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(57) ABSTRACT 

A Smoothing circuit for realizing the miniaturization and the 
increase of integration scale of a circuit and for easily varying 
attack time and release time. This smoothing circuit com 
prises a capacitor, Voltage comparator, charging circuit, and 
discharging circuit. The Voltage comparator compares the 
terminal Voltage of the capacitor with its input Voltage and 
actuates the charging circuit or the discharging circuit accord 
ing to a comparison result. The charging circuit charges the 
capacitor by intermittently Supplying charging current. The 
discharging circuit discharges the capacitor by allowing dis 
charging current to flow intermittently. 

14 Claims, 6 Drawing Sheets 
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US RE42,334 E 
1. 

SMOOTHING CIRCUITEMPLOYING 
CHARGING CIRCUIT INTERMITTENTLY 
CHARGING WHEN INPUT VOLTAGE IS 
HIGHER RELATIVELY THAN TERMINAL 
VOLTAGE AND DISCHARGING CIRCUIT 

INTERMITTENTLY RELEASING 
DISCHARGING CURRENT WHEN 
TERMINAL VOLTAGE ISHIGHER 

RELATIVELY THAN INPUT VOLTAGE 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a Smoothing circuit used in 

an AGC (automatic gain control) circuit or the like for a 
receiver. 

2. Description of the Related Art 
An AGC circuit is used for control of the input signal level 

in AM receivers, FM receivers, and the like. In this AGC 
circuit, a signal is formed which changes gradually so as to 
follow a change in signal level when the signal level changes, 
and a smoothing circuit is used to form Such a signal. 

FIG. 8 is a circuit diagram showing the configuration of a 
conventional Smoothing circuit. The Smoothing circuit shown 
in FIG. 8 is formed by combining two resistors 100 and 102 
and a capacitor 104. When an input Voltage is applied to one 
end of the resistor 100, a charging current flows into the 
capacitor 104 through the resistor 100 and the terminal volt 
age of the capacitor 104 is thereby increased. If the resistance 
value of the resistor 100 is R1 and the electrostatic capacity of 
the capacitor 104 is C, time t1 during which the terminal 
Voltage of the capacitor 104 increases to a predetermined 
value can be expressed by R1xC. This time t1 is an attack 
time. Time t1 is set to about 10 to 50 msec in a smoothing 
circuit used in an AGC circuit for a receiver or the like. 
When application of the input voltage to the one end of the 

resistor 100 is stopped, the capacitor 104 is discharged 
through the resistor 102 and the terminal voltage of the 
capacitor 104 is thereby reduced. If the resistance value of the 
resistor 102 is R2, time t2 during which the terminal voltage 
of the capacitor 104 decreases to a predetermined value can 
be expressed by R2xC. This time t2 is a release time. Time t2 
is set to about 200 to 500 msec in a smoothing circuit used in 
an AGC circuit for a receiver or the like. 
The above-described conventional Smoothing circuit has a 

problem that in the case of realizing an attack time of about 10 
to 50 msec and a release time of about 200 to 500 msec, the 
device constant of each of the resistors 100 and 102 and the 
capacitor 104 is so increased that it is difficult to limit the size 
of the circuit or to form the circuit in an IC, because it is 
necessary to set a large time constant in each of the combi 
nation of the resistor 100 and the capacitor 104 and the com 
bination of the resistor 102 and the capacitor 104. For 
example, in the case of formation in an IC, the resistance 
value of the resistor actually formable is at most about 500 
kS2. If such a resistor is used and if the release time t2 is set to 
100 msec, C=t2/R2=0.2 uF. However, the electrostatic capac 
ity of a capacitor in an IC according to a design considering 
the manufacturing cost, etc., is 20 pF or less. After all, it is 
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2 
difficult to form the entire smoothing circuit in an IC, and the 
capacitor heretofore used is an externally-mounted large 
capacitor. 

SUMMARY OF THE INVENTION 

The present invention has been created in consideration of 
the above-described points, and an object of the present 
invention is to provide a Smoothing circuit which can be 
reduced in size and formed in an IC. 

Another object of the present invention is to provide a 
Smoothing circuit in which the attack time and the release 
time can be easily set to different lengths of time. 
A Smoothing circuit in accordance with the present inven 

tion has a capacitor, a Voltage comparator which compares a 
terminal Voltage of the capacitor and an input Voltage, a 
charging circuit which intermittently charges the capacitor 
when the input voltage is relatively higher than the terminal 
Voltage, and a discharging circuit which intermittently 
releases a discharging current from the capacitor when the 
terminal voltage is relatively lower higher than the input 
Voltage. Since the capacitor is intermittently charged and 
discharged, the terminal Voltage of the capacitor changes 
gradually and an equivalently large time constant can be set 
even if the electrostatic capacity of the capacitor is reduced. 
Therefore, even in the case of setting a large time constant, a 
Smaller capacitor can be used and the size of the circuit can be 
reduced. The need for a large resistor and a large capacitor 
necessary for setting a large time constant is eliminated to 
make it possible to reduce or completely remove externally 
mounted component parts. Therefore, the entire Smoothing 
circuit or almost all the components parts can beformed in an 
IC. 

It is desirable that the above-described charging circuit 
comprises a current Supply section which Supplies a prede 
termined charging current to the capacitor, and a first timing 
control section which controls the timing of the operation to 
intermittently supply the charging current by the current Sup 
ply section. The operation to intermittently charge the capaci 
tor can be easily controlled by controlling the timing of the 
operation to Supply the charging current by the current Supply 
section. 

It is desirable that the above-described first timing control 
section has a Switch for performing the timing control on the 
basis of a pulse signal having a predetermined duty ratio. The 
operation to Supply the charging current by the current Supply 
section is controlled by turning on and off the Switch accord 
ing to the pulse signal, thereby enabling the charging speed or 
the like to be easily changed by changing the period or the 
duty ratio of the pulse signal. 

It is desirable that the above-described current supply sec 
tion comprises a constant-current circuit and a current mirror 
circuit which Supplies the capacitor with the charging current 
equal to the current generated by the constant-current circuit. 
Use of the current mirror circuit makes it possible to reliably 
Supply the capacitor with the charging current equal to the 
constant current generated by the constant-current circuit and 
to stabilize the capacitor charging operation. 

It is desirable that the above-described discharging circuit 
comprises a current release section which releases the prede 
termined discharging current from the capacitor, and a second 
timing control section which controls the timing of the opera 
tion to intermittently release the discharging current by the 
current release section. The operation to intermittently dis 
charge the capacitor can be easily controlled by controlling 
the timing of the operation to release the discharging current 
by the current release section. 
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It is desirable that the above-described second timing con 
trol section comprises a Switch for performing the timing 
control on the basis of a pulse signal having a predetermined 
duty ratio. The operation to release the discharging current by 
the current release section is controlled by turning on and off 
the Switch according to the pulse signal, thereby enabling the 
discharging speed or the like to be easily changed by chang 
ing the period or the duty ratio of the pulse signal. 

It is desirable that the above-described current release sec 
tion comprises a constant-current circuit and a current mirror 
circuit which releases from the capacitor the discharging 
current equal to the current generated by the constant-current 
circuit. Use of the current mirror circuit makes it possible to 
reliably release the discharging current equal to the constant 
current generated by the constant-current circuit from the 
capacitor and to stabilize the capacitor discharging operation. 

In a case where the charging circuit comprises a current 
Supply section which supplies a predetermined charging cur 
rent to the capacitor, and a first timing control section which 
controls the timing of the operation to intermittently Supply 
the charging current by the current Supply section, and where 
the discharging circuit comprises a current release section 
which releases the predetermined discharging current from 
the capacitor, and a second timing control section which 
controls the timing of the operation to intermittently release 
the discharging current by the current release section, it is 
desirable that the timing of Supply of the charging current 
controlled by the first timing control section and the timing of 
discharging by the discharging current controlled by the sec 
ond timing control section do not overlap each other. The 
timings of charging and discharging of the capacitor are made 
different from each other to enable the operation to charge the 
capacitor and the operation to discharge the capacitor to be 
performed with reliability. 

It is desirable that the smoothing circuit further comprises 
charging/discharging speed setting unit for setting the speed 
of charging by the charging circuit and the speed of discharg 
ing by the discharging circuit to different values. If the charg 
ing/discharging speed setting unit is provided, the speed of 
charging of the capacitor and the speed of discharging of the 
capacitor can b set different from each other, thus making it 
possible to easily realize a Smoothing circuit in which the 
attack time and release time can easily be set to different 
lengths of time. 

It is desirable that the charging circuit comprises a current 
Supply section which supplies a predetermined charging cur 
rent to the capacitor, and a first timing control section which 
controls the timing of the operation to intermittently Supply 
the charging current by the current Supply section; the dis 
charging circuit comprise a current release section which 
releases the predetermined discharging current from the 
capacitor, and a second timing control section which controls 
the timing of the operation to intermittently release the dis 
charging current by the current release section; and the tim 
ings of intermittent Supply of the charging current and inter 
mittent release of the discharging current by the first and 
second timing control sections be made different from each 
other by the charging/discharging speed setting unit. The 
operation to intermittently discharge the capacitor can easily 
be controlled by controlling the timing of the operation to 
Supply the charging current by the current Supply section and 
the timing of the operation to release the discharging current 
by the current release section. Moreover, the attack time and 
the release time can easily be set to different lengths of time 
by setting the time periods for charging and discharging dif 
ferent from each other. 
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4 
In the case where each of the first and second timing control 

sections has a Switch for performing timing control on the 
basis of a pulse signal having a predetermined duty ratio, it is 
desirable that the above-described charging/discharging 
speed setting unit sets the duty ratio of the pulse signal for 
charging and the duty ratio of the pulse signal for discharging 
to different values. The control for setting the charging time 
and the discharging time to different lengths of time is thereby 
facilitated. 

It is desirable that the charging/discharging speed setting 
unit sets the charging current Supplied by the current Supply 
section and the discharging current released by the current 
release section to different values. The attack time and the 
release time can easily be set to different lengths of time by 
setting the charging current and the discharging current to 
different values. 

In a case where each of the current Supply section and the 
current release section is constituted by a transistor having a 
predetermined reference Voltage applied to its gate, it is desir 
able that the charging/discharging speed setting unit makes 
the gate size of the transistor for charging and the gate size of 
the transistor for discharging different from each other. The 
control for setting the charging current and the discharging 
current to different values is thereby facilitated. 

It is desirable that the frequency of the pulse signal for 
setting the above-described charging and discharging timings 
be higher than twice the frequency of the input signal. Accu 
rate sampling of the waveform of the input signal can be 
ensured by setting the frequency of the pulse signals higher 
than twice the frequency of the input signal. If the frequency 
of the pulse signals is set to twice the frequency of the input 
signal, coincidence with the time at which the amplitude of 
the input signal becomes Zero may occur to cause failure to 
perform the operation on the basis of the waveform of the 
input signal. If the frequency of the pulse signals is set lower 
than twice the frequency of the input signal, there is a possi 
bility of no pulse signal being output during the half-wave 
length period of the waveform of the input signal, resulting in 
failure to perform the Smoothing operation with accuracy on 
the basis of the waveform of the input signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the principle of a smoothing 
circuit in a first embodiment; 

FIG. 2 is a configuration diagram showing an example of 
use of a Smoothing circuit included in an AGC circuit; 

FIG. 3 is a circuit diagram showing a concrete configura 
tion of the Smoothing circuit; 

FIG. 4 is a block diagram of the principle of a smoothing 
circuit in a second embodiment; 

FIG. 5 is a circuit diagram showing a concrete configura 
tion of the Smoothing circuit; 

FIG. 6 is a circuit diagram showing an example of a modi 
fication of the Smoothing circuit; 

FIG. 7 is a diagram showing the gate size of a MOS tran 
sistor, and 

FIG. 8 is a circuit diagram showing the configuration of a 
conventional Smoothing circuit. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A Smoothing circuit to which the present invention is 
applied according to an embodiment of the present invention 
will be described with reference to the drawings. 
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(First Embodiment) 
FIG. 1 is a block diagram of the principle of a smoothing 

circuit in a first embodiment of the present invention. As 
shown in FIG. 1, the smoothing circuit of this embodiment 
has a capacitor 10, a Voltage comparator 12, a charging circuit 
14, and a discharging circuit 16. The Voltage comparator 12 
compares a terminal Voltage of the capacitor 10 and an input 
voltage with each other and makes effective the operation of 
the charging circuit 14 or the discharging circuit 16 according 
to the result of this comparison. The charging circuit 14 
charges the capacitor 10 by intermittently supplying a charg 
ing current. For example, this charging circuit 14 comprises a 
constant-current circuit and a switch. When the Switch 
becomes ON, the charging current is Supplied from the con 
stant-current circuit to the capacitor 10. The discharging cir 
cuit 16 discharges the capacitor 10 by causing a discharging 
current to flow intermittently. For example, this discharging 
circuit 16 comprises a constant-current circuit and a Switch. 
When the switch becomes ON, a constant current is released 
from the capacitor 10. 

Thus, the smoothing circuit of this embodiment performs 
intermittent charging and discharging operations on the 
capacitor 10. Therefore, even in a case where the electrostatic 
capacity of the capacitor 10 is set Small, the opposite-terminal 
Voltage of the capacitor 10 changes gradually and charging 
and discharging characteristics can be obtained which are 
equivalent to those obtained in the case of use of a circuit 
having a large time constant, i.e., a capacitor having a large 
electrostatic capacity and a resistor having a large resistance 
value. The charging circuit 14 and the discharging circuit 16, 
which control supply of the predetermined current to the 
capacitor 10 and release of the predetermined current from 
the capacitor 10, are capable of setting the current values to 
substantially large values suitable for formation in an IC 
because they perform Supply and release operations intermit 
tently. Therefore the entire smoothing circuit can be formed 
in an IC. Since the need for an externally mounted component 
Such as a capacitor is eliminated, the overall size of the 
Smoothing circuit can be effectively reduced. 
A concrete example of the configuration of the above 

described Smoothing circuit of this embodiment and an 
example of application of the Smoothing circuit will next be 
described. 

FIG. 2 is a configuration diagram showing an example of 
use of a smoothing circuit included in an AGC circuit. FIG. 2 
shows part of the configuration of an AGC circuit which 
performs gain control in a receiver according to the intensity 
of an electric field. The receiver may be a direct-conversion 
receiver, a superheterodyne receiver or the like. 

Referring to FIG. 2, an amplitude detection circuit 20 is 
Supplied with a carrier signal in the receiver and performs 
half-wave or full-wave rectification on the input carrier sig 
nal. A capacitor 22 is for removing the carrier portion of the 
signal after rectification by the amplitude detection circuit 20. 
If the carrier portion is removed by the capacitor 22, and if the 
carrier is not amplitude modulated, a direct current Voltage 
can be obtained and, therefore, a smoothing circuit 24 in a 
following stage is unnecessary. However, AM waves and even 
FM waves have some amplitude change and the Smoothing 
circuit 24 is required if it is necessary to detect the intensity of 
the received electric field. 

The smoothing circuit 24 smoothes the voltage level of a 
signal from which the carrier portion has been removed by the 
capacitor 22. The smoothed voltage is applied to a buffer 26 
having a high input impedance. A control DC signal neces 
sary for AGC operation is output from this buffer 26. 

FIG. 3 is a circuit diagram showing a concrete example of 
a configuration of the Smoothing circuit 24. As shown in FIG. 
3, the Smoothing circuit 24 comprises a capacitor 10, a con 
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6 
stant-current circuit 40, transistors 42, 44, 50, 54, and 56, 
switches 46 and 52, a voltage comparator 60, and AND cir 
cuits 62 and 64. 
Two transistors 42 and 44 constitute a current mirror circuit 

to generate a charging current equal to a constant current 
output from the constant-current circuit 40. The timing of 
generation of this charging current is determined by the 
switch 46. 
The switch 46 is constituted by an inverter circuit 1, an 

analog Switch 2, and a transistor 3. The analog Switch 2 is 
formed by connectingap-channel transistorandan n-channel 
transistor between their sources and drains in parallel. An 
output signal from the AND circuit 62 is directly input to the 
gate of the n-channel transistor, while a signal obtained by 
inverting the logic of this output signal by the inverter circuit 
1 is input to the gate of the p-channel transistor. Therefore this 
analog switch 2 is on when the output signal from the AND 
circuit 62 is high level, and is off when the output signal from 
the AND circuit 62 is low level. The transistor 3 is for estab 
lishing a low-resistance connection between the gate and the 
drain of the transistor 44 when the analog switch 2 is off. A 
current supply operation with the transistor 44 is thereby 
stopped with reliability. 
When the switch 46 becomes on, the gate of the transistor 

42 on one side to which the constant-current circuit 40 is 
connected and the gate of the transistor 44 on the other side 
are in a state of being connected to each other. In this state, 
therefore, a current which is Substantially the same as a con 
stant current generated by the constant-current circuit 40 
connected to the transistor 42 on one side is also caused to 
flow through the path between the source and drain of the 
transistor 44 on the other side. This current is Supplied as a 
charging current to the capacitor 10. Conversely, when the 
switch 46 becomes off, the gate of the transistor 44 is con 
nected to the drain to stop Supplying the charging current. 
The above-described constant-current circuit 40 and two 

transistors 42 and 44 correspond to the current Supply section. 
The switch 46 and the AND circuit 62 correspond to the first 
timing control section. 
The current mirror circuit with which a discharging current 

to the capacitor 10 is set is formed by combining a transistor 
50 with the above-described transistor 42 and constant-cur 
rent circuit 40, and the operating state of the current mirror 
circuit is determined by the switch 52. The switch 52 has the 
same configuration as that of the switch 46. The on/offstate of 
the switch 52 is controlled according to the logic of an output 
signal from the AND circuit 64. The switch 52 is in the on 
state when this output signal is high level, and in the off state 
when this output signal is low level. 
When the switch 52 is in the on state, the gate of the 

transistor 42 on one side to which the constant-current circuit 
40 is connected and the gate of the transistor 50 on the other 
side are in a state of being connected to each other. In this 
state, therefore, a current which is Substantially the same as 
the constant current generated by the constant-current circuit 
40 is also caused to flow through the path between the source 
and drain of the transistor 50 on the other side. This current is 
a discharging current by which charge accumulated in the 
capacitor 10 is released. 

However, the current flowing through the transistor 50 
cannot be extracted directly from the capacitor 10. In this 
embodiment, therefore, another current mirror circuit consti 
tuted by transistors 54 and 56 is connected on the source side 
of the transistor 50. 
The two transistors 54 and 56 have their gates connected to 

each other. When the above-described discharging current 
flows through the transistor 54, the same current also flows 
through the path between the source and the drain of the other 
transistor 56. This transistor 56 has its drain connected to the 
terminal of the capacitor 10 on the high-potential side and the 
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current flowing through the transistor 56 is generated by 
release of charge accumulated in the capacitor 10. 
The above-described constant-current circuit 40 and the 

four transistors 42, 50, 54, and 56 correspond to the current 
release section. The switch 52 and the AND circuit 64 corre 
spond to the second timing control section. 
The Voltage comparator 60 compares the magnitude of the 

terminal voltage of the capacitor 10 applied to its plus termi 
nal and the magnitude of the input Voltage of the Smoothing 
circuit 24 applied to its minus terminal. The Voltage compara 
tor 60 has a noninverting output terminal and an inverting 
output terminal. When the terminal voltage of the capacitor 
10 applied to the plus terminal is higher than the input voltage 
applied to the minus terminal, the Voltage comparator 60 
outputs a high-level signal through the noninverting output 
terminal and outputs a low-level signal through the inverting 
output terminal. Conversely, when the terminal voltage of the 
capacitor 10 applied to the plus terminal is lower than the 
input Voltage applied to the minus terminal, the Voltage com 
parator 60 outputs a low-level signal through the noninverting 
output terminal and outputs a high-level signal through the 
inverting output terminal. 
A predetermined pulse signalis input to the AND circuit 62 

through one of two input terminals of the AND circuit 62, and 
the noninverting output terminal of the Voltage comparator 60 
is connected to the other of the input terminals of the AND 
circuit 62. Therefore the predetermined pulse signal is output 
from the AND circuit 62 when the terminal voltage of the 
capacitor 10 is higher than the input Voltage of the Smoothing 
circuit 24. 

Also, a predetermined pulse signal is input to the AND 
circuit 64 through one of two input terminals of the AND 
circuit 64, and the inverting output terminal of the Voltage 
comparator 60 is connected to the other of the input terminals 
of the AND circuit 64. Therefore the predetermined pulse 
signal is output from the AND circuit 64 when the terminal 
voltage of the capacitor 10 is lower than the input voltage of 
the Smoothing circuit 24. 

Also, a predetermined pulse signal is input to the AND 
circuit 64 through one of two input terminals of the AND 
circuit 64, and the inverting input terminal of the Voltage 
comparator 60 is connected to the other of the input terminals 
of the AND circuit 64. Therefore the predetermined pulse 
signal is output from the AND circuit 64 when the terminal 
voltage of the capacitor 10 is lower than the input voltage of 
the Smoothing circuit 24. 

The Smoothing circuit 24 is thus arranged. The operation of 
the smoothing circuit 24 will next be described. 

In the case where the capacitor 10 is not in a charged State 
or the input Voltage of the Smoothing circuit 24 is increasing 
when the Smoothing circuit 24 starts operating, the terminal 
voltage of the capacitor 10 is lower than the input voltage of 
the Smoothing circuit 24. In this state, the pulse signal is 
output from the AND circuit 62, while no pulse signal is 
output from the AND circuit 64. Accordingly, only the switch 
46 is intermittently set in the on state. Each time the switch 46 
is in the on state, the predetermined charging current is Sup 
plied to the capacitor 10. This charging operation is continued 
until the terminal voltage of the capacitor 10 becomes higher 
relatively than the input Voltage of the Smoothing circuit 24. 
When the terminal voltage of the capacitor 10 exceeds the 

input Voltage of the Smoothing circuit 24 as a result of this 
charging operation, or when the input Voltage is decreasing 
and lower than the terminal voltage of the capacitor 10, the 
pulse signal is output from the AND circuit 64, while no pulse 
signal is output from the AND circuit 62. Accordingly, only 
the switch 52 is intermittently set in the on state. Each time the 
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Switch 52 is in the on State, the predetermined discharging 
current is caused to flow out of the capacitor 10. This dis 
charging operation is continued until the terminal Voltage of 
the capacitor 10 becomes lower relatively than the input volt 
age of the Smoothing circuit 24. 

It is necessary that in the above-described Smoothing cir 
cuit 24 the frequency of the pulse signals for setting the 
timings of charging and discharging of the capacitor 10 (the 
pulse signals output from the AND circuit 62 or 64) be set to 
a value higher than twice the frequency of the input signal 
input through the noninverting input terminal of the Voltage 
comparator 60. This setting ensures that the Smoothing opera 
tion can be performed by sampling the waveform of the input 
signal with accuracy. If the frequency of the pulse signals is 
set to twice the frequency of the input signal, coincidence 
with the time at which the amplitude of the input signal 
becomes Zero may occur to cause failure to perform the 
operation on the basis of the waveform of the input signal. If 
the frequency of the pulse signals is set lower than twice the 
frequency of the input signal, there is a possibility of no pulse 
signal being output during the half-wavelength period of the 
waveform of the input signal, resulting in failure to perform 
the Smoothing operation with accuracy on the basis of the 
waveform of the input signal. 

It is also necessary to set the two kinds of pulse signal for 
setting the timings of charging and discharging of the capaci 
tor 10 so that the output timings do not overlap each other. By 
setting the timings of charging and discharging of the capaci 
tor 10 different from each other, it is ensured that the opera 
tion to charge the capacitor 10 and the operation to discharge 
the capacitor 10 can be performed with reliability. 
(Second Embodiment) 

In the Smoothing circuit 24 of which a concrete example of 
the configuration is shown in FIG. 3, the period and the duty 
ratio of the pulse signal for determining the timing of Supply 
of the charging current and the period and the duty ratio of the 
pulse signal for determining the timing of Supply of the dis 
charging current are set equal to each other. However, they 
may differ from each other. For example, the duty ratio of the 
pulse signal input to the AND circuit 64 shown in FIG.3 is set 
lower than the duty ratio of the pulse signal input to the AND 
circuit 62. In this manner, the release time can be set longer 
than the attack time. 

FIG. 4 is a block diagram of the principle of a smoothing 
circuit in a second embodiment of the present invention. As 
shown in FIG.4, a smoothing circuit 124 of this embodiment 
has a capacitor 10, a Voltage comparator 12, a charging circuit 
14, a discharging circuit 16, and a charging/discharging speed 
setting section 18. The smoothing circuit shown in FIG. 4 
differs from the smoothing circuit of the first embodiment 
shown in FIG. 1 in that the charging/discharging speed setting 
section 18 is added. 
The charging/discharging speed setting section 18 makes 

Such a setting that the speed of charging of the capacitor 10 by 
the charging circuit 14 and the speed of discharging of the 
capacitor 10 by the discharging circuit 16 differ from each 
other. The charging/discharging speed setting section 18 cor 
responds to the charging/discharging speed setting unit. 
Detailed description of the charging/discharging speed set 
ting section 18 will be made below. 

In the Smoothing circuit of this embodiment, the charging/ 
discharging speed setting section 18 sets the speed of charg 
ing of the capacitor 10 and the speed of discharging of the 
capacitor 10 different from each other. Therefore the attack 
time and the release time in the case of use of this smoothing 
circuit in an AGC circuit or the like can be made different 
from each other. 
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FIG. 5 is a circuit diagram showing a concrete configura 
tion of the smoothing circuit 124. As shown in FIG. 5, the 
Smoothing circuit 124 comprises a capacitor 10, a constant 
current circuit 40, transistors 42, 44, 50, 54, and 56, switches 
46 and 52, a voltage comparator 60, AND circuits 62 and 64, 
and a frequency divider 70. The smoothing circuit 124 shown 
in FIG. 5 has such a configuration that the frequency divider 
70 corresponding to the charging/discharging speed setting 
section 18 (charging/discharging speed setting unit) is added 
to the smoothing circuit 24 of the first embodiment shown in 
FIG. 3. Components basically the same as those in the 
smoothing circuit 24 shown in FIG. 3 are indicated by the 
same reference numerals, and detailed description of them 
will not be repeated. 

The frequency divider 70 divides at a predetermined divi 
sion ratio the frequency of the pulse signal input to the AND 
circuit 62 through one of the two input terminals of the AND 
circuit 62, and outputs the frequency-divided signal. The 
predetermined pulse signal output from the frequency divider 
70 is input to the AND circuit 64 through one of two input 
terminals of the AND circuit 64, and the inverting output 
terminal of the voltage comparator 60 is connected to the 
other of the input terminals of the AND circuit 64, thereby 
enabling the predetermined pulse signal to be output from the 
AND circuit 64 when the terminal voltage of the capacitor 10 
is lower than the input Voltage of the Smoothing circuit 124. 

In two kinds of pulse signal output from the two AND 
circuits 62 and 64, the duty ratio of the pulse signal output 
from the AND circuit 62 is higher than the duty ratio of the 
pulse signal output from the AND circuit 64. Therefore, if 
pulse signals are respectively output from the two AND cir 
cuits 62 and 64 for the same time period, the speed of charging 
per unit time period is higher than that of discharging. Con 
sequently, the attack time is shorter than the release time. 

In this embodiment, only one of the two output terminals of 
the voltage comparator 60 is high level. Therefore there is no 
possibility of the pulse signals being simultaneously output 
from the two AND circuits 62 and 64, and the operation to 
charge or discharge the capacitor 10 can be performed with 
reliability and safety. 
The present invention is not limited to the above-described 

embodiments, and various modifications can be made in the 
embodiments without departing from the scope of the gist of 
the present invention. For example, while in the above-de 
scribed second embodiment the frequency divider 70 is used 
to output from the two AND circuits 62 and 64 pulse signals 
having duty ratios different from each other, pulse signals 
having different duty ratios may be separately formed and 
respectively input to the two AND circuits 62 and 64. How 
ever, it is necessary to avoid simultaneously inputting the two 
kinds of pulse signals separately generated to the two AND 
circuits 62 and 64. If there is a possibility of the pulse signals 
being simultaneously input, a blocking circuit for forcibly 
blocking input of one of the pulse signals may be provided. 

In the above-described second embodiment, the propor 
tions of the time periods in the unit time during which the 
transistors 44 and 50 are respectively set in the on states are 
set to different values in order to perform charging and dis 
charging of the capacitor 10 at different speeds. Alternatively, 
the gale sizes of these transistors may be made different from 
each other to set the charging current and the discharging 
current to different values. 

FIG. 6 is a circuit diagram showing an example of a modi 
fication of the Smoothing circuit. A smoothing circuit 124A 
shown in FIG. 6 differs from the smoothing circuit 124 shown 
in FIG. 5 in that the frequency divider 70 is removed and the 
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10 
two transistors 44 and 50 are replaced with two transistors 
44A and 50A having the gate sizes changed. 

FIG. 7 is a diagram showing the gate size of a MOS tran 
sistor (FET). Even when the gate voltage is fixed, the channel 
resistance can be changed by selecting the gate width W and 
the gate length L to change the current flowing through the 
path between the source and the drain. In this example of 
modification, in order to shorten the attack time by increasing 
the charging current, the gate width W of the transistor 44A is 
set to a larger value and the gate length L is set to a smaller 
value. On the other hand, in order to increase the release time 
by reducing the discharging current, the gate width W of the 
transistor 50A is set to a smaller value and the gate length L is 
set to a larger value. Thus, it is also possible to easily set 
different lengths of time as attack time and release time by 
changing the gate size of each of the transistors 44A and 50A. 
In this case, the transistors 44A and 50A constitute portions of 
the charging circuit 14 and the discharging circuit 16 and 
function as the charging/discharging speed setting unit. 

INDUSTRIAL APPLICABILITY 

According to the present invention, as described above, the 
capacitoris intermittently charged and discharged, so that the 
terminal Voltage of the capacitor changes gradually and an 
equivalently large time constant can be set even if the elec 
trostatic capacity of the capacitor is reduced. Therefore, even 
in the case of setting a large time constant, a smaller capacitor 
can be used and the size of the circuit can be reduced. The 
need for a large resistor and a large capacitor necessary for 
setting a large time constant is eliminated to make it possible 
to reduce or completely remove externally mounted compo 
nent parts. Therefore, the entire Smoothing circuit or almost 
all the components parts can be formed in an IC. Further, the 
charging/discharging speed setting unit is provided to set the 
speeds of charging and discharging of the capacitor to differ 
ent values. It is, therefore, possible to realize a smoothing 
circuit in which different lengths of time can easily set as 
attack time and release time. 

What is claimed is: 
1. A Smoothing circuit comprising: 
a capacitor, 
a Voltage comparator which compares a terminal Voltage of 

said capacitor and an input Voltage; 
a charging circuit which intermittently charges said capaci 

tor when said input Voltage is higher relatively than said 
terminal Voltage; and 

a discharging circuit which intermittently releases a dis 
charging current from said capacitor when said terminal 
voltage is lower higher relatively than said input volt 
age, 

wherein said charging circuit comprises a current Supply 
section which Supplies a predetermined charging current 
to said capacitor, and a first timing control section which 
controls the timing of the operation to intermittently 
Supply the charging current by said current Supply sec 
tion. 

2. The Smoothing circuit according claim 1 wherein said 
first timing control section has a Switch for performing said 
timing control on the basis of a pulse signal having a prede 
termined duty ratio. 

3. The Smoothing circuit according to claim 2 wherein the 
frequency of said pulse signal is higher than twice the fre 
quency of the input signal. 

4. The Smoothing circuit according to claim 1 wherein said 
current Supply section comprises a constant-current circuit 
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and a current mirror circuit which Supplies said capacitor with 
the charging current equal to the current generated by said 
constant-current circuit. 

5. A Smoothing circuit comprising: 
a capacitor; 
a Voltage comparator which compares a terminal Voltage of 

said capacitor and an input Voltage; 
a charging circuit which intermittently charges said capaci 

tor when said input Voltage is higher relatively than said 
terminal Voltage; and 

a discharging circuit which intermittently releases a dis 
charging current from said capacitor when said terminal 
voltage is lower higher relatively than said input volt 
age, 

wherein said discharging circuit comprises a current 
release section which releases the predetermined dis 
charging current from said capacitor, and a second tim 
ing control section which controls the timing of the 
operation to intermittently release the discharging cur 
rent by said current release section. 

6. The Smoothing circuit according to claim 5 wherein said 
second timing control section has a Switch for performing 
said timing control on the basis of a pulse signal having a 
predetermined duty ratio. 

7. The smoothing circuit according to claim 6 wherein the 
frequency of said pulse signal is higher than twice the fre 
quency of the input signal. 

8. The smoothing circuit according to claim 5 wherein said 
current release section comprises a constant-current circuit 
and a current mirror circuit which releases from said capacitor 
the discharging current equal to the current generated by said 
constant-current circuit. 

9. A Smoothing circuit comprising: 
a capacitor; 
a Voltage comparator which compares a terminal Voltage of 

said capacitor and an input Voltages; 
a charging circuit which intermittently charges said capaci 

tor when said input Voltage is higher relatively than said 
terminal Voltage; and 

a discharging circuit which intermittently releases a dis 
charging current from said capacitor when said terminal 
voltage is lower higher relatively than said input volt 
age, 

wherein said charging circuit comprises a current Supply 
section which Supplies a predetermined charging current 
to said capacitor, and a first timing control section which 
controls the timing of the operation to intermittently 
Supply the charging current by said current Supply sec 
tion; 

said discharging circuit comprises a current release section 
which releases the predetermined discharging current 
from said capacitor, and a second timing control section 
which controls the timing of the operation to intermit 
tently release the discharging current by said current 
release section; and 

the timing of Supply of the charging current controlled by 
said first timing control section and the timing of dis 
charging by the discharging current controlled by said 
second timing control section do not overlap each other. 

10. A smoothing circuit comprising: 
a capacitor; 
a Voltage comparator which compares a terminal Voltage of 

said capacitor and an input Voltage; 
a charging circuit which intermittently charges said capaci 

tor when said input Voltage is higher relatively than said 
terminal Voltage; and 
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12 
a discharging circuit which intermittently releases a dis 

charging current from said capacitor when said terminal 
Voltage is lower relatively than said input voltage, 

further comprising charging/discharging speed setting unit 
for setting the speed of charging by said charging circuit 
and the speed of discharging by said discharging circuit 
to different values. 

11. The smoothing circuit according to claim 10 A 
smoothing circuit comprising: 

a capacitor, 
a voltage comparator which compares a terminal voltage 

of said capacitor and an input voltage, 
a charging circuit which intermittently charges said 

capacitor when said input voltage is higher relatively 
than said terminal voltage, and 

a discharging circuit which intermittently releases a dis 
charging current from said capacitor when said termi 
nal voltage is higher relatively than said input voltage, 

further comprising charging/discharging speed setting 
unit for setting the speed of charging by said charging 
circuit and the speed of discharging by said discharging 
circuit to different values, 

wherein said charging circuit comprises a current Supply 
section which Supplies a predetermined charging current 
to said capacitor, and a first timing control section which 
controls the timing of the operation to intermittently 
Supply the charging current by said current Supply sec 
tion; 

said discharging circuit comprises a current release section 
which releases the predetermined discharging current 
from said capacitor, and a second timing control section 
which controls the timing of the operation to intermit 
tently release the discharging current by said current 
release section; and 

said charging/discharging speed setting unit sets different 
lengths of time as the time period for intermittent Supply 
of the charging current controlled by said first timing 
control section and the time period for intermittent 
release of the discharging current controlled by said 
second timing control section. 

12. The Smoothing circuit according to claim 11, wherein 
said first and second timing control sections each have a 
Switch for performing said timing control on the basis of a 
pulse signal having a predetermined duty ratio; and 

wherein said charging/discharging speed setting unit sets 
the duty ratio of said pulse signal for charging and the 
duty ration of said pulse signal for discharging to differ 
ent values. 

13. The Smoothing circuit according to claim 11, wherein 
said charging/discharging speed setting unit sets the charging 
current Supplied by said current Supply section and the dis 
charging current released by said current release section to 
different values. 

14. The Smoothing circuit according to claim 13, wherein 
each of said current Supply section and said current release 
section is constituted by a transistor having a predetermined 
reference Voltage applied to its gate; and 

said charging/discharging speed setting unit makes the gate 
size of said transistor for charging and the gate size of 
said transistor for discharging different from each other. 

15. The smoothing circuit according to claim 12, wherein 
the frequency of said pulse signal is higher than twice the 
frequency of the input signal. 


