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Description

FIELD OF THE INVENTION

[0001] The present invention is generally related to a
LED-based light tube. More specifically, the present in-
vention concerns a LED light tube which permits an illu-
mination pattern of a relatively wide angle of illumination
and achieves highly efficient uniform lighting with high
effective luminous flux.

BACKGROUND OF THE INVENTION

[0002] Fluorescenttube lamps are used extensively in
commercial, industrial and household applications due
to their low costs and high efficacy. Billions of fluorescent
tubes are already installed worldwide. However, the flu-
orescent tube lamps utilize mercury to emit ultraviolet
light, which is a hazardous element that may affects peo-
ple’s health, and the lifecycle of the fluorescent tubes are
somewhat limited to about 15,000 hours or less.

[0003] As a solid state light source, LEDs (light-emit-
ting diodes) emerged in the sixties of the 20t century
and are a product with long life span, firm structure, low
power consumption and flexible dimension such that they
are becoming more and more popular. LED-based light
tubes have been developed for use in the fluorescent
light fixtures in place of conventional fluorescent tubes.
The LED-based light tubes are sized in length and diam-
eter to fit the existing fluorescent light fixtures.

[0004] However, due to the point source characteris-
tics and limited illumination angle, the performance of the
currently available LED- based light tubes do not satisfy
the strict requirement of lighting professionals that the
light source need to match the photometric of the lumi-
naires to provide enough light intensity distributed evenly
across wide illumination angles on the targeted illumina-
tion area in accordance with general lighting design prac-
tices.

[0005] U.S. PatentNo. 7049761 discloses a light tube
forillumination including a bulb portion and a circuit board
with the LEDs mounted thereon. The circuit board is
mounted on a structure with a H-shaped cross-section
and the LEDs are all mounted on the higher location of
the upper half of the bulb portion. This light tube results
in limited illumination angle of 120 degrees or less as the
light path to the lower half of the bulb portion is obscured
by the H-shaped structure.

[0006] U.S. Patent Application No. 2010/0265732
teaches a light tube with LED light source including a
casing, a control circuit board, an LED circuit board inside
the casing, and LEDs mounted on the LED circuit board.
Again, the LEDs are all mounted on the upper half of the
casing in this light tube, with a result of limited illumination
angle similar to U.S. Patent No. 7049761. Moreover, the
LEDs are distributed far apart from each other, this leads
to uneven distribution of light along the light tube, and
un-natural bright light spots can be clearly observed.
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[0007] U.S. Patent Application No. 2010/0157608 dis-
closes a LED lighting tube including a casing, an alumi-
num base board which fits into the casing and carries a
plurality of LEDs, atleast two reflective members respec-
tively arranged on opposite sides of the LEDs. There are
rasied ribs or similar structures formed on an inner sur-
face of the casing to serve as a reflective member for the
dispersion of light. This lighting tube has a potential dis-
advantage that the two reflective members limit its illu-
mination angle and the thick tubular casing reduces light
output.

[0008] U.S. Patent No. 8115411 teaches a LED light
system for illumination, The illumination angle of this light
system is increased by utilizing multiple strings of LEDs
mounted at different angels inside a light tube. This def-
initely results in high costs and ineffective thermal dissi-
pation of the LEDs.

[0009] Although avariety of LED light tubes existin the
prior art, these light tubes has the drawbacks of relatively
narrow illumination angle and uneven light distribution.
Even a diffusion structure is provided on the housing of
the light tubes above the LEDs, the lights are diffused
around the diffusion areas on the top. As a result, the
ultimate illumination angle of the light tubes is still small,
and a large part of the tube cannot emit light to form a
dark area.

[0010] Therefore, there is a need for a LED light tube
which cost- effectively provides uniform illumination
along the tube with an illumination angle of 270 degrees
or above to cater for various illumination applications.
There is also a need for a LED light tube that increases
luminous efficiency and has reduced loss of light energy.

SUMMARY OF THE INVENTION

[0011] The present invention has been developed to
fulfill the needs noted above and therefore has a principle
object of the provision of a LED light tube which produces
evenly-distributed high lumens output along the length
of the tube and covers an illumination angle of 270 de-
grees or above.

[0012] Another object of the invention is to provide a
LED light tube in which low power LEDs are used to pro-
vide natural and evenly-distributed lighting pattern with
high luminous efficiency and better management of heat
generated by the LEDs during operation.

[0013] A yetobject of the invention is to provide a LED
light tube for use in fluorescent light fixtures in place of
conventional fluorescent tubes.

[0014] These and other objects and advantages of the
invention are satisfied by providing a LED light tube com-
prising:

a translucent casing comprising first and second op-
posing axial edges with an opening formed therebe-
tween;

a heat sink having an retaining portion, the heat sink
being configured to couple to the casing in a manner



3 EP 2 650 588 A1 4

that the opening of the casing is covered by the heat
sink, wherein the heat sink and the casing together
define a tubular structure with an interior cavity com-
prising a lower cavity half and an upper cavity half,
and the retaining portion is located in the lower cavity
half;

a circuit board secured on the retaining portion of
the heat sink in a thermally conductive manner;

at least one LED light source mounted on the circuit
board; and

two end caps configured to fit over two ends of the
tubular structure.

[0015] Since the LED light sources are mounted at a
very low position in the interior cavity of the tubular struc-
ture, together with the casing fabricated with selected
materials, the LED light tube can emit lightin a very wide
angle which is 270 degrees or above. Preferably a ma-
terial capable of transmitting, diffusing, and reflecting
light is selected to make the casing. By selecting a ma-
terial having an appropriate combination of light diffusion,
transmission and reflection characteristics, the casing
can produce an evenly-distributed illumination along the
length of the tube with high luminous efficiency. Prefer-
ably, the material has a haze of about 85-99% and a
transmittance of about 55-75%, and advantageously the
material is constructed to have a surface roughness
smaller than 0.8um, e.g. 6pum or 7pm. The material may
be selected from transparent plastics or glass doped with
a diffusion substance selected from the powder of alu-
minum oxide, titanium oxide, silicon dioxide or other new
nanotechnology compounds. Preferably, the diffusion
substance is processed by the nanotechnologies to be
in nano-powder form.

[0016] In one preferred embodiment of the invention,
the material is polycarbonate doped with a diffusion sub-
stance for example titanium oxide powder. More prefer-
ably, the casing made of the polycarbonate has a thick-
ness of about 0.5-1.5 mm, and the polycarbonate has a
haze of about 90%-99% and a transmittance of about
60%-70%.

[0017] In one embodiment of the invention, the heat
sink has a retention member formed along each of two
opposing axial sides of the retaining portion for firm en-
gagement with the circuit board, thereby enabling to se-
cure the circuit board onto the heat sink. Advantageously,
a thermally conductive material for example a thermally
conductive grease is applied between the circuit board
and the heat sink.

[0018] Preferably the first and second axial edges of
the casing have first and second flanges extending in-
ward respectively, and the heat sink spans between the
two ends of the tubular structure and is provided with two
notches positionally configurable to accommodate and
rigidly retain the first and second flanges in place. This
ensures the firm connection between the casing and the
heat sink.

[0019] Atits outer surface, the heat sink preferably has
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a plurality of radiating fins disposed in a spaced manner
for a better thermal dissipation effect.

[0020] In orderto enhance the thermal dissipation, the
heat sink is advantageously formed with a thermally con-
ductive material selected from the group consisting of
aluminium, aluminium alloy, plastics, and ceramic.
[0021] Inanother embodiment of the invention, the cir-
cuit board extends through the tubular structure between
the two ends of the tubular structure, comprising a first
circuit board with a bridge rectifier and at least one sec-
ond circuit board which are all electrically coupled to each
other. One of the end caps has two pin connectors elec-
trically coupled to the first circuit board, and the other end
cap with two short-circuited pin connections is electrically
isolated from the circuit board. The end caps may be
configurable to be coupled to a fluorescent light tube
socket.

[0022] Preferably, the LED light tube comprises a plu-
rality of LED light sources which are mounted in one
straight line on the circuit board. Preferably all the LED
light sources in use are mounted in one straight line on
the circuit board.

[0023] The circuit board may be fabricated from the
glass enforced epoxy laminate sheets FR-4 type, com-
posite epoxy material CEM-1/CEM2 type or Metal Core
Printed Circuit Board (MCPCB) type. The circuit board
preferably has a thickness of 1 mm or less for good ther-
mal conduction between the LED light sources mounted
on one side thereof, and the heat sink that comes into
contact with the other side thereof.

[0024] According to the invention, the control circuit of
the LEDs including the driver and the other electronic
components are not placed inside the tube, instead, they
are mounted in the light fixture. This arrangement en-
sures that the control circuit is away from the high tem-
perature as a result of the heat energy generated by the
plurality of LED light sources during normal operation,
and thus enhances its reliability and serviceability.
[0025] In contrast to the LED light tubes available in
the prior art, the LED light tube of the invention is config-
ured such that all the LED light sources are mounted in
one straight line at a very low position of the lower cavity
half of the cross-section of the tube. This increases the
total illumination surface area on the casing especially
on the lower cavity half. Another feature of the LED light
tube of the invention is that the material of the casing is
selected such that the light from the LED light sources
are transmitted, diffused and reflected in the casing to
produce a more uniform light intensity with increased il-
lumination angle. The selected material and the control-
led thickness of the casing permit to redirect a portion of
the light to pass therethrough to reduce the loss of light
energy. Because the light output efficiently increases,
the use of low power LEDs is possible, which allows for
a heat sink of smaller size.

[0026] To have a better understanding of the invention
reference is made to the following detailed description of
the invention and embodiments thereof in conjunction



5 EP 2 650 588 A1 6

with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

Fig.1 is a perspective view of a LED light tube con-
structed in accordance with an embodiment of the
invention.

Fig. 2 is an exploded view of the LED light tube of
Fig. 1.

Fig. 3 is a top view of the LED light tube of Fig. 1.
Fig. 4 is a bottom view of the LED light tube of Fig. 1
Fig. 5 is a side view of the LED light tube of Fig. 1.

Fig. 6 is a cross-sectional view taken along line A-A
of Fig. 5.

Fig. 7 is an end side view of the LED light tube of
Fig. 1.

Fig. 8 is a view showing the light emission through
the casing of the LED light tube of Fig. 1, wherein
the light emission includes transmitted light emis-
sion, diffused light emission, reflected light emission
and refluxed light emission.

Fig. 9A is a plot of the illumination pattern obtained
from a conventional T8 LED light tube and measured
under the condition of free burning.

Fig. 9B is a plot of the illumination pattern obtained
fromthe T8 LED light tube of the invention and meas-
ured under the condition of free burning.

Fig. 9C is a plot of the illumination pattern obtained
from a conventional T8 LED light tube and measured
under the condition of burning in a wide-angle mirror
reflector fluorescent light fixture.

Fig. 9D is a plot of the illumination pattern obtained
fromthe T8 LED light tube of the invention and meas-
ured under the condition of burning in a wide-angle
mirror reflector fluorescent light fixture.

Fig. 10A is a circuit diagram of a first PCB used in
the LED light tube of Fig. 1.

Fig. 10B is a circuit diagram of a second PCB used
in the LED light tube of Fig. 1.

Fig. 11 is an illustrative view of the electrical connec-
tion of the PCBs inside the LED light tube of Fig. 1.
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Fig. 12A and 12B are illustrative views of the elec-
trical connection of the LED light tube of Fig. 1 with
a power source, showing that the light tube can be
connected in either of the two directions.

DETAILED DESCRIPTION OF THE INVENTION

[0028] While this invention is illustrated and described
in preferred embodiments, the LED light tube may be
produced in many different configurations, sizes, forms
and materials.

[0029] Referring now to the drawings, Figs. 1 to 7 pro-
vide a LED light tube 100 constructed consistent with a
preferred embodiment of the presentinvention. The LED
lighttube 100 is sized in length and diameter for replacing
conventional fluorescent light tube in a fluorescent fix-
ture. In this embodiment, the LED light tube 100 com-
prises a casing 10, a heat sink 20, a circuit board 30, a
plurality of LED light sources 40, and two end caps 50.
The LED light tube further comprises a control circuit (not
shown) for controlling the LED light sources. The control
circuitis mounted outside the LED light tube 100 but fas-
tened in the fluorescent fixture (see Figs. 12A and 12B).
Such an arrangement of the control circuit not only pre-
vents the control circuit from subjecting to the high tem-
perature due to the heat generated by the LED light
sources, but also ensures that the light emission of the
LED light sources through the tube would not be hindered
by the control circuit, unlike the prior art LED light tube
where the control circuit is disposed inside the tube. The
control circuit is not the essence of the invention and
therefore not described in detail herein.

[0030] The casing 10 has a substantially Q-shaped
cross section comprising first and second opposing axial
edges 11, 12 with an opening 13 formed therebetween.
First and second flanges 14, 15 extend inward from the
first and second axial edges 11, 12 in the axial direction,
respectively. While the illustrated casing 10 is Q-shaped,
the casing having a square, triangular or other cross sec-
tional shape may be used. The casing is made of a ma-
terial having light diffusion, reflection and transmission
properties for providing uniform light distribution and in-
creasing the illumination angle of light distribution, which
will be described in detail herein below.

[0031] The heat sink 20 is configured to couple to the
casing 10 in a manner that the opening 13 of the casing
10 is completely covered by the heat sink 20 to define a
tubular structure. As illustrated in Figs. 2 to 6, the heat
sink 20 spans between two ends of the tubular structure.
The heat sink 20 has two notches 21, 22 positionally cor-
respond to the flanges 14, 15 of the casing 10 and a top
surface which serves as aretaining portion 23 for carrying
the circuit board 30 with the LED light sources 40 mount-
ed thereon. By clamping the flanges 14, 15 into the notch-
es 21,22, the casing 10 and the heat sink 20 can be fixed
rigidly together to define a tubular structure with an inte-
rior cavity. Of course, the casing 10 and the heat sink 20
can be fixed together by use of a technique known in the
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art, for example snap-fit or fasteners. The interior cavity
of the tubular structure consists of two sections on the
halves along a horizontal central axis B-B: an upper cavity
half 16 and a lower cavity half 11. The heat sink 20 is
sized such that the retaining portion 23 is located in the
lower cavity half 17, allowing more than a half of the sur-
face of the casing 10 to emit light. In the present embod-
iment, the heat sink 20 is sized in height such that the
retaining portion 23 is located at a position close to the
bottom of the tubular structure, allowing a large portion
ofthe tubular structure (e.g. more than 60% of the surface
of the tubular structure) to emit light.

[0032] Positioned along each of two opposing axial
sides of the retaining portion 23 is a retention member
formed as a slot 24. The slot 24 is sized and shaped such
that it is snugly engaged with the circuit board 30 while
the LED light sources 40 mounted on the circuit board
30 are exposed centrally. A layer of a thermally conduc-
tive material for example a thermally conductive grease
may be applied between the circuit board 30 and the
retaining portion 23 of the heat sink 20 to obtain a better
thermally conductive effect. Of course, the circuit board
30 can be secured on the heat sink 20 to create good
performances of thermal conduction and thermal dissi-
pation therebetween by use of a technique known in the
art. For example, the circuit board 30 can be attached to
the heat sink 20 through a viscous conductive grease or
glue. In addition, the heat sink 20 has on its outer surface
a plurality of radiating fins 25 that are parallel to the axis
ofthe tubular structure and disposed in a spaced manner.
The arrangement of the radiating fins 25 further boosts
the dissipation of heat energy generated by the LED light
sources 40. The heat sink 20 further comprises a screw
hole 26 at both ends thereof at a position corresponding
to the screw holes 52 of the end caps 50.

[0033] The heat sink 20 is preferably formed with a
thermally conductive material selected from the group
consisting of metals such as aluminium and aluminium
alloy, plastics and ceramic. The material of the heat sink
20 preferably has a high mechanical strength, so that the
tubular structure formed by coupling the heat sink and
the casing together remains rigid in the required length.
[0034] The circuit board 30 is formed by electrically
connecting one first printed circuit board (PCB) 31 and
a plurality of second printed circuit board (PCB) 32. The
first and second PCBs may be joined by electrical con-
nectors 34 (see Fig. 11). The first PCB 31 is configured
to contain a bridge rectifier 33 such that the light tube is
not sensitive to the polarity of the direct current feed from
the control circuit, hence the light tube 100 can be oper-
atively mounted in either of the two directions in the flu-
orescent lighting fixture. The second PCB 32 does not
have the rectifier. Alternatively, the circuit board 30 may
be made in one piece with one end containing the bridge
rectifier. The circuit board 30 has a LED-mounting side
on which the LED light sources 40 are mounted and a
heat transferring side opposite the LED-mounting side
for facilitating the heat transfer from the LED light sources
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40 to the heat sink 20. The circuit board 30 can be the
conventional FR4 or CEM type, or the metal core printed
circuit board (MCPCB) for better thermal management.
As discussed above, the circuit board 30 is slid into the
slots 24 of the heat sink and fixed in place.

[0035] The LED light source 40 can be a LED, a LED
package or an LED array. All the LED light sources 40
may be connected in series and/or in parallel, but they
are mounted axially in a single straight line on the circuit
board 30. This one-straight-line arrangement of the LED
light sources is particularly cost-effective in terms of the
capacity of the heat sink and the light output efficiency
of the light tube. The number of the LED light sources 40
in the light tube 100 is selected to cater for the desired
power according to the actual needs and the particular
applications. Forexample, a single line oftotal 144 pieces
of LED at a total consumption of 33W attains an output
of 3,000 Lumens at 4000K color temperature.

[0036] Figs. 10A and 10Billustrate the circuit diagrams
of the LED light sources mounted on the first PCB 31 and
the second PCB 32, respectively. The LED light sources
40 can be mounted on the first PCB 31 and the second
PCB 32 by solder, snap-fit connection or other means
known in the art. The light output of the LED light tube
100 can obtain an enhanced luminous efficiency, and it
has been found that the luminous flux of the LED light
tube 100 is increased with respect to the existing LED
light tubes in the prior art for the reasons of improved
light emission discussed below, hence low power LED
light sources can be used in the LED light tube 100 to
provide natural and evenly distributed light pattern. This
saves energy and allows for a heat sink of smaller size.
[0037] The end caps 50 are provided to fit over the two
ends of the tubular structure defined by the casing 10
and the heat sink 20. Fig. 7 is an end view of the end cap
50 which is a G13 end cap adapted for coupling to a
conventional fluorescent light fixture. It would be appre-
ciated that other configuration is possible for the end
caps. In this embodiment, each end cap 50 includes two
pin connectors 51 for connection to the fluorescent light
tube socket, and a screw hole 52. The two pin connectors
51 of one of the end caps 50 are electrically connected
to the rectifier 33 of the first PCB 31 for providing power
to the LED light sources 40; and the two pin connectors
51 of the other end cap 50 are shorted together and elec-
trically isolated from the second PCB 32. With such a
wiring arrangement, the LED light tube 100 can maintain
its functionality no matter which direction it is plugged
into the fluorescent light tube sockets, which is shown
more clearly in Figs. 12A and 12B. As illustrated, the LED
light tube 100 is allowed to be installed onto the sockets
without the need of distinguishing the polarity of the LED
light sources 40. The end cap 50 and the heat sink 20
are fixed together by using a self tapping screw 53
through the screw hole 52 of the end cap 50 and the
screw hole 26 of the heat sink 20. The end caps 50 can
be made of plastics, or metal or a combination thereof.

[0038] Preferably, the inner surface of the casing 10
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and the exposed surface of the circuit board 30 are made
to possess reflective properties to enhance the reflection
of light inside the interior cavity of the light tube. For ex-
ample, these surfaces may be configured as reflective
white surfaces.

[0039] To assemble the LED light tube 100, it involves
electrically attaching the first and second PCBs to form
the circuit board 30 with the LED light sources mounted
thereon, securing the circuit board 30 onto the heat sink
20, coupling the casing 10 to the heat sink 20, and at-
taching the end caps 50 onto the two ends of the tubular
structure, thereby forming an integrated and solid light
tube structure.

[0040] One of the features of the invention is the se-
lection of a material for the casing 10. By selecting the
material having an appropriate combination of charac-
teristics of light-diffusion, light transmission and light re-
flection, the casing enables to increase the illumination
angle of the light emitting from the LED light sources to
270 degrees or above and also result in uniform light
distribution. In particular, the material is selected to allow
the light emitting from the LED light sources to pass
through the casing 10 through light transmission, light
diffusion, light reflection and light refluxing.

[0041] The degree of light diffusion and transmission
of amaterial is called "haze". The haze may be controlled
by the doping level of a microscopic diffusion substance
such as titanium oxide powder in the material. The higher
level of doping, the more light is diffused to the neighbor-
ing areas and the less light penetrates the material and
transmit directly through the material, resulting in higher
light attenuation and lower light output, which can be de-
scribed as a low transmittance and high haze condition.
On the opposite, if there are too little doping materials,
the more light escapes from the material and the weaker
the diffusing effect of the material is, resulting in bright
spots and uneven light distribution observed along the
length of the light tube, which can be described as a high
transmittance and low haze condition.

[0042] To achieve the even light distribution and the
effective light extraction as described above, the material
of the casing 10 should be selected properly. The casing
10 may be made from polycarbonate, acrylic/PMMA,
glass or other suitable transparent materials doped with
a diffusion substance such as titanium oxide, aluminum
oxide, silicon dioxide etc.. to obtain the desired haze and
transmittance according to the invention. In one preferred
embodiment, the material of the casing 10 is polycar-
bonate doped with titanium oxide, which has a haze of
about 90%-99% preferably 96%-99%, and a transmit-
tance of about 60%-70%.

[0043] Fig.8illustrates a schematic diagram of the light
passing through the casing 10. The linesin bold represent
a portion of light 61 transmitting directly from the LED
light sources 40, and a part of the light 61 penetrate
through the casing 10, which forms the primary light emis-
sion. The lines in thin represent a portion of the light 62
which isfirstreflected from the casing 10 and then passes
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through the casing 10 in the lower cavity half 15, this
portion of the light facilitates to increase the illumination
angle to more than 270 degrees.

[0044] As discussed above, the inner surface of the
casing 10 is highly reflective, a large portion of the inci-
dent light generated by the LED light sources 40 are re-
flected back to the interior cavity of the light tube. The
reflected light can exit the casing 10 from different angles
or directions, which go beyond the LED’s original light
emission coverage of less than 120 degrees defined by
the transmitted lights 61. The reflected lights can also
generate secondary "reflux" reflections on the reflective
inner surface of the casing 10, the heat sink 20, and the
reflective exposed surface of the circuit board 30 to yield
a portion of refluxed light 63. Although the portion of the
refluxed light 63 is less luminous than the transmitted
light 61 and the directly reflected light 62, it not only ex-
tends the light to the low angle locations very close to
the bottom of the tubular structure, but also enhances
the light output of the light tube 100. The inner surface
of the casing 10 may be constructed to have a surface
roughness of smaller than 0.8um to enhance the reflect-
ance and reflux of the light.

[0045] Another portion of light emission of the casing
10 is the diffused light 64 which is represented in broken
line in Fig. 8. The diffused light is achieved by selecting
the material of light diffusing properties with controlled
diffusion indexes that emit the light at a wide illumination
angle. As can be seen in Fig. 8, the portion of diffused
light 64 enables to spread the light evenly and extract
light more effectively across a wide illumination angle.
[0046] The thickness of the casing also affects its
transmittance. At the same diffusion doping level, the
thinner the casing, the more the cost effectiveness be-
cause less material will be used and the maximum light
output will be higher. However the thinner the diffuser,
the mechanical strength is affected and the light tube will
be less robust in construction. In one embodiment of the
invention, the diameter of the light tube is 1 inch, the
thickness of the casing 30 is 0.5 to 1.5 mm, preferably
1.0mm.

[0047] Referenceis now madetoFigs.9Ato9D. These
figures illustrate the illumination patterns obtained from
a conventional T8 LED light tube and the LED light tube
100 with its casing made from polycarbonate doped with
titanium oxide having the preferred haze and transmit-
tance discussed above, which are measured under the
condition of free burning and the condition of burning in
a wide-angle mirror reflector fluorescent light fixture, re-
spectively. The term "free burning" refers to the condition
where the light tube is turned on without coupling to any
light tube fixture, and the term "burning in a wide angle
mirror reflector fluorescent light fixture" refers to the con-
dition where the light tube is turned on after it is coupled
to a light tube fixture with a wide angle mirror reflector.
In these figures, the inner plots are measured when the
lighttubes are viewed from the end caps of the light tubes,
while the outer plots are measured when the light tubes
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are viewed along the axial lines of the light tubes.
[0048] Figs. 9A and 9C show the illumination patterns
obtained using a conventional T8 LED light tube in the
art; and Figs. 9B and 9D show the illumination patterns
obtained using the LED light tube 100 of T8 type. As can
be seen, no matter the light tubes are viewed from the
end caps or along the axial lines thereof, the coverage
ofillumination obtained by the LED light tube 100 is larger
than the coverage of the illumination obtained by the con-
ventional LED light tube. This suggests that the LED light
tube of the invention has a wider illumination angle than
the conventional LED light tube.

[0049] The invention thus provides a LED light tube for
use in the fluorescent light fixtures in place of conven-
tional fluorescent tubes, which is able to distribute light
evenly and extract light more effectively across a wide
illumination angel of 270 degrees orabove. The LED light
tube has improved light efficiency and higher luminous
flux. This is because the LED light sources are positioned
close to the bottom of the tube and the material of the
casing is selected to have the desired light diffusion, light
transmission and light reflection properties.

[0050] Having sufficiently described the nature of the
present invention according to some preferred embodi-
ments, the invention, however, should not be limited to
the structures and functions of the embodiments and
drawings. It is stated that insofar as its basic principle is
not altered, changed or modified it may be subjected to
variations of detail. Numerous variations and modifica-
tions that are easily obtainable by means of the skilled
person’s common knowledge without departing from the
scope of the invention should fall into the scope of this
invention.

Claims
1. A LED light tube comprising:

atranslucent casing comprising firstand second
opposing axial edges with an opening formed
therebetween;

a heat sink having an retaining portion, the heat
sink being configured to couple to the casing in
a manner that the opening of the casing is cov-
ered by the heat sink, wherein the heat sink and
the casing together define a tubular structure
with an interior cavity comprising a lower cavity
half and an upper cavity half, and the retaining
portion is located in the lower cavity half;

a circuit board secured on the retaining portion
of the heat sink in a thermally conductive man-
ner;

at least one LED light source mounted on the
circuit board; and

two end caps configured to fit over two ends of
the tubular structure.
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A LED light tube according to claim 1, wherein a ma-
terial capable of transmitting, diffusing, and reflecting
light is selected to make the casing, and the material
has a haze of about 85-99% and a transmittance of
about 55-75%.

A LED light tube according to 2, wherein the material
is selected from transparent plastics or glass doped
with a diffusion substance.

A LED light tube according to claim 3, wherein the
diffusion substance is selected from titanium oxide,
aluminum oxide, silicon dioxide or zinc oxide.

A LED light tube according to 3, wherein the material
is polycarbonate doped with titanium oxide.

A LED light tube according to 5, wherein the casing
made of the polycarbonate has a thickness of about
0.5-1.5 mm, and the polycarbonate has a haze of
about 90%-99% and a transmittance of about 60%-
70%.

A LED light tube according to claim 1, wherein the
casing has aninner surface with a surface roughness
smaller than 0.8um.

A LED light tube according to any one of claims 1 to
7, wherein the heat sink has a retention member
formed along each of two opposing axial sides of the
retaining portion for firm engagement with the circuit
board.

A LED light tube according to any one of claims 1 to
7, wherein the first and second axial edges of the
casing have first and second flanges extending in-
ward respectively, and the heat sink spans between
the two ends of the tubular structure and is provided
with two notches positionally configurable to accom-
modate and rigidly retain the firstand second flanges
in place.

A LED light tube according to any one of claims 1 to
7, wherein the heat sink has a plurality of radiating
fins in a spaced fashion on its outer surface, and the
heat sink is formed with a thermally conductive ma-
terial selected from the group consisting of alumini-
um, aluminium alloy, plastics, and ceramic.

A LED light tube according to any one of claims 1 to
7, wherein the circuit board extends through the tu-
bular structure between the two ends of the tubular
structure, comprising a first circuit board with a
bridge rectifier and at least one second circuit board
which are electrically coupled to each other.

A LED light tube according claim 11, wherein one of
the end caps has two pin connectors electrically cou-
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pled to the rectifier of the first circuit board, and the
other end cap with two short-circuited pin connectors
is electrically isolated from the second circuit board.

A LED light tube according to any one of claims 1 to
7, wherein the end caps are configurable to be cou-
pled to a fluorescent light tube socket.

A LED light tube according to any one of claims 1 to
7, wherein the casing is configurable to have a re-
flective inner surface, and the circuit board is config-
urable to have a reflective exposed surface.

A LED light tube according to any one of claims 1 to
7, wherein the LED light source is arranged in the
lower cavity half of the tubular structure at a position
close to a bottom of the tubular structure.

A LED light tube according to claim 15, wherein the
LED light tube produces an illumination pattern hav-
ing an illumination angle greater than 270 degrees.
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