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Abstract

This paper presents an active Z-source multilevel inverter that incorporates an additional semiconductor switch and diode into the impedance-
source network to enhance voltage gain. The integration of these components into the Z-source network significantly reduces the voltage
stress on the inverter components, as demonstrated through comparisons with previous studies. The innovative topology features two key
elements: an AgZS, which improves the inverter's voltage gain, and a three-level T-type inverter at the forefront. The shoot-through signal is
integrated into the operating state of the three-level T-type inverter, enabling control of the input voltage on the appropriate side of the
inverter. This is achieved by charging and discharging components in the reactive source network, resulting in a high voltage gain. The paper
introduces the discontinuous pulse width modulation (DPWM) technique to control the inverter. This control method combined with ST state
ensures no additional switching compared to other conventional inverters. To highlight the contributions of this paper, a detailed analysis of
the steady-state operational principles of the proposed topology and its control method is presented. Furthermore, simulation and experimental
results are provided to validate the accuracy and effectiveness of the proposed topology and method.
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phia mang nguén khéng, mang lai d6 loi dién ap cao. Bai bao nay dé

Symbols Xuit mot phwong phép diéu ché DPWM d{é didu kr]ién bé nghich luu,
phuong phap nay gitip giam hiéu qua so6 lan chuyén mach so véi cac

Symbols Units  Description chién lugc diéu khién truyén théng. Bang cach &p dung phuong phap
CwnandCyy F The lower capacitors of AqZS nay, viéc thém trang thai ST khong dan dén bat ky 1an chuyén mach
CpandCp F The upper capacitors of AqZS bé sung nao. Bé 1am ndi bat sy dong gop cua bai béo, viéc phan tich
Livand Loy H The lower inductors of AqZS nguyén ly hoat dong cuia cdu hinh d& xuét ¢ trang thai én dinh,
LipandLyp H The upper inductors of AqZS phuong phéap didu khién duoc trinh bay cu thé. Ngoai ra, két qua md

phéng va thi nghiém s& dugc trinh bay dé xac minh tinh dung dén

Abbreviations cua cau hinh va phwong phap dé xuét.

3L-AqZS-T?l  Three-level Active quasi Z-source 1. Introduction
AQZS Active quasi Z-source

DPWM Discontinuous pulse width modula- Voltage source inverters (VSIs) have gained widespread use
tion in contemporary industrial applications, including electric ve-
Zsl Z-Source Inverter hicles, renewable energy systems, energy storage systems,
q-ZSlI quasi Z-source Inverter and motor control [1-3]. Choosing the appropriate topology
NST Non Shoot-through for these applications is crucial, taking into account various
ST Shoot-through factors such as superior efficiency, streamlined design, and
: cost reduction. In this research, the implementation of a mul-
Tém tat tilevel inverter is presented as a promising approach to fulfill

these requirements.

The T-type inverter stands out as a highly promising topology
among various inverter designs, providing notable advantages
compared to other types of inverters. Due to its capacity for
achieving high energy conversion efficiency and enhancing

Bai b4o nay trinh bay mot bo nghich Iru da bac ngudn Z tich
cuc, tich hop thém mot khéa ban din va diode vao mang ngudn
khé&ng vai muc dich ting cudng d6 loi dién ap. Viéc thém diode va
khoa tich cuc vao mang ngudn Z giup dién ap dat trén cac linh kién

trong bo nghich luu giam déng ké, didu nay duoc minh ching théng
qua so sanh véi cac nghién ciru trude do. Cau truc dé xuét bao gdbm
hai thanh phan chinh: mét ngudn Z tich cuc dé nang cao do loi dién
ap cua hé thdng va mot mach nghich luu ba pha ba bac hinh T. Tin
hiéu ST dugc chén vao trang thai hoat dong cua bo nghich Iuu ba pha
ba bac hinh T. Diéu nay cho phép diéu khién dién ap dau vao ¢ phia
mach nghich Iuu thich hop bang céch nap va xa cac thanh phan trén

power quality, this converter has become increasingly popular
in automotive and photovoltaic (PV) systems [4]. Unlike the
conventional three-level neutral point clamped (NPC) in-
verter, the T-type inverter utilizes two active neutral-point
switches linked to the DC-link voltage neutral point [5], thus
significantly reducing the number of diodes [6]. With this
structure leads to reduced power losses in the medium-range
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power and a more compact implementation. Additionally,
each bidirectional switch connected to the DC-link neutral
point only needs to withstand half of the DC-link voltage, en-
abling the use of lower-voltage power devices [7]. Research-
ers are increasingly focused on developing inverters capable
of managing a wide range of input voltages. Nonetheless, VSI
inverters are not intrinsically configured to support such ex-
tensive input voltage ranges [8]. A common approach to ad-
dressing this issue involves incorporating a DC-DC boost
converter ahead of the VSI side, thus facilitating voltage ele-
vation within a two-stage power conversion framework. This
setup increases the input voltage before it enters the inverter
side.
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Figure 1: The Z-Source impedance network topology.

To tackle these challenges, F.Z. Peng introduced the Z-Source
Inverter (ZSI) in 2003 as an innovative approach that utilizes
impedance networks. The ZSI is characterized by an X-
shaped configuration comprising two inductors and two ca-
pacitors [9]. Figure 1 illustrates the topology of the Z-Source
impedance network. Despite its advantages, the ZSI encoun-
tered certain drawbacks, such as discontinuous input current,
higher initial current surges, elevated voltage stress on capac-
itors, and larger component sizes. To address these limita-
tions, the quasi-Z Source Inverter (g-ZSI) was developed. The
g-ZSlI retained the benefits of the original ZSI but employed
a different configuration with passive power components like
inductors (L) and capacitors (C). The g-ZSl's key features in-
clude continuous DC input current, reduced voltage stress on
capacitors, and more compact component sizes. These en-
hancements make the g-ZSI a viable solution for overcoming
the shortcomings of conventional voltage source inverters
[10].

A reduced duty ratio leads to a decreased current ripple in the
inductor, which allows for a smaller inductor size and boosts
the power density of the inverter [10]. However, introducing
the shoot-through state substantially increases the number of
switching times. In inserting the ST state, traditional ap-
proaches for impedance-source inverters typically add at least
two commutations. These extra commutations result in higher
switching losses in switches. As a result, many studies have
focused on developing techniques to minimize switching
commutations and reduce the ST duty ratio [12].

This paper presents a new active impedance source by inte-
grating an additional switch and diode into the existing g-ZSI,
which is referred to as the AgZSI. To mitigate switching com-
mutations and enhance efficiency in the T-type three-level in-
verter system, the DPWM algorithm is utilized. By altering
the number of voltage levels, the requisite impedance must be
added in multiples of (n-1), where n represents the total num-
ber of levels and is an odd integer. This research will offer
theoretical analysis and simulation outcomes to validate the
efficacy of the proposed approach.

2. Three Phase Three-Level Active quasi-Z
Source T-Type Inverter

The 3L-AqgZS-T?I topology shown in Figure 2 consists of an
AgZS impedance network, a conventional three phase three-
level T-type inverter circuit, a load, and a low-pass filter. The
AgZS impedance network includes 4 inductors (Lip, L2p, Lin,
LZN), 4 capacitors (Clp, Czp, C1N, CzN), 4 diodes (Dlp, sz, D1N,
Dan), and two semiconductor switches (Sp and Sy). Compared
to the conventional gZSI topology, the proposed design adds
an extra semiconductor switch and a diode.
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Figure 2: The topology of 3L-AgZS-T2I.

Conventional T-Type Circuit

This addition enhances the flexibility of the system in control-
ling the boost factor and the voltage gain of the inverter. The
conventional three phase three-level T-type inverter operates
under a buck mode from a fixed DC-Link source, with each
phase leg of the inverter comprising 4 semiconductor switches
Six, S2x, Sax, and Sax (where X = A, B, C), ensuring three out-
put voltage levels of +Venyz, 0, -Vensa.

2.1. Operating States

Just like any of the single-stage inverters, 3L-AqZS-T?l has
also been developed to work in the ST mode and in the NST
mode, as shown in Figure 3. The operating status of the sem-
iconductors is detailedly presented in Table 1.

The states of the 3L-AqZS-T?l as produced in three states are
shown in Figure 3 and referred to as NST1, NST2, and ST. In
the ST mode, as depicted in Figure 3(a), all the power
switches on at least one phase leg of the inverter are turned
on, and semiconductor devices Sp, Sy in the AgQZS side are
deactivated. Diodes D1p, D1y are reverse-biased, while diodes
D2p and Dy are forward-biased.

In this mode, inductors Lip and L1y store energy from the input
voltage Ve, capacitor Cap, and capacitor Cay, While inductors
Lop and Loy store energy from the input voltage Vcr2, capacitor
Cip, and capacitor Cin. The inductors voltage Viop, Viip, Vi,
Vion and the current capacitors icip, icop, icin, icon €xpressed
as follows:
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Figure 3: Operating mode of 3L-AqZS-T?l. (a) ST mode, (b) NST1 mode,
(c) NST2 mode.

Table 1: On/ Off states of 3L-AgZS-T2I, (In which, X can be A, B or C).

Mode ON Switch ON Diode Vxo
ST S1x, Sax, Sax, Sax Dap, Doy 0
Sp,SN +Vdc/2; 0,
NST1 Sux, Sax! Sax,Sax/ Saxs Sax Die, Duy or -Veerz
Dip, Du, +Vier, 0,
NST2 Sax, Sax/ Sax,Sax/ Sax, Sax Dys, Doy or Vs
L1 diLlP _\E_i_v . L diLZF' _\i_i_v
P dt - 2 c2p 2P dt - 2 c1P
4 4 1
C Ve _ S C Veap _ _j
1P - ey 2P - up
dt dt
diL1N _ \i_,’_v . L diL2N _ \i_i_v
LlN dt - 2 C2N» 2N dt - 2 CIN
4 q 2)
Vein i . C Veon i
1N dt - L2N 2N dt - LIN

In the NST1 state, switches Sp and Sy are activated, diodes
D2p and Doy are non-conducting, while diodes D1p and Dy are
conductive as shown in Table 1.

L Qe =0;L, Qe =V
delP =—j_ deZP _i —i
P Tgr | PNTTZR T g T kR RN
di di
Lin S =0 Loy . =—Veu
C dve,y — - dve,p —i . i
IN TG PNITRN T g T LN TN

In this operating mode, inductors Lip and Ly are short-cir-
cuited, and capacitors Cip and Ciy discharge their stored en-
ergy. During this time, capacitor Cop is charged by inductor
Lop, and capacitor Coy is charged by inductor Lon. The NST1
state is illustrated in Figure 3(b).

In NST2, switches Sp and Sy are turned off, and the circuit
operates similarly to T-type inverter. All diodes in the AqZS

side are conductive. Figure 3(c) illustrates the NST2 mode.
The output pole voltages Vxo are shown in Table 1.

di di
L —= —Veses Lp 2 = —Veop
dt dt )
dVCIP =i —i . dVCZP =i —i
PTG LR N » Tgp 2PN
di di
Liv = —Vews Loy N = —Veon
dt dt ©)
0 \V/STR. . ave,y .
IN T =iy —leys Gy dt =y — ey

2.2. DPWM Scheme

To lower switching losses and encourage three-phase VSI ef-
fectiveness of three-phase voltage source inverters, the Dis-
continuous Pulse-Width Modulation (DPWM) algorithm has
been proposed. This technique helps decrease the on/off
switching losses of power switches compared to traditional
sine-PWM control method. As a result, it enhances the
lifespan of semiconductor switches, reduces cooling costs,
and raises the inverter circuit's power density. Additionally,
the DPWM method reduces the number of switching events
by 33% and increases the voltage gain to nearly 1.15 com-
pared to conventional sine-PWM method. In order to give a
thorough explanation of this modulation technique, consider
the following three signals, Vrwerx (X = A, B, and C):

V, = ¥ [sinGt)]

Vi = 7@['\" sin(at)]+V,
Vi, = 7@['\" sin(et — 27 13)]+V,

Vi = 7 ﬁ[M sin(ot + 2771 3)]+V,

Where: M is modulation index (M < 1).
By using equation (8), the reference voltages in equation (7)
will be re-modulated.

V*P = VrefA * (VrefA > 0)

refa

V*P :VrefB * (VrefB > O) (8)

refg

V*P :Vrefc * (Vrefc > 0)

refc

Reference voltages V.p, , V. , V.« are obtained by shifting

U]

the reference voltages V., V... , V.7 by 180 degrees respec-

tively.

Vsr is defined as the sum of the maximum values of the six
reference signals and d, which are used to compare with the
carrier to generate the transmitted state.

Var = T VreinnViets Vet Vietn: Vet Veeie ) + ©)
Where: (0< d < 1-M) represents the shoot-through ratio.
The ST signal for the inverter leg is produced by a continuous
signal in the traditional PWM control scheme for single-stage
inverters.
P Vet Viets Vit Vit Vieis Vieic ) < Vi < Vs
In the ST mode, Six, S2x, Sax, Sax on the inverter side are gated

on. The control signal Vcn, which provides the gating pulses
for the two switches Sp and Sy, is defined as follows:
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Figure 4: The reference waveform of the DPWM control technique for the
3L-AgZS-T?l inverter.

Vcon = dO (10)
Where: d, carries out the Sp and Sy switch duty cycle. In order
to guarantee consistent system performance, the value of Vcon
needs to fulfill the subsequent criteria:

(VAR VT A A VAA VAR YA RYARRYAN

refA? “refB VrefC " refA? “refB ¥ refC )] (11)
<= dO < Mm[fmax Nr:;*vr:fii 'Vr:;: ’Vr:f’;‘MVrzf’\é 7Vr:f’:: )]
All the reference signals presented above will be compared
with the carrier wave at high frequency to generate control
pulse signals for the power electronic semiconductor switches
of the system. This comparison is presented clearly and spe-
cifically in Figure 4.

2.3. Steady-State Analysis
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Figure 5: The capacitor voltage and inductor current waveform on the AqZS
side during one switching cycle.

Based on the operating principles and control method pre-
sented, the voltages across Cip, C2p, Cin, and Coy are listed
in the following order:

v (/2)d
Verr =Veuy 1-d,-2d +d.d, (12
v _ (Ve/2)d.(1-dy) 13

=V. . =
ez e 1-d,-2d +dd,
From equations (12) and (13), the DC-link voltage (Ven) is
determined as follows:

VPN = (VC].P +VC2P +Vdc/2)+ (VC1N +VCZN +Vdc/2)
V,. (1-d,)

1-d,-2d +d.d,

Applying the charge balance concept to the capacitors for the

currents through Cip, Cop, Cin, and Con Will approximate the

average values of the inductor currents, assuming that the in-
verter's (ien) Current is constant.

14
v (14)

I p =ipy(1—d)/(1-d,—2d +d,.d) (15)
I ,p =ipy(1—d,)@-d)/(1-d, —2d +d,.d)
Iy =i @-d)/(1-d,—2d +d,.d) (16)
I,y =lpy @1-d,)1-d)/(1-d,—2d +d,.d)

The boost factor, (B), of the inverter is calculated using Equa-
tion (15) and (16):

V 1-d
PN — 0 (17)
1-d,-d(2-d,)
Based on the modulation index M and the boost factor B, the
peak amplitude of the fundamental component of the output
voltage is computed as follows:

Vx:iM'VPN

3
The voltage gain G of the proposed 3L-AgZS-T?l inverter is
expressed as:

(18)

(19)

3. Three-Phase 3L-AgZS-T?l

3.1. Inductor and Capacitor selection

Figure 5 shows the capacitor voltage and inductor current
waveforms in AgZS side. It can be observed that the current
ripple in the inductor depends on duration of NST 2 mode, (1-
Vst).Ts.

When Vg is at its maximum, the current ripple through the in-
ductor reaches its peak value. Based on Equation (9), the max-
imum value of Vg is calculated as follows:

Vsromx =M +d (20)

According to equations (1) through (6) and (20), the maxi-
mum value of the current ripple through the inductor is calcu-
lated as follows:
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Table 2. Comparison of Components Between the Proposed Inverter and Previous Studies

Where Al (=1,2) and Al (j=1,2) respectively, are the

current ripples through the inductor on the upper and lower
sides of the impedance network, fs=1/T; is the switching fre-
quency.

The voltage ripple across the capacitor is determined as:

AV =iy [Md — (K —d)d, 1/ (KC,p T,) )
AVeop =ipyMd /(KCy f,)
Ach = iPN [Md —(K _d)do]/(KclN fs) (24)
AV, =ipyMd [ (KC,, f,)

Where AV, (j=1,2) and AV, (j=1,2) are the voltage ripples

across the capacitors on the upper and lower sides of the im-
pedance network respectively. Based on Equations (12) — (16)

qSBT?I 3L-gSBFTI RC2-AIS ADC-qZslI
Proposed AgZSI
[15] [16] [17] [18]
VM (@L-d,)T V,.d(M —=d,)T
Inductor cur- Ve g1 2d(1-d)V, T | 2d@A-d)V, T L(1-d,—2d +d.d,) 2L,(1-d; —2d +d.d,)
rent ripple 2L, ° Lg(1-2d) Lg(1-2d) Vv, d(M —d,)T V, M @1-d,)T
L,(1-d,—2d +d.d,) 2L,,(1-d,—2d +d.d,)
Capacitor volt 1 1 q 4B
age stress, B/2 — B.C 4 BG Ty o O
VolVas 1-2d, 1-2d 0 (1-d;)
Diode voltage 1 o - -9 BD d 5 .Bp
stress, VD/Vdc NA B/Z —1_ 2d 1 1_d0 i’} 2.(l—d0)’ P 2 1 Mop
Switch voltage 1 B/ 1 d g d
stress, Vs/Vac 1-2d, 1-2d 1-d, 2.(1-d,)
Inductors 1 1 1 2 4
Capacitors 2 2 2 2 4
Diodes 4 3 2 2 4
Switches 2 2 1 1 2
Output voltage 3-level 3-level 3-level 2-level 3-level
Vv, and (21) — (24), the inductors and capacitors in the AgZS cir-
Al = 7d (M —d,) /(KL f,) cuit are selected according to the conditions Al,j/Ij < k,%, and
Y AVcilV¢j < ko%, where k1% and k2% are the maximum allow-
Al e =—2M(1-d,)/ (KL, f,) (21)  able ripple ratios for the inductor current and capacitor volt-
2 age ripple, respectively.
K=1-d,-2d+d,d
3.2. Switches and Diodes Selection
Ve The maximum reverse voltage of diodes Dip and Dy is half
Al = 2 d(M =dy)/ (KLy ) the DC-link voltage (Va/2) during the ST mode. The maxi-
V, mum reverse voltage of diodes D2p and Dy equals the voltage
Al ,y = 70 M(@1—d,)/ (KL, f,) (22)  across capacitors Cipand Cyn, respectively, during non-shoot-
through mode 1 (NST 1).
K=1-d,-2d +d,d The maximum current through diodes D2p and Doy is equal to
the maximum current through inductors Lip and Lin, respec-

tively, during non-shoot-through mode 2 (NST2). Meanwhile,
the maximum current through diodes D1p and D1y during non-
shoot-through modes is calculated as follows:

{iDlF’,max = iLlP,max + iLZP,max —lpy (25)
iDlN,max = iLlN,max + iL2N,max —lpy
{iLjP,max = ILjP +AILjP /2 (=1.2) (26)
iLjN,max = Iy + ALy 12 ,

Where ijp,max VA iLjnmax are the maximum current values
through inductors Ljp and Ljn, respectively, as presented
through Equations (15) — (16) and (21) — (22).

The switches Sp and Sy are responsible for transferring energy
from inductors Lip and Lin. When Sp and Sy are activated, the
current through inductors Lip and Ly remains constant, as
shown in the waveform of Figure 5. Therefore, the current
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through the two semiconductor switches Sp and Sy is the av-
erage value of the currents through Lip and Liy, as expressed
in Equations (15) and (16).

The voltage stress to switches Sp and Sy is the voltage across
capacitors Cip and Cyn, respectively. The voltage stress to the
two switches in the half-bridge configuration, Six and Sax, is
the DC-link voltage, while the voltage stress to the two bidi-
rectional switches, Sxx and Sax, is half the DC-link voltage
(Ven/2).

3.3. Component Voltage Rating

The main strengths of the proposed topology are using fewer
passive components and high voltage gain. Although using
more electronic components than studies [15-17], the out-
standing point of the proposed AqZSI configuration is reduc-
ing voltage stress on electronic components. This helps re-
duce system costs, especially the cost of power electronic de-
vices. In addition, the voltage stress on the capacitors of the
proposed configuration is very low, which helps increase the
power density of the circuit. In this section, a comparison of
voltage stress on components will be performed to clarify the
strengths of the proposed topology.
B=G/(.15xM)

5

(@7)

sV ac
o

IS
&

Capacitor voltage rating o/ T,
S

roposed AqZSI |
(Max,Min)

Boost switch voltage rating T

Max C2
1 2 3 4 5 1 2 4 5

3
Voltage Gain, G Voltage Gain, G

() (b)
Figure 6. Comparison about component voltage rating: (a) voltage gain vs
capacitor, (b) voltage gain vs boost switch

The coefficients d and do presented in formulas (9) and (11)
are the main factors controlling the boost factor B. Therefore,
in this comparison, the indices d and do are controlled in both
maximum boost control and minimum boost control condi-
tions. In the maximum boost control condition, the coefficient
do is set to the minimum value of the function fmax presented
through formula (11), on the contrary, in the minimum boost
control condition, the coefficient d0 is set to zero. The duty
ratio ST or Dst or d, in the studies, is set to (1-M). Figures 6(a)
and (b) show the voltage gain and capacitor and voltage gain
and boost switch of the previous studies and the proposed con-
figuration, respectively.

From Table 2, the proposed AgZSI topology incorporates
more components than topologies [15] — [18]. Specifically, it
uses 3 additional inductors compared to topologies [15] —
[17], 2 additional inductors compared to [18], and 2 additional
capacitors compared to [15] — [18]. Additionally, it employs
1 more diode than topology [16] and 2 more diodes than [17]
and [18]. Furthermore, the proposed inverter, like topologies
[15] and [16], utilizes 1 additional power switch compared to
[17] and [18]. However, as illustrated in Fig. 6 and Table 2,
the proposed topology significantly reduces voltage stress
across components and minimizes inductor current ripple
compared to [15] — [18] topologies. Although the proposed
topology involves a higher component count than [15] - [18],
the overall cost remains comparable. Additionally, the total

harmonic distortion (THD) of the proposed inverter and to-
pologies [15] —[17] is lower than that of topology [18], as [18]
operates with only two harmonic orders at the output. The pro-
posed topology uses more components than topology [18].
However, the voltages across the components are less than
half of those in topology [18]. Furthermore, for applications
requiring high-quality output voltage, the proposed topology
results in lower THD due to its operation as a three-level in-
verter, as opposed to a two-level inverter like [18]. The use of
more components is a trade-off worth considering when eval-
uating the benefits in terms of THD, voltage stress on the
components, and the inverter's output power.

4. Simulation and experimental results

4.1. Simulation results

To verify the DPWM method's efficacy with the suggested
3L-AqZS-T?I configuration, simulations were performed us-
ing PSIM software. The parameters set for the simulation are
displayed in Table 3.

The 3L-AqgZS-T?l topology is supplied with an input voltage
of 200V. With a modulation index M is 0.885, a duty cycle do
is 0.5 and short-circuit ratio d is 0.115, the output voltage
across the load is 110 Vims.

Table 3: Simulation Parameters

Parameter/ Components Values
Input voltage Ve 200V
Output voltage VRwms 110 Vrws
Output frequency fo 50 Hz
Switching f, 10 kHz
frequency
- ClP CZP
B itor: ' ' 1mF
oost capacitors Cun. Con
Boost inductors L, Loe, 500 uH
Lin, Lon
LC filter L, Cr 3 mH and 10
MUF
R-load Rx 40-Q

With a duty ratio do= 0.5 and an input voltage Vqc = 200V, the
semiconductor switches in the AgZS are controlled to gener-
ate an inverter input voltage Ven with a peak value of 305V,
the voltages across the capacitors are Vcip = 35.12V and Vcop
= 17.56V, as shown in Figures 7(a) and 7(c).

To the symmetric nature of the 3L-AqZS-T?I topology, the
current through the inductor and the voltage across the capac-
itor on the upper side of the AqZS will be used for analysis.
Figure 7(b) presents the waveform of the inductors current on
the upper side of the AgZS Ipip, li2p.

The pole voltage in phase A Vao has three levels: +Veny, 0, -
Venrz. The output load currents waveforms are sinusoidal, with
RMS values of 2.75A, as shown in Figure 8(b). The input cur-
rent on the inverter side has an average value of 4.6A, as pre-
sented in Figure 8(c). However, the peak input current on the
inverter side reaches up to 17.6A.
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Figure 10: Calculation results compare power loss between proposed topol-
ogy and conventional topology.

The load current and voltage in phase A are presented in Fig-
ure 9a), with the voltage and current values being 109.8 Vrus
and 2.75 A, respectively. Figure 9(b) shows the harmonic
components at the fundamental frequency of the current and
voltage inl phase A. Tr‘1e THD of the current and voltlage at the
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Figure 11: Experimental results for 200V input voltage.

fundamental frequency is 0.33%.

By evaluating the power loss components in the device, as
shown in [13], it can be observed that the proposed configu-
ration has approximately 10% lower power loss compared to
the traditional configuration [14]. Figure 10 illustrates the cal-
culation results when the configurations operate at a power
level of 0.5 kW.

4.2. Experimental Results

The proposed inverter's functionality has been verified
through the development of a lab prototype that makes use of
the DSP TMS320F28335. Twelve IGBT modules are used in
the inverter side circuit (SKMGD123D). The MOSFETs
60R060P7, the diode VS-60APF12-M3, 1mF capacitors, and
500uH inductors are used to build the impedance source net-
work. A 40 Q three-phase resistive load is attached and fed
through an LC filter (3 mH and 10 pF) to lower the output
voltage's high-frequency components in order to test the sug-
gested inverter. Table 2 lists all of the system parameters in
detail.

Initially, the inverter was tested in boost mode using an input
source of 200 V. Figure 11 displays the experimental findings
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for the 200 V input voltage. The AgZS is utilized to boost the
DC-link voltage, Ven. In this test, parameters of d, do, M are
set to be similar in simulation results. With these parameters,
the capacitors voltages Vcip and Vcop on the upper side of
AQgZS, are boosted to 34.2 V and 16.9 V, respectively, as
shown in Figure 11(a).

As a result, the voltage stress on the Sp switch is 34.9 V, the
peak of Vpn voltage is 302 V, and Figure 11(b) shows the
zoomed-in waveforms of the two inductor currents, 1.1p and
I2p. Because an LC filter is being used, the output load volt-
age and current waveforms are sinusoidal, as seen in Figure
11(c), with RMS values of 104 Vrus and 2.6 Agrws, respec-
tively. The inductor currents, I.1p and I.2p, are continuous with
average values of 4.47 A and 8.89 A, respectively, although
the input current is discontinuous with an average value of
4.43 A. As seen in Figure 11(d), the pole voltage in phase A
Vo has three levels: +Vpn/2, 0, and -Vpn/2.

5. Conclusion

The 3L-AqZS-T?I topology can be applied in industrial sys-
tems with low to medium power ranges, utilizing the DPWM
control method. The achieved output voltage and current re-
sults meet the required technical specifications. Both experi-
mental and simulation results demonstrate that the voltage
stress on the components of the proposed topology is lower
than that observed in previous studies. The use of the ST state
insertion algorithm and DPWM scheme enhances output volt-
age efficiency while minimizing the number of switching
events in the system. To support the proposed method, the
study includes detailed circuit analysis and operational theory.
The accuracy of the proposed method has been validated
through PSIM simulation software, as the simulation results
are consistent with the calculations. Overall, the 3L-AqZS-T?l
topology performs well and holds potential for practical ap-
plications in industrial systems, including grid-connected PV
systems, telecommunications, and uninterruptible power sup-
ply (UPS) units.
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