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Light emitting diodes (LEDs) are used in lighting assemblies. For example, one or
more LEDs have been attached to printed circuit boards. One such lighting assembly
disclosed in U.S. Published Application No. 2007/0121326 includes a plurality of LEDs
electrically attached to a printed circuit board that is overmolded (e.g., by insert molding)

15 with a high thermal conductivity material without covering over the light output apertures
of the LEDs. A plurality of these circuit board lighting assemblies are electrically
connected to one or more conductors of an insulated flexible electrical cable to form a
lighting string. Each of these LED circuit board lighting assemblies is so connected by
using a pair of insulation displacing connectors that displace the electrical insulation and

20 electrically connect with the underlying electrical conductors of the electrical cable.

The present invention is an improvement over such prior art lighting assemblies

and methods of making same.

Summa
25 In accordance with one aspect of the present invention, a method is
provided for making a cable lighting assembly. The method comprises providing a
flexible electrical cable and a relatively fragile electronic device such as, for example, a
light emitting diode (LED). The flexible electrical cable comprises an electrical conductor
insulated by electrical insulation. When the relatively fragile electronic device is a light
30 emitting diode (LED), the LED comprises a light emitting die mounted on a heat slug and

electrically connected to an anode lead and a cathode lead. The method also comprises
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electrical insulation can be removed by any suitable process including, for example, by

laser abrading. It may be desirable to remove a portion of the electrical insulation to

expose multiple surface mounting areas on the surface of one or more of the electrical

conductors of the flexible electrical cable, depending on how many electronic devices are

25 to by surface mounted onto the cable and how those electronic devices are to be operated

(i.e., the desired electrical circuit design and end use). One or more of the electrical

conductors can each be isolated into two or more electrically isolated surface mounting

areas, which are electrically isolated from each other, by removing sections (e.g., by

cutting or punching using a mechanical die, a laser, etc.) of the affected conductor. It is

30 preferred to surface mount the light emitting diode or any other electronic device to the

electrical conductor by forming a solder joint using a solder paste. The use of solder paste
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of the | idetrical conductor. It can be desirable for the encapsulated length of the flexible
electrical cable to include a raised protective ridge (e.g., a continuous or discontinuous
ridge of the polymeric molding material) formed around the exposed portion of the light
20 emitting die of the light emitting diode, and the raised protective ridge has an upper edge
that is at least level with or extends above the uppermost surface of the light emitting
diode.

In accordance with another aspect of the present invention, a cable lighting

assembly is provided that is made according to any method according to the present
25 invention.

In accordance with an additional aspect of the present invention, a cable lighting
assembly is provided that comprises a flexible electrical cable and a relatively fragile
electronic device such as, for example, a light emitting diode (LED). The flexible
electrical cable comprises an electrical conductor insulated by electrical insulation. When

30 the relatively fragile electronic device is a light emitting diode (LED), the LED comprises

a light emitting die mounted on a heat slug and electrically connected to an anode lead and
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The invention may be further understood by reference to the accompanying

drawings, wherein like parts are indicated by similar reference numerals throughout the
several views.

Fig. 1 is a perspective view of a low profile flexible cable lighting assembly in

20 accordance with one embodiment of the present invention;

Figs. 2a and 2b are plan views of one embodiment of an upper and lower die half
for insert injection molding an LED that is surface mounted onto an FFC, in accordance
with the principles of the present invention;

Figs. 3a and 3b are plan views of one embodiment of an upper and lower die half

25 for insert injection molding an electrical switch that is surface mounted onto an FFC, in
accordance with the principles of the present invention;

Fig. 4 is a cross sectional view of an LED that has been surface mounted onto a
conductor of a flat flexible electrical cable and over-molded in accordance with an
embodiment of the present invention; and

30 Fig. 5 is a cross sectional view of a different LED, with a protective lens, that has

been surface mounted onto a conductor of a flat flexible electrical cable and over-molded
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10 together onto a corresponding length of the FFC 14 via a molded polymeric material 18.

The electrical conductors 16 are in electrical communication with a power source (not
shown), for example, through an electrical on/off switch (not shown).
One embodiment of method of manufacturing a cable lighting assembly according

to the present invention employs a series of stations where a operation or step in the

15 manufacturing process is performed at each station. At an initial trim station, a desired
length of an FFC is cut from a spool of the FFC. The length of FFC has portions of its
cable insulation removed by laser ablation at a laser station, in order to expose enough
underlying conductor surface to provide the areas needed to surface mount the LED and
optional resistor (not shown) for each LED assembly to be mounted on the FFC. One or

20 more openings are then formed through desired conductors of the FFC in accordance with
a given electric circuit design using, for example, a mechanical die punch at a punch
station. Optionally, the punch station operation can be performed before the laser station
operation. A desired amount of solder paste is then dispensed onto each surface mounting
arca at a solder dispense station. Each of the LEDs, and any other electronic devices to be

25 soldered, are soldered onto its corresponding solder paste coated surface mounting area at
a component placement station. A solder reflow station is operated according to a desired
solder reflow time and temperature profile to cause each deposit of solder paste to flow so
as to form a solder joint between each electronic device and its corresponding surface
mounting area(s). The LED and optional resistor is encapsulated with a polymeric

30 molding material at a first overmold station using conventional insert molding equipment.

Additional detail about this molding operation is discussed in detail below, Any other
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polymeric molding material from encapsulating the light emitting portion of the

encapsulated LED, while at the same time forming a protective ridge, or other protective
structure, of molding material around the light emitting portion of the LED. For sealing
20 the mounted LED 43 of Fig. 4, for example, the seal 25 is generally disc-shaped having a
flat face that contacts so as to seal the face 51 of the LED 43, and an outside diameter
smaller than the inside diameter of the cavity 27. In addition, the outer peripheral edge of
seal 25 has a profile, when combined with the corresponding profile of the cavity 27,
designed and dimensioned to form the annular ridge 71 around the exposed surface 51 of
25 the LED 43 (see Fig. 4). Additional elastomeric seals 29 and 31 such as, for example,
made of silicone or other rubber-type material can be disposed in corresponding cavities in
the die half 21 to seal so as to prevent molding material from squeezing out around the
FFC 14 (shown in phantom) at either end of the die halves 21 and 23.
When the die halves 21 and 23 are assembled around the LED mounted FFC for
30 the insert molding operation, each of the seals 25, 29 and 31 has a thickness that results in

the seals 25, 29 and 31 compressing so as to exert a sufficiently high compression force
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cavities in the die ha to seal So as to prevent nolding material from
squeezi ng out Rafeumg to¢ Regs FRGiBY, shoembohmphtaoftaomppat diehslids ardd lofert he di e

hal ves 24 RC73 woun it PR GG e B P PR PR, o
seal s 25, e sloddteMastoanHACCKN@ESWA Nephan@sit) ihS théhner similar to that described
20 above for LED 43. Each of die half 33 and 35 includes a corresponding cavity half 38 and
40 that, together, define the dimensions of the molded polymeric material that
encapsulates the electrical switch. Together the die halves 33 and 35 form an inlet 22 for
injecting the desired polymeric molding material, and each die half 33 and 35 includes
coolant circulating ports 24a,b,c,d and 26a,b,c,d, respectively, for cooling the die halves
25 33 and 35 to a desired temperature during and after the molding process. The upper die 33
includes an elastomeric seal 37 such as, for example, made of silicone or other rubber-type
material disposed in a corresponding die cavity. The seal 37 is donut or O-ring shaped and
dimensioned for sealing and protecting the activator (e.g., a push button) of the electrical
switch, where the activator is disposed inside of the hole of the seal 37. Each of the die
30 halves 33 and 35 also includes corresponding clastomeric seals 39 and 41 such as, for

example, made of silicone or other rubber-type material for sealing the FFC 14 at one end
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20 material from leaking out of the die cavity 28, 30.
Referring to Fig. 4, an LED 43 is shown that has been surface mounted onto a flat
(i.e., rectangular cross section) conductor 45 of a flat flexible electrical cable 47 and
encapsulated by a polymeric molding material 49. The LED 43 includes a light emitting
die (not shown) that emits light through surface 51, a heat slug 53, an anode lead 55 and a
25 cathode lead 57. The conductor 45 is separated into two electrically isolated lengths 59
and 61 by the punched out opening 63. The heat slug 53 and the anode lead 55 are
separately bonded electrically to the conductor length 61 by respective solder joints 65 and
67. The cathode lead 57 is bonded electrically to the conductor length 59 by solder joint
69. The molding material 49 preferably includes an annular protective ridge 71 around the

30 surface 51. The protective ridge 71 is raised with an upper edge that is at least level with

or extends above the light emitting surface 51.
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(not - shown)cf O tveRidit Snl bAND WNUER W4APaGa Bhis & DeRlondi@ABBHNEN anode
| ead 55 and a 25cat hdde | ead 57. The conductor 45 is separated into two
el ect ri cdlED, dasbhanefcluestigiynh@SBAM Opto Semiconductors GmbH, located at
Wernerwerkstrasse 2, D-93049 Regensburg, Germany (www.osram-os.com).
An exemplary flat flexible electrical cable (FFC) that can be used according to the
20 present invention may include, without limitation, the flat flexible electrical cable sold by
LEONI Kabel GmbH, located at Stieberstralle 5, 91154 Roth, Germany (www.leoni-
cable.com). This FFC comprises three spaced apart copper electrical conductors sheathed
in and separated by the electrically insulating polymeric material PBT. In order to avoid
heat related damage to the insulation of such FFCs, it has been found desirable to solder
25 components onto the FFC using relatively low temperature solder paste (e.g., a solder
paste that forms a solder joint at a temperature lower than a comparable solid solder).
An exemplary type of solder paste that can be used according to the present
invention may include, without limitation, the SolderPlus® NCLR series of No-Clean
dispensable solder pastes manufactured by EFD Inc., located at 14 Blackstone Valley
30 Place, Lincoln, RI1 02865 U.S.A. (www.efdsolder.com). These solder pastes feature low

flux residue and superior wetting, can be relatively quickly and easily dispensed at room



and 61 by the punched out opening 63. The heat slug 53 and the anode | ead
55 arc separately bonded electrically to the conductor length 61 by
respect i we0009d860320i nts 65 and 67. The cat hode | ead 57 PCI/USQI8087563
electrically to the conductor |length 59 by solder joint 69. The nol di ng
material 49 preferably includes an annul ar protective ridge 71 around the
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adhesive, BOSTIK® LPM 915 adhesive, BOSTIK® LPM 917 adhesive and/or the like.
Other suitable resins or materials may include, for example, HENKEL® / LOCTITE®
Macromelt materials, such as HENKEL® OM673, 678, 682 and/or 687 Macromelt and/or
the like.
20 Conventional insert molding techniques typically include injecting thermoplastic
polymeric molding material into a sandwiched pair of mold die halves under injection
pressures exceeding 1000 pounds per square inch (psi). Such molding operations have
been known to use pressures for injecting thermoplastic polymeric molding materials into
a mold in ranges as high as from 3000 psi to 7000 psi. In order to prevent flashing of the
25 molding material between the die halves of the conventional mold, the die halves are
pressed together under clamping pressures that can significantly exceed the molding
material injection pressures. It has been discovered that such conventional injection
molding techniques can have undesirable results when used to mold over relatively
delicate electronic devices such as, for example, an LED that has been surface mounted to
30 the conductor of a flexible cable using a solder joint. This is especially true with regard to

such a solder joint made from a solder paste.
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resilient mold die components (e.g., made from an elastomeric polymer material such as,
for example, silicone rubber) to seal off such exposed surfaces against flashing of the
molding material. Injection molding dies are typically made of a metal such as, for

20 example, tool steel. Resilient mold die components that resiliently seal and prevent
flashing of the molding material can be very important when used to protect exposed
surfaces of relatively delicate electronic devices such as, for example, LEDs. If the typical
die mold metal material was used to seal off such surface to be left exposed, the clamping
pressures needed to prevent flashing could damage the surface of the electronic device to

25 be sealed off from flashing.

The light emitting portion of an LED, which needs to be left exposed, is its die.

The LED die is relatively fragile and more likely to survive clamping pressures exerted by
a resilient mold die component (e.g., silicone rubber) than the same clamping pressures, let
alone higher pressures, exerted by a mold die component made of metal. The use of a

30 resilient mold die component, in this way, can also allow the mold die to compensate for

greater variations in the dimensional tolerances of the electronic device. If a mold die
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adhesi ve, BOSTI Kg LPM 915 adhesive, BOSTIK(R) LPM 917 adhesive and/or the
like. Other suitable resins or materials may include, for exanple,
HENKEL ( Rwo0 20@0B60BE( R) Macronelt materials, such as HENREURS208BF363 678,
682 and/or 687 Macronelt and/or the |ike. 20Conventional insert nolding
techni ques typically include injecting thernoplastic polyneric nolding
material into a sandw ched pair of nold die halves under injection
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kPa l ess than or equal to about 400 psi (2758 kPa), and 10preferably in
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20 178°C in about 45 seconds, followed by an initial cool down step that started from the
about 178 °C and linearly ramped down to a temperature of about 138 °C, and followed by
a final cool down step that started from the about 138 °C and linearly ramped down to a
temperature of about 30 °C. The entire cooling down process (i.¢., the last two steps take
about 40 seconds.
25 Desirable results have also been obtained by insert molding over such a surface
mounted LED using the hot melt resin commercially available from Bostik, Inc., of
Middleton, MA, under the product name BOSTIK® LPM 917 adhesive. This
thermoplastic resin material was injected at a temperature of about 225°C, at an injection
pressure in the range of from about 220-280 psi, and with a cycle time for molding over
30 cach LED in the range of from about 12 to 15 seconds. Such low injection molding

pressures enabled the use of clamping pressures, between the two mold die halves, of

12



nol di ng pressures and correspondi ng di e hal ve cl anpi ng pressures enabl e the
use of resilient nold die conponents (e.g., nmade from an el astoneric

pol yrmer maiDenisaisésach as, for exanple, silicone rubber) PCo/tse@is/ 081563 such
exposed surfaces against flashing of the nolding material. Injection

nol ding dies are typically nade of a netal such as, for 20exanple, too
steel. Resilient nold die conponents that resiliently seal and prevent

f 1 ashi ng apraxijeatelyl &0yl e i al can be very inportant when used to protect
exposed surfa i i I i I: f or
ol e, - LEDs 015 Yogh P s B Ul S o5 AERbE A ot Sty el B o
such sur ftAe part aurhberl 6703 @0pOSEHEONI K abklaGimbRQ ThieBBOU hesthnesdeadritad pr event

flashing couyl d damage the surface_of the el ectroni evi ce to 25be seal ed
of f fromIPaLHeragn anOvera&WédtLiogﬁ%-Semmﬁ%S @m-tﬁﬁ% Q(}fthf‘a?\‘e{tﬁfi}l whi ch needs

to be | efd,ngXRAS eeldiFelyiiht Viha @rahg?ed%@gia% cF b dcki¥R! ¥add Gght e and nore
I es by ld d

likely to survive clanprng pressur xert aresilient nold die
conponentcofiduggors hgs & thedmessafibent)0.1 hem Thecswreosdwntping apridhsifabeyt | et

al one hi ressures..exerted b ld die. co ne made nmetal . The
oot s 5T B FRESHER R 16 P ot Al Past FigOORPUr LaTRR  he RS ¢ e
nol d diecbﬁ&ﬁ%ﬁﬂ%ﬂﬁ%%&ﬁh%hﬁﬂ&ﬂﬁ&@ﬁﬁ%&héEED@Hﬁmi cfE81cdb BO Sl Rah Widker ances
of the electronic device. If a nold die W 2009/ 086032PCT/ US2008/ 087563

conponentcenigd eonsfucior tagurice meuntide L&D f Whila therpdddionat widitadf the cederd t o seal
off.the surface .of the.electronic device to.he |left .exposed, ere woul d be
O 00 h e iR hol S &l BAHORAL E AR ok BBl cofibdcnBH RERET L) (7] 0 "o L

di mensi ornahly thasgnt héld of fie [T theasidiRakiIgNREh &dbRS EIBAERACEndicton @b
sufficiently sealing off the exposed surface of el ectronic devices 5t hat

are di merbsftenBinptonsive heat sith &7 CORGIGHHE AcngcgBdTGRes RS WoRTBIHP®.
Desi r abl &, e tNAME: QGRD AR o?%ﬁoﬁwges%é%:g %&&%&&%ﬁrf&(@ﬁ\&%&m@&%”sab' €
unt an L uctor of a

sol der pas%e 0 e ectr|caﬁ€y sur#ace to~a con
f | exi bl e adobdxt joinedandalibencdA TheaBEC das @amnintunoberidhrediaobigioupbds enmasd

di spensed at each desired solder joint laqcation on a previously exposed
confuct oraAPETARg tenRgrafyred ated of %bétuitllrggpé Org 8§h8‘f‘rsabout 101.5 seconds at

room t enper at Y 1[EDs&uch 80ARELbER dokcriddalisR AGTNSCEBS aRARERirddShydi sSpensed

OSRAM Opto Semiconductors GmbH, with its heat slug electrically connected to its
anode lead, the heat slug can be soldered directly to the FFC conductor. This facilitates
the heat sink function of the conductor and simplifies the manufacturing process. For

20 those LEDs that have their heat slug electrically isolated from both their anode and
cathode leads, a thermally conductive but electrically insulative adhesive can be used to
attach the LED heat slug to the FFC conductor. An example of such an intermediate
adhesive is a high adhesion thermally conductive adhesive transfer tape manufactured by
3M Company, located in St. Paul, MN, under the product number series 8800. Desirable

25 results have been obtained using the 3M Company transfer tape 8810.

13



and the LED positioned at the surface nmount |ocation, the sol der
paste was exposed to a reflow tinme-tenperature profile that causes
the solder paste to nelt, flow and react so as to forma sol der joint
that bonds and electrically connects the LED to the flexible cable
conductor. The reflow tinme-tenperature profile started with a
pre-heating that ranped up 15 linearly fromabout 30C to about 100 'V
in aboutg,@%I %%8F1 .followed by a heat soak that started fromthe
about 10 an nearly ranped up to about 130 X' in about 75
seconds, followed by an actlvatlon step that started fromthe about

130 C and linearl anped up. t bout 1 ' out 20 seconds,

f ol | oned by Melged ghmakiag acchble Tightipa aseeny SB35 C and
l'inearly ramqggyvidRglad]&isIB el arBesapidits M clBhAbdl cafthéREidshlaradmt
45 seconds, followed by an initial cool down step that started from

the aboutlearigtinsulatipninear | y ranped down to a tenperature of about 138

"CT, and foII tt
about 138 C éjnéé\ﬁﬁm%)eée%%hgb@ﬁrﬁ%(g‘%eo%ﬁ%gﬁ%eﬁe%bglrglgﬁ}dgageg%ufggou 9%8 slug
The ent i #rel danddallg cdmvmterlrt@meszmdéllead andhhahbas]hadv\o steps take about

40 seconds. 25Desjrable.re hav Q been obtained by insert
nol di ng over 'SHEW"& awm%oé‘”brb% L‘E QR PR %E%as‘r%\et‘m?r%@l%f’ummg

commer Ci gkl ¥n ﬁl\é%hﬁﬁ’&'(ﬂ'tlﬁé’Q&t@l&lﬁ%ﬂﬂucﬂo?ﬁfﬂw@IE:mMedéiéc‘ﬁ‘i&mca% under the
product name BOSTIK(g) LPM 917 adhesive. This thernoplastic resin

materi al was dlefiécaiigdsodating tve lsathgofithe edfctriggberndpctaio agtto fpmj a4 jl@éltfrv@n
pressur eelb& d;hﬁ; 1££&9§s@8aea§ﬁjﬁh@%0 Eas%ﬁél a?eBQe&ﬁé zy%lﬁaﬂé‘ﬂ Erﬂmaea

time for over e range from about to 15
seconds. Suc rsuirfaw lilﬂljllﬁﬁigl thaligho lechitrigg diods smhe sleembll @ddidie ydernoihg a

cl anpi ng we |d die ves, of . WO .

S 006] 08 CEIEI Keatism e pes 1A oF R TRRt S o e o of 4 Slectrically |
has bee nlsf)théﬂGuﬁfﬂ:ebﬁ‘mﬂﬂﬁg hRd ghd t@nﬁﬁlg ah&ﬁexfdo&ter dibebié@n Ehe2atHold6 Blad of
cabl e sol d under the part nunmber 67403000A b ONl Kabel GrbH. This

FFC has thmrfight canigingrdieds and dheietberslestrigally aﬁﬁ?lf’éﬁﬂe‘i’—lﬁﬁa?e WPerting@#Fea13. 50 mMm
0.15 mm Eac rﬁn&t:tl(glf]ﬁloﬁin?é:& g&lgﬂknéﬁgfﬂglﬁgﬁt’éﬁ?l' 55 a5 & &l s%laYe fhb ?lightvgrﬁlﬁm%

general ly rectiangul ar cros ction the con ctors

t hi cknesdiodd arsllbroliangth of therflexiiecle@rita catdo nul wdiahrthdbght@mattidg dicdf issdndfiate
6. 62 mm and each of the two outer conductors has a w dth of about

1. 54 mm "§{%%ent er conductor was used for surface mounti ng the LED.

I't is prefer abh&eihohdisdyhbite MykdngmeterialGeMjetios aiviledt@tetasusfidiéralgow
mount the LED. Wiile the additional width of the center
injection pressure so as not to damage either solder joint, and at least a portion of the light

emitting die of the light emitting diode remains exposed enough to emit an illuminating light.

2. Method of making a cable lighting assembly, said method comprising:

providing a flexible electrical cable comprising an electrical conductor insulated by
electrical insulation;

providing a light emitting diode comprising a light emitting die mounted on a heat slug
and electrically connected to an anode lead and a cathode lead;

removing a portion of the electrical insulation to expose at least one surface mounting
area on the surface of the electrical conductor of the flexible electrical cable;

soldering the heat slug of the light emitting diode to the mounting area of the conductor

on which either the anode lead or the cathode lead is soldered.
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10conductor is not needed to provide a sufficient electrical
connection to the LED (i.e., to handle the current needs of the LED),
the additional wi dth enables the center conductor to better function
as a heat sink for conducting heat, generated by its operation, away
fromthe LED. The w der center conductor also provides nore of a
target surface area on which a solder joint can be fornmed. This FFC

h >u . ¢ S ; . ‘
Corpor at i o 1 LraR apR Rl wERa s St hE Rl R AR R Mipeying
as t he abengh desitichliecdDHRAGIN( thhEbs muantfgatasiate bigctOSRAMh@EtwW that 1s
Sem duct . H withit t. sl l ectri | | t it
St SRRt Aot e Do Bl G o SRS A

conduct ogomprites, facilitates the heat sink function of the conductor
and sinplifies the manufacturing process. For 20those LEDs that have
their heat slipfesinggherheabslngof thelightemitting diaslstn themequnting arga ofithg conductor

t hod | : ically i | ati
anosi ve Ran P dfl B YRR e RSBk 1T Ve pre ™

conductor. An exanple of such an internedi ate adhesive is a high
adhesion, therpal | y,. conduct.i ve adhesi transfer . tape nuf actured. b
SM Conpatly. | TREmERSS Aeeafdings By SRRl SIATEL e BPSM AL THRIGE [ugrroghed
8800. Degiir@hbsiddPagsul ts have been obtained using the 3M Conpany
transfer tape 8810. Wat is Cained is: 1. Method of making a cable

| i ghting assenbly, said nethod conprising: providing a flexible

electrical capla,GANPLISIIEL ARG oRE b Ligdls CORHNG! QherkiiStd a&g&umed length
el ectrical insulati on; providing a light emtting diode
conpri si nftha flexigletelemidat cabde disefficpatly stiff ond mflexibte te lprryeatritie flexible

l ectrically ted.t | ead d t.hode. | : o
Femovi ng S HER IR 5T Een G EREr 1A R d01 it JORIpe LR et aitine
one surf apde Metictgicalrceadiort he surface of the el ectrical conductor

of the flexible electrical cable; electrically isolating two
| engths of the electrical conductor so as to format |east two

el ectricglly Tl?&hﬁth@@%&klﬁiﬁé?% AHYAE bPYaiHsS28nd P& 5 AtRrh AelehbsRliléd
i sol ated from each ot her;
length of the flexible electrical cable includes a raised protective ridge formed around the
exposed portion of the light emitting die of the light emitting diode, and the raised protective
ridge has an upper edge that is at least level with the uppermost surface of the light emitting

diode.

7. The method according to any one of claims 1, and 3 to 6, wherein said injection

molding is performed at an injection molding pressure of less than 6895 kPa.

8. The method according to any one of c¢laims 1, and 3 to 6, wherein said injection

molding is performed at an injection molding pressure of less than about 4137 kPa.
9. The method according to any one of claims 1, and 3 to 6, wherein said injection

molding is performed at an injection molding pressure in the range of from about 827.4 kPa up

to and including about 2758 kPa.

15



surface nounting the light emtting diode to the electrical conductor
by form ng a solder joint between the anode | ead of the |ight
emtting diode and one of the electrically isolated surface nounting
areas and form ng anot her sol der joint between the cathode |ead of
the light emtting diode and the other electrically isolated surface
nmounti ng ar ea; injection nolding a polyneric nolding materi al

so as to;enc .J ght ittkng dio . h.of the
Penr bl G oPRInghEd LS OB STt ??Qgﬁ“gg%tt%éﬁ?ﬁ‘?? %Agn%ﬂ'?% 2 i s
sur f ace nount@dyiding a plumatiar«fithe gie emittiygréiode; andl di ng material is

i njection nolded under.a s ffi(?ii entL%l l,ow i njectio iFﬂ)ressur? SO as.
not to danmageEOYIREPOLIANgaf thesigstrica a‘llgfoqtééélfossa&‘j PBRSWact Feunting
l'i ght emideh bR thetua® oftthelbdttlBdl cBRActdr BeH HEIPRght RiihpdidA¥posed enough
to emt an illum natlncg 2. Method of meking a cable lighting

_nating |ight. .
assenbl y, saideqmeallydscdaimgriveilengths of the elgpianal epndgctar $q asdp ipran at least two
electric : .5 . j : i-nsul at ed by
ol oot r1 careiBtlyisARTRblH G ARafs Rk of A TBACUE AL Gl 5 B0
conpri si ng a durffybd memitirtg eagh Hgle emitting dibde o the Rkatrics] aogdaniok by forming a

el ectrical .connected. to ano | ead and a. .cathode | ead; .

r emovi ngs‘ﬂé%é?‘PﬂEfﬁwﬁefﬂ s, émggéiﬂ%r‘&?éﬁ lighi emiting giAde @ﬁ%&i@twﬂr bglaped
one surf agfcoRidahintardd S Bﬂnfn?%n&&léxf R RfinttHefyeh @ dakieab 16Q R HelRht
of the flexible electrical cable; saol dering the heat slug of

the |i ghemising dipdeyand; apather oleetrealyselated gurface moghtmgeresonduct or on

whi ch either ; . : . C I i he
nmet hod accor dll}‘ gtlgrgﬁgﬁ%%%?ﬁéﬁte?gd%@gg% arlesgnggfon%p %tg {éagﬁ%nﬁgqsﬁl&é%acg
r enovi ngligneugting diede nnd alenigtisaflthe flenibls elehtrichlatableha whocnédch di ghtr aaittofz

t he el ectri,cal rcfonduclfrngr that is exposed is sufficient to allow the
heat sl ué‘oflﬁlstﬂ% 85 e t her eon, and said method further conprises:

sol deri ng t hewh&aih t5d pidyabrid heldinibieRanit injdddosl hpURd A déhesufRiStiyNGw
area of the conductor on which either the anode | ead or the cathode

| ead i's HHACHER BLpSSuralso asot iedamage 4By sridragint andiph/eashe pertior phhedisht t o
3, wher eérHithIg% (ﬁe %p!":égﬁrli;gﬂgerhﬁﬁ i{xﬁ’e! i %Séﬁk%ﬁgerﬁﬁ'gﬂ & et Sh ?huer}niﬁatin-ghfght.

nmet hod acco g to any one of clalns 1, 4, "wherel n
encapsul ated length of the flexible electrical cable is sufficiently

i ff i nf | exi bl he flexiple electrical f
Pl exi ng Chough B HEMIGRRE AL i Fo-phTi Rl e R e o Tt Tine

diode to the electrical conductor. 6. The nethod according to any
one of clainms 1, and 3 to 5, wherein the encapsul ated | ength of the
f1exi bl elel ech cplahehng wssmhly GOBBIENE ai sed protective ridge formed

around the expasgele RREAHAMca8le do ﬁkfng ah eﬁ:@?rfc%li dddasti&r iRfuddleny bighitical

emtting diode, and the raised protective ridge has an upper” edge

t hat i s msulbers tvithewwl elggintidal inselatgpksvingss resovtdpatiof thahexploseghut least one
emtti ngsucg'a%(e:i gl'ounting area on a surface of said electrical conductor, and two lengths of said
electrical conductor being electrically isolated so as to form at least two electrically isolated
surface mounting areas electrically isolated from each other; and

a light emitting diode comprising a light emitting die mounted on a heat slug and
electrically connected to an anode lead and a cathode lead, said light emitting diode being
surface mounted to said electrical conductor with a solder joint being formed between said
anode lead and one of said electrically isolated surface mounting areas, and another solder
joint being formed between said cathode lead and the other electrically isolated surface

mounting area,
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7. The nethod according to any one of clains 1, and 3 to 6, wherein

said injection nolding is perforned at an injection nolding pressure
of less than 6895 kPa. 8. The nethod according to any one of clains
1, and 3 to 6, wherein said injection nolding is perforned at an

i njection nolding pressure of |ess than about 4137 kPa. 9. The

met hod according to any one of clains 1, and 3 to 6, wherein said

injection nolding is: I necti J: 1

the range of ¥raer el 9hMath Bbadihd SIGE] B RL AT BERRRLRA dplc
10. The omtvhed saddiphtdemtiigdiadeyis emdacefmainaidrase dnchpsuated hir 4 pEymeric
conpri sing;,.providin lurality of the light emtting.diode; and. .
Femovi ng g G e et et Bt e LaeeriBinedht ebasbishs P fogeis
surface gyéesdd RAhATRAT SRitled oSt dal PE&ht @fn_itftiﬁ% dRUE G dnl ig@{mrﬁﬁﬁ@%ﬂﬁh%ﬂr
each light emtting diode; electrically isolating two | engths
of the electrical conductor so as to format |east two electrically

i sol ated;surf i ..each light emtting diode;
surface }r%unt‘?%gblgggﬁﬁl}%r%ﬁet%‘gﬂlﬁ?%p%%ﬁ%l ode to the el ectrical

conduct or by 4 bexiblnglcatrol dble goaipnikinpah wizettichlhendimostandvdael bf elbdtecal

light emtting di.ode. and one.electrically isolated syrface nountin

ar ea and PO §iCh oL WS Iaes v vised e R el ML ERORS A BH Phe
l'i ght  endurfaed thodh@stearaieh 2 RQEdE bf 8di@elebtkicalcoidicsn! afded surface
nounting area; i njection nmolding polymeric nolding nmaterial so

as to separ at®lightspéttips diode sompising p §Eht earitingidiggmenmserboran beas slugpd h
f the f - . . : S

oL e, (LBl ahfesadooh il PR e nat bl Erld B8t

i nj ect i osurfaot dednied tesaidelseififal comditctor shadwhatrspldtenioriugofcarilight smittsg

not to d e a | der joint, and at ]east. a portion ,of the |ight
o t 11 ng e spTibane fegnb i g i sE Rt arie eboutth Bienatd frpde
em t an ichd uFdadédingieclléadnt soldded. A cabl e |ighting assenbly made
according to the nethod of any one of clains 1 to 10. 12. A cable

| i ghting assenbly conpri sing: a flexible electrical cable

conpri si a i i l.a e :
nsal atl of, Wt eSAYS BeoRRRC R LA 57 RO cNaRl BRI AR ap madousing o
t hat exposés pastel east one surface nounting area on a surface of said
el ectrical conductor, and two | engths of said electrical conductor
being electrically isolated so as to format |least two electrically

i sol at ed1sur fPigeaskEbly bit@rdih€ fSarl oB6 bf tlaihd 2 to9a| @h&dinfthosmcegiinted length
ot her; aqg L. a Iighi n11ti%$_diode conprising a light emtting

di e nountldhe Gaxiglerflesrica e?glealﬁau Cisatly sepnd indlsrikisce overt thaflerblge

| ead andexectﬁ@atﬂagale fﬂoﬁ@ﬂexilfger@u mwﬁan@aguﬁhe éamefqo%%oia@ih ehetpht Bhifting

nounted to said electrical” conductor with a solder joint beling for
bet ween diadeltoghedecirieddontutiane of said electrically isolated surface
nounting areas, and another sol der joint being fornmed between said
cat hode | ead and the other electrically isolated surface nounting
ar ea, 16.  The assembly according to any one of claims 12, 14 and 15, wherein the encapsulated

length of the flexible electrical cable includes a raised protective ridge formed around the
exposed portion of the light emitting die of the light emitting diode, and the raised protective
ridge has an upper edge that is at least level with an uppermost surface of the light emitting
diode.

17.  The assembly according to any one of claims 12 to 16, further comprising a plurality of

light emitting diodes, wherein each light emitting diode comprising a light emitting die
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wherein said |light emtting diode and at |east a length of said
flexible electrical cable on which said light emtting diode is
surface nounted are encapsul ated by a polyneric nolding material, and
at least a portion of the light emtting die of said light emtting
di ode is exposed so that light emtted fromsaid |[ight emtting di ode
is an illumnating visible light. 13. A cable lighting assermbly

conpri si pg: b I .
ol oot i capenshana i s B eRofioRE) riBued B RaRaEBTRE B Peibdc leng pid
el ect ri celbctrice uhsaiation hindig agluaalite nbreadvpbpartions thixatxpesepo ast ot shidast

one surface pounting ar 0 urface sai.d electrical uct or;
and mountingtza g wfaﬁgofﬂq @o%e%?ﬁﬁf-‘? Riog £°r|e?@}mgk@mnew&§w PO
nount ed RRAgtAs beatd @baﬁcm@n@l«,@e bémg 3l ekiticaPPRBatcado hP10ABrA APKEst head
and a cathode |ead, said |light emtting diode being surface nounted
to said @lp@n@aﬁmmlat@@ﬁam@ groustiptharetfelectgally nﬁ@éntedsﬁ?mg eagh afherdor ¢aghdight
emtting i

conduct op Lgiods, SAUIRLEGaliingd ARATRARE WIBCEE A (S B ol BN bt
sol der edwith 314oldai’ryem£csﬁmh Ibytwaer @t dhodg [¢ad anl @aherelé@riosllylisglamteuréica sai d

ccor di MEOTUAASIGHE Sap ISt SRR IOHS Yegre Ao isrred A iane 0 ahd sther
| engt h ofjedthalfylio1htbd Surflce GloihGdd areaRheh light %hﬁtﬁh%ﬂi%ﬂé hvd §Ieh§ﬂ'h oAB4ld

inflexible to prevent the flexible electrical fromfl éxing
enough t 6e>ablﬁrﬁ§@q<>hlecabb| aevhiplysaid lighreanitige dinde iy pintacempusted gredpmﬁd@telb'o

the el ecfrl e :
ol ai o 19eof SR lerc Maidi R RTERR X 1E5FPERLRP0! e ikt ARy
el ect ri caf eaclabifle enmgingdésieas exposeisophatlighbt ¢nviged frdg:eaaf:l@hglﬁcbnattml dobde e
exposed tion of t dght emtting die of the light emtting

di ode, aﬁﬁﬁ@ﬂ@wpagggﬂﬁﬁL@ﬁective ri dge has an upper edge that is at

| east | evel with an uppernost surface of the light emtting diode.

17. The assenbly according to any one of clainms 12 to 16, further
conprising a plurality of light emtting di odes, wherein each |ight
emtting diode conprising a light emtting die nounted on a heat slug
and electrically connected to an anode | ead and a cat hode | ead, said
el ectrical insulation having a plurality of renoved portions that
expose at | east one surface nounting area on a surface of said

el ectrical conductor for each light emtting diode, tw |engths of
said electrical conductor being electrically isolated so as to form
at least two electrically isolated surface nounting areas
electrically isolated fromeach other for each light emtting diode,
each light emtting di ode being surface nounted to said electrical
conductor with a solder joint formed between its anode | ead and one
electrically isolated surface nounting area and anot her sol der joint
bei ng forned between its cathode | ead and another electrically

i sol ated surface nounting area, each light emtting diode and a

|l ength of said flexible electrical cable on which said |ight emtting
di ode is surface nmounted are separately encapsul ated by a polyneric
nmol ding material, and at |east a portion of the light emtting die of
each light emtting diode is exposed so that light emtted from each
light emtting diode is an illumnating visible Iight.
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