the insulation 

20 

stack, the coil layer having a thickness; 

the insulation stack being located between the first and second pole 
piece layers in the yoke region; 

a nonmagnetic write gap layer located between the first and second 
pole piece lay~rs in the pole tip region; 

the first and second pole piece layers being connected together in 
25 the back gap region; and 

30 

35 

40 

the thickness of the coil layer being equal to or greater than the 
thickness of the second pole piece layer. 

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

a first insulation layer of inorganic material directly on the first 
pole piece layer in the yoke region; 

the coil layer being directly on the first insulation layer; and 

a second insulation layer of baked photoresist directly on the coil 
layer and being the only baked photoresist layer in the insulation stack. 

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

a third insulation layer directly on the second insulation layer, 
45 the third insulation layer being an extension of the write qap layer. 

1111 i1ii1nr 
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4 • A magnetic write head as claimed in c1ailti: ;2 or claim 3 wherein the ., 

inorganic material is selected frOJn the group aluminwn oxide (Al203), 
silicon dioxide (Si02) and silicon (Si) • 

5 5. A ma.9Jletic write head as claimed in any:?f claims 2 to 4 
including: 

10 

the first insulation layer having a thickn~ss about 0.2 the 
~ : \ 

thickness of the coil layer; · , . 

the second insulation layer having a height above the coil layer 
about o .40 the thickness of the coil layer; and.· 

the write gap layer having a thickness about 1/20 the thickness of 
· 15 the coil layer. 

6. A magnetic write head as claimed in any preceding claim including: 

the insulation stack having a height about twice the thickness of 
'20 the coil layer; 

25 

a distance from the ABS to the .coil layer being about three time the 
thicJaiess of the coil la~r; ~d .. 

the ZTH being about 1/3 the thickness of the coil layer. 

7. A magnetic write he;;i.d a~ claimed in any.preceding claim wherein the 
magnetic head has an apex angle from 20° to 25° •. 

30 8. A magnetic write head as claimed in claim 1 wherein the magnetic 
' head has an apex angle of 22 ° • 

~- 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 

35 second pole piece layer. 

40 

45 

10. A magnetic write head as cla.imed in claim 9 wherein the first pole 
piece layer is a low moment material and the second pole piece layer is a 
high moment material. 

11. · .A magnetic wr.ite head as claimed in claim lD wherein the low 
moment material is Ni80Fe20 and the high moment. material is Ni<sFes5 • 

I /If/I~ IHl~~H Hiii ii i/i/ ·' 
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12. A magnetic write head as claimed in in any preceding claim 
wherein the flare point has a distance about the thickness of the coil 
layer. 

s 13. A magnetic write head· as claimed in any preceding claim wherein a 

10 

track width of .the second pole piece in the pole tip region is 0.5-0.75 
µm. 

14. A magnetic write.head as claimed in any preceding claim including: 

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

nonmagnetic electrically insulative first and second read gap 
15 layers; 

20 

25 

30 

35 

40 

45 

the read sensor and the first and: second lead layers being located 
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 
second shield layers. 

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

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

nonmagnetic electrically insulative first and second read gap 
layers1 

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

the magnetic disk drive further including: 

I 111111111111111111-11111111111 
* C L M S * 
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a housing; 

a magnetic disk rotatably supported in the housing; 

5 a support mounted in the housing for supporting the magnetic head 

10 

with its ABS facing .the magnetic disk so that"the magnetic head is in a 
transducing relationship with the magnetic disk: 

means for rotating the magnetic disk: 

positioning means connected to the support for moving the magnetic 
head to multiple positions with respect to said magnetic disk; and 

.. processing means connected to the magnetic head, to the means for 
15 rotating the :magnetic.disk and to the positioning means for excrumging 

signals with the merged magnetic·. head, for controlling movement of the 
magnetic disk and for controlling the position of the inagnetic head. 

16. A method of making a magnetic write head that has an air bearing 
. 20 surface (ABS) , a zero ·throat hei9ht .(Z'l'H) , a flare point and a yoke region 

that is located between a pole tip ~egion_and a back gap region, the p0le 
tip region extending .·from the ABS to the flare 'point and the yoke region 
extending from the flare point to the back gap region comprising: 

25 forming a ferromagnetic first pole piece layer in the pole tip, yoke 

.JO 

35 

and back gap regions; 

forming a first insulation layer on the first pole piece layer in 
the yoke region; 

forming an electrically conductive coil layer with a thickness on 
the first insulation layer; 

form.ing a secori.d insulation layer on the coil layer; 

forming a nonmagnetic write gap layer on the first pole 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; 
and 

111111111111111111111111111111 
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the formin~:6f the coil layer.and the f:6tihing of the second pole 
piece layer forming the coil layer with a thickness that is equal to or 
greater than a thickness of the second pole piece layer. 

17. A method as claimed in claim 16 wherein the insulation stack is 
made by: 

forming a first insulation· layer of inorganic material directly on 
the first pole piece layer in the yoke region; 

forming the coil layer directly on the first insulation layer; and 

forming a second insulation layer of baked photoresist directly on·. 
the coil layer which is the only baked Ph.otoresist layer in the ins11lation 

15 stack. 

20 

18. A lll6thod as claimed in claim 17 wherein the insulation stack is 
further made by: 

forming a third insulation layer directly on the second insulation 
layer wherein the third insulation layer is an extension of the write gap 
layer. 

19. A method as claimed in claim 17 or claim 18 wherein the inorganic 
25 material is selected from the group aluminum oxide (Al20» , silicon' 

dioxide (8102 ) and silicon (Si) • 

30 

35 

40 

20. A method as claimed in any of claims 17 to 19 including: 

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 

forming the write gap layer with a thickness about 1/20 the 
thickness of the coil layer. 

21. A method as claimed in any claims 16 to 20 including: 

forming the insulation stack with a height that is about twice the 
thickness of the coil layer; 

I 111111) \Ill~ lllJI \\Ill II I~\ . 
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forming the coil layer with a dis.tance from the ABS to the coil 
layer being about three time the thickness of the coil layer; and 

forming the ZTH with a thickness about 1/3 the thickness of the coil 
5 layer. 

22. A method as claimed in any claims 16 to 21 wherein the magnetic 
head has an apex angle from 20° to 25°. 

10 23. A method as claimed in any of claims 16 to 22 wherein the magnetic 
head is formed with an apex angle of 22°. 

24. A method as claimed in any of claiins 16 to 23 wherein the first 
pole piece layer is formed with a thickness about the same thickness as 

15 the second pole piece layer. 

20 

25. A method as claimed in claim 24 wherein the first pole piece layer 
is formed of a low moment material and the second pole piece layer i·s 
formed of a high moment material. 

26. A method as claimed in claim 25 wherein the low moment material· 
is Ni80Fe20 and the high moment material is Ni15Fe55 • 

27. A method as claimed-in any of claims 16 to 26 wherein the flare 
25 point is formed with a distance about the thickness of the coil layer. 

30 

28. A method as claimed in any of claims 16 to 27 including: 
forming the second pole piece in the pole tip region with a track 

width that is 0.5-0.75 µm. 

' 1111111111111 11111 1111111 1111 · * C L M S * 


