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TWO STAGE INDICATOR DIMMING CIRCUIT CONTROLLED BY
PWM BACKLIGHTING BACK FEED AND BACKLIGHT CONTROL

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the priority to U. S. Utility Application
No. 14/570,660, filed on December 15, 2014. The entire disclosure of the above
application is incorporated herein by reference.

FIELD
[0002] The present invention relates to non-microprocessor control of
indicator light emitting diodes in vehicle utilizing existing circuits in vehicles used
for backlighting switch graphics and also to a non-microprocessor based circuit

to backlight switch graphics at low ambient conditions.

BACKGROUND

[0003] Light emitting diodes (LEDs) are used in vehicles to indicate
whether switchable functions are on or off and also to backlight switches that
switch the function on and off. In many cases, a switch that is used to switch a
function on and off is packaged with a LED that is on and thus illuminated when
the function has been switched on and off and thus not illuminated when the
function has been switched off. This LED is often referred to as an indicator
jewel and will be referred to herein as an “indicator LED.” Also in many cases,
such a switch is also packaged with a backlight LED that is turned on, such as in
low ambient light conditions such as nighttime, to backlight the switch so that a
vehicle driver is better able to see it such as in low ambient light conditions. This
LED will be referred to herein as a “backlight LED.” In many cases, such a

backlight LED is turned on when the vehicle’s lights (are turned on and turned off
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when the vehicle’s lights are turned off. In this regard, a vehicle’s parking lights
can be turned on without turning the vehicle’s headlamps and taillights on and
remain on when the vehicle’s headlamps and taillights are turned on.

[0004] As is known, indicator LEDs are typically at a brighter level
during high ambient light conditions, such as daylight, and often at a dimmer
level during low ambient light conditions, such as nighttime. In contrast,
backlight LEDs are typically off, or driven at a dimmer level, during high ambient
light conditions and at a brighter level during low ambient light conditions.

[0005] Figure 1 is a simplified schematic of a typical circuit used in
vehicles to illuminate indicator LEDs and backlight LEDS. Figure 1 shows an
indicator switch 100 having a switch 102, an indicator LED 104 and a backlight
LED 106. Indicator LED 104 is coupled to an output 108 of an electronic control
unit 110 of a vehicle, such as a body control module of the vehicle, at which a
pulse width modulated output signal is provided. Output 108 will be referred to
herein as indicator LED PWM output 108. Backlight LED 106 is coupled to an
output 112 of electronic control unit 110 at which a pulse width modulated output
signal is also provided. Output 112 will be referred to herein as backlight LED
PWM output 112. In operation, ECU 110 sets the duty cycle of the pulse width
modulated signals at indicator LED PWM output 108 and backlight LED PWM
output 112 to drive the indicator LED 104 and backlight LED 106 to achieve the
desired illumination. When backlighting is not on, for example when the vehicle
lights are off, ECU 110 sets the duty cycle of the pulse width modulated output
signal at indicator LED PWM output 108 at a high duty cycle so that indicator
LED 100 outputs a high light level. ECU 110 also either doesn’t output a pulse

width modulated signal at backlight LED PWM output 112 so that backlight LED
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106 is off or sets the duty cycle of the pulse width modulated output signal at
backlight LED PWM output 112 at a low level so that backlight LED 106 outputs
light at low level. When backlighting is on, for example when the vehicle lights
are on, ECU 110 sets the duty cycle of the pulse width modulated signal at
indicator LED PWM output 108 at a lower duty cycle to that LED 100 outputs
light at a lower level than during high ambient light conditions. ECU 110 also
sets the duty cycle of the pulse width modulated signal at backlight LED PWM
output 112 at a duty cycle so that backlight LED 106 outputs light at a desired
level that is higher than during high ambient light conditions. It should be
understood, that the light intensity level of both indicator LEDs and backlight
LEDs are typically user adjustable such as by the adjustment of a potentiometer
or other device (not shown) coupled to ECU 110. ECU 110 responds to the user
adjustment and sets the duty cycles of the PWM signals output at indicator LED
PWM output 108 and backlight LED PWM output 112 accordingly.

[0006] In some cases, the indicator LED of an indicator switch for a
vehicle function is not driven by a PWM output of an ECU although the backlight
LED is. Rather, it is simply switched on or off by a function control module that
controls that vehicle function. For example and with reference to Figure 2, one
type of function control module is electronic parking brake control module 208
that directly switches on and off the indicator LED 204 of an indicator switch 200
having a switch 202 used to switch the electronic parking brake (not shown) on
and off. In this example, an anode 212 of indicator LED 204 is coupled to a
source of DC voltage, such as 12VDC, and a cathode 214 of indicator LED 204
is coupled to a LED drive output 210 of electronic parking brake control module

208. Electronic parking brake control module 208 couples the cathode of
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indicator LED 204 to common to turn indicator LED 204 on and decouples the
cathode of indicator LED 204 from common to turn indicator LED 204 off. A
backlight LED 206 of this indicator switch 200 is coupled to the backlight LED
PWM output 112 of the ECU 110 and remains controlled by ECU 110 in the
same manner as backlight LED 106 is controlled by ECU 110. In this type of
indicator switch, when the indicator LED 204 is on, it is always on at the same
light level and can’t be dimmed. The indicator LED 204 is thus on at full
brightness whether backlighting is on or off. As is known, however, it is
desirable that indicator LEDs when they are on be brighter during when
backlighting is off (such as during daytime when the lights of the vehicle are off)
and dimmer when backlighting is on (such as during nighttime when the lights of
the vehicle are on). It should be understood that the function control module can
be for controlling functions other than an electronic parking brake and that
references to electronic park brake module 208 should be understood to refer to
any function control module that controls the indicator LED of an indicator switch
in the described manner.
SUMMARY

[0007] In accordance with an aspect of the present disclosure, a
dimming circuit for an indicator switch is provided. The indicator switch includes
a manually actuated switch, an indicator LED that is turned on and off by a
function control module to which the indicator switch is coupled wherein the
indicator LED is on when a function actuated by the manually actuated switch of
the indicator switch is active and off when the function actuated by the manually
actuated switch of the indicator switch is off. The dimming circuit has a control
input, a dimming state and a non-dimming state. The dimming circuit is
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responsive to the presence of a backlight PWM signal at the control input of the
dimming circuit to switch to the dimming state and responsive to the absence of
the backlight PWM signal at the control input of the dimming circuit to switch to
the non-dimming state. When the dimming circuit is in the dimming state a high
resistance of the dimming circuit is coupled in series with the indicator LED and
a LED drive output of the function control module and when the dimming circuit
is in the non-dimming state a low resistance of the dimming circuit is coupled in
series with the indicator LED and the LED drive output of the function control
module. The high resistance has a resistance higher than the low resistance.

[0008] In an aspect, the dimming circuit includes an electrically
actuated switch responsive to the backlight PWM signal at the control input of
the dimming circuit so that when dimming circuit is in the dimming state switches
so that the high resistance is in series with the indicator LED and the LED drive
output of the function control module and responsive to the absence of the
backlight PWM signal at the control input of the dimming circuit switches so that
the low resistance is in series with the indicator LED and the drive output of
electronic parking module.

[0009] In an aspect, the dimming circuit includes a first resistor
coupled between the indicator LED and the LED drive output of the function
control module and a second resistor coupled in series with the electrically
actuated switch between the indicator LED and LED drive output of the function
control module. The series coupled second resistor and electrically actuated
switch are coupled in parallel with the first resistor. When the dimming circuit is
in the dimming state the electrically actuated switch is non-conducting and the
first resistor provides the high resistance and when the dimming circuit is in the
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non-dimming state, the electrically actuated switch is conducting and the second
resistor is coupled in parallel with the first resistor with the parallel coupled first
and second resistors providing the low resistance.

[0010] In an aspect, the electrically actuated switch includes first
and second NPN transistors with the second resistor coupled between a
collector of the second NPN transistor and the indicator LED. An emitter of the
second NPN transistor is coupled to the LED drive output of the function control
module. A base of the second NPN transistor is coupled through a resistor to a
collector of the first NPN transistor. An emitter of the first NPN transistor is
coupled to a common and a base of the first NPN transistor is coupled to a bias
circuit. The bias circuit in response to the presence of the backlight PWM signal
at the control input of the dimming circuit biasing the first NPN transistor on
which biases the second NPN transistor off and the bias circuit in response to
the backlight PWM signal not being present at the control input biases the first
NPN transistor off which biases the second NPN transistor on.

[0011] In an aspect, the bias circuit includes a resistance-
capacitance circuit having resistance and capacitance values that the resistance-
capacitance circuit charges due to the presence of the PWM signal at the control
input of the dimming circuit to a level that saturates the first NPN transistor to
bias the first NPN transistor on.

[0012] In an aspect, the indicator switch has a backlight LED that is
switched between an active state and an inactive state by the function control
module. The backlight LED when in the active state is driven by the backlight
PWM signal and is off in the inactive state. The backlight LED is in the inactive
state when the function actuated by the manually actuated switch of the indicator
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switch is active and in the active state when the function actuated by the
manually actuated switch of the indicator switch is inactive, the dimming circuit
further including a second electrically actuated switch that switches the backlight
LED between and between its active and inactive states, the second electrically
actuated switch having a control input coupled to the LED drive output of the
function control module.

[0013] In an aspect, the second electrically actuated switch
switches to a non-conducting state turning the backlight LED off in response to
the LED drive output of the function control module driving the indicator LED to
be on and switches to a conducting state when the LED drive output of the
function control module is driving the indicator LED to be off with the backlight
LED then driven by the PWM backlight signal when the second electrically
actuated switch is conducting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present invention will become more fully understood
from the detailed description and the accompanying drawings, wherein:

[0015] Figure 1 is a simple schematic showing a prior art indicator
switch having an indicator LED and a backlight LED each of which is driven by a
PWM signal outputted by an ECU;

[0016] Figure 2 is simple schematic showing a prior art indicator
switch with an indicator LED of the indicator switch switched on and off by an
electronic parking brake control module and a backlight LED driven by a
backlight PWM signal outputted by an ECU,;

[0017] Figure 3 is a block diagram showing a dimming circuit in
accordance with an aspect of the present disclosure connected to the indicator
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LED of the indicator switch and driven by the backlight PWM signal outputted by

the ECU and switched by an electronic parking brake control module;

[0018] Figure 4 is a schematic of the dimming circuit of Fig. 3; and
[0019] Figure 5 is a schematic of a variation of the dimming circuit
of Fig. 3.

DETAILED DESCRIPTION

[0020] The following description of the preferred embodiment(s) is
merely exemplary in nature and is in no way intended to limit the invention, its
application, or uses. Corresponding reference numerals indicate corresponding
parts throughout the several views of the drawings.

[0021] In accordance with an aspect of the present disclosure and
with reference to Figure 3, a dimming circuit for an indicator switch has a
dimming state and a non-dimming state. When backlighting is on dimming
circuit 300 responds to the absence of a backlight PWM signal at a control input
302 of dimming circuit 300 to switch to the non-dimming state. In the non-
dimming state, a high resistance 304 of the dimming circuit is coupled in series
with indicator LED 204 of indicator switch 200 and a LED drive output 210 of a
function control module such as electronic parking brake control module 208. It
should be understood that the function control module can be a function control
module that controls a function other than an electronic parking brake. When
backlighting is on, the backlight PWM signal is present at control input 302.
Dimming circuit 300 responds to the presence of the backlight PWM signal at its
control input 302 to switch to the dimming state. In the dimming state, a low
resistance 306 of the dimming circuit is coupled in series with indicator LED 204

of indicator switch 200 and LED drive output 210 of electronic parking brake
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control module 208. It should be understood that the terms “high” and “low” with
respect to high resistance 304 and low resistance 306 are relative terms and
simply mean that high resistance 304 has a higher resistance than low
resistance 306. The backlight PWM signal is the backlight PWM signal output at
backlight LED PWM output 112 of ECU 110. Thus, the high resistance 304 is
coupled in series with indicator LED 204 and LED drive output 210 of electronic
parking brake control module 208 when backlighting is on (such as due to the
lights of the vehicle being on) which typically occurs during low ambient light
conditions, and the backlight PWM signal is present at control input 302. The
low resistance 306 is coupled in series with indicator LED 204 and LED drive
output 210 of electronic parking brake control module 208 when backlighting is
off (such as due to lights of the vehicle being off) which typically occurs during
high ambient light conditions. Thus, indicator LED 204 when it is turned on by
electronic parking brake control module 208 is brighter when backlighting is off
and dimmer when backlighting is on.

[0022] In the illustrative embodiment shown in Fig. 3, dimming
circuit 300 includes an electrically actuated switch responsive to the backlight
PWM signal at the control input 302 of dimming circuit 300 that when dimming
circuit 300 is in the dimming state, switches so that the high resistance 304 is in
series with the indicator LED 204 and LED drive output 210 of electronic parking
brake control module 208 and responsive to the absence of the backlight PWM
signal at the control input 302 of dimming circuit 300 switches so that the low
resistance 306 is in series with the indicator LED 204 and LED drive output 210

of electronic parking control module 208.
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[0023] Figure 4 is a schematic showing an embodiment of dimming
circuit 300 in more detail. Dimming circuit 300 includes NPN transistor 400 and
NPN transistor 402 which together form an electrically actuated switch 403. A
bias circuit 404 is coupled between a base 406 of NPN transistor 400 and control
input 302 of dimming circuit 300. Base 406 of NPN transistor 400 provides a
control input 405 of electrically actuated switch 403 and is coupled via bias
circuit 404 to control input 302 of dimming circuit 300. An emitter 408 of NPN
transistor 400 is coupled to common and a collector 410 of NPN transistor 400 is
coupled through a resistor 412 to a DC voltage source, such as 12VDC and is
also coupled through a resistor 414 to a base 416 of NPN transistor 402. A
resistor 418 is coupled between base 416 of NPN transistor 402 and common.
An emitter 420 of NPN transistor 402 is coupled to LED drive output 210 of
electronic parking brake control module 208. A collector 422 of NPN transistor
402 is coupled through a resistor 424 to the cathode 214 of indicator LED 204 of
indicator switch 200. Cathode 214 of indicator LED 204 is also coupled through
a resistor 426 to LED drive output 210 of electronic parking brake control module
208.

[0024] Bias circuit 404 includes a resistor 428, a diode 430, a
resistance-capacitance circuit that includes an RC circuit 432 having a resistor
434 and a capacitor 436 and an RC circuit 438 having a resistor 440 and a
capacitor 442. Control input 302 of dimming circuit 300 is at a junction of resistor
428 and an anode 444 of a diode 430. RC circuits 432 and 438 are coupled in
series with each other between a cathode 446 of diode 430 and base 406 of
NPN transistor 400 with resistors 434 and 440 of RC circuits 432, 438 connected

in series between cathode 446 of diode 430 and base 406 of NPN transistor 400.
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Capacitor 436 of RC circuit 432 is coupled between a junction of resistors 434,
440 and common and capacitor 442 of RC circuit 438 is coupled between base
406 of NPN transistor 400 and common. Resistor 428 is coupled between
anode 440 of diode 430 and common. In operation, when the electronic parking
brake is off, LED drive output 210 of electronic parking brake control module 208
is high (such as by be being allowed to float high). Current thus does not flow
through indicator LED 204 and indicator LED 204 is off.

[0025] When the electronic parking brake is on, LED drive output
210 of electronic parking brake control module is low (such as being coupled to
common as discussed above). Current then flows through indicator LED 204
and indicator LED 204 is on.

[0026] When indicator LED 204 is on, its brightness is determined
by whether there is a backlight PWM signal present at control input 302 of
dimming circuit 300. If there is a backlight PWM signal present at control input
302, bias circuit 404 is charged by the backlight PWM signal to a voltage level
that saturates NPN transistor 400 biasing NPN transistor 400 on which in turn
biases NPN transistor 402 off. Current then flows from indicator LED 204 to
electronic parking brake control module 208 only through resistor 426 with
resistor 426 providing the high resistance 304. If there is not a backlight PWM
signal at control input 302, bias circuit 404 is not charged to a level that saturates
NPN transistor 400 and NPN transistor 400 is biased off which in turn biases
NPN transistor 402 on. Resistors 424 and 426 are thus connected in parallel
and current flows from indicator LED 204 to electronic parking brake control
module 208 through the parallel resistance of resistor 424 and resistor 426. This

parallel resistance of resistor 424 and resistor 426 is lower than the resistance of

11



10

15

20

25

WO 2016/100155 PCT/US2015/065440

resistor 426 and this parallel resistance of resistor 424, 426 provides the low
resistance 306. Due to the lower resistance provided by parallel connected
resistors 424, 426, there is a higher current flow through indicator LED 204 and
the parallel connected resistors 424, 426 than when resistors 424, 426 are not
connected in parallel and current flows only through resistor 426. Thus, when
there is no backlight PWM signal present at control input 302 of dimming circuit
300, indicator LED 204 will be at a brighter level due to the higher current flow
than when there is a backlight PWM signal present at control input 302. It
should be understood that the values of resistors 424, 426 are selected to
provide desired brightness’s of indicator LED 204 when there is no backlight
PWM signal present at control input 302 (such as during high ambient light
conditions when the lights of the vehicle are off) and when there is a backlight
PWM signal present at control input 302 (such as during low ambient light
conditions when the lights of the vehicle are on).

[0027] Figure 5 is a schematic of a dimming circuit 500 that is a
variation of dimming circuit 300. Dimming circuit 500 ads on/off switching of
backlight LED 206. In this variation, backlight LED 206 is one color, such as
green, and indicator LED 204 is a different color, such as amber. When
backlighting is on and the function controlled by the indicator switch 200 is
inactive (such as being off), indicator LED 204 is turned off and the backlight
LED 206 is turned on. In addition to LED 204 being off, the color (such as
green) of backlight LED 206 is used to indicate that the function is inactive
making the inactive status indication more visible to the vehicle driver during low
ambient light conditions. When backlighting is on and the function controlled by
indicator switch 200 is active, backlight LED is turned off and indicator LED 204

12
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turned on. In addition to indicator LED 204 being illuminated its color (such as
amber) indicates that the function is active. When backlighting is off, backlight
LED 206 is off and indicator LED 204 turned on or off depending on whether the
function is active.

[0028] In the embodiment of dimming circuit 500 shown in Figure
5, backlight LED control circuit 502 is added to dimming circuit 300 to provide
backlight control circuit 503. Backlight LED control circuit 502 includes resistor
504, NPN transistor 506 and resistor 508. Resistor 504 is coupled between
control input 302 of dimming circuit 500 and an anode 510 of backlight LED 206.
A cathode 512 of backlight LED 206 is coupled to a collector 514 of NPN
transistor 506 and an emitter of NPN transistor 506 is coupled to common. A
base 516 of NPN transistor 506 is coupled through resistor 508 to LED drive
output 210 of electronic parking brake control module 208. NPN transistor 506 is
an electrically actuated switch with its base 506 being the control input of the
electrically actuated switch.

[0029] When the electronic parking brake function is active,
indicator LED 204 is turned on by electronic parking brake control module 208
and its brightness determined by whether backlighting is on, as described above
with respect to dimming circuit 300. That is, when backlighting is on and the
PWM backlight signal is not present at control input 302, indicator LED 204 is
illuminated at a brighter intensity than when backlighting is off and the PWM
backlight signal is not present at control input 302. When electronic parking
brake control module 208 has turned indicator LED 204 on, LED drive output
210 of electronic parking brake control module 208 is low as discussed above

with respect to dimming circuit 300. This pulls base 516 of NPN transistor 506
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low, biasing NPN transistor 506 off, which turns backlight LED 206 off as it
blocks current from flowing through backlight LED 206. When electronic parking
brake control module 208 turns indicator LED 204 off, LED drive output 210 of
electronic parking brake control module will be high. This pulls the base 516 of
NPN transistor 506 high turning NPN transistor 506 on. If backlighting is on, the
PWM backlight signal is present at control input 302 of dimming circuit 500 and
backlight LED 206 is then driven by the PWM backlight signal. If backlighting is
off, the PWM backlight signal is not present at control input 302 and backlight
LED 206 will be off.

[0030] It should be understood that in a variation, the circuit of
Figure 5 is modified so that it has only backlight control circuit 502. In this
variation, backlight control circuit 502 includes resistor 504, NPN transistor 506
and resistor 508 but not the components of dimming circuit 300 shown in Figure
5.

[0031] The description of the invention is merely exemplary in
nature and, thus, variations that do not depart from the gist of the invention are
intended to be within the scope of the invention. Such variations are not to be

regarded as a departure from the spirit and scope of the invention.
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CLAIMS

What is claimed is:

1. An dimming circuit for an indicator switch, the indicator switch
including a manually actuated switch, an indicator LED that is turned on and off
by a function control module to which the indicator switch is coupled wherein the
indicator LED is on when a function actuated by the manually actuated switch of
the indicator switch is active and off when the function actuated by the manually
actuated switch of the indicator switch is off, the dimming circuit comprising:

a control input, a dimming state and a non-dimming state; and

the dimming circuit responsive to the presence of a backlight PWM signal
at the control input of the dimming circuit to switch to the dimming state and
responsive to the absence of the backlight PWM signal at the control input of the
dimming circuit to switch to the non-dimming state, when the dimming circuit is in
the dimming state a high resistance of the dimming circuit is coupled in series
with the indicator LED and a LED drive output of the function control module and
when the dimming circuit is in the non-dimming state a low resistance of the
dimming circuit is coupled in series with the indicator LED and the LED drive
output of the function control module, the high resistance having a resistance

higher than the low resistance.

2. The dimming circuit of claim 1 including an electrically actuated
switch responsive to the backlight PWM signal at the control input of the
dimming circuit so that when dimming circuit is in the dimming state switches so
that the high resistance is in series with the indicator LED and the LED drive
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output of the function control module and responsive to the absence of the
backlight PWM signal at the control input of the dimming circuit switches so that
the low resistance is in series with the indicator LED and the LED drive output of

the function control module.

3. The dimming circuit of claim 2, including a first resistor coupled
between the indicator LED and the LED drive output of the function control
module and a second resistor coupled in series with the electrically actuated
switch between the indicator LED and LED drive output of the function control
module, the series coupled second resistor and electrically actuated switch
coupled in parallel with the first resistor, wherein when the dimming circuit is in
the dimming state the electrically actuated switch is non-conducting and the first
resistor provides the high resistance and when the dimming circuit is in the non-
dimming state, the electrically actuated switch is conducting and the second
resistor is coupled in parallel with the first resistor with the parallel coupled first

and second resistors providing the low resistance.

4. The dimming circuit of claim 3 wherein the electrically actuated
switch includes first and second NPN transistors with the second resistor
coupled between a collector of the second NPN transistor and the indicator LED,
an emitter of the second NPN transistor coupled to the LED drive output of the
function control module, a base of the second NPN transistor coupled through a
resistor to a collector of the first NPN transistor, an emitter of the first NPN
transistor coupled to a common and a base of the first NPN transistor coupled to

a bias circuit, the bias circuit in response to the presence of the backlight PWM
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signal at the control input of the dimming circuit biasing the first NPN transistor
on which biases the second NPN transistor off and the bias circuit in response to
the backlight PWM signal not being present at the control input biasing the first

NPN transistor off which biases the second NPN transistor on.

5. The dimming circuit of claim 4 wherein the bias circuit includes a
resistance-capacitance circuit having resistance and capacitance values so that
the resistance-capacitance circuit charges due to the presence of the PWM
signal at the control input of the dimming circuit to a level that saturates the first

NPN transistor to bias the first NPN transistor on.

6. The dimming circuit of claim 1 wherein the indicator switch has a
backlight LED that is switched between an active state and an inactive state by
the function control module, the backlight LED when in the active state is driven
by the backlight PWM signal and is off in the inactive state, the backlight LED in
the inactive state when the function actuated by the manually actuated switch of
the indicator switch is active and in the active state when the function actuated
by the manually actuated switch of the indicator switch is inactive, the dimming
circuit further including a second electrically actuated switch that switches the
backlight LED between its active and inactive states, the second electrically
actuated switch having a control input coupled to the LED drive output of the

function control module.

7. The dimming circuit of claim 6 wherein the second electrically
actuated switch switches to a non-conducting state turning the backlight LED off
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in response to the LED drive output of the function control module driving the
indicator LED to be on and switches to a conducting state when the LED drive
output of the function control module is driving the indicator LED to be off with
the backlight LED then driven by the PWM backlight signal when the second

electrically actuated switch is conducting.

8. A backlight control circuit for an indicator switch, the indicator
switch including a manually actuated switch, an indicator LED that is turned on
and off by a function control module to which the indicator switch is coupled
wherein the indicator LED is on when a function actuated by the manually
actuated switch of the indicator switch is active and off when the function
actuated by the manually actuated switch of the indicator switch is off, the
indicator switch also including a backlight LED that is switched between an
active state and an inactive state by the function control module, the backlight
LED when in the active state is driven by a backlight PWM signal present at a
control input of the backlight control circuit and is off in the inactive state, the
backlight LED in the inactive state when the function actuated by the manually
actuated switch of the indicator switch is active and in the active state when the
function actuated by the manually actuated switch of the indicator switch is off,
the backlight control circuit comprising:

an electrically actuated switch that switches the backlight LED between its
active and inactive states, the second electrically actuated switch having a

control input coupled to the LED drive output of the function control module.
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9. The backlight control circuit of claim 8 wherein the
electrically actuated switch switches to a non-conducting state turning the
backlight LED off in response to a LED drive output of the function control
module driving the indicator LED to be on and switches to a conducting state
when the LED drive output of the function control module is driving the indicator
LED to be off with the backlight LED then driven by the PWM backlight signal

when the second electrically actuated switch is conducting.
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