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WO 200. E/ 068558 PCT/ US2004/ 002461 TI TLE OF THE
WOIRRHATEN PACKAGE FOR | NTEGRATED Cl RCUI T DIFET/(GRBBH02464
REFERENCE TO RELATED APPLI CATI ONS Thi s appl i cation
clainms the benefit of U S. Provisional 5 Applica
No. 60/ 443,470, filed January 2G, 2003, the cont ewm||||||||||\|||||||||||||y
of which are hereby incorporated by reference her 1166
STATEMENT REGARDI D RESEARCH OR *
DEVELGPVENT  Not  ARBIEcabl 60  BACKEREND F THE
I NVENTI ON This application relates to circuit packages
for integratBCKAF F@R SNEEGRARED eCTROULTCDERI |y, toO
circuit packages that include netal flanges and
hi gh- tenperature t hernopl astic franes. Sem conduct or
and ot her QW@gP\EFéBPM Gl t Rl Ede & PPLBCHIEIONET | nes
referred to as "chips" o= "die") are typically nounted
| ngiide ebpeubitpackagesnto prot egdnthe die and t0$ ovisional
facilitate electrically, nechanically and ther T
APD@%%%@@%lﬁ@ t o /dité, £ 60, pFi hedd Senrewy t2hoatls, Howt contﬂnw
£ ks 2adpbhepl | kf?r-o%ot»)épuaa Clrgemnmo%gl_s@gﬁ
i ncl udes a base Zconnnn y referréd to as a "slug" or
20 "flange"a protective insulating housing and | eads
extendi ng through the housing. Inside the housing,
the keadsvewe rRedrecunGCatbyrRondesbalisoash! B/asﬁ{R’me%
commonly by wires, to contacts on the die.
2004/ 068-- ). 58 PCT/ US2084YBB9EEE The pr ot ectlve
housing is made of a dielectric material, such as
plastic or ceramc, anthd piitiached to the flange to
encapsul ate the die and bondi ng wires and to protect
them agai nst intrusion of water . vapor and other
at nospheric gases. Myst 5 protective housings conprise
two ni eces, -.e,BILKSROUSD SFde#al INVENTION

This application relates To circuit packages for integrated
circuits and, more particularly, to circuit packages that include

metal flanges and high-temperature thermoplastic frames.

Semiconductor and othex integrated circuit devices
{sometimes referred to as “chips” or “die”) are typically mounted
inside <circuit packages <o protect the die and to facilitate
electrically, mechanically and. thermally connecting the dis to

printed circuit boards, heat sinks and the 1lik

(]

. A typical circuit

package includes a base (commonly referred to as a “slug” or

“flange”), a protective insulating hou ing and lesads extending
through the housing. Inside the housing, the leacds ar=
electirically bonded directly, or more commonly by wires, to

conzacis on the die.
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(a "franme") and a |lid, although sonme housings are
waounbdedssas one- piece assenblies. The order

the frame and the die are attached to the _&T\O{Mﬁ(n/mmm

varies, depending on the material of the frane and

nore particularly, the maxi numtenperature the

maffépi dproterigan thohernate it houk aef OEM A QY- BELENGhaterial,

hgt a ed. A circuit package for a high-power
S LL%\MBI ca T??nclvua”s‘ima' naert‘gl 1| angeched e chh¢ hélange to

encdpeuilstat thehets ofd mniaytn@ut“ﬁ%lscangoggeﬁpggeahehnm against
mtt quélnge t%/gl cally provides mounting features, such g
Screw hotes V%ﬁ't‘él ot'8P%py HRAF chothrr mw@lsphpackag@aszan Most
prob€ci$vﬁbh6ﬁ§ﬂma§%ﬂtﬁ%§co 18 o l.n use, the
~ -flange conducts heat fromthe cf‘sge 't 6 “the hedtt sinieidewal
2 THERFgh EBfper attr ealiskelal a@macmptaszdjges taarsa fd1aRGE 25 one-
piscean asdamage=-90r defopmypla er ceramc
materials are able to §%’stq'fe{hl thi's niigiRe and the die ar
a““?éﬁﬁ@r &lurés Alépﬁ@uWﬁLpaeka@epbhain@nfphoysaaH%Qe -ial of the
frafel apkc fsaE Gan yefore, be assembled prior to
the attachment FL%% & e PA T Fﬁ%‘ﬁeaaﬁEFféd“ft% material
cant kelerane, visuohitagebyrepoxyor Jein@icehetNese damaged.
coefficients of thermal expansion of ceram c fanes,
fl &ngégchor phekzod r:zme3a ahEghymv&?e’:H |l dreel® 0218 v includes a
=+§0p ungst er a;l | oy a_powder netal | urgy
" |anﬁr§tD| on pr g%ess lﬁi gl ®25 r BEERE§Y veFyer by eutectic
sol@ﬁpengwéhoamdamdre tiher call ¢ opasetdad thof- tntgje features, such
s Fesulti nglal l oy i g limted. |nproved thernal
° COnduct I'VITY CAn BETSacHievEBIEhr 60gh TiEwise mickage can be
mounGpper snoh ybderwin eeppersihan nat gd. flLange axflé?‘b“ caf ed
frozt%y g Lnfiltration process foll owed by a ani natit o
0 esgl“ howeer “Fﬁes%llfé]ﬁocesses are very expensive.
0.l é_‘t e.riati ve i y, the die can be attached co
the Fl AHGE PriBrratyra tt*é%‘ﬁl n@ tHé&arhame dird 16 da Thasge can
damagp r@acmeefmbd eSabsecOf nb@Wver 7 oW 2004111 i .
WltEs CI/,US2004/ 002464 _t enper ature plastic ‘?%’r} ? lr)?r%ﬁ@,ab.le to
WeD&r “htthelt VoS TOEF YT 2at PachT ehit fpamimdeo dhe empioys a

rfalrnangeramg d¢an t Reekbdoper forml
t| sf actorily. These “adhesi ves teﬁ gr 83F 5P nipest g@chment

-8r lid is then adhered to tnD frame, such as by epoxy.

(j)

(D

heat

To match t£he il t £ a £
i h the coefficients of thermal Xpansion of ceramic

L = g 3
trames, flanges for these frames are typical ly made of a copper-

tungsten alloy by a powder metallurgy infiltration process. This

pProcess 1s very expensive, and the thermal conductivity of the

resulting alloy is limited. Improved thermal conductivity can be

S D L . - .
achieved through the use of copper-molybdenum—copper laminated

flanges fabricated by an infiltration process followed by a

lamination process, however these processes are .very expensive.

T - a s - - .
Rlternatively, the die can be attached To the flange prior

R . - Coa L
tO0 attaching the -rame ana lid. This approcacrh enap
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YOPHEaps to open during use OF the circubtQrmokaopse
Furthernore, users of circuit packages prefer not to
inventory flanges, frames and |ids and assenble these

e Ip_;_ Se ttaching die to flanges. BRI EF SUMVARY
EE II\IIJ;\7I‘:7ﬁ‘I'Ia}L The plhesehltarf‘ﬁver?ﬂ 'GHepr AANGES VRS usec To

.a-e@:;rr cuigt package ahedefiangd ang &caidnd .2 AD :@Ib@dﬂrn?mvs “han

S o) 5 the Preseqt Lnventi on may be a | ow piece 5 count,

TOW COSE i r ¢l paACRETE" That*cah \WERSEan@PREFFt seals or
permie- atdrach tenpesat Ur@s-:ngnd N PFoVide: @ o ropss ackage.
Fu,‘ber nmetically sealed air cavity for a die, wt hout thé

T USE O TadhesiVesS - ' Fhhg - Déﬁ*‘%a?)%\c?a@é"deep‘ar to inventory

fianged OVsamesnunbeli@f mechanbmal-featdu s and conPositi, ...

a12008 toa-' r, this herneticity and tenperature

=t of era€€=-This conmbination nay a' so | E pro7, ide a
circuit packa y*e and the=al conductivity and

nmechanical nte r_t %than conventi onal circuit

packages . Typi gaLL he CI rcuit package
i ncl ude two pajrai"é 1rang f T |L 1%ad ;S
onblnatlon and || c. The |eads ex- en r~ 20 through

sPdelaf 191 he" BPEn-ToP ZT24if¢. The--Eahg=rk Atiardess adeZined

1nd¢ea_axt ttach area surrounded by the franme. L seal is

aro_ied inside the frane a_ong boundaries between the

flange and the frame and between the | eads and the

f pan®bodVhéer bﬁ'&efﬂfesLﬁelrﬁ\fe{E\%m &Jl ggrgo%v? tl Joo T€=€

Oh%b v.au rysta Po sea _vme_) J (e rabl epoxy)
CYD= FIr_5TIC PAgeoE ot t@e@c-&ﬁ% nigh d¢sBasqach temperatures
anf-’en%% aPTPesis encesymsgiicalsy- Sﬁtlteaachedr-aatrhev _Tfapues die,
wighRout hendig . e=eght, aSa;\,/;,:bon,%er e the I to se . the

ackags" des 2 s 2
r.= cave around f age design smploys 2

— - - .’_ .
number of mechanical Ieat1ras anc compcosiTions to achisve

v temperature tolerance. This combination may alsc
provicas & circult packags That exhibits batftar slesctriczl and

thermzl conductivity and mechaniczl inTa2grity than conventional

circuit packagss.

Typical embodiments of the circuit package include two parts: a

flange/Irame/lzad{s) combinats B R

(2

ils ©¢f the open-ftop frams. Th

{1]

——— Ll kT

between <he 1lszads and <he Zrams Materials for *=he frame
(thermoplastiz, preferably liguid crvs=z. Dolvmer) and ssal
(Drefaraply 2poxV) ars  Iormnlatad TG witnsiand diz-zittacr
semperatures. Once 2 dis s attaches tc =he fiance and —he die s
glectrically pondsd to the lzads, <Zhe 134 is walded e —he rrams
TC¢ =22l the =ir cavity around ths di=

Tre Zlangs, Zrams and l=ads of ths civops Taciags Lnciuas
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-also provide good <hermal conductivity by

The flange, fame any Il=ads o L rti _ e t:".e --cu.t
wagenimesssle 3C one O nore struct__al fe - peruddoR/002464

mai ntain ne==_anic~_n eg _ \' WD 2004/ 068558

PCT/ US2004/ 002464 of the circuit package w thout use
- of adhesives. These features nechanically |ock the
of fifnde tand bl eagdags tHéhPranmsat dtheidhesioapectinge features
medndREtL ONS. xong enbodi nen the f] ange defines a o

frame rg%?er%tb%n%sv féa%ﬂ e éil}(rjr[)hu“ﬁzl I°ng" ¢ h& i et ZMsacht their
respeealvIhretionsi-on feature can be, for exanple, a

groove or ridge that includes a dovetail or other

undér certe crasedimeni ongheshapengeThestheesopl asthfe retention
feah@mesi S, ded . ta the . flange, such as by injection

ol ﬁ*at-%%lng g g?%g?'“aaboreﬁ“é’n JSt RETRPRAeN firatgire can
be a kwy vhapler eezesrdaveorodOrat@ungdnihe i net 89LL 00 4ove

, : tail or
othfmlgagﬂrdgrﬂtlhus nechanical |y securing the frame to the

fTange. Tn-anot her- enbdtifment2bsac e dd 9 epddesiondrame is
molgiednore |lwad flehgali ardreatur esyt o SeCULe .t he to. .
mo1l€ frame. During the nolding oyper at’i on,l the ?%%J?TIE%I s Du“_ng

'Sr83' bl #8GTAPBURE (RE ITETS WINTER 15 kXY eAllstf Fomezes in or
arcombstde tdieefyiame sebbuodgh @, sidewall; of (the frame, . .
.o Lnto_the air cavity area. One Iead rrétceﬁtgo%“ arilf &he frame

G&Fi At8"%E- | east one hol e through the |ead. During

nol_di Pa?’Q some frame thernoplastic flows through, and

t héd E7EE FRPOHRBSRD efafhuscpdcknniudde beador more lead
retwintthbn tthetuzfs f eanaeApot her lgad reteption feature . .

pr.ovi des a hooked edge, ridge (;%% oth%rgléfrlﬁg?ﬂre @Hllng the
molgingegpetaiel And T EReMEebel dYrt medsiedearouht hie teid, which
ext@inisCaY¥LLY oBF £8ye THLS sLLycture is not co-planar with
~_the_ | ead. E))ur_i ng rr\g){]di %g%&s’orrten‘foruér]rrrle % r?érorf'g“ﬁﬁastol*c the frame,
intor ggzedingaidty 25=an out war d-faci ng portion of this

structure, thereby creating a

One lead rztention feature defines at least one hole through

the lead.

During molding, some frame thermoplastic flows through,
;__, -‘:.v T . P . .
and  then freezes in, the hole, thus locking the lead within *he
frame.

Another lead retention feature provides a hooked edgs, rid

Or other structure on or nesar the end of the lead

that resides
within the air cavity area. This structure is not co-planar with
the lead..During molding, some frame thermoplastic freezes against
an outward-facing portion of this structure, thereby
mechanical barrier that prevents the lead from being
the frame.

Compositions of the flange, frame and l=ads provide matching

P~y . 4_ =} - s - AR - .
coerricients of tThermsal expansion (CTE}, thus regucing Stress on

“ha ra ﬁ_;_' ., A -— -} -
the respective junctions betwaen these rparis. These compesitions

the flange and good
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mechani cal barrier that prevents the | ead from being
wpubdsgdssout of the frame. Conpositions of thefl&0&Gmrie
-Frame and | eads provide matching coefficients of
t hermal expansion (CTE), thus reducing stress or 30
t he respective junctions between these parts. These
clecgmheatt iomsiucal st pr owi dehgooteddrer ank condughb¥btY 1n one
e lhg-flange a jood _ -4 WD 2004/ 068558
mb%é%%%zo@[ 02629“% ectri 88 coKdbt ivi Y 9By EARP$Radwntent,
augamdtete $¥ arge smkhlonemowmbods frerdirdoeuh! ange s made ...
mat\g/irglgwa Iii gg 8gg£ergcon ent, augnented by a snal o
armount of ZIPERT uFTPST VR or LR hétadsipdks i mbde | mith a high
copgrot hentembpdip@iintdche,y) aadsnal e mRdgwWidh a igh 5
-;-.copper, content, augnented by a small amount of I'r gn, SPRoTS
ST PhogPHSFuS 1 e2i AGTaRdFor SThetetpiritglr. dmbcanother, graphite
flaewhodhnemd ,r:@aphbte = fhakes,id 4he fra rma ..
andmisture barrier. These gr aph%te 3 ékéé@%%%o?%%?m'“ tlakes
NCaddi ey 88 et €3 (HEBTERSE (e dfF arre tfoathe tETEnef cttheor the
flahlgangean Agpepbionalsifiil mcan be Lied to th .
, e;?t,eri or_oF 10 Eigpﬂterli C&Fr o%qt h%“f%%l%élé%d/“é)r I“ga tgrterior or
NEERPReroY edhite Troimst ured/dnf i 11d atbonfimhe -t hee@ide moisture
infGaViLy; oBRLEE DESCRIPTLON OF THE SEVERAL VI EVS OF THE
DRAW NGS These and ot her features, advant ages,
aspects and enbodi ments of the present invention wll
beconme nore apparent to 15 those skilled in the art
frosrubhe Hrddrawrngndet atdedsgesel: R f e
enbodi nent. of the pr esenﬂtigi %ventl oﬁﬁlE gnofaiﬁ QMR%WWIN"S
refI%Legce't 0, t he _acconmpanyi ng drawi ngs, in which: FIG
-1 i'§°8 %per¥Pect IVESVi ew BRTATRFr cuiacvpatkage, widdisutss  and
emtedied; s asofith ngrdsen@ng neabedi,gent , ofp e present et -
cndsavention; 20 F 2 is a_per spgglfﬁsg_%ﬁ er\J/V“o T Re G POGRLERt to
SScRAge S FELFDDf 2R GiTamwibR doliehing aidied listerdtseription
of FlaG 3mbsdZndrep vkew.pf a,sifdip of; |ead; franes, such

aken with

-

H

eisrence to the accompanying drawings, in which:

- L . : ‘ ‘
FIG. 1 is a perspective view of a circuit package, without a

lid, according to one embodiment of the present invention;

jnfed o] = -~ ] <r 4 : e ; ;
S~vs. £ 15 & perspective view of the circuit package of FIG.

e 2 . - - g : Y
FIG. 3 1s a top view of = strip of lead frames, such as

those used to manufacture the circuis package of FiIg. 1

-1

~ : : . £ - . -
FIG. 4R is a top view of the Strip of lead frames of FIG. 3

arcter frames and flanges have been molded therato:

’

FIG. 4B is & perspective view of one lead frame

of the strip
shown in FIG. 4n

FIG.

(@]
1=
I_l_
1]
183

Cut-away view of & portion of the circuit

package of FIG. I;
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those used to manufacture the circuit package of FIG
Wb 20dlfeessd4A is a top view of the strip of |ea )

of FIG 3 25 after franes and fl anges have E%@Q%Fﬁooam

nol ded thereto; FIG. 4B is a perspective view of one

|l ead frame of the s t=ip shown in. FIG 4A; FIG 5A

i s FdGeutbfaway ¥i eut edway poLtioBrOfa the-GIhCWL o aiternarive
emb%%&ﬁgge ot FIG -5 WO 2004/068558 PCT/ US2004/ (02464 T

I'G BB I's & Tut-ady VPewrEF 8 pbFti o of an

al t rpgati%e_,, enbodi ment _of the circuit package of FIG

FI GS.”"6A-C ar €' ¢t 0S5 S eciTIndnadi eieewst ahethtadgenoé of the
cindugt aauide peckage.ofl Fhfewinshow,.ng three stages_ of. .
cpJrnufacture 5 thereof; FIGS. A D are Schomati® maftfacture
- d‘r“a?\ﬁ’ngs of a die being attached to the flange of the
ci ;E,Quict gackage of FIG i FIG BAis a detailed
perspéct i'VePview BFR Rt 1esHRvefoshes ei Atai bepagkageched to
the0ffiBhGe df 40 FiGolR ioRagEoss-pectignal diagram of

several alternative enbodinents of the |eads of the

ci rowl.t gpackage of-HiGy Le @9 ,Ls a.schematic. oL
. cross-sectional diagr ar%c])% Igéppor“t%ivén'vgéfl the L:hrar}eagfs or the
CLAME tcPREGRES pRtEGe 9F FIG 1; FIG 10 is an enlarged

Vi ePonf a portion of the circuit 15 package of FIG 1

shoﬁbng BedlSs:2 FISS S BEAtandal- tiBgaae of 0SSvSEEl | AMBdrnative
embdEWSneE the:gi rcu yackage.of FIG_1 showing two

embodi ment s olfg tlﬁégciseaolug gf’ Ef’%&ﬁ%;pa%a@“ £3 ?E"a i

gr afly . show N9: agkglat i pnshj et ween viscosity and o
_ shear_rate of oﬁeﬁeﬁ%o% né#](tg)sgfé“a“Lr%ﬁ)Pgr"i &r°8arfabre @ Portion
oL & gyamgsor 2ohg e mwElt phckbES. oA®ETIA1A;and 1 1; FIG

13Ais a]d?erspective view of alid for the circuit

pa@l@&ge FBEGarl;enlarged view of a portion of <he circuit
package of FIG. 1 showing sesals;
. - . :
FIGS. 112 and 11B are cross-sectional views of the circuit
- = e . : o . : . s
package of FIG. 1 showing two embodiments of the seals of FIG. 10;

15 2 ] r Wi £ ] hip |
FI1G. 12 is a graph showing a relationship betwsan viscesity

- - = 1 - . 3 . .
and shear rate of one smbodiment of a material suitable for use as

the seal of FIGS. 10, 1il2 and ilz;

FIG. 132 is & perspective view of a 1lid for the ci

package of FIG. 1;

FIG. 13B is a cross-sectional view of a portiorn of the 1id

of FIG. 13A, according “o one empodiment; and

FIG L isg £ ha N i
FIC. 14 is a flowchart of a process oi making the circuit

package of FIG. 1.
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FIG 13B is a cross-sectional view of a portion of the
WP2YH0885%) G 13A, according to one enbodi merCT/Eeh 102164
FTIG 14 is a flowhart of a process of making the
circuit package of FIG 1. -6 WO 2004/ 068558
PCT/ US2004/ Q %:;ﬁg DETAI LED DESCRI PTI ON OF THE
| NVENTI ON THeTHre8R RESRFEREPENOpr BHE JBE BN TIION
pi ece-count circuit package that can wi thstand high
di enat treebehenpefadni €5, aphoGafles PLOVIGE 25 no . circus
a,‘gzer netically sealed air cavity for a die, %\T\Ft“hoﬁ?mﬁe“‘r“‘l‘t
PACKAHR e “Of - afHEsiWie< S TRPE, N OBhGlis @ texenpkapyreiuctt tand can
propagkagendOferiagcording: 40 one egbodimept of the ...
_present inventi 09;{ For clarity, tﬁe§ cF?twat IpackygEhout the
15160 PSNEROWAS wi FRBut 1ashows Theestmulity qackdge i@@age 100,
2ccbigh des a:fd angeali2,a.f rae 104 and two | eads 106
and 108. The frame 104 el ectri a“IL"L”y“rltns‘BVa?éJso?hgor clarity,
the| eglicuEGe paekage 1080f riom thewh| angsd? andi@achrhe cireuis
pac@bheriof digry 130.is attached to a _die-attach area _ 3
113, such as %y Ut eéfglncq“so%d“ér ¥ 14 o 81 Pt ywo leads 106
andr|1@8 - 1 Thkovis-aon Yl (Bnesidiceriakt houghstypi€al f¥et WO 106 anc
108MRLgdige, G he .attached to the die-attach area 112. .
The Luter Ch doF 119 S dei e y BoRdslt hes ditaghed to =
distetcdchtdreed | Hiae hCGh Eheyewheettecsobdes 14 aksQ clarity
FIGCOEI]dgﬁtO%q heat away .from the die 110 to the flange '
102. “TR*UsE Y he ¥ 1 Hfye 2162016 Fypi-eally Toumcetore die can
be heabcsedic o note stiewartbyn bolds 1(;not shown) extendi ng
through slots 116 and 118. The die 110 is electrically
bomtled stioethec| eadsie106 1and 1108, - :sUeh ag Ry W.res 120 .,
_peand 122. 159 These wires 120 and r-12.?_ ate gré?er abl ycgi' =10 o
Ut PREGnit Al | Y BorffE@ e ERédpsads 41@6sandot88cts heat away
trofl ttheugh coneiali ec 148.and.tyo heads 106, and , 108 are
. shc_)wn,~ nore die and/or | ga%l\g can be used.’ FI'G ZPas Gns™ 02 S
YPPfa+-%i PRt pack g SEG0 Sakter nat | PHowOD addigen (not shown)
extahtiangedhidesiet o1@ss deSCped d n 7o ey detail ;helqw. . . ..
o282 The circuit packa6ge 100 enploys a miber Cof Peetrically
Onﬁ@&h&ﬁi¢&ﬁ_leaﬂs 106" and 108, such as by wires 120 and 122

L.
These wirss 120 and 122 are

preferably ultrasonically bonded to
the leads 106 and 108. Although one die 210 and two lzads 106 and

108 are shown, more die and/or lezads can be used. FIG. 2 shows the

czrcult package 100 after a lid 200 has besn attached thereto, as

described ir more de=zil below.

T K 4 - -
the circuit package 100 employs a number of mechanical

features and compositions to hermetically sea

—
cl
=y
(]
Q
[
(]

within the

v mmard by A s Co :
a-r cavity ana to tolerate high temperatures. As previously noted
2 = - =S

this combinaztion alisc enables the circuit package 100 to exhinit

enhanced electrical and thermal conductivity and mechanical

integrity. The Tollowi lescripti i i it
thtegrity. The following description pesgine with an overvisw of =z

process Zor manufacturing the circuit package 10C. T

here +then
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features.and conpositions to hernetically seal the die
wowdolesssshe air cavity and to tol erate hi gh perus2004002464
tenperatures. As previously noted, this conbination
al so enables ~he - - ° ircui ~ package 100 to ex:|_~~y
enhanced el ectrical and thermal conductivity and
fol peehant cafletalidldch- dgsicy ipTherf obFowing dESGIGPt 110P  and  its
' LOs. M th.an averyi of .a. process for manufacturing ‘
Han?ﬁg %?rébifnﬁécﬁége‘ﬁfxﬁwﬂ%efé'- erfLteL qgscriptions of the
12226040 6685581 RCT/ 45200344002 164 trohkgusc acdedall 691 ymer used
fode griT,ptign1 E the Lange 162 and its manufacture. -
TTh'S i*$ 2161 Fowed Sby* SGet &PPed SfeS@rSipEi 6AS éFamRe 104, the lid
200! eadsa 196 et 08, naampastLiofg ofnd he i,qui g, o1 3 alog
pol ynmer used for the franme 104, a seal applie nsi de
the frame 104, themkhds5:200i880@ RNegess for
manuf acturing the circuit package 100. Manufacturing
overvtew Cpbeubbepackages dO0-qagcordi ng.t o the .
__bresent invention, are preferably fabricated in
Erest P PSR oh rékFscatidhi LFar £6Tikdnwent Ponalestisr cusimilar to
conpaakagrs: FElleud shows, astrip:309 of lead 10 frages, . .__ .
__such as |ead frames 302 and 304. Eacﬁo?ead FarR J00" of lead
Tramgep ygBsh pHwliThdsarnsc304s arldo$@ ishdanh at e 3065k includes
two3Q8aakN Qpen epbodigmnt.y o when the lLeadsfrane strip 300 .
i s stanped or etchedj‘rg1és%§régﬁbﬁggtgégth dugh® tFEPodiment,
whepedds 3062andr308. SEXapplR@9 ofs t hesepdidl es arehe8§NOWBies are
sat 310 Jhese hol.es 31Q,ar sed.ta lock a frame to
creflei i fprdREE i et §8§,§3§ e pdaien oot ahgse holes are
shopel aw. FQ er Théee Lieatkd r abhe sirei p:53Q0 dos 1Me, 2 asLEaBLy +h
- ded.. ef er le b_ainﬂectipn_nnlding, to each
l“ald%a %rgﬁ% Nt %ggdrlgrﬁnéns??fiﬁlIﬁq59W4A shows t he
| ead frame strip 300A after fr s, _such as franme _
40%‘,"tﬁévg%5eéﬁaﬁol‘§gﬁ"tg‘rhg 2000 Gde, P Grawg g molded,
pPrefieowdlon®ycdmpleetécheadlfitnge 404 cakgad=Lraresmeansb@ns ieag
£=5UP EE@ _ bndividual |y or in strips or reels to _
r%?ﬁbgeqﬁ nt*#ghuzéé¥ﬁWér§?“ &ﬁaoafféﬂﬁ1%ﬁréptéopﬁeﬁ¥ter frames,
such as frame 400, have been molded to the

invention,

=
=

lead frames. FIZ. 4B
shows one complete lead frame 404. L

b

ad frames can be supplied
individually or in strips or reels to subseguent manufacturers,

who attach die to them.
Flange

Tge flange 102 fcrms a bass, to which other parts of the

present cilrcuilt package are attached. In addition,
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ie tc a2 heat sink and slect~icallv

bonds one terminal of “he die to a circuis board. The #2

is preferably made of a high—copper alloy iat

incluaes at least one =race metal. The flangse 102
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typically imperfec:t and subject to breakdown due to the

Fl ange The flange 102 forns a base, to which other
wooeeeehs t he 25 present circuit package ar ep@tt@66R8464
In.. addition, flange 102 typically conducts heat from
a die to a heat sink and electrically bonds one
termnal of the die to a circuit board. The flange 102
comiptipkef @rableksindeoat ashi GhoreQPReL &=kQ¥endapb8@Sh.05% and
about 50% copper) to Erow de high elec= _cal and
abPHer paP ScondtetEyin y ahBheugh 30thessi $iganAeRbEng wtios are
acciff--ahtachntenpergs uies. ndbe alley.-preferahly .. gt 99.92
i r]ifclaudes a_tn | east one t race rr%t a?. 1%1% f%%%g‘e‘STOSZ sbout 99.9%
copmret epb| pooug WOL2004/08838mPCTNYIS2104002016-ik preferably
o1 HOMY IS esqat,  east, ahout  98%;copps nd betvween about .
0. 05% and _about 1. 5% z%?%orﬁl%%e g{;fkﬁ%“ugﬁ‘otrﬁé:rk“ to rorm @
diffyhi-coopperrisat | bavar eandccaEptabl 65 Terblange=402: gold to
= r.e _pref bly canprises.ahout 99.9% copper and
Iaga%o‘u“ta”(l fg/ggr‘r%rghioturﬂ% dfﬁel?pahgr%nidﬂaing"pr eferably 5
el ectroplated. with about 10Q njcro-inches of nickel to __ _|
fo?'%?a‘l“&i“r?’uéfbn%arﬁaer}% aver “AN®about 25tSast about 93.5%
copper eridchestol.gebd D véaciditmdwinsekderi Rggtheoshb®: ratios
ard10 to the fl a_nge. Al ternatively, ,the flange 102 ;
Conprises—ar fehsi™dbodt 895567 copper-dngrabpgrause an alloy
made 085% stiyeiniual Tzhouahtat hee hiighs€0pPSSer atdOSenlQna thus
are acceptable. Zirconiumis preferred to silver, S
PTREtEuse” At al 6y "HadE™fli CHSETre6Rt uRTRMP ORI rhgn 1 it is
madié gREELCERANGErCOMhentcapb LS coRt @Y1 de1586thekidas a fiange
thermal and electrical conductivity than if it is
Wiklde b\}i“t‘—‘ﬁ“%i@ | SRR CTRE EDpRRPSZ1 9T o MAlaK] @Y tpropbeestungsten
ané fééﬂﬂﬁ%—ﬂ@l&gdgnﬁ$uﬂﬂﬂ%ercO@ggﬁgéy)t%h%HReréﬁgbfé% a circuit
prior "art copper-tungsten 15 an
pagbpper Lhbt ybderRiA copperaf Fanges, onhickiienaliiteshad to such a
£16hGEVId, RAckage-4 halo.enploys -sush a flapge or, ab%b%ages} In
atfached to such a flange to dissipate nore power
adgRaRCPr | orhear oprekagessoninm  gddiovi omes t e ¢ogper annealing
tekbECQPLHM alloy has g 9&35@1 eald A0 , Lenner ature. less
et Ean rr%st hi gh-mcopper %})I oye an "?Lsoﬁ)sgukﬁngcﬁpst osa"%bejs“s“t to less
warpage as & result oI being heated to die-attach temperatures.

As previously noted, the

FHh

rame 104 is molded, preferably by

injection molding, to the Zlange 102. 2s

o3}

result of this moiding,

the frame adheres to the Zflange 102, although =this adhesion is

heat of
soldering and operation of the die. To overcome this problem, the

flange 102 preferably includes a mechanical fzature to

mechanically interlock the frame 104 and the flange.

which 1is a cut-away view
of a portion the «circuit package 100 discussaed above with

dafines & frame retention

feature 500, which is used to mechanically interlock the frame 104

and the flangs. When the Zframe 104 is molded to *ths flange 102,
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20 warpage as a result of being heated to die-attach
wosR res. As previously noted, the frams
nol d@%ﬁﬁr eferably by injection nolding, (2'12(28%)&/00246
flange 102. As a result of this nolding, the franme
adheres to the flange 102, a' _thouah this adhesion is
somkypiscaley i mer healorand subjec 4a preakdown due to the ., _
heat of 25 soldering and operation of the die. To '
Lrager E3nBNEHPS probives ©AB. fFapgendaox pr@*fer ably The frame
reticpek ydes. ch cal fea e.ta. - C he ke
interlock t{r{ﬁ f?g?reﬁlofa%ggt ﬁegrr‘g%%gﬁ] L|§jlos‘feat Grg © ey
507 staeswreli na Ech@rlsmentwhichpirsfaleut Taway vhewrrofea key 502
o h [ it P Q0. di scussed a ove wth _
e &%EFgggr%nggctt rﬁé 2; %: e f“%’ange 402 détfieea Frangrs 500,
tﬂar’”@penp“leanntelag utes 500ama\hi Ch Fsomsedihe pEChaNiGak ¥rom the
Llaifn%tc L the fraLre 109 _and_the. fl ange When the
R ONTE S| dEq T 5 The | 4HGES162, 0. b5 \gsdea between the
fra2@04h0685658- RPGId41S2004/ 002 46. 4 sone of the frane
material flows into, and then. freezes in, the frane
retlewt | Gnaheat teesfiQn f gericngea KoY S502%:1uHRe fEaMBcas:  one
etent| on, .feature 500 has a, cross-sectional profile,
STE T h&keéy O 5030t SRESSoRCAT Lol eﬁ%nfawnp{%me@turﬁ 500 is
fhﬁ%b itvhe fdwzenikeyns82, Swreehani-¢alky LQBeﬁﬁégégh ions
50vv|thth_efrarre retention feature 500, thereby
or 808ntIHy t HeheF aI%OfG4SFF6ﬁ‘PBeI$‘fg3W | egugwagsfront, L or
lolihgorf | argeadf2-wihout requiring an adhesive to be
added between the franme and the flange. The frane
" etentiooan! @aLUEeaR00-dNgludss Aty 8aStONg; o0 i rig. sa
undercut portion. In cross-section, the retentlon
deREeRSFCe P500VI shepprdl ee Wlarm@tcml crehdpenpgwhi@h the frame
redgfdings A0 adercut, portiQns,. - §O4 nd, 506 <O her,
cross-section shapes, such as a or PISFI i%0p *Carsti acen~
SUTHGREDt &l eShoATt houghld hedBr aﬁ@rﬁenehiVQn Imeun@o@omeﬁ_nns a
r Woo i &nqF g1 pressed_bel ow_t he adiacent .
: surféc%g%f C?e °f aﬁge §8§£ t_%za“frarre grgtrgﬁ §n D= adjacent
su¥gaur dlhean calimemsatliogeél yssmeridegr aoud ok the::@@lj BCENt some of

the frame materizl flows around, and freszes pelow,

is

undercut
portions 504A and 5062 of *he Irame retentiorn feature 500A. In
this case, the frame 1042 defines = key 5022z

frame 1044,

Returning to FIG. 5A, the ZIrame retention fsature 500 is
Tormed in the flange 102 by & series of progressive stampin

FIGS. 6A-C show cross-sections of the frame retention

o

t various stages of manufacture. FIG. 6A shows a flange blank
02B befor
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coining operation creates walls 602 and 604 in the groove 600.
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surface, as shown in FIG 5B. Alternative flange 102A
VRN frame retention feature SODA t haPCBASIN /002464
proud of the adjacent surface. When a frane 104A is
nol ded to the flange 102A, sone of 20 the frane
. erhal. flows around, and freezes bel ow, undercut
gw%%értué%@sl%c%‘%ﬁer&? Y5eBRbf Ot 2 #rams rérent(domension A) and
prefeatiblre HOQA. ol 02 iH&ﬁe§Q§§x>”@§mE5§g§ 4A defines a
key 502A that is within the  frane A Returning to
FI &G 5A6cCt hendwanmencetantian {@at ure_50Q is_ 25 forned
in the flange 102 b&\ a setrgi es of pr ogj?egasi%“econd rectangular
Croi?aﬁ%‘?‘}ﬁ‘. IR B Criaholweenosisect iors afhet hei rst groove

600f rane Letenki en:fiedt ups. AAO; At ~;yoa17qri ous stages of
_.manufacture.. FIG %%« shows & 11 ange Slgcﬁk ‘“fggé [Forad - 604
(FIfhePt antrdetisnt itom fleataeid 2560 hasghesy nege. i GoBByr the
gro&§hOwspasd lange, bl ank, 102 L a_first rect angul ar

30 cross-section %Po%%%’ écﬁg}hcé@pbe]é?lm%d%dur?%rt%evs 504 and
>06afieeckrsatk abthiss wiohniafeopecatiorny.eahes TWE - Se8o892 roove
s06angs 604 i-n_the groove 600 . The -10 WD 2004/ 06855%

°PCT] 2001?%%5%64§D°gur“oo\8e0%ool‘?%hep‘sr ef'efabl {A@regeon. 0p) and
prefepdeky whdeut donéhsiionhdy anrdp plefwerabby aboutrQ 02csulting
dOVéggffS Sg{gsg (hdalsrrenmsonjB). FIG 6C shows the flange

102 af ter-a second rd€rafjul AMeRSiess- @ecapbent gllo®Pd inches

(dis@Bsthars [en deisredgoven tHeefhiisd AO0LEg 6Q0 e . _ .
(aingésond %c;i nigg% oger ation defor msr%_he-‘wal I s?ugozgé%%ggmmcn“s
-‘%F?ﬁ BB) sPHGTRH o dél Papsersbiytat yepetrabiet 0.005

inchep Obrthee VLIQEVE.c ﬂ%ﬂ“%%ﬂ@%éxs(g%%ér%&gig§% oJf”Jged for

h t he underacuts 504 an 506 di scussed above,
Srefdtenddto FIG 5A. The second groove 606 is
pr {L:Erapl‘y about 0.05 inches wi de (dinension D) and 10
pr r abt§P b GHIMBSA PP ncRR  deeqy ( disremsion Cn. dhe  size,
mat gesal tamy tdPeebalil shapg ha Ler..di nension_of . _‘
o @bout 0. OQ?DQ?)nches (di %nsia%ﬁ%g%@{)éhv%hncggg"r%wvl@?ﬁ%ﬁjgal and
STRPTAPOIR C. 65 IFABRes04 ( dintedsisonef) st Trertaverhang junction
bet{&gn "ﬁh@rﬂﬂg’@l %@ttﬂeezﬁftan%polgosg' %9*5 other factors

now well within the skill of an ordinary practitioner.

that are

The'..flange 102 also includes a mechanical feature to ensure
@ good heat transfer connection between the £flange and al heat
sink. Heat sinks are typically machined flat on one surface. To
provide a good heat-conducting junction between a circuit packaqe
and a heat sink, the circuit package should lie flat against this

flat surface, without gaps therebetween.

The stamping operations (described above) performed to
create fche ﬁra.me retention feature 500 can deform the bottom of
the flange 102, thereby preventing ‘the circuit package from lying
flat against the hesat sink. To ameliorate this deformation,  th

bo.x..- = = 4 = 3 \ 3
ctom of the flange 102 is brerferably lapp=d zfter the stamping
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inches for the liquid crystal polyner (described
wb@h(qym(,g#gsed for 15 the frane 104. Al these _

di mensi ons can vary dependi ng on the size, Heal/B3304y/002464

and tenperature of the flange 102, the size, material

and tenperature of the frane 104, the desired

opestarength of ddwe diwactki-op) + befyeen the £l ange. and t
frame, cost or other factgrs thﬁpﬁ ar'e 726 %S@VU%EFV thickness

' dW“Pﬁllﬁnt fe 1&kif4C -of52dn m—dﬁnﬁaraympramilabmero TBe inches, can

redu-angge192-ahsQ ¢ Relud hani feature to
ensure_a good heat Itrgag %Iﬁreg%hshe ?tiyoﬁnﬁetsv:é’éﬁllﬂﬁew rations

machi ned flat on one surface To provide a goo
hedt-£&6K8BEES Nty unm&ﬁmd;etrmeen of Cith6Yhil PASKSGes 2%  (cTE)

ber@drachgal; si Jcyit age should lie flat
agalrnst this ﬂ#((? surface’ 5 C§ApSct AET bt wekange when

th“Thélgtanp|ﬁgl@ﬁmﬁduIU@nStMﬂeSmkh@@d aboy®) @@Lbor§§ﬁ°$§%lcaily
111‘?1 Q‘é%nt Pﬁl% ane retent| on feature 500 can deformth

tom o ~ Ay flfer By Frowsent ifdgnoke 102D with a
fla(tl mmvbmpa‘.@I@agedf eomllc-yl ng 3Q, @taqag)agm the he o
Ak, To gnﬁl iorate this deformation, %;Qbo{%t“o% a%OlQ red o
the PPEnge10T i drdr dbEP Pappedt afe*eroetehe rmJarEpi ng?hn CTE
of a].lchb@O’QA"bGﬁB&ﬁSng 4520044002464 . gperations .
fhe g:d,j I ternatively, i ncéea5| n4a g/ thi ch«anss " whereas
ﬁo}il glesay, appeperlwteylytcz Abautm/0C125s the die
110 ruﬂtEsqae@m 1neducect g ,aapu efo ti.on caus
the st anping opeFatl “ons gt])d%c%% %I e nSE R Lﬁ’@eoﬂangw
th° glfaﬁnflhel%ﬁﬁ% GHpgndthe flange 102. 5 D| fferences in
coeff| cients of thermal expansion (CTE) between the
di &2128" afBdt Aeo¥? abigel 102 Tan aefudrandike Tlange Wiehge 102D

codihe diteds-sebigred tqpt £l ange D
_schematically il ustrat gﬁ? P%ﬁ%ﬂ%ncg “FF&e fAange and
A& HARE 1R uPFarge cpezDamdt h:oaltrfalcat okt em:200i andodadie114p is
vgr%,lQlatrlaatanQagono{m een soldered to 10 the flange.

Sol der materi al 114A as not 'yet -h8ER nElt PN THACTEPR of the
torpfsugtesppéP? ot remi timrideangeDi ssapproxidmia] bylhhe die 110,

whiRkRMhGs ﬁhﬁuéﬁugmaller CTE than the flange. As a result,
surface 702 of the flange 102D contracts less than the
surface 700, causing the bottom surface to take on a coﬁcave
shape, which can leave a gap when the flange is mounted to a2 heat

sink.

rTA ~ - - < Y =
o counteract the tendency of the flange 102 to take on a

~ e L . -
concave shape after soldering, the flange 1is preferably given =

(=3
slightly convex shape prior to the soldering. FIG. 7C shows the
flange 102 before the die 110 is soldered thereto. The botiom

surface 704 of the flange 102 is given a shape, whose convexity
(dimension H) is greater than the amount of concavity that would
be introduced i i i i he 1}

troduced by soldering. In one empodiment, the bottom surface

704 is convez at least py about 0.0001 inches over the iength of

-12-
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epoxied .or otherwise attached. The

the CTE of a silicon die is approximtely 2.8 ppni C
WAWH8¥E e 110 and flange 102D are heated tecHed0@002464
the die to the flange, the die and flange expand. 15
Later, and shown in FIG 7B, as the die 110 and fl ange
102D cool, eutectic solder 114B suddenly hardens, but
thet hélahgmge Tandinatinerc aaidotiedkit) CoRd apELeANtdAGhce 704
con he eut ekc):ti cmsol er 114B | s \,/er%‘/l hard and not very _

0et i 76, PTHESF 07 ne- WYt r aBEhen eRdt outo®. 0010 inches.
Thisurdmit/ GAnofod heyfilsange pHRd onstriaiaed b e
die 110, 20. which has a nuch e O SRERS sucn as
Eh | SMRETIRG 4erBBARrS bREdt o hesunimbea 702 zef anlde placement of
did lsngr ri82D, cant ra | eggat han,fihe bhottom .surface i
700, causing the b_%%lt%gr'n E%rfé@gg%lg' tugkqghoﬁ%g g% %ér{/“ess o the
tlanpgéndwhie hcempdisaes af gaipe wikangse Jdraregeibsal flanges are
tyg It e i.n 5 Tg gounteract the_tendency
of thgldfaltbgﬁlgerélggot gblrt lz?k'éj%ﬁn lgq“%c“%nc“g}/‘ecq‘Shfpef dgr thickness
(disingdonng thefffangd)i ofprefefabilyl i weoua 0sLiyhihy¥hes can
cfpvex, sh L Lt dhe soldering. FIG 7C shows the
T angénvlogﬂgléﬁ)rg th%"&rgLaiiﬁni scag‘%‘éier%ﬁ ther seddeThpe. The
boyem osnrfard acenvedinf tike HrangeadD? iispgiven &y a coining
e, e convexity 30 (dinension H) is greater ‘
pr?%gsﬁs’t h\éﬁgﬁ%ﬁﬁcﬁ S CONCAATT THat wHGRd 2De SPREEBYUc&pnding,
cadtyirspladefbnging mmenecesbedbment, the bottom surface
704 is convex at |east by about 0.0001 inches over the
| engih 07D shawWOtBe047/13683581 PLTAEYS20044Q02464 11E has peen
Soicligna%g. | n_anot her enbodi nent, the bottom surface 704
T TonTRE By bREheBATALSET 0. D005 nches &REtabosurface 704
proE HEEKD v nehesa sﬂl@ﬁtﬁﬁ“&%ﬂv&@nsﬁﬁpyﬁrWﬁgnd%ﬂgngﬂggggn102 is
various factors, such as the soldering technique
mo%féb%?o Yhe Mffdersini z £C4RAS prABARAL BT MEUR s oicdemed to the
£141994 head | apgesatde hengthow i dbB and t'ﬂl'Sgknﬁsasttgb the
fl ange and the conposition of the flange. Conventi onal
29%137gedSare S¥Vhi @AFl yCRPHRS 0.204000¢8 (hO62> timchésr junction
betheak. tHd fthange 4 GlNRSSin(di mension Gin FIG 5A) of
preferably about 0.125 inches can
As previously noted, the flange 102

is

flange

includes a generally
planar die-attach area 112, to which th

[

die 110 is soldered,
die-attach area 112 is
prererably flat to within about 0.001 inches ﬁer inch, and more
pfeferably to within about 0.0005 inches per inch, to facilitate =a
good eutectic solder connection between the die 110 and the die-
attach .area. In addition, the die-attach areaz surface roughness
is preferably less than. about 30 micro-inches for eutectic
soldering. The surface roughness of the bottom of the f1
is preferably less thar about 64 micro-inches to facilitate maki
good head-conducting contact with a heat sink. If an adhesive,

such as epoxy, 1s used to attach the die 110 to the die-at-ach
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reduce the anmount of deformati on caused by the
weahdanssng. The 10 bottom surface convexity iF US2004/002464
nreferably inparted by a coining process, a ?Eoug%
ot her processes, such as sanding, bending, casting or
forging are acceptable. FIG 7D shows the flange 102
aregf iep, t heedicge140thas been iso g reta and both
ave cool ed. The botto%ﬁ%ﬂr%icggggﬁga% §p$é é?g%I@}Tﬁﬂ? about
0.095siPghes yrebrivish sispemoyient ot et mrageut034i 8icro-inches.
mounted to a heat sink, forces applied by nounting
sclews £B§ tHeEvidugdyge noasdi ndincat Bbatye al @ DWsnZ0Gieanthounting
s10¢@8)1fd a n f g gal nst t sink and creates,
Zlcggolod hggt@ -t%ﬁ'sfg?efﬁ%%%%%ngﬁ’bett&\%en E}P@eflé%%ecéﬁd include
thrigegeds Pk in20rpeded evdwushng motled,. tine thkangeadd2, the flange
ol uges ener al | | anar_die-attach area 112, to
lo“m%%%;‘hg’t%hé“%é’%é“glgoié Q%Fae%ag C&pSxiel BFPdEFRTMYe Polts or
otngtt delséeneThe divenat hachhavean1t2ess peefifrabl ¥1fLatarively,
enel ¢ WLLHIi n about 0. 001 inches per inch, and nore o
Spreferably*t 5% PhRi ROHBTRS F0Go 53c sk per PRbRT sepstrate,
cbviaciht ahe me2b HoOGhoRmteali §150kder connection
between the die 110 and the die- attach area. In
addition, the die-attach armeasurface roughness is
preferably |l ess than. about 30 m cro-inches for
eutrectdrevisalsder nbged TRELISUFE 6Lk OMO0RNESSE: Of 1 the e frame 102
is'bOtt%m‘OfrtQEVfL?nge 102, is preferably | ess than :
KOG B4 PRECPE2PHENRY 10 ¥%ciqT Mmalslimeki #g 8begdbenge 102 and
to head-leerduabisngneonbact pw sty aheath, iy ofoeéﬁtio the frame
adhesi ve, such as epoxy, is used to attach the die “UF tTame

1041185t JolReddi REAILEER Y ~aPUND 2004/ 088658 106 and 108, which |

extal US2Q044002464 aneasllg. the diesattach area is .
__preferably flat to Wi t hi n abou%r%8$605£%ﬁgﬁé§sp8ﬁ ich THames
1NHh Fhootth 437 v Hinseabdat 264 ssiudrtociinches. moAlisog asthe Frame
arirvl ousl ypot ed, L he ofdl ange 102 ingcludes nounting .. . :
*“slots 116 and 118, Altgrnatlvéﬁéf t%et Té%be“ioi %gﬁ““-on 15

tYR¥fdidde iariesad eddorsumehk e ade domminioiwng doel €9, dhe heat of

soldESeLa8eS ookber [Lange «L0%,can he gounted L9 3 hiea

2 ) . OVercome e eac]
sink or othef subsirate by bolts or ome’ tnis”pasblem, each
lead 106 and 108 preferably includes one or more lead retention

features to secure the lead to the frame 104.

' One lead retention feature defines a* least -one hole 310

through each lead, as shown in FIG. 8. BAs previously noted, the

holes 310 are formed in the leads 106 and 108 when the l=ad frame

300 (FIG. 3) is stamped or etched. Preferably, =ach lead 106 and

108 includes a pluraility of preferably re

ctanguiar holes 310

arranged in a line where the frams 104 will

contact the 1ead.

During molding, some frame thermoplastic £lows into, and then

freezes in, the holes 310, thus mechanically locking the lead 106

or 108 within the Zrame 104 and preventing the

g 1 lead £from being

pulled out o the Zrame without requirinc an adnesive to be added

-14-
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.out of thé frame 104. The hooked edge .800,

ot her fasteners extending through these openings.
WO\ROdPE8a%8 vel y, the flange 102 can be sol dePel/useoao02464
heat sink= or other substrate, obviating the need for
mounting slots. 10 Leads As previously noted with
Det&gier nc Hta FIG 1, the frame 104 is nol ded, '
I i;? y2PRj Bt i ol disnghots meFMarfgﬂe 162 antes 310
rotpréftﬁ:aib&@d&oﬂaﬁﬁnﬂﬂﬁy 108 A2 939 kel ﬂalb
|y around

operation, the frane .104 is nDIded préT
thElé@ﬁﬁEtaloﬁonaﬁatiggt W@¢Chh;51§§a§”1 3y Si
the frame, through sidewalls of the T %) é%q %p% Fﬁ@LrlDHteq
O Ar¥e cAVPEGLar eI IRETRIFES UPE othQiNQ;rnmhd|ngackdgE 100. The
conﬁﬁ@@ﬁmugdhgfg§ 1éé&hfoée@ﬁsl 6.and 108,  al t ough this
. adhesion is typically mperiégctfg %éo F et s lateral,
1-Spr BRREOWRFEE vt erhentieatl af LsoﬂuemLm@dmmapoberabwonnt flow
thr&fioit he; di e do rcome .t-his .probl e each 0 |lead 106
“and 108 pre?era ¥§ ?nc Ut ggmghé“bﬁ e-Featt?t eREFyHee the
holegadll esedursadure ¢th83°|—e;&(¢tttl@nbh]eafréafTEsé945f=@q€or|1 eathe 5-3
in ﬁxeq§|om nkeature. def nes at |east one hole 310
rougH each Iead.’ ap EITEWA bn SEEE. 2=l 9RARF & Ghsl 90185 can
be ﬁ@ﬁ-@@lt“d he> rhiglies z818har Bofor MRdef Neditit,d @agsiuL06,ap
lna&981wgeg thﬁogea frame %5 300 (FIG 3) is stanped o
et ched. Pfeffably ciEZeh iV ead PO ARE 308 ??@lqme’sh% cross-

secpkumaﬂlaycafopreherabbu rectmngul 3¢ hobes

of the

§§Q d.lA_ b
a line where the frame 104 wili contacto on this

r"dFﬁél ea‘dm %Bui?Fn@tnﬁltﬁ gie SOMPUEiaREtY hef nopl assiudting lead
meetbowssidgd eriasgdithen freezes in, the holes 310, thus
nmechani cal ly | ocking the lead 106 30 or 108 within the
fraeecddhiand pievantisgot he head.frombei ng | ?,ul led
£ heQul of the frame withou requirinc an a hesiVe
hephoRtPStifs W5 20087 068558S P@n’dUS’QQIOA/O@Q464adbethemnd 108,
whllhemhﬁﬁmhiﬂﬂtt4H%fféﬁH%Lléﬁ SQQWmeﬂ Eg%%yéA? the The
1 310 are preferably conpl etely covere =
-ONgB%. EFEEEIPRAI SCondiRt FeFERNGRlahenbeads 3106 aml 53@81 rably

21160881 iAWt eSe1 t @t hg,overall: porf gemnce of the circuit =
package 100. Thg e 28T BEME . n£ ow  through <he

léads 106 and 108 Depending on the thickness of the sidewalls of

h

Crame

-the frame 104, ‘the holes 310 can be squaie.

Another lead retention feature, shown in FIG. g8, provides a

hooked or bent (hereinaf:ter collectively “hooked”) edage 800
- =~ =~ !
ridge, depression or other structure on or near the

lead 106 or 108 that resides within the air cavity arsa. This

structure is not co-planar with the lead. As .can be seen in FIG.

SA, during molding, some frame thermoplastic freezes in or against

an outward-facing portion of this structure, thereby creating a

mechanical barrier that prevents the lead 106 from being pulled
ridge or other

structure is formed in the leads 106 and 108 when the lesad fr

;

300 (FIG. 3) is stamped. Although a hooked edge 800

._15_
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o

5 conductivity of a |ead 106 or 108 is proportional to

W 200806853 |, i . e.

direction of current fl ow

cross-sectional

310 reduce this cross-sectional

approxi mat el y per pendi cul ar Har/gdae4/002464

t hrough the | ead,

area of the | ead. Because the holes

area (see section line

preBQBIedrﬁmﬁdalM§bt tthe hUn@eIeadﬂﬁnﬂﬁﬁaﬂbn SbZEuﬁ@ﬂ<ﬁhﬁﬂeshaD@s

can

th

|n efPec

e h ca

“E8RY

n,10 be selected to. n1g|n1ze the | oss

uet i t7OBY ERESPFeaus FH6PEAd P8, shown  in

cro§eeéetab¢w 1ﬁIFEGhOBBSa81®0mEdU0e t he cross- sectional

area of the lead at nost by about 25%

al though this

re@Luct;auemsamjaedgmaaAﬁd ividihercanduet ot e1c0f 1t hene 1eads

R e R

X HPZ

ets

sign criteria. 15 Rectangul ar
e %ﬁ%rﬂlcé -f/rér?éln°ﬁﬁerw¥@plcgl§t|%lo to a
cirthat caarkreezerand ilieck the 1seads 106 and 168,

Whibg of a

m nimzing the reduction in conductivity of th eafea S.
higprgorpghgetl QMrﬁ%ﬁm%§ﬁ§toﬁo%h@°?Qﬁﬁzmn?ﬂHQOVh@EeQOGniﬁl="T“ical

cor@i @R @Egr ahhy toaki-gned *B@f %rﬂf;e' 4o dhes

current tlow through the

retention feéatu

- axd %q@ﬁ’crgﬁpgz

gOJs rfeoﬁazi Agﬁ

out

cre

ook d
a0 o dhs 188417
wi€iFl Ghe3)pdimnstampgtberAl thiough aahodkedredar 800148 4ihe 5

-15 WO 2004/06%558 PCT/ US2004/ 002464 preferred

NOWTY i nBRESR R t5hi st 1 ealtdRE ehPPoRfedtOfr 2Tt Re¥e preferably

rd fa Eg%

magbapes aboutr ©

phosphorus and about 0.12% zinc.

re,

SETt QR oy 108 TRat iG]

can be seen in FIG

&Y Nt S

OrtIO

aﬁPém

rid

7.5%

~
—

Iea s 106

%ﬁﬁgcié@n éﬁgn ~-copper
1“39§péﬁ6ﬁﬁ@ﬁo@hﬁ@§lﬂﬁﬁékﬁ@@§u§ﬁlvheysrdeﬂahbsSmeruhe to prior
arffrgggd;04WI h% h9§$§

S1Q, ¢ qu An | ead N
lQ/l égﬂpcfg qgrrown 8k g RGokay® ron
. ”Qmmqw@wtK@hereaﬂaﬂﬂepycéElecEnveﬁy_ hmukadk;:&&g& 80®, and 108
ar__near the

| PSR CRPASE Y nickel
to aformam td;u&neaon Tbla$”‘15f r met_yute ansl lmioufto qd afadrMitnkhes of

f this structure,
aﬁ:{eerptﬁl"la?raﬁilé’véf‘ﬁ%*tﬁ% PRaglloy of
.bnﬂd&éﬁramnhemngopmbbe&bﬁa—oqteaflkaﬁ f baER=df4andhe 0.015% and
e or other structure is forned

GSYRABNEPABE | BalPt rame aBper 0.23% zinc,

opper, about

5A,. duri ng nDIdlng
DAy 8&75€2F NSOt g Sne apads

t her eby

ra
are,

2.35% iron, about 0.3%

Such an alloy is available from

Olin Corporation under the UNS designation C19400.

acceptable.

0.

about

Many alternative compositions for the leads 106 and 108 are

Corporation under

materials are,

between about

r

copper,

Anot

1% =zirconium.
UNS designation C15100.
howevear

0.05%

Such an alloy

acceptable.

is also acceptabie.

her altern

One such alternative includes about 99.9%

is

copper and

available from O0lin

Other ratios of thess
For example, an alloy made of

and about (.15% zirconium, with the balance

compesition for the i=zads 106 and 108

and about 2%

iromn,

between about 0.01%
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can be used. Exanples of sone acceptabl e shapes are
‘WORMAHMI6ESA8 cross-section in FIG 8B at 800A- FecT/’Son4/002464
~previously discussed with reference to FIG 1, the:
leads 5 106 and 108 are used to electrically connect
the die 110 to a circuit board or the like. The | eads
andj Ghoxhd Ouﬁe%ar @hm@éocﬁsa beitghenoppentald.og (@l | 8884t 1. 32

b2 CORRES). e;goad electrical, conductivity -
=° and to match %I’g 't Re r 3R 043 High- éﬁﬁpe‘?m balance

| Coppéadsﬂpﬁf cm&:i@relﬁecamomaﬂ dfortdjitfﬁeerIlby_ﬁbgtcdn%o%Lip&qr Ok 5 g7s

g o] 1120, art | ead . typlcally conprise 42%
uchl c e éay55&/sl romn aPéom’m hPY KHovin GSr@pfayiarR) under UNS

.deSIigna‘ddwmlmwohe | eads 106 and 108 .are preferably

el ectroplated with about 100 m cro- inches of ni ckel

tohhornen ailtéunsioiveatsi@isi@yel 20nd about .83 106 ang 108
mcrﬂlgro lbnchgs of golg to facilitate w rebonal ng or

éad" sol d8FFRg PR ads. 315 AROUteatls?¥106remd 1E8vese about
0. “ﬁreﬁeraﬂacbgfc made ehodPhahd Oy HftwRBt WBED: t, 2. 11% .
ma about 2.6%iron, between “about 0. OlBygﬁd’ 2Bogeout 0-2%

gB i%b?“phalgﬁho}*asba%é@%eﬁoaﬁem lhesqzs:andrmeoﬁme% ion in
thizi ngltemiddi vehechabSNGS EOPRET - 5 r tios_of these -
nomaterials are, %géwever ° accept aﬁ%&e 'Phg °| eadd106°0g -
PhoFBROLRS: nBPeUpr &f @Y abl3os inadearsf aibout % %Eﬁﬂﬂpersucn an
allabouts 2a3506d1QN, =, 2R0ud: Q; 3% osphor us and abou

0.12% zi nc. Such an aIU?ol;}I i s%a€ F1a0e Fiom @‘%nd“SlgnaLlO“
ClgéBPporati on under the UNS designation C19400. Many

alternative conpost ions for the | eads 106 and 108 are

actepthny ealOnensiucte atompamttiice i fet utles abest 9969%nd 108

¢ (SN -YaTe RGN out 0. 1% zi rconi .Such an alloy is
lnca\%gigga%Te i r%% %BI nicgr pordfflt‘—‘}béjﬁ1 uzd F NS desimgRat laéﬁut 0.1%

andciEImo. O Aeér maqueas afp t heseabdit e0i BlS BREspHOMEYClond the

bald pt For, a Ie n _al l.oy made of  between
= aﬁgﬁt gg‘%{g/r ang %‘f’ym rConPUAt i3kt them Mitsubishi |

El‘*@a#faﬁcféovz@@mztemp uadai stmsamtg@EkeonSébM@t her
alternative conposition for the | eads 106 and 108

i nEPtdenfbrneand taboat 1496 antoabotio?% ¥ 08ne b@LWREN 106 ang
10830 U BetkEn about 0.05% and abour 1. 5%

5% . ;
about 0.025% and about 0.04% phosphorus and the balance copper.

X%

%

iron, betwsen

Such an alloy is available from Kobe Steel, Ltd. wunder OUNS

designation C19210.

. - . - -
Yet another alternative compoesition for the leads 106 and

108 includes bestween about 0.5% and about 0.15% iron, between

about 0.5% and about 1.5% tin, between about 0.01% and about
0.035% phosphorus and the balance copper. Such an alloy is
avalillable from Mitsubishi Shinto Company, td. undexr UNS

designation C1952C.

Another alternative composition for the leads 106 and 108

includes between about 0.15% and about 0.4% chromium, between

-17-
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108 includes betwesen about

WO 2004/ 068558 PCT/ US200 ! /002464 and about 0.035%
wphosiplagesgls, bet ween about 0. 3% and about . 1.

cobalt, between about 0.1% and about 1%tin gc/?au%ﬂ(u/ooum
bal ance copper. The preferred amount of copper in -
this conposition is 97% Such an aI loy is available

t 5
eroff O 1 By ounagal o, ey B 5 Sekopablon, GOEGR s

Anot her’
0.07188silncudesd betaween abrutcdnB% . amthabout dL12% IJJ‘sona,Vallable

. out d. about 0..4% :%o rus, between
£r Ogb‘tg f%n% b "R aéétlt SZCE)/“ Jf‘rgfstgné‘sf‘ﬂ %g "t he bal ance
gg Thgegref ered forrrul ation._in 1

Fndr Ve tompoSTEron Ts “AB60C66% i °5n éréeoobta‘bs 26§68 and
108F>ho&pimeiess be&b)@lsth Qa.;;@&% NB.gATe S & i aBeusbaubs :9%00ckel, between

co %%1 allgy is availahle fromdin
abo@drﬁ ati Lﬁ'ﬁfé’lt lg de§rjgnco\?]? oS EFFOG PR/t hts and about
0. 08kt epRatbVE-GOTRESI t kAR foL14hes | eaflsHek06 andhl08, 1510y
i ncl udes between about 1.7% and about 2.3%¢tin,
avagdeReen LaBBUF OB U5 2 AN NS aRbULCOPAYE Fi ek ehndem YIS aptitgnation
c19»1155% phosphorus. and the bal ance copper. Such an
alloy is . available fromMtsubishi Electric
Conpeyati-onwRder - UNS degibgnatign Q710 Yflaémoﬁb‘@ and 108
~alternative conposition for the | eads 106 and 20
inglydegd &stheeReencubodt 09. 8% akduabluBs 1n5%$1ﬂonb°tween about

is

0. @ﬁtm%bo%pOLﬂ A Q23%-apd BQ%L,;Q Qéo/saphesp 0 e agksiout 0.45%

e bal ance copper.  Such an allToy I's avai :
maCKDEbG—USt ea;id thel. badders UNSpprdasi dirat | one B19210. Idéaltu!atlon in
ernative osition for t | ead 06 nd
gggl o udeesc%né?%egpabou% Gbgby{ay%aboultc%&ﬁo out 0.65%
mlxmn batoneen0 . Alfouthadné&dbandantioaboht 5%et. |’>|% dm@to\aeen Such an
alggout 0..01% and_about ~ Q..035% phosphor us_ an Q‘\ de ;
2 ahice 20opper - SicR™ a4t oy TR Avan alﬂﬂ‘erfr fy designation
c70£3&ubi shi Shinto Conpany, Ltd. under UNS designation
C19520. 30 Another alternative conposition for the
| eadst 16860anelr 188ternative composition for the lieads 106 and

108 includes between about 0.3% and about 0.4% chromium,

\0

betwean
about 0.2% and about 0.3% tin, between about 0.15% and about 0.25%
zinc and the balance copper. Such an alloy is available from

Furukawa Electric under UNS designation EFTEC-64T,

‘Another alternative composition for the leads 106 and 108
includes between about 2.7% and about 3.7% nickel, between about
0.2% and about 1.2% silicon, betwean about 0.1% and about-O.S%
zinc and the balance copper. Such an alloy 'is available from Koo=

Steel, Ltd. under UNS designation KLF-25.

Yet another alternative compesition for the lesads 106 and
1.9% and about 2.9% nickel, between

about 0.2% and about 0.6% silicon, between about 0.1%

~18~
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showing some of the compounds in <the thermoplastic

~thermoplastic compound in the frame 102. The CTE of the

i ncl udes between about 0.15% and about 0.4% chrom um
woatoamessss - 17 WO 2004/ 068558 PCT/ US2004/ 0024 ¢ bz
0.01% and about 0.4%titani um between about 0.02% and
about 0.07%silicon and the bal ance copper. Such an
0. o8 Loy is avai l able from Weland Werke under UNS
-~ae8Pé?ER?%H? GPghEhe YaianghotPrnpsd t Stght avealloy is available
Ero&ORPeshbi O frare 4ihe 106, 1 i ncl udes
bet ween aboutﬁqo.%% gngeg%%ut 1@1@(}‘ r%‘%gkgﬁs Petiaigyion ME224.
about 0.15% and about 0.35%.sjLi con, between about
0. 01% and about 0. 05% phosphorus and the bal ance
coppehytSHChraReal | [ I e-f4 om Pool San
Met al Cor poration lﬁ?}lﬁgrsrl\l%%?{es??natfl%nr%pmg 0.t 104 is
madAn@tfh@ﬁJ%ﬂ&érlhaquac@hpmmlmzfcoramdheslIeansedl&@ am@ flange
1021 ckyde we u . 0% and_.about 4.8% -
n%gge:te bgt V\geﬁggbogt@ Qgé) %/O and” abotit - T*i‘t;/o 8§l Fégnflange 102
Preferaken absUicBs058% ahthEbout res45% saghesi umand thet can
. eqfonper,.The preferred ion in this
i }Blgitgl?crg]atwe coarrp05| roﬁaf% %SOOL%)J(Q‘% : E?’élAu%{bc?@tld°rlng or
39004889 155sk| i emsi aknu]ldoﬁilﬂxﬁ% m@@@&éﬂm&m abtte  pe1t
- % copper. Such is available fromdin
t m%gfﬁl%%rig oﬁ ey Eﬁ@‘)ﬁeéé Hat FBR 2e9895830%%t Wt heams 104
pregletebhat 1 Vel e asisel @ﬁsnﬁ@raw&dxﬁ%@%d@@o and 5108
c i ncl des bet ween about Q. 3% and about 0.4% chroni um
TS BESutl 6. S9PARtE BPutoD. Bo5 ek, Skrtvwdem  (CTE) - and
racﬁﬂ&@urLtQ ﬂéﬂfﬁ@d&l&b@”ttoomg\"ss/‘*uré nCFc?LnQ:othg&P ,E:LnC%hQ material
opper. Such an alloy is available from Furukdwa TR
of Ehl?cﬁlfaﬁ‘“uﬁ%r URst ggﬁélﬁ GT@SEF$E®F164¢Ode$er is referred

to @leer natiue LOMOSH AR Lo 1 be 106 and 108 .
i ncl udes between about %g)g%ndc<£r§oaoqlt%d 7% nrlléar?@ material.

betwweeRarpoudt o £ 25n aé%@6¥§%1@b QUL 5 ;- %ﬁ 8% E c-s
h about 0.1% and about 0.5% zi nc “and t al ance co
YOSREHPERZ S F oyafsdavabl aBhen S onaibbenhSthedlic Liadm Another
acdepdan1 UNS deshgnation KhEs25. .Yet er &Iter native _ R
conposi tion for the I'eads 106 and Ow%% priiydroxybenzoic
acid (HBA) and 6-nydroxy-2-naphthoic acid (HNA) . Other acceptable

at

s melting

para-—

formulations include terapolymers of HBA, 4-4-bisphenol (BP) and

terephthalic acid (TAa).

FIGC. 9 is a schematic crecss-ssction diagram of the frame 104

compound.
Filler particles are preferably added to the LCP to modify its CTE

to more clesely match the CTE of +the leads 106 and 108

(approximately 17 ppm/°C) and to disrupt the anisotropy of the

frame
material is preferably adjusted to be within about 60% of the CTE
of the leads 106 and 108. Spherical balls of minerals 800, such as

—— —~ -— . . S J
talc, prefer ably about 2 *o 3 microns in diameter, can be added o
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rolyglroxybeazoic asi dxdeisphensut:anss phat hald c ragid. 104,

material preferably contains between about 30%
- fiber,

108 i ncl udes between about 1.9% and about 2. 9% ni ckel,
woewmwensss 30 about 0. 2% and about 0. 6% sil i corpT/BELYRBIY64

about 0.1% and about -18 WO 2004/ 068558

PCT/ US2004/ 002464 0. 2% phosphorus and t he bal ance

copper. Such an alloy is available from M tsubi shi

theEl BO# r a6 CRIRGHALLONomNdek U&&@esw@atﬂ&na%a% 40%. Such a
Frame As noted above, with respect to FIG bBA, the

comppgiEe 10&s j& CTH @adéb@‘ﬂblﬁj R Yh ﬁml@e@mﬁéﬁmpl astic
and is nolded to the flange 102 and to the |eads 106
an@rap8itghesmprefendbbf ffded| angeht0LClpriaf er%\d’mlq/e moisture

. n | a | a t eneral
ind LIS L BBl PR 0, SR 58 g ponerens
plaml*dequ'rar@lare 3@0@@4520@4 or(sAeSn solgteonng)n FIG. 9), however
on |t at 10 tenperatures between are .
Oth ?8 T)C"J})andgg)%'oh ?Soéuc‘%h a?rgbrre f04 pr e amI y also

acdan:zrlatbdes basmcﬁmom:s and goapnmn@lsdadfersal%e icb® warp somewhat
nel ti i ng

er at | t 1ts_coefficient of
dunRG i 3éxbg‘§ o (CCTE) 5 Ut edBt @1 Per VeaBiFpEyRg | Thedr
efi@:ﬂ’]ﬂi?le&telslée Fae ceayeni eaéﬁerbh@vn&beanaf gtaphere
frape 104, i_ncluding the reS|ns and cor ounds, is

inglidss SGChsT LR Ferd e EvR 5?65 deRRFIDI asti c
conmpound" or, "fr mat erj al An exanpl e of an
acgﬁlﬁ aBf S %rgg‘“&negwna r?hdf%lkéle‘é hafm- layers, preferaply

flakes”

Anot her acceptable formul ation includes a copol ymne e
Cr%?t¥P9nRﬂﬁyHVBén§%+%§ 308 éOGHBﬂfsﬁﬁée infiltration. Evan if the
1a§ = Ry df OXYs 2 RapAt hej ¢ écma(tl!sl&p&} fgefr%e%pt ahle 120sence of

ormul ations i nclude terapoiynmers of
thg. grapEpbrnsnhiBR)s armsmﬁeamﬂxéma@lamdTbEA)J*EpGLtQ flakes
90kS 58 s3CRIMRAILC G{O0SspSegt! QR dipgyam,of, the I ams 10k on ihe
showi ng sone of the conpounds i'n the thernoplasti
copBRpouRRY i [cher 1paads i Klesral d Ofr-efopablymadustrtic! contains

be 1£C::tf]E'{.)rf t oceLT eagls 1%!€5a%gfg jWapp %)?%r%atel yl% % %(Tf)'f zably
begndenoaldst AT £he amdsbtIWpy of the thernopl astl Cc

conmpound in the frame 102. The CTE of the frane
As an alternative to graphite flakes, glass £iber 1202 can

be added to the LCP to increase rigidity and adjust CPE of the

resulting thermoplastic compound. In this embodiment, the frame

5 and about 50% glass

As another alternative, or in addition, to the graphite

flakes, other compounds can be added to the LCP, such as iron

powder based absorbers, molecular sieve filters (zeolites) and

calcium oxide (Ca0). Suitable zeolites are available from Sud-

Chemie, Inc.

The frame material 1is preferably pre—dried

=Ll

- preferably to

less than about 0.008% moisture content, before injection moiding.

-20~
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material is preferably adjusted to be wi thin about 60%
WERIHAESSHTS of the | eads 106 and 108. Spher ircalushmbh@6s

o= minerals 900, such as 30 talc, preferably about 2

to 3 mcrons in dianeter, can be added to -19 WD
I 28844 068558 PCT/ US2004/ 002464 the LCP at
I gohtenttati"gfs -ePrabsts 0wuls dsolept0%hoBuchp@ferably less
thaGOBBESt t® hag A,GLE 95'@%;% THpm G to 22 ppm C.

Graphite is pr ef erabl y” added’ tsé’%?hélféﬁ tSBO‘rlg%lece kept small,
PTEBIF3PHY eledftillar oo, 2Thirsmgr aphi henisi ps eferiabh¥ei Bime of
chet RehRE 9e | | 2. PLanar _graphite flakes 904
- ( shown Iglget- %n%%ﬁuéd 9y, ﬁ%méegrcbf?férm?J&% bgrrel. 2 gate
at grdphi t episucionas diald s wretdmnks, ares@dis®s flow of the
tn ble. In addition, the graphite flakes 904 can .
De\%gl?ggé%bnieﬂhatcomaalﬁlﬁg injné&ﬁbgn, st eesithoushear on  the
thegingpil & scant kymabtiedj ng o h@j':iem_efft&h%ti%gﬁﬁﬁé TRE L&' Mg the
gr ~ggner a]{llt%(;pl ag(zj grﬁghi,_t e flakes" 10 includes such
" akes £°have: been def L athé Cgr e@Rad | keoreferably
in3804epr et ef aldnefrobm LAY ef SamPrRfLTaPHE e LAUGN Y onas 106 and
jogparallel to exterior surfaces:of the frame 104, "thus

cr edt i OFEuGhs FACPHEC 906 F&FeABi dhurtds nfesbit atg oframe, a
mirfveR imbliheempayefs-args Nl paraddet 1o fhe-exterior . ..
s.Surfaces, the presence of 15 t he grapﬁlgt%"T%hrl BilysMaintained
UigPs HF MR ¥HING rREiTeRioThe graphite flakes 904 al so

adj ust the CTE of the LCP to nore closely match the

coppefCafFeye ofPa el 4Teadd 1006 iandprte8erdhky f ramdied to the

extiBten] alu ekl iy bel weennabayl, 1026 and. apout. [0%

_graphite flakes, preferably between abouf 2095 gHge moisture
nAE6HRtEee Zg-tAagnanidkl er ndthieve fidngr aghi tre f bakeSsd to  the

intdags fdber, 1202 can, be ded to.the LCP to increase .
T gidity anir aajgalgf &gE'o?&-tcﬁgtaP:éSulniai‘ﬁglals include amine-

- bassseramspliast pvacoapbantron PRhi Sndamtodisenindsthentr afBde name

paifBienial Lo &lerahl v gont al ps_between about 30% and
S about 509 i ass i'b"g?‘.S 3 RO S &= Al 6 atiSre, or

in addition, to the graphi tgcafl akes, other conpounds
can be added to the LCP, such as iron .
The frame retention feature 500 (FIG. 5A) and the lead

retention feature 800 (FIG. 8A) provide good mechanical

connections that inhibit infiltration of moisture and atmospheric
gases. In addition, the frame 104 preferably includes constituents

and ;n exterior or interior film to reduce this infiltration. To

, further reduce infiltration, as illustrated in FIG. 10, s=als 1000

and 1002 are preferably applied inside the frame 104 along edges

of the frame 104, where the frame meets the leads 106 and 108 and

2. As shown in cross-saction in

FIG. 11A, seal 1002 is effective to prevent infiltration between

the flange 102 and the frame 104 and to prevent infiltration

between the frame 104 and the lead 108. A ternatively, as shown in

-21-
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pomder'based absorbers, nolecular sieve filters
wd Z8PbdssRs) and cal ci um oxide (CaQ) . SuitableraRAYdhES
are available from Sud- Chenmie, Inc. 30 The ?rarre(“ o
material is preferably pre-dried,- preferably to |ess
t han about - 0.008% noi sture content, before injection
| NGy - 20047068358, FET4 USZ008L 0024641 | D caq of the
FIG'ggidﬁ’i g%v,voi %Jggg\%)i oﬁgg%l‘hes shou?%lé be lEept s ort,l ac e
one preaflerl@iilzy. | ess than about 0.2 seconds. |njection
shot sizes should be kept small, preferably |ess than
abot Frarars, doodm adm e esifderide t spelaft tive the frame
t heropl astic_conpound in.the_injection . nolder barrel..
natoriate 505t CRETE N BUrIOR si L8 pRETETHBIY reLTPT el s PriOT to
appilewiodn tde thhepsppdrast ird aconpotiehniniger elsy is well-known in
i ncr easi ng shear on the thernoplastic. conpound,. to e
theg pBnt t KESHGI yREYI8Rai 115 and=t hBTgrabHite kel Produces
acc@Pfapildhe thernnepl agl t&riceARRURY | shpr ef&fmabl Material can be
injected at a corner of the frame 104 or between the _
cleppadsvibs aPYVAREA0E DFo KRRz e t He OQRDLRE" of 1St wedtametes
(10 NpLbg L esul Ling franeysas 96 Nk uwa Il chat@RPET akdl esf1 1000,
about 250F is preferably maintained during the .
andnel 6 AY0 operat IBmesAlspl steFef parlplerussd fPj gispense material
Pr gL of ablg-apphigd, t g, dhee exteriorcsurfacesof-dhe pe
Foxt ra%r%I 1%4%t 0 fu:rtt her reduce noi st ure 15 | nfil t_rrsati on.
depAiniéngabnvehy, sihe 4 [Urecansbeeapptidd o Mihénipe et prbubbles
._of the frame 104. Accepta maLerials i ,Ldlgf@gn'-- ad *
0 b%réeedseeap%%(?%’s 5v§)|c18§b’?g“f$%r%1nggé#ﬁ%’st‘lra?(g'syuﬁ er 'tpLEe used o
purtcr athe BaERanBatootaeejegpdbygner- A fil nms and
pol ymer-ceramc films. Seal 20 The frame retention
f eatnar esb80afkEl Grat)izdndotdtetaally metsendi onsfeeatitiye between
800 (FLG _8A) pr vi de. .goad nechani cal __connectians
SOt i B EENPPPET st oRCor B0 St Qe hnd &t fosaREFFcC S
se@RRES ankn zaddistticen: ythecweramaobdd peeferaldnd iabolmd@§ Pa.s at
constituents _and an exterior_or interior filmto

a PBEEteTRhPs HnfiiFHati oh PoFo

1200 showing a preferred relationship between viscosity and shear

used,

5 per

ontains a graph

rate. A low viscosity is preferred at high shear rates, so the

.
material can be dispensed quickly. However, a high viscosity is
preferred at low shear rates, so, once the material has Dbeen
dispensed, it does not run.

The material preferably has a cason viscosity between about
3 Pa.s and about 7.4 Pa.s. The material’s thixotropic index 1is
4.6.

preferably between about 3.5 and about
Suitable materials for +the sealis 1000 and 1002 include
epoxies, silicones and conformal coatings. A suitable sealant

includes between about 40% and about 60% solvent (such as 2-butyl

acetate) and betwesan about 40% and about 60% epoxy or icon

0]

si

resin. The epoxy can be, for example, bis-phenol 2 or
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25 further reduce infiltration, as illustrated in FIG
whhoos@akss 1000 and _002 are preferably appli Lhsi de
the frame 104 along edges of the frane 104, e /gﬁgﬁ{/@gm
frame neets the | eads 106 and 108 and where the frane
neets the flange 102. As shown in cross-section in

al BGLitlA esedaldel 00245 ef feettMa 4 0 RLAY.

hai nfiltration between 30 the flange 102 a‘%getlﬁwe ﬁ%\lr?ede amine
NUE AT O STEFEATELN: f EPE F&Bilosanhdeweenict et framtyne D or
Pad@eranditt, havh eagh 108 r 4l tc%%%vgl&y < A3 shown in -21
VD 2004/ 06855h PCT/ US2004/ 002464 T G TB S two seals,
- 1002A and .1002B can be used;nstead of the one seal
1002. To pronote good adhesion of the sealant to the
frame 1eierimlss the-daane tmterd al is preferably o .
naSleaned prior to 5 application of It-%wnz: slecg ait =Pl A e 110
STIREHH g, teasetstaet e Kndwgsi A 0fhendr ¢} eathere 10Xy BeAdES to the
ledde predosg negy . nedi v prd ceptable results.
Alternatively, the frane ~r‘r':altnglfﬁlsa%.@Héalns'pb“é?alnowcﬂ edned & t W32 and
3% 0| TR$ht sichr2 0By it ehefigraldlp. 0D dsoh danside=0HaARE & the Frame
104 ) Drdeedle i spLeferably, used to dispense material _
fo?arseal 1000, S%“andaéh%%ﬁoﬁ%rtar% 5 Yi&8d e firgauency between
abpirefHr difizy anseabtwt diGpensanmmbar bapl i fiofe Seals 1092 about 100
e dl e_skzes can, of course, be used, depending
on o S Bt Erar o680 HaRa OO T8 5 e 2 ddernacively, the
Ligulll emn br fheeseatlatdd o peSit kweadi sl agenen
auger punp is used to punp the sealant to the
necdresntibrihe udeahanhi gapebkal c phef @bl Yo bas &es 1
bedl SGOsi Y betvee 1a,b(g)ut 58 Pa.s and abrg%t 128 Ph. s a{rtave not
a shear rate of*about?D. 9% p&rrCibborRPClatbsa because these
converosingl betwreniqwdutusk? Raywsrang.abowt 30 Ra.5 25, .
rDsau?s#helzilr ate of about 9.5 per second. FI'G 'ffo@gﬁ'fgle%’s which
S2 At anh 120 sABWM NGRS DrEhRY r 680 r eRRRDNY Al podiet wessenblies
mownisgbsirt yiandi sheatkadfd alite AihAYE VISEOSIL ¥ S uoncie the
~dreferred at high shear rates, go t he ﬁat“eriﬂéﬁuégﬁlbse of the
Prat ShendBE quPekF 55 Hovdv érrveg RMphi videosinds iconseguently, do

noﬁr@éf?qéﬂhﬁﬁéﬂoﬂﬂ &Q@éﬁb&§é§§,céﬁbed¥y%%aﬁﬁ§,”EESéi§¢e attached
as .been T )
o

me 104.

T circuit packages with epoxy adhesives. Advantageously
= r

ultrasonic welding can be accomplished in much less <*ime

(approximately 250 mSec.) than €poxXy cure times (apx. 2 hours)

There is preferably an interference fit between the 1lid 200
and the frame 104, so portions of boh the lid and frame melt

tuse togetner during <the ultrasonic welding. B&As shown in the

23B, the lid 200 preferably includes a lip
130C that melts and fuses with the frame 104. The 1id 200 is
preferably made of <he same ' ial a2 t £
. I Same  material as the Zframe 104, as
described above. In addition, a moisture barrier film is
referaplv i 1t ! ) i1 3
prereraply applied to the lid 200, as described above with respect

+—

Co the frame 104.

I4
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30

di'spensed, it does not run. The material preferably
wis0.R on viscosity between about 25 3 Pa. s and

about 6%@.? 4 Fa. s. The material's thixotropi BCTHeRE%/ G064

preferably between about 3.5 and about 4.6. Suitable

materials for the seals 1000 and 1002 i ncl ude

epoxi es, silicones gnd ggggor mal coatings. A suitable

seal ant i ncl udes be&fie BHLRYI 453N E about 60%

sol t..(such ,as 2-butyl ' Q acetate) and_between about
40°oe:eqnadll(asb§dr %t?%telﬁ&‘%y? &i‘si |Iir65‘ﬁe)10flesilﬁ?d~“r'héoép®17@/ 108 and
ligarede, of orcrexampkeui bi Sahenrel MO a LhGkiGe -7
2004/ 06858 PCT/ US2004/ 002464 ~ al i phat i c epoiuﬁae If%tse?éﬁals ~and
Prptiahl 975 denhet 8P Hed triet if§ ePakiaf dehevs. been described in
detdieramatvieVekyc.t e seatacan e npde -9t Paralyne D.or . ..
Parylene HT, available from Cookson El ecf%%’rJﬁ}gas‘.t Lirgustrating
& BI9HE i 4Y20B-F8 aRt achedritto melvéabeahB0 104n af¢ eradehend used.
die 110 has been attached to the flange 102 and
el et rid¥1l ¥ Horided bEghrRerpeeatfsl 06l @mehdE0&orAthe leads 106

angUip@ble 1142200 a9 shawasi 9, Fl ¢ i apd 13B, The . .
lid 200 is pref er abl y ult Faggﬁi g%‘f}f13'1/égé'\;\‘t/e“facpde'dfotmo%ih‘ﬁelglr_SL high-

- Copperer L lnyA mageefadr A¥0Y - udE ng4ad wehdi ey Fignate havicRgda etched

orf LegUeREY: bgtueen 10 ut 50 kb and about 60 kHz and
Fan anpl itude ﬁgss@mt h’fn%gbb"u%nelo Omg@r S§eEhprde of the lead

repeefarmfleptiges .t Aanl 606 nitdrors)s Alft ensatév® Viod R&d 108 are

1145200 can be | aser welded or heat welded_to the
cufracrlr'eoqw.’ .ﬁ?/me%ﬁeoon%lleu‘ﬁ?Toas%rhiEnp}Agé,?‘ijc'-R%‘P%iﬁ%o to create
the ectimgueschavesnol on beeacwsed oo seal lids to circuit
packages, because these 15 conventional techniques
usert oheds ek disegofid eglignetespe M THoy essll hahd BLEhEf flange

amplit that can daa e Wi rebond assenblies
lofn')ullrﬂL egglf ' cf?tufﬁarb%‘cg%esl.s THEH GHéd igloali fe second high-
copperuehtoesmafiet he lppesent ivent ioR rasuet ARLOWEL fearure

—T e

506‘”P£il“ad%s andh,cogiequently,_ do not dammge w rebond
assenBliEs “BomPEntLBRAFI 02 IS FFeTareatheds20Mting process.
Optiocally parckagess W thle €BOXYorRUNESLNES £1 APYANE §PEOUSI Yo ar

1416, the bottom of the flange 102 is made convex.

At 1418, graphite flakes, talc and/or glass fiber is added
to ligquid crystal polymer %o make frame material. At 1420, <the
frame material is dried. At 1422, the frame 104 is molded to the

flange 102 and the leads 106 and 108.

-

At 1424, the interior of the frame 104 and flange 102, i.e,
the air cavity area, is cleaned. At 1426, the sezlant is applied
to seal the boundaries between the Zframe 102 and the flange 102

and between the frame and the lsads 106 and 108.

At 1428, the die 110 is attached to the flange 102. At 1430,

the die 110 is ultrasonically wirebonded to the leads 106 and 108

At 1432, the 1lid 200 is ultrasonically welded to the frame 104.
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ul trasonic wel ding can be acconplished in nuch |ess
- WQ 0683 8ppr oxi mat el y 250 nSec.) than epoxy pef/@siobiRSics
(app.. 2 hours). There is preferably an interference
fit between the lid 200 -and the franme 104, so
po=tions of both the lid and frame nelt and 25 fuse
t ogatiker:duri Mg thenuhbtasenic weldispgy As showe in. o |
the cross-section iﬁ FI G .13§, t‘he&'lll sz?a %rg%greg Pf/v to
preﬂqfﬂe@d§§b§dFant43@@5ﬁhaﬁlhéﬁﬁsiandh¢usﬁvaﬂﬂhuhﬁerstand and
applferc%'i%_eloéhaz—:rheva'r'fiQtZQIQs | Zsfahprggernff\abéey gqrggg of .the sane
104 a éd ab

material as the frame s - describ ovelfn remaining

withigdithieospial frodnd ts@osapti ehef prasést Ahwmefienabky described

1]

in apeligd ta the |] 00 .as described above with
: respe%jp r?]o C{jhgh%%ésrzfe 104, SF5RA5 20097 DbgBsyer die can b
aTtfATRCUSZ0044002464 Whriufaetstyr i g dateai lsihbet akks Ofther than
o f.l an 2, frane 104, |eads 106 and_ 108 and |id
b“lr%ce)goo]fdaet%g %’lgr‘gul“ * pHt 1B 08 @ScFEdiRg L mkPeYs abis the art,
alland pyooesses- usedadia f axEloat eaddies® padds, i AUB ties,  so
con be ng%%scrLbed.,i n .5 detail above. FIG 14 contains a

‘Ss'ﬁ%ﬂ‘h SedSPFOMRRASESiPuSer BPF nBeces priddes$otBy Whieh

1 cArcuit.pac,‘ka e 100 can be_made and used. At

1400 PAF (& ﬁirﬁ-ﬁ?cﬁfbp%f}'-ﬂé?l} oVFAITRa O Of 8Rdt ke | eemieexity B
of i} Anhat0BotAbm 1Y% deradqbkamesear e, faly icated. from high-

the first hlgh- copper alloy made at 1400. At 1404,
COPR{YI e 180G %ar EUPpundiEde et eRetRT AT r 2GEher s e appdecanle to
conv&ad d-ame1306et 0254 eat- ,QRe %ﬁetgg'égggrr Lentio

features. At - _406511 the aer?gs of the | eads f‘%é“a%é*%os‘\lthough.
the grcaurisdEnBent , fsehwpesl 0Pl et chRW orenche thead fraspective
a1t 3040, & et e bhe, obher, |ad retentd op feature 800

At 1408, a second igﬁ-g%%%ge(? a Igl;hel s Tade 1 o?*tﬁégh copper
leads ardesel 3 nhozat pond Ay, aflllse Rpphgeahd? ic doabeheabes] leads

af1omd secend, L ghs .G r. akb,| made_at 1408. At
AT, F‘t%éfb f %angtﬁe“tggatl%ﬁ at ﬁ‘rlg‘xoggg He FitfEgmpherial has
besp heleflcghged 102: byha progeessiofe st anpengt praces§e 100, this
mat%%%l‘e)g@gk%/’beatad’lv%}l%aggggsfft tqudOfﬂ' nt hgtge!rancge 102s

i ontexts, such as
those that require a material that can withstand high,
temperatures. Examples of other applications of the frame material
include high-temperature laminates in printed circuit boards

(PCBs) and sockets for electronic components, cables, PCBs and the

-1like.
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1416, the bottom of the flange 102 is nade convex. 20 LLOYD WISE

woneo4usgBs graphite flakes, tal c and/or gl asspi/BSiod/fzees

added to liquid crystal polynmer to make franme
material. At 1420, the franme material is dried. At
1422, the frame 104 is nolded to the flange 102 and
the | eads 106 and 108. At 1424, 1Mche interior of the
frame 104 and flange 102, i.e. 25 the air cavity -

What@l@az1ksmekeaned. At 1426, the sealant is applied to

seal the boundaries between the frane 104 and the
flange 102 and between the franme and the | eads 106

1. 2aRErd@8: PcidkARS, doRerdkend10 is attached to the

[\

.. SpRLERLLonel Lgads,

is

4.

is

5.

is

6.

flange 102. At 1430, the die 110 is ultrasonically

Wi reborfdddaPgSt he | eads 106 and 108. 30 At 1432, the

l'id 2004 s Mlskrasanhcah! o el ded to the frame 104. -24

WO 2004M 68558 PCT/ U82004/ 00246.4 while the invention

has been HeXer ibeliad t ko reher éharot oandpkef dheedit least one
enp@gd meptrtihose skilled in the art will understand

and appreciate that variations can be nmade while

still r@waiati Agaswi thenlede esyrienids ahdos@kopxé'aaof‘xtahe, and
present_. nvention described t he appended

claims. - or%éxnéﬁ'pf:gl,%gf%%\%sr povvgr I-%]le‘jf:sa“nlcb Ir?aecaet’ilé‘&héﬁl"lng a
t omehigind argeawathrepoxyatcsr atnaer abdhesiy®@s,c.r at her

than being soldered thereto. In addition; as is well

known i'n the art, ~alloys typically contain snall

. T@tm)miirs;mt Papkade i @5,cledm tonghéetesont s descri bed

hereln eGes arlalytotal 100%“ Altho h the

frame re?en |oan S'LurdeSS?)O asﬁcpaf"he conveX| glvdf

the f | atige b:mtatrq:m hale€ibheen adesdiritkedoth tf‘@mﬂm exbving an
hi gh er. fIanelO these innovations are

al §8taﬁg?r‘ééb"lp B%verﬁt?%arfa}f 19 &bi‘ SRRF 14 ARgesnd

made of waéhetn mittk&rl ates;,  Alst thghlntﬁﬁaﬂeead:drﬁta@ﬁitl QDth the

f eat ur ei 310, 800 and their respective 15 alternatives

hat8BEEACHeSTH T Hét i n the context of hi gh- copper

| eads, these innovations are also applicable to

ead maqgle of. ot her macterla

T houg ma)?erl A ha’s erein” the erlock  profile

dovetail shaped.

The circuit package of claim 2, wherein the interlock profile

T shaped.
The circuit package of claim 2, wherein the interlock profile
L shaped.
The circuit package of claim 2, wherein the interlock feature

is a groove in the flangse.

7.

The circuit package of claim 2, wherein the interlock feature

stands proud of a surface of the flange.

_26_
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- been described in the context of a circuit package
WO BY40e8Ri8s  nmaterial can be advantageously upesiusihyoozics
ot her contexts, such as 20 those that require a
material that can withstand high, tenperatures.
Exanpl es of other applications of the frame materia
8. Tiheclcadeuhi ghedlenpendt gieihan] natasinn printed circuit
boards_u%gng) nd sockets for el ectronic conponents,
cabl es, f“ange?ﬁ‘é Pi%e.le285 EEEMIPIW SE Weast one hole
20044 068653 gRETARS2004/ 002464 CLAIMS  What is cl ai ned
is: 1. Acircuit package, conprising: a flange; 5 at
| east chePPEEF" ard ADFr aReTAEPHRI 1D frrme fhangeiaindextends
t othheugt dheasbiene |ead; wherein: the at |east one
| ead extends through the frame; and the frane
conprises a thernoplastic material having a 10
. Tied taingutienpecabyseogr eater thaphabouyt 340 & Z..Jhe . 1o1e
. circuit package of claim1, wherein: the frane -
5 FRCHUYES3d ‘key having a key profile: the flange
defines an interlock feature having an interlock
10 pr@%ngigoqglenegéar%-t% the key profile; and 15
“whef8i T tHRE kef*F§2Pn Pht imet® dont WRITSAT hthheat ‘least one
holentenpoicdesf @apaneal Bty Tdre mjiregui t package of claim 2,
wherein the interlock profile 1is dovetail shaped. 4.
The circuit package of. claim2, wherein the interlock
11l.pr&hel eir@0 i paFkslraped. chbaiflh@, ciHax@iih, paekageatral cross-

.alm2,_wherein the interlqck profil.e _
secgkgﬁ og the at leasti one ?eag ang passing through the at least

one hole, a cross-sectional area of the at least one hole is less

than or egual to about 25% of a cross-sectional area of the at.

[
[N

The circuit package of claim 1, wherein:

the at least one lead includes a retention feature
proximate to one end theréof, the retention feature having
an outward-facing portion; wherein

a portion of the thermoplastic frame material abuts the

outward-facing portion of the retention fezature.

13. The circuit package of claim 12 wherein the

d <<y retention
feature comprises a hooked edge.
14. The circuit package of claim 12, wherein the reten-ion
feature comprises a ridge.
15. The circuit package of claim 12, wherein the reten-ion

feature comprises a groove.

LLOYD WISE



10

20

'20.  The circuit package of claim 1,

is L shaped. 6. The circuit package of claim 2, LLOYDW‘SE_

wohermeésasst he interlock feature is a groove ipgd8no4/002464
flange. 25 7. The circuit package of claim2, wherein
the interlock feature stands proud of a surface of
the flange.. -26 LLOYD WSE WO 2004/ 06" 558
16.pcEheseonan 00 2e6kge Thiectiainuil package of claim 1,
wher ei n'ttheEhtat 1Legast one b)ea defines at |east one
hol e therethrough’ ~ard'“a pGRti o O 9eRe @ herahepitasti cfeature
fr poximete el ext emds thbreéBEpughethig, hole. 9. The
ci rcuitépggg ge of céﬁai m 8, wherein the at |east one
hole is recta rQuﬁ’far. e.LO%heFH‘é’péiarS@&iCt-fEa@Raget@fiaﬂl abats the
8, nafteneiiontfentaird.east one hole conprises a
plurality of holes. 10 11. The circuit package of
claim8, wherein, in a lateral cross- section of the
17-at Mheastiomeit eadcande passi rg aibr ough the.at | east ... o
fe c&r&?cholse A cross-sectional area of the at I'east one ~ "
aho & i3 Tes¥ naA%r equal to about 25% of a
cross-sectional area of the at |east one lead. 15 12.
18.Theyei reyjt.. packa of claim.1l, wherein: the at |east
i onghl eagy#ﬁ%ﬁpcudéggga?%t €Mt i Git3iTat bfe “Biedgiimat eheo retention
teagdwaseend ¢ herdef., the retention feature having an
outward-facing portion; wherein aportion of the
thernopl astic frame material abuts the 20 _
?-outfhgr doiariily perkion off thaaiet entj ORH8AEW €rnd 3 rarantion
feabh®eChECUi . Ragkage of claim 12, wherein the retention
feature conhprises a hooked edge. 14. The circuit
package of claim 12, wherein the retention

wherein the flange comprises
a convex bottom surface.

21. The circuit package of claim 20, wherein the convexity of

the bottom surface is at least about 0.0001 inches.

2 ] 3 i £ i |
22. The circuit package of claim 20, wherein the convexity of

the bottom surface is between about 0.0005 and about 0.0010

inches.

23. The circuit package of claim 1, wherein the flange comprises

at least 50% copper.

Fh

e, . . . .
24. The circuit package of claim 1, wherein the flange comprises

at least 90% copper.
> ~q r 3 o 7 T
25. The circuit package of claim 1, wherein the flange

at least about 98% copper.
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.feature conprises a ridge. 25 15. The circuit package LLOYD WIS
of claim 12, wherein the retention feature conprises

WO pogansess - 2i LLOYD W SE WO 2004/ 068558 PCT/US2004/002464

PCT/ US2004/ 002464 16. The circuit package of claim1,

wherein: the at |east one |ead includes a retention

feature proxinmate to one end thereof; wherein a

26porthoncdfcdhe ghanwepbasth e ifir ame ABterjalyabs .
5 reten(t:i ocn ﬁ‘ea% ur 5.6917. The ci r éui t pa%t%%éo?i%féa%%ompnses

E

an)1gllihePi AopPPer rerdml oreafteatne endseriHookedeedgeom a group

colBri g it pagkage; Qf claim 16, wherein the

retention feature 1s a rledrg'e. 10 19.. The circuit

package of claim 16, wherein the retention feature is :
578 OFQOVE; .20 T I .CUj-t kage- of clai.m 1, wherein i
jfheﬁ??aﬁ@‘eg%ohp |Csk£eé§]'rv --g‘cgﬁ\a/aglgé bot't o“r’%%%‘r aces f%.loiyhec ontains
atciextn tagradk&§é obpmémi m 20, wherein the convexity of

15 the bottom surface is at |east about 0.0001 inches.

22. The circuit package of claim 20, wherein the
28 contesi t giotult hepdwiagsm suf f ackais bét weeheabbnt the flange
coflpP005, and about 0.0010 inches. 23. .The circuit

package of claim1, wherein the flange conprises- 20

at | eastbBO%wcoppent 2405Thendialpuitt lpackadgecohiahaiand

1, wherej,n -the flan rises at |east 90% copper.

25. The Actl rl(:“uaistt f)l ggggééé)g%’ TR, wherein the fl ange

conprises at |east about 98% copper. -28

29. The circuit package of «claim 1, wherein the flange

comprises:

30. The circuit package of claim 1, whersin +the flange

compris

o
0]

at about 0.085% silver; and

at least about 99.9% copper.
31. The circuit package of claim 1, wherein the at least one
32. The circuit package of claim 1, wherein the at least one
lead comprises at least about $7% copper.

The circuit package of claim 1, wherein the at least one

)
[§8]

lsad comprises an alloy of copper and at least one material chosen

§

CO0m & group Comprising iron, phoschort

Fh
t

ct

in, magnesium, ni®kel, chromium, titanium and silicon.
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LLOYD WISE
o) RSXAQSE WD 2004/ 068, 5558 PCT/ US2004/ 0024 4 26, p
e ClTCuit package of claim1, wherein t he? F’gﬁﬁ’é‘”"”"”
conprises an alloy of copper and at |east one
material chosen froma gr oup conprisi-ng zirconiumand

si byer l‘ZZLLJhe rcwt P e,of claim26, wherein .
“the al Foy~ contt 5t at ¢ %1 boudt® Q?fsﬁ%ncoﬁ’r?e 198 contains
"mgsegl ESYLE pﬁc%@ cI aiml1l, V\,her ein the flange

conpri ses: between about 0.05% and about 1.5%
zirconium and at |east about 98.5% copper. 10 29.

-Thé“nei rcuictiipagkagegef o aceiy whernelerrctihe dH=ange i1ecas> one

ri ses: between about 0.05% and about 1.5%
2| Feont u‘?ﬁ‘ ‘and the bal ance copper. 30. The ci reuit
packagebetwsdmaianclit Bhereumdt BBofit ange ikenGonpri ses:

~at about 0.085%silv r; and at | east about 99.9%

copper . P81 FhaRqye §i-£1 Baol@&{jea%?utloal-lﬁﬂm\ﬁ/ﬁéh%wsl
the at beast=pne. 0$E£6§1—1<§Qg[’$)51!1 s6s -at .l east a50% copper.
20 32. The circuit package of clai m| “Whéréin the at
| east on8° PRRPOMNIESEs at | east about 97% copper .
33. The circuit Aac}gage of claim1l, wherein the at

le t onemllgad cﬁorgprl sgs al al | qy of copper_.and at
1east one faterial choseh Trof a’ crbtfiy Tonprts hfg-*'mODlaSLlC

maiemrl pooprhsedls limndd cegetEl Sobansn. 25 in,

37

magnesi um nickel, chromum titaniumand silicon.
7q9_ LLOYD W SE VD 2004/ 068558 PCT/ US2004/ 0024(4

The circuit package of claim 36, whersin <*he ligquid crvstal

polvmer comprises:

parz~hvdroxybanzoic acidg;
bisphanol; and

phathalic aci

The circuit package oI claim 36, wherein the liguid crystal

polymer comprises:

38.

a copolymer of p~hydroxvbenzoic acid; and .

¢-hydroxy-2-naphthoic acid.

The circri: package of claim 36, wherein the Ziguid crystal

polymer comprises teramolvmers of formulation hyd-oxybenzoic acid,

4-4-pisphenol and terephthealic acid.

The circuit package of claim 1, wherein the thermoplastic
material has a coefficient of *thermal expansion within abouz -
% o a2 cosificient of expansion of =he at isast ons lizad.

-30-



34. The circuit package of claim 33, wherein the.al | oy LLOYD WISE
Wcoon't a(i 0s at | east about 97% copper. 35. The circuit
WORRKEES of claim 1, wherein the at | east onePCTAAZI4/002464
conprises: 5 between about 2. 1% and about 2.6% i ron;
bet ween about 0.015% and about 0. 15% phosDhor ous;
41 betyneen 0. 05% and about 0.2% zinc, and the bal ance
*-copper .S FEThEIGAGH tOpackagld of: cagnein wier eitrermoplastic
matidie athge a0Dl @sdd G o110 matretiial conpr | .ali_quid c. .
ys tal polynmer . 37. The ci rnc'l]tlmtg'pé%t%g%l%? F aTHESD about 7
PP0yhér 8PH. 2% P4 Gui d crustal Dol vimer conpri ses :
par a- hvdr oxybenzoi ¢ acid; bisbDheenol; and i5
42 .phatkakiecact dpadkagdhgs cat guht 1 pagkage; of-claim 36, . .
Wwhereon the liquid crystal pol y}r)rer Eo‘rf'pr?i sbs; “yrmoplastic
5 M EOp6y MEFP B SBE Y dF BRIDerzoRt AT danansbout 407
soHeyanoRa1ys 2o papht hoicracid. .20 39, . The circuit
. package of claim 36, wherein ?ﬁée)u'_iza 5r%lrgf‘s
1D SoEReETconpri ses terapol viers of Fornul ati on
.. hydroxybenzoic acid, 4-4-bisDh_nol and tereDhthalic
43 acithe 40irHeE chretAae patkageiof T, | ahBrdinwWieiLi+ddtmonlas
maddle ihegrapp asti . mterha-' has a coefficient of -
t her mal eggansT oéfW'tTwnl nabacﬁjo“u{}% 25T808FB T a20% glass fiber.
coefficient of expansion of the at |east one )-ad. -30
a4 LLGMQ W-SE, MO 2004/ 6835, S P, ,CT/ US2004/ 002464 41 The .
circuit ‘paclf‘(age‘ ofhc%i ?r)fl-,s;ﬁ‘énr efh t'RETTHEr MO ast§@epiastic
Tane-eFi AomMRascas coabficieity off tdremmmk=expansion of
bet ween about 7 ppm C and 22 ppm C

tic

T
(S

45. The circuit package of claim 44

P I )

, wWhersin the +thermoplas-ic

terial ] bet T ] } :
material comprises betwsen about 10$ and abous 702 graphite

46. The circuit packags of claim 44

:’ .?_ '."‘“‘ - ~ _’.u . N . )
15 macerizal comprises Dbetwean about 40% and about 50% graphnite

flakss.

4 Tha o cackags of i 3 :

47 ihe circult package of ciaim 44, wherein the graphite flakes
form a plurality of layers

4B. The circuit package of claim 47

» Wner=in the graphite flakes
20  are oriented parall=sl

ha ©Oo & sslected surface of the frame.

A — e~y = ~ |- = 9 1 i

29 Tne circuit package of clazim 1, Zfurthsr compriszing =

tnermoplastic material 1id attachaed to ths Zrams

50 The circuit packacs of clzip 4%, whersin <the ZFlancs, =z=hs
PR =Ils —=dll8s, iz

rrams and the 1id ds=iines an z2ir cavity
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42. The circuit package of claim1, wherein the LLoYD Wise
WO pow/misfisasti c  material conprises between abewiusRBYoz46s

and about 4Q»n spherical balls of talc between about 2

to 3 microns in dianmeter. 43. The circuit package of

claim1, wherein the thernoplastic mnaterial conprises
>l.-beffileeniaboit BO%kame aboulab@%iglasseTibeXche44iqThE weldeqg
to & Ecyjf_gmnpackage of claim1, wherein the thernoplastic -

10 material conprises a plurality of graphite fl akes.

45. The circuit packacre of claim44, wherein the

.thegpopl i C erial .conprises between about 10%
> andﬁéb%ﬁ?éh%b%pgga{ﬁﬂ:t 8t fCIrIpSI%@s.4946.WWJé‘i r'é\fi tthermoplastic
matggdrageconyiricles m 44guikiecey N4 hednedaropl astic 15 na

terial conprises between about 40% and about 5031
__graphite flakes. 4 7 . The circuit package of claim
53.44 Thiheg g enitthe rgrcaphkt eof | akesim f @I a sphunalk i tobr@frising a

I .qihe_circuit package_of claimA471, wherein
Seﬁl%éﬁg‘?%%#t%léjl% St e P AR ¢Ectrgcally bonded
to &édkest etkar fomee lekdt he - Frane. 9. The circuit package

of ¢ | aiml, further conprising _ thernoplastic lii

attached to the -tane. 50. The c- c package cf c_ainmi
4.9, Thnecirgnée packhgef pdmeland 318 |irkAah N8N 1R rnonlast ic

4 N ek o LLOYD W SE 2004/ 068558 )

mat%%r'f %JS?%TFM‘(?O‘%4€4 pétf.‘a%gy c?frs HhigP ag8ke%- cl ai m 49,

wherein the lid-is welded to the frame. 52. The

55.Ci irgdi toipagkaggef gl ai =;herein the thernoplastic _
mat eri al corrpr?gle%ag Iiog]uiéégaépy?t‘lal BEiygy the thermoplastic

material comprises between about 10% and. about 70%
flakes.

graphite

56. The circuit package of claim 54, wherein the thermoplastic

material comprises betwesn abou:t 40% and about 50% graphite
flakes.

57. 'The circuit package of «claim 1, further comprising a

amic 3. , i i
semiconductor die attached to the flange and electrically bonded

to the at l=sast one lead.

58.  The circuit package of claim 1:
wherein the frame comprises an edge adjacent a surface
of the flange; and
further comprising a seal attached to the frame and to

the flange along at least a portion of the edge.

o
o
3
jon
()

Circuit package of claim 58, wherein the seal comprises

epoxy.

-32-
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- 5 53. The circuit package of claim52, further LLOYD Wise
waeomwpnéssssng a  sem conductor die attached top ,FI 09@)%4
and electrically bonded to the at |east one !
The circuit package of claim52, wherein the
t her nopl asti c rrateri al conprises a plurality of

55, T Kk f cl.ai '
. gaie lakeylf ok, e s om0 oo

siljmangeen about 10% and about 70% graphite flakes. 56..

The circuit package of claim 54, wherein the
thernoplastic material conprises between about 40%
61. an”ﬂleab@mc@@%gxmﬂﬁ tg clBifal akes. 57. The circuit
package, further conprising a_ _
seni conc;luctor d| e a%’faceheao?% f%% fFan‘%‘é'Sandedge adjacent a
el 2otati calrdfpchoofiethe tax tbesat oheasdéadn@nhead. 58. The
-(:ir(:wtlpla\%lﬁ ge of claiml O\/\herelnthefrarre
conpri ses e&é’@paafé%%nf‘ a‘SGif 8681 GfieRReH| fAgehe frame
an@hd urd hete @anpekst ngna 15eal Atdmched tost he ééla%n of the
to the flange along at least a portion of" th
ed -S5E%Phe circuit package of claim 58, wherei n t he
seal conprises 25 epoxy. -32 LLOYD WSE WO
62 20,9{1% 068558 , PCTI US2004/ 092464 60. The circuit package
“ of CTaithBE" RASFRTH Th&Lee® lonprises silicone. 61.
The Ci rehtedeipackager odmec| bmpdi sahes es8cdhe faﬁégeadjacnnt a
nprises a first_edge adjacent a 5 first surface of

th% F i e%gru 36fe°f et aindefait RBP %”‘ﬁﬁ?pr ia8idng a fir st
~seal atiaehied tmphesir@ne s@BgnaoséQP AMed8AY & he frame

I ead al ongn at | east a portion of
e at least one lead along at least a portion of the

second edge.

63. The circuit package of claim 62:
wherein the frame comprises a third edge adjacent a
surface of the flange; and
further comprising a third seal attached to the frame

and to the flange alone at least a portion of the *hird edge

along.
64. The circuit package of claim 63, wherein the sesal comprises
epoxy.
-65. The circuit package of claim 63, wherein the séal comprises

silicone.



first edge. 62. The circuit package of claim61: 10.LOYDWISE
wthRbEisBsst he frame conprises a second edge adj acent a
second surface of the at |east one |ead; and BGFUSR@#/002464
conprising a second seal attached to the frame and to
~ the at Least one |lead along at |east a portion of the
. 6656 nd ggl e.. 15 63. The circuit package of claim62: -
. “wher'§i FERELF r RREkRERPPEsEd 2amt 63 d vbegeindjtheentah comprises
a maetage pivide flange; and further conprising a third
seal attached to the frane and to the flange alone at
- least aapthikohropithentdirdeeagen 2@l oNG L 2HRE: 4. 6.
circuit package of claimg63, wherein the seal .
: conpri sés - 8poxy B8 L ThePTFVReR taRritkabe Ginclakiont63, Pa. s;
5 whereinathessobia) cePPsésSESHoSI |dEANEy a"f;’bgh;thﬁ"a@YDa < at a
: ngea\{\o 2904/ Q(r3r$558 PCTI.US2004/ 002464 66. e Cifcuit
package of “Tl&fn? 63> Rfer¥Fcrrdie awhl conprises a .
materi abk WayeogitR Bdwald O S ! tyeen ahoyt 3.5
and, about_4.. 6; }gcason Vi g%)@ﬁ;h )e(dtn\%ggn oé%o%tka "%.5‘45 av a
and&Bbuiase F%fs?-s’ﬁ?%tr\ﬁmsd-ty bet ween about 58 and
about 125 Pa.s at a shear rate of 0.95 per second;
g7 and,a viscosity between about 12 and about 30Pa.s at a
: ST Shelf rSEFWbIt 9. BRGkET%se@dnd.cl82m The cipecbher pacdmgesing . a
10 moistusé adhrlerf YittRebnCAMPRISLI0 & %& Mmigture. barrier
: filmon a surface of the frame. - 34 7 °
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