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In this paper, a single-phase boost AC-AC converter with inherent commutation and step-
changed frequency operation is proposed. Distinct from conventional AC-AC converters,
the proposed design achieves output voltage regulation utilizing one high-frequency
switch. The inherent commutation feature of the converter negates the necessity for
additional snubber circuits or complex commutation strategies, thereby simplifying the
control method for adjusting the output voltage amplitude and frequency. The continuous
input current of the proposed converter eliminates the requirement for a bulky LC filter.
A straightforward and adaptable switching strategy is implemented to produce output
frequency variations. The approach of preventing the conduction of the body diode in
power MOSFETSs mitigates issues associated with poor reverse recovery, enabling high-
speed switching. The operating principles of the converter are elucidated across various
modes of operation, with key equations derived and analyzed. To substantiate the validity
of the proposed design, simulation results obtained using PSCAD/EMTDC software at
frequencies of 25Hz, 50Hz, and 100Hz are presented.

1. Introduction

In various power applications, the demand for reliable and
efficient AC-AC power converters is paramount. These
converters can be classified into two main categories: indirect
and direct AC-AC converters. Indirect AC-AC converters [1,
2], commonly referred to as AC-DC-AC converters, operate
through two conversion stages to produce an output waveform
with the desired voltage amplitude and frequency. Nonetheless,
the process of converting the AC input voltage to a DC voltage,
followed by inversion, inevitably introduces harmonic
distortion into the power grid. On the other hand, direct AC-AC
converters encompass matrix converters [3, 4] and AC-AC
pulse width modulation (PWM) converters [5, 6]. Matrix
converters are capable of varying both the voltage amplitude
and frequency at the output without the need for energy storage
components; however, they necessitate the integration of input
and output filters and are limited to operating as voltage buck
converters. In contemporary power electronic applications,
there is an increasing requirement for output voltage boosting.

Furthermore, these converters must navigate challenges related
to commutation, with a safe commutation strategy proposed in
[7] to mitigate such issues. Direct PWM AC-AC converters are
often viewed as more suitable for applications where only
adjustments to output voltage amplitude are necessary. These
converters offer the advantages of single-stage conversion,
enhanced efficiency and reliability, and reduced costs [8].
Nevertheless, they are unable to facilitate frequency changes,
which have become essential for a wide range of industrial
applications. Z-source AC-AC converters are categorized under
direct PWM AC-AC converters. Following the introduction of
the traditional Z-source inverter (ZSI) in [9], extensive research
has been conducted to explore the application of the Z-source
network across various power conversion types, including DC-
ACT10, 11], AC-DC [12], DC-DC [13, 14], and AC-AC [15],
owing to its distinctive features such as boost capability and
enhanced reliability compared to voltage source inverters. The
initial Z-source AC-AC converter was presented in [15],
exhibiting both boost capabilities in-phase and buck/boost
functionalities out-of-phase. However, this design was less
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reliable than the conventional ZSI, primarily due to the non-
ideal characteristics of the complementary bidirectional
switches and the inherent delays in their gate drivers. These
issues led to unintended overlap or dead times between the
switches, resulting in current and voltage spikes, as
documented in [16]. Furthermore, the input current in [15] is
discontinuous, necessitating the incorporation of an LC filter.
A potential solution to the commutation challenges faced by
AC-AC converters involves the application of an RC snubber
circuit, albeit with significant losses. While the authors of [19,
20] advocate for a complex safe commutation strategy as an
alternative to the snubber circuit, this approach is not devoid of
shortcomings, as it entails higher costs and increased control
complexity. A concept known as "switching cells" was
introduced in [17]. This approach involves partitioning the
circuit architecture into two identical cells, allowing for the
substitution of bidirectional switches with unidirectional
switches combined with diodes. To effectively address the
commutation challenges posed by the converter using
switching cells, precise sensing of the input voltage-particularly
in the vicinity of zero-is essential. The modulation of pulse-
width modulation (PWM) is dependent on the polarity of the
input voltage. Within a switching cell circuit framework, only
one high-frequency switch is activated during each half-cycle,
with the other remaining inactive until the following half-cycle.
If the input voltage polarity is inaccurately sensed, it may result
in improper operation of the switches. Therefore, accurate
sensing of the input voltage polarity is crucial for the
converter's proper functionality. A direct AC-AC converter
utilizing four bidirectional power switches was innovated in
[18]. This converter features a n-shaped circuit design formed
by the power switches and other components, allowing for
simultaneous regulation of the output voltage's phase and
magnitude. However, it encounters challenges such as
commutation difficulties, limited voltage gain, and pulsating
input current. Conversely, high-gain Z-source boost AC-AC
converters [19, 20] mitigate these issues by implementing a
reliable commutation strategy that eliminates the necessity for
snubber circuits; however, they do not facilitate inverting
operations and involve complex control techniques.
Furthermore, a boost AC-AC converter with variable frequency
was presented in [21], though it suffers from drawbacks such as
the requirement for a bulky input LC filter and low voltage gain.
In [22], an asymmetric bipolar output voltage is provided at
output. By preventing body diode conduction in MOSFETs, the
issues associated with poor reverse recovery are addressed,
enabling the implementation of high-speed power MOSFETs.
However, the presence of series diodes with all switches
increases the total number of semiconductor devices, leading to
higher conduction losses and reduced efficiency. In non-
inverting operation, the converter can function in boost mode;
however, in inverting operation, it is limited to buck-boost
mode. This buck-boost operation results in greater voltage and

current stresses on the switches compared to boost converters,
consequently increasing both switching and conduction losses.
While the boost AC-AC converter discussed in [23] facilitates
step-changed frequency operation with continuous input
current, it is characterized by a low voltage gain. Additionally,
this configuration necessitates precise input voltage sensing,
which may lead to interface complications in the switches,
particularly when the input voltage approaches zero and is not
accurately detected. The topology presented in [24] offers both
step-changed frequency and bipolar step-up amplitude
operations; however, it is hindered by commutation issues and
requires dead times between complementary power switches.
Furthermore, the inherent connections of the body diodes in the
switches contribute to operational challenges. The effective
functioning of high-frequency switches in this converter
demands exact input voltage sensing, which adds to the
complexity of control, increases costs, and contributes to
additional losses. In contrast, the converter presented in [25]
proposes a single-phase AC-AC configuration that addresses
commutation challenges while also ensuring continuous input
current. Nevertheless, this design involves a considerable
number of high-frequency switches and energy storage
components, thereby enhancing its overall complexity. A
family of single-phase boost AC-AC converters utilizing
impedance network cells with symmetric bipolar operation is
introduced in [26]. In this study, output voltage regulation and
frequency variation are achieved with the use of only four
switches. However, the increased number of diodes results in
higher conduction losses, and the input current is quasi-
continuous, necessitating the incorporation of a compact input
LC filter. The converter outlined in [27] employs switched
capacitor cells to achieve high voltage gain; however, it also
suffers from commutation challenges, lacks the capability for
frequency adjustment, and entails a high number of power
switches, ultimately leading to increased implementation costs.

To address the aforementioned challenges, this article
proposes a single-phase boost AC-AC converter with inherent
commutation and step-changed frequency operation. The
proposed converter employs only five switches, which is a
reduced count in comparison to other existing converters. In
this design, a single high-frequency switch is modulated using
a high-frequency PWM signal throughout both half-cycles of
the input voltage. This approach obviates the need for precise
sensing of input voltage polarity and facilitates the
implementation of a straightforward switching strategy. The
output frequency can be varied as a multiple or fraction of the
input frequency, rendering this converter particularly suitable
for applications such as high-gain AC-DC rectifiers, inductive
power transmission systems, and traction systems. Unlike
indirect AC-DC-AC converters [1, 2], the proposed converter
facilitates a single-stage direct AC-AC power conversion and
requires only a minimal capacitance of a few microfarads
(greater than 1pF). This requirement represents a significant



reduction from the substantially larger dc-link capacitors
(greater than 1mF) typically employed in indirect AC-DC-AC
converters. As a result, the proposed converter enables the use
of a dependable (long lifespan), efficient (characterized by low
equivalent series resistance losses), and compact film capacitor.

Moreover, the converter achieves inherent commutation
without necessitating the division of the circuit into positive and
negative switching cells, thereby enhancing the simplicity of its
switching strategy. The input current maintains continuity
without the need for a substantial filter on the input side. The
prevention of body diode conduction in power MOSFETs
mitigates issues related to poor reverse recovery, allowing the
use of MOSFETs and enabling selection of a high switching
frequency. Consequently, this reduces the size of passive
components. The proposed converter has been thoroughly
analyzed across various operational modes. To validate the
theoretical equations and assess the precision of its
performance, simulation results obtained using
PSCAD/EMTDC software are presented.

II.  Proposed Single-phase AC-AC Converter

The configuration of the proposed AC-AC converter is
illustrated in Fig. 1. This converter comprises one high-
frequency switch (S), four low-frequency switches (S, S, S5,
S4), one inductor (L), seven diodes (Dp1, Dp2, Dyi, D2, D1, Do,
Ds), and three capacitors (C;, C», Cs). The low-frequency
switches determine the output voltage polarity in relation to the
input voltage source (v;), allowing operations in both non-
inverted and inverted modes. Capacitors are integrated into the
design to store energy and provide a freewheeling path for the
current flowing through the inductor, thereby enabling the
proposed AC-AC converter to utilize an inherent commutation
strategy. Consequently, there is no requirement for an
additional safe commutation strategy or snubber circuit.

Fig. 1. The configuration of the proposed converter.

A.  Switching Strategies of proposed converter

Fig. 2 illustrates the switching strategy employed by the
proposed AC-AC converter to generate three distinct output
frequencies: fi/2, f;, and 2f;. As depicted, the colored waveforms
of the output voltage enhance the interpretation of states 1, 2, 3,
and 4 across the various frequencies. These states (1-4) are
determined by the conditions of the positive and negative input
voltage sources during each half-cycle and the activation of the
positive switch pairs (S, S3) and negative switch pairs (S2, Ss).
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State 1 is realized when the input voltage source is within its
positive half-cycle and is conveyed to the output via the
positive switch pairs, resulting in an in-phase output, referred
to as non-inverting. In contrast, state 2 is achieved when the
input voltage remains in its positive half-cycle and the negative
switch pairs are engaged, leading to an out-of-phase output,
thus termed inverting. States 3 and 4 occur during the negative
half-cycle of the input voltage, depending on whether S and S3
or S, and S4 are activated, resulting in inverting and non-
inverting configurations with respect to the output,
respectively. These four states facilitate the generation of
varying output frequencies. The proposed converter is capable
of producing frequencies f,=kf; and f,=f/k where k=1,2, 3, ...
at the output.
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Fig. 2. The switching strategy of the proposed converter.

B.  Analysis of proposed converter

The proposed AC-AC converter is examined in two
operational states: state 1, characterized by a positive input and
a corresponding positive output, and state 4, marked by a
negative input producing a negative output, for the purpose of
generating an output frequency of f,=f. Similarly, an analysis
of the converter in states 2 and 3 can be conducted to yield
frequencies of £,=f/2 and f,=2f;. The converter has been studied
in two distinct operational modes: DT and (1-D)7; intervals.
Key equations have been established concerning the voltage
stress experienced by components, the current flowing through
them, and the voltage gain of the converter. Prior to the
analysis, the following assumptions are made: 1) The converter
operates under continuous conduction mode; 2) The switching
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frequency (f;) is significantly greater than the input source
frequency (f;); and 3) All components are treated as ideal.
State 1: In state 1, the positive switch pairs ) and S; are
activated, while switches S> and S, remain in the off position,
resulting in non-inverting operation. During the positive half-
cycle of the input voltage, diodes D, and D,; are conducting,
whereas diodes D, and D, are non-conductive in this state.
The switch S operates during the intervals defined by DT, and
(1-D)Ts; as previously mentioned, switch S remains active
throughout both half-cycles of the input voltage.

DT, interval: Fig. 3(a) illustrates the equivalent circuit for this
operational mode. The switch S is activated during the DT
interval. The diodes D; and D; remain non-conductive due to
the negative voltage present across them, resulting in the
creation of a parallel configuration involving capacitors Ci, D,
(>, and S. Initially, the inductor L is charged through a loop that
comprises the input voltage source, D,1, D> and S, leading to
an increase in the energy stored in the inductor. Subsequently,
capacitor C, is charged via the established parallel loop, causing
its voltage to rise. Ultimately, the voltage across capacitors C;
and C; provides power to the load. The application of KVL in
this operational mode can be expressed as follows:

U, =7 (1
Ve1 = Ve2 )
Vo = Vcz + Vcq (3)

(1-D)Ty interval: Referring to the equivalent circuit depicted in
Fig. 3(b), the S is turned off, resulting in D, not conducting
during the interval of (1-D)T. C, is charged by the input voltage
and L through the loop formed by D1, D,1 and D,,, leading to
an increase in the energy stored within the C,. Additionally, Cs
is charged by capacitor C,. By applying KVL in this operational
mode, the equation can be derived as follows:

VL =Vi =V )
Ve2 = Vc3 (5)
By employing the voltage-second balance principle for inductor
L, the voltage across the capacitors can be expressed as follows:
Vei—c3 =+ lli_iD (6)
By substituting equation (6) into equation (3), the voltage gain
(G) of the proposed converter in state 1 is derived as follows:
G="0=4 1 (7)

1-D

vi

State 4: In state 4, the negative switch pairs S, and Ss, along
with D, and D,,, are activated during the negative half-cycle
of'the input voltage source, facilitating non-inverting operation.
DT; interval: The equivalent circuit for this operational mode
is presented in Fig. 3(c). During this mode, the S is activated.
Diodes D; and D; are reverse biased and do not conduct. The
energy stored in the inductor L is increased through a loop that
comprises the input voltage source, D,1, D,» and S. The energy
stored in capacitor C; also serves to charge capacitor C,, while
the load is supplied by capacitors C; and Cs. The application of
KVL in this operational mode can be expressed as follows:

v, = ®)

Ve1 = Ve2 )

Vo = Ve3 + Vc1 (10)

(1-D)T; interval: The equivalent circuit for this mode is
illustrated in Fig. 3(d). The S is deactivated during in (1-D)7}
interval. C; is charged via the loop formed by the input voltage
source Vvj, L, Du1, D2, and D,. With a positive voltage applied
across D1, and Ds, these diodes become conductive, providing
a pathway for the energy stored in the inductor L to discharge
into Ci, Cs, and the load. The application of KVL in this
operational mode can be articulated as follows:

VL =Vi =V (11)

Vez = Vcs (12)

By employing the voltage-second balance principle for inductor
L, the voltage across the capacitors in state 4 can be expressed
as follows:

Verocs = + s (13)

By substituting equation (13) into equation (10), the voltage

> --->

(d
Fig. 3. Equivalent circuits of the proposed converter (a) DT
interval of state 1. (b) (1-D)T5 interval of state 1. (c) DTy interval
of state 4. (d) (1-D)7 interval of state 4.



gain of the proposed converter in state 4 is derived as follows:
v, 2

G = V—‘z =+ (14)
Based on the equations presented in equation (7) and equation
(14), when the signs of the input voltage and output voltage are
identical (either both positive or both negative) during a half-
cycle, the voltage gain is positive (as seen in states 1 and 4).
This indicates a non-inverting output relative to the input
voltage. Conversely, when the input voltage is positive while
the output voltage is negative, or vice versa (as observed in
states 2 and 3), the voltage gain exhibits a negative sign,
indicating that the output is inverted in relation to the input
voltage.

II1. Parameter Design

A. Active Components Selection

Semiconductor devices must be selected to withstand the
maximum peak voltage and current values without sustaining
damage. Therefore, it is imperative to ascertain the maximum
voltage and current specifications for the switches and diodes.
The peak voltage stresses experienced by the switches and
diodes can be calculated using the following equations:

VS(peak) = \/E

D1-D3(peak)

Dip,n(peak)
D2p,n(peak) (15)

1
m Vi(rms)

VSl—S4(peak) = \/E(lf—D)Vi(rms)
The peak current flowing through the switches, diodes, and
inductor, as well as the root mean square (RMS) currents of the
switches, inductor, and capacitors, and the average currents of
the switches and diodes over a complete line cycle are
calculated and presented in Table 1.

TABLE 1: THE CURRENT EQUATIONS OF COMPONENTS

Switches/Ioms)
Peak RMS Average
_Varp) 1D 2pa+D)
S=DA-D) 1 -D)WD 57 m(1-D)
Is3_56 = V2 Isy 54 = % Is1-s4 = ﬁ
3
Diodes/Io¢ms)
Peak Average
Ipipn = ﬂ’ Ipips = 2 Ip1pn = i’ Ib1-ps = =
pagm (D) ’ (1-D) p2pn  TAD) T
B
p2 ="
Inductor/Iygms)
Peak RMS
_2V2 I = 2
L=d-D) LT a-n)

Capacitors/Zy;ms

RMS

(1+D)

, , [t , D
icg = iy = [——, ic3= [—
€1~ /ba-py €2 pa-py €3 1-D
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B.  Passive Components Design
The required inductance value can be determined using the

following equation:
_ ViIDTs

(16)
A1

In the previous equation, the voltage applied across the inductor
during AT = DT is represented by [V,|. The maximum
permissible current ripple, denoted as AI;, has been established
as Al = x%I; peak), Where I pear Tepresents the peak current
stress experienced by the inductor, as indicated in Table 1.
Consequently, the necessary inductance value for the proposed

converter can be derived using the following equation:

L = 2trmo (17
x%fsPo

The required capacitance value is determined through a

methodology analogous to that used for calculating inductance

values. Consequently, the necessary capacitance can be

expressed as follows:

_ lIcIDpTs
 lavel (18)

In this context, |I.| represents the current flowing the
capacitor during the DT interval, AVe = y%V¢(peary denotes
the maximum permissible voltage ripple, and Vpear signifies
the peak voltage across the capacitor. Therefore, the necessary
capacitance value for the proposed converter can be computed

as follows:
_ (1+D)(1-D)?P,
G ="
2Y%SsVi(rms)
_ (1-D)?Pp,
C =00 (19)
2y A’fsvi(rms)
__ D(1-D)?P,
C3 - 0, 2
2y A’fsvi(rms)

IV. Control Block Diagram for Output Voltage
Regulation
The control block diagram for the proposed converter is
shown in Fig. 4. In order to regulate the operation of the
switch pairs 51,53 and S»,54, which operate at line frequency,
a comparator is employed to assess the polarity of the input
voltage. The peak output voltage is calculated using the
methodology outlined in [29], as illustrated in the block
diagram in Fig. 5, and is acquired as follows:
\/[Vo sin(wt)]* + [v, cos(wt)]* = Vopeak) (20)
The incorporation of low-pass filters (LPFs) at both inputs

of the peak voltage detector is intended to attenuate high-
frequency noise, thereby decreasing the potential for
erroneous switch activations. The detected peak output
voltage (Vopeary) is then compared to the reference voltage
(Vorrep), resulting in the generation of an error signal (ve(?)).
This error signal is processed by a proportional-integral (PI)
controller, which computes the duty cycle (D(¢)) necessary
to adjust the output voltage to the desired reference level.
The operation of the PI controller is characterized by the
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proportional gain (k) and the integral gain (;), as depicted
in Fig. 4. Ultimately, the control signals consist of a high-
frequency PWM pulse for switch S, in addition to four low-
frequency PWM pulses (operating at line frequency) for
switches S1-Ss, which are subsequently sent to the converter.

. Proposed
g olarir| | )11 | Boost AC-AC | . DP ack
etector i etector
- Converter

PI Controller

i kv, (2)
Modulation | D(t) X
| Fig2 | ®

v.(0) [ Vo(peak)

T Vo(rer)

Fig. 4. The control block diagram of the proposed converter.

k, j. v,(t
0

Paek Voltage Detector
Fig. 5. The block diagram of the peak voltage detector.

V. Comparative Analysis

Table 2 presents a comparative analysis between the proposed
converter and various other single-phase boost AC-AC
converters. The voltage gain relative to the duty cycle for the
proposed converter, alongside the gains of other converters, is
illustrated in Fig. 6(a). The voltage gain of the proposed
converter is found to be comparable to that of the converter
presented in [27], while exceeding the gains of most other
converters. As shown in Table 2, the proposed topology
features the fewest switches in its design, second only to the
converter in [26], which utilizes four active switches but
additionally requires nine external diodes and exhibits a
discontinuous input current. Moreover, converters [20, 24, 27]
face commutation issues that necessitate dead or overlap times
to avoid short circuits in capacitors and open circuits in
inductors, negatively impacting the quality of the output
voltage waveform. Although the converter discussed in [25]
addresses commutation challenges, it does so at the cost of
employing a significant number of active and passive
components while yielding a low voltage gain. The proposed
converter, along with those in [23-26], provides symmetrical
voltage gain and enables step-changed frequency operation,
making them particularly suitable for high-gain AC-DC
rectifiers and traction systems. The converters detailed in [20]
and [22-27] depend on precise input voltage polarity sensing,
as the operation of their high-frequency switches is contingent
upon accurate detection of this polarity. Such dependence can
lead to interface complications, especially when the input
voltage is close to zero and its polarity cannot be precisely

identified. In contrast, the proposed converter mitigates this
issue by employing a single high-frequency switch that
operates across both half-cycles of the input voltage,
independent of voltage polarity sensing. Furthermore,
converters [20, 24, 27] experience challenges due to high-
frequency conduction of the body diode in the switching
devices, along with associated reverse recovery problems.

Fig. 6(b) and 6(c) illustrate a reduction in both the total voltage
stress across the switches and the current that flows through
them in the proposed converter. While converters [20, 22, 26,
and 27] also exhibit reductions in voltage stress for various
voltage gains (G) when compared to the proposed converter,
they are associated with significant issues, including
commutation challenges, increased complexity in control and
switching patterns, a higher number of high-frequency switches,
and conduction through the body diode of the switching devices.
The switching device peak power (SDPpeq), which is directly
correlated to the overall power rating and cost of the switching
devices, as well as the average power (SDP,,.), which is related
to losses and the thermal requirements of the devices [28], are
defined for the proposed converter as follows:

2+18D—8D?
SDPpeak = Zgzl Vn(peak)ln(peak) = D(1-D) Po (21)
24-12D
SDPave = 22:1 Vn(peak)ln(ave) = n(1-D) Po (22)

In equations (21) and (22), Vapeak), Inpears, and uave) represent
the peak voltage, peak current, and average current of the nth
device, respectively. The normalized values for peak power
(SDPpeqr) and average power (SDP,.) of both the proposed
converter and its counterparts are presented in Fig. 7 as a
function of voltage gain. It is evident that the proposed
converter demonstrates the lowest peak and average power
ratings for the switching devices when compared to converters
[20, 22, 23, 25, 26]. This suggests that the proposed converter
requires a reduced total power rating, lower cost, diminished
losses, and minimized heatsink requirements.

VI. Simulation Results and Loss Analysis

A.  Simulation Results
To validate the effectiveness and ensure the reliability of the
proposed converter, simulation results are presented using
PSCAD/EMTDC software. The parameters employed in the
simulation are outlined in Table 3. To demonstrate the
capability of the proposed converter regarding step-changed
frequency operation, performance evaluations have been
conducted at three specific frequencies: 25Hz (stepped down),
50Hz (identical to the input voltage source), and 100Hz
(stepped up), with a duty cycle (D) of 0.5. Fig. 8(a) illustrates
the input voltage waveform (¥;), which exhibits a peak value of

TABLE 3: PARAMETERS USED IN THE SIMULATION

Parameters and Values
Vi(peak) fS D fL
S0V 100KHZ 0.5 50HZ 4uF

G -G L load
400puH 80Q
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TABLE 2: COMPARISON OF THE PROPOSED CONVERTER WITH OTHER AC-AC CONVERTERS

Parameters [20] [22] [23] [24] [25] [26] [27] Proposed
Voltage gain 1+ (N-1)D 1 1 1 1 1+D 2 2
1-D 1-D 1-D 1-D 1-D 1-D 1-D 1-D
No. of switches 4 6 6 8 8 4 8 5
No. of diodes - 6 8 8 9 - 7
No. of inductors 1 1 1 2 6 2 1 1
No. of capacitors 2 2 2 3 3 1 3 3
Symmetrical voltage gain No No Yes Yes Yes Yes No Yes
Continuous input current Yes Yes Yes Yes Yes No Yes Yes
Step-changed frequency No No Yes Yes Yes Yes No Yes
operation
Control complexity High Moderate  Moderate ~ Moderate ~ Moderate  Moderate High Low
Inherent commutation No Yes Yes No Yes Yes No Yes
Need dead or overlap time Yes No No Yes No No Yes No
Body diodes conduction Yes No No Yes No No Yes No
107 T T T 10 \44““ T T T | ”‘
[20J(V =2) N e 23 ~
8t 6] 77" 15 8 A S
6l Pr (1/)(;;(5[.[27] IE: 6 | £
G ¢ 5
4+ 1% 4 e S
" 8 /’1/ ﬂ:".\ g
2 [22-25] 13 2 Proposed - [2+2] v : -:'LE
2om 2 S [26,27] [20)(N =2) 3
%0 01 02 03 04 05 06 07 08 09 1 ° 73 4 6 7 8 9 1 ‘r 2 3 4 5 6 7 % 9 0

0.5
D

@

(b) ©

Fig. 6. Comparison plots, (a) Voltage gain, (b) Total switches voltage stress, (c) Total switches current stress.

SDF, (P,

SDE, I E,

(®)
Fig. 7. Total switching devices power of the proposed converter
and other converters, (a) SDPpeak. (b) SDPave.

50V. Fig. 8(b) presents the output voltage waveform (V) of the
proposed converter at 25Hz, revealing four distinct states
corresponding to the signs of the input voltage source. The
output voltage waveform (V,) for the frequency of 50Hz is

depicted in Fig. 8(c), where it can be observed that the output
voltage is increased and remains entirely in phase with V.
Based on equation (7), the maximum output voltage is
calculated to be 200V, which aligns well with the simulation
results obtained. Subsequently, Fig. 8(d) shows the output
voltage waveform of the proposed converter at f,=100Hz,
which also exhibits four states. As illustrated in Fig. 8(d), each
half-cycle of the input voltage contains two states, which are
either inverted or non-inverted based on the sign of the input
voltage. The voltage stress on the capacitors, switches, and
diodes with their zoomed-in waveforms is depicted in Figs. 9(a)
to 10(d). The calculated voltage stress values on the capacitors,
derived from (6), and those on the switches and diodes,
calculated using (15), closely correlate with the simulation
outcomes presented in Figs. 9(a) to 10(d). The zoomed-in
the voltage across the
semiconductors indicate the absence of short circuits or voltage
spikes during the operation of the proposed converter, which is
consistent with the analytical results obtained. Fig 11(a) and Fig.
11(b) presents the simulation results for the input and output
voltage and current waveforms, along with their zoomed-in
views, under an R-L load characterized by a resistance of
R=80Q and inductance L=50mH, operating at an output of
50Hz.

waveforms illustrating stress
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This demonstrates the proposed converter's capability to
manage non-unity load conditions. Additionally, the input and
output waveforms of the proposed converter are depicted in
Figs. 11(c) and 11(d), showcasing its performance as the load
resistance varies from 60Q to 90Q. The waveform analysis
reveals the converter's proficiency in sustaining inherent
commutation while exhibiting the absence of voltage spikes
during load transitions.

B. Loss Analysis
In non-ideal operating conditions, each component of the
converter contributes to the overall power losses. These losses
are primarily categorized into two types: conduction loss
(Pcona) and switching 1oss (Pswirching), Which together constitute
the total power loss of the converter (Pr.s). To obtain an
accurate assessment of the total losses, it is essential to

consider several key parameters, including the on-state
resistance of the switches (rs), the equivalent series resistance
associated with the capacitors (r¢), the resistance of the
inductor (7;), the forward voltage drops across the diodes (Vr),
the switching frequency (f;), as well as the turn-on (#,) and turn-
off (z) times of the switches. The formulations for Peona,
Pgyitching, and Prog can be expressed as follows:

(Pcond = rS(ISZ(rms) + 1321—54(rms)) + rL(IE(rms)) +

Ve(Ip1pn(ave) + Ips—ps(ave)) +
D2pn(ave)

Tc (Icgl(rms) + Igz(rms) + IgS(rms)) (23)

Pswitching = %VS(rms) IS(rms)fs (t + tf)

Pross = Peona + Pswitching
It is presumed that the voltage and current fluctuations in the
inductors and capacitors are insignificant. The switching losses
are primarily associated with the high-frequency switch S. The



root mean square (RMS) values of the currents flowing
through the capacitors, inductors, and switches, along with the
average current values for the diodes, are computed over one
line period and presented in Table 2. This can be formally
expressed as follows:

2
Pross =15 (22) + (V) e +

(1-D)VD.
1
gVS(rms)IS(rms)fS(tr + tf) +

_8V2_ 62 2 \2 2 (24)
VF (n(l—D) + T) Io(rms) +7 (3) Ia(rms) +

1+D 2 1 2 D z 2
e (m) +(\/D(1—D)> +<\/;> Loems)

Ultimately, the efficiency of the proposed converter can be
evaluated as follows:

Po
n

Po+PLoss

The non-ideal voltage gain (G ") of the proposed converter can

(25)

be expressed using the following equation:
G

O = oo (26)
Fig. 12 presents the characteristics of conversion efficiency
and voltage gain as a function of duty cycle (D) under the
specified conditions:  Viemy=50V, V=0.7V, rs=0.04Q,
t+t=100ns, f=100kHz, and R=80Q. The analysis in Fig. 12
indicates that at high duty cycles, an increase in inductor
resistance (7)) and capacitors resistance (rg; = 1oy = T'e3 = 17)
can significantly impair both the voltage gain and efficiency of
the converter.

Fig. 13 presents a comparison of the efficiency curves for the
proposed converter alongside those of other converters [20, 22,
23, 26] under matched operating conditions, specifically at an
output voltage of 140V, and a gain of 4, over a broad
spectrum of output powers ranging from 50W to 450W. As
depicted in Fig. 13, the proposed converter exhibits superior
efficiency compared to the other converters throughout the
entire output power range. The impressive efficiency attained
by the proposed converter can be attributed to several factors,
including the optimized use of a reduced number of switches
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Fig. 12. The efficiency and non-ideal voltage gain curves.
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and the effective mitigation of commutation issues, achieved
without any overlap or dead time.

VII.Conclusion

This paper presents a single-phase boost AC-AC converter
with inherent commutation and step-changed frequency
operation. When compared to existing boost AC-AC
converters, the proposed design exhibits a higher voltage gain
and eliminates the necessity for bidirectional switches.
Moreover, the commutation issue is addressed inherently,
negating the need for division into two sub-circuits, which
effectively reduces the number of components, overall costs,
and size of the converter. As illustrated in Fig. 2, the proposed
converter features a straightforward control method that
involves turning a single high-frequency switch on and off
during both half-cycles of the input voltage. This configuration
helps minimize conduction losses and enhance overall
efficiency. The simulation results validate these assertions
across three frequencies: 25Hz, 50Hz, and 100Hz.
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