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HYBRID INTEGRATED CIRCUIT DEVICE AND 
METHOD FOR FABRICATING THE SAME AND 

ELECTRONIC DEVICE 

TECHNICAL FIELD 

[0001] The present invention relates to a hybrid integrated 
circuit device and an electronic device Which incorporates 
the hybrid integrated circuit device, and particularly to a 
technique Which is applied effectively to a high-frequency 
poWer ampli?er module, Which is used for the transmitter of 
a Wireless communication unit such as a cellular telephone 
unit, and to a Wireless communication unit (portable tele 
phone unit) Which incorporates the high-frequency poWer 
ampli?er module. 

BACKGROUND ART 

[0002] One knoWn hybrid integrated circuit device is a 
high-frequency poWer ampli?er module Which is used for 
the Wireless communication section of mobile communica 
tion units such as automobile telephone units and portable 
telephone units. 

[0003] Japanese Patent Unexamined Publications No. Hei 
8(1996)-148597 and No. Hei 9(1997)-18145 describe hybrid 
integrated circuit devices. 

[0004] The patent publication No. Hei 8(1996)-148597 
describes semiconductor modules of LGA (Land Grid 
Array) type. 

[0005] The patent publication No. Hei 9(1997)-18145 
describes a technique for preventing cracks from occurring 
in a ceramic multi-layer substrate, from its positions at the 
rim of electrode terminals into the inside of substrate, based 
on the fabrication process, prior to the annealing process, of 
forming the electrode terminals on the surface of a laminated 
green sheet, and thereafter laminating a patterned greed 
sheet (a greed sheet With the formation, at its positions 
confronting the electrode terminals, of through-holes having 
a diameter smaller than the electrode terminals) on the 
laminated green sheet While leaving small areas of electrode 
terminals. 

[0006] The high-frequency poWer ampli?er module used 
for the portable telephone unit is amid the technical progress 
in terms of siZe reduction and performance upgrading. A 
high-frequency poWer ampli?er module is mounted on a 
setup board (circuit board) by soldering the electrode ter 
minals (connection terminals), Which are located at the 
bottom edge of module, to the lands on the surface of setup 
board. Speci?cally, the high-frequency poWer ampli?er 
module is placed by being positioned on the setup board, and 
solder Which has been already applied to the lands of setup 
board is heated (to re?oW) so that the module terminals are 
soldered to the lands and ?xed on the setup board. 

[0007] In recent years, there is a groWing trend of the LGA 
structure adopted for the high-frequency poWer ampli?er 
module to meet the demands of siZe reduction, performance 
upgrading, increasing pins, and mount area reduction. 

[0008] The inventors of the present invention have con 
?rmed the folloWing programs in regard to the LGA struc 
ture of the high-frequency poWer ampli?er module designed 
for the portable telephone unit. 
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[0009] FIG. 24 is a schematic diagram explaining the 
faulty setup of a high-frequency poWer ampli?er module 
revealed by the study conducted by the inventors prior to the 
present invention. Ahigh-frequency poWer ampli?er module 
has its substrate 1 made of a multi-layer ceramic Wiring 
substrate, and electrode terminals 2 are formed on the rear 
surface to align along the edge of substrate. 

[0010] The high-frequency poWer ampli?er module is 
mounted (?xed) on a setup board 3 by overlapping the 
electrode terminals 2 on the lands (foot print) 4 formed on 
the upper surface of the board 3, and fusing (to re?oW) 
solder 5 Which has been already applied to the lands 4 and 
the surface of electrode terminals 2 so that the electrode 
terminals 2 are ?xed by soldering to the lands 4. Although 
the ?gure shoWs only one electrode terminal 2, all electrode 
terminals formed along the edges around the bottom of the 
module substrate 1 are connected to the lands to complete 
the mounting of module. 

[0011] HoWever, it Was found that this high-frequency 
poWer ampli?er module develops cracks 6 in the module 
substrate 1 as shoWn in FIG. 24, resulting in a degraded 
reliability of the high-frequency poWer ampli?er module. 

[0012] The electrode terminals 2 and solder 5 are both 
metallic and therefore have a greater bonding strength than 
the bonding strength betWeen the ceramic module substrate 
1 and the electrode terminals 2. In addition, the ceramic 
module substrate 1 has a thermal expansivity coef?cient of 
around 7><10_6/° C., While the setup board 3 is a glass-epoxy 
board (made of glass ?ber and epoxy resin) having a thermal 
expansivity coef?cient of around 16><1O_G/° C., exhibiting a 
signi?cant difference. 

[0013] In consequence, due to the stress caused by the 
difference of thermal expansion and contraction betWeen the 
setup board 3 and electrode terminals 2, the relatively fragile 
module substrate 1 is liable to develop a crack 6. The crack 
6 starts at a position (point) subjected to a large stress and 
advances deep into the module substrate 1 as shoWn in FIG. 
24. The dashed-line arroWs in the ?gure indicate the direc 
tion of stress Which causes the crack. The development of 
crack 6 can deteriorate the reliability of high-frequency 
poWer ampli?er module. 

[0014] The above-mentioned patent publication No. Hei 
9(1997)-18145 describes, as mentioned above, a technique 
for preventing cracks from occurring in a ceramic multi 
layer substrate, from its positions at the rim of electrode 
terminals into the inside of substrate, based on the fabrica 
tion process, prior to the annealing process, of forming the 
electrode terminals on the surface of a laminated green 
sheet, and thereafter laminating a patterned greed sheet (a 
greed sheet With the formation, at its positions nearby the 
electrode terminals, of through-holes having a diameter 
smaller than the electrode terminals) on the laminated green 
sheet While leaving small areas of electrode terminals, 
hoWever, it does not describe in detail the mechanism of 
crack development. 

[0015] The inventors of the present invention have found 
a fact that cracks are liable to occur in the module substrate 
at its positions of the electrode terminals, at their positions 
close to the substrate edge, Which are located close to the 
edges of both ends or sides of the module substrate. Namely, 
the development of cracks, Which are liable at positions of 
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the electrode terminals 2, in their portions close to the 
substrate edge, Which are located close to the edges of the 
module substrate 1, can be alleviated by coating these 
portions at least With a protection ?lm. 

[0016] In regard to the above-mentioned conventional 
technique, i.e., overlapping of a green sheet, With through 
holes Which are smaller in diameter than the electrode 
terminals being formed, at positions confronting the elec 
trode terminals, and subsequent annealing, it is necessary for 
the sake preventing the damage in the edge section to make 
Wide edge section Where the through-holes are narroWest, 
resulting in a larger green sheet and thus an increased siZe 
of high-frequency poWer ampli?er module. 

[0017] Moreover, the green sheet With through-holes over 
laped on another green sheet necessitates marginal dimen 
sions so as to ensure the covering of the rim of electrode 
terminals, results in a much larger green sheet. 

[0018] Therefore, the conventional technique based on the 
overlapping of green sheet causes an increased dimensions 
of green sheet, Which precludes the reduction in the siZe of 
module board and thus the siZe of high-frequency poWer 
ampli?er module. 

[0019] A green sheet having through-holes needs to be 
thicker to some eXtent for the sake of damage-free treatment, 
and the use of eXtra green sheet material results in an 
increased cost of the module. 

[0020] It is an object of the present invention to provide a 
hybrid integrated circuit device having high mounting reli 
ability, and an electronic device Which incorporates this 
hybrid integrated circuit device. 

[0021] Another object of the present invention is to pro 
vide a hybrid integrated circuit device having high mounting 
reliability and having potential of manufacturing cost reduc 
tion, and an electronic device Which incorporates this hybrid 
integrated circuit device. 

[0022] Still another object of the present invention is to 
provide a high-frequency poWer ampli?er module having 
high mounting reliability, and a Wireless communication 
unit Which incorporates this high-frequency poWer ampli?er 
module. 

[0023] Still another object of the present invention is to 
provide a high-frequency poWer ampli?er module having 
high mounting reliability and having potential of manufac 
turing cost reduction, and a Wireless communication unit 
Which incorporates this high-frequency poWer ampli?er 
module. 

[0024] These and other objects and novel features of the 
present invention Will become apparent from the folloWing 
description and attached draWings. 

DISCLOSURE OF THE INVENTION 

[0025] Among the affairs of the present invention dis 
closed in this speci?cation, representatives are briefed as 
folloWs. 

[0026] (1) The inventive hybrid integrated circuit device is 
structured as folloWs. It comprises a module substrate Which 
is a rectangular ceramic Wiring substrate, a plurality of 
electronic component parts laid out on the main surface of 
the module substrate, a plurality of electrode terminals laid 
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out on the rear surface of the module substrate, and a 
metallic cap Which is ?Xed to the module substrate to cover 
the main surface of the module substrate. The electrode 
terminals include a plurality of electrode terminals Which are 
aligned along the edges of module substrate and poWer 
voltage supply terminals Which are located inner than these 
electrode terminals. The electrode terminals aligned along 
the module substrate edges are coated, at least in their 
portions close to the substrate edge, With a protection ?lm. 
A plurality of semiconductor amplifying elements are con 
nected tandem on the module substrate to form a high 
frequency poWer ampli?er module. The protection ?lm, 
Which is a glass layer or solder resist layer, is formed by 
printing to have a thickness of several tens micrometers or 
less. 

[0027] The metallic cap is ?Xed to the module substrate by 
means of resilient hooks Which are part of the cap and hook 
stoppers Which are provided on the module substrate. Four 
sets of hook and hook stopper are provided at the four 
corners of the cap and module substrate. 

[0028] The module substrate has its four corners cut aWay 
inWardly, in Which portions are disposed the hook stoppers 
made of conductor Which latch With the hooks of the cap. 
The cap retains the rectangular pro?le. Further provided at 
the four corners of the module substrate are ground termi 
nals, Which are connected electrically to the conductive 
hook stoppers. The hooks eXtend doWnWard to reach or 
nearly reach the rear surface of the module substrate. 

[0029] The connection reinforcing terminals consist of a 
plurality of divided terminals Which are independent of each 
other. For eXample, a plurality of poWer voltage supply 
terminals are aligned along one side of the module substrate 
and also along the direction orthogonal to this side. 

[0030] (2) The hybrid integrated circuit device is fabri 
cated based on the folloWing method. The hybrid integrated 
circuit device comprises a module substrate of a ceramic 
Wiring substrate, a plurality of electronic component parts 
laid out on the main surface of the module substrate, a 
plurality of electrode terminals laid out on the rear surface 
of the module substrate, and a cap Which is ?Xed to the 
module substrate to cover the main surface of the module 
substrate. The method includes a step of overlapping a 
plurality of green sheets, With Wiring patterns being formed 
thereon, and pressing the sheets to make a laminated green 
sheet having an electrode terminal section on the rear 
surface, a step of printing paste to form a protective overlay 
so that terminals located close to the edges of laminated 
green sheet are coated, at least in their portions close to the 
edge of laminated green sheet, With the protective overlay, 
and a step of annealing the laminated green sheet, electrode 
terminal section and protection ?lm to complete a module 
substrate having electrode terminals Which are partially 
coated With a protection ?lm. 

[0031] (3) The inventive electronic device is structured as 
folloWs. It comprises a setup board having lands for ?xing 
a hybrid integrated circuit device on the main surface, and 
a high-frequency poWer ampli?er module having its elec 
trode terminals connected electrically by soldering to the 
lands. The hybrid integrated circuit device comprises a 
module substrate Which is a rectangular ceramic Wiring 
substrate, a plurality of electronic component parts laid out 
on the main surface of the module substrate, a plurality of 
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electrode terminals laid out on the rear surface of the module 
substrate, and a rectangular metallic cap Which is ?xed to the 
module substrate to cover the main surface of the module 
substrate. Ground terminals are provided at the four corners 
of the module substrate. The metallic cap is ?xed to the 
module substrate by means of resilient hooks Which are part 
of the cap and hook stoppers Which are provided on the 
module substrate. The hooks are ?xed by soldering to the 
lands formed on the main surface of the setup board. The 
module substrate has its four corners cut aWay inWardly, in 
Which portion are provided the hook stoppers. The cap has 
a rectangular pro?le. The electrode terminals include a 
plurality of electrode terminals Which are aligned along the 
edges of module substrate and a plurality of poWer voltage 
supply terminals Which are located inner than these elec 
trode terminals. The poWer voltage supply terminals are 
?xed by soldering to the lands formed on the main surface 
of the setup board. The electrode terminals aligned along the 
edges of module board are coated, at least in their portions 
close to the board edge, With a protection ?lm having a 
thickness of several tens micrometers or less. The hybrid 
integrated circuit device is a high-frequency poWer ampli?er 
module, Which constitutes a Wireless communication unit. 

[0032] The high-frequency poWer ampli?er module 
(hybrid integrated circuit device) arranged as described in 
the above item (1) attains the folloWing effectiveness. 

[0033] (a) In the high-frequency poWer ampli?er module 
(hybrid integrated circuit device), the electrode terminals of 
LGA structure aligned along the edges of module substrate 
are coated in their portions close to the substrate edge With 
a protection ?lm, and accordingly even if there arises a 
thermal stress betWeen the electrode terminals and the 
module substrate When the module is mounted on the setup 
board of portable telephone unit, the module substrate is 
prevented from cracking in its terminal border portion close 
to the substrate edge, and thus the package interior is free 
from penetration of Water or the like through cracks, 
Whereby the high-frequency poWer ampli?er module and 
portable telephone unit are enhanced in reliability and life 
span. 

[0034] (b) The protection ?lm Which is made from printed 
paste can be as thin as several tens micrometers or less, 
enabling the reduction of thickness of the module substrate 
and also the reduction of manufacturing cost oWing to the 
reduced consumption of paste. In consequence, the reduc 
tion of manufacturing cost of the portable telephone unit can 
be attained. 

[0035] (c) The protection ?lm Which is made from printed 
paste is thinner than a green sheet having through-holes, 
alloWing the siZe reduction of the module substrate and thus 
the siZe reduction of the high-frequency poWer ampli?er 
module. In consequence, the siZe reduction of the portable 
telephone unit can be attained. 

[0036] (d) The high-frequency poWer ampli?er module is 
?xed to the setup board by additional use of the poWer 
voltage supply terminals besides the electrode terminals, 
Whereby the high-frequency poWer ampli?er module is 
enhanced in mount rigidity. The poWer voltage supply 
terminals also serve as ground terminals, stabiliZing the 
ground voltage in every circuit section of the high-frequency 
poWer ampli?er module, Whereby the stable operation can 
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be expected. In consequence, the portable telephone unit 
operates stably, enabling the user to have comfortable com 
munication. 

[0037] (e) The poWer voltage supply terminals are aligned 
along the long side and short side of the module substrate. 
On this account, the high-frequency poWer ampli?er module 
is mounted by being placed uprightly on multiple re?oWing 
molten solder spots so that the module substrate is mounted 
by being spaced out evenly from the setup board, Whereby 
poWer supply properties such as efficiency can be stabiliZed. 
In consequence, the portable telephone unit operates stably, 
enabling the user to have comfortable communication. 

[0038] The module substrate has the formation cut 
aWay portions at both ends of long sides, in Which portions 
the cap has its hooks latching With the hook stoppers of the 
module substrate, thereby building a package, and hook 
support arms have their solder ?llet jutting out as little as 0.3 
pm. Accordingly, the mount area can be virtually Within the 
area de?ned by the pro?le of cap, enabling the reduction of 
mount area. In consequence, the siZe reduction of the 
portable telephone unit can be attained. 

[0039] (g) The hook support arms extend doWnWard to 
reach or nearly reach the rear surface of the module sub 
strate, and accordingly the high-frequency poWer ampli?er 
module, When mounted on the setup board by soldering, is 
connected electrically by solder to the grounding lands, 
Whereby the high-frequency poWer ampli?er module is 
enhanced in mount rigidity and ensured in electrical ground 
ing. In consequence, the portable telephone unit operates 
stably, enabling the user to have comfortable communica 
tion. 

[0040] (h) The provision of ground terminals at the four 
corners of the rectangular module substrate facilitates the 
layout design of external terminals including the signal 
terminals and poWer terminals of the high-frequency poWer 
ampli?er module, and it also facilitates the layout of Wiring 
lines on the setup board Which mounts the module. 

BRIEF EXPLANATION OF THE DRAWINGS 

[0041] FIG. 1 is a schematic cross-sectional diagram of a 
high-frequency poWer ampli?er module based on an 
embodiment (embodiment 1) of this invention; 

[0042] FIG. 2 is a perspective vieW of the high-frequency 
poWer ampli?er module of the embodiment 1; 

[0043] FIG. 3 is a plan vieW of the bottom of the module 
substrate of the high-frequency poWer ampli?er module of 
the embodiment 1; 

[0044] FIG. 4 is a cross-sectional diagram shoWing part of 
the high-frequency poWer ampli?er module of the embodi 
ment 1; 

[0045] FIG. 5 is a schematic cross-sectional diagram 
shoWing part of the module substrate; 

[0046] FIG. 6 is a ?oWchart shoWing the fabrication 
process of the high-frequency poWer ampli?er module of the 
embodiment 1; 

[0047] FIG. 7 is a schematic cross-sectional diagram 
shoWing the laminated green sheet, With Wiring lines and 
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electrode terminals being formed thereon, in the fabrication 
process of the high-frequency power ampli?er module of the 
embodiment 1; 

[0048] FIG. 8 is a schematic cross-sectional diagram 
shoWing the module substrate, With the electrode terminals 
being coated in their outer edge section With a protection 
?lm, in the fabrication process of the high-frequency poWer 
ampli?er module of the embodiment 1; 

[0049] FIG. 9 is a schematic diagram shoWing the forma 
tion of the protection ?lm; 

[0050] FIG. 10 is a schematic cross-sectional diagram 
shoWing the module substrate, With electronic component 
parts being mounted thereon, in the fabrication process of 
the high-frequency poWer ampli?er module of the embodi 
ment 1; 

[0051] FIG. 11 is a schematic cross-sectional diagram 
shoWing the module substrate, With the semiconductor chip 
and Wiring lines being coated With resin, in the fabrication 
process of the high-frequency poWer ampli?er module of the 
embodiment 1; 

[0052] FIG. 12 is a schematic cross-sectional diagram 
shoWing the mount state of the high-frequency poWer ampli 
?er module on the setup board of a portable telephone unit 
based on the embodiment 1; 

[0053] FIG. 13 is a cross-sectional diagram shoWing part 
of the mount state of the high-frequency poWer ampli?er 
module; 

[0054] FIG. 14 is a cross-sectional diagram shoWing part 
of the mount state of the electrode terminal section of the 
high-frequency poWer ampli?er module; 

[0055] FIG. 15 is a plan vieW shoWing part of the layout 
of lands on the setup board; 

[0056] FIG. 16 is an equivalent circuit diagram of the 
high-frequency poWer ampli?er module; 

[0057] FIG. 17 is a block diagram shoWing the functional 
arrangement of the portable telephone unit; 

[0058] FIG. 18 is a schematic cross-sectional diagram of 
a high-frequency poWer ampli?er module based on another 
embodiment (embodiment 2) of this invention; 

[0059] FIG. 19 is a plan vieW of the bottom of the module 
substrate of the high-frequency poWer ampli?er module of 
the embodiment 2; 

[0060] FIG. 20 is a cross-sectional diagram shoWing 
partially the connection of an electrode terminal to the 
substrate of the high-frequency poWer ampli?er module of 
the embodiment 2; 

[0061] FIG. 21 is a plan vieW of the bottom of a high 
frequency poWer ampli?er module based on still another 
embodiment (embodiment 3) of this invention; 

[0062] FIG. 22 is a perspective vieW of a high-frequency 
poWer ampli?er module based on still another embodiment 
(embodiment 4) of this invention; 

[0063] FIG. 23 is a cross-sectional diagram shoWing part 
of the high-frequency poWer ampli?er module of the 
embodiment 4; and 
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[0064] FIG. 24 is a schematic diagram explaining the 
faulty mounting of a high-frequency poWer ampli?er mod 
ule revealed by the study conducted by the inventors prior to 
the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0065] The embodiments of this invention Will be 
explained in detail With reference to the draWings. Through 
out the ?gures, items having the same functions are referred 
to by the common symbols, and explanation thereof is not 
repeated. 

Embodiment 1 

[0066] FIG. 1 through FIG. 17 are diagrams pertaining to 
a high-frequency poWer ampli?er module and a portable 
telephone unit Which incorporates the module based on an 
embodiment (embodiment 1) of this invention. Among the 
?gures, FIG. 1 through FIG. 11 are of the high-frequency 
poWer ampli?er module, and FIG. 12 through FIG. 17 are 
of the portable telephone unit. 

[0067] Explained in this embodiment are a high-frequency 
poWer ampli?er module, as hybrid integrated circuit device, 
having amplifying systems for GSM (Global System for 
Mobile Communication) and DCS (Digital Cellular Sys 
tem), and a Wireless communication unit Which incorporates 
the high-frequency poWer ampli?er module. 

[0068] The high-frequency poWer ampli?er module 10 has 
an external appearance of a ?at cuboid as shoWn in FIG. 1 
and FIG. 2. 

[0069] The high-frequency poWer ampli?er module 10 is 
structured to have a module substrate 11 Which is a ceramic 
Wiring substrate and a cap 12 Which is put on one surface 
(main surface) of the module substrate 11, thereby building 
a ?at cuboidal package 13. 

[0070] The cap 12, Which is made of metal, has the 
electromagnetic shielding effect. The cap 12 is formed by 
bending a metallic sheet to have a shape of rectangular box 
With side Walls 30 as shoWn in FIG. 2. Both long side end 
sections of the cap 12 extend doWnWardly to form hook 
support arms 31. The hook support arms 31 have their end 
section formed to become hooks 32 Which protrude 
inWardly. The hook support arm 31 causes the hook 32 to 
latch resiliently With a stopper 33 Which is a stepped portion 
of the module substrate 11 as shoWn in FIG. 4. The module 
substrate 11 has its four corners cut aWay inWardly to alloW 
rooms for the hook support arms 31 as shoWn in FIG. 3. This 
cut-aWay portion 34 has a step in the thickness direction, 
Which becomes the stopper 33 to latch With the hook 32 as 
shoWn in FIG. 4. 

[0071] A conductor layer 35 is formed to extend from the 
stopper 33 to the rear surface of the module substrate 11. The 
conductor layers 35, in their portion running on the rear 
surface of module substrate 11 become terminals 35a, Which 
can be used as connection terminals for ?xing the high 
frequency poWer ampli?er module 10 to the setup board and 
also as ground terminals. With grounding lands 37 being 
formed on the main surface of setup board 36 in correspon 
dence to the terminals 35a, the cap 12 used for electromag 
netic shielding can be connected to the ground of the setup 
board by Way of the hooks 32 and conductor layers 35. The 
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hook support arm 31 extends to reach or nearly reach the 
rear surface of the module substrate 11 as shown in FIG. 4, 
and the high-frequency power ampli?er module 10, When it 
is mounted on the setup board 36, is connected electrically 
by solder 38 to the grounding lands 37, Whereby the high 
frequency poWer ampli?er module 10 is enhanced in mount 
rigidity and ensured in electrical grounding. 

[0072] The provision of ground terminals at the four 
corners of the rectangular module substrate 11 facilitates the 
layout design of external terminals including signal termi 
nals and poWer terminals of the high-frequency poWer 
ampli?er module 10, and it also facilitates the layout of 
Wiring lines on the setup board Which mounts the module 10. 

[0073] The module substrate 11 is a ceramic Wiring sub 
strate Which is formed, for example, by laminating glass 
ceramics and annealing at a loW temperature. The module 
substrate 11 mounts chip resistors 15, chip capacitors 16, etc. 
on its main surface as shoWn in FIG. 1. The module 
substrate 11 has a recessed area on the main surface, on the 
bottom of Which is mounted a semiconductor chip 17 Which 
constitutes semiconductor amplifying elements. The semi 
conductor chip 17 has its electrode pins (not shoWn) con 
nected electrically by Wires 18 to Wiring lines (not shoWn) 
formed on the main surface of the module substrate 11. The 
semiconductor chip 17 and Wires 18 are coated With insu 
lative resin 19 so as to be durable against humidity. 

[0074] The module substrate 11 has on its rear surface the 
formation of a plurality of electrode terminals 20 aligned 
along the edges of substrate and a plurality of poWer voltage 
supply terminals 21 arranged in the inner area as shoWn in 
FIG. 1 and FIG. 3. The electrode terminals 20 and poWer 
voltage supply terminals 21, Which are intended for surface 
mounting of LGA structure, are made from a conductor layer 
formed on the rear surface of the module substrate 11. 

[0075] The high-frequency poWer ampli?er module 10 is 
?xed to the setup board by additional use of the poWer 
voltage supply terminals 21 besides the electrode terminals 
20, Whereby the high-frequency poWer ampli?er module 10 
is enhanced in mount rigidity. The poWer voltage supply 
terminals 21 also serve as ground terminals, stabiliZing the 
ground voltage in every circuit section of the high-frequency 
poWer ampli?er module 10, Whereby the stable operation of 
the module can be expected. 

[0076] The chip resistors 15, chip capacitors 16 and semi 
conductor chip 17 are ?xed by being connected to electrode 
pads 22 and mount pads 23 Which are formed on the main 
surface of the module substrate 11. The electrode pads 22 
and mount pads 23 are made from mataliZed conductive 
layers. The portion of module substrate Where the semicon 
ductor chip 17 is mounted has the formation of a plurality of 
through-holes (via holes), Which are ?lled With conductor 
24. The conductor 24 connects electrically the mount pads 
23 to the poWer voltage supply terminals 21. The poWer 
voltage supply terminals 21 are occasionally used as ground 
terminals to be connected electrically to the ground pins of 
semiconductor chip 17. Namely, the poWer voltage supply 
terminals 21 can be entirely ground terminals, or can be 
partially ground terminals and partially connection reinforc 
ing terminals. 

[0077] The poWer voltage supply terminals 21 are 
arranged along the long and short sides of the module 
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substrate 11. In case there is only one poWer voltage supply 
terminal 21, the module substrate 11, i.e., the high-frequency 
poWer ampli?er module 10, When placed on molten solder 
at the time of mounting, can possibly incline With respect to 
the setup board. Therefore, in the embodiment 1, solder 38 
is fused on the horiZontally placed setup board 36, While 
using the poWer voltage supply terminals 21 arranged along 
the long and short sides of the module substrate 11 to support 
the module substrate 11 (high-frequency poWer ampli?er 
module 10) horiZontally, thereby preventing the high-fre 
quency poWer ampli?er module 10 from being ?xed aslant 
With respect to the setup board, as shoWn in FIG. 12. 

[0078] The electrode terminals 20 aligned along the edges 
of module substrate 11 have the folloWing functions. The 
electrode terminals 20 are numbered for the purpose of 
explanation in FIG. 3. Terminals #1, #8, #9, #12, #13, #18, 
#19, #20 and #24 are non-contact (NC) terminals, #2, #10 
and #22 are ground terminals, #3, #4 and #5 are Vdd-GSM 
terminals, #6 is a Vapc-GSM terminal, #7 is a Pout-DCS 
terminal, #11 is a Pout-GSM terminal, #14 is a Vapc-DCS 
terminal, #15, #16 and #17 are Vdd-DCS terminals, #21 is 
a Pin-GSM terminal, and #23 is a Pin-DCS terminal. 

[0079] As a feature of this invention, the electrode termi 
nals 20 is coated in their portion close to the module 
substrate edge With a protection ?lm 40 as shoWn in FIGS. 
1, 3, 5 and 14. In FIG. 3, the poWer voltage supply terminals 
21 and conductor layer 35, Which are all conductor, are 
shoWn by dashed lines. 

[0080] The protection ?lm 40 is formed by the following 
process. Initially, a plurality of green sheets, With Wiring 
patterns being formed thereon, are overlaped, and the sheets 
are pressed to make a laminated green sheet having an 
electrode terminal section on the rear surface. Next, paste of 
glass or solder resist is printed to cover at least the rim 
section of electrode terminals, thereby forming a protective 
overlay. Next, the green sheet, electrode terminal section and 
protective overlay are treated by the annealing process. 

[0081] The annealing process causes the laminated green 
sheet to become a module substrate, With the electrode 
terminal section on the surface and protective overlay of 
terminal section turning into electrode terminals and pro 
tection ?lm. The paste is printed thinner so that the protec 
tion ?lm is made as thin as several tens micrometers or less. 
Consequently, the consumption of paste is reduced and thus 
the manufacturing cost of module substrate can be reduced, 
and a thinner module substrate 11 can be accomplished. 

[0082] The print position can be selected arbitrarily based 
on the design of screen pattern, Which enables accurate 
printing of a precise pattern. In consequence, the module 
substrate can be made smaller by the amount of reduced 
marginal area for electrode terminals at the substrate edges, 
and thus the module substrate can be made smaller, and thus 
the high-frequency poWer ampli?er module can be made 
more compact. 

[0083] FIG. 9 shoWs schematically the formation of a 
protective overlay 48 based on screen printing on a lami 
nated green sheet 43, With an electrode terminal section 47 
being formed on its rear surface. The screen 42 stretched 
across the frame 41 is positioned and brought closely to the 
rear surface of laminated green sheet 43, and next the skeg 
44 is moved so that paste 45 on the screen 42 is printed on 
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a selected position on the rear surface of laminated green 
sheet 43 to form a protective overlay 48. 

[0084] Subsequently, the laminated green sheet 43 inclu 
sive of the electrode terminal section 47 and protective 
overlay 48 is treated by the annealing process. The annealing 
process causes the electrode terminal section and protective 
overlay to turn into the electrode terminals 20 and protection 
?lm 40, and the laminated green sheet 43 becomes a module 
substrate 11 as shoWn in FIG. 5. 

[0085] FIG. 15 is a plan vieW of part of the setup board 36 
Which mounts the high-frequency poWer ampli?er module 
10. Lands include grounding lands 37 located at the four 
corners of substrate corresponding to the terminals 35a, 
terminal lands 49a, to Which the electrode terminals 20 are 
?xed, aligned betWeen the ground lands 37, and lands 49b to 
Which the poWer voltage supply terminals 21 are ?xed. 
These lands have application of solder on the surface. 

[0086] Next, the fabrication process of the high-frequency 
poWer ampli?er module 10 of the embodiment 1 Will be 
explained brie?y With reference to the ?oWchart of FIG. 6. 
The high-frequency poWer ampli?er module 10 is fabricated 
and shipped through the processing steps as shoWn by the 
?oWchart of FIG. 6, Which include: preparation of laminated 
green sheet (step 101), printing of protective overlay (step 
102), annealing (step 103), application of solder to module 
substrate (step 104), mounting of parts (step 105), solder 
re?oW (step 106), cleaning (step 107), Wire boding (step 
108), coating of resin (step 109), baking (step 110), ?xing of 
cap (CAP) (step 111), dicing of module substrate (step 112), 
selection (step 113), and packing (step 114). The module 
substrate may be fabricated for each device, or the module 
substrate may be divided into devices after caps are put on. 

[0087] The laminated green sheet 43 is made by, for 
example, overlapping a plurality of dielectric sheets (green 
sheets) and pressing the sheets as shoWn in FIG. 7. The 
?gure shoWs the structure including ?ve green sheets lami 
nated. The diagram corresponds to FIG. 1. 

[0088] The laminated green sheet 43 has the formation on 
the rear surface thereof of a conductor layer 70 Which 
becomes the electrode terminals 20 and poWer voltage 
supply terminals 21, and has the formation on the main 
surface thereof of another conductor layer 70 Which 
becomes the electrode pads 22 and mount pads 23 for 
mounting electronic component parts. The portion of con 
ductor layer 70 for the electrode terminals 20 is called the 
electrode terminal section 47 as mentioned previously. In the 
area Where the semiconductor chip is mounted, the upper 
?rst and second green sheets are cut aWay to make a recessed 
area on the laminated green sheet 43. This recessed area also 
has on its bottom the formation of a conductor layer 70: (step 

101). 
[0089] Next, With the laminated green sheet 43 being 
turned over, the above-mentioned paste is printed on the rim 
of electrode terminals 20 Which are close to the edges of 
laminated green sheet 43, thereby forming the protective 
overlay 48: (step 102), and the sheet 43 is treated by 
annealing: (step 103), and the module substrate 11 having 
the electrode terminals 20 and poWer voltage supply termi 
nals 21 is made as shoWn in FIG. 8. The electrode terminals 
20 are coated in their rim portion close to the edge of module 
substrate 11 With the protection ?lm 40. The electrode pads 
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22, mount pads 23 and conductors 24 are also formed. 
Wiring lines of this module substrate 11 have the strip line 
structure or micro strip line structure. 

[0090] Next, solder is applied to the surface of all con 
ductor layers: (step 104), electronic component parts includ 
ing the semiconductor chip 17, chip resistors 15 and chip 
capacitors 16 are mounted: (step 105), and the solder is 
heated to re?oW so that the electronic parts are connected: 

(step 106). 
[0091] The module substrate 11 is around 0.8 mm in 
thickness, 15 mm in Width and 8 mm in length, for example. 
The thickness of the electrode of the electrode terminal is 
about 10 pm. The protection ?lm Which partially covers the 
electrode terminals is around several tens micrometers or 
less in thickness. 

[0092] Next, the module substrate is cleaned to Wash off 
?ux: (step 107), the semiconductor chip 17 is connected 
from its terminals (not shoWn) to Wiring lines by conductive 
Wires 18: (step 108), and the semiconductor chip 17 and 
Wires 18 are coated With insulative resin 19: (step 109). 

[0093] Next, the module substrate is baked to harden the 
insulative resin 19: (step 110). 

[0094] Next, caps 12 are put on the module substrate 11: 
(step 111), and the substrate is divided into high-frequency 
poWer ampli?er modules 10 as shoWn in FIG. 2: (step 112). 
Next, the modules 10 are selected in terms of quality: (step 
113), and good modules are packed for shipment: (step 113). 

[0095] The folloWing explains an electronic device, i.e., 
portable telephone unit (Wireless communication unit), 
Which incorporates the inventive high-frequency poWer 
ampli?er module 10. The high-frequency poWer ampli?er 
module 10 is mounted on the setup board 36 of the portable 
telephone unit (Wireless communication unit). FIG. 12 
shoWs the high-frequency poWer ampli?er module 10 
mounted on the setup board 36. The high-frequency poWer 
ampli?er module 10 is placed by being positioned on the 
setup board 36 having a land pattern as shoWn in FIG. 15. 
Solder Which has been applied to the surface of lands 
(37,49a and 49b) and terminals (20,21 and 35a) is heated to 
re?oW so that the module is connected to them, and the 
portable telephone unit as shoWn in FIG. 12 (only the 
module setup portion is shoWn) is completed. 

[0096] FIG. 13 is a cross-sectional diagram shoWing the 
?tting of the hook 32. The conductor layer 35, the hook 32 
and the loWer end of the hook support arm 31 are ?xed to the 
grounding land 37 by solder 38. The hook support arm 31 
has its solder ?llet on its outer surface jutting out as little as 
around 0.3 pm for example. Based on the package structure 
built by the module substrate 11 and cap 12, With the hooks 
3 of cap latching With the hook stoppers 33 of module 
substrate 11 in the cut-aWay portions 34 provided at both 
ends of long side of the module substrate 11, and on the 
jut-out length of solder ?llet as small as 0.3 pm, it is possible 
to lay out the grounding lands 37 in rectangular areas created 
on the extended lines of the substrate sides. In consequence, 
the siZe reduction of the setup board 36 of the portable 
telephone unit and thus the siZe reduction of the portable 
telephone unit can be attained. 

[0097] The electrode terminals 20 of LGA structure 
aligned along the edges of module substrate 11 are coated in 












