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Abstract—A new isolated switch-mode current regulator is proposed for an LED driving system. The two boost LED drivers
are integrated with the dc/dc converter, which results in a simple
structure and low component count. The primary side provides
an ac voltage source to the secondary side in which one boost
inductor, two switches, and diodes comprise two boost drivers.
Each secondary switch controls each LED current to be balanced.
The voltage stresses of the primary switches are clamped to the
input voltage, and those of secondary switches and diodes are
clamped to the output voltages. Furthermore, all switches can
easily achieve zero-voltage switching by using the transformer
magnetizing current without additional auxiliary circuits. The
validity of this proposed circuit is confirmed by the experimental
results from a 400-V-input and 150-W-output prototype with two
75-W LED strings.
Index Terms—Boost LED driver, isolated, switch-mode current
regulator, zero-voltage switching (ZVS).

I. I NTRODUCTION

E

NERGY saving through efficient equipment is an essential
component of international efforts to slow down global
warming. Recently, LEDs have received much attention due
to the advantages of long lifetime, low voltage driving, and
mercury-free device in lighting applications such as liquidcrystal-display backlight or display panel, streetlights, signage,
and general-purpose lighting [1], [2]. Presently, the power
ratings of individual LED devices are a few watts, limited by the
packaging technology and heat dissipation. To obtain sufficient
luminance, many LEDs are connected and arranged in parallel
LED strings. The parallel structure inevitably leads to current
imbalance problem due to the LED parameter variations, aging,
and temperature changes, which will in turn affect the luminous
intensity and even color in each string [3]. Most importantly, if
the current imbalance causes one or more LED strings to exceed
their rated current values, the lifetime of the LED strings (and,
hence, the LED system) will be drastically reduced. There are
several methods of driving multiple LED strings connected in
parallel. Among them, active current regulation with a linear or
switching circuit in each LED string can achieve precise current
control for a multichannel LED driver. The approach employing
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Fig. 1. Typical block diagram of an LED driving system with boost drivers.

linear regulators offers a simple control and low cost but suffers
from poor operating efficiency because the voltage drop across
the linear regulator, i.e., the voltage difference between the
input and output voltages of the linear regulator cannot be
minimized under all operating conditions. The efficiency of
linear regulator LED drivers can be improved by sensing and
regulating the minimum voltage of the linear regulators [4]–[6].
The drawback of the linear current regulator LED driver can
be basically overcome by employing a more efficient switchmode current regulator. Fig. 1 shows a typical block diagram of
an LED driving system with boost LED drivers as switch-mode
current regulators. This system is composed of the input stage,
including a power factor correction (PFC) converter, which
reduces the line current harmonics and makes the regulated link
voltage VS about 400 V, by which the dc/dc stage is followed
and provides the galvanic isolation and the bus voltage VB
for boost LED drivers. Each driver controls the LED current
of each string. The conventional boost converter is a good
candidate for the LED driver because of simple structure and
driving circuit, as well as high-efficiency capability. However,
it has hard switching operation that makes electromagnetic
interference (EMI) problem worse and low power density due
to the limitation of the switching frequency. To overcome these
problems, soft-switched boost converters are proposed using
additional passive and active snubbers [7], [8]. In addition, to
improve the overall performance or make a simple structure of
overall circuit, many current regulators are researched. Among
them, the isolated dc/dc converter, including LED driving functions, is proposed in [9]–[11]. For street lighting applications,
soft-switching asymmetrical half-bridge converters for each
string are proposed [9]. In [10], an isolated and unregulated
dc/dc converter provides two bus voltages from which twoinput buck converters regulate the currents of each array. These
approaches have high overall efficiency and high accuracy to
control the LED currents. However, as the number of LED
string increases, the overall system becomes more complex and
expensive. In [11], post regulators using a magnetic amplifier
are applied to control each LED current in a single-ended forward converter. The secondary-side post regulator is extended
according to the number of LED strings. Thus, it has lower

0278-0046 © 2013 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

4650

www.IranSwitching.ir

IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS, VOL. 61, NO. 9, SEPTEMBER 2014

Fig. 2. Circuit diagram of the proposed regulator.

component count than the prior circuits. However, it still has
the disadvantage that every single string has an output filter
inductor, including a magnetic amplifier inductor with reset
circuits, which make complex structure.
In this paper, a new isolated switch-mode current regulator
is proposed. The conventional two boost LED drivers are integrated with the dc/dc converter, which makes more simple and
cost-effective structure. In addition, the proposed circuit has
many advantages, e.g., the voltage stresses of all semiconductors are clamped to the input or output voltage. Furthermore,
all switches can easily achieve zero-voltage switching (ZVS)
without additional auxiliary circuits, which increases the overall efficiency and relieves the EMI problem.
II. C IRCUIT O PERATIONS AND F EATURES
Fig. 2 shows the circuit diagram of the proposed regulator.
The proposed circuit consists of the half-bridge inverter in the
primary side and the two boost converters using one inductor in
the secondary side. Two LED currents are sensed, i.e., isense1
and isense2 , and compared with the same current reference
IREF . The errors are compensated by adjusting the duty ratios
of secondary switches. Figs. 3 and 4 show the operational key
waveforms and equivalent circuit of the proposed regulator,
respectively. It is assumed that all parasitic components except
for those specified in Fig. 2 are neglected and the blocking
capacitor voltage VC in the half-bridge inverter is constant
with half of the input voltage VS /2 and transformer turns ratio
n = NP /NS . Primary switches QP 1 and QP 2 have the same
duty ratio of 0.5, neglecting the dead time. Secondary switches
QS1 and QS2 are used to regulate each LED current and are
turned on simultaneously with QP 2 and QP 1 , respectively. In
addition, the minimum duty ratio of QS1 and QS2 is the duty
ratio of QP 2 and QP 1 , respectively. The overlapping on-time
of QS1 and QS2 is the build-up interval of the boost inductor
LB . The operational mode can be divided into eight modes. In
mode 1, QP 2 and QS1 are turned on with ZVS with the help

of the magnetizing current iLm , and QS2 is at on state. VS /2
is transferred to the secondary side and is applied to the boost
inductor LB , which is build-up mode. In mode 2, QS2 is turned
off and the boost diode DS2 is turned on. The voltage of QS2
is clamped to VO1 . Powering occurs through QS1 and DS2 .
Mode 3 starts when the boost inductor current decreases to 0 A.
DS2 is turned off with zero-current switching (ZCS), and iLm is
only reflected to the primary side. In mode 4, QP 2 is turned off
and each output capacitance of QP 2 and QP 1 is charged and
discharged by the reflected transformer magnetizing current,
respectively. Accordingly, the transformer secondary voltage
reflected from vpri is all applied to the drain-to-source voltage
on QS2 . When vpri reaches 0 V, the drain-to-source voltage on
QS2 also reduces to 0 V, and the body diode of QS2 is turned
on. Therefore, if there exists enough dead time between QP 1
and QP 2 , the ZVS of QP 1 and QS2 is guaranteed. When vpri
increases over 0 V, the output capacitance values in the primary
switches are resonated with LB until vpri reaches VS /2, which
means that the voltage stress of QP 2 is clamped to VS . The
modes from 5 to 8 are symmetric with those from 1 to 4.
The dc conversion ratio of the proposed circuit is similar
with conventional boost converter operating with discontinuous
conduction mode (DCM) and can be expressed as follows.
It is assumed that the duty ratio DB1 = DB2 = DB , the output voltage VO1 = VO2 = VO , and the load current IO1 =
IO2 = IO
⎛
⎞

2
2RO DB TS ⎠
VO
1 ⎝
1+ 1+
(1)
=
VS
4n
LB
where TS is the switching cycle, and RO is the equivalent load
resistance (= VO /IO ).
To normally operate the proposed circuit, the integrated boost
converter should be operated with DCM in half of the switching
cycle TS /2. Therefore, duty ratio DB and boost inductance LB
should be designed small enough. The maximum value of DB ,
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Fig. 3.
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Operational key waveforms of the proposed regulator.

Fig. 5. Experimental waveforms. (a) Transformer primary voltage and current. (b) Gate signal, drain-to-source voltage, and current of QP 1 . (c) Gate
signal, drain-to-source voltage, and current of QP 2 .

Fig. 4. Equivalent circuit of the proposed regulator. (a) During the mode from
1 to 4. (b) During the mode from 5 to 8.

i.e., DB _MAX , and that of LB , i.e., LB _MAX , are obtained as
follows:


1
VS
DB _MAX ≤
(2)
1−
2
2nVO
2
2RO DB
_MAX TS
.
(3)
LB _MAX ≤
2
4nVO
−1
VS − 1

For example, if VS = 400, VO = 250 V, RO = 833.3 Ω, n = 1,
and TS = 11.1 μs, then DB _MAX = 0.1 and LB _MAX = 148 μH.
To extend the multistring over two LED strings, the same
secondary circuits are simply added using multiple secondary
windings according to the number of LED ones. However, the
proposed converter can be only extended to even number of
LED strings with the same structure.
III. E XPERIMENTAL R ESULTS
To verify the operation and analysis of the proposed circuit,
the prototype is implemented with specification of 400-V input from the output of the PFC converter and 150-W output
prototype with two 75-W/0.3-A LED strings. Transformer =
PQ3220, Lm = 1 mH, LB = 100 μH, NP = NS = 40, QP 1 ,
QP 2 , QS1 , QS2 = IPP60R385, DS1 , DS2 = 10ETF06 CO1 ,
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and QP 2 , respectively. Both switches are turned on with ZVS
by using the transformer magnetizing current. The dead times
between the primary switches are about 420 ns. In addition,
the voltages of the primary switches are clamped to 400 V.
Fig. 6 shows the experimental waveforms in the secondary
side. Fig 6(a) shows vsec and isec . The voltage stresses of the
secondary semiconductors are each output voltage about 250 V.
The boost inductor LB is operated in DCM, and diodes DS1
and DS2 are turned off with ZCS. Fig. 6(b) and (c) shows
the ZVS waveforms of secondary switches QS1 and QS2 ,
respectively. Both switches are turned on with ZVS. Finally,
each LED current is balanced, as shown in Fig. 6(d), and the
efficiency of the proposed circuit is measured about 96.2% at
150-W output.
IV. C ONCLUSION
A new isolated switch-mode current regulator has been proposed for an LED driving system. The operational principle and
feature are illustrated in this paper. The conventional two boost
LED drivers are integrated, which results in a simple structure
and low component count. Furthermore, all semiconductors
have the voltage stress of the input voltage or output voltage,
and all switches can easily achieve ZVS without additional
auxiliary circuits. The validity of the basic operational principle
is confirmed by the experiment with a 150-W prototype with
two 75-W LED strings. From the experimental results, the
proposed regulator has high efficiency.
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