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MULTIPLE LIGHT EMITTING DIODE MODUL~ 

This invention relates to a device comprising a 

multiplicity of light emitting diodes for providing a 

source of illumination such as for the exterior portion of 
an automobile. 

Light emitting diodes (LEDs) are a type of ...._,_,. 
semiconductor device that e:r.it a visi::,la light when biased 

in the forward direction. La~ps incorpo~ating such LEDs 
as their light source are referred to as LED lamps. Due 

to their construction, LEO lamps are typically .!=!Jttaller 
than standard bulb or f ila::nent type lamps, making -~heir· 

use particularly desirable in applications where a premium 

is placed on space, such as cameras, watches, computers, 

. computer printers and numerous other compact devices. 

Additionally, the LED is energy efficient in that it only 

requires a small amount of electricity in order to 

generate a relatively strong light. T=-iere!ore; the LED is 

a particularly desirable lighting source in applications 

where energy efficiency is important, s~ch as with battery 

powered portable devices. 

Generally speaking, although LE~ lamps offer a 

relatively high degree of illumination for their size, LED 

lamps must usually be combined with o~her LEO lamps in 
order to achieve the sa:ne deq~ee cf illumination as a 

light assembly illuminated by stanca~: bulb type la~ps. 
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However, the combination of LED lamps 'typically occupy 
less space and require less energy to operate than that of 
the standard bulb type lamps they replace. The space 
saving and energy efficient features of the ~ED make it a 
popular choice with designers and manufacturers who are 
motivated to reduce the size and/or increase the 
efficiency of the light source used in their products~ 

Recently, LED lamps have found application in the 
automobile industry as a source of illumination, replacing 
standard bulb type lamps, for exterior lights, such as 
parking lights, brake lights and the like. It is highly 
desirable that the light source used in the automobile be 
energy efficient. The LED is a popular choice in such an 
application becaus~ its use permits the replacement of 
standard bulb type lamps that require a larger space and 
consume a greater amount of energy to operate. The space 
savings that results from replacing standard bulb type 
lamps with the LED in such an application may be better 
put to use in the form of added passenger or storage 
capacity. Size savings can translate into weight savings 
as well, an important factor in fuel economy. 

The standard bulb type lamps are known to have a high 

rate of failure when used in an automotive ~ppfication. 
The high failure rate is attributable to the filament 
breaking due to sudden shocks or bumps experienced under 
normal driving conditions. Unlike standard bulb type 
lamps, LED lamps are immune to such failures due to their 
inherent construction. The light emitted by an LED is 
caused by the generation of photons from materials within 
the LED and is not the product of an electrical current 

passing through an illuminating filament. Since the LED 
does not rely on the fragile filament scheme used in bulb 
type lamps it is better suited for use as a reliable 
automobile lighting source. 

Additionally, standard bulb type lamps are known to 
generate a large amount of heat during their operation. 

The heat generated by standard bulb type lamps not only 
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shortens the life of the light source but may cause 

thermal damage, deformation, cracking or the like to other 
nearby lighting elements, such as the deformation or 
cracking of a nearby plastic lens and the like. 

Accordingly, the choice of using LED lamps to replace 
.standard bulb type lamps as the lighting source for the 
automobile is desirable because their use provides a more 
efficient use of spa~e, is energy efficient, eliminates a 
common cause of light source failure, and eliminates lens 
deformation associated with .a high heat generating bulb 
type light source. 

A single LED typically produces less illumination 

than that of a standard bulb type light. Therefore,. a 
plurality of LED lamps are combined in order to provide 
the same degree of illumination provided by one or more 
standard bulb lamps. The LED lamps are combined to form 
a LED module that comprises a plurality of LED lamps and 
means for mechanically and electrically connecting the LED 
lamps to a light assembly. The LED module may be 
configured so that it contains the required number of LED 
lamps arranged in a circuit to provide the desired degree 

of illumination. Additionally, the LED module should be 
configured to accommodate the particular shaP.e cir size of 
the light assembly, which may be defined by the shape or 
contour of the automobile body design. 

LED modules comprising a plurality of LED lamps are 
known in the art. Such modules are generally made up of 
a plurality of LED lamps, each having an anode and cathode 

lead, and a printed circuit board with conductive paths. 
30 The plurality of LED lamps are each connected to the 

printed circuit board by-soldering the anode lead of each 
LED to one path and soldering the cathode lead of each LED 
to another path. The LED lamps may be arranged along the 
printed circuit board as desired in order to meet the 

35 illumination, space, and configuration requirements of the 
particular light assembly. The LED module is mechanically 

attached to the light assembly and the printed circuit 
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board is electrically connected to an anode or cathode 
electrical source within the light assembly. 

Such LED modules typically use a solder connection to 
connect the anode and cathode lead of each LED to the 
respective conducti"ve paths in order to ensure a good 
electrical and mechanical connection. However, solder 
connecting each LED is a known cause of LED failure. 
During the soldering operation heat is transferred from 
the soldering site, through the lead of each LED and to 
the LED chip resulting in thermal damage. This potential 
for thermal damage during the manufacture of the LED 
module may reduce the reliability of the LED and limits 
its viability as a desirable lighting source. 

LED modules known in the art have attempted to 
minimize the potential for thermal damage to the LED lamps 
by constructing the LED leads from materials having a low 
thermal conductivity, such as steel. Using materials of 
low thermal conductivity reduces the amount of heat that 
can be transferred from the solder site to the LED chip 
itself. However, materials having low thermal 
conductivity necessarily have a correspondingly low 
electrical conductivity. Therefore, the methods used in 
the art to minimize the thermal damage of the LED lamps 
during the soldering operation has resulted in the 
construction of a LED module that does not display optimal 
electrical efficiency. Additionally, LED leads 
constructed from such low thermal conductivity materials 
effectively limit the amount of power that the LED can 
dissipate and remain within reliable operational 

30 parameters. 
Mounting LED lamps on a printed circuit board is also 

costly. Each LED must be individually positioned on the 
board for assembly. The boards themselves are costly. 
Accordingly, a different approach for connecting LED lamps 

35 is desirable for both reducing the cost of an LED module 
and increasing the electrical efficiency of an LED module. 
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It is, therefore, desirable to have an LED module 

that can accommodate a plurality of LED lamps in a manner 

that will optimize the reliability of each LED. It is 

qesirable that mounting of LED lamps in the LED module 

promotes optimal electrical and thermal efficiency. It is 

desirable that the LED module permits arbitrary spacing of 

each LED in order to correspond to predetermined shapes or 

illumination requirements. It is also desirable that the 

LED module be practical to produce from both an economic 

and manufacturing standpoint. 
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There is, therefore, provided in practice of this 

invention an LED module used as a source of illumination. 

The LED module comprises ·a plurality of LED lamps each 

having an anode lead and a cathode lead. The anode lead 

of each LED is connected to an anode bus bar and the 

cathode lead of each LED is connected to a cathode bus 

bar. The·anode and cathode bus bars may be arranged in 

parallel relation to each other, and separated by the 

plurality of LEP lamps. The anode and cathode bus bars 

are constructed. from an electrically and thermally 

conductive material compatible with the anode lead and 

cathode lead of each LED. The LED module may be 

configured having 

configuration or 

LED 

a 

lamps arranged in a serial 

combination serial/parallel 

configuration depending on the predetermined lighting 

requirement and/or the design of the accommodating light 

assembly. 

The anode lead and cathode lead of each LED may be 

20 connected to the respective anode and cathode bus bars by 

any of several techniques. The bus bars and leads of each 

LEO lamp may be integral with each other. Alternatively, 

the bus bars and leads of each LED lamp may b~ inaependant 

members that are connected by an interference fit formed 

25 between approximately complementary portions of each lead 

and bus bar. For example, each lead and bus bar may be 

attached by an interlocking fit formed between a recessed 

portion of ·the lead and an approximately complementary 

recessed portion of the bus bar. Each lead and bus bar 

30 may also be attached by an interference fit formed between 

the lead and an ac~ommodating tab integral with the bus 

bar. Alternatively, each LED lead and bus bar may be 

attached by using a low-heat technique such as spot 

welding or the like. 

.35 The LEO module is configured to accommodate series 

and parallel electrical and mechanical interconnection 

with other LED modules to form a LED assembly having a 
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predetermined length and comprising a desired number of 

LED lamps. 
The LED module according to the present invention 

permits a designer to vary the placement of each LED in 

the module depending on the desired lighting requirement 

for a particular application. The LED module may also be 

configured to fit within a particularly shaped light 

assembly. The integral, interlocking, interference, or 

low-heat connection of each LED within the LED module 

avoids the need to solder connect each LED, eliminating 

potential thermal damage to each LED, and thus increasing 

the reliability of the LED module. Additionally, such a 

connection scheme avoids the costs associated with having 

to mount the LEO lamps on a printed circuit board. 
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These and other features and advantages of the 
present invention will be better understood with 
reference to the description of several exemplary 
embodiments of the invention shown ·in the drawings 

5 wherein: 

10 

FIG. l is a semi~schematic-exploded side view of an 
automobile light assembly comprising the LED module of the 
present invention; 

FIG. 2 is a perspective view of a first embodiment of 

the LED module according to the present invention; 
FIG. 3 is a cross sectional view of a LED taken at 

3-3 in FIG. 2; 
FIG. 4 is an electrical diagram of a LED assembly 

comprising three LED modules in series electrical 
15 connection; 

20 

25 

FIG. 5 is a perspective view of a second embodiment 
of the LED module; 

FIG. 6 is a fragmentary cross sectional view of a. 
lead connection taken at 6~6 in FIG. 5; 

FIG. 7 is a perspective view of a third embodiment of 
the LED module; 

FIG. 8 is a plan view of an anode bus bar after a tab 
slot is formed; ; · · · 

FIG. 9 is a side view of the anode bus bar after an 
integral tab has been bent away from the surf ace of the 
anode bus bar; 

FIG. 10 is a side view of the anode bus bar after the 
integral tab has been bent about the anode lead; · 

FIG. ll is a side view of an anode bus bar comprising 
30 two integral tabs; 

FIG. 12 is a plan view of an alternative embodiment 
of interconnected LED modules comprising a matrix of LED 
lamps; and 

FIG. 13 is an electrical diagram of a alternative 
35 embodiment of the LED module comprisinq LEI? lamps arranged 

in series/parallel electrical connection. 
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FIG. 1 shows a light emitting diode (LED) module 10 
according to the present invention as it may be used to 
provide exterior lighting in an automobile light assembly 

5 12 such as a brake light. The automobile light assembly 
comprises a housing 14, one or more LED modules 10, and a 
backplate 16. The LED module comprises a plurality of LED 
lamps 18 that are electrically and mechanically connected 
in a manner forming a strip of LED lamps. The· LED module 

10 

15 

20 

25 

30 

is sized and configured to accommodate mechanical and 
electrical connection with the back plate 16 that may be 
shaped according to the contour or design of the 
automobile body. The LED module is made up of the desired 
number of LED lamps ~o accommodate the light housing 14 
and provide the desired amount of illumination. The LED 
module is incorporated between the back housing and the 
light housing to form the automobile light assembly. The 
LED module may be electrically connected at each end to an 
electric~l connector 19 extending from the backplate. 

Although the LED module of the present invention is 
described in the context of providing illumination for the 

exterior portion of automobiles, the LED module of the 
present invention m~y also be used as a ligh:t.sHurce for 

illuminating the interior portion of an automobile or as 
a light source in applications other than automobiles. 

FIG. 2 shows a first embodiment of the LED module 10 
according to the present invention. The LED module 
comprises a plurality of LED lamps 18 (although the LED 
module may comprise any number of LED lamps, for purposes 

.of clarity a LED module comprising only five LED lamps is 

shown) . Each LED lamp has a front face 20 and a back face 
positioned opposite the front face. The front face of the 

LED lamp is the face from which the LED in the lamp emits 

light. Each LED lamp has an anode lead 24 and a cathode 
35 lead 26 that each extend downward and away from opposite 

ends of the back face and provide electrical connection to 
the LED in the lamp. 
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Each LED lamp is conventional. It comprises an anode 

lead 24 and a cathode lead(s) 26 for making electrical 
connection to a light emitting diode 25 as shown in FIG. 
3. Generally, the LED is secured in a reflective cavity 
in, for example, the cathode lead by an electrically 
conductive adhesive. A fine wire 27 is wire bonded to the 
front face .of the LED and to the adjacent anode lead. The 
ends of the leads and the LED are embedded or 11 potted 11 in 
a transparent plastic such as an epoxy resin. since the 
leads are secured in the plastic, they also serve as 
mechanical support for the LED lamp. Quite often the 
front face 20 of the LED lamp is molded with a convex lens 
29 for concentrating the emitted light. In this 
description, the terms LED and LED lamp may be used 
interchangeably. 

The specific construction of the LED and LED lamp, 
the arrangement of leads in the lamp, etc. , are not 
significant for practice of this invention. This can be 
recognized, for example, b~ noting that the leads in the 
embodiment of FIG. 2 exit the plastic through the back 
face, whereas the leads in the embodiment of FIG. 5 exit 
through side faces of the plastic. It will also be 

recognized that some LED lamps are round dom~s-instead of 
rectangular bodies with a domed lens on a flat face. 

Each LED lamp is connected to an anode bus bar 28 and 
a cathode bus bar 30. In the first embodiment, the anode 
lead of each LED lamp is integral with the anode bus bar. 

Similarly, the cathode lead of each LED lamp is integral 

with the cathode bus bar. 
30 The position of each bus bar relative to each LED 

lamp may be dependent on the particular mechanical and/or 

electrical connection requirement of an accommodating 
light assembly. In the first embodiment, the anode bus 
bar is positioned adjacent to the back face of each LED 

35 lamp near the anode lead 24. In similar fashion, the 
cathode bus bar is positioned adjacent to the back face of 
each LED lamp near the cathode lead 26. The anode bus bar 
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and cathode bus bar each comprise a strip of electrically 
conductive material. The configuration and thickness of 
each bus bar may be dependent on the number of LED lamps 
desired for a particular application as well as the 
particular electrical or mechanical connection 
requirements of a particular light assembly. A typical 
LED module may comprise an anode and cathode bus bar which 
are each approximately five millimeters high, 
approximately 0.4 millimeters thick, and are spaced apart 
from each other a distance of approximately five 

millimeters. The LED lamps are arranged on the module at 
spacings of about ten millimeters. 

In FIGs. 2, 5, and 7 the LED module is illustrated 
having an anode bus bar 28 connected to the anode lead 24 
of each LEO lamp, and similarly a cathode bus bar 30 is 
connected to the cathode lead 26 of each LED lamp. The 
manner in which the LED lamp leads are configured is not 
intended be representative of a particular LED lamp. For 
example, each LED lamp in FIG. 5 is shown with two cathode 
leads and only one anode lead. The differences between 
the two leads are not ·meant to be representative of a 

particular type of LED lamp, but rather, are used for 
purposes of clarity to distinguish the two l~ad:S. It is 

to be understood that there is no conventional anode or 

cathode lead confiquration. Accordingly, any type of LED 
lamp may be used to construct an LED module according to 
practice of this invention. 

In the first embodiment, the anode bus bar and 
cathode bus bar and the respective.anode lead and cathode 
lead of each LED lamp are integral with each other. The 
integral lead-bus bar arrangement may be accomplished 
during the manufacturing process of the LED lamps. The 
LED lamp is constructed in such a manner that the anode 
bus bar and cathode bus bar are incorporated as the anode 
and cathode portion of each LED lamp. This type of bus 

bar may be referred to as a "free" or "low cost" bus bar 

because it is the product of the method used to 
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manufacture the LED lamps and is not manufactured as an 
individual component. Accordingly, the LED module 
comprising such an integral lead-bus bar connection 
arrangement should be more cost efficient to produce than 

5 LED modules comprising bus . bars that are non-integral 
members of each LED lamp. 

10 

15 

20 

The integral lead-bus bar connection of the first 
embodiment avoids the need to use a solder connection to 
connect each LED lamp to the bus bars. Avoiding the need 
to solder connect each lead to its respective bus bar 
eliminates potential thermal damage that may occur to each 
LED lamp, and thus increases the reliability of each LED 
lamp and the LED module. Additionally, eliminating the 
need to solder connect each LED lamp also permits the use 
of bus bars made from materials having a high electrical 
and thermal conductivity, optimizing the electrical and 
thermal efficiency of the LED module. A preferred bus bar 
material may comprise copper and the like. 

Since the bus bars of the LED module in this first 
embodiment are integral members of each LED lamp, the 
danger of thermal stresses developing between two 
materials having different thermal expansion coefficients 
is eliminated. Eliminating the potential .. I.or··· thermal 
stress to develop between each LED lamp and the bus bars 

25 increases the reliability of their mechanical and 
electrical connection, and thus optimizes the-reliability 
of the LED module. 

The LED module according to present invention may be 
configured to accommodate a plurality of LED lamps used 

30 for providing exterior automobile illumination, such as 
parking lights, tail lights, brake lights and the like. 
The LED module may be configured as a strip of desired 
length comprising a predetermined number of sequentially 
arranged LED lamps. Each bus bar may contain holes 32 or 

35 the like as shown in FIG. 2 to facilitate its connection 
with an electrical connector within a light assembly. The 
holes may also be used to facilitate the series 



5 

·.-.. -· •. ; ....... 

-13-

interconnection of two or more adjacent LED modules as 

shown by electrical diagram in FIG. 4 using one of the 

mechanical connection schemes according to principles of 

this invention. 

It may be desirable to connect LED modules in an 

electrical series as illustrated in FIG. 4 to obtain a 

desired voltage-current relationship for a group of lamps. 

For example, in an automotive application the voltage 

available is over 12 volts, whereas the typical voltage 

10 drop across an LED is less than about 2 volts. By using 

groups of.lamps in parallel and connecting the groups in 

series, the desired voltage drop is obtained for a light 

source with many LED lamps. The number of lamps in a 

parallel module and the number of such modules connected 

15 in series depends on several factors including the area 

illuminated, the voltage and current available, the 

reliability of manufacturing the modules·, and the number 

of lamps readily made per module in the specific 

manufacturing equipment available, for example. For 

20 purposes of clarity and illustration, the LED modules may 

be arranged in an electrical series by electrically 

connecting the cathode bus bar of each LED module to an 

anode bus bar of an adjacent LED module. 

The ability to interconnect LED modules in series is 

25 desirable because it may allow the designer to obtain a 

desired degree of illumination without being limited by 

the manufacturing process of the LED lamps. For example, 

LED lamps may be manufactured in relatively small groups 

of five or six due to the limitations of the manufacturing 

30 process itself. Accordingly, a first embodiment of the 

LED module comprising LED lamps manufactured by such a 

process may contain only four to six LED lamps. The 

designer can overcome the inherent limitations of such a 

LED lamp manufacturing process, and obtain the desired 

35 degree of illumination, by simply interconnecting in 

series the desired number of LED modules. Each LED module 

may be connected to an electrical source or with another 
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LED module by techniques well known by those skilled in 

the art such as by a spot weld, rivet, interference fit 

and the like. 

A shortcoming of the integral lead-bus bar embodiment 

5 is a lack of electrical and mechanical flexibility. 

Different applications of LED lamps call for different 

spacings between each LED lamp, voltage matching LED 

lamps, for example, or electrical connections different 

from the parallel connections illustrated. The tooling 

10 for making an integral lead-bus bar embodiment is costly 

and unless a very large number of modules are to be built, 

the unit cost may be excessive. Thus, a different 

technique is desirable for flexibility in the manufactur­

ing process to make LED modules with desired 

15 configurations. 

Generally speaking, a suitable different technique is 

to manufacture LED lamps on a bus bar as presently 

practiced, cut the individual LED lamps from the bus bar, 

and then reconnect the LED lamps to parallel bar-like 

20 strips with any desired spacing. such modules can be made 

with a few or many LED lamps in parallel and may be 

interconnected in series and parallel arrangements to 

obtain desired electrical properties. 

Thus, FIG. 5 shows a second embodiment of the LED 

25 module 10 according to the present invention. Like the 

first embodiment, the second embodiment comprises a 

plurality of LED lamps 18 (although the LEO module may 

comprise any number of LED lamps, for purposes of clarity 

a LED module comprising only three LED lamps is shown). 

30 

35 

Each LED lamp has a front face 20 and a back face 

positioned opposite to the front face. Each LED lamp has 

an anode lead 24 and a cathode ·lead (s) 26 which each 

extend outwardly and away from the LEO lamp from opposite 

sides and provide electrical connection to the LED lamp. 

The anode lead of each LED lamp is connected to the anode 

bus bar 28 and the cathode lead of each LED lamp is 

connected to the cathode bus bar 30. 
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The anode bus bar and cathode bus bar are positioned 
parallel to each other and are separated by the LED lamps. 
Each bus bar comprises a thin strip of electrically 
conductive material. The thickness and configuration of 
each bus bar may vary depending on the desired 
illumination requirements 
accommodating light assembly. 

or configuration of the 
A pref erred LED module may 

comprise an anode and ca th ode bus bar that are each 
approximately five millimeters wide and approximately 0.4 
millimeters thick. 

The anode and cathode bus bar may be positioned with 
respect to the LED lamps differently than that illustrated 
in FIG. 5 depending on the particular configuration or 
connection requirement of the light assembly. For 

15 example, the anode bus bar and cathode bus bar may be 
positioned with their faces perpendicular to the front 

20 

face of the LED lamp as shown in FIG. 2. The leads for 
such a conf iquration may be bent inside or outside of the 
plastic potting material. 

Unlike the first embodiment, the anode bus bar and 
cathode bus bar of the second embodiment are non-integral 
with the respective anode lead and cathode lead of each 
LED lamp. The anode lead of each LED lamp is .connected to 
the anode bus bar to form an anode lead connection 34. 

25 Similarly, the cathode lead of each LED lamp is connected 
to the cathode bus bar to form a cathode lead connection 
36. The leads of each LED lamp may be connected to the 
bus bars by using an interlocking connection whereby a 
portion of the lead of each LED lamp is placed in intimate 

30 interface with an approximately complementary portion of 
the respective bus bar. The connection may be formed by 
using techniques well known to those skilled in the art 
for other purposes, such as by clinching and the like. 

In the second embodiment, the anode lead connection 
35 34 and cathode lead connection 36 each comprises a 

recessed portion of the lead placed in.intimate interface 
with an approximately complementary portion of the 

... ·-----·--·· 
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respective bus bar as shown in FIG. 6 . The lead 
connection in the second embodiment can be formed by a 
well known commercial process such as one that uses a 
punch to place an indentation into both the lead and the 
respective bus bar after the lead had been aligned and 
placed into position against the surface of the bus bar. 
In such a technique, a punch deep draws a cup-shaped 
impression in both the lead and bus bar. When the closed 
end of the cup is pressed in the opposite direction, the 
walls of the cups "mushroom" or bulge outwardly a small 
amount for interlocking the inner cup into the outer cup. 
This forms both a secure mechanical interlock, but also a 
low resistance electrical connection. As illustrated, the 
inner cup is formed in a portion of the lead and the outer 
cup is formed in the bus bar. 

·reversed if desired. 

These could clearly be 

Although the anode and cathode lead connections of 
the second embodiment are formed by interlocking recessed 
lead and bus bar portions, other mechanical interlocking 
connections defined as an interference fit, interlocking 
fit or equivalent may be used within the scope of the 
present invention. For example, an interlocking 
connection may be achieved by using a rivet ~nd·"the like 
as the mushroomed member. Although the second embodiment 

25 of LEO module shows a single interlocking connection at 
each lead, the lead may be joined to the respective bus 
bar by usinq one or more interlocking connections if such 
is desired. 

Unlike the first embodiment of the LED module, which 

30 comprises an anode and cathode bus bar that are integral 
members of each LEO.lamp, the second embodiment comprises 
an anode and cathode bus bar that are non-integral members 
of each LED lamp. The placement of each LED lamp along 

the anode and cathode bus bar, therefore, is not dependent 

35 on the manufacturing process of each LED lamp. Rather, 
each LED lamp can be placed at arbitrary positions along 
the bus bars, permitting the designe= to vary the pitch of 
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the LED lamps depending on the particular lighting 
requirement or configuration of the accommodating light 
assembly. 

The anode and cathode lead connection in this second 
5 embodiment, like the first embodiment, avoids the need to 

solder connect· each lead of the LED lamp to the respective 
bus bars. Avoiding· the need to solder eliminates the 
possibility of causing thermal damage to the LED lamps, 
and thus increases the reliability of each LED lamp and 

10 the LED module. Additionally, avoiding a solder 
connection permits the use of bus bars constructed from a 
material having a high electrical conductivity, optimizing 
the electrical efficiency of each LED lamp and the LED 
module. Copper is a preferred bus bar material. 

15 To minimize the occurrence of thermal stress that may 
develop between two connected metals having different 
properties of thermal expansion, it is preferred that the 
bus bar material selected have an approximately equal or 
at least a similar coefficient of thermal expansion (CTE) 

20 as the CTE of the lead material of each LED lamp. 
Selecting a bus bar material having the same CTE as that 
of the LED lamp leads eliminates the possibility of a 
thermally related mechanical failure that may_.occur at the 
anode lead connection 34 and the cathode lead connection 

25 36, and thus increases the reliability of the LED module. 
It is also desirable that the material selected for the 
bus bars be compatible with the material of the leads of 

the LED lamps to prevent the occurrence of undesirable 

galvanic action, such as corrosion or the like, at the 
30 points of connection. 

FIG. 7 shows a third embodiment of the LED module 10 
according to the present invention. The third embodiment 
is similar to the second embodiment in all respects except 
for the anode lead connection 34 and the cathode lead 

35 connection 36. Like the second embodiment, the anode bus 

bar and the cathode bus bar in the third embodiment are 

non-integral with the anode lead and cathode lead of each 
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LED lamp. The leads of each LED lamp are mechanically and 

electrically connected to the bus bars by an interference 

fit formed between the leads and a tab 40 integral with 

the respective bus bars. 

5 The lead.connection is formed by first cutting at 

10 

least one tab slot 38 into each bus bar to form a integral 

tab 40 as shown in FIGs. 7 and 8. During the cutting step 

the integral tab of each bus bar is bent outward and away 

from a front face of each bus bar as shown in FIGs. 8 and 

9. The tab is of sufficient size and length to 

accommodate its placement over the surface of the 

complementary lead of each LED lamp. A connecting portion 

of the lead 24 of each LED lamp comprises a front face and 

a back face opposite to the front face. The back face of 

15 the connecting portion of each lead is placed into 

position against the front face of the respective bus bar 

near the attached portion of the integral tab. The 

integral tab is bent inward towards the bus bar around and 

over the lead as shown in FIGs. 7 and 10. A force is 

20 applied to the tab to form an interference fit by an 

intimate interface between the front face of the bar and 

the· back face of the lead and between the front face of 

the lead and the integral tab. 

Alternatively, the leads of each LED lamp may be 

25 connected to the respective bus bars by an interference 

fit comprising more than one integral tab 40. For 

example, a pair of integral tabs may be formed at each bus 

bar and bent around a lead to form an interference fit as 

shown in FIG. 11. Other connections such as the crimp 

30 connections used in solderless wire terminations and 

connectors could also be used, as well as interface 
11 slots 11 common to insulation displacement connection 

schemes. 

Like the second embodiment of the LED module, the 

35 third embodiment permits the arbitrary placement of the 

LED lamps along the pair of bus bars, thereby allowing the 

designer to place the LED lamps according to the 
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particular lighting requirement or 
configuration of the light assembly. 

the particular 
It should also be 

noted that the position of the bus bars with respect to 
the LED lamps may be different from that illustrated in 

5 FIG. 7. For exaniple, each bus bar 28 and 30 may be 
positioned with its face perpendicular to the back face of 
each LED lamp, similar to that illustrated in FIG. 2. 

In each of these embodiments the conductive bus bars 
form the structural support for the LED lamps as well as 

10 the electrical connection. It is no longer necessary to 
employ a costly printed circuit board on which LED lamps 
are individually soldered. 

15 

20 

Although limited embodiments of LED module have been 
described herein, many modifications and variations will 
be apparent to those.skilled in the art. For example, it 
is to be understood within the scope of this invention 
that the LED lamps of the LED module may be attached to 
the bus bars by using a connection scheme other than that 

specifically described or illustrated. An alternative 
connection scheme may include a low heat interconnect 
technique that will not result in thermal damage to the 
LED lamp such as spot welding or the like. 

It is also to be understood within the scope of this 
invention that the LED module may be interconnected 

25 together with other LED modules differently than that 
previously described or illustrated. For example, a 
number of LED modules may be interconnected together as 
shown in FIG. 12, resulting in a matrix arrangement of LED 
lamps. This inter.connection arrangement between LED 

30 modules in this alternative embodiment is essentially the 
same as the series LED module interconnection represented 

in FIG. 4. However, instead of connecting together an end 
of a cathode bus bar with an end of an adjacent anode bus 
bar, the LED modules are electrically interconnected via 

35 a common bus bar which is relatively cathodic with respect 
to one parallel strip of LED lamps connected to it, and 

relatively anodic to a second parallel strip of LED lamps 
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also connected to it. The matrix arrangement of LED lamps 
shown in FIG. 12 can be electrically connected to an 
external power source by connecting the cathodic portion 
of the power source to one bus bar at the end of the LED 
matrix, i.e. , the bus bar residing at t~e far left of FIG. 
12, and connecting the anode portion of the power source 
to the bus bar located at the other end of the LED matrix, 
i.e., at the far right side of FIG. 12. This particular 
configuration may be employed to achieve a predeterm.ined 

10 lighting requirement or to facilitate placement within a 
particularly designed lighting assembly. The anode and 
cathode leads of each LED lamp may be mechanically and 
electrically connected to a bus bar by the mechanical 
connection scheme previously described in the second 

15 preferred embodiment above. Alternatively, it is to be 
understood that the LED lamps in this alternative 
embodiment may be connected to the bus bars by any other 
of the connection schemes previously described above. 

20 

25 

It is to be understood within the scope of this 
invention that the LED module may be configured comprising 
a number of LED lamps arranged in parallel/series 
connection within the LED module. As shown in the 
electrical diagram illustrated in FIG. +,3, :·~such an 
alternative embodiment may comprise a number of serially 

connected LED lamp strings extending in parallel fashion 
between the anode and cathode bus bar. The LED lamps in 

I this alternative embodiment may be connected by any of the 
connection schemes previously described above. 

Accordingly, it is to be understood that, within the 
30 scope of the appended claims, the LED module according to 

the practice of this invention may be embodied other than 

that specifically described herein. 
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Claims 

1. A light-emitting diode (LED} module (10) for 

providing a source of illumination comprising: a 

plurality of LED lamps {18) I each LED lamp having at 

5 least two col?-Ilecting leads; (24, 26} a anode bus bar 

(28); a cathode bus bar (30); and means for mechanically 

and electrically connecting the LED lamps between the 

anode bus bar ( 2 8) and cathode bus bar ( 3 0) by a 

mechanical interlocking connection (34,36). 

10 
2. The light-emitting diode (LED) module as recited 

·in claim 1 wherein the LED lamps (18) are connected to 

the respective bus bar (28,30) by an interlocking 

interaction between a deformed portion of each LED lamp 

15 lead (24,26) and an approximately complementary deformed 

portion of the bus bar (28,30). 

3. The light-emitting diode (LED) module as recited 

in claim 2 wherein the deformed portions comprise 

20 concentric recessed lead (24,26) and bus bar (28,30) 

portions in intimate interface with each other forming 

an interlocking connection (34,36}. 

4. The light-emitting diode (LED) module as recited 

· 25 in claim 1 wherein the LED lamps (18) are connected to 

bus bars {28,30} by an interference fit formed between a 

portion of the lead (24,26) and an approximately 

complementary portion of the bus bar (28,30). 

3o s. The light-emitting diode (LED) module as recited 

in claim 4 wherein the approximately complementary 

portions of each lead (24, 26) and respective bus bar 

(28,30) comprises a tab (40) integral with the bus bar 

of sufficient size to enclose a portion of the lead, the 

35 lead having a front face and a back face, the back face 
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of the lead being in intimate interface with a front 

face of the bus bar, the front face of the lead being in 

in intimate interface with a back side of the tab to 

form an interference fit. 

6. The light-emitting diode (LED) module as recited 

in claim 5 wherein the interference fit is formed 

between each lead (24, 26) and more than one tab (40) 

integral with the respective bus bar (28,30). 

7. The light-emitting diode (LED) module as recited 

in claim 6 wherein the plurality LED lamps (18) are 

serially connected together between the anode and 

cathode bus bar (28, 30) to form a number of LED lamp 

15 strings that are each electrically connected in parallel 

with the anode bus bar and the cathode bus bar. 

8. The light-emitting diode (LED) module as recited 

in claim 6 wherein the leads (24,26) of each LED lamp 

20 (18) and the bus bars (28,30) are made from electrically 

conductive materials having approximately equal 

coefficients of thermal expansion. 

9. The light-emitting diode (LED) module as recited 

25 in any of claims 5 to 8 wherein the tab comprises a 

portion of the bus bar deformed out of the plane of the 

bus bar and engaging the respective lead in locking 

engagement. 

30 10. The light-emitting diode {LED) module as recited 

in claim 1 wherein the anode bus bar is integral with 

the anode lead of each LED lamp and the cathode bus bar 

is integral with the cathode lead of each LED lamp. 
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11. The light-emitting diode {LED) module as recited 

in any preceding claim wherein the plurality of LED 

lamps are serially connected together between the anode 

and cathode bus bar to form a number of LED lamp strings 
5 that are each electrically connected in parallel with 

the anode bus bar and the cathode bus bar. 
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ABSTRACT 

MULTIPLE LIGHT EMITTING DIODE MODULE 

A LED module io for providing a source of illumination 

comprises a plurality of LED lamps 18 each having an 

anode lead 24 and a cathode lead 26 for providing 

electrical and mechanical connection. The anode lead of 

each LED lamp is connected to an anode bus bar 28 and 

the cathode lead of each LED lamp is connected to a 

cathode bus bar 30 by solderless connection 34 and 36. 

The bus bars and the leads . of each LED lamp may be 

integral with each other. Alternatively, the bus bars 

and leads may be non-integral withn each other, 

connected by an interlocking interaction or interference 

fit between approximately complementary portions of each 

lead and bus bar. The LED module may accommodate serial 

electrical interconnection with other LED modules, it 

may be shaped according to the particuLar contour or 

design of an accommodating light assembly, and it may 

comprise LED lamps placed at arbitrary positions to 

achieve a predetermined degree of illumination. 
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MULTIPLE LIGHT EMITTING DIODE MODULE 

This invention relates to a device comprising a 

multiplicity of light emitting diodes for providing a 

5 source of illumination such as for the exterior portion of 

an automobile. 

Light emitting diode.s (LEDs) are a type of 

10 semiconductor device that e:r.it a visible light when biased 

in the for~ard direction. La~ps incorporating such LEDs 

as their light source are referred to as LED lamps. Due 

to their construction, LEO lamps are typically .~}llaller 

than standard bulb or fila~ent type lamps, making their· 

15 use particularly desirable in applications where a premiu:n 

is placed on space, such as cameras, watches, computers, 

computer pr inters and numerous other compact devices. 

Additionally, the LEO is energy efficient in that it only 

requires a s~all amount cf electricity in order to 

20 generate a relatively strong light. T~erefore, the LED is 

a particularly desirable lighting source in applications 

~here energy efficiency is importan~, s~ch as with battery 

powered portable devices. 

Generally speaking, although LE~ lamps cffer a 

25 relatively high degree of illumination for their size, LED 

la~ps must usually be combined with o~her LED lamps in 

order to achieve the sa:ne degree cf illumination as a 

light assembly illuminated by stanca=d bulb type la~ps. 

This is the· replacement s~t 
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However, the combination of LED lamps typically occupy 

less space and require less energy to operate than that of 

the standard bulb type lamps they replace. The space 

saving and energy efficient features of the ~ED make it a 

5 popular choice with designers and manufacturers who are 

motivated to reduce the size and/or increase the 

efficiency of the light source used in their products; 

Recently, LED lamps have found application in the 

automobile industry as a source of illumination, replacing 

10 standard bulb type lamps, for exterior lights, such as 

parking lights, brake lights and the like. It is highly 

desirable that the light source used in the automobile be 

energy efficient. The LED is a popular choice in such an 

application because its use permits the replacement of 

15 standard bulb type lamps that require a larger space and 

consume a greater amount of energy to operate. The space 

savings that results from replacing standard bulb type 

lamps with the LED in such an application may be better 

put to use in the form of added passenger or storage 

20 capacity. Size savings can translate into weight savings 

as well, an important factor in fuel economy. 

The standard bulb type lamps are known to have a high 

rate of failure when used in an automotive .. ~ppTication. 

The high failure rate is attributable to the filament 

25 breaking due to sudden shocks or bumps experienced under 

normal driving conditions. Unlike standard bulb type 

lamps, LED lamps are immune to such failures due to their 

inherent construction. The lig~t emitted by an LED is 

caused by the generation of photons from materials within 

JO the LED and is not the product of an electrical current 

passing through an illuminating filament. Since the LED 

does not rely on the fragile filament scheme used in bulb 

type lamps it is better suited for use as a reliable 

automobile lighting source. 

35 Additionally, standard bulb type lamps are ·known to 

generate a large amount of heat during their operation. 

The heat generated by standard bulb type lamps not only 

This is the replacemi:t.nt st9t 
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shortens the life of the light source but may cause 
thermal damage, deformation, cracking or the like to other 
nearby lighting elements, such as the deformation or 
cracking of a nearby plastic lens and the like. 

Accordingly, the choice of using LED lamps to replace 
standard bulb type lamps as the lighting source for the 
automobile is desirable because their use provides a more 
efficient use of space, is energy efficient, eliminates a 
common cause of light source failure, and eliminates lens 

·10 deformation associated with a high heat generating bulb 
type light source. 

" 

A single LED typically produces less illumination 
than that of a standard bulb type light. Therefore, a 
plurality of LED lamps are combined in order to provide 

15 ,_. the same degree of illumination provided by one or more 
standard bulb lamps. The LED lamps are combined to form 
a LED module that comprises a plurality of LEO lamps and 
means for mechanically and electrically connecting the LEI: 
lamps to a light assembly. The LED module may be 

20 configured so that it contains the required number of LEI: 

lamps arranged in a circuit to provide the desired deqree 

of illumination. Additionally, the LED module should bt 

configured to accommodate the particular shaP.e dr size o: 
the light assembly, which may be defined by the shape ··o: 

25 contour of the automobile body design. 
LED modules comprising a plurality of LEO lamps ar 

known in the art. such modules are generally made up o 
a plurality of LEO lamps, each having an anode and cathod 
lead, and a printed circuit board with conductive paths 

30 The plurality of LED lamps are each connected to tl": 
printed circuit boa-rd by soldering the anode lead of eac 
LED to one path and soldering the cathode lead of each LI 
to another path. The LED lamps may be arranged along tl 
printed circuit board as desired in order to meet tl 

35 illumination, space. and configuration requirements of tl 
particular liqht assembly. The LED module is mechanical 

attached to the liqht assembly and the printed circu 

' This is the replacement s,._t 
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board is electrically connected to an anode or cathode 
electrical source within the light assembly. 

Such LED modules typi.cally use a solder connection to 
connect the anode and cathode lead of each LED to the 

5 respective conductive paths in order to ensure a good 

electrical and mechanical connection. However, solder 
connecting each LED is a known cause of LED failure. 

During the ,soldering operation heat is transferred from 
the soldering site, through the lead of each LED and to 

10 the LED chip resulting in thermal damage. This potential 
for thermal damage during the manufacture of the LED 

module may reduce ~he reliability of the LED and limits 

its viability as a desirable lighting source. 

LED modules known in the art have attempted to 
15 minimize the potential for thermal damage to the LED lamps 

by constructing the LED leads from materials having a low 
thermal conductivity, such as steel. Using materials of 
low thermal conductivity reduces the amount of heat that 

can be transferred from the solder site to the LED chip 
20 itself. However, materials having low thermal 

conductivity necessarily have a correspondingly low 

electrical conductivity. Therefore, the methods used in 

the art to minimize the thermal damage of the LED lamps 

during the soldering operation has resulted in the 

25 construction of a LED module that does not display optimal 

electrical efficiency. Additionally, LED leads 
constructed from such low thermal conductivity materials 
effectively limit the amount of power that the LED can 
dissipate and remain within reliable operational 

JO parameters. 

Mounting LED lamps on a printed circuit board is also 

costly. Each LED must be individually positioned on the 

board for assembly. The boards themselves are costly. 

Accordingly, a different approach for connecting LED lamps 

35 is desirable for both reducing the cost of an LED module 

and increasing the electrical efficiency of an LED module. 

This is the replacement siw.t 
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It is, therefore, desirable to have an LED module 

that can accommodate a plurality of LED lamps in a manner 

that will optimize the reliability of each LED. It is 

desirable that mounting of LED lamps in the LED module 

5 promotes optimal electrical and thermal efficiency. It is 

desirable that the LED module permits arbitrary spacing of 

each LED in order to correspond to predetermined shapes or 

illumination requirements. It is also desirable that the 

LED module be practical to produce from both an economic 

10 and manufacturing standpoint. 

This is the replacement slieit · 
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There is, therefore, provided in practice of this 

invention an LED module used as a source of illumination. 

The LED module comprises a plurality of LED lamps each 

5 having an anode lead and a cathode lead. The anode lead 

of each LED is connected to an anode bus bar and the 

cathode lead of each LED is connected to a cathode bus 

bar. The anode and cathode bus bars may be arranged in 

parallel relation to each other, and separated by the 

10 plurality of LED lamps. The anode and cathode bus bars 

are constructed from an electrically and thermally 

conductive material compatible with the anode lead and 

cathode lead o·f each LED. The LED module may be 

configured having LED lamps arranged in a serial 

15 configuration or a combination serial/parallel 

configuration depending on the predetermined lighting 

requirement and/or the design of the accommodating light 

assembly. 

The anode lead and cathode lead of each LED may be 

20 connected to the respective anode and cathode bus bars by 

any of several techniques. The bus bars and leads of each 

LED lamp may be integral with each other. Alternatively, 

the bus bars and leads of each LED lamp may b~ inaependant 

members that are connected by an interference fit formed 

25 between approximately complementary portions of each lead 

and bus bar. For example, each lead and bus bar may be 

attac~ed by an interlocking fit formed between a recessed 

portion of ·the lead and an approximately complementary 

recessed portion of the bus bar. Each lead and bus bar 

30 may also be attached by an interference fit formed between 

the lead and an accommodating tab integral with the bus 

bar. Alternatively, each LED lead and bus bar may be 

attached by using a low-heat technique such as spot 

welding or the like. 

35 The LED module is configured to accommodate series 

and parallel ~lectrical and mechanical interconnection 

with other LED modules to form a LED assembly having a 

This is the replacement si.et 
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predetermined length and comprising a desired number of 

LED lamps. 

The LED module according to the present invention 

permits a designer to vary the placement of each LED in 

5 the module depending on the desired lighting requirement 

for a particular application. The LED module may also be 

configured to fit within a particularly shaped light 

assembly. The integral, interlocking, interference, or 

low-heat connection of each LED within the LED module 

10 avoids the need to solder connect each LED, eliminating 

potential thermal damage to each LED, and thus increasing 

the reliability of the LED module. Additionally, such a 

connection scheme avoids the costs associated with having 

to mount the LED lamps on a printed circuit board. 

This ii the replacement stw9t. 

2 2 JUL 199& 



Substitute sheet - 1 9 July 1 996 

8 

These and other features and advantages of the 

present invention will be better understood with 

reference to the description of several exemplary 

embodiments of the invention shown in the drawings 

5 wherein: 

FIG. 1 is a semi-schematic-exploded side view of an 

automobile light assembly comprising the LED module of the 

present invention; 

FIG. 2 is a perspective view of a first embodiment of 

10 the LED module according to the present invention; 

FIG. 3 is a cross sectional view of a LED taken at 

3-3 in FIG. 2; 

FIG. 4 is an electrical diagram of a LED assembly 

comprising three LED modules in series electrical 

15 connection; 

FIG. 5 is a perspective view of a second embodiment 

of the LED module; 

FIG. 6 is a fragmentary cross sectional view of a 

lead connection taken at 6-6 iri FIG. 5; 

20 FIG. 7 is a perspective view of a third embodiment of 

the LED module; 

FIG. 8 is a plan view of an anode bus bar after a tab 

slot is formed; : 

FIG. 9 is a side view of the anode bus bar after an 

25 integral tab has been bent away from the surface of the 

anode bus bar; 

FIG. 10 is a side view of the anode bus bar after the 

integral tab has been bent about the anode lead; 

FIG. 11 is a side view of an anode bus bar comprising 

30 two integral tabs; 

FIG. 12 is a plan view of an alternative embodiment 

of interconnected LED modules comprising a matrix of LED 

lamps; and 

FIG. 13 is an electrical diagram of a alternative 

35 embodiment of the LED module comprising LED lamps· arranged 

in series/parallel electrical connection. 

This i-a the rep\acement sri.t 
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FIG. 1 shows a light emitting diode (LED) module 10 
according to the present invention as it may be used to 
provide exterior lighting in an automobile light assembly 

5 12 such as a brake light. The automobile light assembly 
comprises a housing 14, one or more LED modules 10, and a 
backplate 16. The LED module comprises a plurality of LED 
lamps 18 that are electrically and mechanically connected . ' 

in a manner forming a strip of LED lamps. The· LED module 
10 is sized and configured to accommodate mechanical and 

electrical connection with the back plate 16 that may be 
shaped according .to the contour or design of the 
automobile body. The LED module is made up of the desired 
number of LED lamps to accommodate the light housing 14 

15 and provide the desired amount of illumination. The LED 
module is incorporated between the back housing and the 
~ight housing to form the automobile light assembly. The 
LED module may be electrically connected at each end to an 
electrical connector 19 extending from the backplate. 

20 Although the LED module of the present invention is 
described in the context of providing illumination for the 
exterior portion of automobiles, the LED module of the 
present invention may also be used as a ligh~ ~6urce for 
illuminating the interior portion of an automobile or as 

25 a light source in applications ~ther than automobiles. 
FIG. 2 shows a first embodiment of the LED module 10 

according to the present invention. The LED module 
comprises a plurality of LED lamps 18 (although the LED 
module may comprise any number of LED lamps, for purposes 

30 of clarity a LED module comprising only five LED lamps is 
shown). Each LED lamp has a front face 20 and a back face 
positioned opposite the front face. The front face of the 
LED lamp is the face from which the LED in the lamp emits 
light. Each LED lamp has an anode lead 24 and a cathode 

35 lead 26 that each extend downward and away from'opposite 
ends of the back face and provide electrical connection to 
the LED in the lamp. 

This is the rep\acement stmt 
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Each LED lamp is conventional. It comprises an anode 
lead 24 and a cathode lead(s) 26 for making electrical 
connection to a light emitting diode 25 as shown in FIG. 
3. Generally, the LED is secured in a reflective cavity 

5 in, for example, the cathode lead by an electrically 
conductive adhesive. A fine wire 27 is wire bonded to the 
front face.of the LED and to the adjacent anode lead. The 
ends of the leads and the LED are embedded or "potted" in 
a transparent plastic such as an epoxy resin. Since the 

10 leads are secured in the plastic, they also serve as 
mechanical support for the LED lamp. Quite often the 
front face 20 of the LED lamp is molded with a convex lens 
29 for concentrating the emitted light. In this. 
description, the terms LED and LED lamp may be used 

15 interchangeably. 

The specific construction of the LED and LED lamp, 
the arrangement of leads in the lamp, etc., are not 
signi!icant for practice of this invention. This can be 
recognized, for example, by noting that the leads in the 

20 embodiment of FIG. 2 exit the plastic through the back 
face, whereas the leads in the embodiment of FIG. 5 exit 
through side faces of the plastic. It will also be 
recognized that some LED lamps are round dom~s-instead of 
rectangular bodies with a domed lens on a flat face. 

25 Each LED lamp is connected to an anode bus bar 28 and 
a cathode bus bar 30. In the first embodiment, the anode 
lead·of each LED lamp is integral with the anode bus bar. 
Similarly, the cathode lead of each LED lamp is integral 
with the cathode bus bar. 

30 The position of each bus bar relative to each LED 

35 

lamp may be dependent on the particular mechanical and/or 
electrical connection requirement of an accommodating 
light assembly. In the first embodiment, the anode bus 
bar is positioned adjacent to the back face of. each LED 
lamp near the anode lead 24. In similar fashion, the 
cathode bus bar is positioned adjacent to the back face of 
each LED lamp near the cathode lead 26. The anode bus bar 
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and cathode bus bar each comprise a strip of electrically 

conductive material. Th~ configuration and thickness of 

each bus bar may be dependent on the number of LED lamps 
desired for a particular application as well as the 

particular electrical or mechanical connection 

requirem~nts of a particular light assembly. A typical 
LED module may ,comprise an anode and cathode bus bar which 

are eacfl :- approximately five millimeters high, 

approximately 0.4 millimeters thick, and are spaced apart 

10 from each other a distance of approximately five 

millimeters. The LED lamps are arranged on the module at 

spacings of about ten millimeters. 

In FIGs. 2, 5, and 7 the LED module is illustrated 
having an anode bus bar 28 connected to the anode lead 24 

15 of each LED lamp, and similarly a cathode bus bar 30 is 

connected to the cathode lead 26 of each LEO lamp. The 
manner in which the LED lamp leads are configured is not 

intended be representative of a particular LEO lamp. For 

example, each LED lamp in FIG. 5 is shown with two cathode 

20 leads and only one anode lead. The differences between 

the two leads are not meant to be representative of a 

particular type of LED lamp, but rather, are used for 

purposes of clarity. to distinguish the two l~ad$·. It is 

to be understood that there is no conventional anode or 

25 cathode lead configuration. Accordingly, any type of LED 
lamp may be used to construct an LED module according to 

pract.ice of this invention. 

In the first embodiment, the anode bus bar and 

cathode bus bar and the respective.anode lead and cathode 

30 lead-of each LED lamp are integral with each other. The 

integral lead-bus bar arrangement may be accomplished 

during the manufacturing process of the LED lamps. The 

LED lamp is constructed in such a manner that the anode 

bus bar and cathode bus bar are incorporated as the anode 

JS and cathode portion of each LED lamp. This type of bus 

bar may be referred to as a 11 free 11 or "low cost" bus bar 

because it is the product of the method used to 
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manufacture the LED lamps and is not manufactured as an 

individual component. Accordingly, the LED module 

comprising such an integral lead-bus bar connection 

arrangement should be more cost efficient to produce than 

LED modules comprising bus bars that are non-integral 

members of each LED lamp. 

The integral lead-bus bar connection of the first 

embodiment avoids the need to use a solder connection to 

connect each LED lamp to the bus bars. Avoiding the need 

10 to solder connect each lead to its respective bus bar 

eliminates potential thermal damage that may occur to each 

LED lamp, and thus increases the reliability of each LED 

lamp and the LED module. Additionally, eliminating the 

need to solder connect each LED lamp also permits the use 

15 of bus bars made from materials having a high electrical 

and thermal conductivity, optimizing the electrical and 

thermal efficiency of the LED module. A preferred bus bar 

material may comprise copper and the like. 

Since the bus bars of the LED module in this first 

20 embodiment are integral members of each LED lamp, the 

danger of thermal stresses developing between two 

materials having different thermal expansion coefficients 

is eliminated. Eliminating the potential .fot·•· thermal 

stress to develop between each LED lamp and the bus bars 

25 increases the reliability of their mechanical and 

electrical connection, and thus optimizes the-reliability 

of the LED module. 

The LED module according to present invention may be 

configured to accommodate a plurality of LED lamps used 

30 for providing exterior automobile illumination, such as 

parking lights, tail lights, brake lights and the like. 

The LED module may be configured as a strip of desired 

length comprising a predetermined number of sequentially 

arranged LED lamps. Each bus bar may contain holes 32 or 

35 the like as shown in FIG. 2 to facilitate its connection 

with an electrical connector within a light assembly •. The 

holes may also be used to facilitate the series 
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interconnection of two or more adjacent LED modules as 

shown by elec~·rical diagram in FIG .. 4 using one of the 

mechanical connection schemes according to principles of 

this invention. 

It m~y be desirable to connect LED modules in an 

electrical series as illustrated in FIG. 4 to obtain a 

desired v,c;>ltage-current relationship for a group of lamps. 

For example, in an automotive application the voltage 

availabie is over 12 volts, whereas the typical voltage 

10 drop across an LED is less than about 2 volts. By using 

groups of lamps in parallel and connecting the groups in 

series,· the desired voltage drop is obtained for a light 

source with many LED lamps. The number of lamps in a 

parallel module and the number of. such modules connected 

15 in series depends on several factors including the area 

illuminated, the voltage and current available, the 

reliability of manufacturing the modules, and the number 

of lamps readily made per module in the specific 

manufacturing equipment available, for example. For 

20 purposes of clarity and illustration, the LED modules may 

be arranged in an electrical series by electrically 

connecting the cathode bus bar of each LED module to an 

anode bus bar of an adjadent LED module. 

The ability to interconnect LED modules in series is 

25 desirable because it may allow. the designer to obtain a 

desired degree of illumination without being limited by 

the manufacturing process of the LED lamps. For example, 

LED lamps may be manuf~ctured in relatively small groups 

30 

. of five or six due to the limitations of the manufacturing 

process itself. Accordingly, a first embodiment of the .. 
/ 

LED module comprising LED lamps manufactured by su~h" a 
·/ 

process may contain only four to six LED lamps. . The 

· designer can overcome the inherent limitations or s·uch a 

LED lamp manufacturing process, and obtain the desired 

35 degree of illumination, · by simply interconnecting in 

series the desired number of LED modules. Each LED module 

may be connected to an electrical source or with another 
..... , ·. 
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LED module by techniques well known by those skilled in 

the art such as by a spot weld, rivet, interference fit 

and the like. 

A shortcoming of the integral lead-bus bar embodiment 

5 is a lack of electrical and mechanical flexibil.ity. 

Different applications of LED lamps call for different 

spacings between each LED lamp, voltage matching LED 

lamps, for example, or electrical connections different 

from the parallel connections illustrated. The tooling 

10 for making an integral lead-bus bar embodiment is costly 

and unless a very large number of modules are to be built, 

the unit cost may be excessive. Thus, a different 

technique is desirable for flexibility in the manufactur­

ing process to make LED modules with desired 

15 configurations. 

Generally speaking, a suitable different technique is 

to manufacture LED lamps on a bus bar as presently 

practiced, cut the individual LED lamps from the bus bar, 

and then reconnect the LED lamps to parallel bar-like 

20 strips with any desired spacing. Such modules can be made 

with a few or many LED lamps in parallel and may be 

interconnected in series and parallel arrangements to 

obtain desired electrical properties. .-: ... 

Thus, FIG. 5 shows a second embodiment of the LED 

25 module 10 according to the present invention. Like the 

first embodiment, the second embodiment comprises a 

plurality of LED lamps 18 (although the LED module may 

comprise any number of LED lamps, for purposes of clarity 

a LED module comprising only three LED lamps is shown). 

30 Each LED lamp has a front face 20 and a back face 

positioned opposite to the front face. Each LED lamp has 

an anode lead 24 and a cathode lead{s) 26 which each 

extend outwardly and away from the LED lamp from opposite 

sides and provide electrical connection to the LED·lamp. 

35 The anode lead of each LED lamp is connected to. the anode 

bus bar 28 and the cathode lead of each LED lamp is 

connected to the cathode bus bar JO. 
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The anode bus bar and cathode bus bar are positioned 

parallel to each other and are separated by the LED lamps. 

Each bus bar comprises a thin strip of electrically 

conductive material. The thickness and configuration of 

5 each bus bar may vary depending on the desired 

illumination requirements or configuration of the 

accommodating light assembly. A preferred LED module may 

comprise an anode and cathode bus bar that are each 
' . 

approximately five millimeters wide and approximately 0.4 

10 millimeters thick. 
The anode and cathode bus bar may be positioned with 

respect to the LED ],amps differently than that illustrated 

in FIG. 5 depending on the particuiar configuration or 

connection requirement of the light assembly. For 

15 example, the anode bus bar and cathode bus bar may be 

positioned with their faces perpendicular to the front 

face of the LED lamp as shown in FIG. 2. The leads for 

such a configuration may be bent inside or outside of the 

plastic potting material. 

20 Unlike the first embodiment, the anode bus bar and 

cathode bus bar of the second embodiment are non-integral 

with the respective anode lead and cathode lead of each 

LED lamp. The anode lead of each LED lamp is .connected to 

the anode bus bar to form an anode lead connection 34. 

25 Similarly, the cathode lead of each LED lamp is connected 

to the cathode bus bar to form·a cathode lead connection 

36. .The leads of each LED lamp may be connected to the 

bus bars by using an interlocking connection whereby a 

portion of the lead of each LED lamp is placed in intimate 

30 interface with an approximately complementary portion of 

the respective bus bar. The connection may be formed by 

using techn~ques well known to those skilled in the art 

for other purposes, such as by clinching and the like. 

In the second embodiment, the anode lead connection 

35 34 and cathode lead connection 36 each comprises a 

recessed portio~ of the lead placed in intimate interface 

with an approximately complementary portion of the 
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respective bus bar as shown in FIG. 6. The lead 

connection in the· second embodiment can be formed by a 

well known commercial process such as one that uses a 

punch to place an indentation into both the lead and the 

5 respective bus bar after the lead had been aligned and 
' 

placed into position against the surface of the bus bar. 

In such a technique, a punch deep draws a cup-shaped 

impression in both the lead and bus bar. When the closed 

end of the cup is pressed in the opposite direction, the 

10 walls of the cups "mushroom" or bulge outwardly a small 

amount for interlocking the inner cup into the outer cup. 

This forms both a secure mechanical interlock, but also a 

low resistance electrical connection. ~.s illustrated, the 

inner cup is for~ed in a portion of the lead and the outer 

15 cup is formed in the bus bar. These could clearly be 

reversed if desired. 

Although the anode and cathode lead connections of 

the second embodiment are formed by interlocking recessed 

lead and bus bar portions, other mechanical interlocking 

20 connections defined as an interference fit, interlocking 

fit or equivalent may be used within the scope of the 

present invention. For example, an interlocking 

connection may be achieved by using a rivet ~nd·"~he like 

as the mushroomed member. Although the second embodiment 

25 of LED module shows a single interlocking connection at 

each lead, the lead may be joined to the respective bus 

bar by using one or more interlocking connections if such 

is desired. 

Unlike the first embodiment cf the LED module, which 

30 comprises an anode and cathode bus bar that are integral 

members of each LED lamp, the second embodiment comprises 

an anode and cathode bus bar that are non-integral members 

of each LED lamp. The placement of each LED lamp along 

the anode and cathode bus bar, therefore, is not dependent 

35 on the manufacturing process of each LED lamp .. Rather, 

each LED lamp can be placed at arbitrary positions along 

the bus bars, permitting the designe~ to vary the pitch of 
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the LED lamps depending on the particular lighting 

requirement or configuration of the accommodating light 

assembly. 

The anode and cathode lead connection in this second 

5 embodiment, like the first embodiment, avoids the need to 

solder connect each lead of the LED lamp to the respective 

bus bars. Avoiding the need to solder eliminates the 

possibility of causing thermal damage to the LED lamps, 

and thus increases the reliability of each LED lamp and 

10 the LED module. Additionally, avoiding a solder 

connection permits the use of bus bars ~onstructed from a 

material having a high electricai conductivity, optimizing 

the electrical efficiency of each LED lamp and the LED 

module. Copper is a preferred bus bar material. 

15 To minimize the occurrence of thermal stress that may· 

develop between two connected metals having different 

properties of thermal expansion, it is preferred that the 

bus bar material selected have an approximately equal or 

at least a similar coefficient of thermal expansion (CTE) 

20 as the CTE of the lead material of each LED lamp. 

Selecting a bus bar material having the same CTE as that 

of the LED lamp leads eliminates the possibility of a 

thermally related mechanical failure that may_.occur at the 

anode lead connection 34 and the cathode lead connection 

25 36, and thus increases the reliability of the LED module. 

It is also desirable that the material selected for the 

bus bars be compatible with the material of the leads of 

the LED lamps to prevent the occurrence of undesirable 

galvanic action, such as corrosion or the like, at the 

30 points of connection. 

FIG. 7 shows a third embodiment of the LED module 10 

according to the present invention. The third embodiment 

is similar to the second embodiment in all respects except 

for the anode lead connection 34 and the cat~ode lead 

35 connection 36. Like the second embodiment, the anode bus 

bar and the cathode bus bar in the third embodiment are 

non-integral with the anode lead and cathode lead of each 
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LED lamp. The leads of each LED lamp are mechanically and 
electrically connected to the bus bars by an interference 
fit formed between the leads and a tab 40 integral with 
the respective bus bars. 

5 The lead.connection is formed by first cutting at 
least one tab slot 38 into each bus bar to form a integral 
tab 40 as shown in FIGs. 7 and s. During the cutting step 
the integral tab of each bus bar is bent outward and away 
from a front face of each bus bar as shown in FIGs. s and 

10 9. The tab is of sufficient size and length to 
accommodate its placement over the surface of the 
complementary lead of each LED lamp. A connecting portion 
of the lead 24 of each LED lamp comprises a front face and 
a back face opposite to the front face. The back face of 

15 the connecting portion of each lead is placed into 
position against the front face of the respective bus bar 
near the attached portion of the integral tab. The 
integral tab is bent inward towards the bus bar around nnd 
over the lead as shown in FIGs. 7 and 10. A force is 

20 applied to the tab to form an interference fit by an 
intimate interface between the front face of the bar and 
th~ back face of the lead and between the front face of 
the lead and the integral tab. -

Alternatively, the leads of each LED lamp may be 
25 connected to the respective bus bars by an interference 

fit comprising more than one integral tab 40. For 
example, a pair of integral tabs may be formed at each bus 
bar and bent around a lead to form an interference fit as 
shown in FIG. 11. Other connections such as the crimp 

30 connections used in solderless wire terminations and 
connectors could also be used, as well as interface 
"slots" common to insulation displacement connection 
schelnes. 

Like the second embodiment of the LED module, the 
35 third embodiment permits the arbitrary placement of the 

LED lamps along the pair of bus bars, thereby allowing the 
designer to place the LED lamps according to the 
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particular lighting requirement or the particular 

configuration of the light assembly. It should also be 

noted that the position of the bus bars with respect to 

the LED lamps may be different from that illustrated in 

5 FIG. 7. For example, each bus bar 28 and 30 may be 

positioned with its face perpendicular to the back face of 

each LED lamp, similar to that illustrated in FIG. 2. 

In each of these embodiments the conductive bus bars 

form the structural support for the LED lamps as well as 

10 the electrical connection. It is no longer necessary to 

employ a costly printed circuit board on which LED lamps 

are individually soldered. 

Although limited embodiments of LED module have been 

described herein, many modifications and variations will 

15 be apparent to those.skilled in the art. For example, it 

is to be understood within the scope of this invention 

that the LED lamps of the LED module may be attached to 

the bus bars by using a connection scheme other than that 

specifically described or illustrated. An alternative 

20 connection scheme may include a low heat interconnect 

technique that will not result in thermal damage to the 

LED lamp such as spot welding or the like. 

It is also to be understood within the scope of this 

invention that the LED module may be interconnected 

25 together with other LED modules differently than that 

previously described or illustrated. For example, a 

numbe~ of LED modules may be interconnected together as 

shown in FIG. 12, resulting in a matrix arrangement of LED 

lamps. This interconnection arrangement between LED 

JO modules in this alternative embodiment is essentially the 

same as the series LED module interconnection represented 

in FIG. 4. However, instead of connecting together an end 

of a cathode bus bar with an end of an adjacent anode bus 

bar, the LED modules are electrically interconnected via 

35 a common bus bar which is !elatively cathodic with respect 

to one parallel strip of LED lamps connected to it, and 

relatively anodic to a second parallel strip of LED lamps 
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also connected to it. The matrix arrangement of LED lamps 

shown in FIG. 12 can be electrically connected to an 

external power source by connecting the cathodic portion 

of the power source to one bus bar at the end of the LED 

5 matrix, i.e., the bus bar residing at tl_le far left of FIG. 

12, and connecting the anode portion of the power source 

to the bus bar located at the other end of the LED matrix, 

i.e., at the far right side of FIG. 12. This particular 

configuration may be employed to achieve a predetermined 

10 lighting requirement·or to facilitate placement within a 

particularly designed lighting assembly. · The anode and 

cathode leads of each LED lamp may be mechanically and 

electrically connected to a bus bar by the mechanical 

connection scheme previously described in the second 

15 preferred embodim~nt above. Alternatively, it is to be 

understood that the LED lamps in this alternative 

embodiment may be connected to the bus bars by any other 

of the connection schemes previously described above. 

It is to be understood within the scope of this 

20 invention that the LED module may be configured comprising 

a number of LED lamps arranged in parallel/series 

connection within the LED module. As shown in the 

electrical diagram illustrated in FIG. 1;3, :··such an 

alternative embodiment may comprise a number of serially 

25 connected LED lamp strings extending in parallel fashion 

between the anode and cathode bus ba~. The LED lamps in 

this alternative embodiment may be con~ected by any of the. 

connection schemes previously described above. 

Accordingly, it is to be understood that, within the 

JO scope of the appended claims, the LED module according to 

the practice of this invention may be embodied other than 

that specifically described herein. 
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Claims REPLACED 

1. A light-emitting diode (LED) module (10) for 

providing a source of illumination comprising: a 

plurality of LED lamps (18), eac;h LED lamp having at 

5 least two co~necting leads; (24,26) a anode bus bar 

(28); a cathode bus bar (30); and means for mechanically 

and electrically connecting the LED lamps between the 

anode bus bar (28) and cathode bus bar (30) by a 

mechanical interlocking connection (34,36). 

10 
2. The light-emitting diode (LED) module as recited 

in claim 1 wherein the LED lamps (18) are connected to 

the respective bus bar (28,30) by an interlocking 

interaction between a deformed portion of each LED lamp 

15 lead (24,26) and an approximately complementary deformed 

portion of the bus bar (28,30). 

3. The light-emitting diode {LED) module as recited 

in claim 2 wherein the deformed portions comprise 

20 concentric recessed lead (24,26) and bus bar (28,30) 

portions in intimate interface with each other forming 

an interlocking connection (34,36). 

4. The light-emitting diode (LED) module as recited 

25 in claim 1 wherein the LED lamps (18) are connected to 

bus bars (28,30) by an interference fit formed between a 

portion of the lead {24,26) and an approximately 

complementary portion of the bus bar (28,30). 

3o s. The light-emitting diode (LED) module as recited 

in claim 4 wherein the approximately complementary 

portions of each lead (24, 26) and respective bus bar 

(28,30) comprises a tab (40) integral with tbe bus bar 

of sufficient size to enclose a portion of the lead, the 

35 lead having a front face and a back face, the back face 
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of the lead being in intimate interface with a front 
face of the bus bar, the front face of the lead being in 
in intimate interface with a back side of the tab to 
form an interference fit. 

6. The light-emitting diode (LED) module as recited 
in claim 5 wherein the interference fit is formed 
between ea,ch lead (24, 26) and more than one tab (40) 
integral with the respective.bus bar (28,30). 

7. The light-emitting diode (LED) module as recited 
in claim 6 wherein the plurality LED lamps (18) are 
serially connected together between the anode and 
cathode bus bar (28, 30) to form a number of LED lamp 

15 strings that are each electrically connected in parallel 
with the anode bus bar and the cathode bus bar. 

8. The light-emitting diode (LED) module as recited 
in claim 6 wherein the leads (24,26) of each LED lamp 

20 (18) and the bus bars (28,30) are made from electrically 
conductive materials having approximately equal 
coefficients of thermal expansion. 

9. . The light-emitting diode· (LED) module as recited 
25 in any .of claims 5 to 8 wherein the tab comprises a 

portion of the bus bar deformed out of the plane of the 
bus bar and engaging the respective lead in locking 
engagement. 

30 10. The light-emitting diode (LED) module as recited 
in claim 1 wherein the anode bus bar is integral with 
the anode lead of each LED lamp and the cathode bus bar 
is integral with the cathode lead of each LED lamp. 
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11. The light-emitting diode (LED) module as recited 

in any preceding claim wherein the plurality of LED 

lamps are serially connected together between the anode 

and cathode bus bar to form a number of LED lamp strings 

5 that are each electrically connected in parallel with 

the anode bus bar and the cathode bus bar. 

THIS SHEET HAS BEEN 
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ABSTRACT 

MULTIPLE LIGHT EMITTING DIODE MODULE 

A LED module 10 for providing a source of illumination 

comprises a plurality of LED lamps 18 each having an 

anode lead 24 and a cathode lead 26 for providing 

electrical and mechanical connection. The anode lead of 

each LED lamp is connected to an anode bus bar 28 and 

the cathode lead of each LED lamp is connected to a 

cathode bus bar 30 by solderless connection 34 and 36. 

The bus bars and the leads of each LED lamp may be 

integral with each other. · Alternatively, the bus bars 

and leads may be non-integral withn each· other, 

connected by an interlocking interaction or interference 

fit between approximately complementary portions of each 

lead and bus· bar. The LED module may acconunodate serial 

electrical interconnection with other LED modules, it 

may be shaped according to the particuLar contour or 

design of an accommodating light assembly, and it may 

comprise LED lamps placed at arbitrary positions to 

achieve a predetermined degree of illumination. 
(Figure 5) 
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CLAIMS: 

1. A light-emitting diode (LED) module (10) for providing a source of illumination 

comprising: a plurality of LED lamps (18), each LED lamp having at least two connecting 

5 leads; (24,26) a anode bus bar (28); a cathode bus bar (30); and means for mechanically and 

electrically connecting the LED lamps between the anode bus bar (28) and cathode bus bar 

(3_0) by a mechanical interlocking interaction between a deformed portion of each LED lamp 

lead (24,26) and an approximately complementary deformed portion of the bus bar (28,30). 

10 2. The light-emitting diode (LED) module as recited in claim 1 wherein the deformed 

portions ~omprise concentric recessed lead (24, 26) and bus bar (28, 30) portions in intimate 

int~face with each other forming an interlocking connection (34, 36). 

3. The light-emitting diode (LED) module as recited in claim 1 wherein the LED lamps 

15 (18) are connected to bus bars (28, 30) by an interference fit formed between a portion of the 

lead (24, 26) and an approximately complementary portion of the bus bar (28, 30) . 

. 4. The light-emitting diode (LED) module as recited in claim 3. wherein the 

approximately complementary portions of each lead (24, 26) and respective bus bar (28, 30) 

20 comprises· a tab ( 40) integral with the bus bar of sufficient size to enclose a portion of the 

lead, the lead having a front face and a back face, the back face of the lead being in intimate 

interface with a front face of the bus bar, the front face of the lead being in intimate interface 

with a back side of the tab to form an interference fit. 

25 5. The light-emitting diode (LED) module as recited in claim 4 wherein the interference 

fit is formed between each lead (24, 26) and more then one tab (40) integral with the 

respective bus bar (28, 30). 

6. The light-emitting diode (LED) module as recited in claim 5 wherein the plurality of 

30 LED lamps (18) are serially connected together between the anode and cathode bus bar (28, 

30) to form a number of LED lamp strings that are each electrically connected in parallel with 
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the anode bus bar and the cathode bus bar. 

7. The light-emitting diode (LED) module as recited in claim 5 wherein the leads (24, 

26) of each LED lamp (18) and the bus bars (28, 30) are made from electrically conductive 

5 materials having approximately equal coefficients of thermal expansion. 

9. The light-emitting diode (LED) module as·recited in claim 1 wherein the anode bus 

bar is integral with the anode lead of each LED lamp and the cathode bus bar is integral with 

the cathode lead of each LED lamp. 

15 10. The light-emitting diode- (LED) module as recited in any preceding claim wherein the 

20 

plurality of LED lamps are serially connected together between the anode and cathode bus bar 

to form a number of LED lamp strings that are each electrically connected in parallel with the 

anode bus bar and the cathode bus bar. 

This is the replacement shMt 

Da1* 27 JUL~ 


