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A Novel Multicell DC–AC Converter for Applications
in Renewable Energy Systems
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Abstract—This paper presents a novel dc–ac converter for
applications in the area of distributed energy generation systems,
e.g., solar power systems, fuel-cell power systems in combination
with supercapacitor or battery energy storage. The proposed
converter is realized using an isolated multicell topology where
the total ac output of the system is formed by series connection
of several full-bridge converter stages. The dc links of the full
bridges are supplied by individual dc-dc isolation stages which
are arranged in parallel concerning the dc input of the total
system. Therefore, all switching cells of the proposed converter
can be equipped with modern low-voltage high-current power
MOSFETs, which results in an improved efficiency as compared to
conventional isolated dc–ac converters. Furthermore, the cells are
operated in an interleaved pulsewidth-modulation mode which,
in connection with the low voltage level of each cell, significantly
reduces the filtering effort on the ac output of the overall system.
The paper describes the operating principle, analyzes the funda-
mental relationships which are relevant for component selection,
and presents a specific circuit design. Finally, measurements taken
from a 2-kW laboratory model are presented.

Index Terms—Interleaved pulsewidth modulation, multicell, re-
newable energy converter, solar inverter.

I. INTRODUCTION

I N CONNECTION with distributed energy generation and
renewable energy sources (e.g., solar-cell or fuel-cell appli-

cations having battery or supercapacitor backup), in general,
unidirectional and/or bidirectional dc–ac converters are applied
frequently [1], [2]. To give an example, specific operating
parameters and requirements of solar-power converters for typ-
ical residential applications should be summarized as follows:
dc input voltage: 50–200 V; rated power: 500 W–2 kVA; ac
output voltage (mains): 230 ; four-quadrant-operation
of the dc–ac converter stage (generation of reactive power
for stand-alone applications); and isolated topology (isolation
between dc input and ac output due to safety requirements).
Converter systems for the applications mentioned have to
be designed considering very high efficiency and reliability.
Frequently, circuit topologies using line-frequency trans-
formers for isolation and voltage adaptation are applied. This
results in high reliability because no semiconductor devices
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are connected directly to the mains and the transformer acts
as an additional filtering stage. Fig. 1(a) shows a system
based on a full-bridge topology as proposed, e.g., in [1] and
[3] for three-phase applications. Alternatively, systems are
known which rely on a center-tapped line-frequency isolation
transformer and current shaping using a buck converter [4].
For unidirectional three-phase systems, the application of a
line-frequency transformer gives an interesting possibility to
achieve sinusoidal mains currents using two buck converters
in connection with a thyristor bridge [5]. Furthermore, reso-
nant topologies have also been proposed in order to improve
the efficiency of the dc-to-ac conversion [6]. Of course, the
dc-to-ac stage of Fig. 1(a) (i.e., the MOSFET full bridge) is
itself already characterized by high efficiency because the
relevant dc voltage levels in many cases allow the application
of power transistors with ultralow on resistance (e.g., trench
devices). The significant drawback of all topologies using a
line-frequency transformer, however, is given by the impact of
the transformer on the total efficiency and on the weight of the
system. The efficiency of line-frequency transformers for the
relevant power level is hardly better than 95% and, hence, the
efficiency of the total system typically is only about 90%–92%.

In order to avoid the bulky mains transformer and/or to in-
crease power density and efficiency, alternatively, topologies
with high-frequency isolation based on a dc–dc system feeding
the dc link of a full-bridge dc–ac converter connected directly to
the mains are proposed [1], [7] [see Fig. 1(b)]. However, here,
the low losses of the high-frequency isolation transformer have
to be seen considering the additional losses of the rectifier stage
and, especially, the line-side inverter. According to the required
dc-link voltage level (e.g., 400 V), this power stage, in gen-
eral, has to be equipped with insulated gate bipolar transistors
(IGBTs), which show a nonoptimum efficiency for operating in
the partial load area.

Remark: For equal losses at the rated operating point power
MOSFETs showing resistive on-state behavior are more effi-
cient as compared to IGBTs which show a more constant and/or
current independent on-state voltage drop (
for MOSFETs versus for IGBTs).

Consequently, considering the efficiency, the systems of
Fig. 1 are about equivalent. The advantage of the topology of
Fig. 1(b) is the increased power density due to the high-fre-
quency isolation transformer. Furthermore, both systems of
Fig. 1 are characterized by a single-stage ac voltage generation.
This results in a poor mains current harmonic behavior, or,
if the switching frequency is increased to lower the current
harmonics, in a reduced efficiency.

0278-0046/02$17.00 © 2002 IEEE
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(a)

(b)

Fig. 1. Basic circuit topology of a solar-powered converter with (a) MOSFET full-bridge and line-frequency isolation transformer and, alternatively, (b) topology
with MOSFET dc-dc converter (high-frequency isolation transformer) with subsequent single-cell IGBT four-quadrant dc–ac converter.

II. M ULTICELL CONVERTER—BASIC CONCEPT

Influenced by the recent developments in the area of
low-voltage power MOSFETs, a converter topology is pro-
posed for the application in residential renewable energy
systems which originally is known from high-power applica-
tions. Multicell multilevel converter systems have been well
known for many years for high-voltage/high-power applications
in order to reduce the required blocking voltage of the power
semiconductor devices. For example, fully static 50 Hz-to-16
2/3 Hz inverters for feeding railway overhead lines [8], con-
verters for input current shaping and traction of locomotives
[9], in general, for feeding medium- and high-voltage induction
machines [10]–[12], as well as for static var compensators
[13], [14], and also as a utility interface for medium-power
renewable energy systems [15] have been reported.

Considering modern low-voltage power MOSFETs and inte-
grated gate driver stages, however, multicell topologies have be-
come attractive, even for converters in the lower power region.
The applicability of low-cost standard power components de-
signed for high-volume applications (automotive, telecommuni-
cation, etc.) overcomes the main drawback of such systems, i.e.,
the high number of switching devices. By application of multi-
level multicell topologies, the drawbacks of the converter struc-
tures discussed in Section I can be avoided, resulting in compact
units with high overall efficiency. There, the key specifications
of the developed residential converter system are as follows:

dc input voltage V (80–120 V);
ac output voltage ;
rated power kW;
efficiency at rated power;
high-frequency isolation stage;
low-voltage MOSFETs (majority carrier devices).

According to Fig. 2, the total circuit is formed by multiple
converter cells which are arranged in parallel on the dc input
side and are connected in series for generating the ac output

voltage. Each cell consists of a high-frequency isolation stage
feeding the dc voltage link of a full-bridge inverter. Because of
the series arrangement the inverter stages can also be realized in
the same semiconductor technology as the isolation stages (i.e.,
application of low-voltage devices).

The isolation stage is implemented using a capacitively cou-
pled half-bridge converter operated in a constant-frequency se-
ries-resonant mode [no pulsewidth modulation (PWM)] (see
Section III). This results in low on-state losses (no freewheeling
states) and low switching losses (zero-current and zero-voltage
turn-on) for continuous conduction mode at switching frequen-
cies being higher than the natural frequency of the resonant net-
work. Consequently, the dc-link voltage of each dc–ac stage
varies directly according to the dc input voltage of the total
system.

The control of the ac output voltage/current is achieved by
PWM of the dc–ac stages. As described in Section IV, this can
be performed advantageously in an interleaved PWM mode of
the individual cells in order to minimize the filtering effort. This
is due to the fact that the resulting multilevel total output voltage
of all cells then very closely approximates the sinusoidal voltage
reference value. Therefore, the PWM switching frequency of
each dc–ac cell can be chosen comparatively low, which results
in low switching losses. Furthermore, it is advantageous to also
operate the isolation stages in an interleaved manner in order
to minimize the ripple current stress of the dc input smoothing
capacitor.

III. SERIES-RESONANT ISOLATION STAGE

As mentioned before, the series-resonant topology has been
chosen for the isolation stage due to the expected good effi-
ciency based on the zero-current and zero-voltage turn-on of
the power transistors. Furthermore, the blocking voltage stress
on all semiconductors is well defined and the leakage of the
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Fig. 2. Basic circuit topology of the proposed dc–ac multicell converter based on high-frequency resonant-mode dc–dc isolation stages feeding interleaved
PWM-mode MOSFET dc–ac cells connected in series on the ac output (N = 4 cells).

transformer contributes to the effective inductance of the reso-
nant network [16]. Therefore, different from, for example, trans-
formers for flyback converters, a certain amount of leakage is
desirable here. This is also of importance because the coupling
capacitance between primary and secondary should be mini-
mized because the proposed multilevel topology is character-
ized by a common-mode voltage stress of the converter cells
caused by the interleaved switching of the individual dc–ac con-
verter cells; a low coupling capacitance helps to reduce the re-
sulting common-mode current. A circuit topology which is not
sensitive to transformer leakage is furthermore of advantage be-
cause the primary winding of the transformer shall be realized
by application of the “bow winding principle,” i.e., copper wire
bows are connected via the printed circuit board (PCB) to form
the primary winding, whereas the secondary windings are of
conventional type. Such a transformer usually shows significant
leakage (but low coupling capacitance) and, therefore, is well
suited for this series mode resonant topology.

A. Analysis of the Stationary Operating Behavior

In the following, the characteristics of the stationary oper-
ation shall be calculated analytically. It should be mentioned
that a center-tapped secondary winding is used for the designed
converter, which results in having only a single diode forward
voltage drop as compared to bridge rectification [Fig. 3(a)].

Remark: For the desired output voltage range of up to 120 V,
usually, 400-V diodes would be suitable for center-tapped rec-
tification, whereas for bridge rectification 200-V diodes would
be sufficient. Although 400-V devices show a higher on-state
voltage than 200-V diodes, the two 200-V devices acting in
series for bridge rectification cannot compete with the single
400-V diode of a center-tapped system.

(a)

(b)

(c)

Fig. 3. Circuit diagram of the (a) series-resonant converter and (b), (c)
corresponding equivalent circuits.

Here, the bridge rectifier is given only to develop the equiva-
lent circuit diagrams of Fig. 3(b) and (c). The system is char-
acterized by four different states defined by the polarities of
the input voltage and of the reflected secondary voltage.
Whereas the polarity of is defined by the control circuit, the
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TABLE I
OPERATING STATES OF THESERIES-RESONANT CONVERTER

(a) (b)

(c) (d)

Fig. 4. (a) System trajectory and (b) time behavior of the series-resonant
converter. (c), (d) Simplifications valid for�U � U ; i : output current of
the rectifier [see Fig. 3(b)].

polarity of is given by the direction of the resonant current
. The four possible states (A B C D) are listed in

Table I. For state A, voltages and show equal direction
and the (small) difference is applied to the
LC series circuit. This results in a circular-shaped system tra-
jectory around the center point [ , 0] (see the
diagram in Fig. 4(a), defines the characteristic
impedance of the resonant network). Because the system oper-
ates with a switching frequency above the natural frequency

, the input voltage changes its polarity at
instant 1 due to the turn-off of the high-side transistor before

becomes zero. Consequently, the system transits to state B
where the sum causes a high rate of current reduc-
tion [see Fig. 4(b)] according to the circular trajectory with the
center point [ , 0]. At instant 2, the current be-
comes negative, the current in the rectifier diodes commutates,
and again shows equal (i.e., negative) polarity as(state
C); now [ , 0] is the new center of the trajectory valid until
the lower power transistor turns off at instant 3 and the system
passes over to state D (center [ , 0]) which completes
a full cycle at instant 4.

For the practical realization of the series-resonant converter
stage of the proposed system it is of importance that, in general,

is valid; this is caused by the fact that the charac-
teristic impedance is defined by the small induc-
tance given to a significant extent by the transformer leakage.
With this assumption, the system trajectory in good approxima-
tion shows the shape of Fig. 4(c), i.e., the current contribution
of states B and D to can be neglected [ , Fig. 4(c)].
With this and using the conduction angle

(1)

the equations

(2)

and

(3)

can be written according to the geometric relations given by
Fig. 4(c) and according to the fact that the average value of
(i.e., the rectified inductor current ) in the stationary case is
defined by the load current . Evaluation of (3) and rearranging
using (2) finally leads to

with (4)

and

(5)

These equations state that, for a given switching frequency
(fixed conduction interval ), the output voltage decreases
proportional to the load current , i.e., the converter shows
a quasi-ohmic output impedance (current-independent output
resistance ; see equivalent circuit given in Fig. 5).

Remark: This system behavior is very similar to the com-
mutation voltage drop of line commutated converters where the
commutation inductances finally cause a current-proportional
output voltage reduction.

An exact calculation as given in [17] results in an output char-
acteristic described by ellipses (see the thin curves in Fig. 5).
However, as is indicated by the shaded area of Fig. 5, for the
operating region being relevant for the proposed system (

) the simplified calculation given here shows excellent ac-
curacy. Fig. 6 demonstrates that the output impedance is
approximately linearly dependent on the switching frequency
and for is valid. Therefore, the desired stiff
output characteristic suggests . However, this would
lead to a worse transient response (voltage overshoot) because
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Fig. 5. Output characteristic of the series-resonant converter for
fixed-frequency operation above the natural frequency.

Fig. 6. Dependency of the output impedanceR and of the capacitor peak
voltage valuêu on the switching frequency.

also acts as damping resistor for the resonant circuit given
by the output inductance (not shown in the equivalent diagram
of Fig. 5) and the output smoothing capacitor. Furthermore, it
has to be taken into account that the turn-off of the power tran-
sistors has to be performed at ; only in this case there
exists a remaining current which charges the drain-source ca-
pacitance of the transistors in order to get zero-voltage turn-on.
For a practical realization the resonant network typically is di-
mensioned to achieve (i.e., ).

B. Practical Design and Realization

Concerning the design of the multicell converter with the
key specifications as given at the beginning of Section II (rated
power 2 kW in a four-cell arrangement) the specifications of the
dc–dc isolation stage are defined by the following:

dc input voltage V (80–120 V);
dc output voltage (1:1 transfer ratio);

Fig. 7. Transformer of the resonant 500-W dc–dc converter using “bow
winding” technique (shown here forN = 4) for direct PCB mounting and
components of the coil former.

rated power W;
switching frequency – kHz.

For the two power MOSFETs the SiliconMAX devices
PSMN035-150P (TO220 type package, 150 V, 35 m) have
been chosen. The gate drive is realized using an IR2113 driver
circuit with additional turn-off speedup using two p-n-p transis-
tors BC327 to enhance the discharge of the MOSFET gate. The
center tapped rectifier on the secondary side of the transformer
is equipped with an MUR1640 (2 8 A, 400 V) diode.

The power transformer is, as already mentioned at the begin-
ning of Section III, realized by application of the “bow winding
principle,” i.e., the primary winding is formed by
copper bows ( mm) on the selected E42/21/20 ferrite core
(material: N87). The secondary windings ( turns
to get a 1:1 voltage transfer ratio of the converter, mm)
are implemented using conventional winding techniques. A coil
former of specific shape (see Fig. 7) is applied to get a compact
transformer design and to guarantee the required creepage and
clearance distances. The dimensioning data given before cause
a peak flux density of mT resulting in core losses of

W at ( V, kHz, C)
as specified by the data sheet. Although the proposed winding
technique does not show very tight coupling, the stray induc-
tance of the transformer is too low and a small additional choke
(five turns of litz wire on a single ETD29 leg (half core set))
has to be used for adjusting the natural frequency of the reso-
nant circuit to kHz. With the applied resonance capaci-
tors (2 5 0.1 F polyester-foil-type components in parallel,

F) for kHz this results in

H

V at A
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(a)

(b)

Fig. 8. (a) Measured voltage and current wave shapes and (b) measured
system trajectory of the laboratory prototype of the series-resonant dc–dc
converter; parameters:U = 120 V, f = 125 kHz, andP � 440 W.

using the equations of Section III. Concerning , it has to
be noted that specifies the output impedance related to the
primary side of the transformer; this value has to be multiplied
by for characterizing the output
(load-side) behavior of the converter.

C. Laboratory Prototype System—Measurements

The measurements (see Fig. 8) taken from the laboratory
model show a close correspondence to the theoretical wave
shapes as given in Fig. 4 with the exception that the real system
shows a significant reverse-recovery current A
of the rectifier diodes; this matches also with the datasheet
specifications of MUR1640 for A s. The loss
measurements demonstrate an efficiency of 96.3% at rated
power (500 W) for 110-kHz switching frequency (Fig. 9). The
partial load region is characterized by efficiency values up to
97%. It has to be noted that the rectifier diodes contribute to
about up to 50% of the total losses. This suggests the applica-
tion of synchronous rectification circuit extensions as will be

Fig. 9. Measured losses and efficiency of the prototype dc–dc isolation stage;
parameters:U = 120 V.

proposed in Section V. Furthermore, the switching losses could
be optimized by implementation of a load-dependent interlock
delay time of the driver stage or, alternatively, by application
of a driver stage with inherent turn-on capability
(according to the dual-thyristor principle as described in [17])
to achieve true zero-voltage switching within the entire load
region.

IV. M ULTICELL DC–AC CONVERTER

For the description of the dc–ac converter for generating the
230- ac output of the system, one should refer to a large ex-
tent to the analyses of the multi-cell class-D switch-mode am-
plifier presented in [18]. It has to be pointed out that the essen-
tial benefit of the multicell topology is that, if the individual
switching cells are operated in an interleaved PWM mode, the
output current ripple is reduced by a factor of . By applica-
tion of a second-orderLC output filter, the output voltage ripple
across the filtering capacitor is reduced by according to [18,
eqs. (5) and (6)], i.e., for the ripple is reduced by a
factor of 64 as compared to a single-cell topology, e.g., given in
Fig. 1(b). This makes it possible to operate the system at a com-
paratively low PWM switching frequency. For the realized pro-
totype system, a single-cell switching frequency of kHz
has been chosen. Due to the 1:1 voltage transfer ratio of the
dc–dc converter the power stages of the dc–ac converter can
be equipped with the same type of power MOSFETs as used
for the isolation stage ( pieces of PSMN035-150P
150-V/35-m devices).

A. PWM Pattern Generation

The pattern generation for the interleaved PWM is performed
by a circuit showing remarkably low effort (see [18, Fig. 7 ]).
First, a simple CD4047 IC oscillator generates the basic clock
(4 ) of the modulator. Subsequently, a “tree” of six toggle
flip-flops (three pieces of CD4013) forms four interleaved
rectangular signals feeding the inputs of four analog integrator
stages realized by a single TL084 operational amplifier IC.
At the integrator outputs four phase-shifted triangular signals
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appear which define the carrier signals for the total of eight
comparators (two pieces of LM339). These devices act as a
PWM stage comparing the carrier signals with the reference
signals (i.e., in this case, a 50-Hz sinusoidal signal)
of the output voltage. The LM339 ICs directly drive eight
simple low-cost optocouplers (SFH606) which are used to
provide the required isolation between the PWM generator
and the (floating) driver stages of the switching cells. Interlock
timing and gate drive of the power MOSFETs of a half-bridge
arrangement is performed using eight standard integrated
driver ICs (IR2111). The auxiliary supply of these devices
is provided by small 0.5-W standard dc–dc converters. The
whole PWM pattern generation, control, and gate drive of the
dc–ac converter fits on a single 160100-mm PCB using
standard (non-SMD) components. The power consumption of
the total board (including driver stages) has been measured to
be 1.8 W.

B. Output Filter—Voltage Control

The presented prototype system has been designed for stand-
alone applications only and not for feeding energy to the public
mains. For the latter application, the voltage is defined by the
mains and the converter would have to be equipped with an
output current control to ensure a voltage-proportional mains
current of corresponding amplitude. For stand-alone applica-
tions, the output voltage is defined by the PWM control of
the converter. In the simplest case—as implemented for the re-
alized laboratory setup—an open-loop control can be applied.
However, with this, the damping of theLC output filter has to
be performed exclusively by the impedance of the load. If a
pure ohmic load characteristic is guaranteed, a
sufficient damping is achieved if is valid for the
characteristic impedance of the LC filter. For

(i.e., output power 2000 W at V )
filter components of mH and F have been se-
lected resulting in a cutoff frequency of kHz and a char-
acteristic impedance of . However, in the case of
no-load or light-load operation or for reactive load, this load-
based damping fails and an additional damping branch (e.g., a

-series snubber arranged in parallel to the filter capac-
itor , typical values: , ) would be re-
quired leading to additional losses appearing in the damping
branch (i.e., in ). The drawback of the reduced efficiency
of this solution can be avoided if an “active” damping of theLC
output filter is performed. Implementing a negative feedback of
the filter capacitor current to the reference voltage input of the
PWM stage (feedback coefficient ) gives the desired shift
of the poles of theLC filter to the left side of the plane (see
[18]). Choosing, e.g., results in a Butterworth
response of the system.

However, as indicated by [18, Fig. 10] even for active filter
damping the output voltage quality is low if nonlinear loads
(e.g., diode-bridge rectifiers) are supplied. Analysis of the low-
frequency harmonics give a total harmonic distortion (THD)

7% of for a diode-bridge rectifier load according to the
following parameters: mH, mF, A;

A, ( W, VA, and
). This behavior is originated by the output impedance of the

(a)

(b)

Fig. 10. (a) AC output voltage (u : before filtering;u : afterLC output
filter having a cutoff frequency of� 2 kHz) and (b) output filter inductor current
i of the dc–ac converter laboratory prototype; parameter:f = 1 kHz.

LC filter which can be lowered very much using a closed-loop
control of the total output voltage. Using a simple proportional-
plus-integral (PI)-type controller reduces the output harmonics
for the load mentioned before to a THD of2%. A detailed de-
scription of the dimensioning of the controller is given in [18,
Sec. IV] and shall be omitted here for the sake of brevity. More
sophisticated results would be achievable if a multiloop control
(e.g., current control with superimposed output voltage control
and feed-forward of the load current) is applied.

C. Laboratory Prototype System—Measurements

The measurement results of the prototype system illustrate
the multilevel voltage generation of this multicell topology [see
converter output voltage in Fig. 10(a)]. The ripple of
the current through the output filter inductor shows “nodes”
being typical for a multilevel approach [Fig. 10(b)]. Across the
filter capacitor there appears the very smooth ac output voltage

of the system. As indicated by the Fourier analysis of the
unfiltered output voltage (Fig. 11), significant harmonic
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Fig. 11. Frequency components of theunfiltered converter output voltage
u . The harmonics in the frequency range 100–700 Hz are due to
a nonideal behavior of the duty-cycle limiting stage which is required to
guarantee the operation of the charge pump of the IR2111 driver.

Fig. 12. Efficiency and losses of the dc–ac converter. The characteristics
shown by the dashed curves give an approximation based on an ideal 230-V
voltage source with 0.75-
 output resistance and 1.8-W permanent no-load
losses. Furthermore, the diagram demonstrates the sensitivity to measurement
errors, especially for very-high-efficiency values because the dashed curve in
any case defines an upper limit for the efficiency.

components exist only in the vicinity of multiples of 2 , i.e.,
for kHz, here, in the vicinity of 8 kHz, 16 kHz, etc., due
to the cancellation of all lower frequency components according
to the interleaved PWM mode.

As indicated by Fig. 12, the dc–ac converter shows the ex-
pected excellent efficiency due to the low of the power
transistors in connection with the almost negligible switching
losses. However, it has to be noted that the accurate measure-
ment of the losses of ultraefficient converters requires very pre-
cise testing equipment; even very low measurement errors show
a serious impact on the resulting efficiency/loss characteristic
of the tested converter. In particular, for the case where proto-
types of different systems are tested using different measure-
ment equipment, the measurements and the comparison of the
results should be performed very carefully.

V. CONCLUSIONS ANDFUTURE DEVELOPMENTS

With the proposed multicell multilevel converter topology,
energy conversion to the mains voltage level (230 is

(a)

(b)

Fig. 13. Extension of the resonance-mode dc–dc converter to (a) synchronous
rectification and (b) to bidirectional operation.

possible using exclusively MOSFETs with comparatively
low-rated voltage. These devices are characterized by a very
low on-state voltage drop which results in low conduction
losses. Due to the interleaved switching of the individual cells,
the output voltage ripple of the total system is small and, there-
fore, good mains behavior (i.e., low mains current harmonics)
can be achieved although the PWM of a single cell is based
on a low switching frequency (causing only low switching
losses). Consequently, the converter shows very high efficiency.
Because the voltage control of the system is performed by
PWM of the dc–ac converter, the dc–dc converter being re-
quired for feeding the floating dc–ac stages can be realized by
application of an uncontrolled fixed-frequency series-resonant
topology. Equal MOSFET devices can be applied for the dc–dc
stage and for the dc–ac converter because of similar voltage
levels of the design used. The high quantity of required power
semiconductor devices (e.g., 24 transistors plus 12 half-bridge
driver circuits for the designed 2-kW prototype) might be seen
as a drawback of the proposed topology. However, on the other
hand, this does allow the application of low-cost standard
power semiconductors; the low total losses distributed to a
high number of power transistors (i.e., the more uniform heat
distribution) significantly simplifies the system cooling. To
demonstrate this circumstance, it should be mentioned that the
prototype dc–ac converter can be operated at 50% of the rated
power (i.e., at 1 kW)without any heat sink.

As mentioned in Section III, concerning future developments
it would be of interest to apply synchronous rectification to the
dc–dc isolation stages because the on-state losses of the diodes
contribute considerably to the total system losses. In this case,
however, it would be preferable to change to a full-bridge circuit
as shown in Fig. 13(a) due to the improved efficiency caused by
the basic physical characteristics of the majority of carrier-based
semiconductors (in theory, ) and to allow the
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Fig. 14. Application of the multicell topology to nonisolated solar converter
systems.

application of transistors of the same type for the input and
output sections of the converter. In principle, the converter of
Fig. 13(a) also permits a bidirectional power flow. This opera-
tion mode would be of interest if the system is utilized for super-
capacitor or battery-based systems (e.g., uninterruptable power
supplies, power flow equalizer systems, etc.) to recharge the en-
ergy storage device on the dc input. It should be mentioned that
the dc–ac converter using the proposed multicell arrangement
itself intrinsically permits a full four-quadrant operation. (This
is of special importance also for reactive power generation if
the system is used for stand-alone applications not being con-
nected to the mains.) However, the converter of Fig. 13(a) does
provide a dc current path on the secondary which might result
in saturation of the core. This can be avoided by application of

a secondary-side blocking capacitor, or, alternatively, by split-
ting up the resonance capacitor to both transformer windings as
shown in Fig. 13(b).

Finally, the multicell converter topology should also be pro-
posed for nonisolated solar power systems as shown in principle
in Fig. 14. Despite the fact that the solar panels show signifi-
cant common-mode voltages (which have to be lowered by cur-
rent-compensated input chokes) and that a relatively complex
control is required to achieve low ac harmonics also for different
dc input voltages with maximum power point (MPP) tracking,
this topology could gain attention due to its ultrahigh efficiency.
This multicell structure might also be of interest for the realiza-
tion of “distributed” power photovoltaic converters.
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