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include a test load and a test load sWitch operable for varying
an electrical current ?owing through the test load. A detector
may be electrically connected to the test load for detecting
variations in an electrical characteristic of the test load and
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ABSTRACT

generating a detector output signal indicative of the electrical
characteristic. A detection threshold signal source may be
provided for producing a detection threshold signal. A com
parator may be electrically connected to the detector and the
threshold signal source, the comparator operable for gener
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detector output signal and the detection threshold signal. A
load sWitch may be electrically connected to the comparator
and operable for adjusting a current ?oW through a main load
in response to the load sWitch control signal.
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CURRENT LIMITING CIRCUIT FOR
ELECTRICAL DEVICES

ing circuit 100 operates to electrically detect the presence of
a foreign object, for example, a person’s body, in the circuit
path and limit the How of current through the object While

CROSS-REFERENCE TO RELATED
APPLICATIONS

alloWing substantially full current to How When an intended

[0001] This application claims the bene?t of US. Provi
sional Application Ser. No. 61/669,850, ?led Jul. 10, 2012,
entitled “CURRENT LIMITING CIRCUIT FOR ELECTRI

CAL DEVICES”, the content of Which is hereby incorporated

by reference in its entirety.

electrical connection is established betWeen a poWer source
and load. The current limiting circuit 100 may be used as a
peripheral circuit to reduce or eliminate the active current

traveling through a poWer rail of a main circuit including
current conducted to any load attached to the main circuit.

Generally, the current limiting circuit 100 permits the main

FIELD OF THE INVENTION

circuit to be turned off When there are variations in the elec
trical characteristics of the poWer supplied to the current
limiting circuit 100 due to a subject, for example a human

[0002] The present invention pertains to a system and
method for protecting a person from electrical shock When
interacting With an electrical device.

body, coming into physical contact With the main circuit.
Detection of the subject may be accomplished by draWing a
relatively small, varying test current from a loW-impedance
poWer source 105 through a test load sWitch 135 and a Z test

BACKGROUND

[0003] Incandescent light bulbs may be used in various
environments, such as households, commercial buildings,
and advertisement lighting, and are used in many types of
?xtures, such as desk lamps and overhead ?xtures. Incandes
cent bulbs may have a threaded electrical connector for use in

Edison-type ?xtures, though incandescent bulbs can include
other types of electrical connectors such as a bayonet connec
tors or pin connectors. Incandescent light bulbs may consume

large amounts of energy and have short life-spans.

[0004] Compact ?uorescent light bulbs (CFLs) and light
emitting diode based (LED-based) lights are gaining popu
larity as replacements for incandescent light bulbs. CFLs and
LED-based lights may be much more energy e?icient than

incandescent light bulbs and may have signi?cantly longer
life spans than incandescent light bulbs. HoWever, there may
be drawbacks to using CFLs, LED-based lights, and other
line-poWered electrical devices.
[0005] Some line-poWered electrical devices use a perma
nent Wired connection or a unitary plug and socket connection
that simultaneously connect a poWer, return, and safety

load 140, and measuring a voltage variation at a device supply
rail 145. If a direct, loW-impedance connection from the
poWer source 105 to the current limiting circuit 100 is present,
the voltage variation at the device supply rail 145 Will be
minimal due to the loW impedance of the poWer source 105
and the conductors connecting it to the current limiting circuit
100. In this case, a main load 180 Will be poWered on. If a

subject, for example a human body (electrically represented
by a human body resistor-capacitor model 115), is interposed
betWeen the poWer source 105 and the current limiting circuit

100, the extra impedance of the subject Will cause the varying
test current to produce a varying voltage at the device supply
rail 145. If this varying voltage exceeds a selected limit, a
subject is presumed to be in electrical contact With the poWer
circuit, and a main load sWitch 175 remains off, thereby
maintaining the current ?oWing through the subject at a loW
and safe level.
[0011] The current limiting circuit 100 may be incorpo
rated into the main circuit or can be a separate circuit provid

ground at the same general location. A feW devices provide

ing control signals to the main circuit. If the current limiting
circuit 100 of FIG. 1 is incorporated into the main circuit, the
current limiting circuit 100 may be electrically connected

separate connectors for poWer and return. In some of these
devices, if the poWer terminal is connected using one connec
tor and the subject, for example a person installing a neW bulb,

directly to a main load 180 or may be electrically connected
directly to a poWer supply that connects directly to the main
load 180. If the current limiting circuit 100 is provided as a

comes into contact With the return terminal in another con

separate circuit, the current limiting circuit 100 may provide

nector that has not yet been mated, the person may receive a

the necessary control signals to the main load 180 or the
poWer supply, such that the current limiting circuit 100 can

shock by completing the circuit from the return terminal to

limit the current traveling through the main load 180. An

ground.

electrical connection betWeen tWo or more circuit elements

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The description herein makes reference to the
accompanying draWings, Wherein like reference numerals
refer to like parts throughout the several vieWs, and Wherein:
[0007]

FIG. 1 is an electrical schematic diagram of an

exemplary current limiting circuit;
[0008]

FIG. 2 is an electrical schematic diagram of an

exemplary current limiting circuit including a detection vali

dation circuit;
[0009]

can be made by Wire, printed circuit board traces, and/or any
other method of making electrical connections betWeen such
circuit elements, or a combination thereof.

[0012]

The current limiting circuit 100 can be connected to

the poWer input 105, Which may provide poWer for the main
load 180 and the current limiting circuit 100. The poWer input
105 can be an AC poWer input or any other suitable poWer

source (eg DC poWer input). The poWer input 105 may
provide poWer for the main load 180, and the current limiting
circuit 1 00 can be poWered from a poWer source separate from

FIG. 3 is an electrical schematic diagram of an

exemplary current limiting circuit including a main load shut
off circuit; and
DETAILED DESCRIPTION

[0010] FIG. 1 illustrates an electrical schematic diagram of
an exemplary current limiting circuit 100. The current limit

the poWer input 105. The poWer input 105 may alternatively
provide poWer for the current limiting circuit 100, and the
main load 180 can be poWered from a poWer source separate

from the poWer input 105.
[0013] With continued reference to FIG. 1, the current lim
iting circuit 100 operates to distinguish betWeen a normal
circuit con?guration, in Which the current limiting circuit 100
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is connected directly to the power source 105, and a fault

ance detection circuit. The minimum poWer and current

con?guration, in Which the current limiting circuit 100 is

needed to operate the impedance detection circuit may
depend on the speci?c circuit elements used in the particular
implementation of the impedance detection circuit. For
example, the auxiliary poWer supply 125 may output a volt

connected to the poWer source 105 through a subject, for

example, a person’ s body. In the normal circuit con?guration,
the current limiting circuit 100 may be connected to the poWer
source 105 via Wiring, connectors, and other circuit elements,
represented in FIG. 1 by sWitch 110 in a closedposition. In the

fault con?guration, the current limiting circuit 100 may be
connected to the poWer source 105 via a subject, represented
in FIG. 1 by sWitch 110 in an open position, and the human

body resistor-capacitor model 115.
[0014] By Way of example, the subject represented can be a
human body, a human body model, or any other foreign body,
object, or other non-circuit element that may come into con

tact across the input end and the output end of the main sWitch

age of 5V and an output current su?icient to poWer the imped
ance detection circuit. In one exemplary con?guration, the
auxiliary poWer supply 125 may be constructed from a net
Work of circuit elements that may be discrete, integrated, or a

combination thereof. The auxiliary poWer supply 125 may be
constructed from a selection of circuit elements to output the
desired total poWer and total current for the impedance detec
tion circuit.
[0018] The auxiliary poWer supply 125 may be part of an
AC poWer transformer. For example, the auxiliary poWer

110, or be present in the circuit so as to be located in series

supply 125 may in part comprise a secondary Winding of the

With the main sWitch 110. For example, the representation of

AC poWer transformer or a separate step-doWn poWer trans

the subject can be a human body model 115 consisting of a

former. In such con?gurations, the auxiliary poWer supply

netWork of resisters and capacitors. Speci?cally, the human

125 may include the recti?er 120, in Which case the auxiliary
poWer supply 125 may have a direct electrical connection to

body model 115 can be represented by a ?rst model resistor
11511, a second model resistor 11519 and a model capacitor
1150. The ?rst model resistor 115a may be electrically con
nected With the second model resistor 11519 in series. The
second model resistor 1151) may be further electrically con
nected With the model capacitor 1150 in parallel. As an
example, a human body can be represented using the human
body model 115 With the model resistor 11511 at 500 ohms, the
model resistor 11519 at 1500 ohms, and the model capacitor
1150 at 0.2 micro Farads, though alternate values may be used
for the model as needed.

[0015]

Electrical poWer from poWer input 105 may be

delivered to a recti?er 120. A transformer or other poWer

conversion element may be interposed betWeen the poWer
input 105 and the recti?er 120. The recti?er 120 may be a full
Wave recti?er or a half-Wave recti?er. By Way of example, the
full Wave recti?er may be constructed using four diodes

arranged in a bridge con?guration if the poWer input 105 is
single-phase AC. The full Wave recti?er may also be con
structed using only tWo diodes, or even one. The full Wave
recti?er may have a center-tap connection to a transformer.
The full Wave recti?er may further be constructed using six

diodes if the poWer input 105 is a three-phase AC. The recti
?er 120 may include a smoothing capacitor or other element
Which further processes the electrical current received poWer
input 105. The recti?er 120 need not necessarily be part of the

current limiting circuit 100. For example, the poWer input
might be recti?ed elseWhere or provided from a DC source.
The main load 180 may be con?gured to use AC poWer or the

current limiting circuit 100 could be poWered in other Ways.
The recti?er 120 may also be replaced With any combination
of discrete or integrated components, such that the Wave form
of the poWer input 105 canbe converted from a full Wave form
to a recti?ed Wave form, for example, from an AC Wave to a
DC Wave.

[0016]

An output of the recti?er 120 may be electrically

connected to an input of an auxiliary poWer supply 125 and a

device poWer rail 145. The auxiliary poWer supply 125 may
be con?gured to provide a current and a voltage Where the

total poWer and total current provided by the auxiliary poWer
supply 125 is less than the total poWer and total current

provided by the poWer input 105. The auxiliary poWer supply
125 can also provide an alternating current.

[0017]

The auxiliary poWer supply 125 may be con?gured

to provide a minimum poWer and current to operate an imped

the poWer input 105. In another exemplary con?guration, the
auxiliary poWer supply 125 may be poWered by a separate
poWer source from the poWer input 105. For example, the

auxiliary poWer supply 125 may be poWered by or partly
comprise rechargeable or non-rechargeable batteries and/or
photovoltaics. The auxiliary poWer supply 125 may also be
con?gured such that it is poWered by any external source, for
example, a stand-alone battery.
[0019] An output of the auxiliary poWer supply 125 may be
electrically connected to an auxiliary poWer rail 185 that is
further electrically connected to a poWer input of an oscillator
130. The oscillator 130 may be electrically connected to a
ground 195 or to any other poWer source or ground. The
oscillator 130 may be con?gured as a harmonic-type oscilla
tor or a relaxation-type oscillator, a crystal oscillator, a ring
oscillator, a silicon micromechanical resonator, an oscillating
output of a digital circuit or microprocessor, or any other type
of oscillator. The output of the oscillator 130 may be a digital,
continuous time output, a varying sinusoidal output, or

another type of output. The oscillation frequency may be
greater than the frequency of the poWer input 105. The oscil
lation frequency may also be an integral multiple of the fre
quency of the poWer input 105.
[0020] By Way of an example, an oscillation frequency of
300 HZ Would provide an integral number of oscillation
cycles per AC line cycle for both 50 HZ and 60 HZ lines
frequencies. Selecting a frequency that is a

