
DESCRIPTION 

Title of Invention 

MICROWAVE AMPLIFIER DEVICE 

5 Technical Field 

[0001] The present disclosure relates to a microwave amplifier used in 

high-frequency bands such as microwave and millimetric wave bands using an active 

element. The present disclosure further relates to a microwave amplifier in which a 

plurality of communication carriers having different frequencies is simultaneously input. 

10 Background Art 

[0002] For microwave amplifiers used in communication-related applications, there 

are instances in which a plurality of communication carriers having different frequencies 

in a fixed operating band is input simultaneously. 	However, for microwave amplifiers, 

mutual interaction may occur between a plurality of communication carriers due to the 

15 	generation of a beat signal between the plurality of communication carriers with different 

frequencies. 

[0003] Patent Literature 1, for example, proposes a microwave amplifier which has 

a good distortion characteristic even when many communication carrier frequencies are 

included in a microwave signal configured to be amplified. 	For the microwave 

20 	amplifier in Patent Literature 1, a filter circuit which becomes a high impedance with the 

communication carrier frequency of a microwave signal and becomes a low impedance  

with the frequency of a beat signal that is generated from a plurality of communication 

carrier frequencies is connected to a drain of a field effect transistor (FET). 	Further, a 

capacitor which short-circuits a beat signal is connected between the other end and a 

25 	ground (GND). 

[0004] Also, Patent Literature 2, discloses about reducing significantly the gain in 

low frequency bands which causes a problem when amplifying a plurality of 
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communication carriers of a microwave amplifier, and reducing low frequency 

components on the input and output side of an amplifier. 	In the microwave amplifier of 

Patent Literature 2, ends of bias supply lines having predetermined lengths are connected 

to a connecting point of a microwave amplifier circuit having a semiconductor element 

5 and an input side transmission line, and to a connecting point of the microwave amplifier 

circuit and an output side transmission line respectively. 	Capacitors are connected to 

other ends of the bias supply lines, respectively. A parallel circuit consisting of a resistor 

and a capacitor is loaded between the connecting point of the input side bias circuit to the 

input side transmission line and the input terminal of the microwave amplifier circuit. 

10 [0005] 	It is known that, in microwave amplifiers, a resistor is added to a bias supply 

circuit in order to reduce ultra-high frequency power losses and stabilize operation of 

semiconductor elements at low frequencies. 	In Patent Literature 3, for example, the 

ultra-high frequency semiconductor circuit is configured to be provided with a capacitor 

in parallel with a resistor in a bias circuit, the capacitor having a sufficiently small 

15 reactance at an ultra-high frequency in the vicinity of the necessary frequency and having 

a large reactance at a low frequency. 

Citation List 

Patent Literature 

[0006] 	Patent Literature 1: Unexamined Japanese Patent Application Kokai 

20 Publication No. H11-136045 

Patent Literature 2: Unexamined Japanese Patent Application Kokai Publication No. 

H11-41042 

Patent Literature 3: Unexamined Japanese Patent Application Kokai Publication No. 

S62-209909 

25 Summary of Invention 

Technical Problem 

[0007] 	The microwave amplifier in Patent Literature 1 uses an LC resonant circuit 
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and suppresses mutual interaction between a plurality of communication carriers by 

lowering the impedance observed from the amplifier in a frequency of a beat signal that is 

generated between a plurality of frequencies. 	However, in a method described in Patent 

Literature 1, because an LC resonant circuit is used, inductance component exists that 

5 contribute to the electrical length even in a low frequency region, so there are cases in 

which low impedance at a specific frequency is achievable, conversely, impedance 

increases for a frequency in the expanded operating frequency band. 

[0008] 	Due to this effect, when a plurality of communication carriers is input in a 

microwave amplifier under wideband operational conditions, an increase in mutual 

10 influence between communication carriers in a frequency condition of a specific beat 

signal has led to problems in performance degradation including gain drops, increases in 

the amount of distortion and the like. 

[0009] 	The objective in Patent Literature 2, is to suppress gain in response to an 

input signal of a low frequency region which is not a remedy for addressing performance 

15 degradation including gain drops and increases in the amount of distortion due to mutual 

influence between communication carriers. 	Patent Literature 2, moreover, has a 

drawback of increasing consumption of direct current power because a resistor is added 

in series in the power source supply circuit. 

[0010] 	The ultra-high frequency semiconductor circuit in Patent Literature 3 can 

20 prevent unstable operations such as oscillation of the amplifier due to external 

disturbances (noise and the like), feedback, and the like because gain of the ultra-high 

frequency semiconductor circuit can be reduced in a low frequency at which gain of a 

field effect transistor (FET) itself is high. 	However, since the beat signal is generated on 

the output side of the active element, the techniques in Patent Literature 3 are not 

25 sufficient for suppressing the influence of the beat signal. 

[0011] 	This disclosure is made in order to solve the aforementioned type of 

problems, and thus the objective of the disclosure is to suppress extreme performance 
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degradation caused by frequency relationship of a specific beat signal even when a 

plurality of communication carriers is input in a wideband. 

Solution to Problem 

[0012] 	In order to achieve the aforementioned objective, the microwave amplifier 

5 set forth in view of the present disclosure is a microwave amplifier for amplifying a 

microwave signal using an active element, that includes a bias circuit that includes a line 

having an electrical length of one quarter the wavelength at the frequency configured to 

be amplified by the microwave amplifier and being connected between the output 

terminal of the active element and a bias voltage source, and a first capacitor element 

10 connected between a terminal where the line is connected to the bias voltage source and a 

ground that defines a reference potential of the microwave amplifier; and a resonant 

circuit that includes a resistor and a second capacitor element, the resistor and the second 

capacitor element connected in series between the ground and the terminal where the line 

is connected to the bias voltage source. 

15 Advantageous Effects of Invention 

[0013] 	According to the present disclosure, even when a plurality of 

communication carriers is input at any frequency in a wideband, mutual interaction 

between communication carriers is suppressed, thus making stable operation possible 

without being influenced by the number of input communication carriers or the frequency 

20 relationship between communication carriers. 

Brief Description of Drawings 

[0014] 	FIG. 1 is a circuit diagram of a microwave amplifier according to 

Embodiment 1 of the present disclosure; 

FIG. 2 is a circuit diagram of a microwave amplifier that includes a conventional 

25 bias circuit; 

FIG. 3 is a diagram showing mutual interaction that is caused by two waves in a 

communication band; 
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FIG. 4 is a diagram showing a characteristic example of a second capacitor 

element utilized by the microwave amplifier according to Embodiment 1; 

FIG. 5 is a diagram showing impedance observed from an active element in 

frequency regions of a beat signal; 

5 FIG. 6 is a diagram showing the variation in gain of a communication carrier due 

to the presence/absence of resistance in a resonant circuit when a plurality of 

communication carriers is input; 

FIG. 7 is a circuit diagram of a microwave amplifier according to Embodiment 2 

of the present disclosure; and 

10 FIG. 8 is a circuit diagram of a microwave amplifier according to Embodiment 3 

of the present disclosure. 

Description of Embodiments 

[0015] 	(Embodiment 1) 

FIG. 1 is a circuit diagram of a microwave amplifier according to Embodiment 1 

15 of the present disclosure. 	A line 20 having an electrical length kg/4 that is one quarter 

of the wavelength at a frequency kg configured to be amplified by the microwave 

amplifier is connected between an output terminal of an amplifier 11, which is an active 

element, and a bias voltage source 13. 	The amplifier 11, for example, includes a field 

effect transistor (FET), and a gate of FET is an input tenninal whereas a drain is the 

20 output terminal. 	A capacitor 14 (first capacitor element) is connected between the 

terminal where the line 20 is connected to the bias voltage source 13 and a ground 10 that 

defines the reference potential of the microwave amplifier. 	Moreover, a resistor 15 and 

a capacitor 16 (second capacitor element) are connected in series between the ground 10 

and the terminal where the line 20 is connected to the bias voltage source 13. 

25 [0016] 	Hereinafter, mutual interaction between communication carriers when a 

plurality of communication carriers is input in a microwave amplifier at a plurality of 

frequencies is described. 	FIG. 2 is a circuit diagram of a microwave amplifier that 
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includes a conventional bias circuit. 	The microwave amplifier is configured with an 

amplifier output port 12 that extracts frequencies of communication carriers and a port 

that connects the bias voltage source 13 in order to supply DC power on the output part of 

the amplifier 11 configured with an active element. 	The line 20, having a line 

5 length 2 g/4 that depends on a wavelength kg of communication carriers taking into 

consideration a wavelength shortening rate on a printed circuit board, is connected 

between the amplifier 11 and the bias voltage source 13. 	And at an end of the line 20, it 

is disposed a bias circuit that includes the capacitor 14, used to short-circuit 

communication band signals, for forming a short-circuit point at communication carrier 

10 frequencies. 

[0017] 	With this configuration, ideally, DC power can be supplied from the bias 

voltage source 13 without imposing on the amplifier 11 losses of frequencies of 

communication carriers. 	An open stub for indicating being short-circuited with respect 

to a communication band can be used in place of the capacitor 14, and an inductor or the 

15 like can be used as a substitute for a bias circuit. 

[0018] 	FIG. 3 is a diagram showing mutual interaction that is caused by two waves 

in a communication band. 	In FIG. 3, the magnitude of power of an input wave and an 

output wave of the amplifier 11 each are expressed as ratios to a signal power of 

frequency col. 	The power of a communication carrier 1 of frequency col and the power 

20 of a communication carrier 2 of frequency co2 are power P1 [W] and P2 [W] respectively. 

Power P1 [W] of the communication carrier 1 is amplified by the gain G of the amplifier 

25 

11 to power G x P1 [W]. 	Assuming that the amplifier 11 is provided with linear gain in 

a frequency range including frequency col and frequency w2 and also assuming that the 

amplifier 11 has the same gain G at the frequency w2 of the communication carrier 2, 

then the power of the output wave of the communication carrier 2 would normally 

become G x P2 [W] which corresponds to the total length of the solid arrow and a dotted 

arrow 4 directly above the solid arrow shown on the right portion of FIG. 3. 
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[0019] 	However, a beat signal 3 having a frequency of (o)2- o)1) is generated due to 

the communication carrier 1 (col) and the communication carrier 2 (32). 	The 

impedance (R + jX) (j: imaginary unit) of the output side observed from the amplifier 11 

at a frequency of a beat signal 3 (o)2 - 0)1) is a finite value. Therefore a voltage 

5 fluctuation 6Vb in proportion to power Pb of beat signal 3 is generated on the output side 

of the amplifier 11. 

6VB = (Pb (R + jX))1/2  [V] 

[0020] 	As a result, the mixing of communication carrier 1 and the beat signal 3 

causes the drop of applied voltage to the communication carrier 2 and the drop of the gain 

10 for the communication carrier 2 as well. 	The amount of the gain drop is dependent on 

followings. 

(1) Power Pb [W] of the beat signal 3 

(2) Impedance (R + jX) [n] observed from the amplifier 11 at a frequency of the 

beat signal 3 

15 (3) Output power (G x Pl) [W] for the communication carrier 1 

In other words, mutual interaction between a plurality of communication carriers 

(dotted arrow 4 in FIG. 3) is generated due to the beat signal 3 that occurs between the 

communication carrier 1 and the communication carrier 2. 

20 

[0021] 	The microwave amplifier according to Embodiment 1, as shown in FIG. 1, 

includes a series circuit of the resistor 15 and the capacitor 16 connected where capacitor 

14 is connected. 	FIG. 4 is a diagram showing a characteristic example of a second 

capacitor element utilized by the microwave amplifier according to Embodiment 1. 	The 

capacitor 16 (second capacitor element) utilized by the microwave amplifier in FIG. 1 is 

selected such that the maximum frequency fbmax (= fH - fL) of the beat signal that is 

25 generated between the lowest frequency "fL" and the highest frequency "fl-I" in a 

frequency band configured to be amplified, as shown in FIG. 4, is lower than or equal to 

a self-resonating frequency 17. 	Also, for the resistance value of the resistor 15, for 
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example, when a characteristic impedance of the line belongs to a 50-ohm system, it is 

necessary to select a value of between 252--2551 including parasitic resistance as a value 

that can suppress resonance. 

[0022] 	A. Operation at a frequency configured to be amplified 

5 The capacitance of the capacitor 14 is set to short-circuit signals in communication 

band, therefore the capacitor 14 can be considered to be zero c (short-circuited) at the 

frequency configured to be amplified. 	Accordingly, the circuit on the bias voltage 

source 13 side cannot be observed from the connection point of the line 20 having a one 

quarter wavelength and the capacitor 14. 	Also, because the impedance on the bias 

10 voltage source 13 side as observed from the connection point of the line 20 and a main 

line (output side of the amplifier 11) can be considered to be infinite, output loss in the 

necessary frequency is not generated. 	At this time, as long as the capacitance of the 

capacitor 14 is "Cl", the impedance in response to frequency f1  in a communication band 

corresponds to the absolute value of 1/(j2nfi  x C I ) with "j" being the imaginary unit, and 

15 generally, the capacitance value of the capacitor is set so that the impedance value is 

lower than or equal to la 

[0023] 	B. Operation at a frequency of a beat signal (low frequency)  

Being that the capacitor 14 is for short-circuiting signals in communication band, 

at the frequency of the beat signal, the impedance becomes a finite value and the circuit 

20 on the bias voltage source 13 side become being observed from the connection point of 

the line 20 that has a one quarter wavelength and the capacitor 14. 	According to the 

impedance equal to 1/(j2111 x C) capacitance "C" at a frequency "f', as for the impedance 

by the capacitor 14, when the frequency "f2" of a beat signal becomes smaller compared 

with a communication band then the impedance also becomes larger proportion to the 

25 value of (f1 /f2). 

[0024] 	Then, if the capacitor 16 with capacitance "C2" exists on the bias voltage 

source 13 side of the line 20, depending on frequency f2  of the beat signal 3 an 
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impedance that corresponds to 1/027tf2  x C2) is generated on the capacitor 16. 	By 

increasing of the value of "C2", low impedance can be achieved even at a lower 

frequency "f2" compared with a frequency "f1" configured to be amplified. 	If the 

resistor 15 that connects to the capacitor 16 is sufficiently smaller than the absolute value 

5 of 1/(j2nf1  x C1 ) then the contribution of the capacitor 14 that connects in parallel with 

the line becomes relatively smaller. 

[0025] 	Therefore, the impedance on the side of the bias voltage source 13 as 

observed from the connection point of the line 20 that has a one quarter wavelength and 

the main line (output side of the amplifier 11) becomes the combined impedance of the 

10 inductance of the line 20, the resistance of the resistor 15, and the capacitance of the 

capacitors 14 and 16. 	At the frequency of the beat signal 3, the inductance of the line 20, 

the resistor 15, and the capacitor 16 constitute the resonant circuit. 

[0026] 	FIG. 5 is a diagram showing impedance observed from an active element in 

frequency regions of a beat signal. 	Regions 18 indicate the range of impedance of the 

15 resonant circuit without the resistor 15. 	Region 19 indicates the range of impedance of 

the resonant circuit with the resistor 15. 	According to the configuration of Embodiment 

1, the impedance observed from the amplifier 11 can be recognized as the impedance 

grouped in the region 19 of the vicinity of the real axis while avoiding the regions 18 

(totally reflected or in the vicinity) shown in FIG. 5 with respect to a frequency of any 

20 beat signal generated by the frequencies of a plurality of communication carriers. 	The 

region 19 is the vicinity of the real axis located inside the circumference of the Smith 

chart. 	By increasing the contribution of the resistor 15 and the capacitor 16 in a 

frequency of the beat signal 3 in the impedance observed from the amplifier 11, the 

impedance can be set so as to be the impedance in the region 19 on the Smith chart in 

25 FIG. 5. 

[0027] 	When two communication carriers are simultaneously input in the amplifier 

11 (FET and the like), being that the beat signal 3 is generated due to the mutual 
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interaction at the amplifier 11, a circuit that suppresses the beat signal 3 is configured on 

the output side of the amplifier 11. 	Moreover, the effect of the gain drop of 

communication carrier 2 caused by the beat signal 3, as shown in FIG. 3, is influenced by 

impedance (R + jX) [n] on the load side as observed from the amplifier 11 at a frequency 

5 of the beat signal 3 Oa -col). 

[0028] 	By limiting the impedance at a frequency of the beat signal 3 to specific 

region 19, a condition can be avoided in which a mutual interaction between a plurality of 

communication carriers becomes extremely large. 	The Smith chart in FIG. 5 shows that 

the impedance observed from a field effect transistor (FET) in the region of the frequency 

10 of the beat signal 3 is positioned inside the circumference of the Smith chart due to the 

resistor 15. 

[0029] 	FIG. 6 is a diagram showing the variation in gain of a communication 

carrier due to the presence/absence of resistance in a resonant circuit when a plurality of 

communication carriers is input. 	By limiting the impedance at a frequency of any beat 

15 signal to specific region 19, as shown in FIG. 6, a condition can be avoided in which a 

mutual interaction between a plurality of communication carriers becomes extremely 

large. 	By this, problems that may arise while simultaneously using multiple 

communication carriers can be suppressed without causing communication line 

conditions to degrade even when a communication carrier of a different frequency is 

20 added while communicating with a communication carrier. 

[0030] 	According to the microwave amplifier in Embodiment 1, the adding of 

resistance components to the resonant circuit, which brings an effect of lowering the "Q" 

value of the resonant circuit, suppresses mutual interaction between communication 

carriers even when a plurality of communication carriers, each of which has an arbitrary 

25 frequency in a wideband, is input. 	This makes stable operation possible without being 

influenced by the number of input communication carriers or the frequency relationship 

between communication carriers. 	According to Patent Literature 2, an effect that 
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contributes towards stable operation can be expected when various components and the 

choice for placing the elements are properly selected. 	On the other hand, in 

Embodiment 1, because no resistance components are inserted on a path through which 

direct current flows, there is an additional advantage of being capable of performing 

5 stable operation while maintaining high efficiency performance of the amplifier itself. 

[0031] 	(Embodiment 2) 

FIG. 7 is a circuit diagram of a microwave amplifier according to Embodiment 2 

of the present disclosure. 	The microwave amplifier in Embodiment 2 includes an 

inductor 23, a capacitor 24, and a resistor 25 connected in series between the output side 

10 of an amplifier 21 and the ground 10. 	The amplifier 21 includes an active element. 

The amplifier 21 transmits power at communication carrier frequencies and direct-

current power is supplied to an amplifier output port 22. 

[0032] 	The inductor 23, the resistor 25 and the capacitor 24 in Embodiment 2 are in 

a configuration in which, in place of the line 20 of Embodiment 1, the inductor 23 

15 corresponding to the inductance of the line 20 is disposed for the frequency of the beat 

signal 3. 

[0033] 	With this configuration, ideally, the impedance at a frequency of the beat 

signal 3 as observed from the amplifier 21 can be disposed within the region 19 in the 

vicinity of the real axis on the Smith chart, in the same manner as Embodiment 1, while 

20 minimizing loss of power in communication carrier frequencies and loss of DC power at 

the output part of the amplifier 21. 	Hence a condition can be avoided in which a mutual 

interaction between a plurality of communication carriers becomes extremely large. 	As 

a result, problems that may arise while simultaneously using a plurality of 

communication carriers can be suppressed without causing communication line 

25 conditions to degrade when adding a communications carrier of a different frequency 

while communicating with a communication carrier. 	Moreover, no measures are 

required regarding a bias circuit and/or the like disposed near the amplifier 21. 
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[0034] 	(Embodiment 3) 

FIG. 8 is a circuit diagram of a microwave amplifier according to Embodiment 3 

of the present disclosure. 	In Embodiment 3, in comparison with the configuration of the 

microwave amplifier in Embodiment 1, as shown in FIG. 8, an inductor 36 is added in 

5 between the bias circuit and the bias voltage source 13. 	The inductor 36 passes direct 

current and low-frequency range signals while blocking signals with higher frequencies. 

The inductor 36 suppresses the influence of impedance of the power source circuit on 

impedance observed on the side of the bias voltage source 13 from the amplifier 11. 	In 

the microwave amplifier in Embodiment 3, as in Embodiment 1, the impedance value at 

10 the frequency of the beat signal 3 is determined by the resistor 15 and the capacitor 16. 

[0035] 	According to the microwave amplifier in Embodiment 3, in addition to the 

effects described in Embodiment 1, the microwave amplifier can also suppress the 

influences of impedance of the power source circuit. 

[0036] 	The present disclosure can be embodied in various ways and can undergo 

15 various modifications without departing from the broad spirit and range of the disclosure. 

Moreover, the embodiment described above is for explaining the present disclosure, and 

does not limit the range of the present disclosure. 	In other words, the range of the 

present disclosure is as set forth in the Claims and not the embodiment. 	Various 

changes and modifications that are within the range disclosed in the claims or that are 

20 within a range that is equivalent to the claims of the disclosure are also included within 

the range of the present disclosure. 

[0037] 	This application claims the benefit of priority based on Japanese Patent 

Application No. 2012-210863, filed on September 25, 2012, and including the 

specification, the claims, the drawings, and the abstract. 	The entire disclosure of 

25 Japanese Patent Application No. 2012-210863 is incorporated herein by reference. 

Reference Signs List 

[0038] 
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1, 2 Communication carrier 

3 Beat signal 

10 Ground 

11 Amplifier 

5 12 Amplifier output port 

13 Bias voltage source 

14 Capacitor (first capacitor element) 

15 Resistor 

16 Capacitor (second capacitor element) 

10 17 Self-resonating frequency 

18, 19 	Region 

20 Line 

21 Amplifier 

22 Amplifier output port 

15 23 Inductor 

24 Capacitor 

25 Resistor 

36 Inductor 
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CLAIMS 

1. A microwave amplifier for amplifying a microwave signal using an active 

element comprising: 

a bias circuit including, 

5 	 a line having an electric length one quarter a wavelength at a frequency 

configured to be amplified by the microwave amplifier and being connected between an 

output terminal of the active element and a bias voltage source, and 

a first capacitor element connected between a terminal where the line is 

connected to the bias voltage source and a ground that defines a reference potential of the 

10 	microwave amplifier; and 

a resonant circuit including a resistor and a second capacitor element connected in 

series between the ground and the terminal where the line is connected to the bias voltage 

source. 

15 2. The microwave amplifier according to Claim 1, wherein 

the first capacitor element has a reactance regarded as being short-circuited at the 

frequency configured to be amplified, and 

the second capacitor element has a reactance in which the impedance of the line, 

the resistor, and the second capacitor element is positioned in a vicinity of a real axis 

20 	inside a circumference of a Smith chart at a maximum frequency of a beat signal 

generated between a lowest frequency and a highest frequency in a communication band 

of the microwave amplifier. 

3. The microwave amplifier according to Claim 1 or 2, wherein 

25 a self-resonating frequency of the resonant circuit is greater than or equal to a 

maximum frequency of a beat signal generated between a lowest frequency and a highest 

frequency in a communication band of the microwave amplifier. 
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5 

4. The microwave amplifier according to any one of Claims 1 to 3, comprising 

an inductive element connected between the line and the bias voltage source. 

5. A microwave amplifier for amplifying a microwave signal using an active 

element comprising: 

an LC resonant circuit that includes a resistor connected between an output 

terminal of the active element and a ground that defines a reference potential of the 

microwave amplifier. 

10 


