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(57) Abstract 
 

 A semiconductor device which can reduce the transmission loss of high-frequency 
signals and in which a semiconductor chip (6) is facedown-bonded on a ground 
plane TAB tape (4). The TAB tape (4) is formed with a first conductive layer (2) and a 
second conductive layer (3) respectively on the front and rear sides of an insulating 
layer (1), a portion of the front side of the second conductive layer (3) is exposed in 
an opening (8) provided in the insulating layer (1), and Au bumps (7a, 7b) are 
provided protruding in the openings of the first conductive layer (2) and the second 
conductive layer (3). A pad electrode (5) of the semiconductor chip (6) is aligned 
and bonded to the Au bumps (7a, 7b) of the TAB tape (4) without melting the Au 
bumps (7a, 7b). This semiconductor device can be used in an information 
communication device and to configure a multichip module for an advanced 
system. 
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SPECIFICATION 

SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

TECHNICAL FIELD 

The present invention relates to a semiconductor device and in particular to an effective 

technology applied to a semiconductor device in which a semiconductor chip is facedown-

mounted on a tape formed with a conductive layer on an insulating layer.  

BACKGROUND TECHNOLOGY 

Recently, mobile wireless devices such as mobile phones and car phones have become 

widespread, and high-function monolithic microwave integrated circuits (MMIC) are built into 

these mobile wireless devices. These mobile wireless devices operate at the high-frequency 

microwave band, and therefore gallium arsenide (GaAs) which has superior high-speed capacity is 

often chosen instead of silicon, which in general is widely used as the chip material in ICs for such 

devices. 

In order to assemble such an IC, a plurality of pad electrodes formed on the IC chip surface 

need to be electrically connected to an external lead such as a lead frame. In ordinary ICs, such an 

electrical connection is made by bonding wires of metal or the like between the plurality of pad 

electrodes and the corresponding leads.  

However, particularly with an IC operating in the microwave band such as an MMIC, the 

connection of the pad electrode and the lead with a bonding wire results in unwanted wire routing 

on the semiconductor chip such that the bonding wire causes an increase in the parasitic 

impedance and the parasitic capacitance. When a high-frequency signal in the microwave band is 

transmitted with the parasitic impedance and parasitic capacitance increased in this manner, the 

signal loss increases, making it difficult to accurately transmit a high-frequency signal. It can be 

said that there is a similar tendency in external leads as well. Such an increase in the signal loss 

often causes parasitic impedance in particular. Accordingly, measures are desirable that maximally 

curb the increase in parasitic impedance.  

Therefore a facedown-bonding technique has been proposed as a chip bonding method that 

does not require bonding wires. For example, Japanese Patent H5-251505 discloses such a 

facedown bonding technique. This patent describes a method for facedown-bonding an IC chip on 

an area tape in which a plurality of metal wires is formed on a substrate comprising a dielectric 

film, the area tape is formed with a via hole passing through the metal wire in the dielectric film 

and used as an external lead, a solder or other such metal ball is inserted into the via hole, then 

the IC chip is positioned such that a pad electrode is in contact with the metal ball, and the area 

tape and the IC chip are compressed and heated to melt the metal ball.  

Similarly, Japanese Patent H4-99341, for example, discloses another facedown-bonding 

technique in which bonding wire is not needed. This patent describes a method in which a first 

tape automated bonding (TAB) lead and a second TAB lead are provided through an insulating 
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layer, and TAB tapes formed with bumps of different heights at the ends of the leads are used to 

facedown-bond an IC chip on the TAB tapes via the bumps. 

In the former disclosed technology with a conventional facedown bonding technique such as 

described above, a solder or other such metal ball is melted to bond the IC chip, and therefore 

there are problems in that a metal flow prevention means is needed and the tape utilization ratio 

is low due to the metal wire being formed on only one side of the dielectric film. 

More specifically, there is a risk that the melted metal will flow out and short an adjacent wire, 

and therefore a preventative means such as a flow prevention layer is required. Further, a metal 

wire formed on only one side of the dielectric film is used, and therefore the applied IC chip is 

restricted to relatively few pad electrodes. Furthermore, with this conventional technology, the 

metal wire is formed on only one side of the dielectric film, so a microstrip line structure which is 

often used as a transmission path for high-frequency signals cannot be formed, and thus a signal 

path cannot be formed with constant impedance and a semiconductor device with superior high-

frequency characteristics cannot be obtained. 

In the latter disclosed technology, a TAB tape is used in which a first TAB lead and a second TAB 

lead are formed on opposite sides of an insulating layer, but the bumps are formed only at the end 

of the leads, giving the problem that application of the technology is possible only to an IC chip 

formed with pad electrodes at the chip periphery.  

More specifically, bonding to a pad electrode is not possible except at the periphery of the IC 

chip, and therefore application of the technology is not possible to an IC chip formed with pad 

electrodes on the entire chip surface. 

It is an object of the present invention to provide a semiconductor device in which facedown 

bonding is possible without bump melting, the tape utilization ratio is improved, and application is 

possible to an IC chip formed with pad electrodes on the entire chip surface. 

However, with the increase in information communication, technology is being developed in 

which a system capable of transmitting information at a rate of multiple gigabytes per second is 

incorporated in one module. High-frequency signals exceeding a frequency of 1 GHz are used in 

this module. In such a module with a built-in system for transmitting high-frequency signals 

(hereinafter referred to as a high-frequency signal module), it is not possible to adopt the bottom 

braze method or the gull wing method used in modules with a built-in system for transmitting 

ordinary frequency signals. This is because a signal reflection phenomenon occurs when there is a 

level difference of at least around 500 μm in the signal transmission path, causing the signal 

transmission characteristics to drop to a level that cannot be tolerated in a high-frequency signal 

module. 

A drop-in method for housing the semiconductor device in a cavity provided in part of the 

mounting substrate has been proposed as shown in Japanese Patent H6-216272, for example. 

However, in this drop-in method, a cavity must be formed in the mounting substrate, which has 

the problem of increased mounting substrate costs. 
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To address these problems, a semiconductor chip directly mounted on a mounting substrate 

may be considered. However, when directly mounting a plurality of semiconductor chips, there is 

the problem that the entire mounting substrate must be replaced if even only one of the 

semiconductor chips is damaged. 

It is a second object of the present invention to provide a semiconductor device capable of 

preventing the transmission signal reflection phenomenon and provided with improved repair 

characteristics so as to be suitable for a high-frequency signal module. 

The objects described above, other objects, and novel characteristics of the present invention 

are made clear in the description and the drawings of the present specification.  

DISCLOSURE OF THE INVENTION 

A brief summary of an invention representative of the inventions disclosed in the present 

application is provided below.  

The semiconductor device of the present invention is a semiconductor device in which a 

semiconductor chip is facedown-bonded on a tape formed with a conductor layer at an insulation 

layer, said tape is formed with a first conductive layer and a second conductive layer respectively 

at the front and rear sides of the insulation layer, a portion of the second insulation layer is 

exposed in the front side from an opening, a plurality of pad electrodes formed at the front 

surface is electrically connected to the aforementioned first conductive layer and second 

conductive layer, and the aforementioned semiconductor chip is facedown-bonded via bumps at a 

plurality of positions flattened so as to have the same height, the bumps not being melted in the 

facedown-bonding process.  

 According to this semiconductor device, the semiconductor chip is facedown-bonded to 

the tape without melting the bumps, so the tape utilization rate is improved, making application to 

a TAB tape structure possible even if pad electrodes are formed on the entire surface of the 

semiconductor chip. 

The present invention is characterized in that the aforementioned semiconductor devices in 

which a semiconductor chip is facedown-bonded to a tape are each mounted on a wiring board 

with the aforementioned second conductive layer mechanically and electrically connected to a 

mounting surface portion formed on a first main surface of the wiring board. 

According to this configuration, the tape to which the semiconductor chip is facedown-bonded 

is surface-mounted to the first main surface of the wiring board so that the level difference 

between the semiconductor chip and the first main surface of the wiring board is minimized, 

thereby preventing the signal reflection phenomenon and improving the signal transmission 

characteristics. Because the semiconductor chip is surface-mounted to the wiring via through the 

tape, when it is desirable to remove one of the semiconductor chips from the wiring board, that 

semiconductor chip and the connecting parts of the tape and the mounting surface portion of the 

wiring board can be removed independently of the other semiconductor chips.  
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top view showing the semiconductor device according to embodiment 1 of the 

present invention.  

FIG. 2 is a cross-section view of A-A in FIG. 1. 

FIG. 3 is a cross-section view of B-B in FIG. 1. 

FIG. 4 is a cross-section view of C-C in FIG. 1. 

FIG. 5 is a cross-section view showing one process in the method for manufacturing a 

semiconductor device according to embodiment 1. 

FIG. 6 is a cross-section view showing another process in the method for manufacturing a 

semiconductor device according to embodiment 1. 

FIG. 7 is a cross-section view showing another process in the method for manufacturing a 

semiconductor device according to embodiment 1. 

FIG. 8 is a cross-section view showing another process in the method for manufacturing a 

semiconductor device according to embodiment 1. 

FIG. 9 is a cross-section view showing another process in the method for manufacturing a 

semiconductor device according to embodiment 1. 

FIG. 10 is a cross-section view showing the semiconductor device according to embodiment 2 

of the present invention. 

FIG. 11 is a cross-section view showing the semiconductor device according to embodiment 3 

of the present invention. 

FIG. 12 is a front cross-section view showing the semiconductor device according to 

embodiment 4 of the present invention. 

FIG. 13 is a planar cross-section view of FIG. 12.  

FIG. 14 shows a chip assembly used in the semiconductor device according to embodiment 4, 

wherein (A) is a planar view with partial omission and (B) is a front view cross-section view along 

the line B-B. 

FIG. 15 shows the same chip assembly, wherein (A) is a bottom view and (B) is a side cross-

section view along the line B-B. 

FIG. 16 shows the essential parts of the wiring board assembly mounted with a chip assembly, 

wherein (A) is a planar view and (B) is a front cross-section view. 

FIG. 17 is a front cross-section view showing the semiconductor device according to 

embodiment 5 of the present invention. 
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FIG. 18 is a planar cross-section view of FIG. 17. 

BEST MODE FOR WORKING THE INVENTION 

Embodiments of the present invention are described below with reference to the drawings. 

The semiconductor device of the present embodiment is provided with a TAB tape (hereinafter 

simply referred to as a tape) having a first conductive layer 2 formed on the front side (upper side 

in FIG. 2) of an insulating layer 1 comprising, for example, polyimide or polyester and a second 

conductive layer 3 formed on the rear side (lower side in FIG. 2), and an IC chip 6 comprising, for 

example, GaAs formed with a plurality of pad electrodes 5 on the surface, the IC chip 6 being 

facedown-bonded on the tape 4 via bumps 7 at a plurality of positions to electrically connect a 

plurality of pad electrodes 5 to the first conductive layer 2 and the second conductive layer 3 

without melting the bumps 7. 

The insulating layer 1 of the tape 4 is formed approximately 50 μm thick, and the first 

conductive layer 2 and the second conductive layer 3 are formed respectively on the front side 

and the rear side of the insulating layer 1 with a plating method or the like by in which Cr, Cu, and 

Au, for example, are successively attached at a thickness of approximately 10 μm. An opening 8 is 

formed partially in the insulating layer 1, exposing the front side of a portion of the second 

conductive layer 3 from the opening 8. Accordingly, the first conductive layer 2 and the second 

conductive layer 3 are both arranged to enable conductivity from the front side to the bumps 7. A 

side surface 8a of the opening 8 is formed with an incline from approximately 30° to 45°. 

The first conductive layer 2 of the tape 4 is formed with, for example, a stage of an Au bump 7a 

with a method such as described below. Using a similar method, the second conductive layer 3 is 

formed with, for example, two stages of Au bumps 7a and 7b through the opening 8. Each of the 

Au bumps 7a and 7b is formed with, for example, a height of approximately 60 μm and a diameter 

of approximately 150 μm. By forming the second conductive layer 3, which is formed at a lower 

position than the first conductive layer 2, with one more stage of the Au bump 7b than the first 

conductive layer 2, and by flattening as described below, the Au bumps 7 have the same height on 

the first conductive layer 2 and the second conductive layer 3. 

As shown in FIG. 1, passive elements such as, for example, inductors 9 and 10 and a 

capacitance element 11 are formed on the first conductive layer 2 of the tape 4. Active elements 

may be formed on the IC chip 6, as may be a fixed number of passive elements that are 

comparatively small such as, for example, an inductor 12. A power source, a signal, a bias 

adjustment line, and the like may be formed as needed on the first conductive layer 2. In this 

manner, a portion of the passive elements formed on the IC chip 6 may be formed on the tape 4 

such that the area of the expensive IC chip 6 need not be large, thereby reducing costs. 

The second conductive layer 3 of the tape 4 is used as a ground potential, and a ground lead 13 

electrically connected to the second conductive layer 3 is externally connected as in FIG. 1. FIG. 3 

shows a cross-section view of B-B in FIG 1 with a structure in which the ground lead 13 is 

electrically connected to the second conductive layer 3 through the opening 8.  
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FIG. 4 shows a cross-section view of C-C in FIG. 1 with a partial structure of the capacitance 

element 11 as an example, and shows an example in which the capacitance element 11 is 

configured from the pair of conductive layers 2 and 3 arranged sandwiching the insulating layer 1. 

The essential parts, including the tape 4 and the IC chip 6, are sealed with a resin 14. This resin 

sealing is carried out with a well-known transfer molding technique. To simply the explanation, 

FIG. 1 shows the structure with the resin 14 removed. 

According to such a semiconductor device, a narrow-band amplifier can be configured that 

operates in the high-frequency microwave band, an input signal is inputted into the IC chip 6 

through the first conductive layer 2 of the tape 4 having a microstrip line structure, passes through 

the active and passive elements, then returns to the passive elements on the tape 4, and repeats 

this route, becoming an output signal. Even if the signal circulates between the tape 4 and the IC 

chip 6 in this manner, the IC chip 6 is facedown-bonded on the tape 4, thereby curbing an increase 

in the parasitic impedance compared to the case where wire bonding is used, and therefore the 

increase in signal loss can mostly be suppressed. 

Next, the method for manufacturing a semiconductor device of the present embodiment is 

described in order of steps. 

As shown in FIG. 5, the tape 4 is formed with the first conductive layer 2 and the second 

conductive layer 3 on the front side and rear side respectively of the insulating layer 1 comprising, 

for example, polyimide or polyester. Cr, Cu, and Au, for example, are successively attached to both 

the front side and the rear side of the insulating layer 1, which has a thickness of approximately 50 

μm, with a plating method or the like, forming the first conductive layer 2 and the second 

conductive layer 3 comprising a thickness of 10s of μm.  

The opening 8 is formed partially in the insulating layer 1, and a portion of the second 

conductive layer 3 is exposed to the front side from the opening 8. The side surface 8a of the 

opening 8 is formed so as to have an incline of approximately 30° to 45°. A ball bonding technique 

using an Au wire with a diameter of approximately 30 μm is applied to the first conductive layer 2 

and the second conductive layer 3 to form, for example, one stage of an Au bump 7a with, for 

example, a height of approximately 60 μm and a diameter of approximately 150 μm. As a result, 

there is a height difference between the Au bump 7a on the first conductive layer 2 and the Au 

bump 7b on the second conductive layer 3. 

Next, as shown in FIG. 6, ball bonding similar to that described above is carried out on only the 

Au bump 7a on the second conductive layer 3 to form one stage of an Au bump 7b having the 

same size as the Au bump 7a. It is thereby possible to reduce the height difference between the 

Au bump 7a on the first conductive layer 2 and the Au bumps 7a and 7b on the second conductive 

layer 3 to around 10 μm. 

Continuing, as shown in FIG. 7, a jig 15 is used to compress and flatten the Au bump 7a on the 

first conductive layer 2 and the Au bumps 7a and 7b on the second conductive layer 3 from above. 

The Au bumps 7a and 7b and an Au bump 7c each has a soft nature, and therefore easily deforms 
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in response to the jig 15 compression, flattening completely. As a result, the difference in height 

between the Au bump 7a and the Au bumps 7a and 7b formed at different positions on the tape 4 

is absorbed, and the Au bumps become completely identical in height. In this manner, the 

flattening of the Au bumps can be easily carried out by adopting a method such as described in 

Japanese Patent H5-275491, which has been filed by the present applicants.  

Next, a plurality of pad electrodes 5 is formed on the surface as shown in FIG. 8, the IC chip 6 

comprising, for example, GaAs is formed with not only active elements but also passive elements 

according to need, the ball bonding technique is carried out as described above on the pad 

electrodes 5, and one stage of an Au bump 7c, for example, is formed with, for example, a height 

of approximately 60 μm and a diameter of approximately 150 μm.  

Continuing, as shown in FIG. 9, the IC chip 6 obtained in FIG. 8 is arranged on the tape 4 

obtained in FIG. 7 so that the pad electrodes 5 are underneath the IC chip 6, and a 

thermocompression bonding technique is used to facedown-bond the IC chip 6 on the tape 4 with 

the Au bumps 7c and the corresponding Au bumps 7a and Au bumps 7a and 7b positioned on the 

pad electrodes 5. The thermocompression bonding technique is carried out at a temperature no 

greater than the melting point of the Au bumps such that the facedown bonding occurs without 

melting the Au bumps 7a, 7b, and 7c. Next, the tape 4 and the IC chip 6 are sealed with resin using 

a transfer mold technique. A semiconductor device is thereby obtained in which the essential 

parts are sealed with the resin 14 as shown in FIG. 2.  

According to such a semiconductor device in embodiment 1, effects such as the following are 

obtained: 

(1) When the IC chip 6 is facedown-bonded on the tape 4, the Au bumps 7a, 7b, and 7c do not 

melt, so there is no danger of neighboring Au bumps shorting, and therefore no flow prevention 

means is needed for the Au bumps. 

(2) In addition, the first conductive layer 2 and the second conductive layer 3 are formed 

respectively on both the front side and the rear side, not just on one side, of the insulating layer 1, 

making it possible to use both of the conductive layers 2 and 3 as external leads electrically 

connected to the pad electrodes 5 of the IC chip 6, and thereby improving the utilization ratio of 

the tape 4. A TAB tape structure is thus applicable even to IC chips with a comparatively large 

number of pad electrodes.  

(3) Since the tape 4 formed with the first conductive layer 2 and the second conductive layer 3 

on the top side and the bottom side respectively of the insulating layer can be used, application is 

possible to IC chips formed with pad electrodes on the entire chip surface. 

(4) Since the advantage of facedown bonding, i.e., curbing of the increase in the parasitic 

impedance in (1) to (3), can be utilized without modification, it is possible to minimize the increase 

in signal loss of the semiconductor device particularly when operating in the high-frequency 

microwave band. 

10

CCP
Sticky Note
None set by CCP

CCP
Sticky Note
MigrationNone set by CCP

CCP
Sticky Note
Unmarked set by CCP



WO 96-12296  PCT/JP95/02121 

(5) Since a portion of the passive elements formed on the IC chip 6 can be formed on the tape 

4, the area of the expensive IC chip 6 can be reduced, thereby reducing costs. 

FIG. 10 is a cross-section view showing the semiconductor device according to embodiment 2 

of the present invention. The semiconductor device of the present embodiment has a structure 

such that, in the semiconductor device according to embodiment 1, the bottom of the second 

semiconductor level 3 of the tape 4 is exposed from the resin 14, and a metal plate 16 a number of 

mm thick is attached to the second conductive layer 3. Fe-Ni, Mo, Cu-W, or the like, for example, is 

used as the metal plate 16, which is connected to the second conductive layer 3 through a brazing 

filler material such as Au-Su.  

In this manner, the metal plate 16, which is thicker than the second conductive layer 3 (10s of 

μm), is attached to the second conductive layer 3, and as a result the parasitic impedance of the 

second conductive layer 3 can be reduced. Therefore, when the second conductive layer 3 is used 

as a ground potential, the ground potential can be stabilized. This is effective even for IC unit 

operation and when the IC is built into a system device. 

Such a semiconductor device can be manufactured by attaching the metal plate 16 to the 

second conductive layer 3 of the tape 4 beforehand, then facedown-bonding the IC chip 6 onto the 

tape 4, and sealing the portions other than the metal plate 16 with resin. 

According to such a semiconductor device of embodiment 2, effects such as the following are 

obtained in addition to effects similar to those of the semiconductor device of embodiment 1. 

The metal plate 16 that is attached is thicker than the second conductive layer 3 of the tape 4 

which is used as a ground potential, and therefore it is possible to reduce the parasitic impedance 

such that the ground potential can be stabilized. 

FIG. 11 is a cross-section view showing the semiconductor device according to embodiment 3 

of the present invention. The semiconductor device of the present embodiment has a structure in 

which the metal plate 16 is attached to the rear surface of the IC chip 6, and a heat radiation fan 

17 is attached to the metal plate 16. A metal material with superior heat dissipation such as, for 

example, Cu-W, Al, or Fe-Ni is used as the heat dissipation fan 17, which is attached to the metal 

plate 16 via an adhesive such as a heat-conductive grease, by means of a screw, or by assembling 

with the metal plate 16. 

By attaching the heat dissipation fan 17 to the metal plate 16 in this manner, the cooling 

efficiency can be enhanced. Thus even if the semiconductor device is used in a particularly high-

power application, efficient operation is possible. 

Such a semiconductor device can be manufactured by facedown-bonding the IC chip 6 onto the 

tape 4, then attaching the Al-plated metal plate 16 to the rear surface of the IC chip 6, then sealing 

with resin except for the rear surface of the metal plate 16, and attaching the heat dissipation fan 

17 to the rear surface of the metal plate 16. 
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According to such a semiconductor device of embodiment 3, effects such as the following are 

obtained in addition to effects similar to those of the semiconductor devices of embodiments 1 

and 2. 

Because the heat dissipation fan 17 is attached to the rear surface of the IC chip 6 via the metal 

plate 16, the cooling efficiency can be enhanced, and therefore efficient operation is possible even 

when used in a high-power application. 

The invention devised by the inventors has been described in concrete terms above on the 

basis of the embodiments, but the present invention is not limited to the embodiments, and may 

naturally be modified within a scope that does not deviate from the gist of the invention. 

 

For example, an embodiment was shown with an example of the number of stages of the Au 

bumps 7a, 7b, and 7c formed in the first conductive layer 2 and the second conductive layer 3 of 

the tape 4, and this number can be chosen as desired. However, the heights of the Au bumps 

formed in the first conductive layer 2 and the second conductive layer 3 need to be chosen so as 

to be nearly identical. 

Similarly, the size of the Au bumps can be set as desired. The size of the Au bumps is decided 

mostly by the diameter of the Au wire used. 

Also, the number of IC chips 6 facedown-bonded onto the tape 4 is not limited to one, and a 

plurality may be used.  

The Au bumps formed on the pad electrodes 5 of the IC chip 6 do not necessarily have to be 

used, and a plurality of Au bumps formed on the tape 4 side may be used instead. 

A description has been made of the invention devised by the inventors mainly applied to the 

technology of semiconductor devices, which is the background and the field of use, but the 

invention is not limited to that technology. The present invention may be applied to at least a 

semiconductor device that operates in the high-frequency microwave band and has the 

requirement of curbing an increase in parasitic impedance to curb an increase in signal loss. 

Next, the semiconductor device according to embodiment 4 of the present invention shown in 

FIG. 12–16 is described. 

In the present embodiment 4, the semiconductor device according to the present invention is 

functionally configured to divide a high-frequency signal, and is configured in terms of packaging 

as a multi-chip module (hereinafter referred to as an MCM). The MCM 20 is provided with an 

assembly (hereinafter referred to as the chip assembly) 21 configured with a chip and a tape in 

which the IC chip 6 is facedown-bonded to the tape 4 similar to embodiment 1, a wiring board 22 

on which a wiring pattern is formed for mounting a plurality of the chip assemblies 21, and a 

hermetic sealing body 41 for hermetically sealing the group of the chip assemblies 21 and the 

wiring board 22. A plurality (four in the illustrated example) of the chip assemblies 21 is used in 
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the MCM 20, and passive elements and active elements are incorporated into each chip assembly 

21 such as to exhibit functions mutually identical or different from embodiment 1. For 

convenience, the passive elements and the active elements are not illustrated. 

In the tape 4 used in the chip assembly 21, the first conductive layer 2 is formed on the front 

side of the insulating layer 1 and the second conductive layer 3 is formed on the rear side of the 

insulating layer 1. The insulating layer 1 is provided with one opening 8 at the center of the tape 4 

and a plurality of the openings 8 in the periphery of the tape 4, and the side surfaces 8a of the 

openings 8 are inclined so that the inner diameter increases toward the front side. The second 

conductive layer 3 is formed across roughly the entirety of the rear surface of the tape 4, and 

portions of the front side of the second conductive layer 3 are exposed to the bottom of the 

openings 8. The second conductive layer 3 is provided with a single constant potential electrode 

3a and a plurality of external leads 3b. The constant potential electrode 3a is provided in a large 

rectangular form at the center part of the rear surface of the insulating layer 1, and a plurality of 

stages of the Au bumps 7a and 7b are provided with a wire bonding technique so as to protrude at 

a position where the bottom of the opening 8 is configured at the center part. Each external lead 

3b is disposed at roughly equidistant intervals in the circumferential direction at the periphery of 

the rear surface of the insulating layer 1, protruding outward in the radial direction.  

A wide power source line 2a and a narrow (e.g., approximately 90 μm) high-speed signal line 2b 

are provided at the first conductive layer 2. Each power source line 2a and each high-speed signal 

line 2b is patterned in a radial shape centered on the opening 8 of the center part. The inside end 

of each power source line 2a and each high-speed signal line 2b is routed so as to correspond to 

each pad electrode 5 of the IC chip 6, and single stage Au bumps 7a are each provided with a wire 

bonding technique so as to protrude at positions respectively opposing the pad electrodes 5. 

Each power source line 2a is provided radially so as to extend in a direction (hereinafter 

referred to as the horizontal direction) joining one of the opposite sides in the front surface of the 

insulating layer 1 and electrically connects the external lead 3b in the second conductive layer 3 at 

an opening 8 provided at the periphery. The power source line 2a sandwiches in opposition the 

constant potential electrode 3a and the insulating layer 1 in the second conductive layer 3, 

substantially configuring the capacitance element 11 with a built-in structure, and the power 

source line 2a stabilizes the power source potential by means of the capacitance element 11. Each 

high-speed signal line 2b is disposed radially so as to extend in the direction (hereinafter referred 

to as the front-rear direction) joining the horizontal direction and the other opposing side in the 

front surface of the insulating layer 1 and electrically connecting the external lead 3b in the second 

conductive layer 3 at the opening 8 provided at the periphery. The high-speed signal line 2b 

sandwiches in opposition the constant potential electrode 3a and the insulating layer 1 in the 

second conductive layer 3, thereby configuring a microstrip line structure. 

The IC chip 6 is formed in a rectangular planar shape using GaAs. An active element for dividing 

a high-speed signal is built into the IC chip 6, and a passive element needed for operation of the 

active element and capable of logical layout in the IC chip 6 is built therein. A plurality of the pad 
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electrodes 6 is provided on the main surface (hereinafter referred to as the first main surface) on 

the side where the active element is built into the IC chip 6, and each pad electrode 5 is arranged 

so as to correspond to each of the Au bumps 7a, 7a, and 7b on the tape 4 side. A single stage Au 

bump 7a is formed at each pad electrode. 

The tape 4 and the IC chip 6 in the configuration described above are facedown-bonded by 

forming the Au bumps 7 between the pad electrodes 5 on one hand and the constant potential 

electrode 3a, the power source line 2a, and the high-speed signal line 2b on the other, and are 

connected mechanically and electrically. 

The manufacturing method of the tape 4 and the facedown-bonding method are similar to the 

manufacturing method and the bonding method described in embodiment 1 above and 

descriptions are omitted here.  

The wiring board 22 is provided with an insulating plate 23 formed in a rectangular board shape 

using a board material of a glass-impregnated epoxy resin, and mounting surface portions 24 for 

mounting each chip assembly 21 are formed at a plurality of locations (four in the present 

embodiment) on the first main surface of the insulating plate 23. Each mounting surface portion 

24 is provided with a board side constant potential electrode 25 and a plurality of lands 26, the 

board side constant potential electrode 25 corresponding to the constant potential electrode 3a of 

the chip assembly 21, and the lands 26 corresponding to the external leads 3b of the chip 

assembly 21. Each land 26 is electrically connected to respective external terminals 28 arranged at 

the outer periphery of the wiring board 22 by electrical lines 27 disposed at the insulating plate 23. 

Each electrical line 27 is configured in the wiring board 22 in a multilayer wiring structure. Inside 

the insulating plate 23, an internal constant potential electrode 29 is provided over the entire 

surface so as to avoid shorting of the electrical lines 27 in the multilayer wiring structure. The 

internal constant potential electrode 29 is electrically connected to the board side constant 

potential electrode 25 of each mounting surface portion 24 through a through hole conductor 30. 

A ground electrode 31 is provided over the entire surface of the second main surface of the 

insulating plate 23, and the ground electrode 31 is electrically connected to the internal constant 

potential electrode 29 through a through hole 32. 

The method for manufacturing the wiring board 22 according to the configuration described 

above is based on general methods for manufacturing wiring boards and an explanation of the 

method is therefore omitted. 

The chip assembly 21 according to the configuration described above is surface-mounted to the 

mounting surface portion 24 of the wiring board according to the configuration described above 

using a reflow soldering technique. In further detail, a preparatory soldering material (not 

illustrated) such as solder cream is applied in advance to the constant potential electrode 3a and 

the external leads 3b of the chip assembly 21, and/or to the board side constant potential 

electrode 25 and the grounds 26 of the wiring board 22. Each chip assembly 21 is mechanically 

and electrically connected to the respective mounting surface portion 24 by means of a solder 

layer 33 formed by the melting and solidification of the preparatory soldering material when the 
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wiring board 22 is passed through a heating oven with the chip assemblies 21 attached to the 

mounting surface portions 24 by the preparatory soldering material. In this manner, a wiring 

board assembly 34 is manufactured with the chip assembly 21 surface-mounted to the wiring 

board 22.  

A hermetic sealing body 41 is provided with a base 42 and a cap 43 disposed to mutually face 

each other and joined at the mating surface, and the wiring board assembly 34 is fixed in contact 

with the ground electrode 33 on the bottom inside the base 42. With the wiring board assembly 

34 hermetically sealed by the hermetic sealing body 41, the external terminal 28 of the wiring 

board 22 is electrically led out by the connector 44 of the hermetic sealing body 41, and the 

ground electrode 31 is in electrical contact with the hermetic sealing body 41. 

A heat dissipation fan 45 is joined at the external surface of the hermetic sealing body 41 and 

efficiently releases heat externally from the wiring board assembly 34.  

Next, the operation of the MCM 20 configured as above is described. 

The MCM 20 is mounted on the motherboard (not illustrated) of a communication device, and 

the drive power is supplied to each IC chip 6 through the external terminal 28, the electric line 27, 

and the land 26 of the wiring board 22, and the external leads 3b, the power line 2a, and the bump 

7 of the chip assemblies 21. An input signal is inputted into an IC chip 6 through the external 

terminal 28, the electric line 27, and the land 26 of the wiring board 22, and the external lead 3b, 

the high-speed signal line 26, and the bump 7 of the chip assembly 21. An output signal from the 

IC chip 6 is outputted to the external required parts through the bump 7, the high-speed signal line 

2b, and the external lead 3b of the chip assembly 21, and the land 26, the electrical line 27, and 

the external terminal 28 of the wiring board 22. During this operation, the high-speed signal line 

2b sandwiches in opposition the constant potential electrode 3a in the second conductive layer 3 

and the insulating layer 1 to configure a microstrip line structure, so even if an extremely high 

high-frequency signal is transmitted, extremely superior high-speed transmission characteristics 

will be shown. The capacitance element 11 of the built-in structure is substantially configured by 

the power source line 2a sandwiching in opposition the constant potential electrode 3a in the 

second conductive layer 3 and the insulating layer 1, and the constant potential electrode 3a is 

grounded by the hermetic sealing body 41 through the board side constant potential electrode 25, 

the internal constant potential electrode 29, and the ground electrode 31 of the wiring board 22, 

so the power source line 2a maintains the power source potential in an extremely stable manner. 

As a result, the MCM 20 shows extremely superior high-frequency characteristics.  

The pad electrode 5 at the center part is electrically connected to the constant potential 

electrode 3a by the Au bump 7 disposed at the opening 8 at the center part, so the ground 

potential of the IC chip 6 is maintained in a stable manner. 

Embodiment 4 described above has the following effects: 

(1) Since the constant potential electrode 3a is formed in the second conductive layer 3 formed 

in the rear surface of the tape 4, the high-speed signal line 2b is configured in a microstrip line 
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structure due to the first conductive layer 2 formed in the front surface of the tape 4, and 

therefore the signal transmission characteristics are enhanced, and it is possible to transmit an 

extremely high high-frequency signal. 

(2) Since the constant potential electrode 3a is formed in the second conductive layer 3 formed 

in the rear surface of the tape 4, the built-in capacitance element 11 is configured in the interval 

with the power source line 2a by the first conductive layer 2 formed in the front surface of the 

tape 4, and therefore the power source potential is stabilized, and an MCM 20 with superior high-

frequency characteristics is obtained along with (1). 

(3) Since the constant potential electrode 3a in (2) above is grounded in the hermetic sealing 

body 41 through the board side constant potential electrode 25, the internal constant potential 

electrode 29, and the ground electrode 31 of the wiring board 22, the power source potential is 

further stabilized, and therefore the high-frequency characteristics of the MCM 20 are further 

enhanced. 

(4) Since the board side constant potential electrode 25 of (3) above is electrically connected to 

the ground electrode 31 through the internal constant potential electrode 29 by means of the 

through hole conductors 20 and 32, the board side constant potential electrode 25 and the ground 

electrode 31 can be connected without using a long wire, and therefore the power source 

potential can be further stabilized. 

(5) Since the IC chip 6 is mounted on the wiring board 22 via the tape 4 with a thickness of 

approximately 50 μm, the level difference between the wiring board 22 and the IC chip 6 can be 

extremely minimalized, and therefore a drop in the impedance can be suppressed when a high-

speed signal is transmitted, and impedance matching of the high-speed signal line 2b can be easily 

ensured. 

(6) Since the IC chip 6 is surface-mounted in the wiring board 22 in the chip assembly 21, no 

cavity needs to be formed in the wiring board 22, and therefore the manufacturing costs of the 

wring board 22 as well as of the MCM 20 can be reduced. 

(7) Since the IC chip 6 is surface-mounted in the wiring board 22 in the chip assembly 21 and a 

soft insulating material such as a polyimide resin is used to form the insulating layer 1 of the tape 

4, the thermal expansion coefficients of the IC chip 6 and the insulating plate 23 of the wiring 

board 22 do not need to be matched, and therefore the IC chip 6 can be mounted on the same 

wiring board 22 with different thermal expansion coefficients, i.e., GaAs and Si, a higher 

multifunction MCM 20 can be configured, and a more advanced system can be packaged in the 

same package.  

(8) From (7) above, the thermal expansion coefficients of the IC chip 6 and the wiring board 22 

do not need to be matched, and therefore a material with a thermal expansion coefficient greatly 

different from the IC chip 6 such as a glass-impregnated epoxy resin can be used in the wiring 

board 22 and the manufacturing costs of the MCM 20 can be further reduced. 
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(9) Since the chip assembly 21 is surface-mounted on the wiring board 22 with the solder layer 

33, if a defect is discovered in any of the group of the IC chips 6 mounted in the MCM 20, only the 

chip assembly 21 with the defective IC chip 6 can be easily replaced, and therefore it is possible to 

improve the manufacturing yield, the maintenance capacity, and the life of the MCM 20. 

(10) Since the through hole conductors 30 and 32 are arranged in (4) above directly below the 

board side constant potential electrode 25 and the internal constant potential electrode 29, 

conductors with favorable thermal conductivity can be arranged in a straight line so that the heat 

dissipation of the MCM can be improved. 

(11) Since the side surface 8a of the opening 8 is formed in the insulating layer 1 of the tape 4 

with an incline that increases on the side where the bump 7 is formed, separation of the first 

conductive layer 2 can be prevented during formation of the bump 7.  

The invention devised by the inventors was described above in detail on the basis of 

embodiment, but the present invention is not limited to the embodiment and may be modified 

variously within a scope not deviating from the gist of the invention. 

For example, the through hole conductor 30 electrically connecting the board side constant 

potential electrode 25 of the wiring board 22 to the internal constant potential electrode 29 is not 

limited to being arranged directly below the board side constant potential electrode 25 but may 

also be connected to the internal constant potential electrode 29 with the board side constant 

potential electrode 25 led to a location where the through hole conductor 30 can be formed and 

then the through hole conductor 30 formed there as shown in FIG. 17 and 18. According to this 

connection structure, even if the through hole conductor 30 cannot be formed directly below the 

board side constant potential electrode 25 in the wiring board 22, the board side constant 

potential electrode 25 can be electrically connected to the internal constant potential electrode 

29, and therefore the potential of the power source line 2a can be stabilized by the constant 

potential electrode 3a of the chip assembly 21 and signal transmission of the microstrip line 

structure of the high-speed signal line 2b can be stabilized. By leading the board side constant 

potential electrode 25, the potential stability of the second conductive layer 3 is somewhat 

reduced compared to an arrangement of the through hole conductor 30 directly below the board 

side constant potential electrode 25 but much improved compared to not providing the board side 

constant potential electrode 25. 

The sealing structure for the wiring board assembly 34 is not limited to the adoption of a 

hermetic sealing structure, and a resin sealing structure may be adopted, a hermetic sealing or a 

resin sealing structure may be used with other components after directly mounting the wiring 

board assembly 34 on the motherboard or the like, or a liquid-tight sealing structure may be used.  

The embodiment above was described with a semiconductor device used in a communication 

device, but the present invention is not limited thereto, and application is possible to general 

semiconductor devices requiring high-speed processing such as a supercomputer. 

INDUSTRIAL APPLICABILITY 
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As described above, the semiconductor device according to the present invention can configure 

an MMIC or an MCM, is useful as a high-frequency signal processing device in a mobile wireless 

device such as a mobile phone or a car phone and in a multimedia or other information 

communication system, and in particular is suitable for use in the transmission processing of a 

high-frequency signal exceeding 1 GHz.  

CLAIMS 

1. A semiconductor device in which a semiconductor chip is facedown-bonded on a tape 

formed with a conductive layer on an insulating layer, wherein said semiconductor device is 

characterized in that the aforementioned tape is formed with a first conductive layer and a second 

conductive layer on the front side and the rear side respectively of the insulating layer, a portion 

of the second conducting layer is exposed to the front side from an opening, a plurality of pad 

electrodes formed at the front surface is electrically connected to the aforementioned first 

conductive layer and second conductive layer, and the aforementioned semiconductor chip is 

facedown-bonded via bumps at a plurality of positions flattened so as to have the same height, 

the bumps not being melted in the facedown-bonding process. 

2. The semiconductor device set forth in claim 1 characterized in that the aforementioned tape 

and semiconductor chip are sealed with resin. 

3. The semiconductor device set forth in claim 1 or 2 characterized in that the bumps that are 

electrically connected to at least the second conductive layer of the aforementioned tape 

comprise a plurality of stages. 

4. The semiconductor device set forth in any of claim 1 to 3 characterized in that the bumps 

that are electrically connected to the aforementioned first conductive layer and second conductive 

layer have a different number of stages. 

5. The semiconductor device set forth in any of claims 1 to 4 characterized in that bumps are 

formed at the pad electrodes of the aforementioned semiconductor chip. 

6. The semiconductor device set forth in any of claims 1 to 5 characterized in that bumps that 

are electrically connected to the aforementioned first conductive layer and second conductive 

layer are made from metal. 

7. The semiconductor device set forth in any of claims 1 to 6 characterized in that an active 

element is formed at the aforementioned semiconductor chip and a passive element is formed at 

the aforementioned tape. 

8. The semiconductor device set forth in any of claims 1 to 7 characterized in that the second 

conductive layer of the aforementioned tape is used as a ground potential. 

9. The semiconductor device set forth in any of claims 1 to 8 characterized in that a relatively 

thick metal plate is attached to the aforementioned second conductive layer, and the metal plate 

is arranged outside of resin sealing. 
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10. The semiconductor device set forth in claim 9 characterized in that a heat dissipation fan is 

attached to the aforementioned metal plate.  

11. A semiconductor device characterized in that the semiconductor device set forth in claim 1 

is mounted to a wiring board with the aforementioned second conductive layer mechanically and 

electrically connected to a mounting surface portion formed on a first main surface of the wiring 

board. 

12. The semiconductor device set forth in claim 11 characterized in that board side constant 

potential electrodes electrically connected to ground electrodes are formed at the 

aforementioned mounting surface portion, and chip side constant potential electrodes formed at 

the center part of the aforementioned second conductive layer are electrically connected to the 

board side constant potential electrodes. 

13. The semiconductor device set forth in claim 12 characterized in that the aforementioned 

board side constant potential electrode is electrically connected to the aforementioned ground 

electrode through an internal constant potential electrode formed inside the aforementioned 

wiring board. 

14. The semiconductor device set forth in claim 12 or 13 characterized in that the 

aforementioned board side constant potential electrode is electrically connected to an internal 

constant potential electrode formed inside the aforementioned wiring board by a through hole 

conductor formed directly below the board side constant potential electrode in the 

aforementioned wiring board, and is electrically connected to the aforementioned ground 

electrode by a through hole conductor formed directly below the internal constant potential 

electrode.  

15. The semiconductor device set forth in claims 11 to 14 characterized in that at least one 

semiconductor chip is formed with a semiconductor different from another semiconductor chip. 

16. The semiconductor device set forth in claims 11 to 14 characterized in that a hermetic 

sealing body hermetically seals the wiring board and a plurality of semiconductor devices mounted 

thereon. 

17. The semiconductor device set forth in claim 1 or 11 characterized in that the 

aforementioned opening is formed larger on the first conductive layer side than the second 

conductive layer side. 

18. A method for manufacturing a semiconductor device characterized in being provided with  

a tape preparation step for preparing a tape in which a first conductive layer and a second 

conductive layer are formed respectively on the front side and the rear side of an insulating layer, 

a portion of the second conductive layer is exposed in the front side in an opening provided in the 

insulating layer, bumps are provided protruding at a portion of the first conductive layer and an 

exposure part of the second conductive layer, and the end positions of the bumps are aligned in 

the same plane, 
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a semiconductor chip preparation step for preparing a semiconductor step in which pad 

electrodes are formed at positions corresponding to the bumps of the aforementioned tape, and 

a bonding step in which the aforementioned semiconductor chip is facedown-bonded to the 

aforementioned tape by aligning the pad electrodes and the bumps and compressing. 

19. A method for manufacturing a semiconductor device characterized in being provided with  

a wiring board preparation step in which a wiring board is prepared by forming a plurality of 

mounting surface portions at a first main surface of an insulation plate, and 

a connection step in which semiconductor devices manufactured according to claim 18 are 

mechanically and electrically connected by soldering the aforementioned second conductive layer 

to mounting surface portions of the wiring board prepared in the aforementioned wiring board 

preparation step.  
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