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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
power amplifier applied to a communication eguipment 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-
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
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
made at the same frequency 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

has not a time continuity. 1In order to suppress waves
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interfering with another user or to maintain a speech or
communication quality, it is desired for each radio
equipment or station to provide a constant output in one
burst. 1In this case, there is required a transition on a
time basis from a state in which the radio equipment
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
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

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-
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
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
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decreased in accordance with the result of comparison.

This construction of the conventional power
amplifier can be regarded as being a single closed-loop
circuit which has branch points including an input and
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
loop. 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
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
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.

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
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deteriorating the quality of a signal outputted from the
radio equipment.

Further, in the conventional radio communica-
tion terminal and the conventional radio communication
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.

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
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
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.

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
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signal-to-noise ratio are realized by using the output-
contreolled power amplifier of the present invention.

A still further object of the present inven-
tion is to provide a radio communication base station in
which a higher-speed transmission of information and an
improved signal-to-noise ratio are realized by using the
outpﬁt-controlled power amplifier of the present inven-
tion.

In an ocutput-contrclled power amplifier ac-

ﬂg'”ﬁing to one aspect of the present invention made for

attaining 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
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
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
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



21

=2

10

15

20

25

-6 -

of a burst timing signal inputted from the exterior, the
power of the input signal to the main path being con-
trolled to a desired value or attenuated on the basis of
the control signal cutputted from the hold circuit to the
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
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-
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
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-
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
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conﬁected to the filter for extracting or holding an
output signal of the filter, and a burst monitor circuit
connected to the hold circuit for controlling the hold
circuit on the basis of a burst timing signal inputted
from the exterior, the hold circuit being connected 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
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.

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-
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-
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.
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According to a still further aspect of the
present invention, there is provided a radio communica-
tion terminal which includes the output-controlled power
amplifier of the present invention.

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-
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

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
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
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
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power amplifier of the present invention, the convergence
of the amplitude of a signal wave by a feedback can be
realized at a high speed by making a circuit design so
that the waveform of a signal transferred in the closed
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
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
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,
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
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
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an approximate function of the normal distribution func-
tion.
The high-speed ability of amplitude conver-

gence is maintained if the pole of the closed-locop trans-

. 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
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
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-
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;

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
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invention;

Figs. 4A to 4C are diagrams showing the timing
of transmission of transmit bits of a burst signal in a
TDMA radio communication system to which the output-
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-
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;

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-
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
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
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communication system in which the output-controlled power

amplifier of the present invention is used.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

One embodiment of the present invention will
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
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-
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
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-
sation 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.
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The.temperature compensation circuit 6 makes the differ-
ential detection of two input signals to cancel the DC
voltage drift versus temperature characteristic of the
envelope detector 4, thereby holding the output of the
output-controlled power amplifier constant for the varia-
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
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
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
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-
sation circuit 6 has a first input connected to an output
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-
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tion circuit 5 to which the diode 7 having the same DC
voltage drift versus temperature characteristic as the
envelope detector 4 is connected. BAn output of the
temperature compensation circuit 6 is connected through
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
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

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-
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.

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-
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tion. Fig. 4B shows one input burst transmit signal in a
form enlarged on the time axis. Fig. 4C shows the types
of transmit information in the input burst transmit
signal.

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
shown in Fig. 4A is inputted. 1In 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,
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
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
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
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loop is performed during a period of time when the ramp
bits at the time of rising of the burst signal are trans-
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
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ramp bits is completed, the burst monitor circuit 9 sends
a control signal to the hold circuit 10 so that the hold
circuit 10 is turned into a holding state. At this time,
the output power of the output-controlled power amplifier
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
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.

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
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
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
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Taylor expansion of a Gaussian function up to the third
order thereof (or a higher order than that). At this
time, the element values of the first and second filters
8 and 11 may be determined such that the pole of a
closed-loop transfer function of the closed loop assumes
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
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
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
(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
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



10

15

20

25

- 19 -

traﬁsferred in the power amplifier 2 through the variable
attenuator 1 involves a change in amplitude caused from
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, the signal-to-noise ratio of the output-con-
trolled power amplifier is improved.

Also, with the construction of the output-
controllied 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
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
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
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
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the hold circuit 10. The other end of the hold capacitor
16 is grounded. The switches 14 and 15 are controlled by
an output signal of the burst monitor circuit 9.

Fig. 6A shows a timing relation between a
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.
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

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
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
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
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capacitor 16. In the case where the capacitance of the
capacitor 16 is smaller than the optimum value, the
capacitor is charged at the earlier stage of a ramp bit
transmission time in Fig. 4C but there is generated a
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
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
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.

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
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



10

15

20

25

- 22 -

of the operational amplifier 20 through the resistor 21.
A positive input of the operational amplifier 20 is
grounded through the resistor 23. An ocutput of the

reference signal generation circuit 5 is connected toc the

. 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
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
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
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
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
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to an output voltage of the envelope detector 4 when
there is no input. In the present embodiment, the ampli-
fication factor of an amplifier as an active filter con-
structed by the operational amplifier 20 and the resis-
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.

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
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-
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
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
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of the switch 47, the resistor 44 and the capacitor 46
and a parallel circuit of the resistor 43 and the capaci-
tor 45 is connected between a negative input of the
operational amplifier 40 and an output thereof with an
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
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
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
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
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
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pro&ides an effect that the gain of the closed loop can
be improved. Also, since the order of filter in the
closed loop is increased, it is possible to improve the
degree of approximation of the closed-loop transfer
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
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
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-
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-
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
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area in which a radio terminal 69 makes communication.
One example of the application of the present invention
is a personal handyphone system (PHS) which is being put
into operation in Japan. Pages 1 to 43 of the standard
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.

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-

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
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
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
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codec 61. A burst modulated signal sent from the radio
terminal 69 is transmitted to the radio base station 62
and'captured by the antenna 66 therein. Then, the signal
is sent by the 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 thereafter transmitted by the channel codec 61.

When the communication quality of the radio
communication system is taken into consideration, it is
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
is 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
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
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
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reduced. As a result, the communication quality of the
system is improved.

Fig. 10 is a block diagram showing the con-
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
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converted by a microphone 79 into a speech signal and
then converted by the speech codec 78 and the channel
codec 61 into burst data. Thereafter, the burst data is
converted by the digital modulator 63 into a burst modu-
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
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
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
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
variations 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.
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According to the present invention, the output
voltage of the hold circuit can be converged at a high
speed by approximating the waveform of a signal trans-
ferred in the ‘closed loop to a Gaussian waveform. There-
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
constapt value, the output of the hold circuit is forc-
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
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
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
radio communication terminal or base station which has a

high speed and an improved signal-to-noise ratio.
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WHAf IS CLAIMED IS:

1. 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
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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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 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;
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a temperature compensation circuit connected
to said envelope detector for holding the conversion gain

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

signal of said filter.
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 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 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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generating a reference voltage and supplying said refer-
ence 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;

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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9. | An output-controlled power amplifier according
to Claim 5, wherein at least one of said first and second
filters includes an active filter.

10. An output-controlled power amplifier according
to Claim 3, wherein the connection circuit of said tem-
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
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said input signal, wherein a closed-loop transfer func-
tion of the output-controlled power amplifier is a
Gaussian characteristic 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
1 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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diverging from said main path and outputting the distrib-
uted signal from said main path to the exterior; and

a control signal generation circuit for gener-
ating 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 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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circuit connected to said power dividef, an output of
said temperature compensation circuit being supplied to
said hold circuit through said reset circuit.

23. An output-controlled power amplifier 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
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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
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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