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Abstract—This paper presents a novel skip control method for improving the efficiency of micro-inverter at low power
inputs. The proposed control method assesses the operating mode of a system according to the energy of an input
capacitor. If the energy is higher than a reference level, the system operates in a continual mode; otherwise, the system
operates in a discontinue mode to improve the light load efficiency. Finally, a 200-W micro-inverter is implemented to
verify the proposed control method, The implemented micro-inverter was used in an experiment to compare the
efficiency of operations with and without the proposed skip control method. This comparison was conducted to verify
whether the proposed skip control operation improved the operating efficiency under light load conditions.

Index Terms—micro-inverter, skip control method, light load, photovoltaic.

. INTRODUCTION

Because energy and environmental problems have received considerable attention worldwide, developing power products that
are based on green clean energy has become increasingly vital. Generating renewable energy typically involves using energy
conversion devices to convert energy source into electric power that is subsequently supplied to a load or grid-tie power system.
However, renewable energy sources are intermittent and unreliable. Therefore, how to improve the conversion efficiency of
converters is highly crucial for renewable energy systems.

Numerous techniques have been proposed for improving the efficiency of converters, and in most of such techniques, emphasis
has been placed on implementing new topologies to reduce the switching loss or conduction loss of power converters [1-3].
Although optimal improvements in the peak conversion efficiency have been reported, the improvements in the efficiency of light
power operating modes are limited. Figure 1 illustrates the efficiency curve of a typical power converter, indicating that the system
efficiency is extremely low in the light input operating mode and that this mode demonstrates more power losses than the medium
load and full load modes do.

Skip control techniques have been proposed for reducing the power loss of power converters under light load condition.
Therefore, DC-DC converters have been prevalently used for improving the operating efficiency under light load conditions [4—
6]. Skip mode for DC-AC inverters were recently proposed in [7-9] to improve the efficiency in wide load range without
increasing the cost or complexity of the design by reducing the dominant losses depending on the load current.; however, the
control strategy in these studies requires sensing the input DC current for executing the skip control process. When a converter
operates in a low power mode, the current decreases and affects the accuracy of the sensor. Therefore, the power converter
cannot precisely reflect diverse input powers, reducing the generation benefits. According to the design and driving concept
developed by [7-9], The study presents a highly precise pulse skip control method that operates according to the energy of an
input capacitor, so that the accuracy of the sensor and the power generation could be improved.
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Fig. 1 efficiency curve of typical power converter
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The rest of this paper is organized as follows: Section Il describes the principle of the proposed skip control method. Section
I11 presents experimental results. Finally, Section 4 provides the conclusion.

1l. SKIPPING CONTROL METHOD

i. Control method

The miro-inverter operates at extremely low efficiency levels because of the light-load condition as the inverter drive and
switching losses become dominant, so when the energy from photovoltaic(PV) panel is under light load condition, the efficiency
of the micro-inverter is also low. therefore, when the power source lower than a certain level, the inverter stop to deliver energy
into the grid continuous mode and change the control mode into the pulse-skipping operating mode.

Fig. 2 illustrates a pulse-skipping operating mode. During the pulse-skipping mode, the system is disabled and the ambient
light energy obtained from the PV module is used to charge the input capacitor. Until the voltage level of capacitor reaches upper
limit level, the system subsequently delivers energy under maximum efficiency operating condition to the grid through the micro-
inverter. When the voltage of the input capacitor drops to the low voltage limit value, the recharge of the input capacitor is initiated
and the system stop again.

ii. System block and control flowchart

Fig. 3 shows the proposed system block. The MCU operates in a continuous mode or skip control mode controlled by a
maximum power point tracking (MPPT) controller. In the skip operating mode, the pulse-width modulation (PWM) signal
controlled by the skip controller and inverter output discontinuous power to grid; when the output power is greater than the
reference power level, the controller switches to the continuous mode and inverter outputs continuous power to the ac grid.
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Fig. 2 Pulse-skipping operation mode
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Fig. 4 Flowchart of the proposed inverter

Fig. 4 illustrates the flowchart of the proposed method for operating an inverter in burst mode. Pout and VVmp are determined
by the MPPT controller; when the input power generated by a renewable source is lower than the reference power level, the
inverter can be controlled to stop feeding power into the grid, and the input capacitor starts charging energy from PV module to
increase the input voltage of the microinverter, VVpv. In this case, burst voltage is set as the output reference for the next line cycle.
After the injection of the burst current, the DCL voltage drops to the predesigned lower reference voltage, and the system returns
to the first step and determine the output power again.
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Fig. 5 Skip current controller

Fig. 5 illustrates the proposed skip current controller. The error value AW is derived by calculating the input capacitor energy
between [to—t1] and [ti—t2] on Fig. 2; AW is regulated by the Pl controller and compared with Vpy, and the value serves as a reference
current for current loop output PWM signal.

I11. EXPERIMENTAL RESULTS

A prototype of 200-W micro-inverter was created to verify the parameter optimization for the proposed pulse-skipping control
method (Fig. 6). The predesigned converter circuitry is implemented on a printed circuit board (PCB; size: 18 cm x 12 cm), as
depicted in Fig. 7. Table 1 lists the design parameters of the prototype micro-inverter. Fig. 7 reveals that the PCB comprises a
transformer, two switching metal-oxide—semiconductor field-effect transistor (MOSFET) devices and two diodes for high
frequency DC to DC converter, four MOSFET switches for DC to AC circuit. To reduce switching losses, switch on secondary
side of the inverter was designed to operate at low frequency, and the primary side switch was operated at line frequency.
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Fig. 6 Prototype micro-inverter setup
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Fig. 7 Prototype of the proposed MIMO micro-inverter
Table 1 Design parameter of the prototype micro-inverter
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25~55V

Output AC voltage

220V

Maximum output current

1.136A

Maximum output power

200W

Switching frequency

50kHz

Transformer
Inductance(Lm)

18uH

Type of transformer

PQ32/20

DC to DC switches
(51 and Sz)

IPB107N20N3

DC to DC diodes
(D1 and Dz)

C2D05120

DC to DC switches
(Q1~Qa)

STB18NM80

Output filter inductor

1.5mH

Output filter capacitor 1uF

Fig. 8 illustrates the experimental results obtained when the converter is operated in continue mode. When the micro-inverter
started, the energy from the PV cell is delivered to the AC output follow the waveform of the grid voltage. Fig. 9 shows the
experimental results of the pulse-skipping operating mode. During the pulse-skipping mode, the system is disabled and the ambient
light energy obtained from the PV module is used to charge the input capacitor. Until the voltage level of capacitor reaches upper
limit level, the system subsequently delivers energy under maximum efficiency operating condition to the grid through the micro-
inverter. When the voltage of the input capacitor drops to the low voltage limit value, the recharge of the input capacitor is initiated
and the system stop again.

The conversion efficiencies obtained from the experiments are presented in Fig. 10. The highest efficiency is 95.32% under
140 Watt condition, whereas the lowest efficiency curve corresponded to a power level of 20 W and the efficiency has been
improved from 80% to 87.51% and the efficiency curves are greatly improved to 90% when the pulse-skipping strategy was
employed under light loads. Experimental results verify that pulse-skipping control can effectively improve light load efficiency.

The conversion efficiencies obtained from the experiments are presented in Fig. 24. The highest efficiency is 95.32% under
140 Watt condition. whereas the lowest efficiency curve corresponded to a power level of 20 W, the efficiency without and with
pulse-skipping control are 80% and 87.51%, respectively. The efficiency curves are greatly improved to near 90% when the pulse-
skipping strategy was employed under light loads. Experimental results verify that pulse-skipping control can effectively improve
light load efficiency.

Fig. 8 Experimental results under continue mode
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Fig. 10 Experimental results revealing efficiencies of the proposed micro-inverter.

IV. CONCLUSIONS

This paper proposes a pulse skipping control method for improving the efficiency of micro-inverters under light loads. The
proposed control method can be used to achieve high efficiency under light load conditions by reducing dominant losses depending
on the load current. Finally, the simulation and experimental results revealed efficiency improvements under light loads, where
the inverter efficiency was maintained around 90% even under light load conditions.
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