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ABSTRACT

A new design for a generalized DC to AC inverter is pro-
posed, based on the class-D operation scheme and employ-
ing the SPWM technique. The inverter is built around a MOS-
FET bridge whose one side operates at high frequency, while
the other operates at 50Hz thus reducing the overall cost. The
unit operates over a wide DC input range and delivers an
approximately constant efficiency from 25% to 100% load, low
output impedance, low THD and excellent transient stability.
The state-space model of the inverter is used for the tuning
procedure. Experimental results under various loading condi-
tions are given and verify theoretical expectations.

INTRODUCTION

Recently, many solutions have been proposed for the design
and implementation of efficient inverters [1-4]. A good inverter
behaves as a sinusoidal voltage source with low internal resis-
tance and low output voltage variations with DC input voltage.
Usually these characteristics are badly affected by the re-
quired networks for class-D operation and by the presence of
strong high-order harmonics produced by pulse modulators.

Most of the proposed methods for inverter design are micro-
computer-based systems developed for specific applications.
However, at light loads, these inverters have poor efficiency
because of the quiescent power consumed and because most
of them do not use MOSFETs [5]. MOSFETs require low
control power and couid be more efficient compared to bipolar
devices. Moreover, in the "ON" state, MOSFETs have no
saturation voltage but a small “ON" resistance in forward and
reverse drain-source biasing.

This paper describes a new design of a Class D inverter
which operates over a wide DC input range (-20% to +100%)
and attains approximately constant efficiency (about 80% in
the range from 26% to 100% full load). This is accomplished
by using low “ON" resistance MOSFETSs, low-power con-
sumption stages and two specially-designed feedback loops.
The analog control circuitry is simple and efficient and the use
of logic gates for pulse processing makes digital system inter-
face easier. The proposed design offers low intemal resis-
tance and low-distortion output voitage. Although no special
components are used, the inverter does not lack any features
offered by more complex systems.

DESCRIPTION

The block diagram of the proposed design, shown in Fig. 1,
consists of: (a) a low distortion, constant amplitude, sinewave
source, (b) a power SPWM modulator with constant gain, (c)
a combination of a lowpass LC filter and a step-up trans-
former and (d) an optional output LC lowpass filter (EMI).

The sinewave source consists of: (i) a 50 Hz square wave
generator that drives a CMOS gate powered by a constant DC
voltage supply producing a constant-amplitude output square
wave and (i) a high-Q bandpass filter with flat response [6],
resulting in a high-quality sinewave used as a reference sig-
nal to drive the rest of the circuitry which is essentially a

power amplifier.

At low frequencies, the linearity of a modulator that contains a
power stage depends on the type of modulation used, the DC
supply voltage and the dead-time effect [7]. In case of feed-
back, the linearity also depends on the residual high-
frequency components used in modulation. The power stage
interal resistance reduces the output voltage amplitude and
increases the losses at high output current levels. Inside the

modulator two PWM signals are produced [8] which are com-
bined to give two new signals, one high-frequency carrier and
a low frequency 50 Hz modulated signal, as shown in Fig. 2.
Those two new signals drive a bridge power stage because
their difference is an SPWM signal. For this reason, only one
side of the bridge operates at high frequency, while the other
side operates at 50 Hz and thus may use lower-frequency
components without any significant sacrifice, but resulting in
much lower cost. In the proposed implementation, the power
bridge uses n-channel MOSFETs and the 50 Hz side and its
drive are simpler. The power modulator has constant gain
independent of DC input voltage variations, because the tri-
angular wave used to produce the PWM signals has an ampli-
tude proportional to the DC input voltage. An additional stage
may be used to eliminate distortion due to dead-time effects,
but this is not always necessary because the use of negative
feedback minimizes this kind of distortion. The fed-back high-
frequency components will not substantially affect the modula-
tor gain, if their maximum amplitude is kept at very low levels
compared to the triangular wave.

A low value of L is chosen in the LC lowpass filter in order to
keep low the output impedance at 50 Hz. This is usually eas-
ily done, because the LC filter is tuned at a.much higher fre-
quency. The step-up transformer is an ordinary low-loss tor-
roidal type.

The proposed system is controlled by two minimum-time
Joops [9], an intemal and an external. The internal loop con-
trols only the power modulator subsystem thus reducing sys-
tem errors. The power stage intemal resistance in combina-
tion with the transformer and the LC network form a band
elimination filter. Under capacitive load, the overall center
frequency is lowered and thus the maximum capacitive load
determines the feedback frequency response. The internal-
loop pole is placed such that it compensates for any phase
shift instabilities. From the above it follows that inductive
loads cannot affect the stability of the system. Since the loop
is of a minimum-time control type, the modulator frequency
response is not affected, but its linearity is improved at low
frequencies. The lowest frequency for the compensation pole
is 50 Hz, since below that frequency there is no need to fur-
ther ' reduce the modulator output resistance. The feedback
pulses that appear at the modulator input are demodulated by
the compensation pole of the intemal loop.

The intemal loop and the LC network have a frequency re-
sponse determined by the two LC network poles. Therefore,
the external loop compensation pole may be placed near
50 Hz and the feedback voltage gain can be set equal to unity
at a frequency which lies sufficiently before the first expected
pole, under any expected load. The placement of a zero at the
external loop maintains the gain at unity level thus reducing
the errors. This zero-pole cancellation further improves the
characteristics of the system under low loading conditions. An
additional decoupling zero near 50 Hz must be placed in the
extemal loop in order to avoid transformer saturation and
cause instability problems.

An optional EMI filter may be connected at the output tuned at
a higher frequency than the demodulating LC frequency and
give a very clean sinewave at the output. This filter must be
taken into account in the stability analysis of the system and
will increase the time response under transient conditions.

STABILITY ANALYSIS

The optimization of the inverter stability is based on a simula-
tion approach of the main characteristics of the circuit. The
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internal structure of many stages is fixed and does not play an
important role in the stability of the inverter. On the other
hand, some of the components form the dominating zeros
and poles of the system, so they prescribe the transient per-
formance. The block diagram for the simulation of the circuit
is illustrated in Fig. 3.

The subsystems are treated as blocks characterized by their
main behavior (i.e. gain and time delay). The crucial compo-
nents (RC, RL and RLC combinations, transformer etc.) are
modeled in detail. A generic load (in the shaded box) is sup-
posed to be supplied by the inverter. The node voltages and
currents of the system are used to formulate the state space
model, which is employed for the inverter stability study that
follows.

The state equations of the system of Fig. 3 are given below :
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An appropriate computer program was developed for the
simulation of the inverter performance, providing the solution
of the above equations set. The simulation runs are executed
under various load configurations and switching abruptly the
load ON and OFF, in order to simulate all possible loading
conditions of the inverter. The system component values are
adjusted properly so that a smooth and reliable operation is
achieved, bounding the transients to a minimum. The result-
ing element values are used in the construction of the ex-
perimental model and the same load behavior is obtained by
means of an experimental switching device and various load
impedance values. The response of the inverter is very close
to the results of the simulation, affected by negligible tran-
sients as is reported in the following section.

EXPERIMENTAL RESULTS

An inverter prototype, based on the proposed methodology,
was constructed and used to study the real behavior. The
values of the components that play an important role in the
stability performance were determined as described in the
previous section. Various load structures were implemented
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and connected/disconnected to the inverter output, while volt-
ages, currents and harmonic distortion at specified points of
the circuitry were monitored. Some of the experimental results
are listed below.

The total harmonic distortion (THD) measured at the output of
the inverter without load is 0.44%, while with a 300W resistive
load the THD is below 2.2%. These values are very satisfac-
tory. The efficiency of the system, defined as the ratio of out-
put to input power, has a maximum value of 84,1% at 75W
and is above 79% for a resistive load of 300W. The fluctua-
tion of the output voltage is maintained in the narrow interval
of 221.8 to 222.8V for an input DC voltage range from 20V to
30V giving a DC line regulation of 0.45% which is excellent.

The inverter input and output voitage waveforms are illus-
trated in Fig. 4. The quality of the output voltage waveform is
comparable to the reference input waveform.

The inverter behavior when a slightly inductive load of 75W is
connected abruptly to the output is depicted in Fig. 5. The
observed transient component on the voltage waveform is
negligible and the inverter stability is maintained well within
the safety margins.

The same measurement as above, but with an inductive load
of 200W, is repeated, and the results are shown in Fig. 6.
Again, the stability is guaranteed.

CONCLUSIONS

A Class-D DC to AC inverter was developed based on the
proposed design method and was found to operate over a
wide DC input range (-20% to +100%) at approximately con-
stant efficiency (about 80%) at light (25%) and at full (100%)
load. The inverter had an excellent voltage regulation and low
THD. Since the cost of construction is low, the development
of such a unit becomes very attractive in a variety of applica-
tions, such as stand-alone PV-array supply systems, incorpo-
rated in uninterruptible power supply devices, etc.
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Fig. 2. Pulse Waveforms for the Output Drive

Fig. 3 Inverter Block Diagram Used for Stability Analysis.
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Fig. 4. Comparison of the input (reference) and output waveforms.
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Fig. 5. Transient response with a 75W load burst at the output.
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Fig. 6. Transient response with a 200W load burst at the output.
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