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(57) ABSTRACT 

A read head and a magnetic hard disk drive having a read head 
layer stack which has been partially milled to within a partial 
milling range to form a shaped junction and a hard bias layer 
which is in contact with the shaped junction of the wafer 
stack. 
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READ HEAD HAVING SHAPED READ 
SENSOR-BASING LAYER JUNCTIONS 

USING PARTIAL MILLING 

0001. This application is a divisional of and claims priority 
to co-pending application Ser. No. 10/952,427, filed Sep. 27. 
2004, originally entitled READ HEAD HAVING SHAPED 
READ SENSOR-BIASING LAYER JUNCTIONS USING 
PARTIAL MILLING AND METHOD OF FABRICATION, 
by the same inventors, and which is commonly assigned. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates generally to fabrica 
tion of electronic components, and more particularly, this 
invention relates to shaping of the junction between a hard 
biasing layer and the free layer of a magnetic read sensor of a 
hard disk drive. 
0004 2. Description of the Prior Art 
0005. In recent years there has been a constant drive to 
increase the performance of hard disk drives by increasing the 
areal data storage density of the magnetic hard disk. This is 
done by reducing the written data track width, such that more 
tracks per inch can be written on the disk. This naturally 
requires that the width of the read head be reduced so mag 
netic field interference from adjacent data tracks is not picked 
up. 
0006 Read sensors, of which one type is referred to as a 
“spin valve', developed to read trackwidths smaller than 130 
nm depends upon the ability to ion mill the sensor to these 
very small dimensions, and to reliably lift-off the deposited 
layer materials. 
0007. One method used in the prior art for milling the read 
sensors is shown in FIG. 5 (Prior art). Preferably a single mill 
step at high incidence angle (0 to 15 degrees from normal 
incidence, i.e., perpendicular to the plane of the Surface being 
milled) is used in conjunction with a 2-layer photoresist mask 
40, having an upper layer 42 and a lower layer 44 to shape the 
read sensor 46. Commonly, the lower layer 44 of the 2-layer 
photoresist mask 40 is of a narrower dimension than upper 
layer 42 and of the trackwidth W48 to form an undercut 49. 
0008. However, the limits of this technique are being 
reached because with trackwidths less than 130 nm, the width 
of the photoresist lower layer 44 becomes too small to support 
the upper layer 42. In response, techniques are being devel 
oped to use a photoresist mask which has no undercut. A 
single layer of photoresist or a multilayer structure can be 
used with no undercut formed. 
0009. After the read sensor or spin valve is completed, 
layers are deposited on both sides of the sensor. These gen 
erally include a seed layer, a stabilizing or hard bias layer and 
a layer of electrical leads. The junctions where these layers 
meet the layers of the spin valve sensor are very crucial to 
performance of the disk drive. For advanced spin valve read 
sensors used in magnetic recording heads, the hard bias to 
spin valve junction shape is especially critical. Different sen 
Sor designs and head designs call for various junction shapes. 
It is very desirable to vary the junction profile, and thus to 
affect the sharpness of the free layer edges, sharpness of the 
pinned layer edges, and the material on which the hard bias 
layers are grown, hence affecting device performance. 
0010 Referring now to FIG. 6, the stack of layers, referred 
to generally as a wafer stack 52, typically includes a first 
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shield layer 54, a dielectric gap layer 56 and a first seed layer 
58, upon which the remainder of the stack 60-68 is built. The 
milling or shaping process has typically involved cutting 
through the upper stack layers, completely through the first 
seed layer to reach the dielectric gap layer. It has been dis 
covered that there are several disadvantages to this “complete 
milling” and many advantages to a “partial milling operation 
in which some layers of sensor stack are left behind after the 
patterning operation, retaining a thin layer of material which 
covers the dielectric layer. In particular, when using complete 
milling, the thin dielectric layer underneath the sensor may 
become damaged by ion milling. This decreases manufactur 
ing yields since there is more yield loss due to shorting 
between the sensor and the bottom shield. Secondly, the 
amount of material removed with complete milling is greater. 
There is thus more redeposited material that gets thrown 
against the sensor during milling processes. This is expected 
to give less clean junctions, with higher junction resistance. 
Also, the total milling time is naturally longer, and conse 
quently, there is more chance of ESD damage. 
0011. Another disadvantage of complete milling is that at 
the end of the milling process, there are typically islands of 
patterned material left behind, rather than a continuous film of 
material on the wafer at all times, as there is with partial 
milling. Thus, there is more chance of charge buildup and 
potential ESD damage with complete milling. 
0012. Additionally, with partial milling, it is possible to 
stop at different points of the sensor Stack (e.g. pinned layer), 
and achieve junctions of different shapes. Depending on the 
sensor film characteristics and hard bias/leads characteristics, 
this is expected to produce different sensor performance 
based onjunction shape. 
0013 Also, it is an advantage that only a thin seed layer for 
the hard bias is required in the partial mill case. In contrast for 
the complete mill, a thick seed layer may be required in order 
to align the hard bias with the freelayer. When depositing this 
thick layer, the amount of material deposited on the junction 
is significant. This can potentially increase junction resis 
tance, and also leads to a larger spacing between the hard bias 
layer and the sensor, which is undesirable. 
0014 Thus, there is a need for shaped junctions and a 
method for achieving Such junction shapes in spin valve sen 
sors where the junction is achieved by partially milling 
through the sensor stack. 

SUMMARY OF THE INVENTION 

0015 The present invention includes a method for fabri 
cating a read head for a magnetic disk drive having a read 
head sensor and a hard bias layer, where the read head has a 
shaped junction between the read head sensor and the hard 
bias layer. The method includes providing a layered wafer 
stack to be shaped, where the layered wafer stack includes a 
first seed layer. A single- or multi-layered photoresist mask 
having no undercut is deposited upon the layered wafer stack 
to be shaped. A milling Source is provided which produces an 
output at a defined angle of projection, and the angle of said 
layered wafer stack to be shaped is adjusted relative to the 
angle of projection of the milling Source. The layered wafer 
stack is shaped by the output of the milling Source, where the 
shaping includes partial milling to within a partial milling 
range to form a shaped junction. The partial milling range 
preferably extends from below the free layer to a partial 
milling depth having a depth endpoint which lies within said 
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first seed layer. A hard bias layer is then deposited which is in 
contact with the shaped junction of the wafer stack. 
0016. A read head produced by this process, and a hard 
disk drive having a read head produced by this process are 
also disclosed. 
0017. It is an advantage of the present invention that the 
thin dielectric layer underneath the sensor does not get dam 
aged by ion milling. 
0018. It is another advantage of the present invention that 
manufacturing yields are improved since there are less yield 
losses due to shorting between the sensor and the bottom 
shield. 
0019. It is yet another advantage of the present invention 
that the amount of material removed is less, and therefore 
there is less redeposited material that gets thrown against the 
sensor, thus producing cleaner junctions, with potentially 
lower junction resistance. 
0020. It is a further advantage of the present invention that 
the total mill time is shorter, and thus there is less chance of 
Electrostatic Discharge (ESD) damage. 
0021. It is a yet further advantage of the present invention 
that since the metal is not completely removed during a partial 
mill, islands of material are not left behind (unlike in the full 
mill case, where at the end of the milling process, there are 
islands of patterned material): rather, there is a continuous 
film of material on the wafer at all times, and thus there is less 
chance of charge buildup and potential ESD damage. 
0022. It is still another advantage of the present invention 
that it is possible to stop at different points of the sensor stack 
(e.g. pinned layer), and achieve junctions of different shapes. 
Depending on the sensor film characteristics and hard bias/ 
leads characteristics, this allows different sensor performance 
based onjunction shape. 
0023. It is an additional advantage of the present invention 
that only a thin seed layer is required for the hard bias where 
partial milling is performed. In contrast, where full milling is 
performed, a thick seed layer maybe required in order to align 
the hard bias with the free layer. When depositing this thick 
layer, the amount of material deposited on the junction is 
significant, which could potentially increase junction resis 
tance, and also leads to a larger spacing between the hard bias 
layer and the sensor, which is undesirable. 
0024. These and other features and advantages of the 
present invention will no doubt become apparent to those 
skilled in the art upon reading the following detailed descrip 
tion which makes reference to the several figures of the draw 
1ng. 

IN THE DRAWINGS 

0025. The following drawings are not made to scale as an 
actual device, and are provided for illustration of the inven 
tion described herein. 
0026 FIG. 1 shows a top plan view of an exemplary disk 
drive; 
0027 FIG. 2 illustrates a perspective view of view of an 
exemplary slider and Suspension; 
0028 FIG.3 shows a top plan view of an exemplary read/ 
write head; 
0029 FIG. 4 is a cross-section view of an exemplary read/ 
write head; 
0030 FIG. 5 is a front plan view of the structure of a CIP 
read sensor of the prior art as seen from the ABS: 
0031 FIG. 6 is a front plan view of the structure of a CIP 
read sensor having complete milling as seen from the ABS: 
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0032 FIGS. 7-12 are front plan views of stages in the 
construction of a CIP read sensor having partial milling of the 
present invention as seen from the ABS; and 
0033 FIGS. 13-15 are front plan views of alternate 
embodiments of the structure of a CIP read sensor having 
partial milling of the present invention as seen from the ABS. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0034. The present invention is a disk drive read head hav 
ing partial milling of the sensor layers above the dielectric 
layer, and a method for producing this read head. 
0035. A hard disk drive 2 is shown generally in FIG. 1, 
having one or more magnetic data storage disks 4, with data 
tracks 6 which are written and readby a data read/write device 
8. The data read/write device 8 includes an actuator arm 10, 
and a Suspension 12 which Supports one or more magnetic 
heads 14 included in one or more sliders 16. 
0036 FIG. 2 shows a slider 16 in more detail being Sup 
ported by Suspension 12. The magnetic head 14 is shown in 
dashed lines, and in more detail in FIGS. 3 and 4. The mag 
netic head 14 includes a coil 18 and P1 pole, which also acts 
as S2 shield, thus making P1/S220. P1 S2 may also be made 
as two discrete layers. The second pole P2 22 is separated 
from P1/S2 by write gap 23. 
0037. The read sensor 50 is sandwiched between the first 
shield S130 and the second shield P1/S220. There is gener 
ally included an insulation layer 32 between the rest of the 
length of S130 and P1/S220. The magnetic head 14 flies on 
an air cushion between the surface of the disk 4 and the air 
bearing surface (ABS) 24 of the slider 16. The write head 
portion 26 and the read head portion 28 are generally shown, 
with the read head sensor 50 and the ABS 24. 
0038. There are two configurations of read head in com 
mon use in the industry today. These are called Current Per 
pendicular to the Plane (CPP), and Current In the Plane (CIP). 
In the CPP configuration, Shield S1 and P1/S2 are made of 
conducting material which act as electrodes Supplying cur 
rent to the read sensor which lies between them. 
0039. The present invention uses a CIP configuration, in 
which the current flows from side to side through the ele 
ments. For CIP read heads, the read sensor 50 is generally 
sandwiched between two insulation layers, usually desig 
nated G1 34 and G2 36 which are made of non-conductive 
material, to keep the circuit from shorting out. For the pur 
poses of this discussion, the read head will be considered to be 
in CIP configuration. 
0040. The wafer stack 52 which will be shaped into a CIP 
(Current In the Plane) read head sensor 50 of the present 
invention is constructed as shown in FIG. 7, which is a front 
plan view as seen from the Air Bearing Surface (ABS). The 
layers of a CIP read head are generally the same as shown in 
FIG. 7, and a side cross-section view of a finished read head 
would look very much like FIG. 7. However, FIG. 7 will be 
assumed to be a view of a wafer stack.52 as seen from the Air 
Bearing Surface (ABS) before it is shaped into a read head. 
The stack includes a first magnetic shield 54, corresponding 
to S1 in the previous discussion, typically of NiFe, fabricated 
on a substrate (not shown). A dielectric gap layer 56 is formed 
on the magnetic shield 54. A first seed layer 58 is deposited 
upon the dielectric gap layer 56. Further layers are formed on 
top of the layers below, typically in the order of an antiferro 
magnetic layer 60, a pinned layer 62, a spacer layer 64, a free 
magnetic layer 66, and a cap layer 68. The spacer layer 64 
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may include Cu, Ru, etc. and the free layer 66 may include 
CoFe, NiFe, Co, etc. The cap layer 68 may include Ta. 
0041. Note that this structure is strictly for illustration 
only, and one skilled in the art will appreciate that sensor 
structures can vary dramatically from the one shown in FIG. 
7, the methodology of the present invention being applicable 
to formation of all such heads. 
0042. As shown in FIG. 8, a layer of masking material 70 

is applied to the wafer stack 52. Note that the layer 70 may be 
formed of a single layer, a bi-layer, a tri-layer, etc. of one or 
more materials. This masking material protects underlying 
material from removal by Such processes as ion milling, and 
canthus be used as a shield or stencil to pattern the underlying 
material. This masking material consists of a top layer of 
photoresist or other polymer that can be patterned using pho 
tolithography techniques. Suitable resists include i-line, deep 
UV, and e-beam sensitive resists. The underlying layers (if 
used) can be polymethylglutarimide (PMGI) available from 
MicroChem Corp., Duramide, diamond like carbon (DLC), 
etc. If an underlying material is used, this would be patterned 
by chemical dissolution or reactive ion etching through the 
photoresist mask. 
0043. Material is removed from the layer of photoresist 
70, as shown in FIG.9, to form a mask layer 72. Any suitable 
process, Such as photolithograpy or reactive ion etching 
(RIE), can be used to remove portions of the photoresist 70, to 
shape it into the mask layer 72. It should be noted that the 
structure of the mask layer 72 does not have an undercut as 
discussed above in relation to the prior art, meaning that the 
width of the mask layer 72 after patterning is substantially 
constant from top to bottom. 
0044 As shown in FIG. 10, the mask layer 72 is used as a 
mask for ion milling/reactive ion beam etching or sputter 
etching to remove material of the wafer stack 52 at the 
exposed areas around the mask layer 72 thus forming a 
shaped wafer stack 74. To obtain a profile of the shaped wafer 
stack 74 which is relatively vertical, milling is performed at 
high incidence, i.e., about 0-25 degrees from normal inci 
dence, preferably about 0-15 degrees from normal incidence, 
or from another perspective, about 65-90 degrees, preferably 
about 75-90 degrees from the surface being milled as indi 
cated by direction arrow 1. However, this commonly causes 
redeposition of material on the sides of the shaped wafer stack 
74. To remove redeposited material, the shaped wafer stack 
74 is milled at razing incidence, i.e., about 60-90 degrees 
from normal incidence, preferably about 60-85 degrees from 
normal incidence, as shown by second direction arrow 3. 
0045. These angles provide a milling rate that reduces the 
top of the wafer stack 52 faster than the side of the wafer stack 
52. This is because when the top is milled at less than about 25 
degrees from normal incidence, a small amount of the milling 
affects the sides. At razing incidence, both the top and sides of 
the wafer stack.52 are milled, with more milling at the sides of 
the wafer stack 52. 
0046) Ideally, alternating milling cycles are performed at 
normal and razing incidence, or with the milling angle being 
pivoted between normal and razing incidence. Optionally, 
milling can be performed at additional angles between nor 
mal and razing incidence. Many alternating cycles are pre 
ferred, because redeposited material may build up to create a 
protrusion that causes shadowing. 
0047. The shaped wafer stack 74 after all milling has been 
completed is shown in FIG. 11. It should be noted that in this 
case, the milling has cut though the upper layers through the 
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AFM 60 layer and partially into the first seedlayer 58, but 
stops before it reaches the dielectric layer 56. Partial milling 
can be controlled by many different methods, including sec 
ondary ion mass spectroscopy, optical emission end-point 
monitoring, and also other well-known techniques such as 
use of a stop layer can be used. 
0048. There are several reasons and advantages for using 
this “partial milling of the first seed layer 58. First, using 
partial milling, the thin dielectric layer underneath the sensor 
does not get damaged by ion milling. This improves manu 
facturing yields since there is less yield loss due to shorting 
between the sensor and the bottom shield. Secondly, the 
amount of material removed is less. There is thus less rede 
posited material that gets thrown against the sensor during 
mill processes. This is expected to give cleaner junctions, 
with lower junction resistance. Also, the total milling time is 
naturally shorter, and consequently, there is less chance of 
ESD damage. 
0049. Another advantage is that since metal is not com 
pletely removed during a partial mill, islands of material are 
not left behind (unlike in the full mill case, where at the end of 
the milling process, there are islands of patterned material). 
Rather, there is a continuous film of material on the wafer at 
all times. Thus, there is less chance of charge buildup and 
potential ESD damage. 
0050 Additionally, it is possible to stop at different points 
of the sensor stack (e.g. pinned layer), and achieve junctions 
of different shapes. Depending on the sensor film character 
istics and hard bias/leads characteristics, this is expected to 
produce different sensor performance based on junction 
shape. 
0051. Also, it is an advantage that only a thin seed layer for 
the hard bias is required in the partial mill case. In contrast for 
the full mill, a thick seed layer may be required in order to 
align the hard bias with the free layer. When depositing this 
thick layer, the amount of material deposited on the junction 
is significant. This can potentially increase junction resis 
tance, and also leads to a larger spacing between the hard bias 
layer and the sensor, which is undesirable. 
0.052 For all these reasons, partial milling is done into or 
to a point prior to the first seed layer 58 to produce the 
structure seen in FIG. 11. 
0053. It should be noted that while it is necessary that the 
free magnetic layer 66 be completely etched, shaping of the 
other layers between the free layer 66 and the first seed layer 
58, is dictated by the junction shape that is desired. More 
specifically, these layers include the spacer layer 64, the 
pinned layer 62 and the AFM layer 60. Thus, the term “partial 
milling as used for purposes of this application will include 
milling processes that extend at least through the free mag 
netic layer 66, but stop short of milling completely through 
the first seed layer 58. 
0054 For this reason, the partial milling operation will be 
defined to extend within a range designated as the partial 
milling range 61. One example is having a partial milling 
depth endpoint 63, which is located within the first seed layer 
58, but not extending through to the dielectric layer 56, as 
seen in FIG. 11. Another example of apartial milling depth 65 
within this partial milling range 61 and extending to a depth 
endpoint 67 is shown in dashed lines also in FIG. 11. This 
corresponds to a partial milling operation which extends into, 
but not through, the AFM layer 60. In such a case, the first 
seed layer 58 will not be reached and its upper surface will 
continue to form a flat stratum as indicated by dashed line 69. 
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0055 As shown in FIG. 12, next a seedlayer 80 of a suit 
able material such as Cr, etc. is deposited. A hard bias layer 82 
is then added which may include CoPt, CoPtCr, etc., forming 
a crucial junction 86 with the shaped stack layers 74, espe 
cially being in close proximity to the free layer 66. The hard 
bias layer 82 is used to keep the domains in the free layer 66 
in a default alignment so they are not allowed to align ran 
domly. This hard biasing improves magnetic stability and 
hence the signal to noise performance. A layer of electrical 
leads 84 is then added upon the hard bias layer 82 using any 
Suitable process, such as Sputter deposition. 
0056. The photoresist mask 72 stays on after the milling is 
done, until the hard bias layer 82 and lead layer 84 has been 
deposited. Then the mask 72 is removed, and in the process, 
the hard bias and lead layer material that gets deposited on top 
of the mask 72 gets removed (or “lifted off). 
0057 Thus, a lift off process is used to remove the photo 
mask 72, leaving the shaped wafer stack 74 shown in FIG. 13. 
0058. Additional layers may then be added to the shaped 
wafer stack 74, such as upper layers of dielectric material (not 
shown) and a second shield layer (not shown). 
0059 Also, optionally, a layer of diamond-like carbon 
(not shown) can be added if Subsequent processing includes 
Chemical Mechanical Polishing (CMP). The diamond-like 
carbon will protect the new-formed sensor 50 from damage 
during the CMP. 
0060 A sharp junction shape can be achieved by ion mill 
ing at an angle of 0-15°, as shown in FIG. 13. Ion milling at 
a shallower angle would give a more sloped junction shape, as 
shown in FIG. 14. Ion milling at a sharp angle (0-15) fol 
lowed by a shallow angle (60-85) can give a sharper junc 
tion, as depicted in FIG. 15. Thus FIGS. 14 and 15 show 
variations injunction shapes 86 caused by varying the angle 
of milling so that the side angles of the shaped wafer stack 74 
have different slopes. The angles have been exaggerated and 
are not to be interpreted as limitations on the actual angles 
achieved. The varying shapes of the junction angles 86 are 
expected to produce various results in the performance of the 
read sensor, Such as read track width, signal amplitude, mag 
netic stability, noise performance and signal to noise ratio. 
However, all of these various junction shapes are expected to 
exhibit the advantages discussed above in regards to the par 
tial milling of the sensor stack. 
0061 While the present invention has been shown and 
described with regard to certain preferred embodiments, it is 
to be understood that modifications inform and detail will no 
doubt be developed by those skilled in the art upon reviewing 
this disclosure. It is therefore intended that the following 
claims cover all Such alterations and modifications that nev 
ertheless include the true spirit and scope of the inventive 
features of the present invention. 
What is claimed is: 
1. A read head for a hard disk drive, produced by the 

process comprising: 
A) depositing a first shield layer to begin a wafer stack; 
B) depositing a dielectric layer on said first shield layer; 
C) depositing a first seed layer on said dielectric layer; 
D) depositing an AFM layer on said first seed layer; 
E) depositing at least one pinned layer on said AFM layer; 
F) depositing a spacer layer on said at least one pinned 

layer; 
G) depositing a free layer on said spacer layer, 
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H) depositing a cap layer on said freelayer to complete said 
wafer stack; 

I) depositing a mask layer on said cap layer; and 
J) partially milling said wafer stack with a milling source to 

remove material from wafer stack layers to within a 
partial milling range which extends to a partial milling 
depth having a depth endpoint, to form a shaped junc 
tion. 

2. The read head of claim 1, wherein: 
J) includes milling at high incidence. 
3. The read head of claim 2, wherein: 
J) further includes milling at razing incidence. 
4. The read head of claim 3, wherein: 
J) includes multiple cycles of milling at both high inci 

dence and razing incidence. 
5. The read head of claim 4, further comprising: 
K) depositing a second seed layer. 
6. The read head of claim 5, further comprising: 
L) depositing a hard bias layer. 
7. The read head of claim 6, further comprising: 
M) depositing a leads layer. 
8. The read head of claim 7, further comprising: 
N) lifting off said mask layer. 
9. The read head of claim 6, wherein: 
J) includes shaping portions of said wafer stack so that the 

junction between said portions of said wafer stack and 
said hard bias layer is shaped. 

10. A magnetic hard drive comprising: 
a read sensor having a centrally disposed wafer stack 

including: 
a first shield layer; 
a dielectric layer on said first shield layer; 
a first seed layer on said dielectric layer; 
an AFM layer on said first seed layer; 
at least one pinned layer on said AFM layer; 
a spacer layer on said at least one pinned layer; 
a free layer on said spacer layer, and 
a cap layer on said free layer; and 

at least one laterally disposed second seed layer, 
at least one laterally disposed hard bias layer; and 
at least one laterally disposed electronic leads layer, 
wherein said wafer stack has been shaped with a milling 

Source to remove material from wafer stack layers to 
within a partial milling range which extends to a partial 
milling depth having a depth endpoint, to form a shaped 
junction. 

11. The magnetic hard drive of claim 10, wherein: 
said shaped wafer stack includes shaped junctions between 

portions of said free layer and portions of said at least 
one hard bias layer. 

12. The magnetic hard drive of claim 10, wherein: 
said partial milling range extends from below said free 

layer to a partial milling depth having a depth endpoint 
which lies within said first seed layer. 

13. The magnetic hard drive of claim 12, wherein: 
said partial milling depth lies within said partial milling 

range and where the depth endpoint lies within said 
AFM layer. 


