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200 — WHEN POWER IS FIRST APPLIED TO THE THYRISTOR,
CONNECT A LOAD TO THE THYRISTOR

Y

202 — LEAVE THE LOAD CONNECTED TO THE THYRISTOR
FOR A PREDETERMINED PERIOD

204 DISCONNECT THE LOAD FROM THE THYRISTOR
AFTER THE PREDETERMINED PERIOD

FIG. 25
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THYRISTOR STARTING CIRCUIT

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to U.S. Pro-
visional Patent Application No. 61/168,576 entitled “Low
Current TRIAC-Based Dimming”, filed Apr. 11, 2009, and to
U.S. Provisional Patent Application No. 61/182,680 entitled
“Low Current TRIAC-Based Dimming”, filed May 29, 2009,
the entirety of the aforementioned applications being incor-
porated herein by reference for all purposes.

BACKGROUND

[0002] Dimmers are commonly used in lighting and other
applications to control the voltage and/or current level to a
load such as a light. Many conventional dimmers use thyris-
tors such as a TRIAC or SCR to control the output voltage
and/or current. Typically, the dimmer is designed to turn on
only for a portion of each half cycle of an alternating current
(AC) power supply. TRIACs may not turn on reliably with
non-resistive loads, so replacement of incandescent lights
with more energy efficient lights such as light emitting diodes
(LEDs) may not always be possible or result in undesirable
and/or unacceptable performance with a traditional TRIAC-
based dimmer circuit in place. When the load current is low,
such as when using an LED light that, for example, uses a
switching power supply/driver, the TRIAC in the dimmer
may not turn on when intended, or may flicker, flash or oth-
erwise behave in undesirable ways. The need to replace the
dimmer when replacing incandescent lights with LEDS can,
depending on the situation, be expensive and/or difficult.
[0003] Furthermore, thyristors may require a higher start-
ing or trigger current to initially start conducting than the
holding current needed to continue conducting once started.
In other words, the electrical current through the thyristor
may need to initially reach a higher starting current level and
can then be reduced to a level at or above the holding current.
In practice, this means that a thyristor-based dimmer often
has to be turned up to a brighter level to turn on a light, before
it can be dimmed down to the desired lower illumination.
When a thyristor-based light dimmer is set to a dim level,
fluctuations in the supply power can also cause the current
through the thyristor to drop below the minimum holding
current and turn off the light.

SUMMARY

[0004] Various apparatuses and methods for starting a thy-
ristor are disclosed herein. For example, some embodiments
provide an apparatus for starting a thyristor, the apparatus
including a thyristor, a switch, a load connected to the thyris-
tor and the switch, and a controller connected to a control
input of the switch. The controller is adapted to operate the
switch to apply the load to the thyristor for a predetermined
period when power is first applied to the thyristor.

[0005] In an embodiment of the apparatus for starting a
thyristor, the predetermined period comprises a predeter-
mined length of time.

[0006] In an embodiment of the apparatus for starting a
thyristor, the predetermined period comprises a period during
which a sense circuit in the controller detects that the thyristor
is in a starting state.

[0007] In an embodiment of the apparatus for starting a
thyristor, the controller also includes a sense input, and the
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sense circuit in the controller is adapted to detect an electrical
characteristic of the sense input to determine whether the
thyristor is in the starting state.

[0008] In an embodiment of the apparatus for starting a
thyristor, the sense circuit is adapted to measure a current
level through the thyristor and to determine that the thyristor
is in the starting state when the current level is below a
predetermined current threshold.

[0009] In an embodiment of the apparatus for starting a
thyristor, the thyristor is a TRIAC or an SCR.

[0010] An embodiment of the apparatus for starting a thy-
ristor also includes a rectifier between the thyristor and the
switch.

[0011] In an embodiment of the apparatus for starting a
thyristor, the controller includes a second switch connected
between a control input of the switch and a low voltage
reference node.

[0012] In an embodiment of the apparatus for starting a
thyristor, the controller also includes a resistor connected
between an output of the thyristor and the control input of the
second switch, and a second resistor connected between the
control input of the second switch and the low voltage refer-
ence node. The controller also includes a capacitor connected
to the control input of the second switch.

[0013] In an embodiment of the apparatus for starting a
thyristor, the controller also includes a Zener diode connected
to the control input of the second switch.

[0014] In an embodiment of the apparatus for starting a
thyristor, the controller is a microprocessor, a microcontrol-
ler, a comparator, a timer, a one shot circuit, an application
specific integrated circuit, a field programmable gate array, or
an op amp circuit.

[0015] An embodiment of the apparatus for starting a thy-
ristor also includes a dimmer control signal connected to the
thyristor.

[0016] An embodiment of the apparatus for starting a thy-
ristor also includes a resistor connected between an output of
the thyristor and the control input of the second switch, and a
second resistor connected between the control input of the
switch and the low voltage reference node

[0017] An embodiment of the apparatus for starting a thy-
ristor also includes a Zener diode connected to the control
input of the switch.

[0018] Some embodiments provide a method of starting a
thyristor, the method including, when power is first applied to
the thyristor, connecting a load to the thyristor, leaving the
load connected to the thyristor for a predetermined period,
and disconnecting the load from the thyristor after the prede-
termined period.

[0019] An embodiment of the method also includes charg-
ing an RC circuit when power is first applied to the thyristor,
wherein the load is disconnected from the thyristor after the
RC circuit is charged to a threshold voltage level.

[0020] An embodiment of'the method also includes detect-
ing a current level through the thyristor, wherein the prede-
termined period is based upon the charging of the RC circuit.
[0021] An embodiment of the method also includes moni-
toring a current through the thyristor, wherein the predeter-
mined period is ended when the current through the thyristor
reaches a threshold current level.

[0022] Anembodiment ofthe method also includes sensing
an electrical characteristic of a signal at the thyristor, wherein
the predetermined period is based on the sensed electrical
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characteristic, and wherein the electrical characteristic is
selected from the group consisting of voltage, current, power,
and phase angle.

[0023] Some embodiments provide a dimmer having a
TRIAC connected to an alternating current power source, a
dimmer control signal connected to the TRIAC, and a rectifier
connected to the TRIAC. The dimmer also includes a load
connected in parallel with the TRIAC through the rectifier, a
transistor connected in series with the load, a resistor con-
nected between an output of the TRIAC and a control input of
the transistor, and a second resistor connected between the
control input of the transistor and a low voltage reference
node. The dimmer also includes a Zener diode connected to
the control input of the transistor, a third resistor connected
between the output of the TRIAC and a control input of the
second transistor, and a fourth resistor connected between the
control input of the second switch and the low voltage refer-
ence node. The dimmer also includes a capacitor connected to
the control input of the second transistor, and a second Zener
diode connected to the control input of the second transistor.
[0024] This summary provides only a general outline of
some particular embodiments. Many other objects, features,
advantages and other embodiments will become more fully
apparent from the following detailed description, the
appended claims and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] A further understanding of the various embodi-
ments may be realized by reference to the figures which are
described in remaining portions of the specification. In the
figures, like reference numerals may be used throughout sev-
eral drawings to refer to similar components.

[0026] FIG. 1 is a block diagram of a system using a thy-
ristor starting circuit.

[0027] FIG. 2 is a block diagram of a system using a thy-
ristor starting circuit.

[0028] FIG. 3 is a block diagram of a system using a thy-
ristor starting circuit.

[0029] FIG. 4 is a schematic illustration of a thyristor start-
ing circuit using an RC time constant delay with full-rectifier
connection.

[0030] FIG.5 is a schematic illustration of a thyristor start-
ing circuit using an RC time constant delay with half-rectifier
connection.

[0031] FIG. 6 is a schematic illustration of a thyristor start-
ing circuit and/or controlled thyristor load circuit with sens-
ing controller.

[0032] FIG.7 is a schematic illustration of a thyristor start-
ing circuit and/or controlled thyristor load circuit with sens-
ing controller.

[0033] FIG. 8 is a schematic illustration of a thyristor start-
ing circuit and/or controlled thyristor load circuit with sens-
ing controller.

[0034] FIG. 9 illustrates a resistive load connected in par-
allel with an LED power supply, driver or other system.
[0035] FIG. 10 illustrates a switched resistive load switch-
ably connected in parallel with an LED power supply, driver
or other system.

[0036] FIG. 11 illustrates an LED power supply, driver or
other system as it may be connected through a transformer to
a dimmer.

[0037] FIG.121llustrates alight socket adapter with aresis-
tive load in the base.
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[0038] FIG. 13 is a schematic illustration of a thyristor
starting circuit and/or controlled thyristor load circuit.
[0039] FIG. 14 is a schematic illustration of a thyristor
starting circuit and/or controlled thyristor load circuit.
[0040] FIG. 15 is a schematic illustration of a thyristor
starting circuit and/or controlled thyristor load circuit with
transformer-connected control.

[0041] FIG. 16 is a schematic illustration of a thyristor
starting circuit and/or controlled thyristor load circuit con-
trolled via reference voltage and with a transformer-con-
nected load.

[0042] FIG. 17 is a schematic illustration of a thyristor
starting circuit and/or controlled thyristor load circuit con-
trolled via reference voltage and with a transformer-con-
nected load.

[0043] FIG. 18 is a schematic illustration of a thyristor
starting circuit and/or controlled thyristor load circuit con-
trolled via reference voltage and time constant and with a
transformer-connected load.

[0044] FIG. 19 is a schematic illustration of a thyristor
starting circuit and/or controlled thyristor load circuit con-
trolled via reference voltage and time constant and with a
transformer-connected load.

[0045] FIG. 20 is a schematic illustration of a thyristor
starting circuit and/or controlled thyristor load circuit con-
trolled via reference voltage and time constant and with a
transformer-connected load.

[0046] FIG. 21 is a schematic illustration of a thyristor
starting circuit and/or controlled thyristor load circuit acti-
vated on low voltage or current and with a transformer-con-
nected load.

[0047] FIG. 22 is a schematic illustration of a thyristor
starting circuit and/or controlled thyristor load circuit acti-
vated on high or low current and with a transformer-con-
nected load.

[0048] FIG. 23 is a schematic illustration of a thyristor
starting circuit and/or controlled thyristor load circuit acti-
vated on high or low current and with a transformer-con-
nected load.

[0049] FIG. 24 is a schematic illustration of a thyristor
starting circuit and/or controlled thyristor load circuit acti-
vated on low input current or low load current and with a
transformer-connected load.

DESCRIPTION

[0050] The drawings and description, in general, disclose
various apparatuses and methods for starting or igniting a
thyristor, and various apparatuses and methods for connect-
ing a load across a thyristor-based dimmer to ensure the
thyristor operates properly with a primary load that is not
purely resistive, both full time and when needed. The appa-
ratuses and methods disclosed herein may thus be adapted to
apply a load to a thyristor at startup, or when a sensor detects
that it is needed or at all times, or in any combination of these.
The term “thyristor” is used herein to refer to a bistable
semiconductor device, either bidirectional or unidirectional,
that can regulate the output using phase angle control or
analogous control schemes, of which a TRIAC (triode for
Alternating Current, or bidirectional triode thyristor) and an
SCR (silicon-controlled rectifier) are particular non-limiting
examples. The term “‘starting circuit” is used herein to refer to
acircuit that temporarily applies a load to the thyristor to help
ensure that the current through the thyristor reaches the mini-
mum starting current. The load is disconnected from the
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thyristor by the starting circuit after a predetermined amount
of time, or when a voltage or current level in the system
reaches a predetermined level, or based on any other suitable
sensor measurement or control system determination. Note
that the starting circuit may be applied when the thyristor-
based dimmer is first turned on, or at any time during opera-
tion of the thyristor-based dimmer as needed to enable low-
current thyristor based dimming. The circuits disclosed
herein are also operational when no dimmer is in place, that s,
they do not impede the normal functioning of typical loads or
driver circuits if used without a dimmer.

[0051] Referring now to FIG. 1, a block diagram of a sys-
tem using a thyristor starting circuit is illustrated. A thyristor-
based dimmer 10 is connected to an AC (alternating current)
input 12 such as a standard 110V residential power outlet. The
thyristor-based dimmer 10 is designed to reduce the voltage at
the output 14, for example by chopping or turning oft the
output voltage for a portion of every cycle on the input voltage
waveform. The thyristor-based dimmer 10 may include a
knob, slider or other control allowing a user to select the
desired output level. In conventional applications, the output
14 of the thyristor-based dimmer 10 is connected directly to
one or more lights 16, enabling the user to select the desired
illumination level of the lights. The thyristor-based dimmer
10 may also be connected to other types of loads 16 or to
driver circuits for other types of lights, such as LEDs or
fluorescent lamps. However, as discussed above, the thyristor
in the thyristor-based dimmer 10 may not operate properly
with loads 16 that are non-resistive, or with resistive loads
when the dimmer is operated at very low levels. The thyristor
starting circuit 20 is connected to the thyristor-based dimmer
10 to apply a resistive or other suitable load to the thyristor in
the thyristor-based dimmer 10 to enable proper operation.
The thyristor starting circuit 20 may be connected in series
between the thyristor-based dimmer 10 and the load 16, as
illustrated in FIG. 1. In other embodiments, the thyristor
starting circuit 20 may be connected to the thyristor-based
dimmer 10 in parallel with the load 16, as illustrated in FIG.
2. The thyristor starting circuit 20 may also be integrated into
adriver circuit 16 as illustrated in FIG. 3. Although FIGS. 1-3
show both lines of the AC input 12 going through the thyris-
tor-based dimmer 10, the thyristor-based dimmer 10 may be
placed in series in one lead of the AC input 12.

[0052] Referring now to FIG. 4, the thyristor starting circuit
20 may be connected to the output 14 of the thyristor-based
dimmer 10 through a rectifier 22 to protect the thyristor start-
ing circuit 20 from the negative voltage half-cycles from the
thyristor-based dimmer 10. The rectifier 22 may comprise any
suitable device for rectifying the voltage at the output 14 of
the thyristor-based dimmer 10, such as a diode bridge.
[0053] Additional filtering components such as a capacitor
(not shown) may be connected if desired across the rectifier
22.

[0054] A load 24 is switchably connected across the thy-
ristor dimmer output 14 through the rectifier 22. For example,
a switch 26 such as a transistor may be connected in series
with the load 24 across the thyristor dimmer output 14. The
switch 26 may comprise an N-channel metal-oxide-semicon-
ductor field-eftect transistor (MOSFET), a bipolar junction
transistor (BJT) or any other suitable switching device made
from silicon (Si), gallium arsenide (GaAs), silicon carbide
(SiC), gallium nitride (GaN) or any other suitable material.
When the switch 26 is closed the load 24 is connected to the
thyristor-based dimmer 10, and when the switch 26 is open
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the load 24 is disconnected from the thyristor-based dimmer
10. The load 24 may comprise a simple resistor or any other
suitable load to cause the thyristor to fire correctly. The load
24 may also be a device that performs a useful function when
connected, such as a small incandescent light, a heater, etc.
The load 24 is also referred to herein as a secondary load, to
distinguish it from the primary load such as an LED or other
type of light or non-resistive light powered by the dimmer. In
general, the lower the resistance of the secondary load 24, the
more readily the thyristor will fire, as current through the
thyristor is increased with the lower resistance of the load 24.
It is important to note that the term primary load and second-
ary load is not related to the primary and secondary windings
of transformers used in some embodiments disclosed herein.
Thus, for example, the term primary load is no indication of
connection to either a primary winding or secondary winding
of a transformer also used in the circuit.

[0055] The transistor used as switch 26 should be rated to
handle at least the peak voltage that appears across the thy-
ristor dimmer output 14. The gate 30 of the switch 26 is
powered, for example, by a pair of resistors 32 and 34 con-
nected between the supply node 52 and the return node 42.
The gate 30 may also be protected by a Zener diode 36 or
other voltage limiting device or circuit, connected between
the gate 30 and source 40, which is connected to the return
node 42. The Zener diode 36 should be selected to keep the
gate to source voltage on the switch 26 at or below its maxi-
mum rated V 4.

[0056] The switch 26 is controlled by a second switch 44
connected between the gate 30 of the switch 26 and the return
node 42. The second switch 44 may also comprise an N-chan-
nel MOSFET transistor or any other suitable type of switch-
ing device. When the switch 44 is off, the gate 30 of the switch
26 is pulled up by resistors 32 and 34, turning on the switch 26
and connecting the load 24 to the thyristor-based dimmer 10.
When the second switch 44 is on, the gate 30 of the switch 26
is pulled down through the second switch 44, turning off the
switch 26 and disconnecting the load 24 from the thyristor-
based dimmer 10.

[0057] The second switch 44 may be controlled by a num-
ber of various controllers. In the embodiment of FIG. 4, anRC
circuit is used to control the second switch 44. A pair of
resistors 46 and 50 is connected between the supply node 52
and return node 42, with the common node connected to the
gate 54 of the second switch 44. The values of the resistors 46
and 50 are selected to safely turn on the second switch 44
when the supply node 52 is at full power. Note that the second
switch 44 only needs a V¢ voltage rating equal to the maxi-
mum gate voltage of the switch 26 as set by the Zener diode
36. The gate 54 of the second switch 44 is protected by a Zener
diode 56 or other voltage limiter, connected between the gate
54 and source 60 of the second switch 44. A capacitor 62 is
also connected between the gate 54 and source 60 of the
second switch 44 so that the voltage at the gate 54 gradually
rises to a level set by the resistors 46 and 50 and the Zener
diode 56 when power is first applied to the system.

[0058] Values for the resistors 46 and 50 and the capacitor
62 are selected to provide the desired RC time constant such
that the load 24 is connected to the thyristor-based dimmer 10
for the desired amount of time. This amount of time may be
based on the characteristics of the particular thyristor in the
thyristor-based dimmer 10, the characteristics of the load 16,
the voltage level and stability of the AC input 12 and other
factors. A relatively long or conservative amount of time may
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be selected to ensure that the thyristor will fire in all circum-
stances, although in ideal conditions the load 24 may be
applied longer than needed, using a small amount of extra
power. For example, if the time constant is adapted to connect
the load 24 for a half second or even a few seconds, 60 to 240
half cycles will have reached the thyristor with the load 24
applied. A shorter amount of time may be selected to mini-
mize that power usage, at the risk of not firing the first time in
particularly poor environments. For example, the time con-
stant may be adapted to connect the load 24 to the thyristor-
based dimmer 10 for a smaller number of half cycles, such as
10 or 30. (Again, these time constants are merely examples
and should not be viewed as limiting.)

[0059] The secondary load 24 may comprise a low value
resistor such as a 500€2 or a 1 kQ resistor or higher or lower
asneeded or desired. The resistors (e.g., 32 and 34,46 and 50)
may comprise any circuit or device suitable for providing
reference voltages, such as resistive voltage dividers, capaci-
tive or inductive voltage dividers, RC networks, bandgap
reference voltage circuits, etc. For example, in one embodi-
ment, the resistors 32 and 34, 46 and 50 have relatively high
values to limit current drain on the rectified input 52. The
switches 26 and 44 may be any suitable type of transistors,
such as N-channel or P-channel field effect transistors,
enhancement or depletion mode transistors, bipolar transis-
tors, etc., made from any type of material including those
based on silicon, gallium arsenide, gallium nitride, silicon
carbide, silicon on insulator (SOI), silicon on sapphire (SOS),
etc., with the logic of the thyristor starting circuit 20 adapted
accordingly to connect the secondary load 24 across the thy-
ristor dimmer output 14 when the rectified input at the supply
node 52 is at a low voltage level or low current level or in any
other state that would suggest that a thyristor in the thyristor-
based dimmer 10 may benefit from the application of the
secondary load 24.

[0060] As illustrated in FIG. 5, the thyristor starting circuit
20 may alternatively include a half bridge rectifier comprising
two diodes 64 and 66, both oriented in the same direction in
the thyristor starting circuit 20 so that the load 24 is applied to
thyristor-based dimmer 10 only in the positive half of every
cycle at the AC input 12.

[0061] Referring now to FIG. 6, a sensor circuit 70 may be
used to control the switch 26 to connect and disconnect the
load 24 with the thyristor-based dimmer 10. The sensor cir-
cuit 70 may be powered for example by the thyristor dimmer
output 14 via the supply node 52 and return node 42. The
sensor circuit 70 has a control output 72 connected to the
transistor gate 30 to control the switch 26. A sense signal 74
is used by the sensor circuit 70 to determine whether the load
24 should be connected or disconnected. The sensor circuit 70
may be adapted for use with any of a variety of sense signals
74. For example, the sense signal 74 may be used to determine
the voltage and/or current through the thyristor-based dimmer
10. In this case, the sensor circuit 70 is adapted to close the
switch 26 and connect the load 24 when a low voltage and/or
current is detected through the thyristor-based dimmer 10.
The sensor circuit 70 may be adapted in various non-limiting
embodiments to use Boolean Algebra (i.e., NAND, NOR,
AND, OR, Exclusive OR, etc.) circuits, digital logic, includ-
ing inverters, comparators, flip flops, counters, one shots,
state machines, FPGAs, microcontrollers, microprocessors,
etc., analog circuits such as op amps, current mirrors, time
constants, integrators, voltage to frequency and/or frequency
to voltage converters, analog to digital converters, digital to
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analog converters, multipliers, log and antilog circuits, ana-
log muxes, mixed signal circuits, etc. in any combination or
form, in conjunction with one or more sensing inputs (e.g.,
74).

[0062] Inoneembodiment, the sensor circuit 70 includes a
microcontroller or other logic that only connects the load 24
if the dimmer 10 is active, for example by measuring the
average voltage and allowing the load 24 to be connected only
if the average voltage is less than the average voltage expected
on the AC line 12, or by measuring the duty cycle of the
waveform at the thyristor dimmer output 14 to determine
whether it has been chopped by an active thyristor-based
dimmer 10.

[0063] As illustrated in FIG. 7, the sense signal 74 may be
scaled by a voltage divider 80 and 82 if desired. For example,
the resistors 80 and 82 may be connected in series between the
supply node 52 and return node 42. A Zener diode 84 may be
used to limit the voltage at the sense input of the sensor circuit
70. The rectified voltage across the supply node 52 and return
node 42 may be filtered by a capacitor 86. A time constant
may be applied to the sense signal 74 as illustrated in FIG. 8
by a capacitor 90 operating in conjunction with the resistors
80 and 82 to ensure that the load 24 remains connected to the
thyristor-based dimmer 10 for at least some time duration.
[0064] Referring now to FIG. 9, a load 10 may also be
connected across a thyristor-based dimmer 10 full time to
ensure that the thyristor operates properly with a primary load
16 that is not purely resistive, such as a system of LEDs and/or
LED driver circuits. The load 16 may also comprise any
circuit suitable for powering an LED light from the AC input
12. For example, given an AC voltage input 12 of about 110V
that has been phase chopped by the thyristor-based dimmer
10, the LED power supply 16 may comprise a rectifier and
current regulator to provide a low DC current as needed to
power an LED light. The load 24 may comprise a small
resistive load such as a resistor, an incandescent light, a fan,
etc. The load 24 may alternatively be switchably connected
across the thyristor dimmer output 14 in parallel with the load
16, as illustrated in FIG. 10 and described above. The switch
26 may be controlled by a pulse signal or by a current or
voltage sensing circuit, turning on when the current or voltage
through the LED power supply or from the dimmer is at a low
level.

[0065] Referring now to FIG. 11, the system may comprise
a transformer 92 between the thyristor-based dimmer 10 and
the load 16, with the transformer 92 applying enough of a
resistive load to the thyristor-based dimmer 10 so that the
thyristor in the dimmer 10 functions properly.

[0066] The circuits described herein (e.g., 20), including in
various embodiments a resistive load, sensing and switching
circuits, may be placed in an adapter 94 for an Edison light
socket or lamp base, such as an E26, E27, GU-10, MR16,
PAR30, etc. as illustrated in FIG. 12. The resistive load inside
the adapter is connected in parallel with the load, and may
have a fixed or variable resistance, and may be switched or
full-time.

[0067] The resistive load placed in parallel with the LED
light or power supply may be any small resistive load, apply-
ing for example a 4 watt load at 115-125V, which would have
a resistance of about 1-2 kohm. The small resistive load may
be a simple resistor dissipating electrical energy through heat,
or may be a device that performs some useful function while
providing enough of a resistive load for the thyristor in a
dimmer 10. For example, a small incandescent light such as a
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nightlight may be used for the resistive load in parallel with an
LED lighting system. The incandescent light may be shielded
and hidden, or may be coverable by the consumer or end user,
or may be left visible to contribute to the overall illumination.
If left visible, the color of the incandescent light may be
adjusted using a colored filter adjacent the light. A glass or
plastic window may partially or totally enclose the incandes-
cent light. Other examples of useful functions that may be
performed while adding a resistive load include a charger for
an electrical storage device such as a battery charger or cell
phone charger, a fan, an ionizing air freshener, etc.

[0068] The system disclosed herein for adding a resistive
load in parallel with an LED lighting system may comprise
adding one resistive load 24 per LED lighting system or one
resistive load in parallel with multiple parallel loads. For
example, given 200 1 W or 2 W LED lamps across a dimmer
10, only one parallel resistive load 24 is needed across the
dimmer 10. This enables the user to include a single thyristor
starting circuit 20 or parallel load 24 in a lamp base adapter 94
in one socket of a chandelier, with LED drivers and/or lights
connected to all of the other sockets. The single thyristor
starting circuit 20 or parallel load 24 enables the thyristor-
based dimmer 10 operating the chandelier to function prop-
erly for all of the LED drivers and lights.

[0069] Referring now to FIG. 13, a load circuit 100 for low
current thyristor-based dimming may be sensor-based to
apply the load 24 across the thyristor dimmer output 14 when-
ever the supply node 52 falls below a predetermined threshold
voltage. The AC output 14 of the dimmer is rectified in a
rectifier 22. A transistor is used as a switch 26 to apply the
load 24 across the thyristor dimmer output 14, either in a
digital on/off fashion or in an analog fashion. The gate 30 of
the transistor 26 is powered by a pair 102 of resistors 32 and
34 based on the rectified input 52, or by a network of capaci-
tors, or any other suitable voltage supply. The gate 30 of the
transistor 26 may be protected from high voltages from the
pair 102 of resistors by a Zener diode 36 or other voltage-
limiting device or circuit. The transistor 26 is controlled by
another switch or transistor 44, also biased by a pair 104 of
resistors 46 and 50 from the rectified input 52 and protected
and assisted by a Zener diode 56. The time needed to turn on
the switch 26 and apply the load 24 can be controlled by a time
constant, for example by including a capacitor 106 between
the gate 30 and return node 42, in this embodiment and in
other embodiments discussed herein or in variations thereof.
Time constants, filters or delays may be added in any other
suitable manner as well, including analog methods and digital
methods such as a digital delay.

[0070] The control transistor 44 is biased by the pair 104 of
resistors 46 and 50 such that it is off at low voltages on the
rectified input 52 and on when the rectified input 52 reaches a
predetermined voltage level and above. The switching tran-
sistor 26 is biased by the pair 102 of resistors 32 and 34 such
that it would normally be on across the expected operating
voltage ranges for the rectified input 52. However, when the
voltage at the dimmer output 14 and the rectified input 52 is
high, the control transistor 44 is on, shorting the gate of the
switching transistor 26 down and turning off the switching
transistor 26. This isolates the secondary load 24 so that it
does not appear across the dimmer output 14. When the
voltage at the dimmer output 14 and the rectified input 52 is
low, the control transistor 44 is off, allowing the gate of the
switching transistor 26 to be biased up by the pair 102 of
resistors 32 and 34 and turning on the switching transistor 26.
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This connects the secondary load 24 across the dimmer out-
put 14. Note that the resistors 32, 34, 46 and 50 are selected
such that the second switch 44 is biased off and the switch 26
is biased on when the supply node 52 is at a low voltage. This
low voltage appears at the supply node 52 when power is
applied to the dimmer circuit but when the thyristor-based
dimmer 10 potentially requires the secondary load 24 to oper-
ate properly. The range of voltages in which the load 24
should be applied may vary widely in different circum-
stances, depending on the line voltage, the design of the
thyristor-based dimmer 10, various types of loads, etc., and
specific voltage ranges are therefore not given herein. By
switchably connecting the secondary load 24 across the thy-
ristor-based dimmer 10 at low voltage levels, the dimmer 10
operates reliably at low currents or loads.

[0071] Turning now to FIG. 14, in one embodiment the
rectifier 22 may comprise a diode bridge or any other suitable
circuit or device to rectify the AC output 14 of a dimmer 10.
The secondary load 24 may comprise a low value resistor
such as a 500€2 or a 1 kQ resistor or higher or lower as needed
or desired. The resistors 32, 34, 46 and 50 and Zener diodes 36
and 56 may comprise any circuit or device suitable for pro-
viding reference voltages, such as resistive voltage dividers,
capacitive or inductive voltage dividers, RC networks, band-
gap reference voltage circuits, etc. For example, in one
embodiment, the resistors 32, 34, 46 and 50 comprise resis-
tors of relatively high values to limit current drain on the
rectified input 52 through the resistors 32, 34, 46 and 50. The
transistors 26 and 44 may be any suitable type of transistors,
such as N-channel or P-channel field effect transistors,
enhancement or depletion mode transistors, bipolar transis-
tors, etc., made from any type of material including those
based on silicon, gallium arsenide, gallium nitride, silicon
carbide, silicon on insulator (SOI), silicon on sapphire (SOS),
etc., with the logic of the circuit adapted accordingly to con-
nect the secondary load 24 across the dimmer output 14 when
the rectified input 52 is at a low voltage level or low current
level or in any other state that would suggest that a thyristor
such as a TRIAC or SCR in the dimmer 10 may benefit from
the application of the secondary load 24.

[0072] Turning now to FIG. 15, the transistor 26 switching
the secondary load 24 may be controlled by an operational
amplifier (op-amp) or comparator 110 rather than the control
transistor 44 and resistors 46 and 50. In this embodiment, the
current through the rectified input 52 is detected using a
device such as a sense resistor 112. The sense resistor can be
located anywhere in the input current path with one location
being below the primary switching transistor 120 as shown,
for example, in

[0073] FIG. 15 although anywhere else in the input current
path could also be used and sensed from the other chosen
position(s). When the current is lower than a predetermined
threshold established by a reference voltage 114, the com-
parator 110 turns on the transistor 26 to connect the secondary
load 24. A resistor 116 may be included to pull down the gate
of' the transistor 26 to ensure that it turns off when the output
of'the comparator 110 is off. As discussed above, the second-
ary load 24 may be switched based on a determination of low
current through the dimmer output 14, low voltage, or any
other suitable state indicator. The use in various non-limiting
embodiments of Boolean Algebra (i.e., NAND, NOR, AND,
OR, Exclusive OR, etc.) circuits, digital logic, including
inverters, comparators, flip flops, counters, one shots, state
machines, FPGAs, microcontrollers, microprocessors, etc.,
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analog circuits such as op amps, current mirrors, time con-
stants, integrators, voltage to frequency and/or frequency to
voltage converters, analog to digital converters, digital to
analog converters, multipliers, log and antilog circuits, ana-
log muxes, etc., mixed signal circuits, etc. in any combination
or form may be used in conjunction with one or more sensing
inputs, nodes, etc. For example, an OR gate could be used to
sense when the inputs detect either too low of a voltage or too
low of a current and respond appropriately. In another
example, an AND gate can be used to sense too low of a
current and too low of a voltage. It should be understood that
there are numerous and diverse ways to apply such Boolean
Algebra, digital logic, analog and digital circuits, FPGAs, etc.
to the present invention and all of these numerous and diverse
approaches, methods, circuits, etc. are understood to be part
of and incorporated into the present invention herein.

[0074] Although the circuit enabling low current or low
voltage is not limited to any particular primary load, load
driving circuit, or load placement, one example is illustrated
in FIG. 15. In this example, a switching transistor 120 turns
current through a transformer 122 on and off. Current is
supplied to a primary load 124 by the secondary winding of
the transformer 122. A control circuit and driver for the tran-
sistor 120 may also be connected between the transformer
122 and transistor 120. Portions of the control circuit and
driver may be referenced to the primary or secondary winding
of'the transformer 122 as desired, with isolation circuitry used
between the secondary of the transformer 122 and the tran-
sistor 120 to make the transition between primary-referenced
circuitry and secondary-referenced circuitry.

[0075] A more specific embodiment is illustrated in FIG.
16. In this embodiment, the secondary of the transformer 122
provides power to the primary load 124, e.g., an LED, with
the voltage to the load 124 conditioned as desired by elements
such as capacitors 130 and diodes 132. The current through
the load 124 may be measured across a sense resistor 134, or
any other suitable feedback information may be used as
desired, to control the transistor 120 providing power to the
load 124 through the transformer 122. The feedback from the
sense resistor 134 or other suitable source may be level
shifted or isolated in a level shifting circuit 136, for example
using an opto-isolator or opto-coupler. The level shifted feed-
back may be used by a pulse generator 140 or other control
circuit to drive the gate of the transistor 120. The transistor
120 may be driven in any suitable manner to control the
voltage and/or current to the load 124. As illustrated in FIG.
17, the driver or control circuitry used to control the transistor
120 may be referenced to either or both the primary or sec-
ondary winding of the transformer 122 as desired. In other
words, the driver or control circuitry may be located in full or
in part on either side of the level shifter 136. The driver or
control circuitry may comprise any suitable circuitry for con-
trolling the transistor 120, for example, such as an oscillator
of any appropriate type, a pulse width modulation circuit, a
pulse generator, a controlled pulse generator, or a microcon-
troller or microprocessor.

[0076] Turning now to FIG. 18, the timing used to control
the transistor 26 may be adapted using a time constant 142
applied using any suitable circuitry in any appropriate loca-
tion of the circuit. For example, an RC network may be used
at the input or output of the comparator 110 to control the
timing of the transistor 26 state changes.

[0077] The switchably connected secondary load 24 is not
limited to use with any particular dimmer circuit. One
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embodiment is illustrated in FIG. 19, in which the voltage of
an AC input 12 is varied by a TRIAC 146 or other type of
thyristor, controlled by dimmer control circuitry 150. The
secondary load 24 is switchably connected in series with the
TRIAC 146 through a rectifier 22. As illustrated in FIG. 20,
power conditioning capacitors 152 and EMI filters 154 may
be included as desired.

[0078] In other embodiments analog and/or digital control
circuits 156 make additional determinations about the state of
voltage, current or other states in the system to control the
transistor 26. For example, as illustrated in FIG. 21, the tran-
sistor 26 is controlled by an OR gate 160 connected to signals
from the control circuits 156, a first indicating that the current
is too low and a second indicating that the voltage is too low.
If either condition is true, the OR gate 160 will turn on the
transistor 26 and connect the secondary load 24. The inputs
used by the control circuits 156 may be adapted as desired.
For example, current conditions may be measured by the
comparator 110 of previous embodiments or by a direct con-
nection to the top of the sense resistor 112 with appropriate
amplification and signal conditioning if needed. Voltage con-
ditions at the rectified input 52 may be measured, scaled and
filtered as desired by appropriate circuits 162.

[0079] As indicated above, the conditions used to switch-
ably connect the secondary load 24 and the logic or other
control circuitry used to detect and act on those conditions
may be adapted as desired. For example, as illustrated in FI1G.
22, the transistor 26 may be turned on by an AND gate 166
when current conditions measured by the comparator 110 are
within a specified range, that is, not too high or too low as
determined by comparator circuitry 170. As illustrated in
FIG. 23, this may be implemented by ensuring that the current
level is greater than a lower current setpoint (Setpointl) and
lower than an upper current setpoint (Setpoint2) as deter-
mined by comparator circuitry 172. Again, the current may be
measured at any suitable point in the system and using any
suitable device or circuit element. Such circuitry may also be
used in part or in the same fashion to modulate or turn off the
primary switching transistor to the primary load so as to
eliminate any undesirable behavior, performance, etc. Also,
the embodiments of the primary and secondary circuit includ-
ing whether the circuit contains inductors and/or transformers
and the numbers of inductors and/or transformers shown and
contained within this document are meant to only be repre-
sentative and not limiting in any way or form for the present
invention. The present invention is not limited to any particu-
lar primary circuit topology and can be generally applied to
single and multiple stage topologies including but not limited
to buck, boost, buck-boost, boost-buck, CUK, forward, fly-
back, etc. and any combination of these and other circuit
topologies or from any load that is unable to provide the
proper load that the thyristor or related dimmer 10 or related
circuit requires.

[0080] The circuitry used to detect and act on conditions in
the system to switchably connect the secondary load 24 may
include microcontrollers or microprocessors, Boolean logic
such as inverters, AND, OR, NAND, NOR, XOR or other
logic elements, comparators and/or op-amps. Product cir-
cuitry may be used, that is, for example, a multiplier which
takes the product of input voltage and input current to deter-
mine if input power is too low. The circuitry may also include
amplifiers such as instrumentation, summing, difference or
error amplifiers. Log and antilog and log/antilog circuitry
may be used. The circuitry may also include PID, adders,
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integrators and differentiators, etc. Hysteresis may also be
incorporated in the circuitry used to detect and act on condi-
tions in the system to switchably connect the secondary load
24.

[0081] Referring now to FIG. 24, the switch 26 may also be
controlled based on measurements of the voltage and/or cur-
rent levels through a load 124, optionally in conjunction with
measurements of the voltage and/or current levels at the rec-
tified input 52. For example, in an embodiment with a trans-
former-connected load 124 as in FIG. 24, the current through
the load 124 is measured using the sense resistor 134, the
result is level-shifted by the level shifting circuit 136 such as
an opto-isolator or opto-coupler, and the result is used to turn
on the switch 26 as well as to control the pulse generator 140
and the current control transistor 120. In other embodiments,
separate level shifting circuits 136 may be provided for these
two functions. The voltage and/or current measurement
through the load 124 may also optionally be combined with a
voltage and/or current measurement at the rectified input 52
in an OR gate 160 as illustrated in FIG. 24, or the switch 26
may be controlled solely based on the load voltage and/or
current by omitting the OR gate 160 and comparator 110.
[0082] Note that the schematics illustrated herein are sim-
plified to describe the functionality of the invention, and may
omit various signal conditioning, level shifting, biasing and
scaling components etc. For example, various transistors,
AND gates, OR gates etc. are illustrated without the biasing
components that may be needed for logic levels at the inputs
and outputs to be interpreted correctly. The specific additional
components needed are based on the type of logic used in the
circuits, the types of transistors and other components, etc.,
and are well understood in the art and will not be described in
more detail herein.

[0083] Referring now to FIG. 25, a method of starting a
thyristor includes connecting a load to the thyristor when
power is first applied to the thyristor (block 200), leaving the
load connected to the thyristor for a predetermined period
(block 202), and disconnecting the load from the thyristor
after the predetermined period (block 204).

[0084] The apparatuses and methods for starting or igniting
a thyristor and for connecting a load across a thyristor-based
dimmer enable the use of efficient lighting technologies such
as LED lights to be used with existing thyristor-based dim-
mers. The circuits may be embodied in lamp-base adaptors, in
LED driver circuits or in any of a number of other convenient
locations. The circuits may also be used with traditional
incandescent lights or other loads to improve the behavior of
the thyristor-based dimmer at low settings with low output
voltage and/or current.

[0085] While illustrative embodiments have been
described in detail herein, it is to be understood that the
concepts disclosed herein may be otherwise variously
embodied and employed. The configuration, arrangement
and type of components in the various embodiments set forth
herein are illustrative embodiments only and should not be
viewed as limiting or as encompassing all possible variations
that may be performed by one skilled in the art while remain-
ing within the scope of the claimed invention.

What is claimed is:

1. An apparatus for starting a thyristor, the apparatus com-
prising:

a thyristor;

a switch;

a load connected to the thyristor and the switch; and
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a controller connected to a control input of the switch, the
controller being adapted to operate the switch to apply
the load to the thyristor for a predetermined period when
power is first applied to the thyristor.

2. The apparatus of claim 1, wherein the predetermined

period comprises a predetermined length of time.

3. The apparatus of claim 1, wherein the predetermined
period comprises a period during which a sense circuit in the
controller detects that the thyristor is in a starting state.

4. The apparatus of claim 3, the controller further compris-
ing a sense input, wherein the sense circuit in the controller is
adapted to detect an electrical characteristic of the sense input
to determine whether the thyristor is in the starting state.

5. The apparatus of claim 3, wherein the sense circuit is
adapted to measure a current level through the thyristor and to
determine that the thyristor is in the starting state when the
current level is below a predetermined current threshold.

6. The apparatus of claim 1, wherein the thyristor com-
prises an element selected from the group consisting of a
TRIAC and an SCR.

7. The apparatus of claim 1, further comprising a rectifier
between the thyristor and the switch.

8. The apparatus of claim 1, wherein the controller com-
prises a second switch connected between a control input of
the switch and a low voltage reference node.

9. The apparatus of claim 8, the controller further compris-
ing aresistor connected between an output of the thyristor and
the control input of the second switch, and a second resistor
connected between the control input of the second switch and
the low voltage reference node, the controller further com-
prising a capacitor connected to the control input of the sec-
ond switch.

10. The apparatus of claim 9, the controller further com-
prising a Zener diode connected to the control input of the
second switch.

11. The apparatus of claim 1, wherein the controller is
selected from the group consisting of a microprocessor, a
microcontroller, a comparator, a timer, a one shot circuit, an
application specific integrated circuit, a field programmable
gate array, and an op amp circuit.

12. The apparatus of claim 1, further comprising a dimmer
control signal connected to the thyristor.

13. The apparatus of claim 1, further comprising a resistor
connected between an output of the thyristor and the control
input of the switch, and a second resistor connected between
the control input of the switch and the low voltage reference
node.

14. The apparatus of claim 13, further comprising a Zener
diode connected to the control input of the switch.

15. A method of starting a thyristor, the method compris-
ing:

when power is first applied to the thyristor, connecting a
load to the thyristor;

leaving the load connected to the thyristor for a predeter-
mined period; and

disconnecting the load from the thyristor after the prede-
termined period.

16. The method of claim 15, further comprising charging
an RC circuit when power is first applied to the thyristor,
wherein the load is disconnected from the thyristor after the
RC circuit is charged to a threshold voltage level.

17. The method of claim 15, further comprising detecting a
current level through the thyristor, wherein the predetermined
period is based upon the charging of the RC circuit.
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18. The method of claim 15, further comprising monitoring
a current through the thyristor, wherein the predetermined
period is ended when the current through the thyristor reaches
a threshold current level.

19. The method of claim 15, further comprising sensing an
electrical characteristic of a signal at the thyristor, wherein the
predetermined period is based on the sensed electrical char-
acteristic, and wherein the electrical characteristic is selected
from the group consisting of voltage, current, power, and
phase angle.

20. A dimmer comprising:

a TRIAC connected to an alternating current power source;

a dimmer control signal connected to the TRIAC;

a rectifier connected to the TRIAC;

a load connected in parallel with the TRIAC through the

rectifier;
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a transistor connected in series with the load;

a resistor connected between an output of the TRIAC and a
control input of the transistor, and a second resistor
connected between the control input of the transistor and
a low voltage reference node;

a Zener diode connected to the control input of the transis-
tor;

athird resistor connected between the output of the TRIAC
and a control input of the second transistor, and a fourth
resistor connected between the control input of the sec-
ond switch and the low voltage reference node;

a capacitor connected to the control input of the second
transistor; and

a second Zener diode connected to the control input of the
second transistor.



