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ABSTRACT

This paper proposes a single-stage DC-AC boost inverter topology for low-voltage DC
sources, addressing the limitations of conventional two-stage converters that utilize separate
boost and inversion stages, which result in increased complexity, cost, and power losses. The
proposed topology achieves simultaneous DC voltage boosting and AC inversion within a
single power conversion stage. Detailed analysis of the operating principles and switching states
is presented, leading to the development of a comprehensive boost inverter model that
incorporates capacitor voltage and inductor current controllers. Performance validation is
conducted through simulations under varying input voltage and load conditions, demonstrating
robust voltage boosting capability and stable sinusoidal output. Additionally, a low-power
hardware prototype is implemented using a TMS320F28379D microcontroller for digital
control. Experimental results confirm the inverter's capabilities in voltage boosting, reliable
inversion, stable output regulation, and generation of sinusoidal waveforms with low total
harmonic distortion.

Keywords: DC-AC conversion, Differential boost inverter, Output voltage control, Single-
phase inverter, TMS320F28379D.

1. INTRODUCTION

Single-phase inverters are widely employed in various applications including
uninterruptible power supplies, battery-based energy storage systems, and distributed
renewable energy sources [1]. Their primary function is to convert DC voltage into AC voltage
with a near-sinusoidal waveform while maintaining stable amplitude and frequency according
to load requirements. Among various topologies, the H-bridge inverter is commonly adopted
due to its simple structure, straightforward implementation, and high reliability.

However, a fundamental limitation of the conventional H-bridge inverter is its inability to
provide voltage boosting, as the AC output voltage amplitude is inherently constrained by the
DC input voltage level. To address this limitation, a two-stage configuration combining a DC-
DC boost converter followed by an inverter stage is typically employed [2]. While effective in
achieving voltage gain, this approach introduces several drawbacks including increased
component count, higher switching losses, larger system footprint, and reduced overall
efficiency [3], thereby motivating the development of single-stage inverter topologies with
integrated voltage-boosting capability.

One promising alternative is the differential boost inverter, which integrates both voltage
boosting and DC-AC conversion into a single power stage through two symmetrically operated
boost branches [4]. This topology offers advantages in terms of reduced component count and
improved power density. However, output voltage regulation remains challenging due to the
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inherent nonlinear characteristics of the boost converter and the critical requirement to maintain
voltage balance between the two branches [5].

This paper presents a comprehensive output voltage control strategy for a single-phase
differential boost inverter implemented on a TMS320F28379D digital signal processor. The
proposed control approach is validated through closed-loop simulations and experimental tests,
demonstrating the system's capability to generate stable sinusoidal AC voltage with amplitude
exceeding the DC input voltage while maintaining low harmonic distortion and robust
performance under varying operating conditions.

In previously reported differential boost inverter systems, the control strategy is typically
based on a closed-loop structure combining voltage and current regulation. In contrast, this
work adopts a simplified open-loop approach, where the duty cycle is directly derived from
analytical relationships among the DC input voltage, desired RMS output voltage, and capacitor
voltages, eliminating the need for feedback loops or PI controllers. This significantly reduces
control complexity while maintaining acceptable output voltage quality under normal
conditions, making the proposed method more suitable for low-power or laboratory-scale
applications where simplicity, cost, and ease of implementation are important considerations.

2. THEORETICAL BASIS

2.1. Single-phase Boost Inverter Topology

The single-phase boost inverter investigated in this paper is based on a differential boost
inverter topology, in which the DC voltage boosting function and AC voltage generation are
integrated into a single power conversion stage. Compared with conventional two-stage inverter
structures, this topology reduces the number of power components and simplifies the overall
circuit. As a result, it is well suited for applications supplied by low-voltage DC sources.

Fig. 1. Single-phase differential boost inverter topology.

Fig. 1 illustrates the schematic of the single-phase differential boost inverter topology
considered in this study. The circuit consists of two symmetrical boost branches sharing a
common DC input voltage V.. Each branch is composed of an inductor, power semiconductor
switches, and an output capacitor, while the two capacitors are connected in series. With this
differential configuration, the AC output voltage is not taken from an individual capacitor but
is obtained from the voltage difference between the two capacitor voltages [6]. This voltage
synthesis method allows the inverter to achieve an output voltage amplitude higher than the
input DC voltage without an additional boost stage. This structural feature represents a key
advantage of the proposed inverter topology.

2.2. Basic Operating Principle

The operating principle of the single-phase boost inverter can be explained by considering
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each boost branch, where the inductor stores and transfers energy and the power switches
control the charging and discharging process, similar to a conventional DC-DC boost
converter. When a switch is turned on, the inductor is connected to the DC source and stores
energy, while when the switch is turned off, the stored energy is transferred to the capacitor,
increasing its voltage above the input level.
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Fig. 2. Conceptual waveforms of capacitor voltages and output voltage.

As illustrated in Fig. 2, the two capacitor voltages contain AC components with opposite
phases but similar DC average values, and their difference therefore produces a near-sinusoidal
AC output voltage. The AC output voltage of the inverter is synthesized from the voltage
difference between the two capacitor voltages of the boost branches and can be expressed as

Vo (t) = Vi (8) — Vo (B) ¢Y)

where V., (t)and V., (t)denote the capacitor voltages of the two boost branches, and
1, (t) represents the inverter output voltage.

2.3. Switching States of The Single-Phase Boost Inverter

To further analyze the operation of the single-phase boost inverter, the circuit is examined
through four fundamental switching states of the power switches in the two boost branches.
Each switching state corresponds to a specific energy flow path between the DC source,
inductors, capacitors, and the load. This switching-state analysis provides a clear understanding
of the voltage boosting process and the differential voltage synthesis.

Vo Vo
""" """
il 2l
S1 and S3 ON S1 and S4 ON
Vo Vo
""" """
_1cl

S2 and S3 ON S2 and S4 ON
Fig. 3. Four different switching states for the boost inverter.

Fig. 3 illustrates the four fundamental switching states of the proposed single-phase
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differential boost inverter within one switching period [7]. When S1 and S3 are turned on, both
inductors store energy while the capacitors supply the load, resulting in an output voltage close
to zero; in the remaining states, the two branches operate complementarily to generate positive
or negative output voltage, and when S2 and S4 are on simultaneously, both inductors discharge
to the capacitors, supporting voltage balancing and continuous AC output synthesis.

3. SYSTEM DESIGN AND CONTROL METHODS

3.1. Selection of Capacitors and Inductors

Table 1. Basic simulation and experimental parameters.

Parameter Simulation Experiment
Input DC voltage V;, 100 V 70V
Output AC voltage V RMS 220V 110V
Output frequency f 50 Hz 50 Hz
Load Rjyuq 40 Q 40 Q
Output power 1.2 kW 302 W
Inductors L;, L, 1 mH
Capacitor C;, C; 150 uF
Switching frequency f,, 20 kHz

In the simulation study, the boost inverter operates in a closed-loop configuration with a
100 V DC input to generate a 220 V RMS, 50 Hz output on a 40 Q resistive load, allowing
accurate evaluation of voltage regulation and tracking performance. In contrast, the
experimental setup is implemented in open-loop mode with a reduced input voltage of 70 V,
producing approximately 110 V RMS at 50 Hz to ensure safe operation of the hardware and
measurement system. This configuration is sufficient to verify the voltage step-up capability,
differential operation of the two boost branches, and the quality of the generated AC output
waveform. The value of the inductor, output capacitor, and switching devices is guided by the
power stage design recommendations provided in Texas Instruments application notes for
converter [8]. Table 1 summarizes the basic parameters used in both the simulation and
experimental setups.

To ensure stable output voltage and limit losses, the inductor ripple current is selected as
30% of the output current, giving:

%4
Al = (0.2 £0 0.4) X Ioye(mas) X w 2)
[A
Once the allowable current ripple has been determined, the inductance is calculated using
the expression:
— Vin X (Vout - Vin) (3)
Al X fo X Ve

To ensure that the DC voltage remains sufficiently smooth under rated operating

conditions, the allowable peak to peak voltage ripple is restricted to AV,,,; = 1%.

Based on these requirements, the minimum output capacitance is determined using the
standard boost capacitor sizing expression:

I t( ) X D
Cout(min) = Ouf;miXAvoutmax (4)
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According to the current relation of a boost converter operating in CCM, the peak switch
current is given by:
Al L I out(max)
Iswonary =+ —_— (5)
In this design, a device with a continuous drain current of at least 20 A and a pulse current
capability of at least 40 A is chosen.

The selection of power devices in the proposed converter is mainly determined by the
voltage and current stresses imposed on the switching components. Specifically, the
semiconductor devices must be capable of withstanding the maximum capacitor voltage as well
as the peak inductor current under worst-case operating conditions. In addition, factors such as
switching frequency, conduction losses, and thermal constraints must be carefully considered
to ensure reliable and efficient operation. For the low-power prototype presented in this study,
MOSFETs with moderate voltage and current ratings are sufficient to meet these requirements.

3.2. Control Method

Fig. 4 illustrates the closed-loop control structure used in the simulation model of the
differential boost inverter. The controller is organized in two cascaded levels: outer capacitor
voltage control loops and inner inductor current control loops. The final outputs of the controller
are the duty cycles d, and d, for the two converter legs [9].
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Fig. 4. Closed-loop control structure of the proposed differential boost inverter in simulation.
(a) control loop for leg A (S1-S2). (b) control loop for leg B (S3—-S4).
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Fig. 5. Open-loop control algorithm implemented on the TMS320F28379D DSP.
(a) control path left branch (S1-S2). (b) control path for right branch (S3-S4).
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The open-loop control strategy implemented on the TMS320F28379D DSP is illustrated
in Fig. 5. Fig. 5(a) shows the control flow for the upper boost leg (S1-S2), while Fig. 5(b)
presents the corresponding structure for the lower boost leg (S3—S4). Both branches receive the
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same reference RMS voltage Vi y and the input DC voltage V., and compute the duty
cycles directly without using any PI controllers or feedback signals.

The first block, sine reference generation creates the desired output voltage waveform in
the form of a 50 Hz sinusoid. Starting from the RMS setpoint V.., the peak value is obtained,
and the reference is calculated as:

Vier ) = Vrrns\/E sin(wt) (6)

where w = 2m - 50 rad/s. This signal represents the ideal differential output voltage that
the inverter should produce.

The second block, offset voltage calculation determines the DC offset V,; around which
the capacitor voltages will oscillate. The offset is chosen as

Vg = Vac + 0.5 VnV2 7

So that both capacitor voltages remain positive and there is sufficient headroom for
modulation even when the sinusoidal component reaches its peak. Based on this offset, the
Capacitor Voltage Reference block generates the reference voltages for the two DC capacitors:

Ver = Va + 0.5V, (8)

Vea =Va — O-SVref )

With this definition, the differential capacitor voltage satisfies Vgq — Vg = Vier (8),
ensuring that the inverter output follows the sinusoidal reference.

The duty computation block converts the capacitor voltage reference into a duty cycle
using the inverse relation of an ideal boost converter,

Vey =V,
dutyl = —<L~9¢ (10)
Ver
Vey — V.
duty2 = —2_4¢ (11)
Vez

Applied separately to the left and right legs. Finally, the PWM generator (ePWM1/2)
produce the gate signals for the power switches. In this way, the desired sinusoidal output is
obtained directly from the analytical relations between V., Vs, the capacitor voltage
references and the duty cycles, without any feedback or PI controllers.

4. SIMULATION RESULTS

The simulations were carried out in PSIM software to evaluate the operating
characteristics of the proposed single-phase differential boost inverter under various operating
conditions. The nominal DC input voltage was set to 100 V, while the reference AC output
voltage was 220 V RMS at a frequency of 50 Hz. A purely resistive load was employed in all
simulation scenarios.
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4.1. Steady-State Performance
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Fig. 6. Simulation results at steady state. (a) Input and output voltages. (b) Output and reference
voltages. (c) Capacitor voltages. (d) Inductor currents. (¢) Load currents.

Fig. 6(a) illustrates the DC input voltage and the AC output voltage of the inverter under
steady-state conditions. While the DC input voltage is maintained at 100 V, the output voltage
exhibits a sinusoidal waveform with a significantly higher amplitude, demonstrating the
voltage-boosting capability of the differential boost structure. Fig. 6(b) compares the actual
output voltage with the reference voltage, showing that the output voltage closely tracks the
reference in both amplitude and phase, which confirms the effective operation of the voltage
control loop under steady-state conditions. Fig. 6(c) presents the voltages across the two boost
capacitors. The capacitor voltages are symmetrical and phase-shifted by 180°, while their
average DC levels remain nearly identical. Consequently, the differential voltage between the
two capacitors forms a sinusoidal AC output voltage. Fig. 6(d) shows the inductor currents of
the two branches, which exhibit near-sinusoidal waveforms and closely follow their reference
values, indicating that the current control loop ensures balanced power distribution between the
two branches. Fig. 6(e) depicts the output load current, which is sinusoidal and nearly in phase
with the output voltage, consistent with the resistive load characteristic and indicating a power
factor close to unity.
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Fig. 7. Simulation results at load change. (a) Output current.
(b) Capacitor voltages. (c) Inductor currents.

4.2. Dynamic Response to Load Variations

Fig. 7(a) illustrates the load current when the load resistance is abruptly changed from 80
Q to 40 Q. At the instant of the load transition, the current amplitude increases rapidly due to
the increased power demand. Following a brief transient period, the load current settles into a
steady sinusoidal waveform. Fig. 7(b) presents the capacitor voltages during the load change.
When the load increases, a slight drop in the capacitor voltages is observed as more energy is
drawn from the system. However, due to the action of the voltage controller, the capacitor
voltages are quickly restored to their nominal values while maintaining voltage balance
between the two branches. Fig. 7(c) shows the inductor currents during the load transition.
Although short-duration transient oscillations occur, the inductor currents rapidly stabilize and
continue to track their reference values, indicating that the system exhibits good dynamic
response to load variations.

Fig. 8 shows the system response when the DC input voltage varies from 90 V to 110 V.
Despite the input voltage change, the output voltage remains stable and closely follows the
reference with only minor transient deviations. This result confirms the robustness of the
proposed control strategy against input voltage variations.
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Fig. 8. Output voltage response under input voltage variation (Vin changes from 90 V to 110 V).
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5. EXPERIMENTAL RESULTS

Fig. 9. Experimental setup of the differential boost inverter prototype.
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Fig. 10. Reference signal generate by DSP. (a) duty cycles. (b) Vy.er and Ve yer, Vio ref

The laboratory setup of the differential boost inverter prototype is shown in Fig. 9. The
system comprises an adjustable DC power supply serving as the input source, a 15 V auxiliary
supply for the gate drivers and control circuits, and a power PCB integrating the power
semiconductor devices and capacitors. The control algorithm is implemented on a
TMS320F28379D DSP control board, while a 40 Q resistive load is connected at the output
terminals. A laptop running Code Composer Studio (CCS) is used to program the DSP and
monitor system variables during operation, and the voltage and current waveforms are
measured and recorded using a digital oscilloscope.

The main control signals of the system include the reference voltage V.., the duty cycles,
and the PWM pulses generated by the DSP. As shown in Fig. 10(b), the sinusoidal reference
voltage Vi.rand the capacitor reference voltages Viqorand Vi, or are generated in the
microcontroller at 50 Hz, with the reference amplitude selected according to the desired output
voltage level.
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Table 2. Input and output voltage levels

DC Input voltage AC Output voltage RMS
10V 20V
20V 40V
50V 80V
70V 110V
Vo Io
Vpeak =28 Vo Io Y})eak= 13V
0 > 0»
T = 10ms/div 10V/div 1A/div T =10ms/div 50V/div 5A/div
Vo 1 (a) (©)
° ’ .‘//puk sy Vo - Io V})eak =155V
0 0
T=20ms/div  100V/div - 10A/div
T = 10ms/div 20V/div  2A/div

(b) (C)]

Vo Io Vpeak = 155V Vpeak = 140V

T =20ms/div 100V/div  10A/div
()
Fig. 11. Experimental results at different input and output voltage levels.
(a) Vin=10V. (b) Vi, =20V. (¢) Vi, =50V. (d) Vi, = 70V.
(e) Dynamic response of the inverter under load change.

Fig. 10(a) shows the duty cycle waveforms of the two inverter legs, which vary
continuously with a sinusoidal envelope following the reference signal. The duty cycles remain
within a bounded range and do not reach 0O or 1, indicating that the converter operates in the
normal modulation region without saturation.

To evaluate the inverter's voltage amplitude adjustment capability, the system was
operated with different input and output voltage levels as shown in Table 2, maintaining the
same 40 Q resistive load throughout the tests.

The experimental results shown in Fig. 11 indicate that the output voltage and current of
the inverter increase almost proportionally as the input voltage is raised from 10 V to 70 V.
Specifically, at V;;, = 10V in Fig. 11(a), the output voltage reaches approximately 20 V RMS;
when V;;,, = 20V in Fig. 11(b), the output voltage increases to about 40 V RMS. As the input
voltage is further increased to 50 V in Fig. 11(c), the output voltage reaches approximately 80
V RMS, and at V;;,, = 70V in Fig. 11(d), the output voltage attains about 110 V RMS. In all
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cases, the output voltage waveform remains nearly sinusoidal, and the current load is almost in
phase with the voltage, as expected for a resistive load. Although minor switching-related
ripples appear at higher power levels, the overall waveform quality remains acceptable,
confirming stable operation over the investigated input voltage range.

Another test case was conducted under load increase conditions, where the load resistance
was reduced from 40 Q to 30 Q. Due to the absence of a feedback mechanism in the open-loop
control scheme, the system is unable to regulate the output voltage, resulting in a noticeable
voltage drop. As shown in Fig. 11(e), when the load becomes heavier, the current drawn by the
load increases to meet the higher power demand. Consequently, a reduction in output voltage
accompanied by an increase in load current is observed. This behavior reflects the typical
response of an open-loop boost inverter when subjected to load variations.

6. CONCLUSIONS

This paper presents an output voltage control strategy for a single-phase differential
boost inverter supplied by a low-voltage DC source and implemented on a TMS320F28379D
microcontroller. The proposed topology integrates voltage boosting and AC generation in a
single stage, reducing system complexity compared to conventional two-stage structures. A
closed-loop control strategy based on PI regulators and an approximate inverse boost
compensation block was developed and validated through simulations at the kilowatt level,
showing good reference tracking and voltage balance. A low-power prototype using open-
loop control was also experimentally tested, confirming the feasibility of the approach,
although validation was limited to resistive loads and low-power conditions. Further work
will focus on comprehensive experimental evaluation of the closed-loop system under
various operating scenarios.

It is feasible to extend the proposed converter to a higher power range of 5-10 kW.
However, such an implementation would require the use of higher-rated semiconductor
devices, such as SiC MOSFETs or IGBTs, to handle increased electrical stresses. Moreover,
additional design considerations, including thermal management, switching loss reduction,
and electromagnetic interference mitigation, become more critical at higher power levels. In
practice, the adoption of closed-loop control strategies may also be necessary to maintain
stable operation and ensure consistent output performance under varying load conditions.

Acknowledgment: This study is funded by the Can Tho University, Code: T2023-111 and
THS2025-41.
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