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57 ABSTRACT

Productivity of a semiconductor integrated circuit device is
improved. According to how many times the photomask is
used, a photomask having an opaque pattern made of metal
and a photomask having an opaque pattern made of a resist
film are properly used, and thereby an exposure treatment is
performed.
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METHOD OF PRODUCING SEMICONDUCTOR
INTEGRATED CIRCUIT DEVICE AND METHOD
OF PRODUCING MULTI-CHIP MODULE

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a method of fab-
ricating a semiconductor integrated circuit device and a
method of fabricating a multichip module, more particularly,
to a technique effectively applicable to a photolithography
(hereinafter, referred to as lithography) technique in which
a predetermined pattern is printed onto a semiconductor
wafer (hereinafter, referred to as wafer) with using a pho-
tomask (hereinafter, referred to as mask) in the fabrication
process of a semiconductor integrated circuit device.

[0002] In the fabrication of a semiconductor integrated
circuit device (LSI: Large Scale Integrated Circuit), the
lithography technique is used as a method of forming a fine
pattern on a wafer. As the lithography technique, a so-called
optical projection exposure method, in which a pattern
formed on each mask is repeatedly printed onto a wafer
through reduced projection optics, has become the main-
stream. The basic constitution of the exposure tool is dis-
closed in Japanese Patent Laid-open No. 2000-91192.

[0003] The resolution R on the wafer in this projection
exposure method is generally represented by: R=kxi/NA,
where k represents a constant depending on a resist material
and a process, A represents a wavelength of exposure light,
and NA represents numerical aperture of a projection lens.
As is apparent from the relational expression, as the pattern
becomes finer, a projection exposure technique using the
light source having shorter wavelength has become neces-
sary. At the present, the LSI is fabricated by a projection
exposure tool using an i-ray (A=365 nm) of a mercury lamp
or a KrF excimer laser (A=248 nm) as an illumination light
source. In order to make the pattern further finer, a light
source having a shorter wavelength is required, and the
employment of an ArF excimer laser (A=193 nm) or an F,
laser (A=157 nm) has been examined.

[0004] Meanwhile, the above-mentioned mask used in the
projection exposure method has a structure in which an
opaque pattern made of, for example, chromium or the like
is formed as an opaque film on a quartz glass substrate
transparent to an exposure light. The fabrication method
thereof is, for example, as follows. That is, a chromium film
serving as an opaque film is first formed on a quartz glass
substrate, and a resist film reactive to an electron beam is
coated thereon. Subsequently, an electron beam is irradiated
onto the resist film according to pattern data predetermined,
and then a resist pattern is formed by performing the
development thereto. Subsequently, the chromium thin film
is etched with using the resist pattern as an etching mask to
form an opaque pattern made of chromium or the like.
Lastly, the remaining resist film reactive to an electron beam
is removed, and thus, the fabrication of a mask is completed.

SUMMARY OF THE INVENTION

[0005] However, the inventors of the present invention
have found out that the exposure technique using a mask
having an opaque pattern made of a metal film such as
chromium or the like has problems as follows.

[0006] Specifically, the mask having an opaque pattern
made of a metal film is advantageous in mass production

May 26, 2005

because it has good durability and high reliability and is
capable of being used in a large amount of exposure.
However, when such a mask is used in the development
period of a semiconductor integrated circuit device or in the
fabrication of a small number of various semiconductor
integrated circuit devices, in other words, in the case where
changes and modifications are frequently made in the mask
pattern and the same mask is rarely used in different pro-
cesses, a great amount of time and increased cost are
required to fabricate the mask. Therefore, there arise such
problems as to hinder the improvement in productivity of
and the reduction in fabrication cost of a semiconductor
integrated circuit device.

[0007] An object of the present invention is to provide a
technique capable of improving the productivity of a semi-
conductor integrated circuit device.

[0008] Also, another object of the present invention is to
provide a technique capable of reducing a development
period required to develop a semiconductor integrated cir-
cuit device.

[0009] Also, another object of the present invention is to
provide a technique capable of reducing a fabrication period
required to fabricate a semiconductor integrated circuit
device.

[0010] Also, another object of the present invention is to
provide a technique capable of reducing the cost of a
semiconductor integrated circuit device.

[0011] The above and other objects and novel character-
istics of the present invention will be apparent from the
description of the present specification and the accompany-
ing drawings.

[0012] The advantages achieved by the typical ones of the
inventions disclosed in the present application will be briefly
described as follows.

[0013] Specifically, in the present invention, a mask hav-
ing a metal film as an opaque member relative to an
exposure light and a mask having, as an opaque member, an
organic material containing an organic photoreactive resin
film relative to an exposure light are used in an exposure
treatment of the fabrication steps of a semiconductor inte-
grated circuit device.

[0014] Also, in the present invention, a mask having a
metal film as an opaque member relative to an exposure light
and a mask having, as an opaque member, an organic
material containing an organic photoreactive resin film
relative to an exposure light are properly used, depending on
how to use the mask, in an exposure process of the fabri-
cation steps of a semiconductor integrated circuit device.

[0015] Also, in the present invention, the organic material
is made of a single film of the organic photoreactive resin
film.

[0016] Also, in the present invention, the organic material
is made by adding a photo-absorbing material or a photo-
attenuating material to the organic photoreactive resin film.

[0017] Also, in the present invention, the organic material
is made of a laminated film of the organic photoreactive
resin film and the photo-absorbing film, a laminated film of
the organic photoreactive resin film and the photo-attenuat-
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ing film, or a laminated film of the organic photoreactive
resin film and an anti-reflective layer.

[0018] Also, in the present invention, the mask having an
organic material containing an organic photoreactive resin
film as an opaque member relative to an exposure light
includes also a pattern made of a metal film as an opaque
member relative to an exposure light.

[0019] Also, in the present invention, the mask having an
organic material containing the organic photoreactive resin
film as an opaque member relative to an exposure light
includes also a pattern made of a metal film as an opaque
member relative to an exposure light, and the pattern made
of metal film serving as the opaque member is a pattern
functioning to print an integrated circuit pattern onto a
wafer.

[0020] Also, in the present invention, the mask having an
organic material containing organic photoreactive resin film
as an opaque member to an exposure light has also a pattern
made of a metal film as an opaque member to an exposure
light, and the pattern made of metal film serving as the
opaque member is a metal film covering a peripheral region
of the mask.

[0021] Also, in the present invention, when fabricating the
mask having an organic material containing organic photo-
reactive resin film as an opaque member to an exposure
light, a step of removing an opaque member made of the
organic material, and then forming a new opaque member
made of the organic material is performed.

[0022] Also, in the present invention, when fabricating the
mask having an organic material containing organic photo-
reactive resin film as an opaque member to an exposure
light, a step of removing an opaque member made of the
organic material, and then forming a new opaque member
made of the organic material is performed, wherein the
newly formed opaque member made of the organic material
serves as a pattern used to print an integrated circuit pattern
onto a wafer.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0023] FIG. 1 is a flow chart showing the fabrication
process of a semiconductor integrated circuit device accord-
ing to an embodiment of the present invention.

[0024] FIG. 2 is an explanatory diagram showing an
example of an exposure tool used in the fabrication process
of the semiconductor integrated circuit device in FIG. 1.

[0025] FIG. 3A is a plan view showing an example of a
photomask used in the fabrication process of the semicon-
ductor integrated circuit device in FIG. 1.

[0026] FIG. 3B is a cross-sectional view taken along line
A-Ain FIG. 3A.

[0027] FIG. 4A is a plan view showing an example of a
photomask used in the fabrication process of the semicon-
ductor integrated circuit device in FIG. 1.

[0028] FIG. 4B is a cross-sectional view taken along line
A-Ain FIG. 4A.

[0029] FIG. 5A is a plan view showing an example of a
photomask used in the fabrication process of the semicon-
ductor integrated circuit device in FIG. 1.
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[0030] FIG. 5B is a cross-sectional view taken along line
A-A in FIG. 5A.

[0031] FIG. 6A is a plan view showing an example of a
photomask used in the fabrication process of the semicon-
ductor integrated circuit device in FIG. 1.

[0032] FIG. 6B is a cross-sectional view taken along line
A-A in FIG. 6A.

[0033] FIG. 7A is a plan view showing an example of a
photomask used in the fabrication process of the semicon-
ductor integrated circuit device in FIG. 1.

[0034] FIG. 7B is a cross-sectional view taken along line
A-A in FIG. 7A.

[0035] FIG. 8A is a cross-sectional view during fabrica-
tion process of a conventional photomask.

[0036] FIG. 8B is a cross-sectional view during fabrica-
tion process of a conventional photomask.

[0037] FIG. 8C is a cross-sectional view during the fab-
rication process of a conventional photomask.

[0038] FIG. 8D is a cross-sectional view during the fab-
rication process of a conventional photomask.

[0039] FIG. 9A is a plan view showing an example of a
photomask used in the fabrication process of the semicon-
ductor integrated circuit device in FIG. 1.

[0040] FIG. 9B is a cross-sectional view taken along line
A-A in FIG. 9A.

[0041] FIG. 9C is an enlarged view showing the principal
part of FIG. 9B.

[0042] FIG. 9D shows a modification example of an
opaque member and is an enlarged plan view showing the
principal part of FIG. 9B.

[0043] FIG. 10A is a plan view showing an example of the
photomask used in the fabrication process of the semicon-
ductor integrated circuit device in FIG. 1.

[0044] FIG. 10B is a cross-sectional view taken along line
A-A in FIG. 10A.

[0045] FIG. 11A is a plan view showing an example of the
photomask used in the fabrication process of the semicon-
ductor integrated circuit device in FIG. 1.

[0046] FIG. 11B is a cross-sectional view taken along line
A-A in FIG. 11A.

[0047] FIG. 12A is a plan view during the fabrication
process of the photomask shown in FIG. 9.

[0048] FIG. 12B is a cross-sectional view taken along line
A-A in FIG. 12A.

[0049] FIG. 13A is a plan view during the fabrication
process of the photomask shown in FIG. 9 subsequently to
FIG. 12.

[0050] FIG. 13B is a cross-sectional view taken along line
A-A in FIG. 13A.

[0051] FIG. 14A is a plan view during the fabrication
process of the photomask shown in FIG. 9 subsequently to
FIG. 13.
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[0052] FIG. 14B is a cross-sectional view taken along line
A-A in FIG. 14A.

[0053] FIG. 15A is a plan view during the fabrication
process of the photomask shown in FIG. 9 subsequently to
FIG. 14.

[0054] FIG. 15B is a cross-sectional view taken along line
A-A in FIG. 15A.

[0055] FIG. 16A is a plan view during the fabrication
process of the photomask shown in FIG. 9 subsequently to
FIG. 15.

[0056] FIG. 16B is a cross-sectional view taken along line
A-A in FIG. 16A.

[0057] FIG. 17A is a plan view during a re-fabrication
process of the photomask shown in FIG. 9.

[0058] FIG. 17B is a cross-sectional view taken along line
A-A in FIG. 17A.

[0059] FIG. 18A is a plan view during the re-fabrication
process of the photomask shown in FIG. 9 subsequently to
FIG. 17.

[0060] FIG. 18B is a cross-sectional view taken along line
A-A in FIG. 18A.

[0061] FIG. 19A is a plan view during the re-fabrication
process of the photomask shown in FIG. 9 subsequently to
FIG. 18.

[0062] FIG. 19B is a cross-sectional view taken along line
A-A in FIG. 19A.

[0063] FIG. 20A is a plan view showing an example of a
photomask used in the fabrication process of the semicon-
ductor integrated circuit device in FIG. 1.

[0064] FIG.20B is a cross-sectional view taken along line
A-A in FIG. 20A.

[0065] FIG. 21A is a plan view showing an example of a
photomask used in the fabrication process of the semicon-
ductor integrated circuit device in FIG. 1.

[0066] FIG.21B is a cross-sectional view taken along line
A-A in FIG. 21A.

[0067] FIG. 22A is a plan view showing an example of a
photomask used in the fabrication process of the semicon-
ductor integrated circuit device in FIG. 1.

[0068] FIG.22B is a cross-sectional view taken along line
A-A in FIG. 22A.

[0069] FIG. 23A is a plan view during the fabrication
process of the photomask shown in FIG. 20.

[0070] FIG.23B is a cross-sectional view taken along line
A-A in FIG. 23A.

[0071] FIG. 24A is a plan view during the fabrication
process of the photomask shown in FIG. 20 subsequently to
FIG. 23.

[0072] FIG.24B is a cross-sectional view taken along line
A-A in FIG. 24A.

[0073] FIG. 25A is a plan view during the re-fabrication
process of the photomask shown in FIG. 20.
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[0074] FIG.25B is a cross-sectional view taken along line
A-A in FIG. 25A.

[0075] FIG. 26A is a plan view during the re-fabrication
process of the photomask shown in FIG. 25 subsequently to
FIG. 25.

[0076] FIG.26B is a cross-sectional view taken along line
A-A in FIG. 26A.

[0077] FIG. 27A is a plan view during the re-fabrication
process of the photomask shown in FIG. 25 subsequently to
FIG. 26.

[0078] FIG.27B is a cross-sectional view taken along line
A-A in FIG. 27A.

[0079] FIG.28A is a plan view showing an example of the
photomask used in the fabrication process of the semicon-
ductor integrated circuit device in FIG. 1.

[0080] FIG.28B is a cross-sectional view taken along line
A-A in FIG. 28A.

[0081] FIG.29A is a plan view showing an example of the
photomask used in the fabrication process of the semicon-
ductor integrated circuit device in FIG. 1.

[0082] FIG.29B is a cross-sectional view taken along line
A-A in FIG. 29A.

[0083] FIG. 30A is a plan view showing an example of the
photomask used in the fabrication process of the semicon-
ductor integrated circuit device in FIG. 1.

[0084] FIG. 30B is a cross-sectional view taken along line
A-A in FIG. 30A.

[0085] FIG. 31A is a plan view showing the principal part
of an example of the photomask used in the fabrication
process of the semiconductor integrated circuit device of
FIG. 1.

[0086] FIG. 31B is a plan view showing the principal part
of the pattern printed by using the photomask shown in FIG.
31A.

[0087] FIG. 31C is a plan view showing the principal part
of the photomask in FIG. 31A in a state where an opaque
member made of an organic material containing an organic
photoreactive resin film of the photomask is removed.

[0088] FIG. 31D is a plan view showing the principal part
of a semiconductor wafer illustrating a pattern to be printed,
by the use of the photomask of FIG. 31C, onto a semicon-
ductor wafer.

[0089] FIG. 32A is a plan view showing an example of the
photomask used in the fabrication process of the semicon-
ductor integrated circuit device in FIG. 1.

[0090] FIG. 32B is a cross-sectional view taken along line
A-A in FIG. 32A.

[0091] FIG. 33A is a plan view during the fabrication
process of the photomask shown in FIG. 28.

[0092] FIG. 33B is a cross-sectional view taken along line
A-A in FIG. 33A.

[0093] FIG. 34A is a plan view during the fabrication
process of the photomask shown in FIG. 28 subsequently to
FIG. 33.
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[0094] FIG. 34B is a cross-sectional view taken along line
A-A in FIG. 34A.

[0095] FIG. 35A is a plan view during the fabrication
process of the photomask shown in FIG. 29.

[0096] FIG. 35B is a cross-sectional view taken along line
A-A in FIG. 35A.

[0097] FIG. 36A is a plan view during the fabrication
process of the photomask shown in FIG. 30.

[0098] FIG. 36B is a cross-sectional view taken along line
A-A in FIG. 36A.

[0099] FIG. 37A is a plan view during the fabrication
process of the photomask subsequently to FIG. 34.

[0100] FIG. 37B is a cross-sectional view taken along line
A-A in FIG. 37A.

[0101] FIG. 38A is a plan view during the re-fabrication
process of the photomask shown in FIG. 28.

[0102] FIG. 38B is a cross-sectional view taken along line
A-A in FIG. 38A.

[0103] FIG. 39A is a plan view during the re-fabrication
process of the photomask shown in FIG. 28 subsequently to
FIG. 38.

[0104] FIG. 39B is a cross-sectional view taken along line
A-A in FIG. 39A.

[0105] FIG. 40A is a plan view during the re-fabrication
process of the photomask shown in FIG. 28 subsequently to
FIG. 39.

[0106] FIG. 40B is a cross-sectional view taken along line
A-A in FIG. 40A.

[0107] FIG. 41 is a plan view showing the principal part
of an example of a semiconductor integrated circuit device
according to an embodiment of the present invention.

[0108] FIG. 42 is a plan view showing the principal part
of a unit cell in FIG. 41.

[0109] FIG. 43A is a plan view showing the principal part
of one of various photomasks used in the fabrication of the
semiconductor integrated circuit device in FIG. 41.

[0110] FIG. 43B is a plan view showing the principal part
of another one of the various photomasks used in the
fabrication of the semiconductor integrated circuit device in
FIG. 41.

[0111] FIG. 43C is a plan view showing the principal part
of another one of the various photomasks used in the
fabrication of the semiconductor integrated circuit device in
FIG. 41.

[0112] FIG. 43D is a plan view showing the principal part
of another one of the various photomasks used in the
fabrication of the semiconductor integrated circuit device in
FIG. 41.

[0113] FIG. 44 is a cross-sectional view showing a prin-
cipal part during the fabrication process of the semiconduc-
tor integrated circuit device shown in FIG. 41.

[0114] FIG. 45 is a cross-sectional view showing the
principal part during the fabrication process of the semicon-
ductor integrated circuit device shown in FIG. 41 subse-
quently to FIG. 4.
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[0115] FIG. 46 is a cross-sectional view showing the
principal part during the fabrication process of the semicon-
ductor integrated circuit device shown in FIG. 41 subse-
quently to FIG. 45.

[0116] FIG. 47 is a cross-sectional view showing the
principal part during the fabrication process of the semicon-
ductor integrated circuit device shown in FIG. 41 subse-
quently to FIG. 46.

[0117] FIG. 48 is a cross-sectional view showing the
principal part during the fabrication process of the semicon-
ductor integrated circuit device shown in FIG. 41 subse-
quently to FIG. 47.

[0118] FIG. 49 is a cross-sectional view showing the
principal part during the fabrication process of the semicon-
ductor integrated circuit device shown in FIG. 41 subse-
quently to FIG. 48.

[0119] FIG. 50 is a cross-sectional view showing the
principal part during the fabrication process of the semicon-
ductor integrated circuit device shown in FIG. 41 subse-
quently to FIG. 49.

[0120] FIG. 51 is a cross-sectional view showing the
principal part during the fabrication process of the semicon-
ductor integrated circuit device shown in FIG. 41 subse-
quently to FIG. 50.

[0121] FIG. 52 is a cross-sectional view showing the
principal part during the fabrication process of the semicon-
ductor integrated circuit device shown in FIG. 41 subse-
quently to FIG. 51.

[0122] FIG. 53 is a cross-sectional view showing the
principal part during the fabrication process of the semicon-
ductor integrated circuit device shown in FIG. 41 subse-
quently to FIG. 52.

[0123] FIG. 54A is a symbolic diagram of a NAND gate
circuit constituting the semiconductor integrated circuit
device of FIG. 41.

[0124] FIG. 54B is a circuit diagram of FIG. 54A.

[0125] FIG. 54C is a plan view showing a pattern layout
of FIG. 54A.

[0126] FIG. 55A is a plan view showing the principal part
of the photomask used in printing a hole pattern in the
NAND gate circuit of FIG. 54.

[0127] FIG. 55B is a plan view showing an example of the
principal part of the photomask used in printing a line
pattern in the NAND gate circuit of FIG. 54.

[0128] FIG. 56 is a cross-sectional view showing a prin-
cipal part during the fabrication process of the semiconduc-
tor integrated circuit device, in which the NAND gate circuit
of FIG. 54 is formed.

[0129] FIG. 57 is a cross-sectional view showing the
principal part during the fabrication process of the semicon-
ductor integrated circuit device subsequently to FIG. 56.

[0130] FIG. 58 is a cross-sectional view showing the
principal part during the fabrication process of the semicon-
ductor integrated circuit device subsequently to FIG. 57.

[0131] FIG. 59 is a cross-sectional view showing the
principal part during the fabrication process of the semicon-
ductor integrated circuit device subsequently to FIG. 58.
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[0132] FIG. 60 is a cross-sectional view showing the
principal part during the fabrication process of the semicon-
ductor integrated circuit device subsequently to FIG. 59.

[0133] FIG. 61A is a symbolic diagram of a NOR gate
circuit constituting the semiconductor integrated circuit
device of FIG. 41.

[0134] FIG. 61B is a circuit diagram of FIG. 61A.

[0135] FIG. 61C is a plan view showing a pattern layout
of FIG. 61A.

[0136] FIG. 62A is a plan view showing an example of the
principal part of the photomask used in printing a hole
pattern of the NOR gate circuit shown in FIG. 61.

[0137] FIG. 62B is a plan view showing an example of the
principal part of the photomask used in printing a line
pattern of the NOR gate circuit in FIG. 61.

[0138] FIG. 63A is a plan view showing the principal part
of a memory region of a mask ROM serving as a semicon-
ductor integrated circuit device according to another
embodiment of the present invention.

[0139] FIG. 63B is a circuit diagram of the memory
region in FIG. 63A.

[0140] FIG. 63C is a cross-sectional view taken along line
A-A in FIG. 63A.

[0141] FIG. 64A is a plan view showing an example of the
principal part of a photomask used in data rewriting of the
mask ROM of FIG. 63.

[0142] FIG. 64B is a plan view showing the principal part
of a semiconductor wafer illustrating the pattern for data
rewriting printed from the photomask of FIG. 64A.

[0143] FIG. 64C is a cross-sectional view showing the
principal part of a semiconductor wafer during a data
rewriting step.

[0144] FIG. 65A is a plan view showing another example
of the principal part of a photomask used in data rewriting
of the mask ROM of FIG. 63.

[0145] FIG. 65B is a plan view showing the principal part
of a semiconductor wafer illustrating the pattern for data
rewriting printed from the photomask of FIG. 65A.

[0146] FIG. 65C is a cross-sectional view showing the
principal part of a semiconductor wafer during the data
rewriting step.

[0147] FIG. 66A is a plan view showing still another
example of the principal part of a photomask used in data
rewriting of the mask ROM of FIG. 63.

[0148] FIG. 66B is a plan view showing the principal part
of a semiconductor wafer illustrating the pattern for data
rewriting printed from the photomask of FIG. 66A.

[0149] FIG. 66C is a cross-sectional view showing the
principal part of a semiconductor wafer during the data
rewriting step.

[0150] FIG. 67A is a plan view showing the principal part
of a memory region of a mask ROM fabricated in another
method, which serves as a semiconductor integrated circuit
device of another embodiment of the present invention.
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[0151] FIG. 67B is a circuit diagram of the memory
region of FIG. 67A.

[0152] FIG. 67C is a cross-sectional view taken along line
A-A in FIG. 67A.

[0153] FIG. 68A is a plan view showing an example of the
principal part of a photomask used in data rewriting of the
mask ROM of FIG. 67.

[0154] FIG. 68B is a plan view showing the principal part
of the memory region after the data rewriting by the use of
the photomask of FIG. 68A.

[0155] FIG. 68C is a circuit diagram of the memory
region of FIG. 68C.

[0156] FIG. 68D is a cross-sectional view taken along line
A-A in FIG. 68B.

[0157] FIG. 69A is a plan view showing an example of the
principal part of a photomask used in data rewriting of the
mask ROM of FIG. 67.

[0158] FIG. 69B is a plan view showing the principal part
of the memory region after the data rewriting by the use of
the photomask of FIG. 69A.

[0159] FIG. 69C is a circuit diagram of the memory
region of FIG. 69C.

[0160] FIG. 69D is a cross-sectional view taken along line
A-A in FIG. 69B.

[0161] FIG. 70A is a plan view showing an example of the
principal part of a photomask used in data rewriting of the
mask ROM of FIG. 67.

[0162] FIG. 70B is a plan view showing the principal part
of the memory region after the data rewriting by the use of
the photomask of FIG. 70A.

[0163] FIG. 70C is a circuit diagram of the memory
region of FIG. 70C.

[0164] FIG. 70D is a cross-sectional view taken along line
A-A in FIG. 70B.

[0165] FIG. 71A is a plan view showing the principal part
of a memory region of a mask ROM fabricated by another
method, which serves as a semiconductor integrated circuit
device of still another embodiment of the present invention.

[0166] FIG. 71B is a circuit diagram of the memory
region of FIG. 71A.

[0167] FIG. 71C is a cross-sectional view taken along line
A-A in FIG. 71A.

[0168] FIG. 72A is a plan view of a semiconductor wafer
during the fabrication process of a semiconductor integrated
circuit device according to another embodiment of the
present invention.

[0169] FIG. 72B is a plan view of the semiconductor
wafer during the fabrication process of a semiconductor
integrated circuit device according to another embodiment
of the present invention.

[0170] FIG. 72C is a plan view of the semiconductor
wafer during the fabrication process of a semiconductor
integrated circuit device according to another embodiment
of the present invention.
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[0171] FIG. 73 is a plan view showing a semiconductor
chip obtained by the fabrication method of the semiconduc-
tor integrated circuit device as shown in FIGS. 72A to 72C.

[0172] FIG. 74 is a plan view showing a modification
example of a semiconductor chip obtained by the fabrication
method of the semiconductor integrated circuit device as
shown in FIGS. 72A to 72C.

[0173] FIG. 75A is a cross-sectional view showing the
principal part of a semiconductor wafer during the fabrica-

tion process of a semiconductor integrated circuit device as
shown in FIG. 72A.

[0174] FIG. 75B is a cross-sectional view showing the
principal part of the semiconductor wafer during the fabri-

cation process of a semiconductor integrated circuit device
as shown in FIG. 72B.

[0175] FIG. 75C is a cross-sectional view showing the
principal part of the semiconductor wafer during the fabri-
cation process of a semiconductor integrated circuit device
as shown in FIG. 72C.

[0176] FIG. 76A is a cross-sectional view showing a state
where the semiconductor chip obtained by the fabrication
method of the semiconductor integrated circuit device of
FIGS. 72A to 72C is packaged.

[0177] FIG. 76B is a cross-sectional view showing a
modification example of the packaged semiconductor chip
of FIG. 76A.

[0178] FIG. 77 is a flow chart showing the process of
packaging a multi-chip module according to still another
embodiment of the present invention.

[0179] FIG. 78A is a plan view of the multi-chip module
fabricated according to the flow shown in FIG. 77.

[0180] FIG. 78B is a cross-sectional view taken along line
A-A in FIG. 78A.

DESCRIPTIONS OF THE PREFERRED
EMBODIMENTS

[0181] In advance of the detail description of the present
invention, each meaning of technical terms employed in this
application will be described as follows.

[0182] 1. Mask (photomask): It is one made by forming a
pattern for shading the light and/or a pattern for changing a
phase of the light, on a mask substrate. It includes a reticle
having a pattern several times as large as a pattern of the
actual size. A first main surface of the mask means a pattern
surface on which the pattern for shading the light and/or the
pattern for changing a phase of the light are/is formed, and
a second main surface of the mask means a surface located
in the other side of the first main surface.

[0183] 2. Conventional mask: It means a normal mask in
which a mask pattern is formed of an opaque pattern made
of metal and of a clear pattern, on a mask substrate. In the
present embodiments, a phase shift mask having a meaning
for generating a phase difference in exposure light transmit-
ting through the mask is also included in the conventional
mask. The phase shifter for generating the phase difference
in exposure light is one made by forming a trench having a
predetermined depth in a mask substrate and/or by providing
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a transparent film or a semi-transparent film having a
predetermined film thickness on a mask substrate.

[0184] 3. Resist shading mask: It means a mask having an
opaque member (opaque film, opaque pattern, and opaque
region) made of an organic material containing an organic
photoreactive resin film on a mask substrate. Note that the
organic material mentioned here includes a single film of the
organic photoreactive resin film, a film made by adding the
photo-absorbing material or the photo attenuating material
to the organic photoreactive resin film, a laminated film of
the organic photoreactive resin film and other film (e.g.,
anti-reflective layer, photo-absorbing resin film, or photo-
attenuating resin film), and the like.

[0185] 4. The pattern surface of a mask (the above-
mentioned conventional mask and resist-shading mask) is
classified into the following regions, that is, an “integrated
circuit pattern region” in which an integrated circuit pattern
to be printed is arranged, and a “peripheral region” which is
a region of the outer circumference of the “integrated circuit
pattern region”.

[0186] 5. Although not particularly limited, the resist
shading mask is classified into the following three types in
this specification as a matter of convenience from the
viewpoint of the fabrication process thereof, that is, one of
mask blanks (hereinafter, referred to as blanks), a metal
mask, and a resist shading mask. Each of the blanks means
a mask in an early stage, in other words, a mask before
completion as a mask to be used for printing a desired
pattern. More specifically, each the blanks indicates a mask
in a high commonality (versatility) stage, the mask in which
patterns have yet to be formed in the above-mentioned
integrated circuit pattern region but which has basic con-
stituents required for fabricating a complete mask. The metal
mask is an incomplete mask and is a mask in such a stage
that a pattern made of metal is formed in the above-
mentioned integrated circuit pattern region is formed. The
difference between the metal mask and the conventional
mask mentioned above is whether or not the mask is
completed as a mask capable of printing a desired pattern
onto a substrate to be processed. The resist shading mask
means a complete mask to be used as a mask and is a mask
in such a stage that a pattern made of a resist film is formed
in the above-mentioned integrated circuit pattern region.
Some patterns used for printing a desired pattern on a mask
are made of resist films only, and the other patterns are made
of both a metal and a resist film. Some patterns for printing
desired patterns onto the mask are all made of resist films,
and the other patterns are made of metal and resist films.

[0187] 6. A wafer means a single crystal silicon substrate
(having an approximately flat and round shape in general),
a sapphire substrate, a glass substrate, other dielectric or
semi-dielectric substrate, a semiconductor substrate or the
like, or a substrate made by combining them, which are all
used in the fabrication of an integrated circuit. In addition,
a semiconductor integrated circuit device mentioned in this
application is not limited to one made on a semiconductor or
a dielectric substrate such as a silicon wafer, a sapphire
substrate or the like, and it also includes one made on other
dielectric substrate such as glass, for example, TFT (Thin
Film Transistor) and STN (Super-Twisted-Nematic) liquid
crystal and the like unless otherwise stated.
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[0188] 7.Adevice surface means a main surface of a wafer
and means a surface on which device patterns corresponding
to a plurality of chip regions are formed by photolithogra-

phy.

[0189] 8. When “opaque member”, “opaque region”,
“opaque film”, and “opaque pattern” are mentioned, it
means that they have such optical properties that exposure
light irradiated onto the regions thereof is penetrated less
than 40%. Generally, the one capable of penetrating the light
from several percent to less than 30% is used. Meanwhile,
when “transparent”, “transparent film”, “clear region”, and
“clear pattern” are mentioned, it means that they have such
optical properties that exposure light irradiated onto the
regions is penetrated 60% or more. Generally, the one
capable of penetrating the light 90% or more is used.

[0190] 9. Printed pattern: It is a pattern printed onto a
wafer by a mask, and more specifically means a pattern on
a wafer actually formed by using a resist pattern and by
using a resist pattern as a mask.

[0191] 10. Resist pattern: It means a film pattern formed
by patterning a photo-reactive organic film based by means
of a photolithography technique. Note that this pattern
includes a mere resist film having no openings with respect
to the portion concerned.

[0192] 11. Hole pattern: It means a micro-pattern such as
a contact hole, a via hole or the like having, on a wafer, a
two-dimensional size equal to or smaller than the exposure
light wavelength. In general, the hole pattern has, on a mask,
a square shape or a rectangular shape approximate thereto or
an octagonal shape or the like. On a wafer, however, it has
a round shape in many cases.

[0193] 12.Line pattern: It means a strip-shaped pattern for
forming a wiring pattern or the like on a wafer.

[0194] 13. Normal illumination: It is an undeformed illu-
mination, and means an illumination having relatively uni-
form light intensity distribution.

[0195] 14. Deformed illumination: It is an illumination
whose illuminance at the central portion is lowered, and
includes oblique illumination, annular illumination, the
multi-pole illumination such as 4-pole illumination and
5-pole illumination and the like, or a super resolution
technique by a pupil filter equivalent to the foregoing
illuminations.

[0196] 15. Scanning exposure: It is an exposure method in
which thin slit-shaped exposure band is moved (scanned)
relatively and continuously on both of a wafer and a mask
in an orthogonal direction relative to a longitudinal direction
of the slit (may be moved in an oblique direction), and
thereby a circuit pattern on the mask is printed onto a desired
position on the wafer.

[0197] 16. Step and scan exposure: It is an exposure
method for performing exposure of the entire portion to be
exposed on a wafer by using the above-mentioned scanning
exposure and a stepping exposure in combination, and
represents a narrower concept of the above-mentioned scan-
ning exposure.

[0198] 17. Step and repeat exposure: It is an exposure
method in which a wafer is repeatedly stepped relative to a
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projected image of a circuit pattern on a mask, and thus the
circuit pattern on the mask is printed onto a desired position
on the wafer.

[0199] In the embodiments described below, the invention
will be described in a plurality of sections or embodiments
when required as a matter of convenience. However, these
sections or embodiments are not irrelevant to each other
unless otherwise stated, and the one relates to the entire or
a part of the other as a modification example, details, a
supplementary explanation or the like thereof.

[0200] Also, in the embodiments described below, when
referring to the number of elements (including number of
pieces, values, amounts, ranges, or the like), the number of
elements is not limited to a specific number unless otherwise
stated, or except the case where the number is apparently
limited to a specific number in principle, or the like. The
number larger or smaller than the specified number is also
applicable.

[0201] Further, in the embodiments described below, it
goes without saying that the components (including element
steps or the like) are not always essential unless otherwise
stated, or except the case where the components are appar-
ently essential in principle, or the like.

[0202] Similarly, in the embodiments described below,
when the shape of the components and the like, or the
positional relation and the like thereof, or the like are
mentioned, the substantially approximate and similar shapes
and the like are included therein unless otherwise stated, or
except the case where it can be conceived that they are
apparently excluded in principle, or the like. This condition
is also applicable to the numerical value and the range
described above.

[0203] Also, components having the same functions are
denoted by the same reference symbols throughout the
drawings for describing the embodiments, and the repetitive
description thereof will be omitted.

[0204] Also, in the drawings used in the embodiments, the
opaque members (opaque film, opaque pattern, opaque
region, and the like) are hatched so as to make the drawings
easy to see even in the plan view.

[0205] Also, in the embodiments, a MISFET (Metal Insu-
lator Semiconductor Field Effect Transistor) serving as a
typical example of field effect transistors is abbreviated as a
MIS, a p channel MISFET is abbreviated as a pMIS, and an
n channel MISFET is abbreviated as an nMIS.

[0206] Hereinafter, embodiments of the present invention
will be described in detail based on the drawings.

First Embodiment

[0207] First, a method of fabricating a semiconductor
integrated circuit device according to an embodiment of the
present invention will be described by the use of FIG. 1.
Step 101 is a pattern printing step in which a pattern formed
on a mask is printed onto a wafer, and step 102 is a step in
which various processes such as etching, impurity doping,
deposition, and the like are performed. In the conventional
semiconductor integrated circuit device, the pattern printing
(exposure) and the various processes are repeatedly per-
formed until it is determined that all of the steps are
completed in step 103.
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[0208] Now, in this embodiment, in the pattern printing
step 101, after coating of a resist film on a main surface of
a wafer (step 101a), which one of the above-mentioned
conventional mask (first photomask) and the above-men-
tioned resist shading mask (second photomask) is used is
selected (step 1015). In this case, for example, when the
number of wafers to be exposed (the number of exposures)
per mask is smaller than a predetermined value, a resist
shading mask is separately prepared according to the method
mentioned below, and the mask thus prepared is selected. An
exposure operator inputs the above-mentioned predeter-
mined value (a value determined in advance). However, the
way to select the mask is not limited to this. For example, the
mask can be decided based on the accumulation of the
number of times when the wafer is used in the past, or can
be decided according to the method of specifying it based on
a file or the like. Subsequently, after the conventional mask
or the resist shading mask is placed on an exposure tool (step
101c or step 101d), a wafer is loaded on the exposure tool
(step 101e), and then the pattern on the mask is printed onto
the resist film on the wafer (step 101f). Then, after unloading
of the wafer (step 101g), it is determined whether or not the
printing is completed (step 101%). When the printing is not
completed yet, the steps 101e to 101g are performed again.
Meanwhile, when the printing is completed, the wafer is
subjected to a heat treatment, development, and the like, and
thus a resist pattern is formed on the wafer (step 1017).

[0209] As described above, by selectively using the con-
ventional mask and the resist shading mask in accordance
with the exposure condition, it becomes possible to use the
mask suitable for the exposure condition.

[0210] For example, when the number of exposure pro-
cesses per mask is small, the use of the resist shading mask
makes it possible to achieve the cost reduction because of its
simple fabrication process. At the same time, a mask having
high pattern accuracy can be obtained in a short time
because accuracy deterioration due to etching does not
occur. Therefore, increase in fabrication cost does not occur.
In addition, it is possible to cope with the production of
various kinds of products. Thus, the resist shading mask is
advantageous in terms of cost when used in the small-lot
production.

[0211] Meanwhile, in fabrication of a various types of
semiconductor integrated circuit devices, there are a large
number of steps of deposition or etching or the like onto a
semiconductor substrate (wafer) are performed, and are also
a large number of lithography steps for printing patterns
necessary to such steps. It is required to fabricate the number
of masks corresponding to the number of lithography steps.
In this case, for example, the same process is performed until
the fabrication of a transistor structure. However, there are
many cases where the wafers are classified into various
types in a wiring process or the like subsequent thereto and
then various types of products are fabricated. More specifi-
cally, since the number of exposure processes per mask used
to fabricate the common structure is extremely large, the
conventional mask is used thereto. However, the number of
exposure processes per mask used to form patterns different
in each type is smaller in comparison to that used to fabricate
the common structure. Therefore, the resist shading mask is
employed in such a pattern exposure step. Thus, the
improvement of productivity of a semiconductor integrated
circuit device can be achieved. Also, the reduction in devel-
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opment period required to develop and fabrication time
required to fabricate the semiconductor integrated circuit
device can be achieved. Furthermore, the reduction in cost
for the semiconductor integrated circuit device can be
achieved.

[0212] For example, the exposure tool used therein is a
standard reduced projection exposure tool. FIG. 2 shows an
example thereof. An exposure tool 1 is provided with an
optical path 1a for guiding light L emitted from a light
source, a diffuser 1b, an aperture lc, illumination optics
(condenser lens) 1d, a mask stage le, projection optics if, a
wafer stage 1g, and the like. A mask M and a wafer 2W are
placed on the mask stage le and the wafer stage 1g,
respectively, and mask patterns on the mask M are printed
onto the wafer 2W. As the light source, for example, i-ray
(wavelength of 365 nm), KrF excimer laser (wavelength of
248 nm), ArF excimer laser (wavelength of 193 nm), F, laser
(wavelength of 157 nm), or the like is used. As an exposure
method, for example, any one of the step and repeat expo-
sure and the step and scan exposure described above may be
used. A pellicle may be formed on a surface of the mask M.
The mask on the mask stage le is appropriately replaced in
accordance with the types of desired patterns to be printed.
The position of the mask stage 1e is controlled by a driving
system 1/4. Also, the position of the wafer stage 1g is
controlled by a driving system 1i. The driving systems 1/
and 1/ are driven in response to the control command from
a main control unit 1j. The position of the wafer 2W is
obtained by detecting the position of a mirror fixed to the
wafer stage 1g by using a laser interferometer 1k. The
position data thus obtained is transmitted to the main control
system 1j. The main control system 1j controls the driving
system 17 based on the transmitted data. Also, the main
control system 1j is electrically connected to a network
system 1m, which makes it possible to perform remote
monitoring of the state of the exposure tool 1.

[0213] Next, description will be made for the mask M used
therein. The mask M used in this embodiment is a reticle for
printing the original integrated circuit patterns, for example,
having dimensions one to ten times as large as the actual size
onto a wafer via the reduced projection optics. Also, a mask
used when printing a line pattern onto a wafer is exemplified
here. However, the technical idea of the present invention is
not limited to this and is applicable to various cases. For
example, the mask is applicable to the case of printing the
hole pattern or the like. Note that the mask described here is
only an example and the present invention is not limited to
use of the masks described below.

[0214] FIGS. 3 to 7 show examples of the conventional
mask described above. Note that FIGS. 3B, 4B, 5B, 6B and
7B are cross-sectional views taken along line A-A in FIGS.
3A, 4A, 5A, 6A and 7A, respectively.

[0215] Mask substrates 3 of masks MN1(M) to MN3(M),
MN4a(M), MN4b(M) are made of, for example, a transpar-
ent fused silica glass substrate having a thickness of about 6
mm and formed in a square shape in two dimensions. When
the masks MN1, MN2, MN 4a, or MN4b is used, a positive
resist film is used on a wafer, and when the mask MN3 is
used, a negative resist film is used on a wafer.

[0216] The mask MN1 shown in FIG. 3 exemplifies a
mask which forms an opaque region in the periphery of a
semiconductor chip. A clear region 4 having a rectangular
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shape in two dimensions is formed in the integrated circuit
pattern region at the center of the main surface (pattern
forming surface) of the mask substrate 3 of the mask MN1,
and a part of the main surface of the mask substrate 3 is
exposed. Opaque patterns Sa made of metal are arranged in
this clear region 4a. The opaque patterns Sa are printed as
line patterns (integrated circuit pattern) onto a wafer. Also,
the above-mentioned peripheral region located on the outer
of the integrated circuit pattern region is covered with an
opaque pattern 5b (metal film) made of metal. The opaque
patterns Sa and S5b are patterned in the same step and are
formed of chromium or by depositing chromium oxide on
chromium. However, the material of the metal opaque
pattern is not limited to this, and various kinds of materials
can be used thereto. This metal material will be described
later.

[0217] The mask MN2 shown in FIG. 4 exemplifies a
mask which forms an opaque region in the peripheral outline
of the semiconductor chip. The integrated circuit pattern
region of the mask MN2 is the same as that of the mask
MN1. Therefore, the description thereof will be omitted. The
integrated circuit pattern region on the main surface of the
mask substrate 3 of the mask MN2 is surrounded by a
strip-shaped opaque pattern 5c (metal film) made of metal.
The material of the opaque pattern Sc is the same as that of
the opaque patterns Sa and 5b described above. In addition,
on the most part of the peripheral region of the mask MN2,
the opaque film is removed to form the clear region 4b.

[0218] The mask MN3 shown in FIG. 5 exemplifies a
mask having a pattern reverse to the patterns of the above-
mentioned masks MN1 and MN2. The most part of the main
surface of the mask substrate 3 of the mask MN3 is covered
with an opaque film 54 made of metal. The material of the
opaque film 54 is the same as that of the opaque patterns 5b
and Sc described above. Also, in the integrated circuit
pattern region of the mask MN3, parts of the opaque film 5d
are removed to form clear patterns 4c¢. This clear pattern 4¢
is printed as a line pattern onto a wafer. Note that the
peripheral region of the mask MN3 shown in FIG. 5 may be
formed in the same manner as that shown in FIG. 4.

[0219] The mask MN 4a shown in FIG. 6 and the mask
MN 4b shown in FIG. 7 exemplify the masks used in a
so-called overlapping exposure in which one pattern or a
group of patterns on a wafer are formed by the exposure
using a plurality of masks overlapping with each other.

[0220] In the integrated circuit pattern region of the mask
MN4a shown in FIG. 6, for example, a clear region 4d
having a reverse-L shape in two dimensions is formed. In the
clear region 4d, the opaque patterns 5 made of metal are
arranged. The most parts of the outer peripheral region of the
clear region 44 are covered with the opaque pattern Sb made
of metal. Parts of the integrated circuit pattern region on the
mask MN4a are also covered with the opaque patterns 5b
made of metal. The mask MN4a is used as a mask for
printing a circuit pattern, for example, that is constituted of
a group of fixed patterns to which modifications and alter-
ations are not made basically in the semiconductor inte-
grated circuit device.

[0221] Meanwhile, in the integrated circuit pattern region
of the mask MN4b shown in FIG. 7, for example, a clear
region 4¢ having a square shape in two dimensions and
having a relatively small area is formed. This clear region 4¢
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is formed in a region corresponding to a part of the region
in the integrated circuit pattern region of the mask MN4aq,
which is covered with the opaque pattern 5b. Opaque
patterns Sa@ made of metal are arranged in the clear region 4e.
The most parts around the clear region 4¢ are covered with
the opaque pattern 5b made of metal. The mask MN4b is
used as a mask for printing a circuit pattern, for example,
which is constituted of a group of fixed patterns to which
modifications and alterations are not made basically in the
semiconductor integrated circuit device. More specifically,
only the mask MN4b may be replaced in the case where
modifications and alterations are made in the pattern. There-
fore, it is possible to reduce the fabrication time of the mask.
Also, reduction in the material cost, the process cost, and the
fuel cost of the mask fabrication can be achieved. With
regard to the exposure process, each of the masks MN4a and
MN4b is used to perform the exposure process. Then, after
the exposure processes of both the masks MN4a and MN4b,
processes such as development or the like are performed
relative to a resist film on the wafer, and thus the resist
pattern is formed.

[0222] An example of fabrication process of the above-
described conventional mask is shown in FIGS. 8A to 8D.
First, an opaque film § made of, for example, chromium or
the like is formed on a mask substrate 3, and a resist film 6
reactive to an electron beam is coated thereon (FIG. 8A).
Note that the opaque film 5 is not limited to the one made
of chromium, and various changes can be made therein. For
example, refractory metal such as tungsten (W), molybde-
num (Mo), tantalum (Ta), titanium (Ti) or the like; refractory
metal nitride such as tungsten nitride (WN) or the like;
refractory metal silicide (compound) such as tungsten sili-
cide (WSix); molybdenum silicide (MoSix) or the like; or a
laminated film of these may be used. In the case of the
later-described resist shading mask, the mask substrate is
washed and used again in some cases after removal of the
opaque pattern made of the resist film. Therefore, a material
having high peeling resistance and high abrasion resistance
is preferably used for a metal opaque pattern. The refractory
metal such as tungsten or the like is preferable for the
material of the metal opaque pattern because it has high
oxidation resistance, high abrasion resistance, and high
peeling resistance. Next, an electron beam EB having a
predetermined pattern data is irradiated to perform the
development, and thus a resist pattern 6a is formed (FIG.
8B). Subsequently, the resist pattern 6a is used as an etching
mask to etch the opaque film 5 and to form opaque patterns
5a and 5b (FIG. 8C). Lastly, the remaining resist pattern 6a
reactive to the electron beam is removed, and thus the
fabrication of the conventional mask M is completed (FIG.
8D). The conventional mask as described above is suitable
in mass production because the mask has high durability and
high reliability and is capable of being used in a large
number of exposures.

[0223] Next, FIGS. 9 to 11 show examples of the resist
shading masks, respectively. Note that FIGS. 9B, 10B and
11B are cross-sectional views taken along line A-A in FIGS.
9A, 10A, and 11A, respectively.

[0224] Mask MRI(M) in FIG. 9 exemplifies a mask
which forms an opaque region in the periphery of a semi-
conductor chip. A clear region 4a having a rectangular shape
in two dimensions is formed in the integrated circuit pattern
region at the center of the main surface of the mask substrate
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3 of the mask MR1, and parts of the main surface of the
mask substrate 3 are exposed. Opaque patterns 7a such as a
resist film made of organic material containing an organic
photoreactive resin film are arranged in this clear region 4a.
The opaque patterns 7a are printed as line patterns onto a
wafer. Since the opaque pattern 7a is formed of the resist
film as described above, it becomes possible to remove the
opaque patter 7a relatively easily as described later. Also,
the new opaque pattern 7a can be formed easily and in a
short time. The resist film forming the opaque pattern 7a has
a characteristic of absorbing the exposure light such as KrF
excimer laser, ArF excimer laser, F, laser and the like, and
has almost the same light-shielding function as an opaque
pattern made of metal.

[0225] The opaque pattern 7a may be constituted by a
single film of a resist film as shown in FIG. 9C, and it is also
possible to form the opaque pattern 7a by adding a photo-
absorbing material and a photo-attenuating material to the
single film. Also, as shown in FIG. 9D, the opaque pattern
7a may be constituted by laminating a photo-reactive
organic film 742 on a photo-absorbing organic film 741, or
may be constituted by laminating an anti-reflective layer on
a photo-reactive organic film. The lamination structure as
described above makes it possible to obtain a sufficient
photo-reducing property relative to the exposure light hav-
ing a wavelength of 200 nm or longer such as i-ray, KrF
excimer laser or the like. Also, in the case where the opaque
pattern 7a is constituted of a single film of a resist film, the
sufficient photo-reducing property relative to the exposure
light having a wavelength of 200 nm or longer can be
obtained by adding an photo-absorbing material to the resist
film. The material of the resist film will be described later.
Similarly to the mask MN1 shown in FIGS. 3A and 3B, the
most parts of the peripheral region located on the outer
circumference of the integrated circuit pattern region are
covered with the opaque pattern 56 (metal film) made of
metal. Note that the technique for forming an opaque pattern
by using a resist film is disclosed in Japanese Patent Appli-
cation No. 11-185221 (filed on Jun. 30, 1999).

[0226] A mask MR2(M) shown in FIGS. 10A and 10B
exemplifies a mask which forms an opaque region in the
peripheral outline of the semiconductor chip. The mask
MR2 is the same as the conventional mask MN2 shown in
FIGS. 4A and 4B except that the opaque pattern 7a made
of a resist film is arranged in the integrated circuit pattern
region 4a.

[0227] A mask MR3(M) shown in FIGS. 11A and 11B
exemplifies a mask having a pattern reverse to the patterns
of the masks MR1 and MR2. The integrated circuit patter
region on the main surface of the mask substrate 3 of the
mask MR3 is covered with an opaque film 7b. The material
of the opaque film 7b is the same as that of the opaque
pattern 7a described above. Also, in the integrated circuit
pattern region of the mask MR3, parts of the opaque film 7b
are removed to form clear patterns 4¢. The clear pattern 4¢
is printed as a line pattern onto a wafer. Note that it is also
possible to form the peripheral region of the mask MR3
shown in FIGS. 11A and 11B in the same manner as that
shown in FIGS. 10A and 10B.

[0228] An example of the fabrication process of the
above-mentioned resist shading mask will be described by
the use of FIGS. 12 to 16. Note that FIGS. 12B, 13B, 14B,
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15B and 16B are cross-sectional views taken along line A-A
in FIGS. 12A, 13A, 14A, 15A and 16A, respectively. Also,
descriptions will be made of the fabrication method of the
mask MR1 shown in FIGS. 9A to 9D as an example.

[0229] First, after deposition of the above-mentioned
opaque film 5 made of metal on the mask substrate 3 (FIGS.
12A and 12B), the resist film 6 reactive to an electron beam
is coated thereon (FIGS. 13A and 13B). Subsequently, an
electron beam or the like having a predetermined pattern
data is irradiated to perform the development, and thus a
resist pattern 6b is formed (FIGS. 14A and 14B). Subse-
quently, the resist pattern 6b is used as an etching mask to
etch the opaque film 5 and to form the opaque pattern 5b.
Thereafter, the resist pattern 65 is removed (FIGS. 15A and
15B). FIGS. 15A and 15B cach correspond to the above-
mentioned blanks in this type of mask. These blanks may be
stocked. Thereafter, the resist film 7 made of an organic
material containing an organic photoreactive resin film
reactive to an electron beam is coated to a thickness of about
150 nm on the main surface of the mask substrate 3
(corresponding to the blanks) having the opaque pattern 5b
formed thereon (FIGS. 16A and 16B). Then, the opaque
pattern 7a made of the resist film shown in FIGS. 9A to 9D
is formed by performing the mask pattern writing and the
development, and thereby the fabrication of the mask MR1
is completed.

[0230] As the resist film 7, a substance mainly made of, for
example, poly (c-methylstyrene-co-a-chloroacrylic acid),
novolak resin and quinonediazide, novolak resin and poly
(2-methylpentene-co-sulfone), chloromethylated polysty-
rene, or the like is used. A so-called chemical amplification
resist made by mixing an acid generator into phenol resin
such as polyvinyl phenol resin or the like, or mixing an acid
generator into novolak resin can be also used. Substances for
use as the material of the resist film 7 used here are required
to have a photo-shading property relative to a light source of
the projection exposure tool and a photosensitivity relative
to the light source of the pattern writing tool in the mask
fabrication process, that is, photosensitivity relative to the
electron beam or the light having a wavelength of 230 nm or
longer. Therefore, the material of the opaque resist film 7 is
not limited to the foregoing substances and various changes
can be made therein. Also, the film thickness too is not
limited to 150 nm, and any film thickness is applicable if
satisfying the foregoing conditions.

[0231] In the case where the polyphenol resin or novolak
resin is formed up to the film thickness of about 100 nm,
since the light transmittance for the light having a wave-
length of, for example, about 150 nm to 230 nm is almost O,
it can be understood that such resins have sufficient mask
effect on, for example, the ArF excimer laser having a
wavelength of 193 nm, F, laser having a wavelength of 157
nm, and the like. Although vacuum-ultraviolet light having
a wavelength of 200 nm or shorter is employed as an object,
the light used therein is not limited to this. If a mask material
for i-ray having a wavelength of 365 nm, KrF excimer laser
having a wavelength of 248 nm, or the like is required, it is
preferable to take measures as follows, that is: use of other
materials; addition of a photo-absorbing material, a photo-
shielding material or a photo-attenuating material to the
resist film; or formation of a laminated film of a photo-
absorbing organic film and an organic photoreactive resin
film or formation of a laminated film of an organic photo-
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reactive resin film and an anti-reflective layer, as the resist
film. In addition, it is also effective to add a heat treatment
or irradiate an intense ultraviolet ray in advance for the
purpose of improving the resistance to the exposure light
irradiation, that is, to perform a so-called hardening process
of the resist film, after the opaque pattern 7a and the opaque
pattern 7b made of a resist film are formed.

[0232] Next, an example of modifications and alterations
of the mask pattern in the mask as described above will be
described based on FIGS. 17 to 19. Note that FIGS. 17B,
18B and 19B are cross-sectional views taken along line A-A
in FIGS. 17A, 18A and 19A, respectively. Also, description
will be made of a method of modifying and altering the mask
pattern of the mask MR1 shown in FIG. 9 as an example.

[0233] First, the opaque pattern 7a made of the resist film
is peeled from the mask MR1 by the use of n-methyl-2-
pyrrolidinone organic solvent (FIGS. 17A and 17B). In
addition to this, a heated amine organic solvent or acetone
may be used to peel the opaque pattern made of the resist
film. It is also possible to remove it by using tetramethy-
lammonium hydroxide (TMAH) solution, or mixture solu-
tion of ozone sulfuric acid or hydrogen peroxide, and
concentrated sulfuric acid. In the case of using the TMAH
solution, the concentration thereof is preferably set about
5% because the opaque pattern made of the resist film can
be peeled without damaging the metal (opaque pattern 5b or
the like).

[0234] Also, as another method of removing the opaque
pattern made of the resist film, oxygen plasma ashing is also
available. This oxygen plasma ashing has showed the high-
est peeling performance. This method is particularly effec-
tive in the case where the hardening process has been
performed relative to the opaque pattern made of the resist
film. This is because since the resist film subjected to the
hardening process is hardened, it is difficult to adequately
remove such a film by the chemical removal method in some
cases.

[0235] Also, an opaque pattern made of the resist film may
be mechanically removed by peeling. More specifically,
after an adhesive tape is pasted on the pattern forming
surface of the opaque pattern made of the resist film of the
mask MR1, the pasted adhesive tape is peeled and thereby
the opaque pattern made of the resist film is removed
together. In this case, since it is unnecessary to create the
vacuum state, the opaque pattern made of the resist film can
be peeled comparatively easily and in a short time.

[0236] After the removal step of the opaque pattern made
of the resist film, a washing process is performed to remove
foreign objects 50 on the surface of the mask MR1. By so
doing, this is led to the state of blanks shown in FIG. 15. The
washing process here is performed by using the combination
of, for example, an ozone sulfuric acid washing process and
a brush washing process. However, if showing high perfor-
mance in removing the foreign objects and not damaging the
opaque pattern made of metal, a washing process is not
limited to this and various modifications and alterations can
be made therein.

[0237] Subsequently, the resist film 7 is coated on the
mask substrate 3 in the same manner as that described in the
fabrication process of the resist shading mask (FIGS. 18A
and 18B), and the opaque pattern 7a made of the resist film
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is formed by performing the mask pattern writing and the
development and thereby the fabrication of the mask MR1
is completed (FIGS. 19A and 19B). In this example, the
opaque pattern 7a having a shape and arrangement different
from those of the opaque pattern 7a shown in FIGS. 9A to
9D is exemplified. Of course, a pattern the same as the
opaque pattern 7@ shown in FIGS. 9A and 9D may be
formed.

[0238] The use of the above-described resist mask makes
it possible to avoid problems arising at the time of installing
the mask into various tools such as a mask inspection tool,
an exposure tool or the like because the opaque member
made of metal is formed in the peripheral region of the mask
or the mask substrate 3 thereof is exposed. More specifically,
if an installation portion of such tools touches the opaque
member made of the resist film on the mask when the mask
is installed into the various tools, the abrasion and the
peeling of the resist film sometimes cause the foreign objects
and the pattern defect. However, the above-described resist
shading mask can avoid such problems because the instal-
lation portion of the various tools touches the opaque
member made of metal or the mask substrate. Also, since the
opaque member for printing the integrated circuit pattern is
formed of a resist film without use of metal, the peeling and
reproduction of the opaque member can be performed more
easily than the conventional mask in a short time and that
with the reliability of the mask substrate ensured. Also, it is
possible to perform the reproduction of the mask from the
stage after formation of the opaque member made of metal.
Therefore, the process cost, material cost, and fuel cost can
be reduced. As a result, the significant reduction in the cost
of a mask can be achieved. Thus, the resist shading mask of
this type is suitably used in the case where the mask pattern
is frequently modified and altered or the case where fre-
quency of use common to masks is small, more specifically,
in the development period of the semiconductor integrated
circuit device, or in the fabrication step of a small quantity
of various types of semiconductor integrated circuit devices,
or the like.

[0239] Next, FIGS. 20 to 22 show another example of the
resist shading masks. In each case, a mask, in which all of
the opaque patterns on the mask substrate are formed of
resist films or the like, is exemplified. Note that FIGS. 20B,
21B and 22B are cross-sectional views taken along line A-A
in FIGS. 20A, 21A and 22A, respectively.

[0240] Ina mask MR4(M) shown in FIGS. 20A and 20B,
the opaque pattern 5b located on the periphery of the mask
MR1 shown in FIGS. 9A to 9D is formed as the opaque
pattern 7¢ made of the resist film or the like and having the
same structure as that of the opaque pattern 7a. The opaque
pattern 7c¢ is formed in the same step as the opaque pattern
7a and made of the same material as that of the opaque
pattern 7a. Parts of the opaque pattern 7c¢ that mechanically
contact to the installation portion of an exposure tool or a
mask inspection tool are removed, and the mask substrate 3
is exposed therefrom. Therefore, it is possible to suppress or
prevent the occurrence of foreign objects at the time when
the mask MR4 is installed into the exposure tool or the mask
inspection tool or the like.

[0241] Ina mask MR5(M) shown in FIGS. 21A and 21B,
the opaque pattern 5S¢ of the mask MR2 shown in FIG. 10
is formed as the opaque pattern 7d made of the resist film or
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the like and having the same structure as that of the opaque
pattern 7a. The opaque pattern 7d is formed in the same step
as the opaque pattern 7 and made of the same material as
that of the opaque pattern 7a.

[0242] In a mask MR6(M) in FIGS. 22A and 22B, the
opaque film 54 of the conventional mask MN3 shown in
FIGS. 5A and 5B is formed as the opaque film 7¢ made of
the resist film or the like and having the same structure as
that of the opaque pattern 7a. Parts of the opaque film 7e that
mechanically contact to the installation portion of an expo-
sure tool or a mask inspection tool or the like are removed,
and the mask substrate 3 is exposed therefrom. Therefore, it
is possible to suppress or prevent the occurrence of foreign
objects at the time when the mask MR®6 is installed into the
exposure tool or the mask inspection tool or the like.

[0243] An example of the fabrication steps and modifying/
altering steps of the above-described resist shading mask
will be described based on FIGS. 23 to 27. Note that FIGS.
23B, 24B, 25B, 26B and 27B are cross-sectional views taken
along line A-A in FIGS. 23A, 24A, 25A, 26A and 27A,
respectively. Also, the description thereof will be made of
the fabrication method and the modifying/altering method of
the mask MR4 shown in FIGS. 20A and 20B, as an
example.

[0244] First, the mask substrate 3 is prepared as one of
blanks (FIGS. 23A and 23B), and the resist film 7 made of
the photo-reactive organic resin film used to form the opaque
member is coated thereon (FIGS. 24A and 24B). Subse-
quently, the opaque patterns 7a and 7¢ made of the resist film
shown in FIGS. 20A and 20B are formed by performing the
mask pattern writing and the development, and thereby the
fabrication of the mask MR4 is completed. It is also pref-
erable to add the photo-absorbing material, photo-shading
material, or photo-attenuating material to the opaque pat-
terns 7a and 7¢ made of the resist film. In addition, it is also
preferable that a laminated film of a photo-absorbing organic
film and an organic photoreactive resin film is formed and
used as the resist film, or that a laminated film of an organic
photoreactive resin film and an anti-reflective layer is
formed and used as the resist film. Further, it is preferable to
perform the hardening process after formation of the opaque
patterns 7a and 7¢ made of the resist film.

[0245] Subsequently, the process of modifying and alter-
ing the mask pattern of the mask MR4 is performed in such
a manner as follows. That is, the opaque patterns 7a and 7¢
as described above are first removed by the use of, for
example, the organic solvent, the oxygen plasma ashing, or
the peeling as described above (FIGS. 25A and 25B).
Subsequently, the mask substrate 3 is cleaned similarly to
the foregoing, and thereby the foreign objects 50 on the
surface of the mask substrate 3 are removed, and the mask
substrate 3 is led to the state of the blanks shown in FIGS.
23A and 23B (FIGS. 26A and 26B). Thereafter, similar to
the fabrication process of the resist shading mask, the resist
film 7 is coated on the mask substrate 3, and the mask pattern
writing and the development are performed thereto and
thereby the opaque patterns 7a and 7c made of the resist film
is formed, and thus the fabrication of the mask MR4 is
completed (FIGS. 27A and 27B). In this case, such an
example has been described that the opaque pattern 7a
having the shape and arrangement different from those of the
opaque pattern 7a shown in FIGS. 20A and 20B is formed.
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Of course, a pattern the same as the opaque pattern 7a shown
in FIGS. 20A and 20B may be formed.

[0246] In the case of the resist shading mask as described
above, since the metal is not used therein, the modifications
and alterations of the opaque member can be performed
more easily than the conventional mask in a short time and
that with the reliability of the mask substrate ensured. Also,
since the process cost, material cost, and fuel cost can be
reduced, the significant reduction in the cost of a mask can
be achieved. Therefore, the resist shading mask of this type
is also suitably used in the case where the mask pattern is
frequently modified and altered or in the case where fre-
quency of use common to masks is small, in other words, in
the development period of the semiconductor integrated
circuit device, in the fabrication process of a small quantity
of various types of semiconductor integrated circuit devices,
or the like.

[0247] Further, FIGS. 28 to 32 show still another example
of the resist shading mask described above. In this case, a
mask is exemplified in which the pattern for printing the
integrated circuit pattern onto the mask substrate has both of
an opaque pattern made of metal and an opaque pattern
made of the resist film. Note that FIGS. 28B, 29B, 30B and
32B is cross-sectional views taken along line A-A in FIGS.
28A, 29A, 30A and 32A, respectively.

[0248] Ina mask MR7(M) shown in FIGS. 28A and 28B,
a group of the opaque patterns Sa located in a part of the
integrated circuit pattern circuit region of the conventional
mask MN1 shown in FIGS. 3A and 3B described above are
formed as a group of the opaque patterns 7a made of the
resist film.

[0249] Ina mask MR8(M) shown in FIGS. 29A and 29B,
a group of the opaque patterns Sa located in a part of the
integrated circuit pattern circuit region of the conventional
mask MN1 shown in FIGS. 4A and 4B described above are
formed as a group of the opaque patterns 7a made of the
resist film.

[0250] Ina mask MR9(M) shown in FIGS. 30A and 30B,
a clear region 4f having a square shape in two dimensions
and having a relatively small area is formed like an opening
in a part of the opaque film 5d in the integrated circuit
pattern circuit region of the conventional mask MN1 shown
in FIGS. 5A and 5B, and the clear region 4f is covered with
an opaque film 7f made of the resist film having the same
structure as the opaque pattern 7a. Also, parts of the opaque
film 7f are removed to form the clear pattern 4¢ for printing
the integrated circuit pattern.

[0251] A mask MR10(M) in FIG. 31A exemplifies a mask
in which an opaque pattern 7g made of the resist film or the
like having the same structure as the opaque pattern 7a is
arranged only in a part. In this case, the opaque pattern 7g
is arranged so as to connect the opaque patterns 5a made of
metal and arranged separately from each other. FIG. 31B
shows a pattern 8« to be printed onto a wafer by a exposure
treatment using the mask MR10 shown in FIG. 31A. FIG.
31C shows a state of a metal mask on which the opaque
pattern 7g made of the resist film or the like shown in FIG.
31A is removed. And further, FIG. 31D schematically
shows a pattern 8b obtained by printing, onto a wafer, the
pattern of the metal mask shown in FIG. 31C.

[0252] A mask MR11 in FIGS. 32A and 32B exemplifies
one of the masks used in the overlapping exposure described
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above. In the mask MR11, a group of opaque patterns Sa
made of metal in the clear region 4e¢ of the mask MN4b
shown in FIGS. 7A and 7B are formed as a group of opaque
patterns 7a made of the resist film or the like. In this case,
the modifications and alterations can be made in the opaque
pattern 7a in a short time and more easily than the case of
the mask MN4b shown in FIGS. 7A and 7B. Also, the
process cost, material cost, and fuel cost can be further
reduced. Thus, the significant reduction in the cost of a mask
can be achieved. The other masks are the same as the mask
MN4a shown in FIGS. 6A and 6B, and so the description
thereof will be omitted. The overlapping exposure of the
masks MN4a and MR11, and the method of forming the
resist pattern of the masks MN4g and MR11 are the same as
those of the masks MN4a and MN4b.

[0253] An example of the fabrication steps and modifying/
altering steps of the above-described resist shading mask
will be described based on FIGS. 33 to 40. Note that FIGS.
33B, 34B, 35B, 36B, 37B, 38B, 39B and 40B are cross-
sectional views taken along line A-A in FIGS. 33A, 34A,
35A, 36A, 37A, 38A, 39A and 40A, respectively. Also, in
this case, description will be mainly made of the fabrication
method and the modifying/altering method of the mask MR7
shown in FIGS. 28A and 28B, as an example.

[0254] First, after the above-mentioned opaque film 5
made of metal is deposited on the mask substrate 3, the resist
film reactive to an electron beam is coated thereon and an
electron beam having a predetermined pattern data is irra-
diated thereto to perform the development and thus the resist
pattern 6¢ is formed (FIGS. 33A and 33B). Subsequently,
the resist pattern 6¢ is used as an etching mask to etch the
opaque film 5§ and to form opaque patterns Sa and 5b.
Thereafter, the resist pattern 6¢ is removed (FIGS. 34A and
34B). In this case, the opaque pattern 5a for printing the
integrated circuit pattern is also formed on the mask sub-
strate 3. The states of the masks MR8 and MRY after this
step are shown in FIGS. 35 and 36, respectively. Thereafter,
similarly to the foregoing, the resist film 7 is coated on the
main surface of the mask substrate 3 having the opaque
patterns 5a and 5b formed thereon (FIGS. 37A and 37B).
Then, by performing the mask pattern writing and the
development, the opaque pattern 7a made of the resist film
shown in FIGS. 28A and 28B is formed, and thus the
fabrication of the mask MR7 is completed.

[0255] Subsequently, the process of modifying or altering
the mask pattern of the mask MR7 performed in such a
manner as follows. That is, the opaque pattern 7a described
above is first removed by the use of, for example, the organic
solvent, the oxygen plasma ashing, or the peeling as
described above (FIGS. 38A and 38B). In this case, the
opaque pattern Sa for printing the integrated circuit pattern
is not removed. Subsequently, the mask substrate 3 is
cleaned similarly to the foregoing, and thereby the foreign
objects 50 on the surface of the mask substrate 3 are
removed. By so doing, the mask substrate 3 is led to the state
of the metal mask shown in FIGS. 34A and 34B. Thereafter,
similarly to the fabrication process of the resist shading
mask, the resist film 7 is coated on the mask substrate 3
(FIGS. 39A and 39B), and the mask pattern writing and the
development are performed thereto, and thereby the opaque
patterns 7a made of the resist film is formed, and thus the
fabrication of the mask MR4 is completed (FIGS. 40A and
40B). In this case, such an example is described that the
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opaque pattern 7a having the shape and arrangement differ-
ent from those of the opaque pattern 7a shown in FIGS. 28A
and 28B is formed. Of course, a pattern the same as the
opaque pattern 7a shown in FIGS. 28A and 28B may be
formed.

[0256] The use of the above-described mask makes it
possible to avoid the problems of the occurrence of the
foreign objects and the pattern defect similar to the forego-
ing because the opaque member made of metal is formed in
the peripheral region of the mask or the mask substrate 3 is
exposed therefrom. In addition, in the case of the conven-
tional mask, all of the patterns thereof must be formed again
even if modifications and alterations are needed in only a
part of the patterns on the mask. However, in the case of the
above-mentioned resist shading mask, only a part of the
patterns may be modified or altered. Also, it is possible to
start the reproduction of the opaque member from the stage
after formation of the opaque member made of metal.
Therefore, the modifications and alterations thereof can be
made easily and in a short time and that with the reliability
of the mask substrate ensured. In addition, the process cost,
material cost, and fuel cost can be reduced, and the signifi-
cant reduction in the cost of a mask can be achieved. As a
result, the resist shading mask of this type is also suitably
used in the case where the mask pattern is frequently
modified and altered or in the case where frequency of use
common to masks is small, more specifically, in the devel-
opment period of the semiconductor integrated circuit
device, or in the fabrication of a small quantity of various
types of semiconductor integrated circuit devices.

[0257] Next, a specific fabrication example of the semi-
conductor integrated circuit device will be described. In this
example, descriptions will be made of the case where the
present invention is applied to a method of fabricating a
semiconductor integrated circuit device in a semi-custom-
ized manner such as an gate array, a standard cell or the like,
or to a method of fabricating a semiconductor integrated
circuit device having a customized I/o (Input/Output) cir-
cuit, a customized logic circuit, or an I/F (interface) control
circuit on a semiconductor substrate. FIG. 41 is a plan view
showing a part of a logic device in a semiconductor inte-
grated circuit device.

[0258] This logic device is constituted by an unit cell 10
surrounded by a dot and dashed line shown in FIG. 41. This
unit cells 10 comprises, for example, two nMISs Qn and two
pMISs Qp. Each nMIS Qn is formed on an n type semicon-
ductor region (diffused layer) 11z on a surface of a p well
region PW formed over a semiconductor substrate, and each
pMIS Qp is formed on a p type semiconductor region
(diffused layer) 11p on a surface of an n well region NW.
Gate electrodes 12A are common to the nMISs Qn and
pMISs Qp, respectively. Each gate electrode 12A is consti-
tuted, for example, by: a single film made of low-resistive
polycrystalline silicon; a polycide structure in which a
silicide layer is provided on the upper portion of a low-
resistive polycrystalline silicon film; a polymetal structure in
which a metal film such as tungsten or the like is deposited
on a low-resistive polycrystalline silicon film through a
barrier film such as tungsten nitride or the like; or a
damascene gate electrode structure obtained by depositing a
barrier film such as titanium nitride or the like in a trench
formed in an dielectric film, and further by filling, thereon,
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a metal film such as copper or the like. The part of the
semiconductor substrate below each gate electrode 12A
serves as a channel region.

[0259] A wiring 13A is a power supply wiring, for
example, in a high potential side (e.g., about 3.3V or about
1.8V), and is electrically connected to p type semiconductor
regions 11p of the two pMISs Qp through contact holes
CNT. Also, a wiring 13B is a power supply wiring in a low
potential side (e.g., about 0V), and is electrically connected
to an n type semiconductor region 11z of one nMIS Qn
through a contact hole CNT. Each wiring 13C is an input
wiring of a 2-input NAND gate circuit, and contacts to and
is electrically connected to a broader portion of each gate
electrode 12A through each contact hole CNT. A wiring 13D
is electrically connected to both of the n type semiconductor
region 11# and the p type semiconductor region 11p through
the contact holes CNT. A wiring 14A is electrically con-
nected to the wiring 13D through a via hole TH.

[0260] A plan view of the unit cell 10 in a state before each
formation of the wirings 13A to 13D and 14A is shown in
FIG. 42. This unit cell 10 is a common basic constituent for
constituting the logic device such as a NAND gate circuit
and a NOR gate circuit and the like, and is constituted so as
to form the above-mentioned logic circuit efficiently by
appropriately selecting the wirings formed in the unit cell
10. Note that the present invention is extensively applied to
constitution for connecting a plurality of CMIS (Comple-
mentary MIS) circuits.

[0261] Thereupon, the conventional mask is used until the
fabrication of the unit cell 10 serving as the basic constituent
is completed. An integrated circuit pattern region of the
conventional mask used then is shown in FIGS. 43A to 43D.
A mask MNS in FIG. 43A is a mask used when a device
isolation portion and an active region in the unit cell 10
described above are formed on a wafer (semiconductor
substrate). On a main surface of the mask substrate 3, for
example, two opaque patterns Se formed in a rectangular
shape in two dimensions are arranged in parallel to each
other at a predetermined interval therebetween. Each opaque
pattern Se is made of the same metal as the above-mentioned
opaque pattern 5a, and is formed so as to shield the active
region on the wafer. A mask MN6 in FIG. 43B is a mask
used when an n well region NW in the unit cell 10 is formed.
On a main surface of the mask substrate 3, an opaque film
5f is deposited, and a part of the opaque film 5f is opened to
form a clear pattern 4g having, for example, a rectangular
shape in two dimensions. The opaque film 5f is made of the
same metal as the above-mentioned opaque pattern Sa and
is formed so as to shield a region other than the n well region
on the wafer. A mask MN7 in FIG. 43C is a mask used when
a p well region PW of the unit cell 10 is formed. On a main
surface of the mask substrate 3, the opaque film 5f is
deposited, and a part of the opaque film 5f is opened to form
a clear pattern 44 having, for example, a rectangular shape
in two dimensions. The opaque film 5f is formed so as to
shield a region other than the p well region on the wafer. A
mask MN8 in FIG. 43D is a mask used when the gate
electrode 12A in the unit cell 10 is formed. On a main
surface of the mask substrate 3, two strip-shaped opaque
patterns Sg having, for example, broader portions at both
ends thereof are formed in parallel to each other. Each
opaque pattern 5g is made of the same metal as the above-
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mentioned opaque pattern Sa, and is formed so as to shield
a gate electrode forming region on the wafer.

[0262] Next, steps of forming the nMIS Qn and the pMIS
Qp will be described based on FIGS. 44 to 53 that are
cross-sectional views taken along a dashed line in FIG. 42.

[0263] First, a dielectric film 15 made of, for example, a
silicon oxide film is formed, by an oxidation method, on a
main surface (device surface) of a semiconductor substrate
2S constituting a wafer 2W made of, for example, p single
crystal silicon. Thereafter, a dielectric film 16 made of, for
example, a silicon nitride film is deposited thereon by a
CVD method, and further a resist film 17 is coated thereon
(FIG. 44). Subsequently, after the above-mentioned con-
ventional mask MNS5 is used to perform the exposure
process relative to the semiconductor substrate 2S, the
development process or the like is performed and thereby
resist patterns 17a are formed on the main surface of the
semiconductor substrate 2S (FIG. 45). Each resist pattern
17a is flatly formed such that the device isolation region is
exposed and the active region is covered. Thereafter, each
resist pattern 17a is used as an etching mask to remove by
turns the dielectric films 16 and 15 exposed therefrom, and
further a main surface portion of the semiconductor sub-
strate 2S is removed to form trenches 18 in the main surface
portion of the semiconductor substrate 2S. Then, the resist
patterns 17a are removed (FIG. 46).

[0264] Subsequently, a dielectric film 19 made of, for
example, silicon oxide is deposited by a CVD (Chemical
Vapor Deposition) method or the like on the main surface of
the semiconductor substrate 2S (FIG. 47). Thereafter, the
semiconductor substrate 2S is planarized by, for example, a
CMP (Chemical Mechanical Polish) method or the like. As
a result, trench-like device isolation portions SG are formed
(FIG. 48). In this embodiment, each device isolation portion
SG has a trench-like isolation structure, but is not limited to
this structure, and may be formed as a field dielectric film by,
for example, a LOCOS (Local Oxidization of Silicon)
method.

[0265] Subsequently, after a resist film on the main surface
of the semiconductor substrate 2S is coated, the conven-
tional mask MN6 described above is used to perform the
exposure process relative to the semiconductor substrate 2S,
and thereby a resist pattern 17b on the main surface of the
semiconductor substrate 2S is formed. The resist pattern 17b
is flatly formed so as to expose the n well region NW and to
cover the other region. Thereafter, the resist pattern 17b is
used as an ion-implantation mask to ion-implant, for
example, phosphorus, arsenic or the like into the semicon-
ductor substrate 2S, and thereby an n well region NW is
formed (FIG. 49). Then, the resist pattern 17b is removed.

[0266] Similarly, after a resist film is coated on the main
surface of the semiconductor substrate 2S, the above-men-
tioned conventional mask MN7 is used to perform the
exposure process, and thereby a resist pattern 17¢ is formed
so as to expose the p well region PW and to cover the other
region on the main surface of the semiconductor substrate
2S. Thereafter, the resist pattern 17¢ is used as an ion-
implantation mask to ion-implant, for example, boron or the
like into the semiconductor substrate 2S, and thereby a p
well region PW is formed (FIG. 50). Then, the resist pattern
17c¢ is removed.

[0267] Subsequently, a gate dielectric film 20 made of, for
example, a silicon oxide film is formed up to a thickness
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(converted to a film thickness of silicon dioxide) of about 3
nm on the main surface of the semiconductor substrate 2S by
a thermal oxidation method or the like. Furthermore, a
conductor film 12 made of polycrystalline silicon or the like
is deposited thereon by a CVD method or the like (FIG. 51).
Subsequently, after a resist film on the conductor film 12 is
coated, the above-mentioned conventional mask MNS8 is
used to perform the exposure process, and thereby a resist
pattern 17d is formed so as to cover the gate electrode
forming region and to expose the other region on the
conductor film 12. Thereafter, the resist pattern 174 is used
as an etching mask to etch the conductor film 12, and thereby
the gate electrode 12A is formed (FIG. 52). Thereafter, the
n type semiconductor region 11# used in an nMIS Qn and
having a high impurity concentration, and the p type semi-
conductor region 11p used in a pMIS Qp and having a high
impurity concentration, both of which also function as a
source region, a drain region, or a wiring layer, are formed
self-alignedly relative to the gate electrode 12A by an
ion-implantation or diffusion method (FIG. 53). Note that,
for example, each of the resist patterns 17a to 17d described
above is used as a positive resist.

[0268] 1t is possible to form a NAND gate circuit or a
NOR gate circuit by appropriately selecting a wiring in the
following process. In this embodiment, the NAND gate
circuit ND shown in FIGS. 54A and 54C is fabricated as an
example. FIG. 54A is a symbolic diagram of the NAND
gate circuit ND, FIG. 54B is a circuit diagram of the same,
and FIG. 54C is a plan view showing the layout of the same.
The NAND gate circuit ND having two inputs 11 and 12 and
one output F is exemplified therein.

[0269] FIGS. 55A and 55B are plan views showing an
example of the principal parts of patterns of the mask used
for printing contact holes and wiring patterns of the NAND
gate circuit ND. Note that an XY axis is provided in FIGS.
55A and 55B so as to easily understand the positional
relation between the masks MR12 and MR13.

[0270] FIG. 55A exemplifies the pattern of the mask
MR12 used for printing the contact holes CNT shown in
FIG. 54C onto a wafer. An opaque film 74 is formed of the
resist film having the same structure as the opaque pattern
7a. Parts of the opaque pattern 7/ are removed to open a
plurality of fine patterns 4/ having a square shape in two
dimensions. Each clear pattern 4i serves as a pattern for
forming each contact hole CNT. FIG. 55B exemplifies the
pattern of the mask MR13 used for printing the wirings 13A
to 13D shown in FIG. 54C onto a wafer. Each opaque
pattern film 7 is formed of the resist film having the same
structure as the opaque pattern 7a described in the embodi-
ment described above. The opaque patterns 7i serve as the
patterns for forming the wirings 13A to 13D. Since the
fabrication method of these masks MR12 and MR13 is the
same as the foregoing, the descriptions thereof will be
omitted.

[0271] Next, the fabrication process of a semiconductor
integrated circuit device using the masks MR12 and MR13
will be described based on FIGS. 56 to 60. Note that FIGS.
56 to 60 are cross-sectional views taken along the dashed
line in FIG. 54C.

[0272] First, as described above, the nMISs Qn and the
pMISs Qp are formed over the main surface of the semi-
conductor substrate 2S. Thereafter, an interlayer dielectric
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film 21a made of, for example, a phosphorus-doped silicon
oxide film is deposited on the main surface by a CVD
method (FIG. 56). Subsequently, after a resist film is coated
on the interlayer dielectric film 214, the exposure process
using the mask MR12 is performed and thereby a resist
pattern 17¢ is formed so as to expose each contact hole
forming region having a round shape in two dimensions and
to cover the other region. Thereafter, the resist pattern 17e is
used as an etching mask to form the contact holes CNT
through the interlayer dielectric film 21a (FIG. 57).

[0273] Subsequently, after the resist pattern 17e is
removed, a conductor film 13 made of, for example, alumi-
num, aluminum alloy, or copper is deposited over the main
surface of the semiconductor substrate 2S by a sputtering
method (FIG. 58). Then, a resist film is coated on the
conductor film 13, and the exposure process using the mask
MR13 is performed thereto, and thereby a resist pattern 17f
is formed so as to cover each wiring forming region and to
expose the other region. Thereafter, the resist pattern 17f is
used as an etching mask to etch the conductor film 13, and
thus the wirings 13A to 13D are formed (FIG. 59). Note that,
for example, each of the resist patterns 17¢ and 17f is used
as a positive resist. Thereafter, an interlayer dielectric film
21b is formed over the main surface of the semiconductor
substrate 2S by a CVD method, and further other masks are
used to form the via hole TH and the wiring 14A in the upper
layer thereof. Wire connection between parts is also made by
pattern formation in which similar steps are repeated only
the required number of times. Thus, the fabrication of the
semiconductor integrated circuit device is completed.

[0274] In the foregoing, a fabrication example of the
2-input NAND gate circuit has been described. However, it
is also possible to fabricate a NOR gate circuit easily by
changing the pattern arrangement of the masks MR12 and
MR13 shown in FIGS. 55A and 55B. FIGS. 61A to 61C
exemplify a 2-input NOR circuit NR formed by using the
unit cell 10 described above. FIG. 61A is a symbolic
diagram of the NOR circuit NR, FIG. 61B is a circuit
diagram of the same, and FIG. 61C is a plan view showing
the layout of the same.

[0275] As shown in FIG. 61C, the wiring 13A is electri-
cally connected to the p type semiconductor region 11p
under one of the pMISs Qp through one contact hole CNT.
The wiring 13E is electrically connected to the p type
semiconductor region 11p under one of the pMISs Qp
through one contact hole CNT. Also, the wiring 13E is
electrically connected to the n type semiconductor region
11n common to both nMISs Qn through one contact hole
CNT. Furthermore, the wiring 13B is electrically connected
to each n type semiconductor region 11# under each of both
nMISs Qn through two contact holes CNT.

[0276] FIGS. 62A and 62B are plan views showing an
example of each principal part of patterns of respective
masks used for printing contact holes and wiring patterns of
the NOR gate circuit ND. Note that an XY axis is provided
in the FIGS. 62A and 62B so as to easily understand the
positional relation between masks MR14 and MR15.

[0277] FIG. 62A exemplifies a pattern in the integrated
circuit pattern region of the mask MR14 used for printing the
contact holes CNT shown in FIG. 61C onto a wafer. An
opaque film 74 is formed of the resist film having the same
structure as the opaque pattern 7a described above. Each
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clear pattern 44 is a pattern for forming each contact hole
CNT. FIG. 62B exemplifies a pattern of the mask MR15
used for printing the wirings 13A to 13C and 13E shown in
FIG. 61C onto a wafer. Each opaque film 7i is formed of the
same resist material as the opaque pattern 7a. The opaque
patterns 7i serve as the patterns for forming the wirings 13A
to 13C and 13E. Positive resist films are used on a wafer
even if either the mask MR14 or MR15 is used.

[0278] The pattern alteration in the masks MR12 and
MR14 shown in FIGS. 55 and 62 can be made in the same
manner as described above, respectively. For example, the
pattern for the NAND gate circuit of the mask MR12 shown
in FIG. 55 can be altered into the pattern for the NOR gate
circuit of the mask MR14 shown in FIG. 62 in such a
manner as follows. That is, after removal of the opaque film
7h on the mask MR12 shown in FIG. 55, the above-
mentioned resist film for forming an opaque film is newly
coated on a mask substrate, and a pattern for the NOR gate
circuit is written on the resist film by an electron beam or
ultra-violet ray or the like, and thereby the opaque film 74
and the clear patterns 4 of the mask MR14 shown in FIG.
62 are formed. More specifically, the pattern on the mask can
be altered from the pattern for the NAND gate circuit to that
for the NOR gate circuit, on the contrary, from the pattern
for the NOR gate circuit to that for the NAND gate circuit
easily and in a short time. Therefore, it is possible to
significantly reduce the amount of time required to develop
and fabricate the semiconductor integrated circuit device by
using the mask as above. Also, such modifications and
alterations can be made by using the existing fabrication
tools. In addition, the reduction in the material cost, process
cost, and fuel cost can be achieved. Therefore, the significant
reduction in the cost of the semiconductor integrated circuit
device can be achieved. Thus, the cost reduction can be
achieved even in the small-lot production of the semicon-
ductor integrated circuit device. In this embodiment, the
description has been made of the case where the pattern of
the mask MR12 is altered into the pattern of the mask MR14.
However, the present invention is not limited to this, and it
is also possible to prepare the masks MR12 and MR14
separately without altering the pattern. Since it is possible to
prepare many resist shading masks at a lower cost in
comparison to the conventional mask, it is possible to
flexibly cope with the small-lot production of the semicon-
ductor integrated circuit device at a low cost and in a short
time if the masks MR12 and MR14 are prepared separately.

[0279] In this embodiment as described above, the unit
cell 10 shown in FIG. 42 is fabricated by the use of the
conventional mask because a large number of unit cells are
fabricated to be used as common patterns, and the hole
patterns and the wiring patterns formed thereon are fabri-
cated by the use of the resist shading masks because the
shapes of the hole patterns and the wiring patterns are
changed in accordance with desired logic circuits. By so
doing, it becomes possible to fabricate the mask efficiently
in a series of the fabrication process of the semiconductor
integrated circuit device, and thus the improvement of the
productivity of the semiconductor integrated circuit device
can be achieved.

Second Embodiment

[0280] In this embodiment, descriptions will be made of
the case where the technical idea of the present invention is
applied to the fabrication of, for example, a mask ROM.
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[0281] The mask ROM has characteristics as follows. That
is, a large capacity memory can be achieved because a
memory cell is formed of one MIS and the entire circuit
structure thereof can be made simple because no writing
operation is required. However, since the contents of
memory differ in accordance with the demands of custom-
ers, TAT of the mask ROM becomes longer in comparison
to that of another ROM (e.g., EEPROM (Electric Erasable
Programmable Read Only Memory)) and different masks
must be fabricated for respective various kinds of ROM
codes of the customers. Therefore, there arises such a
problem that the product cost is increased in the small-lot
production. Thereupon, in this embodiment, patterns of base
data constituted by basic components common to various
kinds of mask ROMs are printed by the use of the above-
mentioned conventional mask, and patterns in the memory
cell region are printed by the use of the resist shading mask
S0 as to enable the data rewriting. By so doing, various types
of mask ROMs having different writing data are fabricated.

[0282] FIGS. 63A to 63C show the base data of a mask
ROM. FIG. 63A is a plan view showing layout of the
memory cell region, FIG. 63B is a circuit diagram of the
same, and FIG. 63C is a cross-sectional view taken along
line A-A in FIG. 63A. A mask ROM of the ion-implantation
programming type is exemplified herein. Each data line DL
is electrically connected to an n type semiconductor region
11x through a contact hole CNT. Each gate electrode 12B is
formed of a part of a word line WL. One memory cell is
formed of one nMIS Qn positioned near each of the inter-
sections between the data lines DL and the word lines WL.
In this mask ROM of the ion-implantation programming
type, the nMISs Qn are classified into two types by whether
or not impurities are introduced in a channel region of each
nMIS Qn constituting a memory cell, that is, classified into
a type of an nMIS Qn having a high threshold voltage (the
threshold voltage is high enough that the nMIS Qn is not
turned on even if the word line WL is in high-level) and a
type of an nMIS Qn having a low threshold voltage (the
threshold voltage is low enough that the nMIS Qn is turned
on if the word line WL is in high-level). Then, two types of
the nMISs Qn correspond to “0” and “1” of the data,
respectively. The conventional mask described above is used
for printing the patterns of the base data.

[0283] Three kinds of mask. ROMs shown below are
fabricated with using the base data in common until a
desired amount can be obtained. Descriptions thereof will be
made based on FIGS. 64 to 66. FIGS. 64A, 65A and 66A are
plan views showing the principal part of the integrated
circuit pattern region of the used mask, and FIGS. 64B, 65B
and 66B are plan views showing the layout of the memory
cell region of the mask ROM, which illustrates the patterns
for data writing, and FIGS. 64C, 65C and 66C are cross-
sectional views of a portion corresponding to the portion
taken along line A-Ain FIG. 63A in the step of data writing.

[0284] First, in FIGS. 64A to 64C, such a case is exem-
plified that an opening pattern 22A shown in FIG. 64B is
formed on the base data by the use of a mask MR16 shown
in FIG. 64A, and impurities are ion-implanted into the
semiconductor substrate 2S exposed from the opening pat-
tern 22A as shown in FIG. 64C, and thereby the data is
written. The mask MR16 is the resist shading mask
described above, and the opaque film 7} thereof is made of
the resist film having the same structure as the above-
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mentioned opaque pattern 7a. A part of the opaque film 7j is
removed to form one clear pattern 4j having a square shape
in two dimensions. The clear pattern 4j serves as a pattern
for forming the opening pattern 22A of the resist pattern 17g
over the wafer 2W. In this case, the resist pattern 17g is used
as an impurity-implantation mask to introduce impurities for
data writing into the channel region of the one nMIS Qn.
Note that the step of impurity implantation for data writing
is performed before the step of forming gate electrodes 12B
(i.e., word lines WL). When the threshold value of the nMIS
Qn is required to be high, boron, for example, may be
suitable as the impurity to be introduced, and when the
threshold value of the nMIS Qn is required to be low,
phosphorus or arsenic, for example, may be suitable as the
impurity to be introduced.

[0285] Next, in FIGS. 65A to 65C, such a case is exem-
plified that opening patterns 22B and 22C shown in FIG.
65B are formed on the base data by the use of a mask MR17
shown in FIG. 65A, and impurities are ion-implanted into
the semiconductor substrate 2S exposed from the opening
patterns 22B and 22C as shown in FIG. 65C, and thereby
the data is written. This mask MR17 is the resist shading
mask described above. Parts of the opaque film 7 are
removed to form two clear patterns 4k and 4m each having
a square shape in two dimensions. The clear patterns 4k and
4m serve as patterns for forming the two opening patterns
22B and 22C of the resist pattern 174 on the wafer 2W. In
this case, the resist pattern 17/ is used as an impurity-
implantation mask to introduce impurities for data writing
into the two channel regions of the nMISs Qn.

[0286] Next, in FIGS. 66A to 66C, such a case is exem-
plified that an opening pattern 22D shown in FIG. 66B is
formed on the base data by the use of a mask MR18 shown
in FIG. 66A, and impurities are ion-implanted into the
semiconductor substrate 2S exposed from the opening pat-
tern 22D as shown in FIG. 66C, and thereby the data is
written. The mask MR18 is the resist shading mask, and a
part of the opaque film 7j is removed to form a clear pattern
4n. The clear pattern 4# serves as a pattern for forming the
opening pattern 22D of the resist pattern 17i on the wafer
2W. In this case, impurities for data writing are introduced
into three channel regions of the nMISs Qn with using the
resist pattern 177 as an impurity-implantation mask. Note
that each of the resist patterns 17g to 17 is used as a positive
resist.

[0287] The pattern alteration in the masks MR16 to MR18
shown in FIGS. 64 to 66 may be made in the same manner
as described above. For example, the pattern of the mask
MR16 shown in FIGS. 64A to 64B can be altered into the
pattern of the mask MR17 shown in FIGS. 65A to 65C in
such a manner as follows. That is, after removal of the
opaque film 7j on the mask MR186, a resist film for forming
an opaque film is newly coated over the mask substrate, and
an electron beam or ultra-violet ray or the like is irradiated
onto a predetermined portion of the resist film, and thereby
the opaque film 7j and the clear patterns 4k and 4m of the
mask MR17 are formed. By so doing, it becomes possible to
fabricate masks for various kinds of mask ROMs efficiently.
Of course, it is also possible to prepare the masks MR16 to
MR18 separately. Also in this case, it is possible to flexibly
cope with the fabrication of the semiconductor integrated
circuit device having the mask ROM at a low cost and in a
short time.
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[0288] Inthe data rewriting of this kind, the resist shading
masks shown in FIGS. 9 to 11 and FIGS. 20 to 22 may be
used. Alternatively, the resist shading masks shown in FIGS.
28 to 32 may be used, too. More specifically, among the
rewriting layers, bit pattern portions of the mask ROM to be
altered may be printed by the use of a region having an
opaque member made of a resist film, and other non-altered
patterns may be printed by the use of a region having an
opaque member made of metal. By so doing, since the
region of the opaque member made of a resist film can be
narrowed in a mask, reduction in the amount of time
required for the mask pattern writing can be achieved, and
therefore reduction in the mask fabrication time can be
achieved.

[0289] The steps from the rewriting step to the packaging
step as described above are the same as those of the
conventional fabrication process of a semiconductor inte-
grated circuit device.

[0290] According to the embodiment as described above,
the mask used in the patterning for fabricating the base data
is the conventional mask, and the mask used for forming the
rewriting layer is the resist shading mask. By so doing, it
becomes possible to fabricate various kinds of mask ROMs
efficiently. Also, the significant reduction in the TAT of
various kinds of mask ROMs can be achieved. In addition,
the data rewriting can be performed by using the existing
manufacturing tool. Furthermore, the reduction in the mate-
rial cost, process cost, and fuel cost can be achieved.
Therefore, it is possible to significantly reduce the cost of the
mask ROM even in small-lot production.

Third Embodiment

[0291] This embodiment is a modification example of the
second embodiment, and will describe the case where the
present invention is applied to the fabrication method of the
mask ROM of data rewriting type, which is different from
that of the second embodiment.

[0292] FIGS. 67A to 67C show base data of a mask ROM
used in this embodiment. FIG. 67A is a plan view showing
the layout of the memory cell region, FIG. 67B is a circuit
diagram of the same, and FIG. 67C is a cross-sectional view
taken along line A-A in FIG. 67A. In this embodiment, a
mask ROM of the contact hole programming type is exem-
plified. In this mask ROM of the contact hole programming
type, programming is performed according to how to lay out
contact holes (represented by the dashed line in FIG. 67B)
which connect the respective semiconductor regions 11# and
the data line DL. Also in this embodiment, the conventional
mask is used to print the pattern of the base data.

[0293] The contact holes for rewriting described below are
formed before forming the data lines DL, and three kinds of
mask ROMs are fabricated with using the base data in
common until a desired amount can be obtained. Descrip-
tions thereof will be made based on FIGS. 68 to 70. Note that
FIGS. 68A, 69A and 70A are plan views showing the
principal part of the integrated circuit pattern region of the
used mask, and FIGS. 68B, 69B and 70B are plan views
showing the layout of the memory cell region of the mask
ROM, which illustrates the pattern for data writing, and
FIGS. 68C, 69C and 70C are cross-sectional views of the
same, and FIGS. 68D, 69D and 70D are cross-sectional
views taken along line A-A in FIGS. 68B, 69B and 70B,
respectively.
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[0294] First, in FIGS. 68A to 68D, such a case is exem-
plified that a contact hole CNT for exposing n type semi-
conductor regions 11z shown in FIG. 68B is formed on the
base data by the use of a mask MR19 shown in FIG. 68A,
and the n type semiconductor regions 11z of the predeter-
mined MISs Qn and the data lines DL are connected to one
another as shown in FIGS. 68C and 68D, and thereby the
data is written. Parts of the opaque film 7j made of a resist
film on the mask MR19 are removed to open a plurality of
clear patterns 4p having a square shape in two dimensions.
The clear patterns 4p serve as the patterns used to form the
opening pattern for forming a contact hole CNT in the resist
film on the wafer 2W. The method of forming the contact
hole CNT is the same as the method described in the first
embodiment. Therefore, descriptions thereof will be omit-
ted.

[0295] Next, in FIGS. 69A to 69D, such a case is exem-
plified that each contact hole CNT shown in FIG. 69B is
formed on the base data by the use of a mask MR20 shown
in FIG. 69A, and the n type semiconductor region 11z of the
predetermined nMISs Qn and the data lines DL are con-
nected to one another at two points as shown in FIGS. 69C
and 69D, and thereby the data is written. In the mask MR20,
the clear patterns 4p for printing the contact holes used to
write the data are arranged at two points that are different
from those shown in FIGS. 68A to 68D.

[0296] Next, in FIGS. 70A to 70D, such a case is exem-
plified that each contact hole CNT shown in FIG. 70B is
formed on the base data by the use of a mask MR21 shown
in FIG. 70A, and n type semiconductor regions 11# of the
predetermined nMISs Qn and the data lines DL are con-
nected to one another at three points as shown in FIGS. 70C
and 70D, and thereby the data is written. In the mask MR21,
the clear patterns 4p for printing the contact holes used to
write the data are arranged at three points, that is, at the
number of points increased one point more than two points
shown in FIGS. 69C and 69D.

[0297] The pattern alteration in the masks MR19 to MR21
shown in FIGS. 68 to 70 may be made in the same manner
as that described in the second embodiment. Of course, it is
also possible to prepare the masks MR19 to MR21 sepa-
rately. This case too can be flexibly applied to the fabrication
of the semiconductor integrated circuit device having the
mask ROM, at a low cost and in a short time. The same
effects as those of the second embodiment can be obtained
also 1n this third embodiment.

Fourth Embodiment

[0298] This embodiment is a modification example of the
second and third embodiments, and will describe the case
where the present invention is applied to the fabrication
method of the mask ROM of data rewriting type, which is
different from those of the second and third embodiments.

[0299] FIGS. 71A to 71C show a part of a NAND mask
ROM according to this embodiment. A plurality of nMISs
Qn constituting a memory cell is connected in parallel
through the n type semiconductor regions 11xn. The ion-
implantation type is employed as the programming type.
More specifically, an ion-implanted part of each nMIS Qn
(memory cell) is a depression type, and a non ion-implanted
part of each nMIS Qn (memory cell) is an enhancement
type, and these two parts are corresponded to “0” and “1” of
the data, respectively.
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[0300] FIGS. 71A to 71C exemplify the case where
impurities are introduced into a channel region of an nMIS
Qnd, and thus the channel region becomes the depression
type. An opening pattern 22E showing a pattern for data
writing means an opening pattern of an ion-implantation
mask used at the time of performing the programming
(impurity ion implantation) relative to the nMIS Qnd. Note
that an n type semiconductor region 11xs has a function as
a power supply wiring in a low potential (e.g., 0V=GND)
side.

[0301] The way of using the conventional mask and the
resist shading mask, the method of altering patterns on a
mask, and the method of selectively introducing impurities
into a wafer for the programming in this embodiment are the
same as those in the second embodiment described above.
Therefore, descriptions thereof will be omitted.

[0302] The same effects as the second embodiment can be
obtained ever in this fourth embodiment.

Fifth Embodiment

[0303] In this fifth embodiment, such an example will be
described that the present invention is applied to a packaging
process. In this case, descriptions will be made of the case
where the technical idea of the present invention is applied
to a so-called wafer process package (hereinafter, abbrevi-
ated to WPP) technique in which a packaging process is
performed together relative to a plurality of semiconductor
chips formed on a wafer through the wafer process, with the
semiconductor chips kept in a state of wafer.

[0304] FIGS. 72A to 72C are plan views of a wafer during
the fabrication process of a semiconductor integrated circuit
device according to this embodiment. FIG. 72A is a plan
view of the wafer 2W after the wafer process. The wafer
process is called also a pre-process, and generally means a
series of steps in which elements are formed on a main
surface of a wafer subjected to mirror polishing, and a
wiring layer is formed, and a surface passivation film is
formed, and thereafter each of plural semiconductor chips
formed over the wafer comes to such a state as capable of
being electrically tested by probes or the like.

[0305] The wafer 2W is formed, for example, in an almost
round shape in two dimensions, and a plurality of rectan-
gular-shaped semiconductor chips (hereinafter, referred to as
chip) 2C are regularly arranged on a main surface of the
wafer 2W in an up-and-down and a left-and-right direction
of FIG. 72A. At the center of each chip 2C in a width
direction, a plurality of bonding pads BP are arranged along
a longitudinal direction of the chip 2C (center pad arrange-
ment). These bonding pads BP are call also outer terminals
and are electrodes functioning to draw or the like the
electrodes of elements and circuits and the like formed on
each chip 2C, to the outside. The electric test of each chip
2C is performed in a state where the above-mentioned
probes are in contact with the bonding pads BP.

[0306] FIG. 72B is a plan view of the wafer 2W after a
step of forming relocation wiring layers. Each relocation
wiring 23 is a wiring for electrically connecting each bond-
ing pad BP of the chips 2C, to a package electrode such as
a bump electrode or the like functioning to package each
chip 2C onto a predetermined printed wiring board. Also,
each relocation wiring 23 is a wiring functions to match the
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size of each bonding pad BP defined in accordance with a
size of a wafer process and the size of the package electrode
defined in accordance with a size of a packaging process.
More specifically, since the size of the package electrode
(sizes of the electrode itself, intervals adjacent thereto,
pitches, and the like) are defined in accordance with the size
of the printed wiring board, the size of the package electrode
is required to be relatively larger than that of each bonding
pad BP (sizes of the pad itself, intervals adjacent thereto,
pitches, and the like). Therefore, it is impossible to use each
fine bonding pad BP defined in accordance with the wafer
process as the package electrode directly. Thus, each bond-
ing pad BP is drawn, through each relocation wiring 23, to
an unused space having a relatively large area on the main
surface of the chip 2C, and then the package electrode
having a relatively large size is arranged in the space.

[0307] FIG. 72C is a plan view of the wafer 2W after a
step of forming a solder bump electrode. Each solder bump
electrode 24 is an electrode made of, for example, lead-tin
alloy or the like and having a convex cross section, and is
formed on an organic dielectric film covering the surface of
each relocation wiring 23 described above, and is electri-
cally connected to each relocation wiring 23 through each
connection hole formed in the organic dielectric film, and
further is electrically connected to each bonding pad BP.

[0308] After this step, the chips 2C are cut out from the
wafer 2W. Each chip 2C cut out has already had a CSP (chip
size package) structure in this stage. FIG. 73 is an enlarged
plan view of one chip 2C having a center pad arrangement
structure. The bonding pads BP are arranged linearly along
the center of the chip 2C and are electrically connected to the
solder bump electrodes 24 through the relocation wirings 23
extending from the center of the chip 2C to the outer
periphery thereof. Also, FIG. 74 is an enlarged plan view of
a corner portion of one chip 2C having a structure in which
pads are arranged along four sides thereof. In this case, a
plurality of bonding pads BP are linearly arranged near and
along each of the four sides thereof and are electrically
connected to the solder bump electrodes 24 through the
relocation wirings 23 extending from the outer periphery of
the chip 2C to the center thereof.

[0309] Next, the fabrication process of the semiconductor
integrated circuit device will be described in detail based on
FIGS. 75A to 75C.

[0310] FIG. 75A is a cross-sectional view showing the
principal part of the wafer 2W after the step of forming each
of the relocation wirings 23 described above. For example,
the above-mentioned logic device or the memory device or
both devices, and a multilayer wiring layer are formed over
the main surface of the semiconductor substrate 2S. On an
uppermost wiring layer of the multilayer wiring layer, each
bonding pad BP described above is formed. Each of the
bonding pads BP is formed by performing the pattern
processing of the same material as the wiring such as
aluminum or aluminum alloy or the like in the same step.
The surface of each bonding pad BP is covered with a
passivation film 254 except for a part thereof. The passiva-
tion film 254 is made of, for example, a silicon oxide film,
a silicon nitride film, or a lamination layer thereof. A
passivation film 256 made of, for example, photo-reactive
polyimide resin or the like is deposited to a thickness of
about 5 um on the passivation film 25a4. An opening 26 is
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formed through the passivation films 254 and 25b so as to
expose each part of the bonding pads BP. It is preferable to
use the above-mentioned resist shading mask at the time of
forming the opening 26. This is because each position of the
bonding pads BP may be changed in accordance with the
products or the demands of the customers. Of course, it is
also possible to form the opening 26 by the use of laser or
the conventional mask. Each of the relocation wirings 23
described above is formed on the passivation film 25b. Each
relocation wiring 23 is formed by depositing a conductor
film for forming a main wiring made of copper or the like,
on a barrier conductor film made of chromium or the like,
and is electrically connected to each bonding pad BP
through the opening 26. Note that the above-mentioned
barrier film has a function to improve adhesiveness to a
polyimide resin in addition to a function to prevent the
diffusion of copper. The material of the barrier conductor
film is not limited to chromium and various modifications
and alterations can be made. For example, titanium, tungsten
titanium, titanium nitride, or tungsten is also applicable
thereto.

[0311] The above-mentioned resist shading mask is used
also in the pattern processing of each relocation wiring 23.
This is because the shape and arrangement and the like of
each relocation wiring 23 are sometimes changed in accor-
dance with the products and the demands of the customers.
However, a line width of each of the relocation wirings 23
is wider in comparison to that of the gate electrode or the
like, the above-mentioned i-ray (having a wavelength of 365
nm) stepper is used as the exposure for the patterning. Thus,
a resist film for forming an opaque member on the resist
shading mask is one that is formed by adding a photo-
absorbing material or a photo-attenuating material to an
organic photoreactive resin film (electron beam resist film),
or that has a structure in which an organic photoreactive
resin film (electron beam resist film), and a photo-absorbing
resin film or a photo-attenuating resin film or a conventional
anti-reflective layer are laminated. Note that forming
together each chip on the wafer is performed until this step,
and the wafer has not been divided into chip size units yet.

[0312] Subsequently, as shown in FIG. 75B, a sealing
resin film 27 made of, for example, photo-reactive polyim-
ide resin or the like is coated again over the main surface of
the wafer 2W to coat each relocation wiring 23. The upper-
most sealing resin film 27 is made of an organic dielectric
film such as polyimide resin or the like in order to facilitate
the handling of each chip by using a comparatively soft
organic dielectric film as the uppermost layer. More specifi-
cally, if an inorganic dielectric film is used as the uppermost
dielectric film, the sealing resin film is frequently cracked at
the time of handling each chip (conveyance or the like).
Therefore, each chip is difficult to handle. However, if an
organic dielectric film is used as the uppermost dielectric
film, such difficulty can be avoided because it is compara-
tively soft. Thereafter, the exposure and development pro-
cesses are performed relative to the sealing resin film 27, and
thereby an opening 28 is formed so as to expose a part of
each relocation wiring 23. The resist shading mask described
above can be used also in the exposure process for forming
the opening 28. This is because the positions of the bonding
pads BP and the relocation wirings 23 as described above are
sometimes changed in accordance with the products and the
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demands of the customers. Of course, it is also possible to
form the opening 28 by the use of laser or the conventional
mask or the like.

[0313] Thereafter, chromium, chromium-copper alloy or
the like, and gold or the like are deposited over the wafer 2W
by a sputtering method or the like in the order from below.
Thereafter, by patterning this by means of an etching process
using the resist pattern as an etching mask, an under bump
metal layer 29 is formed. The above-mentioned resist shad-
ing mask can be used also in the exposure treatment for the
pattern processing of the under bump metal layer 29. This is
because the positions or the like of the bonding pads BP and
the relocation wirings 23 are sometimes changed in accor-
dance with the products and the demands of the customers.
Of course, it is also possible to form the under bump metal
layer 21 by the use of laser or the conventional mask or the
like. The under bump metal layer 29 is formed, for example,
in a round shape in two dimensions, and is electrically
connected to each relocation wiring 23 through the opening
28. Note that FIG. 72B is a plan view showing the wafer 2W
after the process described above.

[0314] Lastly, after print of a solder paste made of, for
example, lead-tin alloy or the like, a heat treatment is
performed relative to the wafer 2W, and thereby a solder
bump electrode 24 on the under bump metal layer 29 is
formed as shown in FIG. 75C. Until this step, forming
together each chip on the wafer is performed. Note that FIG.
72C is a plan view showing the wafer 2W after the process
described above.

[0315] After the process described above, each chip 2C is
cut out from the wafer 2W, and then each of the chips 2C is
packaged over a printed wiring board 30 as shown in FIGS.
76A and 76B. The solder bump electrodes 24 under each
chip 2C are electrically connected to lands of the printed
wiring board 30. FIG. 76A exemplifies the case where the
sealing resin 27 has sufficiently buffering properties, and
where filler (underfill) is not interposed between each chip
2C and the printed wiring board 30. Of course, the filler may
be interposed therebetween. FIG. 76B exemplifies a pack-
aging structure in which the above-mentioned sealing resin
27 is not provided or the buffering properties thereof are
insufficient. More specifically, FIG. 76B exemplifies the
case where filler 31 made of liquid resin or the like is
interposed between each chip 2C and the printed wiring
board 30, and each chip 2C is firmly fixed to the printed
wiring board 30.

[0316] As described above, the technical idea of the
present invention is applied to the above-mentioned WPP
(patterning of the relocation wiring or the like). As a result,
it becomes possible to perform the packaging of the various
types of chips efficiently and in a short period.

Sixth Embodiment

[0317] In this sixth embodiment, descriptions will be
made of the case where the technical idea of the present
invention is applied to a fabrication of a multichip module.

[0318] In this embodiment, a memory chip and a logic
chip are fabricated through the completely different fabri-
cation process. The memory chip mentioned here is a chip
on which a memory circuit such as DRAM (Dynamic
Random Access Memory), SRAM (Static Random Access
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Memory), a mask ROM, a flash memory (EEPROM) or the
like is mainly formed. The logic chip mentioned here is a
chip on which a logic circuit such as CPU (Central Process-
ing Unit), DSP (Digital Signal Processor) or the like is
mainly formed.

[0319] In the fabrication of a memory chip, since there are
a large number of highly integrated micropatterns arranged
regularly, the illumination condition at the time of printing
the patterns of a mask onto a wafer by using an exposure tool
is determined in accordance with the integration of the
patterns. In this case, an annular illumination or a special
illumination depending on an application is used. With
regard to masks, the conventional masks described above
are used in almost all exposure steps.

[0320] Meanwhile, in the fabrication of a logic chip, a
pattern, which is smaller than that of a memory chip, is
required especially in a gate circuit portion. However, since
the integration is not always high, an illumination light
source (conventional illumination) having a large area is
used. Also, since different gate circuits are used depending
on the types, both of the above-mentioned resist-shading
mask and the conventional mask are used properly in the
fabrication of the chip.

[0321] The two types of chips described above are sepa-
rately fabricated in steps 101a and 10b, respectively, as
shown in FIG. 77, and the chips are packaged on a base
substrate (printed wiring board) in step 102. FIG. 78A is a
plan view of a multichip module MCM constituted as
described above, and FIG. 78B is a cross-sectional view
taken along line A-A in FIG. 78A. In this case, in addition
to a memory chip 2CM and a logic chip 2CL, other chips 2C
such as an image processing unit and a signal processing unit
for a specific application and the like, which have various
functions and depend on various objects, are mounted on a
base substrate 30M. In this embodiment, these chips 2C,
2CM, and 2CL are separately fabricated and mounted on one
base substrate 30M to fabricate a multichip module MCM.
As the step of forming each solder bump electrode 24 of the
chips 2C, 2CM, and 2CL, the WPP technique as described
in the fifth embodiment is employed. Each solder bump
electrode 24 of the chips 2C, 2CM, and 2CL is electrically
connected to a land on the main surface of the base substrate
30M, to a land on the rear surface of the base substrate 30M
through an internal wiring in the base substrate 30M, and to
each solder bump electrode 32 which is electrically con-
nected to the land on the rear surface of the base substrate
30M.

[0322] According to the embodiment described above, the
optimum process condition can be selected for each of the
chips, and the performances of chips can be improved. For
this reason, a high-performance multichip module MCM can
be fabricated.

[0323] In the foregoing, the invention made by the inven-
tors of this invention has been specifically described with
reference to the embodiments. However, the present inven-
tion is not limited to the above-mentioned embodiments,
and, needless to say, various changes and modifications of
the invention can be made without departing from the gist
thereof.

[0324] In the embodiments described above, the case
where both of the conventional mask and the resist shading
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mask are properly used in accordance with the situation has
been described. However, the present invention is not lim-
ited to this. For example, it is also possible to use the resist
shading masks of such types as shown in FIGS. 9 to 11 and
FIGS. 20 to 22 (masks in which the opaque patterns for
printing integrated circuit patterns are all made of resist
films) and the resist shading masks of such types as shown
in FIGS. 28 to 32 (masks in which the opaque patterns for
printing integrated circuit patterns are made of both of the
resist film and metal) in accordance with the condition
described in the above embodiments. As a result, the pro-
duction efficiency of the semiconductor integrated circuit
device can be improved.

[0325] In addition, it is also possible to use the resist
masks of such types as shown in FIGS. 9 to 11 and FIGS. 20
to 22 and the resist masks of such types as shown in FIGS.
28 to 32 in accordance with the condition described in the
above embodiments. As a result, the production efficiency of
the semiconductor integrated circuit device can be further
improved.

[0326] In addition, it is also possible to use the conven-
tional masks of such types as shown in FIGS. 3 to § and the
conventional masks of such types as shown in FIGS. 6 and
7 (masks for the overlapping exposure), in accordance with
the condition described in the above embodiments. Also in
this case, the production efficiency of the semiconductor
integrated circuit device can be improved in comparison to
the case where only the conventional masks of such types as
shown in FIGS. 3 to 5 are used in a series of fabrication steps
of the semiconductor integrated circuit device.

[0327] In addition, it is also possible to use the conven-
tional masks of such types as shown in FIGS. 3 to 5, the
conventional masks of such types as shown in FIGS. 6 and
7 (masks for the overlay exposure), and the resist shading
masks as described above, in accordance with the condition
described in the above embodiments. As a result, the pro-
duction efficiency of the semiconductor integrated circuit
can be improved. In this case, it is also possible to use the
various types of resist masks described in various steps.

[0328] In the above description, the invention made by the
inventors of this invention is applied to a manufacturing
method of a semiconductor integrated circuit device, which
is an applicable field serving as the background of the
invention. However, the present invention is not limited to
this, and can be applied to a fabrication method of a liquid
crystal display apparatus and a manufacturing method of
other devices such as micro-machines or the like.

[0329] Effects achieved by a typical one of the inventions
disclosed in this application will be briefly described below.

[0330] (1) According to the present invention, it becomes
possible to improve the production efficiency of a semicon-
ductor integrated circuit device by using a mask having an
opaque member made of a metal film and a mask having an
opaque member made of an organic material containing an
organic photoreactive resin film, at the time of an exposure
treatment in the fabrication process of the semiconductor
integrated circuit device.

[0331] (2) According to the present invention, it becomes
possible to reduce a development period required to develop
a semiconductor integrated circuit device by using a mask
having an opaque member made of a metal film and a mask
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having an opaque member made of an organic material
containing an organic photoreactive resin film, at the time of
an exposure treatment in the fabrication process of the
semiconductor integrated circuit device.

[0332] (3) According to the present invention, it becomes
possible to reduce the fabrication time of a semiconductor
integrated circuit device by using a mask having an opaque
member made of a metal film and a mask having an opaque
member made of an organic material containing an organic
photoreactive resin film, at the time of an exposure treatment
in the fabrication process of the semiconductor integrated
circuit device.

[0333] (4) According to the present invention, it becomes
possible to reduce the cost of a semiconductor integrated
circuit device by using a mask having an opaque member
made of a metal film and a mask having an opaque member
made of an organic material containing an organic photo-
reactive resin film, at the time of an exposure treatment in
the fabrication process of the semiconductor integrated
circuit device.

What is claimed is:

1. A method of fabricating a semiconductor integrated
circuit device, in which various products are manufactured,
the method comprising:

a first step of using-a first photomask having a metal film
as an opaque film for an exposure light in order to form
a structural pattern common to said various products,
and exposing said common structural pattern onto a
first photoreactive film formed over a semiconductor
substrate; and

a second step of using a second photomask having an
organic photoreactive resin film as an opaque film for
the exposure light in order to form a pattern different
per product class of said various products, and expos-
ing said pattern different per product class onto a
second photoreactive film formed over said semicon-
ductor substrate.

2. A method of fabricating a semiconductor integrated
circuit device, the method having in common a step of
manufacturing a transistor over a semiconductor substrate,
wherein various products are classified into a plurality of
kinds during a wiring process, the method comprising the
steps of:

using a first photomask having a metal film as an opaque
film for an exposure light in order to form a structural
pattern common to said various products, and exposing
a first photoreactive film formed over said semicon-
ductor substrate: and

using a second photomask for a hole or a wiring pattern,
which has an organic photoreactive resin film as an
opaque film for the exposure light in order to form a
pattern different per product class of said various
products, and exposing a second photoreactive film
formed over said semiconductor substrate.

3. The method of fabricating a semiconductor integrated

circuit device according to claim 2,

wherein patterns for diffused layer are formed in said first
photomask.
4. The method of fabricating a semiconductor integrated
circuit device according to claim 2,
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wherein patterns for device isolation are formed in said
first photomask.
5. The method of fabricating a semiconductor integrated
circuit device according to claim 2,

wherein said organic photoreactive resin film is made of
a resist material for electron beam.

6. A method of fabricating a semiconductor integrated
circuit device, the method having in common a step of
manufacturing a transistor over a semiconductor substrate,
wherein various products are classified into a plurality of
kinds during a wiring process, the method comprising the
steps of:

using a first photomask having a metal film as an opaque
film; and forming over a surface of said semiconductor
substrate a diffused layer pattern of a transistor with a
structure common to said various products; and

using a second photomask having an organic photoreac-
tive resin film as an opaque for an exposure light, and
forming over the surface of said semiconductor sub-
strate a wiring pattern different per product class of said
various products.
7. Amethod of fabricating a mask ROM having a plurality
of field effect transistors as a memory cell, the method
comprising the steps of:

using a first photomask having a metal film as an opaque
film for an exposure light, and forming a first resist
pattern for forming a diffused layer of each of said field
effect transistors;

forming a gate electrode for each of said field effect
transistors;

using a second photomask having an organic photoreac-
tive resin layer as an opaque film for the exposure light,
and forming a second resist pattern having a predeter-
mined opening; and

introducing an impurity into a channel region of each of
said field effect transistors through said opening to
write data.

8. The method of fabricating a mask ROM according to
claim 7, wherein said second photomask includes a metal
film as an opaque film for the exposure light.

9. Amethod of fabricating a mask ROM having a plurality
of field effect transistors as a memory cell; the method
comprising the steps of:

using a first photomask having a metal film as an opaque
film for an exposure light, and forming a first resist
pattern for forming a diffused layer of each of said field
effect transistors;

forming a gate electrode for each of said field effect
transistors; and

using a second photomask having an organic photoreac-
tive resin layer as an opaque film for the exposure light,
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and forming a second resist pattern to be a contact hole
for said gate electrode and said diffused layer.

10. A method of fabricating a semiconductor integrated
circuit device, in which various products are manufactured
and which includes a step of selecting one of a first photo-
mask having a metal film as an opaque film for an exposure
light and a second photomask having an organic photore-
active resin film as an opaque film for the exposure light; the
method comprising the steps of:

projecting and exposing a pattern formed over said first or
second photomask selected, onto a photoreactive layer
formed over a semiconductor substrate, and forming a
bonding pad thereafter;

forming a polyimide resin film over said semiconductor
substrate having said bonding pad;

forming over said polyimide resin film a relocation wiring
layer different per product class of said various prod-
ucts;

forming a solder bump electrically connected to said
relocation wiring layer; and

thereafter dividing said semiconductor substrate into a
semiconductor chip,

wherein a pattern of said relocation wiring is formed
using said second photomask having said organic pho-
toreactive resin film as an opaque film.
11. The method of fabricating a semiconductor integrated
circuit device according to claim 1,

wherein an annular illumination is used in the exposure
using said first photomask.
12. The method of fabricating a semiconductor integrated
circuit device according to claim 1,

wherein the opaque film of said second photomask is a
lamination film of an anti-reflective film and an organic
photoreactive resin film.

13. The method of fabricating a semiconductor integrated

circuit device according to claim 3,

wherein said organic photoreactive resin film is made of
a resist material for electron beam.
14. The method of fabricating a semiconductor integrated
circuit device according to claim 4,

wherein said organic photoreactive resin film is made of
a resist material for electron beam.
15. The method of fabricating a semiconductor integrated
circuit device according to claim 2,

wherein the opaque film of said second photomask is a
lamination film of an anti-reflective film and an organic
photoreactive resin film.



