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Abstract — A novel flyback light emitting diode (LED) driver
with adaptive switching frequency for smart lighting is proposed
in this investigation. Switching loss and severe harmonic distor-
tion of conventional flyback LED drivers when the LED is
operating in high switching frequency and high voltage are re-
solved. The proposed flyback LED driver design auto-adjusts
the switching frequency by detecting the conduction period and
the current of LED. Adaptive switching frequency approach is
then applied to enhance efficiency and maintain the color and
brightness.

I. INTRODUCTION

LED has been recognized as the future lighting devices,
since it is more energy saving, environment kindly, and
compact, as compared to the conventional lamp bulbs,
including incandescent, fluorescent, and high intensity
discharge (HID) devices [1], [2]. Certainly, white LED
(WLED) has been to residential lighting, automobile lighting,

portable lighting, flash light, street lighting, as shown in Fig. 1.

Fig. 1. LED lighting application examples.

Nevertheless, though the driver of the LED plays a key role
in lighting, the efficiency of the driver is still not on the same
pace with the LED technology advancement. For instance, to
achieve higher brightness, WLED needs a high stable current
with higher voltage drop compared with conventional LED.
Since the flyback LED driver provides energy storage as well
as converter isolation, it is commonly used in LED drivers.
Referring to a typical driver design [3], an optocoupler isolates
secondary side from primary side to generate a stable voltage.
This kind of flyback designs are suffered from high voltage
stress upon switching components therein. High peak current
is another critical problem for the prior flyback LED driver
when it is in discontinuous conduction mode (DCM) and
boundary conduction mode (BCM). Lin et al. proposed a pri-
mary-side control IC, including a sampling feedback voltage
and a knee point detector, to keep the duty cycle as constant
[4]. However, this method encountered a problem when the
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output voltage of the bridge rectifier (Vy,) is close to zero, the
current of the primary winding and the drain to source voltage
of the power MOS will vary quickly. Thus, the controller can
not reacted synchronously because the voltage valley signal
changes too fast. If the controller overlooks valley signals, it
will result in hazards for LED lighting.

II. FLYBACK LED DRIVER FOR SMART LIGHTING

Fig. 2 shows our flyback LED driver, including an electro-
magnetic interference (EMI) filter, a bridge rectifier, a snubber,
a diode, a transformer, a power MOS switch (S;), and a fly-
back control circuit. The EMI filter suppresses the conducted
interference of AC voltage (V,.), which is then rectified to be
a high DC voltage by the bridge rectifier. The inductor of
flyback is split to work as a transformer. Therefore, the fly-
back LED driver is turned into a buck-boost converter. The
flyback control circuit determines the turn-on time of the S,
generating a varying magnetic field in the primary winding.
The energy of the primary winding is transferred to the sec-
ondary winding when the S, is turned off, thereby charging the
output capacitor (C,). The transformer provides good isola-
tion between primary side and secondary side. The output vol-
tage of auxiliary side is detected by flyback control circuit. As
soon as the drain to source voltage of S; is sensed and com-
pared with a reference voltage (Vggr), the flyback control cir-
cuit auto-adjusts the turn-on time of the S; to keep a stable
output voltage (V,).

Notably, the flyback control circuit is composed of a com-
parator, a valley detector, a diode conduction period detector,
a LED current estimator, a PWM circuit & oscillator, and a
high voltage (HV) buffer. The S; and a resistor (Ry.,) gene-
rates a sensing voltage (V.,) coupled to the LED current esti-
mator.
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Fig. 2. Block diagram of the proposed flyback LED driver
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The LED current estimator generates a voltage proportional to
the current of the S; when it is turned on. The diode conduc-
tion period detector is in charge of estimating correct conduct-
ing period. When the resonance between inductor (L) and
capacitor of the S; when exciting current (i ;) is close to zero
is quite small, the signal (T,g) needs to keep the voltage drop
constantly to prevent misjudgment of the period. Because the
LED current estimator and the diode conduction period detec-
tor clamp the current and the period to PWM circuit & oscilla-
tor, PWM circuit & oscillator will generate a gate drive of S;.
A turn-on signal, Valley, is generated from the valley detector.
By contrast, a turn-off signal is generated by the output of the
LED current estimator compared with the sawtooth wave of
the PWM circuit & oscillator. Thus, the brightness of the
LED can be adjusted by tuning the period of the PWM circuit
& oscillator. Finally, the HV buffer provides a large driving
current and HV electrostatic discharge (ESD) protection.

In summary, to avoid missing valley signals when the S,
isn’t turned on, the S; turn-on time is constrained in the range
of (Tsys mins Tsys min T Tr) by the flyback control circuit, where
Tsys min 15 the period of the maximum switching frequency of
the Sy, T, is the resonant period between L., and the capacitor
of the S;. Therefore, the power efficiency is enhanced and
switching loss is reduced.

III. EXPERIMENT AND MEASUREMENT

An experiment of the proposed flyback LED driver is car-
ried to justify the functionality. A LED string consisting of
cascaded XMLEZW-02-0000-0BO0U440F LEDs is used as
the load. Referring to Fig. 3, a prototype control system based
on Fig. 2 is used to drive the LED string load. Regardless of
the number of LEDs, the brightness of each one is ensured
provided the input AC voltage is the same, where the load
current of 700 mA is the same in every scenario.

(©

Fig. 3. No. of LEDs are turned on : (a) 1 ; (b) 2; (¢) 5.

The measurement of the experiment is shown in Fig. 4.
When the number of the LED is 5, V, is 28.509 V with a load
current (iggp) of 739.5 mA. A peak power efficiency of 91.14
% 1is attained. The performance comparison of the proposed
flyback LED driver and several prior works is tabulated in
Table I, where our design demonstrates the best power effi-
ciency and controllability. Fig. 5 shows an application scena-
rio of the proposed design in the street lamp smart lighting
control.
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Fig. 4. Measurement of the proposed flyback LED driver.
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Fig. 5. The application scenario of the proposed design.

TABLE 1
PERFORMANCE COMPARISON OF LED DRIVE
[5] [6] This work
Year 2013 2014 2015
90 ~ 264
3k *
Input Voltage 12V Vrms* 110 Vrms
Output Current 920 700 7395
(mA)
Rated Power (W) 18.952 5 21.367
Fower g/f(g‘“emy 8434 83~ 85 91.14

(1

(2]

(3]

(4]

(3]

(6]
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Note* : AC Voltage Input
Note** : DC Voltage Input
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