L.,

PCT

WORLD INTELLECTUAL PROPERTY ORGAN
Intemational Bureau

JIPros cofy

. -+
Ao UGB -%  IPCR
1—
An:_m_s
IZATION RfPi ‘

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) Sheetg

(51) International Patent Classification 6 :
BO2M 7/5387 Al

(11) International Publication Number:

(43) International Publication Date:

WO 97/35379

25 September 1997 (25.09.97)

(21) International Application Number: PCTICA97/0?)85

(22) International Filing Date: 18 March 1997 (18.033./97)

(30) Priority Data:

96 2 04510.1 21 March 1996 (21.03.96) / CN

(71) Applicant (for all designated States except US): AMSDELL
INC. [CA/CA); Unit 5, 45 Mural Street, Richmond Hill,
Ontario L4B 1J4 (CA). /

(72) Inventor; and

(75) Inventor/Applicant (for US only): WU, Fu, Ning [CN/CNJ;
Building No. 813, Apartment 216, Zhong Guan Cun,
Haidian, Beijing 100080 (CN).

(74) Agent: BERESKIN & PARR; 40th floor, 40 King Street West,
Toronto, Ontario MSH 3Y2 (CA).

(B1) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,

Published

BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, H, GB, GE,
HU, IL, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS,
LT, LU, LV, MD, MG, MK, MN, MW, MX

PT, RO, RU, SD, SE, SG, S, SK, TJ, T™M, TR, TT, UA,
UG, US, UZ, VN, ARIPO patent (GH, KE, LS, MW, SD,
SZ, UG), Burasian patent (AM, AZ, BY, KG, '
TJ, TM), European patent (AT, BE, CH, DE, DK, ES, FI,
FR. GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent
(BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, NE, SN, TD,
TG).

With international uar‘ch report.
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(57) Abstract

An inverter for converting a DC voltage into an AC
voltage comprising a full-bridge circuit having four silicon
controlled rectifier (SCR) switches, two pulse control circuits
for generating control voltage signals to tum on altemnate pairs
of said switches, a time sequencing circuit, and a power switch
circuit. ‘The full bridge circuit is directly connected to a positive
DC input terminal and is coupled through the power switch
circuit to a negative DC input terminal. The time sequencing
circuit generates a first pulse signal for controlling the first
pulse control circuit and a second pulse signal for controlling
the second pulse control circuit so that the first pulse signal
and the second pulse signal are in phase opposition. The time

‘sequencing circuit further generates an intermittent cycle pulse

signal for tuming the power switch circuit off during periods
between a pulse of the first pulse signal and a pulse of the
second pulse signal. The inverter according to the present
invention may be of a size and weight which are compatible
for use in smalt type UPS systems, while still providing safe
and reliable operation, 1o
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Electrical Inverter with a Silicon Controlled Rectifier Full-Bridge
Circuit

EIELD OF THE INVENTION
The present invention relates to an inverter circuit for converting a
DC voltage into an AC voltage.

BACKGROUND OF THE INVENTION

Conventional invertor circuits typically empléy push-pull circuitry
to alternately drive the two primary windings of a transformer and
generate an alternating positive/negative or AC signal at the secondary
windings of the transformer. This type of inverter is widely used in small
and medium uninterruptible power supply (UPS) systems (i.e. below 1
kilo-voltamperes), as well as in other equipment which converts DC
voltage to AC voltage. Although such invertors are simple and reliable,
many require low frequency (10-100 Hz) iron core transformers which are
large, heavy, and expensive. As a result, these inverters are unsuitable for
use in personal computers, fax machines and small UPS systems, and
there is therefore a need for a novel invertor circuit which operates in a

reliable and stable manner but does not require an iron core transformer.

SUMMARY OF THE INVENTION

In one of its specific embodiments, the present invention is an
inverter circuit (10) for converting a DC voltage between a first DC input
(14) and a second DC input (16) into an AC voltage across a first output

- terminal (O1) and a second output terminal (O2), characterized in that the

inverter circuit comprises: a bridge circuit (3) comprising a plurality of
switches (51, 52, S3, 54) arranged in a bridge configuration, said bridge
circuit being coupled between said first DC input (14) and a first node (15),
said bridge circuit further being coupled to said first output terminal (O1)

and said second output terminal (O2); a power switch circuit (5) responsive

to an intermittent cycle pulse Sim_a_l_(_l_&)_fCchan_eEfmg.s_ald.ﬁELmde.ﬁlS)
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to said second DC input (16); a first pulse control circuit (1) responsive to a
first pulse signal (I1) and coupled to said bridge circuit (3) for turning on a
first portion (51, S3) of said bridge circuit (3); a second pulse control circuit
(2) responsive to a second pulse signal (I2) and coupled to said bridge
circuit (3) for turning on a second portion (S2, S4) of said bridge circuit (3);
and a timing circuit (4) coupled to said first and second pulse control
circuits (1, 2) and to said power switch circuit (5) for generating a first pulse
signal for controlling said first pulse control circuit (1), a second pulse
signal for controlling said second pulse control circuit (2), said first pulse
éignal and said second pulse signal being in phase opposition, and an
intermittent cycle pulse signal for turning said power switch circuit (5) off
during periods between a pulsé of said first pulse signal and a pulse of said

.second pulse signal.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings which illustrate preferred

~embodiments of the invention:

Fig. 1 shows the inverter circuit in accordance with a preferred
embodiment of the present invention.

Fig. 2 shows one of the Pulse Control Circuits of Fig. 1.

Fig. 3 shows the other of the Pulse Control Circuits of Fig. 1.

Fig. 4 shows a possible Time Sequencing Circuit for the inverter of
Fig. 1.

Fig. 5 is a timing diagram for the circuit of Fig. 4.

Fig. 6 illustrates an alternate embodiment of the inverter of the
present invention,

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 shows an invertor 10 in accordance with a preferred
embodiment of the present invention. Invertor 10 comprises a full-bridge
circuit 3 having a plurality (i.e. four) silicon controlled rectifier switches, or
SCRs, S1, S2, S3, and S4, two pulse control circuits labelled 1 and 2
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respectively, a time sequencing circuit 4, and a power switch circuit 5. The
full bridge circuit 3 is connected directly to a positive DC input terminal 14
and is coupled through the power switch circuit 5 to a negative DC input
terminal 16. Referring to Fig. 1, rectifiers S1 and S4 are positively
connected in series between the DC input 14 and node 15, so that the anode
of S1 is coupled to the positive DC input 14 and the cathode of S4 is
connected to node 15 and is thereby coupled, through power switch circuit
5, to the negative DC input 16. As shown in Fig. 1, rectifiers S2 and S3 are
similarly connected and are in parallel with the series connection of S1
and S4. The AC output voltage of the invertor is generated between
terminals O1 and O2. As shown in Fig. 1, an AC load 6 is coupled between
the terminals O1 and O2. Output terminal O1 is coupled to the cathode of
S1 and the anode of $4, and output terminal O2 is coupled to the cathode
of S2 and the anode of S3. Diode D1 is connected in parallel with 51 so that
the cathode of D1 is connected to the anode of S1 and the anode of D1 is
connected to the cathode of S1. Diodes D2, D3, and D4 are similarly
connected in parallel across rectifiers S2, 53, and 54 respectively, as shown
in Fig. 1.

The gate and cathode of SCRs S1 and S3 are connected to differential
control voltage signals Ul and U3 which are generated by Pulse Control
Circuit 1. Similarly, the gate and cathode of SCRs S2 and S4 are connected
to differential control voltage signals U2 and U4 which are generated by
Pulse Control Circuit 2.

Time Sequencing Circuit 4 outputs three time-sequencing pulse
signals: 11, a first half-cycle time sequencing pulse which is the input to
Pulse Control Circuit 1; I2, a second half-cycle time sequencing pulse which
is the input to Pulse Control Circuit 2; and I3, an intermittent break-off
time sequencing pulse which pulses low between the first and second half-
cycles and is the input to power switch circuit 5. (See also Fig. 5 which will
be described shortly and which shows the waveforms for the signals I1, 12,
and I3.)

Preferred embodiments of the Pulse Control Circuits 1 and 2 are
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shown in Figs. 2 and 3 respectively. Pulse Control Circuit 1 has two pairs of
mutually isolated terminals to output the control pulse signals Ul and U3,
and Pulse Control Circuit 2 has two pairs of mutually isolated terminals to
output the control pulse signals U2 and U4.

Referring to Fig. 2, pulse transformer T1 has one primary winding
and two secondary windings, with the polarity marked terminal of the
primary winding connected to a reference voltage +Vf and the other
terminal of the primary winding connected to the collector of transistor
Q1. Note that transformer T1 need not comprise an iron core transformer.
The emitter of transistor Q1 is connected to ground as is one terminal of
resistor R5. The base of Q1 is connected to the other terminal of resistor R5
and to one terminal of capacitor C5. The other terminal of capacitor C5 is
coupled to the input timing sequence pulse signal Il. Diode D5 is
connected in series with the first secondary winding of transformer t1, and

capacitor C1 and resistor R1 are each connected across the first secondary

. winding of transformer T1 in the manner shown in Fig. 2. Diode D6,

capacitor C3, and resistor R3 are similarly connected to the second
secondary winding of transformer T1. Control pulse signal Ul is output
across the terminals of C1 and R1, and control pulse signal U3 is output
across the terminals of C3 and R3.

The description of the configuration of Pulse Control Circuit 2 is the
same as the above description for Pulse Control Circuit 1, with
components C5, R5, Q1, T1, D5, C1, R1, D6, C3, and R3 correspondingly
replaced by Cé, R6, Q2, T2, D7, C2, R2, D8, C4, and R4 respectively.

As shown in Fig. 1, power switch circuit 5 may comprise one power
field effect transistor S5, wherein the grid or gate of S5 receives the time
sequencing pulse signal I3 and thereby controls whether the channel
between the source and the drain of S5, i.e. the control path, is conducting.

Fig. 4 illustrates a possible embodiment for the Time Sequencing
Circuit 4 and how time sequencing pulses 11, I2, and I3 may be generated
from the signal 10 which acts as an input to the Time Sequencing Circuit 4.
In an alternative embodiment, the signals I1, I2, and I3 may be generated
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by a programmable microprocessor or a pulse current supply (not shown)
as will be clear to those skilled in the art. Referring to Fig. 4, Circuit 20
generates complementary high/low signals 28 and 30 which are inverted
(by conventional means not shown) every half cycle of 10. Circuit 20 may
comprise a flip flop triggered by I0, or alternatively signals 28 and 30 may
be generated by a programmable microprocessor. One of the signals, signal
28, from circuit 20 and the signal I0 are inputs to NOR gate 22 which
outputs I1, and the other signal 30 from circuit 20 and the signal I0 are
inputs to NOR gate 24 which outputs I2. As a result, signal I1 pulses high
during the first half cycle of 10, i.e the time period of t1 + t0, and signal I2
pulse high during the second half cycle of 10, i.e the time period of 2 + t0
(note that 12 = t1), so that signal I1 and signal 12 are in phase opposition (i.e.
they are 180 degrees out of phase with each other) as shown in the timing
diagram of Fig. 5. Referring to Fig. 4, NOR gate 26 acts as a digital inverter
which inverts the input I0 to produce pulse signal I3. _

In operation, during the onset of the first half cycle of I0 power
transistor S5 is turned on by the rising edge of I3, and transistor Q1 is
turned on by the rising edge of I1 and conducts until the voltage at the base
of Q1 discharges, at a rate determined by R5 and C5, below the base-emitter
threshold voltage. During the short time that Q1 is conducting, pulses are
produced on each of the secondary windings of transformer T1 which
charge C1 and C3 respectively through D5 and D6 respectively to a certain
voltage. When Ul and U3 reach the trigger voltage necessary to turn S1
and S3 on, the output voltage across O1 and O2 becomes positive as shown
for VO102 in Fig. 5. At the end of period t1, power transistor S5 shuts off
and effectively cuts off the entire circuit, while diodes D5 and D6 reversibly
isolate the bridge circuit from any back swing of transformer T1. Once cut
off, the current flowing through rectifiers S1 and S3 rapidly decreases to a
value below the minimum current necessary to maintain the SCRs in a
conducting state, i.e. the holding current. Once S1 and S3 switch off, the
output voltage across O1 and O2 goes to zero and remains at that value

until the first half cycle of I0 ends. Note that to prevent S1 and S3 from
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possible damage, diodes D1 and D3 form a discharge loop in case an
inductive load gives rise to an inductive current during cut off of the
circuit.

The loéd 6 has a high impedance which maintains a stable current
when either of the switching device pairs 51-53 or 52-54 are conducting.
This current through the load is greater than the holding current, which is
the minimum current required to maintain the conducting SCRs in a
conducting state after they have been turned on.

During the second half cycle of I0, power transistor S5 repeats the
same turn on and cut off operation as just described for the first cycle,
except in this case 12, and not I3, pulses high when 13 goes high. Control
pulses U2 and U4 eventually reach a level which turns on rectifiers S2 and
S4 (while S1 and S3 remain cut off). This causes the output voltage across
O1 and O2 to become negative as shown for VO102 in Fig. 5, before it
returns to zero when S2 and S4 turn off shortly after I2 and I3 go low.
When I3 goes high again, so does I1, and the cycle repeats. As illustrated in
Fig. 5, the output voltage, VO102, is a two step per half cycle AC voltage
signal.

In one embodiment of the present invention which is illustrated in
Fig. 6, a filter capacitor C7 is connected between output terminals O1 and
O2 so that it is effectively in parallel with the load 6. The output terminals
O1 and O2 are additionally coupled to the series connected terminals of Sl
and S4 and the series connected terminals of S2 and S3 through inductor
L1 and inductor L2 respectively. Inductors L1 and L2 and capacitor C7
thereby comprise a filter circuit which increases the duration of the rise
and fall times of the output signal, thereby inhibiting high frequency
components during the rising and falling edges of the output signal and
consequently reducing interference with the load. In addition, inductors L1
and L2 also serve to dampen the load current so that the circuitry can be
protected.

Also in Fig. 6, an alternate embodiment of the power switch circuit 5

is shown comprising the power field effect transistor S5, a second power
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field effect transistor 56, current limiting resistor R10, over current
detecting resistor R9, gate or grid control resistor R7, gate or grid control
transistor Q3, and resistor R8. Referring to Fig. 6, R10 is connected between
the drain terminals of S5 and S6. The source of S6 is connected to a first
terminal of R8 and a first terminal of R9, while the second terminal of R9
is connected to the negative DC voltage 16. The first terminal of R8 is also
connected to the source of S5 (so that the source of S5 is connected to the
source of S6) and the second terminal of R8 is connected to the base of Q3.
The emitter of Q3 is connected to the negative DC voltage 16 and the
collector of Q3 is connected to the gate of S5 and a first terminal of R7. The
input I3 is coupled to the second terminal of R7 as well as directly to the
gate of S6. In this manner, the combination of R10, 56, and R9 form a
control loop or control path for the power switch circuit 5.

In operation, the rising edge of the input pulse signal I3

- simultaneously turns on power transistors S5 and 56. Resistor R9 samples .

the magnitude of the load current, and when the load current reaches a
certain threshold magnitude, the voltage drop across R9 turns transistor
Q3 on, which lowers the gate potential of power transistor S5, and in turn
quickly leads to S5 shutting off. With S5 cut off, the load current shifts to
flow through power transistor S6, whereby it is limited by the value of
resistor R10. The above described current limiting approach, which does
not entirely cut off the current loop, ensures that maximum power can be
outputted while still maintaining safe operation of the circuitry.

The above approach is particularly advantageous in the case of a
large capacitive load (i.e. approximately 200-400 micro-Farads), such as
with a rectifying circuit comprising a large capacitor and a rectifying diode. -
At the rising edge of the output signal, a large load capacitance effectively
acts as a shorted load as it begins to charge. The current limiting function
of the power switch circuitry protects the load while the load capacitor
charges with the maximum output current that ensures safety and
protection. Once the load capacitance has charged to the operating

potential, the load current becomes too small to maintain the current
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sampling voltage across R9 at a value great enough to keep Q3 on. As a
result, power transistor S5 turns on. With 55 on, the power consumption
or dissipation in the invertor circuit is principally due to the voltage drop
across the conducting SCR pair (either S1- S3 or S2 - S4) and the voltage
drop across S5, thus providing a high power efficiency. At the falling edge
of I3, transistors S5 and S6 are cut off, and the inductive load current (frorﬁ
L1 and L2) continues to flow towards S5 so that the drain voltage of S5
rises. Diodes D1, D2, D3, and D4 provide a discharge loop for this current so
that the SCR switches are protected, and energy is returned to positive DC
voltage 14.

The inverter circuit according to the present invention does not
comprise an iron core transformer and is capable of being designed so that
it's size and weight are compatible for use in small type UPS systems. In
addition, the power switch circuit 5 acts to protect the entire system and
enables safe and reliable inverter operation. While preferred embodiments
of the present invention have been described, the embodiments disclosed
are illustrative and not restrictive, and the scope of the invention is
intended to be defined only by the appended claims.



WO 97/35379 _ PCT/CA97/00185

10

15

20

25

30

CLA O

1. An inverter circuit (10) for converting a DC voltage between a first
DC input (14) and a second DC input (16) into an AC voltage across a load
(6), said load (6) being coupled between a first output terminal (O1) and a
second output terminal (O2), characterized in that the inverter circuit
comprises:
(a) a bridge circuit (3) comprising a plurality of switches (S1, S2,
S3, S4) arranged in a bridge configuration, said bridge circuit
being coupled between said first DC input (14) and a first node
(15), said bridge circuit further being coupled to said first
output terminal (O1) and said second output terminal (O2);
(b) a power switch circuit (5) responsive to an intermittent cycle
pulse signal (I3) for connecting said first node (15) to said
second DC input (16);
() a first pulse control circuit (1) responsive to a first pulse signal
(I11) and coupled to said bridge circuit (3) for turning on a first
portion (S1, S3) of said bridge circuit (3);
(d) asecond pulse control circuit (2) responsive to a second pulse
signal (12) and coupled to said bridge circuit (3) for turning on
a second portion (S2, S4) of said bridge circuit (3); and
(¢) a timing circuit (4) coupled to said first and second pulse
control circuits (1, 2) and to said power switch circuit (5) for
generating a first pulse signal for controlling said first pulse
control circuit (1), a second pulse signal for controlling said
second pulse control circuit (2), said first pulse signal and said
second pulse signal being in phase opposition, and an
intermittent cycle pulse signal for turning said power switch
circuit (5) off during periods between a pulse of said first pulse
signal and a pulse of said second pulse signal.

2. An inverter according to claim 1 characterized in that said bridge

This Sheet Has Been Replaced
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circuit (3) comprises first, second, third, and fourth switches (S1, S2, S3, S4),
said first switch (S1) being coupled between said first DC input (14) and said
first output terminal (O1), said second switch being coupled between said
first DC input (14) and said second output terminal (O2), said third switch
being coupled between said first node (15) and said second output terminal
(O2), and said fourth switch (54) being coupled between said first node (15)
and said first output terminal (O1).

3. An inverter according to claim 2 characterized in that said first
portion of said bridge circuit comprises said first switch (S1) and said third
switch (S3), and said second portion of said bridge (3) comprises said
second switch (52) and said fourth switch (S4).

4. An inverter according' to claim 3 characterized in that said first,
second, third, and fourth switches (S1, S2, S3, S4) are silicon controlled
rectifier switches.

5. An inverter according to claim 4 ch;uacterized in that the anode of
said first silicon controlled rectifier switch (51) and the anode of said
second silicon controlled rectifier switch are each connected to said first DC
input (14), the anode of said third silicon controlled rectifier switch is
connected to said second output terminal (O2), and the anode of said
fourth silicon controlled rectifier switch is connected to said first output
terminal (O1).

6. An inverter according to claim 4 or 5 characterized in that each of
said firSt, second, third, and fourth silicon controlled rectifier switches (S1,
52, 3, S4) is connected in parallel with a diode (D1, D2, D3, D4), such that
the anode of the diode is connected to the cathode of the silicon controlled
rectifier and the cathode of the diode is connected to the anode of the

silicon controlled rectifier.
-
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7. An inverter according to claim 3, characterized in that said first
output terminal (O1) is coupled to said first switch (S1) and to said fourth
switch (S4) through a first inductor (L1) and said second output terminal
(02) is coupled to said second switch (52) and to said third switch (S3)
through a second inductor (L2).

8. An inverter according to claim 8, characterized in that a capacitor
(C7) is coupled between said first output terminal (O1) and said second
output terminal (O2).

9. An inverter according to claim 3, characterized in that each of said
first pulse control circuit (1) and said second pulse control circuit (2)
comprises a transformer (T1, T2) having one primary winding with first
and second terminals, a first secondary winding with first and second

. terminals, and a second secondary winding with first and second

terminals, such that:-

the first terminal of said primary winding is connected to a first
reference signal, the second terminal of said primary winding is
coupled through a switching circuit (Q1, C5, R5, Q2, C6, Ré) to a
second reference signal, said switching circuit being responsive to a
pulse signal (11, I2) for generating a pulse of a first polarity across
said primary winding;

the first terminal of said first secondary winding is connected
through a first diode (D5, D7) to a first terminal of a first capacitor
(C1, C2) and a first terminal of a first resistor (R1, R2) and the second
terminal of said first secondary winding is connected to a second
terminal of said first capacitor (C1, C2) and a second terminal of said
first resistor (R1, R2), so that an output pulse (U1, U2) is generated
between the first terminal and the second terminal of said first
resistor (R1, R2) in response to said pulse across said primary
winding; and

the first terminal of said second secondary winding is connected
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through a second diode (D6, D8) to a first terminal of a second
capacitor (C3, C4) and a first terminal of a second resistor (R3, R4)
and the second terminal of said second secondary winding is
connected to a second terminal of said second capacitor (C3, C4) and
a second terminal of said second resistor (R3, R4), so that an output
pulse (U3, U4) is generated between the first terminal and the
second terminal of said second resistor (R3, R4) in response to said

pulse across said primary winding.

10. An inverter according to claim 9, characterized in that said first
diode (D5, D7) and said second diode (D6, D8) are configured to isolate said
first secondary winding from said first capacitor (C1, C2) and from said first
resistor (R1, R2) and to isolate said second secondary winding from said
second capacitor (C3, C4) and from said second resistor (R3, R4) when said
pulse across said primary winding is not of said first polarity. .

11.  An inverter according to claim 3, characterized in that said power
switch circuit (5) comprises a power transistor (S5), the drain of said power
transistor (S5) being connected to said bridge circuit (3), the source of said
power transistor (S5) being connected to said second DC input (16), and the
gate of said transistor (S5) being coupled to said intermittent cycle pulse
signal (I3).

12.  An inverter according to claim 3, characterized in that said power
switch circuit (5) comprises:

(a) a first power transistor (S5), the drain of said first power
transistor (S5) being connected to said bridge circuit (3), and
the gate of said first power transistor (S5) being coupled
through a first resistor (R7) to said intermittent cycle pulse
signal (I3);

(b) a second power transistor (S6), the gate of said second power

transistor (S6) being coupled to said intermittent cycle pulse
——
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signal (I3) and the source of said second power transistor (S6)
being coupled to the source of said first power transistor (S5);
a third transistor (Q3);

a second. resistor (R8) coupled between the source of said first
power transistor (S5) and the base of said third transistor (Q3);
a third resistor (R9) coupled between the source of said second
power transistor (S6) and the second DC input (16) for
detecting the magnitude of the current between said first
output terminal (O1) and said second output terminal (O2);
and

.a fourth resistor (R10) coupled between the drain of said first

power transistor (S5) and the drain of said second power
transistor (S6) for limiting the magnitude of said current

between said first output terminal (O1) and said second

output terminal (O2) when said magnitude exceeds a
threshold value;
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Title: Eleétrical Inverter with a Silicon Controlled Rectifier Full-Bridge

~ Circuit

| S

FIELD OF THE INVENTION

The present invention relates to an inverter circuit for convéﬂing a

DC voltage into an AC voltage.

BACKGROUND OF THE INVENTION - |

' Convéntional invertor circuits typically employ push-pull circuitry
to _altefnately drive the two primary windings of a transformer and
generate an alternating positive/negative or AC signal at the secondary
windings of the transformer. This type of inverter is widely used in small

and medium uninterruptible power supply (UPS) systems' (i.e. below 1

Kkilo-voltamperes), as well as in other equipment which converts DC

voltage to AC voltége. Although such invertors are simple and reliable,
many require low frequency (10-100 Hz) iron core transformers which are
large, heavy, and expensive. As a result, these inverters are unsuitable for

use in personal computers, fax machines and small UPS systems, and

~ there is therefore a need for a novel invertor circuit which operates in a

reliable and stable manner but does not require an iron core transformer.

In one of its 3pecific embodiments, the present invention is an

inverter circuit (10) for converting a DC voltage between a first DC input

(14) and a second DC input (16) into an AC voltage having first and second
half ¢ycles of opposite polarity actoss a load (6), said load (6) being coupled
between a first output terminal (O1) and a second output terminal (02),

said inverter circuit comprising_ a bridge circuit (3) comprising a plurality

of silicon controlled rectifier switches (S1, 52, S3, S4) arranged in a bridge
configuration, said bridge circuit being coupled between said first DC input

(14) and a first node (15), said bridge circuit further beihg coupled to said

first output' terminal (O1) and said second output tenniﬂal_(OZ); a first

)
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ptilse centrol _ci_rcui't (1 responsive to a first pulse signal (I1) and coupled to -
said bridge circuit (3) for turniné on a first portion (S1, S3) of said bridge
circuit (3); a second pulse control circuit (2) responsive to a second pulse
signal' (12) and cqupled to said bfidge circuit (3) for turning on a second
portion (SZ; S4) of said bridge circuit (3); and a timihg circuit (1) coupled to
said first and second'pu'ls'e.control circuits (1, 2) for generating a first pul_Se .

signal for controlling said first pulse control circuit (1) and a second pulse

signal for controlling said second pulse co_nl:z_'_ol circuit (2), said first pulse

signal ahd said second pulse signal being in phase opposition,
cha_.racterized_ in that: (e) the inverter circuit further comprises a power
switch circuit (5) responsive to an intermittent cycle pulse signal (I3) for
connecting said first node (15) to said second DC input (16); azjld (f) said

~ timing circuit (4) is further cOupled to said power switch circuit (5) and

generates an intermittent cycle pulse 31gna1 for turning said power switch
circuit (5) off during periods between a pulse of said first pulse signal and a
pulse of said second pulse signal.

- BRIEF DESCRIPTION OF THE DRAWING

In the accompa'nying drawings which illustrate preferred

embodiments of the invention: |
- Fig. 1 shows the inverter circuit in accordance w1th a preferred

embodiment of the present invention. |

Fig. 2 shows one of the Pulse Control Circuits of F1g L

Fig. 3 shows the other of the Pulse Control Circuits of Fig. 1.

Fig. 4 shows a possible Time Sequenciﬁg Circuit for the inverter of
Fig. 1. | N |
Fig. 5 is a timing diagram for the circuit of Fig. 4.
- Fig. 6 illustrates an alternate embodimient of the inverter of the =

present invention.

' DETAILED DESCRIPTION OF THE INVENTIOR

Fig. 1 shows an invertor 10 in accordance with a preferred
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~ embodiment of the present invention. Invertor 10 comprises a full-bridge
circuit 3 having a plurality (i.e. four) silicon controllgd rectifier switches, or
SCRs, S1, S2, S3, and S4, two pulse control circuits labelled 1 and 2
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1. An inverter circuit (10) for converting a DC voltage between a first DC
input (14) and a second DC input (16) into an AC voltage having first and
second half cycles.of opposite polarity across a load (6), said load (6) being
coupled between a first o_ufput terminal (O1) and a second output terminal
(02), said inverter circuit comprising | _

- (a)  a bridge circuit (3)-comprising a plurality of silicon controlled
rectifier switches (S1, S2, 53., S4) arranged in-a br'idge
configuration, said bridge circuit being coupled'between said
first DC input (14) and a first node (15), said bridge circuit further -
being coupled to said first output terminal (O1) and said second
output terminal (O2);

(b)  a first pulse control circuif'(l) responsive to a first pulse signal
(I1) and coupled to said bridge circuit (3) for turning on a first
portion (S1, 53) of said bridge circuit (3); |

(c) a second pulse control circuit (2) -responsive to a second pulse
signal (I2) and coupled tc said bridge circuit (3) for turning on a
second portion (S2, S4) of said-bfidge circuit (3); and

d a tifning circuit (4) coupled to said first and second pulse control
circuits (1, 2) for generating a first pulse signal for controlling
said first pulse control circuit (1) and a second pulse signal for
controlling said second pulse control circuit (2), said first pulse
signal and said second pulse signal beiitg in phase opposition,

characterized in that: |

(e) the inverter circuit further comprises a power switch circuit (5)

| responsive to an interinitten_t cycle pulse signal (I3) for
com;ecting_'said first node (15) to said second DC input (16); and

§3) said timing circuit (4) is further coupled to said power switch
circuit (5) and geheiates an ir_Ltermittent cycle pulse signal for

tuming said power switch circuit (5) off during periods between
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- a pulse of said first pulse signal and a pulse of said second pulse

sighal.
2. An inverter according to claim T characterized in that said bridge circuit
(3) comprises first, second, third, and fourth silicon controlled rectifier
switches (S1, S2, S3, S4), said first silicon controlled rectifier switch (S1) being
coupled between said first- DC input (14) and said first output terminal (O1),
said second silicon controlled rectifier switch being coupled between said first
DC input (14) and said second output terminal (O2), said third silicon
controlled rectifier switch being coupled between said first node (15) and said

second output terminal (O2), and said fourth silicon controlled rectifier

switch (S4) being coupled between said first node (15) and said first output

terminal (O1). -

3. An inverter according to claim 2 characterized in that said first portion

of said bridge circuit comprises said first silicon controlled rectifier switch (S1)

and said thlrd silicon controlled rectifier switch (S3), and said second portion
of said bridge (3) comprises said second silicon controlled rectifier switch (S2)
and said fourth silicon controlled'rlectifie_r switch. (54).

- 4. An in_vertei' according to claim 3 characterized in that the anode of said

first :_ silicon controlled rectifier switch-(S1) and the anode of said second
silicon controlled rectifier switch are each connected to said first DC input
(14), the anode of said third silicon controlled r_eétifier switch is connected to

said second output terminal (O2), and the anode of said fourth silicon

- controlled rectifier switch is connected to said first output terminal (O1).

5. An inverter according to claim 3 or 4 characterized in that each of said
first; second, third, and fourth silicon controlled rectifier switches (S1, S2, S3,
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' $4) is connected in parallel with a diode (D1, DZ_, D3, D4), such that the anode

of the diode is connected to the cathode of the silicon controlled rectifier and

the cathode of the diode is connected to the anode of the silicon controlled

-

6. An inverter according to claim 3, characterized in that said first oufp_ut
terminal (O1) is coupled to said first silicon controlled rectifier switch (S1) aﬁd
to said fourth silicon controlled rectifier switch (S4) 'thrpugh a first inductor
(L1) and said second output terminal (O2) is coupled to said second silicon
controlled rectifier switch (S2) and to said third silicon controlled
rectifier switch (S3) through a second inductor (L2).

7. An inverter accprding to claim 6, characterized in that a capacitor (C7)
is coupled between said first output terminal (O1) and said second output
terminal (02). '

8.  An inverter ajcfcor_ding to claim 3, chardcterized in that each of said first
pulse control circuit (1) and said second pulse control circuit (2) comprises a
transformer (T1, T2) having one primary winding with first and second
terminals, a first secondary winding with first and second terminals, and a
second secondary winding with first-and second terminals, such that:
the first terminal of said pfimary winding is connected to a first
reference signal, the second terminal of said primary winding is
coupled through a switching circuit (Q1, C5, R5, Q2, C6, Ré) to a second
reference signal, said switching circuit being responsive to a pulse
“signal (I1, I2) for generating a pulse of a first polaﬁfy across said primary
. -windi_ng; : )
the first terminal of said first secondary winding is connected through a
first diode (D5, D7) to a first terminal of a first Capaéitor (C1,C2) and a
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first 'termihal of a first resistor (R1, R2) and the second terminal of said
first secondary winding is connected to a second terminal of said first
-capacitor (C1, C2) and a second terminal of saiéi first resistor (R1, R2), SO
that an output pulse (U1, U2)1is génerategi between the first terminal
and the second terminal of said first resistdr (R1, R2) in respdﬁse to said
pulse across said primary winding; and _

the first terminal of said second secondary winding is --connécfed
through a second diode (D6, D8) to a first terminal of a second. capacitor
(C3, C4) and a first terminal of a second resistor (R3, R4) and the second

terminal of said second secondary winding is connected to a second

terminal of said second capacitor (C3, C4) and a second terminal of said

second resistor (R3, R4), so that an output pulse (U3,.U4) is generated
between the first terminal and the second terminal of said second

resistor (R3, R4) in response to said pulse across said primary winding.

9. An inverter according to claim 8, characterized in that said first diode

(D5, D7) and said second diode (D6, D8) are configured to isolate said first

secondary winding from said first capacitor (C1, C2) and from said first resistor
(R1, R2) and to isolate said second secondary winding from said second

capacitor (C3, C4) and from said second resistor (R3, R4) when said pulse

“across said primary winding is not of said first polarity.

10. An inverter according to claim 3, characterized in that said power
switch circuit (5) comprises a power transistor (S5), the drain of said power

transistor (55) being connected to said bridge circuit (3), the source of said

- power transistor (S5) being connected to said second DC input (16), and the

gate of said transistor '(SS) being coupled to said intermittent cycle pulse signal
(13). '

. This Sheet Has Been Rerlaced :
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11.  An inverter according to claim 3, characterized in that said power

switch circuit (5) comprises:

(a)

(b)

(0
(D

(e)

(£)

a first power transistor (S3), the drain of said first power
transistor (S5) bemv conrrected to sa1d brldge C1rcu1t (3) and the
gate of said first power transistor (SS) being coupled through a
first resistor (R7) to said intermittent cycle pulse s1gna1.(13),

a second 'power transistor (S6), the gate of said second power

 transistor (S6) being coupled to said intermittent cycle pulse

signal (I3) and the source of said second power transistor (S6)
being coupled to the source of said first power transistor (S5);

a third transiStor (Q3);

a second resistor (R8) coupled between the source of said hrst
power transistor (55) and the base of said third transistor (Q3);

a third resistor (R9) coupled between the source of said second
power transistor (S6) and the second DC input (16) for detecting

the magmtude of the current between said first output terminal

| (O1) and said second output termhinal (O2); and

a fourth resistor (R10) coupled between the drain of said first
power transistor (S5) and the drain of said second power
transistor (56) for limiting the magnitude of said current
between said first output terminal (Ol) and said second output
terminal (02_) when_ said magnitude exf.eeds a threshold value.

12. - An inverter a_céording to claim 10 or 11, characterized in that said

second DC input (16) is at a lower voltage level than said first DC input (14).

—_—
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1. An inverter circuit (10) for converting a DC voltage between a first DC input (14)
and a second DC input (16) into an AC voltage having first and second half cycles of
opposite polarity across a load (6), said load (6) being coupled between a first output
terminal (O1) and a second output terminal (02), characterized in that the inverter circuit

comprises:

@

(b)

(©)

(@

(e)

a bridge circuit (3) comprising a plurality of silicon controlled rectifier
switches (S1, S2, S3, S4) arranged in a bridge configuration, said bridge
circuit being coupled between said first DC input (14) and a first node
(15), said bridge circuit further being coupled to said first output terminal
(O1) and said second output terminal (02);

a power switch circuit (5) responsive to an intermittent cycle pulse signal
(13) for connegting said first node (15) to said second DG input (16), said
power swﬁghgénrcwt including circuitry which provides overioad and short
circuit pmté&idn by limiting the magnitude of current throu_gh said load;

a ﬁrs’rf pulse control circuit (1) responsive to a first pul§__é signal {11).and

coupled t6 said bridge circuit (3) for turning on a first portion (S1;'S3) of

~ said bridge circuit (3);

a séoond pulse control circuit (2) responéive to a second pulse signal (I2)
ana coupled to said bridge circuit (3) for turning on a second portion (S2,
S;t) of said bridge circuit (3); and '

a timing circuit (4) coupled to said first and second pulse cont;ol circuits
(1, 2) and to said power switch circuit (5) for generating a ﬁrst'pﬁlSe signal
for controlling said first pulse control circuit (1), a second pulse"_signal for
controlling said second pulse control circuit (2), said first pulse signal and
said second pulse signal being in phase opposition, and an intermittent
cycle pulse signal for turning said power switch circuit (5) off during
periods between a pulse of said first pulse signal and a pulse of said
second pulse sjgnal.
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2, An inverter according to claim 1 characterized in that said bridge circuit
(3) comprises first, second, third, and fourth silicon controlled rectifier
switches (S1, 52, S3, S4), said first silicon controlled rectifier switch (S1) being
coupled between said first DC input (14) and said first output terminal (O1),
said second silicon controlled rectifier switch being coupled between said first
DC input (14) and said second output terminal (O2), said third silicon
controlled rectifier switch being coupled between said first node (15) and said
second output terminal (O2), and said fourth silicon controlled rectifier
switch (54) being coupled between said first node (15) and said first output
terminal (O1). -

3. An inverter according to claim 2 characterized in that said first portion
of said bridge circuit comprises said first silicon controlled rectifier switch (S1)
and said third silicon controlled rectifier swiﬁ:h (S3), and said second portion
of said bridge (3).comprises said second silicon controlled rectifier switch (S2)

and said fourth silicon controlled rectifier switch (54).

4. An inverter according to claim 3 characterized in that the ahode of said
first silicon controlled rectifier switch (S1) and the anode of said second
silicon controlled rectifier switch are each connected to said first DC input
(14), the anode of said third silicon controlled rectifier switch is connected to
said second oﬁtput terminal (O2), and the anode of said fourth silicon

controlled rectifier switch is connected to said first output terminal (O1).

5. An inverter according to claim 3 or 4 characterized in that each of said

first, second, third, and fourth silicon controlled rectifier switches (S1, 52, S3,

REPLACEMENT SHEET
18 SEP 1999




* [+ L M s * .

-11-

S4) is connected in parallel with a diode (D1, D2, D3, D4), such that the anode
of the diode is connected to the cathode of the silicon controlled rectifier and
the cathode of the diode is connected to the anode of the silicon controlled

rectifier.

6. An inverter according to claim 3, characterized in that said first output
terminal_ (O1) is coupled to said first silicon controlled rectifier switch (S1) and
to said fourth_ silicon controlled rectifier switch (S4) 'through a first inductor
(L1) and said second output terminal (O2) is coupled to said second silicon
controlled rectifier switch (52) and to said third silicon controlled
rectifier switch (S3) through a second inductor (L2).

7. An inverter according to claim 6, characterized in that a capacitor (C7)
is. coupled between said first output terminal (O1) and said second output
terminal (0O2).

8. An inverter accofding to claim 3, characterized in that each of said first
pulse control circuit (1) and said second pulse control circuit (2) comprises a
transformer (T1, T2) having one primary winding with first and second
terminals, a first secondary winding with first and second terminals, and a
second secondary winding with first and second terminals, such that:
the first terminal of said primary winding is connected to a first
reference signal, the second terminal of said primary winding is
coupled through a switching circuit (Q1, C5, R5, Q2, C6, R6) to a second
reference signal, said switching cireuit being responsive to a pulse
signal (I1, I2) for generating a pulse of a first polarity across said primary
winding;
the first terminal of said first secondary winding is connected through a

first diodé (D5, D7) to a first terminal of a first capacitor (C1, C2) and a

| REPLACEMENT SHEET
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first terminal of a first resistor (R1, R2) and the second terminal of said
first secondary winding is connected to a second terminal of said first
capacitor (C1, C2) and a second terminal of said first resistor (R1, R2), so
that an output pulse (Ul, U2) is generated between the first terminal
and the second terminal of said first resistor (R1, R2) in response to said
pulse across said primary winding; and

the first terminal of said second secondary winding is connected
through a second diode (D6, D8) to a first terminal of a second capacitor
(C3, C4) and a first terminal of a second resistor (R3, R4) and the second
terminal of said second secondary winding is connected to a second
terminal of said second capacitor (C3, C4) and a second terminal of said
second resistor (R3, R4), so that an output pulse (U3, U4) is generated
between the first terminal and the second terminal of said second

resistor (R3, R4) in response to said pulse across said primary winding.

An inverter according to claim 8, characterized in that said first diode

(D5, D7) and said second diode (D6, D8) afe configured to isolate said first
secondary winding from said first capacitor (C1, C2) and from said first resistor

(R1, R2) and to isolate said second secondary winding from said second

capacitor (C3, C4) and from said second resistor (R3, R4) when said pulse

across said primary winding is not of said first polarity.

10.

An inverter according to claim 3, characterized in that said power

switch circuit (5) comprises:

(a) a first power transistor (S5), the drain of said first power

transistor (S5) being connected to said bridge circuit (3), and the
gate of said first power transistor (S5) being coupled through a

first resistor (R7) to said intermittent cycle pulse signal (I3);

(b) a second power transistor (56), the gate of said second power

REPLACEMENT SHEET
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signal (I3) and the source of said second power transistor (S6)

being coupled to the source of said first power transistor (S5);
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{c) a third transistor (Q3);

(d)  a second resistor (R8) coupled between the source of said first
power transistor (S5) and the base of said third transistor (Q3);

(e)  a third resistor (R9) coupled between the source of said second
power transistor (S6) and the second DC input (16) for detecting
the magnitude of the current between said first output terminal
(01) and said second output terminal (O2); and

(f) a fpurth resistor (R10) coupled between the drain of said first
power transistor (S5) and the drain of said second power
transistor (S6) for limiting the magnitude of said current
between said first output terminal (O1) and said second output

terminal (O2) when said magnitude exceeds a threshold value.

11.  An inverter according to claim 10 wherein said second DC input (16) is at a lower
voltage level than said first DC input (14).

12.  An inverter circuit according to claim 1 wherein said inverter circuit does not
comprise an core ftransformer and is of small size.

13.  Aninverter according to claim 7 wherein said load comprises a rectifying circuit.
14. Aninverter according to claim 7 wherein said load has an impedance such that a

stable current is maintained through said load when either the first portion of the second
portion of said bridge circuit is on.
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