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(57) ABSTRACT

A power supply for driving an EL panel includes an inverter
that produces a polarity reversing voltage at a pair of output
terminals. A switching circuit coupled to the output termi-
nals and to at least one EL lamp applies alternating current
to the at least one EL lamp in the on state and blocks current
from the EL lamp in the off state. The switching circuit
includes a first bidirectional switch connecting a first termi-
nal of the EL lamp to a first output terminal and a second
bidirectional switch connecting a second terminal of the EL
lamp to a second output terminal.
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AC SWITCH WITH ZERO OFF CURRENT FOR EL
PANEL

BACKGROUND OF THE INVENTION

[0001] This invention relates to battery operated inverters
and, in particular, to a switching circuit for selectively
coupling an EL panel to a source of power and providing
substantially zero off current to the panel.

[0002] As used herein, a bridge is a circuit having four
arms with two pairs of arms connected in parallel between
a first pair of terminals. In each pair of arms, the arms are
connected in series. The junctions of the arms in each series
pair are a second pair of terminals. With unidirectional
current elements in the arms and alternate arms conducting
simultaneously, a bridge has a DC diagonal across one pair
of terminals and an AC diagonal across the second pair of
terminals.

[0003] As used herein, and as understood by those of skill
in the art, “thick film” refers to one type of EL lamp and
“thin film” refers to another type of EL lamp. The terms only
broadly relate to actual thickness and actually identify
distinct disciplines. In general, thin film EL lamps are made
by vacuum deposition of the various layers, usually on a
glass substrate or on a preceding layer. Thick film EL lamps
are generally made by depositing layers of inks on a sub-
strate, e.g. by roll coating, spraying, or various printing
techniques. The techniques for depositing ink are not exclu-
sive, although the several lamp layers are typically deposited
in the same manner, e.g. by screen printing. A thin, thick film
EL lamp is not a contradiction in terms and such a lamp is
considerably thicker than a thin film EL lamp.

[0004] As used herein, an EL “panel” is a single sheet
including one or more luminous areas, wherein each lumi-
nous area is an EL “lamp.” An EL lamp is essentially a
capacitor having a dielectric layer between two conductive
electrodes, one of which is transparent. The dielectric layer
can include phosphor particles or there can be a separate
layer of phosphor particles adjacent the dielectric layer. The
phosphor particles radiate light in the presence of a strong
electric field, using relatively little current.

[0005] In the context of a thick film EL lamp, and as
understood by those of skill in the art, “inorganic” refers to
a crystalline, luminescent material that does not contain
silicon or gallium as the host crystal. (A crystal may be
doped accidentally, with impurities, or deliberately. “Host”
refers to the crystal itself, not a dopant.) The term “inor-
ganic” does not relate to the other materials from which an
EL lamp is made.

[0006] EL phosphor particles are typically zinc sulfide-
based materials, including one or more compounds such as
copper sulfide (Cu,S), zinc selenide (ZnSe), and cadmium
sulfide (CdS) in solid solution within the zinc sulfide crystal
structure or as second phases or domains within the particle
structure. EL phosphors typically contain moderate amounts
of other materials such as dopants, e.g., bromine, chlorine,
manganese, silver, etc., as color centers, as activators, or to
modify defects in the particle lattice to modify properties of
the phosphor as desired. The color of the emitted light is
determined by doping level. Although understood in prin-
ciple, the luminance of an EL phosphor particle is not
understood in detail. The luminance of the phosphor
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degrades with time and usage, more so if the phosphor is
exposed to moisture or high frequency (greater than 1,000
hertz) alternating current.

[0007] Inportable electronic devices, automotive displays,
and other applications where the power source is a low
voltage battery, an EL lamp is powered by an inverter that
converts direct current into alternating current. In order for
an EL lamp to glow sufficiently, a peak-to-peak voltage in
excess of about one hundred and twenty volts is necessary.
The actual voltage depends on the construction of the lamp
and, in particular, the field strength within the phosphor
powder. The frequency of the alternating current through an
EL lamp affects the life of the lamp, with frequencies
between 200 hertz and 1000 hertz being, preferred. Ionic
migration occurs in the phosphor at frequencies below 200
hertz. Above 1000 hertz, the life of the phosphor is inversely
proportional to frequency.

[0008] A suitable voltage can be obtained from an inverter
using a transformer. For a small panel, a transformer is
relatively expensive. The prior art discloses several types of
inverters in which the energy stored in an inductor is
supplied to an EL lamp as a small current at high voltage as
the inductor is discharged either through the lamp or into a
storage capacitor. The voltage on a storage capacitor is
pumped up by a series of high frequency pulses from the
inverter. Capacitive pump circuits are also known but not
widely used commercially.

[0009] The direct current produced by inverter must be
converted into an alternating current in order to power an EL
lamp. U.S. Pat. No. 4,210,848 (Suzuki et al.) discloses a
switching bridge for this purpose. The bridge acts as a
double pole double throw switch to alternate current through
the EL lamp at low frequency. U.S. Pat. No. 5,313,141
(Kimball) discloses an inverter that produces AC voltage
directly. A plurality of inverters are commercially available
using either technology.

[0010] It is known in the art to couple a plurality of EL
lamps to a single supply by switches; U.S. Pat. No. 5,347,
198 (Kimball). As noted in the *198 patent, there is a
minuscule current flowing through an EL lamp even when
the lamp is in the “off” state, theoretically disconnected from
the supply. The minuscule current, corresponding to a very
small DC bias, has been found to cause ionic migration.
Even a small DC bias is harmful, causing shortened life
compared to properly driven EL lamps.

[0011] Inview of the foregoing, it is therefore an object of
the invention to provide a power supply for driving an EL
panel from a battery without producing a DC bias on the
panel.

[0012] Another object of the invention is to provide a
symmetrical drive for an EL panel.

[0013] A further object of the invention is to provide a
symmetrical switching circuit that can be replicated eco-
nomically to provide individual control for a plurality of
lamps.

[0014] Another object of the invention is to provide a

symmetrical switching circuit having zero off current
through an EL lamp.

SUMMARY OF THE INVENTION

[0015] The foregoing objects are achieved in this inven-
tion in which a power supply for driving an EL panel
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includes an inverter that produces a polarity reversing volt-
age at a pair of output terminals. A switching circuit coupled
to the output terminals and to at least one EL lamp applies
alternating current to the at least one EL lamp in the on state
and blocks current from the EL lamp in the off state. The
switching circuit includes a first bidirectional switch con-
necting a first terminal of the EL lamp to a first output
terminal and a second bidirectional switch connecting a
second terminal of the EL lamp to a second output terminal.

BRIEF DESCRIPTION OF THE DRAWING

[0016] A more complete understanding of the invention
can be obtained by considering the following detailed
description in conjunction with the accompanying drawing,
in which:

[0017]

[0018] FIG. 2 is a schematic of a commercially available
inverter having a bridge output; and

[0019] FIG. 3 is a schematic of a switching circuit con-
structed in accordance with a preferred embodiment of the
invention.

FIG. 1 illustrates the operation of a bridge circuit;

DETAILED DESCRIPTION OF THE
INVENTION

[0020] As note above, an electroluminescent lamp
requires an alternating current for operation. When a direct
current source is all that is available, alternately reversing
the connections of an EL lamp and a source of direct current
will provide an alternating current. As illustrated in FIG. 1,
the terminals of EL lamp 11 are coupled to respective poles
of double pole, double throw (DPDT) switch 12 through
resistors 13 and 14. The throws of switch 12 are connected
to capacitor 16, which stores high voltage DC from a
suitable source, not shown. When switch 12 is closed to the
left, voltage at a first polarity is applied to EL lamp 11. When
the switch is closed to the right, the polarity of the voltage
applied to EL lamp 11 is reversed, producing, over succes-
sive cycles, an alternating current through the lamp.

[0021] FIG. 2 is a schematic of a commercially available
inverter that includes the electronic analog of a DPDT
switch. Inverter 20 includes inductor 21 and switching
transistor 22 operating in a well known boost configuration
to charge capacitor 23 to a high voltage. A bridge circuit
includes SCR 25, SCR 26, switching transistor 27, and
switching transistor 28. EL lamp 24 is connected to the AC
diagonal of the bridge at output terminals A and B. Capacitor
23 is connected across the DC diagonal of the bridge. SCR
25 and transistor 28 conduct simultaneously to pass current
in a first direction through EL lamp 24. SCR 26 and
transistor 27 conduct simultaneously to pass current in a
second direction through EL lamp 24, alternating with SCR
25 and transistor 28.

[0022] FIG. 3 is a schematic of a circuit for selectively
activating lamps in an EL panel. Input terminals A and B are
coupled to output terminals A and B in FIG. 2. EL, lamp 31
is lit as long as power is applied to inverter 20 (FIG. 2). EL
lamps 32 and 33 are selectively lit by the respective switch-
ing circuit to which each is connected. These are duplicate
circuits and only the operation of lamp 32 is described. The
switching circuit turns an EL lamp on or off and, when off,
blocks all current from the lamp.
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[0023] Lamp 32 is coupled to terminal A by a bidirectional
switch formed by diode 46 series coupled with transistor 51
and by-passed by oppositely poled diode 47. Lamp 32 is
coupled to terminal B by a bidirectional switch formed by
diode 48 series coupled with transistor 52 and by-passed by
oppositely poled diode 49. By oppositely poled is meant that
the current paths are anti-parallel; that is, the paths are
unidirectional and flow in opposite directions.

[0024] Resistors 41, 42, 43, and 44 provide bias for
operating transistors 51 and 52. The switching circuit is
symmetrical about EL lamp 32. That is, current flowing in
either direction through the circuit encounters the same
number of diode voltage drops and transistors of the same
type.

[0025] Terminal 35 is a logic level input. “Positive” logic
is used; i.e., approximately +5 volts is “true” or “high” or
“on” while approximately 0 volts is “false” or “low” or
“off.” As can be seen by inspection of FIG. 2, terminal A and
terminal B receive lamp operating voltage, not a control
signal or a logic level voltage. As such, “high” means a
voltage greater than 80 VDC and “low” means substantially
ground potential (within two or three diode forward voltage
drops of ground). The exact voltages are not critical. Ter-
minals A and B are never high simultaneously.

[0026] When terminal A is high, current flows from ter-
minal A through lamp 31 to terminal B. When terminal B is
high, current flows from terminal B through lamp 31 to
terminal A.

[0027] When input 35 is low, current does not flow
through lamp 32 regardless of the state of terminals A and B.
When terminal A is high, a small current flows through diode
47, the collector-base junction of transistor 51, and resistor
42 to ground at input 35. This small current forward biases
diode 47, coupling the upper terminal of EL lamp 32 to
terminal A. The lower terminal of EL lamp 32 is isolated
from ground by transistor 52 and diode 49. No current flows
through EL lamp 32 to ground. Similarly, when terminal B
is high, a small current flows through diode 49 but no current
flows through EL lamp 32.

[0028] When input 35 is high, transistors 51 and 52 are
enabled, although not necessarily conducting. If terminal A
i low, then transistor 51 conducts. If terminal B is low, then
transistor 52 conducts.

[0029] When input 35 is high and terminal A is high,
current flows through diode 47, EL lamp 32, transistor 52,
and diode 48 to terminal B. When input 35 is high and
terminal B is high, current flows through diode 49, EL lamp
32, transistor 51, and diode 46 to terminal B. Thus, an
alternating current is provided for EL lamp 32. The currents
in the first half cycle are symmetrical with the currents in the
second half cycle because the switching circuit is symmetri-
cal about lamp 32. There is no net DC from lamp operation
and there is no minuscule DC when the switching circuit is
off (when input 35 is low).

[0030] The invention thus provides a switch for selectively
driving lamps in an EL panel while blocking current in the
off state. The switch is symmetrical, including transistor
type, and can be replicated economically to provide indi-
vidual control for a plurality of lamps. The switching circuit
can be added to existing drivers and can be incorporated into
a single integrated circuit for new drivers.
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[0031] Having thus described the invention, it will be
apparent to those of skill in the art that various modifications
can be made within the scope of the invention. For example,
the discharge circuit described in U.S. Pat. No. 6,204,609
(Kimball) can also be incorporated into the driver circuit.
More than one EL lamp can be operated by a single
switching circuit.

The invention claimed is:

1. In a power supply for driving an EL panel, said power
supply including an inverter that produces a polarity revers-
ing voltage at a pair of output terminals, the improvement
comprising:

a switching circuit for coupling an EL lamp to the power
supply, the switching circuit including a first bidirec-
tional switch connecting a first terminal of an EL lamp
to a first output terminal and a second bidirectional
switch connecting a second terminal of the EL lamp to
a second output terminal.

2. The power supply as set forth in claim 1 wherein each

bidirectional switch includes:

a first diode coupled in series with a first transistor; and

a second diode coupled anti-parallel with the first diode
and the first transistor.
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3. The power supply as set forth in claim 1 wherein each
bidirectional switch includes a logic level input for turning
the bidirectional switch on or off.

4. The power supply as set forth in claim 3 wherein each
bidirectional switch blocks current from said at least one EL
lamp when the bidirectional switch is in the off state.

5. The power supply as set forth in claim 1 wherein the
improvement comptrises:

a plurality of switching circuits coupled to said output
terminals and coupled one each to an EL lamp in said
EL panel for selectively lighting said EL lamps.
6. The power supply as set forth in claim 5 wherein each
bidirectional switch includes:

a first diode coupled in series with a first transistor; and

a second diode coupled anti-parallel with the first diode

and the first transistor.

7. The power supply as set forth in claim 5 wherein each
bidirectional switch includes a logic level input for turning
the bidirectional switch on or off.

8. The power supply as set forth in claim 7 wherein each
bidirectional switch blocks current from said at least one EL
lamp when the bidirectional switch is in the off state.
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