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1
METHOD OF REDUCING RMS LOAD
VOLTAGE IN A LAMP USING PULSE
WIDTH MODULATION

BACKGROUND OF THE INVENTION

The present invention is directed to a power controller
that supplies a specified power to a load, and more particu-
larly to a voltage converter for a lamp that converts line
voltage to a voltage suitable for lamp operation.

Some loads, such as lamps, operate at a voltage lower than
a line (or mains) voltage of, for example, 120V or 220V, and
for such loads a voltage converter that converts line voltage
to a lower operating voltage must be provided. A lower lamp
operating voltage provides benefits, including the ability to
use a filament wire with a larger cross section and shorter
length, thereby increasing lamp efficiency, color temperature
and filament efficacy, and improving sag resistance, hot
shock resistance and vibration induced flickering.

The power supplied to the load may be controlled with a
phase-control clipping circuit that typically includes an RC
circuit and uses phase-control clipping to reduce the line
voltage to an RMS load voltage suitable for operation of the
light emitting element of the lamp.

A simple four-component RC phase-control clipping cir-
cuit is shown in FIG. 1 and includes a capacitor 22, a diac
24, a triac 26 that is triggered by the diac 24, and resistor 28.
The resistor 28 may be a potentiometer that sets a resistance
in the circuit to control a phase at which the triac 26 fires.
The RMS load voltage and current are determined by the
resistance and capacitance values in the clipping circuit
since the phase at which the clipping occurs is determined by
the RC series network and since the RMS voltage and
current depend on how much energy is removed by the
clipping. FIG. 2 illustrates a clipped waveform formed by a
phase-control clipping circuit such as illustrated in FIG. 1.

The phase-control clipping circuit has drawbacks. As seen
in FIG. 2, the voltage is applied to the lamp light emitting
element (e.g., filament) part way through the power cycle.
This causes a current pulse that can generate electromag-
netic interference (EMI) and cause harmonic distortion
(THD). Filtering elements (e.g., chokes) may be installed to
reduce EMI and THD but such elements can increase the
cost, weight and size of the system and can generate heat.

Another drawback of the phase-control clipping circuit is
that the lamp may not operate properly when driven by a
dimmer that delivers a clipped line voltage waveform to the
lamp. The phase-control clipping circuit shown in FIG. 1
needs a sine wave voltage input for the phase setting
components to operate correctly. If the line voltage has been
clipped by a dimming circuit so that a sinusoidal voltage
waveform is no longer presented to the lamp, the phase-
control clipping circuit may not trigger the diac and triac as
intended.

When the phase-control power controller is used in a
voltage converter of a lamp, the voltage converter may be
provided in a fixture to which the lamp is connected or
within the lamp itself. U.S. Pat. No. 3,869,631 is an example
of the latter, in which a diode is provided in an extended
stem between the lamp screw base and stem press of the
lamp for clipping the line voltage to reduce RMS load
voltage at the light emitting element. U.S. Pat. No. 6,445,
133 is another example of the latter, in which a voltage
conversion circuit for reducing the load voltage at the light
emitting element is divided with a high temperature-tolerant
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part in the lamp base and a high temperature-intolerant part
in a lower temperature part of the lamp spaced from the high
temperature-tolerant part.

Factors to be considered when designing a voltage con-
verter that is to be located within a lamp include the sizes of
the lamp and voltage converter, costs of materials and
production, production of a potentially harmful DC load on
a source of power for installations of multiple lamps, and the
operating temperature of the lamp and an effect of the
operating temperature on a structure and operation of the
voltage converter.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a novel
lamp and method in which an internal voltage controller
converts a line voltage to an RMS load voltage using pulse
width modulation (PWM).

A further object is to provide a novel lamp with a voltage
controller that is entirely within a lamp base and uses PWM
to define an RMS load voltage, where the voltage controller
has a bridge that supplies the RMS load voltage to a light
emitting element, a switching transistor that pulse width
modulates a current supplied to the bridge, and a timer that
is connected to a gate of the switching transistor to turn the
switching transistor on and off at a rate that defines the RMS
load voltage.

A yet further object is to provide a novel lamp and method
in which an internal voltage controller converts a line
voltage to a suitable RMS load voltage even when the line
voltage is clipped with an external dimming circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic circuit diagram of a phase-con-
trolled clipping circuit of the prior art.

FIG. 2 is a graph illustrating voltage clipping in the
phase-controlled clipping circuit of FIG. 1.

FIG. 3 is a partial cross section of an embodiment of a
lamp of the present invention.

FIG. 4 is a schematic circuit diagram showing an embodi-
ment of the PWM voltage controller of the present inven-
tion.

FIG. 5 is a graph depicting the pulse width modulation of
the load voltage of the present invention.

FIG. 6 is a circuit diagram of a further embodiment of the
present invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

With reference to FIG. 3, a lamp 10 includes a base 12 that
is arranged and adapted to fit into a lamp socket and has an
exterior lamp terminal 14 that is adapted to be connected to
line voltage, a light-transmitting envelope 16 attached to the
base 12 and housing a light emitting element 18 (an incan-
descent filament in the embodiment of FIG. 3), and a lamp
internal voltage conversion circuit 20 for converting a line
voltage at the lamp terminal 14 to a lower lamp operating
voltage.

The voltage conversion circuit 20 is housed entirely
within the base 12 (that is, entirely within the part of the
lamp that is arranged and adapted to fit into a lamp socket
such as shown in FIG. 3) and connected in series between
the lamp terminal 14 and the light emitting element 18. The
voltage conversion circuit 20 may be an integrated circuit in
a suitable package as shown schematically in FIG. 3.
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While FIG. 3 shows the voltage conversion circuit 20 in
a parabolic aluminized reflector (PAR) halogen lamp, the
voltage conversion circuit 20 may be used in any incandes-
cent lamp when placed in series between the light emitting
element (e.g., filament) and a connection to a line voltage
(e.g., lamp terminal).

With reference to FIG. 4 that illustrates an embodiment of
the present invention, the voltage conversion circuit 20
includes line terminals 32 for a line voltage and load
terminals 34 for a load voltage, and a PWM circuit 36 that
pulse width modulates the load voltage and that is connected
to the line and load terminals. The PWM circuit 36 includes
a transistor switch 38 that pulse width modulates the current
supplied to a bridge 40 that provides the RMS load voltage
to the lamp, and a time-based signal source 42 that sends
time-based signals to a gate of the transistor switch 38. The
frequency and duration of the time-based signals determines
the total time per cycle that the transistor switch is ON,
which defines the RMS load voltage.

In other words, lamp 10 includes lamp voltage conversion
circuit 20 that is inside the lamp and connected to exterior
lamp terminal 14, where the voltage conversion circuit
includes PWM circuit 36 that pulse width modulates a load
voltage and provides an RMS load voltage to light emitting
element 18 in the lamp, and where PWM circuit 36 has a
transistor switch 38 and a time-based signal source 42 that
triggers conduction of the transistor switch to define the
RMS load voltage.

In operation, the time-based signal source 42 generates
signals (e.g., pulses) whose frequency and duration provide
a duty cycle that is appropriate for the desired RMS load
voltage. The signals are applied to the gate of the transistor
switch so that the voltage applied to the light emitting
element is switched ON and OFF at much greater speed than
the line voltage frequency (typically 50-60 Hz). The fre-
quency of the signals is desirably higher than the audible
range (i.e., above about 20 kHz). FIG. 5 shows an example
of an incoming voltage waveform and a pulse width modu-
lated voltage waveform (the frequency being reduced to
illustrate the modulation).

Since the voltage conversion circuit is not divided into
separate parts, such as the high temperature tolerant and
intolerant parts in the above-cited U.S. Pat. No. 6,445,133,
the cost for the circuit is reduced and manufacturing com-
plexity is reduced. Further, since the voltage conversion
circuit is not in the stem and the size of the stem is not
affected by the addition of the circuit within the lamp (see
the extended stem in the above-cited U.S. Pat. No. 3,869,
631), the complexity of the stem and the manufacturing cost
thereof and the size of the lamp are reduced.

The addition of the PWM voltage controller inside the
lamp base as an integral component of the lamp, rather than
separately external to the lamp, permits the use of optimized
low-voltage filaments in lamps intended for use with stan-
dard sockets, thereby improving lamp beam performance,
color temperature, efficacy, sag resistance, hot shock resis-
tance, and vibration-induced flickering resistance.

While conventional RC phase-control clipping circuits
are very sensitive to fluctuations in the line voltage magni-
tude, the present invention provides a power controller that
operates substantially independently of the incoming line
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voltage magnitude and waveform because no component of
the PWM voltage controller is dependant on the magnitude
or waveform of the incoming signal. Additionally, because
the current is drawn from the incoming signal equally during
all periods of the input cycle, PWM of load voltage avoids
the phase-control clipping pulses that cause EMI and THD
in the prior art. This advantage is particularly significant
when a large number of lamps are connected to the same
supply circuit.

With reference now to FIG. 6, a particular embodiment of
the present invention includes a full-wave bridge 44, an
insulated gate bipolar transistor 46 (which alternatively may
be a MOSFET), and a timer 48 such as the known “555”
timer (which alternatively may be a programmable micro-
controller, pulse generator, or clock). Inputs to the timer 48
may be provided by including appropriate circuitry such as
the connections, resistors and capacitors in FIG. 6, which are
shown by way of example. The timer desirably is or operated
to be astable (not having a stable state at which it can rest).
A heat sink (not shown) may be attached to the transistor
switch as needed.

With reference again to FIG. 3, the lamp may also include
a dimmer 50 that clips a line voltage. The dimmer 50 is
external to the lamp 10 and connected between exterior lamp
terminal 14 and an external source of the line voltage 52.
The dimmer may be a conventional forward or reverse
phase-control dimmer, or pulse width modulation dimmer,
that delivers a clipped line voltage waveform (such as the
forward clipped waveform shown in FIG. 2) to the line
terminals of the lamp. The PWM voltage controller of the
present invention operates independently of line voltage
magnitude and waveform and thus is not affected by the
clipping.

While embodiments of the present invention have been
described in the foregoing specification and drawings, it is
to be understood that the present invention is defined by the
following claims when read in light of the specification and
drawings.

What is claimed is:

1. A method of converting a line voltage to an RMS load
voltage in a lamp, the method comprising the steps of:

pulse width modulating a load voltage with a pulse width

modulation circuit that is entirely within the lamp and
provides an RMS load voltage to a light emitting
element of the lamp;

triggering conduction in the pulse width modulation cir-

cuit independently of a line voltage magnitude with a
time-based signal source that defines a duty cycle of the
pulse width modulation circuit suitable for the RMS
load voltage; and

clipping the line voltage in a dimmer circuit before the

pulse width modulating step.

2. The method of claim 1, wherein the time-based signal
source is one of a pulse generator, a microcontroller and a
clock.

3. The method of claim 1, wherein the pulse width
modulation circuit includes a transistor switch whose gate
receives signals from the time-based signal source to trigger
conduction of the pulse width modulation circuit.
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