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(57) Abstract
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A detection circuit which is ca
pable of outputting a voltage propor
tional to a static capacitance of a sensor 
is provided, which comprises a voltage 
input terminal connected to receive an 
input voltage and an operational ampli
fier. The input voltage received at the 
voltage input terminal is changed be
tween two different reference voltages. 
An inverting input terminal of the am
plifier is connected to the voltage in
put terminal through a resistor, and a 
non-inverting input terminal of the am
plifier is connected to the voltage in
put terminal through the sensor capaci
tance and to one of the reference volt
ages through a switch. An output volt
age of the amplifier is connected to the 
inverting input terminal through a feed
back circuit including a resistor and a 
switch. The switches are closed and one 
of the reference voltages is supplied to 
the input terminal during an initializa
tion cycle. The switches are opened and 
the other reference voltage is supplied 
to the input terminal during a measure
ment cycle. The operational amplifier 
outputs an output voltage which linearly varies in response to the sensor capacitance.
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DESCRIPTION

CAPACITANCE DETECTION SYSTEM AND METHOD

TECHNICAL FIELD

The present invention generally relates to a capacitance-voltage 
conversion system and method, and more particularly to a system and 
method of detecting a capacitance of a sensor which varies in response to 
a physical amount applied to a sensor, by converting the sensor 
capacitance to a voltage.

BACKGROUND ART

Fig. 1 illustrates a schematic diagram of a capacitance variation 
detection circuit of a prior art described in Japanese Patent Public 
Disclosure (Kokai) No. 6-180336, to which a static capacitance of a 
sensor formed of a diaphragm and an electrode facing each other is 
connected. The static capacitance varies when the diaphragm moves in 
response to a physical pressure or the like applied thereto. The prior 
circuit shown in Fig. 1 has been proposed to solve a problem that a 
voltage applied to a sensor comprising a diaphragm and an electrode 
opposite thereto causes the electrode to come in contact with the 
diaphragm in response to an electrostatic attractive force, when the 
sensor is formed through fine machining on a semiconductor.

1
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In Fig. 1, the reference numerals 1 and 2 designate voltage input 
and output terminals of the capacitance variation detection circuit, 
respectively. An input voltage Vin is supplied to the input terminal 1, 
and an output voltage Vout is output from the output terminal 2. The 
reference numerals 3 denotes an operational amplifier, 4 and 5 resistors, 
and 6 a switch. The input terminal 1 is connected to an inverting and 
non-inverting input terminals of the operational amplifier 3 through the 
resistor 5 and a static capacitance of the sensor S, respectively. An 
output of the operational amplifier 3 is connected to the output terminal 
2 and to the inverting input terminal through the resistor 4. The non
inverting input terminal is grounded through the switch 6.

In the detection circuit of Fig. 1, the switch 6 is closed during an 
initialization period to charge the sensor capacitance to the voltage Vin 
supplied to the input terminal 1, and is opened when a measurement of 
the sensor capacitance is made. During the opening state of the switch 
6, since the capacitance of the sensor S is connected to the non-inverting 
input terminal of a high input impedance, the charge accumulated on 
the capacitance is not discharged. On the other hand, as a physical 
change is applied to the sensor S by varying pressure to the diaphragm 
forming the sensor S, for instance, the static capacitance of the sensor S 
changes, causing a change in a voltage across the sensor capacitance. 
This voltage change is amplified by the operational amplifier 3, a gain of 
which is determined by the resistors 4 and 5, and appears at the output 
terminal 2.

In supplementing the foregoing description using equations, it
should be assumed that resistances of the resistors 4 and 5 are Rf and Ri,
the original static capacitance of the sensor S is Cs, and voltages at the

2
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non-inverting and inverting input terminals of the operational amplifier 
3 are v+ and v, respectively. Now, when the switch 6 is closed, the 
output voltage Vout is expressed by the following equation:

Vout = -V in*Rf/Ri  ... (1)

Assuming that the sensor capacitance changes 'from Cs to Cs' and 
the output voltage of the operational amplifier 3 changes from Vout to 
Vout' after the switch 6 is opened for measurement, Vout’ is represented 
as follows:

Vout' = {1 - [l+(Rf/Ri)](Cs/Cs')} *Vin  ...(2)

Here, with Vout' — Vout=A V, and Cs' — Cs=A Cs,

AV = [1 + (Rf/Ri)]*  A Cs/(Cs+ A Cs )*Vin  ... (3)

is satisfied between AV and ACs.
As mentioned above, since the output voltage Vout varies in 

response to the gain of the amplifier (that is the ratio Rf/Ri of the 
resistors 4 and 5) as well as the sensor capacitance Cs, it is not necessary 
to apply a high voltage as the input voltage Vin to the sensor capacitance.
With a low input voltage Vin, an electrostatic attractive force to the 

diaphragm may be relatively small. Therefore, the detection circuit 
shown in Fig. 1 may solve the problem that the electrode comes in 
contact with the diaphragm due to the electrostatic attractive force.

3



SUMMARY OF THE INVENTION

However, it still implies another problem regarding a parasitic
5 capacitance in the prior detection circuit illustrated in Fig. 1. That is, a 

parasitic capacitance Cp is generally formed at a point connecting the 
sensor S to the operational amplifier 3. The parasitic capacitance Cp is 
connected to the switch 6 in parallel, and may be in a range from about 
one to a hundred pF, when the sensor S and the operational amplifier 3

io are implemented on separate chips. On the other hand, the sensor 
capacitance Cs may be in a range from one to several hundreds fF. In 
taking such a parasitic capacitance into account, when the sensor

.... capacitance Cs changes, the charge of the capacitance Cs is distributed• · '
.. .1 to the parasitic capacitance Cp. Accordingly, a change in a voltage

• · ·
16;·· across the sensor capacitance Cs becomes extremely small, thus• · · ·

: .··. resulting in deteriorated noise immunity.• · · ·
·**.,·  A voltage displacement Δ v+ at the non-inverting input

terminal of the amplifier 3 is expressed by the following equation:

Δν+= (v+-Vin) *ACs/(Cp  - Cs-ACs) ---(4)

.··;·. In the equation (4), since ΔΟβ/(Ορ — Cs —ΔΟβ) is one per several• · ·
hundreds, Δν+ is also one per several hundreds, thus taking an 
extremely small value. In order to obtain a large voltage displacement• ·

.2”. Δ v+, it is considered that the input voltage Vin to the operational• · ·• · ·
amplifier 3 is increased and/or a sensibility of the sensor S is increased.

4



5
However, in case that the input voltage Vin is increased, it causes a 

problem that the diaphragm and electrode may contact each other, as 

mentioned above. On the other hand, if a gain of the amplifier is increased to 

obtain a large sense sensibility, it may cause the output voltage Vout to 

5 saturate, resulting in no change in the output voltage Vout even though the 

sensor capacitance is varied. If the input voltage Vin supplied to the operational 

amplifier having a large gain is reduced to prevent the output voltage Vout from 

saturation, another problem arises in that a control of such a change in a small 

input voltage itself may be complicated and difficult.

10 The present invention has been made to alleviate problems as

mentioned above inherent to a prior detection circuit as shown in Fig. 1.

According to one aspect of the present invention there is provided a 

capacitance detection apparatus which provides an output voltage 

corresponding to a sensor capacitance, said apparatus including:

15 a voltage input terminal connected to receive an input voltage which is

changed between first and second input voltages; and

a first operational amplifier having an inverting input terminal connected 

to the voltage input terminal through a first resistor, a non-inverting input 

terminal connected to the voltage input terminal through said sensor 

20 capacitance and to receive a reference voltage through a first switch and an 

output voltage terminal connected to the inverting input terminal through a first 

feedback circuit including a second resistor and a second switch connected in 

parallel;

the first input voltage being supplied to the input terminal while the first 

25 and second switches are closed, and the second input voltage being supplied to 

the input terminal while the first and second switches are open.

It is preferable for the capacitance detection system to further include a 

second operational amplifier having an inverting input terminal connected to the 
30 voltage input terminal through a third resistor, a non-inverting input terminal 

connected to receive the reference voltage, and an output voltage terminal

connected to the inverting input through a second feedback circuit including a 
fourth resistor and a third switch connected in parallel, a gain of the second 

amplifier being the same as that of the first operational amplifier, and a third

W:\marie\GABNODEL\25480-speci.doc



6
operational amplifier for amplifying a difference between output voltages from 

the first and second operational amplifiers. The first and second switches may 

be closed and the first input voltage may be supplied to the input terminal during 
an initialization cycle, and the first and second switches may be open and the 

5 second input voltage may be supplied to the input terminal during a 

measurement cycle, whereby the capacitance detection apparatus as set forth 

in Claim 1, wherein the first and second switches are closed and the first input 

voltage is supplied to the input terminal during an initialization cycle, and the 

first and second switches are open and the second input voltage is supplied to 
10 the input terminal during a measurement cycle, whereby an output voltage 

which varies linearly in response to the sensor capacitance is derived at the 
output terminal of the first operational amplifier.

According to a further aspect of the present invention there is provided a 

15 capacitance detection system for outputting a voltage proportional to a sensor 

capacitance, said system including:

means connected to receive an input voltage which is changed between 

first and second input voltages for charging said sensor capacitance;

a first circuit for providing a first reference voltage related to the sensor 

20 capacitance and a parasitic capacitance formed at a connection portion 

between the sensor capacitance and the detection circuit;

a second circuit having the same circuit characteristics as the first circuit, 

for providing a second reference voltage not related to the sensor and parasitic 

capacitances; and
25 a third circuit for outputting a voltage corresponding to a difference

between the first and second reference voltages, whereby the voltage being 
proportional to the sensor capacitance.

According to a still further aspect of the present invention there is

30 provided a capacitance detection method of providing a voltage proportional to 

a sensor capacitance, said method including the steps of:

applying an input voltage which is changed between first and second



6a
outputting a first reference voltage defined by the sensor capacitance 

and a parasitic capacitance formed at a connection portion between the sensor 

capacitance and a capacitance detection circuit;

outputting a second reference voltage not related to the sensor and 

5 parasitic capacitances; and

outputting a third voltage corresponding to a difference between the first 

and second reference voltages, which is proportional to the sensor capacitance.

Preferred embodiments of the present invention will now be described

with reference to the accompanying drawings wherein:

W:\marie\GABNODEL\25480-sped.doc



5
Fig. 1 shows a circuit diagram of a prior capacitance variation 

detection circuit;
Fig.2 illustrates a circuit diagram illustrating an embodiment of a 

capacitance detection circuit foy providing an output voltage associated
10

• · · ·

with a sensor capacitance, according to the present invention;
Fig. 3 shows a diagram generally illustrating a second embodiment 

of a capacitance detection circuit for providing an output voltage 
associated with a sensor capacitance, according to the present invention;

• ·• · · ·• · ·• · · • · ·
.JA•• · · ·

• * ·• · ·

Fig. 4A is a graph showing a relationship between a sensor 
capacitance and an output voltage obtained in a simulation of the 
capacitance detection circuit shown in Fig. 3; and

• · · ·
• · ·• · ·• · · Fig. 4B is an enlarged graph of a potion of that shown in Fig. 4A.

•"20
• · ·
• · · ·

BEST MODE FOR CARRYING OUT THE INVENTION

In the following, preferred embodiments of a capacitance detection 
circuit according to the present invention will be explained in detail with 
reference to Figs. 2 - 4.

Fig. 2 illustrates a circuit diagram of a first embodiment of a 
capacitance detection circuit according to the present invention. In Fig.

n input terminal 1 applied with an input voltage Vin, is connected to

• ·

7
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an inverting input terminal or node of an operational amplifier 10 
through a resistor 11. A parallel circuit constituted by a resistor 12 and 
a switch 13 is connected between an output terminal or node and the 
inverting input terminal of the amplifier 10. A non-inverting input 
terminal or node of the operational amplifier 10 is supplied with a 
reference voltage Vh by way of a switch 14, and a sensor S having a 
static capacitance Cs is connected between the non-inverting input 
terminal of the amplifier 10 and the input terminal 1. A parasitic 
capacitance Cp may be formed at a connection portion between the 
sensor S and the non-inverting input terminal of the amplifier 10.

The reference voltage Vh is, for example, a ground voltage, though 
other voltages are usable. An exemplary configuration of the sensor S 
is one that forms a capacitance Cs between a diaphragm and an 
electrode facing each other, both of which are micro-machined to have an 
extremely small area. The sensor S changes the capacitance Cs in 
response to a displacement of the diaphragm caused by a physical 
variation applied thereto.

A detection sequence of the capacitance Cs of the sensor S 
comprises initialization and measurement cycles. During the 
initialization cycle, the switches 13 and 14 are closed and the input 
voltage Vin is set at the reference voltage Vh, or Vin=Vh, causing the 
output voltage Vout to be set at the same reference voltage Vh. 
(Hereafter, the word “during” means a whole or a part of the period.) 
On the other hand, during the measurement cycle, the switches 13 and 
14 are opened and the input voltage Vin is set at a voltage Vh+AV.

When the switch 13 and 14 are opened to measure the capacitance
Cs, the following equation is satisfied for the output voltage Vout of the

8
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operational amplifier 10, where Ril and Rfl are resistances of the 
resistors 11 and 12, respectively; v+ and rare the voltages at the non
inverting and inverting input terminals of the amplifier 10; and 
Rfl=Ril are set.

Vout = - (Rfl/Ril)(Vin-v+) + v+
= -Vin + 2v+ ...(5)

When the input voltage Vin is changed from Vh, which has been 
set during the initialization cycle, to Vh+Δ V, charge Ql accumulated on 
the sensor capacitance Cs and charge Q2 accumulated on the parasitic 
capacitance Cp are expressed by:

Ql = (Vin—v+)Cs
= (Vh+AV-v+)Cs ...(6)

Q2 = v+Cp ...(7)

Since the sensor capacitance Cs and the parasitic capacitance Cp 
are connected in series so that an equal amount of charge is accumulated 
on the respective capacitances Cs and Cp, Q1=Q2 stands. Therefore, 
the following equation is satisfied:

v+Cp = (Vh+ Δ V-v+) Cs ... (8)

Since Vh=0 as mentioned above, the voltage v+ at the non-inverting
input terminal of the operational amplifier 10 is expressed by:

9
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v+=AV*Cs/(Cs+Cp)  ...(9)

Substituting this equation (9) to the equation (5), the output 
voltage Vout of the operational amplifier 10 is rewritten as follows:

Vout = —Vin + 2 v+
= -Vin + 2*AV*Cs/(Cs+Cp)  ...(10)

When the sensor S and the remaining circuit portion of the 
detection circuit in Fig. 2 are formed on separate chips with electrical 
connection, the parasitic capacitance Cp may be approximately in a 
range from several pF to about fifteen pF or more, while the capacitance 
Cs of the sensor S is generally from about one to several hundreds of fF. 
Accordingly, since Cp is much larger than Cs, Cs/Cp may be used 

instead of Cs/(Cs+Cp). Thus, the output voltage Vout of the operational 
amplifier 10 is expressed by:

Vout = —Vin + 2*AV*Cs/Cp  ---(11)

This equation indicates that the output voltage Vout of the detection 
circuit linearly varies, in response to the capacitance Cs.

Thus, even if the parasitic capacitance Cp exists around the non
inverting input terminal of the operational amplifier 10, the capacitance 
detection circuit can output the voltage Vout having a linear relationship 
to the capacitance Cs, as long as the capacitance Cs is much smaller 
than the parasitic capacitance Cp. Moreover, a sufficiently large output 
voltage Vout can be produced by adjusting the gain (Rfl/Ril) of the

io
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operational amplifier 10 and a changing amount AV of the input 
voltage Vin, in accordance with the capacitance Cs.

Fig. 3 is a circuit diagram illustrating a second embodiment of the 
capacitance detection circuit according to the present invention, in which 
the capacitance detection circuit shown in Fig. 2 is utilized. The circuit 
in Fig. 3 includes further means for canceling the “ - Vin” from the 
equation (11) to obtain a proportional relationship between a sensor 
capacitance and an output voltage.

In Fig. 3, an input terminal 1 applied with an input voltage Vin, is 
connected to an inverting input terminal or node of a first operational 
amplifier 10 through a resistor 11. A parallel circuit of a resistor 12 
and a switch 13 is connected between an output terminal or node and the 
inverting input terminal of the amplifier 10. A non-inverting input 
terminal or node of the operational amplifier 10 is supplied with a 
reference voltage Vh through a switch 14, and a sensor S having a 
capacitance Cs is connected between the non-inverting input terminal of 
the amplifier 10 and the input terminal 1.

The input terminal 1 is also connected to an inverting input 
terminal or node of a second operational amplifier 20 through a resistor 
21. A parallel circuit of a resistor 22 and a switch 23 is connected 
between the inverting input terminal and an output terminal or node of 
the amplifier 20. The amplifier 20 is supplied at its non-inverting input 
terminal or node with the reference voltage Vh. The second operational 
amplifier 20 outputs a voltage V2.

Further, the output terminal of the second operational amplifier 20
is connected to an inverting input terminal or node of a third operational
amplifier 30 through a resistor 31. A parallel circuit of a resistor 32

11



and a switch 33 is connected between the inverting input terminal of the 
amplifier 30 and an output terminal or node thereof, which is an output 
terminal 2 of the capacitance detection circuit. A non-inverting input 
terminal or node of the third operational amplifier 30 is connected to the

5 output terminal of the first operational amplifier 10 through a resistor 
34, and is supplied with the reference voltage Vh through a resistor 35.
From the output terminal 2, an output voltage Vout is provided.

In the circuit shown in Fig. 3, the sensor S and a circuit portion
, (other than the sensor S) are formed on separate chips, and the sensor S 
io is electrically connected to the non-inverting input terminal of the 

operational amplifier 10. A parasitic capacitance Cp may be formed on 
the connection portion.

An operation of the capacitance detection circuit illustrated in Fig.• · · ·
*····*  3 will next be explained. During an initialization cycle, all the switches♦ · ·
• ··■ is 13, 14, 23 and 33 are closed, and the input voltage Vin supplied to the

• · ·
• · « ft

20

- 12 -



- 12a-
input terminal 1 is set to the reference voltage Vh. This causes that no charge is 

accumulated in the capacitance Cs because both ends thereof are the same 

voltage Vh, and the output voltage Vout at the output terminal 2 is set at the 

reference voltage Vh.

5 During a measurement cycle, all the switches 13, 14, 23 and 33 are

opened, and the input voltage Vin supplied to the input terminal 1 is changed from 

Vh to Vh+AV. As a result of charge distributed between the sensor capacitance 

Cs and the parasitic capacitance Cp in response to the input voltage change, a 

voltage associated with the capacitance Cs and the parasitic capacitance Cp is 

10 input to the non-inverting input terminal of the first operational amplifier 10. The 

voltage at the non-inverting input terminal is then amplified, and appears as a 

measured voltage V1 at the output terminal of the operational amplifier 10. A

MJP C:\WINWORD\MARIE\GABNODEL\25480C.DOC
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gain of the amplifier 10 is set to a value that does not cause the output 
voltageVl to saturate.

A gain of the second operational amplifier 20 is set to the same 
value as that of the first operational amplifier 10. As illustrated in Fig.

5 3, since the operational amplifier 20 is also applied at the inverting
input terminal with the same input voltage Vin, the second operational 
amplifier 20 outputs a voltage V2 in a state where the sensor and 
parasitic capacitances are not connected.

The output voltage VI of the first operational amplifier 10 is
1.0 provided to the non-inverting input terminal of the third operational 

amplifier 30 through the resistor 34, while the output voltage of he 
second operational amplifier 20 is provided to the inverting input 
terminal of the third operational amplifier 30 through the resistor 31.

*·*··*  Therefore, the third operational amplifier 30 amplifies the difference• · ·
’ ‘ ■ is between the output voltage VI of the first operational amplifier 10 (i.e., a 

J***,  voltage relating to the sensor capacitance Cs and the parasitic
• · <,
φ · Φ

., , capacitance Cp) and the output voltage V2 of the second operational• · ·
• ·· ■

amplifier 20 (i.e., a voltage not relating to the sensor capacitance), and 
outputs the differentially amplified voltage as the output voltage Vout.

a··<· 2o As it will be discussed in detail below, the output voltage Vout from
• · ·

.··;·. the third operational amplifier 30 is more proportional to the sensor• * ·
capacitance Cs as the ratio of the capacitance Cs to the parasitic 
capacitance Cp (or Cs/Cp) is smaller. A proportionality factor is a 
function of the gain of the operational amplifier 30 and a voltage shifting 

·. 25 amount of the input voltage Vin. Actually, since the parasitic·· ·
• ·· capacitance Cp is larger than the sensor capacitance Cs, the third

operational amplifier 30 outputs a voltage which linearly varies in

13
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response to the capacitance Cs.
The foregoing operation will be explained using equations. 

Assuming that the operational amplifiers 10, 20 and 30 are supplied 
with positive and negative power supplies V+ and V- having the same 
magnitude, and the reference voltage Vh=0 (volt). It should be noted 
that Vh=0 is not essential in the detection circuit according to the 
present invention. While the voltage Vh may take a positive or 
negative value depending on the power supply voltages V+ and V- of the 
operational amplifiers, the following explanation will proceed with Vh=0 
for simplicity thereof.

During the initialization cycle, since the switches 13, 14, 23, 33 are 
closed and the input voltage is set to Vin =Vh=0, the output voltage VI of 
the first operational amplifier 10 and the output voltage V2 of the second 
operational amplifier 20 are expressed by:

VI = V2 = Vh = 0

Next, when the switches 13, 14, 23 and 33 are opened to measure 
the static capacitance Cs, the following equations are satisfied for the 
output voltages VI, V2, Vout of the first through third operational 
amplifiers 10, 20, 30, respectively, where Ril, Rfl, Ri2, Rf2, Ri3, Rf3, 
Rh3, Rg3 are resistances of the resistors 11, 12, 21, 22, 31, 32, 34 and 35, 
respectively; K=Rg3/Rh3=Rf3/Ri3; v+ and w are the voltages at the non
inverting and inverting input terminals of the amplifier 10; and 
Rfl=Ril and Rf2=Ri2 are set.

VI = - (Rfl/Ril)(Vin-v+) + v+

14
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When the input voltage Vin is changed from Vh, which has been 
set during the initialization cycle, to Vh+Δν, charge QI accumulated on 
the sensor capacitance Cs and charge Q2 accumulated on the parasitic 
capacitance Cp are expressed by:

Ql = (Vin-v+)Cs
= (Vh+AV-v+)Cs

Since the sensor capacitance Cs and the parasitic capacitance Cp 
are connected in series so that an equal amount of charge is accumulated 
on the capacitances Cs and Cp, Q1=Q2 stands. Therefore, the following 
equation is satisfied:

v+Cp = (Vh+DV-v+)Cs

Since Vh=0 as mentioned above, the voltage v+ at the non-inverting 
input terminal of the first operational amplifier 10 is expressed by:

v+ =AV*Cs/(Cs+Cp)

Using the equation (17), the respective equations (12) and (14) are

15
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= —Vin + 2*AV*Cs/(Cs+Cp)  ...(18)
Vout = K(V1-V2)

= K[-Vin+2*AV*Cs/(Cs+Cp)+Vin]
= 2K*AV*Cs/(Cs+Cp)  ...(19)

When the sensor S and the remaining circuit portion of the 
detection circuit in Fig. 3 are formed on separate chips with electrical 
connection, the parasitic capacitance Cp may be approximately in a 
range of one pF to about one hundred pF or more, while the capacitance 
Cs of the sensor S is generally from about one fF to several hundreds fF.
Accordingly, since Cp is much larger than Cs, Cs/Cp may be used 

instead of Cs/(Cs+Cp). Thus, the equation (19) (or the output voltage 
Vout of the third operational amplifier 30) is rewritten by:

...(20)

The equation (20) indicates that a voltage proportional to the static 
capacitance Cs can be derived from the third operational amplifier 30. 
It should be noted that even when Vh is not zero in the apparatus shown 
in Fig. 3, the principle of technical idea on how to solve a problem is the 
same as that when Vh=0, though the equation (20) under the condition 
of Vh^o becomes more complex.

Thus, even if the parasitic capacitance Cp exists at the non
inverting input terminal of the operational amplifier 10, the capacitance
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detection circuit illustrated in Fig. 3 can output the voltage Vout 
proportional to the capacitance Cs, as long as the capacitance Cs is much 
smaller than the parasitic capacitance Cp. Moreover, a sufficiently 
large output voltage Vout can be produced by adjusting the respective 
gains of the first through third operational amplifiers 10, 20, 30 and a 
changing amount of the input voltage Vin, in accordance with the 
capacitance Cs.

As described above, the capacitance detection circuit shown in Fig. 
3 can output a voltage Vout proportional to the static capacitance Cs of 
the sensor S as well as increase the amount of charge accumulated on 
the capacitance Cs of the sensor S by changing the input voltage Vin, 
even if the parasitic capacitance Cp is large. In addition, since the 
difference between the capacitance measured voltage VI outputted form 
the first operational amplifier 10 and the reference voltage V2 outputted 
from the operational amplifier 20 is amplified by the third operational 
amplifier 30, the amplifier 10 may have a smaller gain, thereby making 
it possible to prevent the output voltage VI from saturation. Moreover, 
the gain of the third operational amplifier 30 can be adjusted in 
accordance with the ratio of the sensor capacitance Cs to the parasitic 
capacitance Cp.

Fig. 4 shows graphs illustrating a result of a simulated example of 
the capacitance detection circuit shown in Fig. 3 when the parasitic 
capacitance Cp has been set to 20 pF. Further, it has been assumed 
that v~=0V, v+=5V, and Vh=Vdd/2=2.5V, thereby when Cs=0, Vout 
2.5V. The graph in Fig. 4B is an enlarged one of a portion of Fig. 4A.
Fig. 4A shows that the output voltage Vout linearly changes in a range 

from 2.4 V to 4.1 V when the sensor capacitance Cs is changed in a range
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from 0 to 500 fF, and, Fig. 4B shows that the output voltage Vout 
linearly changes in a range from 2.41 V to 2.77 V when Cs is changed in 
a range from 0 to 100 fF.

As will be understood from the foregoing detailed description on
5 the preferred embodiments, the invention can produce unique effects 

that even if a parasitic capacitance is formed on a connection portion 
between a sensor capacitance and a detection circuit, a voltage 
proportional to the sensor capacitance can be derived without affected by 
the parasitic capacitance.

io While there has been described what is at present considered to be
preferred embodiments of the present invention, it will be understood 
that various modifications may be made therein, and it is intended to 
cover in the appended claims all such modifications as fall within the 
spirit and scope of the invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A capacitance detection apparatus which provides an output voltage 
corresponding to a sensor capacitance, said apparatus including:

5 a voltage input terminal connected to receive an input voltage which is

changed between first and second input voltages; and

a first operational amplifier having an inverting input terminal connected 

to the voltage input terminal through a first resistor, a non-inverting input 

terminal connected to the voltage input terminal through said sensor 

10 capacitance and to receive a reference voltage through a first switch and an 

output voltage terminal connected to the inverting input terminal through a first 

feedback circuit including a second resistor and a second switch connected in 
parallel;

the first input voltage being supplied to the input terminal while the first 

15 and second switches are closed, and the second input voltage being supplied to 

the input terminal while the first and second switches are open.

2. The capacitance detection apparatus as set forth in Claim 1, further 

including:

20 a second operational amplifier having an inverting input terminal

connected to the voltage input terminal through a third resistor, a non-inverting 

input terminal connected to receive the reference voltage and an output voltage 

terminal connected to the inverting input terminal through a second feedback 

circuit including a fourth resistor and a third switch connected in parallel, a gain 

25 of the second amplifier being the same as that of the first operational amplifier;

and

a third operational amplifier for amplifying a difference between output 

voltages from the first and second operational amplifiers.

30 3. The capacitance detection apparatus as set forth in Claim 1, wherein the
first and second switches are closed and the first input voltage is supplied to the
input terminal during an initialization cycle, and the first and second switches 

are open and the second input voltage is supplied to the input terminal during a 

measurement cycle, whereby an output voltage which varies linearly in
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response to the sensor capacitance is derived at the output terminal of the first 
operational amplifier.

4. A capacitance detection system for outputting a voltage proportional to a
5 sensor capacitance, said system including:

means connected to receive an input voltage which is changed between 

first and second input voltages for charging said sensor capacitance;

a first circuit for providing a first reference voltage related to the sensor 

capacitance and a parasitic capacitance formed at a connection portion 
10 between the sensor capacitance and the detection circuit;

a second circuit having the same circuit characteristics as the first circuit, 

for providing a second reference voltage not related to the sensor and parasitic 

capacitances; and

a third circuit for outputting a voltage corresponding to a difference 

15 between the first and second reference voltages, whereby the voltage being 

proportional to the sensor capacitance.

5. The capacitance detection system as set forth in Claim 4, wherein the 
first circuit comprises a first amplifier having an input connected to a voltage

20 input through a sensor capacitance, for providing the first voltage which linearly 

varies in response to the sensor capacitance and a parasitic capacitance 

formed around the input;

the second circuit comprises a second amplifier connected to the voltage 

input and having the same gain as that of the first amplifier, for providing the 

25 second voltage not related to the sensor parasitic capacitances; and

the third circuit comprises a third amplifier for receiving the first and 

second voltages to output the voltage corresponding to the difference between 
the first and second voltages.

30 6. The capacitance detection system as set forth in Claim 5, wherein the
first through third amplifiers comprise first through third operational amplifiers,

respectively, the sensor capacitance is connected between the voltage input
and the non-inverting input of the first operational amplifier, and switches for 
initializing the detection circuit are connected between the inverting inputs and
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the outputs of the first and second operational amplifiers, between the inverting 

input and the output of the third operational amplifier, and between the non

inverting input of the first operational amplifier and a reference voltage terminal.

5 7. A capacitance detection method of providing a voltage proportional to a

sensor capacitance, said method including the steps of:

applying an input voltage which is changed between first and second 

input voltages to said sensor capacitance;

outputting a first reference voltage defined by the sensor capacitance 
10 and a parasitic capacitance formed at a connection portion between the sensor 

capacitance and a capacitance detection circuit;

outputting a second reference voltage not related to the sensor and 

parasitic capacitances; and

outputting a third voltage corresponding to a difference between the first 

15 and second reference voltages, which is proportional to the sensor capacitance.

8. The method as set forth in Claim 7, wherein

the step of outputting the first voltage includes the step of providing an 

input voltage to inverting and non-inverting inputs of a first operational amplifier 
20 through a resistor and the sensor to output the first voltage from an output 

thereof;

the step of outputting the second voltage includes the step of providing 

the input voltage to an inverting input of a second operational amplifier to output 
the second voltage from an output thereof, a non-inverting input of which is 

25 connected to a reference voltage terminal; and

the step of outputting the third voltage comprises the step of providing 

the first and second voltage to non-inverting and inverting inputs of a third 

operational amplifier to output the third voltage from an output of thereof.

30 9. The method as set forth in Claim 8, wherein the first through third
operational amplifiers include first through third negative feedback circuits 

comprising first through third resistors an first through third switches connected 
in parallel to each other, respectively, and the non-inverting input of the first
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operational amplifier is connected to the reference voltage terminal through a 
fourth switch, the method further comprising at least one of the steps of: 

turning on the first through fourth switches during a reset cycle; and 

turning off the first through fourth switches before starting a 

5 measurement cycle.

10. a capacitance detection system substantially as herein described with 

reference to Figs. 2 to 4 of the accompanying drawings.

10 11. A capacitance detection method substantially as herein described with

reference to Figs. 2 to 4 of the accompanying drawings.

DATED: 17 January, 2001

15 PHILLIPS ORMONDE & FITZPATRICK
Attorneys for:
SUMITOMO METAL INDUSTRIES LTD.
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