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*159159* TI TLE OF THE | NVENTI ON PACKAGE FOR
| NTEGRATED CI RCUI T DIE CROSS REFERENCE TO RELATED
APPLI CATI ONS Thi s application clains the benefit of

isional 5 Application No. 60/443,470, filed
mmmmmmmmmm 9, 2003, the contents of which are hereby
ated by reference herein. STATEMENT REGARDI NG
#EﬂEﬁALLY SPONSORED RESEARCH OR DEVELOPMENT  Not

Appl i cabl e 10 BACKGROUUBI®EOFTHEHENVEVERIN ON Thi s
application relates to circuit packages for integrated

circuits andpying Fp?? | fitEdRArED! @TREGEYI hTackages
that include neta anges and hi gh-tenperature

t hernmopl astic franes. Sem conductor and ot her

i nt egr at edcgbls Ukt FEtEMiIE S0 RELASDDEARIIETATEOREr ed t O
as "chips" or "die") are typically nounted inside

circuit packa otect he die dtq facili
elé@ﬂﬁicg? ‘%ﬁﬁeﬁan ERR é%ﬁ tﬂ%?%éﬂi gonge%tlﬁé%%lSlonal
Apﬁlil%a%snt fo. psomw cia Cbhfitléwaj'aiﬁ:.arlye@@ si2tks, antet kentents
l'ike. A typical circuit ackage i-ncl udes a base
of WiAFDAFY REFIN dACOEPRER edstmgref&reﬁﬁe" PPLRLE), a

protective insulating housing and | eads extendi ng
t hrough the housing. Inside the housing, the | eads are

el ect b [

i r s T Rnly RRERRO S Bpeknr 2 FROFS (NI SEaRY O
VIILT VITL VI Vi 111 IDBVELOPMBIO002* The protective
housing is made of a dielectric material, such as

pl astic or ceramc, an%OEsAgﬁifgggggto the flange to

BACKGROUND OF THE 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 other integrated circuit devices
(sometimes referred to as “chips” or “die”) are typically mounted
inside circult packages to protect the die and to facilitate
electrically, mechanically and thermally connecting the die to
printed circuit boards, heat sinks and the like. A typical circuit
package includes a base (commonly referred to as a “slug” or
“flange”), a protective insulating housing and leads extending
through the housing. Inside the housing, the leads are
electrically bonded directly, or more commonly by wires, to

contacts on the die.

ity
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encapsul ate the die and bonding wires and to protect

t hem agai nst intrusion of water vapor and ot her

at nospheri c gases. Mst 5 protective housings conprise

two pieces, i.e. a set of sidewalls (a "'frame") and

a lid, although sone housings are nol ded as one- piece

asfamblprafectigeorymsing we chadée offr emedantlecteiali material,

r a t .ang ari es endi t

sucl o PRIELEE, b8 (it B0 SaCTE ar FRARE 1Y O Bance to
encapsuiabet thpedid el tHoadiatewiaks dfd can graltecat €éhem against

. ,W thout deform ng or bein t herw se damaged., A
intZusidn R IRIET oF BRI (TRPoVETSH o LOPRIM 4 Jases. Most
protectideshausikdsl cdipnige, dwo Wieehst he.di eai set of sidewalls

ttached, often. by eutectic soldering. The flan
(2 SHRERTYy 2Brod deb: nBURETIEP EtuTeE LogEn sras oLy as one-

picel %Essga\mbih.éﬁs, Thy wﬁ'uﬁh tihe_m&bﬁrithep&&iéﬂ%e aﬁ@n R lbie are
nmount ed, suc s to a heat sink. In use, the flange

2ttESREHCED PR LIFPGM TRSIGPe FEPERLLIRART SERk. TR HlgPE the

fraf@TRREAL Mo Lo USRE 1R 18L1RC Mt He HeBib@mat éSE 6@ the material
damage or deform plastic, however cerami'c materials

cangtelgppeet i thguth Sedraming sohikfinde ppbeav iy damaged.
circuit package that enploys a 20 ceramc frame_can
t hér sfigicaithpaghaenblied arhoghirevare dHet fomisatly oincludes a

methl® Bighge) 148 LRithernadhgred ¢ oa{%l{é'da}neoftse]‘fphbﬁseutectic
by epoxy. = To match the coefficients of therna
solég@gaﬁgi-oﬁh@f fenami EyPiemkly Prefiges mounthage fephwees, such

as aé@réxyphE@E y o@%&fs,a ngﬁf.éht lEHgStc@.'}cﬁh.k:o)fb aae can be
I hi's f

powder netallurgy infiltration process. T
nountedessurh ger o expwaasi \ainkandnt heet heheraflange conducts heat

frﬁﬁaqggchggiﬁg {Hﬁtﬂygtrg§#kging alloy is limted.

nprove ermal conductivity can be achieved through

{nenids%yi0ly SORRRLATRLYDASONTLEORRSE han nated., 1] 28088 can

fabric tratron process
danagyel reed | et qumoqElssticoweweeveheserpnbec emsesriales varey able to

,.expens . 30, Al ternatively, he,di e, can he attached
wieFRERS Ky 8 O LR, B R SR e B bR e 10vs &
cerHnie dppmeactn prafdrefonse bé dowembled prior to the attachment
of the die. A lid is then adhered to the frame, such as by epoxy.

To match the coefficients of thermal expansion of ceramic
frames, flanges for these frames are typlcally made of a copper-

tungsten alloy by a powder metallurgy infiltration process. This

- process is very expensive, and the thermal conductivity of the

resulting alloy is limited. Improved thermal conductivity can be
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.

Alternatively, the die can be attached to the flange prior

to attaching the frame and lid. This approach enables use of low-
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-2 tenperature plastic for the franme, however

adhesives used to attach the franme to the flange and

tothe lid performless than satisfactorily. These

adhesi ves often create inperfect seals or permt gaps

to open during use of the circuit package. 5
tempertherapmpd,astder sfaf thecuitangacklagesver ebdheabres o used to

i_nyvent or fl ange franes _and.lids d S h
2t R rahe M0 S (R IRSe "B, FE> LA AP BAREE R (B85S than
sat@s fAtEor NVENTTRREd hedps sy o fiveant ¢t olmpkasfect oseals or

i,ece-count, low cost 10 circuit ck t hat
per%ilithstg&ﬁ& hitgh AP&Rat (HEA PenpEPat ?es%%gnd cca}gﬁﬁg.lg package.

rurfhevihdecp heerst igral dirsagal eshadageeadiafeorndt dté, inventory
w t hout the use qf adhesives. Theﬁ%ircuit ackage

flaggergntEAPEDyANh LifinBRE JFSIRRITATESP PLITRR attaching
dieL@RPeshhyeys to achieve this herneticity and

tenperature tol erance. This conbi nation also 15

provides a circuit package that exhibits better

el ectrical and thermal conductivity and nechani ca

integrity than RRIBFEISUMMARY ORiTHRUIINVBHTKk@Yes. The

Circuit package includes two parts: a

fil / | . inat | id T d
| 0 UST] aolgarpBatag, p1dcs LidoeTisesdnon cost
cirthe tf lmgagencihedescan dietladttaach Mirgha digralhedédd tepperatures

he franme. A seal .is appli inside, the fr I an .
and, o AR B8 el TRE L Pahpe AR Ehe Trark Gy OF 2 die,
wit?ﬁiu\meehzat Eeel eﬁfésdl'aiﬂiv’ebe ‘ff‘harfeil.rdvfﬂtepbgkagéodefm employs a

rame _(therno ti.c refera iquid crysta . .
PUTRSR rR ) MERARALGATL 258 B R%er 311 y CAIBSTS CATS 1 6F narigge this
heﬁn&ﬁdﬁcﬁ.hgt aﬁﬁdﬁi E?I?ﬁdr&(ﬂﬁregeﬁﬁﬁé%twe?& TQlﬂée mrdb:'iﬁ}aitsi.on also

attached to the flange and the dje is ctric ,
PrYHoiitFed §OC%ﬁeu+Ea8§9%?%% Fhati shebuEs PECERE Framerical and
thd@n=8€atod - Bivitgadidy meeHdid chhe ditkgrity than conventional

circuit packages.

The clrcuit package includes two parts: a
flange/frame/lead(s) combination and a 1lid. The leads extend
through sidewalls of the open-top frame. The flange includes a
die-attach area surrounded by the frame. A seal is applied inside
the frame along boundaries between the flange and the frame and
between the leads and the frame. Materials for the frame
{thermoplastic, preferably liquid crystal polymer) and seal
(preferably epoxy) are formulated to withstand die-attach
temperatures. Once a die is attached to the flange and the die is
electrically bonded to the leads, the lid is welded to the frame

to seal the air cavity around the die.

The flange, frame and leads of the circuit package include

one or more structural features to maintain mechanical integrity

-3-
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The flange, franme and | eads of the circuit package
include 30 one or nore structural features to
mai ntai n nechanical integrity -3 of the circuit
package w t hout use of adhesives. These features
mechanically |l ock the flange and | eads to the frane at
of thw rcirmsipeqgidal@geundtthons. use @fe adhesdiveent Thtbe features

f.1.an eflne fra retenti,o
me r%g% Y ndf ea%h gllf?%%% ngaqeﬁE{lg e%% e%g?orifrra@gt (fl thedir
re&;ma:tlbe,jﬁmt:eomﬂpl e, a groove or ridge that includes

a dovetail or other undercut cross-sectional shape.

Theant hemmplnhsdhmeﬁt,arr&hjes flmigteddteﬁmdasa fd angeme su@lﬁentlon

et PRESTAITS &0y EraT 17t | A8 SE- Rt pg=e oan

be [y efmtemm;ﬂ&at e egrdsdsms dechatig€ athyt SeRULhdes tHedovetail or
frarre I n anot her enbodi nent, each | ead

otiidfe 1S e CHPSF BT TR Ol TER ageic  Erame s

moISRRUr €ot hend edd ahge} hesfdramas Duyi Nichjlelt® 1 oAD! b 1Mk n c? During
o eration, the frane is also nolded around the | ea

iSh P RAGERAs Fr drioutsmfe TS rankey t Hpdlughraezes in or

arcﬁirﬂﬁ%%' réfedtiord AR urel NEQu4 %cﬁia&:.%@!li;)@@étﬁﬁngoﬁe frame
| ead retention feature defines at |east one

to ttheodgAnIthe | ead. During nol di ng, sone frams

thernoplastic flows through, and then freezes in, the
holl® anqidero GEegineRt, | gagh wiehdnipptudes epener more lead

reﬁ}ﬁztﬂé%r ferdeet @t iQnfeatyfe ﬁé&”@@stﬁ‘eh@?gﬁg eggflng the

or other structure on or' near the end
mOlC&éfm rharaten dddie dineRenis hal st madsiedt 9rau@@.thﬁnl@ad which

exéérfog&,ctfyoﬁ 'o%teghecehel 2pake W {ﬁ&co@} d §aGhe, 2401 NG spe trame,

ing, some frame thérnopl asti eezes agai nst
intm thet wardedwtingyserti on of this structure, thereby
creating a nechanical barrier that prevents the |ead
f r dnebdieag pekeptioutfefture defines at least one hole through

the lead. During molding, some frame thermoplastic flows through,
and then freezes in, the hole, thus locking the lead within the

frame.

Another lead retention feature provides a hooked edge, ridge
or other structure on or near the end of the lead that resides
within the air cavity area. This structure i1s not co-planar with
the lead. During molding, some frame thermoplastic freezes against
an outward-facing portion of this structure, thereby creating a
mechanical barrier that prevents the lead from being pulled out of
the frame.

Compositions of ‘the flange, frame and leads provide matching
coefficients of thermal expansion (CTE), thus reducing stress on
the respective junctions between these parts. These compositions

also provide good thermal conductivity by the flange and good

~4 -
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the frame. Conpositions of -the flange, frane and

| eads provide matching coefficients of thernal

expansi on (CTE), thus reducing stress on 30 the

respective junctions between these parts. These

conpositions al so provide good thermal conductivity by
eleéﬂﬁcfallan&ﬁi&if&lg’g.@? f ehectId4 eAAduaid ViEl¥ndy. t @& one

| eads and the flange. 1n one enbodinent, the flange
embqdimenge wHie £UFGR chbppardgonviik, 2 a@@ﬁént%@ﬂﬁr acontent,
augxfémald aﬁgr ée ngéonaa?llr C%ﬁbﬁfﬁ: Sbf VEJi HonQlRSr i | 8r. other

not ment , | eads are made W th a hi gh
matéSrJ@d.ppéln covsttdetr, c—mgsismeu, byhe Seads mumd@fwir%na high

cop;per cﬁg}locrelﬂ% ééﬁggn@é‘&/ B Qt 91%%?8:& 5151‘9! of nl)%/ nEphosphorus,

anot her enbo raphite In the

zina amdédzmr@tl'lmr rm@rerﬂa'ieselrng| a@ﬁh@ke@nb@n@e@thelgraphlte
addi.tivyes 0

fla]f?sar%ne\égﬁn |ong]ﬁq“ %T F‘%g%gép |rIedT%g§eC%FaﬁIltteh%lakes

andemtmﬁr(ﬂddmt1t65|mbEchothefCTheofrthﬁeﬁnﬂmboﬁolW@et@TE of the
furth uc e infiltrati [ aj .
Flandi ($0 i HOTBSCR B GRTOF T HEPSIVERAL 1 EUE CRRCRELOT oF
int &M NoB Tiese faanleotdrr&f/ofrealim exo afiverhergesedaspeatcssture
an enbodi the present invention will becone
lnfh%ﬁ%??ﬁﬂ&aﬁgge %Be ﬁﬁ? qﬂﬁgg Yskilled in the art fromthe
foll owi ng detail ed description of an enbodi nent of the"
present invention when taken with reference to the

acCaImanyy %%R?[D@if‘bt?gc% Tt WRUERAL RHfewsl drS rég DRAWINGS

perspective view of a circuit package, wthout
according to one enbodi ment of the present invention;
20THex® 2ang a pthepectfapEuriesw of 2d¥aNtETSwi t PERRGge and

emb?&:.xl\:érﬁs d Wpeh tp@‘esbﬂif'af. @%@%{Bﬁ hangt Q:ecglln@ m§ré Sagbarent to
ew of a s rames, such as those

thousedkitﬂ¢douiabh@r%!trﬁiqmrthﬁtfqiiﬂwagg getgiled jdescription

of an embodiment of the present invention when taken with

reference to the accompanying drawings, in which:

FIG. 1 is a perspective view of a circuit package, without a

1id, according to one embodiment of the present invention;

FIG., 2 is a perspective view of the circuit package of FIG.
1 with a lid attached thereto;

FIG. 3 is a top view of a strip of lead frames, such as

those used to manufacture the circuit package of FIG. 1;

FIG. 4A is a top view of the strip of lead frames of FIG. 3

after frames and flanges have been molded thereto;

FIG. 4B is a perspective view of one lead frame of the strip

shown in FIG. 4A;

FIG. 5A is a cut-away view of a portion of the circuit

package of FIG. 1;
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FIG 4Ais a top viewof the strip of |ead franmes of

FIG 3 25 after frames and fl anges have been nol ded

thereto; FIG 4B is a perspective view of one | ead

franme of the strip shown in FIG 4A; FIG 5A is a

cut-away view of -a portion of the circuit packa

FI GFIE. BEGisSE | SUaaHAY. a8y \QlewR oPCREHRR t PN %f agﬁernatlve

en@oh%eatal Y€ cahodicieet pebkide <x rawl.t 1package of FIG
GS. 6A-C are cross-sectional views of the fiange

of Etzl?s@ G-eUi drPagksgs Rlctkbfml 1vsbowi bg tHHeeeflange of the
stages of manufacture 5 thereof; FIGS. 7A-D

ciFehe it d%wi Plgs FOF - aldl%h%nﬁ’g %tﬁeo?chﬁﬁa?%s PﬁemanUfaCture

tdaRge of the circuit package of FIG 1; FIG 8Ais a
detai |l ed perspective view of the |eads of the circuit

pacm@% ohaEbGard; sdiferdltGc SBal$nds C6DSS-SBSIHNR attached to

di agram of several alternative enbodi rrent s of the
theddgnege phetle r%ﬂmqulﬁa@rasbé%fOﬁ:lFéG 151G 9is a
schemati c cross-sectional diagramof a €gortl on

th
frafdCof #hecit ciftaidackagesercre TS ef 19°i %e%ﬂs of the

c;ﬁ{&ﬁﬁ;g%qc‘segﬁw &f wragont;ion of the circuit 15 package
of FIG | show ng seals; FIGS. 11A and 11B are

Cr 091&'@9@13 ol a Veeyss-Gfecthengl r evadrawackageveral FlBernative
ow ng two enbodi nents of the seals of FlI %\Eé‘ﬂG 1,
R AN R 8t Rl afi Fefatto ?‘ﬁgﬁe? '
viscosity and shear rate of one Qdi

t i1 S UTE aBl ECPETAkES G508 PAGHIORE |d&FgﬁF%s°f16 portion

of heaHd-ahlBorFe dBAdit %a@ﬁé@@e&ﬁlm vitgw of a lid f
or the circuit package of FIG 1; FIG 13Bis a

Crosgreciponal ad eshDirgeddoviéwnodf at heoddibn of the CerU.lt
package of FIG. 1 showing seals;

FIGS. 11A and 11B are cross-sectional wviews of the circuit

package of FIG. 1 showing two embodiments of the seals of FIG. 10;

FIG. 12 is a graph showing a relationship between viscosity
and shear rate of one embodiment of a material suitable for use as
the seal of FIGS. 10, 11A and 11B;

FIG. 13A is a perspective view of a 1lid for the circuit

package of FIG. 1;

FIG. 13B is a cross-sectional view of a portion of the lid

of FIG. 13a, according to one embodiment; and

FIG. 14 is a flowchart of a process of making the circuit
package of FIG. 1.
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of FIG 13A, according to one enbodi nent; and 25 FI G
14 is a flowhart of a process of making the circuit
package of FIG 1. DETAILED DESCRI PTI ON OF THE
I NVENTI ON The present invention provides a | ow

pi ece-count circuit package that can w thstand high

di e-attach de/meRa! HESSRAMIBARF BHAVIEErION
hernetically sealed air cavity for a die, without the

5 use of adhesives. FIG | shows an exenplary circuit
DeENngBTEBONE  ATSRULAY RFOTAECmBodt fEnPISCerFEUIt circuit

pacﬁé%?eﬂﬁaﬁnﬁgﬂth@ﬂhsfﬁﬁd(%fﬁﬂt&ie -dtRchi fetiderf@tkégeand can
is showmn without a_lid. The circuit package

Provige LRleBeE St ke v (FB2l8Sf Pdife CRTATYndOrWS 1€ &ds %gmut the

useBE A8BesiFhes frove HO4RWACHN GRelpilipgubat@sid Kackage 100,
| eads 106 and 10 108 fromthe flange 102 and each
accordtng R gMe SEOORImERY AthEHS| BTASSRh dPYEPEAnar Bar clarity,

thellcérc%lli@.h PV LULB6T 116 SOAGRT didnoltOr aCl Bfd I YThe circuit

shows only one die, although typically two or
packege W@ teeludss & iHemes L82ihe ArendtiQhang diofkeads 106

andTli%BeUtI‘?LEt 'fgrlaﬁlgl q%f %@Léﬁ;ﬁkf&éiif%ﬁ%l@@;@gs tth|ée l@a@slll@G and

e eutectic solder 114 al so
10806ncmlcttl'se rfé.aatngav\éQz sndaadie oher11®d die (38 ﬂﬁaﬁ@%ached to a

dleheé act n‘%’s%no% QQQ;;{Q 1@% é1§t AeARd Cs%'l'd%r”@‘.’d@t eﬁof ckarity,

not shown) extendi ng
FIGthfloabbws| atby 1@& alic, 1asth¢h@h diwpired lystupeetrierg |die can

ve JRRECEA Yt Vi SRR H e 4255 0, 2 pr et br by

a PREUGHESRELY: 330HRE a0, IBeLERERT R ndes Tfle ate 110 o
thetSEwngerrg.Sle diI:eramd:ft@Tthegfdtsldan b4 usgsb hﬁb@u@%ﬁm away
eroiy et kBt B S5e daeBr? nedZr n o leSaethe AR, 102 is

typa@agmﬁ ﬁbﬁz@tlédl w@(mtlaﬁnenwhoyssmmnw boflts (not shown)
nmecnani c

extsegﬁlp.nghggapgcggmat? é;]ess tﬂ326d o{TplQ.LSSI t I'.[%rés dtl% Iﬁr mg_t ' %?L c¥rically
bonded to the leads 106 and 108, such as by wires 120 and 122.
These wires 120 and 122 are preferably ultrasonically bonded to
the leads 106 and 108. Although one die 110 and two leads 106 and
108 are shown, more die and/or leads can be used. FIG. 2 shows the
circuit package 100 after a lid 200 has been attached thereto, as

described in more detail below.

The circuit package 100 employs a number of mechanical
features and compositions to hermetically seal the die within the
air cavity and to tolerate high temperatures. As previously noted,
this combination also enables the circuit package 100 to exhibit
enhanced electrical and thermal conductivity and mechanical
integrity. The following description begins with an overview of a

process for manufacturing the circuit package 100. There then
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air cavity and to tolerate high tenperatures. As
previously noted, this conbination also enables the
circuit package 100 to exhibit enhanced electrica

and thermal conductivity and nechanical 30 integrity.
The follow ng description begins with an overview of a

folpswress Idutannedf agéseiip@iohe oifr Cthé perddge 1A and its
There then_ -7 follows a detail ed descrlptlon of the

manyfagigweroThif ifs LoaRtpdctRl edetmiled Aot iRid@nsy of the

leadi®t 204 @hd Qe | RohBBs1iOford Ny drRAdIqE8 EPFsHdB polymer used
conposition of the liquid crystal polymer used for

fort phef fampe 104, 2 seal WHlied ingdidge thre fremae 1994, the lid

200t &6q 14 %ro%e%@oféfd:na?luﬁa%%%:?r%n&tha%l&fcﬁﬁtubheﬂaéé‘eloo
circuit package 100. Manufacturing Overview Crcuit

packages 100, accogghidack@rtiRg ov&sark i nvention, are
preferably fabricated in strips or on reels, simlar

t ocifQnMENpiSRtesLi 160 t aBé‘@i@ﬂﬁ;ﬁ t&l Ehed ﬂ%ta invention,
suc

strip 300 _of lead 10 franes as |lead franes 302
ar eaere§@$a EXcEaRiE@atednell nSEEHRE  ATwoOR e iR LSgycRilklar to

con%@%ﬁlom@ul%o@a%ﬁggggs rk8. 08esR8PedL MRt ip %@nof lead

| ead frane stri O is stanped or etched, hol es

frapee iRl FAoSEATERE3 02 AN 398 -aBachoBeatErpIedncludes
twooieiﬁ@seﬁm & %ﬁ%sesgﬁéﬁ‘@n aly % a 'ae§@8h°tﬁso§é erfbSdiment,

used to lock a frame to the | eads 306 and 308, as
whegedbei Bedd nfrhseni $tmid o300 Ai$ elStﬁlhIéedl end etched, shollgs are

cre§ 'ﬁif@ﬁjﬁq g fﬁ.éQEs'fOG”%ln]geg ﬁnﬁﬂ%@l %g%ﬁhese holes are

|nject|on nol g, to each rame o
shoWnapt $tLOi.p.ThElse Ma&eshdw ta‘rr@ Ilmdi fraankocit rapf3efd to the

1eafil! 56 142 raﬁéssgcgég 15400, haye hcen moi ded to

one conplete | ead

frﬁ?@e Oélhe Lfégdff s 3 Sﬁ%(ﬁ&&@ 'n?aqie,' %d'f’faq&éal g molded,

n strlps or sequent manuf act'urers
preﬁbnalaly aloh dnEe¢’@.themlﬂngmge:o each lead frame of the lead

frame strip. FIG. 4A shows the lead frame strip 300A after frames,
such as frame 400, have been molded to the lead frames. FIG. 4B
shows one complete lead frame 404. Lead frames can be supplied
individually or in strips or reels to subsequent manufacturers,
who attach die to them.

Flange

The flange 102 forms a base, to which other parts of the
present circuit package are attached. In addition, the flange 102
typically conducts heat from a die to a heat sink and electrically
bonds one terminal of the die to a circuit board. The flange 102
is preferably made of a high-copper alloy (at least about 50%
copper) to provide high electrical and thermal conductivity and to
resist annealing at die-attach temperatures. The alloy preferably

includes at least one trace metal. The flange 102 preferably

-8~
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The flange 102 forns a base, to which other parts of
the 25 present circuit package are attached. In
addition, the flange 102 typically conducts heat from
a die to a heat sink and electrically bonds one
tern1na| of the die to a circuit board. The flange 102

comI o ref S af%%sﬁ:pe? omﬁ:f 928;%21” éi)é)ehl ganrd %ét%e{'xatabloﬁgsb.OS% and

el'ectrical
abotbernmgs ceaduchiwnl y anthough30otiest sthnamﬁeappag atatios are

r
di e-attach te rat The aIIo
acoPREA e He | DR CorGh FRE8 FRPSPrathe raisep, poout 99.9%
copgéﬁf ahablabcmrrmmeschdrﬁmt abrot fDS%e:oﬁ)pér igndoreferably
et ween apout Fg@ban
h

elegpgwq)twe‘?h RY %0388?bg§:§rollgé%éér%Qmﬁﬁ{gael to form a

o5 are. accep
difklange bazZrhere meﬁ:eraatd yalcmmqor|6§esnmnwﬂ.n9939%of gold to

and abqut 1% zir n|u Th fI n 102
facéﬂ-é?%\?%tbf’r @répgc*t:?% é'g EICB g?n' cro- =rs10hes

of nickel to f b
GSAHGF%E*FH%H@’?gp%ggﬁan?%sié)gc‘f?%{rlét%rgs BoheRRE PRat oo.5e
copi&'e% a8 aﬁo&@eofd@%g%ll%kﬁraathmfy otttee HighgeopPer ratios

onprises at | east about 99.5%
areo 2g88pt ekl el irgrphBl gbe dtnr?eﬁermé iﬁp]g‘fel’w ?’egsuSioan alloy

ma egvalﬁgxg%g.?‘:éghfumzbéﬁ%ﬂi{ﬁﬁlrﬁ Pnefperedoppesi buntent and thus
made W y4 '

oravigRoPeEbaBaENOUH BNl AL Car BUPHRCHET S thely 4 it is

mao?en ﬂr?c%i\‘?@f conduebpyétyz {hiul idlloy prAddeist e flange

| ver e copper - 2|rcon|un1alloy provides a fl ang %
w1nhtd1tmeﬁmeﬁnabn@@ﬁﬁﬂnﬂﬂyvﬁPPe§39érF%rp¥%PﬁN§§F Ggpper=tungsten

ancf %ﬁ Sguﬂmﬁf%kﬁd%ekgbgggpgf PRALNLARLY bdanwR C@HQBIes a circuit

a circurt ' package that | oys
paawde a&Hatareploysa stich  at tfilengg 1o suchia afy % such a

di ssi pat e ,npre _powe a i,or egypt |
LS B TR o B pp AR Buciases.
add&ﬂMﬁﬂl ngheteumpgeuﬂnMECDhawmnD%llQM ghaéopperh%ﬂhQEASanneallng

te%%qag&rtsegbé& ah. értot achs"l%hzgo %Pagflgﬁs ah&sybt SQEJQ@E Ngo less

enpe previously
wafSis ad lae rbsane dfbdingmbedeed eila-abit§l0bytemperatures

As previously noted, the frame 104 is molded, preferably by
injection molding, to the flange 102. As a result of this molding,
the frame adheres to the flange 102, although this adhesion is

typically imperfect and subject to breakdown due to the heat of

soldering and operation of the die. To overcome this problem, the
flange 102 preferably includes a mechanical feature to

mechanically interlock the frame 104 and the flange.

This feature is shown in FIG. 5A, which is a cut-away view
of a portion. the circuit package 100 discussed above with
reference to FIG 1. The flange 102 defines a frame retention
feature 500, which is used to mechanically interlock the frame 104

and the flange. When the frame 104 is molded to the flange 102,
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injection nolding, to the flange 102. As a result of
this nolding, the frame adheres to the flange 102,
al though this adhesion is typically inperfect and
subj ect to breakdown due to the heat of 25 sol dering
and operation of the die. To overconme this problem
somé h&s ﬂlé‘ngfargcgzmﬂ&él%rla@%vﬁsnCi.lnLE@es a%d”%@ﬂéﬁmf‘iélazes in, the
feature to nechanically interl ock the frame 4 and
framehe HeftgngéonThfeatwrs ud€0i s EQEWNT n aF| dSeY5A50?/\h| ke s frame

ret .scus?%* 'evxooofhﬁ@ §0%&5g9~5é9@1&1410Laxtofaagkagﬁdlgﬁe ey

ove Wit erence to FI'G 1. Th
502f takge ©02 adectfpmn,i@m&ntaayrepr@fe]cm ofhteat the 5pozen key 502
mecm Ctghllsy u.us.‘ﬁge:t:fo }Qaltlhié 'fga%[é Oggt%ﬁ&.cfrf aﬁ@a&% 500,
dl e "fl ange. en efrarre104|srm

thet¢man‘@tmgg t@@nafrémet hedf foore hednrg m#llfqdomawntféom the

fla?@érjn%%nzii}%ﬁﬁggrzédﬁ%ﬁgggr aflrggﬁeéﬂénﬁé ozéleeffda&é&' $etien the

retention ature 500
frahesaral dihes$lsegei onal profile; and the key 502 takes

on a conplenentary profile. Thus, the frozen key 502 5
rre'cllimnimmey iratentwks fisiatthrehe500 r dimeslugieent 8on least one

feat.ure 500 t ere ventj ng e 0
undBJéﬁ:lH.'g %%thrJedd‘L amﬁq %gg (%n{x antllégI B%Eém‘te:hjn Afea[tﬁg]e 500 is
pref@g&bly )] adﬂv@tdinaSIskm;Ieo bmla:ddeldfﬂmewetmot hndelfcuatm-portlons
an Thefrarreretentlonfeatu 5
504; rﬁﬂctdgg% Q?gcg}?é:t GRS TECTAaEr REBSSrt i onéah a8 L or
lolLipss, S Ia@d!,epﬁ'_bbleret ention feature 500 is '

preferably a dovetail shape, which defines two
unple*clwnhgrpouﬁé aframeb @4t el & GE e a@ulrer 50003hemeciri driG. 5A is

S such a I, L [ ol i , acc I
AeDRP BB 1 i e UngEEh PO ISl FB0 G BRGR Lo g Erame
retaftisdn iéaﬁ'@ﬁé egsedabet ovediRe 13d) sacaat }ﬁ:ldjiafdaQﬁ afhd h&djacent
flange 102, the frane retention feature can

surfpeer nafi vePYnsBnd L 0GB oPLERENREA VR chtanag rf098e defdnes a
frafBoWdcibe RBtubkt eyotal | Maat | 308es 1826udelisnesed adjacent

surface. When a frame 104A is molded to the flange 102A, some of
the frame material flows around, and freezes below, undercut
portions 504A and 506A of the frame retention feature 500A. In
this case, the frame 104A defines a key 502A that is within the
frame 104A.

Returning to FIG. 5A, the frame retention feature 500 is
formed in the flange 102 by a series of progressive stampings.
FIGS. 6A-C show cross—sections of the frame retention feature 500
at various stages of manufacture. FIG. 6A shows a flange blank

102B before the frame retention feature 500 has been made.

FIG. 6B shows a flange blank 102C after a first rectangular
cross-section groove 600 has been coined in the flange blank. This

coining operation creates walls 602 and 604 in the groove 600. The
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frame retention feature 500A that stand proud of the
adj acent surface. Wien a frane 104A is nolded to the
flange 102A, sone of 20 the frame material flows
around, and freezes bel ow, undercut portions 504A and
506A of the frame retention feature 500A. In this

he fra 1 f 2
sncBT8eqh 5 AR JRETT S SRl B anc
prefetrghly abduganuoe bAfhés de2p f(dimemsion Bie ~l ange 102

by a series of progressive stanpings. FIGS. 6A-C show
CrESG sect | shhewof thhe flaage rEtenéfoer f eat seeorBDOregtangular

arious, stages of ufacture. EILG 6A sh fl. e
Cr°BFaﬁﬁ°t’1ﬁ2 88’6%?‘6? egﬁﬁegf‘? a e?etcgﬁfl?gn °F egﬁrh% %?%asgroove
60 Obememonﬁl GmﬁBnghepsratjfdranMdrltan RhE0 2@ 14fst éi02a and 604

irst rectangul ar Ccro secti ove 600 .ha
(FIS'eeﬁBé:m fayps ?]gtmet?lié%gceosl&agﬁﬁ $h?§tf%ox|lena]ﬁ the Stop of the
gro@k}er ableﬁﬁrlﬁé@aWG!Sl:WaBOSA a2 amawh:mntméweugdmms 504 and

he roove 600 _is prefer ou
506 AQREESTP AR rortty h TRFCARRCS prbTahb g aBkd: So0y! 9roove
60d Nghespeeomirddiyreasben B). 05FI ﬁncrﬁé.% shave theifdravige D) and
102 after a second rectangul ar goss secti
r

prefgsahhy BOEHTCG ldd TUES o  TEFE08 @ GoBhe TREULEIng

dov%@:‘é@fl‘.d SRJY NHa 9P abhon def eimendive ek | 21602 aILCbCﬁl04:anhes
(F 6B), causing themto collapse slightly near th

(dltrmsepnt hB) » gr bRAELnDe e NOYSRRRIS BTURA Shite0BA PGP m inches
(dl%?s%ggef'FUt'fheg%&‘?l‘ln%S% ) S He3edapbpves Mddt about 0.005

erence to FIG he second groove 606 is
inghesf e‘ioa:blb}leakidmald e5vFheheRolWmRr ((@eferdPeA bplawl 4eed for

thd" aﬁ'{a!f about 0.01 inches deep (dinmension C). The
resu |ng “dovetail shape has a snaller di mensi on of \

ab% QgZS g?ﬁ {&HSITE '.nonvgi ?@ﬁ/rﬂﬁr@n Q¥er Rang size,

out rren3| 0 The dver han
mat(e&):.aﬂs apdetemla@tqfctme I0¢a$heaf)bmgeo 1005 thechbzef %leﬁéal and

tempeq:aturer g%t é‘llie pﬂ'éﬁ{gerlo(tldet?ﬁé'@eeﬂr}%%l Q‘Efke%@ﬁ cf»Prthe junction

between the flange and the frame, cost or other factors that are

now well within the skill of an ordinary practitioner.

The flange 102 also includes a mechanical feature to ensure
a good heat transfer connection between the flange and a heat
sink. Heat sinks are typically machined flat on one surface. To
provide a good heat-conducting junction between a circuit package
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 the frame retention feature 500 can deform the bottom of
the flange 102, thereby preventing the circuit package from lying
flat against the heat sink. To ameliorate this deformation, the

bottom of the flange 102 is preferably lapped after the stamping
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15 the frame 104. Al these di nensions can vary
dependi ng on the size, material and tenperature of
the flange 102, the size, material and tenperature of
the frame 104, the desired strength of the junction
between the flange and the frame, cost or other

tha =¥ LN n ot ks :
opeLPELOLs, ERPEIORL T PN R il Ol Mhciness
(dimensbon c@l iheHLEr eSRb, epseferaklydod aheat t1G.ai@sf einches, can

redﬁggn€ﬁgiéﬂﬁugﬁtﬂﬁe ef&?ﬁ%gf%%ggﬁﬁggdgﬁpqﬁk s%gﬁééggkﬁgsrations

sirnks are typically nachi ned one sur
andpeay i efbiningded the ateed ridu deipn §he upettiagn dfetheefilange 102.
circuit package 25 and a heat sink, the circuit
pabkifersmas d dn e chpafiatentst athi $hepmal serpagsion (CTE)
0 q@g; ther.ehe e LN aton
bet?%é@c?*%e aggsgf%%éﬁﬁgrﬁ%%g 0 ﬁ%?S%Fegfﬁgférghg flange when
ther edimt ilen $ekdaned 500 dde délenge+ hEIGStE t OAOF schematically

- t “ enting the i [ t -
1118 PR 1t (Ao BRBY P RY TACHRUIE | BARE S0 with
flaambokbpat 800 hasd def dienlionthéabhehabhabdonyed béen fsalpred to
1 i s preferably. | apped r. the,.stanpin 1
they Habe DT ETIAP e RRREC LA Mad N0 VAIPLAn miteed, The cre
of tahecdppeaiBesson{uh NENRigen i@ i apdrdo@imbely p7eppmAbty whereas
tg _about 0. ,125 inches, can reduce.th mount . of ,
ehey SaB Bt ot i ARRRANHS HheSRREITRE Shbor ot | BHY “Gndbadpe die
110eldnd mageheonpedrtonkaped heo bsblidwr ofhd htid | esmgehe flange,
5 Differences i coefficients of thernual

102.
thes dignapdnt 43869 ©XBaPAeen the die 110 and the flange
102 can deformthe fl ange en the die i ol der to
h&of PRngendFFRRYT A48 B S elfut Aealhy CEPI G407 aTE Fhpase 1020
coddl, I GiBbanee solthéx THuSheuBdenly amgreicHI Doud herte flage and
bottom 700 and a die 110 that has_not yet been

dies fardridyeto oo coré PPAnGeNtEBrPHer Thait @iTeFtio 430ldar 1148 is
ver;ﬂptha)éﬁt ab@eRoteydBd. quthe 1ETEThA e ForOP M/ cBnteaBtUSA of the
| ange is _approximately 17 pgnic, wher eas
top surface 702 of the flange 102D is constrained by the die 110,
which has a much smaller CTE than the flange. As a result, the top
surface 702 of the flange 102D contracts less than the bottom
surface 700, causing the bottom surface to take on a concave
shape, which can leave a gap when the flange is mounted to a heat

sink.

To counteract the tendency of the flange 102 to take on a
concave shape after soldering, the flange is preferably given a
slightly convex shape prior to the soldering. FIG. 7C shows the
flange 102 before the die 110 1is soldered thereto. The bottom
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 by soldering. In one embodiment, the bottom surface

704 is convex at least by about 0.0001 inches over the length of
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the CTE of a silicon die is approximately 2.8 nm " C
As the die 110 and flange 102% are heatgd to ggl der
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

the flange and e continued.to ol 0 :
theTﬁéa_QﬁFecﬂ‘b,agﬂﬂ?ﬁs‘? Tﬁ%ﬁl*rgem—&/eryg/g aP gggﬂrg ng'{r%\%gs y 704 s
conf€t bl epetheesl absutt De000Ht Hachésnandl wheutt §p0010 inches.

.surface 702 of the flange 102D is const.r ai
Thig| emount 98" VAP CRaRbST o %ﬁ‘br"ﬁ@%ﬂ%ﬁ?"?éégbes‘mh as

the]t :semggri gebi@sithle (iR, Ghe Suniaee &2eofanthelacement of

' ange 102D contracts le th th
die7golderasitig tPRe EhERI o St flsggttloe‘fb t%ﬁda‘%ﬁ%‘%@%&s of the

. Ve
flaﬁ%ﬁﬁ@nd WHE Ror@Bsh e8ne o daR Whengé hecdrvengeonsl flanges are

\ ted to a heat sink. 25 To counteract the t
typdtathe abange01840t0ort Qk%‘i%nzﬁcrl%n%fa"s Hap l%?qneg?%%kness

(aifghgdesing ideridangg) i srpralegabbyy gekent a0.4Rbghinches can

convex shape prior to the soldering. FIG ,7C sh t.h
redficendgdel 0ampyettor of t Hefarsatyen §a‘§%‘F%Iehéd tg‘ﬁerseqqg.serﬁ’g‘ The

to a e 2 i t¥an ini
bOtgﬁg\pe%’n:ﬁlﬁgbse; g%ﬂ‘?/%%t?{/ Eé% dﬂlérrgﬁgo%g I—Jf)n@)iagtg?eak?er 2 comning
proceas, t hel@mmght ofheonEaecEpsenat W das beAHiNgducBErding.

sol degi na. n inent. the bott
cas?\ég}gi er ERE Xndat%rl%egggé%ﬂk ottom surface

about 0. 0001 i nches over the

l e h - h I I n dypEn t
potitsm Ui ¢ SEvhognt s TTaRes 1 OB R o et 00005 oo
solidetleds teretiooudnd). DOLD hArResooler s TafoRATtOMN Herface 704

var i dependi ng, o [ . t '
Pres%r&gﬂﬁ’ng‘o Sec%n?ﬁ@lt\l}%dé,&@lgexa% er, %élli%kz%e%glr?d fitnge 102 is
noyltRee RNt afeat dileksolfdecesl applind fiyampunting Pergyh, to the

wi dt h and, t hj ckne of the f i £9
F1519% AT | SPOLSS oyt O (| GhoRad oy 98 CTERERR | Ehen fiange
agahitt B840 ©Inlp. GAA | cudesest hiackgodl f heagetramziersgunction

between the flange and heat sink.

As previously noted, the flange 102 includes a generally
planar die-attach area 112, to which the die 110 is soldered,
epoxied or otherwise attached. The die-attach area 112 is
preferably flat to within about 0.001 inches per inch, and more
preferably to within about 0.0005 inches per inch, to facilitate a
good eutectic solder connection pbetween the die 110 and the die-
attach area. In addition, the die-attach area surface roughness
is preferably 1less than about 30 micro-inches for eutectic
soldering. The surface roughness of the bottom of the flange 102
is preferably less than about 64 micro-inches to facilitate making
good head-conducting contact with a heat sink. If an adhesive,

such as epoxy, 1s used to attach the die 110 to the die-attach
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(dimension Gin FIG 5A) of preferably about 0.125

i nches can reduce the anount of deformati on caused by
the sol dering. The 10 bottom surface convexity is
preferably inparted by a coining process, although

ot her processes, such as sandi ng, bending, casting or

areg ofﬂi nQ‘hl?é' I.'l. CaQ:@a@H' Sred! & JRLANOWS  hE fl 3R0§itH2n about

ter t e 110 has been soldered thereto and both
0. omw@qin@@l per Iheh mid erestRf R eviddn shopEef b ralfnpHashes.
a slightly convex shape. Wen the flange 102 is
NOAkR® (RS oPBeTikes i fotedor tde dPAnaed Hgifitideg mounting

slo% %‘ﬂ?l tahd hf% fl ﬁrig;%rﬁé‘@u}élq} catgd I aakkOVE02706a@Ndnclude

atten ange agalnst heat sink and creates
thraa@axbdvmeattlmeadsﬂemo‘jlm doleset fBehihene ¢3sffge thied flange

102, ﬁ%ﬁg %énrjé uted re\ﬂe wslyy nROpgdorhbE gﬁ@é\ﬂeat%o%y bolts or

es a genera Iy anar die-attach area
othehi €hstdéreexh ee&ﬂ@udmgsdﬂh@rengu thepexiopendrIDt hJélWrsr@tlvely,

the_\‘e‘ﬁg‘che‘jloszOl?t b% %%%88 L 2MER ol dedtS s1Bﬁ<eB§réPﬂaé/rfélﬁ§strate,

i'na Inches per 1nch, and nore

obvpaefmy diiley needwifohi mowwbidmy 810095 i nches per inch, to
facilitate a 25 good eutectic sol der connection
bet ween the die 110 and thecafle- attach area. In
addition, the die-attach area surface roughness - i
preéepabvyomﬁhﬁ ndted adsbt referere®- Fnches: fbr the Erame 104

. eutecti I [yl hness
is BULAGh: o ERARNgy Thfesllbnsitauginenstd, Hitboe 102 ane
to ﬁdh@gtleﬁés N6 candicltds Dariagi the an@ldmig rge3etyond the frame
ead- condqucting _contact wth,a, heat, si :
104ad+1%s}t19£ge sEng%Q‘%%éx?m%dug J.oeaat (Lg %Hd 108 which
extthd tﬂohhebdfizlse.dglt taeh frahd, ardaclib?, aﬂmawdlésatdfad:lhe frame,
area is prefera flat_ to withi.n aho nc
1nt§e¢hﬁnéﬁraﬁév§ﬁﬁogﬁe?D'%ﬁt?ﬂ??%ﬂﬁﬁﬂp G%E&IC 89?ﬁ% eggﬁé frame
adl‘fé'r%gt 23] p'f:ﬁfé' ?léﬁfbf(snp@%danﬁhﬂdd ,angeti®igH nchidesadhesion is
untin slots 1
tymgléangmﬁgpgg%t andagubjlecgt t'foc‘latbezgenacho\(ﬂ%l ydu x fi‘!haengneat of
soldering and operation of the die. To overcome this problem, 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 at least one hole 310
through each lead, as shown in FIG. 8. As previously noted, the
holes 310 are formed in the leads 106 and 108 when the lead frame
300 (FIG. 3) is stamped or etched. Preferably, each lead 106 and
108 includes a plurality of preferably rectangular holes 310
arranged in a line where the frame 104 will contact the lead.
During molding, some frame thermoplastic flows into, and then
freezes in, the holes 310, thus mechanically locking the lead 106
or 108 within the frame 104 and preventing the lead from being

pulled out of the frame without requiring an adhesive to be added
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5 threaded or unthreaded nounting holes. In these
cases, the flange 102 can be nounted to a heat sink or
ot her substrate by bolts or other fasteners extending
t hrough these openings. Alternatively, the flange 102
can be soldered to a heat sink or other substrate,

betwddd dheNJeddCateethd FraBUNis NEhWOlis. F10. LEAJScheAholes 310
preV|oust noted with reference to FIG. 1, the frame

are mypierabhy G%‘EPl‘To"r%lerrc&HFVeBybY e EraRendPéi ng, to
the flange_102 and . to the | 8 ?nd 108. Duri .
t e SRAEAFRY GRRAUETHRLER 10 1 & p4lPe aRA gkp gontributes

to MRS epaglyl Br Yerdorhanteadss 18feanci ddifit WokeRadd 100. The

extend from outside the frane, through sidewalls of

conqyet ik OF iEntlPachel 4 o A% \isaREPPOsignads Pt 2oflateral,

i. et ha J:'Hiﬂlﬂ\bﬂ@lyt Eerﬁémuﬁ@h @be8hb0gl hect £3lSof QraRdt flow
aIthough this adhesion is typically inperfect

thr e et?2dr0 BFREKTFRATIA0RLt Brefdechedheofleasdo| Berpuge the

hol@@%ﬂpeféﬁd&n 11 & 8- dhisLsedPi VAN GO t sk HRLSM 1ine B-B
. each 20 lead 106 and 108 preferably includes one or
in Ffe 8lealhrebeson Plassmgnts $rasangr shepe PEdthe gioles can
%é‘feét!e%ﬁ%ol%nlﬁﬁl%e' £Rd I@i&%! %f@%@&#éecgﬁéﬁéﬁ%ﬁ& of the
east one hol e 310 hr o each as shown I n
lea@s GL08. apnd PP8vi dimfﬁrnblm thﬁehOhw e31810educef shre¢ross-

sec%lf_cfrgle reeaadssiéloéhénjdr.eégs ChegsI:h% l%%% ftraéges Z%H%ggagh this

i's stanped or &t &rabl y, edch
redi@fieamdanlb8 gneruetesif thleucahdwgtiofiyr effechbl yesulting lead
mee§69§ I%Elpoleg 310 arranged in a line where the

FEtontact the | ead. Duri ng nnlding, some

fr t stic fl in t %&

thgn%b né;gllg‘% a}} luess mechani cé\’?jf a%ﬁéock?ﬁ% t Sﬁ ad 386 trame
thedfloglra k& viittati ncaﬂnefﬁ:eane 264 andkprtﬂmenleangs the6| ead 108,

rom bei n .l ed t of the frage w thout ui rin
wni 1 i Kod st eifcn2on ) 18, EPATRHIN of ity efils . e
lon@éﬁma.méﬁssmﬂ ofn fHds réécandifdoles1lexl0310 are preferably
aligned parallel to the direction of current flow through the
leads 106 and 108. Depending on the thickness of the sidewalls of
the frame 104, the holes 310 can be sqguare.

Another lead reten'tion feature, shown in FIG. 8, provides a
hooked or bent (hereinafter collectively “hooked”) edge 800,
ridge, depression or other structure on or near the end of the
lead 106 or 108 that resides within the air cavity area. This
structure is not co—planar- with the lead. As can be seen in FIG.
5A, 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
out of the frame 104. The hooked edge 800, ridge or other
structure is formed in the leads 106 and 108 when the lead frame
300 (FIG. 3) is stamped. Although a hooked edge 800 is the
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are preferably conpletely covered by the frame 104.

El ectrical conductivity of the |eads 106 and 108
contributes to the overall performance of the circuit
package 100. The 5 conductivity of a |ead 106 or 108

'S progortional to a Iateral i.e. approximtely
| n T
pre? g%‘gher@)r?éﬁpgﬁ cross sgcta‘l(aoﬁg erg#e%l gf% aithgwf eSher shapes

canB&C@'IUGEediheExbmsts 300 rsmhec eatdiptables sshamsts ogkg¢ shown in

area (see sec in FIG 8), the nunber,
Croﬁ?ﬁﬁ%&@j}n %Jgg él %E%ed%opf Enhe hol es can 10 be

selected to zeth I

coftfuEEFVIey® {thcuﬁ egdé"g%&lrgf%{gfggé eF/> erab]fy,the leads
106t hendhol@s 846 usediceot ledectoisallgectdrorrdt atltta diet fa0 to a

st by.ab 25% al.t hi u

Clr@&ﬁtbg’oﬁggaf’& ){-‘PF gﬁé‘%or%ﬁctlﬁglagg%g %‘ﬁg rﬁggu%ﬁe‘;gﬂade of a
hldheédpp&eisldiES(Iagn leabtes0%. cap@eaectar:gm\wdeh gloed glectrical

oA B Rot REEPRalEe 168 s 10, Coppe) 40 #38n-copper
leddsNigickiiag tdlectedusli ebndnctmnch;ycthhaltt wa)fsmp@rnlq;adlso priox

The | onger .dinmensi of the recta I
artyr éepres er@eY ’ﬁ?:l&ypa?:‘érf‘?@ etogggﬁe c?‘%é‘? ?%ﬁrgl&co)fs‘:’% Lron
(cdiMdn@Rt khbaw EBrﬂngaytlnz 2015 efdtsi t106, abde108ads 106 and 108

> .
s iy O A LU CHIGO O, LG o 5l el o ket

torfggﬂt bo'aﬁ%fﬁﬁﬂéﬁ POV | Dafs afd SbOVt de5 @michoekeches of
en ereinafter collectively " hooked"& ed 800
gold dipe, fa@eé#‘e&bﬁ? orizgbosdiag ¥ rlradiselgRT I n e]t

end of the 25 | ead 106 or 108 that resides vvlthl n
ai rTremvieadsr 886 Fnds 108t Ager iretesahby R3dp %ra% ?Jhloy of

beEv'}‘eeeA e;?d%u .gan al?ﬁ $880ti B, b4 GiroBA betiWdehy aFdutti 19015% and

frame er m)p astic freezes In or agal nst an

abmﬂt v@rlﬁ%‘ aﬁlmhp@;rlﬁv ohetveem abaity 1Rk Anchakayy 0-2% zinc,

w:.%e%#u' ng, Eian@cr@lﬁp‘ﬁegj bddLr rdthds PseVentset htkeadls are,
6 T om bai ng pu 30 out of the frane 104. The

hoheoked edogept@dQe.riThee beads hkp6 and 108 are more preferably
made of about 97.5% copper, about 2.35% iron, about 0.3%
phosphorus and about 0.12% zinc. Such an alloy is available from

Olin Corporation under the UNS designation C19400.

Many alternative compositions for the leads 106 and 108 are
acceptable. One such alternative includes about 99.9% copper and
about 0.1% zirconium. Such an alloy is available from Olin
Corporation under UNS designation C15100. Other ratios of these
materials are, however, acceptable. For example, an alloy made of
between about 0.05% and about 0.15% zirconium, with the balance

copper, is also acceptable.

Another alternative composition for the leads 106 and 108

includes between about 1% and about 2% iron, between about 0.01%
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structure is formed in the | eads 106 and 108 when the
lead frame 300 (FIG 3) is stanped. Al though a hooked
edge 800 is the preferred enbodi nent for this |ead
retention feature, other shapes can be used. Exanples
of sone acceptabl e shapes are shown in cross-section
i 8 = jQusl S t
and | do i€ 260000 PR AR e e oogus, 1.3t
cobald: el betvéerl Iasboubnrﬁledt% tdrd debonrt0 %o ®in ciangduighe balance

cop;geozaf Grr EQ?eH: Hifie! 6203odt 3 aﬁdtﬂl% B5fodBa A 13 078,
coppe I"east COpper) to prOV|
Sucrgoadl ebétoyi cia a&enl:l%i@]tq vifrpman@lim @F@hr@hBOlETEutﬁer UNS

des1%?%fld%n51% 0 H gh-copper |eads provide electrica
uct vi hat is superior to prior 10 art | eads,

t ri k 5
A PRI, BRIt ol S s 10
inchffsandethddn anwoyr ef s¥tabhyd ekbott opl 3% edrant hbabwaen about

'O 1%a$r}4na%r %tl BCQQS Of %o%lﬁgs bgewééjr{ m %uql Bf Hf%g{hcfj taobout 0.2%

i &9 ayer a nt cr o- |nc es of
maghesiin,t adred V\tmeebbmtlamga ocopead sHlaapiefiprirkd |[feauwlatbon in

The |.eads, 106 d 10
thig S SEABEA v S TR L o GBS oS THE Ly S 028
pho@%mhtui), casmwm OSasbmngng.jiEi% phdspbouhs&%gtmppar Such an
apo 9 t %%
all‘a%pﬁér av ésﬂ?a%kégg‘ éer%qr%a&lfjgl éﬁjgge %\%o &Slgnatlon

cloaggept abl e. The | eads 106 and 108 are nore preferably
20 made of about 97.5% copper, about 2.35%iron, about

0. A6t dosahpssating adumposQ+13%0 Ziorc.thSucheais ald®yand 108

is available from Qin Corporation_under fhe UNS
incyRde R R HAPRCEDABD. L 1A PRR) GBPHA f v CofpoBPLIERR Fgut 0.1%
and! N dugads, 496 nakite108 @ eco ackeRtakd Q.S%Of@'x@stﬂ{brus and the

al'ternative includes about 99. 9% copper ,and 25 a

balpnae, ZFIRRAH -uNSUSHchAfan AiloYy 8 aF¥R1aRlE f f5RRa '%?htsublshl -
Eleg?wef@éfﬁa}a%@ﬁr uhRS- daf GRatbaR: o Idd710 her rati os

hese " nmaterials are, however, acceptable. For
exapP! @nokfed! laA¥ePBEEIW composition for the leads 106 and

108 includes between about 0.05% and about 1.5% iron, between
about 0.025% and about 0.04% phosphorus and the balance copper.
Such an alloy is available from Kobe Steel, Ltd. under UNS
designation C19210.

Yet another alternative composition for the leads 106 and
108 includes between 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
available from Mitsubishi Shinto Company, Ltd. under UNS
designation C19520.

Another alternative composition for the leads 106 and 108

includes between about 0.15% and about 0.4% chromium, between
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bet ween about 0.05% and about 0.15% zirconium wth

t he bal ance copper, is also acceptable. 30 Anot her
alternative conposition for the | eads 106 and 108

i ncl udes between about 1% and about 2% i ron, between
about 0.01% -16 and about 0. 035% phosphorus, between

aBbetIt0 D123Unandbabieut. £ t3I%aneohpl betRRinVe@BuBbOL2H and about
1% and, about 1%tin and the bal ance _copper. The

o)

OpP Lt eF HEFUMANT 1S dAIFEFSI ROPREE- cBPOsTR i BHL9¥% igypvailable

£ 906 L a3ld Meriks aMabt alle dek@ghatien @rgoanat i on under
UNS 5 designation Cl19500. Another alternative

corrpw@titiagatﬁ@f %meekﬁﬂdﬁrel%w&it&&n il UElesS leads 106 and
twee ou . 3% and apout 1.2%.ron, ,between ahouyt :
188 S enaietohetiSe0e AROSEnDr BE | SH0t Rt e MBiRL, between
aBBgt abalgs Gnd¥eboagnessiamsididohhebdabestc aveappor 019 hend about

preferred formulatigon jn 10 this alternativ ‘
ch%oé?}iqs&?qrélsabéag 0t%8% %%ﬁ?cﬁboﬁ?mﬁﬁ% %uch an alloy is

aRROSHIIY Usrombosénd . S0P MEaNeioHpoatdiahouhddHNS designation
cgggger. Such an alloy is available fromdin

®rati on under UNS designation C19700. Another
alternative congositjon for the, leads 10

and 108
i ncl tRRS Het AEERTABOHES 157RSHF 19BoU 2. %tfﬁ? 2 10¢ and 108

ihelvess BdokderD. df6und cabemy QpéYcnidcBel nidRel p BdOrden about
0. 15% phosphorus and the bal ance copper. S

, LU an ! o
OaPfognisaboaf| abfe FibHEMt DRSMSRP 2 S prHSE & apout 0.458
m&BhESI @k | BRAURGRY BINSERST @ipddrn 1GRD 7dfe fttted@NEddi®ilation in

al'ternative conposition for the | eads 106 and 20 108 .
thig| gdésrpethEen apEael Bl U594 andPaBbuts -P3sopicqksd, avout 0.65%

shetusgen aEQQHt0Q1@%5%b@ﬁ@sﬁgﬁuhng-gﬁ%ﬁEhQ§Ph@rQ§?@€§. Such an
t he bqiance,copper. Such an alloy is available from | )
afkdpE Stsecdvaikapleynfrom UNSN deerRpration cimdeip, UNGt designation
c3pgether alternative conposition for the |eads 106 and

Yet another alternative composition for the leads 106 and
108 includes between about 0.3% and about 0.4% chromium, between
about 0.2% and about 0.3% tin, between about 0.15% and about 0.25%

zinc and the Dbalance 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, between about 0.1% and about 0.5%
zinc and the balance copper. Such an alloy is available from Kobe

Steel, Ltd. under UNS designation KLF-25.

Yet another alternative composition for the leads 106 and
108 includes between about 1.9% and about'2.9% nickel, between

about 0.2% and about 0.6% silicon, between about 0.1% and about
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25 108 includes between 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

bal ance copper. Such an alloy is available from

M t subi shi Shi nto Conpany, Ltd. under UNS designation

0. 26182 nho30sABRE hetie Ald18MBAT ENSH&OMRITN bﬁnaj.@B%tibe available
| eads 106 and 108 i ncludes between about 5% and

frop et supisdd chteFt g IrsPREskion W%owsoﬁeiwwon MFz24.
about 0.4%titanium between about 0.02% and about O.
07% silicon and the bal and&®8pper. Such an alloy is
avai l able. from Wel and Werke under_ UNS_ desi gnati on .
C189" potedetPApot NB+th FeFRRAY V@ c%?ﬁros%'i ofR¢of rape 104 is

madé eé\fjsa.n%%tﬂBﬂ m81468 iMehugessbat RN iabaul 484886 antk flange

8% ni ckel bet ween about 0. 15% and about

1020%@%%#%&@%&%@%69? 0Thy oBRFRF o RE Hrepdkange 102

prePELSPNPT Ysc8hRdes hey baliance caRRenl p&Tyrdy alhey) |5that can
avai | abl e from Poong San Metal Corporation under

withesanthaticoAt tegh ol enP AR tAREE h 45 Ut 1 WafoFeAusn solderlng or
3909&’%"@' tf fRﬁslhesbféé’zgm]gqﬁ a%n%@ﬁtlbﬂsilld%éps melt at

bet ween about 2. 0% and ut 4. 8% ni ckel bet ween
temppoatures Dataaerabhnutl 99°8i endorbobst \W88RCabBtie frame 104

pre@egﬁﬁ%ﬁgagg Qaéé(gf?ﬂ%n?ﬁaug&rﬁ’ﬂ%ﬂcge t%alrgggg its melting

epre erre ormulation’in this alternative
tempen@‘osret,l @adjustabbat cE&iPicieoked] Hmal)egpansbon (CTE) and

redgcleI £ol pe%%%ggigzit]_'g%. ql%%'u#r on c% a@o%n%@n%é) CORPHaterial

han oy is availa rporati on
of whdefraiNs bk, grraﬂunlnngCElﬁ)QSf)es:.‘t‘mt aanlotcbmpoahder nkd i seferred

t f | 06 . "
o BRPRASTHB0ae 0. SorSRICERSIT ColMRAI bt BBRAcBRCerial
20_about 2% and about % t het b
2 ARaBEIPYS A RECARET R 1L GE SOBpSPICSLRALERES para-
hyd&bkyyemﬁolayalalcﬁhi e fyizphenol and phathalic acid. Another

acceptable formulation includes a copolymer of p-hydroxybenzoic
acid (HBA) and 6-hydroxy-2-naphthoic acid (HNA). Other acceptable
formulations include terapolymers of HBA, 4-4-bisphenol (BP) and
terephthalic acid (TA).

FIG. 9 is a schematic cross-section diagram of the frame 104
showing some of the compounds in the thermoplastic compound.
Filler particles are preferably added to the LCP to modify its CTE
to more closely match the CTE of the 1leads 106 and 108
(approximately 17 ppm/°C) and to disrupt the anisotropy of the
thermoplastic compound in the frame 102. The CTE 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 900, such as

talc, preferably about 2 to 3 microns in diameter, can be added to
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Furukawa El ectric under UNS designation EFTEC 64T.
Anot her alternative conposition for the | eads 106 and
1_08 i ncl udes between about 2. 7% and about 3. 7%

ni ckel , between about 25 0.2% and about 1.2%silicon,
bet ween about 0. 1% and about 0.5% zi nc and the bal ance

cap Such an_all,o IaI f.r om K St
the 24 \#ucPoURENHELT (IRt | 86 RDPLDS et BnaPRar 40t~ Suh 2
compbiEidaidsva CORPOSidbart ﬁoppmMECImd& tp6/a6d 108

I ncl udes between about 1.9% and about 2.9% ni ckel,

bgcﬁfﬁtﬁltleg/olﬁgpwa&al%yamﬂmm HRYLEIH | tonredetandegisture
abo - 0
insB 0P bronite, 3280k e, Ro BGEEIRLIRS 2B Es genemmity

pla%ggild@aghntél Elhkies @@mporsitomn entgnberorUNSl d&3Ggnat)i-orhowever
ra

otheRe FOHH 264 QQP%Eﬁgdgb‘g%/ﬁ Aec alolﬁssfrg(lit %I}%lﬁ"sg afe also

acceBeERDS! ast iagidantohs tRd dﬁfhﬂﬂtbhélék@mg&!)‘ll@ﬁmamdrposomewhat
the | eads 106 and, 108. Th

durgpef etBIFGEiel uGES - a I‘1”q ‘?P ﬁé?%’r %ﬁfl% their

eff‘e%%&v%ﬂé‘ss Wit fed an@eﬁh e-‘%éﬁ&ﬂ“altlgrrpqmahares g@:aﬁaisézo* flakes”
for AuSn sol deri n% 390-4200C for AySi sol dering).
incGudeensnehailakess thakt bave Reee§EPEITTes bet ween

about 3000C and about 3300C. 1
i n&h@d&ra@&é@rééﬁggsar?&‘lc &ﬁﬁé£¥g§‘f’5$li&a r%fs,er Beb¥eraply

:co‘.{@lﬁzj nllgaratla_@lef@é UgteadbdStsuriracegeldff ctieat fmame 104, thus
mal expansion (CTE) and reduce it er meabi | i v)é
craat imai SoUPeUT o IORi SAE IOLTRETRALBE L DT A Gro ngven 1f the

laéé’%‘;ar eg%ﬂ; ngﬁgié‘ﬂ 16 HL e rabE SOPRQIEYE]S tHeS presence of

ere herein as a 'thernoplastic
the ogpaphicte dmbifodése medsgntal J.nflJ/m:a@)a,gﬁm &hes gd:ﬁphlte flakes

t abl.e resi ne_th [ u
908y 8%y BEREEE o el &2  Shnahsl TEhd Ehaiay; cLoggly mateh the
COM fmlloyacfeplhablladsorlmﬁl andohoﬂ ndlh@dégaaec@p’@qaw contains

hydr oxy oi Cd a
be'@wiﬁé}lj g bgdr}‘f]t I’?m C aC| d (%) E%Eﬁnte cgésg{gﬁf e preferably

between about 40% and about 50%.

As an alternative to graphite flakes, glass fiber 1202 can
be added to the LCP to increase rigidity and adjust CPE of the
resulting thermoplastic compound. In this embodiment, the frame
material preferably contains between about 30% and about 50% glass

fiber.

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 (CaO). Suitable zeolites are available from Sud-

Chemie, Inc.

The frame material is preferably pre-dried, preferably to

less than about 0.008% moisture content, before injection molding.
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20 formul ations include terapolymers of HBA,

4- 4- bi sphenol (BP) and terephthalic acid (TA). FIG 9

is a schematic cross-section diagramof the frame 104

showi ng sone of the conpounds in the thernoplastic

con‘po%gd. Filler particles are preferably added to

LRt qmdif ¥ i 4 50eGTE Clspse £drddig 1

%#CE'&T Y henlqgagg' r10%6 a(la%l— ?égla?%%‘ﬁpx. r?gt%et:y ﬁgé ¥ less
thappak@@) Oarzd secodflsy L@tjtheoansbgtrwﬁ%ﬁhpﬁid be kept small,
pret OSIURP! A1 Gra0magUnd 3 NoLhies | aS k0t sIhEe flEedle time of

érial Is préferably adjusted to be
themxchémo;ammcswnpbumelme ofniartibpateldes bawreflog 2 gate

prg’fetralrg%lf:&/e °§‘ of lrpene pqllesfegggl?' ggséﬁlé@stakgow of the

out tO 3°mcrons | anet er can be
theaﬂdpmasuc 1@omheuhdP athessbEnt rACreasing abgar3ooen  the

to a out 400/ Y % As o0of aboWs 7and th
the SppRY °m§n§‘ti]% a éer{tleslepre er Iy addegist oan ©
graphfté.CFfJIakersedEJ@‘E nBhst mmrmopﬂastnat icompotinds is preferably

hite is_ preferab r Ly
03 BFERGr 46 & e PARbAe R Ao Tl s e B éeédi 106 and
108howev efindiee ﬁ:ﬂénﬁmcﬁn'graﬁhsteessum tlse baeéslsl@rng frame, a

chunks, ~are al so _acce I,tiaon,
nir Do) EibEab TS B A A Ghaskliiony matntaines
duﬂlﬁ?eﬁﬁéoﬁol&&ﬂg,oﬁékbEQ@ﬁ significantly altering their
ef ectlveness The term ' generally planar graphite
g'?ke&oésigﬁénCEa&E?EﬁSUFFlﬁIaKSS phatedwly beeplied to the
ef or ne e graphite akes refer bI form
extezkers, S fa&sa p%ugﬁpve zﬁ)g 1%1 lL' %5& rF%guce moisture
1nﬂl1rtfc§€§§n0f Ah&rnaafiee P4, ﬁWSflmeaianngbéorap;mlmed to the
paths 906 for noisture infiltratjon. Eve

intlexjiors off cthet Tyaral H8F - t daasatakier f“BFe’éJcﬁ]f%céQCl‘E#e amine-
basfgd?%%gﬁe%f aJV%lEQSlQr:@P&htﬁPG nhdidtsi8Bi §hdee the trade name

tration raphite flakes 904 also adjust the
BaiGHEade, t helin@prtal rﬁs{l@ScB@@eP?lmrcﬁeFﬁ@lc chbist al | oy

of the | eads 106 and 108. Tge {rame mat eri al cont ai ns
ea

The frame retention feature 500 (FIG. O5A) 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 an exterior or interior film to reduce this infiltration. To
further reduce infiltration, as illustrated in FIG. 10, seals 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
where the frame meets the flange 102. As shown in cross-section in
FIG. 113, 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. Alternatively, as shown in
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bet ween about 10% and about 70% graphite f

preferably between about 4096ang agout SOa?kgg’As an

alternative to graphite flakes, glass fiber 1202 can

be added to the LCP to increase rigidity and adj ust

gﬁgogrngﬂs [ﬁsuLting t hernopl astic conmpound. In this

, e fr mat.er.i refegab 1t ai

16 b eYMbe T b SR G0 TP BOUL TB07BpFahe o Ler . T3 ©f 0
one ihgpoal.ternative, or in addition, to the graphite

fl akes, other conmpounds can be added to the LCP, such

asrd I Gromd@ederobasedimadonbeos, tid ecwpdnnsi ee the frame

filters (zeolites) an [ ' . -
ety S Oy b LA TROE A Bt i o
appli B RIS | @le | SedUa@fter @hbympr eleaniny, @efid apiltgown in
the!ess thanhabouy 0. 008% noi st.ure cot ent pef gr e 3

i npett i oRDABE di AEYISR 2049 n Hifdi ESH njarécti on T mes - uees
accg oLl be et sshoattepael eenp) y dhess frahan mgfeydad. pcan  be

conds. Injection shot si .
clepnedevbhmys$¥¥ﬁpq%uﬁ¥ %Ho%%égf@$23§{81¢§§£%%Q% gg@khe—diameter

o) eaLagNc e 4 idm fafraph Deusdiermpliapehse cuattind | 1 1000,
{ anecglon.néggérrgar?é?; A gaté g ateth i nj Cf?rthea

andsiat 8. pr@fimctb| 5D mesdLpcis HRREEP LY HBSSE Het s8Pp material
fo{ggg%”drootzhe%@ﬂef n%&@ﬁ:@én%i?ﬂ%%ar cof, tkF course, Dbe used,

. plasti'c conpound, to orient the polyner .chains

derﬁaaﬂlhbeangtla@m:'me ffakbe Geererhdepfler ROIHLEe a1t bubbles
. _conpound. is_ pref i ni ect a GOMBer t

in (EEROSEDAT L8] iR Plagiatypig, s ok e woec o
puri Rihei ealhet avourite oleedie@ss in the resulting frane,

a mninmmnold tenperature of about 2500F i
pr efier abkylant ntreteed aldpiefereld YnoRes ng opefeesny Retween

eoh 455 BUFPACHROl Voo, 1S priptiees bo e 0.5 per
scBPAS! WAl a viscosity between about 12 Pa.s and about 30 Pa.s at.
a shear rate of about 9.5 per second. FIG. 12 contains a graph
1200 showing a preferred relationship between viscosity and shear
rate. A low viscosity i1s 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 been

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 is

preferably between about 3.5 and about 4.6.

suitable materials for the seals 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 between about 40% and about 60% epoxy or silicone

resin. The epoxy can be, for example, bis-phenol A or a cyclic
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15 infiltration. Alternatively, the filmcan be
applied to the interior of the franme 104. Acceptable
mat eri al s i ncl ude am ne- based epoxies avail able from
PPG | ndustries under the trade nane Bairocade,

pol yner-Al filnms and polyner-ceramc filnms. Seal 20

aligitild ar[%d' tnt i o freat W8 +able( FiHardeftrand ihBeud®adamine
etentio eature 800 (FIG 8A) provide good

hardetsrni dditeroatauely onshe haeal neabi bei pp f’t pht PaRAbLYNe D or
Par?P Lllt?e apd; gL %%ﬂ %oo%@éﬁ%lé&r&@c@' on, the
rame 104

. pre era 'y 1ncludes constituents and an
exterior or interior filmtgqeduce this infiltration.
To 25 further reduce infiltration, as illustrated in

Fl fhe 1054 S£30 Sid 090 adih 1tQ>02ch@r &gl anablastappkhedaie 110
inside the frame 104 al ong of the frame 104

hasypeste atvachednEonkhe sttaH’@eI éﬁgsaﬁQ)Ge]aﬁF&rfGSl&MdbOWF‘é’r go the

1ealife1b& alEq MBS S Ahguifﬁhgae QR .2085 i WMbwn in FIGS. 13A and
Cross-section in 11A, seal 1002 is effective to

13Bpr§h@nlldrﬁqqt#&uﬁ&ﬁfeﬁébkée%ﬂER?QQHQGPﬂéMgﬁei@%ddﬁﬁ'WTﬁaframe
f t
s BB A48 12 mrbeieagbabity morween
abouﬁlS(lFIKHz BbE, abaots6dl kHz a0 AnagEpiitoms desshbEham egpout 100
i nstead of _th
s RS PR B0y S5 9, S tEm e By, cho
1idf paOEcAmtes ilalseirs wpildéérablheat| wahded pra drhet grade 104.

application of the sealant. Plasma cleaning, as is
mebbnkémNWDnaltm&xnasonrwh@ﬂesbxyguﬁldanhbeﬁhmxﬂnﬁﬁuhﬂve not

nedlun1produces tabl e t
e eb Lo ST A ISBULLS, pa LR Blebeg cheso
corﬁbﬁbhﬂﬂalA'&cﬁﬁﬁquﬁeh 18sSi dlem@rarméédingl Djragwedktéess which

preferably used tq dis teri faor sea
resydd 400 k@.ﬂgxelrn %.5 E gﬁ'aga ﬁFEf gﬁ%?? ulgab?gg asg'gmblles
mouitERE NS EcIBh S %Jackfa@ésseﬂ{e HQRerOvbedimpeticriuenzeéss of the
can, of course, be used,
present invention result in' lower amplitudes and, consequently, do
not damage wirebond assemblies. Conventionally, lids are attached
to circuit packages with epoxy adhesives. Advantageously,
ultrasonic welding can be accomplished in much less time

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

There is preferably an interference fit between the lid 200
and the frame 104, so portions of both the lid and frame melt and
fuse together during the ultrasonic welding. As shown in the
cross-section in FIG. 13B, the lid 200 preferably includes a lip
1300 that melts and fuses with the frame 104. The 1lid 200 is
preferably made of the same material as the frame 104, as
described above. In addition, a moisture barrier film is
preferably applied to the lid 200, as described above with respect
to the frame 104.
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dependi ng on the size of the desired bead. To m nim ze
air bubbles in the sealant, a positive displacenent,
auger punp is used to punp the sealant to the

needl es. 15 The sealant material preferably has a

vi scosity between about 58 Pa.s and about 128 Pa.s at

a shear rate of ab tnlﬁ%a%guggﬁg %ﬁ%qlig, and a

vi scosity between abo about 30 Pa.s at,

a ar.ra a . er o] F 2 Nni.ad N
a ?%gs_ﬁlslégogé o?\n?ér[]ﬁggeg\ Igorzgf efrrr%g% ?gflét #%g%n %gge%l?;\%eﬁos and
1idi 200sidfy &hd shisamuiZ0 patkageA Loy viigwdsidingi gnaterials and
referred at . hi shear rate e er .
PrQfiea5E s S SGuitok O THGR ee?-?le%éh?%#% s%%t%éléé §88cPfbed in
detiiaf eboed. ar1d oVl ssheatalns es,sisplidned fhewehsmr ildllustrating

has been._ dispensed, it does nqt ru T | al
* BrEeCRaPy ¥EEH YHE o1 o EE R fiadsn 00 s h6 TRt St agd used.
a...s about _ 7 S ial’ [ @RI
i mféfx %aa‘;b%’prae éF%IA]}&f%‘ét%@g%%agg%& 3%5 nzan& a outt?l%. %.eads 106
and®uiasmblre nA0Er i Absdf Drandse sgealfebidodt et df @0 Xhendiggs high-
epoxi es, sili,congs nf.gral [ : ' e
cofSY 5or” RSB IR LT HABL 505, YRS ocched
orZ%&M@ﬁgiéébumm%siﬁ-bahw fi3@macepat ¢p ancbatiet wren a@botbe lead
o and about 60% epo or.silicon esin. .Th
rebaRFinn feaFUERAn NG, | BNt. BRENDISA Gy CHOCYRRIE T0BIANY 108 are
cuflédhabd:oc epsodnRd @F fetchedt @bl ehbandaderzanaci3odeto create
am ne hardeners. _Alternativelg t he seal can be made
thefolhemn|ipad pebentin ieatarem8yail abl e from Cookson

El ectronics. Lid 5 The |lid 200 is_attached t h
frafe 1608 aft cPosPRA dhESNAPEDRXs BaaK 46t BEA8d 05 (he flange

105! apge149g, angk eff&{qé o)yl W sbeadedcived herom eass ddfond high-
and 108. A suitablelid 200 is shown in FIGS. 13A and
copper Fhioyiwad®oat s1pPef ehabllid t iR ohF ¥ | JoiRiidey feature

SOBOiEhgbIﬂéH“%n the flange 102 by a progressive stamping process.
Optionally, at 1414, the bottom of the flange 102 is lapped. At
1416, the bottom of the flange 102 is made convex.

At 1418, graphite flakes, talc and/or glass fiber is added
to liquid crystal polymer to 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 sealant is applied

_ to seal the boundaries between the frame 104 and the flange 102

and between the frame and the leads 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 lid 200 is ultrasonically welded to the frame 104.
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104, preferably using a welding signal having a
frequency between 10 about 50 kHz and about 60 kHz and
an anplitude |l ess than about 100 mnicrons (nore
preferably less than 60 mcrons). Alternatively, the
lid 200 can be | aser wel ded or heat wel ded to the
fr agRy 104£nC0nYGBEE ONR! nak tBé@r@”ﬁés@ﬁ)‘étdl Gyiwel didf@rence to a
techni ques have not been used to seal 'déeﬁﬁ circu
i &

profekagesempRAMANG  t fbose AsildGH dit FoRaATH BSSrSEand and

apfr?_@c!l.gf\@r eltdi perffeiRncEtes, vehi giad estlilel rbﬂ’hllgheremalnlng
anplitudes that can damage_ wi rebond assenblie

Wlﬁabem bS] PPLF Vo Ae SHERAGES. SO @TRPGREr RETTH gy s descrived

r@ﬂ&e hesidell thuindl esedtt eRY¥@PLE ON1bREH! tpdmrlowaas can be
l'i tudes and, consequently, do not da e W rebon gh than
at&é@éﬁﬁl testheohlards dﬁlam PPOKY 8T aPBREH t V8§t GRS

be&: C%'o&dgﬂggagﬁéréﬁw h epe¥yKiadbesi ¥esis Adnantageaushythe art,
rasoni ¢ wel ding can be acconpilshed in much,less

alfliows  (tymicoliliat €Optebe nsEalY t ABARPYXyCtur ETPRREEIeS, SO

u @ eh8iRl 8 ANk caBshAl BY fiefrilca0s.
4&EE&§8§R§§n&§ crﬁ$§fzgo land t he frgneslo43yso

por ty ‘%‘?ﬁm f, Rathsthge | &k ad ohr #8BL GBS tSGmChanﬁ:herS:envemty H
e

to t uring the ultrasonic wel din sho
ecrfé§§g§e1@t>t‘é?m|frﬁ‘4€| been3ges Y gnzgﬁ p?%rf Of a high-

c#;{})%lfjd%gaﬁgé' 10102130QhEBét imldvataBdsf uses wikb tégplicable to
4.°The 17'd 200 is preferably made of the sa

corateattiianads flpeges Aand F04n08S MRHR @S BEACELBIEST13-S " A1tnough
ppddifd g:{]t tt%[?lltﬁu('jr ef@@Eeresr fd1lom 1 8080 pref efl@@iﬂ/ respective
0]

applle 200, as described above with
aYtespedtiveso hdwe fhegre descrilxgl Mmubhet GPPEEXDers |kigh-copper

lﬁ?fgsal I e%f éggaggé‘?&%}]a%’ ah 68MBydbarieads égﬁvémglonal leads

e circult package 100, including
aniht eyei b maaindofppuwss@s:eurseaStoAi@mg@afcéet fegme material has

o081 { 3uclBYEOAN GBSCT LBtk Bedel aid . ahevenaBliGe 1400, this

Bht arRs”a S|np 1 f1ed art ilTustrating
material can be advantageously used in other contexts, 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
like.
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a process, by which the circuit package 100 can be
made and used. At 1400, a first high-copper alloy is
made for the |l eads 106 and 108. At 1402, |ead franes
are fabricated fromthe first high- copper alloy nade
at 1400. At 1404, holes 310 are punched, etched 10 or
ot herwi se made in | ead fran%iéggsto create one of the
| ead retention features , the ends of the
| eads_106 and 108 are curled, bent, stanped or etched
Whatodsy F&21BEY tF¥hne 300 to create the other |ead
retention feature 800. At 1408, a second hi gh-copper
alloy is e e 15 102. At 1410, the
1. AfFéﬁé‘él COL 4a{brct°pl rie rom the second hi gh- copper
al | oy amfd.cangle 1408. At 1412, the frame retention
feature OO |s | ] e flange 102 by a
progresasﬁ st r?%fgngg%?oggg; Optionally, at 1414
t he botd ofrarfie t heldédrge 102 Eiangmpaed %@ the gt fggst one
bottom of the flange 102 is made convex. 20 At 1418,
gr]a?f'l"] & a9 RES, talc and/or glass fiber is added to
l'i quid ﬂ{e/Sattﬂllqmttyme lendreikd ehdanthpendy ithe fxpme; and

1420, the frame materjal_is 22 atlche ﬁ_rqtlmn a
104 is WefF dEHARD Fﬁ’@prﬁefnge %éﬁg??dﬂsh%%l é‘é—:‘ds 106 and -
10§elﬂn&4l?éln diheuirat grédre withiaihe aboae34W4 Cand f1 ange

10 i.e gthe air cavity area, is cleaned. At

1426 the sealant is applied to seal the boundaries
2. Bt waeRulihe pherage 167 cladmt he ¥herrfd:102 and between

the frapne apd the, | s 106 t %dle

110 i s &Pea ﬁ%‘ﬂetltf"i%ﬁg °F1 % ank%p%b%g%/-g\t élﬁ%gzémﬁrl

110 is uhbr agp@m@@l Icyaﬂwneeboauded.rtt@rﬂhekl CERAL VIS éﬁHlng an
108. 30 At 1432, d_200. i.s s | dad

t 0 ikerLpgkeriphtle ﬂ’mﬁhﬁngmﬁ%y |tnl%)vtej:ﬁtg i gﬁ& ﬁlg]!séﬁ/ll\@e ¢

descri begewbtih reher enge tie ainpr éheimeste erdyodiassnt with the

those skilled in the art will understand and
appmgeirdeekt BRELYER i ati ons can be nade while still
remai ni ng

3. The circuit package of claim 2, wherein the interlock profile

is dovetail shaped.

4. The circuit package of claim 2, wherein the interlock profile

is T shaped.

5. The circuit package of claim 2, wherein the interlock profile

is L shaped.

6. The circuit package of claim 2, wherein the interlock feature

is a groove in the flange.

7. The circuit package of claim 2, wherein the interlock feature

stands proud of a surface of the flange.
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within the spirit and scope of the present invention,

as described 5 in the appended clai ns. For exanpl e,

| oner power die can be attached to the flange with

epoxy or other adhesives, rather than being sol dered
thereto. In addition, as is well known in the art,

Ll oys_ t.ypi coptainsHel jhappunt s of inpurities,

8'T§8 C&%ﬁ?%i %gkkéedggé?fgéd herein do not necessaril h

total tB8% at0 Yéastoughet hbedd amefiseent pbn ¥oaftur e hole
50Q and.th on ity H of the flange bottom have
be rﬁ%?%?ﬁgéﬂ %ﬁ§the context of a high- copper tlan%e
102, t hegsortimoyaif obse atkemard agppri Capme fgterial extends

conventional flanges and flanges nmade of other
naqgﬂuﬁhsﬁﬁﬁlgﬁg%gh the | ead retention features 310,
800 and their respective 15 alternatives have been

9. _es%ﬁ&?ﬁgtiBaEE§%§08feéia£H di GihzRRPERhel @AY eaiedae hole
imhovatrons-are also applicable to conventional |eads
is aectdrepdsirnade of other materials. Al though the frane

“material has been described in the context of a
circuit package 100, this _nmaterjal .can

he .
10. adVaet a4E6uFy PASEATE nO6t (KR Boft e x-Sl n ik least one

hasgrials egulkg)l 8 fedmiodkst hat can wi t hstand hi gh,
hOl%en%§$éﬁuFE§lﬁExanplégaif ot her applications of the
frame material include high-tenperature |am nates in

11.PrirRted; fhdigadierieds s €PEHS)8 anvthexedket $nf r lateral cross-—
el ectronic conponents, cables, PCBs and Egg Li KEhe 25 least

secCianMSE Vmtat sledsh o8¢ 1830 13PA A% “paCREde,

on C%%RELSéngfoséLéééﬁﬁﬁﬁél5a§éa|6¥E¥héﬂﬁt|B§w§t and hole is less
rame’ no

| ded to the flange and to the at, | east one £ th &
thaneatt exherleittp about 25% of a cross-sectional area o e a

least one lead.

12. The circuit package of claim 1, wherein:
the at least one lead includes a retention feature
proximate to one end thereof, the retention feature having
an outward-facing portion; wherein
a portion of the thermoplastic frame material abuts the

outward-facing portion of the retention feature.

13. The circuit package of claim 12, wherein the retention

feature comprises a hooked edge.

14. The circuit package of claim 12, wherein the retention

feature comprises a ridge.

15. The circuit package of claim 12, wherein the retention

feature comprises a groove.
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the at |east one | ead extends through the frane; and
the frame conprises a thernoplastic material having a
10 nelting tenperature greater than about 340* C 2.
The circuit package of claim1l1l, wherein: the franme
i ncludes a key having a key profile; the flange

16. defhaasiminiknpeckagk deaflaia havikgreim: i nterlock
profile congle ntary to the key profile; and 15,
wher ei ntiShe2keyt G388 noRet ilgdfle ugdes it Fetgation feature
I nbestneded eat Bhe. ed tha e CWhérdackage of claim 2,
wherein the interlock profile _is dovetail shaped. 4.
The ci rERIPEKEde t8F ERaFRIRLaskis, ErAmEnBat ety qblts the
proétdrtiotP festlirehaped. 5. The circuit package of
claim2, wherein the interlock profile 1is L shaped.
6. The circuit package of claim2, wherein the

17.1 nTke | atikecludat upseckdge aofr ooMein n16he Wheregs 2Zhe7.retention

£ The cj rcuit %agkqge of claim2, wherein the interl ock
eafure 1% 2 8PRK8Y PP of a surface of the flange. -26
8. The circuit package of claim 11, wherein: the at

l e on d i nes | east o hol . .

18 t hgﬁéét hérkgrlﬂ%ﬁ% aﬁ%%a{bgeor ?.’l&ongg?”? hg%t' he"r’lrri%rpﬁlélst itlé'ef r%er;cée ntion

featraterisla enidgeds 5 through the hole. 9. The circuit
package of claim8, wherein the at |east one hole is
rectangul ar. 10. The circuit package of claim 8,

19.whEhei reiumuist peakagonef helaircordri sekereigl uthei tyetention
feaQErQ°i§Sa groove.

20. The circuit package of claim 1, 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.

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.

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

at least 90% copper.

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

at least about 98% copper.
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10 11. The circuit package of claim8, wherein, in a

| ateral cross- section of the at | east one | ead and

passi ng through the at |east one hole, a

cross-sectional area of the at |east one hole is |ess

than or equal to about 25% of a cross-sectional area

of .the.at .le ~13D 112 Ty i#1 PReKaglprises
26. TS éillﬁcf#v\ﬁgélé%%e %ﬁe Rt éésrhgﬁ%fe%%iicl udes ap
an dEl@NtéDedmatruaad ptotkrat eone mkerdnd heEepf frpRed Jroup

retention featur%np %kﬁge an outward-facing portion;
COMRIHESING, 24 *F8P¢ B £S5t St et her nopl astic frame materia

abuts the 20 outward-facing portion of the retention

Fegtdr + WeSHECUEt cRaSkags, Ofihddalinmthd afieyeicentains
27'tﬁ§%?e %% |gh ea?ure cgnprises a hooked edge. 14.
at Témstciatewitt 9B&ckeppef claim 12, wherein the retention

feature conprises'a ridge. 25 15. The circuit package

of claim 12, wherein the reten_ti.ona fea%H{e c%wpﬂ

es
28.a Hrooveirceit 1epachrgsei i t© & of &I arth 1,th% flange

cort f%égp: the at | east one |l ead includes a retention
eature

roximte to one end thereof; wherein a
portionbc£;¢¢naah@@ﬁnﬁp@%%tﬁQﬁ.aPPHFefné&eﬁ%%ﬂonéBﬂYsa?%e

5 retengjio tWoSt 3d.s5dN&ddecUi t package of claim
16, V\,he%{-éige% ear%ré)tenti on fé@ture i s a hooked edge.

18. The circuit package of claim 16, wherein the
29.re%E@ti%ﬁrcﬁ@@FUbSckég@ réggecldin 191, Theheteioui tthe flange
package of claim 16, wherein the retention feature is
comprgseeve.
between about 0.05% and about 1.5% zirconium; and

the balance copper.

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

at about 0.085% silver; and

at least about 99.9% copper.

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

lead comprises at least 50% copper.

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

lead comprises at least 97% copper.

33. The circuit package of claim 1, wherein the at least one
lead comprises an alloy of copper and at least one material chosen
from a group comprising iron, phosphorus, zinc, zirconium, cobalt,

tin, magnesium, nickel, chromium, titanium and silicon.
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20. The circuit package of claim 1, wherein the flange
conprises a convex bottom surface. 21. The circuit
package of claim 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 convexity

of hg; i aStHif cesl $1Rehvwasn aherdid). KPS Bl contains
34'ab%1& gl]g%%btorg nc ag% 23. The circuit package of claim
at leasthed® rcoppert| ange conprises 20 at | east 50%

copper. 24. The circuit package of claim1l, wherein

the flange conprises at |east 90% copper. 25. The
35.ci Fhai ciggekhg@askagparh Claiferki ARTER I of i8¢ 1east one

1eafORBhpSEses:at | east about 98% copper. -28 26. The
circuit package of claim1, wherein %[ge, fl ange

conpr i seetwesn ANOHF 8f 18 optraRoNd 4t °F eHE™one

mat eri aj, E‘b@éﬁ%ﬂc{u%moé\ogsw&d GYBRL §i N§% ZbHEYPHEBuaRd
silver. 57T e circuit package of claim 26, wherein
the al | bgteeen ahest 9.86% ap@t0 -AodFing808%bpper. 1

28. The girgiil, hackage,of claiml1, wherein the flange
conpri sgg{e %%jf%/\%en a u% 0. 05% and about 1.5%

zirconium and at |east about 98.5% copper. 10 29.

36 Theel reuiduiprackagadel o atmain whewhepeimetheangermoplastic
conprises: between about 0.05% and about 1.5%
mataniednCORPrESRP & Hd MAFaRERS P YUSE: The circuit
package of claim1, wherein the flange

37. The circuit package of claim 2, wherein the liquid crystal
polymer comprises:

para-hydroxybenzoic acid;

bisphenol; and

phathalic acid.

38. The circuit package of claim 2, wherein the liquid crystal
polymer comprises:
a copolymer of p-hydroxybenzoic acid; and

6-hydroxy-2-naphthoic acid.

39. The circuit package of claim 2, wherein the liquid crystal
polymer comprises terapolymers of formulation hydroxybenzoic acid,

4-4-bisphenol and terephthalic acid.

40. The circuit package of claim 1, wherein the thermoplastic
material has a coefficient of thermal expansion within 60% of a

coefficient of expansion of the at least one lead.
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15 conprises: at about 0.085%silver; and at |east
about 99. 9% copper. 31. The circuit package of claim
1, wherein the at |east one |ead conprises at |east
50% copper. 20 32. The circuit package of claim1,
wherein the at | east one |ead conprises at |east 97%

41.C°@ﬂ§r01§§urgh§a€k£§§|préﬂbﬁﬁelgf ﬁﬂéﬂdﬂnl1ﬂ%hetﬁbfmoplast1c
the at | east one i ses an all oy of cog
matan%lahtha%@slcoéﬁélﬁh?@?|Q9f| ; thrseh ¥R IOy PEUPS Ween about 7

ppmgogp‘_gﬂdslﬁggﬁgngac phosphorus, zinc, zirconium cobalt,
esi um ni ckel , chron1un1 titani um and

silicon. -29 34. The circuit package of claim 33,
42 .Whenei kitheial baykegst aifncladin | Basth&rdhrc opiper th&hmoplastic

The circuit  pack of cl 1, ere n_the a eas
matgrial | SORPEHAGT i gggyegnbggﬁgg 35%5“ d,"abod d'ﬁ_g%oa{ta c balls
betaebH0 ABOUE 23%hWBaBoabO&tmibﬂhﬂa%nandlamnnﬂr.O.1596

phosphorous; between about 0.05% and 0. 2% zi nc; and

t he bal ance copper. 36. The circuit package of claim
43.1, Theerdirautibe ptalm&@qnplo&stcnkalmml jawvkeraln conpr tbesmoplastic

matg:rgg%dggrgm E) etyge Pl%RF?"Bt g@sgéﬁc%@ﬂ@g@%&%ﬁags fiber.

conprlses par a- hydr oxybenzoi ¢ aci d;  bi sphenol ; and

hat hal i IS aC|d 38. e €lscuit clai ;
44. V\/n g clneuits &&c&cagrys%@ cfé:uf J Qﬂgkéﬂ? Eﬁe L 3bPéplastic
material comprises a plurality of graphlte flakes

45, The circuit package of claim 44, whérein the thermoplastic
material comprises between about 10% and about 70% graphite
flakes.

46. The circuit package of claim 44, wherein the thermoplastic
material comprises between about 40% and about 350% graphite
flakes.

47. The circuit package of claim 44, wherein the graphite flakes

form a plurality of layers.

48. The circuit package of claim 47, wherein the graphite flakes

are oriented parallel to a selected surface of the frame.

49. The circuit package of claim 1, further comprising a

thermoplastic material lid attached to the frame.

50. The circuit package of clainf 49, wherein the flange, the

frame and the lid define an air cavity.
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a copol yner of p-hydroxybenzoic acid; and
6- hydr oxy- 2- napht hoi c acid. 20 39. The circuit package
of claim2, wherein the liquid crystal polynmer
conprises terapol yners of fornulation hydroxybenzoic
acid, 4-4-bisphenol and terephthalic acid. 40. The
51. Ci Tl &iPackagsadfagel AfMclaiwharnei iiheheihhehsoplidstisc welded
mat eri al has a coefficient of thermal expansion within
to Beesiame. 25 coefficient of expansion of the at |east
one | ead. -30 41. The circuit package of claim 1,
wher ei n, the, t her np ast material_has a effj
2. of TRR eIk pBASK %%ﬁﬂ%nigbo ?eﬁeln ﬁb C#gé
matEEﬂii(éom5&1SEheaCliqmﬂd qaekagepolymdmi m 1 wher ei n
the thernoplastic 5 material conprises bet ween about
30% and about 4.5%talc balls between about 2 and
53.ab0bé 3cimaridns perkdganmstfer cladm TH2, cifuwipherpagrEpeising a

of claim.l1, e e
seng Bt PRy Uit o0 and 2hgt: B0orar 255177 bay Ponded
to #He Fbeledgtcwne pas@fage of claim 1, wherein the
thernoplastic 10 naterial conprises a plurality of
graphite flakes. 45. The circuit package of clai m 44,
54.wh&hei witrbeit hpeabpyeases cclatmeb?al Whehpin skhe hehasapplastic

about 10% and _aho l%?% 6. The
matgfﬁég ?°Tﬁfﬁé%%a%og&8%§¥%€%3$bﬁ%§P2§%ét e tézrnnplastlc
15 material conprises between about 40% and about 50%

55.9" 3Rl (8 Ll akes ckéé IEecihﬂﬁuBﬁ p%ﬁ%ﬁgﬁnoﬁh§|%hgkﬁéplastlc
‘whér'ei nt he gr flakes form a plurality of
maﬂaxyeﬁs CdMPriﬁﬁ@ cbetwgen pabrufe Bi% claadm ayoutyn 08 ngraphite
£1a % graphite flakes 20 are oriented parallel to a
&&ected surface of the frane.

astic

56. The circuit package of claim 54, wherein the thermoplastic
material comprises' between about 40% and about 50% graphite
flakes.

57. The circuit package of claim 1, further comprising a
semiconductor die attached to the flange and electrically bonded
to the at least 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.

59. The circuit package of claim 58, wherein the seal comprises

epoxy.
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49. The circuit package of claim11, further conprising

a thernoplastic material |lid attached to the frane.

50. The circuit package of claim 49, wherein the

flange, the frame and the |lid define an air cavity.

-31 51. The circuit package of claim49, wherein the ,
60 d The veixrasit rpakegef P&nelasy S§hewheredh tthifacieage Comprises
sP{i &bl m 49, wherein the thernoplastic material

conprises a liquid crystal polynmer. 5 53." The circuit

package of claim 52, further conprising a

g3enm Toadetciali tdipecabhyackecditaant he fl ange and
electricallé bonded to the at | east one

lead. 54. The
circuit p&¥ of PR &FATS2 CORREFEFH tahef:'trr?gcr n’?)%‘eraISfl ?Eacent &
mat efi Adt COMRTAcse S rathb usnlidastobngr agdd  eerfd akes. 10
55. The circuit package ,of cl ai.m 54, erei.n th
Cher mopl aSET ENeTEE G e B8mpr | S o Aol GBSUF 150, he Trame
and, aAQ0Hd TR0 A aphiste onkl 3k&s. aXdhg Hie lebstuatportion of the
package of claim 54, wherein the thernoplastic

mat ef+8Ft 51 ses bet ween about 40% and about 50%
graphite 15 flakes.. 57. The circuit package of claim

, further conprising a .sem.conductor die attached to
6%he %Fﬁnﬁér%ﬁgpéﬁggF%chFlgﬂ%%% ed to the at |east
one | ead. wh8reifhethér Cubine packpgbsad el @iemotd 2@ge adjacent a
wherein the frane c i se n edge adjacent surface
of t RE°PP n@’é’f?aacf?d %ﬁef“ c ‘?ﬁ)s‘rgcl glnﬁg%aééaﬁmgttached
to the fragetnes tempiiarnkl angecehdngeal hedsthed to the frame
Eg,rtiﬁg\gr-g)n%g%eggg§¢a§%|'rﬂ&Tﬁhj.g§|c1rg cl)rtlg b Ck_l.ae%estOfa Blcagfmn 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 third edge

along.

64. The circuit package of claim 63, wherein the seal comprises

epoxy.

65. The circuit package of claim 63, wherein the seal comprises

silicone.
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25 epoxy. -32 60. The circuit package of claim 58
wherein the seal conprises silicone 61. The cirbuit
package of claim1l: wherein the frane conprises a
first edge adjacent a 5 first surface of the at |east
one |l ead; and further conprising a first seal attached

to the fra and_to e 4 egst B diga I a i
66. | & Calrﬁ&lnﬁi S’_ﬁ‘chg?hEéP ??%§+ g%ge. Gzel.l%T%Q@ci@ra%&i {Comprlses
a mdaedkiagenafringai m 61: 10 wherein the frame conprises a

second edge adj acent, a, secon f of, th t |
one | ezfd;t%&ﬁfag%apfﬁejrndce Figglg%%u% %%%gné'gégl at teast
at t ached da@ochheibeastty artweent het aind ade-6ne | ead

along at |east .a portion of,the d

The ci racu‘f‘tsci?éf‘&l?%{gg’e%?’e%? a‘iI’Sm%ric:l %‘ﬁﬁ%'ﬁe%ﬁgaf ?Sg’r?g% rate of
?ng95§ﬁ§f§efbhﬂ¢ egge adjacent a surface of the

flange; and furthet, Compr! sindag, (44 reh sedle & taphad rate of

_ _ fl ange al one at |east a
pobt § ofeofsddomdt.hird edge 20 along. 64. The circuit
package of claim63, wherein the seal conprises

epoxy. 65. The circuit package of claim 63, wherein ‘
67.thenseaki ey | gackagiel | obneclal3s 66. ThHatBpE cupemprising  a
package of, clai,m 63, wherein th% §ﬁghﬁ%&gprises a

mOiﬁﬁﬂﬁﬁi%ﬁrWﬁﬁﬁrﬁ} m oh a surface O
68. A flange for mounting a semiconductor die, comprising:
a solid metallic body having:
a central planar die-attach area on a first side
thereof, the die-attach area being flat to within about
0.005 inches per inch and having a surface roughness
less than about 64 micro-inches; and
a second side, opposite the first side, having a
surface roughness less than about 64 micro-inches;
wherein:
the metallic body comprises at least 50% copper.

69. The flange of claim 68, wherein the metallic body defines a
plurality of openings by which the flange can be mounted to a

substrate.

70. The flange of claim 68, wherein the metallic body comprises

at least 90% copper.

71. The flange of claim 68, wherein the metallic body comprises

at least about 98% copper.
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a thixotropic index between 3.5 and 4.6; a cason
viscosity between 7.4 and 3 Pa.s; 5 a viscosity

bet ween 58 and 125 Pa.s at a shear rate of 0.95 per
second; and a viscosity between 12 and 30 Pa.s at a
shear rate of 9.5 per second. 67. The circuit package

72.0f "[['ﬁé aff%r]g foe té‘.l.earlnp%p”v\ﬁie'iglﬁ the fBtsiHE Bady | @mprises
m on surface of the frane. 68, A flaqge f or

an a@ﬂmyu ag " eompen LAk dreadito OngoRBEREf: © QP Srpm @ group
Comgg&giéécgfyygﬁ havihg sAvesntral planar die-attach area
n-a

r'st side thereof, the die-attach area being
flat to within about 15 0.005 inches per inch and

73. ha%hggfﬁaﬁégf@§eciéﬂﬂhﬁﬁsamér%$h tthanmakalilié4body comprises
m cro-1 nches; and a second. side, opposite the first

an gildey ¢RVia@iag afirtaret ARRWNEEE FRRSRhan about 64

m cro-inches; wherein: 20 the netallic body conpri ses
at least 50%c

f| f
74006, 5 REe nEEARLPE D Ady ABPFRES ShSpPLtay [ Fifizpine between

abRREN B3R ayndvhawbut he. §% alzgecomiwbean@umtedletaﬁta about 98.5%
substrate. 70. The flange of claim 68, wherein the
conmstal | i ¢ body conprises 25 at |east 90% copper. 71.
The flange of clain168 wherein the netallic body

75.?|o ' S San(gealﬂf aboglsé %‘el%%gﬁettarﬂel Jb%’d gﬁtalns about

0.EHPISHIOsr amd add O.yea@ﬁ: sopper o nrnd @bppeast one

material chosen froma group conprising zirconium and
silver.

76. The flénge of claim 68, wherein the metallic body includes a

recess that defines at least one undercut portion.

77. The flange of claim 76, wherein the recess includes a

portion having a dovetail-shaped cross-section.

78. The flange of claim 76, wherein the xrecess includes a

portion having a T-shaped cross-section.

79, The flange of claim 76, wherein the recess includes a

portion having an L-shaped cross-section.

80. The flange of claim 68, wherein the metallic body includes a

ridge that defines at least one undercut portion.

81. The flange of claim 80, wherein the ridge includes a portion

having a dovetail-shaped cross-section.
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73. The flange of claim68, wherein the netallic body
conprises 5 an alloy containing at | east about 98%
copper. 74. The flange of claim 73, wherein the alloy
contai ns between about 0.05% and about 1.5% zirconi um
and at | east about 98.5% copper. 75. The flange of

82. |n gl%n(?‘@q eireiciaties @l | viyer et @nRs rabgyt indudb086%ortion
ver an | east about 99. 9% copper. 76. The fl ange

hthngcﬁzﬂ#@h@&edmﬁé@%$T§%QR§°ﬁetaII|c body includes a
recess that defines at |east one undercut portlon 77

The flange of claim th
83. nofke oﬁ-%‘aﬂﬁ é:l&&(?eggf | ¥ ?fg%g)d tclfeorgg.%géii.l nfu %ortlon

haviR§ gﬂzﬂugha@%dcb@bggighcﬁﬂmare|n t he recess |ncludes a
portion having a T-shaped cross-section. 79. The
flange of claim 76, wherein the recess includes a
84 . poThé 0f1 &mye Nof arldins dpewhereds- tbet eeend(sidfheof the body
, flange of claim68, wherein the netallic body includes
18 SonE%XTldge that defines at |east one undercut

portion. 81. The flange of claim80, wherein the ridge

85.Lpgb§?§§% éng éﬁ%ﬂgg%%'ngh gﬂﬂeééﬂéex§Q§p%§ the second side

The ange claim 80, wherein
is hheléadgeabauﬁ Wd@§0a pochésdn having a T-shaped
cross-section. 83. The flange of claim80, wherein the

ridge includes a.ggftlon havi ng an L-shaped q
86.cr @be- fdengenct sclguim Bde whaﬁgéno@%‘r%%%gf Fher gerond side

s bl 0 fost BRaPOGM.L IS RABYeXendS. The flange
8 %FEwégﬁ %&%aféggﬁn convexity of the second side is
at | east about 0.0001 inches. 86. The flange of claim

87.8%4n WHGhEL N GPMRHIHINGOR 581 EHRREcY d8e, comprising:

a solid metallic body having:

a central planar die-attach area on a first side
thereof, the die-attach area being flat to within about
0.005 inches per inch and having a surface roughness
less than about 64 micro-inches; and

a second side, opposite the first side, has a
surface roughness less than about 64 micro-inches and

is convex.

88. The flange of claim 87, wherein the metallic body defines a
plurality of openings by which the flange can be mounted to a

substrate.

89. The flange of claim 87, wherein convexity of the second  side

is at least about 0.0001 inches.

~-36-



10

15

10 i s between about 0.0005 and about 0.0010 inches.
87. A flange for nounting a sem conductor die,
conprising: a solid netallic body having: a centra
pl anar die-attach area on a first side thereof, the
di e-attach area being flat to within about 15 0.005

90.ncheas E@an% achr adth KN Iwhe SELd A vRI4RN@ES thke88cond side
t han about 64 nicro- |nches and a second Si de

ispppoureR PRI iG-H00s; gad #@ﬁltao QQFPa%%Cl?%ghness | ess
t han about 64 mcro-inches and is convex. 20 88. The
fIa claim.87, whegein_the net [ 1ic.,b
ggﬁrgﬁﬁpgeon%oﬁéﬁ%%gé$byw%ﬁﬁ%ﬁ?t &ﬁgg¥8a§°ﬂg comprises
aﬁﬂ&uﬁeed50% eprsthstrate. 89. The flange of claim 87,
wherein convexity of the second, side is at |east
about 0.0001 inches. 36 90. The flange of claim87, .
92pheThien fdengexpfy corimhe7 s ederneisi dde imetdLieehodpogemprises
at0-122Q3 %gg ¢ 0. 0010 inches. 91. The flange of
clarm 87, ein the metal lic body conprises at
| east 50% copper. 5 92. The flange of claim 87,
93M1ermen ftllaﬁgaebgl kilgiR0gY, CRNEFdITEShedlndtRa 3t cOBUly comprises
per. 93. The flange of claim87, wherein the
Wn%%ﬂsFlébB%Hy9Q§nﬁﬂﬂE§és at |east about 98% copper .
94. The flange of claim87, wherein the netallic body

conpri ses 1o copper, and at .l.eas ne .
Orat BeaEIEREB AT QR B oUEAHEY |G BAflngorerises
arSid MRy o35.copherf hangat ol e£ai SRS fmatthiarai RhbBen from a group

metal li c body conprises
comprising ziréonium and silver.

95. The flange of claim 87, wherein the metallic body comprises

an alloy containing at least about 98% copper.

96. The flange of claim 95, wherein the alloy contains between

about 0.05% and about 1.5% zirconium and at least about 98.5%

copper.

97. The flange of claim 95, wherein the alloy contains about

0.085% silver and at least about 99.9% copper.
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an alloy containing at | east about 98% copper. 96. The
flange of claim95, wherein the alloy contains between
15 about 0.05% and about 1.5% zirconium and at | east
about 98.5% copper. 97. The flange of claim 95,

wherein the all oy contains about O 085% si |l ver and
98l.cadt fhanar TY gURsHPEra SeFACORIURLPY A fSpprLsin

mount i ngy asgﬁﬂaqggggghgrbga§ahéyymgrlS|ng a solid
netalllc body having: a central, planar_ _die-attach atrea

on a first S|@eceﬂ'ﬁ§?3eoplartal"r”e cE)“r&’e aktAGRH 25F8a Weidhf 1EoT Side
flat to wthids abl qi-8+088n | fedeveiely lfllah apdwithin about

having a surface roughness | ess than ,about

m cro-i nBh@&5 AREhass@esnd.nshdéndogiiddinde ?h@uFF?Eﬁ roughness

si de, hailﬁgg @haﬁtgﬂcﬁﬁe SOMIBReSdness &han about 64
‘m cro-inc

a recess thatadeecaed stde} e@RPOBHE Uilifer

wherein: 10 the netallic bod |ncl desh
#%f aving a

99. The f lﬁ?@?ge Ofr&dg@’ln@sgs 1¥0€r @indnt hepoet a' 64 C miee¥-inches;

defines a ural i1ty of openings by which the flange
can be nwbﬁreunto a substrate. 15 100. The flange of

cl'ai m 98, a{llt:l.lae B&EESSndNildddes @ecBOEt itOt defines at
Ovet al

havi ng a shaped "cross-section. 101. The,
f | adgastf opkabndessutMRATELANt he recess includes a
portion having a T-shaped cross-section. 102. The

flange of claim98, wherein the recess | CEH es 8y2geflnes a

9%or tThen HaRdFg O4n Cllaéﬁ‘aﬁéd WREESES S

pi&fﬁ¥¥i fof'@#@%ﬁﬁq rﬁhﬂcﬁhﬁhgeﬁdbhgé bﬁdyhm mounted to
conpri ses eas A)copper
substrate.

100. The flange of claim 98, wherein the recess includes

portion having a dovetail-shaped cross-section.

101. The flange of claim 98, wherein the recess includes

portion having a T-shaped cross—section.

102. The flange of claim 98, wherein the recess includes

portion having an L-shaped cross-section.

a

103. The flange of claim 98, wherein the metallic body comprises

at least 50% copper.

104. The flange of claim 98, wherein the metallic body comprises

at least 90% copper.

105. The flange of claim 98, wherein the metallic body comprises

at least about 98% copper.
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104. The flange of claim98, wherein the netallic body
conprises at |east 90% copper. 25 105. The flange of
claim98, wherein the netallic body conprises at
| east about 98% copper. -38 106. The flange of claim
98, wherein the netallic body conprises an alloy of

106 CORRErraihedlod QASinORG, Mihekbdh €ROSERE{II0M dAOURmprises
conprising zirconiumand silver. 107. The fl ange of

an gligyn OB, coprateiand B hepal| PRepBAYC R HpIGhasen Srgp a group

comé%iéﬁhchQE@EHEﬁﬁ &la |8astkrabout 98% copper. . 108. The
[ ange of claim 107, wherein the alloy contains

bet ween about 0.05% and about 1.5% zi rconi um and at
1070 easd abinde HE SObaiko@Ber whb@ein Thee fhatwEliod ddy eomprises

108, wherei,n,the al] oy contain bout I 10 0.085%
an %%}ﬁ%ﬁxﬁﬁ@lﬁfngeggti%%%hf£@§F9§§€dﬁE§FF'110. A fl ange
for nounting a sem conductor die, conprising: a solid

1083‘3&@4%{%@:?&2%'%%%#%2:@ e@gf?{%%%' Iig'_ gﬁ?;%giég :é %%%Eng 8% tyeen

. abofit atn.06%Wianki retehut 1. 58 PifEmiunchesl pet ileehtamdbout 98.5%

havi ng a surface roughness |ess than about 64
COPRPEr 0-i nches; and a second side, opposite the first
side, having a surface roughness |ess than about 64

m - ; of A8 030 t aldyieC i 8% about
109é ?ﬁgggﬁ'?ﬁg? geffi né'ig&natlO%I’eavg‘{?exlc?r%{(;1 L}r?gerég'&%poﬁﬂcﬂﬁ abot
0.08%%. sTheeof laangatofiegstiabalt0 AR edprathe netal lic

body defines a plurality of openings by which the
flange can be nounted to a _ .
110. A flange for mounting a semiconductor die, comprising:

a solid metallic body having:

a central planar die-attach area on a first side
thereof, the die-attach area being flat to within about
0.005 inches per inch and having a surface roughness
less than about 64 micro-inches; and

a second side, opposite the first side, having a
surface roughness less than about 64 micro-inches;
wherein:
the metallic body includes a ridge that defines at

least one undercut portion.
111. The flange of claim 110, wherein the metallic body defines a
plurality of openings by which the flange can be mounted to a

substrate.

112. The flange of claim 110, wherein the ridge includes a

portion having a dovetail-shaped cross-section.
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substrate. 25 112. The flange of claim 110, wherein

the ridge includes a portion having a dovetail -shaped

cross-section. -39 113. The flange of claim 110,

wherein the ridge includes a portion having a

T-shaped cross-section. 114. The flange of claim 110,
113WNe el E1bhger | §8€ diRGhUdES A whRkkhAN ¢y i #9dd8 includes a

L- shaped cross-section. 5 115. The flange of claim
portion hawmgi @ Thehareh|qrogsh8aFt+pri ses at | east 50%

copper. 116. The flange of claim 110, wherein the

netal li¢c body canprises | east 90% copper.., 117. The
1145 | Bhge DTG ﬁfll@a%e}gﬁgh tHESFelal H‘% Jod?e indfiftes =
porE AR hSEHg bR atshepsd ceut-s@8tiewpper. 118. The

flange of claim 110, wherein the netallic body

conprises an alloy of copper and at |east one
1150atreei alandoseh didm a10f owpereiomprtiesimegaiilicohPdyn amprises

ilver %19. The flange of claim 110, wherein the
at hgpsF| 7% KRPFanprises 15 an al l oy containi ng at

| east about 98% copper. 120. The flange of claim 119,

wher ei 0 t;@hns B, 19405 d ;
11630008 Tie8de ok i 23y S FLAEE N a2 G B comprtses
at 12iastThes feappeer.of cl ai m 120, wherein the all oy

contai ns about 20 0.085%silver and at |east about

99. 9% copper. 122. A lead for a sem conductaqr circuit .
117padkegélavgepef sthaim 110t whesohu e malid 1der PRANgCcmprises

| ural i f t Ly spaced holes therethrough. -40
at %?%Tﬁéx?ga%d%f&??gkm 122, wherein each of the
plurality of

118. The flange of claim 110, wherein the metallic body comprises
an alloy of coppér and at least one material chosen from a group

comprising zirconium and silver.

119. The flange of claim 110, wherein the metallic body comprises

an alloy containing at least about 98% copper.

120. The flange of claim 119, wherein the alloy contains between
about 0.05% and about 1.5% zirconium and at least about 98.5%

copper.

121. The flange of claim 120, wherein the alloy contains about
0.085% silver and at least about 99.9% copper.

122. A lead for a semiconductor circuit package, comprising a

metal conductor and defining a plurality of laterally spaced holes

therethrough.
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holes is rectangul ar. 124. The |ead of claim 123,
wherein, in a lateral cross-section of the |ead and
passi ng through the plurality of holes, a cross- 5
sectional area of the plurality of holes is |l ess than
or equal to about 25% of a cross-sectional area of

the lead. 125. The | | 122 f ;
123 co'fﬁiﬂ’ Fi?"ﬁ% &% r%-}?g’-nl"rgf Eﬁ%{eﬁq oy po%rft Pglﬁ}e P pREHY of

holéé airge R¥¢kandingrt hrough the pl urali ty of holes. 10
. The lead of claim 125, wherein the frane

corrprl ses a liquid crystal polyner. 127. The | ead of
124 ¢l Bhen 1@2q mbebEahmthEBJewuengw¢w|gmsaaﬂapg§g} cppg-section

128, The_| ea aip.1 t ad, _
of EBg‘pf?%‘ésa ¢ Paaitd d@%’f%cog%eﬁiulw héelfltgilése cross
sectlandl ldba Wierien plheal By @ﬁ)ﬂmh@essaﬁeéﬁl Ban ppr equal to

copper and at | east on terial e om a grou
aboggn%ﬁ QG qrrogﬁ’—ssﬁ’ass?ﬂ?ﬁ areaZIOEC oS efkdd group

Zirconi um cobalt,

tin, magnesium nickel, chromum titanium and
sil] co . .20 130._.The d L M. L2081 WOEE €ign ﬁﬁ@ne molded
125aIF 35’5‘% &te T‘eas?g 9 E}rg{c}%{f)erc ?m 'I%e | ead

theﬁ‘eleﬁbm 4 A2orivitar @ifn thheft@el extepAingsthrough G@lew@éﬁrallty of
about 2.1% and about 2.6%iron; between about 0.015%

holgfd about 0.15% phosphor ous; betvveen about 0. 05% and
0.2% zinc; and the bal ance copper. 5 132. Alead for a

e co t ' ACKIRTS 1 i YHY | it domPeliaes a liquid
1263‘0%30?%%8h§\%l %‘ﬁ&ﬂ{l ggg (r:‘gtentl on feature pr og:zrrate to

cry@tal pollyhder eof

127. The lead of claim 122, wherein the lead comprises at least

50% copper.

128. The lead of claim 122, wherein the lead comprises at least

97% copper.

129. The lead of claim 122, wherein the lead comprises an alloy
of copper and at least one material chosen from a group comprising
iron, phosphorus, zinc, zirconium, cobalt, tin, magnesium, nickel,

chromium, titanium and silicon.

130. The lead of claim 129, wherein the alloy contains at least
97% copper.

131. The lead of claim 122, wherein the lead comprises:
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133. The | ead of claim 132, wherein: the |ead
retention feature conprises an outward-facing 10
portion; and further conprising: a franme nolded to the
nmetal conductor, a portion of the frame abutting the
outward-facing portion of the lead retention feature.

134. The, lead of claiml &ﬁg{ ion gkheyrbfanme

conpr i 8§Wsevi%ﬁﬁ4? %Ig%cgégta Sglyner.r135. The | ead
of cl ap@t¥dan abertein 0lhé aedextauwn Of a3k upkosplAgAUSIes
a hooked edge. 136. The.l ead pof,£laim,l wherein the
ret ent ib&;wpggta?%ut cod&g‘r%i Bg gzréi: gé@'Zgg%S?. The | ead
of cl aignel Blamber&ppere retention feature conprises
a groove. 138. The |l ead of claim 132, wherein the | ead

conprises at least 50% copper. 139. The |ead of clajm a
13213%, lehdr éiar the seaddordrpial esipeuiteaBRCkage 97GPmPTLS NI

copper .. ;42 T Lreheldn 1&atulhenfidkikaee to one
met?Jeagoré%’fﬁJ olrsé’;‘éQfaﬁ!gaI%I &%ﬁqo? copper and .at | gg:lst one
end Nelie@rdad. chosen froma group conprising iron,

phosphorus, zinc, zirconium cobalt, tin, nagnesium
nickel, chromum titaniumand silicon. 5.141. The
133l e@he ofead aifmcladm hher éiheneidtal | oy contains at | east

97% copper . , 142. €2d Aarhlrdl PokB2isdbesri ButWgrd-£facing
| ead co ?i%%%& r%@%ﬂ%@ﬁlgﬁ%htIZ.lwbgnd about 2.6%
i r pBrtbet weend dnatthed. Cd@siaidgabout 0. 15%

phosphor oysy . 10, RRINREN :AROHb: O Ak, 206 BbPEion of the

and
frame abutting the outward-facing portion of the lead

retention feature.

134. The lead of claim 133, wherein the frame comprises a liquid

crystal polymer.

135. The lead of claim 132, wherein the retention feature

comprises a hooked edge.

136. The lead of claim 132, wherein the retention feature

comprises a ridge.

137. The lead of claim 132, wherein the retention feature

comprises a groove.

138. The lead of claim 132, wherein the lead comprises at least

50% copper.

139. The lead of claim 132, wherein the lead comprises at least

97% copper.
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t he bal ance copper. 143. The |l ead of claim 142,

wherein the retention feature conprises a hooked

edge. 144. The lead of claim 142, wherein the

retention feature 15 conprises a ridge. 145. The |ead

of claim 142, wherein the retention feature copprises .,
1402 gheoueadl4f. cAanet B3d, f whespénoshpglaad Fepprlses an alioy

package, conpr. sing | hLBSOC bGh &yroup comprising
of CREP pf‘"é§talr‘% TRassr PR rﬁi{d to lagﬂ%e?ﬁgfénrgpl 2;’5“ 5’ p. rel
irdiBt @hbaphbrasp dind,heicconium, mabiedge LR ngRRERRTIHNg-CeSt

si gnal haviﬂg a frdg%ug%%gnbetween about 50 KHz and
chrgggym, 5oTRREYS PS5 aAplit ude | ess than about 100

m crons. 147. The nethod of claim 146, wherein the

ampl.i tude is less, fihafyo,ahpidrHQ Hner MIoy- 4dntd@nsAat least
14]n19tr‘ﬂbecluf%‘-’f‘ci e#clcg]zal‘lﬁgala Ci rcuirt package, conprising
074 assgpersel ding a thernoplastic material lid to a

thernoplastic material frame of the circuit package.
149. A nethod for enclosing a,circui ckage. .
142 onPiné sierp tifechain 53w WHsr§L12 Fh%riﬁ%ﬁ&&fnggirsrgf‘éri al
1 10 Bl IRIDRLAsE! £, RIAId Sboutr aes alrddye cif cul t
. A nmet

package. od for fabricati ng ﬂ'éfl %e of a_.
Circuit paokegeaboobndrdEih@End ¢oRREgY t it MRFTELOFPERI
a material, conpri.singna 14 abpyp &Q906 copper.
151. Thebﬁjé‘ﬁ%g ac??jlugl gr%’{ig%, wherein tLe mat eri al
conpri seghatbalaast cabpetr. 90% copper. 152. The net hod

of claim 150, wherein the material conprises at | east
about 98% copper.

143. The lead of claim 142, wherein the retention feature

comprises a hooked edge.

144. The 1lead of claim 142, wherein the retention feature

comprises a ridge.

145. The lead of claim 142,' wherein the retention feature

comprises a groove.

146. A method for enclosing a circuit package, comprising
ultrasonically welding a thermoplastic material lid to a
thermoplastic material frame of ‘the circuit package using a
wéiding signal having a frequency between about 50 KHz and about

60 KHz and an amplitude less than about 100 microns.

147. The method of claim 146, wherein the amplitude is less than

about 60 micromns.
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15 153. The nmethod of claim 150, wherein the materi al
conprises an alloy of copper and at |east one
material chosen froma group conprising zirconi um and
silver. 154. The nethod of claim 150, wherein the

material conprises between about 0.05% and about 1.5%
zirconium and at | east abou

t..20..98 5% e ;
148 7rR meEhed P cPRFMYISY 3 uFthert é‘f/’%aﬁ%ﬁgzé"é“u nlér:lfagalaser
well{@§ear %ﬁsaﬁ&;%rhsfta@t wakekDaD Aiéli tot asuheamepladtichgnaterial
ange. 156. hg met hod of claim 155, wherein the
e ¥ha Gicon fBAEKAE" 25 includes an under cut

gortlpn: _44 157. The nethod of claim 156, further

onpri sj ng: i npart.n 0 A& a i
1495 Pt ’Q‘EE{“O% pposi ?%Clotsﬁg 8f %r g \tﬁé\lﬁ? ace ,ﬁag"fe "t ﬁgﬁ??gﬁﬁé‘?’ chermal
welg@gg gh&gmblfmamicclmuarlﬁl, Lidettei B dGOFBRPLSHIC (Rterial

econ surface is,at |east about 0.0001 inches.
frapsgof THRe (et H oPaSF%é%ﬁ157, wherei n convexity of the

Secggg ~surface is between about 0.0005 and about
. i,ncheg, 1 df I gat ign i
1505 g‘l r%%?qocgagﬁﬁgg‘%?rﬁggrg%%i r?gofﬁ%rﬁg?tr aérr%i r?gg%ﬁrl(%elggﬂ package,
coﬁ??&%&n&ﬁggaa Z?terlal conprising at |east about 50%
opper . . er | ast ] ' ' GO bLeh oy
li quid EPYRLEF %g?yﬁgéﬁééuﬁf%mgﬁ%ﬁglgéifagfggﬁgéﬁﬁ?%g ot least
f| aleput $0%16@ppdihe thernoplastic -material of claim
161, wherein the thernoplastic material conprises
bet ween about 10% and about 70% graphite fl akes.
151. The method of claim 150, wherein the materiaf comprises at

Tl
frape

least about 90% copper.

152. The method of claim 150, wherein the material comprises at

least about 98% copper.

153. The method of claim 150, wherein the material comprises an
alloy of copper and at least one material chosen from a group

comprising zirconium and silver.

154. The method of claim 150, wherein the material comprises
between about 0.05% and about 1.5% zirconium and at least about

98.5% copper.

155. The method of claim 150, further comprising:
coining a frame retention feature into a first surface

of the flange.

156. The method of claim 155, wherein the frame retention feature

includes an undercut portion.
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163. The thernoplastic material of claim 161, wherein
the thernoplastic material conprises between about
40% and about 50% 20 graphite flakes. 164. The

thernoplastic material of claim 162, wherein the

liquid crystal polynmer conprises: para-hydroxybenzoic

acid; bisphenol; and_ 25 Phq%?alic ag%%in-AS 165. The
157.t Maenopthed  of rHRdf 2PCof T HTHESh £8P Wherei n t he

liquid, 13k POLyAREx CoHEPe 25 a ssexmpal ywnfage, opposite
p- hydr 3?%%?12%%0 acid; and__ 6- hydroxy-2-napht hoi c
acite firggesufacahOfnbprattd®®raterial of claim 162,

wherein the liquid crystal polyner conprises

terapol yners of fornul ation . hydr.oxy. Iy A, the second
158 4-Thei BEHRab| °5nd:ltaé_f“e_§1%7hal‘7}te>é§&fld.go?@égliygt Fuctur e
surfg Iyl lanieéseoﬁﬁxﬁﬂtq.ooomfimmnésM' conprising: 10 a
iquid crystal polyner; and a plurality of graphite
fl akes; wherein the structure has a surface and thg cond
159D k&l inbyhed ofr aphiie T3hkeeheraipafYeity phethe S€

surface. 168. A netho I i st JosaloURBehes.
surfanprisiifyvess Fﬁ?%%t Té?isnggbdgﬁ% d a conposition of
matter conprising: liquid crystal polyner; and

pluralit f .graphi,te fl S. 5, 16%4Thesmed hod refaiel apackage,
160168, ‘\‘Aﬁé{ nfgﬁe ao}?rrglogsalt?'l%gn Sf matter 20 conpri ses
Comg§gg§§@:about 10% and about 70% graphite fl akes.

stamping a lead frame from a material comprising at

least about 50% copper.

161. A thermoplastic material, comprising:
a liquid crystal polymer; and
a plurality of graphite flakes.

162. The thermoplastic ‘material of claim 161, wherein the
thermoplastic material comprises between about 10% and about 70%

graphite flakes.

163. The thermoplastic material of claim 161, wherein the
thermoplastic material comprises between about 40% and about 50%

graphite flakes.

164. The thermoplastic material of claim 162, wherein the liquid
crystal polymer comprises:

para—hydroxybenzoic acid;

bisphenol; and

phathalic acid.
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170. The nethod of claim 168, wherein the conposition

of matter conprises between about 40% and about 50%

graphite flakes. 171. The method of claim 168, wherein
the structure includes a surface; and the conposition
is injected such that, after the 25 injecting, the

165 Pl Il n8h1 95 ePhT hgrdd BleSor 49ain 162, wherein the liquid
crystal polymer comprises:
a copolymer of p-hydroxybenzoic acid; and

6-hydroxy-2-naphthoic acid.

166. The thermoplastic material of claim 162, wherein the liquid
crystal polymerx comprises terapolymers of formulation

hydroxybenzoic acid, 4-4-bisphenol and terephthalic acid.

167. A structure comprising:
a composition of matter comprising:
a liquid crystal polymer; and
a plurality of graphite flakes; wherein
the structure has a surface and the plurality of

graphite flakes are parallel to the surface.

168. A method for making a structure, comprising:
injecting "into a mold a composition of matter
comprising:
a liquid crystal polymer; and
a plurality of graphite flakes.

169. The method of claim 168, wherein the composition of matter

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

170. The method of claim 168, wherein the composition of matter

comprises between about 40% and about 50% graphite flakes.

171. The method of claim 168, wherein the structure includes a
surface; and the composition is injected such that, after the

injecting, the plurality of graphite flakes
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