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(57) ABSTRACT 

A polishing apparatus comprises a plurality of (three, for 
example) polishing portions and a cleaning portion. First, 
roughing is performed in a ?rst polishing portion by a platen 
made of a hard grinder. The polishing surface of the platen 
is hard so that the Wafer on the polishing surface exhibits no 
pattern dependence. Next, scratches and polishing distortion 
slightly generated on the Wafer in the platen are removed 
(medium polishing) by a hard abrasive pad With a single 
layered structure in a second polishing portion. Further, 
?nishing is performed in a third polishing portion by an 
abrasive pad With a tWo-layered structure. At last, the 
contamination left by the micro scratches or slurry generated 
in the prior process is completely cleaned by a cleaning pad 
in the cleaning portion. 
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POLISHING APPARATUS AND POLISHING 
METHOD, AND METHOD OF MANUFACTURING 
SEMICONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING THIN FILM MAGNETIC 

HEAD 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This is a Continuation-in-Part of Application Ser. 
No. 09/359,807, ?led Jul. 26, 1999. The entire disclosure of 
the prior application is hereby incorporated by reference 
herein in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of Invention 

[0003] The invention relates to a polishing apparatus and 
a polishing method for planariZation of a thin ?lm magnetic 
head, a semiconductor integrated circuit and so on, and a 
method of manufacturing a semiconductor device and a 
method of manufacturing a thin ?lm magnetic head. 

[0004] 2. Description of Related Art 

[0005] In a manufacturing process of a semiconductor 
integrated circuit using silicon or the like, microfabrication 
of the metallic Wiring is required in order to scale doWn a 
device and to improve performance of elements. Speci? 
cally, it is necessary to form the pattern With a submicron 
thickness and to laminate such patterns to form a multi-layer. 

[0006] In such a multi level interconnect structure, inter 
layer insulating ?lms made of silicon oXide ?lm or other 
?lms are provided betWeen each tWo metallic Wiring layers. 
In the structure, the interlayer insulating ?lms have steps 
about 0.5 to 0.7 pm deep because of the metallic Wiring. 
Accordingly, it is necessary to planariZe an interlayer insu 
lating ?lm before forming another metallic Wiring thereon. 

[0007] There is a similar problem in a manufacturing 
process of a thin ?lm magnetic head. In recent years, 
performance improvement in thin ?lm magnetic heads has 
been sought in accordance With improvement in surface 
recording density of a hard disk drive. A composite thin ?lm 
magnetic head comprising a recording head With an induc 
tive-type magnetic transducer and a reproducing head With 
a magnetoresistive element is Widely used as a thin ?lm 
magnetic head. There are several types of magnetoresistive 
elements: one is an AMR element using Anisotropic Mag 
neto Resistive effect and another is a GMR element using 
Giant Magneto Resistive effect. 

[0008] In such a composite thin ?lm magnetic head, it is 
necessary to improve the performance both of the recording 
head and of the reproducing head. This has been achieved by 
microfabrication of tracks in addition to selecting materials 
suitable for each part of the composite thin ?lm magnetic 
head. 

[0009] Speci?cally, in order to increase the recording 
density of the recording head, microfabrication of the mag 
netic pole portion is required. Therefore, submicron pro 
cessing using a semiconductor processing technique is 
applied. On the other hand, in order to Write information 
accurately With the continued advance of microfabrication, 
it is necessary for at least one of the magnetic pole to be 
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about 2.5 to 3.5 pm thick. PlanariZarion of the underlying 
layer has been required for forming such a magnetic pole. 

[0010] Similarly, in the reproducing head, it is necessary 
to form tracks With submicron Widths in a magnetoresistive 
?lm. Usually, the magnetoresistive ?lm is formed on a thick 
shield magnetic ?lm With a thickness of about 2.0 to 3.0 pm 
With a shield gap layer in betWeen. Accordingly, planariZa 
tion of the underlying layer has been also required for 
forming a magnetoresistive ?lm. 

[0011] The performance of the recording head also 
depends on the distance from an air bearing surface (ABS), 
that is, a throat height. The throat height is determined by the 
amount of polishing at the time of processing the ABS. 
Further, the performance of the reproducing head also 
depends on the distance from the ABS, that is, an MR height. 
The MR height is also determined by the amount of polish 
ing at the time of processing the ABS. 

[0012] As described, the microfabrication technology and 
the planariZation method have become the most important 
process techniques in accordance With the performance 
improvement in the semiconductor integrated circuit and the 
thin ?lm magnetic head. The process of planariZation is 
precisely performed provided the microfabrication process 
is accurately performed. Therefore, it is necessary to per 
form the planariZation process accurately in order to 
improve the performance of the semiconductor device or the 
thin ?lm head device. 

[0013] Examples of planariZation methods are CMP 
(Chemical Mechanical Polishing) using slurry (abrasives) 
and MP (Mechanical Polishing) for polishing by a platen in 
Which ?ne diamond grains are scatteringly buried using oil 
or the like as lubricant. 

[0014] CMP, hoWever, has several problems since it has a 
polishing characteristic that the abrasive pad folloWs the 
Wafer pattern. On the other hand, MP has a problem that 
scratches are easily formed on the surface of the Wafer. In 
order to suppress the scratches, diamond grains With smaller 
diameters may be used. HoWever, this may cause another 
problem that the polishing speed decreases. 
[0015] The polishing apparatus using these methods has 
one platen and polishes the surface of the Wafer. HoWever, 
some apparatuses have tWo platens (AVANTE472; product 
of IPEC PLANER, for eXample). This type of polishing 
apparatus uses an abrasive pad With tWo-layered structure 
using relatively soft materials (IC1000, and suba 400 or 800; 
product of RODRAL Nitta, for eXample) for one of the 
platens, and a cleaning pad having a soft brush With long pile 
for the other platen. The apparatus removes the slurry 
attached by the cleaning pad after polishing once using the 
abrasive pad. Therefore, the apparatus also has several 
problems in controlling the amount of polishing because of 
the pattern dependence in the Wafer, like the polishing 
apparatus With one platen. 

[0016] In the folloWings, the speci?c problems When 
performing planariZation using these polishing apparatuses 
Will be described. First, the con?gurations of a semiconduc 
tor integrated circuit and a thin ?lm magnetic head to Which 
the planariZation process is applied Will be described. 

[0017] FIG. 12 shoWs CMOS (Complementary Metal 
Oxide Semiconductor) circuit With a ?ve level interconnect 
structure as an eXample of the semiconductor integrated 
circuit. 
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[0018] In the CMOS integrated circuit, an n-type Well 
region 100a is formed in a p-type substrate 100 made of such 
as silicon, for example. A LOCOS (Local Oxidation of 
Silicon) ?lm 101 as an element isolation ?lm is formed on 
the surface of a substrate 100. An n-type MOS transistor 107 
comprises a pair of n-type impurity regions 103 and 104 as 
a source or a drain and a gate electrode 106 formed on the 

surface of the substrate 100 betWeen the impurity regions 
103 and 104 With a gate oxide ?lm 105 in betWeen. Ap-type 
MOS transistor 107a comprises p-type impurity regions 
103a and 104a formed in the Well region 100a and a gate 
electrode 106 formed on the surface of the Well region 100a 
betWeen the impurity regions 103a and 104a With the gate 
oxide ?lm 105 in betWeen. The gate electrode 106 is made 
of polycrystal silicon ?lm to Which impurities are added, and 
has gate side Walls (side Walls) 106a on its side surfaces. The 
?rst to ?fth Wiring layers 109a to 1096 made of copper (Cu) 
or aluminium-copper alloy (AlCu) are stacked on the MOS 
transistors 107 and 107a With LTO (LoW Temperature 
Oxidation) ?lm 0.2 pm thick, for example, and interlayer 
insulating ?lms 108a to 108f, each 0.8 pm thick and made 
of BPSG (Boro-Phospho-Silicate Glass), in betWeen. The 
Wiring layers 109a to 1096 are electrically connected 
through via-plug 110 made of tungsten or the like 
provided in the interlayer insulating ?lms 108a to 1086. 

[0019] In the manufacturing process of such CMOS cir 
cuit, planariZation is performed to polish protrusions of each 
of the interlayer insulating ?lms When each of the interlayer 
insulating ?lms 108a to 1086 is formed after the metallic 
Wiring layers 109a to 1096 are formed respectively. Pla 
nariZation is also performed to remove metal attached to the 
surface of the substrate other than a contact hole after the 
contact hole (contact hole or bear hole) is formed on the 
interlayer insulating ?lms 108a to 1086 and then metal such 
as tungsten is deposited on the surface of the substrate 
including the contact hole by CVD (Chemical Vapor Depo 
sition). 
[0020] FIGS. 13A and 13B shoW the cross sectional 
con?guration of a composite thin ?lm magnetic head as an 
example of a thin ?lm magnetic head of the related art. FIG. 
13A shoWs a cross section vertical to the track surface and 
FIG. 13B shoWs a cross section parallel to the track surface 
of the magnetic pole portion. This magnetic head 200 
comprises a reproducing head 200A and a recording head 
200B. 

[0021] The reproducing head 200A comprises a magne 
toresistive ?lm 205 made of permalloy (NiFe alloy), for 
example, formed on a substrate 201 made of altic (alumina 
titanium carbide; Al2O3-TiC), for example, With an under 
coating layer 202 made of alumina (aluminum oxide; 
A1203), for example, a bottom shield layer 203 made of 
ferrous aluminum silicide (FeAlSi), for example, and a 
shield gap layer 204 made of aluminum oxide (A1203, 
referred to as alumina in the folloWings), for example, in 
betWeen in this order. A lead electrode layer 205a is also 
formed on the shield gap layer 204 and is electrically 
connected to the magnetoresistive ?lm 205. A shield gap 
layer 106 made of alumina, for example, is stacked on the 
magnetoresistive ?lm 205 and the lead electrode layer 205a. 
In other Words, the magnetoresistive ?lm 205 and the lead 
electrode layer 205a are buried betWeen the shield gap 
layers 204 and 206. 
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[0022] The recording head 200B comprises a top pole 209 
formed on the reproducing head 200A With a bottom pole 
207 Which also Works as a top shield layer for the magne 
toresistive ?lm 205 (referred to as bottom pole in the 
folloWings) and a Write gap layer 208 in betWeen. The top 
pole 209 is divided into tWo parts: a pole tip 209a Which 
determines the track Width and a top magnetic layer 209b 
Which Works as a yoke. An insulating layer 210 made of 
alumina is formed on the bottom pole 208. The surface of the 
insulating layer 210 is planariZed to form the same surface 
as the surface of the pole tip 209a. Thin ?lm coils 211 and 
212 are stacked on the insulating layer 210, and are covered 
With insulating layers 213 and 214. The top magnetic layer 
209b is formed on the pole tip 209a and the insulating layers 
213 and 214. The top magnetic layer 209b is covered With 
an overcoat layer 215. In the recording head 200B, the 
bottom pole 207 facing the top pole 209 has a trim structure 
in Which part of the surface is processed to be protruded. 

[0023] In the reproducing head 200A of such a composite 
thin ?lm magnetic head, the characteristic of the magne 
toresistive element largely depends on the surface of the 
bottom shield layer 203. Therefore, in general, the bottom 
shield layer 203 is planariZed before these elements are 
formed. Similarly, the surface of the bottom pole 208 is 
planariZed before the Write gap layer 208 is formed in order 
to improve the performance of the recording head 200B. 
Further, in the recording head 200B, the top pole 209 is 
divided into the top pole tip 209a and the top magnetic layer 
209b in order to form a narroW track. The insulating layer 
210 is planariZed after the pole tip 209a is formed. 

[0024] In most of the thin ?lm magnetic heads, magnetic 
materials and insulating materials, metallic materials for 
coils or other materials are exposed to the surface by 
planariZation. As a result, the planariZation process using the 
polishing apparatus of the related art has serious problems 
such as ?atness, scratches, and recesses betWeen the insu 
lating ?lm and the metallic layer, since magnetic materials 
and insulating materials or metallic materials are polished at 
one time. 

[0025] FIG. 14 speci?cally shoWs the con?guration of a 
platen of a polishing portion and a Wafer holder (head 
portion) as an example of a CMP apparatus of the related art. 
The CMP apparatus comprises an abrasive pad (abrasive 
cloth) 301 pasted on a platen 300. The apparatus planariZes 
the surface of the Wafer through polishing the uneven 
surface of the Wafer by pouring slurry With a speci?c 
diameter of grains in betWeen a Wafer holder 302 and the 
abrasive pad 301 While the platen 300 and the Wafer holder 
302 to Which a Wafer is attached are rotated. 

[0026] In such a polishing apparatus, materials With a 
large frictional drag or materials With a small frictional drag 
is used as the abrasive pad 301 depending on the intended 
polishing speed or the amount of polishing. TWo-layered pad 
in Which a hard pad and a soft pad are laminated or a 
single-layered pad using a hard pad or a soft material is used 
as the abrasive pad 301 depending on its usage. Further, 
planariZation of the Wafer is performed by changing the 
rotation frequency of the Wafer holder 302 and the platen 
300 or reversing the direction of rotation. Further, the kind 
of materials of slurry or the diameter of the grains are taken 
into consideration in order to ensure uniformity in the 
amount of polishing, the polishing speed, and also the 
amount of polishing in the Wafer. 
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[0027] With such a method, however, there has been a 
limit in precision of polishing. Especially the pattern shape 
in the Wafer has been an important factor to determine the 
uniformity in ?atness, as speci?cally described in the fol 
loWings. 
[0028] First, problems in forming the metallic Wiring in a 
semiconductor integrated circuit of the related art Will be 
described With reference to FIGS. 15A and 15B. 

[0029] FIG. 15A shoWs a state in Which an interlayer 
insulating ?lm 402 about 2 mm thick made of silicon oxide 
?lm (SiO2) is formed on a plurality of metallic Wiring 
patterns 401 With a ?lm thickness of 0.7 pm Which are 
formed on a ?eld oxide ?lm 400 formed on a silicon 
substrate. The interlayer insulating ?lm 402 has protrusions 
402a over a region Where the minute metallic Wiring pat 
terns 401 are aggregated. FIG. 15B shoWs a state after 
planariZing the surface of the interlayer insulating ?lm 402 
by the CMP apparatus shoWn in FIG. 12. 

[0030] As seen from FIGS. 15A and 15B, When a Wafer 
including part in Which the minute metallic Wiring patterns 
401 are aggregated (dense region) and other part in Which 
the metallic Wiring patterns 401 are not aggregated (empty 
region) is planariZed by the CMP apparatus, the region of the 
protrusions 402a Where the metallic Wiring patterns 401 are 
aggregated is completely planariZed. HoWever, the areas 
betWeen tWo dense regions Where the Wiring metallic pat 
terns 401 are densely formed do not have high ?atness. 

[0031] In other Words, in such a planariZation process, the 
state after planariZation varies depending on the metallic 
Wiring patterns in the Wafer or the arrangement of the 
regions Where the patterns are aggregated. In general, When 
the polishing process is performed over the dense region 
Where the minute patterns are densely formed and over an 
isolated pattern of a minute pattern or a large pattern, the 
area of contact betWeen the abrasive pad and the protrusions 
over the patterns in the Wafer differs, and thus the polishing 
speed or the state after planariZation differs. The polishing 
speed of polishing over the isolated minute pattern is greater 
than that of polishing over the aggregated large patterns. As 
a result, the ?lm thickness of the interlayer insulating ?lm 
over the former part becomes different from other parts so 
that over-etching is required in accordance With the ?lm 
thickness of the thickest interlayer insulating ?lm at the time 
of forming contact holes and others in the interlayer insu 
lating ?lm. 

[0032] When minute contact holes of 0.5 pm, 0.3 pm, or 
0.25 pm, in diameter for example, are formed by dry etching 
such as RIE (Reactive Ion Etching), a large amount of 
over-etching is required. As a result, ohmic contact resis 
tance betWeen the contact holes or the like and the electrode 
Wiring becomes large and thus the performance of many of 
the device characteristic deteriorates, Which ultimately 
results in decreasing the yields. Further, as mentioned above, 
When the polishing process by CMP is performed over the 
region including part in Which lots of minute metallic 
patterns are aggregated and other part in Which metallic 
Wiring patterns are not aggregated, the part in Which the 
metallic Wiring patterns are aggregated is precisely pla 
nariZed, While the part betWeen tWo regions of the aggre 
gated Wiring patterns does not have high ?atness. This 
becomes Worse as the number of the Wiring layers increases 
to four, ?ve or more. 
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[0033] As described, the CMP apparatus of the related art 
has a problem that the CMP apparatus can achieve an 
excellent ?atness locally but cannot attain suf?cient ?atness 
over a Wide area. As a result, in the manufacturing process 
of the semiconductor integrated circuit of the related art, the 
Wiring layer provided on the region With loW ?atness have 
breaks or failures caused by electro-migration if the Width of 
the metallic Wiring pattern is small. 

[0034] Next, speci?c problems in the manufacturing pro 
cess of a thin ?lm magnetic head Will be described With 
reference to FIGS. 16A to 16C. The ?gures shoW the thin 
?lm magnetic head vieWed from the ABS side. As shoWn in 
FIG. 16A, an insulating layer 501 about 3 to 5 pm thick 
made of alumina is deposited on a substrate 500 made of 
altic by sputtering, for example. Next, a bottom shield layer 
502 about 2 to 3 pm thick for the reproducing head made of 
a magnetic material such as permalloy (NiFe) is formed on 
the insulating layer 501 by plating, for example. Then an 
insulating layer 503 about 3 to 4 pm thick made of alumina 
is formed on the bottom shield layer 502. The insulating 
layer 503 has protrusions 503a over the bottom shield layer 
502. 

[0035] FIG. 16B shoWs a state after the surface of the 
insulating layer 503 is planariZed by a polishing apparatus. 
In such a thin ?lm magnetic head, it is necessary to polish 
the surface of the insulating layer 503 to reach the bottom 
shield layer 502 so as to make the bottom shield layer 502 
exposed in the surface of the insulating layer 503. As a 
result, there are steps betWeen the insulating layer 503 and 
the bottom shield layer 502 so that either the insulating layer 
503 or the bottom shield layer 502 has a recessed structure 
Which partially includes recesses. The siZes of the recesses 
in such a case reaches 0.15 to 0.3 pm, sometimes 0.4 pm or 
more. 

[0036] As shoWn in FIG. 16C, after a bottom shield gap 
?lm 504, a magnetoresistive ?lm 505 and its lead electrode 
layer 506, a top shield gap ?lm 507 and a top shield-cum 
bottom pole 508 are formed in a thickness of about 2 to 4 
pm, another insulating layer 509 made of alumina is formed 
in a thickness of 3 to 5 pm, and then the surface of the 
insulating layer 509 is polished by the polishing apparatus. 
The recesses are also formed at this time. Further, after a 
Write gap ?lm 510 is formed in a thickness of 0.2 to 0.3 pm, 
a pole tip 511 is formed in a thickness of 2 to 3 pm. Again, 
an insulating layer 512 is formed in a thickness of 3 to 4 pm 
and then polished. At this time, the recesses of 0.2 to 0.4 pm 
are also formed. The manufacturing process of a thin ?lm 
magnetic head is completed after forming a thin ?lm coil 
(not shoWn in ?gure), a top magnetic layer (top pole) 513, 
an overcoat layer (not shoWn in ?gure) and so on. 

[0037] As described, the manufacturing process of a thin 
?lm magnetic head is a little different from that of a 
semiconductor integrated circuit mentioned above. That is, 
the material to be polished is different and, in general, a 
plurality of layers made of materials With different hardness 
are polished in a thin ?lm magnetic head. For example, the 
structure in Which an insulating layer made of alumina and 
a thin ?lm coil or the like made of permalloy (NiFe) or 
copper (Cu) are exposed together in the surface of the Wafer. 
Accordingly, it is necessary to complete the CMP process 
taking the materials and the polishing speed into consider 
ation. It is extremely dif?cult to control uniformity of the 
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amount of polishing of the Whole Wafer since the polishing 
speed varies because of the pattern dependence. 

[0038] Further, excellent uniformity in thickness of the 
bottom shield layer, the top shield layer, the pole tip and so 
on in the Wafer after being polished is required, in addition 
to controlling the amount of polishing by CMP. The unifor 
mity in thickness largely contributes to the performance of 
the thin ?lm magnetic head so that precise control of the ?lm 
thickness is required. 

[0039] With the polishing apparatus of the related art, 
hoWever, it has not been possible to achieve a CMP process, 
in Which the ?lm thickness of the insulating layer made of 
such as alumina and the magnetic layer (shield magnetic 
?lm or recording pole) made of such as permalloy (NiFe) is 
precisely controlled. The reason is because it is extremely 
dif?cult to control the polishing speed of the substances With 
different hardness such as the insulating layer made of 
alumina and metal such as permalloy, as described, and thus 
recesses are formed betWeen the insulating layer and the top 
or bottom shield layers When the bottom shield layer, the top 
shield layer and the pole tip are polished. This has been a 
main factor for suppressing the performance of the thin ?lm 
magnetic head. 

SUMMARY OF THE INVENTION 

[0040] The invention is designed to overcome foregoing 
problems. An object of the invention is to provide a polish 
ing apparatus and a polishing method Which can perform a 
planariZation process With high precision in accordance With 
a scale-doWn of a device such as a semiconductor device or 

a thin ?lm magnetic head. 

[0041] Another object of the invention is to provide a 
manufacturing method of a semiconductor device for per 
forming a planariZation process With high precision in 
accordance With a scale-doWn. 

[0042] Still another object of the invention is to provide a 
manufacturing method of a thin ?lm magnetic head for 
performing a planariZation process With high precision in 
accordance With a scale-doWn. 

[0043] Apolishing apparatus of the invention comprises a 
plurality of polishing portions for performing polishing 
processing of different degrees on one subject of polishing. 

[0044] In the polishing apparatus of the invention, it is 
desired that the polishing portions include at least a ?rst 
polishing portion for performing roughing on the subject of 
polishing and a second polishing portion for performing 
?nishing on the subject Which has been roughed by the ?rst 
polishing portion. 
[0045] In the polishing apparatus, roughing is performed 
on the subject of polishing in a ?rst polishing portion, and 
then, in a second polishing portion, ?nishing is performed on 
the subject of polishing Which has been roughed. 

[0046] Further, the polishing apparatus of the invention 
may further include a third polishing portion comprising at 
least one polishing portion for performing medium polishing 
on the subject Which has been roughed by the ?rst polishing 
portion, the third polishing portion provided betWeen the 
?rst polishing portion and the second polishing portion. 

[0047] The polishing apparatus of the invention may have 
a con?guration in Which each of the polishing portions 
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comprises a rotatable platen, and an abrasive pad With a 
laminated structure of a plurality of layers Which have 
different hardness is pasted on at least one of the platens. 

[0048] The polishing apparatus of the invention may have 
a con?guration in Which the abrasive pad has a tWo-layered 
structure With one layer for polishing a subject being formed 
of a hard resin and the other layer being formed of a softer 
material than the one layer. The one layer may be formed of 
polyurethane foam. 

[0049] The polishing apparatus of the invention may have 
a con?guration in Which an abrasive pad With a single 
layered structure is pasted on at least one of the other 
platens. 
[0050] The polishing apparatus of the invention may have 
a con?guration in Which at least one of the platens includes 
a grinder on at least part of the polishing surface. Speci? 
cally, the grinder may take a disk-like shape or a ring shape 
and have a thickness of about 0.5 mm to about 5 .0 mm. The 
grinder may include diamond grains and the grinder includ 
ing diamonds may be formed With resin being a base. 
Examples of the resin as a base include a phenolic resin, an 
epoxy resin and a glass resin. Generally, a grinder requires 
careful handling because it may be as thin as 0.01 mm or 
less. The grinder of the preferred embodiment has a thick 
ness of about 0.5 mm to about 5.0 mm and a certain 
hardness. Accordingly, the grinder is easier to handle or 
replace. Furthermore, since the grinder preferably has a 
thickness of about 0.5 mm to about 5 .0 mm, diamond grains 
my be buried Within the thickness in a stable manner to 
promote polishing. 

[0051] In the polishing apparatus of the invention, the 
grinder may be formed of a hard resin. As the resin, a 
polyurethane foam is used, for example. 

[0052] In the polishing apparatus of the invention, rough 
ing may be performed on the subject of polishing using the 
grinder in the ?rst polishing portion. Further, medium pol 
ishing may be performed on the subject of polishing in the 
third polishing portion using a grinder With smaller rough 
ness than that of the ?rst polishing portion, and then ?nish 
ing may be performed on the subject of polishing in the 
second polishing portion using a grinder With smaller rough 
ness than that of the third polishing portion. OtherWise, 
medium polishing may be performed on the subject of 
polishing in the third polishing portion using a grinder With 
smaller roughness than that of the ?rst polishing portion, and 
then ?nishing may be performed on the subject of polishing 
in the second polishing portion using an abrasive pad With 
smaller roughness than that of the third polishing portion. 
Alternatively, medium polishing may be performed on the 
subject of polishing in the third polishing portion using an 
abrasive pad With smaller roughness than that of the ?rst 
polishing portion, and then ?nishing may be performed on 
the subject of polishing in the second polishing portion using 
an abrasive pad With smaller roughness than that of the third 
polishing portion. 

[0053] In the polishing apparatus of the invention, the 
abrasive pad of the second polishing portion may be an 
abrasive pad With the laminated structure described above. 

[0054] Further, in the polishing apparatus of the invention, 
roughing may be performed on the subject of polishing in 
the ?rst polishing portion using the above-mentioned 
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grinder, and then ?nishing may be performed on the subject 
of polishing in the second polishing portion using an abra 
sive pad With smaller roughness than that of the ?rst 
polishing portion. 

[0055] In the polishing apparatus of the invention, rough 
ing may be performed on the subject of polishing in the ?rst 
polishing portion using the above-polishing in the second 
polishing portion using an abrasive pad With smaller rough 
ness than that of the ?rst polishing portion. The abrasive pad 
of the second polishing portion may be the polishing pad 
With the above mentioned laminated structure. 

[0056] In the polishing apparatus of the invention, slurry 
may be used together With the abrasive pad in the second 
polishing portion. The slurry including alumina grains is 
used at this time. 

[0057] The polishing apparatus of the invention may fur 
ther include a cleaning portion for performing cleaning on 
the subject of polishing Which has been ?nished in the 
second polishing portion. The cleaning portion may com 
prise a cleaning pad made of a soft brush. 

[0058] In the polishing apparatus of the invention, for 
eXample, a Wafer for a semiconductor integrated circuit or a 
Wafer for a thin ?lm magnetic head is used as the subject of 
polishing. 

[0059] In the polishing apparatus of the invention, each of 
the platens of the respective polishing portions is stored in 
a pedestal and processing may be performed on the subject 
of polishing in order in the polishing portions. 

[0060] A polishing method of the invention is for polish 
ing and planariZing a subject of polishing and includes at 
least a ?rst polishing step of performing roughing on the 
subject of polishing and a second polishing step of perform 
ing ?nishing after the ?rst polishing step on the subject of 
polishing Which has been roughed. 

[0061] The polishing method of the invention may further 
include a third polishing step including at least one polishing 
step for performing medium polishing before the second 
polishing step on the subject of polishing Which has been 
roughed in the ?rst polishing step. 

[0062] In the polishing method of the invention, the pol 
ishing steps may be performed in a plurality of polishing 
portions included in one pedestal. 

[0063] The method of manufacturing a semiconductor 
device of the invention includes a planariZing step for 
polishing and planariZing a Wafer for a semiconductor 
integrated circuit, Wherein the planariZing step is performed 
using the polishing apparatus of the invention. A polishing 
surface may be a surface of an interlayer insulating ?lm 
formed on a metallic Wiring layer having aggregated or 
isolated patterns provided on a semiconductor Wafer, for 
eXample. 

[0064] The method of manufacturing a thin ?lm magnetic 
head of the invention includes a planariZing step for polish 
ing and planariZing a thin ?lm magnetic head, Wherein the 
planariZing step is performed using the polishing apparatus 
of the invention. Apolishing surface may be a surface of an 
insulating layer formed to cover one of tWo shield layers 
Which sandWich a magnetoresistive element included in a 
reproducing head. The polishing surface may also be a 
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surface of an insulating layer formed to cover a pole tip of 
a recording head, the recording head comprising a magnetic 
pole Which is divided into the pole tip and a magnetic layer. 

[0065] Other and further objects, features and advantages 
of the invention Will appear more fully from the folloWing 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0066] FIG. 1 is a perspective vieW shoWing a con?gu 
ration of a polishing apparatus according to a ?rst embodi 
ment of the invention. 

[0067] FIG. 2 is a ?gure shoWing a cross sectional con 
?guration of the polishing portion taken along the line 11-11 
in FIG. 1. 

[0068] FIG. 3 is a cross section shoWing a con?guration 
of an abrasive pad in the polishing apparatus shoWn in FIG. 
1. 

[0069] FIG. 4 is a perspective vieW shoWing a con?gu 
ration of the polishing apparatus according to a second 
embodiment of the invention. 

[0070] FIGS. 5A and 5B are cross sections for describing 
a planariZation process of a semiconductor integrated circuit 
by the polishing apparatus of the invention. 

[0071] FIGS. 6A, 6B and 6C are cross sections for 
describing a planariZation process of a thin ?lm magnetic 
head by the polishing apparatus of the invention. 

[0072] FIG. 7 is a characteristic diagram for describing 
the polishing result using the polishing apparatus of the 
related art. 

[0073] FIGS. 8A and 8B are characteristic diagrams for 
describing the polishing result using the polishing apparatus 
of the invention; FIG. 8A shoWs the result of polishing 
alumina and FIG. 8B shoWs the result of polishing permal 
loy. 
[0074] FIG. 9 is a plan vieW for describing the measuring 
point of the Wafer in the characteristic diagrams shoWn in 
FIGS. 8A and 8B. 

[0075] FIG. 10 is a perspective vieW for describing an 
eXample of grinder used in the polishing apparatus of the 
invention. 

[0076] FIG. 11 is a plan vieW for describing a schematic 
con?guration of the apparatus according to still another 
embodiment of the invention. 

[0077] FIG. 12 is a cross section of a CMOS circuit as an 
eXample to Which a planariZation process by the polishing 
apparatus is applied. 

[0078] FIG. 13A is a cross section of a thin ?lm magnetic 
head as another eXample to Which the planariZation process 
by the polishing apparatus is applied. 

[0079] FIG. 13B is a cross section of the thin ?lm mag 
netic head shoWn in FIG. 13A vieWed from the ABS side. 

[0080] FIG. 14 is a perspective vieW shoWing a con?gu 
ration of a polishing apparatus of the related art. 

[0081] FIGS. 15A and 15B are cross sections for describ 
ing problems in using the polishing apparatus of the related 
art in a planariZation process of a semiconductor integrated 
circuit. 
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[0082] FIGS. 16A, 16B and 16C are cross sections for 
describing problems in using the polishing apparatus of the 
related art in a planariZation process of a thin ?lm magnetic 
head. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0083] Preferred embodiments of the invention Will be 
described in the followings With reference to corresponding 
?gures. 

[0084] [First Embodiment] 
[0085] FIG. 1 shoWs a con?guration of a polishing appa 
ratus 1 according to a ?rst embodiment of the invention. The 
polishing apparatus 1 is for polishing a subject of polishing 
such as the surfaces of Wafers and comprises a pedestal 10. 
A plurality of (three, for example, in this embodiment) 
polishing portions 11A to 11C, and a cleaning portion 11D 
are provided on the pedestal 10. The polishing portions 11A 
to 11C and the cleaning portion 11D comprise platens 12a to 
12d respectively. The platens 12a to 12d are placed on the 
surface of the pedestal 10 in a rotatable state. The platens 
12a to 12d are coupled to a rotating device (not shoWn in 
?gure) provided under the pedestal 10 through openings (not 
shoWn in ?gure) provided in the pedestal 10. The platens 12a 
to 12d are made to rotate With a predetermined speed in a 
counterclockwise direction When vieWed from the above. 

[0086] Four Wafer holders (heads) 14 are placed on the 
pedestal 10 facing the platens 12a to 12d. The Wafer holders 
14 comprise a holder 14a (not shoWn in FIG. 1, see FIG. 2) 
for holding Wafers. The Wafer holder 14a is also made to 
rotate With a predetermined speed in a clockWise direction 
When vieWed from the above by a spindle motor (not shoWn 
in ?gure) around a rotating shaft 14b. The surfaces of the 
platens 12a to 12d in the polishing portions 11A to 11C and 
the cleaning portion 11D respectively have different rough 
ness and hardness from one another. The Wafer to be 
polished, together With the Wafer holder 14a, is moved to a 
position facing the platens 12a to 12d of the polishing 
portions 11A to 11C and the cleaning portion 11D in this 
order to be polished and cleaned to a different degree. 

[0087] At least part of the polishing surface of the platen 
12a, or the Whole surface, is composed of a grinder. As the 
grinder, resin such as phenol resin is used as a base to Which 
diamond grains With the diameter being 1,000th to 3000th, 
5,000th or 10,000th are scatteringly ?xed. The grinder takes 
a round or disk-like shape and has a thickness of about 0.5 
mm to about 5.0 mm and a cerain hardness, for example. The 
grinder may be a diamond grinder (vitri?ed) in Which a glass 
resin is used as a base. It may be formed only of hard resin 
such as porous polyurethane foam, phenol resin or epoxy 
resin Without using diamond grains. 

[0088] FIG. 2 shoWs an example of a cross sectional 
con?guration of the polishing portion 11A shoWn in FIG. 1 
taken along the line II-II. In FIG. 2, the holder 14a of the 
Wafer holders 14 is formed of porous chuck. A Wafer W is 
adsorbed and held by the holder 14a through the cavity 14c 
provided in the Wafer holder 14 being evacuated in the 
direction shoWn by an arroW a in the ?gure. In the polishing 
portion 11A, a lubricant 16 is supplied from a noZZle 15. 
Examples of the lubricants are pure Water, oil, isopropyl 
alcohol, alumina slurry, silica slurry and the like. 
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[0089] In the embodiment, ?rst, polishing (roughing) of 
the Wafer W is performed by the platen 12a in the polishing 
portion 11A While supplying lubricator 16 from the noZZle 
15. Thus the protrusions of the insulating ?lm covering lots 
of different patterns in the Wafer such as aggregated minute 
Wiring patterns, a large pattern or an isolated pattern are 
made to be removed ?at. In the polishing portion 11A, the 
platen 12a is formed of a grinder and thus has a hard 
polishing surface. As a result, there are scratches being 
slightly generated, but the polishing surface exhibits no 
pattern dependence. The polishing portion 11A corresponds 
to the “?rst polishing portion” of the invention. 

[0090] The abrasive pad 13b With a single-layered struc 
ture made of, for example, a hard polyurethane form is 
pasted on the surface of the platen 12b in the polishing 
portion 11B. Polishing is performed by the abrasive pad 13b 
using an abrasive liquid supplied from a noZZle (not shoWn 
in ?gure). Examples of the slurry included in the abrasive 
liquid are alumina, silica and a mixture of both. The pol 
ishing portion 11B performs the medium polishing (that is, 
polishing With a degree betWeen the ?rst roughing and the 
last ?nishing) through removing the scratches or the polish 
ing distortion slightly generated in the polishing portion 11 
A by the abrasive pad 13b. The polishing portion 11B 
corresponds to an embodiment of the “third polishing por 
tion” of the invention. Speci?cally, in the thin ?lm magnetic 
head, the insulating layer made of alumina is made to be 
polished in the polishing portion 11B until right before the 
magnetic layer made of permalloy or the like (shield mag 
netic ?lm or recording pole) is exposed to the surface of the 
Wafer. The third polishing portion may be composed of a 
polishing portion for performing tWo or more degrees of 
polishing depending on the application. 

[0091] The abrasive pad 13c With a structure of a plurality 
of (tWo, for example) layers is pasted on the surface of the 
platen 12c in the polishing portion 11 C. FIG. 3 shoWs an 
example of a cross sectional con?guration of the abrasive 
pad 13c including the platen 12c. 

[0092] The abrasive pad 13c has a tWo-layered structure of 
a surface layer 13c1 and a bottom layer 13c2. The surface 
layer 13c1 is formed of a porous polyurethane form, for 
example, While the bottom layer 13c2 is formed of an elastic 
material such as polyurethane or a gum rubber, Which is 
softer than the surface layer 13c1, or of a hard material such 
as ceramic or plastic. The polishing portion 11C performs 
?nishing through lightly polishing the surface of the Wafer 
by the abrasive pad 13c. The polishing portion 11C corre 
sponds to an embodiment of the “second polishing portion” 
of the invention. Also, the same abrasive liquid including 
slurry as in the polishing 11B is supplied from the noZZle 15 
to the abrasive pad 13c. 

[0093] A cleaning pad 13d With a single-layered structure 
including a brush With long pile is pasted on the surface of 
the platen 12d in the cleaning portion 11D. The cleaning 
portion 11D completely removes (cleans) the contamination 
left by the micro scratches or slurry generated in the prior 
process by the cleaning pad 13d using pure Water or alcohol 
as the lubricant. The cleaning portion 11D corresponds to the 
“cleaning portion” of the invention. The cleaning portion 
may be formed of tWo or more cleaning portions for per 
forming different degrees of cleaning. 










