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JACKETED LED ASSEMBLIES AND LIGHT
STRINGS CONTAINING SAME

[0001] This application is a continuation is Ser. No.
10/755,463 ?led Jan. 13, 2004, Which Was a continuation

in-part of application Ser. No. 10/243,835 ?led Sep. 16,
2002, Which is a continuation of copending application Ser.
No. 09/ 819,736 ?led Mar. 29, 2001, Which is a continuation

in-part of copending application Ser. No. 09/378,631 ?led
Aug. 20, 1999, Which is a continuation-in-part of copending
application Ser. No. 09/339,616 ?led Jun. 24, 1999. This
application claims bene?t of US. Provisional Application
No. 60/119,804, ?led Feb. 12, 1999. The disclosures of the
aforementioned applications are incorporated herein by ref
erence.

doWn transformer and recti?er poWer conversion scheme.

These and all other LED light string descriptions found in
the prior art convert input electrical poWer, usually assumed
to be the common U.S. household poWer of 110 VAC to a

loW voltage, nearly DC input.
SUMMARY OF THE INVENTION

[0009] It is an object of this invention to provide an LED
assembly capable of addressing one or more of the above
mentioned drawbacks.

[0010]
BACKGROUND OF THE INVENTION

[0002]

forms of LED-based light strings. In both LanZisera and

Leake, exemplary light strings are described employing
purely parallel Wiring of discrete LED lamps using a step

1. Field of Invention

[0003] The present invention relates to light emitting
diode assemblies, light strings comprising a plurality of light
emitting diode assemblies, and related methods.

[0004] 2. Description of Related Art

[0005] Light emitting diodes (LEDs) are increasingly
employed as a basic lighting source in a variety of forms,

including decorative lighting, for reasons among the folloW
ing. First, as part of an assembly, LEDs have a very long
lifespan, compared With common incandescent and ?uores
cent sources. For example, a typical LED lifespan is at least

100,000 hours. Second, LEDs have several favorable physi

It is another object of this invention to provide an

LED assembly possessing a complete and permanent barrier,
especially for the metal contacts and associated electrical

connections, against moisture and corrosive contaminants.
[0011]

It is still another object of this invention to provide

an LED assembly having improved durability and longevity.
[0012] It is another object of the invention to provide a
light string comprising a series of LED assemblies of the
invention.

[0013] It is still another object of the invention to provide
a method for manufacturing the assemblies and light-strings
of this invention.
[0014] To achieve one or more of the foregoing objects,
and in accordance With the purposes of the invention as

embodied and broadly described in this document, accord

cal properties, including ruggedness, cool operation, and

ing to a ?rst aspect of this invention there is provided a

ability to operate under Wide temperature variations. Third,

jacketed light emitting diode assembly, comprising a light

LEDs are currently available in all primary and several

emitting diode, an electrical Wire set, a light transmissive

secondary colors, as Well as in a “White” form employing a

cover, and an integrally molded plastic jacket. The light

blue source and phosphors. Fourth, With neWer doping

emitting diode comprises a contact set comprising a positive
contact and a negative contact, each of the contacts having
a ?rst end portion and a second end portion, and a lens body
containing a semiconductor chip and the ?rst end portions of
the positive and negative contacts. The electrical Wire set

techniques, LEDs are becoming increasingly ef?cient, and
colored LED sources currently available may consume an

order of magnitude less poWer than incandescent bulbs of

equivalent light output. Moreover, With expanding applica
tions and resulting larger volume demand, as Well as With
neW manufacturing techniques, LEDs are increasingly cost
effective.

[0006] Conventional LEDs are typically constructed using
steel or coated steal contacts or frames. LED contacts are

also available in copper or copper-alloys, although these
materials generally are considered undesirable because of
their higher cost and incompatibility With some automated

LED manufacturing equipment and certain types of LED die

comprises a ?rst electrical Wire and a second electrical Wire

electrically connected to the second end portions of the

positive contact and the negative contact, respectively. The
light transmissive cover has a cavity receiving the lens body,
and an opening having at least one of the contact set and the

electrical Wire set passing therethrough. The integrally
molded plastic jacket is positioned at the opening of the light
transmissive cover to provide a seal at the opening against
moisture and airborne contaminants.

material.

[0015]

[0007] LED-containing holiday and decorative light sets,

method is provided for making a jacketed light emitting
diode assembly. The method comprises providing a light

such as used for decorative purposes such as for Christmas

lighting, typically use copper-alloy contacts to transfer elec
tricity from the lead Wires to the LED lamps. Although
manufacturers take efforts to seal the contacts and connec

tions against moisture and airborne contaminants, it is
dif?cult if not impossible to achieve completely and con
sistently a moisture and contaminant seal.

[0008] LED-based light strings also present other draW
backs. For example, US. Pat. No. 5,495,147 entitled LED
LIGHT STRING SYSTEM to LanZisera (“LanZisera”) and
US. Pat. No. 4,984,999 entitled STRING OF LIGHTS
SPECIFICATION to Leake (“Leake”) describe different

According to a second aspect of the invention a

emitting diode comprising a positive contact and a negative
contact of a contact set, each of the contacts having a ?rst

end portion and a second end portion, and a lens body
containing a semiconductor chip and the ?rst end portions of
the positive and negative contacts. A ?rst electrical Wire and
a second electrical Wire of an electrical Wire set are electri

cally connected to the second end portions of the positive
contact and the negative contact, respectively. The light
emitting diode is inserted through an opening and into a
cavity of a light transmissive cover, so that the contact set

and/or the electrical Wire set passes through the opening. A

plastic jacket is molded integrally at the opening of the light
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transmissive cover to provide a seal at the opening against
moisture and airborne contaminants.

[0021] FIG. 2B ShoWs a schematic diagrams of an
embodiment of this invention in Which the diodes of the 50
LEDs (series) blocks 102 of FIG. 1 are connected in the

[0016] A third aspect of the invention provides a light
string comprising a plurality of light emitting diode assem
blies connected to one another, the light emitting diode

reverse direction.

assemblies comprising a plurality of jacketed light emitting
diode assemblies, comprising a light emitting diode, an
electrical Wire set, a light transmissive cover, and an inte

grally molded plastic jacket. The contact set comprises a
positive contact and a negative contact, each of the contacts
having a ?rst end portion and a second end portion, and a

lens body containing a semiconductor chip and the ?rst end
portions of the positive and negative contacts. The electrical
Wire set comprises a ?rst electrical Wire and a second

electrical Wire electrically connected to the second end

portions of the positive contact and the negative contact,
respectively. The light transmissive cover has a cavity With

an opening, the cavity receiving the lens body, the opening

[0022] FIGS. 3A and 3B shoW tWo example block dia
grams of the light string in its embodiment preferred alter
natively, With one diagram for a 110 VAC common house

hold input electrical source (e. g., 60 HZ) and one diagram
for a 220 VAC common household (e.g., 50 HZ) input
electrical source.

[0023] FIG. 4 shoWs an example schematic diagram of the
AC-to-DC poWer supply corresponding to the tWo block
diagrams in FIG. 3 for either the 110 VAC or the 220 VAC
input electrical source.

[0024] FIGS. 5A and 5B shoW example pictorial dia
grams of the manufactured light string in either its “straight”
or “curtain” form (either form may be manufactured for 110
VAC or 220 VAC input).

having the contact set and/or the electrical Wire set passing

therethrough. The integrally molded plastic jacket, Which is
at the opening of the light transmissive cover, provides a seal
at the opening against moisture and airborne contaminants

along a length of the light string.
[0017] In accordance With a fourth embodiment of the
invention, a method is provided for moisture sealing a
light-emitting diode elements of a light string. The method

comprises providing a light string comprising a plurality of
light emitting diodes, the plurality of light emitting diodes
comprising a positive contact and a negative contact of a
contact set, each of the contacts having a ?rst end portion
and a second end portion, and a lens body containing a

[0025] FIG. 6 shoWs an example pictorial diagram of a
?ber optic “icicle” attached to an LED and its housing in the
light string, Where the “icicle” di?fuses the LED light in a
predetermined manner.
[0026] FIG. 7 is a graph of current versus voltage for
diodes and resistors.
[0027]

FIGS. 8A and 8B are a schematic and block

diagrams of direct drive embodiments.
[0028]

FIG. 9 is a plot shoWing the alternating current

time response of a diode.

semiconductor chip and the ?rst end portions of the positive

[0029]

and negative contacts. First and second electrical Wires of an
electrical Wire set are electrically connected to the second

age current response for alternating current and direct cur
rent.

end portions of the positive contact and the negative contact,
respectively. The light emitting diode is inserted through an

[0030]

opening and into a cavity of a light transmissive cover, the
opening having at least one of the contact set and the

electrical Wire set passing therethrough. A plastic jacket is
molded integrally at the opening of the light transmissive
cover to provide a seal at the opening against moisture and
airborne contaminants.

[0018] The accompanying draWings are incorporated in
and constitute a part of the speci?cation. The draWings,

together With the general description given above and the
detailed description of the certain preferred embodiments
and methods given beloW, serve to explain the principles of
the invention. In such draWings:
[0019]

FIGS. 1A and 1B shoW tWo example block dia

grams of the light string in its embodiment preferred pri
marily, With one diagram for a 110 VAC common household

input electrical source (e.g., 60 HZ) and one diagram for a
220 VAC common household (e.g., 50 HZ) input electrical
source.

[0020] FIG. 2A shoWs a schematic diagrams of an
embodiment of this invention in Which the diodes of the 50
LEDs (series) blocks 102 of FIG. 1 are connected in the
same direction.

FIG. 11 is a graph shoWing measured AlInGaP

LED average and maximum AC current responses.

[0031] FIG. 12 is a graph shoWing measured light output
poWer as a function of LED current.

[0032]

FIG. 13 is a graph shoWing measured GaAlAs

LED average and maximum AC current responses.

[0033]
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 10 is a graph shoWing measured diode aver

FIG. 14 shoWs an unjacketed LED assembly hav

ing crimp connectors.
[0034] FIG. 15 shoWs an unjacketed LED assembly hav
ing solder connections.
[0035] FIG. 16 shoWs another embodiment of an unjack
eted LED assembly containing a contact separator.

[0036]

FIG. 17 shoWs an unjacketed LED assembly

inserted into a light-transmissive cover.

[0037]

FIG. 18 shoWs a partially sectioned vieW of a

jacketed LED assembly according to an embodiment of the
invention.
[0038]

FIG. 19 shoWs a partially sectioned vieW of a

jacketed LED assembly according to another embodiment of
the invention.

[0039] FIG. 20 shoWs a non-sectioned vieW of the jack
eted LED assembly of FIG. 18 or 19.
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[0040] FIG. 21 shows a step involved in the manufacture
of a jacketed LED assembly according to another embodi
ment of the invention.
DETAILED DESCRIPTION OF CERTAIN
PREFERRED EMBODIMENTS AND CERTAIN
PREFERRED METHODS OF THE INVENTION

[0041]

Reference Will noW be made in detail to the pres

ently preferred embodiments and methods of the invention
as illustrated in the accompanying drawings, in Which like
reference characters designate like or corresponding parts
throughout the draWings. It should be noted, hoWever, that
the invention in its broader aspects is not limited to the

speci?c details, representative assemblies and methods, and
illustrative examples shoWn and described in this section in
connection With the preferred embodiments and methods.
The invention according to its various aspects is particularly
pointed out and distinctly claimed in the attached claims

read in vieW of this speci?cation, and appropriate equiva
lents.

[0042]

It is to be noted that, as used in the speci?cation and

the appended claims, the singular forms “a,”“an,” and “the”
include plural referents unless the context clearly dictates
otherWise.

[0043]

According to an embodiment of the present inven

tion, a jacketed light emitting diode assembly is provided,
comprising a light emitting diode, an electrical Wire set, a
light transmissive cover, and an integrally molded plastic
jacket. The light emitting diode comprises a contact set
comprising a positive contact and a negative contact, each of
the contacts having a ?rst end portion and a second end

portion, and a lens body containing a semiconductor chip
and the ?rst end portions of the positive and negative
contacts. The electrical Wire set comprises a ?rst electrical
Wire and a second electrical Wire electrically connected to

the second end portions of the positive contact and the
negative contact, respectively. The light transmissive cover
has a cavity receiving the lens body, and an opening through
Which the contact set and/or the electrical Wire set passes.

able for use or knoWn in the LED art may be used. These

elements and circuitry are Well knoWn in the art and,
therefore, not described herein in detail. It is noted, hoWever,
that the internal circuitry may provide for emission of a

continuous light signal, intermittent on-olf blinking, and/or
intermittent LED sub-die color changes.
[0045] A ?anged lens base 1004 is optionally formed at an
end of the lens 1002, and may form part of a seal of the lens
chamber. This lens base 1004 can be formed With a “?ange”

(as illustrated), or Without a ?ange. Protruding through the
lens base 1004 are a contact set comprising a negative

contact 1006 and a positive contact 1008 (also referred to in
the art as frames or leads) extending parallel to one another.

Thus, the contacts 1006 and 1008 have ?rst end portions
(unnumbered) contained in the lens 1002, and second end
portions (unnumbered) outside of the lens 1002. The con
tacts 1006 and 1008 are preferably made of a metal or alloy,
such as steel, coated steel, copper, or a copper alloy.

[0046] The light emitting diode 1000 is assembled to a set
of electrical Wires 1010 and 1012, e.g., drive Wires, dis
cussed beloW. Various mechanical and chemical mecha
nisms and means may be employed for attaching the light
emitting diode 1000 to the electrical Wires 1010 and 1012.
For example, FIG. 14 illustrates conventional crimp con
nectors 1014 and 1016 for making the respective connec
tions. Another example is shoWn in FIG. 15, Which is
substantially identical to the assembly of FIG. 14 but
includes solder connections 1018 and 1020 in place of the

crimp connectors 1014 and 1016, respectively.

[0047] As shoWn in FIG. 16, the light emitting diode
assembly may optionally further comprise a contact sepa
rator 1022. The contact separator 1022 is placed betWeen the
contacts 1006 and 1008 to prevent accidental contact and

resultant shorting thereof. The contact separator 1022 is
made of a non-conductive material, such as a plastic.

Although FIG. 16 illustrates the contact separator 1022 used
in combination With the crimp connectors 1014 and 1016, it
is to be understood that other connection means, including,

for example, solder, may be used.

The integrally molded plastic jacket is provided at the

[0048] The LED assembly further comprises a light trans

opening of the light transparent cover to provide a seal at the

missive cover 1024. As shoWn in FIGS. 17-20, the light
transmissive cover 1024 may have a generally spherical

opening against moisture and airborne contaminants. The
internal circuitry of the light emitting diode assembly may
include internal resistance elements as knoWn by those of
skill in the art.

[0044] An example of a light emitting diode is depicted in
FIG. 14 and generally designated by reference numeral
1000. The light emitting diode 1000 comprises an LED lens
(also referred to as a lamp) 1002, and contacts 1006, 1008.
In the illustrated embodiment, the lamp 1002 is depicted as
a dome-shaped member. The lens 1002 may undertake
various other shapes, many of Which are knoWn and prac

ticed in the art, e.g., oblong, cylindrical, pointed, polygonal.
The lens 1002 may be made of various materials, such as

shape With a cylindrical base, although other shapes (e.g.,

bulb-like, cylindrical, frustum-conical, conical, polygonal,
etc.) may be selected. The light-transmissive cover 1024
permits for the full or partial passage of light emitted from
the LED 1000. The light transmissive cover 1024 may be
made of a transparent material, such as one selected from the

group consisting of glass and plastic, such as polycarbon
ates. The cover 1024 may be optically clear, tainted colored,
frosted, semi-transparent or translucent, and the like for

providing the desired illumination effect. The light-trans
missive cover 1024 may include prisms, facets, or other

designs or patterns.

glass, plastic, or epoxy and may be clear, clear-colored,

[0049] The light emitting diode 1000 is inserted through

and/or di?‘use-colored. It should be noted that LED lenses

an opening of the light transmissive cover 1024 base, so that
a portion and more preferably all of the LED lens 1002 is
situated in the chamber of the light transparent cover 1024.

are normally encapsulated in epoxy. Light-emitting elements
(e.g., semiconductors, 1003a in FIGS. 17-19) and internal
circuitry (e.g., Wire 1003b in FIGS. 17-19) are housed in the
lens 1002. The conventional LED structure shoWn in FIGS.
17-19 is for discussion purposes only. It is to be understood

that other structures, arrangements, and con?gurations suit

Preferably, the opening of the light transmissive cover 1024
is siZed to be relatively tight yet slidable relative to the LED
lens base 1004. In this manner, the LED 1000 may be

retained in the opening of the light transmissive cover, yet
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permit for insertion and removal With ?rm force. Alterna

[0056] As used herein, “integrally molded” jacket refers to

tively, a bonding or mechanical securing (e.g., clamping)

a plastic jacket that has been molded onto, as opposed to

means may be used to retain the light emitting diode 1000
relative to the light transmissive cover 1024.

pre-molded and subsequently applied to, another member or

[0050] In accordance With embodiments of the present
invention, a plastic jacket is integrally molded onto the light
emitting diode assembly at the opening of the light trans
parent cover to provide a seal at the opening against mois
ture and airborne contaminants.

[0051] An embodiment of a plastic jacket is illustrated in
FIGS. 18-20 and designated by reference numeral 1030 and
1030A. The jacket 1030, 1030A may comprise one or more
plastic materials, used alone or in combination With non

plastics. Preferably but not necessarily, the jacket 1030,
1030A consists of one or more plastic materials. Suitable

plastics include, for example and not necessarily limitation,

polycarbonate (PC), poly(vinyl chloride) (PVC), polypro
pylene (PP), and any combination thereof. The plastic mate
rial may be optically transparent or non-transparent, clear or
colored.

[0052] The plastic jacket 1030, 1030A is integrally

device, such as a light transmissive cover 1024.

[0057] A method for making the jacketed LED assembly
Will noW be explained With reference to FIG. 20. Molding
is performed With mold die 1050 and a counterpart mold die
(not shoWn). The mold die 1050 includes a cavity 1052, an
upper opening 1054, and a loWer opening 1056. The LED
1000 and the base of cover 1024 are placed on the mold die

1050 and positioned so that the end portions of the electrical
Wires 1010 and 1012, the exposed portions of the contacts
1006 and 1008, the connectors 1014 and 1016, and the
contact separator 1022 are disposed in the mold cavity 1052.
The lens 1004 extends through the upper opening 1054 of
the mold die 1050 to situate the lens 1002 outside the mold

die 1050. LikeWise, the majority of the light transmissive
cover 1024 is situated outside of the mold die 1050. The

electrical Wires 1010 and 1012 extend through the loWer
opening 1056 of the mold die 1050.

[0058]

The mold process and techniques Will noW be

described. Vertical injection molding equipment is preferred

molded on the base of the light transparent cover 1024 to
intimately contact electrical Wires 1010 and 1012. The

as the easiest and most ef?cient for machine operators to

plastic jacket 1030, 1030A preferably yet optionally contacts

transmissive cover base inside the injection-mold cavity

less than the entire surfaces of the light transmissive cover
1024, e.g., in FIG. 20 jacket 1030 contacts the base of the
cover 1024. The plastic jacket 1030, 1030A may enter into

align the assembled LED lens, contact Wire, and light

(cavities).

the opening of the light transmissive cover 1024, for

[0059] Signi?cant to this Waterproof, molded process is
selecting a molding temperature compatible With LED lens

example, to contact a portion of the interior of the cover

encapsulating material. LED lenses 1002 are normally

1024 base. It should be understood that the portion of the

formed using an optical grade epoxy. The encapsulating

light transmissive cover 1024 that the plastic jacket 1030,

epoxy properties Will vary betWeen manufacturers. Further

1030A contacts need not be light transmissive.

variations in epoxy material are found When ?ame retardant
compounds are added to the epoxy. At certain temperature

[0053] In the embodiment illustrated in FIG. 18, the
electrical Wires 1010 and 1012 pass through the opening of
the light transmissive cover 1024, and the plastic jacket 1030
encases (at least) respective regions of the electrical Wire set

passing through the opening. Another embodiment is illus
trated in FIG. 19, in Which the ?rst and second contacts

1006 and 1008 pass through the opening of the light trans
missive cover 1024. In the embodiment illustrated in FIG.

19, the plastic jacket 1030A encases the contacts 1006 and
1008, the distal end portions of the electrical Wires 1010 and

1012, and the second end portions of the corresponding
connectors 1014 and 1016. (In the event the connectors 1014
and 1016 pass through at the opening of the cover 1024, the
connectors 1014 and 1016 may be considered to be part of
the contacts 1006, 1008 or the electrical Wires 1010, 1012.)

[0054] Although not shoWn, the plastic jacket 1030 or
1030A may optionally encase other components of the LED
1000, including the lamp base 1004, a greater or lesser
portion or all of the contacts 1006, 1008, a greater or lesser

thresholds epoxy material Will begin to soften, transitioning
back into liquid form. This is knoWn in the art as TG, or

Glass Transition temperature. Exceeding the TG tempera
ture of the LED epoxy material during the molding, or
jacketing process Will soften the LED lens material, dam
aging the internal structure of the LED lamp. This is
particularly true of this jacketing, or molding process as heat

from molding is ?rst conducted by the LED contacts (1006
and 1008). This causes softening of the epoxy surrounding
the LED “Wire bond” (electrical connection inside the LED
lamp completing the circuit from the LED chip to the Wire
frame or contacts) and causing disruption of Wire bond
contact.

[0060] Mold temperature is not of concern When jacket
ing, or “over-molding” conventional, incandescent lamps as

the melting point of the glass “bulb” material is considerably
higher than that of the jacketing plastic material.

portion of the electrical Wires 1100 and 1012.

[0061] For jacketing, or over-molding LED lamps one ?rst
determines the TG temperature of the encapsulating epoxy
used. Second, the mold temperature and duration of the

[0055] In preferred embodiments of the invention, the
plastic jacket 1030 (or 103 0A) provides a permanent, Water
proof (or at least moisture resistant), and corrosion resistant

perature is not exceeded. Pre-Warming, the injection mate
rial (PVC, PP, PS, etc.) in its raW granular, or pellet form Will
greatly assist material ?oW, reduce air pockets, or voids in

portion or all of the cover 1024, as Well as a greater or lesser

encapsulation for at least the contacts 1006 and 1008, the
connectors 1014 and 1016, and the distal portion of the
electrical Wires 1010 and 1012. The invention provides an
arrangement Where a series of LEDs are interconnected in a

sealed, Waterproof assembly.

injection (jacketing) process are adjusted so the TG tem

the ?nished jackets, as Well as reduce molding duration and

temperature.
[0062] According to another embodiment of the invention,
a light string comprising a plurality of LED assemblies is

