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Correspondence Address? There is disclosed an oscillator circuit in Which the ?rst 
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SCHULTE ROTH & ZABEL LLP inverter in a quartz oscillator circuit and a higher potential 
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load capacitor is connected betWeen the output side of the 
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capacitor is connected betWeen the output side of the 
(22) Filedi Jall- 3, 2001 inverter and the loWer potential side, so that variation in 

_ _ amplitudes of the voltage sources synchronized With the 
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_ _ _ _ current consumption. 

(63) Continuation of application No. 09/218,223, ?led on 
Dec, 21, 1998, now Pat' No_ 6,191,661, which is a There is also disclosed an oscillator circuit of reduced circuit 
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chip. Aprotective circuit that has been heretofore required at 
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dispensed With. Therefore, the capacity of the AC coupling 
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OSCILLATOR CIRCUIT 

[0001] This application is continuation of application Ser. 
No. 09/218,223 ?led Dec. 21, 1998 Which is a continuation 
in-part application of application Ser. No. 09/168,906 ?led 
Oct. 8, 1998, naming the same inventors. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to an oscillator cir 
cuit. 

[0004] 
[0005] Heretofore, an oscillator circuit for realizing loWer 
poWer consumption has been provided With a con?guration 
as shoWn in FIG. 1. This circuit is described speci?cally by 
referring to this ?gure. A CMOS inverter 101 is connected 
With a higher-potential poWer supply 103 and With a loWer 
potential poWer supply 104 via current-limiting devices 102 
that are used to realiZe loWer poWer consumption. One 
electrode of a load capacitor 105 is connected With the input 
side of the CMOS inverter 101, While the other electrode is 
connected With the loWer-potential poWer supply 104. One 
electrode of a load capacitor 106 is connected With the 
output side of the CMOS inverter 101, Whereas the other 
electrode is connected With the loWer-potential poWer sup 
ply 104. Also shoWn are a quartZ oscillator 107 and a 
feedback resistor 108. 

[0006] In the above-described con?guration, hoWever, the 
load capacitors 105 and 106 directly connected With the 
poWer supplies cause the circuit to have the problem that the 
poWer-supply voltages vary greatly in synchronism With the 
oscillation. Therefore, any circuit using a poWer supply in 
common With this oscillator circuit has the disadvantage of 
becoming unstable in operation. Conversely, Where the 
poWer-supply voltages are varied by some action indepen 
dent of the oscillation, there is also the disadvantage that the 
variations adversely affect the oscillator circuit. 

[0007] Where an oscillator circuit IC including a CMOS 
inverter having an externally attached quartZ oscillator is 
connected With a buffer circuit IC, it is common practice to 
attach an AC coupling capacitor externally to an output of 
the CMOS inverter Within the oscillator circuit and to 
connect the input terminal of the buffer circuit via the 
coupling capacitor. 

2. Description of Related Art 

[0008] A protective circuit is mounted to the input termi 
nal portion of the buffer circuit. This protective circuit has an 
electrostatic capacity of about 5 pF. Accordingly, the elec 
trostatic capacity of the AC coupling capacitor is required to 
be large enough to be capable of canceling out the electro 
static capacity of the protective circuit, e.g., approximately 
100 pF. This increases the siZe of the AC coupling capacitor 
that must be attached externally. In consequence, the circuit 
scale is increased. 

SUMMARY OF THE INVENTION 

[0009] In the present invention, the ?rst load capacitor is 
connected betWeen the input side of a CMOS inverter and 
one poWer-supply potential, the second load capacitor is 
connected betWeen the input side of the CMOS inverter and 
the other poWer-supply potential, the third load capacitor is 
connected betWeen the output side of the CMOS inverter 
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and the one poWer-supply potential, and the fourth load 
capacitor is connected betWeen the output side of the CMOS 
inverter and the other poWer-supply potential. Thus, varia 
tions in the poWer-supply voltages in synchronism With 
oscillation can be reduced With the realiZation of loWer 
electric current consumption. 

[0010] Since the ?rst and third load capacitors and one 
poWer-supply side of the CMOS inverter are coupled to the 
one poWer-supply voltage via the ?rst current-limiting 
device, and the second and fourth load capacitors and the 
other poWer-supply side of the CMOS inverter are coupled 
to the other poWer-supply voltage via the second current 
limiting device, variations in the poWer-supply voltages in 
synchronism With oscillation can be reduced further With the 
realiZation of loWer current consumption. 

[0011] The ?rst and second current-limiting devices may 
be resistors. 

[0012] The ?rst and second current-limiting devices may 
be transistors. 

[0013] The ?rst and second current-limiting devices may 
be constant current circuits. 

[0014] Each of the ?rst and second current-limiting 
devices is made of a plurality of sWitching devices con 
nected in parallel. These sWitching devices are controlled by 
a control circuit according to the output from the CMOS 
inverter. This therefore enables the current-limiting devices 
to be adjusted, so that optimum adjustment becomes pos 
sible. Moreover, for example, by controlling the sWitching 
devices so that a large amount of current ?oWs via these 
sWitching devices at the start of oscillation and so that a 
desired amount of current ?oWs after the oscillation has been 
stabiliZed, the time betWeen the start of the oscillation and 
the stabiliZation of the oscillation can be shortened to 
enhance the responsiveness. 

[0015] Further in accordance With the present invention, a 
CMOS inverter for oscillations, an AC coupling capacitor, 
and a buffer circuit are formed on one chip, thus dispensing 
With a protective circuit that Would normally be mounted at 
the input terminal portion of the buffer circuit. Conse 
quently, the electrostatic capacity of the AC coupling capaci 
tor can be reduced and thus the circuit scale can be 
decreased. 

[0016] Advantages similar to the foregoing can be 
obtained by forming the AC coupling capacitor and the 
buffer circuit on one chip. 

[0017] An invention as set forth in one aspect lies in an 
oscillator circuit comprising a CMOS inverter producing an 
output and a buffer circuit for receiving the output from the 
inverter via an AC coupling capacitor. A quartZ oscillator is 
connected across input and output of the CMOS inverter. 
The AC coupling capacitor, the CMOS inverter, and the 
buffer circuit are formed on one chip. 

[0018] An invention as set forth in another aspect lies in an 
oscillator circuit comprising a CMOS inverter producing an 
output and a buffer circuit for receiving the output from the 
inverter via an AC coupling capacitor. A quartZ oscillator is 
connected across input and output of the CMOS inverter. 
The AC coupling capacitor and the buffer circuit are formed 
on one chip. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1A is a circuit diagram illustrating a con?gu 
ration of the conventional oscillator circuit; 

[0020] FIG. 1B is a circuit diagram illustrating an aspect 
of the present invention; 

[0021] FIG. 2 is a circuit diagram shoWing an embodi 
ment of the present invention; 

[0022] FIG. 3 is a diagram illustrating simulated voltage 
Waveforms When a circuit shoWn in FIG. 2 is operated; 

[0023] FIG. 4 is a diagram illustrating simulated voltage 
Waveforms When a circuit shoWn in FIG. 1 is operated; 

[0024] FIG. 5 is a circuit diagram shoWing another 
embodiment of the invention; 

[0025] FIG. 6 is a diagram illustrating the voltage Wave 
form When the circuit shoWn in FIG. 5 is actually operated; 

[0026] FIG. 7 is a circuit diagram shoWing a further 
embodiment of the invention; 

[0027] FIG. 8 is a circuit diagram shoWing an eXample of 
a detection circuit in the embodiment of FIG. 7; 

[0028] FIG. 9A is a circuit diagram shoWing an eXample 
of a differential ampli?er circuit as a main part of another 
eXample of the detection circuit in the embodiment of FIG. 
7; 

[0029] FIG. 9B is a circuit diagram shoWing another 
eXample of the detection circuit in the embodiment of FIG. 
7 using the differential ampli?er circuit of FIG. 9A; 

[0030] FIG. 10 is a circuit diagram shoWing another 
eXample of a voltage source in the detection circuit of FIG. 
9B; 

[0031] FIG. 11 is a circuit diagram of a further eXample of 
the voltage source in the detection circuit of FIG. 9B; and 

[0032] FIGS. 12A to 12C are circuit diagrams of other 
eXamples of differential ampli?er circuits in the detection 
circuit of FIG. 9B. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] The present invention Will be speci?cally described 
in the folloWing according to embodiments shoWn in the 
?gures. 

[0034] The present invention comprises a CMOS inverter, 
a pieZoelectric device and a feedback resistor each con 
nected betWeen input and output terminals of the CMOS 
inverter, the ?rst load capacitor connected betWeen the input 
side of the CMOS inverter and one poWer-supply potential, 
the second load capacitor connected betWeen the input side 
of the CMOS inverter and the other poWer-supply voltage, 
the third load capacitor connected betWeen the output side of 
the CMOS inverter and the one poWer-supply potential, and 
the fourth load capacitor connected betWeen the output side 
of the CMOS inverter and the other poWer-supply potential. 

[0035] The ?rst and third load capacitors and the one 
poWer-supply side of the CMOS inverter are coupled to the 
one poWer-supply voltage via the ?rst current-limiting 
device, and the second and fourth load capacitors and the 
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other poWer-supply side of the CMOS inverter are coupled 
to the other poWer-supply voltage via the second current 
limiting device. 

[0036] In the embodiments, the above-described ?rst and 
second current-limiting devices are resistors, transistors, 
constant current circuits, or a plurality of sWitching devices 
connected in parallel Which are controlled by a control 
circuit further provided for controlling the sWitching devices 
according to the output from the CMOS inverter. The 
sWitching devices are transistors. 

[0037] First Embodiment 

[0038] Referring to FIG. 2, there are shoWn a CMOS 
inverter 1, a quartZ oscillator 2 forming a pieZoelectric 
device, and a feedback resistor 3. The quartZ oscillator 2 and 
feedback resistor 3 are connected betWeen the input and 
output terminals of the CMOS inverter 1. One poWer-supply 
terminal of the CMOS inverter 1 is connected With the 
higher potential side 5 of the poWer supply via a P-channel 
MOS transistor 4 forming a current-limiting device. The 
other poWer-supply terminal is connected With the loWer 
potential side 7 of the poWer supply via an N-channel MOS 
transistor 6 forming a current-limiting device. The gate of 
the transistor 4 is connected With the loWer potential side 7 
of the poWer supply, While the gate of the transistor 6 is 
connected With the higher potential side 5 of the poWer 
supply. Each of the transistors 4 and 6 forms a current 
limiting device. The ?rst load capacitor 8 is connected With 
the input side of the CMOS inverter 1 With one electrode and 
is connected With the higher potential side 5 With the other 
electrode. The second load capacitor 9 is connected With the 
input side of the CMOS inverter 1 With one electrode and is 
connected With the loWer potential side 7 With the other 
electrode. The third load capacitor 10 is connected With the 
output side of the CMOS inverter 1 With one electrode and 
is connected With the higher potential side 5 With the other 
electrode. The fourth load capacitor 11 is connected With the 
output side of the CMOS inverter 1 With one electrode and 
is connected With the loWer potential side 7 With the other 
electrode. In the embodiment, the load capacitors 8 and 9 are 
made equal in electrostatic capacity. The load capacitors 10 
and 11 are also made equal in electrostatic capacity. 

[0039] FIG. 3 is a diagram of the simulated Waveforms of 
the voltages Where the circuit With the con?guration shoWn 
in FIG. 2 is oscillated at 30 MHZ. In this ?gure, Waveforms 
indicated With alphabetical characters a to c are those of the 
voltages at the terminals a to c shoWn in FIG. 2, respec 
tively. FIG. 4 shoWs comparative examples of Waveforms 
With those of FIG. 3, Which are the simulated Waveforms of 
the voltages Where the circuit With the related art con?gu 
ration shoWn in FIG. 1 is oscillated similarly to the case in 
FIG. 3 (30 MHZ). In this ?gure, Waveforms indicated With 
alphabetic characters a to c are those of the voltages at 
terminals a to c shoWn in FIG. 1, respectively. An electro 
static capacity of each of the load capacitors 105 and 106 is 
taken to be 10 pF. In the case of FIG. 3, each of the load 
capacitors 8 to 11 have an electrostatic capacity of 5 pF. That 
is, the load capacitors 8 and 9 share the electrostatic capacity 
of the load capacitor 105 shoWn in FIG. 1, and the load 
capacitors 10 and 11 share the electrostatic capacity of the 
load capacitor 106. 

[0040] As is apparent from the comparison of FIGS. 3 
and 4, Where the outputs from the CMOS inverters 1 and 
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101 (the Waveforms b) are kept in substantially equal level, 
the magnitude of swings of the poWer-supply voltages (the 
Waveforms a, c) becomes smaller in the case of FIG. 3. 

[0041] More speci?cally, the Waveform a (on the higher 
potential side of the power supply) in the conventional case 
shoWn in FIG. 4 shoWs that the maximum value of the 
magnitude of the sWing is 0.0004 V. Compared With this, in 
the conventional case shoWn in FIG. 4, the Waveform a (on 
the higher potential side of the poWer supply) in the embodi 
ment shoWn in FIG. 3 shoWs that the maximum value of the 
magnitude of the sWing is reduced to 0.00007 V. In addition, 
the Waveform c (on the loWer potential side of the poWer 
supply) in the conventional case shoWn in FIG. 4 shoWs that 
the magnitude of the sWing is 0.45 mV at maximum, 
Whereas the Waveform c (on the loWer potential side of the 
poWer supply) in the present embodiment shoWn in FIG. 3 
shoWs that the maximum value of the magnitude of the 
sWing is reduced to 0.1 mV. 

[0042] In this Way, the ?rst load capacitor 8 is connected 
betWeen the input side of the CMOS inverter 1 and the 
higher potential side 5. The second load capacitor 9 is 
connected betWeen the input side of the CMOS inverter 1 
and the loWer potential side 7. The third load capacitor 10 is 
connected betWeen the output side of the CMOS inverter 1 
and higher potential side 5. The fourth load capacitor 11 is 
connected betWeen the output side of the CMOS inverter 1 
and the loWer potential side 7. Consequently, variations in 
the poWer-supply voltages synchroniZed to the oscillation 
can be reduced. 

[0043] Where the oscillator circuit is generally connected 
With an external circuit, bypass capacitors are connected 
With the higher potential side 5 and With the loWer potential 
side 7. FIG. 1B illustrates a type of external or desired 
circuit 212 such as a frequency division circuit that the 
oscillator circuit is typically connected to. Accordingly, 
Where the ?rst load capacitor 8 and the second load capacitor 
9 are made equal in electrostatic capacity and the third load 
capacitor 10 and the fourth load capacitor 11 are made equal 
in electrostatic capacity as in the above-described embodi 
ment, variations in the voltages on the higher and loWer 
potential sides connected With each other via the load 
capacitors can be canceled out by the action of the bypass 
capacitors. Thus, the poWer-supply voltages can be better 
stabiliZed. 

[0044] In the above embodiment, transistors are used as 
the current-limiting devices. The invention, hoWever, is not 
limited to this. Similar advantages can be obtained by using 
resistors, constant current circuits, or the like. 

[0045] Second Embodiment 

[0046] In the ?rst embodiment shoW in FIG. 2, the other 
electrodes of the load capacitors 8 to 11 are directly coupled 
to the poWer-supply voltages. As shoWn in FIG. 5, they can 
be connected With the poWer-supply voltages via current 
limiting devices 4 and 6, respectively. Like components are 
indicated by like reference numerals in both FIGS. 

[0047] Referring speci?cally to FIG. 5, the other elec 
trodes of the load capacitors 8 and 10 are connected With the 
higher potential side 5 via the transistor 4 forming a current 
limiting device. The other electrodes of the load capacitors 
9 and 11 are connected With the loWer potential side 7 via the 
transistor 6 forming a current-limiting device. 
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[0048] FIG. 6 is a diagram illustrating the Waveforms of 
the voltages for actual oscillations at 30 MHZ With the circuit 
con?guration of FIG. 5. In FIG. 6, the Waveforms indicated 
With alphabetical characters a to c are those of the voltages 
at the terminals a to c shoWn in FIG. 5, respectively. 

[0049] Comparison With FIG. 3 that is a Waveform dia 
gram of the ?rst embodiment described previously reveals 
that Where the output of the CMOS inverter 1 (the Waveform 
b) is kept substantially at the same level, the magnitude of 
the sWing of the poWer-supply voltages becomes smaller in 
the case of FIG. 6. 

[0050] Speci?cally, the Waveform a (on the higher poten 
tial side of the poWer supply) in the ?rst embodiment shoWn 
in FIG. 3 shoWs that the magnitude of the sWing is 0.00007 
V at maximum, While the Waveform a (on the higher 
potential side of the poWer supply) in the second embodi 
ment shoWn in FIG. 6 shoWs that the maximum value of the 
magnitude of the sWing is reduced to 0.00004 V. In addition, 
the Waveform c (on the loWer potential side of the poWer 
supply) the above-described ?rst embodiment shoWn in 
FIG. 3 shoWs that the magnitude of the sWing is 0.1 mV at 
maximum, Whereas the Waveform c (on the loWer potential 
side of the poWer supply) in the second embodiment shoWn 
in FIG. 6 shoWs that the maximum value of the magnitude 
of the sWing is decreased to 0.05 mV. 

[0051] In this Way, the other electrodes of the load capaci 
tors 8 and 10 are connected With the higher potential side 5 
via the transistor 4, and the other electrodes of the load 
capacitors 9 and 11 are connected With the loWer potential 
side 7 via the transistor 6. That is, the load capacitors are not 
directly coupled to the poWer-supply voltages. Therefore, 
variations in the poWer-supply voltages in synchronism With 
the oscillation can be made smaller than in the case of the 
?rst embodiment. When the load capacitors 8 to 11 are 
coupled to the poWer-supply voltages, connections are made 
only via the current-limiting devices Without interposing 
additional capacitive elements. In consequence, adverse 
effects of noises produced from the poWer supplies on the 
oscillation can be reduced. 

[0052] In the above embodiment, transistors are used as 
the current-limiting devices. The invention, hoWever, is not 
limited to this. Similar advantages can be obtained by using 
resistors, constant current circuits, or the like in the same 
Way as in the ?rst embodiment. 

[0053] A Variation 

[0054] In FIG. 1B, a feedback resistor 3 and a quartZ 
oscillator 2 are connected across the input and output of a 
CMOS inverter 1. Load capacitors 204 and 205 are con 
nected to the input and output, respectively, of the CMOS 
inverter 1. The CMOS inverter 1, the feedback resistor 3, the 
quartZ oscillator 2, and the load capacitors 204, 205 consti 
tute a quartZ oscillator. 

[0055] The output of the CMOS inverter 1 is connected to 
the input of a buffer circuit 208 via both an AC coupling 
capacitor 206 and a signal-adjusting circuit 207. The output 
of the buffer circuit 208 is connected With a desired circuit 
212, such as a frequency division circuit, at the folloWing 
stage. 

[0056] The CMOS inverter 1, the feedback resistor 3, the 
load capacitors 204, 205, the AC coupling capacitor 206, the 
signal-adjusting circuit 207, and the buffer circuit 208 are 
formed on one chip. The quartZ oscillator 2 is externally 
attached. 
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[0057] In order to reduce the amount of the consumed 
current tWo power terminals of the buffer circuit 208 are 
connected With poWer supplies via current-regulated circuits 
209, respectively. To match the center of the amplitude of the 
output generated from the CMOS inverter 1 to the operating 
point of the buffer circuit 208, the signal-adjusting circuit 
207 is mounted in the present embodiment. The signal 
adjusting circuit 207 comprises resistors 210 and 211 con 
nected in series betWeen the poWer supplies. The signal 
adjusting circuit 207 adjusts the ratio betWeen the 
resistances of the resistors 210 and 211, thus adjusting the 
output level from the CMOS inverter 1. That is, an adjust 
ment is made to match the center of the amplitude of the 
output from the CMOS inverter 1 to the operating point of 
the buffer circuit 208. 

[0058] Since the buffer circuit 208 and the AC coupling 
capacitor 206 are formed as one chip in this Way, a protective 
circuit that has been heretofore required to be connected to 
the input terminal portion of the buffer circuit 208 can be 
dispensed With. Therefore, the capacitive component of the 
protective circuit does not eXist. Consequently, the value of 
the capacity of the AC coupling capacitor 206 can be 
reduced. In particular, about 100 pF that has been required 
heretofore can be reduced doWn to about 1 pF. That is, the 
con?guration of the AC coupling capacitor 206 can be 
reduced. If the AC coupling capacitor is made either of a 
metal such as molybdenum or of a metal such as molybde 
num and polysilicon, the siZe can be decreased further. In 
addition, the capacity value can be matched accurately. 
Furthermore, any eXternal attachment operation is unneces 
sary, because the AC coupling capacitor 206 is mounted on 
the chip. 

[0059] Instead of the signal-adjusting circuit 207, a feed 
back resistor may be connected betWeen the input and output 
terminals of the buffer circuit 208. 

[0060] FIG. 1B provides a circuit that is also useful Where 
one or both of the tWo poWer terminals of the CMOS 
inverter 1 are connected With the poWer supplies via current 
regulated circuits, resistors, etc. for reducing the amount of 
current consumed to form an oscillator circuit as described 
above. 

[0061] In the above, the CMOS inverter 1, the feedback 
resistor 3, the load capacitors 204, 205, the AC coupling 
capacitor 206, the signal-adjusting circuit 207, and the buffer 
circuit 208 are formed on one chip. Alternatively, the AC 
coupling capacitor 206, the signal-adjusting circuit 207, and 
the buffer circuit 208 may be formed on one chip, Which is 
separate from the CMOS inverter 1, the feedback resistor 3, 
and the load capacitors 204, 205. Also, in this case, a 
protective circuit that has been heretofore connected at the 
input terminal portion of the buffer circuit 208 is dispensed 
With. Therefore, advantages similar to the foregoing arise. 

[0062] Another Variation 

[0063] Another variation of the invention is neXt described 
by referring to FIG. 7, Where each current-limiting device of 
FIG. 5 consists of a plurality of sWitching devices that are 
connected in parallel and controlled according to the output 
from the CMOS inverter 1. 

[0064] In FIG. 7, each of current-limiting devices 12 and 
13 consists of a plurality of transistors 14 connected in 
parallel. Each of these transistors 14 is formed as a sWitching 
device. A control circuit 15 turns on and off the transistors 
14 according to the output from the CMOS inverter 1 
detected by a later described detection circuit 16. The 
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detection circuit 16 detects the amplitude of the output 
generated by the CMOS inverter 1 and produces outputs 
With different output values, depending on Whether the 
amplitude exceeding a prescribed value is obtained or not. 

[0065] In the con?guration described above, the current 
supplied to the CMOS inverter 1 can be appropriately 
adjusted according to the number of transistors 14 that are 
turned on to enable optimum adjustment of the current. For 
eXample, When the amplitude of the oscillating output from 
the CMOS inverter 1 is small at the start of the oscillation, 
all of these transistors 14 can be turned on to supply a large 
amount of current into the oscillator circuit. When the 
detection circuit 16 detects that the oscillation has stabiliZed 
and a certain magnitude of amplitude is maintained, turning 
on and off of the transistors 14 are set in a given condition 
so as to supply a given amount of current. Thus, the time 
required from the start of the oscillation to the stabiliZation 
of the oscillation can be shortened to enhance the respon 
siveness. 

[0066] In the above embodiment, a plurality of transistors 
connected in parallel are used as sWitching devices forming 
current-limiting devices. The invention, hoWever, is not 
limited to this. For instance, a plurality of constant current 
circuits each comprising a plurality of transistors may be 
used in parallel connection. In this case, by controlling the 
gate voltage of the transistors forming the constant current 
circuits by the control circuit 15, advantages similar to those 
in the foregoing can be derived. Where the current is limited 
by a plurality of resistors connected in parallel, by providing 
sWitching devices each connected in series With each of the 
resistors, and by controlling turning on and off of these 
sWitching devices With the control circuit 15, advantages 
similar to the foregoing can be obtained. 

[0067] In the above embodiment, a plurality of sWitching 
devices are connected in parallel so as to be appropriately 
controlled according to the output from the detection circuit 
16. HoWever, only one current-limiting device may be used 
according to the design request With, for eXample, the gate 
voltage value of this single device may be varied continu 
ously according to the output from the detection circuit 16. 
This also offers advantages similar to the foregoing. 

[0068] As the detection circuit 16, that shoWn in FIGS. 8 
or 9B may be used. In FIG. 8, the output from the CMOS 
inverter 1 is inputted at a terminal X and the detection signal 
from the detection circuit is outputted to the control circuit 
15 through a terminal Y. Speci?cally, the detected voltage 
level is established according to the inverted potential 
(threshold value) from an inverter 17. Since the detailed 
description of the operation is presented in Unexamined 
Published Japanese Patent No. 7-193428, the detailed 
description of the operation is omitted herein. Also shoWn in 
this ?gure are a P-channel MOS transistor 18, a resistor 19, 
a capacitor 20 and an inverter 21. 

[0069] In FIG. 8, When the oscillating output voltage from 
the CMOS inverter 1 is inputted from the terminal X With a 
large amplitude, the time during Which a current ?oWs 
through the inverter 17 is short. HoWever, When the oscil 
lating output voltage from the CMOS inverter 1 is inputted 
from the terminal X With a small amplitude, the time during 
Which a current ?oWs through the inverter 17 becomes long. 
This causes problems Where the design demands loWer 
poWer consumption. 

[0070] Generally, the threshold value of the inverter 17 is 
determined by the siZe of the transistors forming the inverter, 
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so that, When changing the threshold value, it is necessary to 
change the siZe of the transistors. 

[0071] An embodiment free of the above-described prob 
lem produced With the inverter 17 of FIG. 8 is shoWn in 
FIGS. 9A and 9B. A differential ampli?er circuit is used 
instead of the inverter 17 and current-limiting means are 
connected With the differential ampli?er circuit. That is, the 
oscillating output is applied to one input of the differential 
ampli?er circuit and a comparison reference voltage for 
judging the output level is applied to the other input. A 
connection With the poWer supply is made via the current 
limiting means. Consequently, different oscillating output 
levels can be detected With the same con?guration. Further 
more, the amount of consumed current can be reduced. 

[0072] FIG. 9A, shoWs an example of a differential ampli 
?er circuit used instead of the inverter 17 shoWn in FIG. 8. 

[0073] In FIG. 9A, a current mirror circuit 22 consists of 
a pair of P-channel MOS transistors 23, 24. The sources of 
the transistors 23 and 24 are connected With higher potential 
sides 5. The drain of the transistor 23 is connected With the 
gates of the transistors 23 and 24 and With the drain of the 
N-channel MOS transistor 25. A comparison reference volt 
age used to establish a threshold value for judging a level of 
a voltage applied via a terminal A is applied to the gate of 
the transistor 25. The source of the transistor 25 is connected 
With the source of the N-channel MOS transistor 26 and With 
a loWer potential side 7 via a current-limiting means 27 
comprising a transistor or the like and acting as a constant 
current source. The drain of the transistor 26 is connected 
With the drain of the transistor 24 and With the gate of the 
transistor 18 shoWn in FIG. 8 via a terminal Z. The gate of 
the transistor 26 receives the output from the CMOS inverter 
1 via a terminal X. 

[0074] The operation of FIG. 9A is described brie?y. 
When the comparison reference voltage supplied to the gate 
of the transistor 25 is applied via the terminal A, a threshold 
value is established according to the applied voltage and 
compared With the voltage level of the oscillating output 
applied via the terminal X. When the oscillating output 
voltage exceeds the threshold value, the voltage at the 
terminal Z drops. When the voltage level of the oscillating 
output applied via the terminal X does not exceed the 
threshold value, the terminal Z is maintained at a high 
potential. 
[0075] Consequently, Where the inverter 17 in the detec 
tion circuit shoWn in FIG. 8 is replaced by the differential 
ampli?er circuit shoWn in FIG. 9A, When the voltage level 
of the oscillating output applied via the terminal X exceeds 
the threshold value repeatedly, the capacitor 200 is gradually 
charged to make the output of the inverter 20 be inverted and 
produce a detection output “0”. Conversely, When the volt 
age level of the oscillating output applied via the terminal X 
does not exceed the threshold value, the terminal Z is kept 
at a high potential to turn off the transistor 18 and the 
capacitor 20 is not charged. Therefore, the inverter 21 does 
not produce detection output “0”. 

[0076] FIG. 9B shoWs another example of the detection 
circuit 16 using the differential ampli?er circuit shoWn in 
FIG. 9A. In this example, the current ?oWing through the 
differential ampli?er circuit shoWn in FIG. 9A is controlled 
by the signal applied to the terminal B, thus turning on and 
off of the differential ampli?er circuit is controlled. Also, the 
discharging of electric charge in the capacitor 20 is con 
trolled. Note that in this ?gure, the same reference numerals 
as in the previous ?gure indicate the same components. 
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[0077] In this ?gure, a voltage source 28 outputs a com 
parison reference voltage to the gate of a transistor 25. Also 
shoWn are an inverter 29, a P-channel MOS transistor 30, 
and N-channel MOS transistors 31, 32. 

[0078] The operation is described brie?y. In a standby 
condition, signal “1” is applied to the terminal B, thus 
turning off a P-channel MOS transistor 28a in the voltage 
source 28. At the same time, the transistor 32 is turned on 
and discharges the capacitor 20 to bring it in the initial state. 
Therefore, at this time, i.e., in a standby condition, the input 
to the inverter 21 is “0” and “1” is produced at the output 
terminal Y. The inverted output “0” from the inverter 29 
turns off the transistor 27, stopping the supply of current into 
the differential ampli?er circuit shoWn in FIG. 9A. There 
fore, in a stand by condition, useless current does not How 
into the circuit shoWn in FIG. 9A. This alloWs loWer current 
consumption. Inverted output “0” from the inverter 29 turns 
on the transistor 30. Concomitantly, the transistor 18 is 
turned off. Since the voltage source 28 has been turned off, 
the transistor 31 is also turned off. Consequently, the capaci 
tor 20 is prevented from being charged. Accordingly, the 
draWback of uselessly charging the capacitor 20 in a standby 
condition can be eliminated. Hence, loWer poWer consump 
tion is accomplished. 

[0079] When the circuit becomes in operation and signal 
“0” is inputted to the terminal B, the transistor 32 is turned 
off, stopping the capacitor 20 from being in the initial state. 
The voltage source 28 is turned on, and the comparison 
reference voltage is outputted to the gate of the transistor 25. 
At the same time, the transistor 31 is turned on. Inverted 
output “ 1” from the inverter 29 operates the transistor 27 and 
turns off the transistor 30. This permits the circuit shoWn in 
FIG. 9A to operate. Under this condition, When the output 
from the CMOS inverter 1 is applied from the terminal X, 
the same operation as the foregoing is performed. 

[0080] Where the differential ampli?er circuit shoWn in 
FIG. 9A is adopted, the threshold value can be easily varied 
by changing the comparison reference voltage applied to the 
gate of the transistor 25. Furthermore, the comparison 
reference voltage can be adjusted by the signal from other 
circuit block of the IC. In addition, the voltage may be 
adjusted by directly applying a voltage from the outside of 
the IC. For example, a plurality of resistors 33 may be 
connected in series across poWer supplies as shoWn in FIG. 
10 With one terminal of the junctions of the resistors 33 
being connected With the gate of the transistor 25 shoWn in 
FIGS. 9A and 9B, the other junctions being connected With 
the poWer supply via transistors 34, and the gates of the 
transistors 34 being controlled by binary signals from other 
circuit block in the IC or binary signals from the outside of 
the IC, thereby making digital adjustment. Alternatively, as 
shoWn in FIG. 11, a resistor 35 and a transistor 36 may be 
connected across poWer supplies With the junction being 
connected With the gate of the transistor 25 shoWn in FIGS. 
9A and 9B, and the gate of the transistor 36 being controlled 
by an analog signal from other circuit block Within the IC or 
an analog signal from the outside of the IC, thereby adjust 
ing the comparison reference voltage in an analog manner. 

[0081] In the above-described embodiment, the circuit 
shoWn in FIG. 9A is used as the differential ampli?er circuit. 
HoWever, the differential ampli?er circuit is not limited to 
this type. For example, those shoWn in FIGS. 12A, 12B and 
12C may be used. ShoWn in these ?gures are an active load 
37, resistors 38 and 39, P-channel MOS transistors 40 and 
41, N-channel MOS transistors 42 and 43. Note that the 
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same components as those in the previous ?gures are 
indicated by the same reference numerals. 

[0082] In the above-described embodiments, current-lim 
iting devices are mounted on both higher and loWer potential 
sides. The current-limiting devices, hoWever, may be 
mounted only on one side according to design requirement. 

[0083] According to the present invention, variations in 
the poWer-supply voltages synchroniZed With oscillation can 
be reduced While accomplishing loWer poWer consumption. 

[0084] The ?rst load capacitor With the one electrode 
thereof being connected With the input side of a CMOS 
inverter, the third load capacitor With the one electrode 
thereof being connected With the output side of the CMOS 
inverter, and the one poWer supply side of the CMOS 
inverter are coupled to the one poWer-supply voltage via the 
?rst current-limiting device. Moreover, the second load 
capacitor With the one electrode thereof being connected 
With the input side of the CMOS inverter, the fourth load 
capacitor With the one electrode thereof being connected 
With the output side of the CMOS inverter, and the other 
poWer supply side of the CMOS inverter are coupled to the 
other poWer supply side via the second current-limiting 
device. Therefore, variations in the poWer-supply voltages 
synchroniZed With the oscillation can be reduced further 
While realiZing loWer poWer consumption. 

[0085] Each of the ?rst and second current-limiting 
devices is made to have a plurality of sWitching devices 
connected in parallel. These sWitching devices are con 
trolled according to the output from the CMOS inverter by 
a control circuit. Therefore, the current in the current 
limiting devices can be adjusted to enable optimum current 
adjustment. In addition, for eXample, by controlling the 
sWitching devices so that a large amount of current ?oWs via 
these sWitching devices at the start of oscillation and that a 
given amount of current ?oWs after the oscillation has been 
stabiliZed, the time required from the start of the oscillation 
to the stabiliZation of the oscillation can be shortened to 
improve the response. 

[0086] Further, in accordance With the present invention, 
a protective circuit that has been heretofore connected With 
the input terminal portion of the buffer circuit can be made 
unnecessary. Therefore, the capacity of the AC coupling 
capacitor can be reduced. Hence, the circuit scale can be 
decreased. 

[0087] Although the invention has been described With 
reference to the preferred embodiments, it Will be apparent 
to one skilled in the art that variations and modi?cations are 
contemplated Within the spirit and scope of the invention. 
For eXample, the various advantageous features of the 
disclosed invention may be combined to generate additional 
embodiments. The draWings and description of the preferred 
embodiments are made by Way of eXample rather than to 
limit the scope of the invention, and it is to cover Within the 
spirit and scope of the invention all such changes and 
modi?cations. 

What is claimed is: 
1. An oscillator circuit comprising: 

a CMOS inverter having input and output terminals; 

a pieZoelectric device and a feedback resistor each con 
nected betWeen the input and output terminals of said 
CMOS inverter; 
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a buffer circuit for receiving an output from the CMOS 
invertor via an AC coupling capacitor; 

a ?rst load capacitor connected betWeen an input side of 
said CMOS inverter and one poWer-supply potential; 

a second load capacitor connected betWeen the input side 
of said CMOS inverter and the other poWer-supply 
potential; and 

a third load capacitor connected betWeen an output side of 
said CMOS inverter and said one poWer-supply poten 
tial; 

a fourth load capacitor connected betWeen the output side 
of said CMOS inverter and said other poWer-supply 
potential, Wherein at least said AC coupling capacitor 
and said buffer circuit are formed on one chip. 

2. The oscillator circuit of claim 1, Wherein said ?rst and 
third load capacitors and one poWer supply side of said 
CMOS inverter are coupled to said one poWer-supply volt 
age via a ?rst current-limiting device, and Wherein said 
second and fourth load capacitors and the other poWer 
supply side of said CMOS inverter are coupled to the other 
poWer-supply voltage via a second current-limiting device. 

3. An oscillator circuit as recited in claim 1, Wherein said 
CMOS inverter is formed on the same chip as said AC 
coupling capacitor and said buffer circuit. 

4. In an oscillator circuit having a CMOS inverter, a 
quartZ oscillator connected betWeen input and output of the 
inverter, and a buffer circuit for receiving an output from the 
CMOS inverter via an AC coupling capacitor, the improve 
ment Wherein 

said AC coupling capacitor and said buffer circuit are 
formed on one chip. 

5. In an oscillator circuit as recited in claim 4, said CMOS 
inverter formed on the same chip as said AC coupling 
capacitor and said buffer circuit. 

6. In an oscillator circuit as recited in claim 4, said CMOS 
inverter having current limiting devices for connection to 
poWer. 

7. In an oscillator circuit as recited in claim 4, said CMOS 
inverter having: 

a ?rst load capacitor connected betWeen the input of the 
CMOS inverter and one poWer-supply potential; 

a second load capacitor connected betWeen the input of 
the CMOS inverter and another poWer-supply voltage; 

a third load capacitor connected betWeen the output of the 
CMOS inverter and the one poWer-supply potential; 
and 

a fourth load capacitor connected betWeen the output side 
of the CMOS inverter and said other poWer-supply 
voltage. 

8. In an oscillator circuit as recited in claim 7 Wherein said 
?rst and third load capacitor and one poWer-supply side of 
said CMOS inverter are coupled to said one poWer-supply 
voltage via a ?rst current-limiting device, and said second 
and fourth load capacitors and the other poWer-supply side 
of said CMOS inverter are coupled to the other poWer 
supply voltage via a second current-limiting device. 


