POWER AMPLIFIER

BACKGROUND OF THE INVENTION
Field of the Invention: |

Thé present invention relates to a power amplifier
and, more particularly, to an amplifier which uses
‘transistors with a new structure to realize size reduction
without decreasing the efficiency in a low output mode.
Description of the Prior Art: |

Generally, when a radio signal is to be transmitted
from a radio device, the transmission signal is amplified
by a power amplifier and output at power with a desired
strength. For such a power amplifiér ; lower | power
consumption and higher efficiency are required.

As conventional amplifiers with low power consumption,
there are an operational amplifier disclosed in Japanese
Unexamined Patent Publicafion No. 1-117405, an FET
amplifier circuit disclosed in Japanese Uneﬁcamined Patent
Publication No. 5-243862, and an inverter amplifier
disclosed in Japanese Unexamined Patent Publication
No. 7-202595.

When the conventional power amplifier is used while
continuously changing its output, generally, the magni tude
of the bias voltage is decreased and, more specifically,

»  in a bipolar transistor, the base véltage is lowered to
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decrease the output.

However, when the base voltage "is lowered, the
'efficiency of the power amplifier lowers. The efficiency
‘can be improﬁed by adjusting the collector voltage.

However, to adjust the collector voltage, a larger
cufrent than that Ffor adjusting the gate voltage is
required. When power consumption for the maximum power of
the power amplifier is taken into consideration, a power
device with a considerably large size must be used.

Hence, the apparatus using the power amplifier
excessively becomes bulky. Such a power amplifier is very
disadvantageous for application to an apparatus such as a
portable teiephone having a limited space and requiring
size reduction.

SUMMARY OF THE INVENTION

The present invention has been made in consideration
of the above-described problem, and has as its object to
provide a power amplifier which uses transistors with a
new structure to realize size reduction without decreasing
the efficiency in a low output mode.

In order to achieve the above object, according to
the first aspect of the present invention, there is
provided a power amplifier for amplifying power using a
transistor, wherein the transistor comprises a plurality

of transistor units connected in parallel and having
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different static characteristics.

According to the second aépect of the present
invention, there is provided a power amplifier wherein the
static characteristic is a pindh-off voltage.

According to the third aspect of the present inven-
tion, there is provided a power amplifier for amplifying
power using a transistor, wherein the transistor comprises
a plurality of trénsistor units connected in parallel and
having different pinch-off voltages, and when -a bias
voltage applied to the plurality of transistor units is
lowered, predetermined transistor units of the plurality
of transistor units are turned off by pinch-off, and thé
remaining transistor units are in an ON state.

A@cording to the foufth aspect of the present
invention, there is provided a power amplifier wherein the
plurality of transistor units of -the first or third aspect
are connected in parallel through a matching circuit.

According to the.fifth aspect of the present inven-
tion, there is provided a power amplifier wherein each of
the plurality of transistor units of any one of the first,
third, and fourth aspects comprises a tfansistor group
constructed by a plurality of transistors.

According to the sixth aspect of the present inven-
tion, there is provided a power amplifier wherein the

transistor group of the fifth aspect is constructed by a



plurality <'>f FETs.

According to the seventh aspect of the present
invention, there is provided a power amplifier for
amplifying power using a transistor, wherein the transis-
tor comprises a plurality of transistor units connected in
parallel and having different pinch-~off voltages, each of
the plurality of transistor units comprises a transistor
group having a plurality of transistors, when a bias
voltage applied to the plurality of transistor units is
lowered, predetermined transistor units of the plurality
of transistor units are turned off by pinéh—off , and the
remaining transistor units are in an ON state, a size of
the transistor group of each transistor unit turned off by

pinch-off when the bias voltage is lowered is set to cover

output power in a high power output mode, and a size of .

the transistor group of each transistor unit in the ON
state ﬁhen the bias voltaqe is lowered is set to cover
output power in a low power output mode, and the amplifier
is designed to increase an efficiency of the transistor
group in the ON. state when the bias voltage is lowered in
the lbw power output mode.

According to the eighth aspect of the present
invention, there is provided a radio device using the
power amplifier of any one of the first, third, and fourth

aspects as an ampiifier for amplifying a radio transmis-
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sion output.

According to the ninth aspect of the present inven-
tion, there is pfovided a portable telephone using the
power amplifier of any one of the first, third, and fourth
asjpects as an amplifier for amplifying a radio transmis-
sion output.

According to the 10th aspect of the presenf invention,
there is provided a portable telephone comprising an
antenna for transmitting/receiving a radio signal to/from
a b;tse station, a transmission/reception demultiplexer for
demultiplexing transmission/reception for the antenna, a
.first': amplifier for amplifying a reception signal from the
transmission/reception demult;i.plexer, a first filter for
filtering an output from the first amplifier, a first
synthesizer for oﬁtputting a signal having a predetermined
frequency, a first mixer for synthesizing an output from
the first filter with an output from the first synthesizer,
a second filter for filtering an output from the first
mixer, a second amplifier for amplifying an output from
the second filter, a second synthesizer for outputting a
signal having a predetermined frequency, a demodulator for
demodulating an output from the second amplifier using an
'output from the second synthesizer, a baseband processing
section for inputting the signal demodulated by the

demodulator and performing control associated with



transmission/reception, a loﬁdspeaker for generating a
received voice signal controlled by the baseband process-
ing section, a microphone controlled by the baseband
processing section to collect a voice of a user, a third .
synthesizer for outputting a signal having a predetermined
frequency, a modulator for modulating a signal from the
baseband processing section using an output from the third
synthesizer, a third amplifier for amplifying an output
from the modulator, a third filter for filtering an output
from the third amplifier, a second mixer for synthesizing
an outpﬁt from the third filter with an output from the
first synthesizer, a fourth filter for filtering an output
from the second mixer, a fourth amplifier for amplifying
an output from the fourth filter and outputting the output
to the transmission/reception demultiplexer, a first D/A
converter for converting a first amplification factor
adjustment signal from the baseband processing section
into. an analog signal and supplying fhe émplification
factor adjustment signal to the second amplifier to adjust
an amplification factor of the second amplifier, and a
second D/A converter for converting a second amplification
factor adjustment signal from the baseband processing
section into an analog signal and supplying the amplifica-
tion factor adjustment signal to the fourth amplifier to

adjust an amplification factor of the fourth amplifier,



wherein the power amplifier of one of the first, third,
and fourth aspects is used as the fourth amplifier.

The power .amplifier of the present invention is
realized by connecting a plurality of transistor units in
" parallel on one semiconductor chip. When all of the bases,
emitters, and collectors of the transistor units (gates,
sources, and drains of FETs) are connected, and a DC
operating point is changed, the operating points of all
the transistor units also change.

In the present invention,.eadh of the plurality of
transistor units connected in parallel is constructed by a
group of some ;:ansistors. The groups have different
static characteristics and, preferably, different
pinch-off voltages of FETs. With this arrangément,.when
the bias voltage is lowered, certain groups are set in a
pinch-off state to completely reduce power consumption to
zero, and the remaining groups are set in an ON state.
When. the size of transistors of the groups which are
turned off by éinch—off first is increased, output power
in the high power output mode can be maintained. When the
. amplifier is designed to increase, in the low output mode,
thg efficiency of the transistors of the groups which are
not turned off by pinch-off in the low power output mode,
the efficiency in the low output mode can be improved.

In the present invention, the object of the present



invention can also be realized by forming transistors
having the conventional size in the conventional number
and adding a plurality of transistors having a small size
and different static characteristics.

According to the present invention, when the power
amplifier is used while continuously changing its output,
complex control need not be performed, the outpu{: power
has no discontinuous points, and the efficiency in the low
output mode can be improved.

In addition, according to the present invention,
since a «circuit for adjusting the drain wvoltage in
accordance with the changé in bias voltage can be omitted,
the circuit can be simplified and made compact, and it can
be used in a device such as a portable telephone requiring
size reductidn.

The above and many other objects, features and
advahtagés of the present invention will become manifest
to those skilled in the art upon making reference to the
following detailed description and accompanying drawings
in which preferred embodiments incorporating the principle
of the present invention are shown by way of illustrative
examples.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram showing the schematic

arrangement of a power amplifier according to the first
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embodiment of the present invention;

Fig. 2 is a circuit diagram showing the internal

arrangement of transistor units shown in Fig. 1;

| Fig. 3 is a graph showing the Vsg vs. Id characteris-
tics as the static characteristics of the transistor units
shown in Fig. 1;

Fig. 4 is a graph showing the bias voltage vs. output
pover characteristics as the static characteristics of the
transistor units shown in Fig. 1;

Fig. 5 is: a graph showing the bias wvoltage vs.
efficiency characteristics és the static characteristics
of the transistor units shown in Fig. 1;

Fig. 6 is a Dblock diagram showing the schematic
arrangement of a portable telephone to which the power
amplifier of the present invention is applied;

Fig. 7 is a block diagram showing the schematic
arrangement of a power amplifier according to the second
embodiment of the present invention;

_Fig. 8 is a circuit diagram showing the internal
arrangement of transistor units shown in Fig. 7;

Fig. 9 is a graph showing the Vsg vs. Id characteris-
tics as the static characteristics of the transistor units
shown in Fig. 7;

Fig. 10 is a graph showing the bias. voltage vs.

output power characteristics as the static characteristics
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of the transistor units shown in Fig. 7; and

Fig. 11 is a graph showing the bias voltage vs.
efficiency characteristics as the static characteristics
of the transistor units shown in Fig. 7.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will
be described below with refe:f:ence to the accompanying
drawings.

Fig. 1 is a schematic block diagram of a power
amplifier according to the first embodiment of the present
invention. In this embodiment, a éower amplifier com-
prised of FETs will be described.

A power amplifier 1 of this embodiment shown in
Fig. 1 is constructed by connected transistor units 2 and
3 in parallel. Each of the transistor units 2 and 3
comprises at least one FET. The static characteristics
and, preferably, pinch-off voltage of the transistor unit
2 are different from the static characteristics of the
transistor unit 3.

Fig. 2 is a circuit diagram showing the internal
arrangement of the transistor units 2 and 3 shown in
Fig. 1. Each of the transistor units 2 and 3 is comprised
of two FETs.
| FETs 21 and 22 in the transistor unit 2 parallelly

connected to the input and output terminals. An input
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matching circuit 23 is connected to the input terminal,
and an output matching circuit 24 is connected to the
output: terminal. The transistor unit 3 has the same
internal arrahgement as that of the transistor unit 2.

An RF signal from an RF signal input terminal 4 and a
bias 1.roltage from a bias voltage input terminal 5 are
input to the transistor units 2 and 3. The RF signal
amplified and output from the transistor units 2 and 3 is
output from an RF signal éutput terminal 6. The sources
of the FETs constructing the transistor units 2 and 3 are
grounded. A fixed drain voltage is applied from a drain
voltage input terminal 7.

When the transistor unit 2 in Fig. 1 is comprised of
a plurality of FETs, the pinch-off voltages of all the
plurality of FETs are equal. When the transistof unit 3
is comprised of a plurality "of FETs, the pinch-off
voltages of all the plurality of FETs are equal. The
pinch-off voltage of the FETs used in the transistor unit
2 is different from that of the FETs used in the transis-
tor unit 3. | |

Fig. 3 is a graph showing the gate-to-source current
Vgs vs. a drain current Id characteristics as the static
characteristics of the transistor units 2 and 3 shown in
Fig. 1.

As shown in Fig. 3, the transistor units 2 and 3 have



- 12 -

different pinch-off voltages. A point B represents the
pinch-off ﬁoltage 6f the transistor unit 3, and a point D
represents the pinch-off voltage of the transistor unit 2.
For this reéson, when a voltage at an operating point A is
applied to the bias input.terminal, both the transistor
units 2 and 3 are turned on . With the voltage at an
operating point C, only the transistor unit 2 is turned on.

That is, when the bias voltage is continuously
changed from the point A to the point C, the transistor
unit 3 is turned off by pinch-off. As will be described
later about the current and output at the operating point
as a refefénce, when the number ratio of the transistor
units 2 and 3 (i.e., the ratio of the number of transis-
tors constituting the transistor group of the transistor
unit 2 to the number of transistors constituting the
transistof group of the transistor unit 3) is selected,
the output from the transistor group of the transistor
unit 3 can be madé dominant in a high output mode. In
addition, in a low output mode, only the transistor group
of the transistor unit 2 is operated, and unnecessary
transistors are turned off to suppress an unnecessary
current, thereby improving the efficiency.

Fig. 4 is a graph showing the bias voltage vs. output
power characteristics as the static characteristics of the

transistor units 2 and 3 shown in Fig. 1.
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Referring to Fig. 4, when the bias voltage is lowered,
the main output changes from the output from the transis-
tor unit 3 to the output from the transistor unit 2 at a
certain point. From this point, .the output from the
transistor unit 3 abruptly decreases until pinch-off.

Fig. 5 is a graph showing the bias voltage vs.
efficiency characteristics as the static characteristics
of the transistor units 2 and 3 shown in Fig. 1.

Referring to Fig. 5, in the high output mode, the
transistor unit 2 does not flow a large current, and
therefore, the current from the transistor unit 3 is
.dominantw | Oon the other hand, wﬁen the output from the
transistor unit 2 becomes almost dominant, the current
from the traﬁéistor uﬁit 2 becomes dominant in the entire
efficiency. When the amplifier is designed to increase
the efficiency of the transistor unit 2 near that point,
the decrease in the entire efficiency due_to a decrease.in
magnitude of the bias voltage can bé minimized.

The number of transistors constituting the transistor
group of the transistor unit 2 is set such that a desired
amplification factor is obtained in the low output mode
after the transistor unit 3 is turned off-by‘pinch—off at
the point B shown in Fig. 3. The number of transistors
constituting the transistor group of the transistor unit 3

is set such that a desired amplification Ffactor is
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obtained in the high output'gode.

As described above, according to this embodiment, a
power amplifier which does not decrease the efficiehcy
throughout the high and low output modes. |

In the above-described embodiment, transistor units
like the trénsistor units 2 and 3 having different
pinch-off voltages. are used to form the power amplifier.
The transistor units having different pinch-off voltages
can be formed on different semiconductor chips or on one
semiconductor chip. Transistors units, e.g., depletion
FETs having different pinch-off wvoltages can be formed on
one semiconductor chip by partially changing the number of
times of ion implantation into channels. More specifi-
cally, the channel depth at a portion where ion implanta-
tion has been performed a larger number of times increases.
A transistor with a thicker channel layer has a lower
pinch-off wvoltage. With this method, transistor units
having different pinch-off voltages can be formed on one
semiconductor chip.

In the above-described embodiment, any semiconductor
such as GaAs and silicon can be effectively used.

The power amplifier circuit of the present invention
can provide its effect especially in application to the
transmission section of a cellular phone. This will be

described below.
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Fig. 6 is a block diagram showing the séhematic

arrangement of a portable telephone to which the power
amplifier circuit of the present invention is applied.
. Referring to Fig. 6, an antenna 20 transmits/receives
a radio signal to/from a base station. The transmis-
sion/reception wave is demultiplexed by a transmis-
sion/reception demultiplexer 21. A received signal from
the transmission/reception demultiplexer 21 is amplified
by a first amplifier 22 and filtered by a first filter 23.
A first synthesizer 24 outputs a signal having a predeter-
mined frequency. A first mixer 25 synthesizes the output
from the first filter 23 with the output from the first
synthesizer 24. A second filter 26.f11ters the output
from the first mixer 25. A second amplifier 27 amplifies
the output from the second filter 26 with an amplification
factor based on the output from 'a first D/A converter 31.
A second synthesizer 28 outputs a signal having a prede-
termined frequency. A demodulator 29 demodulates the
oufput from the second amplifier 27 using the output from
the second synthesizer 28.

A baseband processing section 30 performs control
associated with transmission/reception of the portable
telephone. The baseband processing section 30 outputs the
output from the demodulator 29 through a loudspeaker 32 as

a voice signal. The baseband processing section 30 also
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collects the voice of the user of the portable telephone
with a microphone 33 and outputs it to a modulator 35 as a
transmission signal. The baseband processing section 30
ou'tpufé an amplification factor adjustment signal for
instructing the amplification factors of the second
amplifier 27 and é fourth amplifier 40. The amplification
factor adjustment signal to the second amplifier 27 is
converted into an analog signal by the first D/A converter
31 and supplied to the second amplifier 27. The amplifi-
cation factor adjustment signal to the fourth amplifier 40
is con{rerted into an analog signal by a second D/A
converter 41 and supplied to the fourth amplifier 40.

A third synthesizer 34 oui:puts a signal having a
predetermined frequency. The modulator 35 modulates the
signal from the baseband processing section 30 using the
output from the third synthesizer 34. The output from the
modulator 35 is amplified _by a third amplifier 36 and
.filtered by a third filter 37. A second mixer 38 synthe-
sizes the output from the third filter 37 with the output
from the output matching circuit 24. A fourth filter 39
filters the output from the second mixer 38. The fourth
amplifier 40 amplifies the output from the fourth filter
39 with an amplification factor based on the output from
the second D/A converter 41. The output from the féurth

amplifier 40 is supplied to the transmission/reception
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demultiplexer 21 as a transmission signal.

In the portable telephone shown in Fig. 6, the power
amplifier according to the present invention can be
applied to, e.g., the fourth amblifier 40. In this case,
the amplificati'on factor adjustment signal converted into
an analog signal by the second D/J-__\ converter 41 is applied
to the bias voltage input terminal 5 shown in Fig. 1.

For example, in a CDMA portable telephone system,
when a signal transmitted from a portable telephone is
received, the base station instructs the portable telepho-
ne to adjust the transmission power such that the recep-
tion power has a desired wvalue. This instruction is
transmitted to the portable telephone through a control
chénnel or a speech communication channel using a conven-
tionally known method such as an open loop or a closed
loop. 1In the portable telephbné  the baseband processing
section 30 sho.wn in Fig. 6 generates the above-described
amplification factor adjustment signal on the basis of the
transmission power adjustment instruct;i.on'.

The base statioﬁ of_' a mobile communication system
preferably receives reception signals from a plurality of
-portable telephones at almost the same intensity.
Especially in the CDMA portable telephone system, if the
intensitiés of reception signals from a plurality of

portable telephones are different, the number of speech
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communication channels that can be ensured decreases. For
this reason, - the transmission section of a 'portable
telephone must adjust the transmission output in accor-
dance with the factor such as the diétance from the base
station. In addition, portable telephones are often used
in the low output mode when the users of the portable
télephones are near the base station. For this reason, it
is the challenge of the power amplifier of the transmis-
sion section of a portable telephone to improve the
efficiency in the low output mode.

The power amplifier of the present invention can
.improve the efficiency in the low output mode, as de;
scribed above. Hence, when the power amplifier of the
present invention is used as the fourth amplifier 40 shown
in Fig. 6, a great effect can be obtained.

A power amplifier according to the second embodiment
of the present invention will be described next with
reference to the accompanying drawings.

Fig. 7 is a block diagram showing the schematic
arrangement of a power amplifier according to the-second
embodiment of the present invention. In this embodiment,
a power amplifier constructed by FETs will be described.

A power amplifier 11 of this embodiment shown in
Fig. 7 is constructed by connecting a transistor unit 12,

a transistor unit 13, and a transistor unit 14 in parallel.
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Each of the transistor units 12, 13, and 14 comprises one
or more FETs.

Fig. 8 is a circuit diagram showing the internal
arrangement of the transistor units 12, 13, and 14 shown
in Fig. 7. Each of the transistor units 12, 13, and 14
comprises two FETs.

An RF signal is input from an RF signal input
terminal 15 to the transistor units 12, 13, and 14. A
bias voltage is input from a bias voltage input terminal
16. The RF signals amplified and output from the transis-
tor units 12., 13, and 14 are output from an RF signal
output terminal 17. The sources of the FETs constructing
the transistor units 12, 13, and 14 are grounded. A fixed
drain voltage is applied from a drain voltage input
terminal 18.

Referring to Fig. 7, when the transistor unit 12 is
comprised of a plurality of FETs, the pinch-off wvoltages
of all the plurality of FETs are equal. When the transis-
tor unit 13 is cdmprised of a plurality of FETs, the
pinch-off voltages of all the plurality of FETs are equal.
When the transistor unit 14 is comprised of a plurality of
FETs, the pinch-off voltages of all the plurality of FETs
are equal. The pinch-off voltage of the FETs used in the
transistor unit 12, that of the FETs used in the transis-

tor unit 13, and that of the FETs used in the transistor
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unit 14 are different from each other.

Fig. 9 is a graph showing the gate-to-source current
Vgs vs. drain current Id characteristics as the static
characteristics of the transistor units 12, 13, and 14
shown in Fig. 7.

As shown in Fig. 9, the pinch-off vqltages of the
transistor units 12, 13, and 14 are .different from each
other. A point F represents the pinch-off voltage of the
transistor unit 13. A point H represents the pinch-off
voltage of the transistor unit 12. A point J represents
the pinch-off voltage of the transistor unit 14. When the
voltage at a point A is applied to the bias input terminal,
all of the transistor units 12, 13, and 14 are turned on.
With the voltage at a point G, the transistor units 12 and
14 are turned on. With the voltage at a point I, only the
transistor unit 14 is turned on.

That is, when fhe bias wvoltage is continuously
changed from a point E to the point I, the transistor
units 13 and 12 ére turned off by pinch-off in the order
named. When the number ratio of the transistor units 12,
13, and 14 is selected by the same method as in the first
embodiment, the output from the transistor group in the
transistor unit 13 can be made dominant in the high output
mode. In the lowest output mode, only the transistor unit

14 operates, and unnecessary transistors are turned off to
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.suppress the unnecessary current. Hence,_ the efficiency
can be improved.

Fig. 10 is a graph showing the bias voltage vs.
output power charactéristics' as the static characteristics
of the transistor units 12, 13, and 14 shown in Fig. 7.

Referring to Fig. 10, when the bias voltage is
lowered, the main output changes from the output from the
transistor unit 13 to the -output from the transistor unit
12 at a certain point. From this point, the output: from
the transistor unit 13 abruptly decreases until pinch-off.
When the bias voltage is further lowered,. the main output
changes from the output from the transistor unit 12 to the
output from the transistor unit 14 at a certain -point.
From this point, the output from the transiétor unit 12
abruptly decreases until pj.nch-off.

Fig. 11 is a graph showing the bias voltage vs.
efficiency characteristics as the static characteristics
of the transistor units 12, 13, and 14 shown in Fig. 7.

Referring to Fig. 11, in the high output mode, the
transistor units 12 and 14 do not flow a large current,
and therefore, the current from the transistor unit 13 is
dominant. On the other hand, when the output from the
transistor unit 12 becomes alrﬁost dominant, the current
from the transistor :unit 12 becomes dominant in the entire

efficiency. When the amplifier is designed to increase
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ﬁhe efficiency of the transistor unit 12 near that point, '
the decrease in the entire efficiency due to a decrease in
magnitude of the bias voltage can be minimized. In
addition, when the outpuf from the transistor unit 14
becomes almost dominant, the current from the transistor
unit 14 becomes dominant in the entire efficiency. '~ When
the amplifier is designed to increase the efficiency of
the transistor unit 14 near that point, the decrease in
the entire efficiency due to a decrease in magnitude of
the bias voltage can be minimized.

As described above, according to the second embodi-
ment, a power amplifier which does not de'c'i:'.ease. the
efficiency throughout the high and 1low output modes.
Additionally, the second embodiment allows finer efficien-
cy improvement than in the first embodiment.

In the abové—described second embodiment, transistor
units like the transistor units 12, 13, and 14 having
different pinch-off voltages are used to form the power
amplifier. The transistor units having different
pinch-off voltages can be formed on different semiconduc-
tor chips or on one semiconductor chip. Transistors units,
e.g., depletion FETs having different pinch-off voltages
can be formed on one semiconductor chip by partially
changing the number of times of ion implantation into

chanhels. More specifically, the channel depth at a
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portion where ion implantation has been performed a larger
number of times increases. A trénsistor with a thicker
channel layer has a lower pinch-off voltage. With this
method, transistor wunits having different piﬁch—off
voltages can be formed on one semiconductor chip.

In ﬁhe above-described embodiment, any semiconductor

such as GaAs and silicon can be effectively used.
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WHAT ‘IS CLAIMED IS:

1. A power amplifier for amplifying power using a
transistor,

wherein said transistor comprises a plurality 6f
transistor units connected in parallel and having differ-
ent static characteristics.

2. An amplifier according to claim 1, wherein the
static characteristic is a pinch-off voltage.

3. A power aﬁplifier for amplifying power using a
transistor,

wherein said transistor comprises a plurality of
transistor units connected in parallel and having differ-
ent pinch-off voltages, and when a bias voltage applied to
said plurality of - transistor units is lowered, predeter-
mined trangistor units of said plurality of transistor
units are turnéd off by pinch-off, and the remaining
transistor units are in an ON state.

4. An amplifier according to claim 1, wherein said
plurality of transistor. units are connected in parallel
‘through a matching circuit.

5. An amplifier adcording to claim 3, wherein said
" plurality of transistor units are connected in parallel
through a matching circuit.

6. An amplifier according to claim 1, wherein each

of said plurality of transistor units comprises a transis-
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tor group constructed by a plurality of transistors.

7. An amplifier according to claim 3, wherein each
of said plurality of transistor units comprises a transis-
tor groub constructed by a plurality of transistors.

8. An amplifier according to claim 4, wherein each
of said plurality of transistor units comprises a transis-
tor group constructed by a plurality of transistors.

9. An amplifier according to claim 6, wherein said
transistor group is constructed by a plurality of FETs.

10. An amplifier accordiﬁg to claim 7, ﬁherein said
transistor group is constructed by a plurality of FETs.

11. An amplifier according to claim 8, wherein said
tpansistor group is constructed by a plurality of FETs.

12. A poﬁer amplifier for amplifying power using a
transistor,

wﬁerein said transistor comprises a plurality of
transistor units connected in parallel and having differ-
ent pinch-off voltages, each of said plurality of transis-
tor units éomprises a transistor group having a plurality
of transistors, when a bias wvoltage applied to said
plurality of transistor units is lowered, predetermined
transistor units of said plurality of transistor units are
turﬁed off by pinch-off, and the remaining transistor
units are in an ON state, a size of said transistor group

of each transistor unit turned off by pinch-off when the
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bias voltage is lowered is set to.cover oﬁtput power in a
high power output mode, and a size of said transistor
group of each transistor unit in the ON state when the
bias voltage is lowered is set to cover output power in a
low power output mode, and said amplifier is designed to
increase an efficiency of said transistor group in the ON
state when the bias voltage is lowered in the low power
output mode.

13. A radio device using said power amplifier of
claim 1 as an amplifier for amplifying a radio transmis-
sion output. | ;

14. A radio device using said power amplifier of
claim 3 as an amplifier for amplifying a radio transmis-
sion output.

15. A radio device using said power amplifier of
claim 4 as an amplifier for amplifying a radio transmis-
sion output.

16. A portable telephone using said power amplifier
of claim 1 as an amplifier for amplifying a radio trans-
missién output.

17. A portable telephone using said power amplifier
of claim 3 as an amplifier for amplifying a radio trans-
mission output.

18, A portable telephone using said power amplifier

of claim 4 as an amplifier for amplifying a radio trans-
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mission output.
19. A portable telephone comprising:

an antenna for transmitting/receiving a radio signal
to/from a base station; .

a transmission/reception demultiplexer for demulti-
plexing transmission/reception for said antenna;

a first amplifier for amplifying a reception signal
from said transmission/reception demultiplexer;

a first filter for filtering 'an output from said
first amplifier; |

a first synthesizer for outputting a signal having a
predetermined frequency:

a first mixer-for synthesizing an output from said
first filter with an output from said first synthesizer;

a second filter for filtering an output from said
- first mixer;

a second amplifier for amplifying an output from said
second filter;

a second synthesizer for‘outputting a signal having a
predetermined frequency;

a demodulator for demodulating an output from said
second amplifier using an output from said second synthe-
sizer;

a Dbaseband processing section for inputting the

signal demodulated by said demodulator and performing
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control associated with transmission/reception;

a loudspeaker for generating a received voice signal
controlled by said baseband processing section;

a microphone controlled by said basebahd processing
section to collect a voice of a user;

a third synthesizer for outputting a signal having a
predetermined frequency;

a modulator for modulating a signal from said
baseband processing section using an output from said
ﬁhird synthesizer; |

a third amplifier for amplifying an output from said
modulator;

a third filter for filtering an output from said
third amplifier;

a second mixer for synthesizing an output from said
third filter with an output from said first synthesizer;

a fourth filter for filtering an output from said
second mixer;

a fourth amplifier for amplifying an output from said
fourth filter and outputting the output to said transmis-
sion/reception demultiplexer;

é first D/A converter for eonverting a first amplifi-
cation factor adjustment signal from said baseband
processing section into an analog signal and supplying the

amplification factor adjustment signal to said second
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amplifier to adjust an amplification factor of said second
amplifier; and

a second D/A convertér for converting a second
amplification factor adjustment signal from said baseband
processing section into an analog signal and supplying.the
amplification factor adjustment- signal to said fourth
amplifier to adjust an amplification factor of said fourth
amplifier,

wherein said power amplifier of claim 1 is used as
said fourth amplifier.

20. A portable telephone comprising:

an antenna for transmitting/receiving a radio signal
to/from a base station;

a transmission/reception demultiplexer for demulti-
plexing transmission/reception for said antenna;

a first amplifier f@r amplifying a reception signal
from said transmission/reception.demultiplexer;

a first filter for filtering an 6utput from said
first amplifier; |

a first sfnthesizer for outputting a signal having a
predetermined frequeh&y;

a first mixer for synthesizing an output from said
first filter with an output from said first synthesizer;

a second filter for filtering an output from said

first mixer;
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a second amplifier for amplifying an output from said
second filter;

a second synthesizer for outputting a signal having a
predetermined frequency}

a demodulator for demodulating an output from said
sécond amplifier using an output from said second synthe-
sizer;

a baseband processing section for inputting the
signal demodulated by said demodulator and performing
control associated with transmission/reception;

s a loudspeaker for generating a received voice signal
controlled by said basebahd processing section;

a microphone controlled by said baseband processing
section to collect a voice of a user; |

a third synthesizer for outputting a signal having a
predetermined frequency; -

a modulator for modulating a signal from said
baseband processing section using an output from said
third synthesizer;

a third amplifier for amplifying an output from said
modulator;

a third filter for filtering an output from said
third amplifier;

a second mixer for synthesizing an output from said

&9 third filter with an output from said first synthesizer;
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‘a fourth filter for filtering an output from said
second mixer; ’

a fourth amplifier for amplifying an output from said
fourth filter and outputtiné the output to said transmis-
sion/reception demultiplexer;

a first D/A converter for converting a first amplifi-
cation factor adjustment signal from said baseband
processing section into an analog signal and supplying the
amplification factor adjustment signal to said second
amplifier to adjust an amplification factor of said second
amplifier; and

a seéond D/A converter for converting a second
amplification factor adjustment Signal from séid baseband
processing section into an analog signal and supplying the
amplification factor adjustment signal to said fourth
amplifier to adjust an amplification factor of said fourth
amplifier,

wherein said power amplifier of claim 3 is used as
said fourth amplifier.

21. A portable telephone comprising:

an antenna for transmitting/receiving a radio signal
to/from a-base station;

a'transmission/reception demultiplexer for demulti-
plexing transmission/reception for said anténna;

a first amplifier for amplifying a reception signal
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from said transmission/receptioﬁ demultiplexer;

a first filter for filtering an output from said
first amplifier;

a first synthesizer for outputting a signal having a
predetermined frequency;

a first mixer for synthesizing an output from said
first filter with aﬁ output from said first synthesizer; '

a second filter for filtering an output from said
first mixer; |

a second amplifier for amplifying an output from said
second filter;

a second synthesizer for outputting a signal having a
predetermined frequency;

a demodulator for demodulating an output from said
second amplifier using an output from said second syﬁthe—
sizer;

a baseband processing section for inputting the
signal demodulated by said demodulator and performing
control associated with transmission/reception;

a loudspeéker for generating .a received voice signal
controlled by said baseband processing section;

a microphone controlled by said baseband processing
section to collect a voice of a user;

a third synthesizer for outputting a signal having a

predetermined frequency:;
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a modulator for modulating a signal from said
baseband processing section using an output from said
third synthesizer;

- a third amplifier for amplifying an output from said
modulator;

a third filter for filtering an output from said
third amplifier;

a second mixer for synthesizing an output from said
third filter with an output from said first synthesizer;

| a fourth filter for filtering an output from said
second_mixef;

a fourth amplifier for amplifying an output from said
fourth filter and outputting the output to said transmis-
sion/reception demultiplexer;

a first D/A converter for converting a first amplifi-
cation factor adjustment sighal from said baseband
processing section into an analog signal and supplying the
amplification factor adjustment signal to said second
amplifier to adjust an amplification factor of said second
amplifier; and

a second D/A converter for convefting a second
amplification factor adjustment signal from said baseband
processing section into an analog signal and supplying the
amplification factor adjustment signal to said fourth

amplifier to adjust an amplification factor of said fourth



amplifier,

wherein said power amplifier of claim 4 is used.as

said fourth amplifier.



