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FIG . 2B 
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RADIO FREQUENCY MODULE AND 
COMMUNICATION DEVICE 

and communication device having improvement in the sig 
nal quality of radio frequency signals input to and output 
from a semiconductor IC . 

CROSS REFERENCE TO RELATED 
APPLICATION Solutions 

[ 0001 ] The present application is based on and claims 
priority to Japanese Patent Application No. 2019-237242 
filed on Dec. 26 , 2019. The entire disclosure of the above 
identified application , including the specification , drawings 
and claims is incorporated herein by reference in its entirety . 

TECHNICAL FIELD 

[ 0002 ] The present disclosure relates to a radio frequency 
( RF ) module and a communication device . 

[ 0008 ] A radio frequency module according to an aspect of 
the present disclosure is a radio frequency module including : 
a module board including a first principal surface and a 
second principal surface on opposite sides of the module 
board ; a semiconductor integrated circuit ( IC ) including a 
third principal surface and a fourth principal surface on 
opposite sides of the semiconductor IC ; and an external 
connection terminal disposed on the second principal sur 
face . In this radio frequency module , the third principal 
surface faces the second principal surface and is closer to the 
second principal surface than the fourth principal surface is 
to the second principal surface , and the semiconductor IC 
includes : at least one of ( i ) a control circuit configured to 
control a radio frequency component using a control signal , 
( ii ) a low noise amplifier configured to amplify a reception 
signal , or ( iii ) a switch ; and a signal electrode disposed on 
the fourth principal surface , and via the signal electrode the 
semiconductor IC is configured to receive or output at least 
one of a radio frequency signal or the control signal . 

BACKGROUND 

[ 0003 ] In mobile communication apparatuses such as 
mobile phones , the total number of circuit elements included 
in radio frequency front - end circuits is increasing , particu 
larly with developments in multiband technologies . 
[ 0004 ] WO 2005/078796 discloses an electronic compo 
nent ( a circuit module ) in which circuit elements included in 
a radio frequency front - end circuit are mounted on both 
sides of a mounting board . Of the two opposite mounting 
surfaces of a double - sided mounting core substrate , passive 
chip components are mounted on a first mounting surface on 
which external terminal electrodes are disposed , and active 
chip components are mounted on a second mounting surface 
opposite the first mounting surface . With this configuration , 
it is possible to provide a circuit module which is high in 
density and small in size as compared to a circuit module in 
which circuit elements are formed on a single - sided mount 
ing board . 

Advantageous Effects 
[ 0009 ] According to the present disclosure , it is possible to 
provide a small - sized radio frequency module and commu 
nication device having improvement in the signal quality of 
radio frequency signals input to and output from a semicon 
ductor IC . 

BRIEF DESCRIPTION OF DRAWINGS 

SUMMARY 

Technical Problems 

( 0005 ] In the case of applying the circuit module disclosed 
in WO 2005/078796 to a radio frequency front - end circuit , 
a semiconductor integrated circuit ( IC ) embedded with at 
least one of an amplifier , a control circuit , or a switch is 
expected to be applied . In such a case , since the semicon 
ductor IC can be reduced in profile , the semiconductor IC is 
disposed on the first mounting surface facing a motherboard . 
[ 0006 ] However , as recognized by the present inventor , 
disposing the semiconductor IC on the first mounting sur 
face in the circuit module disclosed in WO 2005/078796 
creates a need for a signal line passing through the semi 
conductor IC , a planar line pattern parallel to the first 
mounting surface of the core substrate , and an external 
terminal electrode as the signal line path from the semicon 
ductor IC to the motherboard . In that case , however , since 
this signal line includes a high - resistance line path that 
passes only through the planar line pattern , transfer loss of 
radio frequency signals increases , causing deterioration of 
signal quality . In addition , when the signal line transfers 
control signals , the signal quality , such as signal - noise ( S / N ) 
ratio , of radio frequency signals deteriorates due to digital 
noise or power supply noise generated from the above 
mentioned line path . 
[ 0007 ] In view of the above circumstance , the present 
disclosure provides a small - sized radio frequency module 

[ 0010 ] These and other advantages and features will 
become apparent from the following description thereof 
taken in conjunction with the accompanying Drawings , by 
way of non - limiting examples of embodiments disclosed 
herein . 
[ 0011 ] FIG . 1 illustrates a circuit configuration of a radio 
frequency module and a communication device according to 
an embodiment . 
[ 0012 ] FIG . 2A is a schematic diagram illustrating a plan 
view configuration of a radio frequency module ( or RF 
front - end circuitry ) according to Working Example 1 . 
[ 0013 ] FIG . 2B is a schematic diagram illustrating a 
cross - sectional configuration of the radio frequency module 
according to Working Example 1 . 
[ 0014 ] FIG . 2C is a schematic diagram illustrating a 
cross - sectional configuration of a radio frequency module 
according to a variation . 
[ 0015 ] FIG . 3A is a schematic diagram illustrating a plan 
view configuration of a radio frequency module according to 
Working Example 2 . 
[ 0016 ] FIG . 3B is a schematic diagram illustrating a 
cross - sectional configuration of the radio frequency module 
according to Working Example 2 . 
[ 0017 ] FIG . 4A is a circuit diagram illustrating part of a 
circuit configuration of a radio frequency module according 
to Working Example 3 . 
[ 0018 ] FIG . 4B is a schematic diagram illustrating a 
cross - sectional configuration of the radio frequency module 
according to Working Example 3 . 
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DESCRIPTION OF EMBODIMENTS 

[ 0019 ] Hereinafter , embodiments of the present disclosure 
will be described in detail . Note that the embodiments 
described below illustrate general or specific examples . The 
numerical values , shapes , materials , constituent elements , 
the arrangement and connection of the constituent elements , 
etc. , illustrated in the following embodiments , working 
examples , and variations are mere examples , and are there 
fore not intended to limit the present disclosure . Among the 
constituent elements in the following working examples and 
variations , constituent elements not recited in the indepen 
dent claims will be described as optional constituent ele 
ments . In addition , the sizes of the constituent elements and 
the ratios of the sizes illustrated in the drawings are not 
necessarily precise . In the drawings , essentially the same 
constituent elements share the same reference signs , and 
redundant descriptions will be omitted or simplified . 
[ 0020 ] In the following description , value ranges , terms 
indicating relationships between elements such as “ parallel ” 
and “ vertical " , and terms indicating the shapes of elements 
such as “ quadrilateral ” do not have the meanings in the strict 
sense only , but include essentially equivalent value ranges 
and meanings , for example deviations of about a few per 
cent . 
[ 0021 ] In the following description , a " transmission path ” 
refers to a transfer path including , for example , a line for 
propagating radio frequency transmission signals , an elec 
trode directly connected to the line , and a terminal directly 
connected to the line or the electrode . A “ reception path ” 
refers to a transfer path including , for example , a line for 
propagating radio frequency reception signals , an electrode 
directly connected to the line , and a terminal directly con 
nected to the line or the electrode . 
[ 0022 ] In addition , in the following description , the 
expression “ A and B are connected ” applies not only when 
A and B are physically connected , but also when A and B are 
electrically connected . 

BBIC 4. In the following , a “ transmission path ” or “ trans 
mission signal path ” means a transfer route that includes , for 
instance , a line through which a radio frequency transmis 
sion signal propagates , an electrode directly connected to the 
line , and a terminal directly connected to the line or the 
electrode . Further , a “ reception path ” means a transfer route 
that includes , for instance , a line through which a radio 
frequency reception signal propagates , an electrode directly 
connected to the line , and a terminal directly connected to 
the line or the electrode . In addition , a " transmission and 
reception path ” means a transfer route that includes , for 
instance , a line through which a radio frequency transmis 
sion signal and a radio frequency reception signal propagate , 
an electrode directly connected to the line , and a terminal 
directly connected to the line or the electrode . Furthermore , 
as used herein the terms “ circuit ” or “ circuitry ” means one 
or more circuits , including discrete circuit ( s ) as well as 
circuit board ( s ) and combinations thereof . 
[ 0025 ] BBIC 4 is a circuit that performs data processing 
using a signal of a frequency lower than that of a radio 
frequency signal transferred by radio frequency module 1 . 
The signal processed by BBIC 4 is used as , for example , an 
image signal for image display , or an audio signal for 
reproduction by a loudspeaker . 
[ 0026 ] RFIC 3 functions as a controller that controls 
connection of switch 50 included in radio frequency module 
1 based on communication bands ( frequency bands ) used . 
Specifically , RFIC 3 switches the connection of switch 50 
included in radio frequency module 1 using a control signal 
( not illustrated ) . Note that the controller may be provided 
outside RFIC 3 ; for example , in radio frequency module 1 . 
[ 0027 ] RFIC 3 also functions as a controller that controls 
the gain of power amplifier 10 included in radio frequency 
module 1. Specifically , RFIC 3 outputs digital control sig 
nals which are in conformity with mobile industry processor 
interface ( MIPI ) etc. to radio frequency module 1 via control 
signal terminal 160. RFIC 3 also outputs , to radio frequency 
module 1 via control signal terminal 160 , direct - current 
voltage signal VDC for power supply voltage Vcc and bias 
voltage Vbias which are to be supplied to power amplifier 
10. Power amplifier ( PA ) control circuit 60 of radio fre 
quency module 1 adjusts the gain of power amplifier 10 
according to the digital control signal and the direct - current 
voltage signal received via control signal terminal 160. As 
such , the PA control circuit may include digital to analog 
conversion circuitry , or a microprocessor that receives a 
digital instruction and generates a control signal that adjusts 
the gain of the power amplifier 10. Note that direct - current 
voltage signal VDC may be input via a terminal different 
from control signal terminal 160. The controller may be 
provided outside RFIC 3 ; for example in BBIC 4 . 
[ 0028 ] Antenna 2 is connected to antenna connection 
terminal 100 of radio frequency module 1 , radiates a radio 
frequency signal output from radio frequency module 1 , 
receives a radio frequency signal from outside , and outputs 
the received radio frequency signal to radio frequency 
module 1 . 
[ 0029 ] Note that in communication device 5 according to 
the present embodiment , antenna 2 and BBIC 4 are optional 
elements . 
[ 0030 ] Next , a detailed configuration of radio frequency 
module 1 will be described . 
[ 0031 ] As illustrated in FIG . 1 , radio frequency module 1 
includes antenna connection terminal 100 , transmission 

Embodiment 

1. Circuit Configuration of Radio Frequency 
Module 1 and Communication Device 5 

[ 0023 ] FIG . 1 illustrates a circuit configuration of radio 
frequency module 1 and communication device 5 according 
to an embodiment . As illustrated in the figure , communica 
tion device 5 includes radio frequency module 1 , antenna 2 , 
radio frequency ( RF ) signal processing circuit ( RF inte 
grated circuit ( IC ) ) 3 , and baseband signal processing circuit 
( BBIC ) 4. In this exemplary configuration the communica 
tion device 5 is a multi - band transceiver . As used in this 
specification the term “ module ” , as used with " radio fre 
quency module ” , or “ RF front - end module ” should be 
construed as circuitry ( programmable , as well as discrete ) 
and associated circuit components , such as circuit boards , 
RF shielding , etc. 
[ 0024 ] RFIC 3 is an RF signal processing circuit that 
processes radio frequency signals transmitted or received by 
antenna 2. Specifically , RFIC 3 processes reception signals 
input via reception paths of radio frequency module 1 by 
down - conversion , for example , and outputs resultant recep 
tion signals to BBIC 4. RFIC 3 also outputs , to transmission 
paths of radio frequency module 1 , radio frequency trans 
mission signals processed based on a signal input from 
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input terminal 110 , reception output terminal 120 , power 
amplifier 10 , control signal terminal 160 , PA control circuit 
60 , low noise amplifier 20 , transmission filter 40T , reception 
filter 40R , matching circuits 31 and 32 , and switch 50 . 
[ 0032 ] Antenna connection terminal 100 is connected to 
antenna 2 . 
[ 0033 ] Power amplifier 10 amplifies transmission signals 
of communication band A input via transmission input 
terminal 110. Power amplifier 10 includes an input terminal 
connected to transmission input terminal 110 , and an output 
terminal connected to matching circuit 31 . 
[ 0034 ] PA control circuit 60 is an example of a control 
circuit that controls power amplifier 10 using a digital 
control signal , and adjusts the gain of power amplifier 10 
according to digital control signal MIPI and direct - current 
voltage signal VDC received via control signal terminal 160 . 
[ 0035 ] Low noise amplifier 20 amplifies reception signals 
of communication band A with low noise , and outputs the 
amplified signals to reception output terminal 120 . 
[ 0036 ] Transmission filter 40T is disposed on transmission 
path AT connecting power amplifier 10 and antenna con 
nection terminal 100 , and passes transmission signals in the 
transmission band of communication band A among trans 
mission signals amplified by power amplifier 10 . 
[ 0037 ] Reception filter 40R is disposed on reception path 
AR connecting low noise amplifier 20 and antenna connec 
tion terminal 100 , and passes reception signals in the recep 
tion band of communication band A among reception signals 
input via antenna connection terminal 100 . 
[ 0038 ] Note that transmission filter 40T and reception 
filter 40R may each be , but are not limited to , any of an 
acoustic wave filter that uses surface acoustic waves 
( SAWS ) , an acoustic wave filter that uses bulk acoustic 
waves ( BAWs ) , an inductor - capacitor ( LC ) resonance filter , 
and a dielectric filter , for example . 
[ 0039 ] Transmission filter 40T and reception filter 40R 
constitute duplexer 40 having communication band A as the 
passband . 
[ 0040 ] Matching circuit 31 is an example of a first imped 
ance matching circuit . Matching circuit 31 is connected to 
the output terminal of power amplifier 10 , and matches the 
impedances of power amplifier 10 and transmission filter 
40T . Matching circuit 31 includes at least one of an inductor 
or a capacitor . 
[ 0041 ] Matching circuit 32 is an example of a second 
impedance matching circuit . Matching circuit 32 is con 
nected to the input terminal of low noise amplifier 20 , and 
matches the impedances of low noise amplifier 20 and 
reception filter 40R . Matching circuit 32 includes at least 
one of an inductor or a capacitor . 
[ 0042 ] Switch 50 is an example of an antenna switch . 
Switch 50 is connected to antenna connection terminal 100 , 
and switches between ( 1 ) connection of antenna connection 
terminal 100 to transmission path AT and reception path AR 
and ( 2 ) connection of antenna connection terminal 100 to 
another transmission path and reception path . Note that 
switch 50 may be a multiple - connection switch circuit 
capable of simultaneously establishing the connections ( 1 ) 
and ( 2 ) described above . 
[ 0043 ] Note that an additional impedance matching cir 
cuit , filter , switch , etc. may be disposed on each signal path 
included in radio frequency module 1 . 
[ 0044 ] In the above configuration of radio frequency mod 
ule 1 , power amplifier 10 , matching circuit 31 , transmission 

filter 40T , and switch 50 are included in a transmitter circuit 
that transfers transmission signals of communication band A 
to antenna connection terminal 100. Switch 50 , reception 
filter 40R , matching circuit 32 , and low noise amplifier 20 
are included in a receiver circuit that transfers reception 
signals of communication band A from antenna 2 via 
antenna connection terminal 100 . 
[ 0045 ] With the above circuit configuration , radio fre 
quency module 1 can perform at least one of transmission or 
reception of radio frequency signals of communication band 
A. 
[ 0046 ] Note that , in addition to the above transmitter 
circuit and receiver circuit , radio frequency module 1 may 
include a transmitter circuit that transfers transmission sig 
nals of a communication band different from communication 
band A and a receiver circuit that transfers reception signals 
of a communication band different from communication 
band A. In radio frequency module 1 , the above transmitter 
circuit and receiver circuit need not be connected to antenna 
connection terminal 100 via switch 50 . 
[ 0047 ] Power amplifier 10 and low noise amplifiers 20 are 
each configured with , for example , a field - effect transistor 
( FET ) or a hetero - junction bipolar transistor ( HBT ) includ 
ing , for instance , a Si - based complementary metal oxide 
semiconductor ( CMOS ) or GaAs . 
[ 0048 ] At least one of low noise amplifier 20 , switch 50 , 
and PA control circuit 60 may be formed in a semiconductor 
integrated circuit ( IC ) . The semiconductor IC may further 
include power amplifier 10. The semiconductor IC includes 
a complementary metal oxide semiconductor ( CMOS ) , for 
example . Specifically , the semiconductor IC is formed by a 
silicon on insulator ( SOI ) process . This way , the semicon 
ductor IC can be manufactured at low cost . Note that the 
semiconductor IC may include at least one of GaAs , Sige , 
or GaN . Accordingly , radio frequency signals having high 
quality amplification properties and noise properties can be 
output . 
[ 0049 ] In radio frequency module 1 according to the 
present embodiment , transmission filter 40T and reception 
filter 40R constitute duplexer 40 that transfers transmission 
signals and reception signals by frequency division duplex 
ing ( FDD ) . The transmission signals and reception signals , 
however , may be transferred by time division duplexing 
( TDD ) . In that case , a switch for switching between trans 
mission and reception is disposed in at least one of the 
preceding stage or the subsequent stage of transmission filter 
40T and reception filter 40R . 
[ 0050 ] Note that it is sufficient so long as the radio 
frequency module according to the present disclosure 
includes a semiconductor IC including at least one of low 
noise amplifier 20 , switch 50 , or PA control circuit 60 among 
the circuit components of radio frequency module 1 
described above , and the other circuit components are 
optional 
[ 0051 ] Here , in the case of mounting each circuit element 
included in radio frequency module 1 on a single module 
board as a small - sized front - end circuit , it is necessary to 
reduce the layout area of circuit components on the module 
board surface . In such a case , a semiconductor IC embedded 
with at least one of low noise amplifier 20 , PA control circuit 
60 , or switch 50 is expected to be applied . Since the 
semiconductor IC can be reduced in profile , it is desirably 
disposed on , of a first mounting surface and a second 
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mounting surface of the module board , the first mounting 
surface facing the motherboard . 
[ 0052 ] Disposing the semiconductor IC on the first mount 
ing surface , however , creates a need for a signal line passing 
through the semiconductor IC , a planar line pattern parallel 
to the first mounting surface of the module board , and an 
external - connection terminal as a signal transfer path from 
the semiconductor IC to the motherboard . In that case , 
however , this signal line includes a low - resistance via line 
provided along the direction perpendicular to the first 
mounting surface and a high - resistance line path passing 
only through the planar line pattern . Consequently , the 
resistance in the line path increases , causing an increase in 
transfer loss of radio frequency signals transferred between 
the motherboard and the semiconductor IC . In addition , 
when the signal line transfers control signals for controlling 
the semiconductor IC , the signal quality , such as the S / N 
ratio , of radio frequency signals passing through the semi 
conductor IC deteriorates due to digital noise or power 
supply noise of control signals generated from the high 
resistance line path passing only through the planar line 
pattern . 
[ 0053 ] To address this , radio frequency module 1 accord 
ing to the present embodiment has a configuration in which 
radio frequency signals or control signals can be transferred 
between the motherboard and the semiconductor IC without 
passing through the planar line pattern of the module board . 
Such a configuration of radio frequency module 1 will be 
described below . 

2. Arrangement of Circuit Elements of Radio 
Frequency Module 1A according to Working 

Example 1 

ture co - fired ceramics ( HTCC ) board , a component - embed 
ded board , a board having a redistribution layer ( RDL ) , and 
a printed circuit board . 
[ 0058 ] Resin component 92 is disposed on principal sur 
face 91a of module board 91 , and covers part of the 
transmitter circuit , part of the receiver circuit , and principal 
surface 91a of module board 91. Resin component 92 has a 
function to ensure the reliability of circuit elements included 
in the transmitter circuit and receiver circuit , such as the 
mechanical strength and moisture resistance . Resin compo 
nent 93 is disposed on principal surface 91b of module board 
91 , and covers part of the transmitter circuit , part of the 
receiver circuit , and principal surface 91b of module board 
91. Resin component 93 has a function to ensure the 
reliability of circuit elements included in the transmitter 
circuit and receiver circuit , such as the mechanical strength 
and moisture resistance . Note that resin components 92 and 
93 are optional elements of the radio frequency module 
according to the present disclosure . 
[ 0059 ] External - connection terminals 150 are disposed on 
principal surface 916. Radio frequency module 1A transmits 
and receives , via the plurality of external - connection termi 
nals 150 , electric signals to and from a motherboard that is 
disposed on the z - axis negative side of radio frequency 
module 1A . Some of external - connection terminals 150 are 
set to the ground potential of the motherboard . 
[ 0060 ] Of principal surfaces 91a and 916 , semiconductor 
IC 70 including low noise amplifier 20 and switch 50 that 
can be readily reduced in profile is disposed on principal 
surface 91b facing the motherboard . Therefore , radio fre 
quency module 1A can be reduced in profile as a whole . 
Moreover , since a plurality of external - connection terminals 
150 applied as ground electrodes are disposed in the outer 
periphery of low noise amplifier 20 having a significant 
impact on the reception sensitivity of the receiver circuit , it 
is possible to reduce deterioration of the reception sensitivity 
of the receiver circuit . 
[ 0061 ] Semiconductor IC 70 includes principal surface 
70a ( a third principal surface ) and principal surface 705 ( a 
fourth principal surface ) on opposite sides of semiconductor 
IC 70. Note that semiconductor IC 70 in the present working 
example includes low noise amplifier 20 and switch 50 ; 
however , semiconductor IC 70 is not limited to this example . 
It is sufficient so long as semiconductor IC 70 according to 
the present disclosure includes at least one of low noise 
amplifier 20 , switch 50 , or a control circuit that controls a 
radio frequency component using a control signal . The 
control circuit that controls a radio frequency component 
using a control signal may be PA control circuit 60 , or may 
be a control circuit that controls at least one of low noise 
amplifier 20 or switch 50 . 
[ 0062 ] Semiconductor IC 70 is disposed on principal 
surface 91b so that principal surface 70a faces principal 
surface 91b and is closer to principal surface 91b than 
principal surface 70b is to principal surface 916. That is to 
say , principal surface 70a faces principal surface 91b , and 
principal surface 70b faces the motherboard . 
[ 0063 ] Semiconductor IC 70 further includes signal elec 
trodes 100A , 120A , and 160A formed on principal surface 
706. Signal electrode 100A corresponds to antenna connec 
tion terminal 100 illustrated in FIG . 1. Signal electrode 
120A corresponds to reception output terminal 120 illus 
trated in FIG . 1. Signal electrode 160A corresponds to 
control signal terminal 160 illustrated in FIG . 1. Note that it 

[ 0054 ] FIG . 2A is a schematic diagram illustrating a plan 
view configuration of radio frequency module 1A according 
to Working Example 1. FIG . 2B is a schematic diagram 
illustrating a cross - sectional configuration of radio fre 
quency module 1A according to Working Example 1 , and is 
specifically a cross - sectional view taken at line IIB - IIB in 
FIG . 2A . Note that part ( a ) of FIG . 2A illustrates how circuit 
elements are arranged when , of principal surfaces 91a and 
91b located on opposite sides of module board 91 , principal 
surface 91a is viewed from the z - axis positive side . Part ( b ) 
of FIG . 2A illustrates how circuit elements are arranged 
when principal surface 91b is viewed from the z - axis 
negative side . 
[ 0055 ] Radio frequency module 1A according to the work 
ing example is to specifically show an arrangement of circuit 
elements included in radio frequency module 1 according to 
the embodiment illustrated in FIG . 1 . 
[ 0056 ] As illustrated in FIG . 2A and FIG . 2B , radio 
frequency module 1A according to the present working 
example includes module board 91 , resin components 92 
and 93 , and external - connection terminals 150 in addition to 
the circuit configuration illustrated in FIG . 1 . 
[ 0057 ] Module board 91 includes principal surface 91a ( a 
first principal surface ) and principal surface 91b ( a second 
principal surface ) on opposite sides of module board 91 , and 
is a board on which the above - described transmitter circuit 
and receiver circuit are mounted . Examples of the board 
used for module board 91 include a low temperature co - fired 
ceramics ( LTCC ) board having a configuration in which a 
plurality of dielectric layers are laminated , a high tempera 
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is sufficient so long as at least one of signal electrode 100A , 
120A , or 160A is formed on principal surface 70b . 
[ 0064 ] With the above configuration , since semiconductor 
IC 70 that can be readily reduced in profile is disposed on 
principal surface 91b facing the motherboard , it is possible 
to reduce the size of radio frequency module 1A . The signal 
transfer path from semiconductor IC 70 to the motherboard 
is not a signal line passing through semiconductor IC 70 , 
planar line pattern parallel to principal surface 91b of 
module board 91 , and external - connection terminal 150 , but 
is a signal path passing only through signal electrodes 100A , 
120A , and 160A formed on principal surface 70b of semi 
conductor IC 70. Thus , the radio frequency signals input to 
and output from semiconductor IC 70 can be transferred 
between the motherboard and semiconductor IC 70 by 
passing only though the low - resistance line path , thereby 
enabling reduction of transfer loss of the radio frequency 
signals . Moreover , since a line for transferring the radio 
frequency signals need not be formed between semiconduc 
tor IC 70 and external - connection terminal 150 , it is possible 
to save the surface area of principal surface 91b . In other 
words , it is possible to provide small - sized radio frequency 
module 1A having improvement in the signal quality of 
radio frequency signals input to and output from semicon 
ductor IC 70 . 
[ 0065 ] Semiconductor IC 70 may further include ground 
electrode 716 formed on principal surface 706 . 
[ 0066 ] This enables reduction of the total number of 
external - connection terminals 150 set to the ground poten 
tial , and thus , the surface area of principal surface 91b can 
be saved . Moreover , disposing ground electrodes 716 
between signal electrodes 100A , 120A , and 160A as illus 
trated in part ( b ) of FIG . 2A enables improvement in 
isolation between switch 50 , low noise amplifier 20 , and PA 
control circuit 60 . 
[ 0067 ] Signal electrode 120A formed on principal surface 
70b may be connected to via conductor 24 formed in 
semiconductor IC 70 . 
[ 0068 ] With this configuration , radio frequency signals 
input to and output from semiconductor IC 70 are connected 
to signal electrode 120A through via conductor 24 of low 
resistance , and therefore , transfer loss of the radio frequency 
signals can be further reduced . 
[ 0069 ] In the present working example , semiconductor IC 
70 includes low noise amplifier 20 , the output terminal of 
low noise amplifier 20 is connected to reception output 
terminal 120 , and signal electrode 120A is reception output 
terminal 120 . 
[ 0070 ] Accordingly , reception signals amplified by low 
noise amplifier 20 can be transferred to the motherboard 
with low loss . 
[ 0071 ] Furthermore , in the present working example , 
semiconductor IC 70 includes switch 50 , switch 50 includes 
a common terminal and a plurality of selection terminals , the 
common terminal is connected to antenna connection ter 
minal 100 , and signal electrode 100A is antenna connection 
terminal 100 . 
[ 0072 ] Accordingly , transmission signals which are to be 
output via antenna connection terminal 100 can be trans 
ferred to the motherboard with low loss , and reception 
signals input to antenna connection terminal 100 from the 
motherboard can be transferred with low loss . 
[ 0073 ] In semiconductor IC 70 , low noise amplifier 20 is 
connected to matching circuit 32 via electrode 21 formed on 

principal surface 70a and a line formed in module board 91 . 
Further , switch 50 is connected to reception filter 40R via 
electrode 51 formed on principal surface 70a and a line 
formed in module board 91 . 
[ 0074 ] As illustrated in FIG . 2A and FIG . 2B , in radio 
frequency module 1A according to the present working 
example , power amplifier 10 , PA control circuit 60 , trans 
mission filter 40T , reception filter 40R , and matching cir 
cuits 31 and 32 are surface - mounted on principal surface 
91a ( the first principal surface ) of module board 91. Low 
noise amplifier 20 and switch 50 are surface - mounted on 
principal surface 91b ( the second principal surface ) of 
module board 91 . 
[ 0075 ] Here , in a plan view of module board 91 , it is 
desirable that a footprint of low noise amplifier 20 overlap 
with a footprint of matching circuit 32 at least partially , and 
a footprint of switch 50 overlap with a footprint of reception 
filter 40R at least partially . 
[ 0076 ] This configuration makes it possible to shorten the 
line connecting low noise amplifier 20 and matching circuit 
32 and shorten the line connecting switch 50 and reception 
filter 40R , thus enabling reduction of transfer loss of recep 
tion signals transferred by radio frequency module 1A . 
[ 0077 ] In radio frequency module 1A according to the 
present working example , power amplifier 10 is mounted on 
principal surface 91a ( the first principal surface ) . 
[ 0078 ] Among the circuit components included in radio 
frequency module 1A , power amplifier 10 is a component 
that generates a large amount of heat . To improve the heat 
dissipation of radio frequency module 1A , it is important to 
dissipate heat generated by power amplifier 10 to the moth 
erboard via a heat dissipation path having low thermal 
resistance . If power amplifier 10 is mounted on principal 
surface 91b , an electrode line connected to power amplifier 
10 is disposed on principal surface 91b . Thus , the heat 
dissipation path in such a case includes a heat dissipation 
path passing only through a planar line pattern provided on 
principal surface 91b ( along the xy plane direction ) . Since 
this planar line pattern is forme th a in metal film , the 
thermal resistance is high . Consequently , the heat dissipation 
deteriorates if power amplifier 10 is disposed on principal 
surface 91b . 
[ 0079 ] In contrast , when power amplifier 10 is mounted on 
principal surface 91a , power amplifier 10 and external 
connection terminal 150 can be connected through penetrat 
ing via conductor 91v that penetrates through module board 
91 between principal surface 91a and principal surface 91b 
as illustrated in FIG . 2B . Thus , the heat dissipation path of 
power amplifier 10 can be other than a heat dissipation path 
that passes only through , among the lines provided in 
module board 91 , a planar line pattern of high thermal 
resistance provided along the xy plane direction . Accord 
ingly , it is possible to provide radio frequency module 1A 
having improvement in heat dissipation from power ampli 
fier 10 to the motherboard . 
[ 0080 ] Transmission input terminal 110 may be disposed 
in the edge region of principal surface 91b as illustrated in 
FIG . 2A . 
[ 0081 ] Note that from the viewpoint of heat dissipation , it 
is desirable that penetrating via conductor 91v or a heat 
dissipation component be disposed in a region of principal 
surface 91b facing the region of principal surface 91a in 
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which power amplifier 10 is disposed . Thus , it is desirable 
that no circuit elements be disposed in that region of 
principal surface 91b . 
[ 0082 ] In the present working example , power amplifier 
10 is disposed on principal surface 91a , and low noise 
amplifier 20 is disposed on principal surface 91b . With this 
configuration , since power amplifier 10 and low noise 
amplifier 20 are disposed with module board 91 interposed 
therebetween , it is possible to improve isolation between 
transmission signals and reception signals . 
[ 0083 ] As illustrated in FIG . 2B , radio frequency module 
1A may further include shield electrode layer 80G that 
covers the upper surface and side surfaces of resin compo 
nent 92 and the side surfaces of resin component 93 , and is 
set to the ground potential . 
[ 0084 ] This improves the electromagnetic field shielding 
function of radio frequency module 1A with respect to an 
external circuit . 
[ 0085 ] Note that external - connection terminals 150 may 
be columnar electrodes penetrating through resin component 
93 in the z - axis direction as illustrated in FIG . 2A and FIG . 
2B , or may be bump electrodes 155 formed on principal 
surface 91b as illustrated in FIG . 2C . As illustrated in FIG . 
2C , resin component 93 is not disposed on principal surface 
91b when external - connection terminals 150 are bump elec 
trodes 155 . 
[ 0086 ] In radio frequency module 1A according to the 
present working example , external - connection terminals 
150 may be disposed on principal surface 91a . 

3. Arrangement of Circuit Elements of Radio 
Frequency Module 1C according to Working 

Example 2 
[ 0087 ] FIG . 3A is a schematic diagram illustrating a plan 
view configuration of radio frequency module 1C according 
to Working Example 2. FIG . 3B is a schematic diagram 
illustrating a cross - sectional configuration of radio fre 
quency module 1C according to Working Example 2 , and is 
specifically a cross - sectional view taken at line IIIB - IIIB in 
FIG . 3A . Note that part ( a ) of FIG . 3A illustrates how circuit 
elements are arranged when , of principal surfaces 91a and 
91b located on opposite sides of module board 91 , principal 
surface 91a is viewed from the z - axis positive side . Part ( b ) 
of FIG . 3A is a perspective view illustrating how circuit 
elements are arranged when principal surface 916 is viewed 
from the z - axis negative side . 
[ 0088 ] Radio frequency module 1C according to Working 
Example 2 is to specifically show an arrangement of circuit 
elements included in radio frequency module 1 according to 
the embodiment illustrated in FIG . 1 . 
[ 0089 ] Radio frequency module 1C according to the pres 
ent working example is different from radio frequency 
module 1A according to Working Example 1 in arrangement 
of PA control circuit 60 and electrodes of semiconductor IC 
70C . Hereinafter , radio frequency module 1C according to 
the present working example will be described , focusing on 
the aspects different from radio frequency module 1A 
according to Working Example 1 and omitting the descrip 
tion of the aspects identical to radio frequency module 1A . 
[ 0090 ] Module board 91 includes principal surface 91a 
( the first principal surface ) and principal surface 91b ( the 
second principal surface ) on opposite sides of module board 
91 , and is a board on which the above - described transmitter 
circuit and receiver circuit are mounted . Examples of the 

board used for module board 91 include an LTCC board 
having a configuration in which a plurality of dielectric 
layers are laminated , an HTCC board , a component - embed 
ded board , a board having an RDL , and a printed circuit 
board . 
[ 0091 ] Of principal surfaces 91a and 91b , semiconductor 
IC 70C including low noise amplifier 20 , switch 50 , and PA 
control circuit 60 that can be readily reduced in profile is 
disposed on principal surface 91b facing the motherboard . 
Therefore , radio frequency module 1C can be reduced in 
profile as a whole . Further , since a plurality of external 
connection terminals 150 applied as ground electrodes are 
disposed in the outer periphery of low noise amplifier 20 
having a significant impact on the reception sensitivity of the 
receiver circuit , it is possible to reduce deterioration of the 
reception sensitivity of the receiver circuit . Furthermore , 
since a plurality of external - connection terminals 150 
applied as ground electrodes are disposed in the outer 
periphery of PA control circuit 60 , it is possible to inhibit 
digital noise and power supply noise from flowing out into 
the circuit components disposed on principal surface 91a 
and the external circuit provided in the vicinity of radio 
frequency module 1C . 
[ 0092 ] Semiconductor IC 70C includes principal surface 
70a ( the third principal surface ) and principal surface 706 
( the fourth principal surface ) on opposite sides of semicon 
ductor IC 70C . In the present working example , semicon 
ductor IC 70C includes low noise amplifier 20 , switch 50 , 
and PA control circuit 60. Note that semiconductor IC 70C 
is not limited to this , and it is sufficient so long as semi 
conductor IC 70C includes at least PA control circuit 60. PA 
control circuit 60 need not be a control circuit that controls 
power amplifier 10 , and may be a control circuit that 
controls a radio frequency component using a control signal . 
[ 0093 ] Semiconductor IC 70C is disposed on principal 
surface 91b so that principal surface 70a faces principal 
surface 91b and is closer to principal surface 91b than 
principal surface 70b is to principal surface 916. That is to 
say , principal surface 70a faces principal surface 91b , and 
principal surface 70b faces the motherboard . 
[ 0094 ] Semiconductor IC 70C further includes signal elec 
trodes 100C , 120C , and 160C formed on principal surface 
706. Signal electrode 100C corresponds to antenna connec 
tion terminal 100 illustrated in FIG . 1. Signal electrode 120C 
corresponds to reception output terminal 120 illustrated in 
FIG . 1. Signal electrode 160C corresponds to control signal 
terminal 160 illustrated in FIG . 1. PA control circuit 60 
includes an input terminal and an output terminal , and 
receives , via the input terminal through signal electrode 
160C and via conductor 64 , a first control signal output from 
RFIC 3 provided on the motherboard , for example . PA 
control circuit 60 then outputs a second control signal such 
as a digital control signal and direct - current voltage signal 
VDC to power amplifier 10 via the output terminal based on 
the first control signal . In other words , control signal termi 
nal 160 corresponds to the input terminal of PA control 
circuit 60 . 
[ 0095 ] Note that in the present working example , it is 
sufficient so long as at least signal electrode 160C out of 
signal electrodes 100C , 120C , and 160C is formed on 
principal surface 70b . 
[ 0096 ] With the above configuration , since semiconductor 
IC 70C that can be readily reduced in profile is disposed on 
principal surface 91b facing the motherboard , it is possible 
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to reduce the size of radio frequency module 1C . The signal 
transfer path from semiconductor IC 70C to the motherboard 
is not a signal line passing through semiconductor IC 70C , 
a planar line pattern parallel to principal surface 91b of 
module board 91 , and external - connection terminal 150 , but 
is a signal path passing only through signal electrodes 100C , 
120C , and 160C formed on principal surface 70b of semi 
conductor IC 70C . Thus , the radio frequency signals input to 
and output from semiconductor IC 70C can be transferred 
between the motherboard and semiconductor IC 70C by 
passing only though the low - resistance line path , thereby 
enabling reduction of transfer loss of the radio frequency 
signals . Moreover , since a line for transferring the radio 
frequency signals need not be formed between semiconduc 
tor IC 70C and external - connection terminal 150 , it is 
possible to save the surface area of principal surface 916. In 
other words , it is possible to provide small - sized radio 
frequency module 1C having improvement in the signal 
quality of radio frequency signals input to and output from 
semiconductor IC 70C . 
[ 0097 ] Semiconductor IC 70C may further include ground 
electrode 716 formed on principal surface 70b . 
[ 0098 ] This enables reduction of the total number of 
external - connection terminals 150 set to the ground poten 
tial , and thus , the surface area of principal surface 91b can 
be saved . Moreover , disposing ground electrodes 716 
between signal electrodes 100C , 120C , and 160C as illus 
trated in part ( b ) of FIG . 3A enables improvement in 
isolation between switch 50 , low noise amplifier 20 , and PA 
control circuit 60 . 
[ 0099 ] Signal electrode 120C formed on principal surface 
70b is connected to side surface electrode 22 formed on a 
side surface of semiconductor IC 70C . Side surface elec 
trode 22 is connected to a signal electrode formed on 
principal surface 70a . That is to say , signal electrode 120C 
is connected to the signal electrode formed on principal 
surface 70a via side surface electrode 22 . 
[ 0100 ] With this configuration , the radio frequency signals 
output from semiconductor IC 70C are output to the moth 
erboard by passing , not through the inside of semiconductor 
IC 70C from the signal electrode formed on principal 
surface 70a , but through the side surface of semiconductor 
IC 70C and signal electrode 120C , and thus , it is possible to 
reduce the size of semiconductor IC 70C . 
[ 0101 ] Note that , not only signal electrode 120C but also 
signal electrodes 100C and 160C may also be connected to 
a signal electrode formed on principal surface 70a via the 
side surface electrode . 
[ 0102 ] Low noise amplifier 20 and matching circuit 32 are 
connected via electrode 21 formed on principal surface 70a 
of semiconductor IC 70C and a line formed in module board 
91. Further , PA control circuit 60 and power amplifier 10 are 
connected via electrode 61 formed on principal surface 70a 
and a line formed in module board 91 . 
[ 0103 ] As illustrated in FIG . 3A and FIG . 3B , in radio 
frequency module 1C according to the present working 
example , power amplifier 10 , transmission filter 40T , recep 
tion filter 40R , and matching circuits 31 and 32 are surface 
mounted on principal surface 91a ( the first principal surface ) 
of module board 91. Low noise amplifier 20 , switch 50 , and 
PA control circuit 60 are surface - mounted on principal 
surface 91b ( the second principal surface ) of module board 
91 . 

[ 0104 ] In radio frequency module 1C according to the 
present working example , power amplifier 10 is mounted on 
principal surface 91a ( the first principal surface ) . 
[ 0105 ] With this configuration , the heat dissipation path of 
power amplifier 10 can be other than a heat dissipation path 
that passes only through , among the lines provided in 
module board 91 , a planar line pattern of high thermal 
resistance provided along the xy plane direction . Accord 
ingly , it is possible to provide radio frequency module 1C 
having improvement in heat dissipation from power ampli 
fier 10 to the motherboard . Note that from the viewpoint of 
heat dissipation , it is desirable that a heat dissipation com 
ponent be disposed in a region of principal surface 916 
facing the region of principal surface 91a in which power 
amplifier 10 is disposed . Thus , it is desirable that no circuit 
elements be disposed in that region of principal surface 91b . 
[ 0106 ] Furthermore , as illustrated in FIG . 3A , in a plan 
view of module board 91 , it is desirable that a footprint of 
PA control circuit 60 overlap with a footprint of matching 
circuit 31 at least partially , and that power amplifier 10 and 
matching circuit 31 be disposed next to each other . 
[ 0107 ] This configuration makes it possible to shorten the 
line connecting power amplifier 10 and matching circuit 31 , 
thus enabling reduction of transfer loss of transmission 
signals transferred by radio frequency module 1C . Further 
more , since a control line connecting power amplifier 10 and 
PA control circuit 60 can be shortened while securing the 
heat dissipation region of power amplifier 10 , it is possible 
to inhibit digital noise and power supply noise from flowing 
out from the control line . 
[ 0108 ] In the present working example , power amplifier 
10 is disposed on principal surface 91a , and low noise 
amplifier 20 is disposed on principal surface 91b . With this 
configuration , since power amplifier 10 and low noise 
amplifier 20 are disposed with module board 91 interposed 
therebetween , it is possible to improve isolation between 
transmission signals and reception signals . 
[ 0109 ] In radio frequency module 1C according to the 
present working example , external - connection terminals 
150 may be disposed on principal surface 91a . 

4. Arrangement of Circuit Elements of Radio 
Frequency Module 1D according to Working 

Example 3 
[ 0110 ] FIG . 4A is a circuit diagram illustrating part of a 
circuit configuration of radio frequency module 1D accord 
ing to Working Example 3. FIG . 4B is a schematic diagram 
illustrating a cross - sectional configuration of radio fre 
quency module 1D according to Working Example 3. Spe 
cifically , FIG . 4A illustrates a circuit configuration of the 
reception path only of radio frequency module 1D . FIG . 4B 
illustrates a cross - sectional configuration of circuit compo 
nents disposed on the reception path of radio frequency 
module 1D . 
[ 0111 ] Radio frequency module 1D according to Working 
Example 3 is to specifically show an arrangement of circuit 
elements included in radio frequency module 1 according to 
the embodiment illustrated in FIG . 1 . 
[ 0112 ] Radio frequency module 1D according to the pres 
ent working example is different from radio frequency 
module 1 according to the embodiment in that filter 90 is 
disposed , and also different from radio frequency module 1A 
according to Working Example 1 in arrangement of circuit 
components disposed on the reception path . Hereinafter , 
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signals is no longer required , and thus , the surface area of 
principal surface 916 can be saved . In other words , it is 
possible to provide small - sized radio frequency module 1D . 

radio frequency module 1D according to the present work 
ing example will be described , focusing on the aspects 
different from radio frequency module 1A according to 
Working Example 1 and omitting the description of the 
aspects identical to radio frequency module 1A . 
[ 0113 ] Radio frequency module 1D includes antenna con 
nection terminal 100 ( not illustrated in FIG . 4A ) , transmis 
sion input terminal 110 ( not illustrated in FIG . 4A ) , recep 
tion output terminal 120 , power amplifier 10 ( not illustrated 
in FIG . 4A ) , control signal terminal 160 ( not illustrated in 
FIG . 4A ) , PA control circuit 60 ( not illustrated in FIG . 4A ) , 
low noise amplifier 20 , transmission filter 40T ( not illus 
trated in FIG . 4A ) , reception filter 40R , filter 90 , matching 
circuits 31 ( not illustrated in FIG . 4A ) and 32 , and switch 50 
( not illustrated in FIG . 4A ) . 
[ 0114 ] As illustrated in FIG . 4A , in radio frequency mod 
ule 1D , filter 90 is connected between low noise amplifier 20 
and reception output terminal 120 . 
[ 0115 ] Filter 90 is , for example , a low - pass filter having 
the reception band of communication band A as the pass 
band , and includes inductor 94 and capacitors 95 and 96 . 
Inductor 94 is disposed in series on a path connecting input 
terminal 901 and output terminal 902. Capacitor 95 is 
disposed between the ground and a node on a path connect 
ing input terminal 901 and inductor 94. Capacitor 96 is 
disposed between the ground and a node on a path connect 
ing output terminal 902 and inductor 94 . 
[ 0116 ] In radio frequency module 1D having the above 
circuit configuration , semiconductor IC 70D that includes 
low noise amplifier 20 is disposed on principal surface 91b 
of module board 91 as illustrated in FIG . 4B . Matching 
circuit 32 , capacitors 95 and 96 , and inductor 94 ( not 
illustrated in FIG . 4B ) are disposed on principal surface 91a 
of module board 91. Matching circuit 32 is connected to the 
input terminal of low noise amplifier 20 via an electrode 
formed on module board 91 and a line formed in module 
board 91. The output terminal of low noise amplifier 20 is 
connected to capacitor 95 via an electrode formed on 
module board 91 and a line formed in module board 91 . 
Capacitor 95 is further connected to inductor 94 and capaci 
tor 96 ( not illustrated in FIG . 4B ) . Capacitor 96 is further 
connected to signal electrode 120D formed on principal 
surface 70b of semiconductor IC 70D via an electrode 
formed on module board 91 and a line formed in module 
board 91 and penetrating via conductor 23 formed in semi 
conductor IC 70D . That is to say , penetrating via conductor 
23 forms a bypass path that is not for transferring signals 
processed in semiconductor IC 70D but for passing signals 
transferred between the motherboard and the circuit com 
ponents included in radio frequency module 1D other than 
semiconductor IC 70D . Signal electrode 120D corresponds 
to reception output terminal 120 illustrated in FIG . 4A . 
[ 0117 ] With the above configuration , since semiconductor 
IC 70D that can be readily reduced in profile is disposed on 
principal surface 91b facing the motherboard , it is possible 
to reduce the size of radio frequency module 1D . Penetrating 
via conductor 23 formed in semiconductor IC 70D is used as 
a signal transfer path from radio frequency module 1D to the 
motherboard . That is to say , radio frequency signals trans 
ferred between radio frequency module 1D and the moth 
erboard can pass through penetrating via conductor 23 , and 
need not pass through external - connection terminal 150 
disposed on principal surface 91b . This means that external 
connection terminal 150 for transferring the radio frequency 

5. Advantageous Effects Etc. 
[ 0118 ] Radio frequency module 1 includes : module board 
91 including principal surfaces 91a and 91b on opposite 
sides of module board 91 ; semiconductor IC 70 including 
principal surfaces 70a and 70b on opposite sides of semi 
conductor IC 70 ; and external - connection terminal 150 
disposed on principal surface 91b . In radio frequency mod 
ule 1 , principal surface 70a faces principal surface 91b and 
is closer to principal surface 91b than principal surface 70b 
is to principal surface 91b , and semiconductor IC 70 
includes : at least one of ( i ) PA control circuit 60 configured 
to control a radio frequency component using a control 
signal , ( ii ) low noise amplifier 20 configured to amplify a 
reception signal , or ( iii ) switch 50 ; and signal electrodes 
100A , 120A , and 160A which are on principal surface 70b 
and via which semiconductor IC 70 is configured to receive 
or output at least one of a radio frequency signal or the 
control signal . 
[ 0119 ] With the above configuration , since semiconductor 
IC 70 that can be readily reduced in profile is disposed on 
principal surface 91b facing the motherboard , it is possible 
to reduce the size of radio frequency module 1. The signal 
transfer path from semiconductor IC 70 to the motherboard 
is not a signal line passing through semiconductor IC 70 , a 
planar line pattern parallel to principal surface 91b , and 
external - connection terminal 150 , but is a signal path pass 
ing only through signal electrodes 100A , 120A , and 160A 
formed on principal surface 706. Thus , the radio frequency 
signals input to and output from semiconductor IC 70 can be 
transferred between the motherboard and semiconductor IC 
70 by passing only though the low - resistance line path , 
thereby enabling reduction of transfer loss of the radio 
frequency signals . Moreover , since a line for transferring the 
radio frequency signals need not be formed between semi 
conductor IC 70 and external - connection terminal 150 , it is 
possible to save the surface area of principal surface 91b . In 
other words , it is possible to provide small - sized radio 
frequency module 1 having improvement in the signal 
quality of radio frequency signals input to and output from 
semiconductor IC 70 . 
[ 0120 ] Semiconductor IC 70 may further include ground 
electrode 71G on principal surface 70b . 
[ 0121 ] This enables reduction of the total number of 
external - connection terminals 150 set to the ground poten 
tial , and thus , the surface area of principal surface 91b can 
be saved . Moreover , disposing ground electrodes 716 
between signal electrodes 100A , 120A , and 160A enables 
improvement in isolation between switch 50 , low noise 
amplifier 20 , and PA control circuit 60 . 
[ 0122 ] As in radio frequency module 1A according to 
Working Example 1 , signal electrode 120A may be con 
nected to via conductor 24 provided in semiconductor IC 70 . 
[ 0123 ] With this configuration , transfer loss of the radio 
frequency signals transferred by radio frequency module 1A 
can be further reduced . 
[ 0124 ] As in radio frequency module 1C according to 
Working Example 2 , signal electrode 120C may be con 
nected to side surface electrode 22 provided on a side 
surface of semiconductor IC 70C . 
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[ 0125 ] With this configuration , the radio frequency signals 
output from semiconductor IC 70C are output to the moth 
erboard by passing , not through the inside of semiconductor 
IC 70C from a signal electrode formed on principal surface 
70a , but through the side surface of semiconductor IC 70C 
and signal electrode 120C , and thus , it is possible to reduce 
the size of semiconductor IC 70C . 
[ 0126 ] In radio frequency module 1 , semiconductor IC 70 
may include low noise amplifier 20 , an output terminal of 
low noise amplifier 20 may be connected to reception output 
terminal 120 , and signal electrode 120A may be reception 
output terminal 120 . 
[ 0127 ] Accordingly , reception signals amplified by low 
noise amplifier 20 can be transferred to the motherboard 
with low loss . 

[ 0128 ] In radio frequency module 1 , semiconductor IC 70 
may include switch 50 , switch 50 may include a common 
terminal and a plurality of selection terminals and may be 
configured to switch connection between the common ter 
minal and the plurality of selection terminals , the common 
terminal being connected to antenna connection terminal 
100 , and signal electrode 100A may be antenna connection 
terminal 100 . 
[ 0129 ] Accordingly , transmission signals which are to be 
output via antenna connection terminal 100 can be trans 
ferred to the motherboard with low loss , and reception 
signals input to antenna connection terminal 100 from the 
motherboard can be transferred with low loss . 
[ 0130 ] In radio frequency module 1C according to Work 
ing Example 2 , semiconductor IC 70C may include PA 
control circuit 60 , PA control circuit 60 may include an input 
terminal and an output terminal and may be configured to 
output a second control signal to power amplifier 10 via the 
output terminal based on a first control signal received via 
the input terminal , and signal electrode 160C may be the 
input terminal of PA control circuit 60 . 
[ 0131 ] With this configuration , a control line for transfer 
ring the first control signal can be shortened , and thus , it is 
possible to inhibit digital noise and power supply noise from 
flowing out from the control line . 
[ 0132 ] Radio frequency module 1 according to the 
embodiment may further include power amplifier 10 that is 
disposed on principal surface 91a and is configured to 
amplify a transmission signal . In radio frequency module 1 , 
PA control circuit 60 may be configured to output the second 
control signal to power amplifier 10 via the output terminal . 
[ 0133 ] With this configuration , the heat dissipation path of 
power amplifier 10 can be other than a heat dissipation path 
that passes only through , among the lines provided in 
module board 91 , a planar line pattern of high thermal 
resistance provided along the xy plane direction . Accord 
ingly , it is possible to provide radio frequency module 1 
having improvement in heat dissipation from power ampli 
fier 10 to the motherboard . 
[ 0134 ] Radio frequency module 1C according to Working 
Example 2 may further include matching circuit 31 con 
nected to an output terminal of power amplifier 10 and 
including at least one of an inductor or a capacitor . In radio 
frequency module 1C , PA control circuit 60 may be disposed 
on principal surface 916 , matching circuit 31 may be dis 
posed on principal surface 91a , and in a plan view of module 
board 91 , a footprint of PA control circuit 60 may overlap 

with a footprint of matching circuit 31 at least partially , and 
power amplifier 10 and matching circuit 31 may be disposed 
next to each other . 
[ 0135 ] This configuration makes it possible to shorten the 
line connecting power amplifier 10 and matching circuit 31 , 
thus enabling reduction of transfer loss of transmission 
signals transferred by radio frequency module 1C . Further 
more , since a control line connecting power amplifier 10 and 
PA control circuit 60 can be shortened while securing the 
heat dissipation region of power amplifier 10 , it is possible 
to inhibit digital noise and power supply noise from flowing 
out from the control line . 
[ 0136 ] Radio frequency module 1A according to Working 
Example 1 may further include : matching circuit 32 con 
nected to an input terminal of low noise amplifier 20 and 
including at least one of an inductor or a capacitor ; and 
reception filter 40R connected between switch 50 and 
matching circuit 32 and configured to pass the reception 
signal . In radio frequency module 1A , switch 50 may be 
connected between antenna connection terminal 100 and 
reception filter 40R , low noise amplifier 20 and switch 50 
may be disposed on principal surface 91b , matching circuit 
32 and reception filter 40R may be disposed on principal 
surface 91a , and in a plan view of module board 91 , a 
footprint of low noise amplifier 20 may overlap with a 
footprint of matching circuit 32 at least partially , and a 
footprint of switch 50 may overlap with a footprint of 
reception filter 40R at least partially . 
[ 0137 ] This configuration makes it possible to shorten the 
line connecting low noise amplifier 20 and matching circuit 
32 and shorten the line connecting switch 50 and reception 
filter 40R , thus enabling reduction of transfer loss of recep 
tion signals transferred by radio frequency module 1A . 
[ 0138 ] Also , communication device 5 includes : RFIC 3 
configured to process a radio frequency signal which is 
transmitted or received by antenna 2 ; and radio frequency 
module 1 configured to transfer the radio frequency signal 
between antenna 2 and RFIC 3 . 
[ 0139 ] Accordingly , it is possible to provide small - sized 
communication device 5 having improvement in the signal 
quality of radio frequency signals input to and output from 
the semiconductor IC . 

Other Embodiments , Etc. 

[ 0140 ] Although a radio frequency module and a commu 
nication device according to an embodiment of the present 
disclosure have been described based the embodiment , 
working examples , and variations , the radio frequency mod 
ule and the communication device according to the present 
disclosure are not limited to the above embodiment , working 
examples , and variations . The present disclosure also 
encompasses other embodiments implemented by arbitrarily 
combining constituent elements in the above embodiment , 
working examples , and variations , as well as variations 
achieved through various modifications to the above 
embodiment , working examples , and variations that are 
conceivable to a person skilled in the art without departing 
from the essence of the present disclosure , and various 
apparatuses that include the above radio frequency module 
and communication device . 
[ 014 ] For example , in the radio frequency module and 
the communication device according to the above embodi 
ment , working examples , and variations , circuit elements 
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and lines , for instance , may be interposed between circuit 
elements and paths that connect signal paths illustrated in 
the drawings . 
[ 0142 ] Although only some exemplary embodiments of 
the present disclosure have been described in detail above , 
those skilled in the art will readily appreciate that many 
modifications are possible in the exemplary embodiments 
without materially departing from the novel teachings and 
advantages of the present disclosure . Accordingly , all such 
modifications are intended to be included within the scope of 
the present disclosure . 

INDUSTRIAL APPLICABILITY 
[ 0143 ] The present disclosure is widely applicable to 
communication apparatuses such as mobile phones , as a 
radio frequency module disposed in a multiband - compatible 
front - end portion . 

1. A radio frequency module , comprising : 
a module board including a first principal surface and a 

second principal surface on opposite sides of the mod 
ule board ; 

a semiconductor integrated circuit ( IC ) including a third 
principal surface and a fourth principal surface on 
opposite sides of the semiconductor IC ; and 

an external - connection terminal disposed on the second 
principal surface . 

wherein the third principal surface faces the second 
principal surface and is closer to the second principal 
surface than the fourth principal surface is to the second 
principal surface , and 

the semiconductor IC includes 
at least one of ( i ) a control circuit configured to control 

a radio frequency component using a control signal , 
( ii ) a low noise amplifier configured to amplify a 
reception signal , or ( iii ) a switch , and 

a signal electrode disposed on the fourth principal 
surface , and via the signal electrode the semicon 
ductor IC is configured to receive or output at least 
one of a radio frequency signal or the control signal . 

2. The radio frequency module according to claim 1 , 
wherein the semiconductor IC further includes 
a ground electrode on the fourth principal surface . 
3. The radio frequency module according to claim 1 , 
wherein the signal electrode is connected to a via con 

ductor provided in the semiconductor IC . 
4. The radio frequency module according to claim 1 , 
wherein the signal electrode is connected to a side surface 

electrode provided on a side surface of the semicon 
ductor IC . 

5. The radio frequency module according to claim 1 , 
wherein the semiconductor IC includes the low noise 

amplifier 
an output terminal of the low noise amplifier is connected 

to a reception output terminal of the radio frequency 
module , and 

the signal electrode is the reception output terminal . 
6. The radio frequency module according to claim 1 , 
wherein the semiconductor IC includes the switch , 
the switch includes a common terminal and a plurality of 

selection terminals , and is configured to switch con 
nection between the common terminal and the plurality 
of selection terminals , the common terminal being 
connected to an antenna connection terminal , and 

the signal electrode is the antenna connection terminal . 

7. The radio frequency module according to claim 1 , 
wherein the semiconductor IC includes the control circuit , 
the control circuit includes an input terminal and an 

output terminal , and is configured to output a second 
control signal to the radio frequency component via the 
output terminal based on a first control signal received 
via the input terminal , and 

the signal electrode is the input terminal of the control 
circuit . 

8. The radio frequency module according to claim 7 , 
further comprising : 

a power amplifier that is disposed on the first principal 
surface and is configured to amplify a transmission 
signal , 

wherein the control circuit is configured to output the 
second control signal to the power amplifier via the 
output terminal . 

9. The radio frequency module according to claim 8 , 
further comprising : 

a first impedance matching circuit connected to an output 
terminal of the power amplifier and including at least 
one of an inductor or a capacitor , 

wherein the control circuit is disposed on the second 
principal surface , 

the first impedance matching circuit is disposed on the 
first principal surface , and 

in a plan view of the module board , a footprint of the 
control circuit overlaps with a footprint of the first 
impedance matching circuit at least partially , and the 
power amplifier and the first impedance matching cir 
cuit are disposed next to each other . 

10. The radio frequency module according to claim 1 , 
further comprising : 

an impedance matching circuit connected to an input 
terminal of the low noise amplifier and including at 
least one of an inductor or a capacitor ; and 

a filter connected between the switch and the impedance 
matching circuit , and configured to pass the reception 
signal , 

wherein the switch is connected between an antenna 
connection terminal and the filter , 

the low noise amplifier and the switch are disposed on the 
second principal surface , 

the impedance matching circuit and the filter are disposed 
on the first principal surface , and 

in a plan view of the module board , a footprint of the low 
noise amplifier overlaps with a footprint of the imped 
ance matching circuit at least partially , and a footprint 
of the switch at least partially overlaps with a footprint 
of the filter . 

11. A communication device , comprising : 
an antenna ; 
a radio frequency ( RF ) signal processing circuit config 

ured to process a radio frequency signal which is 
transmitted or received by an antenna ; and 

the radio frequency module configured to transfer the 
radio frequency signal between the antenna and the RF 
signal processing circuit , the radio frequency module 
including 

a module board including a first principal surface and a 
second principal surface on opposite sides of the mod 
ule board , 
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a semiconductor integrated circuit ( IC ) including a third 
principal surface and a fourth principal surface on 
opposite sides of the semiconductor IC , and 

an external - connection terminal disposed on the second 
principal surface , 

wherein the third principal surface faces the second 
principal surface and is closer to the second principal 
surface than the fourth principal surface is to the second 
principal surface , and 

the semiconductor IC includes 
at least one of ( i ) a control circuit configured to control 

a radio frequency component using a control signal , 
( ii ) a low noise amplifier configured to amplify a 
reception signal , or ( iii ) a switch , and 

a signal electrode disposed on the fourth principal 
surface , and via the signal electrode the semicon 
ductor IC is configured to receive or output at least 
one of a radio frequency signal or the control signal . 

12. The communication device according to claim 11 , 
wherein the semiconductor IC further includes 
a ground electrode on the fourth principal surface . 
13. The communication device according to claim 11 , 
wherein the signal electrode is connected to a via con 

ductor provided in the semiconductor IC . 
14. The communication device according to claim 11 , 
wherein the signal electrode is connected to a side surface 

electrode provided on a side surface of the semicon 
ductor IC . 

15. The communication device according to claim 11 , 
wherein the semiconductor IC includes the low noise 

amplifier , 
an output terminal of the low noise amplifier is connected 

to a reception output terminal of the radio frequency 
module , and 

the signal electrode is the reception output terminal . 
16. The communication device according to claim 11 , 
wherein the semiconductor IC includes the switch , 
the switch includes a common terminal and a plurality of 

selection terminals , and is configured to switch con 
nection between the common terminal and the plurality 
of selection terminals , the common terminal being 
connected to an antenna connection terminal , and 

the signal electrode is the antenna connection terminal . 
17. The communication device according to claim 11 , 
wherein the semiconductor IC includes the control circuit , 
the control circuit includes an input terminal and an 

output terminal , and is configured to output a second 

control signal to the radio frequency component via the 
output terminal based on a first control signal received 
via the input terminal , and 

the signal electrode is the input terminal of the control 
circuit . 

18. The communication device according to claim 17 , 
wherein the radio frequency module further comprising : 

a power amplifier that is disposed on the first principal 
surface and is configured to amplify a transmission 
signal , 

wherein the control circuit is configured to output the 
second control signal to the power amplifier via the 
output terminal . 

19. The communication device according to claim 18 , 
wherein the radio frequency module further comprising : 

a first impedance matching circuit connected to an output 
terminal of the power amplifier and including at least 
one of an inductor or a capacitor , 

wherein the control circuit is disposed on the second 
principal surface , 

the first impedance matching circuit is disposed on the 
first principal surface , and 

in a plan view of the module board , a footprint of the 
control circuit overlaps with a footprint of the first 
impedance matching circuit at least partially , and the 
power amplifier and the first impedance matching cir 
cuit are disposed next to each other . 

20. The communication device according to claim 11 , 
wherein the radio frequency module further comprising : 

an impedance matching circuit connected to an input 
terminal of the low noise amplifier and including at 
least one of an inductor or a capacitor ; and 

a filter connected between the switch and the impedance 
matching circuit , and configured to pass the reception 
signal , 

wherein the switch is connected between an antenna 
connection terminal and the filter , 

the low noise amplifier and the switch are disposed on the 
second principal surface , 

the impedance matching circuit and the filter are disposed 
on the first principal surface , and 

in a plan view of the module board , a footprint of the low 
noise amplifier overlaps with a footprint of the imped 
ance matching circuit at least partially , and a footprint 
of the switch at least partially overlaps with a footprint 
of the filter . 


