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A #i NG APPARATUS FOR A DUAL MODE TRANSCELVER The present (P25
|q‘|vent|on rélates to an antenna sw tching apparatus for a dual - node
ttansceiver for use in a nobile tel ephone of a nobile telephone system

du,a! node (digital node and analog node) nobile tel ephone systemis
~available in-the U S A, and a tine division miltiple access (TDVA) system
i s enployed in the nobile tel ephone system The TDVA systemw || be
described below. Initially, a plurality of channels the one frame of each
of which is 40 mlliseconds are set and each frane.thereof is conposed of 6
slots (slots 1 to 6). Each slot has a length of 162 synbols (= 324 bits).

In the first. Serv'@ﬁﬁe BréééH€51ﬁ§é£Ef%n relates to an antenna switching

apparatus for a dual-mode transceiver for use in a mobile

telephone o? a mobile telephone system.

A dual mode (digital mode and analog mode) mobile telephone
system is available in the U.S.A., and a time division multiple
access (TDMA) system is employed in the mobile telephone system.

The TDMA system will be described below.

Initially, a plurality of channels the one frame of each of
which is 40 milliseconds are set and each frame.thereof is
composed of 6 slots (slots 1 to 6). Each slot has a length of
162 symbols (= 324 bits). 1In the first service, 2 slots (slots
1, 4; slots 2, 5; and slots.3, 6) disposed with an equal interval
at every frame are employed as one channel of the full rate
traffic channel and 3 channels are multiplexed on the existing
high freguency one channel. 1In the future services, for the half
rate traffic channel, any one slot within each frame is employed
as one channel of the traffic channel and € channels are
multiplexed on high frequency one channel.

in the mobile telephone, the transmission and reception
frame timing is determined on the basis of the interval of one
time slot + 44 symbols and the transmission has a priority over
the reception. This reference position is referred to as a
standard offset reference. The transmissioy timing of the mobile
telephone is controlled by the base station such that it may
become earlier than the reference position by the time alignment

and is adjusted s¢é as not to conflict other slots upon reception

in the bease station.
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1,. 4*sl'6ts-2* 5; and slots 3, 6) disposed with an equal interval at every
frame-are enployed as one channel of the full rate traffic channel and 3
c@annels are mul tiplexed on the existing high frequency one channel. In the
future services, for the half rate traffic channel, any one slot within
each franme is enployed as one channel of the traffic channel and 6 channels
are mul tiplexed on high frequency one channel. In the nmobile tel ephone, the
transm ssion and rRcRRELAFLY, dAREthée Hlogsi B teteof ored foame hfaragxampre 4 he
interval of one tinme slot + 44 synbols and the transm ssion has a E£jority
over the recepthatrileThiedephdne dngarigsi PpbPataepnriy 20d FRe 258 SaRt d

offset ref ereggaeﬁsnﬂhsesi%;xan stsﬁi)?nré[ciergtggﬁOzsltoqezVP@AI@ (slot 3),
transmission (slot 4), reception (slot 5), jdle (slot 6), and a
mobile telephone B carries out similar transmission, reception
and idle of slots 1 to 6 with a delay of time of one slot from
the mobile telephone A. Further, a mobile telephone C ¢arries
out transmission, reception and idle of similer slots 1 to 6 with
a delay of time of one slot from the mobile telephone B. These
processes are sequentially repeated hereinafter.

A slot format of the mobile telephone relative to the base
station is composed of guard time, lump time, data, sync. slow,
associated control chanﬁel! coded digital verification color code
and data, in that order. On the otﬁer hand, a slot format of
the base station relative to the mobile telephone is composed of
sync. slow, associated control channel, data, coded digital
verification color code, data and auxiliary area. Incidentally,
the date is employed as the user information area.

From the foregbiﬁg description, it is to be understood that
the telephone system of the digital mode is based on the
transmission and reception switching system, while the analog
mode telephone system is based on the simultaneous transmission
and reception systemn.

As the carrier frequency, the frequency band of 824 to 843
¥Hz is allocated to the trénsmission (for reception at the base
station) in the mobile telephoﬁe and the frequency band of 869 to
854 MHz is aliocated to the réception (transmission from the base
station) at the mobile telephone, respectively. Each of these
bands is divided at the interval of 30 kHz and high frequency one

channel is allocated to each of the divided bands.
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t el ephone is-controlled by the base station such that it may becone earlier
than the reference position by the tinme alignnent and is adjusted-so as not
to conflict other slots upon reception in the base station. 2
Accordingly, in the slots 1 to 6 of one frane, for exanple, a nobile

t el ephone A carries out between it and the base station transm ssion (sl ot
1), reception (slot 2), idle (slot 3), transm ssion (slot 4), reception
(slot 5), idle (sl|oin6Gixamdled & a conventional transmitter and receiver

circuit for a mobile telephone in the dual-mode mobile telephone
system available in the U.S.A. will be described with reference to
FI1G. 1.

Referring to FIG. 1, it will be seen that a transmitting
circuit 1 and é receiving circuit 2 are connected to a
trénsmitting and receiving antenna 3'via a duplexer 20. The
duplexer 20 might be a dielectric filter which is composed of a
'rebeption side bandpass filter of high Q which passes
therethrough.a received high frequency signal, the carrier
frequency of which is, for example, 880 MHz and .a transmission
side bandpass filter of high Q which passes therethrough a
transmitted high freguency signal, the carrier frequency of which
is, for example, 835 ¥MHz. An insertion loss of the duplexer 20

is about 2.0 dB on the transmitting side and about 2.7 dB on the

SEEN

receiving side.

A circuit configuration of the transmitting circuit 1 will
be described. BAs shown in FIG. 1, a modulated aundio sighal
epplied to an input terminal 28 is supplied to and frequency-
cdnverted by a2 mixer circuit 26 in a frequency converter 25. The
frequency converter 25 is compfised of the mixer circuit 26 and a
locel oscillator 27. Then, the thus frequency-converted
modulated audio signal from the mixer circuit 26  is supplied
through & bandpess filter 20 to a high frequency power amplifier
12 and is thereby-amplified. The transmission high frequency
signal from the power ampiifier 12 is supplied through a
circulator 11 and the duplexer 20 to the transmitting and
receiving antenna 3, from which the transmission high frequency
signal is transmitted.

A circuit configuration of the receiving cirzcvit 2 will be
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nobi | e tel ephone B carries out simlar transm ssion, reception and idle of
slkots 1 to 6 wth a delay of time of one slot fromthe nobile tel ephone A

Further, a nobile tel ephone C carries out transmi ssion, reception and idle
of*simlar slots 1 to

] _ 6 with a_delay of tine . .of, qne slot fromthe nobile
t el dpFeFided. nexkse A5y SRRTL D BTG duqhehRived ?’e‘ﬁbf&&“ﬁ%‘ﬁéi nafter. A slot
for mat . of i ls t ,on i s conposed of
guaggg aﬁmf%%ﬁu%gtc{lu%%%g?g Egy%@ﬁg%ﬁ,ﬁé"&gg?gfﬁﬁe q(?%ﬁ{:*ol channel , coded
di ghkglisesd bi 6Ad i encebpplicadensouhdat bandpasshatltederto a  On the ot her
hand, a slot format of the base station relative to the nobile telephone is
conpdsed aifreaihc22 Hfow, faewsricyt eepvesher ofl chanyieich d&t 45 coded digital

ffequencyaconverted. The frequency converter 21 is c0mp:ised of
the mixer circuit 22 and fhe local oscillator 27 which is
commonly used in the transmitting circuit 1 and the receiving
-tiréuit 2. The frequency-converted modulated audio signal from
the mixer circuit 22 is fed to an output terminal 24.

In the example of the conventional transmitting and
veceiving circuit, since the transmission high fregquency signal
éhd the received high frequency signal are passed through the
duplexer having large insertion loss in the digital mode, an
amplification factor of the high frequency amplifier for
amplifyinc the transmission high frequency signal must be
increased and an amplification factor of the high frequency
amplifier for amplifying the received high frequency signal must
be incressed, which unavoidably causes power necessary for
transmission and reception to be increased by the amount of the
insertion loss of the duplexer.

g

Accérdinély, it is an object of the present invention to
provide an improved antenna switching apparatus for a dual-mode-
transceiver in which the aforementioned shortcomings of the prior
art can be eliminated.

More specifically, it is an object of the present invention
to provide an antenna switching apparatus for a dual-mode
transceiver in which power consumption in the digital mode can be

reduced.

Another object of the present invention is to provide an

———
o ———
———
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Vejificatioﬁ col or code, data and auxiliary area Inh: [
enpl oyed as the user information area. Fro%1the foregg?ﬁgtgggg}iLP?ogat?tlS
|s.to be understood that the tel ephone systemof the digital node is based
?nTthﬁ transm ssion and reception switching system while the anal og node
Sesfg onissysten1|s_based on the simnultaneous transm ssion and reception

YI m the carrier frequency, the frequency band of 824 to 849 YHz is

all ocated to the transm ssion (for reception at the base station)-in the

nobi | e tel ephone and the ft c f ¢86% :

_ o EAERC Ko PARE e BSfbclHr rhsss i :
ﬁhe.neceptlon (traﬁgﬂvgkfgﬁg ro%n%ﬁg a;% gtgtionfgat therﬁgziﬁ:efgfﬁgﬁgﬁg
'eSpeCt'Vely' Eachpof afA@¥Bment can be simplified. ,

Still another object of the present invention is to provide
an antenna switching apparatus for a dual-mode transceiver in
which a transmission and reception switching control signal
supplied to a transmission and reception change-over switch need
not be generated.

As o first aspect of the present invention, an antenna
switching apparatus for a dual-mode transceiver having a
transmission and reception antenna, & transmitting circuit, a
receiving circuit and a separating filter of large insertion loss
provided among the transmission and reception antenna, the
transmitting circuit and the receiving circuit and which
separates a transmission high frequency signal and a reception
hich freguency signal having different carrier freguencies, in
which trensmission and reception in the digital mode of the
transrission and recéption switching system and the transmission
and reception in the analog mode of the simultaneous transmission
and reception system can be made possible-is comprised of a'first
analog-to-digital cﬁange-over switch whose movable contact is
connected.to the transmission and reception antenna, a second
anzlog-to-digital change-over switch whose analog side fixed
contact and movable contact are coﬁnected between the separating
filter and the receiving circﬁit, a third analog-to-digital
change-over filter whose movable contact and analog side fixed
contact are connected to the transmitting circuit and the
seperating filter, a transmission and reception change-over
switch whose transmission side fixed contact and re;eption side
fixed contact are respectively connected to the transmitting

circuit and the receiving circuit and which changes-ovexr the
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Bands

i:s divided at the

i nterval

is allocated to of 30 kiz a
canventi onal each of the divided bands. nd_hi gh frequency one channel

dual - node nobi | e

_ e tel ephone m avai U S A

Wi t syste able in the

h reference to FIG -1. Re?erringvtglFlg 5 t > wil |

3 An exanple of a

transmtter a
_ nd receiver circuit for a nobile tel eph '
one in the

towill be descri bed

transmttin i
cir .
g cuit 1 and a receiving circuit 2 are cobe Seen that @
nnected to a

transmission and the reception in the gigital mode, a blocking

fi1ter of lovw jnsertion loOSS connected between the first analog-

- to-digital change-over switch and the transmission and reception

change-over gswitch and plocking a high pand of 2 spurious caused
py the switching of the transmission and reception changé-over
switch, and & pbandpass filter of low jnsertion 10sS connected
petween the transmission and reception change-over switch and the
second analog-to—digital change-over gwitch and passing
therethrough fhe reception high frequency signal.

in accordance with a second aspect of the present invention,
an antennz switching appar;tus for a dual-node transceiver having
a transmission and receptlon antenna, 2 traﬂsmitting circuit, a
receiving circuit and a separatzng fil1ter of large jnsertion loss
providéd among the transmissibn and reception antenna, the
transmitting circuit and the receiving circuit and which
separates & trensmission high frequency signal and & reception
high frequency signal having different carrier frequencies, in
which transmission-and reception in the digital mode of the
transmission and-reception switching system and the transmission
and reception in the analog mode of the simultaneous transrxssxon
and reception system can be made possible js comprised of & first
analog—to-digital change-over switch whose movable contact is
connected to the transmission and reception antenna via 2
pandpess filter of low jnsertion loss which passes therethrough
the transmission high fregquency signal and the reception high
frequency signal, a8 second analog-to—dlgltal change-over switch
whose movable contact is connected to the separating filter and
whose analogd mode fixed contact is connected tO the analog mode
fixed contact of the first-to-digital change-over switch, a 3-

terminel isolator of low insertion loss having first, second and

i

A
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transmitting and receiving antenna 3 via a dupl exer 20. The

Plﬁht be a dielectric filter which is conposeg of a receptiogug!géegaﬁgpass
ilter of . high 0 which passes therethrough a received high frequenc

signal, the carrier frequency of which is, for exanple, 880 M andya

transm ssion side bandpass filter of high Q which passés t her et hrough a

transmtted high frequency signal, the carrier frequency of which is, for

exanpl e, 835 N{ZyPRelRSRNki R WilSh Ohe tfiesdupdmiionl 20s | ;
59 | / iconapeted 2igh
the transmtting sﬁge and about 2.7 dB on the receiving side. A g« dehen

o g e pmieminar e P Al B
digital mode fixed contact of the second analog-to-digital
change-over switch, and a third analog-to-digital change-over
switch whose movable contact is connected to the second terminai
of the 3~-terminal isolator, whose analog mode fixed contact is
connected to the separating f;lter and whose digital mode fixed
contact is connected to the digital mode fixed contact of the
first analog-to-digital changer-over switch.

According to the above—déscribed present invention, since
the transmission high frequency signal and the reception high
frequency signal are not processed by the separating filter of.
large insertion loss in the digital mode and since the
transmission high frequency signal and the reception high
frequency signel are respectively processed by the blocking
filter of smell insertion loss and also the reception high
frequency signal is processed by the bandpass filter of small
insertion loss, the attenuation of the reception high frequency
signal received at the transmission and reception antenna is
smzll so that the amplification factor of the high frequency
amplifier can be reduceé. As a conseguence, the transmission
‘high frecuency signal need not be amplified so much by the high
frequency amplifier and hence the amplification factor of the
high frequencf amplifier may be sﬁall. Therefore, the power
consumption in the digital mode can be reduced both in the
transmission and reception, thus considerably reducing the whole
power consumption of the entirety in the digitzl mode as compared
with that of the prior art.

Furfher, according to the present invention, since the

transmission high frequency signal is not processed by the '
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applied to an input termnal 28 is supplied to and frequency- converted by
a.mxer circuit 26 in a frequency converter 25. The frequency converter 25
is conprised of the mixer circuit 26 and a |ocal oscillator 27. Then, the
t hus frequency-converted nodul ated audio signal fromthe mixer circuit 26

is supplied throegharetdiagdpibeeds bt elard@ Lfsérdlioghlbs£GUERBY QYA mode
anplifier 12 and is thereby anplified. The transm ssion high frequency
signal fromthe pshePronfssedikys the bandpaspl fekterhpbusprld éhsextimnofodd amd

7 dupLener 20 S8 BSRINE LR 2 LGS MR 2SR, ofg ALARLEL, e

of the recei Vi ngheyh CPtdquénth |digh81 need not be amplified so much by the high
frequency amplifier so that the amplification factor of the high
frequency amplifier may be small, thus reducing the power
consumption. Furthermore, since the reception high frequency
signal is processed not only by the bandpass filter of small
insertion loss and the 3-terminal isolator of small insertion
loss but by the separating filter of large insertion loss, the
amplification factor of theihigh frequency amplifier in the
receiving circuit must be increased. 1In this case, the whole
power consumption of the entirety in the digital mode can be
reduced &s compared with that of the prior art.

The zbove and other objects, features, and advantages of the
pfesent invention will become apparent from the following
detailed description of illustrative embodiments thereof to be
read.in conjunction with the accompanying drawings, in which like
reference numerals are used to identify the same or similar parts

in the several views.

FIG. 1 is a block diagram showing an example of an antenna
switching apparatus for a dual-mode transceiver according to the
prior art;

FIG. 2 is a block diagram showing a first embodiment of the
antenna switching apparatus for a dual-mode transceiver according
to the present invention;

FIG. 3 is a block diagram showing a second embodiment of the

2

present invention; and

FIG. 4 is 2 bYock.diagram showing a third embodiment of the
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4 described next. As shown in FIG 1, a received high frequency signal

fromthe duplexer 20 is anplified by a high frequency anplifier 9 and then

supplied through a bandpass filter 8 to a mxer circuit 22 of a frequency

converter 21, in which it is frequency-converted. The frequency converter

21 is conprised OErEQ§ MPeEneid Uit 22 and the local oscillator 27 which
the t

I's commonly used ransmiting circuit 1 and the receiving circuit 2.
The frequency-converted nodul ated audi o signal from

Referring to FIG. 2, a first embodiment of the present
iﬁvention will now be described, in which embodiment the present
invention is applied to the mobile telephone in the dual-mode
mobile telephone system available on the U.S.A. similarly to the
aforementioned exanple of the prior art. 1In FIG. 2, like parts
corresponding to those of FIG. 1 are marked with the same
references and therefore need not be described.

2As shown in FIG. 2, analog-mode/digital-mode change-over
switches 14, 15 and 16 respectively include movable contacts 1l4m,
15m, 16m, analog mode fixed contacts l4a, 152, 16a and digital
mode fixed contacts 14d, 15d, 16d, and these analog-mode/digital-
mode change-over switches 14, 15 and 16 will hereinafter be
referred to as A/D change-over switches for simplicity.

A transmission and reception change-over switch 17 includes
2 moveble contact 17m, a transmission side fixed contact 17t and
a2 recepticn side fixed contaét 17r.

The trensmission and reception antenna 3 is connected to the
movable contact 14m-of the A/D change-o&er switch 14, and the
movable contact 15m of the A/D change-over switch 15 is connected
to the hich frequency amplifier 9 of the receiving circuit 2.

The output terminal of the high frequency amplifier 8 is
connected to the bandpass filter 8, from which the receivec high
frequency signal is fed to an output terminal 10.

A trensmission high frequency signal applied to an input
terminal 13 is supplied through the high frequency amplifier 12
and the circulator 11 to the movable contact 16m of the A/D

change-over switch 16.

A dielectric bandpass filter 5 is shown to have, in the
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the mixer circuit 22 is fed to an qutput termnal 24. In the exanple of the
conventional transmtting and receiving circuit, since the transm ssion
hi gh frequency signal .nd the received high frequency signal are passed
t hrough the dupl exer having large insertion loss in the digital node, an

anplification facigdldyf mbhe, i Paskresneneyaaraddibb@rniqy raspldicy Bgghde
transm ssion high frequency signal -nmust be increased and an anplification

factor. of the highede @qerénesl fmmhelﬂtherlsnofoarq;dami:;@n@emmize@eudved hi gh

[requency sLOnal hstede LEl SRS, (HUEN UIGAZ0LY SRS RO i e

the insertion | osgnffod BBdEUR §48E-band of a transmission high freguency signal
whose carrier frequency is, for example, 835 MHz. The insertion
losses of the dielectric bandpass filters 5 and 6 are as large as
2 to 3 dB, respectively.

The fixed contact 14a of the A/D change-over switch 14 is
connected through the bandpass filter 5 to the fixed contact 15a
of the A/D change-over switch 15, and the fixed contact 16a of
the A/D change-over switch 16 is connected through the bandpass
filtér 6 to the fixed contact 114a of the A/D change-over switch
14,

A fixed contact 14r of the transmission reception change-
over switch 17 is connected to the fixed contact 15d of the A/D
change-over .switch 15 through a bandpess filter 7 of low
insertion loss and which has a pass band of a received high

- frequency signeal whose carrier frequency is 880 Miz upon
reception in the digital mode. The.fixed contact 16d of the A/D
change-over switch 16 is connected to the fixed contact 17t of
the trensmission reception change-over switch 17 and the movab1e
contact 17m of the transmission reception change-over switch 17
is connected to the fixed contact 144 of ihe A/D change-over
switch 14 via a two-way low-pass filter 4 which has a cut-off
frequency of a high band of a spurious output caused by the
switching of the switch 17, or which has pass bands of both
transmission and received hiéh frequency signals whose carrier
frequencies are 835 MHz and 880 MHz, respectiveiy.

In the analog mode, the movable contacts l4m, 15m, 16m of

the A/D change-over switches 14, 15 and 16 are conrected to their
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Accordingly, it is an object of the present invention to provide an

| mproved antenna switching apparatus for a dual -nbde transceiver in which
t he af orenmenti oned shortcom ngs of the prior art can be elimnated. Mre
specifically, it is an object of the present invention to grovi de an

ant enna swit chi mpadpgaredaudiked cantretls Adde Y32andbei VESPERLIYRIGh pdher:

O O et e Lt o100 AL G LBPLESH caBd Mlex20h Wile U LRE same
fashion. Accorcéingly, in the analog mode, if the bandpass
filters 5 and 6 are replaced with the duplexer 20 in the example.
of the prior art shown in FIG. 1, then the circuit configuration
of FIG. 2 becomes the same as that of the example of the prior
art shown in FIG. 1.

In the digital mode, the movable contacts 14m, 15m and 16m

of the A/D change-over switches 14, 15 and 16 are connected to

their digitel mode fixed contacts 14d, 15d and 16d, respectively.

In response to the transmission and the reception, the movable
contact 17m of the transmission reception change-over switch 17
is Eelectively changed in position to the transmission side fixed
FOntact 17t and the reception side fixed contact 17r.

Since the transmission high frequency signal and the
received hich frequency signal are neither processed by the
dielectric bandpass filters 5 and 6, each having the large
insertion logs and since the insertion loss of the low-pass
filter 4 having the pass band of the transmission high frequencv
signal and the received high frequency signal and the insertion
loss of the bandpass filter 7 having the pass band of the
received high frequency signal are both small, the attenuation of
the received high frequency signal received by the transmission
and reception antenné 3 is suppressed to be small enough, thereby
the amplification factor of the high frequency amplifier 9 being
decreased eccordingly. Thereéfore, since the transmission high
frequency signal need ﬂot be amplified so much by the high
frequency amplifier 12, it is sufficient that the amplification
factor of the high frequency amplifier 12 is small. Accordingly,

the power consumption in the digital mode may be reduced both in
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5 antenna sw tching apparatus for a dual -node transceiver in which the
atrangenent can be sinplified. Still another object of the present
invention is to provide an antenna swi tching apparatus for a dual - node
transceiver in which a transm ssion and reception switching control signal
supplied to a transm ssion and recepti on change-over switch need not be
generated. As a first aspect of the present invention, an antenna sw tching
appar d§s TS SEiel 28 dreqePshSE GITPEES PRWi tezeby eiﬁ&ﬁwpgsr%ﬂfﬂ and reception

ant enieed, LANSELLLL 20 Bl BlbLea P bG8 MY cBhE B4 L) - ButaRar 2t I 0
as compared with that of the example of the prior art.

A second embodiment of the present invention will now be
described with reference to FIG. 3. In this embodiment, the
circuit configuration of the antenna switching apparatus of the
present invention can be simplified more as compared with that of
the first embodiment shown in FIG. 2. That is, in this
embodiment, the A)D change-over switchés 14, 15 and the bandpess
filter 7 shown in the first embodiment of FIG. 2 are removed. 1In
FIG. 3, like parts corresponding té those of FIG. 2 are marked
with the same references and therefore need not be described in
detail.

The transmission and reception antenna 3 is coupled through
the low-pzss filter 4 to the movable contéct 17m of the
transmission and reception change-over switch 17, and the digital
mode fixed contact 16d of the A/D change-over switch 16 is
directly connected to the transmission side fixed contact 17t of
the transmission and reception change-over switch 17. Then, the
outéut side of the bandpass filter 5 is directly connected to the

- high frequency amplifier 9 of the receiving circuit 2, and the
rest of the circuit configuration of FIG. 3 is similar to that of
FIG. 2. .
In the second embodiment of the present invention, although
the power consumed in the reception is increased because the
. received high frequency signal is processed by the dielectric
bandpass filter 5 having large insertion loss in the digital
mode, the power consumption is reduced upon transmission
similarly to Fi1G. 2. Thus, the whole power consumption of the

overall arrangement of the apparatus in the digital mode can be

——
———
———
—_—
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pr-ovi ded anong the transm ssion and reception antenna, the transmtting
circuit and the receiving circuit and which separates a transni ssion high
frequency signal and a reception high frequency signal having different
carrier frequencies, in which transm ssion.and reception in the digital
node of the transm ssion and' reception switching systemand the

Urapsdicsel 88 &ad. Lo eRth Aol NohABaLAG Isfe el SRSkl t aneous

transm ssi on and)recep Ion system can be made possible is conprised of a
first araGegsto=di gt aho&haRgR-®irankisdd inleas cofihhebkatem act i s
connected to the transm ssion and reception antenna, a second
anafBdngi §Pkarteh acgerdingr tevkhe Prapert aaPbsiPRi & FPXYY contact and

ToVEble FANLREL: 2L S SONNS Ol AL VRSN S PSPALELERG T of
FI1GS. 2 ana 3 2re removed. 1In FIG. 4, like parts corresponding
to_£hose of ¥i5. 4 are marked with the same references.

As shown in FIG. 4, the A/D change-over switches 14, 15 and
16 have the movable contacts 14m, 15m and 16m, the analog mode
fixed contacts 14a, 15a and 16a and the digital mode fixed
contacts 14d, 15d and 16d, reébectively.

The tranezzission and reception antenna 3 is connected to the
movable contect 14m of the A/D change-over switch 14 via the two-
way loss-pass filter 4 of low insertion loss which has pass bands _ 3
of both transmi{ssjon and reception high frequency signals whose
carrier freguencies are respectively 835 MHz and 880 MHz.

The dielectric bandpass filter 5" has the pass band of the
reception high frequency signal whose carrier freguency is, for
example, 880 1z in the analog mode, and the dielectric bandpass
filter 6 hes the pass band of the transmission high freguency
gignal whose cerrier frequency is, for example, 835 MHz similarly

1 the analog mode. The insertion losses of the dielectric
bandpass filtere 5 and 6 are as large as_zito 3 dB, respectively.

The analog mode fixed contact 14a of the A/D change-over
switch 14 is directly connected to the analog mode fixed contact
15a of the A/p change-over switch 15. The movable contact 15m of
the A/D chanqe.over switch 15 is coﬁnected through the bandpass
filter 5 to the high frequency amplifier 9 of the receiving
circuit 2, and the output terminal of the high frequency
amplifier 9 1w connected to the bandpass filter 8, thereby the

reception high frequency signal being fed to the ovtput terminal
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fi-lter and the receiving circuit, a third anal og-to-digital change-over -
filter whose novabl e contact and anal og side fixed contact are connected to
the transmitting circuit and the separating filter, a transm ssion and
récepti on change-over sw tch whose transm ssion side fixed contact and
reception side fixed contact are respectively connected to the transmtting
circuiit and the receiving circuit and which changes-over the

transfssion and the reception in the digital node, a blocking filter of

| ow i nsert} of) dQ5Sn£PHIGEh BALdIeh ¥eait1bes  £1:8dt ,aBateyt and third
termiﬁals 18A, 18B and 18C and formed of an isolator having
characteristics such that a signal is supplied from the first
terminal 18A to the second terminal 18B.(iqsertion loss is as
very low as about 0.5 dB) while the supply of the signal from the
éecond terminal 18B to the first terminal 18A is blocked and that
a signal is supplied from the second texrminal 18B to the third
terminal 18C (insertion loss is similarly as very low as about
0.5 dB) while the supply of the signal from the third terminal
18C to the second terminal 18B is blocked. A class-AB amplifier
is employed as this 3-terminal circulator.

The transmission high frequency signal applied to the input
terminal 13 is supplied through the high frequency amplifiexr 12
to the first terminal 18A of the circulator 18. The second
terminal 18B of the circulator 18 is connected to the movable
.contact 16m of the A/D change-over switch 16, and its thixrd
terminal 1BC is connected to the digital mode fixed contact 15d
of the A/D change-over switch 15.

The digital mode fixed contact 16d of the A/D change-over
switch 16 is directly coupled to the digital mode fixed contact
14d of the A/D change-over switch 14, and the analog mode fixed
contact 16a of the A/D change-over switch 16 is connected through
the bandpess filter 6 to the movable contéc; 15m of the A/D
change-over switch 15.

In the analog mode, the movable contacts 1l4m, 15m, i6m of
the A/D change-over switches 14, 15 and 16 are respectively
changed in position to the analog mode fixed contacts l4a, 15a,
16a, and the transmission and the reception can be carried out

simultaneously. Accordingly, in the analog mode, the circuit
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to-digital change-over switch and the transm ssion and reception
change-over switch and bl ocking a high band of a spurious caused by the
swi tching of the transmi ssion and reception change-over swtch, and a
bandpass filter of low insertion |oss connected between the transm ssion
and reception change-over switch and the second anal og-to-digital
changeabignragipt cht HIG . pasisiceget hartaithneighl} Raer sarplasothdi @l frequency
signal . In accordance with a second aspect of the present invention, an
ant erfi® S8FPEhERGCLHIRItaPEiF oor 3a dual - mode transcei ver having a

circui 1 ann heeeharart mblp; erRifund LRSS ) Fke brlea among t he

t r ansieSA/®thafdeFSeaDhotcdt @0Nas,t B are respectively changed
in position to the digital mode fixed contacts 14d, 15d, 16d. 1In
thi; case, since in the digital mode the transmission high
frequency sigmal is not processed by the bandpass filter 6 having
large insertion loss but processed by the low-pass filtér 4
having small insertion loss and by the circulator 18 having small
insertion loss, the transmission high frequency signal need not
be amplified so much by the high.frequency amplifier 12, which
can meke the amplification factor of the high frequency amplifier
12 small. Therefore, the whole power consumption in the digital
mode can be reduced as compared with the example of the prior art

" shown in FIG. 1, and thus, the third embodiment is substantially

the same 2s the second embodiﬁent of FIG. 3 with respect to the
power consumption.

Further, while the A/D change-over switches 14, 15, 16 and
the 3-terminal circulator 18 are employed in the above-mentioned
thircé erbodiment, the circuit configuration caﬁ be simplified
. more beczuse the transmission and reception change-over sﬁitch is
not employed. Furthermore, as compared with the first and second
embodiments, the third embodiment has an aanntage such that a
transmission and reception change-over éontrol signal supplied
to the transﬁission and reception change-over switch need not be
generated,

Having described the preferred embodiments of the inventioﬁ
with reference to the accompanying drawings, it is to be-
understood that the invention is not limited to those precise

embodiments and that various changes and modifications thereof
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transmtting.circuit and the receiving circuit and which separates a
transm ssion high frequency signal and a reception high frequency signal
having different carrier frequencies, in which transm ssion and reception
in the digital node of the transm ssion and reception switching system and
the transm ssion and reception in the anal og node of the sinultaneous

tr snshd ssi @ifacted dyephd:omkiYbieincane betmdenqasaepher i conprised of a
first anal og-to-digital change-over sw tch whose novabl e contact is
coﬁﬁ@'&t'gtf 5E T he % §APF i the dagertiaprisodefinashdd vha a bandpass filter
of ahg%éébs%rﬂakﬁ _loss which passes therethrough the transm ssion high
freQuency signal and the reception high frequency signal, a second

anal og-to-digital change-over swtch : :

e e
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whose novabl e contact is connected to the separating filter and
anal og node fi xed contact is connected to the anal og node fixed c

ct of
the first-to-digital change-over switch, a 3- termnal isolator of |[fow
i nfsertion |loss having firnt, second and

7 third termnals in which the
first termnal is connected with the transmtting circuit and the third

terminal is connected to the dgghlﬂﬁ node fixed contact of the second
anal og-to-digital change-over swt

changep®vtitenna switching apparatus fov' a %‘&QIaméchi rt@aﬁﬁ.l@éﬂ@ﬂ o-di gital
y ving a transmission and reception antenna, 2 transmitting
h:rcuit, a receiving circuit and a separating filter of lafge
insertlon loss provided among gaid transmission and rec%ptxnn )
‘antenné, said transnitting circuit and said receiving circuit an
yhich separates a transmission high frequency signal nnd a
yeception high frequency signal having different carrier 1
frequencies, in which transmission and reception in the digita
pnde of the transmission and reception switching systenm and the
transmission and reception in the analog mode of the simultaneous
‘yransmission and reception system can be made possible.
comprising:

(a) & first anzlog-to-digital change-over switch whose |
movable contact is connected to szid transmission and reception
antenna;

(b) 2 second anzlog-to-digital change-over switch whese
enzloo side fixed contact and movable contact are connécted
pezween said separating filter and said receiving circuit;

(c) & third anzlog-to-digital change-over filter.whos%

svable contact &nd anzlog side fixed contact are connected to
seid transnitting circuit and said separating filter;

{d) a transmission and reception change-over switch whose
or ngm\scxon side fixed contact and reception side fixea conta?t
are respectively connected to said transmitting circuit and sali
~eceiving circuit and which changes-over the transmission and the
reception in the digi¥tal mode; |

(e) @ blocklng filter of low insertion loss connected
hetween szid first analog-tO-dlgltal change-over switch and saig

ing 2 high
jesion and reception change—over switch and tlock g
<ransmicsios

o A
mnm &




swikch whose novabl e contact is connected to the second term nal of the

3- t_&rm’ nal isol ator, whose anal og node fixed contact is connected to the
sef|arating filter and whose digital node fixed contact is connected to the
di-@i t,ghda e Epxeibuzoebasid oy the svitshbimnaifogatd-tdiagsnéssicimange. - over

swift ch. According to the above-described present invention, since the

t r inssd sséarptipghcanggueyesy ssiigal 284d the reception high frequency signal
arg not processed, by the separating filie f ' rtion loss in the
di pi tal nbbk °a?? “é?%éegfh‘ée‘?r" ng?ﬁ'g’é‘ls(%#'ﬂ%ng%of%g%%gﬁgsggi gnal and the

refe teitg?e,l;niéyldf EEUGNGY i 4 HWl réédpries petdrigeebyepreasdasbesndy the bl ocking
figter of small insertion | oss and al so the reception hi gh

gaid second analog-to-digital change-over switch and passing

therethrough said reception high frequency signal.

.2. The antenna switching apparatus according to claim 1,
wﬁerein said seéarating filter is composed of a first bandpass
filter for passing therethrough said reception high frequency
signal in said analog mode and a second bandpass filter for
passing therethrough said transmission high freguency in said

anazlog mode.

3. The anteane switching apparatus according to claim 1 or 2,
wherein saic anzlog tside fixed contact and said digital side
fixed contact of said first analog-to-digital change-over switch
are respectively connected to szid separating filter and said
blocking filter.

4. The antenna switching apperatus according to claim 1, 2 or 3
wherein sazié blocking filter is connected between seaid digital
side fixed contact of szid first anelog-to-digitzl chenge-over
switch ancé the movzble contact of sa;d transmission-and reception
clLange-over switch.

5. The eantenne switching epparatus according to claim 1, 2, } or 4
wherein seid klocking filter is a low-pass filter which passes
theréthrough szid transmiscsion high freguency signal and said
reception high freguency signal in szid digital mode.

6. The antenna switching apparatus according to any one of claims 1 to 5
wherein said bandpzss filter is cbnnected between said reception
side fixed contzct of said transmission and reception change-over

switch and said digital side fixed contact of said second anelog-

* [+ L H S *
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fnequénc Si naI"
| 0SS, y st g is processed by the bandpass filter of small insertion

the attenuation of th ' '
poss, at t e reception high frequenc ' '
nsm ssi on and reception antenna i s snallqso t%aflgﬂglaagr?}yedtat
i cation

aCt O . y

the transm | sion hi -
; or gh frequenc .
hi gh frequendygakpt iWE?eévﬁrhéﬁ’?e&??Len:ﬁgl in?itcbe oTPLLry o0 50 Theh DY the

fre : i fi ' ‘ :
e S e g e e it BB ol 8 8
o) Sr 0o o ks rENTR SESP EIEIREE
therethrough saidmgégggglgg éggﬂi@§e&ﬁéday gignal in said digi¥a1 €
mode. .
g. An entenna switching apparatus for a dual-mode transceiver
having & trenspission and reception antenna, & transmitting
circuit, & receiving circuit and a separating filter of large
insertion loss provided among said transmission and reception
antenna, s&id transmitting circuit and said receiving circuii and
which separates & transmission high freguency signal and &
feception hich freguency signel having different carxrier
freguencies, in which transmission and reception in the digital
mode of the transmission end reception switching system and the
transmission and receptiocn in the analog mode of the simultaneots
transwmission and reception system Ca&n be made possible,
comprising:

(1) & fizrse analog—to«digital change-over switch whose
movatle contect is connected to seid transmission and reception
anteﬁna viz & bendpzss filter of low insertion loss which passes
therethrouch saic transmissién high fregquency signal and said
reception hich frecguency sicnel;

(2) & second analog-to-digital change-over switch whose
movable contect is connected to s&id separating filter and whose
anzlog mode fixed contect is connected to said anzlog mode fixed
contect of szid first-to-digital change-over switch;

(3) & 3-terminal isoiator of low insertion loss having
first, seconc end third terminals in which said first terminal is

connected with szid transmitting circuit and said third terminal

e connected to the digital mode fixed contact of said second

———
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Furt her, aCéording to the present

I nvention, since the transm ssion high
frequency si gnal

IS not processed by the 8 separating filters of large
insertion loss in the digital node but processed by the bandpass filter of
smal | insertion

| oss and the 3-termnal isolator of small insertion |oss,
the transm ssion high frequency signal

need not be anplified so nmuch by the
hi gh frequency anplifier so that the anplification factor of the high
requency amiill earnar{aog-eg-dsiré%k:lal éﬂ“ﬁeﬁg\%&cisﬂgth)eamv\er

(4) a thirq analog-to-digital change-over switch.whosf
movable contact is connected to said second terminal of said 3-
terminal isolator, whose analog mode fixed contact is connected.
to said separating filter and whose digital mode ffxed.contact is
connected to said digital mode fixed contact of said first
analog-to-digital change-over switch. .
g. - The antenna switching apparatus according to c€laim B, -
wherein said 3-terminal isolator permits a signal to ?e fu?pllihe
from said first terminal to said second terminal and inhibits
supply of a signal from said second terminal to said flrstt be
terminal, while said 3-terminal isolator permits & 51?na1 o
supplied from said second terminal to said third terminal and

second terminal.

/RN

10 An ahtenna switching apparatus for a dua%-mode transceiver
having & transmission and reception antenna, & transmitting
circuit, & receiving circuit and a separating filter of 1ifge
insertion loss provided among said transmission and IGC%Pul?n )
antenna, said transmitting circuit and said receiving circult an
which separates a transmission high frequency signal %nd a
reception high frequency signal having different farrler .
frequencies,.in which transmission and reception in the digl :
mode of the transmission and reception switching system and t eu
transmission and reception in the analog mode of the 51multaneo
transmission and reception system can be made possible,
comprising: .

(A) an analog-to-digital change-over switch whose movable’
conﬁaCt and analog side fixed contact are conqected between Ssal

transnitting circuit and said separating filter;

heet Has Been Replaced
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consunption. Furthernore, since the reception high frequency signal is
processed not only by the bandpass filter of small insertion |oss and the
3-termnai isolator of small insertion |oss but by the separating filter of
| arge insertion loss, the anplification factor of the high frequency
anplifier in the receiving circuit must be increased. In this case, the
whol e power cons{®ptd dFapsnissdopmrnd eeyeptionhehadiggi-baer nddecbawhdse r educed
as conpared with that of %he prior art. The above and ot her objects,

features, afd2adHftages ot fiped Fonsant 4#1\?@%?‘&?%?I%@dﬁét5brﬁé"@nt from
boC bad o Badl8’ BuaeBE iR bR ALeblAALES dntoBTROL TRk SR Al oOT 1

be read in conjunction wth the acc raw 1
whose reception side f£ixed contact is connected to said

separating filter; and

- {C) & blocking filter of low insertion loss connected
between said transmission &nd xeception antenna eand the movable
contact of seid transmission and reception change-over switch and
blocking & high band of a2 spurious caused by the switching of

seid transmission and reception change-over switch.

11. The antenna switching apparatus according to cleim 10,-
wherein said'block filter is & low-pass filter of two-way type

" which pzsses therethrough both of said transmission and reception
high freguency signals in seid analog mode and in said digital
mode.
12. The antenne switching apparatus according to claim 8, 10 or 11,
vwherein said separating filtéf is composed of a first bandpass |
filter vwhich passes therethrough said réception high freguency
signel in said analog mode and in said digital mode and a second

bandpass filter which passes therethrough said transmission high

freguency sicnel in said analog mode.
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reference nunerals are used to identify the same or simlar pah/

several views. FIG 1 is a block diagramshow ng an exanple of a t enna
swi t chi ng apparatus for a dual -node transceiver according to the prior art;
FLG 2 is a block diagramshow ng a first enbodi mrent of the antenna

switching apparatus for a dual,Jmged ansceiver according to the pre.sent

i-nvention; FIG 3 is a block &%agraﬁrshomﬁng a second enbodi nent of the
present inventi

present | IV i<Wl Al hBeafaines apbk o% kodh BaMcoe ShrasERVERIi 1d embodi ment

t he

The present invention is directed to an antennz switching
apparatus for a dual-mode transceiver which includes a
transmission and reception antenna, a transmitting circuit, a
receiving circuit and a separating filter of large insertion loss
provided among the transmission and reception antenna, the
transmitting circuit and the receiving circuit and which
separates & transmission high freqeency signal and a reception
high freguency signal having different carrier frequencies, in
which transmission and reception in the digital mode of the
transmission and reception switching system and the transmission
aﬁd reception in the analog mode of the simultaneous transmission
and reception system can be made possible. This antenna
switching eppare is comprised of an analog-to-digital change- SRR
over switch which changes-over mutual connections among the

trea

=]

emiccion and reception antenna, the transmitting circuit, the
receiving circuit anc the separating filter in response to the
analog or cigitzl mode, a blocking filter of low insertion loss
for blockinc 2 high bend of spurious caused by the switching of a

ss-oOver
transmicssion and reception change-over switch which chanq

d Bhnd LYY
the transmicsion and reception in the digital mode an - P

ou

filter of low insertion loss for passing thQIEthr
- i mode
reception high fregquency signal in the digital s,

' naiderabl ‘
power consumption in the digitel mode being reduced_co Y

22
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ptesent

invention wll

avai lable on the U S. A simlarly to the aforenentio
| i ke parts corresponding to tH
mar ked with the sane references and therefore-need n

prior art.
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i nventi on.

In FIG 2,

now be descri bed,

I n which enbodi nent the present
is applied to the nobile tel ephone in the dual -node nobil e tel ephone s
ed exanpl e of the

/:/ 6 7 ( FRIOR ART)

1

dus

Referring to FIG 2, a first enbodi nent of the pres
I nven

of FIG 1-are

t.'be described. As
shown in FIG 2, anal og-node/digital-node change-over switches 14, 15 and
16 respectively include novabl e contacts 14m

AN

I

stem

Zl
B 22
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2
LocAl
2.0 0SCILATOR
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1
\
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2 20 26
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. i
15m 16m anal og node fixed contacts 14a,” 15a, 16a and digital node fixed
contacts 14d, 15d, 16d, and these anal og-node/ di gital - node change-over
switches 14, 15 and 16 will hereinafter be referred to as A/D change- over
switches for sinplicity. A transmi ssion and reception change-over switch 17
i ncludes a novabl e contact 17m a transm ssion side fixgd contact 17t and a
reception side fixed contact 17r. The transm ssion and2s ption antenna 3
is connected to the novable contact 14m of the A/ D change-over switch. 14,
and the novabl e contact 15m of the A/ D change-over switch 15 i's connected
to the high frequency anplifier 9 of the receiving circuit 2. The out put

termnal of the hig?:f/eéuen? anplifier 9 is

Bd 15 39 ? -0
} : BANDPASS
j _ 1 FILTER
3 150~0 M5m
Qg aamprss | 2
“FILTER
boA
4a 5
\ \
15 SR 7 6
Y :
ot Zauppass | |BaOpASS
é-}guEK /:FIL'{;K ~ILTER l

/ 17m l,ﬂr 16 J 16m
YA
/

g’ m  wd 6 11 12

13
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connected to the bandpass filter 8, fromwhich the received high frequency
signal is fed to an output terminal 10. A transm ssion-high frequency
Signal applied to an input termnal 13 is supplied-through the hi gh
frequency anplifier 12 and the circulator 1B} the novabl e contact 16m of
the A/D chanae-over switch 16. A dielectric bandpass filter 5 is shown to
have, in the 10 anal og node, a pass band of "a feceived high frequency
si gnal :

FIG.3

9 8 10
{ - § :
BAVDPASS
v FILTER
5 ’
[ [BANDDIES 2
“FILTER
L 1V 1; k
I AN B
— DASS 6
. LﬁﬁLﬁ:Q ~_7x*ﬁy»47t f
_ 17m BevopAss | s
FILTER
A 1
160\<\) 16m
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‘whose*%r sies frequency is, for exanple, 880 MHz, and a dielectric
-bandpass filter 6 is shown to have, simlarly in the anal og node, a pass
band of a transm ssion high frequency signal \ﬁﬁ e carrier frequency is,
for exanple, 835 MHz. The insertion | osses of di el ectri c bandpass
“filters 5 and 6 are as large as 2 to 3 dB, respectively. The fixed contact
14a of the A/ D change-over switch 14 is connected through the bandpass
filter ‘5 to the fixed contact 15a of the A/D change-over switch 15, and the
fixed contact 16a of the A/ D change-over switch 16 is connected through the
bandpass filter 6 to the fixed contact 44a of the A/ D change-over switch
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A fixed, contact 17r of the transm ssion reception change- over svm

connected to the fixed contact 15d of the A/D cha
a bandpass filter 7 of nge-over switch 15t

by the:

fi‘%‘*
| ow i nsertion | oss and which h b ,rough
n _ \ n iC as a pass.- and.of _a .
received high frequency signal whose carrier frequency is 280 Mz P U "

peception in the digital node. The fixed contact 16d of the A/|D @haﬂgehe\;e?’ ff”

switch 16 is connected to the fixed contact 17t of the transmissio

recept i on- Chang@-ERKA SWwirtainG 7apparits nFoR oure MeDE TRANSUELVER & DEC
transni ssi on reception change-over swtch 17 is-connected to tjhe fixed

contact 14d of the A/D change-over switch 14 via a

4 which has a cut -Tifef presepfedayention Retpfasahn arbpngeg?)%rél(‘&}g%gélss filter

")

--caused ...

apparatus for a dual-mode transceiver for use in a mobile

telephone of a mobile telephone system.

A dual mode (digital mode and analog mode) mobile telephone
system is available in the U.S.A., and a time division multiple
access (TDMA) system is employed in the mobile telephone_system.

The TDMA system will be described below.

Initially, 2 plurality of channels the one frame of each of
which is 40 milliseconds are set and each frame . thereof is
composed of 6 slots (slots 1 to 6). Each slot hes a length of
162 symbols (= 324 bits). In the first service, 2 slots (slots
1, 4; slots 2, 5; and slots‘3, 6) disposed with an equal interval
at every frame are employed as one channel of the full rate
traffic channel and 3 channels are mulfiplexed on the existing
high freguency one chennel. 1In the future services, for the helf
rate traffic channel, any one slot within each frame is employed
as one channel of the traffié channel and 6§ channels are
multiplexed on high frequency one channel.

In the mobile telephone, the transmission and reception
frame timing is determined on the basis of the interval of one
time slot + 44 symbols and the transmission has a priority over
the reception. This reference position is referred to as a
standard offset reference. The transmission timing of the mobile
telephone is confrolled by the base station such that it may
become earlier than the reference position by the time alignment

and is adjusted-so es not to conflict other slots upon reception

in the base station.



switching of the switch 17,

and received high f bl nISS%Qﬁ :
and 880 M4z, gh frequency signals whose carrier frequenci 8s. §?§~835 1Nt

respectively. In the analo | |

@ g node, the anabIe

tﬁg}r16n122 t he A/ D change-over switches 14, 15 and 16 arg gggigg%sdig i
anal og node fixes contacps 1l4a, 15a, 16a, sdite ;

the transm ssion and the respectivel y. Then
rece
Accordingly, in th ption can be carried out

in the“sanme fa i
Ac COISJ-&P@ 04 \"PHE slickst Perd@ndpasme frame, for example,?f?l on. |

a mobile telephone A carries out between it and the base station
transmission (slot 1}, reception (slot 2), jdle (slot 3).
transmission (slot 4), reception (slot S), idle (slot 6), and a
mobile telephone B carries out similar transmission, reception
and idle of slots 1 to 6 with a delay of time of one slot from
the mobile telephone A. Further, a mobile telephone C carries
out transmissiop, reception and idle of similar slots 1 to 6 with
a delay of time of one slot from the mobile telephone B. These
processes are sequentially repeated ﬁereinafter.

A slot format of the mobile telephone relative to the base
station is composed of guard time, lump time, data, sync. slow,
associated control chanﬁel, coded digital verification color code
and. data, in that order. on the other hand, a slot format of
the base station relative to the mobile telephone is composed of
sync. slow, associated control channel, data, coded digital
verification color code, date and auxiliary area. Incidentally,
the data is employed as the user information areéa.

From the foregbing description, it is t6 be understood that

the telephcne system of the digital mode is based on the
transmission and reception switching system, while the analog
mode telephone system is based on the simultaneous transmission
and reception system.

As the carxier fregquency, the frequency band of 824 to 849
¥Hz is allocated to the transmission (for reception at the base
station) in the mobile telephone and the frequency band of 869 to
854 MHz is allocated to the reception (transmission from the base
station) at the mobile telephone, respectively. Each of these
bands is divided at the interval of 30 kHz and high frequency one

channel is allocated to each of the divided bands.

or which has pass bands of bdfhtr e



filters 5 and 6 are replaced with the duplexer 20 in the exaqplgequjww, 8 QUi
pritor .art shown in FIG 1, then the circuit configuration of \FI.G. Z’fb,ecoma

the sane as that of the exanple of the prior art shown in Fl ‘1 In the i
digital node, the novable contacts 14m .15m and 16m of the A/zD cHafds:ovEs |
switches 14, 15 and 16 are connected to3their digital node flxed contacts |
14d, 15d and 16d, respectively. In response to the transm ssﬂon and the
reception, the mov akl exafplicact dTounebntimmalr trevsind Stem qﬂé‘cﬁﬁ?‘%’dﬁr

change-over switch 17 is. selectively changed | t|
transm ssi on s¢decvijtx&ar cfbm°§é%e ralerheng ﬁ‘é F’é%@ﬁt‘io’ﬂ" 1 xecflegn?act

I'7r. Since t hes;;sr t,aerx]ns Tvgf iaﬂari ht}]:er 1115 W xzﬁh %@'deéeglﬁélﬁ with reference to

FI1G. 1.

PRI

Referring to FIG. 1, it will be seén that a transmitting
circuit 1 and a receiving circuit 2 are connected to 2
trénsmitting and receiving antenna 3 via a duplexer 20. The
duplexer 20 might be a dielectric filter which is composed of a
reception side bandpass filter of . high Q which passes
therethrough a received high frequency signal, the carrier
frequency of which is, for example, 880 MHz and a transmission
side bandpass filter of high Q which passes therethrough a
transmitted high freguency signal, the carrier frequgncy of whic#
is, for example, 835 MHz. An insertion loss of the duplexer 20
is about 2.0 d5 on the transmitting side énd about 2.7 dB on the
receiving side.

A circuit configuration of the transmitting circuit 1 will
be described. As shown in FIG. 1, 2 modulated audio signal
epplied to an input terminal 28 is supplied to and freguency-
converted by & mixer circuit 26 in a frequency converter 25. The
frequency converter 25 is comprised of the mixer circuit 26 and &
locel osciilator-27. Then, the thus frequency-converted
modulated audio signal from the mixer circuit 26 is supplied
through & bandpass filter 20 to a high frequency power amplifierxr
12 and is thereby amplified. The transmission high frequency
signal from the power amplifier 12 is supplied through a
circulator 11 and the duplexer 20 to the traﬁsmitting and
receiving antenna 3, from which the transmission high frequency
signzl is transmitted.

A circuit configuration of the receiving circuit 2 will be



recei ved high frequency signal are neither processed by the di élfecagisgny .
bandpass filters 5 and 6, each having the large insertion |oss and-si-nce- ’
the insertion loss of the lowpass filter 4 having the pass band gf, 1 he,
transmission high frequency signal and .the received high fredquency“-stgnal>< . :
and the insertion |loss of the bandpassafilter-7 having the pass.band of the ;

recei ved hi gh frequency signal are both small, the attenuatign of t he-
recei ved hi gh frequency signal '

recegi vgd by the Q%gl§§'ﬁﬂtfﬂqﬂﬁﬁgfepFFGn~—~_J
antenna 3 idesuppedsaett ¢ o Me SRR Imeﬁg%'g%a,' Fh‘é‘%ée%y t he %rrpl i ficatlon

factor of the high fregue i4d 85 SmpEifagddefreddgl fxeiancgl y.
Therefore, &i9nad gﬁgmt%%%s}g?g#] hi gh frlg%uency si gnal _need_not, be

anplified sQ,oiickt iy ot bR hirgn supplied through a bandpass filter

mixer circuit 22 of a frequency converter 21, in which it is

frequency—converted. The freguency converter 21 is comprised of
the mixer circuit 22 and the local oscillator 27 which is
commonly used in the éransmitting circuit 1 and the receiving
circuit 2. The frequency-converted modulated audio signal from
the mixer circuit 22 is fed to an qutput terminal 24.

1n the example of the conventional transmi;ting and
receiving circuit, since the transmission high frequency signal
;ﬁd the received high frequency signal are passed through the
duplexer having large insertion loss in the digital mode, an
amplification factor of the high frequency amplifier for
amplifying the transmission high frequency signal must be
increased and an amplification factor of the high frequency
amplifier for amplifying the received high frequency signal must
be increased, which unavoidably causes power necessary for
tranemission and reception to be increased by the amount of the

jnsertion loss of the duplexer.

-

Accoxdingly, it is an object of the present invention to
éiovide an improved antenna swiﬁching apparatus for a dual-mode
transceiver in which the aforementioned shortcomings of the prior
art can be eliminated.

More specifically, it is an object of the present inventiog
to provide an antenna switching apparatus for a dual-mode
transceiver in which power consumption in the digital mode can be

reduced.

Another object of the present invention is to provide an



frequency anplifier 12, it is sufficient that the anpllflcatlom*%aﬁﬁgﬂ bﬂm_;
the high frequency anplifier 12 Vot

is small. Accordingly, the pmeT s
consunption in the digital node nmay be reduced both in 12! theﬁd
transnission and reception processes,

$ereby the overal | power édhguﬁprﬁ6n
in the digital node being considerably Teduced as conpared mﬂthﬂihai of. the}
exanple of the prior art.

A second enbodi nent of the present; |nvent|on\MII
now be described with reference to FIG 3. In this enbodlnenr‘

antenna switching apparatus for a dual-mode transceiver in

the arrangement can be simplified.

still another object of the present invention is to provide
an antenna switching apparatus for a dual-mode transceiver in
vhich a transmission and reception switching control signal
supplied to & transmission and reception change-cver switch need
not ge generated.

2s a first aspect of the present invention, an antenna
switching apparatus for a dual-mode éranscéiver having a
transmission and reception antenna, & transmitting circuit, &
receiving circuit and a separating filtex of large insertion loss
provided among the transmission and reception antenna, the
transmitting circuit and the receiving circuit and which
separates 2 transmission high frequency signal and a reception
high frequency signal having different carrier frequencies, in
which transmission. and reception in the digital mode of the
transmission and reception switching system and the transmission
end reception in the analog mode of the simultaneous transmission
and reception system can be made possible'is comprised of a first
analog-to-digital change-ovex switch whose movable contact is
connected'fo the trensmission and reception antenna, 2 ?econd
anzlog-to-digital change-over switch whose analog side fixed
co;;act and movable contact are connected between the separating
filter and the receiving circﬁit, a third analog-to-digital
change-over filter whose movable contact and analog side fixed
contact are connected to the transmitting circuit and the
separatiﬂg filter, a transmission and reception change-over
-switch whose transmission side fixed contact and reseption side
fixed contact are respectively connected to the transmitting

- the
circuit and the receiving circuit and which changes over



circuit configuration of the antenna sw tching apparatus of tl;)@e p{'
invention can be sinplified nore as conpared with that of t he t,Ll’ >
enbodi ment shown in FIG 2. That is, in this enbodi nent, thé A/D
change-over switches 14, 15 and the bandpass filter 7 shovvn ||n tthé o siey -
.enbodi nent of FIG 2 are renoved. In BG 3, like parts cori ?pondl ng to
those of FIG 2 are marked with the sane references and the of € need-not-

be descri Q@Qrétﬁkéﬁtoﬁi %n?ter }.@ggﬁ d%smnt%?q, i EEP Qtﬁlﬂtﬁqs coupl ed

through th OW- pass e nmova nt act -
transm ssifddtentbf QGPLhHEr 1IOANYEs O \Rhn8étdd Ibei:%ae:ﬁrtd\et Bersit Eiaalbgande
fixed contact 16d of the A/D change-over switch 16 is

to-digital change-over switch and the transmission and reception

e e ]

change-over switch and blocking a high band of a spurious caused
by the switching of the transmission and reception change-over
switch, and a bandpass filter of low insertion.loss connected
between the transmission and reception change-over switch and the
second analog-to-digital change-over switch and passing
therethrough éhe reception high frequency signal.

In accordance with a second aséect of the present invention,
an antenna switching appar;;us for a dual-mode transceiver having
2 transmission and receptipg antenna, a transmitting circuit, a
receiving circuit and.a seéaratiné filter of large insertion loss
provided emong the transmission and reception antenna, the
transmitting.circuit and the receiving circuit eand which
separates & trensmission high frequency signal and & reception
high frequency signel having different carrier frequencies, in
which transmission and reception in the digital mode of the

transmission and reception switching system and the transmission

and reception in the analog mode of the simultaneous transmission

and reception system can be made possible is comprised of a first
analog-to-digital change-over switch wﬁose movable contact is
connected to the transmission and reception antenna via a
bandpass filter of low insertion loss which passes therethroﬁgh
the transmission high frequency signal and the reception high
frequency signal, a second analog-to-digital change-over switch
vwhose movéble contact is connected to the separating filter and
whose anélog mode fixed contact is connected to the analog mode
fixed contact of the first-to-digital change-over switch, a 3-

terminel isolator of low insertion loss having first, second and



directly connected to the transmi ssion side fixed contact 17t} df He
transm ssion and reception change-over switch 17. Then,

ol

P SHEE
t h e q u t,: -pl\J-tw -S‘T-d e‘ﬂ,f, P, :
the bandpass filter 5 is directly connected to the high frequency anplitier !

9 of the receiving circuit 2, and the rest of the circuit conf i gur at’ioh ‘Gt
FIG 3is simlar to that of FIG 2. In the second enbodi nent 6f-the.....
present invention, although the power consuned in the rec

e t “ | o ank j
i ncr eased yigeauseriinals eheividdhhtih fhrat terainal g‘r?aF"f‘%e‘f)treglc @'gg%aéﬁ’y*the_ —
dielectric bandpass filter,5 havj | | | QN doffiéctdn thetne gi t al
node, the‘%ﬁ“ﬁﬁgﬁbﬂghﬁﬁfFﬂﬁFi %rgﬁgéggggggﬁg?gé%éﬂ?ssioncsinilarly to FIG
2. Thus, 268! RoddHRikeBOESHNERL 6F thie sécond analog-to-digital

change-over switch, and a third analog-to-digital change-over
switch whose movable contact is connected to the second terminal
of the 3-terminal isolatox, whose analog mode fixed contact is
c;;nected to the separating filter and whose digital mode f£ixed

contact is connected to the digital mode £ixed contact of the
£irst analog-to-digital changer-over switch.

According to the above-described ﬁresent invention, since
the transmission high frequency signal and the reception high

frequency signal are not processed by the separating filter of

large insertion loss in the digital mode and since the
transmission high frequency signal and the reception high

frequency signal are respectiveIY,processed by the blocking

filter of smzll insertion loss and also the reception_high
frequency signal is processed by the bandpass filter of small
insertion loss, the attenuation 6f the reception high freguency
signal received at the trgnsmission and reception aqtenna is
sm2ll so that the amplification factor of the high frequency

amplifier can be reduced. 2As a coasequence, the transmission

high freguency signal need not be ampliffied so much by the high

frequency emplifier and hence the amplification facto

r of the
high frequency amplifier may be small. Therefore, the power

consumption in the digital mode can be reduced both in the

transmission and reception, thus considerably geduéigg thnwhole

b e

power consumption of the entirety in the digital mode as compared
with that of the prior art.

Further, according to the present invention, since the

transmission high fregquency signal is not processed by the



overal | arrangenent of the apparatus in the digital node can BePLACE fSHke
reduced as copared with that of the exanple of the prior artl. {FI'G™4T&rr] "
in bock forma third enbodi mrent of the antenna swtching apﬂeﬁatgs amg 1
according to the present invention, in yhich case the tranrijtssion and P
reception change-over switch. 17 of FIGS. 2 and 3 are renoved.t—ta-FH G4, E

!

| i ke parts corresponding to those of FIG 4 are marked with ithe sanme .
r ef er encesepaxatdénowfiilters| ¢f lrroenénseryiomahges oﬂféﬁ@mﬂf@’rm 4845-and —

but processed by the bandpass filter of small insertion loss and

[E ey

the 3-terminal isolator of small insertion loss, the transmission
high fregquency signal need not be‘amplified so much by the high
frequency amplifier so that the amplification factor of the high
frequency amplifier may be small, thus reducing the power
consumption. Furthermore, since the reception high frequency
signal is processed not only by the bandpass filter of small
insertion loss and the 3-terminal isolator of small insertion
loss but by the separating filter of iarge insertion loss, the
amplification factor of the high frequency'amplifier in the
receiving circuit must be increased. In this case, the whole
power consumption of the entirety in the digital mode can be
reduced as compared with that of the prior art.

The above and other objects, features, and advantages of the
present invention will become apparent from the foliowing
detailed description of illustrative embodiments thereof to be
read in conjunction with the accompanying drawings, in which like

reference numerals are used to identify the same or similar parts
in the several views.

FIG. 1 is a block diagram showing an example of an antenna
switching apparatus for a dual-mode transceiver according to the
prior art;

FIG. 2 is a block diagram showing a first embodiment of the
antenna switching apparatus for a dual-mode transceiver according

to the present invention:

FIG. 3 is a block diagram showing a second embodiment of the

present invention; and

FIG. 4 is a2 block diagram showing a third embodiment of the



16 have the norable contacts 14m " 15m and 16m the anal og nﬁde ?i& |
contacts 14a, 15a and 16a and the digital node fixed contacts ;t4t;—-15d" ahd i
16d, respectively. The trantzission and reception antenna 3 §s cgnngg&eﬂ ;o&
t he novabl e contact -14m of the A/ D change-over switch 14 V|a thé“t :
| ow-pass filter 4 of low insertion |oss%hich has pass bands: of _hoth...... "l
tranzntssion and reception high frequency signals whose carrier frequenC|es
are respectively 835 Mz and 880 MHz. The diel ectric bandpass—fi

)
T I ter—5has

the pass bapdsghet i drR@eRti on high frequency signal whose carrier
frequency i's, for exanple, 860 Mz in the anal og node, and the dielectric
bandpass fllter 6 has the pass band of the transm ssion high frequency

Referring to FIG. 2, a first embodiment of the present
iﬁvention will now be described, in which embodimént the present
invention is applied to the mobile telephone in the dual-mode
mobile telephone system available on the U.S.A. similarly to the
aforementioned example of the prior art. In FIG. 2, like parts
correspoﬁding to those of FIG. 1 are'marked with the same
references and therefore need not be described.

As shown in FIG. 2, analog-mode/digital-mode change-over
switches 14, 15 and 1§ respectively include movable contac;s 14m,
15m, 16m; analog mode fixed contacts l4a, 152, l6a and digital
mode fixed contacts 14d, 15d, 16d, and these analog-mode/digital-
mode change-over switches 14, 15 and 16 wili hereinafter be
refeéred to as A/D change-over switches for simplicity.

L transmission and reception change-over switch 17 includes
2 moveble contact 17m, a transmission side fixed contact 17t and
a recepticn side fixed contaet 17r.

The transmission and reception antenna 3 is connected to the
moveble contact l4m-of the‘}/ﬂ change—o#er switch 14, and the
movable contac£ 15m of-the A/D change-over switch 15 is connected
to-}he hich frequency amplifier 9 of the receiving circuit 2.

The output terminal of the high frequency amplifier 9 is
connected to the bandpass filter 8, from which the receivec high .
freguency signal is fed to an output terminal 10.

A transmission high frequency signal applied to an input

terminal 13 is supplied through the high frequency amplifier 12

and the circulator 11 to the movable contact 16m of the A/D

change-over switch 16.

A dielectric bandpass filter 5 is shown to have, in the



sig.nal whose carrier frequency is, for exanple, 835 MHz sim IIETFI,'} A [ <
anal og node. The insertion |osses of the dielectric bandpass| fr ' i P!

y

6 are as large as 2 to 3 dB, respectively. The anal og node fixed

14a of the A/D change-over switch 14 is directly connected to thelanabogsss |
nmode fixed contact 15a of the A/ D chah8e-over switch 15. The novabl e |

contact 15m of the A/D change-Over switch 15 is connected thr;’ough'“'“t”he""""'"‘*-"-'"---'I
bandpass fiid&fogmbael & pHsBNbhh& BERCYeBdRdd hfdn % ¥qubhEy EGHMINY_
circuit 2, and the out putlmt erm nal of tﬁe hi gh ?éequency gyrrp ifier 9 1s -
connect ed twheosee deamwdpastrdauehey Bs, tfber ekamgllee 88T apizi,oandigh frequency

si gnal bei ng,fed tg the or.tput term nal
ielectric bandpass filter 6 is shown to have, similarly in the

‘analog mode, a pass band of a transmission high frequency signal
vhose carrier frequency is, for example, 835 MHz; The insertion
losses of the dielectric bandpass filters 5 and 6 are as large as
2 t; 3 dB, respectively.

The fixed contact 1l4a of the A/D change-over switch 14 is
connected through the bandpass fiitgr 5 to the fixed contact 15a
of the A/D change-over switch 15, and the fixed contact 1l6a of
the A/D change-over switch 16 is connected through the bandpass
filter 6 to the fixed contact 114a of the A/D change-over switch
14. |

A fixed contact 1l4r of the transmission reception change-
over switch 17 is connected to the fixed contact 15d of the A/D
change-ovex switch 15 through a bandpass filter 7 of low
insertion loss and which has a paés band of a received high
frequency signal whose carrier frequency is 880 MHz upon
reception in the digital mode. The fixed contact 16d of the /D
change-over switch 16 is connected to the fixed contact 17t of
the trensmission reception change-over switch 17-$nd the ﬁovable
contact 17m of the transmission reception change-over switch 17
is connected to the fixed contact 14d of the A/D change-over
.switch 14 via a two-way low-pass filter 4 which has a cut-off
frequency of a high band of a spurious output caused by the
switching of the switch 17, or which has pass bands of both
transmission and received high frequency signals whose carrier
frequencies are 835 MHz and 880 MHz, respeétiveiy.

In the analog mode, the movable contacts l4m, 15m, 16m of

the A/D change-over -switches 14, 15 and 16 are conrected to their

This Sheet Has Been Replaced
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14 10. A 3-terminal circulator 18 includes first, second and: th gL 1
terminals 18A, 18B and 18C and forned of an |solator havi ng Gharacterlstlcs

such that a signal is supplied fromthe first termnal 18A tq ﬁhe seqan
t erm nal

18B (insertion loss is as very-low as about 0.5 dB)‘mhlle “t'he’
supply of the signal fromthe second teddi nal 1B to the flrst t-ermi-nal--18A--

I's blocked and that a signal is supplied fromthe secgnd terq&pal 18B to ;
the third LEnghnAlael §exbd neatite lessiia 36 | ZRIBPCREVERY y | 'OW 4s ~about——"

the same
the transmissior and the reception can be carried out in th

fashion. Accoréingly, in the analog mode, if the bandpass
filters 5 and 6 are replaced with the duplexer 20 in the example
of the prior art shovn in FIG. 1, then the circuit configuration
of FIG. 2 becomes the same as that of the example of the prior
art shown in FIG. 1.

In the digital mode, the movable contacts 14m, 15m and 16m
of the A/D change-over switches 14, 15 and 16 are connected to
their digital mode fixed contacts 14d, 154 and 16d, respectively.
In response to the transmission and the reception, the movable
contact 17m of the transmission reception change-over switch 17
is selectively changed in position to the transmission side fixed
contact 17t and the reception side fixed contact l7r.

Since the transmission high frequency signal and the
received hich frequency signal are neither processed by the
dielectric bandpass filters 5 and 6, each having the large
insertion loss and since the insertion loss of the low-pass
filter 4 having the péss band of the transmi;sion high frequency
signal and the received high frequency signal and the insertion
loss of the bandpass filter 7 having the pass band of the
received high frequency signal are both small, the attenuation of
the received high frequency signal received by the transmission
and reception antenna 3 is suppressed to pe small enough, thereby
the emplification factor of the high frequency amplifier 9 being.
decreased accordingly. Therefore, since the transmission high
freguency signal need not be amplified so much by the high
frequency amplifier 12, it is sufficient that the amplification
factor of the high frequency amplifier 12 is smell. Accordingly.

the power consumption in the digital mode may be reduced both in



0.5 dB) while the supply of the signal fromthe third term naRrigGr!
second termnal 18B is blocked. A class-AB anplifier is enployed-as-this—
3-terminal circulator. The transmi ssion high frequency signal japplied .19 : |
the input terminal 13 is supplied through the high frequency anpf ¥fi#ér 43 | }

{

to the first terminal 18A of the circull2tor 18. The second term.nal 18B of i

the circulator 18 is connected to.the novabl e cqnt a§t 6m°%§!rt Qg A D
change- ovéhe stiansmissiongandi recaptipy REOCAFASE BT Y CoMNECtB8-t-0 -t-RE e

09 e il S ATLGr L i Yokl ReReChOLgE Qimtapim dinedte
coupl ed t Qst Bemh fidt ol +i1R4R | bXA%heCORNe of the prior art.

A second embodiment of the present invention will now be
described with reference to FIG. 3. In this embodiment, the
circuit configuration of the antenna switching apparatus of the
present invention can be simplified more as compared with that of
the first embodiment shown in FIG. 2. That is, in this
embodiment, the A/D change-over switches 14, 15 and the bandpass
filter 7 shown in the first embodiment of FIG. 2 are removed. 1In
FIG. 3, like parts corresponding to those of FIG. 2 are marked
with the same references and therefore need not be described in
detail.

The transmission and reception antenna 3 is coupled through
the low-pzss filter 4 to the movable contact 17m of the
transmission and reception change-over switch 17, and the digital
mode fixed contact 16d of the A/D change-over switch 16 is
directly connected to the transmission side fixed contact 17t of
the transmission and reception change-over switch 17. Then, the
O“téut side of the bandpass fiiter 5 is directly connected to the
high frequency amplifier 9 of the receiving circuit 2, and the
rest of the circuit configuration of FIG. 3 is similar to that of
FIG. 2.

In the second embodiment of the present invention, although
the power consumed in the reception is increased because the
received high frequency signal is processed by the dielectric
bandpass filter 5 having large insertion loss in the digitel
mode, the ﬁower consumption is reduced upon transmission
similarly to FIG. 2. Thus, the whole power consumption of the

overall arrangement of the apparatus in the digital mode can be



14d of the A/ D change-over switch 147 and the anal og node fi?éﬁé&&ﬁimﬁggﬁﬁg?ﬁ
of the A/ D change-over switch 16 is connected through the. bpmdpasswﬁ++Feﬁmg

6 to the novabl e contact 15m of the A/D change-over switch 15.: Ip.t £,
anal og node,

switches 14, 15 and 16 are respectively

nged in positionlta the analog._ i
nmode fixeddaced ad Tokdsredladth kiat afhdtlehexanples mfsif‘r?‘BnPﬁfﬂf !taﬁ" ‘reception
can be carried out sinultaneously. According

| . t he -t-Re
FIG. 4 g€oows in block form a thixd eM&enQ o@néllléjﬁﬁﬁﬂﬁ?

t he novabl e contacts 14m %Eﬂ] 16m of the A/D dhdng@ﬁbgé?
cha

switching apperstus according to the present jnvention, in which
case the tranzzission and reception change-over switch 17 of
FIGS. 2 and 3 2re removed. In FIG. 4, like parts corresponding
to those of ¥I5. 4 are marked with the same references.

As shown {n FIG. 4, the A/D change-over switches 14, 15 and
16 have the moveble contacts 14m, 15m and 16m, the analog mode
fixed contacts 14a, 15a and 16a and the digital mode fixed
contacts 14d, 15d and 16d, ieéﬁeétivel&.

The trantr{ssion and reception antenna 3 is connected to the
movable contéct -14m of the A/D change-over switch 14 via the two-
way loss-pass filter 4 of low insertion loss which has pass bands
of both transmission and reception high frequency signals whose
cexrier frequencies are respectively 835 MHz and 880 MHz.

The dielectric bandpass filtef 5' has the pass band of the
reception high frequency signal whose carrier frequency is, for
exarple, 880 Miz ih the analﬁg mode, and the dielectric bandpass
filter 6 hes the pass band of the transmission high frequency
eignel wvhose cerrier frequency is, for example, 835 MHz si?ilarly
in the analog mode. The insertion losses of the dielectric
béndpass filters 5 and 6 aré ;s large as 2 to 3 dB, respectively.

The analog mode fixed contact l4a of the A/D change-over
switch 14 is directly connected to the analog mode fixed contact
15a of the A/D change-over switch 15. The movable contact 15m of
the A/D change-over switch 15 is connected through the bandpass
filter 5 to the high frequency amplifier 9 of the receiving
circuit 2;'5“6 the output terminal of the high frequency
amplifier 9 iw connected to the bandpass filter 8, thereby the

reception high frequency signal being fed to the output terminal

—————
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15 configuration of FIG 4 becones substantially the sane as-t-hat. ot Lhem“
second enbodi nent of FIG 3. In the digital node, the nnvablé”

15m 16m of the A/ D change-over switches 14, 15, 16 are respectlvety

changed in position to the digital node-fixed contacts 14d,: 15d7.15dﬂ
this case, since in the digital

node thB&transni ssion high fneqbenty srﬁgaﬁ
is not processed by the bandpass filter 6 having |arge insertion.lass but }
processed Gﬁ ‘the low pass filter 4 having small insertion ljoss aqg} the
circulator 18 haviaigesmBldl chseildter 1®simclubestfarstni §SFERLANHN
si gnal

need not be anplified so nuch by the high freqguen I er 12,
whi ch terminals TEA, 188 and 18C and formed be an ie01at6¥ AP

characteristics such that a signal is supplied from the first

terminal 18A to the second terminal 18B (insertion loss is as
very low as about 0.5 dB) while the supply of the signal from the
cecond terminal 18B to the first terminal 18A is blocked and that
a signal is supplied from the second termiﬁal 188 to the third
terminal 18C (insertion loss is similarly as very low as about
0.5 dB) while the supply of the signal from the third terminal
18C to the second terminal 18B is blocked. A class-AB amplifier
is employed as this 3-terminal circulator.

The transmission high frequency signal applied to the input
terminal 13 is supplied through the high freguency amplifier 12
to the first terminal 18A of the circulator 18. The second
términal 188 of the circulator 18 is connected to the movable
contact 16m of the A/D change-over switch 16, and its thixd
terminal 18C is connected to the digiteal mode fixed contact 15d
of the A/D change-over switch 15.

The digital mode fixed contact 16d of the A/D change-over
switch 16 is directly coupled to the digital mode fixed contact
14d of the A/D change-ove; switch 14, and the analog mode fixed
contact 162 of the A/D change-over switch 16 is connected through
the bandpass filter 6 to the movable contact 15m of the A/D
change-over switch 15.

In the analog mode, the movable contacts 14m, 15m, 16m of
the A/D change-over switches 14, 15 and 16 are respectively
changed in position to the analog.mode fixed contacts l4a, 152,
16a, and the transmission and the reception can be carried out

simultaneously. Accordingly, in the analog mode, the circuit

I
i



can nmake the anplification factor of” the high frequency an'é)I LI
Therefore, the whole power consunption in the digital m)de}.cfan be ed
as conpared with the exanple of the prior art shown in FIG [, Sahgrrhus
the third enbodi ment is substantially the sane as the secohd: enbodi nent of

FIG 3 with respect to the power consu gi on. FyLther ] e RE Ay - ot ,
change- ovepnéwqreﬁégnla? G- f6£’§?ﬂf‘etshgé staisieday B i gs_%g‘;g
enpl oyed ig t%@mg,gogﬁbggﬁém%q $hér & enbodi ment, the circuit configuration
can be sinpfiTied nore because the transmission and reception change-over

switch is not EwpiheyedgiEal titeienntite revabdepeors@chst hinhd Smi.r 36m f8fd second

OOl TNt S MG changa-ovs il thet 3% 2152 Y8 UA02e8HS VY Bnanges
in position to the digital mode fixed contacts 14d, 154, 16d. 1In

" this case, since in the digital mode the transmission high

frequency signal is not processed by the bandpass filﬁer 6 having
large insertion loss but processed by the low-pass filter 4
having small insertion loss and by the circulator 18 having small
insertion loss, the transmission high; frequency signal need not
“e amplified so much by the high frequency amplifier 12, which
can make the amplification factor of the high frequency amplifier
12 small. Therefore, the whole power consumption in the digital
mode can be reduced as compared with the example of the priox art
ehown in FIG. 1, and thus, the third embodiment is substantially
the same as the second embodiﬁent of FIG. 3 with respect to the
power consumption.

Further, while the A/D change-over switches 14, 15, 16 and
the 3-terminal circulator 18 are employed in the above-mentioned
thirdé embodiment, the circuit configuration can be simplified
more because the transmission and reception change-over sﬁitch is
not employed. Furthermore, 55 compared with the first and second
embodiments, the third embodiment has an advantage such that a
transmission and reception change-over control signal supplied
to the transﬁission and reception change-over switch need not be
generated.

Having described the préferred embodiments of the invention
with reference to the accompanying drawings, it is to be
understood that the invention is not limited to those precise

embodiments and that various changes and modifications thereof
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transmi ssion and reception change-over control signal supplied tia?t et
transm ssion and reception change-over switch need not be geneir ated.” " Havina
descri bed the preferred enbodi nents of the invention with ref efence 41 0x twhﬁv
acconpanying drawings, it is to be undggstood that the |nvent|0n i s not

limted to those precise enbodi nents_and that vari oggh T_anc*ge ‘3{ B ——
modi fi cat i ensldt ber ebfected1 by conas shéliad dot BB AF o i nf3he art

wi t hout dePa ti n%

rom the spirit or scope of the invention as defined in the

appended claims.



fromthe spirit or scope of the invention as defined in therappended- ...
cl ai ns. 17 An antenna switching apparatus for a dual - ode t+ansceiNesHr T |
haiving a transmission and reception antenna, a transmttinf Eircuity a™
receiving circuit and a separating fill@r of large isertion|posg preyided
anong said transm ssion and recepti gnna, said transmitting ci Feurt” o
and said receiving circuit and whic rates a transm ssijomhi-gh-~ee.._J |
frequency signal and a _ - I J

;
————————— N
e e e e

.} An antenna switching apparatus for a dual-mode transceiver
peving a transmission and reception antenna, a transmitting
¢ircuit, a receiving circuit and a separating filter of large
jnsertion loss provided among said transmission and reception
antenne, said transmitting circuit and said receiving circuit and
vhich separaées a transmission high frequency signal and a
seception high frequency signal having different carrier
frequencies, in which transmission and reception in the digital
mode 0f the transmission and reception switching system and the

insmission and reception in the anaiog mode of the simultaneous
transmission and reception system can be made possible,
comprising:

(a) & first analog-to-digital change-over switch whose
movable contact is connected to said transmission and reception
antenna;

(b} 2 second analog-to-digital change-over switch whose

nelog side fixed contact and movable contact are connected
between sazid separating filter and said receiving circuit;

{c) 2 third anzlog~-to-digital change-over filter whose
wovable contect and analog sfée fixed contact are connected to
seaid transmitting circuit and said separating filter;

. (d) a transmission and reception ¢hange-over switch whose
tréﬁsmission side fixed contact and reception side fixed contact
are respectively connected to said transmitting circuit anﬁ said

xeceiving circuit and which changes-over the transmission and the
reception in the digital mode;

(e) & blocking filter of low insertion loss connected
between said first analog-to-digital change-over switch and said

transmiesion and reception change-over switch and tlocking a2 high

R O 0



reception high frequency signal having different carrier frique;n;; "
whi ch transm ssion and reception in the digital node of the transm sSsion’~"
and reception switching systemand the insm ssion and recept |,on i n the P
anal og node of the simnultaneous transm ssion and reception rsMst@m R e ||
made possible, conprising: (a) a first anal og-to-digital c;i !

ange- over svm tch
whose novabl e contact is connected to sal d transm ssion and reception " |
antenna: (b) a second anal og-to-digital change over sw tch'whose analog

side fi xedartﬁoﬁtaetsm#elommbked dyrithe tdvdtéhiognoécsaid beenwmessiand

separ at i ngngl | tcgptég‘n cﬁi"gde.%%:e's\giggh:c'nrnﬁu' t

(£) a bandpass fflter of low insertion loss.connected
‘between said transmission and reception change-over switch and

said second entlog-to-digital change-over switch and passing

‘therethrough said reception high frequency signal.

2. The antennz switching apparatus according to claim 1,

* . ‘wherein said separating filter $s composed of a first bandpass

filter for passing therethrough said reéeption high frequency
signel in s&id analog mode and a second bandpass filter for

passing therethrough said transmission high frequency in said
gnaley mode.

3. The anteanes switching apparatus according to claim 1 or 2,

wherein saic enzlog side fixed contact and seid digital side
fixed contact of said first analog-to-digitel change-ovei switch

are respectively connected to said separating filter and said
blocking filter.

4. The antenna switching apparatus according to claim 1, 2 or 3

wherein said blocking filter is connected between said digital -
gide fixed contact of szid first analogéto~dig;ta1 change-over

switch ané the movable contact of said tranémission.and reception
change-over switch. -

S. The antennz switching apparatus according to cldim 1, 2, 3ori4

wherein said tlocking filter is a low-pass filter which passes
therethrough szid transmission high freguency signal and said

reception high freguency signal in said digital mode.

6. The antenna switching apparatus according to any one of claims 1 to 5

wherein said bandpass filter is connected between said reception
side fixed contect of said transmission and reception change-over

switch and said digitel side fixed contact of said second anelog-

* C L M S *



(c) a third anal og-to-digital change-over fllter whose npwvabl.e_contact and
anal og side fixed contact are connected to said transn1tt|ﬁ@«d{f¢&utgang §
said separating filter; (d) a transm ssion and reception; chaﬁge-over=swntch
whose cransnission side fixed contact and reception side! fixgggcon;agi aré
respectively connected to said transmttigng circuit and sald‘Te061vrhg »

circuit and which changes-over the transnission and the feception.in. thé'g
digital node; (e) a bIocklng fllter of

| ow i nsertion Ioss connected betmeen
said first a 0- d| over switch and sai d-eransni-ssi-on--and
receptlon'Ehgﬁaggﬁt %i%%bcklng a high

7. The anteénna sw1tch1ng'apparatus according to any ane of claims 1 ¢o ¢
wherein said bandpass filter is a bandpass filter which passes
therethrough said reception high frequency signal in said digita)
mode.

8. An antenna switching apparatus for & dual-mode transceiver
having & transmission and reception antenna. & transmitting
circuit, & receiving circuit and a separating filter of large
insertion loss .provided among said transmissxon and reception
antenna, said transmitting circuit and said receiving circuit and
'vhich seperstes a trensmission high frequency signal and a
reception hich frequency signel having different carrier
frequencies, in which transmission end reception in the digital
mode of the transmission and reception swwitching ‘system and the
trensmission and regception in the analog mode of the simultaneous
trensmission and reception system cen be made possible,
comprising:

(1) & firet enzlog-to-digitel change-over switch whose

_movakle contact is connected to said trensmission and reception
entenne vie & bendpass filter of low insertion loss which passes’
therethrough said transcission high frequency signel and said
regegtion hich frecguency sicnal;

(2) & second anslog-to-digital change-over switch whose
movable contact is connected to seid separating filter and whose
;analog mode fixed contect is connected to said anelog mode fixed
~contect of said first-to-digitel change-over switch;

(3) & 3-terminal isolator of low insertion loss having
first, second end third terminals in which said first terminel is
_connected with said transmitting circuit and said third terminel

ijs connected to the digitel mode fixed contact of said second

) N



18 bania or a spurious caused by the smntchlng of said transngssron and—~~;-
reception change-over switch; and (f) a bandpass filter of homﬂ TG e {
| oss. connect ed between said transni ssion and reception changeaover smnfch
and said second anal og-to-digital change-over switch and passnnq “504
t heret hrough said reception high freqd@ncy signal. 2. The : antenna A
swi tchi ng apparatus according to claim1, wherein said separavrng koPep—ps

conposed ae‘alagitcssdj_&&aalpemg‘el-btrer sfmr.cmamdng t heret hrough said recepti on
hi gh frequency

(4) a third analog-to-digital change-over switch whose

L

movable contact is connected to said second terminel of said 3-
terminal isolator, whose analog mode fixed contact is connected
to said separating filter and whose digital mode fixed contact is
connected to said digital mode fixed contact of said first
analog-to-digital change-over switch.

9. The antenna switching apparatus according to claim 8,
wherein said 3-terminal isolator permits a signal to be supplied
from said first terminal to said sécand terminal and inhibits the
supply of a signal from said second terminal to said firsp
terminal, while said 3-terminal isolator permits & signal to be
supplied from said second terminal to said third terminal end
inhibits the supply of a signel from said third terminal to said
second terminal.

10. An antenne switching apparatus for a dual-mode transceiver
having 2 transmission and reception antenna, a.transmitting
circuit, a receiving circuit end a separating filter of large
insertion loss provided among said transmission and reception
antenna, said transmitting circuit and said receiving circdit and -
which separates a transmissién high frequency:signél and a
reception high frequency signal having different carrier
“frequencies, in which transmission and reception in the digital
mode of the transmission and reception switching system and the
transmission and reception in the analog mode of the simultaneou

transmission and reception system can be made possible,

comprising:

+

(A) an analog-to-digital change-over switch whose movable

contact and analog side fixed contact are connected between saic

transmitting circuit and said separating filter;

b e e e ....__.__....J



Si gnal in said anal og node and a second bandpass filter forTZT assi-ng
therethrough sai d transm ssion high frequency in said anal og gode, 3. ﬂ;l'he';

antenna sw t ching apparatus according to claim1 or 2, wherein s‘apdféna‘-}f@’g ’
side fixed contact and said digital si deifi xed contact of sal d fi rst s

|l og-to-digit tch t t d
anal og- Lo 0l 0 by p 3R Bt el AL S B LSS BRENBLY cORER! Lo o |
appar at us aGGQEAL Bgs &P s@h@'ﬂxjed o dﬁr act IRhBcsd dobhne s mléﬁe i's

connected between said digital fixed contact of said first

anal 0g- t 0- df Piddakontmntyef oseid ml@mnﬁgﬂmlrﬂm&beommcmn%i d
transm ssion and reception
whose reception side fixed contact is connected to said

separating filter; eand

. {C) a dblocking filter of low 1nser£ion loss connected
between eaid trensmission and yeception antenna and the movable
contact of s&id transmiesion and reception change-over switch and
blocking a high band of a2 spurious caused by the switching of

said transmission and reception changé-over switch.

11. The antenna switching apparatus according to claim 10,.
wherein said block filter is & low-pass filter of two-way type

" which pesees therethrough both of said trensmission and rece?tion
high freguency signals in said analog mode and in said digital
mode.
12. The antenna switching apparatus according to claim 8, 10 or 11,
vherein said separating ﬁ.lte.r is composed of a first bandpass
filter which passes therethrough said reception high freguency
signel in said analog mode and in said digital mede and a second
bandpess filter which passes therethrough said transmission high

freguency sicnel in said aﬁelog mode.

O AR A 1



change-over switch. 5. The antenna swi t chi ng appar at us acchdLng La.claim..
1, 2, 3 or 4 wherein said blocking filter is a | ow pass fil tiefzWAEH gagsgsf
therethrough said transm ssion high frequency signal and sald recepti-on-—
hi gh frequency signal in said digital node. 6. The antenn $mntgh|ng¢h
apparatus according to any one of clai® 1 to 5 wherein salg aﬁdpaSSﬁ i
filter is connected between said reception side fixed conta t Qi-sald e
transm ssion and reception change-over switch and said d|g|UaI S|de fixed
contact of said second anal og- ABSTRACT

ANTENNA SWITCHING APPARATUS FOR A DUAL-MODE TRANSCEIVER

The present {nvention is directed to an antennz switching
apparatus for a dual-mode transceiver vhich includes a
transmission and reception antenna, a g;ansmitting circuit, &
receiving circuit and a separating filtexr of large insertion lpss
provided among the transmission and reception antenna, the
transmitting circuit and the receiving circuit and which
separates & transmission high frequency signal and a reception
Agh fregquency signal having different carrier frequencies, in
which transmission and reception in the digital mode of the

transwission and reception switching system and the transmission

x

and reception in the znalog mode of the simultaneous transmission
and reception system can be made possible. This antenna
switching epparatus is comprised of an analog-to—digital change-
over switch which changes-over mutuzl connections among the
tranemicsicn and reception antenna, the transmltting circuit, the
receiving circuit anc¢ the separating filter in response 1o the
enalog or c¢igitzl mode, a blocking filter of low insertion loss
for blocking & high band of spu*ioue caused by the gwitching of a
trensmission and reception change-over switch which changes-over
the treansmission and recepti;n in the digital mode and a bandpnes
filter ;f low insertion loss for passing thereth???qﬁLF¥°.
reception high frequency signal in the digital modey theraby a

' contiderably.
power consumption in the digital mode peing reduced €

FIGURE 2

This Sheet Has Been Replaced
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to-di gital change-over switch. 7. The antenna switching appé?ﬁéc%if

according to any one of clainms 1 to 6 wherein said bandpass filter-is a" "
bandpass filter which passes therethrough said reception hi gh frgqugncy
signal in said digital node. 8. An antenna sw tchi ng appar at USL’f‘Or’” ‘a
dual - node transcei ver having a transnission and recept.ion anuenna,_ a-. ’1
transmitting circuit, a receiving circuitd and a separating filter of Iarge 3
insertion |oss.provided anong said transmi.ssion and reception_antenna;-said ™
transmitting circuit and said receiving circuit and which separates a

transm ssion high frequency signal and a reception high frequency signal
having different carrier
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frequencies, in which transm ssion and reception in the di gist-al-~node-- ofwt».he
transnmission and reception swtching systemand the transm s}sim’iamﬁ MT SHEZY
repeption in the anal og node of the sinmul.taneous transm ssi @n jand- Teceptton
system can be nade possible, conprising: (1) a first anal ogaté) d-lgllal came
change-over switch whose novabl e contact is connected to saijd:trans’ 58176 i
and reception antenna via a bandpass filJter.of |low inserti om Loss.which .
passes therethrouch said transm ssi on &i%h frequency signal 1and sai d !
reseption hich frequency signal; (2) a second anal og-t o-di gi-tat—change-ever —:
swi tch whose rrT_La/JIG- co? act is connected to said separating filter and

whose

0
B5d 1 {3 ? 1
J BANDPASS
FILTER
3 150\? 15m
BADDPASS 2
FILTER




f—————

anal og node fixed contact is connected to said anal og node f| Ed‘”quaegﬂﬁif
£ . 19w

said first-to-dioital change-over switch; (3) a 3-term nal |so+-ato4f~
insertion | oss having first, second and third terninals in Whl{ch sal d first:
ternminal is connected with said transmitting circuit "and said wth{‘iﬂdkﬁ}’i’?@;
termnal is connected to the digital node fixed contact of $aild second §
20 anal og-to-digital change-over switch; gpg (4) a third anél og-t o- di gi'tat™

change- over switch whose |

FIG.3
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novabl e contact is connected to said second terminal of Sald13q t-er m.pal,,
i sol ator, whose anal og node fixed contact i's connected to §a| MSEQAfatLﬁg,
filter and whose digital node fixed contact is connected tg sald dlgltal :
mode fixed contact of said first anal og-to-digital change-dver $ittich 5% |
The antenna swi tchi ng apparatus according to claim8, mherelm said i
3-termnal isolator permts a signal gpgbe supplied fron1sa|d first™—
terminal to said second terminal and inhibits the supply of_a _signal from

said second termnal to said first termnal, while said 3-term nal isol ator

b e bt et e et £

pernmts a_ signal to be supplied from said ge 0 ermnal to said third
term nal ibits the supply of a S|gnal fromsaid third termnal to
sai d
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secon B nal . SBARCHM RERORT s\itptbioNaP024-8s for a dual - node

tran havi ng a transm ssion apd reception antenna, a transmtting
circul receiving circuit and a g$eparating filter of large insertion
| o TP O PHAEABSYRATF (f ansm sSion and reception antenna, said
trdnsmtting circuit and said receiving circuit and which separates a
trdnsm ssion high frequency signal and a reception high frequency signal

hay
in
t hd
trg

+

ing different carrier frequencies, in which transm ssion and reception
the digital node of the transm ssion and reception sw tching system and

transm aNTENNASWATSANEAPP ARKATSANGR 20D IRIEMTDE TR ANSTE ke ou
N and Teception system can be made possible,

nsm ssi on an reception system can e nmade pPoSsSi e,

Anpantenna switching apparatus for a dual-mode transceiver which includes a transmission and
reccption antenna (3), a transmitting circuit (1), a receiving circuit (2), and a separating filter (5, 6) o'f
lacge inscrtion loss is connecled to the transmission and reception antenna (3), the (ransmitting circuit
(1), and the recciving circuit (2) for separating a transmission high frequency signal and a -rccc:ption
high frequency signal having different carrier [requencies, in which transmission and reception in ll.IC
digital mode of the transmission and reception switching system and the transmission and reception in
the analog mode of the simultaneous transmission and reception system is possible. Further includes
analog-to-digilal change-over switches (14, 15, 16) which changes-over mutual conncctions among
the transmission and reception antenna (3), the transmitting circuit (1), the recciving circuit (2) and
the separating filter (5, 6) in response (o the analog or digital mode, « blocking hilter (4) of low
inscrtion loss for blocking a high frequency band of spurious signals caused by the switching of a
transmission and receplion change-over switch (17) which changes-over the transmission and
reception in the digital mode and a bandpass filter (7) of low insertion loss for passing through lh.c
reception high [requency signal in the digital mode, so that power consumption in the digital mode is
reduced considerably.

Figure 2
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GoC o168
conprising.: (A) an anal og-to-digital change-over swtch whose novabl e:p&s
contact and anal og side fixed contact are connected between sai( o
transmtting circuit and said separating filter; 2 1 (B) mransmi-ssion,.

4 -
) 3

and reception change-over switch whose transmi ssion side fiXe&ééq;@éﬁﬁmﬂﬁ?”
connected to the digital side fixed coggact of said anal og-tjo-:digital ‘
change-over switch and whose reception side fixed contact ‘i s jongepggﬂ*ng

sai d

analog mode, a pass band of a received high frequencyfsignaif“““‘“”*”‘”

whose carrier ffequency is, for example, 880 MHz, and &———
dielectric bandpass filter 6 is shown to have, similarly iﬁ the
‘analqg mode, a pass band of a transmission high frequency signal
whose carrier freguéncy is, for example, 835 MHz. The insertion
losses of the dielectric bandpass filters 5 and 6 are as large as
2 t; 3 dB, respectively. |
The fixed contact 14a of the A/D change-over switch 14 is
connected through the bandpass £iit9r 5 to the fixed contact 15a
of the A/D change-over switch 15, and the fixed contact 16a of
the A/D change-over switch 16 is connected through the bandpass
filter 6 to the fixed éontéct_.14a of the A/D change-over switch
14, | |
“A fixedicontéct 19r df.fhe transmission reception change-~
over switch 17 is connected to the fixed contact 15d of the A/D
change-over switch 15 through a bandpass filter 7 of low -
insertion loss and which has & paés band of a received high
frequéﬁcy signal whose carrier frequency is 880 MHz upon
reception in the digital mode. The fixed contact 16d of the A/D
change-over switch 16 is connected to the fixed contact 17t of
lthe transmission reception‘thanQe—oQér switch 17—;nd the Qovable
contact 17m of the transmission reception change-over switch 17
is -connected to the fixed contact 14d of the a/b change-over
.switch 14 via a two-way low-pass filter 4 which has a cut-off
frequency of a high band of a spurious output caused by the
switching of the switch 17, or which has pass bands of both
transmission and received high freguency signals whose carrier
freguencies are 835 MH# and 880 MHz, respéétiveiy.
In the analog mode, the movable cohtacts l4m, 15m, 1l6m of

the A/D change-over switches 14, 15 and 16 are conrected to their



separating fllter and (C) a blocking filter of lowinsertion | 0ss.-- R
connected between said transm ssion and reception antenna and the‘névabWé

contact of seid transni ssion and reception change-over smntchwaﬁdwaOCklng l
a high band-of a spurious caused by the switching of said transnlsslon -and

reception change-over sw tch. 11. The angﬁnna swi t chi ng apparabug a&bordlng\
l
i

to claim 10, wherein said block filter

Is a |l ow pass f|| ma.may~
whi ch pagedycedcreiaorzarsd Witlh tdbtsof Eher £XaWPLE| c%n‘"ﬁ‘ﬁdpr e edgt |Ef)n hi gh
frequency sig

W
ant enna smﬁtcﬁiég apﬁﬁFﬁgﬂagﬁﬁggfa GFR q%S'r]dalm 16HB?QH§

switching appsratus according to the present : 1nvention, in which
case the tranzzisslon_and reception change-over switch_l? of
" FIGS. 2 and 3 are removed. In FIG. 4, like parts corresponding
to those of FIS. 4 are marked with the same references.
As shown in FIG. 4, the A/D change-over switches 14, 15 and
16 have the movable contacts 14m, 15m and 16m, the analog mode
f£ixed contacts 14a, 15a and 16a and the digital mode fixed
contacts 14d, 1Sd and 16d, respectivexy.
The trangzission and reception antenna 3 is connected to the
- movable contec~'14m of the A/D change-over switch 14 via the two-
“ﬁy low-pass filter 4 of low insertion loss which has pass bands
of both transmission and reception high frequency signals whose
- carrier freguenczies arxe respect;vely 835 MHz and 880 MHz.
o The dielectric bandpass filter 5" has the pass band of the
reception high' frequency signal whose carrier frequency is, for
._eiample, 880 MHz ih the analgg mode, and the dielectric bandpass
- filter 6 has the pass band of the transmission high freguency
signal vhose cerrier frequency is, for example, 835 MHz similerly
in the an2log mode. The lnsertion losses of the dlelectric
bandpass filters 5 and 6 are as large as 2 to 3 dB, respectively.
The analog mode fixed contact 14a of the A/D change-over
switch 14 is directly connected to the analog mode fixed contact
15a of the A/D change-over switch 15. The movable contact 15m of
the A/D change-over switch 15 is connected-through the bandpass
filter 5 to the high freguency amplifier 9 of the receiving
circuit 2, and the Qutput‘terminal'of the high frequency
emplifier 9 1c connected to the bandpass filter 8, thereby the

reception high frequency signal being fed to the ovtput terminal



wherein said separating filter is conposed of a first bandpass fllter wh1ch*
passes therethrough said reception high frequency signal iin sgjdﬂana+eg’”“ %
mode and in said digital node and a second bandpass filtert whi ch passes, ;
t her et hr ough sai d transm ssion high frequency signal in sagdnaﬁﬁi@@*%ﬂﬁé.i E
. i i‘m,m_ —
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