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1 TRANSM TT| NG RECEPMG APPARATUS BACKGROUND OF THE | NVENTI ON The present

invention®relates to a transmitting- receiving apparatus for use with a
TDVA (time-division-nultiple- access) systemtransnitter-receiver in which
a transmssion timng and a reception tingng are different fron1each ot her.
In radio transmtter-receivers like a portable radi ot el ephone,

transm ssion signal, proces | ed by a
Zlﬁ%ﬁ{ Lh éc‘r[ NE=RE EEE:GENG ﬁpﬁﬁ&iﬁé

transm ssi on anpllfler and ransm ssi on antenna fromwhich it
is transmtted via radio waves. In order to enhance the receiving state of
the transm ssion signal transmtted via radio waves on the reception side,

the transm ssion signal shoul dm@g@g@gﬁbyoﬂa@gﬂq off Wth a
transm ssi on power raised as high as possible by the transm ssion

anplifier. Further, inrigsderedentadioietitdlon genatukate 4 Rerdnssre Sig-on
signal on the receptlon side, it is inportant to prevent a distortion from

bei ng gener ateseiwvind appariaiiss Foan usegwith i EIDMA § YimRRhdivisiion-mudkdplies
anplified by the transmission anplifier as much as possible. In particular,

when a phaseaceeks ptsystsnmg aansnittersreteddessin whietsrd svansmisgdan,
there is then the very large possibility that a distortion generated in the
transmi ssi ortEipgiand [d regepdigrbitindngoarendifiterentepiram esicle other.

Therefore, it is very inportant to
In radio transmitter-receivers like a portable

radiotelephone, a transmission signal, processed for
transmission, is amplified‘by a transmission amplifier and
supplied to a transmission antenna from which it is transmitted
via iadio waves. In order to enhance the receiving state of the
tfansmission signal transmitted via radio waves on the reception
side, the transmission signal should preferably be transmitted
with.a transmission power raised as high as possible by the
transmission amplifier.
Further, in order to accurately demodulate the

transmission signal on the reception side, it is important to

- prevent a distortion from being generated in the transmission
signal when the transmission signal is amplified by the
transmission amplifier as much as possible. In particular, when
a phase;modulated signal is transmitted as a transmission
'signal, there is then the very 1érge possibility that a
distortion éenerated in the transmission signal will cause a bit"
error on the reception side. Therefore, it is very important to
pievent the distortion from being generated in the transmission

signal as much as possible.



prevent the distortion frombeing.generated in the transm ssion signal as
much as possi bl e. 2 An anplifier called a class-A anplifier where
transistors are operating permanently on linear portions of their transfer
characteristics should preferably be usedzas the anplifier with |ess
distortion. Battery radio transmtter-receivers |like a portable

r adi ot el ephone use aalﬁja%ﬁ?if#éﬁtééﬁéwﬁrcﬁ%'w anp § $SLPwhEPEESSI NG.

Therefore, froma st pol 0 attery ration, an electric power used by

the anplifigraggpetorbate Bpdxhind Weimdhe@ly BhCLinEaL SbPEldns Wt Of
the class-A anplifier is not preferable froma power consunption

st andpoi nt . theeei fr8asfer chdrmudridieicd shvvAdapebifbrabliabel €66d as the
distortion, it should be constantly energized even in the absence of a
signal . Moremptifiéhewitlackess ahijgtdntdiohas a poor efficiency so that, if
the transm ssion output level is raised, then the power consunption thereof
i s increased consi der Bekgergnradpd i t1ansmitttterhingcedfvieirsi dnke, acpgrtaklass- C
anplifier should preferably be used in order to suppress a power
consunpt i onradhetelaphone Jige i & ildmited rlersricwpewerpfor i ransmission
processing. Therefore, from a standpoint of battery duration, an
electric power used by the amplifier should be limited as much
as possible.

Accordingly, use of the class-A amplifier is not
preferable from a power consumption standpoint. Specifically,
although the class-A amplifier has less distortion, it should be
constantly energized even in thé absence of a signal. Moreover,
the class-A amplifier has a poor efficiency so that, if the
transmission output level is faised, then the power consumption
thereof is increased considerably.

An amplifier with high efficiency, e.g., class-C
amplifier should preferably be used in order to suppress a power
consumption. The class-C amplifier is of the power-amplifier
stage where bias of amplifying element is adjusted so that drive
signal voltage produces output current for less than half of the
total cycle. Thus, the class-C amplifier can amplify an input
signal with a small electric power éﬁd has a satisfactory
amplifying efficiency.

However, although the amplifying efficiency of the

class-C amplifier is high, a distortion is generated in an

amplified signal. Therefore, when the class-C amplifier is used



stage where bias of anplifying elenent is adjusted so that drivé signal
vol tage produces output current for less than half of the total cycle.
Thus, 'the class-C anplifier can anplify an input signal with a small

el ectric power and has a satisfactory anpl3fying efficiency.. However,
al t hough the anplifying efficiency of the class-C anplifier is high, a
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fromthe anpliTier Is defected by a detecting circult ror signa

(i.e., dist o?éheﬁaeeapszﬂeaﬁé afip Tt Bed & gl %h@%be% eRn&WA NEthe 3B Fowing
detected disftortion conponent is fed back to the anplified signal, thereby

the distortiefrbaidg eThatndspdan Idutpith Stiowd ehkl am Bmhfmaﬂais ngetét€ad tby Sa
provi ded, then the transm ssion processing circuit becones conplicated in
arrangenent . dSUbbERNgCELFEkL t NVEMT ld@tdm siigaalof it e, adbsesat on pamponerit )
s ObJeCtigfdetected from a detected signal and a detected distortion
‘component is fed back to the amplified signal, thereby the
distortion being eliminated. If such distprtion eliminating .
circuit is provided, then the transmission processing circuit
'becomes complicated in arrangement. ,
SUMMARY OF THE INVENTION
In view of the aforesaid éspect, it is an object of
the present invention a transmitter-receiver in which a
distortion genérated in a transmission signal can be eliminatéd
by a simple éircuit arrangeﬁent even when an amplifier with high
efficiency and much distortion, such as a class-C amplifier is
used in a transmission circuit.
Accordiﬁg to the present invention, theré is provided
a transmitting-receiving apparatus which is comprised of a
control means, a data processing means controlled by the control
means for processing transmitted data and feceived data so as to
be communicated at different timings, a transmission-system
circuit having an encoder for producing a transmission baseband
signal from the transmitted data supplied'thereto from the data

processing means, a modulating means for producing a

transmission signal from the transmission baseband signal, a



t he present
gener ated |
ar r angenent
di stortion,

invention a transnitter-receiver in which a distortion

n a transm ssion signal can be elinmnated by a sinple circuit
even when an anplifier with high efficiency and nuch

such as a class-C anplifier ig used in a transm ssion circuit.

According to the present invention, there is provided a
transmtting-receiving apparatus which is conprised of a control neans, a
dat a procesPPwWgrnadR:ifsarr 60F RMPILERENG dhe Sransaission pigpalsiAg
transmtted data and received_ data so as.to be comyuni.cated at gifferent

timngs, a EPSAPHLOBrSYSEPW ATEVLE NRVIRG % fereduiasdda mEANS,

transm ssi o

@ficing a

basehand signal , { the transmtted dat Lied theret
Fom the. 0aPEORRGABGsPraHBRRLOR AT (S PIRL TS FoR HROBBEANE Gi0nal, a

transm ssi o

ranm <=1 ohcaiasl ¢l bicl bA"SH) SO OGP, SEAlne eced AN
circuit hav bﬂgesaﬁawaighg&a Rgfﬁeg n%"éic%é% ﬁﬁ%#? : ﬁdlﬁ%ﬁpkgoﬂhgaésméfg% At a

signal froma receptio

produci ng t reception

fromthe regeg EOEoQa§E?é89f.§éggaéonﬁé@tﬁl WiHe’ t&rﬁﬁgﬂ.&sgaahr.eyseembaiféeit

control neans tor selectively

nnecting the transm ssion-systemcircuit or

the recepti gp- gyat eBLeptibhlsiyotan 816w to an antenna.

The transmitting-receiving apparatus further includes
an error detecting means for detecting a difference between the
transmission baseband sigﬁal and the reception baseband signal
to provide an error signal and signal compensating means coupled
between £he encoder and the modulating means for adjusting the
transmission baseband éignal in résponse to the error signal
supplied thereto from the error detecting means and wherein the
reception~system circuit is constantly maintained in the
operating state.

Therefére, the tranémission signal containing the
distortion generated in the power amplifier can be received by
the reception—systém.circuit even during the transmission timing
period. A difference between the reception baseband signal

containing the distortion and the transmission baseband signal

-containing no distortion is fed back to the signal compensating

means to thereby eliminate the distortion component from the
transmission signal.

In thetransmitting~-receiving apparatus, the hOdulating
means has a first oscillator for pfoviding a frequency of the

transmission signal, the demodulating means has a second



The transmtting-receiving apparatus further includes an error detecting
means_for® detecting a difference between the transm ssi on baseband si gnal
and the reception. baseband signal to provi de an error signal and signal
conpensati ng neans coupl ed between the engoder and the nodul ati ng nmeans for
adjusting the transm ssion baseband signal in response to the error signal

rec E'pi; on- SGEEAReFPELFOT: BEORHALEN TR f TRn SAUSY ERcachb SEPRECS: ate.
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means to thereby elimnate the distortion conponent ransm ssi on

signal . |In Ebeh 8RENEEELNE- 6SEE1VAPEr AP HRIdHA nlikerTedublbldnBetRags R 2
first oscillator for providing a frequency of the transmssion signal, the
denodul at i ngwitahsmbansaandcend demddwbet ingingrardsnr apdow geeond swegoRNCYy

equal to a difference :
means for switching to provide the output of the first
oscillaﬁor to the second mixer when the switch means connects
the transmission-system circuit to the antenna and for switching
to provide an output of the first mixer to the second mixer when
the switch means connects the reception—sysiem circuit to said
antenna.
| Therefore, since the output frequencies of the second
mixer become the same during both the transmission timing period
and the reception timing period, circuits following the second
mixer can constantly be operated properly.
BRIEF DESCRIPTION OF THE DﬁAWINGS

FIGS. 1A and 1B are explanatory diagrams showing a
communication system to which the present invéntiqn is applied;

FIG. 2 is a block diagraﬁ showing a transmitter-
receiver according to an embodiment of the present invention;
and

FIG. 3 is a block diagram showing a transmitter-
receiver according to another embodimént.of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A transmitting-receiving apparatus according to an



bet ween the frequencies of the transm ssion signal and the reception
signal, a first mxer for mxing an output supplied thereto fromthe first
oscil'l ator and an output supplied thereto. fromthe second oscillator, a
second m xer coupl ed between the switch ngans and the denodul ati ng neans,
and a second switch nmeans for switching to provide the output of the first

illa ' wh h ' . .
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transm ssion timng perio Cirtuits
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FIG 2 is a block diagramshow ng a transmtter- receiver according to an

enbodi ment g ttecgivEIRNdiigital idata bedweef a3base astdinidn ) raamestods ng

a transmtter- receiver according to another enbodi ment of the present

i nvent i on. $iaRAIGIER RESGRA ST waeSk TRECORRERRERED GBI HENR® which the
radiotelephone system according to the present invention will be
described with reference to FIGS. 1A and 1B.

In the communication system to which the present
invention is applied, a transmission signal is data of one slot
unit and transmitted at every slot. Transmission and reception
are alternately carried out at every slot. As Sheﬁn in FIG.-lA,
data of one slot is transmitted from a base station to a remote
station during a period of a transmission slot T and the data of
one slot is received by the remote station. Data of one slot is
transmitted from the remote station to the base station during a
period of a reception slot R and the data of one slot is
received by the base station. According to a timefdivision
transmission system where a transmission timing and a reception
timing are formed alternately, a tiansmission frequency and a
reception frequency can be made the same and a channel can be

~used with high efficiency.

| A communication system, which is often referred to as
a TDMA (time-division-multiple-access) system, is known as an
advanced communication system of the time-division transmission

system. According to this communication system, as shown in



A transmtting-receiving apparatus according to an 6 enbodi nent of the
present i‘nvention will now be described with reference to FIGS. 1A, 1B and
FIG 2. Atransmtting-receiving apparatus according to the present
invention is applied to a portable radiotgl ephone device (ternminal

equi pnrent) of radiotel ephone systemfor transmtting and receiving digital
data between a base station and _a renote_station viatéadio waves,

communi cat i B <& e hRT@aVSLOFS: Fd r Tdir 0T 3| RER FEPRILR rﬁ%é&ﬁ’!ﬂ’?l’-gsﬁéc?”c he

t i ti i Il be described with ref | GS._ 1A and 1B. |
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ransn I . _ .
shown in F'&réx‘g%erx{lijé;’]x%@h Oépneégirbg Ogttatao&{ apamhied );éﬂ&tr@a%gsg Sh@tépn to a

renote station a transm ssion sl ot e data of one

slot is re@mmmeamg EBHra il O i tih e hnBbRed! By 4Set 6RNSI% 4 RSk s

fromthe renote station to the base station during a period of .a reception

slot R and jipeniatchafiingdne slot is received by the base station. According
to a tinme-division transm ssion systemwhere a transm ssion timng and a

reception A signal is transmitted between the base station and a
certain remote station (first remote station) by use of the
transmission slot T1 and the receptidn slot Rl. A signal is
transmitted from the base station by use of the transmission
slot T1 and a signal is received at the base station by use of
the reception slot Rl. Then, a signal is transmitted between
the base station and other remote station (second remote
station) by use of the transmiésion slot T2 and the reception
slot R2. A signal is transmitted from the base station by use
of the transmission slot T2 and a signal is received at the base
station by use of the reception slot R2. Further, a
transmission between the base station and other remote station
(third remote.station) by use of the transmission.slot T3 and
the reception slot R3. A signal is transmitted from the.base
station by use of the transmission slot T3 and a signal is
received at the base station by use of the reception slot R3.

| The transmitter-receiver according to the present
invention is arranged as the portable radiotélephone device
sérving as the remote station for communicating between it and
the base station with different timings of the transmission

slots and the reception slots in accordance with the time-



timng are formed alternately, a transm ssion frequency and a reception
frequency can be nade the same and a channel can be used w th high
efficiency. A comunication system which is often referred to as a TDVA
(time-division-multiple-access) system ig known as an advanced

comuni cation systemof the time-division transm ssion system According to
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arr angement ation an ree reno 1 'on
connunlcatg% éﬁﬁ: Qe anot her by.use of six slots I n one channel. A signal
is transmt meeen the base station and a certain renote station (first

renote station) by usggafhdie fd 3l 9Si ansshall picred ﬁﬁeaée&eiﬁiéfﬁbl%ﬁ
R1. A signal |s transmtted fromthe base station by use of

transn1SS|o t [ 4i e b of
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station and other te stati,on secoEd gnnte staiécwg use q{ t h
transm sstF%‘F%ﬁs%rEjlr?f Bh&OLEEfiAPAL and converted 1 to aigital voice

data thereby. Simultaneously, voice data thus converted is

compressed to transmission data to provide data of slot
arrangement. A processing in the TDM/voice processor 2 is
.carfied out under control of a controller 3. The controller 3 is
supplied witﬁ a command signal from an operation key 3a.
| The data of slot arrangement from the TDM/voice
~ processor 2 is supplied to a baseband encoder 4. The baseband
encoder 4 encodes bit data of slot unit supplied thereto to
provide 2-channel transmission data of I channel and Q channel.
The I-channel transmission data thus'converted is supplied to an
I-channel Signal-compensator 5I, in which it is adjusted in
amplitude based on an error signal supplied thereto from an
error detector 6I, which wil; be described later on. The Q-
channel data thus converted by the baseband encoder 4 is
sup?lied to a Q-channel signal-compensator 5Q, in which it is
adjusted in amplitude based oﬁ an error signal supplied thereto
from an error detector 6Q, which will be described later on.
An output from the I-channel signal-compensator 51 is
. supplied to the error detector 6I and a mixer 7I. The mixer 7I
is formed of a multiplier and other mixers are formed of like

multipliers. A modulated output from the Q-channel signal-



slot R2. A signal is transmtted fromthe base station by use of the
transm ssion slot T2 and a signal is received at the base station by use of
the reception slot R2. Further, a transnission between the base station and
other renote station (third renote statiomg) by use of the transm ssion sl ot
T3 and the reception slot R3. A signal is transmtted fromthe base station
by use of the transm ssion slot T3 and a signal is_received at the base
station by SQBPeRSTHAL 3Rl i IPRYIRA k9 theeLTroRsHPEeEFOF BRI 3RY HBFRK ng
to the present invention is arranged as the portabl e radiotel ephone device
serving as e renote station for comunicating between it and the base
station with different timngs of the transm ssion slots and the_reception,
slots in accordance wARhOREBUE| FEom a &Y ZjiRRagens hifHeInBsdsofubpiiesh &p
TDMVA system FIG 2 shows in block formthe transmtter-receiver according

to the presgfb hixepsi PN af$ AINOYH WhibhGit2isamePeigl Pbd kefeh Pr-adhannel
m crophone (MC) 1 is supplied to a TDM (ti nme-division multiplexing)/voice

processor 2a3d @-¢RaffeliEFdhsmih o \@Ritae trhiogkoaiplitatiesowerte dadfusted.
t hereby. Sinmultaneously, voice data thus converted is conpressed to

transm ssi oppdaf 22 L OnPEOVEKLr & B Pha¥leishifts an oscillation output from
an oscillator 9 by =n/2. The mixer 7I multiplies the I-channel

signal with the signal phase-shifted by n/2. Also, the mixer 7Q

multiplies the Q-channel signal with the signal phase-shifted by

x/2. The oscillation output from the oscillator 9 is an

oscillation signal with a transmission frequency (e.g., 940

' MHz). The I-channel signal and the Q-channel signal each being

multiplied with the signal phase-shifted by n/2 are supplied to

an adder 10 which generates a one-system signal, i.e., signal in
which the I-channel siénal and the Q;channel signal are
orthogonally modulated with each other by the transmission
frequency. A modulation system fdr;orthogonally modulating the
I-channel signal and the Q-channel signal is a phase-modulation
system called a DQPSK (differential quadrature phase shiﬁt
keying) modulatioh system. '

The signal, which results from orthogonally modulating
the I-channel signal and the Q-channel signal by the
transmission frequency, from the adder 10 is supplied to and
amplified by a transmission amplifier 11 to a predetermined

output level. 1In this embodiment, a power amplifier formed of a



arrangenment. A processing in the TDM voice processor 2 is carried out under
control of a controller 3. The controller 3 is supplied with a command
signal froman operation key 3a. The data of sl.ot arrangenent fromthe

TDM voi ce processor 2 is supplied to a bageband encoder 4. The baseband
encoder 4 encodes bit data of slot unit supplied thereto to provide

2-channel transm ssion_data of,  I. channel and Q channpel. The I|-channel
transni ssi oAlA88aCt MBI BT M isatdgfRctody: LAACieRrR¥nk® used as the

: - 51 | : Y it e i b .
oo oneeRahatetioniamitElnt iln Bhiers, bhe s el o
d i bed | at . Ih h |, data th t by.t he baseband .
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error detec which w I'ater on.” An out put fromthe
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9 conpensator 5Qis supplied to the error detector 6Q and a m xer 7Q
which it is transmitted via radio waves. The antenna change-over

switch 12 is changed-over so as to select a transmission-circuit
system during the transmission slot period and to select a
reception~circuit system during the reception slot period.

The transmission system will be described.

A radio signai received at the antenna 13 is supplied
through the antenna change-over switch 12 to a reception
amplifier 14, in which it is amplified. An amplifier with a
small amplifying distortion, which is often referred to as a
low-noise amplifier, is used as the reception amplifier 14. The
reception amplifier 14 can be easily arranged as én amplifier
with a small electric power and a small distortion as compared
with the transmission amplifier 11.

An amplified output from the amplifier 14 is supplied

to mixers 15I and 15Q, in which it is multiplied with an output

from a n/2 phase-shifter 16. The xn/2 phase—shifter 16 phase~

shifts the oscillation output (940 MHz) of the oscillator 9 by

n/2. Therefore, the mixer 15I multiplies the oscillation signal
with the m/2-phase-shifted signal and the mixer 15Q multiplies

the oscillation signal with the n/2-phase-shifted signal. With



An output froma [err]/2 phase-shifter 8 is supplied to the mxers 71 and
7Q in which it is multiplied wth I-channel and Q channel transm ssion
dat a ‘whose anplitudes were adjusted. The [err]/2 phase-shifter 8
phase-shifts an oscillation output fromamy oscillator 9 by a/2. The m xer
71 multiplies the I-channel signal with the signal phase-shifted by
[err]/2. Also, the mxer 7Qnmultiplies the Qchannel signal with the signa
phase- shi f tihe Bbque-mentionad gwdtipddcationy pthe fFwrhamebssianal and the
an oscillation signal with a transm ssion frequency (e.g., 940 MHz). The

| - channel sQtfhanagl siAnald Gimardslgred BYchheet Y (% AL AUMe afe
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| - channel signa _ -channel signal Dby the transm ssion frequency,
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11 .to a predeterm ned output level. In this enbodi ment, a power anplifier

formed of aarrangement is supplied to the TDM/voice processor 2, in which
voice data is extracted from the composite bit data under
control of the controller 3. Then, the voice data thus
extracted is converted into an analog audio signal and fed to a
speaker 18, from which it is emanated as a sound.

The I-channel reception signal from the mixer 15I is
supplied to the error detector 6I and the Q-channel reeeption
signal from the mixer 15Q is supplied to the error detector 6Q.
The error detector 61 detects a difference between the I-channel
transmission signal and the I-channel reception signal. A
detected difference from the error detector 6I is supplied to
the signal-compensator 5I as an error signal, in which the I-
channel transmission signal is adjusted in amplitude based on
the difference. The error detector 5Q detects a difference
between the Q-channel transmission signal and the Q-channel
reception signal. A detected difference is supplied to the
signal-coﬁpensator 50, in which the Q-channel transmiesion
signal is adjusted in amplitude based on the difference.

In the communication system wherein the transmission

timing and the reception timing are different, it is sufficient



10 class-C anplifier wwth satisfactory efficiency is used as the

transm ssion anplifier 11. However, the class-C anplifier cannot obviate

t he drawback such that a distortion occurs in the anplified signal as
descri bed above. An anplified output from2he anplifier 11 is supplied

t hrough an antenna change-over switch 12 to an antenna 14 fromwhich it is
transmtted-via radi o waves. The antenna change-over switch 12 is

changed- ovekhab he itrangmigs ionsyeham sigeudy, andthe HFeGRREAIINFSten

transm ssion,slot period and to select a reception-circuit systemgdurin
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anplified. An anplifier with a small_ anplifying distortjon, ich is often
referred t othe FeTeREHOR sAMRhbf1gr b4, {@‘%Eé&e% LRy Egp?’i“gkr]\t%ﬁ?’?% i er
14. The reception anplifier 14 can be easily arranged as an anplifier with

a small el eph&sé-SR1ELeNT6 darddperttdd inded a6neesPabEdtNé tdontioller 13
transm ssion anplifier 11. An anplified output fromthe anplifier 14 is

suppl i ed t owhiixershé5Sereor défactorsvd,h 6Q deseotil thel eerowni g igeal © Wyniing
froma [err]/2 phase-shifter 16. The [err]/2 phase-shifter 16 phase- shifts
t he oscil | athentvamsmisgdeid thrngfpertiodosci |l ator 9 by
Aécording to this trapsmittei—receiver, a distortion
generated when the transmission signal is aﬁplified by the
transmission amplifier 11 can be eliminated by the amplitude-
modulation in the sigﬂal-éompensators SI,.SQ. Specifically,

" when a transmission signal is transmitted by the transmission-
system circuit composed of the circuit elements ranging.from the
baseband encoder 4 to the transmission amplifier 11, this
transmission signal is received and processed by the mixers 15I,
150 in the reception-system circuit. Upon transmission,
although the antenna.chahge-over switch 12 is connected to the
transmission-system circuit to prevent the transmission signal
frbm being directly supplied to the reception amblifier 14, the
amplified output from the transmission amplifier is sufficiently
hiéh in level so that the transmission signal of sufficiently
high level is input to the reception amplifier 14 even when the
antenna change-over switch 12 is not connected to the reception-
system circuit side. |

The I-channel transmission signal and the Q-channel
transmission signal processed by the mixers 15I, 15Q are

compared with the transmission signal, which are not yet



[err]/2. Therefore, the mxer 151 nultiplies the oscillation signal with
the [err}/2-phase-shifted signal and the m xer 15Q nultiplies the
oscillation signal with the [err]/2-phase-shifted signal. Wth t he
above-nentioned nultiplication, the I-chamsmel signal and the Q channel
signal thus nodul ated by the frequency of 940 MHz are denodul ated by the

m xers 151 and 15Q The |-channel signal and the Q-channel signal thus
denodul at edaBPELELSY| PR the EIANSMASION aPddfarr 1]l whb¥: HtRR &JFROT he

| -channel data and the Q channel data to provide co osiée bit data of_ sl ot
ar r angenent 9CYREERERPBR; 1 &1 hi DiFferances Frogy FARRFEAT FRteeHINF &4 $Q he

bit dat o urBEs SRETEPA oo (HHE Al EREsnshBRS Ble 00 18 ThE R

fromwnich FORELE AR e btk T3 PuduBnipdian, Soafy, IharafPRiR 0
the m xer  1kel5-E4BRl héfel 8 dRagfid Yndi2086L08.010AN: LhEL A ENBING rica

reception signa rom m xer IS supp othe error d tor

The error dg{eche +PAnsifiSeicn Pl {B1<3Nqq BaiNEes1 iMendtéd2NMlerefore,
transm ssion”signal and the I-channel reception”signal. A detected

di fference h&688raNRgets Obhd airefisiititler-TevdiRlersdei@nt tRoGyE NEhe CIEIRILSAL OF
5 as an error signal, in which the I-

amplifier with high efficiency which cannot avoid a distortion

is used, the signal transmitted from the antenna 13 can be
prevented from being affected by the distortion.

Since the reception-system circuit, which is not used
during the transmission £iming period inherently, is operated as
the circuit for eliminating the distortion and the resultant
reception signal is fed back to the transmission-system circuit,
only the error detectors 6I, 6Q and the signa1¥compensators 51,
'5Q are required to_eliminate'the distortion. Therefore, a
circuit for detecting a transmission signal is not needed and
the distortion eliminating circuit can be realized by a simple
circuit arrangement.

While the present invention is applied té the.
transmitter-receiver wherein the frequeﬂcy of the transmission
signal and that of the reception signal are equal to each other
as described above, a principle of the present invention can
also be applied to a transmitter-receiver wherein a frequency of
a transmission signal and that of a reception signal are
different from each other.

FIG. 3 is a block diagram showing a transmitter-



channel transm ssion signal is édjustéd I n anplitude based on the
difference. The error detector 5Q detects a difference between the

Q channel transm ssion signal and the Q channel reception signal. A
detected difference is supplied to the sigaal -conpensator 5Q in which the
Q channel transm ssion signal is adjusted in anplitude based on the
difference. In the co nj ation systemwherein the, transm ssio ng and
the recept i BFCEI¥PhgRr % (UenCY] é’fsaf FFEP%‘H%SSNEZSW%E t‘?fé‘{
transnlsS|0ﬁ %sten1c CU|t(9n i he rece tion- agg enéc uit arqadﬁirated
one after ahbt enc¥b VR EE RO ﬁd‘gﬁ? AESpFastht ? R S ®f t he
transm ssio | ers 151, 150
and the [ erty TAMRLEELNR e &‘E%ﬂéféf’%%%a@@? skuBe 980 4l S
controller t n?e:f' e t heggr S

during the %ra&@r:nigglﬁﬁeﬁéﬂ% perio Acé:c())rg’ nggpoﬁﬁﬁ TA' LG, 3'grﬁ]§e
transnitteraspcei ¥ed, efeﬂéﬁégrédﬁbwﬁm{geww&%séh&tfmswSﬁé)rina%ml

i's anpllfled by the transm ssion anplifier 11 can be elimnated by the

anpl i t ude-- wogH! Bhé O Fdrerimiel ARTRIRTRIOTE AbedShot Pecddscaibea bhen
a transm ssion signal is transmtted by the transm ssion- systemcircuit
conposed ofdébeirircuit elenments ranging fromthe
As shown in FIG. 3, on the transmission side, I-
channel and Q-channel baseband signals are frequency-converted
into transmission frequencies of 940 MHz by mixers 7I, 7Q, each
of which is an orthogonal modulator. On the reception side,
reception signals of 810 MHz are frequency-converted into
'intermediate frequency signals of 130 MHz. Then, the
intermediate frequency signals are frequency-converted into I-
channel and Q-channel baseband signals by the mixers 15I, 15Q
each of which is an orthogonal modulator.
| In this transmitter-receiver, a first oscillator 21
with an oscillation frequency of 940 MHz end a second oscillator
25 with an oscillation frequency of 130 MHz are prepared as

oscillators. An oscillation output from the first oscillator 21

with the oscillation frequency of 940 MHz is supplied to the x=/2

phase~shifter 8. The I-channel and Q-channel baseband signals
are frequency-converted into transmission signals with
frequencies of 940 MHz by the mixers 7I, 7Q, each of which is an
orthogonal moduletor.

| On the reception side, the reception signal from the

antenna change-over switch 12 is amplified by the reception



baseband encoder 4 to the transnission anplifier 11, this transm ssion
signal is received and processed by the mxers 151, 15Q in the
reception-systemcircuit. Upon transm ssion, although the antenna
change-over switch 12 is connected to theggransm ssion-systemcircuit to
prevent the transm ssion signal frombeing directly supplied to the
reception anplifier 14, the anplified outpyt fr the transm ssjon
amplifier i3MRLAEIQY i I%Pqeii Rlied 9 asg‘lf‘ﬁgt Sg]hel?r%% sk¥ ot si gnal  of
sufficientl i | eyel.is input to the reception anplifier 14 even en

t he antennafx‘bﬂta%ie’:%‘ge“(l%at c#‘g‘f?% §'eﬁ'8Ft8§n gt g?ﬁ%v?]éc%ﬁ?‘glh- Yystem
circuit side. The I-c¢ n 1 S§ ' | .he e
transm ssi on signal piggegﬁ%%&%§é§h%&#$§%??9%@P,ﬁ%gqﬁ§r8S§§2%§§e§°m??% t he
transm ssi 0ps S, ' ' e _ kL LedyHY. q%%q |
anplifier lﬁf‘i%g%%tge% gérb%ecﬁ ect or?ﬁé&gGGI!).%eng%?gﬁczeg ?ltr“?)r?%l%%e er %ar%éip

det ect 64+ ' i |
etectors %g:@%aaa?g déﬁg?tﬂ"e% Gl iR theNBENSAt PiRed| contade 3315,

error signals™a as thetransm ssion signals, thereby the
di stortion geperspesi Fhean1Pe dHesHEi9a¥icn Badputsfachl theegibytt he

transm ssion anplifier 11 being elimnated. Therefore, according to the

transnitteros@t®laeor EVeis tditettiyesupmiedCto one fixed contact 22a. A
signal with a difference frequency, which results from
multiplying the oscillation output from the first oscillator 21
aﬁd the osc¢illation output (130 MHz) from the second oscillator
25 by a mixer 26, is supplied to the.other fixed contact 22b.

The change;over switch 22 is changed in position in
unison with a transmission timing and a reception timing. Upon
reception, the change-over switch 22 connects a movable contact
22c to the fixed contact 22a. Upon transmission, the change-
over switch 22 connects the movable contact 22c to the fixed
contact 22b.

The intermediate frequency signal, obtained by the
multiplication in the mixzer 23, is supplied through an
-intermédiate amplifier 24 to the mixers 15I, 15Q, in which it is
multiplied with a signal which results from phase-shifting the

oscillation signal of 130 MHz output from the second oscillator

25 by the n/2 phase-shifter 16, thereby obtaining demodulated I-

channel baseband signal and Q-channel baseband signal. Then,
the demodulated I-channel baseband signal and Q-channel baseband
signal are supplied to the baseband'decoder 17 and the error

detectors 6I, 60. A rest of arrangement is similar to that of



anplifier with high efficiency which cannot avoid a distortion is used, the
signal transmtted fromthe antenna 13 can be prevented from being affected
by the distortion. Since the reception-systemcircuit, which is not used
during the transm ssion timng period inhgently, is operated as the
circuit for elimnating the distortion and the resultant reception signal
Is fed back to the transm ssion-systemcircuit, only the error detectors
61, 6Q and theetragsaitterpseseiyesr showsQiarBlGedrired to elininate the

distortion. Therefore, a circuit for detecting a ,transm ssion signal is not

needed and the di st orfhefiefaney daning thectrecphfoptHRENg RRF e el e
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orthogonal modulator demodulates the intermediate frequency _
signal of 130 MHz to provide the I-channel baseband signal and’
the Q-channel baseband signal.

During the transmission timing period, the frequency
signal of 810 MHz is supplied to the mixer 23 in the reception-
system circuit, in which the transmission signal of 940 MHz is
multiplied with the signal amplified by the reception amplifier
14 and the frequency signal of 810 MHz to pro&ide the
intermediate frequency signal of 130 MHz. Then, the mixers 15I,
150 demodulates the intermediate frequency signal of 130 MHz to
provide the I-channel baseband signal and the Q-channel baseband
signal.

Accordingly, since the output frequencies.of the mixer
23 become the same during both the reception timing period and
the transmission timing period, the intermediate frequency
amplifier 24 is constantly operated propérly to supply the
intermediate frequency signal to the mixers 151, 156.

R The present invention can be applied to the
transmitter-receiver in which the transmission frequéncy and the

reception frequency are different by switching the switch 22 in

unison with the antenna change-over switch 12. The transmitter-



frequency of a reception signal are different fromeach other. A
transm ssion frequency is assuned to be 940 WMHz and a reception frequency

is assuned to be 840 MHz. In FIG 3, like parts and el enents correspondi ng
to those of FIG 2 are narked with the sane references and therefore need
not be described in detail. As shown in FIG 3, on the transm ssion side,

| - channel and @Q channel baseband signals are_frequency-conyerted,into
transmi ssi oRSFRLYBENZRQUEN o}n kG \Mid AP hicRE, elymunate Ehendistoptipniefan
ort hogonal dul ator..On,the reception.side, teception,signals of 810 Mz
are 1requentdS ERORFILESIAR o 1Rt G iEHE: SAMBARC ALY CBr At SABgeRapE 1y,
Then, the intetpediate freqguenc ignal s e fre ncy-co rtgd into |-
channel andsaﬁ-‘%ﬂ%ﬁ#lgl g%aé%%%%ﬁ%h%%ﬁa‘{%‘mrﬁ %Z\?)M%ﬁ §¥§0 ach of which
i s an orthogonal nodulsat:9L. ' ) t =recedver, g .
oscillator 21 with anhgéglgl Fggi %ﬁéﬁ?%ﬁgﬁ% %ﬁ@fg%?;ﬁl&?&fhge%%ﬁgptlon
oscil | at or ' ogfbl | %ﬂﬁy d as
oscil | ator s?ﬁiﬁhggg?FFaﬁf%naﬁ?gﬁ?é?% th eoﬁ r‘est gEs(gzi'l Iegtéogfggéé\net h the
osci | | ati onjhyeauenaYisf n8¢0L Mittes EneRd i hdd dae aleor be2appaseasbbf ser

8. The I-channel and Q channel baseband signals are frequency-converted

i nto transmganemistepakréceliverf wRivR ner &tsvitd4hdVidede) viede silgnalsby! uséQ
each of which is an orthogonal nodulator. On the reception si-de, the
reception sbgnethérofrédmencies.

While the I-channel and Q-channel signal-compensators
51, 5Q adjust the amplitudes of the I-channel signal and the Q-
dhannel signal as described above, the I-channel and Q-channel
signal-compensators 5I, 5Q may adjust phases of the I-channel
signal and the Q-channel signal in order.to effect more precise
compensation. |

_ Further, ﬁhile the present invention is applied to the
transmitter-receiver of the modulation system in which the I-
channel signal and the Q-channei signal are modulated by the
DQPSK modulation system as described above, the present
invention is not limited ﬁhereto and can also be applied to
transmitter-receivers of other modulation systems.

While the present invention is applied to the portable
radiotelephone device, a principle of the present invention can
also be applied to a communication apparatué used in other
purpdses so long as a transmitter-receiver is the transmitter-
receiver in which the transmission timing and the reception
timing are different from each other.

The transmitter-receiver according to the present



antenna change-over switch 12 is anplified by the reception 15 amplifier
14 and supplied to a mxer 23, in which it is multiplied with a signal

sel ected by a change-over switch 22. The frequency signal of 940 MHz is -
supplied to one fixed contact 22a of the r#hange-over switch 22 and the
frequency signal of 810 MHz is supplied to the other fixed contact 22b.

More specifjcally, the oscillation outgut fromthe first oscillator 21 is
directly suﬁﬁqr&f-qu J(?ﬂé’ff thejteansatttenreceiyem A1 Gammupigation system
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anplifier 24 to the mxers 151, 15Q in ichit is
‘circuit is operated and the distortion of the transmission

signal is detected by the reception-system circuit as the
reception signal. Then, the difference between the reception
signal and the transmission signal is fed back to the
transmission signel, thereby the distortion generated in the
transmission signal being eliminated. Accordingly, the detecting
circuit for detecting the distortion of the transmission signal
can be composed of the detecting circuit for detecting the
difference befween the reception signal and the transmission
signal and the circuit for feeding the detected difference back
to the transmission signal. Therefore, the transmission signal
distortion eliminating circuit can be arranged by the simple
circuit arrangement. Therefore, according to the present.
invention, even when the amplifier with much distortion is used
as the transmission amplifier, it is possible to eliminate the
distortion by the simple circuit arrangement.

When the transmission frequency in which the
transmission signal is.converted by the transmission frequency-
converting circuit and the reception frequency in which the
reception frequency is obtained by the reception frequency-

converting circuit are different from each other, if the



multiplied with a signal which results from phase-shifting the oscillation
signal of 130 MHz output fromthe second oscillator 25 by the [err]/2
phase-shifter 16, thereby obtaining denodul ated |- channel baseband signal
and Q channel baseband signal. Then, the ¥enodul ated |-channel baseband
signal and @Q channel baseband signal are supplied to the baseband decoder
17 and the error detectors 61, 6Q A rest of arrangenent js simlar to that

of 16t HERTHARTH (e MNGTe e rgﬁﬁﬁiﬁl?ﬂ Hamab isriohtaidied Rutdey the
mxer 23 1 P ARSI EHAE, CLRCHRE IR (A el s s
of 130 Wiz, S S'ﬁ‘%@f@%&% oS3el BYhEn T e SR, v
| Channol - Aol S, HeRgdRliNg L F@%aseéﬁ%s.gnalﬁ“ﬂb‘jﬁeﬁﬁdﬂgnd
transm ssi thhé 'ﬂ?ﬂgsxi?fééﬂh <lildfhalt’ %QBEQG!ng ?P@JI; Vahx?%%év'%é raiiised diP

the m xer int reception-" system circhai h the transm ssi on

si gnal of % SriBd [dai bRdprbpbripecsisied suw) iddspsbdusddig reception
anplifier 14 and the frequency 5|gnal of 810 Mz to provi de the

Furthermore, since I-component signal and the Q-

component signal are orthbgonally'modulated with a predetermined
phase difference when the transmission signal is frequency-
converted by the transmission frequency-converting circuit, the
distortion of the orthogonally—moduiated transmission signal
can be eliminated'satisfactorily.' There.is then the small
possibility that the phase of the transmission signal'will be
detected erroneously on the reception side. As a consequence,
the occurrence of error in the reception signal can be reduced.
Having described preferred 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.could be
effected therein by one skilled in the'ar£ without departing
from the scope of the invention as defined in the appended '

claims.



I nternedi ate frequency signal of 130 MHz. Then, the m xers 151, 15Q
denodul ates the internedi ate frequency signal of 130 MHz to provide the

| - channel baseband signal and the Q channel baseband signal. Accordingly,
since the output frequencies of the m xep 23 becone the sane during both
the reception timng period and the transnission timng period, the
internedi ate frequency amplifier 24 is constantly operated properly to
suppl y the internediate frequencyhdtyd® cdaimgd ¥ xers 151, 15Q The _
present invention can be applied to the transmtter-receiver in which the
transm ssion frequency and the reception frequency are different by
swtching the swtch 22 _in.uniso e.ant enna change-over .switch 12.

: ith th
e tranem trer 7 A BaPDE RO R S rrCRi TN ABbar SEHE SOMRRIR% e

di stortion of the trqgﬁﬁ i ignal by the sinple circuit arrangenent
simlarly to the trans _]%§T3%§®5Vver shown in FIG 2. Wile the

transm ssion frequenggs, ctetggil’,.@:ﬁgghgncéﬁ%?g A eI RAd MRk nday

of exanple, the present invention I's not [Irmte o and can also be
applied to gt O8Iy L2 tell 8hth’ A0E Pdde PR [RARI SRS a8l €8abeby

use of other frequencies.
communicated at different timings;

a transmission-system circuit having an encoder for
producing a transmission baseband signal from the transmitted
data supplied thereto from said data processing means;

modulating means for producing a transmitted signal
from said transmission baseband signal;

a power amplifier for amplifying said transmitted
signal;

' a reception-system circuit having demodulating means
for producing a.reception'baseband signal from a received
signal;

a decoder for producing said received data from said
reception baseband signal; and

switch means controlled by said control means for
selectively connecting said transmission-system circuit_or said

reception-system circuit to an antenna.

2. A transmitting-receiving apparatus according to
claim 1 further comprising:
error detecting means for detecting a difference

between said transmission baseband signal and said reception

AR L




Whil e the |I-channel and Q channel signal-conmpensators 51, 5Q adjust the
anpl i tudes of the |I-channel signal and the Q channel signal as described
above, the |-channel and Q@ channel signal-conpensators 51, 5Q may adj ust
phases of the |-channel signal and the Q @iannel signal in order to effect
nore preci se conpensation. Further, while the present invention is applied
to the transmtter-receiver of the nodul ation systemin which the |-
channel si ghasehandt HtIeRt He@ RIOEIdM AN SL&okodargBadd 89dt he DQPSK
nodul ati on system as ‘descr|bed above, ,the present inveBtion i S no& limted
b e :

thereto and can al so B&98ppI FRUPERSRFLRG Means Sompded. petypep; faid encoder

nodul ation s t he present. invent.i lied to the portable
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timng and e peRepEhANsdidiedt Qeliddhaenhehha cach other. The

transmtter-recelver according to the present 18 invention is of the
transmtter-receiver of comruni cation system wherein the transm ssion
timng period and the reception timng
3. A transmitting-receiving apparatus according to
claim 2, wherein said signal compensating means adjusts an
amplitude of the transmission baseband signal in response to
said error signal supplied thereto from said error detecting

means.

4. A transmitting-receiving apparatus according to
claim 1, wherein said encoder produces I-chahnel and Q-channel
transmission baseband signals ﬁhich are applied to said
modulating means consisting of an orthogonal modulator and said
decoder receives I-channel and Q-channel reception basebend
signals which.are applied from said demoduiating means

consisting of an orthogonal demodulator.

5. A transmitting-receiving apparatus according to
claim 1, wherein said modulating means has a. first oscillator
. for providing a frequency of said transmitted signal, said
demodulating means has a second oscillator for providing a
frequency equal to a difference between the frequencies of said
transmitted signal and said received signal, a first mixer for

mixing an output supplied thereto from said first oscillator and
-
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period are different fromeach other. Fundanentally, during the

transm ssion timng period, the reception-systemcircuit need not be
operated. However, according to the present invention, during the .

transm ssion timng period, the recepti omgystemcircuit is operated and
the distortion of the transm ssion signal is detected by the
reception-systemcircuit _as the reception signal. Then, the difference

bet ween t h@n exdputosuppdded Rhereke !‘-Tﬂ'@hsﬁﬁ-‘s{%|S@¢‘§1dg|?§|0111§-afté>c¥rbéc§e?9nﬁihe
transm ssion si'gnal, thereby the distor{ion generated in the trapnsm ssion

si gnal bei A§¥aL GowRled betweed AgLd, swhech § ﬁé‘dcﬁaé‘-ﬁ‘l flepgaudatdngi ng
t he di st 1 f t 1 | d of t. t
Giroul ¢ 1 omeRfiRe Ay SeREn FRAtEHcBeRBRE § w&ég&&p%%oa%a 148 €eS°t 1ad
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arrangenent ere ore accor e presen tron, even when't

anplifier wif i nate ﬁg}f%ﬂ%dhin ed afsﬂwéeta@rzﬁmﬁe% aqld frise 't is

possible to e istortion by e sinple circuit arrangenent.

Wien the t rpedi S50 Yaild eeeond) mike¥ivEBnt H2id rARSEE Mt ictitledts
converted by the transm ssion frequency- converting circuit and the

reception fgiflamseptionisiistidie cigceit €0 $abduanshrs. obt ai ned by the
reception frequency- convertlng circuit are different fromeach other, if
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19 frequency at which the reception signal is obtained by the reception
frequency-converting circuit is switched during the transnm ssion timng
period and the reception timng period, the inherent reception processing
at the reception timng period and the trggsnission signal receiving
processing at:-the transm ssion timng perTod can be properly carried out,
respectively. Furthernore, since |-conponent signal and the Q conponent
si gnal are OFRANSMEITINGHBECEZVENGWAPPABAYUESdet ermi ned phase difference
when the transm ssion signal is frequency- converted by the transm ssion
frequency-converting circuit, i i §dq5 ogonal | y- nodul at ed
transm ssi on signal can be eliﬁﬁﬁgﬁég&gg?is agi%rl §£ﬁgﬂere is then the
smal | possibility that the phase of the transm ssion signal will be
detected erroneously on the reception side. As a consequence, the
occurrence of error imtheansetetidredcdier ean SEimEdEeth didtci®kion of a
descri bed preferred enbodi nents of the invention with reference to the
acconpanyi ngexhmsmigsion tsignalo bye ausdmpié caxcrdrigemdrite. | Mreat tpansmitder-
limted to those precise enbodi nents and that vari ous changes and
nodi fi cat i onseceiver af & cormunichsionnsystemovhskidined transaisstion tining
departing fromthe scope of the invention as defined in the appended

: and a reception timing are different from each other, comparing

circuits (6I, 6Q) compare a transmission signal, which is not
yet amplified in a transmission-system circuit, and a reception
signal in a reception-system circuit during a transmission
timing period. Differences detected by the comparing ¢ircuits
(61, 6Q) are fed back to signal-compensators (5I, 50) inserted
into the transmission-system circuit, thereby eliminating a
distortion generated in a transmission.signal of the

transmission-system circuit.

Figure 2



cl ai.ms. 20 What is clainmed is: 1. Atransmtting-receiving apparatus
conprisi‘'ng: control means; data processing neans controlled by said control
means for processing transmtted data and received data so as to be

comuni cated at different timngs; a transm ssion-systemcircuit having an
encoder for producing a transm ssion basgzgnd signal fromthe transnmtted
data supplied thereto fromsaid data proCé&Ssi ng neans; nodul ati ng neans for
producing a transmtted signal fromsaid transm ssion baseband signal; a
power anplifier for anplifying said transmtted signal; a reception-system
circuit having denodul ati ng neans for producing a reception baseband signal
froma received signal; a decoder for producing said received data from
sai d reception baseband signal; and switch neans controlled by said control
means for selectively connecting said transm ssion-systemcircuit or said
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reception-systemcircuit to an antenna. 2. A transmtting-receiving
appar.atus according to claim1 further conprising: error detecting neans
for detecting a difference between said transm ssion baseband signal and
said reception 21 baseband signal to provide an error signal; and signa
conpensati ng nmeans coupl ed between said engpger and said nodul ati ng nmeans
for adjusting the transm ssion baseband sighal in response to said error
signal supplied thereto fromsaid error detecting neans. 3. A
transmtting-receiving apparatus according to claim2, wherein said signal
conpensati ng neans adjusts an anplitude of the transm ssion baseband signal
In response to said error signal supplied theretq om sai d errorrfetecting
means. 4. A transmitting-receiving apparat ug pof,0 claiml,®wherein
sai d encoder produces |-channel and Q channgl trand¥i s®Pon basebarm signal s
which are applied to said nodul ati ng means/fconsisting of an orthﬁppnal
nodul at or and sai d decoder recegiyve nel reception
baseband signals which are appl|i ed fron1sa| [ nmeans N
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consisting of an orthogonal denmpdulator. 5. A transnmitting-receiving
appar-at us according to claim 1, wherein said nodul ating nmeans has a first
oscillator for providing a frequency of said transmtted signal, said
denodul ati ng neans has a second oscillator for providing a frequency equal
to a difference between the frequencies ofzgaid transmtted signal and said
received signal, a first mxer for m xing an output supplied thereto from
said first oscillator and 22 an out put supplied thereto fromsaid second
oscillator, a second m xer coupl ed between said itch nmeans and said
denodul ati ng neans, and second swi tch nea itching to provide the
output of said first oscillator to said sgcond er “hhen said switch neans
connects said transm ssion-systemcircuitf/to said antenna and derpmAtching
nd m xer when said
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