~-1- A LAVP AND A PROCESS FOR PRODUCI NG A LAMP FIELD OF THE | NVENTION 5 The
present invention relates to a process for producing a | anp assenbly, a-

process for producing a lanp, and an array of |ight source assenblies. The

present invention is an inprovenent on the subject matter of International

Patent No. PCT/AU03/00724, the entire subject matter of which is

i ncorporated herein by reference. 10 BACKGROUND TO THE | NVENTI ON

Solid-state |light sources, such as light emtting diodes (LEDs), are often

proposed as 'the light sources of the future for both specialist and
general lighting applications. Recent 15 inprovenents in the efficiency
and the colours and intensity of illum nation produced by such devices has

led to their increasing adoption for many |ighting applications. Even -
though LEDs are not yettAMPANDARROSESS FORBRODUCTINGLA sQNPES, t heir
extrenely long lifetine has led to their w despread use in non-donestic

i ghting aﬁﬁl ications. 20 In order to obtain a sufficient intensity of _
i ght for RELBYQF THE INVENTEDNS have been devel oped that include nmany

i ndi vi dual LEDs grouped together to provide a high intensity |ight beam
that has the appearance of being produced by a single |ight source. Because
the di vBr gBheprednt ihi@nd;d roduced by each_ individual LED is
relatively small; the nﬂt%r%}saq%ﬁﬁbrge& 3(??85%5@&0 Y$108 3 R0 4psembly ex process for

ori ent at i onFofiing a lagrp, anden aphpbalichuthiae 8)sehididS Provi de a conposite
| i ght beam having a relatively | arge angul ar divergence suitable for

general lighting applications, as described in International Patent No.
PGJ/ AU03/ 00T2presednfn@ehttitt 8h Y, i.sti rocesses for _producing such | anps
- e B R aise e s maonal patent Ml a1

. a time co[:;ﬁ_lu/n@@{ difficult,
the maki ng & UBY00724) the entirecstibiensmbtertdfevha, is Beko¥pAuRl hhle@hy SQULCES 1N
such | apgps can invol ve non-standard.assenbly processes that cah ebereafﬁ'te
cunber sone. For exanple, electrical connections to LEDs have previously -2--

been made BACKGROUND TG THEBVENFrotovever, this can be difficult when
t hese ' '

Solid-state light sources, such as light emitting diodes (LEDs), are ofteﬂ proposed as the
light sources of the future for both specialist and general lighting applications. Recent

15 improvements in the efficiency and the colours and inteﬁsity of illumination produced by
such devices has led to their increasing adoption for many lighting applications. Even

- though LEDs are not yet as efficient as fluorescent light sources, 1t.heir extremely long

lifetime has led to their widespread use in non-domestic lighting applications.

20 In order to obtain a sufficient intensity of light for many applications, lamps have been .
developed that include many individual LEDs grouped together to provide a high intensity
light beam that has the appearance of being produéed by a single light source. Because the
divergence of the light beam produced by each individual LED is relatively small, the
LEDs can be arranged in slightly different orientations (e.g., on a non-planar surface) to

25 provide a composite light beam having a relatively large angular divergence suitable for

general lighting applications, as described in International Patent No. PCT/AU03/00724.

Unfprtunately, existing processes for producing such lamps are time consuming, difficult,
an@ consequently expensive. In particular, the making of electrical connections to the
30 individual light sources in such lamps can involve non-standard assembly processes that

can be quite cumbersome. For example, electrical connections to LEDs have previously



connections are to be made between connection points that are not in the
‘sane -hori zont al pl ane, such as when the LEDs are nounted on a non-pl anar
surface, because wire bonding nachines are not readily suited to naking
such connections. 5 A further difficulty of existing |anps incorporating
solid-state light sources is the heat generated by these devi ces, mhlch in
the case of standard LEDs is of the order of one Watt per square
~mllinetre. Standard LEDs typically produce about 100 mlliWatts of heat,

whi ch, when the LEDs are packaged indivi-gqually, is quite. nmanageabl e. Even
in densely 10 packed arrays with many such LEDs, the heat dissipation issue
can be successfully addressed. However, larger LEDs with areas exceedi ng
one square, mllinetre are now. becom ng commonpl ace, and each of these LEDs
can genera %e‘hBPg e (WS Bie Bendingmachiaes. HBwevars ¢hit hian b diffics]t GORET Mg | N

a snall physi surface .area, of each LED is small, the
t enper at 5r g&gﬁ‘éailaoél\é%{%becglﬁg? ?jgtév CGF SHERSCEgh pglqﬁﬁhéggr et 40 Heatamediprizentak
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temperature of. the actiye region increases. ere 1s al’so a stron

evi dence tlgagtﬂﬁifeaﬁ n?trfﬁﬁdll_yﬂyéteéi%malﬂi@grsadwbrlnrycmtmnded operation at h| gh
tenperagures is desired to provide a process for producing a | anp
assenbl y, 2 1g@gce“;iiﬁ,?ﬁ;‘mor producing.a 20 lanp, and an array of |ight source
assenbl i esAtiygher lazt ef oxistiny ldmpseindbipbrfikt doB8-splte | at
| east t hat. neld Oaxd?tw .U ful al teragigd‘fl ve. I&)SU RY OF THIIE%}\I\S/EI\Ibr‘%d\SIag% }fe%
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produci ng wer! i y

g conduclf&érsqde\?l %ggﬁ%{j n?ﬂeagé{ ngLE?‘Dpn}’}; g#‘!i’né?o(agffpﬁ %Q‘g{t@sgf heat,

i ncl udi ng: whaéh,nwhgl thepliEPakic paokhgalibaidaidl |15Vq1§1tth1@n£%?:‘3bR' 8oaf i 'dgﬁstew cal
rically conductive

connechpr(sjD gg id conneﬁfﬁég i ncluding an, elec
annul ar pdrtion- and 5‘“@1 Ry i T %0‘@?0?1?3&0 1gsipationesEun gan rh@msmwdssfully
el ectri Calddﬁraswanmv@@ei JadgBe IEPWLAL 5{?955 dlgg%necsgﬁﬁrgc?)ﬂﬁllgq%gﬁ are now

pl urali ty of contacts of sai d non- pl anar e
respect i vdecoming commonplace, and each of these LEDs can generate more than one Watt of heat.
Because this heat is generated In a small physical volume, and the surface ared of each
LED is small, the temperature of each LED can rise dramaticailj} uniess this heat can be
15 effectively dissipated. In generél, LEDs operaté less efficiently as the temperature of the
active region increases. There is also a strong body of evidence to suggest that LEDs are

~ degraded by extended operation at high temperatures.

: ) It is desired to provide a process for producing a lamp assembly, a process for producing a
20 lamp, and an array of light source assemblies that alleviate one or more difficulties of the

prior art, or at least that provide a useful alternative.

SUMMARY OF THE INVENTION

25  In accordance with the present invention, there is provided a process for producing a lamp
assembly having a plurality of light emitting semiconductor devices mounted to a non-
planar support, the process including:

forrping a plurality of substantial.ly rigid non-planar electrical connectors, each of
said connectors including an electrically conductive annular portion and a plurality of .

30 contacts projecting from and electrically connected to the annular portion; and



el ectrically conductive |locations of said.lanmp assenbly to provide at |east
one path for conducting electrical current through said plurality of Iight
em tting sem conductor devices. 5 The present invention also provides a
process for producing a lanmp, including: formng an electrically conductive
receptacle having a substantially planar base.and a substantially planar
peri pheral region; formng a substantially planar electrical insulator on
said substantially planar 10 peripheral. region; formng a substantially
pl anar electrically conductive contact o said substantially planar
electrical insulator; nmounting a |ight source on said base of said
receptacle; making a first electrical connection between said substantially

pl anar ele i call 5 conductive contact apd a first contact of said,
Pl ant sour casirfg e phRai  Gulab oS oI GhmBBeOalebRb enmeaines & wovretEal |y

conduct i ve efe2a@RlldJofd@ife do&RRAN S %QBtlﬁﬁbl AlemSgl tlg ProOide 22 QsCBne 3B for

encapsul ating said |ight source and said el ectrical ‘connections to provide

a light seéardustiasselawrigalf eurrensuthréugh erid apluslligetafi tight wntingusdmivenductor
support, m@@@ggp an 20 unencapsul ated portion of said substantially planar
el ectricall'y conductive contact provides a first electrical contact to said
| ight sgurce nounted in said receptacle, and the electrically conductive.
receptacl e_provides a second electrical contact to the Iight source. 25
The pr esent! TERV@ARE 1BYemA108@lsonpoyidess propese ferggodusinga tanpiinguding:anp,

i ncluding: . form . I . ectricall opductive receptacl e
i nter congect ed 5@%‘2@8@? 1z’aec lecgﬂ}’ g(lgnr%% %%"ep%??l?‘ %Cﬁes,avé%ﬁsgtfsmsrg]iagy P@E%%ﬂaéﬁ pad
Iﬁi ng a substanbitaitiajlyplanapedpeel agpgora  substantial ly planar peri pheral

regdion; formng _an array of substantially planar electrical insulators on
sai d. peri pher al forsgng aghbsiantighy slanar ¢lectepal desulager on said substantially planar

10 peripheral region; ,
forming a substantially planar electrically conductive contact on said substantially
planar electrical insulator;
mounting a light source on said base of said receptacle;
making a first electrical connection between said substantially planar eleCfrically
15 conductive contact-and a first contact of said light source, and a second electrical
connection between said electrically conductive recéptacle and a second contact .of
said ligh{ source; and
encapsulating said light source and said electrical connections to provide a light
) source assembly for mounting.on an electrically conductive support, wherein an
20 unencapsulated portion of said substantially planar electrically conductive contact
provides a first electrical contact to said light source mounted in said receptacle, and
the électrically conductive recéptacle provides a second electrical contact to tﬁe Iight

‘source,

25  The present invention also provides a process for producing a lamp, including:
forming an array of electrically conductive receptacles interconnected by receptacle
joining portibns, each of said receptacles having a substantially planar base and a
substantially planar peripheral region;
forming an array of substantially planar electrical insulators on said peripheral

30 regions of said receptacles;



_4-.forming an array of substantially planar electrically conductive
‘contacts on said electrical insulators; nmounting light sources on the
bases of said array of receptacles; nmaking first electrical connections
between a first contact of each light source and 5 the electrically b
conductive contact of the corresponding receptacle, and second electrical
connecti ons between a second contact of each light source and the
correspondi ng receptacl e; and encapsul ating said |ight sources and said

el ectrical connections to forman array of- |ight source assenblies,
wherei n an unencapsul ated portion of the substantially planar 10
electrically conductive contact of each receptacle provides a first

el ectrical cont g.ct to the |i h]%) soyrce mounted.in that receptacle, and the
el ectrically coldiefedd aF’@%@gi steatial g Rgnad elecirically sradustive eontess or dridact to
the light sourgguichhgs@aRsgnt invention also provides a light source
assenbly produced by any of the above 15 processes. The present invention
al so provi des a nheumpingsighndoluycep oo theclededoyf sait/aredy dffrecepbieles; processes. 20
The present invention.als rovi des a | roduced by any qf . the above
processes. The pradRg,first ﬁ@&ﬁ’tciilo‘f?n&?%tk?“ﬁ%gg’i’%&a ﬁrSF ﬁ%ﬂcﬁr‘?g&%‘g{]i‘%ﬁ sgykeeapd
havi ng conponey sldc@icall§Xx ' t f i c :
25 The present inventi og gﬁﬁ?ﬁ%o%?ﬁgit gﬁstg?r%y orf)aﬁl%éz'?e%g%}é%ép%gsg%%?es,
i ncl udi ng: anclckmygl shnatcsions i eaveéen eomsbood | vantactcehteact dighf crourcecendi the
respective |i QuUE.ces aj d receptacl es interconnected by receptacle
joining porti gﬁ%?si)g%lﬁgé?cegéff& ?réfept acles having a substantially planar

t_;ﬁae and a substagipsahiiyg Pdi@Night PREdERAA hid BN c3bhetRons¥B Bfh 3Y afay of
suBstantially planar electrical insulators on said peripheral regions”of

sai d el ect ri cdEhysousiecseambliesr wherpinga! wiencapsulated portion of the substantially planar

10 electrically conductive contact of each receptacle provides a first electrical contact to
the light source mounted in that receptacle, and the electrically conductive receptacle

provides a second electrical contact to the light source.

The present invention also provides a light source assembly produced by any of the above

15 processes. '

The present invention also provides a lamp assembly produced by any of the above

processes.
20 The present invention also provides a lamp produced by any of the above processes. -

The present invention also provides a lamp production system having components for

executing the steps of any of the above processes.

25 The present invention also provides an array of light source assemblies, inciuding:
an array of electrically conductive receptacles for receiving respective light sources,
said receptacles interconnected by receptacle joining portions, each of said receplacies

having a substantially planar base and a substantially planar peripheral region;

30



an array of substantially planar electrically conductive contacts on said
electrical insulators; 5 |light sources nounted on the bases of said array
of electrically conductive receptacles; first electrical connections

bet ween said electrically conductive contacts and first contacts of said

| i ght sources, and second el ectrical connections between said electrically
conductive receptacles and second contacts of said |light sources; and 10
said |ight sources and said el ectrical connections being encapsul at ed,
wherein an unencapsul ated portion of the,gubstantially planar electrically
conductive contact of each receptacle provides a first electrical contact
to the light source nounted in that receptacle, and the electrically
conductive receptacle provides a second electrical contact to the |ight

source. 15 BRI EFabDESORDPIIbERNGHy HHmDRRMMNGEiBuRt S5 bﬁqa;afﬁbﬁﬁpé?ﬁ%g'oﬂé ohe
pr esent |nvent|on re h rei nafter described, by way of éxahple o_1y, W th
reference to tHe & Etc')'ﬁﬁ ﬁ?ﬁ”?@cwf‘r}ﬁ%‘? es\A/nerel n: Fi gures 1to 3 are

Becording. to one o areet an aieibadef SREGIGHS nafti Sro Rty of gad Hetacd | ow

di agram-of a I@ﬁwabrﬁductlon process according to one preferred enbodi nent
of the |§vent|o gure fl ow di agram of a cup assenbly process
forning part of. WiTRS mBP et fsrbaseotiessid erayrofpleatricallyanigivee 6 is a
pl an vi ew of a@ugﬁﬁg% of cups used in:lanp assenblies of the type shown in
Figures | to 3; -5- Figure 7 is a plan view of a single cup of the cup
array; Figure 8 fssbekcticpl connvitions drtvencs2sé ele3QidallpRBhdSdiie ébh?a\é’tsoincf st

C'UB separ at ed coL{a%{n 3 &l light sources, and second electrical connections between said
electrically conductive receptacles and second contacts of said light sources; and

10 said light sources and said electrical connections being encapsulated, wherein an

unencapsulated portion of the substantially planar electrically conductive contact of each

receptacle provides a first electrical contact to thc: light source mounted in that recep;‘.acle,

and the electrically conductive receptacle provides a second electrical contact to the light

source.
15

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention are hereinafter descnbed by way of
| example only, with reference to the accompanying drawings, wherein:
: ) Figures | to 3 are perspective, side, and plan views, rcspectwely, of a lamp
20 assernbly according to one preferred embodiment of the invention;
Figure 4 is a flow dlagram of a lamp production process according to one preferred
embodiment of the mventxon
Figure 5 is a flow diagram of a cup assembly process forming part of the lamp
production process of Figure 4;

25 Figure 6 is a plan view of an array of cups used in lamp assemblies of the type

shown in Figures 1 to 3;



Figure 9 is a plan view of an array of cup contact rings of the | anp
‘assenbly; 5 Figure 10 is a plan view of a single cup contact ring of the
cup contact ring array; Figure |l |I shows a plan view and a cross-sectional
side view of the cup contact ring separated fromthe cup contact ring
array; Figure 12 is a plan view of a cup assenbly of the | anp assenbly;
Figure 13 is a side cross-section view of the cup assenbly; 10 Figure 14 is
a plan view of a cup support lead frame of the |lanp; Figure 15 is a plan
view of the cup support lead frane aftersits curved portion has been
partitioned into three portions and three openi ngs have been cut in each
portion, and showi ng three cup assenblies nounted in the openings in a

- left hand portion; Figure 16 is a plan view of an array of annul ar

connect or pai r $'89f¢ t & Rigfhisiewiof amsingle eup of the cap phrayy vi ew of a single

annul ar connec [ t | ar _connector ,array, Figures 1S and 19
~are plan vi e\/\/st:%:‘iJ rﬁoﬁﬁégﬁéﬁﬁu?%py%%{]ﬁIcéqsséijj%}?é‘élt s ,‘){CWQEB"CPPR/éFRﬂFﬁ% t he
annul ar clopmexntagr pair; Figure 20 is a side view of the cup support |ead
frame encapsuIF,led within an 20 optical package; Figure 21 is a side view
of the encapsul BUEd §dpELPRBL 2paaagy of awpcaitzatpeds obtevmen aseusiy;and base

conpongnts of gR,RY weFl es 22 shows n and side views of the
cover of the ou.'zé er tgggﬁggagl Pégrsg}ég%&fhc %@Cgﬁ‘%ggﬁ‘& P GENGEINES BFAK he
base of the oufignregdckagen p2i wewund a24oshevsomal side 3ndy 5F 48 c\ﬁ}sj%Wﬁta iﬁé)e
encapsul asteedr kﬁg{) aalsenblé%i n the outer package; Figure 25 is a si de Xi ew
of the encApSUfat @y aryP FARRYJEE 3 5Yp assenbly after lead forming; Figures

26 and 27 are |hav 120§, slad&iMi 818 £ i f the packaged and 30
“encapsul ated cup su por? Ieéd fraFr‘éx.5 psr%lg@?wtag%ée/%?a?ss%qlb Yedundant portions

of the lead fhiawe Idheeside cross-section view of the cup assembly;
10 Figure 14 is a plan view of a cup suiapon lead frame of the lamp;

Figure 15 is a plan view of the cup support iee;d {rame after its curved portion has
been partitioned into three portions and three openings have been cut in each portion, and
showing three cup assemblies mounted in the openings in a left hand portion;

Figure 16 is a plan view of an array of annular connector pairs of the lamp;

15 Figure 17 is a plan view of a single annular connector pair of the annular connector
array;

Figures 18 and 19 are plan views of inner and outer annular connectors,
respectively, of the annular connector pair;

Figure 20 is a side view of the cup support lead frame encapsulated within an

20 optical package;

Figure 21 is a side view of the encapsulated cup support lead frame clamped
between cover and base compenents of an outer package;

Figures 22 shows plan and side views of the cover of the outer package;

Figure 23 shows plan and side views of the base of the outer package;
25 Figure 24 shows plan and side views of the encapsulated lamp assembly in the

outer package;

Figure 25 is a side view of the encapsulated and packaged lamp assembly after lead
forming;
Figures 26 and 27 are plan and side views, respectively, of the packaged and

30 encapsulated cup support lead frame prior to removal of redundant portions of the lead

frame sheet;



-6 Figure 28 is a side view of the lanp; Figure 29 is a side view of an
alternative enbodi nent of a |anp having an alternative arrangenent of
contact |eads; Figures 30 and 31 show plan and cross-sectional side views,
respectively, of an 5 alternative cup assenbly having a-circular
encapsul ant; Figures 32 to 34 are perspective, side, and plan views,
respectively, of a further alternative |anp assenbly; Figures 35 is a plan
view of yet a further alternative cup support lead frane partitioned into
twel ve portions for supporting respectivg_cup assenblies, and using an 10
alternative contact configuration; and Figure 36 is a plan view of yet
anot her further alternative and unpartitioned cup support |ead frane
supporting twelve cup assenblies, having a contact configuration that
al |l ows each cufigss@htid ysiloviesr dfirilepamgient |y control | ed. 15 DETAI LED
DESCRI PTI ON OF THE FERR%? ENBODINENTS A |l anmp includes a | anp assenbly
100., as shown |'gFrf:|§E|‘5e§ $19¢ iy qfnan @wdfemgtivg enbddghent sbarleepassenpl ies

1200 Mo uNta@8rm@iivedir &l %Eﬁﬂ&%bht)é tglg uctive |ight source support 1406. Each
of the light source assenb ies 1 ¢ontains a |light source, being a

li ght - eni tting Fareli 3dlend BEBhovhplan edmidt Gross-Reashaflsidd 9tysf FQBLIRS \S‘Hff ce
ssed through the LED. Each LED i pre “érably of

when el5ectaftércatcv%rrent e\@:] ?

a type~having" a TePart g TYypga cyelay gncapadant(e. g., in the range 0.5 - 1.5
mR), requiringicResOPeiAth Rg: h he .up. to 35 40

hovever, sl | e;g%arsea LEDs cagwg‘;{%&’ﬁ\ggfigeﬁn@% RN rﬁﬁje?méelléﬁfg ;OA gher

nount ed oAlt¢rRRivsdpmavesesibile of each Ilght source assenbl y 1200 and are
t heref ore not w I n.the arrangenment shown, the

i.n Fi r es 1
‘I'ight source %} %‘ofs &% 1@ VA M‘?ft %cf“ﬁheft AleTR N Ee RUID StROrs lrada emef
the Suppopc’lmﬂléiﬁlﬁ i hvélb@lpbmdhﬁsf%r Bg%ﬁorgf& el do ]V,\@ gt%sigimb 1es§ﬁ¥n%gés§ﬂé e’

si de {) r\e | i ght source support quent
gener at ed? W“ettWéCEE%toﬁﬁﬁﬁ‘ﬂratlwdﬂﬁferent di recti ons,

Figure 36 is a plan view of yet another further alternative and unpartitioned cup
support lead frame supporting twelve cup assemblies, having a contact configuration that

allows each cup assembly to be independently controlled.

15
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A lamp includes a lamp assembly 100, as shown in Figures 1 to 3, including nine light

source assemblies 1200 mounted on an electrically conductive light source support 1406.

Each of the light source assemblies 1200 contains a light source, being a light-emitting.
20 diode (LED) that emits a beam of light from its surface when electric current is passed
through the LED. Each LED is preferably of a type having a relatively large active area

(e.g., In the range 0.5 ~ 1.5 mm?), requiring an operating current which can be up to 350 —

400 mA; however, smaller area LEDs can alternatively be used.

25  The LEDs are mounted on the concave side of each light source assembly 1200 and are
therefore not visible in Figures 1 to 3. In the arrangement shown, the light source
assemblies 1200 are mounted on the convex outer surface of the support 1406 with their
base part directed towards the concave inner side of the light source suppon 1406.
Consequently, the light beams generated by the LEDs point in different dlrectmns

30 providing uniform illumination over a relatively wide divergence angle suitable for many

lighting applications.



30 providing uniformillumnation over a relatively wi de divergence angle
suitable for many |ighting applications. 7- The lanp 100 is nmade by
executing a |l anmp production process, as shown in Figure 4. The |anp
production process is a batch process whereby many instances of the |anp
100 are nade sinmultaneously in an array form The process begi ns by
formng |ight source 5 assenblies 1200, referred to hereinafter as cup
assenbl i es 1200, using a cup assenbly process 402, as shown in Figure 5.
Thi s process begins by formng an array 600 of cup or bow -shaped
“receptacles 602 referred to hereinafter as cups 602, as shown in Figure 6.
The cup array 600 is manufactured fromrelatively thick (e.g., at |east
0.3 mm) sheet netal to provide an electrically conductive cup that allows
substantial heat flow through the cup 10 602. However, it wll be apparent

that the eups 607, can alternatively be manufactured from any other
material having SubStAHic % cxerutie 7 lamp aieduetiar prabess orthominvintig@ad. The

mechani calamprprdshition. prd&i8s & § Micl- e,produced i n coptinuous rol
formfroma sheet of sui tabl e r?atﬁg??eggw}g%e’)glT%’?yng‘rg@f’lnﬁe% ﬂpé’iers]é‘in@tlé)o are
| engt hs, B35 Finptapeeuslly inSmAsrshdam i ThEi gutes Ybege,@clgycmgmg%zl{gﬁt oL aed
using a Q&QQQQEQlgbﬁngggg(%gg?nﬁgg%ﬁto deformthe sheet to create the cup
depressions or cavitl &8 Tghif MEIRRATRE 2pSipi assrsnbize X0, mhimgsheet assEnbleup
602 r enaimscesOANE Gk 8HoWA it FEeH8EThiBYsrd REN] I LS, 104 descri bed
bel ow, tQﬁ iu s 602 are se g%ated fr ﬁ1tﬁ£b§$?i§? 6“?%a%apﬁfgpogf§b989
cijlt ting oM ‘SFQﬂeﬁil’ﬁ@P&ﬁ@tSi ﬁsref'ﬁg&idm bwrlgirﬂaﬁer_ patups 305,. asﬁgb“&lh@ FRMEPBSER, Of
il ustrathgngFisgyr; rovi.des_ n_view and a side-view
.cnoss-sect?oﬁagf glgggggg?eégﬁHB“B@%?R?EEh&&peéﬁﬂmﬂﬁm“é%h@m@ﬂﬂymghapbﬁ)Iike
a bow oprefidd howletiralgawondudiveesestadfid et antaf Lk 80g gnd_ an
outerufiQ@ggé‘$oined qi sl opi ng siges 806. Tﬂ% éﬂgaﬁk%ﬁéggiﬁPsgéhﬂﬁicup
por t i ons “8O8 VY YeRet Witly PhppRArpE kL dhesc B H02 and abemantely be aiRafRlurt@hroSil0
"proj ecti Bgy QW LASifir j. m. 03.25 After the cup array 600 has been
f or med, a_ﬁ)_f array _90(1) o}}amg rr]lst‘:{%tj(E:tltant]lzgc§3 Elrdgal Wﬁd@ew cprdudiyitirpgd dpecdraisals04
by st anpigglityelbhiangy d0dsen teusoingd iarcos8ARRLBRT fEATM.AT Srm%th{)mlﬁ%bleor
whlchevehmﬂgt od pas u ed to formthe cup array 600, except tha € Sheet
metal from - Whitt A TR S0 HRaret iiggthsoapilpwattdrned is thinner that that
used in the cups 602 because the X
15 As shown in Figure 7, each cup 602 is formed using a standard stamping technique to
deform the sheet to create the cup depressions or cavities, and removing portions 702 of
the sheet. The cup 602 remains connected to the sheet by joining portions 704. As
described below, the cups 602 are separated from the array 600 in a later step by cutting
5 the joining portions 704 along the path 706. For the purposes of illustration, Figure §
20 provides a plan view and a side-view cross-section of a separated cup 602. The cup 602 is
generally shaped like a bowl or shallow cup having a recess defined by a flat base 8§02 and
an outer rim 804 joined by sloping sides §06. The cup includes residual pdrtions 808 of the

joining portions 704, and a contact area or tab §10 projecting outwards from the rim 804.

25  After the cup array 600 has been formed, an array 900 of contact loops or rings 902 is
formed at step 504 by stamping, etching, laser cutting, or some other form of machining, or
whichever method was used to form the cup array 600, except that the sheet metal from
which the contact rings 902 are formed is thinner that that used in the cups 602 because the
contact rings 902 do not need to conduct heat. As shown in Figure 10, each contact ring

30 902 is formed by removing portions 1002 from the sheet, leaving the contact ring attached

‘to the array 900 by contact ring joining portions 1004. The contact rings 902 are separated



contact rings 902 do not need to conduct heat. As shown in Figure 10, each
contact ring 30 902 is forned by renoving portions 1002 fromthe sheet,

| eaving the contact ring attached to the array 900 by contact ring joining
portions 1004. The contact rings 902 are separated -8- fromthe array 900
in alater step by cutting the joining portions 1004 using a cutting tool
to follow a cutting path 1006. The cutting tool also follows a second
cutting path 1008 to renove a central portion fromthe contact ring 902 to
define a circular loop or ring structurg-with a central hole 1010. Figure
11 shows a plan view and a side view cross 5 section of the contact ring
902 after cutting. The contact ring 902 includes an outwardly projecting
contact area or tab 1102 in the plane of the ring 902. The outer dinensions
of each cdrumdie #riayPB0R alatrtshe Inarmtiss thejosenmportioas D od 86ldg anattingofbact
tab 810 of cup,. 602, h the cup, r.i 04 and contact | oops o
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rims and gesjéain doarpsardHontap 1N0D 1&!11@@'¥Hn@bf'tl{b Siapga but Coul d
alternatively be oval, square, or rectangul ar annul ar | oops, for exanple.

Furthernore, although it is preferred that the | oops are closed it can be
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506, an array not 's ng S t he

‘sanme 20 dmmmsatosrso ()KMatch chjﬂ&OEOﬁBhdﬂgﬁ twamlm@moafana%ﬁ!ﬁeﬁmﬁs &Nngs 902
orientation Be contact rings. - 602 is formed froma sheet of
el ect i calffty 1PW§ 1HIE Rggcratady |l‘§D’h%iﬁﬂ’rlfea§3Hﬂ(ﬂ0WHﬁ5@tg a cispular arapiay dogp wither

sheet of imsmlaldraBg Camagid ToWE-| =11 0 I hol.es having the
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case, excekbsnativebubsti althdugh tiris rprrﬁ’dnédt}m theeupsirirhd/ comaa lbasHaveopelaaki on,
as descrl ed beI ow 5 Fl f nd 13 are plan and side cross-section
Vi ews, SAMED farfe 9 E 1€y can e easily ahgned relative to each other. For example,
alternative embodiments can be devised in which the annular cup rims and contact loops
15 are not circular in shape, but could alternatively be oval, square, or rectangular annular
loops, for example. Furthermore, although it is preferred that the loops are closed, it can be

envisaged that the loops could be open loops including a small gap.

At step 500, an array (not shown) of loop or ring-shaped insulators 1302 having the same
20 dimensions (with the possible exception of thickness) and orientation as the contact rings
602 is formed from a sheet of electrically insulating material such as Polyimide.
Alternatively, the sheet of insulation can be formed as an array of circular holes having the
same diameter as the inner diameter of the contact rings 602. In either case, excess
insulation is trimmed from the assembly in a later operation, as described below.
25
Figures 12 and 13 are plan and side cross-section views, respectively, of a cup
assembly 1200 of an array of cup assemblies 1200 produced by subsequent steps 508 to
518 of the cup assembly process. Other than Figures 6 to 11, the cup rims 804 insulators
1302, and contact loops or rings 902 are shown having a common teardrop-like outer shape

30  asan alternative to the keyhole-like shape shown in Figures 6 to 11.



assenbly 1200 of an array of cup assenblies 1200 produced by subsequent
steps 508 to 518 of the cup assenbly process. Qther than Figures 6 to 11,
the cup rins 804 insulators 1302, and contact | oops or rings 902 are shown
having a conmon teardrop-1like outer shape 30 as an alternative to the
keyhol e-1i ke shape shown in Figures 6 to 11. -9- The steps for producing
the cup assenbly 1200 fromthe cup array 600, the contact ring array 900,
and the insulator array are as follows. At step 508, the insulators 1302 of
the insulator array are permanently atbached to respective rins 804 of the
cup array 600, and at step 510, the contact rings 902 of the contact ring
array 900 are permanently attached to 5 the insulators 1302 of the

insul ator array. These attachnents are achieved using a standard adhesive

such as érh@rmwfoe psce:’rwntgl the cup assERty iD0g ffatPehe JLakBSHNG, the &;H@Etﬁrg
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port i ons 2494 oser, ﬂh‘éal@@rlﬁcama“wwglaamd AynOaR rane 8CULT the capspmzat e the
contact rings 902 fromthe array 900. At step 514, an LED 1202 is attached
to the base 802 of each cup 602 by a conductive adhesive. Each LED 1202
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15

At step 512, the joining portions 1004 of the contact ring array 900 are cut to separate the
contact rings 902 from the array 900. At step 514, an LED 1202 is attached to the base §0?
of each cup 602 by a conductive adhesive. Fach LED 1202 includes two terminals or
3 contacts for providing electrical current to the LED 1202. At step 510, one or more
20 electrical contacts of a first polarity are electrically connected to the contact tab 1102 of the
corresponding contact ring 902 by first gold wires 1204, and one or more contacts of a
second polarity are connected to the inside surface of the corresponding cup 602 by second
gold wires 1206. The gold wire connections 1204, 1206 are formed by standard wire
bonding methods. The result of these steps is referred to as an intermediate cup assembly.
25
Alternatively, if each LED 1202 includes a contact pad on its underside, it will be apparent
that the second bonding wires 1206 between the LED chips and the cups are not required,
because in such a case the conductive adhesive that attaches the LED die 1202 to the cup

602 provides an electrical connection of the second polarity.
30



25 Alternatively, if each LED 1202 includes a contact pad on its underside,
it wll be apparent that the second bonding wires 1206 between the LED
chips and the cups are not required, because in such a case the conductive
adhesive that attaches the LED die 1202 to the cup 602 provides an

el ectrical connection of the second polarity. 30 -10- At step 518, the LEDs
1202 and correspondi ng contact wires 1204, 1206 are encapsulated 1in an
optically transparent medium 1208 to protect the LEDs 1202 and bondi ng

w res 1204, 1206. As shown in Figure 12,jgt.he encapsul ant 1208 is shaped
like a teardrop in plan view so as to incorporate all of the first gold
wres 1204. 5 The encapsul ation 1208 is fornmed by a standard noul di ng

nmet hod such as transfer noul di ng, book noul ding or plate noul ding, using a.
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openi ng t hkan V1¢\Ssmle$toanncpbe1tam 3l of their@rgoldowires 820%r is truncated on the
part of the opening near the contact area 3002 of the contact ring 3000,
as sho in Figures 30 and 3 1. Consequently, when 15 the contact ring 3000
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In an alternative embodiment, a contact ring 3000 is formed having an inner opening that
is not completely circular, but rather is truncated on the part of the opening near the contact
area 3002 of the contact ring 3000, as shown in Figures 30 and 31. Consequently, when
15 the contact ring 3000 is attached to the insulator 1302, the contact ring 3000 protrudes
inside the inner diameter of the cup rim 804 to overhang the cup recess slightly. This
allows bonding wires 3004 to be terminated inside the inner diameter of the cup rim, which
in turn allows encapsulation 3006 having a circular shape in plan view, as opposed to the

teardrop-shaped encapsulation 1208 shown in Figure 12.

In either case, the encapsulation material is selected to have high thermal conductivity,
high electrical resistivity, a low coefficient of thermal expansion, high transmission of
visible light, high refractive index, high tolerance to near-UV radiation, good temperature
stabiiity and low water absorption. Moulding processes that use material other than
25 thermosetting material are generally less desirable for various reasons. In particular,
thermoplastic moulding may cause delicate components to fail by subjecting them to
excessive pressure and/or thermal budget (i.e., temperature/time combination). To address
this difficulty, the array of encapsulants 1208 can alternatively be pre-formed and then
attached to each intermediate cup assembly. This greatly increases the range of suitable
30 encapsulant materials because the pre-formed modules can be prdduced from a wider

range of materials and processes requiring high temperatures and/or pressures.



visible light, high refractive index, high tolerance to near-UV radiation,
good tenperature stability and | ow water absorption. Mul ding processes
that ‘use material other than 25 thernosetting material are generally |ess
desirable for various reasons. In particular, thernoplastic noul ding may
cause delicate conponents to fail by subjecting themto excessive pressure
and/ or thermal budget (i.e., tenperature/tine conbination). To address

this difficulty, the array of encapsul aQ{]z_1208 can alternatively be
pre-fornmed and then attached to each internediate cup assenbly. This
greatly increases the range of suitable 30 encapsul ant materials because
the pre-forned nodul es can be produced froma w der range of materials and
processes requiring high tenperatures and/ or pressures. -11- Each cup
assenbly 1200 of the resulting array of cup assenblies 1200 is then

separat ed Hachreup hesearblny26f of tlepreS@tng yrrayitof icog atdembiibe @R00TEE then jseparated
portions 7 of, the cup, array. 900, the contact ring jQining portions 1004,
and any exctds ﬂfenasrfﬁya#ist?ﬁ,b@l %’n‘ﬁ%‘%ﬁ‘&&bﬁt l’i‘betéJB]é‘ﬂII’E W?HSA?(%S‘?@HG Sup arrghe

i ndi vi dual 9upthrsseamkt tias idi a L4 :
system This Igo letes t é %8%%%@%%%%04&%%222%%)%? %Ilzsﬁal?:aﬁl%f:lh%%g st,ﬁeér:g‘ft?“%zoo
constit it ePatin 7&:%‘&/ plap 2Ry thepisdisidual |ciug rasseaithlies € 20B atre itsereaisachtd to hatagé e

and can be i vari et f licatio in addition to the |anp
descri bed r%%rﬁ@g]résl}s%@‘ g@@&ﬁé@?ﬁt?ﬁgﬁ?ﬁlﬁp ﬁ%ﬁ‘?ﬁ@tpr?‘ée@? g#% of the LED 1202 are
el ectrically connected to the cup body 602 and the contact ring 902,

respecti vel%, further electrical connections necessary for providing power
to the LEDERSysup apscpblyrdded eoustifyieshyn insiviguaily eneeable lightl sonooet thet i dasy td he

body 6 ot CLE 2. Unlike the. el i cal i 0
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wires 12040049682 2nd theontagh ringo02 resppetiviebs tiadhasyeledtdcal squrgstionaneces20s. A
cup assenbl ol o\VA i cLri Lrent sses_through
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and simult %Qr?tgéltsalr asa&%g IL%% ?&&?tﬂrlgsg %lontacts can be made with macroscopic connectors
15 and do not need to be located with great precision. The cup assemblies 1200 are robust
because the gold contact wires 1204, 1206 and the LED 1202 are protected by the

encapsulant 1208,

A cup assembly 1200 provides light when an electrical current passes through the
20  LED 1202. This is achieved by impressing electrical energy of an appropriate first polarity
on the contact tab 1102 of the contact ring 24, and simultaneously applying electrical

energy of a second, opposite polarity to the electrically conductive cup 602.

The cup assemblies 1200 provide an effective means of both electrical and thermal
25 conduction through the body of the cup 602. It is important that the heat generated by the
action of electrical current flowing through the cup assembly 1200 be efféctively
conducted away from the LED 1202 for a number of reasons. For example, the efficiency
of light generation in the LED 1202 decreases with increasing temperature. Moreover, high
_ temperatures may also cause failures of lamp assembly components; for example, by
30 fracturing the bonding wires 1204, 1206, or detaching the LED chip 1202 from the cup

base 802 by virtue of different rates of thermal expansion. Even if there is no catastrophic



energy of a second, opposite polarity to the electrically conductive cup
602. The cup assenblies 1200 provide an effective neans of both electrical -
and thermal 25 conduction through the body of the cup 602. It is inportant
that the heat generated by the action of electrical current flow ng

t hrough the cup assenbly 1200 be effectively conducted away fromthe LED
1202 for a nunber of reasons. For exanple, the efficiency of |ight
generation in the LED 1202 decreases with increasing tenperature. Moreover,
high tenperatures may al so cause failur@s of |anp assenbly conponents; for
exanple, by 30 fracturing the bonding wires 1204, 1206, or detaching the
LED chip 1202 fromthe cup base 802 by virtue of different rates of

t hermal expansion. Even if there is no catastrophic 12- failure of the cup
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one-di nensional, array 1400 of |a | ead frames 1402, il ustraplng a single

| anp | ead CoRpesHan fudie cupaesembliay 12400 i s produced as a contl nuous strip or
as sheets of discrete length by nmachining sheet nmetal to renove twenty
‘four portions 1404, as shown, or an equivalent nunber of portions for an

al t er nat eReeadinfranBigare dngeneny . of gy Ralli frehys ifdheliag Hau-pi4R0 ship&anide
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inas epaﬁétng W&g sHeef metal to remove twenty fom portions 1402 as shown, or an equivalent
number of portions for an alternate lead frame arrangement. Alternatively, the array 1400
15 can be manufactured from some other matertal having substantial electrical and thermal

conductivity.

The lead frame 1402 includes a central portion or support 1406 that is deformed out of the
R plane of the array 1400 so that the central portion 1406 is non-planar and is curved like a
20 dome or part of a spherical shell. The deformation can be performed simultaneously with

removal of the portions 1404 (e.g., by stamping), or can be performed in a separate step.

At step 406, two partitions 1500 are cut through the domed central portion or support 1406,
dividing it into three support portions 1502, 1504, 1506, as shown in Figure 15. Elongated
25  electrical contact leads 1508, 1510, 1512 at either end of the respective support portions
1502, 1504, 1506 provide a convenient means for making electrical connections to the
support portions 1502, 1504, 1506. Until the lead frame 1402 is separated from the array
1400 in a later step, the contact leads 1508 are not electrically isolated from each other due
to the presence of the lateral joining portions 1514 and longitudinal joining portions 1516

30 attaching the pointed end of each contact lead 1508 to 1512 to the surrounding sheet



At step 406, two partitions 1500 are cut through the donmed central portion
or support 1406, dividing it into three support portions 1502, 1504, 1506,
as shown in Figure 15. Elongated 25 electrical contact |eads 1508, 1510,
1512 at either end of the respective support portions 1502, 1504, 1506
provi de a conveni ent neans for nmaking el ectrical connections to the

support portions 1502, 1504, 1506. Until the lead frane 1402 is separated
fromthe array 1400 in a later step, the contact |eads 1508 are not
electrically isolated fromeach other -duae to the presence of the |lateral
joining portions 1514 and | ongitudinal joining portions 1516 30 attaching
the pointed end of each contact |ead 1508 to 1512 to the surroundi ng sheet
13- material. A lateral contact |ead 1518 provides neans for making

el ectri cahatewalt dctatard eontaceriedchhb 81 pReideasnetes clor eakilge kleviricTheomartttoreg  of
the two qarti%Hﬁgg 15 O_qﬁg th ni ne hol es 1522 is perfornmed by machi ni ng
5 with a fay8f SSESHaEPE M eci si on cutting process. Each |anmp | ead
frame 1402 is positioned on a table equipped with a nmultiple axis indexing
system and the cutting tool is operated and noved or rotated in
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assenblies 1200, as shown in the |eft-hand support portion 1502 in Figure
15. The ®Peatidnart mevedopreisisdnnisyeduanion wish the indeumgoisiepoia Prdaca 5o

1504, 15 f j ' ' Y e > a
Boote | n BRI AL LR OB A Rl el
ot her nedme2that establishes good electrical and thermal continuity. In

the descri bed enbodi nent, the cup assenblies 1200 are oriented so that each

cup 6db is directly attached and el ectrically connected to the support

1200 15 ol e imes s tar ehingD ol bt 157 sk ORI SR
15). Howewseronstlhe2.clipdad semtds rescitid@Gesmntivd twr astinbbby 1B, as shown in the
left-hand support portion 1502.in Figure 15. The attachment of cup assemblies 1200 to the
support portions 1502, 1504, 1506 is achieved at step 410 using conductive adhesive (e.g.,
15 a paste incorporatiné colloidal silver particles), solder, welding or any other means that

establishes good electrical and thermal continuity.

In the deseribed embediment, the cup assemblies 1200 are oriented so that each cup 602 is
directly attached and electrically connected to the support portions 1502, 1504, 1506, and
20 light emitted from the cup assemblies 1200 is directed upwards (i.e., generally towards
from the viewer in Figure 15). However, the cup assemblies 1200 can alternatively be
mounted in an opposite orientation so that the contact rings 902 are directly attached and
electrically connected to the support portions 1502, 1504, 1506, and light emitted from the
cup assembilies 1200 is then directed downwards towards the concave sides of the support

25 portions 1502, 1504, 1506 (i.e., generally away from the viewer in Figure [3).

By mounting the cup assemblies 1200 directly on the support portions 1502, 1504, 1506
using an electrically conductive attachment medium, electrical connections are made
between each support portion and the cups 602 (or contact rings 602, if oriented oppositely
30 as described above) of the cup assemblies 1200 mounted on that support portion. Thus

electric current can be supplied to each LED 1202 via a first electrical connection to either



nounted in an opposite orientation so that the contact rings 902 are
directly attached and electrically connected to the support portions 1502,
1504, 1506, and light emtted fromthe cup assenblies 1200 is then

di rect ed downwards towards the concave sides of the support 25 portions
1502, 1504, 1506 (i.e., generally away fromthe viewer in Figure 15). By
nmounti ng the cup assenblies 1200 directly on the support portions 1502,
1504, 1506 wusing an electrically conductive attachnment medium electrical
connections are made between each suppo{f._portion and the cups 602 (or
contact rings 602, if oriented oppositely 30 as descri bed above) of the cup
assenblies 1200 nounted on that support portion. Thus electric current can
be supplied to each LED 1202 via a first electrical connection to either
-14- of t ¢ teontand ldiadsr thosuppe SoipRbh wIREH 1HeRoRBspoRHIE dufissembly 1200
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to ndke elgchicconmeatréquited Hywewmnll-dréa LEDREPENSIVE mA)UER BRI cgabat ogeg
item Alu '@Lgﬁl gg 15.thE ot%Fr ga?d, i s not_as %xpensiye as gold, but it
i s not as% o VAN COFRUEELPY cah fihe [age-apd RN (A Eged i Bedenpoandreseed
to have aghiargé hahiaRRt Qbsstdiefoml 9Rlath IOPRER e Wiy r&YLng dibg S
current. %hen used w??h Iargelérea LEDs 1202?)2@6§Fﬁ§%ﬁ¥mf$@§$aﬁﬁh%Fﬁﬂ“
suf fi ci ent-Tnesieresann diangioapaentegueidng thaer af gohimefres usat ge peabeiglo t o
nmake effectijv bondi difficult .to achieve. The installation of multiple
A gach kA, H t ' S[é
paral | el WFesss onheetron QWﬁv?fgf 1s expensive (o use more goid per item. Aluminiuni, on
15 the other hand, is not as expensive as gold, but it is not as good a conductor, so that an
aluminium bonding wire would need to have a larger diameter than a gold bonding wire
carrying the same current. When used with large area LEDs 1202, aluminium wires with
sufficient current carrying capacity would have a diameter large enough to make effective
-y bonding difficult to achieve. The installation of multiple parallel wires is time consuming,

20 inconvenient, and expensive.

In the described embodiments, the second electrical connections are made by electrical
connectors having predetermined shapes to make electrical connections to the cups 602 of
the cup assemblies 1200 mounted on the curved support portions 1502, 1504, 1506. At
25 step 412, an array 1600 of electrical connectors 1602, 1604 is formed from a metal sheet,

as shown in Figure 16. The array 1600 is fabricated as a continuous strip.

As shown in Figure 17, the electrical connectors 1602, 1604 are formed by removing
portions 1700 from the metal sheet to form a first annular inner connector 1702 and a
30 second annular connector 1704. The first annular connector 1702 is smaller than the

second annular connector 1704, allowing pairs of fhe two connectors 1602, 1604 to be



20 i nconveni ent, and expensive. In the described enbodi nents, the second

el ectrical connections are made by electrical connectors having

predet ermi ned shapes to nmake el ectrical connections to the cups 602 of the
cup assenblies 1200 nmounted on the curved support portions 1502, 1504,

1506. At 25 step 412, an array 1600 of electrical connectors 1602, 1604 is
formed froma netal sheet, as shown in Figure 16. The array 1600 is
fabricated as a continuous strip. As shown in Figure 17, the electrical
connectors 1602, 1604 are formed by renmpving portions 1700 fromthe netal
sheet to forma first annular inner connector 1702 and a 30 second annul ar
connector 1704. The first annular connector 1702 is smaller than the second
annul ar connector 1704, allowi ng pairs of the two connectors 1602, 1604 to
be -15- aﬁrmaggbdormemo:xemw el YheWiriR 160 d e et her
by radi al,| ¥ E}r ié ? tie bars 1706@ Thghﬁsﬁg¥@g%%%9 oﬁﬁgg (anggf@

t her ef or &% H0r &8 fist RErdRnemnEston §742ne tiatelore refemmd @rheenitesothdiZg2; and

the secongn@aph@lectn 4 as the uter annul ar ~connector 1704. The
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at t achmefenpasiart i 08y Thesper hivvarishfectdroi704 NG cHBMdeleans
surro%ndl At step 414, thecannu ear é%%%ﬁ%ﬂ?ég@%&ﬁee 1604
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1706 andpgd@adli ng the outer joining portions 1708. As 10 shown in Figure

18, the inner annular connector 1702 includes one inwardly projecting

contact tab 1802 at an angular position corresponding to an anal og cl ock
proj ecting contact tabs 1804,

face ti clo and four, ogutwardly
1806 at W?‘égﬁ E’tlf‘v‘ esﬂ%ﬁly]?f FOnngRers; 16 g%sl%’fi apprsrateehfremythe arra and froanehch

| ock. ol ¢
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of appr t nd.10: 30; second group of t
. glpy(%glrt%?etﬁ% ?{%(g" gtoal% 3%%19%1 B%siticgbgprgppondmg to an analoggclockpface tune of 3
o'clock, and four outwardly projecting contact tabs 1804, 1806 at respective angular

positions of approximately 12, 2, 4, and 6 o'clock.

15 Asshownin Figure 19, the outer annular connector 1704 mcludes:

(1) a first group of three inwardly projecting contact tabs 1902 at respective
angular positions corresponding to analog clock face times of

approximately 7:30, 9:00, and 10:30:

(11} a second group of three inwardly projecting confact tabs 1904 at
20 respective angular positions of approximately 1:30, 3:00, and 4:30;
(1i1) a first pair of outwardly projecting contact tabs 1906 at respective

angular positions of 12:00, and 6:00; and
(iv) a second pair of outwardly projecting contact tabs 1908 at respective
angular positions of 1:30 and 4:30.
25
At step 415, the contact tabs 1804 to 1908 of the annular connectors 1602, 1604 (except
for the inwardly projecting contact tab 1802) are deformed out of the plane of the
connectors 1602, 1604, as described below. At step 416, the annular connectors 1602,
1604 are are placed concentrically over the curved support portion 1406 of the lamp lead
30 frame 1402 after cup assemblies 1200 have been attached, and the deformed contact tabs

1804 to 1908 make electrical connections as described below.



20 respective angul ar positions of approximately 1:30, 3:00, and 4: 30;
(iii1) a first pair of outwardly projecting contact tabs 1906 at respective
angul ar positions of 12:00, and 6:00; and (iv) a second pair of outwardly
projecting contact tabs 1908 at respective angular positions of 1:30 and
4:30. 25 At step 415, the contact tabs 1804 to 1908 of the annul ar
connectors 1602, 1604 (except for the inwardly projecting contact tab
1802) are deforned out of the plane of thg connectors 1602, 1604, as
descri bed bel ow. At step 416, the annulaﬂ connectors 1602, 1604 are are
pl aced concentrically over the curved support portion 1406 of the |anmp | ead
30 franme 1402 after cup assenblies 1200 have been attached, and the
defornmed contact tabs 1804 to 1908 make el ectrical connections as

descri bed below. -16- As shown in Figure 1, the nounting of cup assenblies
1200 on t heAscshowadn Figupoi 1 thp ardunting of ddi»Cbzserﬂ]ﬂM 120506 et custeisuppbit bsrtions

per f or med y {d he tact_ tab 1102 of the cup assenblies
1200 nount ggo%ﬁ%bﬁ i% @ng%%@m& so®atsupport portions 1502, 1506 are
directed radialdy el vaHisls by 10,1192 G Kedud URBRHIe 1960 nidunle { B9 gophact

tabs 810, 1102 of the cup assenblies 1200 rm on the central curved
support 5port| on 150utezmestdivireslt sipporighosidng hSﬁﬁaIiﬂ@areadlxtc(edl fafliatth @uoeatact

tabs 810, 1102 of t.he gentral nbly are directed towards the 10
ri ght-hand curved i‘&ij tcu‘b"c?fit‘sf‘@f?%g The outwardly projecting contact
tabs 1804 of tlig) i gRetonaRdHb38100M2CIGhe @ﬁ}gass@ﬁlbﬁ@sglrﬂw moﬁﬁ%&l E?Qﬁlﬁcéﬁftra? 00
and 4:00 are deformed downwards at a right angle to the plane o I nner

annul ar connect or $RU2d seppesiitogiden 1304 are gincctdnbmdlaﬂuumwardbr wadl support
60" ol ocic are 51 olsantb i/ folos oRYE Ghlra sty aiCiifockid PHaLs g
t he undéf or med i nwaighi- }yanﬂrmtgu@gm p@ﬂbﬁqgog ab 1802 are positioned such
that they correspond with the |ocation, orientation and
The outwardly projecting contact tabs 1804 of the inner annular connector 1702 at angular
positions of 2:00 and 4:00 are deformed downwards at a right angle to the plane of the
inner annular connector 1702 to contact the right-hand outer curved support portion 1506.
15 'The other outwardly projecting contact tabs 1806 at 12 and 6 o’clock are deformed
downwards at a smaller angle (~ 30°) and these and the undeformed inwardly projecting
contact tab 1802 are positioned such that they correspond with the location, orientation and
position in three-dimensional space of the cup contact tabs 810 of the three cup assemblies

1200 attached to the central curved support pottion 1504.

20
Referring now to the contact tabs 1902 to 1908 of the outer annular connector 1704, each
of the six inwardly projecting contact tabs 1902, 1904 is deformed upwards to form a step-
like shape, and these respectively contact the outwardly directed cup contact tabs 810 of
the six cup assemblies mounted on the two outermost curved support portions 1502, 1506.
25

The first pair of outwardly projecting contact tabs 1906 at respective angular positions of
12:00, and 6:0C are deformed downwards to form a right-angle with the plane of the outer
annular connector 1704 to contact the contact leads connected to the central curved support
portion 1504.

30



position in three-di nensional space of the cup contact tabs 810 of the
three cup assenblies 1200 attached to the central curved support portion
1504. 20 Referring now to the contact tabs 1902 to 1908 of the outer
annul ar connector 1704, each of the six inwardly projecting contact tabs
1902, 1904 is deformed upwards to forma step- |ike shape, and these
respectively contact the outwardly directed cup contact tabs 810 of the
si x cup assenblies nounted on the two outernost curved support portions
1502, 1506. 25 The first pair of outwandly projecting contact tabs 1906 at
respective angul ar positions of 12:00, and 6:00 are deforned downwards to
forma right-angle with the plane of the outer annular connector 1704 to
contact the contact | eads connected to the central curved support portion
1504. 30 FwpllyFihsatecgnd phie of evitwatdyapmojating wonacdiaps 908 e¢ trégpectipnidtilart abs -
1908 at r i ve,anqul.ar . .positiaons of 1:30 and 4: 30 are al so def or ned
 downwar dss §%§§osr(ﬁt1eg%p?a§'ﬁt£-‘3%6feealﬁ? lc‘)iﬁfsot“f‘i'éd dﬁi‘”&ﬁ"@"‘gf toy foemon fight-gnglamath the
connect or plk®4f theWutdrhafglaceiineabr 1R, b MR ondR e témimﬁ I%t%'t act tabs

1802 to 1908 are connected electrically to their respective targets by
conductive adhesive, soldering, welding, or other suitable neans of

est abl k shi [ ctri-gal connectjon. At step 418, the outer
annul a%_ c*gﬁ%ecéﬁ%ét %5784[ Slﬁgeigu{dognafrfv&?“?%?tc?dofaﬁf%‘c?]& 0 ABSHE FoBFEt VEntangsss by
and a ri giindnetin wetimps&a&in£$¢mn@, bra§Er GHiabid e R0bs és(?amrt%m?%gﬁenable

partition portions 102 in order to conplete the desired el ectri

connect i ol cipfalicRangcligs- assenbly 100. It will be apparent from the above
t hat the conponents of the |anp assenbly 100 are electrically connected as
.follows, bearing in mnd that the contact |ead joining portions 15 1514

shown i n 41 gep ¢58,1h¢ outBr wirlularkenA@MRVIEd4iiHcd ih @wBro $:8Pa IREh&IT f ot 904
Figure, 1, electrical curre supplied through the |ateral contact |ead 1518

can flow A & HeP-TEBGmREIen |G Heine alases cuingdeq! tpirpsovopatiten phaionstl 62 in
annul ar @B&Q@tc@fnpiez@ﬂw ARfed OEQHEN connections in the lamp assembly 100.

It will be apparent from the above that the components of the lamp assembly 100 are
electrically connected as follows, bearing in mind that the contact lead joining portions
15 1514 shown in Figures 1 to 3 will be removed in a later step. Referring to Figure 1,
electrical current supplied through the lateral contact Jead 1518 can flow up the
downwardly projecting contact pins 1903 of the outer annular connector 1704, and through
the inwardly projecting contact tabs 1904 to the cups 602 of the cup assemblies 1200
mounted on the right-hand curved support portion 1506. This current will flow through the
20 LEDs mounted in these assemblies 1200, and out to the electrically conductive right-hand

curved support portion 1506 jtself.

From there, the current flow is into the right-hand portion 106 of the inner annular
connector 1702 via the two contact tabs 1804. The current then flows through this portion
25 106 of the inner annular connector 1702 and into the cups 602 of the cup assemblies 1200
mounted on the central curved support portion 1504. Once again, the current flows
through the LEDs mounted in these cup assemblies 1200, and out through the electrically
conductive curved support portion 1504 itself Electrical access to the central curved
support portion 1504 is provided by the corresponding contact leads 1510, and the current -
30 flows through these and out into the left-hand portion 104 of the outer annular connector

1704 via the deformed contact tabs 1906. The current then flows through this portion 104



the inwardly projecting contact tabs 1904 to the cups 602 of the cup
assenblies 1200 nounted on the right-hand curved support portion 1506.
This current will flow through the 20 LEDs nounted in these assenblies
1200, and out to the electrically conductive right-hand curved support
portion 1506 itself. Fromthere, the current flowis into the right-hand
portion 106 of the inner annular connector 1702 via the two contact tabs
1804. The current then flows through this portion 25 106 of the inner
annul ar connector 1702 and into the cups;g$02 of the cup assenblies 1200
nmounted on the central curved support portion 1504. Once again, the current
flows through the LEDs nmounted in these cup assenblies 1200, and out
through the electrically conductive curved support portion 1504 itself.
El ectri calofdoregs axmutdneommrawoc uny ésto (BPRDEdse PBliéd DID0LROGMtES oRiIRVIefled

by the correspondi ng conta ds 1510, and the current 30 fl ows through
t hese and hd’ﬂ% ?W"tfptsﬂgp‘i"éf g tg“p’&ht these 19 gFsalicsyttoughniie aelegtsenbtt or

1704 via tRadelonRluRonlaEt s AR (199 TRRIGUELDS olEN- QIR D00YSR,

this portion 104 -18- er annular co necto
assenbl i e§llqmllm1§hmr6@btdnadshﬁ08eflt willared apparatedthsufpoditecliQ2of dliredt glow
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support’ 1 Een S HROF Mg Q0PRYS cARnacidgo A emtq? alggch peppssemély BX00- hand
contact |eads 1508. It will be apparent that the direction of current flow
5-depends upon which LED contact is connected to the cup 602 of each cup
assenbl y 1209 the fmys asswmblyaipo asdeddsl nind @0piassdmides rA00ewhich as smrxbgetdem

1200 whic e arranged i,n__thre ri es nect ed .grou of th
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| eft-hand. curved support portion 1502" Each group of three cup asse I es
1200 ldonkééhicelifirhangasuaydesunped Rutior 683 E@fpg@ugfoftﬂ!mewm/msemhmmnoo
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groups by supp yi ng appr opri at e
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15 In an alternative embodiment, pre-cut pieces of wire or thin sheet metal 3202, 3204 with a
relatively large cross-sectional area similar to that of the annular connectors described -
above, as shown in Figures 32 to 34, are used as the electrical connectors instead of the
annular contacts described above. These connectors 3202, 3204 are formed in a
predetermined shape by pre-cutting to a desired length using a laser cutting tool, stamping,

20 etching, or other means, followed by deformation to the desired shape. Each of the
resulting connectors 3202, 3204 is then positioned with both ends in simultaneous position
for attaching to the lamp assembly. Attachment is performed by laser spot welding or other

suitable means.

25  As shown in Figures 32 to 34, connection of the supply terminal 1510 to the three
respective cup assemblies attached to the right-hand curved support portion 1512 is
achieved by installing three long conductors 3202. These long conductors 3202 make
connections equivalent to those made by the outwardly projecting contact tabs 1908 and
the inwardly projecting contact tabs 1904 shown in Figures 1 to 3. Similarly, six short

30  conductors 3204 are installed to connect the cup assemblies 1200 attached to the left-hand

curved support portion 1508 and the central curved support portion 1510, and are



above, as shown in Figures 32 to 34, are used as the electrical connectors
i nstead of the annular contacts descri bed above. These connectors 3202,
3204 are forned in a predeterm ned shape by pre-cutting to a desired

| ength using a laser cutting tool, stanping, 20 etching, or other neans,
foll owed by deformation to the desired shape. Each of the resulting
connectors 3202, 3204 is then positioned with both ends in sinultaneous
position for attaching to the |anp assenbly. Attachnment is performed by

| aser spot welding or other suitable nmegns. 25 As shown in Figures 32 to
34, connection of the supply termnal 1510 to the three respective cup
assenblies attached to the right-hand curved support portion 1512 is
achieved by installing three | ong conductors 3202. These | ong conductors
3202 nakecle@BBAIBC i RdeRAB AR ttalis0 1000 S®OBRERI Y02 hesut MakdLpRiRERCT | Ng
contact tabs 1908 and the inwardly oj ecting contact tabs 1904 shown in
Fi gures 1Tk the tvp ﬁﬂlb%ﬁlwmsﬁi§<31§W@P@1138®;Beb¢ﬂdiuctors 3204 are installed to
connect the cup assenblies 1200 attached to the left-hand curved support
portion 1508 and the central curved support portion 1510, and are -19-
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that has sinmilar physical properties to that noul ded over cup asSenblTes
1200 as ddgdchanpel the lamp lead frame 1402, and consists of an optically transparent material

that has similar physical properties to that moulded over cup assemblies 1200 as described

15 above, and is preferably formed by the same or a similar process.

At step 422, each lamp assembly 100 and its optical package 2000 is separated from the
array, and the contact leads 1508, 1510, 1512 are separated by removing the joining
portions 1514, and are formed perpendicular to the lead frame 1402. At step 424, the
20 contact leads 1508, 1510, 1512 of each lamp assembly 100 are clamped between a cover
2102 and a base 2104 of an outer package 2100, as shown in Figures 21 to 27. The outer
package 2100 is pre-formed by another process and placed around the lamp lead frame p

1402 and optical package assembly 2000, as shown in Figure 21.

25 Returning to Figure 20, the radius r represents a part-spherical volume beneath the optical
package 2000 that can be used to enhance the thermal path from each lamp in order to
avoid overheating the the lamp components. The cavity thus formed can be filled with a
material of higher thermal conductivity than that of the optical package material to
improve the heat dissipation from the lamp. For example, a metallic insert shaped to fit the

30 cavity can be placed in contact with both the optical package 2000 and the base 2104 of the

outer package 2100. In an alternative embodiment, the base of the outer package can



15 above, and is preferably forned by the sane or a sim/lar process. At
step 422, each lanp assenbly 100 and its optical package 2000 is separated
fromthe array, and the contact |eads 1508, 1510, 1512 are separated by
removing the joining portions 1514, and are formed perpendicular to the

| ead frame 1402. At step 424, the 20 contact |eads 1508, 1510, 1512 of each
| anp assenbly 100 are cl anped between a cover 2102 and a base 2104 of an
out er package 2100, as shown in Figures éé to 27. The outer package 2100
is pre-fornmed by another process and plac¢ed around the lanp | ead frane

1402 and optical package assenbly 2000, as shown in Figure 21. 25 Returning
to Figure 20, the radius r represents a part-spherical volune beneath the
optical p th
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t he amount of . heat t? Be : : .
dissipate cou d be equivalent to approximately ten Watts, and will therefore require a

15 thermal path with high conductivity such as that provided by a ceramic material.

The cover 2102 and base 2104 of the outer package 2100 are sealed together with sealing
material 2106 to hold the lamp lead frame 1402 firmly between them. The sealing material
can be semi-cured epoxy, but other materials commonly used to secure ceramic packages

20  can alternatively be used.

Figure 22 provides a plan view and a side view of the cover 2102, and Figure 23 provides a
plan view and two side views of the base 2104. The base 2104 includes seven recesses
2302 in its three of its four side walls 2304. The recesses 2302 are positioned and
25 dimensioned to snugly accommodate the contact leads 1508 to 1512 of the lamp lead
frame 1402 when the cover 2102 and the base 2104 of the outer package 2100 are sealed
together. Alternatively, corresponding recesses can be provided in the cover 2102 rather
than the base 2104, or at omitted altogether. However, in all cases the cover 2102 and base
2104 are in close contact with the contact leads 1508 to 1512, regardless of the

30  arrangement of the lamp lead frame 1402 and its contact leads 1508 to 1512.



di ssi pated could be equivalent to approximtely ten Watts, and wl|
therefore require a 15 thermal path with high conductivity such as that
provided by a ceranmic material. The cover 2102 and base 2104 of the outer
package 2100 are seal ed together with sealing material 2106 to hold the

| anp | ead franme 1402 firmy between them The sealing material can be

sem -cured epoxy, but other materials commonly used to secure ceramc
packages 20 can alternatively be used. Figure 22 provides a plan view and
a side view of the cover 2102, and Figugg 23 provides a plan view and two
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arr angentimol40Ghd g defad JrAlRde 0%, 30028 bita 890t ATk | ARAS, a0 LA, d 512
¥ fhe packaged 1 anp. &R

-21- Figures 24 and 25 provide further Views o show ng
only the asungiment of thetlhmpllearhbfrhmadnd camespdddids aostaaritddsi ng vari ous details
for clarity. Figures 26 and 27 provide plan and side views, respectively,

of the outer package 2100 applied to a lanp lead franme 1402, show ng
details gf ah'&ﬂexhﬁﬁ{r@émbgﬁiﬁiégﬁ?a B PRI HAnRI B0 iggluﬁéseéﬁ‘?el?gtriﬂglﬂ}a!:%ﬁ{x@t?\}ee >
ea eads. In an-

arrangenent of the lanp | ead frame and corresponding contact ['ea
~al:t er nat icWeednpeBPTEHI0S autl imp el fepamted3 POTidnac kache hawng edre opanimmplfby

conduct i : u rt. 3508 ¢ i twel ve. separ rtionsg,. each
havi ng aiceshInl {0 EPBRALG oig Mty s e S h i ERF S E by B08 e
showni@ n 360Q uicdudds. twEhe ¢anmvtlieatd $502n@eckc3R06oriRElHd8ShE WaHY&ive WAt

| eads 3502 electrically connected to the respective curved Ssupport

por t i ons SUBRM! BITHARS. @BFPiRNt coMTew cordan Jeads (40¢ snnewtiatita eveay erryassepbly
e 7S B R B8R A LV ST R
passi ng thnoiling dryfllof of bRcotanonrao phaidg thead$ any of the common contact leads
3504 and the corresponding contact lead connected to that cup assembly.
15
‘The common contact leads 3504 are attached to a shared circular ring contact 3506 by
contact arms 3510. The circular ring contact 3506 is also attached to the contact ring 902
of each cup assembly 1200, threreby establishing an electrical connection between the
common contact leads 3504 and a contact of a first polarity on the LED chip 1202 inside
20 each of the cup assemblies 1200. The LED contact pad of a second polarity is connected to

the cup 602 which in turn is in electrical contact with its respective contact lead 3502.

= In yet a further alternative embodiment, a lamp lead frame 3600 includes an electrically

conductive curved support 3602 having twelve openings for receiving respective cup

25 assemblies 1200, as shown in Figure 36. In this embodiment, the curved support 3602 is

not partitioned, but instead cup assembly contact leads 3604 are separated from it. The
cups 602 are connected to common contact leads 3606, which are also connected to the _

curved support 3602.

30 This arrangement therefore establishes an electrical connection between LED confact pads

of a first polarity and the common contact leads 3606. Connections of a second respective -



3504 and the correspondi ng contact |ead connected to that cup assenbly. 15
The comon contact | eads 3504 are attached to a shared circular ring
contact 3506 by contact arns 3510. The circular ring contact 3506 is al so
attached to the contact ring, 902 of each cup assenbly 1200, thereby
establishing an el ectrical connection between the conmon contact |eads
3504 and a contact of a first polarity on the LED chip 1202 inside 20 each
of the cup assenblies 1200. The LED contact pad of a second polarity is
connected to the cup 602 which in turn is in electrical contact with its
respective contact lead 3502. ~; In yet & further alternative enbodi nent, a
| anp | ead frame 3600 includes an electrically conductive curved support
3602 having twel ve openings for receiving respective cup 25 assenblies _
1200, as oty idre Fhatier BetdBen | t 2 i's
not partltloned but |nstea3néﬂ%kg§§gﬁb %pggﬁBEG#Ehﬁgdﬁé%gg @&23 gfed
fromit. Tﬁ%’ec%\'Pp@IH@Q laads %@ﬂénb}:taeﬁlrst oontaciiead d‘mMeaﬁicldde@,dgaﬁﬁ%os V\Em@h
are al so eeln supgort 3602. Thi s_arrangenent

t herefore est‘aﬁ%ﬁ etgcgn%nor%zfch e Ehme Ragts 31%%)\/9@% IEB. ¢bptedeto patest of
a first pcbézﬁlrﬂ‘rﬁmemd lhh@ﬂfiw ﬁqmlﬁ@& pi&a%5d3606ha S@QH&*?& éé’%rfoﬁqgt%pstﬁéond

respectlve polarity are nade betweéen the cont rings he” cup
assenbPi e§el_§%10§ﬁﬁlmlsh’él threespaensionalcpateact tﬂeefa:dsisx&ﬁﬂmgbgloraadtlrlé@ion@@lﬁttﬁélt

| ead frang.d 3608, 3610 6 a_secon ntact | ead
frame | nordran bR hbies 38 BuodieRoarfe dereBileiufiiaRe csblofet orgschur o
initiallychprasseehbin 1208] pgtieiopd 8620 apdsise mﬁ)erﬁacﬁengy cﬂftff%dthte cdRiGNedde o
relative locations %n t hr ee- di nensi onal space of the corresp ondl ng cont act

regi ons of f5e Witheklassrcuifmedapl afis dirontast lepd fanteshae lse@pairttattleadel ectri cal
circuit to be established for each cup assenbly 1200, partitions 3620 are
subsequently nmade by cutting the contact lead franes with a laser cutting
tool . 4Pt eAstdescrivedtahote, lteacuyf sacmblital@ohretiwdtRehedre 1R AR, GRIGIBRthe

AR R A &ﬁwuééiz%mvéisy“ of
g;gegea%ﬁtﬁggﬁféﬁﬁgmﬁgtg% @P{hlqbl@alth‘e QUF -asfeRibIR¥ARB6 Can EQ%O%H%dai%Saerr}Eltall%%le 00
printed circuit board (MCPCB). The MCPCR has a circuit of tracks on one side of the
board which are electrically insulated from the metal core, and which can be electrically
15 connected by standard means to the contact area 1102 of the contact ring 902 to make a
first connection. A sgcond electrical connection is established between the all of the
cups 602 on the MCPCB and the metal core of the MCPCB. The metal core performs two

functions: it not only provides a means of making electrical contact with the cup

: \ assemblies 1200, but also acts as a heat sink for the LEDs 12072 which are in close thermal

20  contact with it.

Many modifications will be apparent to those skilled in the art without departing from the

scope of the present invention as herein described with reference to the accompanying

drawings.



printed circuit board (MCPCB). The MCPCB has a.circuit of tracks on one
side 'of the board which are electrically insulated fromthe netal core,
and which can be electrically 15 connected by standard nmeans to the contact
area 1102 of the contact ring 902 to make a first connection. A second

el ectrical connection is established between the all of the cups 602 on
the MCPCB and the netal core of the MCPCB. The netal core perfornms two
functions: it not only provides a nmeans of naking electrical contact with
the cup assenblies 1200, but also acts-&3-a heat sink for the LEDs 1202
which are in close thermal® 20 contact with it. Many nodifications wll be
apparent to those skilled in the art without departing fromthe scope of

t he presenhjngﬁﬁggion as herein described with reference to the

acconpanyi &f W ngs. -23- CLAIMS: 1. A process for producing a |lanp
assenbly having a plurality of light emtting sem conductor devices
nmounted to a non-planar support, the process including: formng a plurality

of substanti ahl grocésyi ﬂxnprrmdpd:mgaﬁ leln@Chisemaly GQRAECH Oﬁlﬁral gﬁqﬂp Héht ltging
an.electrical]y conductl ve annular tion

connectors i ncI u%;fr@g
plurality of gior ¢ ?Vé?eéé‘ﬁ‘?%dftpcﬁrﬁ@ﬂda@ré@mmmdgtormmn&ﬁtcbmg to the

annul ar portionf AR ont a sai d non-pl anar
el ectri cgl conneocrtﬁgfr?gs to E%ﬂ}?oefggggtf%@a{e@e#é nrglncpj?l}% FPWC‘EC’%&&&PB% of

said | anp as§él¢b¢0}m@®0@rmﬁudhagah dlaaﬁéallywmdmiv@ aﬁlﬁﬁlaﬁﬁﬂﬁféﬁtdnﬁ% @hﬁﬁftg Hpal
current throygh, ght emtting sem conductor devices. 2.

A process as ¢ né’aoj H},glatjécimr’naﬂg eleéﬁ%!‘éllh cangiegted) Mﬂ?&laurmylaopm@be;:audl cal

nectors |ncinl¢dﬁt$ fd &t € C FAels aV|n nnul ar_ portion
bf/a first diameter %g;llé aﬁ) s%l?gngf Fg%%tﬁégg%?coﬁr%ﬁe%%arr %S%f‘ﬁ% SRR &9

portion of aldPEeE @Pmlb’rcdl‘dugﬁwe booations s sdidf Jabt asdéRpBL @rpro%de'%tﬂézﬁ?ess
as clainmed in QC}% g’i %hfﬁuﬁﬁ ai d unt| n?lgl ncl udes mounting the first
and second electrica esc’t’i“f'f‘ LUET5Hs thiAvgtn spig  ploralidntaf] hghirq:ran’gmgrent

wi th the |i ght¢miconductor devices.

2. A process as claimed in claim 1, wherein said plurality of electrical connectors
includes a first electncal connector having an annular portion of a first diameter and a

second electrical connector having an annular portion of a second diameter larger than

said first diameter.,

3. A process as claimed in claim 2, wherein said mounting includes mounting the first and
) : second electrical connectors in a substantially concentric arrangement with the light
emitting semiconductor dgwces disposed substantially therebetween.
4.

A process as claimed in claim 1, wherein said lamp assembly includes a plurality of
light source assemblies mounted to said non-planar support, each of said light source

assemblies including:

a corresponding one of said light emlttmg semiconductor devices mounted in a
receptacle
a first electrical connection between a first contact of the light emitting

semiconductor device and a first electrically conductive contact of the light source
assembly; and



em tting sem conductor devices disposed substantially therebetween. 4. A
process as clainmed in claiml, wherein said | anp assenbly includes a
plurality of [light source assenblies nounted to said non-planar support,
each of said |ight source assenblies including: a correspondi ng one of
said light emtting sem conductor devices nounted in a receptacle; a first
el ectrical connection between a first contact of the light emtting

sem conductor device and a first electriéally conductive contact of the

i ght source assenbly; and -24- a secon 4el ectrical connection between a
second contact of the light emtting sem conductor device and a second
electrically conductive contact of the light source assenbly; wherein said

el ectrically cond i : tions of said |anp assenbly includes the first
electrically conrhd#ﬁ%%léccgﬁ?%c@gn%&oga?e VPSRt SeEOr caNEes bt dight smigging

process as cl abmidniucte! ddvitedandM@kBhdcsakidallEEERIAGYEcd 8! i 6@l d
conductive, and n&?i d second electrically 1c%nyéucti ve eg%dr{?%?to(?ﬁ]e(rqug@esﬁ?gi d

receptacle. 623%™ 6cess as claimed in claim1, wherein said non-planar
support is el ectyyctdhlsy; ive.and the plurality of light emttin
sem conduct or devi 625 “an eag egﬁfp)i %ngi}lé;}wec;lB?ﬁIig’E‘fé’ spid lpwe aisto by dReludes the
support, ‘and Whgrkictricaly dordiecive bahdty ARG Y&k A6RlHLARs of said lanp

assenbly includes the non-planar support. 7. A process as clained in claim
1, wherein the non-planar support includes a plurality of electrically

conduct i ve 58eg&tireiass astdis CNAY Lght ;em tti.ng senm conductor .devices
bei ng nount ed grr]d elfctrfggﬁpgldé%#hg@?%&g{]%d ke ng%?lt%Fté'ﬁFllhﬁ/cmﬂﬁ%iaM
segtions, andaidusesnd dlegrivalljetadtcieabhiacciaoilued daverdcogaiions of said | anp

asSenbly includes at least | one of the plurality of ‘electrically

conductive sections. 8. A process as clained in claim1, including dividing
at | east ofe Afpréésd & Uahdd Yn Qaim®! SGhELeRR L GORNEEL0LS (L NLQ tW, or . mpre
portions after nounting the piurality g?i gontsg@t {s?@n LR siigbof 18 elec§r1cgﬁy
‘ conductive and the plurality of light emitting semiconductor devices are electrically
connected to the non-planar support, and wherein said électrical}y conductive locations

of said lamp assembly includes the non-planar support.

- 7. A process as claimed in claim 1, wherein the non-planar support includes a plurality of
electrically conductive sections, the plurality of light emitting semiconductor devices
being mounted and electrically connected to said electrically conductive sections, and
wherein said electrically conductive locations of said lamp assembly includes at least

) _ one of the plurality of electrically conductive'sections.

8. A process as claimed in claim 1, including dividing at least one of said plurality of
“electrical connectors into two or more portions after mounting the plurality of contacts
of said electrical connectors to said lamp assembly to provide independent electrical

connections to respective ones of said electrically conductive locations.

9. A process as claimed in claim 8, wherein the independent electrical connections are

configured to enable individual control of two or more of said light emitting

semiconductor devices.



of said electrical connectors to said |anp assenbly to provide i ndependent
el ectrical connections to respective ones of said electrically conductive
| ocations. 9. A process as clained in claim8, wherein the independent

el ectrical connections are configured to enable individual control of two
or nore of said light emtting sem conductor devices. - 25 10. A process
as clainmed in claim7, wherein said non-planar support is in the formof a
| ead frame having contact pins for naking electrical connections to the
electrically cohductive sections of sai-@5ron-pl anar support, and wherein
at | east one of the contacts of said plurality of electrical connectors is
nmounted and el ectrically connected to a correspondi ng contact pin of the

| ead franejﬂiéé A process as.clained in claim1, wherein the plurality of
contacts proj EckPAYSFASFHAERE 1 glabi {7y wharainy said moaeplenhr tsoppdre isainntb S6rmpoftai on
of each el ect[da8 i / t.. |east. ane i nwardl rojectin
contact and at |3§§f@2ﬁgﬁgﬁ%&%?§ @9g?%?%%¥$n§e§8ﬁﬁdEP®e%§¥wA%ﬁﬁ%@ @“ﬁﬁg

claimed in cleohdustivavretionsoiishid renmpldmE saspott, 0Ad MheRACH 1848 6hL bEAL contacts
anar, and at | east one of the contacts

connect or is'gﬁbstaqtigllg ﬁé ) :
proj ects away’f FBPIVREYPE HEctHEal qoanestons| iarmesented end elkstricallprooaessediso a
clainmed in cl &iﬁﬁsﬁé’ndiM\@%rﬁidﬂpﬁPdff{]%Jfg?ﬂﬁgl includes formng a plurality of
pl anar el ectrical connectors, each of sali g plurality of planar electrical
connectors including an annular portion and a plurality of contacts
projectingqfr electrically connected to the annular portion, and
def or ni ng %I[ ‘%gazgg%g%ﬁsecgfm? '8 C}al%‘l _]ur"gﬁrﬁlﬁ} tlst plugity ef sontaety pfajenting Heorplaade
yf\t he annul agleqafiédliyofordrected QY HiearsRi i i Lol planar el ectrica
@nect ors. 14. A process as cl ai ?rrg%a?r{mg[{lééil{ rgrlkf{léh\/\glg?@f;% ? e%‘ﬂﬁtﬂci? es at
portions are 1§ﬁ?6§f1‘éﬁt"if3éﬂllywr@}ie¢tmglcantact difsl. at Aeapt @EERBWASI L bt dPEee bontgbai M 1,
wherein a cross-sectional area of said plurality of electri ca% connectors
is selected to enable said electrical connectors to conduct a selected
el ectri cal 12uk rgmtest assalafindd ghtla@fi 1t WAGSEMEY A Vi,$eg il e
avoi ding excess heating of said electrical Conngg#géanﬁ) of €k Yecrical
connector 15 -substantially planar, and at least one of the contacts projects away from

the plane of the annular portion.

13. A process as claimed in claim 12, wherein said forming includes forming a plurality of
planar electrical connectors, each of said plurality of planar elecirical connectors
including an annular portion and a plurality of contacts projecting from and
electrically connected to the annular portion, and deforming at least one of the

plurality of contacts away from the plane of the annular portion to provide said

-

plurality of non-planar electrical connectors. -
14. A process as claimed in claim 1, wherein the annular portions are substantially circular.-

15. A process as claimed in claim 1, wherein a cross-sectional area of said plurality of
electrical connectors is selected to enable said electrical connectors to conduct a

selected electrical current to said light emitting semiconductor devices while avoiding

‘excess heating of said electrical connectors.

16. A process as claimed in claim 1, wherein said electrical connectors are formed from
sheet metal.



16.- A process as clained in claim1, wherein said electrical connectors are
formed from sheet netal. -26- 17. A process as clainmed in claim16;
wherein said electrical connectors are formed by |aser cutting, 18. A
process as clainmed in claim1, wherein the step of formng el ectrical
connectors includes formng an array of electrical connectors
i nterconnected by joining portions, and renbving said joining portions to
separate the electrical connectors fromsaid array. 19. A process as
clainmed in claim 18, wherein the array o26el ectrical connectors includes a
plurality of inner annular connectors for making electrical connections to
substantially central locations of said |anp assenbly, and a plurality of
out er annuII?\r contacts {or makj ng el ectrical connections to substantially
peripheral | GedPERS 2bFlmed iy glan 14s seheraiy saiboeleotripslrassctars art ol bn
claim19, wher endgeltmi@nul ar portions are substantially planar, and the
process includes deformng one or nore of the contacts projecting from each
annul ar portion away fromthe plane of the correspondi ng annul ar portion to
enabl e sai |l ar connectors, to contact corresponding | ocations of a
| anp assen%?’y‘%rbgﬁc.es%\af)lcglgag i, Slagm o, eerein e aten gf) ,fOIWigg ¢leatridab cammagtoas
portions ar e istlbsdsairhitll 4 arfdy’ dﬂ as_clajmed in claimlil8,
wherein a cross-sect | onlgl_ aarr[édg ﬁglé;%]i'w %P%ﬁ%r?qﬁgﬁ%eoc ?“?%“3’3’ EBRRE RBRAS s
sel ected to éRaprac¥iigdsad ¢eitingcpirtionn e cemisie tthe plQVIEE Bnn&ehShad said
el ectrical c%rra?nt to said |ight sources while avoi ding excess heating of
said electrical’ connectors. 23. A process as clained in claim18, wherein
ahd array of electrical connectors is forned fromsheet netal. -27- 24. A
cess as,clainmed in claim2, wherein the non-planar support includes a
convex 19. A process as claimed in claim 18, wherein the array of electrical connectors includes a

plurality of inner annular connectors for making electrical connections to substantially
-central locations of said lamp assembly, and a plurality of outer annular contacts for

making electrical. connections to substantially peripheral locations of said lamp

éssembly.

20. A process as claimed in claim 19, wherein the annular portions are substantially planar,
and the process includes deforming one or more of the contacts projecting from each
annular portion away from the plane of the corresponding annular portion to enable

said annular connectors to contact corresponding locations of a lamp assembly,

21. A process as claimed in claim 20, wherein the annular portions .are substantially

circular.

22. A process as claimed in claim 18, wherein a cross-sectional area of said array of
electrical connectors is selected to enable said electrical connectors to provide a

selected electrical current to said light sources while avoiding excess heating of said

electrical connectors.

23. A process as claimed in claim 18, wherein sajd array of electrical connectors is formed

from sheet metal.



electrically conductive surface divided into a plurality of sections,
respective subsets of the plurality of light emtting sem conductor

‘devi ces being nounted and electrically connected to respective ones of the
plurality of sections, and wherein said electrically conductive |ocations
of said |lanp assenbly includes each of the plurality of sections, the
process further including dividing at |east one of said plurality of

el ectrical connectors into two or nore portions so that the light emtting
sem conduct or devices of the | anp assemi?- are configured in groups
electrically connected in series. 25. A lanp assenbly produced by a process
as clained in any of one clains 1 to 24. 26. A process for producing a

| anp, i ncl L#y 0. formng an electrically conductive receptacle having a
subst anti al beP%?ﬁ‘éﬁs Fademgddn daigyBs whareimHeyngut-plasar pppoftietladest £gb0x

formng a subsfedmichi A tiGgal insulator,.on said substantiall
pl anar  peri pheral h%g‘?hélﬁk foru%ﬁkgﬁgléeﬁﬁg?é*@Fr&ﬁfyffp"ieﬁﬂ%ﬁsa ESBRALIVE supseis o

conduct i ve coHrariurabity saiighsethtigntémichbyducBirat®ice8 G in ' | ha
nmounting a |i g(pt rce on said base of sai J reccgpt ag{lgre; B%e!li%g&éﬁ%c?l{l%at”y

S0
el ectri cal conr{glgfﬁegﬁo FEPHRYA 0ot af endumliti of deptipnsanad veleett saidaldoyrically
conductive cotdrigttidcdidnk! ; sai i ght, squrce, and a second
el ectrical connecti onc'blet \?\eoztr?algg%ggaltsseec ?‘?é‘éﬁq?{?s%aﬁlaagﬁ% u@t%ﬁf #etiengnd
a second cont Bt Propesssiried iithudisg ulicidingand [@BC RS WRALLAdpisALiE) 'gjggché AOHT €€
and said elec&ﬁ&ﬁahsqo nections to provide a light source assenbly FoF
mounting on an. el ectr eaM Y IBRERINE K habthe lighheméting aemiconducapdavicas ed

ontion of sasftths agt aRédBilly!ay, &!n’ﬁ%% ' onduct i ve cont act -
mvi des a first electrical contact Eetd(e)ih?g‘lglggs%?éﬁt{{C&g%ﬁP%ecmdﬂtS@besi n said
receptacle, and the electrically conductive receptacle provides a second

el ectrical sgox e light . source. -28- 27. A process as clained in
cl ai m 26, F%c‘?gﬂf%agsrgr%ﬁﬁ&q rﬁ%‘g?ﬁibé{ Y RrgHAss adelrtredia emiof pnoplaims 1 to 24.

26. A process for producing a lamp, _inclﬁding:

forming an electrically conductive receptacle having a substantially planar base and
a substantially planar peripheral region;

forming a substantially planar electrical insulator on said substantially planar
peripheral region; |

forming a substantial;y planar electricall'y conductive contact on said substantially
planar electrical insulator; ' |

) mounting a light source on said base of said receptacle;

making a first electrical connection between said 'substantially planar eléctriCalIy
conductive contact and a first contact of said light source, and a second electrical
connection between said electrically conductive recepiacle and a second contact of
said light source; and

encapsulating said light source and said electrical connections to provide a light
source assembly for mounting on an electrically conductive support, wherein an
unencapsulated portion of said substantially planar électricaliy conductive contact
providf:s a first electrical contact to said light source mounted in said receptacle, and

the electrically conductive receptacle provides a second electrical contact to the light

source.



el ectrically conductive support, whereby one of said first contact and said
second contact of said light source is electrically connected to said
electrically conductive support. 28. A process as clained in claim 27,
‘wher eby one of said substantially planar peripheral region and said
substantially planar electrically conductive contact nakes electrical % ~
contact to said electrically conductive support. 29. A process as clained
in claim?28, wherein a plurality of Iighi source assenblies are nounted on
and electrically connected to said el ect $éa||y conductive support. 30. A
process as .clainmed in claim29, including attaching to said plurality of

| i ght source assenblies electrical connectors haV|ng predeternlned shapes

defining asgo l ectri nection

cor r espondi zgﬂlpg%%%ncéﬁ@faggﬁgﬁrﬁl %Htﬁglu tedaoH ?@esﬁbqq So'érfe aﬁe}ﬂb&%@n as
claimed in cldéemmiefly sdheneive sifippdrtgtv&ﬁrdbfy &y BY Reidafirse| Ratabt GAI shidsWRhQT -

i ncludes formn sal d | nsul ator, and attaching the forned insulator to said

peri pheral  rg¥ghof 53id ngﬁrst%%sisafﬂe%ﬂl@iﬂﬁe@mﬁc@qi &b reaBi eleoimisaldy gosdiative
insulator is §; f,&?_d by machining an electrically insulating substance. 33.
A process as clained in claim26, including nmounting said receptacle or the
electrically conducti ve cont act attached to the insulator on an

.electrical % onduct i ng porciaé ke an electrjcal caonnection to said
suppor't. ’g\ ‘?CSE:Se%Ss IBiShHE 2 Whesshn o, ofj satd tiehstegtinkho alansigpayinthgral
receptacle in C
the nmetal cor g@g?%ggrﬁgﬂ%ggéstanﬁa@?éngfrglfcgg 9& cthﬁggéé v%déﬂtnt(t)acgal c}(qr ece (gaél e.

a 35. A prosgsstofserd qbe:crbldm]iyrt@ndudtarmsuppdncl uding: forming an array of
etéctrical | y conductive receptacles interconnected by receptacle joining
portions, each of said receptacles having a substantially planar base and a

subst ant i abb YA RheRsy a@@lﬁinﬁé@fr@&lafn@@%?@hﬂem a plurality of light source assemblies are

mounted on and electrically connected to said electrically conductive support.

30. A process as claimed in claim 29, including attaching to said plurality of light source
as'semblieg electrical connectors having predetermined shapes defining a non-planar
surface to make electrical connections at corresponding locations of said light source

assemblies.

31. A process as claimed in claim 26, wherein said step of forming an electrical insulator,
/ ) ‘ includes forming said insulator, and attaching the formed insulator to said peripheral

region.

32. A process as claimed in claim 31, wherein said insulator is formed by machining an

electrically insulating substance.

33. A process as claimed in claim 26, including mounting said receptacle or the electrically
conductive contact attached to the insulator on an electrically conducting support to

make an electrical connection to said support..

34. A process as claimed in claim 26, including mounting said receptacle in an opening of
a metal cored printed circuit board, wherein the metal core of said board is

electrically connected to said receptacle.



form ng an array of substantially planar electrical insulators on said ,
peripheral regions of said receptacles; formng an array of substantially
pl anar electrically conductive contacts on said electrical insulators;
nounting |ight sources on the bases of said array of receptacles; naking
first electrical connections between a first contact of each |ight source
and the electrically conductive contact of the correspondi ng receptacl e,
and second electrical connections between a second contact of each |ight
source and the corresponding receptacl eZ2%nd encapsul ating said |ight
sources and said electrical connections to forman array of |ight source
assenbl i es, wherein an unencapsul ated portion of the substantially planar

el ectrical Iy GO 1_guﬁ%ti ve contact of each receptacle provides a first
el ectrical “CoRtALE™ T Adcngpmpoineluingsunt ed i n that receptacle, and the

electrically cofdusine\ua 14 : | des a second el ectrical contact to
the |ight source, 36l.g Aaprgggélg&ggalg{)%?@é%“feﬁeﬁpi c%ségt,er‘iﬂ‘?@?‘é? by rreeplaglst

and second el éeiigauitiownembof eaid rec&pﬁcll&ﬁﬂ@viﬂg?E@Gbs‘ﬁédtf’all?%’fﬁi‘faf‘gase%d ah
process as cl @ng@c;iimi 0 ciai m 35 V\/Per ein said step of entapsul ating I ncludes
forming an array or &kARAEPATRRE@ regil; at tachi ng the array of encapsul ants

to said plurali ttyrm@hg ahiagthy o BQWBEGE: i . 38. rocess.as .clainmed in
clai m 35, including ?o_r i n% a pl uréﬁqﬁf@% e?f%t fc\?‘FHﬁQIa 9§ g faid pefiphegal
assenbl i es by t&erRARfsgidgasaptackesept acl e j oi ning portions to separate said

light source agsghli fro id array. -30- 39. A process as clainmed in
claim38, incl UZI ng égl\?é?g %ﬁvﬁ%?t@ﬁiﬁé‘%ﬁleﬁ“i%ﬁl’ ¢Puflyglive coptitcts onpaid
syenbl i es toclacsichbing@b®@rd or handling. 40. A process as clained in claim

3 7 wherein said substrate includes a tape or reel handling system 41. A
process as cl ai MYNHRAE Helfisangss omterbeses cfanid astagpfedcehaemng sai d array of

making first electrical connections between a first contact of each light source and
the electrically coqductive contact of the corresponding receptacle, and second
electrical connections between a second contact of eéch light source and the
corresponding receptacle; and

enc_apsulating said light sources and said clectrical connections to form an array of
light source assemblies, wherein an unencapsulated portion of the substantially planar
electrically conductive contact of each receptacle provides a first electrical contact to

the light source mounted in that receptacle, and the electrically conductive receptacle

provides a second electrical contact to the light source.
)
36. A process as claimed in claim 35, wherein the first and second electrical connections

are made using wire bonding.

37. A process as claimed in claim 35, wherein said step of encapsulating includes forming

an array of encapsulants, and attaching the array of encapsulants to said plurality of
light source assemblies. |

38. A process as claimed in claim 35, including forming a plurality o.f individual ligﬁt

source assemblies by removing said receptacle joining portions to separate said light

source assemblies from said array.



el eetrically conductive contacts includes formng said array of
electrically conductive contacts interconnected by contact joining
portions, and attaching the contacts of said array to said electrically

i nsul ating regions, and the process includes renoving said contact joining
portions to separate said contacts fromsaid array. 42. A process as
claimed in claim41l, wherein said step of formng said array of electrica
insulators includes formng said array of said electrical insulators

i nterconnected by insulator joining portlens, and attaching said

el ectrical insulators of said array to respective regions of said
receptacl es, and the process includes renoving said insulator joining
portions t id insulatorg fromsaid array. 1 43. A process as

ol ai med in gl g%rogéig«‘ a8 Uaitneqd Hy ARy ® HgIuding weriie attchim shid inhividasiuige
assenbl i es onsaretRs@hiiftato & 4RRGAE hPhdddgLgase the divergence of 1ight
generated by said two or nore light sourcBs. 44. A process as clained in
claim 35, including form ng an array of non-planar supports, each of said
supports iggl wding es..ar .recesses for receiving respective |ight source
assenbl i es.agkllg%&g%‘? gijcse(ggmgg W QAL P nvharainniaad, subsiesteinelisles b stpepooteel
form ng an arhamyliog sys@m:.pl anar supports includes forming an array of

pl anar supports, and deform ng said planar supports to formsaid array of -
non- pl anar  supports. -31- 46. A process as clainmed in claim43, wherein
sai d non- phanar t . ectri.cal,Ly conductive, and the process

i ncl udes mk??gplgﬁg%c%rﬁﬁ%% T S PP o Y hsE etad $#rd of Soppiogt sadd cartaye of
regept acl e orelecically eohductiat loynta o da@tid : t.o (t.he .
ﬁggulator‘of each 1.ight source assenblj¥q2§ﬁ&' p%%%%@§8§§g%ﬁsﬁh%anﬁwewaim
43, wherein t%&t%dﬁ‘gl{cﬁanwede@bﬁonta@h@mérwmﬁoas sathtychigniHe RnelcBCH T igdl | Y

conductive sSupRorh ARK clri.cal _connection with the receptacle or
the el ectricall 3 cgndu@??tega@oﬁ%glgtm%f?%BWedmflot?l? PEOGeRS iichidss removing daidyht

source assentsPytactfgining process sesrat 8haRSniaBts T, ;4 frrapherein said
non- pl anar support is partitioned into at :

42. A process as claimed in claim 41, wherein said step of forming said array of electrical

Insulators includes forming said array of said electrical insulators interconnected by

msulator joining portions, and attaching said electrical insulators of said arr‘éy to

respective regions of said receptacles, and the process includes removing said insulator

joining portions to separate said insulators from said array.

} 43. A process as claimed in claim 42, including mounting two or more of said light soﬁrce

assemblies on a non-planar support to increase the divergence of light generated by

said two or more light sources.

44. A process as claimed in claim 35, including forming an array of non-planar supports

each of said supports including holes or recesses for recetving respective light source
assemblies. |

45. A process as claimed in claim 44, wherein said step of fonﬁing an array of non-planar

supports includes forming an array of planar supports, and deforming said planar

supports to form said array of non-planar supports.



| east two support portions to enable individual control of one or nore

| i ght sources electrically, connected to each support portion. 49. A
process as claimed in claim44, wherein said step of form ng an array of
non- pl anar supports includes formng an array of support |ead franes

i ncluding said supports and contact |eads for providing electric current
to said supports. 50. A process as clainmed in claim49, wherein said
non- pl anar supports are done shaped. 51, A process as clained in claim43,
i ncl udi ng encapsul ating the two or nnre'ﬁlght source assenblies and at

| east a portion of said support on which said two or nore |ight source
assenblies are nounted within an optically transparent encapsul ant. 52.. A

rocess asygl Aai in.chaim43, ;i.ncluydi mount i ng the support in an
ol ectri cal fi‘}' @iﬁ%@%ﬁ%?f nééﬁ%‘ghé Kh gt 43uiditssin said P%é‘PE‘ﬁFr EBRPRAGE iS5 Sleetyichlly
di rect cont acbndvctivecomt gt prob@@d&pl@ﬁe@n&%ﬁ%‘éiﬁ \ﬁ}(v}:‘é‘&féﬁf E@ﬁ?egii&? 'b‘éf%t{%ﬂ S d

support. 53. A process as clained in claim erein sald contact '|'eads
are cont ai ned" the wespsgclp it thenelaetticallbasedystive | amtat satikdpaskage.

-32- 54. A pqﬂ%ﬁﬁ&“ﬁ§§&Lg@g%QUk??6%ghﬂ}53’ wherein at |east one of said

cover portion sai por Cl udes recesses adapted to
accommodat e said contact |eads. 55. A process as clained in claim43,
wherein the step of nartng el ectrical connections includes: formng a
plurality of %P‘%&?%Siaéé aimgdh Heelaior 43, wherpinnhe meynting peerehdigtit neittcs hapmblyo
connect one r j portions of respective |ight, source
assenbl i es tgh ggighgﬁ%ggfpgﬂgﬁgg§t9§%%|n&“@ﬁfdﬁngﬁﬁﬁa ai° Hﬁﬁﬁcfﬁﬁbtﬁ%
sayd |ight sowepeclssahbleiesicalig conduttivnpatatt atRhédks tk&airﬂuﬁ{o?%fghg?ﬂght
( nections.556. A Frgfess as claimed in claimb55, including divid ng~at
| east one of “¥&FY*EFBEPrical connectors into two or nore portions after
attaching the at | east one electrical connector to said |ight source

assenblies and said su]lpport.. 57. A process as clained in claimb55, wherein
each of sat8dAdprreesssiaga aipghmeddior 47, iwhekdid @sid @on-planar support is partitioned into at

least two support portions to enable individual confrol of one or more light sources

electrically, connected to each support portion.

49. A process as claimed in claim 44, wherein said step of forming an array of non-planar
supports includes forming an array of support lead frames including said supports and

contact leads for providing electric current to said supports.
} 50. A process as claimed in claim 49, wherein said non-planar supports are dome shaped.

51. A process as claimed in claim 43, including encapsulating the two or more light source
assemblies and at least a portion of said support on which said two or more light source

assemblies are mounted within an optically transparent encapsulant.

52. A process as claimed in claim 43, including mounting the support in an electrically
insulating package of substantial thermal conductivity in direct contact with contact

leads of a support lead frame including said support.

53. A process as claimed in claim 52, wherein said contact leads are contained between a

cover portion and a base portion of said package. .



plurality of projections for contacting said |light source assenblies and
said support, 11 and an.annular portion interconnecting said projections.
58. A process as clained in claim57, wherein said annular portion is
substantially planar, and said projections project away fromthe plane of
said annular portion. 59. A process as clained in claim57, wherein said
annul ar portion is substantially circular. 60. A process as clainmed in

cl aim55, wherein the step of formng a géurality of electrical connectors
includes formng an array of said electriédl connectors interconnected by
connector joining portions, and the process includes renoving said ,
connector joining portions to separate said electrical connectors from

sai d array.54- 335r0&5k § al med. in.claim6Q, wherein the array of
el ectri cal con:rglpergt o? géfﬁcfzrﬁ%(ggéClgﬁ%ﬁu’rgﬁ’%F? %fieqsﬂﬁg? Ogﬁ?félcé?’ercl?ﬂﬁfl%?gdfséhd
maki ng el ect r basalpodivnriedtidanscaserradagsd tPdccoRfiddh@ngi Ofonsal gagupports, and
a plurality of outer annular contacts for naking electrical connections

near peripheral regions of said supports. 5 62. A process as clained in

claim6l, whexai | &r tacts incl.udes a, plurality of
pr 01! ections f‘gﬁjrgcoeﬁfgggtc %&%E&;% gﬂp#glﬁt “glglt[}?% e:&tl%% F?ﬁ‘i“gaﬂapt?g?locéélﬁ%ﬁ&n@,

and an annul aclydesti on i nterconnecting said projections. 10 63. A process

as clainmed in cléai m 62, wa{%ei n the annular portions are substantially
planar, and t hETBHRE BPLIRlY Qf flestipal gornepigromectohaving e predstemtinedshafe tsai d

annul ar cont agémectdaYof MSFA L ' %ar parti ons to enabl e
said annul ar contacts to mat e%ﬁ%%ﬁg%?égggggg?%gg tbvret]ilgrﬁsw%rfces’?é?e&“ethfeél‘f{)
$Oyrce assembbdiésupnedt; sed d support. 15 64. A process as claimed in claim

61/ wherein the @ﬁﬂylarkﬁﬁntacts are substantially circular. 65. A process
as claimed in cf & mee GHEFERH coRnGrtars & 531¢ Hght spusesrsserablias aod seidotuppert

adapted to fitfo maltdkapBélbffigiidonh&GbAN. 20 66. A process as clained in claim
35, wherein said electrically conductive contacts are

56. A process as claimed in claim 55, inclu'ding dividing at least one of said electrical
connectors into two or more portions after attaching the at least one electrical

connector fo said light source assemblies and said support.

57. A process as claimed in claim 55, wherein each of said electrical connectors includes a

plurality of projections for contacting said light source assemblies and said support,

and an annular portion interconnecting said projections.

58. A process as claimed in claim 57, wherein said annular portion is substantially planar,

and said projections project away from the plane of said annular portion.
59. A process as claimed in claim 57, wherein said annular portion is substantially circular.

60. A process as claimed in claim 55, wherein the step of forming a plurality of electrical
connectors includes forming an array of said electrical connectors interconnected by
connector joining portions, and the process includes removing said connector joining

portions to separate said electrical connectors from said array.



adapted to fit said peripheral regions. 67. Alight source assenbly
produced by a process as clainmed in any one of clains 26 to 25 66. 68. A
| anp assenbly produced by a process as clainmed in any one of clains 26 to
66. 69. A lanmp produced by a process as clained in any one of clains 1 to
24 and 26 to 66. 30 -34- 70. A lanp production system havi ng conponents
for executing the steps of any one of clains 1 to 24 and 26 to 66. 71. An
array of light source assenblies, includiqqg: 5 an array of electrically
conductive receptacles for receiving respéctive light sources, said
receptacles interconnected by receptacle joining portions, each of said
receptacles having a substantially planar base and a substantially pl anar
peri pheral glegi gcesanas alaidyd &f claiubed, aMdrah e RRANGY el &R thetdrORItLREOLS
on said peripheral regions of said electrically conductive receptacles; 10
an array of shialintefainngr snawar centaets rfor ahiking arhebtridal enoentivas treao cestadl d

electrical i I L sQur ces unted on the bases.of said array of
electrically E?)ﬂrl:igﬁ%:?f \%%d Sl!rlpgjggﬁ’ta @Ia g?ral ré]ioug?ré'('?‘f"rﬂia’é%ﬂn%gsnﬁé& GiesClefdtisitlen
sai d el ectri ceddngciamdieat patiphenicatdns of8sld fsipsdrts. 15 contacts of said |ight
sources,_and second el ectrical connections between said electrically

conduct i Ve receptacl es and second contacts of said |light sources; and said

| i ght sourggs i S icabint gqn i ej encapsul at ed,. rei

an unencapsUﬁZ?%ﬁé%o%t (?%n of ir't ﬂélng(él%sﬁgl%{e?rgl%f‘% Bfg’r?a aécctoflfaffgl’f’\éﬁ es a

conduct i ve coplusdity of peejettionsefor pomadtingpsady lighs sdurdd A8EmBli&Cidd 6ad s6 ACt
unted in that receptacle, 20 and the electrically

to the Iight sorcerrP [
conducti ve re%"é&‘h@l’é‘ 4 PSTHAJBICEC0RBRING saldduelertians. contact to the |ight
source. 72. An array of light source assenblies as clainmed in claim71,

wherein the thickness of
10 63. A process as claimed in claim 62, wherein the annular portions are substantially planar,

and the process includes deforming one or more projections of said annular contacts
away from the plane of said annular portions to enable said annular contacts to mate

with corresponding portions of said light source assemblies and said support.

15 64. A process as claimed in claim 61, wherein the annular contacts are substantially

circular.

65. A process as claimed in claim 26, wherein said electrically conductive contact is

adapted to fit said peripheral region.

20
66. A process as claimed in claim 35, wherein said electrically conductive contacts are
adapted to fit said peripheral regions.
67. A light source assembly produced by a process as claimed in any one of claims 26 to
25 66.

68. A lamp assembly produced by a process as claimed in any one of claims 26 to 66.

69. A lamp produced by a process as claimed in any one of claims 1 to 24 and 26 to 66.
30



sai d receptacles is selected to provide sufficient conduction of heat
generated by said 25 light sources to naintain said |ight sources within a

desired operating tenperature range.

-34 -

70. A lamp production system having components for executing the steps of any one of
claims 1 to 24 and 26 to 66.

71. An array of light source assemblies, including: e
5 an array of electrically conductive receptacles for receiving respective light sources,
said receptacles interconnected by receptacle joining portions, each of said receptacles
having a substantially planar base and a substantially planar peripheral region;
an array of substantially planar electrical insulators on said peripheral regions of
said electrically conductive receptacles;
10 an array of substantially planar electrically conductive contacts on said electrical
insulators;
light sources mounted on the bases of said array of electrically conductive
receptacles;
first electrical connections between said electrically conductive contacts and first
15 contacts of said light sources, and second electrical connections between said
electrically conductive receptacles and second contacts of said light sources; and
said light sources and said electrical connections being encapsulated, wherein an
unencapsulated portion of the substantially planar electrically conductive contact of each
receptacle provides a first electrical contact to the light source mounted in that receptacle,
20 and the electrically conductive receptacle provides a second electrical contact to the light

source.

72, An array of light source assemblies as claimed in claim 71, wherein the thickness of
said receptacles is selected to provide sufficient conduction of heat generated by said
25 light sources to maintain said light sources within a desired operating temperature

range.



