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<P>PROBLEM TO BE SOLVED: To improve a higher
harmonic distortion characteristics of an antenna switch.
<P>SOLUTION: An antenna is connected to an antenna
terminal 2 of an antenna switch, a first transfer switch 100
is connected between a first signal terminal 3 and the
antenna terminal 2, and a second transfer switch 101 is
connected between a second signal terminal 4 and the
antenna terminal 2. A first shunt switch 102 is connected
between the first signal terminal 3 and a ground potential,
and a second shunt switch 103 is connected between
the second signal terminal 4 and the ground potential. An
input 10 of a negative voltage generating circuit 104 can
respond to a transmission signal supplied to the first
signal terminal 3, and the second transfer switch 101 and
the first shunt switch 102 are controlled into OFF state in
response to a negative voltage generated at an output
terminal 11. <P>COPYRIGHT: (C)2011,JPO&INPIT
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Claims

Al

[MT]
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CLERBETRTUOTFTARAY T

1.

An antenna switch comprising a first signal terminal, a
second signal terminal, a first control terminal, a second
control terminal, and an antenna terminal,

An antenna can be connected to the antenna terminal,
and either the reception signal received by the antenna
or the transmission signal transmitted by the antenna can
be supplied to the first signal terminal and the second
signal terminal Or can be generated,

A signal path of a first transfer switch is connected
between the first signal terminal and the antenna
terminal, and on / off control of the signal path of the first
transfer switch is supplied to the first control terminal. Can
be controlled by the level of one control voltage,

A signal path of a second transfer switch is connected
between the second signal terminal and the antenna
terminal, and on / off control of the signal path of the
second transfer switch is supplied to the second control
terminal. 2 Controllable by the level of control voltage,

A signal path of a first shunt switch is connected between
the first signal terminal and a ground potential, and on /
off control of the signal path of the first shunt switch is
performed by turning on and off the signal path of the first
transfer switch.- It can be controlled to the on / off state
opposite to the off control,

A signal path of a second shunt switch is connected
between the second signal terminal and the ground
potential, and on / off control of the signal path of the
second shunt switch is performed on the signal path of
the second transfer switch. It can be controlled to the on /
off state opposite to the on / off control,

The antenna switch further includes a negative voltage
generation circuit,

An input terminal of the negative voltage generation
circuit can respond to the transmission signal supplied to
the first signal terminal, and the second transfer switch in
response to a negative voltage generated at the output
terminal of the negative voltage generation circuit The
antenna switch, wherein the signal path of the first shunt
switch and the signal path of the first shunt switch can be
controlled to be in an off state.
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2.

FBRE1ICHSWVT,

BREE 1 BEAS Y FORRESERN T RECH
HENFRE2BERAMY FORMEBESERF T 7R
RBICHBEEZIIRIC, EASEERERORRAD
mFRARE1EERFIMBENIFAREEESK
BEWRREEh, MRAEEEREKOFEH KT
CERENZIABECAELTHRE2ERRA(YF
DHRESBEEHRE1 Y NRASM Y FOHIRE
SREBLETTRECHBIREEEZND
CEERBMEIDTUOTTARAYTF,

2.

In claim 1,

When the signal path of the first transfer switch is
controlled to be on and the signal path of the second
transfer switch is controlled to be off, the input terminal of
the negative voltage generation circuit is connected to
the first signal terminal. The signal path of the second
transfer switch and the signal path of the first shunt
switch are responsive to the supplied transmission signal
and responsive to a negative voltage generated at the
output terminal of the negative voltage generation circuit
Is an antenna switch that can be controlled to an off

state.
3. 3.
BRE2CHVT, In claim 2,

ARF1BRRAIYFRY—A: RLAVERNEST]
BREhEE10EROEXERMRINT VDAL E
Bk, HEF1OEBOEEXBERAMRINSZ T AED
BEiERENLARY —A RLAVRBRICK 2 TH
RE1EERAMY FORMLESREBNERE ., FIR
B10EBROERERAMRINZ VIAROEROT —
MCRRIREE 1 HRFICHfIGE 2RI E 1 FIHE
EAXfiETReE h,
AREF2BERAIYFRY—A: RLAVERNET
BEREAEF20EBOEEIBRAMRNS VAL E
Bk, HRB20EBOEEXBERAMRINS I AED
BEiERENLLARY —A RLAVRBRICK 2 TH
RE2EERA( Y FOREESRBNERE ., FIi
B20EBOERERMRINS D IAROEROT —
MCRRIRE 2 MR FICHIGE N2 AIRE 2 HIHE
EANXfiemeEh,

AMRE1Z Y RAMYFRY—A RLAVERY
BIERENLEE1O0OEROS Y NERMRINS >
DALERHR, RE1OEHO Y NERYDRL
SUTVAZOESEREhLEARY A RLAVE
BICL>THRE1Z Y MAMY FORRBESER
FEREN, FIRE1OERO Y FNEBRYMRNS
DIOAZOBEBOT— NIRRT AEEE LR ERO
RHNRFCEREhIACEEENIgTREE S
LN

MRE2 Y RRAMYFRY—A: RLAVERY
BEiEGENEE20EBO v NERBRINF >
DARERKR, BIRE20EBO Y NERYBRL
ZUDAZOENERENERMEY—A RLAVE
BICK>THIRRE 2D v MRS Y FORIRESER
FERE LD

CEERBMEIDTUOTTARAYTF,

The first transfer switch includes a first plurality of transfer
field effect transistors having source / drain paths
connected in series, and the first transfer switch includes
the first transfer field effect transistors connected in series
by the source / drain paths connected in series. The
signal path of one transfer switch is formed, and the first
control voltage supplied to the first control terminal can be
supplied to a plurality of gates of the first plurality of
transfer field effect transistors,

The second transfer switch includes a second plurality of
transfer field effect transistors having source / drain paths
connected in series, and the second transfer switch
includes the second transfer field effect transistors
connected in series by the source / drain paths
connected in series. The signal path of the second
transfer switch is formed, and the second control voltage
supplied to the second control terminal can be supplied
to the plurality of gates of the second plurality of transfer
field effect transistors;

The first shunt switch includes a first plurality of shunt
field effect transistors having source / drain paths
connected in series, and the first shunt switch includes
the first shunt field effect transistors connected in series
by the source / drain paths connected in series. The
signal path of one shunt switch is formed, and the
negative voltage generated at the output terminal of the
negative voltage generation circuit can be supplied to the
plurality of gates of the first plurality of shunt field effect
transistors,

The second shunt switch includes a second plurality of
shunt field effect transistors having source / drain paths
connected in series, and the second shunt switch
includes the second shunt field effect transistors
connected in series by the source / drain paths
connected in series. An antenna switch, wherein the
signal path of a two-shunt switch is formed.
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4.

FBREAILCHWVT,

ARE1 Y NAMY FORRESEBO—mE M
me, B1RBEE2RBLENLTHEE 1S
RFELACESHBUNE CZTNTNEREIIALELEDNTSH
U

HRE2 YR AMYFORMBESEBRO—IRE A
mERF, FEIRBEFIRBEENLTHIRE2ES
IRFEAREMBNE CTNTNERIIALELENTS
3

4.

In claim 3,

One end and the other end of the signal path of the first
shunt switch are respectively connected to the first signal
terminal and the ground potential via a first capacitor and
a second capacitor,

One end and the other end of the signal path of the
second shunt switch are respectively connected to the
second signal terminal and the ground potential via a
third capacitor and a fourth capacitor. Antenna switch to

CEERBETDITUOTFFARAY T, be used.
5. 5.
BRE4LCHWVT, In claim 4,

ART7UTTAMY TR, thOBBEEREREZEIC
REL T,
ARRMEOEEELEREBOANIKRFRIACE 25K
FEftieE NI AIRERESCAETRE S h, IR
tHORBELEREBROEIRFICEREIIABEL
WELUTHRE1BRRAS Y FORRESEE AR
B2OY U NAMY FOHIRESREL EF7RELC
HETREEET D
CELERBEIDTUOTTARAYTF,

The antenna switch further includes another negative
voltage generation circuit,

An input terminal of the other negative voltage generation
circuit is capable of responding to the transmission signal
supplied to the second signal terminal, and in response
to a negative voltage generated at an output terminal of
the other negative voltage generation circuit, The
antenna switch, wherein the signal path of the first
transfer switch and the signal path of the second shunt
switch can be controlled to be in an off state.

6.

FREALCHEVT,

ARAEEERERLE. F1RAEELERERBREE2E
BEE4EREBREESH.
HEX1ABEEEREROADIRFIAZLE 155K
FILHieEc hrAIRRAGRESCAETREE h, AR
F1RBEEREBOHNIRFICERENDIARELC
WELUTHRE 1S v MRS Y FORIRESERE
A7RECHBAEL E N,
ARE2ABEEREROADIRFRIAZLE 2EER
1Y FORIRESEBRTEIERENLFTLE20E
BOBERERMRINZVOAZORBAERRICERE
NZBRMREEESCHETREEh, MRE28ERE
EREROHNREFICERENZIEBECHEL TH
RE2EERAM Y FORLESERGF 7 RECHE
AREEEhD

CLERBEIDTUTFTARAAY T

6.

In claim 4,

The negative voltage generation circuit includes a first
negative voltage generation circuit and a second
negative voltage generation circuit,

The input terminal of the first negative voltage generation
circuit is capable of responding to the transmission signal
supplied to the first signal terminal, and in response to the
negative voltage generated at the output terminal of the
first negative voltage generation circuit, The signal path
of the first shunt switch is controllable to an off state;

The input terminal of the second negative voltage
generation circuit is responsive to an interstage
transmission signal generated at an interstage
connection point of the second plurality of transfer field
effect transistors connected in series in the signal path of
the second transfer switch. An antenna switch, wherein
the signal path of the second transfer switch is enabled in
response to a negative voltage generated at an output
terminal of the second negative voltage generation
circuit.

7.

FREALHEWVT,
HRFUTTAAMY TR, B3IFEHRTFEELIESRH
FLEIHBURFEF4HPRFEEIREELERE
BREBEIABEEREAREESABELEHAREEE

7.

In claim 4,

The antenna switch further includes a third signal
terminal, a fourth signal terminal, a third control terminal, a
fourth control terminal, a third negative voltage
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MEEIRAEEEREABEOA DK FRIEE 255K
FEEh2 R EEESICHETREEE L, FIRE
HIBBELEREEOH IR FICEREIZEEBE
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B2V NAAMYFOHIRBESERERG T 7REL
HEgEE s h,
AREEIBEERFEAHBT T T HFEORBICEES
BEXAMYTFOESEENIEREh, AIREIBER
1Y FORHBESREEOF - A7HBFFFEE 3 H
HEFICHGEZIEIFPEEOLARIICEK > TH
g h,

A4 G RFEHBT T T HRFEOREICEE4
EXRAMYFOESERFERE A, HREIBEA
1Y FORBESREOL - F7HBEHEEIH
HRFICHBE NI BA4FHBEEDLARILICK>TH
g h,

MREEIEEAIYFRY—R RLAVEBBNIEY
BEREhEFEIOBBOGEEBERMRENS OO AR E
Edh, NEEIOEBOEEERMRENS VI AEZD
BEiEHREnAmREY —A- RLAVEBEICE>TH
REIEEAMYFORRESBEI AT, G
EINEBOEBEERMRENS VAR OEBERO S —
MCEFIREE I HEARFICHRBETIIAREIFPE
ENfREEEE h,

MREIBEEAIYTFRY—R RLAVBBNIETY
BEREIhEFIO0BBOGEEERMRENS DD AR %E
BHk, HREIOEBOBEEXERAMWRINZVIZAED
BEiEHREnAREY —A- RLAVEBEICE>TH
REABZEA(YFORRESBEIr AT, G5
BFANEBOBEBRUMRENS VDS AZOEBHRO S —
FCEAIREE 4R FICRBETIIF4HHEESN
ftigmgee E h,
MEF48BFEREBOA DG TRIREIEEA
1Y FORRERESRETEIERE NMNLEINE
BOEZRERVMENS VD AAOBEEBERRICERE
h2BEXEGSICAETREEh, FIKEI8CE
EREBEOEIBFICERETNDABEICKEL TH
REIBEEASMYFORRESEBE A 7RECHE
AREE & h,
MEESAEFEREBOA DG TRIREIEEA
1Y FOHRBESEECEINERE W TREINE
BOEZRERVMENS VD AZNBEEBERRICERE
h2BEXEGSCAETREEh, HIKESEERE
EREBEOHIBFICERETNDABEICKAEL TH
REABEAMY FORRESEBE A 7RECHE
mMEEEETnd

CLERBBETBITUOTTAAY T,

generation circuit, a fourth negative voltage generation
circuit, and a fifth negative voltage generation circuit. And
The input terminal of the third negative voltage
generation circuit is capable of responding to the
transmission signal supplied to the second signal
terminal, and in response to the negative voltage
generated at the output terminal of the third negative
voltage generation circuit, The signal path of the first
transfer switch and the signal path of the second shunt
switch can be controlled to be in an off state,

A signal path of a third transfer switch is connected
between the third signal terminal and the antenna
terminal, and on / off control of the signal path of the third
transfer switch is supplied to the third control terminal. 3
Controllable by the level of control voltage,

A signal path of a fourth transfer switch is connected
between the fourth signal terminal and the antenna
terminal, and on / off control of the signal path of the
fourth transfer switch is supplied to the fourth control
terminal. 4 Controllable by the level of control voltage,
The third transfer switch includes a third plurality of
transfer field effect transistors having source / drain paths
connected in series, and the third transfer switch includes
the third transfer field effect transistors connected in
series by the source / drain paths connected in series.
The signal path of the three transfer switches is formed,
and the third control voltage supplied to the third control
terminal can be supplied to the plurality of gates of the
third plurality of transfer field effect transistors,

The fourth transfer switch includes a fourth plurality of
transfer field effect transistors having source / drain paths
connected in series, and the fourth transfer switch
includes the fourth transfer field effect transistors
connected in series by the source / drain paths
connected in series. The signal path of the four transfer
switches is formed, and a fourth control voltage supplied
to the fourth control terminal can be supplied to a plurality
of gates of the fourth plurality of transfer field effect
transistors;

An input terminal of the fourth negative voltage
generating circuit is responsive to an interstage
transmission signal generated at an interstage
connection point of the third plurality of transfer field effect
transistors connected in series in the signal path of the
third transfer switch. And the signal path of the third
transfer switch can be controlled to be in an off state in
response to a negative voltage generated at an output
terminal of the fourth negative voltage generation circuit.
The input terminal of the fifth negative voltage generation
circuit is responsive to an interstage transmission signal
generated at an interstage connection point of the fourth
plurality of transfer field effect transistors connected in
series in the signal path of the fourth transfer switch. The
antenna switch, wherein the signal path of the fourth
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transfer switch is enabled in response to a negative
voltage generated at an output terminal of the fifth

negative voltage generation circuit

8.

BRE7EHEVT,
ARFE48EEEREBROMEADRFERRLEIE
BRAMYFORREINEBROERERMRINZ D
AZOHRBRBMERREOBES LU ESAEELE
BEBOEADRFERRE 4EERACY FORGE
FANEROEERERAMRNZ VI AR OB
BRICGITERESRIMERE N,
O—-NYROB1EEESFE1E5HTFCHBETL
PHRACR. ETERERIAEZERERICHBE
h, BIRA—NY RORARKI)EFELVAREO/NA
NOROB2EBERENB2FTHTFIEHMAEENZE
Bl RTERRRBE NS ERERCHBE D
CEERBMEIDTUOTTARAY T,

8.

In claim 7,

Between the input terminal of the fourth negative voltage
generation circuit and the interstage connection point of
the third plurality of transfer field effect transistors of the
third transfer switch, and the input terminal of the fifth
negative voltage generation circuit A variable attenuator
is connected to the interstage connection point of the
fourth plurality of transfer field effect transistors of the
fourth transfer switch,

When the low-band first transmission signal is supplied to
the first signal terminal, the variable attenuator is
controlled to a large attenuation, and the high-band
second transmission signal having a frequency higher
than the low-band frequency is the second. When
supplied to a signal terminal, the variable attenuator is
controlled to have a small attenuation amount.
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RFENBERET VT FTA(YFERBIZDEAKR
ED21-0THHT,
HRFUTTAMY TR, B1EERTFEE2ESH
FEE1HERTFER 2HPRFETOTIRFLEE
REL T,
ART7UTTRFICETTFIEREATREEE A, &
RE1ESHKFENEE 2GBTS RTFERARTTF
KL 2 TEBENBIEB/FEILHMEBT TFHIEEDT
REChIRBERELOVThANHETELFLE
ERATEE T,
AMREE1ESRFEAMRETTTRFEORICHE 1
BEXA(YTFORESEBNERE I, AIRE 1&ER
1Y FORRESEROT - F7HBEFLE 14
HEFCHEEN2E18HEEDOLARILICK>TH
e & h,

AR 2EBRFLEAMET U TTRFEOMICBE 2
BEXA(YTFORSEBRNERE L, SIRE2EER
1Y FORIRESRENOT - A7 HBEAEE 2 4
HiEFICHBENIE2HHEEDOLARILICK 2 TH
ke,

HEE 1EERFEEMEBENEOBIEE 1Y MR
1Y FOESEBIFEREh, SIRE1 YRR
1Y FORRESEBENOTY - FT7HBIALE 18&
EASY FORIRESEBOFMEAY - F7HBER
NOAY - F7RECHPATRERES A,

HRRF 2SR FEniEENEOMIE2S v
RAAY FOESREN EREh, AIRFE2 v b
AAYFORIRESEBEOT - F7HEBIRESE 2
BEAMY FORBESRBOFRAY - F76MHE
EROA> - 77RECHBAEEE h,
HRFPUTTAMY TR, ABRELEREBREEICERE
LT.
ARAEEEREBOANRFRIALE1ESHFIC
fiGEhIAMREEESCHETREEh, FIRKAE
E4REBROHDRFCEREIIEBECRSELT
ARE2BERAMY FORRESRBEMRBE1S v
YRRV FORIRESER L BT 7 RECHH TR
L (R

CEERBMEIITARED 1),

9.

A high-frequency module comprising an RF power
amplifier and an antenna switch,

The antenna switch includes a first signal terminal, a
second signal terminal, a first control terminal, a second
control terminal, and an antenna terminal,

An antenna can be connected to the antenna terminal,
and either the reception signal received by the antenna
or the transmission signal transmitted by the antenna can
be supplied to the first signal terminal and the second
signal terminal Or can be generated,

A signal path of a first transfer switch is connected
between the first signal terminal and the antenna
terminal, and on / off control of the signal path of the first
transfer switch is supplied to the first control terminal. Can
be controlled by the level of one control voltage,

A signal path of a second transfer switch is connected
between the second signal terminal and the antenna
terminal, and on / off control of the signal path of the
second transfer switch is supplied to the second control
terminal. 2 Controllable by the level of control voltage,

A signal path of a first shunt switch is connected between
the first signal terminal and a ground potential, and on /
off control of the signal path of the first shunt switch is
performed by turning on and off the signal path of the first
transfer switch.- It can be controlled to the on / off state
opposite to the off control,

A signal path of a second shunt switch is connected
between the second signal terminal and the ground
potential, and on / off control of the signal path of the
second shunt switch is performed on the signal path of
the second transfer switch. It can be controlled to the on /
off state opposite to the on / off control,

The antenna switch further includes a negative voltage
generation circuit,

An input terminal of the negative voltage generation
circuit can respond to the transmission signal supplied to
the first signal terminal, and the second transfer switch in
response to a negative voltage generated at the output
terminal of the negative voltage generation circuit The
signal path and the signal path of the first shunt switch
can be controlled to be in an off state.
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10.

FBREILCHEWVWT,

BREE 1 BEAS Y FORRESERN T RECH
HENFRE2BERAMY FORMEBESERF T 7R
RICHBEEZIIKRIC, IEESEERERORRAD
mFRARE1EERFIMBENIFAREEESLC
BEWgREEh, MRAEEERERKOFEH DR T
CERENZIABECAELTHRE2ERRA(YF
DHIRESBEEHRE1 Y NASM Y FOHIRE
EREBLBFATRECHBIREEID
CEERBMEIITARED 1),

10.

In claim 9,

When the signal path of the first transfer switch is
controlled to be on and the signal path of the second
transfer switch is controlled to be off, the input terminal of
the negative voltage generation circuit is connected to
the first signal terminal. The signal path of the second
transfer switch and the signal path of the first shunt
switch are responsive to the supplied transmission signal
and responsive to a negative voltage generated at the
output terminal of the negative voltage generation circuit
Is a high-frequency module that can be controlled to an

off state.
11. 1.
BRE10LCHBVT, In claim 10,

ARF1BRRAIYFRY—A: RLAVERNET]
BREhLEE10EROEEXERMRINT VDO ARE
Bk, HEF1OEBOEEXBERAMRINSZ T AED
BEiERENLARY —A RLAVRBRICK 2 TH
RE1EERAMY FOREESEBNERE ., FIR
B10EBROERERMRINS D IAROEROT—
MCRRIREE 1 HRFICfIGE 2RI E 1 FINE
EAXiETRReE .,
AREF2BERAIYFRY—A: RLAVERNET
BEREAEF20EBOEEIBRAMRNS VI8 E
Bk, HRB20EBOEEXERAMRINS I AED
BEiERENLLARY —A RLAVRBRICK 2 TH
RE2EERA( Y FOREESRBNERE ., FIi
B20EBOERERMRINSVIAROEROT —
MCRRIRE 2 MR FICHIGE N2 AIRE 2 HIHE
EAXfiemeEh,

BMRE1Z Y RAMYFRY—A RLAVERY
BIERENLLE10EROS Y NERMRINS >
DALERHR, WRE1OEHO Y NERYDRL
SUTVAZOESEREhEARY A RLAVE
BICK>THRE1Z Y MAMY FORRBESER
FEEEN, FIRE1OERO Y FNERYMRNS
DIAZOBEBOT— N CRARRAEE LR ERO
RHNIRFCEREhIACEEENfHIgTREE S
LN

MRE2 Y RAMYFRY—AR: RLAVERY
BEiERENEE20EBO v NERBRINSF >
JARERKR, BIRE20EBO Y NERYIRL
ZUDAZOENERENERMEY—A RLAE
BICK>THIRRE 2D v MRS Y FORIRESER
FERE LD

CEERBMEIIBEARED 1 -,

The first transfer switch includes a first plurality of transfer
field effect transistors having source / drain paths
connected in series, and the first transfer switch includes
the first transfer field effect transistors connected in series
by the source / drain paths connected in series. The
signal path of one transfer switch is formed, and the first
control voltage supplied to the first control terminal can be
supplied to a plurality of gates of the first plurality of
transfer field effect transistors,

The second transfer switch includes a second plurality of
transfer field effect transistors having source / drain paths
connected in series, and the second transfer switch
includes the second transfer field effect transistors
connected in series by the source / drain paths
connected in series. The signal path of the second
transfer switch is formed, and the second control voltage
supplied to the second control terminal can be supplied
to the plurality of gates of the second plurality of transfer
field effect transistors;

The first shunt switch includes a first plurality of shunt
field effect transistors having source / drain paths
connected in series, and the first shunt switch includes
the first shunt field effect transistors connected in series
by the source / drain paths connected in series. The
signal path of one shunt switch is formed, and the
negative voltage generated at the output terminal of the
negative voltage generation circuit can be supplied to the
plurality of gates of the first plurality of shunt field effect
transistors,

The second shunt switch includes a second plurality of
shunt field effect transistors having source / drain paths
connected in series, and the second shunt switch
includes the second shunt field effect transistors
connected in series by the source / drain paths
connected in series. A high-frequency module, wherein
the signal path of a two-shunt switch is formed.
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12.

FRE11EHVT,

ARE1 Y NAMY FORRESEBO—mE M
me, B1RBEE2RBLENLTHEE 1S
RFELACESHBUNE CZTNTNEREIIALELEDNTSH
U

HRE2 YR AMYFORMBESEBRO—IRE A
mERF, FEIRBEFIRBEENLTHIRE2ES
ImFEAREMBNE CTNThEREIS
CLERBMEIDBARED 1 -,

12.

In claim 11,

One end and the other end of the signal path of the first
shunt switch are respectively connected to the first signal
terminal and the ground potential via a first capacitor and
a second capacitor,

One end and the other end of the signal path of the
second shunt switch are respectively connected to the
second signal terminal and the ground potential via a
third capacitor and a fourth capacitor. .

13.

FRE12CHVT,
HRFPUTTAMY TR, thORBEEREREZEIC
REL T,

AN EEEEREROADRFRIAZLE 2F5K
FILHieEchrAIREAGRESCAETREE h, AR
O BELEREBROEIRFICERETIIEBEL
BWELUTHRE1BEEAMY FORRESER LA
FB2OY U PAMY FOHIRESREL EF7TREL
HETREEE D
CLERBEIZ/AKRED 1),

13.

In claim 12,

The antenna switch further includes another negative
voltage generation circuit,

An input terminal of the other negative voltage generation
circuit is capable of responding to the transmission signal
supplied to the second signal terminal, and in response
to a negative voltage generated at an output terminal of
the other negative voltage generation circuit, The high-
frequency module, wherein the signal path of the first
transfer switch and the signal path of the second shunt
switch can be controlled to be in an off state.

14.

ERE12EH5VT,

M EEEEREREG, F18EEEREREE 2R
BELEREBREEZSH.

MR 1 ABEEEREROADIRFRIAEE 155K
FEMEE NI HAREFFESCAETRE S h, IR
F1AEE4EREBOHIRFICERTNIABELC
WEUTHRE1S Y MRS Y FORRESEREG
F7RECHBAREEE h,
ARE2RAEEEREBROA DR FRIAEE 2EER
1Y FOHIRESEBRTEIRRENLLE20E
BOEXBERMRIN S VOAROBRBERRICERE
NIBRMEEESCHETREEh, WLFE288EE
EREBROHDRFCERENIEEECSELTH
RE2BEERAM Y FORRLESERLE T 7 RECHH
AREEE D

CEERMEIDIEARED 1),

14.

In claim 12,

The negative voltage generation circuit includes a first
negative voltage generation circuit and a second
negative voltage generation circuit,

The input terminal of the first negative voltage generation
circuit is capable of responding to the transmission signal
supplied to the first signal terminal, and in response to the
negative voltage generated at the output terminal of the
first negative voltage generation circuit, The signal path
of the first shunt switch is controllable to an off state;

The input terminal of the second negative voltage
generation circuit is responsive to an interstage
transmission signal generated at an interstage
connection point of the second plurality of transfer field
effect transistors connected in series in the signal path of
the second transfer switch. The high frequency module,
wherein the signal path of the second transfer switch can
be controlled to be in an off state in response to a
negative voltage generated at an output terminal of the
second negative voltage generation circuit.

15.

ERE12EH5VT,
HRFYTTAAMY TR, B3IFTRWFEE4BESH
FLEIHBRFEFA4HPRFEEIABELERE
BEBAABREEREAREESAEELERAREEE
ICRELT,

15.

In claim 12,

The antenna switch further includes a third signal
terminal, a fourth signal terminal, a third control terminal, a
fourth control terminal, a third negative voltage
generation circuit, a fourth negative voltage generation
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AL SAEELEREROADRFRIALE 2F5R
FEBEENIAREBFESCAETRE S N, FIRE
FEIRBELEREBOHIRFICERENIABELC
BELUTHRE1BEERMY FORRESEB AR
FB2¥ U PNAAYFORIRESEBRL BT 7TRELC
HTREE T h,

MR IEBRFLAMLT U TTRFEOMIBGES
BEXA(YTFORSEBRNERE N, SIREIEER
1Y FORIRESRBENT - A7 HBEAFEE 3
HiEFICHRE NI EIHHEEDOLARILICK2>TH
fAagEL & h,
HREE4EERFEHMET O TTRFIEOBICEE4
BEAMYTFORESRBENEREh, AIREIBER
1Y FORIRESRBEOT - A7 HBEAFE 4
HEFICHBENZIF4FHEEDOLARILICE > TH
gL E h,

AMREIBEARAMYFREY—A RLAVERHNIES
BEREChEBEINEBROEXBEAMRINS VI AL E
Bk, HREINVEBOEEIBEAMRINS VI AED
EIERENLAEY —A RLAVRBIC& 2 TH
REIBEERAM Y FORRLESEBIRE h, AR
FINEROEEXBRAMRRNS VAR OEHROT —
MR HETRES 3 HMR FICHIGET N2 HIRE 3 FIHE
EXfiaagesh,
HRFIBERAMYTFREY—R RLAVERHIES
BEREhEFADEBROEEIBEANRINS VO AL%E
Bk, HRFI4VEBOEEIBEAMRINS VAL D
BEiERENLLAEY —A RLAVRBEBIC& 2 TH
REAEERA( Y FOREESEBNERE . #IR
FANEBROEEXRERAMRINZ VIAROEHROT —
MCRRIRRE 4 HRFICHIBET NI F 4 FIHEELY
gL E h,
AMER4ABEERBEROADRFRIARLEIRER
1Y FORIRESEBTEINRRE NEAELEINE
BOEXBERMRIN S VOAROBRBERRICERE
NPBRMEGFESCHETREEh, KEF488E
EREBROHNRFCEREhZEEECAEL TH
REIEERAS Y FORLESERGE A7 RECHE
AL Eh,

AMEES ABEEREROADRFRIALE4RER
1Y FORRESEBTEINRRE NEIELE4I0E
BOEXERMRIN S VDA OBRBERRICERE
NIBRMEGFESCHETREEh, LS ABE
EREBROHDRFICEREhZIEEECAEL TH
REAEERA( Y FORLESERG A 7 RECHE
AREEE D

CLERBEIZBAKRED 1),

circuit, and a fifth negative voltage generation circuit. And
The input terminal of the third negative voltage
generation circuit is capable of responding to the
transmission signal supplied to the second signal
terminal, and in response to the negative voltage
generated at the output terminal of the third negative
voltage generation circuit, The signal path of the first
transfer switch and the signal path of the second shunt
switch can be controlled to be in an off state,

A signal path of a third transfer switch is connected
between the third signal terminal and the antenna
terminal, and on / off control of the signal path of the third
transfer switch is supplied to the third control terminal. 3
Controllable by the level of control voltage,

A signal path of a fourth transfer switch is connected
between the fourth signal terminal and the antenna
terminal, and on / off control of the signal path of the
fourth transfer switch is supplied to the fourth control
terminal. 4 Controllable by the level of control voltage,
The third transfer switch includes a third plurality of
transfer field effect transistors having source / drain paths
connected in series, and the third transfer switch includes
the third transfer field effect transistors connected in
series by the source / drain paths connected in series.
The signal path of the three transfer switches is formed,
and the third control voltage supplied to the third control
terminal can be supplied to the plurality of gates of the
third plurality of transfer field effect transistors,

The fourth transfer switch includes a fourth plurality of
transfer field effect transistors having source / drain paths
connected in series, and the fourth transfer switch
includes the fourth transfer field effect transistors
connected in series by the source / drain paths
connected in series. The signal path of the four transfer
switches is formed, and a fourth control voltage supplied
to the fourth control terminal can be supplied to a plurality
of gates of the fourth plurality of transfer field effect
transistors;

An input terminal of the fourth negative voltage
generating circuit is responsive to an interstage
transmission signal generated at an interstage
connection point of the third plurality of transfer field effect
transistors connected in series in the signal path of the
third transfer switch. And the signal path of the third
transfer switch can be controlled to be in an off state in
response to a negative voltage generated at an output
terminal of the fourth negative voltage generation circuit.
The input terminal of the fifth negative voltage generation
circuit is responsive to an interstage transmission signal
generated at an interstage connection point of the fourth
plurality of transfer field effect transistors connected in
series in the signal path of the fourth transfer switch. The
high frequency module, wherein the signal path of the
fourth transfer switch can be controlled to be in an off
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state in response to a negative voltage generated at an
output terminal of the fifth negative voltage generation
ciredit:

16. 16.

BRE15CH8VT, In claim 15,

4B EEEREBROMRBAIRFEAREIE Between the input terminal of the fourth negative voltage

BERAAYFORMRBEIOEROEEXBAMRNT D generation circuit and the interstage connection point of

AZOHREBREERREOEBLVRESAEELE the third plurality of transfer field effect transistors of the

REBORBANGBFEMREIEERM Y FORIE third transfer switch, and the input terminal of the fifth

BAOEBOEGEAEBRAMDRNZ VD AR OAIRBEE negative voltage generation circuit A variable attenuator

BRICGTERERIFERE A, is connected to the interstage connection point of the

O-NROB1IEEEENF165HFICHBET fourth plurality of transfer field effect transistors of the

P2BAICE, RTERESREAZEEERICHEE fourth transfer switch,

h, @IRO—NY ROBABRBIYEBVARKO /NS When the low-band first transmission signal is supplied to

NUROE2REEEENF E2ETHFICHB/E DS the first signal terminal, the variable attenuator is

A, TRTEREREPMEEERERICHBET LD controlled to a large attenuation, and the high-band

CEERBETHIRARKED 1), second transmission signal having a frequency higher
than the low-band frequency is the second. When
supplied to a signal terminal, the variable attenuator is
controlled to have a small attenuation amount.
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Description

WAl

[MT]

ERBAR, PUOTFAMYFESCH¥BEERDRES
FTTNEZNELEEARED1-LCEL, BLCE
ARERUEAEBETIOILEEBHMICET S,

The present invention relates to a semiconductor
integrated circuit including an antenna switch and a high-
frequency module incorporating the semiconductor
integrated circuit, and more particularly to a technique
useful for improving harmonic distortion characteristics.

®HRTRE. PINFAF—REAVET>TFALY
FRENFN—BOTH> N, BFETE, FETField
Effect Transistor), #IC{EVW AV ERZF OATOES
#Bi& D H E M T (High Electron Mobility Transistor)A* 7 >
TFAAYFEBICEAEhTWVWS, £k, FET%
BERTREICLK>T, PUTFRAYFEREBRE, £
JUSYOIAVOREREREMM | C : Monolithic
Microwave Integrated Circuit)& U TEBILT B &
ETHD,

Conventionally, an antenna switch device using a PIN
diode has been generally used, but in recent years, an
FET (Field Effect Transistor), in particular, a
heterojunction HEMT (High Electron Mobility Transistor)
having a low on-resistance is an antenna switch device.
Is used. Further, by using FETSs, the antenna switch
device can be integrated as a monolithic microwave
integrated circuit (MMIC).

FoTFAAYFREEBLTHEMTFNAADKRS &
NFYyoRILEBTZTATLYIVRAFET%EE
A92B8CR. FAVEFTNEFETOS—bh- V—
ABLCLEVEBEN LOBENEZZMMTE -5,
F7EIREFETOT—b Y—ABIELEVWE
TORENEZZDMT S,

When a depletion type FET having an n channel such as
a HEMT device is used in the antenna switch device, a
high potential difference higher than a threshold voltage
is applied between the gate and the source of the FET to
be turned on while the FET is turned off. A low potential
difference below the threshold value is applied between
the gate and source of the power FET.

TREFXRI1CRE. PoTFRAAYFEBOZEH
AAYFBOF4TLYSICHBRNBENS VDA
2O —NERICEEHICOMIZEEENHBES
ELTERENLYERVEBEEZ#KITD LI
2T, A1V FOBABABHETAYL—232
BHUEEHEITHceHNBRMEhTVS,

In Patent Document 1 below, by supplying a low voltage
lower than the ground potential as a low voltage control
signal applied at the time of transmission to the gate
electrode of the depletion type field effect transistor of the
reception side switch section of the antenna switch
device, It is described that the insertion loss characteristic
and the isolation characteristic are improved.
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TREBFXH2ICE. POTFHRFEE1OAN DR
FEDBIE1OARAL—ASYFHEREI, £10
ABDRFEEBEOBIIEI1O YU RNASYFH
BHEEh, POFTRFIEE20AEDBFEOBIE
B2ORAN—RAYTFHFEREh, B20AHDRF
LEBMEDBICE2D Y NAL Y FHFERE L
AAYFEBFIBBELATVWS, 10 YRR

1Y FREFNEHRENLEIBROI Y RNFETICRY
BEREh, CO4BRDYRFETOS5BEE1
DAEIFHFRICEREAE Y NFETRAD 3
BOY>NFETORY—ARBHEEERENL
TENEERFEEREN, 4ROYNFETO
SEREHF1OAHIRFACEREAES YR
ETOV—AREBUERRKFEOBICEBEREA A

F—RENFBEIICEREATVD, F1OAHIETF
CREDOBARESNFN ANEhEBAIC, F(4F4—
RFBELCENEERTFOBNALEL TCERARE
NDREEZNEHTD N TER S,

In the following Patent Document 2, a first through switch
is connected between the antenna terminal and the first
input / output terminal, and a first shunt switch is
connected between the first input / output terminal and
the ground, A switch circuit is described in which a
second through switch is connected between an
antenna terminal and a second input/ output terminal,
and a second shunt switch is connected between the
second input/ output terminal and ground. . The first
shunt switch is constituted by four shunt FETs connected
in series, and each of the three shunt FETs other than
the shunt FET connected to the first input / output
terminal side among the four shunt FETs. The source is
connected to a potential fixing terminal via a potential
fixing resistor, and a resistor and a diode are connected
between the source of the shunt FET connected to the
firstinput / output terminal side of the four-stage shunt
FET and the potential fixing terminal. Are connected in
series. When a high-power high-frequency signal is input
to the first input / output terminal, the diode becomes
conductive and the potential at the potential fixing
terminal rises, thereby suppressing the generation of
harmonic distortion.

TREHFXEAIICE. VAV FA LT —5(S
O NEWMTHETEERFAMYFHREHRMEh, 0
RFALIYFTR., POTTHRFEEFE1OAEDEF
EDEICE1ONARARMYFUINT D ARNELE
Th, E10ABIBFEEHEOBEICE1OSEN
SUDAENEREN, TUTTHRTFERE2OA LD
WFEDBICE2O0NRAAMYFUIRNTUVDAERN
ERth, F20oAHIRFEEREOBICE 20D
BNSUODARNEREATWVWSD, EICTRESHFE
3ICkk. CORFRIVFELEBERLEOREEER
ftgaehpBeh, COAEEREMBRERIRS
EVOY VREBBEBTARAVTEBEIC K> THEK
ENTWVWS,

Patent Document 3 listed below describes an RF switch
that can be manufactured using silicon-on-insulator (SOI)
technology. In this RF switch, a first path switching
transistor is connected between an antenna terminal and
a first input / output terminal. A first shunt transistor is
connected between the first input / output terminal and
the ground; a second path switching transistor is
connected between the antenna terminal and the
second input/ output terminal; A second shunt transistor
is connected between the input / output terminal and
ground. Further, Patent Document 3 described below
describes that the RF switch and the negative voltage
generation circuit are integrated, and the negative
voltage generation circuit includes an oscillator, a clock
generation circuit, and a charge pump circuit.

¥%BIF9-2000218 AFHHEF2006-3040
135 0N HEXR2005-5156575 1K

Japanese Patent Laid-Open No. 9-200021JP 2006-
304013 AJP 2005-515657 A

ARAEFIERAICEL>T, PUXTTFRAIYTFE
BEUC¥RAEREORZHBLELEARED 21—/ OWH
R BARCHEL L,

Prior to the present invention, the inventors engaged in
research and development of a high-frequency module
equipped with a semiconductor integrated circuit
including an antenna switch.
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ARBICEI> TEARKAEZE, LRESERMOLRE
BB 1 IELEBI R I CRBE i KMIC
WTHREZET &,

Prior to the present invention, the present inventors
examined the techniques described in Patent Document
1 to Patent Document 3 of the background art.

LRFBFXBR 1 CRBEEBRBTCLAE, R4V F
DEABREKBUETAIYL 23 RBHEERETSC
EATRTHZDY, BHEVLIVEEVEEEZER
THREBEREAMRFARERERSATAREAEE
E|F+—IRDTEBELARIILHBERICL>THE
BEhTVWROT, PUTTRAMYFE22C¥BHEE
REBROPMEILOBEL BRI EESHEFf Ao EE
N, FLEEABRREHFRKEVOTHEELINA KEL,
RIFEBLSOMFELRBEBRIEESHBENHS I E
Thi,

According to the technique described in Patent
Document 1, it is possible to improve the insertion loss
characteristic and the isolation characteristic of the
switch. However, a negative voltage generation circuit
that generates a low voltage lower than the ground
potential includes an oscillator and a drive. Since the
circuit, the negative voltage conversion charge pump
circuit, and the level control circuit are included, the
problem that it becomes an obstacle to miniaturization of
the semiconductor integrated circuit including the
antenna switch has been clarified. In addition, since the
circuit scale is large, power consumption is large, and
noise from the oscillator becomes a problem.

LREBEFXEH 2 CEBREhEEMCEhE, F10A
HORFICRBELOBARBENIALEThEBEC,
ANENEBABRGEENF1O Y NASMYTFEN
LTEMCRBEND LM NMEHEhD N TET
H3H, REZEOVVRAEENFBETHEESHE
FHshEEhk, §4hs5, LB 2 ICER
ENERMYTFEBOT O THHRFICENATAEE
FRELTVWAOTERRSEHROLZHODCAHY
REBETFUTTFHRFEE1DODABIRFEE 20OAE
NRFEERTIVLEN D, LHL, EZEOHY
BIICELT, ChsODCHY NBERNDEFHAHRE
FREZEOEZFEOYYRAEENf BETDIESD
EDTHB,

According to the technique described in Patent
Document 2, when a high-power high-frequency signal is
input to the first input / output terminal, the input high-
frequency signal is leaked to the ground via the first
shunt switch. However, it has been clarified that the
transmission / reception switching speed is delayed. That
is, since a bias voltage is generated at the antenna
terminal of the switch circuit described in Patent
Document 2, the DC cut capacity for blocking the DC
component is set to the antenna terminal, the first input/
output terminal, and the second input/ output terminal.
Must be connected to the terminal. However, when
switching between transmission and reception, charge /
discharge of these DC cut capacitors is necessary, so
that the transmission and reception switching speed is
delayed.

LRFBHFNBRICRBEhEBEMC L hE, FABRX
EAMYTFABMENREBEND LN TRETHI N
SEERLERBARBREIOY VREBREEERTR
YTERELL O THERENTWVWAINDTRFASAYF
ZRUH¥EGERABEOPNELCOEEL LI EESH
BEresheEhi,

According to the technique described in Patent
Document 3, the insertion loss and the switch separation
can be improved, but the negative voltage generation
circuit is configured by an oscillator, a clock generation
circuit, and a charge pump circuit. Therefore, the problem
of becoming an obstacle to miniaturization of the
semiconductor integrated circuit including the RF switch
has been clarified.

—%. FRACEKL>TERAESFE, ERVRLNS
DORBERBERLIET T FAAYFORALBER
DREICEL TREZT > L.

On the other hand, prior to the present invention, the
inventors examined characteristics of an antenna switch
using a field effect transistor at the time of a large input
signal.
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R1Q, ZRACEY> TERAEFICK > TREE
NEBRMRINS VDA E®ALET Y TFRAAY
FOBRETIRTH S,

FIG. 1 is a diagram showing a configuration of an
antenna switch using a field effect transistor studied by
the presentinventors prior to the present invention.

R1CHEVWT, PUTFTFRAIYFTHERAENZIERY
RSO RAE2QE, nFrUoRILBT, /—NXVU—
ZVOMESHEBRMRANSVIAZTHD, T&D
5, LEVEEE(V t h)FEOFNIATH2 T,

T—RhEBEAVt hHAETHEIEF, RLAVEY—-R
EDBREA DV E—HDAOFREERY), F—b
BEEAVthUATTHhE, BAVE—XAOFT
REEBD, £, COBRMRINZTZARQE.
RLAZEY—ALZRBBIDEKLL2T, ¥4

F—RELTBHET S,

In FIG. 1, a field effect transistor Q used in an antenna
switch is an n-channel type, normally-on MES type field
effect transistor. That is, if the threshold voltage (Vth) is a
negative device and the gate voltage is equal to or higher
than Vth, a low impedance ON state is established
between the drain and the source. The impedance is
turned off. The field effect transistor Q operates as a
diode by short-circuiting the drain and the source.

H1CRLEFPYTFARAAYFICSEVT, BRAMRS
SUDARQEAAMYFELTHEATIBEICE, K
LAEY—REOEOBEF V) EFEB(F V)%
T—REBELC& >THBATS ., R1ICRTRSIC
F—RNGLHEMHAREFT c LOBMICERR 1 BEEHL

T. "—FGERLAVDEDEBLTS—RGE

V—ASEDBICHEBRNATAEEN #igchad &k
SIC, BAR2ICE>TRLAUDEY—ARSENE
End, Y —FGEHBPRFTcOEMOERR 1
EERTEZBB I ORI YFAITREVFEAE K
EREEDEVEEORBRN S SEBREICEREE 1,
RLADEYV—ASEBMOERR 2DEHREE R

AIYFOFTREOFABLR) EXREZBRAMBICER
EEhd,

In the antenna switch shown in FIG. 1, when the field
effect transistor Q is used as a switch, the conduction
(on) and non-conduction (off) between the drain and the
source are controlled by the gate voltage. A resistor R1 is
connected between the gate G and the control terminal
Tc as shown in FIG. 6 so that an even bias voltage is
supplied between the gate G and the drain D and
between the gate G and the source S. The drain D and
the source S are connected by the resistor R2. The
resistance R1 between the gate G and the control
terminal Tc is set to a relatively small resistance value so
as not to impair the insertion loss in the switch-off state in
order to reduce the voltage drop, and the resistance of
the resistance R2 between the drain D and the source S
The value is also set to a resistance value larger than the
insertion loss in the OFF state of the switch.

R2R, I1TECRLETFTFTFRAAYFOREBES D
T-rEEOKEMEZTIRITH D,

FIG. 2 is a diagram illustrating the dependency of the
capacitive component of the antenna switch illustrated in
FIG. 1 on the gate voltage.

H2OMEEAERSCEHMN: F)THY, B2 0EH
BF7Y—REBEV g@EM: V)THD. ERMRINS D
AZQOLEVEEEV t h(<0) &S —KEEV gD
BRICBSVWT, Vg>VithDBESICEBZECEAR
ML ERBICKELZETCHAANTS—H, Vg<V it
hDBECRBECRRABLEALERBICPEHET
fBaMTD, R2ICRLEKSIC, Y—REEV gHL
ZEVWVEEEV t hiELTR., RECOEBEKEFEMEN K
EVENDEBED,

The vertical axis in FIG. 2 is the capacitance component
C (unit: F), and the horizontal axis in FIG. 2 is the gate
voltage Vg (unit: V). In the relationship between the
threshold voltage Vth (<0) of the field effect transistor Q
and the gate voltage Vg, when Vg> Vth, the capacitance
C rapidly increases and then saturates at a large value,
whereas when Vg <Vth. After the capacitance C
gradually decreases, it saturates at a small value. As
shown in FIG. 2, when the gate voltage Vg is in the
vicinity of the threshold voltage Vth, the voltage
dependency of the capacitance C is large.
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1CRULETUOTFAAYFICBVT, $HlIHEFT
COHPBEEV CICL>TERMRNSVZRERQHN
F7RELCHIFEICE., BEANEFT 1 ICHthE
hB3AHNBSORSEERELCEELTHEPEEV c %
NATARELTEBRMWRRNS VS AZQOT—NE
EVgREBTD, EEAIEFT1ICHBEEhDA
HESR, ERMRENSVZAZQOS—KNG: KL
A1DENFEBRBES—FG: V—ASHOFER
BEIZLK>THEE N D,

In the antenna switch shown in FIG. 1, the control
voltage in response to the signal voltage value of the
input signal supplied to the signal input terminal T1 even
when the field effect transistor Q is turned off by the
control voltage Vc of the control terminal Tc. The gate
voltage Vg of the field effect transistor Q varies with Vc as
a bias point. The input signal supplied to the signal input
terminal T1 is divided by the parasitic capacitance
between the gate G and the drain D of the field effect
transistor Q and the parasitic capacitance between the
gate G and the source S.

BRAMWRNSVZAZQOY—KG: RLSAVDHEF
ERBET—NG: V—ASHFELEREFBEELLO

T. EEANBFT1OANESOEERIEEEVmM

axD¥gVmax / 2FHBARFT cOFBYBEY

CiLERBEThD, #>T. BEANRKFT1OALE
ENESRIEEEVma x FEXKTBLICKPTE
BEFE | Vc |+ |Vmax | /2NFLEVEEE |

Vth|EtBELLEDE, ERUMERNS P AZQ

OFBEF(A7)DSEEBFANNOELFBBREHh, B
BECORMAEMIfBAKREhD, COELRRE. R 1

DTFUTFARAYFT, BENICEATREICHZIX
EBRAMENS VO ARQNESIRIEEEVYVma x O

EBRICE>THAVRELERED LESHBEDRBIL

BB, COELLEADNDEBEANBFT1OANEENE
SREEEVmaxZ, PUVTFTFARAAYFICETSDF
THELHS, COZBCITOATMER, FTEROD(1)
RICck>2TEAZSN D,

Since the parasitic capacitance between the gate G and
the drain D and the parasitic capacitance between the
gate G and the source S of the field effect transistor Q is
substantially equal, half of the signal amplitude voltage
Vmax of the input signal at the signal input terminal T1 is
Vmax / 2. Superposed on the voltage Vc. Accordingly,
when the superimposed voltage | Vc | + | Vmax | /2
becomes substantially equal to the threshold voltage |
Vth | by increasing the signal amplitude voltage Vmax of
the input signal at the signal input terminal T1, the field
effect transistor Q is turned off. A change from (off) to
conduction (on) is started, and a sudden increase in the
capacitance C is started. This change point is the start
point of malfunction in which the field effect transistor Q,
which should ideally be in the off state in the antenna
switch of FIG. 1, is turned on as the signal amplitude
voltage Vmax increases. The signal amplitude voltage
Vmax of the input signal at the signal input terminal T1 at
this change point is referred to as an off breakdown
voltage in the antenna switch. The off breakdown voltage
at this change point is given by the following equation (1).

1
Vmax = 2-({Vc| - [Vth])  --+(1)z%

1
Vmax = 2-(jVc| - [Vth])  ---(1)=

TERTTPYFFRALYFTR. LB(1)RTERS
NB3AT7MEVmMaxZERETEHZEICEL>T, BE
COREEEMIL>2ERAERERLEEUSTREERD
-5, BRHMBRN S VD AZOFVRBEICRDZESR
BAEREBETREETD LN TRESED,

In the antenna switch shown in FIG. 1, by improving the
off breakdown voltage Vmax given by the above
equation (1), it is possible to improve the harmonic
distortion characteristics due to a sudden increase in the
capacitance C, while the field effect transistor is caused
by an on malfunction. It becomes possible to improve
signal loss.

AREARZ, REOKISBERALKL > LERAES
KLPBRADER, BEhEENTH D,

The present invention has been made as a result of the
examination by the present inventors prior to the present
invention as described above.
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H-T, ZRBAOBPNETDECHRE, ERVMRMNS
DIOABREBRIBDTUOTTAAYFORRABRERSH
ERETDEILH B,

Accordingly, an object of the present invention is to
improve the harmonic distortion characteristics of an
antenna switch using a field effect transistor.

Tt *RAOMBOENETIEZBZE, FUTTA
1Y FOERREZHBIZCELHD,

Another object of the present invention is to reduce the
circuit scale of the antenna switch.

FRAOHMEESTICZTOMDENEFTR /G,
FRABOERB I TRNREAN SHSHICBEDTH
355,

The above and other objects and novel features of the
present invention will be apparent from the description of
this specification and the accompanying drawings.

FECSVTHATENZ2RAOSESORRNEEDIC
DUVTHELCHATNETREOLERY TH D,

A typical one of the inventions disclosed in the present
application will be briefly described as follows.

TaHE, ERAORKRNEEEOLERK, F1ES

W3 EE2ETHRT(4)eE1HMAIRF(5)EFE2H
WEF(T)eTUTTHRF(2)EZEEITDTOTTA

AVFTHD,

In other words, the representative embodiment of the
present invention includes a first signal terminal (3), a
second signal terminal (4), a first control terminal (5), a
second control terminal (7), and an antenna terminal (2).
An antenna switch.

ART7YTTwRF(2)CTUTHHIFERE N, FIRKE 1
FEEHF(3)EHRE2FEETRF(4) BT TF
NERRSLEAGRSLOVThIF MBI LEER
Thd,

An antenna is connected to the antenna terminal (2), and
either the reception signal or the transmission signal of
the antenna is supplied or generated to the first signal
terminal (3) and the second signal terminal (4).

MRE1ESHF(I)ETMBT T FHF(2)E DM
BE1BEXRIYF(100)DEEERNfEHEN, W
RE1BEEA(YF(100)0F> A74HBEEEE
1§ F(5)DE1HEEE(V_Tx c)OLARIIEC
Ko THIPBEID,

A signal path of a first transfer switch (100) is connected
between the first signal terminal (3) and the antenna
terminal (2), and on / off control of the first transfer switch
(100) is performed by the first switch. It is controlled by
the level of the first control voltage (V_Txc) of one control
terminal (5).

BB 2SR F(4)EMBTUTTHRF(2) DI
BRE2EXRASYF(101)OESRBIFrEHREN, &
RBE2BEEAA(YF(101)DAY - A74BFEEE
2FMAEF(7)DE2FHBEE(V_Rx c)DLARIIC
KO THIATREEE N D,

A signal path of a second transfer switch (101) is
connected between the second signal terminal (4) and
the antenna terminal (2). On / off control of the second
transfer switch (101) The control is enabled by the level
of the second control voltage (V_Rxc) of the two control
terminals (7).

AMRE1ESRF(3)EELBULEOBICE 1> v b
AAYF(102)nESEBENEREh, AIRFE1>v
PRAAYF(102)DFY - FT7HBEAEE 1 &ix
AAYF(100)DRIRESEBOBMEA> - 77 H4
ERR/OAZ - A7RECHBAREEEZ NS,

The signal path of the first shunt switch (102) is
connected between the first signal terminal (3) and the
ground potential, and the on / off control of the first shunt
switch (102) is controlled by the first transfer switch (100).
) In the on / off state opposite to the on / off control of the
signal path.
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MRE2FESHF(4)CHREBENEOEICE2 v
PRRAAYF(103)DESRBIFEREh, HIRE2
DHYIINAAYF(103)DFY - F7HBIEERE 2
BEXAMYF(101)DFIRESEROFREA> - F7
HEERFOFT - FTREBCHPAEEE IS,

A signal path of a second shunt switch (103) is
connected between the second signal terminal (4) and
the ground potential, and on / off control of the second
shunt switch (103) is controlled by the second transfer
switch ( 101), the signal path can be controlled to an on /
off state opposite to the on / off control.

AMRTPYTTFAAYFE, AEBEERERK(104)2E
ICRRET D,

The antenna switch further includes a negative voltage
generation circuit (104).

MERBEELEHNER(10 4)DRRADREF(1 0)FH]
RE1FEERFI)CHBETh2ARECESCAET
fEeEh, AICAEEERE(10 4)DBIRHDETF
(1 1EEREIZEBECRAELTHRE2EER
1YF(101)DFHRESEBEFNEE 1Y MR
1YF(102)0FRESEBEFET 7 RECHBPTRE
EENLECLZRBETIRISR)

The input terminal (10) of the negative voltage generation
circuit (104) can respond to the transmission signal
supplied to the first signal terminal (3), and the output
terminal (10) of the negative voltage generation circuit
(104). The signal path of the second transfer switch (101)
and the signal path of the first shunt switch (102) can be
controlled to be in an off state in response to the negative
voltage generated in (11). (See FIG. 3).

FTECHSVTHATRENZ2RAOSERRNEENL
FOTRSNAUREZMELCHAITLETLOBEYT
H3,

The effects obtained by the representative ones of the
inventions disclosed in the present application will be
briefly described as follows.

TEbE, FRBALEIIE, PUXTFRAAMYTFOER
HERUEUBTI LN TES,

That s, according to the present invention, the harmonic
distortion characteristics of the antenna switch can be
improved.

R, ZRBICEL> TERKBEZICEL > TR
NEBRMWRNS VS AREFERALETOTHFARAY
FOBEERITRTHD. B2, R1ICRLETY
THFAAYFORER S OHHEENKELERTH
THd, R3R. ZRAOEREOFKE1ICKD T T
FTRAAVFEECH VG EREBEOEBHETIRTH
. R4k, ZRAOEBEOFE2ICLDFTUTTA
MY FEECEBLERMEBOBRERTIRTH S,
B5. ZRAODEEOFEIICKDTUTFAAY
FEECHHSGEREAROBRERIRITH D, K6
. ZRAOEREOHKEAIILLDTFTUOTFTFAIYF %
ECH¥HESHEREBOBRETIRTHS. H7E.
H6NEAKAOEEOHEL CEIDTUYTTFAIYF
EECYBAERMOK 1 ENB L EERAOREDOFE
EBS5CiP2FARTES1-IIOEBRERIRTH S,
K8k, BELRILDEFBESIRIOFKADEED
FRAICRDEBAEREE1OFT U TTFAIYFO
BEERFICHBETIAIBIIZEACIYF 100, 10
1, 102, 103NEFLEHERENBERLEERT
HTH2, 9k, BLRILOEGSESHIRIOER
HORBOHE1 CRDPFXBEEREE 107> TF
AMYFOREBRFICHBEhIBICEAIY F1
00. 101, 102, 103 NEELEBERENE
REEZTRTRTHD,. 10, BEESHIAEIICTE

FIG. 1 is a diagram showing a configuration of an
antenna switch using a field effect transistor studied by
the present inventors prior to the present invention.FIG. 2
is a diagram showing the dependency of the capacitive
component of the antenna switch shown in FIG. 1 on the
control voltage.FIG. 3 is a diagram showing a
configuration of a semiconductor integrated circuit
including the antenna switch according to the first
embodiment of the present invention.FIG. 4 is a diagram
showing a configuration of a semiconductor integrated
circuit including an antenna switch according to the
second embodiment of the present invention.FIG. 5 is a
diagram showing a configuration of a semiconductor
integrated circuit including an antenna switch according
to the third embodiment of the present invention.FIG. 6 is
a diagram showing a configuration of a semiconductor
integrated circuit including an antenna switch according
to the fourth embodiment of the present invention.FIG. 7
is a diagram showing the configuration of the high-
frequency module according to the fifth embodiment of
the present invention in which the semiconductor
integrated circuit 1 including the antenna switch
according to the fourth embodiment of the present
invention in FIG. 6 is incorporated.FIG. 8 shows the
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UCEEARAOERBOFE1 CLDFBEERER 10
FUOTFTFRAYVFOZRERTF 4 CHEETNIBICER
A4YF100, 101, 102, 103 NDEELEHH#
REDEREETRTRITH D, K11, BELRIL®D
B1OEEESIR40TKAOKREOFE2ICKD
YEEEREABI1OT VT TAAYFOE1DESER
FIMNCHBRENBIBICEAIYF 100, 105,
102, 106 NEELHEREBOBEREERIRT
5. B12R@. BLRILOE1OEEESIR4ID
ARAOEBEOFE2ICRD L BEEREE 10T >
TTFALAYFOE1DOREFBHTF 3 1 CHEET DB
HEAMYF100, 105, 102, 106 NEBEL
BEREOBREERTRITH D, K131, BLAX
LDE20XREEEIR4DERADEHEOFE 2 (C
LPELBUEREE 10T UTTFRAIYFOE20ER
BRFI2ICHBENIBICEACYF 100, 10
5. 102, 106 0EFLEFEFREOCHEFZEETRT
RTHs, K141, BLRILOFE20REEEEHIR
ADERKENREOTE2 IC& DY WEEFER 10
FUoTFFTFARAAYFOE2OEFHRF3 2ICfhehs
BI-&AS/YF100, 105, 102, 1060DE
ELHEREDBEFEEERIRTHSD,. R15E. &
LRIWOREEFEESHI RS ICRL ERRAOERKEDFAE
SICKBDYBEERAK 1OFTUTTFARAAY FOREE
WFIICHBEIIBICLERCIYF100, 101,
102, 103NEELBERENDERLEERIRT
5. 16k, BLRILOEEEENIRSICRLE
ERAOEHEOFEI ICLZ ¥ EAEREK 1OT >
FTFAAYVFOREBRFIICHBENDIBICERIY
F100, 101, 102, 10 3NEELEHERE
DEBREERTRTHZ. R1 7., SEEFEEHIFRS
CRUVEARKBORBEOFES CLD X BEEREIE
1OFTUTFARAYFOZEHRF 4 ICHBENBBRIC
HEALYF100, 101, 102, 103 NEBEL
BEREOBREERTRITHS, K181, ELA
LDOE1OREEEEI K6 DERADEHEDLE 4 (C
KDY BHAERAR1OTUTFARAIYVFOE1DE
BHRFI1DPSHBETNIBICLEAIYF 100, 1
05. 102, 106, 101, 110, 103, A
AIYFI11O0BELEFEFREBOBRLEZTTIRTS
%, 19k, BLRILOF1OEEEEIr K6 DA
RAOERBEOFEA LD I EAERER1OT T
FRAAVFOE1DEFRF 3 1S5RS hBIERIC
ZEAMAYF100. 105, 102, 106, 10

1, 110, 103, A4¥YF1110EELEHER
RBOBEREERTIRTHD. K20k, ELARIDOE
1OEEEEI R DERHEORBEOIES ICKD ¥
BEEREBK1OT VT FAMYTFOE2DREFHF
32N SHBENBBICFERASIYF 100, 105,
102, 106, 101, 110, 103, A4 Y¥F
11 10BEELHFEFRENBEREERTIRTH . B
21, BLRILOE2OEEESI R 6 DERKAD
REOFESICLDEBEEREAR 10T TFA

AYFDOE2NOEBRFI2HSHBETIhIBEICER

voltages of the switches 100, 101, 102, and 103 when a
low-level transmission signal is supplied to the
transmission terminal 3 of the antenna switch of the
semiconductor integrated circuit 1 according to the first
embodiment of the invention shown in FIG. It is a figure
which shows the relationship of an operation state.FIG. 9
shows the voltages of the switches 100, 101, 102, and
103 when a high level transmission signal is supplied to
the transmission terminal 3 of the antenna switch of the
semiconductor integrated circuit 1 according to the first
embodiment of the invention shown in FIG. Itis a figure
which shows the relationship of an operation state.FIG.
10 shows the voltage and operation of each switch 100,
101, 102, 103 when the received signal is supplied to the
receiving terminal 4 of the antenna switch of the
semiconductor integrated circuit 1 according to the first
embodiment of the present invention shown in FIG. Itis a
figure which shows the relationship of a state.FIG. 11
shows each switch 100, 105, when the low-level first
transmission signal is supplied to the first transmission
terminal 31 of the antenna switch of the semiconductor
integrated circuit 1 according to the second embodiment
of the invention shown in FIG. It is a figure which shows
the voltage of 102,106, and the relationship of an
operation state.12 shows that each of the switches 100,
105, when the high-level first transmission signal is
supplied to the first transmission terminal 31 of the
antenna switch of the semiconductor integrated circuit 1
according to the second embodiment of the invention
shown in FIG. Itis a figure which shows the voltage of
102,106, and the relationship of an operation state.FIG.
13 shows each switch 100, 105, when the low-level
second transmission signal is supplied to the second
transmission terminal 32 of the antenna switch of the
semiconductor integrated circuit 1 according to the
second embodiment of the invention shown in FIG. Itis a
figure which shows the voltage of 102,106, and the
relationship of an operation state.FIG. 14 shows each
switch 100, 105, when a high-level second transmission
signal is supplied to the second transmission terminal 32
of the antenna switch of the semiconductor integrated
circuit 1 according to the second embodiment of the
invention shown in FIG. Itis a figure which shows the
voltage of 102,106, and the relationship of an operation
state.FIG. 15 shows a state in which each of the
switches 100, 101, 102, 103 is supplied when a low-level
transmission signal is supplied to the transmission
terminal 3 of the antenna switch of the semiconductor
integrated circuit 1 according to the third embodiment of
the invention shown in FIG. Itis a figure which shows the
relationship between a voltage and an operation
state.FIG. 16 shows the state of each of the switches
100, 101, 102, 103 when a high level transmission signal
is supplied to the transmission terminal 3 of the antenna
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41Y¥100. 105, 102, 106, 101, 1
10, 103, Z1YF111OEELEBERENE
BREERTRTHD, 221, K6 DEFKHPADRKE
OHEACIDEBAUERER1OT>TFTFRIYTF
FEEBHEETOIRLC. ER4YF100, 105,
102, 106, 101, 110, 103, A4 Y¥F
11 10EELBFRENEREETRTIRTH S,

switch of the semiconductor integrated circuit 1 according
to the third embodiment of the invention shown in FIG. It
is a figure which shows the relationship between a
voltage and an operation state.FIG. 17 shows the
voltage and operation of each switch 100, 101, 102, 103
when a received signal is supplied to the receiving
terminal 4 of the antenna switch of the semiconductor
integrated circuit 1 according to the third embodiment of
the present invention shown in FIG. Itis a figure which
shows the relationship of a state.18 shows a case where
the low-level first transmission signal is supplied from the
first transmission terminal 31 of the antenna switch of the
semiconductor integrated circuit 1 according to the fourth
embodiment of the present invention shown in FIG. ltis a
figure which shows the voltage of 102,106,101,110,103,
the switch 111, and the relationship of an operating
state.19 shows that each of the switches 100, 105, when
the high-level first transmission signal is supplied from the
first transmission terminal 31 of the antenna switch of the
semiconductor integrated circuit 1 according to the fourth
embodiment of the invention shown in FIG. It is a figure
which shows the voltage of 102,106,101,110,103, the
switch 111, and the relationship of an operating
state.FIG. 20 shows that each of the switches 100, 105,
when the low-level first transmission signal is supplied
from the second transmission terminal 32 of the antenna
switch of the semiconductor integrated circuit 1 according
to the fourth embodiment of the invention shown in FIG.
Itis a figure which shows the voltage of
102,106,101,110,103, the switch 111, and the
relationship of an operating state.FIG. 21 shows that
each of the switches 100, 105, when the high-level
second transmission signal is supplied from the second
transmission terminal 32 of the antenna switch of the
semiconductor integrated circuit 1 according to the fourth
embodiment of the invention shown in FIG. Itis a figure
which shows the voltage of 102,106,101,110,103, the
switch 111, and the relationship of an operating
state.FIG. 22 shows the voltages of the switches 100,
105, 102, 106, 101, 110, 103 and the switch 111 when
the antenna switch of the semiconductor integrated
circuit 1 according to the fourth embodiment of the
present invention shown in FIG. FIG.

1. REOFKEOHRE
£, FECSVTHATRENDRPAOKRRNBERED
FRBLCOVWTIHEZBATI. RRNVEREOFELC
DLVTHBEHATHEMENLTSRIZIRANSR
FERTNHINEhEEBREROBRSCEENZED
ZHTRITHCBERL,

1. First, an outline of a typical embodiment of the
invention disclosed in the present application will be
described. The reference numerals of the drawings
referred to with parentheses in the outline description of
the representative embodiments merely exemplify what
are included in the concept of the components to which
the reference numerals are attached.
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[1]1XRAORRNBEREOEERE, F1E5KT
(3)EE2BEBWTF(4)eE 1 HIWIKF(5) % 2 FMi%
F(TETUoTFHHF(2)EEZRBIZDTUTFRAY
FTHD,

[1] A typical embodiment of the present invention
includes a first signal terminal (3), a second signal
terminal (4), a first control terminal (5), a second control
terminal (7), and an antenna terminal (2 ).

AMR7TTRF(2)B T THHAERETREE .
HRF 1SR TF(3)EHRE2ESHRF(4)CHEIR
FoTFTL R > TEEEhIEREE[LEHRETVTT
KL 2 TERETNIEBESEOVT AN HIGTEE
AREBERTREREET D,

An antenna can be connected to the antenna terminal
(2), and a reception signal received by the antenna and a
transmission transmitted by the antenna are transmitted
to the first signal terminal (3) and the second signal
terminal (4). Any of the signals can be supplied or
generated.

FRE1ESHRF(3EHRT T THTF(2)EDMEIC
BRE1BEEZRAIYTF(100)DEERBRIFEREL, B
RE1EEACMYF(100)NFEESREBEOF> - F
7HBGEREE 1 HERF(5)CHEEThIFE1HHE
E(V_Txc)DLARILICE>THBATREEE NS,

A signal path of a first transfer switch (100) is connected
between the first signal terminal (3) and the antenna
terminal (2), and the signal path of the first transfer switch
(100) is turned on / off. The control can be performed
according to the level of the first control voltage (V_Txc)
supplied to the first control terminal (5).

ARE2/BWF(4)EHRT I THRF(2)cNEIC
BE2EBEZRSMYF(101)OFESEBRFEHRE, &
RBE2EBEERAIMYF(101)DHRESEEROFT> - F
7HBEAREE 2 MR F(7)CHIGET NI E25HE
E(V_Rxc)DLARILCK>THBPAREEE D,

A signal path of a second transfer switch (101) is
connected between the second signal terminal (4) and
the antenna terminal (2), and the signal path of the
second transfer switch (101) is turned on / off. The
control can be controlled by the level of the second
control voltage (V_Rxc) supplied to the second control
terminal (7).

ARF1ESRFI)eERBHEOBICHE 1 vk
AAYF(102)nESEBIEREh, AIRE1>v
PRALYF(10 2)DEIEESEBEOF> - 774
BRIEE1EEASY F(100)DFRESERDA
Z2 FT7HBERVOA> - A7 RECHBAREE
Thd,

A signal path of a first shunt switch (102) is connected
between the first signal terminal (3) and a ground
potential, and on / off control of the signal path of the first
shunt switch (102) is performed by the first shunt switch
(102). The transfer switch (100) can be controlled to an
on / off state opposite to the on / off control of the signal
path.

ARFE2ESmF(4) B EMEOMICE 2> ¥
YRAAYF(103)DESEBENFEREHh, AREE2
SYURNARAYF(103)DEIRESREOT - F7
HHGEHRE 2BEBERACY F(10 1)DHEIRESEED
BIREA>Y - A7HBERTOF - F7RECHEA
BEEEhd,

A signal path of a second shunt switch (103) is
connected between the second signal terminal (4) and
the ground potential, and on / off control of the signal
path of the second shunt switch (103) is performed by
the second shunt switch (103). The two transfer switches
(101) can be controlled to an on / off state opposite to the
on / off control of the signal path.

MRV TTFAAYFE, EBEERERK(104)2E
ICRET D,

The antenna switch further includes a negative voltage
generation circuit (104).
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MEEEELERER(10 4)DBEADBF(1 0)EaT
RBEI1EERTFI)ICHBE NI HUEEGEFICAET
geeh, WIKAEEERER(10 4)DFRHEHIWF
(1 NHCERENIEEEICAELTHRE2EEA
AYF(101)DFRESTEREMRE1Y MR
AYF(102)NHRESEEEFFT7RECH DT
tEhkEoezRBBETHEISR).

The input terminal (10) of the negative voltage generation
circuit (104) can respond to the transmission signal
supplied to the first signal terminal (3), and the output
terminal (10) of the negative voltage generation circuit
(104). The signal path of the second transfer switch (101)
and the signal path of the first shunt switch (102) can be
controlled to be in an off state in response to the negative
voltage generated in (11). (See FIG. 3).

HREREOFEEILINE, POTFRAMY FOERK
ERHEEREITSIENTES,

According to the embodiment, it is possible to improve
the harmonic distortion characteristics of the antenna
switch.

HEEREOFETE, FIRE1BEBEACIYF(100)
NDHRBESREN A REICHBE hFRE2EER
AYF(101)DOHRESERES A7 RECHBE D
BRC. SIREEEERER(10 4)DOFRADETF(1
0)GHIEE1E5HRF(3)CHB/EThIHUEEFESI
BETgEEE N, WEABEERER(10 4)0FRKH
NBF(11CERT NI EEECAEL THREE 2K
REALMYF(101)DHIRESKEBLEMTE1> v
ALY F(10 2)DFIRESEEEFF7TRECHBT
T hicL2RBBETIRISE).

In a preferred embodiment, the negative voltage is
applied when the signal path of the first transfer switch
(100) is controlled to be on and the signal path of the
second transfer switch (101) is controlled to be off. The
input terminal (10) of the generation circuit (104) can
respond to the transmission signal supplied to the first
signal terminal (3), and is connected to the output
terminal (11) of the negative voltage generation circuit
(104). In response to the generated negative voltage, the
signal path of the second transfer switch (101) and the
signal path of the first shunt switch (102) can be
controlled to be in an OFF state. (See FIG. 3).

OIFBEREOEETE, SRF1EERASY F(1
00)dY—R- RLAVREFEINERENESE 10
EBOELBERMRRNSVIAR(200a—d)ES
&, BIRE10EROEEERMRNT VIR Z(20
0a—d)DEIEHFELIFHRY —A- RLAVER
CER>THREB1EEZRASYF(100)DFRESTER
FEREI, FIRE1O0EROEEZERVR N VD
AR(200 a—d)0EHOY—NCREIRRE 1 58K
F(5)HfEc 2R E 1 FHEE(V_T x c )N
A End,

In another preferred embodiment, the first transfer switch
(100) includes a first plurality of transfer field effect
transistors (200a to 200d) having source / drain paths
connected in series, and the first plurality of transfer field
effect transistors (200a to 200d). The signal path of the
first transfer switch (100) is formed by the source / drain
paths connected in series to the transfer field effect
transistors (200a to 200d), and the first plurality of
transfer field effect transistors (200a to 200d). ) Can be
supplied with the first control voltage (V_Txc) supplied to
the first control terminal (5).

MREE2EERAIYF(101)dY—RAR- RLAVEE
FEIEGRENEF2O0OEROBEEERMRNZ D
AZ(201a—d)&2Edh, HRB2O0EROEAER
WMERSUIAR(201a—d)0EFEHKE W -HRE
V=R RLAVBRICE>THRE2BEXA(YF
(101)DFIRESEBIEREN, FIRE20EBO
EXBERNENSOIRAR(201a—d)0EHROT—
MCIEAIEEE 2 S0 7 (7)) IC BT B AR E 2 44
BE(V_Rx c)FiigmEEeEchad,

The second transfer switch (101) includes a second
plurality of transfer field effect transistors (201a-d) having
source / drain paths connected in series, and the second
plurality of transfer field effect transistors (201a-d). The
signal path of the second transfer switch (101) is formed
by the source / drain paths connected in series, and the
gates of the second plurality of transfer field effect
transistors (201a-d) 2 The second control voltage
(V_RXxc) supplied to the control terminal (7) can be
supplied.
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MERE1SY I RACIYF(102)BY—R- KLA>
BENFEINEGEIAEE10EREO Y NERMUR

RSYTRR(202a—d)EEk, BRE 1 0EHKO
SYURNBRMERS VI RAR(202 a—d)OEHE
e hiaiiey—A RLAVBBICK>THIRERE 1

Y URAAYF(10 2)DHIRESERNITERE h,

HEE 1 OEBOY Y NERMRRS VT RR(20
2a—d)DEBOS—MNCEEEEEEERERE(10
AVDHERBEIRF(1 1)CEREThDIFREEENHG
T End,

The first shunt switch (102) includes a first plurality of
shunt field effect transistors (202a-d) having source /
drain paths connected in series, and the first plurality of
shunt field effect transistors (202a-d). The signal path of
the first shunt switch (102) is formed by the source / drain
paths connected in series, and the negative gates of the
first shunt field effect transistors (202a to 202d) are
connected to the negative path. The negative voltage
generated at the output terminal (11) of the voltage
generation circuit (104) can be supplied.

HERE2V Y RAIYF(103)FY—AR- RLA>
BRESFEIEREIEE 20880 v NERMR
RSUTAR(203a—b)eEdk, HIRE20EHRD
SYURNERMRENS I AK(203 a—b)DEFIE
mEhiaRY —A- RLAVEBEICK> THIRE?2
YRNAAYF(103)DHIREESRBEIEEE N
CLERBBETHEISR).

The second shunt switch (103) includes a second
plurality of shunt field effect transistors (203a-b) having
source / drain paths connected in series, and the second
plurality of shunt field effect transistors (203a-b). The
signal path of the second shunt switch (103) is formed by
the source / drain paths connected in series (see FIG. 3).

KYHFEEREOFETE, FIRRE1ZY I RNASAY
F(102)nRBEERBO— KR E, F158
(315)cE2AR(316)EENLTHRE 1521
F(I)EHRENBHE CTNThEREAELOTH
%,

In a more preferred embodiment, one end and the other
end of the signal path of the first shunt switch (102) are
connected to the first signal terminal via a first capacitor
(315) and a second capacitor (316). (3) and the ground
potential.

BIRRE2VYRAAMYF(103)DHIREERED—
e, E3AR(317)EE458(318)E
ENLTCHRE2EBTRF(4)EEEHEMNEICTO
TNERENECLERBETIEOTHZ (R3S
).

One end and the other end of the signal path of the
second shunt switch (103) are connected to the second
signal terminal (4) and the ground potential via a third
capacitor (317) and a fourth capacitor (318). Are
connected to each other (see FIG. 3).

ORYFEEREORELCLDTUTFTFAIYTF
&, kOB EELERERE(108)ZEICREFET S,

The antenna switch according to another more preferred
embodiment further includes another negative voltage
generation circuit (108).

ARt OBEEERER(10 8)DADEHF(17)H
RE2/ERF(3 2)CHiRET I FREBFESLCLE
AREe & h, AIRMHOBEELERER(10 8)DHHiR
F(18)ERENIEBELBEL THRE 1BER
A1YF(100)DHRESEBEAMTE2S YRR
1YF(106)DFREFESEBEFET7RECHPTRE
EENLECLZRBETIR 45 R).

An input terminal (17) of the other negative voltage
generation circuit (108) can respond to the transmission
signal supplied to the second signal terminal (32), and an
output of the other negative voltage generation circuit
(108). The signal path of the first transfer switch (100)
and the signal path of the second shunt switch (106) can
be controlled to be in an off state in response to a
negative voltage generated at the terminal (18). (Refer to
FIG. 4).
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FEMBOXYIFEEREOEICRKDFTUOTFAAY
FTR., FIRRAEEEREREE 1 BEFERER(1
07)cE28EFEREK(109)E22T,

In the antenna switch according to another more
preferred embodiment, the negative voltage generation
circuit includes a first negative voltage generation circuit
(107) and a second negative voltage generation circuit
(109).

AREE1BEEERER(107)DALHF(2 0)kHT
RE1FEERFB)CHEET 2 AREEESCAET
BEeEh, FIRE 1ABELERER(107)DHDRTF
(2 1CEREINZIEBECRELTHRE1S Y b
AAYF(10 2)DRIRESER G 7 REICHHTRE
tEhad,

The input terminal (20) of the first negative voltage
generation circuit (107) can respond to the transmission
signal supplied to the first signal terminal (3), and the
output of the first negative voltage generation circuit
(107). In response to a negative voltage generated at the
terminal (21), the signal path of the first shunt switch
(102) can be controlled to an off state.

NRE2EEFERERK(10 9)DANEF(2 2)k8
RE2EEACMYTF(10 1)DEEESRE CEIIES
ENENRE20EBOEEBERMRNS VI RAR(2
01a—d)DBRMEHES(410)CERENDBRMEEE
FEEICRERgEEEh, HREE2AEEERER(10
IDHEHRF(23)WCERETNZIEEEICIHSEL THIR
F2EEAAMYTF(10 1)DHRESEREE T 7 REIC
HBTREENEZEERBRETHR52R).

The input terminal (22) of the second negative voltage
generation circuit (109) is connected to the second
plurality of transfer field effect transistors (201a to 201d)
connected in series in the signal path of the second
transfer switch (101). Responsive to an interstage
transmission signal generated at the interstage
connection point (410), the second negative voltage
generation circuit (109) is responsive to a negative
voltage generated at the output terminal (23) of the
second negative voltage generation circuit (109). The
signal path of the transfer switch (101) can be controlled
to be in an off state (see FIG. 5).

EHNEEBORELCLDTOTFAIYFE, 83

BRWRTF(41)EBABRTIRTF(4 2)eEI3HPEF(7)
EEAHBHT(25)LEIABELERE®(108)E

FABEEEROK(109)EESABEEREEK(T 1
2)EEBICEET (K 628),

The antenna switch according to the specific
embodiment includes a third signal terminal (41), a fourth
signal terminal (42), a third control terminal (7), a fourth
control terminal (25), and a third negative voltage
generating circuit ( 108), a fourth negative voltage
generation circuit (109), and a fifth negative voltage
generation circuit (112) (see FIG. 6).

HREIEEEERE®K(10 8)DANBF(1 7))k
RE2EEWMF(3 2)cHifc hHHRREGEEICHE
mgEEEh, WEEIAEEERER(10 8)DHDR
F(1 8 EREThIEEFEICHELTHRE1EEAR
1YF(100)DHERESRBLIRE2VYURMA
A1YF(106)NHIRESEBREGF7RECHETEE
EEhd,

The input terminal (17) of the third negative voltage
generation circuit (108) can respond to the transmission
signal supplied to the second signal terminal (32), and
the output of the third negative voltage generation circuit
(108). In response to the negative voltage generated at
the terminal (18), the signal path of the first transfer
switch (100) and the signal path of the second shunt
switch (106) can be controlled to be in an OFF state.

AREIBTRTF(4 1)ERMRBT UV TTRF(2)ENHE
CREIEERAIMYTF(101)DESEBIERE .
BB 3EmERMYF(10 1)DERESEBROF> -
77 HEIRE S 3 B TF(7)CHIEET N3 E 3 HE
BE(V_Rx 1c)OLARIILICKI>THBAEEE
%,

A signal path of a third transfer switch (101) is connected
between the third signal terminal (41) and the antenna
terminal (2), and the signal path of the third transfer
switch (101) is turned on / off. The control can be
performed according to the level of the third control
voltage (V_Rx1c) supplied to the third control terminal (7).
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BB A4EEHRF(4 2)EMBT U TTHF(2)ENME
CREAERZERIYF(110)DESERFEREE L,
MEBEIEEAMYF(110)DHRBREEREBOA -
F7HEEHREE 4 FEARF(2 5)CHEEhB3FE 44
HEE(V_Rx2c)DLARIILICE>THBATREEEZ
%,

A signal path of a fourth transfer switch (110) is
connected between the fourth signal terminal (42) and
the antenna terminal (2), and the signal path of the fourth
transfer switch (110) is turned on / off. The control can be
performed according to the level of the fourth control
voltage (V_Rx2c) supplied to the fourth control terminal
(25).

HEEIBEBEXRAMYF(101)FY—RAR- RLAVER
FEIEGRENEHEIOEROBEEXERMRNZ D
AZ(201a—d)&EEdk, HLEIOEBROEXER
MERNSUIAR(201a—d)DEFEHKEE QR
V—A: RLAVEBBRICE>THREIEEXRIYF
(10 1DOHRESEEIEREh, WEEE3IOEKD
EXBRURNSOSAR(201a—d)0EHOS —
MCIEAIEEE 3 $IR 7 (7)IC BT DAL 3 44
BEE(V_Rx 1c)f T e hd,

The third transfer switch (101) includes a third plurality of
transfer field effect transistors (201a-d) having source /
drain paths connected in series, and the third plurality of
transfer field effect transistors (201a-d). The signal path
of the third transfer switch (101) is formed by the source /
drain paths connected in series, and the gates of the
third plurality of transfer field effect transistors (201a-d)
The third control voltage (V_Rx1c) supplied to the three
control terminals (7) can be supplied.

FREFIAEERAMYF(110)EY—R- RLAVER
FEIBEGRENEFAOEROBEEERMRENT VD
ZAZ(214a—d) ek, HEE40EROERLER
MERNSUIAR(214a—d)DEFEHE QR
V—A: RLAVEBBRICE>THREIELXRIYF
(110)DHIRESEBIEREh, WILE40EHO
ERXBRUERNSSURR(214 a—d)0EKOF—
MBI E44HEREF(25)CHBEThDE446HE
E(V_Rx2c)fiamgeeehs,

The fourth transfer switch (110) includes a fourth plurality
of transfer field effect transistors (214a-d) having source /
drain paths connected in series, and the fourth plurality of
transfer field effect transistors (214a-d). The signal path
of the fourth transfer switch (110) is formed by the source
/ drain paths connected in series, and the gates of the
fourth plurality of transfer field effect transistors (214a to
214d) The fourth control voltage (V_Rx2c) supplied to
the four control terminals (25) can be supplied.

NREAEBEERERE(10 9)DANBT(2 2)d 4
REIEEASMYF(101)DERESEE TEIES
ENEHNREIOEBOELERNENS VI RAR(2
01a—d)DBRMEHESR(410)cERENDBREEE
ERICRENgELEh, BIRRFI48EEERER(10
I)DHHEF(2 3WCEREThIEEBEICIHSEL THIR
FIEEAAMYTF(101)DHRESEBEA7REIC
HEATEEE D,

The input terminal (22) of the fourth negative voltage
generation circuit (109) is connected to the third transfer
field effect transistors (201a to 201d) connected in series
in the signal path of the third transfer switch (101).
Responsive to an inter-stage transmission signal
generated at the inter-stage connection point (410), the
third negative voltage generating circuit (109) is
responsive to a negative voltage generated at the output
terminal (23) of the third negative voltage generating
circuit (109). The signal path of the transfer switch (101)
can be controlled to an off state.
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MEESEEFAERERK(1 1 2)DADBF(2 7)EH0

REAEEZACYF(110)DHRESER CHEIIES
EhEWREIOEBROEEERWRINZ VAR (2

14a—d)0OBRBEERR(413)ICERENIBREEE
EELCRERREEE, HIKESEEEERER(1 1

0)DHAFHF(2 8)CEREhDAEEICIHEL THIRE
BABEXAAMYF(110)DHRESEREATREK
HEWEEENECEERHBETIENTHR(R6S

).

An input terminal (27) of the fifth negative voltage
generation circuit (112) is connected to the fourth plurality
of transfer field effect transistors (214a to 214d)
connected in series in the signal path of the fourth
transfer switch (110). Responsive to the inter-stage
transmission signal generated at the inter-stage
connection point (413), the fourth negative signal is
generated in response to the negative voltage generated
at the output terminal (28) of the fifth negative voltage
generation circuit (110). The signal path of the transfer
switch (110) can be controlled to be in an off state (see
FIG. 6).

BHLEANERENFETR. FicFE48BEERE
B(109)DHIRANRTF(2 2)LHREITERSY
F(101)DHREEINEBOEEERMRENS VDA
R(201a—d)DHBREERS(410)E0BBE
UHIEES BBEERER(1 1 0)DERADRKTF(2
7T)eHIREFIBEACIYF(110)DFREE4OEHD
EXERVWRENSOORAR(2 14 a—d)DEIRREME
BR(A13NCEATERRER(218a—b, 219a—
b, 360, 361a~—b, 362a~—b., 363
a—b. 364 a—b)NfEHREND,

In the most specific embodiment, the input terminal (22)
of the fourth negative voltage generation circuit (109) and
the third plurality of transfer field effect transistors (201a-
d) of the third transfer switch (101). ) Between the input
terminals (27) of the fifth negative voltage generating
circuit (110) and the fourth plurality of transfer field effects
of the fourth transfer switch (110). Variable attenuators
(218a-b, 219a-b, 360, 361a-b, 362a-b, 363a-b, 364a-b)
are connected to the interstage connection point (413) of
the transistors (214a-d). The

O—-NYROB1EEESHFE1ESHRTF(3 1)CtE
ENZ2B/ECR, FIRTERREREREZRREICH
fEch, AIREO—N2 ROBARKKI)EBFEVARED
NNV ROE2HEBESIE2/SRF(3 2)C#ia
Th2BECE. FRTERERE NS ZRRRICH
HEh3dLzRBBETIR6SK).

When a low-band first transmission signal is supplied to
the first signal terminal (31), the variable attenuator is
controlled to a large attenuation, and a high-band second
transmission signal having a frequency higher than the
low-band frequency. Is supplied to the second signal
terminal 32, the variable attenuator is controlled to have a
small attenuation (see FIG. 6).

(2) ZRBAOBNOBERORRNEREOFEER. R
FENEIEE(7 0)eTVFFTACAYF(7 3)2EHT
PBABES1I—I(RF_MD)TH5,

[2] A typical embodiment of another aspect of the present
invention is a high-frequency module (RF_MD) including
an RF power amplifier (70) and an antenna switch (73).

HR7PYTFTFRAAYF(73), L[ 1] DXRHAD
WFhDP OERROFETERE N EERBETS
(B7&8).

The antenna switch (73) is configured according to any
one of the embodiments of the present invention
described in [1] (see FIG. 7).

ARREOEEILLINLE, POTFRAMYFOERK
ERMEREITD LN TES,

According to the embodiment, it is possible to improve
the harmonic distortion characteristics of the antenna
switch.

2 .  REDFEOFM

R, REOFEICOVWTEICHRT D, i, RAZE
RREITIEHOBRERDOEEEHAITILHOLRICSH
WT, BiIRORER—DBEZFEIZBRICEEA—D
FEER/FLT,. TORYELOHABERT D,

2. Details of Embodiment Next, the embodiment will be
described in more detail. In all the drawings for explaining
the best mode for carrying out the invention, components
having the same functions as those in the above-
mentioned drawings are denoted by the same reference
numerals, and repeated description thereof is omitted.
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[ REOFE1 ]
(EAZERASPDTETFYFFRAYF)

B3k, ZRAODKREOFENICKRDTUTFTFARAIY
FEESCYBAEROABROBRETRIRTH S,

[Embodiment 1]

<< SPDT antenna switch for transmission and reception
>>

FIG. 3 is a diagram showing a configuration of a
semiconductor integrated circuit including the antenna
switch according to the first embodiment of the present
invention.

H3KCRIETRAOEREOFE1ICKDEEAERE
B1, EEANSVRAT 7= —FARA4YF 100
EZERARNS VAT P—S—RNALYF101EEE
Y RTF—RAAYF102EZERMI YN
TP—hRAAYF103LBERR104EEZHFIDT
UTTARAAMYVFELBLLEE1BFELERThULES
CENDTHD, #2>T. RILCRTEESFERERE 1
&, EZEASPDTRHTPYTTFRAYFEL THEE
THENDTHD, M, SPD TR, Single-Pole Double-
Through®BETH 3,

A semiconductor integrated circuit 1 according to the first
embodiment of the present invention shown in FIG. 3
includes a transmission transfer gate switch 100, a
reception transfer gate switch 101, a transmission side
shunt gate switch 102, a reception side shunt gate switch
103, and a step-down circuit 104. Including at least one
or more antenna switches. Therefore, the semiconductor
integrated circuit 1 shown in FIG. 3 functions as a
transmission / reception SPDT antenna switch. Note that
SPDT is an abbreviation for Single-Pole Double-
Through.

FERSLCRTEARAODKREOFE 1 ICKRDEBEE
BEE 1. HAUDVAMESOCES WX EEERIC

KO2THEHEENTWVWS, B, H3ICTRTEXRHANDE
BOFRE1CL32FBHREREK 1 CEENDTUT
FTRAYFTHEAThDIERMRENSODAZE. B
1OXRKAICKEI> TERAFICL >TREEKET
DTFFAAYFERBICnFYORILBT/ IV —
FOOMESHEBRAMENS VDRAETHD, ThED
5, LEWVEEEV t hFEBOFNSAATH>TY —
M V—AEEBENLEVEEZEEVt hHETHN

F, RLAVEV—REDHERBESNVE—FADF
VREERY, =K V-ABEBENLEVEEE
Vit hAFTTHhEE, B E—HADFTREE
B3, RETRACKOBABXRERE,LS, EBFB
BERNSUISAREFESENFNEZV, TEZOERY
RRNSUDPAZQE., RLAVEY—RALEEIETD
CELLKP2T, A A—RELTEETD. chiE,
H3ICRIAERANOEENHEE 1T TEHEL, B4
CRTERAOREOFE2 LSRG ICTRIERRKAD
EROFELICSEVTEFRICERTRENTH S,

A semiconductor integrated circuit 1 according to the first
embodiment of the presentinvention shown in FIG. 3 is
composed of a compound semiconductor substrate such
as gallium arsenide. Further, the field effect transistor
used in the antenna switch included in the
semiconductor integrated circuit 1 according to the first
embodiment of the present invention shown in FIG. 3 is
the same as the antenna switch studied by the present
inventor prior to the present invention in FIG. Similarly, it
is an n-channel normally-on MES field effect transistor.
That s, if the threshold voltage Vth is a negative device
and the gate-source voltage is equal to or higher than the
threshold voltage Vth, the low-impedance ON state is
established between the drain and the source, and the
gate-source voltage is When the voltage is equal to or
lower than the threshold voltage Vth, the high impedance
is turned off. Recently, a high electron mobility transistor
is often used in order to reduce insertion loss at the time
of ON. The field effect transistor Q operates as a diode
by short-circuiting the drain and the source. This applies
not only to the first embodiment of the present invention
shown in FIG. 3 but also to the second embodiment of
the presentinvention shown in FIG. 4 to the fourth
embodiment of the present invention shown in FIG. is
there.
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(EBRARAAYF)
REANSVAT77—=S—RNARAYF100REESH
FIETFTUTTHHRTF2EOBICEREh, COXER
RSOAT7—45—RAA4YF 10004 BEHEE
ENEBRAVRENTOOAZ200a—dOFY - F
7HEAGESHBREFS CHEEhIECSHEAEEY
TXCHDLARILIZCK>THBAETH D,

{Transmission switch)
The transmission transfer gate switch 100 is connected
between the transmission terminal 3 and the antenna
terminal 2, and the on / off control of the four field effect
transistors 200a to 200d connected in series of the
transmission transfer gate switch 100 is a transmission
control terminal. 5 can be controlled by the level of the
transmission control voltage V_Txc supplied to 5.

(ZERAAMYF)
BEARNSVAT7P—T—BFRAMYF1013ZEH
FA4ETUOTTHRTF2EOBICEREh, COZEA
RSURT7—=45—RAAYF 1010 4 BEDEL
ChEBRAMENS VAR 201a—~dDFY - F
7HBGSEHART 7 CHEE NS ZEFHNEEEY_
RXCcCOLARILICK>THIHATABETH S,

{Reception switch)
The reception transfer gate switch 101 is connected
between the reception terminal 4 and the antenna
terminal 2, and the on / off control of the four field effect
transistors 201a to 201d connected in series of the
reception transfer gate switch 101 is a reception control
terminal. 7 is controllable by the level of the reception
control voltage V_Rxc supplied to 7.

CEBR Y RRAYF)

REAMSY R —RMARMYF1020— KBRS
15ZNLTEBRFICEREND—F., KA
B316ZNLTEBIKFSICEREND, EEA

PYURNS—RRAYF 1020 4BEIERE L
BRAMRNS VP AKR202a—~dDRLAVEY—
AREELDY U NHBHRFOoOFBEEN BRI 14,
309a—~dENLTHGBEA, TOF> - FT7HE
BEEHHARTF7 ICHAETh2ZEFHHEEVY_Rxc
DOLRILVCK>THBATETH S,

<Sender shunt switch>

One end of the transmission-side shunt gate switch 102
is connected to the transmission terminal 3 via a
capacitor 315, while the other end is connected to the
ground terminal 8 via a capacitor 316. The control
voltage of the shunt control terminal 6 is supplied to the
drains and sources of the four field-effect transistors
202a to 202d connected in series of the transmission
side shunt gate switch 102 via the resistors 314 and
309a to d, and the on / off control thereof. Can be
controlled by the level of the reception control voltage
V_Rxc supplied to the reception control terminal 7.

(ZBEM>Y >V MRS Y F)

ZEAY RN —RAAYF1030—HEARES3
17ZNLTEERT4ICEREND—F, HRREE
B318ENLTESKFICEREISD, ZEA
SYURNF—RAAYF 1030 2@EFEHREALE
BRAMRNS T AX203 a—b 0¥ —NEFRIE
310, 311a—bZENL TEMIKF O ICERS
h, TOAY . F7HBEZEHERF7 CHEESH
DEZEHHEEV RxcOLARIIICK> THETEET
Hd.

<Receiver shunt switch>

One end of the reception-side shunt gate switch 103 is
connected to the reception terminal 4 through the
capacitor 317, while the other end is connected to the
ground terminal 9 through the capacitor 318. The gate
terminals of two field-effect transistors 203a-b connected
in series of the receiving-side shunt gate switch 103 are
connected to the ground terminal 9 through resistors
310, 311a-b, and ON / OFF control thereof is applied to
the reception control terminal 7. Control is possible
according to the level of the supplied reception control
voltage V_RXxc.
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(BEEEREEREE)
BREERE104DADETF10FEFHKTF 3 &ERE
h, EHEF1I1ICEREhIEOEREENZER
RSURT7—=S—RAAYF1010ERDRENS
VOARB201a—~dEREBRAIY I NT—RNAAY
F1020BRAMRRNSVZAR202a—dDY—
MCoftigmaEEEhT WD,

{Negative voltage generation step-down circuit)
The input terminal 10 of the step-down circuit 104 is
connected to the transmission terminal 3, and the
negative DC voltage generated at the output terminal 11
causes the field effect transistors 201 a to 201 d of the
reception transfer gate switch 101 and the field effect of
the transmission side shunt gate switch 102. It can be
supplied to the gates of the transistors 202a to 202d.

H3ICRIARAOERENOTE1ICKDLBEERD
B1OEERANS VAT 7P—Y—RASIYF100L
SEANSVARAT7P=T—RNARA4YF 101 EEEH
YN —RARALAYTF102EZERMI YRS —
RALAYF103DFARASYFTCEHIERENDIER
MREIZOSAZOEHE., EFRTFICHBEETLD
EEEBOEELRILEATMEEDSEEEh D,

The transmission transfer gate switch 100, the reception
transfer gate switch 101, the transmission side shunt
gate switch 102, and the reception side shunt gate
switch 103 of the semiconductor integrated circuit 1
according to the first embodiment of the present invention
shown in FIG. The number of field effect transistors to be
applied is set from the voltage level of the transmission
signal supplied to the transmission terminal 3 and the off
breakdown voltage.

CEL RILEFEED

REERICE. fIzE, 2EHERFSES v N
WF6IC3 . OVOEENtEETh, SEHHRFT7IC
FOVOEBEANMEELD, CORICEK, EEANTY
A77—T—RAAYF1000 4 BEFEHRE L
BRMRNSVPARAR200a—dDERSUDAAR
DTF—k- V—ABETS—N- RLAVBEEL, Th
Thd4F—REFARFESFBRhTVS, COFA
F—ROEFHDEERT%20 . 6VETDE, PUTT
WF2EEBRFILZIEGRFIEDTUOTFTFAAY
FOEERBOEREBEE(=UR, TOTTEELES)
k2 .4VTHd. #>T, EEHANSZVRT7 79—
RRAAYF100RFREEED—H, EFANS
VDARTF=F—=RAAYF1010ERMRNS D
AZ201a—d0y—hk V—AHBEET—N-
RLAVEBEELR-2 . 4VEBRYEBRMRINS VD
AZ201a—~dxA7REEES,

<Low level transmission operation>

At the time of transmission, for example, a voltage of 3.0
V is supplied to the transmission control terminal 5 and
the shunt control terminal 6, and a voltage of 0 V is
supplied to the reception control terminal 7. At this time,
diode forward characteristics appear between the gate
and the source and between the gate and the drain of
each of the four field effect transistors 200a to 200d of
the transmission transfer gate switch 100 connected in
series. If the forward voltage drop of this diode is 0.6V,
the DC voltage of the signal path of the antenna switch of
the antenna terminal 2, the transmission terminal 3 and
the reception terminal 4 (= hereinafter referred to as the
antenna voltage) is 2.4V. . Accordingly, the transmission
transfer gate switch 100 is turned on, while the gate-
source voltage and the gate-drain voltage of the field-
effect transistors 201a to 201d of the reception transfer
gate switch 101 are -2.4V. 201a-d will be in an OFF
state.

RERAZ YRS —RAAYF102TOMED 2
HOBEE3 15, 316IC&KWTFUOTFTEEORE:
SN By NEHIRTF 6 BT Hh

23 . OVESEHBEF7 ICHGEhEOVEDEN
EN-3VERBESD, BREA Y NS—RNAAYTF
102R@FA7REERS,

The transmission-side shunt gate switch 102 is not
affected by the antenna voltage by the two capacitors
315 and 316 at both ends thereof, and is 3.0V supplied
to the shunt control terminal 6 and 0V supplied to the
reception control terminal 7. Since the potential difference
is =3 V, the transmission-side shunt gate switch 102 is
turned off.
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FEASYNS—RNAAYF103RTOMED 2
BORB3I17, 318ICKYTFUOTTFEEORES:
BB LN BL<BEHBEF7 CHIBEhEZOVEE
WKEFIONEHENENEMNEN OVELERD LD,
YN —RAAMYF103R@FVREEED,

The receiving shunt gate switch 103 is not affected by
the antenna voltage by the two capacitors 317 and 318
at both ends thereof, and the potential difference
between 0 V supplied to the receiving control terminal 7
and the ground potential of the ground terminal 9
becomes 0 V. Therefore, the receiving side shunt gate
switch 103 is turned on.

CORE, ZSERTA4CRRIIECESRIBA7
REOEEANS VAT —MASIYF1011C
FOTHEEh, FLECAVREOZFEMS v b
TF—RARAAYF 103k EHEUMLC/NINAETH
%, 2T, IEWFA4LCRRIZIEABEESHIOL
RV, THEBEhD N TREERD,

At this time, the transmission signal component leaking to
the reception terminal 4 is attenuated by the reception
transfer gate switch 101 in the off state, and further
bypassed to the ground potential by the reception side
shunt gate switch 103 in the on state. Therefore, the level
of the transmission signal component leaking to the
reception terminal 4 can be sufficiently reduced.

RERTFICHBENEEEEEIrREQAK 104D
ADWBF10ICHFEh, T4F—K204, 205
DAIEHRRIOO0ICRETDIANBEN F4A—K
204, 205QOLZEVEEBELY MEVEEICE.
BREEE1040HIRF11CABEFRRELE
W,

When the transmission signal supplied to the
transmission terminal 3 is supplied to the input terminal
10 of the step-down circuit 104 and the input voltage
generated at the input connection point 400 of the diodes
204 and 205 is smaller than the threshold voltage of the
diodes 204 and 205 No negative voltage is generated at
the output terminal 11 of the step-down circuit 104.

Rk, BLRILOEBESIRIOERFDORED
KEAICLD¥XBEURREBR 10T TTFRAAYTFO
RERFICHETIIBIEZERAIYF 100, 10
1. 102, 103 NEELHEREOEREETRT
BT®H2.

FIG. 8 shows the voltages of the switches 100, 101, 102,
and 103 when a low-level transmission signal is supplied
to the transmission terminal 3 of the antenna switch of
the semiconductor integrated circuit 1 according to the
first embodiment of the invention shown in FIG. Itis a
figure which shows the relationship of an operation state.

RBILRTLO, RERFIETUTTHF20M
CERENEEERAN S VAT P—S—NAMYF1
0 0 AVREICHBET N DT, EERF3 CHB
ThBREEEENFFUOTHFHTF2ICEEE NS,

As shown in FIG. 8, since the transmission transfer gate
switch 100 connected between the transmission terminal
3 and the antenna terminal 2 is controlled to be in an ON
state, the transmission signal supplied to the
transmission terminal 3 is transmitted to the antenna
terminal 2. Is done.

(BLARIWNEEEE)
EERFICLHEEER104DANET 10 &G
ENDEGEETOEELARILFBRLTASNA—R2
04, 205NDANEHRR400CRETIBELE
XBUS401EOBEOBHNEV i nHFFLA—K2
04, 205OLEVEEREV fLYERELLZD L
AL4A—R204, 205 BABDEEZMBETHD
T, BREEBRE1040HIEF11ICETR2)RE
#->EBEEVou t FERE N,

{High level transmission operation)
The voltage level of the transmission signal supplied to
the transmission terminal 3 and the input terminal 10 of
the step-down circuit 104 increases, and the potential
difference Vin between the voltage generated at the
input connection point 400 of the diodes 204 and 205
and the reference potential point 401 is When the voltage
exceeds the threshold voltage Vf of the diodes 204 and
205, the diodes 204 and 205 start rectifying operation, so
that the negative voltage Vout according to the following
equation (2) is generated at the output terminal 11 of the
step-down circuit 104. .
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2
Vout & - 2-(Vin -V - Vss  ---(2)=

%2
Vout = - 2-(Vin - VA - Vs --+(2)3

EFRR(2)RATVs sREHEELARILTHY ., LR
(2)RICE>TEAShPAEEVou t NBEER.
BEEVou t ZERTHIRERRK10 4 DERERN
TEChDERBDELCLELTIENDTHD,
T. BEEVou t ZERTHIREEKE 10 4 DEIEFE
R, I3CTRTERAORBEOFE 1 (IC LD ¥E 4Kk
EWER1OBRERR 10 4 DERAAOERZRA
TRENTETHD. BIZAEFE,. Vin=1.6V, V
f=0.6VedgdE, ER2)RCH>T,. -2.0
VOEEEVou t YREERKE1040OHIEF1 1
EYREhD,

In the above equation (2), Vss is the ground voltage
level, and the voltage value of the negative voltage Vout
given by the above equation (2) is different when the
circuit format of the step-down circuit 104 that generates
the negative voltage Vout is changed. It will change to.
Therefore, the circuit format of the step-down circuit 104
for generating the negative voltage Vout can employ a
circuit other than the step-down circuit 104 of the
semiconductor integrated circuit 1 according to the first
embodiment of the present invention shown in FIG. For
example, if Vin = 1.6V and Vf= 0.6V, a negative voltage
Vout of -2.0V is generated at the output terminal 11 of
the step-down circuit 104 according to the above
equation (2).

Ko, BLRILOEBESIRIOERBFDORED
KRICLP¥BEEREAR 10T TTFAAYTFO
EERFICHEEAIBLEZRAIYF 100, 10
1. 102, 103 NERELHERENVEREETRT
RTHd, 78h5, RITR. BLRIODEEES
FPUOTFRAAYTFORBRFIICHB/ENDI L
KO2T, FAF—KR204, 205DANEHR40
OLRETIBEELEREEUR4 01 ENHOEME
Vin&1.6VER>TLWREDTHS,

FIG. 9 shows the voltages of the switches 100, 101, 102,
and 103 when a high level transmission signal is
supplied to the transmission terminal 3 of the antenna
switch of the semiconductor integrated circuit 1 according
to the first embodiment of the invention shown in FIG. Itis
a figure which shows the relationship of an operation
state. In other words, in FIG. 9, when a high-level
transmission signal is supplied to the transmission
terminal 3 of the antenna switch, the potential difference
Vin between the voltage generated at the input
connection point 400 of the diodes 204 and 205 and the
reference potential point 401 is Itis 1.6V.

HOIRTLSIC, R8s LEHKIC, EBEHRFIELTY
FTTHEF2OBICERENEERERANS VAT 7 —

F—RAAYF100FFREICHBEhB0T,
BRERFICHBENIEEEEFrFPOTFHF2LC
CEETNhD, FERIOTR, EE(2)RICH> -2 .
OVHDEEEVou tic&>T, A7RELENDR
1Y9F101, 1020BRAMRIN S VZAREDY —
M V—AHEBENfRVESFAEBEEEEATVD, T
DRER, FUOTTAAYVFOFATMEERET AL
FAgEERY, FETOTTFRAMYVFOREBOSBE
BENMCL2ERRERUEZRETRELS,

As shown in FIG. 9, since the transmission transfer gate
switch 100 connected between the transmission terminal
3 and the antenna terminal 2 is controlled to be in the ON
state, similarly to FIG. 8, the transmission signal supplied
to the transmission terminal 3 Is transmitted to the
antenna terminal 2. In FIG. 9, the negative voltage Vout
of —2.0 V according to the above equation (2) causes the
gate-source voltage of the field effect transistors of the
switches 101 and 102 to be turned off to be a deep
reverse voltage. Yes. As a result, it is possible to improve
the off-breakdown voltage of the antenna switch, and itis
possible to improve the harmonic distortion
characteristics due to a sudden increase in the capacity
of the antenna switch.
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(ZEBE)

FERHICR. R3CRUATRAOERBOTE1ICK

DYWEEREAB1OFTUTFRAIYFICSEVWT, &
EHERFS ICOVOEEN G, >+ NHBERK
FOLSEHHRFTELS . OVOEENHBEh

%, COBICE, BERANSVAT7T7——RNRAY

F10104HAEINERENEERVRENZOORAR

E201a—~dDBERSUIAEROY—K Y—AM
EF—bh RLAVEEL, ThEhF4A—RIBEA
BRUEF RN TV,

<Receiving operation>

At the time of reception, in the antenna switch of the
semiconductor integrated circuit 1 according to the first
embodiment of the present invention shown in FIG. 3, a
voltage of 0 V is supplied to the transmission control
terminal 5, and the shunt control terminal 6 and the
reception control terminal 7 A voltage of OV is supplied.
At this time, the four field-effect transistors of the receiving
transfer gate switch 101 connected in series exhibit
diode forward characteristics between the gate and the
source and between the gate and the drain of each of
the transistors 201a to 201d.

COFAF—ROEFEOEERTZ0 . 6VETDE,
FroTrEEWR?2 . 4veRY), SERANS VAT 7—
F—=RALMYF101EFRECHBEhD -5,

BERARNS VAT 7P—S—PFAAMYF1000ERN
BRSO AR200a—d0S—h- Y—AHEEE
e =K RLAVEEER-2 . 4aVERYEEFEAM
SURTF—=S—=RAAYF100RF7RECHE
chd,

When the forward voltage drop of this diode is 0.6V, the
antenna voltage becomes 2.4V, and the reception
transfer gate switch 101 is controlled to be in the ON
state, while the field effect transistors 200a to 200d of the
transmission transfer gate switch 100 are controlled. The
gate-source voltage and the gate-drain voltage become
-2.4 V, and the transmission transfer gate switch 100 is
controlled to be in the OFF state.

ZEAY NS —RAMYF103 R TOMEFED 2
BORB3I17,. 318ICKYFPUOTTFEEORESR
FHd L, FEZEHERTF7 CHEEH

3 . 0OVEEBMBEFINS—NEHMBNEDENEN
-3.0VEBBLED, EEA Y NS —RRAYTF
103RkAFAT7RELES,

The reception-side shunt gate switch 103 is not affected
by the antenna voltage due to the two capacitors 317
and 318 at both ends thereof, and the potential
difference between the 3.0 V supplied to the reception
control terminal 7 and the gate ground potential of the
ground terminal 9. Is —3.0 V, the receiving-side shunt
gate switch 103 is turned off.

REAZ YRS —RAAYF102TOMED 2
EHOBE3 15, 316IC&KWTFUOTFTEEORE:
FHzdcenL, TV MBEF6 ICHiGET
23 . OVESEHBEF7 ICHBEhiE3 . 0vED
BUENFOVELD LD, BEERAIZ Y M —RNARAY
F102FRELES,

The transmission side shunt gate switch 102 is not
affected by the antenna voltage due to the two
capacitors 315 and 316 at both ends thereof, and is also
supplied with 3.0 V supplied to the shunt control terminal
6 and to the reception control terminal 7. Since the
potential difference from 0V is OV, the transmission side
shunt gate switch 102 is turned on.

CORIC, AERFICRRIP>EIBEIHRAIEFY
REODEEBRANSVAZ7——RNALYF100IC
KOTHEEN, FLELCAVREOEEFM Y b
P—RAAYF102Ck> TEMEMIC/NA/VAE
hd, #£2T, EERFICEAIZISESERSD
LRIV, toEBEhD N TgEeirsd,

At this time, the received signal component leaking to the
transmission terminal 3 is attenuated by the transmission
transfer gate switch 100 in the off state, and further
bypassed to the ground potential by the transmission
side shunt gate switch 102 in the on state. Therefore, the
level of the received signal component leaking to the
transmission terminal 3 can be sufficiently reduced.
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H10kk, SRESIARICRULEERAOREDE
B1CLI¥BUHERABR1OTTFAIYTFOR
BRF4ICHEENIBRIIZRASIYF 100, 10
1, 102, 103 NEELHEFREONREETRT
RTH3.

FIG. 10 shows the voltage and operation of each switch
100, 101, 102, 103 when the received signal is supplied
to the receiving terminal 4 of the antenna switch of the
semiconductor integrated circuit 1 according to the first
embodiment of the present invention shown in FIG. Itis a
figure which shows the relationship of a state.

10IERTELSCEBHRFIETOTTHRF2OH
CERENESBRAN S VAT P—S—NAAYF1
01D FREICHBENZDOT, PoTFHmF2IC
HEENIEIEESIrIEHRF4CEEEID,

As shown in FIG. 10, since the reception transfer gate
switch 101 connected between the reception terminal 4
and the antenna terminal 2 is controlled to be in an ON
state, the reception signal supplied to the antenna
terminal 2 is transmitted to the reception terminal 4. The

COSEEBICR. LROLKSCREERAS Y NF—H
AAYF10 2R RFVREICHBAEhBD 0T, EEH
FILHRERB104DADBF10LICHBEISD
BERSREBRAS Y R —RNASMYF102&2
EHOREB315. 316ZNLTEBEMIC/NINA
Ehad0T, BEER104IC&L2EEREVou t D&
RBENFFLEh, SRRFIETOTTHF2ED
BICEREIAESZEANS VAT 7—S—NRAYF
101 FAFFREICA7REICHBE D ZEHFPHLEE
h3ZENTREERE S,

At the time of reception, since the transmission side
shunt gate switch 102 is controlled to be in the ON state
as described above, the signal components supplied to
the transmission terminal 3 and the input terminal 10 of
the step-down circuit 104 are the transmission side shunt
gate switches 102 and 2. Since it is bypassed to the
ground potential via the capacitors 315 and 316, the
function of generating the negative voltage Vout by the
step-down circuit 104 is stopped, and the transfer gate
switch for reception connected between the reception
terminal 4 and the antenna terminal 2 It is possible to
prevent the 101 from being undesirably controlled to the
off state.

[ REDOTE?2 ]
(XERASPDTRTFPYTFFAAYF)

R4, ZRBAOREOFE2ICKRDTUTTFARASAY
FEECHESGEROROBRERIRTH S,

[Embodiment 2]

<< SPDT antenna switch for transmission >>

FIG. 4 is a diagram showing a configuration of a
semiconductor integrated circuit including an antenna
switch according to the second embodiment of the
presentinvention.

HA4ICRIERBAOEREOFE2 [CKDEBEERD
B1l. B10RERANSVRTI7P—TF—RAAYF
100EH2NREFEANT VAT 7P—S—NRAYTF
105EE10REBRS YRS —RALYF 102
EE2DEBRAS YRS —RNARIYF106LEHE1
LE2OBREEKR107. 108LEETDTFUTF
AV FELBLLEEL 1AEEEZTRARLEZETED
THD, 2T, H4LCTRTELBEEREE 1&, &
FEHASPDTRTFPVFFTFARAAYFELTHETIED
THhdD,

The semiconductor integrated circuit 1 according to the
second embodiment of the present invention shown in
FIG. 4 includes a first transmission transfer gate switch
100, a second transmission transfer gate switch 105, a
first transmission shunt gate switch 102, and a second
transmission gate switch 102. The transmission side
shunt gate switch 106 and the first and second step-
down circuits 107 and 108 include at least one or more
antenna switches. Therefore, the semiconductor
integrated circuit 1 shown in FIG. 4 functions as a
transmission SPDT antenna switch.
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(E1OEBHASMYTF)
E10XEERANS VAT P4 —RALYF100&
F10EGBHRFI1IETUOTIRF2EOBICERE
h B1OEBANSVRTP—S—RAA4YF10
ONBRAMENSVZAR200a—~dDAY- 7
HEEE1OXEHBAET S CHBE NI EEFNPE
EV_Tx1cOLRILCK>THBTETH S,

<First transmission switch>

The first transmission transfer gate switch 100 is
connected between the first transmission terminal 31 and
the antenna terminal 2, and the on / off control of the field
effect transistors 200 a to 200 d of the first transmission
transfer gate switch 100 is the first. It can be controlled by
the level of the transmission control voltage V_Tx1c
supplied to one transmission control terminal 5.

(E20EERARIYTF)
B20XERANS VAT P4 —RALYF1051
B2OREBHRFI2LETUTFHF22LOMICESKE
h B20XBANS VAT P—5—RAA4YF10
5NBRAMRNS VAR 206a—~dDAY- 7
HEEE20EEHBAET 1 3 ICHABENZEHE
BEV_TXx2cOLRILCK>THBTETH S,

<< Second transmission switch >>

The second transmission transfer gate switch 105 is
connected between the second transmission terminal 32
and the antenna terminal 2, and on / off control of the
field effect transistors 206 a to 206 d of the second
transmission transfer gate switch 105 is performed in the
first. It can be controlled by the level of the reception
control voltage V_Tx2c supplied to the second
transmission control terminal 13.

CE1OEEFRIS Y RAALY F)
B1ORBRA Y M —NARAIYF 10 20—
BEB315ENLTE1OEBRFT3 1(CEBKch,
fiiREFE3 16 ZN L TEBIKT 8 (CFEREh, &
1OREBRS YRS —RAAMYF1020BRUE
RS> AKR202a—dDRLAVEY—AREIC
YN FOOHBEEV _shun t FER3
41, 314, 309a—dENLTHBEN, £1
DEFRU Y NTF—RNAAYF1020F> - F7
HEBFE20OXREFHBRET 13 CHBENIE20%
EHBEBEV_TXx2cODLARILICE>THBTETS
%,

<< First transmitter shunt switch >>

One end of the first transmission side shunt gate switch
102 is connected to the first transmission terminal 31 via
the capacitor 315, and the other end is connected to the
ground terminal 8 via the capacitor 316. The control
voltage V_shunt of the shunt control terminal 6 is
supplied to the drains and sources of the field effect
transistors 202a to 102d of 102 through the resistors
341, 314, and 309a to d, and the first transmission side
shunt gate switch 102 is turned on / off The control can
be controlled by the level of the second transmission
control voltage V_Tx2c supplied to the second
transmission control terminal 13.

(E20EERI Y RNARSYF)
B2OREBRAS YR —NARMIYTF 106 D—iFE
BEB330ENLTE20XBRT3 2(CEHRE .
fiREAR3 3 12N L TEMKEF14CEHES A,
B2OREBRAUS YU NS —RALYF 106 DERD
BRSUTVAR207Ta—~dDORLAVEY—RE
YU NHHEFOOHBEEV _shun t FER3
41, 340, 329a—dENLTHBEH, £2
DEFR YN —RNRALYF1060F> F7
HEEE1OXEEHBARTFS CHBENDE1OEE
HEHEEV_Tx1cOLARILICK> THEBTETSH
%,

<< Second transmitter shunt switch >>

One end of the second transmission-side shunt gate
switch 106 is connected to the second transmission
terminal 32 via the capacitor 330, and the other end is
connected to the ground terminal 14 via the capacitor
331. 106, the control voltage V_shunt of the shunt control
terminal 6 is supplied to the drain and source of the field
effect transistors 207a to 207d via the resistors 341, 340
and 329a to d, and the second transmission side shunt
gate switch 106 is turned on / off. The control can be
controlled by the level of the first transmission control
voltage V_Tx1c supplied to the first transmission control
terminal 5.
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(E10EEELERBEERR)
F1OMREERE107OADRF15E10EEH
F31eEHREh, HIABTF16ICERThIENE
REENF20EBHANS VAT 7= —KNAAMYTF
105NBRUMERNS VAR 206a—dOT—h
EE1OEBRAS YU NS —NARSIYF1020ER
WMERNSUIAR202a—~d0F—MCHBTREE
ThTW3s,

<< First negative voltage generating step-down circuit >>
The input terminal 15 of the first step-down circuit 107 is
connected to the first transmission terminal 31, and the
negative DC voltage generated at the output terminal 16
is applied to the field effect transistors 206 a to 206 d of
the second transmission transfer gate switch 105. The
gate and the gates of the field effect transistors 202a to
202d of the first transmitting shunt gate switch 102 can
be supplied.

(F2nBEFEREERRR)
HF2NMEERE108DALRF17RRE2DESEH
FI32LEHRETh, HIRF18IEERENDIEDE
REENFEF1ORNSVRT 7= —RARA4YF 100
NDERAMRINS VI AR200a—~dDSF—RNEE?2
DEFRU Y M —RNRASMYF106DERMRR
SUVAR207 a—~dDS—RMCHBTREEEIT
Wa,

<< Second negative voltage generating step-down circuit
>>

The input terminal 17 of the second step-down circuit
108 is connected to the second transmission terminal 32,
and the negative DC voltage generated at the output
terminal 18 is connected to the gates of the field effect
transistors 200 a to 200 d of the first transfer gate switch
100. The second transmission side shunt gate switch
106 can be supplied to the gates of field effect transistors
207a to 207d.

RA4ICRTERANDKREOFRE 2 ICKD L BEERE
B1OE1OREREANS VAT 7P—S—RNASYFA1
O0LE20DEBRANS VAT P—S—NAMYF1
O5LEB1NOREER> Y NP —RRSIYF102L
B2OREBRAU Y NS —RALYF106DEAR
1Y FTCEINERETNIERDRENS VO AXOEK
BE1DEEHRFIIEE2NDEFTHEF3I2&ICTEN
ThtRE NI E10EBESELE20EFEESNE
ELRILEATWMEEDNSEEE N D,

The first transmission transfer gate switch 100, the
second transmission transfer gate switch 105, the first
transmission shunt gate switch 102, and the second
transmission gate switch 100 of the semiconductor
integrated circuit 1 according to the second embodiment
of the present invention shown in FIG. The number of
field-effect transistors connected in series by each switch
of the transmission-side shunt gate switch 106 is the first
transmission signal and the second transmission signal
supplied to the first transmission terminal 31 and the
second transmission terminal 32, respectively. Is set from
the voltage level and the off breakdown voltage.
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CEL RO 13X EBE)
BLRILOEFE1OEGSESOEERE. bS5 ELA
LOE1OREEEE2E10EBRF3I 1 SHEL
T.FPoTTHF2EHITHRBGICR. HIAFEE
DEFHAKFS Y MK FO6EIC3 . OVD
BEEEMHELT. B20REFPKETF13ICOVOERE
EHRETD. CORICR., ZREANZ VAT 79—
RAAYF100D4HESERENLEERURNS
VUAR200a—~dDERTUIRAEOT— K-
V—ABET—N- RLAVEEE, ThTEhAS
F—RIEFEFEIFBhTVD, COFLMF—RDIE
FEEEMRTEO . 6VETDE, PUTFHRFESE
1OREBRFI1EF2N0EFBRFI2LEOTUTF
AMYTFOESBBEOEREE(=UE, POTTEE
EES2 . 4VTHBD, 22T, F1OEFANS
DATFP=J—=RNAAYF100RFREEED—
B, BF20EBRANS VA7 7——RNAA4YF10
S5OBRMENS VAR 206a—~dDY—h-
V—ABEBEET—b RLAVEABEER-2 . 4
VEBYEBRMERNSVDAR206 a—~dRkA7RE
s -

<< Low level first transmission operation >>

When transmitting a low-level first transmission signal,
thatis, when a low-level first transmission signal is
supplied from the first transmission terminal 31 and
output to the antenna terminal 2, for example, a first
transmission control terminal 5 and the shunt control
terminal 6 are supplied with a voltage of 3.0 V, and the
second transmission control terminal 13 is supplied with
a voltage of 0 V. At this time, diode forward
characteristics appear between the gate and the source
and between the gate and the drain of each of the four
field effect transistors 200a to 200d of the transmission
transfer gate switch 100 connected in series. When the
forward voltage drop of the diode is 0.6 V, the DC
voltage of the signal path of the antenna switch between
the antenna terminal 2, the first transmission terminal 31,
and the second transmission terminal 32 (= hereinafter
referred to as the antenna voltage). Is 2.4V. Accordingly,
the first transmission transfer gate switch 100 is turned
on, while the gate-source voltage and the gate-drain
voltage of the field effect transistors 206a to 206d of the
second transmission transfer gate switch 105 are -2. .4V,
and the field effect transistors 206a to 206d are turned
off.

BF1OEBR Y NTF—RNAAMYF102TNOME
WO2HENOEER3 15, 316K FUOTTEED
HEEZIWHB LBy M F 6 Itz h
23 . OVEE20REHBEF 13 CHsEchizoV
EOBNEN-3VERDLED, F10EEFRI Y+
F—RAAYF102BF7REEES,

The first transmission-side shunt gate switch 102 is
supplied to the second transmission control terminal 13
with 3.0 V supplied to the shunt control terminal 6 without
being affected by the antenna voltage by the two
capacitors 315 and 316 at both ends thereof. Since the
potential difference with respect to 0V is -3V, the first
transmission shunt gate switch 102 is turned off.

B20EBRU YU NTF—RNAAMYF106RETNOME
HWO2ENAE330, 331ICKYTFUTTFEED
HEEZSHB By M F 6 ICfiiiiEh
3 . 0VEE10REGEHBRFS ICHBEhE3 .
OVEDNENENOVELEDLEYD, F20EER v
RTF—RAAMYF106RFVIREEED,

The second transmission-side shunt gate switch 106 is
supplied to the first transmission control terminal 5 at 3.0
V supplied to the shunt control terminal 6 without being
affected by the antenna voltage by the two capacitors
330 and 331 at both ends thereof. Since the potential
difference with respect to 3.0V is 0V, the second
transmission side shunt gate switch 106 is turned on.

COR, B20EFBRFI2ERABIZIE1DEERE
BERATREOE2D0EFANZ VAT 7—7—K A
AYF105L&K2>THREETh, FLELARED
B2OEBAS YN —FRAIYF106IICKYE
MEBMICNANAEND, TOKR, F20EBRT
32ERRIZIF1OEEESHARE. +HLEREE
NBENTREER D,

At this time, the first transmission signal leaking to the
second transmission terminal 32 is attenuated by the
second transmission transfer gate switch 105 in the off
state, and further grounded by the second transmission
side shunt gate switch 106 in the on state. Bypassed to
potential. As a result, the first transmission signal
component leaking to the second transmission terminal
32 can be sufficiently reduced.
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BI1ORBHRTFI1CHBENEE1OREEENE
1OBREERE107DALRTF15ICHEEh,. &4
ZA—K208, 209 NDALERK403ICRETS
ANBELEXEBNRI4020BNEV i nHFEA
F—RK208, 209NLEVEBEV f &V E/NE
WESICR. B10RERK1070OHA®TF 16
BEFERELEV,

The first transmission signal supplied to the first
transmission terminal 31 is supplied to the input terminal
15 of the first step-down circuit 107, and the input voltage
generated at the input connection point 403 of the diodes
208 and 209 and the reference potential point 402.
When the potential difference Vin is smaller than the
threshold voltage VT of the diodes 208 and 209, no
negative voltage is generated at the output terminal 16 of
the first step-down circuit 107.

11, BLRILOE1OREBFESHFIR 4 DAEFH
NREOFE2 ICIDF¥BEERER 10T TFA
1YTFOE1DEBRF 3 1 ICHBETNIBRCER
1YF¥100, 105, 102, 106 DEELEE
RENBEREEZTIRTH D, M, COBOATA
AYFOLEVWEEER, -1.0VELTWVS,

FIG. 11 shows each switch 100, 105, when the low-level
first transmission signal is supplied to the first
transmission terminal 31 of the antenna switch of the
semiconductor integrated circuit 1 according to the
second embodiment of the invention shown in FIG. Itis a
figure which shows the voltage of 102,106, and the
relationship of an operation state. At this time, the
threshold voltage of the off switch is setto -1.0V.

11ERTELSC, B1ORBRFI1ETUTT
WF2EOEMOE1OREANZ VAT 7—7—KA
AYF10 0T RELCHBENZIOT, F10E
FRF31CHREEThIBELRILOE1OEEFESH
FUoTHHmF2ICEEENSD,

As shown in FIG. 11, since the first transmission transfer
gate switch 100 between the first transmission terminal
31 and the antenna terminal 2 is controlled to be in the
ON state, the low power supplied to the first transmission
terminal 31 is reduced. The first transmission signal of the
level is transmitted to the antenna terminal 2.

(BLARILDOZE 12 EBHE)
F1OEBHRFI1IEFE1ORERRE107 DAL
FI15LICHBETNIE1OXEESOEELARILY
BRLT, #4A4—KR208, 209D ANEHKS4
OSBICRETHIANBELEXBNR402ENHD
BUEVinFfFL4A—K208, 2090DLEWVE
BEVIRWKRELSBBEASMA—R204, 205
BRERBEZMABIZDOT, LE(2) R EEEE
Vout#HFEREhd, FELEEB(2)RC&>2TEAS
h28EFEVou t DEEMERK. BEEVou t ZERK
IHE10BREER107DEARERINEEEND L
EBBEICENLTZENTHD, #2T. BEFEVou
tZERTHE1OREERK1070EBERF. B
ACRUERRBAOREOFRE2 (CKDEBEERE
B1OF1OBRERR107RAOEKERATSC
EHFTRETHD, HIZE. Vin=1.6V. VFi=0.
6VETDE, LRR(2)RICH>T. -2 . OVOAEE
VoutHNFE10OREERE107OEIEF16IICER
Ths,

<< High-level first transmission operation >>

The voltage level of the first transmission signal supplied
to the first transmission terminal 31 and the input terminal
15 of the first step-down circuit 107 increases, and the
input voltage generated at the input connection point 403
of the diodes 208 and 209 When the potential difference
Vin with respect to the reference potential point 402
becomes larger than the threshold voltage Vf of the
diodes 208 and 209, the diodes 204 and 205 start
rectifying operation, so that the negative voltage Vout
according to the above equation (2) is generated. The
The voltage value of the negative voltage Vout given by
the above equation (2) changes to a different value when
the circuit format of the first step-down circuit 107 that
generates the negative voltage Vout is changed.
Therefore, the circuit format of the first step-down circuit
107 that generates the negative voltage Vout employs a
circuit other than the first step-down circuit 107 of the
semiconductor integrated circuit 1 according to the
second embodiment of the present invention shown in
FIG. Is possible. For example, when Vin = 1.6V and Vf=
0.6V, a negative voltage Vout of -2.0V is generated at
the output terminal 16 of the first step-down circuit 107
according to the above equation (2).
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12, BLRILOE1OEEESHFI R4 OXZHH
DREOFE2 CEDFBEEREK1OFTTFA
IYFOE1DEFRFI 1 CHETNIBRICRA

A4YF100, 105, 102, 106 DEELEF
RENEREEZTIRTHS, T8h5, K12T

B, BLRILODB1OEBESHFTUTFAIYFO
B1OEBRFI1CHBEhI L &L2T, Ha
ZF—K208, 209NAHERR403ICRETS
ADBELEEENRI02EOEDEMNEV in

HF1.6VEB>TVRENDTHD,

12 shows that each of the switches 100, 105, when the
high-level first transmission signal is supplied to the first
transmission terminal 31 of the antenna switch of the
semiconductor integrated circuit 1 according to the
second embodiment of the invention shown in FIG. Itis a
figure which shows the voltage of 102,106, and the
relationship of an operation state. Thatis, in FIG. 12, the
input voltage generated at the input connection point 403
of the diodes 208 and 209 and the reference potential
point 402 when the high-level first transmission signal is
supplied to the first transmission terminal 31 of the
antenna switch. The potential difference Vin between the
twois 1.6V.

H12CRT&RSIC, B10EERFI1ETUTT
WF2EDBICERENEE10EBEANS VA
TP7—=F—RAAYF 100 A REICHBE IS
DT, F1ORXEEHRFI1CHBEIhIF10EEE
BFT7oTTHRFICEEEND, FER12TRE
FB(2)RICH27=-2 . OVOEEBEVou t IZ&K>2TH
TRELEENDRASAYF 105, 1020BRMEH
TUDAROY =K V—ABMEBEN. RVEFEE
EEEhTWB, 2T, PUTFTFARAYTFOFT7M
EZRETHIENTMEERY, EETUOTFTFARAY
FORBOSBEEM-IL2EFHREL EZRNE T
&3,

As shown in FIG. 12, since the first transmission transfer
gate switch 100 connected between the first
transmission terminal 31 and the antenna terminal 2 is
controlled to be in the ON state, the first transmission
terminal 31 is supplied. The first transmission signal to be
transmitted is transmitted to the antenna terminal 2. In
FIG. 12, the gate-source voltage of the field effect
transistors of the switches 105 and 102 which are turned
off by the negative voltage Vout of —2.0 V according to
the above equation (2) is a deep reverse voltage. .
Therefore, it is possible to improve the off-breakdown
voltage of the antenna switch, and it is possible to
improve the harmonic distortion characteristics due to a
sudden increase in the capacity of the antenna switch.

(ELXRIL D2 2 X5 F8 )
BLRILDE2DEBEESOEFRK, TBDLEELA
LOE20EEESZE20EBRTFI 2, S5H#HGL
TTFPUTHmRF2CHNTZIBELER, HIREE
OEEHPRFSICOVOEENfiigch, v Nl
HiRF6eE2NEFHBKEF13&C3 . OVOEE
Fieeha, BF20%XFBANZYAT77—7—K A
AYF10504EEFERENCERABRNS D
A2206a—dDFRFUTAEZOT—K Y—A
Mes—h- RLAVEEL, ThThAAF—RES
AREFRNATVWD, COXSMF—ROIES B BER
TZ0.6VETdE, PTUVTFEER2 . 4VTH
%, 2T, B20REBANZ VAT 77 —HFA
AYF105RFREERD—FH. BE10EFBAM
ZURTFP—TF—RALYF100B3BRAMEINS >
SAZ200a—-d0S—hF V-AHBEET—
h RLAVHEBEER-2 . 4VERWERMRRNS
DTUAR200a—~dFTREERD,

<< Low Level Second Transmission Operation >>

When transmitting a low-level second transmission
signal, that is, when a low-level second transmission
signal is supplied from the second transmission terminal
32 and output to the antenna terminal 2, for example, the
first transmission control terminal A voltage of 0 V is
supplied to 5, and a voltage of 3.0 V is supplied to the
shunt control terminal 6 and the second transmission
control terminal 13. Diode forward characteristics appear
between the gate and source and between the gate and
drain of each of the four field effect transistors 206a to
206d of the second transmission transfer gate switch 105
connected in series. If the forward voltage drop of this
diode is 0.6V, the antenna voltage is 2.4V. Accordingly,
the second transmission transfer gate switch 105 is
turned on, while the first transmission transfer gate switch
100 is configured such that the gate-source voltage and
the gate-drain voltage of the field effect transistors 200a
to 200d are -2. .4V, and the field effect transistors 200a to
200d are turned off.
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B2OREBRAS YRS —RAIYF106 TN
WO2BENEE330, 331CKYFUTTEED
HEBEZIHDCEN By MR T 6 IC#iEe
hiz3 . 0OVEE10EFHBEFS CHiEEchioV
ENEBMEN-3 . 0VERDLD, F20%EM v
DRF—RALAYF106 R ATRELERS,

The second transmission side shunt gate switch 106 is
connected to the first transmission control terminal 5 by
3.0V supplied to the shunt control terminal 6 without
being affected by the antenna voltage by the two
capacitors 330 and 331 at both ends thereof. Since the
potential difference from the supplied 0V is —3.0V, the
second transmitting shunt gate switch 106 is turned off.

F1OEBR Y NTF—RNAAMYF102T0OME
HWO2ENAER3 15, 316ICKYTFUTTEED
BREEIUZ B>+ MNHBET 6 ICHg
hiz3 . 0VEE 2 NAFHBEF 1 3 CHtleEh
3 . 0VEDEMNENOVELD LD, F10OEEH
DYURNTF—RARAYTF102FRELEE S,

The first transmission-side shunt gate switch 102 is not
affected by the antenna voltage by the two capacitors
315 and 316 at both ends thereof, and is supplied to
3.0V supplied to the shunt control terminal 6 and the
second transmission control terminal 13. Since the
potential difference from the supplied 3.0 V is 0 V, the first
transmission shunt gate switch 102 is turned on.

CORIC, B10EFHRFI1ICRRTZIE20DER
EERARB T 7TREOE1OXBANS AT 7—

F—RAAYF100CL>THEEI, FLELCH
DREOE1OEBFR YN —NAAYF 102
CRYEBBULC/NAINAETND, #2T, 10X
BRFI1ICRRIZE20EBF/ERIOLARI

., T2EBEhDEHNTAETHD,

At this time, the second transmission signal component
leaking to the first transmission terminal 31 is attenuated
by the first transmission transfer gate switch 100 in the off
state, and is further attenuated by the first transmission
side shunt gate switch 102 in the on state. Bypassed to
ground potential. Therefore, the level of the second
transmission signal component leaking to the first
transmission terminal 31 can be sufficiently reduced.

B20EBRFI2EANEThLEEBESFr E20HK
EEE108DANKF17ICADEH, HAF—R
210, 21 1OAHERR405ICRETIANE
ELEXBUR404EOBMOEBHNEV i nHFA
ZF—K210, 211OLEVEEBEV f KWhEW
BACE. B20RERR108DHNIKRF18CE
BERRELEV,

The transmission signal input to the second transmission
terminal 32 is input to the input terminal 17 of the second
step-down circuit 108, and the voltage between the input
voltage generated at the input connection point 405 of
the diodes 210 and 211 and the reference potential point
404. When the potential difference Vin is smaller than the
threshold voltage Vf of the diodes 210 and 211, no
negative voltage is generated at the output terminal 18 of
the second step-down circuit 108.

K13, BELRILOF2DOEFESHI K4 OAZHKEHA
DEBOFE2ICKDEBEERER1OFTTA
AYFDE2ORBHF3I2ICHBEThIBICER
A4YF100, 105, 102, 106 NEELEE
RENEREETRIRTHD, M. COBROATR
A1YFOLEVWVEBER. -1.0VELTWVWS,

FI1G. 13 shows each switch 100, 105, when the low-level
second transmission signal is supplied to the second
transmission terminal 32 of the antenna switch of the
semiconductor integrated circuit 1 according to the
second embodiment of the invention shown in FIG. Itis a
figure which shows the voltage of 102,106, and the
relationship of an operation state. At this time, the
threshold voltage of the off switch is set to -1.0V.
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RK13ICRT&LSIC, B20REBHRF3I2&ETFTTF
WF2EOEOBE20RXFBANS VAT P —FA
AYF105 A RECHBEhZOT, F203%
BHFI2IEHBEEThBIBELARILOE 2 QEFESH

As shown in FIG. 13, since the second transmission
transfer gate switch 105 between the second
transmission terminal 32 and the antenna terminal 2 is
controlled to be in the ON state, the low power supplied

FoTFFiRF2ICEEETID, to the second transmission terminal 32 is reduced. The
second transmission signal of the level is transmitted to
the antenna terminal 2.
(BLARIL DO 2 X EBHE) << High-level second transmission operation >>

Bo2DXEWFI2LE20BREERK 10 8 D AN
FITELHBENDE20XEEEOEELRILY
BALT, #4A4—K210, 21 10OANEKS4
O5S5ICRETIAHNEELEEENR404LDED
BUEVIi nFFTA4A—K210. 211OLEWE
BEVIERWERESBBZEXAF—KR210, 21
1REBERBEZRAKBRIZI>NOT. LR2)RICH-LAE
EVout#H4mehd, £LLBR2)RCL>2TEX
Sh?»8EEVou t DEEERK. AEEVou t &
RIDEF20HEELEKE 108 NEARFEANIEEE LD
LEBDECELTHENTH D, £2T. AEEVO
UtZERTZHE20RERRE 108 0EBREREE.
HA4ICRUEERAOEEOFE2 [CKDLBEER
ER10OFE20BEER108UAOERERATS
CENTETHD, HlZE. Vin=1.6V, VT
=0 .6VETBHE, LE(2)RCH>T, -2.0VD
EEEVou tFE2ORERK108NDHNFKTF18
ICERE NS,

The voltage level of the second transmission signal
supplied to the second transmission terminal 32 and the
input terminal 17 of the second step-down circuit 108
increases, and the input voltage generated at the input
connection point 405 of the diodes 210 and 211 When
the potential difference Vin with respect to the reference
potential point 404 becomes larger than the threshold
voltage Vf of the diodes 210 and 211, the diodes 210
and 211 start rectifying operation, so that the negative
voltage Vout according to the above equation (2) is
generated. Is done. The voltage value of the negative
voltage Vout given by the above equation (2) changes to
a different value when the circuit format of the second
step-down circuit 108 that generates the negative
voltage Voutis changed. Therefore, the circuit format of
the second step-down circuit 108 that generates the
negative voltage Vout employs a circuit other than the
second step-down circuit 108 of the semiconductor
integrated circuit 1 according to the second embodiment
of the present invention shown in FIG. Is possible. For
example, when Vin = 1.6V and Vf= 0.6V, a negative
voltage Vout of —2.0V is generated at the output terminal
18 of the second step-down circuit 108 according to the
above equation (2).

K14, BLRILOE2DEFEFESHFR4 OERH
DREOFE2 CLDFBEEREK1OFTTFA
IYFOE2NEFBRF3 2CHEETNIBRICRA

A4YF100, 105, 102, 106 DEELEF
RENEREEZTIRTHS, T8h5, R147T

B, BLRILDB2ODERESHFTUTFAIYFO
B20EBRFI2CHMBEhIEL&L2T, Ha
ZF—K210, 21 1DALERKR405ICRETS
ADBELEEENRI04EOEDEMNEV in

HF1.6VEBITVRENDTHD,

FIG. 14 shows each switch 100, 105, when a high-level
second transmission signal is supplied to the second
transmission terminal 32 of the antenna switch of the
semiconductor integrated circuit 1 according to the
second embodiment of the invention shown in FIG. Itis a
figure which shows the voltage of 102,106, and the
relationship of an operation state. That s, in FIG. 14, the
input voltage generated at the input connection point 405
of the diodes 210 and 211 and the reference potential
point 404 when the high-level second transmission signal
is supplied to the second transmission terminal 32 of the
antenna switch. The potential difference Vin between the
two is 1.6V.
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H14CRTELSC, B2OREBRF3I2ETFTUTT
WF2ENBEICERENLEE20XFAMNT VA
T77—T—RAAYF105 XA REBLCHBEHD
NT, B2OEBHF3 2ICHBEhDE2DEER
BFTUTTRF2EEEEhD, FER14TRE
B(2)XCRk>27-2 . OVOEEEVou t ICK>2TH
TREEEhDASAMYF100,. 106 0ERMREL
ZUTVAEOT— V-ABREBEN. RVELFAE
EEEhTWD, 2T, PUTFARAYFOATM
EZREITDEHNTAREERY, EETUTFARAY
FORBORABBTEMILZ SAREREZRNE T
L3,

As shown in FIG. 14, since the second transmission
transfer gate switch 105 connected between the second
transmission terminal 32 and the antenna terminal 2 is
controlled to be turned on, the second transmission
terminal 32 is supplied. The second transmission signal
to be transmitted is transmitted to the antenna terminal 2.
In FIG. 14, the gate-source voltage of the field effect
transistors of the switches 100 and 106 that are turned
off by the negative voltage Vout of —2.0 V according to
the above equation (2) is a deep reverse voltage. .
Therefore, it is possible to improve the off-breakdown
voltage of the antenna switch, and it is possible to
improve the harmonic distortion characteristics due to a
sudden increase in the capacity of the antenna switch.

[ REDOFES ]
(RERFASPDTRFPYTFARIYTF)

R5. ZREAORBOFEIICLDITITFASAY
FEECHBSEREAROBRERIRTSH S,

[Embodiment 3]

<< SPDT antenna switch for transmission and reception
>>

FIG. 5 is a diagram showing a configuration of a
semiconductor integrated circuit including an antenna
switch according to the third embodiment of the present
invention.

H5ICRTXRANERBOFEI ICRD L BELERE
B1l, EEANSVRAT7 7= —FARA4YF 100
ESEARNSVRTP—=T—RNALYF 10 1EEE
B> RNF—RASYF102EZER Y b
F=—RRAYF103EHE1EE20BRERRE10
7. 1092BIBDTUOTTFRAAIYFEDELLES
1fHFEETERUEEELENDTHD, 2T, K5
ICTRTHEEERER 1, H3ICRLXEEER
Eig1ERAEKIC. EZEASPDTHRTPYTFAAY
FELTHETIENDTH D,

The semiconductor integrated circuit 1 according to the
third embodiment of the present invention shown in FIG.
5 includes a transmission transfer gate switch 100, a
reception transfer gate switch 101, a transmission side
shunt gate switch 102, a reception side shunt gate switch
103, a first and a first. It includes at least one or more
antenna switches having two step-down circuits 107 and
109. Therefore, the semiconductor integrated circuit 1
shown in FIG. 5 functions as a transmission / reception
SPDT type antenna switch, like the semiconductor
integrated circuit 1 shown in FIG.

EZFEASPDTRTPUTFAAYFELTHETS
R5CTTFBEERER 1 RS ICRL ¥ UEE
RMER1EHETIOR., TRORTH S,

The semiconductor integrated circuit 1 shown in FIG. 5
that functions as a transmission / reception SPDT
antenna switch is different from the semiconductor
integrated circuit 1 shown in FIG. 3 in the following
points.
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FY, R3CRI¥BEERER 1 TRE—ORER
B1040HIRFI1CEREThZIEEENSEH
RSDART7T7—TF—RRAYF1010ERBRRNS
DIAZ201a~dDT—MEREBRAS YO NS —
RALYF10208BRMRNZ2TAR202a—
do7—hCftieEchTVWEDOICHLT, R5KECTRT
YEGEROK 1 TEE1OREER10 7 O bk
F21ICEREThIEBENEBRU Y M TF—RA
AYF102NERAMRINZTIAR202a—dD
T—MHEEhE20BRERE 109 OHIEHEF 2
SEERMENZRBENZBGANZ VA7 77—}
AAYVF101DBRMRANSIAZ201a—d
DT—NCftieEcha, TOR/R, R5ICRT¥EEL
ERER1TE, EEMFy M —MRIYF10
2HOEEERBEZEANS VAT 7T —RA(Y
F101NEAEERBHE CRBRELZBERTILN
AREER D,

First, in the semiconductor integrated circuit 1 shown in
FIG. 3, the negative voltage generated at the output
terminal 11 of the single step-down circuit 104 generates
the gates of the field effect transistors 201 a to 201 d of
the reception transfer gate switch 101 and the
transmission side shunt gate switch 102. 5 is supplied to
the gates of the field effect transistors 202a to 202d,
whereas in the semiconductor integrated circuit 1 shown
in FIG. 5, the negative voltage generated at the output
terminal 21 of the first step-down circuit 107 is the
transmission shunt gate switch. The negative voltage
supplied to the gates of the field effect transistors 202a to
202d of the 102 and generated at the output terminal 23
of the second step-down circuit 109 is supplied to the
gates of the field effect transistors 201a to 201d of the
reception transfer gate switch 101. As a result, in the
semiconductor integrated circuit 1 shown in FIG. 5, the
driving capability can be increased by the negative
voltage driving of the transmitting shunt gate switch 102
and the negative voltage driving of the receiving transfer
gate switch 101.

T, R5CRI¥BEERER 1 TEE 1 ORER
B107TOANRKF20LE20BRERERK1090DA
HisF22ZEBHRFICHBERIDICLEAET
B3N, TOBELRBERRFINATTRNEKXY
P, #->T. RS RT¥BEEREK 1T, F10
BREBEE107DANKRTF20ZEFHRF 3 ICELKL
T. B20BREER 109D ANKF222F T+
WMF2CERIDCEEBREENE, LAL, B20
BEBR109DANRTF22EZFTTFHHRF2ICE
BRIBE, FUOTTHRF2OERN ST DENY
AL, TOHER, R5CRI¥BEERER1T
. F20BRERR1090AN®F2 2, ZEAR
RZDRAR77—7—RARAAYF1010EBRVBRNZ
DIAR202a—~dDRBELERK4 10 ICEREH
W3,

In the semiconductor integrated circuit 1 shown in FIG. 5,
the input terminal 20 of the first step-down circuit 107 and
the input terminal 22 of the second step-down circuit 109
can be commonly connected to the transmission terminal
3, butin that case Increases the load capacity of the
transmission terminal 3. Therefore, in the semiconductor
integrated circuit 1 shown in FIG. 5, the input terminal 20
of the first step-down circuit 107 is connected to the
transmission terminal 3, and the input terminal 22 of the
second step-down circuit 109 is connected to the
antenna terminal 2. It was examined. However, it has
been found that when the input terminal 22 of the second
step-down circuit 109 is connected to the antenna
terminal 2, the distortion factor of the antenna terminal 2
deteriorates. As a result, in the semiconductor integrated
circuit 1 shown in FIG. 5, the input terminal 22 of the
second step-down circuit 109 is connected to the
interstage connection point 410 of the field effect
transistors 202a to 202d of the reception transfer gate
switch 101.

(EEBRARAMYF)

EERARNS VAT 7P—=9—RNAAMYF 10 0FEEHK
FIELTFUOTTHRF2EDBICEREN, COEEH
RSORTZ7—=5—KRAA4YF 1000 4@EEHEE
ENEERMRINS VTR KR200a—dDA> F
7HBEEEHBE TS CHBGET NI EEHEEEV_
TXCHOLRILCEK>THBUTETH S,

{Transmission switch)
The transmission transfer gate switch 100 is connected
between the transmission terminal 3 and the antenna
terminal 2, and the on / off control of the four field effect
transistors 200a to 200d connected in series of the
transmission transfer gate switch 100 is a transmission
control terminal. 5 can be controlled by the level of the
transmission control voltage V_Txc supplied to 5.
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(ZERAARAMYF)
ZEEANSVAT7—T—RRAMYF1013ZEH
FAETUOTTHRTF2EOBIIEREh, COZEA
RSURT7—=5—RAAYF 1010 4 BEDER
ChEBRAMERNSOIAR201a—~dDFY - F
7HBGSEHEART 7 CHEE DI ZEFNEEEY_
RxcOLARINICK> THEHAETH S,

{Reception switch)
The reception transfer gate switch 101 is connected
between the reception terminal 4 and the antenna
terminal 2, and the on / off control of the four field effect
transistors 201a to 201d connected in series of the
reception transfer gate switch 101 is a reception control
terminal. 7 is controllable by the level of the reception
control voltage V_Rxc supplied to 7.

(EEBRIZ Y RRAYTF)

REEAU YN —RNASMYF1020— KBRS
152N LTREBHRFICEREND—H, HREE
B316ZNLTESKTFSICERENID, EEM
AN —RNAAMYF10204BHEFERE N
BRAVRINSZVDAR202a—~dOT—MNREIER3
35, 346ENLTEMKEF19ICERKEN, KL
AV —RERFEH347, 300FNLTEESH
HFEF5ICEREI, TOAY - A7HBEESHE
WFSICHGE B REEHPEEV_Tx 1cnOLRI
ICR>THIATRETH B,

<Sender shunt switch>

One end of the transmission-side shunt gate switch 102
is connected to the transmission terminal 3 via a
capacitor 315, while the other end is connected to the
ground terminal 8 via a capacitor 316. The gates of four
field-effect transistors 202a to 202d connected in series
in the transmission side shunt gate switch 102 are
connected to the ground terminal 19 via resistors 335
and 346, and the drain and source are controlled for
transmission via resistors 347 and 300. It is connected to
the terminal 5 and its on / off control can be controlled by
the level of the transmission control voltage V_Tx1c
supplied to the transmission control terminal 5.

(ZEM> Y RRSYF)

ZEAIY NS —RNASMYF1030—HEAES
17ENLTEEHRF4CEREThD—F, HIRER
B318ZMLTEMKFIICEREID, ZEA
SYURNTF—RAAYF 1030 2@EFEHREALE
BERMENSOOAR203a—-b DS — R NEFRIE
Fi310&iEH311a—bEENLTEBKRFOL
EHeh, RLAVEY—ARER3I42EZNLTE
BHERF7 CEREESh, TOF2 - AT7HBEEE
HERF7 CHEE NI ZEFHPEEV_RxcDLAX
LMEK>THBPTETH S,

<Receiver shunt switch>

One end of the reception-side shunt gate switch 103 is
connected to the reception terminal 4 through the
capacitor 317, while the other end is connected to the
ground terminal 9 through the capacitor 318. The gate
terminals of two field-effect transistors 203a-b connected
in series in the receiving-side shunt gate switch 103 are
connected to the ground terminal 9 via a resistor 310 and
resistors 311a-b, and the drain and source are
connected via a resistor 342. It is connected to the
reception control terminal 7 and its on / off control can be
controlled by the level of the reception control voltage
V_Rxc supplied to the reception control terminal 7.

(B10EEEEREERR)
F1OREEE107OANRTF20RBEFBHRF3IE
BEfEh, HARF21CEREThIENEREESN
BEAS Y RTF—RRAYF 10 20 4 BEHESLR
ENEBRAMBRINZDOAR202a-dOT—ME
e EhD,

<< First negative voltage generating step-down circuit >>
The input terminal 20 of the first step-down circuit 107 is
connected to the transmission terminal 3, and the
negative DC voltage generated at the output terminal 21
is connected to the four series-connected field effect
transistors 202a to 202d of the transmission side shunt
gate switch 102. It can be supplied to the gate.
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(E20EEEERBRERR) << Second negative voltage generating step-down circuit
F20REER109DANGEF22ZEFEANTY >>

A77—T—RAAYF101DERMRINS VDR The input terminal 22 of the second step-down circuit
Z201a—dOBREERK410EREh, BB 109 is connected to the interstage connection point 410
BF23ICERENDEOERBEN SEANS VA of the field effect transistors 201a to 201d of the reception
T7P—=F—RAAYF1010BRURINSZVDAR transfer gate switch 101, and the negative DC voltage
201a—d0¥S—hMCBTREEEN TV, generated at the output terminal 23 is the reception

transfer gate. Supply to the gates of the field effect
transistors 201a to 201d of the switch 101 is possible.

SICTRTARHOEREOREIICLDEBHAERE The transmission transfer gate switch 100, the reception
B1O0OEBERANSVAT77—"—RNAAYF100¢L transfer gate switch 101, the transmission side shunt
SERARNS VAT P—T—RMARAYF 10 1EEEA gate switch 102, and the reception side shunt gate

A URNT—PRARAYTF102EZER/AU YN — switch 103 of the semiconductor integrated circuit 1
RAAYF103DFEARMY FTEIERETIIER according to the third embodiment of the present
RVREINZOSAZOEHE., EFHTFICHBEETILD invention shown in FIG. The number of field effect
EEEEOEELARILEATMEED SBREE N D, transistors to be applied is set from the voltage level of

the transmission signal supplied to the transmission
terminal 3 and the off breakdown voltage.

CEL RIVEEEED <Low level transmission operation>
REERCE. iz, XEHPRF5KE3 . 0OVOE At the time of transmission, for example, a voltage of 3.0
EfNfftiiech, SEHEBKF7ICOVOEENHiG V is supplied to the transmission control terminal 5 and a
hd, CORICRK, EEANSVRAT77—9—FA voltage of 0 V is supplied to the reception control terminal
A1YF1000 4 BEIERETNEEERVRNS>OD 7. At this time, diode forward characteristics appear
A2200a—dOERNFVZRAEZOT—K Y—A between the gate and the source and between the gate
BMes—h- RLAVAEK., ThEAA A F—RIEA and the drain of each of the four field effect transistors
ARBESrBRhTWVWS, COFdMF—ROIESFEEER 200a to 200d of the four transfer gate switches for
TZ20.6VETRE, PUTTHTF2LEEBHKTF3 transmission 100 connected in series. When the forward
EERERFIEDTUOTFTFARAYFOEESREDO/NA voltage drop of this diode is 0.6V, the bias voltage (= the
TFABE(=U®, POTFTEE)E2 . 4VTHSB, antenna voltage) of the antenna switch signal path of the
#-oT, BEEANSVARTI 7= —FARA4YF 100 antenna terminal 2, the transmission terminal 3 and the
FAVREERD—FH. EERANZVAT77—T—h reception terminal 4 is 2.4V. Accordingly, the
AAYF101OBRUENSZAR201a—d transmission transfer gate switch 100 is turned on, while
D=k V—ABMEBEELS—N RLAVHEEBEL the gate-source voltage and the gate-drain voltage of the
-2 . 4VEBYBRWRRNZOZAZ201a—d field-effect transistors 201a to 201d of the reception
BFAT7REEES, transfer gate switch 101 are -2.4V. 201a-d willbe in an
OFF state.

BEAZY UM —FMRAMYF102TOMEFED 2 The transmission side shunt gate switch 102 is not
BEOBE315, 316IC&TFUOFTEMNORE:E affected by the antenna potential by the two capacitors
B3 CEBLKERMRENZVIAR202a—dD 315 and 316 at both ends thereof, and the drain and
RLAVEV—RICRERI 4 72N L TEEH PR source of the field effect transistors 202a to 202d are
F5Hh503 . 0VOEBENHEEh, BRUENS connected to the 3 from the transmission control terminal
VIVARB202a—~d0T—RMICRIER3 46, 33 5 via the resistor 347. .0V is supplied, and the ground
AZENUTEHBETF190OEHENO V)FHIEGETHLD potential (OV) of the ground terminal 19 is supplied to the
S, RERAMZ YN —RAAMYF 102 FTR gates of the field effect transistors 202a to 202d via the
BEBD, resistors 346 and 334, so that the transmission-side

shunt gate switch 102 is turned off. Become.
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SEASYURNS—RARSYF 103 TOMmEED 2
BORE317. 318K&YTPUTIBUNEES:
BB EBR<KBERBERNSOIAR203a—bd
RLAVEY—AICKRKIERS 4 24 L TEZEHHIR
FrICtigchi -0 VOEENFf#HiGech, ERMRM
SYTUAR203a—bOY—NCEEHR3 10, 3
11a—bENL TEMLHEF O OEBEM(0 V )/ 48
EnBE®, SEASYORNS—RNRASYF 103
AUREERD,

The reception-side shunt gate switch 103 is supplied to
the reception control terminal 7 via the resistor 342 to the
drain and source of the field effect transistors 203a and
203b without being affected by the antenna potential by
the two capacitors 317 and 318 at both ends thereof.
Since the ground potential (0V) of the ground terminal 9
is supplied to the gates of the field effect transistors 203a
and 203b through the resistors 310 and 311a and b, the
receiving side shunt gate switch 103 is turned on. It
becomes a state.

CORIC, SERFICREIDEBESHIEA7
REDZEANSVRAT7P—SF—RASMYF1011
KO2THEEh, FEELAVREOZEAMS v b
JF—RALYF103ICEK>TEMEMIC/NINAE
hd, #>T, SEHFI4CRRBIZIRAEEERSD
LRI, ToEBEhD CEeENTgEERES,

At this time, the transmission signal component leaking to
the reception terminal 4 is attenuated by the reception
transfer gate switch 101 in the off state, and further
bypassed to the ground potential by the reception side
shunt gate switch 103 in the on state. Therefore, the level
of the transmission signal component leaking to the
reception terminal 4 can be sufficiently reduced.

REERTFICHBENEREFESHIF 1 ORERR 1
O7DOALHmF20ICEEh, ¥4F4—K208.,
209MANERR407TICRETDANBELEE
BURK406LNBHENSrF(A—K208, 209
DLZEVEEBELY)EWESICE. £ 10OBREEREE 1
O7OHIFRF21ICABERRELEY, ELZE
RARNZRT7P—S—PFAAYF101OERYEN
TUTVAR202a—~dNBEOERK410ICEE
EhDRAEEERINFNE20BREER 10 90 AN
F22icfthch, F4A—Kk212, 2130DAD
BRA409ICRETDANEBELEXENR408
EOBMNBUENFA4A—K212, 213DOLEV
BEEELYEEVEAICE., B20REEE1090
HAORF23ICAEFFRELEV,

The transmission signal supplied to the transmission
terminal 3 is supplied to the input terminal 20 of the first
step-down circuit 107, and the potential difference
between the input voltage generated at the input
connection point 407 of the diodes 208 and 209 and the
reference potential point 406 is the diode 208, When the
threshold voltage is lower than 209, no negative voltage
is generated at the output terminal 21 of the first step-
down circuit 107. The transmission signal component
transmitted to the connection point 410 between the field
effect transistors 202a to 202d of the reception transfer
gate switch 101 is supplied to the input terminal 22 of the
second step-down circuit 109, and the input connection
of the diodes 212 and 213 is performed. When the
potential difference between the input voltage generated
at the point 409 and the reference potential point 408 is
lower than the threshold voltage of the diodes 212 and
213, no negative voltage is generated at the output
terminal 23 of the second step-down circuit 109. .

H15&,. BELRILOEEESHARSICRL LA
NDEBOFEIICKDEBEERER1OF>TTA
I1YFOEBHRFIICHBENIBICERAIYF10
0. 101, 102, 103NEELEFEREDBEE
LERTRTHD, . COBOATAAIYFOLE
WEEER, -1.0VELTWVS,

FIG. 15 shows a state in which each of the switches 100,
101, 102, 103 is supplied when a low-level transmission
signal is supplied to the transmission terminal 3 of the
antenna switch of the semiconductor integrated circuit 1
according to the third embodiment of the invention shown
in FIG. Itis a figure which shows the relationship
between a voltage and an operation state. At this time,
the threshold voltage of the off switch is set to -1.0V.
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R15CRTLSCEBRFIETTHRF20M
KERENEEGRANS VA7 7= —FRAA4YF1
00 ARECHBENZDOT, EFHTF 3 LA
ENBREBEEESHFTUTIHRF2EEEEND,

As shown in FIG. 15, since the transmission transfer gate
switch 100 connected between the transmission terminal
3 and the antenna terminal 2 is controlled to be in the ON
state, the transmission signal supplied to the
transmission terminal 3 is transmitted to the antenna
terminal 2. The

(BLARIWVEESEE)
EERFIEEF1ORERK107DANKF20IC
HEEhDEGEESOEELRILFIEALT, &4
F—RK208. 209N AIHEHRR407ICRETS
ADBELEEBENE406(Vss)ENDENEMEY
inAAd/4AF—K208., 209D LEVEEBEV f
KW KRELBBDE, ERBEFBAKREND, 2T,
()R BEEEVou t FE1ORERK107
OHAFmF21h8EREh, RER> Y NF—bF
AMAYF1020BRUMENSVOAR202a—d
OJT—NCftiiEnd, fIZEF, Vin=1.6V,
Vi=0.6V&ETDE, ERB(2)RKCH>T-2.0
VOEEEVou t FE1ORERRE1070OHIETF
21ICERENS,

{High level transmission operation)
The voltage level of the transmission signal supplied to
the transmission terminal 3 and the input terminal 20 of
the first step-down circuit 107 increases, and the input
voltage generated at the input connection point 407 of
the diodes 208 and 209 and the reference potential point
406 (Vss). When the potential difference Vin between is
higher than the threshold voltage VT of the diodes 208
and 209, the rectification operation is started.
Accordingly, the negative voltage Vout according to the
equation (2) is generated from the output terminal 21 of
the first step-down circuit 107 and supplied to the gates
of the field effect transistors 202a to 202d of the
transmission side shunt gate switch 102. For example, if
Vin = 1.6V and Vf= 0.6V, a negative voltage Vout of
-2.0V is generated at the output terminal 21 of the first
step-down circuit 107 according to the above equation

@).

Tk, F20RERRE109DANRTF2 2 ICH#tigs
hBZEANSVRAT7——RAIYF1010R
BMEAR4 10NDREEESHISCHRELTHAF—R
212, 213DANERK409CRETHEREY
in3LEEBNR408(Vss)ENDBNENSTA
F—K212, 213OLEWVMEEEV fKWEKE
<Bd&, BREENFBEBENID, TORFER, F20
FREER109OHARTF2 3ICE, Ti(3)RcK
FBEFEVou t 3NfEREN B,

The voltage Vin3 generated at the input connection point
409 of the diodes 212 and 213 in response to the
transmission signal component of the interstage
connection point 410 of the reception transfer gate switch
101 supplied to the input terminal 22 of the second step-
down circuit 109. And the reference potential point 408
(Vss) become larger than the threshold voltage VT of the
diodes 212 and 213, the rectification operation is started.
As a result, a negative voltage Vout3 according to the
following equation (3) is generated at the output terminal
23 of the second step-down circuit 109.

#3
Voutd =-2-(Vin3 —Vf) -Vss ---(3)x

#3
Voutd =-2-(Vin3 — Vi) - Vss  +--(3)=%
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FR(B)RTVs sHEHBEELARILTHY ., LR
(3R &>TEX5hBEBEVo u t 3 DBEME
&, BEEVou t 3ZERTHE20REERK109
DEBERNFIEEENDEELEDEICELTZENT
5>, F20BRERK1090HIHF2 3ICERE
h38EBEVou t 3k, BEANSVRT77—9—h
AMYF101OERMRENS I AR201a—d
OJT—MNCHBICEND, fIAFE,. Vin3=1.6
V. Vi=0.6V&ETDE, LRBB)RICH-T

-2 . 0VOEEEVout 34, F20REERE10
ONHAWF 23 ICEREN D,

In the above equation (3), Vss is the ground voltage
level, and the voltage value of the negative voltage Vout3
given by the above equation (3) changes the circuit
format of the second step-down circuit 109 that
generates the negative voltage Vout3. It changes to a
different value. The negative voltage Vout3 generated at
the output terminal 23 of the second step-down circuit
109 is supplied to the gates of the field effect transistors
201a to 201d of the reception transfer gate switch 101.
For example, when Vin3 = 1.6V and Vf=0.6V, a
negative voltage Vout3 of —2.0V is generated at the
output terminal 23 of the second step-down circuit 109
according to the above equation (3).

H16lk. BLRIOEEESHFRSICTRL LA3EH
ODREOFEI CLDEBEERBK10T>TFTA
I1YFOEBHRFIICHBENIBICERAIYF10
0, 101, 102, 1030 EFLBHERENERE
LERITRTHD,

FIG. 16 shows the state of each of the switches 100,
101, 102, 103 when a high level transmission signal is
supplied to the transmission terminal 3 of the antenna
switch of the semiconductor integrated circuit 1 according
to the third embodiment of the invention shown in FIG. It
is a figure which shows the relationship between a
voltage and an operation state.

R16ICRTLSCREBRFIETOTTHF20OMH
CERENEEERAN S VAT P—S—NAMYF1
0 0 A REICHBE LD DT, EEWF 3 CHB
ENBREEESHITUOTTFHRF2ICEEE NS,

As shown in FIG. 16, since the transmission transfer gate
switch 100 connected between the transmission terminal
3 and the antenna terminal 2 is controlled to be in an ON
state, a transmission signal supplied to the transmission
terminal 3 is transmitted to the antenna terminal 2. The

£r-E16TR, ER(2)RELRBB)RELThER
f#£-7-2 . OVODAEEVout, BAEFEVout 3IC
&2T, FATREBLEENDAAIYF 101, 1020
BRAMWRNSVSAZOT—K V—ABEBEN RV
BraBELEhTWVWS, 2T, PUYTTFARAYTF
NATMEERET DN TREERY, £LEFUT
FTARAAYVFOREBOSBEENCL2EREERMLE
WETREERD,

Further, in FIG. 16, the gates of the field effect transistors
of the switches 101 and 102 that are turned off by the
negative voltage Vout and the negative voltage Vout3 of
-2.0 V in accordance with the equations (2) and (3),
respectively. « The source-to-source voltage is a deep
reverse voltage. Therefore, it is possible to improve the
off-breakdown voltage of the antenna switch, and it is
possible to improve the harmonic distortion
characteristics due to a sudden increase in the capacity
of the antenna switch.

PatDocs PDF Export - Page: 48 2024-09-06

EX-1016

Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.




(ZEBHE)

ZERICE, R5KCRLELARADEEOFE3 ICK

P¥VHEREABR1OTUTFRAIYFIEHEVWT, &

FEHERF5ICOVOBENfigETh, SEHBKTF

73 . 0VOBEN#IGEHhD, #£>T, ZFEAH

RZDRA77—7—RAA4YF 1010 4 BEFELR

DERMRAINSZVDZAZ201a—dOBERNTUTPA

07—k V-ABET - RLAVEELTH

Tho .6 VOIRSEMEENRANT, BEANIVA

77— —RAAYF10 1A REERY, T

TIEER2 . 4VERD, TOHER. BEEAMNS VA
77—=7—RAA4YF 10004 BEIELOERY

RIZUD2A2200a—~dDERFUIAEZOT—

e V—AHEBEET—bh: RLAVHEBEER-2 .
AVEBRZDT, REANS VAT 7—F—KAAY

F100RBFATREEED,

<Receiving operation>

During reception, in the antenna switch of the
semiconductor integrated circuit 1 according to the third
embodiment of the present invention shown in FIG. 5, a
voltage of 0 V is supplied to the transmission control
terminal 5 and a voltage of 3.0 V is supplied to the
reception control terminal 7. Is done. Accordingly, a
forward voltage of 0.6 V appears between the gate and
the source and between the gate and the drain of each
of the four field-effect transistors 201a to 201d connected
in series in the reception transfer gate switch 101, and
the reception transfer is performed. The gate switch 101
is turned on, and the antenna voltage is 2.4V. As a result,
since the gate-source voltage and the gate-drain voltage
of each of the four field-effect transistors 200a to 200d in
series of the transmission transfer gate switch 100 are
-2.4V, the transmission transfer gate The switch 100 is
turned off.

ZEAIY N —RNASMYF103ETNOTEED 2
BHOBEE317,. 318IC&KWTFUOTFITEEORE:
FHdERL, BRMRINSOOAR203a—b
DRLAVEV—ARER3I 422N L TEZEHEK
F703 . OVOEEEEMIKEFINT— NEHEN
EOBEOEMNEN-3 . 0VELEDLED, TEAT Y
RF—RALYF103RF7RELESES,

The receiving-side shunt gate switch 103 is not affected
by the antenna voltage due to the two capacitors 317
and 318 at both ends thereof, and the drain and source
of the field effect transistors 203a to 203b are connected
to the receiving control terminal 7 3 through the resistor
342. Since the potential difference between the voltage
of 0V and the gate ground potential of the ground
terminal 9 is —3.0V, the reception-side shunt gate switch
103 is turned off.

BER YRS —RNRRAAYF1023TOMEEFED 2
BOARB3I 15, 316ICKYFPUOTTFEEORESR
FHdEBL, BRUMRENSVOAR202a—d
ORLAVEV—ARER300, 347EZNLTHE
EHERFS OO VOBENGEh, ¥—NCRE
WIKF 1900 VHFHBEhD LD, BEA Y
F—RAAYF102BFREEES,

The transmission-side shunt gate switch 102 is not
affected by the antenna voltage due to the two
capacitors 315 and 316 at both ends thereof, and the
drain and source of the field effect transistors 202a to
202d are connected to the transmission control terminal
5 via the resistors 300 and 347, respectively. Since the
voltage of OV is supplied and 0V of the ground terminal
19 is supplied to the gate, the transmission side shunt
gate switch 102 is turned on.

CORIC, EERFICRARIZI>EFEESHRIEFY
REODEERARNSVAT7ZP—S—RAMYF100IC
KO2THEEh, FEELAVREOESRAS v~
PF—RAAYF102ICk>TEBEMIC/NA/VARE
ha, #>27T, EERFICKATISEEERSD
LRI, toEBEhD el TdEeirsd,

At this time, the received signal component leaking to the
transmission terminal 3 is attenuated by the transmission
transfer gate switch 100 in the off state, and further
bypassed to the ground potential by the transmission
side shunt gate switch 102 in the on state. Therefore, the
level of the received signal component leaking to the
transmission terminal 3 can be sufficiently reduced.
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H171@, SEESIRSCRLEERAOREDOE
BICLP¥BHERABR1OTTTFAIYTFOR
BRF4CHEETNIBRIIZRASIYF 100, 10
1. 102, 103 NEELHEREVHEREETRT
RTH>.

FIG. 17 shows the voltage and operation of each switch
100, 101, 102, 103 when a received signal is supplied to
the receiving terminal 4 of the antenna switch of the
semiconductor integrated circuit 1 according to the third
embodiment of the present invention shown in FIG. Itis a
figure which shows the relationship of a state.

R17CRTELSCEBHFIETOTTRHRF2OH
CERENESBRAN S VAT P—T—NAAYF1
01/ FREICHBENZDOT, PoTFFHmF2IC
HEENIEIEESIrIEHRF4ICEEEID,

As shown in FIG. 17, since the reception transfer gate
switch 101 connected between the reception terminal 4
and the antenna terminal 2 is controlled to be in an on
state, the reception signal supplied to the antenna
terminal 2 is transmitted to the reception terminal 4. The

COZERICE. EROKSICEERS ¥~ M —b
AAYF10 2R FVREICHBAEhD 0T, EEH
FILE1OBREEK107DANEF20LIC#HiG
ENBDEERPRIEBAUS Y RS —RALMYF10
2L2ENEE3 15, 316%ENLTEBBMRICN
ANRENZDT, F2OREEK109ICKPEE
EVout 3NERMENEILLEZh, SEHRFI4ETY
FTHRF2EOBMICERBENEZEANS VAT 7 —
T—RAAYF10 1 FFMEBLCATREICHBE
BDLENBLEENDCENTREEERD,

At the time of reception, since the transmission-side
shunt gate switch 102 is controlled to be in the ON state
as described above, the signal component supplied to
the transmission terminal 3 and the input terminal 20 of
the first step-down circuit 107 is the transmission-side
shunt gate switch. 102 and two capacitors 315 and 316
are bypassed to the ground potential, so that the function
of generating the negative voltage Vout3 by the second
step-down circuit 109 is stopped and connected
between the reception terminal 4 and the antenna
terminal 2 In addition, it is possible to prevent the
reception transfer gate switch 101 from being
undesirably controlled to be turned off.

[ REOFRES ]
(RERFASPATRTFUTFTFRAYTF)

K6, ZRAORENOFEAILLDITITFAAY
FEECHESEREAROBRERIRTSH S,

[Embodiment 4]

<< SP4T antenna switch for transmission and reception
>>

FIG. 6 is a diagram showing a configuration of a
semiconductor integrated circuit including an antenna
switch according to the fourth embodiment of the present
invention.

H6ICRITERANEREOFES ICRDLELERE
B1l, BF10EGEANS VAT 7= —MRAYF
100EE20EGEANSVARTI7P—S—MARAYF
105EE10EBRS YRS —RALYF 102
EE20EBERAI Y NS —RNALYF106EHE1
DEFEARNSF VAT P—S—RAAYF101EE2
DEEANSF VAT P—S—RAAMYF110LE
NEEAS Y RTFP—RNAAMYF103EE20FE
v MNP —RRAAYF111EE1EE2N0ERE
EE107. 108LEILFEL4OEFEKR 1009,
1128 BBIBTUOTTAAYTFEDBLLEE 18
FERETNLUEZESLEOTH S,

The semiconductor integrated circuit 1 according to the
fourth embodiment of the present invention shown in
FIG. 6 includes a first transmission transfer gate switch
100, a second transmission transfer gate switch 105, a
first transmission side shunt gate switch 102, and a
second transmission gate switch 102. Transmission side
shunt gate switch 1086, first reception transfer gate switch
101, second reception transfer gate switch 110, first
reception side shunt gate switch 103, second reception
side shunt gate switch 111 and first And at least one
antenna switch having the second step-down circuits
107 and 108 and the third and fourth step-down circuits
109 and 112.
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TORR, R6ICRTEBEERDE 1, E2EA
SPATRTPUFFAAYFELTHBETIENTS
%, . SP 4 T, Single-Pole 4(Four)-Through® &
THhd, Thbhb5, R6ICRTEBEERBEK 1 0%
BEFYTOLACER4ICRLEXRKBORREOF
R2ICLDEERASPDTRPUYFFRASMYFHERE
Th?—4, H6ICTTHEHERER 1 0XEHE
FYTOTRICRRSICRUERRKBEOERBEDFLE 3
C&DEEASPDTRTPUTFFRAMYFICEEIE
ZSEANS VAT P—TF—FRAAMYF101LEEH
YN —PMAAMYF103LBREERK109HD5
BAIZERAAMYFH 2@, BBEhTWS,

As a result, the semiconductor integrated circuit 1 shown
in FIG. 6 functions as a transmission / reception SP4T
antenna switch. SP4T is an abbreviation for Single-Pole
4 (Four) -Through. That is, the SPDT antenna switch for
transmission according to the second embodiment of the
presentinvention shown in FIG. 4 is arranged on the
upper side of the semiconductor chip of the
semiconductor integrated circuit 1 shown in FIG. 6, while
the semiconductor integrated circuit 1 shown in FIG. The
semiconductor chip includes a receiving transfer gate
switch 101, a receiving shunt gate switch 103, and a
step-down circuit 109 included in the receiving SPDT
antenna switch according to the third embodiment of the
presentinvention shown in FIG. Two receiving switches
are arranged.

BILRGICTIZTRAORBOREA LD LHEEFE
WER 1 OB 1OEBEHRFI1EE20EFHF3 2
Ik, 800MH z—1GH z®LLEREVEARK
EHN3I5dBmMOEBMNAESEFENER >O—N
VROE1ORFEAFEFESEHE1 . 7GHz—2 .0
GHzOLBMEVWARKEHN3 2 dBmo L&A/,
EHBEBEBHEEONINVROFE2ORFEFES
ENFTENTh#tiREhd, #>T. COE1EE2D
RFEGSESOEGEHOHEICHIETILHIC. K
ICTRIYEBEAERAR 1 OXBEFYTOTRIC

k. BRMWRNSTAX218a—b, 219a—
btik$1360, 361a—b. 362a—b. 36
3a—b, 364 a—berSEBRENETERERS
FEREND, #>T, O—NNRKROFE1ORFEE
EEFE10REBRTI1ICHBchIBEERICE. T
EREROERMENS VAR 218a—b, 21
9a—bRATVTREILHPEh, TERERIAES
BERICHBEND, BIC. NNV KROE2ORF
BEESIE20EGHRF3 2ICHBEhBBEEIC

. TERRSROERWRINS>DAR218a—

b, 219a—bREFAVRECHBEh, TEREER
B PhEHBERICHBENS,

Further, the first transmission terminal 31 and the second
transmission terminal 32 of the semiconductor integrated
circuit 1 according to the fourth embodiment of the
present invention shown in FIG. 6 have a relatively low
frequency of about 800 MHz to 1 GHz and a relatively
large of about 35 dBm. A low-band first RF transmission
signal having transmission power, a relatively high
frequency of about 1.7 GHz to 2.0 GHz, and a high-band
second RF transmission signal having a relatively small
transmission power of about 32 dBm are supplied. Is
done. Therefore, in order to cope with the difference in
transmission power between the first and second RF
transmission signals, field effect transistors 218a-b and
219a-b are provided below the semiconductor chip of the
semiconductor integrated circuit 1 shown in FIG. And a
variable attenuator composed of resistors 360, 361a-b,
362a-b, 363a-b, 364a-b. Therefore, when the low-band
first RF transmission signal is supplied to the first
transmission terminal 31, the field effect transistors 218a-
b and 219a-b of the variable attenuator are controlled to
be in the off state, and the variable attenuator Large
attenuation is controlled. Conversely, when a high-band
second RF transmission signal is supplied to the second
transmission terminal 32, the field effect transistors 218a-
b and 219a-b of the variable attenuator are controlled to
be in an on state, and variable attenuation is performed.
The device is controlled to a small attenuation.
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(B1DOEFRALY F)

B1OREBFERARNS VAT ?P—S—RNAAYF100R

B1ORBHRFINETUTHRF2EOHICERE

h, COB1OEBRARNSVAT7P—F—RhRAAYF

100N 4BEFNEGEENLEBRABRNZOIAER2

00a—dnF>r F7HPEE 1 OXEBHBEF S5

CHEENZIFE 1 OXFEHEEEV_Tx 1cOLXRI
KR 2 THETRETH D,

<First transmission switch>

The first transmission transfer gate switch 100 is
connected between the first transmission terminal 31 and
the antenna terminal 2, and four field effect transistors
200 a to 200 d connected in series to the first
transmission transfer gate switch 100. ON / OFF control
can be controlled by the level of the first transmission
control voltage V_Tx1c supplied to the first transmission
control terminal 5.

(B20EBRARSMYF)

B20REBRANS VAT FP——RNAAYF1051

B2OREBRFI2ETUTFHRF22LEOMICERE

h, COB20EEBRARNS VAT 7T —RhRAAYF
105N 4BEFNEGEENLEBRABRNZOIOAER2

06a—dnF> F7HEEE 2 OXEFHBERF 1

SEHMRENIE20ZFEHEEEV_Tx2cDLA
N> THBITRETH D,

<< Second transmission switch >>

The second transmission transfer gate switch 105 is
connected between the second transmission terminal 32
and the antenna terminal 2, and four field effect
transistors 206 a to 206 d connected in series to the
second transmission transfer gate switch 105. ON / OFF
control can be controlled by the level of the second
reception control voltage V_Tx2c supplied to the second
transmission control terminal 13.

CE1OEERS Y RASY F)
B1DORBRAS Y M —NARAMYF 10 20—
BE3I15EZNLTE1OREBHFI 1CEEHEETLD
—%. iRk AE3 1 6 2L TEMIFT 8 (CIFEHE
h3, E10XEERA YN —RAAYF1020
ABEIERENEBRURENS AR 202a—
dORLAVEY—RILY ¥ MHEHKF 6 DHIHE
EV_shunt/fiEHfH341, 314, 309a—
dENLTHBEHh, ZTOAD - A7HBPEFE 20X
EHERF 13 CHBETNI2BE 20 RACHBEEEY_T
X2cHDLARILCE>THBTETH S,

<< First transmitter shunt switch >>

One end of the first transmission side shunt gate switch
102 is connected to the first transmission terminal 31 via
the capacitor 315, while the other end is connected to the
ground terminal 8 via the capacitor 316. The control
voltage V_shunt of the shunt control terminal 6 is
supplied to the drains and sources of the four field-effect
transistors 202a to 202d connected in series of the first
transmission-side shunt gate switch 102 via the resistors
341, 314, and 309a to d, The on / off control can be
controlled by the level of the second transmission control
voltage V_Tx2c supplied to the second transmission
control terminal 13.

(E20EER Y RRIYF)
B20FEBRA Y NTF—RNASAYF1060—iHE
BE330ENLTE20REFHF3 2 ICEHEET LD
—F., iR AE3I 312N L TEHIFT 14 ICER
Th?, B20%GHAI YRS —RAIYF106
O 4EEIFNEREAEABRBRNSOORAZ207
a—~dORLAVEY—RELT Y NEIHF 6D
HEEEV _shuntHFiEH341. 340, 32
9a—~dENLTHBEN, TOF - F7HBRE
1OREGEHARFS CHEEThIF10REHEEE
V_TXx1cOLRILICE>THBTETH S,

<< Second transmitter shunt switch >>

One end of the second transmission side shunt gate
switch 106 is connected to the second transmission
terminal 32 via the capacitor 330, while the other end is
connected to the ground terminal 14 via the capacitor
331. The control voltage V_shunt of the shunt control
terminal 6 is supplied to the drain and source of the four
field-effect transistors 207a to 207d connected in series
of the second transmission side shunt gate switch 106
via the resistors 341, 340, and 329a to d. The on / off
control can be controlled by the level of the first
transmission control voltage V_Tx1c supplied to the first
transmission control terminal 5.
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(B1OZERARIYTF)
B1OZERANS VAT P —RNAMYF101R
F10ZEHRFI41ETUOTIRF2EOBICERE
h, CORBERNSVAT?P—S—RNAA4YF 101
D4 BEEFNERENAEERMNRNZ I AZ20 1
a—~dOFr. F7HBEE 1 OZEFBEF 7 (L4
BENDE1OZEHHEEV_Rx1cOLARIIC
KOTHIPTETH S,

<< First receiving switch >>

The first reception transfer gate switch 101 is connected
between the first reception terminal 41 and the antenna
terminal 2, and the four field effect transistors 201 a to
201 d connected in series of the reception transfer gate
switch 101 are turned on / off. The off control can be
controlled by the level of the first reception control voltage
V_Rx1c¢ supplied to the first reception control terminal 7.

(BE20Z2GBEARAAMYTF)
B2NZFERANS VAT P —RAMYF110k
B2NZEBEHRFA42ETUTTHFHRF2LEOHEICESS
h, CORERNSVAT?ZP—S—RAA4YF 110
D4 BEEFERENEERANRNZ O DOAZ214
a—~dOFr F7HBPEIE2 OZEFPEF2 5(C
HEEhDE20ZEHPEEV_Rx2cOLARIIC
KOTHIHTRETH S,

<< Second receiving switch >>

The second reception transfer gate switch 110 is
connected between the second reception terminal 42
and the antenna terminal 2, and the four field effect
transistors 214 a to 214 d of the reception transfer gate
switch 110 connected in series are turned on / off. The
OFF control can be controlled by the level of the second
reception control voltage V_Rx2c supplied to the second
reception control terminal 25.

(B10BEA Y NARSYTF)
F10ZEA Y MT—FARAAMYF 10 30—ixk
BEB17EZNLTE10ZBRF4 1 CEREILS
—%., iREAE3 18 EZML TEMKF I CERE
hd, B10ZRAU YRS —RMAIMYF1030
2EEINRBENLLERMRINSODAR203a—
bO7—HMBEFEFR3 10, 311a—b&ENL TEH#
WFOIEREN, RLAVEY—ALREHI3 42
ENLTE10ZEHEARTF7 CEREH, 7> F
7HEEE10ZEHBRF7 CHEGZHIE10R
FHEEEV_Rx1cOLARIILICK> THEHTETH
2.

<< First receiver shunt switch >>

One end of the first reception side shunt gate switch 103
is connected to the first reception terminal 41 via the
capacitor 317, while the other end is connected to the
ground terminal 9 via the capacitor 318. The gates of two
field-effect transistors 203a-b connected in series of the
first receiving shunt gate switch 103 are connected to the
ground terminal 9 via resistors 310, 311a-b, and the drain
and source are connected via a resistor 342. Connected
to the first reception control terminal 7 and ON / OFF
control can be controlled by the level of the first reception
control voltage V_Rx1c supplied to the first reception
control terminal 7.

(E20ZERAY Y RARSYF)
B20Z2FEAU YN —NRIYF1110—5E
BE3IS5ENLTE20ZFEHF4 2 CEBHEThS
—%, iR BEE3 56 2N L TEMIKETF 2 6 ([CEH
Ehd, B2OZEAM Y NS —RNARAMYF 111
NO2FPEINERENEERAMRINSORAR215
a—bWE¥—bMEEMN352, 353 a—b%ENLT
B F 2 6 ICEHREh, RLAVEYV—RAELERER
365EZNLTHE20ZEHMRF 25 CEHRE O,
T A7HBEE 2 0ZEHBEF 2 5 CH#HEEh
2E2NZEHHAEEV_Rx c20LARILICK>TH
HAKETH S,

<< Second receiver shunt switch >>

One end of the second receiving-side shunt gate switch
111 is connected to the second receiving terminal 42 via
the capacitor 355, while the other end is connected to the
ground terminal 26 via the capacitor 356. Two field effect
transistors 215a-b of the second receiving side shunt
gate switch 111 connected in series have their gates
connected to the ground terminal 26 via resistors 352,
353a-b, and their drain and source via a resistor 365.
Connected to the second reception control terminal 25,
and ON / OFF control can be controlled by the level of
the second reception control voltage V_Rxc2 supplied to
the second reception control terminal 25.
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(E1EE2LEILEAINEERERBRERR)
F1OREERE107OADRF15E10EEH
F31eEREh, HIABKTF16ICEREThIENE
REENF20EERANSVARTI7F—Y—RARAYF
105NBRUMERNS VAR 206a—dDT—h
EE1DOEBRAS YU NS —NARSAIYF1020ER
WMERNSUIAR202a—~d0F—MCHATREE
ENnd,

<< First, Second, Third, and Fourth Negative Voltage
Generation Step-Down Circuit >>

The input terminal 15 of the first step-down circuit 107 is
connected to the first transmission terminal 31, and the
negative DC voltage generated at the output terminal 16
is applied to the field effect transistors 206 a to 206 d of
the second transmission transfer gate switch 105. The
gate and the gates of the field effect transistors 202a to
202d of the first transmitting shunt gate switch 102 can
be supplied.

B20BREER108DANKTF 17 FE2DERR
FI2LERESHh, HARF18ICERETNZIAEANE
REENB1ORBRANS VAT 7P—T—RhAAYF
1T00NERMAINSZIAR200a—dOT—h
EBE20EBRS YN —RAIYF1060DER
MRERNZVDZRAE207 a—dOT—MCHtiETREE
Tha,

The input terminal 17 of the second step-down circuit
108 is connected to the second transmission terminal 32,
and the negative DC voltage generated at the output
terminal 18 is applied to the field effect transistors 200 a
to 200 d of the first transmission transfer gate switch 100.
The gate and the gates of the field effect transistors 207a
to 207d of the second transmitting shunt gate switch 106
can be supplied.

BIDHEEER109DANKF2 2B EBRAMRNS
POAB218a—-bEMNLTE1OZEFANIUA
77— —RAAYF1010EBRVBRNZ VAR
201a—~dNEREERR4 10 LEREESH, Hhlk
F3LERETNDIEAQOEREENFE1OZEANT
JARTF=F—=RAAYF1010ERMRENZ VD
AZ201a—d0T7—bMCHiGAREE T NS,

The input terminal 22 of the third step-down circuit 109 is
connected to the interstage connection point 410 of the
field effect transistors 201a to 201d of the first reception
transfer gate switch 101 via the field effect transistors
218a and 218b. The generated negative DC voltage can
be supplied to the gates of the field effect transistors
201ato 201d of the first reception transfer gate switch
101.

FANOREERE1120AIRF27RERMRENS
VPAZ219a—-bENLTE20ZEANS VA
TP7—5—RAAYF110NDBRVBRINS VT AR
214 a—~dNBMERK4 13 EREN, Hhlw
F28LERENDENEREEN B 20ZFAMNS
VAT P —=RALMYF1100EBRAMENS VD
AR214a—~dOJS—RMNIHETEEEATVS,

The input terminal 27 of the fourth step-down circuit 112
is connected to the interstage connection point 413 of the
field effect transistors 214a to 214d of the second
reception transfer gate switch 110 via the field effect
transistors 219a and 219b, and is connected to the
output terminal 28. The generated negative DC voltage
can be supplied to the gates of the field effect transistors
214a to 214d of the second reception transfer gate
switch 110.
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GICRIAERKANDEKEENERES ICLDFEEAERLD A first transmission transfer gate switch 100, a second

B1OB1O0EGBHARNS VAT P—F—RNAMYF1 transmission transfer gate switch 105, a first transmission
O0EE2NEBRHNSZVYAT77—S—RNAAYFA1 shunt gate switch 102, and a second transmission gate
O5EE1DEFRU Y RMS —RNRAIYF102E switch 100 of the semiconductor integrated circuit 1
B20EBRY UM —RRAAYTF106EE1D according to the fourth embodiment of the present
ZEEANS VAT 7P—T—RARAMYF101&E20 invention shown in FIG. The transmission side shunt
ZEEANS VAT 7P—T—RARAAMYF110LE10D gate switch 106, the first reception transfer gate switch
ZBEAIY NS —RNAAMYF103LE202EFA 101, the second reception transfer gate switch 110, the
AN —=RNAMYF1I11DBARAY FTEE first reception side shunt gate switch 103, and the
BENIERVENSODSAZOBHRE. £10EE second reception side shunt gate switch 111. The
WFI3M1EHE20EBHRFI 2ICThETFLHBEETHLS number of field-effect transistors connected in series is
B1OXERSELEE20XBERSNEELARILEFT set based on the first transmission signal supplied to the
MELEHLSEEEND, first ransmission terminal 31 and the second

transmission terminal 32, the voltage level of the second
transmission signal, and the off breakdown voltage. The

(ELARILDOE 1EESEE) << Low level first transmission operation >>
BLRILODE1DEEFESOREEH, THaDS5ELA When transmitting a low-level first transmission signal,
LOB1OEEESEE1OEBHRFI 1hSHEL thatis, when a low-level first transmission signal is
T FPUOTTFHTF2ICHLTIHEEICE. FIRIFE1 supplied from the first transmission terminal 31 and
DEEHBABRFSEI Y MEHARFO6EIC3 .0 output to the antenna terminal 2, for example, a first
VOEBEZHHBL T, F20AFEHEAEF13£E1 transmission control terminal 5 and the shunt control
NEEHERETF7EE20ZEFHBARTF25LIC0V terminal 6 are supplied with a voltage of 3.0 V, and a
NEEZEHBET . voltage of 0 V is supplied to the second transmission

control terminal 13, the first reception control terminal 7
and the second reception control terminal 25.

18k, BLRILDE1DOEEEENI K6 OERKA 18 shows a case where the low-level first transmission
NERBOFELSICIDEBEERER 10T TTA signal is supplied from the first transmission terminal 31 of
1YFDOE1NDEBFHRFI 1L SHEENBIBRICEAR the antenna switch of the semiconductor integrated
41Y¥100., 105, 102, 106, 101, 1 circuit 1 according to the fourth embodiment of the

10, 103, R1YF111OEELBEREDE present invention shown in FIG. Itis a figure which
REERIRTH S, shows the voltage of 102,106,101,110,103, the switch

111, and the relationship of an operating state.

18ICRTEDIC, F10OEBRFI1IETUOTFH As shown in FIG. 18, since the first transmission transfer
BF2E0BICERENEE10EREANS VA gate switch 100 connected between the first
TP7—=T—=RAAYF 10 0 FRECHBET IS transmission terminal 31 and the antenna terminal 2 is
DT, B1ORERFI1ICHBEThDFE10XERS controlled to be in the ON state, the first transmission
ST TTHRF2ICEEEND, terminal 31 is supplied. The first transmission signal to be

transmitted is transmitted to the antenna terminal 2.
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(BLARILOE 13X EBE)
ZE10XEEWF3I1EE1OREER10 7 DAL
FI5LICHBENIB10EREEEOLARILFEKX
T3, A4AFA—K208, 209D AHEHRR40
SICHRETIBEELEEBURI002LENEBNEVY i
NHFAALA—R208, 209NDLEVEEBEV f &
WEEBLSBYAALA—R208, 209ICKYERSH
ErREEEh, (2)RCHEEEEVou t FHDER
F16lcEREN, B1ORXEAS Y NF—FAR
AYF1020BRMRENZIRZR202a—dD
T—hEF20%(EBRAMNS VAT 7= —RNAMYTF
105NBRUMERNS VAR 206a—dOTS—h
IC#eEcha,

<< High-level first transmission operation >>

When the level of the first transmission signal supplied to
the first transmission terminal 31 and the input terminal
15 of the first step-down circuit 107 increases, the
voltage generated at the input connection point 403 of
the diodes 208 and 209 and the reference potential point
The voltage difference Vin with respect to 402 becomes
higher than the threshold voltage Vf of the diodes 208
and 209, and the rectification operation is started by the
diodes 208 and 209. The power is supplied to the gates
of the field effect transistors 202a to 202d of the first
transmission side shunt gate switch 102 and the gates of
the field effect transistors 206a to 206d of the second
transmission transfer gate switch 105.

—H., FUTTBEN2 . 4VTHY, F20XEHM
WF13HF0VTHDESD, F3OREEE1090
ADBF22ICEBENEERMRNS VDA R2 1
8a—btEA4NEEEKR1120ANEF2 7
BENEERWRENSOORAR219a—bEGF7
RELEZD, TOER, F3OREEKE1090DAD
BHRA409ICRETIEEF3IDNOERNI62a—
b, 344NERMETREEN, F40REBERKE1 1
2OANEHRI4 1 2ICRETIEELE 3 DDERS
64a—b. 358NENETREEND, TE&D
5, KB AESXEBLEZ O-NNVROFE1
DRFEGESHFE1OEBRFI 1 CHEETID5H
ALk, BERMBENS D AR218a—b, 219
a—b&ik{ 1360, 361a—b., 362a—b.
363a—b, 364a—b&ASERTNETLR
ERRAZLAERCHBPENS,

On the other hand, since the antenna voltage is 2.4V and
the second transmission control terminal 13 is 0V, the
field effect transistors 218a-b connected to the input
terminal 22 of the third step-down circuit 109 and the
fourth step-down circuit The field effect transistors 219a
and 219b connected to the input terminal 27 of 112 are
turned off. As a result, the voltage generated at the input
connection point 409 of the third step-down circuit 109 is
determined by the resistance values of the three resistors
362a-b and 344, and the voltage generated at the input
connection point 412 of the fourth step-down circuit 112
is also Itis determined by the resistance values of the
three resistors 364a-b, 358. That is, when a low-band
first RF transmission signal having a relatively large
transmission power is supplied to the first transmission
terminal 31, field effect transistors 218a-b, 219a-b and
resistors 360, 361a-b , 362a-b, 363a-b, 364a-b are
controlled to a large attenuation.

FEINEREER109NDANERKI409ICRETS
BEZVind, F4AAFA—ROLEVNEEBEZV .

EXBNAI08NEMBELARILEVssETDE,

BIOHREERRK1090HDEF2 3R, FTie(4)X
-~ E=BEEVou t 4FEREN B,

When the voltage generated at the input connection
point 409 of the third step-down circuit 109 is Vin4, the
threshold voltage of the diode is Vf, and the ground
voltage level of the reference potential 408 is Vss, the
output terminal 23 of the third step-down circuit 109 is
connected. Generates a negative voltage Vout4
according to the following equation (4).

4
Voutd = - 2-(Vind — Vi) - Vss == (4)zk

4
Voutd = - 2-(Vind — Vi) - Vss  ---(4)=
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Fh, LREMA)RIC&E>TEAShDEEREVou t 4
NEEMER, BEEVou t 4Z24ERITBE3IOERER
B109NDERERAIEEEThDEELDEICELT
2E0THD. flAE. F3OREERK1090HD
WF23ICERENDEBEEVout 4, HlxEF, Vv
ind=1.6V, Vf=0.6VETDE, LE(4)
RICHE2T-2 . 0VOREEVou t 4/, E3DE
EEE1090HEIRF23ICEREND, F4DE
EBE1120HIEF28ICERETIDIEERS,
BIOHREERK1090HNBF23CERENDE
EEVou t 4L RARICHEETIhD LN TED, it~
T, F40BREER1120EBERFE30EER
B109EA—NBEAICRE, ER4)RCHK>T-2 .
OVOEEREVout4H, B40REEE1120H
NRF228ICERENDENTRETH D,

The voltage value of the negative voltage Vout4 given by
the above equation (4) changes to a different value when
the circuit format of the third step-down circuit 109 that
generates the negative voltage Vout4 is changed. For
example, if the negative voltage Vout4 generated at the
output terminal 23 of the third step-down circuit 109 is, for
example, Vin4 = 1.6V and Vf= 0.6V, the negative
voltage of -2.0V is obtained according to the above
equation (4). Vout4 is generated at the output terminal 23
of the third step-down circuit 109. The negative voltage
generated at the output terminal 28 of the fourth step-
down circuit 112 can also be calculated in the same
manner as the negative voltage Vout4 generated at the
output terminal 23 of the third step-down circuit 109.
Therefore, when the circuit format of the fourth step-
down circuit 112 is the same as that of the third step-
down circuit 109, the negative voltage Vout4 of 2.0 V is
applied to the output terminal of the fourth step-down
circuit 112 according to the above equation (4). 28 can
be generated.

H19lk., BLRILOE1OEFESHI K6 DAZKEA
NDEBOFEACRDEBEERER1OFTTA
1YFOE1OEBHRTFI1HSHBEENDIBRICEAR
4Yy¥100, 105, 102, 106, 101, 1
10, 103, AMYF1110EEEHEREDE
REETIRTH S,

19 shows that each of the switches 100, 105, when the
high-level first transmission signal is supplied from the
first transmission terminal 31 of the antenna switch of the
semiconductor integrated circuit 1 according to the fourth
embodiment of the invention shown in FIG. Itis a figure
which shows the voltage of 102,106,101,110,103, the
switch 111, and the relationship of an operating state.

19ERTLRIIC, 18 E@AKIC, E1DEER
FIMETUOTFIHRF2ENDBICEREENEE1DZE
BRARNSVAT7P—S—RNAAYF 10 05T RE
CHBEEh?0T, F1OEBRTI1ICHBEISD
F1OEBEESIFPUoTIRF2ICBEEhS, &
. K19TR, -2 . OVOABEICK>T, 7R
RBEEhDA(YF101, 102, 105, 110
NERYMRENS VIS AZODT—h V—ABMEBENR
WErmBEEEENATWS, TOER, PoTFA
AIYFOATMEEZRET DN TREEEY, £k
TFoOTTAAYVFORBROBBEEMC LD ERKE
BHEEHETREEEDS,

As shown in FIG. 19, as in FIG. 18, the first transmission
transfer gate switch 100 connected between the first
transmission terminal 31 and the antenna terminal 2 is
controlled to be in the ON state. The first transmission
signal supplied to the transmission terminal 31 is
voltageed to the antenna terminal 2. In FIG. 19, the gate-
source voltage of the field effect transistors of the
switches 101, 102, 105, and 110 that are turned off by
the negative voltage of -2.0 V is set to a deep reverse
voltage. As a result, it is possible to improve the off-
breakdown voltage of the antenna switch, and it is
possible to improve the harmonic distortion
characteristics due to a sudden increase in the capacity
of the antenna switch.
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(EL RO 2 X EBHE)
BLRILOE2DREFESORERBR, §BDLEELA
LDOE20EBEREEZE20XEFRF3I 2, 5H#iGL
TTFPUTTRF2EHNITIIEELE. HIAEE2
OREFHBEHEF 13 v MK FEEIC3 . 0
VOBEZHKELT, B10REHBRFSEE1D
EEHEARF7EE20ZFEHPHEF25EC0VD
BEEZH#IBT D,

<< Low Level Second Transmission Operation >>

When transmitting a low-level second transmission
signal, that is, when a low-level second transmission
signal is supplied from the second transmission terminal
32 and output to the antenna terminal 2, for example, a
second transmission control terminal A voltage of 3.0 V is
supplied to 13 and the shunt control terminal 6, and a
voltage of 0 V is supplied to the first transmission control
terminal 5, the first reception control terminal 7, and the
second reception control terminal 25.

R20K, BLRILDE2DEFFESHFR6 DAFH
ORBOFEACIZP¥BEEREBR 10T TFA
IYVFOE2NEBRFI2HSHBETNIBRICRAR
1Y¥100, 105, 102, 106, 101, 1
10, 103, RAYF1110EELHEREDEH
REEZTRTIRTH D,

FIG. 20 shows that each of the switches 100, 105, when
the low-level second transmission signal is supplied from
the second transmission terminal 32 of the antenna
switch of the semiconductor integrated circuit 1 according
to the fourth embodiment of the invention shown in FIG.
Itis a figure which shows the voltage of
102,106,101,110,103, the switch 111, and the
relationship of an operating state.

H20CRT&LSE, B1OEBRFI2&ETFTUTT
WRF2ENBICERENLEE20XFAMNI VA

T77—T—RAAYF105FFRELCHBEHS
DT, B20EBRFI2CHBEThIE 20X ER

As shown in FIG. 20, since the second transmission
transfer gate switch 105 connected between the first
transmission terminal 32 and the antenna terminal 2 is
controlled to be in the ON state, the second transmission

ST UOTTHRF2ICEEEND, terminal 32 is supplied. The second transmission signal
to be transmitted is transmitted to the antenna terminal 2.
(BLRILOE 2EEEHE) << High-level second transmission operation >>

Fo2DXBEWFI2LE2ORERERK10 8 DAL
F17LBHBRENIE10REEEOLARIILFEXR
TRE, HA4A—KR210., 21 1OADEHEK40
SICRETIBELEEEBENRIVOILEDENEY |
nFELA—K210, 211OLEVEBEV f &
WEBLSBYALA—R210, 211 ICKRY)ERE
EXBBEh, (2)RCH>EEEEVou t FHIWE
F18ICEREH, B20REBA Y RF—FAR
A1YF106NERMERNS VAR 207 a—dD
F—hEE1OEBRAMNS VAT 7= —KNAAMYTF
100NEBRYMENSVIZAR200a—~dDF—h
It Echa,

When the level of the first transmission signal supplied to
the second transmission terminal 32 and the input
terminal 17 of the second step-down circuit 108
increases, the voltage generated at the input connection
point 405 of the diodes 210 and 211 and the reference
potential point The potential difference Vin with respect to
404 becomes higher than the threshold voltage Vf of the
diodes 210 and 211, and the rectification operation is
started by the diodes 210 and 211. A negative voltage
Vout according to the equation (2) is generated at the
output terminal 18, The gates of the field effect transistors
207a to 207d of the second transmission side shunt gate
switch 106 and the gates of the field effect transistors
200a to 200d of the first transmission transfer gate switch
100 are supplied.
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—B. FUTFFTEEN2 . AVTHY, F20XEHH
WF13HX0VTHBIESD, B4OREREK1120
ADBF27 I CERGEAEERMRNS VDA R2 1
9a—b&HEINHEEEK109NDANKEF2 20
BENL-BRVWENS VD AR218a—bRATR
e, TORR, F3O0REERKE109DALE
HRA0IICHRETHIEERIO>DNDEHR3I62a—
b, 344NERETREEh, F40RBREER1 1
2OANERRA412ICRETIEEE 3 DOERS
64a—b. 358NEMETREEND, T&bD
5, EBWNEBREEELER > ENAINROE2
NDRFEGESHFE2NOEFBHRTFI 2 ICHEET I35
BlLlk, ERVMEMNSVDAR218a—b, 219
a—b&ik} 1360, 361a—b, 362a—b,
363a—b, 364a—b&ASERTNETLR
ERE I EERCHBE NS,

On the other hand, since the antenna voltage is 2.4V and
the second transmission control terminal 13 is 0V, the
field effect transistors 219a-b connected to the input
terminal 27 of the fourth step-down circuit 112 and the
third step-down circuit The field effect transistors 218a-b
connected to the 109 input terminals 22 are turned off.
As a result, the voltage generated at the input connection
point 409 of the third step-down circuit 109 is determined
by the resistance values of the three resistors 362a-b
and 344, and the voltage generated at the input
connection point 412 of the fourth step-down circuit 112
is also Itis determined by the resistance values of the
three resistors 364a-b, 358. That is, when a high-band
second RF transmission signal having a relatively small
transmission power is supplied to the second
transmission terminal 32, the field effect transistors 218a-
b, 219a-b and the resistors 360, 361a- b, 362a-b, 363a-
b, 364a-b, the variable attenuator is controlled to a small
attenuation.

FAOBREBRR 1120 ANERK412ICRETS
BEZVin5, #4A—ROLEVNEEBEZRV .

HEEBU4110EBBEELARILEVssETDE,

BAORERRE1120HAEF2 8L, TiE(5)R
> EEEVou t 5HF%EREND,

When the voltage generated at the input connection
point 412 of the fourth step-down circuit 112 is Vin5, the
threshold voltage of the diode is Vf, and the ground
voltage level of the reference potential 411 is Vss, the
output terminal 28 of the fourth step-down circuit 112 is
connected. Generates a negative voltage Vout5
according to the following equation (5).

5
Vouts = - 2+ (Vin5 — Vf) - Vss  «--(5)z

5
Vouts = - 2-(Vin5 = Vf) - Vss -+ +(5)zk

T, ERBG)RCE>TEXSN3EEEVou t 5
NEEER, BEEVou t 5EERTHE4ORER
B1120ERERNEEENDEELDEICELT
PEOTHD, PIARE. F40REERE1120HD
WF28ICERETNDEBEEVout 5, BIZE., V
in5=1.6V, Vf=0.6V&Td&, £F(5)
RCE>2T-2 . 0OVOEEFEVou t 5HFF4DOREE
Eg1120HDRF28ICEREND, E3NEE
EX109NHIBF23 CEREThIAEREE, £
ADRBREER1120HDEF28ICERETNDIAE
EVout 5 tRAEICTHEEND_ENTES, £

T. B30BREER1090ARERNET40BRER
B112e@A—0BEICE, ER5)RCH>T-2.

OVOAREEVou t5AH, E3IOBREERE1090H
NWMF23ICERETNDENTRETH D,

The voltage value of the negative voltage Vout5 given by
the above equation (5) changes to a different value when
the circuit format of the fourth step-down circuit 112 that
generates the negative voltage Voutb is changed. For
example, if the negative voltage Vout5 generated at the
output terminal 28 of the fourth step-down circuit 112 is,
for example, Vin5 = 1.6V and Vf= 0.6V, the negative
voltage of -2.0V is obtained according to the above
equation (5). Vout5 is generated at the output terminal 28
of the fourth step-down circuit 112. The negative voltage
generated at the output terminal 23 of the third step-
down circuit 109 can also be calculated in the same
manner as the negative voltage Vout5 generated at the
output terminal 28 of the fourth step-down circuit 112.
Therefore, when the circuit format of the third step-down
circuit 109 is the same as that of the fourth step-down
circuit 112, the negative voltage Vout5 of 2.0 V is
applied to the output terminal of the third step-down
circuit 109 according to the above equation (5). 23 can
be generated.
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21, BLARILODE2DREEEESHI K 6 OAFEH FIG. 21 shows that each of the switches 100, 105, when

DEBOFREAICLZDEBEERER1OT TR the high-level second transmission signal is supplied
I1YFDE2NEFHFI2HSHBENBIBRICEAR from the second transmission terminal 32 of the antenna
41Y¥100, 105, 102, 106, 101, 1 switch of the semiconductor integrated circuit 1 according
10, 103, R/YF111OEELEHEREDNEH to the fourth embodiment of the invention shown in FIG.
BReZzTITRTH S, Itis a figure which shows the voltage of

102,106,101,110,103, the switch 111, and the
relationship of an operating state.

21CRTELSIC, H20&BEHEIC, E20XEEHK As shown in FIG. 21, the second transmission transfer
FI2ETFUTFHHBF2LEOBICEREEALEE 20 gate switch 105 connected between the second
BRANSVAT7T7—=—RNALYF 105 FRE transmission terminal 32 and the antenna terminal 2 is
CHHEh30T, F20RXEHF3I 2ICH#HEEID controlled to be in the ON state, as in FIG. The second
B20EBESITUOTTHTF2ICBEE NS, £ transmission signal supplied to the transmission terminal
. 21T, -2 . OVOEEBEICLT, 7R 32 is voltageed to the antenna terminal 2. In FIG. 21, the
BEEhBDA/A4YF100, 101, 110, 106 gate-source voltage of the field effect transistors of the
NEBERMENSVDZAZOY—K- V—ABMEENR switches 100, 101, 110, and 106 that are turned off by
WEFREELEEhTWVWS, TOHKER, P07 FA the negative voltage of —2.0 V is a deep reverse voltage.
AIYFOATMEERETH N TREE KRV, £E As a result, it is possible to improve the off-breakdown
FUoTTFARAAYFORBOSF ML EHRE voltage of the antenna switch, and it is possible to
BUEERETREED, improve the harmonic distortion characteristics due to a

sudden increase in the capacity of the antenna switch.

(EE 1 SEEED << First reception operation >>
B1OFUTTZEEETOZER,. $6bETFUTF When receiving the first antenna reception signal, that is,
WF2ILBBEhIFE1OTOTTHZEGEEE 1D when outputting the first antenna reception signal
ZSEHRFI41ICHITRIEEICE, BIAEE10ERF supplied to the antenna terminal 2 to the first reception
B F 5 EE2EBHBEF 13 &S v MR terminal 41, for example, the first transmission control
FOoLE20ZEHBRKF25C0VOEBENHfEE terminal 5 and the second transmission A voltage of 0 V
h B10ZEHARTF7IC3 . 0VOEENf#GE is supplied to the control terminal 13, the shunt control
ha, terminal 6, and the second reception control terminal 25,

and a voltage of 3.0 V is supplied to the first reception
control terminal 7.

22, H6OXRAOEREOFESL ICKDEE&K FIG. 22 shows the voltages of the switches 100, 105,
EREB1OTUTTFRAYFHAEEHEEZTSIR 102, 106, 101, 110, 103 and the switch 111 when the
o, 8AA4YF100, 105, 102, 106, 1 antenna switch of the semiconductor integrated circuit 1
01. 110, 103, A/YF111OEBELEE according to the fourth embodiment of the present
REDBEREETRTRITH D, invention shown in FIG. FIG.
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H220FI MU —0OLAR, F1SEEBEEZRT
E0HD, H220ZHOINI—DOLAIICRT X
S, B1ZEHETCRE1OZIEANS VAT 7—
F=RRAYF101F5FRECHAENDOT,
FoOTFRF2ICBBRENDIE1OTOTTHFEEES
EE1OZRERANS VAT ?P—S—RAAMYF 101
ENLTE10ZIERF41CE65EEND, COBKC
. B1OEBR Y RRASAYF 1025 FRE
CHBEEhZ2OTE1OEERTFI 1ORBRESRS
FEMBEYICNINAEHh, F20EXERAIZ Y MR
AYF106 T RECHBEDOTE 2 DEEF
WF32NORACERSEEHEMIC/NNI/NAE A,
B2DZEAYURRSIYF 1115 ARECH
HEND2OTE20ZFHTFI420RAGEERS G
WENICNANAEhDENFTEEED,

The upper side of each entry in FIG. 22 shows the first
reception operation. As shown in the upper side of a
large number of entries in FIG. 22, in the first reception
operation, the first reception transfer gate switch 101 is
controlled to be in the on state, so that the first antenna
reception signal supplied to the antenna terminal 2 is The
signal is transmitted to the first reception terminal 41
through the first reception transfer gate switch 101. At
this time, since the first transmission shunt switch 102 is
controlled to be in the on state, the leakage signal
component of the first transmission terminal 31 is
bypassed to the ground potential, and the second
transmission shunt switch 106 is controlled to be in the
on state. Therefore, the leakage signal component of the
second transmission terminal 32 is bypassed to the
ground potential, and the second reception side shunt
switch 111 is controlled to be in the ON state, so that the
leakage signal component of the second reception
terminal 42 is bypassed to the ground potential. Can be
done.

(B22EBHE)

B2OTFUTTREFEEORER, IBDETUTF
mF2EMBRENIE20T7OTHFEERESERE2D
BREF42ICHITIEACE, AAEE1DRERF
B FSEE2EFHBR/T 13> v MElHR
FOLEI1OZFHPRF7ICOVOEEN MG
h, B20ZFEHBPRTF25C3 . 0VOBEN#G
Thd,

<< Second receiving operation >>

When receiving the second antenna reception signal,
that is, when outputting the second antenna reception
signal supplied to the antenna terminal 2 to the second
reception terminal 42, for example, the first transmission
control terminal 5 and the second transmission A voltage
of 0 V is supplied to the control terminal 13, the shunt
control terminal 6, and the first reception control terminal
7, and a voltage of 3.0 V is supplied to the second
reception control terminal 25.
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H2208IKNU—OTHIE. F2ZEBHEERT
ENH%. H220ZHBOIMNI—OTRIERT &
S, B2 EHETRE2OZEANS VAT 7 —
TF=RAAYF 11 0T REICHBEhDDT,
FoTHRFLBHBENDE 20T TTHZEES
BE20Z2ERANS VAT ?P——RAMYF 110
ENLTE20ZEHRTF421CEEETND, ORI
. B1OEBR Y RRASAYF 1025 FRE
CHBPEhZOTE1OEBHTFI 1ORBRESHS
FEHEVICNAINAETh, B20EBRIS Y MA
AYF106 T RECHBEIDOTE 2 DEEF
WBF320RAESRISBEHEBENIC/NNAI/NRE A,
F1OZEAUIYRAMYF 1035 ARECH
HEND2OTHE1OEBHRF4 1ORBESTRS I
WEMICNAINAENDENTREERD,

The lower side of each entry in FIG. 22 shows the
second reception operation. As shown in the lower side
of many entries in FIG. 22, in the second reception
operation, the second reception transfer gate switch 110
is controlled to be in the ON state, so that the second
antenna reception signal supplied to the antenna
terminal 2 Is transmitted to the second reception terminal
42 through the second reception transfer gate switch
110. At this time, since the first transmission shunt switch
102 is controlled to be in the on state, the leakage signal
component of the first transmission terminal 31 is
bypassed to the ground potential, and the second
transmission shunt switch 106 is controlled to be in the
on state. Therefore, the leakage signal component of the
second transmission terminal 32 is bypassed to the
ground potential, and the first reception side shunt switch
103 is controlled to be in the ON state, so that the
leakage signal component of the first transmission
terminal 41 is bypassed to the ground potential. Can be
done.

COF1EHE20ZEFEHETR. POoTFHF2ICH#
BENDE1LE20TF VTHEEEBIHBEES
BELARILTHZDOT, F3N0REEK109&E4
NDEREBRRE112EEEBEhT. TOHIKF2 3.
28N SABERERENEV,

In the first and second reception operations, the first and
second antenna reception signals supplied to the
antenna terminal 2 have weak signal voltage levels, and
thus the third step-down circuit 109 and the fourth step-
down circuit 112 are used. Is not driven, and no negative
voltage is generated from its output terminals 23 and 28.

[ REDOFKES |

(BRAKEZ 1L OB

K7, R6NERANDKREOFEEL4ICIDITUTT
AMYFEZECHBEERER 1 ZNEL ZXRAD
EROFEES CEPERARED 1-IILOBRERITH
TH5

[Embodiment 5]

<Configuration of high-frequency module>

FIG. 7 is a diagram showing the configuration of the high-
frequency module according to the fifth embodiment of
the present invention in which the semiconductor
integrated circuit 1 including the antenna switch
according to the fourth embodiment of the present
invention in FIG. 6 is incorporated.
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R7ICRIBAKES 21—/ RF_MDBEHEFERHR
ICHEBTETHY, RFEHHEIER7 0&O—-/NA
TANRT1, T2EFUTFRAYFTIEEEBA
TW3, PUYTFTFAAYF73. 6 DAKHAOE
HOFREAICEIDTUOTFTAAYFEECLXEEHER
ER1ICEK>TEBERENATWS, $4bs5, PoT7F+
AAVF73R. F10OEBHF3I 152 0EFK
FI32LE1DSFERTIIEE20ZFERTI42L
B1OREEHBARFSLE2NXEHBEF13LE
1OSEHAREFSLE20ZEHMEF25ET v
JhHBRFOETUOTTRF 28R, PUoTTH
FoREFTERRRCERENIESET>TFTAN
TICERE D,

The high-frequency module RF_MD shown in FIG. 7 can
be mounted on a mobile phone terminal, and includes an
RF power amplifier 70, low-pass filters 71 and 72, and an
antenna switch 73. The antenna switch 73 is configured
by the semiconductor integrated circuit 1 including the
antenna switch according to the fourth embodiment of
the presentinvention shown in FIG. That s, the antenna
switch 73 includes the first transmission terminal 31, the
second transmission terminal 32, the first reception
terminal 41, the second reception terminal 42, the first
transmission control terminal 5, and the second
transmission control terminal 13. A first reception control
terminal 5, a second reception control terminal 25, a
shunt control terminal 6, and an antenna terminal 2. The
antenna terminal 2 is connected to a transmission /
reception antenna ANT mounted on a mobile phone
terminal.

ERAKEY1—IRF_MDMORFENEIFEEE7 0 &,
E1OEBHEEBEER701EE20EHEIEEEK 7 0
QLHPEE7 03 LEER. F1OEHBIERRE7
0 1DAIBFICRO—NROBKEHEE80—9 1
SEMHzOE10OREFET x 1B TREEEE A,
F2NEBHEIBEE 70 20OADBFICENSAINV R
OARK1710—~1785MHzOE20EERFS
Tx 2 HETEEEhD, B1OEHEIBEERKT O
1OHEIRFCEREThDE1OREHEEBEEFESEO—
NRATAINRT1ERNLTTFTUTFAAYFT73IDE
1OEERTI 1ICHETEEE N, F20EHEIRF
ER7020HEIBFICERETNDE2OXEHIERS
BRrO—NAR7A4NBT72ZNLITTFUOTFARAYF
T3NE2NEEWF 3 2 ICHidTaEL T hd, &

=, HIHER7 0 3OHAR—K LS, PTFA
AVF73INE1DOEFHBPRFS EE 20X FHE
WRF1BER1OZEHPRFS EE20ZFHMBR
F25 v hHBRTFE CHIBGEhIELOHH
BENFERENDNDT, PUOTFFTFAAVFT73NESR
EEREFHBEhD,

The RF power amplifier 70 of the high-frequency module
RF_MD includes a first power amplifier circuit 701, a
second power amplifier circuit 702, and a control circuit
703. The input terminal of the first power amplifier circuit
701 has a low-band frequency 880-800. The first
transmission signal Tx1 of 915 MHz can be supplied,
and the second transmission signal Tx2 of the high band
frequency 1710 to 1785 MHz can be supplied to the
input terminal of the second power amplifier circuit 702.
The first transmission amplification signal generated at
the output terminal of the first power amplification circuit
701 can be supplied to the first transmission terminal 31
of the antenna switch 73 via the low-pass filter 71, and
the second power amplification circuit 702. The second
transmission amplification signal generated at the output
terminal can be supplied to the second transmission
terminal 32 of the antenna switch 73 via the low-pass
filter 72. From the output port of the control circuit 703,
the first transmission control terminal 5, the second
transmission control terminal 13, the first reception control
terminal 5, the second reception control terminal 25, and
the shunt control terminal of the antenna switch 73 are
connected. Since the various control signals supplied to
6 are generated, the transmission / reception operation of
the antenna switch 73 is controlled.
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FUoTFRAYTF 73 LLDERRBETRE. 77T
AAYVFT7I3CE>TE1OBHBEEER7010H
HEFEERENTOTFTFRAAYF73IOE1DRERF
WRFS31TEHEETNIE10XBREFSLE2NDE
HEEERT7 0 2OHIRFICERENTTFA
AYF73NHR2NOREF[IRF 3 2ICftechsaE20
REHEFSLOVThA—FFBREhT, BRE
NERFREBREESSAT7UOTHRF2IEERE AL
EEET7UTFHFANTICHEE B,

In the transmission operation by the antenna switch 73,
the first transmission amplification signal and the second
power generated by the antenna switch 73 at the output
terminal of the first power amplification circuit 701 and
supplied to the first transmission terminal 31 of the
antenna switch 73. One of the second transmission
amplification signals generated at the output terminal of
the amplification circuit 702 and supplied to the second
transmission terminal 32 of the antenna switch 73 is
selected, and the selected RF transmission amplification
signal is selected from the antenna terminal 2. Is supplied
to a transmission / reception antenna ANT connected to.

FUoOFFRAVFT7 3ICLBDESEBHETR, P77
WF2ICEBRENERAZETOTFANTICK2 TR
BEhEO—-N>ROBAEHKI25—-960MHz®D
BI1OZEFEBENANROEBRK1805—18
B8OMHzDE2DOZFEESLEOVTIA—FHFT>
TTFAAYFT73ICK>TERENT, BRREhER
FEEGSHIB10ZRRFII1EE2DERFIRT 4
20\WTFNh—FILHBET D, POTFTFARAYFT
SOE1NZIEHWTFI1EHE20ZIERTI2. #
HEERACEBRET LS RFIEGEREROZER
BBICEFEh30-NY ROBMZEBFHZOADRT
ENANY ROBHZEBEROADEFICThThE
Hehd,

In the reception operation by the antenna switch 73, a
low-band frequency 925 to 960 MHz first reception signal
and a high-band frequency 1805 to 1880 MHz second
reception signal received by the transmission / reception
antenna ANT connected to the antenna terminal 2 are
used. Either one is selected by the antenna switch 73,
and the selected RF reception signal is supplied to one
of the first reception terminal 41 and the second
reception terminal 42. The first receiving terminal 41 and
the second receiving terminal 42 of the antenna switch
73 are connected to an input terminal of a low-band low
noise amplifier included in a receiving circuit portion of an
RF semiconductor integrated circuit mounted on a mobile
phone terminal and a high-band low terminal. Each is
connected to the input terminal of the noise ampilifier.

CHORSCLTRENERANDKREOFEELICEIDT
ITFTAAYVFEECH¥BEERER 1 EERLLER
TERIERFORBEOFKES CLDBFARED 1—
LJRF_MDE&AE, O—NY RENANY ROER
DRARBEFEAL EEZEHENTVRI A ATRES
%,

In this way, according to the high frequency module
RF_MD according to the fifth embodiment of the present
invention shown in FIG. 7 in which the semiconductor
integrated circuit 1 including the antenna switch
according to the fourth embodiment of the present
invention shown in FIG. Itis possible to switch between
transmission and reception operations using multiple
frequencies.

RE, ZRAFLCI>TEENERBAZELCORED
FECESLVTREAHCHAL LA, ZRBZ T
REEh2E0TREL, TOEEZRKELEVER
KCHVTEYEEARTHICERESERTERL,

As mentioned above, the invention made by the present
inventor has been specifically described based on
various embodiments. However, the present invention is
not limited thereto, and various modifications can be
made without departing from the scope of the invention.
Needless to say.
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FIAE, B7CRUEERAORBEOTRESICLDH
BAREZI1I—IRF_MDT,. NNV REOE2DZE
BRTFI2LEE20ZFHRTFA4 2L EBEIDFE
K, RBIECRUERRHOEROFEE1 ELER S5
KRUVEXRBOREOFEIICXDEZFERASPD
TEROFVTFFAAYFOXBHERER 1 2ERAT
BENTETH S,

For example, in the high-frequency module RF_MD
according to the fifth embodiment of the present invention
shown in FIG. 7, when the second transmission terminal
32 and the second reception terminal 42 on the high
band side are omitted, it is shown in FIG. 3. Itis possible
to use the semiconductor integrated circuit 1 of the
transmission / reception SPDT type antenna switch
according to the first embodiment of the present invention
or the third embodiment of the present invention shown
in FIG.

FER7TERLEERBAORENEES ICLDEAK
EP1—-J)IRF_MDT, E10ZFHRFI1EE20
BRRFI42LEFEMEIBIBEALCRE. R4CRLE
AREODREOFE2ICLDEFASPDTRT T
FRAVFOXBHEROR 1 Z2EAITD N TR
TH?,

Further, in the high-frequency module RF_MD according
to the fifth embodiment of the present invention shown in
FIG. 7, when the first receiving terminal 41 and the
second receiving terminal 42 are omitted, the
implementation of the present invention shown in FIG. It
is possible to use the semiconductor integrated circuit 1
of the transmission SPDT type antenna switch according
to the second embodiment.

BLHIAE, ZRAICKDITUTTFAIYTFERL¥
BEERER 1 OXBEERBIAVVLARESOLE
NEBECREEIDEOTREL, ¥BEERE R
1CBENBTUOTFTFARAAMYFTHEAET NI ERYDRE
RZUDARBUEM¥BHERRELCERE IS
NFYUORILBT/—XU—FOMESEERMR
RSUZABIREENZDEOTREV. HIRE. 7
PTFTAAYTFOXBEEREE 1 OFBEERICS
DIEMALTnFr o RILBOSIY ME—F—
REOMESEBRMRINSVIZARZRRATDCL
FARTH2—%H, VA FA(>221L—%(SO
EMZEMAL LEET—FREOMOSEHERMR
FZUDABREFATRCLENARETH D,

Further, for example, the semiconductor substrate of the
semiconductor integrated circuit 1 including the antenna
switch according to the present invention is not limited to
a compound semiconductor such as gallium arsenide,
and the field effect transistor used in the antenna switch
included in the semiconductor integrated circuit 1 is a
compound. The present invention is not limited to an n-
channel normally-on MES field effect transistor formed on
a semiconductor substrate surface. For example, it is
possible to use an n-channel Schottky gate type MES
field effect transistor using silicon for the semiconductor
substrate of the semiconductor integrated circuit 1 of the
antenna switch, while using silicon on insulator (SOI)
technology. Itis possible to use an insulated gate MOS
field effect transistor.

FEFRALCRDEEHEREE1OT > TFARASY
Fik. B EFRRKRICEBRTELEARED 1 -
AEBENDTUOTFTFAAMYFICREETNDENOTRE
<, fE# L AN(Local Area Network)iIcEFHE h2 & A
HED1-ILNCABEhDTUOTFRAYFICERE
h3ZLETMETHD,

The antenna switch of the semiconductor integrated
circuit 1 according to the present invention is not limited
to the antenna switch built in the high-frequency module
that can be mounted on the mobile phone terminal, but is
a high-frequency module used for a wireless local area
network (LAN). It can also be applied to a built-in
antenna switch.
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1. M ERE R

2—28.. . BROWF
100112 . BREBEEOYIRVCVARAAIYFT
avy o

200-219. . BRAMRRNSVZREARVA L F—
K

300—-364. . BRRCOVFUY
400—411.../—REF

DESCRIPTION OF SYMBOLS 1 ... Semiconductor
integrated circuit 2-28 ... Terminal of circuit 100-112 ...
Step-down circuit block and switch block 200-219 ...
Field effect transistor and diode 300-364 ... Resistor and
capacitor 400-411 ... Node terminal
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