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(57) ABSTRACT 
A semiconductor device is provided with a base member 
having a front Surface and a plurality of semiconductor chips 
provided on the front Surface and each having a longside and 
a short side, the plurality of semiconductor chips being 
aligned so that the long sides are faced with each other. The 
plurality of semiconductor chips are provided diagonally, 
respectively, so that the adjacent semiconductor chips are 
inclined to the same side in a planer view of the front surface. 
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SEMCONDUCTORDEVICE AND AMETHOD 
FOR MANUFACTURING SEMCONDUCTOR 

DEVICE 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a semiconductor 
device and a method for manufacturing a semiconductor 
device. 
0003 2. Background Art 
0004 As described in Japanese Patent Laid-Open No. 
2008-244295, for example, a semiconductor device in which 
a plurality of semiconductor chips are mounted so as to be 
aligned in a V-shape in a planar view has been known. More 
over, as described in Japanese Patent Laid-Open No. 2000 
174199, for example, a semiconductor device in which a 
semiconductor chip is mounted on a metal block with a 
V-shaped groove portion provided so as to be inclined in a 
V-shape on a sectional view has been known. 
0005. However, if the plurality of semiconductor chips are 
aligned in a V-shape in a planer view as in the above-described 
prior arts, portions close to each other and portions apart from 
each other are generated in the adjacent semiconductor chips. 
Thus, there was a problem that temperatures of the semicon 
ductor chips become ununiform. 
0006 Moreover, if a metal block in which the V-shaped 
groove portion is provided is used as in the above-described 
prior art, there was a problem that a work of mounting the 
semiconductor chip on the metal block is difficult. 

SUMMARY OF THE INVENTION 

0007. The present invention was made in order to solve the 
above-described problem and has an object to provide a semi 
conductor device which is reduced in size and improved so 
that the temperatures among the plurality of semiconductor 
chips are brought close to uniformity. 
0008 Another object of the present invention is to provide 
a semiconductor device which can realize size reduction of 
the semiconductor device by a simpler manufacturing 
method and a method for manufacturing a semiconductor 
device. 
0009. A semiconductor device according to a first aspect 
of the present invention includes a base member having a 
front Surface, a wall portion, a first semiconductor chip, and a 
second semiconductor chip. The wall portion is provided on 
the front Surface, and includes a first inner wall Surface and a 
second inner wall surface. The first inner wall surface and the 
second inner wall surface are faced with each other on the 
front surface. The first semiconductor chip is provided on the 
front surface between the first inner wall surface and the 
second inner wall Surface, and has first long sides being 
parallel with each other. The second semiconductor chip is 
provided on the front surface between the first inner wall 
Surface and the second inner wall Surface, and has second 
long sides being parallel with each other. The second semi 
conductor chip is provided adjacent to the first semiconductor 
chip so that one of the first long sides and one of the second 
long sides are faced each other. According to the first aspect, 
the first semiconductor chip is provided diagonally with 
respect to a first imaginary line in a planer view of the front 
Surface, the first imaginary line is in parallel to the first inner 
wall Surface in the planer view, the second semiconductor 
chip is provided diagonally with respect to the first imaginary 
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line, and the second semiconductor chip is inclined to the 
same side as the first semiconductor chip in the planer view. 
0010. A semiconductor device according to a second 
aspect of the present invention includes a base member hav 
ing a front Surface, a wall portion, a first semiconductor chip, 
and a second semiconductor chip. The wall portion is pro 
vided on the front surface, and includes a first inner wall 
surface and a second inner wall surface. The first inner wall 
surface and the second inner wall surface are faced with each 
other on the front surface. The first semiconductor chip is 
provided on the front surface between the first inner wall 
Surface and the second inner wall Surface, and has first long 
sides being parallel with each other. The second semiconduc 
torchip is provided on the front surface between the first inner 
wall Surface and the second inner wall Surface, and has second 
long sides being parallel with each other. The second semi 
conductor chip is provided adjacent to the first semiconductor 
chip so that one of the first long sides and one of the second 
long sides are faced each other. According to the second 
aspect, the first semiconductor chip and the second semicon 
ductor chip are aligned so that the first long sides and the 
second longsides are perpendicular to a first imaginary line in 
a planer view of the front Surface, the first imaginary line is 
parallel to the first inner wall surface in the planer view. 
0011. A semiconductor device according to a third aspect 
of the present invention is provided with a base member 
having a front Surface, and a base provided with a bottom 
Surface and an inclined surface. The inclined surface is 
inclined with respect to the bottom surface. The bottom sur 
face is connected to the front Surface. A semiconductor chip is 
provided on the inclined surface. 
0012. A method for manufacturing a semiconductor 
device according to a fourth aspect of the present invention is 
provided with a step of preparing a base including a bottom 
Surface and an inclined surface inclined with respect to the 
bottom Surface and of mounting a semiconductor chip on the 
inclined Surface and a step of mounting the bottom Surface of 
the base after the semiconductor chip is mounted on a surface 
of a base member. 
0013. Other and further objects, features and advantages 
of the invention will appear more fully from the following 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1 is a perspective view illustrating a semicon 
ductor device according to Embodiment 1 of the present 
invention; 
0015 FIG. 2 is a plan view illustrating an inside of the 
semiconductor device according to Embodiment 1 of the 
present invention; 
0016 FIG. 3 is a partially enlarged view illustrating the 
semiconductor device according to Embodiment 1 of the 
present invention; 
0017 FIG. 4 is a view illustrating the semiconductor 
device according to Embodiment 1 of the present invention: 
0018 FIG. 5 is a view illustrating the semiconductor 
device according to Embodiment 1 of the present invention: 
0019 FIG. 6 is a view illustrating a variation of the semi 
conductor device according to Embodiment 1 of the present 
invention; 
0020 FIG. 7 is a view illustrating a variation of the semi 
conductor device according to Embodiment 1 of the present 
invention; 
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0021 FIG. 8 is a plan view illustrating an inside of a 
semiconductor device according to Embodiment 2 of the 
present invention; 
0022 FIG. 9 is a view illustrating the semiconductor 
device according to Embodiment 2 of the present invention; 
0023 FIG. 10 is a view illustrating the semiconductor 
device according to Embodiment 2 of the present invention; 
0024 FIG. 11 is a plan view illustrating an inside of a 
semiconductor device according to Embodiment 3 of the 
present invention; 
0025 FIG. 12 is a view illustrating the semiconductor 
device according to Embodiment 3 of the present invention; 
and 
0026 FIG. 13 is a flowchart illustrating a method for 
manufacturing the semiconductor device according to 
Embodiment 3 of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment 1 

0027 FIG. 1 is a perspective view illustrating a semicon 
ductor device 1 according to Embodiment 1 of the present 
invention, and FIG. 2 is a plan view illustrating an inside of 
the semiconductor device 1. FIG. 3 is a partially enlarged 
view illustrating the semiconductor device 1 and enlarges a 
periphery of one semiconductor chip 6. The semiconductor 
device 1 is a high-frequency high-output device air-tightly 
sealed and accommodates the semiconductor chip 6 and the 
like in a semiconductor package 2. The semiconductor pack 
age 2 is constituted by metal base 12 which is a planar body, 
a wall portion 10 made of metal or ceramic, ceramic terminals 
11 provided on facing two sides of the wall portion 10, and 
external lead terminals 5 penetrating the respective ceramic 
terminals 11. An outer shape of the semiconductor package 2 
has a width W and a length L. The metal base 12 has a front 
Surface 12a, and a plurality of the semiconductor chips 6 are 
provided on the front surface 12a. Each of the semiconductor 
chips 6 has long sides 6a and short sides 6b. That is, each 
semiconductor chip 6 is mounted on an inside (inside a cav 
ity) of the wall portion 10 brazed by Ag in the front surface 
12a of the metal base 12. 
0028. As illustrated in FIG. 2, the wall portion 10 is pro 
vided so as to surround a part of the front surface 12a of the 
metal base 12. The wall portion 10 include a first inner wall 
surface 10a and a second inner wall surface 10b. The first 
inner wall surface 10a and the second inner wall surface 10b 
are faced with each other on the front surface 12a. Specifi 
cally, the first inner wall surface 10a and the secondinner wall 
surface 10b are flat, and are perpendicular to the front surface 
12a. The plurality of semiconductor chips 6 are provided on 
the inside of the wall portion 10 in the front surface 12a. As is 
known from the plan view in FIG. 2, the wall portion 10 is a 
Substantially regular Square on a plan view in this embodi 
ment. However, the present invention is not limited to that and 
may be a square including a rectangle or other polygons. 
Moreover, a corner of the regular square has Rin this embodi 
ment, but the present invention is not limited to that and may 
be an angled shape without R or may be chamfered. The 
semiconductor device 1 is provided with two external lead 
terminals 5. Each of the external lead terminals 5 penetrates 
the wall portion 10 on sides opposite to each other by sand 
wiching a part of the front surface 12a surrounded by the wall 
portion 10 and is electrically connected to the plurality of 
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semiconductor chips 6 through a metal wire 8, matching 
circuit boards 7 and 17 inside it, respectively. 
0029. As illustrated in FIG. 3, on the semiconductor chip 
6, a plurality of gate electrodes 61 and a plurality of drain 
electrodes 62 are each arranged along the long sides 6a faced 
with each other, and a metal wire 8 made of gold or the like is 
connected to each of the gate electrodes 61 and the drain 
electrodes 62. The semiconductor chips 6 are mounted so that 
the gate electrodes 61 and the drain electrodes 62 face each 
other between the adjacent semiconductor chips 6. In a space 
between the semiconductor chips 6, a matching circuit board 
17 having a triangular outer shape on a plan view is mounted. 
On an outside thereof, the rectangular matching circuit board 
7 is mounted. After each of these components is mounted, a 
cap 3 made of metal or ceramic is placed on the wall portion 
10 and joined by a solder 4 so as to be air-tightly sealed. 
0030 Though not shown, the semiconductor chip 6 is 
provided with a plurality of semiconductor elements therein, 
and specifically, the semiconductor element is made an elec 
tric field effect transistor (that is, FET) in Embodiment 1. As 
illustrated in FIGS. 2 and 3, electrodes of these semiconduc 
tor elements are arranged on the long side 6a of the semicon 
ductor chip 6. A drain, a source, and a gate of each of the FETs 
are repeatedly arranged in a direction of the longside 6a of the 
semiconductor chip 6. On the surface of the semiconductor 
chip 6, a first electrode 62 (which is made the drain electrode 
62 in this embodiment), a second electrode (which is made a 
Source electrode in this embodiment and not shown), and a 
control electrode 61 (which is made a gate electrode 61 in this 
embodiment) for controlling electric connection between the 
drain electrode 62 and the source electrode are provided. The 
drain electrode 62, the source electrode (not shown), and the 
gate electrode 61 are connected to the drain, the source, and 
the gate of the FET, respectively. The semiconductor element 
formed on the semiconductor chip 6 is not particularly limited 
and may be a transistor other than the FET or may be a 
semiconductor element other than the transistor. 

0031 Between the semiconductor chips 6, the matching 
circuit board 17 is provided. The matching circuitboard 17 is 
a right triangle having two sides 17b and 17c forming a right 
angle and a hypotenuse 17a to this right angle. Between the 
adjacent semiconductor chips 6, the plurality of matching 
circuit boards 17 are provided so that the hypotenuse 17a is 
faced with the longside 6a of the semiconductor chip 6. A size 
0s of a sharp angle of the matching circuitboard 17 illustrated 
in FIG.3 is 45 degrees in this embodiment. This is a preferred 
form corresponding to the fact that an inclination angle 0 of 
each of the semiconductor chips 6 as will be described later by 
using FIG. 4 is 45 degrees. On the matching circuit board 17. 
a matching circuit pattern 112 is provided. The matching 
circuit pattern 112 is a Substantially T-shaped pattern having 
a parallel portion 112a extending in parallel with the hypot 
enuse 17a. By means of the parallel portion 112a, similarly to 
the matching circuitboard 7 having a square shape, taking out 
of an electric signal from the gate electrode 61 or the drain 
electrode 62 of the semiconductor chip 6 to the matching 
circuit board 17 can be performed so that the longside 6a and 
the metal wire 8 cross each other at a right angle, and freedom 
in circuit design can be improved. 
0032 FIG. 4 is an arrangement diagram of the semicon 
ductor chips 6 in the semiconductor device 1. For the purpose 
of illustration, the leftmost semiconductor chip 6 on the page 
in FIG. 4 is referred to as a “first semiconductor chip 601, the 
rightmost semiconductor chip 6 on the page in FIG. 4 is 
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referred to as a “fourth semiconductor chip 604, and two 
semiconductor chips 6 therebetween are referred to as a “sec 
ond semiconductor chip 602 and a “third semiconductor 
chip 603 as shown in FIG. 4. The matching circuit board 17 
is not shown. The plurality of semiconductor chips 6 are 
arranged so that the respective long sides 6a are faced with 
each other. The plurality of semiconductor chips 6 are pro 
vided diagonally, respectively, so that the adjacent semicon 
ductor chips 6 are inclined to the same side in a planer view of 
the front surface 12a. The plurality of semiconductor chips 6 
are arranged diagonally with inclination in the same direc 
tion, respectively, and thus, the temperatures among the semi 
conductor chips 6 can be brought close to uniformity while 
size of the semiconductor device 1 is reduced. 
0033. In Embodiment 1, a preferred arrangement form 
described below is satisfied. 

0034 (i) First, a virtual straight line connecting the short 
side 6b of each of the plurality of semiconductor chips 6 is 
assumed to be M. With respect to this virtual straight line M. 
a center axis in a longitudinal direction of each of the semi 
conductor chips 6 is inclined by an angle 0, respectively. 
Similarly to this, the long side 6a of each of the semiconduc 
tor chips 6 is also inclined by the angle 0, respectively, with 
respect to the virtual straight line M. The virtual straight line 
M is also referred to as an imaginary line “IM1 as shown in 
FIG. 4. It should be noted that the imaginary line IM1 is 
parallel to the first inner wall surface 10a in the planer view of 
the front surface 12a as shown in FIG. 2. 
0035 (ii) The angle 0 may be an arbitrary angle smaller 
than 90 degrees and larger than 0 degrees, but in Embodiment 
1, this angle 0 is set to 45 degrees as a preferred form. 
Specifically, an area of the front surface 12a surrounded by 
the wall portion 10 in the planer view of the front surface 12a 
is a “quadrangle area” as shown in FIG. 2. It should be noted 
that the “quadrangle area’ here includes Substantially quad 
rangle area, i.e. the corners thereof are rounded, as shown in 
FIG. 2. The semiconductor chips 6 are provided so that, in the 
planer view of the front surface 12a, the long sides 6a of the 
semiconductor chips 6 are parallel to a diagonal line of the 
quadrangle area, i.e. a chain thin line “Z” in FIG. 2. By setting 
as above, a space can be equally reduced in each of a direction 
in which the longside 6a extends and a direction in which the 
short side 6b extends, respectively. 
0036 (iii) A reference line R illustrated in FIG. 4 is a 
virtual line extending along the short side 6b of the semicon 
ductor chip 6 located on a leftmost side on the page in FIG. 4. 
In Embodiment 1, using the short side 6b of one semiconduc 
torchip 6 as a reference, the plurality of semiconductor chips 
6 are shifted to the sides of the respective short side 6b toward 
the same direction “Q' (that is, a lower right direction on the 
page in FIG. 4). Specifically, the first to third semiconductor 
chips 601, 602, 603 include short sides 6b that face in the 
same direction, arrowed line “S” (that is, an upper left direc 
tion on the page in FIG. 4). The short sides 6b of the semi 
conductor chips 601, 602, 603 are parallel with each other. An 
extended line of the short side 6b of the second semiconductor 
chip 602 in the planer view of the front surface 12a is referred 
to as a second imaginary line “IM2”, and a part of the first 
semiconductor chip 601 protrudes from the second imaginary 
line IM2. Similarly, an extended line of the short side 6b of the 
third semiconductor chip 603 in the planer view of the front 
surface 12a is referred to as a third imaginary line “IM3, and 
a part of the second semiconductor chip 602 protrudes from 
the third imaginary line IM3. By constituting like this, 
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arrangement of the plurality of semiconductor chips 6 is not at 
random but becomes arrangement approximated to a paral 
lelogram in entirety. In order to avoid a local drop in heat 
radiation performance among the plurality of semiconductor 
chips 6, the adjacent semiconductor chips 6 are preferably 
arranged at equal intervals with equal intervals P. Moreover, 
each of the plurality of semiconductor chips 6 is preferably 
shifted by the same amount D in the same direction Q, respec 
tively. That is, a protruded length of the part of the first 
semiconductor chip 601 from the second imaginary line IM2 
is equal to a protruded length of the part of the second semi 
conductor chip 602 from the third imaginary line IM3. When 
the semiconductor chips 6 are arranged uniformly, heat radia 
tion of the respective semiconductor chips 6 can be made 
favorable, and the plurality of semiconductor elements built 
in the respective semiconductor chips 6 can be brought to a 
uniform temperature, respectively. 
0037. Within a range not departing from the gist of the 
present invention, various variations can be applied to the 
semiconductor device 1 according to the above-described 
Embodiment 1. 
0038. For example, the arrangement of the plurality of 
semiconductor chips 6 is not limited to the above-described 
preferred form. A variation of the inclination of the semicon 
ductor chip 6 will be explained, and the above-described 
angle 0 illustrated in FIG. 4 may be any angle other than 45 
degrees, and the angle 0 may be an arbitrary angle selected 
within an angle range Smaller than 90 degrees and larger than 
0 degrees. For example, inclination can be set by an angle 
Such as approximately 30 degrees or approximately 60 
degrees instead of 45 degrees. Moreover, the inclinations of 
the respective semiconductor chips 6, that is, the angles 0 do 
not have to be the same but the adjacent semiconductor chips 
6 may be inclined by different angles 0 as long as the direc 
tions of the inclinations are the same. 

0039 Moreover, in Embodiment 1, the four semiconduc 
torchips 6 are shifted toward the same direction Q side by an 
equal shift amount D. However, the present invention is not 
limited to that. For example, as illustrated in FIG. 5, the 
plurality of semiconductor chips 6 may be shifted alternately 
so that the adjacent semiconductor chips 6 are shifted alter 
nately by different amounts D1 and D2. Alternatively, for 
example, the semiconductor chip 6 arranged by being shifted 
in a direction opposite to the direction Q from the reference 
line R may be included. The matching circuit board 17 is not 
illustrated in FIG. 5, either, but actually, the matching circuit 
board 17 is provided between the semiconductor chips 6. 
0040. Moreover, the shape of the matching circuit board 
17 is not limited to that in the above-described preferred form. 
That is, in Embodiment 1, each of the semiconductor chips 6 
is inclined by 45 degrees so as to form the outer shape of the 
matching circuit board 17 as an isosceles right triangle. How 
ever, the present invention is not limited to that, and the shape 
of the matching circuit board 17 may be formed as a right 
triangle in which lengths of two sides other than the hypot 
enuse are different from each other in conformity to the size 
of the angle 0 by which the semiconductor chip 6 is inclined. 
That is, if the inclination angle 0 of the semiconductor chip 6 
is 45 degrees, the matching circuit board 17 is preferably 
formed as an isosceles right triangle, while if the angle 0 is an 
angle other than 45 degrees, 0s also becomes an angle other 
than 45 degrees. A high-frequency circuit (that is, the match 
ing circuit pattern 112) is formed on the matching circuit 
board 17. By considering ease of taking out a signal from the 
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semiconductor chip 6 and uniformity of an electrical length, 
designing is easy if the matching circuit board 17 is formed as 
an isosceles right triangle. However, if the package width W 
is to be further reduced, the inclination angle 0 of the semi 
conductor chip 6 may be made larger than 45 degrees, and a 
right triangle with a sharp angle 0s made Smaller in accor 
dance with that may be employed. Moreover, the shape of a 
matching circuit board 17 does not have to be a triangle or the 
like, and a rectangular matching circuit board similar to the 
matching circuit board 7 may be arranged between the two 
semiconductor chips 6 with the same inclination as them. 
FIGS. 6 and 7 are diagrams illustrating variations of the 
semiconductor device 1. As illustrated in FIG. 6, a triangular 
matching circuit board 27 may be provided. Alternatively, as 
illustrated in FIG. 7, a parallelogram matching circuit board 
37 may be provided. 

Embodiment 2 

0041 FIG. 8 is a plan view illustrating an inside of a 
semiconductor device 101 according to Embodiment 2 of the 
present invention. An appearance of the semiconductor 
device 101 is the same as that of the semiconductor device 1 
illustrated in FIG.1. Moreover, the same reference numerals 
are given to configurations similar to or corresponding to 
those in the semiconductor device 1, and the explanation will 
be omitted. In the semiconductor device 101, a plurality of the 
semiconductor chips 6 are arranged so that the respective long 
sides 6a are faced with each other and arranged so that the 
long sides 6a of the adjacent semiconductor chips 6 are in 
parallel. Between the semiconductor chips 6, a rectangular 
matching circuit board is provided, and in Embodiment 2, 
specifically, a laminated matching circuit board 114 is pro 
vided. The respective long sides 6a of the plurality of semi 
conductor chips 6 and long sides of the laminated matching 
circuitboard 114 arearranged so as to face each other. A lower 
board 114b is connected to the drain electrode 62 or the gate 
electrode 61 of each of the semiconductor chips 6 through the 
metal wire 8. The semiconductor chip 6, the laminated match 
ing circuit board 114, the matching circuit board 7, and the 
external lead terminal 5 are connected to each other by using 
the metal wire 8, and by electrically connecting them, an 
electric signal is taken out. 
0042 FIG. 9 is a diagram illustrating the semiconductor 
device 101 according to Embodiment 2 of the present inven 
tion and is a sectional view along A-A line in FIG. 8. The 
laminated matching circuit board 114 is formed by laminat 
ing an upperboard 114a and the lowerboard 114b. The lower 
board 114b is provided on the front surface 12a of the metal 
base 12 and is provided with a lower circuit pattern 142 
constituting the matching circuit. The upperboard 114a has a 
width smaller than that of the lower board 114b, is laminated 
on the lower board 114b, and is provided with an upper circuit 
pattern 141 constituting the matching board. The upperboard 
114a is provided with a through hole 15. The through hole 15 
connects the upper circuit pattern 141 and the lower circuit 
pattern 142. The number of board laminations of the lami 
nated matching circuit board 114 is not limited to 2 but the 
laminated matching circuit board 114 may be constituted by 
laminating three or more boards. By means of the laminated 
matching circuit board 114, the matching circuit can be 
formed three-dimensionally, and a dimension in a planar 
direction of the semiconductor device 101 (that is, the pack 
age width W and the package length L) can be reduced. 
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0043 FIG. 10 is an arrangement diagram of the semicon 
ductor chip 6 in the semiconductor device 101 according to 
Embodiment 2 of the present invention. In the semiconductor 
device 101, the respective long sides 6a of the plurality of 
semiconductor chips 6 form 90 degrees to the virtual straight 
line M connecting the respective short sides 6b of the plurality 
of semiconductor chips 6. That is, the semiconductor chips 6 
are aligned so that the long sides 6a are perpendicular to the 
first imaginary line IM1 in the planer view of the front surface 
12a. A virtual line connecting connection portions where the 
two external leadterminals 5 are connected to the wallportion 
10 is in parallel with the long side 6a of the semiconductor 
chip 6. Since the semiconductor chips 6 are arranged by 
rotating them by 90 degrees on the basis of the virtual straight 
line M, the package width W of the semiconductor chip 6 can 
be suppressed. Since the chips are mounted at certain inter 
vals in a direction in parallel with the external lead terminals 
5, the interval P of the semiconductor chips 6 can be made 
uniform. Heat radiation is not interfered by the adjacent semi 
conductor chips 6, and favorable heat radiation performance 
is ensured. The temperatures of the plurality of semiconduc 
tor elements inside the semiconductor chip 6 are made uni 
form. 

Embodiment 3 

0044 FIG. 11 is a plan view illustrating an inside of a 
semiconductor device 201 according to Embodiment 3 of the 
present invention. FIG. 12 is a diagram illustrating the semi 
conductor device 201 and is a sectional view along B-B line in 
FIG. 11. An appearance of the semiconductor device 201 is 
the same as that of the semiconductor device 1 illustrated in 
FIG.1. The same reference numerals are given to configura 
tions similar to or corresponding to those in the semiconduc 
tor device 1, and the explanation will be omitted. The semi 
conductor device 201 according to Embodiment 3 is different 
from the Embodiments 1 and 2 in a point that it is provided 
with a base 13. The base 13 is provided with a bottom surface 
13.b and an inclined surface 13a inclined with respect to the 
bottom surface 13b, and the bottom surface 13b is connected 
to the front surface 12a of the metal base 12. The semicon 
ductor chip 6 is provided on the inclined surface 13a. By 
mounting the matching circuit boards 7 on both sides of the 
long side 6a of the semiconductor chip 6, the package width 
W can be reduced more than mounting by arranging them 
simply in a planar state on the semiconductor package 2. On 
both ends of the base 13, the matching circuit boards 7 each 
having a rectangular outer shape are mounted. The semicon 
ductor chip 6, the matching circuit board 7, and the external 
lead terminal 5 are connected to each other by the metal wire 
8 and they are electrically connected so that the electric signal 
can be taken out of the semiconductor chip 6. 
0045. The base 13 according to Embodiment 3 has pref 
erable features described below. 
0046 (i) First, in order to obtain favorable heat radiation 
performance, a highly heat conductive material, that is, metal 
such as CuW and the like, for example, is preferably used for 
the base 13. 
0047 (ii) Moreover, it is preferable that the base 13 is 
provided with a plurality of the inclined surfaces 13a and that 
the semiconductor chip 6 is provided in each of the plurality 
of inclined surfaces 13a. As a result, since the plurality of 
components can be collectively held and transported by one 
base 13, easiness of assembling and size reduction of the 
semiconductor device 201 can be realized. 
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0048 (iii) Moreover, the inclined surface 13a is preferably 
inclined so that the base 13 has a width wider as it gets closer 
to the side of the bottom surface 13b. That is because, as a 
result, after the bottom surface 13b is mounted on the front 
surface 12a of the metal base 12, bonding of the metal wire 8 
on the base 13 becomes easy. 
0049 (iv) Moreover, the matching circuit board 7 is pref 
erably provided adjacently to the semiconductor chip 6 in the 
inclined surface 13a. As a result, in a state in which the 
semiconductor chip 6 and the matching circuit board 7 are 
both mounted on the base 13, this base 13 can be mounted on 
the metal base 12, whereby assembling becomes easier. 
0050 (v) Moreover, the short side 6b of the semiconductor 
chip 6 is preferably directed to a direction in which the 
inclined surface 13a declines. That is because as a result, 
dimensional Suppression of the package length L can be real 
ized. 

0051 (vi) Moreover, the plurality of bases 13 preferably 
have angles of the inclined surfaces 13a to the bottom sur 
faces 13b equal to each other. That is because as a result, 
arrangement interval and inclination interval of the semicon 
ductor chips 6 mounted on the individual bases 13 can be 
made uniform, and aheat environment can be brought close to 
uniformity. Particularly, the plurality of inclined surfaces 13a 
provided in one base 13 preferably form equal angles to the 
bottom surface 13b, respectively, and a section of the base 13 
preferably has a prism shape of an isosceles triangle (see FIG. 
12) so that those plurality of inclined surfaces 13a faced away 
from each other. 

0052 (vii) FIG. 12 schematically illustrates a normal line 
N of the inclined surface 13a. The plurality of inclined sur 
faces 13a are faced away from each other in a planer view of 
the bottom surface 13b. As a result, when the semiconductor 
chips 6 are mounted on the respective inclined surfaces 13a, 
interference with each other can be avoided. 

0053 According to Embodiment 3, by mounting the semi 
conductor chip 6 on the inclined surface 13a of the base 13, a 
mounting area of the semiconductor chip 6 can be reduced, 
and thus, a size increase of an outer shape of the semiconduc 
tor package 2 is suppressed, while an increase in an aspect 
ratio is also suppressed, and a low-cost and high-frequency/ 
high-output device can be provided. Moreover, since the base 
13 is a component separate from the metal base 12, after the 
semiconductor chip 6 is die-bonded to the base 13, the base 13 
can be mounted on the front surface 12a of the metal base 12. 
That is, since the base 13 plays a role of an instrument for 
transport/conveyance of the semiconductor chip 6, that is, a 
role of a carrier, assembling of the semiconductor device 201 
is facilitated. 

0054. In Embodiment 3, a plurality of the bases 13 are 
provided, but the present invention is not limited to that, and 
a merit of size reduction of the semiconductor device 201 can 
be obtained by providing at least one base 13. Moreover, the 
base 13 is provided with the plurality of inclined surfaces 13a 
but the present invention is not limited to that, and there may 
be one inclined surface 13a or three or more inclined surfaces 
13a may be provided. Moreover, the base 13 has a section of 
an isosceles triangular shape but the present invention is not 
limited to that. For example, the base 13 may have a trapezoi 
dal shape and in that case, the base 13 has a parallel Surface on 
a side opposite to the bottom surface 13b. Moreover, a top 
point where the two inclined surfaces 13a intersect each other 
may be rounded. 
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0055 FIG. 13 is a flowchart illustrating a method for 
manufacturing the semiconductor device 201. In the manu 
facturing method illustrated in FIG. 13, first, the base 13 is 
prepared (Step S100). A plurality of bases 13 having different 
entire sizes and shapes, different sizes, shapes, and materials 
of the inclined surfaces 13a and the like are preferably pre 
pared. Depending on the difference in characteristics required 
for the semiconductor device 201 and the like, many types of 
the semiconductor chips 6 to be mounted are produced with 
various sizes. Since the base 13 has a relatively simple shape 
and can be smaller than the semiconductor package 2, a unit 
price can be easily kept relatively low. Thus, evenifa plurality 
of types of the bases 13 with different sizes in order to cope 
with the semiconductor chips 6 with different sizes are pre 
pared, an influence on the product cost is Small. By selecting 
and mounting the bases 13 according to the semiconductor 
chips 6 with different sizes, the semiconductor package 2 can 
be standardized, and there is a merit that a total material cost 
can be reduced. 

0056 Subsequently, the step of mounting the semiconduc 
tor chip 6 on the inclined surface 13a of the base 13 is 
performed (Step 102). At this time, the semiconductor chip 6 
is lowered in a vertical direction in a state in which the 
semiconductor chip 6 is held horizontal. Such a method is 
taken typically whether it is by an automatic machine or by a 
manual work. At this time in this embodiment, the base 13 is 
inclined so that the inclined surface 13a thereof becomes 
parallel with the semiconductor chip 6. As a result, the semi 
conductor chip 6 can be mounted on the inclined surface 13a 
which was made parallel with a horizontal plane by being 
inclined. It is easy to incline the base 13 with a size smaller 
than the semiconductor package 2 from the viewpoints of 
sizes of a rotation mechanism and a heating mechanism of an 
automatic mounting machine and a jig?tool. 
0057 Subsequently, after the semiconductor chip 6 is 
mounted, the step of mounting the bottom surface 13b of the 
base 13 on the front surface 12a of the metal base 12 is 
performed (Step S104). Subsequently, the step of packaging 
Such as mounting of the other matching circuitboard 7, bond 
ing of the metal wire 8, and soldiering of the cap3 for airtight 
sealing and the like is performed (Step S106). According to 
the manufacturing method according to Embodiment 3 
described above, since the base 13 plays a role of a tool for 
transport/conveyance of the semiconductor chip 6, that is, a 
carrier, assembling of the semiconductor device 201 is facili 
tated. 

0058. The features and advantages of the present invention 
may be Summarized as follows. According to the first aspect 
of the present invention, since the plurality of semiconductor 
chips are arranged diagonally with inclination in the same 
direction, respectively, the temperatures among the plurality 
of semiconductor chips can be brought to uniformity while a 
size of the semiconductor device is reduced. 

0059. According to the second aspect of the present inven 
tion, since the semiconductor chips are aligned with the direc 
tions in which the respective long sides extend, the tempera 
tures among the plurality of semiconductor chips can be 
brought to uniformity while a size of the semiconductor 
device is reduced. 

0060 According to the third aspect of the present inven 
tion and the fourth aspect of the present invention, since the 
base is provided as a component separate from the base mem 
ber and the semiconductor chip is mounted on the inclined 
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surface of the base, size reduction of the semiconductor 
device can be realized by a simpler manufacturing method. 
0061. Obviously many modifications and variations of the 
present invention are possible in the light of the above teach 
ings. It is therefore to be understood that within the scope of 
the appended claims the invention may be practiced other 
wise than as specifically described. The entire disclosure of 
Japanese Patent Application No. 2014-066382, filed on Mar. 
27, 2014 including specification, claims, drawings and Sum 
mary, on which the Convention priority of the present appli 
cation is based, is incorporated herein by reference in its 
entirety. 
What is claimed is: 
1. A semiconductor device comprising: 
a base member having a front Surface; 
a wall portion provided on the front Surface, including a 

first inner wall Surface and a second inner wall Surface, 
the first inner wall surface and the second inner wall 
surface being faced with each other on the front surface; 

a first semiconductor chip provided on the front surface 
between the first inner wall surface and the second inner 
wall Surface, having first long sides being parallel with 
each other; and 

a second semiconductor chip provided on the front Surface 
between the first inner wall surface and the second inner 
wall Surface, having second long sides being parallel 
with each other, and the second semiconductor chip 
provided adjacent to the first semiconductor chip so that 
one of the first long sides and one of the second long 
sides are faced each other; wherein 

the first semiconductor chip is provided diagonally with 
respect to a first imaginary line in a planer view of the 
front Surface, the first imaginary line is in parallel to the 
first inner wall surface in the planer view, the second 
semiconductor chip is provided diagonally with respect 
to the first imaginary line, and the second semiconductor 
chip is inclined to the same side as the first semiconduc 
tor chip in the planer view. 

2. The semiconductor device according to claim 1, further 
comprising: 

a third semiconductor chip provided on the front surface 
between the first inner wall surface and the second inner 
wall Surface, having third long sides being parallel with 
each other, and the third semiconductor chip provided 
adjacent to the second semiconductor chip so that the 
second semiconductor chip being provided between the 
first semiconductor chip and the third semiconductor 
chip in the planer view, and one of the third long sides 
and one of the second longsides being faced each other, 
wherein 

the first semiconductor chip includes a first short side con 
necting the first long sides, the second semiconductor 
chip includes a second short side connecting the second 
longsides, the third semiconductor chip includes a third 
short side connecting the third long sides, 

the first short side, the second short side, and the third short 
side face in the same direction and are parallel with each 
other, 

a part of the first semiconductor chip protrudes from a 
second imaginary line which is an extended line of the 
second short side in the planer view, 

a part of the second semiconductor chip protrudes from a 
third imaginary line which is an extended line of the 
third short side in the planer view. 
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3. The semiconductor device according to claim 2, wherein 
a protruded length of the part of the first semiconductor chip 
from the second imaginary line is equal to a protruded length 
of the part of the second semiconductor chip from the third 
imaginary line. 

4. The semiconductor device according to claim 1, wherein 
an area of the front surface surrounded by the wall portion 

in the planer view is a quadrangle area, 
the first semiconductor chip and the second semiconductor 

chip are provided so that, in the planer view, the first long 
sides and the second long sides are parallel to a diagonal 
line of the quadrangle area. 

5. The semiconductor device according to claim 1 further 
comprising: 

a first matching circuit board being a right triangle having 
two sides forming a right angle and a first hypotenuse to 
this right angle; and 

a second matching circuit board being a right triangle hav 
ing two sides forming a right angle and a second hypot 
enuse to this right angle, wherein 

the first matching circuit board and the second matching 
circuit board are provided between the first semiconduc 
tor chip and the second semiconductor chip, the first 
hypotenuse faces with the one of the first long side, and 
the second hypotenuse faces with the one of the second 
long side. 

6. A semiconductor device comprising: 
a base member having a front Surface; 
a wall portion provided on the front surface, including a 

first inner wall Surface and a second inner wall Surface, 
the first inner wall surface and the second inner wall 
surface being faced with each other on the front surface; 

a first semiconductor chip provided on the front surface 
between the first inner wall surface and the second inner 
wall Surface, having first long sides being parallel with 
each other; and 

a second semiconductor chip provided on the front Surface 
between the first inner wall surface and the second inner 
wall Surface, having second long sides being parallel 
with each other, and the second semiconductor chip 
provided adjacent to the first semiconductor chip so that 
one of the first long sides and one of the second long 
sides are faced each other; wherein 

the first semiconductor chip and the second semiconductor 
chip are aligned so that the first longsides and the second 
longsides are perpendicular to a first imaginary line in a 
planer view of the front surface, the first imaginary line 
is parallel to the first inner wall surface in the planer 
view. 

7. The semiconductor device according to claim 6, further 
comprising: 

a matching circuit board provided between the first semi 
conductor chip and the second semiconductor chip, hav 
ing a pair of long sides parallel with each other, wherein 

one of the long sides of the matching circuit board faces 
with the one of the first long sides, and another of the 
long sides of the matching circuit board faces with the 
one of the second long sides 

8. The semiconductor device according to claim 7, wherein 
the matching circuit board includes an upper board and a 
lower board, the lower board is provided on the front surface 
of the base member and is provided with a lower circuit 
pattern, the upper board is laminated on the lower board and 
is provided with an upper circuit pattern. 
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9. A semiconductor device comprising: 
a base member having a front Surface; 
a base provided with a bottom surface and an inclined 

surface, the inclined surface inclined with respect to the 
bottom surface, the bottom surface connected to the 
front Surface; and 

a semiconductor chip provided on the inclined Surface. 
10. The semiconductor device according to claim 9, further 

comprising a plurality of the semiconductor chip, wherein 
the base is provided with a plurality of the inclined surfaces 

and the semiconductor chip is provided in each of the 
plurality of inclined surfaces. 

11. The semiconductor device according to claim 9. 
wherein the base has a width wider as it gets closer to the side 
of the bottom surface. 

12. The semiconductor device according to claim 9, further 
comprising: a matching circuit board provided adjacently to 
the semiconductor chip in the inclined surface. 

13. The semiconductor device according to claim 9. 
wherein the semiconductor chip includes a long side and a 
short side, the short side of the semiconductor chip is directed 
to a direction in which the inclined surface declines. 

14. A method for manufacturing a semiconductor device 
comprising the steps of 

preparing a base including a bottom surface and an inclined 
surface inclined with respect to the bottom surface and 
of mounting a semiconductor chip on the inclined Sur 
face; and 

mounting the bottom surface of the base on a Surface of a 
base member after the semiconductor chip is mounted. 

k k k k k 
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