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§ 3 27 OUTPUT- CONTROLLED POVWER AMPLI FI ER, RADI O CﬁkWUNF' T1'ON TERM L33
AND RADI O%COVMUNI CATI ON BASE STATI ON - 1- BACKGROUND ;G T Hz A NVENTI ON 27
pr €sent? i nvention relates to an out put- controll ed power anpli i°f|er in whic
its output is held constant, and nore particularly to an output-controlled

5 power anplifier applied to a comuni cation equi pnent in which an out put
signal is provided in the formof a burst signal, a radi o comrunication
terminal in which such an output-controlled power anplifier is used and a
radi o communi cation base station in which such an output- 10 controlled

power anplifier is used. In recent years, techniques for transmtting a

| arge amount of information in a frequency band used by

OUTPUT-CONTROLLED POWER AMPLIFIER, RADIO COMMUNICATION

TERMINAL AND RADIO COMMUNICATION BASE STATION



t hegBan® radi o system have been devel oped actively with the devel opnent of
personal r.adio systens represented by 15 portabl e tel ephones or

handyphones. A radi o comuni ca- tion system based on tine division nmultiple
access (TDWMR), which is such techniques, is being put to practi- cal use as
one of digital radio systenms. In the TDVA radi o communi cation system tine
division nultiplexing is 20 nade at the sane frequency to increase the
efficiency of information transm ssion. In the TDVA radi o conmuni cation
system a base station conmunicating with one user or a term nal pos-
sessed by one user provides a burst signal output which 25 has not a tine
continuity. In order to suppress waves -2- interfering with another user
or to maintain a speech or communication quality, it is desired for each
radi o equi pnment or station to provide a constant output in one

BACKGROUND OF THE INVENTION

The present invention relates to an output-
controllied power amplifier in which its output is held
constant, and more particularly to an output-controlled

5 power amplifier applied to a communication equipment in
which an output signal is provided in the form of a burst
signal, a radio communication terminal in which such an
output-controlled power amplifier is used and a radio
communication base station in which such an output-

10 controlled power amplifier is used.

In recent years, techniques for transmitting a
large amount of information in a frequency band used by
the same radio system have been developed actively with
the development of personal radio systems represented by

15 portable telephones or handyphones. A radio communica-
tion system based on time division multiple access
(TDMA), which is such techniques, is being put to practi-
cal use as one of digital radio systems. In the TDMA
radio communication system, time division multiplexing is

20 made at the same freguency to increase the efficiency of
information transmission.

In the TDMA radio communication system, a base
station communicating with one user or a terminal pos-
sessed by one user provides a burst signal output which

25 has hot a time continuity. In order to suppress waves



bur8f,.. Ih this case, there is required a transition on a 5 time basis from
a state in which the radi o equi pnent provides no output (also called halt
period) to a state in which the radi o equi pment provides a constant output
in one burst period. If the transition between the two states is not
effected in a short tine, the efficiency ok 10 information transmission is
| owered since a tine area unavail able for conmmunication is increased.
Accordingly, in order to inprove the information transm ssion charac-
teristic of thelntgrfetimqdiioti amuithesatiser systemmaintainvarspeepremnt to
make a hi gh-speed state transition from15 the state in which no signal is
out putted to theommenicariomiateldthur dit disgdesinedi figraceohsyradioout put is
provided or the shortening of a rise tine froma state in which a power
anplifier in thedwipPRRt QBFELafion tedipFo¥ddrpReRPNBERRT dRdtRRt sty to a
state in which the Eower antP_Iifi- 20 %r rqQvi des a si gna% havi_gg a const ant
anpl i tude. The BBRSEnt i BhatPIReaSSngiteree s FeERET88 PuFT23RaHE Y} A rAdi o

equi prent usgd {h2 Sl 3t LU SEAT™n WhiBh! eSYaREQ' OG3ifndhE CLl !
provides no output (also called halt period) to a state
in which the radio equipment provides a constant output
in one burst period. If the transition between the two
states is not effected in a short time, the efficiency of
10 information transmission is lowered since a time area
unavailable for communication is increased. Accordingly,
in order to improve the information transmission charac-
teristic of the digital radio communication system, it is
. very important to make a high-speed state transition from
15 +the state in which no signal is outputted to the state in
which a burst signal having a constant output is provided
or the shortening of a rise time from a state in which a
power amplifier in the output stage of a radio equipment
provides no signal to a state in which the power amplifi-
20 er provides a signal having a constant amplitude.

The conventional power amplifier in the output
stage of a radio equipment used in a digital radio commu-
nication system has a circuit construction in which the
power amplifier includes a variable attenuator in its

25 front stage and a power divider in its rear stage and one
output branching or diverging from the power divider is
compared with a reference voltage so that the amount of

attenuation by the variable attenuation is increased or



power anplifier includes a variable attenuator in its 25 front stage and a
power divider in its rear stage and one output branching or diverging from
the power divider is conpared with a reference voltage so that the anount
of attenuation by the variable attenuation is increased or - 3- decreased
in accordance with the result of conparisom _This construction of the
conventional power anplifier can be regarded as being a single closed-I| oop
circuit which has branch points including an input and 5 output term nals
of the vari abl edettemsed oin s@camiarde siighalchenpestul spoftedmparisenyari abl e
attenautor, and one input and two outputs of the power divider. See for
exanpl e JP- A- 3-154430. ThThis| cemsitiwwipian rafuitthe conyensponmlzpdwedr t he
wavef orm of a signal transferred in the 10 | oop. Accordingly, there is a
first probl em tf8Eplifiencande frgarded asdbadrdl 8ofinglesehpFedhkepp i t

does not ) , ] . )
circuit which has branch points including an input and

5 output terminals of the variable attenuator, a control
signal input inputted to the variable attenautor, and one
input and two outputs of the power divider. See for.
example JP-A-3-154430. This closed-loop circuit is not
optimized for the waveform of a signal transferred in the

10 1loop. Accordingly, there is a first problem that in the
case where a feedback loop is established, it does not
necessarily follow that a pull-in time of the loop be-
comes the shortest on the order of 5 to 10 us.

In general, an electrical signal outputted

15 +through the power amplifier having the above construction
has been subjected to modulation and hence the amplitude
of the signal has a local change. Therefore, even if the
amplitude value of a signal transferred in the feedback
loop is converged once, the action of suppressing the

20 change in amplitude of a signal transferred in the closed
loop due to the modulation may be continued successively.
Namely, a feedback action of suppressing this change in
signal amplitude caused by the modulation is newly gener-
ated in the loop to cause a new change in amplitude.

25 This provides a second problem that the new varying
component caused from the newly generated feedback action
is superimposed on the output waveform of the power

amplifier as noises for a modulated signal, thereby



necessarily follow that a pull-in tine of the | oop be- conmes the shortest
on the order of 5 to 10 [err]s. In general, an electrical signal outputted
15 through the power anplifier having the above construction has been
subj ected to nodul ati on and hence the anplitude of the signal has a |ocal
change. Therefore, even if the anplitude vglue of a signal transferred in
the feedback | oop is converged once, the action of suppressing the 20
change in anplitude of a signal transferred in the closed | oop due to the
modul ation nmay detepidratingy Stine efisd My ofNanelignaa beegbatéd aftomntiod
suppressing this change in signal anplitude caused by the nodul ation is
new y gener- ateadio e¢dpeiprompti o cause a new change in anplitude. 25 This
provi des a second problemthat the new varying conponent caused fromthe
newl y generated feedback Bertheri sinughe iggmentionalhaaddpGPmREREEdrm of

the power amplifier as noises for a nodul ated signal, thereby, .
tion terminal and the conventional radio communication

5 base station, its performance is restricted by the oper-
ating speed of the power amplifier and noises in the
loop. Namely, there is a third problem that the power
amplifier treads on the bottleneck of the performance of

the radio communication terminal or base station.

10 SUMMARY OF THE INVENTION

"An object of the present invention is to
provide an output-controlled power amplifier in which the
transition from a non-signal state to a signal state
having a constant burst output value can be made at a

15 high speed in a system such as a radio communication
system which handles burst signals.

Another object of the present invention is to
provide an output-controlled power amplifier with single
closed-loop circuit in which noises caused from a change

20 in amplitude can be suppressed in such a manner that
after the ampiitude value of a signal transferred in a
closed loop has been converged, the modulated amplitude
of a signal in the loop is held which successively con-
tinues.

25 A further object of the present invention is
to provide a radio communication terminal in which a

higher-speed transmission of information and an improved



-4-5dete?iorating the quality of a signal outputted fromthe radio
equi pnent. Further, in the conventional radio comrunica- tion term nal and
t he conventional radio communication 5 base station, its perfornmance is
restricted by the oper- ating speed of the power anplifier and noises in
the |l oop. Nanely, there is a third probl emghat the power anplifier treads
on the bottl eneck of the performance of the radi o communi cation term nal or
base station. 10 SUMVARY OF THE | NVENTI ON An obj ect of the present
i nvention is tospgmaldeo-amoiad pretico rreorlead ipedebyanpingi thei outgpmath t he
transition froma non-signal state to a signal state having a constant
burst output vatomtrahléed pewkr anplifiey gif $heeprementsymventioerh as a
radi o conmuni cation system whi ch handl es burst signals. Another object of
the present invention is BoShhbli BT RPIRTC Gt tHF BISFEREr TBHBPI{i er
Wi single cl ogpdyl pOPLST fdiiad b WHHD BOhE5152Y28Y HLO 2eSPENTCun
5 which a higher-speed transmission of information and an
improved signal-to-noise ratio are realized by using the
output-controlled power amplifier of the present inven-

tion.

In an ocutput-contrclled power amplifier ac-

10 f@@ ging to one aspect of the present invention made for
afféining the above object, a signal distributed to a
feedback path diverging from a main path is extracted and
a signal generated by holding the value of the power (or
amplitude) of the extracted signal when the power (or

15 amplitude) reaches a predetermined value is outputted to
the feedback path as a control signal which makes a power
control or attenuates the power of an input signal
inputted to the main path.

An output-controlled power amplifier according

20 ‘to another aspect of the present invention comprises a
hold circuit for extracting a signal distributed to a
feedback path diverging from a main path, holding the
value of the power of the extracted signal when the power
reaches a predetermined value, and outputting to the

25 feedback path a control signal which attenuates the power
of an input signal inputted to fhe main path, and a burst
monitor circuit connected to the hold circuit for making

a reset and hold control of the hold circuit on the basis



20 fn an%litude can be suppressed in such a manner that after the anplitude
val ue of a signal transferred in a closed | oop has been converged, the
nodul at ed anplitude of a signal in the loop is held which successively con-

tinues. 25 A further object of the present inventionis to
provide a radio comunication termnal in ghich a higher-speed transm ssion
of information and an i nproved -5- signal-to-noise ratio are realized by

using the output- controlled power anplifier of the present invention. A
still further obfestbwfst heimpires eniignalvdnputtited f£somotpe ook tler tor adihe
conmmuni cation base station in 5 which a higher-speed transm ssion of
i nf or mat i on andp@wer npf ovlezl isippialsitgnaloitee that meiar pathkabéeinrg ¢yn-usi ng t he
out put-control |l ed power anplifier of the present inven- tion.
trolled to a desired value or attenuated on the basis of
the control signal cutputted from the hold circuit to the
5 feedback path.
An output-controlled power amplifier according
to a further aspect of the present invention comprises a
variable attenuator inputted with an input signal for
attenuating the power of the input signal to output the
10 attenuated signal, a bower amplifier connected to the
variable attenuator for amplifying an output signal of
the variable attenuator to output the amplified signal, a
power divider connected to the power amplifier for divid-
ing an output signal of the power amplifier into a plu-
15 rality of outputs to provide the plurality of outputs, an
envelope detector connected to the power divider for
envelope-detecting an output signal provided by the power
divider to output the envelope-detected signal, a temper-
ature compensation circuit connected to the envelope
20 detector for holding the conversion gain of the envelope
detector for tempefature change constant, a filter con-
nected to the temperature compensation circuit for
waveform-shaping an output signal of the temperafure
compensation circuit to output the waveform-shaped sig-
25 nal, a reference voltage generation circuit connected to
the temperature compensation circuit for generating a

reference voltage and applying the reference voltage to

the temperature compensation circuit, a hold circuit



In an out put-controlled power anplifier ac- 10 cording to one aspect of
the present invention nmade for attaining the above object, a signal
distributed to a feedback path diverging froma main path is extracted and
a signal generated by holding the value of the power (or anplitude) of the
extracted signal when the power (or 15 anpl4 tude) reaches a predeterm ned
value is outputted to the feedback path as a control signal which makes a
power control or attenuates the power of an input signal inputted to the
mai n path. An ocbdpnéctedttol tinsl fiWwssr @Y idkdtencadiagr drnjoP@ihg amot her
aspect of the present invention conprises a hold circuit for extracting a
si gnal distributetptb sidgeelbat kthgatfildierer gindg af borsd manatpat dirdei i ng
the val ue of the power of the extracted signal when the power reaches a
predet er m ned veporected toitthe thold o novd t2 forecapizRlping theoneid|
signal which attenuates the power of an input signal inputted to the main
path, and a burSiraBhFter the RATit GHhecaFsito tiRdngopioret cinPUEERd naki ng

a reset and EOlgrggn%ﬂgleéieéig}Ju%ﬁL(Héfgﬂéir%%i%hgeggaléonnected to

the variable attenuator so that the variable attenuator
attenuates the power of the input signal on the basis of
an output signal of the hold circuit.

| In one embodiment of the output-controlled

10 power amplifier according to the present invention, a
burst signal is inputted as the input signal and the hold
circuit brings its output to a voltage level in a halt
period after the burst signal is outputted to the exteri-
or.

15 In another embodiment of the output-controlled
power amplifier according to the present invention, the
hold circuit makes the extraction of the‘output of the
amplifier on the basis of a predetermined time.

In a further embodiment of the output-

20 controlled power amplifier according to the present
invention, a closed-loop transfer function of the ocutput-
controlled power amplifier is a Gaussian characteristic
function approximately.

In a still further embodiment of the output-

25 controlled power amplifier according to the present
invention, the pole of a closed-loop transfer function of
the output-controlled power amplifier has a Gaussian

chafacteristic approximately.



-6-“of a burst timng signal inputted fromthe exterior, the power of the
I nput signal to the main path being con- trolled to a desired val ue or
attenuated on the basis of the control signal outputted fromthe hold
circuit to the 5 feedback path. An output-controlled power anplifier
according to a further aspect of the present _invention conprises a variable
attenuator inputted with an input signal for attenuating the power of the
i nput signal to output the 10 attenuated signal, a power anplifier
connected to the vari abl eaatdedimg oto farstaridl ifuptthgraaspatpubfsthaal of the
vari able attenuator to output the anplified signal, a power divider
connected to therpeewt DnyEntiamy, fdrerd Jisdprongded surpdioscommiinigat he
power anplifier into a plu- 15 rality of outggts to provide the plurality
of outputs, an thoe| tepenirakothvictedmededes thet RutputieroRtyebed ippwer

amplifier of the present invention.

5 According to a furthermore aspect of the

present invention, there is provided a radio communica-

tion base station which includes the output-controlled

power amplifier of the present invention.

In operation, the output power of the output-

10 controlled power amplifier of the present invention is
converged within a fixed time to a constant value deter-
mined by the reference voltage generation circuit. After
the output of the output-controlled power amplifier has

. been converged to the predetermined constant value, the

15 output of the hold circuit is forcibly held at a constant
value and hence the attenuation of the variable
attenuator is also held constant. Namely, the closed
loop is equivalently disconnected. Therefore, even if a
signal transferred in the power amplifier through the

20 variable attenuator involves a change in amplitude caused
from modulation, no feedback action of suppressing this
change is generated. Accordingly, there is solved the
problem in the prior art that a new varying component
caused from the feedback action for suppression of the

25 change caused by the modulation is superimposed. As a
result, the signal-to-noise ratio of the output-con

trolled power amplifier is improved.

With the construction of the output-controlled



envel ope-det ecti ng an output signal provided by the power divider to output
t he envel ope-detected signal, a tenper- ature conpensation circuit
connected to the envel ope 20 detector for hol ding the conversion gain of

t he envel ope detector for tenperature change constant, a filter con- nected
to the tenperature conpensation circuit forg waveform shapi ng an out put
signal of the tenperature conpensation circuit to output the
wavef orm shaped sig- 25 nal, a reference voltage generation circuit
connected to thsowenpampl 1if B o etira presenitr dnventbongehbe atomgergence

ref erence voltage and applying the reference voltage to the tenperature
conpensation ciefuthe ampbituds rafiia signal- weyenbyt adfeedbaek f¢an dpef or
extracting or holding an output signal_of the filter, and a_burst nonitor
circuit connectE@dlbzedcah @ dhigh ERaed &y FgHirgl pi GTERET HAPILER 2RIt on

the basis of a burst timn i gnal _inputte
that the wa&gégé% of a.%ignéq transferred in the closed

5 loop at the time of establishment of the feedback loop
assumes a Gaussian waveform or a normal distribution
waveform. The realization of the Gaussian waveform or
the normal distribution waveform for the signal waveform
transferred in the closed loop can be made by providing

10 the closed-loop gain or closed-loop transfer function of
the feedback loop with a Gauésian function or a normal
distribution function. In general, the Gaussian function
is realized by a linear coupling of transfer functions
having infinite real numbers. Therefore, it is very

15 difficult to accurately realize a circuit the closed-loop
transfer function of which takes the Gaussian function.
However, the normal distribution function exhibits a very
rapid attenuation with the increase of the absolute value
of an independent variable of the function. Therefore,

20 the approximation can be attained with a very high preci-
sion by the lower-order Taylor expansion of the normal
distribution function concerning the independent vari-
able.

Accordingly, the high-speed convergence of the

25 amplitude of a signal wave by the feedback can be real-
ized in such a manner that the closed-loop transfer
function of the output-controlled power amplifier at the

time of establishment of a feedback loop is provided with



5 ffomthe exterior, the hold circuit being connected to the variable
attenuator so that the variable attenuator attenuates the power of the

i nput signal on the basis of an output signal of the hold circuit. In one
enbodi mrent of the output-controlled 10 power anplifier according to the
present invention, a burst signal is inputtgd_as the input signal and the
hold circuit brings its output to a voltage level in a halt period after
the burst signal is outputted to the exteri- or. 15 I n anot her
enbodi ment of t&A apppokinabér Hdhhetigrowef WRpindrimal ddieerdbagibn fhrc-
present invention, the hold circuit nmakes the extraction of the output of
the anplifier otibhe basis of a predetermned tine. In a further enbodi nent
of the output- 20 controlled power anplifier according to the present

i nvention, a closed-loop Thenbigh-¢peediapibity f ampdditudeosopryelred power
anplifier is a Gaussian characteristic function ap%roxinatel . In a stil
furt her enbodinﬂﬁ?cﬁflﬁh@abﬁF?*ﬁ@d if the pole of the closed-loop trans-

5. fer function is the same as that of the Gaussian function
or the normal distribution function. Therefore, the
high-speed convergence of the amplitude of a signal wave
by the feedback can also be realized by providing the
pole of the closed-loop transfer function with the pole

10 of an approximate function of the normal distribution
function obtained by making the second-order or third-
order Taylor expansion of the normal distribution func-
tion.

The other objects, features and advantages of

15 the invention will become apparent when reading the
following embodiments taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing the con-

20 struction of an embodiment of an output-controlled power
amplifier according to the present invention;

Fig. 2 is a block diagram showing the con-
struction of another embodiment of the output-controlled
power amplifier according to the present invention;

25 Fig. 3 is a block diagram showing the con-
struction of a further embodiment of the output-con-

trolled@ power amplifier according to the present



a 3 . . . .

25 controll ed power anplifier according to the present invention, the pole
of a closed-l1oop transfer function of the output-controlled power anplifier
has a Gaussi an characteristic approxi nmately. - 8- According to a stil
further aspect of the present invention, there is provided a radio
communi ca- tion termnal which includes {hg,output-controlled power
anplifier of the present invention. 5 According to a furthernore
aspect of the present invention, there is provided a radi o comruni ca- tion
base station whisWemtidmdes the output-controlled power anplifier of the
present invention. In operation, the output power of the output- 10
control |l ed power anplifieFigs.t4k o elerare diagrians isbowangekchedtiningn a
fixed time to a constant value deter- mned by the reference voltage
generation circ@fttrapgmission of transmit bits of a burst signal in a

TDMA radio communication system to which the output-

5 controlled power amplifier of the embodiment shown in

Fig. 1, 2 or 3 is applied;

Fig. 5 is a block diagram showing the con-
struction of a still further embodiment of the
output-controlled power amplifier according to the pres-

10 ent invention;

Figs. 6A to 6F are timing diagrams explaining
the operations of a burst monitor circuit and the hold
circuit in the output-controlled power amplifier of the
embodiment shown in Fig. 5;

i5 Fig. 7 is a block diagram showing the con-
struction of a furthermore embodiment of the output-
controlled power amplifier according to the present
invention;

Fig. 8 is a block diagram showing the con-

20 struction of a still furthermore embodiment of the
output-controlled power amplifier according to the pres-
ent invention;

Fig. 9 is a block diagram showing the con-
struction of an embodiment of a TDMA radico communication

25 system in which the output-controlled power amplifier of
the present invention is used; and

Fig. 10 is a block diagram showing the con-

struction of another embodiment of a TDMA radio



the”outpat of the output-controlled power anplifier has been converged to

t he predeterm ned constant value, the 15 output of the hold circuit is
forcibly held at a constant val ue and hence the attenuation of the variable
attenuator is also held constant. Nanely, the closed |oop is equivalently
di sconnected. Therefore, even if a signal {sapnsferred in the power
anplifier through the 20 variable attenuator involves a change in anplitude
caused from nodul ati on, no feedback action of suppressing this change is
gener at ed. Accocdnmghicatien esystenlirevitiloh mhebbatrput-chntpol bed apowehat a
new varyi ng conponent caused fromthe feedback action for suppression of
the 25 change camptifigride vhelpredent iinventdonnpssugedAs a result, the
signal -to-noise ratio of the output-con trolled power anplifier is

i mproved. Wth the construction of the output-controlled - 9-

DESCRIPTION OF THE PREFERRED EMBODIMENTS
One embodiment of the present invention will
5 be explained using Figs. 1 to 3 and Figs. 4A to 4C. Fig.
1 is a block diagram showing the construction of an
embodiment of an output-controlled power amplifier ac-
cording to the present invention. A variable attenuator
1, a power amplifier 2 and a power divider 3 are provided
10 on a main path. The variable attenuator 1 attenuates an
input signal to a desired power in accordance with a
control signal. The power amplifier 2 performs power
amplification. The power divider 3 receives a power
inputted from one input end thereof and divides or dis-
15 +tributes it between the main path and a feedback path
diverging from the main path so that the divisional
powers are outputted to two output ends. An envelope
detector 4 on the feedback path extracts the amplitude
components of a signal inputted thereto. A diode 7 has
20 the same DC voltage drift versus temperature characteris-
tic as the envelope detector 4. A reference voltage
generation circuit 5 includes a DC voltage source con-
nected to the diode 7 and generates a reference voltage
for differential detection made by a temperature compen-
25 sesation circuit 6. Usually, the compensation for tempera-
ture is made to suppress a level error within, for exam-

ple, #5 db in a temperature range between -20°C and 75°C.



power anﬁlifier of the present invention, the convergence of the anplitude
of a signal wave by a feedback can be realized at a high speed by nmaking a
circuit design so that the waveformof a signal transferred in the closed 5
| oop at the tine of establishment of the feedback | oop assunes a Gaussi an
waveformor a normal distribution waveformgsThe realization of the Gaussian
waveform or the normal distribution waveformfor the signal waveform
transferred in the.closed | oop can be made by providing 10 the cl osed-I| oop
gai n or cl osed-Theptémpeséturd wmipansafidimeifreaditaékmbkep whéehdafawssi an
function or a normal distribution function. In general, the Gaussian
function is reaehzddlpfetettivrmrotdins iinpuds signadsetof ganeedbnth@alfng

infinite real nunbers. Therefore, it is very 15 difficult to accurately
realize a circuVPltpge cfpiEl- YRS rpmmesia furkc CrenasteRhfERCt @kekhe he

Gaussi an functi on. wever, the nornmal distriRQution function exhibits a
very rapid atteﬁﬂg?igﬂewﬁéfﬁ??ﬁfilt;giﬁﬁ?9¥=hpﬁglggsﬁpﬁtgusaPEe? ft%%
Lgdgffgfﬁgg Q[h& £§5$§o$$%ﬁi$§§§§é¥ar'QM%fﬁk%%%’c%gs%Qﬁta98£°%hQB%éPfa9a“

tions in temperature. Each of first and second filters 8
and 11 makes signal band limitation. A burst monitor
circuit 9 generates a signal for control of a hold cir-
cuit 10 from a burst timing signal. The burst timing

10 signal is a signal for making the coincidence of a
generated input burst signal as shown in Fig. 4B and the
timing of operation of the output-controlled power ampli-
fier. This burst timing signal is generated in synchro-
nism with the input burst signal. The hold circuit 10

15 makes the extraction or hold of a feedback signal or the-
reset of_the feedback path in accordance with a control
signal from the burst monitor circuit 9.

In the above construction, the main path

includes the cascade connection of the variable

20 attenuator 1, the power amplifier 2 and the power divider
3. To the main path are connected the envelope detector
4 and the temperature compensation circuit 6 which are in
turn connected to the feedback path which is another
output of the power amplifier 3. The temperature compen-

25 sation circuit 6 has a first input connected to an ocutput
of the envelope detector 4 which may include a diode. A
second input of the temperature compensation circuit 6 is

connected to an output of the reference voltage genera-



si o by f he | ower - or der Tayl or expansion of the normal distribution
function concerning the independent vari- able. Accordingly, the high-speed
convergence of the 25 anplitude of a signal wave by the feedback can be

real - ized in such a manner that the closed-loop transfer function of the
output-controlled power anplifier at the_tjje_of establishment of a
feedback |l oop is provided with - 10 - an approximate function of the

normal distribution func- tion. The high-speed ability of anplitude conver-
gence i s nmaint athed cirddhet I ofhiidhe theosdddeoBphavang- the f samé UPCti on i s
the sane as that of the Gaussian function or the normal distribution
function. Ther evoltage hirifighvepmesl teowpesadereecbirahtenhptic gie e a

signal wave by the feedback can also be realized by providing the
envelope detector 4 is connected. BAn output of the

temperature compensation circuit 6 is connected through

5 the first filter 8 to an input of the hold circuit 10
controlled by a control signal which is the output of the
burst monitor circuit 9. An output of the hold circuit
10 is inputted to the second filter 11. An output of the
second filter 11 to the feedback path provides a feedback

10 path signal or a control signal to the variable
attenuator 1, thereby establishing a closed lcop or the
feedback path.

Fig. 2 is a block diagram showing the con-
. struction of another embodiment of an output-controlled

15 power amplifier according to the present invention. In
the present embodiment, the second filter 11 shown in
Fig. 1 is omitted while a control signal of the wvariable
attenuator 1 is generated by the hold circuit 10.

Fig. 3 is a block diagram showing the con-

20 struction of a further embodiment of an output-controlled
power amplifier according to the present invention. In
the present embodiment, the first filter 8 shown in Fig.
1l is omitted while an output of the temperature compensa-
tion circuit 6 is inputted to the hold circuit 10.

25 Figs. 4A to 4C are diagrams for explaining a
signal inputted to the output-controlled power amplifier
of the present invention. Fig. 4A shows an example of an

input burst transmit signal train in the TDMA communica-



pol e of the cl osed-1oop transfer function with the pole 10 of an

approxi mate function of the normal distribution function obtained by making
t he second-order or third- order Tayl or expansion of the nornal

di stribution func- tion. The other objects, features and advantages of 15
the invention will becorme apparent when reaging the follow ng enbodi nents
taken in conjunction with the acconpanying draw ngs. BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. 1 is a block diagram showi ng the con- 20 struction of an
enbodi nent of amiont puFigondB oshewk pmwerirpygl buret &eeosdingsignaheiprasent
invention; Fig. 2 is a block diagramshow ng the con- struction of another
enbodi ment of tfermueplargedton| thel powerexdspl | Fiigr 4€cshdwagthe tyipes
present invention; 25 Fig. 3 is a block diagram show ng the con-
struction of a Pfir thepseibobnferrabion Ha dlep dnpydnburss| LEENEBRET

anplifier according to the present
sighal.

5 An embodiment of the operation of the output-
controlled power amplifier according to the present
invention will be explained using Figs. 4A to 4C. By way
of example, the explanation will be made in conjunction
with the case where a burst transmit signal train as

10 shown in Fig. 4A is inputted. In a halt period in Fig.
4A or when a burst signal ié not transmitted, the burst
monitor circuit 9 turns the hold circuit 10 to a holding
state in which the output of the hold circuit 10 is held
as set to a predetermined constant value. At this time,

15 +the amount of attenuation by the variable attenuator 1 is
held at a constant value.

Timing with the start of transmission of the
burst signal or on the basis of a burst timing signal
which may be an input itself or may be generated by a

20 controller or the like (not shown) capable of monitoring
the input, the burst monitor circuit 9 sends a control
signal to the hold circuit 10 so that the hold circuit 10
is turned into a signal extracting state. From this
point of time, a closed loop including the main path and

25 +the feedback path is established. At the times of rising
and falling of the burst signal, the burst signal trans-
mits ramp bits irrelevant to the transmission of informa-

tion, as shown in Fig. 4C. The operation of the feedback



- 11 - invention; Figs. 4A to 4C are diagrans showi ng the timng of
transm ssion of transmt bits of a burst signal in a TDVA radio

comuni cation systemto which the output- 5 controlled power anplifier of
t he enbodi nent shown in Fig. 1, 2 or 3 is applied; Fig. 5 is a block

di agram showi ng the con- struction of a sty

| _further enbodi nent of the

out put-controll ed power anplifier according to the pres- 10 ent invention;
Figs. 6A to 6F are tim ng diagrans explaining the operations of a burst
nmonitor circuitleof ivepdoformed aliding) d perdedpolf- caner ehéndtpevesamp
anplifier of the enbodi nent shown in Fig. 5; 15 Fig. 7is a
bl ock di agram shbténgtt tiee coime 3§ ucitdiowy off £hkubuhetneignahbade neranst
out put- controlled power anplifier according to the present

10

15

20

25

mitted. In the output-controlled power amplifier of the
present invention, the output voltage of the envelope
detector 4 is controlled so that it becomes equal to a
voltage determined by the reference voltage generation
circuit 5. Therefore, an output power of the output-
controlled power amplifier is converged to a predeter-
mined constant value during the ramp bit transmit pericd.

The inputted burst transmit signal is attenu-
ated by the variable attenuator 1, amplified by the power
amplifier 2, fed back by the power divider 3, envelope-
detected by the envelope detector 4 and thereafter sub-
jected to temperature compensation by the temperature
compensation circuit 6. The temperature compensation is
made through the comparison with an output of the refer-
ence voltage generation circuit 5 which is connected to
the second diode 7 having the temperature characteristic
as the first diode or envelope detector 4. An output of
the temperature compensation circuit 6 is subjected to
waveform shaping by the first filter 8 and the second
filter 11 through the hold circuit 10 which serves a
buffer at the time of establishment of the closed lcop.
The signal thus transferred in the feedback loop has a
Gaussian waveform approximately.

At the timing of transmission of a communica-
tion bit train in the burst signal which is used for the

transmission of communication or when the transmission of

t he



invéntioﬁ; Fig. 8 is a block diagram showi ng the con- 20 struction of a
still furthernore enbodi nent of the output-controlled power anplifier
according to the pres- ent invention; Fig. 9 is a block diagram show ng the
con- struction of an enbodi nent of a TDVA radi o conmmuni cati on 25 systemin
whi ch the output-controlled power anplifiefyof the present invention is
used; and Fig. 10 is a block diagram show ng the con- struction of another
enbodi ment of a TDMVA radio - 12 - comuni cation systemin which the
out put - cont r ol | esinp dwkets abgp| cdnipdretsd ,t Hhepbagelt monibor i ohr¢gitisedsends
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS One enbodi nent of the present
invention will 8 gentxpl Siaplusinghe deoldlcizcisindOrsgsthan the 41q g,
circuit 10 is turned into a holding state. At this time,
the output power of the output-controlled power amplifier
5 has been converged to the predetermined constant value.
Accordingly, the hold circuit 10 holds this converged
value as the output of the hold circuit. Therefore, the
amount of attenuation by the variable attenuator 1 ap-
plied with the output of the hold circuit 10 as a control

10 signal is also held at a constant value. Namely, the
output power of the output-controlled power amplifier is
held at a constant value. The state of an output level
reaching this constant value corresponds to a rising
waveform shown in Fig. 4B.

15 When the radio communication equipment com-
pletes the transmission of the burst signal, the burst
monitor circuit 9 resets the output of the hold circuit
10 to a predetermined initial value or turns the hold
circuit 10 into a reset-hold state. Thereby, the radio

20 communication equipment returns to a state in which no
burst signal is transmitted.

In the present embodiment, when the hold
circuit 10 is in the signal extracting state, the
waveform of a signal transferred in the closed loop is

25 approximately held in a Gaussian waveform since the
element values of the first and second filters 8 and 11

are determined such that a closed-loop transfer function

of the closed loop assumes a function obtained by the



1 i$ a block diagram show ng the construction of an enbodi ment of an

out put-controll ed power anplifier ac- cording to the present invention. A
vari able attenuator 1, a power anplifier 2 and a power divider 3 are
provided 10 on a nmain path. The variable attenuator 1 attenuates an i nput
signal to a desired power in accordance wijg a control signal. The power
anplifier 2 perforns power anplification. The power divider 3 receives a
power inputted fromone input end thereof and divides or dis- 15 tributes
it between the Taybopaékpamsien fefdb@Bdugsdian dunetdongupr oo the tlind pat h
so that the divisional powers are outputted to two output ends. An envel ope
detector 4 on tbedérethacdopatdr exthighes irdeanthanutibatonpohtntkisf a
signal inputted thereto. A diode 7 has 20 the sanme DC voltage drift versus
t enperat ure chati®eerthe @l%m%ﬁit?ﬁi%ﬁﬂuﬂfbﬁéedéﬂﬁéFoPn@ sacepd efbheers

vol t age generatlon circuit 5 includes a DC voltage source_con- nected to

the di ode 7 and8g@Rdrit deay befdgtaradngd S¥gl thptatheePehei af Jetection
ggggeﬁgaglgﬁgpe f%% éf%agegransfSE“%J%EQ%OEF%kttge Uigggdyloégeassumes
the pole of a function obtained by the Taylor expansion
of a Gaussian function up to the third order thereof (or
a higher order than that). In the output-controlled
power ;mplifier in the embodiment of Fig. 2 or 3 which
10 includes only the first filter 8 or the second filter 11,
the element value of the first or second filter 8 or 11
may be determined such that a closed-loop transfer func-
tion of the closed loop assumes a function obtained by
the Taylor expansion of a Gaussian function up to the
15 third order thereof (or a higher order than that). With
the above operation of the output-controlled power ampli-
fier of the present invention, an input signal such as
that shown in Fig. 4B can be amplified to a predetermined
constant transmit output power and this signal waveform
20 (for example, in the case of an input signal as shown in
Fig. 4B) is outputted with a predetermined amplitude
value.
According to the present embodiment, after the
output of the output-controlled power amplifier has been
25 converged to a predetermined constant value, the output
of the hold circuit 10 is forcibly held at a constant
value and the attenuation of the variable attenuator 1

is also held constant. Therefore, even if a signal



turé is made to suppress a level error within, for exam ple, +5 db in a
tenperature range between -20[err]C and 75[err]C. - 13 - The tenperature
conpensation circuit 6 nakes the differ- ential detection of two input
signals to cancel the DC voltage drift versus tenperature characteristic of
t he envel ope detector 4, thereby holding_tb? output of the 5
out put-controll ed power anplifier constant for the varia- tions in
tenperature. Each of first and second filters 8 and 11 makes signal band
limtation. A btrahsfienrédrimi tloaligowkryamldtfdera 2sithralighotheonaérbabbé a
hold cir- cuit 10 froma burst timng signal. The burst timng 10 signal is
a signal for namAttgnuatorol ntidekies & chagpgeciat edpilhpudeboassedi frah as
shown in Fig. 4B and the timng of operation of the output-controlled power
anpli- fier. Thmedplation; megfesdpngk iactjoneodt syPPResghbar shigi changeh
the input burst signal. The hold circuit 10 . L
is generated. Accordingly, there is no possibility that
5 a new varying component other than the change caused from
the modulation is superimposed on the carrier. As a
result, the signal-to-noise ratio of the output-con-
trolled power amplifier is improved.
Also, with the construction of the output-
10 controlled power amplifier of the present invention,
since a signal waveform transferred in the closed loop is
approximately held in a Gaussian waveform, the realiza-
tion of high-speed convergence of the amplitude of a
signal wave by a feedback is also attained by the present
15 embodiment.

Fig. 5 is a block diagram showing the con-
struction of a still further embodiment of the output-
controlled power amplifier according to the present
invention. Figs. 6A to 6F are waveform diagrams for

20 explaining the operation of the embodiment shown in Fig.
5.

A hold circuit 10 includes a hold switch 15
and a hold capacitor 16. A feedback loop reset circuit
10A includes a reset switch 14.  One end of the switch 15

25 and one end of the switch 14 are connected to an output
of the filter 8. The other end of the switch 14 is

grounded. The other end of the switch 15 is connected to

one énd of the hold capacitor 16 to provide an output of



15 rmakes the extraction or hold of a feedback signal or the reset of the

f eedback path in accordance with a control signal fromthe burst nonitor
circuit 9. In the above construction, the main path includes the cascade
connection of the variable 20 attenuator 1, the power anplifier 2 and the
power divider 3. To the main path are conngﬁted t he envel ope detector 4 and
the tenperature conpensation circuit 6 which are in turn connected to the

f eedback path which is another output of the power anplifier 3. The

t enper at ure conpha- h@bdsaeircuwitiI€uUi iTHe lether endsbfi mhet hobdneapaditor an
out put of the envel ope detector 4 which may include a diode. A second input
of the tenperat Ubeisogpensded on e awitdhess ldoandcflédare aantuepledabyt he
ref erence vol tage gener a- - 14 - tion circuit 5 to which the diode 7
havi ng t he sameaBCoysPuhgaignal tof, cthedursipaonier erxcuitePistic as the

Fig. 6A shows a timing relation between a
5 burst timing signal and an input burst signal with time
gaps (lags) t,, T, and t; by way of example. Fig. 6B
shows a hold control signal which is the output of the
burst monitor circuit 9. Fig. 6C shows a switch timing
which is the output of the burst monitor circuit 9. Fig.
10 6D shows an output voltage of the hold circuit 10 when
the capacitance of the capacitor 16 is its optimum value.
Fig. 6E shows an output voltage of the hold circuit 10
when the capacitance of the capacitor 16 is greater than
. the optimum value. Fig. 6F shows an output voltage of
15 +the hold circuit 10 when the capacitance of the capacitor
16 is smaller than the optimum value.

When the burst timing signal shown in Fig. 6A
is turned on, an output signal is transmitted. When the
burst timing signal is turned off, the transmission of

20 the output signal is stopped. The switch 15 takes a
turned-on condition when the hold control signal shown in
Fig. 6B is turned on and the same switch 15 takes a
turned-off condition when the hold control signal is
turned off. The switch 14 takes a turned-off condition

25 when the burst timing signal is turned on and the hold
control signal is turned on (see Fig. 6C).

The output voltage of the hold circuit 10 in

its hold state is determined by the capacitance of the



envel ope* detector 4 is connected. An output of the tenperature conpensation

circuit 6 is connected through 5 the first filter 8 to an input of the hold

circuit 10 controlled by a control signal which is the output of the burst
nonitor circuit 9. An output of the hold circuit 10 is inputted to the
second filter 11. An output of the second filter 11 to the feedback path
provi des a feedback 10 path signal or a control signal to the variable
attenuator 1, thereby establishing a closed |oop or the feedback path. Fig.

2 is a block di egpacisbpwi6g the o -cadg wticdren thk sapubetansbodfnené of an

out put-controlled 15 power anplifier according to the present invention. In

t he present enbodpaentorthe iecymaller tidranl thehowtimomFivrglug, i themitted

while a control signal of the variable attenuator 1 is generated by the

hol d circuit 10cappgiteriischarged ditadihenesirdiergstreeceh- a20a8prBEti on of

a further enbodi ment of an output-controlled power anplifier according to

the present invERENSRLISFHOR WELRR ek fiidnifSdibvénitherreipi g8ReFRte@r88 shown

'n Fig 5 phenomenon that the output voltage of the hold circuit 10
drops during a burst signal transmission time (see Fig.
6F). This phenomenon is called sag and brings about a
change in output power. On the other hand, in the case
where the capacitance of the capacitor 16 is greater than

10 the optimum value, the convergence time of the feedback
loop is elongated so that thé convergence is not obtained
within the ramp bit transmission time (see Fig. 6E).
Accordingly, in order to obtain the output voltage char-
acteristic of the hold circuit as shown in Fig. 6D, it is

15 required that the capacitance of the capacitor 16 should
be determined in accordance with a transfer function of
the feedback loop, the ramp bit transmission time and the
burst transmit signal transmission time so that it has
the optimum wvalue.

20 Fig. 7 is a block diagram showing the con-
struction of a furthermore embodiment of the output-
controlled power amplifier according toc the present
invention.

The connection circuit of the temperature

25 compensation circuit 6 and the filter 8 is composed of an

operational amplifier 20, resistors 21, 22, 23 and 24, a

capacitor 19, and a loop reset switch 25. An output of

the envelope detector 4 is connected to a negative input



1is omtted while an output of the tenperature conpensa- tion circuit 6 is
I nputted to the hold circuit 10. 25 Figs. 4A to 4C are di agrans
for explaining a signal inputted to the output-controlled power anplifier
of the present invention. Fig. 4A shows an exanple of an input burst
transmt signal train in the TDVMA comunicg, _ - 15 - tion. Fig. 4B shows
one input burst transmt signal in a formenlarged on the tinme axis. Fig.
4C shows the types of transmt information in the input burst transmt

signal. 5 of theAbperbhedonaDt ambl ifike0 @Y alir@ughf theeregiptbr 21.
controll ed power anplifier according to the present invention wll be

expl ai ned usi ngAFpgsitiget dbng@t &F vy aferadanplad, akipdi¢iphralltien will be
made in conjunction with the case where a burst transmt signal train as 10
shown in Fig. 4arpyndaguthedughnthe wesiglay @B-i n AR gutput of the
reference signal generation circuit 5 is connected toc the
5 positive input of the operational amplifier 20 through
the resistor 22. The switch 25, the resistor 24 and the
capacitor 19 are connected in parallel between the nega-
tive input of the operational amplifier 20 and the output
thereof. An cutput of this circuitry is connected to the
10 hold circuit 10. The filter 11 is composed of an opera-
tional amplifier 26, resistors 27, 28 and 29, and a
capacitor 30. An output of the hold circuit 10 is con-
nected to a negative input of the operational amplifier
26 through the resistor 27. A positive input of the
15 operational amplifier 26 is grounded through the resistor
29. The capacitor 30 and the resistor 28 are connected
in parallel between the negative input of the operational
amplifier 26 and the output thereof. BAn output of this
circuitry provides a control signal for the variable
20 attenuator 1.
The operation of the present embodiment is
different from the operation of the embodiment of Fig. 5
in that the switch 14 in the reset circuit 10A is always
in an opened condition and the operation shown in Fig. 6C
25 is performed by the switch 25 in lieu of the switch 14.
At the time of rising of a burst signal, the switch 25
assumes a turned-on condition. Therefore, an output of

the hold circuit 10 at this time is substantially equal



4A or when a burst signal is not transmtted, the burst nonitor circuit 9
turns the hold circuit 10 to a holding state in which the output of the
hold circuit 10 is held as set to a predeterm ned constant value. At this
time, 15 the amobunt of attenuation by the variable attenuator 1 is held at
a constant value. Timng with the start of,transm ssion of the burst signal
or on the basis of a burst timng signal m%lch may be an input itself or
may be generated by a 20 controller or the like (not shown) capable of

noni toring the topsh, otibsubwsltaganidorthe ktweloBes@atdéctosodtwiénsi gnal to

the hold circuit 10 so that the hold circuit 10 is turned into a signal
extracting st atthefeohstio simgmutt dn tthee prasehasesbbdbdpentg| tise ngmpie- nmai n
path and 25 the feedback path is established. At the tines of rising and
falling of the Biestiengfattor f An ampliidier Bsaas- aativer fhpter tcon-
irrelevant to the transm ssion of informa- tion, as shown in Fig. 4C. The
operati on of t hetruebe@dry the operational amplifier 20 and the resis-
5 tors 21 and 24 is selected to be sufficiently large so

that an output of the active filter at the time of

turn-on of the switch 25 comes near to zero. Thereby, an

operation gsimilar to that of the switch 14 can be expect-

ed.

10 Fig. 8 is a block diagram showing the con-
struction of a still furthermore embodiment of the
output-controlled power amplifier according to the pres-
ent invention.

The connection circuit of the temperature

15 compensation circuit 6 and the filter 8 is composed of
operational amplifiers 35 and 40, resistors 31, 32, 33,
34, 41, 42, 43 and 44, capacitors 45 and 46, and a loop
reset switch 47. An output of the envelope detector 4 is
connected to a positive input of the operational amplifi-

20 er 35 through the resistor 31. The positive input of the
operational amplifier 35 is grounded through the resistor
33. An output of the reference signal generation circuit
5 is connected to a negative input of the operational
amplifier 35 through the resistor 32. The resistor 34 is

25 connected between the negative input of the operational
amplifier 35 and the output thereof. A positive input of

the operational amplifier 40 is grounded through the

resistor 42. A series connection of a parallel circuit



- 16 - loop is perforned during a period of time when the ranp bits at the
time of rising of the burst signal are trans- mtted. In the
out put-control |l ed power anplifier of the present invention, the output
vol tage of the envelope 5 detector 4 is controlled so that it becones equa
to a voltage determned by the reference_vghtage generation circuit 5.
Therefore, an output power of the output- controlled power anplifier is
converged to a predeter- mned constant value during the ranp bit transmt
period. 10 of the Shitchpsl | ethduresti stroanddi Bndi ghel capaaltenud6at ed by
the variable attenuator 1, anplified by the power anplifier 2, fed back by
t he power divi deand3a pavalbpb-cistwict ef et kesdstokropd dndethercdpami-
thereafter sub- jected to tenperature conpensation by the tenperature 15
conpensati on ci FeHi £561s qprneckskhatween gnpegdsaiveninbukagé theough the
conparison wth an outgut of the refer- ence voltag% generation circuit 5
t

whi ch is connecPRETEbLPRR! SRRML IO AL ARt QuULtREt: EhpEeaf uvEth an

Characteristgc output of the switch 47 connected to the output of the
operational amplifier 40. An output of this circuitry is
connected to an input of the hold circuit 10. The filter
11 is composed of an operational amplifier 50, resistors
51, 52f 53 and 54, and capacitors 55 and 56. An output

10 of the hold circuit 10 is connected to a negative input
of the operational amplifier 50 through a series connec-
tion of the resistor 51 and the resistor 52. A positive
input of the operational amplifier 50 is grounded through
the resistor 53. The capacitor 56 is connected between

15 the negative input of the operational amplifier 50 and
the output thereof. The junction of the resistors 51 and
52 is grounded through the capacitor 53. The resistor 54
is connected between the junction of the resistors 51 and
52 and the output of the operational amplifier 50. The

20 output of the operational amplifier 50 provides a control
signal for the variable attenuator 1.

The operation of the embodiment shown in Fig.
8 is similar to that of the embodiment shown in Fig. 7.
However, a secondary active filter using an operational

25 amplifier is formed in the embodiment shown in Fig. 7
while a tertiary active filter using an operational
amplifier is formed in the embodiment shown in Fig. 8.

Therefore, the present embodiment shown in Fig. 8



as the first diode or envel ope detector 4. An output of 20 the tenperature
conpensation circuit 6 is subjected to waveform shaping by the first filter
8 and the second filter 11 through the hold circuit 10 which serves a
buffer at the tine of establishment of the closed | oop. The signal thus
transferred in the feedback |oop has a 25 &Laussi an wavef orm approxi mately.
At the timng of transm ssion of a communica- tion bit train in the burst
signal which is used for the transm ssion of conmunication or when the
transm ssi on of providdg anrefifedi tthdats thenpladhedf the bliosédnboop ocamircuit
9 sends a control signal to the hold circuit 10 so that the hold circuit 10
is turned into hehbnproyged: atAlsoyt sinice tthee ordes oft pulteowen tiiet he

out put-control |l ed power anplifier 5 has been converged to the predeterm ned
constant val ue. 8 dleagp yis tincrRASedi dduiis PGSﬁégég tai smpyaver Heel

degree of approximation of the closed-loop transfer
5 function to a Guassian response. As a result, a time for

convergence of the output of the hold circuit to a con-
stant value can be shortened, thereby improving the
applicability to a TDMA radio communication system which
has a reduced number of ramp bits. In the case where the

10 order of filter is the fourth order or higher than that,
there is a merit that a change in the loop after conver-
gence is suppressed. However, in the output-controlled
power amplifier of the present invention, since the
output of the hold circuit is held constant after the

15 completion of transmission of ramp bits, almost no change
is generated in the loop after convergence. Therefore,
it may be considered that the order of filter up to the
third order at the highest suffices. As the order of
filter is lower, the circuit construction can be simpli-

20 fied, which is advantageous in fabrication cost.

Fig. 9 is a block diagram showing the con-
gtruction of an embodiment of a TDMA radio communication
system with radio base stations and radio terminals in
which the output-controlled power amplifier of the pres-

25 ent invention is used. Radio base stations 62, 70, 71,
72, 73, 74 and 75 each using the output-controlled power
amplifier of the present invention are connected to a

network 60. The radio base stations form a communication



val ue as the output of the hold circuit. Therefore, the amount of
attenuation by the variable attenuator 1 ap- plied with the output of the"
hold circuit 10 as a control 10 signal is also held at a constant val ue.
Nanely, the output power of the output-controlled power anplifier is held
at a constant value. The state of an outpubgl evel reaching this constant

val ue corresponds to a rising waveform shown in Fig. 4B. 15 When
the radi o conmuni cati on equi prent com pletes the transm ssion of the burst
signal, the burareapint ehichraurado riesmindlhé%utakels ebmmbhaibakdonircuit
10 to a predetermned initial value or turns the hold circuit 10 into a
reset - hol d st at @neThspsbye ofiethadppRiTatiomafi dche presgotphpuentdonrns to
a state in which no burst signal is transmtted. In the present enbodi nment,
when the hol d citfc@i PeEI§oPal| hangpheng fyshan e(@lHiSﬁgW'ﬁ‘fLSBe}st heingverbr m of

a signal transferred in the closed | oop i.s 25 _appraoxi mate held_in_a
Causolan vyt ofRES, QRETERLoR| CRoiaPa udntse dnd Aos bE, Ehe . BEBRARTa  { or s

8 and 11 5 specification of PHS in English version are incorporated
by reference as the disclosure of the present applica-
tion. An RF power amplifier composed of a GaAs semicon-
ductor device handles a digital signal having a center
frequency on the order of 1900 MHz.

10 The operation of the TDMA radio communication
system of Fig. 9 using the output-controlled power ampli-
fier of the present invention will be explained in con-
junction with the case where the radic terminal 69 makes

. communication through the radio base station 62. Infor-

15 mation transmitted from the network 60 enters the radio
base station 62. In the radio base station 62, the
signal is converted by a channel codec 61 into burst
data, converted by a digital modulator 63 into a burst
modulated signal, power-amplified by an output-controlled

20 power amplifier 64 of the present invention, and thereaf-
ter sent by a circulator 65 to an antenna 66. The signal
is transmitted through the antenna 66 to the radio termi-
nal 69. The channel codec 61 transmits information to
the network 60 and sends a burst timing signal to the

25 burst monitor circuit 9 of the output-controlled power
amplifier 64 to control the output-controlled power
amplifier 64. The burst timing signal may be generated

by a controller (not shown) which controls the channel



are ‘deternined such that a cl osed-1 oop transfer function of the closed | oop
assunes a function obtained by the - 18 - Tayl or expansion of a Gaussi an
function up to the third order thereof (or a higher order than that). At
this time, the el enment values of the first and second filters 8 and 11 may
be determ ned such that the pole of a 5 gl?§eg-loop transfer function of
the cl osed | oop assunes the pole of a function obtained by the Tayl or
expansi on of a Gaussian function up to the third order thereof (or a higher
order than thatodés 6bhe ontlpuis€addulldisd pAwhalagehitl feémi 8héheadioc

enbodi nent of Fig. 2 or 3 which 10 includes only the first filter 8 or the
second filter ltermhsakl|@9eis vednsuioftaded ithet radisebard Station862r 11
may be determ ned such that a closed-loop transfer func- tion of the cl osed
| oop assunmes a 8pdccaphubed abyethey\antennefiforthexginsi ofheh, atitausignal

function up to the . .
is sent by the circulator 65 to a low-noise amplifier

5 (LNA) 67, subjected to low-noise amplification by the LNA
67, converted by a digital demodulator 68 into burst
data, and thereafter transmitted by the channel codec 61.

When the communication quality of the radio
communication system is taken into consideration, it is
10 desired that the output power of the radio base station
is stably maintained and confrolled. In general, changes
caused from temperature and frequency are known as fac-
tors of change of the output power of a radio communica-
tion equipment. Generally, the gain of a power amplifier
15 1is lowered as the temperature is higher. Also, the gain
of the power amplifier changes in accordance with an
operating frequency. To cope with a change in output
power such as the change of the burst modulated signal
power of the digital modulator 63 or the change in gain
20 of the power amplifier 2 which may be caused from a
temperature change or a frequency change, the present
embodiment makes a control for the amount of attenuation
by the variable attenuator 1 of the output-controlled
power amplifier 64 so that the change in output power is
25 cancelled to hold the output power always constant.
Thereby, the communication area can be established stably
and the variations of interference to the neighboring

radio base stations 70, 71, 72, 73, 74 and 75 are



15 t'hird order thereof (or a higher order than that). Wth the above
operation of the output-controlled power anpli- fier of the present

i nvention, an input signal
to a predeterm ned constant transmt output power and this signal

20 (for exanple, in the case of an input shﬁngl as shown in Fig. 4B) is
a

outputted with a predeternined anplitude v
enbodi ment, after the output of the output-controlled power anplifier

ue. According to the present

such as that shown in Fig. 4B can be anplified
wavef or m

has

been 25 conver gedduiBed.pr ageh erdEWEE, CEHS Ictnuralda’ionhquatkpyt oef thee hol d
circuit 10 is forcibly held at a constant value and the attenuation of the
vari abl e attenuaysteth is ahpoovedd constant. Therefore, even if a signal
- 19 - transferred in the power anplifier 2 through the variable attenuator
1 involves a change in anpligtude tausedléekhrdiagram showing the con-

10

15

. 20

25

struction of another embodiment of a TDMA radio communi-
cation system in which the output-controlled power
amplifier of the present invention is used. Radio base
stations 70, 71, 72, 73, 74, 75, 76 and 77 are connected
to a network 60. The base stations form a communication
area in which a radio terminal 69 using the output-
controlled power amplifier of the present invention makes
communication.

The operation of the TDMA radioc communication
system of Fig. 10 using the output-controlled power
amplifier of the present invention will be explained in
conjunction with the case where the radio terminal 69
makes communication through the radio base station 70.
Information transmitted from the network 60 enters the
radio base station 70. The information is converted in
the radio base station 70 into a burst modulated signal
and is thereafter transmitted therefrom to the radio
terminal 69. In the radio terminal 69, the signal is
captured by an antenna 66, sent by a circulator 65 to a
low-noise amplifier (LNA) 67, subjected to low-noise
amplification by the LNA 67, converted by a digital
demodulator 68 into burst data, and converted by a chan-
nel codec 61 and a speech codec 78 into a speech signal
which is in turn outputted as a receive speech by a

receiver set 80. On the other hand, a transmit speech is



modul ati on, no feedback action of suppressing this change is generated.
Accordingly, there is no possibility that 5 a new varying conponent other

t han the change caused fromthe nodul ation is superinposed on the carrier.
As a result, the signal-to-noise ratio of the output-con- trolled power
amplifier is inproved. Also, with the copnsjguction of the output- 10
controll ed power anplifier of the present invention, since a signal
waveformtransferred in the closed |loop is approxinmately held in a Gaussian
wavef orm the reahventedilyn afmigxpprepyee¥9cdnter gespeech shgnahpandude of a
signal wave by a feedback is also attained by the present 15 enbodi nent.
Fig. 5 is a bl othenicopeertedindtheheprseeh codect V8nand thetehanmelt her
enbodi ment of the outégt- controlled power anplifier according to the

present inventi®AdeE gk 1m0 tpit Hadaray dP6FRAGTETr afBef BRTSD A%+ ni ng
the operation of Lhe enbqdi mBO SNOWLI hofidatde 8a"PhoChrSHlLe 1nhne! udes
5 lated signal, power-amplified by an output-controlled

power amplifier 64 of the present invention, sent by the
circulator 65 to the antenna 66, and then transmitted
through the antenna 66 to the radio base station 70 for
the transfer of the information to the network 60. The

10 channel codec 61 sends a burst timing signal to the burst
monitor circuit 9 of the output-controlled power amplifi-
er 64 to control the output-controlled power amplifier
64.

Like the embodiment shown in Fig. 9, the

15 present embodiment shown in Fig. 10 copes with a change
in output power (such as the change of the burst modulat-
ed signal power of the digital modulator 63 or the change
in gain of the power amplifier 2 caused from a tempera-
ture change or a frequency change) by controlling the

20 amount of attenuation by the variable attenuator 1 of the
output-controlled power amplifier 64 so that the change
in output power is cancelled to hold the output power of
the radio terminal 69 always constant. Thereby, the
communication area can be established stably and the

25 wvariations of interference to the neighboring radio base
stations 71, 72, 73, 74, 75, 76 and 77 are reduced. As a
result, the communication quality of the system is im-

proved.



and ‘a hol d capacitor 16. A feedback |oop reset circuit 10A includes a reset
switch 14. One end of the switch 15 25 and one end of the switch 14 are
connected to an output of the filter 8. The other end of the switch 14 is
grounded. The other end of the switch 15 is connected to one end of the
hol d capacitor 16 to provide an output of 39 - 20 - the hold circuit 10.
The ot her end of the hold capacitor 16 is grounded. The switches 14 and 15
are controlled by an output signal of the burst nonitor circuit 9. Fig. 6A
shows a timng rel ati on bAtweediag5Stdutlsd present dinyeatiand &hei oppubur st
signal with tine gaps (lags) t1, T2 and t3 by way of exanple. Fig. 6B
shows a hol d covettagei ghatheheld icindwd towepubeotoniergadsatnanhigh
circuit 9. Fig. 6C shows a switch timng which is the output_of the burst
noni tor circui t SBeefj By apprexingisiRg dheowayeforsl pdge 8LoRAL BHRESTI rcuit
10 when

ferred in the ‘closed loop to a Gaussian waveform. There-

5 by, it is possible to shorten a burst signal rise time of
a communication equipment which transmits a burst signal.
After the output of the output-controlled

power amplifier has been converged to a predetermined

constant value, the output of the hold circuit is forc-

10 ibly held at a constant value and the attenuation of the
variable attenuator is also held constant. Namely, the
closed loop is annulled. Therefore, even if a signal
transferred in the power amplifier through the variable
attenuator includes a change in amplitude caused by

15 modulation, no feedback action of suppressing this change
is generated. Accordingly, there is no possibility that
a new varying component other than the change caused from
the modulation is superimposed@ on the carrier. As a
result, it is possible to realize an output-controlled

20 power amplifier having an improved signal-to-noise ratio.

Further, with use of the output-controlled
power amplifier of the present invention as a power
amplifier of a radio communication terminal or a radio
communication base station, it is possible to provide a

25 radio communication terminal or base station which has a

high speed and an improved signal-to-noise ratio.



t he capaC|tance of the capacitor 16 is its optinmm val ue. ‘Frg\ 6E _shows an
out put voltage of the hold circuit 10 when the capacitance mgf he capacrtﬂLﬁ
16 is greater alue Fig. 6F shows an outp dagﬁng%ml '
the hold cirecui :Lmﬂmmﬂwﬁ' aC| tance of the capacitor 1; ced
than the optinu burst tiLngpg-signal shown ﬂl
turned on, an output S|gnal Is transmtted. Wien the burst timng si |s
t urned off the transm ssion of 20 the output signal is stopped. The
switch 15 t akesWHATUL8eOLATMEDNISt i on when the hold control signal shown in
Fig. 6B is turned on and the sanme switch 15 takes a turned-off condition
when the hold cdntrol sighal outputreentodtledinoway tagiplifieaked a
turned-of f condition 25 when the burst timng signal is turned on _and the
hol d control si Gh8FefsleaPnEEP®NLY JBigh @n doputTtgdgpatpde BPREFedokOt he

' h
ol d cireurt 1010 its hold glate s, dof T el by Ls c30ag! Laes,gledne

and amplified, and the amplified input signal is distrib-
uted between said main path and a feedback path diverging
from said main path so that the signal distributed to
said main path is outputted from said main path to the
exterior while said input signal is controllied on the
basis of the signal distributed to said feedback path,
comprising:

a hold circuit for extracting the signal
distributed to said feedback path, holding the value of
the power of the extracted signal when the power reaches
a predetermined value, and generating a control signal
which attenuates the power of said input signal inputted
to said main path; and

a circuit for applying said control signal to
said main path through said feedback path to control the
power of said input signal inputted to said main path.

2. An output-controlled power amplifier of a
closed loop type in which an input signal is inputted to
a main path, the power of said input signal is attenuated
and amplified, and the amplified input signal is distrib-
uted between said main path and a feedback path diverging
from said main path so that the signal distributed to
said main path is outputted from said main path to the

exterior while said input signal is controlled on the
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- 2T - capacitor 16. In the case where the capacitance of the capacitor 16
is smal | er—tham the optinum val ue, the capacitor is Tlharged at the earlier

stage of a rmn)luljl Hll Iw;i on time in Fig. 4C but tHeIEeei S BeRRepliced a 5
phenonenon t AN kel 3 Mol t age of the hold circuit %ﬂam‘mn&ung a

burst signal transmssion tine (see Fig._64)._This phen ed sag
and brings about a change in output power. t he ot her case
where the capacitance of the capacitor 16 is greater than 10 the optinmum
val ue, the conveagescer tthe sifgridle disrdlidbalkeldoap saial Pagaiback spethat t he
convergence is not obtained within the ranp bit transm ssion tinme (see Fig.
6E). Accordi nglgompnisinter to obtain the output voltage char- acteristic of
the hold circuit as shown in Fig. 6D, it is 15 required that the

capaci tance of the capaci2oroli® ciralit Horexdmechdng fhacedgnahce with a
transfer function of the feedback | oop, the ranp bit transm ssion tipme and

the burst transHetaiRmend rtoufaid fe6dbecke Paghy napL3ingthe value of

the power of the extracted signal when the power takes a

predetermined value, and outputting to said feedback path
a control signal which attenuates the power of said input
signal inputted to said main path; and

a burst monitor circuit connected to said hold
circuit for controlling said hold circuit on the basis of
a burst timing signal inputted from the exterior of the
output-controlled power amplifier.

3. An output-controlled power amplifier compris-
. ing:

a variable attenuator inputted with an input
signal for attenuating the power of said input signal to
output the attenuated signal:;

a power amplifier connected to said wvariable
attenuator for amplifying an output signal of said vari-
able attenuator to output the amplified signal;

a power divider connected to said power ampli-
fier for dividing an output signal of said power amplifi-
er into a plurality of outputs to provide the plurality
of outputs;

an envelope detector connected to said power
divider for envelope-detecting an ouépht signal provided
by said power divider to output the envelope-detected

signal;

{ THIS SHEET HAS BEEN
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t he ‘opti mum val ue. 20 Fig. 7 is a block diagra
struction of a furthernore enbodi nent of the output- cont ﬁ“, |
anpllfler accordlng to the present invention. The connectl e

IQSBee shtlon circuit 6 and the filter 8 is conposed of an
operat| resistors 21, 223323 and 24, a capacitor 19, and
a | oop 5 An output of the envelope detector 4 is connected
to a negative | nput - - of the operational anplifier 20 through the

resistor 21. A positive |apﬂempératureumnmﬂensuﬂiomnpﬁrbhém 26nhectedunded
t hrough the resistor 23. An output of the reference signal generation
circuit 5 is cohpestdtd envelrps dutsdtiore fiompholdfinghtheperavensddn agplinfi er
20 through the resistor 22. The switch 25, the resistor 24 and the

of said envelope detector for temperature change con-

stant;

a filter connected toc said temperature compen-
sation circuit for waveform-shaping an output signal of
said temperature compensation circuit to output the
waveform-shaped signal;

a reference voltage generation circuit con-
nected to said temperature compensation circuit for
generating a reference voltage and supplying said refer-
ence voltage to said temperature compensation circuit;

a hold circuit connected to said filter for
extracting and holding an output signal of said filter:;

a burst monitor circuit connected to said hold
circuit for controlling said hold circuit on the basis of
a burst timing signal inputted from the exterior; and

said hold circuit being connected to said
variable attenuator so that said variable attenuator
attenuates the power of said input signal on the basis of
an output signal of said hold circuit.

4. An output-controlled power amplifier compris-
ing:

a variable attenuator inputted with an input
signal for attenuating the power of said input signal to
output the attenuated signal;

a power amplifier connected to said wvariable

attenuator for amplifying an output signal of said

THIS SHEET HAS BEEN
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capaci tor 19 are conn In parallel between the nega-—tirve tnput—of—the-

oper at i opat d the output thereof. An output [
m‘ m he 10 hold circuit 10. The fil tgfr;{gSl&ng%smmR lace
| 4 er resistors 27, 28 and 29, j mmw

circuitry “
of an operm‘
30. An out put of the hold ci rcwt 10 is cogy _nected to a ne

the operational anplifier 26 through the resistor 27. A positive input of
the 15 operational anplifier 26 is grounded through the resistor 29. The
capaci tor 30 andatrhablesatstemufbmre cutpedi etiei ampai fliéél sbghaken t he
negative input of the operational anplifier 26 and the output thereof. An
output of this circuitry prpoweesdividen rapgnmsichesl toosatide pouerabinpl 26
attenuator 1. The operation of the present enbodinment is different fromthe
operation of th&ierbéeF ndhridingign Brtnvk irdgnedeosnFpéA Raver amelifhet
circuit 10A is always in an opened condition and the qgperation shown in
Fig. 6C 25 is p%?fbgﬁﬁdabgl? W o, oputs QUPBPV%HE thetphugaliy the

time of rising o% signal, the switch 25

ou puéé,

an envelope detector connected to said power
divider for envelope-detecting an output signal provided
by said power divider to output the envelope-detected
signal;

a temperature compensation circuit connected
to said envelope detector for holding the conversion gain
of said envelope detector for temperature change con-
stant;

a reference voltage generation circuit con-
nected tc said temperature compensation circuit for
generating a reference voltage and supplying said refer-
ence voltage to said temperature compensation circuit:;

a hold circuit connected to said temperature
compensation circuit for extracting and holding an output
signal of said temperature compensation circuit;

a filter connected to said hold circuit for
waveform-shaping an output signal of said hold circuit to
output the waveform-shaped signal:;

a burst monitor circuit connected to said hold
circuit for controlling said hold circuit on the basis of
a burst timing signal inputted from the exterior; and
said filter being connected to said variable

attenuator so that said variable attenuator attenuates
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assumes a turned-on condition. Therefore, an out put of "t he hord—ei+<cuit 10

at this tine is substantially equal - 23 - to,aﬁm@@ﬁ tilas B0, bage of the
envel ope det gg : thare is no input. In the #’ t, the
anpli- ficat &"lﬂ&ﬁ“ﬁlﬂﬂﬂ "gﬁj anplifier as an active y’ﬂg ructed by .
t he operatio ™ and the resLsggb.tors 21 an i | ected to

be sufficiently large so that an output of the active filter at the tine of
turn-on of the switch 25 conmes near to zero. Thereby, an operation simlar

to that of the shetpbwéd ofinsbid ekpmet -sigghall®n the basis oFi gn 8utput

bl ock di agram showi ng the con- struction of a still furthernore enbodi nent

of the output-csagnsl| ed pawdrfihgdrfier according to the pres- ent

i nvention. The connection circuit of the tenperature . )
5. An output-controlled power amplifier compris-

ing:

a variable attenuator inputted with an input
signal for attenuating the power of said input signal to
output the attenuated signal;

a power amplifier connected to said variable
attenuator for amplifying an output signal of said vari-
able attenuator to cutput the amplified signal;

a power divider connected to said power ampli-
fier for dividing an output signal of said power amplifi-
er into a plurality of outputs to provide the plurality
of outputs;

an envelope detector comnected to said power
divider for envelope-detecting an output signal provided
by said power divider to output the envelope-detected
signal;

a temperature compensation circuit connected
to said envelope detector for holding the conversion gain
of said envelope detector for temperature change con-
stant:;

a first filter connected to said temperature
compensation circuit for waveform-shaping an output
signal of said temperature compensation circuit to output
the waveform-shaped signal:;

a reference voltage generation circuit con-

nected to said temperature compensation circuit for
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_ -
15 ’corrpénw and the filter 8 is conmposed of o ational
amplifiers @ reststors 31, 32, 33, 34, 41, 42 and 44 Remwd

capacitors Lﬂﬂ ”H"l oop reset switch 47. An ou g{\eeﬂiﬁs eI ope
detector 4 |§ cenne positive input of the oper

er 35 through the resistor *31. The p05|t|¥g input of th
anplifier 35 is grounded through the resis 33. An out the
reference signal generation circuit 5 is connected to a negative input of

t he operational gengtatisy =35rdturaigie htd v ahdr sdpplyingreaidtosféd-is 25

connect ed between the negative input of the operational anplifier 35 and

t he out put thereonfe Yoptsge i e saiplittenperaturpecampenabtaopl cireuidd is

grounded through the resistor 42. A series connection of a parallel circuit

- 24 - of the switch 47, ahbol@stirounitdconneates ¢@p§@ﬁﬂofitstaﬁ§1§er

paral el CIrCUI%ogfeigsaégfégt;gdZ%%fgyi;Igi %%%%ﬁ%-signal of said first
filter;

a second filter connected to said hold circuit
for waveform-shaping an output signal of said hold cir-
cuit to output the waveform-shaped signal;

a burst monitor circuit connected to said hold
circuit for controllihg said hold circuit on the basis of
a burst timing signal inputted from the exterior; and

said second filter being connected to said
variable attenuator so that said variable attenuator
attenuates the power of said input signal on the basis of
an output signal of said second filter.

6. An output-controlled power amplifier according
to Claims 1 to 5, wherein a burst signal is inputted as
said input signal and said hold circuit includes a cir-
cuit for bringing the output of said hold circuit to a
predetermined voltage level in a halt period after said
burst signal is outputted to the exterior.

7. An output-controlled power amplifier according
to Claims 1 to 6, further comprising a circuit for allow-
ing said hold circuit to make the extraction on the basis
of a predetermined time.

8. An output-controlled power amplifier according

to Claims 3 and 4, wherein said filter includes an active

filter.
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tor 45 i s connected between a negative input of the operational anplifier
40 and an output thereof wth an 5 output of the switch 47 connected to the
out put of the operational anplifier 40. An output of this circuitry is
connected to an input of the hold circuit 10. The filter 11 is conposed of
an operational anplifier 50, resistors 51,392, 53 and 54, and capacitors 55
and 56. An output 10 of the hold circuit %0 IS connected to a negative

i nput of the operational anplifier 50 through a series connec- tion of the
resi stor 51 and9t he resi sAnrobfpuf-gastiolied muouerofanipild fdper atcondling
anplifier 50 is grounded through the resistor 53. The capacitor 56 is
connect ed bet wetn Chaimh®, rehpreire athpwasdf oneeodperidi Shustaandi $éeond0
and the output thereof. The junction of the resistors 51 and 52 is grounded
t hrough the capf&ite¥rssinc g aan Aiivey fiid tesnnect ed bet ween the junction

of the resistors 51 and 52 and the out put_ of_ the operational anplifier 50.
The 20 out put 8P-the opefBt PBREFEERRTEG eSS Pavedy pdRd ifiegnprEPrdindal

“ng the variabl g,ab] g0Hal OFrlsrefIF IR Enn22e3bn! BE-ETRRILFB0L: SNOMR 1 N

perature compensation circuit and said filter is formed
by an active filter.

11. An output-controlled power amplifier according
to Claim'5, wherein the connection circuit of said tem-
perature compensation circuit and said first filter is
formed by an active filter.

12. An output-controlled power amplifier according
to Claims 8 to 11, wherein said active filter has the
order of filter which is the third order at the highest.
13. An output-controlled power amplifier according:
to Claims 1 to 12, wherein a closed-loop transfer func-
tion of the output-controlled power amplifier has a
Gaussian characteristic substantially.

14. An output-controlled power amplifier according
to Claims 1 to 13, wherein the pole of a closed-loop
transfer function of the output-controlled power amplifi-
er is a Gaussian characteristic function substantially.
15. An output-controlled power amplifier of a
closed loop type in which an input signal is inputted,
the power of said input signal is attenuated, amplified
and divided into a plurality of divisional signals, and
at least one of said divisional signals is outputted to

the éxterior while the other one of said divisional



8 is sinilar to—that—of [ |nent shown in Fig. 7. However,a — -
secondary actlve ‘“ﬁﬁ ﬁ operational 25 anplIfmﬁﬁmk§I£Q@£Pth&kthe
e

enbodi ment’ shomm atertiary active filter
oper at i onal anpllfler S forned i n the enbodi nent shomn [
Therefore, the present enbodi mrent shown Lngfig. 8

effect that the gain of the closed | oop can be inproved. Also,

LI

si nce the

order of filter in the closed loop is increased, it is possible to inprove
t he degree of appgnalseisosubiectrd tosadlope dedrstéon5tdéduncntonlto a
GQuassi an response. As a result, a tinme for convergence of the output of the
hold circuit toSaidohoPYt  pigRal uavhanieise aiedosefedoophtrangieRpE@ReNng t he
applicability to a TDVA radi o conmuni cation system which has a reduced
number of ranp EF?E of hthe Outpt gt alded) poverBFPALELRF 1 % ®s the

fourth order hi gher than that

G aussian C aracteflstlc function substantially.

16. An output-controlled power amplifier of a

closed loop type in which an input signal is inputted,

the power of said input signal is attenuated, amplified

and divided into a plurality of divisional signals, and

at least one of said divisional signals is outputted to

the exterior while the other one of said divisional

signals is subjected to envelope detection to control

said input signal, wherein the pole of a closed-loop

transfer function of the output-controlled power amplifi-

. er is a Gaussian characteristic function substantially.

17. A radio communication terminal comprising an

output-controlled power amplifier according to Claims 1

to 16.

18. A radio communication base station comprising

an output-controlled power amplifier according to Claims

1l to 16.

19. An output-controlled power amplifier device in

which a modulated input signal is inputted in the form of

a burst signal to a main path and said input signal is

power-attenuated, power-amplified and thereafter

outputted from said main path, comprising:

an RF power amplifier;

a power divider for distributing the amplified

input signal between said main path and a feedback path
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there is a merit that a chaggg in the |oop after conver- gence is——

suppr essed. “However put-control | ed power aﬁnhitmﬁ{iggc Qe
pr esent mveﬁtl(mmu ‘rlw‘ Hm tput of the hold circuit ﬂ m
after the 15 nsm ssion of ramp bits, eis
generated in t he Ioop after convergence. _Thgrefore, it

that the order of filter up to the third order at the hlghest sufflces

the order of filter is lower, the circuit construction can be sinpli- 20
fied, which is aﬂvaﬂgﬁggotmom nsdiab msdal ipathCanll. obtgutPing thdl d&timgr am
showi ng the con- struction of an enbodi nrent of a TDMA radi o conmuni cation
systemw th radubedhasigsahtfxomns said medino pa¢hmtpnakbei exbéridr i hand

out put-controll ed power anplifier of the pres- 25 ent invention is used.
Radi 0 base stations 62, 78,contrgd sizmal7gensratdosachrgyitgfohegener-
output-control |l ed, power anplifier of t he present _invention are connected to
a network 60. TRELIRG R CRTR LI fo3r FPRTEBAMIRY cBRi@ninput signal

to said RF power amplifier on the basis of the signal

distributed to said feedback path, said control signal
generation circuit including a hold circuit provided in
said feedback path for extracting the signal distributed
to said feedback path and outputting as said control
signal a signal having a waveform which holds the value
of the power of the extracteﬁ signal when the power
reaches a predetermined value, said hold circuit being
controlled at a burst timing.

20. An output-controlled power amplifier device
according to Claim 19, wherein said control signal gener-
ation circuit includes a reset circuit for setting the
output of said hold circuit to a predetermined value
corresponding to a voltage level in a halt period of said
input burst signal on the basis of said burst timing.

21. An output-controlled power amplifier device
according to Claim 20, wherein said control signal gener-
ation circuit includes a burst monitor circuit for re-
ceiving a signal indicative of said burst timing from the
exterior to control said hold circuit and said reset
circuit.

22. An output-controlled power amplifier device
according to Claim 21, wherein said control signal gener-

ation circuit further includes a temperature compensation
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- 26 - area in which a radlo term nal 69 nakes communi cation—Ore—exampl e
of the appl|caL+eﬂ—of’rﬁ'§ﬁi§Egp I nvention is a personal han n€$ﬁ §ystem

(PHS) which is 1\“‘“@“‘“3\‘“ eration in Japan. Pagébls h“” a
standard 5 spec

in English version are

ref erence as the* dl%closure of the presept gpplica- t|o

anplifier conposed of a GaAs sem con- ductor device han Ies a digital
signal having a center frequency on the order of 1900 MHz.

The operation oftirbeifDhnnected coomeaid gdwar ﬁyguderofaﬁlgutﬁuuSoﬁg t he
out put-controll ed power anpli- fier of the present invention will be
expl ai ned i n comaifiubenperatre conrperssatigrecdrcud tr beiogt enpphiedeBonakes
comuni cation through the radi o base station 62. Infor- 15 mation
transmtted froffifechatdvikcwit crhrquoh raidaesefasdrsuation 62. In the

radi o base statign 62, the signal is converted by a channel cqde¢ 61 into
bur st dat a, conégrted by ﬁndPgFP%F'ﬂ?Rﬁﬁ%&%ﬁdER? h G Gur St device

according to Claim 22, further comprising a filter con-
nected to said temperature compensation circuit for
waveform-shaping an output signal of said temperaturé
compensation circuit.

24. An output-controlled power amplifier device
according to Claim 19, wherein said RF power amplifier
includes a wvariable attenuafor in its front stage and the
output of said hold circuit is supplied as a control
signal of said variable attenuator.

25. A signal processing system comprising:

a main path including a signal processing
circuit inputted with a modulated input signal in the
form of a burst signal for processing said modulated
input signal to satisfy a predetermined output condition
and outputting the processed signal;

a feedback path including a control signal
generation circuit for extracting a part of the output of
said main path and generating a control signal on the
basis of the extracted signal, said control signal being
supplied to the input side of said signal processing
circuit to control the output of said signal processing
circuit for said input burst signal; and

said feedback path including a hold circuit

for receiving the signal extracted to said feedback path




moddl at ed signal, power-anplified by an output-controlled 20 power
anplifier 64 of the present invention, and thereaf- ter sent by-a
circulator 65 to an antenna 66. The signal is transmtted through the
antenna 66 to the radio term - nal 69. The channel codec 61 transmts
information to the network 60 and sends a pyrst timng signal to the 25
burst nmonitor circuit 9 of the output-controlled power anplifier 64 to
control the output-controlled power anplifier 64. The burst timng signal
may be gener at ednbyha basisobf ea €imings lFowmalweifc Baddntinplis bhesthannel

- 27 - codec 61. A burst nodul ated signal sent fromthe radio term nal 69
is transmtted sbgnad aandigensxatingitdsorssdd ooatrapt sigdabyat Aégaatenna 66
therein. Then, the signal is sent by the circulator 65 to a | ow noise

anplifier 5 (LNBRVERY auppeeferm irignhedidse thepVetreaPtofinByrereived 67,

converted by a digital denodul ator 68 into burst .
signal when the signal value reaches a predetermined

. value, and a reset circuit responsive to said burst
timing signal for bringing said hold circuit into a reset
condition after said input burst signal is outputted from
said main path to the exterior.

26. A signal processing system according to Claim
25, wherein said feedback path includes a waveform
shaping filter and the pole of a closed-loop transfer
function of the signal prodessing system is a Gaussian
characteristic function substantially.

27. A signal processing system according to Claim
25, wherein a signal level of éaid hold circuit in the
reset condition is set to an initial value adapted for

improvement of the speed of the next activation.
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data, and thereafter transmitted by the channel codec 61. Wen the

comuni cation quality of the radio conmmunication systemis taken into
consideration, it is 10 desired that the output power of the radi o base
station is stably maintained and controlled. In general, changes caused
fromtenperature and frequency are known_agofac- tors of change of the

out put power of a radio conmunica- tion equipnent. Cenerally, the gain of a
power anplifier 15 is lowered as the tenperature is higher. Also, the
gai n of the powaBSERACTT OEr THBaDUSSLOSURE COr dance with an operati ng
frequency. To cope with a change in output power such as the change of the
bur st nodul at ed si gnal pover aof otthputi+gonato st piveer Ghpdid fiilke oifalge i n
gain 20 of the power anplifier 2 which may be caused froma tenperature
change or a freGdereqd &hangbypPeheaprinpul ssignedi rsntinpaitdeda tooat mainf or
the anount of attenuation by the variable attenuator 1 of the
output-controlIBétboﬁérwﬁhﬁgiFh%rlQpﬂﬁmﬁ%gﬂﬁ 1 tiige noweEgetitanyatedt bpoder is

25 cancelled to ho t he Eome alma S C nsta t Therebg t he
B ba

conmmuni cati on ayeﬁlégﬁebg

fier. A power divider distributes the amplified input

~amp 1f1e pow ampli-

signal between the main path and a feedback path diverg-
ing from the main path so that the signal distributed to
the main path is outputted from the main path to the
exterior while the input signal is controlled on the
basis of the signal distributed to the feedback path.

The feedback path includes a hold circuit for extracting
the signal distributed to the feedback pgth and holding
the value of the power of the extracted signal when the
power reaches a predetermined value. A control signal
for attenuating the power of the input signal inputted to
the main path is generated by the hold circuit and is
applied through the feedback path to the variable
attenuator on the main path to control the power of the
input signal. A transfer function of the closed loop has

a Gaussian characteristic.
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and the variations of interference to the neighboring radi o base stations
70, 71, 72, 73, 74 and 75 are - 28 - reduced. As a result, the

comuni cation quality of the systemis inproved. Fig. 10 is a bl ock diagram
showi ng the con- struction of another enbodi nent of a TDVA radi o communi- 5
cation systemin which the output-contqrth$ power anplifier of the present
invention is used. Radi o base stations 70 1, 72, 73, 74, 75, 76 and 77
are connected to a network 60. The base stations form a conmunication area
in which a radio term nal 69 using the output- 10 controll ed power
anplifier of the present invention makes comruni cation. The operation of
the TDVA radi o communication systemof Fig. 10 using the output-controlled

power anplifier of the préﬁent |nvent|dﬁ will be explained jn
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15 donjuﬁction with the case where the radio term nal 69 nmakes

communi cation through the radi o base station 70. Information transmtted
fromthe network 60 enters the radio base station 70. The information is
converted in the radio base station 70 into a burst nodul ated signal 20
and i's thereafter transmtted therefromto the radio termnal 69. In the
radio termnal 69, the signal is captu an antenna 66, sent by a
circulator 65 to a lownoise anplifier (LNA) 67, subjected to | ow noise
anplification by the LNA 67, converted by a digital 25 denodul ator 68 into
burst data, and converted by a chan- nel codec 61 and a speech codec 78
into a speech signal which is in turn outputted as a receive speech by a

receiver set 80. On the ofher hand, a transmt speech—+s - 29 -
converted by -a m crophone=9 into a speech signal anjtrgglconverted by the
h cod 78 and th I L
speech codec an e cinne Umgp——l
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codec 61 into burst data. Thereafter, the burst data is converted by the
digital nodulator 63 into a burst nodu- 5 lated signal, power-anplified by
an out put-controlled power anplifier 64 of the present invention, sent by
the circulator 65 to the antenna 66, and then transnitted through the
antenna 66 to the radi o base station 7(%3f€°lr0t he transfer of the information
to the network 60. The 10 channel codec” 61 Sends a burst timng signal to
the burst nonitor circuit 9. of the output-controlled power anplifi- er 64
to control the output-contilled power anplifier 64. Like—thejenbodi ment
shown in Fig. 9, the 15 pr@&sent enbodi nent shown in Fig. 10 cppes wth a
change i n output power (sué% as the change of the burs{uwho Ii%——ag si gnal
e povier

power of the digital nodul &@or 63 > change in gaip He
change or a freg c1§gze by

anplifier 2 caused froma tEnpera-

controlling the 20 anmount of | e v !3 nuat | of
nplifi so that tthe ch Rl )utp; power

the output-controll ed powerj 3

is cancelled to hold the output powe ¥>$
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the’radio termnal 69 al ways constant. Thereby, the conmunication area can
be established stably and the 25 variations of interference to the

nei ghbori ng radi o base stations 71, 72, 73, 74, 75, 76 and 77 are reduced.
As a result, the comunication quality of the systemis im proved. - 31-
WHAT IS CLAIMED IS: 1. An output-contr, He power anplifier conprising: a
vari able attenuator inputted with an i nput Signal for attenuating the power
of said input signal to output the attenuated signal; a power anplifier
connected to said variable attenuator for anplifying an output signal of
said variable attenuator to output the anplified signal; a power divider
connected to said power anplifier for dividing an output signal of said
power anplifier into a
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plufality of outputs to provide the plurality of outputs; an envel ope
detector connected to said power divider for envel ope-detecting an out put
signal provided by said power divider to output the envel ope-detected
signal; a tenperature conpensation circuit connected to said envel ope
detector for holding the conversion gaggéﬁf sai d envel ope detector for

t enperature change constant; a filter eeted to said tenperature
conpensation circuit for waveform shapi ng an out put signal of said
tenperature conpensation circuit to output the waveform shaped signal; a
ref erence voltage generation circuit connected to said tenperature
conpensation circuit for generating a reference voltage and supplying said

reference voltage to sai dgtenperature conpensation c{Tcuit;]a hold circuit
connected to said filter Epr extracting and hol di ng u1c&gput si gnal of
saldfllter and O
oud,
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-32- a burst nonitor circuit connected to said hold circuit for control ling
said hold circuit on the basis of a burst timng signal inputted fromthe
exterior; wherein said hold circuit is connected to said variable
attenuator so that said variable attenuator attenuates the power of said

i nput signal on the basis of an output %}9 | of said hold circuit. 2. An
out put-controll ed power anplifier conpﬁisigg: a vari abl e attenuator
inputted with an input signal for attenuating the power of said input

signal to output the attenuated signal; a power anplifier connected to said
vari able attenuator for anplifying an output signal of said variable
attenuator to output the anplified signal; a power divider connected to
said power anplifier for dividing an output signal of said power anplifier
into a plurality of outputs to provide the plurality of outputs; an

envel ope detector connected to said power divider for envel ope-detecting an

out put signal provi ddNPxH/Tsai d power RAMHA COMMUNICA- [RAMF
o |Bits| “TioNBITS [BITS
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di vi‘der to out put the envel ope-detected signal; a tenperature conpensation
circuit connected to said envel ope detector for holding the conversion gain
of said envel ope detector for tenperature change constant; a reference

vol tage generation circuit connected to said tenperature conpensation
circuit for generating a reference volgﬁgg @nd suppl ying said reference
voltage to said tenperature conpensati I Ycuit; -33- a hold circuit
connected to said tenperature conpensation circuit for extracting and

hol di ng an out put signal &b said tenperature conpensafp+er—etqcuit; a filter
connected to said hold cifeuit for wavef or m shapi ng ap out puf signal of
said hold circuit to outp t he wavef or m shaped signha|ty a p—bt st noni t or
circuit connected to saidold circuit for controlling }-poldicircuit on
the basis of a burst W<
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ti m“ng signal inputted fromthe exterior; wherein said filter is connected
to said variable attenuator so that said variable attenuator attenuates the
power of said input signal on the basis of an output signal of said filter.
3. An output-controlled power anplifier conprising: a variable attenuator
inputted with an input signal for atte@y?qi g the power of said input

signal to output the attenuated signal;”‘a power anplifier connected to said

vari abl e attenuator for agplifying an output signal of said variable
attenuator to output the lified signal; a.power dipde+—epnnected to
said power anplifier for vi di ng aN out put signal of]|said ppwer anplifier
into a plurality of outpuE§ to provide the plurality chESths; an
envel ope det ector connect to sai d\power divider for ope-dgt ecti ng an
out put signal provided by %said poywer , djvider to outpu 55
envel ope-det ected signal; ——"\K-nb'— CorO SZ
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-34-" a ténperature conpensation circuit connected to said envel ope detector
for holding the conversion gain of said envel ope detector for tenperature
change constant; a first filter connected to said tenperature conpensati on
circuit for waveform shapi ng an out put signal of said tenperature
conpensation circuit to output the wavg?r.] shaped signal; a reference
vol tage generation circuit connected t sal t enper at ure conpensation
circuit for generating a reference voltage and supplying said reference
voltage to said tenperature conpensation circuit; a hold circuit connected
to'said first filter for extracting and hol di ng an out put signal of said
first filter; a second filter connected to said hold circuit ,for
maveforn}shaplng an out put signal of said hold circuit FB output t he
wavef orm shaped signal; and a burst nonitor circuit conngcted to said hold
circuit for controlllng said hold circuit on the basis f a bura&
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tini'ng signal inputted fromthe exterior; wherein said second filter is
connected to said variable attenuator so that said variabl e attenuator
attenuates the power of said input signal on the basis of an output signal
of said second filter. 4. An output-controlled power anplifier according to
claim1l1, wherein a burst signal is ingag}ﬁd as said input signal; and -
35- wherein said hold circuit include iPcuit for bringing the output of
said hold circuit to a predeterm ned voltage level in a halt period after
said burst signal is outputted to the exterior. 5. An out put-controlled
power anplifier according to claim1, further conprising a circuit for
allowing said hold circuit to make the extraction on the basis of a
predeterm ned tine. F:
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6. An out put-control | ed power anplifier.according to clairh REPMADEMENT SHEET
said filter includes an active filter. 7. An out put - cont r gl Ired—power """
anplifier according to claim3, wherein at | east one of said fl%f@éﬁgd P
second filters includes an active filter. 8. An out put - corjt Hol4 ¢ oﬁ@
anplifier according to claim1 wherein a connection circuit joflsaid

t enperatur.e conpensation circuit and said filter is formed Hy an active

filter. 9. An out put-control | ed power anplifier according ylaip;o, ;
wherein a connegtlan Glieiidy BbwePhfbili 8! AidibECHAIRENSAE ITeBmGialcUi t an
said first fil - A T LTEr. -36- 10. An

PR B h TR B B platich,

out put-control er—acco o claim 6, wherein said active
filter has theagsTRrCDOfOF ithErD¥dEdEURE the third order at the highest.

In an output-controlled power amplifier of a

&t

closed loop type, an inbut signal is inputted to a main
péth in which the input signal is power-attenuated by a
variable attenuator and power;amplified by a power ampli-
fier. A power divider distributes the amplified input |
signal between the main path and a feedback path diverg-
~ ing from the main path so that the signal distributed to
the main patﬁ is outputted from the main path to the
exterior while the input signal is controlled on the
basis of the signal distributed to the.feedback_path.
The feedback path includes a hold circuit for extracting
the signal distributed to the feedback path and holding
the value of the power of the extracted.signal when the
power reaches a predetermined value. A control signal
for attenuating the power of the input signal inputted to
the main path is generated by the hold circuit and is
applied through the feedback path to the variable
attenuator on the main path to control the power of the
input signal. A transfer function of the closed loop has

a Gaussian characteristic.

Fig. 1
This Sheet Has Been Re
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11. An output-controlled power anplifier according to claim 1, REPEAGEMENR SHEET

¢l osed-1oop transfer function of the output-controlled power ar 'ffier nas
a@ Gaussi an char-a Lstic substantially. 12. An output-contr qqgﬁg
anplifier accor ainri—wherein the pole of a cl osed- I p1t ﬂgp
function of th m mgy, d power3maplifier is a Gaussi
characteristic functi lally. 13. An output-controlljd power

anplifier in which an |nput si‘gnal is inputted, the power of Sere=tnput
signal is attenuated, anplified, and divided into a plurality of divisional
signals, and at WiATasS COAMMEDf ISai d di vi sional si gnals is outputted to the

exterior while gnothgg rQ{ ek lind s8Rl ahgidics o Hil-ach

envel ope detectlon t'0 con I'npu wherein a ¢l osed- Ioop
transfer functign,of; i, ﬁidﬁ%e@o\eﬁrtnam iifigRit isSghaGassl an
characteristic unctlon su tant 14. An output-control | ed power

anplifier LRcwhhghisRy tﬂ@lﬁo@zﬂ"@é gas:Ld T!Biaﬁdtetblghfae. ROMSutPuts &hé | nput
signal is attenuated; anplified, and divided into a plurality of
attenuated signal;

a power amplifier connected to said variable attenuator
for amplifying an output signal of said variable attenuator to
output the amplified signal;

~* a power divider connected to said power.amplifier for
dividing an output signal of said power amplifier into a
plurality of outputs to provide the plurality of outputs;

an envelope detector connected to said power divider for
envelope-detecting an output signal provided by said power
divider to output the envelope-detected signal;

a temperatufe compensation circuit connected to said
envelope detector for holding the conversion gain of said
envelope detector for temperature change constant;

a filter connected to said temperature compensation
circuit for waveform-shaping an output signal of said
temperature compensation circuit.to output the waveform-shaped
signal;

a reference voltage generation circuit connected to said
temperature compensation circuit for generating a reference
voltage and supplying said reference voltage to said
temperature compensation circuit;

a2 hold circuit connected to said filter for extracting

and holding an output signal of said filter; and



s

S . o " REPLACEMENT SHEET ;|
di visional signals, and at | east one of said divisional 3 fSt-gRat-5—+5—
Qut putted t e—the—extertror—white anot her one of said divisiopa si?nals i :

wHeT EER BRE

subj ected ta jﬂ”“'ﬂ!@l“ﬁﬂﬁ“ﬂ“n to control said input signal,

pole of a clo | 8% function of the output-contréllied power
amplifier is a*Galisstan cRaracteristic function substantially. 15. A radio
communi cation term nal conprising an outyut-control | ed powel. 2aplifiefemm—————
according to claim1 16. A radi o comuni cation base station conprising an

out put - cont r ol | ed Ipovedr mampkioti eirasitrdongecved | &P nsdid 7hop@ circuit
output-control |l ed power anplifier device in which a nodul ated input signal

i s i nputteddm qantrddingf saiBuholdscinanitoon wee nPpats afhda sBREST nput

signal is power-attenuated, power-anplified, and thereafter outputted from

sai d main FRAHIT RS ﬁé‘PugﬁeﬂFfﬁemthanﬁxrﬁé?;:

wherein said hold circuit is connected to said variable

attenuator so that said variable attenuator attenuates the
power of said input signal on the basis of an output signal of

said hold circuit.

; 2._ An output-controlled power amplifier comprising:

a variable attenuator inputted with an input signal for
attenuating the power of said input signal to output the
attenuated signal; '

a power amplifier connectéd to said variable attenuator
for amplifying an output signal of said variable attenuator to
output the amplified signal;

a power divider connected to said power amﬁlifier for
dividing an output signal of said power amplifier into a
plurality of outpﬁts to provide the plurality of outputs;

R an envelope detector connected to said power divider for
envelope-detecting an output signal provided by said power
divider to output the envelope-detected signal;

a temperature compensation circuit connected to said
envelope detector for holding the conversion gain of said
envelope detector for temperéture change constant;

a reference voltage generation circuit connected to said
temperature compensation circuit for generating a reference
voltage and supplying said reference voltage to said

temperature compensation circuit;



a power divider—fordistributing the anplified input signal f@ﬁmgﬂnwﬁmmtsﬁgﬁ
mai n path anﬁ Q dlverglng fromsaid main path ja )
t He distribu MI mamnmwm aid main path to the exterior; fand cfprg :
signal generatidn ¢irkuirt for generating a control signal fqr ﬁﬁ o 1%
said input signal to said RF power anplifier on the basis of] t
distributed to said feedback path, said3ontrol signal generfation circuit
including a hold circuit provided in said feedback path for ‘ext+astimg—tt

signal distribugeddia éékéuieeééaﬁgcea&hta aid ter enfera it 8UEbhBEN S8t S d
control signal a signal having a waveform ol'ds the value of the

power of tf&r@atlpca@bedeﬁtsaa{:m?eanahﬁomx\&g iRashesut PLgALL esri £t val ue,
said hold circuit being controlled at a burst timng; wherein said control
si gnal genateaiperatarectbhpenshtden aireagt;circuit for setting the output
of said hold circuit to a

a filter connected to said hold circuit for

waveform-shaping an output signal of said hold circuit to
output the waveform-shaped signal; and

a burst monitor circuit connected to said hold circuit
for controlling said hold circuit on the basis of a burst

o/ timing signal inputted from the exterior;

wherein said filter is connected to said variable
attenuator so that said variable attenuator attenuates the
power of said input signal on the basis of an output signal of

said filter.

3. An output-controlled power amplifier comprising:

a variable attenuator inputted with an inpht signal for
attenuating the power of said input signal to output the
attenuated signal;

a pover amplifier connected to said variable attenuator
for amplifying an output signal of said variable attehuator to
output the amplified signal;

a power divider connected to said power amplifier for
dividing an output signal of said power amplifier into a
Plurality of outputs to provide the plurality of outputs;

an envelope detector connected to said power divider for
envelope-detecting an output signal provided by said power

divider to output the envelope-detected signal;



predet ermi ned val ue corresponding to a voltage level in a h IBEMCEMENbﬁHEET 1]
said input burst signal on the basis of said burst timng. 38 AT

Gut put-control |l ed po i er device according to claim1 w}rﬁgﬁﬁ” '
said control si \circuit i ncl udes a burst nonit % 1 "7 or
exof said huygst timng fromtheje '

receiving a si 40
d said reset circuit. 19. An ougput-controlled

S
control said h \\cui‘t an
power anplifier device according to claim 18. wherein said
generation circuit further includes a tenperature conpensation circuit
connected to said power divider, an output of said tenperature conpensation
circuit being sappenpdratusei dohpensationicinenigugrrngetedse? dikuit. 20.
An out put-controlled power anplifier device according to claim19, further
conpri si ng envielioper desARERT e80T oha kR HNY chiRR rERMYE TP TR R i Vh 33%uit for

wavef orm shapi ng an out put signal of said tenperature coqpensation circuit.
envelope detector for temperature change constant;

a first filter connected to said temperature compensation
circuit for waveform-shaping an output signal of said
temperature compensation circuit to output the waveform-shaped
signal;

e a reference voltage generation circuit connected to said
temperature compensation ci;cuit for generating a reference
voltage and supplying said reference voltage to said
temperature compensation circuit;

a hold circuit connected to said first filter for

extracting and holding an output signal of said first filter;

Hy
H

a second filter connected to said hold circuit fo
wavefornr-shaping an output signal of said holad Eircuit to
output the waveform-shaped signal; and

a burst monitor circuit connected to said hold circuit
for controlling said held cirguit on the basis of a burst
timing signal inputted from the exterior;

wherein said second filter is connected to said variable
attenuator so that said variable attenuator attenuates the

power of said input signal on the basis of an output signal of

said second filter.

4. An ocutput-controlled power amplifier according to
claim 1, wherein a burst signal is inputted as said input

signal; and



:::::

- 39 - 21. An output-controlled power anplifier device accogd

17, wherein said RF power anplifier includes a variable att¢ REQAEBM?%?}Ht&
f Font stage and-the T Sadedl hold circuit is supplied ‘af a control i
signal of said va mm\ \ 22. A signal processing]systichFEB 1999 I:'
conprising: a nal a signal processing circuft}linputted wt
a nodul at ed i nput $|gﬁal in the fornlofdg_burst signal for processing said
nodul ated input signal to satisfy a predeternined output co iItion and

outputting the processed signal; and a feed ack at h |ncI din
signal gener at i BRI (F31G g'}" 18 iy i tc1+é' e pot & rci?llgéngal n
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for said | bur
the exterior.

5. An output-controlled power amplifier according to
claim 1, further comprising a circuit for allowing said hold
circuit to make the extraction on the basis of a predetermined

time.

6. An output-controlled power amplifier according to

claim 1, wherein said filter includes an active filter.

7. An output-controlled power amplifier according to
claim 3, wherein at least one of said first and‘second filters

includes an active filter.

8. An output-controlled power amplifier according to
claim -1, wherein a connection circuit of said temperature
compensation circuit and said filter is formed by an active

filter.

9. An output-controlled power amplifier according to
claim 3, wherein a connection circuit of said temperature
compensation circuit and said first filter is formed by an

active filter.



a hold circuit for receiving the signal extracted to said |f BEMACEMENESHEEN
the basis of a 5L2¥Dg;$4¥ﬁﬁ’iﬁ§§i§d i nput burst signal arld [geEneratrTmg=asy. |
said control si EPEY a wavef orm whi ch hol dd tfhe t he
recei ved signal Whjm& s val ue reaches a predeterm nd%g?ﬁ@hd

reset circuit resp © to Said burst timng signal for
circuit into a reset condition after sahg.input burst sig
fromsaid nain path to the exterior. -40 - 23. A signa '
system according to claim222 wherein said feedback path further includes a
wavef or m shapi ndot i | ARroutprt v#RHFEL otk BRI FRRL I e RIFTF H1%a ks er
function of the signal processing systemjs a Gaussi an char 1St
function seBsdiant ba¥heredn said;dfkdve rfod:®F MEs %rﬂréigecroﬁg %ut"oérgl ai m
22,

r i~A3g J-sald.hol d
IS outputted

which is the third order at the highest.

11. An output-controlled power amplifier according to
claim 1, wherein a closed-loop transfer function of the
output-controlled power amplifier has a Gaussian

characteristic substantially.

W/

12. An output-controlled power amplifier according to
claim ], wherein the pole of a closed-loop transfef function
of the output-controlled power amplifier is a Gaussian
characteristic function substantially.

13. An output-controlled power amplifier in which an
input signal is inputted, the power of said input signal is
attenuated, amplified, and divided into a plurality of

. divisional signals, and at least one of said divisional
o,

signals- is outputted to the exterior while another one of said
divisional signals is subjected to envelope detection to
control said input signal, wherein a closed-loop transfer
function of the output-controlled power amplifier is a

Gaussian characteristic function substantially.

14. An output-controlled power amplifier in which an
input signal is inputted, the power of said input signal is
attenuated, amplified, and divided into a plurality of

divisional signals, and at least one of said divisional



wherein a si gnal |evel of sa| d hold circuit in the reset CC”WEP!.AUEM’ENTSQ-IEET
to an |n|t|a] val ue adiﬁted r inprovenment of the speed of] tfre—Rext

@ctivation. m mﬂ
wher ei n said

at the hlghest (
2, wherein a burst S|gnal I's inputted as3Baid i nput signal; jand wherein said

g to claim

ulHH roI | ed power anplifier accordi

the order of f11ter which id thelf rﬁﬁajmﬂdef
An out put-controlled power anplifier adqcarding to claijn

hold circuit includes a circuit for bringing the output of ‘saie-held
circuit to a predeterm ned voltage level in a halt perlqg1after said burst

signal is sigpalsedstuEPrEtsd &9 dhe Eﬂt%%t"ﬁ{hlec@ﬁ’ﬁ

anplifier according_to, claim?2, further risi a Cj rcuit. for allomﬁng
sai d hol d éPV&EFPngB 6%P %ﬁ%ﬂﬁs

tine.

r said
PR thel o34 HE &P Y S-S5 B8 er mi ned
control said input signal, wherein the pole of a closed-loop
transfer function of the output-controlled power amplifier is

a Gaussian characteristic function substantially.

15. A radio communication terminal comprising an

output-controlled power amplifier according to claim.k

16. A radio communication base station comprising an

output-controlled power amplifier according to claim 1

17. An output-controlled power amplifier device in which

a modulated input signal is inputted in the form of a burst

~ signal to a main path and said input signal is

power-attenuated, power-amplified, and thereafter outputted
from said main path, comprising:

an RF power amplifier;

a power divider for distributing the amplified input
signal between said main path and a feedback path diverging
from said main path and outputting the distributed signal from
said main path to the exterior; and

a control signal generation circuit for generating a
control signal for controlling said input signal to said RF
power amplifier on the basis of the signal distributed to said
feedback path, said control signal generation circuit
including a hold circuit provided in said feedback path for

extracting the signal distributed to said feedback path and




-41 - 28. An ou
wherei n said fv/
power anplifier

order of filter “whitch:

ontrolled power anplifier according to |cIREPRACEMENT SHEET

out put-controll ed power angli¥l'er according to claim 2, wher{eilfgmm—

cl osed-1 oop transfer function of the ou%gut-controlled power{ anplifier
a Gaussi an characteristic substantially”®31. An out put-cont rorfegpower
anplifier according to claim2, wherein the pole of a closed-1oop transfer
function ofpyihateinguascoaid otdetrPpVeigrapld fsind s mavGng & aaveform
characteristic function substantially. 32. A radi o comunication term nal
conpri si ng wiiichuhputisconervaled gbvehe qer ief toxcxtiracted gi@nal2. 33. A
radi o communi cati on base station conprising an output-controlled power
anplifier abem dhegpreet| neacites 3. predetemninedhtvalyed sovernAbl ifier
according to claim7,wherein said active filter has the order of filter

n active filter. 29. An output} dontrorTed

[ im28, wherein said active f{ilfteg :
lW’/l// rd order at the highest. 30.{f An !HPEEB%

has

circuit being controlled at a burst timing;

wherein said control signal generation circuit includes a

reset circuit for setting the output of said hold circuit to a

predetermined value corresponding to a voltage level in a halt

period of said input burst signal on the basis of said burst

timing.

18. An output-controlled power amplifier device
according to claim 17, wherein said control signal generation
circuit includes a burst monitor circuit for receiving a
signal indicative of said burst timing from the exterior to

control said hold circuit and said reset circui;.

19. An output-controlled power amplifier device
according to claim 18, wherein said control signal generation

circuit further includes a temperature compensation circuit

connected to said power divider, an output of said temperature

compensation circuit being supplied to said hold circuit

through said reset circuit.

20. An output-controlled power amplifier device
according to claim 19, further comprising a filter connected
to said temperature compensation circuit for waveform-shaping

an output signal of said temperature compensation circuit.
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power anplifierLLQ\\”ﬁrﬁg\Lg\g%iLgl9,mherein said active iﬁfﬂﬁzgggﬁfhﬁﬁg%
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a

order of filter ] ﬂ ' order at the highest. 36/ An

out put-controlle /ng according to claim 13, r i hFEB99
cl osed-1oop transfer fuhcts he out put-controll ed po anplifier
transfer function of a closed-1dop circit in which the ppwer of the 1nput
signal is attenuated, anplified, and divided into the plutality of

di visional signals, and the other one of the divisional signals is

subj ected to enwgl open dritgRit-@oriteocldetr powelre ampdif iekrgAavics7. An
output-controll ed power anplifier according to claim 14, wherein the

cl osed- | oogctoadiiertd wiaimonlef wheredn: satidc &t PoWeEd 2Bk 18 pl ifier is a
transfer function of a closed-loop circuit in which the power .of. the input
signal is includes a variable attenuator in its front stage and the

d

output of said hold circuit is supplied as a control signal of

said variable attenuator.

22. A signal processing systenm comprising:

a main path including a signal processinq circuit
inputted with a modulated input signal in the form of a burst
signal for processing said modulated input signal to satisfy a
predetermined output condition and outputting the processed
signal; and

a feedback path including

a control signal generation circuit for extracting a part
of the output of said main path and generating a control
signal on the basis of the extracted signal, said control
signal being supplied to the input side of said signal
processing circuit to control the output of said signal
processing circuit for said input burst signal,

a hold circuit for receiving the signal extracted to saiad
feedback path on the basis of a timing signal of said input
burst signal and generating as said control signal a signal
having a waveform which holds the value of the received signal
when the signal value reaches a predetermined value, and

a reset circuit responsive to said burst timing signal
for bringing said hold circuit into a reset cond;tion after
said input burst signal is outputted from said main path to

the exterior.



attenuated, anplified, and divided into the plurality of d Vﬁﬁﬁﬂm@MEWfSHEEF'
signals, and the other one of the divisional signals is supj getetrtmmmdy
ehvel ope detection to control the input signal. 38. An outpuf-controlle
power anplifier comprising: a first circuit which attenuatps| ArtEB;3es
and divides an input signal to produce a plurality of divipgignpal signals,
at | east one of the divisional signals'ﬂ@rng out put fromthe
out put-control |l ed power anplifier as an out signal, and W 5e WNUE=1 oYa) M aT=Y4
one of the divisional signals being a feedback signal; and a second circuit
whi ch subj ects t h@3f BeBhERRL SPEPRESS NS T e ARAFA I 19 ptaHuEe: a

control signal for controlljing the input signal: erein_the .
out put - contfGHEE § rfﬁﬁﬁP?%‘eﬁ’ams&ﬁ‘ﬂ%‘gewao\b S8 AN ST SR Y ch
I S subst antgialltléé;aand

wherein the pole of a closed-loop transfer function of

the signal processing system is a Gaussian characteristic

function substantially.

24. A signal processing system according to claim 22,
hd wherein a signal level of said hold circuit in the reset
condition is set to an initial value adapted for improvement

of the speed of the next activation.

25. An output-controlled power amplifier according to
~ claim 8, wherein said active filter has the order of filter

which is the third order at the highest.

26. An output-controlled power amplifier according to
claim 2, wherein a burst‘signal is inputted as said input
signal; and

wherein said hold circuit includes a circuit for bringing
the output of said hold circuit to a predetermined voltage
level in a halt period after said burst signal is outputted to

the exterior.

27. An output-controlled power amplifier according to
claim 2, further comprising a circuit for allowing said hold

circuit to make the extraction on the basis of a predetermined

LT

L

time.



Gaussi an function. 39. An output-controlled power anplifi g

claim 38, wherein the closed-l1oop transfer function of the

gut put-control |l ed power anplifier is a transfer function ¢

circuit formed by the first circuit and the second circuit.

out put-control |l ed power anplifier conprising: a first cir
attenuates, anplifies, and divides an ipgut signal to pro

T REFLAGEMERD sheet

D

pf f1a -cl osed: | oof:
14d.1 ReB 1599
bult _which

juce a plurality

of divisional signals, at |east one of the divisional sig

hal . hei na. out nut
~J T

fromthe output-controlled power anplifier as an output si

gnal , and anot her

one of the divisiggal Asi gutahst beonty al feek gloaer amgidlfieznacsorddogdteircuit
whi ch subj ects the feedback signal to envel ope detection to produce a
control sigeakikop,cemerelnisaid Hilltguutinsilgpdels;, aphacaiivet fd lter.

out put-control |l ed power anplifier has a closed-loop transfer function

having a pole of substantially a Gaussian function.

29. An output-controlled power amplifier according to

claim 28, wherein said active filter has the order of filter

which is the third order at the highest.

30. An output-controlled power amplifier according to

claim 2, wherein a closed-loop transfer function of the

output-controlled power amplifier has a Gaussian

characteristic substantially.

31. An output-controlled power amplifier
ciaim 2, wherein the pole of a closed-loop tran
of the output-controlled power amplifier is a G

characteristic function substantially.

32. A radio communication terminal compri

output-controlled power amplifier according to

according to
sfer function

aussian

sing an

claim 2.

33. A radio communication base station comprising an

output-confrolled power amplifier according to

34. An output-controlled power amplifier
claim 7,wherein said active filter has the ord

which is the third order at the highest.

A

claim 2.

according to

er of filter




-44- 41. An output-controlled power anplifier according to
wherein the closed-1oop transfer function of the output-co
anplifier is a transfer function of a closed-loop circuit f
first circuit and the second circuit. 42. An output-control
anplifier conprising: a first circuit which attenuates, anp
di vides an input signal to produce a plugality of divisiona
| east one of the divisional signals being output fromthe o
power anplifier as an output signal, and another one of the divisional
signals being a feedback signal; and a second circuit which subjects the
f eedback signal tgseRanebgrpudeteatironlaadpbiveteanpyitdepr adaoedangoher ol
signal for controlling the input signal; wherein the filter is configured
to make a dsed-| 9pmheranaf eaifiuaetioe Giltke haspthecortes! PEJLpoweY
anplifier be

which is the third order at the highest.
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36. An output-controlled power amplifier according to
claim 13, wherein the closed-loop transfer function of the
output-controlled power amplifier is a transfer function of a

W closed-loop circuit in which the power of the input signal is
attenuated, amplified, and divided iptc the plurality of
divisional signals, and the other one of the divisional
signals is subjected to envelope detection to contrel the

input signal.

37. An output-controlled power amplifier according to
claim 14, wherein the closed-loop transfer function of the
output-controlled power amplifier is a transfer function of a

closed-loop circuit in which the power of the input signal is

.

had attenuated, amplified, and divided into the plurality of

divisional signals, and the other one of the divisional
signals is subjected to envelope detection to control the

input signal.

38. An ocutput-controlled power amplifier comprising:
a first circuit which attenuates, amplifies, and divides
an input signal to produce a plurality of divisional signals,

at least one of the divisional signals being output from the

M s .



substantially a Gaussian function. 43. An output-controlled JoREPLASEMENT SHEET |
according to claim42, wherein the control signal controls theftirst
circuit to control the input signal; and wherein the cl osed-llogp 4 i f

LA EER 3,

function of the output-controlled power anplifier is a transfe
a closed-loop circuit fornmed by the first circuit and the sego
-45 - 44, An output-controlled power amfdl<fier according to ¢laim42,

wherein the first circuit includes an attenuator which attenuatés the TTmput
signal to produce an attenuated signal, an anplifier which anplifies the
at t enuat ecardtgiert ane wfodbee divigdpnphi sdgspdfabPeindde af @RIPYEr SHIRML/
divides the anplified signal to produce the plurality of divisional
si gnal s;
a second circuit which subjects the feedback signal to
envelope detection to produce a control signal for controlling
the input signal;
wherein the output-controlled power amplifier has a
closed-loop transfer function which is substantially a

Gaussian function.

39. An output-controlled power amplifier according to
claim 38, wherein the closed-loop transfer function of the
output-controlled power amplifier is a transfer function of a
closed-loop circuit formed by the first circuit and the second

circuit.

40. An output-controlled power amplifier comprising:

a first circuit which attenuates, amplifies, and divides
an input signal to produce a plurality of divisional signals,
at least one of the divisional signals being output from the
output-controlled power amplifier as an output signal, and
another one of the divisional signals being a feedback signal;
and

a second circuit which subjects the feedback signal to
envelope detection to produce a control signal for controlling
the input signal;

wherein the output-controlled power amplifier has a
closed-loop transfer function having a pole of substantially a

Gaussian function.



wherein the second circuit includes an envel ope detector mh|% p ﬁ@h?!ﬁ%rT
envel ope of the feedback signal to produce an envel ope signal. AN
which filters the envel ope signal to produce the control- sijggal . 45. An -
out put-control |l ed power anplifier according to claim44, wierlei {tFRB 1999
control signal controls the attenuator to control the inputj §ignal; and
wherein the closed-1oop transfer functign of the output-cortrofTed power
anplifier is a transfer function of a closed-loop circuit flormed by the

attenuator, the anplifier, the divider, the envel ope detector, and the

filter. 46. An oyt puly Co‘?x%ézﬁ#p—'c@alt%g?‘ﬁ%da% el Ghpi QRS RGoraihy £b

circuit which af&epua es, anpl and vides™an input signal "to produce

a plural ity ofy digl SIQRAl; S Rl Sloda 18R t9A%stlr! Fandition ofaknsi gnal s

bei ng output fromthe output-controlled power anplifier as an output

signal, angutput-controlled power amplifier is a transfer function of a
closed-loop circuit formed by the first circuit and the second

circuit.

42. An output-controlled power amplifier comprising:
a first circuit which attenuates, amplifies, and divides
e an input signal to produce a pluralify of divisional signals,
at least one of the divisional signals béing output from the
output-controlled power amplifier as an ocutput signal, and
another one of the divisional signals being a féedback signal;
and
a second circuit which subjects the feedback signal to
envelope detection and filtering to produce a control signal
for controlling the input signal;
wherein the filter is configured to make a closed-loop

transfer function of the output-controlled power amplifier be

substantially a Gaussian function.

43. An output-controlled power amplifier according to
claim 42, wherein the control signal controls the first
circuit to control the inpﬁt signal; and

wherein the closed-loop transfer function of the
output-controlled power amplifier is a transfer function of a

closed-loop circuit formed by the first circuit and the second

’ KRN ) O

circuit..



-46 - another one of the divisional signals being a feedbac
second circuit which subjects the feedback signal to envelo
filtering to produce a control signal for controlling the i
wherein the filter is configured to make a cl osed-1oop tran
the output-controlled power anplifier have a pole of substa
Gaussi an function. 47.An output-control jed power anplifier
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cording to

clai m 46, wherein the control signal controls the first circiit to Control
the input signal; and wherein the closed-loop transfer function of the
out put - cont r ol | ed4pauerovmit-fdotitricd 1adt peweteamplictieonactoadihgstd- | oop

circuit fornmed by the first circuit and the second circuit.

4

8. An

out put - contlaih ed2 powsr einplte diirsdc oidicagtt ancludes46, wherein the first

circuit

i ncl udes an attenuator which attenuates the input si
an attenuated samreftenuator which attenuates the input signa

produce an attenuated signal,

an amplifier which amplifies the attenuated signal to
produce an amplified signal, and

a divider which divides the amplified signal to produce
the plurality of divisional signals; and

wherein the second circuit includes

an envelope detector which detects an envelope of the
feedback signal to produce an envelope signal, and

a filter which filters the envelope signal to produce the

contrecl signal.

45. An output-controlled power amplifier according to
claim 44, wherein the control signal controls the attenuator
to control the input signal; and

wherein the closed-loop transfer function of the
output-controlled power amplifier is a transfer function of a
closed-loop circuit formed by the attenuator, the amplifier,

the divider, the envelcpe'detector, and the filter.

46. An output-controlled power amplifier comprising:
a first circuit which attenuates, amplifies, and divides
an input signal to produce a plurality of divisional signals,
at least one of the divisional signals being output from the

output-controlled power amplifier as an output signal, and

A

gnal to produce



an anplifier which anplifies the attenuated signal to prodd
signal, and a divider which divides the anplified signal tg
plurality of divisional signals; and wherein the second cir
envel ope detector which detects an envel ope of the feedback
produce an envel ope signal, and - 47.4¢a filter which fi

roduce the

cyi t1 NFEBIB9Y 2
ignal to

| ters the

envel ope signal to produce the control signal. 49. An outpu

-controlled

power anplifier according to claim48, wherein the control

signal controls

the attenuator to control the input signal; and wherein the closedfloog.
transfer fusestiosr ofnd et cnep @ivdmitonelll sdgp@ds: beipa @i Seerdagk: FiARRSS

function of a closed-loop circuit formed by the attenuator,
t he divi derandhe envel ope detector, and the filter.

the anplifier,

a second circuit which subjects the feedback signal to

envelope detection and filtering to produce a control signal

for controlling the input signal;

wherein the filter is configured to make a closed-loop

transfef function of the output-controlled power

have a pole of substantially a Gaussian function.

amplifier

47. An ocutput-controlled power amplifier according to

claim 46, wherein the control signal controls the first

circuit to con4trol the input signal; and

wherein the closed-loop transfer function of the

output-controlled power amplifier is a transfer function of a

closed-loop circuit formed by the first circuit and the second

circuit.

48. An output-controlled power amplifier according to

N? . L .
claim 46, wherein the first circuit includes

an attenuator which attenuates the input signal to

produce an attenuated signal,
an amplifier which amplifies the attenuated

produce an amplified signal, and

signal to

a divider which divides the amplified signal to produce

the plurality of divisional signals; and

wherein the second circuit includes

an envelope détector which detects an envelope of the

feedback signal to produce an envelope signal, and

R —
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a filter which filters the envelope signal to produce the

control signal.

49. An output-controlled power amplifier according to
claim 48, wherein the contreol signal controls the attenuator
to control the input signal; and

wherein the closed-loop transfer function of the
output-controlled power amplifier is a transfer function of a
Closed-loop circuit formed by the attenuator, the amplifier,

the divider, the envelope detector, and the filter.

B
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Output-controlled Power Amplifier, Radio Communcation Terminal
And Radio Cammunication Base Station

ASSTRACT QOF THE DISCLOSURE
In an output-controlled power amplifier of a

closed loop type, an input signal is inputted to a main
path in which the input signal is power-attenuated by a
variable attenuator and power-amplified by a power ampli-
fier. A power divider @istributes the amplified input
signal between the main path and é feedback path diverg-
ing from the main path so that thé signal distributed to
the main path is outputted from the main path to the
exterior while the input signal is controlled on the
basis of the signal distributed to the feedback path.

The feedback path includes a hold circuit for extracting
the signal distributed to the feedback path and holding
the value of the power of the extracted signal'when'the
power reaches a predetermined value. A control signal
for attenuating the power of the input signal inputted to
the main path is generated by the hold circuit and is
applied through the feedback path to the variable
ttenuator on the main path to control the power of the
input signal. A transfer function of the closed loap has

a Gaussian characteristic.

Fig. 1



