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The invention relates to semiconductor lighting
technology, particularly to an LED fluorescent lamp and
an installation method of the fluorescent lamp. An LED
fluorescent lamp according to an embodiment of the

invention comprises: a glass inner tube; a glass outer tube

sleeved outside the glass inner tube; end covers enclosing
two ends of the glass inner tube and provided with plugs t—1
adaptable to fluorescent lamp holders; and an LED driver
power supply, comprising a strip substrate fixed inside
the glass inner tube, a plurality of LED units arranged on
the strip substrate, and a drive circuit module, which is
arranged at one or two ends of the strip substrate and

electrically connected to the LED units and the plugs.
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1.  An LED fluorescent lamp, wherein the LED fluorescent lamp comprises:
a glass inner tube;
a glass outer tube sleeved outside the glass inner tube;

end covers enclosing two ends of the glass inner tube and provided with plugs adaptable
to fluorescent lamp holders; and

an LED driver power supply, comprising:
a strip substrate fixed inside the glass inner tube;
a plurality of LED units arranged on the strip substrate; and

a drive circuit module, which is arranged at one or two ends of the strip substrate and

electrically connected to the LED units and the plugs.

2. The LED fluorescent lamp according to claim 1, wherein the outer surfaces of the ends of

the glass outer tube shrink inwards.

3. The LED fluorescent lamp according to claim 1, wherein the inner surface and/or outer

surface of the glass inner tube are frosted surfaces.

4.  The LED fluorescent lamp according to claim 1, wherein the inner surface of the glass

outer tube is covered with light diffusion powder.

5.  The LED fluorescent lamp according to claim 1, wherein the LED units are coupled in

series, parallel or hybrid manner.

6. The LED fluorescent lamp according to claim 1, wherein the drive circuit module

comprises:
a bridge rectifier filter unit;

a DC-DC boost conversion unit, comprising an inductor, a switching diode, a PWM
controller and an MOS tube, wherein the inductor and the switching diode are connected
in series between the bridge rectifier filter unit and the LED load, the drain of the MOS
tube being electrically connected between the inductor and the anode of the switching
diode, and the grid being electrically connected to the output terminal of the PWM

controller; and

a feedback unit, comprising a triode transistor, the base of which is electrically connected
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10.

to the loop of the LED units and the collector of which is electrically connected to the
control terminal of the PWM controller.

The LED fluorescent lamp according to claim 1, wherein the drive circuit module further
comprises a pair of electrode pins arranged at a first end of the strip substrate, which are
electrically connected to the live line and neutral line of an external AC power supply via
the plugs, respectively.

The LED fluorescent lamp according to claim 7, wherein the drive circuit module further
comprises a pair of directly connected pins, which are arranged at a second end opposite
the first end.

An installation method of the LED fluorescent lamp as recited in claim 8, with lamp
holders comprising a first pair of jacks and a second pair of jacks, wherein a connector is
electrically connected between a jack in the first pair of jacks and a jack in the second pair
of jacks, the other jack in the first pair of jacks being electrically connected to the live line
of an external AC power supply, and the other jack in the second pair of jacks being
electrically connected to the neutral line of the external AC power supply via an inductive
ballast.

The installation method according to claim 9, wherein the connector is removable and
comprises an interface terminal, which is matched with the starter socket on the inductive
ballast.
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LED FLUORESCENT LAMP AND INSTALLATION METHOD
THEREOF

TECHNICAL FIELD

[0001] The present invention relates to semiconductor lighting technology, particularly to an
LED fluorescent lamp and an installation method of the fluorescent lamp.

BACKGROUND ART

[0002] Light emitting diodes (LEDs), currently used as a source of light in a lighting device,
are solid-state semiconductor devices. Their basic structure generally consists of a support with
leads, a semiconductor die mounted on the support, and a packaging material (e.g., silicone or
epoxy resin) sealing around the die. The foregoing semiconductor die contains a P-N structure.
When a current passes through it, electrons are pushed towards the P region, where the electrons
are compounded with holes and emit energy in the form of photons, while the wavelength of

light is determined by the material forming the P-N structure.

[0003] Compared with traditional fluorescent lamps, LED fluorescent lamps have many
advantages such as high photoelectric conversion efficiency, constant brightness of the light
source, no strobing and no harmful heavy metals. A typical LED fluorescent lamp tube
comprises a tube body, end covers, a lamp panel and a driver power supply, wherein the driver

power supply can be built in the tube body or mounted outside the tube body.

[0004] Chinese utility model patent 200920134372.8 discloses a fluorescent lamp with an
external LED power supply, the fluorescent lamp comprises an LED fluorescent lamp body, the
lamp body is connected to the external LED power supply, the LED power supply comprises a
PCB, input and output terminals and a power box, the PCB is built in the power box, and the
input terminal is connected to the LED fluorescent lamp body via the PCB and the output
terminal. The use of an external power supply requires a large change in the wiring of the

fluorescent lamp and is not convenient in installation.

[0005] Chinese invention patent application 201110037855.9 discloses an LED fluorescent

lamp, comprising a lamp tube and end covers mounted on two ends of the lamp tube, wherein
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the lamp tube comprises a lamp panel, a plurality of LEDs arrayed on the lamp panel, and a
light emitting housing located above the LEDs, step-down constant current source modules that
provide a constant current to the LEDs are mounted inside the end covers, and the conductive
terminals of the anode and cathode of the lamp panel are connected to the output terminals of
the step-down constant current source modules. For the foregoing fluorescent lamp, the edge of
the lamp panel is liable to experience friction with the inner wall of the lamp tube during
installation of the lamp panel, thereby scraping off the light diffusion powder coated on the inner
wall. Further, the foregoing LED fluorescent lamp is designed to completely abandon the
constraints of the original fluorescent lamp holders and although it is conducive to optimizing
the structure and circuit design of the fluorescent lamp, it is poorly compatible with existing
fluorescent lamp holders.

SUMMARY OF THE INVENTION

[0006] An objective of the present invention is to provide an LED fluorescent lamp which

has the advantages of a compact structure and a simple manufacturing process.

[0007] An LED fluorescent lamp according to an embodiment of the present invention

comprises:
[0008] aglass inner tube;
[0009] a glass outer tube sleeved outside the glass inner tube;

[0010] end covers enclosing two ends of the glass inner tube and provided with plugs

adaptable to fluorescent lamp holders; and

[0011] an LED driver power supply, comprising:

[0012]  astrip substrate fixed inside the glass inner tube;

[0013] a plurality of LED units arranged on the strip substrate; and

[0014] adrive circuit module, which is arranged at one or two ends of the strip substrate and

electrically connected to the LED units and the plugs.

[0015] In the foregoing embodiment, by arranging the substrate to the inside of the glass
inner tube, the light diffusion powder on the inner surface of the glass outer tube can be protected

from being scraped off. Further, the LED units and the drive circuit module are integrated on

4
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the same substrate, thereby reducing the volume of optoelectronic units and enabling
optimization of the overall structure of the LED fluorescent lamp.

[0016] Preferably, in the foregoing LED fluorescent lamp, the ends of the glass outer tube
shrink inwards. More preferably, in the foregoing LED fluorescent lamp, the outer surfaces of
the ends of the glass outer tube shrink inwards to form steps, and the end covers cover the steps.
After the shrinking treatment, the stress of the glass tube is effectively released, thereby

improving the strength of the tube body.

[0017]  Preferably, in the foregoing LED fluorescent lamp, the inner surface and/or outer
surface of the glass inner tube are frosted surfaces.

[0018] Preferably, in the foregoing LED fluorescent lamp, the inner surface of the glass outer

tube is covered with light diffusion powder.

[0019] Preferably, in the foregoing LED fluorescent lamp, the inner surface and/or outer
surface of the glass outer tube are frosted surfaces.

[0020] Preferably, in the foregoing LED fluorescent lamp, the strip substrate is bonded to

two ends of the glass inner tube.

[0021] Preferably, in the foregoing LED fluorescent lamp, the strip substrate is an aluminum

substrate or double-sided printed circuit board.

[0022] Preferably, in the foregoing LED fluorescent lamp, the LED units are coupled in

series, parallel or hybrid manner.

[0023] Preferably, in the foregoing LED fluorescent lamp, the drive circuit module

comprises:
[0024] a bridge rectifier filter unit;

[0025] a DC-DC boost conversion unit, comprising an inductor, a switching diode, a PWM
controller and an MOS tube, wherein the inductor and the switching diode are connected in
series between the bridge rectifier filter unit and LED units coupled in series, the drain of the
MOS tube is electrically connected between the inductor and the anode of the switching diode,

and the grid is electrically connected to the output terminal of the PWM controller; and

[0026] a feedback unit, comprising a triode transistor, the base of which is electrically

connected to the loop of the LED units coupled in series and the collector of which is electrically
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connected to the control terminal of the PWM controller.

[0027] In the foregoing embodiment, a feedback signal is provided to the PWM controller
through the triode transistor, and at the same time, the functions of constant current and constant
voltage are realized. Further, in the drive circuit module of the foregoing structure, the number
of components is small and miniaturization can be achieved, thereby making it possible to
integrate the LED units and the drive circuit module on the same substrate.

[0028] Preferably, in the foregoing embodiment, the drive circuit module further comprises
a capacitor electrically connected between the control terminal of the PWM controller and the
ground. By choosing a high-capacity capacitor, the feedback loop response can be slowed down,
thereby achieving the purpose of power factor correction.

[0029] Preferably, in the foregoing embodiment, the PWM controller and the MOS tube are
integrated in the same IC chip. Or, preferably, the PWM controller, the MOS tube and the triode
transistor are integrated in the same IC chip. The integration of the foregoing multiple
semiconductor devices improves reliability and contributes to the miniaturization of the drive

circuit module.

[0030] Preferably, in the foregoing LED fluorescent lamp, the drive circuit module further
comprises a pair of pins arranged at a first end of the strip substrate, which are electrically
connected to the live line and neutral line of an external AC power supply via the plugs,

respectively.

[0031] Preferably, in the foregoing LED fluorescent lamp, the drive circuit module further
comprises a pair of directly connected pins, which are arranged at a second end opposite the

first end.

[0032]  Another objective of the present invention is to provide an installation method of the

foregoing LED fluorescent lamp which has an advantage of simple installation.

[0033] In the installation method of the foregoing LED fluorescent lamp, lamp holders
comprise a first pair of jacks and a second pair of jacks, wherein a connector is electrically
connected between a jack in the first pair of jacks and a jack in the second pair of jacks, the
other jack in the first pair of jacks is electrically connected to the live line of an external AC
power supply, and the other jack in the second pair of jacks is electrically connected to the

neutral line of the external AC power supply via an inductive ballast.
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[0034] Preferably, the connector is removable and comprises an interface terminal, which is
matched with the starter socket on the inductive ballast.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The present invention will now be described by referring to the accompanying
drawings, from which the foregoing and/or other aspects and advantages will be evident and
understandable. Identical or similar units in the accompanying drawings are expressed with the

same reference signs.

[0036] Fig. 1 is a schematic exploded view of an LED fluorescent lamp according to an

embodiment of the present invention.

[0037] Fig. 2 is a schematic diagram of an LED driver power supply that can be used in the
LED fluorescent lamp shown in Fig. 1.

[0038] Fig. 3is a partial schematic view of the LED fluorescent lamp shown in Fig. 1.

[0039] Fig. 4A isawiring diagram of an ordinary fluorescent lamp using an inductive ballast,
and Fig. 4B is a wiring diagram of the LED fluorescent lamp in an embodiment shown in Fig. 1

instead of the ordinary fluorescent lamp shown in Fig. 4A.

[0040] Fig. 5A isawiring diagram of an ordinary fluorescent lamp using an inductive ballast,
and Fig. 5B is a wiring diagram of the LED fluorescent lamp in an embodiment shown in Fig. 1

instead of the ordinary fluorescent lamp shown in Fig. 5A.

[0041] Fig. 6 is a schematic circuit diagram of a drive circuit module contained in the LED

driver power supply shown in Fig. 2.

[0042]  Fig. 7 is a schematic circuit diagram of an alternative drive circuit module contained

in the LED driver power supply shown in Fig. 2.

[0043]  List of reference signs in the accompanying drawings:
[0044] 1 - LED fluorescent lamp

[0045]  10- tube body

[0046] 11 - inner tube

[0047] 12 - outer tube
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[0048]
[0049]
[0050]
[0051]
[0052]
[0053]
[0054]
[0055]
[0056]
[0057]
[0058]
[0059]
[0060]
[0061]
[0062]
[0063]
[0064]
[0065]
[0066]
[0067]
[0068]
[0069]
[0070]
[0071]

[0072]

21, 22 - end covers

211A, 211B, 212A, 212B - plugs
30 - LED driver power supply

310 - substrate

320 - light emitting diode (LED) unit
330 - driver power supply module
331 - bridge rectifier filter unit

332 - DC-DC boost conversion unit
333 - feedback unit

BR1 - full-bridge rectifier

Cl, C2, C3, C4, C5, C6 - capacitors
D1 - switching diode

L1, L2 - inductors

LED1-LEDn - LED loads

Q1 - triode transistor

R1, R2, R3, R4, R5 - resistors

T1 - MOS tube

U1 - switch adjuster

U2 - PWM controller

340A, 340B, 350A, 350B - pins

40 - adhesive

2 - ordinary fluorescent lamp

3 - starter

4 - inductive ballast

5 - connector
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[0073] 6 - electronic ballast

DETAILED DESCRIPTION

[0074] The present invention is described in more detail below by referring to the
accompanying drawings which illustrate the schematic embodiments of the present invention.
However, the present invention can be implemented in different forms and should not be
interpreted as being limited to the embodiments provided in this document. The foregoing
embodiments are provided to make the disclosure herein comprehensive and complete and to
convey a more complete picture of the scope of protection of the present invention to those
skilled in the art.

[0075] Inthis Description, unless otherwise specified, the term “semiconductor wafer” refers
to a plurality of stand-alone individual circuits formed on a semiconductor material (e.g., silicon
and gallium arsenide), “semiconductor die” or “die” refers to such individual circuit, and
“packaged chip” refers to a physical structure of a semiconductor die after packaging, in which

the semiconductor die is typically mounted on a support and packaged with a sealing material.

[0076] The term “light emitting diode (LED) unit” refers to a unit containing an
electroluminescent material. Examples of such units include, but are not limited to, P-N junction
inorganic semiconductor light emitting diodes and organic light emitting diodes (OLEDs and

polymer light emitting diodes (PLEDS)).

[0077] The P-N junction inorganic semiconductor light emitting diodes may have different
structural forms, including but not limited to light emitting diode cores and light emitting diode
cells. The “light-emitting diode core” refers to an electroluminescent semiconductor die
containing a P-N structure, while the “light-emitting diode cell” refers to a physical structure
formed after packaging of the core, in which the core is typically mounted on a support and

packaged with a sealing material.

[0078]  The terms “wiring,” “wiring pattern” and “wiring layer” refer to conductive patterns
arranged on an insulating surface for electrical connection between components, including but
not limited to traces and holes (e.g., pads, component holes, fastening holes and plated-through

holes).
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[0079] The term “thermal radiation” refers to the phenomenon of radiation of

electromagnetic waves by an object due to its temperature.

[0080] The term “heat conduction” refers to the transfer of heat in a solid from a part with a

higher temperature to a part with a lower temperature.

[0081] “Electrical connection” and “coupling” should be understood to include the
circumstance of direct transmission of electrical energy or electrical signals between two units,
or the circumstance of indirect transmission of electrical energy or electrical signals via one or

more third units.

[0082] “Driver power supply” or “LED driver power supply” refers to an “electronic control
device” connected between an alternating current (AC) or direct current (DC) power supply
outside the lighting device and the light emitting diode as a light source, and is used to provide
the required current or voltage (e.g., constant current, constant voltage or constant power) to the
light emitting diode. In specific embodiments, the driver power supply can be achieved in a
modular structure. For example, it comprises a printed circuit board and one or more
components mounted on the printed circuit board and electrically connected together by means
of wiring. Examples of these components include but are not limited to LED drive controller

chips, rectifier chips, resistors, capacitors and coils.

[0083] Terms such as “contain” and “comprise” mean that in addition to having the units and
steps that are directly and explicitly expressed in the Description and Claims, the technical
solution of the present invention does not exclude the circumstance of having other units and

steps that are not directly or explicitly expressed.

[0084] Terms such as “first,” “second,” “third” and “fourth” do not indicate the order of the

units in terms of time, space, size, etc., but merely serve to distinguish the units.

[0085] Phrases such as “object A is arranged on the surface of object B” should be
understood broadly as placing object A directly on the surface of object B, or placing object A

on the surface of another object that is in contact with object B.

[0086] The embodiments of the present invention are described below in conjunction with

accompanying drawings.

[0087] Fig. 1 is a schematic exploded view of an LED fluorescent lamp according to an

embodiment of the present invention.

10
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[0088] The LED fluorescent lamp 1 shown in Fig. 1 comprises a tube body 10, a pair of end
covers 21 & 22 located at two ends of the tube body 10, and an LED driver power supply 30
located inside the tube body 10.

[0089]  Asshown in Fig. 1, the tube body 10 comprises an inner tube 11 and an outer tube 12
sleeved outside the inner tube 11, and they may be made of a glass material. It should be
understood that the layout of the outer tube 12 sleeved outside the inner tube 11 should be
broadly understood to include at least the following circumstances: the outer surface of the inner
tube 11 is in full contact with the inner surface of the outer tube 12; and at least a gap partially
exists between the inner tube 11 and the outer tube 12.

[0090] To avoid a glare effect, at least one of the inner and outer surfaces of the inner tube
11 can be frosted (e.g., an acid solution is used to roughen a surface of the inner tube). Optionally,
it is also possible to consider coating the inner surface of the outer tube 12 with light diffusion
powder or frosting at least one of the inner and outer surfaces of the outer tube. In this
embodiment, because the printed circuit board of the LED driver power supply 30 is arranged
inside the inner tube 11, the circuit board can be prevented from scraping off the light diffusion

powder on the inner surface of the outer tube 12 during the assembly process.

[0091] Asalso shown in Fig. 1, the outer tube 12 shrinks inwards at its ends 121, so that the
outer diameter of the outer tube at the ends is smaller than the outer diameter in the remaining
part. In the process when the ends of the outer tube shrink inwards, the stress in the wall of the
outer tube is effectively released, thereby improving the strength and helping reduce loss in the
transport and assembly processes. It should be noted that the purpose of the shrinkage is to
release stress, so it is not necessary to reduce the inner diameter of the outer tube 12. In this
embodiment, the inner tube 11 is slightly shorter than the outer tube 12, so that in the LED
fluorescent lamp after assembly, the inner tube 11 is completely located in the inside of the outer
tube 12. However, in order to show the inner tube 11 in Fig. 1, the right end of the inner tube
11 extends to the outside of the outer tube 21. Optionally, the inner tube 11 can be longer than
the outer tube 12, too, so the two ends of the inner tube 11 extend out of the outer tube 12 after

assembly.

[0092] Plugs adaptable to ordinary fluorescent lamp holders are arranged on each of the end
covers 21 and 22, i.e., a pair of plugs 211A and 211B located on the outer surface of the end

cover 21 and the other pair of plugs 221A and 221B located on the outer surface of the end

11
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cover 22 in Fig. 1. The plugs on the one hand provide electrical connection between the LED
driver power supply 30 and an external power supply, and on the other hand enable the LED
fluorescent lamp to be fixed to the lamp holders. It should be understood that Fig. 1 shows a
schematic view in an exploded state, and when the LED fluorescent lamp 1 completes assembly,
the end covers 21 and 22 will enclose the two ends of the inner tube 11, respectively. In this
embodiment, the inner surfaces of the end covers 21 and 22 can be bonded to the outer surface
of the outer tube 12 by means of an adhesive (e.g., lamp mud), thereby achieving fixation of the

end covers.

[0093] In this embodiment, the LED driver power supply 30 may adopt the structure and
form shown in Fig. 2 to Fig. 5, wherein the LED units as light sources and the driver power

supply module are integrated on the same substrate.

[0094] Fig. 2 is a schematic diagram of an LED driver power supply that can be used in the
LED fluorescent lamp shown in Fig. 1.

[0095] The LED driver power supply 30 shown in Fig. 2 comprises a substrate 310, a
plurality of light emitting diode (LED) units 320 and a driver power supply module 330. Each

component unit is further described below.

[0096] The substrate 310 is in the shape of a strip as shown in Fig. 2, and can be a ceramic
substrate made by the mold pressing method. The plate made by this method is thicker (e.g.,
1.5-3 mm) and harder. Optionally, the substrate 310 can also be made of a thermally conductive
insulating polymer composite material. Further, in order to improve the heat dissipation
capability, the substrate surface can be covered with an infrared radiation material, or the
substrate can be made of a material with excellent thermal conductivity and infrared radiation
performance, so that the heat from the LED units and the driver power supply module is
dissipated by means of heat conduction and heat radiation at the same time. It should be noted
that in addition to the foregoing ceramics, thermally conductive polymer composite material
and infrared radiation material, the substrate 310 can also be an aluminum substrate or a glass
fiber board. Further, the components of the LED power supply can be arranged on a surface or

two surfaces of the substrate 310.

[0097] The substrate 310 of the LED power supply 30 is fixed to the inside of the inner tube
11. Therefore, the substrate 310 can be fixed to the inner surface of the inner tube 11 at ends by

means of a silicone-like adhesive, for example.

12
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[0098] As also shown in Fig. 2, a plurality of LED units 320 are arranged longitudinally
along the substrate 310 to form a uniform luminous zone. Although the LED units shown in the
figure are arranged in a straight row on the substrate, the arrangement is not limited to this; for
example, the LED units can also be arranged in multiple rows or in an S-shape. The LED units
320 can adopt the form of packaged chips or cores, which are mounted on the substrate 310, for
example using surface mounting technology. Alternatively, the components of the driver power
supply module 330 to be described in detail below can also be mounted on the substrate 310

using surface mounting technology.

[0099] In the LED driver power supply shown in Fig. 2, the plurality of LED units 320 are
coupled together in series, and the drive circuit module 330 is electrically connected to the LED
units 320, for example through the wiring on the substrate 310, thereby providing a constant
current and/or voltage to the LED units 320. It should be noted that although the plurality of
LED units here are coupled together in series, they can also be coupled together in parallel, in a

hybrid manner or in the form of a cross array.

[0100]  As shown in Fig. 2, the components of the drive circuit module 330 are arranged at
two ends of the substrate 310. Further, pins 340A and 340B are arranged at one end of the
substrate 310 as a first electrode and a second electrode of the LED drive circuit module 330,
respectively (therefore, the pins 340A and 340B are hereinafter also referred to as “electrode
pins”). After assembly, the electrode pins 340A and 340B are electrically connected to the plugs
211A and 211B on the end cover 21. During operation, one of the pins 340A and 340B is
electrically connected to the live line of an external AC power supply (e.g., mains supply) via a
corresponding plug on the end cover 21, while the other pin is electrically connected to the
neutral line of the external AC power supply via a plug on the end cover 21, thereby causing the
external AC power supply to supply power to the drive circuit module 330. In the embodiment
shown in Fig. 2, the electrode pins 340A and 340B are welded on the substrate 310. In order to
reinforce the electrode pins, the electrode pins can pass through the substrate 310 and be welded

on another surface of the substrate 310.

[0101]  Optionally, as shown in Fig. 3, a pair of pins 350A and 350B electrically connected
to the plugs 221A and 221B on the end cover 22, respectively, are arranged on the other end of
the substrate 310. After passing through the substrate 310, the two pins are connected together,
thereby being firmly fixed on the substrate 310. Preferably, the pins 350A and 350B can be

13
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integrated components. Further, the ends of the substrate 310 are fixed to the inner surface of

the inner tube 11 by means of an adhesive 40.

[0102] From the following description, it can be seen that arranging a pair of directly
connected pins 350A and 350B on an end opposite the end on which the electrode pins 340A
and 340B are arranged can greatly facilitate installation of the LED fluorescent lamp.

[0103] Fig. 4Aisawiring diagram of an ordinary fluorescent lamp using an inductive ballast,
and Fig. 4B is a wiring diagram of the LED fluorescent lamp in an embodiment shown in Fig. 1

instead of the ordinary fluorescent lamp shown in Fig. 4A.

[0104] Inan ordinary fluorescent lamp lighting circuit, lamp holders generally comprise two
pairs of jacks, and two pairs of plugs of the fluorescent lamp are inserted into the two pairs of
jacks, respectively. As shown in Fig. 4A, a starter 3 is connected between jacks B and D, which
belong to different pairs of jacks, respectively, a jack A is electrically connected to the live line
L of an external power supply, while a jack C is electrically connected to the neutral line N of
the external power supply via an inductive ballast 4, and after installation, the two pairs of plugs
of the ordinary fluorescent lamp 2 are electrically connected to the jacks A and B and the jacks
C and D, respectively. Compared with Fig. 4A, under the wiring method shown in Fig. 4B, the
starter 3 is replaced with a connector 5. Preferably, the connector 5 is removable and adopts a
form similar to a starter, i.e., comprises an interface terminal, which is matched with the starter

socket on the inductive ballast.

[0105] In the embodiments shown in the foregoing Fig. 1 to Fig. 3, the electrode pins 340A
and 340B of the LED driver power supply are directly connected to two plugs of the same end
cover, but there are no special requirements for the positions of the electrode pins when the LED
fluorescent lamp 1 is installed on the lamp holders. That is to say, whether the plugs connecting
the electrode pins are on the side of the live line (i.e., electrically connected to the jacks A and
B) or the side of the neutral line (i.e., electrically connected to the jacks C and D) in the wiring
diagram shown in Fig. 4B, the external power supply can supply power to the LED fluorescent
lamp 1 normally. Specifically speaking, for example when the electrode pins 340A and 340B
are electrically connected to the jacks A and B, respectively, and the pins 350A and 350B are
electrically connected to the jacks C and D, respectively, the electrode pin 340A is electrically
connected to the live line L and meanwhile, as the pins 350A and 350B located at the other end

of the substrate 310 are shorted, the electrode pin 340B can be electrically connected to the
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neutral line N via the connector 5, the pins 350A and 350B, and the inductive ballast 4, thereby
achieving power supply from the external power supply to the LED driver power supply.
Alternatively, when the electrode pins 340A and 340B are electrically connected to the jacks C
and D, respectively, and the pins 350A and 350B are electrically connected to the jacks A and
B, respectively, the electrode pin 340A can be electrically connected to the neutral line N via
the inductive ballast 4 and meanwhile, as the pins 350A and 350B located at the other end of
the substrate 310 are shorted, the electrode pin 340B can be electrically connected to the live
line L via the connector 5 and the pins 350A and 350B, thereby achieving power supply from
the external power supply to the LED driver power supply.

[0106] Fig. 5Aisawiring diagram of an ordinary fluorescent lamp using an inductive ballast,
and Fig. 5B is a wiring diagram of the LED fluorescent lamp in an embodiment shown in Fig. 1
instead of the ordinary fluorescent lamp shown in Fig. 5A.

[0107] As shown in Fig. 5A, the live line L and neutral line N of an external AC power
supply are electrically connected to an electronic ballast 6, while jacks A, B, C and D of the
lamp holders are electrically connected to the output terminal of the electronic ballast 6. After
installation, the two pairs of plugs of the ordinary fluorescent lamp 2 are electrically connected
to the jacks A, B and the jacks C and D, respectively. Compared with Fig. 5A, under the wiring
method shown in Fig. 5B, the electronic ballast 6 is removed, and the jack B is directly
connected to the jack D, while the other pair of jacks C and D are electrically connected to the
live line L and neutral line N of the external AC power supply, respectively. Likewise, in Fig. 5B,
whether the plugs connecting the electrode pins are on the side of the live line (i.e., electrically
connected to the jacks A and B) or the side of the neutral line (i.e., electrically connected to the
jacks C and D), the external power supply can supply power to the LED fluorescent lamp 1
normally. For example, if the electrode pins 340A and 340B are electrically connected to the
jacks A and B, respectively, and the pins 350A and 350B are electrically connected to the jacks
C and D, respectively, the electrode pin 340A is electrically connected to the live line L and
meanwhile, the electrode pin 340B is electrically connected to the neutral line N via the pins
350A and 350B, thereby achieving power supply from the external power supply to the LED
driver power supply. Alternatively, if the electrode pins 340A and 340B are electrically
connected to the jacks C and D, respectively, and the pins 350A and 350B are electrically
connected to the jacks A and B, respectively, the electrode pin 340A is electrically connected
to the neutral line N, and the electrode pin 340B can be electrically connected to the live line L
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via the pins 350A and 350B, thereby achieving power supply from the external power supply to
the LED driver power supply.

[0108] It should be noted that although the components of the drive circuit module 330 are
arranged at the two ends of the substrate 310 as shown in Fig. 2, it is also feasible to arrange
these components at one end only. It should be further noted that the pins 340A and 340B as
electrodes of the LED driver power supply can also be arranged at the two ends of the substrate
310 and in this layout, the pins 340A and 330B are electrically connected to the live line and
neutral line of the external AC power supply via the plugs on different end covers, respectively.

[0109]  The driver power supply module 330 can adopt circuits with various topological
structures, including but not limited to non-isolated step-down topological circuit structure,
flyback topological circuit structure and half-bridge LLC topological circuit structure. A
detailed description of the driver power supply module is available in the book “Design of LED
Lighting Driver Power Supply and Luminaire” (First Edition) published Posts & Telecom Press
in May 2011, which is included in this Description by full reference.

[0110]  The driver power supply module 330 can be driven in various ways (e.g., constant-
voltage power supply, constant-current power supply, and constant-voltage constant-current
power supply) to supply an appropriate current or voltage to the LED units, and can consist of
one or more separate components. In the LED driver power supply shown in Fig. 2, one or more
components of the driver power supply module are achieved in the form of dies or package

chips.

[0111] Fig. 6 is a schematic circuit diagram of a drive circuit module contained in the LED

driver power supply shown in Fig. 2.

[0112]  The drive circuit module 330 shown in Fig. 6 comprises a bridge rectifier filter unit
331, a DC-DC boost conversion unit 332 and a feedback unit 333. Each unit is further described

below.

[0113] Asshown in Fig. 4, the bridge rectifier filter unit 331 comprises a full-bridge rectifier
BR1, capacitors C1, C2 & C3, a varistor R1 and an inductor L1. After being rectified by the
full-bridge rectifier BR1, AC (e.g., mains supply) outputs a full-wave pulsating voltage at the
anode terminal 1. The filter capacitors Cl, C2 & C3, the varistor R1 and the inductor L1

constitute an EMI filter circuit, which on the one hand, suppresses the impact of high-frequency
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interference in the AC grid on the drive circuit and on the other hand, suppresses the

electromagnetic interference of the drive circuit to the AC grid.

[0114] It should be noted that although full-wave rectification is shown here, half-wave

rectification is also usable.

[0115] Asshownin Fig. 6, the filter capacitor C1 and the varistor R1 are connected in parallel
between the AC input terminals B3 and B4 of the full-bridge rectifier BR1, wherein the varistor
R1 holds the input voltage of the full-bridge rectifier BR1 at a predetermined level by
suppressing abnormal overvoltage in the circuit. The filter capacitors C2 & C3 and the inductor
L1 form a m-shaped filter loop and are electrically connected between the anode terminal B1
and the cathode terminal B2 of the full-bridge rectifier BR1 to low-pass filter the pulsating
voltage output from the full-bridge rectifier BR1.

[0116] The boost conversion unit 332 is electrically connected to the bridge rectifier filter
unit 331, the feedback unit 333 and the LED loads LED1-LEDn (i.e., the plurality of LED units
320 coupled in series in the LED driver power supply shown in Fig. 2), steps up the pulsating
voltage output from the rectifier filter unit 331 to a desired voltage and current level and supplies
it to the LED load. Further, the DC-DC boost conversion unit 332 works in conjunction with
the feedback unit 333 to keep the current and voltage supplied to the LED load constant and to
achieve the function of power factor correction. In typical applications, the total voltage of the
multiple LED units connected in series is designed to exceed the maximum voltage of the grid
input, so a voltage boost is necessary. Taking 220V AC with a fluctuation range of £10% as an
example, if its maximum voltage is about 342V, then the voltage of the LEDs connected in

series will exceed 342V.

[0117]  Inthe driver power supply module shown in Fig. 6, the DC-DC boost conversion 332

comprises an inductor L2, a switching diode D1, a capacitor C6 and a switch adjuster U1.

[0118] Preferably, an IC chip integrated with a pulse width modulation (PWM) controller
and a metal oxide semiconductor field effect tube (hereinafter also referred to as “MOS tube”)
can be used as a switch adjuster U1, wherein the output terminal of the PWM controller is
electrically connected to the grid of the MOS tube to control the ON and OFF of the MOS tube.
In a specific switch adjuster chip, in order to simplify the adjustment to duty cycle, the switching
frequency of the MOS tube can be kept at a constant value (e.g., about 1 MHz), and the turn-off
time of the MOS tube is adjustable; alternatively, the turn-off time of the MOS tube can be kept
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at a constant value (e.g., about 320 ns), while the switching frequency of the MOS tube is
adjustable. Typically, such switch adjuster chip is generally configured to have a drain pin
electrically connected to the drain of the MOS tube, and a feedback pin electrically connected
to the control terminal of the PWM controller. Examples of the foregoing switch adjuster
include but are not limited to CW12L30 and CW12L40 chips produced by China-based
Chipswinner Electronics Limited.

[0119] As shown in Fig. 6, the inductor L2 and the switching diode D1 are connected in
series between the bridge rectifier filter unit 331 and the LED load, wherein the anode of the
switching diode D1 is electrically connected to the inductor L2, and the cathode of the switching
diode D1 is electrically connected to the LED load. Preferably, a Schottky diode with a high
speed and a small voltage drop can be used as the switching diode D1. As also shown in Fig. 6,
the drain pin D of the switch adjuster U1 is electrically connected between the inductor L2 and
the anode of the switching diode D1, and the feedback pin FB is electrically connected to the
feedback unit 333. Further, in the embodiment shown in Fig. 6, the capacitor C6 and the LED
load are jointly connected to the cathode of the switching diode D1 to discharge electricity to
the LED load when the switching diode D1 is cut off.

[0120]  Asshown in Fig. 6, the switch adjuster U1 comprises a power pin VCC and a ground
pin GND, wherein the power pin VCC is grounded via the capacitor C4.

[0121] The feedback unit 333 comprises a triode transistor Q1, resistors R2 & R3 and a
capacitor C5. As shown in Fig. 6, the triode transistor Q1 is connected in the form of a common
emitter amplifier circuit, wherein the collector is electrically connected to the feedback pin of
the switch adjuster U1 via the resistor R3 to provide the feedback signal to the switch adjuster
U1, the emitter is electrically connected to the ground to serve as a common ground terminal of
the input loop and the output loop, and the base is connected to the loop of the LED load to
extract the detection signal. The resistor R2 is electrically connected between the base and the
ground to form an input loop. In addition, the feedback pin FB of the switch adjuster U1 is also

grounded via the capacitor C5.

[0122] The working principle of the drive circuit module 330 shown in Fig. 6 is described

below.

[0123] When an AC power supply is connected, the bridge rectifier filter unit 331 converts
the input AC power into a pulsating voltage and outputs it to the inductor L2 of the DC-DC
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boost conversion unit 332. The MOS tube inside the switch adjuster U1 is switched on and off

at a very high frequency under the control of the PWM controller signals.

[0124]  When the MOS is switched on, the current flows through the inductor L2 and the
MOS tube under the effect of the output voltage of the bridge rectifier filter unit 331, and the
switching diode D1 is cut off due to the voltage on the capacitor C6. As the current flowing
through the inductor L2 increases, the energy stored in the inductor increases. At that time, the
LED load is powered by the capacitor C6, and works relying on the discharge current of the
capacitor C6.

[0125] When the MOS tube is switched to an off state, the current flowing through the
inductor L2 begins to decrease, thereby inducing an inductive electromotive force at the two
ends of the inductor L2, of which polarity is positive at the upper end and negative at the right
end. The inductive electromotive force is superimposed on the output voltage of the bridge
rectifier filter unit 331 to boost the output voltage of the bridge rectifier filter unit 331. Now,
the superimposed voltage is higher than the voltage on the capacitor C6, so the switching diode
D1 enters an on state, the LED load is powered by the inductor L2 instead, and the capacitor C6
is also charged by the inductor L2 until the MOS tube is switched to an on state again. In this
embodiment, the level of the inductive electromotive force depends on the duty cycle of the
MOS tube, so a desired voltage boost can be obtained by adjusting the duty cycle of the output
signal of the PWM controller.

[0126] When the MOS tube is switched back to an on state again, the superimposed voltage
at the switching diode D1 begins to decrease and will again be lower than the voltage on the
capacitor C6, so the switching diode D1 goes into a cutoff state, the LED load is powered by

the capacitor C6 with a boosted voltage, and the inductor L2 begins to store electricity again.

[0127] From the above, it can be seen that under the control of the PWM controller, the MOS
tube keeps being switched between the foregoing on and off states, so that the voltage on the

anode of the LED load is maintained at a high level at all times.

[0128] Asshownin Fig. 6, the LED load and the resistors R4 and R5 are connected in parallel
between the cathode of the switching diode D1 and the resistor R2, and the cathode of the LED
load is electrically connected to the base of the triode transistor Q1. When the current and/or
voltage flowing through the LED load fluctuates, the current flowing through the base of the

triode transistor Q1 will change, too. The feedback signal amplified by the triode transistor Q1
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is output from the collector via the resistor R3 to the feedback pin of the switch adjuster U1, so
that the PWM controller can adjust the duty cycle of the output signal according to the feedback

signal to keep the current and voltage supplied to the LED load constant.

[0129]  In the embodiment shown in Fig. 6, the feedback pin FB of the switch adjuster U1 is
also grounded via the high-capacity capacitor C5, which allows the feedback loop to respond
more slowly and the feedback level to be nearly constant in the half cycle of the AC line. An
essentially constant feedback level indicates that the current in the MOS tube corresponds to the
average energy transferred to the LED load in the half cycle of the AC line. As the switch
adjuster U1 works at a fixed frequency, the increase in current will not exceed a certain range
before the MOS tube conduction time is over. By reducing the switching current flowing
through the MOS tube when the input AC voltage increases and by increasing the switching
current flowing through the MOS tube when the input AC voltage decreases, the ripple at the
input terminal of the LED load can be minimized and the AC input current can track the change
of the AC input voltage at any moment, thereby realizing the function of power factor correction.

[0130] It should be noted that in the embodiment shown in Fig. 6, the PWM controller and
the MOS tube are integrated in the same IC chip. In order to further improve the integration, it
is also possible to consider integrating the triode transistor Q1, the PWM controller and the
MOS tube in the same IC chip.

[0131] Optionally, the PWM controller and the MOS tube can also be provided as discrete
circuit elements in the LED driver power supply according to the embodiment shown in Fig. 2.
The drive circuit module shown in Fig. 7 illustrates an example of this form, wherein the units

identical or similar to those in Fig. 6 are expressed with the same reference signs.

[0132] Similarly, the drive circuit module 330 shown in Fig. 7 also comprises a bridge
rectifier filter unit 331, a DC-DC boost conversion unit 332 and a feedback unit 333. The bridge
rectifier filter unit 331 and the feedback unit 333 adopt a form and structure identical to those

shown in Fig. 3, which are not described again here.

[0133] Asshown in Fig. 7, the DC-DC boost conversion unit 332 comprises an inductor L2,
a switching diode D1, a capacitor C6, a PWM controller U2 and an MOS tube T1, wherein the
inductor L2 and the switching diode D1 are connected in series between the bridge rectifier
filter unit 331 and the LED load, the anode of the switching diode D1 is electrically connected

to the inductor L2, and the cathode is electrically connected to the LED load. In this embodiment,
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the drain D of the MOS tube T1 is electrically connected between the inductor L2 and the anode
of the switching diode D1, the source S is electrically connected to the ground, and the grid G
is connected to the output terminal P of the PWM controller U2. The PWM controller U2 is
provided in the form of an IC chip in general, and its control terminal FB is electrically
connected to the feedback unit 333. As shown in Fig. 4, the capacitor C6 is electrically
connected between the cathode of the switching diode D1 and the LED load to discharge

electricity to the LED load when the switching diode D1 is cut off.

[0134]  Similarly, the feedback unit 133 also comprises a triode transistor Q1, resistors R2 &
R3 and a capacitor C5. The triode transistor Q1 is connected in the form of a common emitter
amplifier circuit, wherein the collector is electrically connected to the control terminal FB of
the PWM controller U2 via the resistor R3 to provide the feedback signal to the PWM controller
U2, the emitter is electrically connected to the ground to serve as a common ground terminal of
the input loop and the output loop, and the base is connected to the loop of the LED load to
extract the detection signal. The control terminal FB of the PWM controller is also grounded

via the capacitor C5.

[0135] The working principle of the drive circuit module shown in Fig. 7 is similar to that

shown in Fig. 6, so it is not described again here.

[0136] Optionally, the driver power supply module shown in the foregoing Fig. 6 and Fig. 7
can also integrate circuits for other functions, such as a dimming control circuit, a sensing circuit,
an intelligent lighting control circuit, a communication circuit and a protection circuit. These
circuits can be integrated with the driver controller in the same semiconductor die or packaged
chip, or these circuits can be provided separately in the form of a semiconductor die or packaged
chip, or some or all of these circuits can be combined together and provided in the form of a

semiconductor die or packaged chip.

[0137]  Although some aspects of the present invention have been shown and discussed, those
skilled in the art should be aware that the foregoing aspects can be changed without departing
from the principle and spirit of the present invention, and therefore the scope of the present

invention is defined by the claims and equivalents.
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W B, LIEHE, BT PWM 28 i) 88 \MOS /87 1 i R — AR B S A R — SRR B B e B

B2 SIS BALEE Ry T AT AENE, A B T IR Z M B AL 1) /N B A

[0030]  fiLiih, 7F Fik LED HOGKT , Brid SR 2y ol i 455 Heids A, 455 1 B AE ik £ IR B K

i X5 A, L2 BT a4 0 4 Sl 5 AT I LR R K B R R e L R B

[0031]  fLikHh, 7E L3k LED EIJ%ITEP FIT I DX 5y R A B 0, 5 — X6 L B AH T 1 5 | 0,

WE AL PR S — AR 5 —

[0032] AR EHIIEH— /\Eﬁﬁmhﬁi Fh2ee Bk LED FDOGAT 1) 75 v, H BA 22 e fajfe

(IR R o

[0033]  7E_ bk LED H YGAT )22 7 vy, A1 A 25 55 — X4 R 28 — 54 11, I, 7E

IR B — X4 1 R A H A — AN 5 BT 5 e 1 AP G A AN O 22 TR R R

4
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PR, Prad 56— X4 A Sy AN R OB RR AN AR AT Ui F R I K e, O HLBTR 28 Xt
S VP D3N3 T 22 HUBERALAS H R R AN AT R N 2

[0034]  {LikHl, ik Hefds 2 nI B B i OF HLAALHE 5 BT ikt i S ARUAL 2% L 1 i3 2 4k P AT 1L
P AR 4 131 o

R 1 152 AR

[0035] AR HI FIRAN / B3 I A SR e LR 56 B L5 77 T AR AR
75 5 1I0VE5 T A B 25 ) AR, B ] P A ] SRR B e R F AR R A 5 3R R

[0036] & 1 g AR i B — AN SEitifs 1) LED HDCAT B s = B

[0037] W& 2 Kyl H & 1 Brzs LED HOB4T 1 LED BXE) IR 7R =

[0038] &3 KK 1 Fizx LED H¥eAT W R rEr.

[0039] & 4A AR A L BBV AR )8 38 H OGAT B4 8 ], 6] 4B 9 B 1 Ji 7 S 41 (1) LED
HOGKT AR 4A Fros i EDOGAT I e K

[0040]  ¥] 5A AR FH HE B AR R 38 HOGAT B8 ], 161 5B 9 ] 1 i 7 S 91 1) LED
HOGKT AR 5A Fro i FDOGAT I iR K

[0041] &1 6 24l 2 Br7x LED S35l A A BB & 10— P X 3 rL i 4SS Hle 1) Fi i85 i R
[o042] &7 &l 2 fr7s LED SRy A A B B35 () Oy — Pk sy e B A 1 R i 3L
[0043]  Pff Elb5 5 1)K -

[0044]  1LED H 64T

[0045] 10 “&1{k

[0046] 11 P4

[0047] 12 4}ME

[0048] 21.22 imis

[0049]  211A.211B.212A.212B 4}

[0050]  30LED Rzl H i

[0051] 310 &AR

[0052] 320 KOG HRAE (LED) #ot

[0053] 330 IRzl HLYE AR B

[0054] 331 AMFaUBEULUES: HoT

[0055]  332DC-DC F kA5 4t B e,

[0056] 333 UHERTT

[0057] BR1 &Hr¥&nias

[0058]  C1.C2.C3.C4.C5.C6 HLALS

[0059] D1 FFoR AR

[0060] L1.L2 Hi/&#s

[0061]  LEDI1-LEDn LED 3%

[0062] Q1 A IA=HRE

[0063]  R1.R2.R3.R4.R5 HEPHS

[0064] T1 MOS %
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[0065] Ul JFocif%ess
[0066] U2 PWM 4%
[0067]  340A.340B.350A.350B 5|
[0068] 40 Ky& 7
[o069] 2 il HOEAT
[0070] 3 JSKESS
[0071] 4 HLREEVT S
5
6

[0072] ER
[0073] M LA

BiExiA N

[0074]  FIHIZ MEIL A B T AR o T I 491 %) B 1) B DAy e T e B A A A Yo {ELAS
] LA AN (R SRS 11 AN R DA PR A SCE8 3% St 8] o 20 H 119 L3R 45 51
& LEAL A SC I3 R 2 1 S B8, S D A T Ml A AR 2 AN AR N A I Y OR AV
[0075]  FEASUL B A, BRARRR I, A “ A ARG IR 98 (2 AEF S AR R (91 i
LR S B ) 22 ST (O S FL S, 2 SRR BCCdR f (die)” JRIF A2 XAl 4>
HLIG S 11 BPROE F FR I S S R i R R R V)RS, £E MR X R B ST
AR R B U e 2 AR SO I H R R

[0076] AT “H e —MRE o R IR A S HECEOEF RN #0, IX R R 6] 1 A
FEAHANPR T PN g ML S AR 6 AR E AT LAt A4S (OLED RIZE S5 e — &
(PLED)),

[0077]  P-N&iEHLA ROt AR E W LLRA AR B ZA 7 30, Bl i FEEANR T 50t
CRREE AR AR AR Mo RO SR E R IR RS A PN S5 R
BUROERE I B SR R 10 R0t AR S AR SRR R 8 OB A TR B D B 454, A
S RS B S R O B U e 2 BRSO I AT R AORL B

[0078]  ARTH “Aek” “ALk KIS ” M AL R 7 RN AL Gk 1 AT E ] T ouas 8]
HERE S L 5 AR EAN R T8 £k (trace) AL ClHRE AL o PRAL S 1 FLFI 42 @ AL AL
EP

[0079]  RTE “HVRSS” SRV YA i T AR i S v e (I

[0080]  ACTH “Hhfle T 7 4R (1 4 FAE A 1] 1A MAIEL FEE A6 v A 08 7 A1 326 R P AT PR #4873 1)
it 7 3.

[o081]  “HUL/ RS AN “ R N4 BEAR N A RS AE A ST 2 [0 ERAL R L RE R B L
TG T8, B 2ol — A5 = on AL 14 U B B B0 5 IS I

[oo82]  “UXZfy L~ B “LED UK HLYE ™ Fif ) 2 42 A6 I T 3B B A0 A 19 22 9L (AC) LA
(DO HEYR 5 1 A YR 0 506 A8 2 TV “ i a2 0 B, BT o8 SOt A PR LB 5 1N
HLAL B s (9 A F O T L P B D 0 55 o AR L ARSI 7 S8, Bl F ] LA
FE LA B8 ey SRR A9 H A 5 BT P B RO — > B 22 A 22 2B A T PR AR b DRt e A 2k
HOERRAE R I Toa I, R LETTa AT P TR E AR T LED SRah &5 05 7 4808
7 FELRELAS  HE AR R P JR A e L
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[0083] i “fu 7 A “AUHR” 2 R TR R R T A 7 U B BABCRH ZE skl B3
FEH A TR (1) R TR BR CAAL , A B AR T Gt AN HERR B AR A 92 B I i o g L
EHICHS RN .

[0084] PN A7 B8 B = RS 2 RV E FEAN R R B ICAE I [R) LR ) LK
/NS THT BN T AR AE X 7 % ot 2 H

[0085] WU “Wik A W ELED A B BRI 2 A FHTE RO SCHIUBRfE 5 D1k A B3
TCEEDIR B (3R, S YR A TCE RSP B A AL e IR R .

[00861 LA fif By b P i A e BH 1 st

[0087] K& 1 Mg BEAC R BH—ANSEHEFI ) LED H AT s = K

[0088] & 1 T/ LED HOGAT 1 AFEE K 10 A7 T4 10 PR () — X i 35 21,22 DL AT
FAE K 10 I LED R HLYR 30,

[0089] Wi 1 o, B AR 10 WFENE 11 MIEAEWNE L1 SMASME 12, AT HIBEEM KL
Hlp . T BRI A, SME 12 BAEWE L1 AMWATE A% 58 2 HhER AR A 2 /DA 5 RIS TE
WA L1 AR SAME 12 R SE B s LW 1L 54MF 12 2 R 2 /DH—#45)
{FAETRIBR .

[0090] 2y T 3E A2 AN, W] LAKE YA 1L ) P SR TR AR 36 T AP ) F b — SR TR B b
AR I QA5 ] R A PN R TTRLRE AL ) o T3 th, tHm] DL B AE AN 12 I R VR TE
P B SO A N AR T R D — BB R AT . AEASE B, BT LED K30 LR 30
(19 E1 L B B e AE A 1L N, BT AR 2 L ok P PP B 6% 30 O F B AR CEE R AN 12 IR
T e Bk

[0091] 445 LI 1, SN 12 £E Hosm i 121 Kb 1) P9 W4, 179 40 8 o B Ak i 42 /N 1 1
BB BIGME o FEAEHNE St 308 1] PR (L FE P, ANEP P BE R N 159 39 SO0 G g
TR, A F Tk s R AR A e R R R . TF B R A e HE 1 B B ERE N,
77, RIEAME 12 N R IFA— 8 T B40 /N FEASEHER , N 11 ELAME 12 (K ENE R,
TS PRSI 52 2 JE 1 LED FDGAT v, (N4 11 58 fr TAME 12 . (HE R TAERE 1
KW 1L FRoR ok, IX BN 1L Gl e (30 T 4ME 21 (4. Tl ki, N 11
AT TAME 12, BRI AR 58 i Ja N 1L I s i ff H A 12,

[0092]  fEummg 21 A1 22 [ BRF—A B BEA 5858 H AT KT R 1E Bl K4, BPE L Az T
Ui 21 AT L — X B 21 1AL 2118 FIA T3 o5 22 A0 1 b (1) 55 — KA 221A. 2218,
FI— 5 T $2 48 T LED BR& FYR 30 540 A il () I FA0E 2, o — 7 Y LED HOB4T g
[ 52 T PR e NAZERAR I, B 1 PR 2 RS N 7R B B, 24 LED FDBAT 1 58 ke
I, i 21 A 22 %43 B N 1L P AR SRR, R CUAE B RS & 550 (9 kT e
Woufiai 21 F 22 PINRESHME 12 AR TR A — 82, M SE I S 5 1R [ 22 o

[0093]  EASLiAG ., LED SR Byl 30 W] KA A5 Bh 18] 2-5 Bk iy 25 e AR K,
VE R GUR I LED B0 55 3K ) rL YRR B dsls T R/ R — 564 |

[0094] 2 AW T B 1 Frzr LED HY6AT 1 LED BRa) s 1 s = K o

[0095] 2 AT 1) LED BX ) LR 30 ALFGFEAR 310, 24N K6 A (LED) ot 320 FK
B HEAER 330, DA XS AN e EdE— D IR

[0096]  FEAR 310 Q1] 2 7R 4R, FEnT DASR A P A L s 2 AR 110 P B2 S A, 3 A 7 3

7
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I3 IR B S (il 1. 5—-3mm) J ELAE S &, ml ki, FEAR 310 tn] LR A S 3 2k s 4 1
TAEMEEIE. Beah, A T3 s e )y, v DIAESEAR SR 78 o5 204N R SR, B K 3k
BAR B B4 2 S AR BE AN LL ARG TR BE IR IV E AR, AT A8 #53K H LED R T RIBRE) Hy
PR BT PR AN LA R REE ST 7 AUk . TR iR I, B T kP s S A 2
YT AR R LT AMR S R LA AR, BEAR 310 tr] LR ADEEAR SRR T 4Eb . S48, LED
HLJR 1 08 11 1T DIAT B AE AR 310 [— N3, thn] LA B AL AR W L.

[0097]  LED HLyi 30 [R5 310 418 i T PN L1 B PES, e ann] DUAE Bk B 2 2R R
AR EAR 310 [EE TP 11 uif i Py 3R T

[0098]  Zk&:2: WL 2, 24N LED §3JT 320 #YE AR 310 A HEF) LA S S R G o B
SR TR IR LED Bt LA E A I AR RS AR b (B2 HEA 7 3R A R BR T 1k, 441 40 LED
G R] BALAZ 4181 S TE I )7 A4« LED 8.5 320 7] LUK FH 3205 v sl 8 S it e =X, 241
YT WG 2 T E A 22 A AR 310 o S5 40, AT ISR AR I WG 5E T 206 ks 2
YNGR I BR B E PR B B 330 [ T B 2 B AR SEMR 310 L

[0099]  7EWE] 2 7~y LED R, 24N LED BT 320 4 H e & 76— 2, IK ) HE R A5
He 330 9 anl ik AR 310 ERAZk S LED SRt 320 HARER:, A 1) J5 E SR A E 2 R
/B . AR AR, BARIX AL AN LED ool A By A& — &, [H2 el
A LA VR ER B AZ MRS T AR & 7E— o

[0100] 4N 2 7, SR BN HE AL 330 BT As i HEAT AR 254 310 M. B4k, 7E2E
B 310 By rh—uin i B A 51 340A F1 3408, 43 J4E &y LED SRy H B AR He 330 ()55 — ik
FEE AR (R DL RORS 51 340A F1 3408 AR A “HAR G ™D 7E5E SR S5 » AR5 |
JE 340A H1 340B 43 v 21 ERHEM 21 1A F 2118 HUERE . AR TAERS, 5| 340A A1
340B FHREL R — AR g 21 FAH R R4 5 1A A LR I G HD 1) K 8 M AR
M5 — 5 Eumas 21 b i -5 403818 0 AR (1) F2 26 W U042, AT ASE 08 A AL L 5
o] SR ) HL AR bR 330 Ik F . FE ] 2 PR R S5 s FAR T I 340A 3408 kAR AE AR
310 ko AT Il H Ak S 1D, TT DAASE F AR 5 | A 2 i B AR 310 FFPREAE TR 310 1) 55— b
[0101] Wk, Wil 3 FroR, fESEAR 310 5 — o B — X7 Sl St i 22 F 9@ 221A
12218 A IER T ) 350A F1 3508, X AN | A ik 4 310 2 Jm /e — S, AT A 22
[ i [ 5 AEFEAR 310 o ARZEHE, 51 350A F1 3508 7 LLZ&—RAL IR, thak, FE4R 310
(i) S £ SO RE & 751 40 B ] T 11 IR

[0102] AT [T HEIA o 2 AR B, 76 5 BB H AR 5 1 340A 1 3408 11— S AH XS 1) 55—
Uit b R B BEAHEE S | 350A H1 3508 T] LA K AT {H LED H YGAT 2%

[0103] AA Sy R FH LR BRI A B T8 EDGAT i 42 I, &1 4B 4 18] 1 fr o STt 4 ) LED
HOGKT AR 4A P id HDOGAT I 44 i .

[0104] 7R IE 1K) H DG KT HEOBH e s o, AT 8 — S0, 25 PR ORHAFR 1, 1 DMK T 9 X0 4 B 4 il 4 N
PG A . A 4A BT, 2650 B AS RN 9 1 By D 2 TR e RE2S 3, 48 1 A HELS,
R R AN YR K2R L, T 1 C 28 RIS 4 MU HE R AN YR R 26 N, 22 34 5¢
RO S0 H BT 2 IR RHREIA A B S 0 AL B IS O C AT D L AERE . S 4A AL, 7F
K AB sk 07 30T, JRRERS 3 MRS 5 B Q. Uik, iR ss 5 Bl BRI IF HoR
FHRUR RERS 1 20, B, HALEE 5l BT A D 1) 3 A5 4 JR A DT P 42 1 o

8
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[0105]  HELARTE B Bh Kl 1-3 Bk 19 SE 9 LED 3R 50 H s 9 L AR 51 A1 340A F1 3408
Bl B B[R] 5 B P N b (B2 TENG LED HDBRAT L 222 BIAT JRE B, X Ha e 5 | )
(R B TCRE N SR o A2 U, e rUAR 5 IR e I TG 18 8 T 1] 4B P 28 P iy
KGRI E 45 1 AR B HLCERD 182 F 4 (RIS 46 1 C A D HLUERD , AN FR A e
] LED FEAT 1 IE b d . BRI S, W B Ak 51 BE 340A 1 340B 435 Sk 0 A FilB 2
AIER TS 350A 1 3508 43 A5 1 C R D HAERLRT, AR S IE 340A 5 K28 L R0
B, 5L, BT A7 T34 310 3 —m 1) 5 1) 350A F1 3508 k468 —i&, it LLHLAR 5 | )
340B BEMS L2 HeAR 5.5 ) 350A F1 3508 DL J B AR 4 FAER R FLN, HILSI T
AN LR 1) LED SR H YR Ik v . 55— 7 T, S AR 5 | D 340A 1 3408 437 54 1 C A1 D
HL SO RE T 5 1 D 350A FH 350B 43 54 1 A R B HLAERERT, AR 51 I 340A RE6S 28 i Jik R
MAs 4 AR R FEN, SIFER, B A TR 310 5—um i 51 I 350A 1 3508 4 ki
FE—, AT CLHAR S | B 3408 B 20425 5.5 350A AT 3508 5 K4k L /S IER, M ]
FESZIR T 40 By 1] LED BRZ vt (1 £ v

[0106]  [&] 5A AR HH HELTER AR 5 08 HOGAT 1R, 61 5B ] 1 Bz st 1 LED
HOEkT AR 5A P id HOGAT i 2k i .

[0107]  f1 ] 5A Fi7, SMERAS I HLUR ) K 48 L AR 48 N B/ % 42 2 A0 28 6, T R IR
[T AVBL C D M5 v R3S 6 I o 7 OB . 235 Ui 518 HOBAT 2 (PIxs
FRI 73 0 54 0 AVB FIAE 1 C R D M0 . 51 bA AHLL, 7RI 6B Pondide 77U T, 7
MR 6 B2 0R, B 5 D 2 M BB, 10 73— X O C D 43 B SRR R AN AT
HJR KR L FIRER No [FIFE, 7] 5B H, JE 32 A AR S | IR R4 B G 18 A2 T K ) (R 54
O A AT B B/ SOEROIE R T2 (R 546 0 C F1 D H/0ERD , SN EBAS I HL Y FS RS A] LED D
KT 1 T A o 45 G 2 S AR 5 10 340A 1 3408 Z3 51 54 11 A R B HELAERE T 5 LD 350A Al
350B 43 54 (1 C Rl D HL A4, W Al 5 | A 340A 5 K46 L M0, 5k FIN, dale s | )
340B Z25| JIH1 350A Fl1 350B HLSERLE R T4 N, ISR T 40 rL Y iv) LED 3R ) FELYE [ fHE Ha
T3 77 18], 40 FEELAR 5 Y 340A F1 3408 43 5] 54 1 C A1 D AR 5 | I 350A A1 3508 43
A T A R B AR, U AR S L 340A B AGERE B LR N, M FL AR 5| ) 3408 BEWS L5
JEI 350A 1 350B 55k 2 L R, AT [RIFESEIL T 48 el i) LED 33 F R i £
[0108]  FHEEFE L, BARIKE) HL AR 330 gt 2 BT ol B B AEFERR 310 (1)
P 3, (2 X L TO A A R B AR — Im R W AT . B TR BRI, /E 8 LED IR 5y H
LB 05 R 340A 1 3408 tHm] DLV B AEFEAR 310 [P, 761X PR3 B AT A, 51 340A Al
330B 43l 2 AN ) v 5. b ()37 ) 55 AT AL LR R K e R R e M R

[0109]  BRZf) HLYEALERL 330 W] SR FH A& Fhbr 0 A4 1) R %, 491 Gt A0 435 AELAS PR T R e B s 2
PP HLR 45 4 SO A D FL R Z A M LLC $R 4 R S5 4 2% . 7 S BBl FL YR B 1
MRGA T2 WM R AT 2011 4F 5 28 1 Wi (LED BE B IK B R 547 H o) — 13,
AR LA S0 | A S EAR G .

[o110] IR HEIEAE R 330 W] DL 2 FhRSN 77 2 (9 16 A A H R 8 e R E R e it v
2577 70 19 LED B2 b A0 i i s, SEmT L — AN NS R R A . 7EE 2
JIT 7~ () LED BK ) LY, BX ) R AR ER (1) — > Bl 22 A3 DLt sl 2 A IR T XS
[0111] 6 4Kl 2 Frzn LED 3X a0 rLY A B A 2 (1 — P 3K ) L I 4SS e 1 R B2 R R

9
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[0112] & 6 T 7x M 2R3l FE R A e 330 A0 F6 4 N BL LU I 2 T 331 DC-DC FH R AR e B T
332 MRS TT 333, LR AT e EdE— B A .

[0113] & 4 Fizs, My B e 7T 331 ARG raLise BRI, HL 284S C1. C2. C3. Rk
FEBEL A% R1FT RS 1o AT HL (A0 T D £ A MR B 2 BRI B0 5 78 IEAR S 1 a4
Wk ah R . JEP AR CLy C2. C3 FRMUEPHAT R1 FIHL BT L1 A4 B EMI 8 H i, Hi—
3 THTH A2 3t R T A g vy AT A% B B H B 1R 52 0, 75— 7 TS ) SR B P B %o A2 0 FEL T 1)
HLE T4

[o114]  {H1SFE H A2, BARIX HL/R HH 12 A i 7 3, (2 P 3t o2 T I
[0115]  Z:DLIE 6, EUL LAY 28 C1 AR FE PHL2S R1 JFBEAE A BV 8 BRL (95T ik A\ i
B3 1 B4 2z [a], Forb Fe R BH AR R1 I8 P03 H % A B0 S 3 Ok W P T A R G 2% BRI
Ry %6 N HE R AT RIAE PR BI7KOF o BEDR HL 2% C2.C3 FHLKAS L1 2k o AU ut o] % 9% HLH
ARGE A RIS BRI A IE AR B1 5 5k B2 2 8], AR 4 M 383 28 BRI %7 H i ik 3h
HL A EAT IR B

[0116]  DC-DC F F= 4% 4t 82 7€ 332 5 4 3 B AL U8 I 52 G 331 ) 10t 52 76 333 Al LED 471 %,
LED1-LEDn (4R B[] 2 fr7x LED BXZ) HL i b (1) £ IR A 72— 2 19 2 4> LED 52T 3200 LS
ez, O S B o0 331 HrtH B ik B W R A T 22 B 7 1 RS R H AR R AR 4G
LED $1%%. b4k, DC-DC FH AR 550 332 i85 4 5ot 333 W [A] LAE, IAE A4S LED 41
) HL LA F s AR R e RS D T AR IE Dh e . AEBY N AR, 24 LED BT
AR IR 1100k P P A e Ay R e v IO i N 1) R s B v (L, RGP R B4R TR L TR 1 DA B
TS +10% [f) 220V AT H 481, LA Ry FEURR 20 08 342V, JU) LED 55 B¢ FL e i ik 342V,
[0117] 7RI 6 Pron IRz YRR o, DC-DC e AR 4 51 7T 332 A 46 HU Y L2, FF ok Ak
B DL RS C6 AP ICI#ELE UL,

[0118]  ftkdhy, W LUK S A ok e 1 i) CPWAD 42 i) 8 1 4 J Ak 21 SR 3N 4 (A
N CRFR A MOS 9 Y B B HL B 83 VD TSGR HEAT UL, b PWM 28 il 2% ) 5 th o 55 MOS
(R AR F =% DSBS MOS 8 IB OGR4 il o 72 B AR R G TR BE SR 85 b, o 1 )
A o B R, T DR MOS A () I A3 O s B (1 4 K 24 IMHz) , 1Ty MOS %85 1 5K i B[]
AT 5 BE ] ORE MOS & 1R OCITIN ] 24 72 {1 (9 41 K24 320nss ), 17 MOS & R A4 2
AL o BRI, X R TF OCIR RN B — AL B 5 MOS 8 (1Al e OB I R il 5 |
55 PWM 428 i) 85 0 4 i) o ORI S I 5 LI o B I S U 3388 10497 1 B FE (RS S B 1
Sk B PR T AR ) CWL2L30 F CW12L40 35 F 2%

[o119] 41 6 fior, HLSES L2 AT ¢ AR D1 Bl HR e AE A X B VLB 38 2T 331 55 LED
B2 6], Forp PO AR D1 I IE AR 5 s L2 BSOS, Tl 5 LED <% 8z,
e, TSR A B R H /N ) 1 R AR R RO AR D1 4kEZ LK 6, FF KT
#r UL (e B0 D i O B A Bt L2 5 OC A D1 I IEARZ (8], F HL R W5t 5 | ) FB
5RGETT 333 WA ER . LAk, 7RI 6 Pron i i, RS C6 5 LED Shgdbyt T %
AR DL AR DAAE T ¢ AR D1 ANy [a) LED £ 80058 i

[0120]  Z:DLIE| 6, FFOCTHEERS UL A48 filit 5 | ) VCC At 5 | ) GND, Hr H i 5 || veC 42

HLZY 9% C4 B,
[0121] U HJT 333 A FE SR = A8 QL. HLFE.#% R2. R3 FITHEZE 4% C5. WP 6 Fion, diik

10
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SR QLR LS RBOR s I B X, Hor, SR AR 28 HaBHL 2% RS HL A B G R
2 UL B A5 B LUK SR 5 R0 22 R TR B85 UL, H A S e i RO R DUFE %A
[] 244 R0 Al 4 1] 5% PG R e i, - HL AR 392 N LED Gz () [ 2% LU BUR A 5o P 2% R2
F A A FEA S R 2 1) LI A N [RT B o S5 b, JT TR B 2% UL (1) S it 5 | 0 FB 3B 42 He,
2588 5 B,

[0122]  DURHEIARE 6 Frondkzh ki 330 i) TR R 3.

[0123] 42218 AUk HL R N, A7 OB ALIEIE R 0T 331 K 5 A\ I AZ Ut He AR 98 4 ik 3 v s
H 2 DC-DC T FEAR e B T 332 Y HLIEKES L2, JFOCTH%EES UL N #EAT MOS 7 7E PWM #5281
SR R DUR B 5 8 R G T

[0124] 4 MOS SIE T, ZEHF 2 BRI IR IR 0T 331 o4 H I O VE T, HE VAL UR 26 LTS L2
FIMOS 5, FF R AR D1 R F %A% C6 LW L e ARl o Bl Ve H RS L2 1 R AN T
K, HURAE NAFRE I RE R B AT G 2 . U, LED figk iy s 2538 Co (i, HLAK 52 LR 25 C6
RT3 FLE T A

[0125] 4 MOS B P4 22 X WPRR AT, Y28 HLIEES L2 (0 FELIE TR LA kN AT AE FELJERER L2 11
R i 5 AR N FEL B A, AR B IEAS B BN FEL BN A S M R R U B T 331 [ R
JEAH B I JE T T R e 500 331 % F s o DRI, S i B T HL A SR C6
(7 P, BRI TR 26 A4S D1 kN S8R A4S LED 628k ok R ek 28 12 ik o, 9 LA 2528 6 1
HH RS L2 78 I HLE 22 MOS B A FE U4 2 Sl R A o FEAS S 5 SRR FEL Bl A K
BT MOS &1 o 28 L, BRI AT UERE 11T PWM 23 025 4 A 5 190 1 25 LU 395 s 22 1 v
FEFRTHIRFE o

[0126] >4 MOS & i B4 U4 (0] S RAS I, FF 58 AR DL AR B I v F I G sk 7% 7
AR T A 6 ERHL A, B O AR D1 i A IRES, LED ff g 25845 C6 LA
PETH A H, T LS L2 T URA7 ik HL R

[0127] i _EA] WL, 75 PWM 5 28 i, MOS P70 b3 Sl e Wtk 25 22 1a) AN D1 48t
MIAE LED 5728 1E A% b 1 Hi A 6 ¢ PR R AR 580 v 1R P s 7K o

[0128]  Z LK 6, LED fak 5 H P 2% R4 RS JRHAAE R 26 AT D1 Il 55 M BH2S R2 2
i), 3 H. LED S8 Sk i 042 22 R = A8 QL 9 ER . 44 LED S vy st il / Bk
HI R R AR IR BN LR di R = AR Q1 B SER I P AL & 50, &80 i AR — AR Q1 BRI
S5 M H AR 28 H BELAR RS i HY 22 T OGBS UL (1) 5205t B, PWM 428 )25 p Stk mT DAAR 3
S T R A 1 A B AT U R, R ARt SS LED SRk i) R F PR AR R E
[0120]  7EFE 6 AT (IS, FFoe TR HE2% UL [ U5 I FB IR 28 K28 & () L 25 4% C5 %
b, 3X AT AT S0 B % R e N AR 5%, S At ST AR AT T L B B R e THE R o FEANE E
(%) 2 15t HL P 3R 7 75 MOS 787 FP IR L AR I, 7 AT Wi 4 % ~F JAL 3 P A5 35 31 LED 471 8% EIK~F 2 B
Ho TR PARESS UL 76 e b TAE, 76 MOS & S8 I 1R) 85 2 A1, F IR A2
S YE T o T8RS0 IR A AT RS B 0 N 9 /DA 48 MOS BRI G HEL AL, O ARSI
(A2 3t FEL s 92 B 38 N 28 MOS 357 119 5 € FEL AL, 3 LED 6 8 A\ ity I S S /ML, I AT
B N L AL RE I 220 R R AT i N H R 7R A, AT SETILDh 25 (Rl 12 IE I Zh g

[0130]  FEEFg H1USE, EIE 6 B I SEREp o, PWM $ 6125 5 MOS B d 4R s AE Rl — R il
B A O T b DR SRR, IE T LU R AR AR QL. PWM IR A MOS A =
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[0131] W] 3t , PWM 42 il 25 FH MOS 28t ] LA LAy 57 9 HEL % e AR T R 3R i 4 IR K 2 By
7S50 1) LED BRBH YR . B 7 s IR B LS B EROR T R R A — A, Hop
51 6 A A8 R BAR L B TR FHAH R AR 5 3R 7R

[0132] & 7 Pron IR HE R AR ER 330 [RIFF A FE AT A B UL U 5 T 331.DC-DC JH A2 6 5
G 332 AR TC 3330 MraNHEiaE v ot 331 FR R T 333 SRS 3 fios IR
AFIGER AL A TR

[0133] 2 WLIK 7,DC-DC TFIEAE e 850 332 A48 rLIEES L2 T2 AT D1 HL 7% 8% C6.PWM
i #s U2 T MOS 45 T1, Hirp, HEER L2 FUHFOC ARE D1 4t o BEAE AR SN LA I8 V% BT 331
55 LED g 7], FF O ARG D1 BUIEM 5 rURES L2 A& HE, S LED i<k Hs.
PEA S 5] 1, MOS 45 T1 AR D H B HAE U L2 5 97 0 AR D1 I IE AR 2 ], YAk
S A IERE R B, Ml G 15 PWM da 3% U2 fode o P ARIZE . PWM 4 i4s U2 — i DABE R
PO T AR AL, Pl FB 5 ST 333 MR, WK 4 Fis, RS 06 # i,
FERAETF O A DI 6k S LED fhgk o IR DAAEFF ¢ AR D1 kB 17 LED S0k

[0134]  AStHATC 133 [RIAEALHE R =R Q1. HIBHAR R2\R3 FHHLA AT Co. b iR = A Q1
R LS AROBOR L R B 20, o, SR AR 2 Wi RS R34 &2 PWM 8 il U2 145
il FB LK S it 5 5 P A PWM 428 Tl 2 U2, LB A S B b F =002 B DU B N [l i R o
] % ()4 () 42 b v FF HL AR N LED SR 281 0] i DA ECRS 15 5 o PWM 428 il 110 42 1l o
FB i 28 H 5 4% C5 Helh .

[0135] [ 7 FTn B sl B AR B A T4 SR 5 1 6 BT AR L, BRI AR AN TR

[0136] Wkt 7E IR 6 F1 7 B s B9 Bl F YA E Hh a w] DUAR R S IR 8 D RE K HL %
A8 G0 a8 ol R A K B R e B s ) P L PR R AR A B R S . XS L R ] DA
5 IR A4 il 4 HE A AE [R]—F SR B0 i P BRI A r 2 ] DL ol DA AR
BB I AR, B IR e R [ — S B A T LA AR — R IR L R RS
GIE SR Uy NI i

[0137]  EARCE RIS T AR B — 2875 T, {H 2 AU N AR T2 VY 2 & IR
B AT DLEEAS T B A A B s SERORS A 40 B 6 3R 5 TR EAT o502, BRI A % B 149 3 LK
PSR 2 3K DA R S5 7] F P9 2 BT B 5
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