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This paper presents a new non-insulated three-level DC-DC boost converter with quadratic static gain. The quadratic
feature is interesting for applications where a wide voltage range is necessary. The voltage across the switches is smaller
then the output voltage. Since it is a current-source converter, its application in fuel cell energy conversion systems
seems interesting, but other applications where the involved voltages are higher is very possible. Theoretical analysis
for CCM of operation and experimental results are presented. A comparison between the two cascaded boost converter,
the single switch quadratic boost converter and the proposed converter is made regarding commutated power. By ex-
perimental results is shown that the efficiency of the proposed converter is higher than two cascaded boost converters,

even with less installed semiconductor power.

Keywords: multilevel converter, quadratic converter, boost, fuel cells, renewable energy, transformerless, large voltage ratio, wide

voltage range

1. Introduction

Fuel cell’s steady-state and dynamic electrical character-
istics are very peculiar when compared with other kind of
power sources. When designing converters for fuel cells, it
is necessary to consider the fuel cell innate characteristics in-
stead of considering it only as an ideal DC voltage source.
Also, the complete system must be taken into account when
choosing static converters for fuel cell applications.

One of the fuel cells connatural characteristic is that it de-
livers energy at low voltages (~ 1.17V @ 80°C), depending
on the application they are usually stacked to reach useful
voltages. Nowadays, in applications where the power is situ-
ated between 1 kW and 10 kW the range of the fuel cell out-
put voltage is between 24 V and 60 V. These values are low
when compared with the necessary voltage at inverter’s input,
when this type of energy conversion is needed. This fact re-
sults in the necessity of another conversion stage between the
fuel cell and the inverter, usually a step-up DC-DC converter.
As a consequence the voltage gain of the DC-DC stage must
be high enough to accommodate this difference. Then, cas-
caded converters or transformer isolation can be necessary,
just to adapt the voltage difference.

Another important issue that must be taken into ac-
count when processing energy from fuel cells is its voltage
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regulation. The converter that is directly connected to this
kind of power source suffers from the highest voltage at no
load and from the highest current at the maximum load but
with lower voltage. This results in the overdimensioning of
the converter. Likewise, if the converter connected to the fuel
cell terminals is an isolated one, the design of the transformer
will be affected and its VA ratings will be higher than the pro-
cessed active power. Besides that, because the voltage is low
the input current can be very high, even for low power (1 kW
to 10kW), making difficult to reach high efficiency in the first
conversion stage.

On the other hand, the necessity of low power auxiliary
power supplies well suited for high DC voltages (> 800V)
is clear in the implementation of high power converter for
motor drives, power factor correction and multilevel con-
verters among other applications. The possibility of con-
nection of this ancillary power supplies directly at the high
voltage DC links of the power converters makes easier the
implementation. To contribute in the solution of this prob-
lem, Refs. (1) (2) proposed three-level forward and flyback
topologies, in which the switches’ voltages are equal to the
input voltage divided by two. By using a similar technique to
conceive the topologies, Ref. (3) proposed a family of three-
level non-insulated basic converters.

Motivated by these facts and the mentioned contributions,
this paper proposes three new step-up topologies, which are
named Three-Level Quadratic (T-1LQ) non-insulated DC-DC
boost converters, being characterized by providing the varia-
tion of the output voltage with a quadratic gain. This means
that comparing the classic boost converter with the proposed
ones, the gain of the new converters can be the double. An-
other characteristic of the proposed converters is that the volt-
age across each active switch is lower than the output voltage.
This occurs because this voltage is shared among the active



switches, as shall be shown later in the text. Defining the in-
stalled semiconductor power as being the sum of all switches
commutated power, which utilizes the unit Volt-Ampere or in
its short form VA, all topologies presented in this paper can
be compared. Because semiconductors cost is usually related
to its commutation capabilities, the utilized VA-ratings give
an image of the converters cost. The installed semiconductor
power can be related to the converter’s power to give an idea
of switches utilization. One of the new topologies which has
the lowest VA-ratings is considered by the author as being
suited for applications where low input voltage and high volt-
age ratio are required, like in fuel cell systems. Besides those
characteristics, the presented topology is a current-sourced
one, what enables the reduction of the input ripple current to
very low values. This fact brings another advantage for ap-
plication in fuel cell systems, where large ripple current may
bring additional problems “’® or, at least, increase the elec-
trode losses or material usage due to the high RMS current
values ©.

Inside this paper, a comparison regarding installed semi-
conductor power is made between the proposed topology,
two cascaded boost converters and a single switch quadratic
boost converter. The procedure to generate the new topology
is shown. The static gain, topological states and main wave-
forms, are described theoretically for Continuous Conduction
Mode (CCM) of operation of the lowest component count
topology. To validate the theoretical analysis, prototypes of
the new converter and the two boost cascaded converter were
implemented considering the specifications of a fuel cell sys-
tem. The efficiencies of both converters were compared and
the experimental results are presented.

2. Application Overview and Candidate Topolo-
gies

The proposed converter topology was generated in the con-
text of the application presented by Ref. (7), with the goal of
improving the long-term UPS based on fuel cells. For the
reader comfort, the UPS system is re-presented by Fig. 1, in
which the DC-DC converter stage can be identified (multiple
DC-DC converters).

A good topology to be adopted in the DC-DC conversion
stage of this application could be the conventional boost con-
verter. However, for high static gains, the converter losses
becomes important, reducing its efficiency, even so if the
ideal static gain can reach high values. This technological
limitation can be seen by considering the component losses
in the boost converter static gain equations. This is demon-
strated from Eq. (1) to Eq. (7), where the last one is depicted
in Fig. 2. This graphic shows the maximum gain as a func-
tion of parameterized resistances of a boost converter. Bigger
the parameterized resistance, lower is the maximum gain. In
those equations, variable Ry, represents the AC resistance of
the boost converter inductance, while variable R represents
the active switch resistance, which clearly exist in case of
MOSFET semiconductors. Variables ¢ and p represent the
same components but parameterized as a function of the ef-
fective load resistance R,. Diode losses and output capacitor
losses are not computed since this is just an example to show
how the static gain is not infinite and is limited by losses.
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Other solutions to accommodate this voltage difference
could be the use of quadratic, cascaded or insulated convert-
ers. Since this application did not require insulation, a non-
insulated topology can be adopted.

An architecture where two boost converters are cascaded
is shown by Fig. 3(a). This solution fulfills the mentioned re-
quirements. Another topology, with one less switch but with
one more diode, Fig. 3(b) presents a single switch quadratic
boost converter ®,

But which one of those solutions based on the boost con-
verters has the lowest VA-ratings?

IEEJ Trans. 1A, Vol.128, No.4, 2008
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Fig.3. (a) Two cascaded boost converters; (b) single
switch quadratic boost converter

2.1 Commutated Power Analysis =~ When comparing
both solutions in terms of installed (commutated) semicon-
ductor power, it is possible to conclude that the total commu-
tated power in the single switch converter is higher than in the
two cascaded converters. Since the cost of a semiconductor
is also related to its capacity to commutate a certain voltage
and current, the total commutated power of a converter gives
an image of the cost of this converter. In doing so, this figure
of merit can be used for topologies comparison.

Defining the commutated power ® as presented by Eq. (8),
it is possible to determine the total commutated power by us-
ing Eq. (9), where [; and V; are semicondutor’s current and
voltages. For the active switches, MOSFETS in this project,
it is considered that the commutated power is the maximum
voltage across the switch Vg, = times the RMS current Is,, ,
as shown by Eq. (10). While in case of diodes, it is consid-

ered that the commutated power is average current Ip,,, times
maximum voltage Vp, , as presented by Eq. (11).
SCim=T; Vi eeeeeem (8)
k
S Cror = Z Viedy coeemii 9)
i=1
Scs, = I, - Vp -ovr v (10
Sep, =Ip,uy - Ve 770t rrrresesssnseeen (11)

Neglecting the inductor ripple current, since it should be
low in fuel cell applications, it is possible to determine
the semiconductors commutated power as presented from
Eq. (12) to Eq. (16). Neglecting the efficiency, the total com-
mutated power for the two cascaded converters (Fig. 3(a)) is
presented by Eq. (17), parameterized as a function of the out-
put power P,. This parameterized commutated power rep-
resent exactly how many times the installed semiconductor
VA-ratings (VA) is bigger then the rated power (W) of the
converter.

- _ SCS1 _ \/5

Scs, (D) = B, S -Dmn (12)
Mior = T]1 * T v v e revenres et e etenn, (13)
r o _ SCSZ V—B

Scs,(D) = 7, T Do (14)
Scp,(D) = A (15)
Scpy(D) =1 cooeeeeeeennei (16)
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Where D is the switch duty cycle and 71 2 1 are the effi-
ciencies of the stage 1, 2 and total. The commutated power
is described by S . for the switches S| and S, and for diodes
Dy and D,. The total commutated power is identified by the
subscript tot which is the sum of all semiconductor commu-
tated powers. Over lined symbol means that the variable is
parameterized as a function of P,,.

Following the same methodology for the single switch
quadratic boost converter (Fig.3(b)), the switch’s commu-
tated power and additional diode’s commutated power are
presented by Eq.(20) and Eq.(21), respectively. The total
commutated power, neglecting the converter’s efficiency, is
presented by Eq. (22).
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Is,,. =, +1L,,)- VD oo (18)

VS e = Viprovme oo (19)
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................... (20)
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In Eq.(18), IL4,, and IL,,,, are the inductors average cur-
rents. The power commutated by diode D3 is described by
Scp,. The total commutated power for the topology pre-
sented in Fig. 3(b) is determined by S cb,,,.

Considering that the duty cycle has the same value for all
active. switches, Eq.(17) and Eq.(22) can be rewritten as
a function of the static gain, as presented by Eq.(25) and
Eq. (26), respectively. These equations were obtained by sub-
stituting Eq. (24) into Eq. (17) and Eq. (22).

Just for comparison, the equations for the single stage
converter (basic boost converter) are obtained from Eq. (12),
Eq. (15) and Eq. (28), and the result is presented by Eq. (27)
and Eq. (29).

1
Ge = Ty (23)
1
Dol o e e 24
SCap(Ge) = 2Ge— VGe +2--vvveerneenns (25)

S chuGe) = 2+ (1-VGe) + \/Ge( VGe+Ge—1)—1
................... (26)
WD
S cep(Ge) = ) T (27)
1
Ge = T (28)
Sccmt(Ge) = 1 -+ VGe2 - Ge ................... (29)

In order to better visualize the results, the total commutated
power as a function of static gain Ge of the single stage boost
converter Eq. (29), cascaded boost converters Eq. (25) and the
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single switch quadratic boost converter Eq. (26) are presented
by Fig. 4. It is clear that the single switch quadratic converter
has the highest commutated power. This can be explained by
the following reasons. The voltage applied across diode D3
is the voltage difference between the output voltage and the
intermediary voltage and its current is high, because it is re-
lated to the input current. But the major problem is related
to the active switch, which is submitted to the output voltage
and input current /;, added of current /7,, making the relation
between the total commutated power and the converter’s out-
put power higher. As expected, for the basic boost converter
the commutated power becomes ideally higher then the two
cascaded converters. This occurs for static gains higher than
4.72.

2.2 Converter Conception By substituting switch S;
into Fig.3(b) by two switches and adding a clamping diode
Da4, the converter presented by Fig. 5 (ToplA) can be drawn.
The addition of another switch and a clamping diode fol-
lows the strategy presented in Ref. (3) to obtain three level
topologies based on the basic converters (buck, boost and
buck-boost). However those topologies do not present the
quadratic characteristic. Now, the applied voltage across
each switch is lower than the converter output voltage. But
the commutated problem still remains because the input cur-
rent (I, current) is being commutated by S, and S;. Also,
there are too many diodes.

By changing the connection of diode D3 to the connection
point between S; and S,, the current that circulates in S, is
reduced. This topology is presented in Fig. 6 (Top1B).

Now, for CCM in both inductors, two diodes can be re-
moved from Fig. 6 resulting in the converter presented by
Fig.7 (ToplC). The commutated power of this converter
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is lower than the commutated power of the single switch
quadratic converter, while keeping the quadratic character-
istic. Also, the voltage across switch S, of ToplC is lower
than the voltage across switch S; of the two cascaded boost
converters (Fig. 3(a)). It means that in terms of voltage, the
same switch capability can be used for S, and S,, depending
on the required static gain. The drawback is that the current
in switch S; of the proposed converter is higher than the cur-
rent in switch S; of the two cascaded converters. But the total
commutated power is the same, as presented by Eq. (33). The
advantage of this converter is that two low voltage switches
can be used, with low Rpg,_, resistance in case of MOSFET’s
semiconductors. This converter can also be interesting for in-
put voltages higher than the fuel cell’s voltage range or even
for use at higher output voltages with IGBTs.

— 2-D.A A. VD3

S do D :2 . AF —— e
cdior(D) t T pa VD/1+(1—D) (30)

T 2VD

Scdi(D) =2+ T 3D

1
Ge ~= —(1 ~ Dy ford > 1-eeveeeieeint. (32)
Scdii(Ge) =2 \/Ge — VGe+2=Sca;y -+ (33)

3. Operation Principles

To explain the operation principles and analyze theoreti-
cally the proposed topology, the continuity of the current in
both inductors must be taken into account.

In this paper only the CCM of operation in both inductors
will be considered. Future publications shall deal in detail
with different modes of operation.

A requirement for proper operation is that the conduction
time of switch S; must be smaller than switch S, conduc-
tion time, then a special modulation strategy is necessary. In
doing so, the voltage applied to the switch is lower than the
output voltage, clamped by the intermediary voltage V.

3.1 Topological States and Main Waveforms for CCM

The basic operation of this converter can be divided
in four topological states, as depicted in Fig.8. In the

IEEJ Trans. IA, Vol.128, No.4, 2008
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Fig.8. Topological states of the proposed converter for
CCM operation

first topological state, given by Fig. 8(a), both switches are
blocked and the energy is being delivered from the power
supply to the load. The second topological state is shown in
Fig. 8(b). It starts when S, is turned on, freewheeling induc-
tor’s L, current. The voltage across S; is equal to Voint. In
the third topological state, S; is turned-on, starting the ac-
cumulation of energy in both inductors L; and L,. The last
topological state starts when S; is blocked, one more time the
freewheeling topological state takes place.

A vertically centralized modulation strategy can be used to
drive the switches, resulting in two degrees of freedom when
controlling the output voltage. It means that there are two
duty cycles for control purposes. For easier understanding,
Fig. 9 shows the main waveforms obtained through simula-
tion for this mode of operation. In this figure the modulation
scheme can be identified, including the switches’ conduction
times At; and At3. The voltages across the switches (Vg, and
Vs, ) are also shown. As expected they are a half of the output
voltage if Vi = 3.

A non interesting topological state would occur if switch
S; is turned-on before switch S,. The voltage applied across
switch S, would be greater than V, — V,;; and this con-
verter loses its main advantage. The same undesired situation
would happen if switch S; is turned-off before S;. These two
undesired situations result in the same topological state, as
presented by Fig. 10.

3.2 Static Gain By inspection of Fig.9, the static

D, 128 % 4 &, 2008 &
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gain of this converter can be obtained, which represents the
output voltage variation as a function of the conduction time
of each switch. The duty cycle D is defined as being switch
S, conduction time Ag divided by the switching period T as
presented by Eq. (34). As stated before S; conduction time
Ay must be smaller than ‘Agz. To respect this restriction, a
reduction factor A is applied as shown by Eq. (35). This new
variable must be higher than 0 and lower than 1.

A
= _T’i ...................................... (34)
Ay Ay Ad e (35)

To obtain the static gain, each step-up stage can be an-
alyzed separately, as follows. In steady state the average



voltage across L; is equal to zero. Then Eq. (36) can be writ-
ten, where V,;, is the intermediary DC link voltage and V;
is the input voltage. The static gain between the intermedi-
ary DC link and the input voltage is determined by Eq. (38).
The same procedure is taken to obtain the static gain for the
second step-up voltage stage. Considering steady state oper-
ation, the average voltage across L, is equal to zero as pre-
sented by Eq. (39). The partial static gain is given by Eq. (41),
where V, is the output voltage.

By multiplying Eq. (38) by Eq. (41) the total static gain can
be obtained as shown by Eq. (42). By applying the limit func-
tion in Eq. (42) with 2 — 1, Eq. (36) is obtained demonstrat-
ing the quadratic characteristic and justifying the designation
of “quadratic converter”.

Vi d = Voig = V)T = Apy + Ay = Ay) -+ (36)
ViD.A) = (Vg = VYL = DA ceeeeeenennnnnnn (37)
Voint 1
B 38

V; 1-D.A (38)
Vi, = (Vo = Vo) (T = Ag) oo (39)
Voint.D.A = (Vo - Voint)-(1 - D) """"""""" (40)

v, DA-1 1 .
Yo _DA=D+1 (41)
Voint 1-D

Voir Vo D(A-1+1
om = . =TT 42

Getoleen = = g = a-no-n @
. 1
lim(Getoteon) = TR (43)

It is interesting to notice in Eq. (38) and Eq. (41) that the
static gains VV%“‘ and VY,:.t are dependent of the conduction
time of both switches differently of what happens when using
cascaded boost converters. In other words, the output voltage
is not only affected by the intermediary voltage and switch
S, duty cycle but also by switch S; conduction time. The in-
fluence of S; in the output voltage can be clearly visualized
in the third topological state of Fig. 8.

The total static gain as a function of the duty cycle with A
as a parameter is presented by Fig. 11. The same static gain
is being presented by Fig. 12, but as a function of A and with
D as parameter. From both figures one can see that for a
large static gain variation, acceptable values of 2 and D can
be used.

The choice of D and A can be based in different criteria
according with designer intentions. If the idea is to keep
switches’ voltages evenly shared, i.e. with the same magni-
tude, then the relation between the output voltage and the in-
termediary voltage that is given in Eq. (44) must be respected.
By substituting Eq. (44) into Eq. (41), duty cycle D can be re-
calculated as a function of A, yielding Eq. (45). Since A can
only physically vary from nearly O to nearly 1, duty cycle
D, resulting from Eq. (45), can vary from 1 to 0.5 only. So,
for the maximum value of A, which is 1, the duty cycle D
would be 0.5. Substituting these values into the total static
gain equation Eq. (42), the maximum gain that still provides
an evenly shared switches’ voltages is equal to 4, as shown
by Eq. (46). The minimum gain while having an equal volt-
age across the switches occurs for 4 ~ 0.001 and D ~ 0.990;
for this case the static gain is equal to 2.
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D) = —— : - 4s)
T 144

Gemae(D =05, 1= 1) =& «eeevnennnarninnnnn. (46)

But, the static gain of this converter can ideally be higher
than 4 or lower than 2, in these cases, the voltages across
the switches will not be evenly shared anymore. That should
not be considered as a drawback, because the current of S;
is higher than the current in S;, so it could be interesting to
have a situation where the voltage across S, is higher than
the voltage across S;, keeping the same commutated power
at both switches. Another possibility to wisely chose the val-
ues for D and 4 would be by minimizing the converter losses,
or at least switches losses.

Yet another possibility, would be to minimize the voltage
difference among switches (Vo — Vs1). This could be eas-
ily reached by maximizing A since the voltage difference de-
creases with a higher 4 (Eg. 2 = 0.990) and then calculating
D for a given static gain.

A numerical example is given here, where the voltage dif-
ference across the active switches is minimized when a static
gain equal to 8 is required. Considering an input voltage
equal to 25V and an output voltage equal to 200V, A could
be kept constant and equal to 0.990, while D would be au-
tomatically controlled to regulate the output voltage. This

IEEJ Trans. |A, Vol.128, No.4, 2008




QTL—~Quadratic Three-Level Converter

procedure would give a D = 0.65 and an ideal static gain
equal to 7.962. The intermediary gains are not individu-
ally higher than 4, which seems feasible from the techno-
logical point of view. Yet the voltage difference across the
switches is the smallest possible value for the specifications
given above.

In other words, the choice of A and D should be made
according with the converter specifications and the applica-
tion requirements, probably targeting at the highest efficiency
possible. This topic is not deeply discussed here because it is
not within the main goal of the paper.

4. Simulation Results

In order to validate the commutated power equations and
the operation principles of the proposed converter, the TL-
Q converter, the single switch boost converter and the two
cascaded converters were simulated to investigate their de-
vices stress. The presented values were obtained by sim-
ulating all converters with an input voltage of 24 V, output
voltage equal to 96 V and output power equal to 500 W. The
intermediary voltage was equal to 48 V. Inductances L; and
L, equal to 120uH and 250 uH respectively. A summary
of these results is presented in Table 1, where ToplC is the
new converter, Top2 is the two-cascaded boost converter and
Top3 is the single switch quadratic boost converter. One can

Table 1. Converters’ simulation results. Top1C: pro-
posed converter; Top2: two cascaded boost converters;
Top3: single switch quadratic boost converter

Stresses Topologies
ToplC [ Top2 [ Top3
IS1ay |[15.18A[10267A ] 1528A
1824, 5A SA -
ISl || 213A | 144A | 2137A
1S2, || 702A | 7.03A -
VSl 488V | 488V | 9662V
VS2 488V | 978V | 96.62V
IDl., || 98A | 9.8A 9.8A
D2, || 482A | 482A | 482A
D3, = - 10.257 A
VDI 48V 48V 48V
VD2 9V 96V 96V
VD3 ~ = 48V
[Sciw/Po ]| 4.63 4.63 6.98
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Fig. 13.  TL-Q Simulation results operating in CCM
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see that the relation between the output power and the com-
mutated power is worst for the single switch quadratic boost
converter. Comparing the obtained results for both, Top1C
and Top2 topologies, the current stress of switch S, is higher
in Top1C converter. However, the blocking voltage of switch
S, is lower in the new converter. Due to these facts, the total
commutated power is the same for both converters.

In Fig. 13 the TL-Q (ToplC) converter waveforms ob-
tained by simulation are shown. The output power is 500 W,
the input voltage is 25V, the intermediary voltage was set to
50V and the output voltage is 100 V. Switching frequencies
of both modulators are equal to 50kHz. The chosen duty
cycle was 0.55 and parameter A was set to 0.9.

It is important to mention that the voltages across the
switches are perfectly clamped when considering this ideal
circuit, so the concept of being a three-level converter is val-
idated.

5. Experimental Results

The proposed converter has been implemented to validate
its principle of operation for 25V input voltage and 100 V
output voltage. The maximum output power is 450 W and
the chosen switching frequency is 50kHz. The value of
A is constant and near 0.9. A picture of the prototype is
shown by Fig. 14. The following semiconductors were in-
stalled: IRFB4710 from the industry International Rectifier,
MURI1520 and MURS820 both from the industry ON Semi-
conductor.

In Fig. 15 are presented the input current and the input volt-
age. Since the converter is operating in CCM, the ripple cur-
rent is very small, what is interesting for fuel cell applica-
tions. If less ripple is required by the application, the input
inductance could be increased, a capacitor could be added
to the input (operating as a filter by considering the fuel cell
impedance) or interleaved converters could be used. The out-
put voltage and output current are being presented by Fig. 16.
Note that the output voltage is around 100 V.

The switches’ voltages are being presented by Fig. 17. In
this figure one can see that none of the switches are being
submitted to the highest converter voltage, which is 100 V.
During the turn off commutation, an overvoltage occurs,
which is justified by the utilization of a non appropriate lay-
out design for this converter. After the turn-off transient it is

Fig. 14. Picture of the prototype
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Fig.15. Converter’s input voltage (5 V/div) and current
(5 A/div)
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Fig. 16. Converter’s output voltage (20 V/div) and cur-
rent (1 A/div)

possible to see that the switch’s voltages are clamped, validat-
ing the proposal of this work. Any kind of auxiliary snubber
circuit was used to help the commutations.

5.1 Efficiency The efficiency of the T-LQ converter
and the efficiency of two cascaded converters were obtained
by supplying both converters with a fixed voltage, set to 25 V.
The load resistance was varied while keeping the output volt-
age regulated to 100 V. Since T-LQ converter has two vari-
ables to be controlled, A was set to 0.9 while D was adjusted
and corrected to reach the desired voltage (output voltage
varies a bit with power). Both prototypes were assembled
in a similar printed circuit board, with the same mechanical
arrangements. But, due to voltage requirements, the second
stage of the two cascaded converter has been implemented
with the MOSFET IRFP260N (International Rectifier). The
efficiency results were approximated by a second order poly-
nomial regression and are depicted in Fig. 18. Close to the
nominal power the total efficiency is near 90%. Some loss
of energy occurred due to shunt resistors (0.01 Q) utilized
to measure the two inductors’ current (= 0.96%). No ef-
forts were done to improve the efficiency by using snubber or
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Fig.19. Multilevel topology

commutation techniques, since the applied voltage is not so
high. The efficiency of this converter, when compared with
the two boost cascaded converters, is lightly higher. These
results were obtained by using the same printed circuit board
and the same components, except switch for S,. Also, the in-
stalled semiconductor power of the two cascaded boost con-
verter was 1000 VA, while the installed semiconductor power
of the proposed converter was 750 VA. Le., for the same in-
stalled semiconductor power, the efficiency of the proposed
converter could be even higher.

5.2 Multilevel Converters Other number of levels
and higher values of output voltage can be obtained with the
multilevel circuit presented in Fig. 19. The voltage across the
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active switches are determined by the difference between the
capacitors’ voltages.

The duty cycle of the upper switch must have the highest
value, while the duty cycle of the lowest switch has the small-
est value. Since the total efficiency of these converters seems
to be affected by the cascaded connection, a great number of
levels may become unattractive. Of course this depends on
the application and electrical specifications.

6. Conclusion

The integration of two boost cascaded converters is pre-
sented in this paper originating three new quadratic three-
level converters. The main advantage of the proposed topol-
ogy, when compared with the single switch quadratic boost
converter, is that the total installed semiconductor power is
lower. When comparing the presented topology with two
cascaded boost converters, the voltage across the switch
S, is lower in the proposed converter, while the current in
switch Sy is higher, keeping the same semiconductor installed
power.

The presented converter can be interesting for applications
where a high voltage ratio is necessary, what can be the case
of fuel cell applications, but only when transformer isolation
is not required. This converter can be also interesting for
higher power and higher output voltages. A generalization
to obtain multilevel converters based on the same commuta-
tion cell was also presented. Future works shall deal with
the buck and buck-boost converters based on the same com-
mutation cell, discontinuous conduction mode of operation,
modeling issues and inductors coupling.
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