I*I Innovation, Sciences et Innovation, Science and CA 3082002 C 2022/10/18

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 082 002
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(22) Date de dépébt/Filing Date: 2020/06/05 (51) CLInt./Int.Cl. F27V 23/00(2015.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2021/01/26 F21K 9/00(2016.01), £21V 253/04(2006.01)
" . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2022/10/18 HUANG, LIBIN, CN:
(30) Priorité/Priority: 2019/07/26 (CN201921201496.3) WU, ZHIZHONG, CN;

LIN, HONGBIN, CN,;
HUANG, WENCHANG, CN;
JIANG, HONGKUI, CN

(73) Propriétaire/Owner:
LEEDARSON LIGHTING CO., LTD., CN

(74) Agent: FOGLER, RUBINOFF LLP

(54) Titre : APPAREIL D'ECLAIRAGE
(54) Title: LIGHTING APPARATUS

e o i o o sl

e
s1 l\
L1 o L21
s W
" %
X k]
112 \ 5, L22
" “u
bs 3 1 5% \ k23
" »

o

Lin2y ¥ . S3(n-3) . L2n2)
N‘u “

L1{n-1) s3(n-2) L2(0-1)
n N
%, "o,

L1 S3(n-1

n N " Im- ) N L2n

“u 82 Y

(57) Abrégé/Abstract:

A lighting apparatus includes a driver, a first branch, a second branch, a first switch, a second switch, multiple middle switches, and
a switch control unit. The first branch includes multiple first LED modules. The multiple first LED modules are divided into multiple
first segments. There are first nodes between adjacent first segments. The second branch includes multiple second LED modules.
The multiple second LED modules are divided into multiple second segments. There are second nodes between adjacent second
segments. The switch control unit is used for controlling selections of the first switch, the second switch and the multiple middle
switches for determining a conductive path of a selected set of LED modules selected from the multiple first segments and the
multiple second segments for mixing a required optical parameter.
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ABSTRACT

A lighting apparatus includes a driver, a first branch, a second branch, a first
switch, a second switch, multiple middle switches, and a switch control unit. The first
branch includes multiple first LED modules. The multiple first LED modules are
divided into multiple first segments. There are first nodes between adjacent first
segments. The second branch includes multiple second LED modules. The multiple
second LED modules are divided into multiple second segments. There are second
nodes between adjacent second segments. The switch control unit is used for
controlling selections of the first switch, the second switch and the multiple middle
switches for determining a conductive path of a selected set of LED modules
selected from the multiple first segments and the multiple second segments for

mixing a required optical parameter.

Date Regue/Date Received 2020-06-05



TITLE: LIGHTING APPARATUS

FIELD
[0001] The present application is related to a lighting apparatus and more particularly

related to a lighting apparatus with adjustable parameters.

BACKGROUND

[0002] Electroluminescence, an optical and electrical phenomenon, was discovered
in 1907. Electroluminescence refers the process when a material emits light when a
passage of an electric field or current occurs. LED stands for light-emitting diode.
The very first LED was reported being created in 1927 by a Russian inventor. During
decades’ development, the first practical LED was found in 1961, and was issued
patent by the U.S. patent office in 1962. In the second half of 1962, the first
commercial LED product emitting low-intensity infrared light was introduced. The first

visible-spectrum LED, which limited to red, was then developed in 1962.

[0003] After the invention of LEDs, the neon indicator and incandescent lamps are
gradually replaced. However, the cost of initial commercial LEDs was extremely high,
making them rare to be applied for practical use. Also, LEDs only illuminated red
light at early stage. The brightness of the light only could be used as indicator for it
was too dark to illuminate an area. Unlike modern LEDs which are bound in

transparent plastic cases, LEDs in early stage were packed in metal cases.

[0004]With high light output, LEDs are available across the visible, infrared
wavelengths, and ultraviolet lighting fixtures. Recently, there is a high-output white
light LED. And this kind of high-output white light LEDs are suitable for room and
outdoor area lighting. Having led to new displays and sensors, LEDs are now be
used in advertising, traffic signals, medical devices, camera flashes, lighted
wallpaper, aviation lighting, horticultural grow lights, and automotive headlamps. Also,

they are used in cellphones to show messages.

[0005]A Fluorescent lamp refers to a gas-discharge lamp. The invention of
fluorescent lamps, which are also called fluorescent tubes, can be traced back to

hundreds of years ago. Being invented by Thomas Edison in 1896, fluorescent
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lamps used calcium tungstate as the substance to fluoresce then. In 1939, they were

firstly introduced to the market as commercial products with variety of types.

[0006] In a fluorescent lamp tube, there is a mix of mercury vapor, xenon, argon, and
neon, or krypton. A fluorescent coating coats on the inner wall of the lamp. The
fluorescent coating is made of blends of rare-earth phosphor and metallic salts.
Normally, the electrodes of the lamp comprise coiled tungsten. The electrodes are
also coated with strontium, calcium oxides and barium. An internal opaque reflector
can be found in some fluorescent lamps. Normally, the shape of the light tubes is
straight. Sometimes, the light tubes are made circle for special usages. Also, u-

shaped tubes are seen to provide light for more compact areas.

[0007]Because there is mercury in fluorescent lamps, it is likely that the mercury
contaminates the environment after the lamps are broken. Electromagnetic ballasts
in fluorescent lamps are capable of producing buzzing mouse. Radio frequency
interference is likely to be made by old fluorescent lamps. The operation of
fluorescent lamps requires specific temperature, which is best around room
temperature. If the lamps are placed in places with too low or high temperature, the

efficacy of the lamps decreases.

[0008]In real lighting device design, details are critical no matter how small they
appear. For example, to fix two components together conveniently usually brings
large technical effect in the field of light device particularly when any such design

involves a very large number of products to be sold around the world.

[0009] It is also important to consider how to conveniently install a lighting apparatus.
Particularly, many societies face aging problems. More and more old people need to
replace or install lighting devices by themselves. Labor cost for installing lighting
devices is also increasing. It is therefore beneficial to design a better way to install

various lighting devices.

[0010]In some applications, it is important to project a light on an object or an area

to emphasize the object or the area.

[0011]When technologies are developing, people expect more functions and
flexibility on using lighting apparatuses, for all types of lighting devices, e.g. light
bulbs, light tubes, downlight devices.
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[0012] 1t is challenging and beneficial to design a flexible lighting apparatus that is

easy to be configured, adjusted while keeping low cost for manufacturing.

SUMMARY
[0013]In some embodiments, a lighting apparatus includes a driver, a first branch, a
second branch, a first switch, a second switch, multiple middle switches, and a

switch control unit.

[0014] The driver converts an indoor power source to a driving current. For example,
an indoor power source of 110V/220V alternating current is converted by the driver

to a direct current driving current for driving LED modules to emit light.

[0015] The first branch includes multiple first LED modules. The multiple first LED
modules are divided into multiple first segments. There are first nodes between
adjacent first segments. The switch may be turned on or turned off to electrically
connect or disconnect corresponding adjacent first segments above and below
corresponding first node. Each first segment may include one or multiple first LED
modules. Each first LED module emits a light with a first optical parameter when

receiving a proper driving current.

[0016] The second branch includes multiple second LED modules. The multiple
second LED modules are divided into multiple second segments. There are second
nodes between adjacent second segments. The switch may be turned on or turned
off to electrically connect or disconnect corresponding adjacent second segments
above and below corresponding second node. Each second segment may include
one or multiple second LED modules. Each second LED module emits a light with a
second optical parameter when receiving a proper driving current. The first optical
parameter may correspond to a first color temperature and the second optical

parameter may correspond to a second color temperature.

[0017] The first switch is selectively connecting the driving current into the first
branch. The second switch is selectively connecting the driving current into the
second branch. The multiple middle switches are selectively connecting the first
nodes and second nodes. Specifically, all LED modules in the lighting apparatus are
divided into the first segments on the first branch and the second segments on the
second branch. By selecting the first switch, the second switch and the middle
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switches, the conductive path is selected and the LED modules on the selected
conductive path are supplied with the driving current. The LED modules not on the
selected conductive path are turned off. When the LED modules have different types,
selections of different types of LED module correspond to different optical
parameters.

[0018] The switch control unit is used for controlling selections of the first switch, the
second switch and the multiple middle switches for determining a conductive path of
a selected set of LED modules selected from the multiple first segments and the

multiple second segments for mixing a required optical parameter.

[0019]In some embodiments, the first LED modules refer to a first type of LED
module emitting a light of a first color temperature. The second LED module refers to
a second type of LED module emitting another light of a second color temperature.
The parameter color temperature may be replaced as color or any other optical

parameter.

[0020]In some embodiments, the first LED modules emit a first light with a first color
temperature, and the second LED modules emit a second light with a second color

temperature.

[0021]In some embodiments, the first segments have multiple types of mixed optical

parameters.

[0022] Specifically, not every first segment has the same kinds of LED modules.
More than one type of LED modules may be placed in the same first segment,
making each first segment having different features. In some other embodiments, the
first segments may have multiple types of optical parameters. In some other

embodiments, the first segments may all have the same type of optical parameter.

[0023] Similarly, the second segment may have the same configuration as the first

segments as mentioned above.

[0024] Specifically, there are multiple first segments. These first segments may have

both a first type of LED module and a second type of LED module. The number ratio

of the first type of LED module and the second type of LED module may not be the

same in every first segment. In other words, there may be multiple types of first

segments containing different number ratio of the first type of LED module and the

second type of LED module. The first type of LED module and the second type of
4
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LED module indicates that different types of LED module may have different optical

parameters like color temperatures.

[0025]In some embodiments, at least two first segments have different number ratio

of a first type of LED module and a second type of LED module.

[0026] In some embodiments, the driver includes a linear driver circuit for generating

a constant current as the driving current.

[0027]In some embodiments, the switch control unit is configured with a manual

switch operated by a user.

[0028]In some embodiments, the manual switch provides multiple options, each
option corresponding to one conductive path of corresponding selected set of LED
modules selected from the multiple first segments and the multiple second segments

for mixing a required optical parameter

[0029] In some embodiments, the switch control unit and the driver are integrated as
an integrated chip, the first segments and the second segments are connected to the
integrated chip for performing the first switch, the second switch and the multiple

middle switches.

[0030]In some embodiments, the first LED modules and the second LED modules

are high voltage LED devices.

[0031]In some embodiments, the switch control unit is a direct switch toggling

circuits, not made as a micro control unit.

[0032] In some embodiments, a manual switch has multiple options to be selected by
a user, each option is translated to turn on a switch set from the first switch, the

second switch and the multiple middle switches.

[0033] In some embodiments, a manual switch has multiple options to be selected by

a user, each option corresponds to turn on one corresponding middle switch.

[0034]In some embodiments, the lighting apparatus may also include a tubular
housing for disposing the first branch and the second branch, wherein a manual
switch has multiple options to be selected by a user, the manual switch is placed on

an end cap of tubular housing.
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[0035] In some embodiments, the lighting apparatus may also include a bulb shell for
disposing the first branch and the second branch, wherein a manual switch has
multiple options to be selected by a user, the manual switch is placed on a bulb head

connected to the bulb shell.

[0036]In some embodiments, the lighting apparatus may also include a downlight
housing for disposing the first branch and the second branch, wherein a manual
switch has multiple options to be selected by a user, the manual switch is placed on

a driver box connected to the downlight housing.

[0037]In some embodiments, the lighting apparatus may also include a downlight
housing with a light source plate for disposing the first branch and the second branch,
wherein a manual switch has multiple options to be selected by a user, the manual
switch is placed on a surface rim of the downlight housing, the driver and the switch

control unit are disposed on the light source plate.

[0038]In some embodiments, the lighting apparatus may also include a wireless
module for receiving an external command from an external device, the wireless
module is connected to the switch control unit, the switch control unit determines
using the external command or a manual switch based on a predetermined priority

list.

[0039]In some embodiments, the driver is connected to a dimmer switch, the

dimmer switch provides a setting for the driver to adjust the driving current.

[0040]In some embodiments, the setting of the dimmer switch is divided into a set of
dimmer options, each dimmer option corresponds to control the switch unit to select

a selected from the first segments and the second segments.

[0041]In some embodiments, the first segments and the second segments have
multiple light intensity levels, and an output light intensity is determined by selecting

a selected set from the first segments and the second segments.

BRIEF DESCRIPTION OF DRAWINGS

[0042] Fig. 1 illustrates a conductive path example.
[0043] Fig. 2 illustrates another conductive path example.
[0044] Fig. 3 illustrates another conductive path example.

6
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[0045] Fig. 4 illustrates another conductive path example.

[0046] Fig. 5 illustrates another conductive path example.

[0047] Fig. 6 illustrates another conductive path example.

[0048] Fig. 7 illustrates a circuit diagram example.

[0049] Fig. 8 illustrates a light bulb example.

[0050] Fig. 9 illustrates arrangement of two types of LED module.
[0051] Fig. 10 illustrates a structure view of an embodiment.
[0052] Fig. 11 shows a light tube example.

[0053] Fig. 12 shows a downlight example.

DETAILED DESCRIPTION

[0054] Please refer to Fig. 1. Fig. 1 is an embodiment of a color temperature LED
circuit. The color temperature adjusting LED circuit includes a first branch, a second
branch and at least one third switch. The first branch includes a first switch
connected in series and multiple first set of LED modules. The second branch
connected in parallel with the first branch including multiple second set of LED
modules connected in series and a second switch. The first set of LED modules and
the second set of LED modules have different color temperature. The third switch
has a first end connected between the two adjacent first set of LED modules in the
first branch. A second end of the third switch is connected between the two adjacent

second set of LED modules in the second branch.

[0055]In an embodiment of the circuit diagram, the branch on the left of the diagram
is noted as the first branch and the branch on the right of the diagram is noted as the
second branch. The notification of first branch and the second branch is only for the

convenience of description but may make no limitations to the embodiments.

[0056]In an embodiment, two branches are provided. The color temperature of the
first set of LED modules in the first branch is noted as a first color temperature. The
color temperature of the second set of LED modules is noted as a second color
temperature. When the first set of LED modules in the first branch is all being turned

on and the second set of LED modules in the second branch is all being turned off,
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the color temperature of the color temperature LED circuit is the first color
temperature. When the first set of LED modules in the first branch is all being turned
off and the second set of LED modules in the second branch is all being turned on,
the color temperature of the color temperature LED circuit is the second color
temperature. The first color temperature is different from the second color

temperature.

[0057]In an embodiment, the first branch and the second branch is connected in
parallel. A first switch is set in the first branch for controlling the first set of LED
modules of the first branch to turn on and turn off and a second switch is set in the
second branch for controlling the second set of LED modules of the second branch
to turn on and turn off for making the first color temperature and the second color
temperature to demonstrate separately. The first color temperature is different from
the second color temperature. Thus, a high color temperature and a low color
temperature may demonstrate separately. In practical applications, the first color
temperature may be higher or lower than the second color temperature and may
have no limitations being provided here. For example, the first color temperature
may be 3700K and the second color temperature may be 6000K for showing a
3000K effect and a 6000K effect respectively.

[0058]In order to demonstrate a middle color temperature which is a color
temperature value between the first color temperature and the second color
temperature, the first set LED modules in the first branch may be all connected in
series and the second set LED modules in the second branch may be all connected
in series. A third switch cross connected between the first branch and the second
branch. Through the setting of the third switch, the first set of LED modules in the
first branch and the second set of the LED modules in the second branch is turned
on at the same timing when the third switch is closed for a demonstration of a

mixture of the high and low color temperature into the middle color temperature.

[0059]In practical applications, the first branch may include other electronic
elements such as resistance or the a third LED... etc. Take multiple third LED as
example, the multiple third LED may be connected in series with the first set of LED
modules and/or constitute together as the first branch after being connected in
parallel. For example, the color temperature of the third LED is a third color

temperature such as 2000K. When the first switch is closed, the color temperature of
8
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the current circuit is a mixture of the first color temperature and the third color
temperature which is a mixture of an at least 3000K and a 2000K) and of course
there are other examples. From the description above, the first branch includes a
first switch and a first set of LED modules connected in series and also other
electronic elements. The second branch also includes other electronic elements

such as the first branch.

[0060]In order to make a simplified concept between the first switch, the second
switch and the third switch to ensure the color temperature is unrelated to the
second color temperature when the first switch is in a turn-off mode and the second
switch and the third switch is in a turn-on mode, the color temperature is unrelated to
the first color temperature when the second switch is in a turn-off mode and the first
switch and the third switch is in a turn-on mode or the middle color temperature is
related to the first color temperature and the second color temperature when the
third switch is in a turn-off mode and the first switch and the second switch is in a
turn-on mode. First of all, the first switch and the second switch may be respectively

fixed in the head and the end of their branch.

[0061]In an embodiment, the first switch may be set in an anode direction of the first
one of the first set of LED modules connected in series and set the second switch in
a cathode direction of the last second set of LED modules connected in series at the
same time such as which is shown in Fig. 1. Thus, it may be understood as the first
branch includes the first switch connected in series and the multiple first set of LED
modules, the second branch includes the multiple second set of LED modules and
the second switch.

[0062]In an embodiment, the first switch may be set to an cathode direction of the
last first set of LED modules connected in series and set the second switch to the
first one of an anode direction of the second set of LED modules connected in series

at the same time such as which is shown in Fig. 2.

[0063]In order to make the third switch in a turn-off mode, the first switch and the
second switch in a turn-on mode to have the middle color temperature related to the
first color temperature and the second color temperature for an effect of the middle
color temperature as the mixture of the high color temperature and the low color

temperature. The first end of the third switch may have to be connected between the
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two adjacent first set of LED modules in the first branch. The second end of the third
switch may be connected between the two adjacent second set of LED modules of
the second branch. In practical applications, a fourth switch may be set. A first end of
the fourth switch is fixed between the first switch and the two adjacent first set of
LED modules, a second end of the fourth switch is fixed between the two adjacent
second set of LED modules, the second end of the fourth switch is fixed between the
second switch and the two adjacent second set of LED modules, and the first end of

the fourth switch is fixed between the two adjacent first set of LED modules.

[0064] Please refer to Fig. 3. In an embodiment, when the first end of the fourth
switch S4 is fixed between the first switch and the two adjacent first set of LED
modules, the second end of the fourth switch S4 is fixed between the two adjacent
second set of LED modules. Meanwhile, the first switch, the second switch and the
third switch are all in the turn-on mode and the fourth switch is in the turn-off mode,
the passing of the current is shown as dashed lines in Fig. 3. The current passes the
first second set of LED modules L21 and n-1 first set of LED modules. Meantime, the
current shown in Fig. 3 has the color temperature effect as a mixture effect of the

first color temperature of LED and n-1 second color temperature of LED.

[0065] Please refer to Fig. 4. In an embodiment, the color temperature LED circuit
without the fourth switch is shown in Fig. 4. The first end of the third switch is
connected between the two adjacent first set of LED modules in the first branch and
the second end of the third switch is connected between the two adjacent second set
of LED modules of the second branch. When the third switch S31 is closed and the
first switch and the second switch is opened, the current of then is shown as dashed
lines in Fig. 4. Meanwhile, the color temperature of the circuit is the mixture effect of
one LED of the second color temperature and n-1 LED of the first color temperature.

In practical applications, the amount of the third switch may be one or more.

[0066] Please refer to Fig. 5. Fig. 5 shows another embodiment of the color
temperature LED circuit. The amount of the third switch is divided as S31, S32 and
S33. The first end of S31 and S32 is common connected and the second end of S31
and S32 is disconnected.

[0067] When the third switch S31 is closed and the first switch, the second switch,
the third switch S32 and S33 is opened, the current of then is shown in Fig. 5. The

10
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color temperature of the circuit is the mixture effect of two LED of the second color
temperature and n-2 LED of the first color temperature. When the third switch S32 is
closed and the first switch, the second switch, the third switch S31 and S33 is
opened, the current of then is shown as dashed lines in Fig. 6. Meanwhile, the color
temperature of the circuit is the mixture effect of n-2 LED of the second color

temperature and n-2 LED of the first color temperature.

[0068] However, the embodiment shown in Fig. 5 and Fig. 6 has a problem in the
connection of the third switch. For example, the related turned-on amount of LED is
not the same under the two color temperature which may cause a different
brightness demonstration under the same driving electricity. In order to solve the
problem, an embodiment provides a solution to solve the problem. When the amount
of the third switch is more than one, between the first end of the third switch may be
set disconnected and between the second end of the third switch is set disconnected.
Please refer to Fig. 1, Fig. 2 and Fig. 4. Every first end of the third switch is placed in
differently between the first set of LED modules and every second end of the third

switch is set differently between the second set of LED modules.

[0069] Please refer to Fig. 1, Fig. 2 and Fig. 4. The connecting method of the third
switch may solve the problem of the different brightness demonstration under
different color temperature in Fig. 5 and Fig. 6. However, the amount of the first set
of LED modules in the first branch and the amount of the second set of LED modules
in the second branch being different may also have the problem of unequal
brightness under different color temperature. Thus, in an embodiment, another color
temperature LED circuit is provided for making the amount of the first set of LED
modules in the first branch and the amount of the second set of LED modules in the
second branch the same. For example, the amount of the first set of LED modules in
the first branch and the amount of the second set of LED modules in the second
branch are all n for limiting an equal brightness under the first color temperature and

the second color temperature.

[0070]In an embodiment, a third switch may be set as closed and the first switch and
the second switch is set as opened, and the total amount of the first set of LED
modules and the second set of LED modules connected in the circuit is n for the
brightness demonstration of the color temperature LED circuit being the same under

every color temperature. Please refer to Fig. 1, Fig. 2 and Fig. 4. The first end of the
11
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third switch may be set between the no. i and no. i+1 first set of LED modules in the
first branch and the second end of the third switch is set between the no. i and no.

n+i second set of LED modules in the second branch.

[0071] Please refer to Fig. 4. When the first switch is the only one closed, the first
branch is being conducted electricity and turned on the n amount of first set of LED
modaules in the first branch for a color temperature as the first color temperature sw1.
When the second switch is the only one closed, the second branch is being
conducted electricity and turned on the n amount of second set of LED modules in
the second branch for a color temperature as the second color temperature sw2.
When the first one of the third switches is the only one closed, the first one of the
second set of LED modules in the second branch and the last n-1 one of the first set
of the LED modules in the first branch is being turned on for the color temperature as
(( n-1) sw1+sw2 )/ n. When the i one of the third switches is closed, the first i one of
the second set of LED modules in the second branch and the last n-i one of the first
set of the LED modules in the first branch is being turned on for the color
temperature as (( n-1 ) sw1+ixsw2 ) / n. The turned-on LED amount is n under every

color temperature.

[0072] Otherwise, the amount of the third switch may be set as a wanted color
temperature level and the two ends of the third switch may be set between two LEDs.
For example, the color temperature is set into three level for adjusting, the amount of
n is 20 which may set one third switch, the first end of the third switch may be set
between the tenth and the eleventh of the first set of LED modules and another end
of the third switch may be set between no. 10 and no. 11 of the second set of LED
modules. The color temperature may be set as five level for adjusting, the amount of
n is 20 which may set three third switches, the first one of the first end of the third
switch may be set between the fifth and the sixth of the first set of LED modules and
the other end of the first third switch may be set between the fifth and the sixth of the
second set of LED modules. The first end of the second of the third switch may be
set between the tenth and the eleventh of the first set of LED modules. The other
end of the second of the third switch may be set between the tenth and the eleventh
of the second set of LED modules. The first end of the third of the third switch may

be set between the fifteenth and the sixteenth of the first set of LED modules. The

12
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other end of the third of the third switch may be set between the fifteenth and the

sixteenth second set of LED modules.

[0073] Please refer to Fig. 7. In an embodiment, the color temperature LED circuit
also includes a driving module connected to the first branch. The driving module and
the first branch form a loop when the first switch in the first branch is closed. In
practical applications, the driving module may be a detachable or integrated driving

module.

[0074] Please refer to Fig. 8. Fig. 8 shows an embodiment of an arrangement of the
LED. The first set of LED modules in the first branch is shown as L1. The external
surrounded circle and the inner circle of the first set of LED modules is connected in
series as a circle. The second set of the LED modules in the second branch is
shown as L2. The external surrounded circle and the inner circle of the second set of
LED modules is connected in series as a circle. The external surrounded circle of the
first set of LED modules and the second set of the LED modules are arranged with a
gap between each other. The inner circle of the first set of LED modules and the
second set of the LED modules are arranged with a gap between each other. When
the first switch is closed (the first color temperature), the first set of LED modules is
turned on and is arranged equally without dark spots. When the second switch is the
only one closed (the second color temperature), the second set of LED modules is
turned on and is arranged equally without dark spots. When the | amount of the third
switch is the only one closed (the middle color temperature), the first i amount of the
second set of LED modules and the last n-i of the first set of LED modules in the first
branch is turned on, and the first i of the second set of LED modules in the second
branch and the last n-i second set of LED modules in the second branch is arranged

equally without dark spots.

[0075] Please refer to Fig. 9. Fig. 9 shows an embodiment of an arrangement of the
first set of LED modules and second set of LED modules. The white square is the
first set of LED modules in first branch and the black square is the second set of LED
modules in second set of LED modules. All of the first set of LED modules is
connected in series on the transverse. Between the first set of LED modules on
every transverse is connected in series. All of the second set of LED modules is also
connected in series on the transverse. Between the second set of LED modules on

every transverse is connected in series. The first set of LED modules or the second
13
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set of LED modules may be connected in series in vertical line and connect the
vertical light string in series. The specific connecting method may not be limited. The
arrangement shown in Fig. 8 may group the first set of LED modules and the second
set of LED modules. Every group may have only One LED being turned on to avoid
dark spots under each color temperature.

[0076]In Fig. 10, a lighting apparatus includes a driver, a first branch 8809, a second
branch 8810, a first switch 8802, a second switch 8808, multiple middle switches
8803, 8804, 8805, 8806, and a switch control unit 8824.

[0077]In some other embodiments, there may be more than two branches of LED
modules. There are various ways for implementing the switch control unit 8824 and
some examples are explained in following disclosure. The first switch 8802, the
second switch 8808, the multiple middle switches 8803, 8804, 8805, 8806 are
controlled to be turned on or turned off by and connected to the switch control unit
8824.

[0078] The driver 8801 converts an indoor power source to a driving current. For
example, a neural line 8822 and a live line 8823 are guided to an indoor power
source of 110V/220V alternating current is converted by the driver 8801 to a direct

current driving current for driving LED modules to emit light.

[0079] The first branch 8802 includes multiple first LED modules 8811. The multiple
first LED modules 8811 are divided into multiple first segments 8812, 8815. There
are first nodes 8816 between adjacent first segments 8812, 8815. Each first segment
8812, 8815 may include one or multiple first LED modules 8811. Each first LED
module 8811 emits a light with a first optical parameter when receiving a proper

driving current.

[0080] The second branch 8810 includes multiple second LED modules 8821. The
multiple second LED modules 8821 are divided into multiple second segments 8819,
8820. There are second nodes 8817 between adjacent second segments 8819,
8820. Each second segment 8819, 8820 may include one or multiple second LED
modules 821. Each second LED module 8821 emits a light with a second optical
parameter when receiving a proper driving current. The first optical parameter may
correspond to a first color temperature and the second optical parameter may
correspond to a second color temperature.
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[0081] The first switch 8802 is selectively connecting the driving current into the first
branch 8809. The second switch 8808 is selectively connecting the driving current
into the second branch 8810. The multiple middle switches 8803, 8804, 8805, 8806
are selectively connecting the first nodes 8816 and second nodes 8817. Specifically,
all LED modules in the lighting apparatus are divided into the first segments 8812,
8815 on the first branch 8809 and the second segments 8819, 8820 on the second
branch 8810. By selecting the first switch 8802, the second switch 8808 and the
middle switches 8803, 8804, 8805, 8806, the conductive path is selected and the
LED modules on the selected conductive path is supplied with the driving current.
The LED modules not on the selected conductive path are turned off. When the LED
modules have different types, selections of different types of LED module

correspond to different optical parameters.

[0082] The switch control unit 8824 is used for controlling selections of the first
switch, the second switch and the multiple middle switches 8803, 8804, 8805, 8806
for determining a conductive path of a selected set of LED modules selected from
the multiple first segments and the multiple second segments for mixing a required

optical parameter.

[0083]In some embodiments, the first LED modules refer to a first type of LED
module emitting a light of a first color temperature. The second LED module refers to
a second type of LED module emitting another light of a second color temperature.
The parameter color temperature may be replaced as color or any other optical

parameter.

[0084]In some embodiments, the first LED modules emit a first light with a first color
temperature, and the second LED modules emit a second light with a second color

temperature.

[0085] In some embodiments, the first segments have multiple types of mixed optical

parameters.

[0086] Specifically, not every first segment has the same kinds of LED modules.
More than one type of LED modules may be placed in the same first segment,
making each first segment having different features. In some other embodiments, the
first segments may have multiple types of optical parameters. In some other
embodiments, the first segments may all have the same type of optical parameter.
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[0087] Similarly, the second segment may have the same configuration as the first

segments as mentioned above.

[0088] Specifically, there are multiple first segments. These first segments may have
both a first type of LED module and a second type of LED module. The number ratio
of the first type of LED module and the second type of LED module may not be the
same in every first segment. In other words, there may be multiple types of first
segments containing different number ratio of the first type of LED module and the
second type of LED module. The first type of LED module and the second type of
LED module indicates that different types of LED module may have different optical

parameters like color temperatures.

[0089] In some embodiments, at least two first segments have different number ratio

of a first type of LED module and a second type of LED module.

[0090]In some embodiments, the driver includes a linear driver circuit for generating

a constant current as the driving current.

[0091] What challenges the most in design of an off-line LED driver is that the
forward voltage of an LED is relatively constant, while the power voltage from the
power grid is in sine wave. For this reason, most solutions are subject only to the
switch-type conversion architecture with the function of changing the voltage. The
linear drive is essentially to connect variable resistors and LEDs in series to share
the input voltage. Simple use of the linear architecture may cause mismatching
between the input and output voltages. When the input voltage is lower than the
forward voltage of an LED, no current passes through the LED. Otherwise, a resistor
or an equivalent device must be added to undertake the excessive voltage, from
which the energy is completely wasted. This may give rise to current deformity,

posing a threat to normal operation of the power grid.

[0092] To take advantage of such a simple linear circuit, and maximize matching with
the supply waveform in the power grid, the best method is to divide an LED into
segments as many as possible, and timely combine different numbers of LED
segments by different input voltage conditions for matching to minimize the voltage
loss. In terms of current, different currents need to pass through the LED at different
voltages to achieve a high power factor. Theoretically, we can obtain the nearly 100%
conversion efficiency and the power factor approaching 1 in the case of infinite LED
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voltage and current segments. However, we can only make a compromise between
performance and cost to achieve feasibility. As a result, linear driver circuits come

out.

[0093] One is the so-called constant-current diode, which is a two-pin element being
capable of one-way breakover, but the passing current is almost stable. When
thinking that the element is expensive, you can easily replace it with a simple
constant-current circuit consisting of two resistors, one voltage regulator diode, and
one common transistor. The constant-current diode can be directly connected to the
LED in series and then placed in the circuit for use. However, large current and high
voltage applied on such a diode may cause severe power dissipation and low
efficiency. Therefore, the high-voltage and low-current LED series should be used to
lower the dissipation and improve the efficiency. However, the downside is that
stable current can pass through the LED only when the input voltage is higher than
the LED forward voltage and the minimum voltage drop of the constant-current diode.
No current is output in other situations. Moreover, higher efficiency may result in
longer time in which no current passes through the LED as well as a lower power

factor.

[0094] The other one is the improved and segment-based pass-through LED drive.
With such a drive, the LED is divided into several segments and connected in series.
Then the connecting points between segments are connected to the constant-current
source via a switch. When the input voltage is applied, the power volume of the LED
shall be adjusted in real time based on the voltage for the maximal utilization ratio of

the LED and full use of the electric energy.

[0095]In Fig. 10, the switch control unit 8824 is configured with a manual switch
8866 operated by a user.

[0096]In some embodiments, the manual switch provides multiple options, each
option corresponding to one conductive path of corresponding selected set of LED
modules selected from the multiple first segments and the multiple second segments

for mixing a required optical parameter

[0097]In some embodiments, the switch control unit and the driver are integrated as

an integrated chip, the first segments and the second segments are connected to the
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integrated chip for performing the first switch, the second switch and the multiple

middle switches.

[0098]In some embodiments, the first LED modules and the second LED modules

are high voltage LED devices.

[0099]In some embodiments, the switch control unit is a direct switch toggling
circuits, not made as a micro control unit (MCU), which adds significant cost and

increases complexity of the circuit design.

[0100]In some embodiments, a manual switch has multiple options to be selected by
a user, each option is translated to turn on a switch set from the first switch, the

second switch and the multiple middle switches.

[0101]In some embodiments, a manual switch has multiple options to be selected by

a user, each option corresponds to turn on one corresponding middle switch.

[0102]In Fig. 11, the lighting apparatus may also include a tubular housing 8911 for
disposing the first branch and the second branch, wherein a manual switch 8912 has
multiple options to be selected by a user, the manual switch 8912 is placed on an

end cap of tubular housing.

[0103] As the example of Fig. 8, the lighting apparatus may also include a bulb shell
for disposing the first branch and the second branch, wherein a manual switch has
multiple options to be selected by a user, the manual switch is placed on a bulb head
connected to the bulb shell.

[0104]In Fig. 12, the lighting apparatus may also include a downlight housing 8913
for disposing the first branch and the second branch, wherein a manual switch 8914
has multiple options to be selected by a user. The manual switch 8915 is placed on a

driver box 8914 connected to the downlight housing.

[0105] In Fig. 12, the lighting apparatus may also include a downlight housing with a
light source plate 8917 for disposing the first branch and the second branch, wherein
a manual switch 8916 has multiple options to be selected by a user. The manual
switch 8916 is placed on a surface rim of the downlight housing. The driver 8919 and

the switch control unit 8918 are disposed on the light source plate 8917.

[0106]In Fig. 12, the lighting apparatus may also include a wireless module 8920 for

receiving an external command from an external device. The wireless module 8920
18
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is connected to the switch control unit. The switch control unit determines using the

external command or a manual switch based on a predetermined priority list.

[0107]In some embodiments, the driver is connected to a dimmer switch 8921. The

dimmer switch 8921 provides a setting for the driver to adjust the driving current.

[0108] In some embodiments, the setting of the dimmer switch is divided into a set of
dimmer options, each dimmer option corresponds to control the switch unit to select

a selected from the first segments and the second segments.

[0109]In some embodiments, the first segments and the second segments have
multiple light intensity levels, and an output light intensity is determined by selecting

a selected set from the first segments and the second segments.

[0110] The foregoing description, for purpose of explanation, has been described
with reference to specific embodiments. However, the illustrative discussions above
are not intended to be exhaustive or to limit the invention to the precise forms
disclosed. Many modifications and variations are possible in view of the above

teachings.

[0111] The embodiments were chosen and described in order to best explain the
principles of the techniques and their practical applications. Others skilled in the art
are thereby enabled to best utilize the techniques and various embodiments with

various modifications as are suited to the particular use contemplated.

[0112] Although the disclosure and examples have been fully described with
reference to the accompanying drawings, it is to be noted that various changes and
modifications will become apparent to those skilled in the art. Such changes and
modifications are to be understood as being included within the scope of the

disclosure and examples as defined by the claims.
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CLAIMS

1. A lighting apparatus, comprising:

a driver for converting an indoor power source to a driving current;

a first branch, comprising multiple first LED modules, the muitiple first LED modules
being divided into multiple first segments, adjacent first segments being connected with a
first node;

a second branch, comprising multiple second LED modules, the multiple second LED
modules being divided into multiple second segments, adjacent segments being connected
with a second node;

a first switch selectively connecting the driving current into the first branch;

a second switch selectively connecting the driving current into the second branch;

multiple middle switches selectively connecting the first nodes and second nodes;

a switch control unit, for controlling selections of the first switch, the second switch
and the multiple middle switches for determining a conductive path of a selected set of LED
modules selected from the multiple first segments and the multiple second segments for
mixing a required optical parameter;

wherein the switch control unit is configured with a manual switch operated by a
user, and the manual switch provides multiple options, each option corresponding to one
conductive path of corresponding selected set of LED modules selected from the multiple

first segments and the multiple second segments for mixing a required optical parameter.

2. The lighting apparatus of claim 1, wherein the first LED modules emit a first light
with a first color temperature, and the second LED modules emit a second light with a

second color temperature.

3. The lighting apparatus of claim 1 or 2, wherein the first segments have multiple

types of mixed optical parameters.

4. The lighting apparatus of claim 3, wherein at least two first segments have

different number ratio of a first type of LED module and a second type of LED module.
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5. The lighting apparatus of any one of claims 1 to 4, wherein the driver comprises a

linear driver circuit for generating a constant current as the driving current.

6. The lighting apparatus of any one of claims 1 to 5, wherein the switch control unit
and the driver are integrated as an integrated chip, the first segments and the second
segments are connected to the integrated chip for performing the first switch, the second

switch and the multiple middle switches.

7. The lighting apparatus of any one of claims 1 to 6, wherein the first LED modules

and the second LED modules are high voltage LED devices.

8. The lighting apparatus of any one of claims 1 to 7, wherein the switch control unit

is a direct switch toggling circuits.

9. The lighting apparatus of any one of claims 1 to 8, wherein a manual switch has
multiple options to be selected by a user, each option is translated to turn on a switch set

from the first switch, the second switch and the multiple middle switches.

10. The lighting apparatus of any one of claims 1 to 9, wherein a manual switch has
multiple options to be selected by a user, each option corresponds to turn on one

corresponding middie switch.

11. The lighting apparatus of any one of claims 1 to 10, further comprising a tubular
housing for disposing the first branch and the second branch, wherein a manual switch has
multiple options to be selected by a user, the manual switch is placed on an end cap of

tubular housing.

12. The lighting apparatus of any one of claims 1 to 11, further comprising a bulb
shell for disposing the first branch and the second branch, wherein a manual switch has
multiple options to be selected by a user, the manual switch is placed on a bulb head

connected to the bulb shell.
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13. The lighting apparatus of any one of claims 1 to 12, further comprising a
downlight housing for disposing the first branch and the second branch, wherein a manual
switch has multiple options to be selected by a user, the manual switch is placed on a driver

box connected to the downlight housing.

14. The lighting apparatus of any one of claims 1 to 13, further comprising a
downlight housing with a light source plate for disposing the first branch and the second
branch, wherein a manual switch has multiple options to be selected by a user, the manual
switch is placed on a surface rim of the downlight housing, the driver and the switch control

unit are disposed on the light source plate.

15. The lighting apparatus of any one of claims 1 to 14, further comprising a wireless
module for receiving an external command from an external device, the wireless module is
connected to the switch control unit, the switch control unit determines using the external

command or a manual switch based on a predetermined priority list.

16. The lighting apparatus of any one of claims 1 to 15, wherein the driver is
connected to a dimmer switch, the dimmer switch provides a setting for the driver to adjust

the driving current.

17. The lighting apparatus of claim 16, wherein the setting of the dimmer switch is
divided into a set of dimmer options, each dimmer option correspond to control the switch

unit to select a selected from the first segments and the second segments.

18. The lighting apparatus of any one of claims 1 to 17, wherein the first segments
and the second segments have multiple light intensity levels, and an output light intensity is

determined by selecting a selected set from the first segments and the second segments.
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