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(57) Abstract: There is provided a high resolution circuit for converting a capacitance-to-time deviation including a capacitance
e deviation detecting unit generating two detection signals having a phase difference corresponding to variations of capacitance of an
micro electro mechanical system (MEMS) sensor; a capacitance deviation amplifying unit dividing frequencies of the two detection
signals to amplify the phase difference corresponding to the capacitance deviation; and a time signal generating unit generating a
time signal having a pulse width corresponding to the amplified phase difference.
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Description

HIGH RESOLUTION CIRCUIT FOR CONVERTING CA-

PACITANCE-TO-TIME DEVIATION
Technical Field

The present invention relates to a circuit for converting a capacitance-to-time
deviation, and more particularly, to a high-resolution circuit for converting a ca-
pacitance-to-time deviation.

The invention has been supported by IT R&D Program of MIC/ITTA
[2006-S-054-02, Development of CMOS based MEMS processed multi-functional

sensor for ubiquitous environment].

Background Art

An MEMS (Micro Electro Mechanical System) sensor is formed by combining micro
mechanical device (an embedded sensor in a semiconductor chip, a valve, a gear, a
reflector, and an actuator) and a computing circuit. The MEMS sensor varies own ca-
pacitance according to external environment.

And, a circuit for converting a capacitance-to-time deviation detects variations of the
capacitance of the MEMS sensor and outputs a time signal that has a pulse width cor-
responding to the detected variations of the capacitance.

However, in a case of the conventional circuit for converting a capacitance-to-time
deviation, when the variation of the capacitance of the MEMS sensor is very small, the
pulse width of the time signal also becomes very narrow. That is, since the circuit for
converting a capacitance-to-time deviation has low resolution, it is difficult for a
circuit that uses the time signal output from the circuit for converting a capacitance-
to-time deviation to perform an accurate operation.

In a conventional art, in order to solve the problem, there has been proposed a
method of increasing a driving voltage of the circuit for converting a capacitance-
to-time deviation so that a time signal has a relatively wider pulse width despite a
small variation of the capacitance. However, the method needs a higher driving voltage
then before. Therefore, the method cannot be used in a circuit having a micro size and

low power consumption.

Disclosure of Invention

Technical Problem
As described above, since the circuit for converting a capacitance-to-time deviation

according to the conventional art has low resolution, when a capacitance deviation of
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an MEMS sensor is small, a pulse width of a time signal that reflects the capacitance

deviation becomes very small.
Further, when a driving voltage is increased to improve the resolution of the circuit

for converting a capacitance-to-time deviation, it is difficult for a microcircuit having

low power consumption to use this.

Technical Solution

According to an aspect of the present invention, there is provided a high resolution
circuit for converting a capacitance-to-time deviation including: a capacitance
deviation detecting unit generating two detection signals having a phase difference cor-
responding to variations of capacitance of an micro electro mechanical system
(MEMS) sensor; a capacitance deviation amplifying unit dividing frequencies of the
two detection signals to amplify the phase difference corresponding to the capacitance
deviation; and a time signal generating unit generating a time signal having a pulse
width corresponding to the amplified phase difference.

The capacitance deviation detecting unit may include a first capacitance detecting
unit performing a charging and discharging operation according to a first capacitance
to generate a first detection signal having a first frequency; and a second capacitance
detecting unit performing a charging and discharging operation according to a second
capacitance to generate a second detection signal having a second frequency. The first
capacitance detecting unit may include a first comparator having a first value when a
voltage charged and discharged by the first capacitance has a level equal to or less than
that of a reference voltage and otherwise, a second value; a first charging switch
applying a charging current to the first capacitance when the first detection signal has
the first value; and a first discharging switch discharging the voltage charged in the
first capacitance when the first detection signal has the second value. T he second ca-
pacitance detecting unit may include a second comparator having a first value when
the voltage charged and discharged by the second capacitance has a level equal to or
less than that of the reference voltage, and otherwise, a second value; a second
charging switch applying a charging current to the second capacitance when the second
detection signal has the first value; and a second discharging switch discharging the
voltage charged in the second capacitance when the second detection signal has the
second value.

The capacitance deviation amplifying unit may include a first signal frequency
dividing unit dividing a frequency of the first detection signal to generate a first
frequency-divided signal; and a second signal frequency dividing unit dividing a

frequency of the second detection signal to generate a second frequency-divided signal.
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The first signal frequency dividing unit may include a plurality of first D flip-flops
connected in multiple stages, the first D flip-flops each having inverted output fed back
as input and receiving the first detection signal and output signals at previous stages as
clocks. The second signal frequency dividing unit may include a plurality of second D
flip-flops connected in multiple stages, the first D flip-flops each having inverted
output fed back as input and receiving the second detection signal and output signals at

previous stages as clocks.
The time signal generating may include a first logic gate performing an exclusive OR

(XOR) operation of the first frequency-divided signal and the second frequency-
divided signal to generate the time signal. The time signal generating unit may further
include a second logic gate performing an AND operation of the first frequency-
divided signal and the second frequency-divided signal to initialize operations of the

capacitance deviation detecting unit and the capacitance deviation amplifying unit.

Advantageous Effects

As set forth above, according to exemplary embodiments of the invention, the high
resolution circuit for converting a capacitance-to-time deviation amplifies a phase
difference corresponding to variations of capacitance of an MEMS sensor and
generates a time signal having a pulse width corresponding to the amplified phase
difference such that a time signal having a high resolution can be generated.

Further, since an additional increase in driving voltage is not required to perform the
above-described operation, the high resolution circuit for converting a capacitance-

to-time deviation can be stably used in a micro-circuit having low power consumption.

Brief Description of the Drawings

FIG. 1 is a circuit diagram illustrating a high resolution circuit for converting a ca-
pacitance-to-time deviation according to an exemplary embodiment of the present
invention;

FIG. 2 is a detailed view illustrating a capacitance deviation detecting unit of FIG. 1;

FIG. 3 is a signal timing diagram illustrating the operation of the capacitance
deviation detecting unit of FIG. 2;

FIG. 4 is a detailed circuit diagram of a capacitance deviation amplifying unit of FIG.
15

FIG. 5 is a signal timing diagram illustrating the operation of the capacitance
deviation amplifying unit of FIG. 4;

FIG. 6 is a detailed circuit diagram illustrating a time signal generating unit of FIG.
15
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FIG. 7 is a signal timing diagram illustrating the operation of the time signal

generating unit of FIG. 6; and
FIG. 8 is a signal timing diagram illustrating the entire configuration of the circuit for

converting a capacitance-to-time deviation according to an exemplary embodiment of

the present invention.

Best Mode for Carrying Out the Invention

Hereinafter, exemplary embodiments of the present invention will now be described
in detail with reference to the accompanying drawings. However, in description of
operation principles associated with the embodiments of the present invention, detailed
description of a known art or configuration is omitted because it may obscure the spirit
of the present invention unnecessarily. In the following description, well-known
functions or configurations are not described in detail since they would obscure the
invention in unnecessary detail.

Also, in the drawings, the same reference numerals are used throughout to designate
the same or similar components.

FIG. 1 is a circuit diagram illustrating a high resolution circuit for converting a ca-
pacitance-to-time deviation according to an exemplary embodiment of the present
invention.

As shown in FIG. 1, the high-resolution circuit for converting a capacitance-to-time
deviation includes a driving signal generating unit 10, a capacitance deviation
detecting unit 20, a capacitance deviation amplifying unit 30, and a time signal
generating unit 40.

Hereinafter, functions of the components will be described.

The driving signal generating unit 10 generates a pulse signal to determine a driving
start point of the circuit for converting a capacitance-to-time deviation, that is, a
driving signal start, and supplies the generated driving signal start to the capacitance
deviation detecting unit 20.

The capacitance deviation detecting unit 20 includes a first capacitance detecting unit
21 and a second capacitance detecting unit 22. The first and second capacitance
detecting units 21 and 22 detect variations of capacitance of an MEMS sensor that are
caused by an external stimulus, to generate two detection signals S1 and S2, re-
spectively. Here, the two detection signals S1 and S2 have a phase difference corre-
sponding to the variations of capacitance of the MEMS sensor. That is, the first and
second capacitance detecting units 21 and 22 perform the charging and discharging
operation on the basis of first and second capacitances, respectively, of the MEMS

sensor to generate the first and second detection signals S1 and S2, respectively, which
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have frequencies corresponding to the first and second capacitances.

The capacitance deviation amplifying unit 30 includes a first signal frequency
dividing unit 31 and a second signal frequency dividing unit 32 that correspond to the
first capacitance detecting unit 21 and the second capacitance detecting unit 22, re-
spectively. The first and second signal frequency dividing units 31 and 32 of the ca-
pacitance deviation amplifying unit 30 divide the frequencies of the two detection
signals S1 and S2, respectively, by 2. The capacitance deviation amplifying unit 30
amplifies a phase difference between the two detection signals S1 and S2. That is, the
phase difference corresponding to the capacitance deviation is amplified.

The time signal generating unit 40 performs a logical XOR (Exclusive OR) operation
on the two frequency dividing signals DS1n and DS2n that are output from the ca-
pacitance deviation amplifying unit 30 to generate a time signal TS that has a pulse
width corresponding to the amplified phase difference.

Further, the time signal generating unit 40 may perform a logical AND operation on
the two frequency dividing signals DS1n and DS2n to generate a reset signal reset to
reset the operation of the circuit for converting a capacitance-to-time deviation.

FIG. 2 is a view illustrating a detailed configuration of a capacitance deviation
detecting unit of FIG. 1.

Hereinafter, it is assumed that the MEMS sensor changes two capacitances according
to a stimulus applied from the outside, and the first and second capacitances of the
MEMS sensor are expressed as first and second capacitors Cs1 and Cs2 in an
equivalent circuit.

Referring to FIG. 2, the first capacitance detecting unit 21 includes a first comparator
COML, a first inverter INV1, a first charging switch SWc1, a first discharging switch
SWdl, and a first driving switch SWs1.

When a first voltage V1 that is charged by the first capacitor Cs1 has a level equal to
or more than that of a reference voltage, the first comparator COM1 outputs a
detection signal S1 at a high level, and otherwise, a detection signal S1 at a low level.
The first inverter INV1 inverts the detection signal S1 output from the first comparator
COML. The first charging switch SWcl is turned on when an output signal of the first
inverter INV1 is at a high level, and applies a first charging current Ic1 to the first
capacitor Cs1. The first discharging switch SWdl is turned on when the detection
signal S1 of the first comparator COM1 is at a high level to discharge electric charges
from the first capacitor Cs1 through a first discharging current Id1. When the driving
signal start is activated, the first driving switch SWs1 discharges electric charges from
the first capacitor Cs1 to initialize the first capacitance detecting unit 21.

The second capacitance detecting unit 22 includes a second comparator COM2, a

second inverter INV2, a second charging switch SWc2, a second discharging switch
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SWd2, and a second driving switch SWs2.

When a second voltage V2 that is charged by the second capacitor Cs2 has a level
equal to or more than a reference voltage, the second comparator COM2 outputs a
detection signal S2 at a high level, and otherwise, a detection signal S2 at a low level.
The second inverter INV2 inverts the detection signal S2 output from the second
comparator COM2. The second charging switch SWc2 is turned on when the output
signal of the second inverter INV2 is at a high level, and applies a second charging
current Ic2 to the second capacitor Cs2. The second discharging switch SWd2 is turned
on when the detection signal S2 output from the second comparator COM2 is at a high
level to discharge electric charges from the second capacitor Cs2 through a second dis-
charging current Id2. When the driving signal start is activated, the second driving
switch SWs2 discharges electric charges from the second capacitor Cs2 to initialize the
second capacitance detecting unit 22.

Preferably, current amounts of the first and second charging currents Icl and Ic2 may
be the same as those of the first and second discharging currents Id1 and 1d2. In this
way, the charging and discharging speed of the first and second capacitors Cs1 and
Cs2 is only determined by the capacitances, and the two detection signals S1 and S2
have a phase difference that reflects a phase difference between the first and second ca-
pacitors Cs1 and Cs2.

Further, each of the first and second comparators COM1 and COM?2 is formed of a
Schmitt trigger comparator that outputs a low-level signal when a voltage has a lower
level than the reference voltage and a high-level signal when a voltage has a higher
level than the reference voltage.

Further, the first and second driving switches SWs1 and SWs2 can be turned on and
off according to the reset signal reset as well as the driving signal start. That is, the first
and second SWs1 and SWs2 are turned on according to the reset signal reset instead of
the driving signal start to initialize the first and second capacitance detecting units 21
and 22.

Hereinafter, referring to FIG. 3, the operation of the capacitance deviation detecting
unit, shown in FIG. 2, will be described. In FIG. 3, for the convenience of explanation,
it is assumed that the capacitance of the first capacitor Cs1 is smaller than that of the
second capacitor Cs2.

First, when the driving signal start is clocked and the first and second SWs1 and
SWs2 are instantaneously turned on, the charges charged in the first and second ca-
pacitors Cs1 and Cs2 are all discharged, and all of the first and second voltages V1 and
V2 become OV.

The first and second comparators COM1 and COM2 receive the first and second
voltages V1 and V2, which are 0OV, to output the low-level detection signals S1 and S2,
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respectively, to generate high-level signals. The first and second charging switches
SWcl and SWe2 are turned on in response to the generated high-level signals to apply
the first and second charging currents Ic1 and Ic2 to the first and second capacitors Cs1
and Cs2, respectively.

Then, the first and second capacitors Cs1 and Cs2 start to be charged with first and
second charging currents Ic1 and Ic2, respectively.

However, since the capacitance of the first capacitor Cs1 is smaller than that of the
second capacitor Cs2, the first voltage V1 of the first capacitor Cs1 increases at a
higher rate than the second voltage V2 of the second capacitor Cs2.

Then, before the second comparator COM2, the first comparator COM1 outputs the
detection signal S1 that is shifted from a low level to a high level. The discharging
switch SWdl is turned on first, and the first capacitor Cs1 only performs a discharging
operation.

After a predetermined period of time passes, if the level of the second voltage V2 of
the second capacitor Cs2 also increases to a predetermined voltage level, the second
comparator COM2 outputs the detection signal S2 that is shifted to a low level to a
high level, and the second discharging switch SWd2 is turned on. Therefore, the
second capacitor Cs2 also performs a discharging operation.

However, the discharging speed of each of the first and second capacitors Cs1 and
Cs2 varies according to the capacitance deviation between the first and second ca-
pacitors Cs1 and Cs2. That is, the first voltage V1 of the first capacitor Cs1 drops
faster than the second voltage V2 of the second capacitor Cs2.

As such, when the capacitance deviation occurs between the first and second ca-
pacitors Cs1 and Cs2, the first and second capacitors Cs1 and Cs2 (tcl<tc2 and
td1<td2) have different charging and discharging speeds from each other. As a result,
the detection signals S1 and S2 have different frequencies. A phase difference AT that
corresponds to the capacitance deviation between the first and second capacitors Cs1
and Cs2 occurs between the two detection signals S1 and S2.

FIG. 4 is a detailed circuit diagram illustrating the phase difference amplifying circuit
of FIG. 1.

Referring to FIG. 4, the capacitance deviation amplifying unit 30 includes a first
signal frequency dividing unit 31 and a second signal frequency dividing unit 32. The
first signal frequency dividing unit 31 includes a plurality of D flip-flops D11 to D1n
that are connected in multiple stages. Each of the D flip-flops D11 to D1n divides the
frequency of an input signal by 2. The second signal frequency dividing unit 32

includes D flip-flops D21 to D2n that are connected in multiple stages. Each of the D
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flip-flops D21 to D2n divides the frequency of an input signal by 2.

Preferably, inverted output of each of the plurality of D flip-flops D11 to D1n and
D21 to D2n is fed to input thereof. Further, the plurality of D flip-flops D11 to D1n
receive a detection signal and output signals of the D flip-flops D11 to D1(n-1) at
previous stages as clocks, and the plurality of D flip-flops and D21 to D2n receive the
detection signal and output signals D21 to D2(n-1) at previous stages as clocks.
Specifically, the D flip-flops D11 and D21 positioned at first stages receive the
detection signals S1 and S2 as clocks, respectively. The other D flip-flops D12 to D1n
and D22 to D2n receive the output signals DS11 to DS1(n-1) and DS21 to DS2(n-1) of
the D flip-flops D11 to D1(n-1) and D21~D1(n-1) as clocks, respectively.

Hereinafter, the operation of the capacitance deviation amplifying unit, shown in
FIG. 4, will be described with reference to FIG. 5.

When the two detection signals S1 and S2 are input as clocks, the D flip-flops D11
and D21 positioned at the first stages are synchronized and clocked with falling edges
of the detection signals S1 and S2 to output first output signals DS11 and DS21 that
have frequencies obtained by dividing the frequencies of the detection signals S1 and
S2, respectively, by 2.

Further, the D flip-flops D12 and D22 positioned at second stages are synchronized
and clocked with falling edges of the first output signal DS11 and DS21 to output
second output signals DS12 and DS22 that have frequencies obtained by dividing the
frequencies of the output signals DS11 and DS21, respectively. That is, the D flip-flops
D12 and D22 output the output signals DS11 and DS21 that have the frequencies
obtained by dividing the frequencies of the detection signals S1 and S2, respectively,
by 4.

According to the same principle, the D flip-flops D13 to D1n and D23 to D2n po-
sitioned at the other stages divide frequencies of signals output from the D flip-flops
D12 to D1(n-1) and D22 to D2(n-1) positioned at previous stages, respectively, by 2.
As a result, the D flip-flops D1n and D2n positioned at final stages output frequency-
divided signals DS1n and DS2n that have frequencies obtained by dividing frequencies
of the detection signals S1 and S2, respectively, by 2=

The two frequency-divided signals DS1n and DS2n output from the capacitance
deviation amplifying unit 30 have a phase difference 2"AT that is obtained by am-
plifying the phase difference AT between the detection signals S1 and S2 that are
input to the capacitance deviation amplifying unit 30 by 2~ times.

FIG. 6 is a detailed circuit diagram illustrating the time signal generating unit of FIG.
1.

Referring to FIG. 6, the time signal generating unit 40 includes an XOR logic gate
XOR and an AND logic gate AND. The XOR logic gate XOR performs a logical XOR
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operation on the two frequency-divided signals DS1n and DS2n that are output from
the first signal frequency dividing unit 31 and the second signal frequency dividing
unit 32, respectively, to generate a time signal TS. The AND logic gate AND performs
a logical AND operation on the frequency-divided signals DS1n and DS2n AND to
generate a reset signal reset.

Hereinafter, the operation of the time signal generating unit, shown in FIG. 6, will be
described with reference to FIG. 7.

The XOR logic gate XOR performs the logical XOR operation on the two frequency-
divided signals DS1n and DS2n that have the phase difference 2 AT amplified by 2»
from the first signal frequency dividing unit 31 and the second signal frequency
dividing unit 32 to generate the time signal TS that has a pulse width corresponding to
the phase difference 2*"AT amplified by 2~

At the same time, the AND logic gate AND performs the logical AND operation on
the two frequency-divided signals DS1n and DS2n to generate the reset signal reset.
Here, the reset signal reset is shifted from a low level to a high level when each of the
two frequency-divided signals DS1n and DS2n is at a high level, and the reset signal
reset is shifted from a high level to a low level when each of the frequency-divided
signals DS1n and DS2n is at a low level.

FIG. 8 is a signal timing diagram illustrating the entire operation of the circuit for
converting a capacitance-to-time deviation according to the exemplary embodiment of
the present invention.

In FIG. 8, for the convenience of explanation, it is assumed that the first signal
frequency dividing unit 31 and the second signal frequency dividing unit 32 of the ca-
pacitance deviation amplifying unit 30 include D flip-flops D11 to D13 and D21 to
D23 connected in three stages, respectively.

First, when the driving signal start is clocked and the circuit for converting a ca-
pacitance-to-time deviation is driven, the first and second capacitance detecting units
21 and 22 of the capacitance deviation detecting unit 20 perform the charging and dis-
charging operation by using the first and second capacitors Cs1 and Cs2, respectively,
to generate the two detection signals S1 and S2 that have the phase difference AT cor-
responding to the capacitance deviation between the first and second capacitors Cs1
and Cs2.

The first and second signal dividing units 31 and 32 in the capacitance deviation am-
plifying unit 30 transmit the two detection signals S1 and S2 through the D flip-flops
D11 to D13 and D21 to D23, respectively, connected in the three stages, and divide the
frequencies of the detection signals S1 and S2, respectively, by 8 to amplify the phase
difference AT by 8 times.

Then, the XOR logic gate XOR of the time signal generating unit 40 performs the
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logical XOR operation of the two frequency-divided signals DS13 and DS23 that are
output from the first and second signal frequency dividing units 31 and 32, re-
spectively, to generate and output the time signal TS that has a pulse width corre-
sponding to a phase difference 8AT amplified by 8 times.

The AND logic gate AND performs a logical AND operation of the two frequency-
divided signals DS1n and DS2n to generate a reset signal reset and applies the reset
signal reset to the capacitance deviation detecting unit 20 and the capacitance deviation
amplifying unit 30. Here, the reset signal reset is shifted from a low level to a high
level when the time signal TS is shifted from a high level to a low level.

The capacitance deviation detecting unit 20 and the capacitance deviation amplifying
unit 30 are initialized in response to the reset signal reset, and the two frequency-
divided signals DS13 and DS23 are shifted from a high level to a low level.

The reset signal reset is shifted from a high level to a low level and again to be in a
state in which a new detecting operation can be performed.

While the present invention has been shown and described in connection with the
exemplary embodiments, it will be apparent to those skilled in the art that modi-
fications and variations can be made without departing from the spirit and scope of the

invention as defined by the appended claims.
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Claims

A high resolution circuit for converting a capacitance-to-time deviation
comprising:

a capacitance deviation detecting unit generating two detection signals having a
phase difference corresponding to variations of capacitance of a micro electro
mechanical system (MEMS) sensor;

a capacitance deviation amplifying unit dividing frequencies of the two detection
signals to amplify the phase difference corresponding to the capacitance
deviation; and

a time signal generating unit generating a time signal having a pulse width corre-
sponding to the amplified phase difference.

The circuit according to claim 1, wherein the capacitance deviation detecting unit
comprises:

a first capacitance detecting unit performing a charging and discharging
operation according to a first capacitance to generate a first detection signal
having a first frequency; and

a second capacitance detecting unit performing a charging and discharging
operation according to a second capacitance to generate a second detection signal
having a second frequency.

The circuit according to claim 2, wherein at least one of the first capacitance and
the second capacitance has a value varied by an external stimulus.

The circuit according to claim 2, wherein the first capacitance detecting unit
comprises:

a first comparator having a first value when a voltage charged and discharged by
the first capacitance has a level equal to or less than that of a reference voltage
and otherwise, a second value;

a first charging switch applying a charging current to the first capacitance when
the first detection signal has the first value; and

a first discharging switch discharging the voltage charged in the first capacitance
when the first detection signal has the second value.

The circuit according to claim 4, wherein the first capacitance detecting unit
further comprises a first driving switch discharging the voltage charged in the
first capacitance to initialize the first capacitance detecting unit.

The circuit according to claim 2, wherein the second capacitance detecting unit
comprises:

a second comparator having a first value when a voltage charged and discharged

by the second capacitance has a level equal to or less than that of a reference
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[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

voltage, and otherwise, a second value;

a second charging switch applying a charging current to the second capacitance
when the second detection signal has the first value; and

a second discharging switch discharging the voltage charged in the second ca-
pacitance when the second detection signal has the second value.

The circuit according to claim 6, wherein the second capacitance detecting unit
further comprises a second driving switch discharging the voltage charged in the
second capacitance to initialize the second capacitance detecting unit.

The circuit according to claim 2, wherein the capacitance deviation amplifying
unit comprises:

a first signal frequency dividing unit dividing a frequency of the first detection
signal to generate a first frequency-divided signal; and

a second signal frequency dividing unit dividing a frequency of the second
detection signal to generate a second frequency-divided signal.

The circuit according to claim 8, wherein the first signal frequency dividing unit
comprises a plurality of first D flip-flops connected in multiple stages, the first D
flip-flops each having inverted output fed back as input and receiving the first
detection signal and output signals at previous stages as clocks.

The circuit according to claim 9, wherein the first D flip-flop positioned at the
first stage among the plurality of first D flip-flops receives the first detection
signal as a clock, and each of the other first D flip-flops receives an output signal
of the D flip-flop at a previous stage as a clock.

The circuit according to claim 8, wherein the second signal frequency dividing
unit comprises a plurality of second D flip-flops connected in multiple stages, the
second D flip-flops each having inverted output fed back as input and receiving
the second detection signal and output signals at previous stages as clocks.

The circuit according to claim 11, wherein the second D flip-flop positioned at
the first stage among the plurality of second D flip-flops receives the second
detection signal as a clock, and each of the other second D flip-flops receives an
output signal at the previous stage as a clock.

The circuit according to claim 8, wherein the time signal generating unit
comprises a first logic gate performing a logical exclusive OR (XOR) operation
on the first frequency-divided signal and the second frequency-divided signal to
generate the time signal.

The circuit according to claim 13, wherein the time signal generating unit further
comprises a second logic gate performing a logical AND operation on the first
frequency-divided signal and the second frequency-divided signal to initialize

operations of the capacitance deviation detecting unit and the capacitance
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[15]

[16]

[17]

[18]

deviation amplifying unit.

The circuit according to claim 14, wherein the first driving switch initializes the
first capacitance detecting unit in response to the reset signal or a driving signal
supplied from the outside.

The circuit according to claim 14, wherein the second driving switch initializes
the second capacitance detecting unit in response to the reset signal or a driving
signal supplied from the outside.

The circuit according to claim 14, wherein each of the plurality of first D flip-
fops is initialized in response to the reset signal.

The circuit according to claim 14, wherein each of the plurality of second D {lip-

fops is initialized in response to the reset signal.
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