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LOW PROFI LE FLEXI BLE CABLE LI GHTI NG ASSEMBLI ES AND

METHODS OF MAKI NG SAME Field of the Invention The
wW@e@sesdo3l nvention relates to cable lighting PCT/US2008/087563

assenblies, in particular, to flexible electric cable

lighting assenblies using light emtting diodes

(LEDs), and nore particularly, to flat flexible cable

i ght FROFDLE L EKIBLE EAB R dd T N @A SR EY BLIES

pol ymeric noldbggPﬁg ?ﬁhﬁb ‘9ﬁg4§?%§§§§? maki ng

same. Backgroun emtting ) are used
in lighting assenblies. For exanple, one or nore LEDs

have been attached to printed circuit boards. One such

l i ghting assenbly dis-u:%%@éld—@—s—l the dnygngon pp| j shed

APPhine Btdsaft iNntigR Oct4 1idhGhyd 1i0d, W rtitMaOto flexibl

LEDs g?eégf&?[ i'cal Itlé aetqttg%ﬁ%%g%o ggl pgi %t%gg 1ggl’rcﬁéi tl&%%érod exible
clectiztcabls lightngradsdmbili¢sausing lighy cimitsieg tliados dikTRY), addtrhorg

hi t herymal, copductivity materj.al w ut cover j .
pandlsicly 15 11 Gt 0B bl ety Frypabligy i L EPbsoCiiatedvits o
poRmdRInhdINine fmdt &1 San@lich&@Hbds JTRRKehd dagifet | Ng assenbl i es

are electrically connected to one or nore conductors

of an insulated flexible electrical cable to forma

lighting string. Each Of}LQE%? LED circuit board

lighting assenblies is so CORMELT ed by using a pair of

I ns Wligt iepitie gRldac (MDY rneet o HglithatascinsillesC €ot H@&mple, one or

el ectrical insulation and electrically connect with
more EE[ dare Decngtiashedite pEated copwtbebs élﬂe sueh lightieg assembly

- - e - n [
i Pl R R b B N o B TR YA R BYIRY of LEDs
cleomicaihg atsavirted toSupmiretey cikcuitimaet thane @veinidid@ine.gadydaaieriomolding)

.the present invention, a nethod is provided faor making
wilp acfagig &W@M%ﬁ%@%@@%ﬁ@uﬁfé}m@% RYRG 4l output apertures
of ?feq}'Elﬁé. g pRurd1ii§6F HeSe 8&&1@ttﬂ'daﬁﬁlliglﬁﬁ’1§:¢a§seﬂﬂgie§alfegélétg’iééﬁkzy

ragil e electronic device such as, for exanp
cotricgtet] te ¢ 01 mgrecioodiect@rs BDn inFhlatddl feexitide eleetriealtaabledb form a

. cabl e .compri.s an ectrical conductor insulated b
e iR Al AP O P HETFRT R o RISt Fagicpaneed by
usiﬁ%ﬁ%fr%'irfsuﬁﬁﬁh @Rplating doh@dttors Fat Hisplceine e clrldEDhsulbtiéh and
LED conprises a light emtting die nounted on a heat
clegtriggllypennect 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
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
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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electrically connected to an anode | ead and a cat hode
| ead. The nethod al so conpri sesrenoving a portion of
W@ b@oes@atri cal insulation to expose at | east PEEUS2008/087563
surface nounting area on the surface of the electrical
conductor of the flexible electrical cable, and
electrically isol athr})? two |l engths of the electrical
rerpyppgie Peition of fhe alestienl insylatipg a)s@xppwz)atép@e PG wigfapg mounting arca
0 f t r
on R0 B 860 PHE CREiCHPURLLG: QB8 Pl R 1 B R PLBAL LB BLcHically
isotading eo &dngdtsraf clad clearichl tcbnxtuchy sb @s tu fogmat Baktden cjwiritally
. between the anode lead of the |ight enmitting diode_an .
lsog%%@il@rpaewom%& %rP@aiﬁWr? glapfél@@bv @ﬁhﬁ%@@é@%%ﬁ#tq thig- e %ED is
suric@ Ao AR (bR IBEi B ebARICI Uy d8Fmin@laMbIdEIIR BRNEAR the anode

cathode lead of the light em'tting di ode and the ot
leadloé dhterligha binytting diodt enld enw dfztbe ekwtlmnalilmgokateéaurfﬁce rnountlng areas

| di,ng. ti | ded . 0.
ond frlTTE R o0 Y R b0 4 Gal Pl B B TP St g ane
theacﬂﬂer@leclt@@&ﬂgl i@ldtengirfic@duliin dé hexi RlR1ph&td mbkialg maltisl is

on which the |ight emttln? ode i s surface nounted.
injqutienpotlgerbici &, ingsirdiniegtiommerded) sd s tospeapsilele thoLEBnd at least a

lenlggldoefrm)t\l}g ﬂ?ﬁéfef%ls?an llé) 8\{1 Iw C%C[Be ﬁgl%tpernﬁﬁﬁlgrd?odse 18 gurfaﬂg mounted.

e or cr

The ipbRéferis @hdlgihg jinQitdtial 1d ] e@ddm frioD;fdad vatied £asficientPolotv i@fection
of the I]i@%ht emttiIQ]ngie of the Ilfght em tting. di ode
DProsgiaphas weleawye the and dpppecE\eerB e aF clgkrgifder Solder joint.

: | e

tn RRGIGEER' o T3 eifh CRRZTA ohuffhiEbe il e ifldrptfiodd Mfains

exp@sed {ird.,dsthotcabbed oaer Hyetha pblyateric Inmidlhg enaddreat) goi thad light emitted
capl FFC.and the ¢ e can conprise a plurality of

fro TE‘EZ@?%BQPEH%YP@@{I% Elé} ? Betiuct ors i nsul ated from one
anofhe ﬂeﬁerrbl&%lcafl efbl& &ﬁm! a?ﬂatkﬂ/exlﬂﬁé elgcéleﬁaéabﬁ%r PR AR the
separated by electrical insulation (e.g.,

caldt ewt edngrisey flurslifyatfi spg:ep@pgmtrekepmcmwcadn)s 1nsulated from one

andGi T o Yo anBIeaPY S scRenntith o reatibi e pstiaton

(e. %eﬁﬂ él@&naﬂgumulgﬁngelbcﬁyﬁléﬂl@@ﬂatelnagu Ipadft@BlyC ake él@ctﬁ@dl%ﬁahctors
any suitable process including, for exanple,

y
arq| rabéwela Bleawith g generalnyeckrmgulas Frospscstion, Tendssiredamount of

B B S TR L, S5 v
laser ab¥atigg. oft nidyebcalesiedbld fb&*em@@@d poitdhofele dlbdrifdl easubition to

el ectrical cable, depending on how many el ectronic
CXRRSy IUEPI8 FWTHCS MRINGNE PEFEE ORHISIERCOM Bt N a Bl Beglngtrical

coﬂﬁx‘é’totcrjggft?% g%ﬁ%geg étT%trgc ‘ééé‘t?l??% é‘r{agnés&l %ﬁl%g% dp%ﬂoﬁn)c dBvices are
to @mrﬁice muuatedfontd’ﬂée ehlele tind bal tlmsn (dhactroml_s deaneseace o beoperated
(i.elS JB? at edijrlﬁ[%‘mr}clq 1rcu1t ({m 1g1? agcli SI?({ use). lng 01|r rsnco)lreagfe[ﬁle 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

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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areas, which are electrically isolated from each

ot her, by renoving sections (e.g., by cutting or
WEewehsdd2 usi ng a nechanical die, a |aser, etcPQT/08200$1¢87563

affected conductor. It is preferred to surface nount

the light emtting diode or any other electronic

device to the electrical conductor by forn1ng)a sol der

can} giqyt faydhaygrid oEnetian ¢f4ke wolderpeingand %ﬁel%‘feélﬁé vpeddeadio
R T 0 8y TR0 PSSt b B ibcng
matke i s@hﬁ t® ehoapsnka&r(h el, ny@ntoild)rthenﬁledrmmt ﬂmn«ﬁmlldahé desired length

ol rlc nDI Q0 as (o _encapsu
of g1 e‘ftﬁe ﬁ&é@gﬁ TrEhuhor thepaagied é&blfg é}?@td@s any
exIISHse& ch‘)uflﬂu?g(ét@ésean%la ?tsﬁl'd&a biftabl e. Preferably, this

engt h of "encapsul a ['e i ncl udes any exposed
nouitbhé pgsent eashainndnyhe cbopris¢ gilddringThehpt slwgf the light

eriae Fiogh & o e BRERE ‘e oDRR T i SiPehe fnqifldeid or ne
catBOMesd RrsoRRrahils Bd@libheake ielﬂﬁw\g?ﬁﬁ) ¢@3dc18dc FRARving enough
It

cathode lead is soldered. In ion, the renoving

elegtr@pl igaiHationoiugl ehat émwwgme ramagﬁ thet Jectripal abndussrteatiiperposed
is sulfltcf‘c eﬁt tg ‘éllé ?}%enﬁ)eap §1 sofi‘de?ed HEnhFeogl t@ ‘fqod ca ﬁurther
ndtic A osed P EUFiRlent o )

corhpﬁse S?»Ildt@mg @hdolgeas ahgl of &d lighesadting divde toe mm@g sram ofthe
further conprise soldering the heat slug of t he

conghictor ion gv g tbeither therapadsrsad oy thg cathede lspd i3we méddetﬂ@ﬁ way, the
co ulcgﬁ‘? oG CE&?% &H@dt@lﬂie th@ﬁ% &Jigﬁl&%‘e ofig, | ead is
sol dered. uct

IS way, e con can Ion as a
heaths emdapfidated heagthEdD thehﬂasu‘glle cldcgridabedh lfsisulgefe'fzﬁfby sufficiently

ed | he fl bl I
stif §n3 S}fﬁer@ﬁf‘am grgye%&?? fL%xté%?e F];?C@l?lfcﬁglﬁﬁj@rﬁl Hugg °h %ndlflb‘% enough
to @d’rﬁé(?%% “ﬁ%c{ulr@& c%&) &h$ 6d164:G84nt samlﬁg frc9phi &BMifl0di0ke to the

ng enough damage (e.g., fracture or crack) any
elesmiceﬂecronfimtm Ib oamllvmc@snhlde forghe¢ cmmapsulatad)ledipthdd thoflehble

fri t ble fo
cleghiasbfi diTeR s prsd Y rdfe e aPauliplher Usigptinuous
ridg®of the lpdHencdicmidIgmg rﬂe[t@l‘i&ﬁﬁfdrfﬁ@d hiod8E tlfeebxgosed@ortlon of the light
conti nuous or discontinuous ridge of the polyneric

emppng diep it bght gmyitting dinslg, andobesriscdereiepibeatigsdes poapRrst cdge
that hsgat ltl"lh gﬂ%veq r@zl{ t&r%g( e(?ld? al%ve tfl‘glééd %Qgst%{ﬂf&ée' &qhedféénq %thtltng

e rai se
diods. at | east IeveI mnth or ext ends above the upper nost
surface of the_ |ight en1tt|na@d|ode I n accordance

wi t h0 agretdsesc wip @e@th%tf aspefd op Fiedueent inyeionon cable Hghiing

assefn%g’ is % éﬁﬂ@tl i¥ nlage QE&Y&lH?ﬁo (Iir’é/aﬁueﬂhﬁd g@c%?dlﬁlg fohd bient

accor Ing to esent
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
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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invention. In accordance with an additional aspect of

the present invention, a cable lighting assenbly is
w@e@viogi®s2 t hat conprises a flexible el ectrical PCHDOF®08/087563

and a relatively fragile electronic device such as,

for exanple, a light emtting diode (LED). The

flexible electrical cable conprises an electrical
a caihaduteadr The elertﬁts@dnwt@méﬂ@ﬁ piperjon;thafis kemayRd tgengse pidcast
onee %lrt tce xrgdu)étrfl% Qr%% IB@ ﬁl‘fﬁ%@ﬁ% gf‘e\é{rfc?lseeozldgctiar glmre flexible
cleetrichl dably. diveo lvagthk eﬂtlrerel@trhmhtorslluutgr arectl@trétly isoddtéd/so as to
congected to an anode | ead anda cat hode Iead The

forg) aldeast b clpiaen by iQfater aurtacesapuntigs afgsathat %rereé%fwé&ywlated
froﬁf(@a‘eﬁ Sk *TE@EED%‘ @u@é&%fn%iﬁrtém%l Md agctﬁ&ﬁ %or‘i’&hc&&e A solder joint

surface of the electrical conductor of I'exi b
is fotreed bétwatn thabhede [Fabof thn dghtscnoftirtghbodd zmdtqnlecoé the electrlcally

or are.electrically isolated so as,to fo
iof T mbp ity ety 14 ashsaBePLlns et T bRl atiage 1ead
of thRafphREMitehEEbaE & thY otk bRE®Rally RBIRAGNrREN@buntI}&irea. The
LED is surface mounted to the electrical conductor. A

LEQ)Meat lgagi slengty of équmﬂﬂetebvé@wak ¢nblepronbich s b is ssface
rnoun tatre ecpctaé u? a%(g by nt]ec 10 arol%esd ﬁo}lxﬁ el o toi; 'or?%?rlnl t%rral Preferably,

eathsoidH joaak ibatadeasing B%ol@iai pesete Thaaditioh, dnbegh botht lrght emitting die
en1tt|ng di ode and the other electrlcally i sol at ed
of Sigrlkde & srpavedi(hey Brnehooverl QEDPY iy nelymesmoldingshgieral) so that

ich the LED is
g e P B B8 A AR TR O 7T oot on

nol ded pol yneric nolding material. Preferably, each

sol der joint is made. in .a.sol er aste. In

addi tion, enough of ; ; Sdie of the LED

'S xpaReHiéd mBy be ﬁﬁﬂ{e?hn&:éi’é’t%@gy RYEEN Yo thEa ROMPARSiAS

nol di ng naterlaY so that light emtted fromthe LED
dravengs vwhletemﬁlkmpa,rtsglre/mshdateé blyi sghtlar iBferafce Desicral pthiaughait the

s The invention may be further understood by

Se%%ﬁgﬁgﬁbe to the acconpanyi ng draw ngs, wherein |ike

par gy ariga & e didWofsd 13 Rbfileef &R0 £ 1O HERIRY sembly in

t hroughout the several views. Fig. 1 is a perspective
acopréanceo vith angwmpedimiangof theprasket ipedsitien] i ght i ng assenbl y

in 2% %oﬁaggmi?o ere E)gmqn&xzf%o%gle%%ﬁm%nt Bpgn R@? ‘?SH& lower die half

I nve I on

fordndeedinjeeridn mblcﬁmig MPPED thAdtds bu:rmr: ndiuﬁtehainfo sfrDFFC,Flﬁ @tdordance
‘inLectlon nmol ding an LED that is surface nounted onto
wi e:pr(glcrplﬁs alkihs PERspRianvention;

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

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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with the principles of the present invention; Figs. 3a
and 3b are plan views of one enbodi nent of an upper
waewlsse2 die half for insert injection noldi PQI/ER008/087563
el ectrical switch that is surface nounted onto an FFC,
in accordance with the principles of the present
_invention; Fig. 4 is a cross sectional view of an LED
in aq¢rdapees Wik éﬁp@@reﬂ%@éﬂﬁ%@f & PEest @veitduct or of a
flat flexible electrical cable and over-nolded in
accordance wi th an enbodi nent of the present
i nvention; and FDgtail&d DsscaipavwsS Esdodinenal vi ew of a
different LED, with a protectjve |len hat. h een
sur %ﬁéﬁ‘éﬂ% 18dl-GRF a‘m&O@aﬁaaeﬁ plovprrodler g CaRe @glétmg
assRh®Gf 10 &%br oeché‘ﬂl%séh\f SveiRbHBR| fAc88 Rﬁgﬁg BFIE%ﬂttelﬂnttlng diode

anot’her enbo of the present inventio
(LB} essepblionl Zdlemmldmmmtai ®ed erflat figxible el%lcgrlcalcabdm@ FC) 14.

RN NIRRT i

(ndt RESWishaRatdrObIERiCAlyYcodhedtb@ i scHBd ?Péf&gb@' B%Q%lc(ehﬁ@Xe g., using a

assenblies 12 electrically nounted onto
solfl¢repeistg).do eneet mptﬁaﬁleqtlawl eodurtys 1gof tﬂa@ﬁ&@mﬂm&tﬂwwed
to%a}er ontgladc(r:“oizrse?psot cﬁ%t ﬁ{h%q:)#at %{j 1a h?(g%?l grl Flaterlal 18.

The eree&fetale@bndmctslerll6%e inpdl et a bbliﬁnﬁl)ﬁl(ﬁﬁbld&/ﬁthra@oﬁx%r gource (not
usi ng%a sol der paste), to one or nore electrical

shevyhefee espmapleathesrueh va chaeticahonialf switeh FtpbWY- t oget her
on g FROYERARNEL gL B I 5 M B o

to the @résontahesitivh calplaye amuriccatstopnwivhbrea groveion oo utep én the

maély‘f ¢ @%I;]lg Iﬁ)&%ce%,&eﬁ& mgieae g Lh 0 htAa gﬁ%@%r 7 Cg,lfttloonn/a dfeglred

gamffa%th 15t BomApBol 6f9ﬁ$ FFQ g8 SRR o AGIOREN JABHSM of its
he present invention enploys a series of stations
cabi arselaaom p@n(avteddvm lgner sbletpon at atliser ptafion,ac buder fgexposTavegh
rfornme h stati At a niti

und e oA S pER R B irafh nsBled € shlffeq ipiaTyhe LED and

op&afaPlesBfort(hét shbkn) fba8adhamEb Rs@biHe ttastonéd bOMS F¥IC. One or
its cable insul ation renoved by |l aser ablation at a

morgeegningsa¢ Ban formedtropgh desiep seedustsvghtho KHEringrengdance with

fac
+ TS A 55 LB A BRI B« pnc

staBEBIOWOptidroly e @uh&&tﬂ&&&lﬂéf&ﬁoh@alb Be pﬁtﬁmr&d befort b 1kfeEstation
One or nore openings are then forned through desired
op%ré‘ﬁ% ch éipglreélfan@qy@t fzﬁ:@lqleﬁ pagie bsrtggthélép%si:chonto cach surface mounting

arca at a solder dispense station. Each of the LEDs, and any other electronic devices to be

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
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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a given electric circuit design using, for exanple, a
nmechani cal die punch at a punch station. Optionally,
W@ b@9jgidh stati on operation can be perforned PEF/USM08/087563
the | aser station operation. A desired anmount of
sol der paste is then di spensed onto each surface
mounting area at a sol der dispense _station. Each of
cleetigni BOECC (i), BFAANGELAR SWEF LG biindikgeiscdssneapsplated at the same
or & %ﬂ?a? 60ernfi ddE stﬁt‘?#ﬂj St ?sdcoﬁ%ﬂ)létééth%P{hefp%’c%Hﬁ' %Qetﬁ&{ H8Y be
paste coated surface nounting area a
quhiimietnﬁémﬁlu&t atditonal ¢k fswhldmanwfafthmg ﬁhtﬁtﬂspﬂl‘epleﬁdlﬁg en dicadbsign of

accordin desire ol der flow tinme and
the; 3?@@?&% Pséeli“g YRt %Wehosit of sol der
pas'i{%fetrﬁn% JLOCIW $92,238d b8, éﬁreﬁ%dﬁﬁ&g OF ah @ ISEr dREfMELNand a lower

each el ec ronlc device and I1ts correspondi ng surface
dientmliril3 ingha@ve ﬁn(rsr)sert'ﬁhjecﬂLcEDnakdmm Lo dhat iesirstomousted onto an

Fef R bR Gt 2 BT i el 2t Kl in s ea

poRcdic "1‘1%1@1@1@ inRAETH - andddir die 'Fl@lf 2dehaioh iddgds cbBliast circulating ports
nol di ng operatlon is discussed in detail bel ow,

Any
24ibkaranddér bond, ccspestivedy. fer, ggoling theahinbadven2 | andid3gh a desired
tengée%tfxlgfcﬁ‘lgml | kg m%éretP ?10?({] ﬁé‘ B]fo%lesgst ;%%ﬁl?gf 31 Pﬁ???aﬁg ?3 uhcludes a
copéspeedihg ga Bt Haorkb ey Joethamabigbthed defind the Idﬁd@s&dld lof thenadlded

or fewer nanufacturlnqastatlons ﬁ@endlng on th

polygrigmaserial A8 thyd epapiilates Bt prgRObnk? @ssElRlY E‘tﬁ ypgper die
21 FERS SRSl 8. i apf. B85 PGS optpr roter
typeahdter23, disposbdina Ewresposing dicpect 2 bformod di dig halfi 2ILHOr sealing

hat i.s sur unted nto an FEC. Toget her the die
and @iVt T L o O HEe TG (e g mlf| R8P4 t he
desﬁ%@@a@@kﬁﬁ@ﬁ&ﬁ@@@hgbG&n ehH AmerRthe8 88 PredbiR nitHch

1 and 23 includés coolant circulating ports
pOBﬂwnbnmﬂﬁngmmnaﬁéﬁbnc@ﬁ@pmmﬁpg¢h¢hgﬂynnﬂmgpoammkﬁghdhe

di e .hal 2 and 23 t red te ure
enGanSae LFR Rated et PnR BB IR OGR! BatL by Sbrptdrcerive
str@dwke&sfmmqtﬂgdﬁaeﬁalca%mﬁ&ﬁ@ﬁglhtr&nﬁﬁglﬁoyudhadffth@ﬁEBn d:oi%@ealmg
t hat , get er, define the di nensi ons of the nol de

thqm@w LEDifgtafdiigl4. fg cxpmpleetheapd 2548 sencrally dg@[ashaped having a
ﬂafalsdég P:% ? njfgcts( SO tg I %h@ fac%glleo%g iﬁEljjllf aﬁii ;!In bk éf‘é%?%neter
oneric seal exanpl e, nmade 0

srnSlld:rl tean@e disid dighcteubbac typs amtie rad&ﬂtlon dhs poeperipheaul edge of
caorrespondi ng die cavity 27 fornmed in die hal f 21, for
scad @4 [hpshgy PEide, m@péembmjdt‘*ﬁﬂl tll}EBOIIf‘?S@H]@d@&P’EOcﬁl% gt e savity 27,

deﬁ%‘éd@%d%lﬂﬁeﬂsﬁbﬁ%ﬂtto g p%n%ﬁﬁ% )ﬁ)%s@d"glrface 51 of
are desi gne S|one to pr
thenfolf D éﬁ (polFigeb)i @dﬂniodahfgasntahma sehlsf29qmd 8l capsad, &briegmple,

the_ light emtti ortion of th
made of sﬁlgone or other runb%ep -type matercl)al can ge 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
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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encapsul ated LED, while at the same tinme formng a
protective ridge, or other protective structure, of
woredodios3zat eri al around the |ight emtting poP@T/082008/087563
the LED. For sealing the nmounted LED 43 of Fig. 4, for
exanpl e, the seal 25 is generally disc-shaped having a
flat face that contacts so as to seal the face 5 1 of

aggipg thegpFdand alrfde Hn rewesiedy-de Alesk die ravsaee of therapltantgolding
rna'té?ﬁl'l ﬂgmdt'hg rQefs tﬁé%a \é'lats%ng%rc ﬂlﬁeﬁﬂ% ﬁ cd%or steg 928, 29 and

outer perip era edge o sea has a |Ie
31 Cthﬁ’dlel’tﬁdlty\ﬂg B0t foemedby ks parith ag mleflﬂlb@mtﬂl Iioh,en@'a:vrhd)lyhng

macgial PR S b OB AP B8 0811 GABE Rbhe T e re ] past the
sea'l_'é 8, 26)and'§‘qid'At It&ns%hlGQh’ﬁlé t’o@%@é 6f thE %la%to%%n@@l%u%e &f tﬁb’ culs 25,

for exanple, made of I'i cone or other rubber-type
29 lmdi 8t (@bcadly dvel 2fi)sp @Sladlkleky tbatrthe  pPretid ity (Canil bd dgmdged during

di e hal f t.o | so. as to .prevent, nol dj :
R S N Ot S SR P )
wekdueBast Rk 23t 2®hddver, h@h@r mproQidh BrddWoRRd #eed t@BElused to
23. Wen the die hal ves 1 and 23 are assenbl ed
preyewidpakingel thDOmm?ﬁlF @@Dldmg;mmrwd h&h¢ perabinatmy efi awgore rigid
QAP0 R S RS D DL iy

lesSE@ERIAB i RFCSWowdd bbeorexédrhagd Hufifg ﬁie&ﬁjebt}(orhﬂnlfahng operation.
conpressi on forceaaal nst the LED and the FEC
Ea?hengfé

e diohalxes 24 gngd dnclydes ag)élgglétg@ git svpuatipn clannels 32 to avoid
thenélq ?ﬁ%t@%ﬁ‘ﬁju@‘?l@g Erf)me tdlﬂeedlﬁ tﬁéjln < ?ﬁ nﬁcﬁﬁ%%ﬁ@ra‘c&o% If the

oneric materital Is USG fOT
polyhferld ingo] diay intater?B was tnjEacdvimto thy nlmili Vaatyz&daﬂnbrﬁﬁl ngectlon

lled with pol ri di n eri under
m@%ﬁ&?f%}r? F‘@w é.sng %%%dl %W&l@@ @s&ka@wﬁhﬁt glding
matR | FB 1@5&&@ b@dof@ﬁ‘é&lefc%tﬁ@@k@ 25, 29 and 31. At the
sane time, because of the elastoneric nature of the

seaRsf@8ng RFigndadnd Bespecindiodymee af a2 spperidic hadf 33 and a lower

iRt 550 Sha® i o ot emaletnein loctorl BURES fiof o that is

surfRe @hduked dro 8n FFENE (5w 1n'}3h|aﬂtoﬁi§'i1€ﬁ inflnherVdph Rartd @ht described
for seals 25, 29 and 31, hi g@er conpression forces

abaysPLRPS . thschef disdwlfi33 apdvaneludesaidorigspsmdinigecavity half 38 and
| . e
40 RUATRAG SR A0uTRhSEheor i B AT Ra B0 LS

endapsulhiick gl di@aikal hadtcH. MBodetbor ehirdli¢ Balded 38sErI3 Sefistre rah in1be22 for
FFC woul d . beconme damaged during the injectiaon nol a@g
injeiwedhs desircnelmeric mpildige amaeialedd zagh gigdali 33japd Ba dredudes

oyl o, 40, XTRASR 0 RO 5 L AL e
33iang 85 to odesiot] dimpgeratper dringrand kftett the nmhdhygrpracessnﬂﬂxdiupger die 33
n: %{Il e aﬁﬁ\gag%filp g%:fﬁ %t7 %gcﬂ a?st, ?orteggm{)rlgl r(rjlac? avfl sﬂycone 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
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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nol di ng pressures, the seals 25, 29 and 31 woul d be

unabl e to prevent the nolding material from | eaking
wWoi09/08608he die cavity 28,30. Referring to Fi geCT/B82088108B7563

3b, one enbodi nent of an upper die half 33 and a | ower

die half 35 is shown for insert injection nolding an

el ectrical swtch (not. shown) that is surface nounted
of tygtdée BHvesFS and 30s Ap il iilpst mpbgdimpntathganner simi |l ar

t ot

3 Ang e R AGEL FRPEE Rl B Altve ST P eyt Btleg around
swﬁﬂl mbahted FEGebhthe 1nsré6tfrn<bidlntgl'a@eﬂutm’ﬁ naclonsthofsedlHd7 180l athed 1 has a
terial

.polyneric t.e sulates.the electrica
thidiebehat i p e Al @3 M o SOMPICRRIE SR FHirkhuMiciently
hlghrblo rgsgno‘h%rcb @%ﬁﬁ&'tﬁ@s&lgﬁfﬂﬁ‘%é PEC PRIMIBTAIG t%!&k'me assage

33 and 35 i ncl udes cool an
of tl]errmjteatrn(piglngana;tsrlaﬂ 4anbthe, sdalechalrc26 aBd:pausechlastomerlc material is

S HRERIAT ot L Y Bt Se R B B g 4 e

Wlﬂhr &ric hbRlitPRgErisl Lﬁld@ﬁreldﬂl‘*}blk}'qgﬁ P& @i RERdt feak R of the

such as, for exa silicone or other

rnqlcilbb éraiqrgﬂbeas&ﬁteeqealangoﬁ%@ws@d Afrthe saog Hespnsaissf thee
ela aV'th na‘;{_llf]ee ffstﬁg sea%s %'} ‘%9 af H‘i 1?15 u 1!(|61P{Qh2%s[hﬁé) sw1%c%na%td FFC would

be (iemlged cﬁlrimgslﬁb IanIdﬁﬁgnI)roOésst hﬁacﬁiltﬁﬁi, ifl rﬁ@le ripMd nakerialffie kg the
the activator is disposed inside of the hole of the
megy grold matqrighvese upgefonpelhi. vagng sl dHghegsompesgsion forces would

neésthgerléglg?d #E)S&E\ee?ll? %ﬁﬁl@%f '?Aé)g)sotlm | 0 oﬁ@ Iﬁat%ﬁa nlqlel}:oilnbmatlon of

exanpl e or ot
a niiarb bigid mytpaalrmtd dviglelr cédrapresaan fdngsstﬂncﬂfeﬁEﬁh]:mkahh@dehat the

o SR e SRS 0L b Db L BAElon motaing
opdii€orli BadRRF Yl?egdlg FaRBG Banes ﬁln@ﬁ%@@bﬁ%lﬁﬁ gEng evsa%ﬁtfd?l channels
nounted FFC for the insert nolding operation, each

32 1t6h avage theﬁnaapmag odad bmbllleh astha diehdwringdlssinjdegon n@écuhg speratlon
e sea 4.1 c r ssi S0, as to ex
17 2 o B FeBE Bdlae meditiol Bigs fridu FETRS (2 2us 18 g2 PSRl hnjection
m&&vhg Efbsﬁﬁf@s tesckik Gy, 3esRect wyeld e uheblBkOslvidiehPASRIAGE
of the nolten nolding material fromthe seal ed areas.

magswhirem lerkang oweafithe dracayifyals.i38. used for seals 37, 39

and é}e,irr ﬁ]%dﬂ%n 1 h%\iEfly 4§ ?s séléﬁ%llt%[t'ﬂggbg% sﬂ?fla eélog[ﬁ?d’ftgﬁlto a flat

40 | mat er

(1.d,&’e&hﬂ§1&ir}brd)s@%¢lfo@$ swdastot a5 pf E‘ﬂ@ﬂﬂeﬂlﬁa Ie&@elo@f cdbie47 and
nolding material past. the seals 37, 39 and 41. At

cnegpaicd i a rebengricemeldingaatetid Ao il E 4 inckidss athﬂtht emitting
258 0 et P o O 50 5
cathodealdad 67.0fhe cdndotoe4§ isgicparattl eéntb ave cleetrgally tshimted 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
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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nmetal nold material) were used for seals 37, 39 and

41, hi gher conpression forces would need to be used to
wW@e@vesio3l eaki ng of the polymeric nol di ng nat ePCHUS20081687563

conbi nation of a nore rigid material and higher

conpression forces increases the likelihood that the

switch and to a | esser extent the FFC woul d becone

danﬁg&éﬁ@w Fig 3 rediffpreachkEB 3 b shavvgthais heeoyirfaga spunted
onﬁfa ﬁeﬂg cﬁﬁ%ﬂﬁscrg’s% @E’tgo:;é% lllcﬂl%{OlIIQ§%f ﬁ fﬁk H%ﬁue GYGC(PIJCIC&} cable 47
acuati o el £

air e chann 0 avoi e entrapnent
andiblicabslbzilbdaby B motyh&rxdlrmoldmglmgemdi d9i jhe dHDOT3 mnludemg light

| di [
emitfiad dieuB0s shoomd et oI %ébﬁwng%ﬁén CHBF a’JiSn%‘NE?Sﬁt Plyg 53, an
andR! lgécpﬁ RIESSHERR edd s Sﬁél dndlotordhd 1§'§5&3a4at3d i’f@dj{v% Bectrically

unable to prevent the nolding material from | eaking
isobuied lehgthhn 89 a6 khy theypudBhed3tit ofefieg 63.nGhd locaFblyg 53 andithe anode

leah%gta%%eipém% Em’%"‘a?ﬂgeiﬁ 5}%&?5%’@*635% 4 %)lergg%éﬁgy g%tpi‘éwzﬁf”lder

joiftsfebahd b7 exhbbansdeiehd 5T albosadd &e&ﬁceﬁ[}ﬂjto%@&ﬁﬁ%t@i Rélgth 59 by
pol ymeric nolding material 49. The

soldgrc]pmﬂ €8. Fhe n@ﬂﬁtm@matenah@‘) meéerqbimn%wtwml atlmd@r Iepiepteve ridge
71 lalé X Eiélgehaﬁgegp Ve fé %3 °T ee%ra?egt}eg Eﬁ% P9is gﬁs de‘ w1tﬁg1? gper edge that

a ca ode con uc

is & &gl B e0vitnérextends eb®etthé ﬁ@thtleymttﬁlgllatseﬁs,l engt hs 59
and 6 1 by the punched out opening 63. The heat sl ug
53 and the anode | ead 55 are separately bonded

Sol Ser AR Ml @phiRa SRRV 20, FREHE oF g En S ARGt frosom
mweh&mt mlagz addlydet mtlhdnﬁ loairdioa) m%WeMQSM GOldby IZERAG@NU dLED with
ChigL eh @33125%5&”0 WSE%@@ den P%@Qﬁ%@%ﬁg@?’ 1;‘1;15 &IFChip

Le;%l@o%rveﬂsfo%t hivEad 18985 AP1LB SW 5 AP 3L A TW5 R PaDiatiBRE DREIGON®
that is at least level Wth or extends above the Iight

LE&hice¢h mgnudantimd dy SAISERRMe@ ptorfgntigondugtorssimhHdlocfited eht

LED 0 t. has,been, surface mounted onto a

Wi eppshgss 30 o 08 R B R EE BB Gy TR Rt s o
a f I/@t exbhPlarp Figt Bdxe61t %1&@1%1:@1@1&(1:#?:) ang cﬁﬂﬁ@ﬁ&a laBéR@ling to the
by a pol yneric nol di material 49. The LED 7

prqsmtummgommaiygmlu@nw wigirgitationn e fbhﬂm}vletwrl@hﬁ@e sold by

Sot.
ano dF ﬁﬂ%@ aﬁ?g%<¥§uﬂ§§a%lggiﬁ¥ﬁe conbgg¥g§L§§ﬂL
cabls.comparist €6 Ci d@h@rf[smhﬁe%pﬁddd@@hﬂt yYopreokteidal @nagtdisrs 3Acathed

and 6 1 bé t he punched out ~opening 63. The heat sl ug
in aygl seperated] yah%@léctrlé%lkv ipsulajing RAlpArT¢ BRIFTBLRIGEG In order to avoid

e BLPREVGALLY By PIRSRROPCLANICCIRN, fh hl SPRRL
compmtﬂ aad the RRE tdieg etatcralytlow ttrapghtur&®ldor 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
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
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sol der joint 69. The nolding material 49 preferably
i ncl udes an annul ar protective ridge 7 1 around the
Wpe@vesddre | ens 75. The protective ridge 7 1 PCI/DS108%0B7563
wi th an upper edge that is at |east level with or
extends above the light emtting |lens 75. Exenplary
light emtting diodes (LEDs) that can be used
tenapeEdigi #iifl 4o fPHe spldergemts indGlefvely shorhime peripdeof nominally about

oy P A S PR 155 7

°C DRAESNNnwnARBLIGE¢d) in LfEﬁinmg Bdﬂdéﬂ']b@tdﬁ\/ﬁfcuﬁ(h’a)‘aﬂissimh dispagkable
P or

solé%&%?%%ia@%ﬁ .fﬂ\é\gl 90@@% 9@&%@3%1&?@%@%5 ¢., not
stli}égél@&ﬁgal abpMer PRy Wedds ?(glhl%%és%ltﬁlg 5 %%g sﬁ%@ﬁ%ﬁ%{%@ hiye been

rmany (Ww. OSrant 0S. comn. exenpl a flexible
foumldde be m:‘lallved;abhtele @RS sceptee tozmadkmgmhdl abpotaditnyendng

o BT TP Rt 58 B
forka¥atth nlovGahEsh BEDInkE D 86:5tucRBBf B fleRiblelRbicRat R as, & dk@fple, an

www. | eoni cabl e. com) . This FFC conprises three
FFEpde etilca preambiopheruse Dé@ ﬁqld@mast@ ergfose ¥h advantages, vith a

ﬂexf%?e e‘cle(:"c[%lﬁl r%t %qe,l Y hashbe td tfla(i?h S 1sc e%e(f §ht01r']tg Tglcl)llﬁgor}%oltd&‘

O avol

padtésecahn be Wvatco /i b@fmadmg ovECGHe sd)ltdeﬂédSLHIEa{d 4 Rupd of the flexible
desirabl e to sol der conponents onto the FFC using

calle pa ejthes|side b hidnihe paoklsieder paste (e.g., a
I
tsgnggérg %,?% %ﬁéotgve ﬂfrolc{aﬁ[erfﬁat@nélg hige E%TJI B e %Eco?dﬁn% to She pB\nsent

an a conparapl e so Id SO
invexgeerphay yndydeewahowdindetiopaht dot delt rasan commesadlly available from

oAb el b of RE ik e er vy et ROSHTR Ly 245

admlv@ B@@Tﬁt@&qﬂfm% %d%t&egorsﬁkmmmﬁ%h&ﬁ&%%r BRDike.
Inc., located at 14 Bl ackstone Valley Place, Lincoln,

OtIRIr s02865rasinS oAmatamals, redydmeluderfor oxgmpld; HEENK EBIRIEEOCTITE®

MTHER ERAE] Sih S HNRRG PRI R, AP SR s e andor

the'lg@nt enper at ur e, and can form solder joints in
relatively short tinme periods of nom nally about

m nGoaserdgalansarianaldingiehnigigs temgaly de¢lpésinissting ﬂwrrmplastlc
po%gleﬁtc n#%gmg%atﬂ&latl ?ntgg%%ﬁdvglgﬁed rﬁ%lr]o?f%n&g di V&}l%g Jﬁﬁ%"i’ﬂj etBon

S Oon cCircul

pr8siebs eics@ing a@ﬂmpcﬁlahﬁpér spast &schhpyvp Slﬁ&lﬁnf)ldﬁfgd)peratlons have
however, to be undesirable for use on flexible (i
beggfnogyn tpfuse eweé%ﬂr@% feninjechipe é@emw@sw%émeﬁl%mﬁ{déng inaictials into

n%oqé ‘rﬂ a'ngé?s s 3960 gﬁrto REGT P‘?Hﬁelbt%fd? ‘i%ﬁ%@n"fme
ere Ivel rltt € and susceptl etoc I nNg

maddibg evtarti bawsemtherdye 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

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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stresses such as, for exanple, the kind of bending
stresses experienced by solder joints forned in

WOorRwansag2 an LED onto a conductor of a flexi bl BCT/EHRI088/087563
such as, for exanple, an FFC. In order to conbine the
use of a solder paste, and therefore its advantages,
with a flexible electrical cable, it has been found
t hatWhasigjegied o dicsmolslar tty Brdcn gUQK high pesssuresa diedercegrerted by

oSN DTS L B 15 LEIRE o

of thesoldeD) oinﬁ(s$ o fterted.anExtoebarctuscnsertespaidiigpation or all of the
LR paRe GO Ry eI G ol T ove g Tngtion and lose
sorﬁ@ H al[ 8?&@516&51%61%&{1&5[ tc?t‘ﬁ@ 'ﬂlefi‘lmeecafb[eo% §9ﬁﬁéﬂ‘to thﬁ%roblern has

| et on, . resins include
be@(ﬁﬂ'dowélre)i tlmd?m%s mﬂh@sg vne¢r sBClSﬁ"Ism@w)e nh@Rit@HIBED and flexible

dh T L PM dh
et B BEN BN ek rian Botdhe BERERS TS T 1000 PoppdFer sauare
1ncﬁ>b@g§| @893 ENakdaly o kPla§XdEL Ty desdMbarh ap@lti80 Elshb' 55 P4 EPa) less
such as HENK ék% OWw73, 678, 682 and/ or 68 cronel

thaarﬁbp@tr600m§1 (4% @om@mﬁn enadual esehout AR pii £y 58 kPa), and
prefe ‘r%{}l”'lﬂ %h%srﬁ%é/egp orn yl? ertcigif)l %?1 ?g’;’ g %gaﬂ%j to ahr ggﬁuc? fc'lé ﬁout 400
psﬂ’(QVSB ks, Bathvesy mwdabn hidjldiag b@@s@émﬁm&e@n@s@ﬁ&ﬁgry@ow

1000 pounds per square inch (psi). Such noldin ,
clagpitrepiraHEstiabe hetWﬁ%Wlettwolm ﬂﬁé@é@e@l%& the molding

t 0 -
LSRRG, RGEIPRL AT ROITRLE L0, DTS Ak
a pp&iculakr purbacd es ranmaipeepossd (€ ¢.ahh |11ggt @ﬁlttiﬂgesunﬁabdom LED, or the
erial between the die halyes aof.the c vent
onlog Ryittop b agy Plgc'ﬁlawgh)a%f&erg} &4 1t pyert At qsin%}@lh%w injection
mo@éhﬁ%Bfe@Qn@i ARISYERSpdnlRe FRalISE Qlﬁhﬁ)hfg%késﬁr& %ﬁ@cﬁ@'tﬂehﬁe of
ng material injection pressures. has been

resdiest st did comaonetro(s. g:,ana.d@rfmm Y] Ielastnp@cm ipotynrew Inwhitergpl such as,

t echni h i rabl |ts wh d t

fors e AP Lo AT e xBo sl st Aoy dBS0nk Op e

moA§ing hiderRX ampdction abldiERdtRate tiypﬁallp;eﬁiad@ of § ARel mrh% efér
to the conductor of a flexible cable usi ngya sol d

exgroplattoolTiged. Resibiersaralddiocommeacth that restigndy sesl gmthreaent
ﬂaﬁﬁ‘%%gf #e %ol ggrga%r{aﬁ Q%{n Y Q&: a%? %v%elxﬂelgegi l}? oq&%t%gposed

surffakes of mw&@ohehyate h&cﬂrmle dé‘ﬁdesrﬁabld hd) gomhmpleaLEmgailmte typical
the surface nmounted LED can _cause a portion or all of

digelddpstelapatpidlyasaped © sepleft sicd sa#ace s b gxposed; e gdamping
pre%ﬂfréseﬁé%a&gio%e%'f hhﬁpnéjéou?tll hatﬁ&gettﬂg surface of the electronic device to

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
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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LED to nove partially or conpletely off of its

original surface nounted | ocation and | ose sone or al
W@2000086082 ect ri cal connection to the flexibl e RPEDUS2008#087563

solution to this problem has been di scovered that

i ncl udes nol di ng over such a surface nounted LED and

flexible cable using relatively |ow injection nolding

compereat pade of mpiakar another s oned birddsatpras! isengdie sqaheff ﬂ@ﬁ- surface
of ﬁé'ele(cﬁgglg (%:g ICQF @éi%hiegg?selapﬁlre vgtﬁg& %@g eialtegal%eﬁlt&%'a of either

about less t
darhddidg tﬂeF&.éc,trohe&iEVtohaﬂlaoareel@maisutmlly beorpitr tA&0thp $11101a1 a58designed

kPa nd prefer ge of from abouyt 120
to ?ﬁcp@?m@r@gsu ﬁ %/ttl)y e ng Hf’,faﬂed?}??@s cg@‘geliﬁc‘g{omc devices
thak gt%ﬁﬁm%ﬁ’s@anal ?léﬁﬁllklotﬂ’aﬁ He8k1H %S Rl gh o REERSHb &t

enabl e correspondingly | ow clanpi ng pressures to be
us e Wesipatleveesnlts heee haen ubzihldedj gng alsvkisrPhM@t ANELR Idespensable

teri f l.ashi i ng en the.d
solffyis E¥p STeuEisa iy sutS Mgt EBI0 aichfa el ptAdtegbte HREwica
calR@r Airétsafed Sl ACSS the sdl@él?a@te%@ﬁs%@nieﬁ afeachtde§irdd @ter joint
emtting surface of an LED, or the on/off button of an

locatiewon p @reymllslymxpamd@ondmoroﬁ@vﬁa@fe upiggiargyelettinpopad ¢bot of about
1.5336801}#5 a roon+ ePatur l d' aﬁ:)%up 3¢ §L§u Sk r?h so‘fc?err (rgg&g 1spegsed
I'e hal ng

sures enabl e

and é2IlH® pbsltm{ed ad te s@ﬁﬁmmefnﬁtﬂoc(aﬁo@ the Wd& ﬁaﬁt@l”ﬁla%razxposed to a
el astoneric polyner material such as, for exanp

reflow fimgrempuBlEs lymﬁk? Batauspthesalder daye %@eguﬂ%é@%react 80 as to
forﬂg?%ﬁ']gfér Jéﬂng@'ag ?(gld? 16?, ggfﬁhlﬁéggw g?g gr{e'n]g%% ltd gﬂggﬁe&ib%,]cable
coriductoe X ?a" hpladflowt ok-tahpehturdiesiild sartednoitida picehcatng traeringed up
o S AP 3 SR D0 VB DL ¢ ot o

tha gﬂa&@& Hoﬁ%ﬁ@ﬁ&%t%% ﬁ@ﬁﬁ@ hfzéar ehRply& u) a@b%hi pﬁio@ in about 75
el ectroni ¢ devices such or exanpl e, t he

sedoypgs, dallovetidebynan atd;tlmQaul stermtﬁletrsta”tedvﬁasn misaeedbomal Bé)e"é] amiflfnearly

h I '
P ebSaaan F s o SRR ARN G B EE oyt wated
frofitht aBSut@he IjHE"Ceérﬁ{CﬁI{e@ﬂy arflfadi 1o laGn DEME RAL A er@ﬁfre bf &8out
flashing. The light emtting portion of an L whi ch

17h&daqbee 45escrerds, ielpuselly an smm@oqi ¢owITHep LhEtﬁt@mt@l frem the
abéu‘%'l% bely hﬁéa?gr' Jar%gé‘&‘ folR [o t‘xﬁ)%@furteg)f%ygu\f 148 o€ | AR AGwed by
SSures ex resitirent nol I'e conponent

a f{n@l &ol dswh isep figat @uﬁb@ fipni thaabdéh g 38 &and llﬁmﬁlyﬁ@rnped down to a
pressures, |et alone higher pressures, exerted

terpRsrfursiof abewOnEnt T hswakircsooliag down Pr%eﬁss(é%fhealast T steps take

bdES0lsb&Rls Mol d di e conmponent, in this way, can also
¢ Lﬁl ov%gdﬁ SerId die to conpensate for

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
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
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greater variations in the di nensional tolerances of

the electronic device. If a nold di econponent made of
WOoreals®s2 anot her stiff and hard material is UBEHUS2908/087563

seal off the surface of the electronic device to be

| eft exposed, there would be a greater |ikelihood of

ei ther damaging the electronic devices that are
apRPREdelp R8P Py drdesger than the nol d was designed to

acc %@éne Qhd e &#Mﬂ{)lg 't(?ﬂ§e % ﬁgtaﬂléxmlgﬁ gfe]::trfcglecable sold under

exposed sur ace 0 roni ¢ devi ces are
theraImH'ﬂﬁmhm 61741(}8 OQfIAIHydrE(DNHKabd‘i &mio d ThiaF R:[Eh:asglm&el eteotrical

dat lts hav d
%%@% Srrl v 9fe RS Oﬁéﬂ@a he %hgérfe%ﬁéfg% e
coﬁ&c@r@f@trél'aﬁ@élil YlaB¥Hth Q%@n&ﬁ’l‘l’@kc?&ﬁ%ﬁ@cﬁog’s Retd) dE’eféhQ)'T tlféf

I'exi bl'e electrical asur ed anount of
combllctdnes hpasthieknes ofl hbpe Asledmat Theachted egiduetdr bad @Imdth of about

oi nt l.ocat reviously expased conduct or
o ppe Biiorhe B fuPEShe RS ERG TS SRR Gngn. The center
corRRe RN s Abed R0 BuFRERRIALHE Ge(LED. It idPREraF0 tdfse thdMiueh wider
t he sol der paste is dispensed and the LED positioned

cerger qoméu@qrrtmu@famﬂmntltbﬁchEDo W hlﬂqnféie goditienal padiheofilgscenter
concfﬁ%?o% qtj%%egdeldgf Povﬁe a s%fﬁgl tletlec rig(fa C I{noef tllolnetotth iED %.e., to
feact SO a

haﬁcne fmrdﬁnanﬁ%d@dsfth@ LED)t thatddicoes wadd e@hlﬁei thic @ahtky/conductor to
connects the LED to the flexible cable conductor. The

betfeaifprakionafra h?@r?ﬂﬂ?f&f conslugting heah senerpted Pyulsiapesgtion, away from
h

tnepFp TG Wiy oBter SAEA0: MR bIIRAS Bord BETIATNIr£8 o on which
a sbidat josoakn bdﬂ ﬁirm:etlafIthJ H{ loam at thmirabatiend 6Qli fabdut 0.45 mm and

Iinearly nped u to about %&% gﬁiln about 75
an QRETBRB MRS BRaHS bt aAuLEA ValPr SHO&RWES t hat start ed

frompt hEDIREU askR0ative %@&rﬂbb&‘ WAG{ON@%E@S PRt RRA WY

138 O0C in about 20 seconds, owed by a reflow step

OSRAEY! QptaSewicahdustisenbbowtth uth beamsﬁlgoﬂbcam@llwlcnmmcte}i to its

andBTRE el Ty Tl P o i Fiiaes

thesﬁeﬁpmﬁlh ﬁIncﬁI)@()f @d chidmdrihgd Qf%]ﬂiﬁeﬂr Fiied rﬁéﬁﬂi@uﬂlﬂg’lﬁ@éésy For
own to a tenperature of about 138 0C, and

thaso E DGt byvahei et Santicaelysaped R sthfispdomd

catﬁgc?e lgé)cgs?% }%e%%?ﬁgg%@t%@ﬁ%%l#ﬁ{cggg?ﬁ}lfg g}% O(#h%Sl%e 8an be used to

attgthab€sED(lcaslug tdic IFESY cohdietsit es clanksic abaich aﬂ @ntermediate
seconds, Desirable results have al so been obtained b

adheyiyss a h@h&dhﬁl%@ﬁﬂ%kywoadww SeReshneter L@Bm@pf?@¥ured by
M bSmBQPg% Wﬁaﬁ:& eSSt @aﬁpmﬂﬁi Rt dh% ?6’ el @er QL0 0BT idsirable

' eton, , er t e pro nane
resBI’rBﬂ'd\#é(b'eﬁn bbtvined i‘lsmg Iti&s?oMeConTIfamy transfer tape 8810.
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thernopl astic resin material was injected at a
tenperature of about 2250C, at an injection pressure
w0 poovjagsosange of from about 220-280 psi, and w€Trus2008/087563
cycle tinme for nolding over each LED in the range of
fromabout 12 to 15 seconds. Such | ow injection
nmol di ng pressures enabl ed the use of clanping
Wtﬁﬁté%@@rf@%d,lsbetv\een the two nold die halves,
of approximately 800 psi or less. It has been found to
be desirable to use the flat flexible electrical cable
1. sol Metindiesf rhdkéngracdblalighian £504U30,0Q4 mythbdEChhpHabel
GroH. This EFC has three el ectri.cal conductors_ and .an
ovePRVjdigg aﬂﬁms@ estugsT RFIC GOTBYiAiig AIESIERTIGH! coRGiCtor insulated by
cleBirRG ikfAiorconductors is relatively flat with a
generally rectangul ar cross section. Each of the
conpwoidnga hgkt cnitthigakodes®ngfrisatgouli gh® cthmbmg Tteemeeriedeon a heat

conductor has a width of about 6.62 and.each of the
A R e A R e b He

Cent@hoveNap&Hioh o atkal ikulHbd RC&pBRUAERBotd Wirface

LED. It is preferable to use the nuch w der center

magpfegietcon the suetaekthasleatriceleondepor offth¢ Bexihle clectrical cable;
add Ieltelct%galley f’smol%{ilﬁg Pvgo elﬂgthg ﬁp {ht% rele%?rnc%P gotn%{wtltois' son gs: to '}?ﬁg gtdleast
oVi el e | ON (0] e

to pr a SurTiClen ctrical connec

twd- Elacticaldy isolatediarfdtembinginglii¢s nhat Ages sctfifalkisolhelfom each
the additional wi dth enables the center conductor to
oth§Et ter function as a heat sink for conducting heat,

gen N i . .
SETSILE N hL TR AL IBIEY HERTLHLE LD, ymine
solderjbat betawcen theranoti¢ hd af thellglt epoiimg diodnalakborfearfiiedelectrically
. This FFC has a m ni mum bend radj us ahout 0.45 mm
isole” %ga%gwa{lﬁn}sgarﬁw@rfg%% st iroer 0 ety o thectippde lead
of %Q%hh&ﬁft%li%glgﬂe hikeDc Stk e@@tﬂfcﬁ%@r RBRYA ARG MBERing arca;
DRAGON(r) L d by RAM Opt o

GON( | ~manufactured ¢ '
Senigentvncraddimg @riol;maenia holding metatialsoug tetwapsulagakllgngth of the

connected . to . its anqde |l.ead, the heat. sl can bhe

g BRreaeU e bRy 1S e LR Rl Sufhed Rt
f acCiwhctedt 82 poR@ndiRaholdindkmitbingtié Rifectibn hiyddLARMYES Qifficiently
and sinplifies the manufacturing process. For those

low EIection@resherg o ehvptrto Hampgestithyr selderipingainfl yit legg|agrostdpn of the

. : t in. . ,
o B s LA IH AL SRR Lo pu gLy
illumsi@etingoligtitt ach the LED heat slug to the FFC conductor.

An exanpl e of such an internedi ate adhesive is a high
adhesion thermal |y conductive adhesive transfer tape

2. ”H”‘l*flé‘ﬁﬁ'&{ qd Ed’c%di?h t Eﬂﬁﬁy h &ﬁwasga bihoPrurtte@Wbmpis:
under the 0prg uct %/Inu er é‘évrlées g(g?)l Beslllr aegl en[lp °
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.

3. The method according to claim 1, wherein said removing step includes removing
enough electrical insulation such that the mounting area of the electrical conductor that is
exposed is sufficient to allow the heat slug to be soldered thereon, and said method further

comprises:
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results have been obtai ned using the 3M Conpany
transfer tape 8810.What is Clained is: 1. Method of
wWOoredogp0a2 cabl e |i ghting assenbly, said net hodPCT/US2008/087563
conprising: providing a flexible electrical cable
conprising an electrical conductor insulated by
el ectrical insulation; providing a light emtting
di otRddeBigdhe 8pgiglug of ithynighs gmitting diode 0 hsupruagng areg of the
co g{or %h Wﬁ&ﬁgtq%t ﬁ%?a‘hb&@iegd ot il %%ﬁ%?@le‘é&’ isas%l(%ﬁj&fie | ead
and a cathode lead; renoving a portion of the
el ectrical insulation to expose at |east one surface

mount i ng .area on. the surface af the electrica o
4. Condhe PEbOgrcrHBinE I R H PR o clipsi L. o Biein S8 soldering is

peBbBfddrsiRld %1d$ph@ting two lengths of the electrical
conductor so as'to format least two electrically
i sol ated surface nounting areas that are electrically
i solated fromeach other; surf.ac untin he |i ght
5. e O1F b a3k AR enepie htiiER B Rt be R B empﬁlﬂﬁtad length
of theTRKRE cle@tibil daBlowesiFritiost R end adxidfe thpeeehOt flexible
en1tt|n9 di ode and one of the electrically isolated

clegiicaleablerfm dicnigeneesh tariamage tHersgldgnwintidondioR dleg light emitting
11Nt _bet we t he thode | ead of the light emtting
d“%@&%gwﬁﬁﬁﬁﬁﬁeaggﬁgﬁgelectricalIy i sol ated surface
nounting area; injection nolding a polyneric nolding
material so as to encapsulate a |l ength of the flexible
6. el edhe Metod@senrdingrio gy e efrrdaipisdHe Semhericimige gnepsulpied length

ot s :
of ﬁnllérffe%}o?? &B&H&eﬁ%’abl\é’ﬁr%lﬁdég a nggecg 8}/&3% ﬁd%)fogﬁ@@ alio;/mii he

terial 1's 1njection nol er a sufficient gw
expaspe poition of thed it emgtng@dicrodthe lghtd amitgeg diodheamdsht chesed
joint, and at |east a portiaon of the light emttin
Profeciivridenaay %nglmpereﬁ#&ettﬁﬁgs il L et @%&@Mt %Hga&aﬂf the
ligher§iftde #Hdd.| | um nating light. 2. The nmethod according
to claim1, wherein said nmethod further conprises:
sol dering the heat slug of the light emtting diode to

t he unt,i area of the conductor. o ich either. the. ..
7. b mod et St e B DA 03 bt seih Iikioh Molding
is peRfoR@eld aCHOhchgh foldih@pidtshre YWiBsahih 68Y50kpaenDVI Ng

step includes renoving enough el ectrical insulation

such that the nounting area of the electrica

con or. L j X ' Uf fici ow t. .
5 Foat e oo BREEH: Lo £ Vel g bt i0R motding
is padfoed at an injection molding pressure of less than about 4137 kPa.

9. The method according to any one of claims 1 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.

10. A cable lighting assembly made according to the method of any one of claims 1 to

9.

11. A cable lighting assembly comprising:
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conpri ses:soldering the heat slug of the |ight

emtting diode to the nounting area of the conductor
W@roonasab2 ei t her the anode | ead or the cat hodeP¢CEHHB2008087563

sol dered. 4. The nethod according to any one of clains

1to 3, wherein said soldering is perforned using a

sol der paste. 5. The nmethod according to any one of

cl ap Mexibla dedricahelhle comprgng ae glsstuical wadydergnsileed by slectrical

ns s )y SUESREI SRS LSRRI R byt
oné surfacé Inextintigg errevgh sudfactaofagel etletuen@d) ketetucion; antd tiho ﬂlﬂigﬁg; of
sy b el haSh SIS KRG locany
1som&f ﬁl.'rﬁcé Hl%uﬁt'ﬁ@iﬁ%é’sl e%c@ﬁlca!l ngl'ﬁe@%rohf@acfl bt e

el ectrical cabl™ includes rai sed protectlve ridge
f or mbghtaanaittimg; dibde exposew ploghticonttiof dtdmoﬂmtgmon a heat slug and

emtting die,of the [li i,ode the .. .
clepliel it Gt EA T b Hcad@rnd W of b et S Ge jode being
sutfRRBMhoun@dab swidtdiectii@l beHIREIP $ithSWolRE Ridfbeimiefobh&between said

emtting diode. 7. The nethod according to any one of

anqdedpafsant ang of saidistectioalls dothtedhjuelaes meuntiniaitegs, id another solder
0 di ur
iR RE BT R RSO0 OB S0 BRSSP R gporce

mothéh@Bred, to 6, wherein said injection molding is
perforned at .an injectjon nDIdln% pressure of

t hatthgssusaidiight crpitinggliodeipad gilen dtlwwawﬁﬂ%%@rﬁ%cmcal
cafif6n rhfléﬂ Qid"R eh&uﬁ dae '&seélﬂfa%?g%uh{éh%‘r‘é én%Q In&{lﬁyg

'S pe ormed at _an jection nolding pressur
polyaregie nodlding cmmtabad) uatnd&?_ leadt dqratiotpof the diphit dnmictingdlio gf said light
about . 2758 kPa able lightin senbl
CMHRY Filiﬂ%ﬁgs PO HBt s o %?Hﬁg% s iRl cap pate dipds ig an
ﬂh&éﬂaﬁﬁ gbglg%ghtlng assenmbly conprising:a flexible
el ectri cal I e conprising an el ectrical conductor

insul ated by electrical insulation, with said

ele rical nsul tlon i-ng enov n. o
126, oabE R R At il Relsht %%0519@3? st 5P S fighe cmitting

diodd if @fF@er&d toShé thoah@kd &rbs 8f s BIdBEEAcondittort SMOwhiBR G said
of said electrical conductor being electrlcally

anqdgdpat eibasicaghpde deatlas paldered.east two el ectrical Iy
i sol ated surface nmounting areas electrically isolated
from each other; and

13.  The assembly according to claim 11 or 12, wherein said solder joints are made

using a solder paste.

14.  The assembly according to any one of claims 11 to 13, wherein the encapsulated
length of the flexible electrical cable is sufficiently stiff and inflexible to prevent the
flexible electrical cable from flexing enough to damage the solder joint bonding the light

emitting diode to the electrical conductor.

15.  The assembly according to any one of claims 11 to 14, wherein the encapsulated

length of the flexible electrical cable includes a raised protective ridge formed around the
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alight emtting diode conprising a light emtting die

mounted on a heat slug and electrically connected to
wW@rooae@e2 | ead and a cat hode | ead, said |ight BEA/US1008/087563

di ode being surface nounted to said electrica

conductor wth a solder joint being fornmed between

sai d anode | ead and one of said electrically isolated

expAsPd ReIEORWH Hici liggt amitag digied thenlishh emitdpg dinde] adthe mésedg

P RTE AoRE bR S A A0 (L REH BN B BARbR syrface of the

lightadnaittinggtibdeem tti ng di ode and at |east a | ength of
said flexible electrical cable on which said |ight
emtting diode is surface nounted are encapsul ated by
a polyneric nolding material, and at |east a portion
of the light emtting die of said |[ight emtting diode
is exposed so that light emtted fromsaid |ight
emtting diode is an illumnating visible [ight. 12.
The assenbly according to claim 11, wherein said heat
slug of said light emtting diode is soldered to the
nounting area of said electrical conductor on which
either said anode |ead or said cathode lead is
sol dered. 13. The assenbly according to claim 11 or
12, wherein said solder joints are nmade using a sol der
paste. 14. The assenbly according to any one of clains
11 to 13, wherein the encapsul ated I ength of the
flexible electrical cable is sufficiently stiff and
inflexible to prevent the flexible electrical cable
fromfl exing enough to damage the sol der joint bondi ng
the light emtting diode to the electrical conductor.
15. The assenbly according to any one of clains 11 to
14, wherein the encapsul ated I ength of the flexible
el ectrical cable includes a raised protective ridge
formed around theexposed portion of the light emtting
die of the light emtting diode, and the raised
protective ridge has an upper edge that is at | east
| evel with an uppernost surface of the light emtting
di ode.

17



