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(57) ABSTRACT 

The invention realiZes a Wireless communication module 
that is capable of transmitting the fundamental Wave With 
loW loss and reducing the double higher harmonic Wave 
level to a desired level or loWer as the Whole module. The 
invention provides a front end module to be used for a 
Wireless communication system such as cellular phone in 
Which at least an output poWer ampli?er, a matching circuit, 
and a loW-pass ?lter are mounted on one insulating substrate 
and these circuits are connected in the above-mentioned 
order, Wherein the relative phase of the double higher 
harmonic Wave impedance betWeen phases in vieW of the 
matching circuit side and the loW-pass ?lter side from the 
connection point betWeen the matching circuit and the 
loW-pass ?lter is set in a range of 180 degrees :90 degrees. 
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ELECTRONIC APPARATUS AND DESIGN 
METHOD 

[0001] This is a continuation application of US. Ser. No. 
10/170,375, ?led Jun. 14, 2002. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to a Wireless communication 
system technique for transmission of a fundamental Wave of 
a transmission signal With a loW loss suppressing the higher 
harmonic Wave to a level loWer than a predetermined level, 
and more particularly relates to a technique that is to be 
effectively used, for example, for a front end module of a 
multi-band type cellular phone. 

[0003] A built-in system of a cellular phone is provided 
With an LSI having a microcomputer, memory, and high 
frequency circuit for modulation/demodulation of signal and 
electronic apparatus called as a module on Which a plurality 
of IC such as transistor element, capacitance element, and 
inductance element are mounted on an insulating substrate 
formed of ceramic, Which LSI and module are mounted on 
a printed circuit, and the effort has been made to reduce the 
number of electronic apparatus for intensifying the packag 
ing density. For example, a module on Which a transmission 
poWer ampli?er and an impedance matching circuit are 
mounted and a module on Which a transmission/reception 
sWitching circuit and a diplexer are mounted have been used 
practically as the module used for a dual-band type cellular 
phone system, and the front end section mainly comprises 
these tWo modules. 

[0004] In the present patent speci?cation, an integrated 
component on Which a plurality of electronic apparatuses are 
mounted on an insulating substrate such as ceramic substrate 
having printed Wiring on the surface and inside thereof and 
in Which electronic apparatuses are connected by means of 
the printed Wiring and bonding Wire so as to function as 
desired is called as module because such integrated compo 
nent can be regarded as one single electronic apparatus 
because of the function thereof. 

SUMMARY OF THE INVENTION 

[0005] The cellular phone is required to made small-siZed 
and light-Weight. It is important to reduce the number of 
electronic apparatus and intensify the packaging density of 
a substrate to satisfy the above-mentioned requirement. The 
inventors of the present invention tried to combine the 
above-mentioned tWo modules, Which have been mounted 
separately, into one module. 

[0006] In a cellular phone system, though the impedance 
of a transmission/reception antenna terminal is regulated to 
be 50 Q, an impedance matching circuit (simply referred to 
as matching circuit hereinafter) is interposed betWeen a 
transmission poWer ampli?er and an antenna terminal 
because an output impedance of the transmission poWer 
ampli?er is far loWer than 50 Q. On the other hand, it is 
required for a transmission path from the transmission 
poWer ampli?er to the antenna terminal that the transmission 
loss of the fundamental Wave is small and the higher 
harmonic Wave having frequencies that are integer multiple 
of the fundamental frequency should be reduced suf?ciently. 

[0007] For example, Japanese Published Unexamined 
Patent Application No. Hei 11(1999)-234062 discloses a 
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technique in Which a resonance circuit formed by connecting 
an inductance element and a capacitance element in parallel 
is provided betWeen an output poWer ampli?er and a match 
ing circuit so that the resonance point of the resonance 
circuit is brought into coincidence With the frequency of the 
higher harmonic Wave to thereby attenuate the higher har 
monic component as a technique for reducing the higher 
harmonic Wave in the transmission system of a cellular 
phone. As an another technique, a technique in Which a 
loW-pass ?lter, Which is used to attenuate the higher har 
monic Wave, is provided at the rear end of a matching 
circuit, namely betWeen the matching circuit and a trans 
mission/reception sWitching circuit, has been proposed. 

[0008] It is desirable that the loW-pass ?lter is disposed at 
the rear end of the matching circuit to reduce the higher 
harmonic Wave With consideration of jumping of the higher 
harmonic Wave in the matching circuit. Based on the above, 
the inventors of the present invention decided to employ the 
system in Which a loW-pass ?lter including a resonance 
circuit Was provided at the rear end of a matching circuit for 
development of the one combined module having an output 
poWer ampli?er, a matching circuit, a loW-pass ?lter, and a 
transmission/reception sWitching circuit. 

[0009] The double higher harmonic Wave is highest, the 
triple higher harmonic Wave is second higher, and four-times 
higher harmonic Wave is next higher, and the higher the 
order of the higher harmonic Wave, the more the intensity of 
the harmonic Wave decreases in the case of the high order 
harmonic Wave arising from the fundamental Wave supplied 
from the output poWer ampli?er. Therefore, it is most 
important to reduce the double higher harmonic Wave to shut 
off the higher harmonic Wave. 

[0010] For example, in the case of the dual-band cellular 
phone of GSM (Global System for Mobile Communication) 
and DCS (Digital Cellular System), it is standardiZed that 
the double higher harmonic Wave level in the band ranging 
from 1760 to 1804 MHZ is equal to or loWer than —30 dBm 
for 900 MHZ fundamental Wave GSM transmission and the 
double higher harmonic Wave level in the band ranging from 
1805 to 1830 MHZ is equal to or loWer than —36 dBm. 
Particularly, because the fundamental frequency of DCS is 
1.8 GHZ, the condition near 1800 MHZ is limited severely as 
described hereinabove in order to prevent jumping of noise 
from GSM transmission side to DCS reception side. 

[0011] FIG. 3A shoWs a general example of a loW-pass 
?lter circuit including a resonance circuit comprising an 
inductance element L0 and a capacitance element C0 that is 
capable of transmitting the signal With a loW loss. The 
capacitance elements C1 and C2 are served for transmitting 
the signal to match With the impedance at a loW loss. The 
resonance point of the loW-pass ?lter that includes such 
resonance circuit is brought into coincidence With the fre 
quency of the double higher harmonic Wave of the funda 
mental Wave to thereby reduce the double higher harmonic 
Wave suf?ciently. It Was found that the loW-pass ?lter itself 
can be used to reduce the double higher harmonic Wave to 
a desired level or loWer (for example, —30 dB) actually for 
the case in Which a loW-pass ?lter Was incorporated in a 
module. HoWever, it Was found that the double higher 
harmonic Wave could not be reduced to the level of —30 dB 
or loWer for the case in Which an output poWer ampli?er, a 
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matching circuit, a loW-pass ?lter, and a transmission/ 
reception switching circuit Were incorporated in a module as 
the Whole. 

[0012] It is the object of the present invention to provide 
a module used for a Wireless communication system com 
prising at least an output poWer ampli?er, a matching circuit, 
and a loW-pass ?lter that is capable of transmitting the 
fundamental Wave With a loW loss and capable of reducing 
the double higher harmonic Wave to a desired level or loWer 
as the Whole module in the case that the loW-pass ?lter 
comprising a resonance circuit is provided at the rear end of 
the matching circuit. 

[0013] The above-mentioned and other objects and char 
acteristics Will be apparent from the detailed description of 
the present patent speci?cation and attached draWings. 

[0014] The outline of representative inventions disclosed 
in the present patent application Will be described herein 
under. 

[0015] In detail, the present invention provides an elec 
tronic apparatus to be used for a Wireless communication 
system in Which at least an output poWer ampli?er, a 
matching circuit, and a loW-pass ?lter are mounted on one 
insulating substrate and connected in the above-mentioned 
order, Wherein the phase of the double higher harmonic 
Wave impedance in vieW of the loW-pass ?lter side from the 
connection point betWeen the matching circuit and the 
loW-pass ?lter is set in a range of 180 degrees :90 degrees 
With respect to the phase of the double higher harmonic 
Wave impedance in vieW of the matching circuit from the 
above-mentioned connection point. 

[0016] According to the above-mentioned means, because 
the phase of the double higher harmonic Wave impedance is 
rotated (changed) to the mismatching position by means of 
the loW pass-?lter, the double higher harmonic Wave com 
ponent of the fundamental Wave can be reduced to a desired 
value or loWer While the transmission loss of the fundamen 
tal Wave is being suppressed Without insertion of a trans 
mission line path having a desired length betWeen the 
matching circuit and the loW-pass ?lter. 

[0017] Furthermore, a transmission/reception sWitching 
circuit and a branching circuit for branching a received 
signal including a plurality of frequency bands may be 
mounted on the front end module in addition to the output 
poWer ampli?er, the matching circuit, and the loW-pass ?lter. 

[0018] Furthermore, a loW pass-?lter comprising a reso 
nance circuit having an inductance element and a capaci 
tance element connected in parallel and a capacitance ele 
ment to be connected betWeen the input point and output 
point of the resonance circuit and a constant potential point 
for reducing loss of the fundamental Wave and impedance 
matching, namely a loW-pass ?lter Which do not have the 
input point side capacitance element but has only output 
point side capacitance element, is preferably used as the 
above-mentioned loW-pass ?lter. 

[0019] The above-mentioned matching circuit preferably 
includes a resonance circuit having a capacitance element 
and an inductance element connected in parallel. Accord 
ingly, the double higher harmonic Wave component is 
attenuated in the matching circuit and is further attenuated 
by the loW-pass ?lter, Whereby the level can be further 
reduced to be loW. 
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[0020] Furthermore, for designing the above-mentioned 
module in Which at least an output poWer ampli?er, a 
matching circuit, and a loW-pass ?lter are mounted on one 
insulating substrate and connected in the above-mentioned 
order, it is preferable to set the phase of the double higher 
harmonic Wave impedance in vieW of the loW-pass ?lter side 
from the connection point betWeen the matching circuit and 
the loW-pass ?lter in a range of 180 degrees :X (X ranges 
Within 90 degrees) With respect to the phase of the double 
higher harmonic Wave impedance in vieW of the matching 
circuit from the above-mentioned connection point, and it is 
preferable to determine the X based on a value of the 
standard value added With a predetermined margin. 

[0021] As the result, the module that is capable of attenu 
ating the double higher harmonic Wave as a Whole can be 
obtained through a ?lter circuit that is not so capable of 
attenuating the double higher harmonic Wave is used, and 
designing is made easily and the manufacturing process 
condition is rendered not restrictive. In other Words, if a 
desired attenuation is desired to be attained only by devising 
the ?lter, a serious load is loaded on a designer Who is to 
develop the ?lter having such excellent characteristic or the 
manufacturing process condition is rendered restrictive. 
HoWever, in the present invention, because the double 
higher harmonic Wave is further attenuated by rotating the 
phase by means of the ?lter, the ?lter can be designed easily 
and the manufacturing process condition is rendered not 
restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a block diagram shoWing an example of 
a front end that is suitably used for a dual-band cellular 
phone capable of transmission/reception in tWo systems, 
namely GSM and DCS. 

[0023] FIG. 2 is a circuit diagram shoWing a detailed 
exemplary circuit structure of one transmission section (for 
example, GSM) of the front end module shoWn in FIG. 1. 

[0024] FIG. 3A is a circuit diagram shoWing a general 
exemplary circuit of a loW-pass ?lter including a resonance 
circuit, and FIG. 3B shoWs a circuit diagram shoWing an 
exemplary circuit of a loW-pass ?lter used for a module to 
Which the present invention is applied. 

[0025] FIG. 4A is a graph shoWing the double Wave 
attenuation characteristic of the loW-pass ?lter shoWn in 
FIG. 3A, and FIG. 4B is a graph shoWing the double Wave 
attenuation characteristic of the loW-pass ?lter shoWn in 
FIG. 3B. 

[0026] FIG. 5 is a Smith chart shoWing the phase char 
acteristic of the ?lter shoWn in FIG. 3A and FIG. 3B. 

[0027] FIG. 6 is a conceptual diagram shoWing a system 
that is structured to study the relation betWeen the length of 
a cable used for connecting a poWer ampli?er to an antenna 
selective sWitch and the double higher harmonic Wave level. 

[0028] FIG. 7 is a graph shoWing the relation betWeen the 
double higher harmonic Wave level and the frequency With 
changing the length of the cable in the system shoWn in FIG. 
6. 

[0029] FIG. 8 is a graph shoWing the relation betWeen the 
cable length and the relative phase of the double higher 
harmonic Wave impedance in the system shoWn in FIG. 6. 
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[0030] FIG. 9 is an explanatory diagram showing the 
phase of the double higher harmonic Wave impedance 
ZANT corresponding to the cable length in vieW of the 
antenna sWitch side from the connection point betWeen the 
poWer ampli?er and the cable, Which is shoWn in the form 
of Smith chart. 

[0031] FIG. 10 is a graph shoWing the relation betWeen 
the relative phase from the base point “0” of respective 
points (1) to (9) shoWn in FIG. 9 and the double higher 
harmonic Wave level. 

[0032] FIG. 11 is an explanatory diagram shoWing the 
relation betWeen the phase of the double higher harmonic 
Wave impedance ZAN T corresponding to the cable length in 
vieW of the antenna sWitch side from the connection point 
betWeen the poWer ampli?er and the cable and the phase of 
double higher harmonic Wave impedance ZHPA in vieW of 
the poWer ampli?er side from the connection point betWeen 
the poWer ampli?er and the cable, Which is shoWn in the 
form of Smith chart. 

[0033] FIG. 12 is partial cross sectional perspective vieW 
shoWing a device structure in Which the circuit shoWn in 
FIG. 1 is incorporated to form a module. 

[0034] FIG. 13 is a bottom vieW shoWing an exemplary 
structure of the back side of a module of an example. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0035] Preferred embodiments of the present invention 
Will be described in detail hereinafter With reference to the 
draWings. 

[0036] During the development of incorporation of an 
output poWer ampli?er, a matching circuit, a loW-pass ?lter, 
and a transmission/reception sWitching circuit into one mod 
ule, the inventors of the present invention found that, though 
a loW-pass ?lter itself could reduce the double higher 
harmonic Wave to a desired level or loWer in the case that the 
loW-pass ?lter including a resonance circuit Was used, the 
double higher harmonic Wave could not be reduced to the 
desired level or loWer as the Whole module. 

[0037] In the early stage, the inventors of the present 
invention attributed the reason to aerial propagation jumping 
of the higher harmonic Wave from the output poWer ampli 
?er to the transmission/reception sWitching circuit side. 
Then, a transmission Wire path (50 Q, semirigid cable: 
referred to as cable hereinafter) L having a desired length 
Was interpolated betWeen the poWer ampli?er HPA that 
included the matching circuit and the antenna selector 
sWitch ANTSW as shoWn in FIG. 6, and the double higher 
harmonic Wave level of the Whole system shoWn in FIG. 6 
Was measured With changing the length of the cable L. 

[0038] The result is shoWn in FIG. 7. It Was found from 
FIG. 7 that the double higher harmonic Wave level Was not 
proportional to the length of the cable and changed periodi 
cally though the level changed depending on the length of 
the cable. Based on the above-mentioned fact, it Was pre 
sumed that the double higher harmonic Wave reduction 
effect due to interpolation of the cable Was not dependent on 
the aerial propagation of the double higher harmonic Wave 
but dependent on a certain phase relation betWeen the output 
poWer ampli?er and the transmission/reception sWitching 
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circuit. To quantify the relation betWeen the cable length and 
the phase and the periodicity, the variation of the cable 
length Was converted into the phase variation of the double 
Wave impedance. 

[0039] In detail, the double Wave impedance ZANT Was 
measured in vieW of the cable side from the connection 
betWeen the matching circuit and the cable to thereby reveal 
the relative phase relation betWeen the cable length and the 
double Wave impedance. The result is shoWn in FIG. 8. 
From FIG. 8, the correlation betWeen the cable length and 
relative phase of the double impedance is found clearly. 

[0040] Based on the above-mentioned correlation, the 
double Wave impedance ZANT and the double higher har 
monic Wave level Were measured for the 1830 MHZ fre 
quency signal With changing the cable length. The result is 
shoWn in FIG. 9 and FIG. 10. 

[0041] FIG. 9 is a diagram formed by plotting the respec 
tive double Wave impedances ZANT on a Smith chart phase 
clockWise having the short point (Z=0) that is regarded as 
the reference point (phase=0), and FIG. 10 is a diagram for 
shoWing the relation betWeen the relative phase from the 
reference point “0” of the respective points (1) to (9) shoWn 
in FIG. 9 and the double higher harmonic Wave level. In 
FIG. 9 and FIG. 10, (1) represents the relative phase caused 
at the connector on the starting end side of the cable, and (2) 
represent the relative phase caused at the connector on the 
terminal end side of the cable. From FIG. 10, it is found that 
the double higher harmonic Wave level changes periodically 
With respect to the relative phase of the double Wave 
impedance. 

[0042] In the standard of dual-band type GSM and DCS, 
it is speci?ed that the double Wave level in the band ranging 
from 1805 to 1830 MHZ should be —36 dBm or loWer. 
Therefore, it is found from FIG. 10 that (2) to (4) and (6) to 
(9) excepting (1) and (5) satisfy requirement of the standard. 
Furthermore, in the case that the condition of the double 
Wave level of —40 dBm or loWer is employed in consider 
ation of a margin of about 10%, (2) and (7) to (9) satisfy 
requirement of the standard, and (1) and (3) to (6) do not 
satisfy requirement of the standard. In FIG. 9, the phase 
region enclosed by a broken line A does not satisfy the 
condition. 

[0043] Next, it is found that the phase of the double Wave 
impedance ZHPA in vieW of the matching circuit side from 
the connection point betWeen the matching circuit and the 
cable is approximately 200 degrees. This is shoWn in FIG. 
10 as the relative position of the characters a1 and a2. From 
the above-mentioned result, it is found that the double higher 
harmonic Wave level is maximiZed at the point Where the 
phase of the double Wave impedance ZANT in vieW of the 
cable side from the connection point betWeen the matching 
circuit and the cable coincides With the phase of the double 
Wave impedance ZHPA in vieW of the matching circuit side, 
and on the other hand the double higher harmonic Wave level 
is minimiZed at the position Where the one phase deviates 
from the other phase by 180 degrees. 

[0044] On the other hand, the double Wave impedance 
ZHPA in vieW of the matching circuit side from the con 
nection point betWeen the matching circuit and the cable is 
plotted on a Smith chart together With the respective points 
(1) to (9) to obtain a position shoWn With a mark A in FIG. 
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11. It is found that the phase included in a range from 90 
degrees to 180 degrees from the phase of ZHPA satis?es the 
above-mentioned condition “the double Wave level of —40 
dBrn or loWer” out of the above-mentioned phases in the 
case that this point is employed as the reference. 

[0045] Herein, based on the fact that the double Wave level 
is optimal at the position Where the phase deviates 180 
degrees from the phase of ZHPA, it is estimated that the 
phase range from 180 degrees to 270 degrees also satis?es 
the condition “the double Wave level of —40 dBrn or loWer” 
though it is not plotted in FIG. 11. In other Words, the length 
of the cable is designed so that the double Wave irnpedance 
ZANT is included in the range of 180 degrees :90 degrees 
from the phase of ZHPA to thereby satisfy the condition. 

[0046] The range of 180 degrees :90 degrees is the 
condition to reduce the double Wave level to —40 dBrn or 
loWer, and the range changes depending on the upper limit. 
For example, in the case that the level is set to —45 dBrn or 
loWer to have a margin of 25%, it is found that the range is 
narroWed to 180 degrees :45 degrees in this case because 
only the points (8) and (9) satisfy the condition in FIG. 10. 

[0047] HoWever, When a test Was carried out by use of a 
ceramic substrate having a relative dielectric constant 
approXirnately similar to (9) provided With the cable to 
satisfy the above-mentioned phase relation, it Was found that 
the cable length of ten and several min was required to 
satisfy the above-mentioned phase relation and the so long 
cable caused a trouble to rniniaturiZe the module When an 
output poWer arnpli?er, a matching circuit, a loW-pass ?lter, 
and a transrnission/reception sWitching circuit Were incor 
porated together to form one rnodule. To avoid the trouble, 
it Was tried to adjust the phase of a loW-pass ?lter, and such 
loW-pass ?lter type Was studied. As the result, it Was found 
that a module that Was capable of transmitting the funda 
mental Wave With a loW loss With reduced double higher 
harrnonic Wave to a level equal to or loWer than the standard 
level could be realiZed by use of a loW-pass ?lter as shoWn 
in FIG. 3B. As the result, the present invention has been 
accomplished. 

[0048] Though it is possible to rotate the phase of the 
double Wave irnpedance by changing the constant of an 
inductance and capacitance With using the loW-pass ?lter of 
the circuit type shoWn in FIG. 3A, this method is not 
preferable because the attenuation of the double Wave aris 
ing from the ?lter itself becornes poor. 

[0049] FIG. 1 shoWs one exemplary front end suitably 
used for a dual-band type cellular phone that is capable of 
tWo types of transrnission/reception, narnely GSP and DCS. 

[0050] In FIG. 1, ANT denotes a transrnission/reception 
antenna for transrnitting/receiving signal Wireless Wave, 100 
denotes a front end module to Which the present invention is 
applied, 200 denotes a high frequency processing circuit for 
doWn-converting and dernodulating the frequency of a 
received signal to an intermediate frequency to thereby 
generate a base band signal and for modulating a received 
signal, 300 denotes a base band circuit for converting an 
audio signal to a base band signal and for converting a 
received signal to an audio signal, FLT1 and FLT2 denote 
?lters for removing noise from a received signal, and LNA1 
and LNA2 denote loW-noise arnpli?ers for amplifying a 
received signal. 
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[0051] For example, the ?lter FLT1 and the arnpli?er 
LNA1 are served for a GSM circuit, and the ?lter FLT2 and 
LNA2 are served for aDCS circuit. The high frequency 
processing circuit 200 comprises one or more serniconductor 
integrated circuits. The base band circuit 300 comprises a 
plurality of LSI and IC such as DSP (Digital Signal Proces 
sor), microprocessor, and semiconductor memory. 

[0052] The front end module 100 comprises output poWer 
arnpli?er 111 and 112 for amplifying a signal received from 
the high frequency processing circuit 200, impedance 
matching circuits 121 and 122, loW-pass ?lters 131 and 132 
for attenuating the higher harrnonic Wave, transrnission/ 
reception sWitching circuits 141 and 142, capacitances 151 
and 152 for cutting the DC component from a received 
signal, a dipleXer 160 for branching a signal into a GSM type 
signal of 900 MHZ band and a DCS type signal of 1.8 GHZ 
band. These circuits and elements are mounted on one 
cerarnic substrate to form a module. 

[0053] The module used in the present example is pro 
vided With a terminal 170 that is designed to have an 
impedance of 50 Q to Which the transrnission/reception 
antenna ANT is connected. The impedance of the connection 
point betWeen the impedance matching circuits 121 and 122 
and the loW-pass ?lters 131 and 132 for attenuating the 
higher harrnonic Wave and the impedance of the connection 
point betWeen the loW-pass ?lters 131 and 132 and the 
transrnission/reception sWitching circuits 141 and 142 are 
also designed to have an impedance of 50 Q respectively. 

[0054] Furthermore, though it should be limited not nec 
essarily, in the present example, the transrnission/reception 
sWitching circuits 141 and 142 are sWitched in response to 
sWitching control signals CNT1 and CNT2 supplied from 
the base band circuit 300. 

[0055] FIG. 2 shoWs a detailed eXernplary circuit of one 
transrnission section (for example, GSM) of the front end 
module 100 shoWn in FIG. 1. 

[0056] In FIG. 2, Tr1 is the ?nal end transistor of the 
output poWer arnpli?er 111, a transmission signal is supplied 
to the gate terminal of the transistor Tr1, a poWer voltage Vd 
is applied on the drain terrninal through M4 transmission 
line path TL1 having an electric length of 1A1 Wavelength of 
the fundamental Wave, and the impedance matching circuit 
121 is connected to the connection node betWeen the M4 
transmission line path TL1 and the drain terminal of the 
transistor Tr1. In the above, the TL1 is not necessarily a 1A 
line path but may be a coil inductance. 

[0057] Though it is limited not necessarily, in the present 
example, the impedance matching circuit 121 is provided 
With a parallel resonance circuit PR having an inductance 
element and a capacitance element, a matching rneans IM 
comprising a transmission line path and a capacitance ele 
rnent, and a capacitance elernent DC for cutting DC noise 
that comes from the loW-pass ?lter 131 side to the poWer 
arnpli?er side. The constant of the circuit is set so that the 
impedance of the output node of the impedance matching 
circuit 121 is 50 Q. MOSFET is used as the output transistor 
Tr1 in FIG. 1, but the output transistor is not limited to 
MOSFET, and a bipolar transistor, GaAsMESFET, hetero 
connection bipolar transistor (HBT), or HEMT (high-elec 
tron-rnobility transistor) may be used instead. 

[0058] The impedance of the input terminal and output 
terminal of the transrnission/reception sWitching circuit 141 
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is 50 Q, though it is desirable that a switching circuit that 
does not change the phase of the impedance in the vieW from 
the loW-pass ?lter 131 side is used, a designer can design a 
sWitching circuit having such characteristic generally, and 
such characteristic can be realiZed by use of a sWitching 
circuit that is used for a conventional antenna sWitching 
circuit module of an cellular phone. Therefore the detailed 
description Will be omitted. 

[0059] The dipleXer 160 comprises the loW-pass ?lter LPF 
having a parallel resonance circuit, a capacitance element 
connected betWeen the node located opposite to the antenna 
terminal 170 of the parallel resonance circuit and the earth 
potential point, and a DCS cutoff capacitance element C11 
disposed betWeen the resonance circuit and the transmission/ 
reception sWitching circuit 141 and the high-pass ?lter HPF 
having a parallel resonance circuit, an inductance element 
connected betWeen the node located opposite to the antenna 
terminal 170 of the parallel resonance circuit and the earth 
potential point, and a DC cutoff capacitance element C12. 

[0060] The loW-pass ?lter 131 comprises a parallel reso 
nance circuit having an inductance element L0 and a capaci 
tance element C0 and a capacitance element C2 connected 
betWeen the output point of the resonance circuit and the 
earth potential point for reduction of loss of the fundamental 
Wave and impedance matching. By using the loW-pass ?lter 
of this type, the phase of the double Wave impedance is 
rotated to a desired position to thereby reduced the double 
higher harmonic Wave level to —40 dBm or loWer. The 
characteristic of this ?lter Will be described in detail herein 
under. 

[0061] A usual loW-pass ?lter comprising a resonance 
circuit formed by connecting an inductance element L0 and 
a capacitance element C0 in parallel, a capacitance element 
C1 connected betWeen the input point of the resonance 
circuit and the earth potential point, and a capacitance 
element C2 connected betWeen the output point of the 
resonance circuit and the earth potential point as shoWn in 
FIG. 3A. Both the capacitance elements are served for 
reduction of loss of the fundamental Wave and impedance 
matching. The double Wave attenuation characteristic of 
such loW-pass ?lter is shoWn in FIG. 4A. Furthermore, the 
loW-pass ?lter shoWn in FIG. 3B has no capacitance C1 to 
be located on the input terminal side, Which is provided in 
the case of the circuit shoWn in FIG. 3A. The double Wave 
attenuation characteristic of the loW-pass ?lter of FIG. 3B is 
shoWn in FIG. 4B. It is apparent from comparison betWeen 
FIG. 4A and FIG. 4B that both the ?lters themselves can 
attenuate the double higher harmonic Wave approximately in 
the same eXtent. 

[0062] On the other hand, FIG. 5 shoWs the phase char 
acteristic of these ?lters shoWn in FIG. 3A and FIG. 3B in 
the form of Smith chart. In FIG. 5, LPFa shoWs the phase 
characteristic of the ?lter shoWn in FIG. 3A, and LPFb 
shoWs the phase characteristic of the ?lter shoWn in FIG. 3B 
respectively. A mark Y shoWs the phase position of the 
double Wave (1.8 GHZ) impedance for the ?lter shoWn in 
FIG. 3A, and a mark V shoWs the phase position of the 
double Wave impedance for the ?lter shoWn in FIG. 3B. 

[0063] From FIG. 5, it is apparent that the ?lter shoWn in 
FIG. 3B can rotate the double Wave impedance phase of the 
?lter shoWn in FIG. 3A by approximately 90 degrees more. 
Thereby, the ?lter circuit is designed so as not to phase 
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match With the double higher harmonic Wave intentionally, 
and the double higher harmonic Wave can be reduced during 
passage through the ?lter. 

[0064] As described in SUMMARY OF THE INVEN 
TION, the module in Which the usual loW-pass ?lter as 
shoWn in FIG. 3A connected at the rear end of the matching 
circuit is used is insuf?cient to reduce the double higher 
harmonic Wave level to —30 dBm or loWer, but the module 
described in the eXample shoWn in FIG. 1 in Which the ?lter 
shoWn in FIG. 3A is used can rotate the double Wave 
impedance phase by approximately 90 degrees more to 
thereby reduce the double higher harmonic Wave level to 
—30 dBm or loWer. 

[0065] The impedance phase of the fundamental Wave 
(900 MHZ) of the ?lter shoWn in FIG. 3A is positioned at 
the center (the point indicates no loss With 50 Q) as shoWn 
With the mark A in Smith chart shoWn in FIG. 5. On the 
other hand, the impedance phase of the fundamental Wave of 
the ?lter shoWn in FIG. 3B is positioned at the mark A 
shoWn in Smith chart shoWn in FIG. 5. Because both the 
?lters shoWn in FIG. 3A and in FIG. 3B cause scarce 
insertion loss of the fundamental Wave inherently, the 
attenuation action due to phase mismatching of the imped 
ance is negligibly small. 

[0066] Because the ?lter shoWn in FIG. 3B has no capaci 
tance C1 though the ?lter shoWn in FIG. SA has both 
capacitances C1 and C2 served for loss reduction, the 
transmission loss in the case of the ?lter shoWn in FIG. 3B 
is slightly larger than that in the case of the loW-pass ?lter 
shoWn in FIG. 3A as it is apparent in comparison betWeen 
FIG. 4A and FIG. 4B. HoWever, because the increment is 
relatively small, the total performance of the module of the 
present eXample is regarded to be better than that of the 
comparative module in consideration of the advantage that 
the double higher harmonic Wave level is reduced to —30 
dBm or loWer despite the reduction of transmission loss. 
Accordingly, the ?lter of circuit type shoWn in FIG. 3B is 
employed. 

[0067] In the case of the conventional front end compris 
ing tWo modules, the double higher harmonic Wave is 
reduced by changing the layout of the tWo modules to 
change the length of the transmission line path (Wiring) for 
connecting betWeen the modules. HoWever, in this case, 
because the layout of the modules is designed relying upon 
intuition of a designer and there is no effective means for 
designing the layout of the modules correctly, the length of 
the transmission line path is too long inevitably and the long 
transmission line path prevents the system from being 
miniaturiZed. 

[0068] On the other hand, the module can be miniaturiZed 
by applying the present eXample easily, and the double 
higher harmonic Wave is reduced reliably. The change of the 
layout of the tWo modules of the conventional front end 
comprising the tWo modules means the change of the length 
of the transmission line path (Wiring) for connecting 
betWeen the modules, and the change of the length of the 
transmission line path results in the rotation of the imped 
ance phase as in the case of the ?lter circuit of the present 
eXample. HoWever, the conventional design does not 
involve the active intention to rotate the impedance phase by 
changing the transmission line path (Wiring) The reason is 
that the length of the transmission line can be designed not 
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based on experience but based on calculation if the trans 
mission line path is changed With active intention. 

[0069] FIG. 12 shoWs a device structure in Which the 
circuit shoWn in FIG. 1 is incorporated in the form of a 
module. FIG. 12 is a diagram that does not shoWs the 
structure of the front end module of the present example 
correctly, but shoWs the structural diagram from Which the 
detail is omitted to shoW the outline. 

[0070] As shoWn in FIG. 12, the body 10 of the module 
of the present example comprises a plurality of dielectric 
plates 11 such as ceramic plate consisting of alumina com 
bined into one piece. On the front surface and back surface 
of each dielectric plate 11, a conductive layer 12 consisting 
of conductive material such as copper plated With gold on 
Which a desired pattern is formed is provided. 12a denotes 
a Wiring pattern comprising a conductive layer 12. Further 
more, a hole 12 called as a though hole is formed on each 
dielectric plate 11 to connect betWeen conductive layer 12 or 
Wiring pattern together on the front and back surfaces of 
each dielectric plate 11, and conductive material is ?lled in 
the hole. 

[0071] In the case of the exemplary module shoWn in FIG. 
12, six dielectric plates 11 are laminated, conductive layers 
12 are formed on the almost entire surface of the back side 
of the ?rst layer, third layer, and sixth layer from the top, 
Which are served as the ground layer for supplying the earth 
potential GND respectively. Conductive layers 12 provided 
on the front and back surfaces of other dielectric plates 11 
are served for the transmission line path. The Width of the 
conductive layers 12 and the thickness of the dielectric 
plates 11 are designed so that the impedance of the trans 
mission line path is adjusted to be 50 Q. 

[0072] A rectangular hole is formed on the ?rst to third 
dielectric plates 11 to dispose GSP system poWer ampli?er 
IC21 and DCS system poWer ampli?er IC22. Each IC is 
inserted into the inside of the hole and ?xed on the bottom 
of the hole With binder 14. Holes 15 called as via hole are 
formed on the fourth dielectric plate 11 located at the 
position corresponding to the bottom of the hole and on 
dielectric plates 11 laminated under the fourth dielectric 
plate 11, and conductive material is ?lled in the holes. The 
conductive material ?lled in the via holes is served to 
transfer the heat generated from the IC21 and IC22 to the 
loWermost conductive layer to dissipate the heat and 
improve the thermal ef?ciency. 

[0073] Electrodes on the top surface of the IC21 and IC22 
and the predetermined Wiring pattern 12a are connected 
electrically by means of bonding Wire 31. Furthermore, on 
the surface of the ?rst layer dielectric plate 11, a plurality of 
chip-type electronic apparatuses 32 such as capacitances, 
resistive elements, inductances are mounted to form the 
above-mentioned matching circuit 121 and ?lter circuit 131. 
OtherWise, these elements may be formed in the internal of 
the substrate by use of conductive layers on the front and 
back surfaces of dielectric plates 11 instead of use of the 
electronic apparatus. 

[0074] The module has an external terminal served for 
mounting the module of the present example on a printed 
Wiring board by connecting electrically each other. The 
external terminal is an electrode pad 41 comprising a 
conductive layer that is formed in a predetermined shape, 
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and the external terminal is disposed on the back surface of 
the module body 10 as shoWn in FIG. 13. The external 
terminal is structured so as to be mounted on the printed 
Wiring board With interposition of a solder ball betWeen the 
electrode pad and the corresponding portion located on the 
printed Wiring board of the system (a portion of the Wiring 
or conductive layer connected to the Wiring). 

[0075] The layout and the con?guration of the electrode 
pad 41 shoWn in FIG. 13 only shoWs an example, and that 
is by no means limited to the example. Furthermore, the 
conductive layer 12 that is served as the ground layer for 
supplying the earth potential is formed on almost entire 
region excepting the surface of the electrode pad 41 as 
described hereinabove in FIG. 13. 

[0076] The invention accomplished by the inventors of the 
present invention has been described based on the example 
in detail, hoWever, the present invention is by no means 
limited to the above-mentioned example, and as a matter of 
course various modi?cations may be applied Without depart 
ing from the sprit and the scope of the present invention. 

[0077] For example, in the case of the module shoWn in 
FIG. 1, (1) output poWer ampli?ers 111 and 112, (2) 
impedance matching circuits 121 and 122, (3) loW-pass 
?lters 131 and 132, (4) transmission/reception sWitching 
circuits 141 and 142, (5) DC cut-off capacitances 151 and 
152, and (6) diplexer 160 are mounted on one ceramic 
substrate to fabricate the module. HoWever, the present 
invention may be applied to the case in Which (1) output 
poWer ampli?ers 111 and 112, (2) impedance matching 
circuits 121 and 122, and (3) loW-pass ?lters 131 and 132 are 
used to fabricate one module, or the case in Which (1) output 
poWer ampli?ers 111 and 112, (2) impedance matching 
circuits 121 and 122, (3) loW-pass ?lters 131 and 132, and 
(4) transmission/reception sWitching circuits 141 and 142 
are used to fabricate one module. In all the cases, the same 
effect is obtained. 

[0078] Furthermore, some conventional high frequency 
poWer ampli?er modules are provided With a coupler for 
detecting the output level of the poWer ampli?er and an APC 
(Automatic PoWer Control) circuit for controlling the bias 
voltage of the output transistor element based on the output 
supplied from the coupler on the rear end of the poWer 
ampli?er so that the suf?cient output poWer for communi 
cation can be obtained. Also in the case of the front end 
module of the present example, similar coupler and APC 
may be incorporated to form one module. 

[0079] Furthermore, in the example shoWn in FIG. 2, only 
one loW-pass ?lter 131 is connected to the rear end of the 
matching circuit 121, but additional one loW-pass ?lter may 
be connected to the rear end of the above-mentioned loW 
pass ?lter to attenuate the higher harmonic Wave of third 
order or higher. Furthermore, the resonance circuit PR is 
provided in the matching circuit 121 in the example shoWn 
in FIG. 2, but a matching circuit comprising a transmission 
line and capacitance element from Which the resonance 
circuit is omitted may be used. A transmission/reception 
sWitching circuit 141 having the structure other than that 
shoWn in FIG. 2 may be used. 

[0080] The case in Which the present invention is applied 
to the front end module that is effectively used for the 
dual-band cellular phone that is capable of transmission/ 
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reception in tWo systems, namely GSM and DCS, Which is 
the application ?eld of the background for inventing the 
present invention accomplished by the inventors, is 
described hereinbefore. HoWever, application of the present 
invention is by no means limited to the case, and the present 
invention may be applied to various Wireless communication 
systems such as multi-band cellular phones and mobile 
telephones that are capable of transmission/reception in 
three or more systems. 

[0081] The effect obtained by applying the typical inven 
tion out of inventions disclosed in the present patent appli 
cation is described herein under. 

[0082] The invention provides a Wireless communication 
module that is capable of transmitting the fundamental Wave 
With loW loss and reducing the double higher harmonic Wave 
level to the desired level or loWer as the Whole module in the 
case that a loW-pass ?lter comprising a resonance circuit is 
provided on the rear end of a matching circuit. Furthermore, 
one module is sufficient for use thereby through tWo mod 
ules are used conventionally, and a miniaturiZed Wireless 
communication system such as cellular phone is realiZed by 
using this type of module. 

1. An electronic apparatus to be used for a Wireless 
communication system in Which at least an output poWer 
ampli?er, a matching circuit, and a loW-pass ?lter are 
mounted on one insulating substrate and connected in this 
order, Wherein the phase of the double higher harmonic 
Wave impedance in vieW of the loW-pass ?lter side from the 
connection point betWeen the matching circuit and the 
loW-pass ?lter is set in a range of 180 degrees :90 degrees 
With respect to the phase of the double higher harmonic 
Wave impedance in vieW of the matching circuit from the 
connection point. 

2. The electronic apparatus according to claim 1, Wherein 
the loW-pass ?lter comprises a resonance circuit having a 
capacitance element and an inductance element connected in 
parallel and a capacitance element connected betWeen the 
output point of the resonance circuit and a constant potential 
point. 

3. The electronic apparatus according to claim 2, Wherein 
the matching circuit is structured including a resonance 
circuit comprising a capacitance element and inductance 
element connected in parallel. 

4. The electronic apparatus according to claim 3, Wherein 
a transmission/reception sWitching circuit for sWitching the 
signal betWeen a transmission signal and a received signal is 
additionally mounted on the insulating substrate. 

5. The electronic apparatus according to claim 1, Wherein 
a set of the output poWer ampli?er, a matching circuit, and 
a loW-pass ?lter is provided correspondingly to each fre 
quency band of tWo or more frequency bands, and the 
double higher harmonic Wave of any one of the frequency 
bands is in any one of other frequency bands. 

6. The electronic apparatus according to claim 5, Wherein 
a branching circuit for branching a received signal into the 
tWo or more frequency bands is additionally mounted on the 
insulating substrate. 
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7. An electronic apparatus used for a Wireless communi 
cation system that communicates by use of tWo or more 
frequency bands, 

Wherein at least a set of an output poWer ampli?er, a 
matching circuit, and a loW-pass ?lter is provided 
correspondingly to each frequency band, the sets are 
mounted on one insulating substrate, and the output 
poWer ampli?er, the matching circuit, and the loW-pass 
?lter of each set are connected in this order, and 

Wherein the phase of the double higher harmonic Wave 
impedance in vieW of the loW-pass ?lter side from the 
connection point betWeen the matching circuit and the 
loW-pass ?lter is deviated from the phase matching 
position by means of the loW-pass ?lter. 

8. The electronic apparatus according to claim 7, Wherein 
the loW-pass ?lter comprises a resonance circuit having a 
capacitance element and an inductance element connected in 
parallel and a capacitance element connected betWeen the 
output point of the resonance circuit and a constant potential 
point. 

9. The electronic apparatus according to claim 8, Wherein 
the matching circuit is structured including a resonance 
circuit comprising a capacitance element and inductance 
element connected in parallel. 

10. The electronic apparatus according to claim 9, 
Wherein a transmission/reception sWitching circuit for 
sWitching the signal betWeen a transmission signal and a 
received signal is additionally mounted on the insulating 
substrate. 

11. The electronic apparatus according to claim 10, 
Wherein a branching circuit for branching a received signal 
into a plurality of frequency bands is additionally mounted 
on the insulating substrate. 

12-15. (canceled) 
16. Adesign method for designing an electronic apparatus 

in Which at least an output poWer ampli?er, a matching 
circuit, and a loW-pass ?lter are mounted on one insulating 
substrate and connected in this order, 

Wherein the phase of the double higher harmonic Wave 
impedance in vieW of the loW-pass ?lter side from the 
connection point betWeen the matching circuit and the 
loW-pass ?lter is set in a range of 180 degrees :X (X 
ranges Within 90 degrees) With respect to the phase of 
the double higher harmonic Wave impedance in vieW of 
the matching circuit from the connection point, and 

Wherein the X is determined based on the standard value 
to Which a predetermined margin is added. 

17. The design method for designing an electronic appa 
ratus according to claim 16, Wherein the X is 90 degrees in 
the case that the margin is approximately 10% of the 
standard value. 

18. The design method for designing an electronic appa 
ratus according to claim 16, Wherein the X is 45 degrees in 
the case that the margin is approximately 25% of the 
standard value. 


