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SERIAL AND PARALLEL LED 
CONFIGURATIONS FOR LINEAR 

LIGHTING MODULES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application is a continuation of , and claims 
priority under 35 U . S . C . $ 120 from , nonprovisional U . S . 
patent application Ser . No . 14 / 582 , 194 entitled “ Serial and 
Parallel LED Configurations for Linear Lighting Modules , " 
now U . S . Patent No . , filed on Dec . 24 , 2014 , the 
subject matter of which is incorporated herein by reference . 

left is not lit because one of the LEDs in the string is 
defective or because a solder connection in the string shorted 
out . If the circuit is broken at any location along a series 
connected string , the entire string goes dark . As LED bulbs 
are made with larger numbers of LEDs , the probability that 
a soldering or LED defect will occur rises much faster than 
merely the proportional increase in the number of LEDs . 
10006 ] Consumers tend to notice a dark portion of an LED 
bulb caused by a shorted string of LEDs . Even if the amount 
of light generated by the LED bulb with the dark portion is 
nearly as bright as the light produced by a bulb with all of 
the LEDs lit , the consumer will still perceive the dark 
portion as a defect and is likely to return the LED bulb . Thus , 
manufacturers of LED bulbs are faced with higher percent 
ages of returned LED bulbs as bulbs with larger numbers of 
LEDs are being sold . 
[ 0007 ] A method is sought for packaging LED dies in 
tubes resembling fluorescent bulbs so that inevitable LED 
and electrical connection defects will not result in a return 
rate that rises faster than the increase in the number of LEDs 
in the LED bulbs . 

TECHNICAL FIELD 
[ 0002 ] The present invention relates generally to packag 
ing for light - emitting diodes , and more particularly to con 
figurations for connecting LEDs in series and in parallel in 
linear lighting modules such as tubes . 

SUMMARY 

BACKGROUND INFORMATION 
[ 0003 ] For many years , fluorescent lamps were the most 
common type of light fixture used in commercial lighting 
applications . These traditional lighting fixtures use fluores 
cent bulbs in recessed troffers with parabolic reflectors . The 
most common fluorescent bulbs are the linear T5 ( 5 / 8 inch 
diameter ) , T8 ( 1 inch diameter ) , and T12 ( 11 / 2 inch diameter ) 
bulbs . However , light emitting diodes ( LEDs ) can more 
efficiently convert electrical energy into light than can 
fluorescent bulbs . Thus , efforts have been made to incorpo 
rate LEDs into tubes having the form factor of T5 , T8 and 
T12 fluorescent bulbs . LEDs can then be used to retrofit 
traditional fluorescent light fixtures by installing LED bulbs 
in the troffers that were originally designed for fluorescent 
bulbs . The existing fluorescent lamp ballasts must then be 
replaced with new power supply drivers for the LEDs . 
[ 0004 ] The LED bulbs are typically configured as strings 
of series - connected LEDs coupled in parallel . Multiple 
LEDs are connected in series to form individual LED 
strings , and then the LED strings are coupled in parallel to 
a common voltage and current source . The buck converter of 
the LED driver can operate at a higher efficiency if the wall 
voltage powering the LED bulb is a multiple of the driver ' s 
output voltage . Thus , a popular LED driver in North 
America converts a 120 - volt wall voltage into an output 
voltage of thirty or forty volts . The band gap of gallium 
nitride LEDs commonly used for lighting is about 3 . 3 volts . 
So to correspond to the output voltage of a popular LED 
drive , the voltage drop across a string of series - connected 
LEDs can be set at about thirty volts by connecting nine 
LEDs in the string . A buck converter can then efficiently 
convert the 120 - volt wall voltage to the thirty volts required 
to light the string of nine LEDs . 
100051 FIG . 1 ( prior art ) shows an LED bulb 10 formed by 
mounting seventy - two packaged LEDs onto a long substrate 
anchored in a tube 11 that resembles a T8 bulb . The 
transparent curved cover is not shown in FIG . 1 . The LEDs 
have been connected as eight series - connected strings of 
nine LEDs each . The eight strings are connected in parallel 
to power and ground . An LED driver housed below the long 
substrate converts the 120 - volt wall voltage to the thirty 
volts required to light each of the eight strings of nine LEDs . 
In the LED bulb 10 shown in FIG . 1 , an entire series - 
connected string of LEDs is not lit . The third string from the 

[ 0008 ] A linear lighting module includes a first string of 
series - connected LED dies and a second string of series 
connected LED dies . The first string of LED dies is coupled 
in parallel with the second string of LED dies . All of the 
LED dies of the first string and the second string are aligned 
with respect to one another . In one embodiment , the strings 
of LED dies are arranged in straight lines , whereas in other 
embodiments , the strings of LED dies are aligned in a 
curved line . The LED dies of the first string and the second 
string form a combined string of interleaved LED dies such 
that an LED die of the second string is disposed between 
every successive pair of LED dies of the first string . The 
LED dies of the combined string are mounted on a flexible 
substrate and are disposed in a tube . Each LED die of the 
combined string is electrically connected to two conductors . 
Except for the two end LED dies of the combined string , 
each successive LED die must be accessed by both conduc 
tors from alternating sides of the combined string . 
[ 0009 ] In one embodiment , the LED dies of the combined 
string are mounted onto a flexible substrate with a single 
metal layer . The LED dies of the first string are electrically 
connected to one another by a first group of interconnect 
tracks formed in the metal layer . The LED dies of the second 
string are electrically connected to one another by a second 
group of interconnect tracks such that none of the first group 
of interconnect tracks crosses any of the second group of 
interconnect tracks . Thus , no two of the interconnect tracks 
are stacked over one another and separated by an insulator . 
In one embodiment , more room is made available between 
the LED dies on the substrate by using chip scale packaged 
LED dies whose sides are not longer than 1 . 8 mm . 
[ 0010 ] In another embodiment , a strip of flexible printed 
circuit board with pre - mounted and wired LED dies is 
produced in rolls . The strip of LEDs has a first linear array 
of LED dies connected in series and a second linear array of 
LED dies also connected in series . The first linear array of 
LED dies is coupled in parallel with the second linear array 
of LED dies . The first linear array of LED dies and the 
second linear array of LED dies are collinear in that all of the 
LED dies are arranged in one line . However , the LED dies 
are not necessary arranged in a straight line such as when the 
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[ 0020 ] FIG . 7 shows the non - crossing wiring arrangement 
of FIG . 6 modified so that the landing pads to which the wire 
bonds connect to the LED dies are all on the same side of the 
combined string . 
[ 0021 ] FIG . 8 shows a rolled strip of flexible PCB to 
which LED dies have been mounted and wired using the 
interleaved connection configuration of FIG . 2 and the 
non - crossing wiring arrangement of FIG . 6 . 
[ 0022 ] FIG . 9 shows an LED bulb with series - connected 
strings of LED dies interleaved according to the connection 
configuration of FIG . 2 and wired using the non - crossing 
wiring arrangement of FIG . 5 . 
[ 0023 ] FIG . 10 shows an end of the LED bulb of FIG . 9 
in more detail . 
[ 0024 ] FIG . 11 is a flowchart of steps for making LED 
bulb of FIG . 9 . 

strip of LEDs is rolled . The LED dies of the first linear array 
are interleaved between the LED dies of the second linear 
array such that no two LED dies of the first linear array are 
immediately adjacent to one another without an intervening 
LED die of the second linear array . Each LED die of the 
combined string of interleaved LED dies is electrically 
connected to two conductors . Except for the end LED dies 
of the combined string , each successive LED die is accessed 
by both conductors from alternating sides of the combined 
string . A segment of a roll of the flexible strip of pre 
mounted and wired LED dies is inserted into a tube and used 
to make an LED bulb . 
[ 0011 ] A method of making an LED bulb that has series 
connected strings of interleaved LED dies wired using a 
non - crossing wiring arrangement involves connecting the 
strings in series and in parallel . The LED dies are connected 
by interconnect tracks formed in a metal layer of a flexible 
PCB such that none of the interconnect tracks crosses any 
other of the interconnect tracks . The LED dies can be 
mounted to the PCB after the interconnect tracks are formed . 
A first string of LED dies is electrically connected in series , 
and a second string of LED dies is electrically connected in 
series . The first string of LED dies is coupled in parallel with 
the second string of LED dies such that the first string of 
LED dies is aligned with the second string of LED dies . The 
LED dies of the first string are interleaved with the LED dies 
of the second string such that an LED die of the second 
string is disposed between every successive pair of LED dies 
of the first string . Coupling the first string with the second 
string forms a combined string of aligned LED dies . Each 
LED die of the combined string is connected to a power 
supply conductor . Except for the end LED dies of the 
combined string , the power supply conductor to each suc 
cessive LED die is connected from an alternating side of the 
combined string . 
[ 0012 ] Further details and embodiments and techniques 
are described in the detailed description below . This sum 
mary does not purport to define the invention . The invention 
is defined by the claims . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0013 ] The accompanying drawings , where like numerals 
indicate like components , illustrate embodiments of the 
invention . 
[ 0014 ] FIG . 1 ( prior art ) is an LED bulb formed by 
mounting LEDs onto a long substrate anchored in a tube that 
resembles a T8 fluorescent bulb . 
[ 0015 ] FIG . 2 is a diagram of a novel interleaved connec 
tion configuration for a linear lighting module that includes 
linear arrays of interleaved LEDs mounted onto a long PCB 
that can be placed in a tube . 
[ 0016 ] FIG . 3 shows a configuration of series - connected 
strings of LEDs that are coupled in parallel but that are not 
interleaved among one another . 
[ 0017 ] FIG . 4 is a diagram that compares the locations of 
the unlit LEDs in the connection configurations of FIGS . 2 
and 3 that would result from a defect somewhere along a 
series - connected string . 
[ 0018 ] FIG . 5 is a diagram showing two alternative meth 
ods of wiring LED dies with the interleaved connection 
configuration of FIG . 2 . 
[ 0019 ] FIG . 6 illustrates a non - crossing wiring arrange 
ment that connects interleaved LED dies of four series 
connected strings of ten LED dies each . 

DETAILED DESCRIPTION 
[ 0025 ] Reference will now be made in detail to some 
embodiments of the invention , examples of which are illus 
trated in the accompanying drawings . 
[ 0026 ] FIG . 2 shows a novel interleaved connection con 
figuration 20 for a linear lighting module that includes a 
linear array of light emitting diode ( LED ) dies mounted onto 
a long printed circuit board 21 that can be placed in a tube . 
The interleaved connection configuration 20 is particularly 
advantageous for use in LED bulbs in which the linear array 
of LEDs is placed in a tube that resembles a T5 , T8 or T12 
fluorescent bulb . For example , configuration 20 could be 
used in a 4 - foot T8 bulb . For illustration purposes , FIG . 2 
shows a connection configuration limited to eight series 
connected strings of five LEDs each . Other embodiments of 
the connection configuration 20 , however , have different 
numbers of LEDs . For example , a 4 - foot T8 bulb would 
typically have more LEDs , such as seventy - two or eighty 
eight , which would be configured as eight strings of nine 
LEDs or eight strings of eleven LEDs , respectively . In 
addition , the interleaved connection configuration 20 of the 
forty LEDs shown in FIG . 2 could alternatively be imple 
mented as four strings of ten LEDs . 
10027 ] All forty of the interleaved LED dies shown in FIG . 
2 are aligned with respect to one another . Although the LED 
dies are arranged in a straight line in FIG . 2 , the line of LEDs 
could also be curved in other embodiments . For example , 
the line of LED dies could curve in the xy dimension of FIG . 
2 if the LEDs were used in a U - shaped tube . Alternatively , 
the line of LEDs would curve in the z dimension ( out of the 
page of FIG . 2 ) if the LEDs were mounted onto a flexible 
PCB strip that is rolled . Thus , the aligned LED dies in 
configuration 20 need not be configured in a straight line . 
[ 0028 ] The LED dies of each of the series - connected 
strings shown in FIG . 2 are interleaved among the LED dies 
of the other series - connected strings . For example , the LED 
dies of a first string are interleaved among the LED dies of 
a second string in FIG . 2 . The five LED dies of the first string 
are labeled “ 1 ” and are electrically connected by the con 
ductor 22 indicated by the dashed line . The LED dies of the 
second string are labeled “ 2 ” . The first string of LED dies is 
coupled in parallel with the second string of LED dies 
because the input nodes of both strings are coupled to the 
power input terminal “ + ” , and the output nodes of both 
strings are coupled to the ground output terminal “ - ” . An 
LED die of the second string is disposed between every 
successive pair of LED dies along the first string . For 
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example , the LED die 23 of the second string is disposed 
between the second successive pair of LED dies 24 - 25 of the 
first string , and the LED die 27 of the second string is 
disposed between the third successive pair of LED dies 
25 - 26 of the first string . 
[ 0029 ] FIG . 3 shows a configuration of eight strings of five 
LEDs in which the LEDs of the strings are not interleaved 
among one another . For example , all of the LEDs of the third 
string 28 are arranged adjacent to one another . If one of the 
LEDs in the string 28 is defective or burns out or if a solder 
connection in the string 28 shorts out , then none of the five 
LEDs in the third string 28 can be illuminated . A consumer 
of an LED bulb with the connection configuration of FIG . 3 
would surely notice the dark portion of the bulb potentially 
caused by a single defective LED and would likely return the 
bulb . However , the same defect in a bulb with the connec 
tion configuration 20 of FIG . 2 would not result in a dark 
portion of the bulb . 
[ 0030 ] FIG . 4 compares the locations of the dark LEDs in 
the connection configurations of FIGS . 2 and 3 that would 
result from a defect somewhere along the third string . The 
upper row of LEDs in FIG . 4 illustrates the positions of the 
series - connected LED dies of the third string that would 
remain unlit in the connection configuration 20 of FIG . 2 
with a short in the third string . Each unlit LED die has a 
thicker border . The lower row in FIG . 4 illustrates the 
positions of the LED dies of the third string that would 
remain unlit in the connection configuration of FIG . 3 with 
a short in the third string . Although a consumer would surely 
notice a dark portion equaling one eighth of the length of the 
bulb as shown in the lower row , the consumer would 
probably not notice the dark LED dies of the third string in 
the upper row that are interspersed among the lit LED dies 
of the other strings . In addition , where the LED bulb has a 
diffusing milky cover as opposed to a transparent glass 
cover , the individual dark LED dies are more difficult to 
distinguish . Finally , the lit LED dies would be brighter and 
would compensate for much of the lost light output of the 
LED dies in the third string . 
[ 0031 ] The LED drive current is divided between the 
various strings based on the total voltage drop across the 
series - connected LED dies of each string . A typical blue 
LED has a forward voltage of about 3 . 3 volts , which can 
vary by as much as a 20 % . The variation in the total voltage 
drop across the strings causes an imbalance between the 
drive currents that flow through the various strings . Fortu 
nately , the differences in the forward voltages of multiple 
LED dies tend to cancel each other out . The probability that 
the LED dies in one string will all have either a higher or a 
lower forward voltage than 3 . 3 volts decreases as more LED 
dies are added to each string . For example , the total voltage 
drop across multiple strings of eleven LED dies does not 
vary significantly . 
[ 0032 ] However , if an LED die in a series - connected 
string fails open , then no LED drive current will flow 
through that string , and the current that would have flowed 
through the shorted string is diverted to the remaining 
strings . The current in each of the other strings will increase 
by a factor of 1 / ( S - 1 ) , where S is the total number of strings . 
Thus , if there is a short in the third string of LED dies in FIG . 
2 , then the LED drive current will increase by one seventh 
in each of the other strings as the drive current from the third 
string is diverted evenly to the other strings . 

[ 0033 ] Except when an LED is " overdriven ” by high drive 
currents , the light output from the LED varies nearly pro 
portionally to the drive current . So the light output of the 
LEDs in each of the remaining powered strings in FIG . 4 
will increase by almost one seventh , and the total light 
output by the remaining thirty - five LEDs that are lit will be 
almost as great as the light output by the same drive current 
flowing through all forty LEDs . A consumer who does not 
notice any dark spots from individual dispersed unlit LEDs 
in the third string will probably not perceive any reduced 
light output from the LED bulb and will not return the bulb 
for being defective . At larger LED drive currents , however , 
an incremental increase in the drive current results in an ever 
smaller proportionate increase in the luminous flux output 
by the LED die . Moreover , the operating lifetime of an LED 
die is significantly reduced when the LED die is overdriven . 
Thus , it is advantageous to use many series - connected 
strings S so that the proportionate increase in the LED drive 
current by 1 / ( S - 1 ) that results when one string shorts out is 
small and does not results in the remaining LED dies being 
overdriven . For example , when one of eight strings shorts 
out , the current through the remaining strings increases by 
less than 15 % , which is usually not sufficient to overdrive 
the remaining LED dies . Connecting the LED dies of each 
series - connected string in an interleaved combined string , 
however , becomes more complicated as each successive 
string is added to the combined string . 
[ 0034 ] FIG . 5 shows two alternative methods of wiring the 
forty LED dies that have the interleaved connection con 
figuration 20 of FIG . 2 . The top wiring arrangement in FIG . 
5 is the method used to connect the LED dies on the printed 
circuit board 21 of FIG . 2 . The bottom wiring arrangement 
in FIG . 5 is a novel way to connect the forty LED dies using 
a single conductive layer that precludes the crossing of any 
conductors . 
10035 ] The top wiring arrangement in FIG . 5 connects the 
LED dies using conductors that cross each other multiple 
times . For example , the conductor that connects two LED 
dies of a series - connected string must cross the seven 
conductors that connect the LED dies of each of the other 
seven strings . This wiring arrangement cannot be imple 
mented on a single conductor PCB , but would most easily be 
realized on a printed circuit board with eight conductive 
layers . The conductors would cross over each other using 
vias that connect the various conductive layers of the PCB . 
Implementing the connection configuration 20 on a printed 
circuit board having a single conductive layer , however , has 
two advantages . First , a PCB with a single metal layer is less 
expensive to produce than a PCB with multiple metal layers . 
Second , a printed circuit board with a single conductive 
layer is thinner than a multi - layer board and therefore can be 
made more flexible . In the manufacturing process of making 
LED bulbs , it is desirable to source the LED dies from rolls 
of flexible strips of printed circuit board with pre - mounted 
and wired LED dies . The appropriate length of the combined 
and interleaved LED strings can then be unrolled , cut and 
attached to a flat surface in the LED bulb . Segments from 
rolls of pre - mounted LED dies can be inserted into different 
kinds of housings to make various models of LED bulbs . 
Therefore , a method is sought that allows multiple strings of 
interleaved LED dies to be connected using a flexible , 
single - layer printed circuit board . 
10036 ] The bottom wiring arrangement in FIG . 5 illus 
trates a method for using a single - layer conductor to connect 
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the interleaved LED dies of each of the eight series - con 
nected strings of five LED dies . The wiring arrangement can 
be seen in more detail in the expanded portion of the bottom 
wiring arrangement showing the conductors connected to 
ten successive LED dies along the combined string . No 
conductor in the bottom wiring arrangement crosses any 
other conductor . Each LED die of the combined string of 
forty LED dies is electrically connected to two conductors . 
For example , the LED die 29 of the eighth string is con 
nected to the two conductors 30 - 31 , as shown in the 
expanded portion of the bottom wiring arrangement . Each 
successive LED die along the combined string is accessed 
by both conductors from alternating sides of the combined 
string . For example , both conductors 32 - 33 access LED die 
34 of the first series - connected string from one side of the 
combined string , while both conductors 30 - 31 access the 
adjacent LED die 29 of the eighth string from the other side 
of the combined string . 
[ 0037 ] Note that the bottom wiring arrangement can con 
nect all of the LED dies in the combined string using a single 
conductive layer even if the two end LED dies 35 - 36 of the 
combined string are not reached by both conductors from the 
opposite side of the combined string from which the adja 
cent LED dies are reached . Nevertheless , the two end LED 
dies 35 - 36 in the bottom wiring arrangement of FIG . 5 are 
accessed by both conductors from the opposite side of the 
combined string from which the adjacent LED dies are 
accessed . 
[ 0038 ] The LED drive current to each of the LED dies is 
received through one of the conductors and passes towards 
the ground terminal through the other conductor . For 
example , LED die 29 of the eighth string is connected to a 
power supply conductor 31 and to a conductor 30 that passes 
the current towards ground . Each successive LED die along 
the combined string is electrically connected to a power 
supply conductor that connects to the die from an alternating 
side of the combined string . For example , the power supply 
conductor 33 connects to the LED die 34 of the first 
series - connected string from one side of the combined 
string , while the power supply conductor 31 connects to the 
adjacent LED die 29 of the eighth string from the other side 
of the combined string . 
[ 0039 ] FIG . 6 illustrates another embodiment of the non 
crossing wiring arrangement that connects interleaved LED 
dies of four series - connected strings of ten LED dies each . 
FIG . 6 shows a first linear array of ten LED dies labeled with 
1s connected in series and a second linear array of ten LED 
dies labeled with 2s connected in series . There are also third 
and fourth linear arrays in the combined string of interleaved 
LED dies . The first and second linear arrays are coupled in 
parallel and are collinear . The LED dies of the first linear 
array are interleaved between the LED dies of the second 
linear array . No two LED dies of the first linear array are 
immediately adjacent to one another without an intervening 
LED die of the second linear array . For example , an LED die 
of the second string labeled with a “ 2 ” is disposed between 
each successive pair of LED dies of the first string labeled 
with ls . Each LED die is connected to a first conductor that 
is coupled to the power input terminal “ + ” and to a second 
conductor that is coupled to the ground terminal “ - ” . Except 
for at the ends of the strings , the conductors are coupled to 
power and to ground through the other LED dies of each 
series - connected string . And except for the end LED dies 
37 - 38 of the combined string , each successive LED die is 

accessed by both the power and ground conductors from 
alternating sides of the combined string . Thus , the power 
supply conductor to each successive LED die connects from 
an alternating side of the combined string . For example , the 
LED die 39 of the first linear array is connected to both a 
power conductor 40 and a ground conductor 41 from one 
side of the combined string , while the next LED die 42 along 
the combined string , which belongs to the second linear 
array , is connected to both a power conductor 43 and a 
ground conductor 44 from the other side of the combined 
string . 
100401 FIG . 7 shows another embodiment of a non - cross 
ing wiring arrangement that connects interleaved LED dies 
of four series - connected strings of ten LED dies each . The 
wiring arrangement of FIG . 7 differs from that of FIG . 6 in 
that the landing pads to which the wire bonds connect to the 
forty LED dies in FIG . 7 are all on the same side of the LED 
dies . In FIG . 6 , the wire bonds to each successive LED die 
connect to landing pads on alternating sides of the LED dies . 
Nevertheless , except for the end LED dies 37 - 38 of the 
combined string , each successive LED die in FIG . 7 is still 
accessed by both the power and ground conductors from 
alternating sides of the combined string despite the fact that 
the conductors contact all of the LED dies on the same side . 
The conductors access an LED die from the side from which 
the conductors emerge to wrap around the adjacent LED 
dies . For example , LED die 42 of the second linear array is 
attached to both the power conductor 43 and the ground 
conductor 44 on the upper side in FIG . 7 , but LED die 42 is 
nevertheless accessed from and connected to both conduc 
tors 43 - 44 from the lower side of the combined string in FIG . 
7 . The power conductor 43 passes around the adjacent LED 
die of the third linear array from the lower side , and the 
ground conductor 44 passes around the adjacent LED die 39 
of the first linear array from the lower side . In an alternative 
embodiment , the LED dies are not connected to the con 
ductors by wire bonds . Rather , the LED dies are flip chip 
mounted and contact the ends of the conductors directly . 
[ 0041 ] FIG . 8 shows an unraveling roll 45 of LED dies 
wired and mounted to a strip of flexible printed circuit board 
46 . The LED dies on the roll of flexible PCB 46 are 
connected using the interleaved connection configuration 20 
of FIG . 2 . In addition , the interleaved LED dies are wired 
using the non - crossing wiring arrangement of FIG . 6 . The 
conductors that electrically connect the LED dies to each 
other and to power and ground are formed from a single 
conductive layer of the flexible PCB 46 . Some of the LED 
dies on the roll 45 of FIG . 8 have been labeled to indicate 
that they belong to one of four series - connected strings of 
ten LED dies each . An LED bulb can be manufactured using 
a length of the strip of mounted LED dies . For example , a 
strip of the flexible PCB 46 somewhat less than four feet 
long can be attached with thermal glue to an aluminum 
substrate that fits inside a tube in order to make a 4 - foot T8 
LED bulb . To simplify the drawings , the non - crossing 
wiring arrangement of FIG . 6 is illustrated with four series 
connected strings of ten LED dies each . However , an LED 
bulb would just as likely have more total LEDs . For 
example , a more likely configuration would be eight strings 
of eleven LEDs . 
[ 0042 ] FIG . 9 shows a 4 - foot T8 LED bulb 47 that has 
eighty - eight LED dies configured as eight series - connected 
strings of eleven LEDs each . The LED dies of the eight 
strings are interleaved according to the connection configu 
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ration 20 of FIG . 2 and are wired using the non - crossing 
wiring arrangement of FIG . 5 . Each string of eleven LED 
dies has a total voltage drop of about 37 . 4 volts where the 
gallium - nitride LED dies have an average individual band 
gap of 3 . 4 volts . The eight strings are driven by a buck 
converter that converts the 120 - volt alternating wall current 
to a direct current with about 40 volts . The LED driver is , 
however , a constant current driver as opposed to a constant 
voltage driver . FIG . 9 illustrates the case in which an LED 
die of the third series - connected string of eleven dies 48 - 58 
has shorted out so that all of the dies in the string are dark . 
Because the series - connected strings of LED dies have been 
interleaved , the eleven unlit LED dies 48 - 58 are hardly 
noticeable . When current no longer flows through the 
shorted third string , the current flowing through each of the 
other seven strings increases by one seventh so that the light 
output by the remaining seventy - seven LED dies increases 
by almost one seventh to compensate for the lost light output 
from the third string . 
[ 0043 ] FIG . 10 shows an end of the LED bulb 47 of FIG . 
9 in more detail . The tube of bulb 47 is made in two sections . 
A top section 59 of the tube slides into grooves in the bottom 
section 60 . In this embodiment , the top section 59 is trans 
lucent plastic that diffuses the light emitted from the LED 
dies . No black spots are apparent in the light that shines 
through the top section 59 of the tube even when a shorted 
string of LED dies is not lit . In this embodiment , the bottom 
section 60 of the tube is made of extruded aluminum . The 
bottom section 60 has a curved portion and a flat portion . 
The flat portion has the grooves into which the top section 
59 snaps or slides . The strip of the flexible PCB 46 with 
mounted and wired LED dies is attached to the flat portion . 
FIG . 10 shows that the LED dies on the strip are connected 
by a single layer of non - crossing interconnect tracks on the 
flexible substrate 46 . 
[ 0044 ] In this embodiment , the LED dies are chip scale 
packaged LED dies in which the semiconductor die is 
mounted directly to the substrate 46 without any additional 
intervening substrate . For example , each LED die is a 
volumetric white chip in which silicone with embedded 
phosphor particles conforms directly to the chip . This allows 
the size of the individual LED dies to be smaller , which 
leaves more room for the interconnect tracks . In this case , 
the LED dies are rectangular with no side longer than 1 . 8 
mm . With S strings of series - connected LED dies , S - 2 
interconnect tracks must fit between the adjacent LED dies 
of the first and second strings . Thus , six interconnect tracks 
must fit between the first and second and between the ninth 
and tenth LED dies shown on the flexible substrate 46 of 
FIG . 10 . The smaller chip scale packaged LED dies allow a 
large number of dies to be mounted in the LED tube with 
sufficient distance remaining between the dies to accommo 
date the non - crossing wiring arrangement of FIG . 5 . 
[ 0045 ] FIG . 11 is a flowchart illustrating steps 61 - 66 of a 
method of making the LED bulb 47 that has series - con 
nected strings of LED dies wired using the non - crossing 
wiring arrangement of FIG . 5 and interleaved according to 
the connection configuration of FIG . 2 . In a first step 61 , a 
first string of LED dies is electrically connected in series . 
For example , a first string of eleven LED dies mounted on 
flexible substrate 46 is connected in series by interconnect 
tracks etched in the top metal layer of the flexible PCB . In 
step 62 , a second string of LED dies is electrically connected 
in series on the substrate 46 . In step 63 , the first string of 

LED dies is coupled in parallel with the second string of 
LED dies such that the first string of LED dies is aligned 
with the second string of LED dies . The LED dies are 
aligned one behind the other along the flexible PCB strip . 
The LED dies need not be aligned in a straight line . For 
example , the line of LED dies curves when the flexible PCB 
strip is wound in a roll 45 . The series - connected strings are 
coupled in parallel by connecting the ends of the strings to 
the same power and ground terminals . 
100461 In step 64 , the LED dies of the first string are 
interleaved with the LED dies of the second string such that 
an LED die of the second string is disposed between every 
successive pair of LED dies of the first string . In addition , as 
is apparent from FIG . 5 , every successive pair of LED dies 
of every string is separated by an LED die of each remaining 
string . For example , between every two closest LED dies of 
the second string lies an LED die of each of strings 1 , 3 , 4 , 
5 , 6 , 7 and 8 . In order to use the interconnect tracks of a 
single conductive layer of flexible PCB 46 to connect the 
strings in series in steps 61 - 62 , to couple the strings in 
parallel in step 63 , and to interleave the LED dies of the 
various strings in step 64 , each successive LED die along the 
combined string ( except for the end LED dies ) must be 
accessed by the interconnect tracks from alternating sides of 
the combined string . Thus , the interconnect track that sup 
plies LED drive current to each successive LED die wraps 
around the adjacent LED die from an alternating side of the 
combined string . 
[ 0047 ] In step 65 , the LED dies of the first string and the 
second string are mounted to the flexible substrate 46 . 
Although the LED dies could be connected and wired , for 
example , partly through wire bonds , after the dies are 
mounted to the substrate , it is also possible to form the 
electrical connections entirely as interconnect tracks on the 
substrate 46 before the LED dies or chip - scale - packaged 
LED dies are flip - chip mounted onto the pre - wired substrate . 
Thus , in one embodiment of the method of FIG . 11 , the 
positions of the LED dies are series - connected in strings in 
steps 61 - 62 , the strings of the LED positions are coupled in 
parallel in step 63 , and the positions of the LED dies in the 
various strings are interleaved in step 64 all before the actual 
physical LED dies are mounted onto the substrate 46 . 
[ 0048 ] In step 66 , the first string of LED dies and the 
second string of LED dies are inserted into a tube 59 - 60 . The 
flexible PCB strip with mounted and wired LED dies is 
attached with an adhesive to a flat metal surface . In one 
implementation , the flat metal surface is the flat portion of 
the bottom section 60 of a tube that also has a curved 
portion . The top section 59 of the tube is a transparent or 
translucent cover that attaches to the bottom section 60 to 
form a cylindrical bulb . In another implementation , the long , 
flat piece of metal to which the flexible PCB strip with 
mounted and wired LED dies has been attached is inserted 
into a cylindrical glass or plastic tube . The power and ground 
terminals of the LED strip are then connected to the LED 
driver , which in turn is connected to the end plugs of the 
LED bulb , which fit into the sockets of the troffer . 
[ 0049 ] Although certain specific embodiments are 
described above for instructional purposes , the teachings of 
this patent document have general applicability and are not 
limited to the specific embodiments described above . 
Accordingly , various modifications , adaptations , and com 
binations of various features of the described embodiments 
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can be practiced without departing from the scope of the 
invention as set forth in the claims . 

1 - 25 ( canceled ) 
26 . A device comprising : 
a first linear array of light emitting diode ( LED ) dies 

connected in series ; and 
a second linear array of LED dies connected in series , 
wherein the first linear array of LED dies is coupled in 
parallel to the second linear array of LED dies , wherein 
all of the LED dies of both the first linear array of LED 
dies and the second linear array of LED dies are aligned 
along a single straight line , and wherein the LED dies 
of the first linear array are interleaved between the LED 
dies of the second linear array . 

27 . The device of claim 26 , wherein no two LED dies of 
the first linear array are immediately adjacent to one another 
without an intervening LED die of the second linear array . 

28 . The device of claim 26 , wherein the LED dies of the 
first linear array and the second linear array form a combined 
string of interleaved LED dies , wherein each LED die of the 
combined string is electrically connected to two conductors , 
and wherein except for the end LED dies of the combined 
string each successive LED die is accessed by both conduc 
tors from alternating sides of the combined string . 

29 . The device of claim 26 , wherein the LED dies of the 
first linear array and the second linear array form a combined 
string of interleaved LED dies , wherein each LED die of the 
combined string is electrically connected to a power supply 
conductor , and wherein except for the end LED dies of the 
combined string , the power supply conductor to each suc 
cessive LED die connects from an alternating side of the 
combined string . 

30 . The device of claim 26 , wherein the LED dies of the 
first linear array and the second linear array are mounted on 
a flexible substrate . 

31 . The device of claim 26 , wherein the first linear array 
of LED dies and the second linear array of LED dies are 
disposed in a cylindrical tube . 

32 . The device of claim 26 , further comprising : 
a flexible substrate with a metal layer , wherein intercon 

nect tracks are formed in the metal layer , wherein the 
LED dies of the first linear array are electrically con 
nected to one another by a first group of interconnect 
tracks , wherein the LED dies of the second linear array 
are electrically connected to one another by a second 
group of interconnect tracks , and wherein none of the 
first group of interconnect tracks crosses any of the 
second group of interconnect tracks . 

33 . The device of claim 26 , wherein there are N linear 
arrays of LED dies each connected in series , wherein N is 
greater than or equal to eight , wherein each of the LED dies 
is electrically connected to two conductors , and wherein N - 2 
conductors pass between at least two adjacent LED dies . 

34 . The device of claim 33 , wherein none of the conduc 
tors crosses over any other of the conductors . 

35 . The device of claim 26 , wherein the LED dies are chip 
scale packaged LED dies . 

36 . A method comprising : 
electrically connecting a first string of light emitting diode 

( LED ) dies in series ; 
electrically connecting a second string of LED dies in 

series ; 
electrically connecting an Nth string of LED dies in 

series ; and 
coupling all of the N strings of LED dies in parallel with 

each other such that all of the LED dies of the N strings 
of LED dies are aligned along a single straight line ; and 

interleaving the LED dies of the first string with the LED 
dies of the second string such that an LED die of the 
second string is disposed between every successive pair 
of LED dies of the first string , wherein each of the LED 
dies of the N strings of LED dies is electrically con 
nected to two conductors , and wherein N - 2 conductors 
that originate on one side of the single straight line pass 
between at least two adjacent LED dies over to the 
other side of the single straight line . 

37 . The method of claim 36 , wherein the first string of 
LED dies is a linear array of LED dies . 

38 . The method of claim 36 , wherein coupling the N 
strings forms a combined string , and wherein except for the 
end LED dies each successive LED die of the combined 
string is accessed by both conductors from alternating sides 
of the combined string . 

39 . The method of claim 36 , wherein coupling the N 
strings forms a combined string , wherein the first string and 
the second string are electrically connected such that each 
LED die of the combined string is connected to a power 
supply conductor , and wherein except for the end LED dies 
of the combined string , the power supply conductor to each 
successive LED die is connected from an alternating side of 
the combined string . 

40 . The method of claim 36 , further comprising : 
mounting the LED dies of the N strings to a segment of 

a rolled strip of flexible printed circuit board . 
41 . The method of claim 36 , further comprising : 
inserting the N strings of LED dies into a cylindrical tube . 
42 . The method of claim 36 , wherein the N strings of LED 

dies are electrically connected by interconnect tracks formed 
in a metal layer such that none of the interconnect tracks 
crosses any other of the interconnect tracks . 

43 . The method of claim 36 , wherein the LED dies of the 
N strings of LED dies are electrically connected by inter 
connect tracks formed in a metal layer , and wherein no two 
of the interconnect tracks are separated by an insulator and 
are stacked over one another . 

44 . The method of claim 36 , wherein no conductor crosses 
any other conductor . 

* * * * * 
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