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(57) ABSTRACT 

The present invention is characterized in that a resistor is 
inserted in Series with an inductor feeding a bias current and 
that reactance of an input matching circuit or of an output 
matching circuit is varied depending on variations of input 
Signal power. According to the present invention, the input 
impedance of the amplifying element is restrained from 
lowering even when the input Signal power has increased So 
that a constantly Satisfactory impedance matching is 
achieved irrespective of the input Signal power variations. 
Furthermore, restriction on increase of the bias current 
enables a limitation to be imposed on increase of the power 
consumption of the microwave amplifier. 
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MICROWAVE AMPLIFIER 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates generally to a micro 
wave amplifier transmitting high-speed digital modulated 
waves, and more particularly to a microwave amplifier for 
use in a cellular phone, a base Station, etc., utilizing wide 
band code division multiple access (WCDMA) or orthogo 
nal frequency division multiplexing (OFDM). 
0003 2. Description of the Related Art 
0004 Reference is now made to FIG.8 which illustrates 
a circuit of a conventional microwave amplifier. The micro 
wave amplifier is designated generally at 10 and comprises 
a transistor Qd in the form of, e.g., a bipolar junction 
transistor (BJT); an input matching circuit 11 connected to 
a base of the transistor Qd; and an output matching circuit 
12 connected to a collector of the transistor Od. 

0005. A microwave signal output from a signal source 13 
passes through an internal impedance R1 of the Signal 
Source 13 and is input to an input terminal In of a microwave 
amplifier 10. The microwave signal input to the input 
terminal In is fed via the input matching circuit 11 to the base 
of the transistor Qd, with the resultant amplified microwave 
Signal being fed from the collector of the transistor Qd 
though the output matching circuit 12 to a load R2 connect 
ing with an output terminal Out. 
0006 The bipolar junction transistor for use in the micro 
wave band has an input impedance including a resistance 
component and a reactance component. On the contrary, the 
internal impedance R1 (if a transmission line intervenes, its 
characteristic impedance) of the signal Source 13 normally 
includes only the resistance component of 50 ohms. Hence, 
to ensure an effective feed of microwave signals from the 
Signal Source to the transistor Qd, the input matching circuit 
11 effects an impedance matching. 
0007. The input matching circuit 11 of FIG. 8 is formed 
of a two-stage at circuit consisting of inductorS L51, L52 and 
Lb and of capacitors C51 and C52. On the other hand, the 
impedance matching between the output impedance of the 
transistor Qd and the load R2 is effected by the output 
matching circuit 12 having the same configuration. 
0008. The input matching circuit 11 includes an inductor 
Lb whose one end is connected to a bias power source Vb2 
to feed a bias current to the base of the transistor Od. In this 
case, to raise the power efficiency of the microwave ampli 
fier 10, it is desirable to cause the transistor Qd to effect a 
class B operation by which little or substantially no bias 
current flows acroSS the base and emitter of the transistor 
Qd. Due to the output distortion which may increase in the 
class B operation, however, the transistor Qd is set to a class 
AB in which a slight bias current flows in the absence of 
Signals. 

0009. In the conventional microwave amplifier in this 
manner, the input matching circuit 11 and the output match 
ing circuit 12 effect the impedance matching between the 
input/output impedance of the transistor Qd and the external 
impedance. 
0.010 However, the input/output impedance of the tran 
Sistor may vary depending on the increase or decrease of the 
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input signal power. For this reason, it will be difficult for the 
input matching circuit 11 and the output matching circuit 12 
designed on the assumption that the transistor Qd has an 
unvaried input/output impedance to meet the matching con 
ditions with the external impedance irrespective of the 
increase or decrease of the input signal power. 
0011. Accordingly as the input signal power increases, 
the base current increases and, depending on the diode 
characteristics acroSS the base and emitter of the transistor 
Qd, the input impedance of the transistor Qd becomes 
Smaller. As a result, the increased bias current allows the 
operation of the transistor Qd to shift from the class B 
operation to a class A operation. This results in an increased 
power consumption of the transistor Qd, which may place 
obstacles in power Savings of battery-driven equipment Such 
as cellular phones. 

SUMMARY OF THE INVENTION 

0012. It is therefore an object of the present invention to 
provide a microwave amplifier capable of effecting a Satis 
factory impedance matching at all times irrespective of 
variations of the input Signal power, to thereby ensure an 
effective feed of the input signal power to the amplifying 
element and Suppress output Signal distortions. 
0013 Another object of the present invention is to pro 
vide a microwave amplifier capable of restraining the input 
impedance from lowering even when the input signal power 
has increased to thereby impose a limitation on the increase 
in the power consumption of the amplifying element. 
0014. In order to achieve the above objects, an aspect of 
the present invention is characterized in that a resistor is 
inserted in Series with an inductor feeding a bias current and 
that reactance of an input matching circuit or of an output 
matching circuit is varied depending on variations of input 
Signal power. According to the present invention, the input 
impedance of the amplifying element is restrained from 
lowering even when the input Signal power has increased So 
that a constantly Satisfactory impedance matching is 
achieved irrespective of the input Signal power variations. 
Furthermore, restriction on increase of the bias current 
enables a limitation to be imposed on increase of the power 
consumption of the microwave amplifier. 
0015. In order to attain the above objects, another aspect 
of the present invention is characterized by a microwave 
amplifier comprising a transistor arranged to amplify a 
microwave signal fed from a Signal Source to a base of the 
transistor, and a Series circuit including an inductor and a 
resistor for feeding a bias current to the base of the transistor. 
0016. According to the present invention, due to the 
insertion of the resistor into a path for feeding a bias current 
to the base of the transistor, it is possible to restrict the 
increase of the bias current even when the input Signal power 
has increased, whereupon a limitation is imposed on the 
lowering of the input impedance of the transistor as a result 
of the increased input Signal power So that the impedance 
matching can be kept irrespective of the increase of the input 
Signal power. 
0017. In order to attain the above objects, a further aspect 
of the present invention is characterized by a microwave 
amplifier comprising a first transistor arranged to amplify a 
microwave signal fed from a Signal Source to a base of the 
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first transistor; and an input matching circuit in the form of 
an LC circuit interposed between the Signal Source and the 
base of the first transistor, the input matching circuit effect 
ing an impedance matching between impedance of the Signal 
Source and input impedance of the first transistor, the input 
matching circuit including a first inductor and a first capaci 
tance, either the first inductor or the first capacitance varying 
depending on power of the microwave Signal So as to vary 
a reactance component of the input matching circuit. 

0.018. According to the present invention, the reactance 
of the input matching circuit is varied depending on the 
variations of the input signal power whereby it is possible to 
effect an impedance matching between the Signal Source 
impedance and the first transistor input impedance irrespec 
tive of the input Signal power variations. 

0.019 Preferably, the first inductor includes a second 
transistor having a collector connected to a power Source; a 
resistor disposed to feed a bias current to a base of the 
Second transistor; a Second capacitance connected acroSS the 
base and an emitter of the Second transistor; and a Second 
inductor connected acroSS the emitter of the Second transis 
tor and the ground; the microwave signal being fed to the 
emitter of the Second transistor and fed via the first capaci 
tance to the base of the first transistor. 

0020. According to the present invention, the transcon 
ductance of the Second transistor increases accordingly as 
the input signal power increases, So that the first inductor 
lowers with increase of the input signal power. Thus, the first 
inductor becomes Smaller accordingly as the input signal 
power increases whereby the impedance matching of the 
input matching circuit can be kept even when the input 
Signal power has increased. 

0021 Preferably, the first capacitance includes a third 
transistor having a base and a collector that are connected to 
each other, with a bias current flowing between the base and 
an emitter of the third transistor, and the microwave signal 
is input to the emitter of the third transistor, the microwave 
Signal is output from the base and collector of the third 
transistor to the base of the first transistor. 

0022 Preferably, the first capacitance includes a fourth 
transistor having an emitter and a collector that are con 
nected to each other, with a bias current flowing between a 
base and the emitter and between the base and the collector 
of the fourth transistor, and the microwave signal is input to 
the emitter and the collector of the fourth transistor, the 
microwave signal is output from the base of the fourth 
transistor to the base of the first transistor. 

0023. According to the present invention, an increase of 
the input signal power results in an increased capacitance 
component as a result of thinning of the depletion layer in 
the forward bias of the first capacitance. Thus, in the event 
that the input signal power has increased with the lowered 
input impedance of the first transistor, it is possible to 
increase the value of the first capacitance and thereby to 
keep the impedance matching between the Signal Source 
internal impedance and the first transistor input impedance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024. The above and other objects, aspects, features and 
advantages of the present invention will become more 
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apparent from the following detailed description when taken 
in conjunction with the accompanying drawings, in which: 
0025 FIG. 1 is an explanatory diagram of the principle 
of a microwave amplifier in accordance with an embodiment 
of the present invention; 
0026 
0027 FIGS. 3A and 3B are explanatory diagrams of a 
variable inductor in the embodiment of the present inven 
tion; 
0028 FIGS. 4A to 4C are explanatory diagrams of a 
variable capacitance in the embodiment of the present 
invention; 
0029 FIG. 5 is a circuit diagram of a microwave ampli 
fier in accordance with a first embodiment of the present 
invention; 
0030 FIG. 6 is a circuit diagram of a microwave ampli 
fier in accordance with a Second embodiment of the present 
invention; 
0031 FIG. 7 is a circuit diagram of a microwave ampli 
fier in accordance with a third embodiment of the present 
invention; and 

FIG. 2 is a characteristic diagram of a transistor, 

0032 FIG. 8 is a circuit diagram of a conventional 
microwave amplifier. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0033. The present invention will now be described with 
reference to the accompanying drawings which illustrate a 
presently preferred embodiment in a non-limitative manner, 
i.e., in Such a manner as not to limit the technical Scope of 
the present invention. 
0034) Referring first to FIG. 1, a principle explanatory 
diagram is depicted of a microwave amplifier in accordance 
with the embodiment of the present invention. The micro 
wave amplifier 10, Similar to the conventional one, com 
prises a transistor Qd, for Signal amplification, an input 
matching circuit 11 and an output matching circuit 12. 
0035 A microwave signal output from a signal source 13 
is fed via an internal impedance R1 of the Signal Source 13 
to an input terminal In of the microwave amplifier 10. The 
microwave signal input to the input terminal In is fed via the 
input matching circuit 11 to a base of the transistor Qd. The 
microwave signal is amplified by the transistor Qd for Output 
from a collector. The microwave signal is then fed via the 
output matching circuit 12 and through an output terminal 
Out to a load R2. 

0036) The transistor Qd is a bipolar junction transistor or 
a hetero bipolar transistor (HBT) having a heterojunction 
between its emitter and base, although a field effect transis 
tor such as a MOSFET is also available as long as the input 
matching circuit 11 has a terminal N1 provided with an 
outflow path for biasing current. 
0037. The input matching circuit 11 includes a variable 
inductor LV disposed between a terminal N2 and the ground, 
with a variable capacitance CV intervening between the 
terminals N2 and N1. Between the terminal N1 and a bias 
power Source Vb2 is interposed a Series circuit that consists 
of a fixed inductor Lb and a resistor Rext. The input 
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matching circuit 11 is comprised of a Single-stage at circuit, 
although it may be formed of a multi-stage at circuit. 
0.038. The fixed inductor Lb may not make up a part of 
the TL circuit, but instead it may be set to a value that provides 
an enough large impedance for Signal components to thereby 
cut off the Signal components So that only the bias current to 
the transistor Qd can flow therethrough. 
0.039 Similar to the input matching circuit 11, the output 
matching circuit 12 may also include the variable inductor 
LV and the variable capacitance CV So that irrespective of 
variations in the Signal powers matching can be kept 
between the output impedance of the transistor Qd and the 
impedance of the load R2. Due to relatively small variations 
of the transistor output impedance, however, it may be 
formed from only a fixed inductor and a fixed capacitance. 
0040. Referring then to FIG. 2, a characteristic diagram 
is depicted of a base-emitter Voltage Vbe and a base current 
Ib of the transistor Qd of the microwave amplifier 10. In the 
microwave amplifier 10 of this embodiment, as described 
above, the transistor Qd is Set as a class AB that allows a 
Slight bias current to flow therethrough even when no signals 
are issued. For example, assume in the characteristic dia 
gram of FIG. 2 that the transistor Qd is set to a bias point 
21 at which the base-emitter voltage is Vbel with the bias 
current of Ib1. In this case, an input impedance Z1 of the 
transistor Qd is given as the gradient of a tangent at the bias 
point 21 of a graph 20. 
0041. A case is then considered where the transistor Qd 
has an increased input Signal power. In Such a case, the class 
AB allows only a signal component on one hand to increase 
So as to raise the average value of the bias current. For this 
reason, the bias point of the transistor Qd migrates to a bias 
point 22 at which the base-emitter voltage is Vbe2 with the 
bias current of Ib2. Then, due to the exponential variations 
of the graph 20, the bias point 22 has an input impedance Z2 
lower than the input impedance Z1 at the bias point 21. 
0042. In such an event, as depicted in FIG. 1, by virtue 
of the series insertion of the resistor Rext into the fixed 
inductor Lb through which the bias current flows, the 
microwave amplifier 10 of this embodiment is able to 
restrict the increase of the bias current in Spite of an increase 
of the input Signal power. It is thus possible to restrict the 
lowering of the input impedance of the transistor Qd arising 
from the increase of the input signal power to thereby keep 
the impedance matching irrespective of any increase of the 
input Signal power. 
0043. In FIG. 2, the base-emitter voltage may be applied 
through an emitter follower from a different Voltage Source 
by way of a base resistance. In this case, the base resistance 
has a value of about Rext X hfe, where hfe is a common 
emitter current amplification factor of the transistor Qd. 
0044) The microwave amplifier 10 of this embodiment 
may further be arranged as shown in FIG. 1 such that the 
variable inductor LV and the variable capacitance Cv of the 
input matching circuit 11 are varied depending on the 
variations of the input signal power So that the impedance 
matching is achieved between the internal impedance R1 of 
the Signal Source 13 and the input impedance of the tran 
Sistor Qd irrespective of the input signal power variations. 
004.5 That is, an increase of the input signal power 
results in a lowering of the input impedance of the transistor 
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Qd. For this reason, when the input Signal power is 
increased, the input matching circuit 11 of this embodiment 
reduces the value of the variable inductor LV or increases the 
value of the variable capacitance CV. 
0046. On the contrary, a lowering of the input signal 
power leads to an increase of the input impedance of the 
transistor Qd. In consequence, when the input signal power 
is lowered, the input matching circuit 11 increases the value 
of the variable inductor LV or reduces the value of the 
variable capacitance CV. 
0047 According to the microwave amplifier 10 of this 
embodiment in this manner, the reactance of the input 
matching circuit 11 is varied depending on variations of the 
input signal power whereby the impedance matching is 
achieved between the internal impedance R1 of the Signal 
Source 13 and the input impedance of the transistor Qd 
irrespective of the input Signal power variations. Either the 
variable inductor LV or the variable capacitance CV can be 
varied as a function of the input signal power variations, but 
instead both of them may be varied. 
0048 FIGS. 3A and 3B are explanatory diagrams of the 
variable inductor LV in this embodiment. The variable 
inductor LV comprises, as depicted in FIG. 3A, a transistor 
Qa whose collector is connected to a drive power Source 
Vcc, a resistor R3 interposed between a base of the transistor 
Qa and a bias power Source Vb1, and a capacitor Cb 
disposed between a base and an emitter of the transistor Qa. 
0049. The transistor Qa has an emitter terminal N2 that 
connects with the terminal N2 of the input matching circuit 
11 of FIG. 1. This allows signal powers input to the 
microwave amplifier 10 to be fed through the terminal N2 to 
the variable inductor Lv. In FIG. 3A, current Io represents 
combined signal current fed through the terminal N2 and 
bias current of the transistor Qa. 

0050. In FIG. 3A, an input signal supplied to the terminal 
N2 is fed by the capacitor Cb to the base of the transistor Qa. 
Let Ibo be a low-frequency component of the bias current of 
the transistor Qa, and Vbacbe a Signal Voltage input through 
the terminal N2, then the Signal Voltage Vbac is Voltage 
divided by the resistor R3 and the capacitor Cb. Hence, the 
base-emitter Voltage Vbe of the transistor Qa is given as 

0051 where gm is a transconductance of the transistor 
Qa. 

0052) If R3>>1/icoCb, then the expression (1) is approxi 
mated by 

Vbes(VbacioCbR3)+Ibofgn (2) 

0053 At that time, the current Io flowing through the 
transistor is given as 

Io=gmx Vbe (3) 

0054 When placing the expression (2) in the expression 
(3), 

Io=gmx(VbacioCbR3)+Ibo=Vbac?ic)(CbR3/gm)+Ibo (4) 

0055 results. This corresponds to the connection of the 
variable inductance LV=CbR3/gm to the terminal N2. Thus, 
the variable inductance LV of FIG. 3A can be depicted as in 
FIG. 3B with the resistance component represented by the 
resistor R4. 
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0056. In FIG. 3B, 
Vb3s Vb1-Ibof Gm 

0057 And, Vb3 is smaller than(Vb1-Ibo/Gm) by 
R3xIb(Ib is the base current). 
0.058. In this case, the transconductance gm of the tran 
Sistor Qa increases accordingly as the current Io increases, 
So that the variable inductance LV reduces with increase of 
the current Io. Thus, the variable inductance LV becomes 
Smaller accordingly as the input Signal power increases, 
whereupon the input matching circuit 11 can keep its imped 
ance matching irrespective of the increase of the input signal 
power. 

0059 FIGS. 4A to 4C are explanatory diagrams of the 
variable capacitance Cv in this embodiment. The variable 
capacitance Cv of FIG. 4A has a terminal N1 that is 
provided by connecting the base and the collector of the 
transistor Qe and a terminal N2 in the form of the emitter of 
the transistor Qe, the terminals N1 and N2 connecting with 
the terminals N1 and N2 of FIG.1. The bias current Io is set 
to Such a level as to allow the transistor Qe to slightly 
conduct. 

0060. In FIG. 4A, a forward bias is applied across the 
base and emitter, So that a capacitive component is possessed 
by the transistor Qe in a region where the bias current Io is 
Small. In this case, an increase of the Signal power applied 
across the terminals N1 and N2 leads to a thin depletion 
layer in the forward bias, raising the capacitive component. 
Thus, an equivalent circuit of FIG. 4A circuit is depicted in 
FIG. 4C, which acts as the variable capacitance Cv whose 
capacitive component increases accordingly as the input 
signal power increases. In FIG. 4C, a resistor R8 represents 
the loSS of the variable capacitance CV. 
0061 FIG. 4B depicts the variable capacitance Cv hav 
ing a terminal N1 in the form of the base of the transistor Qc 
and a terminal N2 that is provided by connecting the 
collector and the emitter of the transistor Oc. This variable 
capacitance CV has a capacitive component in a region 
where the bias current Io is Small, Since a forward bias is 
applied across the base and emitter and acroSS the base and 
collector. 

0062). In the variable capacitance Cv of FIG. 4B as well, 
an increase of the Signal power applied across the terminals 
N1 and N2 causes a thinned depletion layer in the forward 
bias and thus an increased capacitive component. It therefore 
acts as a variable capacitance Cv whose capacitive compo 
nent increases accordingly as the input signal power 
increases. 

0.063. According to the variable capacitance Cv of this 
embodiment, it is thus possible, when the input impedance 
of the transistor Qd lowers as a result of increase of the input 
Signal power, to increase the value of the variable capaci 
tance CV and to keep the impedance matching between the 
internal impedance of the Signal Source 13 and the input 
impedance of the transistor Qd. 
0.064 FIG. 5 is a circuit diagram of a microwave ampli 
fier in accordance with a first embodiment of the present 
invention. In the same manner as the case of FIG. 1, the 
input matching circuit 11 of the microwave amplifier 10 of 
this embodiment is configured as a single-stage at circuit 
with a variable inductor LV that is comprised of a parallel 
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circuit including the variable inductor LS similar to FIG. 3A 
and the fixed inductor Lc. In this case, the fixed inductor Lc 
has one end that is grounded to provide an outflow path for 
the bias current. 

0065. The value of the variable inductor LS can be 
adjusted by the value of the capacitor Cb. Although the 
capacitor Cb could be Substituted by a parasitic capacitance 
acroSS the base and emitter of the transistor Qa, an external 
capacitor may be provided to reduce the Size of the transistor 
Qa. 

0066. The variable capacitance CV can be a parallel 
circuit including the variable capacitance Qc as depicted in 
FIG. 4B and a fixed capacitance Ce. The variable capaci 
tance Qc is formed from a transistor junction capacitance, So 
that a larger junction area is needed to increase the capaci 
tance value, resulting in a larger loss thereat. Thus, the 
variable capacitance Qc is Set to a minimum value required 
for the capacitance variances, with the other capacitance 
components being borne by a fixed capacitance Ce Such as 
a ceramic capacitor having a less loSS. The variable capaci 
tance Qc is Subjected to a Voltage of a level allowing a slight 
flow of the bias current therethrough by the bias voltage 
Source Vb2 and the fixed inductor Lc whose one end is 
grounded. 

0067. The variable capacitance contributes to the tem 
perature compensation of the transistor Qd. That is, the 
variable capacitance Qc is comprised of a transistor having 
the same temperature characteristic as the transistor Qd, and 
hence the base-emitter junction of the variable capacitance 
Qc has the same temperature characteristics as the base 
emitter junction of the transistor Qd. It is therefore possible 
to drop the base voltage of the transistor Qd with the rise of 
the temperature and to restrict the increase of the collector 
current through the transistor Qd. 
0068. The bias power sources Vb1 and Vb2 can be a 
single bias power source. When the transistor Qd is an Si 
BJT, it is of the order of 0.6 to 1.0V, whereas for an 
InGaP/GaAs HBT it is of the Order of 1.2 to 1.6V. 

0069. Thus, according to the microwave amplifier 10 of 
this embodiment, the bias current of the transistor Qd is fed 
from the bias power source Vb2 through the resistor Rext 
and the fixed inductor Lb. Accordingly, even in the event of 
the increased input Signal power, the input impedance of the 
transistor is restrained from lowering, enabling a Satisfactory 
impedance matching to be made irrespective of the varia 
tions of the input signal power. Furthermore, due to restric 
tion on the increase of the bias current, any increase can be 
restricted in the power consumption of the microwave 
amplifier 10. 

0070 According to the microwave amplifier 10 of this 
embodiment, the variable inductance LS and the variable 
capacitance Qc of the input matching circuit 11 are varied 
depending on the variations of the input signal power, 
whereby the impedance matching can be achieved between 
the internal impedance R1 of the Signal Source 13 and the 
input impedance of the transistor Qd. 
0071 FIG. 6 is a circuit diagram of a microwave ampli 
fier in accordance with a Second embodiment of the present 
invention. The microwave amplifier 10 of this embodiment 
comprises the input matching circuit 11 in the form of the 
Single-stage at circuit Similar to the first embodiment. It is to 
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be noted however that the fixed inductor Lb and the resistor 
Rext of the first embodiment are replaced by a variable 
inductor Le that is made up of a transistor Og, a resistor R10 
and a capacitor Ce. In this case, a collector of the transistor 
Qg is connected to the power Source Vcc, with one end of 
the resistor 10 being connected to a bias power source Vb4. 

0.072 In the input matching circuit 11 of this embodi 
ment, the variable capacitance CV is comprised of a parallel 
connection of Series connected transistorS Qc1 and Qc2 with 
the fixed capacitance Ce. The Series connection of the 
transistorS Qc1 and Qc2 reduces the bias Voltage applied to 
the junction face to thereby reduce the Signal loSS in the 
variable capacitance CV. 

0073. The input matching circuit 11 of this embodiment 
comprises a transistor Of having a collector connected to the 
resistor R10 and a base connected to the terminal N1, the 
transistor Of having an emitter connected to the fixed 
inductor Ld whose one end is grounded. In this embodiment, 
the transistor Of provides a temperature compensation for 
the transistor Qd. Since the transistor Qf is comprised of a 
transistor having the same temperature characteristics as the 
transistor Qd, the base-emitter junction of the transistor has 
the same temperature characteristics as the base-emitter 
junction of the transistor Qd. It is thus possible to drop the 
base voltage of the transistor Qd with the rise of the 
temperature to thereby restrict any increase of the collector 
current through the transistor Qd. 

0.074 The input matching circuit 11 of this embodiment 
allows a logarithm of an envelope Voltage of the input signal 
in the form of an amplitude modulated wave to be applied 
as the bias Voltage of the transistor Qd. That is, the Voltage 
gain of the transistor Qf is determined by the product of a 
transconductance gm and the resistance R10, So that if the 
Voltage gain is Sufficiently large, then the transistor Qf can 
be regarded as an ideal amplifier having the base-emitter 
junction of the transistor Og in a feedback loop. Herein, the 
relationship between the emitter current Ie and the base 
emitter Voltage Vbe of the transistor Og is expressed by 

Ic=lcoxexp(Vbe-pb) (5) 

0075 where Ieo is an initial value of the emitter current 
Ie and pb is a constant indicative of a phase lag. When 
acquiring the logarithms of both sides of the expression (5), 

0.076 Accordingly, the base-emitter voltage Vbe of the 
transistor Qg varies depending on the logarithm of the 
emitter current Ie. In this case, the emitter current Ie corre 
sponds to the base current of the transistor Qd and varies 
depending on the envelope Voltage of the input Signal. 

0.077 Due to such variations of the base-emitter voltage 
of the transistor Og depending on the logarithm of the input 
Signal envelope Voltage, the base Voltage of the transistor Qd 
also varies depending on the logarithm of the input signal 
envelope Voltage. Thus, even in the event of increase of the 
input Signal power, it is possible to SuppreSS increase in the 
bias current of the transistor Qd to thereby restrain the input 
impedance of the transistor Qd from lowering. 

0078. The output matching circuit 12 of this embodiment 
comprises fixed inductorS L31 and L32 and fixed capaci 
tances C31 and C32. A signal output from the collector of the 
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transistor Qd is input via a bonding wire inductor Lbond to 
the output matching circuit 12 and is fed from an output 
terminal Out to a load R2. 

0079 According to the microwave amplifier 10 of the 
Second embodiment in this manner, the input impedance of 
the transistor Qd is restrained from lowering even in the 
event of increase of the input signal power, enabling a 
Satisfactory impedance matching to constantly be made 
irrespective of the input signal power variations. Further 
more, restriction on increase of the bias current enables the 
increased power consumption of the microwave amplifier 10 
to be restricted. 

0080 According to the microwave amplifier 10 of this 
embodiment, the variable inductors LS, Le and the variable 
capacitance CV of the input matching circuit 11 are varied 
depending on the variations of the input Signal power So that 
impedance matching is achieved between the internal 
impedance R1 of the Signal Source 13 and the input imped 
ance of the transistor Qd irrespective of the input signal 
power variations. 

0081 FIG. 7 is a circuit diagram of a microwave ampli 
fier in accordance with a third embodiment of the present 
invention. The microwave amplifier 10 of this embodiment 
comprises the input matching circuit 11 in the form of the 
Single-stage at circuit Similar to the case of the first embodi 
ment but different therefrom in that the variable capacitance 
Qc is omitted with use of only the fixed capacitance Cd. 

0082) The output matching circuit 12 of this embodiment 
is configured as a band pass matching circuit which includes 
fixed inductors L41, L42, LA3 and L44 and fixed capaci 
tances C41, C42 and C43. A signal output from the collector 
of the transistor Qd is input via the bonding wire inductor 
Lbond to the output matching circuit 12 and is fed from the 
output terminal Out to the load R2. In this embodiment as 
well, the bias power sources Vb1 and Vb2 may be substi 
tuted by a single bias power Source. 

0083. According to the microwave amplifier 10 of this 
embodiment, the input impedance of the transistor Qd can be 
restrained from lowering even when the input signal power 
has increased So that a Satisfactory impedance matching is 
ensured at all times irrespective of the input signal power 
variations. Moreover, restriction on increase of the bias 
current enables a limitation to be imposed on increase in the 
power consumption of the microwave amplifier 10. 

0084. According to the microwave power amplifier 10 of 
this embodiment, the variable inductance LS of the input 
matching circuit 11 is varied depending on variations of the 
input signal power So that the impedance matching is 
achieved between the internal impedance of the Signal 
Source 13 and the input impedance of the transistor Qd 
irrespective of the input signal power variations. 

0085. In the above microwave amplifiers of the first to 
third embodiments, the transistors Qa, Qc, etc., making up 
the variable inductor LV and the variable capacitance Cv 
may be formed from a Single chip by the same Semicon 
ductor process as one for the output transistor Qd. 

0086 For example, the transistors Qa, Qc, Qd, etc., may 
be formed of a bipolar junction transistor or a hetero bipolar 
transistor using the same Semiconductor process So that the 
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low power consuming microwave amplifier can provide 
Small-sized and lightweight hand-held equipment. 
0.087 According to the present invention, as set forth 
hereinabove, it is possible to restrict the reduction in the 
input impedance of the amplifying element even in the event 
of an increased input Signal power, to thereby effect a 
Satisfactory impedance matching at all times irrespective of 
any input Signal power variations. Furthermore, due to the 
restriction on the increase of the bias current, it is possible 
to impose a limitation on increase in the power consumption 
of the microwave amplifier. 
0088 While illustrative and presently preferred embodi 
ments of the present invention have been described in detail 
herein, it is to be understood that the inventive concepts may 
be otherwise variously embodied and employed and that the 
appended claims are intended to be construed to include 
Such variations except insofar as limited by the prior art. 

What is claimed is: 
1. A microwave amplifier comprising: 
a transistor arranged to amplify a microwave Signal fed 
from a Signal Source to a base of Said transistor, and 

a Series circuit including an inductor and a resistor for 
feeding a bias current to Said base of Said transistor. 

2. A microwave amplifier comprising: 
a first transistor arranged to amplify a microwave signal 

fed from a signal Source to a base of said first transistor; 
and 

an input matching circuit in the form of an LC circuit 
interposed between Said Signal Source and Said base of 
Said first transistor, Said input matching circuit effecting 
an impedance matching between impedance of Said 
Signal Source and input impedance of Said first transis 
tor, Said input matching circuit including a first inductor 
and a first capacitance, either said first inductor or Said 
first capacitance varying depending on power of Said 
microwave signal So as to vary a reactance component 
of Said input matching circuit. 
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3. A microwave amplifier according to claim 2, wherein 
Said input matching circuit includes a Series circuit includ 

ing an inductor and a resistor for feeding a bias current 
to Said base of Said first transistor. 

4. A microwave amplifier according to claim 2, wherein 
Said first inductor includes: 

a Second transistor having a collector connected to a 
power Source; 

a resistor disposed to feed a bias current to a base of 
Said Second transistor, 

a Second capacitance connected acroSS Said base and an 
emitter of Said Second transistor, and 

a Second inductor connected acroSS Said emitter of Said 
Second transistor and the ground; 

Said microwave signal being fed to Said emitter of Said 
Second transistor and fed via Said first capacitance to 
Said base of Said first transistor. 

5. A microwave amplifier according to claim 2, wherein 
Said first capacitance includes a third transistor having a 

base and a collector that are connected to each other, 
with a bias current flowing between said base and an 
emitter of Said third transistor, and wherein 

Said microwave signal is input to Said emitter of Said third 
transistor, Said microwave signal is output from Said 
base and collector of Said third transistor to said base of 
Said first transistor. 

6. A microwave amplifier according to claim 2, wherein 
Said first capacitance includes a fourth transistor having 

an emitter and a collector that are connected to each 
other, with a bias current flowing between a base and 
Said emitter and between said base and Said collector of 
Said fourth transistor, and wherein 

Said microwave signal is input to Said emitter and Said 
collector of Said fourth transistor, Said microwave Sig 
nal is output from Said base of Said fourth transistor to 
Said base of Said first transistor. 
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