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DC TO AC INVERTER WITH
SINGLE-SWITCH BIPOLAR BOOST CIRCUIT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This application is a Reissue application of U.S. patent

application Ser. No. 10/248,5825, filed on Feb. 21, 2003,
which is U.S. Pat. No. 7,099, 169.

BACKGROUND OF THE INVENTION

Photovoltaic cells produce DC power over a wide voltage
range depending on the amount of sunlight, ambient tem-
perature and wind speed. A minimum DC voltage 1s required
to directly convert this DC voltage to a standard 120 Volts
AC and to do so without the use of a 60 cycle transformer.
There are National Electric Code restrictions and class-oi-
equipment considerations that make photovoltaic arrays
much more cost effective when sized for a maximum of 600
Vdc. The problem 1s that under some conditions, photovol-
taic arrays sized for this 600 Vdc maximum will not meet the
saild minimum voltage requirements for direct DC to AC
conversion. The prior art inverters would either use a 60
cycle transformer, a dual boost converter mnput stage or a
tull-bridge 1nput stage with a high frequency transformer to
achieve the proper voltage match over the predicted range of
inverter operation. A 60 cycle transformer decreases power
conversion efficiency and adds to the overall inverter or sys-
tem costs. A dual boost converter input stage or a full-bridge
input stage adds complexity to and lowers the conversion
eificiency of the mverter.

The, prior art, dual boost converter and full directly or
indirectly, 1s old technology and 1s well known. The single-
switch bipolar boost converter, disclosed herein, 1s a novel
replacement for the dual boost converter. The single-switch
bipolar boost converter 1s less complex, lower cost and pro-
vides higher power conversion efficiencies.

DETAILED DESCRIPTION OF THE INVENTION

The 1nvention 1s more related to the power circuit topol-
ogy of an inverter than the control methods. The inverter
topology 1s novel while the control methods are known.

The preferred embodiment of the invention 1s shown in
FIG. 1 and 1s illustrated as part of a system consisting of
three components; an 1verter 70, a photovoltaic array 30
and a typical 120/240 Vac, split-phase, residential, electric
utility service 60. The mverter 70 1s the embodiment of the
invention and 1s further broken down into to two functional
blocks, the boost converter 40 and the DC to AC converter
50. The photovoltaic array 30 and the electric utility service
60 scrve to illustrate the use and usefulness of the ivention.
The system described converts solar energy to electric power
and functions as a distributed generator on the electric utility
grid.

For maximum power conversion efficiency, 1t 1s desirable
to regulate a constant voltage on capacitor 12 slightly higher
than the peak voltages on the utility grid 60. Boost converter
40 performs this function. When the series voltage of photo-
voltaic arrays 2 and 3 1s higher than the voltage on capacitor
12, current flows ito capacitor 12. If a higher voltage on
capacitor 12 i1s desired, Insulated Gate Bipolar Transistor

(IGBT) 9 1s closed, charging inductors 6 and 7 and back
biasing diodes 10 and 11. When IGBT 9, 1s opened the
stored energy 1n mductors 6 and 7 1s delivered to capacitor

12. The duty cycle or on/off time ratio of IGBT 9 1s propor-
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tional to the ratio of regulated voltage on capacitor 12 and
the series voltage of photovoltaic arrays 2 and 3. The 1fre-
quency ol operation 1s typically upwards of 20 kHz. The
circuit controlling IGBT 9 uses the voltage sensed across
capacitor 12 and the current sensed with current sensor 8.
The closed loop regulation method 1s known including algo-
rithms for tracking the maximum power point of the photo-
voltaic array. For clarity, the control circuit interface 1s not
shown. Capacitors 4 and 5 shunt high frequency currents to

ground.

The DC to AC converter 50 1s a known H-bridge configu-
ration with IGBT switches 13, 14, 18, 19 and freewheeling
diodes 15, 16, 20, 21. The Pulse Width Modulated (PWM)
sinusoidal current regulation method for utility grid interac-
tive inverters 1s known Inductor 22 and capacitor 23 form a
2-pole filter that removes high frequency PWM components,
as do mductor 24 and capacitor 25. The control circuit uses
current sensor 17 to regulate sinusoidal current into the util-
ity grid, synchronized with the utility grid voltage for unity
power factor power transfer. The control circuit also uses
current sensor 17 to precisely regulate DC current compo-
nents to near zero. These control algorithms are known.

If inductor 7 and diode 11 were replaced by short circuits,
the typical, known, monopole boost circuit configuration 1s
had. An inverter so configured could not be used with a
grounded photovoltaic array unless a 60 cycle 1solation
transformer was used at the utility interface. This same
inverter used with a floating, non-grounded photovoltaic
array could be used without a transformer but undesirable,
common-mode, 60 cycle and high frequency voltage compo-
nents would be imposed on the array with respect to ground.
With the 1inclusion of inductor 7 and diode 11, a single semi-
conductor switch can generate a bipolar voltage with respect
to ground, enabling a system configuration with no trans-
former and with no common mode array voltage with
respect to ground.

This nvention facilitates high power, high frequency,
lower cost DC to AC power conversion over a wide DC 1mput
range with a minimum number of semiconductor switches.
This invention also facilitates an inverter that 1s intrinsically
low 1n Electromagnetic Interference (EMI) production
because each ungrounded input and output terminal 1s con-
nected 1n parallel with a capacitor and in series with an
inductor.

We claim:

1. An apparatus for converting DC power from solar pho-
tovoltaic modules or other DC sources into AC power where
said AC power 1s supplied to an electric utility grid and
comprising; a bipolar DC input circuit with a center-tapped
connection to ground or to the zero-voltage reference point
of said electric utility grid, a DC to DC converter capable of
boosting said bipolar DC mnput circuit voltages to higher
bipolar DC output voltages with respect to ground or to the
zero-voltage reference point of said electric utility grid and
where said DC to DC converter uses a single semiconductor
switch and a DC to AC converter which converts the output
of said DC to DC converter into current regulated sine
waves, synchronized with said electric utility grid voltage, in
order to source power 1nto said electric utility grid and where
said DC to DC converter 1s further defined as comprising
three mput terminals designated plus, common and minus
where there 1s a capacitor connected across the plus and
common terminals and a capacitor connected across the
common and minus terminals and where there 1s a top induc-
tor connected between the plus input terminal and the collec-
tor or drain of a semiconductor switching device and also
connected to the anode of a top diode and where there 1s a
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bottom inductor connected between the minus iput termi-
nal and the emitter or source of a semiconductor switching,
device and also connected to the cathode of a bottom diode
and where the output of said DC to DC converter has at least
two terminals designated positive and negative where there
1s a capacitive storage element between said positive and
negative output terminals and where the cathode of said top
diode 1s connected to the positive output terminal and where
the anode of said bottom diode 1s connected to the negative
output terminal.
2. A DC-to-DC converter comprising.:

three input terminals designated plus, common and
MINUS,

at least two terminals designated positive and negative,

a capacitor connected acrvoss the plus and common
terminals,

a capacitor connected acrvoss the common and minus
terminals,

a semiconductor switching device,

a top diode having a cathode connected to said positive
output terminal,

a bottom diode having an anode connected to said nega-
tive output terminal,

a top inductor connected between said plus input terminal
and the collector or drain of said semiconductor
switching device and also connected to the anode of a
top diode,

a bottom inductor comnnected between said minus input
terminal and the emitter or source of said semiconduc-
tor switching device and also connected to the cathode
of a bottom diode, and

a capacitive storage element between said positive and
negative output tevminals.
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3. An inverter for coupling a photovoltaic array to a utility

grid, the inverter comprising.

a DC-to-AC converter coupled to the utility grid; and

a DC-to-DC converter coupled between the photovoltaic
array and the DC-to-AC converter, the DC-to-DC con-
verter including:
three input terminals designated plus, common and

mIinus,

at least two terminals designated positive and negative,

a capacitor connected acrvoss the plus and common
terminals,

a capacitor connected across the common and minus
terminals,

a semiconductor switching device,

a top diode having a cathode connected to said positive
output terminal,

a bottom diode having an anode connected to said
negative output terminal,

a top inductor connected between said plus input tevmi-
nal and the collector or drain of said semiconductor
switching device and also connected to the anode of
a top diode,

a bottom inductor connected between said minus input
terminal and the emitter or source of said semicon-
ductor switching device and also connected to the
cathode of a bottom diode, and

a capacitive storage element between said positive and
negative output tevminals.

4. The inverter of claim 3, further comprising a current

sensor disposed between said top inductor and said switch-
ing device.
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