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(54) Bias voltage stabilizing circuit

(57) Disclosed herein is a bias voltage stabilizing
circuit which comprises a dc voltage source, a first volt-
age drop circuit (10b) having a first diode (11), and a
second voltage drop circuit (10¢) having a second diode
(13). The first voltage drop circuit and the second volt-
age drop circuit are electrically series-connected to
each other and electrically parallel-connected to the dc
voltage source. Resistors (12,14) are electrically con-

FIG.

nected to at least one of the first voltage drop circuit and
the second voltage drop circuit in series with either the
first diode or the second diode. A closed loop is formed
by the dc voltage source, the first diode, the second di-
ode and the resistors. The voltage at a point where the
first voltage drop circuit and the second voltage drop cir-
cuit are electrically connected to each other, is used as
a bias voltage.
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Description

[0001] The present invention relates to a bias voltage
stabilizing circuit suitable for use in a bias voltage gen-
erating circuit for supplying a bias voltage to an amplifier
circuit, notably a power amplifier circuit.

Description of the Related Art:

[0002] A conventional bias voltage generating circuit
will be described by an example in which it is used in a
communication device such as a so-called codeless tel-
ephone or the like.

[0003] InFig. 4, atransmitsignal lyingwithina 1.8GHz
band, which has been subjected to processes such as
modulation, frequency conversion, etc. by a pre-stage
processing circuit 31, is amplified to a predetermined
power (of about 500Mw) by a power amplifier circuit 32,
followed by transmission to an antenna 35 through an
antenna switch circuit 33 and a band-pass filer 34.
[0004] On the other hand, the signal received by the
antenna 35 is inputted via the band-pass filter 34 and
the antenna switch circuit 33 to a receiving circuit 36
where a predetermined process is effected on the signal
to thereby obtain a voice or audio signal.

[0005] The power amplifier circuit 32 comprises driver
amplifiers 32a and 32b corresponding to two stages and
a final amplifier 32¢ corresponding to one stage, for ex-
ample. Unillustrated gallium arsenide (GaAs) transis-
tors (hereinafter called "transistors") are used in the re-
spective stages. The gates of these transistors are re-
spectively supplied with bias voltages from a bias volt-
age generating circuit 37.

[0006] The bias voltage generating circuit 37 has a
voltage multiplying rectifier 38, a smoothing circuit 39,
and a bias voltage stabilizer or stabilizing circuit 40. The
bias voltage generating circuit 37 performs voltage mul-
tiplication and rectification on a clock signal of about
10MHz generated from a clock signal generator circuit
41 by using a capacitor 38a and rectifier diodes 38b and
38c and smoothes the resultant signal by use of a resis-
tor 39a and a capacitor 39b, thereby obtaining a nega-
tive bias voltage. The resultant bias voltage is stabilized
by a zener diode (whose zener voltage is about 2 volts)
40a parallel-connected to the capacitor 39b and sup-
pliedto the gate of the unillustrated transistor of the final
amplifier 32c. Further, the bias voltage is reduced to
about minus 1.3 volts by a diode 40b, which is also sup-
plied to the gates of the unillustrated transistors of the
driver amplifiers 32a and 32b.

[0007] Now, the reason why the diode 40b is used to
obtain the bias voltage (-1.3 volts) to be supplied to the
driver amplifiers 32a and 32b is intended for a reduction
in a change in bias voltage due to a change in bias cur-
rent flowing through the driver amplifiers 32a and 32b.
[0008] If the ambient temperature is now regarded to
be constant, then the zener voltage (2 volts) of the zener
diode 40a which stabilizes the bias voltage, and a drop
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(about 0.7 volt) in the forward voltage of the diode 40b
are kept constant. However, the zener voltage and the
forward voltage also change as the ambient tempera-
ture changes. Generally speaking, when the tempera-
ture rises, the zener voltage of the zener diode 40a is
reduced and the forward voltage of the diode 40b is also
lowered.

[0009] Therefore, the bias voltage changes with the
rise and fall in temperature and the output power of the
power amplifier circuit also changes. As a result, a prob-
lem arises in that transmitting power is not kept con-
stant, thus resulting in interference with a call.

[0010] W.ith the foregoing in view, it is thus an object
of this invention to provide a bias voltage stabilizing cir-
cuit capable of maintaining a bias voltage stable even
to a change in ambient temperature and thereby stabi-
lizing transmitting power.

[0011] According to one aspect of this invention, for
achieving the above object, there is provided a bias volt-
age stabilizing circuit comprising:

a dc voltage source:
a first voltage drop circuit having a first diode;
and
a second voltage drop circuit having a second di-
ode; and

wherein the first voltage drop circuit and the
second voltage drop circuit are series-connected to
each other and parallel-connected to the dc voltage
source, resistors are connected to at least one of
the first voltage drop circuit and the second voltage
drop circuit in series with the first diode or the sec-
ond diode, a closed loop is formed by the dc voltage
source, the first diode, the second diode and the re-
sistors, and the voltage at a point where the first
voltage drop circuit and the second voltage drop cir-
cuit are connected to each other, is set as a bias
voltage.

[0012] Further, in an embodiment of the present in-
vention, a zener diode is parallel-connected to the dc
voltage source and the resistors are connected to the
second voltage drop circuit in series with the second di-
ode.

[0013] Moreover, in an embodiment of the present in-
vention, a zener diode is parallel-connected to the dc
voltage source, a first resistor is connected to the first
voltage drop circuit in series with the first diode, a sec-
ond resistor is connected to the second voltage drop cir-
cuit in series with the second diode, and the resistance
value of the second resistor is set larger than that of the
first resistor.

[0014] While the specification concludes with claims
particularly pointing out and distinctly claiming the sub-
ject matter which is regarded as the invention, it is be-
lieved that the invention, the objects and features of the
invention and further objects, features and advantages
thereof will be better understood from the following de-
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scription taken in connection with the accompanying
drawings in which:

Fig. 1 is a diagram illustrating a bias voltage stabi-
lizing circuit of the present invention;

Fig. 2 is a diagram showing the bias voltage stabi-
lizing circuit shown in Fig. 1 in the form of an equiv-
alent circuit;

Fig. 3 is a characteristic diagram of the bias voltage
stabilizing circuit shown in Fig. 1; and

Fig. 4 is a diagram showing a conventional bias volt-
age stabilizing circuit.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0015] A bias voltage stabilizing circuit according to
the present invention will hereinafter be described with
reference to Figs. 1 through 3.

[0016] Referring first to Fig. 1, a transmit signal lying
within a 1.8GHz band, which has been subjected to
processes such as modulation, frequency conversion,
etc. by a pre-stage processing circuit 1, is amplified to
a predetermined power (of about 500mW) by a power
amplifier circuit 2, followed by transmission to an anten-
na 5 through an antenna switch circuit 3 and a band-
pass filer 4.

[0017] On the other hand, the signal received by the
antenna 5 is inputted via the band-pass filter 4 and the
antenna switch circuit 3 to a receiving circuit 6 where a
predetermined process is effected on the signal to there-
by obtain a voice or audio signal.

[0018] Now, the power amplifier circuit 2 comprises
driver amplifiers 2a and 2b corresponding to two stages
and a final amplifier 2¢ corresponding to one stage, for
example. Unillustrated gallium arsenide (GaAs) transis-
tors (hereinafter called "transistors") are respectively
used in the respective stages. The gates of these tran-
sistors are respectively supplied with bias voltages from
a bias voltage generating circuit 7.

[0019] The bias voltage generatingcircuit 7 has a volt-
age multiplying rectifier 8, a smoothing circuit 9, and a
bias voltage stabilizer or stabilizing circuit 10. The bias
voltage generating circuit 7 performs voltage multiplica-
tion and rectification on a clock signal of about 10MHz
generated from a clock signal generator or generating
circuit 16 by using a capacitor 8a and rectifier diodes 8b
and 8c and smoothes the resultant signal by use of a
resistor 9a and a capacitor 9b, thereby obtaining a neg-
ative dc voltage used as a dc voltage source applied
across the capacitor 9b. The resultant dc voltage is sta-
bilized by the capacitor 9b, accordingly, a zener diode
(whose zener voltage is about 2 volts) 10a parallel-con-
nected to the dc voltage source, thus resulting in a first
bias voltage, which in turn is supplied to the gate of the
unillustrated transistor of the final amplifier 2c¢.

[0020] Further, a first voltage drop circuit 10b com-
prised of afirst diode 11 and afirst resistor 12 electrically
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series-connected to each other, and a second voltage
drop circuit 10c comprised of a second diode 13 and a
second resistor 14 electrically series-connected to each
other are electrically connected in series with the zener
diode 10a. Further, the first voltage drop circuit 10b and
the second voltage drop circuit 10¢ are electrically con-
nected in parallel to the dc voltage source. A second
bias voltage is obtained from a point (i.e., a point where
the first resistor 12 of the first voltage drop circuit 10b
and the second resistor 14 of the second voltage drop
circuit 10c are electrically connected to each other in
Fig. 1) A where the first voltage drop circuit 10b and the
second voltage drop circuit 10¢ are electrically connect-
ed to each other. Thereafter, the second bias voltage is
supplied to the gates of the unillustrated transistors of
the driver amplifiers 2a and 2b. Thus, the zener diode
10a, the first voltage drop circuit 10b and the second
voltage drop circuit 10¢ constitute the bias voltage sta-
bilizer circuit 10. Further, the first diode 11, the first re-
sistor 12, the second diode 13 and the second resistor
14 constitutes a closed loop together with the dc voltage
source. A loop current flows in the closed loop.

[0021] Now, a description will be qualitatively made of
how the voltage at the point A of the connection between
the first voltage drop circuit 10b and the second voltage
drop circuit 10c changes depending on ambient temper-
atures, with reference to Figs. 2 and 3. Fig. 2 shows the
bias voltage stabilizing circuit 10 shown in Fig. 1 in the
form of an equivalent circuit. In the bias voltage stabiliz-
ing circuit 10, a dc voltage source 15 shows a voltage
V developed across the capacitor 9b shown in Fig. 1.
Fig. 3 is a diagram showing operation characteristics of
the first voltage drop circuit 10b and the second voltage
drop circuit 10c. In Fig. 3, a curve T1 represents a char-
acteristic curve at ordinary temperature, for example, of
two diodes: the first diode 11 and the second diode 13.
A curve T2 indicates a high-temperature characteristic
curve at atemperature higher than the ordinary temper-
ature. A curve R shows a load curve of two resistors:
the first resistor 12 and the second resistor 14. Inciden-
tally, the first diode 11 and the second diode 13 will be
defined as having characteristics identical to each other.
For convenience of illustration, the zener diode 10a
shown in Fig. 1 is omitted in Fig. 2.

[0022] First of all, the relationship in voltage and cur-
rent between the first voltage drop circuit 10b and the
second voltage drop circuit 10c at the ordinary temper-
ature is given at a point P where the diode characteristic
curve T1 and resistance load curve R in Fig. 3 intersect.
A current |1 at the point P flows through the first voltage
drop circuit 10b and the second voltage drop circuit 10c.
A voltage V1 corresponding to the point P results in a
voltage drop (forward voltage) developed across the two
diodes of the first diode 11 and the second diode 13.
Accordingly, a voltage drop of VR1 = (V - V1) is devel-
oped across or between the two resistors of the first re-
sistor 12 and the second resistor 14.

[0023] Thus, the respective voltage drops developed
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across the first resistor 12 and the second resistor 14
result in voltages obtained by making a fraction of VR1
according to the magnitudes of their resistance values.
As a result, the voltage at the point A of connection be-
tween the first voltage drop circuit 10b and the second
voltage drop circuit 10c results in one obtained by add-
ing the voltage drop developed across the second re-
sistor 14 to the voltage drop VI/2 developed across the
second diode 13. Thus, if the resistance value of the first
resistor 12 and the resistance value of the second re-
sistance 14 are identical to each other, then the voltage
at the connecting point A results in 1/2 the voltage V of
the dc voltage source.

[0024] Next, the characteristic curves of the first diode
12 and the second diode 13 at a high temperature
changes abruptly as the curve T2 shown in Fig. 3.
Therefore, a current |12 corresponding to a point Q where
the characteristic curve T2 and the resistance load
curve R intersect each other, flows through the first volt-
age drop circuit 10b and the second voltage drop circuit
10c. At this time, a voltage drop of V2 is developed
across the two diodes of the first diode 11 and the sec-
ond diode 13. This voltage drop V2 becomes smaller
than the voltage drop V1 developed across the first di-
ode 11 and the second diode 13 at the ordinary temper-
ature. A voltage drop of VR2 = (V - V2) is developed
across the two resistors of the first resistor 12 and the
second resistor 14. This voltage drop VR2 becomes
larger than the voltage drop VR1 developed across the
two resistors 12 and 14 at the ordinary temperature.
Namely, as the temperature increases, the voltage drop
developed across the first resistor 12 and the second
resistor 14 becomes relatively larger than the voltage
drop developed across the first diode 11 and the second
diode 13.

[0025] If the resistance values of the first resistor 12
and the second resistor 14 are equal to each other from
the above description, then the voltage at the connect-
ing point A reaches the same V/2 at both ordinary and
high temperatures. However, if the resistance value of
the second resistor 14 is set larger than that of the first
resistor 12, then the voltage at the connecting point A
becomes higher at the high temperature than at the or-
dinary temperature. On the other hand, if the resistance
value of the second resistor 14 is set smaller than that
of the first resistor 12, then the voltage at the connecting
point A becomes lower at the high temperature than at
the ordinary temperature.

[0026] Although the first voltage drop circuit 10b in-
cludes one first diode and the second voltage drop cir-
cuit 10c¢ includes one second diode, the number of di-
odes is not necessarily limited to one. They may include
a plurality of diodes respectively. The voltage at the con-
necting point A can be setto a desired value by providing
the plurality of diodes.

[0027] Thus, when the voltage of the dc voltage
source 15 becomes high as the ambient temperature
rises, the voltage at the connecting point A can be held
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constant without depending on the ambient temperature
if the resistance value of the first resistor 12 in the first
voltage drop circuit 10b is set larger than that of the sec-
ond resistor 14 in the second voltage drop circuit 10c.
When the voltage of the dc voltage source 15 becomes
low in reverse as the ambient temperature rises, the
voltage at the connecting point A can be kept constant
without depending on the ambient temperature if the re-
sistance value of the first resistor 12 in the first voltage
drop circuit 10b is set smaller than that of the second
resistor 14 in the second voltage drop circuit 10c.
[0028] When the zener diode 10a is electrically paral-
lel-connected to the dc voltage source 15 as shown in
Fig. 1, the zener voltage of the zener diode 10a be-
comes low with the rise in ambient temperature and
hence the voltage of the dc voltage source 15 becomes
low. Therefore, if the resistance value of the second re-
sistor 14 is set greater than that of the first resistor 12,
then the voltage at the connecting point A can be set
equally at both the ordinary and high temperatures. Al-
ternatively, the voltage at the connecting point A can be
set equally at both the ordinary and high temperatures
even when the second resistor 14 is provided only for
the second voltage drop circuit 10c without the first volt-
age drop circuit 10b being provided with the first resistor
12.

[0029] Thus, the transmitting power of a power ampli-
fier circuit 2 employed in a telephone set can be kept
substantially constant without depending on the ambi-
ent temperatures by using such a bias voltage stabiliz-
ing circuit, whereby a normal call can be made.

[0030] As described above, the bias voltage stabiliz-
ing circuit of the present invention comprises a dc volt-
age source, a first voltage drop circuit having a first di-
ode, and a second voltage drop circuit having a second
diode. The first voltage drop circuit and the second volt-
age drop circuit are electrically series-connected to
each other and electrically parallel-connected to the dc
voltage source. Further, resistors are electrically con-
nected to at least one of the first voltage drop circuit and
the second voltage drop circuit in series with either the
first diode or the second diode. A closed loop is formed
by the dc voltage source, the first diode, the second di-
ode and the resistors, and the voltage at a point where
the first voltage drop circuit and second voltage drop cir-
cuit are electrically connected to each other, is set as a
bias voltage. Therefore, the voltage at the point of con-
nection between the first voltage drop circuit and the
second voltage drop circuit can be kept substantially
constant without depending on a change in ambient
temperature. Further, if the voltage at the connecting
point is used as a bias voltage for a power amplifier cir-
cuit, then output power thereof can be also held sub-
stantially constant.

[0031] In the bias voltage stabilizing circuit of the
present invention as well, a zener diode is electrically
parallel-connected to a dc voltage source, and a resistor
is electrically connected to a second voltage drop circuit
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in series with a second diode. Therefore, the voltage of
the dc voltage source can be stabilized and the voltage
at a connecting point can be also held constant without
depending on the temperature.

[0032] In the bias voltage stabilizing circuit of the
present invention, a zener diode is electrically parallel-
connected to a dc voltage source, and a first resistor is
electrically connected to a first voltage drop circuit in se-
ries with a first diode. Further, a second resistor is elec-
trically connected to a second voltage drop circuit in se-
ries with a second diode, and the resistance value of the
second resistor is set larger than that of the first resistor.
Therefore, the voltage of the dc voltage source can be
stabilized in the same manner as described above and
the voltage at a connecting point can be also kept con-
stant without depending on the temperature.

[0033] While the present invention has been de-
scribed with reference to the illustrative embodiment,
this description is not intended to be construed in a lim-
iting sense. Various modifications of the illustrative em-
bodiment will be apparent to those skilled in the art on
reference to this description. It is therefore contemplat-
ed that the appended claims will cover any such modi-
fications or embodiments as fall within the true scope of
the invention.

Claims
1. A bias voltage stabilizing circuit comprising:

a dc voltage source:

a first voltage drop circuit having a first diode;
and

a second voltage drop circuit having a second
diode; and

wherein said first voltage drop circuit and said
second voltage drop circuit are series-connect-
ed to each other and parallel-connected to said
dc voltage source, resistors are connected to
at least one of said first voltage drop circuit and
said second voltage drop circuit in series with
said first diode or said second diode, a closed
loop is formed by said dc voltage source, said
first diode, said second diode and said resis-
tors, and the voltage at a point where said first
voltage drop circuit and said second voltage
drop circuit are connected to each other, is set
as a bias voltage.

2. The bias voltage stabilizing circuit according to
claim 1, wherein a zener diode is parallel-connected
o said dc voltage source and said resistors are con-
nected to said second voltage drop circuit in series
with said second diode.

3. The bias voltage stabilizing circuit according to
claim 1, wherein a zener diode is parallel-connected
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to said dc voltage source, afirst resistor is connect-
edto said first voltage drop circuit in series with said
first diode, a second resistor is connected to said
second voltage drop circuit in series with said sec-
ond diode, and the resistance value of said second
resistor is set larger than that of said first resistor.
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