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(54) Voltage detection and measurement circuit

(57) A voltage detection and measurement circuit is
provided. The circuit includes a first Zener diode opera-
tively coupled to an AC power input line and a second
Zener diode operatively coupled to a reference voltage
line. The first and second Zener diodes are configured
to pass portions of input AC voltage from the AC power
input line to generate output waveforms. The circuit also

includes an optocoupler coupled to the first and second
Zener diodes to receive the output waveforms from the
first and second Zener diodes to detect the input AC volt-
age and a processing circuit configured to receive the
output waveforms from the optocoupler and to determine
a magnitude of the input AC voltage based upon the out-
put waveforms
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Description

BACKGROUND

[0001] The invention relates generally to control sys-
tems and, and particularly to a voltage detection and
measurement circuit for such systems.
[0002] Wide variety of power sources exists to power
electrical devices such as employed in industrial auto-
mation and control systems. The electrical devices may
be subjected to a plurality of different supply voltage lev-
els from the power source. For example, supply voltages
may differ significantly in different geographic areas
throughout the world. In addition, voltages can vary from
the nominal supply value.
[0003] Typically, it is desirable to detect presence of
an input voltage while connecting a power source to the
electrical devices. Furthermore, it is beneficial to meas-
ure the magnitude of the input voltage for configuring the
electrical devices.
[0004] One way of detecting input voltages is via iso-
lation transformers. However, the isolation transformers
may be expensive and may not provide an accurate
measurement of magnitude of the input voltage required
for control of voltages of the electrical devices.
[0005] Accordingly, it would be desirable to develop a
voltage detection and measurement system that can au-
tomatically detect an input voltage and measure magni-
tude of such voltages.

BRIEF DESCRIPTION

[0006] Briefly, according to one embodiment of the
present invention, a voltage detection and measurement
circuit is provided. The circuit includes a first Zener diode
operatively coupled to an AC power input line and a sec-
ond Zener diode operatively coupled to a reference volt-
age line. The first and second Zener diodes are config-
ured to pass portions of input AC voltage from the AC
power input line to generate output waveforms. The cir-
cuit also includes an optocoupler coupled to the first and
second Zener diodes to receive the output waveforms
from the first and second Zener diodes to detect the input
AC voltage and a processing circuit configured to receive
the output waveforms from the optocoupler and to deter-
mine a magnitude of the input AC voltage based upon
the output waveforms.
[0007] In accordance with another aspect, a method
is provided for detecting and measuring an input AC volt-
age. The method includes applying an input AC voltage
to a plurality of Zener diodes and passing portions of the
input AC voltage exceeding a breakdown voltage of the
Zener diodes to provide output waveforms to an opto-
coupler. The characteristics of the output waveforms de-
pend upon a magnitude of the input voltage. The method
also includes processing the output of the optocoupler
to detect the input AC voltage and to estimate the mag-
nitude of the input voltage.

[0008] In accordance with another aspect, a voltage
detection and measurement circuit is provided. The cir-
cuit includes an AC power input conductor and first and
second Zener diodes coupled to the AC power input con-
ductor and configured to pass portions of input AC volt-
age from the AC power input conductor to generate out-
put waveforms. The circuit includes an optocoupler cou-
pled to the first and second Zener diodes. The optocou-
pler is configured to receive the output waveforms from
the first and second Zener diodes. The circuit includes a
plurality of resistors disposed between the AC power in-
put line and the optocoupler. The resistors are configured
to limit current through the optocoupler and the first and
second Zener diodes. The circuit further includes a
processing circuit configured to process output wave-
forms from the optocoupler to detect an input voltage
signal and/or to distinguish between multiple input volt-
age waveforms on the input conductor.

DRAWINGS

[0009] These and other features, aspects, and advan-
tages of the present invention will become better under-
stood when the following detailed description is read with
reference to the accompanying drawings in which like
characters represent like parts throughout the drawings,
wherein:
[0010] FIG. 1 illustrates a system having a voltage de-
tection and measurement circuit in accordance with as-
pects of the present invention.
[0011] FIG. 2 illustrates exemplary configuration of the
system with the voltage detection and measurement cir-
cuit of FIG. 1 in accordance with aspects of the present
invention.
[0012] FIG. 3 illustrates exemplary input voltage wave-
form with corresponding output voltage waveforms gen-
erated by the voltage detection and measurement circuit
of FIG. 1.
[0013] FIG. 4 illustrates an exemplary method for de-
tecting and measuring an input voltage in accordance
with aspects of the present invention.

DETAILED DESCRIPTION

[0014] As discussed in detail below, embodiments of
the present technique function to provide a voltage de-
tection and measurement circuit for measuring input AC
voltage applied to components of a system such as con-
trol and automation systems. In particular, the present
technique utilizes a plurality of Zener diodes and an op-
tocoupler to generate output waveforms having charac-
teristics that are indicative of the magnitude of the input
voltage.
[0015] References in the specification to "one embod-
iment", "an embodiment", "an exemplary embodiment",
indicate that the embodiment described may include a
particular feature, structure, or characteristic, but every
embodiment may not necessarily include the particular
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feature, structure, or characteristic. Moreover, such
phrases are not necessarily referring to the same em-
bodiment. Further, when a particular feature, structure,
or characteristic is described in connection with an em-
bodiment, it is submitted that it is within the knowledge
of one skilled in the art to affect such feature, structure,
or characteristic in connection with other embodiments
whether or not explicitly described.
[0016] Turning now to drawings and referring first to
FIG. 1, a system such as an industrial control system 10
having a voltage detection and measurement circuit 12
is illustrated. In the illustrated embodiment, the system
10 includes an AC power input conductor 14 configured
to supply AC voltage from a power supply 16 to down-
stream electrical devices such as represented by refer-
ence numerals 18 and 20. In the illustrated embodiment,
the voltage detection and measurement circuit 12 is con-
figured to detect the input voltage signal and to distin-
guish between multiple input voltage waveforms on the
input conductor 14.
[0017] In this exemplary embodiment, the circuit 12
includes first and second Zener diodes 22 and 24 oper-
atively coupled to the AC power input conductor 14 and
configured to pass portions of input AC voltage from the
AC power input conductor 14 to generate output wave-
forms. In the illustrated embodiment, the first Zener diode
22 is coupled to the AC power input conductor 14 and
the second Zener diode 24 is coupled to a reference volt-
age line, which may be at a ground potential.
[0018] Moreover, an optocoupler 26 is coupled to the
first and second Zener diodes 22 and 24 and is configured
to receive the output waveforms from the first and second
Zener diodes 22 and 24. In addition, the circuit 12 in-
cludes a processing circuit 28 configured to process out-
put waveforms from the optocoupler 26 to detect the input
voltage signal and/or to distinguish between multiple in-
put voltage waveforms on the input conductor 14.
[0019] In this exemplary embodiment, the circuit 12
further comprises filtration circuit 30 configured to filter
higher order harmonics from the input AC voltage re-
ceived from the power supply 16. In addition, the circuit
includes a resistor network 32 having a plurality of resis-
tors disposed between the power supply 16 and the op-
tocoupler 26. The resistor network 32 is configured to
limit current through the optocoupler 26 and the first and
second Zener diodes 22 and 24.
[0020] In operation, the processing circuit 28 is config-
ured to detect the input voltage signal and to generate
sampled output waveforms to estimate the magnitude of
the input voltage based upon the sampled output wave-
forms. In the illustrated embodiment, the estimated mag-
nitude of the input voltage is displayed to a user of the
system 10 via a display 34. Further, the system 10 in-
cludes a control circuit 36 that receives the estimated
magnitude of the input voltage and is configured to control
voltage of the electrical devices 18 and 20 based upon
such estimated value.
[0021] In certain embodiments, the processing circuit

28 is configured to communicate the detection of the input
voltage with the estimated value to a remote control
and/or monitoring station 38 via a network 40. As will be
appreciated by those skilled in the art, the network 40
may include components such as network cables, net-
work interface cards, routers and bridges to communi-
cate with the control circuit 36. The remote control and/or
monitoring station 38 may be further configured to re-
motely control the input voltage of the electrical devices
18 and 20.
[0022] FIG. 2 illustrates an exemplary configuration 50
of the system 10 with the voltage detection and meas-
urement circuit 12 of FIG. 1. In the illustrated embodi-
ment, the power supply 16 includes a three phase power
supply that is configured to output three phase voltages
(e.g., from the power grid). In one exemplary embodi-
ment, the power supply 16 is configured to supply a 110
volts input voltage signal. In another exemplary embod-
iment, the power supply 16 is configured to supply a 220
volts input voltage signal.
[0023] In operation, the filtration circuitry 30 filters the
higher order harmonics from the input AC voltage re-
ceived from the power supply 16. In one exemplary em-
bodiment, the filtration circuitry 30 includes an electro-
magnetic interference and harmonic filter. Further, the
resistor network 32 disposed downstream of the filtration
circuitry 30 limits current passing through the first and
second Zener diodes 22 and 24 and the optocoupler 26.
[0024] In this exemplary embodiment, the resistor net-
work 32 includes four resistors represented by reference
numerals 52, 54, 56 and 58. However, greater or lesser
number of resistors may be employed to limit the current
through the first and second Zener diodes 22 and 24.
Moreover, the value of the resistance for each of the re-
sistors 52, 54, 56 and 58 may be selected based upon a
desired current reduction.
[0025] As illustrated, the first Zener diode 22 is coupled
to the AC power input conductor 14 and the second Zener
diode 24 is coupled to a reference voltage line such as
ground potential. The first and second Zener diodes 22
and 24 are configured to pass portions of the input AC
voltage that exceed a breakdown voltage of each of the
first and second Zener diodes 22 and 24 to generate
output waveforms.
[0026] In this exemplary embodiment, the breakdown
voltage of each of the first and second Zener diodes 22
and 24 is adjusted to distinguish between multiple input
voltages. In certain embodiments, the first and second
Zener diodes 22 and 24 are further configured to filter
voltage noise based upon the breakdown voltage of each
of the first and second Zener diodes 22 and 24.
[0027] In the illustrated embodiment, the optocoupler
26 is configured to receive the output waveforms from
the first and second Zener diodes 22 and 24. In this ex-
emplary embodiment, the optocoupler 26 includes a bi-
directional digital optocoupler. The optocoupler 26 in-
cludes a light emitting diode such as represented by ref-
erence numeral 60 and a photodetector 62 configured to
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detect the presence of input voltage based upon the out-
put waveforms received from the first and second Zener
diodes 22 and 24.
[0028] The processing circuit 28 is configured to proc-
ess the output waveforms from the optocoupler to esti-
mate the magnitude of the detected input voltage. In the
illustrated embodiment, the processing circuit 28 in-
cludes a memory 64 configured to store the output wave-
forms from the optocpupler 26. Further, the processing
circuit 28 also includes a processor 66 configured to es-
timate the magnitude of the input voltage.
[0029] The memory 64 may include hard disk drives,
optical drives, tape drives, random access memory
(RAM), read-only memory (ROM), programmable read-
only memory (PROM), redundant arrays of independent
disks (RAID), flash memory, magneto-optical memory,
holographic memory, bubble memory, magnetic drum,
memory stick, Mylar® tape, smartdisk, thin film memory,
zip drive, and so forth.
[0030] It should be noted that the present invention is
not limited to any particular processor for performing the
processing tasks of the invention. The term "processor,"
as that term is used herein, is intended to denote any
machine capable of performing the calculations, or com-
putations, necessary to perform the tasks of the inven-
tion. The term "processor" is intended to denote any ma-
chine that is capable of accepting a structured input and
of processing the input in accordance with prescribed
rules to produce an output.
[0031] It should also be noted that the phrase "config-
ured to" as used herein means that the processor is
equipped with a combination of hardware and software
for performing the tasks of the invention, as will be un-
derstood by those skilled in the art.
[0032] In one exemplary embodiment, the processor
66 is configured to generate sampled output waveforms
and to estimate the magnitude of the input voltage based
upon the sampled output waveforms. In this exemplary
embodiment, the magnitude of the input voltage is esti-
mated based upon a root mean square value of amplitude
of the output waveforms. In one exemplary embodiment,
the circuit 12 includes an analog-to-digital converter 68
coupled to the processing circuit 28 to digitize output
waveform signals from the optocoupler 26. In certain em-
bodiments, the analog-to-digital converter 68 is integrat-
ed within the processing circuit 28 of the circuit 12.
[0033] As described before, the estimated magnitude
of the input voltage is utilized by the control circuit 36 to
configure one or more electrical devices 18 and 20 (e.g.,
fans) employed in industrial and automation control sys-
tems. Advantageously, the detection and measurement
of the input voltage facilitates real-time control of the input
voltage to such devices 18 and 20.
[0034] FIG. 3 illustrates exemplary input voltage wave-
form 90 with corresponding output voltage waveforms 92
generated by the voltage detection and measurement
circuit 12 of FIG. 1. In the illustrated embodiment, wave-
forms corresponding to input voltage signals of 110 volts

and 220 volts are represented by reference numerals 94
and 96. Further, corresponding output waveforms from
the first and second Zener diodes 22 and 24 supplied to
the optocoupler 26 are represented by reference numer-
als 98 and 100.
[0035] As can be seen, the output waveforms 98 and
100 include portions of the input voltage waveforms that
have passed through the first and second Zener diodes
22 and 24. In the illustrated embodiment, the breakdown
voltages of each of the first and second Zener diodes 22
is selected to distinguish between multiple input voltage
waveforms such as the input voltage signals of 110 volts
and 220 volts respectively.
[0036] In the illustrated embodiment, the sampled out-
put waveforms generated by the processing circuit 28 of
FIG. 1 are represented by reference numerals 102 and
104. The sampled waveform corresponding to the input
voltage of 110 volts is represented by reference numeral
102. Further, the sampled waveform corresponding to
the input voltage of 220 volts is represented by reference
numeral 104. The sampled output waveforms 102 and
104 may be rectified using the processing circuit 28 to
generate reconstructed waveforms 106 and 108. As can
be seen, the characteristics of the output waveforms 106
and 108 are indicative of the magnitude of the input wave-
forms 94 and 96 thereby facilitating real time detection
and measurement of the input voltages.
[0037] FIG. 4 illustrates an exemplary method 120 for
detecting and measuring an input voltage in accordance
with aspects of the present invention. At block 122, an
input AC voltage is applied to a system. The input AC
voltage is then passed through a resistor network to limit
current through the downstream components (block
124). At block 126, the input AC voltage is applied to a
plurality of Zener diodes of a voltage detection and meas-
urement circuitry (block 124).
[0038] A portion of the input AC voltage exceeding the
breakdown voltage of the Zener diodes is passed through
the Zener diodes to generate output waveforms (blocks
126 and 128). At block 130, the output waveforms are
provided to an optocoupler. In this exemplary embodi-
ment, characteristics of the output waveforms depend
upon a magnitude of the input voltage.
[0039] Further, the output of the optocoupler is proc-
essed to detect the input voltage and to estimate the mag-
nitude of the input voltage (block 132). At block 134, the
magnitude of the input voltage is displayed to a user of
the system. Moreover, voltage of at least one electrical
device is controlled based upon the estimated magnitude
of the input voltage (block 136).
[0040] The various aspects of the structures described
hereinabove may be used for detecting and measuring
input AC voltage applied to a system. In particular, the
technique described above provides an isolated output
signal with characteristics indicative of the incoming input
AC signal. Advantageously, the use of the Zener diodes
for voltage detection and measurement facilitates detec-
tion of different voltage levels by adjusting the breakdown
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value of the Zener diodes while providing low voltage
noise rejection.
[0041] The technique may be utilized in systems such
as industrial control systems for detecting the incoming
voltages and automatically configuring the voltages of
the components such as fans of such systems thereby
eliminating need of manual intervention in configuring
such components.
[0042] While only certain features of the invention have
been illustrated and described herein, many modifica-
tions and changes will occur to those skilled in the art. It
is, therefore, to be understood that the appended claims
are intended to cover all such modifications and changes
as fall within the true spirit of the invention.
[0043] The following is a list of further preferred em-
bodiments of the invention:

Embodiment 1: A voltage detection and measure-
ment circuit, comprising:

a first Zener diode configured to be operatively
coupled to an AC power input line;

a second Zener diode configured to be opera-
tively coupled to a reference voltage line, where-
in the first and second Zener diodes are config-
ured to pass portions of input AC voltage from
the AC power input line to generate output wave-
forms;

an optocoupler coupled to the first and second
Zener diodes to receive the output waveforms
from the first and second Zener diodes to detect
the input AC voltage; and

a processing circuit configured to receive the
output waveforms from the optocoupler and to
determine presence and/or magnitude of the in-
put AC voltage based upon the output wave-
forms.

Embodiment 2: The voltage detection and measure-
ment circuit of embodiment 1, further comprising a
resistor network configured to limit current passing
through the optocoupler and the first and second
Zener diodes.

Embodiment 3: The voltage detection and measure-
ment circuit of embodiment 1, wherein the reference
voltage line comprises a ground potential.

Embodiment 4: The voltage detection and measure-
ment circuit of embodiment 1, wherein the process-
ing circuit is configured to generate sampled output
waveforms and to estimate the magnitude of the in-
put voltage based upon the sampled output wave-
forms.

Embodiment 5: The voltage detection and measure-
ment circuit of embodiment 4, wherein the magnitude
of the input voltage is estimated based upon a root
mean square value of an amplitude of the output
waveforms.

Embodiment 6: The voltage detection and measure-
ment circuit of embodiment 1, wherein the first and
second Zener diodes are configured to filter voltage
noise based upon a breakdown voltage of each of
the first and second Zener diodes.

Embodiment 7: The voltage detection and measure-
ment circuit of embodiment 1, further comprising a
control circuit configured to control voltage of at least
one electrical device based upon the magnitude of
the input voltage.

Embodiment 8: The voltage detection and measure-
ment circuit of embodiment 1, further comprising an
analog-to-digital converter coupled to the processing
circuit and configured to digitize the output waveform
signals from the optocoupler.

Embodiment 9: The voltage detection and measure-
ment circuit of embodiment 1, wherein the optocou-
pler comprises a light emitting diode and a photode-
tector configured to detect the presence of the input
voltage based upon the output waveforms from the
first and second Zener diodes.

Embodiment 10: A method for detecting and meas-
uring an input AC voltage, the method comprising:

applying an input AC voltage to a plurality of Zen-
er diodes;

passing portions of the input AC voltage exceed-
ing a breakdown voltage of the Zener diodes to
provide output waveforms to an optocoupler,
wherein characteristics of the output waveforms
depend upon a magnitude of the input voltage;
and

processing the output of the optocoupler to de-
tect the input AC voltage and to estimate the
magnitude of the input voltage.

Embodiment 11: The method of embodiment 10, fur-
ther comprising adjusting the breakdown voltage of
the Zener diodes to distinguish between multiple in-
put AC voltages.

Embodiment 12: The method of embodiment 10,
wherein processing the output waveforms compris-
es sampling the output waveforms and measuring
an amplitude of the sampled waveforms to estimate
the magnitude of the input voltage.
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Embodiment 13: The method of embodiment 10, fur-
ther comprising controlling at least one electrical de-
vice based upon the estimated magnitude of the in-
put voltage.

Embodiment 14: A voltage detection and measure-
ment circuit, comprising:

an AC power input conductor;

first and second Zener diodes coupled to the AC
power input conductor and configured to pass
portions of input AC voltage from the AC power
input conductor to generate output waveforms;

an optocoupler coupled to the first and second
Zener diodes, the optocoupler being configured
to receive the output waveforms from the first
and second Zener diodes;

a plurality of resistors disposed between the AC
power input line and the optocoupler, the resis-
tors being configured to limit current through the
optocoupler and the first and second Zener di-
odes; and

a processing circuit configured to process output
waveforms from the optocoupler to detect an in-
put voltage signal and/or to distinguish between
multiple input voltage waveforms on the input
conductor.

Embodiment 15: The voltage detection and meas-
urement circuit of embodiment 14, wherein multiple
input voltages comprise a 110 volts signal or a 220
volts signal.

Embodiment 16: The voltage detection and meas-
urement circuit of embodiment 14, wherein a break-
down voltage of each of the first and second Zener
diodes is adjusted to distinguish between the multi-
ple input voltages.

Embodiment 17: The voltage detection and meas-
urement circuit of embodiment 16, wherein the first
and second Zener diodes are configured to filter low
voltage noise based upon the breakdown voltage of
each of the first and second Zener diodes.

Embodiment 18: The voltage detection and meas-
urement circuit of embodiment 14, further compris-
ing a filtration circuitry to filter noise from input AC
power.

Embodiment 19: The voltage detection and meas-
urement circuit of embodiment 14, wherein the op-
tocoupler is configured to generate sampled output
waveforms and the processing circuit is configured

to estimate the magnitude of the input voltage using
the sampled output waveforms.

Embodiment 20: The voltage detection and meas-
urement circuit of embodiment 14, wherein the op-
tocoupler comprises a bi-directional digital optocou-
pler.

Claims

1. A voltage detection and measurement circuit, com-
prising:

a first Zener diode configured to be operatively
coupled to an AC power input line;
a second Zener diode configured to be opera-
tively coupled to a reference voltage line,
wherein the first and second Zener diodes are
configured to pass portions of input AC voltage
from the AC power input line to generate output
waveforms;
an optocoupler coupled to the first and second
Zener diodes to receive the output waveforms
from the first and second Zener diodes to detect
the input AC voltage; and
a processing circuit configured to receive the
output waveforms from the optocoupler and
to determine presence and/or magnitude of the
input AC voltage based upon the output wave-
forms.

2. The voltage detection and measurement circuit of
claim 1, further comprising a resistor network con-
figured to limit current passing through the optocou-
pler and the first and second Zener diodes.

3. The voltage detection and measurement circuit of
claim 1, wherein the processing circuit is configured
to generate sampled output waveforms and to esti-
mate the magnitude of the input voltage based upon
the sampled output waveforms, wherein the magni-
tude of the input voltage is estimated based upon a
root mean square value of an amplitude of the output
waveforms.

4. The voltage detection and measurement circuit of
claim 1, wherein the first and second Zener diodes
are configured to filter voltage noise based upon a
breakdown voltage of each of the first and second
Zener diodes.

5. The voltage detection and measurement circuit of
claim 1, further comprising a control circuit config-
ured to control voltage of at least one electrical de-
vice based upon the magnitude of the input voltage.

6. The voltage detection and measurement circuit of
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claim 1, further comprising an analog-to-digital con-
verter coupled to the processing circuit and config-
ured to digitize the output waveform signals from the
optocoupler.

7. The voltage detection and measurement circuit of
claim 1, wherein the optocoupler comprises a light
emitting diode and a photodetector configured to de-
tect the presence of the input voltage based upon
the output waveforms from the first and second Zen-
er diodes.

8. A method for detecting and measuring an input AC
voltage, the method comprising:

applying an input AC voltage to a plurality of Zen-
er diodes;
passing portions of the input AC voltage exceed-
ing a breakdown voltage of the Zener diodes to
provide output waveforms to an optocoupler,
wherein characteristics of the output waveforms
depend upon a magnitude of the input voltage;
and
processing the output of the optocoupler to de-
tect the input AC voltage and to estimate the
magnitude of the input voltage.

9. The method of claim 8, further comprising adjusting
the breakdown voltage of the Zener diodes to distin-
guish between multiple input AC voltages.

10. The method of claim 8, wherein processing the out-
put waveforms comprises sampling the output wave-
forms and measuring an amplitude of the sampled
waveforms to estimate the magnitude of the input
voltage.

11. The method of claim 8, further comprising controlling
at least one electrical device based upon the esti-
mated magnitude of the input voltage.

12. A voltage detection and measurement circuit, com-
prising:

an AC power input conductor;
first and second Zener diodes coupled to the AC
power input conductor and configured to pass
portions of input AC voltage from the AC power
input conductor to generate output waveforms;
an optocoupler coupled to the first and second
Zener diodes, the optocoupler being configured
to receive the output waveforms from the first
and second Zener diodes;
a plurality of resistors disposed between the AC
power input line and the optocoupler, the resis-
tors being configured to limit current through the
optocoupler and the first and second Zener di-
odes; and

a processing circuit configured to process output
waveforms from the optocoupler to detect an in-
put voltage signal and/or to distinguish between
multiple input voltage waveforms on the input
conductor.

13. The voltage detection and measurement circuit of
claim 12, wherein a breakdown voltage of each of
the first and second Zener diodes is adjusted to dis-
tinguish between the multiple input voltages.

14. The voltage detection and measurement circuit of
claim 12, further comprising a filtration circuitry to
filter noise from input AC power.

15. The voltage detection and measurement circuit of
claim 12, wherein the optocoupler is configured to
generate sampled output waveforms and the
processing circuit is configured to estimate the mag-
nitude of the input voltage using the sampled output
waveforms, and/or wherein the optocoupler com-
prises a bi-directional digital optocoupler.
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