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(54) PANEL LIGHT APPARATUS

(57) A panel light apparatus includes a heat sink
frame (11; 41; 972; 9831; 672; 752; 759; 995), a first LED
light bar (31; 32), an optical guiding module (13; 71) and
a back cover (28; 831; 911; 975; 781; 653) (28; 831; 911;
975; 781; 653). The first LED light bar (31; 32) has a first
plugging structure (312; 313; 314; 315) to be plugged to
a second plugging structure of the heat sink frame (11;
41; 972; 9831; 672; 752; 759; 995). Heat of the LED light
bar(511; 512) is transmitted to the heat sink frame (11;
41; 972; 9831; 672; 752; 759; 995). The optical guiding
module (13; 71) includes a light diffusion layer (231; 714;
632; 864; 872; 902; 881; 917; 892; 891; 944; 9742; 774)

and a light guiding layer (232; 713; 63; 863; 871; 901;
916; 891; 943; 9741; 773). A lateral side of the light guid-
ing layer (232; 713; 63; 863; 871; 901; 916; 891; 943;
9741; 773) faces to LED modules (945; 9511; 9512; 996)
of the first LED light bar (31; 32) for guiding light of the
LED modules (945; 9511; 9512; 996) to the diffusion lay-
er. The light guiding layer (232; 713; 63; 863; 871; 901;
916; 891; 943; 9741; 773) and the light diffusion layer
(231; 714; 632; 864; 872; 902; 881; 917; 892; 891; 944;
9742; 774) are fixed together as an assembly module
before being placed in the surrounding border.



EP 3 623 696 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF INVENTION

[0001] The present invention is related to a panel light
apparatus and more particularly related to a panel light
apparatus with modular components.

BACKGROUND

[0002] There are various lighting devices designed for
satisfying different needs. For example, there are light
bulbs to be installed on sockets. Such light bulbs are
usually easy to be installed by users. For downlight de-
vices used in normal home, it would be important to con-
sider convenience for installation, safety and replace-
ment.
[0003] In addition to consider the user aspect, it is
found that manufacturers and sales channels are also
important places to provide innovative designs. After all,
the total cost of a light device, which affects whether the
product may be widely broadcasted, is not only manu-
facturing and component cost. For example, storage cost
in sales channel is also an important factor.
[0004] Therefore, it would be beneficial to provide de-
signs that are easily to be installed, assembled, and thus
even help decrease total cost. On the other hand, it would
be even better if further advantages may be introduced
in the same products.

SUMMARY OF INVENTION

[0005] According to an embodiment, a panel light ap-
paratus includes a heat sink frame, a first LED light bar,
an optical guiding module and a back cover.
[0006] The heat sink frame includes multiple frame
bars forming a surrounding border. The first LED light
bar is fixed to an inner side of one of the frame bars for
fixing the first LED light bar to the heat sink frame. Heat
of the LED light bar being transmitted to the heat sink
frame.
[0007] In some embodiments, the optical guiding mod-
ule includes a light guiding layer and a light diffusion layer.
The LED modules of the first LED light bar emits light
into the light guiding layer and then the light is directed
to the light diffusion layer to escape.
[0008] In some other embodiments, the optical guiding
module may further include a reflective layer above the
light guiding layer so as to reflect lights escape from the
undesired directions back into the light guiding layer and
finally to emit into the light diffusion layer.
[0009] In some other embodiments, there is further an
elastic layer between the back cover and the reflective
layer so as to transmit pressure from the back cover to
ensure there is no spacing between the reflective layer
and the light guiding layer, and no spacing between the
light guiding layer and the light diffusion layer. This re-
duces unnecessary light lost and increase overall lumi-

nance efficacy.
[0010] The back cover is fixed to the heat sink frame
for protecting the optical guiding module.
[0011] In some embodiments, the light diffusion layer
and the light guiding layer are fixed with a first glue hard-
ened by applying an ultra-violet light.
[0012] In some embodiments, furthermore, the reflec-
tive layer and the light guiding layer are fixed with a sec-
ond glue hardened by applying the ultra-violet light. Spe-
cifically, three layers of the optical guiding modules are
fixed together with glues. The glues are hardened with
ultra-violet light and can be applied to the two glues di-
rectly or in sequence.
[0013] In some embodiments, the second glue be-
tween the reflective layer and the light guiding layer may
include heat conductive material like metal powder, for
enhancing heat dissipation.
[0014] In some embodiments, the first glue may con-
tain plastic transparent balls with a diameter less than
0.4mm. Such plastic transparent balls may further help
diffusing light so as to make the light diffusion layer thin-
ner.
[0015] In some embodiments, the back cover has a
first clip clipping a first side of the reflective layer, the light
guiding layer and the light diffusion layer and has a sec-
ond clip clipping a second side of the reflective layer. The
light guiding layer and the light diffusion layer, and the
first side is opposite to the second side.
[0016] Specifically, two clips are clipping two opposite
sides of the multiple layers of the optical guiding module,
while leaving other two sides for light to emit into the light
guiding layer.
[0017] To prevent any layer to escape from the optical
guiding module by accident, a stopper structure may be
disposed at the third side at a corner of the back cover
for preventing the reflective layer, the light guiding layer
or the light diffusion layer to escape from the third side.
[0018] In some embodiments, the back cover has a
convex portion pressing the reflective layer to keep the
reflective layer leaving no space with the light guiding
layer. This design may save the need of inserting an elas-
tic layer.
[0019] Otherwise, In some embodiments, there may
be an elastic layer on the reflective layer. In addition, a
third glue may be applied between the elastic layer and
the reflective layer.
[0020] Similarly, the third glue is hardened together
with the first glue and the second glue in the same pro-
cedure.
[0021] In addition, the third glue has heat dissipation
characteristics, e.g. containing metal powder, so that
heat may be transmitted to the back cover to increase
life span of the components of the panel light apparatus.
[0022] According to an embodiment, a panel light ap-
paratus includes a heat sink frame, a first LED light bar,
an optical guiding module, an elongated side cover, a
back cover and a driver box. The panel light apparatus
may be installed below a ceiling, attach to a wall or in-
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stalled in other applications. The heat sink frame defines
light output shape, e.g. a rectangular light output shape.
The thickness of the panel light apparatus is usually
smaller than width of the light output shape. Usually, the
thickness of the panel light apparatus is smaller than nor-
mal downlight devices so that the panel light apparatus
does not need an additional installation cavity, e.g. in a
ceiling.
[0023] The heat sink frame includes a plurality of frame
bars forming a surrounding border. For example, if the
heat sink frame has a rectangular shape, there are four
frame bars at four sides. The four frame bars form a rec-
tangular surrounding border. Please be noted that the
frame bar may also be made of one or multiple frame
bars to form different shapes, e.g. circular, ellipse or other
shapes.
[0024] The first LED light bar is disposed on an inner
side of one of the frame bars for fixing the first LED light
bar to the heat sink frame. Heat of the LED light bar is
transmitted to the heat sink frame. The first LED light bar
includes multiple first LED modules disposed along an
elongated axis. A maximum spacing between adjust two
first LED modules being a first width. For example, a rec-
tangular panel light has four elongated frame bars. The
first LED light bar has a similar shape as the frame bar
to attach to. The first LED light bar has an elongated axis
in parallel with the lateral side wall of the associated frame
bar.
[0025] Besides, the first LED light bar is a major heat
source, and heat generated from the first LED light bar
is transmitted to the frame bars of the heat sink frame.
[0026] The optical guiding module is placed in the sur-
rounding border. For example, the surrounding border is
a rectangular shape and the optical guiding module is
also a similar rectangular shape but with a smaller size.
The optical guiding module is placed in the enclosing
border of the heat sink frame.
[0027] The optical guiding module may have a light
diffusion layer and a light guiding layer.
[0028] The light guiding layer may be a transparent
plastic board a plurality of micro structures for guiding
light received from a lateral side of the transparent plastic
board to route in the light guiding layer and then escapes
the light guiding layer from a plurality of micro optical
structures, e.g. micro cavities, that may be formed on the
transparent plastic board using laser beams or molding
technologies.
[0029] The light guiding layer has a lateral side facing
to LED modules of the first LED light bar for guiding light
of the LED modules to the diffusion layer via the light
guiding layer and then to escape from a front side of the
optical guiding module.
[0030] In addition, the light guiding layer and the light
diffusion layer are fixed together as an assembly module
before being placed in the surrounding border. With such
design, it is easy to assembly the final product by placing
all components together. For example, when the light
guiding layer and the light diffusion layer are fixed togeth-

er as an assembly module, a manufacturer, even a dis-
tributor or a customer, may easily place these compo-
nents together, instead of needing to positioning, aligning
these components.
[0031] The back cover is fixed to the heat sink frame
for protecting the optical guiding module. The driver box
converts an external power to a driving current for the
first LED modules.
[0032] In addition, the panel light apparatus also has
a multi-type connector structure for selectively connect-
ing to one of multiple types of fixing devices. The fixing
devices are corresponding to different types of stations
for fixing the panel light apparatus to one selected station.
[0033] Specifically, for different types of stations that
provide different connection methods, different fixing de-
vices need to be used. With the multi-type connector
structure, users or manufacturers first determine what
type of station they need to face, and choose accordingly
a corresponding fixing device to connect on the multi-
type connector structure. When the chosen fixing device
is installed to the multi-type connector structure, the pan-
el light apparatus may be properly fixed to the station as
needed.
[0034] Such configuration makes it more convenient
and more flexible to prepare components and save stor-
age cost.
[0035] In some embodiments, the multi-type connector
structure includes multiple screw holes. A portion of these
screw holes are shared by different fixing devices.
[0036] For example, in some embodiments, the panel
light apparatus is directory fixed to a station, e.g. a ceiling
structure, by fastening screws into corresponding screw
holes.
[0037] In some other embodiments, a portion of the
screw holes are used for connecting to spring clips. Such
spring clip has a first part with a first end connected to
the screw holes and with a second end connected to a
second part with a spring. The second part is elastically
expandable with respect to the first part for inserting into
a cavity of one of the stations and then expanded to fix
to a station.
[0038] Specifically, the overall size of the first part and
the second part of the spring clip may be squeezed to
decrease to enter an entrance of an installation hole. After
the spring clip enters the entrance hole, the second part
recovers its respective distance to the first part of the
spring clip, i.e. to expand, and thus to prevent the panel
light apparatus to escape from the entrance hole.
[0039] In some examples, such spring clips may be
installed on two opposite sides of the heat sink frame.
More than two spring clips may also be used for larger
panel light apparatus.
[0040] In some embodiments, a portion of screw holes
are used for connecting to vertical bars. The vertical bars
have protruding parts in lateral sides of the vertical bars.
Such fixing devices are used for stations that have one
or more elastic clip receivers. The elastic clip receiver
has a concave space for containing the protruding part
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of the vertical bar for fixing the panel light apparatus to
said one station.
[0041] Specifically, the elastic clip of such station has
an entrance slit for receiving the vertical bar. When the
protruding part enters the concave space of the elastic
clip, the elastic force keeps the protruding part of the
vertical bar in the concave space and thus fixes the panel
light apparatus to the station.
[0042] Some screw holes on the panel light appara-
tuses may be shared by multiple fixing devices. For ex-
ample, the vertical bar and the spring clip may share one
screw hole while using additional different screws.
[0043] In some embodiments, the fixing device is fixed
to the multi-type connector structure with a one-way con-
nection unit. For example, the one-way connection unit
may have an inverse hook so that it is easier to attach
the fixing device to the multi-type connector structure
than detach the fixing device away from the multi-type
connector structure.
[0044] In other words, in addition to using screw holes,
other devices may be used for installing the fixing devic-
es.
[0045] In some embodiment, the fixing device has an
embedded connector for routing electricity to the first LED
modules. In some embodiments, the heat sink may have
embedded connectors, e.g. hidden and plugged in the
frame bar of the heat sink frame. In such case, the fixing
devices may also fix to the heat sink frame and may be
embedded with wires or other connectors for transmitting
electricity or control signals from or to the driver box or
other devices.
[0046] In some embodiments, the driver box is fixed to
the back cover and placed away from peripheral part of
the back cover. For example, the driver box is fixed at
middle of the back cover.
[0047] In some embodiments, the multi-type connector
structure is placed on a different frame bar other than the
frame bar disposing the first LED light bar. For example,
there are LED light bars installed on two opposite sides
of a panel light apparatus. The other two unused sides
of the heat sink frame may be used for disposing the
multi-type connector structures, so as to perform wire
connection or prevent damage of components.
[0048] In some other embodiments, the multi-type con-
nector structure is placed on the same frame bar dispos-
ing the first LED light bar. With such design, the multi-
type connector device, which further connected to a fixing
device, may help perform heat dissipation, particularly
heat generated from the LED light bar.
[0049] In some embodiments, the multi-type connector
structure and the fixing device is also attracted by mag-
netic force. By using magnetic components, it is easier
to assemble the multi-type connector structure to corre-
sponding fixing devices. This is particularly helpful when
the design is to be used by distribution sellers that as-
semble the panel light apparatuses.
[0050] In some embodiments, the multi-type connector
structure is fixed on a fixing bar. The fixing bar is used

for fixing the back cover and the first LED light bar to the
heat sink frame. Specifically, the multi-type connector
structure is fixed indirectly to the heat sink frame, via an
intermediate unit, the fixing bar. In following drawings
and examples, fixing bars may be used for fixing the LED
light bar and the optical guiding module to the heat sink
frame. In this embodiment, the multi-type connector
structure is fixed on the fixing bar first. Such design
makes post-assembling easier, particularly when there
are more than one fixing device to be installed on one
side of the heat sink frame.
[0051] In other embodiments, the multi-type connector
structure is fixing to a sliding bar to be inserted into a
corresponding track of the heat sink frame. In other
words, the sliding bar replaces the fixing bar explained
in previous paragraph. A corresponding track of the heat
sink frame may be designed so that the sliding bar with
fixing devices may be directly to the heat sink frame.
[0052] In some embodiments, the multi-type connector
structure is fixed to a fixing frame, and the fixing frame
is fixed to the heat sink frame. In such design, particularly
when there are multiple multi-type connector structures.
These multi-type connector structures, sometimes fur-
ther including fixing devices thereon, are fixed to the fixing
frame. Then, the fixing frame is attached to the heat sink
frame, e.g. by clipping or screws.
[0053] In some embodiments, the driver has a slot for
connecting to an external emergency battery. For exam-
ple, the driver box may have a USB socket to connect to
a common USB battery box. Furthermore, the multi-type
connector structure may also be able to connect to a
temporary stand so as to keep the panel light apparatus
at a predetermined pose when necessary. For example,
when the USB battery box is plugged, the panel light
apparatus may be removed from the ceiling and placed
on a table. At such time, the temporary stand and the
USB battery box makes the panel light apparatus a tem-
porary light apparatus for emergency use.
[0054] In some embodiments, the multi-type connector
structure is used for fix to another panel light apparatus
as a module. For example, multiple panel light appara-
tuses may be combined as a cluster. The multi-type con-
nector structures may be used for fixing to other panel
light apparatuses. Furthermore, the multi-type connector
structures may also help for transmitting electricity and
even control signals.
[0055] According to an embodiment, a panel light ap-
paratus includes a heat sink frame, a first LED light bar,
an optical guiding module, an elongated side cover and
a back cover. The panel light apparatus may be installed
below a ceiling, attach to a wall or installed in other ap-
plications. The heat sink frame defines light output shape,
e.g. a rectangular light output shape. The thickness of
the panel light apparatus is usually smaller than width of
the light output shape. Usually, the thickness of the panel
light apparatus is smaller than normal downlight devices
so that the panel light apparatus does not need an addi-
tional installation cavity, e.g. in a ceiling.
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[0056] The heat sink frame includes a plurality of frame
bars forming a surrounding border. For example, if the
heat sink frame has a rectangular shape, there are four
frame bars at four sides. The four frame bars form a rec-
tangular surrounding border. Please be noted that the
frame bar may also be made of one or multiple frame
bars to form different shapes, e.g. circular, ellipse or other
shapes.
[0057] The first LED light bar is disposed on an inner
side of one of the frame bars for fixing the first LED light
bar to the heat sink frame. Heat of the LED light bar is
transmitted to the heat sink frame. The first LED light bar
includes multiple first LED modules disposed along an
elongated axis. A maximum spacing between adjust two
first LED modules being a first width. For example, a rec-
tangular panel light has four elongated frame bars. The
first LED light bar has a similar shape as the frame bar
to attach to. The first LED light bar has an elongated axis
in parallel with the lateral side wall of the associated frame
bar.
[0058] Besides, the first LED light bar is a major heat
source, and heat generated from the first LED light bar
is transmitted to the frame bars of the heat sink frame.
[0059] The optical guiding module is placed in the sur-
rounding border. For example, the surrounding border is
a rectangular shape and the optical guiding module is
also a similar rectangular shape but with a smaller size.
The optical guiding module is placed in the enclosing
border of the heat sink frame.
[0060] The optical guiding module may have a light
diffusion layer and a light guiding layer.
[0061] The light guiding layer may be a transparent
plastic board a plurality of micro structures for guiding
light received from a lateral side of the transparent plastic
board to route in the light guiding layer and then escapes
the light guiding layer from a plurality of micro optical
structures, e.g. micro cavities, that may be formed on the
transparent plastic board using laser beams or molding
technologies.
[0062] The light guiding layer has a lateral side facing
to LED modules of the first LED light bar for guiding light
of the LED modules to the diffusion layer via the light
guiding layer and then to escape from a front side of the
optical guiding module.
[0063] The light diffusion layer is used for diffusing light
so that the light would not look too hash for human eyes,
e.g. to soften the output light and to avoid users see a
series of strong light points.
[0064] In addition, the light guiding layer and the light
diffusion layer are fixed together as an assembly module
before being placed in the surrounding border. With such
design, it is easy to assembly the final product by placing
all components together. For example, when the light
guiding layer and the light diffusion layer are fixed togeth-
er as an assembly module, a manufacturer, even a dis-
tributor or a customer, may easily place these compo-
nents together, instead of needing to positioning, aligning
these components.

[0065] The back cover is fixed to the heat sink frame
for protecting the optical guiding module.
[0066] In addition, a supplemental electronic device is
attached to a bottom side of the heat sink frame. There
are several useful supplemental electronic devices that
may be attached to the bottom side of the heat sink frame.
For example, an indicator for indicating an emergency
working status, an indicator for indicating a wireless op-
eration mode or connection status, a detector for detect-
ing environment luminance level to determine whether
to turn on, to turn off, or to adjust a luminance level of
the panel light apparatus.
[0067] More details and examples are provided as fol-
lows for more clearly explaining these embodiments.
[0068] In some embodiments, the supplemental elec-
tronic device is an indicator for showing an emergency
device status. The supplemental electronic device is at-
tached to the bottom surface of the heat sink frame with
a tape. To prevent sudden electricity interrupt, people
sometimes requires their light devices having the capac-
ity of handling electricity interrupt, which is one of emer-
gency situations. In such embodiments, an emergency
battery is usually prepared. When an electricity interrupt
occurs, a detector finds the situation and automatically
routes power supply of the first LED modules from normal
indoor power supply to the emergency battery.
[0069] However, it is important to notify users whether
the emergency batter is still ok. Therefore, a low power
is directed to an indicator, e.g. an LED indicator, to show
the status of the emergency battery, which is part of an
emergency device.
[0070] The indicator, in this case, is the supplemental
electronic device. A tape may be used for attaching the
indicator to the bottom surface of the panel light appara-
tus.
[0071] In some embodiments, the driver box has a slot
for plugging in an emergency module for providing emer-
gency power to the first LED modules when the external
power source is interrupted. Specifically, the driver box
may have a container for directly containing an emergen-
cy battery and corresponding circuit. Alternatively, the
slot is for plugging a terminal of the emergency device,
the terminal is further connected to the emergency bat-
tery.
[0072] In some embodiments, the bottom surface has
a plug-in socket for plugging in an indicator as the sup-
plemental electronic device. In such embodiments, the
indicator or other supplemental electronic device is not
directly fixed to the bottom surface of the heat sink frame.
Instead, a plug-in socket may be provided. There may
be different types of supplemental electronic devices to
be integrated with the same panel light apparatus, de-
pending on customer needs. In some case, the plug-in
socket may even be kept empty without plugging any
device, if needed.
[0073] The plug-in socket is further connected to the
first LED modules or other components of the panel light
apparatus, e.g. an emergency battery control circuit via
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certain embedded connectors pre-installed inside the
heat sink frame.
[0074] Such embedded connectors may be wires, con-
ductive clips or other electricity connectors. The embed-
ded connectors may be even designed as a plugging
style. Specifically, no welding is needed for assembling
the embedded connectors to the heat sink frame. Fur-
thermore, it is convenient for users to adjust or replace
a different kind of embedded connector to the same panel
light apparatus depending on different needs or product
requirements, e.g. different pricing.
[0075] As mentioned above, there may be various
kinds of supplemental electronic device. For example,
the supplemental electronic device may be an indicator
for showing a status of an emergency device. For another
example, the supplemental electronic device may be a
light detector for detecting an environment luminance lev-
el, the driver box determines turning on the first LED mod-
ules automatically according to the detected environment
luminance level. For example, when there is a window
in a room and sunshine comes into the room in day time.
The luminance level is sufficient and detected. The first
LED modules may be turn on with a lower luminance
level. Alternatively, the first LED modules may also have
only turn-on and turn-off modes, depending on product
requirements.
[0076] In some other embodiments, the supplemental
electronic device may be a motion sensor for detecting
whether there is a person moving around the panel light
apparatus. For example, even in night time when the pan-
el light apparatus is turned off, the panel light apparatus
may be turned on automatically when detecting some
person moving around the panel light apparatus. The bot-
tom surface of the heat sink frame is a great place for
placing such sensors or detectors. Such detectors may
contain an IR (Infrared) sensor, or a radar sensor with
associated circuits. Part of the components may be
placed in the driver box. The wiring for transmitting elec-
tricity and signals may be routed via the heat sink frame.
[0077] In some embodiments, one supplemental elec-
tronic device of one panel light apparatus may be shared
by multiple panel light apparatuses. In other words, when
multiple panel light apparatuses are installed as a cluster,
e.g. at the same room, only one or some panel light ap-
paratuses need to be added such supplemental electron-
ic devices. Alternatively, every panel light apparatus is
disposed its own supplemental electronic device, like in-
dicators, light sensors, motion sensors, but information
of these supplemental electronic devices are shared
among these panel light apparatuses.
[0078] The information may be shared via a wire or a
wireless channel. For example, when a cluster of panel
light apparatuses are installed to a ceiling, users may
use wires to plug in pre-installed socket to connect these
panel light apparatuses together as a cluster. When
these panel light apparatuses are connected, information
or control commands may be received or sent to the sup-
plemental electronic device.

[0079] With such design, manufacturing cost may be
reduced when some panel light apparatuses may share
the supplemental electronic device of other panel light
apparatus, instead of installing one such supplemental
electronic device on the panel light apparatus. Alterna-
tively, even every panel light apparatus is disposed one
supplemental electronic device, collected information or
control commands of the supplemental electronic devic-
es may be shared among these panel light apparatuses.
[0080] For example, a day light sensor of a panel light
apparatus that is installed close to a window may be des-
ignated as the major reference for determining whether
a cluster of panel light apparatuses need to be turned on
or to turn off. This saves more accuracy and sometimes
decreases control complexity.
[0081] In some embodiments, multiple panel appara-
tuses may share the same set of control circuits in a driver
box of one panel light apparatus. In such design, multiple
panel light apparatuses may be controlled together with
one shared control circuit. This may save manufacturing
cost and/or decrease control complexity.
[0082] In some embodiments, multiple panel appara-
tuses may even share the same driver box. In such de-
sign, even driving current is supplied from a driver box
to multiple panel light apparatuses. This is particularly
helpful when in most office or home, multiple panel light
apparatuses are installed close to each other to provide
sufficient luminance level or to cover more areas. When
a driver box may be shared among multiple panel light
apparatuses, the installation is simplified and the cost of
the product is also reduced.
[0083] In some embodiments, multiple panel light ap-
paratuses may be connected in series, in addition to shar-
ing one driver box for these panel light apparatuses.
[0084] In some embodiments, the driver box controls
the first LED modules to provide an operation status of
an emergence device. Instead of using a specific indica-
tor for showing whether an emergency battery and as-
sociated circuits are normal, certain testing procedure
and light patterns may be provided to tell users whether
the emergency battery and associated circuits are work-
ing normally. For example, every time when the panel
light apparatus is turned on, the first LED modules are
turned on and turned off for three times in three seconds,
if the emergency battery is ok. A blinking light pattern
may be used for indicating users that there is certain prob-
lem in the emergency battery.
[0085] In some embodiments, the driver box may be
disposed with a driver circuit. The driver circuit may detect
dynamically the status of the emergency battery. Most
batteries may have a shorter life span if they are not used,
not charged, or not discharged for a long time. The driver
circuit may be coded to execute a charging, discharging
schedule for increasing the life span of the emergency
battery.
[0086] In some embodiments, the supplemental elec-
tronic device disposed on the bottom side of the heat sink
frame may be used for connecting to an external battery
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device, like common USB battery boxes people usually
carry for charging their mobile phones. In such case, the
supplemental electronic device may be an USB socket
for connecting to a USB battery box as emergency use.
[0087] In earthquakes, typhoon, or hospital situations,
such function may be particularly important and helpful.
Since many people today carry USB battery boxes with
them, it is not difficult to use such USB battery box as an
emergency purpose, particularly when the pre-installed
emergency battery in the panel light apparatus is running
out of electricity or out of order.
[0088] In some embodiments, there may be a holding
structure, like a hook, a containing box, a clip or other
structures for holding the USB battery box mentioned
above. For example, when there is a sudden electricity
interrupt, users may just connect their portable USB bat-
tery box to the panel light. It is quite different to provide
light from a ceiling and from a table when accident hap-
pens. When one USB battery box is running out of elec-
tricity, another USB battery box may be replaced imme-
diately, which sometimes may even save human life.
[0089] In some embodiments, the heat sink frame may
further have a temporary stand so that the panel light
apparatus is located at a predetermined position to work
normally. In certain extreme cases, the panel light appa-
ratuses may even be used as a temporary light source.
If there is a revocable stand that helps the panel light
apparatus to stand as a pose for emitting light to a desired
direction, this makes the panel light apparatus even more
helpful.
[0090] In some embodiments, the driver box switches
from a normal mode to an emergency working mode
when an emergency battery is started to supply electricity
to the first LED modules. The current supplied to the first
LED modules is different between the emergency mode
and the normal mode. For example, in emergency work-
ing mode, the luminance level of the first LED modules
may be adjusted to a lower level.
[0091] In some embodiments, particularly when the
driver box has a wireless circuit for receiving more com-
plicated commands, an estimated time period for elec-
tricity interrupt may be provided to the driver box. The
driver box calculates current battery volume and related
history statistics and designs an electricity scheme, trying
to keep the panel light apparatus to keep providing light
during the estimated time period.
[0092] In some embodiments, a wire has a first end
connecting to the driver box and has a second end con-
necting to an indicator, the indicator is attached to the
bottom surface of the heat sink frame with a tape.
[0093] In some other embodiments, a wire has a first
end connecting to the driver box and has a second end
connecting to an indicator, the indicator is attached to
the bottom surface of the heat sink frame with a magnet
unit.
[0094] According to an embodiment, a panel light ap-
paratus includes a heat sink frame, a first LED light bar,
an optical guiding module, an elongated side cover and

a back cover. The panel light apparatus may be installed
below a ceiling, attach to a wall or installed in other ap-
plications. The heat sink frame defines light output shape,
e.g. a rectangular light output shape. The thickness of
the panel light apparatus is usually smaller than width of
the light output shape. Usually, the thickness of the panel
light apparatus is smaller than normal downlight devices
so that the panel light apparatus does not need an addi-
tional installation cavity, e.g. in a ceiling.
[0095] The heat sink frame includes a plurality of frame
bars forming a surrounding border. For example, if the
heat sink frame has a rectangular shape, there are four
frame bars at four sides. The four frame bars form a rec-
tangular surrounding border. Please be noted that the
frame bar may also be made of one or multiple frame
bars to form different shapes, e.g. circular, ellipse, two
connected rectangular shapes like a digit ’8’ or other
shapes.
[0096] The first LED light bar is disposed on an inner
side of one of the frame bars for fixing the first LED light
bar to the heat sink frame. Heat of the LED light bar is
transmitted to the heat sink frame. The first LED light bar
includes multiple first LED modules disposed along an
elongated axis. A maximum spacing between adjust two
first LED modules being a first width. For example, a rec-
tangular panel light has four elongated frame bars. The
first LED light bar has a similar shape as the frame bar
to attach to. The first LED light bar has an elongated axis
in parallel with the lateral side wall of the associated frame
bar. For example, 101 LED modules are placed with 5mm
distance to each other within a length of a 50cm LED
light bar. The 5mm distance is the first width. There may
be some distance larger than others. In such case, the
maximum value is taken as the first width.
[0097] Besides, the first LED light bar is a major heat
source, and heat generated from the first LED light bar
is transmitted to the frame bars of the heat sink frame.
[0098] The optical guiding module is placed in the sur-
rounding border. For example, the surrounding border is
a rectangular shape and the optical guiding module is
also a similar rectangular shape but with a smaller size.
The optical guiding module is placed in the enclosing
border of the heat sink frame.
[0099] The optical guiding module may have a light
diffusion layer and a light guiding layer.
[0100] The light guiding layer may be a transparent
plastic board a plurality of micro structures for guiding
light received from a lateral side of the transparent plastic
board to route in the light guiding layer and then escapes
the light guiding layer from a plurality of micro optical
structures, e.g. micro cavities, that may be formed on the
transparent plastic board using laser beams or molding
technologies.
[0101] The light guiding layer has a lateral side facing
to LED modules of the first LED light bar for guiding light
of the LED modules to the diffusion layer via the light
guiding layer and then to escape from a front side of the
optical guiding module.
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[0102] The light diffusion layer is used for diffusing light
so that the light would not look too hash for human eyes,
e.g. to soften the output light and to avoid users see a
series of strong light points.
[0103] In addition, the light guiding layer and the light
diffusion layer are fixed together as an assembly module
before being placed in the surrounding border. With such
design, it is easy to assembly the final product by placing
all components together. For example, when the light
guiding layer and the light diffusion layer are fixed togeth-
er as an assembly module, a manufacturer, even a dis-
tributor or a customer, may easily place these compo-
nents together, instead of needing to positioning, aligning
these components.
[0104] The elongated side cover is connected to the
frame bar carrying the first LED light bar. The elongated
side cover has a top surface facing to the light diffusion
layer. A width of the elongated side cover is referred as
the second width. The ratio between the first width to the
second width is smaller than 1.5. That is, the result of
taking the first width dividing with the second width is kept
less than 1.5.
[0105] With such design, bright points problem may be
solved or softened, making the overall light output more
perfect.
[0106] The back cover is fixed to the heat sink frame
for protecting the optical guiding module.
[0107] In some embodiments, a reflective layer is dis-
posed between the top surface of the elongated side cov-
er and the light diffusion layer. Light emitting on the re-
flective layer above the elongated side cover is reflected
back to the optical guiding module, and then after certain
routing, the light finally moves out of the optical guiding
module. This saves unnecessary light waste and prevent
undesired heat generation.
[0108] In some embodiments, the reflective layer is a
heat conductive layer for transmitting heat to the heat
sink frame. In other words, the reflective layer, in addition
to reduce light waste, the reflective layer above the elon-
gated side cover may be made of metal or heat conduc-
tive plastic material for enhance overall heat dissipation
of the panel light apparatus.
[0109] In some embodiments, there may also be sec-
ond LED modules. A maximum spacing between adjust
two second LED modules is a third width. The ratio be-
tween the third width to the second width is smaller than
1.5.
[0110] In some embodiments, the second LED mod-
ules and the first LED modules are arranged alternatingly
to each other. Specifically, along the elongated axis as
mentioned above, one first LED module is placed first,
then one second LED module is placed, then another
first LED module is placed, and then another second LED
module is placed. With such order, the first LED modules
and the second LED modules may be arranged alternat-
ing to each other.
[0111] In some other embodiments, the first LED mod-
ules and the second LED modules are arranged as two

rows in parallel. In such embodiments, the first LED mod-
ules may form a line in parallel with the elongated axis
as mentioned above. The second LED modules form an-
other line also in parallel with the elongated axis as men-
tioned above. In such design, the two LED modules form
two rows in parallel.
[0112] In some embodiments, the second LED mod-
ules are mounted on a second LED light bar on another
frame bar opposite to the frame bar mounted with the
first LED modules. Specifically, there are two LED light
bars fixed on two opposite frame bars in a panel light
apparatus. The first LED light bar is fixed with first LED
modules and the second bar is fixed with second LED
modules. The first LED modules and the second LED
modules may have different color temperatures.
[0113] In some embodiments, the first LED modules
are connected in series and the second LED modules
are connected in series. The first LED modules and the
second LED modules have different color temperatures.
The second LED modules are connected in series to a
resistor before connecting to the first LED modules. With
such configuration, when the total working current is in-
creasing, the overall mixed color temperature may be
adjusted in addition to its overall luminance level. With
the resistor, the first LED modules and the second LED
modules receive different current increasing speed and
thus changes the mixed color temperature during chang-
ing its mixed brightness.
[0114] Such feature is capable of simulating day light
from sunrise to full bright sunshine. This is an attractive
feature, particularly for light devices that provide color
temperature adjustment.
[0115] In some embodiments, the elongated side cov-
er has more apparent light diffusion effect than the light
diffusion layer. Specifically, the elongated side cover may
completely prevent any light to go through. In some other
cases, the elongated side cover may be designed with
light diffusion effect. Particularly, to prevent certain bright
points to be seen, the elongated side cover may have
stronger light diffusion effect than the light diffusion layer
in the optical guiding module. In other words, bright points
may be shielded or soften by the elongated side cover.
More light is output while certain light effect is kept.
[0116] In some embodiments, the first LED light bar
comprises multiple LED packages. Each LED package
comprises LED modules of different color temperatures.
For example, the first LED modules and the second LED
modules are separately assembled together into multiple
LED packages. In other words, each LED package may
have one first LED module and one second LED module.
To achieve different design needs, four lines, instead of
two lines, may be provided for such LED modules. In
such case, the color temperature may be adjusted while
the LED packages may be placed close enough to pre-
vent undesired light effect like bright points.
[0117] In some embodiments, a lens bar may be dis-
posed facing to the first LED modules for diffusing light
of the first LED modules before the light entering the light
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guiding layer. Specifically, such lens bar containing mul-
tiple lens corresponding to each LED module may be
placed between the LED modules and the light guiding
layer. With such design, light is diffused first and bright
points may be eliminated or softened.
[0118] In some embodiments, a reflector layer may be
disposed behind first LED modules. The reflective layer
has concave texture for generating diffused reflecting
light into the light guiding layer. Specifically, some light
is emitted directly to the light guiding layer while some
other light may be escape to the back side of the first
LED modules, e.g. the surface of the first LED light bar.
The reflective layer mentioned here may collect such light
and reflect the light back into the light guiding layer. Fur-
thermore, the reflective layer may be disposed with mul-
tiple concave structures, just like diffusion lens, for ran-
domizing its reflected light. This may also help remove
or soften the bright point problem.
[0119] In some embodiments, a diffusion layer be-
tween the first LED modules and the light guiding layer.
In other words, light emitted to the light guiding layer is
passing the second diffusing layer between the first LED
modules and the light guiding layer. This may also help
remove or soften the bright point problem.
[0120] In some embodiments, the first LED light bar is
integrated with the elongated side cover as an assem-
bling component. Since the parameter, like its width, of
the elongated side cover is related to spacing between
two adjacent LED modules on the LED light bar. It would
be beneficial to integrate the LED light bar with the elon-
gated side cover. In such design, manufactures may
manufacture modules of LED light bars and elongated
side covers with several different parameters and choose
desired modules to be assembled in final product. In such
design, the heat sink frame and other components may
not need to be changed. Only the LED light bars and
associated elongated side covers need to be selected or
replaced.
[0121] In some embodiments, the first LED light bar
has a plugging structure to be plugged into the frame bar
of the heat sink frame. With such design, it would be
much easier to assemble the first LED light bar to other
components of the panel light apparatus. For example,
no complicated welding is necessary when the plugging
structure is strong enough to fix the first LED light bar to
other components.
[0122] In some embodiments, the first LED light bar
has a terminal to be plugged into the heat sink frame for
receiving electricity. In addition to the plugging structures
as mentioned above, the LED light bar may be disposed
with a terminal so as to receive electricity and/or control
signal from the heat sink frame.
[0123] Certain embedded connectors, e.g. metal strips
or metal wires with corresponding insulation parts, may
be disposed in the heat sink frame. Such embedded con-
nectors may be even pluggable, e.g. no welding but only
plugging in a corresponding plug-in structure.
[0124] In some embodiments, the elongated side cov-

er is a plug-in component to be plugged to the heat sink
frame. In some cases, the elongated side cover may be
part of the frame bar. In some other cases, the elongated
side cover may be an additional component to be
plugged, or connected in other ways, to the heat frame
sink.
[0125] In some embodiments, the panel light appara-
tus may include a driver box. The driver box has a slot
for plugging an external plug-in module. There may be
multiple types of the external plug-in modules to be
plugged into the slot for extending the function of the
driver box. In some application, an external plug-in mod-
ule may provide color temperature adjustment of the pan-
el light apparatus.
[0126] In some embodiments, the driver box is con-
nected to socket of the heat sink frame and transmits a
driving current to the first LED modules via an embedded
connector in the heat sink frame.
[0127] According to an embodiment, a panel light ap-
paratus includes a heat sink frame, a first LED light bar,
an optical guiding module and a back cover. The panel
light apparatus may be installed below a ceiling, attach
to a wall or installed in other applications. The heat sink
frame defines light output shape, e.g. a rectangular light
output shape. The thickness of the panel light apparatus
is usually smaller than width of the light output shape.
Usually, the thickness of the panel light apparatus is
smaller than normal downlight devices so that the panel
light apparatus does not need an additional installation
cavity, e.g. in a ceiling.
[0128] The heat sink frame includes a plurality of frame
bars forming a surrounding border. For example, if the
heat sink frame has a rectangular shape, there are four
frame bars at four sides. The four frame bars form a rec-
tangular surrounding border. Please be noted that the
frame bar may also be made of one or multiple frame
bars to form different shapes, e.g. circular, ellipse, two
connected rectangular shapes like a digit ’8’ or other
shapes.
[0129] The first LED light bar has a first plugging struc-
ture to be plugged to a second plugging structure on an
inner side of one of the frame bars. For example, if the
panel light apparatus is a rectangular shape panel light,
there are four frame bars as mentioned above. One frame
bar is disposed with a second plugging structure associ-
ating with a first plugging structure of a LED light bar.
The first plugging structure may be a male pin when the
second plugging structure may be a female socket, and
vice versa. The first plugging structure and the second
plugging structure may provide both structural connec-
tion and electricity connection. In other words, the first
LED bar may receive electricity from the connection of
the first plugging structure and the second plugging struc-
ture. Meanwhile, the first LED bar is fixed to the heat sink
frame by the connection of the first plugging structure
and the second plugging structure. Please be noted that
the plugging structure may have various shapes, e.g.
elastic clips, hooks and associates connecting struc-
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tures.
[0130] Besides, the first LED light bar is a major heat
source, and heat generated from the first LED light bar
is transmitted to the frame bars of the heat sink frame.
[0131] The optical guiding module is placed in the sur-
rounding border. For example, the surrounding border is
a rectangular shape and the optical guiding module is
also a similar rectangular shape but with a smaller size.
The optical guiding module is placed in the enclosing
border of the heat sink frame.
[0132] The optical guiding module may have a light
diffusion layer and a light guiding layer.
[0133] The light guiding layer may be a transparent
plastic board a plurality of micro structures for guiding
light received from a lateral side of the transparent plastic
board to route in the light guiding layer and then escapes
the light guiding layer from a plurality of micro optical
structures, e.g. micro cavities, that may be formed on the
transparent plastic board using laser beams or molding
technologies.
[0134] The light guiding layer has a lateral side facing
to LED modules of the first LED light bar for guiding light
of the LED modules to the diffusion layer via the light
guiding layer and then to escape from a front side of the
optical guiding module.
[0135] The light diffusion layer is used for diffusing light
so that the light would not look too hash for human eyes,
e.g. to soften the output light and to avoid users see a
series of strong light points.
[0136] In addition, the light guiding layer and the light
diffusion layer are fixed together as an assembly module
before being placed in the surrounding border. With such
design, it is easy to assembly the final product by placing
all components together. For example, when the light
guiding layer and the light diffusion layer are fixed togeth-
er as an assembly module, a manufacturer, even a dis-
tributor or a customer, may easily place these compo-
nents together, instead of needing to positioning, aligning
these components.
[0137] The back cover is fixed to the heat sink frame
pressing a back side of the optical guiding module. The
term ’pressing’ refers to directly or indirectly providing a
force on the back side of the optical guiding module. The
back side is opposite to a front side where light is output.
[0138] In some embodiments, the frame bars are main-
ly elongated metal bars. Some additional components
like plastic, rubber components may also be added.
[0139] In some embodiments, the external surface of
the heat sink frame has horizontal ripple structures. Such
horizontal ripple structures increase rigidity of the panel
light apparatus. Such horizontal ripple structures also en-
hance heat dissipation effect.
[0140] Specifically, the horizontal ripple structures may
be composed of a series of concave and convex struc-
tures on the external surface of frame bars. In the exam-
ple of a rectangular panel light apparatus, there are four
frame bars defining a surrounding border that has a front
side for light to emit and a back side to connect to a driver.

In such example, the external surfaces are the four lateral
surfaces of the four frame bars facing outwardly and sub-
stantially perpendicular to the front side and the back
side. The term horizonal in the horizontal ripple structures
refers that convex and concave structures are substan-
tially perpendicular to the front side and the back side.
[0141] There is another type of example. The external
surface of the frame bars is disposed with vertical ripple
structures. In such embodiments, the convex and con-
cave structures on the surfaces of the frame bars are
parallel to the front side and the back side.
[0142] In some embodiments, the optical guiding mod-
ule has a clip at a corner for fixing the light guiding layer
to the light diffusion layer. The clips may be made of a
plastic element or any other elastic component for press-
ing the light guiding layer and the light diffusion layer as
an assembly module. The clip may also be a tape using
glues to attach on surface of the light guiding layer and
the light diffusion layer. In addition to the corner, there
may be more than one clips for ensuring the light guiding
layer fixed to the light diffusion layer as an assembly mod-
ule. In other words, manufacturers or users may take one
such assembly module without need to align or stack the
light guiding layer to the light diffusion layer and place
such assembly module in a heat sink frame.
[0143] Besides, in some embodiments, the corner may
be processed to have a chamfer for preventing damage.
Such chamfer may also help positioning, e.g. only one
chamfer in a specific corner to fit in a slot of the heat sink
frame. With such design, a light entrance side of the light
guiding layer is ensured to face to the first LED light bar.
[0144] In some embodiments, the optical guiding mod-
ule may further include a reflective layer on a back side
of the optical guiding module. In such case, the reflective
layer may be integrated with the light guiding layer and
the light diffusion layer to form an assembly module.
Please be noted that in some other embodiments, the
surface of the light guiding layer is processed for soften
light and the light diffusion layer may be reduced. Other
features described in this specification may be integrated
with such case or similar cases as another inventive so-
lutions.
[0145] The reflective layer may be a white paper for
reflecting light back to the front side, i.e. the desired light
emitting side. Painting material may be used for replacing
the white paper.
[0146] In addition, the reflective layer may be selected
with elastic material, so as to ensure a pressure to fix all
elements when the back cover is pressing on the reflec-
tive layer.
[0147] In some embodiments, there may be an addi-
tional elastic layer between the back cover and a back
side of the optical guiding module. For example, a formed
plastic sheet may be used in such case. Other material
may also be applied for different cost or other design
factors, e.g. safety.
[0148] In some embodiments, there may be a driver
box electrically connected to the first LED light bar via
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the heat sink frame. The driver box contains driver com-
ponents for converting an external power source to a
driving current to the first LED light bar. The driver box
may have four lateral walls and a top cover. In some
case, there is a bottom cover to be attached to the back
cover of the panel light apparatus. In some other case,
the bottom cover is not existed or has a cavity and the
back cover of the panel light apparatus is used as the
bottom cover for the driver box.
[0149] There may be an empty space, e.g. taking 10%
to 40% of total containing space of the driver box for
providing better safety. Wires and driver components are
disposed in the driver box.
[0150] In some embodiments, the driver box is inserted
to a receiver on the back cover and the receiver is posi-
tioned away from peripheral area of the back cover. In
such design, users would not directly see the driver box
particularly when the panel light apparatus is installed
below a ceiling. Such design also helps keep the driver
box away from the LED light bar, which generates certain
heat, and thus increase life span of the overall panel light
apparatus.
[0151] In some embodiments, the heat frame sink has
an electrical terminal and a frame connector. The elec-
trical terminal is fixed to a corresponding opposite elec-
trical terminal for receiving an external power source. For
example, there is a pre-installed wire in a ceiling for pro-
viding 110V or 220V electricity. There is an opposite elec-
trical terminal associating to the electrical terminal dis-
posed on the heat frame sink.
[0152] The electricity of the external power source is
routed to the LED modules of the first LED light bar via
the frame electrical connector. The frame electrical con-
nector may be a pre-installed wire or a metal strip for
guiding external electricity and/or control signal to the
first LED light bar. If there is another LED light bar or
more LED light bars as explained as follows, such frame
electrical connectors help connect all these electrical
components to form a close loop. Users only need to plug
the LED light bar into the heat sink frame, and the heat
sink frame provides both structure positioning and elec-
tricity providing functions.
[0153] In some embodiments, the frame electrical con-
nector is a metal rigid bar fixed on the frame bar.
[0154] In some embodiments, the frame electrical ter-
minal is a detachable socket structure. In such case, us-
ers may easily plug an external electricity wire with the
opposite electrical terminal into the detachable socket
structure. When users want to replace the panel light
apparatus, users just need to unplug the external elec-
tricity wire away from the detachable socket structure.
The socket may be provided on the external electricity
wire and the frame electricity terminal may be a male pin
to be connected to the associated socket.
[0155] In some embodiments, the frame electrical ter-
minal is a one way plugging structure that is difficult to
be detached by hands after connecting to the external
power source. For example, a reverse hook may be dis-

posed so that it is easy to install but difficult to un-install
the panel light apparatus to satisfy certain safety require-
ments.
[0156] In some embodiments, there may be a second
LED light bar disposed at an opposite side of the first
LED light bar. An electrical connector of the frame bar
that is intermediate to the first LED light bar and the sec-
ond LED light bar provides electricity connection between
the first LED light bar and the second LED light bar. For
a rectangular panel light apparatus example, the four
frame bars are named ’A’, ’B’, ’C’, ’D’ in sequence. The
frame bars ’A’ and ’C’ are installed with LED light bars
and the ’B’ or ’D’ which is intermediate frame bar between
the two LED light bars may be installed with electrical
connector for electrically connecting the two LED light
bars. The two LED light bars may be electrically connect-
ed in series.
[0157] In some embodiments, there may be a control
signal channel, an electrical loop for sending control sig-
nals. The control signal channel may be partly or all made
of connectors pre-installed on the heat sink frame. No
additional wires need to be prepared in such case to en-
hance manufacturing convenience.
[0158] In some embodiments, there are a first type of
LED components and a second type of LED components
in the first LED light bar, the first type of LED components
and the second type of LED components have different
color temperature characteristics. There may be a third
type of LED components or more for providing a different
light characteristic, e.g. different colors, to provide a
mixed effect of the panel light apparatus.
[0159] In some embodiments, the frame bar has an
installation groove for inserting and positioning the first
LED light bar. The panel light apparatus may further in-
clude a fixing bar. The fixing bar and the frame bar to-
gether clip the first LED light bar in opposite directions.
[0160] In some embodiments, the fixing bar has an
elastic component for pressing the first LED light bar from
a lateral direction so that the first LED light bar keeps a
predetermined distance from the light guiding layer. Such
elastic component may be sprint or elastic clips or other
components for providing such function mentioned
above.
[0161] In some embodiments, the fixing bar is further
fixed to the frame bar with an additional fastener, e.g.
screws.
[0162] According to another embodiment of the
present invention, a panel light apparatus is designed to
be fixed on multiple hooks disposed on a ceiling. In this
example, these hooks have curved tails for hanging a
structure placed in the curved tails.
[0163] The panel light apparatus has a back cover, a
LED light source, a driver circuit, a panel light housing,
and one or more than one connector. The panel light
housing may have a circular shape, a rectangular shape
or other geometrical shape. There is a luminance cover
disposed at a bottom of the panel light apparatus.
[0164] The LED light source may include multiple LED
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components disposed on a light source plate or disposed
on a light bar. In the first case, the LED light source emits
light downwardly directly outside the panel light housing
via the luminance cover. In the second case, the LED
light source emits light and the light is redirected, e.g.
with a light guide, to escape outside the panel light hous-
ing via the luminance cover.
[0165] The LED light source and the driver circuit are
disposed to the panel light housing. Specifically, in the
first case mentioned above, the LED light source is
placed on a plate facing downwardly to the luminance
cover. In the second case mentioned above, the LED
light source is placed on an inner lateral side of the panel
light housing. The light emitted from the LED light source
is directed by a light guide late to the luminance cover.
[0166] Besides, the driver may be embedded inside
the panel light housing, or placed in an external box at-
tached to the panel light housing. The driver circuit is
used for converting an external power source to a driving
current to the LED light source to emit light from the lu-
minance cover. The back cover is disposed on an oppo-
site side with respect to the luminance cover. The back
cover may be made together with the panel light housing,
e.g. from the same molding process. Alternatively, the
back cover may be made as a separate component that
is hooked or fixed to the panel light housing, which may
be a frame structure.
[0167] The connector has a top lever hung to the hook.
If there are four connectors, the four connectors are hung
to four corresponding hooks disposed to the ceiling. Op-
posite to the top lever, the connector has another end
fixed to the back cover. The top lever may have multiple
contact points for engaging hooks at different positions.
Therefore, the same connector may be hung on hooks
of different distances.
[0168] This is helpful because the same panel light ap-
paratus may be installed on stations with different set-
tings. For example, in USA and European, there may be
different standard distances between pre-installed hooks
on a ceiling. With the connector of such design, the panel
light apparatus is more flexible to be installed on different
environments without changing any components.
[0169] In some embodiments, the connector may fur-
ther have an axial hinge for fixing the connector to the
back cover. The top lever of the connector is rotatable
with respect to the axial hinge so that the connector is fit
to a corresponding hook. For different ceiling stations,
the hook may have different distance setting. With such
design, when the top lever is rotated with respect to the
axial hinge, the top lever may be adjusted to hooks of
different distance settings. This further broadens flexibil-
ity of installing the panel light apparatus to different in-
stallation stations on ceilings.
[0170] In some embodiments, the connectors may
have two ear levers. One ends of the two ear levers are
connected to two opposite ends of the top lever and the
other ends of the two ear levers are movably connected
to the axial hinge. Specifically, the top lever has two ends

connected to two ear levers. The two ear levers further
connect to the axial hinge so that the top lever may be
rotated with respect to the axial hinge.
[0171] In some embodiments, the top lever has more
than two contact sections corresponding to different dis-
tance settings of the hooks. As mentioned above, the top
lever has a contact range, e.g. more than 2cm, compared
with a precise contact point, so as to fit different settings
of installation stations on a ceiling. The installation station
refers to the structure on a ceiling for installing a panel
light. In different areas, the installation stations may have
different distance setting for mounting a panel light. With
such design, once the distance setting of an installation
station is within the contact range, i.e. in any contact sec-
tion of the contact range, the panel light may be installed
on such installation station.
[0172] Furthermore, in some embodiments, the top le-
ver has multiple curved shapes corresponding to the con-
tact sections respectively so that the hook may be kept
stably in one of the curved shapes corresponding to the
distance setting of the hook.
[0173] In some embodiments, the top lever has a
roughened contact side to engage the hook so as to more
stably engage the hook and to prevent undesired sliding
of the panel light apparatus.
[0174] In some embodiments, the connector is detach-
able to be replaced with a second type connector for fit-
ting to a second type fixing device disposed to another
ceiling. Specifically, the connector is detachable, e.g. to
be unmounted by removing screws, clips, or some other
detachable structures. For different types of installation
stations, the panel light apparatus may be installed with
corresponding connectors to be installed on correspond-
ing installation stations.
[0175] In some embodiments, the connector and the
second type connector are selectively fixed to screw
holes of the back cover. The connector and the second
type connector share at least one common screw hole.
In such case, the connector and the second type con-
nector are selectively detachable from the back cover or
installed to the back cover via screws. To make the as-
sembling more convenient as well the robustness of the
back cover, different connectors may share one or more
than one screw holes. This prevents unnecessary screw
holes, weakening the structure strength of the back cov-
er, and also simplifies the manufacturing process.
[0176] In some embodiments, the back cover has a
peripheral bar on an edge of the back cover. The con-
nector is fixed to the peripheral bar. Specifically, in such
case, the connector is fixed to the peripheral bar for at-
taching to the back cover. The peripheral bar may be a
separate component so as to be easily replaced with an-
other peripheral bar. The peripheral bar may also be used
for fixing the back cover to other components like a frame
or other components of the panel light apparatus.
[0177] In some embodiments, the peripheral bar has
a track for installing the connector. Specifically, the con-
nector may have a block structure to be slide into the
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track of the peripheral bar.
[0178] In some embodiments, the peripheral bar is de-
tachable from the back cover to be replaced with another
peripheral bar with a different fixing structure correspond-
ing to a different type of station. Specifically, several pe-
ripheral bars are made in advance corresponding to dif-
ferent installation stations. When the destination area or
requirements are known, the corresponding peripheral
bar is installed on the back cover for fitting the panel light
to the destination area or requirements.
[0179] In some embodiments, the fixing structure of
another peripheral bar is a clip for hung in an installation
cavity of a ceiling. For example, the clip may have an
elastic entrance for inserting an installation bar with a
protruding block at its head. The protruding block may
enter the elastic entrance and kept in the clip by elastic
force of the clip.
[0180] In some embodiments, a part of the hook in in-
serted into an opening of the top lever. For example, the
top lever has a groove for inserting a part of the hook to
attach the connector to the hook.
[0181] In some embodiments, the hook routes electric-
ity of the external power source to the driver circuit via
the connector. Therefore, via the connector between the
hook and the connector, the external power source sup-
plies electricity to the panel light apparatus.
[0182] In some embodiments, the back cover is kept
with a distance from ceiling for heat dissipation. Specif-
ically, the connection between the hook and the connec-
tor ensures a spacing is kept between the back cover to
the ceiling.
[0183] In some embodiments, the connector has an
elastic element applying an elastic force for keeping an
elastic connection between the hook and the top lever.
For example, a spring or an elastic clip may be installed
inside the top lever so that to generate an elastic force
for the fixing connection between the hook and the con-
nector. Such elastic force may prevent unnecessary slid-
ing or keeping the panel light apparatus to keep stable
connection with the ceiling even when earthquake acci-
dent happens.
[0184] In some embodiments, an optical module is
made as a module for being detachably installed to the
panel light housing. The optical module may include mul-
tiple components fixed as a module. Such module is fixed
as a module before being installed to the panel light ap-
paratus. This makes assembling more efficient. Different
components may be replaced for providing the panel light
apparatus with different set of parameters, e.g. control
functions, connectivity, different light parameters. For ex-
ample, the optical module may refer to a module com-
posed of a light guide layer and a diffusion layer.
[0185] In some embodiments, the optical module may
include a light guide component and the LED light source
is disposed on a lateral inner side of the panel light hous-
ing. The light guide directs light of the LED light source
to the luminance cover.
[0186] In some embodiments, the panel light housing

has a track for detachably installing the LED light source.
The track is capable of installing another LED light source
with another light parameters, e.g. different color tem-
peratures, colors, brightness.
[0187] In some embodiments, the driver circuit is dis-
posed in a driver box inserting to a track of the back cover.
This makes the driver box more stably attached to the
back cover while easily to be removed when necessary.

BRIEF DESCRIPTION OF DRAWINGS

[0188]

Fig. 1 illustrates major components of an embodi-
ment of a panel light apparatus.

Fig. 2A s a side view illustrating spatial relation
among components in an embodiment.

Fig. 2B is a top view illustrating spatial relation among
components in an embodiment.

Fig. 3 illustrates LED electricity connection in an em-
bodiment.

Fig.4 illustrates electrical connector fixed on the heat
sink frame embodiment.

Fig. 5 illustrates examples for implementing plugging
structures and related components in two LED light
bars.

Fig. 6A illustrates a fixing bar.

Fig. 6B illustrates how the fixing bar works with a
frame bar to fix a LED light bar to face to a light
guiding layer.

Fig. 7 illustrates a structure of an optical guiding mod-
ule.

Fig. 8 illustrates a driver box example.

Fig. 9A illustrates fixing a driver box to a back cover
of a panel light apparatus embodiment.

Fig. 9B illustrates fixing the driver box to the back
cover in Fig. 9A.

Fig. 10 illustrates an embodiment of a light panel
apparatus.

Fig. 11A illustrates a location example of a driver box
and a back cover.

Fig. 11B illustrates another location example of a
driver box and a back cover.
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Fig. 12 illustrates another embodiment of an external
plug-in module.

Fig. 13 illustrates electricity relation among compo-
nents in an embodiment.

Fig. 14 illustrates using clips in a panel light appara-
tus.

Fig. 15A illustrates another type of clips that embed
a light bar.

Fig. 15B illustrates a side sectional view of Fig. 15A.

Fig. 16 illustrates a sectional view of a part of a light
diffusion layer.

Fig. 17 illustrates a film type light diffusion layer fixed
to a light guiding layer.

Fig. 18 illustrates another fixing structure for fixing
the light guiding layer and the light diffusion layer as
a single part.

Fig. 19A Illustrates a back cover with convex parts.

Fig. 19B illustrates the convex parts of a back cover
pressing an optical guiding module.

Fig. 20 illustrates an enlarged view of a partial part
in an embodiment of a panel light apparatus.

Fig. 21 illustrates a bright point problem caused by
improper distance between components.

Fig. 22 illustrates additional components that may
be used for enhancing the panel light apparatus em-
bodiment.

Fig. 23A illustrates a first example of a LED light bar.

Fig. 23B illustrates a second example a LED light bar.

Fig. 23C illustrates using two LED light bars for con-
structing a color temperature adjustment device.

Fig. 24 illustrates connecting two LED components
with different color temperatures.

Fig. 25 illustrates a panel light apparatus embodi-
ment with a supplemental electronic device.

Fig. 26A illustrates a first example attaching the sup-
plemental electronic device to the heat sink frame.

Fig. 26B illustrates a second example attaching the
supplemental electronic device to the heat sink
frame.

Fig. 26C illustrates a third example attaching the sup-
plemental electronic device to the heat sink frame.

Fig. 27 illustrates another embodiment for integrat-
ing an external battery device.

Fig. 28 illustrates sharing components among mul-
tiple panel light apparatuses.

Fig. 29 illustrates a multi-type connector structure
examples in a panel light apparatus embodiment.

Fig. 30 illustrates a different fixing device example
in a panel light apparatus embodiment.

Fig. 31 illustrates another fixing device example in a
panel light apparatus embodiment.

Fig. 32 illustrates an enlarged diagram showing re-
lation between a station and a fixing device example.

Fig. 33 illustrates fixing the multi-type connector
structure to a fixing bar.

Fig. 34 illustrates using multi-type connector struc-
ture to combine another panel light apparatus.

Fig. 35 illustrates using glues to fix four layers as an
optical guiding module.

Fig. 36 illustrates a back cover with clips for fixing
layers of the optical guiding module.

Fig. 37 illustrates connectors and their relation to an-
other panel light apparatus embodiment.

Fig. 38 illustrates installation of the panel light appa-
ratus of Fig. 37 to an installation station.

DETAILED DESCRIPTION

[0189] Please refer to Fig. 1. Fig. 1 illustrates major
components of an embodiment of a panel light apparatus.
[0190] In Fig. 1, a LED light apparatus has a heat sink
frame 11. The heat sink frame 11has four frame bars like
the one frame bar 111. In this example, there are two
LED light bars 121, 122 to be installed to the heat sink
frame 11. The heat sink frame 11 defines a surrounding
border, the inner rectangular shape, for storing an optical
guiding module 13.
[0191] Four fixing bars 151, 152, 153, 154 are used for
pressing the optical guiding module 13 so that the optical
guiding module 13 is clipped between the four fixing bars
151, 152, 153, 154 and the heat sink frame 11.
[0192] In this example, an external driver box 16 con-
tains driver components for converting an external power
source like a 110V or 220V electricity to a driving current
for the two LED light bars 121, 122. The driver box 16
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connects the two LED light bars 121, 122 via an opposite
terminal 161, which connects to an electrical terminal that
is further electrically connected to electrical connectors
in the heat sink frame 11 for connecting to the two LED
light bars 121, 122.
[0193] Next, please refer to Fig. 2A and Fig. 2B. Fig.
2A is a side view illustrating spatial relation among com-
ponents in an embodiment. Fig. 2B is a top view illustrat-
ing spatial relation among components in an embodi-
ment.
[0194] In Fig. 2A, a driver box is fixed to a back cover
28. The back cover 28 presses an optical guiding module.
The optical guiding module has a reflective layer 233, a
light guiding layer 232 and a light diffusion layer 231. In
some other case, there may be an additional elastic layer
between the back cover 28 and the reflective layer 233
for ensuring the layers of the light guiding module closely
stick to each other.
[0195] In this example, a LED light bar 221 is clipped
by a fixing bar 251 and a bottom part 211 of a frame bar
21 of a heat sink frame. In addition, there is an elastic
component 2513. The elastic component 2513 is fixed
to the fixing bar 251 for pressing the LED light bar 221
to align to a predetermined position with respect to a light
guiding layer 232. The light emitted from LED modules
of the LED light bar 221 enters the light guiding layer 232
and then moves to light diffusion layer 231 and then es-
capes from a front cover of the optical guiding module.
Some light transmits upwardly and reflected by a reflec-
tive layer 233 back to the light guide layer 232.
[0196] The driver box 26 is fixed to the cover 28 and
connects to the heat sink layer via an opposite electrical
terminal, which is inserted to an electrical terminal 261
of the heat sink frame.
[0197] Please refer to Fig. 3. Fig. 3 illustrates LED elec-
tricity connection in an embodiment.
[0198] In Fig. 3, there are electrical connectors 331,
332, 333 disposed in the heat sink frame for helping trans-
mitting electricity and even control signals for the two
LED light bars 31, 32. In this example, the LED light bar
31 has multiple LED modules connected in series. The
two LED light bars 31, 32 have first plugging structures
312, 313, 314, 315 to be plugged to second plugging
structures of electrical connectors 331, 332, 333 in the
heat sink frame.
[0199] An electricity terminal 34 is also disposed in the
heat sink frame for receiving a driving current generated
by a driver box 36. The driver box 36 is connected to the
two LED light bars 31, 32 by plugging an opposite elec-
trical terminal 361 to the electrical terminal 34.
[0200] Please refer to Fig. 4. Fig.4 illustrates electrical
connector fixed on the heat sink frame embodiment. Two
electrical connectors 421, 422 fixed on a heat sink frame
41 are illustrated. At two ends of each electrical connec-
tors 421, 422, there are two connectors 4211, 4212,
4221, 4222 that may be plugged. In this example, two
LED light bars are plugged to the electrical connectors
421, 422 to be connected in series and to get a driving

current.
[0201] Please refer to Fig. 5. Fig. 5 illustrates examples
for implementing plugging structures and related com-
ponents in two LED light bars.
[0202] In Fig. 5, there are two LED light bars 511, 512.
The two LED light bars 511, 512 have plugging structures
5121, 5122, 5111, 5112 at two ends to be connected to
associated plugging structures as illustrated in Fig. 4.
Other plugging structures may be used based on different
design needs.
[0203] In a more general embodiment, a panel light
apparatus includes a heat sink frame, a first LED light
bar, an optical guiding module and a back cover. The
panel light apparatus may be installed below a ceiling,
attach to a wall or installed in other applications. The heat
sink frame defines light output shape, e.g. a rectangular
light output shape. The thickness of the panel light ap-
paratus is usually smaller than width of the light output
shape. Usually, the thickness of the panel light apparatus
is smaller than normal downlight devices so that the panel
light apparatus does not need an additional installation
cavity, e.g. in a ceiling.
[0204] The heat sink frame includes a plurality of frame
bars forming a surrounding border. For example, if the
heat sink frame has a rectangular shape, there are four
frame bars at four sides. The four frame bars form a rec-
tangular surrounding border. Please be noted that the
frame bar may also be made of one or multiple frame
bars to form different shapes, e.g. circular, ellipse, two
connected rectangular shapes like a digit ’8’ or other
shapes.
[0205] The first LED light bar has a first plugging struc-
ture to be plugged to a second plugging structure on an
inner side of one of the frame bars. For example, if the
panel light apparatus is a rectangular shape panel light,
there are four frame bars as mentioned above. One frame
bar is disposed with a second plugging structure associ-
ating with a first plugging structure of a LED light bar.
The first plugging structure may be a male pin when the
second plugging structure may be a female socket, and
vice versa. The first plugging structure and the second
plugging structure may provide both structural connec-
tion and electricity connection. In other words, the first
LED bar may receive electricity from the connection of
the first plugging structure and the second plugging struc-
ture. Meanwhile, the first LED bar is fixed to the heat sink
frame by the connection of the first plugging structure
and the second plugging structure. Please be noted that
the plugging structure may have various shapes, e.g.
elastic clips, hooks and associates connecting struc-
tures.
[0206] Besides, the first LED light bar is a major heat
source, and heat generated from the first LED light bar
is transmitted to the frame bars of the heat sink frame.
[0207] The optical guiding module is placed in the sur-
rounding border. For example, the surrounding border is
a rectangular shape and the optical guiding module is
also a similar rectangular shape but with a smaller size.
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The optical guiding module is placed in the enclosing
border of the heat sink frame.
[0208] The optical guiding module may have a light
diffusion layer and a light guiding layer.
[0209] The light guiding layer may be a transparent
plastic board a plurality of micro structures for guiding
light received from a lateral side of the transparent plastic
board to route in the light guiding layer and then escapes
the light guiding layer from a plurality of micro optical
structures, e.g. micro cavities, that may be formed on the
transparent plastic board using laser beams or molding
technologies.
[0210] The light guiding layer has a lateral side facing
to LED modules of the first LED light bar for guiding light
of the LED modules to the diffusion layer via the light
guiding layer and then to escape from a front side of the
optical guiding module.
[0211] The light diffusion layer is used for diffusing light
so that the light would not look too hash for human eyes,
e.g. to soften the output light and to avoid users see a
series of strong light points.
[0212] In addition, the light guiding layer and the light
diffusion layer are fixed together as an assembly module
before being placed in the surrounding border. With such
design, it is easy to assembly the final product by placing
all components together. For example, when the light
guiding layer and the light diffusion layer are fixed togeth-
er as an assembly module, a manufacturer, even a dis-
tributor or a customer, may easily place these compo-
nents together, instead of needing to positioning, aligning
these components.
[0213] The back cover is fixed to the heat sink frame
pressing a back side of the optical guiding module. The
term ’pressing’ refers to directly or indirectly providing a
force on the back side of the optical guiding module. The
back side is opposite to a front side where light is output.
[0214] In some embodiments, the frame bars are main-
ly elongated metal bars. Some additional components
like plastic, rubber components may also be added.
[0215] In some embodiments, the external surface of
the heat sink frame has horizontal ripple structures. Such
horizontal ripple structures increase rigidity of the panel
light apparatus. Such horizontal ripple structures also en-
hance heat dissipation effect.
[0216] Specifically, the horizontal ripple structures may
be composed of a series of concave and convex struc-
tures on the external surface of frame bars. In the exam-
ple of a rectangular panel light apparatus, there are four
frame bars defining a surrounding border that has a front
side for light to emit and a back side to connect to a driver.
In such example, the external surfaces are the four lateral
surfaces of the four frame bars facing outwardly and sub-
stantially perpendicular to the front side and the back
side. The term horizonal in the horizontal ripple structures
refers that convex and concave structures are substan-
tially perpendicular to the front side and the back side.
[0217] There is another type of example. The external
surface of the frame bars is disposed with vertical ripple

structures. In such embodiments, the convex and con-
cave structures on the surfaces of the frame bars are
parallel to the front side and the back side.
[0218] In some embodiments, the optical guiding mod-
ule has a clip at a corner for fixing the light guiding layer
to the light diffusion layer. The clips may be made of a
plastic element or any other elastic elements for pressing
the light guiding layer and the light diffusion layer as an
assembly module. The clip may also be a tape using
glues to attach on surface of the light guiding layer and
the light diffusion layer. In addition to the corner, there
may be more than one clips for ensuring the light guiding
layer fixed to the light diffusion layer as an assembly mod-
ule. In other words, manufacturers or users may take one
such assembly module without need to align or stack the
light guiding layer to the light diffusion layer and place
such assembly module in a heat sink frame.
[0219] Besides, in some embodiments, the corner may
be processed to have a chamfer for preventing damage.
Such chamfer may also help positioning, e.g. only one
chamfer in a specific corner to fit in a slot of the heat sink
frame. With such design, a light entrance side of the light
guiding layer is ensured to face to the first LED light bar.
[0220] Please refer to Fig. 7. Fig. 7 illustrates a struc-
ture of an optical guiding module.
[0221] In Fig. 7, an optical guiding module 71 is proc-
essed to have a chamfer 73 at its corner. There are two
clips 741, 742 for fixing an elastic layer 711, a reflective
layer 712, a light guiding layer 713 and a light diffusion
layer 714 together as an assembly module.
[0222] In some embodiments, the optical guiding mod-
ule may further include a reflective layer on a back side
of the optical guiding module. In such case, the reflective
layer may be integrated with the light guiding layer and
the light diffusion layer to form an assembly module.
Please be noted that in some other embodiments, the
surface of the light guiding layer is processed for soften
light and the light diffusion layer may be reduced. Other
features described in this specification may be integrated
with such case or similar cases as another inventive so-
lutions.
[0223] The reflective layer may be a white paper for
reflecting light back to the front side, i.e. the desired light
emitting side. Painting material may be used for replacing
the white paper.
[0224] In addition, the reflective layer may be selected
with elastic material, so as to ensure a pressure to fix all
elements when the back cover is pressing on the reflec-
tive layer.
[0225] In some embodiments, there may be an addi-
tional elastic layer between the back cover and a back
side of the optical guiding module. For example, a formed
plastic sheet may be used in such case. Other material
may also be applied for different cost or other design
factors, e.g. safety.
[0226] In some embodiments, there may be a driver
box electrically connected to the first LED light bar via
the heat sink frame. The driver box contains driver com-
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ponents for converting an external power source to a
driving current to the first LED light bar. The driver box
may have four lateral walls and a top cover. In some
case, there is a bottom cover to be attached to the back
cover of the panel light apparatus. In some other case,
the bottom cover is not existed or has a cavity and the
back cover of the panel light apparatus is used as the
bottom cover for the driver box.
[0227] There may be an empty space, e.g. taking 10%
to 40% of total containing space of the driver box for
providing better safety. Wires and driver components are
disposed in the driver box.
[0228] In some embodiments, the driver box is inserted
to a receiver on the back cover and the receiver is posi-
tioned away from peripheral area of the back cover. In
such design, users would not directly see the driver box
particularly when the panel light apparatus is installed
below a ceiling. Such design also helps keep the driver
box away from the LED light bar, which generates certain
heat, and thus increase life span of the overall panel light
apparatus.
[0229] In some embodiments, the heat frame sink has
an electrical terminal and a frame connector. The elec-
trical terminal is fixed to a corresponding opposite elec-
trical terminal for receiving an external power source. For
example, there is a pre-installed wire in a ceiling for pro-
viding 110V or 220V electricity. There is an opposite elec-
trical terminal associating to the electrical terminal dis-
posed on the heat frame sink.
[0230] The electricity of the external power source is
routed to the LED modules of the first LED light bar via
the frame electrical connector. The frame electrical con-
nector may be a pre-installed wire or a metal strip for
guiding external electricity and/or control signal to the
first LED light bar. If there is another LED light bar or
more LED light bars as explained as follows, such frame
electrical connectors help connect all these electrical
components to form a close loop. Users only need to plug
the LED light bar into the heat sink frame, and the heat
sink frame provides both structure positioning and elec-
tricity providing functions.
[0231] In some embodiments, the frame electrical con-
nector is a metal rigid bar fixed on the frame bar.
[0232] In some embodiments, the frame electrical ter-
minal is a detachable socket structure. In such case, us-
ers may easily plug an external electricity wire with the
opposite electrical terminal into the detachable socket
structure. When users want to replace the panel light
apparatus, users just need to unplug the external elec-
tricity wire away from the detachable socket structure.
The socket may be provided on the external electricity
wire and the frame electricity terminal may be a male pin
to be connected to the associated socket.
[0233] In some embodiments, the frame electrical ter-
minal is a one way plugging structure that is difficult to
be detached by hands after connecting to the external
power source. For example, a reverse hook may be dis-
posed so that it is easy to install but difficult to un-install

the panel light apparatus to satisfy certain safety require-
ments.
[0234] In some embodiments, there may be a second
LED light bar disposed at an opposite side of the first
LED light bar. An electrical connector of the frame bar
that is intermediate to the first LED light bar and the sec-
ond LED light bar provides electricity connection between
the first LED light bar and the second LED light bar. For
a rectangular panel light apparatus example, the four
frame bars are named ’A’, ’B’, ’C’, ’D’ in sequence. The
frame bars ’A’ and ’C’ are installed with LED light bars
and the ’B’ or ’D’ which is intermediate frame bar between
the two LED light bars may be installed with electrical
connector for electrically connecting the two LED light
bars. The two LED light bars may be electrically connect-
ed in series.
[0235] In some embodiments, there may be a control
signal channel, an electrical loop for sending control sig-
nals. The control signal channel may be partly or all made
of connectors pre-installed on the heat sink frame. No
additional wires need to be prepared in such case to en-
hance manufacturing convenience.
[0236] In some embodiments, there are a first type of
LED components and a second type of LED components
in the first LED light bar, the first type of LED components
and the second type of LED components have different
color temperature characteristics. There may be a third
type of LED components or more for providing a different
light characteristic, e.g. different colors, to provide a
mixed effect of the panel light apparatus.
[0237] In some embodiments, the frame bar has an
installation groove for inserting and positioning the first
LED light bar. The panel light apparatus may further in-
clude a fixing bar. The fixing bar and the frame bar to-
gether clip the first LED light bar in opposite directions.
[0238] In some embodiments, the fixing bar has an
elastic component for pressing the first LED light bar from
a lateral direction so that the first LED light bar keeps a
predetermined distance from the light guiding layer. Such
elastic component may be sprint or elastic clips or other
components for providing such function mentioned
above.
[0239] Please refer to Fig. 6A and Fig. 6B. Fig. 6A il-
lustrates a fixing bar. Fig. 6B illustrates how the fixing bar
works with a frame bar to fix a LED light bar to face to a
light guiding layer.
[0240] In Fig. 6A and Fig. 6B, a fixing bar 61 is an elon-
gated sheet. There is an elastic component 611 installed
on the fixing bar 61. In this example, the elastic compo-
nent 611 is an elastic curved metal wire.
[0241] In Fig. 6B, when the fixing bar 61 is installed,
the fixing bar 61 and the frame bar 61 of the heat sink
frame together fix a LED light bar 642. Furthermore, the
elastic component 611 presses the LED light bar 642
from a lateral side to ensure the LED components 641
on the LED light bar 642 to keep a desired distance to
the light guiding layer 63 of an optical guiding module.
The optical guiding module may further include a light
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diffusion layer 632.
[0242] In some embodiments, the fixing bar is further
fixed to the frame bar with an additional fastener, e.g.
screws.
[0243] Please refer to Fig. 10, which illustrates a driver
box embodiment of a panel light apparatus. In Fig. 10,
the panel light apparatus has a driver circuit 821, an in-
terface circuit 822 and a slot 826. The driver circuit 821,
the interface circuit 822 and the slot 825 are disposed in
a driver housing 820. In this example, the driver housing
is a box shape device.
[0244] An external plug-in module 825 may be inserted
into the slot 826 to connect the external plug-in module
825 to the interface circuit 822.
[0245] In addition, the driver box has a wire with an
end terminal 823 to be plugged into a corresponding
socket 824 disposed on a heat sink frame as explained
above.
[0246] According to an embodiment, a panel light ap-
paratus includes a heat sink, a first LED light bar, an
optical guiding module, a back cover and a driver box.
[0247] There may be more than one LED light bar, and
some examples are explained as follows. The heat sink
frame includes multiple frame bars forming a surrounding
border. For example, four frame bars may be fixed as a
frame, defining a rectangular surrounding border. Circu-
lar frame bars may also be used for defining a circular
surrounding, e.g. a circular shape panel light apparatus.
The frame bar may have a curved shape, in addition to
an elongated line bar shape.
[0248] The first LED light bar is fixed on an inner side
of one of the frame bars for fixing the first LED light bar
to the heat sink frame. Heat of the LED light bar may be
transmitted to the heat sink frame. The frame bar may
be made of metal material, like aluminum, or other heat
conductive plastic material, like PC. There may be mul-
tiple LED modules mounted on the first LED light bar.
These LED modules may be connected in series, or in
series and in parallel, or multiple separate modules that
may be driven separately, e.g. to turn on or turn off sep-
arately.
[0249] The optical guiding module is placed in the sur-
rounding border. The optical guiding module includes a
light diffusion layer and a light guiding layer. A lateral side
of the light guiding layer faces to LED modules of the first
LED light bar for guiding light of the LED modules to the
diffusion layer via the light guiding layer and then to es-
cape from a front side of the optical guiding module.
[0250] The light guiding layer and the light diffusion
layer may be fixed together as an assembly module be-
fore being placed in the surrounding border.
[0251] The back cover is fixed to the heat sink frame
directly or indirectly pressing a back side of the optical
guiding module. For example, an elastic layer may be
placed between the back cover and the light guiding mod-
ule.
[0252] The driver box includes a driver circuit, an in-
terface circuit, a slot and a driver housing.

[0253] The driver circuit is used for converting an ex-
ternal power source to a driver current for the LED mod-
ules. For example, a 110V or 220V alternating current is
converted to a direct current with proper voltage as a
driving current for the LED modules of the first LED light
bar.
[0254] The interface circuit is connected to the driver
circuit. In addition to supply current to the LED modules,
the driver circuit may also supply a first module electricity
to an external plug-in module. The external plug-in mod-
ule is inserted into the slot for electrically connected to
the interface circuit. The driver housing containing the
driver circuit, the interface circuit and the slot. The shape
of the driver housing may be a box style container.
[0255] Such design is particularly helpful because
manufacturer may assemble different components to
meet different requirements. Furthermore, the driver box
may be inserted with different modules to expand the
capacity of the driver box. For example, the external plug-
in module may be a wireless control module, like in Blue-
tooth, Wi-Fi, Zig-bee, W3 or any other communication
protocols. The interface circuit translates an external
command and act correspondingly to control the driver
circuit or the LED modules. There are various other ways
to use this extension slot and are explained with exam-
ples as follows.
[0256] Please refer to Fig. 8, which illustrates a driver
box example. In Fig. 8, the driver box has a circuit con-
tainer 801 and a wiring container 802. The driver circuits
are placed in the circuit container 801 and protected with
a metal cover. The size 806 of the circuit container 801
with respect to the total size 805 of the driver box is be-
tween 40% to 80%. Such configuration ensures the wir-
ing 803, e.g. via installation holes 804, more reliable and
safer.
[0257] In some embodiments, the driver box has a wire
and an end terminal attached at end of the wire. The end
terminal may be plugged to a corresponding socket in-
stalled on the heat sink frame. In other words, in such
case, manufacturers may choose a driver box with spe-
cific requirements and just plug the end terminal of the
driver box to the corresponding socket on the heat sink
frame to assemble the driver box and the heat sink frame.
For example, driver boxes may have a U.S. type and a
European type. Manufacturers just prepare correspond-
ing driver box and plug the driver box to the main body
of the panel light apparatus. This step may be even left
for customers to assemble the panel light apparatus.
[0258] To prevent error assembling causing accident,
there may be different types of sockets to be installed to
the heat sink frame corresponding to different LED light
bars for receiving different electricity input parameters
from different driver boxes for preventing connection be-
tween inconsistent LED light bars and driver boxes. For
example, the socket shipped to U.S. for 110V power input
may have a square socket style and the socket shipped
to European for 220V power input may have a circular
socket style on the heat sink frame.
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[0259] In some embodiments, there may be multiple
types of the external plug-in modules providing different
functions to be plugged into the slot. For example, the
external plug-in module may be a wireless communica-
tion module for receiving an external command, e.g. from
a mobile phone. The external plug-in module may be a
day-light sensor connected to a detector for determining
whether it is time to automatically turn on or turn off the
panel light apparatus. The external plug-in module may
be a camera, a speaker, a fire alarm module, or any func-
tional component. The interface circuit may be designed
for automatically determine which kind of external plug-
in module is plugged into the slot, e.g. by checking an
input pin, or parsing a serial command.
[0260] In some embodiments, users may need differ-
ent types of wireless protocols to control the panel light
apparatus. For example, users may have controllers of
Wi-Fi, Bluetooth, Zig-bee, Z-wave, and a corresponding
wireless module may be designed as the external plug-
in module. The interface circuit translates external com-
mands from different wireless protocols into unified com-
mands for controlling the panel light apparatus.
[0261] In addition to receive commands from outside,
the interface may even be coded to send status or data,
e.g. recorded audio data, to an external device.
[0262] In some embodiments, there is one or more
jumpers disposed on the driver box for configuring the
interface manually, instead of smart detection, corre-
sponding to different types of external plug-in modules.
[0263] In some embodiments, the interface circuit con-
trols and adjusts the driver circuit to function correspond-
ingly, e.g. to supply electricity of different parameters, in
different operation modes according to an external com-
mand received from an external plug-in module.
[0264] For example, the brightness or the color tem-
perature may be adjusted by controlling the driver circuit
to operate in different modes when driving the LED mod-
ules of the first LED light bar.
[0265] In some embodiments, there may be a detector
in the driver circuit for detecting an impedance of the LED
light bar for automatically adjusting the driving current of
the driver circuit supplying to the LED light bar. In other
words, even the first LED light bar, or with other LED light
bars, are disposed with different number or different
types of LED modules, the same driver box may be used.
In other words, the same driver circuit adjusts output of
the electricity for matching different LED light bar require-
ments. This saves a lot of storage cost and brings a lot
of convenience and safety.
[0266] In some embodiments, the external plug-in
module itself brings setting information. For example, the
external plug-in module may contain routing wires to re-
route electricity signals to the interface circuit. Different
external plug-in modules are disposed with different rout-
ing wires corresponding to different operation modes. In
other words, the external plug-in module may be a simple
instruction provider for indicating the driver circuit a des-
ignated operation mode. This is usually more convenient

and safer compared with jumpers. For example, the ex-
ternal plug-in module may be designed as a card shape.
For different market or different operation modes, man-
ufacturers may prepare different cards to be plugged into
the slot, to determine the operation mode of the panel
light apparatus.
[0267] In some embodiments, the driver circuit may
have multiple separable circuit modules that may be ac-
tivated separately. For example, for heavy loading LED
modules with brighter output, more circuit modules are
activated for providing more current.
[0268] Please refer to Fig. 13. In Fig. 13, there are mul-
tiple sub-modules 853, 854, 855, 856 that may be acti-
vated separately depending on different settings. For ex-
ample, the interface circuit 851 may receive a setting
from an external plug-in module 852 for instructing the
controller 857 of the driver circuit to determine which of
the sub-modules 853, 854, 855, 856 to be activated.
[0269] In addition, there may be a detector 858 for de-
tecting impedance of the LED modules 859. The detected
result is sent to the controller to dynamically adjust output
of the driver circuit smartly.
[0270] In some embodiments, the slot may be a stand-
ard interface, e.g. as a USB slot. In such case, all periph-
eral devices complying with USB standards may be in-
stalled to the driver box, to get power supply or to provide
data to the driver box.
[0271] In some embodiments, the external plug-in
module may further have an extension slot for plugging
in another external plug-in module. In other words, mul-
tiple external plug-in modules may be connected in series
into the slot of the driver box. In one design, the external
plug-in module, plugging in the slot of the driver box, may
have a slot and an interface circuit like the driver box for
connecting to anther external plug-in module.
[0272] Please refer to Fig. 12. In Fig. 12, a first external
plug-in module 841 may be inserted to the slot 840 as
mentioned above. In addition, the first external plug-in
module 841 may have another slot 842, that may have
the same interface as the slot 840 or not, for receiving
another external plug-in module 843. This provides more
flexibility on designing the external plug-in devices.
[0273] In some embodiments, the external plug-in
module may contain a battery. When the battery is con-
nected to the driver box, the LED light bar receives the
driving current from the battery. For example, the inter-
face circuit may check whether there is power supply
from outside to the driver circuit. If there is no electricity
now, the power of the battery is routed to the driver circuit
for generating a corresponding driving current to the LED
modules of the first LED light bar. As mentioned above,
the slot of the driver box may be a standard slot, e.g. a
USB slot. In such case, a common USB battery box may
be plugged into the panel light apparatus for emergency
use. When one USB batter box is out of power, another
USB battery box may be replaced instantly.
[0274] In some embodiments, the heat sink frame is
selectively installed with one of multiple types of routing
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components for different LED light bars and operation
modes. For example, the same heat sink frame may be
disposed with different routing connectors to its frame
bars for connecting different LED light bars, e.g. some
with color temperature adjustment and some with other
functions and configurations. Such routing components
may have different socket styles for connecting to differ-
ent driver boxes, e.g. a circular style socket or a rectan-
gular style socket.
[0275] In some embodiments, these routing compo-
nents that contain insulation parts and conductive parts
may be made as a module with plugging structures to be
plugged to the frame bars of the heat sink frame directly.
In other words, no welding or glue may be necessary in
such design to enhance assembly convenience.
[0276] Please refer to Fig. 9A and Fig. 9B. Fig. 9A and
Fig. 9B illustrate fixing a driver to a back cover of a panel
light embodiment.
[0277] In Fig. 9A, the driver box has a bottom pin 812
to be plugged into a back slot 813 of a back cover. During
installation, the driver box 811 is firstly inserted into the
back slot 813 for positioning. Then, a screw 814 may be
used for further fixing the driver box to the back cover.
[0278] In some embodiments, the driver box may have
one or more bottom pins to be plugged into corresponding
back slots of the back cover. Further screws may be used
for fixing the driver box to the back cover to increase
robustness of the panel light apparatus.
[0279] In some embodiments, there is a second LED
light bar. The first LED light bar and the second LED light
bar are fixed at two opposite sides of the heat sink frame.
The driver box is fixed to another side, not the two oppo-
site sides, of the heat sink frame. In other words, the
driver box is kept away from the heat generation sources
to extend life span of the driver circuit and the LED mod-
ules.
[0280] Please refer to Fig. 11B, which illustrates one
example as mentioned above. In Fig. 11B, the two LED
light bars 835, 836 are disposed on opposite sides of a
panel light apparatus. The driver box 837 is disposed on
another side 838, to kept a distance with the two heat
generation sources.
[0281] In some embodiments, the driver box is fixed to
the back cover away from a peripheral area of the back
cover. For example, the driver box is disposed at the
center of the back cover, away from where the LED mod-
ules are disposed.
[0282] Please refer to Fig. 11A, which illustrates one
example mentioned above. In Fig. 11A, the driver box
830 is disposed away from peripheral area of the back
cover 831. There is a wire with an end terminal 832 to
be plugged to a socket 833 connected to a connector
module 834 installed to the frame bar of the heat sink
frame.
[0283] According to an embodiment of the present in-
vention, a panel light apparatus includes a heat sink
frame, a first LED light bar, an optical light guiding module
and a back cover.

[0284] The heat sink frame includes multiple frame
bars forming a surrounding border. For example, for a
rectangular panel light apparatus has four frame bars
forming a rectangular surrounding border.
[0285] The first LED light bar may have a first plugging
structure to be plugged to a second plugging structure
on an inner side of one of the frame bars for fixing the
first LED light bar to the heat sink frame. The heat sink
frame comprises heat dissipation material, e.g. alumi-
num or plastic like PC material. Heat of the LED light bar
is transmitted to the heat sink frame.
[0286] The optical guiding module is placed in the sur-
rounding border. The optical guiding module includes a
light diffusion layer and a light guiding layer. A lateral side
of the light guiding layer faces to LED modules of the first
LED light bar for guiding light of the LED modules to the
diffusion layer via the light guiding layer and then to es-
cape from a front side of the optical guiding module.
[0287] The light guiding layer and the light diffusion
layer are fixed together as a single part. The light guiding
layer and the light diffusion layer are kept together without
falling apart even before the single part is placed in the
surrounding border. Specifically, manufacturers may
take one such single part, without need to align the light
guiding layer to the light diffusion layer again, and just
put the single part in the surrounding border of the heat
sink frame to complete the assembling of components.
This saves a lot of labor work and prevents unnecessary
damage, particularly to sensitive surface of optical com-
ponents, like the light guiding layer. Otherwise, there may
be certain protective layer, that need to be removed first,
on surface of the light guiding layer before combining the
optical light guiding layer to the light diffusion layer.
[0288] The back cover is fixed to the heat sink frame
for protecting the optical guiding module. The back cover
may be made of a metal or a plastic material, depending
on design requirements.
[0289] Fig. 14 illustrates using clips in a panel light ap-
paratus. In Fig. 14, a light guiding layer 863 and a light
diffusion layer 864 are fixed together as a part with clips
8651, 8652, 8653, 8654. The clips 8651, 8652, 8653,
8654 are disposed at two sides of the light guiding layer
863 and the light diffusion layer 864, away from the other
two sides of the light guiding layer 863, where two LED
light bars 861, 862 emit light into the light guiding layer
863.
[0290] Fig. 15A and Fig. 15B illustrate another type of
clips, which teaches that the clips may have various de-
sign ways.
[0291] In Fig. 15A, the light guiding layer 871 and the
light diffusion layer 872 are fixed together with an elon-
gated clip 873. The elongated clip 873 has a lens bar 874
facing to LED modules of a corresponding LED light bar.
The lens bar 874 may contain a series of lens, or a lens
with a lot of micro lens structures, for helping light of the
LED modules more effectively enter the light guiding lay-
er 871.
[0292] In some embodiment, the LED light module may
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even be embedded with the elongated clip 873, e.g. to
take the position of the lens bar 874. A pluggable terminal
875 may be disposed so that the whole module, including
the LED light bar and the optical guiding module of the
light guiding layer 871 and light diffusion layer 872, may
be assembled to the heat sink frame directly.
[0293] Such design may further reduce manufacturing
complexity and cost. An elastic element 876 may be used
for connecting two opposite clips, as illustrated in Fig.
15B.
[0294] Fig. 18 illustrates another clip example. In Fig.
18, the light guiding layer 901 and the light diffusion layer
902 have cut peripheral edges 9011, 9021 to fit into the
clip 903. Elastic pads 9031, 9032 are provided to prevent
inconsistent shape change when the light guiding layer
901 and the light diffusion layer 902 are heated by LED
modules.
[0295] The clips may provide sliding tracks for inserting
the light guiding layer 901 and the light diffusion layer
902. Additional screws, glue or other fixing tools may be
applied to fix the light guiding layer 901 and the light dif-
fusion layer 902.
[0296] In some embodiments, the light diffusion layer
and the light guiding layer are fixed with a transparent
glue.
[0297] In some embodiments, the glue may be mixed
with micro particles. Directions of light escaped out of the
light guiding layer are diffused when confronting the mi-
cro particles. Specifically, such micro particles are dis-
tributed in the glue layer. When light escapes from the
light guiding layer to the diffusion layer, light engages
these micro particles and changes directions almost ran-
domly when these micro particles are mixed evenly in
the glue. After assembling, the glue is hardened. In some
aspect, the glue may be referred to as part of the diffusion
layer. With such design, the light diffusion layer may be
thinner, which further decreases overall thickness of the
panel light apparatus. In addition, the diffusion layer that
is fixed together with the light guiding layer with the glue
may even be a transparent film, just to protect the glue
layer.
[0298] In some embodiments, the micro particles are
plastic transparent balls. To provide better effect, the mi-
cro particles may be kept with a diameter less than
0.4mm. A preferred range of the diameter may be within
0.01mm to 0.4mm.
[0299] Please refer to Fig. 16, which illustrates a light
diffusion layer filled with micro particles.
[0300] In Fig. 16, the light diffusion layer 881 is mixed
with a lot of micro particles 862, as mentioned above.
The actual number of micro particles 862 may be deter-
mined by how soften the light output is expected.
[0301] Light 883 from a light guiding layer meet these
micro particles 862 and change directions almost ran-
domly to diffusion light 884.
[0302] In some embodiments, the light guiding layer is
made of PMMA (Polymethyl Methacrylate) material and
the diffusion layer is a hardened glue layer containing

diffusion material. In some cases, the diffusion material
contains micro particles with a diameter less than 0.4mm.
For example, such micro particles may be plastic trans-
parent balls as mentioned above.
[0303] In some embodiments, the light guiding layer
and the light diffusion layer are fixed with multiple clips.
These clips clip the light guiding layer the light diffusion
layer at lateral sides to keep these layers to fit together
as a single part.
[0304] In some embodiments, these clips include elas-
tic components, like rubber tape, facing to the light guid-
ing layer and the light diffusion layer. This particularly
helps increase robustness of the panel light apparatus
when the light guiding layer and the light diffusion layer
are made of different material and cause different size
increasing during being heated, like operation of the LED
modules.
[0305] In some embodiments, some clips are placed
at two opposite sides of the light guiding layer and the
light diffusion layer. These clips are connected with elas-
tic elements like rubber bands for forming an elastic frame
so as to keep these clips to better hold the light guiding
layer and the light diffusion layer together.
[0306] In some embodiments, there is a reflection layer
in the light guiding module. The reflection layer and the
light diffusion layer are at two sides of the light guiding
layer. Specifically, the reflection layer is placed on a back
side of the light guiding layer and the light diffusion layer
is on a front side of the light guiding layer. The clips further
fix the reflective layer and the other two layers together
to form a single-part optical guiding module.
[0307] In some embodiments, there is further an elastic
layer above the reflection layer. The elastic layer and the
light guiding layer are at two sides of the reflection layer.
With the elastic layer, when a pressing force is applied
on top side of the elastic layer, the elastic layer transmits
even force to the reflection layer, and then to the light
guiding layer and the light diffusion layer to fit these layers
more closely together.
[0308] In some embodiments, the reflective layer may
be made of elastic material, thus preventing the need of
an additional elastic layer as mentioned above.
[0309] In some embodiments, the back cover may
have multiple convex portion directly or indirectly press-
ing the optical guiding module. For example, the back
cover may be a rectangular sheet. Two or more convex
rectangular parts may be formed directly on the back
cover. The convex rectangular parts, with respect to other
portion of the back cover, protruding downwardly to press
the optical guiding module. Such designs help increase
robustness of the panel light apparatus.
[0310] Please refer to Fig. 19A and Fig. 19B. Fig. 19A
illustrates a back cover with convex portions and Fig. 19B
illustrates how these convex portions press the optical
guiding module.
[0311] In Fig. 19A, the back cover 911 has two convex
portions 912, 913 facing downwardly to the optical guid-
ing module.
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[0312] In Fig 19B, the two convex portions 912, 913 of
the back cover 911 press an elastic layer 914. The elastic
layer 914 presses the reflective layer 915, the light guid-
ing layer 916, and the light diffusion layer 917.
[0313] In some embodiments, the light guiding layer
and the light diffusion layer are fixed together at two op-
posite sides of the light guiding layer and the light diffu-
sion layer. The first LED light bar is disposed facing an-
other side instead of the two opposite sides of the light
guiding layer and the light diffusion layer. In short, the
fixed portion, which may be made of heating, pressing,
ultrasound and causes certain shape changing at edge
portion of the light guiding layer and the light diffusion
layer, is kept away from the sides where LED modules
emit light into. When two sides of the light guiding layer
are disposed with LED modules, the other two sides may
be used as the fixed part, applying glues, heat, ultra-
sound, and other sticking methods to fix the light guiding
layer and the light diffusion layer together.
[0314] In some embodiments, a corner or more corners
of the optical guiding module may have a positioning
structure corresponding to the heat sink frame for ensur-
ing the optical guiding module to be placed at a prede-
termined angle with respect to the heat sink frame. For
example, during manufacturing, the optical guiding mod-
ule may have specific sides for receiving light of LED
modules. Besides, manufacturers or customers may
place the optical guiding module top side down. With cer-
tain corners embedding with positioning structure, like a
cut corner corresponding to a protruding block on the
heat sink, the optical guiding module is ensured to be
placed correctly as desired.
[0315] In some embodiments, the light guiding layer
and the light diffusion layer are fixed with a clip. The clip
comprising lens for guiding light of the first LED light bar
into the light guiding layer. For example, the clips may
contain a lens bar, corresponding to LED modules of the
first LED light bar. The lens on the lens bar may enhance
more light of the LED modules to correctly enter the light
guiding layer in desired angles.
[0316] In some embodiments, the light diffusion layer
are made of a deposition layer formed on the light guiding
layer, and a surface of the deposition layer is processed
for softening light.
[0317] In some embodiments, the light guiding layer
and the light diffusion layer are two parts of the same
PMMA substrate. The light escape points are formed in-
side the PMMA substrate. This design increases robust-
ness of the panel light apparatus and decreases manu-
facturing cost.
[0318] In some embodiments, the light guiding layer
and the light diffusion layer are two parts of the same
PMMA substrate. The light escape points are formed in-
side the PMMA substrate. This design increases robust-
ness of the panel light apparatus and decreases manu-
facturing cost.
[0319] Screws may also be used for fixing the light
guiding layer and the light diffusion layer together as a

single part. To prevent different size increasing during
heating, the screws may be selected with elastic material.
The diffusion layer may be a plastic think film to be fixed
to the light guiding layer with static electricity. With the
help of the static electricity, there may be tapes or pro-
truding walls at peripheral edges of the light guiding layer
for further fixing these layers together.
[0320] Fig. 17 illustrates a film type light diffusion layer
892. The light diffusion layer 892 is attached to the light
guiding layer 891 with static electricity. There are block-
ing structures 8911, 8912 for keeping the light diffusion
layer 891 in its desired position.
[0321] According to an embodiment, a panel light ap-
paratus includes a heat sink frame, a first LED light bar,
an optical guiding module, an elongated side cover and
a back cover. The panel light apparatus may be installed
below a ceiling, attach to a wall or installed in other ap-
plications. The heat sink frame defines light output shape,
e.g. a rectangular light output shape. The thickness of
the panel light apparatus is usually smaller than width of
the light output shape. Usually, the thickness of the panel
light apparatus is smaller than normal downlight devices
so that the panel light apparatus does not need an addi-
tional installation cavity, e.g. in a ceiling.
[0322] The heat sink frame includes a plurality of frame
bars forming a surrounding border. For example, if the
heat sink frame has a rectangular shape, there are four
frame bars at four sides. The four frame bars form a rec-
tangular surrounding border. Please be noted that the
frame bar may also be made of one or multiple frame
bars to form different shapes, e.g. circular, ellipse, two
connected rectangular shapes like a digit ’8’ or other
shapes.
[0323] The first LED light bar is disposed on an inner
side of one of the frame bars for fixing the first LED light
bar to the heat sink frame. Heat of the LED light bar is
transmitted to the heat sink frame. The first LED light bar
includes multiple first LED modules disposed along an
elongated axis. A maximum spacing between adjust two
first LED modules being a first width. For example, a rec-
tangular panel light has four elongated frame bars. The
first LED light bar has a similar shape as the frame bar
to attach to. The first LED light bar has an elongated axis
in parallel with the lateral side wall of the associated frame
bar. For example, 101 LED modules are placed with 5mm
distance to each other within a length of a 50cm LED
light bar. The 5mm distance is the first width. There may
be some distance larger than others. In such case, the
maximum value is taken as the first width.
[0324] Besides, the first LED light bar is a major heat
source, and heat generated from the first LED light bar
is transmitted to the frame bars of the heat sink frame.
[0325] The optical guiding module is placed in the sur-
rounding border. For example, the surrounding border is
a rectangular shape and the optical guiding module is
also a similar rectangular shape but with a smaller size.
The optical guiding module is placed in the enclosing
border of the heat sink frame.
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[0326] The optical guiding module may have a light
diffusion layer and a light guiding layer.
[0327] The light guiding layer may be a transparent
plastic board a plurality of micro structures for guiding
light received from a lateral side of the transparent plastic
board to route in the light guiding layer and then escapes
the light guiding layer from a plurality of micro optical
structures, e.g. micro cavities, that may be formed on the
transparent plastic board using laser beams or molding
technologies.
[0328] The light guiding layer has a lateral side facing
to LED modules of the first LED light bar for guiding light
of the LED modules to the diffusion layer via the light
guiding layer and then to escape from a front side of the
optical guiding module.
[0329] The light diffusion layer is used for diffusing light
so that the light would not look too hash for human eyes,
e.g. to soften the output light and to avoid users see a
series of strong light points.
[0330] In addition, the light guiding layer and the light
diffusion layer are fixed together as an assembly module
before being placed in the surrounding border. With such
design, it is easy to assembly the final product by placing
all components together. For example, when the light
guiding layer and the light diffusion layer are fixed togeth-
er as an assembly module, a manufacturer, even a dis-
tributor or a customer, may easily place these compo-
nents together, instead of needing to positioning, aligning
these components.
[0331] The elongated side cover is connected to the
frame bar carrying the first LED light bar. The elongated
side cover has a top surface facing to the light diffusion
layer. A width of the elongated side cover is referred as
the second width. The ratio between the first width to the
second width is smaller than 1.5. That is, the result of
taking the first width dividing with the second width is kept
less than 1.5.
[0332] With such design, bright points problem may be
solved or softened, making the overall light output more
perfect.
[0333] The back cover is fixed to the heat sink frame
for protecting the optical guiding module.
[0334] Please refer to Fig. 20. In Fig. 20, a frame bar
921 is disposed with a LED light bar 923. The LED light
bar 923 is mounted with multiple LED modules 9241,
9242 disposed along an elongated axis 9231. The max-
imum distance between two adjacent LED modules is
the first width 9251. There is an elongated side cover 922
connected to the frame bar 921. The width of the elon-
gated side cover 922 is the second width 9252.
[0335] In the embodiment, the ratio between the first
width 9251 and the second width 9252 is less than 1.5.
For example, if the first width 9251 is 10mm, the second
width is larger than 15 mm.
[0336] Please refer to Fig. 21. In Fig. 21, two LED mod-
ules 9341, 9342 are disposed with a distance of the first
width 931. There is a bright point 935, which is undesired,
causing imperfect output of the panel light. The bright

point 935 is formed at a distance from the two LED mod-
ules. If the elongated cover has a smaller width 932, the
bright point may be seen by users. If the elongated cover
has a larger width 933, the bright point may be shielded,
and not seen by users. Therefore, the ratio mentioned
above solves the bright point problem.
[0337] In some embodiments, a reflective layer is dis-
posed between the top surface of the elongated side cov-
er and the light diffusion layer. Light emitting on the re-
flective layer above the elongated side cover is reflected
back to the optical guiding module, and then after certain
routing, the light finally moves out of the optical guiding
module. This saves unnecessary light waste and prevent
undesired heat generation.
[0338] In some embodiments, the reflective layer is a
heat conductive layer for transmitting heat to the heat
sink frame. In other words, the reflective layer, in addition
to reduce light waste, the reflective layer above the elon-
gated side cover may be made of metal or heat conduc-
tive plastic material for enhance overall heat dissipation
of the panel light apparatus.
[0339] Please refer to Fig. 22. In Fig. 22, a LED module
945 emits light into a light guiding layer 943, then directing
to a light diffusion layer 944. To solve the bright point
problem, an elongated side cover 941 with proper width
is disposed. In addition, a second diffusion layer 947 may
be placed between the LED module 945 and the light
guiding layer 943.
[0340] A reflective layer 946 may be disposed on the
LED light bar that mounts the LED modules. Convex
structures may be prepared on the reflective layer 946.
In addition, a reflective layer 942 may also be disposed
above the elongated side cover 941.
[0341] In some embodiments, there may also be sec-
ond LED modules. A maximum spacing between adjust
two second LED modules is a third width. The ratio be-
tween the third width to the second width is smaller than
1.5.
[0342] In some embodiments, the second LED mod-
ules and the first LED modules are arranged alternatingly
to each other. Specifically, along the elongated axis as
mentioned above, one first LED module is placed first,
then one second LED module is placed, then another
first LED module is placed, and then another second LED
module is placed. With such order, the first LED modules
and the second LED modules may be arranged alternat-
ing to each other.
[0343] In some other embodiments, the first LED mod-
ules and the second LED modules are arranged as two
rows in parallel. In such embodiments, the first LED mod-
ules may form a line in parallel with the elongated axis
as mentioned above. The second LED modules form an-
other line also in parallel with the elongated axis as men-
tioned above. In such design, the two LED modules form
two rows in parallel.
[0344] In some embodiments, the second LED mod-
ules are mounted on a second LED light bar on another
frame bar opposite to the frame bar mounted with the
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first LED modules. Specifically, there are two LED light
bars fixed on two opposite frame bars in a panel light
apparatus. The first LED light bar is fixed with first LED
modules and the second bar is fixed with second LED
modules. The first LED modules and the second LED
modules may have different color temperatures.
[0345] Please refer to Fig. 23A. Fig. 23A shows a first
example of arranging two types of LED modules in a LED
light bar. In Fig. 23A, a first LED module 9511 and a
second LED module 9512 are arranged in alternating
order to each other on the LED light bar 951, as illustrated
in Fig. 23A.
[0346] Please refer to Fig. 23B. Fig. 23B shows a sec-
ond example of arranging two types of LED modules in
a LED light bar. In Fig. 23B, the first Led module 9521
and the second LED module 9522 are arranged in two
parallel rows on a LED light bar 952.
[0347] Please refer to Fig. 23C. Fig. 23C shows using
two LED light bars 9531, 9532 disposed on two opposite
sides of a panel light apparatus.
[0348] In some embodiments, the first LED modules
are connected in series and the second LED modules
are connected in series. The first LED modules and the
second LED modules have different color temperatures.
The second LED modules are connected in series to a
resistor before connecting to the first LED modules. With
such configuration, when the total working current is in-
creasing, the overall mixed color temperature may be
adjusted in addition to its overall luminance level. With
the resistor, the first LED modules and the second LED
modules receive different current increasing speed and
thus changes the mixed color temperature during chang-
ing its mixed brightness.
[0349] Such feature is capable of simulating day light
from sunrise to full bright sunshine. This is an attractive
feature, particularly for light devices that provide color
temperature adjustment.
[0350] Please refer to Fig. 24. In Fig. 24, first LED light
modules 961 are connected in series. Second LED mod-
ules 962 are also connected in series. The first LED mod-
ules 961 are connected in series to a resistor 963 and
then connected to the second LED modules 962 in par-
allel.
[0351] In some embodiments, the elongated side cov-
er has more apparent light diffusion effect than the light
diffusion layer. Specifically, the elongated side cover may
completely prevent any light to go through. In some other
cases, the elongated side cover may be designed with
light diffusion effect. Particularly, to prevent certain bright
points to be seen, the elongated side cover may have
stronger light diffusion effect than the light diffusion layer
in the optical guiding module. In other words, bright points
may be shielded or soften by the elongated side cover.
More light is output while certain light effect is kept.
[0352] In some embodiments, the first LED light bar
comprises multiple LED packages. Each LED package
comprises LED modules of different color temperatures.
For example, the first LED modules and the second LED

modules are separately assembled together into multiple
LED packages. In other words, each LED package may
have one first LED module and one second LED module.
To achieve different design needs, four lines, instead of
two lines, may be provided for such LED modules. In
such case, the color temperature may be adjusted while
the LED packages may be placed close enough to pre-
vent undesired light effect like bright points.
[0353] In some embodiments, a lens bar may be dis-
posed facing to the first LED modules for diffusing light
of the first LED modules before the light entering the light
guiding layer. Specifically, such lens bar containing mul-
tiple lens corresponding to each LED module may be
placed between the LED modules and the light guiding
layer. With such design, light is diffused first and bright
points may be eliminated or softened.
[0354] In some embodiments, a reflector layer may be
disposed behind first LED modules. The reflective layer
has concave texture for generating diffused reflecting
light into the light guiding layer. Specifically, some light
is emitted directly to the light guiding layer while some
other light may be escape to the back side of the first
LED modules, e.g. the surface of the first LED light bar.
The reflective layer mentioned here may collect such light
and reflect the light back into the light guiding layer. Fur-
thermore, the reflective layer may be disposed with mul-
tiple concave structures, just like diffusion lens, for ran-
domizing its reflected light. This may also help remove
or soften the bright point problem.
[0355] In some embodiments, a diffusion layer be-
tween the first LED modules and the light guiding layer.
In other words, light emitted to the light guiding layer is
passing the second diffusing layer between the first LED
modules and the light guiding layer. This may also help
remove or soften the bright point problem.
[0356] In some embodiments, the first LED light bar is
integrated with the elongated side cover as an assem-
bling component. Since the parameter, like its width, of
the elongated side cover is related to spacing between
two adjacent LED modules on the LED light bar. It would
be beneficial to integrate the LED light bar with the elon-
gated side cover. In such design, manufactures may
manufacture modules of LED light bars and elongated
side covers with several different parameters and choose
desired modules to be assembled in final product. In such
design, the heat sink frame and other components may
not need to be changed. Only the LED light bars and
associated elongated side covers need to be selected or
replaced.
[0357] In some embodiments, the first LED light bar
has a plugging structure to be plugged into the frame bar
of the heat sink frame. With such design, it would be
much easier to assemble the first LED light bar to other
components of the panel light apparatus. For example,
no complicated welding is necessary when the plugging
structure is strong enough to fix the first LED light bar to
other components.
[0358] In some embodiments, the first LED light bar
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has a terminal to be plugged into the heat sink frame for
receiving electricity. In addition to the plugging structures
as mentioned above, the LED light bar may be disposed
with a terminal so as to receive electricity and/or control
signal from the heat sink frame.
[0359] Certain embedded connectors, e.g. metal strips
or metal wires with corresponding insulation parts, may
be disposed in the heat sink frame. Such embedded con-
nectors may be even pluggable, e.g. no welding but only
plugging in a corresponding plug-in structure.
[0360] In some embodiments, the elongated side cov-
er is a plug-in component to be plugged to the heat sink
frame. In some cases, the elongated side cover may be
part of the frame bar. In some other cases, the elongated
side cover may be an additional component to be
plugged, or connected in other ways, to the heat frame
sink.
[0361] In some embodiments, the panel light appara-
tus may include a driver box. The driver box has a slot
for plugging an external plug-in module. There may be
multiple types of the external plug-in modules to be
plugged into the slot for extending the function of the
driver box. In some application, an external plug-in mod-
ule may provide color temperature adjustment of the pan-
el light apparatus.
[0362] According to an embodiment, a panel light ap-
paratus includes a heat sink frame, a first LED light bar,
an optical guiding module, an elongated side cover and
a back cover. The panel light apparatus may be installed
below a ceiling, attach to a wall or installed in other ap-
plications. The heat sink frame defines light output shape,
e.g. a rectangular light output shape. The thickness of
the panel light apparatus is usually smaller than width of
the light output shape. Usually, the thickness of the panel
light apparatus is smaller than normal downlight devices
so that the panel light apparatus does not need an addi-
tional installation cavity, e.g. in a ceiling.
[0363] The heat sink frame includes a plurality of frame
bars forming a surrounding border. For example, if the
heat sink frame has a rectangular shape, there are four
frame bars at four sides. The four frame bars form a rec-
tangular surrounding border. Please be noted that the
frame bar may also be made of one or multiple frame
bars to form different shapes, e.g. circular, ellipse or other
shapes.
[0364] The first LED light bar is disposed on an inner
side of one of the frame bars for fixing the first LED light
bar to the heat sink frame. Heat of the LED light bar is
transmitted to the heat sink frame. The first LED light bar
includes multiple first LED modules disposed along an
elongated axis. A maximum spacing between adjust two
first LED modules being a first width. For example, a rec-
tangular panel light has four elongated frame bars. The
first LED light bar has a similar shape as the frame bar
to attach to. The first LED light bar has an elongated axis
in parallel with the lateral side wall of the associated frame
bar.
[0365] Besides, the first LED light bar is a major heat

source, and heat generated from the first LED light bar
is transmitted to the frame bars of the heat sink frame.
[0366] The optical guiding module is placed in the sur-
rounding border. For example, the surrounding border is
a rectangular shape and the optical guiding module is
also a similar rectangular shape but with a smaller size.
The optical guiding module is placed in the enclosing
border of the heat sink frame.
[0367] The optical guiding module may have a light
diffusion layer and a light guiding layer.
[0368] The light guiding layer may be a transparent
plastic board a plurality of micro structures for guiding
light received from a lateral side of the transparent plastic
board to route in the light guiding layer and then escapes
the light guiding layer from a plurality of micro optical
structures, e.g. micro cavities, that may be formed on the
transparent plastic board using laser beams or molding
technologies.
[0369] The light guiding layer has a lateral side facing
to LED modules of the first LED light bar for guiding light
of the LED modules to the diffusion layer via the light
guiding layer and then to escape from a front side of the
optical guiding module.
[0370] The light diffusion layer is used for diffusing light
so that the light would not look too hash for human eyes,
e.g. to soften the output light and to avoid users see a
series of strong light points.
[0371] In addition, the light guiding layer and the light
diffusion layer are fixed together as an assembly module
before being placed in the surrounding border. With such
design, it is easy to assembly the final product by placing
all components together. For example, when the light
guiding layer and the light diffusion layer are fixed togeth-
er as an assembly module, a manufacturer, even a dis-
tributor or a customer, may easily place these compo-
nents together, instead of needing to positioning, aligning
these components.
[0372] The back cover is fixed to the heat sink frame
for protecting the optical guiding module.
[0373] In addition, a supplemental electronic device is
attached to a bottom side of the heat sink frame. There
are several useful supplemental electronic devices that
may be attached to the bottom side of the heat sink frame.
For example, an indicator for indicating an emergency
working status, an indicator for indicating a wireless op-
eration mode or connection status, a detector for detect-
ing environment luminance level to determine whether
to turn on, to turn off, or to adjust a luminance level of
the panel light apparatus.
[0374] More details and examples are provided as fol-
lows for more clearly explaining these embodiments.
[0375] Please refer to Fig. 25. Fig. 25 illustrates a panel
light apparatus with a supplemental electronic device.
[0376] In Fig. 25, the panel light apparatus embodi-
ment has a LED light bar 973 mounted with LED modules.
The LED modules emit light to the light guiding layer
9741. The light is routed for entering the light diffusion
layer 9742 and then escape from the panel light appara-
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tus.
[0377] There is a heat sink frame 972 with frame bars.
The heat sink frame defines a surrounding border for
storing the light guiding layer 9741 and the light diffusion
layer 9742. The bottom surface 971 of the heat sink frame
also helps holding the light diffusion layer 9742.
[0378] In addition, a supplemental electronic device
978 is attached to the bottom surface 971 of the heat sink
frame 972. In this example, an external wire is used for
connecting the supplemental electronic device 978 to a
driver box 977. The driver box 977 mounted on a back
cover 975 receives an external power source and con-
verts the external power source to a driving current for
the LED modules. In this example, there is also an emer-
gency device 976 that contains an emergency battery
and associated circuits. The emergency device 976 is
connected to the driver box 977 by inserting a terminal
9761 into a slot 9771 of the driver box 977.
[0379] The status of the emergency device 976 is de-
termined and shown via the supplemental electronic de-
vice 978, which may be a LED indicator, in this example.
[0380] In some embodiments, the supplemental elec-
tronic device is an indicator for showing an emergency
device status. The supplemental electronic device is at-
tached to the bottom surface of the heat sink frame with
a tape. To prevent sudden electricity interrupt, people
sometimes requires their light devices having the capac-
ity of handling electricity interrupt, which is one of emer-
gency situations. In such embodiments, an emergency
battery is usually prepared. When an electricity interrupt
occurs, a detector finds the situation and automatically
routes power supply of the first LED modules from normal
indoor power supply to the emergency battery.
[0381] However, it is important to notify users whether
the emergency batter is still ok. Therefore, a low power
is directed to an indicator, e.g. an LED indicator, to show
the status of the emergency battery, which is part of an
emergency device.
[0382] The indicator, in this case, is the supplemental
electronic device. A tape may be used for attaching the
indicator to the bottom surface of the panel light appara-
tus.
[0383] In some embodiments, the driver box has a slot
for plugging in an emergency module for providing emer-
gency power to the first LED modules when the external
power source is interrupted. Specifically, the driver box
may have a container for directly containing an emergen-
cy battery and corresponding circuit. Alternatively, the
slot is for plugging a terminal of the emergency device,
the terminal is further connected to the emergency bat-
tery.
[0384] In some embodiments, the bottom surface has
a plug-in socket for plugging in an indicator as the sup-
plemental electronic device. In such embodiments, the
indicator or other supplemental electronic device is not
directly fixed to the bottom surface of the heat sink frame.
Instead, a plug-in socket may be provided. There may
be different types of supplemental electronic devices to

be integrated with the same panel light apparatus, de-
pending on customer needs. In some case, the plug-in
socket may even be kept empty without plugging any
device, if needed.
[0385] The plug-in socket is further connected to the
first LED modules or other components of the panel light
apparatus, e.g. an emergency battery control circuit via
certain embedded connectors pre-installed inside the
heat sink frame.
[0386] Such embedded connectors may be wires, con-
ductive clips or other electricity connectors. The embed-
ded connectors may be even designed as a plugging
style. Specifically, no welding is needed for assembling
the embedded connectors to the heat sink frame. Fur-
thermore, it is convenient for users to adjust or replace
a different kind of embedded connector to the same panel
light apparatus depending on different needs or product
requirements, e.g. different pricing.
[0387] Please refer to Fig. 26A, Fig. 26B and Fig. 26C.
The three drawings show three exemplary ways for at-
taching the supplemental electronic device to the heat
sink frame.
[0388] In Fig. 26A, the supplemental electronic device
9813 is attached to a bottom surface 9811 of the heat
sink frame with a tape 9812.
[0389] In Fig. 26B, the supplemental electronic device
9823 has a magnet unit 9822 to attach to a metal material
bottom surface 9821 of the heat sink frame.
[0390] In Fig. 26C, the bottom surface o9631 of the
heat sink frame 9831 Is embedded with a socket 9832.
The supplemental electronic device 9834 is inserted into
the socket 9832. In addition, the socket 9832 may have
a pin 98321 corresponding to a pin socket 98341 of the
supplemental electronic device 9834 as structural and
electrical connection to the driver box.
[0391] As mentioned above, there may be various
kinds of supplemental electronic device. For example,
the supplemental electronic device may be an indicator
for showing a status of an emergency device. For another
example, the supplemental electronic device may be a
light detector for detecting an environment luminance lev-
el, the driver box determines turning on the first LED mod-
ules automatically according to the detected environment
luminance level. For example, when there is a window
in a room and sunshine comes into the room in day time.
The luminance level is sufficient and detected. The first
LED modules may be turn on with a lower luminance
level. Alternatively, the first LED modules may also have
only turn-on and turn-off modes, depending on product
requirements.
[0392] In some other embodiments, the supplemental
electronic device may be a motion sensor for detecting
whether there is a person moving around the panel light
apparatus. For example, even in night time when the pan-
el light apparatus is turned off, the panel light apparatus
may be turned on automatically when detecting some
person moving around the panel light apparatus. The bot-
tom surface of the heat sink frame is a great place for
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placing such sensors or detectors. Such detectors may
contain an IR (Infrared) sensor, or a radar sensor with
associated circuits. Part of the components may be
placed in the driver box. The wiring for transmitting elec-
tricity and signals may be routed via the heat sink frame.
[0393] In some embodiments, one supplemental elec-
tronic device of one panel light apparatus may be shared
by multiple panel light apparatuses. In other words, when
multiple panel light apparatuses are installed as a cluster,
e.g. at the same room, only one or some panel light ap-
paratuses need to be added such supplemental electron-
ic devices. Alternatively, every panel light apparatus is
disposed its own supplemental electronic device, like in-
dicators, light sensors, motion sensors, but information
of these supplemental electronic devices are shared
among these panel light apparatuses.
[0394] The information may be shared via a wire or a
wireless channel. For example, when a cluster of panel
light apparatuses are installed to a ceiling, users may
use wires to plug in pre-installed socket to connect these
panel light apparatuses together as a cluster. When
these panel light apparatuses are connected, information
or control commands may be received or sent to the sup-
plemental electronic device.
[0395] With such design, manufacturing cost may be
reduced when some panel light apparatuses may share
the supplemental electronic device of other panel light
apparatus, instead of installing one such supplemental
electronic device on the panel light apparatus. Alterna-
tively, even every panel light apparatus is disposed one
supplemental electronic device, collected information or
control commands of the supplemental electronic devic-
es may be shared among these panel light apparatuses.
[0396] For example, a day light sensor of a panel light
apparatus that is installed close to a window may be des-
ignated as the major reference for determining whether
a cluster of panel light apparatuses need to be turned on
or to turn off. This saves more accuracy and sometimes
decreases control complexity.
[0397] In some embodiments, multiple panel appara-
tuses may share the same set of control circuits in a driver
box of one panel light apparatus. In such design, multiple
panel light apparatuses may be controlled together with
one shared control circuit. This may save manufacturing
cost and/or decrease control complexity.
[0398] In some embodiments, multiple panel appara-
tuses may even share the same driver box. In such de-
sign, even driving current is supplied from a driver box
to multiple panel light apparatuses. This is particularly
helpful when in most office or home, multiple panel light
apparatuses are installed close to each other to provide
sufficient luminance level or to cover more areas. When
a driver box may be shared among multiple panel light
apparatuses, the installation is simplified and the cost of
the product is also reduced.
[0399] In some embodiments, multiple panel light ap-
paratuses may be connected in series, in addition to shar-
ing one driver box for these panel light apparatuses.

[0400] Please refer to Fig. 28. Fig. 28 illustrates multi-
ple panel light apparatuses as a cluster for sharing com-
ponents.
[0401] As mentioned above, multiple panel light appa-
ratuses 661, 662, 663, 664, 665 and 666 are connected,
e.g. via a predetermined socket 6612 and corresponding
plugging structures. As mentioned above, the driver box
6611 may be shared among multiple panel light appara-
tuses 661, 662, 663, 664, 665 and 666.
[0402] In addition, supplemental electronic devices
may be shared, or even the electricity and control signals.
[0403] According to an embodiment, a panel light ap-
paratus includes a heat sink frame, a first LED light bar,
an optical guiding module, an elongated side cover, a
back cover and a driver box. The panel light apparatus
may be installed below a ceiling, attach to a wall or in-
stalled in other applications. The heat sink frame defines
light output shape, e.g. a rectangular light output shape.
The thickness of the panel light apparatus is usually
smaller than width of the light output shape. Usually, the
thickness of the panel light apparatus is smaller than nor-
mal downlight devices so that the panel light apparatus
does not need an additional installation cavity, e.g. in a
ceiling.
[0404] The heat sink frame includes a plurality of frame
bars forming a surrounding border. For example, if the
heat sink frame has a rectangular shape, there are four
frame bars at four sides. The four frame bars form a rec-
tangular surrounding border. Please be noted that the
frame bar may also be made of one or multiple frame
bars to form different shapes, e.g. circular, ellipse or other
shapes.
[0405] The first LED light bar is disposed on an inner
side of one of the frame bars for fixing the first LED light
bar to the heat sink frame. Heat of the LED light bar is
transmitted to the heat sink frame. The first LED light bar
includes multiple first LED modules disposed along an
elongated axis. A maximum spacing between adjust two
first LED modules being a first width. For example, a rec-
tangular panel light has four elongated frame bars. The
first LED light bar has a similar shape as the frame bar
to attach to. The first LED light bar has an elongated axis
in parallel with the lateral side wall of the associated frame
bar.
[0406] Besides, the first LED light bar is a major heat
source, and heat generated from the first LED light bar
is transmitted to the frame bars of the heat sink frame.
[0407] The optical guiding module is placed in the sur-
rounding border. For example, the surrounding border is
a rectangular shape and the optical guiding module is
also a similar rectangular shape but with a smaller size.
The optical guiding module is placed in the enclosing
border of the heat sink frame.
[0408] The optical guiding module may have a light
diffusion layer and a light guiding layer.
[0409] The light guiding layer may be a transparent
plastic board a plurality of micro structures for guiding
light received from a lateral side of the transparent plastic
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board to route in the light guiding layer and then escapes
the light guiding layer from a plurality of micro optical
structures, e.g. micro cavities, that may be formed on the
transparent plastic board using laser beams or molding
technologies.
[0410] The light guiding layer has a lateral side facing
to LED modules of the first LED light bar for guiding light
of the LED modules to the diffusion layer via the light
guiding layer and then to escape from a front side of the
optical guiding module.
[0411] In addition, the light guiding layer and the light
diffusion layer are fixed together as an assembly module
before being placed in the surrounding border. With such
design, it is easy to assembly the final product by placing
all components together. For example, when the light
guiding layer and the light diffusion layer are fixed togeth-
er as an assembly module, a manufacturer, even a dis-
tributor or a customer, may easily place these compo-
nents together, instead of needing to positioning, aligning
these components.
[0412] The back cover is fixed to the heat sink frame
for protecting the optical guiding module. The driver box
converts an external power to a driving current for the
first LED modules.
[0413] In addition, the panel light apparatus also has
a multi-type connector structure for selectively connect-
ing to one of multiple types of fixing devices. The fixing
devices are corresponding to different types of stations
for fixing the panel light apparatus to one selected station.
[0414] Specifically, for different types of stations that
provide different connection methods, different fixing de-
vices need to be used. With the multi-type connector
structure, users or manufacturers first determine what
type of station they need to face, and choose accordingly
a corresponding fixing device to connect on the multi-
type connector structure. When the chosen fixing device
is installed to the multi-type connector structure, the pan-
el light apparatus may be properly fixed to the station as
needed.
[0415] Such configuration makes it more convenient
and more flexible to prepare components and save stor-
age cost.
[0416] In some embodiments, the multi-type connector
structure includes multiple screw holes. A portion of these
screw holes are shared by different fixing devices.
[0417] For example, in some embodiments, the panel
light apparatus is directory fixed to a station, e.g. a ceiling
structure, by fastening screws into corresponding screw
holes.
[0418] In some other embodiments, a portion of the
screw holes are used for connecting to spring clips. Such
spring clip has a first part with a first end connected to
the screw holes and with a second end connected to a
second part with a spring. The second part is elastically
expandable with respect to the first part for inserting into
a cavity of one of the stations and then expanded to fix
to a station.
[0419] Specifically, the overall size of the first part and

the second part of the spring clip may be squeezed to
decrease to enter an entrance of an installation hole. After
the spring clip enters the entrance hole, the second part
recovers its respective distance to the first part of the
spring clip, i.e. to expand, and thus to prevent the panel
light apparatus to escape from the entrance hole.
[0420] In some examples, such spring clips may be
installed on two opposite sides of the heat sink frame.
More than two spring clips may also be used for larger
panel light apparatus.
[0421] In some embodiments, a portion of screw holes
are used for connecting to vertical bars. The vertical bars
have protruding parts in lateral sides of the vertical bars.
Such fixing devices are used for stations that have one
or more elastic clip receivers. The elastic clip receiver
has a concave space for containing the protruding part
of the vertical bar for fixing the panel light apparatus to
said one station.
[0422] Specifically, the elastic clip of such station has
an entrance slit for receiving the vertical bar. When the
protruding part enters the concave space of the elastic
clip, the elastic force keeps the protruding part of the
vertical bar in the concave space and thus fixes the panel
light apparatus to the station.
[0423] Some screw holes on the panel light appara-
tuses may be shared by multiple fixing devices. For ex-
ample, the vertical bar and the spring clip may share one
screw hole while using additional different screws.
[0424] In some embodiments, the fixing device is fixed
to the multi-type connector structure with a one-way con-
nection unit. For example, the one-way connection unit
may have an inverse hook so that it is easier to attach
the fixing device to the multi-type connector structure
than detach the fixing device away from the multi-type
connector structure.
[0425] In other words, in addition to using screw holes,
other devices may be used for installing the fixing devic-
es.
[0426] Please refer to Fig. 29, Fig. 30 and Fig. 31. The
three drawings illustrate a panel light apparatus embod-
iment that has a multi-type connector structure for three
different fixing devices for being fixed to a station, like a
structure, a cavity or a pre-installed structure on a ceiling.
[0427] In Fig. 29, there are multi-type connector struc-
tures 673, screw holes in this example, on the heat sink
frame 672. In Fig. 29, the fixing devices 674 are screws.
In such application, screws are fixed to the screw holes
and the panel light apparatus is directly fixed to a ceiling.
[0428] In Fig. 30, some screw holes 681 are also used
for the second type of fixing device 685. In this example,
the fixing device 685 is a spring clip. The spring clip has
a first part 682 connected to a second part 683 via a
spring 684 so that the second part 683 may be moved
with respect to the first part 682 to shrink overall size to
enter an entrance hole. After the panel light is placed into
the entrance hole, the second part 683 is recovered to
its original place and makes the spring clip staying in the
installation cavity.
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[0429] In Fig. 31, the fixing device 691 has a vertical
bar 692. The vertical bar 692 further has a protruding
part 693. The protruding part 693 may be used for keep-
ing the fixing device 691 staying in a corresponding space
so as to fix the panel light apparatus in a station.
[0430] Please refer to Fig. 32. Fig. 32 illustrates how
an elastic clip receiver 756 of a station to lock a vertical
bar 755 as mentioned in Fig. 31.
[0431] In Fig. 32, the protruding part 753 keeps the
fixing device to stay in the concave space 754 after the
vertical bar 755 enters the elastic entrance 751 of the
elastic clip receiver 756. Since the vertical bar 755 is fixed
to the heat sink frame 752, the panel light apparatus is
fixed to the station with the elastic clip receiver 756.
[0432] In some embodiment, the fixing device has an
embedded connector for routing electricity to the first LED
modules. In some embodiments, the heat sink may have
embedded connectors, e.g. hidden and plugged in the
frame bar of the heat sink frame. In such case, the fixing
devices may also fix to the heat sink frame and may be
embedded with wires or other connectors for transmitting
electricity or control signals from or to the driver box or
other devices.
[0433] In some embodiments, the driver box is fixed to
the back cover and placed away from peripheral part of
the back cover. For example, the driver box is fixed at
middle of the back cover.
[0434] In some embodiments, the multi-type connector
structure is placed on a different frame bar other than the
frame bar disposing the first LED light bar. For example,
there are LED light bars installed on two opposite sides
of a panel light apparatus. The other two unused sides
of the heat sink frame may be used for disposing the
multi-type connector structures, so as to perform wire
connection or prevent damage of components.
[0435] In some other embodiments, the multi-type con-
nector structure is placed on the same frame bar dispos-
ing the first LED light bar. With such design, the multi-
type connector device, which further connected to a fixing
device, may help perform heat dissipation, particularly
heat generated from the LED light bar.
[0436] In some embodiments, the multi-type connector
structure and the fixing device is also attracted by mag-
netic force. By using magnetic components, it is easier
to assemble the multi-type connector structure to corre-
sponding fixing devices. This is particularly helpful when
the design is to be used by distribution sellers that as-
semble the panel light apparatuses.
[0437] In some embodiments, the multi-type connector
structure is fixed on a fixing bar. The fixing bar is used
for fixing the back cover and the first LED light bar to the
heat sink frame. Specifically, the multi-type connector
structure is fixed indirectly to the heat sink frame, via an
intermediate unit, the fixing bar. In following drawings
and examples, fixing bars may be used for fixing the LED
light bar and the optical guiding module to the heat sink
frame. In this embodiment, the multi-type connector
structure is fixed on the fixing bar first. Such design

makes post-assembling easier, particularly when there
is more than one fixing device to be installed on one side
of the heat sink frame.
[0438] Please refer to Fig. 33. Fig. 33 illustrates that
the fixing device 758 is firstly fixed to a fixing bar 757.
The fixing bar 757 is further fixed to the heat sink frame
759.
[0439] In other embodiments, the multi-type connector
structure is fixing to a sliding bar to be inserted into a
corresponding track of the heat sink frame. In other
words, the sliding bar replaces the fixing bar explained
in previous paragraph. A corresponding track of the heat
sink frame may be designed so that the sliding bar with
fixing devices may be directly to the heat sink frame.
[0440] In some embodiments, the multi-type connector
structure is fixed to a fixing frame, and the fixing frame
is fixed to the heat sink frame. In such design, particularly
when there are multiple multi-type connector structures.
These multi-type connector structures, sometimes fur-
ther including fixing devices thereon, are fixed to the fixing
frame. Then, the fixing frame is attached to the heat sink
frame, e.g. by clipping or screws.
[0441] In some embodiments, the driver has a slot for
connecting to an external emergency battery. For exam-
ple, the driver box may have a USB socket to connect to
a common USB battery box. Furthermore, the multi-type
connector structure may also be able to connect to a
temporary stand so as to keep the panel light apparatus
at a predetermined pose when necessary. For example,
when the USB battery box is plugged, the panel light
apparatus may be removed from the ceiling and placed
on a table. At such time, the temporary stand and the
USB battery box makes the panel light apparatus a tem-
porary light apparatus for emergency use.
[0442] In some embodiments, the multi-type connector
structure is used for fix to another panel light apparatus
as a module. For example, multiple panel light appara-
tuses may be combined as a cluster. The multi-type con-
nector structures may be used for fixing to other panel
light apparatuses. Furthermore, the multi-type connector
structures may also help for transmitting electricity and
even control signals.
[0443] Please refer to Fig. 34. Fig. 34 illustrates that
two panel light apparatuses 760, 761 are combined with
fixing device 762, 763. In this example, it is shown that
the multi-type connector structure, in addition to fix the
panel light apparatus to a station, may also be used for
fixing multiple panel light apparatuses together.
[0444] In some embodiments, the driver box controls
the first LED modules to provide an operation status of
an emergence device. Instead of using a specific indica-
tor for showing whether an emergency battery and as-
sociated circuits are normal, certain testing procedure
and light patterns may be provided to tell users whether
the emergency battery and associated circuits are work-
ing normally. For example, every time when the panel
light apparatus is turned on, the first LED modules are
turned on and turned off for three times in three seconds,
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if the emergency battery is ok. A blinking light pattern
may be used for indicating users that there is certain prob-
lem in the emergency battery.
[0445] In some embodiments, the driver box may be
disposed with a driver circuit. The driver circuit may detect
dynamically the status of the emergency battery. Most
batteries may have a shorter life span if they are not used,
not charged, or not discharged for a long time. The driver
circuit may be coded to execute a charging, discharging
schedule for increasing the life span of the emergency
battery.
[0446] In some embodiments, the supplemental elec-
tronic device disposed on the bottom side of the heat sink
frame may be used for connecting to an external battery
device, like common USB battery boxes people usually
carry for charging their mobile phones. In such case, the
supplemental electronic device may be an USB socket
for connecting to a USB battery box as emergency use.
[0447] In earthquakes, typhoon, or hospital situations,
such function may be particularly important and helpful.
Since many people today carry USB battery boxes with
them, it is not difficult to use such USB battery box as an
emergency purpose, particularly when the pre-installed
emergency battery in the panel light apparatus is running
out of electricity or out of order.
[0448] In some embodiments, there may be a holding
structure, like a hook, a containing box, a clip or other
structures for holding the USB battery box mentioned
above. For example, when there is a sudden electricity
interrupt, users may just connect their portable USB bat-
tery box to the panel light. It is quite different to provide
light from a ceiling and from a table when accident hap-
pens. When one USB battery box is running out of elec-
tricity, another USB battery box may be replaced imme-
diately, which sometimes may even save human life.
[0449] In some embodiments, the heat sink frame may
further have a temporary stand so that the panel light
apparatus is located at a predetermined position to work
normally. In certain extreme cases, the panel light appa-
ratuses may even be used as a temporary light source.
If there is a revocable stand that helps the panel light
apparatus to stand as a pose for emitting light to a desired
direction, this makes the panel light apparatus even more
helpful.
[0450] Please refer to Fig. 27, which illustrates another
panel light apparatus embodiment. In Fig. 27, the panel
light apparatus has a temporary stand 998 that may be
used when the panel light apparatus is not installed to a
ceiling but instead being placed on a table or on the
ground.
[0451] In Fig. 27, it also shown embedded connectors
984 in the heat sink frame 995. The embedded connector
984 may be used for connecting the LED module 996
and the supplemental electronic device 9931. In this ex-
ample, the supplemental electronic device 9931 is a USB
socket. A common USB battery box 991 may be inserted
to the supplemental electronic device 9931. A holder 992
may be provided to hold the USB battery box temporarily.

The electricity of the USB battery box is routed via the
supplemental electronic device 9931, the embedded
connectors 994 to a socket 9941. The driver box 997 has
a corresponding terminal 9971 to be plugged into the
socket 9941.
[0452] When there is a sudden electricity interrupt,
electricity of the USB battery box 991 is routed to the
LED modules 996 via the controlling of the driver box 997.
[0453] In some embodiments, the driver box switches
from a normal mode to an emergency working mode
when an emergency battery is started to supply electricity
to the first LED modules. The current supplied to the first
LED modules is different between the emergency mode
and the normal mode. For example, in emergency work-
ing mode, the luminance level of the first LED modules
may be adjusted to a lower level.
[0454] In some embodiments, particularly when the
driver box has a wireless circuit for receiving more com-
plicated commands, an estimated time period for elec-
tricity interrupt may be provided to the driver box. The
driver box calculates current battery volume and related
history statistics and designs an electricity scheme, trying
to keep the panel light apparatus to keep providing light
during the estimated time period.
[0455] In some embodiments, a wire has a first end
connecting to the driver box and has a second end con-
necting to an indicator, the indicator is attached to the
bottom surface of the heat sink frame with a tape.
[0456] In some other embodiments, a wire has a first
end connecting to the driver box and has a second end
connecting to an indicator, the indicator is attached to
the bottom surface of the heat sink frame with a magnet
unit.
[0457] According to an embodiment, a panel light ap-
paratus includes a heat sink frame, a first LED light bar,
an optical guiding module and a back cover.
[0458] The heat sink frame includes multiple frame
bars forming a surrounding border. The first LED light
bar is fixed to an inner side of one of the frame bars for
fixing the first LED light bar to the heat sink frame. Heat
of the LED light bar being transmitted to the heat sink
frame.
[0459] In some embodiments, the optical guiding mod-
ule includes a light guiding layer and a light diffusion layer.
The LED modules of the first LED light bar emits light
into the light guiding layer and then the light is directed
to the light diffusion layer to escape.
[0460] In some other embodiments, the optical guiding
module may further include a reflective layer above the
light guiding layer so as to reflect lights escape from the
undesired directions back into the light guiding layer and
finally to emit into the light diffusion layer.
[0461] In some other embodiments, there is further an
elastic layer between the back cover and the reflective
layer so as to transmit pressure from the back cover to
ensure there is no spacing between the reflective layer
and the light guiding layer, and no spacing between the
light guiding layer and the light diffusion layer. This re-
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duces unnecessary light lost and increase overall lumi-
nance efficacy.
[0462] The back cover is fixed to the heat sink frame
for protecting the optical guiding module.
[0463] In some embodiments, the light diffusion layer
and the light guiding layer are fixed with a first glue hard-
ened by applying an ultra-violet light.
[0464] In some embodiments, furthermore, the reflec-
tive layer and the light guiding layer are fixed with a sec-
ond glue hardened by applying the ultra-violet light. Spe-
cifically, three layers of the optical guiding modules are
fixed together with glues. The glues are hardened with
ultra-violet light and can be applied to the two glues di-
rectly or in sequence.
[0465] In some embodiments, the second glue be-
tween the reflective layer and the light guiding layer may
include heat conductive material like metal powder, for
enhancing heat dissipation.
[0466] In some embodiments, the first glue may con-
tain plastic transparent balls with a diameter less than
0.4mm. Such plastic transparent balls may further help
diffusing light so as to make the light diffusion layer thin-
ner.
[0467] Please refer to Fig. 35. Fig. 35 illustrates an
example of a light guiding module.
[0468] In Fig. 35, an elastic layer 771 is fixed to a re-
flective layer 772 with a third glue 775. The reflective
layer 772 is fixed to a light guiding layer 773 with a second
glue 776. The light guiding layer 773 is fixed to the light
diffusion layer 774 with a third glue 777.
[0469] Such glue may be transparent and thus does
not affect light emission too much.
[0470] In some embodiments, the back cover has a
first clip clipping a first side of the reflective layer, the light
guiding layer and the light diffusion layer and has a sec-
ond clip clipping a second side of the reflective layer. The
light guiding layer and the light diffusion layer, and the
first side is opposite to the second side.
[0471] Specifically, two clips are clipping two opposite
sides of the multiple layers of the optical guiding module,
while leaving other two sides for light to emit into the light
guiding layer.
[0472] Please refer to Fig. 36. Fig. 36 illustrates an
embodiment of a back cover.
[0473] In Fig. 36, a back cover 781 has multiple clips
782 for clipping layers of the optical guiding module on
a first side 785 and a second side 786. Furthermore, the
back cover 781 has a stopper structure 783 at a corner
of the third side 784 to prevent any layer of the optical
guiding module to escape.
[0474] To prevent any layer to escape from the optical
guiding module by accident, a stopper structure may be
disposed at the third side at a corner of the back cover
for preventing the reflective layer, the light guiding layer
or the light diffusion layer to escape from the third side.
[0475] In some embodiments, the back cover has a
convex portion pressing the reflective layer to keep the
reflective layer leaving no space with the light guiding

layer. This design may save the need of inserting an elas-
tic layer.
[0476] Otherwise, in some embodiments, there may
be an elastic layer on the reflective layer. In addition, a
third glue may be applied between the elastic layer and
the reflective layer.
[0477] Similarly, the third glue is hardened together
with the first glue and the second glue in the same pro-
cedure.
[0478] In addition, the third glue has heat dissipation
characteristics, e.g. containing metal powder, so that
heat may be transmitted to the back cover to increase
life span of the components of the panel light apparatus.
[0479] In some embodiments, the fixing bar is further
fixed to the frame bar with an additional fastener, e.g.
screws.
[0480] Please refer to Fig. 37. Fig. 37 illustrates a panel
light apparatus embodiment.
[0481] In Fig. 37, the panel light apparatus has four
connectors like connectors 6511, 6512. The panel light
apparatus also has a back cover 653, and a driver circuit
654. A LED light source is installed to a panel light hous-
ing like embodiments mentioned above like the ones for
installing a light guide, a LED light bar, an optical com-
ponent. The panel light housing has a luminance cover
like the diffusion layer mentioned above that allows light
to escape.
[0482] The driver circuit 654 converts an external pow-
er source to a driving current to the LED light source to
emit light. The back cover is disposed on an opposite
side with respect to the luminance cover.
[0483] The connectors 6511, 6512 have one ends fixed
to the screw hole like the screw hole 6532 of the back
cover 653 with screws 6521, 6522. In this example, the
connector 6511 has a top lever 65111. The top lever
65111 has a contact range along a first direction 6552
for fitting hooks at different distance settings. The top
lever 65111 are connected by two ear levers 65112,
65113 to an axial hinge 65110 so as to be rotatable with
respect to the axial hinge 65110 to have a contact range
along a second direction 6551.
[0484] Please see Fig. 38, which illustrates how such
panel light apparatus is assembled to an installation sta-
tion on a ceiling.
[0485] In Fig. 38, the panel light apparatus is firstly at-
tached to hooks in one side with its connector and then
connecting its connector 662 to a hook 661 in another
side of the installation station. Because there are two
contact ranges in two directions 6551, 6552, even the
panel light apparatus is used in hooks with different dis-
tance settings between hooks, the panel light apparatus
may still be fit in different installation situations.
[0486] In addition, the connection between the hook
661 and the connector 662 keeps the panel light appa-
ratus with a distance from the ceiling to enhance heat
dissipation.
[0487] According to another embodiment of the
present invention, a panel light apparatus is designed to
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be fixed on multiple hooks disposed on a ceiling. In this
example, these hooks have curved tails for hanging a
structure placed in the curved tails.
[0488] The panel light apparatus has a back cover, a
LED light source, a driver circuit, a panel light housing,
and one or more than one connector. The panel light
housing may have a circular shape, a rectangular shape
or other geometrical shape. There is a luminance cover
disposed at a bottom of the panel light apparatus.
[0489] The LED light source may include multiple LED
components disposed on a light source plate or disposed
on a light bar. In the first case, the LED light source emits
light downwardly directly outside the panel light housing
via the luminance cover. In the second case, the LED
light source emits light and the light is redirected, e.g.
with a light guide, to escape outside the panel light hous-
ing via the luminance cover.
[0490] The LED light source and the driver circuit are
disposed to the panel light housing. Specifically, in the
first case mentioned above, the LED light source is
placed on a plate facing downwardly to the luminance
cover. In the second case mentioned above, the LED
light source is placed on an inner lateral side of the panel
light housing. The light emitted from the LED light source
is directed by a light guide late to the luminance cover.
[0491] Besides, the driver may be embedded inside
the panel light housing, or placed in an external box at-
tached to the panel light housing. The driver circuit is
used for converting an external power source to a driving
current to the LED light source to emit light from the lu-
minance cover. The back cover is disposed on an oppo-
site side with respect to the luminance cover. The back
cover may be made together with the panel light housing,
e.g. from the same molding process. Alternatively, the
back cover may be made as a separate component that
is hooked or fixed to the panel light housing, which may
be a frame structure.
[0492] The connector has a top lever hung to the hook.
If there are four connectors, the four connectors are hung
to four corresponding hooks disposed to the ceiling. Op-
posite to the top lever, the connector has another end
fixed to the back cover. The top lever may have multiple
contact points for engaging hooks at different positions.
Therefore, the same connector may be hung on hooks
of different distances.
[0493] This is helpful because the same panel light ap-
paratus may be installed on stations with different set-
tings. For example, in USA and European, there may be
different standard distances between pre-installed hooks
on a ceiling. With the connector of such design, the panel
light apparatus is more flexible to be installed on different
environments without changing any components.
[0494] In some embodiments, the connector may fur-
ther have an axial hinge for fixing the connector to the
back cover. The top lever of the connector is rotatable
with respect to the axial hinge so that the connector is fit
to a corresponding hook. For different ceiling stations,
the hook may have different distance setting. With such

design, when the top lever is rotated with respect to the
axial hinge, the top lever may be adjusted to hooks of
different distance settings. This further broadens flexibil-
ity of installing the panel light apparatus to different in-
stallation stations on ceilings.
[0495] In some embodiments, the connectors may
have two ear levers. One ends of the two ear levers are
connected to two opposite ends of the top lever and the
other ends of the two ear levers are movably connected
to the axial hinge. Specifically, the top lever has two ends
connected to two ear levers. The two ear levers further
connect to the axial hinge so that the top lever may be
rotated with respect to the axial hinge.
[0496] In some embodiments, the top lever has more
than two contact sections corresponding to different dis-
tance settings of the hooks. As mentioned above, the top
lever has a contact range, e.g. more than 2cm, compared
with a precise contact point, so as to fit different settings
of installation stations on a ceiling. The installation station
refers to the structure on a ceiling for installing a panel
light. In different areas, the installation stations may have
different distance setting for mounting a panel light. With
such design, once the distance setting of an installation
station is within the contact range, i.e. in any contact sec-
tion of the contact range, the panel light may be installed
on such installation station.
[0497] Furthermore, in some embodiments, the top le-
ver has multiple curved shapes corresponding to the con-
tact sections respectively so that the hook may be kept
stably in one of the curved shapes corresponding to the
distance setting of the hook.
[0498] In some embodiments, the top lever has a
roughened contact side to engage the hook so as to more
stably engage the hook and to prevent undesired sliding
of the panel light apparatus.
[0499] In some embodiments, the connector is detach-
able to be replaced with a second type connector for fit-
ting to a second type fixing device disposed to another
ceiling. Specifically, the connector is detachable, e.g. to
be unmounted by removing screws, clips, or some other
detachable structures. For different types of installation
stations, the panel light apparatus may be installed with
corresponding connectors to be installed on correspond-
ing installation stations.
[0500] In some embodiments, the connector and the
second type connector are selectively fixed to screw
holes of the back cover. The connector and the second
type connector share at least one common screw hole.
In such case, the connector and the second type con-
nector are selectively detachable from the back cover or
installed to the back cover via screws. To make the as-
sembling more convenient as well the robustness of the
back cover, different connectors may share one or more
than one screw holes. This prevents unnecessary screw
holes, weakening the structure strength of the back cov-
er, and also simplifies the manufacturing process.
[0501] In some embodiments, the back cover has a
peripheral bar on an edge of the back cover. The con-
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nector is fixed to the peripheral bar. Specifically, in such
case, the connector is fixed to the peripheral bar for at-
taching to the back cover. The peripheral bar may be a
separate component so as to be easily replaced with an-
other peripheral bar. The peripheral bar may also be used
for fixing the back cover to other components like a frame
or other components of the panel light apparatus.
[0502] In some embodiments, the peripheral bar has
a track for installing the connector. Specifically, the con-
nector may have a block structure to be slide into the
track of the peripheral bar.
[0503] In some embodiments, the peripheral bar is de-
tachable from the back cover to be replaced with another
peripheral bar with a different fixing structure correspond-
ing to a different type of station. Specifically, several pe-
ripheral bars are made in advance corresponding to dif-
ferent installation stations. When the destination area or
requirements are known, the corresponding peripheral
bar is installed on the back cover for fitting the panel light
to the destination area or requirements.
[0504] In some embodiments, the fixing structure of
another peripheral bar is a clip for hung in an installation
cavity of a ceiling. For example, the clip may have an
elastic entrance for inserting an installation bar with a
protruding block at its head. The protruding block may
enter the elastic entrance and kept in the clip by elastic
force of the clip.
[0505] In some embodiments, a part of the hook in in-
serted into an opening of the top lever. For example, the
top lever has a groove for inserting a part of the hook to
attach the connector to the hook.
[0506] In some embodiments, the hook routes electric-
ity of the external power source to the driver circuit via
the connector. Therefore, via the connector between the
hook and the connector, the external power source sup-
plies electricity to the panel light apparatus.
[0507] In some embodiments, the back cover is kept
with a distance from ceiling for heat dissipation. Specif-
ically, the connection between the hook and the connec-
tor ensures a spacing is kept between the back cover to
the ceiling.
[0508] In some embodiments, the connector has an
elastic element applying an elastic force for keeping an
elastic connection between the hook and the top lever.
For example, a spring or an elastic clip may be installed
inside the top lever so that to generate an elastic force
for the fixing connection between the hook and the con-
nector. Such elastic force may prevent unnecessary slid-
ing or keeping the panel light apparatus to keep stable
connection with the ceiling even when earthquake acci-
dent happens.
[0509] In some embodiments, an optical module is
made as a module for being detachably installed to the
panel light housing. The optical module may include mul-
tiple components fixed as a module. Such module is fixed
as a module before being installed to the panel light ap-
paratus. This makes assembling more efficient. Different
components may be replaced for providing the panel light

apparatus with different set of parameters, e.g. control
functions, connectivity, different light parameters. For ex-
ample, the optical module may refer to a module com-
posed of a light guide layer and a diffusion layer.
[0510] In some embodiments, the optical module may
include a light guide component and the LED light source
is disposed on a lateral inner side of the panel light hous-
ing. The light guide directs light of the LED light source
to the luminance cover.
[0511] In some embodiments, the panel light housing
has a track for detachably installing the LED light source.
The track is capable of installing another LED light source
with another light parameters, e.g. different color tem-
peratures, colors, brightness.
[0512] In some embodiments, the driver circuit is dis-
posed in a driver box inserting to a track of the back cover.
This makes the driver box more stably attached to the
back cover while easily to be removed when necessary.
[0513] In addition to the above-described embodi-
ments, various modifications may be made, and as long
as it is within the spirit of the same invention, the various
designs that can be made by those skilled in the art are
belong to the scope of the present invention.

Claims

1. A panel light apparatus for fixing on multiple hooks
(661) disposed on a ceiling, comprising:

a back cover (28; 831; 911; 975; 781; 653);
a LED light source;
a driver circuit (821; 654);
a panel light housing having a luminance cover,
the LED light source and the driver circuit (821;
654) being disposed to the panel light housing,
the driver circuit (821; 654) converting an exter-
nal power source to a driving current to the LED
light source to emit light from the luminance cov-
er, the back cover (28; 831; 911; 975; 781; 653)
being disposed on an opposite side with respect
to the luminance cover; and
at least one connector (6511; 6512) with a top
lever (65111) hung to one of the hooks (661),
the connector (6511; 6512) has another end
fixed to the back cover (28; 831; 911; 975; 781;
653), the top lever (65111) having multiple con-
tact points for engaging the hook (661) so that
the at least one connector (6511; 6512) being
fitting for the hooks (661) with different distance
settings.

2. The panel light apparatus of claim 1, wherein the
connector (6511; 6512) has an axial hinge (65110)
for fixing the connector (6511; 6512) to the back cov-
er (28; 831; 911; 975; 781; 653), the top lever (65111)
being rotatable with respect to the axial hinge
(65110) so that the at least one connector (6511;
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6512) being fitting for the hooks (661) with different
distance settings.

3. The panel light apparatus of claim 2, wherein the
connector (6511; 6512) has two ear levers (65112;
65113), one ends of the two ear levers (65112;
65113) are connected to two opposite ends of the
top lever (65111), and the other ends of the two ear
levers (65112; 65113) are movably connected to the
axial hinge (65110) .

4. The panel light apparatus of claim 2, wherein the top
lever (65111) has more than two contact sections
corresponding to different distance settings of the
hooks (661) .

5. The panel light apparatus of claim 4, wherein the top
lever (65111) has multiple curved shapes corre-
sponding to the contact sections so that the hook
(661) is kept stably in one of the curved shapes cor-
responding to the distance setting of the hook (661).

6. The panel light apparatus of claim 4, wherein the top
lever (65111) has a roughened contact side to en-
gage the hook (661).

7. The panel light apparatus of claim 4, wherein
the connector (6511; 6512) is detachable to be re-
placed with a second type connector (6511; 6512)
for fitting to a second type fixing devices disposed
to another ceiling; and
the connector (6511; 6512) and the second type con-
nector (6511; 6512) are selectively fixed to screw
holes (6532) of the back cover (28; 831; 911; 975;
781; 653), the connector (6511; 6512) and the sec-
ond type connector (6511; 6512) shares at least one
common screw hole (6532).

8. The panel light apparatus of- any of the preceding
claims, wherein the back cover (28; 831; 911; 975;
781; 653) has a peripheral bar on an edge of the
back cover (28; 831; 911; 975; 781; 653), the con-
nector (6511; 6512) is fixed to the peripheral bar.

9. The panel light apparatus of claim 8, wherein the
peripheral bar has a track for installing the connector
(6511; 6512) .

10. The panel light apparatus of claim 8, wherein
the peripheral bar is detachable from the back cover
(28; 831; 911; 975; 781; 653) to be replaced with
another peripheral bar with a different fixing structure
corresponding to a different type of station; and
the fixing structure of the another peripheral bar is a
clip (903) for hung in an installation cavity of a ceiling.

11. The panel light apparatus of any of the preceding
claims, wherein

a part of the hook (661) is inserted into an opening
of the top lever (65111); and
the hook (661) routes electricity of the external power
source to the driver circuit (821; 654) via the connec-
tor (6511; 6512).

12. The panel light apparatus of any of the preceding
claims, wherein
the back cover (28; 831; 911; 975; 781; 653) is kept
with a distance from ceiling for heat dissipation; and
the optical module comprises a light guide compo-
nent (232) and the LED light source is disposed on
a lateral inner side of the panel light housing, and
the light guide directing a light of the LED light source
to the luminance cover.

13. The panel light apparatus of any of the preceding
claims, wherein the connector (6511; 6512) has an
elastic element (876) applying an elastic force for
keeping an elastic connection between the hook
(661) and the top lever (65111).

14. The panel light apparatus of any of the preceding
claims, wherein an optical module is made as a mod-
ule for being detachably installed to the panel light
housing, the optical module comprising multiple
components fixed as the module before being in-
stalled to the panel light housing so as to be capable
of replacing another optical module with another set
of parameters to the panel light housing convenient-
ly.

15. The panel light apparatus of any of the preceding
claims, wherein the panel light housing has a track
for detachably installing the LED light source, the
track is capable of installing another LED light source
with another light parameters conveniently.
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