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LIGHT EMITTING DIODE (LED) DRIVER
HAVING DIRECT REPLACEMENT CAPABILITIES

Technical Field

[0001] The present disclosure relates generally to a driver circuit for powering a load, and
more particularly to a driver circuit connectable to a fluorescent ballast including over

current, over temperature, and over voltage protection.

Background

[0002] Light emitting diode (LED) based lighting systems may offer several energy and
reliability advantages over other types of lighting systems such as, for example,
incandescent or fluorescent lighting. Thus, LED based lighting systems may be used to
replace other existing lighting technologies. Fluorescent tube lighting has historically been
a significant source of illumination 1n many applications, particularly in commercial
markets, for a number of reasons. However, fluorescent lights are typically unable to run
directly from alternating current (AC). To make fluorescent lighting practical and
relatively easy to use, a ballast may be placed between AC mains power and a fluorescent

tube light 1n order to control and regulate the voltage, current and power.

[0003] Conversion from fluorescent tube lighting to newer technologies, such as LED
based lighting systems, may become costly due to characteristics that are fundamentally
associated with fluorescent lighting. In particular, conversion from fluorescent tube
lighting to LED tube lighting usually requires the fluorescent tube light and as well as the
ballast used to control power to the fluorescent tube light to be removed first. Then the
LED tube light, which does not typically require a ballast, 1s subsequently installed. Some
individuals may find 1t cumbersome and time consuming to remove the ballast first before
the LED tube light may be installed. Accordingly, there 1s a continuing need in the art for
an more efficient approach to retrofit fluorescent tube lighting with LED tube lighting.

Summary

[0004] In one embodiment, a driver circuit for powering a load 1s disclosed. The driver
circuit includes an 1input for connection to a ballast, a rectifier, a switch, and a fault circuat.
The rectifier converts AC power received from the input into DC power. The rectifier

includes a rectifier input. The switch 1s electrically connected to the rectifier input. The



switch 1s activated to create a short circuit at the rectifier inputs 1n response to receiving an
activation signal. The fault circuit 1s electrically connected to the switch. The fault circuit
generates the activation signal 1n response to detecting at least one of an over voltage, an

over temperature, and an over current condition of the driver circuit.

[0005] In another embodiment, a driver circuit for powering a load 1s disclosed. The
driver circuit includes an input for connection to a ballast, a rectifier, a switch, a fault
circuit, and a charge pump circuit. The rectifier converts AC power recetved from the
input into DC power. The rectifier includes a rectifier input. The switch 1s electrically
connected to the rectifier input. The switch 1s activated to create a short circuit at the
rectifier inputs 1n response to recetving an activation signal. The fault circuit 1s electrically
connected to the switch. The fault circuit generates the activation signal 1n response to
detecting at least one of an over voltage, an over temperature, and an over current condition
of the dniver circuit. The charge pump circuit provides substantially constant DC current to

the fault circuit.

[0006] In yet another embodiment, a lighting system 1s disclosed. The lighting system
includes a fluorescent ballast, a light emitting diode (LED) tube light, and a driver circuit
for powering the LED tube light. The driver circuit includes an 1nput for connection to a
ballast, a rectifier, a switch, and a fault circuit. The rectifier converts AC power received
from the input into DC power. The rectifier includes a rectifier input. The switch 1s
electrically connected to the rectifier input. The switch 1s activated to create a short circuit
at the rectifier inputs in response to recerving an activation signal. The fault circuit 1s
electrically connected to the switch. The fault circuit generates the activation signal 1n
response to detecting at least one of an over voltage, an over temperature, and an over

current condition of the driver circuit.

Brief Description of the Drawings

[0007] FIG. 11s an exemplary block diagram of a lighting system including a driver

circuit for providing DC current to a load;

[0008] FIGS. 2A-2B are an exemplary circuit diagram of the driver circuit shown in FIG.

1, where the circuit includes a switch that 1s a silicon controlled rectifier (SCR);



[0009] FIGS. 3A-3B are an alternative embodiment of the circuit diagram shown 1n
FIGS. 2A-2B, where the switch shown 1n FIG. 2A 1s a metal-oxide-semiconductor field-

effect transistor (MOSFET) and the driver circuit includes a latching circuit; and

[0010] FIGS. 4A-4B are an alternative embodiment of the circuit diagram shown 1n

FIGS. 3A-3B, where the switch 1s a SCR.

Detailed Description

[0011] The following detailed description will 1llustrate the general principles of the
invention, examples of which are additionally illustrated 1n the accompanying drawings. In

the drawings, like reference numbers indicate 1dentical or functionally similar elements.

[0012] FIG. 1 1s an exemplary block diagram of a lighting system 8 including a driver
circuit 10 electrically connected to a fluorescent ballast 12. The drniver circuit 10 provides
DC current to aload 18. In the embodiment as illustrated, the load 18 1s a light emitting
diode (LED) tube light. However, 1t 1s to be understood that the disclosed driver circuit 10
may be used to power any other type of load requiring DC power as well. The driver
circuit 10 may include a pair of power input lines 20 for connection to the fluorescent
ballast 12. The fluorescent ballast 12 may be electrically connected to a source (not
shown) of AC power such as, for example, main power lines at a nominal 120 volts AC.
The fluorescent ballast 12 may be used to control and regulate voltage, current and power
to a fluorescent tube light (not 1llustrated). As explained in greater detail below, the driver
circuit 10 eliminates the need for removing the fluorescent ballast 12 of the lighting system
8 when a fluorescent tube light (not 1llustrated) 1s replaced by solid state lighting (1.e., a
LED tube light).

[0013] FIGS. 2A-2B are an exemplary circuit diagram of the driver circuit 10 shown in
FIG. 1. Referring to FIGS. 1-2A, the driver circuit 10 includes two current limiting
capacitors C1 and C2 (shown in FIG. 2A), a rectifier 26, a DC filter 28, a protection circuit
30, a charge pump circuit 32, an over voltage circuit 34, an over temperature circuit 36, and
an over current circuit 38. The over voltage circuit 34, the over temperature circuit 36, and
the over current circuit 38 are part of a fault circuit 42 used to turn off or stop power from
flowing through the driver circuit 10 during a fault condition, which 1s explained 1n greater

detail below. The rectifier 26 may be in electrical communication with the current limiting



capacitors C1 and C2, and converts incoming AC power from the fluorescent ballast 12 to
a pulsing DC power. Although the rectifier 26 1s shown as a full wave diode bridge
rectifier, those skilled in the art will readily appreciate that any type of full wave rectifier

may be used as well.

[0014] The output of the rectifier 26 may be 1n electrical communication with the DC
filter 28. In the exemplary embodiment as shown in FIGS. 2A-2B, the a DC filter 28 may

include a capacitor C6. Those of ordinary skill in the art will readily appreciate that the
capacitor C6 may be an electrolytic capacitor that acts as a smoothing capacitor.
Specifically, the capacitor C6 may be used to smoothen or reduce the amount of ripple in
the DC power provided by the rectifier 26 such that relatively steady DC power may be

provided to the remaining components within the driver circuit 10.

[0015] The protection circuit 30 may include two diodes D5 and D6, a switch Q1, and a
resistor R1. The switch Q1 includes an anode A and a cathode C, where the anode A 1s
electrically connected to inputs 44 of the rectifier 26 and the diodes D5 and D6 direct
current 1nto the anode A of the switch Q1. A gate G may of the switch Q1 may be
electrically connected to the fault circuit 42. As explained in greater detail below, in
response to detecting a fault condition, the fault circuit 42 generates an activation signal 48
that 1s applied to the gate G of the switch Q1, thereby activating the switch Q1. Once the
switch Q1 1s activated, a short circuit condition may be created within the rectifier 26.
Specifically, the switch Q1 may create a short circuit at the inputs 44 of the rectifier 26 1n

response to recerving the activation signal 48 from the fault circuit 42.

[0016] In the non-limiting embodiment as shown 1n FIG. 1, the switch Q1 1s a silicon
controlled rectifier (SCR), which 1s also referred to as a thyristor. However, 1t 1s to be
understood that the switch Q1 1s not limited to an SCR, and that other types of switching
clements activated by the fault circuit 42 may be used as well. For example, 1in the
embodiment as shown 1n FIGS. 3A-3B, the switch Q1 1s a metal oxide semiconductor
field-effect transistor (MOSFET). Referring back to FIGS. 2A-2B, those of ordinary skill
1n the art will appreciate that once activated, the SCR Q1 may remain activated until
current flowing through the SCR Q1 drops below a respective holding current of the SCR
Q1. In one non-limiting embodiment, the holding current of the SCR Q1 1s about 2 mA.



[0017] Referring to FIGS. 1-2B, the charge pump circuit 32 provides substantially
constant DC current to the over voltage circuit 34, the temperature circuit 36, and the over
current circuit 38 of the fault circuit 42. In the embodiment as shown 1n FIGS. 2A-2B, the
charge pump circuit 32 may include capacitors C3 and C4, a diode D7 and a zener diode
D8. The capacitor C3 may be used to limit current to the zener diode D8. The zener diode
D8 may be used to regulate voltage provided by the charge pump circuit 32. For example,
1n one approach the zener diode D8 may be used to limit the voltage provided to the fault
circuit 42 to about 6.2 Volts. The diode D7 provides rectification and maintains a charge
on capacitor C4. The diode D7 also blocks current flow from discharging the capacitor C4
1f the voltage across the zener diode D8 drops below a power supply voltage V¢c of the
circuit 10. In one embodiment, power supply voltage V¢c 1s about 5.6 Volts, however it 1s

to be understood that this voltage 1s merely exemplary in nature.

[0018] The reference voltage circuit 41 1includes two resistors R2 and R3 that form a
voltage divider and a capacitor C5. The reference voltage circuit 41 generates a reference
voltage Vs which 1s used by the fault circuit 42 as a reference value 1n order to detect the
fault condition. The fault condition may be at least one of the following: an over voltage
condition, an over temperature condition, or an over current condition of the driver circuit
10. In one exemplary embodiment the over voltage condition 1s triggered 1f a bus voltage
B+ of the driver circuit 10 exceeds 400 Volts, the over temperature condition 1s triggered 1f
a temperature of a driver board of the driver circuit 10 (not 1llustrated) exceeds 110°C, and

the over current condition 1s triggered 1f current flowing out of the load 18 exceeds 350

mA.

[0019] The over voltage circuit 34 of the fault circuit 42 includes a voltage sensing circuit
50, a comparator UlA, a resistor RO electrically connected to the power supply voltage
Ve, and a diode D9. The voltage sensing circuit 50 may include a capacitor C7 as well as

resistors RS, R6, and R7. The resistors R6 and R7 create a voltage divider circuit. The bus

voltage +B of the driver circuit 10 may flow from the rectifier 26, through the voltage

sensing circuit 50, and 1s received by a positive input of the comparator UTA.

[0020] The reference voltage V.t generated by the reference voltage circuit 41 1s
received by a negative input of the comparator UTA. An output 58 of the comparator U1 A

goes high and generates the activation signal 48 1n response to the bus voltage +B



exceeding the reference voltage Vi.r. The output 58 of the comparator U1A 1s electrically
connected to the gate G of the switch Q1. The activation signal 48 turns the switch Q1 on,

thereby creating a short circuit condition within the rectifier 26.

[0021] Continuing to refer to FIGS. 2A-2B, the over temperature circuit 36 includes a
temperature sensing circuit 60, a comparator U1B, a resistor R10 electrically connected to
the power supply voltage Vcc, and diode D10. The temperature sensing circuit 60 may
include a capacitor C8 as well as a resistor R8 and a temperature sensing resistor PTCI.
The resistor R8 and the temperature sensing resistor PTC1 create a voltage divider. In the
embodiment as shown, the temperature sensing resistor PTCI1 1s a positive temperature
coefficient resistor (PTC) resistor. The temperature sensing resistor PTC1 may be used to

detect the temperature of the driver board (not illustrated) of the driver circuit 10.

[0022] As the temperature of the driver board increases, the resistance of the temperature
sensing resistor PTC1 increases accordingly, thereby increasing voltage across the
temperature sensing resistor PTC1. The voltage across the temperature sensing resistor
PTC1 1s received by a positive input of the comparator UIB. The reference voltage Vier
generated by the reference voltage circuit 41 1s received by a negative input of the
comparator UIB. An output 58 of the comparator U1B goes high and generates the
activation signal 48 1n response to the voltage across the temperature sensing resistor PTC1
exceeding the reference voltage Vi.r. The output 68 of the comparator U1B 1s electrically
connected to the gate G of the switch Q1. The activation signal 48 turns the switch Q1 on,

thereby creating a short circuit condition within the rectifier 26.

[0023] The over current circuit 38 includes a current sensing circuit 70, a comparator
UIC, aresistor R11 electrically connected to the power supply voltage V¢, and diode
D11. The current sensing circuit 70 may include a capacitor C9 as well as resistors R4,
R14, and R15. The current sensing circuit 70 may detect current flowing out of the load 18
(FIG. 1). Specifically, in the embodiment as shown in FIGS. 2A-2B, the load 18 1s one or
more LEDs (not illustrated). Current flowing from one of the outputs 74 of the driver
circuit 10 may flow through the resistors R4, R14, and R15, and 1s developed into an over
current voltage that 1s received by a positive input of the comparator UIC. The over
current voltage 1s indicative of the current flowing from the output 74 of the driver circuit

10 (1.e., the over current voltage 1s based on current flowing out of the LEDs). The



reference voltage Vs generated by the reference voltage circuit 41 1s received by a
negative input of the comparator UIC. An output 78 of the comparator U1C goes high and
generates the activation signal 48 1n response to the over current voltage exceeding the
reference voltage V. The output 78 of the comparator U1C 1s electrically connected to
the gate G of the switch Q1. The activation signal 48 turns the switch Q1 on, thereby

creating a short circuit condition within the rectifier 26.

[0024] In the embodiment as shown in FIGS. 2A-2B, the over voltage circuit 34, the
temperature circuit 36 and the over current circuit 38 each include comparators U1 A, U1B,
and U1C for providing fault protection. However, those of ordinary skill in the art will
appreciate that other types of circuitry, such as transistors, may be used instead. Moreover,
a resistor R12 and a capacitor C13 may be electrically connected to the output 58, 68, and
78 of each respective comparator UlA, U1B, and UIC. The resistor R12 creates a voltage

divider circuit with resistors R9, R10, and R11. The capacitor C13 1s a filter capacitor.

[0025] FIGS. 3A-3B are an alternative embodiment of a driver circuit 100. The driver
circuit 100 shown 1n FIGS. 3A-3B are substantially similar to the driver circuit 10
1llustrated in FIGS. 2A-2B, except that the switch Q1 has been replaced with a MOSFET,
the fault circuit 42 now i1ncludes a latching circuit 102, and the current sensing circuit 70
includes an extra resistor R16 located at the output 74 of the driver circuit 100. In the non-
[imiting embodiment as shown, the MOSFET 1s an n-channel MOSFET. Those of ordinary

skill 1n the art will appreciate that a MOSFET may result in lower cost when compared to

an SCR.

[0026] The latching circuit 102 may be used to hold the fault condition detected by the
over voltage circuit 34, the temperature circuit 36, or the over current circuit 38. In the
embodiment as shown 1n FIGS. 3A-3B, the latching circuit 102 includes a resistor R12, a
capacitor C14, a diode D12, and a comparator U1D. The activation signal 48 generated by
the over voltage circuit 34, the temperature circuit 36, or the over current circuit 38 1s sent
to a positive input of the comparator UID. The reference voltage Vs generated by the
reference voltage circuit 41 1s recetved by a negative input of the comparator U1D. When
the activation signal 48 1s created (1.e., the fault condition 1s detected), then the voltage at
the positive input of the comparator UID exceeds the reference voltage V. Accordingly,

an output 108 of the comparator U1D goes high (i.e., the activation signal 48 1s present at



the output 108 of the comparator U1D). The output 108 of the comparator U1D 1s
electrically connected to the gate G of the switch Q1. The activation signal 48 turns the

switch Q1 on, thereby creating a short circuit condition within the rectifier 26.

[0027] FIGS. 4A-4B are yet another embodiment of a driver circuit 200. The driver
circuit 200 shown 1n FIGS. 4A-4B are substantially similar to the driver circuit 100 shown
in FIGS. 3A-3B, except that the switch Q1 1s an SCR, thereby resulting in fewer electrical
components included within the driver circuit 200. Specifically, referring to FIGS. 3A, 3B,
4A and 4B, the driver circuit 200 does not include a diode electrically connected to the
outputs of comparators UlA, UlB, and U1C (1.e., diodes D9, D10, and D11). The driver
circuit 200 also does not include a capacitor electrically connected to the outputs of
comparators UlA, U1B, and U1C (1.e., capacitors C11, C10, and C12). The driver circuit
200 also includes only a single resistor R9 electrically connected to the outputs of
comparators UIA, UlIB, and U1C (resistors R10 and R11 have been omitted from the
driver circuit 200). Moreover, the resistor R16 of the current sensing circuit 70 has been
omitted 1n the driver circuit 200. The latching circuit 102 of the driver circuit 200 also

does not include a resistor 12 or the diode D12.

[0028] Those of ordinary skill in the art will appreciate that although MOSFETSs usually
result in lower cost, utilizing an SCR for the switch Q1 may result in fewer components,
which 1n turn may result in decreased complexity and lower overall costs. Furthermore,
those of ordinary skill in the art will also appreciate that a non-sensitive gate SCR may be

used within the driver circuit 200 as well 1n order to reduce component costs.

[0029] The disclosed circuit 10 as illustrated in FIGS. 1-4B and described above provides
a relatively low-cost, precise approach for driving LED lighting, and also eliminates the
need for removing the fluorescent ballast in the event a fluorescent tube light 1s replaced by
solid state lighting, such as an LED tube light. Specifically, the high frequency
rectification and fault protection provided by the disclosed circuit 10 eliminates the need to

remove the fluorescent ballast and provide a replacement driver.

[0030] While the forms of apparatus and methods herein described constitute preferred

embodiments of this invention, 1t 1s to be understood that the invention 1s not limited to



these precise forms of apparatus and methods, and the changes may be made therein

without departing from the scope of the invention.



What 1s claimed 1s:

1. A drniver circuit for powering a load, comprising:
an 1nput for connection to a ballast;

a rectifier for converting AC power recerved from the input into DC power, the

rectifier including a rectifier input;

a switch electrically connected to the rectifier input, wherein the switch 1s activated
to create a short circuit at the rectifier inputs in response to recerving an activation signal;

and

a fault circuit electrically connected to the switch, wherein the fault circuit
generates the activation signal 1n response to detecting at least one of an over voltage, an

over temperature, and an over current condition of the driver circuit.

2. The driver circuit recited 1n claim 1, comprising a charge pump circuit for providing

substantially constant DC current to the fault circuat.

3. The driver circuit recited 1n claim 2, wherein the charge pump circuit includes a
first capacitor and a zener diode, wherein the first capacitor limits current to the zener

diode and the zener diode limits a voltage provided to the fault circuit.

4. The dniver circuit recited 1in claim 3, wherein the charge pump circuit includes a
second capacitor and a diode, wherein the diode provides rectification and maintains a

charge on the second capacitor.

5. The driver circuit recited 1n claim 1, comprising a reference voltage circuit
generating a reference voltage, wherein the reference voltage 1s used by the fault circuit as
a reference value to determine the over voltage, the over temperature, and the over current

condition of the driver circuit.

6. The driver circuit recited 1n claim 5, wherein the fault circuit compares a bus
voltage of the driver circuit with the reference voltage, and generates the activation signal

1n response to the bus voltage exceeding the reference voltage.

10



7. The driver circuit recited 1n claim 5, wherein the fault circuit includes a temperature

sensing circuit for detecting a temperature of a driver board of the driver circuit.

8. The driver circuit recited 1n claim 7, wherein the fault circuit generates the
activation signal 1n response to a voltage across the temperature sensing resistor exceeding

the reference voltage.

9. The driver circuit recited 1n claim 5, comprising a current sensing circuit for
detecting current flowing out of the load and creating an over current voltage based on the

current flowing out of the load.

10. The driver circuit recited 1n claim 9, wherein the fault circuit generates the

activation signal 1n response to the over current voltage exceeding the reference voltage.

11. The driver circuit recited 1in claim 1, wherein the switch 1s a silicon controlled
rectifier (SCR).
12. The driver circuit recited 1in claim 1, wherein the switch 1s a metal-oxide-

semiconductor field-etfect transistor (MOSFET).

13.  The driver circuit recited 1n claim 1, comprising a latching circuit for holding a fault

condition detected by the fault circuit.
14. A dniver circuit for powering a light emitting diode (LED) tube light, comprising:
an input for connection to a ballast;

a rectifier for converting AC power recerved from the input into DC power, the

rectifier including a rectifier input;

a switch electrically connected to the rectifier input, wherein the switch 1s activated

to create a short circuit at the rectifier inputs in response to receiving an activation signal;

a fault circuit electrically connected to the switch, wherein the fault circuit
generates the activation signal 1n response to detecting at least one of an over voltage, an

over temperature, and an over current condition of the driver circuit; and

11



a charge pump circuit for providing substantially constant DC current to the fault

circuit.

15. The driver circuit recited 1in claim 14, wherein the charge pump circuit includes a
first capacitor and a zener diode, wherein the first capacitor limits current to the zener

diode and the zener diode limits a voltage provided to the fault circuit.

16. The driver circuit recited 1in claim 15, wherein the charge pump circuit includes a
second capacitor and a diode, wherein the diode provides rectification and maintains a

charge on the second capacitor.

17. The dniver circuit recited in claim 14, comprising a reference voltage circuit
generating a reference voltage, wherein the reference voltage 1s used by the fault circuit as
a reference value to determine the over voltage, the over temperature, and the over current

condition of the driver circuit.

18.  The dniver circuit recited 1n claim 17, wherein the fault circuit compares a bus
voltage of the driver circuit with the reference voltage, and generates the activation signal

1n response to the bus voltage exceeding the reference voltage.

19. The driver circuit recited 1n claim 17, wherein the fault circuit includes a
temperature sensing circuit for detecting a temperature of a driver board of the driver

circuit.

20. The driver circuit recited 1in claim 19, wherein the fault circuit generates the
activation signal 1n response to a voltage across the temperature sensing resistor exceeding

the reference voltage.

21.  The driver circuit recited 1n claim 17, comprising a current sensing circuit for
detecting current flowing out of the load and creating an over current voltage based on the

current flowing out of the load.

22. The driver circuit recited 1n claim 21, wherein the fault circuit generates the

activation signal 1n response to the over current voltage exceeding the reference voltage.

12



23. A lighting system, comprising:
a fluorescent ballast;
a light emitting diode (LED) tube light; and
a driver circuit for powering the LED tube light, the driver circuit comprising:
an 1nput for connection to the fluorescent ballast;

a rectifier for converting AC power received from the input into DC power,

the rectifier including a rectifier input;

a switch electrically connected to the rectifier input, wherein the switch 1s
activated to create a short circuit at the rectifier inputs 1n response to receiving an

activation signal; and

a fault circuit electrically connected to the switch, wherein the fault circuit
generates the activation signal 1n response to detecting at least one of an over

voltage, an over temperature, and an over current condition of the driver circuit.

24, The lighting system recited in claim 23, comprising a charge pump circuit for

providing substantially constant DC current to the fault circuit.

25. The lighting system recited in claim 23, comprising a reference voltage circuit
generating a reference voltage, wherein the reference voltage 1s used by the fault circuit as
a reference value to determine the over voltage, the over temperature, and the over current

condition of the driver circuit.

26.  The lighting system recited in claim 25, wherein the fault circuit compares a bus
voltage of the driver circuit with the reference voltage, and generates the activation signal

1n response to the bus voltage exceeding the reference voltage.

27. The lighting system recited in claim 25, wherein the fault circuit includes a
temperature sensing circuit for detecting a temperature of a driver board of the driver

circuit.

13



28. The lighting system recited in claim 27, wherein the fault circuit generates the
activation signal 1n response to a voltage across the temperature sensing resistor exceeding

the reference voltage.

29. The lighting system recited in claim 25, comprising a current sensing circuit for

detecting current flowing out of the LED tube light and creating an over current voltage

based on the current flowing out of the LED tube light.

30. The lighting system recited in claim 29, wherein the fault circuit generates the

activation signal 1n response to the over current voltage exceeding the reference voltage.
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