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SEMICONDUCTOR APPARATUS, 
MANUFACTURING METHOD THEREOF, 

SEMICONDUCTOR MODULE APPARATUS USING 
SEMICONDUCTOR APPARATUS, AND WIRE 

SUBSTRATE FOR SEMICONDUCTOR APPARATUS 

[0001] This Nonprovisional application claims priority 
under 35 U.S.C. § 119(a) on Patent Application No. 2004/ 
99768 ?led in Japan on Mar. 30, 2004, the entire contents of 
Which are hereby incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a semiconductor 
apparatus having a ?exible Wire substrate on Which a 
semiconductor element is bonded and mounted in accor 
dance With the COF (Chip On Film) method; (ii) a manu 
facturing method thereof, (iii) a semiconductor module 
apparatus using the semiconductor apparatus, and (iv) a Wire 
substrate used for the semiconductor apparatus. 

BACKGROUND OF THE INVENTION 

[0003] A TCP type semiconductor apparatus (hereinafter, 
referred to as “TCP”) and a COF type semiconductor 
apparatus (hereinafter, referred to as “COF”) have been 
Widely knoWn as a semiconductor apparatus obtained by 
bonding and mounting a semiconductor element on an 
insulating ?exible Wire substrate. The TCP is obtained by 
installing (mounting), by using the TCP (Tape Carrier Pack 
age) method, a semiconductor element on an insulating tape 
that is a base material of the ?exible Wire substrate. The COF 
is obtained by installing (mounting), by using the COF (Chip 
On Film) method, a semiconductor element on such an 
insulating tape. 

[0004] Difference betWeen the TCP and the COF is as 
folloWs. The TCP has an aperture portion (through hole) that 
is termed a “device hole” and that is provided beforehand in 
the aforementioned semiconductor element installation por 
tion of the insulating tape, and the semiconductor element is 
bonded With front ends of Wire patterns protruding, in a 
cantilever manner, in the aperture portion. On the other 
hand, the COF does not have such an aperture portion 
(device hole) for mounting a semiconductor element, and 
the semiconductor element is bonded and mounted on a 
surface of the insulating tape. 

[0005] To accommodate to an intended use of the COF, the 
insulating tape used in the COF is a freely foldable thin ?lm 
insulating tape. Provided on the surface of the insulating 
tape are Wires of Wire patterns, and the Wires are electrically 
connected to relevant terminals of the semiconductor ele 
ment. The insulating tape (the ?exible Wire substrate) has an 
external conductive connector portion that is connected to 
external electronic devices such as a liquid crystal panel and 
a print substrate. Note that, for securing insulation, a solder 
resist is applied to a pattern exposed portion excluding the 
connection region Where the Wire patterns are connected 
With the semiconductor element, and (ii) the external con 
ductive connector portion. 

[0006] Presently required is realiZation of such a COF that 
deals With a larger number of pins, and that is smaller and 
thinner in shape. In order to satisfy such demands at the 
same time, the external conductive connector portion, and 
the connection portion connecting to the semiconductor 

Oct. 6, 2005 

element are each required to have ?ne pitches, and the tape 
carrier (insulating tape), the Wire pattern, and the like are 
each required to be thinner. Further, for reduction of the 
pitch of the inner leads (the connection portion to the 
semiconductor element) of the Wire patterns, each inner lead 
is required to be narroWer and thinner. 

[0007] There is an effective method for manufacturing a 
COF that deals With a larger number of pins and that alloWs 
acquirements of such a ?ne pitch, a narroW pitch, an edge 

touch, and the like. Examples of such a method include: a connecting-sealing method termed the MMB (Micro 

Bump Bonding); and (ii) a connecting-sealing method (here 
inafter, referred to as NCP etc.) termed the NCP (Non 
Conductive Paste) or APC (Anisotropic Conductive Paste), 
each of Which has draWn attention recently. (For example, 
see Japanese Laid-Open Patent Publication Tokukaisho 
60-262430/1985 (published on Dec. 25, 1985; correspond 
ing to Japanese Examined Patent Publication Tokukouhei 
2-7180 published on Feb. 15, 1990; hereinafter, referred to 
as “Patent document 1”) and Japanese Laid-Open Patent 
Publication Tokukaisho 63-151033/1988 (published on Jun. 
23, 1988; corresponding to Japanese Examined Patent Pub 
lication Tokukouhei 7-77227 published on Aug. 16, 1995; 
hereinafter, referred to as “Patent document 2”)). 

[0008] Each of the connecting-sealing methods such as the 
NCP etc., is a method for connecting protruding electrodes 
(connecting terminals) of a semiconductor element to 
respective Wire patterns (connecting terminals) of a ?exible 
Wire substrate, and for sealing the protruding electrode and 
the Wire pattern With a photo-curable or thermo-curable 
resin, each of Which serves as an insulating resin and is 
provided beforehand betWeen the semiconductor element 
and the ?exible Wire substrate by applying the insulating 
resin to a surface of an insulating tape. 

[0009] For example, Patent document 1 shoWs an example 
using the MBB as folloWs. That is, a photo-curable or 
thermo-curable resin is applied to those Wire patterns of the 
Wire substrate Which correspond to the protruding electrodes 
of the semiconductor element, respectively. The protruding 
electrodes and the Wire patterns are aligned With each other, 
and the insulating resin betWeen the protruding electrodes 
and the Wire patterns is pushed out by applied pressure, so 
that electric conduction betWeen the protruding electrode 
and the Wire pattern is attained only by Way of the pressure. 
The insulating resin thus pushed out extends to a periphery 
of the semiconductor element, and thereafter is cured by 
light or heat so as to ?x the semiconductor element to the 
Wire substrate and electrically connect the semiconductor 
element to the Wire substrate. 

[0010] MeanWhile, Patent document 2 shoWs another 
example using the MBB as folloWs. That is, a thermo 
curable resin is applied to those Wire patterns of the Wire 
substrate Which correspond to the respective protruding 
electrodes of the semiconductor elements. The semiconduc 
tor element is combined, by applying pressure to the semi 
conductor element With the use of a pulse heating tool, With 
the Wire substrate such that the protruding electrodes are 
aligned With the Wire patterns. The thermo-curable resin on 
the Wire patterns is pushed out by the applied pressure. 
Thereafter, under application of pressure, an electric current 
is applied to the pulse heating tool so that the thermo-curable 
resin is heated and cured. This ?xes the semiconductor 
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element on the Wire substrate, and electrically connects the 
protruding electrodes With the Wire patterns. 

[0011] HoWever, neither Patent documents 1 nor 2 par 
ticularly discloses a method for applying the insulating 
resin, and a method for aligning the protruding electrode and 
the Wire patterns. 

[0012] HoWever, in each of the above connecting-sealing 
methods such as the NCP etc., the semiconductor element is 
bonded by Way of applying pressure after the application 
of the insulating resin to the Wire patterns of the insulating 
tape and (ii) the alignment of the protruding electrodes With 
the Wire patterns. Therefore, for the alignment of the pro 
truding electrodes and the Wire patterns, an alignment mark 
pattern (hereinafter, referred to as “alignment mark”) is 
required to be provided so as to prevent a positioning 
(alignment) error thereof and exposure of the Wire patterns. 

[0013] By the Way, it is difficult to control a resin region 
With a conventional technique such as Au (gold)-Sn (tin) 
eutectic bonding, by Which an insulating resin termed 
“under ?ll” is poured into a space betWeen a semiconductor 
element and a Wire substrate after connecting protruding 
electrodes and Wire patterns. Speci?cally, When an align 
ment mark is provided Within an aperture portion of a solder 
resist, the alignment mark is partially exposed, and is 
undistinguishable from exposure of the Wire patterns. For 
this reason, the alignment mark is provided outside the 
aperture portion of the solder resist. 

[0014] Therefore, for prevention of such exposure of the 
Wire pattern also When using the connecting-sealing method 
such as the NCP etc., the alignment mark is required to be 
provided outside the application region of the insulating 
resin, in other Words, outside of the aperture portion of the 
solder resist, the alignment mark being used for alignment 
upon connecting the protruding electrodes and the Wire 
patterns. 

[0015] In fact, an alignment mark partially covered With 
an insulating resin cannot be detected When the alignment 
mark is partially covered With an insulating resin, so that the 
alignment mark is provided, outside the aperture portion of 
the solder resist, aWay from the solder resist as distant as 
possible. 

[0016] Here, the folloWing explains a method for manu 
facturing a COF by using the connecting-sealing method 
such as the NCP etc., in other Words, a method for installing 
a semiconductor element on a Wire substrate, With reference 
to FIG. 13, FIG. 14, FIG. 15, and FIG. 16(a) through FIG. 
16(6). 
[0017] FIG. 13 is a plan vieW schematically illustrating a 
structure of a semiconductor apparatus in Which alignment 
marks are provided outside an aperture portion of a solder 
resist. FIG. 14 is a plan vieW schematically illustrating a 
semiconductor element installation region in the semicon 
ductor apparatus shoWn in FIG. 13. Note that, for ease of 
explanation, FIG. 14 indicates the semiconductor element 
by a chain double-dashed line, and indicates, by a broken 
line surrounding the chain double-dashed line, an installa 
tion site region (cover region) Where the insulating resin is 
installed. In other Words, the region surrounded by the chain 
double-dashed line in FIG. 14 indicates an overlap region 
overlapping With the semiconductor element. Whereas, the 
region surrounded by the broken line surrounding the region 
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surrounded by the chain double-dashed line indicates the 
installation site region of the insulating resin, in other Words, 
the installation region Where the semiconductor element is 
installed by means of the insulating resin. 

[0018] FIG. 15(a) through FIG. 15(6) and FIG. 16(a) 
through FIG. 16(e) are cross sectional vieWs each illustrat 
ing a major part of the semiconductor apparatus taken along 
a line B-B‘ in FIG. 14. FIG. 15(a) through FIG. 15(e) 
illustrate steps of installing the semiconductor element on a 
Wire substrate in Patent document 1, Whereas FIG. 16(a) 
through FIG. 16(e) illustrate steps of installing the semi 
conductor element on a Wire substrate in Patent document 2. 

[0019] As shoWn in FIG. 13, FIG. 14, and FIG. 15(a), in 
cases Where the semiconductor element is installed on the 
Wire substrate in accordance With the method described in 
Patent document 1 by using the alignment marks, each of 
alignment marks 1 is provided, for alignment upon connect 
ing protruding electrodes 13 of the semiconductor element 
12 With connecting terminals 2a of Wire patterns 2, outside 
an aperture portion 4a of the solder resist 3. The aperture 
portion 4a is so formed as to surround the connection 
overlap portion of the semiconductor element 12 in a tape 
carrier 10 (insulating tape) used in a Wire substrate 201. 

[0020] Note that the semiconductor apparatus shoWn in 
FIG. 13, FIG. 14, and FIG. 15(a) through FIG. 15(e) has 
aperture portions 4b, Which are parts of an aperture portion 
4‘ of the solder resist 3 and Which are provided in respective 
installation portions of the alignment marks 1. 

[0021] As shoWn in FIG. 14 and FIG. 15(b), a photo 
curable or thermo-curable insulating resin 11 is so applied as 
to cover each connecting terminal 2a. Next, alignment of 
protruding electrodes 13 With the connecting terminals 2a is 
carried out after carrying out detection of each alignment 
mark 1 as indicated by arroWs 14 in FIG. 15(c), and (ii) 
detection of each of alignment marks 5 (see FIG. 14), 
provided on an active face of the semiconductor element 12, 
as indicated by arroWs 15. Thereafter, pressure is applied as 
indicated by arroWs 17 in FIG. 15(a) This pushes out the 
insulating resin 11 provided betWeen the protruding elec 
trode 13 and the connecting terminal 2a, and the insulating 
resin 11 thus pushed out extends to a periphery of the 
semiconductor element 12, and is cured by light irradiation 
or heat application as indicated by arroWs 18 in FIG. 15(e). 
With this, the semiconductor element 12 is ?xed to the Wire 
substrate 201. 

[0022] LikeWise, as shoWn in FIG. 13, FIG. 14, and FIG. 
16(a), in cases Where the semiconductor element is installed 
on the Wire substrate in accordance With the method 
described in Patent document 2 by using the alignment 
marks, each of alignment marks 1 is provided, for alignment 
upon connecting a protruding electrode 13 of the semicon 
ductor element 12 With connecting terminals 2a of Wire 
patterns 2, outside an aperture portion 4a of the solder resist 
3. The aperture portion 4a is so formed as to surround the 
connection-overlap portion of the semiconductor element 12 
on a tape carrier 10 (insulating tape) used for a Wire substrate 
201. 

[0023] Note that, also in this case, the semiconductor 
apparatus has aperture portions 4b, Which are parts of an 
aperture portion 4‘ of the solder resist 3 and Which are 
provided in respective installation portions of the alignment 
marks 1. 
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[0024] As shown in FIG. 14 and FIG. 16(b), a thermo 
curable insulating resin 11 is so applied as to cover each 
connecting terminal 2a. Next, detection of each alignment 
mark 1 is carried out as indicated by arroWs 14 in FIG. 
16(c), and detection of the alignment mark 5 (see FIG. 14) 
provided on the active face of the semiconductor element is 
carried out as indicated by arroWs 15. Then, pressure is 
applied to the semiconductor element 12 With the use of a 
pulse heating tool (not shoWn) in such a manner that, to 
cause the protruding electrodes 13 to be aligned With and in 
contact With the connecting terminals 2a, the insulating resin 
11 on the connecting terminals 2a is pushed out, by the 
applied pressure, to a periphery of the insulating resin 11, as 
indicated by arroWs 17 in FIG. 16(a) Thereafter, under 
application of pressure as indicated by arroWs 19 in FIG. 
16(e), an electric current is applied to the pulse heating tool 
so as to heat and cure the insulating resin 11. This ?xes the 
semiconductor element 12 to the Wire substrate 201, and 
electrically connects each protruding electrode 13 and the 
connecting terminal 2a. 

[0025] HoWever, as described above, each Wire pattern 2 
is required to be provided aWay from such an alignment 
mark 1 provided outside the aperture portion 4a of the solder 
resist 3, i.e., outside the application region of the insulating 
resin 11 in Patent documents 1 and 2. This causes an increase 
in an outer siZe of a semiconductor apparatus obtained by 
employing the COP method. 

[0026] Further, When the insulating resin 11 is applied 
beyond the aperture portion 4a for prevention of exposure of 
the Wire pattern 2 Within the aperture portion 4a, each 
alignment mark 1 is possibly covered partially With the 
insulating resin 11. Such an alignment mark 1 partially 
covered With the insulating resin 11 deteriorates detection 
accuracy of the alignment mark 1 to such a degree that the 
alignment mark 1 cannot be accurately detected. This dete 
riorates the connection position accuracy of the protruding 
electrodes 13 of the semiconductor element 12 and the 
connecting terminals 2a of the Wire patterns 2. 

[0027] What is required to prevent such a positioning 
(alignment) error betWeen the protruding electrodes 13 and 
the connecting terminals 2a is that: the insulating resin 11 
is applied, aWay from the formation region (aperture portion 
4b) of the alignment mark 1 as distant as possible, in order 
not to spread over the alignment mark 1 as shoWn in FIG. 
14; or (ii) the alignment mark 1 is provided as distant as 
possible from the aperture portion 4a of the solder resist 3. 
HoWever, When the alignment mark 1 is provided distantly 
aWay from the aperture portion 4a of the solder resist 3, the 
connection position accuracy is deteriorated and outer siZe 
of the semiconductor apparatus becomes large. MeanWhile, 
When the insulating resin 11 is applied so as not to spread 
over the alignment mark 1, the Wire pattern 2 tends to be 
exposed Within the aperture portion 4a as shoWn in FIG. 14. 

SUMMARY OF THE INVENTION 

[0028] An object of the present invention is to provide a COF type semiconductor apparatus that has good connec 

tion position accuracy of connecting terminals of a semi 
conductor element and connecting terminals of a Wire pat 
tern in a Wire substrate, and that has a small outer shape; (ii) 
a method for manufacturing the semiconductor apparatus; 
(iii) a semiconductor module apparatus; and (iv) a Wire 
substrate suitably used for the semiconductor apparatus. 
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[0029] Another object of the present invention is to pro 
vide a COF type semiconductor apparatus that has good 
connection position accuracy of connecting terminals of a 
semiconductor element and connecting terminals of a Wire 
pattern on a Wire substrate, and that has a small outer shape, 
and that can prevent exposure of the Wire pattern in the 
solder resist; (ii) a method for manufacturing the semicon 
ductor apparatus; (iii) a semiconductor module apparatus; 
and (iv) a Wire substrate suitably used for the semiconductor 
apparatus. 
[0030] To achieve the object, a semiconductor apparatus 
according to the present invention includes: a Wire 
substrate including an insulating substrate on Which a plu 
rality of Wire patterns are provided; and (ii) a semiconductor 
element installed on the Wire substrate With an insulating 
resin interposed therebetWeen, a plurality of connecting 
terminals provided in the semiconductor element being 
electrically connected to connecting terminals of the Wire 
patterns, respectively, Wherein: the insulating substrate has 
mark patterns for alignment of the connecting terminals of 
the semiconductor element and the connecting terminals of 
the Wire patterns, and an entire upper face of each of the 
mark patterns is covered With the insulating resin. 

[0031] With the structure of the semiconductor apparatus, 
the mark pattern has the entire upper face Which is covered 
With the insulating resin, and is provided in the insulating 
substrate of the semiconductor apparatus for the sake of 
alignment of the connecting terminals of the semiconductor 
element With the connecting terminals of the Wire patterns. 
This alloWs prevention of hindrance of detection of the mark 
pattern, and good connection position accuracy of the con 
necting terminals of the semiconductor element and the 
connecting terminals of the Wire pattern. Further, With the 
structure, the mark patterns are not required to be formed, 
e.g., outside the solder resist aperture portion that exposes 
the connecting terminals of the Wire patterns, aWay from the 
solder resist as distant as possible for fear of the hindrance 
of the detection of the mark pattern. Therefore, With the 
structure, the mark patterns can be provided Within or in the 
vicinity of the semiconductor element installation region, 
overlapping With the insulating resin, in the insulating 
substrate. This reduces outer siZe of the semiconductor 
apparatus, and improves freedom in Wiring because the Wire 
patterns are not required to be provided aWay from the mark 
pattern. 
[0032] As such, according to the structure, it is possible to 
provide a COF type semiconductor apparatus having a small 
outer siZe and alloWing good connection position accuracy 
betWeen the connecting terminals of the semiconductor 
element and the connecting terminals of the Wire patterns of 
the Wire substrate. 

[0033] To achieve the object, a semiconductor module 
apparatus according to the present invention includes the 
semiconductor apparatus according to the present invention. 

[0034] With the structure of the semiconductor module 
including the semiconductor apparatus according to the 
present invention, it is possible to provide a semiconductor 
module apparatus using a COF semiconductor apparatus that 
alloWs good connection position accuracy betWeen the con 
necting terminals of the semiconductor element and the 
connecting terminals of the Wire pattern, and that has a small 
outer siZe, and that can prevent exposure of the Wire patterns 
in the solder resist. 
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[0035] The semiconductor apparatus according to the 
present invention is suitably used for a driving apparatus for 
various kinds of semiconductor module apparatus, such as a 
mobile phone, a mobile information terminal, a thin display, 
and a laptop computer. 

[0036] To achieve the object, a method, according to the 
present invention, for manufacturing the semiconductor 
apparatus according to the present invention includes the 
steps of: providing the insulating resin on the insulating 
substrate such that the insulating resin covers an entire 
surface of each of the mark patterns; and (ii) detecting the 
mark patterns via the insulating resin provided on the mark 
patterns, and aligning the connecting terminals of the semi 
conductor element With the connecting terminals of the Wire 
patterns. 

[0037] With the method, the insulating resin is so provided 
as to cover the entire upper face of each mark pattern, and 
detection of the mark patterns is carried out via the insulat 
ing resin thus provided. This alloWs prevention of hindrance 
of detection of the mark pattern, and alignment, With good 
connection position accuracy, of the connecting terminals of 
the semiconductor element and the connecting terminal of 
the Wire pattern. Further, With the method, the mark pattern 
is not required to be formed, e.g., outside the solder resist 
aperture portion that exposes the connecting terminals of the 
Wire patterns, aWay from the solder resist as distant as 
possible for fear of the hindrance of the detection of the 
mark pattern. Therefore, With the method, the mark pattern 
can be provided Within or in the vicinity of the semicon 
ductor element installation region, overlapping With the 
insulating resin, in the insulating substrate. This reduces 
outer siZe of the semiconductor apparatus, and improves 
freedom in Wiring because the Wire patterns are not required 
to be provided aWay from the mark pattern. 

[0038] As such, according to the method, it is possible to 
provide a COF type semiconductor apparatus having a small 
outer siZe and having good connection position accuracy 
betWeen the connecting terminals of the semiconductor 
element and the connecting terminals of the Wire patterns of 
the Wire substrate. 

[0039] To achieve the object, a Wire substrate, according 
to the present invention, for use in the semiconductor 
apparatus according to the present invention includes: the 
mark patterns, for use in alignment of the connecting 
terminals of Wire patterns With (ii) the connecting terminals 
of the semiconductor element to be installed in the insulating 
substrate, the mark patterns being provided Within a solder 
resist aperture portion that exposes the connecting terminals 
of the Wire patterns, the solder resist aperture portion being 
formed in a solder resist covering the Wire patterns provided 
in the insulating substrate. 

[0040] To achieve the object, another Wire substrate, 
according to the present invention, for use in the semicon 
ductor apparatus, according to the present invention, includ 
ing a solder resist aperture portion having a shape, When 
vieWed from above, de?ned by line segments, each of 
Which intersects With the Wire patterns provided in a long 
length direction of the semiconductor element installed in 
the insulating substrate, and each of Which extends along an 
installation site region of the Wire patterns, (ii) line seg 
ments, each of Which intersects With the Wire patterns 
extending in a short length direction of the semiconductor 
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element, and each of Which extends along an installation site 
region of the Wire patterns, and (iii) linkage attaining line 
segments, each of Which connect adjacent line segments of 
the line segments such that the linkage attaining line seg 
ment extends in an inner side With respect to each intersec 
tion point of respective extended lines of the line segments; 
and the mark pattern is formed outside the solder resist 
aperture portion and opposes each of the linkage attaining 
line segments, and the Wire substrate includes: the mark 
patterns for alignment of the connecting terminals of the 
Wire patterns and (ii) the connecting terminals of the semi 
conductor element to be installed in the insulating substrate, 
the mark pattern opposing the respective linkage attaining 
line segments. 

[0041] For alignment of the connecting terminals of the 
semiconductor element installed on the insulating substrate 
and the connecting terminals of the Wire patterns, the Wire 
substrate has the mark patterns Within the solder resist 
aperture portion, exposing the connecting terminals of the 
Wire patterns, of the solder resist covering the Wire patterns 
provided in the insulating substrate. Therefore, according to 
the present invention, it is possible to easily obtain a Wire 
substrate that has the mark patterns in the semiconductor 
element installation region overlapping With the insulating 
resin, Which mark patterns each have the upper face entirely 
covered With the insulating resin. The mark patterns are used 
When installing the semiconductor element in the insulating 
substrate. 

[0042] Moreover, in the present invention, When vieWed 
from above, the solder resist aperture portion has a shape 
de?ned by the line segments, each of Which intersects 
With the Wire patterns provided in a long length direction of 
the semiconductor element, and each of Which extends along 
a provided region of the Wire patterns, (ii) the line segments, 
each of Which intersects With the Wire patterns extending in 
a short length direction of the semiconductor element, and 
each of Which extends along a provided region of the Wire 
patterns, and (iii) the linkage attaining line segments, each of 
Which connect adjacent line segments of the line segments 
such that the linkage attaining line segment extends in an 
inner side With respect to each intersection point of respec 
tive extension lines of the line segments, and the mark 
patterns for alignment of the connecting terminals of the 
semiconductor element and the connecting terminals of the 
Wire patterns are formed outside the solder resist aperture 
portion and oppose the respective linkage attaining line 
segments. Therefore, according to the present invention, it is 
possible to easily obtain a Wire substrate that has the mark 
patterns in the semiconductor element installation region 
overlapping With the insulating resin, Which mark patterns 
each have the upper face entirely covered With the insulating 
resin and are used When installing the semiconductor ele 
ment on the insulating substrate. 

[0043] Therefore, With the structures above, it is possible 
to provide a Wire substrate suitably used for the COP type 
semiconductor apparatus that is according to the present 
invention, and that has a small outer siZe, and that has good 
connection position accuracy betWeen the connecting ter 
minals of the semiconductor element and the connecting 
terminals of the Wire patterns of the Wire substrate. 

[0044] Additional objects, features, and strengths of the 
present invention Will be made clear by the description 
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below. Further, the advantages of the present invention Will 
be evident from the following explanation in reference to the 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0045] FIG. 1 is a plan vieW schematically illustrating a 
structure of a semiconductor apparatus according to an 
embodiment of the present invention. 

[0046] FIG. 2 is a plan vieW schematically illustrating a 
structure of a liquid crystal module in Which the semicon 
ductor apparatus shoWn in FIG. 1 is installed. 

[0047] FIG. 3 is a plan vieW schematically illustrating a 
structure Within a semiconductor element installation region 
in the semiconductor apparatus according to the embodi 
ment of the present invention. 

[0048] FIG. 4 is a cross sectional vieW schematically 
illustrating a major part of the structure of the semiconductor 
apparatus according to the embodiment of the present inven 
tion. 

[0049] FIG. 5(a) through FIG. 5(a) are major part cross 
sectional vieWs illustrating steps of manufacturing the semi 
conductor apparatus shoWn in FIG. 4, respectively. 

[0050] FIG. 6 is a cross sectional vieW schematically 
illustrating a major part of a structure of another semicon 
ductor apparatus according to the embodiment. 

[0051] FIG. 7 is a cross sectional vieW schematically 
illustrating a major part of a structure of still another 
semiconductor apparatus according to the embodiment. 

[0052] FIG. 8 is a cross sectional vieW schematically 
illustrating a major part of a structure of yet another semi 
conductor apparatus according to the embodiment. 

[0053] FIG. 9 is a cross sectional vieW schematically 
illustrating a major part of a structure of still another 
semiconductor apparatus according to the embodiment. 

[0054] FIG. 10 is a cross sectional vieW schematically 
illustrating a major part of a structure of yet another semi 
conductor apparatus according to the embodiment. 

[0055] FIG. 11 is a cross sectional vieW schematically 
illustrating a major part of a structure of still another 
semiconductor apparatus according to the embodiment. 

[0056] FIG. 12 is a cross sectional vieW schematically 
illustrating a major part of a structure of a semiconductor 
apparatus according to another embodiment. 

[0057] FIG. 13 is a plan vieW schematically illustrating a 
structure of a semiconductor apparatus in Which an align 
ment mark is provided outside an aperture portion of a solder 
resist. 

[0058] FIG. 14 is a plan vieW schematically illustrating a 
semiconductor element installation region in the semicon 
ductor apparatus according to the embodiment of the present 
invention. 

[0059] FIG. 15(a) through FIG. 15(e) illustrate steps of 
installing the semiconductor element on the Wire substrate, 
assuming that an alignment mark is used in Patent document 
1. 

Oct. 6, 2005 

[0060] FIG. 16(a) through FIG. 16(e) respectively illus 
trate steps of installing the semiconductor element on the 
Wire substrate, assuming that an alignment mark is used in 
Patent document 2. 

[0061] FIG. 17 is a plan vieW schematically illustrating a 
semiconductor element installation region in a comparative 
semiconductor apparatus. 

[0062] FIG. 18(a) through FIG. 18(a') are major part cross 
sectional vieWs illustrating steps of manufacturing the semi 
conductor apparatus shoWn in FIG. 17. 

DESCRIPTION OF THE EMBODIMENTS 

Embodiment 1 

[0063] One embodiment of the present invention Will be 
described beloW With reference to FIG. 1 through FIG. 11 
and FIG. 18(a) through FIG. 18(a) 

[0064] Note that the present embodiment eXplains a liquid 
crystal module (liquid crystal display apparatus) as an 
eXample of a semiconductor module according to the present 
invention; hoWever, the present invention is not limited to 
this. 

[0065] FIG. 1 is a plan vieW schematically illustrating a 
structure of a semiconductor apparatus according to the 
present embodiment. FIG. 2 is a plan vieW schematically 
illustrating a structure of a liquid crystal module in Which the 
semiconductor apparatus shoWn in FIG. 1 is installed. FIG. 
3 is a plan vieW schematically illustrating a semiconductor 
installation region in the semiconductor apparatus according 
to the present embodiment. FIG. 4 is a cross sectional vieW 
schematically illustrating a major portion of the structure of 
the semiconductor apparatus according to the present 
embodiment. Note that, for ease of explanation, in FIG. 3, 
the semiconductor element is indicated by a chain double 
dashed line, and an installation site region (formation 
region) of an insulating resin is indicated by a broken line 
surrounding the chain double-dashed line. Namely, in FIG. 
3, the region surrounded by the chain double-dashed line is 
an overlap region overlapping With the semiconductor ele 
ment itself. The region surrounded by the broken line 
surrounding the chain double-dashed line is a region on 
Which the insulating resin is provided, i.e., is an installation 
region in Which the semiconductor is installed by using the 
insulating resin. A region sandWiched betWeen the chain 
double-dashed line and the broken line corresponds to a ?llet 
portion (?llet formation portion), Which Will be described 
later. 

[0066] Hereinafter, the present invention assumes that the 
semiconductor installation region is made up of the semi 
conductor overlap region and the ?llet formation region that 
is formed, by the insulating resin, on the periphery of the 
semiconductor overlap region. 

[0067] Further, FIG. 4 is a cross sectional vieW of the 
semiconductor apparatus taken along a line A-A‘ of FIG. 3. 

[0068] As shoWn in FIG. 2, a liquid crystal module 100 
according to the present embodiment has such a structure 
that a semiconductor apparatus 20 according to the present 
embodiment is installed (provided) at an end of a shorter 
length direction of a liquid crystal panel 31. The semicon 
ductor apparatus 20 according to the present embodiment 
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includes a Wire substrate 16 and a semiconductor element 12 
as shown in FIG. 1 and FIG. 2. 

[0069] The semiconductor apparatus 20 includes an output 
terminal 7 and an input terminal 8, each of Which serves as 
an external conductive connector section. The output termi 
nal 7 is provided on one end of the Wire substrate 16, and is 
electrically connected to an external electronic device, i.e., 
to the liquid crystal panel 31 in the present embodiment. The 
input terminal 8 is provided on the other side of the Wire 
substrate 16, and supplies a signal to the semiconductor 
apparatus 20. As shoWn in FIG. 2, the semiconductor 
apparatus 20 is electrically connected to the liquid crystal 
panel 31 via the output terminal 7. 

[0070] The semiconductor apparatus 20 according to the 
present embodiment is a COF type semiconductor apparatus 
(COF), and is connected (bonded) to the liquid crystal panel 
31 via, e.g., an ACF (anisotropic conductive ?lm; not 
shoWn) or the like. 

[0071] An output signal of the semiconductor apparatus 20 
is sent from the output terminal 7 to each signal line of the 
liquid crystal panel 31 via an onboard Wire (connecting Wire; 
not shoWn) provided on a glass substrate 32 Which is a 
component of the liquid crystal panel 31. 

[0072] The semiconductor apparatus 20 is connected to a 
print substrate 41 (Wire substrate) via the input terminal 8. 
Through this input terminal 8, a signal is exchanged and an 
electric poWer is distributed. 

[0073] The semiconductor element 12 controls driving of 
the electronic device in Which the semiconductor apparatus 
is provided. In other Words, in the present embodiment, the 
semiconductor element 12 serves as a liquid crystal driver 
(liquid crystal driving circuit) used for controlling driving of 
the liquid crystal panel 31. The semiconductor element 12 is 
made of, e.g., a silicon Wafer (silicon signal crystal sub 
strate). On the semiconductor element 12, a plurality of 
protruding electrodes 13 (connecting terminals; bumps) 
made of a metal material (conductive material) are provided, 
With a bonding pad (not shoWn) therebetWeen. Each of the 
protruding electrodes 13 is used for input and output, and a 
suitable material thereof is, for example, gold (Au). 

[0074] On the other hand, as shoWn in FIG. 3 and FIG. 4, 
the Wire substrate 16 has such a structure that each of Wire 
patterns 2 (Wires) is provided on a tape carrier 10 (insulating 
tape; insulating substrate), Which is a ?lm substrate (base). 
According to the COP method by Which no aperture portion 
(device hole) for mounting the semiconductor element 12 is 
formed in the tape carrier 10, the semiconductor sensor 12 
is installed (mounted), With its active face doWnWard (face 
doWn), in the Wire substrate 16 such that the protruding 
electrodes 13 provided on the semiconductor element 12 are 
connected to the Wire patterns 2. 

[0075] The tape carrier 10 is a freely foldable and very 
?exible insulating ?lm. For example, the tape carrier 10 is a 
?exible insulating ?lm that mainly consists of an insulating 
material containing plastic such as a polyimide resin and a 
polyester resin. Note that the present embodiment uses a thin 
polyimide base insulating tape as the tape carrier 10; hoW 
ever, the present invention is not limited to this. 

[0076] Moreover, the tape carrier 10 has such a thickness 
that alloWs the tape carrier 10 to be freely foldable, and the 
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thickness is not particularly limited, but generally falls 
Within a range from 15 pm to 40 pm. More speci?cally, the 
thickness of the tape carrier 10 is, e.g., 15 pm, 20 pm, 25 pm, 
38 pm, or 40 pm. 

[0077] Further, the Wire patterns 2 are formed by, e.g., 
Wet-etching a copper foil that is adhered (?xed) to the tape 
carrier 10 and that has a thickness of about 5 pm through 20 
pm. More speci?cally, the Wire patterns 2 (copper foil 
patterns) provided on a surface of the tape carrier 10 has a 
thickness of, e.g., 5 pm, 8 pm, 9 pm, 12 pm, or 18 pm. 
Moreover, the surfaces of the Wire patterns 2 (copper foil 
patterns) are coated With tin, gold, or the like (not shoWn). 

[0078] Further, a solder resist 3 (protecting ?lm) made of 
an insulating resin ?lm (insulating material) such as epoxy 
resin is applied to a pattern exposed portion, Which is a 
region other than the connection region (semiconductor 
element installation region) Where the tape carrier 10 and the 
semiconductor element 12 are connected to each other, and 
(ii) the external conductive connector section (the output 
terminal 7 and the input terminal 8) connected to the liquid 
crystal panel 31, the print substrate 41 (see FIG. 2), and the 
like. The solder resist thus applied protects oxidation of the 
Wire patterns 2, and secures insulation thereof. 

[0079] The solder resist 3 has an aperture portion 4 (solder 
resist aperture portion) having a rectangular shape as shoWn 
in FIG. 3. The aperture portion 4 corresponds to the con 
nection region of the Wire patterns 2 With the semiconductor 
element 12, i.e., to the installation region (connection 
overlap region) of the semiconductor element 12 on the Wire 
substrate 16, more speci?cally, to the overlap region With the 
semiconductor element 12 on the Wire substrate 16 and the 
peripheral region of the overlap region. In the present 
embodiment, alignment mark patterns (hereinafter, referred 
to as “alignment marks”) 1 are provided at four ends (i.e., 
corners) inside the aperture portion 4 of the solder resist 3, 
respectively. Each of the alignment marks 1 is used for 
alignment upon connecting the protruding electrode 13 of 
the semiconductor element 12 to the Wire patterns 2. The 
alignment mark 1 has a substantially cross shape (“+” shape; 
hereinafter, referred to as simply “cross shape”) having line 
segments parallel to edges (sides) of the aperture portion 4, 
respectively. 
[0080] It is preferable that the alignment marks 1 and the 
Wire patterns 2 be made of the same material. This alloWs 
simultaneous formations of the alignment marks 1 and the 
Wire patterns 2. 

[0081] In the present embodiment, the alignment marks 1 
and the Wire patterns 2 are made of the same material 
(copper foil), and have the same height. Moreover, each of 
the alignment marks 1 is provided in each corner in the 
aperture portion, distantly aWay from the Wire pattern 2 so 
as not to make contact With each protruding electrode 13 of 
the semiconductor element 12. 

[0082] In the present embodiment, the alignment is carried 
out in the folloWing manner. That is, the semiconductor 
element 12 is positioned above the alignment mark 1 such 
that a junction of the cross shape of the alignment mark 1 
corresponds to the corresponding corner of the semiconduc 
tor element 12. 

[0083] With this, the semiconductor element 12 is 
installed Within a region surrounded by the junctions of the 
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alignment marks 1, Which are respectively provided in the 
four corners (ends) of the aperture portion 4 formed in the 
Wire substrate 16. The installation is carried out such that the 
protruding electrodes 13 of the semiconductor element 12 
are connected to the respective connecting terminals 2a of 
the Wire patterns 2, by using an insulating resin 11 for 
sealing the loWer face of the semiconductor element 12. A 
speci?c example of the insulating resin 11 is an NCP. 

[0084] In the present embodiment, as shoWn in FIG. 3 and 
FIG. 4, the insulating resin 11 is so provided (formed) as to 
cover each alignment mark 1 and extend outside the aperture 
portion 4 of the solder resist 3. The connection of the Wire 
substrate 16 and the semiconductor element 12 is carried out 
under application of heat and pressure, so that the insulating 
resin 11 betWeen the Wire substrate 16 and the semiconduc 
tor element 12 becomes ?oWable, is pushed out of the space 
betWeen the Wire substrate 16 and the semiconductor ele 
ment 12, extends outWardly With respect to the semicon 
ductor element 12, and is cured. With this, a ?llet portion 
(?n-shaped portion) 11a extending outWardly With respect to 
the semiconductor element 12 is formed on the periphery of 
the semiconductor element 12. 

[0085] A publicly knoWn insulating resin for connecting 
and sealing the semiconductor element 12 can be used as the 
insulating resin 11, and a material (composition) of the resin 
is not particularly limited. Examples of the insulating resin 
11 include: translucent (preferably, transparent) thermo 
curable resins or photo-curable resins such as a UV-curing 
resin. Speci?c examples of the insulating resin 11 include: 
an epoxy resin, a silicone resin, a phenoxy resin, an acrylic 
resin, a polyethersulfone resin (PES resin), and so on. 

[0086] Next, the folloWing description explains a method 
for manufacturing the semiconductor apparatus 20 accord 
ing to the present embodiment, in other Words, a Way of 
installing the semiconductor element 12 on the Wire sub 
strate 16, With reference to FIG. 3, and FIG. 5(a) through 
FIG. 

[0087] FIG. 5(a) through FIG. 5(a) are cross sectional 
vieWs each illustrating a major part of the semiconductor 
apparatus 12 according to the present embodiment, and 
illustrating steps of manufacturing the semiconductor appa 
ratus 12. 

[0088] In the present embodiment, as shoWn in FIG. 3 and 
FIG. 5(a), the alignment marks 1 are provided inside the 
aperture portion 4 of the solder resist 3, the aperture portion 
4 being formed in the connection-overlap region of the 
semiconductor element 12 on the tape carrier 10 of the Wire 
substrate 16, and (ii) the peripheral region of the connection 
overlap region (installation region). The purpose of provid 
ing the alignment marks 1 is for the alignment upon con 
necting the protruding electrodes 13 of the semiconductor 
element 12 and the connecting terminals 2a of the Wire 
patterns 2. 

[0089] The alignment marks 1 and the Wire patterns 2 can 
be made of the same material, and be formed simultaneously 
by the same formation steps. The alignment marks 1 and the 
Wire patterns 2 can be formed by, for example, etching the 
copper foil provided on the tape carrier 10. 

[0090] The folloWing explains the casting method as an 
example of the method for forming the alignment marks 1 
and the Wire patterns 2, in other Words, the method for 
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manufacturing the Wire substrate 16 according to the present 
invention; hoWever, the present invention is not limited to 
this. The alignment marks 1 and the Wire patterns 2 can be 
formed by using a publicly knoWn conventional Wire pattern 
forming method. 
[0091] Firstly in manufacturing the Wire substrate 16 by 
using the casting method, a roughing treatment is carried out 
With respect to a surface of a copper foil, and a polyimide 
precursor solution is applied to the copper foil thus roughed 
up, and then imidiZation of the polyimide precursor solution 
is carried out. This alloWs manufacture of a copper-polyim 
ide layered substrate, in other Words, manufacture of a 
copper-clad base ?lm by layering a copper foil, for use in the 
Wire pattern formation, on a base ?lm (tape carrier 10) made 
of polyimide. Next, a photo sensitive ?lm Which is made of 
an etching resistance material is adhered to the copper foil, 
and exposure and development are carried out With respect 
to a pattern formation region (of the Wire patterns 2 and the 
alignment marks 1) so that the photo sensitive ?lm having 
etching resistance is left only in the pattern formation region, 
and then an etching liquid is sprayed to the surface of the 
copper foil in order to etch and remove the copper foil 
provided in a region other than the pattern formation region. 
Thereafter, the photosensitive ?lm on the layered substrate 
is removed by a chemical such as an organic solvent so that 
the pattern is exposed, With the result that the tape carrier 10 
having the Wire patterns 2 and the alignment marks 1 is 
formed on one surface. Thereafter, the solder resist 3 is 
applied to the pattern formation region excluding a region 
surrounded by the alignment marks 1 in the tape carrier 10. 
With this, the alignment marks 1 are exposed in the region. 
A portion, Which is not covered With the solder resist-3, of 
the Wire pattern 2 Will be used as the connecting terminal 2a. 
Here, at least a surface of each connecting terminal 2a is 
coated With tin or gold. This alloWs acquirement of the Wire 
substrate 16 that has the alignment marks 1 inside the 
aperture portion 4 of the solder resist 3 and that is according 
to the present embodiment. 

[0092] In the present embodiment, the alignment marks 1 
each having a cross shape When vieWed from above are 
provided at the corners inside the aperture portion 4, dis 
tantly aWay from the Wire patterns 2, respectively. 
[0093] Next, as shoWn in FIG. 3 and FIG. 5(b), the 
thermo-curable insulating resin 11 is so applied as to cover 
the connecting terminals 2a. In the present embodiment, the 
insulating resin 11 is applied to inside and outside of the 
aperture portion 4, and is applied to the entire surface of each 
alignment mark 1 such that the alignment mark 1 is Wholly 
covered. 

[0094] A target location for application of the insulating 
resin 11 is determined by detecting the alignment marks 1. 
[0095] The detection of the alignment marks 1 is carried 
out by, e.g., using a detecting mechanism (camera) of a 
commercially available ?ip chip bonder. 
[0096] Next, While detecting the alignment mark 1 as 
indicated by arroWs 14 in FIG. 5(c) and each alignment 
mark 5 (provided on the active face of the semiconductor 
element 12; see FIG. 3) as indicated by arroWs 15, the 
alignment of the connecting terminals 2a and the protruding 
electrodes 13 of the semiconductor element 12 is carried out. 
The detection of the alignment marks 1 is carried out via the 
insulating resin 11 applied to the surface of the alignment 
mark 1. 




















