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BACKGROUND OF TIIB INVENTION 

l. Field of the Invention 

The present in~ntion generally relates to thin film inductive read-write heads for use in magnetic 

10 storage systems. More· p~cularly, the present invention is directed to high throughput methods 

for the rapid production of thin film inductive read-write beads having very narrow write track 

. widths, to inductive read write heads so produced, and to the associated apparatus. and methods 

for their use. 

2. Description of Related Art 

15 In magnetic di.sk drives, data is written and read by magnetic transducers called "heads." The 

magnetic disks are rotated at high speeds, producing a thin layer of air called an air bearing 

surface (ABS). The read and write heads are supported over the rotating disk by the ABS, where 

they either induce or detect flux on the magnetic disk, thereby either writing or reading data. 

. . 

Layered thin film structures are typically used in the manufacture of read and write heads. In write 
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heads, thin film structures provide high areal density, which is the amount of data stored per unit 
. . 

of disk surface area, and in read heads they provide high resolution. 

A thin film write head comprises two pole pieces, a top pole piece Pl and a bottom pole piece P2. 

A write head generally has two regions, denoted a pole tip region and· a back region. The pole 

5 pieces are formed from thin magnetic mat~al film~ and converge in the pole tip region at a 

magrietic reqording gap, lmown as the· zero throat level, and in the back region at a back gap. The 

zero throat level delineates the pole tip region and back region. A write head also has two pole 

tips, PIT and P2T, associated with and extensions of Pl and P2 respectively. The pole tips, which 

are-relatively defined in their shape and size in contrast to ~e pole pieces, are separated by a thin 

10 layer of insulati~n material s-qch as alumina, referred to as a gap. As a magnetic disk is spinning 

beneath a write head, ·the P2 pole tip trails the P 1 pole tip and is therefore the last to induce flux on 

the disk. Thus, the P2T dimension predominantly defines the write track width of the write head, 

and is generally considered an important feature. 

The write track width, P2~, is especially important because it limits · the areal density of a 

. . 
. 

15 magnetic disk. A narrower track width translates to greater tracks per inch (TPI) written on .the 

disk, which in turn translates to greater areal density. However, With present manufacturing . 

methods for read.:.write heads, the ability to produce very narrow track widths is limited. These 

limitations will be further explained with reference to a specific type of inductive head. 

Inductive heads conunonly employed at present are magnetoresistive (MR) sensors, which are 

20 highly sensitive to changes in magnetic flux on a disk written by inductive write heads. An MR 

sensor comprises a thin film layer sandwiched between bottom and top insulation layers, or gaps, 
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which are in turn.sandwiched between bottom and top shield layers, SI and S2. An MR head can 

read infonnation on a magnetic disk with much narrower track widths an much higher fidelity 

than other known twes of read heads. The apparent ability of MR sensors to read very narrow 

track widths may enable the use of narrow track width write heads and .therefore lead to high areal 

5 densities. While this advantage has been sought through the use of photoresist frame plating and · 

ion beam milling of write heads, manufacturing heads with very narrow P2B traQlc widths remains 

a sig11ifi~ant challenge. 

A particular type of MR head is a merged MR.head. A merged MR head uses the top shield S2 of 

the MR head as the bottom pole ~I of the write head. Thus, this lay~ is shared by each of the read 

10 and write heads. While merged MR heads have a high capacity for both reading and writing, they 

, are limited in the narrowness of the track width they may utilize bee.au:;.~ i,bey have been found to 

possess large side-fringing fields during recording. These fields are caused by differences in PIT 

and P2T widths. The fringing fieid, caused by flux leakage from P2 to Pl beyond the width of P2, 

1s the portion of the magnetic field which ex.tends toward the tracks adjacent to the tracks being 

15 written. The fringing fields reqtiire lower TPI in order not to impinge adjacent tracks, thereby 

limiting the achievable areal density. 

Prior art practitioners have sought to reduce fringing fields in merged MR heads. Typically, this 

involves manufacturing heads with vertically aligned Pl T and. P2T side walls. A method 

exemplary of one which addresses this issue is found in U.S. Patent 5,438,747, entitled "Method 

20 of Making a Thin Film Merged 1v:tR Head With Aligned Pole Tips," incoiporated herein by 

reference. Manufacturing techriiques directed to achieving Pl and .P2 pole tips _of substantially 
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similar widths do effective~y re~uce the fringing field. However, they may be unfortunately 

limiting in their ability to produce substantially narrow P2B track widths. Therefore, while the 

capacity for high areal density is preserved through manufacturing methods whi~h are aimed at 

reduction of fringing fields, it may actually be hampered by those same manufacturing methods 

5 which place an undesirable lower limit on the size of P2B write head track width. Furthermore, 

they produce an additional manufacturing burden: in the form of cleanup of redeposited material, 

which ~lates to greater time and higher production costs. 

Other MR head manufacturing methods have addressed the issue of reducing the write track 

width. An example is U.S. Patent 5,726,841 entitled, "Thin Film Magnetic Head With Trimmed 

IO Pole Tips Etched by Focused Ion Beam for Undershoot Reduction," incorporated herein by 

reference. While the use of a focused ion beani tool (FIB) may effectively produce a narrow P2B 

~ck width, the technique would be performed a separate time for. each· head. In typical 

mantlfacturing processes· which develop niore than 20,000 heads per wafer, use of FIB is not 

feasible. 

15 As previously mentioned, other methods for manufacturing heads with vertically aligned pole tip 

side walls include fomiing the P2 pole tip either by photoresist frame plating or ion beam nlilling. 

In these cases, the P2T is plated wi~ additional thickness as it is used as a mask during the . 

processing which trims the pole tip width, removing pole tip thickness in the process. Sufficient 

pole tip thickness must be retained throughout the milling process for a pole tip to have a suitable 

20 aspect ration. Aspect ratiQ is the thick_ness I width of a pole tip, and should generally be greater 

than about 2: The width of the pole tip P2B that may be fabricated by present methods is limited, 
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then; by the amount of pole tip thiclmess that may be lost during pole tip width milling. This, and 

other limitations inherent to current man¢'acturing technology, reates signifieant challenges in the 

production of very narrow pole tip read/write heads. 

SUMMARY OF THE INVENTION 

5 It is a purpose of .the present invention· to improve the current limitations known in read-write 

head track widths incurred by practical limitations· of current manufacturing methods. Specifically, 

-· . 
an object of the present invention is to improve write head track width by nearly an order of 

magnitude. 

The ipvention utilizes a preliminary milling step b~fore standard PI notching in order to create a 

10 P2B. track wl.dtli · that is substanti~ly ·sub-micrometer and narrower than that which could 

previously" be realized. Larger amounts of PI material may then be removed during PI milling 

procedures, the Write track dimension having already been reduced; 

It is a further o~ject of the invention to produce the narrow write track heads by a method that 

enables high throughput manufacturing. A preiiminary milling .step may be utilized on a .wafer in 

15 a high throughput nianufa~turing system, wherein the write track Width P2B ·may be milled to a 

very narrow dimension before it is divided into multiple heads. ·The invention thereby enables a 

novel application of a preliminary precision milling step to substantially reduce the write track 

width of many heads on a single substrate. 

The preliminary milling step of the present invention occurs before standard PI notching. It 

20 . employs a wafer manufacturing process such as ion beam milling to perfonn P2 pole trimming 
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and mill the write track width prior to Pl notching. TI1e write track width is milled at an angle, 

preferably 45° to 85° from the wafer nonnal, effecting a precise removal of material. As used in 

this specification, the term "wafer nonnal" refers to a direction substantially perpendicular to the 

plane in which the wafer is oriented. The precision P2B milling may then be followed by less 

5 precise, conventional Pl milling, which piovi~es alignment of PIT and P2T sidewalls for 

reduction of fringing fields. 

The present invention, therefore, yields several · sutprising advantages over the prior art. A thin . 

fihn inductive read write head manufactured according to a method exemplary of the in.vention 

will have a write track significantly less than that which has been previously known. This will 
; 

10 yield a substantial in.crease in the areal storage of magnetic disk drives. FUrthennore, the present 

invention enables high throughput manufacturing systems for producing large quantities of the 

narrow write track inductive heads. 

The foregoin.g an~ other objects, features, and advantages of the present invention will be apparent 

from the following detailed description of the preferred embodiments w:hich makes reference to . . 

15 several drawin.g figures. 

BRlEF DESCRIPTION OF THE DRAWINGS 

Figure I is a· side view of a typical thin film merged MR head. 

Figure 2 is an ABS view of a typical thin film merged lv.lR head taken along plane m-m. 
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· Figure 3 is a schematic of an exemplary ion beam chamber. 

Figure 4 is an ABS view of a first implementation of a preliminary ion beam .milling step . 

according to an embodiment of the present invention. 

Figure 5 is a graph whicb. depicts the ratio of amount of P2T tha~ is removed during the inventive 

' . 
5 P2B milling step to th,e time spent utilizing the P2B milling .step. 

Figure 6 is a plot of P2B write track widths vs. amount of time utilizing the inventive P2B milling 

step. 

Figure· 7 is an ABS view of a different implementation of a preliminary ion beam milling step 

according to an embodiment of the present invention. 

10 DETAILED DESCRIPTION OF TIIB PREFERRED EMBODIMENT 

In the following description ofthe preferred embodiments reference is made to the accompanying, 
. . 

drawings which form the part thereof, and in which are shown by way of illustration of specific 
. > • 

embodiments in .which the invention may be practiced. It is to be understood that other 

embodiments may be utilized and .structural artd functional change8 may be made without 

15 departing from the scope of the present invention~ 

Objects of the present invention include providing a method for producing both merged and piggy 

back (not merged) :MR. and GMR heads with substantially narrowed write tracks, and the ability to 
. . 

feasibly produce the read-write heads in, high volume. The invention seeks to address these objects 

with a· novel approach to overcome limitations inherent to the technology utilized in the prior. art. 
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In· view of .these objects, the description will continue in an illustrative sense with respect to 

various exemplary embodiments of the invention. 

A merged MR or GMR liead as shown in Figure I is manufactured using a new, preliminary 

precision milling step prior to Pl notching. The head comprises two pole pieces 1 and 3 denoted 

5 Pl and P2, respectively. Pl, in a merged head, also serves as the second shield 82 for the read 

portion of the head. The pole pieces 1 and 3 are separated by a ~ap 5 and bounded by an ABS 8 at 

a pole tip region of the head. Pl ~d P2 are magnetically connected where they are separated by 

the gap. The pole pieces· converge at a back region of the head, such that they are not sqJarated by 

a gap :h1 this region.· Extending from the pole pieces are two pole tips 7 and 9 in the pole tip 

10 region; denoted PTl and PT2 respectively. The pole tips are shaped and defined relative to their 

respective pole pieces by manufacturing processes such as ion beam millip.g. A merged Iv.IR head· 

also comprises a first insulation layer 11,"a coiled conductor layer 13, and a second insulation 

layer 15. 

A method according to an embodllllent of the present invention employs a combination of known 

15 thin film photolithography and·ion. beam milling sreps with a unique, precise ion~ milling 

preliminary manufacturing step. In the exemplary embodiment, photolithography is us~d to 

deposit magnetic layers. ~sing photoresist frame. plating, and is used to deposit insulation layers 

with a photoresist and developing process. Those skilled in the art will appreciate that 

photolithography is exemplary only an4 that alternative deposition methods are .contemplated as 

20 being within the scope of .the present invention. These can include electroplating, cathodic 

sputtering, ion beam deposition, and the like. The inventive preliminary step, in an exemplary 
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embodiment, will employ precision milling to ren1ove very small amounts o~ material in the base 

region of the upper pole tip P2T, and reduce the write track width P2B to a very narrow 

. dimension. The precision milling of a narrow P2B write track width may then· be followed by 

conventional pole tip trimming and pole piece notching. 

5 Definition of the pole tips is shown in Figure 2, where the pole tips 7 and 9 are separated by a gap 

5. Fringing fields, which limit the narrowness of pole tips in the prior art, are caused by the greater 

width of.the first pol~ piece 1 relative to the narrow gap 5 and second pole tip 9~ Methods known 

in the ·prior art for reducing the fringing field inClude Pl notching, which involves removal of _a 

significant amount of material from the first pole piece ~t field regions 17 and 19, as well as from 

10 the top of P2T, in~cated at 10 in Figure 1. Also, pole cleaning is used to remove redeposition 

material fro~ the vertical side walls .of PTl and PT2, as sh~wn in Fi8ure 2, in an effort to red~.~ ... 

fringing fields. Ion beam milling is a common method used for Pl notching and Pl/P2 wall 

cleaning~ but is conventionally utilized for the removal of large amounts of material from Pl 1 and 

the top of P2 10. The sigri.ificant removal of material in these processes, combined with material 

. . 

15 redeposition and cleanup, does not allow for the precision required to create sub-micrometer write 

·track widths. 

Ion beam milling, for P2 pole trimming and Pl notching, is performed in a processing chamber, as 

shown in Figure 3. The work piece, which may be a wafer 29 with more than 20,000_heads, is 

mounted on a turntable 21 and rotated while it is milled by a prim_aiy ion beam source 23 at an 

20 angle between 0° ~d 50° from the wafer normal. A shutter 25 may be employed to control 

various steps in the process. According to known manufactming methods, a secondaiy ion beam 
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source 27 may be utilized for cleanup of redeposition from Pl and P2 pole piece side walls. 

Alternatively, a single ion beam source may be used for both notching and clean~p operations by 

rotating the stage 29 to obtain the various angles appropriate for each function. 

The unique preliminary step employs an ion beam for precise milling of the P2B track width_ in 

5 addition to Pl notching. The P2B milling step may occur either before or after th~ Pl notching. In 

an exemplary form of the new P2B mill step, 'shown in F~gure 4, the ion beam 31 is directed at the 

base of P2T for precise milling of the P2B write track width 35. This precision milling step, which 

may be used to produce a P2B of substantially less than lµm, may then be followed by further Pl· 

notching· procedures which remove more material for notched Pl and redeposition-free P1/P2 

10 sidewalls. 

""• •.;, ~. . 

Ion beam etching, used. for pole piece notching, requires an etching mask to protect the portions of 

the read-write head that are nQt to _be etched. A comm.on mask that is used for this purpose is a 

photoresist mask. For Pl notching, the ~2T may be plated with additional thickness so that the 

pole itself, with it's extra thickness, may actually suffice as a mask During ion beam etching, 

15 portions of the mask are actually reduced, making it desireable to use a mask that is relatively 

thick. However, use of a tll:ick mask adds a high degree of difficulty in producing a very narrow 

P2B with presently known photolithography tecJmiques. The present invention, therefore, enables 

production of a narrow P2B without tl1e use of a thick photoresist mask. 

Figure 5 is a graph which .depicts the ratio of amount of P2T that is removed during the inventive 

20 P2B milling step to the time spent utilizing the P2B milling step. In light of the etch s~lectivity as . 

plotted in Figure 5, the range of P2B track widths that may be achieved with a method of the 
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present invention is shown in Figure. 6. Thus. it is anticipated that track widths below 0.3µm may 

be achieved by the inventive P2B milling step without consuming very much of the P2T material. 

The method of the present invention may be utilized in a variety of manufacturing sequences. and 

will not ne~ssarily precede P.1 notching steps. For example. in an alternate embodin1ent of the 

5 present invention, P2T will be pla~d to about 4.0µm with a write track width of about 0.8µm. The 

inventive preliminary ion be&n milling :step will then· be used to produce a write track width that 

is substantially narrower. As shown in Figure 7, an ion: beam 31 will be angled at about 70 

degrees to the wafer nonnal-33 and directed to P2B. The angled ion beam will mill the P2B to a 

final write track width of about 0.6µm. It is noted that different angles, as well. as different milling 

Io cycle times. Will produce different track Widths and inay be used to p~duce track widths that are 

below 0.4µm. Subsequent procedures, according to known methods, will remove greater filn:O~ts 

of material and be used to perform· Pl notching to about o:3µm depth. The finished pl-oduct will be 

a merged MR or G:MR head With a write track that is anticipated to be substantially. less than any 

which has been known to date. 

15 In an exemplary manufacturing process according to an alternative embodiment of the invention, 

photolithography and Pl notching step~ may be combined with the ·inventive preliminary step to 

. . 

produce a merged GMR head with a sub-micrometer P2B write track width. In the exemplary 

process, a magnetic layer is deposited on a wafer to form a second shield layer of a merged GMR. 

head, which also serves as the bottom pole piece, P 1. A second magnetic layer is deposited to 
. . 

20 form a top pole piece P2. An extension of P2 is a deposited pole tip P2T, which is defined and 

shaped as a smaller. pedestal-like protrusion from the P2T pol~ piece. The pole tip P2T is bounded 

-11-

SJ0000007US I 



by a base, a top, . and two vertical side walls, the base defining the P2B write track width. At a 

certain point in the merged GMR.head manufacturing process, before Pl notching, at least a single 

ion beam is directed at an angle e to a wafer normal· to trim the base of P2T and reduce the P2B. 

A preferred angle is between 45 degrees and 85 degrees. In the exemplary process, the precision 

s milling of small amounts of material from th~ P2T base to form the narrow P2B write track width 

is followed by Pl notching steps that remove greater amounts of material and mutually aligned P2 

and notched Pl side walls to reduce fringing fields. Thus, a merged GMR head is manufactured 

which has both substantial Pl notching and a substantially sub-micrometer P2B write. track width. 

It is now readily apparent that the aforementioned discoveries allow a merged MR or GMR head to 

10 have vertically aligned pole tips adjacent the gap layer combined with Pl notching for the purpose 

of fringe field reduction while also having precision-milled P2~ for a very narr.ow .track width. 

The merged l\1R- or GMR head manufactured according to various embodiments .of the present 

invention will have a track width that is substantially sub-micrometer and much narrower than 

any preV:iously achieved in high throughput manufacturing systems. 

15 The foregoing description. o~ the preferred embodiments of t]:ie invention has been presented for the 

pmposes of illustration and description. It is not intended to be exhaustive or to limit the inventi9n 

to the precise form disclosed. Many modifications and variations are possible in light of the above 

teaching. For example, the preliminary step.ofthe present invention may be utilized before or after 

additional Pl notching steps. The ion beam of the preliminary step may be directed at various 

20 angles and milling cycle times to produce various track widths. More than one angled ion beam 
• 

may be implemented to mill a narrow track width and clean up any redeposited material 
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simultaneously. It is intended that the ·scope of the invention be limited not by this detailed 

description, but rather by the claims appended hereto. 
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WHAT IS CLAIMED IS: 

2 

\ \11\tl\ \\\I\\ lit\\ \\1\1 \\ \II\ ; 
* c L M S ; 

I. A high throughput method for the production of at least one thin film inductive head for a 

disk drive, the head having a significantly narrowed write track width, said method comprising: 

10 providing a wafer h8.ving at least a first magnetic layer deposited thereon and at least a 

15 

secon~ ~gnetic layer deposited on top of said first magnetic layer; 

said second magnetic layer having a base and a side wall; and 

trimming the base of said second magnetic layer with an ion beam directed substantially 

towards the wall ofsaid·second·magnetic layer and at an angle relative to a wafer normal. . 

2 The method of claini I further comprising: · 

notching said first magnetic layer following said trimming. 

3. The method of claim I wherein said angle ranges from about 45 degrees to about 

20 85 degrees. 
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4. The method of claim 3 wherein said angle is about 70 degrees. 

5. The method of claim 1 wherein the base of said second magnetic layer is trimmed 

25 to a base write track width of less than O.Sµm 

6. The method of claim 5 wherein said base write track width is 0.4µm or less. 

7. A high throughput. method of making a merged MR head having a signifieantly 

30 narrowed write track width, the method comprising: 

depositing at least one magnetic layer on a wafer to form a second shield layer .of 

an Jv.lR head and a bottom pole piece; . . . 

depositing at least one other magnetic layer to fom1 a top pole piece above the 

, bottom pole piece, the top pole piece having a defined upper pole tip element," the upper pole tip 

35 element having a base and a first set of side walls, the base defining the write track width; and 

directing at least one ion beam at the side walls at an angle relative to a wafer 

normal to trim the base and reduce the write track width. 

8. A method according to claim 7 further comprising: 

-15-

SJ0000007US 1 



----·-·----··-----

1111111111111111111.11111111111 
* C L M S * 

said a11gle being at least about 45 degrees .and not greater than about 85 degrees. 

9. A method according to claim 7 further compri.sing: 

5 reducing_ the write track width to less than about 0.8µm. 

10. A method according to cla.lln 9 further comprising: 

performing a Pl notching process to notch the top pole piece, the Pl notching 

process producing a lower pole_ tip with a second. set. of vertical side walls substantially aligned 

. 10 with the first set of side walls of the upper pole tip. 

11. A method according to cla.lln 10 further compris.ing 

depositing a photoresist mask on top of upper pole tip before perfonning the P 1 

notching process. 

15 

12. A method of forming a pole tip for a merged MR head, the method comprising: 

depositing a magnetic upper pole tip on a wafer. said upper pole tip having a base, 

. , a top, and first and second side walls and having a width defined by a horizontal distance between 

said side walls; and 
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1 . directing at least one ion beam at the walls of tlie upper pole tip at an angle to a 

wafer nom1al to trim the upper pole tip and reduce said width. 

13. A method according to claim 12 further comprising: 

_reducing said width to _less ~ approximately 0.8µm. 

10 

14. A method according to claim 12 further comprising: 

said angle being at least about 45 degrees and not greater than about 85 degrees. 

15. . A thin film inductive head having a body with at least two walls. a horizontal 

15 distance between the walls defining a write tracI,c width, the width being less than 0.8µ.in. 

16. The thin film inductive head of claim 15 having a write track width of 0.4µm or 

less. · 

17. A thin film inductive read write head comprising: .. 

. a first p0le piece and a ~econd pole piece; 
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a first pole tip and a second pole tip; 

said first pole tip extending from said first pole piece and said second pole tip 

3 extending from said second pole piece; 

said second pole piece being bounded by a base~ a top, a first side wall and a 

second side wall; 

a writef1rack width defined by a horizontal distance between said first and second 

side walls; and 

8 said write track width being substantially less than about 0.8µm, 

18. A thin film inductive read write head accordingt~ claim 17 wherein: 

said inductive read write head is a merged MR sensor. 

15 19. A thin film inductive read write head according to claim 17 wherein: 

said inductive read write head is a merged GMR. sensor. 

. 20. A disk drive comprising: 

a magnetic disk; 

. a GMR head produced through the method of claim 1; and 
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an actuator arm for supporting the GMR head. 

2 

21. A disk drive comprising: i11iii1/i1Uii 
a magnetic disk; 

a GMR. head comprising a thin film inductive read write head according to claim 

10 an actuator arm for supporting the GMR head. 
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