C7- FLUORO SUBSTI TUTED TETRACYCLI NE COVPOUNDS RELATED APPLI CATI ON Thi s
application clains the benefit of U S. Provisional Application No.

61/ 188, 30wWo 2bidkoads2en August 8, 2008. The entire teachi ngeTafs2ineszbove
application are incorporated herein by reference. BACKGROUND OF THE

| NVENTI ON The tetracyclines are broad spectrum anti-m crobial agents that
are widely used in human and veterinary nedicine. The total production of
tetracyclines by fernentation or sem -lsynthesis is neasured in the

t housands of netric tons per year. The mﬁdespread use of tetracyclines for
t herapeutic purposes has led to t nce of resistance to these

anti biotics, even anong highly suqﬁﬂ? I bacterial species. Therefore,
there i s need for new tetracycline analogs with i nproved anti bacteri al
activi tigsqrthehiiaRa €s against other tetracycline responsive diseases or
di sorders. SUVVARY OF THE | NVENTI ON The present invention is directed to a
conpound r epre¥diieafl thy paisenidnvengion mplates fona ight-enyiting diede (WMaERUY mediley

accept ahing ﬁs’ﬂa'inst p@ﬁ@\qﬁﬂ w@%eLEDXmoaul%efoeqxs@cinf iKY g @ther portable

C1-.C7).al b d het ;Y | ect ed
Py dr Sqet e e 6o anedes Lo BRI R AESER. O ai kyl ene- (R A) (RE) .
-(C1- C4)a| kyl ene- N(R 1>0(0) - [ C(R D) (RE) Jo- 4- N(RA) (RB), - CHEN-OR A
- N(RA) ( ; )-AO-[CR)CR)] 1-4-N(RA) (RB), -N(R)-C(O-NR A (RB),
-N(RF) - = -C)alkyl, -N(RF)-C(O) - heterocyclyl
- N( RF) - C( O - Heltlag baygy [been N@ﬂj_}n cpdyusc apseyeisy |1nclu¢u(1g2|1§1u1@(1@mgrqutches
- mg gg g%a%;r#}ﬁ’?ﬁ %fg‘g}ﬁﬁlolﬁﬁéﬁrgergg{r&go@&ﬁ@ and forrm 1rnages on Jurnbo television
m ( C1- CAFEERY | éﬂereaFeyFntYYatLE%w%%@erbfw@@ 5h@01¢a 1% l%ﬁmamw@% fsucBath RA
and 1BB atghligie ped desdl dnips§ Heetilse darhérpnoihyd ttogen LEOSIcacNhal Ikyder, prod(ée

1-C7) al bpc I

G0 coytik iR et %%9@ B te &bﬁ%ﬁi{l@%ﬁ?%ﬁ& Lo gty used in
- ( C1- Co)mhkadtional- f@sblaghtoanydhopdlamps C1- C6) al kyl ene- O-aryl ,

- (C1-Co) al kyl ene- O heterocyclyl, -(Cl-C6)al kyl ene- C>heteroary|

-S(O m (Cl- Lky!
OB A e DY s v
- ( 00- C4)iB¢RYACE iemppraluren Réfeelivsadiyyipation etaicahis Rereforr dwpdadoigen ¥31%Th% t he

ni t ri@gencap&turOoht T WaNindfsalchigHMichifsor m a het erocyclyl or heteroaryl,
wherein the heterocycle or heteroaryl optionally conprises 1 to 4

addi ti onal oat ndependen sel cted fromN, S RD and
Soeh R T 1 e R e RO L ED AOHTES ook ih s Ry BEEBR et
aryl, hevetsouypédrying shettetoalytrentokER madulesabideya decmal ¢poyy ammshaciimilsi de

chain oy, Ethnc OrTﬂ%'Rn@P%;o?ﬁ: n%%fff gﬁg% Bk Wi hantdhl%qﬁl% Q@@n&?béﬂré grﬁ'@@' ch

they are ound forma ered carbocyclyl, or

het er ocylelfly aftagiiveends nsinpdhdarabepryjed ylso hayerad nwefﬁgi anddaee ebtnrernatircy
comppi segjl@ee to two additional heteroatoms independently selected fromN,
Sand O RF is selected fron1hydrogen (C1-C7) al kyl carbocyclyl aryl and
het er oar yl ;

h carbo heterocyclyl
heteroaryl: SRl ondutih 51 st T uSRA0 SRR wike ke BeYelYL
subst i t Ueshisghithalepethcepdrtaplesletheinp eldvicen i their inability to prevent operation of the

lighting device when the power source (e.g., one or more batteries) are incorrectly aligned.

A further limitation on known LED modules, such as described in United States
25  Patent Publication 2007/0058366 A1 (published March 15, 2007), has been their relative

complexity of assembly or manufacture.

Finally, another limitation on many LED modules used in portable lighting devices
is their susceptibility to failure caused by electrical interruptions and/or shock from

outside forces.



hal o, -(Cl-C4)alkyl. -OH, =0 -0 (Cl-C4)alkyl, -(Cl-C4)alkyl-O(C

1-4)al kyl, hal o-substituted -(Cl-C4)al kyl, hal o-substituted

- O (Cl- CAval2kyle1752¢( O) - (C 1-C4) al kyl, -C(O) - (fl uor o- subgCirtust@d/§3219
1-A)alkyl), -S(Om(CL-C4)alkyl, -N(RG (RG, and CN, each al kyl in the
group represented by RA, RB, RD and RE is optionally and independently
substituted with one or nore substituents independently selected from hal o,
-(Cl-A)alkyl, -OH, -O(Cl-C7)al kyl, -XCl-C4)alkyl-O(C 1-C4)al kyl,
fluoro-substituted-(C 1-C4)al kyl, -S(Om (Cl-C4)al kyl, and - N(RG)(RG)
wher ei n each Y, r Kk h I

group represeﬁﬁ%gﬁﬁﬁwgéﬁ&%EOB' dﬁ%tqa%gﬁﬁgmﬁae endgﬁ¥$$%eu% %?h? g{MAth
one or rmesensaleitionue fit Browm@pem@mwﬁ%%n@dvledhatrablnast(mnua@dz)aamthrates
(C3-Co) Cdﬁ%'o?ﬁ{dfybfth@%t@gom?ﬁ‘rob‘le@is(ﬁ]th%)c al kyl, and (Cl-C4)al kyl-O(C

1- C4) al kyl . Anot her enbodi hrent of the present invention is directed to a
conpound represented by Structural Forrmula (11) or a pharmaceutically
acceptabyﬁmﬁ@wamnema@ﬁ wherei n- Rl and R2 are each independently sel ected

R SR LR (A o

( C3- 06) aypodpoainigyen, LED yd ﬁrsamym(loﬂga@b,)aalbwf assamplycfoyrn@l ty €Awdriophact and

e - O (P EEE (oY) ST o %ﬁé%?%b%%ﬁ*%% L dabr Y,
whi ch t Hag v@per mlrﬁfdéial apdrrheat ok deyrsdi by & owrcheusing sk @ eodpgiringor The

nonocycligp dndsed IKEa@)éﬁik' fre PikeWes th %f@tl bigcudr b%dr?re@érQM‘}'%ﬁ m{;laéxocycl e,
e or WO

mher in the hetergar het erocycle o | con

addilli orfaPN9FEPRY Jﬁ?@ et ?IFFd'étptéq‘? ntlpgh bl f%%ltwé&hﬁr@m SABAUSIVE iy Siher ei n
each al kyphneatadchyotblekydl, vidy, kayotesnitic eypdd aad kikyenmaruadfyt dfhehho@rtbeipED
represeqt%d Q% Rl and R2 and each heterocycle represented by NRLIR2 taken

t oget her Ry op%?onally substituted with one or nore substituents

i ndependently selected fromthe group consisting of (Cl-C4)al kyl, hal o,
-OH, (Ci1-C4) dnkbxyref¢ray anbedirgnt theolEDGno@y alskyirguli¢s foyla, bond between

(Cl- C4) Qhé‘ZE@JaHdocﬁé( |ﬁrst (cﬁ:éul%dﬁh kééxx%lpaslb&‘fb)&lt%é’dn th@'f‘igst el BBy an@geach

aryl, aryl oxy y aryl suf i nyl aryl sul f onyl nolety i.n. the groups
r eprigs erficasipl sﬁablmmameéé@mwéteé?mﬁh andopreehddifed ghpCRetiRe, ik en

togethe&hm&w@pﬁgQﬂ&ﬁh&kﬁ@@ﬁ&hﬂﬁﬁﬁﬂﬂM&th one or nore substituents
i ndependently selected fromthe group consisting of (Cl-C4)al kyl, halo,

o) et o Brete R o LD, 5 o bR g proteciay aginety

1-CA)aIMyunﬁahdmﬁ@bo@@hhgmmaMdey¢pandrﬁﬁnandmﬂﬂthaseangynndedéﬁ@emiIy
sel ecte r : LStk wherein the
(C1- CA)gT %ﬂh&%ﬁg@gﬁ#@gﬁ%ﬁ%ﬁ%ﬂhﬂgngﬁqur%%?yg%g ykg%g%%F%uted wi th one or
nore substituents |ndependently selected fromthe grou conS|st|ng of
(C1284) al ky! ,Inihg prefergsd enpbodinegnt thg &:EP madye @atse- mmlﬁw € jRdendaney 4N kRA .
Val ues” fonél k] Riiriall RoRsnISEdh etk @h @¥MmpbRntsSlilidielyurcalicrr@l it nfoduk) -

i nventi.on is directed to a conpound

Anot her enbodi t of .the e

represed??duﬁ§g§@F&%&WP§T&§3 %ﬁﬂgm%} CITYPIONS. hhar maceut i cal |y accept abl e
salt thereof, wherein: RlL and R2 are each independently selected from
hydr ogen, ( CﬂnOTl)i airkigired (c@BodBhanycitheal K| (Gddle CAyalpkopiides for an improved

Cl-Cr
(o) el 1 S A I SO e o
1- CAPal Kips incagageds ﬂ@%lhiln(ethae ori§HptgA of ldﬁ@n%trtwrgﬁpmanmnesc 1- 04) alkyl, or Rl

and R taken together with the nitrogen atomto which they are bonded forma
monocycl i ¢ orrFuRihey&dpeérs, et déditabledeatdrelamdGMCAriteges o §RAHID exiuiccwillr | dged

be better understood from the following description, considered in connection with the

accompanying drawings in which the preferred embodiment of the LED module is
illustrated by way of example. It is to be expressly understood, however, that the
30  drawings are for the purpose of illustration only and are not intended as a definition of the

limits of the invention.



bicyclic or spiro bicyclic heterocycle, wherein the heteroaryl or

het erocycl e optionally contains one additional heteroatomindependently
sel ect ed woamod17222and S; and the renmi nder of the vari blras2@9e53239
descri bed above for Structural Fornula (11).Another enbodi nent of the
present invention is directed to a pharnmaceutical conposition conprising a
phar maceutically acceptable carrier or diluent and a conpound represented
by Structural Formula (A), (I1) or (1)3or a pharmaceutically acceptable
salt thereof The pharmaceutical conposition is used in therapy, such as
treati NGHAR th thOPiJuPssd subj ect. Anot her enbodi nent of the present

i nventi on—rs-ba—net—brod-go%—treatl ng an infection in a subject conprising
admi ni st eri ngigol ISHEPGSSIE’b?tG@tVl%WiOgﬂEEIEﬁDV@d&WDunt of a compound represented
by Structural Formula (A), (IT) or (I) or a pharmaceutically acceptable

sal t thereof .pijoisheidenbRdr IRUEDmJdIR. present invention is a nmethod of
preventing an infection in a subj ect conpri si ng adm nistering to the

subj ect an eff.ective a.co nd Structur.al Formul a
(A S0 or Ty 6y o EES He B P ERITe A B AETS Ob i LERapabie Diftotner
enbodi mertendflyt he present invention is the use of a corrpound represented by
Structural Formul a (A) (1) or (1) or a pharmaceutically acceptable sal t
t hereof for t nina
subj oot . AnoriBr" Srpispifald o TRUNGRIRRS of G LETPRLDE @i L FEpa
conpounchlongghe slane dd iByFist k- uct ur al For mula (A, (TT) or (T) or a

phar maceutical ly acceptable salt thereof for the manufacture of a

medi canment fqn DSQVeﬁRﬁlgﬂﬁldlﬁzﬂ drésacttidnal ViRwlofSHBILEES inodMRQIfIFRg. erbeeinment  of
the pre nt| oSn the use of a conpound represented by Struct ur al
For nul aa? eér lflf)slg a pharmaceutical |y acceptable salt thereof for
t her apy, such as treating or preventing an infection in a subject. DETAILED
DESQRI PTI ON (g TiHE al fduipbbthvaNidhef thedsstrtircuitbemtliodirig. $. di rected to a
conmpound represented by Structural Fornula (A) or a pharmaceutically
acceptable s r eq:,]gt f i | ues for the variables in
Structural F?}lguﬂ{g%( ;&Bglr%{@%@?ﬁl acgllcﬁlﬁbggdl%ﬁv%?g X is sel ect ed from
hydr ogen, -(Cl-C7)al kyl, carbocyclyl, and heteroaryl. In

embodi ment, XIES Hydmgglmlancrcray- S&Pftl@}aﬁé{ﬁ“(/@ &b bt rrdiseit beards LI%Q:land

C7) al kylgonﬁlctleﬁglatl vely, Xis -(Cl-C4)al kyl. In another enbodi nent, X

i scarbocyclyl. In another alternative enbodinent, X is aryl or heteroaryl.

I n anot her a r is selected from

nydr ogen. - ( GET AR RR R yrcoh e ERTEIEIR | Snash R (Re)

-(C1- C4)a]ky|ene NRF)-C(O-[C(RD(R)Jo-4-N(RA) (RB), -CH=N-OR A,

- N(RA) (RB) , -HigRE)is epoyspp@vREI{RES the laweycrageRE)EiS-N( RF) - C(O) - N(R A) (RB),
-N(RF)-C(O-(C 1-06)al kyl, -N(RF)-C(O) -heterocyclyl,

-N(RF) - (O - f}q% [108 6 Yersp eMvBFlev%Q)he@&Xz&Qﬁé{ﬁdtMﬂ ofFlgl(ﬁF) (O -aryl,
-N(RF)-S(O m (C1-4) al kyI ene- N(RA) (

-N(R1)-S(O m(.C len bocc

- N( RF) - S(O)mé%h%ﬁ)%?&%‘éf _tl&e?lywerépg 10&]831@% 3| east one of X and Y is not
hydrogen. In one enbodinent, Y is selected from hydrogen, -(Cl-C7)alkyl,

- (Cl1- &) al kyllagel3Ng R bajtoRBlicw of (Bt-GAgrahkitenandNhRIdWer Copet] C( R
D)(RE)]0-4-N(RA)(RB), -CH=N-OR A, -N(RA)(RB), -N(RF)-C(O-[C(R

D) (RE) ] 1- 4- N(fRY ‘%ﬁj )-(C 1-C6) al kyl,
-N(RF)-C( O - hﬁ?egoa% ersP‘éé?F)e b%?‘%% Eie%rﬁgg})b/{)\!’(rﬁea?%: -C(O -carbocycl yI

-NRF O-aryl, -N -S(O.m (Cl1l-C4)al kyl ene-N(R_A) (RB
( ) <9 F%g/ 15 is a(51de)V1ewo the(second mrcmt%oard of Fgg ) (RB).

Fig. 16 is a perspective view of the upper assembly of Fig. 3.
Fig. 17 is a side view of the upper assembly of Fig. 3.

Fig. 18 is a top view of the upper assembly of Fig. 3.



-N(RF)-S(O m (C1-4) al kyl ene-car bocyclyl, and

-N(RF)-S(O m (Cl-C4) al kyl ene-aryl, provided at |east one of X and Y is not
hydr ogen.woOnomma72ebodi nent, Y is sel ected from hydr ogerCTASSH90F2a¢ Kyl ,
-(Cl-A4)al kyl ene-N(R A (RB), -(Cl-C4)al kylene-N(RF)-C(O-[C(R
D)(RK)]Jo-4-N(RA)(RB), -CH=N-OR A, -N(RA) (RB), -N(RF

)-C(O-[C(RD) (RF)]1-4-N(RA) (RB), -NH-C(O-C(RD ) (RF)-N(RA) (RB),
-N(RF)-C(O-N(R A (RB), -N(RF)-C(O-(@ 1-Cs6) al kyl,

-N(RF)-C(O -heterocyclyl, -N(RF)-C(O) -hetcroaryl, -N(R )-C(O) -carbocyclyl,

-N( RF O -

Ng RF% gg Og afrl%llgc% gF%O es%cf%%ﬁ%e%%ﬁ kﬁ’asﬁl n%t '\&ﬁ@pgmnh an LED module

-N(R1) - S(a@mfémm@f) @Qckgdaemewahyhe Hrﬁseahmtvh@ronenbodl ment, Y is selected from
hydrogen, -(C-C 7)al kyl, -(Cl-C4)al kyl ene- N(RA) (RB),

- (C1- C4) al kylgpeaN- 4 @la@@c?&s@-‘s@cﬁohﬁlw& %@)a ﬂash‘ﬁ@ﬁ)e(qﬁ@ped with an LED

-NHC(O rbocycl yl het.erocyclyl

- NH- [ c»m%@tl%ﬁ%vaIg/I(eafurw ardwePeWAsh(tmrese%m@nslmt( O - CH 2- N(RA) (RB),

-NH-C(O) - C(RD ) (RE) - N(RA) (RB) and - NH S(O m (CL- C4) al kyl ene-N(R A) (RB) .

AI( tccir gitb Il thShre1 a6 th%? refé(rw éegrgsent $d| ls)ys:a(l ggtsgél ]I)(ragmabove is a
-N(RA) ( RB) NIQIHLEQ Opdularifoegaidipg to A(pr)fe@¢Opmbodiment, i Hjowd( ©) Figetlebocycl e,

and - N( H)- tﬁé Ts@%{eﬁr%y& el‘ﬁJ ttl’f'er ?Eb‘ %é?%?le 19 In%lu M"’a% D &Y 3- flﬁl@tRé)f&ﬁB) :

Mor e speC| are ,

r espect iBpard 30 .Ba WGRASSﬁmlm’BS éqréleﬁrhy@p&wwemyctsm @Rd( ) Wﬁ‘rfdﬁfiqlﬁ}@fr %é‘n
( (Cl C&%El&}(ﬁdi mrcﬁh(b@arli ’Qﬂaﬁ“ub ér, asse(tm @@)fﬁlﬁr{féd' Bhgr @ﬁfeb%ﬁﬁtdf'% and upper
a e etero
{0 B isaReoheang: by i UL SERTER G bRter B areferably adectfal Ky

I ene O angthl, and £ter@act ymkiyl ene- O het erocyclyl, -(Cl1-C
i)al kyl ene-OheteroaryI S(O)m(Cl C6) al kyl, -(C0-C )alkyl ene-S0)

m car bocycl yI r
m het er ocycl ?(% al?lgel 9%?%% aﬁh%ett e%%ﬁéagolf%lr@% 2 %

t oget herciigit O@Ilde Bip Iheak 20 s shlderreyto Aheefitsd atienit beasd éO hlétngraocycl yl
?r Qet S&s@féreb{'a Pl’iﬁtﬁ@@l‘d@r Bge Iaaagar RGNl %tvla{ Imn%r fafablg)pmﬁon%bl %0 @QO@PIIU' ses 1
(0] aadi teroat ogns |1 ndepengen rom and n one
enbddi n'E[nl:J EORa, qlsprpﬁlerép%%r@ﬁwag eard ]éd Ppbrdﬁh#wr byBrlednd-1aRinNg | ; RB
[ ? sel e;@cﬁﬂpefnl’ypELEydTh)@EED LChady abpa surfaé@@@@ﬁ@lakmbveﬂ@u@a&émoydw

C0- C6

- ( C0- C4)u(£)|pE ?uépage %P%]ha%a eC?)})a {ha lsec%?ae%etez;eg}af{(%g ﬁséﬁ%%} n a dérlg: l kyl

- C4) al kydvenyefr@dhe ruapermanr@p@@g)el 2\ hanldwe( QO£ 4c4) A0k ldsemn posBi ©) ccmtad'ueméraoar yI ;

RA t t I
ey HER AL DS U PR AOT T P RATLBE
| n 2ot HeRvErieadi mamer. Ahajlewry sy &I}w B 4 Beag pped draicphpyanthat is In

(C1l- &A4) ahklal cafifhuniSefdn withithe d:ibdmoand RB taken together to form4-7
menbered heterocyclic ring. Each RD and each RE is independently selected

f hyd het I het I
or 3 nat ur ol 120 QESe TG SO RO He e hEAO Ry op: HS R RET aen
t oget herenwhotdhnd:rh,ethe ardencat board 30 whgankrallyeycealneinshapa Tlor fimsaeiuit boerdber ed
carbocyclohas 8 (Bpt SuRERG0CGAEIELBC KGR 9henaLANE ARt S8V X

f ormed #5 ahdTR onaII onpri one t tronal “heter oat ons

i ndééendéﬁﬁeregblss@roel&ﬁél@ flrr1 dmnmtersleamﬂlamlr ¥ ondhigkisseliamd s profgmabls dommedar e

both - H fdff ol Sl bﬁgtp%ﬁttédr afeulftywaﬁge@he(f% Grchal vovtd 3¢ @&b@wﬁwbm@ﬁyl and
heteroa(r)fyl In one e ?ulrrent drogen In anot er odinent,, RF is

sel ecte u’f“f%%‘ﬁhy@ﬁr%gétn n@%finSC% &I Ptratar i SHPRPYH%%é hodHR 20Tn S hék
enbodi nEhetionk aé & t}&ahelcdo@dﬁcrt@mﬁohudﬂm@amg héﬁm%fﬁinkme [ 20 e thel conflabt

anot her enb n ect e r dro an henyl
RD | o sditbctba T g s 8y ot 3 cuiengey 4 yRn-ar e SreitRodiguCor ok
het é0ocyftashlight. In particular, one conductor of the ﬁrst circuit board 30 electrically connects

one terminal, preferably the positive terminal, of the LED 20 to the lower contact 50 via

upper contact 91 and the second circuit board 70, and a second conductor of the first



and a naturally occurring am no acid side chain noiety, or RD and R taken
together with the carbon atomto which they are bound forma 3-7 nenbered
car bocyclwb,20mvo12524- 7 nmenber ed het erocyclyl, wherei n t hechatsesony2hy|
formed by RD and RR optionally conprises one to two additional heteroatons
i ndependently selected fromN, S and O Tn one enbodi nent, RD and RE taken
together with the carbon atomto which they are bound forma
(C3-C7)cycloalkyl. mis 1 or 2. In one& enbodiment, mis 2 . Each
carbocyclyl, aryl, heterocyclyl or heteroaryl described above (e.g., in the
groups r

or oupe RLFSSINER, Aty SRon R, (R RAAAT b5 ARbLRIM LN AN

sel ect ederfipah teethe outey BIus@E) KO cont@iiringd. - O- (C 1- C4) al kyl ,

-(Cl-C4) al kyl - O (C 1-C4)al kyl, hal o-substituted - (Cl C4) al kyl

hal o- substi t %@Qlo\x/%lﬁq:lé Qﬂ@hﬂﬁ)@r surf§deQo0(i& ddfi kit by a non electrlcally

-C(O- (quros titu (O alk RG)
and CN. %}Eﬁtﬁéﬁg F@ﬁ%ﬁr d%a%%%véqrmﬁ % 6% cy¥p F Swé%cgr is
opti gnal 1hg/1uaemr,ch ﬂetvdleal@rs@lﬁﬂlt dny rsuhmgwlatrtshe;ﬁbdvpotsime e minial 305,62 Sldistiyt sneit s

i ndependent |y, sel.ected from hal ha 0 substl t ut ed

Car ony BB W e R TG R PR R AR SR B A each
car bocy(slhgqbed therypial pirdaﬁféﬁr dathgt padoshapestaee peysdlle 1s optional ly and
i ndependent|y substituted with one or nore substituents independently

sel ected fromyuGdBer gu‘rfé@é 9@0 Ql%i 1ncNfd%}st an@?&ﬁn@k&iékalgeie’rs‘h ahaxg (e.g.,

in the %rougs represente

opt i onal 101%@@@@%&% pg‘m}é@as{w &@eewt% gdgeon afitherrse Clé%ts%qaff&héﬂt s

g-n(ég)l)erdﬂf@t fingt Beliegt’sd, Whizm d&au]gﬁes jubGunkteCA)Alok Yie, perBery; &5( CHiddeaidtyl , -(C
a

C 1-C4)al.k bst i t ut
L0 m (A it SR e e o Rl eSS Sishra Sccbiish iwitepreryr oup
(e.g., imnlft drfethg rreuphergprles das edwilg r‘e’glon BEI) anidsa ognrowrraglby 3@0d Tlmjwpxtmdent |y
bstit >l t
hal o, - CEEORH 3R focflRl SRR Tabll UERL SiAERCDRSH d}i g P8 A e
each al k¢ lqcatedappgsitugrcherihas el?’mtbdh%ﬁrmnﬂsth@mqoaﬁé&ndyn@ 0; ﬁ 2Entfent | y
substsi t ul Qi fcbmmldaﬁowlﬁl tfh!e! th%fgatwéet@ﬁﬁlnhmﬁpsﬁuﬂﬁ{&t ﬂhyrn@ﬁlpﬂaatﬁ@ frigm

-(C1-A4)al kyl r%@ ) al K

(Cl- Ca) ARYIVe & ai(?@t Cal%ﬁscﬂﬁsd grﬁﬁbg P HERAD f‘éé?%ﬂéﬂWFr g%fa@ é&broup
represented by RGis opt| onal | y and independently substitued with

( C3- C6) cycl oahdkyhowrAsn g d7, hihe dower windare B 5aizdal RB dtfikeln ih Qgett bera wot-h t he

i h |,
I e Y O e s
system tMaﬁeHhésmbomegt,@a@OW@LdPHﬁQDQd PQSlttl‘r@etel’mmﬂb@ﬂéh Eha)msut@’wmﬂmhalRA and
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The lower surface 210 of the LED 20 is attached to the upper surface 300 of the
first circuit board 30 by a screen applied solder paste, which is then sent through a reflow

oven. The lower surface 210 of the LED 20 is oriented relative to the upper surface 300 of



the groups represented by Rl can be optionally substituted with one or nore
i ndependent|ly sel ected substituents defined above for Structural Formul a
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atomto which they are bonded forma heterocycle selected fromthe group
consi sting of azetidine, pyrrolidine, norpholine, piperidine,

oct ahydr ovpcehopamniz2al c] pyrrol, isoindoline, and azabi cyclror3is200betane,
wherein the heterocycle is optionally substituted with one or nore
substituents independently selected fromthe group consisting of (C
1-A4)al kyl, hal ogen, -0OH, (Cl-C4)al koxy, (Cl-C4)alkylthio,
(C1-4)al kyl sul fnyl, (Cl-C4)al kyl sul fonyl, (Cl-C4)al koxy(Cl-C4)al kyl, and
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surface 300 of the first circuit board 30 so that the first wide portion 420 of the main body
405 is located directly above the first wide region 345 on the upper surface 300 of the first

circuit board 30, the second wide portion 425 of the main body 405 is located directly

above the second wide region 355 on the upper surface 300 of the first circuit board 30,



-CH2CH3. Tn a second alternative enbodi nent , for conpounds represented by
Structural Forrmula (1) or (Il1), RL is hydrogen , nethyl or ethyl; and

val ues amwoabtoarim®i ve val ues for R2 are as descri bed alpovrastaw/osizes fir st
alternative enbodinment. In a third alternative enbodi nent , for conpounds
represented by Structural Fornmula (1) or (Il1), Rl is hydrogen ,

(Cl-A)alkyl or -O(Cl-C4)alkyl; R2 is selected from (Cl-C7)al kyl,

(C3-C6) cycl oal kyl (C1-C4) al kyl, (Cl-Cr)sal koxy(Cl-C4)al kyl, phenyl ,
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30  direction opposite the base 506. The first and second prongs 502, 504 preferably widen,

inwardly toward the interstitial space 508, as they propagate away from the base 506. This
results in a narrowing of the interstitial space 508 near the ends 510 & 512 of the prongs
502, 504. Thus, any portion of a circuit board of sufficient width inserted into the

interstitial space 508 can be mechanically held in place by the first and second prongs 502,



each RA is independently selected from hydrogen and nethyl; RBis selected
from hydrogen, (Cl-C )al kyl, -(CO0-C6)al kyl ene-carbocyclyl,

- (C0- Co) avbyhevaszeyl , - (CO-C3)al kyl ene-heteroaryl, -S(@rmUSaSGsy2ad kyl ,
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-(C0-A4) al kyl ene-S(O m hel erocycl e and - (CO~C4) al kyl ene-S(O m heteroaryl;
or RA and RB when bound to a common nitrogen atom are taken together with
the nitrogen atomto forma heterocycld®e, wherein the heterocycle is
optional Iy substituted with =0 and -N(RG (RG; RD and R are taken together
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the first and second ends 554, 552). The leaf spring 550 is therefore capable of electrlcally

communicating with the anode terminal of a battery, while still providing some degree of

shock absorbance if the anode terminal is accelerated toward the leaf spring 550.
Alternatively, in portable lighting devices where the LED module 10 is not in direct
30  contact with the anode terminal of a battery, the leaf spring 550 of lower contact 50 helps
ensure electrical contact is established and maintained with an adjacent conductive

element forming part of the main power circuit of the lighting device.

The lower contact 50 is preferably made from a single piece of beryllium copper,

or another suitable electrically conductive material.
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to the anode of a battery. In other words, if a power source (such as a battery) is placed

30  within the body of a lighting device with a non-anode (e.g., cathode) terminal facing the
lower surface 624 of the base, the LED lighting module 10 of the preferred embodiment
will not receive electrical energy from the power source. However, when the power
source is properly placed within the body of a lighting device, or in other applications

where the LED module 10 is not intended to be in physical contact with the power source,
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30  There are no prongs in the vicinity of the vertical grooves 610, 612. As described in more

detail below, the prongs assist in the alignment of the lower insulator 60 and the upper
assembly 85 during assembly of the LED module 10, thereby preventing (or at least
minimizing) the twisting of the second printed circuit board 70.



limts of the invention.Description of the Figures Fig. 1 is a perspective
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contact pads will eventually be engaged by the prongs of the other circuit board gripping

clement of the lower contact 50. At that point, the lower contact pads 702, 712 and 704,
30 714 are in physical contact and electrical communication with the lower contact 50.
Further, the lower circuit board gripping elements 500, 520 grip the second circuit board

through an interference type contact.

The assembly process is simplified because the lower contact pads 702,712 and
704,714 are, preferably, substantially larger than the width of the first and second circuit



ring 40 of heat sink 101. Third, it functions as part of the electrical
circuit of the flashlight. In particular, one conductor of the first
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40. As shown in Fig. 6, the upper surface 300 is defined, in part, by a
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failure of this attachnent, given the tendency of thermal epoxy to becone
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the upper surface 800 of the upper assembly 85. The positive terminal 370 is therefore in

electrical communication with the upper contact 90, the first negative terminal 375 is in



circuit board 30, the second wide portion 425 of the main body 405 is

| ocated directly above the second w de region 355 on the upper surface 300
of the fiwetoovmeizet board 30,the first narrow portion 280/ustohss2nmi n body
405 is located directly above the first narrow regi on 350 on the upper
surface 300 of the first circuit board 30, and the second narrow portion
435 of the nmain body 405 is | ocated directly above the second narrow regi on
360 on the upper surface 300 of the fifst circuit board 30. The first w de
portion 420 is therefore in thermal and electrical comuni cation with the
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alignment with each other. In this configuration, a printed circuit board
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upper surface 542. The l|eaf spring 550 is positioned adjacent to the | ower
surface 544 of the |lower contact 50. It preferably takes a convex "U'
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creases 555. Further, the |leaf springl850 is preferably forned so that the
second end 552 is in physical contact with the | ower surface 544 when the
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As best seen in Fig. 4, the two pairs of prongs 614, 616 that protrude from the
upper edge 604 of the lower insulator 50 aid in the alignment of the upper assembly 85



where the LED nodule 10 is not intended to be in physical contact with the
power source,this feature may al so hel p prevent damage to the nodule by the
mat i ng comouotooaes2el ement in the event that the |ightingcuaseae/osrigr opped
or otherw se receives a significant inpact. After nolding of the | ower
assenbly 55 is conpleted, the first and second circuit board gripping

el emrents 500, 520, respectively, of the |ower contact 50 protrude into the
central cavity 630, as best seen in Fig. 4. It is to be understood,

however, that the illustrated orientation of the first and second circuit
board grl, n I r 46 S not
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are positioned near the | ower edge 730 of the second circuit board 70 at
approxi mately equal distances fromthe side edges 740, 750. The second
circuit bwerdiofd72an be connected to the | ower contact POThis2008683219 ng t he
| ower edge 730 of the second circuit board 70 into the central cavity 630
of the lower insulator 60 so that one of the side edges 740, 750 of the
second circuit board 70 mates with one of the vertical grooves 610, 612 in
the | ower insulator 60, while the otheg side edge mates with the other
vertical groove. Upon full insertion, one pair of the |ower contact pads
702, 71 i e : e of Gld cuit
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poi nt, the | opgr o&t@ﬁhaﬁstmgnqd@ i{ QRade’ frémaid ¥R ttically hnd! BeinhIRhYdasdiveont act
and electrlc I nic th the | ower contact 50. Further, the | ower
C|rCU|t’%ﬂ§?ﬂ EF&%%H%Q”@ﬂéﬁ@ﬁ*%u§6@““520 grip the second circuit board
through an interference type contact. The assenbly process is sinplified
becadse t he |ldviermediitsaetcopdins ta QR @i@eﬂnmvéﬁrhnmﬁyajeeusegirmfervahbty of
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may be inserted in either of the ible orientations in ch | ower
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board 70. The first and second pairs of upper contact pads 706, 716 and
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upper insulator 80 and the upper contacts 90, 91) is.now desc
shown i rhegd @st qu_agqferrqdngrom the main body 405 of the contact ring 40, through its side

portions 440, 445, and into its fins 450, 455. From the fins 450, 455, heat is then



upper insulator 80 of the preferred enbodinent is forned froma

non-el ectrically and nonthermally conductive material, preferably a liquid
crystal pabynavoirizat i s capabl e of wi thstandi ng el evat egCrarsp@oasizme. The
upper contacts 90, 9 1 are preferably nade from beryl|ium copper, or

anot her electrically conductive material. The upper insulator 80 is
preferably injection nolded around the upper contacts 90, 91, formng the
upper assenbly 85. The upper assenbly185 has an upper surface 800 and a

| ower side 810. The upper surface 800 is generally oval in shape with a
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redundancy provided. In particular, the nodule 10 is still capabl e of
functi oni ng iHrom tﬁlhérElbﬂIOﬂhémmieqtﬂgad@!IMY@GﬁS dot kED(R0aand flowsebgagpned. The
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i s enbedded in the upper insulator 80 and exposed on the upper surface 800,
and a pair of circuit board gripping elenents 924 simlar to those

descri bedworromanmneeti on with the | ower contact 50. Aft ercralisdinagsx2iot he
upper assenbly 85 is conpleted, the circuit board gripping el enents 904 of
t he upper contacts 90 protrude bel ow the | ower side 810 of the upper

i nsul ator 80 generally below the main portions 902 of the upper contacts
90. Simlarly, the circuit board gripping el ements 924 protrude bel ow t he

| ower side 810 of the upper insulator 80 generally below the nmain portion
922 of t p .cont act p S S [
el ement sé}g%lg ﬁ%sﬁal%&%r?) T uﬁlg’%%et o%aﬁgleq?’oﬁéﬁﬁ%:ﬂg% %?@%%fe??@bﬁ%g?gﬁ“hgm at or
80 and tdhestricat energpifflayur ioed the tor eap e, threugdi theuit sepsdrigg 2ppimyingd dreent s

904,  9244{HoaE &g 2B 8P Thc YRRk SR, Aty doDI&8GARd e SiCui t board 70.
Upon assenbly of the nodule 10, the first "'pair of upper contact pads 706,

716 of the secopd circyit_board .70 are engaged by th rongs of circuit
board gri ppi r{@f {inhit H@oﬁ%ﬁlrelﬁbge%rdtfwept%agﬁﬁ WRIBL A g, capd BTee
second p@iagd 0. ﬂ“ﬁe%tomldrﬁoaﬁéctipﬁd&ngﬂ8m ﬂeggti@ef teriéas 82® 00 tFé nppﬂrtsutf@w? 7g
are eng Prongs e circuit hoarg.aripping el ement,-904, of the
o her oot B BiaEe P8 gl uipyS SRlrbRIR HPle SR AR SrRTERRIR ek
709, 71%nghe idvecr sedarecbfdirstauictiit boandd 07 Theme gatngaganinbly 37 he3 §Pravn gs twh, t he
pai 1 of ifl &iciHital DORRHAELRA! BANCYFIP HoftafR4o® T HBP Ge, CANKAL! ind iccFie 1 7t
pai r of upper .contact Pa s 706, 716 are therefore in electrical

conmuni CRPMBHIGHIOR vaHethgsceand difspi bopigntOabianghdhe elsetriselconacqsianfomredypper
contigct Headsen B8 twd ket Bodrd @Ippale’ d16@bntS OVMUAH GRlti 408 sWEdnA Se oTtuppér upper
cont act 90f gﬁﬁﬁhsg,ﬂglrg BSL{ of upper contact pads 709, 719 are In

el ectri ¢CAMaE 2 MNP Bhe upper contact 9 1 via the pair of circuit
board gripping elenents 924. The assenbly process is sinplified because the
upper cont actWpads fe@trred 16nbodd8ent7dfBaramdpio®ed LEID navdele pmckfite rradpleytive

subst antj al | f i: r i i i

ari ppi g CLPEhehE HOg6 bEARBAORed ' Rirckdlf IERRRGG, ¥opBla g hba ORI,

t ol er ancéisratiphs raltemats, crpkasimends. dnd adisrnste magaAls ma(be pettemplaeddyohese

conflisgurggtiic@nn ahe ot RRY MaySbd A AMBRE heRPFRARINY BOvibRYshON 6 heGrQent he
second circuit Q,ard 70 'n elhger of %Pgﬁt@ﬁvaSSIble orientations. The
physi cal "BHRBc I PBh ThistuaeRlcphe uadeasiper Tat O osgadiog 1ymadnanky iy Wippheh
contact%x&?pkﬂaﬂdakﬁomh?ghﬁnakmasedmst@bpékﬁyﬂmlmwaakmiagkﬁmHmdi¢&@WI bOﬁrd
gri ppi ng el enent $..904 the upper contacts 90 are ace rt. from eac
other,  oSiSERBs M RAC afrpdiongepESich asphdiend loe tiegy PRASRGH T Reitak i
circuit desardioi®f ti8t phofdrictyenbodahad, thaceleasedidnjatiohef ¢he gumponbwtarod thgr i ppi ng
el engnt W7 [ 1 upper contacts 709, 719. The
eIe??riigggégﬁﬁé%?ﬁgﬁﬁggfkggﬁkttggggg%gﬁm%?rcuit board 70 and t he upper
contacts 90, 9 1 also has increased reliability because of the redundancy
provi ded by the pair of circuit board gripping elenments 904 and the pair of
circuit board gripping elenents 924. In particular, the LED nodule 10 is
still capable of functioning if the connection at one of the circuit board
gripping elenents 904 or one of the circuit board gripping elenents 924 is
interrupted. As best seen in Fig. 4, the two pairs of prongs 614, 616 that
protrude fromthe upper edge 604 of the |ower insulator 50 aid in the

al i gnnent of the upper assenbly 85relative to the | ower assenbly 55 and the
second circuit board 70. The prongs 614, 616 al so prevent novenment of the

| ower assenbly 55 relative to the upper assenbly 85, thereby preventing

tw sting of the second circuit board 70. A heat sink 101 of the present
enbodi ment conprises contact ring 40 and outer housing 100, preferably nade
of metal. CQuter housing 100 of the present enmbodinent is generally
cylindrical in shape and has a circunferential wall 110 with an upper lip
112 and a | ower edge 114. The upper |lip 112 defines a generally circular
upper opening 116 and the | ower edge 114 defines a generally circular |ower
opening 118. Wthin the circunferential wall is a central cavity.



The circunferential wall 110 is generally circular in shape with a uniform
t hi ckness. The dianeter of the circunferential wall 110, at any point from
t he upperwbizpiolci2s2o | ower edge 114, is only slightly | acgars2adaass2zihe
correspondi ng di anmeter of the outer surface 602 of the circunferential wall
600 of the |ower insulator 60. However, there is no correspondi ng
circunferential groove 606. The LED 20, the first circuit board 30, the
contact ring 40, the |ower insulator 80 (with | ower contact 50), and the
upper insulator 80 (with upper contacts 90, 91) can therefore be inserted
into the central cavity of the heat sink 100 via the | ower opening 118.
Upon f ulWhatds€ildimed Is:t he LED 20 and a portion of the contact ring 40 are
exposed through the upper opening 116. In this position, the | ower edge 114
of the circunferential wall 110 is supported by the circunferential |edge
622 of the | ower ih&ghtigomodde. cPHWISIEer housing 100 is then secured in
this position to the lower insulator 60 by inwardly crinping the
circunferential wadVl 1RFHHOR& Ut er housing 100 where it overlays the

i nf tial 06 in.t.he | i | at.or. 60., U ) bl th
Sut or housing. 100 W v By ML diREaltpdned o SdhRebol VB SRGRE el s on

ith<th t act i i . L-he. i i i hysi |
bont et e st 1And, ol Qnbfic i laig LW RABLWIL Boidde 1 ° 10 PIYS! €30

This physical, el ggtriggloreiaRghqtHRerdml Qggg%%p@ﬁg?%ébe i mproved by

injecting solder paste into two access notches 1 upper lip 112, on
opposite sides of the upper opening 116, |located directly above the

mul tiple fing 450, TiaRhehg iRuRUTREH I, WhdrcdhsAd diré IEBLat AR NPutaliey entire
LED nnduLe 1®thr8u h refl ow oven. However, a | ower tenperature solder
conposi tTIMaE CGrIUCEVE S8 conposition with a | ower solidus tenperature
and/or a lower liquidus tenperature) is preferably used so that the

emmeratur e of, Lheut et o ERITRY B SRS R SRR e e

to attach the LED 20 ' esolidus ure-of the
sol dér dberpudlycoaductisethyes asotawectethby ggint act ring 40 and the upper
contacts 90, 9 1 to the first circuit board 30. The outer housing 100 is
made froman electrically and thermally conductive material,. preferabply

ni ckel pl at ed"al uniiSUEhtpEmGdyt P fedaige & orRATFIY ong of MOty PEdhyias siebifidon” may
be used i, a variety of lighting devices, including portable Iighting

devi ces such as flashlights and headl anps. As shown in Figs. 19-20, for
exanpl e, the LED nodul e 10 nay be positioned so that an anode term nal 14
of a power sdurce Tt l(ghtigg, mahde of chamel, bydtct@n isesl) heaf siakfis asermghlt ark?2 is in
electric - ' [ ' - f. g e contact 50,
and the‘%%?%%ﬂﬁﬁﬁgﬁﬁﬁﬁﬁﬁbwyéQ?Em@F%@?&?@%ﬁb@%ﬁﬁﬁ%P%g?#%§“§?§ﬁ%the cat hode
term nal 28 of the power source 16. Although Figs. 19-20 show the anode
termisnal 14 ig) el egld |igRingC AIBAURT 68 W Hlelche shigafighsii MedmeOruttheough an
el ectrically conductive pathway fhat includes several structures, the
modul e FOMEERCHE AFBHnSETGI PAEbstId GRE SO SEotindOaHbd HeFIEHAR 14 | s
i n el ectdohgalnienisnwiitcalid dércunitoard he | eaf spring 550 through any ot her

el ectrically conductive pathway, including direct physical contact.
Simlarly, although Figs. 19-20 show the outer housing 100 in electrical
conmmuni cat i or/.wi t Ahehleghtiag mowiela ef ¢hiinab, Rigreinrseulgiecam] ataaitboaghtdngrols
conduct i i ncl udes several structures (including the barrel
18), théﬁﬁgggﬁgﬁq%n%gﬁhﬁé alternatively positioned so that the outer
housing 100 is in electrical comunication with the cathode term nal 28
thraggh any o her Elcagdhiing alddyleCemimt 7, \ieheRah BMaYeconB ¢lregit DehrdiséQ6d as

physi cal cont act MLtP thekfarrel.lS. The LED 20 is positioned within the
ref | ect G AFUGPICSHECH UG Yt CiBR j%%Et | ght through the lens 22. It to
be expressly understood that the present invention is not restricted to the
flashlight 1?9.descfﬂeb§f‘§nﬂ1§rl%b&ule %‘f”ctleﬂ%% RRerd & i&)%gc%rﬁﬁ ARRANEAL 10yl hose
skilled in the art after rFeviewng the presen di'se osure, one or nore
aspect s adfctiidaé ¢oEDNMwdatica YOthmayidalcgouibebaart chyoeht @dplurality otfhelecipiset abl e

| i ghti ngodgvdi&es. including, for exanple, headl anps. The flow of thernal
energy away fromthe LED 20 in the preferred enbodi nent



wi || now be described. Heat generated by the LED diode 220 is transferred

t hrough the heat pad on the | ower surface 210 of the LED 20 to the thernal
pad 325 owmotzhm/upjrer surface 300 of the first circuit bearws3@y/obeas is
then transferred fromthe thermal pad 325, through the nultiple parall el
hi gh copper content |ayers 385-388 and thermal vias 390, 395 of the first
circuit board 30, and into the nmain body 405 of the contact ring 40. The
heat is then transferred fromthe nai B2body 405 of the contact ring 40,
through its side portions 440, 445, and into its fins 450, 455. Fromthe
fins 450, 455,, he i fer j . I.: wever,
heat is also (%angﬁgﬁg%%ﬁgﬁhgggfgﬁf%gﬁf¥H%gﬁégﬁwggéﬁ&ﬂggEgbagﬁéggtn‘act
ring 40 destnidaé connestorh cus icapplivospastd treletiveesn tha Fogitodingli eent¢réing @if deid j oi nt s
formed i@.ddueivLBibBiddy of the two access notches 120. One option is to then
transfer the heat fromthe outer housing 100 into the barrel 18 of a
flashlight 12 or other large thermally conductive body of the |ighting
device. The fliow ofheelighitghs hodargbf @laihashivhekin iZdegubmpedcwt thhatdes LED
nndu%e 10 illfnom%be.de crLQﬁd. EIectQicaL ene¢g¥ L§ grgduceq iP one or
mor e “bat FBFT &1 TN AR TRAIGH SO TR GRIE Wiy RUT PRTE B &Pl el

el ect r i airteptatibowslativhtosrghcacuiebaed.ri cal | y conducti ve pathway that can

i nclude snap in contact 34, L-shaped contact 36, assenbled circuit board
38, L-shaped contact 42, inner contact sleeve 44, spring 46, outer contact
sl eeve 48, an@- cordectiglifingc nodyle; pf slaimet.| Ehciebdsrie lightmgr wagwct fvehereaf
spring Whpeked ReohRWETan8 WP EoNtRQ - is Eh &I Gl I¥minh@icatib®WeitlPWdid Qecdide | over
contact 50 and into the second circuit board 70 through the electrical
connect iHUH8PHEd between the circuit board gripping el enents 500, 520 of
the Il ower contact 50 and the first and second pairs of |ower contact pads
702, 4,712 and 404, 714 .near the | ower, ed 730 of the second cirgcuit board
70 eet i e enel by e Foguls SEEBR e BalBrtr i PEAR pih it bng

i nt o t heooppencationtvatt sagl secoid ooyt toled thieigh ripdakliyodréctricehcdmoeeres. bet ween
the third pair of upper contact pads 709, 719 near the upper edge 720 of
the second circuit board 70 and the pair of circuit board gripping el enents
924 of the upfer clwtlaghtingmoduleef ¢lpienl3.cfberg el Mo Sé@tplmahg’n@f mai n
portion Jiied dohfectitpalic €QMIBCEpaled rlaivd IS ehd Mglthdinhl &dnt&Uhd opaargd 30

t hrough t he p05|t%ve t erm nal 3%% on its | ower surface 305. Electrical
energy tHEMIGIISHE bPHidough the first circuit board 30 using el ectrical via
397 and enters the LED di ode 220 through the sol der bond between positive

ternicnal 315 gnd t it C on the | ower surface 210 of the LED
Zo,qéhere elégtri6gﬁg§%§§%9¥@ﬁ€%9h?%&§'through t he di ode 220, to produce

light. Fromthe LEE diqgﬁm%%@géﬁh&%ﬁgggg&ngﬁﬁﬁﬁy exits the LED 20 and fl ows

back into the upp ci rcul 0 through the sol der bond between the

negative contact qjj the jigwemigief86& ALK& td i8d iisBndly antiuRgeaLrMEt
termnal, 320 of the fjrst circuit bpard 30. Electrical 'energy then fl ows

from t heOpid with gifirst spldepeptpRPsE®™; A t he contact ring 50 through the sol der

joint fornmed between the first and seco | andi n 00, 335 on,the upper

o face 300 of t ndti r duneel ik PhpeRG 9o uRlS et PR S metitir SRLEHA Y e

por 20onshodRilg, 48&chefl toheaidmiharadly cdddcafe tdieutobdadt with ng séonplosdlden of

t he heatoﬁk%§ﬁ$91' El ectrical energy then flows fromthe contact ring 40 to
0

the outer using 100 of the heat sink 101, and then to the barrel 18

(through an el ectrgycal |y LARAHQL thYemaPHBNRY B AMenARR id fekhdehald o bal |
housi ng 54, ground contact 58, and sef screw 62) or other source of

el ect ri dWUSBEAYIBEE fordotoldes sompasifipn.gatd thyd spidgheqmgosyiany kavingsa ligyidewsy ough
anot her tehp&hiur€ dw&omaeahé OiquideheedmhpiareoL gy fidsOwsd ishitloscbdd k@dér cap
24, ﬁgrouggpthe tail cap spring 26, and into the cathode term nal 28 of the
r earostBRPFEPYS t hereby completing the circuit. Additionally, the first
circuit board 30 provides a ground for the second circuit board 70. The
ground connectd on . i i .32 . e 300
of ‘the firat & rou P RHEDERAE dfel MR IaH 01 bIE: URRREGH LEET,

t er m nalsgid3peond3®des gomhesitieynrse l@mlﬁgce of first circuit board 30. The
negative termnals 375, 380 are, in turn, in electrical comrunication with
upper contacts 90 which are, in turn, in electrical comrunication with the
second circuit board 70 through the electrical connection fornmed between
the two circuit board gripping elements 904 and first and second pairs of

upper



contact pads 706, 716 and 708, 718. Wile a preferred enbodi nent of an

i nproved LED nodule and its respective conponents have been presented in

t he foregwonglodiizz2zkosure, nunerous nodi fications, alter&ciransggooabizes nat e
enbodi ments, and alternate naterials may be contenpl ated by those skilled
in the art and may be utilized in acconplishing the various aspects of the
present invention. Thus, it is to be clearly understood that this
description is made only by way of exapple and not as a limtation on the
scope of the invention as clainmed bel ow. Mreover, while directional terns
such as upper,-and Y i1t at descr.iption of the
preferred enﬁgginéﬁgrﬁ%ﬁggfg?gﬁggé%%ﬁﬁeﬁ’a@?%%hé%ﬁkﬁ%hggﬁggﬁéﬁng6 H]the

pr ef er r edccgndsbdomewnicatien woh spiddat sink. be so linmited. What |s Cained Is: 1.
A lighting nodule, conprising: a) a circuit board; b) a light emtting

di ode attached to said circuit board with solder; and c) a heat sink
attached to s&d c‘/‘?‘?léﬁ‘i“%g GO USRS der; d) wherein said heat sink
conpri ses an outer housi 2. ., The lighting nodule of claim1, wherein said
circuit board has 4 plu?gahbﬂngf thermal |y conductive |ayers. 3. The

| i ght.i ng nodul e of_.claim.2, .wherejn two 0 re pf .said plurality,o
thor el Py Moomanceitle | ruphdt et WG WTRGE B8 R SeBhblihe o i8e ) o

of cl ai mn8ftingttkeds, A coagt brardiind adfeatsanld vi as are blind vias. 5. The

l'i ghting nodule of claim1, wherein said heat sink is in thermal and

el ectrical comuni@ati owheictrhsadilight ergitting dode iin gttehed do std curghit dapd
circuit p@aasslderd- The lighting nodule of claim1, wherein said lighting
nodul e further conprises a second circuit board, and said second circuit
board is in electrdycal igtHRhiaida0Riniid ftdeded tCiaid biruibBrd with. solde,
Iigﬂbin dul e of claim®6, wherein said second circuit board controls said
lig e ting diode. 8 The lighting nodule of claim7, wherein said
second circuit board se . as,_ . rqnic i.£.6h .d light emtting
dlade. o' The | Toiling AT A RO N L R T
is in elbtodyrndsdidbightemitowtdiode.wi th said circuit board through a plurality
of electrical connectors.10. The lighting nodule of claim9, wherein two or
nore of said plurality of electrical connectors are equally spaced relative
to the | ongi tlfdi natheclghtiag derice of cleim d Sswhelictn it bedst hOHs&T & POWSL SOPFes

l'i ght i nGhaigulie afbdeC b@itidt Gandvh@able $BhtACts &ARFGN GhidCHiAtingoRbdulesfueipabl e of
naig%ainin&)electr%c%L cpnnun%cation %@th %aiddcircg%% oard %n a p%ﬁrality
of dri erfPHIPISET PUIEG Y &SP TICaLTAPRIMEH A WBRFYI ST pREd) TRy PGB e of
cl ai m 6,lighhieg encdlugaiscconiigtuiel ng produt eleftucsh@mmanpatiosdstwcanosuidcithodnd sai d
contact J.S;.l lLegtrical i I i [ C i Lt . 13.
The 11 grienah of i b spRERD' G Ll dlaRFL ENFRCARILE LA aLBORlE
communi cdedtiads! ionimwrgaiios ebasyveerc paid Lanodp santct B aighpewve sewps epd ghid
el ect ri cahtaePOMN@RE IBSing Mbdulhe |ighting nodule of claim 13, wherein two or
nore of said plurality of electrical connectors are equally spaced rel ative
to the longitudinal centerline of said second circuit board. 15. A lighting
mod@ioe, conpragsi ngrhea)igitidghesvied by otadimd Ut wheret k4idi donbalod;satd) lightidgght
enittingP%%@Qea/tHached to said thermally conductive circuit board with a
gl

first s §?FP%n; and

21.  The lighting module of claim 9, wherein an insulator is disposed between

said circuit board and said second circuit board.

22.  The lighting module of claim 21, wherein said insulator is formed by

25  injection molding.

23. The lighting module of claim 22, wherein said insulator is co-molded with

said plurality of connectors.



c) a heat sink, conprising a thermally conductive nenber and an outer
housi ng, attached to said thermally conductive circuit board with a second
sol der cowpasindiesz2 d) wherein said thermally conducti vecwarsb@w/osxriat t ached
to said outer housing with a third solder conposition, said third sol der
conposition having a |iquidous tenperature |ower than the |iquidous
tenperature of said first and said second sol der conpositions. 16. The
l'i ghting nodul e of claim 15, wherein 24id first solder conposition and said
second sol der conposition are identical.17. The lighting nodule of claim
16, wherein id | t. W th
sald hont oi A 1811%&5@?%%&&% dcgfvcﬁggl b$ \Ivﬂkrah%‘ﬁ 1£§u‘f3%r ﬁ%’?&‘dﬁ‘éd‘:@eﬁfbg
lighti ng%arﬁm{wéboh@wédawsﬁmmd omeﬁbo@yl corrprl sing a light emtting d| ode,
a circuit board, and a heat sink; c) wherein said light emtting diode is
attached to said circuit. board with sol der; d) wherein a|d heat sink is
attached to ard chheclightingomoduii ot clapn gsh - Wheiein eseidyislsitor Safmredty si nk
i's in eligettidrc@abldemuni cation with said body and said light emtting
di ode. 19. The lighting device of claim18, wherein said body houses a
power source having an anode contact and a cathode contact, wherein said
l'i ghti ng nmodulée f urtteheghtiog mprduest caicof aetierein seldeiosulatonls @emnided eathi on
Wi th sai nd wherein said lighting nodule is configured to
pr event g cl{‘ t?;a?f{%ggﬁrﬁ%muonr?catl on between said cathode contact of said power
source and sai d contact of said lighting nodule, while allow ng electrical
comuni cat i om7bet weg ?ht%?gﬂo&ﬂ@%ngﬂﬁiﬁﬂ of said power source and said
contact of said |ighting nodule he |ighting device of claim 19,
wherein said contagt ofa @t drduitdobiddg nodule is a |l eaf spring. 21. The
l'i ghting nodule of claim9, wherein an insulator is disposed between said
circuit board and ai d slegormhitthg divde abedred to 2Zirst Bhie dfitlghfiisngrauitdwhel of
cl ai o Zletg\%q@e%l n said insulator is formed by injection nolding. 23. The
I|ght| ng of claim 22, wherein said insulator is co-nolded with said
lurality of connegtors,.2 t chaiy € an
Pnsul at o?/ is disp g’g ts)dgtﬁ gﬁh@g@lhtﬁ?la'rs{é%}wgdggfprﬁf dgﬁga &géng‘gﬁgf C%H{racwt
boar d. ZEPPeITP@“IthgPﬁ m%dqqioladh% ugperdpsilapn 4he yprar coptastyj QMRS st ands

formed Rycdda @tﬁftdc@@uﬂ'@de@ldﬁga 2. sidhefr Iuegﬁgpeﬂgnsﬁmw £hdod phlralith can,enmer ein

d I | d th I I 1
T oht | nGORBURTS On AGRHIICET Srgot a5 Tyt POt PR Bl fi Side i OB S FOGHE 1898 ¢ 1 ng
di odé atdnaodfetl’hetfemalef tomsibctorsdbeing ih hdectridad tcomntunidatioln oeirtd the filst Sohtdetr ; C)
an upPerauBSULA 811cAT SRR CRIRIJ SGAR BRRCH JOSHLRLRN ANBRS i

contacts co- I NS COI’I S conprising
first artbe S@@Dd d‘OD‘@ﬁﬂt mrfacsuht apper iopulatof psssmbli h@n@fdlwh@edmwp@at thadfustat or

and a plganatidnd c%taf:t%ﬁ?f*a@es%%‘ﬁ#&&&ﬁéal ‘BBmﬁlu%f‘c%%'@w%thQEe st LiR&id Hb%l»ti at or
opposite the first side of the insulator, at least one of the f emal e

connect Or s being iq) el %&b&ﬁ&@%&f& &aéwwwmlﬁlhhé prirdlity 8t ceimBteRtonsur f ace

and t ast o 0 e f emal connectors being in electrical communication
HZ% tﬁe secon(liq side of the upper insulator; ang g

e) a lower insulator assembly comprising a lower insulator and a lower
contact co-molded in the lower insulator, the lower contact comprising a plurality of
female connectors on a first side of the lower insulator and a spring contact on a second
side of the lower, the second circuit board being received within the plurality of female

25  connectors on the first side of the lower insulator.

28.  The lighting module of claim 27, wherein the plurality of female
connectors on the second side of the upper insulator and on the first side of the lower

insulator comprise horse-shoe shaped connectors.



t he second contact surface, the upper insulator assenbly being disposed so
that the first and second contact surfaces are in electrical conmunication
wi t h t he worsto/arseuit board; d) a second circuit boardprceasecaedsszg hin the
plurality of connectors on the second side of the upper insulator; and e) a
| ower insulator assenbly conprising a |lower insulator and a | ower contact
co-nolded in the |lower insulator, the | ower contact conprising a plurality
of female connectors on a first side 0f the | ower insulator and a spring
contact on a second side of the |ower, the second circuit board being

received wit TE t %epwt%]g' ﬁl%&hﬁg offem%%ﬁeﬂ:c{pﬂe?i% Othé fg&nhhﬁrcfuitr‘t%aﬁc? llsdﬁuOf the

| ower |nsulator rality
of f enaleéecérmh@@m@nmﬁwnhmﬂs ebo rfﬁfsts ptﬁ@ilbfooilﬂdeﬂm(mgéir thengluradity rof aﬁfralatm t he

first Skgﬁn&ﬁmﬁgﬁtﬁégﬁ%mjﬁ&@&@%@ﬁ“ﬁgthkﬁﬁfhorse shoe shaped connectors. 29.
The Iighting nodul e of clalm27 erein the second circuit board is in

el ectrical comunication with the first circuit board through the plurality
of femal e corpiect ot 1athtihpenGREOC|8intl29,0fhdrbia aume ait 86 fn@ll® EonndbtorsThe

| i ght.i ng _nmodul e erein a first |r (o] Ie con ectors are
conmtgct g“‘di 8“?%& for ﬁ%@ ﬁ]éﬁfg%tf‘c s%}‘r‘fﬁa&% é‘ngr?ds%?o @3Hd0fp£1° %Fo?“ee 15

connect mosnca:rtai tothnescted ¢camtachesusaecnd winrtiacthe Sustf meeofafethaih esmicototshe
first p f, i onpnget or s
are eac%hgqgﬁlEigﬁhgégggfgﬁggFVg&?%C%ﬁg ?gﬁggféﬁﬁﬂa’%@%%gg?$ﬁﬁﬁ g?ggéld
second dprgiidin @ﬁﬁ@ﬁnggf$ﬂ$%ﬁPﬂ@ﬁ¥@W@MﬁﬁHule of claim30, wherein said
second circuit board is configured to be operatively received within the
first and second r..of . female c ect rs ina first and second :
orientation. 32, -ﬁ’ﬁ@ liglytne; ngﬁlﬁcﬁf] dagh 10 o, SaWh%%“@P‘g HRR S08Ehi

ci rdgi t doafipgret %o bmopéraﬁxteﬂy abivedmitii atireandiédond peir 9P fdnide Caiicaiots
t hr ough th%gg ur,al it na e connectors on the first side of the | ower

i nsul atof 2 an? gx1ﬁéﬁ?P%g modul e of claim 32, wherein the plurality of

femal e connectors on the first side of the Iomer i nsul ator conprise two

femal e connecfors ﬁf&“ﬁ%ﬂ%g%ﬂé&ﬁ% o"fec}lﬁtnhﬁ \Izﬁ’erélgetpé P nh“ancﬂﬁ'bo%?d‘m}]sef i I ne of

said second circuit b ti'n

sai d sechifdicl reummuyesion vethe dhe |S@Hflédcqll§a%eth6¥}@haﬁhe\/é’|h}falr“§c ef v%alaw t h| n
the two dognr@ies 6RMERLOdi8e bMtha Idvidrshisudgt. second orientati on.

15 33.  The lighting module of claim 32, wherein the plurality of female
connectors on the first side of the lower insulator comprise two female connectors equally

spaced relative to the longitudinal centerline of said second circuit board.

34.  The lighting module of claim 33, wherein said second circuit board is
configured to be operatively received within the two female connectors in a first and

20  second orientation.



