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Letters

A Reconfigurable Rectifier Based Communication-Free Wireless
LED Driver With Dual-Customization CC Outputs

Lin Yang , Yilin Wang, Pilong Guo , Kangshuai Dong , and Changsong Cai , Senior Member, IEEE

Abstract—Due to the advantages of safety and convenience, wire-
less power transfer technology is a good candidate for underwater
LEDs driving. A wireless LED driver with a single constant cur-
rent (CC) output value cannot enable LEDs to achieve brightness
variation. This letter proposes a reconfigurable rectifier based
communication-free wireless LED driver with dual-customization
CC outputs. By simply controlling the special rectifier on the
receiver, the proposed driver can be selectively configured into
two LCC-S-S three-coil structures with different specifications,
allowing LEDs to work in energy-saving mode and lighting mode,
respectively. In addition, the control unit for mode switching is
located at the receiver, making the system communication-free and
ideal for underwater LEDs driving. An experimental prototype
with dual-customization CC outputs of 0.6 A for energy-saving
mode and 1 A for lighting mode is fabricated to verify the feasibility
of the proposed wireless LED driver.

Index Terms—Constant current (CC), dual-customization,
special rectifier, wireless power transfer (WPT).

I. INTRODUCTION

L EDS are widely used in general lighting, LCD lighting,
and emergency lighting due to the advantages such as

energy-saving and environmental protection [1]. When LEDs
work underwater, it is more appropriate to choose a wireless
power transfer (WPT) system to drive LED strings. A stable
constant current (CC) source is the prerequisite for ensuring
stable performance of LED strings [2]. Currently, researchers
have proposed a variety of methods to achieve CC characteristic.
The authors in [3] and, [4] adopted the phase shift control to
enable the WPT system to perform CC output. However, this
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method is complex to control and difficult to achieve zero voltage
switching (ZVS) operation. Introducing an additional dc–dc
converter is also an alternative method to achieve CC output [5],
[6]. However, this method will cause high system manufacturing
cost, bulky size, etc. To overcome the shortcomings of the above
methods, a variety of CC-type topologies have been proposed,
such asLC2 − S in [7], LC-S in [8], and S-CLC in [9]. However,
in some special scenarios, a single lighting brightness cannot
meet special application requirements. During the day, when the
swimming pool is well-lit, the system needs to provide a small
current to drive LED strings to work in energy-saving mode to
increase the swimming pool atmosphere and visual effects. At
night or on cloudy days, when the light in the swimming pool is
not sufficient, the system needs to provide a large current to drive
LED strings to work in lighting mode to enhance brightness.
Therefore, the above systems with a single CC output value
cannot meet certain special requirements.

To solve the problems of complex control in [3] and [4], high
manufacturing cost and bulky size in [5] and [6], and inability
to provide two different specifications of CC output in [3], [4],
[5], [6], [7], [8], and [9], this letter proposes a reconfigurable
rectifier based wireless LED driver with dual-customization CC
outputs. By controlling the working state of the MOSFETs in the
special rectifier, the proposed driver can be configured into two
LCC-S-S three-coil structures with different specifications to
selectively drive LED strings to work in energy-saving mode
or lighting mode. In addition, since the controller for mode
switching is located at the receiver, the proposed driver does not
require communication links and is very suitable for underwater
LEDs driving.

II. THEORETICAL ANALYSIS

A. Overview of the Proposed Wireless LED Driver

Fig. 1 shows the overall structure diagram of the proposed
wireless LED driver. UD is the dc input voltage. The inverter
consists of four MOSFETs (Q1–Q4).L1,LP ,LS , andLT , respec-
tively, represent the inductor coils used in the proposed driver.
C1, CP , CS , and CT , respectively, represent the compensation
capacitors. MPT , MPS , MTS represent the corresponding mu-
tual inductances. I1–I4 represent the current phasors flowing
through the corresponding coils, respectively. The yellow shaded
part is the special rectifier consisting of a diode D1 and two
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Fig. 1. Overall structure diagram of the proposed wireless LED driver.

TABLE I
CONTROL LOGIC OF THE SPECIAL RECTIFIER

MOSFETs Q5 and Q6. By simply controlling the working states
of the MOSFETsQ5 andQ6, the special rectifier can be suspended
in different resonant loops, thereby reconstructing the wireless
LED driver into two different LCC-S-S compensated three-coil
structures. Through reasonable parameter design, the two three-
coil structures can achieve two different CC outputs through
their inherent structural properties, thereby realizing both the
energy-saving mode and the lighting mode without the need for
complex closed-loop control technology. The control logic of
the special rectifier is provided in Table I. When MOSFET Q5

is OFF and Q6 is ON, the antiparallel diode of Q5 together with
diode D1 forms the rectifier and the proposed driver operates
in energy-saving mode. When MOSFET Q5 is ON and Q6 is OFF,
the antiparallel diode of Q6 together with diode D1 forms the
rectifier and the proposed driver operates in lighting mode.

To facilitate analysis, capacitorCP is equivalent to an inductor
L1 and a capacitor CP1, as shown in the red part of Fig. 1. After
the equivalent, the proposed LCC-S-S compensated three-coil
structure can be regarded as a cascade of a front-stage T net-
work and a rear-stage S-S-S compensated three-coil structure.
According to the T network characteristics in [10] and [11]
and the S-S-S compensated three-coil structure characteristics
in [12], when (1) is satisfied, the constant voltage (CV) source
provided by the inverter can be transformed into a CC source
through the T network. In addition, the S-S-S compensated
three-coil structure can achieve CC output when powered by a
CC source provided by the front-stage T network. Therefore, the
proposed LCC-S-S compensated three-coil structure can achieve
CC output function.{

C1 =
(
ω2L1

)−1
, CS =

(
ω2LS

)−1
, CT =

(
ω2LT

)−1

CP1 = MST

ω2(LPMST−2MPTMPS) ·
(1)

Further, substituting jωL1 + 1/jωCP1 = 1/jωCP into (1),
CP can be calculated as

CP =
MST

ω2 (LPMST −MSTL1 − 2MPTMPS)
· (2)

The following will provide a more detailed theoretical anal-
ysis of the CC output and the corresponding zero phase angle
(ZPA) operation characteristics in energy-saving mode and light-
ing mode.

Fig. 2. Proposed wireless LED driver working in energy-saving mode.
(a) Structure diagram. (b) Equivalent circuit diagram. (c) Switching timing
diagram.

B. First CC Mode—Energy Saving Mode Analysis

In energy-saving mode, MOSFET Q5 is OFF and Q6 is ON,
the antiparallel diode of Q5 together with diode D1 forms the
rectifier suspended in the resonant loop composed of coil LT

and compensation capacitorCT , and the driver is configured as a
three-coil structure of the first specification to drive LED strings
to work in energy-saving mode. In energy-saving mode, the loop
composed of LT and CT is the receiving resonant circuit, and
the loop composed of LS and CS is the relay resonant circuit.
The structure diagram, equivalent circuit diagram, and switching
timing diagram of the wireless LED driver working in energy-
saving mode are shown in Fig. 2. The equivalent relationship
between UD and the root mean square value of the ac output
voltage Ui of the inverter is shown in (3).

Ui =
2
√
2

π
UD· (3)

According to Kirchhoff’s voltage law (KVL), the loop voltage
expressions in Fig. 2(b) can be expressed as⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

(
jωL1 +

1
jωC1

)
I1 − 1

jωC1
I2 = U i

− 1
jωC1

I1 +
(
jωLP + 1

jωC1
+ 1

jωCP

)
I2

+ jωMPSI3 + jωMPTI4 = 0(
jωLS + 1

jωCS

)
I3 + jωMSPI2 + jωMSTI4 = 0(

jωLT + 1
jωCT

+RE

)
I4+jωMSTI3+jωMPTI2 = 0.

(4)

Substituting (1) and (2) into (4) and (5) can be solved as

I4 =
−UiMPS

jωL1MST
, Zin =

Ui

I1
=

ω2L2
1M

2
ST

M2
PSRE

· (5)

According to (3) and (5), the output current IB1 of the wireless
LED driver in energy-saving mode can be derived as

IB1 =

√
2

π
I4 =

4

π2

MPSUD

ωL1MST
· (6)

As evident from (5) and (6), the proposed wireless LED driver
can achieve CC output and ZPA operation in energy-saving
mode.
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Fig. 3. Proposed wireless LED driver working in lighting mode. (a) Structure
diagram. (b) Equivalent circuit diagram. (c) Switching timing diagram.

C. Second CC Mode—Lighting Mode Analysis

In lighting mode, MOSFET Q5 is ON and Q6 is OFF, the
antiparallel diode of Q6 together with diode D1 forms the
rectifier suspended in the resonant loop composed of coil LS

and compensation capacitor CS , and the driver is configured as
a three-coil structure of the second specification to drive LED
strings to work in lighting mode. In lighting mode, the loop
composed of LS and CS is the receiving resonant circuit, and
the loop composed of LT and CT is the relay resonant circuit.
The structure diagram, equivalent circuit diagram, and switching
timing diagram of the wireless LED driver working in lighting
mode are shown in Fig. 3. Based on KVL, (7) can be obtained
as⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

(
jωL1 +

1
jωC1

)
I1 − 1

jωC1
I2 = U i

− 1
jωC1

I1 +
(
jωLP + 1

jωC1
+ 1

jωCP

)
I2

+ jωMPSI3 + jωMPTI4 = 0(
jωLS + 1

jωCS
+RE

)
I3 + jωMSPI2 + jωMSTI4 = 0(

jωLT + 1
jωCT

)
I4 + jωMSTI3 + jωMPTI2 = 0.

(7)

Substituting (1) and (2) into (7) and (8) can be obtained as

I3 =
−UiMPT

jωL1MST
, Zin =

Ui

I1
=

ω2L2
1M

2
ST

M2
PTRE

· (8)

Similar to energy-saving mode, the output current IB2 in
lighting mode can be derived as

IB2 =

√
2

π
I3 =

4

π2

MPTUD

ωL1MST
· (9)

As evident from (8) and (9), the proposed wireless LED driver
can achieve CC output and ZPA operation in lighting mode.

III. EXPERIMENTAL VERIFICATION

The feasibility of the proposed wireless LED driver is verified
by constructing a validation experimental prototype, as shown
in Fig. 4. Two LED strings with the specifications of LED2×8

and LED2×12 are used to evaluate the performance. The exper-
imental parameters of the proposed driver are listed in Table II.

Fig. 4. Experimental prototype.

TABLE II
EXPERIMENTAL PARAMETERS OF THE PROPOSED WIRELESS LED DRIVER

Fig. 5. Experimental waveforms of U i, I1, and IB1 when the wireless LED
driver working in energy-saving mode. (a) LED2×8 and (b) LED2×12.

Fig. 6. Experimental waveforms of U i, I1, and IB2 when the wireless LED
driver working in lighting mode. (a) LED2×8 and (b) LED2×12.

CP is intentionally slightly reduced to achieve ZVS operation
of the proposed wireless LED driver.

When MOSFET Q5 is turned OFF and Q6 is turned ON, the pro-
posed driver works in energy-saving mode. The measured wave-
forms corresponding to the two specifications of LED strings are
shown in Fig. 5. The output current IB1 of the proposed wireless
LED driver is maintained at 0.6 A regardless of the specifications
of the connected LED strings. Meanwhile, U i slightly leads I1,
which proves that the proposed driver can achieve approximately
ZPA and ZVS operations in energy-saving mode.

When MOSFET Q5 is turned ON and Q6 is turned OFF, the
proposed driver works in lighting mode. The measured wave-
forms corresponding to the two specifications of LED strings are
shown in Fig. 6. The output current IB2 of the proposed wireless
LED driver is maintained at 1 A regardless of the specifications
of the connected LED strings. In addition, U i slightly leads I1,
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Fig. 7. Transition waveforms when the specifications of LED strings change
suddenly from LED2×8 to LED2×12. (a) Energy-saving mode. (b) Lighting
mode.

Fig. 8. Transition waveforms when the energy-saving mode and the lighting
mode are interchanged. (a) Adopting the specification ofLED2×8 from energy-
saving mode to the lighting mode. (b) Adopting the specification of LED2×12

from lighting mode to the energy-saving mode.

which proves that the proposed driver can achieve nearly ZPA
and ZVS operations in lighting mode.

Fig. 7 displays the transition waveforms when the speci-
fications of LED strings change suddenly from LED2×8 to
LED2×12 in the energy-saving mode and the lighting mode.
As evident from Fig. 7(a) and (b), the output current IB1 in
energy-saving mode and the output current IB2 in lighting mode
does not fluctuate significantly before and after the specifications
of LED strings change, which proves the stability of the proposed
wireless LED driver.

Further, the transition process when the energy-saving mode
and the lighting mode are interchanged is measured, as shown
in Fig. 8. When MOSFET Q5 changes from OFF to ON and Q6

changes from ON to OFF, the transition waveforms adopting the
specification of LED2×8 from the energy-saving mode to the
lighting mode is displayed in Fig. 8(a). From Fig. 8(a), the output
current of the proposed wireless LED driver is successfully
converted from 0.6 A for the energy-saving mode to 1 A for
the lighting mode. When MOSFET Q5 changes from ON to OFF

and Q6 changes from OFF to ON, the transition waveforms
adopting the specification of LED2×12 from lighting mode
to the energy-saving mode is displayed in Fig. 8(b). From
Fig. 8(b), the output current of the proposed wireless LED
driver is successfully converted from 1 A for the lighting mode
to 0.6 A for the energy-saving mode. The above experiments
further demonstrate the safety and effectiveness of the proposed
wireless LED driver.

Fig. 9 shows the dc–dc efficiency of the proposed wireless
LED driver connected to different LED string specifications
under energy-saving mode and lighting mode conditions, re-
spectively. It can be seen from Fig. 9 that in both modes, the
overall efficiency of the proposed driver is maintained at a high
level.

The loss distribution of the proposed wireless LED driver at
the peak efficiency point in energy-saving mode and lighting

Fig. 9. DC–DC efficiency of the proposed wireless LED driver connected to
different LED string specifications.

Fig. 10. Loss distribution of the proposed wireless LED driver at the peak
efficiency point in (a) energy-saving mode and (b) lighting mode.

mode is depicted in Fig. 10. As evident from Fig. 10, the power
dissipated in the rectifier, inverter, and loosely coupled trans-
former (LCT) accounts for the majority of the total losses in both
energy-saving mode and lighting mode. Therefore, optimizing
the design of rectifier, inverter, and LCT can further improve
system efficiency.

IV. CONCLUSION

Considering some special application requirements, this letter
proposes a reconfigurable rectifier based communication-free
wireless LED driver with dual-customization CC outputs. By
controlling the working state of the MOSFETs in the special
rectifier, the driver can be configured into two specifications of
three-coil structure to drive LED strings to work in lighting mode
or energy-saving mode, respectively. Meanwhile, the inverter is
capable of approximate ZPA and ZVS operations, which ensures
the high transfer efficiency. Furthermore, the communication-
free feature makes the driver very suitable for underwater LEDs
driving.
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