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(57) Abstract: A load control device for controlling the amount of power delivered to an electrical load from a source of AC power
comprises a controllably conductive device and a variable gate drive circuit. The controllably conductive device is coupled in series
electrical connection between the source and the electrical load to control the amount of power delivered to the load. The variable
& drive circuit is thermally coupled to the controllably conductive device and provides a continuously variable impedance in series
& with the control input of the controllably conductive device. The impedance of the variable drive circuit is operable to decrease as a
temperature of the controllably conductive device increases and vice versa. Preferably, the variable drive circuit comprises an NTC
thermistor. Accordingly, the switching times of the controllably conductive device, i.e., the times when the controllably conductive
device is changing between the conductive and non-conductive states, remain constant, or alternatively decrease, as the temperature

of the controllably conductive device increases.
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LOAD CONTROL DEVICE HAVING A VARIABLE DRIVE CIRCUIT

FIELD OF THE INVENTION

[0001] The present invention relates to drive circuits for controllably conductive
devices in load control devices, and, more particularly, to temperature-sensitive drive circuits

for semiconductor switches, such as field-effect transistors (FETS), in electric light dimmers.

BACKGROUND OF THE INVENTION

[0002] Standard load control devices, such as electric light dimmers, use one or more
semiconductor switches, such as triacs or field-effect transistors (FETSs), to control the current
delivered to an electric load, for example, to control the intensity of a lighting load. The
semiconductor switch is typically coupled in series between an alternating-current (AC)
source and the lighting load. Using a phase-control dimming technique, the dimmer renders
the semiconductor switch conductive for a portion of each half-cycle to provide power to the
lighting load, and renders the semiconductor switch non-conductive for the other portion of
the half-cycle to disconnect power from the load. In forward phase-control dimming, the
semiconductor switch is conductive at the end of each half-cycle. Alternatively, in reverse-
phase control dimming, the semiconductor switch is conductive at the beginning of each half-

cycle.

[0003] Fig. 1 is a simplified schematic diagram of a prior art dimmer 10. The dimmer
10 has a hot cormection H to an AC source 12 and a dimmed hot connection DH to a lighting
load 14. The dimmer 10 comprises two FETs 16, 18 connected in anti-series connection
between the AC source 12 and the lighting load 14 to control the amount of power delivered
to the load. The FETs 16, 18 each have control inputs (or gates) that are coupled to a control
circuit 20, such as a microcontroller. The control circuit 20 is operable to render each FET
16, 18 conductive (or non-conductive) by providing (or not providing) to the gate a voltage
greater than the gate threshold voltage Vi of the FET. The gates of the FETs 16, 18 are

often tied together to allow for a simplified operation of the FETs. The resulting operation



WO 2007/120578 PCT/US2007/008620

-2 -

allows for one FET 16 to block the flow of current to the load 14 during the positive half-
cycles and the second FET 18 to block the flow of current to the load 14 during the negative
half-cycles of the AC source.

[0004] A power supply 22 generates a direct-current (DC) voltage Ve to power the
control circuit 20. A zero-cross circuit 24 provides an indication of the zero-crossings of the
AC voltage of the AC source 12 to the control circuit 20. A zero-crossing is defined as the
time at which the AC supply voltage transitions from positive to negative polarity, or from
negative to positive polarity, at the beginning of each half-cycle. The zero-cross circuit 24
receives the AC voltage through a diode D1 in the positive half-cycles and through a diode
D2 in the negative half-cycles. The control circuit 20 determines when to turn on or off the

FETs 16, 18 each half-cycle by timing from each zero-crossing of the AC voltage.

[0005] A majority of the power dissipation (or “power loss™) in the FETs 16, 18 of
the dimmer 10 occurs during two main time periods of each half-cycle: a conduction time,
tconpucT, and a switchiﬁg time, tswitcu. During the conduction time, a conduction loss, Pp.
conpuct, occurs and is determined by the on-resistance, Rps(on), of the FETs and the load

current, I oap, through the FETs, i.e.,
Pp.conpuct = 1Loap” * Rpscn)- (Equation 1)

During the switching time tswitcu, one of the FETs 16, 18 will transition between the
non-conductive and conductive states. Fig. 2 shows waveforms of the current Ip through the
FET, voltage Vps across the FET, and the instantaneous power dissipation Pp.inst of the FET
during the switching time tswirch When the dimmer 10 is operating with reverse-phase
control dimming. As shown in Fig. 2, the FET will transition from a conductive state to a
non-conductive state during the switching time. Accordingly, the current Ip through the FET
will decrease while the voltage Vpg across the FET will increase during the switching time
tswitcu. On the other hand, with forward-phase control dimming, the FET will transition
from a non-conductive state to a conductive state during the switching time tswircn, and thus,
the current Ip through the FET will increase and the voltage Vps across the FET will

decrease.

[0006] A switching loss, Pp.switch, occurs during the switching time and is dependent

on the falling current Ip and the rising voltage Vps (or the rising current Ip and the falling
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voltage Vps) during the switching time tswircu. Thus, the total power Pp.roraL dissipated by
the FETs 16, 18 is dependent on the conduction loss during the conduction time and the

switching loss during the switching time, i.c.,

Pp-totaL = (tconpucr * Pp.conpuct + tswrrcn * Po-switcn) / Tuarrcycis,  (Equation 2)

where Tyavr.cycLe is the period of a half-cycle. The overlap of the changing current Ipg and
the changing voltage Vps causes the instantaneous power dissipation Pp st to peak up
during the switching time tswircu as shown in Fig. 2. The switching loss Pp.swircy 1S
typically a significant portion of the total power dissipation Pp.roraL. Accordingly, a small
increase in the switching time tswircu can cause a significant rise in the total power

dissipation Pp.torar of the FETs.

[0007] Lighting dimmers are regulated by many industry standards, for example,
electro-magnetic interference (EMI) standards that limit the magnitude of the EMI noise that
exists on the phase-control output of the dimmer. If the switching time tswircy, i.€., the time
when the semiconductor switch changes from the conductive state to the nonconductive state
(and vice versa), is substantially short, the phase-control output will have many high-
frequency components and the EMI noise will be increased. Therefore, many prior art
dimmers have included a gate resistor Rg in series with the gates of the FETs to slow down,
i.e., increase, the rise and fall times of the current flowing through the FET during these

“switching times. For example, if the resistance of the gate resistor Rg is 22 kQ, the switching
time tswirch may be approximately 62 psec when the AC source voltage has a magnitude of
240 V¢, the load current drawn by the lighting load has a magnitude of 10 A, and the

ambient temperature is 25 °C.

[0008] However, the increased switching times tswircy due to the gate resistor Rg
lead to an increased total power dissipation Pp.totar of the FET (as shown in Equation 2
above). Further, as the power dissipation Pp.roraL of the FET increases and the temperature
of the FET rises, the on-resistance Rpg(on) Will increase, which then leads to an increased

conduction loss Pp.conpucT.

[0009] Compounding this thermal issue is the fact that the rising temperature causes
the internal characteristics of the FET to change such that the threshold voltage Vy of the
FET decreases. To transition the FETs 16, 18 from the conductive state to the non-
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conductive state, the control circuit 20 pulls the control inputs of the FETs towards circuit
common. Accordingly, a gate current I will flow out of the gate and will have a magnitude
of

Io=Vu/Rg=Cpy - AV/AtL, (Equation 3)

where Cyv is the Miller capacitance of the FET, At equals the switching time tswitch, and Av
is the changing voltage at the gate of the FET. Because of the rising voltage across the FET
and the falling current through the FET, the voltage at the gate of the FET, i.e., Av, will
remain substantially constant at the threshold voltage Vry for the duration of the switching
time tswitcu. Therefore, the switching time tswrrcn is dependent on the threshold voltage

Vru, since
tswitcn = At = (Rg - Cum - Av)/ Vra. (Equation 4)

Thus, as the temperature of the FET rises, the threshold voltage Vry of the FET decreases,
the switching time tswircn increases (e.g., above 85 psec) and the total power dissipation Pp.
toTaL increases. This condition can lead to a thermal runaway situation, which causes
undesirable device temperatures and, ultimately, failure of the FETs (for example, when the

temperature of the FETs rises to 135°C).

[0010] Some prior art dimmers decrease the conduction time of the FETs each
half-cycle in order to decrease the conduction loss Pp.conpuct as the temperature of the FETs _
increases. However, this causes the intensity level of the lighting load to change, which is
undesirable. Thus, there exists a need for a gate drive circuit which allows for an increased
switching time, and thus minimal EMI noise, when the FETs are operating at or near room
temperature, and which further provides a decreased switching time when the temperature of

the FET's has increased to prevent overheating of the FETs.

SUMMARY OF THE INVENTION

[0011] According to the present invention, a load control device, for controlling the
amount of power delivered to an electrical load from a source of AC power, comprises a
controllably conductive device and a variable drive circuit. The controllably conductive

device is adapted to be coupled in series electrical connection between the source and the
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electrical load. The controllably conductive device has a control input for rendering the
controllably conductive device conductive and non-conductive. The variable drive circuit is
coupled to the control input of the controllably conductive device to provide a continuously
variable impedance in series with the control input of the controllably conductive device.
The impedance of the variable drive circuit changes in response to the temperature of the
controllably conductive device, specifically, the impedance decreases as a temperature of the
controllably conductive device increases and increases as the temperature of the controllably
conductive device decreases. Preferably, the variable drive circuit comprises an impedance
in series electrical connection with the control input of the controllably conductive device, a
first resistor coupled in series electrical connection of the control input of the controllably
conductive device and in parallel electrical connection with the impedance, and a second
resistor in series electrical connection with the impedance such that the series combination of
the second resistor and the impedance is coupled in parallel electrical connection with the

first resistor.

[0012] According to another embodiment of the present invention, a load control
device for controlling the amount of power delivered to an electrical load from a source of
AC power comprises a controllably conductive device and a drive circuit. The controllably
conductive device is coupled in series electrical connection between the source arid the
electrical load and has a control input for changing the controllably conductive device
between a conductive state and a non-conductive state. The controllably conductive device is
characterized by a switching time when the controllably conductive device is changing
between the conductive state and the non-conductive state. The drive circuit is coupled to the
control input of the controllably conductive device such that the duration of the switching
time is responsive to a temperature of the controllably conductive device. Preferably, the
switching time remains substantially constant (rather than increasing) as the temperature of

the controllably conductive device increases.

[0013] In addition, the present invention provides a drive circuit for a controllably
conductive device in a load control device. The drive circuit comprises a first resistor
coupled in series electrical connection with a control input of the controllably conductive

device, and a thermally sensitive device coupled in parallel electrical connection with the first
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resistor. The thermally sensitive device is thermally coupled to the controllably conductive
device such that the thermally sensitive device is operable to provide a variable impedance
responsive to a temperature of the controllably conductive device. Preferably, the variable
impedance decreases continuously as the temperature of the controllably conductive device
increases, and increases continuously as the temperature of the controllably conductive
device decreases. The drive circuit further comprises a second resistor coupled in series

electrical connection with the thermally sensitive device.

[0014] The present invention further provides a method for controlling a controllably
conductive device in a load control device. The method comprises the steps of providing a
variable impedance in series electrical connection with a control input of the controllably
conductive device, and changing the variable impedance in response to the temperature of the
controllably conductive device. Preferably, the variable impedance changes continuously.
More specifically, the variable impedance decreases continuously as the temperature of the
controllably conductive device increases, and increases continuously as the temperature of

the controllably conductive device decreases.

[0015] According to another aspect of the present invention, a method for controlling
a controllably conductive device in a load control device comprises the step of controlling the
controllably conductive device between a conductive state and a non-conductive state for a
switching time responsive to a temperature of the controllably conductive device. Further,
the switching time remains substantially constant as the temperature of the controllably

conductive device increases.

[0016] Other features and advantages of the present invention will become apparent
from the following description of the invention that refers to the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Fig. 1 is a simplified schematic diagram of a typical prior art lighting dimmer;

[0018] Fig. 2 is a plot of the current through, the voltage across, and the instantaneous
power dissipation of a FET of the dimmer of Fig. 1;
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[0019] Fig. 3 is a simplified schematic diagram of a dimmer having a variable gate
drive circuit according to the present invention;
[0020] Fig. 4 shows a plot of an equivalent resistance of the variable gate drive circuit

of Fig. 3 in response to the temperature of a thermistor of the variable gate drive circuit;

[0021] Fig. 5 is a simplified schematic diagram of a dimmer having two variable gate

drive circuits according to a second embodiment of the present invention;

[0022] Fig. 6 is a simplified schematic diagram of a dimmer having a variable gate

drive circuit according to a third embodiment of the present invention; and

[0023] Fig. 7 shows a plot of an equivalent resistance of the variable drive circuit of

Fig. 6 in response to the temperature of a temperature sensor of the dimmer.

DETAILED DESCRIPTION OF THE INVENTION

[0024] The foregoing summary, as well as the following detailed description of the
preferred embodiments, is better understood when read in conjunction with the appended
drawings. For the purposes of illustrating the in\}ention, there is shown in the drawings an
embodiment that is presently preferred, in which like numerals represent similar parts
throughout the several views of the drawings, it being understood, however, that the

invention is not limited to the specific methods and instrumentalities disclosed.

[0025] Fig. 3 isa simplified schematic diagram of a dimmer 100 according to the
present invention. The dimmer 100 has two connections: a hot connection H to an AC source
102 and a dimmed hot connection DH to a lighting load 104. To control the power delivered
to the lighting load 104, a controllably conductive device, comprising, for example, two FETs
110, 112 in anti-series connection, is coupled between the hot terminal H and the dimmed hot
‘terminal DH, Each FET 110, 112 has a control input, i.e., a gate, for rendering the FET non-
conductive and conductive. The FET 110 conducts during the first, positive half-cycle of the
AC waveform and the other FET 112 conducts during the second, negative half-cycle of the
AC waveform. The controllably conductive device may also comprise a FET or an insulated

gate bipolar transistor (IGBT) in a full-wave rectifier bridge, two IGBTs in anti-series
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connection, or any other suitable type of bidirectional semiconductor switch. Preferably,
both FETs 110, 112 are part number IRFPS43N50K, which is manufactured by International

Rectifier.

[0026] A control circuit 114 provides a control signal to the gates of the FETs 110,
112 through a variable drive circuit 116 to cause the FETs to become conductive or non-
conductivé. The control circuit 114 méy comprise an analog circuit or any suitable
processing device, such as a programmable logic device (PLD), a microcontroller, a

microprocessor, or an application specific integrated circuit (ASIC).

[0027] A power supply 118 and a zero-cross circuit 120 are coupled to the AC source
102 through two diodes D1, D2. The power supply 118 generates a direct-current (DC)
voltage Ve to power the control circuit 114. The zero-cross circuit 120 provides an
indication of the zero-crossings of the AC voltage of the AC source 102 to the control circuit
114, which determines when to turn on or off the FETs 110, 112 each half-cycle by timing
from each zero-crossing of the AC voltage. In other words, the switching of the FETs 110,

112 is synchronized to the zero-crossings of the AC source voltage.

[0028] The variable drive circuit 116 comprises an impedance, i.e., a
negative-temperature coefficient (NTC) thermistor 122, in series with the gates of the FETs
110, 112. The variable drive circuit 116 further comprises a first resistor (i.e., a gate resistor
Roate) in series with the gates of the FETs 110, 112 and in parallel with the NTC thermistor
122, and a second resistor (i.e., a limiting resistor Rypi1) in series with the NTC thermistor
122. The series combination of the NTC thermistor 122 and the limiting resistor Rypvir is

coupled in parallel with the gate resistor Rgate.

[0029] An NTC thermistor is a thermally sensitive resistor that continuously
decreases in resistance as the temperature of the device increases (and vice versa). The NTC
thermistor 122 is preferably located in close proximity to the FETs 110, 112, such that the
NTC thermistor is thermally coupled to the FETs, i.e., the resistance of the NTC thermistor is
responsive to the temperature of the FETs. The variable drive circuit 116 has an equivalent

resistance Rgqg of

Req = [ReaTE " Rute + Runir)] 7/ (Reate + Rnre + Roumim)s (Equation 5)
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where Ryrc is the resistance of the NTC thermistor 122. The gate resistor Rgate and the
limiting resistor Rpivir preferably have resistances of 33 k<2 and 10 kQ, respectively. The
NTC thermistor 122 is preferably part number NCP15WB473J03RC, which is manufactured
by Murata Manufacturing Co., Ltd and has a resistance of 47 kQ at 25 °C. Accordingly, the
equivalent resistance Rgq of the variable drive circuit 116 is approximately 20.9 kQ at 25 °C,

which causes the switching time of the FETs 110, 112 to be approximately 55 psec.

[0030] As the temperatures of the FETs 110, 112 increase, the temperature of the
NTC thermistor 122 also increases and thus the resistance of the NTC thermistor decreases.
This causes the equivalent resistance Rgq of the variable drive circuit 116 to decrease, which
in turn causes the rise and fall times, i.e., the switching times, of the FETs 110, 122 to
decrease. Preferably, the temperatures of the FETs 110, 112 do not exceed 105 °C. The
limiting resistor Ryt prevents the equivalent resistance Rgq of the variable drive circuit 116
from falling too low, i.e., not lower than the resistance of the paralle]l combination of limiting
resistor Ryt and the gate resistor Rgats, and allowing excessively large currents to damage

the components of the dimmer 100.

[0031] While the rise and fall times of the FETs 110, 112 increases as the temperature
increases (as previously mentioned), the operation of the NTC thermistor 122 provides
compensation by decreasing the switching times of the FETs. As a result, the switching
times of the dimmer 100 remain substantially constant as the temperature changes.
Preferably, the switching time changes less than 10% from the nominal switching time. For
example, the switching time will remain between 49.5 usec and 60.5 psec across the
operating temperature range of the FETs, assuming a nominal switching time of
approximately 55 psec at an ambient temperature of 25 °C. The operating temperature range
of the FETSs varies from approximately 70 °C to 100 °C with an ambient temperature of

approximately 25 °C to 40 °C.

[0032] Alternatively, the components of the variable drive circuit 116 may be sized to
overcompensate for increases in temperature, thus allowing the switching times of the
dimmer 100 to decrease as temperature rises. When running at higher temperatures, the
overcompensation permits the dimmer 100 to operate at even lower temperatures than if the

switching times are held substantially constant across the operating temperature range.
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However, the equivalent resistance Rgq should not fall low enough to cause EMI problems,

i.e., preferably not less than 9 k2 — 10 kQ.

[0033] Fig. 4 shows a plot of the desired equivalent resistance Rgq of the variable
drive circuit 116 in response to the temperature of the NTC thermistor 122 to decrease the
switching times of the FETs 110, 112 as the temperatures of the FET's increase. Because of
the nature of the NTC thermistor 122, the variable drive circuit 116 provides a continuously

variable impedance in series with the gate of the FETs 110, 112.

[0034] While the values of the gate resistor Rgate, the limiting resistor Ryymir, and the
NTC thermistor 122 preferably have values as described above, other values may be used for
these components. Further, even though the variable drive circuit 116 of the shown
embodiment of the present invention comprises an NTC thermistor, the variable drive circuit
could alternatively comprise another kind of thermally sensitive device, for example, a
positive-temperature coefficient (PTC) thermistor coupled in a fashion to provide the same

functionality as the variable drive circuit of the present invention.

[0035] - Fig. 5 is a simplified schematic diagram of a dimmer 150 having two variable
gate drive circuits 116A, 116B according to a second embodiment of the present invention.

A control circuit 114A is operable to individually control each of the FETs 110, 112. The
first variable drive circuit 116A is provided in series between the control circuit 114A and the
gate of the first FET 110 and is thermally coupled to the first FET 110. Similarly, the second
variable gate drive circuit 116B is provided in series between the control circuit 114A and the
gate of the second FET 112 and is thermally coupled to the second FET 112. Each of the
variable gate drive circuits 116A, 116B operate in a similar fashion to the single variable gate
drive circuit 116 of the dimmer 100 shown in Fig. 3 to provide a continuously variable
impedance in series with the gates of each of the FETs 110, 112. Preferably, the first variable
drive circuit 116A is only responsive to the temperature of the first FET 110, while the
second variable drive circuit 116B is only responsive to the temperature of the second FET
112.

[0036] Fig. 6 is a simplified schematic diagram of a dimmer 200 according to a third

embodiment of the present invention. The dimmer 200 includes a variable drive circuit 216
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that is operable to provide a plurality of discrete steps of different impedances in series
between a control circuit 214 and the gates of the FETs 110, 112. The variable drive circuit
216 includes a plurality of resistors 230 — 239 in parallel electrical connection. Each of the
resistors 230 — 239 is coupled in series electrical connection with a controllably conductive
device 240 — 249, respectively. The controllably conductive devices 240 — 249 may each
comprise a FET or an IGBT in a full-wave rectifier bridge, two FETs or IGBTSs in anti-series

connection, or any other suitable type of bidirectional switch.

[0037] The controllably conductive devices 240 — 249 each have control inputs,
which are coupled to the control circuit 214 such that the control circuit is operable to
selectively couple the resistors 230 — 239 in series with the gates of the FETs 1 10,112. A
temperature sensor 250 is thermally coupled to the FETs 110, 112 and is operable to provide
a control signal representative of the temperature of the FETs to the control circuit 214. The
temperature sensor 250 may be any sort of thermally sensitive device that is operable to
couple a signal representative of the temperatures of the FETs 110, 112 to the control circuit
214.

[0038] Accordingly, the control circuit is operable to selectively switch one or more
of the resistors 230 — 239 in series with the gates of the FETs 110, 112, and thus control the
switching times of the FETs, in response to the temperatures of the FETs. The dimmer 200 is
operable to provide at least three separate discrete resistances in series with the gates of the
FETs 110, 112. Preferably, the dimmer 200 provides ten discrete steps of resistance in series
with the gates of the FETs 110, 112 in order to prevent perceptible flicker in the lighting load
104. As shown in Fig. 6, the dimmer 200 provides the separate resistors 230 — 239 in order to
provide the ten discrete steps of resistance. Alternatively, the dimmer 200 could include a
smaller number of resistors in order to provide the ten discrete steps of resistance, for

example, by switching two or more resistors in parallel.

[0039] Fig. 7 shows a plot of a desired equivalent resistance Rgq2 of the variable drive
circuit 216 in response to the control signal of the temperature sensor 250, i.e., the
temperatures of the FETs 110, 112. The variable drive circuit 216 provides ten discrete
resistances between a maximum resistance, e.g., approximately 22 kQ, and a minimum

resistance, e.g., approximately 9 kQ. Alternatively, the variable drive circuit 216 may
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provide more than ten discrete resistances between the maximum resistance and the minimum
resistance. Preferably, the resistors 230 — 239 are sized to provide a maximum step of 1.5 kQ
between two adjacent discrete resistances. Each step of resistance causes the switching time
of the FETs 110, 112 to change by less than approximately 20 psec. Preferably, the change
between each discrete resistance step will produce a change of less than 10 usec in the

switching times of the FETs 110, 112.

[0040] ‘ Although the word “device” has been used to describe the elements of the
dimmer of the present invention, it should be noted that each “device” described herein need
not be fully contained in a single enclosure or structure. For example, the dimmer 100 of Fig.
3 may comprise a control circuit in a wall-mounted device with the variable gate drive circuit

and the semiconductor switch mounted in a separate location, such as a power panel.

[0041] Additionally, the circuit diagrams shown in the figures and described in the
text are an example of the invention and are not the only implementations possible. As
appreciated by a person of ordinary skill in the art, component and circuit substitutions and
alterations may be made to the present invention without limitation except as identified by the

appended claims.

[0042] Although the present invention has been described in relation to particular
embodiments thereof, many other variations and modifications and other uses will become
apparent to those skilled in the art. It is preferred, therefore, that the present invention be

limited not by the specific disclosure herein, but only by the appended claims.
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‘What is claimed is:
CLAIMS

1. A load control device, for controlling the amount of power delivered to an
electrical load from a source of AC power, comprising:

a controllably conductive device adapted to be coupled in series electrical connection
between the source and the electrical load, the controllably conductive device having a control input
to render the controllably conductive device conductive and non-conductive; and

a variable drive circuit coupled to the control input of the controllably conductive
device to provide an impedance in series with the control input of the controllably conductive
device;

wherein the variable drive circuit is operable to control the impedance in response to

a temperature of the controllably conductive device.

2. The load control device of claim 1, wherein the variable drive circuit is
operable to decrease the impedance as the temperature of the controllably conductive device
increases and operable to increase as the temperature of the controllably conductive device

decreases.

3. The load control device of claim 2, wherein the variable drive circuit is
operable to provide a continuously variable impedance in series with the control input of the

controllably conductive device.

4, The load control device of claim 3, wherein the variable drive circuit is

thermally coupled to the controllably conductive device.

5. The load control device of claim 4, wherein the variable drive circuit

comprises a thermistor.
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6. The load control device of claim 5, wherein the thermistor comprises an NTC
thermistor.
7. The load control device of claim 6, wherein the variable drive circuit further

comprises a first resistor coupled in series electrical connection with the control input of the

controllably conductive device and in parallel electrical connection with the NTC thermistor.

8. The load control device of claim 7, wherein the variable drive circuit further
comprises a second resistor coupled in series electrical connection with the NTC thermistor;
wherein the series combination of the second resistor and the NTC thermistor is

coupled in parallel electrical connection with the first resistor.

9. The load control device of claim 3, wherein the controllably conductive

device comprises a semiconductor switch.

10. The load control device of claim 9, wherein the semicbnductor switch

comprises a first FET and a second FET in anti-series connection.

11. The load control device of claim 10, wherein the first FET and the second
FET are independently controlled. .

12. The load control device of claim 11, wherein the variable gate drive circuit
comprises a first variable gate drive circuit in series electrical connection with the first FET, and a

second variable gate drive circuit in series electrical connection with the second FET.

13. The load control device of claim 10, wherein a gate of the first FET is

electrically connected to a gate of the second FET.

14, The load control device of claim 9, wherein the semiconductor switch

comprises a FET in a bridge rectifier.
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15. The load control device of claim 9, wherein the semiconductor switch

comprises two IGBTs in anti-series connection.

16. The load control device of claim 9, wherein the semiconductor switch

comprises an IGBT in a bridge rectifier.

17. The load control device of claim 3, further comprising: ,
a control circuit coupled to the variable gate drive circuit for providing a control

signal for rendering the controllably conductive device conductive and nonconductive.

18. The load control device of claim 2, wherein the variable drive circuit is
operable to provide at least three discrete steps of impedance in series with the control input of the

controllably conductive device.

19. The load control device of claim 18, wherein the variable drive circuit is
operable to provide at least ten discrete steps of impedance in series with the control input of the

controllably conductive device.

20. The load control device of claim 2, wherein the electrical load comprises a
lighting load and the variable drive circuit is operable to provide a plurality of discrete steps of
impedance in series with the control input of the controllably conductive device such that the
plurality of discrete steps of impedance is great enough to prevent perceptible flicker in the lighting

load as the impedances are changed from one step to the next.

21. A load control device, for controlling the amount of power delivered to an
electrical load from a source of AC power, compriﬁng:

a controllably conductive device adapted to be coupled in series electrical connection
between the source and the electrical load, the controllably conductive device having a control input
for changing the controllably conductive device between a conductive state and a non-conductive

state, the controllably conductive device characterized by a switching time when the controllably
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conductive device is changing between the conductive state and the non-conductive state; and
a drive circuit coupled to the control input of the controllably conductive device and
operable to control the duration of the swiltchjng time is responsive to a temperature of the

controllably conductive device.

22. The load control device of claim 21, wherein the duration of the switching
time remains substantially constant as the temperature of the controllably conductive device

increases.

23. The load control device of claim 22, wherein the controllably conductive
device is characterized by a nominal switching time and the switching time changes by less than

10% of the nominal switching time.

24. The load control device of claim 21, wherein the drive circuit is operable to

produce a step change in the switching time, the step change less than approximately 20 psec.

25. The load control device of claim 24, wherein the step change is less than

approximately 10 psec.

26. The load control device of claim 21, wherein the duration of the switching

time decreases as the temperature of the controllably conductive device increases.

27. A drive circuit for a controllably conductive device in a load c.ontrol device,
the drive circuit comprising:

a first resistor operable to be coupled in series electrical connection with a control
input of the controllably conductive device; and

a thermally sensitive device coupled in parallel electrical connection with the first
resistor and thermally coupled to the controllably conductive device, the thermally sensitive device
operable to provide a variable impedance responsive to a temperature of the controllably conductive

device.
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28. The drive circuit of claim 27, wherein the variable impedance decreases as the
temperature of the controllably conductive device increases and increases as the temperature of the

controllably conductive device decreases.

29. The drive circuit of claim 28, wherein the variable impedance changes

continuously in response to changes in the temperature of the controllably conductive device.

30. The drive circuit of claim 29, wherein the thermally sensitive device

comprises a thermistor.

31. The drive circuit of claim 30, wherein the thermistor comprises an NTC
thermistor.

32. The drive circuit of claim 29, further comprising:

a second resistor coupled in series electrical connection with the thermally sensitive
device.

33. The drive circuit of claim 27, wherein the variable impedance comprises at
least three discrete steps of impedance in series electrical connection with the control input of the

controllably conductive device in response to the temperature of the controllably conductive device.

34, The drive circuit of claim 33, wherein the variable impedance comprises at
least ten discrete steps of impedance in series electrical connection with the control input of the

controllably conductive device in response to the temperature of the controllably conductive device.

35, The drive circuit.of claim 27, wherein the load control device is operable to
control a lighting load, and the variable impedance comprises a plurality of discrete steps of
impedance in series electrical connection with the control inpiit of the controllably conductive device
such that the plurality of discrete steps of impedance is great enough to prevent perceptible flicker in

the lighting load as the variable impedance changes from one discrete step to the next discrete step.
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36. A method for controlling a controllably conductive device in a load control
device, the method comprising the steps of:

providing a variable impedance in series electrical connection with a control input of
the controllably conductive device; and

controlling the variable impedance in response to the temperature of the controllably

conductive device.

37.  The method of claim 36, wherein the step of changing comprises decreasing
the variable impedance as the temperature of the controllably conductive device Increases and
increasing the variable impedance as the temperature of the controllably conductive device

decreases.

38. The method of claim 37, wherein the step of changing comprises changing the

variable impedance continuously as the temperature of the controllably conductive device changes.

39. The method of claim 38, wherein the variable impedance comprises a
thermistor.

40, ‘The method of claim 39, wherein the thermistor comprises an NTC
thermistor.

41. The method of claim 37, wherein the step of changing comprises providing at

least three discrete steps of impedance for the variable impedance as the temperature of the

controllably conductive device changes.

42. The method of claim 41, wherein the step of changing comprises providing at
least ten discrete steps of impedance for the variable impedance as the temperature of the

controllably conductive device changes.
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43, The method of claim 37, wherein the load control device is operable to control
a lighting load, and the step of changing comprises providing a plurality of discrete steps of
impedance in series electrical connection with the control input of the controllably conductive device
such that the plurality of discrete steps of impedance is great enough to prevent perceptible flicker in
the lighting load as the variable impedance is changed from one discrete impedance step to the next

discrete impedance step.

44, A method of controlling a controllably conductive device in a load control
device, the method comprising the step of:

controlling the controllably conductive device between a conductive state and a
non-conductive state for a switching time, the switching time responsive to a temperature of the

controllably conductive device.

45. The method of claim 44, wherein the switching time remains substantially

constant as the temperature of the controllably conductive device increases.

46. The method of claim 45, wherein the controllably conductive device is
characterized by a nominal switching time and the switching time changes by less than 10% of the

nominal switching time.

47. The method of claim 44, wherein the switching time changes in discrete steps

of less than approximately 20 psec each.

48, The method of claim 47, wherein the switching time changes in discrete steps

of less than approximately 10 psec each.

49, The method of claim 44, wherein the switching time decreases as the

temperature of the controllably conductive device increases.
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50. A load control device, for controlling the amount of power delivered to an
electrical load from a source of AC power, comprising:

a controllably conductive device adapted to be coupled in series electrical connection
between the source and the electrical load, the controllably conductive device having a control inpqt
for rendering the controllably conductive device conductive and non-conductive; and

a variable drive circuit coupled to the control input of the controllably conductive
device for providing a continuously variable impedance in series with the control input of the
controllably conductive device;

wherein the variable drive circuit is thermally coupled to the controllably conductive
device such that the continuously variable impedance is operable to decrease as a temperature of the
controllably conductive device increases and operable to increase as the temperature of the

controllably conductive device decreases.

51. A load control device, for controlling the amount of power delivered to an
electrical load from an AC power source, comprising:

a first controllably conductive device operable to conduct current from the source to
the load during a positive half-cycle of the AC power source, the first controllably conductive device
having a first control input to render the first controllably conductive device conductive and
non-conductive;

a second controllably conductive device operable to conduct current from the source
to the load during a negative half-cycle of the AC power source, the second controllably conductive
device having a second control input to render the second controllably conductive device conductive
and non-conductive;

a control circuit operable to independently render the first and second controllably
conductive devices conductive and non-conductive;

a first variable drive circuit coupled in series electrical connection with the first
control input of the first controllably conductive device to provide a first impedance in series with
the first control input; and

a second variable drive circuit coupled in series electrical connection with the second
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control input of the second controllably conductive device to provide a second impedance in series
with the second control input;

wherein the first impedance of the first variable drive circuit is operable to change
substantially only in response to a first temperature of the first controllably conductive device and
the second impedance of the second variable drive circuit is operable to change substantially only in

response to a second temperature of the second controllably conductive device.
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