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RADIO COMMUNICATION APPARATUS AND 
RADIO FREQUENCY POWER AMPLIFIER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to radio communica 
tion apparatuses and ampli?ers (radio frequency poWer 
modules) incorporated in radio communication apparatuses 
and, more particularly, to a technique Which is advanta 
geously applied to techniques capable of improving ampli 
?cation efficiency in a loW poWer mode. 

[0003] 2. Description of the Prior Art 

[0004] An ampli?er (RF poWer module) including a mul 
tiplicity of stages of MOSFETs, GaAs MESFETs or the like 
is incorporated in an output stage at the transmission end of 
a transmitter of a radio communication apparatus (mobile 
communication apparatus) such as a mobile phone or por 
table telephone. 

[0005] In general, a portable telephone has a system 
con?guration Which enables communication With its output 
varied in adaptation to the environment in accordance With 
a poWer level instruction signal from a base station so as not 
to cause interruption With other portable telephones. 

[0006] Radio frequency poWer ampli?ers (RF poWer 
ampli?er circuits) are discussed on pages 115-126 of 
“Nikkei Electronics” Jan. 27, 1997, issued by Nikkei BP. 
This article discusses standard systems of 900 MHZ band 
cellular type portable telephones in the United States and the 
GSM system in Europe. This article also discusses output 
control systems and it states “a Widely used output control 
method is to vary the magnitude of an input signal to the 
?nal stage of a transmitter using a programmable attenuator 
With the gain of the ?nal stage kept constant. 

[0007] The same article also says “users regard the capa 
bility of a portable telephone to communicate a remote base 
station as important as the life of the battery regardless of the 
system of the same. All standards for cellular type portable 
telephones de?ne an output range, and designers had better 
design telephones Which can provide an output close to the 
alloWable maXimum output. 

[0008] A radio frequency poWer ampli?er (radio fre 
quency poWer ampli?er circuit) at the output stage of the 
transmission end of a cellular type portable telephone has a 
con?guration in Which the output is controlled by an APC 
(automatic poWer control) circuit and in Which a gate 
voltage is controlled to provide an output as required for a 
call. 

[0009] Since the poWer ampli?er circuit has the best 
poWer source ef?ciency at the maXimum output thereof, an 
abrupt reduction in the poWer supply ef?ciency occurs When 
the poWer ampli?er circuit has a loW output level. Therefore, 
the poWer supply ef?ciency is loW When the telephone is 
used at a loW output level, e.g., When it is used in the vicinity 
of a base station, Which causes consumption of the battery 
at a high rate to shorten the life of the battery. This reduces 
call time per battery. 

[0010] Conventional radio frequency poWer ampli?ers 
suffer from deterioration of linearity and AM/AM charac 
teristics (AM/AM conversion) at a loW output (e.g., +5 
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dBm) because the gate bias of a poWer MOS at the ?nal 
stage thereof is simply decreased. 

SUMMARY OF THE INVENTION 

[0011] It is an object of the invention to provide a radio 
frequency poWer ampli?er and a radio communication appa 
ratus Which operate With high amplifying efficiency regard 
less of the output level. 

[0012] It is another object of the invention to provide a 
radio frequency poWer ampli?er and a radio communication 
apparatus Which operate With high amplifying ef?ciency 
regardless of the output level and Which has preferable 
linearity and AM/AM characteristics at a loW output. 

[0013] It is still another object of the invention to provide 
a radio frequency poWer ampli?er and a radio communica 
tion apparatus Which can provide a long call time and a long 
battery life. 

[0014] The above and other objects and features of the 
present invention Will be understood from the description of 
this speci?cation and the accompanying draWing. 

[0015] Typical aspects of the invention disclosed in this 
speci?cation Will noW be brie?y described. 

[0016] While a ?eld effect transistor (FET) Will be dis 
closed beloW as an eXample of a semiconductor amplifying 
element, semiconductor amplifying elements are not limited 
to ?eld effect transistors, and bipolar transistors, heterojunc 
tion bipolar transistors (HBT), high-electron-mobility tran 
sistors (HEMT) and the like are also included. Further, 
semiconductor substrates for forming semiconductor ampli 
fying elements thereon are not limited to silicon substrates, 
and silicon-germanium substrates, gallium-arsenic sub 
strates and the like are also included. 

[0017] (1) There is provided a semiconductor ampli?er 
circuit formed by assembling a plurality of ?eld effect 
transistors into a multiplicity of stages, Which includes a 
correction circuit for controlling a bias voltage applied to the 
gate electrode of the ?eld effect transistor at the ?nal stage. 
A bias voltage applied to the ?eld effect transistor at each 
stage is supplied through a poWer control terminal. When an 
automatic poWer control (APC) circuit instructs a high 
poWer mode, the correction circuit increases the bias voltage 
applied to the gate electrode of the ?eld effect transistor of 
the ?nal stage at a constant increase rate in accordance With 
an increase in the bias voltage supplied from the poWer 
control terminal. When the automatic poWer control circuit 
instructs a loW poWer mode, the correction circuit increases 
the bias voltage applied to the gate electrode of the ?eld 
effect transistor of the ?nal stage at an increase rate Which 
gradually decreases With the increase of the bias voltage 
supplied from the poWer control terminal. 

[0018] In this case, the semiconductor ampli?er circuit has 
a con?guration incorporating a plurality of ?eld effect 
transistors in the form of a multiplicity of stages and 
including a correction circuit as described above, an input 
terminal, an output terminal, a plurality of reference poten 
tial terminals, control terminals connected to the gate ter 
minals of the plurality of ?eld effect transistors and a bias 
sWitch terminal. 

[0019] The correction terminal is connected to a node A in 
a path for applying a bias poWer supply betWeen the gate 
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electrode of the ?eld effect transistor of the ?nal stage and 
the automatic power control circuit. The correction circuit is 
comprised of a correction ?eld effect transistor, a sWitching 
?eld effect transistor and a plurality of resistive elements. 
The correction ?eld effect transistor is connected to the node 
A at the drain terminal thereof, to the node A through a 
resistor at the gate terminal thereof and to a reference 
potential (Gnd) at the source terminal thereof. The correc 
tion ?eld effect transistor and the ?eld effect transistor of the 
?nal stage are identical in their structure and are formed on 
the same semiconductor substrate, and the siZe of the 
correction ?eld effect transistor is a reduction of the siZe of 
the ?nal stage ?eld effect transistor at a predetermined ratio. 
The sWitching ?eld effect transistor is connected to the gate 
terminal of the correction ?eld effect transistor at the drain 
terminal thereof, to a bias sWitch terminal at the gate 
terminal thereof and to the reference potential (Gnd) at the 
source terminal thereof. 

[0020] A signal output by an output poWer level control 
circuit is connected to the bias sWitch terminal. 

[0021] (2) In the con?guration described in the above (1), 
the output of the automatic poWer control circuit may be 
connected to the bias sWitch terminal to establish a loW 
poWer mode When the output signal of the automatic poWer 
control circuit is loWer than a prescribed voltage and a high 
poWer mode When it is higher than the prescribed voltage. 

[0022] In such a con?guration, the output of the automatic 
poWer control circuit is connected to the bias sWitch terminal 
Which is connected to the gate terminal of the sWitching ?eld 
effect transistor as described in the above 

[0023] (3) In still another con?guration, the correction 
circuit is not provided; a loW poWer mode and a high poWer 
mode are respectively established When the output signal of 
the automatic poWer control circuit is loWer and higher than 
a prescribed voltage; and, in the high poWer mode, bias 
voltages supplied to the gate terminals of all ?eld effect 
transistors are supplied as the output signal of the automatic 
poWer control circuit. In the loW poWer mode, a predeter 
mined voltage is applied as the bias voltage supplied to the 
gate terminal of the ?eld effect transistor at the ?nal stage, 
and the output signal of the automatic poWer control circuit 
is supplied as bias voltages to other ?eld effect transistors. 
In this case, While no special limitation is placed on the bias 
voltage supplied to the ?eld effect transistor at the ?nal stage 
eXcept that the voltage should be about 0.5 V loWer than the 
maXimum bias voltage supplied to other ?eld effect transis 
tors. 

[0024] In this case, the semiconductor ampli?er circuit has 
a con?guration incorporating a plurality of ?eld effect 
transistors in the form of a multiplicity of stages and 
including an input terminal, an output terminal, a plurality of 
reference potential terminals and control terminals con 
nected to the gate terminals of the plurality of ?eld effect 
transistors. The control terminals comprise ?rst control 
terminals connected to the gates of ?eld effect transistors 
other than the ?eld effect transistor at the ?nal stage and a 
second control terminal connected to the gates of the ?eld 
effect transistor at the ?nal stage. 

[0025] 
[0026] (a) the gate voltage of each of the ?eld effect 
transistors can be controlled by the output signal of the 

In the con?guration described in the above (1), 
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automatic poWer control circuit (APC circuit) based on a 
poWer level instruction signal such that a high level signal is 
input to a node B (bias sWitch terminal) of the correction 
circuit in a high poWer mode to use the gate voltage of each 
?eld effect transistor in a linear state and such that a loW 
level signal is input to the bias sWitch terminal of the 
correction circuit in a loW poWer mode to use the same in a 
high state of ef?ciency (amplifying ef?ciency) of the ?eld 
effect transistor at the ?nal stage. This makes it possible to 
the ?eld effect transistor at the ?nal stage With high improve 
linearity in the loW poWer mode and AM/AM characteristics 
and to reduce poWer consumption thereby eXpanding the life 
of the battery. The improved battery life results in an 
improvement of call time. The reduction in poWer consump 
tion leads to a reduction of the siZe of a battery, Which makes 
it possible to reduce the siZe and Weight of a radio commu 
nication apparatus. 

[0027] (b) The ?eld effect transistor at the ?nal stage and 
the correction ?eld effect transistor have a monolithic con 
?guration, and the correction ?eld effect transistor is in a 
siZe Which is a reduction of the siZe of the ?eld effect 
transistor at the ?nal stage at a predetermined ratio. There 
fore, the change in the gate bias voltage caused by the output 
signal (control signal) from the automatic poWer control 
circuit Will occur With high accuracy Which is in accordance 
With not only the peak poWer (maximum gate voltage) but 
also the slopes of the rise and fall of the transmission output 
and Will be stable against variation in the characteristics of 
FETs and ?uctuations of the same attributable to tempera 
ture. 

[0028] In the aspect as described in the above (2), there is 
provided a con?guration according to the aspect (1) in Which 
the output signal of the automatic poWer control circuit is 
input to the node B such that the correction circuit is in a loW 
poWer mode When the output signal of the automatic poWer 
control circuit is loWer than a prescribed voltage and in a 
high poWer mode When it is higher than the voltage. Thus, 
the same effects as those in the ?rst aspect can be achieved. 
Speci?cally, it is possible to improve linearity of the loW 
poWer mode and AM/AM characteristics and to reduce 
poWer consumption thereby eXpanding the life of a battery. 

[0029] According to the third aspect, no correction circuit 
is provided unlike the ?rst aspect, and all ?eld effect 
transistors are controlled by an automatic poWer control 
circuit in the high poWer mode and the gate bias of the ?nal 
stage ?eld effect transistor is kept constant in the loW poWer 
mode and other ?eld effect transistors are controlled by the 
automatic poWer control circuit. Therefore, high efficiency is 
achieved With improved AM/AM characteristics in the loW 
poWer mode as in the ?rst aspect, and the life of a battery, 
i.e., call time is expanded. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 is an equivalent circuit diagram of a radio 
frequency poWer module Which is an embodiment (?rst 
embodiment) of the invention. 

[0031] FIG. 2 is a perspective vieW shoWing the appear 
ance of the radio frequency poWer module of the ?rst 
embodiment. 

[0032] FIG. 3 is a plan vieW of a substrate of the radio 
frequency poWer module of the ?rst embodiment. 
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[0033] FIG. 4 is a plan vieW of a ?nal stage transistor and 
a correction transistor for correcting a gate bias of the ?nal 
stage transistor of the radio frequency poWer module of the 
?rst embodiment. 

[0034] FIG. 5 is a graph shoWing correlation betWeen a 
poWer control signal voltage and a gate bias voltage of each 
transistor of the radio frequency poWer module of the ?rst 
embodiment in high and loW poWer modes. 

[0035] FIG. 6 is a graph shoWing correlation betWeen the 
gate-source voltage and drain-source current of the correc 
tion transistor. 

[0036] FIG. 7 is a circuit block diagram of a part of a 
mobile portable telephone incorporating the radio frequency 
poWer module of the ?rst embodiment. 

[0037] FIG. 8 is an equivalent circuit diagram of a radio 
frequency poWer module Which is another embodiment 
(second embodiment) of the invention. 

[0038] FIG. 9 is a circuit block diagram of a part of a 
mobile portable telephone incorporating the radio frequency 
poWer module of the second embodiment. 

[0039] FIG. 10 is a graph shoWing correlation betWeen a 
gate bias voltage of a ?nal stage transistor and a poWer 
control signal voltage in the portable telephone incorporat 
ing the radio frequency poWer module of the second 
embodiment. 

[0040] FIG. 11 is an equivalent circuit diagram of a radio 
frequency poWer module Which is another embodiment 
(third embodiment) of the invention. 

[0041] FIG. 12 is a graph shoWing correlation betWeen a 
poWer control signal voltage and a gate bias voltage of each 
transistor of the radio frequency poWer module of the third 
embodiment in high and loW poWer modes. 

[0042] FIG. 13 is a graph shoWing correlation betWeen 
output poWer and efficiency of the radio frequency poWer 
module of the third embodiment in the high and loW poWer 
modes. 

[0043] FIG. 14 is a graph shoWing correlation betWeen a 
poWer control signal voltage and the output poWer of the 
radio frequency poWer module of the third embodiment in 
the high and loW poWer modes. 

[0044] FIG. 15 is a graph shoWing correlation betWeen 
output poWer and AM/AM characteristics of the radio fre 
quency poWer module of the third embodiment and a 
conventional radio frequency poWer module. 

[0045] FIG. 16 is a circuit block diagram of a part of a 
mobile portable telephone incorporating the radio frequency 
poWer module of the third embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0046] Preferred embodiments of the present invention 
Will noW be described With the accompanying draWings. 
Throughout the draWings for explaining a mode for carrying 
out the invention, parts having like functions are indicated 
by like reference numbers and Will not be described repeat 
edly. 
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[0047] While the folloWing description Will refer to ?eld 
effect transistors (FETs) as an example of semiconductor 
ampli?cation element, the semiconductor ampli?cation ele 
ments are not limited to ?eld effect transistors and may 
include bipolar transistors, heterojunction bipolar transistors 
(HBTs), high electron mobility transistors (HEMT) and the 
like. Semiconductor substrates on Which the semiconductor 
ampli?cation elements are to be formed are not limited to 
silicon substrates and may include silicon-germanium sub 
strates, gallium-arsenide substrates and the like. 

[0048] A ?rst embodiment of the present invention Will 
noW be described. 

[0049] As a ?rst embodiment of the invention, a descrip 
tion Will be made on a radio frequency poWer ampli?er 
(radio frequency poWer module) having a multi-stage con 
?guration comprised of ?eld effect transistors cascaded in 
three stages and a portable telephone incorporating the radio 
frequency poWer module. 

[0050] FIGS. 1 through 6 are vieWs of a radio frequency 
poWer ampli?er (radio frequency poWer module) Which is an 
embodiment (?rst embodiment) of the invention. FIG. 1 is 
an equivalent diagram of the radio frequency poWer module 
of the ?rst embodiment. FIG. 2 is a perspective vieW 
shoWing the appearance of the radio frequency poWer mod 
ule 1 of the ?rst embodiment. FIG. 3 is a plan vieW of the 
substrate of the radio frequency poWer module. 

[0051] As shoWn in FIG. 2, the radio frequency poWer 
ampli?er (radio frequency poWer module) 1 of the present 
embodiment is externally vieWed as a planar rectangular 
structure formed by placing a cap 3 over the upper surface 
(principle surface) of a sheet-like circuit board 2. 

[0052] The radio frequency poWer module 1 has a struc 
ture Which is a multi-stage circuit con?guration formed by 
sequentially cascade-connecting a plurality of ?eld effect 
transistors as active components. In the present embodiment, 
the ?eld effect transistors (hereinafter also simply referred to 
as “transistors”) are con?gured into three stages, i.e., a ?rst 
stage transistor (?rst FET), a second stage transistor (second 
PET) and a ?nal stage transistor (third FET) (see FIG. 3 and 
FIG. 1). The radio frequency poWer module 1 of the present 
embodiment serves as a radio frequency poWer module for 
a mobile telephone as a radio communication apparatus. 

[0053] The cap 3 is a metal plate shaped in a rectangular 
box-like con?guration Which is secured to the circuit board 
2 by engaging a hooking ?nger 6 protruding inWardly from 
a hook support arm 5 provided on a peripheral Wall 4 thereof 
With a recessed anchoring portion (not shoWn) provided on 
a peripheral Wall of the circuit board 2. 

[0054] The cap 3 is electrically connected to a ground line 
on the circuit board 2 through the hooking ?nger 6 to form 
an electromagnetic shield element. 

[0055] Electrode terminals (external terminals) are pro 
vided on the periphery of the loWer surface of the circuit 
board 2, and the radio frequency poWer module 1 is secured 
to a mounting board such as a mother board on a surface 
mount basis. 

[0056] FIG. 3 is a plan vieW of the circuit board 2. In FIG. 
3, an input terminal Pin 10, a poWer control terminal Bias 
SW 11, a ground terminal GND 12, a poWer control terminal 
Vapc 13 and a ground terminal 14 are arranged in the order 
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listed along one of the long sides (lower side in FIG. 3) of 
the circuit board 2 from the right to left. A poWer supply 
terminal Vdd115, a poWer supply terminal Vdd216, a 
ground terminal 17, a poWer supply terminal Vdd318 and an 
output terminal Pout 19 are arranged in the order listed along 
the other long side (upper side in FIG. 3) from the right to 
left. 

[0057] Semiconductor chips 25 through 27 incorporating 
?eld effect transistors, a plurality of resistors indicated by an 
“R” symbol and a ?gure, a plurality of capacitors indicated 
by a “C” symbol and a ?gure and a plurality of bypass 
capacitors indicated by a “CB” symbol and a ?gure are 
secured to the surface of the circuit board 2. 

[0058] The ?rst and second FETs are monolithically 
formed on a single semiconductor substrate. The third FET 
Q1 is formed by tWo semiconductor chips 26 and 27. A?eld 
effect transistor Which is the third PET and a correction ?eld 
effect transistor Q2 to be described later are monolithically 
formed on the semiconductor chip 27, i.e., the semiconduc 
tor substrate. A ?eld effect transistor forming a part of Q1 
and the ?led effect transistor that constitutes Q2 have the 
same structure. As shoWn in FIG. 4, hoWever, the siZe of Q2 
is a reduction of the siZe of Q1 at a predetermined ratio 
Which is about 1/500, although this is not limiting the 
invention. The purpose is to cause changes in a gate bias 
voltage caused by the output signal (control signal) of an 
automatic poWer control circuit to be described later to 
folloW up precisely not only peak poWer (maximum gate 
voltage) but also the slopes of the rise and fall of transmis 
sion output. FIG. 4 shoWs patterns of the gates (Gate(1) and 
Gate(2)) of Q1 and Q2 and the drains (Drain(1) and 
Drain(2)) of Q1 and Q2. 

[0059] The regions 30 With a mesh pattern in FIG. 3 are 
metaliZed layers Which serve as pads for securing Wiring and 
components, pads for Wire connection and the like. Elec 
trodes (not shoWn) of the semiconductor chips 25 through 27 
and Wiring regions Which are regions 30 With a mesh pattern 
as described above are connected by conductive Wires 31. 

[0060] In practice, insulating resin is coated on regions 
Where it is necessary such as the semiconductor chips 25 
through 27 and Wires 31. 

[0061] An equivalent circuit of the radio frequency poWer 
module 1 of the present embodiment is as shoWn in FIG. 1. 
The equivalent circuit shoWs major parts only. The rect 
angles represent micro-strip lines. 

[0062] In this circuit, the gate voltages Vg1, Vg2 and Vg3 
of the ?rst, second and third FETs are controlled through the 
poWer control terminal Vapc. In the present embodiment, a 
correction circuit 40 is provided betWeen the poWer control 
terminal Vapc for inputting the output of the automatic 
poWer control circuit and the gate of the ?nal stage ?eld 
effect transistor (third FET). 

[0063] As shoWn in FIG. 1, the correction circuit 40 has 
a con?guration including an n-channel type correction ?eld 
effect transistor Q2 Whose drain is connected to a node A in 
a bias poWer supply application path betWeen the gate of the 
?nal stage ?eld effect transistor Q1 and the Vapc terminal, 
Whose gate is connected to the same through a resistor R2 
and Whose source potential is ?Xed at a reference potential 
and including an n-channel type sWitching ?eld effect tran 
sistor Q3 Whose drain is connected to the gate of the 
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correction ?eld effect transistor Q2, Whose source potential 
is ?Xed at a reference potential and Whose gate potential is 
?Xed at a reference potential through resistors R3 and R4, 
the resistors R3 and R4 being connected betWeen the gate of 
the sWitching ?eld effect transistor Q3 and a node B. The 
node B serves as the above-described bias sWitch terminal 

(Bias SW: poWer control terminal). 

[0064] Input to the node B is a High level or LoW level 
signal Which is a signal output by an output poWer level 
control circuit to Which a poWer level instruction signal 
received from a base station of a radio communication 
system is input. 

[0065] When the High level signal is input to the bias 
sWitch terminal, the sWitching ?eld effect transistor Q3 is 
turned on; the gate of the correction ?eld effect transistor Q2 
is at the ground potential; and the gate voltage Vg of the 
correction ?eld effect transistor Q2 eXhibits characteristics 
Which are proportionate to Vapc (see the graph on the left 
side of FIG. 5). 

[0066] When the LoW level signal is input to the bias 
sWitch terminal, the sWitching ?eld effect transistor Q3 is 
turned off, and the correction ?eld effect transistor Q2 forms 
a parallel forWard clipper circuit Which has characteristics as 
indicated by the graph on the right side of FIG. 5. Speci? 
cally, When the LoW level signal is input, as indicated by the 
graph on the right side of the FIG. 5 (graph for a loW poWer 
mode), the ?nal stage ?eld effect transistor is characteriZed 
in that its maXimum gate voltage is equal to or loWer than the 
gate voltages of the other ?eld effect transistors (?rst and 
second FETs) and in that the rate of increase of the gate 
voltage relative to the output voltage of the automatic poWer 
control circuit gradually decreases. 

[0067] In a mobile telephone incorporating the radio fre 
quency poWer module 1 according to the present embodi 
ment, the High level signal and LoW level signal are 
generated based on a poWer level instruction signal trans 
mitted by a base station. The telephone is used in a high 
poWer mode When the output voltage Vapc of the automatic 
poWer control circuit is equal to or higher than a prescribed 
voltage and in a loW poWer mode When it is loWer than the 
prescribed voltage. For eXample, When the prescribed volt 
age is 1.5 V in the graph of FIG. 5, each of the transistors 
has a gate voltage Vg for Which Vapc in the graph for the 
high poWer mode on the left side of FIG. 5 is 1.5 V or more 
in the high poWer mode and has a gate voltage Vg for Which 
Vapc in the graph for the loW poWer mode on the right side 
of FIG. 5 is loWer than 1.5 V in the loW poWer mode. 

[0068] Therefore, as apparent from the graph for the loW 
poWer mode on the right side of FIG. 5, the correction 
circuit 40 improves the amplifying ef?ciency at a voltage 
beloW 1.5 V because the rate of change of the gate voltage 
Vg of the ?nal stage ?eld effect transistor (third FET) 
gradually becomes small relative to the rate of increase of 
Vapc at a voltage of 2 V or less. 

[0069] As indicated by the graph in FIG. 6, this is attrib 
utable to the fact that the change in the gate-source voltage 
Vgs of the correction transistor Q2 is small even When the 
drain-source current Ids changes signi?cantly. That is, this is 
because the gate-source voltage Vgs can be clamped 
(clipped) utiliZing the fact that no signi?cant change occurs 
in the gate-source voltage Vgs even When the drain-source 
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current Ids changes signi?cantly in the region Where the 
Ids-Vgs property of the transistor Q2 is equal to or greater 
than Vth. 

[0070] FIG. 7 is a circuit block diagram of a part of a 
mobile telephone (portable telephone) incorporating the 
radio frequency poWer module of the present embodiment. 

[0071] In the portable telephone, as shoWn in the circuit 
block diagram in FIG. 7, an RF transmission signal oscil 
lated by an oscillator 70 is input to the input terminal Pin of 
the radio frequency poWer module 1. The RF transmission 
signal ampli?ed by the radio frequency poWer module 1 and 
output from the output terminal Pout is sent through a poWer 
detection circuit 71 and a transmission ?lter 72 to an antenna 
73 to be transmitted as an electric Wave. 

[0072] An RF reception signal received by the antenna 73 
is subjected to signal processing at a receiving circuit 80. A 
reception intensity signal SRI output by the receiving circuit 
80 is converted into a digital signal by an A-D converter 81 
and is output to a control logic 82. 

[0073] The control logic 82 outputs a poWer level instruc 
tion signal SPL to a control logic A 84 of an output poWer 
level control circuit 83 and a control logic B 87 of an output 
poWer correction control circuit 86. 

[0074] The control logic A 84 processes the poWer level 
instruction signal SPL transmitted thereto to output a neW 
output signal. The signal is converted into an analog signal 
by a D-A converter 85 and is output to an automatic poWer 
control (APC) circuit 74 as a poWer level instruction voltage 
VPL Which serves as a signal to control the APC circuit 74. 
The APC circuit 74 provides input to the poWer control 
terminal Vapc. 

[0075] The control logic B 87 processes the poWer level 
instruction signal SPL transmitted thereto to output a neW 
output signal. The signal is converted into an analog signal 
by an D-A converter 88 and is output to the poWer control 
terminal Bias SW as the high level signal or loW level signal. 

[0076] A battery 90 is connected to the poWer supply 
terminals Vdd (Vdd1 through Vdd3) of the radio frequency 
poWer module 1. 

[0077] The present embodiment provides the folloWing 
advantages. 

[0078] (1) When the gate voltage of each ?eld effect 
transistor is controlled by the signal output by the automatic 
poWer control circuit (APC circuit) based on the poWer level 
instruction signal, a High level signal is input to the node B 
(bias sWitch terminal) of the correction circuit 40 to alloW 
the gate voltage of each ?eld effect transistor to be used in 
a linear state in the high poWer mode, and a LoW level signal 
is input to the bias sWitch terminal of the correction circuit 
40 to alloW the ?nal stage ?eld effect transistor (third FET) 
to be used With high efficiency (amplifying efficiency) in the 
loW poWer mode. This makes it possible to improve linearity 
in the loW poWer mode and AM/AM characteristics and to 
reduce poWer consumption thereby eXpanding the life of the 
battery. The improved battery life results in an improvement 
of call time. The reduction in poWer consumption leads to a 
reduction of the siZe of a battery, Which makes it possible to 
reduce the siZe and Weight of a radio communication appa 
ratus. 
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[0079] (2) The ?nal stage ?eld effect transistor Q1 and the 
correction ?eld effect transistor Q2 are monolithically 
formed, and the correction ?eld effect transistor is in a siZe 
Which is l/M of the siZe of the ?nal stage ?eld effect 
transistor. Therefore, the change in the gate bias voltage 
caused by the output signal (control signal) from the auto 
matic poWer control circuit Will occur With high accuracy 
Which is in accordance With not only the peak poWer 
(maximum gate voltage) but also the slopes of the rise and 
fall of the transmission output and Will be stable against 
variation in the characteristics of FETs and ?uctuations of 
the same attributable to temperature. 

[0080] A second embodiment of the invention Will noW be 
described. 

[0081] FIGS. 8 through 10 are vieWs of a radio frequency 
poWer module Which is another embodiment (second 
embodiment) of the invention and a portable telephone 
incorporating the same radio frequency poWer module. 

[0082] The radio frequency poWer module of the second 
embodiment has a con?guration as represented by the 
equivalent circuit shoWn in FIG. 8. 

[0083] As shoWn in the equivalent circuit of FIG. 8, the 
radio frequency poWer module 1 of the present embodiment 
is a radio frequency poWer module according to the ?rst 
embodiment in Which the node B is connected to Vapc, i.e., 
the automatic poWer control circuit. This circuit enables a 
loW poWer mode When the output signal of the automatic 
poWer control circuit is loWer than a prescribed voltage and 
enables a high poWer mode When it is higher than the 
prescribed voltage. 
[0084] FIG. 9 is a circuit block diagram shoWing a part of 
the portable telephone incorporating the radio frequency 
poWer module according to the present embodiment. This 
circuit block has a con?guration according to the ?rst 
embodiment eXcept that the output poWer correction control 
circuit connected to the node B is eliminated from the 
control logic 82. The prescribed voltage Vapc (SW) Which is 
the point for sWitching betWeen the high poWer mode and 
loW poWer mode at the APC circuit 74 is given by the 
folloWing equation, although it is also illustrated in FIG. 10. 

Vapc(SW)=(R3+R4)/R4><Vth 
[0085] FIG. 10 is a graph shoWing correlation betWeen the 
gate bias voltage Vg3 of the ?nal stage transistor and the 
poWer control signal voltage Vapc in the portable telephone 
incorporating the radio frequency poWer module of the 
present embodiment. 

[0086] In the present embodiment, the loW poWer mode 
(characteristics shoWn on the right side of FIG. 5) is enabled 
When Vapc is smaller than the prescribed voltage Vapc(SW) 
and the high poWer mode (characteristics shoWn on the left 
side of FIG. 5) is enable When Vapc is greater, Which makes 
it possible to improve amplifying efficiency in the loW poWer 
mode. The present embodiment is similar to the ?rst 
embodiment in that the improved of ef?ciency in the loW 
poWer mode makes it possible to improve linearity in the 
loW poWer mode and AM/AM characteristics and to reduce 
poWer consumption thereby eXpanding the life of the battery. 
The improved battery life results in an improvement of call 
time. The reduction in poWer consumption leads to a reduc 
tion of the siZe of a battery, Which makes it possible to 
reduce the siZe and Weight of a radio communication appa 
ratus. 
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[0087] A third embodiment of the invention Will noW be 
described. 

[0088] FIGS. 11 through 16 are vieWs of a radio fre 
quency power module Which is another embodiment (third 
embodiment) of the invention and a portable telephone 
incorporating the same radio frequency poWer module. 

[0089] The radio frequency poWer module of the third 
embodiment has a con?guration as represented by the 
equivalent circuit shoWn in FIG. 11. 

[0090] As shoWn in the equivalent circuit of FIG. 11, the 
radio frequency poWer module 1 of the present embodiment 
has a con?guration in Which no correction circuit is provided 
unlike the ?rst embodiment and in Which the control termi 
nals are constituted by a ?rst control terminal Vapc1 con 
nected to the gates of ?eld effect transistors (?rst and second 
FETs) excluding the ?eld effect transistor at the ?nal stage 
(third PET) and a second control terminal Vapc2 connected 
only to the gate of the ?nal stage ?eld effect transistor (third 
FET). 
[0091] FIG. 16 is a circuit block diagram shoWing a part 
of the portable telephone incorporating the radio frequency 
poWer module of the present embodiment. This circuit is 
similar to the circuit of the ?rst embodiment except that it 
comprises an initial stage control circuit system for inputting 
the output signal of the output poWer level control circuit 83 
to the APC circuit 74 and for inputting the output signal of 
the APC circuit 74 to the ?rst control terminal Vapc1 to 
control the ?rst and second FETs and a ?nal stage control 
circuit system for inputting the output signal of the output 
poWer correction control circuit 86 to the second control 
terminal Vapc2 to control the ?nal stage ?eld effect transistor 
(third FET) at a constant voltage. 

[0092] The initial stage control circuit system and the ?nal 
stage control circuit system are sWitched by a mode sWitch 
ing circuit 95. In the high poWer mode, all of the transistors 
(?rst, second and third FETs) in the multi-stage con?gura 
tion are controlled by the APC circuit 74. In the loW poWer 
mode, the ?rst and second FETs are controlled by the APC 
circuit 74, and the third PET is controlled by the ?nal stage 
control circuit system at a constant voltage. 

[0093] The mode sWitching circuit 95 comprises a control 
logic C 96 and an analog sWitch SW 97 controlled by the 
control logic C 96. The mode sWitching circuit 95 is 
sWitched by a signal output by the control logic 82. 

[0094] FIG. 12 is a graph shoWing correlation betWeen the 
poWer control signal voltage and the gate bias voltage of 
each transistor in the high and loW poWer modes. In the loW 
poWer mode, the third FET has a constant gate voltage Vg. 
For example, an operation in the high poWer mode is 
enabled When Vapc is higher than, for example, 1.4 V, and 
an operation in the loW poWer mode is enable When Vapc is 
loWer than the same. Amplifying ef?ciency is improved as 
shoWn in the graph of FIG. 13, and AM/AM characteristics 
are improved as shoWn in the graph of FIG. 15. 

[0095] FIG. 14 is a graph shoWing correlation betWeen the 
poWer control signal voltage and the output poWer of the 
radio frequency poWer module of the present embodiment in 
the high and loW poWer modes. The use of the loW poWer 
mode With Vapc smaller than 1.4 V improves the ef?ciency 
of the output poWer by about 6% When the output poWer is 
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30 dBm (the ef?ciency in the high poWer mode is about 23% 
and the ef?ciency in the loW poWer mode is about 29%) 

[0096] The present embodiment is similar to the ?rst 
embodiment in that the improved ef?ciency in the loW poWer 
mode makes it possible to improve linearity in the loW 
poWer mode and AM/AM characteristics and to reduce 
poWer consumption thereby expanding the life of the battery. 
The improved battery life results in an improvement of call 
time. The reduction in poWer consumption leads to a reduc 
tion of the siZe of a battery, Which makes it possible to 
reduce the siZe and Weight of a radio communication appa 
ratus. 

[0097] While the invention has been speci?cally described 
based on preferred embodiments of the same, the invention 
is not limited to those embodiments and may obviously 
modi?ed in various Ways Within the range of the principle of 
the same. 

[0098] While the invention has been described above With 
reference to portable telephones Which is the ?eld of the 
application of the same, the invention is not limited thereto 
and may be applied to other mobile communication appa 
ratuses such as mobile phones. 

[0099] The invention may be applied to at least radio 
communication technique driven by a battery. 

[0100] Advantages provided typical aspects of the present 
invention can be brie?y described as folloWs. 

[0101] (1) A High level signal and a LoW level signal are 
sWitched based on a poWer level instruction signal to enable 
a high poWer mode or a loW poWer mode. In the loW poWer 
mode, since a ?nal stage ?eld effect transistor has a rela 
tively high bias, it is possible to improve linearity and 
AM/AM characteristics in the loW poWer mode and to 
reduce poWer consumption. 

[0102] (2) The life of battery is expanded accordingly. 

[0103] (3) It is also possible to improve call time because 
of the reduction in poWer consumption. 

[0104] (4) The reduction in poWer consumption results in 
a reduction of the siZe of a battery, alloWing the siZe and 
Weight of a radio communication apparatus to be reduced. 

1. A semiconductor ampli?er circuit comprising: 

a plurality of semiconductor amplifying elements each 
having a ?rst terminal, a second terminal and a control 
terminal; 

an input terminal; 

an output terminal; 

a ?rst poWer supply terminal; 

a second poWer supply terminal; 

a bias supply terminal: 

an output control circuit; and 

an output mode instruction terminal; Wherein 

said plurality of semiconductor amplifying elements 
comprise a ?rst semiconductor amplifying element 
and a second semiconductor amplifying element; 










