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OSCILLATION CIRCUIT AND 
SEMCONDUCTOR INTEGRATED CIRCUIT 

INCLUDING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a Continuation applica 
tion of U.S. patent application Ser. No. 13/525,099, filed on 
Jun. 15, 2012, which is based on Japanese Patent Application 
No. 2011-175732 filed on Aug. 11, 2011, the entire contents 
of which are hereby incorporated by reference. 

BACKGROUND 

0002 The present invention relates to an oscillation circuit 
and a semiconductor integrated circuit including the same, 
and in particular, relates to an oscillation circuit for outputting 
an oscillation signal having an accurate frequency and a semi 
conductor integrated circuit including the same. 
0003. In recent years, oscillation circuits for outputting 
oscillation signals having accurate frequencies have been 
required. Related techniques are disclosed in Japanese UneX 
amined Patent Publication No. 2007-243922 (Patent Docu 
ment 1) and Japanese Unexamined Patent Publication No. 
2006-86997 (Patent Document 2). 
0004. An oscillation circuit disclosed in Patent Document 
1 includes first and second capacitors, first and second com 
parison circuits, an RS flip-flop circuit, and first and second 
charge/discharge control circuits. 
0005. The first and second capacitors are charged or dis 
charged by current generated by a constant current source. 
The first comparison circuit compares a first Voltage V1 
according to the amount of electric charge stored in the first 
capacitor and a first reference Voltage Vist, and outputs a first 
signal indicating that the first voltage V1 has reached the first 
reference Voltage Vist. The second comparison circuit com 
pares a second Voltage V2 according to the amount of electric 
charge stored in the second capacitor and a second reference 
Voltage Vist, and outputs a second signal indicating that the 
second Voltage V2 has reached the second reference Voltage 
VSt. 

0006. The RS flip-flop circuit is set by one of the first 
signal and the second signal, and reset by the other. The first 
charge/discharge control circuit charges the first capacitor 
when the RS flip-flop circuit is set, and discharges the first 
capacitor when the RS flip-flop circuit is reset. The second 
charge/discharge control circuit charges the second capacitor 
when the RS flip-flop circuit is reset, and discharges the 
second capacitor when the RS flip-flop circuit is set. 
0007. Thereby, according to the description in Patent 
Document 1, the oscillation circuit outputs an oscillation 
signal having a stable frequency even when noise occurs. 
0008. An oscillation circuit disclosed in Patent Document 
2 includes an oscillator, a frequency-Voltage converter, a dif 
ference detector, and an integrator, which are coupled in a 
closed loop. The oscillator generates an output signal which 
oscillates at a frequency according to a control signal. The 
frequency-Voltage converter generates a detection signal hav 
ing a Voltage according to the frequency of the output signal. 
The difference detector generates, a difference signal indicat 
ing the difference between the detection signal and a refer 
ence signal. The integrator generates a control signal by inte 
grating the difference signal. 
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0009 Further, the oscillator has a relaxation signal gen 
eration circuit for generating a relaxation control signal by 
relaxing a change in the control signal and an output signal 
generation circuit for generating an output signal which oscil 
lates at a frequency according to the relaxation control signal. 
0010. Thereby, according to the description in Patent 
Document 2, the oscillation circuit generates a high-fre 
quency output signal at low power consumption with Stability 
and accuracy. Further, to suppress an increase in power con 
Sumption and a reduction in frequency accuracy, the oscilla 
tion circuit is configured without a comparator. 

SUMMARY 

0011. In the oscillation circuit disclosed in Patent Docu 
ment 1, ideally the output signal of the RS flip-flop circuit 
changes from an L level to an H level or changes from the H 
level to the L level (the logic value thereof changes) at the 
moment when the first voltage V1 reaches the reference volt 
age Vst or the second voltage V2 reaches the reference volt 
age Vist. However, in reality, the logic value of the output 
signal (oscillation signal) of the RS flip-flop circuit changes 
after a delay time Td caused by the operation delay of the first 
and second comparison circuits and the RS flip-flop circuit 
has elapsed from the time when the first voltage V1 reaches 
the reference voltage Vst or the time when the second voltage 
V2 reaches the reference voltage Vst. 
0012. Therefore, in the oscillation circuit of the related 
technique, there is a problem that the frequency of the oscil 
lation signal varies as the delay time Td varies with fluctua 
tions in temperature or power Supply Voltage. That is, there is 
a problem that the oscillation circuit of the related technique 
cannot output an oscillation signal having an accurate fre 
quency. 

0013. According to one aspect of the present invention, an 
oscillation circuit includes an RS flip-flop for generating an 
output signal (oscillation signal) based on a set signal and a 
reset signal, an electric-charge charge/discharge unit which 
has first and second capacitors and charges or discharges the 
first and second capacitors complementarily based on the 
output signal, a first comparator which compares a first volt 
age according to electric charge accumulated in the first 
capacitor and a first reference Voltage and outputs the set 
signal, a second comparator which compares a second Volt 
age according to electric charge accumulated in the second 
capacitor and the first reference Voltage and outputs the reset 
signal, and a control unit for controlling a timing at which 
respective voltage levels of the first reference voltage and the 
first Voltage match and a timing at which respective Voltage 
levels of the first reference voltage and the second voltage 
match in accordance with a frequency of the output signal. 
0014 With the above circuit configuration, the oscillation 
circuit can output an oscillation signal having an accurate 
frequency. 
0015. According to aspects of the invention, it is possible 
to provide the oscillation circuit that can output an oscillation 
signal having an accurate frequency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a block diagram showing the configuration 
of an oscillation circuit according to a first embodiment of the 
invention; 
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0017 FIG. 2 is a timing chart showing the operation of the 
oscillation circuit according to the first embodiment of the 
invention; 
0018 FIG.3 is a block diagram showing the configuration 
of an oscillation circuit according to a second embodiment of 
the invention; 
0019 FIG. 4 is a timing chart showing the operation of the 
oscillation circuit according to the second embodiment of the 
invention; 
0020 FIG. 5 is a block diagram showing the configuration 
of an oscillation circuit according to a third embodiment of 
the invention; 
0021 FIG. 6 is a timing chart showing the operation of the 
oscillation circuit according to the third embodiment of the 
invention; 
0022 FIG. 7 is a block diagram showing the configuration 
of an oscillation circuit according to a fourth embodiment of 
the invention; 
0023 FIG. 8 is a block diagram showing the configuration 
ofan oscillation circuit according to a fifth embodiment of the 
invention; 
0024 FIG.9 is a block diagram showing the configuration 
of an oscillation circuit according to a sixth embodiment of 
the invention; 
0025 FIG. 10 is a diagram for explaining a control signal 
Supplied to a reference Voltage generation unit according to 
the sixth embodiment of the invention; 
0026 FIG. 11 is a block diagram showing the configura 
tion of an oscillation circuit according to a seventh embodi 
ment of the invention; 
0027 FIG. 12 is a diagram for explaining control signals 
Supplied to a reference Voltage generation unit according to 
the seventh embodiment of the invention; 
0028 FIG. 13 is a block diagram showing the configura 
tion of an oscillation circuit according to an eighth embodi 
ment of the invention; 
0029 FIG. 14 is a timing chart showing the operation of 
the oscillation circuit according to the eighth embodiment of 
the invention; 
0030 FIG. 15 is a block diagram showing the configura 
tion of an oscillation circuit according to a ninth embodiment 
of the invention; 
0031 FIG. 16 is a block diagram showing the configura 
tion of a pulse generation circuit according to a tenth embodi 
ment of the invention; 
0032 FIG. 17 is a block diagram showing a configuration 
example of an SW control circuit according to the tenth 
embodiment of the invention; 
0033 FIG. 18 is a timing chart showing the operation of 
the pulse generation circuit according to the tenth embodi 
ment of the invention; 
0034 FIG. 19 is a diagram showing a modification of a 
reference Voltage generation unit according to the tenth 
embodiment of the invention; 
0035 FIG. 20 is a block diagram showing the configura 
tion of a reference Voltage generation unit according to an 
eleventh embodiment of the invention; 
0036 FIG. 21 is a block diagram showing the configura 
tion of a reference Voltage generation unit according to a 
twelfth embodiment of the invention; 
0037 FIG. 22 is a block diagram showing the configura 
tion of a reference Voltage generation unit according to a 
thirteenth embodiment of the invention; 
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0038 FIG. 23 is a block diagram showing the configura 
tion of a PLL according to a fourteenth embodiment of the 
invention; 
0039 FIG. 24 is a block diagram showing the configura 
tion of a semiconductor integrated circuit according to a 
fifteenth embodiment of the invention; 
0040 FIG. 25 is a block diagram showing the configura 
tion of a semiconductor integrated circuit according to a 
sixteenth embodiment of the invention; 
0041 FIG. 26 is a diagram showing a layout configuration 
of the oscillation circuit according to the invention; 
0042 FIG. 27 is a diagram showing a layout configuration 
of the oscillation circuit according to the invention; 
0043 FIG. 28 is a diagram showing a layout configuration 
of the oscillation circuit according to the invention; 
0044 FIG.29A is a diagram for explaining a configuration 
of the capacitor according to the invention; 
0045 FIG.29B is a diagram for explaining a configuration 
of the capacitor according to the invention; 
0046 FIG. 30 is a block diagram showing the configura 
tion of an oscillation circuit according to a concept before 
reaching the present invention; and 
0047 FIG. 31 is a timing chart showing the operation of 
the oscillation circuit according to the concept before reach 
ing the present invention. 

DETAILED DESCRIPTION 

0048 First, a configuration that the present inventors have 
studied before reaching the present invention will be 
described before the description of embodiments of the 
invention. 
0049 FIG. 30 is a block diagram showing the configura 
tion of a relaxation oscillation circuit according to a concept 
before reaching the present invention. The oscillation circuit 
500 shown in FIG.30 includes an RS flip-flop 11, an electric 
charge charge/discharge unit 12, a comparator (first compara 
tor) 13, a comparator (second comparator) 14, and a reference 
Voltage generation unit 15. 
0050. The RS flip-flop 11 outputs an output signal (here 
inafter referred to as an output signal Q) from an output 
terminal Q, and outputs an inversion signal (hereinafter 
referred to as an output signal QB) of the output signal Q from 
an output terminal QB, based on an input signal (comparison 
result X2 described below) supplied to an input terminal S 
and an input signal (comparison result Y2 described below) 
Supplied to an input terminal R. 
0051. For example, when the input signal supplied to the 
input terminal S rises while the input signal Supplied to the 
input terminal R is at an L level, the RS flip-flop 11 raises the 
output signal Q and lowers the output signal QB. On the other 
hand, when the input signal Supplied to the input terminal R 
rises while the input signal Supplied to the input terminal S is 
at the L level, the RS flip-flop 11 lowers the output signal Q 
and raises the output signal QB. The RS flip-flop 11 oscillates 
the output signals Q and QB as the respective input signals 
supplied to the input terminals R and S rise alternately. The 
output signals Q and QB are also referred to as oscillation 
signals. 
0.052 The electric-charge charge/discharge unit 12 
charges or discharges capacitors C1 and C2 complementarily, 
based on the output signals Q and QB. The electric-charge 
charge/discharge unit 12 has a constant current source circuit 
(second constant current source circuit) B1 for feeding a 
constant current, switches SW1 to SW4, the capacitor (first 
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capacitor) C1, and the capacitor (second capacitor) C2. The 
switches SW1 to SW4 are collectively referred to as a switch 
unit. In this example, the capacitors C1 and C2 have Substan 
tially the same capacitance value. 
0053. In the electric-charge charge/discharge unit 12, the 
input terminal of the constant current source circuit B1 is 
coupled to a high-potential-side Supply terminal (hereinafter 
referred to as a power supply voltage terminalVDD) to which 
a power supply voltage VDD is supplied. The output terminal 
of the constant current source circuit B1 is coupled to one 
terminal of the Switch SW1 and one terminal of the Switch 
SW3. The other terminal of the switch SW1 is coupled 
through a node X1 to one terminal of the switch SW2. The 
other terminal of the switch SW2 is coupled to a low-poten 
tial-side Supply terminal (hereinafter referred to as a ground 
voltage terminal GND) to which a ground voltage GND is 
supplied. Further, the other terminal of the switch SW3 is 
coupled through a nodeY1 to one terminal of the switch SW4. 
The other terminal of the switch SW4 is coupled to the ground 
voltage terminal GND. A power source for supplying a volt 
age to the Supply terminal (ground Voltage terminal GND in 
FIG. 30) remote from the constant current source circuit B1 is 
occasionally referred to as a first power Source. 
0054 The capacitor C1 is provided in parallel with the 
switch SW2, between the node X1 and the ground voltage 
terminal GND. The capacitor C2 is provided in parallel with 
the switch SW4, between the nodeY1 and the ground voltage 
terminal GND. 

0055. The switches SW1 and SW4 are turned on or off 
based on the output signal QB of the RS flip-flop 11. On the 
other hand, the switches SW2 and SW3 are turned on or off 
based on the output signal Q of the RS flip-flop 11. 
0056. For example, when the output signal Q is at the L 
level and the output signal QB is at the H level, the switches 
SW1 and SW4 are turned on and the Switches SW2 and SW3 
are turned off. In this case, due to the continuity between the 
constant current source circuit B1 and one end (node X1) of 
the capacitor C1, electric charge is gradually accumulated at 
the one end of the capacitor C1 by the current flowing through 
the constant current source circuit B1, so that the voltage level 
(first voltage) of the node X1 gradually rises. Further, due to 
the continuity between the ground voltage terminal GND and 
one end (node Y1) of the capacitor C2, electric charge accu 
mulated at the one end of the capacitor C2 is instantly 
released, so that the Voltage level (second Voltage) of the node 
Y1 instantly falls to the ground voltage level (L level). 
0057. On the other hand, when the output signal Q is at the 
H level and the output signal QB is at the L level, the switches 
SW1 and SW4 are turned off and the Switches SW2 and SW3 
are turned on. In this case, due to the continuity between the 
constant current source circuit B1 and the one end (node Y1) 
of the capacitor C2, electric charge is gradually accumulated 
at the one end of the capacitor C2 by the current flowing 
through the constant current source circuit B1, so that the 
voltage level of the node Y1 gradually rises. Further, due to 
the continuity between the ground voltage terminal GND and 
the one end (node X1) of the capacitor C1, electric charge 
accumulated at the one end of the capacitor C1 is instantly 
released, so that the voltage level of the nodeX1 instantly falls 
to the ground voltage level (L level). 
0058. Thus, the capacitors C1 and C2 are charged or dis 
charged complementarily, based on the output signals Q and 
QB of the RS flip-flop 11. 
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0059. The reference voltage generation unit 15 generates a 
reference voltage Vref having a stable voltage level. The 
reference Voltage generation unit 15 has a constant current 
source circuit (third constant current source circuit) B3 for 
feeding a constant current and a resistance element (first 
resistance element) R1. 
0060. The constant current source circuit B3 and the resis 
tance element R1 are provided in series between the power 
Supply Voltage terminalVDD and the ground Voltage terminal 
GND. More specifically, the power supply voltage terminal 
VDD is coupled to the input terminal of the constant current 
source circuit B3. The output terminal of the constant current 
source circuit B3 is coupled through a node N1 to one end of 
the resistance element R1. The other end of the resistance 
element R1 is coupled to the ground voltage terminal GND. 
The voltage level of the node N1 is determined based on the 
current value of the current outputted from the constant cur 
rent source circuit B3 and the resistance value of the resis 
tance element R1. The reference voltage generation unit 15 
outputs the voltage (second reference voltage) of the node N1 
as the reference voltage Vref. 
0061 The comparator 13 compares the reference voltage 
Vref and the voltage level of the node X1, and outputs a 
comparison result X2. In the example of FIG. 30, the com 
parator 13 outputs the comparison result X2 of the H level 
when the voltage level of the node X1 reaches the reference 
voltage Vref, and outputs the comparison result X2 of the L 
level when the voltage level of the node X1 is less than the 
reference voltage Vref. The voltage (reference voltage Vrefin 
FIG. 30) supplied to the comparator 13 for comparison with 
the voltage level of the node X1 is occasionally referred to as 
a first reference Voltage. 
0062. The comparator 14 compares the reference voltage 
Vref and the voltage level of the node Y1, and outputs a 
comparison result Y2. In the example of FIG. 30, the com 
parator 14 outputs the comparison result Y2 of the H level 
when the voltage level of the node Y1 reaches the reference 
voltage Vref, and outputs the comparison result Y2 of the L 
level when the voltage level of the node Y1 is less than the 
reference voltage Vref. The voltage (reference voltage Vrefin 
FIG. 30) supplied to the comparator 14 for comparison with 
the voltage level of the node Y1 is occasionally referred to as 
the first reference voltage. 
0063 For example, when the output signal Q is at the L 
level and the output signal QB is at the H level, the switches 
SW1 and SW4 are turned on and the Switches SW2 and SW3 
are turned off, as described above. Thereby, the capacitor C1 
is charged and the voltage level of the node X1 gradually 
rises. When the voltage level of the node X1 reaches the level 
of the reference voltage Vref, the comparator 13 raises the 
comparison result X2 from the L level to the H level. At this 
time, the capacitor C2 is discharged; therefore, the Voltage 
level of the node Y1 is at the L level less than the reference 
Voltage Vref. Accordingly, the comparator 14 outputs the 
comparison result Y2 of the L level. Consequently, the RS 
flip-flop 11 raises the output signal Q and lowers the output 
signal QB. 
0064. Since the output signal Q becomes the H level and 
the output signal QB becomes the L level, the switches SW1 
and SW4 are turned off and the Switches SW2 and SW3 are 
turned on. Thereby, the capacitor C2 is charged and the volt 
age level of the node Y1 gradually rises. When the voltage 
level of the node Y1 reaches the level of the reference voltage 
Vref, the comparator 14 raises the comparison result Y2 from 
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the L level to the H level. At this time, the capacitor C1 is 
discharged; therefore, the voltage level of the nodeX1 is at the 
L level less than the reference voltage Vref. Accordingly, the 
comparator 13 outputs the comparison result X2 of the L 
level. Consequently, the RS flip-flop 11 lowers the output 
signal Q and raises the output signal QB. These operations are 
repeated. 
0065. Thus, the comparison results X2 and Y2 of the com 
parators 13 and 14 rise alternately. The RS flip-flop 11 oscil 
lates the output signals Q and QB as the respective input 
signals (comparison results X2 and Y2) Supplied to the input 
terminals R and S rise alternately. 
0066. In the oscillation circuit 500 shown in FIG. 30, 
ideally the logic values of the output signals Q and QB of the 
RS flip-flop 11 change at the moment when the voltage level 
of the node X1 reaches the level of the reference voltage Vref 
or when the voltage level of the node Y1 reaches the level of 
the reference voltage Vref. However, in reality, the logic 
values of the output signals Q and QB of the RS flip-flop 11 
change after a delay time Td caused by the operation delay of 
the comparator 13, 14 and the RS flip-flop 11 has elapsed 
from the time when the Voltage level of the node X1 reaches 
the level of the reference voltage Vrefor the time when the 
voltage level of the node Y1 reaches the level of the reference 
voltage Vref (see FIG. 31). 
0067. The change rate (slew rate) of the voltage level of the 
node X1 or Y1 in an ideal state is expressed as follows. 

7-E/C (1) 

0068 where V denotes the voltage level of the node X1 or 
Y1. I denotes the current value of the current flowing through 
the constant current source circuit B1, and C denotes the 
capacitance value of the capacitor C1 or C2. 
0069. Further, the reference voltage Vref is expressed as 
follows. 

Vref=R1-Ib (2) 

0070 where R1 denotes the resistance value of the resis 
tance element R1, and Ib denotes the current value of the 
current flowing through the constant current source circuit 
B3. 

0071 Assuming that the current values I and Ib are iden 
tical, the pulse width Tp of the output signals Q and QB in an 
ideal state is expressed as follows. 

0072 However, in reality, due to the influence of the 
operation delay of the comparator 13, 14 and the RS flip-flop 
11 as described above, the pulse width Tp of the output 
signals Q and QB is expressed as follows. 

0073. Accordingly, in the oscillation circuit 500 shown in 
FIG. 30, there is a problem that the oscillation frequency of 
the output signals Q and QB varies as the delay time Td varies 
with fluctuations in temperature or power Supply Voltage. 
That is, there is a problem that the oscillation circuit 500 
shown in FIG. 30 cannot output oscillation signals (output 
signals Q and QB) having an accurate frequency. 
0074. Hereinafter, preferred embodiments of the inven 
tion will be described with reference to the accompanying 
drawings. Since the drawings are presented as merely illus 
trative, the technical scope of the invention should not be 
interpreted restrictively on the basis of the drawings. The 
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same components are denoted by the same reference numer 
als, and their description will not be repeated. 

First Embodiment 

0075 FIG. 1 is a block diagram showing the configuration 
of an oscillation circuit 1 according to a first embodiment of 
the invention. FIG. 2 is a timing chart showing the operation 
of the oscillation circuit 1 according to the first embodiment 
of the invention. The oscillation circuit 1 according to this 
embodiment can output oscillation signals (output signals Q 
and QB) having an accurate frequency even with fluctuations 
in temperature or power Supply Voltage. Hereinafter, the 
oscillation circuit 1 will be described with reference to FIGS. 
1 and 2. 
0076. The oscillation circuit 1 shown in FIG. 1 includes 
the RS flip-flop. 11, the electric-charge charge/discharge unit 
12, the comparator (first comparator) 13, the comparator (sec 
ond comparator) 14, the reference Voltage generation unit 15, 
a control Voltage generation unit 16, and a comparison Volt 
age generation unit (voltage control unit) 17. That is, in com 
parison with the oscillation circuit 500 shown in FIG. 30, the 
oscillation circuit 1 shown in FIG. 1 further includes the 
control Voltage generation unit 16 and the comparison Voltage 
generation unit 17. The control Voltage generation unit 16 and 
the comparison Voltage generation unit 17 are collectively 
referred to as a control unit. Hereinafter, points different from 
the oscillation circuit 500 shown in FIG. 30 will be mainly 
described. 
0077. The control voltage generation unit 16 generates a 
control Voltage Vsc having a Voltage level according to the 
frequency of the output signals Q and QB of the RS flip-flop 
11. The control Voltage generation unit 16 has a constant 
current source circuit (first constant current Source circuit) B4 
for feeding a constant current, a switch SW5, a switch SW6, 
and a capacitor C3. 
0078. The constant current source circuit B4 and the 
switches SW5 and SW6 are provided in series between the 
power Supply Voltage terminal VDD and the ground Voltage 
terminal GND. More specifically, the power supply voltage 
terminal VDD is coupled to the input terminal of the constant 
current source circuit B4. The output terminal of the constant 
current source circuit B4 is coupled through a node N2 to one 
terminal of the Switch SWS. The other terminal of the Switch 
SW5 is coupled through a node N3 to one terminal of the 
switch SW6. The other terminal of the switch SW6 is coupled 
to the ground voltage terminal GND. The capacitor C3 is 
provided in parallel with the switch SW6, between the node 
N3 and the ground voltage terminal GND. That is, the control 
Voltage generation unit 16 is a so-called Switched capacitor. 
(0079. The switch SW5 is turned on or off, for example, 
based on the output signal Q of the RS flip-flop 11. On the 
other hand, the switch SW6 is turned on or off, for example, 
based on the output signal QB of the RS flip-flop 11. That is, 
the switches SW5 and SW6 are turned on or off complemen 
tarily. 
0080 For example, when the output signal Q is at the H 
level and the output signal QB is at the L level, the switch 
SWS is turned on and the Switch SW6 is turned off. In this 
case, due to the continuity between the constant current 
source circuit B4 and one end (node N3) of the capacitor C3, 
electric charge outputted from the constant current Source 
circuit B4 is accumulated at the one end of the capacitor C3, 
so that the voltage level of the node N2 rises. On the other 
hand, when the output signal Q is at the L level and the output 
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signal QB is at the H level, the switch SW5 is turned off and 
the switch SW6 is turned on. In this case, due to the continuity 
between the ground voltage terminal GND and the one end of 
the capacitor C3, electric charge accumulated at the one end 
of the capacitor C3 is released, so that the voltage level of the 
node N2 falls. 

0081. Thus, the switches SW5 and SW6 are turned on and 
off at high speed with the oscillation period of the output 
signals Q and QB, thereby forming a pseudo resistance ele 
ment. The resistance value Rd of the pseudo resistance ele 
ment is expressed as follows. 

Rd=1/(fic3) (5) 

0082 where f denotes the frequency of the output signals 
Q and QB, and C3 denotes the capacitance value of the 
capacitor C3. 
0083. As is obvious from equation (5), the resistance value 
Rd of the pseudo resistance element decreases as the fre 
quency fof the output signals Q and QB increases, and the 
resistance value Rd of the pseudo resistance element 
increases as the frequency fof the output signals Q and QB 
decreases. The voltage level of the node N2 is determined 
based on the current value of the current outputted from the 
constant current source circuit B4 and the resistance value Rd 
of the pseudo resistance element. 
I0084. Therefore, the voltage level of the node N2 
decreases as the frequency fof the output signals Q and QB 
increases, and the voltage level of the node N2 increases as the 
frequency fof the output signals Q and QB decreases. The 
control Voltage generation unit 16 outputs the Voltage of the 
node N2 as the control voltage Vsc. That is, the control 
Voltage generation unit 16 generates the control Voltage Vsc 
whose Voltage level decreases as the frequency fof the output 
signals Q and QB increases and increases as the frequency fof 
the output signals Q and QB decreases. 
0085. The comparison voltage generation unit 17 gener 
ates a comparison Voltage Vcmp according to the difference 
between the control voltage Vsc and the reference voltage 
Vref. The comparison Voltage generation unit 17 has an 
operational amplifier A1, a resistance element R4, and a 
capacitor C4. 
I0086 One end of the resistance element R4 is coupled to 
the node N2 of the control voltage generation unit 16, and the 
other end of the resistance element R4 is coupled to the 
inverting input terminal of the operational amplifier A1. That 
is, the control Voltage Vsc from the control Voltage generation 
unit 16 is supplied through the resistance element R4 to the 
inverting input terminal of the operational amplifier A1. A 
current proportional to the difference between the control 
voltage Vsc and the reference voltage Vref flows through the 
resistance element R4. Further, the reference voltage Vref 
from the reference voltage generation unit 15 is supplied to 
the non-inverting input terminal of the operational amplifier 
A1. The capacitor C4 is provided between the inverting input 
terminal and the output terminal of the operational amplifier 
A1. The operational amplifier A1 outputs the comparison 
Voltage Vcmp from the output terminal. The comparison Volt 
age generation unit 17 feeds back a portion of the output of the 
operational amplifier A1 to the input side so that the Voltage 
level of the inverting input terminal of the operational ampli 
fier A1 becomes equal to the voltage level of the non-inverting 
input terminal of the operational amplifier A1. That is, the 
comparison Voltage generation unit 17 is a so-called integra 
tion circuit. 

Jul. 9, 2015 

I0087. With this configuration, the comparison voltage 
generation unit 17 generates the comparison Voltage Vcmp 
according to the difference between the average value of the 
control voltage Vsc and the reference voltage Vref. 
I0088. The voltage level of the comparison voltage Vcmp 
decreases as the control Voltage Vsc becomes higher than the 
reference voltage Vref, and the voltage level of the compari 
son Voltage Vcmp increases as the control Voltage Vsc 
becomes lower than the reference voltage Vref. Accordingly, 
for example, the capacitance value of the capacitor C3 in the 
control Voltage generation unit 16 is adjusted beforehand so 
that the output signals Q and QB have a desired frequency 
when the control voltage Vsc becomes substantially the same 
voltage level as the reference voltage Vref. 
I0089. Therefore, for example, when the frequency of the 
output signals Q and QB becomes higher than the desired 
frequency, the control Voltage Vsc becomes lower than the 
reference Voltage Vref. So that the comparison Voltage Vcmp 
becomes higher. On the other hand, when the frequency of the 
output signals Q and QB becomes lower than the desired 
frequency, the control Voltage Vsc becomes higher than the 
reference Voltage Vref. So that the comparison Voltage Vcmp 
becomes lower. When the frequency of the output signals Q 
and QB becomes equal to the desired frequency, the control 
Voltage Vsc becomes Substantially the same Voltage level as 
the reference Voltage Vref. 
0090. In FIG. 1, the comparison voltage Vcmp in place of 
the reference voltage Vref is supplied to the inverting input 
terminals of the comparators 13 and 14. That is, the compara 
tor 13 compares the comparison Voltage Vcmp and the Volt 
age level of the node X1, and outputs the comparison result 
X2. The comparator 14 compares the comparison Voltage 
Vcmp and the Voltage level of the node Y1, and outputs the 
comparison result Y2. The Voltage (comparison Voltage 
Vcmp in FIG. 1) supplied to the comparators 13 and 14 for 
comparison with the voltage levels of the nodes X1 and Y1 is 
occasionally referred to as the first reference voltage. 
0091 Consequently, when the frequency of the output 
signals Q and QB becomes higher than the desired frequency 
and the comparison Voltage Vcmp becomes higher, the time 
until the voltage levels of the nodes X1 and Y1 reach the 
comparison Voltage Vcmp increases comparatively, so that 
the frequency of the output signals Q and QB decreases. On 
the other hand, when the frequency of the output signals Q 
and QB becomes lower than the desired frequency and the 
comparison Voltage Vcmp becomes lower, the time until the 
voltage levels of the nodes X1 and Y1 reach the comparison 
Voltage Vcmp decreases comparatively, so that the frequency 
of the output signals Q and QB increases. When the frequency 
of the output signals Q and QB is equal to the desired fre 
quency, that is, the control Voltage Vsc is Substantially the 
same voltage level as the reference Voltage Vref, the fre 
quency of the output signals Q and QB maintains the desired 
frequency. 
0092. Thus, the oscillation circuit 1 according to this 
embodiment, when the frequency of the output signals Q and 
QB is higher than the desired frequency, increases the com 
parison Voltage Vcmp and thereby decreases the frequency of 
the output signals Q and QB. On the other hand, the oscilla 
tion circuit 1 according to this embodiment, when the fre 
quency of the output signals Q and QB is lower than the 
desired frequency, decreases the comparison Voltage Vcmp 
and thereby increases the frequency of the output signals Q 
and QB. That is, the oscillation circuit 1 according to this 
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embodiment generates the comparison Voltage Vcmp accord 
ing to the frequency of the output signals Q and QB, and 
thereby controls the timing at which the voltage level of the 
node X1 becomes equal to the Voltage level of the comparison 
voltage Vcmp and the timing at which the voltage level of the 
nodeY1 becomes equal to the voltage level of the comparison 
Voltage Vcmp. Accordingly, the oscillation circuit 1 accord 
ing to this embodiment can accurately output the output sig 
nals (oscillation signals) Q and QB having the desired fre 
quency even when the delay time Td caused by the operation 
delay of the comparator and the RS flip-flop varies with 
fluctuations in temperature or power Supply Voltage. 

Second Embodiment 

0093 FIG.3 is a block diagram showing the configuration 
of an oscillation circuit 1a according to a second embodiment 
of the invention. In comparison with the oscillation circuit 1 
shown in FIG. 1, the oscillation circuit 1a shown in FIG. 3 
includes an electric-charge charge/discharge unit 12a in place 
of the electric-charge charge/discharge unit 12 and a control 
Voltage generation unit 16a in place of the control Voltage 
generation unit 16. Further, in the oscillation circuit 1a shown 
in FIG. 3, unlike the oscillation circuit 1 shown in FIG. 1, the 
voltages of the nodes X1 and Y1 are supplied to the inverting 
input terminals of the comparators 13 and 14 respectively, and 
the comparison Voltage Vcmp is Supplied to the non-inverting 
input terminals of the comparators 13 and 14. 
0094. In the electric-charge charge/discharge unit 12a, the 
constant current source circuit B1 is provided on the ground 
voltage terminal GND side. More specifically, the power 
supply voltage terminalVDD is coupled to one terminal of the 
Switch SW1 and one terminal of the Switch SW3. The other 
terminal of the switch SW1 is coupled through the node X1 to 
one terminal of the Switch SW2. The other terminal of the 
switch SW2 is coupled to the input terminal of the constant 
current source circuit B1. Further, the other terminal of the 
switch SW3 is coupled through the nodeY1 to one terminal of 
the Switch SW4. The other terminal of the Switch SW4 
together with the other terminal of the switch SW2 is coupled 
to the input terminal of the constant current source circuit B1. 
The output terminal of the constant current source circuit B1 
is coupled to the ground voltage terminal GND. The coupling 
relationship between the capacitors C1 and C2 is the same as 
in FIG. 1, and will not be described again. A power source for 
Supplying a Voltage to the Supply terminal (power Supply 
voltage terminal VDD in FIG. 3) remote from the constant 
current source circuit B1 is occasionally referred to as a first 
power source. 
0095. In the control voltage generation unit 16a, the con 
stant current source circuit B4 is provided on the ground 
voltage terminal GND side. More specifically, the power 
supply voltage terminalVDD is coupled to one terminal of the 
switch SW5. The other terminal of the switch SW5 is coupled 
through the node N3 to one terminal of the switch SW6. The 
other terminal of the switch SW6 is coupled through the node 
N2 to the input terminal of the constant current source circuit 
B4. The output terminal of the constant current source circuit 
B4 is coupled to the ground voltage terminal GND. The 
capacitor C3 is provided between the node N3 and the ground 
voltage terminal GND. 
0096. As described above, the resistance value Rd of the 
pseudo resistance element decreases as the frequency fof the 
output signals Q and QB increases, and the resistance value 
Rd of the pseudo resistance element increases as the fre 
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quency f of the output signals Q and QB decreases. The 
voltage level of the node N2 is determined based on the 
current value of the current outputted from the constant cur 
rent source circuit B4 and the resistance value Rd of the 
pseudo resistance element. 
(0097. Therefore, the voltage level of the node N2 increases 
as the frequency fof the output signals Q and QB increases, 
and the voltage level of the node N2 decreases as the fre 
quency f of the output signals Q and QB decreases. The 
control Voltage generation unit 16a outputs the Voltage of the 
node N2 as the control voltage Vsc. That is, the control 
Voltage generation unit 16a generates the control Voltage Vsc 
whose Voltage level increases as the frequency fof the output 
signals Q and QB increases and decreases as the frequency f 
of the output signals Q and QB decreases. 
0098. Therefore, for example, when the frequency of the 
output signals Q and QB becomes higher than the desired 
frequency, the control Voltage Vsc becomes higher than the 
reference Voltage Vref. So that the comparison Voltage Vcmp 
becomes lower. On the other hand, when the frequency of the 
output signals Q and QB becomes lower than the desired 
frequency, the control Voltage Vsc becomes lower than the 
reference Voltage Vref. So that the comparison Voltage Vcmp 
becomes higher. When the frequency of the output signals Q 
and QB becomes equal to the desired frequency, the control 
Voltage Vsc becomes Substantially the same Voltage level as 
the reference Voltage Vref. The remaining circuit configura 
tion and operation of the oscillation circuit 1a shown in FIG. 
3 are the same as those of the oscillation circuit 1 shown in 
FIG. 1, and will not be described again. 
0099 FIG. 4 is a timing chart showing the operation of the 
oscillation circuit 1a. For example, when the output signal Q 
is at the L level and the output signal QB is at the H level, the 
Switches SW1 and SW4 are turned on and the Switches SW2 
and SW3 are turned off. In this case, due to the continuity 
between the power supply voltage terminalVDD and one end 
(node X1) of the capacitor C1, electric charge from the power 
supply voltage terminal VDD is instantly accumulated at the 
one end of the capacitor C1, so that the voltage level of the 
node X1 instantly rises to the power supply voltage level (H 
level). Further, due to the continuity between the constant 
current source circuit B1 and one end (nodeY1) of the capaci 
tor C2, electric charge accumulated at the one end of the 
capacitor C2 is gradually released by the current flowing 
through the constant current source circuit B1, so that the 
voltage level of the node Y1 gradually falls. 
0100. On the other hand, when the output signal Q is at the 
H level and the output signal QB is at the Llevel, the switches 
SW1 and SW4 are turned off and the Switches SW2 and SW3 
are turned on. In this case, due to the continuity between the 
power supply voltage terminal VDD and the one end (node 
Y1) of the capacitor C2, electric charge from the power sup 
ply voltage terminal VDD is instantly accumulated at the one 
end of the capacitor C2, so that the voltage level of the node 
Y1 instantly rises to the power supply voltage level (H level). 
Further, due to the continuity between the constant current 
source circuit B1 and the one end (node X1) of the capacitor 
C1, electric charge accumulated at the one end of the capaci 
tor C1 is gradually released by the current flowing through the 
constant current source circuit B1, so that the voltage level of 
the node X1 gradually falls. 
0101 The comparator 13 outputs the comparison result 
X2 of the H level when the voltage level of the node X1 falls 
and reaches the level of the comparison Voltage Vcmp, and 
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outputs the comparison result X2 of the L level when the 
voltage level of the node X1 is higher than the comparison 
Voltage Vcmp. The comparator 14 outputs the comparison 
resulty 2 of the H level when the voltage level of the nodeY1 
falls and reaches the level of the comparison Voltage Vcmp, 
and outputs the comparison result Y2 of the L level when the 
voltage level of the node Y1 is higher than the comparison 
Voltage Vcmp. 
0102 Consequently, when the frequency of the output 
signals Q and QB becomes higher than the desired frequency 
and the comparison Voltage Vcmp becomes lower, the time 
until the voltage levels of the nodes X1 and Y1 fall and reach 
the comparison Voltage Vcmp increases comparatively, so 
that the frequency of the output signals Q and QB decreases. 
On the other hand, when the frequency of the output signals Q 
and QB becomes lower than the desired frequency and the 
comparison Voltage Vcmp becomes higher, the time until the 
voltage levels of the nodes X1 and Y1 fall and reach the 
comparison Voltage Vcmp decreases comparatively, so that 
the frequency of the output signals Q and QB increases. When 
the frequency of the output signals Q and QB is equal to the 
desired frequency, that is, the control Voltage Vsc is Substan 
tially the same voltage level as the reference voltage Vref, the 
frequency of the output signals Q and QB maintains the 
desired frequency. 
0103 With this circuit configuration, the oscillation cir 
cuit 1a shown in FIG. 3 can provide the same effect as the 
oscillation circuit 1 shown in FIG.1. In the following embodi 
ments as well, this change in circuit configuration can be 
made as appropriate without departing from the spirit and 
Scope of the invention. 

Third Embodiment 

0104 FIG. 5 is a block diagram showing the configuration 
ofan oscillation circuit 1b according to a third embodiment of 
the invention. FIG. 6 is a timing chart showing the operation 
of the oscillation circuit 1b according to the third embodiment 
of the invention. In comparison with the oscillation circuit 1 
shown in FIG. 1, the oscillation circuit 1b shown in FIG. 5 
includes an electric-charge charge/discharge unit 12b in place 
of the electric-charge charge/discharge unit 12. Further, in the 
oscillation circuit 1b shown in FIG. 5, unlike the oscillation 
circuit 1 shown in FIG. 1, the reference voltage Vref is Sup 
plied to the inverting input terminals of the comparators 13 
and 14. Therefore, the comparators 13 and 14 compare the 
voltages of the nodes X1, Y1 and the constant reference 
Voltage Vref, respectively. Further, the comparison Voltage 
Vcmp generated by the comparison Voltage generation unit 
17 is Supplied to the electric-charge charge/discharge unit 
12b. Hereinafter, the oscillation circuit 1b will be described 
with reference to FIGS. 5 and 6. 
0105. In comparison with the electric-charge charge/dis 
charge unit 12, the electric-charge charge/discharge unit 12b 
has a variable current source circuit B1b in place of the 
constant current source circuit B1. The variable current 
Source circuit B1b feeds a current according to the compari 
son Voltage Vcmp. For example, the current flowing through 
the variable current source circuit B1b decreases as the com 
parison Voltage Vcmp increases, and increases as the com 
parison Voltage Vcmp decreases. 
0106 For example, when the frequency of the output sig 
nals Q and QB becomes higher than the desired frequency and 
the control voltage Vsc becomes lower than the reference 
voltage Vref, the current flowing through the variable current 
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Source circuit B1b decreases. This decreases the charging rate 
of the capacitors C1 and C2; therefore, the time until the 
voltage levels of the nodes X1 and Y1 reach the level of the 
reference Voltage Vref increases comparatively, so that the 
frequency of the output signals Q and QB decreases. On the 
other hand, when the frequency of the output signals Q and 
QB becomes lower than the desired frequency and the control 
voltage Vsc becomes higher than the reference voltage Vref, 
the current flowing through the variable current source circuit 
Bib increases. This increases the charging rate of the capaci 
tors C1 and C2; therefore, the time until the voltage levels of 
the nodes X1 and Y1 reach the level of the reference voltage 
Vref decreases comparatively, so that the frequency of the 
output signals Q and QB increases. When the frequency of the 
output signals Q and QB is equal to the desired frequency, that 
is, the control voltage Vsc is substantially the same Voltage 
level as the reference Voltage Vref, the frequency of the output 
signals Q and QB maintains the desired frequency. 
0107 Thus, the oscillation circuit 1b according to this 
embodiment, when the frequency of the output signals Q and 
QB is higher than the desired frequency, decreases the current 
flowing through the variable current source circuit B1b and 
decreases the rise rate (slew rate) of the voltage levels of the 
nodes X1 and Y1, thereby decreasing the frequency of the 
output signals Q and QB. On the other hand, the oscillation 
circuit 1b according to this embodiment, when the frequency 
of the output signals Q and QB is lower than the desired 
frequency, increases the current flowing through the variable 
current source circuit Bib and increases the rise rate (slew 
rate) of the voltage levels of the nodes X1 and Y1, thereby 
increasing the frequency of the output signals Q and QB. That 
is, the oscillation circuit 1b according to this embodiment 
causes the variable current source circuit B1b to feed the 
current according to the frequency of the output signals Q and 
QB, and thereby controls the timing at which the voltage level 
of the node X1 becomes equal to the voltage level of the 
reference voltage Vref and the timing at which the voltage 
level of the nodeY1 becomes equal to the voltage level of the 
reference voltage Vref. Accordingly, the oscillation circuit 1b 
according to this embodiment can accurately output the out 
put signals (oscillation signals) Q and QB having the desired 
frequency even when the delay time Td caused by the opera 
tion delay of the comparator and the RS flip-flop varies with 
fluctuations in temperature or power Supply Voltage. 

Fourth Embodiment 

0.108 FIG. 7 is a block diagram showing the configuration 
of an oscillation circuit 1c according to a fourth embodiment 
of the invention. In comparison with the oscillation circuit 1 
shown in FIG. 1, the oscillation circuit 1c shown in FIG. 7 
includes an electric-charge charge/discharge unit 12c in place 
of the electric-charge charge/discharge unit 12. Further, in the 
oscillation circuit 1c shown in FIG. 7, unlike the oscillation 
circuit 1 shown in FIG. 1, the reference voltage Vref is Sup 
plied to the inverting input terminals of the comparators 13 
and 14. Therefore, the comparators 13 and 14 compare the 
voltages of the nodes X1, Y1 and the constant reference 
Voltage Vref, respectively. Further, the comparison Voltage 
Vcmp generated by the comparison Voltage generation unit 
17 is Supplied to the electric-charge charge/discharge unit 
12C. 
0109. In comparison with the electric-charge charge/dis 
charge unit 12, the electric-charge charge/discharge unit 12c 
has variable capacitors C1c and C2C in place of the capacitors 



US 2015/O 194929 A1 

C1 and C2. The variable capacitors C1c and C2c have vari 
able capacitance values according to the comparison Voltage 
Vcmp. For example, the capacitances of the variable capaci 
tors C1c and C2C increase as the comparison Voltage Vcmp 
increases, and decrease as the comparison Voltage Vcmp 
decreases. 

0110. For example, when the frequency of the output sig 
nals Q and QB becomes higher than the desired frequency and 
the control voltage Vsc becomes lower than the reference 
Voltage Vref, the capacitance values of the variable capacitors 
C1c and C2C increase. Accordingly, the time until the Voltage 
levels of the nodes X1 and Y1 reach the level of the reference 
Voltage Vrefincreases comparatively, so that the frequency of 
the output signals Q and QB decreases. On the other hand, 
when the frequency of the output signals Q and QB becomes 
lower than the desired frequency and the control voltage Vsc 
becomes higher than the reference Voltage Vref, the capaci 
tance values of the variable capacitors C1c and C2C decrease. 
Accordingly, the time until the voltage levels of the nodes X1 
and Y1 reach the level of the reference voltage Vrefdecreases 
comparatively, so that the frequency of the output signals Q 
and QB increases. When the frequency of the output signals Q 
and QB is equal to the desired frequency, that is, the control 
Voltage Vsc is Substantially the same Voltage level as the 
reference Voltage Vref, the frequency of the output signals Q 
and QB maintains the desired frequency. 
0111. Thus, the oscillation circuit 1c according to this 
embodiment, when the frequency of the output signals Q and 
QB is higher than the desired frequency, increases the capaci 
tance values of the variable capacitors C1c and C2c and 
decreases the rise rate (slew rate) of the voltage levels of the 
nodes X1 and Y1, thereby decreasing the frequency of the 
output signals Q and QB. On the other hand, the oscillation 
circuit 1c according to this embodiment, when the frequency 
of the output signals Q and QB is lower than the desired 
frequency, decreases the capacitance values of the variable 
capacitors C1c and C2C and increases the rise rate (slew rate) 
of the voltage levels of the nodes X1 and Y1, thereby increas 
ing the frequency of the output signals Q and QB. That is, the 
oscillation circuit 1c according to this embodiment controls 
the capacitance values of the variable capacitors C1c and C2c 
in accordance with the frequency of the output signals Q and 
QB, and thereby controls the timing at which the voltage level 
of the node X1 becomes equal to the Voltage level of the 
reference voltage Vref and the timing at which the voltage 
level of the nodeY1 becomes equal to the voltage level of the 
reference voltage Vref. Accordingly, the oscillation circuit 1c 
according to this embodiment can accurately output the out 
put signals (oscillation signals) Q and QB having the desired 
frequency even when the delay time Td caused by the opera 
tion delay of the comparator and the RS flip-flop varies with 
fluctuations in temperature or power Supply Voltage. 

Fifth Embodiment 

0112 FIG. 8 is a block diagram showing the configuration 
ofan oscillation circuit 1d according to a fifth embodiment of 
the invention. In comparison with the oscillation circuit 1 
shown in FIG. 1, the oscillation circuit 1d shown in FIG. 8 
includes one electric-charge charge/discharge and control 
Voltage generation unit 18 in place of the electric-charge 
charge/discharge unit 12 and the control Voltage generation 
unit 16. The electric-charge charge/discharge and control 
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Voltage generation unit 18 has the respective functions of the 
electric-charge charge/discharge unit 12 and the control Volt 
age generation unit 16. 
0113. The electric-charge charge/discharge and control 
Voltage generation unit 18 charges or discharges the capaci 
tors C1 and C2 complementarily based on the output signals 
Q and QB, and generates the control Voltage Vsc having a 
Voltage level according to the frequency of the output signals 
Q and QB. 
0114. The electric-charge charge/discharge and control 
Voltage generation unit 18 has the constant current Source 
circuit B1 for feeding a constant current, the switches SW1 to 
SW4, and the capacitors C1 and C2. 
0115 The power supply voltage terminalVDD is coupled 
to the input terminal of the constant current source circuit B1. 
The output terminal of the constant current source circuit B1 
is coupled through a node N4 to one terminal of the switch 
SW1 and one terminal of the Switch SW3. The other terminal 
of the switch SW1 is coupled through the node X1 to one 
terminal of the Switch SW2. The other terminal of the switch 
SW2 is coupled to the ground voltage terminal GND. The 
other terminal of the switch SW3 is coupled through the node 
Y1 to one terminal of the Switch SW4. The other terminal of 
the switch SW4 is coupled to the ground voltage terminal 
GND. 
0116. The capacitor C1 is provided in parallel with the 
switch SW2, between the node X1 and the ground voltage 
terminal GND. The capacitor C2 is provided in parallel with 
the switch SW4, between the nodeY1 and the ground voltage 
terminal GND. 
0117. In the electric-charge charge/discharge and control 
Voltage generation unit 18, the constant current Source circuit 
B1 corresponds to the constant current source circuit B4 in the 
control voltage generation unit 16, the switches SW1 and 
SW3 correspond to the switch SW5 in the control voltage 
generation unit 16, the switches SW2 and SW4 correspond to 
the switch SW6 in the control voltage generation unit 16, and 
the capacitors C1 and C2 correspond to the capacitor C3 in the 
control Voltage generation unit 16. The electric-charge 
charge/discharge and control Voltage generation unit 18 out 
puts the voltage of the node N4 as the control voltage Vsc. 
0118 Similarly, in the electric-charge charge/discharge 
and control Voltage generation unit 18, the constant current 
Source circuit B1 corresponds to the constant current source 
circuit B1 in the electric-charge charge/discharge unit 12, the 
switches SW1 to SW4 correspond to the switches SW1 to 
SW4 in the electric-charge charge/discharge unit 12, and the 
capacitors C1 and C2 correspond to the capacitors C1 and C2 
in the electric-charge charge/discharge unit 12. 
0119 The operation of the electric-charge charge/dis 
charge and control Voltage generation unit 18 is the same as 
those of the electric-charge charge/discharge unit 12 and the 
control voltage generation unit 16, and will not be described 
again. 
I0120 Thus, the oscillation circuit 1d according to this 
embodiment, when the frequency of the output signals Q and 
QB is higher than the desired frequency, increases the com 
parison Voltage Vcmp and thereby decreases the frequency of 
the output signals Q and QB. On the other hand, the oscilla 
tion circuit 1d according to this embodiment, when the fre 
quency of the output signals Q and QB is lower than the 
desired frequency, decreases the comparison Voltage Vcmp 
and thereby increases the frequency of the output signals Q 
and QB. Accordingly, the oscillation circuit 1d according to 
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this embodiment can accurately output the output signals 
(oscillation signals) Q and QB having the desired frequency 
even when the delay time Td caused by the operation delay of 
the comparator and the RS flip-flop varies with fluctuations in 
temperature or power Supply Voltage. 
0121 Further, in the oscillation circuit 1d according to this 
embodiment, since the constant current source circuit, the 
Switches, and the capacitors are shared to implement the 
respective functions of the electric-charge charge/discharge 
unit 12 and the control voltage generation unit 16, it is pos 
sible to reduce the circuit size and power consumption. 
0122 Furthermore, in the oscillation circuit 1d according 
to this embodiment, since the constant current source circuit, 
the Switches, and the capacitors are shared to implement the 
respective functions of the electric-charge charge/discharge 
unit 12 and the control Voltage generation unit 16, for 
example it is possible to eliminate the error between current 
values that can be caused by the constant current Source 
circuits provided separately. 
0123. While this embodiment has been described by way 
of example in which the electric-charge charge/discharge unit 
12 and the control Voltage generation unit 16 in the oscillation 
circuit 1 shown in FIG. 1 are replaced with the one electric 
charge charge/discharge and control Voltage generation unit 
18, the invention is not limited thereto. Similarly, the same 
effect can be obtained by replacing the electric-charge 
charge/discharge unit 12b and the control Voltage generation 
unit 16 in the oscillation circuit 1b shown in FIG. 5 with the 
one electric-charge charge/discharge and control Voltage gen 
eration unit 18. 

Sixth Embodiment 

0.124 FIG.9 is a block diagram showing the configuration 
ofan oscillation circuit 1e according to a sixth embodiment of 
the invention. In comparison with the oscillation circuit 1d 
shown in FIG. 8, the oscillation circuit 1e shown in FIG. 9 
includes a reference Voltage generation unit 15e in place of 
the reference voltage generation unit 15. 
0.125. The reference voltage generation unit 15e has the 
constant current source circuit B3 and a variable resistance 
element R1e. That is, in comparison with the reference volt 
age generation unit 15, the reference Voltage generation unit 
15e has the variable resistance element R1e in place of the 
resistance element R1. The variable resistance element R1e 
has a variable resistance value according to a control signal 
Ctrl1. 
0126 Thus, the reference voltage generation unit 15e can 
generate the reference Voltage Vref having a desired Voltage 
level by adjusting the resistance value of the variable resis 
tance element R1e based on the control signal Ctrl1. Accord 
ingly, the oscillation circuit 1e according to this embodiment 
can freely vary the oscillation frequency of the output signals 
(oscillation signals) Q and QB. Further, even if the current 
values of the constant current Source circuits or the capaci 
tance values of the capacitors have become different from 
intended values due to process variation, the oscillation cir 
cuit 1e according to this embodiment can adjust the oscilla 
tion frequency of the output signals (oscillation signals) Q 
and QB to the desired value by adjusting the resistance value 
of the variable resistance element R1e based on the control 
signal Ctrl1. 
0127 FIG. 10 is a diagram for explaining the control sig 
nal Ctrl1 Supplied to the reference Voltage generation unit 
15e. As shown in FIG. 10, for example a register M1e is 
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provided in the oscillation circuit 1e or a semiconductor inte 
grated circuit including the oscillation circuit 1e. The register 
M1e stores information of a control signal (external control 
signal) supplied from outside, and outputs the control signal 
Ctrl1 based on the stored information. Thus, in the oscillation 
circuit 1e according to this embodiment, it is possible to 
externally control the control signal Ctrl1; therefore, it is 
possible to vary the oscillation frequency of the output signals 
(oscillation signals) Q and QB even after production. The 
register M1e may generate the control signal Ctrl1 according 
to a request from a CPU in place of the external control signal. 
Further, the register M1e may be a memory element such as 
flash memory. 
I0128. Similarly, the same effect can be obtained by replac 
ing the resistance element R1 of the reference Voltage gen 
eration unit 15 in the oscillation circuits according to the 
above-described embodiments with the variable resistance 
element R1e. 

Seventh Embodiment 

I0129 FIG. 11 is a block diagram showing the configura 
tion of an oscillation circuit 1 faccording to a seventh embodi 
ment of the invention. In comparison with the oscillation 
circuit 1d shown in FIG. 8, the oscillation circuit 1.fshown in 
FIG. 11 includes a reference voltage generation unit 15f in 
place of the reference voltage generation unit 15. 
0.130. The reference Voltage generation unit 15f has the 
constant current source circuit B3, a variable resistance ele 
ment (first resistance element) R1f and a variable resistance 
element (second resistance element) R2f. That is, in compari 
son with the reference voltage generation unit 15, the refer 
ence Voltage generation unit 15f has the variable resistance 
elements R1f and R2f in place of the resistance element R1. 
More specifically, the power supply voltage terminal VDD is 
coupled to the input terminal of the constant current source 
circuit B3. The output terminal of the constant current source 
circuit B3 is coupled through the node N1 to one terminal of 
the variable resistance element R1f. The other terminal of the 
variable resistance element R1f is coupled to one terminal of 
the variable resistance element R2f. The other terminal of the 
variable resistance element R2f is coupled to the ground 
voltage terminal GND. The reference voltage generation unit 
15f outputs the voltage of the node N1 as the reference voltage 
Vref. 
I0131 The variable resistance element R1f has a variable 
resistance value according to a control signal Ctrl1. Further, 
the variable resistance element R1f has a positive temperature 
dependence in which the resistance value increases with 
increasing temperature. The variable resistance element R2f 
has a variable resistance value according to a control signal 
Ctrl2. Further, the variable resistance element R2f has a nega 
tive temperature dependence in which the resistance value 
decreases with increasing temperature. 
0.132. Thus, the reference voltage generation unit 15f can 
generate the reference Voltage Vref having a desired Voltage 
level by adjusting the resistance values of the variable resis 
tance elements R1f and R2f based on the control signals Ctrl1 
and Ctrl2 respectively. Accordingly, the oscillation circuit 1f 
according to this embodiment can freely vary the oscillation 
frequency of the output signals (oscillation signals) Q and 
QB. Further, even if the current values of the constant current 
Source circuits or the capacitance values of the capacitors 
have become different from the intended value due to process 
variation, the oscillation circuit 1f according to this embodi 
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ment can adjust the oscillation frequency of the output signals 
(oscillation signals) Q and QB to the desired value by adjust 
ing the resistance values of the variable resistance elements 
R1f and R2f based on the control signals Ctrl1 and Ctrl2 
respectively. 
0133. Further, since the reference voltage generation unit 
15f has the variable resistance elements R1f and R2f having 
the different temperature dependences, the reference voltage 
generation unit 15f can cancel resistance value change caused 
by temperature fluctuation. Therefore, the reference voltage 
generation unit 15f can generate the stable reference Voltage 
Vrefeven with fluctuations in temperature. 
0134 FIG. 12 is a diagram for explaining the control sig 
nals Ctrl1 and Ctrl2 supplied to the reference voltage genera 
tion unit 15f. As shown in FIG. 12, for example a register M2f 
is provided in the oscillation circuit 1 for a semiconductor 
integrated circuit including the oscillation circuit 1.f. The reg 
ister M2f stores information of a control signal (external 
control signal) supplied from outside, and outputs the control 
signals Ctrl1 and Ctrl2 based on the stored information. Thus, 
in the oscillation circuit 1 faccording to this embodiment, it is 
possible to externally control the control signals Ctrl1 and 
Ctrl2; therefore, it is possible to vary the oscillation frequency 
of the output signals (oscillation signals) Q and QB even after 
production. The register M2fmay generate the control signals 
Ctrl1 and Ctrl2 according to a request from the CPU in place 
of the external control signal. Further, the register M2fmay be 
a memory element such as flash memory. 
0135 Similarly, the same effect can be obtained by replac 
ing the resistance element R1 of the reference Voltage gen 
eration unit 15 in the oscillation circuits according to the 
above-described embodiments with the variable resistance 
elements R1f and R2?. 

Eighth Embodiment 

0.136 FIG. 13 is a block diagram showing the configura 
tion of an oscillation circuit 1g according to an eighth 
embodiment of the invention. In comparison with the oscil 
lation circuit 1b shown in FIG. 5, the oscillation circuit 1g 
shown in FIG. 13 includes an electric-charge charge/dis 
charge unit 12g in place of the electric-charge charge/dis 
charge unit 12b and a pulse generation circuit (control unit) 
19 in place of the control voltage generation unit 16 and the 
comparison Voltage generation unit 17. 
0.137 The electric-charge charge/discharge unit 12g has a 
variable current source circuit B1.g., the switches SW1 to 
SW4, and the capacitors C1 and C2. That is, the electric 
charge charge/discharge unit 12b has a variable current 
Source circuit B1g in place of the constant current source 
circuit B1. The variable current source circuit B1g feeds a 
current according to a control signal (current control signal) 
Vctrl outputted from the pulse generation circuit 19. For 
example, when the voltage level of the control signal Vctrl is 
at the L level (second logic value), a current having a current 
value I flows through the variable current source circuit B1.g. 
On the other hand, when the voltage level of the control signal 
Vctrl is at the H level (first logic value), a current having a 
current value 2I (two times the current value I) flows through 
the variable current source circuit Big. The rise rate (slew 
rate) of the voltage levels of the nodes X1 and Y1 when the 
current having the current value 2I flows through the variable 
current source circuit Big is two times the rise rate (slew rate) 
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of the voltage levels of the nodes X1 and Y1 when the current 
having the current value I flows through the variable current 
Source circuit Big. 
0.138. The pulse generation circuit 19 generates the control 
signal Vctrl having Substantially the same pulse width as the 
delay time Td in Synchronization with the logic value changes 
of the output signals Q and QB. In other words, the pulse 
generation circuit 19 raises the control signal Vctrl in Syn 
chronization with the logic value changes of the output sig 
nals Q and QB, and lowers the control signal Vctrl after the 
lapse of the delay time Td. Since the period of the output 
signals Q and QB varies depending on the delay time Td, it 
can also be said that the pulse generation circuit 19 generates 
the control signal Vctrl having the pulse width according to 
the period of the output signals Q and QB. 
0.139 FIG. 14 is a timing chart showing the operation of 
the oscillation circuit 1g shown in FIG. 13. In the example of 
FIG. 14, at time to, since the output signal Q is at the H level 
and the output signal QB is at the L level, the switches SW1 
and SW4 are turned off and the Switches SW2 and SW3 are 
turned on. Accordingly, the Voltage level (second Voltage) of 
the node Y1 gradually rises, whereas the voltage level (first 
voltage) of the nodeX1 is at the ground voltage level (Llevel). 
When the voltage level of the node Y1 reaches the reference 
Voltage Vref (time t1), the comparator 14 raises the compari 
son result Y2 with a little delay. At this time, the comparator 
13 outputs the comparison result X2 of the L level. Conse 
quently, the RS flip-flop 11 lowers the output signal Q and 
raises the output signal QB (timet2). In other words, when the 
voltage level of the node Y1 reaches the reference voltage 
Vref (time t1), after the lapse of the delay time Td caused by 
the operation delay of the comparator 14 and the RS flip-flop 
11, the output signal Q falls and the output signal QB rises 
(time t2). 
0140 Since the output signal Q is at the L level and the 
output signal QB is at the H level, the switches SW1 and SW4 
are turned on and the switches SW2 and SW3 are turned off 
(time t2). Accordingly, the Voltage level of the node X1 gradu 
ally rises, whereas the voltage level of the node Y1 is at the 
ground Voltage level (L level). At this time, the pulse genera 
tion circuit 19 raises the control signal Vctrl in synchroniza 
tion with the logic value changes of the output signals Q and 
QB (time t2). Then, the pulse generation circuit 19 lowers the 
control signal Vctrl after the lapse of the delay time Td (time 
t3). That is, the pulse generation circuit 19 outputs the control 
signal Vctrl having Substantially the same pulse width as the 
delay time Td in Synchronization with the logic value changes 
of the output signals Q and QB. 
0.141. During the duration when the voltage level of the 
control signal Vctrl is at the H level (time t2 to time t3), the 
current having the current value 2I flows through the variable 
current source circuit B1.g., so that the voltage level of the node 
X1 rises at twice the normal rate (slew rate). After the control 
signal Vctrl falls (time t3 to time t5), the current having the 
normal current value I flows through the variable current 
source circuit B1.g., so that the voltage level of the node X1 
rises at the normal rate (slew rate). 
0142. When the voltage level of the node X1 reaches the 
reference voltage Vref (time ta), the comparator 13 raises the 
comparison result X2 with a little delay. At this time, the 
comparator 14 outputs the comparison result Y2 of the L 
level. Consequently, the RS flip-flop 11 raises the output 
signal Q and lowers the output signal QB (time t5). In other 
words, when the voltage level of the node X1 reaches the 
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reference voltage Vref (time ta), after the lapse of the delay 
time Td caused by the operation delay of the comparator 13 
and the RS flip-flop. 11, the output signal Q rises and the 
output signal QB falls (time t5). 
0143. The voltage level Vx1 of the nodeX1 at the time (t3) 
when the control signal Vctrl falls is expressed as follows. 

1=2. Two.1 (6) 

0144 where C1 denotes the capacitance value of the 
capacitor C1. 
0145 The difference voltage between the reference volt 
age Vrefand the voltage levelVX1 of the nodeX1 is expressed 
as follows. 

0146 Therefore, the duration TX from when the logic val 
ues of the output signals Q and QB change at time t2 to when 
the logic values change again at time tS is expressed as fol 
lows. 

Tx = Tal + C1 f I. (Vref -2I. Tad | C1) + Tal (8) 

= C1. Vreff I 

= RC1 

0147 As is obvious from equation (8), the duration TX is 
determined independent of the delay time Td. 
0.148. Then, since the output signal Q is at the H level and 
the output signal QB is at the L level, the switches SW1 and 
SW4 are turned off and the Switches SW2 and SW3 are turned 
on (time t5). Accordingly, the voltage level of the node Y1 
gradually rises, whereas the voltage level of the node X1 is at 
the ground voltage level (L level). At this time, the pulse 
generation circuit 19 raises the control signal Vctrl in Syn 
chronization with the logic value changes of the output sig 
nals Q and QB (time t5). Then, the pulse generation circuit 19 
lowers the control signal Vctrl after the lapse of the delay time 
Td (time té). That is, the pulse generation circuit 19 outputs 
the control signal Vctrl having Substantially the same pulse 
width as the delay time Td in synchronization with the logic 
value changes of the output signals Q and QB. 
0149. During the duration when the voltage level of the 
control signal Vctrl is at the H level (time t5 to time té), the 
current having the current value 2I flows through the variable 
current source circuit B1.g., so that the Voltage level of the node 
Y1 rises at twice the normal rate (slew rate). After the control 
signal Vctrl falls (time to to time t3), the current having the 
normal current value I flows through the variable current 
source circuit B1.g., so that the voltage level of the node Y1 
rises at the normal rate (slew rate). 
0150. When the voltage level of the node Y1 reaches the 
reference voltage Vref (time t7), the comparator 14 raises the 
comparison result Y2 with a little delay. At this time, the 
comparator 13 outputs the comparison result X2 of the L 
level. Consequently, the RS flip-flop 11 raises the output 
signal Q and lowers the output signal QB (time t3). In other 
words, when the voltage level of the node Y1 reaches the 
reference voltage Vref (time t7), after the lapse of the delay 
time Td caused by the operation delay of the comparator 14 
and the RS flip-flop 11, the output signal Q falls and the output 
signal QB rises (time t3). These operations are repeated. 
0151. With reference to equation (6) to equation (8), the 
duration Ty from when the logic values of the output signals 
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Q and QB change at time tS to when the logic values change 
again at time t3 is expressed as follows. 

Ty = Tal + C2 / I. (Vref -2I. Taf C2) + Tal (9) 

= C2. Vreff I 

= RC2 

0152 where C2 denotes the capacitance value of the 
capacitor C2. 
0153. As is obvious from equation (9), the duration Ty is 
determined independent of the delay time Td. 
0154 Thus, the timings of the logic value changes of the 
output signals Q and QB are determined independent of the 
delay time Td. That is, even when the delay time Td caused by 
the operation delay of the comparator and the RS flip-flop 
varies with fluctuations in temperature or power Supply Volt 
age, the oscillation circuit 1g according to this embodiment 
can accurately output the output signals (oscillation signals) 
Q and QB having the desired frequency without being influ 
enced by fluctuations in the delay time Td. 
0.155. Further, the oscillation circuit 1g according to this 
embodiment can operate without being influenced by fluc 
tuations in the delay time Td from the initial stage (e.g., first 
cycle) of the oscillation, which can quickly stabilize the oscil 
lation of the output signals Q and QB. 
0156 While this embodiment has been described by way 
of example in which the pulse width (duration of the H level 
in this example) of the control signal Vctrl is substantially the 
same as the delay time Td, the invention is not limited thereto. 
The pulse width of the control signal Vctrl can be modified as 
appropriate within the scope of Small variations in the dura 
tions Tx and Ty according to fluctuations in the delay time Td. 
In this case, although the oscillation circuit according to the 
invention might operate under the influence of fluctuations in 
the delay time Td, the influence can be reduced. 
0157. Further, while this embodiment has been described 
by way of example in which twice the normal current flows 
through the variable current source circuit B1g while the 
control signal Vctrl is asserted (the voltage level of the control 
signal Vctrl is at the H level in this example), the invention is 
not limited thereto. The current value of the current flowing 
through the variable current source circuit B1g while the 
control signal Vctrl is asserted can be modified as appropriate 
within the scope of small variations in the durations Tx and Ty 
according to fluctuations in the delay time Td. In this case, 
although the oscillation circuit according to the invention 
might operate under the influence of fluctuations in the delay 
time Td, the influence can be reduced. 

Ninth Embodiment 

0158 FIG. 15 is a block diagram showing the configura 
tion of an oscillation circuit 1 h according to a ninth embodi 
ment of the invention. In comparison with the oscillation 
circuit 1g shown in FIG. 13, the oscillation circuit 1h shown 
in FIG. 15 includes an electric-charge charge/discharge unit 
12h in place of the electric-charge charge/discharge unit 12g. 
The oscillation circuit 1h shown in FIG. 15 is a more specific 
configuration example of the oscillation circuit 1g shown in 
FIG. 13. 
0159. In comparison with the electric-charge charge/dis 
charge unit 12g, the electric-charge charge/discharge unit 12h 
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has constant current source circuits B1 and B2 and a switch 
SW7 in place of the variable current source circuit B1.g. The 
input terminal of the constant current source circuit B1 is 
coupled to the power supply voltage terminal VDD, and the 
output terminal of the constant current source circuit B1 is 
coupled to one terminal of the switch SW1 and one terminal 
of the switch SW3. The input terminal of the constant current 
Source circuit B2 is coupled to the power Supply Voltage 
terminal VDD, and the output terminal of the constant current 
source circuit B2 is coupled to one terminal of the switch 
SW7. The other terminal of the switch SW7 is coupled to the 
one terminal of the switch SW1 and the one terminal of the 
switch SW3. The current having the current value I flows 
through each of the constant current source circuits B1 and 
B2. The Switch SW7 is turned on or off based on the control 
signal Vctrl from the pulse generation circuit 19. The remain 
ing circuit configuration of the electric-charge charge/dis 
charge unit 12h is the same as that of the electric-charge 
charge/discharge unit 12g, and will not be described again. 
0160 For example, when the voltage level of the control 
signal Vctrl is at the H level, the switch SW7 is turned on, so 
that the current having the current value 2I flows through the 
node X1 or Y1. On the other hand, when the voltage level of 
the control signal Vctrl is at the L level, the switch SW7 is 
turned off, so that the current having the current value I flows 
through the node X1 or Y1. The remaining circuit configura 
tion and operation of the oscillation circuit 1h shown in FIG. 
15 are the same as those of the oscillation circuit 1g shown in 
FIG. 13, and will not be described again. 
0161 With this circuit configuration, the oscillation cir 
cuit 1h shown in FIG. 15 can provide the same effect as the 
oscillation circuit 1g shown in FIG. 13. Further, the current 
value of the current flowing through the constant current 
source circuit B2 can be modified as appropriate within the 
Scope of small variations in the durations TX and Ty according 
to fluctuations in the delay time Td. In this case, although the 
oscillation circuit according to the invention might operate 
under the influence of fluctuations in the delay time Td, the 
influence can be reduced. 

Tenth Embodiment 

0162. In this embodiment, a specific example of the pulse 
generation circuit 19 shown in FIGS. 13 and 15 will be 
described. Hereinafter, description will be made of the pulse 
generation circuit 19 which outputs the control signal Vctrl 
having Substantially the same pulse width as the delay time 
Td in Synchronization with the logic value changes of the 
output signals Q and QB. 
0163 FIG. 16 is a block diagram showing a specific con 
figuration example of the pulse generation circuit 19. As 
shown in FIG. 16, the pulse generation circuit 19 has an RS 
flip-flop 191, an electric-charge charge/discharge unit 192, a 
comparator 193, a comparator 194, an SW control circuit 195, 
capacitors C3D and C4D, and switches SWSD and SW6D. 
The RS flip-flop 191 corresponds to the RS flip-flop 11 in the 
oscillation circuit 1g, the electric-charge charge/discharge 
unit 192 corresponds to the electric-charge charge/discharge 
unit 12g in the oscillation circuit 1g, and the comparators 193 
and 194 respectively correspond to the comparators 13 and 14 
in the oscillation circuit 1g. 
0164. The pulse generation circuit 19 is configured so that 
the RS flip-flop 191 outputs signals (oscillation signals) QD 
and QBD having Substantially the same frequency as the 
output signals Q and QB. Further, the pulse generation circuit 
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19 is configured so that a delay time caused by the operation 
delay of the comparator 193, 194 and the RS flip-flop. 191 is 
substantially the same as the delay time Td caused by the 
operation delay of the comparator 13, 14 and the RS flip-flop 
11. Therefore, for example, the comparators 193 and 194 and 
the RS flip-flop. 191 have the same configurations as the 
comparators 13 and 14 and the RS flip-flop. 11, respectively. 
(0165. The RS flip-flop. 191 outputs the output signal QD 
from the output terminal Q, and outputs the output signal 
QBD (inversion signal of the output signal QD) from the 
output terminal QB, based on an input signal (comparison 
result P3 described below) supplied to the input terminal S 
and an input signal (comparison result Q3 described below) 
supplied to the input terminal R. The basic operation of the RS 
flip-flop 191 is the same as that of the RS flip-flop 11. 
0166 The SW control circuit 195 outputs switching sig 
nals S1 to S4 and the control signal Vctrl, based on the output 
signals QD and QBD of the RS flip-flop. 191 and the output 
signals Q and QB of the RS flip-flop 11. 
0.167 FIG. 17 is a block diagram showing a specific con 
figuration example of the SW control circuit 195. As shown in 
FIG. 17, the SW control circuit 195 has AND circuits 1951 to 
1954 and an OR circuit 1955. The AND circuit 1951 outputs 
the logical AND between the output signal QBD and the 
output signal Q as the switching signal S1. The AND circuit 
1952 outputs the logical AND between the output signal QD 
and the output signal Q as the switching signal S2. The AND 
circuit 1953 outputs the logical AND between the output 
signal QD and the output signal QB as the Switching signal 
S3. The AND circuit 1954 outputs the logical AND between 
the output signal QBD and the output signal QB as the switch 
ing signal S4. Then, the OR circuit 1955 outputs the logical 
OR between the Switching signal S1 and the Switching signal 
S3 as the control signal Vctrl. 
0168 Referring back to FIG. 16, the electric-charge 
charge/discharge unit 192 charges or discharges the capaci 
tors C1D and C2D complementarily based on the switching 
signals S1 to S4 from the SW control circuit 195. The electric 
charge charge/discharge unit 192 has a constant current 
source circuit BUD for feeding a constant current, switches 
SW1D to SW4D, and capacitors C1D and C2D. 
0169. The power supply voltage terminalVDD is coupled 
to the input terminal of the constant current Source circuit 
B1D. The output terminal of the constant current source cir 
cuit B1D is coupled to one terminal of the switch SW1D and 
one terminal of the Switch SW3D. The other terminal of the 
switch SW1D is coupled through a node P1 to one terminal of 
the Switch SW2D. The other terminal of the Switch SW2D is 
coupled to the ground voltage terminal GND. The other ter 
minal of the switch SW3D is coupled through a node Q1 to 
one terminal of the Switch SW4D. The other terminal of the 
switch SW4D is coupled to the ground voltage terminal 
GND. 

(0170 The capacitor C1D is provided in parallel with the 
switch SW2D, between the node P1 and the ground voltage 
terminal GND. The capacitor C2D is provided in parallel with 
the switch SW4D, between the node Q1 and the ground 
voltage terminal GND. 
(0171 The switches SW1D and SW4D are turned on or off 
based on the switching signals S1 to S4, respectively. The 
current having the current value I flows through, the constant 
current source circuit B1D. The capacitors C1D and C2D 
have the same capacitance value as the capacitors C1 and C2. 
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The basic operation of the electric-charge charge/discharge 
unit 192 is the same as that of the electric-charge charge/ 
discharge unit 12g. 
(0172. The capacitor C3D is provided between the node P1 
and a node P2. The capacitor C4D is provided between the 
node Q1 and a node Q2. The switch SWSD and the switch 
SW6D are provided in series between the node P2 and the 
node Q2. The switch SWSD is turned on or off based on the 
output signal QB. The switch SW6D is turned on or off based 
on the output signal Q. A bias Voltage Vbias is Supplied to a 
node between the Switch SWSD and the Switch SW6D. For 
example, when the output signal Q is at the H level and the 
output signal QB is at the L level, the switch SWSD is turned 
off and the switch SW6D is turned on, so that the bias voltage 
Vbias is supplied to the node Q2 side. On the other hand, 
when the output signal Q is at the L leveland the output signal 
QB is at the H level, the switch SWSD is turned on and the 
switch SW6D is turned off, so that the bias voltage Vbias is 
supplied to the node P2 side. 
(0173 The example of FIG.16 will be described by way of 
example in which the reference voltage Vref is used as the 
bias Voltage Vbias. In this case, assume that the comparison 
result P3 is maintained at the L level when the voltage level of 
the node P1 is at the ground Voltage level, and changes to the 
H level when the voltage level of the node P1 rises slightly. In 
the same way, assume that the comparison result Q3 is main 
tained at the L level when the Voltage level of the node Q1 is 
at the ground Voltage level, and changes to the H level when 
the voltage level of the node Q1 rises slightly. To implement 
Such operations, in place of the reference Voltage Vref. Such a 
slightly lower voltage than the reference voltage Vrefthat the 
comparators 193 and 194 do not output the comparison result 
of the H level may be used as the bias voltage Vbias. The 
configuration of a reference Voltage generation unit in this 
case will be described with reference to FIG. 19. 

0.174 FIG. 19 is a diagram showing a reference voltage 
generation unit 15i for generating the reference voltage Vref 
and the bias Voltage Vbias having a Voltage level slightly 
lower than the reference voltage Vref. As shown in FIG. 19. 
the reference Voltage generation unit 15i has a constant cur 
rent source circuit B3 and resistance elements R1 and R2. The 
constant current source circuit B3 and the resistance elements 
R1 and R2 are provided in series between the power supply 
voltage terminalVDD and the ground voltage terminal GND. 
The reference voltage generation unit 15i outputs the voltage 
of a node N1 between the constant current source circuit B3 
and the resistance element R1 as the reference voltage Vref, 
and outputs the Voltage of a node between the resistance 
element R1 and the resistance element R2 as the bias voltage 
Vbias. 

(0175 Referring back to FIG.16, the comparator 193 com 
pares the reference voltage Vref and the voltage level of the 
node P2, and outputs the comparison result P3. In the example 
of FIG.16, the comparator 193 outputs the comparison result 
P3 of the H level when the voltage level of the node P2 reaches 
the level of the reference voltage Vref, and outputs the com 
parison result P3 of the L level when the voltage level of the 
node P2 is less than the reference voltage Vref. 
0176 The comparator 194 compares the reference voltage 
Vref and the voltage level of the node Q2, and outputs the 
comparison result Q3. In the example of FIG. 16, the com 
parator 194 outputs the comparison result Q3 of the H level 
when the voltage level of the node Q2 reaches the level of the 
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reference voltage Vref, and outputs the comparison result Q3 
of the Llevel when the Voltage level of the node Q2 is less than 
the reference Voltage Vref. 
0177 FIG. 18 is a timing chart showing the operation of 
the pulse generation circuit 19 shown in FIG. 16. In the 
example of FIG. 18, at time to, the output signal Q is at the H 
level, the output signal QB is at the L level, the output signal 
QD is at the H level, and the output signal QBD is at the L 
level. Accordingly, the SW control circuit 195 outputs the 
Switching signal S2 of the H level, the Switching signals S1, 
S3, and S4 of the L level, and the control signal Vctrl of the L 
level. In this case, the switch SW1D is turned off and the 
switch SW2D is turned on, so that the voltage level of the 
node P1 falls to the L level. On the other hand, the switches 
SW3D and SW4D are turned off, so that the node Q1 becomes 
a floating state and maintains the L level. Further, the switch 
SWSD is turned off, so that the node P2 becomes a floating 
state and maintains the voltage level of the bias voltage Vbias 
(reference voltage Vref in this example). On the other hand, 
the switch SW6D is turned on, so that the node Q2 is pre 
charged to the voltage level of the bias voltage Vbias. Accord 
ingly, the comparators 193 and 194 output the comparison 
results P3 and Q3 of the L level. 
0.178 When the output signal Q falls and the output signal 
QB rises, the SW control circuit 195 outputs the switching 
signal S3 of the H level, the switching signals S1, S2, and S4 
of the L level, and the control signal Vctrl of the H level (time 
t1). Accordingly, the switch SW3D is turned on and the 
switch SW4D is turned off, so that the voltage level of the 
node Q1 gradually rises. On the other hand, the switches 
SW1D and SW2D are turned off, so that the node P1 becomes 
a floating state and maintains the L level. Further, the switch 
SWSD is turned on and the Switch SW6D is turned off when 
the output signal Q falls and the output signal QB rises (time 
t1). Accordingly, the node P2 is pre-charged to the Voltage 
level of the bias voltage Vbias. On the other hand, the node Q2 
becomes a floating state and maintains the Voltage level of the 
bias voltage Vbias. 
0179 The voltage level of the node Q2 rises as the voltage 
level of the node Q1 rises. More specifically, the node Q2 is at 
a voltage level obtained by adding a rise in the voltage level of 
the node Q1 to the bias voltage Vbias. When the voltage level 
of the node Q2 rises slightly higher than the bias voltage 
Vbias (around time t1), the comparator 194 raises the com 
parison result Q3 with a little delay. At this time, the com 
parator 193 outputs the comparison result P3 of the L level. 
Consequently, the RS flip-flop. 191 lowers the output signal 
QD and raises the output signal QBD (time t2). In other 
words, when the voltage level of the node Q2 rises slightly 
higher than the bias voltage Vbias (around time t1), after the 
lapse of the delay time Td caused by the operation delay of the 
comparator 194 and the RS flip-flop. 191, the output signal 
QD falls and the output signal QBD rises (time t2). Since the 
bias voltage Vbias is equal to or slightly lower than the ref 
erence voltage Vref, it can be considered that the voltage level 
of the node Q2 reaches such a voltage level as to be able to 
change the comparison result Q3 to the H level immediately 
after the logic value changes of the output signals Q and QB, 
that is, at time t1. 
0180. When the output signal QD falls and the output 
signal QBD rises, the SW control circuit 195 outputs the 
switching signal S4 of the H level, the switching signals S1 to 
S3 of the L level, and the control signal Vctrl of the L level 
(time t2). Accordingly, the switch SW3D is turned off and the 
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switch SW4D is turned on, so that the voltage level of the 
node Q1 falls to the L level. Accordingly, the voltage level of 
the node Q2 falls to the level of the bias voltage Vbias. On the 
other hand, the Switches SW1D and SW2D are turned off, so 
that the node P1 is in the floating state and maintains the L 
level. The voltage level of the node P2 also maintains the level 
of the bias voltage Vbias. 
0181. Thus, the pulse generation circuit 19 raises the con 

trol signal Vctrl in Synchronization with the logic value 
changes of the output signals Q and QB (time t1), and lowers 
the control signal Vctrl after the lapse of the delay time Td 
(time t2). That is, the pulse generation circuit 19 outputs the 
control signal Vctrl having Substantially the same pulse width 
as the delay time Td in synchronization with the logic value 
changes of the output signals Q and QB. 
0182. Then, when the output signal Q rises and the output 
signal QB falls, the SW control circuit 195 outputs the switch 
ing signal S1 of the H level, the switching signals S2 to S4 of 
the Llevel, and the control signal Vctrl of the H level (time t3). 
Accordingly, the switch SW1D is turned on and the switch 
SW2D is turned off, so that the voltage level of the node P1 
gradually rises. On the other hand, the switches SW3D and 
SW4D are turned off, so that the node Q1 becomes the float 
ing state and maintains the L level. Further, the switch SWSD 
is turned off and the Switch SW6D is turned on when the 
output signal Q rises and the output signal QB falls (time t3). 
Accordingly, the node Q2 is pre-charged to the Voltage level 
of the bias voltage Vbias. On the other hand, the node P2 
becomes the floating state and maintains the Voltage level of 
the bias voltage Vbias. 
0183 The voltage level of the node P2 rises as the voltage 
level of the node P1 rises. More specifically, the node P2 is at 
a voltage level obtained by adding a rise in the voltage level of 
the node P1 to the bias voltage Vbias. When the voltage level 
of the node P2 rises slightly higher than the bias voltage Vbias 
(around time t3), the comparator 193 raises the comparison 
result P3 with a little delay. At this time, the comparator 194 
outputs the comparison result Q3 of the L level. Conse 
quently, the RS flip-flop. 191 raises the output signal QDand 
lowers the output signal QBD (time ta). In other words, when 
the voltage level of the node P2 rises slightly higher than the 
bias voltage Vbias (around time t3), after the lapse of the 
delay time Td caused by the operation delay of the compara 
tor 193 and the RS flip-flop. 191, the output signal QD rises 
and the output signal QBD falls (time ta). Since the bias 
voltage Vbias is equal to or slightly lower than the reference 
voltage Vref, it can be considered that the voltage level of the 
node P2 reaches such a voltage level as to be able to change 
the comparison result P3 to the H level immediately after the 
logic value changes of the output signals Q and QB, that is, at 
time t3. 

0184. When the output signal QD rises and the output 
signal QBD falls, the SW control circuit 195 outputs the 
Switching signal S2 of the H level, the Switching signals S1, 
S3, and S4 of the L level, and the control signal Vctrl of the L 
level (time ta). Accordingly, the switch SW1D is turned off 
and the switch SW2D is turned on, so that the voltage level of 
the node P1 falls to the L level. Accordingly, the voltage level 
of the node P2 falls to the level of the bias voltage Vbias. On 
the other hand, the Switches SW3D and SW4D are turned off, 
so that the node Q1 is in the floating state and maintains the L 
level. The voltage level of the node Q2 also maintains the 
level of the bias voltage Vbias. These operations are repeated. 
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0185. Thus, the pulse generation circuit 19 raises the con 
trol signal Vctrl in Synchronization with the logic value 
changes of the output signals Q and QB (time t3), and lowers 
the control signal Vctrl after the lapse of the delay time Td 
(time ta). That is, the pulse generation circuit 19 outputs the 
control signal Vctrl having Substantially the same pulse width 
as the delay time Td in synchronization with the logic value 
changes of the output signals Q and QB. 

Eleventh Embodiment 

0186 FIG. 20 is a diagram showing a reference voltage 
generation unit 15i according to an eleventh embodiment of 
the invention. The reference voltage generation unit 15i 
shown in FIG. 20 is a modification of the reference voltage 
generation unit 15i shown in FIG. 19, and generates the 
reference voltage Vref and the bias voltage Vbias having a 
voltage level slightly lower than the reference voltage Vref. 
0187. In comparison with the reference voltage generation 
unit 15i, the reference voltage generation unit 15i has a vari 
able resistance element R1j in place of the resistance element 
R1. The variable resistance element R1j has a variable resis 
tance value according to a control signal Ctrl1. 
0188 The reference voltage generation unit 15i can gen 
erate the reference voltage Vrefhaving a desired voltage level 
by adjusting the resistance value of the variable resistance 
element R1j based on the control signal Ctrl1. By including 
the reference voltage generation unit 15i, the oscillation cir 
cuit having the pulse generation circuit 19 shown in FIGS. 13 
and 15 can freely vary the oscillation frequency of the output 
signals (oscillation signals) Q and QB. 
0189 Further, the reference voltage generation unit 15i 
can freely vary the difference between the reference voltage 
Vref and the bias voltage Vbias by adjusting the resistance 
value of the variable resistance element R1j based on the 
control signal Ctrl1. By including the reference Voltage gen 
eration unit 15i, the oscillation circuit having the pulse gen 
eration circuit 19 shown in FIGS. 13 and 15 can adjust the 
timing of the logic value change of the control signal Vctrl 
outputted from the pulse generation circuit 19. 
0190. The control signal Ctrl1 is outputted from e.g. a 
register M1j provided in the oscillation circuit or a semicon 
ductor integrated circuit including the oscillation circuit. The 
register M1j Stores information of a control signal (external 
control signal) supplied from outside, and outputs the control 
signal Ctrl1 based on the stored information. Thus, in the 
oscillation circuit according to the invention, it is possible to 
externally control the control signal Ctrl1; therefore, it is 
possible to vary the oscillation frequency of the output signals 
(oscillation signals) Q and QB even after production. The 
register M1j may generate the control signal Ctrl1 according 
to a request from a CPU in place of the external control signal. 
Further, the register M1j may be a memory element such as 
flash memory. 

Twelfth Embodiment 

0191 FIG. 21 is a diagram showing a reference voltage 
generation unit 15k according to a twelfth embodiment of the 
invention. The reference voltage generation unit 15k shown in 
FIG. 21 is a modification of the reference voltage generation 
unit 15i shown in FIG. 19, and generates the reference voltage 
Vref and the bias voltage Vbias having a voltage level slightly 
lower than the reference voltage Vref. 
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0.192 In comparison with the reference voltage generation 
unit 15i, the reference voltage generation unit 15k has a vari 
able resistance element R1 kin place of the resistance element 
R1 and has a variable resistance element R2K in place of the 
resistance element R2. The variable resistance elements R1k 
and R2k have variable resistance values according to control 
signals Ctrl1 and Ctrl2 respectively. The control signals Ctrl1 
and Ctrl2 are outputted from e.g. a register M2k provided in 
the oscillation circuit or a semiconductor integrated circuit 
including the oscillation circuit. 
0193 Thereby, the reference voltage generation unit 15k 
can provide the same effect as the reference Voltage genera 
tion unit 15i shown in FIG. 20. Further, the reference voltage 
generation unit 15k can generate the bias Voltage Vbias hav 
ing a desired Voltage level by adjusting the resistance value of 
the variable resistance element R2k based on the control 
signal Ctrl2. 

Thirteenth Embodiment 

0194 FIG. 22 is a diagram showing a reference voltage 
generation unit 15m according to a thirteenth embodiment of 
the invention. The reference voltage generation unit 15m 
shown in FIG. 22 is a modification of the reference voltage 
generation unit 15i shown in FIG. 19, and generates the 
reference voltage Vref and the bias voltage Vbias having a 
voltage level slightly lower than the reference voltage Vref. 
0.195. In comparison with the reference voltage generation 
unit 15i, the reference voltage generation unit 15m has a 
variable resistance element R1m in place of the resistance 
element R1 and has variable resistance elements R2m and 
R3m in place of the resistance element R2. The variable 
resistance elements R1 m, R2m, and R3m have variable resis 
tance values according to control signals Ctrl1, Ctrl2, and 
Ctrl3 respectively. The control signals Ctrl1 to Ctrl3 are out 
putted from e.g. a register M3m provided in the oscillation 
circuit or a semiconductor integrated circuit including the 
oscillation circuit. The variable resistance element R2m has a 
positive temperature dependence in which the resistance 
value increases with increasing temperature. The variable 
resistance element R3m has a negative temperature depen 
dence in which the resistance value decreases with increasing 
temperature. 
0196. Thereby, the reference voltage generation unit 15m 
can provide the same effect as the reference Voltage genera 
tion unit 15k shown in FIG. 21. Further, since the reference 
Voltage generation unit 15m has the variable resistance ele 
ments R2m and R3m having the different temperature depen 
dences, the reference Voltage generation unit 15m can cancel 
resistance value change caused by temperature fluctuation. 
Therefore, the reference voltage generation unit 15m can 
generate the stable reference voltage Vrefeven with fluctua 
tions in temperature. 

Fourteenth Embodiment 

0.197 FIG. 23 is a block diagram showing a PLL to which 
the oscillation circuit according to the invention is applied. 
While this embodiment will be described by way of example 
in which the oscillation circuit 1 shown in FIG. 1 is applied to 
the PLL, the oscillation circuit according to another embodi 
ment may be applied. 
0198 The PLL 100 shown in FIG. 23 includes the oscil 
lation circuit 1, a phase comparator (PFD) 101, a charge pump 
102, a loop filter 103, a voltage-controlled oscillator (VCO) 
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104, and a frequency divider 105. The phase comparator 101 
and the charge pump 102 are collectively referred to as a 
phase difference detection unit. 
0199 The oscillation circuit 1 outputs an oscillation signal 
as a reference clock signal. The phase comparator 101 detects 
a phase difference between the reference clock signal from 
the oscillation circuit 1 and a frequency-divided clock signal 
from the frequency divider 105. The charge pump 102 gen 
erates an output Voltage according to the phase difference 
detected by the phase comparator 101. The loop filter 103 
converts the output voltage of the charge pump 102 into a DC 
signal, and outputs it as a control Voltage. The Voltage-con 
trolled oscillator 104 outputs a clock signal having a fre 
quency according to the control Voltage. The frequency 
divider 105 frequency-divides the clock signal from the volt 
age-controlled oscillator 104, and outputs the frequency-di 
vided clock signal. 
0200 Thus, the PLL to which the oscillation circuit 
according to the invention is applied multiplies the reference 
clock signal (oscillation signal) outputted from the oscillation 
circuit, and thereby can generate a faster clock signal with 
accuracy. 

Fifteenth Embodiment 

0201 FIG. 24 is a block diagram showing a semiconduc 
tor integrated circuit (LSI) to which the oscillation circuit 
according to the invention is applied. While this embodiment 
will be described by way of example in which the oscillation 
circuit 1 shown in FIG. 1 as a clock source 1 is applied to the 
semiconductor integrated circuit, the oscillation circuit 
according to another embodiment may be applied. 
0202 The semiconductor integrated circuit 200 shown in 
FIG. 24 includes the clock source 1, an internal circuit 201 
comprised of a logic circuit and a memory, and a power 
source 202. The power source 202 supplies a power supply 
voltage to the clock source 1 and the internal circuit 201. 
When a start signal from outside is asserted, the clock source 
1 operates and outputs a clock signal (oscillation signal) 
having a preset frequency. The internal circuit 201 operates in 
synchronization with the clock signal Supplied from the clock 
Source 1. 

0203 Thus, the semiconductor integrated circuit 200 to 
which the oscillation circuit according to the invention is 
applied operates in synchronization with the accurate clock 
signal outputted from the oscillation circuit (clock source), 
and therefore can implement a stable operation. Particularly 
in the case where the oscillation circuit having the pulse 
generation circuit 19 shown in FIGS. 13 and 15 is applied to 
the semiconductor integrated circuit 200, the semiconductor 
integrated circuit 200 can quickly stabilize the clock signal, 
and thus can reduce the starting time. 

Sixteenth Embodiment 

0204 FIG. 25 is a block diagram showing a semiconduc 
tor integrated circuit (LSI) to which the oscillation circuit 
according to the invention is applied. While this embodiment 
will be described by way of example in which the oscillation 
circuit 1 shown in FIG. 1 as a clock source 1 is applied to the 
semiconductor integrated circuit, the oscillation circuit 
according to another embodiment may be applied. 
0205 The semiconductor integrated circuit 300 shown in 
FIG. 25 includes the clock source 1, an internal circuit 301 
comprised of a logic circuit and a memory, a power source 
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302, a sensor 303, a clock source 304, and a starting circuit 
305. The sensor 303, the clock source 304, and the starting 
circuit 305 are collectively referred to as a mode switching 
unit. 

0206. The power source 302 supplies a power supply volt 
age to the clock source 1, the clock source 304, the internal 
circuit 301, and the starting circuit 305. The clock source 304 
outputs a low-speed clock signal of which high accuracy is 
not required. The sensor 303 controls the assertion state of an 
enable signal based on a signal Supplied from outside. For 
example, when the sensor 303 is requested to operate the 
semiconductor integrated circuit 300 by the signal supplied 
from outside, the sensor 303 asserts the enable signal (e.g., 
raises the enable signal). In synchronization with the clock 
signal from the clock source 304, the starting circuit 305 
captures the enable signal from the sensor 303 and outputs it 
as a start signal. When the start signal is asserted, the clock 
Source 1 operates and outputs a clock signal (oscillation sig 
nal) having a preset frequency. Then, the internal circuit 301 
operates in Synchronization with the clock signal Supplied 
from the clock source 1. 

0207. That is, the semiconductor integrated circuit 300 
operates the internal circuit 301 by Supplying the clock signal 
to the internal circuit 301 in a normal operation mode, and 
stops the operation of the internal circuit 301 by stopping the 
supply of the clock signal to the internal circuit 301 in a stop 
mode. Since the semiconductor integrated circuit 300 can 
stop the supply of the clock signal to the internal circuit 301 
in the stop mode, it is possible to reduce the power consump 
tion. 

0208 Thus, the semiconductor integrated circuit 300 to 
which the oscillation circuit according to the invention is 
applied operates in synchronization with the accurate clock 
signal outputted from the oscillation circuit (clock source), 
and therefore can implement a stable operation. Particularly 
in the case where the oscillation circuit having the pulse 
generation circuit 19 shown in FIGS. 13 and 15 is applied to 
the semiconductor integrated circuit 300, the semiconductor 
integrated circuit 200 can quickly stabilize the clock signal, 
and thus can reduce the starting time of each Switching from 
the stop mode to the normal operation mode to achieve more 
effective operation. 
0209 Layout Configuration Example of Oscillation Cir 
cuit According to the Invention 
0210 Hereinafter, the layout configuration of the oscilla 
tion circuit according to the invention will be described. FIG. 
26 is a diagram showing an example of the layout configura 
tion of the oscillation circuit according to the invention. In 
FIG. 26, an example of the layout configuration of the oscil 
lation circuit 1 in FIG. 1 is representatively shown. 
0211. As shown in FIG. 26, the RS flip-flop 11, the pair of 
comparators 13 and 14 disposed side-by-side in the horizon 
tal direction of the figure, and the pair of capacitors C1 and C2 
disposed side-by-side in the horizontal direction of the figure 
are closely disposed in sequence from the top to the bottom of 
the figure. Further, the RS flip-flop 11, the comparators 13 and 
14, and the capacitors C1 and C2 are disposed symmetrically 
with the vertical direction of the figure as a symmetry axis. 
Thus, a circuit for generating one (output signal Q) of the pair 
of differential signals and a circuit for generating the other 
(output signal QB) of the pair of differential signals are dis 
posed symmetrically, which reduces the variation inaccuracy 
between the differential signals. 
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0212. Further, on the comparator 13, four gate electrodes 
are equally spaced in sequence from the middle to the bottom 
of the comparator 13. The longitudinal direction of the gate 
electrodes is the horizontal direction of the figure. In the 
example of FIG. 26, the top two of the four gate electrodes are 
used as the inverting input terminal of the comparator 13, and 
the bottom two electrodes are used as the non-inverting input 
terminal of the comparator 13. The two gate electrodes for the 
inverting input terminal of the comparator 13 and the two gate 
electrodes for the non-inverting input terminal are disposed 
symmetrically with the horizontal direction of the figure as a 
symmetry axis. The layout configuration of four gate elec 
trodes on the comparator 14 is the same as that of the com 
parator 13, and will not be described again. 
0213. This layout configuration can reduce the length of 
wiring for coupling the comparator 13 and the capacitor C1 
and the length of wiring for coupling the comparator 14 and 
the capacitor C2, which Suppresses malfunctions due to the 
influence of wiring capacitance. 
0214 FIG. 27 is a diagram showing an example of the 
layout configuration of the oscillation circuit according to the 
invention. In FIG. 27, an example of the layout configuration 
of the oscillation circuit 1 in FIG. 1 is representatively shown. 
Hereinafter, only different portions from the layout configu 
ration of FIG. 26 will be described. 
0215. As shown in FIG. 27, on the comparator 13, four 
gate electrodes are equally spaced in sequence from right to 
left in the lower part of the comparator 13. The longitudinal 
direction of the gate electrodes is the vertical direction of the 
figure. In the example of FIG. 27, the right two of the fourgate 
electrodes are used as the inverting input terminal of the 
comparator 13, and the left two electrodes are used as the 
non-inverting input terminal of the comparator 13. The two 
gate electrodes for the inverting input terminal of the com 
parator 13 and the two gate electrodes for the non-inverting 
input terminal are disposed symmetrically with the vertical 
direction of the figure as a symmetry axis. The layout con 
figuration of four gate electrodes on the comparator 14 is the 
same as that of the comparator 13, and will not be described 
again. 
0216. This layout configuration can provide the same 
effect as the layout configuration shown in FIG. 26. 
0217 FIG. 28 is a diagram showing an example of the 
layout configuration of the oscillation circuit having the pulse 
generation circuit 19 shown in FIGS. 13 and 15. As shown in 
FIG. 28, the pair of capacitors C1D and C2D, the pair of 
capacitors C3D and C4D, the pair of comparators 193 and 
194, the pair of comparators 13 and 14, and the pair of capaci 
tors C1 and C2 are each disposed side-by-side in the horizon 
tal direction of the figure. These pairs are closely disposed in 
sequence from the top to the bottom of the figure. Further, the 
pair of capacitors C1D and C2D, the pair of capacitors C3D 
and C4D, the pair of comparators 193 and 194, the RS flip 
flop. 191, the RS flip-flop. 11, the pair of comparators 13 and 
14, and the pair of capacitors C1 and C2 are disposed sym 
metrically with the vertical direction of the figure as a sym 
metry axis. Thus, circuits for generating ones (output signals 
Q, QD) of the pairs of differential signals and circuits for 
generating the others (output signal QB, QBD) of the pairs of 
differential signals are disposed symmetrically, which 
reduces the variation in accuracy between the differential 
signals. 
0218. Further, on the comparator 193, four gate electrodes 
are equally spaced in sequence from right to left in the upper 
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part of the comparator 193. The longitudinal direction of the 
gate electrodes is the vertical direction of the figure. In the 
example of FIG. 28, the right two of the four gate electrodes 
are used as the inverting input terminal of the comparator 193, 
and the left two electrodes are used as the non-inverting input 
terminal of the comparator 193. The two gate electrodes for 
the inverting input terminal of the comparator 193 and the two 
gate electrodes for the non-inverting input terminal are dis 
posed symmetrically with the vertical direction of the figure 
as a symmetry axis. The layout configuration of four gate 
electrodes on the comparator 194 is the same as that of the 
comparator 193, and will not be described again. Further, the 
layout configuration of the respective four gate electrodes 
disposed on the comparators 13 and 14 is the same as that 
shown in FIG. 27, and will not be described again. 
0219. This layout configuration can reduce the length of 
wiring for coupling the comparator 13 and the capacitor C1, 
the length of wiring for coupling the comparator 14 and the 
capacitor C2, the length of wiring for coupling the compara 
tor 193 and the capacitor C3D, and the length of wiring for 
coupling the comparator 194 and the capacitor C4D, which 
Suppresses malfunctions due to the influence of wiring 
capacitance. 
0220 Layout Configuration Example of Capacitor 
0221) Next, the layout configuration of the capacitor used 
in the oscillation circuit according to the invention will be 
described. FIG. 29A representatively shows an example of 
the layout configuration of the capacitor C1. Further, FIG. 
29B representatively shows another example of the layout 
configuration of the capacitor C1. 
0222. As shown in FIG.29A, one electrode of the capaci 
tor C1 is formed by a wiring disposed in the upper part of two 
laminated wiring layers, and the other electrode of the capaci 
tor C1 is formed by a wiring disposed in the lower part of the 
two laminated wiring layers. Thus, the capacitor C1 is con 
figured by the respective wirings disposed in the two lami 
nated wiring layers, which suppresses capacitance value 
change due to fluctuations in temperature or power Supply 
Voltage. 
0223) As shown in FIG.29B, one electrode of the capaci 
tor C1 is formed by a first wiring having a plurality of comb 
like protrusions disposed in a wiring layer. Further, the other 
electrode of the capacitor C1 is formed by a second wiring 
having a plurality of comb-like protrusions disposed in the 
same wiring layer as the first wiring. The first wiring and the 
second wiring are opposed in the horizontal direction of the 
figure, and the protrusions are alternately arranged. Thus, the 
capacitor C1 is configured by the two wirings disposed in the 
same wiring layer, which Suppresses capacitance value 
change due to fluctuations in temperature or power Supply 
Voltage. 
0224. As described above, the oscillation circuits accord 
ing to the first to sixteenth embodiments can accurately out 
put the oscillation signals having the desired frequency even 
when the delay time Td caused by the operation delay of the 
comparator and the RS flip-flop varies with fluctuations in 
temperature or power Supply Voltage. 
0225. The present invention is not limited to the above 
embodiments, and can be modified as appropriate without 
departing from the spirit and scope of the invention. While the 
above embodiments have been described by way of example 
in which the capacitors C1 and C2 have substantially the same 
capacitance value, the invention is not limited thereto. The 
respective capacitance values of the capacitors C1 and C2 can 
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be changed as appropriate in accordance with the duty ratio 
between the output signals (oscillation signals) Q and QB. 
0226 Further, while the above embodiments have been 
described by way of example in which the current source 
circuit (e.g., constant current source circuit B1 in FIG. 1) is 
provided on either the power supply voltage terminal VDD 
side or the ground voltage terminal GND side and the capaci 
tors C1 and C2 are provided at the nodes X1 and Y1 respec 
tively in the electric-charge charge/discharge unit, the inven 
tion is not limited thereto. The electric-charge charge? 
discharge unit can be modified as appropriate to a circuit 
configuration in which respective current source circuits are 
individually provided on the power Supply Voltage terminal 
VDD side and the ground voltage terminal GND side and one 
common capacitor is provided at a common node in place of 
the nodes X1 and Y1. In this case, the common node is 
coupled to, for example, the non-inverting input terminal of 
the comparator 13 and the inverting input terminal of the 
comparator 14. Further, a reference Voltage A is Supplied to 
the inverting input terminal of the comparator 13, and a ref 
erence voltage B different from the reference voltage A is 
Supplied to the non-inverting input terminal of the comparator 
14. That is, in this case, the comparator 13 detects whether or 
not the Voltage level of the common node which gradually 
rises by current flowing through the current source circuit on 
the power supply voltage terminal VDD side has reached the 
reference voltage A. On the other hand, the comparator 14 
detects whether or not the voltage level of the common node 
which gradually falls by current flowing through the current 
source circuit on the ground voltage terminal GND side has 
reached the reference voltage B. 
0227 Further, while the above embodiments have been 
described by way of example in which the one current source 
circuit (e.g., constant current source circuit B1 in FIG. 1) for 
feeding the current to the nodes X1 and Y1 is provided in the 
electric-charge charge/discharge unit, the invention is not 
limited thereto. The electric-charge charge/discharge unit can 
be modified as appropriate to a circuit configuration in which 
a current source circuit for feeding current to the node X1 and 
a current source circuit for feeding current to the node Y1 are 
provided individually. 
0228. Moreover, the oscillation circuit disclosed in Patent 
Document 2 is configured without a comparator having a 
response delay time, and it is not considered possible to easily 
think of the application of the technique as it is to the oscil 
lation circuit having comparators disclosed in Patent Docu 
ment 1. 
What is claimed is: 
1. An oscillation circuit comprising: 
a latch for generating an output signal based on a first signal 

and a second signal; 
an electric-charge charge/discharge unit which has first and 

second capacitors, and charges or discharges the first 
and second capacitors complementarily based on the 
output signal; 

a first comparator which compares a first Voltage according 
to electric charge accumulated in the first capacitor and 
a first reference Voltage, and outputs the first signal; 

a second comparator which compares a second Voltage 
according to electric charge accumulated in the second 
capacitor and the first reference Voltage, and outputs the 
second signal; and 

a control unit for controlling a timing, to compensate for 
variations of signals in the latch, the first comparator, 
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and the second comparator, at which respective Voltage 
levels of the first reference voltage and the first voltage 
match, 

wherein the control unit controls the voltage level of the 
first reference Voltage in accordance with the frequency 
of the output signal. 

2. The oscillation circuit according to claim 1, wherein the 
control unit further comprises a control Voltage generation 
unit which generates a control Voltage having a Voltage level 
according to the frequency of the output signal of the latch. 

3. The oscillation circuit according to claim 2, wherein the 
control Voltage generation unit further includes a constant 
current Source and a plurality of switches which generates the 
control Voltage having the Voltage level according to the 
frequency of the output signal of the latch. 

4. The oscillation circuit according to claim 3, wherein the 
control unit further comprises an comparison Voltage genera 
tion unit that includes an operational amplifier connected 
with a resistance element and a third capacitor to generate a 
comparison Voltage according to a different between an aver 
age value of the control Voltage from the control Voltage 
generation unit and the first reference Voltage. 

5. The oscillation circuit according to claim 1, wherein the 
first signal comprises a set signal and a second signal com 
prises a reset signal. 

6. The oscillation circuit according to claim 1, wherein the 
control unit increases the voltage level of the first reference 
Voltage with an increase in the frequency of the output signal, 
and decreases the voltage level of the first reference voltage 
with a decrease in the frequency of the output signal. 

7. The oscillation circuit according to claim 1, wherein the 
control unit controls slew rates of the first and second Voltages 
in accordance with the frequency of the output signal. 

8. The oscillation circuit according to claim 1, wherein the 
control unit controls the timing, to compensate for variations 
of signals in the latch, the first comparator, and the second 
comparator, at which respective voltage levels of the first 
reference Voltage and the first Voltage match and a timing, to 
compensate for variations of signals in the latch, the first 
comparator, and the second comparator, at which respective 
voltage levels of the first reference voltage and the second 
Voltage match in response to a frequency of the output signal. 

9. The oscillation circuit according to claim 1, wherein the 
latch comprises an RS flip-flop. 

10. The oscillation circuit according to claim 1, wherein the 
control unit comprises: 

a control Voltage generation unit for generating a control 
Voltage according to the frequency of the output signal; 
and 

a Voltage control unit for generating a comparison Voltage 
according to a difference between a second reference 
Voltage and the control Voltage, as the first reference 
Voltage. 

11. The oscillation circuit according to claim 10, wherein 
the control Voltage generation unit includes a first constant 
current source circuit for feeding a constant current and a 
Switched capacitor resistor having a resistance value accord 
ing to the frequency of the output signal, and generates the 
control Voltage having a Voltage level determined based on a 
current value of the current flowing through the first constant 
current source circuit and the resistance value of the switched 
capacitor resistor. 
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12. An oscillation circuit comprising: 
a latch for generating an output signal based on a first signal 

and a second signal; 
an electric-charge charge/discharge unit which has first and 

second capacitors, and charges or discharges the first 
and second capacitors complementarily based on the 
output signal; 

a first comparator which compares a first Voltage according 
to electric charge accumulated in the first capacitor and 
a first reference Voltage, and outputs the first signal; 

a second comparator which compares a second Voltage 
according to electric charge accumulated in the second 
capacitor and the first reference Voltage, and outputs the 
second signal; and 

a control unit for controlling a timing at which respective 
voltage levels of the first reference voltage and the first 
Voltage match and a timing at which respective Voltage 
levels of the first reference voltage and the second volt 
age match in accordance with a frequency of the output 
signal, 

wherein the control unit includes a control Voltage genera 
tion unit for generating a control Voltage according to the 
frequency of the output signal and a Voltage control unit 
for generating a comparison Voltage according to a dif 
ference between a second reference Voltage and the con 
trol Voltage, as the first reference Voltage. 

13. The oscillation circuit according to claim 12, wherein 
the electric-charge charge/discharge unit further comprises a 
second constant current source circuit for feeding a constant 
current and a Switch unit for controlling continuity between 
the second constant current source circuit and the first capaci 
tor, continuity between the second constant current source 
circuit and the second capacitor, continuity between a first 
power source and the first capacitor, and continuity between 
the first power source and the second capacitor, based on the 
output signal. 

14. The oscillation circuit according to claim 12, wherein 
the electric-charge charge/discharge unit further generates 
the control Voltage having a Voltage level determined based 
on a current value of the current flowing through the second 
constant current source circuit and a resistance value of a 
Switched capacitor resistor comprised of the Switch unit and 
the first and second capacitors. 

15. The oscillation circuit according to claim 12, wherein 
the Voltages to the first and second capacitors are Supplied to 
inverting input terminals of the first and second comparators 
respectively, and a comparison Voltage is Supplied to non 
inverting input terminals of the first and second comparators. 

16. An oscillation circuit comprising: 
a latch for generating an output signal based on a first signal 

and a second signal; 
an electric-charge charge/discharge unit which includes 

first and second capacitors, and charges or discharges 
the first and second capacitors complementarily based 
on the output signal, the electric-charge/discharge unit 
generates a control Voltage according to the frequency of 
the output signal; 

a first comparator which compares a first Voltage according 
to electric charge accumulated in the first capacitor and 
a first reference Voltage, and outputs the first signal; 

a second comparator which compares a second Voltage 
according to electric charge accumulated in the second 
capacitor and the first reference Voltage, and outputs the 
second signal; and 
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a control unit for controlling a timing at which respective 
voltage levels of the first reference voltage and the first 
Voltage match and a timing at which respective Voltage 
levels of the first reference voltage and the second volt 
age match in accordance with a frequency of the output 
signal. 

17. The oscillation circuit according to claim 16, wherein 
the control unit includes a control Voltage generation unit for 
generating a control Voltage according to the frequency of the 
output signal and a Voltage control unit for controlling slew 
rates of the first and second Voltages in accordance with a 
difference between a second reference voltage as the first 
reference Voltage and the control Voltage. 

18. The oscillation circuit according to claim 16, wherein 
the control Voltage generation unit includes a first constant 
current source circuit for feeding a constant current and a 
Switched capacitor resistor having a resistance value accord 
ing to the frequency of the output signal, and generates the 
control Voltage having a Voltage level determined based on a 
current value of the current flowing through the first constant 
current source circuit and the resistance value of the switched 
capacitor resistor. 

19 
Jul. 9, 2015 

19. The oscillation circuit according to claim 16, wherein 
the Voltage control unit generates a comparison Voltage 
according to a difference between the second reference volt 
age and the control Voltage, 

wherein the electric-charge charge/discharge unit further 
includes a variable current source circuit for feeding a 
current according to the comparison Voltage and a 
switch unit for controlling continuity between the vari 
able current source circuit and the first capacitor, con 
trolling continuity between the variable current source 
circuit and the second capacitor, continuity between a 
first power source and the first capacitor, and continuity 
between the first power source and the second capacitor, 
based on the output signal, and 

wherein the first and second capacitors comprise variable 
capacitors having capacitance values according to the 
comparison Voltage. 

20. A PLL (Phase-locked loop) comprising: 
the oscillation circuit according to claim 16. 
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