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ABSTRACT

This paper presented a new low-component-count multilevel inverter. The generalized structure of the
proposed topology is formed via cascading, and it is found to improve output voltage level count. It is
possible to use the developed structure of the proposed topology with either asymmetrical or symmetrical
values of DC source voltages. Binary configuration is employed to choose the values of DC source
voltages. Third harmonic injection sinusoidal pulse width modulation technique is adopted to create gating
signals for the presented topology. Comparative analysis of the presented topology shows the best
performance in DC sources. The switch count and low blocking voltage on the switches make this topology
more cost effective compared to certain other topologies in the extant literature. Losses analysis for the
presented topology was shown. MATLAB/SIMULINK is employed to carry out the simulation. The
presented topology is validated using a prototype designed to create a 7-level output voltage.

Keywords: Modeling Of Switching Pulses, POD Technique, Symmetrical And Asymmetrical Multilevel

Inverter, Selection Of DC Sources.
1. INTRODUCTION

Power converters from DC to AC are
commonly known as inverters. Inverters find
diverse application in driver control, power
supplies, electric vehicles, HVDC transmission, and
renewable energy systems [1], [2]. Huge demand of
electric power and depletion of non-renewable
resources paying way to the utilization of renewable
energy resources such as wind, solar [3].
Traditional inverters create output voltage of
square-wave shape with two levels, one in the
positive level and another in the negative level. The
THD, dv/dt and voltage burden on the switches are
very high in two-level inverters. These problems
can be overcome with multilevel inverters (MLI'S)
in which output voltage waveform having more
than three-level. Output voltage in the multilevel
inverters can be synthesized from many input
sources that produce staircase waves with minimum
harmonic distortion, while high voltage can be
generated using low rated power devices. Improved
performance and cost effectiveness are the most
attractive features of MLIs to researchers in the
field.

The most popular MLI among the different
classical MLIs [4] is the cascaded H-bridge

(CHBMLI). It has fewer switching components and
does not require flying capacitors (or) clamping
diodes. CHBMLIs are used in several industrial
sectors to control pumps, compressors, fans etc.
MLIs have two configurations: symmetrical and
asymmetrical [23]. Symmetrical MLIs have DC
sources values  of similar magnitude, while
asymmetrical MLIs have DC sources values of
dissimilar magnitudes. Greater output voltage levels
can be achieved with fewer components when using
asymmetrical MLI rather than symmetrical
MLI.The topology presented in [5] posited MLI
with fewer switches and sources and two algorithms
to decide the DC source values. In [6] a topology
was suggested with less switch count compared to
traditional inverters , power losses and total peak
inverse voltage (PIV) is less. In [7] a submultilevel
inverter was presented, the series connection of
submultilevel inverters produce the multilevel
output voltage. Submultilevel inverter and series
connection create only zero and positive levels of
output voltage, an H-bridge used to create negative
levels of output voltage. In [8], a topology with
module connection was presented. Each module
was made with two isolated DC sources, H and half
bridges. A topology in [9] formed by semi half
bridge cells connected in a crisscross manner to
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the load to generate levels in the output voltage.
The optimized structure is shown with reduced
components. The switching pulses for the given
topology was created by phase displaced pulse
width modulation technique (PDPWM). A single
DC source with a transformer [12] was used to
develop the topology, which gives multilevel output
with symmetrical and asymmetrical configurations.
In [13], two T-connections were connected back to
back by switches to provide a new structure that
allows for more levels in output. In this structure
different paths were created to DC sources to avoid
H-bridge for polarity generation. The presented
basic unit of MLI in [17] consisted of three DC
sources and five unidirectional switches. By
cascading basic units, levels in the output voltage
could be boosted. A separate DC source with two
switches is connected to create output voltage
minimum level.

The present paper contributes to extant
research in the following aspects:

1. With reduced switch count a new topology was
presented.

2. Number of switches, sources, and the cost
function are compared to the number of levels. It
presents the best results compared to a few other
presented topologies in the literature.

The structure of the paper is as follows: In
section 2, a novel topology is presented, and
cascading is shown to improve the levels in the
output. In section 3, binary sequence algorithm is
presented to decide the values of the DC voltage
sources. Third harmonic injection technique with
Phase Opposition and Disposition carrier signal is
used to generate switching pulses, presented in
section 4. In section 5, the voltage blocked by each
switch is calculated to determine the switches
rating. Section 6 is comparison between the
presented topology and some conventional
topologies in terms of switches, DC sources and
blocking voltage. Section 7 details the calculation
of conduction and switching losses. Section 8
delineates the simulation and hardware results.
Finally, the section 9 presents the conclusion of this
research.

2. PRESENTED TOPOLOGY

The presented topology as depicted in Fig.1 can
create output voltage as shown in Table 1. Basic
unit consist of five unidirectional switches (Si, Sa,
S3, Ss4and Ss ), two DC voltage sources(Vki, Vk2)
and H-bridge is used for polarity generation, consist
of four unidirectional switches (Sa, Sg, Sc and Sp).

The H-bridge is not a part of basic unit. Switches in
the topology are IGBT's with antiparallel diodes. In
Table 1, the switching states of the presented
topology, it create three output levels 0, VK1, VK2
and (VK1 + VK2). To generate zero level three
redundant states are possible. The basic unit is able
of creating only positive output voltage levels and
the negative levels in output voltage i.e -VKI, -
VK2 and - (VK1 + VK2) can be created
using H-bridge. Switches of the H-bridge should
withstand high voltage and they will be operating in
the fundamental switching frequency. Make sure
that switches S2, S3 and S5 should not turn on at
same time instant to avoid short circuiting risk of
Vki. Similarly, switches S;, S; and S4 should not
turn on at same time instant to avoid short circuiting
risk of Vka.

Fig.1 Structure of presented topology

For the presented topology, count of switches
Count of DC sources

Npc = 2K (2)

Table 1. Switching states of 7-level output voltage with
one basic unit and H-bridge.

Output Voltage | +Vo/-Vo Switching States
(Vo)
0 S5,S3,51,54,58 (or) Sa, S
(or) Sc, Sp

+/- (VK1) S1,S2,S4,S8/ S1,S2,Sc,Sp
+/- (VK2) S4,S5,SA,SB/ S4,S5,Sc,Sp
+/-(VK1+VK2) | S2,S3,S4,S4,S8/ S2,S3,S4,
Sc,Sp

basic wunits  connection in
levels count in the

Fig.2 illustrates,
cascaded fashion to improve
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output voltage. Table 2 shows the switching states
for the presented topology with two basic units are
cascaded.

Sum of the voltages across each basic
topology gives output voltage of multilevel
inverter.

oy =Viy tVay + -t Ve ()
where Vi is output voltage across first basic
unit. Vo is output voltage across second basic unit.
Vi(t) is output voltage across p basic unit.

Sa Va { Sg
{ Sn

Fig.2 Cascaded presented topology

3. CHOOSING MAGNITUDE OF DC
SOURCES

The DC voltage sources for a MLI’s plays
a major role in deciding levels in output voltage.
For all topologies, the value of DC sources to reach
the maximum levels in the output voltage may not
be the same. Symmetrical and asymmetrical
configuration are available in the literature [10-12],
[14], [22], [24] to decide the DC sources voltage
values. Output levels can be generated using either

symmetric or asymmetric DC source configurations
with the presented topology. The selection of DC
source values in symmetrical configuration with
unary sequence is determined as

Vi = Vge;1 =12 4)

Output voltage maximum value for the presented
topology with unary sequence is given as

p

Vomax = z Vaci =0 X Vg
i=1

)

where ‘p’ is the DC source count. The levels count
in the output voltage is given as

VOmax
N=2><< )+1=(2Xp)+1
t Vdc (6)
The DC source values in asymmetrical

configuration with binary sequence is given as

Vi = 20D x Vi =12
m=12,—-p

(7

Output voltage maximum value with binary sequence
algorithm for the presented topology is given as

14
Vomax = Z Vaei = (2P = 1) X Vg, (8)

i=1
The levels count in the output voltage is given as

)

NL=2><(@)+1= 2+ —
Vdc

4. MODULATION TECHNIQUE

Switching pulses to an inverter can be
created by comparing carrier signals with the
reference signal. Many modulation schemes are
available in the literature [13][15]. Third Harmonic
Injected Modulation technique (THI) with Phase
Opposition Disposition (POD) scheme was used to
determine switching pulses to the inverters switches
which is shown in Fig.3. The switching pulses are
mathematically modelled for 7-level output in the
presented topology [23] [25].
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Table 2. 31-level output voltage switching states for the presented topology with two basic units and H-bridge.

Output voltage(Vo) +Vo/-Vo Voltage switching states
ov S4,52,53,54,S8,S9,57,Sg (0r) Sa,Sc(or)Se,Sp
+/- 1V (VK1) S10,58,56,52,51,84,58 / 510,58,56,52,51,S¢,Sp
+/- 2V(VK2) S10,58,56,55,54,S 4,58/ S10,58,56,55,54,5¢,5D
+/- 3V(VK1+VK?2) S10,58,56,53,52,54,5 4,58/ S10,58,56,93,52,54,
Sc,Sp
+/- 4V(VK3) S10,59,85,83,51,54,58/510,59,55,83,51,S¢,Sp
+/- 5V (VK1+VK3) S10,59,52,51,84,88 / $10,89,82,51,8¢,Sp
+/- 6V (VK2+VK3) S10,59,55,54,S 4,58 / S10,59,55,54,S¢,Sp
+/- 7V (VK1+VK2+VK3) S10,59,53,51,54,S 4,58/ S10,59,53,51,54,S¢,Sp
-8V (VK&) $7,56.55,55,51,50,95 / $7,56,95,55,91,50,50
+/- 9V (VK1+VK4) 57,56,52,51,54,58 / $7,56,52,51,5¢,Sp
+/- 10V (VK2+VK4) S7,56,55,54,54,SB / S7,56,55,54,S¢,Sp
+/- 11V (VK1+VK2+VK4) S7,56,53,52,54,54,S8 / S7,56,53,52,54,S¢,Sp
+/- 12V (VK3+VK4) S7,50,88,55,33,51,54,38/ $7,S9,S8,55,33,51,
Sc, Sp
+/- 13V (VK1+VK3+VK4) S7,S9,55,52,51,54,S8 / S7,59,58,52,51,S¢,Sp
T~ 14V (VK2+VK3TVK4) $7,59,55,55,55,50,95 / 57,59,95,55,95,50,50
+/- 15V (VK1+VK2+VK3+VK4) S7,59,58,52,53,54,54,58 / S7,59,S5,52,53,54,
Sc,Sp
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Sip = a1 — A

(10)

In general,

the mathematical modelling for

switching pulses for ‘N’ level inverter is given as

Sap= a1 —ay +az (11)
S3p = a3 (12)
Sap = Az (13)

Ssp = ap — az

(14)

The suffix ‘p’ in (10) to (14) represents pulses
generated during positive half cycle. Negative half
cycle pulses are created in the same way using (15)
to (19).

Sipn = a1 —a_; (15)

Son = A-g—a_, (16)
+ a_3

S3p = a-3 (17)

San = A (18)

SSn = a—Z —_ a_3 (19)

The switching pulse to be given to the particular
switches is given by

Sy = Sip+ Sin (20)
Sy = Sop+ Son (21)
S3= S3p + San (22)
Ss = Sap+ San (23)
S5 = Ssp + Ssp (24)
Sa=Sp=a (25)
Sc=Sip= a (26)

K
Sip= a1 — Z(aZ(Zn—l) - a4n) (27)
n=1

K
SZp = Z(aZn—l — azn)
n=1

(28)

53p = Z(a4n—1 - a4n+1) (29)

Sip = ) (@an-z = Qi) (30)
n=1

¥

Q1261

Pl

=

Fig 3. Gating pulses generation by comparing reference
and carrier signal
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K
Ssp = Z(aZn — Ayn+1) (3 1)
n=1

K
Sep = a1 — Z(a4(2n—1) - aSn)
n=1

(32)
K
S7p = Z(aB(Zn—l) - a16n) (33)
n=1
K
Sgp = a1 — 2(“4(4n—3) (34)
n=1
a4(4n—1))
K
Sop = Z(a4(2n—1) - a8n) (35)
n=1

K
S10p = A1 — 2(“8(271—1) - a16n) (36)
n=1

(37)

Positive pulses for the switches can be generated
using (28) to (36). The negative pulses for the
switches can be obtained by

Sin = S1p X a—q (38)

Sc=Sp=a,

(39)

The condition considered to derive the negative
pulses from the positive pulses is given by

Ap X A_q = A_py,

(40)

Combination of positive pulses and negative pulses
gives the complete gate pulses for the switches

Sl = Slp + Sln (41)

The complete gate pulse for the switch S; is given
by (41). Equations similar to (41) can be derived
for the remaining switches.

5. BLOCKING VOLTAGE ON THE
SWITCHES

The MLI switches were chosen based on
their blocking voltages and ON state currents,
which have an impact on the inverter cost. The ON
state current is determined by the load, and the
topology has no bearing on it. The blocking
voltage, on the other hand, is entirely determined
by the inverter’s construction and topology. The
goal of the research is to create topologies with the
lowest overall blocking voltage possible. Blocked
voltage maximum value on the switch is the main
parameter in determining the cost of the switch. If
the total blocking voltage on the switch is
decreased, the inverter’s overall costs will also
decrease [16], [20], [21]. Therefore to calculate
this index, blocking voltage on each switches is
necessary. Considering  Fig.1, and the binary
sequence algorithm to determine DC sources, the
voltage blocked by the each switch is given as

s, = @
2

VSZ = VS4 = VS5 = V11 (43)

VS3 = VSIZ (44)

VSA = VSB = VSC = VSD (45)

= Vi1 + Vi

For the presented topology, the complete blocking
voltage by all the switches is given by

Vblock = VSl + VSZ + VS3 + VS4 +
VSs + VSy+ VS + VS +VS) (46)

6. PROPOSED TOPOLOGY COMPARISON
WITH FEW EXISTING TOPOLOGIES.

The major goal of designed cascaded
inverters is to achieve maximum level counts in the
output voltage while employing fewer components.
By decreasing the count of various components like
switches, gate drivers and DC sources leads to
lower cost, smaller size and simple control. Table 3
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shows the relations used to draw comparisons
between the proposed topology and some existing
MLI topologies. The graphs for the number of
switches, number of sources and cost function are
plotted in terms of the number of levels based on
these derived relations. The DC voltage source
values in this study are chosen using a binary
algorithm

W “+[proposed]
8 ~{CHB]

ki
60~{17]

40~

Number of switches

Number of Levels

Fig 4. Comparison of switches against levels

Fig.4 illustrate , the variation of switches
with levels . The presented topology showed good
advantage with reduced switches than the
considered topologies. In the presented topology all
the switches are unidirectional.

15 I
~*~{proposed]
+-[CHB]

B

10 -a-[17]

Number of sources
e

0 20 40 80 80 100 120 140
Number of levels

Fig 5. Comparison of switches against sources.

As shown in Fig. 5, presented topology
requires less sources with less switches than the
considered topologies , but the number of sources
for the particular levels is same for the presented
topology and cascaded H-bridge. Each basic unit of
the presented topology requires two sources. The
decrease of count in DC sources and switches
decreases the volume and cost of the inverter.

2

~+~[Proposed]
--(CHB]
157--[17]
~9)

cost function
=
T

o
T

0 5 10 15 20 25 30 35
Number of Levels

Fig 6. Comparison of cost function against levels.

The cost function plays major role in
deciding the overall cost of the topology. The cost
function is defined in [18], [19] and expressed as
shown in (47):

CF = Nigpr + @ Vyjoox = Nigpris
(VBlock)
ta|———

Vm ax

(47)

The 'a' in (47) is an important variable
quantity calculated as the weight factor of blocked
voltage versus number of IGBTs [18], [19], [20].
In general, the magnitude of blocked voltage will
be essential if 'a' is more than one, while the
number of IGBTSs and their respective prices will be
important if 'a’' is less than one.

The cost function against the number of
levels, as depicted in Fig. 6, for « = 0.5 and k=1
shows that the presented topology is more cost
effective than the other considered topologies. 'a’ is
choosen as 0.5 to give priority to the number of
IGBTs in determining the cost function. According
to the aforementioned comparisons, the presented
architecture requires fewer switches and fewer DC
sources, resulting in a lower cost function and less
installation area to create certain levels of output
voltage.

7. LOSSES CALCULATION

The sum of power losses in semiconductor
devices accounts for the total losses in an MLIL
Losses in a semiconductor device occur due to
conduction and switching. The current flow through
the switch during the ‘on’ state creates conduction
loss. A switch in the proposed topology contains
IGBT and diode. So, loss in IGBT (Pconsicsr) and
anti-parallel  diode(Pconap) gives the  total
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conduction losses in switch. Generally, it can be
obtained as follows [18-19]:

P cond,IGBT = [VON,IGBT (48)
+ Ron.igar P (D)]i(0)
Peonap = [VON,D + Ron,p i(t)]i(t) (49)

The voltage drops of an IGBT and a diode
in ‘on’ states are represented by Von, wer and
Vonp, respectively. The on-state resistance of
IGBT and diode are represented by Rownicer and
Ron,p respectively. B is a constant of an IGBT, and,
in general, it is considered close to 0.5.

The proposed inverter's average conduction loss is
calculated as

Vs
Pe = _f (NIGBT (t) X Peona,icar(t)
TJy
+ Np(t)
X Pcond,D (t)) d(wt)

Niger(t) and Np(t) are the ‘on’ state IGBT’s
number and diodes number in the current path.

(50)

During switching period turn-on and turn-
off, switching losses can be obtained. linear
approximation is used to calculate switching losses.
During turn on period, turn off period of the switch,
energy loss can be obtained as

Eon Zf ONV(t)i(t)
0

- foTON [<7‘;_t;) <_ Tow

I(T - TON))] e

— VIGBT.I' TON

6 C2))

ToFF
Eopr = f VI

TorF [/ Vts I(T — TOFF))
= — d
fo [(Tm) ( Torr *)
VIGBT-;-TOFF - (5 2)

Where Eon and Eorr are the switch’s on
and off period energy loss. Cross over interval
times of switches are Ton and Torr. Before and
after turn on voltage across the switch is Vigsr.
Current flow through switch before and after turn
onis L.

Switching power loss can be calculated as
follows, if there are Non number of turn-on’s and
Norr number of turn-off’s of switches during
fundamental cycle T:

Psw = (NonEon + NorrEorr) (53)
In an MLI, the total loss can be obtained as
Pross = Peonagar + Peonap + Psw (54)
Inverter efficiency can be calculated as
n= fout - _fout (55)

Pin Pout+ Ploss

Illllll

S1 S4 S5 SASBSC,SD
Swﬂch Number
Fig 7. Conduction losses for proposed topology

e
N

(=]
-
U'l

=4
o
UI

Conduction Losses
o
A

0—

o
—L.c
= o N

Switching Losses
S e
(4.}

o

S1 S82 83 84

S5 SA,SB SC,SD
Switch Number

Fig 8. Switching losses for the proposed topology.

R ————
4852




Journal of Theoretical and Applied Information Technology
15% June 2023. Vol.101. No 11

AN

| N
| <%

© 2023 Little Lion Scientific

" A mmmm—
EZaYil]

ISSN: 1992-8645

WwWw.jatit.org

E-ISSN: 1817-3195

8. RESULTS
Results are confirmed in
MATLAB/SIMULINK environment and

experimentally validated. Simulation and hardware
settings for Fig. 1 are as follows: L=55 mH, R=40
ohms.
SIMULATION RESULTS

When one basic unit is configured in a
symmetrical uninary manner, as illustrated in Fig. 1
of proposed system, 5-levels occur in the output
voltage, with each level as 100 Volt. Output voltage
maximum amplitude is V = 200 Volts. Among 5-
level output voltage as shown in Fig.9, positive half
cycle has two levels, negative half cycle has two
levels and one level at zero reference. With each

level as 100 Volt.

- ™
[ — S
a0 o

[
s o
[==Tr—1

Outptu Voltage(Vo)
[ —1

0 0.01 0.02 0.03 0.04
Time(S)

Fig 9. 5-level output voltage for symmetrical
configuration.

A Binary sequence algorithm is utilised to
find DC sources with Asymmetrical configuration.
The DC source values in simulation are V1=100V,
V2=200V. The output voltage has a peak amplitude
of 300V. Among the 7-level output voltage as
shown in Fig.10, positive half cycle has three
levels, negative half cycle has three levels and one
level at zero reference. with each level as 100 Volt.

=
=
=

)
=3
(—]

Output Voltage(Vo)
ro
S o

B
=
=3

0.01 0.02 0.03 0.04
Time(S)

-

Fig. 10 7-level output for symmetrical configuration.

L

Output Current(lo)
ro o

0 0.01 0.02 0.03 0.04
Time(S)

Fig 11. Output current of proposed topology.

Fig. 11 illustrates the output current. It is
almost sinusoidal in nature due to the low pass filter
behaviour of RL load. The phase delay in the
output current is due to inductance in the load.

0 0.01 0.02 0.03 0.04
Time(S)

Fig 12. Output across basic unit of proposed topology.

Figure.12 depicts the output voltage level
generation portion of the presented topology's basic
unit. In the presented topology, the H-bridge is used
to create polarities in the output with positive and
negative cycles.

Fig.13 and Fig.14 depicts output voltage
levels for modulation index of m=0.89 and m=0.7.
In the case of m=0.7 the number of levels were
decreased to 5-levels, even though the topology
having the same parameters to the modulation
index of m=0.89 .
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=
=3

ro
=3
(=]

Output Voltage(Vo)
ro
b= =

e
=

0.01 0.02 0.03 0.04
Time(S)

=1

Fig 13. 7-level voltage output for modulation index 0.89.

—_
= =
S S

—
=3
=1

Outptu Voltage(Vo)
ro =
=1
: [—1

0 0.01 0.02 0.03 0.04
Time(S)

Fig 14. 5-level output voltage for modulation index
0.7.

When cascading two basic units as
illustrated in Fig.2, the output voltage levels are
depicted in Fig.15. The DC voltage source values in
the simulation are V1=10, V2=20V, V3=40V and
V4=80V. Output voltage has a peak amplitude of
150V. Among 15-levels output voltage as shown in
Fig.13, positive half cycle has seven levels,
negative half cycle has 7-levels and one level at
zero reference.

g T
S 100

o

3

° 0

>

5

2100

=

0 - L 1

0 0.01 002 0,03 0.04

Time(S)

Fig 15. 31-level output voltage for two basic unit
cascaded

e

Fundamental (50Hz)=29.2, THD=131%
FIm I (| O BN | O 7 T ) 1 o

Mag (% of Fundamental)

0 100 200 300 400 500 600 0 800 900 1000
Frequency (Hz)

Fig 16. Output voltage THD spectrum

Fig. 16, shows harmonic spectrum of
output voltage for the proposed topology under
asymmetrical case (7-level) with one basic unit

(n=1).
Experimental results

The experimental configuration of the proposed
system to create output voltage of 7-level is shown
in Fig. 17. It was created based on Fig. 1. The
magnitude of DC source values are Vdc1=10 and
Vdc2=20. The experimental setup consist of IGBT
switches for basic unit and H-bridge. The IGBTs
used in the basic circuit and H-bridge prototypes
include (FGA25N120), a gate drive circuit
(TLB250) and an FPGA processor make up the
experimental configuration. To generate switching
pulses for the IGBTs, the SPARTAN 6 XILINX
FPGA processor is used.

Fig 17. Experimental setup of proposed 7-level inverter
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Fig 19. 7-Level Inverter Hardware Output Current With One Basic Unit And H-Bridge.

Fig. 18 shows the experimental results of
hardware setup with a 7-level output voltage; the
positive and negative halves have three levels each
and one level is at zero. The current waveform of a 7-
level inverter is shown in Fig. 19. The current
waveform lags behind voltage waveform because of
the inductive component in load.

9. CONCLUSION

The paper presented a new topology in which the
basic unit generated levels only in the positive half
cycle. The H-bridge was added to the presented
topology to generate all voltage levels (i.e. positive
and negative) in the output voltage. Symmetrical

values for the DC sources with unary sequence and
one basic unit resulted in 5- levels output voltage.
Asymmetrical DC sources with the binary algorithm
was considered in selecting the DC sources. The
single basic unit in the presented topology produced
7-level output voltage. It can be extended to ‘N’
number of levels by cascading the basic units. The
proposed topology presented the best result compared
with some selected topology in terms of switches
versus levels, switches versus DC sources and cost
function versus switches. The topology was validated
using a prototype model with one basic unit, and the
DC voltage source values were selected using binary
algorithm to generate seven levels in the output
voltage.
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Table 3. Comparison of some existing MLIs

Proposed topology Cascaded H-bridge [9] [17]
NLevels 2(2n+1) -1 2" -1 10n+1 2(n+3) -5
‘n’ basic units number. | ‘n’  basic  units | ‘n”  basic units | ‘n>  basic  units
number number number
Niswitches 5 Nievertl (Npever+1) 8 Npevelt5Y _
t E(logz 2 > ! 4lOg2 E (NLevel - 1) 5(l0g2 ) 9
Niever+1 Niever+1 Niever+5
Nsources (1092 Level ) -1 (log2 Level ) %log;VLevel_l 3(l0g2 Level ) -8
Vomax (NLevel - 1) v (NLevel - 1) v (NLevel - 1) v (NLevel - 1) v
2 dc 2 dc 2 dc 2 dc
DCsources Symmetrical ( 1:1) Symmetrical ( 1:1) | Symmetrical ( 1:1) | Symmetrical ( 1:1)
Asymmetrical (1:2) Asymmetrical (1:2) | Asymmetrical (1:2) | Asymmetrical (1:2)
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