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A Light Emitting Diode ( LED ) light includes a bridge 
rectifier configured to be powered by an alternating current 
power source and to produce a rectified output . Control 
circuitry couples to the bridge rectifier and is configured to 
produce a shunt signal when the rectified output is less than 
a threshold voltage . A series connected Light Emitting 
Diode ( LED ) string includes a first group of LEDs and a 
second group of LEDs . A switch couples to a first side of the 
second group of LEDs and is controlled by the shunt signal 
to deactivate the second group of LEDs . The control cir 
cuitry may include a ratio metric series resistor string 
configured to sense a proportion of the rectified output and 
an inverter configured to generate the shunt signal based on 
the proportion of the rectified output . 
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are significantly more efficient than incandescent light bulbs , 
with typical efficiencies of 10 % or so . 
[ 0006 ] Unfortunately , CFL light bulbs are more compli 
cated to manufacture than incandescent light bulbs , as they 
require a ballast to limit the current in the fluorescent tube 
after startup . Also , dimmer switches are commonly used 
with light bulbs , and CFL light bulbs are not very compatible 
with dimmer switches . Complications such as these make 
the manufacture of CFL light bulbs more expensive than 
incandescent bulbs — typically a CFL light bulb will cost 
several times more than an incandescent light bulb with the 
same level of light output . Finally , CFL light bulbs contain 
small amounts of mercury which is hazardous to humans 
and which makes it more difficult to dispose of them safely . 
[ 0007 ] Light Emitting Diode light bulbs ( also known as 
LED light bulbs ) are even better than CFL light bulbs . The 
LEDs used in LED light bulbs are rapidly increasing in 
efficiency and light output , which allows LED light bulbs to 
get better over time . At typical efficiencies of 15 % or so , 
LED light bulbs already offer higher efficiencies than CFL 
bulbs , and this efficiency advantage is expected to increase 
over time . Also , LED light bulbs do not contain hazardous 
materials , and are more flexible than CFL light bulbs . For 
example , LED light bulbs typically work better with dimmer 
switches which are commonly used by consumers . 
[ 0008 ] Unfortunately , LED light bulbs are currently more 
expensive than CFL bulbs , and they are significantly more 
expensive than incandescent bulbs . Even with today's 
prices , the energy savings over a multi - year period of use is 
sufficient to justify the extra cost of LED light bulbs . This is 
especially true given that LED light bulbs typically have a 
longer lifetime than CFL bulbs , and a significantly longer 
lifetime than incandescent bulbs . The prices of LED bulbs 
are expected to decline in the future . As these prices decline , 
any remaining consumer resistance to using LED bulbs will 
reduce , and LED light bulbs are expected to become the 
dominant type of light bulb . 
[ 0009 ] LED light bulbs use light emitting diodes ( com 
monly referred to as LEDs ) to generate light . LEDs operate 
by running electrical current through a forward biased diode 
junction which then emits monochromatic photons of light . 
These monochromatic photons are then converted to broad 
spectrum white light by use of a phosphor . The LEDs 
typically need to be supplied with a voltage in the region of 
3.5V or so . In order to maximize the light output from the 
LED , and minimize flicker in the resulting light output , it is 
normal to drive the LED with a constant direct current ( DC ) . 
It is also possible to use multiple colors of LEDs ( typically 
red , green , and blue LEDs ) to generate a broad spectrum of 
light without the use of a phosphor , although this is not 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
[ 0002 ] The present invention relates to Light Emitting 
Diode ( LED ) lighting , and more particularly to circuitry for 
driving LED lighting and LED lighting containing such 
circuitry . 

2. Description of the Related Art 

common . 

[ 0003 ] Electrical lighting is widely used all around the 
world , and has been for close to a century . For most of this 
time , the dominant form of electrical lighting has been 
incandescent light bulbs . However other forms of light bulbs 
are becoming more popular in recent years . 
[ 0004 ] Incandescent light bulbs pass an electrical current 
through a wire ( called the filament ) which causes the wire to 
heat up until it becomes white hot and emits light . Incan 
descent light bulbs are cheap , reliable , and very widely used , 
however most of the energy that they consume is emitted as 
waste heat rather than as useful light . Mainly because of this 
waste heat , the majority of the energy consumed by an 
incandescent light bulb is wasted , and the efficiency of 
incandescent light bulbs is typically as low as 2 % -3 % . 
[ 0005 ] Compact fluorescent light bulbs ( also known as 
CFL bulbs ) use a fluorescent tube which is folded to fit in the 
space of an incandescent light bulb , allowing the use of a 
CFL light bulb in place of an incandescent light bulb . The 
fluorescent tube generates light through gas discharge by 
using electricity to excite a mercury vapor , which then emits 
ultraviolet light , which in turn is converted to visible light by 
a phosphor that coats the inside of the tube . CFL light bulbs 

[ 0010 ] The light emitted by an LED is much more strongly 
correlated with the current flowing through the LED than 
with the voltage dropped across the LED . In order to more 
closely match the light output from multiple LEDs , it is 
more effective to match the current provided to each LED 
than to match the voltage provided to each LED . Therefore , 
it is preferred to connect several LEDs into a series con 
figuration ( an LED “ string ” as shown in item 110 in FIG . 1 ) 
than to connect several LEDs in parallel ( as shown in item 
120 in FIG . 1 ) . An additional benefit of connecting LEDs in 
series is that the driving voltage is higher ( Nx ~ 3.5V , where 
N is the number of LEDs in series ) , and the total driving 
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currents are lower , thereby allowing for a more efficient 
design for the driving circuit . 
[ 0011 ] The power supply for an LED light bulb is typically 
an alternating current ( AC ) voltage from a power mains 
supply . In various parts of the world this supply will be a 
sine wave with a voltage of 120V RMS ( which is equal to 
170V peak , or 340V peak - to - peak ) or 240V RMS ( which is 
equal to 340V peak , or 680V peak - to - peak ) , and a frequency 
of approximately 50 Hz or 60 Hz . The LED light bulb takes 
energy from this AC supply , and converts it to a form that is 
suitable for the LEDs to consume . 
[ 0012 ] Additionally , the LED light bulb will need to have 
a power factor ( PF ) of close to 1.0 , which means that the 
current taken from the mains supply should be in direct 
proportion to the voltage of that supply . Expressed another 
way , this means that the LED light bulb should present a 
purely resistive load to the mains supply . 
[ 0013 ] This requirement significantly complicates the 
design of an LED light bulb . If an LED light bulb has a PF 
of 1.0 , then the energy taken from the mains supply will 
mostly be concentrated into short periods aligned with the 
peaks of the voltage from the mains supply ( item 210 in FIG . 
2 ) , but the energy consumed by the LEDs will ideally be at 
a constant level ( item 220 in FIG . 2 ) . Achieving this requires 
energy storage for short periods of time inside the LED light 
bulb . 
[ 0014 ] One other important metric of the performance of 
light bulbs is flicker , which is the variation in the light output 
from the light bulb over short periods of time . The human 
visual system is not especially sensitive to flicker above 
about 20 Hz , as evidenced by the fact that video displays 
often display video content with a 24 Hz frame rate , at which 
point most people cannot visually detect that the display is 
flickering , although displays often operate at multiples of 
this frequency in order to make flickering even less apparent . 
At lower frequencies however , say 10-15 Hz , flicker 
becomes very detectable ( and annoying ) for the human 
visual system , and has been known to cause health effects in 

Because of this , LED light bulbs are typically dominated by 
their heat sinks , and this contributes a significant proportion 
of the manufacturing cost of a current LED light bulb . 
[ 0018 ] The performance of LEDs is getting better , and the 
amount of light that they output per unit of energy consumed 
is going up . Current lab designs of LEDs emit as much as 2x 
more lumens of light per watt than the LEDs typically used 
in current production LED light bulbs . When these LEDs are 
used in production products , their 2x higher light output will 
mean that they generate less waste heat per LED , but more 
importantly , their higher light output will mean that only half 
as many LEDs are required for the same level of light output . 
Thus , a 2x improvement in light output per watt consumed 
will result in an approximately 3x decrease in waste heat per 
LED light bulb . 
[ 0019 ] Improvements in this area will have a large impact 
in the heat dissipation required in LED light bulbs . As the 
efficiency of the LEDs themselves continues to improve , this 
heat dissipation problem will become much less severe , and 
the need for extensive heat handling will become much less 
significant 
[ 0020 ] The other remaining problem with current LED 
light bulbs is that they require power conversion electronics 
to convert the power supplied by the mains connection to a 
form that can be used by the LEDs themselves . The LED 
electronics also are responsible for managing other func 
tions , such as managing the power conversion electronics to 
keep the power factor as high as possible , adjusting the light 
output of the LEDs based on the operation of a dimmer 
SW adjusting the light output of the LEDs to account for 
aging and temperature effects , and other functions . The LED 
electronics add cost and size to LED light bulbs . They also 
contribute to waste heat when the power conversion elec 
tronics don't convert energy with perfect efficiency . 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

some cases . 

[ 0015 ] Incandescent light bulbs do not demonstrate sig 
nificant flicker . The energy supplied to the light bulb by an 
AC supply occurs primarily concentrated in short bursts 
corresponding to the peaks of the AC voltage , however the 
filament retains heat for a long enough period that it smooth 
ens out these peaks to generate light at an almost constant 
level . 
[ 0016 ] CFL light bulbs also do well with flicker manage 
ment , because the phosphor demonstrates something called 
phosphor persistence , where the monochromatic photons of 
light absorbed by the phosphor are emitted as broad spec 
trum light after a random delay , leading to a smoothing effect 
on the level of light output and reducing flicker . Since LED 
lights use a similar approach with a phosphor converting a 
monochromatic photon source into broad spectrum light , 
their phosphor has a similar flicker smoothing effect . 
[ 0017 ] A challenge with LED light bulbs today is heat 
dissipation . Incandescent light bulbs emit a large percentage 
of the energy they consume as waste heat , however most of 
the waste heat is emitted as infra - red light , and they do not 
contain any especially heat sensitive components , so they do 
not require specialized heat handling features . Per unit of 
useful light emitted , LED light bulbs waste less energy as 
heat ; however most of this heat is not radiated and needs to 
be conducted away from the LEDs using a heat sink . 

[ 0021 ] FIG . 1 illustrates prior art LED strings and LED 
arrangements ; 
[ 0022 ] FIG . 2 is a graph illustrating an alternating current 
cycle along with LED power needs graphed therewith ; 
[ 0023 ] FIG . 3 illustrates an LED string having a plurality 
of series connected LEDs ; 
[ 0024 ] FIG . 4 illustrates an LED light driven by a full 
wave rectified voltage along with graphs illustrating volt 
ages driving the LED light ; 
[ 0025 ] FIG . 5 illustrates voltage , current , and lumens 
graphs corresponding to the LED light of FIG . 4 ; 
[ 0026 ] FIG . 6 illustrates an LED light contrasted accord 
ing to one or more embodiments of the present invention ; 
[ 0027 ] FIG . 7A illustrates an LED light constructed 
according to another embodiment of the present invention ; 
[ 0028 ] FIG . 7B illustrates an LED light constructed 
according to another embodiment of the present invention 
with dimmer control ; 
[ 0029 ] FIG . 7C illustrates an LED light constructed 
according to another embodiment of the present invention 
with voltage sensing circuitry and dimmer control ; 
[ 0030 ] FIG . 7D illustrates an LED light constructed 
according to another embodiment of the present invention 
with current sensing circuitry ; 
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[ 0031 ] FIG . ZE illustrates an LED light constructed 
according to another embodiment of the present invention 
with current sensing circuitry and multiple tap impedance 
adjust circuitry ; 
[ 0032 ] FIG . 7F illustrates behavior of an LED light con 
structed according to the present invention as compared to 
an LED light without linearization ; 
[ 0033 ] FIG . 7 illustrates an LED light constructed 
according to another embodiment of the present invention 
with current sensing circuitry and multiple tap impedance 
adjust circuitry using bipolar transistors ; 
[ 0034 ] FIG . 8 illustrates an LED light constructed accord 
ing to another embodiment of the present invention embod 
ied in a conventional light bulb form ; 
[ 0035 ] FIG . 9 illustrates an LED light constructed accord 
ing to an embodiment of the present invention having 
electronics located in module remote to multiple LED bulbs ; 
[ 0036 ] FIG . 10 illustrates an LED light constructed 
according to another embodiment of the present invention 
having electronics located in module remote to multiple 
LED bulbs ; 
[ 0037 ] FIG . 11 illustrates an LED light constructed 
according to still another embodiment of the present inven 
tion having electronics located in module remote to multiple 
LED bulbs ; 
[ 0038 ] FIG . 12 illustrates an LED light constructed 
according to another embodiment of the present invention 
embodied in a conventional light bulb form with electronics 
located in a base ; 
[ 0039 ] FIG . 13A illustrates an LED light constructed 
according to an embodiment of the present invention having 
electronics located in module remote to multiple LED bulbs 
and having kick start circuitry ; 
[ 0040 ] FIG . 13B illustrates an LED light constructed 
according to an embodiment of the present invention having 
electronics located in module remote to multiple LED bulbs 
and having kick start circuitry respective to each LED bulb ; 
[ 0041 ] FIG . 14 illustrates an LED light constructed 
according to an embodiment of the present invention having 
kick start circuitry shown in detail ; 
[ 0042 ] FIG . 15 illustrates an LED light constructed 
according to an embodiment of the present invention having 
LED electronics respective to multiple LED bulbs and a wall 
mounted switch configured to relay control information to 
the LED electronics ; 
[ 0043 ] FIG . 16 illustrates an LED light constructed 
according to an embodiment of the present invention having 
LED electronics respective to multiple LED bulbs and a wall 
mounted switch configured to wirelessly relay control infor 
mation to the LED electronics ; 
[ 0044 ] FIG . 16A illustrates an LED light constructed 
according to an embodiment of the present invention having 
LED electronics respective to multiple LED bulbs and a wall 
mounted switch configured to relay control information to 
the LED electronics and to service wireless communications 
with a client device ; 
[ 0045 ] FIG . 16B illustrates an LED light constructed 
according to an embodiment of the present invention having 
LED electronics respective to multiple LED bulbs and a wall 
mounted switch configured to wirelessly relay control infor 
mation to the LED electronics and to service wireless 
communications with a client device ; 
[ 0046 ] FIG . 16C illustrates LED light constructed accord 
ing to another embodiment of the present invention having 

LED electronics respective to multiple LED bulbs and a wall 
mounted switch configured to wirelessly relay control infor 
mation to the LED electronics and to service wireless 
communications with a client device ; 
[ 0047 ] FIG . 16D illustrates three differing embodiments of 
an LED light controller constructed according the present 
invention that supports communications with remote 
devices ; 
[ 0048 ] FIG . 16E illustrates an embodiment of an LED 
light controller constructed according the present invention 
that supports communications with remote devices ; 
[ 0049 ] FIG . 16F illustrates an LED light constructed 
according to an embodiment of the present invention having 
LED electronics respective to multiple LED bulbs and a wall 
mounted switch configured control the LED light paired 
therewith ; 
[ 0050 ] FIG . 16F1 illustrates a ceiling mounted LED light 
constructed according to an embodiment of the present 
invention with a remote control ; 
[ 0051 ] FIG . 16F2 illustrates an LED light constructed 
according to an embodiment of the present invention with a 
remote control ; 
[ 0052 ] FIG . 16F3 illustrates an LED light constructed 
according to another embodiment of the present invention 
with a remote control ; 
[ 0053 ] FIG . 16G illustrates an LED light constructed 
according to an embodiment of the present invention with 
multiple wave rectification circuits ; 
[ 0054 ] FIG . 16H illustrates an LED light constructed 
according to another embodiment of the present invention 
with multiple wave rectification circuits coupled via trans 
former ; 
[ 0055 ] FIG . 161 illustrates an LED light constructed 
according to an embodiment of the present invention having 
a high voltage protection circuit ; 
[ 0056 ] FIG . 16J illustrates an LED light constructed 
according to an embodiment of the present invention having 
a surge protection circuit ; 
[ 0057 ] FIG . 16K illustrates an ED light constructed 
according to an embodiment of the present invention having 
LED bulbs accessible via jumper ; 
[ 0058 ] FIG . 16L illustrates an LED light constructed 
according to an embodiment of the present invention having 
differing LED bulb connection options ; 
[ 0059 ] FIG . 17 illustrates an LED light string constructed 
according to an embodiment of the present invention in a 
multiple layer semi conductive substrate ; 
[ 0060 ] FIG . 17A illustrates an LED light string con 
structed according to another embodiment of the present 
invention in a multiple layer semi conductive substrate ; 
[ 0061 ] FIG . 18 illustrates an LED light string constructed 
according to yet another embodiment of the present inven 
tion in a multiple layer semi conductive substrate ; 
[ 0062 ] FIG . 19 illustrates an LED light string constructed 
according to yet another embodiment of the present inven 
tion in a multiple layer semi conductive substrate ; 
[ 0063 ] FIG . 20 illustrates an LED light string constructed 
according to yet another embodiment of the present inven 
tion in a multiple layer semi conductive substrate ; 
[ 0064 ] FIG . 21 illustrates an LED light string constructed 
according to yet another embodiment of the present inven 
tion in a multiple layer semi conductive substrate ; and 
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[ 0065 ] FIG . 22 illustrates an LED light string constructed 
according to yet another embodiment of the present inven 
tion in a multiple layer semi conductive substrate . 

DETAILED DESCRIPTION 

[ 0066 ] According to one or more aspects of the present 
invention , an LED light bulb includes improved power 
conversion electronics . The power conversion electronics 
service an LED string 310 as illustrated in FIG . 3 and its 
operation depends on the AC peak voltage , and includes 
enough LEDs so that all the LEDs are fully turned on and 
outputting light at their peak value when the AC input 
voltage is at its peak value . For example , with LEDs with a 
peak supply voltage of 3.6V , and a 120 Vrms AC supply 
( = 120 * 20.5 = 169V peak ) , we will need 47 LEDs in the string . 
[ 0067 ] FIG . 4 illustrates an LED light driven by a full 
wave rectified voltage along with graphs illustrating volt 
ages driving the LED light . An LED light 410 built using a 
LED string is shown in FIG . 4 , and the expected perfor 
mance of such a light bulb is shown in FIG . 5. The AC 
voltage supply is shown at graph 412 of FIG . 4 and the 
rectified AC voltage is shown at 414 of FIG . 4. The AC 
voltage ( Vmains ) , AC current ( Imains ) , and lumens pro 
duced by the LED light bulb 410 are illustrated in FIG . 5 . 
[ 0068 ] Since there is a very non - linear relationship 
between the voltage across a LED and the light output , the 
light output from the LEDs will vary throughout the full 
cycle of the AC input voltage as show in FIG . 5. This leads 
to a flicker in the light output that happens at twice the 
frequency of the input AC supply ( i.e. 100 Hz in areas with 
50 Hz mains supply , 120 Hz in areas with 60 Hz mains 
supply ) , although the actual light output from the LED light 
bulb will be smoothed out quite a bit by the phosphor 
persistence of the phosphors used to convert the monochro 
matic photons from the LEDs to broad spectrum light from 
the LED light bulb . 
[ 0069 ] There are two other major disadvantages to a LED 
string . First , the LEDs will be inactive for a significant 
proportion of the AC cycle , which means that the LEDs will 
operate with a large peak power to average power ratio . A 
higher peak to average power ratio may increase the cumu 
lative power rating of all of the LEDs needed in an LED light 
bulb to achieve a certain level of light output . Second , the 
shape of the current waveform consumed by the LEDs will 
be quite far away from the ideal of a sine wave that is in 
phase with the AC voltage sine wave . This will lead to a 
sub - optimal power factor for an LED light bulb made with 
a LED string 
[ 0070 ] FIG . 6 illustrates an LED light contrasted accord 
ing to one or more embodiments of the present invention . It 
is possible to improve upon the performance of a LED string 
significantly with a circuit as shown in FIG . 6. The LED 
light 610 of FIG . 6 includes an AC power source 612 , a 
bridge rectifier 614 , a control circuitry 616 , a switch 617 , 
and a series connected LED string 618. The series connected 
LED string 618 includes a first group of LEDs including 
LED 620 and above and a second group of LEDs including 
LED 630 and below . The control circuitry 616 includes a 
ratio metric series resistor string and an inverter that , in 
operation , turn on the switch 617 when the voltage produced 
by the bridge rectifier 614 is below threshold voltage and 
to turn off the switch 617 when the voltage produced by the 
bridge rectifier 614 is above the threshold voltage . 

[ 0071 ] The bridge rectifier 614 is configured to be pow 
ered by an alternating current power source ( AC power 
source 612 ) and to produce a rectified output . The control 
circuitry 616 couples to the bridge rectifier and is configured 
to produce a shunt signal when the rectified output is less 
than a threshold voltage . The series connected Light Emit 
ting Diode ( LED ) string 630 includes a first group of LEDs 
( 620 and above ) and a second group of LEDs ( 630 and 
below ) . The switch 617 couples across the second group of 
LEDs and controlled by the shunt signal to deactivate the 
second group of LEDs . 
[ 0072 ] In one embodiment , a number of the first group of 
LEDs is approximately equal to a number of the second 
group of LEDs . In another embodiment , a number of the first 
group of LEDs is greater than a number of the second group 
of LEDs . The first group of LEDs may include one or more 
than one LED . The second group of LEDs may include one 
or more than one LED . 
[ 0073 ] The control circuitry 616 may include a ratio 
metric series resistor string configured to sense a proportion 
of the rectified output and an inverter configured to generate 
the shunt signal based on the proportion of the rectified 
output . The inverter may include a transistor configured to 
receive the proportion of the rectified output and a resistor 
coupled to the transistor and configured to generate the shunt 
signal based on the proportion of the rectified output . 
[ 0074 ] The switch 617 may be a field effect transistor 
having gate configured to receive the shunt signal and a 
drain and source connected in shunt across the second group 
of LEDs . In another embodiment , the switch 617 may be a 
bipolar transistor having a base configured to receive the 
shunt signal and an emitter and collector connected in shunt 
across the second group of LEDs . 
[ 0075 ] The control circuitry and switch are configured to 
effectively adjust the length of the LED string to short out 
every LED from device 630 and below in the LED string 
618 , during the part of the AC cycle when the supply voltage 
is less than the threshold voltage ( which is equal to a portion 
of the peak voltage , e.g. , 100 % , 90 % , 80 % , 70 % , 60 % , etc. ) . 
This will allow the remaining LEDs in the LED string 618 
to see higher voltages than they would otherwise see during 
this part of the AC cycle ( with switching device 617 closed / 
transistor turned on ) , leading to higher levels of current and 
larger amounts of light output from these LEDs than would 
otherwise be the case without the LED string shortening 
circuit . 
[ 0076 ] Teachings of the present invention address disad 
vantages of the LED string mentioned previously , among 
other disadvantages . Accordingly , the overall light output 
goes up , thereby improving the average to peak light output 
ratio . And two , the current waveform now allows greater 
amounts of current at periods where the LED string was 
previously not conducting current , improving the power 
factor . 

[ 0077 ] For example , in one simulation , a LED string with 
47 LEDs has a peak to average LED power ratio of 4.04 to 
1 , and a power factor of 81.58 % . Because of the simplicity 
of the LED electronics , there is very little energy lost in 
power conversion , and 99.2 % of all of the energy used by the 
LED light bulb will be consumed by the LEDs . It is true that 
a significant portion of the energy consumed by the LEDs 
will be wasted as heat , however this constraint is common 
to all possible designs of an LED light bulb . 
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[ 0078 ] The modified LED string circuit shown in FIG . 6 
manages to improve on this performance significantly . If 
device 610 is configured to remove 8 LEDs from the string 
whenever the input voltage is below 145V , the peak to 
average LED power ratio improves to 3.30 to 1 , and the 
power factor improves to 87.91 % . The energy efficiency of 
this design continues to remain excellent , with 99.1 % of the 
energy consumed by the LED light bulb being delivered to 
the LEDs . 
[ 0079 ] FIG . 7A illustrates an LED light constructed 
according to another embodiment of the present invention . 
It is possible to further improve upon the LED string design 
by adding additional tap points to allow more variation in the 
number of LEDs active in the LED string . FIG . 7 shows one 
such circuit 710. The device 710 of FIG . 7A includes a 
bridge rectifier 714 configured to be powered by an alter 
nating current power source 712 and to produce a rectified 
output . The device 710 further includes control circuitry 716 
coupled to the bridge rectifier 714 , the control circuitry 716 
configured to produce a first shunt signal to switch 718 based 
upon the rectified output and at least one first voltage 
threshold and to produce a second shunt signal to switch 720 
based upon the rectified output and at least one second 
voltage threshold . A series connected Light Emitting Diode 
( LED ) string 722 includes a first group of LEDs 724 , a 
second group of LEDs 726 , and a third group of LEDs 728 . 
The first switch 718 couples to a first side of the second 
group of LEDs 726 and is controlled by the first shunt signal 
to deactivate the second group of LEDs 726. The second 
switch 720 couples to a first side of the third group of LEDs 
728 and is controlled by the second shunt signal to deacti 
vate the third group of LEDs 728 . 
[ 0080 ] If the circuit 710 in FIG . 7A is configured to 
remove 4 LEDs from the LED string when the voltage from 
the diode bridge is below 155V , and remove a further 4 when 
the voltage is below 140V , then the peak to average LED 
power ratio improves yet again to 3.01 to 1 , and the power 
factor improves to 89.58 % . 
[ 0081 ] In alternate embodiment of FIG . 7A , switch 718 , 
instead of shunting to ground , shuts across the second group 
of LEDs 726 , such that when the switch is closed ( transistor 
is turned on ) , the second group of LEDs 726 are disabled . 
[ 0082 ] With one embodiment of the device 710 of FIG . 
7A , a number of the second group of LEDs 726 is approxi 
mately equal to a number of the third group of LEDs 728 . 
With another embodiment of the device of FIG . 7A , a 
number of the first group of LEDs is greater than a number 
of the second group of LEDs . The first group of LEDs may 
include one or more than one LED . The second group of 
LEDs may include one or more than one LED . The third 
group of LEDs may include one or more than one LED . 
[ 0083 ] With the device 710 of FIG . 7A , the control cir 
cuitry may include a ratio metric series resistor string 
configured to sense a first proportion and a second propor 
tion of the rectified output , a first inverter configured to 
generate the first shunt signal based on the first proportion of 
the rectified output , and a second inverter configured to 
generate the second shunt signal based on the second 
proportion of the rectified output . With this embodiment , the 
first inverter may include a first transistor configured to 
receive the first proportion of the rectified output and a first 
resistor coupled to the transistor and configured to generate 
the first shunt signal based on the first proportion of the 
rectified output and the second inverter may include a 

second transistor configured to receive the second propor 
tion of the rectified output and a second resistor coupled to 
the second transistor and configured to generate the second 
shunt signal based on the second proportion of the rectified 
output . 
[ 0084 ] The first or second switch may be a field effect 
transistor having a gate configured to receive a respective 
first shunt signal with a drain and source connected in shunt 
across a respective group of LEDs . In another embodiment , 
the first or second switch may be a bipolar transistor having 
a base configured to receive a respective first shunt signal 
and an emitter and collector connected in shunt across a 
respective group of LEDs . 
[ 0085 ] It is possible to include multiple additional tap 
points at various points in the LED string , and triggered at 
various AC input voltage points , allowing for additional 
incremental improvements in the peak to average LED 
power ratio , and in the PF . Inverters created by R4 and R5 
and the FETs attached below them could be replaced by any 
type of inverter including , but not limited to , full CMOS 
inverters , PMOS inverters , NPN or PNP inverters . 
[ 0086 ] FIG . 7B illustrates an LED light constructed 
according to another embodiment of the present invention 
with dimmer control . A modification allows dimmer control 
of the further improved LED string . Gating Dim 1 and Dim 
2 to a logic - high allows the further improved LED string to 
operate as the circuit in FIG . 7A . However , gating dimmer 
control signal Dim 2 to a logic - low while keeping Dim 1 at 
a logic - high prevents device M6 from ever turning off . This 
action switches fewer diodes across the rectified supply 
causes an increase in light output , thereby offering two 
levels of dimmer capability . Furthermore , by switching Dim 
1 and Dim 2 to various logic levels as shown in Table 1 
below , allows three dimmer levels to be achieved . 
[ 0087 ] One drawback is that the PF of the LED light bulb 
will vary with Dim 1 and 2 settings as shown in the Table 
1. In fact , the PF is worse when the LED string is consuming 
the most power . This will be unacceptable in some applica 
tions . 

TABLE 1 

Brightness and PF for Dim states 

Logic State 
0 Dim 1 

Dim 2 
Brightness 
Approximate PF 

0 
high 
0.7 

0 
1 
high 
0.7 

1 
0 

medium 
0.8 

1 
1 
low 
0.9 

[ 0088 ] FIG . 7C illustrates an LED light constructed 
according to another embodiment of the present invention 
with voltage sensing circuitry and dimmer control . Other 
switching schemes could be used to achieve a high PF at 
high brightness . When Dim 1 and Dim 2 are set to a 
logic - high , the circuit behaves exactly like the circuit in FIG . 
7A with a high PF of about 0.9 . However , when Dim 1 is set 
to a logic - low and Dim 2 is maintained at a logic - high , the 
LED string brightness is reduced along with the PF , but a 
reduced PF is not as big of an issue when the LED string in 
drawing less power from the supply . Likewise , when both 
Dim 1 and 2 are set to a logic - low , the PF again is reduced , 
but so are the brightness and the power drawn from the 
supply . See Table 2 . 
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TABLE 2 

Brightness and PF for each Dim state 

Logic State 
1 Dim 1 

Dim 2 
Brightness 
Approximate PF 

0 
0 

low 
low 

0 
1 

medium 
medium 

1 
0 

high 
high ( 0.9 ) 

high 
high ( 0.9 ) 

[ 0089 ] There are ther possible switching sc mes that 
will yield varying performance of brightness and PF . Cir 
cuits constructed according to the present invention use 
various switching schemes to achieve improved PF , dimmer 
capability or both in one switching circuit . Any electronic 
technology could be used to accomplish the switching 
discussed including , but not limited to , bipolar , MOSFET , 
GAS , MEMS , integrated circuit , or discrete component 
technologies . 
[ 0090 ] FIG . 7D illustrates an LED light constructed 
according to another embodiment of the present invention 
with current sensing circuitry . To improve PF , the non - linear 
nature of the LED string can be improved using a current 
sensing circuit as shown in FIG . 7D . The current in the diode 
string ( Id ) is sensed by the current sense circuit . The current 
sense circuit may be a resistor . Id is then compared to a 
reference current ( Ir ) generated by the reference current 
circuit . The reference current circuit may be comprised of 
two resistors . The current difference is used to adjust the 
impedance of the diode string such that it appears more 
linear or resistive and less non - linear like a diode . The 
impedance adjust circuit may be implemented with a switch . 
[ 0091 ] A low voltage ( Vr ) on the LED string , will produce 
an Id = 0 amps , because the LED's have insufficient voltage 
to forward bias them . Ir , however , will not be zero which , 
when compared to Id will activate the impedance adjust 
circuit to shunt one tap of the diode string to bottom of the 
LED string . Id initially will be zero , but eventually , at some 
Vr level , Id will exceed Ir and cause the impedance adjust 
circuit to free the tap that was shunted to the bottom of the 
LED string . This freeing the tap " can happen continuously 
or all at once with a switch . This freeing of the tap will 
increase the impedance of the LED string removing some of 
its non - linearity . 
[ 0092 ] FIG . ZE illustrates an LED light constructed 
according to another embodiment of the present invention 
with current sensing circuitry and multiple tap impedance 
adjust circuitry . With FIG . 7E , an LED linearization scheme 
uses current sensing and multiple taps . It operates much like 
the scheme in FIG . 7D , but uses ultiple taps to adjust the 
impedance of the LED string . The multiple taps are better 
suited for a digital or switched implementation rather than a 
continuous or analog implementation . As Ir increases and Id 
varies based on switch position of the taps , the impedance 
adjust circuit tries to maintain Id = Ir , creating a more linear 
ized LED string . 
[ 0093 ] FIG . 7F illustrates behavior of an LED light con 
structed according to the present invention as compared to 
an LED light without linearization . FIG . 7F compares the 
I - V curves of a diode string and a resistor ( top ) and a 
linearized diode string and a resistor ( bottom ) . Initially , 
when the voltage Vr is zero , all of the impedance adjust 
circuit switches are shorting LED string taps to the bottom 
of the LED string . As Vr increases , the difference between 

Ir and Id causes the impedance adjust circuit to releases the 
taps of the LED string from the bottom of the LED string in 
a sequential manner starting from the top tap . This causes the 
current in the LED string to decrease at each step of this 
process . That is the cause of the discontinuities in the LED 
string 1 - V curve in FIG . 7F . 
[ 0094 ] FIG . 76 illustrates an LED light constructed 
according to another embodiment of the present invention 
with current sensing circuitry and multiple tap impedance 
adjust circuitry using bipolar transistors . The expanded view 
of the LED linearization circuit uses multiple taps and 
current sense . An approximate current Ir is setup in resistor 
R that flow through the NPN current mirror into the imped 
ance adjust circuit . The current mirror has a mirror ratio of 
1 : n where n can have any value including 1. Another current 
mirror is used to send a proportion of the LED string current 
to the impedance adjust circuit . This current mirror has a 
mirror ratio of 1 : n where n can have any value including 1 . 
The impedance adjust circuit compares the mirrored currents 
and sequentially adjusts the taps that are switched to the 
bottom of the LED string . 
[ 0095 ] FIG . 8 illustrates an LED light constructed accord 
ing to another embodiment of the present invention embod 
ied in a conventional light bulb form . With FIG . 8 , an LED 
light bulb includes electronics . The bulb operates within a 
standard 120V or 240V AC light fixture . LED electronics in 
the base of the bulb includes a power conversion circuit to 
convert the AC supply power to a form suitable for the 
LEDs . The LEDs used normally require a phosphor , which 
can either be coated on a globe surrounding the LEDs and 
circuit boards , or alternately , the LEDs themselves can 
include the phosphor . 
[ 0096 ] It is possible to move the LED electronics located 
in the LED light bulb to a light switch , which allows 
multiple LED light bulbs to share the LED electronics . The 
LED electronics in an LED light bulb account for a signifi 
cant proportion of its complexity and cost of manufacturing 
said LED light bulb , so moving this functionality to the light 
switch and possibly sharing it between several LED light 
bulbs could reduce costs . 
[ 0097 ] FIG.9 illustrates an LED light constructed accord 
ing to an embodiment of the present invention having 
electronics located in module remote to multiple LED bulbs . 
In the embodiment of FIG . 9 , the LED electronics in the 
light switch would remain powered down until the switch is 
turned on . When the switch is turned on , the LED electronics 
in the light switch power up and then begins to provide 
power to the LED light bulbs . 
[ 0098 ] FIG . 10 illustrates an LED light constructed 
according to another embodiment of the present invention 
having electronics located in module remote to multiple 
LED bulbs . In FIG . 10 , the LED electronics could be 
connected to the AC mains supply all the time , and con 
nected to the LED light bulbs via a switch . This would allow 
for a near zero startup time as the output stage of the power 
conversion circuit would already be ramped up to the 
necessary supply voltage at the time that the switch was 
closed . 
[ 0099 ] FIG . 11 illustrates an LED light constructed 
according to still another embodiment of the present inven 
tion having electronics located in module remote to multiple 
LED bulbs . In the embodiment shown in FIG . 11 , the power 
conversion circuit is permanently connected to both the AC 
mains supply and the LED light bulbs . The operation of the 
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power conversion circuit would then be controlled by a 
different means , such as a button , switch , touch sensor , 
remote control , or other mechanism . 
[ 0100 ] FIG . 12 illustrates an LED light constructed 
according to another embodiment of the present invention 
embodied in a conventional light bulb form with electronics 
located in a base . It is possible to use one of these LED light 
bulbs that did not include LED electronics in a standard light 
socket through the use of an adapter as shown in FIG . 12 . 
The adapter would contain the LED electronics needed to 
supply the LEDs , by converting power from the AC mains 
supply provided by the standard light bulb socket . 
[ 0101 ] No matter if the LED electronics are located in the 
light switch or in the base of the LED light bulb , this LED 
electronics may need some time to power up fully and begin 
supplying power to the LEDs in the LED light bulb . For 
some LED light bulbs in the market today , this “ turn - on ” 
delay can be long enough to be noticeable by the consumer . 
A long “ turn - on ” delay is not desirable , so it would be 
beneficial to reduce or eliminate it . 
[ 0102 ] FIG . 13A illustrates an LED light constructed 
according to an embodiment of the present invention having 
electronics located in module remote to multiple LED bulbs 
and having kick start circuitry . It is possible to shorten the 
" turn - on ” delay through the use of a “ kick start ” circuit as 
shown in FIG . 13A , which bypasses the normal power 
conversion electronics and which operates for only a short 
period of time immediately after the LED light bulb is turned 
on . 

[ 0103 ] FIG . 13B illustrates an LED light constructed 
according to an embodiment of the present invention having 
electronics located in module remote to multiple LED bulbs 
and having kick start circuitry respective to each LED bulb . 
An alternative embodiment of the kick start circuit applica 
tion is shown in FIG . 13B . In this embodiment of the present 
invention , the kick start circuit is embedded in each indi 
vidual light bulb . In this way , an ordinary wall light switch 
can be used . 
[ 0104 ] The efficiency of the power conversion performed 
by the LED electronics is an important metric , since this will 
partially determine the efficiency of the LED light bulb , but 
because the kick start circuit only operates for a short period 
of time when the LED light bulb is turned on , its efficiency 
is much less important . 
[ 0105 ] FIG . 14 illustrates an LED light constructed 
according to an embodiment of the present invention having 
kick start circuitry shown in detail . Initially , when power is 
applied to the LED current regulator , high - valued resistor 
R1 impresses 54V on the zener diode . The n - channel tran 
sistor , connected in a source follower configuration , drives 
low - valued resistor R2 and diode D2 to about 51V . This 
forward biases D2 and immediately powers the LED string 
with about 50V creating instantaneous light . Some delay 
later , when the LED current regulator circuit powers up , D1 
forward biases , establishing about 57V on the LED string . 
With 57V impressed on the LED string , D2 becomes 
reversed biased and current no longer flows through D2 . 
This disables the kick start circuit allowing the LED current 
regulator to power the LED string . 
[ 0106 ] FIG . 15 illustrates an LED light constructed 
according to an embodiment of the present invention having 
LED electronics respective to multiple LED bulbs and a wall 
mounted switch configured to relay control information to 
the LED electronics . LED light bulbs normally include LED 

electronics to convert power from the AC mains supply to a 
form suitable for use by the LEDs . It is usually possible to 
also include some inexpensive control circuitry that imple 
ments features that can increase the usefulness of the LED 
light bulbs , as shown in FIG . 15 . 
[ 0107 ] One such feature could be to transmit control 
information from the light switch to the LED light bulb over 
the power wire . The control information could instruct the 
LED light to turn on or off , or could control dimming of the 
LED light's output , thereby allowing for the configuration of 
lights and switches in a house to be changed without having 
to rewire the house . The control information could also be 
used to control the operation of other devices , such as ceiling 
fans , air conditioning , and heater units , thereby allowing an 
intelligent switch to control multiple devices in a house . 
[ 0108 ] There are a number of means for sending such 
control information over the power wires . One means would 
be to send a signal modulated at a frequency well above the 
50 or 60 Hz normally used by AC mains power . Other data 
transmission means could be used such as PPM , PDM , 
PWM , FM , AM QPSK , OFDM , etc. ... 
[ 0109 ] FIG . 16 illustrates an LED light constructed 
according to an embodiment of the present invention having 
LED electronics respective to multiple LED bulbs and a wall 
mounted switch configured to wirelessly relay control infor 
mation to the LED electronics . The signal could be trans 
mitted from the light switch to the LED lights by other 
means , such as radio frequency , or infrared light as shown in 
FIGS . 16 and 16A . This signal could also contain data such 
as video , pictures , music , or Internet data . 
[ 0110 ] FIG . 16A illustrates an LED light constructed 
according to an embodiment of the present invention having 
LED electronics respective to multiple LED bulbs and a wall 
mounted switch configured to relay control information to 
the LED electronics and to service wireless communications 
with a client device . Light from LEDs is commonly used to 
transmit data at very high data rates , such as in fiber optic 
communication , as well as at medium to low data rates , such 
as in infrared remote controls . An intelligent LED light bulb 
could be used to transmit information to other devices such 
as laptops using LED light as shown in FIG . 16A . It would 
also be possible for data to be transmitted by a remote device 
and received by the LED light bulb . 
[ 0111 ] In FIG . 16A , a video source digital output is sent to 
the wall switch module and converted to a power line data 
stream . This power line data stream is sent to the LED light 
bulbs where their LED electronics modulates this data 
stream into high frequency light pulses of low and high 
intensity . A device , such as a laptop or smart phone , receives 
this data through a built - in or peripheral light receiving 
communication device . This light receiving communication 
device may be a camera that is mounted on the face of the 
laptop or smart phone or it may be an aftermarket USB plug 
in light communication device . 
[ 0112 ] It may be necessary for reverse communication 
from the laptop or smart phone to the light bulb . In this case , 
the light bulb would need to contain light receiving devices 
such as photodiodes . The reverse communication path may 
be used to send data back to the wall switch , for error 
checking and correcting or to maintain the communication 
link . The data stream sent over the power line may also 
require a reverse communication channel . Modulation for 
the light communication may include but is not limited to 
PWM , PPM , PDM , or communication that complies with 
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IEEE 802.15.7 . Since the modulation frequency of the light 
signal is much higher than the persistence of the human eye , 
the flicker produced is imperceptible . 
[ 0113 ] This type of light communication does not have to 
be limited to LED light bulb to laptop or smart phone . It 
could also be LED light bulb to LED light bulb . This would 
allow the light bulbs to act as repeaters or to synchronize or 
cooperate with each other such as in a mesh network . 
[ 0114 ] FIG . 16B illustrates an LED light constructed 
according to an embodiment of the present invention having 
LED electronics respective to multiple LED bulbs and a wall 
mounted switch configured to wirelessly relay control infor 
mation to the LED electronics and to service wireless 
communications with a client device . The communication 
between the laptop or smart phone does not need to be light 
communication , it may also be radio frequency communi 
cation , as shown in FIG . 16B . Some examples of wireless 
communications that could be used are 802.11a / b / g / n , 
WiMAX , 3G , 4G , or Bluetooth . This type of communication 
could leverage the wireless communications that are already 
built in to laptops and smart phones . With wireless commu 
nication , the wall switch module could send the source data 
to the LED light bulbs through radio frequency as shown in 
FIGS . 16B and 16C instead of over the power lines as 
depicted in FIG . 16A . 
[ 0115 ] FIG . 16C illustrates LED light constructed accord 
ing to another embodiment of the present invention having 
LED electronics respective to multiple LED bulbs and a wall 
mounted switch configured to wirelessly relay control infor 
mation to the LED electronics and to service wireless 
communications with a client device . FIG . 16C depicts a 
similar system to that in FIG . 16B , but with the wall switch 
module powered from a battery rather than the 120 VAC 
mains . In this way , the wall switch module can be mobile 
and embedded into a hand - held home automation controller 
or smart phone . 
[ 0116 ] The communication of signals does not need to be 
only from a light switch to LED light bulbs , the signal could 
also go in the opposite direction from the LED light bulb to 
the switch , or from one LED light bulb to another LED light 
bulb . 
[ 0117 ] One use of multi direction transmission of such a 
signal would be to implement energy saving features . Some 
or all LED light bulbs could be equipped with a motion 
sensor , or a sound sensor , or a similar sensor that would 
allow the LED light bulbs to sense when an occupant is 
present , and then turn off or dim the light if no occupancy 
is detected for a suitable period of time . Multiple LED light 
bulbs could cooperate so that a single LED light bulb 
detecting an occupant would be sufficient to keep several 
LED light bulbs operating at full brightness in the vicinity of 
the occupant . 
[ 0118 ] FIG . 16D illustrates three differing embodiments of 
an LED light controller constructed according the present 
invention that supports communications with remote 
devices . Three communication modules have been dis 
cussed ; power line , light and radio frequency ( RF ) . Block 
diagrams of each of these systems is shown in FIG . 16D . 
The RF communication system ( a ) contains a controller that 
accepts information in the form of data from a switch and a 
source . The data from the switch might contain on / off 
control information or strobe or dimmer information . The 
data from the source might contain cable or satellite set top 
box video and audio information or a digital data stream 

from a DVD or CD player or it might even contain infor 
mation from a PC or internet streaming device such as an 
Apple TV or Roku entertainment device . 
[ 0119 ] The controller formats the data and provides Media 
Access Control ( MAC ) and physical layer ( PHY ) process 
ing . These MAC and PHY functions might include scram 
bling , coding , interleaving , mapping , FFT and IFFT , adding 
cyclic prefix , framing and error correction . The program 
module stores the software and firmware code required by 
the controller . Memory is a key element of the program 
module . 
[ 0120 ] After the data is formatted by the controller , it is 
passed to the RF communication module where is it con 
verted to an analog signal , mixed or modulated up to an RF 
frequency and transmitted by an RF power amplifier to an 
antenna . The antenna projects the RF signal through the air 
in a pattern pre - determined by the physical shape and 
electrical properties of the antenna . The light communica 
tion system ( b ) contains a controller that accepts information 
in the form of data from a switch and a source . The data from 
the switch might contain on / off control information or strobe 
or dimmer information . The data from the source might 
contain cable or satellite set top box video and audio 
information or a digital data stream from a DVD or CD 
player or it might even contain information from a PC or 
internet streaming device such as an Apple TV or Roku 
entertainment device . 

[ 0121 ] The controller formats the data and provides Media 
Access Control ( MAC ) and physical layer ( PHY ) process 
ing . These MAC and PHY functions may include scram bling , coding , interleaving , framing and error correction . 
The program module stores the software and firmware code 
required by the controller . Memory is a key element of the 
program module . 
[ 0122 ] After the data is formatted by the controller , it is 
passed to the IR ( infrared or light ) communication module 
where is it converted to light and transmitted through the air 
with a LED . The LED projects the light through the air in a 
pattern pre - determined by the physical shape and electrical 
properties of the LED . 
[ 0123 ] The powerline communication system ( b ) contains 
a controller that accepts information in the form of data from 
a switch and a source . The data from the switch might 
contain on / off control information or strobe or dimmer 
information . The data from the source might contain cable or 
satellite set top box video and audio information or a digital 
data stream from a DVD or CD player or it might even 
contain information from a PC or internet streaming device 
such as an Apple TV or Roku entertainment device . 
[ 0124 ] The controller formats the data and provides Media 
Access Control ( MAC ) and physical layer ( PHY ) process 
ing . These MAC and PHY functions may include filtering , 
modulation , coding , carrier detection , framing , automatic 
gain control and error correction . The program module 
stores the software and firmware code required by the 
controller . Memory is a key element of the program module . 
[ 0125 ] After the data is formatted by the controller , it is 
passed to the power line communication module where is it 
converted to an analog signal and transmitted over the power 
line interface . The power line interface conditions and then 
couples the transmitted signal to the power line while 
rejecting the 120 VAC ( or 240 VAC in other countries ) . 
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[ 0126 ] Communication means other than RF , light or 
power line could be used for communication between LED 
light bulbs and the wall switch controller . Each has its 
advantage and disadvantage . 
[ 0127 ] FIG . 16E illustrates an embodiment of an LED 
light controller constructed according the present invention 
that supports communications with remote devices . The wall 
switch module connects to a power source ( 120 VAC mains , 
battery or conditioned supply ) , switch source , controller , 
program module , communication module and interface as 
shown if FIG . 16E . The interface provides impedance match 
and signal conditioning to the transmission media . The 
communication module provides modulation , error correc 
tion and formatting of the data before sending to the inter 
face . The controller , by executing the program stored in the 
program module , provides functions such as MAC , encryp 
tion and device pairing before sending the data from the 
switch and source to the communication module . The power 
source provides power to all blocks in the system that 
requires power . 
[ 0128 ] FIG . 16F illustrates an LED light constructed 
according to an embodiment of the present invention having 
LED electronics respective to multiple LED bulbs and a wall 
mounted switch configured control the LED light paired 
therewith . It is necessary to pair all devices in a lighting 
network before control or communication can begin . To 
facilitate this , a pairing function must be included in the wall 
switch module and each LED electronic device as shown in 
FIG . 16F . Pairing can be manual , like a garage door opener 
with remote , or automatic like a PC in a local area network . 
Each of the LED electronics can be assigned an address or 
the wall switch module can assign a random address to each 
LED electronic . The wall switch module manages the pair 
ing of the communication network and the LED electronics 
serve the wall switch module pairing commands . In one 
preferred embodiment , pairing takes place the first time 
power is applied to the wall switch module . From then on 
pairing is updated each time a new LED electronics is 
activated within the communication range of the wall switch 
module . If an LED electronic loses its pairing , the wall 
switch module will attempt to repair the lost device or the 
entire network of LED electronics . Other pairing schemes 
are possible that will ensure that all associated LED elec 
tronics are maintained in the network at all times . 
[ 0129 ] FIG . 16F1 illustrates a ceiling mounted LED light 
constructed according to an embodiment of the present 
invention with a remote control . FIG . 16F2 illustrates an 
LED light constructed according to an embodiment of the 
present invention with a remote control . FIG . 16F3 illus 
trates an LED light constructed according to another 
embodiment of the present invention with a remote control . 
LED lighting , rechargeable batteries and solar cells ( photo 
voltaic cells ) are becoming so efficient that an LED light 
bulb will operate 24 hours a day without being connected to 
the power mains . FIGS . 16F1 , 16F2 , and 16F3 show systems 
that are capable of this . During the day , the solar cells 
produce power from ambient light to operate the LED light 
bulb and to charge the battery . The control and charging 
electronics ( CCE ) manages this function . During the night , 
the rechargeable battery will supply power for the light . To 
control the on / off state of the light , a remote control is used 
to modulate the current produced by the solar cells . The CCE 
demodulate information sent from the remote and control 
the state of the LED light bulb . 

[ 0130 ] During the day , the solar cells produce a DC 
current Idc from the ambient light and , when the remote 
control is activated , a modulated current Iac is created as 
shown in FIG . 16F2 . The CCE charges the battery from the 
Idc and demodulates Iac to determine the desired state of the 
LED light bulb . Idc is used to power the light bulb . At night , 
Idc = 0 amps requiring all power to come from the battery . Iac 
however , continues to determine the state of the LED light 
bulb . 
[ 0131 ] In a wireless power system using an alternative 
embodiment of the invention , constant light plus modulated 
light is sent from a remote device to create both Idc and lac 
as shown in FIG . 16F3 . In this way , power is derived without 
wires , from the remote control . This embodiment will func 
tion at night and eliminates the need for a battery . Normally , 
the remote control would not be a handheld device , although 
it could be , but a device that is fixed in location , receiving 
power from a wire . One application might be decorative 
lighting , to prevent running wires up to a temporary over 
head light . Another application might be a road sign that 
illuminates at night from the headlights of a car . Since 
remote road signs have no power source , the headlights of 
the car produce Idc and can be modulated to create Iac if 
control information is desired . 
[ 0132 ] FIG . 16G illustrates an LED light constructed 
according to an embodiment of the present invention with 
multiple wave rectification circuits . Double bridge rectifi 
cation can be used to reduce perceived flicker in the system 
as shown in FIG . 16G . Though single bridge rectification 
reduces the flicker by a factor of two by increasing the 
flicker rate from 60 Hz to 120 Hz , double bridge rectification 
reduces flicker by another factor of two by increasing the 
flicker rate to 240 Hz . In addition , double bridge rectification 
significantly reduces the peak to average voltage seen by the 
LED string . An AC coupling circuit is required for this 
circuit to function properly . In this preferred embodiment , 
and RC filter for AC coupling is used . 
[ 0133 ] FIG . 16H illustrates an LED light constructed 
according to another embodiment of the present invention 
with multiple wave rectification circuits coupled via trans 
former . A transformer can be used to AC couple the two 
bridge rectifiers as shown in FIG . 16H . In this embodiment , 
the transformer has a 1 : n turns ratio where n = 1 . Any other 
turns ratio that would benefit the overall performance of the 
design could be used . Triple , quadruple and higher order 
bridge rectification are also conceivable for powering the 
LED string . 
[ 0134 ] FIG . 161 illustrates an LED light constructed 
according to an embodiment of the present invention having 
a high voltage protection circuit . Surge protection or high 
voltage protection must be used to prevent the LED strings 
from being damaged in the event of lightning or perturba 
tions in the power supply . One such way to protect the LED 
string is to use a high voltage protection circuit as shown in 
FIG . 161. If a high voltage event passes through the bridge 
rectifier , it will be shunted to ground and dissipated as heat 
in the high voltage protection circuit . This will protect the 
LED string , but not the bridge rectifier . The bridge rectifier 
is less sensitive to high voltage events than the LED string , 
so this type of high voltage protection will be suitable in 
many applications . 
[ 0135 ] FIG . 16J illustrates an LED light constructed 
according to an embodiment of the present invention having 
a surge protection circuit . The high voltage protection circuit 
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or surge protection circuit can be added before the rectifier 
as shown in FIG . 16J . With this placement of the surge 
protector , both the rectifier and the LED string are protected 
from unwanted and harmful high voltages and surges . In this 
placement of the surge protector , the surge protector must be 
more robust , because it must deal with the higher voltages 
and more electrically hostile environment of the mains 
power supply . This is likely to increase the cost of the surge 
protection portion of the LED light bulb . 
[ 0136 ] FIG . 16K illustrates an LED light constructed 
according to an embodiment of the present invention having 
LED bulbs accessible via jumper . When manufacturing an 
LED light bulb based on the series LED string , jumpers can 
be used to tune the length of the LED string to make up for 
the make tolerance of the LEDs . One such design based on 
this technique is shown in FIG . 16K . In the factory , the 
maximum number of LEDs that will be used are installed in 
the LED light bulb . Humans or machines then install the 
appropriate number of jumpers to accommodate the make 
tolerance of the LEDs . This can be done while electrically 
testing the LED light bulb or through advance knowledge of 
the make tolerance of the LEDs that have been installed . In 
this way , the brightness of the LED light bulb can be tuned 
to the desired intensity level in the factory . 
[ 0137 ] FIG . 16L illustrates an LED light constructed 
according to an embodiment of the present invention having 
differing LED bulb connection options . Another way to 
adjust the length of the LED string to correct for manufac 
turing tolerance of the LEDs is shown in FIG . 16L . This 
circuit allows the three LEDs at the bottom to be connected 
in series , parallel , or a series / parallel combination through 
the use of switches or jumpers . The three connection options 
that this preferred embodiment allows are shown to the left 
of the circuit diagram . Any number of jumpers could be used 
to connect any number of diodes in any series , parallel , 
series / parallel or LED shorting scheme to adjust the LED 
sting impedance to correct for manufacturing tolerances of 
the LEDs . 
[ 0138 ] Since some of the circuitry disclosed here make use 
of large numbers of LED diodes arranged in an electrical 
string , it would also be useful to disclose circuitry applicable 
to the manufacturing of such LED strings . 
[ 0139 ] Much current research is ongoing to determine how 
to output higher levels of light from a single LED diode , and 
at higher levels of efficiency . Improvements in this area can 
be combined with the circuitry disclosed here , in order to 
create devices that combine higher levels of light out and 
multiple LED diodes in a single device . If N multiple series 
connected LED diodes were created in a single device , each 
LED device could be 1 / N times the size of the LED diode 
in a conventional LED device , and output 1 / N times as much 
light , but with N diodes in series , the total light output would 
remain constant . 
[ 0140 ] FIG . 17 illustrates an LED light string constructed 
according to an embodiment of the present invention in a 
multiple layer semi conductive substrate . One approach to 
doing this would be to manufacture multiple diodes on a 
single piece of silicon as shown in FIG . 17. Intrinsic silicon 
does not conduct electricity very well , especially at lower 
temperatures . An intrinsic silicon wafer or one that has been 
lightly doped with p - type or n - type impurities could be 
implanted with heavy doses of P - type and N - type impurities 
from both sides as shown , in order to make a series of LED 
diodes as shown in FIG . 17 , which can then be connected in 

series using conductors deposited on each side of the silicon 
wafer . FIG . 17 shows the fabrication process and a cross 
section of such a device . 
[ 0141 ] FIG . 17A illustrates an LED light string con 
structed according to another embodiment of the present 
invention in a multiple layer semi conductive substrate . 
Implanting both sides of the wafer in undesirable , so an 
alternative fabrication technique could be used . FIG . 17A 
uses a deep implant for the bottom layer ( n - type in this 
example ) and a shallow implant for the top layer ( p - type in 
this example . This eliminates the need to implant both sides 
of the wafer . The resulting series string of diodes in FIG . 
17A is similar to that shown if FIG . 17 . 
[ 0142 ] FIG . 18 illustrates an LED light string constructed 
according to yet another embodiment of the present inven 
tion in a multiple layer semi conductive substrate . An 
alternative manufacturing approach is shown in FIG . 18 . 
Interconnects can be deposited on one side of the wafer as 
before , but the connections on the other side of the wafer 
could be made via the substrate that the LED is mounted 
upon . If the resistance of the intrinsic silicon proves too 
high , or if it is preferred to manufacture the LED diodes 
using an N - type or P - type wafer , then an alternate manu 
facturing approach can be used as shown in FIG . 19 . 
[ 0143 ] FIG . 19 illustrates an LED light string constructed 
according to yet another embodiment of the present inven 
tion in a multiple layer semi conductive substrate . In this 
case , a slice of silicon with a large area P - N junction is 
manufactured and then attached to a substrate , then the 
wafer area between the desired LED diodes is removed 
using an etching process , or a laser process , leaving free 
standing LED diodes attached to a substrate . These LED 
diodes are then connected using wire bonds to create a series 
of LEDs connected in series on a single substrate . An 
alternate assembly process would be similar to FIG . 19 , 
except the diodes would be cut into individual pieces before 
attaching to the substrate . 
[ 0144 ] FIG . 20 illustrates an LED light string constructed 
according to yet another embodiment of the present inven 
tion in a multiple layer semi conductive substrate . Another 
manufacturing technique that would allow the use of a fully 
non - conductive substrate is shown in FIG . 20. A small area 
of each LED diode would be etched down to a layer below 
the P - N junction to allow a bonding wire to be attached , 
allowing the electrical chaining of the LED diodes to be 
completed from the front side of the original wafer only . 
[ 0145 ] FIG . 21 illustrates an LED light string constructed 
according to yet another embodiment of the present inven 
tion in a multiple layer semi conductive substrate . In FIG . 21 
narrow channels are etched into the wafer on both sides to 
eliminate P - N junctions that are not desired . Combining this 
technique with conductive wires attached on both sides of 
the wafer , we can again create a string of LED diodes from 
a single piece of silicon . 
[ 0146 ] While FIG . 21 shows a side view of such a device , 
a 2 dimensional matrix of LED devices may be formed on 
the surface of a wafer , allowing LED diodes to be created 
with simultaneous large surface area for large light output 
levels divided into a large number of LED diodes connected 
in a series string , as shown in FIG . 22 , which illustrates an 
LED light string constructed according to yet another 
embodiment of the present invention in a multiple layer semi 
conductive substrate . The terms " circuit ” and “ circuitry ” as 
used herein may refer to an independent circuit or to a 
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portion of a multifunctional circuit that performs multiple 
underlying functions . For example , depending on the 
embodiment , processing circuitry may be implemented as a 
single chip processor or as a plurality of processing chips . 
Likewise , a first circuit and a second circuit may be com 
bined in one embodiment into a single circuit or , in another 
embodiment , operate independently perhaps in separate 
chips . The term “ chip , ” as used herein , refers to an integrated 
circuit . Circuits and circuitry may comprise general or 
specific purpose hardware , or may comprise such hardware 
and associated software such as firmware or object code . 
[ 0147 ] The present invention has also been described 
above with the aid of method steps illustrating the perfor 
mance of specified functions and relationships thereof . The 
boundaries and sequence of these functional building blocks 
and method steps have been arbitrarily defined herein for 
convenience of description . Alternate boundaries and 
sequences can be defined so long as the specified functions 
and relationships are appropriately performed . Any such 
alternate boundaries or sequences are thus within the scope 
and spirit of the claimed invention . 
[ 0148 ] The present invention has been described above 
with the aid of functional building blocks illustrating the 
performance of certain significant functions . The boundaries 
of these functional building blocks have been arbitrarily 
defined for convenience of description . Alternate boundaries 
could be defined as long as the certain significant functions 
are appropriately performed . Similarly , flow diagram blocks 
may also have been arbitrarily defined herein to illustrate 
certain significant functionality . To the extent used , the flow 
diagram block boundaries and sequence could have been 
defined otherwise and still perform the certain significant 
functionality . Such alternate definitions of both functional 
building blocks and flow diagram blocks and sequences are 
thus within the scope and spirit of the claimed invention . 
One of average skill in the art will also recognize that the 
functional building blocks , and other illustrative blocks , 
modules and components herein , can be implemented as 
illustrated or by discrete components , application specific 
integrated circuits , processors executing appropriate soft 
ware and the like or any combination thereof . 
[ 0149 ] As may be used herein , the terms “ substantially ” 
and “ approximately ” provides an industry - accepted toler 
ance for its corresponding term and / or relativity between 
items . Such an industry - accepted tolerance ranges from less 
than one percent to fifty percent and corresponds to , but is 
not limited to , component values , integrated circuit process 
variations , temperature variations , rise and fall times , and / or 
thermal noise . Such relativity between items ranges from a 
difference of a few percent to magnitude differences . As may 
also be used herein , the term ( s ) “ coupled to ” and / or “ cou 
pling ” and / or includes direct coupling between items and / or 
indirect coupling between items via an intervening item 
( e.g. , an item includes , but is not limited to , a component , an 
element , a circuit , and / or a module ) where , for indirect 
coupling , the intervening item does not modify the infor 
mation of a signal but may adjust its current level , voltage 
level , and / or power level . As may further be used herein , 
inferred coupling ( i.e. , where one element is coupled to 
another element by inference ) includes direct and indirect 
coupling between two items in the same manner as “ coupled 
to . ” As may even further be used herein , the term “ operable 
to ” indicates that an item includes one or more of power 
connections , input ( s ) , output ( s ) , etc. , to perform one or more 

its corresponding functions and may further include inferred 
coupling to one or more other items . As may still further be 
used herein , the term “ associated with , ” includes direct 
and / or indirect coupling of separate items and / or one item 
being embedded within another item . As may be used 
herein , the term “ compares favorably , ” indicates that a 
comparison between two or more items , signals , etc. , pro 
vides a desired relationship . For example , when the desired 
relationship is that signal 1 has a greater magnitude than 
signal 2 , a favorable comparison may be achieved when the 
magnitude of signal 1 is greater than that of signal 2 or when 
the magnitude of signal 2 is less than that of signal 1 . 
[ 0150 ] The present invention has also been described 
above with the aid of method steps illustrating the perfor 
mance of specified functions and relationships thereof . The 
boundaries and sequence of these functional building blocks 
and method steps have been arbitrarily defined herein for 
convenience of description . Alternate boundaries and 
sequences can be defined so long as the specified functions 
and relationships are appropriately performed . Any such 
alternate boundaries or sequences are thus within the scope 
and spirit of the invention . 
( 0151 ] Moreover , although described in detail for pur 
poses of clarity and understanding by way of the aforemen 
tioned embodiments , the present invention is not limited to 
such embodiments . It will be obvious to one of average skill 
in the art that various changes and modifications may be 
practiced within the spirit and scope of the invention . 

1. ( canceled ) 
2. An integrated circuit configured to interface with a 

series connected Light Emitting Diode ( LED ) string having 
a primary group of LEDs and a secondary group of LEDs , 
a first LED drive input connected to a first side of the 
primary group of LEDs , a secondary LED drive input 
connected to a second side of the primary group of LEDs 
and a first side of the secondary group of LEDs , and a third 
LED drive input connected to a secondary side of the 
secondary group of LEDs , the integrated circuit comprising : 

a bridge rectifier configured to convert an alternating 
current power source to a rectified output ; 

a first drive output configured to couple to the first LED 
drive input ; 

a second drive output to the second LED drive input ; 
a third drive output configured to couple to the third LED 

drive input ; 
control circuitry configured to produce a shunt signal 

based upon a voltage of the rectified output ; and 
a switch configured to selectively shunt the second drive 

output and the third drive output in response to the 
shunt signal . 

3. The integrated circuit of claim 2 , wherein the first drive 
output also couples to the rectified output . 

4. The integrated circuit of claim 2 , further comprising 
dimming circuitry . 

5. The integrated circuit of claim 2 , wherein the control 
circuitry comprises : 

a voltage divider ; and 
a second switch having an output coupled to the switch . 
6. The integrated circuit of claim 5 , wherein the second 

switch comprises a transistor . 
7. The integrated circuit of claim 2 , further comprising a 

communication module . 



US 2021/0235562 A1 Jul . 29 , 2021 
12 

8. The integrated circuit of claim 7 , wherein the commu 
nication module supports Radio Frequency ( RF ) communi 
cations . 

9. The integrated circuit of claim 7 , wherein the commu 
nication module supports communications with at least one 
computing device . 

10. The integrated circuit of claim 9 , wherein the control 
circuitry is configured to control operation of the series 
connected LED string based upon the communications with 
the at least one computing device . 

11. An integrated circuit configured to interface with a 
bridge rectifier that converts an alternating current power 
source to a rectified output and a series connected Light 
Emitting Diode ( LED ) string having a primary group of 
LEDs and a secondary group of LEDs , a first LED drive 
input connected to a first side of the primary group of LEDs , 
a secondary LED drive input connected to a second side of 
the primary group of LEDs and a first side of the secondary 
group of LEDs , and a third LED drive input connected to a 
secondary side of the secondary group of LEDs , the inte 
grated circuit comprising : 

a bridge rectifier input configured to couple to the rectified 
output ; 

a first drive output configured to couple to the first LED 
drive input ; 

a second drive output configured to couple to the second 
LED drive input ; 

a third drive output configured to couple to the third LED 
drive input ; 

control circuitry configured to produce a shunt signal 
based upon a voltage of the rectified output ; and 

a switch configured to selectively shunt the second drive 
output and the third drive output in response to the 
shunt signal . 

12. The integrated circuit of claim 11 , wherein the first 
drive output also couples to the rectified output . 

13. The integrated circuit of claim 11 , further comprising 
dimming circuitry . 

14. The integrated circuit of claim 11 , wherein the control 
circuitry comprises : 

a voltage divider , and 
second switch having an output coupled to the switch . 

15. The integrated circuit of claim 14 , wherein the second 
switch comprises a transistor . 

16. The integrated circuit of claim 11 , further comprising 
a communication module . 

17. The integrated circuit of claim 16 , wherein the com 
munication module supports Radio Frequency ( RF ) com 
munications . 

18. The integrated circuit of claim 16 , wherein the com 
munication module supports communications with at least 
one computing device . 

19. The integrated circuit of claim 18 , wherein the control 
circuitry is configured to control operation of the series 
connected LED string based upon the communications with 
the at least one computing device . 


