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SEMICONDUCTOR DEVICE AND
MANUFACTURING METHOD THEREFOR

[0001] This application is a continuation application of
U.S. application Ser. No. 11/108,729, filed Apr. 19, 2005,
now allowed, the entirety of which is incorporated herein by
reference.

CROSS-REFERENCE TO RELATED
APPLICATION

[0002] The present application claims priority from Japa-
nese patent application No. 2004-142506 filed on May 12,
2004, the content of which is hereby incorporated by refer-
ence into this application.

BACKGROUND OF THE INVENTION

[0003] The present invention relates to a semiconductor
device and a manufacturing technique for the semiconductor
device, and more particularly to a technology effectively
applicable to a semiconductor device including HBTs (Het-
erojunction Bipolar Transistors) and a manufacturing tech-
nique for the semiconductor device.

[0004] For example, there are semiconductor elements
using I1I-V compound semiconductor such as gallium ars-
enide (GaAs). The compound semiconductor is characterized
in that it is higher in mobility than silicon (Si) and half-
insulating crystals are obtained. In the compound semicon-
ductor, mixed crystals can created, and heterojunctions can be
formed.

[0005] One of semiconductor elements using heterojunc-
tion is heterojunction bipolar transistor (hereafter, referred to
as “HBT”). The HBT is a bipolar transistor using gallium
arsenide for its base layer, and indium gallium phosphate
(InGaP), aluminum gallium arsenide (AlGaAs), or the like
for its emitter layer. That is, the HBT is a bipolar transistor in
which a heterojunction is formed using different semiconduc-
tor materials for the base layer and for the emitter layer.
[0006] The heterojunction makes it possible to make the
forbidden band width of the emitter in a base-emitter junction
larger than the forbidden band width of the base. Thus, it is
possible to significantly increase carrier injection from emit-
ter to base as compared with reverse charge carrier injection
from base to emitter. Therefore, the HBT is characterized in
that its current amplification factor is very large.

[0007] Since the HBT is very large in current amplification
factor, as mentioned above, it is used in, for example, high-
frequency amplifying systems (power amplifier modules)
incorporated in cellular phones. In the power amplifier mod-
ule, semiconductor chips in which HBTs are formed are
mounted over a wiring substrate.

[0008] Patent Document 1 discloses a technology that
implements the following: when a semiconductor chip with
HBTs formed therein is mounted over a wiring substrate,
pressure applied to the electrodes of the HBTs is reduced;
further, lead-out electrodes and a package substrate (wiring
substrate) are brought into contact with each other without
fail for the enhancement of the reliability of the semiconduc-
tor device.

[0009] A more specific description will be given. An emit-
ter lead-out electrode with which the emitter electrodes of a
plurality of HBTs are connected in common is formed. In this
emitter lead-out electrode, a dent is formed in the areas posi-
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tioned above the individual emitter electrodes. Thus, during
flip chip mounting during which the emitter lead-out elec-
trode is brought into contact with the package substrate, the
dents prevent bonding pressure from being applied to the
emitter electrodes.

[0010] [Patent Document 1] Japanese Unexamined Patent
Publication No. 2001-244274 (pp. 5 to 6, FIG. 5)

SUMMARY OF THE INVENTION

[0011] Recently, many electronic components have been
incorporated into communication terminal equipment such as
cellular phones. With respect to power amplifier modules,
which are incorporated into the transmission units of cellular
phones, downsizing and enhancement of functions are rap-
idly moving ahead.

[0012] Examples of transmission methods for cellular
phones include CDMA (Code Division Multiple Access) and
GSM (Global System for Mobile Communication). In the
field of CDMA, especially, the dimensions of power amplifier
modules are 6 mm long and 6 mm wide. In the next generation
of power amplifier modules, those with the size of 4 mm long
and 4 mm wide are expected to go mainstream. In the field of
GSM, similarly, there is a demand that the size should be
reduced with the present functions maintained. As downsiz-
ing of power amplifier modules progresses, as mentioned
above, it is becoming difficult to ensure wire bond regions
where a semiconductor chip and a wiring substrate are elec-
trically connected with each other.

[0013] HBTs are used in, for example, power amplifier
modules incorporated in cellular phones, as mentioned
above. The power amplifier modules include, for example,
three-staged amplifier circuits and a control circuit that con-
trols these amplifier circuits. HBTs are used in amplifier
circuits in the last stage (in the third stage) requiring a high
amplification factor, of the amplifier circuits in the three
stages.

[0014] The three-staged amplifier circuits and the control
circuitincluded in a power amplifier module are not formed in
one semiconductor chip but are separately formed in two
semiconductor chips. A more specific description will be
given. The amplifier circuits in the second stage and the last
stage are formed in a first semiconductor chip formed of
compound semiconductor; the control circuit and the ampli-
fier circuits in the first stage are formed in a second semicon-
ductor chip formed of silicon. The first semiconductor chip
and the second semiconductor chip are two-dimensionally
(planarly) mounted over a wiring substrate, and are electri-
cally connected with the wiring substrate by wire bonding.
[0015] Therefore, the above-mentioned planar structure
poses a problem: it is difficult to reduce the size of a power
amplifier module.

[0016] The first semiconductor chip with HBTs formed
therein is mounted with its surface opposite its element for-
mation surface facing toward the wiring substrate. That is, the
first semiconductor chip is mounted face up, or with its ele-
ment formation surface facing upward. For this reason, heat
produced in elements such as HBTs passes through the first
semiconductor chip and is conducted to the backside of the
first semiconductor chip. After the heat is thereafter con-
ducted to the wiring substrate, the heat passes through heat
radiation via holes so formed that they penetrate the wiring
substrate. Then the heat is conducted to the backside of the
wiring substrate and radiated there.
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[0017] The first semiconductor chip is formed of com-
pound semiconductor, which is inferior in thermal conduc-
tivity to silicon. In other words, the compound semiconductor
is inferior in the efficiency of radiation of heat produced in
elements such as HBTs. To enhance the heat radiation effi-
ciency, the thickness of the first semiconductor chip must be
reduced to approximately 80 um, which leads to the increased
cost of the first semiconductor chip. There is another prob-
lem: thinned first semiconductor chips are difficult to handle.
[0018] An object of the present invention is to provide a
semiconductor device whose size can be reduced.

[0019] Another object of the present invention is to provide
a semiconductor device with enhanced heat radiation effi-
ciency.

[0020] The above and other related objects and novel fea-

tures of the present invention will be apparent from the
description in this specification and the accompanying draw-
ings.

[0021] The following is a brief description of the gist of the
representative elements of the invention laid open in this
application.

[0022] A semiconductor device of the present invention
comprises: a first semiconductor chip having (al) a plurality
of heterojunction bipolar transistors, and (a2) an emitter
bump electrode with which the emitter electrodes of a plural-
ity of the heterojunction bipolar transistors are connected in
common and which is extended in a predetermined direction;
and (b) a wiring substrate over which the first semiconductor
chip is mounded. The emitter bump electrode is connected
with a plurality of via holes formed so that the via holes
penetrate the wiring substrate.

[0023] A manufacturing method for semiconductor devices
of'the present invention comprises the steps of: (a) forming a
plurality of heterojunction bipolar transistors in chip regions
of a semiconductor wafer; (b) forming emitter wiring with
which emitter electrodes of a plurality of the heterojunction
bipolar transistors are connected in common; (c¢) forming an
emitter bump electrode extended over the emitter wiring; (d)
separating the semiconductor wafer into individual first semi-
conductor chips; and (e) mounting the first semiconductor
chip over a wiring substrate. The step (e) above is such that the
first semiconductor chip is mounted over the wiring substrate
so that the emitter bump electrode formed in the first semi-
conductor chip is connected with a plurality of the via holes
formed in the wiring substrate.

[0024] The following is a brief description of the gist of the
effects obtained by the representative elements of the inven-
tion laid open in this application.

[0025] Semiconductor devices can be reduced in size. The
heat radiation efficiency of semiconductor devices can be
enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 illustrates the circuit block of a high-fre-
quency amplifier in an embodiment of the present invention.
[0027] FIG.2isasectional view illustrating the structure of
a power amplifier module.

[0028] FIG. 3 is a plan view of the power amplifier module
viewed from the back side.

[0029] FIG. 4 is a plan view illustrating an example of the
disposition of components mounted over the principal sur-
face of a wiring substrate.
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[0030] FIG. 5 is a plan view showing the principal surface
of the wiring substrate, illustrating an example of a state in
which neither a first semiconductor chip nor a second semi-
conductor chip is mounted.

[0031] FIG. 6 is a plan view illustrating the element forma-
tion surface of the first semiconductor chip in a simplified
manner.

[0032] FIG. 7isaplan view illustrating a plurality of HBTs
formed in the first semiconductor chip.

[0033] FIG. 8 is a plan view illustrating the way a plurality
of'the HBTs and a first wiring layer are formed.

[0034] FIG. 9 is a plan view illustrating the way a plurality
of'the HBTs, the first wiring layer, and a second wiring layer
are formed.

[0035] FIG.101is a plan view illustrating the way a plurality
of the HBTs, the first wiring layer, the second wiring layer,
and bump electrodes are formed.

[0036] FIG. 11 is a sectional view illustrating the constitu-
tion of the second semiconductor chip.

[0037] FIG. 12 is a sectional view illustrating the manufac-
turing process for the semiconductor device in this embodi-
ment.

[0038] FIG. 13 is a sectional view illustrating the manufac-
turing process for the semiconductor device, following FIG.
12.

[0039] FIG. 14 is a sectional view illustrating the manufac-
turing process for the semiconductor device, following FIG.
13.

[0040] FIG. 15is a sectional view illustrating the manufac-
turing process for the semiconductor device, following FIG.
14.

[0041] FIG. 16 is a sectional view illustrating the manufac-
turing process for the semiconductor device, following FIG.
15.

[0042] FIG. 17 is a plan view illustrating a modification to
the embodiment, showing the principal surface of the wiring
substrate.

[0043] FIG. 18 is a sectional view illustrating a modifica-
tion to the embodiment, showing the constitution of the power
amplifier module.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0044] In the following description of the embodiment, it
will be divided into a plurality of sections or embodiments if
necessary for the sake of convenience. However, they are not
regardless of each another, but are in such a relation that one
is a modification to, the details of, the supplementary expla-
nation of, or the like of part or all of the other unless otherwise
stated.

[0045] If reference is made to any number of elements or
the like (including number of pieces, numeric value, quantity,
range, and the like) in the description of the embodiment
below, the present invention is not limited by that value. The
number may be greater or less than the value. However, the
following cases are excepted: cases where some number is
explicitly specified, cases where some number is evidently
limited to a specific value in principle, and the like cases.
[0046] In the embodiment described below, needless to
add, their components (including constituent steps and the
like) are not necessarily indispensable. However, the follow-
ing cases are excepted: cases where some component is
explicitly specified, cases where some component is deemed
to be evidently indispensable in principle, and the like cases.
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[0047] Similarly, if reference is made to the shape, posi-
tional relationship, or the like of any component or the like in
the description of the embodiment below, those substantially
approximate or analogous to that shape or the like are
included. However, the following cases are excepted: cases
where exclusion of some shape or the like is explicitly speci-
fied, cases where some shape or the like is deemed to be
evidently excluded in principle. This is the same with the
above-mentioned numeric values and ranges.

[0048] In every drawing for illustrating the embodiment,
members having the same functions will be marked with the
same numerals, and the repetitive description of them will be
omitted.

[0049] Hereafter, detailed description will be given to the
embodiment of the present invention with reference to draw-
ings.

[0050] This embodiment is, for example, a power amplifier
module (semiconductor device) incorporated in a cellular
phone to which the present invention is applied.

[0051] FIG. 1 illustrates the circuit block of the high-fre-
quency amplifier of the power amplifier module in this
embodiment. A description will be given to the circuit block
of the high-frequency amplifier with reference to FIG. 1. In
FIG. 1, the high-frequency amplifier comprises a control
circuit 1, amplifiers 2a to 2¢, and amplifiers 3a to 3¢. This
high-frequency amplifier is so constructed that it can amplify
signals in two different frequency bands. A more specific
description will be given. The amplifiers in one group are of
the GSM (Global System for Mobile Communication) type,
utilizing a first frequency, and can amplify signals using a
frequency band of 880 MHz to 915 MHz. The amplifiers in
the other group are of the DCS (Digital Communication Sys-
tem 1800) type, utilizing a second frequency, and can amplify
signals using a frequency band of 1710 MHz to 1785 MHz.

[0052] The control circuit 1 placed in the above-mentioned
high-frequency amplifier is so constructed that it is fed with
control signals and controls the amplifiers 2a to 2¢ and the
amplifiers 3a to 3¢ based on the inputted control signals. This
control circuit 1 can be separately fed with control signals
(V conor (GSM))for controlling the amplifiers 2a to 2¢ and
control signals (V ..., (DCS)) for controlling the amplifiers
3ato 3c. The control circuit 1 is so constructed that when the
amplifiers 2a to 2¢ are used, it controls them basedonV__,,,,.;
(GSM), and when the amplifiers 3a to 3¢ are used, it controls
them based on V_,,,.; (DCS). Thus, the high-frequency
amplifier in this embodiment controls the amplification of
signals in two different frequency bands. The control circuit 1
is formed of, for example, MOSFETs (Metal Oxide Semicon-
ductor Field Effect Transistors) and the like.

[0053] The amplifiers 2a to 2¢ (first circuit) are so con-
structed that they are fed with input power (input signals) of
the GSM P,, (GSM) and amplity the input power P,, (GSM)
in three stages. More specifically, the input power P, (GSM)
is amplified at the amplifier 2a first, and then the power
amplified at the amplifier 2a is amplified at the amplifier 25.
The power amplified at the amplifier 25 is amplified at the
amplifier 2¢ in the last stage, and then it is outputted from the
high-frequency amplifier. As mentioned above, the amplifiers
2ato 2¢ are so constructed that they can amplify power of the
GSM.

[0054] The amplifying portion (amplifier circuit) of the
amplifier 2a used in the first stage, of the amplifiers 2a to 2¢,
is required to reduce noise, and is formed of, for example,
MOSFET. The amplitying portion (amplifier circuit) of the
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amplifier 2¢ used in the last stage is required to offer a high
amplification factor, and thus formed of, for example, HBT.
For this reason, the power consumption of the control circuit
1 and the amplifier 2a in the first stage is several tens of
milliwatts, while the power consumption of the amplifier 2¢
used in the last stage is several watts. For the amplifier 26 used
in the middle stage, for example, either MOSFET or HBT
may be used, and its power consumption is several hundreds
of milliwatts.

[0055] Similarly, the amplifiers 3a to 3¢ (second circuit) are
so constructed that they are fed with input power (input sig-
nal) of the DCS P,,, (DCS) and amplify the input power in
three stages. More specifically, the input power P,,, (DCS) is
amplified at the amplifier 3a and then amplified at the ampli-
fier 35. Subsequently, the power amplified at the amplifier 35
is further amplified at the amplifier 3¢, and then it is outputted
from the high-frequency amplifier. As mentioned above, the
amplifiers 3a to 3¢ are so constructed that they can amplify
power of the DCS.

[0056] Similarly with the above-mentioned amplifiers 2a to
2¢, the amplifying portion of the amplifier 3a used in the first
stage is formed of, for example, MOSFET; the amplifying
portion of the amplifier 3¢ used in the last stage is formed of,
for example, HBT.

[0057] The thus constructed high-frequency amplifier is
not formed in one chip but is divided and formed in two chips.
A more specific description will be given. The amplifying
portions of the amplifiers 25, 2¢, 35, and 3¢ in the second and
last stages, relatively high in heat dissipation value, are
formed in the first semiconductor chip formed of compound
semiconductor; the control circuit 1 and the amplitying por-
tions of the amplifiers 2a and 3a in the first stages, relatively
low in heat dissipation value, are formed in the second semi-
conductor chip.

[0058] A description will be given to the structure of the
power amplifier module A including the above-mentioned
high-frequency amplifier. F1G. 2 is a sectional view illustrat-
ing the structure of the power amplifier module A in this
embodiment. First, consideration will be given to the appar-
ent structure of the power amplifier module A as a semicon-
ductor device in this embodiment, with reference to FIG. 2.
The power amplifier module A comprises: a rectangular wir-
ing substrate 10; a sealing portion 23 so formed that it covers
the surface (principal surface) of the wiring substrate 10; and
a plurality of external wirings 11 and an external wiring for
GND (ground level voltage supply) 12 formed over the back-
side of the wiring substrate 10.

[0059] The power amplifier module A is assembled as fol-
lows: electronic components including semiconductor chips
are mounted over a substrate having multiple segments in
which a plurality of ranked wiring substrates 10 are formed.
Thereafter, a sealing portion 23 having a certain height is
formed of resin so that the mounted electronic components
are covered therewith. The substrate having multiple seg-
ments with the sealing portion 23 formed thereover is verti-
cally and horizontally cut and separated to form a plurality of
power amplifier modules A at a time. Thus, the power ampli-
fier module A is so structured that the side surfaces of each
wiring substrate 10 are flush with the side surfaces of its
sealing portion 23; and the ends of the sealing portion 23 are
not positioned outside the ends of the wiring substrate 10.
[0060] The wiring substrate 10 is formed of, for example, a
printed wiring substrate, and is so structured that a plurality of
dielectric layers (insulating layers) are bonded together. The
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wiring substrate 10 has predetermined wirings formed over
its surface (principal surface) and underside surface and in its
interior. Some of the wirings formed over the surface of the
wiring substrate 10 and some of the wirings formed over the
underside surface of the wiring substrate 10 are electrically
connected with each other. This connection is provided by via
holes 18 that are extended in the direction of the thickness of
the wiring substrate 10. This embodiment includes the five
dielectric layers. Needless to add, the present invention is not
limited to this.

[0061] A detailed description will be given to the constitu-
tion of the power amplifier module A. In FIG. 2, wirings 13
and 15 to 17 are formed over the surface of the wiring sub-
strate 10 of the power amplifier module A, and a chip com-
ponent 14 is so formed that it is connected with the wiring 13.
The chip component 14 comprises, for example, passive com-
ponents such as resistor, inductance element, and capacitor.
The chip component 14 is electrically connected with the
wiring 13, formed over the surface of the wiring substrate 10,
through connecting terminals 14a. The passive components
used in this chip component 14 are, for example, matching
circuits and capacitors provided in the amplifiers 2a to 2¢
illustrated in FIG. 1. For example, the input portion of the
amplifier 2a is connected in series with a matching circuit and
a capacitor, and this capacitor is connected with the gate
electrode of MOSFET present in the amplifying portion (am-
plifier circuit). With respect to the amplifier 2¢ provided with
HBT as an amplifying portion, its input portion is connected
in series with a matching circuit and a capacitor. This capaci-
tor is connected with the base electrode of HBT present in the
amplifying portion (amplifier circuit).

[0062] The matching circuits are microstrip lines that func-
tion as, for example, inductance elements for providing
impedance matching between the amplifier 2a to the ampli-
fier 2¢. The capacitors respectively connected in series with
the matching circuits are provided with, for example, a func-
tion of interrupting the direct-current voltage of supply volt-
age and gate bias voltage.

[0063] The wirings 16 are connected to the external wiring
for GND (ground level voltage supply) 12, formed over the
underside surface of the wiring substrate 10, through the via
holes 18 formed in the wiring substrate 10. The via holes 18
are formed of conductor such as metal, for example, alloy of
copper and tungsten.

[0064] The first semiconductor chip 19 is mounted over the
surface of the wiring substrate 10, and the second semicon-
ductor chip 21 is mounted over the first semiconductor chip
19 through adhesive 20. A more specific description will be
given. A collector bump electrode 194, an emitter bump elec-
trode 195, and a base bump electrode 19¢ are formed in the
first semiconductor chip 19. The first semiconductor chip 19
is electrically connected with the wirings 15 to 17, formed
over the surface of the wiring substrate 10, through the col-
lector bump electrode 19a, emitter bump electrode 195, and
base bump electrode 19¢. For example, the collector bump
electrode 19q is electrically connected with the wiring 15, and
the emitter bump electrode 195 is electrically connected with
the wirings 16. Therefore, the emitter bump electrode 195 is
connected with the external wiring for GND (ground level
voltage supply) 12, formed over the underside surface of the
wiring substrate 10, through the wirings 16 and the via holes
18.

[0065] Thus the first semiconductor chip 19 is mounted
over the wiring substrate 10 with its element formation sur-
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face facing downward (face down). The second semiconduc-
tor chip 21 is mounted over the surface (upper surface) of the
first semiconductor chip 19, opposite its surface that faces
toward the wiring substrate 10 when the first semiconductor
chip 19 is mounted over the wiring substrate 10, through the
adhesive 20. The second semiconductor chip 21 is mounted
with its element formation surface facing upward (face up),
and the second semiconductor chip 21 and the wiring sub-
strate 10 are connected with each other through wires 22. In
this embodiment, the power amplifier module A has the seal-
ing portion 23 of resin so formed that the chip component 14,
first semiconductor chip 19, and second semiconductor chip
21, formed over the wiring substrate 10, are covered there-
with.

[0066] The amplifying portions of the amplifiers 25 and 35
in the second stages and the amplifiers 2¢ and 3¢ in the last
stage of the circuits illustrated in FIG. 1 are formed in the first
semiconductor chip 19. That is, the amplitying portions of the
amplifiers 26 and 2¢ that operate with the first frequency
(GSM type) and the amplifying portions of the amplifiers 35
and 3¢ that operate with the second frequency (DCS type) are
formed there. As mentioned above, the first semiconductor
chip 19 is formed of compound semiconductor, and HBTs are
used in the amplifiers 2¢ and 3¢. For this reason, the power
consumption of the first semiconductor chip 19 is relatively
large, and thus its heat dissipation value is also relatively high.
[0067] As illustrated in FIG. 2, the collector bump elec-
trode 19a, emitter bump electrode 195, and base bump elec-
trode 19¢ are formed in the first semiconductor chip 19. For
example, the collector bump electrode 19a is connected with
the collector electrodes of a plurality of the HBTs in common;
the emitter bump electrode 195 is connected with the emitter
electrodes of a plurality of the HBTs in common. The base
bump electrode 19¢ is connected with, for example, the base
electrodes of a plurality of the HBTs in common. Therefore,
the emitter electrodes of the HBTs are connected with the
emitter bump electrode 195. As aresult, the emitter electrodes
of'the HBTs are connected with the external wiring for GND
(ground level voltage supply) 12, formed over the underside
surface of the wiring substrate 10, through the emitter bump
electrode 195 and the via holes 18.

[0068] As mentioned above, the first semiconductor chip
19 is mounted face down over the wiring substrate 10, and
further the emitter electrodes of the HBTs are connected with
the external wiring for GND (ground level voltage supply) 12
through the emitter bump electrode 195 and the via holes 18.
Thus, the efficiency of radiation of heat produced in the HBTs
can be enhanced.

[0069] Conventionally, semiconductor chips formed of
compound semiconductor with HBTs formed therein are
mounted over a wiring substrate with their element formation
surfaces facing upward. That is, they are mounted face up. For
this reason, heat produced in the HBTs goes from the princi-
pal surface of the semiconductor chip, passes through the
semiconductor chip formed of compound semiconductor, and
is conducted to the backside of the semiconductor chip. (The
backside of the semiconductor chip is a surface that faces
toward a wiring substrate when the semiconductor chip is
mounted over the wiring substrate.) The heat conducted to the
backside of the semiconductor chip is conducted to the back-
side of the wiring substrate through via holes formed in the
wiring substrate. In this case, however, a problem arises. The
compound semiconductor is inferior in thermal conductivity
to silicon. Therefore, thermal conduction from the principal
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surface to the backside of the semiconductor chip formed of
compound semiconductor is poor. To cope with this, the
thickness of the semiconductor chip formed of compound
semiconductor must be reduced to approximately 80 um. This
increases the cost, and care must be exercised in handing
thinned semiconductor chips.

[0070] In this embodiment, consequently, the following
measures are taken: the first semiconductor chip 19 with a
plurality of the HBTs formed therein is mounted face down
over the wiring substrate 10. The emitter electrodes of a
plurality of the HBTs are connected with the external wiring
for GND (ground level voltage supply) 12 through the emitter
bump electrode 195 and the via holes 18. Thus, the efficiency
of radiation of heat produced in the HBTs is enhanced. A
more specific description will be given. Most of heat pro-
duced in the HBTs is conducted to the emitter bump electrode
195 through the emitter electrodes. The heat conducted to the
emitter bump electrode 195 is conducted to the external elec-
trode for GND (ground level voltage supply) 12, formed over
the underside surface of the wiring substrate 10, through the
via holes 18, and is radiated there. Thus, this embodiment is
so constructed that heat is directly conducted from the ele-
ment formation surface of the first semiconductor chip 19 to
the wiring substrate 10. In other words, the paths from the
element formation surface of the first semiconductor chip 19
to the underside surface of the first semiconductor chip 19 are
prevented from forming a major path for thermal diffusion.
That is, the interior of the first semiconductor chip 19 inferior
in thermal conductivity is prevented from forming a major
path for thermal diffusion, and the efficiency of radiation of
heat produced in the HBTs is thereby enhanced. As a result, it
is unnecessary to reduce the ordinary thickness of the first
semiconductor chip 19, 160 um to 200 pum, and increase in
cost can be suppressed. At the same time, the first semicon-
ductor chip 19 becomes easy to handle.

[0071] The control circuit 1 and the amplifying portions of
the amplifiers 2a and 3¢ in the first stages, of the circuits
illustrated in FIG. 1, are formed in the second semiconductor
chip 21. That is, the control circuit 1, the amplifying portions
of the amplifier 2a that operates with the first frequency
(GSM type), and the amplifier 3a that operates with the sec-
ond frequency (DCS type) are formed there. As mentioned
above, the second semiconductor chip 21 is formed of'silicon,
and MOSFETs are used in the amplifying portions of the
amplifiers 2a and 3a. For this reason, the power consumption
of the second semiconductor chip 21 is relatively small as
compared with the first semiconductor chip 19 with the HBTs
formed therein, and thus its heat dissipation value is also
relatively low. For example, the heat dissipation value of the
second semiconductor chip 21 is approximately 15 of the heat
dissipation value of the first semiconductor chip.

[0072] The thus constructed second semiconductor chip 21
is mounted over the first semiconductor chip 19, as illustrated
in FIG. 2. That is, the power amplifier module A in this
embodiment is of laminated structure: the first semiconductor
chip 19 is mounted over the wiring substrate 10. The second
semiconductor chip 21 is mounted over the surface of the first
semiconductor chip 19 opposite its surface that faces toward
the wiring substrate 10 when the first semiconductor chip 19
is mounted over the wiring substrate 10. This structure in
which the first semiconductor chip 19 and the second semi-
conductor chip 21 are laminated together brings the following
advantage: the size of the power amplifier module A can be
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reduced as compared with the structure in which the first
semiconductor chip 19 and the second semiconductor chip 21
are planarly disposed.

[0073] The following advantages are brought by mounting
the first semiconductor chip 19 with the HBTs formed therein
face down: the emitter bump electrode 195 with which the
emitter electrodes of a plurality of the HBTs are connected in
common is connected with the external electrode for GND
(ground level voltage supply) 12 through the viaholes 18. The
second semiconductor chip 21 is mounted over the first semi-
conductor chip 19. As a result, the efficiency of radiation of
heat from the first semiconductor chip 19 can be enhanced,
and the size of the power amplifier module A can be reduced.
[0074] FIG. 3 is a plan view of the power amplifier module
A having the structure illustrated in FIG. 2, as viewed from
the back side. As seen from FIG. 3, the external wirings 11 are
formed in the peripheral area of the wiring substrate 10, and
the external wiring for GND (ground level voltage supply) 12
is formed substantially in the center of the wiring substrate
10. A plurality of the via holes 18 that are so formed that they
are extended from the surface (principal surface) of the wiring
substrate 10 in the direction of thickness are connected with
the external wiring for GND (ground level voltage supply) 12.
That is, a plurality of the via holes 18 that are so formed that
they penetrate the wiring substrate 10 from its surface are
connected with the external wiring for GND (ground level
voltage supply) 12. In the example in FIG. 3, eight via holes
18 in the vertical direction and one via 18 in the horizontal
direction, eight via holes 18 in total, are connected with the
external wiring for GND (ground level voltage supply) 12.
[0075] Asillustrated in FIG. 3, the first semiconductor chip
19 is mounted over the surface (principal surface) of the
wiring substrate 10 opposite its underside surface. The col-
lector bump electrodes 19a and 194, emitter bump electrodes
1956 and 19e¢, and base bump electrodes 19¢ and 19f are
formed in the first semiconductor chip 19. Of these elec-
trodes, the emitter bump electrodes 195 and 19¢ connected
with the emitter electrodes of a plurality of the HBTs are so
formed that a plurality of the via holes 18 are embraced
therein. A more specific description will be given. The emitter
bump electrodes 196 and 19e¢ are in substantially rectangular
shape, and are connected with a plurality of the viaholes (four
via holes in the example in FIG. 3). Therefore, heat produced
in a plurality of the HBTs is conducted to the emitter bump
electrodes 195 and 19e through the individual emitter elec-
trodes. The heat conducted to the emitter bump electrodes 195
and 19e is conducted to the external electrode for GND
(ground level voltage supply) 12, formed over the underside
surface of the wiring substrate 10, through a plurality of the
via holes 18 connected with the bump electrodes 195 and 19e.
The heat is then radiated there. As mentioned above, this
embodiment is so constructed that a plurality of the via holes
18 are connected with the emitter bump electrodes 195 and
19e. Therefore, heat passes through a plurality ofthe viaholes
18 from the emitter bump electrodes 196 and 19¢ and is
diffused. For this reason, the efficiency of radiation of heat
from the power amplifier module A can be enhanced.

[0076] FIG. 4 is a plan view illustrating an example of the
disposition of components mounted over the surface (princi-
pal surface) of the wiring substrate 10. In FIG. 4, a plurality of
chip components 14 are mounted over the surface of the
wiring substrate 10. The first semiconductor chip 19 is
mounted face down in the center of the wiring substrate 10.
The second semiconductor chip 21 is mounted over the first
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semiconductor chip 19. The second semiconductor chip 21 is
mounted face up over the first semiconductor chip 19, and the
second semiconductor chip 21 and the wiring 24 of the wiring
substrate are electrically connected with wires 22.

[0077] FIG.5 is a drawing illustrating the principal surface
of the wiring substrate 10, and it is a plan view illustrating an
example of a state in which neither the first semiconductor
chip 19 or the second semiconductor chip 21 is mounted. As
illustrated in FIG. 5, wiring 15 to wiring 17 are formed in the
center of the wiring substrate 10. The wiring 15 to the wiring
17 are so formed that they are connected with the collector
bump electrode 194, emitter bump electrode 195, and base
bump electrode 19¢ formed in the first semiconductor chip
19. The wirings 16 are connected with the via holes 18, and
are connected with the external wiring for GND (ground level
voltage supply) 12 formed over the underside surface of the
wiring substrate 10 through these via holes 18.

[0078] FIG. 6 is a plan view illustrating the element forma-
tion surface (surface) of the first semiconductor chip 19 in a
simplified manner. In FIG. 6, the collector bump electrode
194, emitter bump electrode 195, and base bump electrode
19¢ are formed in the element formation surface of the first
semiconductor chip 19. The collector bump electrode 194,
emitter bump electrode 195, and base bump electrode 19¢ are
respectively connected with the wiring 15 to the wiring 17 of
the wiring substrate 10 illustrated in FIG. 5. Especially, the
emitter bump electrode 195 is so connected that a plurality of
the wirings 16 (a plurality of the via holes 18) are embraced
therein. In the area above the broken line in FIG. 6, for
example, the amplifiers 26 and 2¢ supporting the GSM are
formed, and the HBTs are used in this amplifier 2¢. In the area
under the broken line in FIG. 6, for example, the amplifiers 35
and 3¢ supporting the DCS are formed, and the HBTs are used
in this amplifier 3¢. That is, the collector bump electrode 194,
emitter bump electrode 195, and base bump electrode 19¢ are
connected with a plurality of the HBTs used in the GSM; and
the collector bump electrode 194, emitter bump electrode
19¢, and base bump electrode 197 are connected with a plu-
rality of the HBTs used in the DCS.

[0079] A description will be given to the internal structure
of the first semiconductor chip 19. FIG. 7 is a plan view
illustrating HBT 25 to HBT 27 formed in the first semicon-
ductor chip 19. In FIG. 7, the HBT 25 to the HBT 27 are
formed at predetermined intervals over, for example, a sub
collector layer 31 that is isolated from other elements by mesa
isolation 31a and comprises an n*-type GaAs layer. The HBT
25 to the HBT 27 are similarly constructed; therefore,
description will be given to the construction of the HBT 25
formed, for example, at the left end of the HBT 25 to the HBT
27. The HBT 25 has a collector electrode 37 formed over the
sub collector layer 31 and a collector mesa 32 formed at a
predetermined distance from the collector electrode 37. The
collector electrode 37 is formed of, for example, gold (Auw).
[0080] The collector mesa 32 is formed of, for example, an
n-type GaAs layer, and the collector mesa 32 and the collector
electrode 37 are electrically connected with each other
through the sub collector layer 31. A base mesa 33 compris-
ing, for example, a p-type GaAs layer is formed over the
collector mesa 32.

[0081] A base electrode 36 formed of gold or the like is
formed in the peripheral region of the base mesa 33. A more
specific description will be given. The base electrode 36 in U
shape turned upside down is formed over the base mesa 33.
An emitter layer 34 is formed substantially in the center over
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the base mesa 33, and an emitter electrode 35 is formed over
the emitter layer 34. For example, the emitter layer 34 is
formed of a layer obtained by laminating an n-type InGaP
layer, a GaAs layer, and an InGaAs layer, and the emitter
electrode 35 is formed of, for example, tungsten silicide
(WSi).

[0082] Thus, a junction of heterogeneous semiconductors
(heterojunction) is formed between the base mesa (p-type
GaAs layer) 33 and the emitter layer (n-type InGaP layer) 34.
The HBT 25 in this embodiment is of such a structure that the
collector electrode 37 is in the lowermost layer, the emitter
electrode 35 is formed in the uppermost layer, and the base
electrode 36 is formed in the intermediate layer.

[0083] The HBT 25 is constructed as mentioned above, and
the HBT 26 and the HBT 27 having the same constitution as
the HBT 25 are formed side by side.

[0084] FIG. 8 is a plan view illustrating a state in which the
HBT 25 to the HBT 27 and the first wiring layer are formed.
Asillustrated in F1G. 8, the collector electrodes 37 of the HBT
25 to the HBT 27 are connected in common with first collec-
tor wiring Mlc through connection holes 39q filled with
conductive material. That is, the first collector wiring M1c is
for electrically connecting the collector electrodes 37 of the
HBT 25 to the HBT 27, and is formed in the first wiring layer.
The base electrodes 36 of the HBT 25 to the HBT 27 are
connected in common with first base wiring M15 through
connection holes 395 filled with conductive material. The first
base wiring M15 is also formed in the first wiring layer like
the first collector wiring M1c.

[0085] FIG.9is aplan view illustrating a state in which the
HBT 25 to the HBT 27, first wiring layer, and second wiring
layer are formed. As illustrated in FIG. 9, the emitter elec-
trodes 35 of the HBT 25 to the HBT 27 are connected in
common with emitter wiring M2e through connection holes
42a filled with conductive material. More specific description
will be given. The emitter wiring M2e is extended in the
direction in which the HBT 25 to the HBT 27 line up, and is
connected with the individual emitter electrodes 35 through
the connection holes 424 filled with conductive material. The
emitter wiring M2e is formed in the second wiring layer
positioned above the first wiring layer. The reason why the
emitter wiring M2e is formed in the second wiring layer is
that the emitter electrodes 35 are formed at a level higher than
the base electrodes 36 and the collector electrodes 37. The
first collector wiring M1c is connected with second collector
wiring M2c¢ through a connection hole 4256 filled with con-
ductive material; the first base wiring M1 is connected with
second base wiring M2 through a connection hole 42¢ filled
with conductive material. The second collector wiring M2¢
and the second base wiring M1c are formed in the second
wiring layer.

[0086] FIG.10isaplan view illustrating a state in which the
HBT 25tothe HBT 27, first wiring layer, second wiring layer,
and third wiring layer (bump electrodes) are formed. As illus-
trated in FIG. 10, the emitter bump electrode 195 is formed
directly on the emitter wiring M2e formed in the second
wiring layer. The emitter bump electrode 195 is formed in the
third wiring layer, and the third wiring layer is formed directly
on the second wiring layer without connection holes between
it and the second wiring layer.

[0087] The emitter bump electrode 195 is extended in the
direction in which the HBT 25 to the HBT 27 line up, and is
electrically connected with the emitter electrodes 35 through
the emitter wiring M2e formed in the second wiring layer.
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Since the emitter wiring M2e and the emitter bump electrode
195 are extended in the predetermined direction, their heat
capacities are enhanced. With the emitter wiring M2e and the
emitter bump electrode 195 formed, therefore, heat produced
in proximity to the emitter electrodes 35 is swiftly diffused to
the emitter wiring M2e and the emitter bump electrode 195.
For this reason, the efficiency of radiation of heat produced in
the HBT 25 to the HBT 27 can be enhanced.

[0088] The collector bump electrode 19a is formed directly
on the second collector wiring M2¢, and the base bump elec-
trode 19¢ is formed directly on the second base wiring M25.
The collector bump electrode 194, emitter bump electrode
195, and base bump electrode 19¢ are formed in the same
wiring layer, the third wiring layer. Therefore, the element
formation surface of the first semiconductor chip 19 is pla-
narized.

[0089] A description will be given to the internal constitu-
tion of the second semiconductor chip 21. FIG. 11 is a draw-
ing showing a section of the second semiconductor chip. In
FIG. 11, a p~-type semiconductor layer 61 is formed by an
epitaxial method or the like over a semiconductor substrate 60
composed of p*-type silicon (Si) single crystals. P-type wells
62 are formed in the semiconductor layer 61 by ion implan-
tation of impurity such as boron (B).

[0090] n-channel-type LDMOSFETs (Laterally Diffused
Metal Oxide Semiconductor Field Effect Transistors) 63a
and 635 are formed over the principal surface of the semicon-
ductor substrate 60. The gate insulating films 64 of the
LDMOSFETs 63a and 635 comprise, for example, a thin
silicon oxide film and the like, and is formed using, for
example, thermal oxidation. The gate electrodes 65 of the
LDMOSFETs 63a and 635 are formed, for example, by pat-
terning a polycrystalline silicon film formed over the princi-
pal surface of the semiconductor substrate 60 by photolithog-
raphy and etching. For example, a titanium silicide film and a
cobalt silicide film are formed over the polycrystalline silicon
film. Therefore, the gate electrode 65 is formed of a film stack
of'a polycrystalline silicon film and a metal silicide film. The
channels of the LDMOSFETs 63a and 635 are formed in the
p-type wells 62 positioned under the gate electrodes 65.

[0091] The n*-type semiconductor regions 66 as the source
regions of the LDMOSFETs 63a and 6354 are formed in the
p-type wells 62 so that they are extended to one-side ends of
the gate electrodes 65. The drain regions of the LDMOSFETs
63a and 635 are formed in common between the adjoining
gate electrodes 65. The drain regions of the LDMOSFETs
63a and 635 comprise an n™-type semiconductor region 67
and an n*-type semiconductor region 68 higher in impurity
atom concentration than the n™-type semiconductor region
67. The n™-type semiconductor region 67 and the n*-type
semiconductor region 68 are respectively formed by ion
implantation of n-type impurity such as phosphor (P).

[0092] An insulating film 69 comprising, for example, a
silicon oxide film is formed over the principal surface of the
semiconductor substrate 60 so that the gate electrodes 65 are
covered therewith. Contact holes 70 that expose the surfaces
ofthe n*-type semiconductor regions 66 and 68 are formed in
the insulating film 69. The contact holes 70 are filled with
plugs 71 comprising, for example, a barrier film and a tung-
sten film. Source electrodes 72 and a drain electrode 73 are
formed over the insulating film 69. The source electrodes 72
are electrically connected with the n*-type semiconductor
regions 66 through the plugs 71, and the drain electrode 73 is
electrically connected with the n*-type semiconductor region
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68 through the plug 71. The source electrodes 72 and the drain
electrode 73 can be formed, for example, by patterning an
aluminum alloy film formed over the insulating film 69 by
photolithography and etching. The source electrodes 72 and
the drain electrode 73 can also be formed of a film stack of a
barrier film and an aluminum alloy film.

[0093] An insulating film 74 is formed over the insulating
film 69 so that the source electrodes 72 and the drain electrode
73 are covered therewith. Other wiring layers or interlayer
insulating films are formed over the insulating film 74 as
required. In this specification, the description of such layers
and films will be omitted. A plurality of the LDMOSFETs
63a and 635 illustrated in FIG. 11 are connected in parallel,
and, for example, the amplifying portion of the amplifier 2a
illustrated in FIG. 1 is thereby formed.

[0094] A description will be given to a manufacturing
method for the power amplifier module (semiconductor
device) in this embodiment.

[0095] FIG. 12 is a sectional view taken along the line A-A
of FIG. 7. As illustrated in FIG. 12, the sub collector layer 31
comprising an n*-type GaAs layer is formed over a semi-
insulating GaAs substrate (semiconductor wafer) 30 by
MOCVD (Metal Organic Chemical Vapor Deposition) . The
HBT 25 to the HBT 27 are formed in the respective chip
regions present over the sub collector layer 31. Hereafter,
brief description will be given to the process for forming the
HBT 25 to the HBT 27.

[0096] A collector layer comprising an n-type GaAs layer
and a base layer comprising a p-type GaAs layer are lami-
nated and formed over the sub collector layer 31 using the
MOCVD. An n-type InGaP layer, GaAs layer, and InGaAs
layer are formed over the base layer in this order using the
MOCVD.

[0097] Subsequently, for example, a tungsten silicide film
as a conductive film is formed over the InGaAs layer. For
example, sputtering can be used to form the tungsten silicide
film. Thereafter, the tungsten silicide film is patterned using
photolithography and etching to form the emitter electrodes
35.

[0098] Next, the n-type InGaAs layer, GaAs layer, and
InGaP layer are etched in sequence using the emitter elec-
trodes 35 as a mask to form the emitter layer 34. The base
electrodes 36 formed of, for example, gold are formed over
the exposed base layer.

[0099] Subsequently, the base mesas 33 are formed using
photolithography and etching, and thereafter, the collector
mesas 32 are formed. The collector electrodes 37 formed of,
for example, gold are formed over the exposed sub collector
layer 31. Thus, the HBT 25 to the HBT 27 can be formed.
Finally, the mesa isolation 314 is formed for electrical isola-
tion from other elements.

[0100] Next, an insulating film 38 is formed over the ele-
ment formation surface of the GaAs substrate 30 with the
HBT 25 to the HBT 27 formed thereover, as illustrated in F1G.
13. The insulating film 38 is formed of a laminated silicon
oxide film using, for example, P-CVD (Plasma Chemical
Vapor Deposition) and SOG (Spin On Glass) A more specific
description will be given. In the SOG, the element formation
surface of the GaAs substrate 30 is spin-coated with liquid
obtained by dissolving silica in solvent such as alcohol, and
thereafter evaporating the solvent by heat treatment. Thus, a
silicon oxide film to be the insulating film 38 is formed.
[0101] Subsequently, the connection holes 394 are formed
in the insulating film 38 using photolithography and etching.
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The connection holes 39a are so formed that the insulating
film 38 is opened above the collector electrodes 37, and thus
the collector electrodes 37 are exposed at the bottom of the
connection holes 39a. At this time, the connection holes 395
that penetrate the insulating film 38 to the base electrodes 36
are also formed though the connection holes 394 are not
depicted in FIG. 13.

[0102] FIG. 14 is a sectional view taken along the line A-A
of FIG. 8. As illustrated in FIG. 14, a molybdenum film 40q,
gold film 405, and molybdenum film 40c¢ are formed in this
order over the insulating film 38 including the interior of the
connection holes 39a. At this time, plating and photolithog-
raphy are used. Thus, the first collector wiring M1c is formed.
The first collector wiring M1c is formed in the first wiring
layer and is connected in common with the individual collec-
tor electrodes 37. The first base wiring M15 is also formed
over the insulating film 38 including the connection holes 395
though it is not depicted in FIG. 14 (Refer to FIG. 8). The first
collector wiring M1c and the first base wiring M15 may be
formed using, for example, sputtering.

[0103] FIG. 15 is a sectional view taken along the line A-A
of FIG. 9. As illustrated in FIG. 15, an insulating film 41 is
formed over the insulating film 38 with the first collector
wiring M1c formed thereover. For example, similarly with
the insulating film 38, the insulating film 41 is formed of a
laminated silicon oxide film using the P-CVD and the SOG.
Using photolithography and etching, the connection holes
424 extended to the emitter electrodes 35 are formed in the
insulating film 38 and the insulating film 41. As this time, the
connection hole 425 extended to the first collector wiring
Mlc and the connection hole 42¢ extended to the first base
wiring M15b are also formed as illustrated in FIG. 9.

[0104] Next, using plating and photolithography, a molyb-
denum film 434, a gold film 435, and a molybdenum film 43¢
are formed in this order over the insulating film 41 including
the interior of the connection holes 42a, as illustrated in FIG.
15. Thus, the emitter wiring M2e is formed. This emitter
wiring M2e is extended in the direction in which the HBT 25
to the HBT 27 line up, and is connected in common with the
individual emitter electrodes 35. The emitter wiring M2e is
formed in the second wiring layer. As illustrated in FIG. 9, the
second collector wiring M2c¢ is formed over the first collector
wiring M1c through the connection hole 425 filled with con-
ductive material; the second base wiring M2b is formed over
the first base wiring M15 through the connection hole 42¢
filled with conductive material. However, the foregoing is not
depicted in FIG. 15. The second collector wiring M2c¢ and the
second base wiring M2b are also formed in the second wiring
layer. The emitter wiring M2e, second collector wiring M2c,
and second base wiring M25 may be formed using sputtering
or the like, not plating.

[0105] FIG. 16 is a sectional view taken along the line A-A
of FIG. 10. First, a silicon nitride film (not shown) to be a
passivation film is formed over the insulating film 41 includ-
ing the emitter wiring M2e. Thereafter, using photolithogra-
phy and etching, the silicon nitride film is patterned. This
patterning is carried out so that the silicon nitride film is
opened to a bump electrode formation region. Subsequently,
a molybdenum/gold film 454 composed of molybdenum and
gold is formed in the region including the area above the
emitter wiring M2e using, for example, sputtering, as illus-
trated in FIG. 16. Thereafter, using photolithography and
plating, a gold film 454 is formed over the molybdenum/gold
film 454 to form the emitter bump electrode 194. This emitter
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bump electrode 195 is so formed that it includes the emitter
wiring M2e extended in the direction in which the HBT 25 to
the HBT 27 line up. Therefore, the emitter bump electrode
195 is so formed that it is extended in the direction in which
the HBT 25 to the HBT 27 line up. When the emitter bump
electrode 194 is formed, the collector bump electrode 194 and
the base bump electrode 19¢, illustrated in FIG. 10, are also
formed.

[0106] Next, the GaAs substrate 30 is cut and separated into
individual semiconductor chips. Each semiconductor chip
cut at this time becomes, for example, the first semiconductor
chip 19 illustrated in FIG. 6. Subsequently, first semiconduc-
tor chips 19 are mounted over a substrate having multiple
segments with a plurality of wiring substrates 10, illustrated
in FIG. 5, formed therein. Mounting of the first semiconduc-
tor chip 19 over each wiring substrate 10 in the substrate
having multiple segments is carried out so that the following
is implemented: the emitter bump electrodes 195 and 19e
formed in the first semiconductor chip 19 are connected with
a plurality of the via holes, 18 formed in the wiring substrate
10, embraced therein. A plurality of these via holes 18 are
connected with the external wiring for GND (ground level
voltage supply) 12 formed over the underside surface of the
wiring substrate 10 illustrated in FIG. 3.

[0107] Subsequently, the second semiconductor chip 21 is
mounted over the first semiconductor chip 19 mounted over
each wiring substrate 10, as illustrated in FIG. 4. Thereafter,
the second semiconductor chip 21 and the wiring substrate 10
are connected with each other through the wires 22. The
component mounting surface of the substrate having multiple
segments is sealed with resin, and the substrate is cut and
separated into individual wiring substrates 10. Thus, the
power amplifier module A illustrated in FIG. 2 can be formed.
[0108] In the power amplifier module A in this embodi-
ment, the emitter bump electrodes 196 and 19¢, extended in
the predetermined direction, are connected with the external
wiring for GND (ground level voltage supply) 12 through a
plurality of the via holes 18. For this reason, heat produced in
the HBT 25 to the HBT 27 is radiated as follow: the heat is
conducted to the emitter bump electrodes 196 and 19e
extended in the direction in which the HBT 25 to the HBT 27
line up. Thereafter, the heat passes through a plurality of the
via holes 18, and is radiated at the external wiring for GND
(ground level voltage supply) 12. Thus, heat is radiated
through a plurality of the via holes 18; therefore, the heat
radiation efficiency can be enhanced.

[0109] The power amplifier module A in this embodiment
is so constructed that the first semiconductor chip 19 and the
second semiconductor chip 21 are stacked together. There-
fore, the power amplifier module A can be reduced in size.
[0110] This embodiment is so constructed that the emitter
bump electrode 196 and the emitter bump electrode 19¢ in the
first semiconductor chip 19 are connected with a plurality of
different via holes 18 on the mounting surface of the wiring
substrate 10. Instead, for example, the constitution illustrated
in FIG. 17 may be adopted. In this constitution, wiring 50 is
provided so that it embraces the connecting faces of all the via
holes 18 on the mounting surface of the wiring substrate 10;
and the first semiconductor chip 19 is mounted so that the
emitter bump electrodes 195 and 19¢ are embraced in the
wiring 50. With this constitution, for example, heat that is
conducted by the emitter bump electrode 195 is conducted to
the external wiring for GND (ground level voltage supply) 12
through more via holes 18 than in this embodiment. There-



US 2009/0194792 Al

fore, the heat radiation efficiency can be enhanced. A more
specific description will be given. In this embodiment, the
emitter bump electrode 1954 is connected with four via holes
18 on the mounting surface, as illustrated in FIG. 3. If the first
semiconductor chip 19 is connected with the wiring substrate
10 illustrated in FIG. 17, the emitter bump electrode 195 is
connected with eight via holes on the mounting surface;
therefore, the heat radiation efficiency can be enhanced.
Especially, the emitter bump electrode 195 is positioned in a
circuit for the GSM, for example, and the emitter bump elec-
trode 19¢ is positioned in a circuit for the DCS, for example.
Therefore, when one circuit is used, the other circuit is not
used. As a result, the following advantage is brought: when,
for example, the circuit for the GSM is used and the emitter
bump electrode 196 produces heat, this heat can be efficiently
conducted to the external electrode for GND (ground level
voltage supply) 12 using the via holes positioned on the
emitter bump electrode 19¢ side as well.

[0111] The following constitution illustrated in FIG. 18
may be adopted: adent referred to as cavity 80 is formed in the
principal surface of the wiring substrate 10, and the first
semiconductor chip 19 with the HBTs formed therein is
mounted in this cavity 80. At this time, the collector bump
electrode 194, emitter bump electrode 1954, and base bump
electrode 19¢ of'the first semiconductor chip 19 are connected
with wiring 15 to wiring 17 formed in the cavity 80. The
wiring 16 connected with the emitter bump electrode 195 is
connected with the external wiring for GND (ground level
voltage supply) 12, formed over the underside surface of the
wiring substrate 10, through the via holes 18.

[0112] By providing the cavity 80 in the wiring substrate
10, as mentioned above, the distance between the emitter
bump electrode 196 and the external wiring for GND (ground
level voltage supply) 12 can be shortened as compared with
cases where the cavity 80 is not provided. A more specific
description will be given. Provision of the cavity 80 shortens
the length of the via holes 18, and the external wiring for GND
(ground level voltage supply) 12 provided with functions of
supplying GND (ground level voltage supply) voltage and
radiating heat and the emitter bump electrode 195 are brought
close to each other. Therefore, the efficiency of radiation of
heat produced in the first semiconductor chip 19 can be
enhanced.

[0113] Up to this point, the invention made by the present
inventors has been specifically described based on the
embodiment. However, the present invention is not limited to
this embodiment, and it will be obvious that various changes
may be made without departing from the scope of the inven-
tion, needless to add.

[0114] With respect to this embodiment, description has
been given to npn bipolar transistors. Instead, the present
invention may be applied to pnp bipolar transistors. Descrip-
tion has been given to bipolar transistors formed over a GaAs
substrate. Instead, other compound semiconductors may be
used.

[0115] With respect to this embodiment, description has
been given to cases where a GaAs substrate is used and an
InGaP layer is included as an emitter layer. Instead, the
present invention may be applied to HBTs that use a GaAs
substrate and contain AlGaAs (aluminum gallium arsenide)
as an emitter layer.

[0116] The present invention can be used in a broad range
of applications in the manufacturing industry in which semi-
conductor devices are manufactured.
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What is claimed is:
1. A semiconductor device comprising:
a first semiconductor chip having a first power consump-
tion including:
(al) a plurality of heterojunction bipolar transistors, and
(a2) an emitter bump electrode that is connected in com-
mon with the emitter electrodes of a plurality of the
heterojunction bipolar transistors and is extended in a
predetermined direction; and
(b) a wiring substrate over which the first semiconductor
chip is mounted,
wherein the emitter bump electrode is connected with a
plurality of via holes so formed that the via holes pen-
etrate the wiring substrate; and
wherein a second semiconductor chip having a second
power consumption, lower than said first power con-
sumption, is disposed over a surface of the first semi-
conductor chip opposite a surface that faces toward the
wiring substrate when the first semiconductor chip is
mounted over the wiring substrate.
2. The semiconductor device according to claim 1,
wherein the first semiconductor chip is formed with com-
pound semiconductor as a main ingredient, and the sec-
ond semiconductor chip is formed with silicon as a main
ingredient.
3. The semiconductor device according to claim 1,
wherein the semiconductor device is a power amplifier
module used in a cellular phone.
4. The semiconductor device according to claim 1, com-
prising:
multistage amplifier circuits that amplify input signals and
a control circuit that controls the multistage amplifier
circuits,
wherein, of the multistage amplifier circuits, the amplifier
circuit in the first stage and the control circuit are formed
in the second semiconductor chip, and of the multistage
amplifier circuits, the amplifier circuit including the het-
erojunction bipolar transistor in a last stage are formed
in the first semiconductor chip.
5. The semiconductor device according to claim 1, com-
prising:
three-staged amplifier circuits that amplify input signals
and a control circuit that controls the three-staged ampli-
fier circuits,
wherein, of the three-staged amplifier circuits, the ampli-
fier circuit in the first stage and the control circuit are
formed in the second semiconductor chip, and of the
three-staged amplifier circuits, the amplifier circuits in
the second stages and the amplifier circuits including the
heterojunction bipolar transistors in the last stages are
formed in the first semiconductor chip.
6. The semiconductor device according to claim 1, com-
prising:
a first circuit that operates with a first frequency and a
second circuit that operates with a second frequency.
7. The semiconductor device according to claim 6,
wherein the first circuit and the second circuit include
multistage amplifier circuits that amplify input signals
respectively inputted to the first circuit and the second
circuit, and
wherein the first-stage amplifier circuit in the first circuit
and the first-stage amplifier circuit in the second circuit
are formed in the second semiconductor chip, and the
last-stage amplifier circuit in the first circuit and the
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last-stage amplifier circuit in the second circuit are
formed in the first semiconductor chip.

8. The semiconductor device according to claim 1,

wherein the first semiconductor chip comprises:

(a3) a first base wiring connected in common with base
electrodes of a plurality of the heterojunction bipolar
transistors;

(a4) a first collector wiring connected in common with
collector electrodes of a plurality of the heterojunction
bipolar transistors; and

(a5) an emitter wiring connected in common with emitter
electrodes of a plurality of the heterojunction bipolar
transistors, and

wherein the first base wiring and the first collector wiring
are formed in a first wiring layer, the emitter wiring is
formed in a second wiring layer, and the emitter bump
electrode formed on the emitter wiring is formed in a
third wiring layer.

9. The semiconductor device according to claim 8, further

comprising:

(a6) a second base wiring formed over the first base wiring;

(a7) a base bump electrode formed over the second base
wiring;

(a8) a second collector wiring formed over the first collec-
tor wiring; and

(a9) a collector bump electrode formed over the second
collector wiring,

wherein the second base wiring and the second collector
wiring are formed in the second wiring layer, and the
base bump electrode and the collector bump electrode
are formed in the third wiring layer.

10. The semiconductor device according to claim 1,

wherein the wiring substrate has a wiring that is so formed
that connecting faces of a plurality of the via holes are
embraced therein and is formed on the surface of the
wiring substrate over which the first semiconductor chip
is mounted, and

wherein the first semiconductor chip is mounted over the
wiring substrate so that a plurality of the emitter bump
electrodes are embraced in the wiring.

11. The semiconductor device according to claim 1,

wherein the first semiconductor chip is mounted with a
surface with a plurality of the heterojunction bipolar
transistors formed therein facing toward the wiring sub-
strate.

12. The semiconductor device according to claim 11,

wherein the via holes in the semiconductor device are
formed of metal,

Aug. 6, 2009

wherein an external wiring for ground level voltage supply
is formed over the surface of the wiring substrate oppo-
site the surface over which the first semiconductor chip
is mounted, and

wherein the via holes are connected with the external wir-
ing for ground level voltage supply.

13. The semiconductor device according to claim 4,

wherein passive components are mounted over the wiring
substrate.

14. The semiconductor device according to claim 1,

wherein the second semiconductor chip and the wiring
substrate are electrically connected with each other
through wires.

15. A semiconductor device comprising:

a first semiconductor chip having a first power consump-
tion including:

(al) a plurality of heterojunction bipolar transistors, and

(a2) an emitter bump electrode that is connected in com-
mon with emitter electrodes of a plurality of the hetero-
junction bipolar transistors and is extended in a prede-
termined direction;

(b) a second semiconductor chip having a second power
consumption lower than said first power consumption;
and

(c) a wiring substrate over which the first semiconductor
chip and the second semiconductor chip are mounted,

wherein the first semiconductor chip is mounted over the
wiring substrate so that the emitter bump electrode is
connected with a plurality of via holes penetrating the
wiring substrate, and the second semiconductor chip is
mounted over a surface of the first semiconductor chip
opposite a surface that surface toward the wiring sub-
strate when the first semiconductor chip is mounted over
the wiring substrate.

16. A semiconductor device comprising:

(a) a wiring substrate having via holes;

(b) a first semiconductor chip in which heterojunction
bipolar transistors are formed; and

(c) a second semiconductor chip having a power consump-
tion that is lower than that of the first semiconductor
chip,

wherein the first semiconductor chip is mounted over the
wiring substrate so that the first semiconductor chip is
connected with the via holes, and the second semicon-
ductor chip is disposed over a surface of the first semi-
conductor chip opposite a mounting surface of the first
semiconductor chip.
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