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(57) ABSTRACT 

A thin ?lm magnetic head having a short magnetic path 
length by reducing a spacing betWeen successive coil Wind 
ings of a thin ?lm coil to improve ?uX rising time, NLTS and 
overWrite characteristics, is ef?ciently manufactured on a 
mass scale by forming a Write gap layer on a ?rst magnetic 
layer having a pole portion of the thin ?lm magnetic head 
opposing to a magnetic record medium, forming, on the 
Write gap layer, a seed layer made of a material Which can 
be easily removed by a reactive ion etching such as Ti—TiN, 
Mo, W, Al, Ti—TiW, MoSi2 and WSi2, forming coil Wind 
ings of the thin ?lm coil by electroplating a copper after 
forming a photoresist having coil-shaped openings formed 
therein, removing the photoresist, removing selectively the 
exposed seed layer by the reactive ion etching using a 
?uorine or chlorine gas, and covering the coil Windings With 
a photoresist. After forming a second layer thin ?lm coil in 
a similar manner, a second magnetic layer is formed in a 
given pattern, and then a Whole surface is covered With an 
overcoat layer. 

46 4/ 43 42 

39 



Patent Application Publication Aug. 2, 2001 Sheet 1 0f 10 US 2001/0010614 A1 

FIG. / 

F I612 
10 // 
J 

,/ ’/?\ / / / 
9~ / / ///// / /‘ 



Patent Application Publication Aug. 2, 2001 Sheet 2 0f 10 US 2001/0010614 A1 

3 4 



S 2001/0010614 A1 Patent Application Publication Aug. 2, 2001 Sheet 3 0f 10 U 

F/G_6 

“ “21%).”, 

Muir/I 



Patent Application Publication Aug. 2, 2001 Sheet 4 0f 10 US 2001/0010614 A1 

FIG. 7 PR/OR ART 

F/G_8 PRIOR ART 



Patent Application Publication Aug. 2, 2001 Sheet 5 0f 10 US 2001/0010614 A1 

[-76.9 



Patent Application Publication Aug. 2, 2001 Sheet 6 0f 10 US 2001/0010614 A1 

FIG.” 
36 

3/ 32 33 34 



Patent Application Publication Aug. 2, 2001 Sheet 7 0f 10 US 2001/0010614 A1 

FIG. /3 

39 38 3 7 

35 3/ 32 33 34 36 

F l6. I4 
40 40a 39 38 37 

35 3/ 32 33 34 36 



14 A1 Patent Application Publication Aug. 2, 2001 Sheet 8 0f 10 US 2001/00106 

F l6‘. l5 

/ 

35 3/ 32 33 34 36 37 38 

F l6. l6 
4/ 

3/ 32 33 34 36 37 

F l6‘. l7 
4/ 39 

35 3/ 32 33 34 36‘ 37 



Patent Application Publication Aug. 2, 2001 Sheet 9 0f 10 US 2001/0010614 A1 

FIG. /8 

FIG. /9 
5 474 44 46 4/ 43 42 

3538 3/ 32 33 34 36 37 39 



Patent Application Publication Aug. 2, 2001 Sheet 10 0f 10 US 2001/0010614 Al 

F I6‘. 20 



US 2001/0010614 A1 

METHOD OF MANUFACTURING A MAGNETIC 
HEAD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a thin ?lm mag 
netic head and a method of manufacturing the same, and 
more particularly to an inductive type Writing magnetic head 
and a method of manufacturing the same. 

[0003] 2. Description of the Related Art 

[0004] Recently a surface recording density of a hard disc 
device has been improved, and it has been required to 
develop a thin ?lm magnetic head having an improved 
performance accordingly. In order to satisfy such a require 
ment, there has been proposed a magnetic head, in Which a 
reading or reproducing magnetic head and a Writing or 
recording magnetic head are stacked one on the other. In 
such a magnetic head, an inductive type thin ?lm magnetic 
head is used as the Writing head and a magnetoresistive type 
thin ?lm magnetic head is used as the reading head. As the 
magnetoresistive type magnetic head, a magnetoresistive 
element having a conventional anisotropic magnetoresistive 
(AMR) effect has been Widely utiliZed. There has been 
further developed a magnetoresistive element utiliZing a 
giant magnetoresistive (GMR) effect having a resistance 
change ratio higher than the normal anisotropic magnetore 
sistive effect by several times. 

[0005] In the present speci?cation, these AMR and GMR 
elements are termed as a magnetoresistive reproducing 
element or MR reproducing element. 

[0006] By using the AMR element, a very high surface 
recording density of several gigabits per a unit square inch 
can be realiZed, and a surface recording density can be 
further increased by using the GMR element. By increasing 
a surface recording density in this manner, it is possible to 
realiZe a hard disc device Which has a very large storage 
capacity of more than 10 gigabytes and is small in siZe. 

[0007] A height of a magnetoresistive reproducing ele 
ment (MR Height: MRH) is one of factors Which determine 
a performance of a reproducing head including a magne 
toresistive reproducing element. This MR height MRH is a 
distance measured from an air bearing surface on Which the 
magnetoresistive reproducing element exposes to an edge of 
the element remote from the air bearing surface. During a 
manufacturing process of the magnetic head, a desired MR 
height MRH can be obtained by controlling an amount of 
polishing the air bearing surface. 

[0008] As stated above, a performance of the reproducing 
head may be improved by utiliZing the GMR element. Then, 
a performance of a recording head is required to be 
improved accordingly. In order to increase a surface record 
ing density, it is necessary to make a track density on a 
magnetic record medium as high as possible. For this 
purpose, a Width of a pole portion and Write gap at the air 
bearing surface has to be reduced to a value Within a range 
from several microns to several submicrons. In order to 
satisfy such a requirement, the semiconductor manufactur 
ing process has been utiliZed in manufacturing the thin ?lm 
magnetic head. 
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[0009] One of factors determining a performance of the 
inductive type thin ?lm Writing magnetic ?lm is a throat 
height This throat height TH is a distance of a pole 
portion measured from the air bearing surface to an edge of 
an insulating layer Which serves to separate a thin ?lm coil 
from the air bearing surface. It has been required to shorten 
this distance as small as possible. This distance can be also 
determined by controlling an amount of polishing the air 
bearing surface. 

[0010] In order to improve a performance of the inductive 
type thin ?lm Writing magnetic head, it has been proposed 
to shorten a length of portions of bottom pole and top pole 
surrounding the thin ?lm coil (in this speci?cation, said 
length is called a magnetic path length). 

[0011] FIGS. 1-8 are cross sectional vieWs shoWing suc 
cessive steps of a knoWn method of manufacturing a con 
ventional typical combination type thin ?lm magnetic head 
including a GMR element, said cross sectional vieWs being 
cut along a plane perpendicular to the air bearing surface. In 
this example, the combination type thin ?lm magnetic head 
is constructed by stacking an inductive type Writing thin ?lm 
magnetic head on a magnetoresistive type reading thin ?lm 
magnetic head. 

[0012] At ?rst, as illustrated in FIG. 1, on a substrate 1 
made of a non-magnetic material such as AlTiC, is deposited 
an insulating layer 2 made of alumina (A1203) and having a 
thickness of about 5-10 pm, a bottom shield layer 3 consti 
tuting a magnetic shield for the MR reproducing magnetic 
head and having a thickness of about 3-4 pm is deposited on 
the insulating layer, and then a GMR layer 5 having a 
thickness not larger than several tens nm is formed such that 
the GMR layer is embedded in a shield gap layer 4. On the 
shield gap layer 4, is further deposited a magnetic layer 6 
made of a permalloy and having a thickness of 3-4 pm. This 
magnetic layer 6 serves not only as an upper shield layer for 
magnetically shielding the GMR reproducing element 
together With the above mentioned bottom shield layer 3, but 
also as a bottom magnetic layer of the inductive type Writing 
thin ?lm magnetic head. Here, for the sake of explanation, 
the magnetic layer 6 is called a ?rst magnetic layer, because 
this magnetic layer constitutes one of magnetic layers form 
ing the Writing thin ?lm magnetic head. 

[0013] Next, as shoWn in FIG. 2, on the ?rst magnetic 
layer 6, is formed a Write gap layer 7 made of a nonmagnetic 
material such as alumina With a thickness of about 200 nm. 
A photoresist layer 8 for determining a throat height TH is 
formed on the Write gap layer 7 except for a portion Which 
Will constitute a pole portion, and then a thin copper layer 9 
having a thickness of about 100 nm is deposited on a Whole 
surface by sputtering. The copper layer 9 Will serve as a seed 
layer for a process of forming a thin ?lm coil by an 
electroplating, and thus this layer is also called a seed layer. 
On this seed layer 9, is formed a thick photoresist layer 10 
having a thickness of 3 pm, and openings 11 are formed in 
the photoresist layer such that the seed layer 9 is exposed in 
the openings. A height of the openings is 2 pm Which is 
identical With a thickness of the photoresist layer and a Width 
of the openings is also 2 pm. 

[0014] Next, an electroplating of copper is performed 
using an electroplating liquid of a copper sulfate to form coil 
Windings 12 of a ?rst thin ?lm coil layer Within the openings 
11 formed in the photoresist layer 10, said coil Windings 
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having a thickness of 2-3 pm. A thickness of the coil 
Windings 12 is preferably smaller than a depth of the 
openings 11. 

[0015] Then, as depicted in FIG. 4, after removing the 
photoresist layer 10, a milling process is conducted With an 
argon ion beam to remove the seed layer 9 as shoWn in FIG. 
5 such that the coil Windings 12 are separated from each 
other to form a single body of a coil. During the ion beam 
milling, in order to avoid that a part of the seed layer 9 
situating underneath the bottoms of the coil Windings 12 is 
remained to extend from the thin ?lm coil, the ion beam 
milling is performed With an incident angle of 5-10°. When 
the ion beam milling is carried out With substantially upright 
angles, a material of the seed layer 9 Which is spread by an 
impact of the ion beam is liable to be adhered to surround 
ings. Therefore, a distance betWeen successive coil Windings 
12 has to be large. 

[0016] Next, as illustrated in FIG. 6, a photoresist layer 13 
is formed such that the coil Windings 12 of the ?rst thin ?lm 
coil layer are covered With this photoresist layer, and after 
polishing a surface to be ?at, coil Windings 15 of a second 
thin ?lm coil layer is formed on a seed layer 14 by the same 
process as that described above. After forming a photoresist 
layer 16, a second magnetic layer 17 made of a permalloy is 
formed to have a thickness of 3-7 pm, said second magnetic 
layer constituting a top pole. 

[0017] Next, as shoWn in FIGS. 7 and 8, the Write gap 
layer 7 and a surface of the ?rst magnetic layer 6 are etched 
to form a trim structure, While a pole portion of the second 
magnetic layer 17 is utiliZed as an etching mask. Then, an 
overcoat layer 18 made of alumina is formed on a Whole 
surface. It should be noted that FIG. 8 is a cross sectional 
vieW cut along a line 8-8 in FIG. 7. In FIG. 8, there are 
shoWn ?rst and second shield gap layers 4a and 4b consti 
tuting the shield gap layer 4 and conduction layers 5a and 5b 
for providing an electrical connection to the GMR element. 

[0018] In an actual manufacturing process of the thin ?lm 
magnetic head, after forming a number of the above men 
tioned structures on a single Wafer, the Wafer is divided into 
bars each including a plurality of thin ?lm magnetic heads 
aligned along the bar, and a side Wall of the bar is polished 
to obtain the air bearing surfaces 19 (refer to FIG. 7) of the 
magnetic heads. During the formation of the air bearing 
surface 19, the GMR layer 5 is also polished to obtain a 
combination type thin ?lm magnetic head having desired 
throat height and MR height. Furthermore, in an actual 
process, contact pads for establishing electrical connections 
to the thin ?lm coils 12, 15 and GMR reproducing element 
are formed. But these contact pads are not shoWn in the 
draWings. 
[0019] Moreover, an apex angle 0 betWeen a straight line 
S connecting side edges of the photoresist layers 8, 13 and 
16 on a side of the air bearing surface 19 and a surface plane 
of the substrate as shoWn in FIG. 7 is an important factor for 
determining a property of the thin ?lm magnetic head 
together With the throat height and MR height. 

[0020] Further, since a track Width on a magnetic record 
medium is determined by a Width W of the trim structure 
formed by a pole portion 6a of the ?rst magnetic layer 6 and 
a pole portion 17a of the second magnetic layer 17 shoWn in 
FIG. 8, it is necessary to make said Width W as small as 
possible in order to realiZe a high surface recording density. 
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[0021] In the knoWn combination type thin ?lm magnetic 
head manufactured by the above explained process, there is 
a problem in miniaturiZing the inductive thin ?lm Writing 
magnetic head. That is to say, it has been knoWn to improve 
characteristics such as ?ux rise time, non-linear transition 
shift (NLTS) and over Write by reducing the magnetic path 
length LM Which is a length of portions of the ?rst magnetic 
layer 6 and second magnetic layer 17 Which surround the 
coil Windings 12 and 15 of the thin ?lm coil as illustrated in 
FIG. 7. In order to reduce the magnetic path length LM, it 
is necessary to shorten a coil Width Lc of a portion of the thin 
?lm coil 12, 15 Which surrounds the ?rst and second 
magnetic layers 6 and 17. HoWever, in the knoWn thin ?lm 
magnetic head, the coil Width Lc could not be shortened due 
to the folloWing reasons. 

[0022] In order to shorten the coil Width Lc in the knoWn 
thin ?lm magnetic head, it is necessary to decrease a Width 
of respective coil Windings as Well as to reduce a Width of 
a spacing betWeen successive coil Windings. HoWever, a 
reduction in a Width of the coil Winding is limited due to a 
fact that a resistance of the coil Winding should be loW. That 
is to say, although a coil Winding is made of a copper having 
a loW resistance, a height of a coil Winding is limited to 2-3 
pm, and thus a Width of the coil Winding could not be smaller 
than 1.5 pm. Therefore, in order to shorten the coil Width LC, 
it is necessary to reduce a spacing betWeen successive coil 
Windings. 

[0023] HoWever, in the knoWn thin ?lm magnetic head, a 
spacing betWeen adjacent coil Windings 12, 15 could not be 
shortened due to the folloWing reasons. 

[0024] As stated above, the coil Windings 12, 15 are 
formed by the electroplating of copper, in Which the seed 
layer 9 having a thickness of 100 nm is formed for uniformly 
depositing a copper Within the openings 11 formed in the 
photoresist 10 over a Whole surface of a Wafer, and then the 
coil Windings 12, 15 are formed by selectively depositing a 
copper Within the openings 11 in Which the seed layer is 
exposed. After that, the seed layer 9 is selectively removed 
for separating respective coil Windings. Upon removing the 
seed layer 9, an ion milling, for instance an argon ion milling 
is carried out While the coil Windings 12, 15 are used as a 
mask. 

[0025] Here, in order to remove the seed layer 9 betWeen 
successive coil Windings 12, 15, it is preferable to conduct 
the ion milling from a direction perpendicular to the sub 
strate surface. HoWever, When the ion milling is effected 
from such a direction, copper debris might adhere to side 
Walls of the coil Windings and successive coil Windings 
might not be isolated suf?ciently. In order to avoid such a 
problem, in the knoWn thin ?lm magnetic head, a spacing 
betWeen successive coil Windings could not be shortened. 

[0026] Furthermore, in order to solve the above problem, 
an ion milling may be performed With an incident angle of 
5-10°. Then, an ion beam could not be suf?ciently made 
incident upon shadoW portions of the photoresist 10 and the 
seed layer 9 might be remained partially. In this manner, in 
order to avoid the degradation of the insulation betWeen 
successive coil Windings 12, 15, a spacing betWeen adjacent 
coil Windings could not be shortened. Therefore, in the 
knoWn thin ?lm magnetic head, a spacing betWeen succes 
sive coil Windings has to be Wider such as 2-3 pm and could 
not be further reduced. 
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[0027] Moreover, in the known thin ?lm magnetic head, a 
reference position for a throat height TH, that is a throat 
height Zero position is given by the photoresist layer 8. After 
forming the ?rst thin ?lm coil layer 12, the photoresist layer 
8 is also etched by the etching process for selectively 
removing the seed layer 9. Then, an edge Which de?nes the 
throat height Zero position might be retarded. In this manner, 
it is impossible to attain a thin ?lm magnetic head having a 
desired throat height Which folloWs accurately a designed 
value, and this is one of causes for decreasing a manufac 
turing yield. 
[0028] In order to improve the NLTS property of the thin 
?lm magnetic head, it is considered to increase the number 
of coil Windings of the thin ?lm coil. HoWever, in order to 
increase the number of coil Windings, it Would be necessary 
to increase the number of layers of the thin ?lm coil such as 
four or ?ve layers. Then, an apeX angle might be too large 
and it is impossible to achieve the narroW track. In order to 
restrict an apeX angle to a given value, the number of the coil 
layers has to be restricted to three, preferable tWo. Then, the 
number of coil Windings could not be increased in the knoWn 
thin ?lm magnetic head. 

SUMMARY OF THE INVENTION 

[0029] The present invention has for its object to provide 
an inductive type thin ?lm magnetic head, in Which the 
above mentioned problems could be solved by reducing a 
spacing betWeen successive coil Windings to decrease a coil 
Width LC, and as a result thereof a magnetic path length LM 
could be decreased to improve characteristics of the thin ?lm 
magnetic head. 

[0030] It is another object of the invention to provide a 
method of manufacturing the thin ?lm magnetic head having 
the above mentioned improved characteristics in an easy and 
accurate manner. 

[0031] According to the invention, a thin ?lm magnetic 
head comprises: 

[0032] a ?rst magnetic layer having a pole portion 
Which is opposed to a magnetic record medium; 

[0033] a second magnetic layer having a pole portion 
Which constitutes an air bearing surface together 
With said pole portion of the ?rst magnetic layer and 
being magnetically coupled With said ?rst magnetic 
layer at a portion remote from the air bearing sur 
face; 

[0034] a Write gap layer made of a non-magnetic 
material and being interposed at least betWeen said 
pole portion of the ?rst magnetic layer and said pole 
portion of the second magnetic layer; 

[0035] a thin ?lm coil consisting of one or more thin 
?lm coil layers and having a portion Which is 
arranged betWeen said ?rst and second magnetic 
layers in an electrically insulated and isolated man 
ner; and 

[0036] a substrate supporting said ?rst and second 
magnetic layers, gap layer and thin ?lm coil; 

[0037] Wherein a coil Winding of said thin ?lm coil 
includes an electroplating seed layer made of a 
material Which can be easily removed by a reactive 
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ion etching and a coil body made of an electrically 
conductive material deposited on a surface of said 
seed layer remote from the air bearing surface. 

[0038] According to the invention, a method of manufac 
turing a thin ?lm magnetic head comprising 

[0039] a ?rst magnetic layer having a pole portion 
Which is to be opposed to a magnetic record medium; 

[0040] a second magnetic layer having a pole portion 
Which constitutes an air bearing surface together 
With said pole portion of the ?rst magnetic layer and 
being magnetically coupled With said ?rst magnetic 
layer at a portion remote from the air bearing sur 
face; 

[0041] a Write gap layer made of a non-magnetic 
material and being interposed at least betWeen said 
pole portion of the ?rst magnetic layer and said pole 
portion of the second magnetic layer; 

[0042] a thin ?lm coil consisting of one or more thin 
?lm coil layers and having a portion Which is 
arranged betWeen said ?rst and second magnetic 
layers via electrically insulating layers; and 

[0043] a substrate supporting said ?rst and second 
magnetic layers, gap layer and thin ?lm coil; 

[0044] Wherein a step of forming said thin ?lm coil 
comprises: 

[0045] a step of forming a ?rst insulating layer to 
be supported by said substrate; 

[0046] a step of forming an electroplating seed 
layer on a surface of said ?rst insulating layer; 

[0047] a step of forming a photoresist layer on said 
seed layer, said photoresist layer having a coil 
shaped recess formed therein; 

[0048] a step of performing an electroplating using 
said photoresist layer as a mask to form coil 
Windings on an eXposed surface of said seed layer 
at a bottom of said recess; 

[0049] a step of removing a portion of the seed 
layer remained betWeen the coil Windings by 
means of a reactive ion etching after removing the 
photoresist layer; and 

[0050] a step of forming a second insulating layer 
to cover said coil Windings. 

[0051] In the thin ?lm magnetic head and the method of 
manufacturing the same according to the invention, said 
seed layer is made of a material Which can be easily removed 
by the reactive ion etching, and therefore the seed layer can 
be removed in a sufficiently satisfactory manner although a 
spacing betWeen successive coil Windings is small. That is to 
say, a spacing betWeen successive coil Windings can be not 
larger than 1.5 pm, particularly not lager than 0.8-1.5 pm. 
When a spacing betWeen successive coil Windings is smaller 
than 0.8 pm, the seed layer might not be removed suf?ciently 
Within a short time period. Further, if a spacing betWeen 
successive coil Windings is not less than 1.5 pm, a merit of 
making the magnetic path length shorter could not be 
attained. According to the invention, by setting a spacing 
betWeen successive coil Windings to 0.8-1.5 pm, the mag 



US 2001/0010614 A1 

netic path length can be shorted by 60-75% of the known 
magnetic path length Without reducing a Width of the coil 
Windings, and the performance of the inductive type thin 
?lm magnetic head can be improved very much. 

[0052] Furthermore, the electrically conductive material 
deposited on the seed layer by the electroplating is prefer 
ably made of a copper. In this case, in order to unify a 
thickness of the copper layer and to prevent the copper layer 
from being pealed off, it is preferable that the seed layer is 
consisting of a seed layer body made of a material selected 
from the group consisting of Ti—TiN, Mo, W, Al, Ti—TiW, 
MoSi2 and WSi2, and a very thin copper layer formed on a 
surface of the seed layer body remote from the substrate. In 
this case, since the copper layer may be formed to have an 
extremely small thickness, the copper layer may be easily 
removed by the sputter etching using an argon gas, and then 
the seed layer body may be removed by the reactive ion 
etching using a ?uorine or chlorine gas. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0053] FIGS. 1-8 are cross sectional vieWs shoWing suc 
cessive steps of manufacturing a knoWn thin ?lm magnetic 
head; 

[0054] FIGS. 9-19 are cross sectional vieWs representing 
successive steps of an embodiment of the thin ?lm magnetic 
head manufacturing method according to the invention; and 

[0055] FIG. 20 is a schematic plan vieW illustrating a 
magnetic path length of the thin ?lm magnetic head accord 
ing to the invention in comparison With that of the knoWn 
thin ?lm magnetic head; 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0056] FIGS. 9-19 shoW successive steps of an embodi 
ment of the method of manufacturing an embodiment of the 
thin ?lm magnetic head according to the invention. In the 
present embodiment, a combination type thin ?lm magnetic 
head having a magnetoresistive type thin ?lm magnetic head 
and an inductive type thin ?lm magnetic head stacked one on 
the other in this order is to be manufactured. 

[0057] At ?rst, as shoWn in FIG. 9, on a substrate 31 made 
of AlTiC, is deposited an insulating layer 32 made of an 
alumina and having a thickness of about 5 pm. 

[0058] Next, as illustrated in FIG. 10, a loWer shield layer 
33 serving a magnetic shield for protecting an MR repro 
ducing head from an external magnetic ?eld is deposited to 
have a thickness of 2-3 pm, a loWer shield gap layer made 
of an alumina is formed to have a thickness of 0.1 pm and 
a GMR layer 35 constituting a GMR reproducing element is 
formed to have a desired pattern by means of a highly 
precise mask alignment, and then an upper shield gap layer 
having a thickness of 0.1 pm is formed. In the draWing, the 
loWer and upper shield gap layers are denoted as a shield gap 
layer 34. 

[0059] After that, after forming an electrically conductive 
layer not shoWn for forming an electrical connection to the 
GMR layer 5, a ?rst magnetic layer 36 made of a permalloy 
is formed to have a thickness of 2-3 pm as illustrated in FIG. 
11. 
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[0060] Then, as depicted in FIG. 12, on the ?rst magnetic 
layer 36 is formed a silicon oxide layer 37 by sputtering With 
a thickness of 3-4 pm, said silicon oxide ?lm constituting a 
?rst insulating layer in a later process. After that, the silicon 
oxide layer 37 is subjected to a reactive ion etching process 
using an etching gas such as BCl3, C12, CF4 and SF4 to form 
an edge de?ning a throat height Zero reference position, 
While a photoresist having a given pattern is used as a mask. 
Next, after removing the photoresist, Write gap layer 38 
made of alumina is formed With a thickness of 0.2-0.3 pm, 
and a seed layer 39 made of Ti—TiN is formed on the Write 
gap layer With a thickness of 005-01 pm as depicted in 
FIG. 13. 

[0061] Then, as shoWn in FIG. 14, a photoresist 40 is 
formed on the seed layer 39, and a coil-shaped opening 40a 
to expose the seed layer in the bottom of the opening. 

[0062] Subsequently, a copper is deposited in the opening 
40a by the electroplating method With a copper sulfate 
solution, While the seed layer 39 is used as an anode to form 
a copper layer 41 constituting coil Windings of a thin ?lm 
coil as illustrated in FIG. 15, and then the photoresist 40 is 
removed as shoWn in FIG. 16. The coil Windings 41 have a 
height of 2-3 pm and a Width of 1.5-2.0 pm, and therefore 
the coil Windings have a suf?ciently loW resistance. Further, 
a spacing betWeen successive coil Windings 41 is 0.8-1.5 
pm, Which is about 40-75% of a spacing betWeen successive 
coil Windings of the conventional thin ?lm coil, and thus the 
magnetic path length can be shortened accordingly. 

[0063] Next, as illustrated in FIG. 17, the exposed seed 
layer 39 is selectively removed by the reactive ion etching 
using a ?uorine gas. As stated above, since the seed layer 39 
is made of a material Which can be easily removed by the 
reactive ion etching, although a spacing betWeen successive 
coil Windings 41 is small, the seed layer can be easily 
removed by performing the upright ion etching. In this 
manner, the coil Windings consisting of the seed layer 39 and 
the copper layer 41 formed on the seed layer by the 
electroplating can be obtained. A height of the coil Windings 
39, 41 is 2-3 pm and a Width of 1.5-2.0 pm, and thus have 
a suf?ciently loW resistance. Furthermore, a spacing 
betWeen successive coil Windings is 0.8-1.5 pm, Which 
amounts to 40-75% of a spacing betWeen successive coil 
Windings of the knoWn thin ?lm magnetic head, and the 
magnetic path length can be shortened accordingly. 

[0064] Next, after covering the coil Windings 39, 41 With 
a photoresist 42, coil Windings of a second layer thin ?lm 
coil are formed by a seed layer 43 and a copper layer 44, and 
then the coil Windings are covered With a photoresist 45 as 
shoWn in FIG. 18. 

[0065] Furthermore, as illustrated in FIG. 19, a second 
magnetic layer 46 made of permalloy is formed to constitute 
the upper pole, and then an overcoat layer 47 made of 
alumina is formed. The second magnetic layer 46 is brought 
into contact With the ?rst magnetic layer 36 at a portion 
remote from the air bearing surface to form a closed mag 
netic path. 

[0066] FIG. 20 is a schematic plan vieW shoWing the 
magnetic path length of the thin ?lm magnetic head accord 
ing to the invention in comparison With that of the knoWn 
thin ?lm magnetic head. According to the invention, 
although a Width of the coil Winding of the thin ?lm coil is 
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identical With that of the known thin ?lm magnetic head, a 
spacing betWeen successive coil Windings can be 0.8-1.5 pm 
Which is smaller than that of the known thin ?lm magnetic 
head having a spacing of about 2 pm. Therefore, the mag 
netic path length LMI of the thin ?lm magnetic head accord 
ing to the invention can be extremely reduced to about 
60-75% of the magnetic path length LMP of the knoWn thin 
?lm magnetic head. Then, the magnetic ?uX rising time, 
NLTS and overWrite characteristics can be improved by 
shortening the magnetic path length. 
[0067] The present invention is not limited to the above 
mentioned embodiment, but many alternations and modi? 
cations may be considered Within the scope of the invention. 
For instance, in the above embodiment, there are provided 
tWo layers in the thin ?lm coil, but one thin ?lm coil layer 
or more than tWo thin ?lm coil layers may be provided. 
According to the present invention, since the number of coil 
Windings can be increased, it is almost unnecessary to 
provide more than three thin ?lm coil layers. 

[0068] Further, in the above embodiment, the seed layers 
39, 43 are made of Ti—TiN, but it may be made of any 
material Which can be easily removed by the reactive ion 
etching such as Mo, W, Al, Ti—TiW, MoSi2 and WSi2. In the 
above embodiment, the seed layer is removed by the reactive 
ion etching using a ?uorine gas, but according to the 
invention, the reactive ion etching using a chlorine gas such 
as Cl2 may be used to remove the seed layer. 

[0069] Moreover, in the above embodiment, the seed layer 
is formed by a single layer, but according to the invention, 
the seed layer may be formed by a tWo layer structure 
including a seed layer body made of the above mentioned 
material such as Ti—TiN, Mo, W, Al, Ti—TiW, MoSi2 and 
WSi2 and a very thin copper layer formed on said seed layer 
body With a thickness of several tens nm. By using such a 
seed layer having the copper layer at its surface, the copper 
layer deposited by the electroplating can be formed to have 
a uniform thickness and can be prevented from being pealed 
off the seed layer. In case of removing the seed layer having 
the very thin copper layer formed in its surface, at ?rst the 
copper layer is removed by the sputter etching using an 
argon gas, and then the seed layer body is removed by the 
reactive ion etching using the above mentioned ?uorine or 
chlorine gas. 

[0070] Furthermore, in the above embodiment, the thin 
?lm magnetic head is constructed as a normal type combi 
nation type thin ?lm magnetic head in Which the magne 
toresistive type reading thin ?lm magnetic head is formed on 
the substrate and then the inductive type Writing thin ?lm 
magnetic head is formed on the magnetoresistive type thin 
?lm magnetic head. HoWever, according to the invention, 
the thin ?lm magnetic head may be constructed as a reversed 
type combination type thin ?lm magnetic head in Which the 
up and doWn relationship betWeen the magnetoresistive type 
thin ?lm magnetic head and the inductive type thin ?lm 
magnetic head is reversed. Moreover, it is not alWays 
necessary to construct the thin ?lm magnetic head according 
to the invention into the combination type, but only the 
inductive type thin ?lm magnetic head may be formed on the 
substrate. 

[0071] In the above embodiment, the magnetoresistive 
element constituting the magnetoresistive type thin ?lm 
magnetic head is formed by the GMR element, but it may be 
formed by an AMR element. 
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[0072] In the thin ?lm magnetic head according to the 
invention, since a spacing betWeen successive coil Windings 
of the thin ?lm coil can be smaller than 1.5 pm, and can be 
set to 0.8-1.5 pm smaller than that of the knoWn thin ?lm 
magnetic head, the magnetic path length can be shortened to 
improve characteristics such as ?uX rise time, NLTS and 
over Write properties. Moreover, since a spacing betWeen 
successive coil Windings can be shortened, the number of 
coil Windings per one thin ?lm coil layer can be increased 
and particularly the NLTS property can be improved. 

[0073] Moreover, according to the invention, the retarda 
tion of the edge position of the photoresist pattern during the 
removal of seed layer by the ion beam etching in the 
conventional method can be avoided, and thus the throat 
height Zero position could never be shifted during the 
manufacturing process. Therefore, it is possible to obtain the 
thin ?lm magnetic head having the throat height Which is 
accurately identical With a designed value, and a manufac 
turing yield can be improved. 

What is claimed is: 
1. A thin ?lm magnetic head comprising: 

a ?rst magnetic layer having a pole portion Which is to be 
opposed to a magnetic record medium; 

a second magnetic layer having a pole portion Which 
constitutes an air bearing surface together With said 
pole portion of the ?rst magnetic layer and being 
magnetically coupled With said ?rst magnetic layer at a 
portion remote from the air bearing surface; 

a Write gap layer made of a non-magnetic material and 
being interposed at least betWeen said pole portion of 
the ?rst magnetic layer and said pole portion of the 
second magnetic layer; 

a thin ?lm coil consisting of one or more thin ?lm coil 
layers and having a portion Which is arranged betWeen 
said ?rst and second magnetic layers in an electrically 
insulated and isolated manner; and 

a substrate supporting said ?rst and second magnetic 
layers, gap layer and thin ?lm coil; 

Wherein a coil Winding of said thin ?lm coil includes an 
electroplating seed layer made of a material Which can 
be easily removed by a reactive ion etching and a coil 
body made of an electrically conductive material 
deposited on a surface of said seed layer remote from 
the air bearing surface. 

2. Athin ?lm magnetic head according to claim 1, Wherein 
said seed layer of the coil Windings of the thin ?lm coil is 
made of a material selected from the group consisting of 
Ti—TiN, Mo, W, Al, Ti—TiW, MoSi2 and WSi2. 

3. Athin ?lm magnetic head according to claim 1, Wherein 
said electrically conductive material forming the coil body 
of the coil Windings is copper. 

4. Athin ?lm magnetic head according to claim 3, Wherein 
said seed layer constituting said coil Windings of the thin 
?lm coil is consisting of a seed layer body made of a material 
selected from the group consisting of Ti—TiN, Mo, W, Al, 
Ti—TiW, MoSi2 and WSi2, and a copper layer formed on a 
surface of said seed layer body remote from said substrate 
and having a thickness smaller than that of the seed layer 



US 2001/0010614 A1 

body, whereby said electrically conductive material consti 
tuting said coil body of the coil Windings is made of a 
copper. 

5. Athin ?lm magnetic head according to claim 4, Wherein 
said seed layer body has a thickness of 0.05-0.1 pm, and said 
copper layer has a thickness of several tens nanometers. 

6. Athin ?lm magnetic head according to claim 1, Wherein 
a spacing betWeen successive coil Windings of the thin ?lm 
coil is shorter than 1.5 pm. 

7. Athin ?lm magnetic head according to claim 5, Wherein 
a spacing betWeen successive coil Windings of the thin ?lm 
coil is 0.8-1.5 pm. 

8. Athin ?lm magnetic head according to claim 7, Wherein 
said coil Windings have a height of 2-3 pm and a Width of 
1.5-2.0 pm. 

9. A thin ?lm magnetic head according to any one of 
claims 1-8, Wherein said electrically conductive material 
deposited Within a magnetoresistive type thin ?lm magnetic 
head including a magnetoresistive element embedded in a 
shield gap layer is provided to be supported by said sub 
strate. 

10. A thin ?lm magnetic head according to claim 9, 
Wherein said magnetoresistive type thin ?lm magnetic head 
is arranged betWeen the substrate and the ?rst magnetic 
layer. 

11. A method of manufacturing a thin ?lm magnetic head 
comprising a ?rst magnetic layer having a pole portion 
Which is to be opposed to a magnetic record medium; 

a second magnetic layer having a pole portion Which 
constitutes an air bearing surface together With said 
pole portion of the ?rst magnetic layer and being 
magnetically coupled With said ?rst magnetic layer at a 
portion remote from the air bearing surface; a Write gap 
layer made of a non-magnetic material and being 
interposed at least betWeen said pole portion of the ?rst 
magnetic layer and said pole portion of the second 
magnetic layer; a thin ?lm coil consisting of one or 
more thin ?lm coil layers and having a portion Which 
is arranged betWeen said ?rst and second magnetic 
layers via electrically insulating layers; and a substrate 
supporting said ?rst and second magnetic layers, gap 
layer and thin ?lm coil; 

Wherein a step of forming said thin ?lm coil comprises: 

a step of forming a ?rst insulating layer to be supported 
by said substrate; 
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a step of forming an electroplating seed layer on a 
surface of said ?rst insulating layer; 

a step of forming a photoresist layer on said seed layer, 
said photoresist layer having a coil-shaped recess 
formed therein; 

a step of performing an electroplating using said pho 
toresist layer as a mask to form coil Windings on an 
eXposed surface of said seed layer at a bottom of said 
recess; 

a step of removing a portion of the seed layer remained 
betWeen the coil Windings by means of a reactive ion 
etching after removing the photoresist layer; and 

a step of forming a second insulating layer to cover said 
coil Windings. 

12. Amethod of manufacturing a thin ?lm magnetic head 
according to claim 11, Wherein said seed layer of the coil 
Windings of the thin ?lm coil is made of a material selected 
from the group consisting of Ti—TiN, Mo, W, Al, Ti—TiW, 
MoSi2 and WSi2, and said reactive ion etching is performed 
by using a ?uorine or chlorine gas. 

13. Amethod of manufacturing a thin ?lm magnetic head 
according to claim 11, Wherein said step of forming the seed 
layer includes a step of forming a seed layer body made of 
a material selected from the group consisting of Ti—TiN, 
Mo, W, Al, Ti—TiW, MoSi2 and WSi2, and a step of forming 
a copper layer on a surface of said seed layer body With a 
thickness smaller than that of the seed layer body, Whereby 
said coil Windings is formed by electroplating a copper. 

14. Amethod of manufacturing a thin ?lm magnetic head 
according to claim 13, Wherein after removing said thin 
copper layer formed on the seed layer body by a sputter 
etching using an argon gas, said seed layer body is removed 
by the reactive ion etching using a ?uorine or chlorine gas. 

15. Amethod of manufacturing a thin ?lm magnetic head 
according to any one of claims 11-14, Wherein after forming 
a third magnetic layer constituting one of magnetic shields 
of a magnetoresistive type thin ?lm magnetic head on the 
surface of the substrate, a magnetoresistive element embed 
ded in a shield gap layer is formed, and then said ?rst 
magnetic layer constituting the other magnetic shield of the 
magnetoresistive type thin ?lm magnetic head is formed on 
the shield gap layer. 


