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(54) SYSTEM AND METHOD FOR INRUSH CURRENT CONTROL WITH COMBINATIONAL LOAD

DRIVE CONFIGURATION

(57) A system for controlling power provided to an
electronic device includes a driver (214) configured to
drive the electronic device and having an on state and
an off state. The system further includes a sensor (201)
configured to detect detected electrical data correspond-
ing to electricity provided to the driver. The system further

includes a controller (212) configured to compare the de-
tected electrical data to a threshold electrical value and
to determine a fault condition in response to the detected
electrical data being greater than or equal to the threshold
electrical value and to turn the driver to the off state in
response to the controller determining the fault condition.

108
100 Dimming/Control '\ 104
1105 aos4o7l, | TTwi T 1 '~
o 0640 5E Wi | oo N
r ! a} I 11‘ 0 |
Rref$0.1% tolerance woo S
M4 Sy | | o AT: | A2
I~—-"~1AOS408 W >
. 2, 1 { | 1
Vdifft 3 0 'U' R g : AS! : A3
Vdiff2 | ata, i10 w0
VA ]y x o : 1}\7\9: ' M
Vidiff4 § Address RS
Viff5 ) CTRL T
- vref
112~ :;g———— Reset ; AlD
o i RS
/0 10 110 B : A2 .
1 awul g
== L 5
_ 8 L o
Power Source Vin e Lo 2
! Q= o =
| ©w {
Clm=  t 8
| |
I 3 o
FIG 1A I R . I_ - _§~ - - - - =7 __‘ ;‘-—--».‘—

CONTINUED ONFIG.1C

Processed by Luminess, 75001 PARIS (FR)



1 EP 4110 017 A1 2

Description

[0001] The present disclosure relates to systems and
methods for controlling inrush current in light emitting di-
ode (LED) driver circuits and for isolating faulty LED driv-
ers.

BACKGROUND

[0002] Inrush currenton switching light emitting diodes
(LEDs) has become an area of focus in the lighting in-
dustry. "Inrush current" of LED drivers refers to the initial
input current (having arelatively shortduration) that flows
into the LED driver during initial start-up to charge ca-
pacitors ontheinputside. Typically, currentis of relatively
short duration (e.g., measured in microseconds) and has
an amplitude that is significantly greater than the oper-
ating or steady-state current (e.g., twice as large, 5 times
larger, 10 times larger, or the like). It is desirable for this
inrush current to be controlled during operation of the
LED drivers.

[0003] Thus, thereis a need in the art for systems and
methods for controlling inrush current in LED driver cir-
cuits and for isolating faulty LED drivers.

SUMMARY

[0004] Disclosed hereinisasystem forcontrolling pow-
er provided to an electronic device. The system includes
adriver configured to drive the electronic device and hav-
ing an on state and an off state. The system further in-
cludes a sensor configured to detect detected electrical
data corresponding to electricity provided to the driver.
The system further includes a controller configured to
compare the detected electrical data to a threshold elec-
trical value and to determine a fault conditionin response
to the detected electrical data being greater than or equal
to the threshold electrical value and to turn the driver to
the off state in response to the controller determining the
fault condition.

[0005] Any of the foregoing embodiments may further
include a current source configured to output a constant
current to the driver.

[0006] In any of the foregoing embodiments, the cur-
rent source includes a variable resistor having a resist-
ance, and the controller is further configured to adjust
the resistance of the variable resistor to control an am-
plitude of the constant current.

[0007] Any of the foregoing embodiments may further
include a second driver configured to drive a second elec-
tronic device, wherein the electronic device and the sec-
ond electronic device are configured to be driven using
different current values.

[0008] Any of the foregoing embodiments may further
include a current source having a source transistor con-
figured to output an inrush current, wherein the controller
is further configured to control the source transistor to
output the inrush current to the driver for a first period of
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time upon enabling the driver and to turn off the source
transistor after the first period of time, the first period of
time corresponding to an inrush period.

[0009] In any of the foregoing embodiments, the sen-
sor includes a source voltage sensor and the detected
electrical data corresponds to a source voltage across
the source transistor.

[0010] Any of the foregoing embodiments may further
include a drive switch having a drive transistor that is
configured to output a steady state current, wherein the
controller is further configured to control the drive tran-
sistor to output the steady state current after the first pe-
riod of time, wherein the inrush current is greater than
the steady state current.

[0011] In any of the foregoing embodiments, the sen-
sorincludes a drive voltage sensor and the detected elec-
trical data corresponds to a drive voltage across the drive
transistor.

[0012] In any of the foregoing embodiments, the con-
troller is further configured to turn the driver by turning
off the drive transistor.

[0013] Any of the foregoing embodiments may further
include a flip flop coupled to the drive transistor and to
the controller, wherein the controller is configured to turn
off the drive transistor by transmitting at least one of a
set or a reset signal to the flip flop.

[0014] Also disclosed is a system for controlling power
provided to an electronic device. The system includes a
current source having a source transistor configured to
output an inrush current. The system further includes a
drive switch having a drive transistor that is configured
to output a steady state current. The system further in-
cludes a driver configured to drive the electronic device
and having an on state and an off state. The system fur-
therincludes a controller configured to: control the source
transistor to output the inrush current to the driver for a
first period of time upon enabling the driver, turn off the
source transistor after the first period of time, the first
period of time corresponding to an inrush period, and
control the drive transistor to output the steady state cur-
rent after the first period of time, the inrush current being
greater than the steady state current.

[0015] Alsodisclosed is a method for controlling power
provided to an electronic device. The method includes
detecting, by a sensor, detected electrical data corre-
sponding to electricity provided to a driver that is config-
ured to drive the electronic device. The method further
includes determining, by a controller, a fault condition in
response to the detected electrical data being greater
than or equal to a threshold electrical value. The system
further includes turning, by the controller, the driver to an
off state in response to determining the fault condition.
[0016] Any of the foregoing embodiments may further
include controlling, by the controller, a resistance of a
variable resistor in a current source to adjust an amplitude
of a constant current provided to the driver.

[0017] Any of the foregoing embodiments may further
include: detecting, by a second sensor, second detected
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electrical data corresponding to electricity provided to a
second driver that is configured to drive a second elec-
tronic device; determining, by the controller, a second
fault condition in response to the second detected elec-
trical data being greater than or equal to a second thresh-
old electrical value; and turning, by the controller, the
second driver to an off state in response to determining
the second fault condition, wherein the electronic device
and the second electronic device are configured to be
driven using different current values.

[0018] Any of the foregoing embodiments may further
include: controlling, by the controller, a source transistor
to output an inrush current to the driver for a first period
of time upon enabling the driver; and controlling, by the
controller, the source transistor to cease outputting the
inrush current to the driver after the first period of time,
the first period of time corresponding to an inrush period.
[0019] In any of the foregoing embodiments, detecting
the detected electrical data includes detecting, by a
source voltage sensor, a source voltage across the
source transistor.

[0020] Any of the foregoing embodiments may further
include controlling, by the controller, a drive transistor of
a drive switch to output a steady state current after the
first period of time, wherein the inrush current is greater
than the steady state current.

[0021] In any of the foregoing embodiments, detecting
the detected electrical data includes detecting, by a drive
voltage sensor, a drive voltage across the drive transis-
tor.

[0022] In any of the foregoing embodiments, turning
the driver to the off state includes turning off the drive
transistor.

[0023] In any of the foregoing embodiments, turning
the driver to the off state includes transmitting, by the
controller, at least one of a set or a reset signal to a flip
flop coupled to the drive transistor.

[0024] The foregoing features and elements may be
combined in various combinations without exclusivity,
unless expressly indicated otherwise. These features
and elements as well as the operation thereof willbecome
more apparent in light of the following description and
the accompanying drawings. It should be understood,
however, the following description and drawings are in-
tended to be exemplary in nature and non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The subject matter of the present disclosure is
particularly pointed out and distinctly claimed in the con-
cluding portion of the specification. A more complete un-
derstanding of the present disclosure, however, may best
be obtained by referring to the detailed description and
claims when considered in connection with the figures,
wherein like numerals denote like elements.

FIGS. 1A, 1B, 1C, and 1D illustrate a circuit and sys-
tem for controlling inrush current in light emitting di-
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ode (LED) driver circuits and for isolating faulty LED
drivers, in accordance with various embodiments;
FIG. 2 illustrates a block diagram of a system for
controlling inrush current in LED driver circuits and
for isolating faulty LED drivers, in accordance with
various embodiments;

FIG. 3 is a flowchart illustrating a method for control-
ling inrush current in LED driver circuits and for iso-
lating faulty LED drivers, in accordance with various
embodiments; and

FIG. 4 is a circuit diagram which may be used as a
portion of the system of FIG. 1 with multiple current
sources, in accordance with various embodiments.

DETAILED DESCRIPTION

[0026] The detailed description of exemplary embodi-
ments herein makes reference to the accompanying
drawings, which show exemplary embodiments by way
of illustration. While these exemplary embodiments are
described in sufficient detail to enable those skilled in the
art to practice the exemplary embodiments of the disclo-
sure, it should be understood that other embodiments
may be realized and that logical changes and adaptations
in design and construction may be made in accordance
with this disclosure and the teachings herein, within the
scope of the claims. Thus, the detailed description herein
is presented for purposes of illustration only and not lim-
itation. The steps recited in any of the method or process
descriptions may be executed in any order and are not
necessarily limited to the order presented.

[0027] Furthermore, any reference to singular includes
plural embodiments, and any reference to more than one
component or step may include a singular embodiment
or step. Also, any reference to attached, fixed, connected
or the like may include permanent, removable, tempo-
rary, partial, full and/or any other possible attachment
option. Additionally, any reference to without contact (or
similar phrases) may also include reduced contact or
minimal contact. Surface shading lines may be used
throughout the figures to denote different parts but not
necessarily to denote the same or different materials.
[0028] Inrush currenton switching light emitting diodes
(LEDs) has become an area of concern in the lighting
industry. ’Inrush current’ of an LED driver refers to the
input current of short duration that flows into the LED
driver during initial start-up to charge capacitors on an
input side of the driver. Typically, this current has a rel-
atively short duration (e.g., microseconds or millisec-
onds), and has an amplitude that is significantly greater
than an amplitude of an operating or steady-state current.
Theinrush currentis due to an electromagnetic capability
(EMC) filter on the input side and a bulk capacitor on the
boost circuit, and is inherent with LED technology.
[0029] The proposed inrush current control architec-
ture is designed to overcome fault occurrences in con-
ventional LED drive modules as well as to isolate a faulty
LED driver from the circuit. The LED currentis accurately
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monitored in order to reduce the likelihood of undesirable
failures that may occur in response to relatively high in-
rush current flowing into the drivers. The proposed sys-
tem and method provides selective inrush current control
in power sensitive application for LED drivers, displays,
and low power electronic devices in aircraft systems, au-
tomobiles and consumer electronics.

[0030] The architecture is shown via an embodiment
of LED driving circuit or system 100 which yields an LED
driver with greater efficiency than existing LED drivers.
The proposed topology can be configured in drive appli-
cations with multiple drivers where the power manage-
ment and monitoring is significant. For driving relatively
high-power or relatively low-power LEDs, a constant cur-
rent method may be used to achieve consistent lumi-
nance over the operating cycle. The present disclosure,
among other things and in various embodiments, solves
the problem of inrush current failures in one or more LED
drive configuration in which LED driving of other LEDs is
uninterrupted. A detection technique is arranged to iden-
tify an under-current condition or an over-current condi-
tion and to take protective action to reduce the likelihood
of a system failure and to reduce the likelihood of safety
hazards.

[0031] In mass production of LED lighting devices, the
possibility exists that at some point LED drivers tend to
sink greater inrush current than the specified value as a
result of degradation of the capacitor over time. This, in
effect, tends to damage the source if not managed prop-
erly. Such an overcurrent condition may cause an elec-
tronic device failure or other undesirable result in re-
sponse to electrical power being applied to the system.
Such asituationis undesirable, and the proposed method
will reduce the likelihood of such situations occurring for
various LED drive applications. The present disclosure
may be applied to any load (in place of an LED driver) to
limit in-rush current.

[0032] The present disclosure provides various bene-
fits and advantages over conventional systems. For ex-
ample, conventional systems tend to measure the current
level and to shut down the specific LED driver based on
the current level. However, before the control loop com-
pletes its routine, the driver may experience a fatal failure
duetoaninternal short circuit orincreased inrush current.
The present disclosure, on the other hand, will protect
against abnormal inrush current in an active clamp con-
figuration, followed by identification of such fault and cor-
rective action. This method ensures preventive failure
protection and isolates failed drivers from the circuit in
the case of failure.

[0033] The present disclosure further provides for the
seamless use and monitoring of multiple LED drivers that
each operate using differing current levels. The disclo-
sure further provides a failsafe control detection logic for
LED drive control. The disclosure includes a constant
current source that is enabled only during power-on
events which reduces undesirable power dissipation in
resistor. The disclosure provides for recording of any fail-
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ure or fault events for later diagnosis.

[0034] Referringnowto FIGS. 1and 2, ablock diagram
illustrates a system 200 for power control of a driver of
an electronic device. A circuit diagram illustrates a spe-
cificimplementation of the system 200 as another system
100. The system 200 (and system 100) includes a power
source 220 (120) that outputs a power signal. The system
200 (100) further includes a current control circuit 202
(102) that is designed to output a constant current signal.
The system 200 (100) further includes a failsafe logic
circuit 204 (104) which ensures proper operation of the
system 200 (100). The system 200 (100) also includes
a sensor 201 that detects an electrical value (e.g., a cur-
rent or a voltage) corresponding to operation of the sys-
tem 200 (100). The system 200 (100) further includes a
current source selection switch 208 (108) which selec-
tively provides current to each of a plurality of drivers 214
(114). The system 200 (100) also includes a controller
212 (112). The drivers 214 (114) may be designed to
power, or drive, an electronic device such as a light emit-
ting diode (LED). The system 200 (100) may be designed
to control or manage inrush current provided to the driv-
ers 214 at initial startup conditions.

[0035] The controller 212 (112) may include a logic de-
vice such as one or more of a central processing unit
(CPU), an accelerated processing unit (APU), a digital
signal processor (DSP), a field programmable gate array
(FPGA), an application specific integrated circuit (ASIC),
or any other device capable of implementing logic. In
various embodiments, the controller 212 (112) may fur-
ther include any non-transitory memory known in the art.
The memory may store instructions usable by the logic
device to perform operations as described herein.
[0036] The systems 100, 200 are designed to detect
relatively high inrush current or an open circuit or short
circuit to ground, and to interrupt such faults. The phrase
"LED driver modules" denotes a plurality of loads with
different input current ratings. A fault identification and
corrective mechanism is incorporated to periodically,
continuously, or from time to time measure the voltage
drop across metal oxide semiconductor field effect tran-
sistors (MOSFETs) M1, M2, M3, M6, M8, M10, M12 and
to isolate the faulty LED driver 214 from the system 100.
In the event of a change in voltage drop beyond a pre-
determined threshold level (i.e., due to increased inrush
current or a short circuit or open circuit), the controller
112 may trigger a fault control mechanism and record
the failure for diagnosis purpose.

[0037] The present disclosure provides a fault protec-
tion, identification, and corrective mechanism for an LED
driver and includes: the constant current source 102; the
failsafe control logic circuit 104; the sensor 201; the cur-
rent source selection switch 108; the selective current
control drive 106; MOSFET switches, and the plurality of
LED driver modules 214. Various voltage difference am-
plifiers are designed to operate as the sensor 201 by
detecting voltage levels across MOSFETSs (e.g., a volt-
age difference amplifier (or "drive voltage sensor") A15
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is designed to detect the voltage level across MOSFET
M6, and a voltage difference amplifier (or "source voltage
sensor") A1is designed to detect the voltage level across
MOSFET M1). The controller 112 is designed to compare
the detected voltage levels to reference or threshold volt-
age values that are stored in a memory of the controller
112 to indicate an increased inrush current or a short or
open circuit condition.

[0038] The inrush control circuits may incorporate a
current mirror (e.g., a combination of MOSFETs M4 and
M5, M5 may be a P-channel metal-oxide-semiconductor
(PMQOS)) that is driven according to a maximum current
allowed by each of LED driver 114. The current mirror
may be supplied with a voltage by a regulated voltage
source with 0.1 percent (0.1%) tolerance precision resis-
tor (Rref) to provide constant current. In FIG. 1, the con-
stant current source is controlled by the controller 112
via an NMOS switch (MOSFET M4) which saves power
during normal operation of driver modules. The constant
current source value can be varied by adjusting the re-
sistance of resistor Rref via digitally controlled means.
Inclusion of the variable resistor Rref may be optional.
Use of the variable resistor Rref may benefit the system
by automatically adjusting the current with regard to the
load, or to compensate for a tolerance of electronic com-
ponents (i.e., the LEDs) due to environmental disturbanc-
es. Use of the variable resistor Rref may result in more
accurate driving of the LEDs.

[0039] The constantcurrent control circuit includes the
field effect transistor (PMOS) M5 and the variable sense
resistor Rref. The illustrated circuit of FIG. 1 includes the
P-channel MOSFET current mirror as described above.
However, inclusion of the P-channel current mirror is not
meant to be limiting in any way, and in fact may be re-
placed with an N-channel MOSFET current mirror, a bi-
polar transistor, or any other electronically-controlled
switch without departing from the scope of the present
disclosure. In addition, the present disclosure utilizes the
constant current NMOS control to reduce power dissipa-
tion during steady state operation of the LED driver. The
NMOS switch is implemented to provide switching action
for the PMOS current mirror and vise-versa.

[0040] Furtheritis possible toincrease the width/length
(WI/L) ratio of the MOSFETs (M1, M2, and M3) that are
used in the constant current source 102 which increases
the current gain for a given Vgate. The W/L ratio is linked
to the trans-conductance and the current capability.
[0041] The fault protection, identification and correc-
tive mechanism includes a constant current source 102
drive, a current source selection switch 108, a PMOS
switch 106 (i.e., a selective current control drive), com-
parators 110, and the failsafe control logic circuit 104.
The comparators 110 receive signals from the input volt-
age as well as an LED string voltage. Reference to these
comparators are derived from the regulated voltage
source (Vref). In response to the input current reaching
or exceeding the operating threshold, the LED driver 114
will be set to an OFF state. The A7, A8, A9 comparators
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are connected in such a way that a non-inverting node
is connected to Vref and an inverting node is connected
to a bias voltage of the constant current source 102.
[0042] The ORing diodes D1/D6 and D2/D7 may act
as a bypass element during a combinational load drive
event. In particular, these diodes will act as a bypass
element from a selected source to another source to drive
the associated driver.

[0043] The output of the comparators 110 are fed to
set of inverter (INV) gates A3, A4, and A12, to an AND
gate A2, to a set/reset (SR) flip flop A20, to a NOR gate
A16, and to an OR gate A5, and is then provided to the
respective driver module 114. It is to be noted that a first
LED driver 116 is considered to consume an equivalent
current to that provided by the current source. Similarly
a second LED driver 118 is considered to consume a
greater amount of current than the first LED driver 116.
Similarly a third and a fourth LED driver are considered
to be identical and consume a same amount of current
as each other, and a greater amount of current than the
first and second LED drivers 116, 118.

[0044] A voltage sense signal is monitored across
MOSFETs M6, M8, M10, and M12 (or "drive transistors")
to detect a voltage difference in order to detect perform-
ance of the system 100. The current source enable/dis-
able switches (W1, W2, and W3) will provide a bias volt-
age to MOSFETs M1, M2, and M3; the switches W1, W2,
and W3 are controlled by the controller 112. Switch W1
may include a single pole double throw (SPDT) switch
with a single pole terminal connected to MOSFET M1
and double throw terminals connected to Vin and the
gate of MOSFET M5, respectively. The switches W2 and
W3 may include similar arrangements as that of switch
Wi1.

[0045] In a case of versatile input current for LED driv-
ers, the system 100 may be required to have different
current source in place to provide the required current.
In that regard and referring to FIG. 4, a system 400 may
be used as a portion of the system 100 of FIG. 1 and may
include a first current source 402 designed to provide a
first current and a second current source 404 designed
to provide a second current. Both the first current source
402 and the second current source 404 may output a
variable current value.

[0046] Returning reference to FIGS. 1A, 1B, 1C, 1D,
and 2, the present disclosure illustrates that drivers may
be based on a PMOS current source (MOSFETS M1,
M2, and M3, also referred to as source transistors) to
operate during a power-on condition to limit the current
to remain equal to or less than the maximum allowed
inrush current (i.e., to cause the current to remain at or
below an inrush threshold current), and the MOSFET M6
switch ("drive switch" or "drive transistor") will turn-on
after the specified time to provide steady state current
during normal operation with reduced power dissipation
between the drain and the source of the MOSFET to min-
imize power loss. During fault occurrences, the voltage
across the PMOS MOSFETS M6, M8, M10, and M12
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may increase above the threshold values, thus causing
the faulty LED driver 114 to be in an open circuit config-
uration. The input current for any LED driver 114 driver
may have any current value.

[0047] Referring specifically to FIGS. 1A, 1B, 1C, 1D,
the constant current source provides the required LED
drive current. The current mirror is designed in such a
way to provide a bias voltage for multiple PMOS current
source drivers. The LED driver modules 114 may be op-
erated in a combinational topology, thereby allowing
each driver module 114 to achieve continuous current
flow from the power supply regardless of the status of
other driver modules 114.

[0048] As a specific example, the first LED driver mod-
ule 116 may require 60 milliamps (mA) (nominal current)
and may be rated for an inrush current having 200mA for
150 microseconds. Furthermore, the second driver mod-
ule 118 may require 150mA (nominal current) and may
be rated for an inrush current of 400mA for 200 micro-
seconds. Also, the remaining driver modules 114 may
require 350mA (nominal current) and may be rated for
an inrush current of 600mA for 300 microseconds.
[0049] In the example, an applied voltage in (Vin) may
be 28 volts (V) (for example, the voltage source may be
from a DC-DC converter or from a regulated aircraft 28V
power), and the Rref value may be chosen to be 140
ohms. The switches W1, W2, and W3 may receive the
bias voltage for the current source drive and may be con-
trolled by the controller 112 with an enable and a disable
function. The current source drive MOSFETS M1, M2,
and M3 are not limited to the specific configuration de-
scribed herein, and may be extended to 'n’ drives. During
operation of MOSFETS M1, M2, and M3, the switches
M6, M8, M10, and M12 are kept disabled state by set of
logic gates A14, A5, A23, A19, A16, and A20. The pro-
posed logicis implemented to ensure reduced power dis-
sipation due to constant current drive. Comparators A7,
A8, and A9 may be configured to output logic HIGH or
LOW when switches W1, W2, and W3 enabled and dis-
abled, respectively. If switch W1 is enabled then compa-
rator A7 may output logic HIGH (the operation may be
the same for logic gates A8 and A9).

[0050] Next, assume that the first drive module 116 is
to be enabled. The controller 112 will enable switch W1
and in turn provide a bias voltage for PMOS M1. In this
example, the maximum current that can be sourced by
PMOS M1 may be 200mA, and the steady state current
required by the first LED driver module 116 is 60mA and
the start-up current of the first LED driver module 116 is
200mA for 150 microseconds. The PMOS M1 is enabled
for 150 microseconds and then the PMOS switch M6 is
enabled during steady state operation to reduce power
dissipation in MOSFET M1 and the resistance of Rref.
When MOSFET M6 is enabled, the current source sec-
tion is redundant and the voltage difference amplifier A15
will sense the Rds_on voltage drop across the MOSFET
M6 switch. The controller 112 may then compare the de-
tected current with a preset acceptable range to detect
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errors for the respective LED drive modules 114. During
steady state operation, the voltage tolerance limit may
be set to be approximately 60mA plus or minus 10 per-
cent (e.g., driver module 1 116) of a voltage correspond-
ing to a normal current supplied from the power source
to the driver module 114.

[0051] The failsafe logic gates A2, A3, A4 will provide
a logic HIGH; if switch W1 is enabled, switch W2 is dis-
abled, and switch W3 is disabled. Then, the logic gate
A14 will receive an input from logic gate A2 and from the
DEMUX block. The output of gate A14 is fed to an OR
gate A5. Inverter logic A23 will receive the input from
gate A2, and the output of gate A23 is fed to an AND
gate A19. The output of the gate A19 is fed to an OR
gate A5 and to a MOSFET M7. Further, a NOR gate A16
will receive input from the DEMUX and Reset (Active
low). Output of NOR gate is fed to reset pin of SR flip flop
A20. The set input of SR flip flop receives input from
DEMUX logic. Output (Q) of SR flip flop provide input to
A19.

[0052] Benefits and other advantages have been de-
scribed herein with regard to specific embodiments. Fur-
thermore, the connecting lines shown in the various fig-
ures contained herein are intended to represent exem-
plary functional relationships and/or physical couplings
between the various elements. It should be noted that
many alternative or additional functional relationships or
physical connections may be present in a practical sys-
tem. However, the benefits, advantages, and any ele-
ments that may cause any benefit or advantage to occur
or become more pronounced are not to be construed as
critical, required, or essential features or elements of the
disclosure. The scope of the disclosure is accordingly to
be limited by nothing other than the appended claims, in
which reference to an element in the singular is not in-
tended to mean "one and only one" unless explicitly so
stated, but rather "one or more." Moreover, where a
phrase similar to "at least one of A, B, or C" is used in
the claims, it is intended that the phrase be interpreted
to mean that A alone may be presentin an embodiment,
B alone may be present in an embodiment, C alone may
be present in an embodiment, or that any combination
of the elements A, B and C may be present in a single
embodiment; for example, A and B, A and C, B and C,
or Aand BandC.

[0053] Systems, methods and apparatus are provided
herein. In the detailed description herein, references to
"various embodiments", "one embodiment", "an embod-
iment", "an example embodiment", etc., indicate that the
embodiment described may include a particular feature,
structure, or characteristic, but every embodiment may
not necessarily include the particular feature, structure,
or characteristic. Moreover, such phrases are not nec-
essarily referring to the same embodiment. Further, when
a particular feature, structure, or characteristic is de-
scribed in connection with an embodiment, it is submitted
that it is within the knowledge of one skilled in the art to
affect such feature, structure, or characteristic in connec-
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tion with other embodiments whether or not explicitly de-
scribed. After reading the description, it will be apparent
to one skilled in the relevant art(s) how to implement the
disclosure in alternative embodiments falling within the
scope of the claims.

Claims

1. A system for controlling power provided to an elec-
tronic device, the system comprising:

a driver (214) configured to drive the electronic
device and having an on state and an off state;
a sensor (201) configured to detect detected
electrical data corresponding to electricity pro-
vided to the driver; and

a controller (212) configured to compare the de-
tected electrical data to a threshold electrical val-
ue and to determine a fault conditioninresponse
to the detected electrical data being greater than
or equal to the threshold electrical value and to
turn the driver to the off state in response to the
controller determining the fault condition.

2. The system of claim 1, further comprising a current
source (102) configured to output a constant current
to the driver.

3. The system of claim 2, wherein the current source
includes a variable resistor having a resistance, and
the controller is further configured to adjust the re-
sistance of the variable resistor to control an ampli-
tude of the constant current.

4. The system of any preceding claim, further compris-
ing a second driver (118) configured to drive a sec-
ond electronic device, wherein the electronic device
and the second electronic device are configured to
be driven using different current values.

5. The system of claim 1, further comprising a current
source having a source transistor configured to out-
putaninrush current, wherein the controller is further
configured to control the source transistor to output
the inrush current to the driver for a first period of
time upon enabling the driver and to turn off the
source transistor after the first period of time, the first
period of time corresponding to an inrush period, and
optionally wherein the sensor includes a source volt-
age sensor and the detected electrical data corre-
sponds to a source voltage across the source tran-
sistor.

6. The system of claim 5, further comprising a drive
switch having a drive transistor that is configured to
output a steady state current, wherein the controller
is further configured to control the drive transistor to
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output the steady state current after the first period
of time, wherein the inrush current is greater than
the steady state current, and optionally wherein the
sensor includes a drive voltage sensor and the de-
tected electrical data corresponds to a drive voltage
across the drive transistor.

The system of claim 6, wherein the controller is fur-
ther configured to turn the driver by turning off the
drive transistor.

The system of claim 7, further comprising a flip flop
coupled to the drive transistor and to the controller,
wherein the controller is configured to turn off the
drive transistor by transmitting at least one of a set
or a reset signal to the flip flop.

A system for controlling power provided to an elec-
tronic device, the system comprising:

acurrentsource (102) having a source transistor
configured to output an inrush current;

a drive switch (M6) having a drive transistor that
is configured to output a steady state current;
a driver (214) configured to drive the electronic
device and having an on state and an off state;
and

a controller (212) configured to:

control the source transistor to output the
inrush current to the driver for a first period
of time upon enabling the driver,

turn off the source transistor after the first
period of time, the first period of time corre-
sponding to an inrush period, and

control the drive transistor to output the
steady state current after the first period of
time, the inrush current being greater than
the steady state current.

10. A method for controlling power provided to an elec-

tronic device, the method comprising:

detecting, by a sensor, detected electrical data
corresponding to electricity provided to a driver
that is configured to drive the electronic device;
determining, by a controller, a fault condition in
response to the detected electrical data being
greater than or equal to a threshold electrical
value; and

turning, by the controller, the driver to an off state
in response to determining the fault condition.

11. The method of claim 10, further comprising control-

ling, by the controller, a resistance of a variable re-
sistor in a current source to adjust an amplitude of a
constant current provided to the driver.
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13.

14.

15.
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The method of claim 10 or 11, further comprising:

detecting, by a second sensor, second detected
electrical data corresponding to electricity pro-
vided to a second driver that is configured to
drive a second electronic device;

determining, by the controller, a second fault
condition in response to the second detected
electrical data being greater than or equal to a
second threshold electrical value;

turning, by the controller, the second driver to
an off state in response to determining the sec-
ond fault condition, and

wherein the electronic device and the second
electronic device are configured to be driven us-
ing different current values.

The method of claim 10, 11 or 12, further comprising:

controlling, by the controller, a source transistor
to output an inrush current to the driver for a first
period of time upon enabling the driver; and
controlling, by the controller, the source transis-
tor to cease outputting the inrush current to the
driver after the first period of time, the first period
of time corresponding to an inrush period, and
optionally wherein detecting the detected elec-
trical data includes detecting, by a source volt-
age sensor, a source voltage across the source
transistor.

The method of claim 13, further comprising control-
ling, by the controller, a drive transistor of a drive
switch to output a steady state current after the first
period of time, wherein the inrush current is greater
than the steady state current, and optionally wherein
detecting the detected electrical data includes de-
tecting, by a drive voltage sensor, a drive voltage
across the drive transistor.

The method of claim 14, wherein turning the driver
to the off state includes turning off the drive transistor,
and optionally wherein turning the driver to the off
state includes transmitting, by the controller, at least
one of a set or a reset signal to a flip flop coupled to
the drive transistor.

10

15

20

25

30

35

40

45

50

55

14



EP 4110 017 A1

J1O14 NO d3NNILINOD

e VIOl
| x> !
x g
— | =5
o | = |
Q T S |
= - =3 |
W: | | = K/_ ..c_>" ®  90IN0S Jomod
() oy bs S \
o ! s !
= _ | 0zl
o -
9] 0/l O/l Ol
oW 19584 — 0l P
_ on
u TH1D
| O/l
|
| | Ol
_ ] o]l
| | ! Y
[ " ! ! me |
; .M —<g[I7} e | ws@mxw
| K |
A m W@,‘ | |eouesl0} %1 0 FHO
| %
| 0l _ o _M
nnnnnnnnnn | G o
P M 0790Y GO}
- ~ lopuod/Buiuig 00}



EP 4110 017 A1

@17914 NO d3NNILNOD

a9l B . .
" |
- .
| “ < _
L o
L19GNI o =
10 T %
| =
" " ¢NI MS m
_ _ =
L =
NI¥Md o S
g | N3 o .m
. ¢ATNAOW Tz 1ohuo) : _
A310L) yaana a1 Ui KE | C
/ _ ! |
LIBGN | |
8l _ 0 H 1059y
T8 o b gy
| o o INT MS
|
] N | WPA e 6y ey | __
! ! T e, s
1434
m@mm:om L 3INAON Ty omuoy S
dIAEA 3T |Buwwig L HOLIMS " _
i w&m;a)o« oL UNJdD VS Tvd {

P

7l

10



EP 4110 017 A1

P T

a1'914 NO d3NNILNOD

LY

XNN3d

o1 9ld

Eled

SSaIppy

Y1914 IWO¥4 G3NNILNOD

1"



EP 4110 017 A1

dl old

—

sbuing
agnoL

¥ IINACW

MIANA 031 |Buwig

R S ]

sbuing
agnoL

€ I1NAON

¥IANA A3 |bunuwng

llllllllllllllllllllllllllll $
0d 1988y
e A _ ._
v YN MS ,
—
0Jjuo
¥ [0/U0D :.mi
o
{1
=
O
o
| L
DWMZ F_ 40y 1050Y] -
80 | | AN - =
_ mﬂm 7Y eNIMS| | &
| § Q
| 0gY Iy A | o,
| 62y _
¢ [0ju0) _
|
|
- - b

g1"914 WOYd G3NNILNOD

12



EP 4110 017 A1

gle

9l¢

¢ Old

Ui
¢ 31NAOW A
NETNeEL] >
yanaon | LUA
NI 037 [ .
UIA
¢ IO
YIAA 03T = Nm ON/N
B H / T04INOD
NELaRER " 7 INTEHND .lcﬂ J38N0S "3aMOd
L TINGON | s
NETINeReER Aﬂv xm wﬁ :m Nm
109LNOD HOLIMS NOILO3 T3S
UA 9190734vSTIv4|  [308N0S INTWND dOSN3S d3TI0dINGD

1474

L

!

/

00¢

13



EP 4110 017 A1

INPUT THE CONTROLLER WITH DRIVER 300 300
CURRENT THRESHOLD LIMITS /./
INITIALIZE THE SYSTEM ~— 304
APPLY POWER TO THE DESIGNATED DRIVER | ~—306
MODULES -~
DETECT DATA —~— 308
~—310
AWAIT FOR FAULT OCCURRENCE
312
FAULT NO
DETECTED
[VES
DISABLE THE RESPECTIVE LEDMODULE ~ [~—314
CLEAR FAULTAFTER PARTICULAR INTERVAL | __34g
(CONSIDERING ERROR TRIGGER)
NO FAULT
DETECTED 318 399
? 320 /
YES /
DISABLE THE RESPECTIVE
LED MODULE ENABLE

RECORD FAULT DETAILS FOR DIAGNOSIS | [53/C PERMANENTLY

FIG.3

14

FROM CONTROLLER




EP 4110 017 A1

7' Old

o
ON 1419

O o1 on

! !
& | wogo«ﬁ_ e
Py _ 1)) ¥ |
M | | g0v90Y
o1t |20 |
!
oM _o oouRIR0l bgpy |
| %0 |
I m_>_ I |
| lovov _
e S ol G _
g AN _ L0¥90V!
\&/ \ e Uttt .
IM (4414

00y

15



10

15

20

25

30

35

40

45

50

55

EP 4110 017 A1

9

des

Europdisches
Patentamt

European
Patent Office

Office européen

brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 22 18 0452

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X US 2020/367338 Al (SENGODAN RAJKUMAR [IN]) |1-15 INV.
19 November 2020 (2020-11-19) HO5B45/50
* [0019]- [0031]; HO5B45/345
figure 1la * HO5B47/20
————— HO5B47/25
X WO 2021/026351 Al (HUBBELL INC) 1,10

11 February 2021 (2021-02-11)

* [0016], [0017], [0020], [0026]-[0032],
[0042];

figures 1-4 *

TECHNICAL FIELDS
SEARCHED  (IPC)

HO5B
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 11 November 2022 Garavini, Elisa

CATEGORY OF CITED DOCUMENTS

T
E
X : particularly relevant if taken alone
Y : particularly relevant if combined with another D : document cited in the application
L : document cited for other reasons

document of the same category
A :technological background

: theory or principle underlying the invention

: earlier patent document, but published on, or

after the filing date

O : non-written disclosure & : member of the same patent family, corresponding

P :inte

rmediate document document

16




EP 4110 017 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 22 18 0452

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

11-11-2022
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2020367338 Al 19-11-2020 EP 3740041 A1 18-11-2020
uUs 2020367338 Al 19-11-2020
WO 2021026351 Al 11-02-2021 uUs 2022272813 Al 25-08-2022
WO 2021026351 Al 11-02-2021

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

17



	bibliography
	abstract
	description
	claims
	drawings
	search report

