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ABSTRACT

VOLTAGE DETECTION CIRCUIT

A voltage detection circuit is provided which is capable of detecting a low
voltage, even if the voltage is lower than the minimum operating voltage, without
incurring a malfunction.

A higher voltage is selected among two voltages including the voltage applied
to the terminal B and a voltage Vd which is obtained by dividing a voltage applied to -
the terminal A which is connected to the standard voltage source by a diode OR circuit
composed by diodes X1 and X2, and the selected voltage is input into a voltage
detecting IC (IC1).

It is possible to execute the correct detection of the voltage, by setting the
divided voltage Vd at a voltage less than the detection voltage of the voltage detection
IC (IC1) and higher than the minimum operating voltage of the voltage detection IC
(IC1), even if the voltage applied to the terminal B is less than the minimum operating

voltage of the voltage of the voltage detection IC (IC1).
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VOLTAGE DETECTION CIRCUIT
BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a voltage detection circuit which is
designed such that a voltage inputting into a voltage detection IC (Integrated
Circuit) does not fall below a minimum operating voltage, and so as to be
capable of detecting the voltage correctly, while preventing malfunction of the

voltage detection IC.

Background Art

A voltage detection circuit as shown in Fig. 4 is known as an example of
conventional voltage detection circuits.

The voltage detection circuit shown in Fig. 4 will be described
hereinafter. The voltage detection circuit 2 has a terminal A and a terminal
B, and a constant voltage source produced at the outside is connected to the |
terminal A, and a power source for measuring a voltage is connected to the
terminal B.

The voltages Va and Vb are applied to terminals A and B, respectively,
and the voltage Vb is made to input into the voltage detection circuit. The
output of the voltage detection IC 1 is connected to the terminal A through

the pull-up resistor R3. The result of the voltage detection IC 1 is output at
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a terminal C.

Here, an operation of the voltage detection circuit will be described. As
described, the constant voltage source produced at the outside is connected to
the terminal A, and the voltage Va is applied to the terminal A. The
terminal B is connected to the power source for measuring the voltage and
the voltage Vb 1s applied to the terminal B.

The terminal B is connected to the voltage detection IC 1, and the
voltage Vb is input into the voltage detection IC 1. The output end of the
voltage detection IC 1 and the resistor R3 are connected to the terminal C,
and the voltage Va is applied to the pull-up resistor R3.

When the voltage Vb is higher than the detection voltage, a voltage at a
level of "H" is output at the terminal C, and when the voltage Vb is lower
than the detection voltage, a voltage at a level of "L" is output at the terminal
C.

Next, the operation is described in more detail using a wave-form
diagram shown in Fig. 5. Fig. 5 is a diagram to explain the change of the
input and output voltages of the voltage detection circuit.

Fig. 5A shows an input voltage Vb to the terminal B, and the input
voltage Vb is input into the voltage detection IC 1. Fig. 5B shows an output
voltage of the voltage detection circuit which appears at the terminal C.

In the above figures, it is assumed that the detection voltage of the

voltage detection IC 1 is 2.5V, the minimum operating voltage of the voltage

detection IC 11s 0.5V, and the voltage Va at the terminal Ais 3. 5 V.
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The region a is a range wherein the voltage Vb is higher than the
detection voltage of the voltage detection IC 1. Since the voltage Vb to be
input into the voltage detection IC 1 is higher than the detection voltage of
the voltage detection IC 1, the level "H" is output at the terminal A.

The region b is a range wherein the voltage Vb is lower than the
detection voltage of the voltage detection IC 1, but higher than the minimum
operating voltage. Since the voltage Vb to be input in the voltage detection
IC 1 1s lower than the detection voltage of the voltage detection IC 1, the level
"L" is output at the terminal C.

The region c is a range wherein the voltage Vb is lower than the
minimum operating voltage of the voltage detection IC 1. Despite the
voltage Vb to be input in the voltage detection IC 1 being lower than the
detection voltage of the voltage detection IC 1, since the voltage Vb is lower
than the minimum operating voltage of the voltage detection IC 1, the
terminal voltage becomes unstable and causes a malfunction of the voltgae
detection IC 1.

The region d is, similar to the region b, a range wherein the voltage Vb
1s lower than the detection voltage of the voltage detection IC 1. Since the
voltage Vb to be input into the voltage detection IC 1 is lower than the
detection voltage of the voltage detection circuit IC 1, the level "L" is output
at the terminal C.

The region e is, similar to the region a, a range wherein the voltage Vb

1s higher than the detection voltage of the voltage detection IC 1. Since the
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voltage to be input in the voltage detection IC 1 is higher than the detection

voltage of the voltage detection IC 1, the level "H" is output at the terminal C.

Due to the effect of the pull-up resistor R3, the voltage which appears at the
terminal C is Va.

As a result, change of the output voltage of the voltage detection IC 1 is
obtained as shown in Fig. 5B. The region wherein the output of the voltage
detection IC 1 changes is between regions a and b as well as between regions
d and e.

However, in the region c, despite the fact that the voltage Vb is lower
than the minimun operating voltage of the voltage detecting IC 1, and that
the voltage Vb is lower than the detection voltage, a problem arises that it is
not possible to execute a normal detection of the voltage in the region ¢ and
causes malfunction of the voltage detection IC 1.

Although a reference voltage generating circuit which is capable of
setting very accurate detection level of a source voltage detection circuit is
disclosed in Japanese Patent Application, First Publication No. Hei 06-
258359, the above described problem is still remained unsolved.

It is an object of the present invention to solve the above described
problem and to provide a voltage detection circuit which is capable of
executing the accurate detection of the voltage, while preventing the
malfunction of the voltage detection IC, even when the voltage of the
terminal for detecting the voltage is lower than the minimum operating

voltage of the voltage detection IC.
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SUMMARY OF THE INVENTION

In order to attain the above object, a voltage detection circuit by the
present invention comprises:

a voltage detection IC for outputting a voltage, the level of which is
made to correspond to the detection voltage by inputting a voltage which is
lower than the detection voltage and which is higher than the minimum
operating voltage; and

a voltage selection circuit for selecting a higher voltage among two
voltages and inputting said voltage into said voltage detection IC.

The voltage detection circuit of the present invention selects a higher
voltage among two voltages by the voltage selection circuit, and the thus
selected voltage is input into the voltage detection IC.

Since the input voltage into the voltage detection IC is set at a voltage
higher than the minimum operating voltage of the voltage detection IC and
higher than the detection voltage of the voltage detection IC, it is possible to
detect a low voltage, even if the voltage to be detected is lower than the
minimum operating voltage of the voltage detection circuit, while preventing

the malfunction of the voltage detection IC.

BRIEF DESCRIPTION OF DRWAINGS
Fig. 1 is a circuit diagram showing the structure of a voltage detection

circuit according to the first embodiment of the present invention.
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Figs. 2A, 2B, and 2C are diagrams showing voltage waveforms to
explain an operation of the voltage detection circuit shown in Fig. 1.

Fig. 3 1s a circuit diagram showing the structure of a voltage detection
circuit according to the second embodiment of the present invention.

Fig. 4 is a circuit diagram showing the structure of the voltage detection
circuit of Fig. 3.

Figs. 5A and 5B are diagrams showing voltage waveforms in order to

explain a conventional voltage detection circuit.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Hereinafter, two preferred embodiments of the voltage detection circuit
according to the present invention will be described, with reference to
attached drawings.  Fig. 1 is a circuit diagram showing the structure of the
first embodiment of the present invention.

In Fig. 1, explanations of this voltage detection circuit will be described
by attachiﬁg same reference number to the same elements of the
conventional voltage detection circuit shown in Fig. 4.

With reference to Fig. 1, the structure of the present voltage detection
circuit will be described. The voltage detection circuit 2 has terminals A and
B, and a standard voltage source at the outside location is connected to the
terminal A, and the power source for measuring a voltage is connected to the

terminal B.

It 1s assumed that the voltage applied to the terminal A is Va, and the
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voltage applied to the terminal B is Vb. The voltage detection circuit is
designed such that a voltage Vd is generated at a junction of resistors R1 and
R2 by dividing the voltage Va by connecting the resistors R1 and R2 in series
between the terminal A and the GND (ground). A voltage dividing circuit10
1s constructed by these resistors R1 and R2.

The terminal B is connected to an anode of a diode X1 and the junction
between resistors R1 and R2 is connected to an diode of a diode X2.

In addition, cathodes of both diode X1 and X2 are connected to each
other, and the junction between both cathodes are connected to the input end
of a voltage detection IC1.

Those diodes X1 and X2 form a voltage selecting circuit for inputting
into the input end of the voltage detection IC 1 an voltage which is a higher
voltage selected by comparison between the voltage at the terminal B and the
divided voltage Vd at the junction of resistors R1 and R2.

The output of the voltage detection IC 1 is to be connected with the
terminal A through the pull-up resistor R3. The output of the voltage
detection IC 1 is also connected to the terminal C.

Hereinafter, an operation of the first embodiment as shown above will
be described. In order to facilitate an understanding of this embodiment, a
schematic operation will be first described.

The voltage Vb at the terminal B in Fig. 1, obtained by connecting the
power source, and the voltage Vd, generated by the standard voltage source

and then divided by the voltage dividing circuit 10, are input into the voltage
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detection IC 1 after passing through diodes X1 and X2, respectively.

A higher voltage in either one of Vb and Vd is input into the voltage
detection IC 1. This circuit shown in Fig. 1 is designed such that it is
capable of preventing the malfunction of the voltage detection IC 1, and is
also capable of detecting low voltage, even though the voltage to be detected
is less than the minimum operating voltage of the voltage detection IC 1, by
setting the voltage Vd to be lower than the detection voltage of the voltage
detection IC 1 and to be higher than the minimum operating voltage of the
voltage detection IC 1.

The operation of the circuit shown in Fig. 1 will be described in more
detail with reference to Figs. 2A, 2B, and 2C showing changes of voltages at
each terminals. The terminal A is connected to the standard voltage source,
and the voltage of the terminal A is represented as Va.

The terminal B is connected to the power source for detecting the
voltage, and the voltage of the terminal B is represented as Vb. The voltage
Va of the standard voltage source is divided by the voltage dividing circuit 10,
which is formed by connecting the resistors R1 and R2 in series between the
terminal A and the GND, and the voltage Vd is generated at the junction
between the resistors R1 and R2.

Since the voltage Vd is obtained by the division of the voltage generated
by the standard voltage source, the voltage Vd is a stabilized voltage and can
be used as the reference voltage. The resistance of R1 and R2 is established

such that the voltage Vd is lower than the detection voltage of the voltage
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detection IC 1 and is also higher than the minimum operating voltage of the
voltage detection IC 1.

The voltage Vb of the terminal B is applied to the anode of the diode X1,
and the voltage Vd, obtained after division by means of R1 and R2, is applied
to the anode of the diode X2. The cathode of the diode X1 and the cathode of
the diode X2 are commonly connected and connected to the voltage detection
IC 1; thereby, the diode X1 and the diode X2 construct a diode OR circuit, so
that a higher voltage between the voltages Vb and Vd is input into the
voltage detection IC 1.

Furthermore, the diodes X1 and X2 play the role of preventing the
higher voltage between the voltages Vb and Vd from flowing from the higher
voltage to the lower voltages, so that, when the voltage Vb is higher than the
voltage Vd, the current is prevented from flowing from the cathode of the
diode X1 toward the anode of the diode X2.

In contrast, when the voltage Vd is higher than the voltage Vb, the OR
circuit plays the role of preventing the current from flowing from the cathode
of the diode X2 to the anode of the diode X1.

Since the voltage Vd is set at an value lower than the detection voltage
of the voltage detection IC 1 but higher than the minimum operation voltage
of the voltage detection circuit, it is possible for the voltage detection circuit
IC 1 to execute normal detection of a low voltage, without causing a
malfunction, because a higher voltage than the minimum operating voltage is

applied to the voltage detection IC 1.
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The output of the voltage detection IC 1 and the pull-up resistor R3 are
connected to the Terminal C, and the pull-up resistor R3 is also connected to
the terminal A to which the voltage Va is applied.

By the use of the pull-up resistor R3, when the input voltage of the
voltage detection IC 1 is higher than the detection voltage, the voltage at the
level of "H" is output at the terminal C, and when input voltage is lower than
the detection voltage, the level "L" is output at the terminal C.

The operation is described in more detail with reference to Figs. 2A, 2B,
and 2C, which show the changes of the input and output voltages of the
voltage detection circuit 2 shown in Fig. 1. Fig. 2A shows the input voltage
Vb and the voltage Vd generated by division by means of resistors R1 and R2.
Fig. 2B shows the input voltage to the voltage detection IC 1. Fig. 2C shows
an output voltage of the voltage detection IC 1 which appears at the terminal
C.

It 1s assumed as an example in Figs. 2A, 2B and 2C, the detection
voltage of the voltage detection IC 1is 2.5 V, the minimum operating voltage
1s 0.5 'V, the voltage at the terminal A is 3.5V, and the voltage Vdis 1.5 V.

Here, the region a is the region wherein the voltage Vb is higher than
the detection voltage of the voltage detection IC 1. When the voltage Vb is
higher than the voltage Vd, the voltage input in the voltage detection Ic 1 is
Vb.

Since the input voltage Vb 1s higher than the detection voltage of the

voltage detection IC 1, the voltage at the level of "H" is output at the terminal



10

15

20

11
C. The voltage appearing at the terminal C is Va because of the pull-up
resistor R3.

The region b is the region wherein the voltage Vb is lower than the
detection voltage of the voltage detection IC 1 and is higher than the voltage
Vd.  When the voltage Vb is higher than the voltage Vd, the voltage input
in the voltage detection IC 1 becomes Vb. Since the input voltage Vb is
lower than the detection voltage of the voltage detection Ic 1, the voltage at
the level of "L" is output at the terminal C.

The region c is the region wherein the voltage Vb is lower than the
voltage Vd and is higher than the minimum operating voltage of the voltage
detection IC1. When the voltage Vb is lower thaﬁ the voltage Vd, the
voltage Input in the voltage detection IC 1 becomes Vd. Since the input
voltage Vd is lower than the detection voltage of the voltage detection IC 1,
the voltage at the level of "L" is output at the terminal C.

The region d is the region wherein the voltage Vb is lower than the
minimum operating voltage of the voltage detection IC 1. When the voltage
Vb is lower than the voltage Vd, the voltage input in the voltage detection IC

1 becomes Vd. Since the input voltage Vd is lower than the detection voltage
of the voltage detection IC 1, the voltage at the level of "L" is output at the
terminal C.

The region e is the region, similar to the region ¢, wherein the voltage
Vb is lower than the voltage Vd, and is higher than the minimum operating

voltage of the voltage detection IC1. When the voltage Vb is lower than the
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voltage Vd, the voltage input into the voltage detection IC 1 becomes Vd.
Since the input voltage Vd is lower than the voltage detection IC 1, the "L"
level voltage is output at the terminal C.

The region f is, similar to the region b, the region wherein the voltage
Vb is lower than the detection voltage of the voltage detection IC 1, and
higher than the voltage Vd.

When the voltage Vb is higher than the voltage Vd, the voltage input
into the voltage detection IC1 becomes Vb. Since the input voltage Vb is
lower than the detection voltage of the voltage detection IC 1, the voltage at
the level of "L" is output.

The region g is, similar to the region a, the region wherein the voltage
Vb is higher than the detection voltage of the voltage detection IC 1, and
higer than the voltage Vd.

When the voltage Vb is higher than the voltage Vd, the voltage input
into the voltage detection IC1 becomes Vb. Since the input voltage Vb is
lower than the detection voltage of the voltage detection IC 1, the voltage at
the level of "H" is output. The voltage appearing at the terminal C becomes
Va by the pull-up resistor R3.

The result of the output of the voltage detection IC 1 is shown in Fig. 2C.
Changes of the output of the voltage detection IC are only observed in the
areas between the regions a and b and areas between the regions fand g. In

these regions, the voltage Vb is input, so that the voltage detection of the

voltage Vb at the measuring terminal can be carried out correctly.
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In the area ranging over the regions c to e, since the voltage input into
the voltage detection IC 1 is Vd, and since the voltages Vb and Vd are lower
than the detection voltage of the voltage detection IC 1, the result of detection
at the terminal C will be the same, even though either one is input into the
voltage detection IC 1.

In the region d, the voltage Vb becomes lower than the minimum
operating voltage of the voltage detection IC 1, so that the voltage detection
IC 1 will incur a malfunction, when the voltage Vb is directly input into the
IC 1. However, it becomes possible to operate the voltage detection IC and to
detect a low voltage by inputting a voltage Vd which is lower than the
detection voltage and is higher than the minimum operating frequency of the
voltage detecting IC 1.

In a practical circuit, it is necessary to take the voltage drop of the diode
into consideration. It is noted that the voltage Vb at the terminal B is made
up by addition of the detection voltage of the voltage detection IC 1 with the
voltage drop.

On the other hand, the voltage difference between the detection voltage
of the voltage detection IC 1 and the minimum operating voltage of the
voltage detection IC 1 can be expanded by selecting a diode having a small
voltage drop, so that it becomes possible to increase a degree of freedom in
setting constants of resistors R1 and R2.

Hereinafter, the second embodiment of the present invention 1s

described with reference to Fig,3, which is a circuit diagram showing the
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second embodiment of the present invention.

As clearly shown by a comparison between Fig.3 with Fig. 1, the second
embodiment differs from the first embodiment in that the second
embodiment has a voltage regulator diode X3 connected in series with the
resistor X1, and the diode X3 and the resistor R1 are connected between the
terminal A and thé GND, replacing with R2 of the voltage divider circuit
shown in said Fig.1.

The other portions are the same as that of Fig.1 and the same elements
are referred to as the same reference number and their second explanations
are omitted.

In the second embodiment, the voltage regulator diode X3 exhibits a
standard voltage at both ends of this diode, by flowing current, if the
excesslve voltage is applied in the opposite direction.

By setting this voltage of the voltage regulator diode X3 less than the
detection voltage of the voltage detection circuit and higher than the
minimum operating voltage, the same operation will result as that of the
circuit shown in Fig. 1.

Since the voltage generated at both ends of the voltage regulator diode
X3 is constant, and even if the voltage Va of the standard voltage source
fluctuates for any reason, the resistor R1 can absorb the fluctuation, which

results in maintaining the voltage Vd at constant.

It is the advantageous feature that, by the use of the voltage regulator

diode X3, the circuit according to the second embodiment is more stable
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against the influence of the voltage fluctuation of the standard voltage
source.

As hereinabove described, the voltage detection circuit by the present
invention is designed such that the higher voltage among two voltages are
input into the voltage detection circuit, and by use of a voltage which is lower
than the detection voltage of the voltage detection IC and is higher than the
minimum operating voltage, and the input voltage into the voltage detection
IC is higher than the minimum operating voltage of the voltage detection IC,
so that it is possible to detect the voltage correctly without being subjected to
malfunction, even if the voltage at the voltage detecting terminal is less than
the minimum operating voltage of the voltage detection IC.

Therefore, even when a voltage at the voltage detecting terminal is less
than the minimum operating frequency, that is, when an electric cell is
exhausted, or when the electric cell is not connected, it is possible to execute

the correct detection of low voltage.
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The Claims defining the invention are as follows:
1. Avoltage detection circuit comprising:

a voltage detection IC for outputting a voltage, the level of which is
made to correspond to the detection voltage by inputting a voltage which is
lower than the detection voltage and which is higher than the minimum
operating voltage; and

a voltage selection circuit for selecting a higher voltage among two

voltages and inputting said voltage into said voltage detection IC.

2. Avoltage detection circuit according to claim1, wherein said voltage
selection circuit comprises:

a first diode to conduct a voltage to be applied to a terminal connected to
a electric source for measuring the voltage; and

a second diode for constructing a diode OR circuit with the first diode by
conducting a voltage which is applied to the terminal connected to a standard

voltage source.

3. A voltage detection circuit according to claim 2, wherein said first diode
prevents a current from the terminal connected to said standard voltage
source from flowing to the terminal connected to said electric source for

measuring said voltage.
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4. Avoltage detection circuit according to claim 2, wherein said second diode
prevents a current from the terminal connected to said elctric source for
measuring said voltage from flowing to the terminal connected to said

standard voltage source.

5. Avoltage detection circuit according to claim 2, wherein said second diode
conducts a voltage which is obtained by dividing a voltage of said standard
voltage source by the voltage divider circuit connected between said standard

voltage source and the ground.

6. Avoltage detection circuit according to claim 5, wherein said voltage
divider circuit is constructed by connecting a plurality of resistors in series

between said standard voltage source and the ground.

7. Avoltage detection circuit according to claim 5, wherein said voltage
divider circuit is constructed by connecting in series a resistor and a voltage

regulator diode between said standard voltage source and the ground.

8. A voltage detection circuit according to claim 5, wherein the voltage
produced from said standard voltage source by means of said voltage divider
circuit is lower than a detection voltage of the voltage detection IC and is

higher than the minimum operating voltage of the voltage detection IC.
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9. A voltage detection circuit substantially as herein described with

reference to Figs. 1 and 2; or Figs. 3 and 4 of the drawings.

DATED this Eighth Day of March 1999
NEC Corporation
Patent Attorneys for the Applicant

SPRUSON & FERGUSON
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