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(571 ABSTRACT

In a DC-AC inverter having a switching circuit con-
nected between DC input terminals and being con-
trolled by pulses from an oscillation transformer to
provide an AC output from which voltage and current
feedbacks are applied to the transformer for maintaining
oscillation thereof; the core of the oscillation trans-
former is formed, in part, of a core material having a
large saturation magnetic flux density and, in part, of a
core material having a high Curie temperature so as to
provide the inverter with both a high efficiency and a
stable oscillation frequency. The DC-AC inverter is
particularly suited to be included in a DC-DC con-
verter constituted by applying the AC output of the
inverter to a suitable rectifying and smoothing circuit.

8 Claims, 6 Drawing Figures
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1
DC-AC INVERTER

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to a DC-AC inverter,
and more particularly is directed to an improved self-
excited DC-AC inverter which is especially suited for
inclusion in a DC-DC converter.

2. Description of the Prior Art

DC-DC converters have been provided for convert-
ing one DC voltage to another DC voltage. Generally,
such DC-DC converters include a switching circuit
actuated by a control arrangement for converting a DC
voltage to an AC voltage, and a rectifier for converting
the AC voltage generated by the switching circuit into
the desired DC output voltage. As the control arrange-
ment for the switching circuit, an existing DC-DC con-
verter includes an oscillation transformer having a core
with windings thereon from which pulses are applied to
the switching circuit for controlling the latter in re-
sponse to an AC voltage and AC current derived from
the switching circuit and which are fed back to feed-
back windings of the oscillation transformer so as to
maintain the desired oscillation. In a DC-DC converter
of the foregoing type, the efficiency is determined by
the permeability of the oscillation transformer core.
Therefore, in order to attain high efficiency, a core
material of high permeability is required. However, in
general, a core material of high permeability has a low
Curie temperature. When the temperature of the oscilla-
tion transformer increases during use, the oscillation
frequency becomes unstable if the transformer has a
core with a relatively low Curie temperature. There-
fore, it has been very difficult to provide a DC-DC
. converter which includes a DC-AC inverter of high
efficiency and with a stable oscillating frequency.

OBJECTS AND SUMMARY OF THE
INVENTION

Accordingly, it is an object of this invention to pro-
vide a DC-AC inverter which overcomes the previ-
ously mentioned problems, and which is especially
suited for inclusion in a DC-DC converter.

More particufarly, it is an object of this invention to
provide:a DC-AC inverter, as aforesaid, which has both
high efficiency and high stability of its oscillation or AC
output. :

A further object is to provide a DC-AC inverter
which 'is particularly suited for inclusion in a DC-DC
converter, as aforesaid, and which is of relatively simple
construction and easily assembled so as to permit its
economiical production.

In accordance with an aspect of this invention, in a
DC-AC inverter of the type having a pair of DC input
terminals, switching means connected between the DC
input terminals, control means including an oscillation
transformer for controlling the switching means, AC
output means connected to the switching means, and
feedback .means connected between said AC output
means and the control means; the oscillation trans-
former is provided with a core of a first core material
with a large saturation magnetic flux density and a high
magnetic permeability, and of a second core material
having a high Curie temperature so as to combine the
attributes of high efficiency and high oscillation stabil-
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In a preferred application of the above DC-AC in-
verter according to this invention, the AC output means
thereof are connected with a rectifying and smoothing
circuit to provide a converted DC output.

The above, and other objects, features and advan-
tages of the invention, will be apparent in the following
detailed description of an illustrative embodiment
thereof which is to be read in connection with the ac-
companying drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram showing a DC-DC con-
verter which includes a DC-AC inverter according to
an embodiment of this invention;

FIG. 2 is an equivalent circuit diagram of an oscilla-
tion transformer included in the DC-AC inverter of
FIG. 1; :

FIGS. 3A and 3B are wave forms to which reference
will be made in explaining the operation of the DC-AC
inverter shown on FIG. 1;

FIG. 4 is a perspective view showing a core of the
oscillation transformer which is included in the DC-AC
inverter in accordance with this invention; and

FIG. 5 is a graphic representation of the characteris-
tics of respective core members included in the core of
FIG. 4.

DESCRIPTION OF A PREFERRED
EMBODIMENT

Referring to the drawings in detail, and initially to
FIG. 1 thereof, it will be seen that a DC-DC converter
10 is there shown to generally comprise a DC-AC in-
verter 11 and a rectifier 12. More particularly, the
DC-AC inverter 11 is shown to include DC input termi-
nals 13 and 14 between which there is connected a
switching circuit 15. The switching circuit 15 is shown
to include first, second, third and fourth transistors 16,
17, 18 and 19, respectively, connected in a full-bridge
configuration between DC input terminals 13 and 14.
More particularly, the collectors of first and third tran-
sistors 16 and 18 are connected to DC input terminal 13,
the emitters of transistors 16 and 18 are connected to the
collectors of the second and fourth transistors 17 and
19, respectively, and the emitters of transistors 17 and
19 are connected to the other DC input terminal 14.

In order to control the operations of switching circuit
15 so as to obtain an AC output, DC-AC inverter 11 is
shown to further comprise a control circuit 20 which
includes an oscillation transformer 21 having a core 22
with first, second, third and fourth windings 23, 24, 25
and 26 thereon. The windings 23, 24, 25 and 26 are
connected between the base and emitter of the first,
second, third and fourth transistors 16, 17, 18 and 19,
respectively, so as to control the respective transistors
in response to the generation of alternating magnetic
flux in core 22. More particularly, windings 23, 24, 25
and 26 are arranged on core 22 so that, at any time,
pulses applied from windings 23 and 26 to the bases of
transistors 16 and 19 will be of a polarity that is opposite
to that of pulses being simultaneously applied from
windings 24 and 25 to the bases of transistors 17 and 18,
respectively.

An AC output circuit is constituted by a transformer
27 having a core 28, a primary winding 29 connected
between the emitters of transistors 16 and 18, and a
secondary winding 30 in which an AC output voltage is
induced in response to the operation of switching cir-
cuit 15. In order to actuate switching circuit 15 by con-
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trol circuit 20, a feedback circuit 31 is connected be-
tween the AC output circuit and control circuit 20 and
is shown to include feedback windings 32 and 33 ar-
ranged on core 22 of oscillation transformer 21 and
which have a voltage feedback and a current feedback
respectively applied thereto. More particularly, the
voltage feedback to feedback winding 32 is applied
through a resistor 34 from a feedback winding 35 on the
core 28 of transformer 27. The current feedback for
feedback winding 33 is provided by an additional trans-
former 36 having a primary winding 37 connected in
series with the primary winding 29 of transformer 27
between the emitters of transistors 16 and 18, and a
secondary winding 38 connected to feedback winding
33.

In the case where the DC-AC inverter 11 according
to this invention is incorporated in a DC-DC converter,
the secondary winding 30 of transformer 27 is con-
nected to a pair of input terminals 12; and 12; of rectify-
ing circuit 12 which may be constituted by a full-wave
diode rectifier, and which has a pair of output terminals
123 and 124 respectively connected to DC output termi-
nals 39 and 40 between which a smoothing condenser 41
is connected.

As previously mentioned, windings 23-26 are ar-
ranged on core 22 so that pulses applied to the bases of
transistors 16 and 19 will have a polarity opposite to
that of pulses simultaneously applied to the bases of
transistors 17 and 18. Furthermore, transformer 21 is of
the saturated-type, while transformers 27 and 36 are of
the unsaturated-type. Accordingly, during a half of
each cycle of the pulses from windings 23-26, transis-
tors 16 and 19 are turned ON, and transistors 17 and 18
are turned OFF. Therefore, during such half of each
pulse cycle, current flows from input terminal 13
through the collector and emitter of transistor 16, pri-
mary windings 29 and 37 of transformers 27 and 36, and
the collector and emitter of transistor 19 to input termi-
nal 14. During the other half of each cycle of the pulses
from windings 23-26, transistors 16 and 19 are turned
OFF and transistors 17 and 18 are turned ON. There-
fore, current now flows from input terminal 13 through
the collector and emitter of transistors 18, primary
windings 37 and 29 of transformers 36 and 27 and the
collector and emitter of transistor 17 to input terminal
14. Consequently, at every inversion of the pulses gen-
erated in windings 23-26, the current flowing through
primary windings 29 and 37 undergoes a change in
direction with the result that output pulses are obtained
at winding 35 of transformer 27 and at winding 38 of
transformer 36. These pulses are applied from windings
35 and 38 to feedback windings 32 and 33 on core 22 of
transformer 21 so as to effect auto-oscillation of switch-
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ing circuit 15. Simultaneously, the pulses or AC output

voltage generated at winding 30 of transformer 27 is
rectified by rectifying circuit 12 and smoothed by con-
denser 41 so as to provide the desired converted DC
voltage at output terminals 39 and 40.

It will be noted that, since winding 35 of transformer
27 picks up a pulse voltage, the feedback from winding
35 to winding 32 is a voltage feedback. On the other
hand, a pulse current flows through windings 37 and 29
of transformers 36 and 27 so that a current feedback is
applied from secondary winding 38 to feedback wind-
ing 33.

By reason of the above feedbacks, auto or self-excited
oscillation of switching circuit 15 is maintained to pro-
vide an AC output at secondary winding 30 of trans-
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former 27. In the case of a relatively small current
through a load connected to the DC output terminals 39
and 40, the pulse current through the windings of trans-
former 27 is also relatively small and, therefore, the
voltage feedback from winding 35 to feedback winding
32 of transformer 21 takes the lead in effecting the auto
or self-excited oscillation. On the other hand, when the
load current is large, the volume of the current feedback
from transformer 36 to feedback winding 33 is increased
more than the volume of the voltage feedback from
winding 35 to feedback winding 32 so that the current
feedback then plays the leading role in establishing and
maintaining the auto or self-excited oscillation.

Insofar as the oscillation is caused by the voltage
feedback, the oscillating frequency depends on the self-
inductance L of transformer 21 and the resistance R of
resistor 34. The transformer 21 can be replaced by the
equivalent electrical circuit shown in FIG. 2, in which
L indicates the self-inductance of such transformer 21
looking in the direction away from the voltage feedback
winding 32, and M indicates the mutual-inductance
between winding 32 and windings 23-26, with L being
smaller than M.

Since a current flows through winding 29 of trans-
former 27 in opposite directions during alternating half-
cycles, a pulse voltage, such as is shown on FIG. 3A, is
generated across winding 35. However, since such
pulse voltage is applied to the bases of transistors 16-19
through resistor 34 and transformer 21, the wave form
of the voltage pulse applied to the base of each of those
transistors is modified, as shown on FIG. 3B, so as to
have the inclination exp[—(R/L)t]. When the voltage
of the pulse applied to the base of any one of the transis-
tors 16-19 either rises or falls to the base-emitter voltage
V BE, the state or condition of the respective transistor is
reversed or inverted, that is, changed from OFF to ON
or from ON to OFF, respectively.

On the other hand, in the case of the oscillation
caused by the current feedback, the oscillation fre-
quency depends mainly on the saturation magnetic flux
density B; of core 22 of transformer 21. Since trans-
former 21 can be considered to be driven sufficiently,
the transistors 16-19 have their respective states
changed or inverted at the saturating point.

The oscillating frequency can be expressed as fol-
lows: :

(1/f=@XNXSXB)/VBE)

in which, N is the number of turns in winding 33, S is
the cross-sectional area of core 22 of transformer 21,
and Byis the saturation magnetic flux density of the core
22. .

Although the above equation determines the oscillat-
ing frequency, the oscillating efficiency is primarily
determined by the magnetic permeability p of core 22
of transformer 21. Therefore, the permeability p of the
core has to be made substantially large in order to in-
crease the efficiency. However, core materials with a
large permeability p generally have a low Curie point
or temperature, which causes the oscillation to be unsta-
ble particularly upon increases in the temperature of
transformer 21. Accordingly, improving the efficiency
of the DC-AC inverter and stabilizing the oscillating
frequency thereof appear to be in conflict with each
other.

Furthermore, core materials having a small permea-
bility p also generally have a small saturation magnetic
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flux: density Bs which, as indicated in the above equa-
tion, determines the oscillating frequency f.

Generally, in accordance with this invention, the
core 22 of oscillation transformer 21 is formed, in part,
of a core material having a large saturation magnetic
flux density and a large magnetic permeability and, in
part, of a core material having a high Curie temperature
so as to provide DC-AC inverter 11 with both a high
efficiency and a stable oscillation frequency. More par-
ticularly, as shown on FIG. 4, core 22 of transformer 21
is preferably formed of ring-shaped magnetic core
members 22A and 22B which are superposed on each
other to form a body around which windings 23-26, 32
and.33 are toroidally wound. If desired, core members
22A and 22B may be formed of respective semi-circular
core pieces 22A1, 22A; and 22B), 22B; which are suit-
ably laminated.

—

0

In a particular example of this invention, magnetic

core member 22A is made from a core material, such as
that available commercially from Sony Magne Prod-
ucts under the tradename FBL and consisting essen-
tially of 52 mol. % Fe203, 31 mol. % MnO and 17 mol.
% ZnQO, which core material has a high Curie tempera-
ture, but is burdened by a relatively small saturation
magnetic flux density B, as shown by the solid line on
FIG. 5, and by a relatively small magnetic permeability
pa. In the example being described, the magnetic core
member 22Bis formed of a core material such as that
available commercially from Sony Magne Products
under the tradename PT5 and consisting essentially of
52 mol. % Fe203, 28 mol. % MnO, and 20 mol. % ZnO,
and which has a large saturation magnetic flux density
B, as represented by the broken line on FIG. §, and a
large: magnetic permeability ub, while being burdened
by a low Curie temperature. Furthermore, in the case of
the core 22 having its core member 22A and 22B
formed- of the foregoing specific core materials and
provided with the configurations shown on FIG. 4,
such core members 22A and 22B may each have inner
and outer diameters of 7 mm and 13 mm, respectively,
and a thickness of 5 mm.

When oscillation transformer 21 has its core 22
formed as described above in accordance with the pres-
ent invention, the appearance of a large load current
causes oscillation of the circuit to be effected by current
feedback, with the oscillating frequency being deter-
mined by the saturation magnetic flux density By of
core member 22B which is larger than the saturation
magnetic flux density By, of core member 22A. Further,
the, oscillation efficiency is maintained high owing to
the: relatively large permeability pb of core member
22B. On the other hand, when the load current is small,
a voltage feedback is effective to continue the circuit
oscillation. Thus, the ratio of the volume of core mem-
ber: 22A to the total volume of core 22, that is, to the
total of the volumes of core members 22A and 22B, may
be selected so as to cause oscillation of the circuit to
occur at the same frequency when effected by voltage
feedback as when effected by current feedback. Thus,
even if the load current varies, the oscillating frequency
may be stabilized or prevented from changing corre-
spondingly.

Further; even if the temperature of transformer 21
increases during use so as to rise above the Curie tem-
perature of core member 22B, the relatively higher
Curie temperature of core member 22A ensures that the
last named core member will be effective to maintain
the. oscillation of the circuit without interruption.

Although an illustrative embodiment of the invention
has been described in detail herein with reference to the
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accompanying drawing, it is to be understood that the
invention is not limited to that precise embodiment, and
that various changes and modifications may be effected
therein by one skilled in the art without departing from
the scope or spirit of the invention as defined in the
appended claims.

What is claimed is:

1. In a DC-AC inverter having a pair of DC input
terminals, switching means connected between said DC
input terminals, control means including an oscillation
transformer for controlling said switching means, AC
output means connected to said switching means, and
feedback means connected between said AC output
means and said control means; the improvement of said
oscillation transformer including a core of a first core
material with a large saturation magnetic flux density
and a large magnetic permeability, and of a second core
material having a high Curie temperature.

2. A DC-AC inverter according to claim 1; in which
said core includes first and second ring-shaped tore
members laminated to each other and formed of said
first and second core materials, respectively.

3. A DC-AC inverter according to claim 1; in which
said switching means includes first, second, third and
fourth transistors each having a base, collector and
emitter and being connected in a bridge configuration
with the collectors of said first and third transistors
connected to one of said input terminals, the emitters of
said first and third transistors connected to the collec-
tors of said second and fourth transistors, respectively,
and the emitters of said second and fourth transistors
connected to the other of said input terminals; and in
which said oscillation transformer includes first, sec-
ond, third and fourth windings wound on said core and
connected between the base and emitter of said first,
second, third and fourth transistors, respectively.

4. A DC-AC inverter according to claim 3; in which
said windings are wound in respective directions such
that, in response to alternating magnetic flux generated
in said core by said feedback means, said first and fourth
windings apply pulses to the bases of said first and
fourth transistors which are of a polarity opposed to
that of pulses applied by said second and third windings
to said second and third transistors, respectively.

5. A DC-AC inverter according to claim 4; in which
said feedback means includes means for applying a volt-
age feedback to said transformer and means for apply-
ing a current feedback to said transformer.

6. A DC-AC inverter according to claim 4; in which
said feedback means includes first and second feedback
transformers having respective first windings con-
nected in series between the emitters of said first and
third transistors, respectively, and respective second
windings providing current feedback and voltage feed-
back, respectively; and in which said oscillation trans-
former has first and second feedback windings on said
core, said first feedback winding receiving said current
feedback and said second feedback winding being con-
nected with said second winding of said second feed-
back transformer through a resistor to receive said volt-
age feedback.

7. A DC-AC inverter according to claim 6; in which
said AC output means includes a third winding of said
second feedback transformer.

8. A DC-AC inverter according to claim 1; in combi-
nation with rectifying and smoothing circuit means
connected with said AC output means to provide a

converted DC output.
* * * * *
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FURTHER READING

Click any one of the following links to be taken to a website which contains
the following documents.

There appears to be a lot of recent patent activity in the area
of building "bridgeless PFC convertors". The following are
some of the patents.

11 584 983 Method and_apparatus_for high efficieny rectifier
11_204_307_AC_to_DC_power_supply with_PF

11 302 544 Simple partial switching power_ factor_ correction
11_474_712_ BRIDGELESS BI_DIRECTIONAL FORWARD TYPE_ CONVERTER
11 480 004 High efficiency power_ converter system
11_706_645_AC_to_DC_voltage_converter_as_power_supply

12 401 983 BRIDGELESS PFC _CIRCUIT FOR_CRM
12_798_682_Bridgeless_PFC_converter

3295043 _MASSEY D_C__TO_D_C__ REGULATED CONVERTER
4183079_DC_AC_inverter

4523266_AC_to_DC_conversion_system
4943902_AC_to_DC_power_converter_and_method
5570276_Switching_converter_with_open_loop_input_regulation
5815380_Switching_converter_with_open_loop_Primary_regqulation
5815384 _Transformer_uses_bi_directional_synch_Rectifiers
6115267_AC_DC_converter_with_no_input_rectifiers
6157182_DC_DC_converter_with_multiple_operating_modes

6608522 DC_to_DC_converter providing_stable_ operation
7250742_Digital_control_of_ bridgeless_power_factor_correction
7265591_CMOS_driver_with_minimum_ shoot_through

And here is some more information for those who may be interested.

A BIDIRECTIONAL PWM THREE-PHASE STEP-DOWN RECTIFIER

A bidirectional, sinusoidal, high-frequency inverter

A DUAL INPUT BIDIRECTIONAL POWER CONVERTER

A new structure for bidirectional Power flow

BI-DIRECTIONAL INVERTER-CHARGER

Bi-directional single-phase half-bridge rectifier for power quality
BiDirectional Converter

Bidirectional_ UP_Inverter

Synthesis of Input-Rectifierless AC/DC

11.28.10_10.11AM
dsauersanjose@aol.com
Don Sauer
http://www.idea2ic.com/
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