Office de la Propriete Canadian CA 2684256 C 2016/10/04

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 684 256
Hindstie Ganada Industy Canads 2 BIREVE T GANAIIEN
CANADIAN PATENT
(13) C
(22) Date de depot/Filing Date: 2009/11/02 (51) ClL.Int./Int.Cl. HO2M 5/458 (2006.01),

HO5B 41/36 (2006.01)

(72) Inventeur/Inventor:
SIMI, VICTOR M., US

(73) Propriéetaire/Owner:
OSRAM SYLVANIA INC., US

(74) Agent: SMART & BIGGAR

(41) Mise a la disp. pub./Open to Public Insp.: 2010/05/06
(45) Date de delivrance/lssue Date: 2016/10/04
(30) Priorité/Priority: 2008/11/06 (US12/291,073)

(54) Titre : CONVERTISSEUR D'ALIMENTATION ET PROCEDE DE CONVERSION CONNEXE A FAIBLE CONSOMMATION
D'ENERGIE
(54) Title: POWER CONVERTER AND POWER CONVERSION METHOD WITH REDUCED POWER CONSUMPTION

' FREQUENCY 45kHz
2
] ~ D1 L1 Vs
AC C4
INPUT C7 FILAMENT
. T
- T iR
L D5 R2
16'\ | 1
C6 R4 Y Lpogeo)
s @ g LC?
I | le21§31 / I
14" 18" ~ )

(57) Abrege/Abstract:
A power converter and power conversion method converts an input AC signal to a voltage usable by a load while reducing power

consumption, thereby making the converter and method suitable for a wider range of applications. A rectifier receives the AC Input
sighal and outputs a rectified voltage Vs, a controller has a power input connected to Vs and outputs two out-of-phase signals, two
transistors are connected In series between Vs and a ground and each of the two transistors has a gate connected to a respective
one of the two out-of-phase signals, and a transformer that has a primary coil connected to a node between the two transistors and
a secondary coll connected to a load feeds back current from the secondary coll to the power input of the controller to reduce
power consumption.
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Abstract

A power converter and power conversion method converts an input AC signal to a
voltage usable by a load while reducing power consumption, thereby making the
converter and method suitable for a wider range of applications. A rectifier receives the
AC 1nput signal and outputs a rectified voltage Vs, a controller has a power input
connected to Vs and outputs two out-of-phase signals, two transistors are connected in
series between Vs and a ground and each of the two transistors has a gate connected to a
respective one of the two out-of-phase signals, and a transformer that has a primary coil
connected to a node between the two transistors and a secondary coil connected to a load
feeds back current from the secondary coil to the power input of the controller to reduce

power consumption.
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POWER CONVERTER AND POWER CONVERSION

METHOD WITH REDUCED POWER CONSUMPTION

Background of the Invention

The present invention is directed to a power converter and a power conversion
method that supplies a specified power to a load, and more particularly to a power
converter and power conversion method for a lamp. A power converter receives an input,
such as a line AC input, and converts the input to a voltage suitable for operation of the
load.

In some lamps, the voltage suitable for operation is desirably much lower than
line voltage in order to increase efficiency of the lamp. For example, etficiency of a 120
volt halogen lamp is improved by reducing the operating voltage by a factor of ten.
Further, it is desirable to integrally include such a converter inside a base of the lamp.
However, the heat generated by presently available power converters effectively limits
their applicability to lamps of less than about 30 watts. Since the heat generated by the
converter relates to the power consumed by the converter, 1t 1s desirable to reduce the

power consumption of the converter.

Summary of the Invention

An object of the present invention is to provide a novel power converter and
power conversion method that avoids the problems of the prior art.
A further object of the present invention is to provide a novel power converter and

power conversion method in which power is conserved by feeding back a current from a
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secondary coll of a transformer to a power input of a controller that controls operation of the

transformer.

According to one embodiment, a power converter, comprising: a rectifier that receives
an AC 1nput signal and outputs a rectified voltage Vs; a controller whose power input 1s
connected to Vs and that outputs two out-of-phase signals; two transistors connected 1n series
between Vs and a ground, each of the two transistors having a gate connected to a respective
one of the two out-of-phase signals; and a transformer having a primary coil connected to a
node between the two transistors and a secondary coil connected to a load and to the power
input of the controller.

According to another embodiment, a power conversion method, comprising the steps
of: rectifying a received AC 1nput signal to output a rectified voltage Vs; providing Vs to a
power input of a controller, the controller outputting two out-of-phase signals; providing each
of the two out-of-phase signals to a respective gate of two transistors connected 1n series
between Vs and a ground; and 1n a transformer having a primary coil connected to a node
between the two transistors and a secondary coil connected to a load, feeding back a current
from the secondary coil to the power input of the controller.

These and other objects and advantages of the invention will be apparent to those of
skill in the art of the present invention after consideration of the following drawings and

description of preferred embodiments.

Brief Description of the Drawings

Figure 1 1s schematic diagram of an embodiment of the present invention.

Figure 2 is a diagram showing a circuit suitable for the embodiment of Figure 1.

Figure 3 1s a partial cross-section of a lamp including the present invention.

Description of Preferred Embodiments

With reference now to Figure 1, a power converter 10 of the present invention
includes a rectifier 12 that receives an AC mput signal and outputs a rectified voltage Vs, a
controller 14 whose power input is connected to Vs and that outputs two out-of-phase signals

A, B, two transistors 16, 18 connected in series between Vs and a ground, each of the two
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transistors having a gate connected to a respective one of the two out-of-phase signals, and a

transformer 20 having a primary coil connected to a node C between the two transistors and a
secondary coil connected to a load and to the power input of the controller.

In operation, the controller 14 generates signals A, B that drive transistors 16, 18. The
current that then flows through the primary coil of transformer 20 is changed by the turns
ratio of the transformer to provide the proper current for the load. The current feedback from
the secondary coil of the transformer to the power input of the controller 14 provides power to
sustain the operation of the controller during normal operation. This method of feedback
conserves power, thereby reducing power consumption and heat generated by the power
converter.

A more particular embodiment 1s shown in Figure 2. In this embodiment, the rectifier
12' may be a full wave bridge with diodes D1-D4, and may include an electro-magnetic
interference (EMI) suppression circuit that includes capacitors C4 and C7 and inductor L1.

The controller 14" may be an integrated circuit with a built-in oscillator and
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MOSFET driver, such as the IR21531 shown. The frequency of the built-in oscillator
may be set by a time constant circuit that includes resistor R1 and capacitor C1. The
transistors 16°, 18’ may be MOSFETs Q1 and Q2 connected to the controller through
resistors R4-5 and capacitor C6 as shown. The power input Vcc of the controller may be
connected to Vs through a node between resistor R3 and capacitor C5. In operation, once
Vs starts to increase, current flows through resistor R3, charging capacitor C5 until the
clamping action of the controller limits its amplitude, which for a lamp may be a nominal
15 volts. The primary coil of transformer 20’ may be connected to a node between
capacitors C2 and C3 and the secondary coil may feedback to the power input of the
controller through resistor R2 and diode D5 as shown. The circuit generates a high
frequency AC output at the load (e.g., at 12 volts for a lamp) that 1s modulated at 120
hertz, for example. The resulting input power factor is very close to unity (about 0.985 or
better) and the total harmonic distortion 1s very low.

Figure 3 shows an embodiment wherein the power converter 10 1s 1n a lamp 24
(e.g., a halogen light source) that includes a base 26 and electrodes 28 that are connected
to a bulb 30, wherein the converter 10 is entirely within the base 26, wherein the rectifier
is connected to a lamp terminal 32 on a exterior of the base, and wherein the load 1s the
electrodes 28. The converter 10 can be packaged as an integral part of the lamp, and can
operate directly off the AC line input, where the filter reduces both the conducted and
radiated EMI. By selecting the transformer turns ratio and time constant, the converter
can operate with 120 or 220-240 volts at both 50 and 60 hertz.

The power converter and power conversion method described herein offers

several advantages. Among those advantages are that the converter includes a relatively
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simple construction that includes only one integrated circuit so that the converter can be
low cost and small enough for a lamp base. It operates on a relatively unfiltered AC
input that generates an output set by the turns ratio of the transformer. This gives the
converter the ability to be easily adapted to various line voltages. The duty cycle has
built-1n delays to prevent the transistors from overheating due to cross-over currents. The
frequency of operation of the controller is controlled so the EMI signature is predictable
and stable at high temperatures. The AC input at the load is a very pure sine wave with a
power factor close to 1. Further, the feedback from the secondary coil of the transformer
reduces power consumption and in a lamp limits in-rush current at cold filament start-up.
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.
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[ claim:

1. A power converter, comprising:

a rectifier that receives an AC input signal and outputs a rectified voltage Vs;

a controller whose power input is connected to Vs and that outputs two out-of-
phase signals;

two transistors connected in series between Vs and a ground, each of the two
transistors having a gate connected to a respective one of the two out-of-phase signals;
and

a transformer having a primary coil connected to a node between the two

transistors and a secondary coil connected to a load and to the power input of the

controller.
2. The converter of claim 1, wherein the rectifier is a full wave bridge.
3. The converter of claim 2, wherein the rectifier further comprises an

electro-magnetic interference suppression circuit.

4. The converter of claim 1, further comprising a time constant circuit that is
connected to the controller and that sets a frequency of the two out-of-phase signals.

5. The converter of claim 1, further comprising a resistor and a capacitor
connected 1n series between Vs and the ground, and wherein the power input of the
controller is connected to Vs through a node between the resistor and the capacitor.

6. The converter of claim 1, wherein the controller is an integrated circuit

with a built-in oscillator and MOSFET driver.
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7. The converter of claim 1, in a lamp that includes a base and electrodes,
wherein the converter is entirely within the base, wherein the rectifier is connected to a
lamp terminal on a exterior of the base, and wherein the load is the electrodes.

8. A power conversion method, comprising the steps of:

rectitying a received AC input signal to output a rectified voltage Vs;

providing Vs to a power input of a controller, the controller outputting two out-of-
phase signals;

providing each of the two out-of-phase signals to a respective gate of two
transistors connected 1n series between Vs and a ground; and

In a transformer having a primary coil connected to a node between the two
transistors and a secondary coil connected to a load, feeding back a current from the
secondary coil to the power input of the controller.

9. The method of claim 8, in a lamp that includes a base and electrodes,
wherein the converter is entirely within the base, wherein the rectifier is connected to a
lamp terminal on a exterior of the base, and wherein the load is the electrodes.

10.  The method of claim 8, further comprising the step of setting a frequency
of the two out-of-phase signals with a time constant circuit connected to the controller.

11. The method of claim 8, further comprising the steps of connecting a
resistor and a capacitor 1n series between Vs and the ground, and connecting the power

input of the controller to Vs through a node between the resistor and the capacitor.
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