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(57) ABSTRACT 

Double photolithography is used to produce an under-layer 
of protective and filtering photoresist over a Substrate that 
will have channels milled with a FIB. Secondary layers are 
applied with precision on top of the first layer in order to 
define the precise patterns to be milled and to provide 
targeting and alignment fiducials. 
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DOUBLE LAYER PATTERNING AND TECHNIQUE 
FOR MAKING AMAGNETIC RECORDING HEAD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of Ser. 
No. 09/922,546, filed Aug. 3, 2001, which is a continuation 
of Ser. No. 09/255,762, filed Feb. 23, 1999 and now U.S. 
Pat. No. 6,269,533, all of which are incorporated by refer 
ence in their entirety. 

FIELD OF THE INVENTION 

0002 This invention relates generally to magnetic 
recording heads and to a method of making thin-film mag 
netic heads for imprinting time based Servo patterns onto a 
magnetic media. 

BACKGROUND OF THE INVENTION 

0003) While a variety of data storage mediums are avail 
able, magnetic tape remains a preferred forum for economi 
cally Storing large amounts of data. In order to facilitate the 
efficient use of this media, magnetic tape will have a 
plurality of data tracks extending in a transducing direction 
of the tape. Once data is recorded onto the tape, one or more 
data read heads will read the data from those tracks as the 
tape advances, in the transducing direction, over the read 
head. It is generally not feasible to provide a separate read 
head for each data track, therefore, the read head(s) must 
move across the width of the tape (in a translating direction), 
and center themselves over individual data tracks. This 
translational movement must occur rapidly and accurately. 
0004. In order to facilitate the controlled movement of a 
read head across the width of the media, a Servo control 
System is generally implemented. The Servo control System 
consists of a dedicated Servo track embedded in the mag 
netic media and a corresponding Servo read head which 
correlates the movement of the data read heads. 

0005 The servo track contains data, which when read by 
the servo read head is indicative of the relative position of 
the Servo read head with respect to the magnetic media in a 
translating direction. In one type of traditional arrangement, 
the servo track was divided in half. Data was recorded in 
each half track, at different frequencies. The Servo read head 
was approximately as wide as the width of a Single half 
track. Therefore, the Servo read head could determine its 
relative position by moving in a translating direction acroSS 
the two half tracks. The relative strength of a particular 
frequency of data would indicate how much of the Servo 
read head was located within that particular half track. 
0006 While the half track servo system is operable, it is 
better Suited to magnetic media where there is no contact 
between the Storage medium and the read head. In the case 
of magnetic tape, the tape actually contacts the head as it 
moves in a transducing direction. Both the tape and the head 
will deteriorate as a result of this frictional engagement; thus 
producing a relatively dirty environment. AS Such, debris 
will tend to accumulate on the read head which in turn 
causes the head to wear even more rapidly. Both the pres 
ence of debris and the wearing of the head have a tendency 
to reduce the efficiency and accuracy of the half track Servo 
System. 
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0007 Recently, a new type of servo control system was 
created which allows for a more reliable positional deter 
mination by reducing the Signal error traditionally generated 
by debris accumulation and head wear. U.S. Pat. No. 5,689, 
384, issued to Albrect et al. on Nov. 19, 1997, introduces the 
concept of a timing based Servo pattern, and is herein 
incorporated by reference in its entirety. 
0008. In a timing based servo pattern, magnetic marks 
(transitions) are recorded in pairs within the servo track. 
Each mark of the pair will be angularly offset from the other. 
Virtually any pattern, other than parallel marks, could be 
used. For example, a diamond pattern has been Suggested 
and employed with great Success. The diamond will extend 
acroSS the Servo track in the translating direction. AS the tape 
advances, the Servo read head will detect a signal or pulse 
generated by the first edge of the first mark. Then, as the 
head passes over the Second edge of the first mark, a signal 
of opposite polarity will be generated. Now, as the tape 
progresses no signal is generated until the first edge of the 
Second mark is reached. Once again, as the head passes the 
Second edge of the Second mark, a pulse of opposite polarity 
will be generated. This pattern is repeated indefinitely along 
the length of the servo track. Therefore, after the head has 
passed the Second edge of the Second mark, it will eventually 
arrive at another pair of marks. At this point, the time it took 
to move from the first mark to the Second mark is recorded. 
Additionally, the time it took to move from the first mark (of 
the first pair) to the first mark of the Second pair is similarly 
recorded. 

0009. By comparing these two time components, a ratio 
is determined. This ratio will be indicative of the position of 
the read head within the Servo track, in the translating 
direction. AS the read head moves in the translating direc 
tion, this ratio will vary continuously because of the angular 
offset of the marks. It should be noted that the servo read 
head is relatively small compared to the width of the servo 
track. Ideally, the servo head will also be smaller than one 
half the width of a data track. Because position is determined 
by analyzing a ratio of two time/distance measurements, 
taken relatively close together, the System is able to provide 
accurate positional data, independent of the Speed (or vari 
ance in Speed) of the media. 
0010) By providing more than one pair of marks in each 
grouping, the System can further reduce the chance of error. 
AS the Servo read head Scans the grouping, a known number 
of marks should be encountered. If that number is not 
detected, the System knows an error has occurred and 
various corrective measures may be employed. 
0011. Of course, once the position of the servo read head 
is accurately determined, the position of the various data 
read heads can be controlled and adjusted with a similar 
degree of accuracy. 
0012. When producing magnetic tape (or any other mag 
netic media) the servo track is generally written by the 
manufacturer. This results in a more consistent and continu 
ous Servo track, over time. To write the timing based Servo 
track described above, a magnetic recording head bearing 
the particular angular pattern as its gap Structure, must be 
utilized. AS it is advantageous to minimize the amount of 
tape that is dedicated to Servo tracks, to allow for increased 
data Storage, and it is necessary to write a very accurate 
pattern, a very Small and very precise Servo recording head 
must be fabricated. 
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0013 Historically, servo recording heads having a timing 
based pattern have been created utilizing known plating and 
photolithographic techniques. A head Substrate is created to 
form the base of the recording head. Then, a pattern of 
photoresist is deposited onto that Substrate. The photoresist 
pattern essentially forms the gap in the head. Therefore, the 
pattern will replicate the eventual timing based pattern. After 
the pattern has been applied a magnetically permeable 
material Such as NiFe is plated around the photoresist 
pattern. Once So formed, the photoresist is washed away 
leaving a head having a thin film magnetic Substrate with a 
predefined recording gap. 
0.014. Alternatively, ion milling is used to form a first 
layer having a relatively large gap. A pattern of photoresist 
is applied in an inverse of the above described pattern. That 
is, photoresist is applied everywhere except where the 
timing based pattern (gap) is to be formed. Ion milling is 
used to cut the gap through the first layer. Then an additional 
layer of the magnetically permeable material is deposited by 
plating over the first layer and a narrow gap is formed into 
this layer by the above described photolithographic process. 
This approach produces a more efficient head by creating a 
thicker magnetic pole System. 
0.015 While the above techniques are useful in producing 
timing based recording heads, they also limit the design 
characteristics of the final product. In the first method, only 
materials which may be plated can be utilized, such as NiFe 
(Permalloy). Generally, these materials do not produce 
heads which have a high wear tolerance. AS Such, these 
heads will tend to wear out in a relatively short time. In 
addition, this class of materials have a low magnetic moment 
density (10 kGauss for NiFe), or saturation flux density, 
which limits their ability to record on very high coercivity 
media. 

0016. The second method also relies on plating for the 
top magnetic layer and is therefore limited to the same class 
of materials. In addition, the use of ion milling makes the 
fabrication of Such a head overly complex. The photoresist 
pattern can be applied relatively precisely, thereby forming 
a channel over the gap. However, the traditional ion milling 
technique is rather imprecise and as the ions pass through 
that channel they are continuously being deflected. Concep 
tually, in any recording gap, So cut, the relative aspect ratioS 
involved prevent a precise gap from being defined. In other 
words, this is a shadowing effect created by the photoresist 
and causes the gap in the magnetically permeable material to 
be angled. Generally, the Sidewalls of the gap will range 
between 45°-60° from horizontal. This introduces a variance 
into the magnetic flux as it exits the gap, resulting in a leSS 
precise timing based pattern being recorded onto the Servo 
track. 

SUMMARY OF THE INVENTION 

0.017. The present invention includes a method for fab 
ricating a magnetic recording head and a patterning and 
alignment System for defining areas to be milled during 
fabrication. 

0.018. In one embodiment, the invention is a method that 
comprises providing a first layer of photoresist on a Substrate 
and providing a Second layer of photoresist on an upper 
Surface of the first layer to define a target area with the 
Second layer of photoresist. The target area is milled with a 
milling device. 
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0019. In another embodiment, the substrate includes a 
thin film on at least a portion of an upper Surface of the 
substrate, wherein the first layer of photoresist is provided 
over at least a portion of the thin film. 
0020. In another embodiment, the second layer of pho 
toresist includes a plurality of target areas each defined by an 
independent portion of the Second layer. 
0021. In another embodiment, the second layer of pho 
toresist defines a writing gap for a magnetic recording head. 
Alternatively, the Second layer of photoresist defines a 
timing based writing gap for a magnetic recording head. 
0022. In another embodiment the first and second layers 
of photoresist are positioned So that any milling of the target 
area will result in boundaries milled through photoresist 
despite beam shifting with the milling device. 
0023. In another embodiment, the second layer includes 
at least one fiducial mark for aligning the orientation of the 
milling device. The fiducial mark may also be used to set up 
the milling device to correct for focusing, astigmatism and 
magnification errors. 
0024. In one embodiment, the invention is a method that 
comprises depositing a first layer of photoresist over an 
upper Surface of a Substrate of a partially formed magnetic 
recording head having a magnetically permeable thin film 
defining at least a portion of the upper Surface. A Second 
layer of photoresist is deposited over a portion of the first 
layer of photoresist, wherein the Second layer defines a gap 
pattern to be milled to form a timing based writing gap 
through the thin film. A milling device is aligned to the 
defined gap pattern and the gap pattern is milled. 

0025. In another embodiment, the invention is a method 
that comprises depositing a first layer of photoresist over an 
upper Surface of a Substrate of a partially formed multi 
channel magnetic recording head having a magnetically 
permeable thin film defining at least a portion of the upper 
surface. The first layer of photoresist is formed by soft 
baking the first layer of photoresist. Photoresist alignment 
patterns are deposited on top of the first layer of photoresist 
and over a Subgap of each channel, wherein the alignment 
patterns define timing based gap patterns to be milled. At 
least one photoresist fiducial is defined in an area between 
channels and a focused ion beam is adjusted based on the 
fiducial to orientate and adjust the focused ion beam relative 
to the Substrate. A focused ion beam is aligned visually to 
one alignment pattern and the gap patterns are milled 
through the thin film wherein any boundary milled is milled 
through photoresist. 

0026. In another embodiment, the present invention is a 
Substrate for forming a magnetic recording head comprising 
a first magnetically permeable member, a Second magneti 
cally permeable member, and a generally magnetically 
impermeable member disposed between the first and Second 
magnetically permeable members forming a head Substrate 
and defining a Subgap area on one Surface of the head 
Substrate. A magnetically permeable thin film is disposed 
over at least the Subgap area and a first layer of photoresist 
is deposited over at least a portion of the one Surface and 
covering at least a portion of the Subgap area. An alignment 
pattern is formed from a Second layer of photoresist depos 
ited over the first layer of photoresist, wherein the alignment 
pattern defines writing gaps to be milled over the Subgap 
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area and the alignment pattern is positioned So that bound 
aries defined during milling of the writing gaps are defined 
through photoresist. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.027 FIG. 1 is a side planar view of a substrate bearing 
a magnetic thin film. 
0028 FIG. 2 is a top planar view of the substrate shown 
in FIG. 1. 

0029 FIG. 3 is top planar view of a portion of thin film, 
bearing indicia of a gap to be milled. 
0030 FIG. 4 is a schematic diagram of a FIB milling a 
gap into a thin film. 
0031 FIG. 5 is a top planar view of a thin film having 
gaps milled by a FIB. 

0.032 FIG. 6 is a side sectional view taken about line 
VI-VI. 

0033 FIG. 7 is a top planar view of a thin film having 
gaps milled by a FIB. 

0034) 
VII-VII. 

FIG. 8 is side sectional view taken about line 

0035 FIG. 9 is a top planar view of a portion of thin film 
having a gap and endpoints milled by a FIB. 

0.036 FIG. 10 is a top planar view of a substrate bearing 
gaps and air bleed slots. 
0037 FIG. 11 is an end planar view of a substrate bearing 
air bleed slots. 

0.038 FIG. 12 is a side planar view of a magnetic 
recording head. 

0039 FIG. 13 is an end planar view of a magnetic 
recording head. 

0040 FIG. 14 is a partial perspective view of thin film 
layer bearing a set of time based or angled recording gap 
pairs. 

0041 FIG. 15 is a top planar view of a portion of a 
Substrate with a single layer photoresist pattern. 
0.042 FIG. 16 is a top planar view of a single layer 
photoresist and a Superimposed FIB milling pattern. 

0043 FIG. 17 is a top planar view of a portion of a 
Substrate with a single layer photoresist and a FIB milling 
pattern defining a timing based Servo pattern, though the 
illustrated gap patterns are not shown to Scale. 

0044 FIG. 18 is a schematic side elevation view of a FIB 
milling a channel through a thin film using a single layer 
photoresist pattern. 

004.5 FIG. 19 if a top planar view of the thin film of FIG. 
18 after milling. 

0.046 FIG. 20 is a top planar view of Substrate having a 
thin film, through which certain underlying features are 
visible. 

0047 FIG. 21 is a top planar view of the substrate of 
FIG. 20 having a single layer of photoresist. 
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0048 FIG. 22 is a top planar view of the substrate of 
FIG. 21 having a second layer of photoresist patterned over 
the first. 

0049 FIG. 23 is a side elevational view of the substrate 
of FIG. 22. 

0050 FIG. 24 is a perspective view of a channel cut 
through a portion of the substrate of FIG. 22. 
0051 FIG. 25 is a side elevational view of the substrate 
of FIG. 24. 

0.052 FIG. 26 is a side elevational view of the substrate 
of FIG. 25 after the photoresist has been removed. 
0053 FIG. 27 is a top planar view of a substrate with a 
Subgap having a mark indicating an origin for a coordinate 
System. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0054 The present invention is a method of making a thin 
film magnetic recording head using a focused ion beam 
(FIB) to mill out gaps in the tape bearing Surface. Referring 
to FIG. 1, a substrate 10 is created by glass bonding two 
C-shaped ferrite blockS 12 to a medially disposed ceramic 
member 14. The sizes and relative proportions of the ferrite 
blocks 12 and ceramic member 14 may vary as dictated by 
the desired parameters of the completed recording head. 
Furthermore, the choice of materials may also vary So long 
as blocks 12 remain magnetic while member 14 remains 
generally magnetically impermeable. 
0055. A layer of magnetically permeable material is 
deposited as a thin film 16 across an upper Surface of each 
of the ferrite blocks 12, as well as the upper surface of the 
ceramic member 14. The magnetically permeable thin film 
16 will become the tape bearing and data writing Surface for 
the magnetic head 5 (see FIGS. 12 & 13). As such, it is 
desirable to form the layer of thin film 16 from a material 
which has a relatively high magnetic moment density 
(greater or equal to about 15 kGauss) and is also wear 
resistant. An exemplary material for this purpose is FeN or 
alternatively Sendust"M. For example, FeN has a magnetic 
moment density on the order of 19 to 20 kGauss and is 
resistant to the frictional deterioration caused by continuous 
tape engagement. Any of the alloys in the iron nitride family, 
Such as iron aluminum nitride, iron tantalum nitride, etc., 
and including any number of elements, are also ideally 
Suited. FeXN denotes the members of this family, wherein X 
is a single element or a combination of elements, as is known 
in the art. 

0056 FeXN is created by sputtering a FeX alloy (or 
Simply Fe) in a nitrogen rich environment. It is not available 
in quantities Sufficient for plating. Furthermore, even if So 
available, the FeXN would decompose during the electro 
lytic plating process. This is in Stark contrast to the Simple 
alloys which may be readily utilized in electrolytic plating 
techniques. Therefore, while it is advantageous to use alloys, 
Such as FeXN, magnetic recording heads cannot be formed 
with them, in any previously known plating process. In 
addition, the most desirable alloys to use are often composed 
of three of more elements. Plating is generally limited to the 
So called binary alloys, and as explained above is not 
conducive to binary gaseous alloys, Such as FeN. The use of 
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sputtering in combination with the use of a FIB, not only 
allows any of these materials to be used but also produces a 
better wearing magnetic thin film with a higher Saturation 
flux density and of Sufficient permeability for use as a Servo 
write head. 

0057 Referring again to FIG. 1, the thin film 16 is 
sputtered onto the Surface of the ferrite blocks 12 and the 
ceramic member 14. Prior to the Sputtering process, the 
Surface is polished and prepared in a manner known to those 
skilled in the art. If desired, the Surface may be ground to 
produce a slight curvature. This curvature will facilitate 
Smooth contact between the tape and the completed head 5 
as the tape moves acroSS the tape bearing Surface. 

0058. The thickness of the deposited thin film 16 deter 
mines the efficiency of the magnetic head and also its 
predicted wear life. The thicker the tape bearing Surface 
(thin film 16) is, the longer the head will last. Conversely, the 
thicker the magnetic film, the longer it will take to proceSS 
or etch with a FIB and it will also process less precisely. 
Therefore, the thin film should be deposited in a thickness of 
about 1 to 5 lum. Ideally, the thickness will be about 2 to 3 
plm. 

0059 FIG. 2 is a top view of the substrate 10 and in 
particular the major Surface of magnetic thin film 16 with the 
underlying ceramic member 14 shown in dashed lines. The 
area 18 is generally referred to as a Subgap and is defined by 
the upper Surface of the ceramic member 14 and is where the 
appropriate gaps will eventually be located. The thin film 
covers the Subgap. The Subgap is the area defined by the 
magnetically impermeable member underneath the portion 
of the thin film bearing the writing gaps. Here a multi 
channel head will have a single, elongated and common 
Subgap. AS explained below, another configuration provides 
for a single, independent Subgap for each channel of a 
recording head. 

0060 Referring to FIG. 3, only a portion of area 18 is 
shown. Within area 18, some indicia 20 of the eventual gap 
positions are laid down as the thin film. It should be noted 
that two diamond shaped gaps are to be milled as shown in 
FIG. 3; however any shape and any number of gaps could 
be created. Indicia 20 is simply an indication of where the 
FIB is to mill. One way of accomplishing this is to place a 
layer of photoresist 22 down and define the indicia 20 with 
a mask. Using the known techniques of photolithography, a 
layer of photoresist 22 will remain in all of area 18 except 
in the thin diamond defined by indicia 20. Alternatively, the 
photoresist area could be Substantially Smaller than area 18, 
so long as it is sufficient to define indicia 20. The photoresist 
differs in color and height from the thin film 16 and therefore 
produces the Visually discernible pattern. This pattern is then 
registered with the FIB control System through a graphical 
interface; thus delineating where the FIB is to mill. The 
photoresist is used to visually identify a pattern. AS Such, 
many alternatives are available. Any high resolution printing 
technique capable of marking (without abrading) the Surface 
of the thin film 16 could be used. Alternatively, the pattern 
could be created completely within the FIB control system. 
That is, numerical coordinates controlling the path of the 
FIB and representing the pattern could be entered; thus, 
obviating the need for any visual indicia to be placed onto 
the magnetic thin film 16. Finally, a visual pattern could be 
Superimposed optically onto the FIB graphical image of the 
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Substrate 10, thereby producing a visually definable region 
to mill without actually imprinting any indicia onto the 
Substrate 10. 

0061. In any of the above described ways, the FIB 24 is 
programmed to trace a predefined pattern, Such as the 
diamond indicia 20 shown in FIG. 3. The FIB will be 
orientated in a plane orthogonal to the major Surface of the 
thin film 16. 

0062 FIG. 4 is a sectional view of FIG. 3, taken about 
line IV-IV and illustrates the milling process utilizing FIB 
24. The upper surface of the thin film 16 has been coated 
with a thin layer of photoresist 22. The visual indicia 20 of 
the diamond pattern is present, due to the area of that indicia 
20 being void of photoresist. The FIB 24 has already milled 
a portion of the pattern forming gap 30. The FIB as shown 
has just begun to mill the right half of the pattern. The beam 
of ions 26 is precisely controlled by the predefined pattern 
which has been entered into the FIB’s control system. As 
Such, the beam 26 will raster back and forth within the area 
indicated by indicia 20. The beam 26 will create a gap 30 
having vertical or nearly vertical side walls. The width of the 
focused ion beam is controllable and could be set to leave a 
predefined amount of Space between the edge of the Side 
wall and the edge of the indicia 20. The FIB 24 will raster 
back and forth until all of the indicia 20 have been milled for 
that particular head. 

0063. After the FIB 24 has milled all of the gap(s) 30, the 
photoresist 22 is washed away. Alternatively, any other 
indicia used would likewise be removed. FIG. 5 illustrates 
area 18 of Substrate 10 after the photo resist 22 has been 
removed. Thin film 16 is exposed and has precisely defined 
gaps 30 milled through its entire depth, down to the ceramic 
member 14. FIG. 6 is a sectional view of FIG.5 taken about 
line VI-VI of FIG. 5 and illustrates the milled surface of gap 
30. The gap 30 is precisely defined, having vertical or nearly 
vertical walls. 

0064. Referring to FIG. 14, a partial perspective view of 
a time based recording head 5 is shown. The major Surface 
50 of thin film 16 lies in a plane defined by width W, length 
L., and depth D. D is the deposited thickness of the magnetic 
film 16. The FIB will always mill through thin film 16 
through a plane perpendicular to the major Surface 50 which 
would also be parallel to depth D. By conventional stan 
dards, the gap 30 will have a magnetic gap depth equal to 
depth D and a gap width equal to width W and a gap length 
(L)equal to the span of gap 30. 
0065. The upper surface of thin film 16, shown in FIG. 
7, represents one of many alternative time based patterns 
which may be created using a FIB 24. Here, gaps 30 will be 
milled in exactly the same fashion as described above, 
except that indicia 20, when utilized, would have formed the 
pattern shown in FIG. 7. FIG. 8 is a sectional view taken 
about line VII-VII of FIG. 7 and shows how gap 30 
continues to have precisely defined vertical Sidewalls. Fur 
thermore, the upper horizontal Surface 32 of ceramic mem 
ber 14 is also precisely defined. 
0.066 FIG. 9 illustrates yet another pattern which may be 
defined using FIB 24. Here, gap 30 is in the shape of an 
augmented diamond. Rather than defining a diamond having 
connected corners, gap 30 is milled to have termination cells 
or endpoints 34, 35, 36 and 37. Creating endpoints 34, 35, 
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36 and 37 increases the definition of the finished recorded 
pattern near the ends of the track. 
0067 Air bleed slots 40 are created in the tape bearing 
Surface of the Substrate 10, as shown in FIG. 10. Once 
substrate 10 has been fabricated into a recording head, 
magnetic tape will move acroSS its upper Surface in a 
transducing direction, as shown by Arrow B. Therefore, air 
bleed slots 40 are cut perpendicular to the transducing 
direction. AS the tape moves over the recording head at 
relatively high Speed, air entrainment occurs. That is, air is 
trapped between the lower Surface of the tape and the upper 
Surface of the recording head. This results from the magnetic 
tape, comprised of magnetic particles affixed to a Substrate, 
being Substantially non-planar on a microscopic level. AS 
the tape moves over the recording head, the first air bleed 
Slot encountered Serves to Skive off the trapped air. The 
Second and Subsequent Slots continue this effect, thus Serv 
ing to allow the tape to closely contact the recording head. 
As the tape passes over recording gap(S) 30, it is also held 
in place by the other negative pressure slot 42, 43 encoun 
tered on the opposite side of the gap(s) 30. Therefore, there 
is a negative preSSure slot 42, 43 located on each side of the 
recording gap(s) 30. 
0068 FIG. 11 is a side view of substrate 10, as shown in 
FIG. 10. The upper surface of the substrate 10 has a slight 
curvature or contour. This acts in concert with the air bleed 
Slots to help maintain contact with the magnetic tape. The air 
bleed slots 40 are cut into the Substrate 10 with a precise 
circular Saw, as is known by those skilled in the art. The air 
bleed slots 40 are cut through thin film 16, which is present 
but not visible in FIG. 11. Alternatively, the air bleed slots 
40 could be cut prior to the thin film 16 having been 
deposited. 
0069. Substrate 10 has been longitudinally cut, thus 
removing a Substantial portion of the coupled C-shaped 
ferrite blocks 12 and ceramic member 14. This is an optional 
Step which results in an easier integration of the coils and 
ferrite blocks. FIG. 13 illustrate how a backing block 46 is 
bonded to substrate 10. The backing block 46 is composed 
of ferrite or another Suitable magnetic material. Wiring is 
wrapped about the backing block 46 thus forming an elec 
trical coil 48. With this step, the fabrication process has been 
completed and a magnetic recording head 5 has been pro 
duced. 

0070. In operation, magnetic recording head 5 is secured 
to an appropriate head mount. Magnetic tape is caused to 
move over and in contact with the tape bearing Surface of the 
head 5, which happens to be the thin film layer 16. At the 
appropriate periodic interval, electrical current is caused to 
flow through the coil 48. AS a result, magnetic flux is caused 
to flow (clockwise or counterclockwise in FIG. 13) through 
the back block 46, through the ferrite blocks 12, and through 
the magnetic thin film 16 (as the ceramic member 14 
minimizes a direct flow from one ferrite block 12 to the other 
causing the magnetic flux to shunt through the permeable 
magnetic film). As the magnetic flux travels through the 
magnetic thin film 16, it leaks out through the patterned gaps 
30, thus causing magnetic transitions to occur on the Surface 
of the magnetic tape, in the same pattern and configuration 
as the gap 30 itself. 
0071 Referring to FIGS. 10 and 12, it can be seen that 
the width of the head 5 (or substrate 10) is substantially 
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larger than a single patterned gap 30. This allows the 
recording head to bear a plurality of patterned gaps 30. For 
example, FIG. 10 illustrates a substrate 10 having five 
recording gaps 30 which could then write five servo tracks 
Simultaneously. More or leSS can be utilized as desired and 
the final size of the head 5 can be adjusted to whatever 
parameters are required. Also, each patterned gap represents 
a channel, and as explained below, each channel could be 
made independent through magnetic isolation. 
0072 Rather than cutting the substrate 10 as shown in 
FIG. 11 and applying a coil as shown in FIG. 13, the 
Substrate 10 could remain whole and the coils could be 
added to the C-shaped ferrite blocks 12, as they are shown 
in FIG. 1. 

0073. As described above, one way to align the FIB with 
the head member is to pattern photoresist onto the head 
member and then optically or visually align the FIB. FIG. 15 
illustrates a generic Substrate 100 (more particularly, Some 
portion of a Substrate) having a photoresist pattern 104 
applied. The intent would be to mill out the rectangular area 
102 with the FIB. For illustrative purposes, substrate 100 is 
shown generically however in practice the portion of Sub 
strate 100 actually patterned would be carefully chosen so 
that the photoresist pattern 104 appropriately and accurately 
defines an intended writing gap in the proper position and 
orientation. 

0074 Thus, FIG. 16 illustrates some of the physical 
components, including the patterning that would be Subject 
to alignment with a FIB. That is, the operator of the FIB 
would use photoresist pattern 104 as a target to properly 
align the cutting tool. When positioned within the proper 
milling area, the FIB milling area 106 actually generated 
(milled) by the FIB control device is illustrated over pho 
toresist pattern 104. That is, despite the operator's best 
efforts to align the FIB to photoresist pattern 104, some 
beam Shifting or misalignment is likely to occur. This results 
from the Scale and nature of the alignment and precision that 
is Sought through visual or numerical (coordinates) align 
ment. Moreover, the FIB control system often uses pattern 
recognition Software that digitizes images and coordinates. 
Thus, even with ideal alignment, the Software itself can 
generate errors of a few pixels that result in beam shift. 
Similarly, the machine vision that is often used by a FIB can 
lend to Some degree of shifting when translating a visual 
pattern into an electronic representation. Added to all of this, 
the physical misalignments caused by possible problems 
Such as Stage drift (the tray holding the component to be 
milled moves), Stray fields, and a positional error of the 
beam itself can further complicate the problem. 
0075. The error generated, whether due to the machine 

itself, the nature of the beam, or operator error will be 
generally referred to interchangeably as beam shift or mis 
alignment. Beam shift is actually very Small dimensionally, 
but considering the Scale of the components themselves and 
the milling process in question, beam Shift can be quite 
significant and problematic. Thus, FIB milled area 106 will 
often be offset somewhat from the intended or targeted 
milling area 102. 
0.076 FIG. 17 further illustrates the beam shifting that 
can occur when defining a dual gap timing based pattern 
120. (The patterns shown are for illustrative purposes only 
in that they are not accurately shown to Scale.) For each gap, 
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the actual FIB milled area 106 is shifted, e.g. downward (as 
illustrated), somewhat from the predefined areas to be milled 
104. While the actual milled areas 106 differ from pre 
defined areas 102, the two gaps are precisely positioned with 
respect to one another, Since the patterns are linked within 
the FIB control system. In other words, the FIB milled areas 
106 are consistent with one another to a high degree of 
accuracy and any beam shifting that occurs from misalign 
ment will affect both areas to approximately the same 
degree. The FIB does not actually follow or trace the visual 
pattern. Rather, the Visual pattern is used to position and 
orientate the FIB and define a starting point. By “knowing” 
its location and orientation relative to the Surface, the FIB 
can then move along a predetermined pathway. Thus, the 
dual gap pattern is precisely defined, though as a whole it 
can be shifted from its intended location by a Small amount. 
0077. As illustrated in both FIGS. 16 and 17, this 
misalignment causes one edge of milled area 106 to be 
milled through a portion of photoresist pattern 104 (upper 
edge in FIG.16) while the opposite edge (the lower edge in 
FIG. 16) is milled through substrate 100 only, and does not 
cut through any photoresist. In other words, the milling 
boundary either passes through photoresist or it does not. Of 
course, the Side edges could also have been misaligned, 
though not illustrated as Such. This Scenario is further 
illustrated in FIGS. 18 and 19. Here, a FIB 116 is illustrated 
milling a gap 108 through substrate 100 (which might be a 
thin film layer). The intent, as explained above is to cut gap 
108 to have vertical sidewalls (or as vertical as possible) 
without having redeposition occur on the upper Surface. In 
this example, the misalignment or beam shift has caused FIB 
116 to mill further to the right (as illustrated) of the pattern 
defined by photoresist 104. As such, FIB 116 mills through 
photoresist 104 to define covered edge 114 (i.e., the right 
most milling boundary passes through photoresist). Con 
versely, FIB 116 only mills through substrate 100 to define 
exposed gap edge 112 (i.e., the left most milling boundary 
does not pass through photoresist). In other words, there is 
a gap between the edge of photoresist 104 and the exposed 
gap edge 112. 
0078 FIB 116 projects a beam of Gallium atoms towards 
substrate 100 in a generally Gaussian distribution. When the 
beam strikes substrate 100, the material dislodged and the 
reflected Gallium atoms must go Somewhere. For the most 
part, the material is reflected normal to the Surface and is 
harmlessly redistributed, though Gallium exposure can lead 
to corrosion on other portions of the thin film. However, 
Some of the material is redeposited along the exposed gap 
edge 112 and along the resulting vertical Sidewall of gap 
108. Of course, some of the material could be redeposited on 
top of photoresist 104; however, since photoresist 104 is 
eventually washed away the deposited material is taken with 
and thus will not be discussed further. Redeposited material 
110 is problematic because it becomes part of substrate 100 
after the milling process. (Additional, and usually non 
problematic, redeposition could occur in other portions of 
gap 108, though not illustrated.) Not only does this affect the 
vertical sidewall of gap 108, it affects the upper surface of 
Substrate 100 as illustrated in FIG. 19. While there is no 
effective way to Subsequently remove redeposited material 
110 from gap 108, the upper surface of substrate 100 can be 
lapped to remove that portion of redeposited material 110 
existing on the upper Surface. Unfortunately, Such lapping is 
destructive to substrate 100 and greatly reduces its effective 
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or useful lifetime. The lapping serves to fill gap 108 with 
debris that cannot effectively be removed and prevents 
debris generated from contact with the media from accu 
mulating in the gap, increasing the frequency of required 
cleanings while also reducing the performance of the head. 
Lapping also Scratches the Surface of the thin film, which 
may lead to corrosion. As substrate 100 is the tape bearing 
Surface in a completed recording head, leaving Such rede 
posited material is undesirable as doing So will abrade the 
magnetic media, increase the debris generated from contact, 
and reduce the quality of the written data. In particular, 
redeposition 110 can lift the tape away from the recording 
head precisely at a time it should be close So that that the 
Writing gaps can write the appropriate transitions. 

0079 Another effect of the Gaussian beam distribution is 
the rounding of exposed gap edge 112 by the “tail” of the 
beam as it approaches and cuts exposed gap edge 112. That 
is, the rounded portion of gap edge 112 is bombarded by 
fewer Gallium atoms than it would be if targeted by the 
mean distribution of the beam, Since the beam is actually 
only directed up to exposed gap edge 112. Thus, material is 
removed but to a lesser degree resulting in a rounding rather 
than a cutting. Of course, this produces a less desirable 
Writing gap. That is, a sharper gap edge or transition is 
preferred such as edge 114 in FIG. 18. 

0080 Thus, essentially inevitable beam shifting causes 
FIB 116 to mill an exposed gap edge 112 that is not protected 
by photoresist 104 and this leads to undesirable conse 
quences. One possible Solution to this problem would be to 
reduce the size of the predefined areas to be milled 102 
(FIGS. 15-17). This however is also undesirable in that it 
greatly reduces the achievable precision of beam alignment, 
which is made even more important when milling timing 
based servo patterns. Essentially, the FIB operator would be 
trying to approximate an alignment and this could result in 
Some degree of guessing. By having photoresist 104 define 
the actual area to be milled, the FIB operator has a true 
location to visually align to, despite the beam shifting that is 
Still likely. In other words, the photoresist pattern needs to 
define the actual edge that should be aligned to, in order to 
avoid guesswork. Alternatively, the photoresist pattern can 
be used to define a precise Starting point, and the FIB can 
procede to mill a predetermined pattern using a coordinate 
System. Pattern recognition Software can be used to pre 
cisely identify the Starting point as the origin of the coor 
dinate System. Once a particular pattern is identified, a 
particular geometric feature can be used as the origin. For 
example, if the chosen pattern is a Square, a particular corner 
or the center can be isolated and determined. Thus, a System 
can be used based entirely on coordinate mapping, graphical 
alignment or a combination of the two. For the reasons 
discussed, this pattern would also occur as the Second layer. 
Referring to FIG. 27, a subgap area 200 is illustrated. Gap 
patterns 210 and 212 illustrate where the writing gaps are to 
be milled. A patterned shape 214 is provided in a precise 
location. The FIB imagining Software identifies the Square 
shape 214 and then determines, for example, an upper left 
corner 216 (as illustrated). Alternatively, two (or more) 
edges are identified and the geometric center of the Square 
is then determined. Once this point is identified, it is simply 
a matter of moving in a Stepwise fashion in an X, Y plane to 
mill the predetermined pattern. 
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0081. Another problem with using a FIB is the alignment 
procedure itself. Prior to milling the actual gap, the Surface 
of substrate 100 must be imaged (bombarded with Gallium 
atoms) in order to properly focus FIB 116 and correct for any 
astigmatism or magnification errors and to Set the eucentric 
height in order to attempt to achieve perfect patterning of the 
beam with respect to the milled Surface. This is generally 
done in an area of Substrate 100 other than the eventual gap, 
but close to it So that the Surface topology is consistent. That 
is, the FIB Set up and alignment is performed on an area 
relatively close to the eventually written gaps. This still 
leads to a number of problems. First, even though the area 
is spaced from the eventual gaps and thus essentially an 
inactive area with respect to writing media, the imaged area 
is still a part of the tape bearing Surface. Thus, the uniformity 
and evenness of the tape bearing Surface is adversely 
affected. Second, the Gallium atoms can be corrosive to the 
thin film, especially NiFe and other Fe based thin films. This 
is problematic both where the FIB is initially imaged and 
wherever redeposition of Scattered Gallium atoms might 
occur during the milling process. One Solution for this would 
be to expand the photoresist mask to cover the entire Surface. 
This is not acceptable however, Since the Surface becomes 
Somewhat featureless with edge to edge masking making it 
harder to locate the gap patterns for milling. In addition, it 
is difficult to precisely position the gap pattern in the mask 
when using edge to edge masking techniques. Conceptually, 
it should be understood that it is difficult to have a large, dark 
mask cover a large object while having relatively Small, 
clear patterns within the mask properly align to specific 
positions on the object. 
0082 In addition to preventing redeposition over at least 
an upper Surface, the double layer technique presented 
herein allows the Second layer to be applied with a “clear 
field mask, which in turn allows for easier and more precise 
alignment of the pattern to the visible features of the 
Substrate. 

0083) Referring to FIG. 20, a full substrate 100 is illus 
trated. That is, in this embodiment Substrate 100 represents 
a head member that will eventually become a two channel 
thin film recording head. This particular embodiment has 
been chosen for illustration because certain Surface features 
may be described for alignment purposes; however the 
present invention may be practiced on many different types 
of head members and configurations. Substrate 100 includes 
three non-critical areas 127 (that may or may not be mag 
netically permeable under the thin film) that are provided for 
spacing purposes. Glass bonds 125 couple the non-critical 
areas to a composite of ferrite 124,126 and ceramic defining 
a Subgap 122. Though not described in detail, this configu 
ration allows for channel Separation, thus differentiating it 
slightly from the Substrate illustrated in FIG. 2. Subgap 122 
is the area within which the timing based gaps will be 
defined through a thin film 142. In this embodiment, thin 
film 142 covers the entire upper surface of substrate 100. 
Despite the fact that thin film 142 covers the entire upper 
Surface, the underlying features Such as Subgap 122 are 
somewhat visible therethrough. 
0084. Once Substrate 100 has been prepared to the extent 
illustrated in FIG. 20, a first or under-layer of photoresist 
130 is applied acroSS a majority of the upper Surface of 
substrate 100 (i.e., over thin fin film 142). One or both ends 
128 may remain exposed (i.e., not covered by photoresist) So 
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that the thin film can be grounded during the FIB milling 
process. This can be done by removing a portion of the 
photoresist after it is applied or patterning it So that the 
end(s) is not covered. AS will be explained in greater detail 
later, under-layer 130 is for protective and filtering purposes 
and need not be patterned in any particular manner, however, 
it should be prepared (Such as by hard baking) So that 
another layer of photoresist can be Subsequently added and 
patterned. Under-layer 130 can be applied over the entire 
upper Surface or only over Smaller area(s), as desired. 
0085. After under-layer 130 is applied and prepared (e.g. 
hardened), additional layers of photoresist can be precisely 
added and patterned, as illustrated in FIGS. 22 and 23. 
Covering each Sub-gap 122, or more appropriately using 
each Sub gap 122 for alignment purposes is a photoresist gap 
pattern 134, 140. Gap patterns 134, 140 are independent 
from each other and include areas that define the location of 
the eventual recording gaps in the proper timing based 
pattern. Gap patterns 134, 140 are applied with a high degree 
of precision to define the location of the recording gaps. In 
addition, fiducials or alignment patterns 132, 136, 138 can 
be patterned in non-critical areas 127 and are also indepen 
dent from one another and from the gap patterns. That is, the 
various gap patterns and fiducials constitute a second (or 
Subsequent) layer of photoresist, but each portion is separate 
and differentiated from the other. Of course, multiple com 
ponents (i.e., a fiducial and gap pattern, multiple gap pat 
terns, etc.) could alternatively be provided in a single, 
integrated layer though not shown as Such. Alignment pat 
tern 132, 136, 138 can serve a number of purposes. First, 
they provide identifiable features in an area that is otherwise 
featureless, allowing the FIB operator to more easily posi 
tion and orientate the FIB. Second, they provide an area that 
can be imaged to focus the FIB and correct for any errors, 
Such as astigmatism or magnification issues, in a protected 
area preventing damage and corrosion from occurring on the 
Surface. Third, they can be positioned very precisely defin 
ing orthogonal coordinates relative to gap patterns 134. The 
“cross' pattern or a similar pattern (if accurately patterned) 
is useful in precisely aligning the X and the Y (or vertical 
and horizontal) alignment as it is desirable to have this 
alignment as true as possible. These patterns are imaged by 
the FIB, usually at a low voltage intensity to minimize the 
removal of the photoresist pattern. Thus, the FIB operator 
can better align the FIB while initially imaging and other 
wise Setting up the FIB. This leads to a greater ease and 
accuracy in aligning the FIB with gap patterns 134, 140. To 
further facilitate the alignment, each area where a gap is to 
be formed can include an alpha-numeric descriptor (e.g., 
channels 1-5 designated as 1, 2, 3, 4 and 5 respectively). The 
alpha-numeric identifier can be patterned or otherwise 
applied at Such a Scale as to make it discernable when 
imaged by the FIB. 
0.086 FIGS. 24 and 25 illustrate views of a portion of 
Subgap 134 after milling. In particular, these Figures illus 
trate how a precise gap can be created, even after experi 
encing a degree of beam Shift. In this example, the beam 
shift would have moved the actual cutting area towards the 
right (as illustrated). That is, a first half gap pattern 158 
would have essentially been untouched by the FIB beam. 
Second half gap pattern 156, was cut through by the FIB. 
However, because of the presence of under-layer of photo 
resist 130, the FIB always cuts through a portion covered by 
photoresist despite the beam shift. Thus, the Gaussian nature 
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of the beam will not round the corners of gap 150 (though 
not shown, the photoresist may be rounded by this effect) 
and both first and second gap sidewalls 152, 154 are 
Substantially vertical. In addition, any redeposition that 
occurs on the upper Surface will occur on a layer of 
photoresist. Thus, when the photoresist is eventually 
removed So is all of the redeposition, leaving a Smooth and 
intact thin film layer 142, as illustrated in FIG. 26. As a 
practical matter, the milling technique will often extend 
somewhat into the Substrate 100, though not illustrated as 
Such. This is desireable as it assures that a magnetically 
Shorted gap will be avoided. 
0.087 Thus, double photolithography as taught herein 
serves to provide an initial under-layer 130 over any portion 
of the Surface that might be milled, protecting it and assuring 
a clean milling process that Substantially eliminates rede 
position on the upper Surface. A Second patterned layer of 
alignment patterns 132, 136, 138 and gap patterns 134, 140 
can be precisely positioned on top of under-layer 130 so that 
the FIB can be precisely aligned to cut the gaps in the proper 
position and orientation. The thickness of the under-layer 
130 must be chosen to provide its protective and filtering 
effects throughout the alignment and milling process. This 
determination will be based on the thickness of the thin film 
142 and the time required for exposure to the beam. The 
patterned photoresist (i.e., the Second layer) should at least 
be thick enough to provide an appropriate visual target. 

0088. It may also be desireable to apply a thin layer of 
conductive metal 135 (shown partially in FIG.22) such as, 
e.g., gold, chrome or FeNi over the exposed portions of both 
layers of photoresist. Typically, Such a conductive layer 
would be applied to a thickness of about 150 A and will be 
removed with the photoresist when the photoresist is 
removed. The thin conductive layer is applied primarily for 
decharging the Surface but also helps produce a better image 
when the FIB images the surface. That is, the metal layer 
provides more free electrons to image with, but by draining 
the Surface (i.e., by applying contacts to each end of the head 
Substrate in contact with the metal layer), Stray charge is 
removed. This serves to also prevent the Substrate being 
milled from becoming charged during the milling process. 

0089. As described above, a double layer technique has 
been presented. In one embodiment, each layer is formed 
from photoresist. However, any material that can be pat 
terned onto a Substrate and/or onto another layer and then 
removed without damaging the Substrate, can be used as a 
masking layer. Furthermore, two different materials could be 
used in combination to form the first and Second layer. 
“Diamond like carbon” (DLC), photoresist, metal layers, Si, 
or any patternable material could be utilized, So long as the 
interaction between the milling device and that material 
produces desirable results. Alternatively, a Single protective 
layer could be applied in Some embodiments where Suffi 
cient underlying detail can provide Sufficiently precise align 
ment with the tools, techniques, and Scales used for milling. 

0090 The above head fabrication process has been 
described with respect to a magnetic recording head employ 
ing a timing based Servo pattern. However, the proceSS could 
be applied equally well to any type of thin film recording 
head or to various semiconductor, MEMS, or other nano- or 
micro-Scale fabrications. That is, those of ordinary skill in 
the art will appreciate that the FIB milling of the gaps could 
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accommodate any shape or pattern, including the traditional 
Single gap used in half-track Servo tracks. The present 
invention provides a way to have every milled boundary 
milled through a protective layer of photoresist while still 
allowing precise masking to be defined that could not be 
achieved in a single layer edge to edge type pattern. In 
addition, various non-milled portions of the Surface can be 
protected from the corrosive effects of Stray Gallium expo 
SUC. 

0091 Those skilled in the art will further appreciate that 
the present invention may be embodied in other specific 
forms without departing from the Spirit or central attributes 
thereof. In that the foregoing description of the present 
invention discloses only exemplary embodiments thereof, it 
is to be understood that other variations are contemplated as 
being within the Scope of the present invention. Accordingly, 
the present invention is not limited in the particular embodi 
ments which have been described in detail therein. Rather, 
reference should be made to the appended claims as indica 
tive of the Scope and content of the present invention. 
I claim: 

1. A method comprising: 
providing a first layer of photoresist on a Substrate; 
providing a Second layer of photoresist on an upper 

Surface of the first layer to define a target area; and 
milling the target area with a milling device. 
2. The method of claim 1, wherein the Substrate includes 

a thin film on at least a portion of an upper Surface of the 
substrate, wherein the first layer of photoresist is provided 
over at least a portion of the thin film. 

3. The method of claim 1, wherein the first layer of 
photoresist is provided over Substantially all of an upper 
Surface of the Substrate. 

4. The method of claim 1, wherein the first layer of 
photoresist is provided over Substantially all of an upper 
Surface of the Substrate except for at least one predefined 
area of the Substrate that is exposed to provide grounding for 
the milling device. 

5. The method of claim 1, further comprising hard baking 
the first layer of photoresist prior to applying the Second 
layer of photoresist. 

6. The method of claim 1 wherein the second layer of 
photoresist includes a plurality of target areas each defined 
by an independent portion of the Second layer. 

7. The method of claim 1, wherein the second layer of 
photoresist defines a writing gap for a magnetic recording 
head. 

8. The method of claim 1, wherein the second layer of 
photoresist defines a timing based writing gap for a magnetic 
recording head. 

9. The method of claim 1, wherein the first and second 
layer of photoresist are positioned So that any milling of the 
target area will result in boundaries milled through photo 
resist despite beam shifting. 

10. The method of claim 1, wherein the second layer 
includes at least one fiducial mark for aligning the orienta 
tion of the milling device. 

11. The method of claim 10, wherein the fiducial mark is 
also used to Set up the milling device to correct for focusing, 
astigmatism and magnification errors. 

12. The method of claim 1 wherein the milling device is 
a focused ion beam. 
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13. A recording head made by the method of claim 1. 
14. Magnetic recording media written by a head made by 

the method of claim 1. 
15. The method of claim 1, further comprising depositing 

a layer of conductive material over the first and the Second 
layer of the photoresist. 

16. The method of claim 15 wherein the conductive 
material is metal. 

17. The method of claim 16 wherein the metal is FeNi. 
18. The method of claim 1, wherein the target area is a 

general representation of a pattern to be milled. 
19. The method of claim 1, wherein the target area is an 

identifiable mark to provide an origin for a coordinate 
System. 

20. The method of claim 19 wherein the milled pattern is 
determined with respect to the identifiable mark based on the 
coordinate System. 

21. A method comprising: 
depositing a first layer of photoresist over an upper 

Surface of a Substrate of a partially formed magnetic 
recording head having a magnetically permeable thin 
film defining at least a portion of the upper Surface; 

depositing a Second layer of photoresist over a portion of 
the first layer of photoresist, wherein the Second layer 
defines a gap pattern to be milled to form a timing 
based writing gap through the thin film; 

aligning a milling device to the defined gap pattern; and 
milling the gap pattern. 
22. The method of claim 21, further comprising hard 

baking the first layer of photoresist. 
23. The method of claim 21, wherein a portion of the 

upper Surface remains uncovered by the first layer of pho 
toresist So the that milling device can be grounded to the 
upper Surface. 

24. The method of clam 21 wherein the alignment occurs 
Visually. 

25. The method of claim 21 wherein the alignment occurs 
based on pattern recognition. 

26. The method of claim 21 wherein milling the gap 
includes using a focused ion beam. 

27. The method of claim 21 wherein the alignment occurs 
based on numerical coordinates and a determined origin. 

28. The method of claim 21, wherein milling includes 
milling boundaries and each boundary is milled through 
photoresist. 

29. The method of claim 28, wherein each boundary is 
milled through photoresist despite any beam shift that occurs 
during milling. 

30. The method of claim 21, wherein depositing the 
Second layer includes providing multiple independent por 
tions of the Second layer, wherein each independent portion 
includes a defined gap pattern to be milled. 

31. The method of claim 21, wherein depositing the 
Second layer includes providing an independent fiducial 
mark. 

32. The method of claim 21, further comprising deposit 
ing a layer of conductive material Over the first and the 
Second layer of the photoresist. 

33. The method of claim 32 wherein the conductive 
material is metal. 

34. The method of claim 33 wherein the metal is Fe Ni. 
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35. The method of claim 21, wherein the deposited second 
layer includes a general representation of a pattern to be 
milled. 

36. A recording head made by the method of claim 21. 
37. Magnetic recording media written by a head made by 

the method of claim 21. 

38. The magnetic recording media of claim 37 wherein 
the recording media is tape. 

39. A method comprising; 
depositing a first layer of photoresist over an upper 

Surface of a Substrate of a partially formed multi 
channel magnetic recording head having a magneti 
cally permeable thin film defining at least a portion of 
the upper Surface; 

forming the first layer of photoresist by soft baking the 
first layer of photoresist; 

depositing photoresist alignment patterns on top of the 
first layer of photoresist and over a Subgap of each 
channel, wherein the alignment patterns define timing 
based gap patterns over each Subgap to be milled; 

depositing at least one photoresist fiducial in an area 
between channels, 

adjusting a focused ion beam based on the fiducial to 
orientate and adjust the focused ion beam relative to the 
Substrate; 

aligning the focused ion beam visually to one alignment 
pattern; and 

milling the gap patterns through the thin film wherein any 
boundary milled is milled through photoresist regard 
less of beam shift. 

40. A recording head made by the method of claim 39. 
41. Magnetic recording media written by a head made by 

the method of claim 39. 

42. The magnetic recording media of claim 41 wherein 
the recording media is tape. 

43. A Substrate for forming a magnetic recording head 
comprising: 

a first magnetically permeable member; 

a Second magnetically permeable member; 
a generally magnetically impermeable member disposed 

between the first and Second magnetically permeable 
members forming a head Substrate and defining a 
Subgap area on one Surface of the head Substrate; 

a magnetically permeable thin film disposed over at least 
the Subgap area; 

a first layer of photoresist deposited over at least a portion 
of the one Surface and covering at least a portion of the 
Subgap area; 

an alignment pattern formed from a Second layer of 
photoresist deposited over the first layer of photoresist, 
wherein the alignment pattern defines writing gaps to 
be milled over the Subgap area and the alignment 
pattern is positioned So that boundaries defined during 
milling of the writing gaps are defined through photo 
resist regardless of beam shift. 
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44. The Substrate of claim 43, further comprising a 
fiducial pattern for alignment of a milling device and formed 
from a layer of photoresist deposited on top of the first layer 
of photoresist. 

45. The Substrate of claim 43 wherein the Substrate 
comprises a plurality of channels and a separate alignment 
pattern is provided for each channel. 

46. The substrate of claim 43 wherein the alignment 
pattern defines an origin for a coordinate System. 

47. The substrate of claim 43 further comprising a con 
ductive layer over the first and the Second layers of photo 
resist. 

48. The Substrate of claim 47 wherein the conductive 
layer is metal. 

49. The Substrate of claim 48 wherein the metal is FeNi. 
50. The substrate of claim 43 wherein the alignment 

pattern is approximately representative of a pattern to be 
milled. 

51. A method comprising: 
providing a first masking layer on a Substrate; 
providing a Second masking layer on an upper Surface of 

the first masking layer to define a target area; and 
milling the target area with a milling device. 
52. The method of claim 51, wherein the Substrate 

includes a thin film on at least a portion of an upper Surface 
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of the Substrate, wherein the first masking layer is provided 
over at least a portion of the thin film. 

53. The method of claim 51, wherein the first masking 
layer is provided over Substantially all of an upper Surface of 
the Substrate. 

54. The method of claim 51, wherein the first masking 
layer is provided over Substantially all of an upper Surface of 
the Substrate except for at least one predefined area of the 
Substrate that is exposed to provide grounding for the 
milling device. 

55. The method of claim 51 wherein the second masking 
layer includes a plurality of target areas each defined by an 
independent portion of the Second layer. 

56. The method of claim 51, wherein the second masking 
layer defines a writing gap for a magnetic recording head. 

57. The method of claim 51, wherein the second masking 
layer defines a timing based writing gap for a magnetic 
recording head. 

58. The method of claim 51, wherein the first and second 
masking layers are positioned So that any milling of the 
target area will result in boundaries milled through a mask 
ing layer despite beam shifting. 


