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ABSTRACT 

(51) 

(52) 
(57) 
The present invention is directed to a high frequency module 
used for Wireless communication module, and comprises a 
?rst organic substrate (11) in Which conductive pattern or 
patterns are formed on the principal surface thereof and one 
element body (7) or more are mounted, and a second organic 
substrate (12) in Which a recessed portion (22) is formed in 
correspondence With the area Where the element body or 
bodies (7) are mounted at the connecting surface to the ?rst 
organic substrate (11). In the state Where the second organic 
substrate (12) is connected to the ?rst organic substrate (11), 
an element body accommodating portion (24) Which seals the 
element body or bodies (7) is constituted by the recessed 
portion (22), Wherein the element body accommodating por 
tion (24) is adapted so that moisture resistance characteristic 
and oxidation resistance characteristic are maintained. 

11b 116 
Nd Ho 

3 14 21 15 '4 7 2 2212b12d'l211 
l3 26l9_2123 

2 



Patent Application Publication Jul. 31, 2008 Sheet 1 0f 11 US 2008/0178463 A1 

r.mvHh_ 

.1. 

A _ u. 

I _ 

l‘ mop m: _ 

2: . m _ 

G 3 . 2: mm m _ 

\ 2: I ?lm _ 

O: N: 

I m: 2: 

h P/ w m 

oi?lwirm \_ 
\~ A I 

a w 1 ATNT Am 

3.: %r w w 

w 3PM NE W 
2: w 

A I_ 
a 

— 888 
O 3 



Patent Application Publication Jul. 31, 2008 Sheet 2 0f 11 US 2008/0178463 A1 

.0 
m 

r’“ 

121 

123 

O“ 

130 FIG.2 
122 



Patent Application Publication Jul. 31, 2008 Sheet 3 0f 11 US 2008/0178463 A1 

130 

131 ' 139 137 140 
1 1 / / 

FIG.3 

llblla 3142115 _7_ 
lldllc 13 2619 2123 

'4 2 22 1 2b 1 2d 1 2 1 1 

2 

FIG-4V 



Patent Application Publication Jul. 31, 2008 Sheet 4 0f 11 US 2008/0178463 A1 

FIG.5 

Ill/I11 '[7771 // Ill/A /‘ 

/ 1D // Ill/[ll] VIII/[[111 

11d 2119 21 

PICS--6 

16 1715 18 

1 21 1920 

' 

1 

FIG.7 



Patent Application Publication Jul. 31, 2008 Sheet 5 0f 11 US 2008/0178463 A1 

12 

\ 2)3 2\2 1471115 ' 152d 1(2C 1T2 
11b \\\\\\\\Y ' ‘i ‘J 7 ‘\\\\\ \\\g\\\\ 

112% l 
2119 21 _ LL 

FIG_8 

22 157 - 12a lzdlg 

_l_l_l _l_l_l COU 
23242119 21 12b L 

FIG.9 

2 2 15125 _la£l2d3 

232421192126 12b 11 

FIG.1 o 



Patent Application Publication Jul. 31, 2008 Sheet 6 0f 11 US 2008/0178463 A1 

3 32 32 11b 

27 
25 

b 
10 

1211 24 _7_ 12b 
2 

FIG.1 1 

3 28 35 32 2s11bs4 

27 
25 

llb 
110 

1211, 24 r__7_ - 12b‘ 

2 _. 

FIG-.12 

3 8 36 37 3 35 32 2811b 

27 
25 

11b 

11c 

1211, 24 1 12b 

FIG.1 3 



Patent Application Publication Jul. 31, 2008 Sheet 7 0f 11 

32 28 33 

‘I211 24 7 12b 

F'IG.1 4 

10 
s 8 2 30322833 

1211 24 Z I 

2. 
FIG.15 

3 8 3830a 319 3032283312 

39 3913 24 
1211 

2 FIG-.1 6 

US 2008/0178463 Al 

11b 
11c 

29 

25 

11b 
ll-cv 

29 

25 

11b 
ll-c 



Patent Application Publication Jul. 31, 2008 Sheet 8 0f 11 US 2008/0178463 A1 

a 8 3830a 312 30322833LQ 

143913 1211 

FIG_1 7 

11b11a 14 4615 l 
11d11c_ 13 2619 23 

24 2212b121112d 

2 

FIG.1 8 



Patent Application Publication Jul. 31, 2008 Sheet 9 0f 11 US 2008/0178463 A1 

29 

l; 54 58 55 59 54a 56 

57 
51a 

51b 

11b 110 i 52 

FIG.1 9 

51a 11b 
51b 120 _l 

FIG-2O 

F'IG.21 



Patent Application Publication Jul. 31, 2008 Sheet 10 0f 11 US 2008/0178463 A1 

51a 

51b 

11b 11c‘ 51 

'FIG_22 

11b 11c 53 51 

F'IG-23 — 

ssalz/k/?/zzg?g' 
52 

51a ' 

51b 

11b 11c 51 

FIG.24 



Patent Application Publication Jul. 31, 2008 Sheet 11 0f 11 US 2008/0178463 A1 

60 

T 
422 

13 14 64 63124 12b 
2s 

PICS-.25 

il 23 1 12a 11b 

12 
62 

24V 63 12b 11c 

FIG-.26 

{L1 23 1 l2a12b 11b 

12 
62 

24 63 64 110 

FIG.27 



US 2008/0178463 A1 

MODULAR BOARD DEVICE, HIGH 
FREQUENCY MODULE, AND METHOD OF 

MANUFACTURING THE SAME 

[0001] The subject matter of application Ser. No. 10/519, 
765 is incorporated herein by reference. The present applica 
tion is a divisional of US. application Ser. No. 10/519,765, 
?led Dec. 28, 2004, Which is a 371 National Stage of PCT 
patent application No. PCT/JP03/07827, ?led Jun. 19, 2003, 
Which claims priority to Japanese Patent Application No. JP 
2002-195022, ?led Jul. 3, 2002. The present application 
claims priority to these previously ?led applications. 

TECHNICAL FIELD 

[0002] The present invention relates to a module board 
device and a high frequency module suitable When used in 
Wireless communication modules Which are provided at vari 
ous electronic equipments having Wireless communication 
function such as personal computers, audio equipments, vari 
ous mobile equipments and/or mobile telephones and permit 
compatibility at different frequency bands, and a method of 
manufacturing these module units. 

BACKGROUND ART 

[0003] Various information, e.g., music, speech and/or 
image, etc. have been permitted to be easily handled also by 
personal computer or mobile computer, etc. With digitization 
of data in recent years. Moreover, band-compression of these 
information has been realiZed by audio (speech) codec tech 
nology or image codec technology so that the environment 
Where these information are easily and e?iciently distributed 
(delivered) to various communication terminal equipments 
by digital communication or digital broadcast is being 
arranged. For example, audio/video data (AV data), etc. can 
be received at the indoor/outdoor by Wireless system through 
mobile telephone, etc. Without limitation only to reception by 
Wire system 
[0004] MeanWhile, With respect to the transmission/recep 
tion system for data, etc., suitable netWork systems have been 
constructed also Within home and/ or small area, and have 
been variously utiliZed. As the netWork system, attention is 
draWn to the various next generation Wireless systems, e.g., 
narroW-band Wireless communication system of 5 GHZ band 
proposed in the IEEE802.11a, Wireless LAN system of 2.45 
GHZ band proposed in the IEEE802.1 1b, and/or near distance 
Wireless communication system called Bluetooth, etc. In the 
transmission/reception system for data, etc. such various 
Wireless netWork systems are effectively utiliZed so that 
transmission/reception of various data, access to the Internet 
and/ or transmission/reception of data can be made easily and 
Without intervention of relay board, etc. at various places such 
as home or outdoors, etc. 

[0005] In the Wireless netWork systems, respective commu 
nication terminal equipments are permitted to be connected 
With respect to all communication systems so that effective 
utiliZation can be realiZed. Such Wireless netWork systems not 
only lead to enlargement and/ or high cost of communication 
terminal equipments, but also result in large burden also With 
respect to the communication infrastructure side. Communi 
cation terminal equipments are utiliZed not only at indoor but 
also at outdoor, etc., and are indispensable that they are com 
pact and light in Weight and are portable, and are inexpensive. 
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For this reason, it is extremely dif?cult to constitute the com 
munication terminal equipments so that they are adapted to 
the speci?cation of such Wireless netWork system. 
[0006] In the communication terminal equipments, there is 
being made development of the so-called SoftWare De?ned 
Radio technology in Which compliance is made by base-band 
processing beloW modulation/ demodulation processing With 
respect to respective communication systems and/or fre 
quency bands to thereby constitute Wireless communication 
units as integral unit. HoWever, even such SDR technology 
has vast calculation quantity for signal processing. As a result, 
even if compliance of burden at the communication infra 
structure side can be realiZed, compliance of poWer consump 
tion at the communication terminal equipment side and/or 
compliance of enlargement by integration are great problems. 
Particularly, it is dif?cult that portable communication termi 
nal equipments are put to practical use. 
[0007] A Wireless communication module 100 shoWn in 
FIGS. 1 and 2 constitutes an analog front end of a Wireless 
transmitter/receiver, Wherein there is realiZed the so-called 
multi-band con?guration in Which base band portion is 
shared With respect to the same modulation/demodulation 
system or different modulation/ demodulation system, and 
plural transmitting/receiving units are included (provided) to 
permit transmission/reception of Wireless signals of different 
frequency bands. The Wireless communication module 100 
transmits or receives Wireless signals of different frequency 
bands at an antenna unit 101. 

[0008] The Wireless communication module 100 com 
prises, as shoWn in FIG. 1, although the detail is omitted, a 
receive signal processing system 107 adapted for converting 
a high frequency signal received at the antenna unit 101 into 
an intermediate frequency signal on the basis of reference 
frequency delivered from a reference frequency generating 
circuit unit 103 at a RF-IF converting unit 102 to amplify the 
intermediate frequency signal thus obtained at an ampli?er 
unit 104 thereafter to demodulate the intermediate frequency 
signal thus ampli?ed at a demodulation unit 105 to output the 
signal thus obtained to baseband units 106. The Wireless 
communication module 100 comprises, although the detail is 
omitted, a transmit signal processing system 110 for directly 
converting the intermediate frequency signal outputted from 
the baseband unit 106 into high frequency signal at an IF-RF 
converting unit 108 and demodulating that intermediate fre 
quency signal to transmit the signal thus obtained from the 
antenna unit 101 through an ampli?er unit 109. 

[0009] Although the detail is omitted, the Wireless commu 
nication module 100 is adapted so that large functional com 
ponents (parts) such as various ?lters, Voltage Controlled 
Oscillator (VCO) and Surface Acoustic Wave (SAW) device, 
etc. are mounted betWeen respective stages, and includes 
passive elements such as inductors, capacitors and/or resis 
tors, etc. Which are speci?c to high frequency analog circuit. 
At the Wireless communication module 1 00, as shoWn in FIG. 
1, ?rst to third changeover sWitches 111 to 113 are provided 
at RF-IF converting unit 102, reference frequency generating 
circuit unit 103 or demodulation unit 105 of the receive signal 
processing system 107. Moreover, at the Wireless communi 
cation module 100, fourth and ?ve changeover sWitches 114 
and 115 are provided also at IF-RF converting unit 108 or 
ampli?er unit 109 Within the transmit signal processing sys 
tem 110. 

[0010] Although the detail is omitted, the ?rst to third 
changeover sWitches 111 to 113 are caused to undergo 
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switching operation to perform capacity switching of variable 
capacitors and/or variable reactances to thereby perform con 
trol of time constant switching so as to match the frequency 
characteristic of receive signal.Although the detail is omitted, 
the fourth and ?ve changeover switches 114 and 115 are also 
caused to undergo switching operation to thereby perform 
capacity switching of variable capacitors and/or variable 
reactances to perform control of time constant switching so as 
to match frequency characteristic of transmit signal. 
[0011] The wireless communication module 100 com 
prises, as shown in FIG. 2, a module board (substrate) 120 
comprised of multi-layered wiring board, and is constituted, 
although the detail is omitted, as the result of the fact that 
passive elements and/or capacity patterns, etc. constituting 
the above-described respective functional blocks are formed 
together with wiring patterns within respective wiring layers 
of the module board 120. At the module board 120, a high 
frequency signal processing LSI 121 and suitable chip com 
ponents (parts) 122 are mounted on the surface thereof, and a 
shield cover 123 is assembled for the purpose of excluding the 
in?uence. of electromagnetic noise. It is to be noted that, at 
the module board 120, antenna pattern constituting the 
antenna unit 101 may be formed at, e.g., a portion which is not 
covered by the shield cover 123 of the surface. In addition, at 
the module board 120, antenna unit 101 may be constituted by 
chip -type antenna mounted on the surface, or transmit/re 
ceive signal may be inputted or outputted from the antenna of 
separate member. 
[0012] At the wireless communication module 100, as 
shown in FIG. 2, the above-described ?rst to ?ve changeover 
switches 111 to 115 are constituted by MEMS (Micro Electro 
Mechanical System) switches 130 mounted on the surface of 
the module board 120. As shown in FIG. 3, the entirety of the 
MEMS switch 130 is covered by an insulating cover 131. The 
MEMS switch 130 is mounted on module wiring board 120 as 
described above through leads 132 drawn from the insulating 
cover 13 1. 

[0013] As shown in FIG. 3, the MEMS switch 130 is 
adapted so that a ?rst ?xed contact 134, a second ?xed contact 
135 and a third ?xed contact 136 are formed on a silicon 
substrate 133, and a movable contact piece 137 in a thin plate 
form and having ?exibility is ?xed at the ?rst ?xed contact 
134 and the free end thereof is cantilever-supported in a 
manner opposed to the third ?xed contact 136. The MEMS 
switches 130 are respectively connected to leads 132 through 
wires 138 in the state where the ?rst and third ?xed contacts 
134 and 136 are used as output contact. Additionally, the 
second ?xed contact 136 is also connected to other lead 132. 
At the movable contact piece 137, an electrode 139 is pro 
vided at the portion opposite to the second ?xed contact 135. 
[0014] At the MEMS switch 130, as shown in FIG. 3, a 
silicon cover 140 is connected onto the silicon base 133 by, 
e.g., anode connecting method, etc. to allow the ?rst to third 
?xed contacts 134 to 136 and the movable contact piece 137 
to be maintained in the air-tight state. The entirety of the 
MEMS switch 130 is sealed by the insulating cover 131 so 
that the MEMS switch 130 is integrated as package. At the 
MEMS switch 130, as the result of the fact that the movable 
portion thereof is sealed by the silicon substrate 133 and the 
silicon cover 140 and the entirety thereof is sealed by the 
insulating cover 131, moisture resistance characteristic and 
oxidation resistance characteristic are maintained, and dura 
bility with respect to the mechanical load from the external is 
maintained. 
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[0015] At the MEMS switch 130 constituted as described 
above, when drive voltage is applied, the third ?xed contact 
136 and the movable contact piece 137 are shorted by elec 
tromagnetic attractive force produced between the second 
?xed contact 135 and the electrode 139 of the movable con 
tact piece 137, and the short state thereof is maintained. At the 
MEMS switch 130, when reverse bias drive voltage is 
applied, the movable contact piece 137 is returned to the 
initial state by electromagnetic repulsive force produced 
between the second ?xed contact 135 and the electrode 139 so 
that the short state with respect to the third ?xed contact 136 
is released. Since the MEMS switch 130 is a switch element 
which is extremely very small and does not require holding 
current for holding the operating state, it is possible to sup 
press enlargement of the wireless communication module 
100 and to realiZe low power consumption. 
[0016] The wireless communication module 100 as 
described above is caused to be of the con?guration in which 
switching of time constant is performed by the MEMS 
switches 130 to thereby switch the frequency characteristics 
of the antenna, respective ?lters and/orVCO, etc. so that there 
results tunable state. Meanwhile, since the MEMS switch 130 
has movable portion, ?rst to third ?xed contacts 134 to 136 
and/or wiring patterns are ?nely formed on the silicon sub 
strate 133 as described above, and the siliconbase 133 and the 
silicon cover 140 are connected by the anode connecting 
method, etc. thereafter to cover it by the insulating cover 131 
so that the MEMS switch 130 is caused to be of package 
con?guration. Thus, MEMS switches 130 are mounted on the 
module board similarly to other mounting components 
(parts). 
[0017] In the above-described conventional wireless com 
munication module 100, there is the problem that the charac 
teristic is lowered by the in?uence on the high frequency 
circuit unit resulting from re?ection or loss from parasitic 
component of the MEMS switch 130. In the wireless com 
munication module 100, there is the problem that MEMS 
switches are mounted on the surface of the module board 120 
so that path lengths between the MEMS switches 130 and 
internal circuits are elongated, whereby the characteristic is 
lowered by the in?uence of the interference or loss. Further, in 
the wireless communication module 100, since the MEMS 
switch 130 has the structure that respective components are 
assembled on the silicon substrate 133 and are sealed by the 
insulating cover 131 so that they are packaged, further min 
iaturiZation is di?icult. 
[0018] In the above-described conventional wireless com 
munication module 100, e. g., SAW device (Surface Acoustic 
Wave Device), and/or IC and LSI for micro-wave or mili 
wave, etc. are also mounted. There is the problem that in the 
case where these elements are coated by insulating resin, their 
characteristics are remarkably deteriorated. 

DISCLOSURE OF THE INVENTION 

[0019] An object of the present invention is to provide a 
novel module board device and a method of manufacturing 
the same, which can solve problems that conventional wire 
less communication modules have. 

[0020] Another object of the present invention is to provide 
a module board device and a method of manufacturing the 
same, which does not require package structure of elements to 
realiZe improvement in reliability along with miniaturization 
and low cost. 
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[0021] A further object of the present invention is to pro 
vide a high frequency module having multi-band compliance 
function, Which comprises MEMS sWitches Which permit 
compatibility at different frequency bands and/or elements of 
Which characteristics are deteriorated by resin sealing, and 
Which realizes improvement in the characteristics and reli 
ability of these elements and realizes miniaturization and loW 
cost, and a method of manufacturing such a high frequency 
module. 

[0022] A board device for module according to the present 
invention comprises a ?rst organic substrate in Which a con 
ductive pattern or patterns is or are formed on the principal 
surface thereof and one element body is or more are mounted, 
and a second organic substrate in Which a recessed portion is 
formed in correspondence With the area Where the element 
body or bodies is or are formed at a connecting surface to the 
?rst organic base. At the module board device, an element 
accommodating space portion Which seals the element body 
or bodies is constituted by the recessed portion in the state 
Where the second organic base is connected to the ?rst organic 
base. At the module board device, the element body accom 
modating space portion is constituted as a space portion in 
Which moisture resistance characteristic and oxidation resis 
tance characteristic are maintained. 

[0023] At the module board device, since element body or 
bodies are constituted at the inside of Wiring layer, and ele 
ment body or bodies are directly formed at the element body 
accommodating space portion in Which moisture resistance 
characteristic and oxidation resistance characteristic are 
maintained, package for maintaining moisture resistance 
characteristic and/or oxidation resistance characteristic, and/ 
or for preventing the element body or bodies from mechanical 
load from the external is not required at the element body. As 
a result, miniaturization thereof can be realized and path 
lengths With respect to the Wiring layer are shortened. Thus, 
loW loss and improvement in noise resistance characteristic 
can be realized. At the module board device, aging deterio 
ration (deterioration With lapse of time) of the element body 
is maintained in a manner equivalent to the packaged state so 
that stable operation is performed, and occurrence of incon 
venience such as damage, etc. of package by evaporation of 
moisture immersed into the inside in re?oW soldering, etc. is 
also prevented. At the module board device, MEMS sWitch 
Which can change capacitance characteristic of antenna or 
?lter With respect to different frequency bands is used as the 
element body, thereby making it possible to obtain compact 
and thin type, and high reliability high frequency module 
Which has realized multi-band compliance function. 
[0024] A method of manufacturing a board device for mod 
ule according to the present invention includes a step of 
mounting one element body or more on the principal surface 
of a ?rst organic substrate in Which a conductive pattern or 
patterns is or are formed, and a step of connecting a second 
organic substrate, in Which a recessed portion is formed in 
correspondence With the area Where the element body or 
bodies is or are formed at a connecting surface to the ?rst 
organic substrate, to the ?rst organic substrate in such a man 
ner to seal the element body or bodies Within an element 
accommodating space portion constituted by the recessed 
portion, thus to manufacture a module board device including 
the element body accommodating space portion in Which 
moisture resistance characteristic or oxidation resistance 
characteristic are maintained. 
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[0025] In the manufacturing method for board device for 
module according to the present invention, since element 
body or bodies are constituted at the inside of the Wiring layer, 
and element body or bodies are directly formed at element 
body accommodating space portion constituted in Which 
moisture resistance characteristic and oxidation resistance 
characteristic are maintained, package for maintaining mois 
ture resistance characteristic or oxidation resistance charac 
teri stic, and/ or for protecting the element body from mechani 
cal load from the outside is not required at the element body. 
As a result, miniaturization thereof is realized and path 
lengths With respect to the Wiring layers are shortened. Thus, 
module board device in Which loW loss and improvement in 
noise resistance characteristic have been realized is manufac 
tured. In accordance With the manufacturing method for 
board device for module, it becomes possible to ef?ciently 
manufacture, in the state Where occurrence of inconvenience 
such as damage, etc. of package by evaporation of moisture 
immersed into the inside in re?oW soldering, etc. is prevented, 
module board device in Which aging deterioration of element 
body is maintained in a manner equivalent to the packaged 
state so that stable operation is performed. 

[0026] The high frequency module according to the present 
invention is composed of a base substrate portion, and a high 
frequency circuit portion Which is built up on the principal 
surface of the base substrate portion. The base substrate por 
tion comprises a ?rst organic substrate in Which a conductive 
pattern or patterns is or are formed on the principal surface 
thereof and an element body or bodies is or are mounted, and 
a second organic substrate in Which a recessed portion is 
formed in correspondence With the area Where the element 
body or bodies is or are formed at a connecting surface to the 
?rst organic substrate, Whereby, in the state Where the ?rst 
organic substrate and the second organic substrate are con 
nected, an element body accommodating space portion Which 
seals the element body or bodies is constituted by the recessed 
portion, and the element body accommodating space portion 
is caused to have moisture resistance characteristic and oxi 
dation resistance characteristic and a second principal surface 
opposite to the connecting surface of either one of the ?rst 
organic substrate and the second organic substrate is caused 
to undergo planarization (?attening) processing to constitute 
build-up formation surface. The high frequency circuit por 
tion comprises one build-up Wiring layer or more in Which a 
conductive pattern or patterns is or are formed on a dielectric 
insulating layer at the build-up formation surface of the base 
substrate portion, and including at least one kind of passive 
element or more formed by the thin ?lm technology or the 
thick ?lm technology, the build-up Wiring layer being via 
connected to the base substrate portion and/or the element 
body or bodies, and high frequency circuit components 
(parts) mounted on the build-up Wiring layer of the uppermost 
layer. 
[0027] At the high frequency module according to the 
present invention, since, e.g., MEMS sWitch or sWitches 
Which can change capacity characteristic of antenna or ?lter 
to realize multi-band function, and/or element body or bodies 
of Which characteristics are deteriorated by resin coating, etc. 
are constituted Within the Wiring layer of the base substrate 
portion, and are directly formed at element body accommo 
dating space portion in Which moisture resistance character 
istic and/or oxidation resistance characteristic are main 
tained, package for maintaining moisture resistance 
characteristic and/or oxidation resistance characteristic and 
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for protecting the element body from mechanical load from 
the external becomes is not required at the element body. As 
a result, miniaturization thereof can be realiZed and path 
lengths With respect to the Wiring layers are shortened. Thus, 
loW loss and improvement in noise resistance characteristic 
can be realiZed. At the high frequency module, aging deterio 
ration of the element body is maintained in a manner equiva 
lent to the packaged state so that suitable operation is per 
formed, and occurrence of inconvenience such as damage, 
etc. of package by evaporation of moisture immersed into the 
inside in re?oW soldering, etc. is also prevented. Further, at 
the high frequency module, high frequency circuit portion in 
Which various passive elements are formed on planariZed 
(?attened) buildup formation surface of the base substrate 
portion including relative inexpensive organic substrate is 
formed With high accuracy so that reduction of cost can be 
realiZed, and the base substrate portion is constituted as, e. g., 
Wiring portions for poWer supply and/or ground portion, and/ 
or Wiring portion for the control system. Thus, electrical 
isolation from the high frequency circuit portion can be real 
iZed. In accordance With the high frequency module, occur 
rence of electric interference of the high frequency circuit 
portion is suppressed so that improvement in the characteris 
tic is realiZed. Since Wirings for poWer supply and/ or ground 
portion having suf?cient area can be formed on the base 
substrate portion, poWer supply of high regulation is per 
formed. 

[0028] The method of manufacturing a high frequency 
module according to the present invention includes a forma 
tion step for high frequency circuit portion for build-up form 
ing the high frequency circuit portion on a planariZed (?at 
tened) build-up formation surface via a step of manufacturing 
a base substrate portion. In the manufacturing method for 
high frequency module, the step of manufacturing the base 
substrate includes a step of mounting an element body or 
bodies on the principal surface of a ?rst organic substrate in 
Which a conductive pattern or patterns is or are formed, a step 
of connecting a second organic substrate, in Which a recessed 
portion is formed in correspondence With the area Where the 
element body or bodies is or are formed at a connecting 
surface to the ?rst organic substrate, to the ?rst organic sub 
strate in such a manner to seal the element body or bodies into 
the element body accommodating space portion constituted 
by the recessed portion and for constituting the element body 
accommodating space portion as a space portion in Which 
moisture resistance characteristic and/or oxidation resistance 
characteristic are maintained, and a step of implementing 
planariZation (?attening) processing to a second principal 
surface opposite to the connecting surface of either one of the 
?rst organic substrate and the second organic substrate to 
form a build-up formation surface, thus to form a base sub 
strate portion Where inactive gas is sealed Within the element 
body accommodating space portion. In the manufacturing 
method for high frequency module, the step of forming the 
high frequency circuit portion includes a step of forming one 
build-up Wiring layer or more in Which a conductive pattern or 
patterns is or are formed on a dielectric insulating layer, and 
at least one kind of passive element or more is or are formed 
by the thin ?lm technology or the thick ?lm technology, the 
build-up Wiring layer being via-connected to the conductive 
pattern or patterns and/or the element body or bodies of the 
?rst organic substrate of the base substrate portion, and a step 
of mounting high frequency circuit components (parts) on the 
build-up Wiring layer of the uppermost layer, thus to form 
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high frequency circuit portion on the build-up formation sur 
face of the base substrate portion. 

[0029] In the manufacturing method for high frequency 
module according to the present invention, since element 
body or bodies are constituted Within the Wiring layer of the 
base substrate portion, and are directly formed Within the 
element body accommodating space portion in Which mois 
ture resistance characteristic and/or oxidation resistance 
characteristic are maintained, package for maintaining mois 
ture resistance characteristic and/or oxidation resistance 
characteristic, and/ or for protecting the element body or bod 
ies from mechanical load from the external is not required at 
the element body. As a result, miniaturization thereof can be 
realiZed and path lengths With respect to the Wiring layers are 
shortened. Thus, high frequency module in Which loW loss 
and improvement in noise resistance characteristic have been 
realiZed is manufactured. In the manufacturing method for 
high frequency module, aging deterioration of the element 
body is maintained in a manner equivalent to the packaged 
state so that stable operation is performed, and occurrence of 
inconvenience such as damage, etc. of package resulting from 
evaporation of moisture immersed into the inside in re?oW 
soldering, etc. is also prevented so that manufacturing of high 
frequency module is performed. Further, in the manufactur 
ing method for high frequency module, as the result of the fact 
that high frequency circuit portion in Which various passive 
elements are formed on planariZed (?attened) build-up for 
mation surface of the base substrate portion including rela 
tively inexpensive organic substrate is formed With high accu 
racy, reduction of the cost can be realiZed, and the base 
substrate portion is constituted as, e.g., Wiring portions for 
poWer supply and/or ground portion, and/or Wiring portion 
for the control system so that high frequency module in Which 
electrical isolation from the high frequency circuit portion 
has been realiZed is manufactured. In accordance With the 
manufacturing method for high frequency module, since 
occurrence of electrical interference of the high frequency 
circuit portion is suppressed so that the characteristic has 
been improved, and Wirings for the poWer supply and/ or the 
ground portion having su?icient area can be formed on the 
base substrate portion, high frequency module in Which 
poWer supply of high regulation is performed is manufac 
tured. 

[0030] Still further objects of the present invention and 
practical merits obtained by the present invention Will 
become more apparent from the description of the embodi 
ments Which Will be given beloW With reference to the 
attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a block diagram shoWing a circuit con?gu 
ration of a Wireless communication module in Which multi 
band con?guration has been realiZed. 
[0032] FIG. 2 is an essential part longitudinal cross sec 
tional vieW shoWing a conventional Wireless communication 
module. 

[0033] FIG. 3 is a longitudinal cross sectional vieW shoW 
ing MEMS sWitch package used in the conventional Wireless 
communication module. 

[0034] FIG. 4 is an essential part longitudinal sectional 
vieW shoWing a high frequency module according to the 
present invention. 



US 2008/0178463 A1 

[0035] FIG. 5 is a longitudinal cross sectional vieW shoW 
ing double- sided substrate used in the high frequency module 
according to the present invention. 
[0036] FIG. 6 is a longitudinal cross sectional vieW shoW 
ing a step of mounting MEMS sWitch on the double-sided 
substrate. 

[0037] FIG. 7 is an essential part side vieW shoWing MEMS 
sWitch used in the high frequency module. 
[0038] FIG. 8 is a longitudinal cross sectional vieW shoW 
ing a step of connecting organic insulating block body to the 
double-sided substrate. 

[0039] FIG. 9 is a longitudinal cross sectional vieW shoW 
ing steps for Wiring pattern and through-hole formed at 
organic insulating block body. 
[0040] FIG. 10 is a longitudinal cross sectional vieW shoW 
ing a step of planariZing (?attening) build-up formation sur 
face of base substrate portion. 
[0041] FIG. 11 is a longitudinal cross sectional vieW shoW 
ing a step of forming ?rst dielectric insulating layer of high 
frequency circuit portion. 
[0042] FIG. 12 is a longitudinal cross sectional vieW shoW 
ing a step of forming ?rst Wiring layer of the high frequency 
circuit portion. 
[0043] FIG. 13 is a longitudinal cross sectional vieW shoW 
ing a step of forming capacitor elements and resistor elements 
at the ?rst Wiring layer. 
[0044] FIG. 14 is a longitudinal cross sectional vieW shoW 
ing a step of forming second dielectric insulating layer of the 
high frequency circuit portion. 
[0045] FIG. 15 is a longitudinal cross sectional vieW shoW 
ing a step of forming second Wiring layer and inductor ele 
ment of the high frequency circuit portion. 
[0046] FIG. 16 is a longitudinal cross sectional vieW shoW 
ing a step of forming protective layers at base substrate por 
tion and the high frequency circuit portion. 
[0047] FIG. 17 is a longitudinal cross sectional vieW shoW 
ing a step of forming electrodes at base substrate portion and 
high frequency circuit portion. 
[0048] FIG. 18 is an essential part longitudinal cross sec 
tional vieW of high frequency module in Which MEMS sWitch 
is mounted by Wire-bonding method. 
[0049] FIG. 19 is a longitudinal cross sectional vieW shoW 
ing another example of high frequency module according to 
the present invention. 
[0050] FIG. 20 is a longitudinal cross sectional vieW shoW 
ing double-sided substrate used in the high frequency mod 
ule. 

[0051] FIG. 21 is a longitudinal cross sectional vieW shoW 
ing a step of forming shield layer at doubled-sided substrate. 
[0052] FIG. 22 is a longitudinal cross sectional vieW shoW 
ing a step of forming an opening portion for connection at 
shield layer. 
[0053] FIG. 23 is a longitudinal cross sectional vieW shoW 
ing a step of mounting MEMS sWitch at the double-sided 
substrate. 

[0054] FIG. 24 is a longitudinal cross sectional vieW shoW 
ing a step of connecting organic insulating block body to the 
double-sided substrate. 

[0055] FIG. 25 is a longitudinal cross sectional vieW shoW 
ing a further example of the high frequency module according 
to the present invention. 
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[0056] FIG. 26 is a longitudinal cross sectional vieW shoW 
ing the con?guration of base substrate portion, and shoWs the 
connecting state betWeen double-sided substrate and organic 
insulating block body. 
[0057] FIG. 27 is an essential part longitudinal cross sec 
tional vieW shoWing the con?guration of the base substrate 
portion, and shoWs the state Where ventilation hole is closed. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0058] Embodiments of the present invention Will noW be 
described in detail With reference to the attached draWings. 
[0059] First, a high frequency module to Which the present 
invention has been applied Will be explained. The high fre 
quency module is used in various electronic equipments hav 
ing Wireless communication function, e.g., personal comput 
ers, audio equipments, various mobile equipments and/or 
mobile telephones, etc. and constitutes analog front end of the 
Wireless transmitting/receiving unit. 
[0060] As shoWn in FIG. 4, the high frequency module 1 
according to the present invention is caused to be of the 
so-called multi-band con?guration in Which the base band 
portion is shared With respect to the same modulation/de 
modulation system or the different modulation/ demodulation 
systems, and transmission/reception of Wireless signals of 
different frequency bands can be made. Although the detail 
Will be described later, the high frequency module 1 is com 
posed of a base substrate portion 2 formed by base substrate 
portion manufacturing process, and a high frequency circuit 
portion 4 Which is build-up formed by high frequency circuit 
portion manufacturing process on a build-up formation sur 
face 3 constituted by planariZing (?attening) the ?rst princi 
pal surface of the base substrate portion 2. 
[0061] The high frequency module 1 comprises, although 
the detailed explanation is omitted, circuit units for receive 
signal processing system and transmit signal processing sys 
tem, and has the function equivalent to the above-described 
conventional Wireless communication module 100. In the 
high frequency module 1, the base substrate portion 2 consti 
tutes the mounting surface With respect to Wiring portions for 
the poWer supply system and or the control system With 
respect to the high frequency circuit portion 4, or interposer 
(not shoWn). In the high frequency module 1, high frequency 
ICs 5 and chip components (parts) 6 are mounted With the 
uppermost layer surface of the high frequency circuit portion 
4 being as a mounting surface, and shield cover (not shoWn) 
is assembled so that the entirety of the surface is sealed. 
[0062] At the high frequency module 1, MEMS sWitches 7 
are mounted (assembled) in the state Where they are sealed 
Within the base substrate portion 2. By performing sWitching 
operation of the MEMS sWitches 7, capacity sWitching opera 
tions. of variable capacitor and variable reactance of the 
receive signal processing system or the transmit signal pro 
cessing system are performed to perform control of sWitching 
of time constant so as to match frequency characteristics of 
receive signal and/ or transmit signal. In the high frequency 
module 1, at high frequency circuit portion formation process 
Which Will be described later, capacitor elements 8, resistor 
elements 9 and/or inductor elements 10 are formed as ?lm 
along With Wiring layers Within the high frequency circuit 
portion 4. 
[0063] The base substrate portion 2 is formed after experi 
encing a MEMS sWitch mounting step of mounting, With a 
double-sided substrate 11 serving as a ?rst organic substrate 
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being as a base substrate, MEMS switches 7 on the double 
sided substrate 11, a connecting step of connecting an organic 
insulating block body 12 serving as a second organic sub 
strate to the double-sided substrate 11, a Wiring formation 
step of forming Wiring patterns 1211 or vias 12b at the organic 
insulating block body 12, and a planariZation (?attening) step 
of planariZing (?attening) the surface of the organic insulat 
ing block body 12 to form build-up formation surface 3, etc. 
At the double-sided substrate 11, as shoWn in FIG. 5, Wiring 
patterns 11b, 110 are formed on the face principal surface and 
the back principal surface of the organic substrate 11a, and 
these Wiring patterns 11b, 110 are connected through 
through-holes 11d. 
[0064] At the double-sided substrate 11, the organic sub 
strate 11a is molded by thermoplastic synthetic resin having 
loW dielectric constant and loW Tan 6 characteristic, i.e., 
satisfactory high frequency characteristic, and excellent in 
heat resistance characteristic, chemical resistance character 
istic, moisture resistance characteristic and/or sealing resis 
tance characteristic, e.g., polyole?ne resin, liquid crystal 
polymer (LCP) or polyphenyl ethylene (PPE), etc. Wiring 
pattern formation method conventionally used, e.g., additive 
method, etc. is implemented to the double-sided substrate 11 
so that Wiring patterns 11b, 110 are formed and through-holes 
11d are formed at the face principal surface and the back 
principal surface of the organic substrate 1111 as shoWn in 
FIG. 5. Patterning by plating resist is performed onto the face 
principal surface and the back principal surface of the organic 
substrate 1111 Where penetration holes are formed in advance 
to form conductive patterns by electroless copper plating 
thereafter to remove plating resist. Thus, the double-sided 
substrate 11 is formed. 

[0065] It is to be noted that the double-sided substrate 11 
may be also formed by, e.g., semi-additive method, and may 
be also formed by subtractive method by using copper-clad 
substrate. With respect to the organic substrate 1111, as 
described later, moisture resistance processing and or sealing 
processing may be implemented so that there may be used not 
only the above-described substrate materials, but also base 
material consisting of phenol resin, bismaleimide triaZine 
(BT-resin), polyimide, polytetra?uoroetyylene, polynorbor 
nane (PNB), glass epoxy, ceramic or mixture of ceramic and 
organic material, etc. 
[0066] At the double-sided substrate 11, the ?rst Wiring 
pattern 11b constitutes poWer supply circuit portion and or 
ground portion, etc., and the second Wiring pattern 110 con 
stitutes mounting portion onto the interposer, etc. At the 
double-sided substrate 11, as the detail Will be described later, 
a protective layer 13 consisting of solder resist Which covers 
or coats the second Wiring pattern 110 is formed, and an 
input/output terminal electrode 14 is formed. 
[0067] MEMS sWitch mounting process by, e.g., ?ip-chip 
method is implemented to the double-sided substrate 11. As 
shoWn in FIG. 6, MEMS sWitch 7 is mounted at a predeter 
mined position of the ?rst Wiring pattern 11b. While the 
fundamental con?guration of the MEMS sWitch 7 is caused to 
be the same as the above-described MEMS sWitch package 
130, the MEMS sWitch 7 is used in the so-called bare state 
Where insulating cover 131 and/or silicon cover 140 are not 
included (provided) as shoWn in FIG. 7. Accordingly, the 
MEMS sWitch 7 is caused to be of the con?guration in Which 
the entirety thereof is thin as compared to the MEMS sWitch 
package 130. 
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[0068] At the MEMS sWitch 7, as shoWn in FIG. 7, a ?rst 
?xed contact 16, a second ?xed contact 17 and a third ?xed 
contact 18 are formed on a silicon substrate 15, and a movable 
contact piece 19 in a thin-plate form and having ?exibility is 
cantilever-supported With respect to the ?rst ?xed contact 16. 
At the MEMS sWitch 7, connection pads 16a, 1811 are respec 
tively formed in a manner integral With the ?rst ?xed contact 
16 and the third ?xed contact 18 on the silicon substrate 15. At 
the MEMS sWitch 7, the free end of the movable contact piece 
19 is opposed to the third ?xed contact 18, and an electrode 20 
is provided at the position opposite to the second ?xed contact 
17. 

[0069] At the MEMS sWitch mounting process, as indi 
cated by chain line in FIG. 7, gold ball bumps 21 are respec 
tively formed on connection pads 16a, 18a of the ?rst and 
third ?xed contacts 16 and 18 of the MEMS sWitch 7. At the 
MEMS sWitch mounting process, although the detail is omit 
ted, nickel-gold plating is implemented onto the connection 
pads formed at the ?rst Wiring pattern 11b of the double-sided 
substrate 11 to form electrodes. In this example, the electrode 
is formed so that the thickness of the nickel layer is 4p. to 5 pm, 
and the thickness of the gold layer is 0.3 pm or more. 

[0070] At the MEMS sWitch mounting process, the MEMS 
sWitches 7 are mounted With respect to the double-sided 
substrate 1 1 after undergone positioning in the state Where the 
silicon substrate 15 is caused to be at the upper side so that 
opposite spacing is maintained by the gold ball bumps 21. At 
the MEMS sWitch mounting process, e.g., ultrasonic Wave is 
applied While applying pressure to the gold ball bumps 21 so 
that it has about several ten grams in the state Where the 
double-sided substrate 11 is heated so that its temperature is 
about 80° C. to 120° C. to thereby mount MEMS sWitches 7 
on the double-sided substrate 11. It is to be noted that the 
MEMS sWitch mounting process is not limited to such ultra 
sonic Wave ?ip-chip mounting method, but MEMS sWitches 
7 may be mounted on the double-sided substrate 11 by suit 
able bare chip mounting method. 
[0071] At the double-sided substrate 11, there is imple 
mented connecting process for connecting organic insulating 
block body 12 onto the principal surface Where MEMS 
sWitches 7 are mounted. The organic insulating block body 12 
is also molded by thermoplastic synthetic resin having loW 
dielectric constant and loW Tan 6 characteristic, i.e., satisfac 
tory high frequency characteristic, and excellent in heat resis 
tance characteristic, chemicals resistance characteristic or 
moisture resistance characteristic, e. g., polyole?ne resin, liq 
uid crystal polymer (LCP) or polyphenyl ethylene (PPE), etc. 
Moreover, as material of the organic insulating block body 
12, there may be also used, e.g., phenol resin, bismaleimide 
triaZine (BT-resin), polyimide, polytetra?oroethylene, 
polynorbornane (PNB), glass epoxy, ceramic or mixture of 
ceramic and organic material, etc. The organic insulating 
block body 12 is formed as a rectangular block body having 
outer appearance su?icient to cover the entire surface of the 
double-sided substrate 11 and thickness slightly larger than 
height of the MEMS sWitch 7. 
[0072] At the organic insulating block body 12, as shoWn in 
FIG. 8, a recessed portion 22 having opening shape suf?cient 
to cover MEMS sWitch 7 is formed at the connecting portion 
to the double-sided substrate 11. As the result of the fact that 
metallic shield layer 23 is formed as ?lm at the internal 
surface of the recessed portion, the recessed portion 22 is 
constituted so that moisture resistance characteristic and/or 
sealing characteristic are maintained in the state Where the 
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MEMS switch is covered as described later. The metallic 
shield layer 23 is formed as ?lm by, e.g., the MID method 
(Molded Interconnect Device) of three-dimensionally form 
ing electric circuits With respect to resin molded body by 
plating, etc. The metallic shield layer 23 may be formed as 
?lm by the deposition process. 
[0073] At the connection process, the double-sided sub 
strate 11 and the organic insulating block body 12 Which have 
been described above are delivered to inactive gas atmo 
sphere, e.g., nitric box, etc. to implement, e.g., ultrasonic 
Wave Welding method, etc. in the state Where the organic 
insulating block body 12 is caused to overlap With the double 
sided substrate 11 after undergone positioning as shoWn in 
FIG. 8 to integrate them. The double-sided substrate 11 and 
the organic insulating block body 12 seal MEMS sWitches 7 
Within the MEMS sWitch accommodating space portion 24 
constituted by recessed portion 22 in the connected state. 
[0074] At the connecting step, since the double-sided sub 
strate 11 and the organic insulating block body 12 are con 
nected Within the nitric box as described above, nitric gas is 
sealed into the MEMS sWitch accommodating space portion 
24. Accordingly, the MEMS sWitches 7 are mounted Within 
the MEMS sWitch accommodating space portion 24 in the 
state Where moisture resistance characteristic and oxidation 
resistance characteristic are maintained. From this fact, oxi 
dation of respective components and/or sticking of movable 
contact piece 19, etc. are prevented. Thus, improvement in 
durability and operating stability can be realiZed. In addition, 
since the MEMS sWitches 7 are caused to undergo so-called 
bare mounting, miniaturization and thin structure of the high 
frequency module 1 can be realiZed, and the MEMS sWitches 
7 are protected also With respect to mechanical load from the 
outside, etc. 
[0075] Since the high frequency module 1 has excellent 
moisture resistance characteristic in such a manner that mois 
ture is prevented from being immersed into the MEMS sWitch 
accommodating space portion 24, it is possible to prevent 
such an accident that moisture immersed at the time of re?oW 
soldering process is evaporated as described later so that the 
MEMS sWitch accommodating portion is burst. At the high 
frequency module 1, since metallic shield layer 23 is formed 
at the internal surface of the recessed portion 22 so that the 
MEMS sWitch accommodating space portion 24 is consti 
tuted as electromagnetic shield space portion. As a result, 
in?uence of electromagnetic noise on the MEMS sWitches 7 
is reduced. Thus, stable operation can be performed. 
[0076] As shoWn in FIG. 9, Wiring formation process is 
implemented to the organic insulating block body 12 so that 
predetermined Wiring patterns 1211 are formed on the princi 
pal surface 12d and vias 12b for realiZing connection to the 
?rst Wiring pattern 11b of the double-sided substrate 11 are 
formed. At the Wiring formation step, via holes are formed at 
predetermined positions of the organic insulating body 12 
With the ?rst Wiring pattern 11b being as a stopper by drill 
method, laser method or plasma method, etc. to implement 
desmear processing to the respective via holes. At the Wiring 
formation step, Wiring pattern formation method generally 
performed, e.g., additive method or semi-additive method, 
etc. is implemented to thereby form Wiring patterns 1211 on 
the principal surface 12d as shoWn in FIG. 9. In addition, at 
the Wiring formation step, electrically conductive processing 
is implemented into the via holes along With Wiring patterns 
1211. Thereafter, cover formation is performed by the plating 
method. Thus, vias 12b are formed. 
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[0077] PlanariZation (?attening) process is implemented to 
the double-sided substrate 11 and the organic insulating block 
body 12 so that base substrate portion 2 having ?at build-up 
formation surface 3 is formed as shoWn in FIG. 10. At the 
organic insulating block body 12, Wiring patterns 1211 are 
coated so that an insulating resin layer 25 having a predeter 
mined thickness is formed, and polishing processing is imple 
mented to the insulating resin layer 25. Also at the double 
sided substrate 11, second Wiring pattern 110 is coated so that 
an insulating layer 26 having a predetermined thickness is 
formed, and polishing processing is implemented to the insu 
lating layer 26. For polishing processing, polishing material 
consisting of, e.g., mixed liquid of alumina and silica is used. 
The insulating resin layer 25 and the insulating resin layer 26 
are polished until the Wiring pattern 12a and the second 
Wiring pattern 110 are exposed. 
[0078] It should be noted that polishing processing may be 
performed in such a manner that the insulating resin layer 26 
is left at a slight thickness Without exposing the second Wiring 
pattern 110 With respect to the double-sided substrate 11 side 
thus to protect the second Wiring pattern 110 from chemicals 
or mechanical or thermal load at high frequency circuit por 
tion manufacturing step Which Will be described later. The 
insulating resin layer 26 is removed in forming input/ output 
electrodes 14 on the double-sided substrate 11. With respect 
to the polishing processing, the insulating resin layer 25 and 
the insulating resin layer 26 are polished by dry etching 
method, e.g., Reactive Ion Etching (RIE) or Plasma Etching 
(PE), etc. so that they are planariZed (?attened). 
[0079] While the base substrate portion 2 is manufactured 
via the above-described respective process steps With the 
double-sided base 11 being as base, the manufacturing pro 
cess is not limited to such process. A large number of base 
substrate portions 2 may be manufactured at the same time on 
the Work of 8 cm or more, for example. The fundamental 
process for the base substrate portion 2 is caused to be the 
conventional manufacturing process for multi-layer Wiring 
base so that the manufacturing process for multi-layer Wiring 
board can be also applied. Thus, large scale plant and equip 
ment investment becomes unnecessary. While the base sub 
strate portion 2 is manufactured With relatively inexpensive 
double-sided base 11 being as base, such base substrate por 
tion 2 may be also manufactured With a suitable base such as. 
further inexpensive copper-clad base or substrate to Which 
copper foil With resin is connected, etc. being as base. 
[0080] High frequency circuit portion formation process is 
implemented to the base substrate portion 2 Which has been 
manufactured via the above-described process steps so that 
high frequency circuit portion 4 is formed on the build-up 
formation surface 3 of the organic insulating block body 12. 
The high frequency circuit portion formation process 
includes a ?rst dielectric insulating layer formation step, a 
?rst metallic thin ?lm layer formation step, and a ?rst Wiring 
layer formation step. At the ?rst Wiring layer formation step, 
capacitor element 8 and resistor element 9 are formed as ?lm 
as described later. The high frequency circuit portion forma 
tion step includes a second dielectric insulating layer forma 
tion step, a second metallic thin ?lm layer formation step, a 
second Wiring, layer formation step, a resist layer formation 
step, and a parts (components) mounting step. At the second 
Wiring layer formation step, an inductor element 10 is formed 
as ?lm as described later. 

[0081] As shoWn in FIG. 4, the high frequency circuit por 
tion 4 is comprised of ?ve layer structure of a ?rst dielectric 
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insulating layer 27, a ?rst Wiring layer 28, a second dielectric 
insulating layer 29, a second Wiring layer 30, and a protective 
layer 31 for coating and protecting the secondWiring layer 30. 
At the high frequency circuit portion formation step, in the 
case Where the high frequency circuit portion 4 is caused to be 
of multi-layer con?guration, a necessary number of dielectric 
insulating layer formation steps and Wiring layer formation 
steps are repeated. 
[0082] At the high frequency circuit portion 4, as shoWn in 
FIG. 4, the ?rst Wiring layer 28 is interlayer-connected to the 
?rst Wiring pattern 11b of the base substrate portion 2 side 
through via 32 and via 12b. At the high frequency circuit 
portion 4, the ?rst Wiring layer 28 and second Wiring layer 30 
are interlayer-connected through via 33. At the high fre 
quency circuit portion 4, capacitor element 8 and resistor 
element 9 are formed as ?lm Within the ?rst Wiring layer 28. 
At the high frequency circuit portion 4, inductor element 10 is 
formed as ?lm Within the second Wiring layer 30. In this 
example, shield cover (not shoWn) is assembled onto the 
surface of the high frequency circuit portion 4 as occasion 
demands so that the in?uence of electromagnetic noise is 
excluded. 

[0083] Then, the manufacturing process for the high fre 
quency circuit portion 4 Will be explained in detail With 
reference to FIGS. 11 to 17. At the ?rst dielectric insulating 
layer formation step, insulating dielectric material is coated 
onto the build-up formation surface 3 of the base substrate 
portion 2 to form, as ?lm, ?rst dielectric insulating layer 27 as 
shoWn in FIG. 11. As the insulating dielectric material, there 
is used, similarly to the base substrate 5, organic insulating 
base material excellent in the high frequency characteristic, 
and excellent in heat resistance characteristic, chemicals 
resistance characteristic and strong heat resistance character 
istic of at least 160° C. or more. As the insulating dielectric 
material, there are used, e. g., benZocyclobutene (BCB), poly 
imide, polynorbornane (PNB), liquid crystal polymer (LCP), 
bismaleimide triaZine (BT-resin), polyphenyl ethylene 
(PPE), epoxy resin and/or acrylic resin. As the ?lm formation. 
method, spin-coat method, curtain-coat method, roll-coat 
method or dip -coat method in Which coating uniformness and 
thickness controllability are maintained, etc. are applied. 
[0084] At the ?rst dielectric-insulating layer 27, as shoWn 
in FIG. 11, there are formed a large number of via holes 32 
communicating With electrode portions formed at the ?rst 
Wiring pattern 11b of the base substrate portion 2 side. In the 
case Where photosensitive resin is used as insulating dielec 
tric material, respective via holes 32 are formed by the pho 
tolithographic method With a mask formed into a predeter 
mined patterning being attached to the ?rst dielectric 
insulating layer 27. In the case Where non-photosensitive 
resin is used as insulating dielectric material, respective via 
holes 32 are formed by implementing dry etching method, 
e.g., Reactive Chemical Etching, etc. to the ?rst dielectric 
insulating layer 27 With, e.g., photo-resist or metallic ?lm of 
gold, etc. being as mask. 
[0085] At the ?rst metallic thin ?lm formation step, as 
shoWn in FIG. 12, metallic thin ?lm layer 34 of Cu, Al, Pt, Au, 
etc. is formed as thin ?lm by, e.g., sputtering method, etc., on 
the ?rst dielectric insulating layer 27. At the ?rst metallic thin 
?lm formation process, in order to improve tightness betWeen 
the ?rst dielectric insulating layer 27 and the metallic thin ?lm 
layer 34, e.g., metallic thin ?lm of Cr, Ni, Ti, etc. may be 
formed as barrier layer. The metallic thin ?lm layer 34 is 
composed of tWo layers of, e.g., Ti layer having thickness of 
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50 nm and Cu layer having thickness of 500 nm, and is formed 
as ?lm over the entire surface of the principal surface of the 
?rst dielectric insulating layer 27. 
[0086] The ?rst Wiring layer formation process includes a 
step of implementing etching to the portion Where the resistor 
element 9 is formed With respect. to metallic thin ?lm layer 
34, a step of forming TaN layer 35 over the entire surface 
thereof, a step of implementing anodic oxidation processing 
to the area Where resistor element 9 is formed of the TaN layer 
35 to form TaO layer 36, and a step of removing the TaN layer 
35 and the metallic thin ?lm layer 34 Which are unnecessary 
to perform a predetermined patterning to form ?rst Wiring 
layer 28. At the ?rst Wiring layer formation process, etching 
processing for performing removal by using, e. g., etching 
liquid consisting of mixed acid of nitric acid, sulphoric acid, 
and acetic acid is implemented to metallic thin ?lm layer 34 
corresponding to the area Where the resistor element 9 is 
formed. At the ?rst Wiring layer formation process, TaN layer 
35 is formed as ?lm as shoWn in FIG. 12 by, e.g., sputtering 
method, etc. in such a manner to coat the entire surface of the 
metallic thin ?lm layer 34 including the area Where the resis 
tor element 9 is formed. 

[0087] The TaN layer 35 acts as resistor Within the area 
Where the metallic thin ?lm layer 34 has been removed to 
thereby constitute resistor element 9 Within the ?rst Wiring 
layer 28. The TaN layer 35 acts as the base of tantalum oxide 
(TaO) dielectric ?lm formed by anodic oxidation in forming, 
as ?lm, capacitor element 8 as described later. The TaN later 
35 is formed as ?lm on the ?rst dielectric insulating layer 27 
or the metallic thin ?lm layer 34 by, e.g., sputtering method so 
that its thickness is equal to about 20 pm. It is to be noted that 
Ta thin ?lm may be used as the TaN layer 35. 

[0088] At the ?rst Wiring layer formation process, there is 
implemented a processing Which forms mask layer for anodic 
oxidation for alloWing loWer electrode of the area Where the 
capacitor element 8 is formed to be faced toWard the outside 
by opening portion and for coating (covering) other portions. 
At the anodic oxidation mask layer, e. g., photoresist in Which 
patterning can be easily performed is used and it is only 
required that the coated portion can maintain su?icient insu 
lating property With respect to applied voltage at the time of 
anodic oxidation processing of the subsequent step. Thus, the 
oxidation mask layer is formed so that its thickness is equal to 
several pm to several ten urn. It is to be noted that the anodic 
oxidation mask layer may be formed by patterning by using 
other insulating material by Which. thin ?lm can be formed, 
e.g., silicon oxside material (SiO2). 
[0089] At the ?rst Wiring layer formation process, mask 
layer for anodic oxidation is formed as ?lm thereafter to 
perform anodic oxidation processing to selectively perform 
anodic oxidation of the TaN layer 35 corresponding to the 
loWer electrode of the capacitor element portion 8 exposed 
from the opening portion. At the anodic oxidation processing, 
e.g., ammonium borate is used as electrolytic solution, and 
voltage of 50v to 200v is applied. The applied voltage is 
suitably adjusted in order to form ?lm thickness of TaO 
dielectric ?lm formed in correspondence With opening por 
tion of the anodic oxidation mask layer so as to have a desired 
thickness. At the ?rst Wiring layer formation process, the TaN 
layer 35 corresponding to the opening portion is selectively 
oxidiZed by the anodic oxidation processing to form TaO 
layer 36 serving as dielectric material of capacitor element 8 
Which Will be described later. 














