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(54)  Title of Invention

LED FLUORESCENT LAMP AND INSTALLATION 

METHOD THEREOF 

(57)  Abstract

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 

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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to the loop of the LED units and the collector of which is electrically connected to the 

control terminal of the PWM controller.  

7. 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.  

8. 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.  

9. 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.  

10. 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] a glass 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] a strip substrate fixed inside the glass inner tube;  

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

[0014] 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.  

[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 

Page 5 of 49



CN 103899939 A Description 3/19 

5  

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

[0039] Fig. 4A is a wiring 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 is a wiring 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] 21, 22 - end covers 

[0049] 211A, 211B, 212A, 212B - plugs 

[0050] 30 - LED driver power supply 

[0051] 310 - substrate  

[0052] 320 - light emitting diode (LED) unit  

[0053] 330 - driver power supply module  

[0054] 331 - bridge rectifier filter unit 

[0055] 332 - DC-DC boost conversion unit 

[0056] 333 - feedback unit 

[0057] BR1 - full-bridge rectifier  

[0058] Cl, C2, C3, C4, C5, C6 - capacitors 

[0059] D1 - switching diode 

[0060] L1, L2 - inductors 

[0061] LED1-LEDn - LED loads  

[0062] Q1 - triode transistor 

[0063] R1, R2, R3, R4, R5 - resistors 

[0064] T1 - MOS tube 

[0065] U1 - switch adjuster  

[0066] U2 - PWM controller 

[0067] 340A, 340B, 350A, 350B - pins  

[0068] 40  - adhesive  

[0069] 2 - ordinary fluorescent lamp 

[0070] 3 - starter  

[0071] 4 - inductive ballast 

[0072] 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] In this 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. 
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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] As shown 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] As also 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 
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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.  
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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 
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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. 4A is a wiring 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] In an 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. 5A is a wiring 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] As shown 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] As shown in 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 π-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] In the 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] As shown 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] As shown in 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] As shown 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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