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SOFT SWITCHING SYNCHRONOUS QUASI RESONANT CONVERTER

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application No. 61/707,506,
filed September 28, 2012, which is hereby incorporated in its entirety as if fully set forth
herein.  This application is related to commonly-assigned, co-pending U.S. Patent
Application Serial No. 13/671,953, filed November 8, 2012, which claims the benefit of U.S.
Provisional Application No. 61/558,616, filed November 11, 2011, which are hereby

incorporated by reference in their entireties as if fully set forth herein.

TECHNICAL FIELD

The present disclosure relates to switched mode power supplies, in particular to drive

a load, and more particular to driving and dimming of light emitting diodes (LEDs).

BACKGROUND

A switch mode power supply (SMPS) is used to provide a constant voltage to a load
via a low pass filter and using a semiconductor device such as a power transistor (e.g., a
MOSFET) as a switch. The semiconductor switches used to implement switch mode power
supplies are continuously switched on and off at high frequencies (50 kHz to several MHz),

to transfer electrical energy from the input to the output through the passive components.

The efficiency of high input voltage power supplies is limited by the switching losses
of the primary MOSFET. Switching losses become the dominant loss for high input voltage

applications (automotive, a/c, industrial, etc.).

In addition, high frequency switches produce substantial electromagnetic interference

(EMI), which is increasingly the subject of governmental regulation.
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SUMMARY

According to an embodiment, a switching circuit may comprise a transformer having
a primary and a secondary side; a first MOSFET switch coupled with the primary side; a
primary current sensing device; a second MOSFET switch coupled with the secondary side; a
secondary current sensing device; and a control circuit for driving the first and second
MOSFET switches, wherein first and second switch are complementarily driven and wherein
switching of the first and second MOSFET switches is controlled by the primary and

secondary current sensing devices.

According to a further embodiment, the primary and secondary current sensing
devices may each comprise a shunt resistor coupled between a ground and the respective first
or second MOSFET switch. According to a further embodiment, the switching circuit may
further comprise a current sensing amplifier coupled to the secondary current sensing device.
According to a further embodiment, the switching circuit may further comprise a comparator
receiving first and second current sensing signals and having an output coupled with the
control circuit. According to a further embodiment, the control circuit may comprise a pulse
width modulator. A power supply circuit according to embodiments includes a control
circuit; and a quasi-resonant flyback circuit including: a primary circuit controlled by a first
transistor switch and including a first current sensing device; a secondary circuit controlled
by a second transistor switch and including a second current sensing device; and a
transformer having a primary and a secondary side; wherein the control circuit is configured
to drive said first transistor switch and said second transistor switch, wherein said first
transistor switch and said second transistor switch are complementarily driven and wherein
switching of said first transistor switch and said second transistor switch is controlled via the

first and second current sensing devices.

In some embodiments, the primary and secondary current sensing devices each
comprise a shunt resistor coupled between a ground and the respective first or second
transistor switch. In some embodiments, the circuit further includes a current sensing
amplifier coupled to the second current sensing device. In some embodiments, the circuit
includes a comparator receiving first and second current sensing signals and having an output
coupled with the control circuit. In some embodiments, the control circuit includes a pulse

width modulator.
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A method according to embodiments includes charging an output capacitor through a
flyback transformer with a primary switch, the flyback transformer and the primary switch
coupled to a power source; discharging the output capacitor through the flyback transformer
with a secondary switch, the flyback transformer and the secondary switch being coupled to
the output capacitor; sensing a current of the primary switch; sensing a current of the
secondary switch; and driving said primary switch and said secondary switch, wherein said
primary switch and said secondary switch are complementarily driven and wherein switching
of said primary switch and said secondary switch is controlled responsive to sensing the

current of the primary switch and the secondary switch.

In some embodiments, the sensing of the current of the primary switch and the
sensing of the current of the secondary switch is accomplished using shunt resistors coupled
between a ground and the respective primary or secondary switch. In some embodiments, the
method further includes comprising amplifying a current of the secondary switch. In some
embodiments, driving said primary and secondary switch includes driving said primary and

secondary switch suing a pulse width modulator.

These, and other, aspects of the disclosure will be better appreciated and understood
when considered in conjunction with the following description and the accompanying
drawings. It should be understood, however, that the following description, while indicating
various embodiments of the disclosure and numerous specific details thereof, is given by way
of illustration and not of limitation. Many substitutions, modifications, additions and/or
rearrangements may be made within the scope of the disclosure without departing from the
spirit thereof, and the disclosure includes all such substitutions, modifications, additions

and/or rearrangements.
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BRIEF DESCRIPTION OF THE DRAWINGS

The drawings accompanying and forming part of this specification are included to
depict certain aspects of the disclosure. It should be noted that the features illustrated in the
drawings are not necessarily drawn to scale. A more complete understanding of the
disclosure and the advantages thereof may be acquired by referring to the following
description, taken in conjunction with the accompanying drawings in which like reference

numbers indicate like features and wherein:
Fig. 1 shows a circuit diagram for high voltage LED driving.
Fig. 2 shows timing diagrams for normal quasi-resonant mode.
Fig. 3 shows waveforms for synchronous quasi-resonant mode.
Fig. 4 shows more details of a quasi resonant zero volt switching flyback topology.
Fig. 5 shows waveforms associated with the circuit diagram of Fig. 4.

Fig. 6 shows a schematic diagram for zero volt switching according to an

embodiment.

DETAILED DESCRIPTION

The disclosure and various features and advantageous details thereof are explained
more fully with reference to the exemplary, and therefore non-limiting, embodiments
illustrated in the accompanying drawings and detailed in the following description. It should
be understood, however, that the detailed description and the specific examples, while
indicating the preferred embodiments, are given by way of illustration only and not by way of
limitation. Descriptions of known programming techniques, computer software, hardware,
operating platforms and protocols may be omitted so as not to unnecessarily obscure the
disclosure in detail. Various substitutions, modifications, additions and/or rearrangements
within the spirit and/or scope of the underlying inventive concept will become apparent to

those skilled in the art from this disclosure.

According to various embodiments, a device for controlling a load has synchronous
capability for voltage positioning. Zero voltage switching is provided by controlling the

reverse current using the device, thereby increasing device efficiency and reducing EMI.
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More particularly, a switched mode power supply (SMPS) architecture may use a
synchronous SMPS design to reposition voltage for dimming LED's. According to various
embodiments, the synchronous switch according to such an architecture is used to load the
magnetic device and use the reverse energy to soft switch the MOSFET. Soft switching the

MOSFET significantly increases efficiency and reduces EMIL

Shown in FIG. 1 is a SMPS 100 driving a load 102 which may be embodied as a
plurality of light emitting diodes (LED). The circuit 100 includes a pair of MOSFET
switches SW1, SW2, respectively, flyback transformer 104, output capacitor Cout, and sense

resistors Rp, Rs for sensing the current at the outputs of SW1, SW2, respectively.

In normal Quasi-Resonant mode, the primary switch SW1 is turned on after detecting
the ringing waveform on the drain of SWI1. The ring on SWI is caused by the
demagnetization of the flyback transformer 104 due to the lack of magnetizing current

clamping the secondary winding to Vout through the body diode of SW2 (BD_2).

SW2 provides a path for current to flow in the "normal” direction charging Coyr. In
this case, when the energy in the core reaches zero, SW2 provides a path for Coyr to drive the
core in the reverse direction (reverse current). This energy stored can be used to reset or
clamp the SW2 drain voltage to 0 V or a diode drop below Ground by operating the flyback
transformer 104 in the reverse direction. This forces soft switching of the SW1 switch,
eliminating switching losses and significantly reducing the EMI caused by high dv/dt due to
MOSFET's switching voltage (hard switching).

FIG. 2 illustrates exemplary waveforms for the circuit of FIG. 1. SW1 Drive
(representing Vext of FIG. 1) drives SW1 to turn on after the ringing on V_Drain is detected.
Isw) corresponds to Ip or primary current (FIG. 1). Diode 2 current, Ipjopg2, corresponds to Isy

or secondary current (FIG. 1).

The circuit of FIG. 1 thus forms a quasi-resonant flyback converter. As will be
discussed in greater detail below, embodiments implement a synchronous quasi-resonant
circuit. Generally, high voltage topologies do not benefit from such synchronous operation.
Forcing reverse current and turning SW2 off at the right time is not trivial, requires respective

current sense and fast, low offset comparator(s).
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According to various embodiments, a synchronous dimming method is used for zero
volt switching. The synchronous switch is added to position the output voltage for LED
dimming. The method is further used to generate a “square” wave current driver for multiple
LED strings. The synchronous switch is used to reverse energy from stored output capacitor.
The stored energy is used to discharge the capacitance on the primary FET. This results in

zero voltage switching, as shown in FIG. 3.

This various embodiments work for variable frequency converters with bi-directional
or synchronous capability. High input voltage, low to medium power applications receive the
most benefit. Many synchronous topologies can benefit from this concept (fly back, boost,

SEPIC, Cuk, etc. ).

A more detailed circuit of the embodiment shown in FIG. 1, in particular with respect

to the current sensing is shown in FIG. 4.

Shown are a primary circuit including transistor Qp and a secondary circuit including
transistor Qs, flyback transformer 104, output capacitor Cout, and sense resistors Rp, Rs for
sensing the current at the outputs of SW1 (Qp), SW2 (Qs), respectively. As shown, current
sensing for the primary (Ip) and secondary circuit (Is) are compared and a resulting control
signal is fed to a pulse width modulator PWM 404. The PWM logic then provides the Vg

and Vgw» control drive voltages.

In the embodiment illustrated, the current Ip from Qp is provided to comparator 410.
Current Is from Qs is provided to amplifier filter circuitry 402 including amplifiers 406 and
408 Amplifier circuit 406 is used to gain the current sense signal since low value resistors are
used to keep efficiency high. Amplifier 408 is used to regulate the LED current using a

traditional error amplifier, Vrgr and feedback signal from amplifier 406.

In addition, a desat comparator 405 may provide a QRS output to the PWM 404 for
detecting zero transformer energy (i.e., used to reverse current for output voltage

positioning/zero volt switching). .

Normal current flow during the switching cycles is indicated in FIG. 4 within the
circuit. When SW1 (Qp) is on, current flows through transformer winding 104 through the
transistor Qp. The current Ip is received as an input to comparator 410. The capacitor Cout

discharges and activates the load 102. If SW2 is left on after the coupled inductor energy
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reaches zero, the coupled inductor stores energy in the reverse direction. Its energy comes

from the output cap Cour.

FIG. 5 illustrates current flow according to the embodiment of FIG. 4. As shown, the
Vsw drive controls the SW1 and switchover from Ip to Is. The PDRV (primary transistor
drive signal)(FIG. 6) is used to store energy in transformer 104 while switch Qp is turned
“ON”. During this time primary current flows through sense resistor Rp. Once the desired
primary peak current is reached PDRV turns off Qp and SDRV (secondary transistor drive
signal)(FIG. 6) turns “ON” Qs. During this time transformer 104 provides current to the
LED’s and replenishes the charge into COUT. Zero transformer energy is detected when the
desaturation comparator 405 (FIG. 4) inputs desat+ and desat- have a 0 V differential.
Additional offset or delay can be added to “reverse” current into transformer 104 allowing the
current to reverse through the synchronous switch. This stored energy is used to force current
flow through the body diode of Qp after Qs turn off resulting in OV across switch Qp. The
PDRYV signal turns Qp on after the switch drain source voltage has reached 0V eliminating
switching losses and reducing EMI. The cycle repeats itself when Qp turns on until the

desired peak current is reached.

Note: The desired peak current is reached when the comp 410 non-inverting current
ramp signal exceeds the inverting comp 410 input. This is the regulation loop for LED

current, independent of the quasi-resonant comparator operation.

Finally, FIG. 6 illustrates an exemplary implementation of a flyback quasi resonant
circuit. As shown, the function of the circuitry 402 and the PWM logic may be implemented

in an integrated circuit.

The various embodiments provide for the following benefits of quasi resonant
synchronous zero volt switching operation: Switching losses are eliminated, wherein largest
impact is on AC-DC or very high voltage input designs. EMI is significantly reduced,

because even zero current switching topologies introduce some noise.

Although the invention has been described with respect to specific embodiments
thereof, these embodiments are merely illustrative, and not restrictive of the invention. The
description herein of illustrated embodiments of the invention, including the description in
the Abstract and Summary, is not intended to be exhaustive or to limit the invention to the

precise forms disclosed herein (and in particular, the inclusion of any particular embodiment,
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feature or function within the Abstract or Summary is not intended to limit the scope of the
invention to such embodiment, feature or function). Rather, the description is intended to
describe illustrative embodiments, features and functions in order to provide a person of
ordinary skill in the art context to understand the invention without limiting the invention to
any particularly described embodiment, feature or function, including any such embodiment

feature or function described in the Abstract or Summary.

While specific embodiments of, and examples for, the invention are described herein
for illustrative purposes only, various equivalent modifications are possible within the spirit
and scope of the invention, as those skilled in the relevant art will recognize and appreciate.
As indicated, these modifications may be made to the invention in light of the foregoing
description of illustrated embodiments of the invention and are to be included within the
spirit and scope of the invention. Thus, while the invention has been described herein with
reference to particular embodiments thereof, a latitude of modification, various changes and
substitutions are intended in the foregoing disclosures, and it will be appreciated that in some
instances some features of embodiments of the invention will be employed without a
corresponding use of other features without departing from the scope and spirit of the
invention as set forth. Therefore, many modifications may be made to adapt a particular

situation or material to the essential scope and spirit of the invention.

Reference throughout this specification to "one embodiment", "an embodiment", or "a
specific embodiment" or similar terminology means that a particular feature, structure, or
characteristic described in connection with the embodiment is included in at least one
embodiment and may not necessarily be present in all embodiments. Thus, respective
appearances of the phrases "in one embodiment"”, "in an embodiment”, or "in a specific
embodiment” or similar terminology in various places throughout this specification are not
necessarily referring to the same embodiment. Furthermore, the particular features,
structures, or characteristics of any particular embodiment may be combined in any suitable
manner with one or more other embodiments. It is to be understood that other variations and
modifications of the embodiments described and illustrated herein are possible in light of the

teachings herein and are to be considered as part of the spirit and scope of the invention.

In the description herein, numerous specific details are provided, such as examples of

components and/or methods, to provide a thorough understanding of embodiments of the
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invention. One skilled in the relevant art will recognize, however, that an embodiment may
be able to be practiced without one or more of the specific details, or with other apparatus,
systems, assemblies, methods, components, materials, parts, and/or the like. In other
instances, well-known structures, components, systems, materials, or operations are not
specifically shown or described in detail to avoid obscuring aspects of embodiments of the
invention. While the invention may be illustrated by using a particular embodiment, this is
not and does not limit the invention to any particular embodiment and a person of ordinary
skill in the art will recognize that additional embodiments are readily understandable and are
a part of this invention.

k2 AN 1Y k2 1 D

As used herein, the terms “comprises,” “comprising,” "includes," "including," "has,"
"having," or any other variation thereof, are intended to cover a non-exclusive inclusion. For
example, a process, product, article, or apparatus that comprises a list of elements is not
necessarily limited only those elements but may include other elements not expressly listed or

inherent to such process, process, article, or apparatus.

Furthermore, the term "or" as used herein is generally intended to mean "and/or"
unless otherwise indicated. For example, a condition A or B is satisfied by any one of the
following: A is true (or present) and B is false (or not present), A is false (or not present) and
B is true (or present), and both A and B are true (or present). As used herein, including the
claims that follow, a term preceded by "a" or "an" (and "the" when antecedent basis is "a" or
"an") includes both singular and plural of such term, unless clearly indicated within the claim
otherwise (i.e., that the reference "a" or "an" clearly indicates only the singular or only the
plural). Also, as used in the description herein and throughout the claims that follow, the

meaning of "in" includes "in" and "on" unless the context clearly dictates otherwise.

It will be appreciated that one or more of the elements depicted in the
drawings/figures can also be implemented in a more separated or integrated manner, or even
removed or rendered as inoperable in certain cases, as is useful in accordance with a
particular application. Additionally, any signal arrows in the drawings/Figures should be

considered only as exemplary, and not limiting, unless otherwise specifically noted.
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CLAIMS

WHAT IS CLAIMED IS:

1. A switching circuit comprising:

a transformer having a primary and a secondary side;

a first MOSFET switch coupled with the primary side;

a primary current sensing device;

a second MOSFET switch coupled with the secondary side;

a secondary current sensing device;

a control circuit for driving said first MOSFET switch and said second
MOSFET switch, wherein said first MOSFET switch and said second MOSFET switch are
complementarily driven and wherein switching of said first MOSFET switch and said second

MOSFET switch is controlled by the primary and secondary current sensing devices.
2. The switching circuit according to claim 1, wherein the primary and secondary current
sensing devices each comprise a shunt resistor coupled between a ground and the respective

first or second MOSFET switch.

3. The switching circuit according to claim 2, further comprising a current sensing amplifier

coupled to the secondary current sensing device.

4. The switching circuit according to claim 3, further comprising a comparator receiving first

and second current sensing signals and having an output coupled with the control circuit.

5. The switching circuit according to claim 4, wherein the control circuit comprises a pulse

width modulator.
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6. A power supply circuit comprising:
a control circuit; and
a quasi-resonant flyback circuit including:
a primary circuit controlled by a first transistor switch and including a
first current sensing device;
a secondary circuit controlled by a second transistor switch and
including a second current sensing device; and
a transformer having a primary and a secondary side;
wherein the control circuit is configured to drive said first transistor switch
and said second transistor switch, wherein said first transistor switch and said second
transistor switch are complementarily driven and wherein switching of said first
transistor switch and said second transistor switch is controlled via the first and

second current sensing devices.

7. The power supply circuit according to claim 6, wherein the primary and secondary current
sensing devices each comprise a shunt resistor coupled between a ground and the respective

first or second transistor switch.

8. The power supply circuit according to claim 7, further comprising a current sensing

amplifier coupled to the second current sensing device.

9. The power supply circuit according to claim 8, further comprising a comparator receiving

first and second current sensing signals and having an output coupled with the control circuit.

10. The power supply circuit according to claim 9, wherein the control circuit comprises a

pulse width modulator.
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11. A method, comprising:

charging an output capacitor through a flyback transformer with a primary switch, the
flyback transformer and the primary switch coupled to a power source;

discharging the output capacitor through the flyback transformer with a secondary
switch, the flyback transformer and the secondary switch being coupled to the output
capacitor;

sensing a current of the primary switch;

sensing a current of the secondary switch; and

driving said primary switch and said secondary switch, wherein said primary switch
and said secondary switch are complementarily driven and wherein switching of said primary
switch and said secondary switch is controlled responsive to sensing the current of the

primary switch and the secondary switch.

12. The method according to claim 11, wherein the sensing of the current of the primary
switch and the sensing of the current of the secondary switch is accomplished using shunt

resistors coupled between a ground and the respective primary or secondary switch.

13. The method according to claim 12, further comprising amplifying a current of the

secondary switch.

14. The method according to claim 13, further wherein driving said primary and secondary

switch comprises driving said primary and secondary switch suing a pulse width modulator.

R PN
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