
US 20030102117A1 

(12) Patent Application Publication (10) Pub. No.: US 2003/0102117 A1 
(19) United States 

Murayama et al. (43) Pub. Date: Jun. 5, 2003 

(54) HEAT RADIATION FIN USING A CARBON (30) Foreign Application Priority Data 
FIBER REINFORCED REsIN As HEAT 
RADIATION PLATES STANDING ON A Jan. 31, 2000 (JP) .................................... .. 2000-021914 
SUBSTRATE 

(76) Inventors: Kei Murayama, Nagano-shi (JP); 
Mitsutoshi Higashi, Nagano-shi (JP); 
Hideaki Sakaguchi, Nagano-shi (JP); 
Hiroko Koike, Nagano-shi (JP) 

Correspondence Address: 
LADAS & PARRY 
224 SOUTH MICHIGAN AVENUE, SUITE 
1200 
CHICAGO, IL 60604 (US) 

(21) Appl. No.: 09/767,432 

(22) Filed: Jan. 23, 2001 

Publication Classi?cation 

(51) Int. Cl? ...................................................... .. F28F 7/00 
(52) Us. 01. ............................................................ .. 165/185 

(57) ABSTRACT 

A heat radiation ?n comprises a substrate having a high 
thermal conductivity and a plurality of heat radiation plates. 
The heat radiation plates are arranged upright on the sub 
strate With predetermined intervals therebetWeen. Each of 
the heat radiation plates is formed of a heat-resistant resin 
containing carbon ?bers. 
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HEAT RADIATION FIN USING A CARBON FIBER 
REINFORCED RESIN AS HEAT RADIATION 

PLATES STANDING ON A SUBSTRATE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to a heat 
radiation ?n, a manufacturing method thereof and a semi 
conductor device and, more particularly, to a technology 
Which can lighten a semiconductor device comprising a 
package structure, such as a BGA (Ball Grid Array) or a 
PGA (Pin Grid Array), and a heat radiation ?n. 

[0003] 2. Description of the Related Art 

[0004] Recently, as a semiconductor element (LSI chip) 
mounted on a package of a semiconductor device has been 
improved to present high performance, the semiconductor 
device is required to operate at high-speed. HoWever, as the 
speed increases, a larger heat is produced during a circuit 
operation, causing an inconvenience of decreased reliability 
of the circuit operation. 

[0005] As a countermeasure to this, a typical semiconduc 
tor device according to a conventional technology has a heat 
radiation structure to emit a heat generated from the semi 
conductor chip to the exterior of the package. FIG. 1A to 
FIG. 1C shoW examples of semiconductor devices having 
this structure. 

[0006] FIG. 1A is an illustration of a structure of a 
semiconductor device comprising: a plastic BGA (package) 
having an interconnection substrate formed of a resin (plas 
tic) and a metal bump formed thereon as an external con 
nection terminal; and a semiconductor chip, of not remark 
ably high performance and of a currently mass-produced 
type, mounted on the plastic BGA. FIG. 1B is an illustration 
of a structure of a semiconductor device comprising: a 
plastic BGA (package) having an interconnection substrate 
formed of a resin (plastic) and a metal bump formed thereon 
as an external connection terminal; and a semiconductor 
chip, faster and more poWer-consuming than the semicon 
ductor chip shoWn in FIG. 1A, mounted on the plastic BGA. 
FIG. 1C is an illustration of a structure of a semiconductor 
device comprising: a plastic BGA (package) having an 
interconnection substrate formed of a resin (plastic) and a 
metal bump formed thereon as an external connection ter 
minal; and a semiconductor chip, of even higher perfor 
mance than the semiconductor chip shoWn in FIG. 1B, 
mounted on the plastic BGA. 

[0007] In FIG. 1A, a semiconductor chip 2 is mounted on 
one surface of an interconnection substrate 1 so that a 

surface of the semiconductor chip 2 opposite to a side Where 
an electrode terminal of the semiconductor chip 2 is formed 
is bonded on the surface of the interconnection substrate 1. 
The electrode terminal of the semiconductor chip 2 is 
electrically connected to an interconnection pattern formed 
on the interconnection substrate 1 in a predetermined man 
ner through a bonding Wire 3. A sealing resin 4 covers and 
seals the semiconductor chip 2 and the bonding Wire 3. On 
the other surface of the interconnection substrate 1 is formed 
a solder bump 5 Which is used as an external connection 
terminal for the semiconductor chip 2. Also, on the other 
surface of the interconnection substrate 1 is formed a solder 
bump 6 Which is used as a terminal to radiate heat generated 
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from the semiconductor chip 2. The heat radiation terminal 
(solder bump 6) penetrates through the interconnection 
substrate 1 and is thermally connected to the semiconductor 
chip 2. LikeWise, though not particularly shoWn in the 
?gure, the external connection terminal (solder bump 5) 
penetrates through the interconnection substrate 1 and is 
electrically connected to the interconnection pattern formed 
on the interconnection substrate 1. 

[0008] With respect to the semiconductor device shoWn in 
FIG. 1A, the interconnection pattern may be formed on both 
surfaces of the interconnection substrate 1, providing a 
tWo-layer structure. HoWever, such a tWo-layer structure is 
still not adequate for a semiconductor chip requiring a 
further high-speed operation to be mounted thereon. 

[0009] In the semiconductor device shoWn in FIG. 1B, to 
adapt to such a high-speed operation, an interconnection 
substrate 1a is constructed to have a four-layer structure 
Which may achieve an inhibition of a sWitching noise during 
a circuit operation in a semiconductor chip 2a and a decrease 
in thermal resistance. This structure also has the heat radia 
tion terminal (solder bump 6) as a heat radiation structure to 
radiate heat generated from the semiconductor chip 2a. 

[0010] In the semiconductor device shoWn in FIG. 1C, to 
adapt to even higher performance, an interconnection sub 
strate 1b is constructed to have a six-layer structure. A heat 
spreader 7, Which is a highly thermally conductive metal 
plate, such as copper (Cu) or aluminum (Al), is bonded on 
the backside (the opposite surface to Where an electrode 
terminal of a semiconductor chip 2b is formed) of the 
semiconductor chip 2b placed inside a cavity formed in a 
middle part of the interconnection substrate 1b so as to 
further reduce the thermal resistance. Still more, a heat sink 
8 formed of a material such as a metal or a ceramic, is 
mounted on the heat spreader 7 so as to enhance a heat 
radiation effect. In the semiconductor device shoWn in FIG. 
1C, heat radiation ?ns composing the heat sink 8 protrude in 
directions parallel to a surface of the interconnection sub 
strate 1b. The electrode terminal of the semiconductor chip 
2b bonded to the heat spreader 7 is electrically connected to 
an interconnection pattern formed on each layer of the 
interconnection substrate 1b through a bonding Wire 3a. A 
sealing resin 4a covers and seals the semiconductor chip 2b 
and the bonding Wire 3a. 

[0011] The above-mentioned semiconductor devices 
according to the conventional technology have disadvan 
tages. For example, in the structures shoWn in FIG. 1A and 
FIG. 1B, the heat generated from the semiconductor chip 2 
or 2a is only radiated from the underside of the package 
(interconnection substrate 1 or interconnection substrate 1a) 
through a limited number of the heat radiation terminals 
(solder bumps 6). Thus, these structures shoWn in FIG. 1A 
and FIG. 1B are not suf?cient in terms of heat radiation 
effect. 

[0012] To solve this problem, the number of the heat 
radiation terminals 6 may be increased, as a countermeasure. 
HoWever, since the package is constructed in a speci?ed 
siZe, the increase in number of the heat radiation terminals 
6 leads to a relative decrease in number of the external 
connection terminals (solder bumps 5), Which poses more 
serious problems on the semiconductor devices. Consequen 
tially, the number of the heat radiation terminals 6 is limited, 
undermining this countermeasure. 
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[0013] On the other hand, in the structure shown in FIG. 
1C, since the heat radiation structures (heat spreader 7 and 
heat sink 8) are thermally connected With the semiconductor 
chip 2b, the heat generated from the semiconductor chip 2b 
is effectively radiated from the upper side of the package 
(interconnection substrate 1b) through these heat radiation 
structures 7 and 8. The heat generated from the semicon 
ductor chip 2b is also radiated from the underside of the 
package (interconnection substrate 1b) through the sealing 
resin 4a and air betWeen the sealing resin 4a and a mounting 
substrate, such as a motherboard (not shoWn in the ?gure). 
Therefore, this structure shoWn in FIG. 1C is advantageous 
in terms of the heat radiation effect, compared to the 
structures shoWn in FIG. 1A and FIG. 1B. 

[0014] HoWever, this structure shoWn in FIG. 1C also has 
a disadvantage. That is, since a metal plate, such as copper 
(Cu) or aluminum (Al), or a material such as a ceramic is 
used as the heat radiation structures (heat spreader 7 and heat 
sink 8), the Whole package becomes relatively heavy. Espe 
cially When considering the recently increasing needs 
toWard lightening of the semiconductor packages, this dis 
advantage still has to be improved. 

SUMMARY OF THE INVENTION 

[0015] It is a general object of the present invention to 
provide an improved and useful heat radiation ?n, a manu 
facturing method thereof and a semiconductor device in 
Which the above-mentioned problems are eliminated. 

[0016] Amore speci?c object of the present invention is to 
provide a heat radiation ?n and a semiconductor device 
Which ?n and device can be lightened While maintaining an 
expected heat radiation effect, and a manufacturing method 
thereof. 

[0017] In order to achieve the above-mentioned objects, 
there is provided according to one aspect of the present 
invention a heat radiation ?n comprising: 

[0018] a substrate having a high thermal conductiv 
ity; and 

[0019] a plurality of heat radiation plates arranged 
upright on the substrate With predetermined intervals 
therebetWeen, 

[0020] Wherein each of the heat radiation plates is 
formed of a heat-resistant resin containing carbon 
?bers. 

[0021] According to the present invention, the heat-resis 
tant molded resin containing carbon ?bers is used as the 
plurality of the heat radiation plates arranged upright on the 
substrate. Therefore, While the expected heat radiation effect 
is maintained, the semiconductor device can be lightened, 
compared to the conventional technology Which uses such a 
material as a metal plate, such as a Cu or Al plate, as a heat 
radiation structure. 

[0022] Other objects, features and advantages of the 
present invention Will become more apparent from the 
folloWing detailed description When read in conjunction 
With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1A is an illustration for explaining problems 
of a semiconductor device comprising a heat radiation 
structure according to a conventional technology; 
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[0024] FIG. 1B is an illustration for explaining problems 
of another semiconductor device comprising a heat radiation 
structure according to the conventional technology; 

[0025] FIG. 1C is an illustration for explaining problems 
of still another semiconductor device comprising a heat 
radiation structure according to the conventional technol 
ogy; 

[0026] FIG. 2 is a perspective vieW of a structure of a heat 
radiation ?n according to an embodiment of the present 
invention; 
[0027] FIG. 3A is a plan vieW of a structure of carbon 
?bers of a CFRP (a heat radiation plate) shoWn in FIG. 2; 

[0028] FIG. 3B is a cross-sectional vieW of the structure 
taken along a line III-III in FIG. 3A; 

[0029] FIG. 4 is a cross-sectional vieW shoWing steps of 
a manufacturing method of the heat radiation ?n shoWn in 
FIG. 2; 

[0030] FIG. 5 is a cross-sectional vieW shoWing steps of 
another manufacturing method of the heat radiation ?n 
shoWn in FIG. 2; 

[0031] FIG. 6 is a cross-sectional vieW of a structure of a 
semiconductor device comprising the heat radiation ?n 
shoWn in FIG. 2; and 

[0032] FIG. 7 is a cross-sectional vieW of a structure of 
another semiconductor device comprising the heat radiation 
?n shoWn in FIG. 2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0033] A description Will noW be given, With reference to 
the draWings, of embodiments according to the present 
invention. 

[0034] FIG. 2 is a perspective vieW of a structure of a heat 
radiation ?n according to an embodiment of the present 
invention. 

[0035] The heat radiation ?n 10 according to the present 
embodiment is characteriZed in that a plurality (?ve in FIG. 
2) of heat radiation plates 12 in the form of a sheet are 
arranged to stand in an array on a substrate 11, having a 
relatively good thermal conductivity, so that a surface of 
each of the heat radiation plates 12 faces a surface of another 
of the heat radiation plates 12 With an interval in betWeen. 
Each of the heat radiation plates 12 is formed of a heat 
resistant molded resin containing carbon ?bers. Such a resin 
reinforced With carbon ?bers is referred to as a CFRP 
(Carbon Fiber Reinforced Plastic) hereinafter. 

[0036] In the present embodiment, When each of the heat 
radiation plates 12 is arranged to stand on the substrate 11, 
a portion of each of the heat radiation plates 12 on one end 
is bent so that each of the heat radiation plates 12 has an 
L-shape. Then the shorter bent portion is bonded to the 
substrate 11. 

[0037] Used as the heat radiation plate 12 is an adhesive 
sheet hardened through heating and pressuriZing processes, 
Which processes harden a semihard adhesive sheet in a 
B-stage (i.e., a CFRP in the form of a prepreg) formed by 
impregnating a reinforcing material, such as a PAN-based 
carbon ?ber based on a polyacrylonitrile (PAN) or a pitch 
based carbon ?ber based on a pitch obtained in distilling 
such a material as a coal tar, With a thermosetting resin such 
as an epoxy resin. It should be noted that FIG. 2 to FIG. 7 
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show the heat radiation plates 12 (the molded and hardened 
CFRP) as having an emphatically exaggerated thickness. 

[0038] On the other hand, a metal plate such as a Cu or an 
Al plate can be used as the substrate 11 having a relatively 
good thermal conductivity. Alternatively, the same material 
as the heat radiation plate 12 (i.e., the molded and hardened 
CFRP) can be used as the substrate 11. As mentioned 
hereinafter, When the heat radiation ?n 10 according to the 
present embodiment is eXpected to eXert a further heat 
radiation effect, the metal plate is preferred to be used as the 
substrate 11. On the other hand, When the heat radiation ?n 
10 is eXpected to be lightened further, the CFRP is preferred 
to be used. 

[0039] The heat radiation plate 12 in the form of a sheet 
(i.e., the molded and hardened CFRP) is devised to radiate 
heat effectively. FIG. 3A and FIG. 3B shoW an eXample of 
this. 

[0040] FIG. 3A is a plan vieW of a structure of carbon 
?bers of the CFRP (the heat radiation plate 12). FIG. 3B is 
a cross-sectional vieW of the structure taken along a line 
III-III in FIG. 3A. 

[0041] A reinforcing material of the CFRP (the heat radia 
tion plate 12) is formed by Weaving carbon ?bers so that the 
carbon ?bers eXtend in directions X and y, as shoWn in FIG. 
3A and FIG. 3B. The directions X and y are parallel to a 
surface of the heat radiation plate 12 arranged to stand on the 
substrate 11. In a case of using, for eXample, the PAN -based 
carbon ?ber as the carbon ?ber, a coef?cient of thermal 
conductivity in the directions X and y is 40 to 45 W/m~K. On 
the other hand, a coef?cient of thermal conductivity in a 
direction Z perpendicular to the directions X and y (i.e., a 
direction parallel to a surface of the substrate 11) is merely 
1 to 2 W/m-K. That is, the coef?cient of thermal conductivity 
in the directions X and y, in Which the carbon ?bers eXtend, 
is relatively large. Therefore, by Weaving the carbon ?bers 
so that the carbon ?bers eXtend in the directions X and y as 
shoWn in FIG. 3A and FIG. 3B, the heat radiation plate 12 
can radiate heat effectively. 

[0042] It should be noted that, although the carbon ?bers 
are Woven so that the carbon ?bers eXtend in both of the 
directions X and y in FIG. 3A and FIG. 3B, the carbon ?bers 
may be Woven so that the carbon ?bers eXtend in either of 
the directions X or y. Further, the carbon ?bers may be 
Woven so that the carbon ?bers eXtend in an arbitrary 
direction in a plane X and y. HoWever, to achieve further 
effective heat radiation, it is preferred that the carbon ?bers 
be Woven so that the carbon ?bers eXtend only in directions 
perpendicular to a surface of the substrate 11. 

[0043] The heat radiation ?n 10 according to the present 
embodiment is mounted on various types of semiconductor 
devices When used, as speci?cally eXplained hereinafter. 
When mounted and used, since the heat radiation ?n 10 
according to the present embodiment comprises a plurality 
of CFRPs in the form of a sheet used as the heat radiation 
plate 12 to radiate heat generated from a semiconductor 
device (speci?cally, a semiconductor chip), While the 
eXpected heat radiation effect is maintained, the heat radia 
tion ?n 10 can be largely lightened, compared to the 
conventional technology shoWn in FIG. 1C Which uses such 
a material as a metal plate, such as a Cu orAl plate, as a heat 
radiation structure. 

[0044] In addition, since the carbon ?bers of the CFRP 
(the heat radiation plate 12) are Woven so that the carbon 
?bers eXtend in the directions X and y (i.e., the directions 
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parallel to a surface of the heat radiation plate 12) in Which 
the coefficient of thermal conductivity is relatively large, the 
heat can be effectively radiated. 

[0045] Although the heat radiation ?n 10 according to the 
embodiment shoWn in FIG. 2 comprises a plurality of the 
heat radiation plates 12 in the form of a sheet arranged to 
stand in an array on the substrate 11 so that a surface of each 
of the heat radiation plates 12 faces a surface of another of 
the heat radiation plates 12 With an interval in betWeen, 
arrangements of the heat radiation plates 12 are not limited 
to this embodiment. As apparent from the essence of the 
present invention, a plurality of the heat radiation plates 12 
in the form of a sheet do not necessarily have to be arranged 
to stand in an array so that a surface of each of the heat 
radiation plates 12 faces a surface of another of the heat 
radiation plates 12. Aplurality of the heat radiation plates 12 
in the form of a sheet only have to be arranged to stand on 
the substrate 11 With an interval in betWeen. 

[0046] A shape of the heat radiation plate 12 is not limited 
to this embodiment, either. For eXample, each of the heat 
radiation plates 12 may be as narroW as possible in Width so 
that a plurality of the heat radiation plates 12 have a form of 
strips or needles. Alternatively, at least one of the heat 
radiation plates 12 may have an opening 12b so as to 
enhance the heat radiation effect further. 

[0047] NeXt, a description Will be given, With reference to 
FIG. 4, of an eXample of manufacturing the heat radiation 
?n 10 according to the present embodiment. 

[0048] In the ?rst step, shoWn in FIG. 4-(A), a predeter 
mined number of CFRPs 12a in the form of a prepreg, each 
having a rectangular shape and a predetermined size (for 
eXample, 20 mm><15 mm), are prepared. A thickness of each 
of the CFRPs 12a in the form of a prepreg is selected to be, 
for eXample, approXimately 100 pm. 

[0049] Each of the CFRPs 12a is formed, for eXample, by 
cutting a CFRP in predetermined length units, as shoWn by 
broken lines in FIG. 4-(A), in the course of unrolling a roll 
(not shoWn in the ?gure) of the CFRP rolled up beforehand 
in a predetermined Width and carrying in the unrolled CFRP, 
as shoWn by an arroW in FIG. 4-(A). 

[0050] A reinforcing material of the CFRP 12a is formed 
by Weaving carbon ?bers so that the carbon ?bers eXtend in 
a plurality of directions parallel to a surface of the CFRP (the 
directions X and y shoWn in FIG. 3A and FIG. 3B). 

[0051] In the neXt step, shoWn in FIG. 4-(B), by using a 
holding device 21, the CFRPs 12a each in the form of a 
prepreg are arranged in an array so that a surface of each of 
the CFRPs 12a faces a surface of another of the CFRPs 12a 
With an interval in betWeen. Thereafter, an end portion of 
each of the CFRPs 12a is bent, as shoWn by arroWs in FIG. 
4-(B), so that each of the CFRPs 12a has an L-shape. 

[0052] To perform this step, the holding device 21 com 
prises a plurality of L-shaped slots (inversely L-shaped in 
FIG. 4), formed at predetermined intervals, in order to hold 
the CFRPs 12a. Each of the slots is selected to be, for 
eXample, 100 pm in Width, 10 mm in depth and 20 mm in 
length, approXimately. The interval is selected from the 
range of, for eXample, 2 to 5 mm. Therefore, When a CFRP 
12a having a siZe of 20 mm><15 mm is put into each of the 
slots of the holding device 21, a portion (20 mm><5 mm) of 
the CFRP 12a protrudes from an upper surface of the 
holding device 21. Bending this shorter portion, for 
eXample, by hand, provides the L-shaped CFRPs 12a 
arranged at the predetermined intervals, as shoWn in FIG. 
4-(B). 
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[0053] In the ?nal step, shown in FIG. 4-(C), by using the 
holding device 21 holding the L-shaped CFRPs 12a and a 
mold 22 having a shape corresponding to an outline as seen 
from the side of the substrate 11, each of the CFRPs in the 
form of a prepreg is molded and bonded to the substrate 11. 

[0054] That is, a CFRP 11a in the form of a prepreg to 
form the substrate 11 is placed upon the shorter bent portions 
of the L-shaped CFRPs 12a. Then, the L-shaped CFRPs 12a 
and the CFRP 11a are pressuriZed from above as shoWn by 
an arroW in FIG. 4-(C) by using the mold 22, While being 
heated at a temperature of approximately 150° C. Thereby, 
the L-shaped CFRPs 12a and the CFRP 11a (the substrate 
11) are molded and hardened, and each of the L-shaped 
CFRPs 12a is bonded to the substrate 11. It should be noted 
that the CFRP 11a (the substrate 11) is selected to be, for 
example, ZOO-pm thick approximately. 

[0055] Thereafter, the substrate 11 bonded to the molded 
and hardened CFRPs (the heat radiation plates 12 in the form 
of a sheet) is retrieved from the holding device 21 and the 
mold 22. This ?nishes the manufacturing of the heat radia 
tion ?n 10 (shoWn in FIG. 2) according to the present 
embodiment. 

[0056] In the manufacturing method shoW in FIG. 4, a 
predetermined number of the CFRPs 12a in the form of a 
prepreg are arranged in the holding device 21 and the end 
portion of each of the CFRPs 12a is bent so that each of the 
CFRPs 12a has an L-shape. Thereafter, the CFRP 11a in the 
form of a prepreg to form the substrate 11 is placed upon the 
shorter bent portions of the L-shaped CFRPs 12a. Then the 
L-shaped CFRPs 12a and the CFRP 11a are molded and 
hardened by heating and pressuriZing, and each of the 
L-shaped CFRPs 12a (the heat radiation plates 12) is bonded 
to the substrate 11, ?nishing the manufacturing of the heat 
radiation ?n 10. HoWever, a manufacturing method of the 
heat radiation ?n 10 is not limited to this embodiment. 

[0057] For example, after each of the CFRPs 12a is 
molded and hardened to an L-shape as seen from the side, 
each of the CFRPs 12a may be mounted on the substrate 11 
(the CFRP 11a in the form of a prepreg) and then bonded to 
the substrate 11 through heating and pressuriZing. FIG. 5 
shoWs an example of this manufacturing method. 

[0058] In the ?rst step, shoWn in FIG. 5-(A), a predeter 
mined number of CFRPs 12a in the form of a prepreg, each 
having a rectangular shape and a predetermined siZe, are 
prepared, as the step shoWn in FIG. 4-(A). 

[0059] In the next step shoWn in FIG. 5-(B), the CFRP 
12a in the form of a prepreg is molded by using an under 
mold 23 and an upper mold 24 having a shape corresponding 
to an outline (L-shape) of the heat radiation plate 12 as seen 
from the side. That is, the CFRP 12a is placed on the under 
mold 23 and pressuriZed from above as shoWn by an arroW 
in FIG. 5-(B) by using the upper mold 24, While being 
heated at a temperature of approximately 150° C. Thereby, 
the CFRP 12a is molded and hardened in the L-shape. 
Thereafter, the molded and hardened CFRP 12a (the heat 
radiation plate 12) is retrieved from the under mold 23 and 
the upper mold 24. 

[0060] In the ?nal step shoWn in FIG. 5-(C), each of the 
heat radiation plates 12 is mounted in an array on a CFRP 
11a in the form of a prepreg forming the substrate 11 so that 
the shorter bent portion of each of the L-shaped heat 
radiation plates 12 faces doWnWard and that a surface of the 
longer portion of each of the heat radiation plates 12 faces 
a surface of the longer portion of another of the heat 

Jun. 5, 2003 

radiation plates 12 With an interval in betWeen. Then, the 
CFRP 11a is hardened and molded by heating and pressur 
iZing by using devices, such as a holding device and a mold, 
(not shoWn in the ?gures), and each of the heat radiation 
plates 12 is bonded to the substrate 11. 

[0061] In the manufacturing method shoWn in FIG. 5, 
after each of the CFRPs 12a in the form of a prepreg is 
molded and hardened into an L-shape, each of the heat 
radiation plates 12 (the CFRPs 12a) is mounted and bonded 
on the substrate 11 (the CFRP 11a in the form of a prepreg). 
HoWever, each of the CFRPs 12a in the form of a prepreg 
does not necessarily have to be molded and hardened into 
the L-shape. For example, though not speci?cally shoWn in 
the ?gures, each of the CFRPs 12a may be molded and 
hardened in the form of a ?at sheet as it original is (that is, 
not molded into the L-shape). Then, each of the hardened 
CFRPs (the heat radiation plates) in the form of a ?at sheet 
is mounted on the substrate 11 (the CFRP 11a in the form of 
a prepreg) in an array With an interval in betWeen by 
thrusting an end portion of each of the heat radiation plates 
into the substrate 11. Then, each of the heat radiation plates 
may be bonded to the substrate 11 by heating and pressur 
iZing. 
[0062] The heat radiation ?n 10 according to the present 
embodiment can be preferably mounted on various types of 
semiconductor devices. FIG. 6 and FIG. 7 shoW examples 
of this structure. 

[0063] A semiconductor device 30 shoWn in FIG. 6 com 
prises a PGA-type package 31 having a cavity-doWn struc 
ture; a semiconductor chip 32 mounted on the package 31; 
and the heat radiation ?n 10 mounted on the backside (i.e., 
the upper side in FIG. 6) of the semiconductor chip 32. 
HoWever, the heat radiation ?n 10 shoWn in FIG. 6 com 
prises seven heat radiation plates 12 formed on the substrate 
11, unlike the ?ve plates of the heat radiation ?n 10 shoWn 
in FIG. 2. 

[0064] The package 31 comprises: a multilayer intercon 
nection structure having a cavity formed in the middle part; 
a metal plate 33 formed on one surface of the multilayer 
interconnection structure to be used as a heat radiation plate 
or a reinforcing plate; and pins 34 formed in a grid on the 
other surface of the multilayer interconnection structure to 
be used as external connection terminals. The pins (external 
connection terminals) 34 are used to mount the semicon 
ductor device 30 on a mounting substrate such as a moth 
erboard. 

[0065] The semiconductor chip 32 is placed in the cavity 
formed in the middle part of the package 31. Aback surface 
(an opposite surface to a surface on Which an electrode 
terminal of the semiconductor chip 32 is formed) of the 
semiconductor chip 32 is bonded to the metal plate 33. 
Further on the metal plate 33 is mounted the heat radiation 
?n 10. The electrode terminal of the semiconductor chip 32 
is electrically connected to an interconnection pattern 
formed in each of interconnection layers of the package 31 
through a bonding Wire 35. A sealing resin 36 covers and 
seals the semiconductor chip 32 and the bonding Wire 35. 

[0066] It should be noted that, When the back surface (the 
opposite surface to the surface on Which the electrode 
terminal of the semiconductor chip 32 is formed) of the 
semiconductor chip 32 is exposed, the heat radiation ?n 10 
may be mounted directly on the back surface. 

[0067] A semiconductor device 40 shoWn in FIG. 7 com 
prises a BGA-type package 41 using a TAB technology; a 
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semiconductor chip 42 mounted on the package 41; and the 
heat radiation ?n 10 mounted on the backside (i.e., the upper 
side in FIG. 7) of the semiconductor chip 42. As With the 
heat radiation ?n 10 shoWn in FIG. 6, the heat radiation ?n 
10 shoWn in FIG. 7 comprises seven heat radiation plates 12 
formed on the substrate 11. 

[0068] The package 41 comprises: a metal plate 43 used as 
a heat radiation plate or a reinforcing plate on Which the heat 
radiation ?n 10 is mounted; a ?xing plate 44 supporting the 
entire package 41; an adhesive 45a bonding a back surface 
(an opposite surface to a surface on Which an electrode 
terminal 42a is formed) of the semiconductor chip 42 to the 
metal plate 43; an adhesive 45b bonding the ?xing plate 44 
to the metal plate 43; a TAB tape 46 (formed of a polyimide 
resin ?lm and a copper (Cu) foil patterned on both surfaces 
thereof) used as an interconnection substrate; and an adhe 
sive 47 bonding the TAB tape 46 to the ?xing plate 44. 

[0069] It should be noted that, When the back surface (the 
opposite surface to the surface on Which the electrode 
terminal 42a is formed) of the semiconductor chip 42 is 
exposed, the heat radiation ?n 10 may be mounted directly 
on the back surface. 

[0070] The semiconductor chip 42 is mounted on the 
package 41 by ?ip chip bonding so that the electrode 
terminal 42a thereof is electrically connected to a Wiring 
pattern of the TAB tape 46. An under?ll agent 48 ?lls a gap 
betWeen the semiconductor chip 42 and the TAB tape 46. A 
solder bump (external connection terminal) 49 is electrically 
connected to the electrode terminal 42a of the semiconduc 
tor chip 42 via a through hole formed at a predetermined 
position of the TAB tap 46. 

[0071] The present invention is not limited to the speci? 
cally disclosed embodiments, and variations and modi?ca 
tions may be made Without departing from the scope of the 
present invention. 

[0072] The present application is based on Japanese pri 
ority application No. 2000-021914 ?led on Jan. 31, 2000, 
the entire contents of Which are hereby incorporated by 
reference. 

What is claimed is: 
1. A heat radiation ?n comprising: 

a substrate having a high thermal conductivity; and 

a plurality of heat radiation plates arranged upright on 
said substrate With predetermined intervals therebe 
tWeen, 

Wherein each of said heat radiation plates is formed of a 
heat-resistant resin containing carbon ?bers. 

2. The heat radiation ?n as claimed in claim 1, Wherein 
said carbon ?bers are Woven so that the carbon ?bers extend 
in a plurality of directions parallel to a surface of each of said 
heat radiation plates. 

3. The heat radiation ?n as claimed in claim 1, Wherein 
said carbon ?bers are Woven so that the carbon ?bers extend 
in a plurality of directions parallel to a surface of each of said 
heat radiation plates and perpendicular to a surface of said 
substrate. 

4. The heat radiation ?n as claimed in claim 1, Wherein 
said substrate is formed of a heat-resistant resin containing 
carbon ?bers. 

5. The heat radiation ?n as claimed in claim 1, Wherein 
said substrate is a metal plate formed of one of copper and 
aluminum. 
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6. The heat radiation ?n as claimed in claim 1, Wherein 
said heat radiation plates are arranged upright in an array so 
that surfaces of said heat radiation plates oppose each other. 

7. The heat radiation ?n as claimed in claim 1, Wherein at 
least one of said heat radiation plates has an opening formed 
therein. 

8. A manufacturing method of a heat radiation ?n, the 
method comprising the steps of: 

preparing a plurality of heat-resistant resin members each 
having a rectangular shape and a predetermined siZe in 
a form of a prepreg containing carbon ?bers; 

arranging said heat-resistant resin members With prede 
termined intervals therebetWeen and bending a portion 
of each of said heat-resistant resin members so that 
each of said heat-resistant resin members has a shorter 
portion and a longer portion forming an L-shape; and 

placing a substrate having a high thermal conductivity on 
said shorter portion and bonding said shorter portion to 
said substrate by heating and pressuriZing. 

9. A manufacturing method of a heat radiation ?n, the 
method comprising the steps of: 

preparing a plurality of heat-resistant resin members each 
having a rectangular shape and a predetermined siZe in 
a form of a prepreg containing carbon ?bers; 

molding each of said heat-resistant resin members by 
heating and pressuriZing so that each of said heat 
resistant resin members has a shorter portion and a 
longer portion forming an L-shape; and 

placing each of said heat-resistant resin members on a 
substrate having a high thermal conductivity With pre 
determined intervals therebetWeen so that said shorter 
portion faces said substrate, and bonding said shorter 
portion to said substrate by heating and pressuriZing. 

10. A manufacturing method of a heat radiation ?n, the 
method comprising the steps of: 

preparing a plurality of heat-resistant resin members each 
having a rectangular shape and a predetermined siZe in 
a form of a prepreg containing carbon ?bers; 

molding each of said heat-resistant resin members; and 

placing each of said heat-resistant resin members on a 
substrate having a high thermal conductivity With pre 
determined intervals therebetWeen by thrusting a por 
tion of each of said heat-resistant resin members into 
said substrate, and bonding each of said heat-resistant 
resin members to said substrate by heating and pres 
suriZing. 

11. A semiconductor device comprising: 

a semiconductor element; and 

a heat radiation ?n provided on a side opposite to a 
surface of said semiconductor element on Which an 
electrode terminal is formed, 

Wherein said heat radiation ?n comprises: 

a substrate having a high thermal conductivity; and 

a plurality of heat radiation plates arranged upright on 
said substrate With predetermined intervals therebe 
tWeen, 

Wherein each of said heat radiation plates is formed of 
a heat-resistant resin containing carbon ?bers. 

* * * * * 


