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Description

FIELD

[0001] Embodiments described herein relate generally
to a high-frequency amplifier.

BACKGROUND

[0002] A source-grounded field effect transistor for use
in a high-frequency amplifier has a capacitance between
a gate for inputting a signal and a drain for outputting a
signal. Due to the capacitance, the output signal may be
fed back to an input side so that oscillation is generated.
[0003] The output impedance of the source-grounded
field effect transistor has a characteristic of a large neg-
ative resistance when the drain voltage is lower than an
operating voltage. When the drain voltage rises gradually
from zero V, self-heating of the source-grounded field
effect transistor may restrain the negative resistance
characteristic so that oscillation may be difficult to occur.
However, when the drain voltage rises rapidly, oscillation
may occur before the source-grounded field effect tran-
sistor generates is heated. In order to restrain oscillation,
a stabilizing circuit may be added to a high-frequency
amplifier.
[0004] Fig. 4 is a circuit diagram illustrating a high-fre-
quency amplifier including a stabilizing circuit of a prior
art. As illustrated in Fig. 4, in the high-frequency amplifier
according to the prior art, a stabilizing circuit 402 is con-
nected to a gate of a field effect transistor 401. The sta-
bilizing circuit 402 is provided with a resistor and a ca-
pacitor serially-connected with each other, and is ground-
ed
[0005] The value of the resistor is selected so as to
suppress destabilization in a low voltage area when a
drain voltage of a source-grounded field effect transistor
rises from zero V to an operating voltage, e.g., 10V.
[0006] Fig. 5 is a graph illustrating a difference in gain
between a case where the drain voltage is a low voltage
and a case where the drain voltage is an operating volt-
age, with regard to the prior art. In Fig. 5, the vertical axis
indicates a maximum available gain, and the lateral axis
indicates a frequency. In Fig. 5, a curve 501 indicates a
case where the drain voltage is 2V, and a curve 502 in-
dicates a case where the drain voltage is 10V that is the
operating voltage.
[0007] Fig. 6 is a graph illustrating a difference in sta-
bility factor between a case where the drain voltage is
the low voltage and a case where the drain voltage is the
operating voltage, with regard to the prior art. In Fig. 6,
the vertical axis indicates a stability factor, and the lateral
axis indicates a frequency. In Fig. 6, a curve 601 indicates
a case where the drain voltage is 10V that is the operating
voltage, and a curve 602 indicates a case where the drain
voltage is 2V.
[0008] As illustrated in Fig. 6, when a resistance value
of the stabilizing circuit 402 is selected so that the stability

factor exceeds 1 (one) at a drain voltage of 2V that is the
low voltage, the maximum available gain decreases in
the case where the drain voltage is 10V that is the oper-
ating voltage, as compared with the case where the drain
voltage is 2V, according to Fig. 5.
[0009] According to the prior art, in selecting the resist-
ance value of the stabilizing circuit 402, the gain of the
high-frequency amplifier is not considered to be made
large for the purpose of assigning priority to stabilization
of output of the high-frequency amplifier,.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Fig. 1 is a circuit diagram illustrating a configuration
of a high-frequency amplifier according to an em-
bodiment.
Fig. 2 is a graph illustrating a difference in maximum
available gain between a case where a drain voltage
is a low voltage and a case where the drain voltage
is an operating voltage, with regard to a source-
grounded field effect transistor used in the high-fre-
quency amplifier of the embodiment.
Fig. 3 is a graph illustrating a difference in stability
factor between the case where the drain voltage is
the low voltage and the case where the drain voltage
is the operating voltage, with regard to the source-
grounded field effect transistor used in the high-fre-
quency amplifier of the embodiment.
Fig. 4 is a circuit diagram illustrating a high-frequency
amplifier including a stabilizing circuit according to a
prior art.
Fig. 5 is a graph illustrating a difference in maximum
available gain between a case where a drain voltage
is a low voltage and a case where the drain voltage
is an operating voltage, with regard to a source-
grounded field effect transistor used in the high-fre-
quency amplifier of the prior art.
Fig. 6 is a graph illustrating a difference in stability
factor between the case where the drain voltage is
the low voltage and the case where the drain voltage
is the operating voltage, with regard to the source-
grounded field effect transistor used in the high-fre-
quency amplifier of the prior art.

DETAILED DESCRIPTION

[0011] According to one embodiment, a high-frequen-
cy amplifier is provided with a field effect transistor for
performing amplification, and a stabilizing circuit. The
field effect transistor has a source which is configured to
be grounded. The stabilizing circuit is connected to a gate
of the field effect transistor. The stabilizing circuit has
impedance which changes so as to increase as the volt-
age of a drain of the field effect transistor increases.
[0012] Hereinafter, further embodiments will be de-
scribed with reference to the drawings.
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[0013] In the drawings, the same reference numerals
denote the same or similar portions respectively.
[0014] A further embodiment will be described with ref-
erence to Fig. 1.
[0015] Fig. 1 is a circuit diagram illustrating a configu-
ration of the embodiment.
[0016] As illustrated in Fig. 1, a high-frequency ampli-
fier 1 is provided with an N-channel field effect transistor
10 for performing amplification, and a stabilizing circuit
2. The field effect transistor 10 is, for example, a MESFET
of normally-on type. A source of the field effect transistor
10 is grounded. A gate of field effect transistor 10 is
grounded through a series circuit of a coil 3 and a direct-
current power supply 4. A drain of field effect transistor
10 is grounded through a series circuit of a coil 5 and a
direct-current power supply 6. The gate of field effect
transistor 10 is further grounded through a direct-current
block (capacitor) 7 and a resistor 8. The drain of field
effect transistor 10 is grounded through a direct-current
block (capacitor) 9 and a resistor 19.
[0017] A stabilizing circuit 2 is connected to the gate
of source-grounded field effect transistor 10. The stabi-
lizing circuit 2 has an impedance which changes so as
to increase as a voltage of the drain of source-grounded
field effect transistor 10 increases.
[0018] The stabilizing circuit 2 is provided with, for ex-
ample, a capacitor 11, a series circuit 12 including a plu-
rality of N-channel field effect transistors 12a to 12d which
are connected serially with each other, a resistor 13, and
a capacitor 14. The field effect transistors 12a to 12d are,
for example, MESFETs of normally-on type. One end of
the capacitor 11 is connected to the gate of the source-
grounded field effect transistor 10. One end of the series
circuit 12, that is, a drain of field effect transistor 12a is
connected to the other end of the capacitor 11.
[0019] A source of the field effect transistor 12a is con-
nected to a drain of the field effect transistor 12b. A source
of the field effect transistor 12b is connected to a drain
of the field effect transistor 12c. A source of the field effect
transistor 12c is connected to a drain of the field effect
transistor 12d. Gates of the field effect transistors 12a to
12d are grounded through resistors 12r to 12u, respec-
tively.
[0020] The other end of the series circuit 12, that is, a
source of the field effect transistor 12d is connected to
one end of the resistor 13, one end of the capacitor 14
and one end of the resistor 16. The other end of the re-
sistor 13 and the other end of the capacitor 14 are ground-
ed. The source of the field effect transistor 12d is con-
nected through the resistor 16 to one end of direct-current
power supply 6 provided on a side of a coil 5. The field
effect transistors 12a to 12d are used for impedance ad-
justment of stabilizing circuit 2.
[0021] Further, the gate of source-grounded field effect
transistor 10 is also connected to one end of a series
circuit 15 of a capacitor 15a and a resistor 15b connected
serially with each other, that is, one end of the resistor
15b. The series circuit 15 is connected in parallel with

the stabilizing circuit 2.
[0022] The other end of the series circuit 15, that is,
one end of the capacitor 15a is grounded. The series
circuit 15 may be omitted.
[0023] An operation of the high-frequency amplifier 1
will be described below more specifically.
[0024] In a case where any voltage is not applied to
the gate of the source-grounded field effect transistor 10,
a voltage output from the drain of the source-grounded
field effect transistor 10 is zero V.
[0025] At the time, the potential of the source of the
field effect transistor 12d is zero V. Further, since the
gates of the field effect transistors 12a to 12d are ground-
ed, the potentials of the gates are zero V. Accordingly,
the field effect transistors 12b to 12d as switches are in
an ON state, that is, indicate low impedances.
[0026] As a result, the stabilizing circuit 2 operates in
a similar manner to a case where the stabilizing circuit 2
is grounded.
[0027] Thus, the impedance of the stabilizing circuit 2
becomes several Ω, which causes a loss of a high fre-
quency signal for feedback to an input side and restrains
oscillation.
[0028] Subsequently, as a voltage applied to the gate
of the source-grounded field effect transistor 10 increas-
es, the states of the field effect transistors 12a to 12d
used for impedance adjustment change from ON to OFF
one after another continuously.
[0029] When an operating voltage is applied to the gate
of the source-grounded field effect transistor 10, a volt-
age of the drain of the source-grounded field effect tran-
sistor 10 becomes a voltage sufficient to pinch off the
field effect transistors 12a to 12d.
[0030] As a result, stabilizing circuit 2 operates in a
similar manner to a case where stabilizing circuit 2 is in
an OPEN state.
[0031] Accordingly, the an impedance of the stabilizing
circuit 2 becomes several thousand Ω, which minimizes
the loss of the high frequency signal and restrains de-
crease of the maximum available gain of the source-
grounded field effect transistor 10.
[0032] Fig. 2 is a graph illustrating a difference in max-
imum available gain between a case where the drain volt-
age is a low voltage and a case where the drain voltage
is an operating voltage, with regard to of the source-
grounded field effect transistor according to the embod-
iment. In Fig. 2, the vertical axis indicates a maximum
available gain, and the lateral axis indicates a frequency.
In Fig. 2, a curve 201 indicates a case where the drain
voltage is 2V, and a curve 202 indicates a case where
the drain voltage is 10V that is the operating voltage.
[0033] Fig. 3 is a graph illustrating a difference in sta-
bility factor between the case where the drain voltage is
the low voltage and the case where the drain voltage is
the operating voltage. In Fig. 3, the vertical axis indicates
a stability factor, and the lateral axis indicates a frequen-
cy. In Fig. 3, a curve 302 indicates the case where the
drain voltage is 2V, and a curve 301 indicates the case
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where the drain voltage is 10V that is the operating volt-
age.
[0034] Even if the resistance value of resistor 13 is se-
lected so that the stability factor exceeds 1 (one) in the
case where the drain voltage is 2V that is a low voltage,
as illustrated in Fig. 3, the maximum available gain does
not decrease in the case where the drain voltage is 10V
as compared with the case where the drain voltage is
2V, as illustrated in Fig. 2, and thus, the maximum avail-
able gain itself becomes large.
[0035] As described above, in the high-frequency am-
plifier 1 of the embodiment, the stabilizing circuit 2 is con-
nected to the gate of source-grounded field effect tran-
sistor 10 for performing amplification the source of which
is grounded. The stabilizing circuit 2 has an impedance
which changes so as to increase as a voltage of the drain
of the source-grounded field effect transistor 10 increas-
es.
[0036] Accordingly, the high-frequency amplifier 1 of
the embodiment is capable of taking advantage of the
maximum available gain which the source-grounded field
effect transistor 10 for performing amplification has fun-
damentally, while stabilization of the high-frequency am-
plifier 1 is enhanced,.
[0037] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein
may be made without departing from the spirit of the in-
ventions. The accompanying claims and their equiva-
lents are intended to cover such forms or modifications
as would fall within the scope of the invention.

Claims

1. A high-frequency amplifier comprising:

a first field effect transistor (1) for performing am-
plification, a source of the first field effect tran-
sistor is configured to be grounded; and
a stabilizing circuit (2) connected to a gate of the
first field effect transistor, the stabilizing circuit
having an impedance which changes so as to
increase as the voltage of a drain of the first field
effect transistor increases.

2. The high-frequency amplifier according to Claim 1,
wherein the stabilizing circuit is provided with first
and second capacitors (11, 14), at least one second
field effect transistor (12) and a resistor (13), one
end of the first capacitor (11) is connected to the gate
of the first field effect transistor, a drain of the second
field effect transistor is connected to the other end
of the first capacitor, a gate of the second field effect

transistor is grounded, a source of the second field
effect transistor is connected to the drain of the first
field effect transistor, one end of the resistor is
grounded and the other end of the resistor is con-
nected to the source of the second field effect tran-
sistor, one end of the second capacitor is grounded,
and the other end of the second capacitor (14) is
connected to the source of the second field effect
transistor in parallel with the resistor.

3. The high-frequency amplifier according to Claim 1,
further comprising a series circuit of a second resis-
tor (15b) and a third capacitor (15a) connected se-
rially with each other, the series circuit being provid-
ed in parallel with the stabilizing circuit, wherein one
end of the second resistor is connected to the gate
of the first field effect transistor, and one end of the
third capacitor is grounded.

4. The high-frequency amplifier according to Claim 2,
further comprising a series circuit of a second resis-
tor (15b) and a third capacitor (15a) connected se-
rially with each other, the series circuit being provid-
ed in parallel with the stabilizing circuit, wherein one
end of the second resistor is connected to the gate
of the first field effect transistor, and one end of the
third capacitor is grounded.

Patentansprüche

1. Hochfrequenzverstärker, Folgendes umfassend:

einen ersten Feldeffekttransistor (10) zum Aus-
fiihren von Verstärkung, wobei eine Source des
ersten Feldeffekttransistors dazu konfiguriert
ist, geerdet zu sein; und
eine Stabilisierungsschaltung (2), die an ein
Gate des ersten Feldeffekttransistors ange-
schlossen ist, wobei die Stabilisierungsschal-
tung eine Impedanz hat, die sich so verändert,
dass sie ansteigt, wenn die Spannung eines
Drains des ersten Feldeffekttransistors ansteigt.

2. Hochfrequenzverstärker nach Anspruch 1, worin die
Stabilisierungsschaltung mit ersten und zweiten
Kondensatoren (11, 14), mindestens einem zweiten
Feldeffekttransistor (12) und einem Widerstand (13)
ausgestattet ist, wobei ein Ende des ersten Konden-
sators (11) an das Gate des ersten Feldeffekttran-
sistors angeschlossen ist, ein Drain des zweiten
Feldeffekttransistors an das andere Ende des ersten
Kondensators angeschlossen ist, ein Gate des zwei-
ten Feldeffekttransistors geerdet ist, eine Source
des zweiten Feldeffekttransistors an den Drain des
ersten Feldeffekttransistors angeschlossen ist, ein
Ende des Widerstands geerdet ist und das andere
Ende des Widerstands an die Source des zweiten
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Feldeffekttransistors angeschlossen ist, ein Ende
des zweiten Kondensators geerdet ist und das an-
dere Ende des zweiten Kondensators (14) parallel
zum Widerstand an die Source des zweiten Feldef-
fekttransistors angeschlossen ist.

3. Hochfrequenzverstärker nach Anspruch 1, außer-
dem eine Serienschaltung eines zweiten Wider-
stands (15b) und eines dritten Kondensators (15a)
umfassend, die seriell miteinander verbunden sind,
wobei die Serienschaltung parallel zur Stabilisie-
rungsschaltung bereitgestellt ist, worin ein Ende des
zweiten Widerstands an das Gate des ersten Feld-
effekttransistors angeschlossen ist und ein Ende des
dritten Kondensators geerdet ist.

4. Hochfrequenzverstärker nach Anspruch 2, außer-
dem eine Serienschaltung eines zweiten Wider-
stands (15b) und eines dritten Kondensators (15a)
umfassend, die seriell miteinander verbunden sind,
wobei die Serienschaltung parallel zur Stabilisie-
rungsschaltung bereitgestellt ist, worin ein Ende des
zweiten Widerstands an das Gate des ersten Feld-
effekttransistors angeschlossen ist und ein Ende des
dritten Kondensators geerdet ist.

Revendications

1. Amplificateur haute fréquence comprenant :

un premier transistor à effet de champ (10) per-
mettant de réaliser une amplification, une sour-
ce du premier transistor à effet de champ étant
configurée pour être mise à la terre ; et
un circuit de stabilisation (2) raccordé à une grille
du premier transistor à effet de champ, le circuit
de stabilisation présentant une impédance qui
change de manière à augmenter à mesure que
la tension d’un drain du premier transistor à effet
de champ augmente.

2. Amplificateur haute fréquence selon la revendication
1, dans lequel le circuit de stabilisation est muni de
premier et deuxième condensateurs (11, 14), d’au
moins un second transistor à effet de champ (12) et
d’une résistance (13), une extrémité du premier con-
densateur (11) est raccordée à la grille du premier
transistor à effet de champ, un drain du second tran-
sistor à effet de champ est raccordé à l’autre extré-
mité du premier condensateur, une grille du second
transistor à effet de champ est mise à la terre, une
source du second transistor à effet de champ est
raccordée au drain du premier transistor à effet de
champ, une extrémité de la résistance est mise à la
terre et l’autre extrémité de la résistance est raccor-
dée à la source du second transistor à effet de
champ, une extrémité du deuxième condensateur

est mise à la terre, et l’autre extrémité du deuxième
condensateur (14) est raccordée à la source du se-
cond transistor à effet de champ en parallèle avec
la résistance.

3. Amplificateur haute fréquence selon la revendication
1, comprenant en outre un circuit en série constitué
d’une seconde résistance (15b) et d’un troisième
condensateur (15a) raccordés en série l’un à l’autre,
le circuit en série étant muni, en parallèle, du circuit
de stabilisation, dans lequel une extrémité de la se-
conde résistance est raccordée à la grille du premier
transistor à effet de champ, et une extrémité du troi-
sième condensateur est mise à la terre.

4. Amplificateur haute fréquence selon la revendication
2, comprenant en outre un circuit en série constitué
d’une seconde résistance (15b) et d’un troisième
condensateur (15a) raccordés en série l’un à l’autre,
le circuit en série étant muni, en parallèle, du circuit
de stabilisation, dans lequel une extrémité de la se-
conde résistance est raccordée à la grille du premier
transistor à effet de champ, et une extrémité du troi-
sième condensateur est mise à la terre.
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