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UNIVERSAL INPUT ELECTRONIC TRANSFORMER

RELATED APPLICAITIONS

[0001] The present application claims priority to U.S. Patent Application No. 14/664,379,
filed March 20, 2015, the entire contents of which are hereby incorporated.

BACKGROUND

[0002] The present application generally relates to transformers, more specifically, electronic

transformers used for providing power to light-emitting diodes (LEDs).

[0003] Transformers are commonly used in alternating-current (AC) voltage distribution
systems. Traditionally, transformers are electromagnetic devices for use at low AC line
frequencies. Electronic transformers are a variation of electromagnetic transformers. Both
electromagnetic transformers and electronic transformers are commonly used in the lighting
industry. While the electromagnetic transformer remains a ubiquitous industry standard for use
in stepping up, stepping down, and/or isolating electrical distribution, electromagnetic

transformers have severe limitations of size, weight, and technological characteristics.
SUMMARY

[0004] To overcome some of these limitations, a device consistent with one or more of the
exemplary embodiments disclosed herein provides an electronic transformer including an input
receiving an input voltage. The input voltage being at least one selected from the group
consisting of a first input voltage and a second input voltage. The electronic transformer further
including a rectifier receiving the input voltage and outputting a rectified voltage, an inverter
receiving the rectified voltage and selectively outputting an inverted voltage, a controller
receiving the rectified voltage and controlling the inverter to output the inverted voltage and an
output transformer receiving the inverted voltage and outputting an output voltage. Additionally,
the output voltage according to one or more exemplary embodiments is substantially the same

regardless of the input voltage being the first input voltage or the second input voltage.

[0005] In another embodiment an electronic transformer is provided including an input

receiving an input voltage. Wherein the input voltage is at least one selected from the group
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consisting of a first input voltage and a second input voltage. The electronic transformer further
including a rectifier receiving the input voltage and outputting a rectified voltage, a first inverter
receiving the rectified voltage and selectively outputting a first inverted voltage, a second
inverter receiving the rectified voltage and selectively outputting a second inverted voltage and a
controller. The controller according to this and other embodiments receives the rectified voltage.
The controller in this and other exemplary embodiments is configured to selectively control the
first inverter to output the first inverted voltage when the input voltage is the second input
voltage, and selectively control the first and second inverters to output the first and second
inverted voltages when the input voltage is the first input voltage. The electronic transformer
further includes an output transformer receiving at least one selected from the group consisting
of the first inverted voltage and a combination of the first and second inverted voltages, where

the output transformer further outputs an output voltage.

[0006] Another exemplary embodiment of the disclosure provides a method of transforming
a voltage. This exemplary method includes receiving an input voltage, the input voltage being at
least one selected from the group consisting of a first input voltage and a second input voltage,
rectifying the input voltage, outputting a rectified voltage, inverting the rectified voltage,
selectively outputting an inverted voltage, receiving the inverted voltage and outputting an
output voltage. Wherein the output voltage is substantially the same regardless of the input

voltage being the first input voltage or the second input voltage.

[0007] Other aspects of exemplary embodiments of the devices and methods disclosed will

become apparent by consideration of the detailed description and accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Fig. 1is a block diagram illustrating a universal input electronic transformer

according to one embodiment of the present application.

[0009] Fig. 2 is a circuit diagram illustrating the universal input electronic transformer of

Fig. 1.
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[0010] Fig. 3 is a block diagram illustrating a universal input electronic transformer

according to another embodiment of the present application.

[0011] Figs. 4A and 4B is a circuit diagram illustrating the universal input electronic

transformer of Fig. 3.

[0012] Fig. 5 is a block diagram illustrating a universal input electronic transformer

according to another embodiment of the present application.

[0013] Figs. 6A and 6B is a circuit diagram illustrating the universal input electronic

transformer of Fig. 5.

[0014] Fig. 7 is a block diagram illustrating a universal input electronic transformer

according to another embodiment of the present application.

[0015] Fig. 8 is a circuit diagram illustrating the universal input electronic transformer of

Fig. 7.

[0016] Fig. 9 is a block diagram illustrating a universal input electronic transformer

according to another embodiment of the present application.

[0017] Figs. 10A and 10B is a circuit diagram illustrating the universal input electronic

transformer of Fig. 9.

[0018] Fig. 11 is a chart illustrating input voltage verse output voltages of the universal input

electronic transformers according to Figs. 1, 3, and 7.
DETAILED DESCRIPTION

[0019] Before any embodiments of the present application are explained in detail, it is to be
understood that the devices and methods disclosed herein are not limited in their application to
the details of construction and the arrangement of components set forth in the following
description or illustrated in the following drawings. The exemplary devices and methods
disclosed are capable of other embodiments and of being practiced or of being carried out in

various ways.
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[0020] Fig. 1 is a block diagram illustrating a simple universal input electronic transformer
(SUIET) 100 according to one embodiment of the present application. The SUIET 100 includes
an input 105, a rectifier 110, a first inverter 120, an output transformer 130, a second inverter
140, a controller, or control, 150, and an output 155. The input 105 receives an input voltage. In
some embodiments, the input voltage is approximately 120VAC having a S0Hz or 60Hz
frequency or approximately 277VAC having a SOHz or 60Hz frequency. In other embodiments

2

the input voltage is within a range of approximately 90VAC to approximately 305VAC.

[0021] Fig. 2 is a circuit diagram illustrating the components of the SUIET 100. The
rectifier 110 receives the input voltage at the input 105, rectifies the input voltage, and outputs a
rectified voltage (e.g., a positively pulsating, direct-current (DC) half sine wave voltage). In the
illustrated embodiment, the rectifier 110 is a bridge rectifier including four diodes D1-D4. In
other embodiments, the rectifier 110 includes only two diodes. In some embodiments, the
rectifier 110 further includes a filter capacitor configured and minimized to maintain a half sine
wave, 120Hz envelope of rectified voltage. The rectified voltage is output to the first inverter

120, the second inverter 140, and the controller 150.

[0022] In the illustrated embodiment of Fig. 2, the rectified voltage is also received by a
power supply 160. In such an embodiment, the power supply 160 supplies a nominal DC voltage
(e.g., 5V DC, 10V DC, 15V DC, etc.) to the controller 150 and/or other components or modules
of the SUIET 100 (e.g., a first drive U1 and a second driver U2 of the first inverter 120 and the
second inverter 140 respectively). The power supply 160 is also configured to supply lower
voltages to operate circuits and components within the controller 150 or SUIET 100. In some
embodiments, the power supply 160 and the rectifier 110 are a single module that receives the
input voltage and outputs the rectified voltage and the nominal DC voltage. In other
embodiments, the controller 150 receives power (e.g., in the form of the rectified voltage)

directly from the rectifier 110.

[0023] The first inverter 120 and the second inverter 140, or first and second converters,
switch the rectified voltage (i.e., invert the rectified DC-voltage to a switched AC-voltage). In
the illustrated embodiment, the first inverter 120 and the second inverter 140 are half-bridge
inverters, the first inverter 120 including switches M1, M2 and the first driver U1 and the second
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inverter 140 including switches M3, M4 and the second driver U2. In some embodiments,
switches M1-M4 are semiconductors, such as but not limited to, transistors, field-effect
transistors (FETs), bipolar junction transistors (BJT), junction field-effect transistor (JFET),
metal-oxide-semiconductor field-effect transistors (MOSFETs), insulated-gate bipolar transistors
(IGBTs), and insulated-gate field-effect transistors (IGFETs). The first and second drivers Ul,
U2 receive control signals (e.g., a high-voltage signal [SV DC] or a low-voltage signal [0V DC])
and selectively turn the switches M1-M4 on and off based on received control signals. In
operation, when M1 is turned on, M2 must be turned off, and vice-versa. Similarly, when M3 is
turned on, M4 must be turned off, and vice-versa. For example, but not limited to, if the first
driver U1 receives a high-voltage signal, first driver U1 turns switch M1 on and switch M2 off.
If the first driver U1 receives a low-voltage signal, first driver U1 turns switch M1 off and switch

M2 on.

[0024] The controller 150 outputs the control signals to the first and second drivers U1, U2
for selectively controlling the switches M1-M4. The outputted control signals are based on the
received rectified voltage. The controller 150 includes a plurality of electrical and electronic
components that provide power, operational control, and protection to the components and
modules within the controller 150. For example, the controller 150 includes, among other things,
a processing unit (e.g., a microprocessor, a microcontroller, or another suitable programmable
device), a memory, input units and output units. In some embodiments, the controller 150 is
implemented partially or entirely on a semiconductor (e.g., a field-programmable gate array
[“FPGA”] semiconductor) chip, such as a chip developed through a register transfer level

(“RTL”) design process.

[0025] The memory includes, for example, a program storage area and a data storage area.
The program storage area and the data storage area can include combinations of different types
of memory, such as read-only memory (“ROM”), random access memory (“RAM”) (e.g.,
dynamic RAM [“DRAM?”], synchronous DRAM [“SDRAM”], etc.), electrically erasable
programmable read-only memory (“EEPROM?”), flash memory, a hard disk, an SD card, or other
suitable magnetic, optical, physical, or electronic memory devices. The processing unit is
connected to the memory and executes software instructions that are capable of being stored in a

RAM of the memory (e.g., during execution), a ROM of the memory (e.g., on a generally
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permanent basis), or another non-transitory computer readable medium such as another memory
or a disc. Software included in the implementation of the SUIET 100 can be stored in the
memory of the controller 150. The software includes, for example, firmware, one or more
applications, program data, filters, rules, one or more program modules, and other executable
instructions. The controller 150 is configured to retrieve from memory and execute, among other
things, instructions related to the control processes and methods described herein. In other

constructions, the controller 150 includes additional, fewer, or different components.

[0026] The switched voltage, from the first inverter 120 and the second inverter 140, is
received by the output transformer 130. The output transformer 130 includes a primary coil L1
and a secondary coil L2. The primary coil L1 receives the inverted voltage. Upon receiving the
switched voltage, the primary coil L1 electromagnetically induces a switched high frequency
(e.g., SOKHz) output voltage to the secondary coil L2. The output voltage is then output from
the output 155. The output voltage is substantially the same regardless of the fixed input voltage
(e.g., 120VAC RMS or 277VAC RMS). For example, the output voltage is approximately
106VAC RMS at 120VAC RMS input and 133VAC RMS at 277VAC RMS input; or,
approximately 12VAC RMS at the two input voltages of merit (e.g.,120VAC RMS or 277VAC
RMS); or, approximately 24VAC RMS at the two input voltages of merit (e.g.,120VAC RMS or
277VAC RMS).

[0027] In one example of operation, an input voltage of either 1220VAC RMS or 277VAC
RMS is received at the input 105. The input voltage is rectified by the rectifier 110 and output to
the first inverter 120, the second inverter 140, and the controller 150. If the input voltage is
120VAC RMS, the controller 150 outputs control signals to the first inverter 120 and the second
inverter 140 to selectively output switched voltages to the output transformer 130. If the input
voltage is 277VAC RMS, the controller 150 outputs control signals to only the first inverter 120
to selectively output a switched voltage to the output transformer 130. The output transformer
130 then outputs a transformed voltage that is approximately the same (e.g., approximately
106VAC RMS to approximately 133VAC RMS; or approximately 12VAC RMS to
approximately 24VAC RMS) regardless of the input voltage being 120VAC RMS or 277 VAC
RMS.
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[0028] Fig. 3 is a block diagram illustrating a refined universal input electronic transformer
(RUIET) 200 according to another embodiment of the present application. The RUIET 200
includes an input 205, a rectifier 210, a first inverter 220, an output transformer & relay 230, a
second inverter 240, a refined control, or controller 250, and an output 255. The input 205

receives the input voltage (e.g., 120VAC RMS or 277VAC RMS).

[0029] Figs. 4A and 4B is a circuit diagram illustrating the components of the RUIET 200.
In some embodiments, the rectifier 210 is substantially similar to the rectifier 110. The rectifier
210 receives the input voltage from the input 205 and outputs a rectified voltage to the first

inverter 220, the second inverter 240, and the controller 250.

[0030] The first inverter 220 and the second inverter 240 switch the rectified voltage (i.e.,
invert the rectified DC-voltage to an inverted AC-voltage). In some embodiments, the first
inverter 220 and the second inverter 240 are substantially similar to the first inverter 120 and the
second inverter 140. In the illustrated embodiment, the first inverter 220 includes switches M1,
M2 and a first driver U1, while the second inverter 240 includes switches M3, M4 and a second
driver U2. The first and second drivers U1, U2 receive control signals and selectively turn the

switches M1-M4 on and off based on received control signals.

[0031] The output transformer & relay 230 receives the switched voltage from the first
inverter 220 and the second inverter 240. The output transformer & relay 230 includes a primary
coil L1, a secondary coil (L2 or both L2 and L3), a first relay switch S1, and a second relay
switch S2. The primary coil L1 receives the switched voltage. Upon receiving the switched
voltage, the primary coil L1 electromagnetically induces a switched high frequency (e.g.,
50KHz) output voltage to the secondary coil (L2 or both L2 and LL3). The first relay switch S1
and second relay switch S2 are configured to switch the turns ratios of the secondary coil, such
that the secondary coil is equivalent to either L2 or both L2 and L3. Switching the turns ratio of
the secondary coil produces a substantially similar output voltage regardless of the input voltage.
In some embodiments, the output voltage of the RUIET 200 is more constant that the than the
previously disclosed SUIET 100 of Fig. 1.

[0032] The first relay switch S1 and the second relay switch S2 are controlled by the

controller 250. In the illustrated embodiment, the controller 250 is a timing circuit, although
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other controls may be used. The controller 250 controls the first relay switch S1 and the second
relay switch S2 according to the received rectified voltage, and thus the input voltage. If the
input voltage is 120VAC RMS, the controller 250 turns relay switch S2 on and relay switch S1
off, therefore the secondary coil equals L2 and L3 together. If the input voltage is 277VAC
RMS, the controller 250 turns relay switch S2 off and relay switch S1 on, therefore the

secondary coil equals L2 only.

[0033] The output voltage is then output from the output 255. The output voltage is
substantially the same regardless of the input voltage (e.g., 120VAC RMS or 277VAC RMS).
For example, the output voltage is 120VAC RMS regardless of the input being 120VAC RMS or
277VAC RMS. In another embodiment, the output can be 12VAC RMS or 24VAC RMS,
depending on the turns ratios and regardless of the input voltage being approximately 120VAC
RMS or approximately 277VAC RMS.

[0034] Fig. 5 1s a block diagram illustrating an alternate refined universal input electronic
transformer (aRUIET) 300 according to another embodiment of the present application. The
aRUIET 300 includes an input 305, a rectifier & fixed boost 310, a first inverter 320, an output
transformer 330, a refined control, or controller 340, and an output 345. The input 305 receives

the input voltage (e.g., 120VAC RMS or 277VAC RMS).

[0035] Figs. 6A and 6B is a circuit diagram illustrating the components of the aRUIET 300.
The rectifier 310 receives the input voltage from the input 305, rectifies the input voltage, and
outputs a rectified voltage (e.g., a positively-pulsating, direct-current (DC) half sine wave
voltage). In some embodiments, the rectifier 310 is substantially the same as rectifier 110 of

Fig. 2.

[0036] In the illustrated embodiment, the rectifier & fixed boost 310 includes a bridge
rectifier (e.g., diodes D1-D4) and a fixed boost, or booster circuit, 350. In such an embodiment,
the fixed boost 350 receives the rectified voltage. Depending on the amplitude of the rectified
voltage, the fixed boost 350 may further boost (e.g., increase the amplitude) of the rectified

voltage.
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[0037] In other embodiments, the rectifier & fixed boost 310 includes the bridge rectifier
(e.g., diodes D1-D4), the fixed boost 350, and a power supply 360. In such an embodiment, the
power supply 360 may be substantially similar to the power supply 160 of Fig. 2. In such an
embodiment, the fixed boost 350 and the power supply 360 receives the rectified voltage. The
fixed boost 350 outputs the rectified voltage or a boosted voltage (depending on the amplitude of
the rectified voltage) while the power supply 360 outputs the nominal DC voltage (e.g., SV DC,
10V DC, 15V DC, etc.). In other embodiments, the bridge rectifier includes only two diodes. In
some embodiments, the rectifier & fixed boost 310 further includes a smoothing capacitor

configured to smooth out the rectified voltage.

[0038] The controller 340 receives the rectified voltage. In some embodiments, controller
340 1s substantially similar to controller 150 of Figs. 1 and 2. Depending on the amplitude of the
rectified voltage, the controller 340 controls the fixed boost 350 to either output the boosted
voltage or the non-boosted rectified voltage. For example, but not limited to, if the rectified
voltage has an amplitude of approximately 170V peak (e.g., the peak of a 120VAC RMS sine
wave), the controller 340 will control the fixed boost 350 to boost the rectified voltage to
approximately 392V peak (e.g., the peak of a 277VAC RMS sine wave). If the rectified voltage
has an amplitude of approximately 277V, the controller 340 will control the fixed boost 350 not

to boost the rectified voltage.

[0039] The controller 340 further controls the first inverter 320 in a similar fashion as the
embodiment illustrated in Figs. 1 and 2. In the present embodiment, only one half-bridge
inverter is necessary. This is because the fixed boost 350 provides a substantially similar

rectified voltage to the first inverter 320, regardless of the amplitude of the input voltage.

[0040] The first inverter 320 switches the rectified voltage (e.g., boosted rectified voltage or
non-boosted rectified voltage) and outputs a switched voltage to the output transformer 330. In
some embodiments, the first inverter 320 is substantially similar to the first inverter 120 of the

embodiment illustrated in Figs. 1 and 2.

[0041] The output transformer 330 receives the switched voltage and outputs an outputted
voltage in a similar fashion as the embodiment of Figs. 1 and 2. In some embodiments, the

output transformer 330 is substantially similar to the output transformer 130 of the embodiment
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illustrated in Figs. 1 and 2. The output voltage is then output via the output 345. Similar to the
embodiments illustrated in Figs. 1-4, the output voltage of the aRUIET 300 is substantially

similar regardless of the amplitude of the input voltage.

[0042] Fig. 7 is a block diagram illustrating a precise universal input electronic transformer
(PUIET) 400 according to another embodiment of the present application. The PUIET 400
includes an input 405, a rectifier & power factor corrector 410, a first inverter 420, an output
transformer 430, a refined control, or controller 440, and an output 445. The input 405 receives

the input voltage (e.g., 120VAC RMS or 277VAC RMS).

[0043] Fig. 8 is a circuit diagram illustrating the components of the PUIET 400. In the
illustrated embodiment, the rectifier & power factor corrector 410 includes a bridge rectifier
(e.g., diodes D1-D4) and a power factor corrector 450. The bridge rectifier rectifies the input
voltage received at the input 405. The power factor corrector 410 receives the rectified voltage
and outputs a substantially constant DC voltage, regardless of the amplitude of the input voltage.
In the illustrated embodiment, the power factor corrector 450 includes a primary coil L1 and a
secondary coil L2. In one example of operation, a voltage is expressed across the primary coil
L1 when switch M1 is turned on, thus storing energy in the magnetic field of the primary coil L1.
Consequently, when switch M1 is turned off, the energy stored in the primary coil L1 is released
into a storage capacitor C19, through rectifier D7. The voltage across the primary coil L1
reverses polarity such that it is effectively in series with the input voltage, thus providing a
boosted voltage. Once all of the energy from stored in the primary coil L1 is released, the
secondary coil L2 provides a signal to the controller 440. The operation is equivalent to a high-
frequency switching process that outputs a substantially direct-current output at capacitor C19,

that is then output to the half-bridge inverter 420.

[0044] In other embodiments, the bridge rectifier includes only two diodes. In other
embodiments, the rectifier & power factor corrector 410 includes the bridge rectifier (e.g., diodes
D1-D4), the power factor corrector 450, and a power supply 460. In such an embodiment, the
power supply 460 may be substantially similar to the power supply 160 of Fig. 2. In such an
embodiment, the power supply 460 may supply a nominal DC voltage (e.g., SV DC, 10V DC,
15V DC, etc.) to the controller 440, for powering the controller 440.

10
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[0045] The substantially constant DC voltage, output from the power factor corrector 450, is
received by the first inverter 420 and the controller 440. The controller 440 controls the first
inverter 420 in a similar fashion as the embodiment illustrated in Figs. 5 and 6. The first inverter
420 switches the substantially constant DC voltage and outputs a switched voltage to the output

transformer 430.

[0046] The output transformer 430 receives the switched voltage and outputs an output
voltage in a similar fashion as the embodiment of Figs. 1 and 2. In some embodiments, the
output transformer 430 is substantially similar to the output transformer 130 of the embodiment
illustrated in Figs. 1 and 2. The output voltage is then output via the output 445. Similar to the
embodiments illustrated in Figs. 1-6, the output voltage of the PUIET 400 is substantially similar
regardless of the amplitude of the input voltage across the entire range of input voltages from

120VAC RMS through 305VAC RMS in, as well as all voltages in-between.

[0047] Fig. 9 1s a block diagram illustrating dimmable universal input electronic transformer
(DUIET) 500 according to another embodiment of the present application. The DUIET 500
includes an input 505, a rectifier & power factor corrector 510, a first inverter 520, a dimming
control, or dimming control circuit, 530, an output transformer 540, a refined control, or
controller 550, and an output 555. In some embodiments, the DUIET 500 is substantially similar

to the embodiment illustrated in Figs. 7 and 8, but further includes the dimming control 530.

[0048] Figs. 10A and 10B is a circuit diagram illustrating the DUIET 500. In the illustrated
embodiment, the dimming control 530 includes a dimming input 535, an opto-isolator, or opto-
coupler, U10, and a plurality of electrical and electronic components that provide operational
control and protection to the components and modules of the dimming control 530. In the
illustrated embodiment, the dimming control 530 is electrically connected to the other
components of the DUIET 500, however, in other embodiments, the dimming control 530 may
be wireless connected, or connected by any other analog and/or digital protocol known to one

skilled in the art.

[0049] In operation, a user provides a user-input (e.g., approximately OVDC to
approximately 10VDC), in some embodiments via a current-sinking standard controller, at the

dimming input 535 of the dimming control 530. The opto-isolator U10 outputs a DC level

11
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signal, based on the user-input, to the controller 550. For example, but not limited to, a user-
input of a current-sinking 10VDC will result in a PWM signal having a duty cycle of
approximately of 90%, while a user-input of 1VDC will result in a PWM signal having a duty
cycle of approximately 10%. In some embodiments,, the DUIET 500 can be adjusted to provide
a 0% duty cycle for an approximately OVDC control to provide a dim-to-off feature. The
controller 550 receives the PWM signal and outputs a control signal to the first inverter 520
based on the PWM signal. The control signal selectively controls the first inverter 520 to output

a switched voltage relating to the user-input received by the dimming control 530.

[0050] The output transformer 540 receives the switched voltage and outputs an output
voltage in a similar fashion as the embodiment of Figs. 1 and 2. In some embodiments, the
output transformer 540 is substantially similar to the output transformer 130 of the embodiment
illustrated in Figs. 1 and 2. The output voltage is then output via the output 545. The output
voltage is substantially the same regardless of the input voltage; rather the output voltage varies

based on the received user-input at the dimming control 530.

[0051] Fig. 11 is a chart illustrating and comparing the input voltage verse the output voltage
of the SUIET 100 (Figs. 1 and 2), the RUIET 200 (Figs. 3 and 4), and the PUIET 400 (Figs. 7
and 8). As illustrated, SUIET 100 outputs a voltage of approximately 7SVAC RMS to
approximately 145VAC RMS regardless when the input voltage is approximately 90VAC RMS
to approximately 310VAC RMS. The RUIET 200 outputs a voltage of approximately 60VAC
RMS to approximately 135VAC RMS when the input voltage is approximately 90VAC RMS to
approximately 310VAC RMS. In some embodiments, the aRUIET 300 outputs substantially
similar output voltages to the RUIET 200. The PUIET 400 outputs a voltage of approximately
110VAC RMS to approximately 125VAC RMS when the input voltage is approximately 90OVAC
RMS to approximately 310VAC RMS. All of the various embodiments discussed above can be
adjusted at the output transformer, (e.g., 430 of the PUIET 400, 540 of the DUIET 500) to
provide 24VAC or 12VAC outputs. The main advantage of the DUIET 500 and PUIET 400
over the SUIET 100, RUIET 200, and RUIET 300 is that the switched output does not exist
within a 120Hz, (twice the line frequency) envelope as in standard electronic transformers today;

therefore, 120Hz ripple usually transmitted on to the light source is eliminated.

12
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[0052] Thus, the present application provides, among other things, a universal input
electronic transformer operable to output a substantially constant voltage regardless of the
amplitude of the received input voltage. Various features and advantages of the present

application are set forth in the following claims.
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CLAIMS

What is claimed is:
1. An electronic transformer comprising:
an input receiving an input voltage, the input voltage being at least one selected from the
group consisting of a first input voltage and a second input voltage;
a rectifier receiving the input voltage and outputting a rectified voltage;
an inverter receiving the rectified voltage and selectively outputting an inverted voltage;
a controller receiving the rectified voltage and controlling the inverter to output the
inverted voltage; and
an output transformer receiving the inverted voltage and outputting an output voltage;
wherein the output voltage is substantially the same regardless of the input voltage being

the first input voltage or the second input voltage.

2. The electronic transformer of claim 1, further comprising a second inverter receiving the
rectified voltage and selectively outputting a second inverted voltage, wherein when the input
voltage is the first input voltage, the controller is configured to control the inverter to output the

inverted voltage and the second inverter to output the second inverted voltage.

3. The electronic transformer of claim 2, wherein the second inverter is a half-bridge
inverter.

4. The electronic transformer of claim 1, wherein the inverter is a half-bridge inverter.
5. The electronic transformer of claim 1, wherein the first input voltage is approximately

120-volts and the second input voltage is approximately 277-volts.

6. The electronic transformer of claim 1, wherein the output voltage is within a range

between approximately 100-volts and 140-volts.
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7. The electronic transformer of claim 1, wherein the output transformer includes a primary
coil and a secondary coil, the secondary coil has at least one selected from the group of a first

number of turns and a second number of turns.

8. The electronic transformer of claim 7, wherein the number of turns of the secondary coil

is based on the input voltage.

9. The electronic transformer of claim 1, further comprising a booster circuit configured to

boost the rectified voltage and output the boosted voltage to the inverter.

10. The electronic transformer of claim 9, wherein the booster circuit boosts the rectified

voltage based on the input voltage being the first input voltage.

11. The electronic transformer of claim 1, further comprising a power factor corrector
receiving the rectified voltage and outputting a substantially constant direct-current voltage to the
inverter regardless of the input voltage being the first input voltage or the second input voltage.
12. The electronic transformer of claim 1, further comprising a dimming control circuit.

13. The electronic transformer of claim 12, wherein the dimming control circuit receives a

user-input and outputs a control signal to the controller based on the user-input, the controller

varying the output voltage based on the control signal.
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14. An electronic transformer comprising:
an input receiving an input voltage, wherein the input voltage is at least one selected from
the group consisting of a first input voltage and a second input voltage;
a rectifier receiving the input voltage and outputting a rectified voltage;
a first inverter receiving the rectified voltage and selectively outputting a first inverted
voltage;
a second inverter receiving the rectified voltage and selectively outputting a second
inverted voltage
a controller receiving the rectified voltage, the controller further configured to
selectively control the first inverter to output the first inverted voltage when the
input voltage is the second input voltage, and
selectively control the first and second inverters to output the first and second
inverted voltages when the input voltage is the first input voltage; and
an output transformer receiving at least one selected from the group consisting of the first
inverted voltage and a combination of the first and second inverted voltages, the output

transformer further outputting an output voltage.

15. The electronic transformer of claim 14, wherein the output voltage is substantially the

same regardless of the input voltage being the first input voltage or the second input voltage.

16. The electronic transformer of claim 14, wherein the first input voltage is approximately

120-volts and the second input voltage is approximately 277-volts.

16



WO 2016/153985 PCT/US2016/023104

17. A method of transforming a voltage, the method comprising:

receiving an input voltage, the input voltage being at least one selected from the group
consisting of a first input voltage and a second input voltage;

rectifying the input voltage;

outputting a rectified voltage;

inverting the rectified voltage;

selectively outputting an inverted voltage;

receiving the inverted voltage; and

outputting an output voltage;

wherein the output voltage is substantially the same regardless of the input voltage being

the first input voltage or the second input voltage.

18. The method of claim 17, further comprising selectively outputting a second inverted

voltage when the input voltage is the first input voltage.

19. The method of claim 17, wherein the first input voltage is approximately 120-volts and

the second input voltage is approximately 277-volts.

20. The method of claim 17, wherein the output voltage is within a range between

approximately 100-volts and 140-volts.
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