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Abstract— Over the last few years, there has been a high demand
for new or improved isolated DC-DC to fulfill requirements of
applications related with RES. In this context, this paper
introduces a new isolated DC-DC converter, for use in
renewable energy applications. The topology proposed contains
an Active quasi-switched Boost Three-Level T-type DC-DC
converter with continuous input current at the converter input
side, connected to a high-frequency step-up isolation
transformer, and a voltage doubler rectifier (VDR) on the
output side. The steady-state analysis of the proposed converter
is presented and discussed. Simulation results are presented to
verify the theory and performance of the converter.

Keywords — isolated DC-DC converter; active quasi-switched;
high-voltage gain; voltage doubler rectifier.

I. INTRODUCTION

DC-DC converters play an important role in the
integration of different Renewable Energy Sources (RES) into
DC distribution networks, according to the desired
requirements and adopted equipment interface [1]. They also
have a special importance in many other applications, such as
Electric Vehicles (EV), allowing to interconnect all the types
of onboard electric devices operating with different voltages
[2]. There is a constant research regarding the design of new
DC-DC converter topologies with high-voltage gain ratio and
buck-boost ability to extend the operation of RES, and other
power sources, all over the available voltage ranges,
extracting efficiently as much energy as possible. Several
isolated and non-isolated power converters have been
proposed recently in literature to achieve simultaneously these
features [3]-[6] in several application. Nevertheless, there are
numerous other aspects, such as galvanic isolation, safety,
protection, costs, dynamic performance, filtering/EMC/noise
emission requirements, input continuous currents, multistage
energy conversion structures and intrinsic control algorithms,
efficiency, reliability, weight-volume ratio, voltage stress over
power devices and some others issues that should be taken into
account during the design of the DC-DC converters. Usually
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the most important aspects are the voltage gain ratio, galvanic
isolation requirement, effective cost, efficiency, input
continuous currents, filtering/EMC/noise emission, followed
by the simplicity of the circuit (reduced component count).
Other aspects can also be considered whenever possible, but
is quite difficult to include all the desired features.

For DC distribution network applications, the design of the
front-end isolated DC-DC converter is usually one of the most
challenging aspect because this stage is almost always
associated with high currents in the primary part of the DC-
DC converter, leading to high switching and conduction losses
in the power devices which reduces the efficiency. Also, the
galvanic isolation interface is responsible for high weight,
volume and overall dimensions but this is essential to provide
the necessary isolation and safety requirements. There main
solutions adopted for such applications use configurations
such as full-bridge DC-DC converter and dual-active-bridge
(DAB) composed by a high-frequency duty ratio controlled
Voltage Source Inverter (VSI) in the primary side of a high-
frequency step-up isolation transformer and a controlled
Voltage Source Inverter or a rectifier and filter assembly in the
secondary side of the transformer, depending on bidirectional
or unidirectional requirements [6]-[9]. In these configurations
the isolation transformer is usually designed with a large turns
ratio for effective step-up voltage This solution is known as
direct step-up isolated DC-DC converter without input voltage
pre-regulation, which offers less complexity, less component
count and higher reliability but, on the other hand, presents
less voltage regulation which becomes incompatible with
certain applications. Usually, when high-voltage gain ratios
are required, more auxiliary boost circuits are introduced
before the isolated DC-DC [10], creating a solution with
proper input voltage pre-regulation. This auxiliary boost
circuit, which can be a single DC-DC converter with separate
modulation and control [11] or can comprise an Z-source
network, benefits from integrated modulation and control
[12]-[16]. Z-source source networks are an emerging
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technology in various power conversion applications, in
which no additional active switches are required to provide
step-up capability [17].

This paper is devoted to a new power circuit topology to
be implemented in the front-end DC-DC converter for
distributed power generation. The topology proposed contains
an Active Z-Source Buck-Boost Three-Level T-type DC-DC
converter with continuous input current at the converter input
side, reduced passive element count, low voltage stress on
additional power devices and also the self-balance capacitor
voltage capability. The converter is also connected to a high-
frequency step-up isolation transformer with a voltage doubler
rectifier (VDR) in the output side. This circuit is ideal for
applications were the input voltages are subject to large
variations as usually happens with RES and were stable and
higher voltages are required such as DC Microgrids.

II. DESCRIPTION OF PROPOSED TOPOLOGY

This paper proposes a single-stage Active Z-Source Three-
Level T-type with reduced component count which is
expanded from the switched-capacitor based Active Z-Source
two-level inverter topology in [18]. Therefore, the proposed
inverter has all inherent merits of the switched-capacitor based
Active Z-Source such as single-stage power conversion,
shoot-through (ST) immunity, improved voltage gain,
continuous input current, low ST current stress, and low
voltage stress on the capacitors, diodes, and switch. Since one
of the main limitation of the Z-Source inverters is the impact
of the ST state in the converter operation, the proposed three-
level solution allows to minimize the duty-cycle of the ST
state when high-voltage gain ratio is required. The proposed
topology is illustrated in Fig. 1 where the additional SA power
device combined with the bidirectional power devices S5 and
S6 allow to provide the multilevel operation to minimize the
duty-cycle of the ST.

[+
@
¥

:
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Fig. 1. Circuit diagram of proposed Active Z-Source Buck-Boost Three-
Level T-type isolated DC-DC converter.

III. ANALYSIS OF THE PROPOSED CONVERTER

In this paper the purpose is to perform a PWM modulation
and at the same time adjust the primary voltage of the
transformer through the ST duty-cycle of the active quasi-
switched circuit to achieve the desired output voltage. In the
steady-state analysis of the proposed converter, it is assumed
ideal power devices and the stray inductances of the circuit are
very small and thus ignored. It is also assumed a small snubber
capacitor to perform ZVS operation of the power device SA
and the deadtime intervals associated to this operation is very
short and ignored in this analysis. Finally, the capacitors C1
and C2 are considered large enough to maintain a fixed
capacitor voltage. The operation of this converter can be
divided in two different modes, ST state and non-ST state. Fig.
2 shows a simplified circuit in the ST state, where all the main
power devices are turned on.
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Fig. 2. Simplified topology during the ST operation.

During the ST state the operation can be divided in four
different sub-states to achieve ZVS considering the snubber
capacitor Cs. These modes are presented from Fig.3a) to
Fig.3d). In Fig. 3(a) the main power devices of the single-
phase inverter and the power devices of the T-type bridge are
turned on at the same time, while switch Sa is turned off.
Diodes D1 and D2 are reverse-biased and the currents are
reduced to zero. In this sub-state the snubber capacitor Cs
discharges until zero voltage and therefore the Drain—Source
voltage over the power device Sa is zero. This means that, in
the control strategy is necessary to create a small time delay
to discharge the capacitor Cs. Fig. 3(b) shows the next sub-
state which happens when the capacitor Cs start to charge
inversely which force the body diode of Sa diode to turn on to
freewheel the current. Notice that this procedure forces the
balance of the capacitors C; and C, since they are in parallel.
In this sub-stage Sa is turned on with near zero-voltage
switching (ZVS) because the direction of the current is
reversed through the body diode of Sa. This sub-stage ends
when the current flowing to the body diode of Sa reaches zero.
In this two sub-stages the inductor L; stores energy.

c +
T
L, D,
—/TTI .
WO L_
t Cs
+ Sa 4 =C,
Vit - ' E
D, 4
.
a)
Ci -
1—‘——
L, D,
vwwvi
Cs
+ Sa|leq :# + =C,
Vi -
D,
.
b)
Ci=
L, D,
w-,uwi
Cs
+ Sgu- # + =C,
Vi ==
D,
o
c)

ICRERU (24 licensed use limited to: b-on: Instituto Politecnico de Lisboa. Downloaded on January 06,2025 at 10:25:07 UTC from IEEE Xplore. Restrictions apply. 322

November 9-13, Nagasaki, JAPAN



13th IEEE International Conference on Renewable Energy Research and Applications

+
C, -y
L, D,
wwwii
— Cs
+ SJ»«— + =C,
Vi == .
D,
)

d)
Fig. 3. Operation of the circuit in ST mode considering a snubber circuit
and stray inductances in the circuit, assuring ZVS operation.

Fig. 3(c) shows the next sub-stage when the current starts
to flow over the power device Sa, charging the capacitor C,
and discharging capacitor C,. The inductor L, continues to
store energy in this sub-stage. Finally, in the last sub-stage,
represented in Fig. 3(d), the power device S is turned off at
hard switching, while the ST state remains in all the other
power devices of the proposed converter. The voltage stress
over Sa is equal to voltage difference between capacitors C1
and C2, which is very small.

In the ST state, while the switch Sa is turned on, the
inductor current in L1 increases and the following equations
are obtained as (see Fig 3c¢)):

di
L — = Vin Ve
t (1)
Ver = Ve
Vper =0
d d 2
1,,=G, e -G o @
dt dt

Fig. 4 shows the operation modes in non-ST state to apply
+VDC2, VDCI1 and zero voltage.
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Fig. 4. Operation of the circuit in non-ST mode to obtain the different
voltage in the transformer input: (a) +VDC2, (b) +VDCI, (c) zero
voltage, (d) freewheeling mode.
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In the non-ST state, the inductor current in L1 decreases
and the following equations are obtained as (see Fig. 4a)):

di
L — = Vin = V2
dt 3
Vocr =Ver TVer
d
I, =G, ‘o +1,
dt )
dve,
Cl = Io
dt

The average capacitor voltages of the proposed inverter is
calculated by applying the volt-second balance principle to
inductor L1, from (1) to (4), as presented in (5).

{(Vm +Ve )D+(V, =V, )(1-D) =0

(5)
Ve =Ve,

Solving (5) is possible to obtain (6) as the relationship
between the capacitor voltages and the input voltage.

1

Ve =Ve, = me

(6)

Since the output voltage Vpc: is given by (7) (see fig. 1 to
identify Vpc), the gain of the converter regarding the input
voltage is obtained by (8), which is the maximum DC voltage
on the inverter leg in non-ST state.

Voer =Ver + Ve, =2V, @)

Vocr =Ver + Ve, :me = %

In the same way, Vpci is given by (9).
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1 4 1
Voer =Ver = V, =G, =L =
e (1-2p) " T v, (1-2D) ©)

Considering the transformer ratio » and the VDR circuit in
the output, the output load voltage can be expressed by (10).

% =2uTR1‘G1 _ Aty _ "
o n n(1-2D) (1-2D) ™

(10)

Table I shows all the available states for each switch and
diode according with the operating principle of the proposed
converter and the corresponding voltages applied to the
primary high-frequency transformer. The proposed inverter
has two major states: ST and Non-ST (NST).
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TABLE I. SWITCHING STATES OF SEMICONDUCTOR DEVICES

Fig. 5. Diagram of the switching states of semiconductor devices to
perform voltage boost control.
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Vrefl
1 -Vrefl

i

Or

Switches Diodes
State S|S|S|S|[S|S|S|D|D Urpy
1 2 3 4 5 6 A 1 2
1 1 1 1 1 1 1 01]0 0
ST 1 1 1 1 1 1 0 0 0 0
P 1 010 1 0101]0 1 1 +Vpe
0 1 1 0]0]01]0O0 1 1 -Vpo
0 0]01]0 1 1 01]0 1 1 +Vpei
NST 1 0]l0]O0O]oO 1 0 1 1 -Vpai
1 0 1 0]0]01]0 1 1 0
N[0 1 0 1 0101]0 1 1 0
0]0]0]O0 1 1 0 1 1 0

1 — Turn on; 0 — Turn off.

IV. VOLTAGE BOOST CONTROL OF THE DC-DC CONVERTER

Fig. 5 shows the voltage control principle of the isolated
Integrated T-Type DC-DC proposed in both ST(voltage
boost) and NST operating modes. This figure shows the
switching pattern for the devices of the T-Type single-phase
VSI. The proposed voltage control strategy is based on a
classic PWM with interleaved ST and NST operation, where
the ST mode is only performed during the zero voltage or
during the freewheeling mode operation of the high-frequency
transformer. This solution avoids deteriorate the output
waveform quality of the inverter such as happens in classical
Z-Source DC-DC topologies. The switching states are known
as active states when one and only one switch in each phase
leg conducts. To generate the ST state all the main power
devices should be turned on and the voltage boost is controlled
through the duty-cycle of the additional power device Sa.
Notice that there are two synchronized triangular waveforms.
The top triangular waveform presents a double frequency of
the bottom waveform in order to assure that the ST is
performed in the both cycles of the VSI waveform. This means
that the operating frequency of the Quasi-Switched Boost
network will be two times higher when comparing with the
switching frequency of the main power devices. Notice that
the top triangular waveform is compared with two constant
references, V. and V.p + o Where the « variable is a
constant value that assure that the duration of the gate signal
applied to Sy is always less than the desired ST to assure the
desired ZVS operation.

Fig. 6 shows a schematic control diagram for the switching
states presented in Fig. 5. Notice that, according to the desired
voltage control algorithm is possible to switch from the
middle voltage obtained in the T-Type connection to the full
bridge VSI operation (S5—S1; S6—S3). On the other hand,
when the input voltage is high enough, the ST states are
eliminated, and the Quasi-Switched Boost network combined
with other devices operates as a traditional VSI.

,,,,,,, ’%\ ) {1} ST
Vref2 S4
e :
[a}rO—_ = )o>
L] PN
7777777777777777777777 Voltage s3
control [ i’
Strategy
¥
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Fig. 6. Diagram of the schematic diagram of switching states to perform
voltage boost control.

V. SIMULATION RESULTS

The theoretical concepts previously presented are now
tested through computer-based simulations using the
Matlab/Simulink software. The converter was powered by a
constant 24 VDC voltage source. The passive components
consisted of inductors L/ with a value of 1 mH, and capacitors
C1=C3=C4 and C2, with values of 470 pF and 100 pF,
respectively. The value of the snubber capacitor Cs selected
was 1uF. High-frequency transformer with ratio n=1:3. A 50
kHz carrier frequency is utilized in a classical PWM
modulator that controls the converter's operation. The
simulation results for a duty-cycle of 0.23 can be seen in Figs.
7 and 8. From the results presented in Fig. 7, it is possible to
see the gate signals of the main power devices (S2-S4-S5-S6)
to apply half of boost voltage without ST operation (ST shown
but not interleaved with NST in Fig. 7a). Fig. 7b) shows the
integration of interleaved ST and NST operation when
applying half of boost voltage. Some details of the ZVS
operation during the turn on of power device S4 can be seen in
Fig. 7c). The input continuous current (i1) can be seen in Fig.
7d). The voltages Vpc2 and Vpc; are presented in Figs. 7¢) and
f), respectively. Figures 7g) and 7h) show the modulated
voltage at the high-frequency transformer primary winding
applying half of the boost voltage and voltage gain
respectively, considering an input voltage Vin of 24Vpc and
achieving an output voltage, Vout of 200Vpc.

ICRERuM (24 licensed use limited to: b-on: Instituto Politecnico de Lisboa. Downloaded on January 06,2025 at 10:25:07 UTC from IEEE Xplore. Restrictions apply. 324



13th IEEE International Conference on Renewable Energy Research and Applications

T
S4-S5

4
— 3
Z $2156
(9]
s
>
N — N S ) S I I
Py L
0.25 0.25004 0.25008 0.25012 0.25016 0.2502
Time[s]
a)
8

M—T—mn [

rsEss |
[

L]

L ]

INENINRS

||

il

T
| | -

I I T
8.12835 0.12836 0.12837 0.12838 0.12839 0.1284
Time[s]
b)
80 T T
70 VDS-SA
60 [ m
50
E 40 ’ m
2 30
S
= 20 Gate-Sa I |
10 m
0
I I
0.12835 0.128352 0.128354 0.128356 0.128358 0.12836
Time[s]
<)
8 T
6 iL1
— i e s s e e e S e R S S |
=
=
@]
21 il
0 |
0.2 0.20004 0.20008 0.20012 0.20016 0.2002
Time[s]
100
80 \Ye ]
60 —
[
240
IG}
= 20 i
0 T  E— L S N N B S S —
-20 :
0.1 0.10002 0.10004 0.10006 0.10008 0.1001
Timel[s]
e)
150 T T T
100 - —
E Vel
@
g
S 501 7
>
0
0.1 0.10002 0.10004 0.10006 0.10008 0.1001
Time[s]

ICRERU G724 licensed use limited to: b-on: Instituto Politecnico de Lisboa. Downloaded on January 06,2025 at 10:25:07 UTC from IEEE Xplore. Restrictions apply. 325

150
100" | [ H | UTransl H | [ il
= sol | [] ] ] ] ]
£ or : | 4
=
: I
-0 L L L L L
J100F | | | | 4
-150 3
0.1 0.10002 0.10004 0.10006 0.10008 0.1001
Time[s]
g)
200 Vout
1501 ] | | 4
z
o
e 100 gl
s
>
50 1 4
Vin
0 | |
0.1 0.10002 0.10004 0.10006 0.10008 0.1001
Time[s]
h)

Fig. 7. Simulation results of the proposed converter with D=0.23 and
applying half of the boost voltage. (a) Signal gates without ST operation;
(b) Signal gates with ST operation; (c) ZVS operation during the turn on of
power device Sy; (d) input current (ir;); (¢) voltage Vpc: due to ST
operation; (f) voltage Vpc; due to ST operation; (g) Voltage at the high-
frequency transformer primary winding; (h) Input and output voltage.

Finally, Figs. 8a) and 8b) show the output voltage gain
transition and input current transition changing from half to
full boost voltage in the high-frequency transformer primary
winding at t=0.3s. Note that the current overshoot is due to
open-loop operation. A closed-loop control strategy can avoid
this overshoot. Figure 8c) and 8d) shows some details of the
input current and high-frequency transformer primary voltage
applying the highest input boost voltage.
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Fig. 8. Simulation results of the proposed converter with D=0.23 and
applying the full boost voltage; (a) output voltage gain transition from half
to full boost voltage in the high-frequency transformer primary winding at
t=0.3s: (b) input current transition changing from half to full boost voltage;

(c) input current in steady-state; (d) high-frequency transformer primary
voltage.

VI. CONCLUSIONS

This paper presented an improved isolated Boost DC-DC
converter topology that achieves high static voltage gains. The
results showed that this topology offers improved voltage gain
performance at lower duty-cycles, extending the capabilities
of traditional Boost converter topologies. Furthermore, this
converter features continuous input current and reduced
voltage stress on the power switches and diodes in the primary
winding, reduced passive element count and also the self-
balance capacitor voltage capability. The unique combination
of features in this DC-DC converter makes it an ideal choice
for applications demanding extremely wide conversion ratio
ranges, particularly in the realm of distributed DC networks.
To validate the proposed converter performance, several
simulations procedures were undertaken using the
Matlab/Simulink software to perform a preliminary evaluation
of the proposed solution.

ACKNOWLEDGMENT

This work was supported by Instituto Politécnico de Lisboa,
reference code: IPL/IDI&CA2024/ResCONVERT ISEL and
through FCT Fundagéo para a Ciéncia e a Tecnologia with
reference UIDB/50021/2020.

REFERENCES

[1] H. Chen, P. Xuan, Y. Wang, K. Tan and X. Jin, "Key Technologies for
Integration of Multitype Renewable Energy Sources—Research on
Multi-Timeframe Robust Scheduling/Dispatch," in IEEE Transactions
on Smart Grid, vol. 7, no. 1, pp. 471-480, Jan. 2016, doi:
10.1109/TSG.2015.2388756.

[2] S.S. G. Acharige, M. E. Haque, M. T. Arif, N. Hosseinzadeh, K. N.
Hasan and A. M. T. Oo, "Review of Electric Vehicle Charging
Technologies, Standards, Architectures, and Converter
Configurations," in IEEE Access, vol. 11, pp. 41218-41255, 2023, doi:
10.1109/ACCESS.2023.3267164.

13th IEEE International Conference on Renewable Energy Research and Applications

[3]

(4]

[3]

(6]

(7

[8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

November 9-13, Nagasaki, JAPAN

V. F. Pires, A. Pires, A. Cordeiro, “DC Microgrids: Benefits,
Architectures, Perspectives and Challenges.” Energies, vol. 16, Issue
3, pp. 1-20, February 2023.

H. Liu, H. Hu, H. Wu, Y. Xing and L. Batarseh, "Overview of High-
Step-Up Coupled-Inductor Boost Converters," in IEEE Journal of
Emerging and Selected Topics in Power Electronics, vol. 4, no. 2, pp.
689-704, June 2016, doi: 10.1109/JESTPE.2016.2532930.

R. Aravind, B. Chokkalingam, R. Verma, S. Aruchamy and L. Mihet-
Popa, "Multi-Port Non-Isolated DC-DC Converters and Their Control
Techniques for the Applications of Renewable Energy," in IEEE
Access, vol. 12, pp- 88458-88491, 2024, doi:
10.1109/ACCESS.2024.3413354.

V. F. Pires, A. Cordeiro, D. Foito and J. F. Silva, "High Step-Up DC—
DC Converter for Fuel Cell Vehicles Based on Merged Quadratic
Boost—Cuk," in IEEE Transactions on Vehicular Technology, vol. 68,
no. 8, pp. 7521-7530, Aug. 2019.

M. Gerstner, M. Maerz and A. Dietz, "Review-based Selection
Recommendation for Galvanically Isolated DC/DC Converters
Designed For a Wide Input Voltage Range," 2021 IEEE 19th
International Power Electronics and Motion Control Conference
(PEMC), Gliwice, Poland, 2021, pp. 167-172, doi:
10.1109/PEMC48073.2021.9432537.

A. Stephen, R. K. P. and G. S, "Review on Non-isolated High Gain
DC-DC Converters," 2022 Third International Conference on
Intelligent Computing Instrumentation and Control Technologies
(ICICICT), Kannur, India, 2022, pp. 200-205, doi:
10.1109/ICICICT54557.2022.9917946.

N. Hou, Y. Li, Z. Quan, Y. W. Li and A. Zhou, "Unified Fast-Dynamic
Direct-Current Control Scheme for Intermediary Inductive AC-Link
Isolated DC-DC Converters," in IEEE Open Journal of Power
Electronics, vol. 2, pp- 383-400, 2021, doi:
10.1109/0JPEL.2021.3085863.

M. Forouzesh, Y. P. Siwakoti, S. A. Gorji, F. Blaabjerg and B. Lehman,
"Step-Up DC-DC Converters: A Comprehensive Review of Voltage-
Boosting Techniques, Topologies, and Applications," in IEEE
Transactions on Power Electronics, vol. 32, no. 12, pp. 9143-9178,
Dec. 2017, doi: 10.1109/TPEL.2017.2652318.

C. Yao, X. Ruan, X. Wang and C. K. Tse, "Isolated Buck—Boost
DC/DC Converters Suitable for Wide Input-Voltage Range," in IEEE
Transactions on Power Electronics, vol. 26, no. 9, pp. 2599-2613, Sept.
2011, doi: 10.1109/TPEL.2011.2112672.

A. Chub, D. Vinnikov, F. Blaabjerg and F. Z. Peng, "A Review of
Galvanically Isolated Impedance-Source DC-DC Converters," in
IEEE Transactions on Power Electronics, vol. 31, no. 4, pp. 2808-2828,
April 2016, doi: 10.1109/TPEL.2015.2453128.

V. F. Pires, A. Cordeiro, D. Foito, C. Roncero-Clemente, E. Romero-
Cadaval, J. F. Silva. "Improved Carrier-Based Modulation for the
Single-Phase T-Type qZ Source Inverter", Electronics, vol. 13, no. 6:
pp. 1-27, March 2024.

A. Chub, L. Liivik and D. Vinnikov, "Impedance-source galvanically
isolated DC/DC converters: State of the art and future challenges,"
2014 55th International Scientific Conference on Power and Electrical
Engineering of Riga Technical University (RTUCON), Riga, Latvia,
2014, pp. 67-74, doi: 10.1109/RTUCON.2014.6998210.

V. F. Pires, A. Cordeiro, D. Foito and O. Bondarenko, "Fault-Tolerant
Three-Phase VSI Based on a Modified Impedance Source Boost
Inverter," in IEEE Transactions on Industry Applications, vol. 58, no.
4, pp. 4859-4872, July-August 2022

D. Vinnikov and I. Roasto, "Quasi-Z-Source-Based Isolated DC/DC
Converters for Distributed Power Generation," in IEEE Transactions
on Industrial Electronics, vol. 58, no. 1, pp. 192-201, Jan. 2011, doi:
10.1109/TIE.2009.2039460.

Y. P. Siwakoti, F. Z. Peng, F. Blaabjerg, P. C. Loh and G. E. Town,
"Impedance-Source Networks for Electric Power Conversion Part I: A
Topological Review," in IEEE Transactions on Power Electronics, vol.
30, no. 2, pp. 699-716, Feb. 2015, doi: 10.1109/TPEL.2014.2313746.

M. -K. Nguyen, T. -T. Tran, and F. Zare, "An active impedance-source
three-level T-type inverter with reduced device count," IEEE Journal.
of Emerg. Sel. Topics Power Electron., vol. 8, no. 3, pp. 2966-2976,
Sept. 2020.

ICRERU (24 licensed use limited to: b-on: Instituto Politecnico de Lisboa. Downloaded on January 06,2025 at 10:25:07 UTC from IEEE Xplore. Restrictions apply. 326



