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Abstract— The use of LEDs that operate in alternating current (ac) can be considered with a good solution for lighting system ap-
plications. With high direct breakdown voltage and low driving current, through a resistor element, the AC power LEDs can be
directly connected to the power supply. However, the direct connection in the power supply produces a high harmonic distortion
in input current and the IEC 61.000-3-2 is not attended. This paper presents the study of an electronic lighting system with power
factor correction (PFC) to drive AC power LEDs employing the SEPIC converter associated to the Half-Bridge voltage inverter.
SEPIC converter carries out the power factor correction and DC bus voltage regulation. Half-Bridge inverter operating with asym-
metrical PWM gate pulses, i.e., using I-LFSQW (Low Frequency Square Wave Current) technique, carries out the reversal of
voltage and current in the load. Simulation results for two conduction modes (DCM-Discontinuous Conduction Mode and BCM-
Boundary Conduction Mode) and experimental results for DCM are presented.
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1 Introduction

LED lighting systems are increasingly being used
to replace conventional lamps such as fluorescent and
HPS. Besides LEDs have been mainly used on traffic
light, indoor lighting, lighting of architectural
environments and full colors display, their
applications like lamps is rising significantly in recent
years [1 -2]. More recently, also for use in lighting
system, appear the light emitting diodes for alternating
current, i.e., the AC LEDs [3-12]. Compared to the DC
LEDs, the AC LEDs have as main advantages the
higher power production with low levels driving
currents. Thus, it is possible to perform parallel
associations of these LEDs to increase the luminous
flux of the system. With direct high breakdown
voltage operation, they can be connected directly to
the power supply through of a resistor or a capacitor.
On the other hand, their lifetime goes up to 50,000
hours [13], against 100,000 hours of DC LED. When
a resistor is used to limit AC LEDs current, it has two
problems, e.g., the losses in resistor and high
harmonic distortion in input current due to its high
breakdown voltage [11-13]. Figure 1 (a) showsthe AC
LED connected on the power supply using only a
resistor. High harmonic distortion in the input current
can be observed from the Figure 1 (b).

One of the possible ways to reduce the harmonic
distortion of the input current and improve the overall
efficiency of the system it is through of use of an AC-
AC switched power converter. However, the
employed AC-AC circuit should ensure that some
operational features such as the low frequency
alternating current and constant output power are
preserved over all livespan of the AC LEDs.

Single-stage topologies based on the half-bridge
converter present a reduced number of components
and high efficiency as main advantages [14].
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Figure 1. AC LEDs circuits with limiter resistor and their in-
put voltage and current waveform.

However, the output voltage regulation is not easily
obtained and the control output power is usually
performed by switching frequency range employing
symmetrical gate pulse. When the asymmetrical PWM
is employed, an additional circuitry for detecting the
input voltage semi cycle is necessary in order for
generating a switching pattern [17]. Two-stage
topologies have the output voltage and power
regulations facilited. However, the system overall
efficiency can be affeted.

This paper presents the sudy of an electronic
lighting system for AC LEDs device. The proposed



topology employs a SEPIC converter associated to the
output voltage half-bridge inverter. SEPIC
configuration perfoms the PFC (power factor
corrrection) and DC-link voltage regulation while the
half-bridge inverter provides the low frequency
alternating current for the AC LEDs. In order to
obtained a low frequency square waveform current in
the LEDs, an asymmetrical PWM strategy as gate
pulses for the inverter switches is employed [14-16].
In addition, aiming to observe the system efficiency
the SEPIC is simulated at Boundary and Discontinuos
Conduction Modes. Experimental results for DCM.

2 Proposed Topology

Proposed two-stage converter is shown in Figure
2. The feeding of the AC LED is made by a half-bridge
voltage inverter controlled by I-LFSQW technique
[14]. Figure 3 illustrates the instantaneous currents in
the L, inductor in BCM and DCM operations.

From the Figure 1 it can be observed that the AC
LED current is null for a long interval of time. Thus,
to maintain the output average power the current peak
value is higher. In this case, during the time which the
LEDs are reenergized, the luminous flux and compo-
nents lifetime is reduced. To resolve this problem, it is
proposed to feed the LEDs with square waveform us-
ing the I-LFSQW technique.

Table 1 shows the Total Harmonic Distortion
(THD) of the input current and Power Factor (PF) per-
formance comparison between the circuit presented in
the Figure 1 and the proposed lighting system at DCM
and BCM conditions for 48 W output power (10 par-
allel AC LEDS). It can observe that the values of the
circuit of the Figure 1 do not meet the IEC 61.000-3-
2 Class C standard.

Figure 4 illustrates, in simplified form the PWM
strategy used in S; and the Figure 5 shows the PWM
strategy for the switches S and S3 of the voltage in-
verter.

Table 1. THD and PF performance comparison
between the circuit presented in the Figure 1 and
the proposed lighting system at DCM and BCM

conditions.
Topologies THDi (%) | PF
Circuit of the Figure 1 30.5 0.899
Proposed converter at DCM 10.3 0.992
Proposed converter at BCM 8.6 0.996

3 Steady-State Operation

Principle of operation in DCM at steady state of the
presented topology is characterized by six operating
stages. The analyses performed in this paper take into
consideration the following assumptions:

e The operations stages and theoretical
waveforms are presented for duty cycle (D) on
the switches S;, S; and S; at switching
frequency and peak value of the grid voltage;

e The voltage on capacitor C; disregarding its
high-frequency ripple, is equal to input voltage
Vin(t) 5

e The voltages on capacitors C> and Cj3 are equal
to half the dc-link voltage and equal to Vpc. It
is considered that C; = C; = Cpc;

e The performed analyses for switching
frequency of S2 and S3 is twice the switching
frequency of S1.

A Description of the Operation Stages

The operation stages description can be carried out
considering the following conditions:

1 - S; turned-on and D; turned-off: In this
operating condition, the SEPIC converter does not
provide current to the bus capacitors neither to the AC
LEDs. Also, in this operation condition, C; provides
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Figure 2. Proposed two-stage converter.

Figure 3. L, inductor currents in BCM and DCM operations.
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Figure 4. PWM strategy used in the two-stage converter.
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Figure. 5. Switches S> and S5 gate pulses.

energy for the AC LEDs when S; is turned-on and C;
receives energy from L, while D3 conducts. The
Figure 6 (a) and Figure 6 (b) show these operation
conditions.
2 - S1 turned-off and D; turned-on: In this operating
condition, all energy stored by L;, and L, in the two
previous stages are provided for the bus capacitors C
and C; as well to the AC LEDs as illustrated by Figure
6 (c) and Figure 6 (d).
3 - S7 turned-off and D; turned-off: Finally, in this
operating condition, there is no energy storage by Li,
and L, and the output stage operates according to
description of the two first operating stages. Figure 6
(e) and Figure 6 (f) presents this operating condition.

It can be observed the previous six operation stages
occur for a positive output current. With reversal of
the PWM pulses applied to the switches S2 and S3, the
output current becomes negative and only the switch
S3 and the diode D, start driving. Regarding to the
operation of the SEPIC in BCM, only the operation
conditions 1 and 2 should be considered.

Fig. 7 presents the key theoretical waveforms at
steady state for DCM and BCM operation.

B Mathematical Analysis

One of the advantages of two-stage topologies is
that their mathematical model can be independently
obtained. Therefore, in this work, when analyzing the
operation stages presented in Figure 6, with the SEPIC
working at DCM the following equations are found:
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Figure 6. Operation Stages at DCM.
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Figure 7. Key theoretical waveforms at steady state.
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From equation (5), it is possible to note the input
average power of the SEPIC converter does not
depend on the load. Thus, in output load variation
conditions, in order to provide constant input average
power, the dc-link voltage will be naturally changed.
In lighting system applications employing LEDs, it
can be one advantage because the LEDs produces a
lower luminous flux as it grows older.

In BCM mode, the following equations are given:
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4 Design Procedure

The elements L;,, C; and L, of the SEPIC con-
verter can be designed as a common SEPIC PFC rec-
tifier [18]-[19].

The first step of the design of DCM SEPIC is
choose a properly load given by equation (11).

,/02
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o

The L;, inductance is obtained by the equation
(12).
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The L, inductance is given by equation (13).
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The C; capacitance is obtained by equation (14).
C = Dilep [DSI(VpLa - VDCL' )"" 2VDCLin ]2

(13)
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For BCM conditions, the first step is to define the
Dsi eriricar at the voltage peak given by equation (15).
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The inductances and capacitance at BCM can be
calculated using the same equations obtained in DCM.
However, the switching frequency f; is the minimum
frequency that occurs at voltage peak of the input volt-
age.

Regarding to half-bridge design, their parameters
can be defined employing the same methodology of
the Buck converter, as shown in equation (16).
Lr: VDCDSZ (16)

2f N ZAiLr

The integration of the SEPIC converter and half-
bridge inverter is made by dc-link capacitors C, and
C3. However, the individual capacitance value must be
twice the obtained dc-link capacitance value for
SEPIC converter, in order to keep the same voltage
ripple on the load. The SEPIC capacitor is obtained by
the hold-up time criteria given by equation (17).
2P th

VchiLink - (O'9VDC7Link )2

Cpe = (17)

5 Results

In order to verify the circuit operation in both DCM
and BCM conditions of the proposed electronic
lighting, a 48 W output AC LED driver has been
designed and simulated. Table 2 presents the design
specifications and the Table 3 the list of main circuit
parameters and selected components.

Figure 8 shows the input voltage and current for
both boundary and discontinuous conduction modes.
It can be observed the high-power-factor and low
THDi for two conduction modes. The simulated THDi

Table 2. Design specifications.

Parameter Value
Input voltage vin 127V
Output voltage Vour 127V
DC-link voltage Vpc 254V
Output Power Pou 48 W
SEPIC switching frequency f5 50 kHz
Duty cycle Dy 50%
Half-Bridge Switching frequency f;> 100 kHz
Duty cycle D> for S>at positive semi-cycle | 30%
Aiin 20% of Linavg
AVpe 10% of Vp

Table 3. List of main circuit parameters and
selected components.

Parameter Value
Dri-Drya 1N4007
Di MUR160
S1, S2and S3 SPP24N60C3V
Lin 12.5 mH
Lo 800 uH
Ci 470 nF/ 450 V
C=C;3 2x82uF/250V
L, 3.5 mH
LEDs (10 // LEDs) AN3200 — 120 V / 40 mA




and FP for both operation modes are 10.3% and 0.99
for DCM and 8.6% and 0.99 respectively. As
expected, the input current for DCM (Figure 8 (a)) is
higher than the input current in BCM (Figure 8 (b)).

Figure 9 presents the output voltage and current for
both modes. A low frequency square waveform is
verified for two modes too. The positive-to-negative
transition detail is shown in the Figure 10 (a) and 10
(b). From Figure 10 it can be noted that the switching
frequency of BCM is higher than the DCM.

The C; voltage and L, current at grid frequency are
shown in the Figure 11. The L, current detail at
switching frequency is illustrates in the Figure 12.
From figures 11 and 12 it can be observed that the
current peak value in BCM is lower than in DCM, thus
a better efficiency should be obtained for BCM
operation.

The dc-link voltage and D; current are presented in
the Figure 13, firstly at nominal load (Figures (b) and
(a)) and after for 50 % of the LEDs resistance (Figures
(c) and (d)) for DCM and BCM conditions. From these
Figures it can note that the dc-link voltage naturally
changes for load variations, in order to insure the
constant input and output power. This circuit
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Figure 8. Input voltage and current: (a) DCM; (b) BCM.
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operational feature it is very appropriated in some
applications such as lighting.

Finally, the Figure 14 presents some experimental

results with the system operating at DCM according
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to the data presented in the Table 2. It is possible to
observe that both the input and the output
characteristics are similar to the previous presented
simulation results. The measured THDi and PF of the
input power source are 11% and 0.99, respectively.
The obtained overall system efficiency was around of
90 %, which corresponding to 95% for each individual
stage. Therefore, the proposed lighting system can be
considered as an appropriate circuit to driver and
control AC power LEDs.
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Figure 14. — Input voltage and current of the power supply
and voltage and total current on the AC LEDs in DCM.

6 Conclusion

A two-stage converter with power factor correc-
tion to drive and control AC power LEDs is presented
in this paper. The BCM mode is used in SEPIC con-
verter to increase system efficiency. I-LFSQW tech-
nique is used as gate pulses for switches S, and S3 of
the half-bridge voltage. AC LEDs have been present-
ing as a good choice in applications for public and res-
idential lighting systems. The preliminary simulation
results show at BCM it has a lower peak current, thus
the system overall efficiency should be improved. Fu-
ture studies may show that one can apply universal in-
put supplier, and it dimmed to control the luminous
flux emitted by the LEDs. All system analysis will be
presented in the final version in this paper.
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