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TI TLE OF THE | NVENTI ON PACKAGE FOR | NTEGRATED Cl RCUI T
DI E CROSS REFERENCE TO RELATED APPLI CATI ONS Thi s
application clains the benefit of U S.  Provisional 5
Application No. 60/443,470, filed January 29, 2003,
the contents of which are hereby incorporated by
reference herein. STATEMENT REGARDI NG FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT Not Applicable 10
BACKGROUND OF THE MNYERTPONCHER BNVANAIONati on rel ates
to circuit packages for integrated circuits and, nore

particul arly, p{¢kAde FOR IRPEERUAD (diRcuriChede netal
fl anges and hi gh-tenperature thernoplastic franes.

Sem conductor and other integrated circuit devices 15

(soneti mes grefser REGEREONGS T IRERRTED AP BUAT NS
typically nmounted inside circuit packages to protect

the die and.to facilitate electrically, chanically.. .
and fer ABPHYCRorHeCE IlﬁéthetItﬁ eIDFBeIEb% rﬁrgdIII ﬁrcc}/”smnal
AppPRdfS onheRt, Honrkasandof heilddkesarudrpi sl zn(ra:,uuﬂhe contents
package i ncludes a base (conmmopnl referreg to,as a
of"@vw 3ge DOTePY affPIRora tEAoPR S RF SFSUPSERHY-
housi ng and | eads extendi ng through the housing.
Inside the housing, the |eads are electrically bonded

?LQGSFEXT?@IIW%%F%??@F PR %?PFF?I‘F?"I‘* FIEIE:

-~ DEVEL.OHMENT] [
(. I I I I I I I I I I (I *CDOOOZ* The protectlve

housing is nmade of a d%ﬁh@ﬁb&hgcggigrial,

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 circuit packages to protect the die and to facilitate
electrically, mechanically ana. 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. 1Inside the housing, the leads are
electrically bonded directly, or more commonly by wires, to

contacts on the die.
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such as plastic or ceramc, and is attached to the
flange to encapsulate the die and bonding wres and
to protect themagainst intrusion of water vapor and
ot her at nospheric gases. Most 5 protective housings
conprise two pieces, i.e. a set of sidewalls (a
"f reee" prafechive dhowsitpugh swe hmﬂshngﬁjﬂm&ﬁmnfdmmterial,
e- e | es. The.order_.in i.ch t r
o8 AP ReEE, B IR (9% ne T anngeoy b, the ' BEnge o
encapenditey the tdhe aatiebomdinf wihes falharTEﬁapdotQBtﬁ eli.hemloagainst
. i cul ar, he maxi mum_tenperature the teria
lmg%#]tog] e%éfjt )éw\?vl}:?ﬁou\fapé)erf oPHl%ngo PeX eiatosP EFffsegases. Most
profaecigie: hdusiingdi toppekagerforpteddgh-n@era He: of sidewalls
tyPicaLJy iqflu es, a ng%al flange, to, which the die
(@ STERPRChet 6 el by leheashi some ohefasings amre Mqldege as one-
piéypi aabénbireayi dese XA Nth f @i dH eShe SEEMne ASnECEBY die are

hol es or s|lots, by which the circuit package can be 15
ARG S st SRR FHSQs sidpendingsen the faisgéal of the

fr&fa i, S Mbeat pafE M 1a Wi enbOoniRen e empbkrufbeit Wterial
tenperature used to attach a die to a flange can
caniflfrade YeEBewt flafanminshenebheing arteiryigat danaged.
are able to wthstand this high tenperature. A .
ci rle Fr Pk Rpckerst ferprofd gh-povweerdis ctypigad lyarncludes a

metder i 9h&e, PEcasHeRR! @gePrd 19 ta@ﬁaél%é@,(:hg'fggn %& eutectic
the die.”"Alid is then adhered to the frame, such as

so}iewigeicy . TheTof nmgeh tipd ceddy f prpehdss ofiowrtismpal features, such

as €%RaBR1 9b1RE Cc?rragﬂ.&#,ra S anli LANASS fé)j.rrél*}.l%sep%élgagg%s can be
are typically nade of 'a cOpper- tungsteén al'loy by

MOWRthr Swshakisuitgyai heat tsink orfmpneeesshe Thlang@Sconducts heat

frdif %?%ﬁk?tée% e?ﬁﬂﬁﬁ%ﬁ%%h and the thernal

conductivit e resulting alloy is limted.

I ved: t.he ctjvity c he. achieved thr h
tggﬂ%sgg]b Ihc\f')p eelfa%%%gl )Rlibsgéjn)ljtr% agf:l%cﬁpcgr 9 a%%ag%da Tidige can
danfdgngess faboin ap b thyc,arhdwavielrt raairianncpmacessaf ol howedble to

, .nati,Q roces however, t hese processes are
iy hnd TR DR R nrt V&) Frpot Gpeciage et employs
cerdntiac Ifedmieocbhe fhereforRl,i B assembled 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 typically 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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to attaching the frame and lid. This approach enabl es

use of low -2 tenperature plastic for the frane,

however adhesives used to attach the frame to the

flange and to the lid performless than

satisfactorily. These adhesives often create inperfect
tenmaé;uaﬂe @barsm'itc géps ttheopEnamer i ﬂngwaserofactmasives used to

urt-hernor e oj roul

paé’kages preter 5?!: Ejian\?ggtaglrd lchltz'lref elsl fpregftorm J‘&SS than

sa’dms:facandlaysemleeet Ia@hespvesesfaénebraatachmpgrfda:’e teals or
f l.anges. BRI.EF SUMNVARY, OF THE | NVENT. resent

The
pey entq%)n privi BEh | B i%c s coun‘itJ %ﬁ package.

Fu:currenmotrepao.i@m;@ gdsmt cCAtuIM g bst:m@lah i gheﬂbilf abt alez:bd inventory
tures can prow e a hernetica e ,

F1348% g F PP HHAE S FROGFOIREHIGE SR oStReet vl attaching
didhe @laedek. package deS| gn enploys a nunber of

mechani cal features and conpositions to achieve this

herneticity and tenperature tol erance. This

conbi nation also 15 provides a circuit package that

exhi bits bett erBRIBCtIUMMARYaNE THHSINWENTIONductivity

and mschani cal integrity than conventi onal ci rcui t

paQﬁﬁQ res Ciﬁ( gldﬂﬁ%ﬁ%%&dbg0|ugﬁ§vtﬂ¥% 'ta low cost

flange/Trane/l ead I nat1on an eads
cimextigndpa@irgenr tugth sadewathstaid t hegkopénet-autpta‘crkarmemperatures

andnEohy 080 IR B0 SR A68° ST RUDGRD By & e,
witdoautd athee misbebfieadhd dievefd .aMpe abhdchite pfarcﬂﬂgeaddsn_gn employs a

t he | eads | s f the, . .
o ( THEPRBRTab FE2C PRt oPdBl FTPAA G- @1gFa) Achieve this
heméty:nﬁrt)y anfds eabmPer {tiref erabkya®Poxy)hdise tompithatiesh also

to, wi thstand dle att era a d.eis
prgridin o8, COTPHACT ParRa0and Tk SFUPILs QRGEer ElRetical and
théaide dcbdidie ¢iaaddsand hedhghisawel giasdid yt hthafrf agBnventional

circuit packages.

The circuit package includes two parts: a
flange/frame/lead(s) combination and a lid. 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
(thermoplastiq, 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 1s 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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to seal the air cavity around the die. The flange,
frame and | eads of the circuit package include 30 one
or nore structural features to naintain mechanica
integrity -3 of the circuit package wi thout use of
adhesi ves. These features nechanically |ock the
off thageizndit epdskage t httHowmeusd dheadhesespactingse features

selSELLDAT, LBCNG,ET0 I e LLangS GBI TESA s oo

regpea.ivEhguneteénhson feature can be, for example, a
groove or ridge that includes a dovetail or other
und&er c vnecr eswediewnitonaths hdpengd heldfieesopd aFirhfle retention

' I o the flange, such _as by injectiogn -
eebEF b rgiRnGe by it 2 RR06: eRSR ok ReteRhen  Graare can
bea Koy ekampieﬁezeﬁrbbvé{FioraHQEUthFﬁiﬁ?E@HébOF c%ﬁetail or

f eat t hus nechani ca securin e frane 0 the ,
ot b TG A T S S b P T G g TRIAeS Lo zane 1s

moDded DRt | €AE FERIRRY,| OBubeatdy gyt 01 SRLU & hRioh 88851 0 pyring
the frame. During the nolding operation, the frame Is

mOSF SR Mot dBATBFYUNAL t RS | ExEne WRPENS 18 ERYelilistf fomezes in or
arOi@ iR RechtdsR, rddraughcausi deVRd1 Bh14NEebhA By the frame

into the air cavity area. One lead retention Teature
to ¢ fdange-| east one hole through the |ead. During
nol di ng, sone frame thernoplastic flows through, and

t helP { FRRZRAT | fTOGH@RE) e eachud spdckinsguehe paador more lead
reﬂ@ﬁfﬂdhtf@ht&%égrﬁﬁm%eéﬂ¥grﬁﬂelf@ghrﬁge@hbo%rgﬁgtugﬁring the

rovi des a hooked edge, ridge or other structure
m0£¢i%aqpetm§i@nd blie thranecdd ahao melkiefesrownthtine thead, which

j j Al R tu i o] 0 Rl anar_ wi.th
o BHFAE B AT SLHEL b3l SRS SN trame
inte ddreiagarméty 28rem out war d-faci ng portion of this
structure, thereby creating a
One lead retention feature 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 is 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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mechani cal barrier that prevents the | ead from being
pul l ed out of the frane. Conpositions of-the flange,
frame and | eads provide matching coefficients of

t hermal expansion (CTE), thus reducing stress on 30
the respective junctions between these parts. These

ele€OPDOSI t cORguat 61 O%Zdeugé)odetaasr MEild cenéuoﬁla\ﬁgtey bI/n one
the flange_ and el ectrical conductivity by t

embpdimntand thie ff%#@% isn Bade ehsddi Aerigh h@oppaﬁgecontentr
augfn§n’£@r§je IW t @ asﬂhﬂf CSHRfE CQFt e rcorfil LJ%FE”E?LQV@‘ th other

smal | amdunt of zirconium silver or ot mat er
matepizhot Fer arplbril nerkodimeat) et deedmmasewimeldeawitgha high

o] nt t ed agpug f
copBrE BBfte SN SllinerddTEY &1 k12 2B 0P BLol) bAdEbnorus,
Zlnan@nhléprenbbdrnmntergahphlm eyet| akethén emJeocﬂxmrs:.f ogyephite

t T, h
1oL AP ) B 558 AL E LK G0 OLIR, rares
andf bahge. adei iptesomedtchi Ithe CAR bE Eh@leﬂmé(xdluhe CTE of the
eiofber A, Sptfed SR S35, AT I porsor

1nteayoi~y.ofBRl:EE B3kl PahdNOF LTHE tSEVERAEhoA EW&d@EeTHr_olsture
nd ot her features, advantages, aspects

. W NGS T,
lnfgﬁgiaﬁﬁﬂbdi nF SoPLT he*Brdsent i nvention will becone

nore apparent to 15 those skilled in the art fromthe
foll owing detailed description of an enbodi nent of the

Pr egRPEr | SRERRIPIRONNER fﬂ%ﬁﬁhﬂd@fr@gﬁgé BrARENGS

acconpanyi ng draw ngs,
perspective view of a circuit package, without a 1lid,
ac&bedeng ansl onetdebodi FRafiungs, t hea yemtages,nveasbepts  and

t i il u a
embgflifipts ot Wit HYGHRAE LKL AN B DeCEh hr 8 Mene to
thosep sktithedfim thei prof fremdtlie afwlsowdngh desailed description
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

lid, according to one embodiment of the present invention;

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



10

15

20

25

those used to manufacture the circuit package of FIG

1; FIG 4Ais a top view of the strip of |lead franes

of FIG 3 25 after franes and fl anges have been

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

l ead frame of the strip shown in FIG 4A; FIG 5Ais .
a cUtLGmalB vitewlofCUd "BHRY| JACBf Ofhé AYddPr Padmgelternative
eboddriantliof 2hEl &ir&Bit SR Kayk- aveyryl ey of a portion

of an alternative enbodinent of the circuit package

of Ffgs.l; 6klESarbAceoBEes&dOisiradeGhicittloi ENE @lahdl® of the
flange 'of the circuit package of FIG 1 show n

C+h¢ sPé@E@g%fOﬁaﬁﬂﬁhctﬁréhoglﬁ%eﬁgéﬁ? PFES?S7A§1)@ﬁQ¥faCture
te&hesmt i c drawi ngs of a die being attached to the

flange of the circuit package of FIG 1; FIG 8Ais a

det ari@gl. prL-gpeald wehehews Ofdtd@dgeads af dibepethd CAtitached to
tgackage of FIG 1; 10 FIG 8B .is a cross-sectiona

¢ bt oL &hgr shrartemtstiege cEnbHi Ments of the
| eads_of the circuit package of FIG | FIG 9 is a
scheldti cBRr b8sasdetprohed oRLRpenhive ifYr cfofkheorlepds of the

cirene: afadiigeciorcrit. package of FIG 1; FIG 10 is an
enl arged view of a portion of the circuit 15 package

of Frf&. | sshowi Agceessssedicnall HAaghem1dB 8k®eral alternative
cross-sectional views of the circuit package of- FIG

eRbQGHIGHS (Ao TERboBRARMT e ciEcudh RaGRgs &F ¥86. 1
FIG _12 ig a graph _showing a relati.onshi_p between

vi scBEFt y7ard ShefSMateCorT8RR™ o dnfentdiggram of a portion

ofBtRE | Blanfdlidralbhe Eorclise fivkagld bherseali;of FIGS. 10,
11A and 11B; FIG 13A is a perspective viewof a lid

for the. cilbcUid an enlarged view of a portion of the circuit
package of FIG. 1 showing seals;

FIGS. 11A and 1l1lB are cross-sectional views 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 1is a perspective view of a 1id 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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package of FIG 1; FIG 13B is a cross-sectional view
of a portion of the lid of FIG 13A, according to one
enbodi ment; and 25 FIG 14 is a flowhart of a process
of making the circuit package of FIG 1. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The present invention

provi des a bwnpige Rbrebl Cor ITuEPagigRgeIoRat can
wi t hstand high die-attach tenperatures and can

provide a hernmetically sealed air cavity for a die,
wi TREutPYIRenS ué%VQﬁt%ﬂﬁheE¥Q¥%§eﬁFI€i lpvshpiiRCerFount circuit

pacRaeBP tay Q!arncWﬂth@%‘ékégﬁlégodleaﬁﬁﬂéc% NPethPePtires and can
enbodi ment of the_ present invention. For clarity,  the

proviideuins WeadreAdeatby Peakebumlti EHGHRY afq4 (@ dher without the

useC'JiC WdhesRdekagerd 001 i Bebislesn aeiér@]ﬁﬁ:leﬁa:cﬁlU BHBkage 100,
4 and two | eads 106 and 108. The frane

accgr@épgl Eal P | sipddrest t ok J‘F}Eea&refGBtah’él"qlEﬁ%B fiognflarity,

thd h@lf:é@ﬂgepéggaﬁ@d 19AC N Ot BREwn Avlit®okdO0 d s 1alt aG]_*}Féj circuit
to a die-attach area 112, such as by eutectic so

packpge EP énglidegs aFf-Gnqe sHRws aorfirpmgna 04| éndaltt’ﬁoélgihds 106
an& yﬂé:a'-h}’ tmng 1 & &rﬁ@gll :Lﬂgflf'&lt@ ’El?etfgads 106 and

die-attach area 112. e eutectic so 114
10&|feony kbal fljamdémt haddeéach lgrhey. A5dieell armett@ghed to a

s (IR GURERERE, 39 ISy et JROREL o0 AN i CBaricy,
FIGs 1 ts}mpiweabhyynmﬂt@:de,t aala:rﬂwah sivpked gt tsivowy) mpye die can
be BULRLEAOL SN, o extendi ng.d hrgugh Sl ot's 116 and

electrically 'bonded to the | eads

i S T GBI (OB ARy Bendl) e R s 10 ko
thd of ldrye | Eels THES mtdaclﬂ& s%lltibmugMoaés_dl e:ohﬂiﬁc’aﬂdheat away
eSS 4Te 1080%0Y 0 AZRGEINY B S eLe AN Bonce 102 4o
tyddihiakt eouatkbd de208) e baen ahbﬁcbndwﬁ)h&ﬁﬁt]ﬁbltas not shown)
exgeeﬁc’cf:lrnlgbe%roug Eoggt ﬂ(li gr?cljo The die 110 is electrically
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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25 The circuit package 100 enpl oys a nunber of
nmechani cal features and conpositions to hernetically
seal the die within the air cavity and to tolerate
hi gh tenperatures. As previously noted, this

conmbi nation al so enables the circuit package 100 to

folewh bi & @@tthﬂ:ﬂlﬁém eleseti pEBbn ANk t rt@krm'flﬁﬁggucid)?"t tdhd its
escri i on

E chanl 30 i nt&q?%ﬁdy The fol | ow ng

manyLarhLt &y t IT éﬁ dver &7 a Ypﬁ@@é%%‘“-?‘ordescrlptlons of the

leaBBNUbBCAKA | 188 | Nordosq W bn PEE Kage ﬂ-:%ldﬂaﬁr&@tyﬂeﬁolyﬂer used
foll ows a detail ed description of the flange 102" an

forj the FxAMPadPdrea PoRd RBPLGE ohReidyy tha aftame 104, the lid
200d8§§ré Fﬁf&&l}css‘)ffo‘irhﬁanh%ﬁ%@ %Hg ép.%ulc@'ﬁé%%ahleoﬂo@f

the liquid crystal polynmer used for the frame.

seal applied insidgafhiadtid®iglOderthdylid 5 200 and
a process for manufacturing the circuit package 100.

I\/aaufa@wr bagk&yes viiew, Cacedirtii RECkagdeshel Ofre SGHOT 8hidhtion,
to the present |nvent|on are preferably ftabricated

arej PEIgRblY HAPTEAED sifi IGTiPS onPentFemkd, similar to

con@bh@ﬂbﬁapaéfﬁg%c padsRagRsShaws, a 35tdHoRs3Q0 Afr il e%bol%f lead
franes, such as | ead franes 302 and 304. Each Ie

frapegnestek | dtekead iFamead3d02 saeh 384 ¢ Fesh dredn fzemgoencludes
twodNdadl8. shéh e @BRAisEBRL: 4 F"‘@@@ e dpad y r%ﬁgogfnhb@lment,

300 is stanped or etched, holes are create
whephdHee skraB0bramel SbBiP EXAPpILes SampRdserhaitamhed e holes are

cretiggwtéﬂol ‘th ?L%Q boses 3%%1’0 3R's€ E§§rg[|>fb lchClﬁg.gtsaingfes are

eads 30 and as des ed I'n
shoyal @k, 3HfG.erTheae Ilefalcesf r3fe ateips@DOtésloaklea drfamanmeo the.

lea'd§ g@%dgrgd 30%re % :B%( d r}Jn e‘tgﬁh'@f%d‘ to each

Iead rame of the rafe s 4A shows t he

h
R AECTRIUNE 0 LD Gy wS0ED LRy mene,
preﬁhcablanycenbéet:eom epclldimayre th0deadhedddd aivesec af bghe lead
frarchlépgjcff f‘ﬂ:dl v dlé?'oxlﬂg 19'1 | n asé'iI rsr’leogtrfpelﬁOA after frames,

subséequent ‘manu ar er
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
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who attach die to them Flange 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 froma die to a heat sink and

electrically bonds one termnal of the die to a

LECULt _bogr T a LS
i R R e e
abopitovil d&% hi grasingeiy, i caltlovwpht hethar cobhghratdppiery zagios are

to resi [ | e e S
2B Bt oF 3P aBrg ot ottt PRI ERRE LA Papd it 9.0
copbee fdrangabd®?2 pPr % erzdalbbyntanpr Fbes fdanpeasitO2abiout pgederably

coppe nd b en out, 0. 9. b Y
elefl%rrggﬁ'lf“gﬁ‘? gﬁ%ﬁﬁua@?%gt hbheoro h’f“g -‘%gig%é‘re grg#'ltoéi%f/gel to form a
diffosephaarritire Idvangeadd? abont Hoef viabdyirctmsr i gBs gold to

t . 99. 99 ! d t, 0.1% zi [ h
faﬁgiﬁagemal@%fﬁfﬁ%ﬁggw bt ePhuEAREE Th abou
m crosi f ni.ckel f i [
103,151 061G Al VgL By’ BBl e, g 55,5
co;fglﬁit.’ci |aint:1?bbolaal dtegBﬁ?l $:'hlered:iigaltﬁoughtd1fehéﬁ drigi-copper ratios
ern ely,,the flan ' |
e, the Monge 100 comptioen gt ot ancy

madd G0 B cohdaimOSan18oAt £1 L elpi ghd e . cofipecoiontens and thus
preferred to silver, b

cause an allo ith C e s
=i ahheca eaan AS. fLGHe Gepise BEREEREY aHeR hbg 1t ie
madid Oyi €le EQUJ@_{".tﬁ'ﬁé”&iopﬁ@ﬂ_—ﬁiﬁﬁ‘dr[iiu&m aXlwidustdwides a flange

than if it is nade with silver. The ci_‘(_)gger- zi rconi

VARl |0y TR IEONESPE ARG SHRSF LT REr REEOECRuCITRATY Tungsten

and® YRSHbRE -h81 PhdHunldopp@PPEF LAryRESt Bhiéh aRdables a circuit
coppér - nol ybdenum copper fl anges, which enables a

packaasyi thatp ey hechepl BYanasuar 2 f fhpgatbichpdyi ko such a
ched n di-ssHpate; Jyor 0

LIACHSI i04BEILE, LNGRIR SR AGEY arbolcages. 1o

addbipper,- zitheoncopPeltwirdeasum habiey¥ &9Feabi ngigher annealing

teﬁ%’aﬁ{)@eﬁgﬁ%@gﬂbﬂ’%ﬁdﬂ—%pﬁ@?%&la&é O¥Sqand i.=5§bject to less

warpage as a result of being heated to die-attach temperatures.

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 i1s molded to the flange 102,
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20 warpage as a result of being heated to die-attach
tenperatures. As previously noted, the frane 104 is
nol ded, preferably by injection nolding, to the
flange 102. As a result of this nolding, the frane
adheres to the flange 102, although this adhesion is

someY RIfCahley firaper tbraad subpecintd, hireakeowh fAR in, the
the heat of 25 soldering and operation of the die. To

fragger ERHENEIANs FeabPER 1My (CARGRILD pkfeéf er52913Iy The frame

reteREl bl ese 2 1RC hedy ORds faeaéws%-ts@ctir@ﬁaﬁnbr Y, and the key
interlock the frane 104 and the fl an his feature

502 adkegwrPn 2 FrEmPhamenfsityh Aot leut ThlGy Fhewfropen key 502

mecaah&bgnw h@.n‘EbE:QHbfcs p@qkﬁgecrﬁeoofgaﬁ@ us&;@@n@@exe f\@atthre 500,
30 reference to FIG 1. The flange 102 defines a frane

theﬁf@bﬁnpreﬁe%ﬂan%r@%otﬁamﬁml@ﬁ if¥opsbaing mathesi avway yfrom the
flah@‘éeﬁ.bQCKlEﬂgu{r@g@uﬂagﬁg ahd aH'Px%eréngg bwsadécﬁ‘ebetween the

frame is nolded to tthe flange 102, -9 sone of the
framﬁaﬁédnﬁh%rﬁ%ﬂngq .ows i nto, and then freezes in, the

frame retention feature 500, form ng a key 502. The
frihe FrametinRtenSAODr ef SUDeas 5A0cr breludag | ohal least one

und%ﬁ:gpi:l or%ﬂ%&f htf g %‘osé—%cttq.%ﬁsogﬂ% r‘é@ﬁ}?k%"f?” HMire 500 is

pr o |I rozen key 5 ani cal
prafﬁteblpchsdmwehaiheshapeunwhxgnudﬁﬁ;neﬁeawar@nse©¢ut portions

504, hSﬁc?byso%re M%{gcﬁsﬁgi%ézéaévﬁ 83 iod beppgnpuld ed ¢ g or

from't he ange requi ring an
loladpegbverécadnepmabéd.betmeen the franme and the
flange. The frane retention feature 500 includes at
| eddthongh ide ufickerec utetpotionnfedtnmer &99- sbownoin FIG. 5A is

deptrlé%segt &Ei&g%&t?a‘;éés%t vvoo ' S’fa&.‘?r effr beI yfl%n%%‘éibgih:jthe frame

dndet cut i ONs
ret&&ﬁloﬁlﬁhaturessaaeeﬂtennatmﬂumy smaﬂdzprdndﬂoﬂ_tme adjacent

R S TN T N
fradme Psiaarah stednne ofodmhechdngeadd2prblie fdfanthe 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 wvarious 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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retention feature can alternatively stand proud of the

adj acent surface, as shown in FIG 5B. Alternative

flange 102A defines a frane retention feature 500A

that stand proud of the adjacent surface. Wen a

frame 104A is nolded to the flange 102A, sone of 20

e _nat e |aI ro rau d free

T e 00 L pBF e Bre B Ao OB B o i ReR¥ion &) and
prq:mxelbﬂyoabeb@atm.r&z athesmeep hidmeastontBe. frame 104A

defines a key 502A that is within the frame 104A

RetEu]Gni n@f:tshléw&i 151@3, fhenda a@2 r @ifértki an fseabmier@&ﬁangular

s 25 formed in flan 02 by. a series oh
cxisssPEtiPha SEPRTR D8, HoR BTG ARRHo R she ot i saToove

60mf THe decorri r@:t:eﬁhummp%&&tmm 868formd whes | waBlsSte@Esand 604

fact A s fl bl ank
(e s G R Bie CPERe ! BNL Rt OUE R a8 BB TRk Of the
grddve. GRfalroes asfilangezhl ank 02 #biwer thef uhGbrcuts 504 and

tan ul gar . 30 CrOSS- Sec ion _groov 00 been
508 GFATEERR O RBOPP ALt bl e~ oM (o CRTT s opkFarGRRd 97oove
60&T eat eﬁré@éﬂ:&]@ﬂZ abbdt 602, osn tthehgs oan@le60QdindesionlOD) and

[oove 60 e erabl ut 0.Q2 i nches w de )
pr b GPORE MhehT piBtie s RSeRD SO ET r(ehosThEe FesuL ting
do&é&ﬂqnssl@sp@) haEICa 8fra ShoMs dilendianger 1QbaHitt €0, 7 inches

second rectangul ar cross-section groove 606 has been
(dimgnad@nov & rt héeRVIRY @Fboryerbapg. ofTheakrond- 0065  inches

(afz L3RG, @‘Wer@ﬁﬁo&%ﬂﬁﬂ h?s‘“@éﬁr@%yaag fQé'st( F'b@ut 0.005

, causl ng themto col apse sl |g hear th
qum%s Podhe WMalspe@;mmnwWAbﬁdr metlh@ used for

the! Ut 94504 and 506 discussed above, with reference
tgﬂ%H%. gA The second groove 606 is preferably about

0. 8%1 NGHES M ggm% Lisnsi D V%?-g 18e19éxﬁlféaﬁ{g?1b|&ﬁ akRpudl size,

I nches deep I mensi on e resultin
ma’d@malalalndshampehatmae s;rﬁartherfblaméoén @heab@m, Qug@zial and

te _?g§§§ﬁegg;ggﬂé'f¥hﬁé 1d4§a¥h29dé!R£Eﬂ? Q§Q9g9£ 5¥K%He 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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(dimension F). The overhang (F) is preferably at | east
about 0.005 inches for the liquid crystal polyner
(descri bed bel ow) used for 15 the franme 104. All
t hese di nensi ons can vary dependi ng on the size,
material and tenperature of the flange 102, the size,
8ohal 20d,qd; rat.u fra 4, .4 .
P g R ratfroF Phont Lt e et LESrCtT § (thggghickness
(dimedstion G dme, Fl§ost5A)r @irledertbtyots ehattafel220inckes, can
.t Bl | or.djnar ¥ practit | r. Th .
re e cac! g0 oo eepaize 85 ISRl Ky PLAE, by obdRations
ane el elinigarl twaneedahsfbrp ddrnbotion bEtiieefliEmge 102.
flange and a heat sink. Heat sinks are typically
madHiffedenras oin orrosfifiifcdentsToof proviniela gogpansion (CTE)
tqp%tm- duct.i | td e I L Cul g
be an a(}:ﬁgatHl Etsai ggo t eﬂg%rgﬁ'l%%\ggag&ggéééh%gu#oﬁﬁ icécgl%f I%zgff2i gge when
thegaliirstig hispldéred <or fboe, fliangeut EESs t ABrPbetahesatrically
. W l,ons. (d i bed ove rfor 0 .
LN, BREERe Rl TR, e SO0 cAnCaBRIF m ORR it @
fldotibarhoof 700henkd angeel(20 tthatehgspnevegeknipethe soldered to

i F-CUi f 1 yi 0,flat i,nst th t
en £l PIEKABE AL 5,30, L oL anphnst Lhe hest g cre
of t hectpparglz ik@Bnismprebegably bpppedmitiedy Qhe gt nghereas

perations. |In addition or alternativyely, )
thq ERH B TR ehfeds SPRFTERINGA-H BPR/GayRs the die
11@r&ier atdngd o i@ wre0 heb22di Rehesldeanthéedugetbheéne flange,
anpunt of deformation caused by the stanping
the shea@nond1a89%) B i ni nate the need to | ap the
bottom of the flange 102. 5 Differences in
coefdiedreds SPOVRetRal Léxpthrsidh fheTEie Hdlnedd ditenge 102D

codli & dulbd thadelr-anaepl@aqeanldehar@idle Hhengge Wa€Ange and
the die is soldered to the flange. FIGS. 7A-D

dig pemiiued I8P §99ludncateentarastei FhangrhREBiC FpElden 114B is

veSN WS- A drleange 402 Mhddiie. fThatePotd OMOL ARG 21408 of the
110 that has not yet been soldered to
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 is 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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10 the flange. Solder material 114A has not yet been
mel ted. The CTE of a copper/ zirconiumflange is
approximately 17 ppmf C, whereas the CTE of a silicon
die is approximately 2.8 ppm 0OC. As the die 110 and
flange 102D are heated to solder the die to the

edle ndfneex ter, .
nel Bl e SEeRRE [ERHRSAe Tha oAl gl 7o s
con@reﬂl byeWetidet Séﬂcdﬂ;r &MBSSLﬁttel’dsy drad datmsyt b0t0Q@X e inches.
fl ange and die contlg %d to and _contra
S

Th
Thig, CBRPRE SOPUGE TAEoTs SoDERYRAr BT ARAL OIS VETgioT, such as
thedlgdlide&lnljh@eehﬁmuethee@,ontnachumemf é:hzae mp placement of

sur f ace 702 of. the flange 10 con n
416396  deed 260 it HinRge A Rt L e bkhE8s of the
f1anlg@Ngg8d @ﬁeacdnﬁﬁiﬁl&a.ohheftﬂpa ﬂlarnfgacecaﬂeemcflddm flanges are
fl ange 102D contracts le@%?t an_the

tYPF-G"Gl Ya@orHg th&*BorFo- 8Pt 20ERES Fg fc82}% Sﬂgﬁvghlcmess

%n{t;éfi‘lf%?.ogv\{@ Cbnﬁ@m?l e@mkaugg@;rdmwbe ddomtge0 i15 inches can
unt e 0O a nhea S n 0 count Ct the te en.C
redycet Hehe | aRgena 02t FArRBAERCR  @HAEGY ysht&'k?e ﬁ?f‘g

bo%ngeghfﬁacé heohkapgey | 9 sPrsfefahinl yoi wepaeds! bghtd Y coining
convex shape prior to the soldering. FIG 7C shows the

prddemsge é@th@(’eglbr@tbﬁé PROCEEFeSe seneler @8 t FRRGI TRending,
caéq_%_tnt 0@ égﬁ@ 494 ggg?iéange 102 is given a

nvexi ty dimension H) is greater

thaﬁ‘k# he?ﬁ‘m%HB?« s0%nE0 %.Yll by idiat ool denbe gt raducess been
by Sol'derT ng n one e i ment, the bottom surface
so]?c[Mrads tlmsewezb@ aanqieégthbylaan@owtoqjle@eoﬂh%clh%%t%eﬁu%iﬁ%ce 704

pr% 1?3 Sura}s 12 %Sﬁgﬁéﬂpg&:m}é’k ger Wr@?dﬁﬂ@nflaﬁ 102 is

ace convex by between about 0.0
moumtodte st ara mmnsammomrpnahespllawl@yan@mﬁln@a@cwéws to the

var i d di f
flwed:??%g {exgéil;'% qéu)relb%g ..9&?% 9§% g%gxcri’ %glﬁze%g.ﬁg‘:gﬁ the flange
ag@lmeeneriatof sPnkli ensiol deezitkd 0 at hgobd arigat-thenbfeyt junction

wi dth and t hi
between the an%léngr? I?efatt %?Lnk

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 between 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, is used to attach the die 110 to the die-attach
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fl ange and the conposition of the flange. Conventiona
flanges are typically about 0.040 or 0.062 inches
thick. A flange thickness (dinension Gin FIG 5A) of
preferably about 0.125 inches can reduce the anount
of deformation caused by the soldering. The 10 bottom

arefUiiaceckONY SXLdthcdch mx%faeﬁabbrefgpalbi)ﬁdfpaft &G about
process, although other proceSses, such as sanding

0.0B5NtRGRES RexsinGl @ndf%m@thgtarﬁél%lcrmwte64F1ne?rcr1}nches
shows the flange 102 after the die 110 has been
soPle? edst PepFieuakY BoEshathe cBARGE Tfe boelwigs mounting

sloéﬁrfme 04 118. prz@lfteéx%*altxvéﬁf, APkl O dngeCOMYLX can  include
When the flange 102 is nmounted to "a heat sink,

thrﬁede@solaptmtwwdnmﬁﬂth@g htlame (B thesef Fasger (He flange
102! %ghcﬁéeﬂom{t@{ir YSa 706 2NG nfO0R) f&g%%eguﬁgﬁréﬂéaw bolts or

agal nst eat sink and creates a goo eat -transfer
othpandesbenebet asbendirg ftrm\:g@hartdlelﬁ@atopgnnngszoAAternatlvely,

thegﬁgn gé‘sidz n@ir? tg}ﬁdfe%%g’g'@ il;}éapcﬁ éiﬁﬁcs 8?68?1%{: aé Hstrate,

die-attach area
obvieking ethe regsokifod mpunninﬂwmh958attached The
die-attach area 112 is preferably flat to within
about 0.001 inches per incheadhd nore preferably to
Wi t hi n about 0.0005 inches per inch, to facilitate a
25 Agopderliously cnetrdieri thomeserenae bee WEER- t he the fzape 104

. e r e e
1o PISRAE e LA LA ecttolidan, e periligeiuon anc
to &MenﬂeadsimOEesndoIO&unnnnnng tkel meldiny oferasdphackhe frame

roughne ft on1of t he S
104, & eF‘agaﬁgl é’éff%le %b&ﬁf’u’%ﬁ rﬁn@ro %sne%oé and 108, which
extfe&hﬁl | fidoat eouthkidey e gﬂmhd)eamﬁm:gﬂucaxmaaast aft thd hframe,

a heat sink. | f an adhesi ve, I,S_use
inth, et AL CRELGY0SEED. (5t hert e I LS, iglafal Tine £rane
adHeli%sdliﬁbaﬁ:haChle’?ddﬁ:l neepraaﬁerm,y fllahotgh Withhin abeation is
typ??.lcglcl). y: Rglggi ct Ian sg]gj?egtmgé hbrealggowl?‘ll nduaech th4e heat 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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Al so as previously noted, the flange 102 i ncl udes
mounting slots 116 and 118. Alternatively, the fl ange
102 can include 5 threaded or unthreaded nounting
holes. In these cases, the flange 102 can be nounted
to a heat sink or other substrate by bolts or other
betfvast etter Seaxt andi agetmmsghAtsheawmpﬁniErm 5A, the holes 310

Al ternativel fl 0 be sol dered t
arenB bt IO BPAB S Lntres) PYoRhs TR 04 need for

T oPaPEhE o AN ISERE of P 3640 200RagqLlh Coneripures
to pthé ercaelrylby PﬂMMembﬂl e t oitbeif | a@Xa$82 20W. The

t e Jeads 10 the noldin
corbet AT oh % e fodne:030%  IohoPach R eratinl t durketeral,
i.et hapbﬁadﬁna]iéﬁ.ya@ﬁri:@ﬁdlmm thb tevet @ﬁ&e&t@ﬁh oYt Sé@herent flow
hrouhS|devva,IIs of the frane, _into the

t he f
thrgPicgS?t}ei?Eac R85 s?%%ﬁﬂquoPrFﬁl§ﬁmﬂhﬁrﬁf34+n?ecause the
holksaBe0 268eceSthis t BodLadet108aBNEdrdH9 (séd t houdhnt Nijse B-B

adhesion is typicall nper fect and subject to

in BLEakBlowhgusu thepﬁ%%qu@ftr §6F%Ie?ri‘chgeha?r§’@ epckhekmies can

be 8b1bBEedli o miGiAMOECONR 185 Df AXAIBLiGRCRAGuLEAH A0 F the
and 108 preferably includes one or nore | ead retention

leafiéatlﬁlse§nﬁo 108curkrefigrabdyd thet Belepardd 0104dusse theadsross-

sectebgl i 9Ped €8t UkBedakianestatydseasdy, Aol ﬁ%:g,loaltl'}ough this
t hrough each | ead, as shown iIn é previ ous

redﬁgi:éqn %afe bengreaten ol friie @Oﬁé’dcth"ﬂhé qfeé'\—di@ xesuhmg lead

]:g8 tkead frame 25 300 (FIG 3) is stanped or
eeetc ed. Pré?:?erag each |l ead 106 and 108 includes a

p! ﬁgelcaﬁ@/ul%fr prﬁéfésab' xlée%ag&wi% ghss 3 Bun

arranged™in a lirne where the trane 104 wl | conFacPf
therheplasitic mt nganolfd.]engge soae Jforcém*etltdwela@qbd; a$bbcand 108,

NANe [ . t
e AL P T R SeEh PlaebOBsPbR i e iR e
lorrf;earmilmsands proe?ve‘nbe ngethandwlet f hobedheiBdg ud Ipzdeferably
allgﬁgdd pa hfl {ar{% V\f: ehogg.recetckuoln“g %Hrggll?teSIfYngt Q:hkl):%ugh the
leads 106 and 108. Depending on the thickness of the sidewalls of

frame

the frame 104, the holes 310 can be square.

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—planaf with the lead. As can be seen in FIG.
57, 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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-14 between the |l ead and the frane. As shown in FIG
5A, the holes 310 are preferably conpletely covered
by the frame 104. Electrical conductivity of the | eads
106 and 108 contributes to the overall perfornmance of
the circuit package 100. The 5 conductivity of a | ead

6 108 ortipnal.to. a
pré%%5F89l %ﬁ%p%ﬁﬁ'ggﬁd%gbfa}GQQ)ﬁﬁ¥ nglrec ?%ﬁ?ﬁ)’ other shapes
carC Upg entisetll, OVExamplesgloft heotheadccepoatsleseshapesnl aageashown in

of the | ead, B cau ol es 310 reduce this
cr‘ﬁ%é’?%é@?lb‘h ég Fge%oé%c jon line B-B in FIG

8),. the nynbe acenen Z d shap ho
caﬂ*sl(Pri?é’lgglsE}gt ?js?‘bssfﬁd;l Stf'e RIS }gcﬁ EF{;ec%fvléﬁg leads
10@gaﬂ@cu08|byeomsbbetd &ﬂd&t&&&aamg tO0Bnedt etbealbliyg, 110 to a
t he hales 310 redu t he 0SS-__se |onaI rea of t.he
ciygbd g‘f OFF55° noytq"a?oglLftkeZSO aﬁﬁ% #Ot hiZd el uctiGnade of a
higvtdppedr aatey (4t t]hﬁsﬂ:OBd%ICtd)p@dx}b ab phevi@sujjddd’l@lectrlcal

e S!S SCaLOR T sl ok PRt DS 8 corper

ledd£egeoritk | xdctiieal eadndteianty 108t i lsﬁpern.or to prior

m nimzing the reduction in conductivity of the |
artrhd eadsngefh e AEPHFRIb6f  CRBPFL3S ar‘}é | i saé‘%gdbss% iron

(cEhforP\ e8Ikl s ahigpedopar ahl ghaiidhe t@lﬂer aelaiden 106 and 108
current flow through the 20 | eads 106 and 108,

ar epes AP 19N LB TR IAAEs §15n ERRts IGOWRIFEO0Hnoligf Of nickel
tof ¥80R 104 £A2g41 bRl %§r§1grcﬁﬁ Be sfYaLBoutN@Ehe(i dredtnches of
b G

retention feature, shown in 8, provides a hooked
gobd mmaqmmetaawxmb@tﬂun@cprvéwd "solijgsRBg" fhedkrads.
800, ridge, depression or other structure on or near
t heTlemdleads ha085andad 0B0GRs RUFESURRLYr &8idGe Ry 2k alloy of

be%,:\ﬁw%%r?lt %be&%\”é WRTER aHE ZStGEku‘iﬁrUﬁe lbétvﬂégn CébcmtarbarOlS% and

As can e seen in FIG A, durin
aboot dDn5% spmesHvoaws , t B?@rtwephagbwtff?é@z%e@ﬂdw ghou 2% zinc,

wif Rl pdfh A Vel -Jﬁci&&@fké%sofofhitﬁeégr%att%&gals are,
ere y creating

however, acceptable. The leads 106 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

0lin 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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mechani cal barrier that prevents the [ead 106 from

being pulled 30 out of the franme 104. The hooked edge

800, ridge or other structure is formed in the |eads

106 and 108 when the lead frane 300 (FIG 3) is

stanped. Al though a hooked edge 800 is the -15
andpra%%vcreﬂo@s‘@o%mgeowé tBéEwé daﬁ&i@”b' 99 hLaat Hiut 1.3%

ot her shapes can used. Exanpl es sofre accept abl
cobghhipedeiieeshcrputn 0 ckiosgndectant |h% Fltdn gmdt the balance

A- u I
e e
Sucbonﬁ@ctakﬂﬂw die laritlgbde cirami Olboar@bxpondtaOhlkender UNS

d 8 %?gioand 108 are made of a high-copper alloy
esgg 2 east 50% copper) to provide good el ectrica

. Ufﬁéf'git Pgaﬁfbénﬁéé% é% 1gEEfy¥t{HEfiég@%1966 and 108
ng - copper eads provi de el ectrical conductivit
incihdesi betupeni gbovd frPdr and aboutedde? wivicoh between about

- 1pYBALL0E R, SRRl hsdl B0l S oD 0.2

magaeelpmefenabtyeek@danoplaopyemuthhabpneféide formulation in

endll LOLAENES O BhShEl i cho (7l BUg O 0811 Bhoue 0,23

n1cro i nches A 1
phowphebusnm agoat De@ﬁ% sd glersingn tanel Iaé:axﬂ& 9]985 Tdwpdezadssuch an

106 .and e p efer of an al | . .
21090 B S ot b PO v, Mseeie afggtonacion
C1900015% and about O.lS@bphosphorus betmeen about

0. 05% and about 0.2% zinc, wth the bal ance copper.

O hebtheti aatef:nabfssee oafsdidlisvnarfyr tieavelesds 106 and 108
accept ab) e. E Iea s 106 and 108 are npre preferab

inc3§ana aotyen b Ebotng st A Be e genanhlirt 0.18

and0. é%%uﬂoh@smborﬂ&md QHQUEOO abtiprzi @CIS%Suﬁﬂoaﬁh@bLéJy and the
is available from din Corporation under_ the UNS

balaaspgnaPPRPr CLFAGY. RRnyHiter Adt | PEaE ARG (Hr6Rs - MpEsubishi .
EldReibeadspdfh iand uhd8r ands GG gaha@ble cEasuch

al ternative includes about 99. 9% copper and
Yet another alternative 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 1is
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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25 about 0.1% zirconium Such an alloy is avail able
fromAin Corporation under UNS designation C15100.
QO her ratios of these materials are, however,
accept abl e. For exanple, an alloy nade of between
about 0.05% and about 0.15% zirconium wth the

dpa@N0E01E CRRerabdit @39 erCanhal)l BetROeAMEAR! 0.02% and about
al %@r native conposition_for the |eads 106 and_108 .
G-QdPudediBRRwaBH ABBuPaioBCHmERRSEr S0ehr 8R, abbeyedn available

fakautii 01 d4oweadit antheabons LL3pUcpRASBIOIUS, between
about 0. 3% and about 1.3% cobalt, between about 0.1%

and]c gbeutanb¥hteirn amfrﬂiaxtnbeibél aﬁﬁﬁosﬁﬁ)ﬂﬁﬁrfoﬂ_h@he lesds 106 and
referred amunt of c r in_ this conpasition is 97% .
]%l?c H%&ugleﬁg}‘?n%'%i ‘ﬁ%&%e Of':;](%m B4 na%tpo?‘ A ot tfffer between
AuNSt B.njsssia;mf tém{]u&méee.sfm j dmgr balttvééﬂaelt]d}déﬁ: 0.01% and about
C ositio or the | eads 106 and 108 i ncludes ,

R erh B e e EB o A8 | FORPC Rt (6D aBButalloy is
&Fral¥aphd #@benit POoAY0 BRASREEL LScolRireReBnakaderOuld Yesignation
and _about 0.2% nagnesium and the bal ance copper. The

8rred formulation in 10 this alternative
conpasi H’aon i s.,about ;0.6%iron, about 0.2%
phospREFIET ABGGEREEE%% FAFPRE WiAtantPabbe é896s 106 and 108

iGepREEs DUEWedN aBbhBy2] % audl | 4.0 dicRel, between about
Car por ati on unﬂgr JUNS desi gnation C19700. Angt her Vo
LitePRat B8 Eorpddi FroncPor R 9Paddors6 Cafa® 1884 glgout 0.45%

ritgkedes Beleete aBauinde 786tk abowd Zrd8Pefidd formulation in
bet ween about, 0.1% and about O0.4% nickel, up to about

BRI RINEFETEs MPASHELOBal &n @ Sppe0® Siedkedn about 0.65%
Allie¥n| S adeait! ablis o rUPIdst 8xbishi aeh®Ct9d.2% copper. Such an
Cor poration under UNS designation C50710. Yet another .
adiLogr sl | ¥R LMD Erom PoEnt RerpPerdlsioroeungrr YIS 1d8signation
d#elsydes bet ween about 0.05% and about 1.5%iron,

bet ween about 0.025% and about 0.04% phosphorus and

the RakanGRtG@RPeLiternative 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% nick_el, between

about 0.2% and about 0.6% silicon, between about 0.1% and about
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Such an alloy is available from Kobe Steel, Ltd. under
UNS designation C19210. Yet another alternative
conposition for the | eads 106 and 25 108 i ncl udes

bet ween about 0.5% and about 0.15% i ron, between

about 0.5% and about 1.5%tin, between about 0.01% and

0. 28bphidspioRR6 ¥nph @BehBE Usn & Edpber Dag @hE eare %qn%& i SUSPailable
an aLI . i.s, _gvailable from M tsubishi_Shinto Conpany,

Eroffy HEt BRI BRSSP R EFF U (P95 BB BT Gtedomat Lo MF224
alternative conposition for the | eads 106 and 108

i ncl udes between about 0. 18%8B%d about 0.4% chromi um

b - 17, about Q..01% and, apout 0. 4% titani um ,
o HogHtaHo AP FS- 039 and RBBGE Co. FB9% SPy | (o4 ARnend0d is

madbabﬁntlgjétctﬁmrk mogad@h Ellgeﬁﬁdpgbésitipaéﬁ&’% Ilféégl;zgalof?w&b the flange

W el an r unde esi gnhati on . Yet

102, R5¢n &P ?eiﬁﬁqu’vio o%‘gsjrdqqo S‘Ieoima’FﬁElF‘?éa% e Slppoe 102

prefetfBly ndlnsdesebet seeniqiaut cyS%iandoabmst 118%) that can
. i ckel , between about 0.15% and about 0.35%silicon, |

witheEGRd BB 260 FOFRREF SR | 2800880 Hhoiihdvgs aRdcering or

390-hgobal afice CaARBEr. sAeBrafgRl | Wodvwentavaihabligpkl OMe1t  at
Poong San Metal Corporation under UNS designation
ten@f@é?@?eaob%%rawfer%%& IQ ancbmiRssitt | B30 Cor Bhige frame 104

re2ep1 ¢ 0 Anthe 0B askbNeLHHeS DRl WBRDo AR e 2 12 %0aN '

P bout % 8% ni ckel.,asbetagen a ;ﬁu?ﬁ 2% ant(j;a{‘%c:){gtg %Fio/rgleltlng

temperpEwre, RSN 1a5oapeOf DBRAndLaboeandl 45%ansion (CTE) and

redﬁ%gn§§éLﬁ@fﬂééﬂﬂTit?akénﬁéié%ﬂﬂ%@rFoghgb£4égfaﬂﬁ%d the material
formulation in this alternative conposition I $ abou

of Fheufmporel 04 abtnelwligRoiths sesimdranchlmupodndsys is referred

co RBSRLALAIG D0t BBl SO0 e S . SR b

|Cz %2 Qﬁ%ﬁzﬁ] ??t 4ie ra@ée‘p%aﬁ?& i Y&s HPTRO Sointei Q:'ilxaf’t:o rintcﬁ]gdes para-
hydroxybenzoic acid, bisphenol 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-bisphenocl (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 leads 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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108 i ncl udes between about 0.3% and about 0.4%
chromi um between 20 about 0.2% and about 0.3%ti n,
bet ween about 0. 15% and about 0.25% zi nc and t he

bal ance copper. Such an alloy is available from
Furukawa El ectric under UNS desi gnati on EFTEC- 64T.

al ternati onposi ti.on .fo he | eads .10 nd
the_I.Og‘Epl R U, 5.5' n%bé’?t ﬁb%o a%%lsg a%out a%o%/o QOQ Such a
conpc@d ele, hhet aveeTE a:tfoabou257 Copttbandoab@upprid/ Q% si | i con,
bet ween about 0. 1% and about 0.5% zi nc and the bal ance
compayphiBechsaprafkoybly asded abd et oBCKobe rStleee, moisture

. ltd. under LUINS desi tion KLE-25. .Yet_ anot her
lnéijt(ié:#é‘f’f‘ve pgllgﬁ f’%rp’f%eraggaslﬂogh%n%rrﬁ(?g generally
plddud u@e&rﬁaiemﬁlalﬁmugozl Q%nhawn aHoetoR. 99 rixkel 9), however

bet ween out 0, 2% and bo SI lico
Ot%utfoﬁmi%"aﬁdgﬁﬁ%ﬁ %y 2656 os?fhogﬁg Andt hgp‘BQPEhc £¥e also
ac@Eél?gmwle ng:gha@dutaldrpy thg gyapﬂlatd glakesnddd t saubivehip somewhat
ectric [poration under de3| ation, MF224. .
GuTiie LAESRORY didve. Wi EROPEs JOG IO PN V6@ Ligrng  theix

effdBrchdsl. s Themderml gkAEEAONY rrqim&xt hefrappligst i Elakes”
and is nolded. to the flange 102 and to the | eads 106

inghiespguchhélake e ihat 51PVFh]ée?qlaﬂf?§€ 1§8- preferably
includes a ljiquid crystal pol can

L t hat
Wi t% afEPRIMESat e St etfiferit ee‘"sa %Z o580 3 WS aRgpferably

rod HgaPIel 399- Ae%&@@lfo(ir AuSiacesl def i Bge. frame 104, thus
nven |onal LCPs nelt at 10 tenperatures betwee
Crepbing 3TEtecRhPHYTutS (93 60E. m?h%t?%ﬁe@fiéﬁrab%%ﬁ‘er%‘ﬁw if the

lake)?é udes DASPa83188 800 KONBAEIdSrt QuEBhEEs t@'xe presence of

ting tenperature, adjust its coefficient of
theheraahlmpmtsa;h;rts( orestuang indylieeation . pdihteapianhife flakes

90} © 1805 st ¥neC AMOTLENER HRP T SHOAL c00sbl maton the

nclu hé r ési'ns an npoun
coppéerakibyl oft bhheleadterlélawaasl 08¢ tﬂﬁremfmaalst materlal contains

beg‘ggoug%oél%r esé%aﬁéﬁgﬁégr zor%d dgém kgg preferably
bebyden xakmnz dioe anddabdalmpﬂ%nol and phat hal i c aci d.
Anot her

As an alternative to graphite flakes, glass fiber 1202 can
be added to the LCP to increase rigidity and adjust CPE of the

resulting th-ermoplastic 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 (Ca0). 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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acceptabl e formul ation includes a copol yner of
p- hydr oxybenzoic acid (HBA) and 6- hydroxy-2-napht hoic
acid (HNA) . O her acceptable 20 fornul ati ons i ncl ude
terapol yners of HBA, 4-4-bisphenol (BP) and
terephthalic acid (TA). FIG 9 is a schematic
asect] l.agr ak f Wi
in SHOTESEL LA SRl SR B IRRE R JeTeloly Less
thafi Bbentplr2i s¢@mdar. e Ipiedeiablshodddédes cshdheld G kept small,
[ [ 5 1,0 e closel h .t he -
oreEBlablyoiSar il A 2ostalfe Yo I ERatrsanqBt "Eime of
theditheupbpihst i sotpoumy dh the ibjheciniopl asilidercbapoehd A gate
in.the frame, 102. The CTE of the frame ri i S
at pr%l?eeraﬂiwecé%}%%t e%llifeo b%r(\e/\:né? a}b(niyaboﬂetStég%gf t lé)wCT Iff the
theainobheastéads ddfpoand, 10&heSehgr | chhctrddingof shewer al on the
bout tQ 3 _jncrons

900 b 30 l,c, ferab
thoXRRRRBL ST CURS RS hddedoFbor 16 neicpy; “oRLEhe na ene

graphricent fhdkemns 904 . allhiet Jriaplabait 4HtpoSndh s preferably
,_conpagsite has a CT about 7. ppnl Q 22 i, CC.
10 R oL R Rl Ao e atiite (A G PEEeS (i idgads 106 and
1080 UhiEninidd [heatdn@nt ThiES sgrapbi e theprebelabhy frame, a
. the formof generally 5 planar groalghj te felcﬁ?e[l%% 904 )
minAERBWTEdy TR SATEF & ©8) abpighed et ot HerPE ¢y maintained
duRP ke moSHERG aspodrallisnor chunks, are al so
acceptable. In addition, the graphite flakes 904 can

vwarp siRMial GHEERNGE | ieel | @8, BtEferdbiyNOWpplied to the
significantly altering their effectiveness. The term
eXteyaat af P XLt a?t gFRBhiframel s to 15urHeT dE8d8GR hmoLsture

infijak@tibhat Aeve-heeredgf orgmd. slhR oEaphbke fpgkesd to the
904 preferably formlayers, preferably roughl

intranigi epf t Shextieamer 194 f daoepsrblne MpEaREA @4?:{11%3@6: amine-
ba%oe aéﬁc?&e{?oral\}éqliébﬁét ?f‘oxg O@Pé Ofn tlsttilérse uhﬁEEl tha! k%0de name
ven i t he t

'ayers are not parallel to e exterior
Baisnodeaieg s pofl me pra&k efideisofnd Spo hengyr-ayehramac i Hibingd t s
noi sture infiltration. The graphite fl akes
Seal

The frame retention feature 500 (FIG. 5A) and the lead
retention feature 800 (FIG. 8A) provide good mechanical
connections that inhibit infiltration of moisture and atmospheric
gases. In addition, the frame 104 preferably includes constituents
and 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. 11A, seal 1002 is effective to prevent infiltration between
the flange 102 and the frame 104 and to prevent infiltration

between the frame 104 and the lead 108. Alternatively, as shown in
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904 al so adjust the CTE of the LCP to nore closely
match the copper alloy of the |eads 106 and 108. The
frame material contains between about 10% and about
70% graphite fl akes, preferably between about 40% and
about 50% 20 As an alternative to graphite fl akes,

glass fiber 1202 c t.h
FIGk| &i-Bi t ywanaeaaFUSiggﬁg ?ﬁdjOZtB?esue éeqi | HRA%E of the
onel BgEOM@sti ¢ conpound. In this enbodlnent the frame

material preferably contains between about 30% and
ab@eg t @i@tssgod‘ﬁu bedhePHorAs ofnother sédlantat itwe, the frame
in a ion o the graphite, fl ak

mabﬁﬁﬁa%e ddred £ FéthémgTﬁgﬂ uchsa§ui%%ﬁagiger sedB§lor to
IﬁQ%Q{:Qgﬁ Sef MphecHkaLarst E‘Vﬁafslmlat eﬂ.&ahiag} i aesj.s amgll-known in

cal cium oxide (CaO - Su
thqr(ﬂﬁUSudWh@ﬁénféxygﬁE €%t$ effeohites are %%ﬁhhﬂblﬁroduces

acd@b%%ﬁiéblﬂbéﬂf%éjrlQﬁtefﬁéﬁﬂﬁéa?|y tive Iﬁramethmateﬁmnh can be

8% noi sture content, before i
cle—acz@d| WisHdPPLBANLS npledty &#Cingﬂﬁs § %f?bﬂen Lo n s-fliameter

‘?i 2628 ¥s! ﬁ]?éfefaﬁﬁrﬂl abeattd. c%.s‘@:%@l@@dﬁatéfﬁ.ﬂctﬂdln seal 1000,
st zes s be "kept snal | preferably Jess

andiBow ozomams IR cefdiientis ¥ ekI B de VPRt Of 1L THf S "Heerial

fo:é\hgg é C eepBountbdfet Ny ddl eehhpn 4l detrbe) rale used,

the injection site preferably restricts
de:ﬁérmmrng othhet bezeopd ddei deei lj:myd t ﬁ'@r@bzg,lmlze alr bubbles

Ccr easi hear
1no£p%ms ?ﬂ% gbl ?ngogétﬁg?%shbs}é@% graphl s thlﬂlngketSPs used to
pul®4helkeatlbatnopl tis¢ ircecdrpound i s preferably

injected at a corner of the frame 104 or between the
| earise 1@@aaadt10md8rialo meufenazoé_yt hbaanuntvigFosifys petween

in the result
abgpl 128 f@oéFaPIQngP g”fzoq y ITB.I n al ne}gggrglf%?%ggfaéw& Y.95 per

scbBBhd) NhdRekrAlicoBity 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 is preferred at high shear rates, so the
material can be dispensed quickly. However, a high viscosity is
preferred at low shear rates, so, once the material has 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 1is

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

-292~



10

15

20

25

30

A noisture barrier filmis preferably applied to the
exterior surfaces of the frame 104 to further reduce
noi sture 15 infiltration. Alternatively, the filmcan
be applied to the interior of the frame 104.
Acceptable materials include am ne- based epoxies

aliphatiabl Spr;PHé PP?eEFHUSt éh@%awléjerhéﬁ?eﬁé&de {RHide  amine

al rocade, pol ymer- Al | ms and polynmer-ceranmic filns
hargeaprs pATreria e Lyt diei Geafle fodr o5 mder| G anale'm@ D or

Pazh}g%ng egfl, J21i801aN £LEAT M S LR0 EfLE!:@co@fés[ provide good

chanical  connéctions that inhibit infiltration of
nmoi sture and atnospheric ggsgs. In addition, the
frame 104 preferably includes constituents and an

extigel @hgopobNLQr ix@tabhbf £6 tRHUELarhd)i S04 NhELdF AHOMNIe 110
To 25 further reduce infiltration, as illustrated in

hasjpeenigttaghnd trodde hanao0P2aredpripetaifallapponégd to the

1ea{d%3'1‘é>% tahe hbame n1Q413beng edgesoo of st BRod alE ﬂﬂ@és 13A and
where the frane neets the | eads 106 and 108 and where

138.h&her émé ARt &stpreferaily vdpragenimiiy iwelded to the frame

E f
w0) SIBERLL b4 g o Sty 3933 ek o Ry Ppocieer
abcfutafré kB2 anvd atbmtm éPekiiziarid |arr ampdatudet s thea about 100

mlé%%ggl(égéei%%dej{ S’aﬁeQQSHbélAteg)L 3&&-‘6%5@/0 aﬁﬁbe us eggﬂy' the

1id e adnobe tTeeseronelsiedl ot Gat Teldednbd etlyoatiame 104.
adhesi on of the sealant to the frane nmaterial, the
f r Aomveat tonal hi;t:paeecﬁrarcakp];asctlleameddpngortet:bnlﬁues have not

pllctlnofthes a PJas

?Rg ﬁ P 3He agﬁ \Aﬁ%re en Psggﬁggp’r eﬁ%e AW5Re these

cormasiituasnal odwe:cﬁmlcgmsephabl elovestll weldiAgt efnaquemh)e,s, which
fra terial. can be . cl eaned th sol,vents or .

e i 1 g O R e 8t Ao =UE: L SRbelRG ssgbrblies
moﬁﬂﬁﬁae&ﬁbEYréﬁiﬁiﬁébKHg%Benﬁﬁerﬁﬂgﬁéraheﬂﬂin§eﬂ&edﬁﬂﬂbles of the
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 1lid 200 preferably includes a lip
1300 that melts and fuses with the frame 104. The lid 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 1lid 200, as described above with respect
to the frame 104.

~23~




10

15

20

25

30

10 and a 0.010 inch ID needle is preferably used to
di spense material for seal 1002. O her needle sizes
can, of course, be used, depending on the size of the
desired bead. To minimze air bubbles in the seal ant,
a positive displacenent, auger punp is used to punp

the sealant to the ﬂgggkegt%xjj%ﬁllagtgf%é ant materi al
e en abo

preferably has a vi scosﬁ_fly ut 58 Pa.s and

. ab 128 P t a at ut r
SocheAdlt O TR AaR0E 000 Srlle RO J4gB8 AR and 108 and
lidaban0 36fPale atircalsheackegee 100, abboutl@limgpematerials and
second. FI 12 nt ai ns raph 200.show,nhqg_a e
PRFETESS ot s 6 EREHA Y, M harkBe) riVen i ihes glesggibed in
detai®.aldieQWRIGSCD41 ¢ontising ef elmelli fitechifdlowsheat illustrating
rates, so the. erial can be dis ed _quickly.
= phoesas. By MRaAToHEE (R BecRAgEIRE Sl bE nae and used.
rates, on%$ t he erjial_h en Lspe [t
doegén%)?&r’una. gtm&ggbi 3?8%?%% erlagll 3%&%85 gégg%hé leads 106
anti $08si Ay bHIQyedeadbdubme®5aBe Piabrd catddalioah Thel first high-

Pa.s. The material’ hi xpot | C .0 ndex ., ref er abl
coBRe Rt S aTos 5 300abhbc A0h, "SHFABrE RAFoPATEY stched
orf Qilt_hbh@iseahgdéOG.? aryildlmrdenc:modeto epoxates, one of the lead
silicones and conf or coatings. A_suyitable sealant
reP R (R oL 4REEn Abotil OG0 M aBot fg’m/c,%se&r’\?eﬁﬁﬁ(%%r{lo*? are
cudled; PUENE, 30 ARMIBIS) efshdietdbaiheaab@idd APémndBoabaid create
60% epoxy or silicone resin. The epoxy can be, for

thexakpee, laads rehepblion FRatrnd 800e -22 aliphatic
epoxi de resin. Suitable hardeners jnclude anjne
har B8ndfA88, ARt EERARFVBLYh-¢PRPE e ALI0NN HFe Mestfe fr the flange

108ar akyAg1p, ofhe P@]’.Xﬁgeld'fr 1 AV@Idrakheedr 8Pb0PKS O8econd high-
Electronics. Lid 5 The lid 200 is attached to the
coppgiealbavamede eheldPB- 120 1433, bEBR AreERhEATERiGRe feature

500 3089801924 and teleelithgal 10» BRNdedrbQrdd\five starping 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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| eads 106 and 108. A suitable lid 200 is shown in
FIGS. 13A and 13B. The |lid 200 is preferably
ultrasonically welded to the frame 104, preferably
using a wel ding signal having a frequency between 10
about 50 kHz and about 60 kHz and an anplitude | ess

t hangrabieut £ HO 01 nva HiQRS Hal¥D e eRr @‘e%&@bbadlwﬁhtbaﬂeﬁ&me to a
m crons Alternatively, the__lid 200 can be, | ase

DGR P THOSANGRF dehass B LLPAm T, 2Ebnybht i GHigrstand and

aphd MY CrRhAStYG1wek 8h8 0 d=eChBé quRSichane ROt stDEEN remaining
used tQ seal, lids to CIrCUIt Eackages because t hese

WA, Rh SPdEAF  PRE T STuERS| BYE e ke LRt ion, as described
ifir egéengbesndadi ehaivsul Fokrn dighee, am;ﬂwetwdls@wéfwaale can be

- can danage wi rebond assenblies nounted in ciycu

aparbRfestC T Hilgher %Ffmsgow U SEsagpeties, rather than

bBI 8§ eS8 1 ddMRNtHRRE8SULA dduiltQwer, aBPhit WEES @¥in in the art,
consequently, do not damage wi_r ebond assenbl i es.

aghavent EBREFIILY | | RROERE ardied FOUPESci Péuj fmpurities,  so

cBRAGKAGESH W (R sRROKY G ARSI @3- nbH VARG Y Lotal 100%.
ul trasoni ¢ wel ding can be acconplished in nuch |ess

ti nEAlﬁlwwmmmtﬁame%et@ﬁem) A0 repesy £id ecid Mmvexity H
% g hours). There |s pr ef er abl n interference £ a hich
heet Jﬁélé%? mg PRaR3TR) Pesid deRErtPefe M GAS sgrtext of a high-

cBepti Omé?lfgebeBZLhQ:He‘s@ apgnéFAMR el élré'ln‘iialsa?-b'5 Epﬁ_ﬁlcable to
together during the ultrasonic welding shown

I n
cepEcRE bRals ddengiesi Angti Banpes, meade of cptm PAEeEi &bt y Although

thacl Eggé ardidht 1300 sbhah LBl 15 @nd 8f0'@536§nl'f‘t’I tBhtDe  respective
rane 104. The li1d 200 is referably made of the same

aaraeemtaiV%S hh’éefbaﬁ@ @@acral@,ed déscithBecontewé. qih high-copper

1@98’% Li o%ragﬁ.gnpaéfé & s ?%iisca?lﬁeort%f %Bﬁ@éﬂtlonal leads
appl i to t 200 escr above

arxésp@@@s nasig hvé pihae moerials . \Ahbheweghtiheg fDémm paterial has
b%%a C‘Flb%ae i L0R¢ett age 104.:leads AR6kadW 100, this

200 of the circuit package 100, including
mn:gee;am caande 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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processes used to fabricate these parts, have been
described in 5 detail above. FIG 14 contains a
sinplified flowhart illustrating a process, by which
the circuit package 100 can be made and used. At

1400, a first high-copper alloy is nade for the | eads
106 and 108. At 1402, lead f ﬁﬂg¥% are fabricated from
the first high- copper alloy made at 1400. At 1404,

ho| es 310 are punched, etched 10 or otherw se made in
WhaFeHﬁ‘FFﬁﬂ§%365'to create one of the | ead retention

features. At 1406, the ends of the | eads 106 and 108
1_;g&grcEEE|ggck§§Qt,caﬁﬁ%qggggpr etched on the |ead frane

t0 create “the other |ead retention feature 800.
At 14082 Blawasond hi gh-copper alloy is nmade for the

flange {15 J02 (ﬁeg}_ggg; ihe flange 102 is fabricated

fromthe second h- copper alloy' made at 1408. ﬁF .
1412, taefremaemodtiedt tontheafdradesgpdi §0ciihRedt n-east one

the flan %ﬁﬁQ by a progressive stanping process.
optPEHal TNST 31414, the bottom of the flange 102 is
| apped. thé addléastt mebdeadnexifendse thrange G framgsgand
convex. 20 1418 raphite f i 4l asSring a
Coher; thaqdeatie; & Fpes c?yé-'%'g%ﬁ%%}%/%e]% iRt g
f r 2R tHBRyetémperaturl 2@eatee tHarambomtt 8493I1Ci s dri ed.
At 1422, the frame 104 is nolded to the flange 102
and the leads 106 and 108. At 1424, the interior of
2. The &twoe tl packadef bngleinnd, whereins the air cavity

area, is,cleaned.. 6 | ant, havappbfe; to
seal th%hﬁogﬁag?iéﬁg%e megnk?geﬁ$?gﬁ£ 104yaﬁd t he _
fl ange th2 &ndnbet vib=hfinese &nannterdocke feapdare odaving an

and 108.. At 142 the di.e _110_| t.ached,t .

fl a"ﬁ&@ri@fﬁ‘ RFO%%?),CO q}gmgpgaﬁﬁ sﬁu t% rggsgﬁ%)ggllel'y and

Wi r ebonde@ deant henkeadsy 106s anich 108+im80e At camidt t Wath the
lid 200 is ultrasonically welded to the frame 104. -24

Wi I amH@GknFEAREHRER: has been described with reference

to a

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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preferred enbodi nent, those skilled in the art wll
understand and appreciate that variations can be nmade
while still remaining within the spirit and scope of
the present invention, as described 5 in the appended
claims. For exanple, |ower power die can be attached

8. #ﬁ% %E§5££@3&§0 é%regpQEXMer(ndﬁgieagh93|Ves rat her

ern ereto. In addition, as is well
known ithe hatar fleashl |oys depdcaiefinemt @tn dpafE one hole

nt s, ,of NRUL[Li es, constituents descri bed
h2?§?¥FEprou neééssar|ly total 100% 10 Although the

frane r&tpnttn@nfeﬁche shermoplaste ¢ ofmang tyaterigl extends
% fIa n1have been described in the context
BrRY bﬁ r‘fl ange 102, these innovations are

also appllcable to conventional flanges and fl anges

8 gl $1aMht BouGRerd 16 {10AChY e1&4Hd Whe hole
at%@%&ﬁ'lggég% og thglr respectlve 15 alternatives
is raceabgelrwlescri bed in the context of high-copper

"I eads, these innovations are also applicable to
conventional |eads and Ieads nade of ot her terlaJt t one
10.Al {Theugh noNé tf afkagst &f F13ds S heBReTRYer FBBd 3n %S

ho %O%ﬁiShQés 3 idhtitpaskagselQ0, this nmaterial can
e advantageously used in other contexts, such as 20
those that require a material that can wi t hst and hi gh,

11. ]E enfpRr @t:.t!&ﬁﬁtl ﬁ&@ﬁ@d{@éo@fcla&hes , appéieiat,i lams aofltaltbeal cross-
rane nateria i ncl ude era e l.am n
seqian 6 Sheoakt 1884F (e (9l FrAnEReTHIG I HRgEn the' b least
oni ¢ Q8 ShalCakkBSorPERS @ndiddir dniek@ole2bs less
On%ﬁ%ﬁ%& 2 rBQ?g cl alnéh is: 1o A circui ackage,
thaonpr | stwak ta@ ﬁb@ﬁ@e?5% af Peé@?sﬁn%e¢%%§‘ €a of the at:
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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a franme nolded to the flange and to the at | east one
| ead; wherein: the at |east one | ead extends through
the frame; and the frame conprises a thernoplastic
material having a 10 nelting tenperature greater than
about 3401 C. 2. The circuit package of claim1,
16.whéhei pirthet fpan@genokudesim kewhbaging a key
proflle the fl e_defines ap interl ock feature
havi ng &h® ik e??%%’f( OF6f | f%ac{:]o PLRETR afy FREH ey feature
pr qfxiobcemaaedtdfnndwheu ﬂhéh@of(;e)wme&eb.ﬁ inti mate contact
W th the nterl ock feature. 3 The cjrcuit package of
ol ai m 25 RRBFEPR The 1o SEBeRBPEHG | AFane, MasraLa) abuts the
shapgdntdon Theatirecui t package of claim 2, wherein the
interlock profile 20 is T shaped. 5. The circuit
package of claim2, wherein the interlock profile 1is
17.L ghepedir@iitTheackagei tofpackafe dfé,cl aher@inwhereei metention

feé#ﬂie'ngerlﬁbékﬂfagﬁre is a groove in the flange. 25

ha ciret Sge of claim2, wherein the
i nterl ock feature stands proud of a surface of the

18”%‘1@e gﬁ.le " ngg CLBJ‘.I g:gghggelé)f %’1?.[:?3.& the retention

wher ei n° eas one | efires "a ast one
featgire ishareidgeough; and a portion of the thernoplastic
frame material extends 5 through the hole. 9. The

circuit package of claim@8, wherein the at | east one
9 holTke ,gl;gﬁ&@an@gpgage of claim 16, wherein the retention

feature is a 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. The circuit package of claim8, wherein the at

| east one hole conprises a plurality of holes. 10 11.
The circuit package of claim8, wherein, in a |lateral
cross- section of the at |east one | ead and passing

through the at [ east one hole, a cross-sectional area
of .t he at |

26. TR %qsg/cguij:a}tac% <S-3h8.||‘fe 1§14 685 widlR noﬁggg?ﬂl?éé) c%omprises

0 cross-sectional 'area of t eas
an al@oyead. cappd?. addhentci Yemsdtt qreckagerddl ctdeer, from a group

wherein: the at | ea t eerl ead includes a retention
COMPELE Y Z Tt 8¢ o° e end t hereof, the retention

feature having an outward-facing portion; wherein a

porfLon, € G RTE JiRLeLhatnhabli $of N€ontains
27'20&‘%ét %g%@gﬁ%@%ﬁﬁ%ﬁ&&&% he retention feat ur%ﬁ?
at 18asThabeut AHY% gompREge of claim 12, wherein the

retention feature conprises a hooked edge. 14. The
circuit package of claim12, wherein the retenti o% flange
28.f eghar e cdowyifse®agkagRigeot 25C481IM Thir ¢i PREF$*packtye 319
;gkgim 12, wherein the retention feature conprises
Comg&glrg%ove. -27 16. The circuit packaﬂe of claiml,
wher ei nbetieent abas0.08% abARRM Hddd ALFePHNioAnd

feat ur eatpﬁ.?ﬁ.é@g%@ot}to 9%?9%?8%;%&@ eof ; wherein a
et

portion of ernoplastic.”Trane material abuts the
5 retention feature. 17. The circuit package of claim

29 16 qnahergindihe rRkeabbonosf ealiuig i 3,2 hheketnedgre flange
18. The circuit package of claim 16, wherein the :
comptigigiSiion feature is a ridge.

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.

-20-—



10

15

20

25

10 19. The circuit package of claim 16, wherein the
retention feature is a groove. 20. The circuit
package of claim 1, wherein the flange conprises a
convex bottom surface. 21. The circuit package of
cl ai m 20, wherein the convexity of 15 the bottom

34.Syﬁ5@9%ikéugﬁ Egégég?hﬁytcféfﬁxgb,'ﬁﬁ@%@inZ%heTBQloy contains
circuit package of tlalim?20, wherein the convexity of
at tleesboP?dneeppdmce i s bet ween about 0.0005 and about

0.0010 inches. 23. The circuit package of claiml1,

wherein the flange conprises , 20 _at |east 50% coppey.

35.24 Thehecigqudih tP3Rlaasg e Tof CERMR mh 1, YRRERER n PRe 3 t one

ledPPmbsesesat | east 90% copper. 25. The circuit
package of claim 1, wherein the fl an%e conprises at
| east abstivesBoskepper- 1% 2dogbouh & - &% dG4PR/ package of

clai m 1, 0heegi Bobiie dloaRgean@Mbd e . 188 Bhboyh&Hfous;
copper and at | east one material chosen fraoma group

conpri sbegvweencahrwin Grifd¥spnde? : 29 Zinmie 2B cui t

package .@f LALL6 ein the alloy contains 5 at
| east agglﬁt Bég%%mc::op%or. 1 28. The circuit package of

claim1, wherein the flange conprises: between about
360- 0RY6 apdr about pdcRIeei 6£0BLEIR and whatrel Rasiheabiérmoplastic
98. 5% copper. 18 29. The circujt package of claim1, .
matriedi FoppEippangel i Eryasal RAWEST -about 0. 05% and
about 1.5% zirconium and

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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t he bal ance copper. 30. The circuit package of claim
1, wherein the flange 15 conprises: at about 0.085%
silver; and at |east about 99.9% copper. 31. The
circuit package of claiml1, wherein the at | east one

| ead conprises at | east 50% copper. 20 32. The circuit

41 pa%@QQ:leCLﬁEalﬂﬁcleag‘éiW efei ndfie 8 WBaséi®nNehel @Bdrmoplastic
conprises at |east 97% copper. 33. The circuit package

matgrriglahfs 12 GRRffdicienteofit thesmal Sxpans iR %r’?@tﬁ@@& about 7

ppr* @hbhay29fpapprer and at |east one material chosen
froma group conprising iron, phosphorus, zinc,
zirconium cobalt, 25 tin, magnesium nicke

42 Chl‘IEi@' L&ﬁl:}ddi{tal’ﬁaﬂéaa@édm@ﬂ I&;r,am?1 129w34reimeta'er @ielrmoplastic
ac ge of ¢glaim erein t al | oy contain t
mafeRiel CRIREGSEEr DO oot ERAC TR pABY agEolF Ab%i miate balls
betMwineiabotibe2 adnd esaﬁ:tutoeemd:mob cenpieseser5 bet ween
about 2.1% and about 2.6% iron; between about 0.015%
and about 0.15% phosphorous; between about 0.05% and
43 0. 2%ezi aixcudrnd pdekduys antectajmpel, ¥berghe ¢thecuihermoplastic

mafiRl SoR it detur R GRPR: CTOb I BaPyerOf Fesm fiber.

CIrCUIt package of claim2, wherein the liquid crystal

44 pol cf é'{H.rH S;i%clg%g% ﬁ;\fygﬁ.gﬁ{b?ﬁnZg}h%rgghd’the thermoplastic

bISp eno and acl d
material comprlses a plurality of graphite 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 50% 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 claim‘ 49, wherein the flange, the

frame and the lid define an air cavity.
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38. The circuit package of claim2, wherein the liquid
crystal polyner conprises: a copol yner of

p- hydr oxybenzoi ¢ acid; and 6-hydroxy-2-napht hoic
acid. 20 39. The circuit package of claim2, wherein
the liquid crystal polyner conprises terapolyners of

51.f orriel afiireni by ghexypendpi €1a0h dag, MrkekdisPRanol1@Ndis welded
terephthalic acid. 40. The circuit package of claiml1,

to jRer EFAMehe thernoplastic material has a coefficient
of thermal expansion within 60% of a 25 coefficient

of expansi on of the at east o lead. .30 41. The ,
52.¢j gﬁiﬁ: gg&ﬁgQaSEag?aP .fia&ﬂeggknWSﬁEeFHthﬁpFQ@FWEPlaStlc
matEiali abmpisses coafithtd eatyadall bengmér expansi on of

bet ween about 7 ppn I C and 22 ppni' C. 42. The circuit

package of claim1, wherein the thernoplastic 5
53.natThei abiconjr | gesckageweefi abiaiim 362 anfumtiart 4b¥prising a

t.alc balls . bet n_.about nd_.about 3 m crons.in
senitohagrof ,PE HEE R e IR oA iER he by bonded
to tthe thelenpt astd Aeadnt eri al conpri ses between about

30% and about 50% gl ass fiber. 44. The circuit

package of claim 1, wherein the thernoplastic 10
54 .matTvel alimodpr ipsekageplodr @liatip 62, gndyelret s thekdehermbplastic

The circuit. packa of ,claim44 ereih_the
me i3 ato Pkt £ EaarRar 60 oF e ER It dhoue 105

and about 70% graphite flakes. 46. The circuit

pa : ai rejn.the,th asti '
55.@?121“ :ﬁlq'{:céquflﬁr ipgaqeciéggr‘\%ge(r?lgﬂ'](})nu?)‘lﬂfos/gh?r%g&gbtgb% g%;%)rmoplastlc
matprdpli t eompridess. bétwedhe abioutui 10bacivageabbut| 30k 44raphite

£1 g;ein the graphite flakes forma plurality of
ayers.

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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48. The circuit package of claim47, wherein the

graphite flakes 20 are oriented parallel to a

sel ected surface of the frame. 49. The circuit package

of claim1, further conprising a thernoplastic

material |id attached to the frane. 50. The circuit ,
68ackABe 6Lrenak npaockagmherfei Haife B awg§ereinether gppl comprises
Aldcbhe.lid define an air cavity. -31 51. The circuit

package of claim 49, wherein the |lid is welded to the

frame. 52. The circuit package of claim49, wherein

dlhe ther obptast igackmteepifatlaimyr:i ses a |iquid

~cryst al | yner. 53.- The_circuit package of .clai_m.

52, furthgg%ﬁ?ﬁ)ritg‘lengfrfmese‘f‘ﬁ“hpﬁéﬁgtoa}’ g?gs%t ghdRegdiacent a
to thkerktangerarsl &f atier bealdastbhanmdedeatip afe at | east

one lead. 54, The circuit package ,of cl.aimJ52 rei

the t her mbBFEREF c COMBE £ *ohbriselicat p?%*?aaq}}et\g;ec& the frame
gr aphinbe tbl akesat 1055 JHee 1ebscHléngackagmsaf acbaktion of the
54, wherein the thernoplastic material conprises

bet weer SabGHES10% and, about 70% graphite flakes. 56.
The circuit package of claimb54, wherein the

ernppl astic., material conprises’'. between about 40%
éﬁ-d g@’&uflgﬁ%ar%%%ﬁ% ° SQF?%{EeG;}.' 57. The circuit
package ofvhekaim thef uitaner comprisesng asecond edge adjacent a
sem conduct or _di e at hed,to the flange .an
el ect¥HCRA ﬁuﬁgﬁﬁ%a" 5% RE g?af%a%’te Q%Sdr egallat.j 58. The
circuit paclkaperotonpaising 20sedwerdeiseallhattrahed to the frame
' sur f of the. flan

[ d d t .
o U B DG LPRGE o et PACRE AT oL THE A ARETion of the

and tdacond 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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66.

the flange along at least a portion of the edge. 59.

The circuit package of claim58, wherein the sea

conpri-ses 25 epoxy. -32 60. The circuit package of

claim 58, wherein the seal conprises silicone. 61.

The circuit f|o_ackage of claim1: wherein the frane

conprises a.first e j Nnt-2a j i
iRy SRl PSR R L, R b T TRy ST Qromises

urt conprising a first

a meeétifl trtagted:to the frane and to the at | east one

67

| ead al ong at .l east a_port.i h b rpste.edge. 62.
The ci rul L3LTHORGE 8?8%1‘ aklge?hf‘que%]::n %(’)g\/\ﬁl‘éér1 ef'nG't hg frane
::ﬁrrprltsisscastdteaﬁrﬁd:oedgg loeljveazant? .4 aga@cdHnkh sr f ace of

e a east _on ad; and fu e oppr & Si a
seal at?aXh%%P?i%%;k§%W%§RES%anhgtgz§hgpé% Eg%tsﬁéé?”Eﬁte of
| eadosl p&g sdcdreipstand portion of the second edge. 15

63. The circuit, package of cl.ai.m,62; eL ej h
conpr i sés‘“étsF‘f‘l?Jr)gy i}b%g"ef&j ag nta'i]i‘g %gurﬁ?é%ebgf Elt ﬁgééfn&te of
fl @ngepeangedstid.her conprising a third seal attached

to the frame and to the flange alone at |east a
portion of the third edge 20 along. 64. The circuit

paciage cakcalai np&Skagehendi ncilhémsehl cBHpHieses comprising  a

s RSBk  S, PERE 3 imi e

68.

69.

X
one. -

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.

The flange of claim 68, wherein the metallic body defines a

plurality of openings by which the flange can be mounted to a

substrate.

0.

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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66. The circuit package of claim63, wherein the sea
conprises a material having: a thixotropic index
between 3.5 and 4.6; a cason viscosity between 7.4
and 3 Pa.s; 5 a viscosity between 58 and 125 Pa.s at a
shear rate of 0.95 per second; and a viscosity

72.beﬁwge%lé§gén £301 PBnSedl BnShed tHal eh119c50B8Y comprises

second. The circuit package of claim1, further
an oy sifngoaperOandi 8t uteadlaronemaierinrdn CROSERf HE@M ot IToup

cort9thaB1 - 01 b ANgE1f0F. moUNLi ng a sem conduct or
I'é, "conprising: a solid netallic body having: a
central planar die-attach area on a first side

73! h%rh%Offlahg@ dire -kt ACBe Ar fRePEI MO Hd aleta 1Wict BloBy comprises
about 15 0.005 inches per inch and having a surface
an rajigiyneestaieing tatad eagsudbeut %% ¢°PRBRes; and a

second. side, opposite the first side, having a

surface_ roughness | ess an .abouyt 64 m cr.o-inches:.
T4 ghdihg rELaRgt R ke i—}éh'bd‘ﬂyar@&ﬁp?cih?ef(i&f’yl So0E3ipg, betveen
ab&aPPe! 05$%ndhapbhange saf LilmomitR, anterati nlédet about 98.5%
netallic body defines a plurality of openings by
CORPfilch the flange can be nounted to a substrate. 70.
The flange of claim68, wherein the netallic body

15 SO STeqd? B LSa80, 906 SHRRELey T TROT) 0GB abont

0.0 eSS s iakeyt aA8% EopRaIt abddt729. Fhezdpparge of claim
68, 'wherein the netallic body conprises

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 recess 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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an all oy of copper and at |east one material chosen

froma group conprising zirconiumand silver. 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
82.COMhai APak@d Wee 1288080, OwRee ANc I Atildgl. 3KCILAESONE UBdrtion

and at | east about 98.5% copper. 75. The flange of
havdng; & Tshaped GraserneeatiBy contains about 10 0. 085%

silver and at | east about 99.9% copper. 76. The fl ange

[ er.ei,n e tallic_body, ncIu a .
BeCHare i1 | a0 HBP Rt tHEHATE JBFLRgRe 37portion
haVIh@ éhangﬁhaﬁedﬂcabss¥§ecwﬁunua n the recess includes a
portion having a dovetail -shaped cross-section. 15 78.
The flange of claim 76, wherein the recess includes a
84 poﬂhboﬁlhaqengfacraﬁhdﬁbdVdma£sns¢heieacoﬂ@ siide of the body
-ange of claim76, wherein the recess includes a
portlon havi ng an L-shaped cross-section. 80. The
flange of claim®68, wherein the netallic body includes

85.2 T8l Ehgg§ t@ﬁt ol 3RS ?ﬁek@fﬁtc @e%%ukhe second side

portion ange o al m 80, ereln the rid
is iatcladet abpur tQ @@01han¢heﬁia dovet ai | - shaped
cross-section. _35 82. The flange of claim80, wherein

t he ridge includes a portion having a T-shaped
86.cr Jhs- Sdanpenot sxtaithd 4| y¥hgESoP EPBTHHAY, C’\%éPél gefprd side

is Helgechngbsigeso %d@@r shenabawm)oq@ Lnsheped

Cross-section. 84. The flange of claim®68, wherein
t he second S|de of the body is convex. 85. The flange

87 Of 2CclrabRy84f o MNENBItIng0RY S&hi dorRfudtRe 8e€9onébriird@ing:

a solid metallic body having:

is

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.
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Is at |east about 0.0001 inches. 86. The flange of

cl aim 84, wherein convexity of the second side 10 is

bet ween about 0. 0005 and about 0.0010 i nches. 87. A

flange for nmounting a sem conductor die, conprising:

a solid netallic body having: a central planar
9@l e- e figst S .t h .
o ol aoR R SR P2 P PERERKY e fpgipcond siae
1 negieressembrrEh0afd0 haarichgbautud {1 riogipesess | ess

t han about 64 mcro-inches; and a second side,
9fppo%gte the first side, has a surface roughness |ess .

han' Hbott2¥e Mlfcroiaifc fds ahgreir EbpvBRtabbl@goodpheomprises
atf | bger Gosckappe8d7, wherein the netallic body defines

a plurality of openings by which the flange can be

mounted to a substrate. 89. The flange of claim 87, :
9dherdia Tomnexidfy dfaimhe7sewbrdesh dehei metidlliradiody comprises

b 49Q01, i es. -36 90. The flange of claim 87,

a€m£§%5€3%§§né8§5§€'of the second side is between about

0. 0005 and about 0.0010 inches. 91. The fl ange of

o€l ai 7 ' al L y ' . .
eacm SO taa R iR WhprRelY GO L EELe Boay comprises
atnhkaasth abeatmBBal FerPeody conprises at | east 90%

copper. 93. The flange of claim 87, wherein the

metal lic _body conprises at |east about 98% copper.

994, e Flaiiife O iarmed7, Wikseén nthaenabablic ddshidycomprises
a OBPIAPESE doppkt ahdldt0) aEtCORPCHaAOF A LifAn ¥8m a group

mat eri al chosen froma group
comprising zirconium 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.

i
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ph L 2RgE: Pf o8l %ipghgﬁgs WREI §ihA chhe hee GRSH geNdaddase amodited to

conprising zirconiumand silver. 95. The flange of
claim87, wherein the netallic body conprises an
all oy containing at | east about 98% copper. 96. The
flange of claim95, wherein the alloy contains between
15 about 0.05% and about 1.5%zirconiumand at | ea

. | east .
Stwolt Tdgnge, fepppeynting aTREMIFARPCTOF Bfgr nfYRPLLISING:

wher ei n t;heak Hoye €91 B Hodgbastindg: 085% sil ver and at
| east about 99. 9% copper. -37 98. A flange for . id
nounting a seR CHRFFELoPlanar ébﬁﬁ’?*&ﬁ?ﬁ’g:ar% Py first side

metal | i ¢ hed¥ckaving: dfe IRl apbanBsinly ef it ath wik@an about
on a first side thereof, the die-attach area bein

flat to i-%n dsdes %em.@wliﬁ%egawgmcﬁ“&ﬁacg roughness
havi ng a 9y a&8n HERNESS mikess:hdiads akeut 64

m cro-inches; and a second side, opposite the first ,
side, having & SRAECcESGuglREss %sgh?hgﬁrﬁboﬁfd%4 having a
mcro-in ace@behnedd tR8smeidd | arbady baCImIR%-inches;
a recess that defineS at [|east one undercut portion.

99. The ﬂﬂ&ﬁg@néf.clain198, wherein the netal lic body

defines achéollgé@éiwc oﬁoefeahegéd@sy whixlrdshe fhanggefines at
can be nounted to a substrate. 15 100. The flange of

cl ai he®8; wWreraHdRrERE PREESH i ncl udes a portion

havi ng a dovetail - shaped cross-section. 101. The.

flange of claim 98, wherein the recess incl.udes .a ,
2for t Fom Fandfy of ﬂ%é&m@&g?%c’ﬂﬂ%@eﬁ%ﬂéwﬁo@ defines

o]

2}

portion having an

shaped cross-section.
substrate.

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

portion having a dovetail-shaped cross-section.

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

portion having a T-shaped cross-—section.

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

portion having an L-shaped cross-section.

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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103. The flange of claim98, wherein the netallic body
conprises at |east 50% copper. 104. The flange of
claim98, wherein the netallic body conprises at

| east 90% copper. 25 105. The flange of claim 98,
wherein the netallic body conprises at |east about

10698%heophehge - 3B &ﬁﬁﬁngg?f&ﬁﬂﬁﬁin°&h%'&bﬂh@ﬁlc“68&§|80mprlses
the netallic body conprises an alloy of copper and at

an 3d38¥ Bhe CRBPET | 3] cHoskR T dica Matshpal cehpreni fgom a group
compl-i 60y Ui witsh il WK sder The flange of claim 98,

wherein the netallic body conprises 5 an all oy

contai ning at | east about 98% copper. , 108. The
107f|Ehgefb&ngéa@ﬁ1dDEynmh&erheﬁdﬂh adhleoynetaft atNBody comprises

e u 59 oand bo 5% zi rconi um and at

an ? 2? qﬁél @9 %%%rqxfgggﬁ%hgo??%ﬁge'of cl ai m

108, mhereln t he aIon contalns about 10 0.085%

Si r t . Le %.C0 r L a
108f0?K§Df§$H%@ o% 834 1.4 éh% RRR al& % conga%%? %etween

sémn con dtor i€,” conprisi

. abomkt d.1058 ba:mi:y alamhmgi %% cethrcahiyn amad die Jaatatsacrahmﬁ:a 98.5%

co gn a first side thereof, the die-attach area being
FPFat to within about 15 0.005 inches per inch and
havi ng a surface roughness |ess than about 64

1ogm' gae ifches; oarndc aafﬁfe%bd Sere 5 pp&?étﬁln abz:bﬁi?‘%ifs about

havi ng ace roug fness | ess t out
0. Oﬁﬁ&r éllmlhe?gnd awnésésh amut e . 9%t abpper body i ncl udes
a ridge that defines at |east one undercut portion.

111. The flange of claim 110, wherein the netallic
110pody flengeekory 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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plurality of openings by which the flange can be
mounted to a substrate. 25 112. The flange of claim
110, wherein the ridge includes a portion having a
dovetai | - shaped cross-section. -39 113. The fl ange of
claim 110, wherein the ridge includes a portion
1130arhag fuahgdaped 1088- 380} 1 Ofherdehh The faRe 9hcludes a
cl.aim 110, wherein the ridge includes a portion
POTRAQR NBRBHY -5 Hasbares ogkesismecdAons 115, The fl ange of
claim 110, wherein the netallic body conprises at
| east 50% copper. 116, The flange of claim 110, .
114,hdPgi nf%?fég‘ﬁepa | FEEWdy 100 mpYieain athpegstdasposincludes a
poré@pfchavidy .anlfie-shbhpBgecedsHHalcwi da0, wherein the
netallic body conprises 10 at |east about 98% copper.
118. The flange of claim 110, wherein the netallic
115ho@pecbiprgsest airial [14Y,oWwheoppertladnettallldasbodgecomprises
[ chqosen froma group conprising zirconium and
at g?%gérsbﬁf§8%¥ﬁé flange of tclaim 110, wherein the
nmetallic body conprises 15 an alloy containing at
| e 98%0 Nerq.qal2 f f1 1Gl.ai 1 -
116,208, $00e Y oS PRR 0k Vpef at LR LS By Bomorises
at dkeat 30%%peaxoni um and at | east about 98.5% copper.
121. The flange of claim 120, wherein the all oy
contai ns about 20 0.085%silver and at |east about
11799 The, Edppee. ofioplaim |1d4d wWherainebhe orrhrdilde bodyucpmprises

at ﬁ@ggeggbo&{wg§§:g e? metal conductor and defining a
pl Ty

uralirty of late spaced holes therethrough. -40

118. The flange of claim 110, wherein the metallic body comprises
an alloy of copper 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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123. The | ead of claim 122, wherein each of the
plurality of holes is rectangular. 124. The | ead of
claim 123, wherein, in a |lateral cross-section of the
| ead and passing through the plurality of holes, a
cross- 5 sectional area of the plurality of holes is

| e than or equal ,to bout, 25% of a . cross-sectional.,
123, 88801 9 PEadiaiBs 128Pne TNSERLSN AGH nPd o5 ber (RHGLItY of
hole@npEi sédEh@nfraae nol ded thereto, a portion of the

frame extending through the plurality of holes. 10

126. The | ead of claim 125, wherein the frane
124cofpei deada dfi quliadm dAr2gst alhepeligpein B27atErell exdsefsection

l.aim 122, erein the |ea ri.ses.at | eas 50% _
of dk et st HeE ok Eur SR, THE 2 Ehaky B2 helflace ovoss
seatdprilsesecat of edlsd plifraditycofpiesled 2i: IH®s lkbad of equal to
claim 122, wherein the | ead conprises an_alloy of
abo&‘&pﬁg}% ghad? a‘fr?sesa&ecgﬁ@ﬁgtaeﬁaalﬁc%ggerﬁe?(?'om a group
conprising iron, phosphorus, zinc, zirconium cobalt,
[ nqggegi Lekel,,,s C ] ' [ and
125ts'i InIihgon. ?fglo.ca%l%gl Ilezgd ouqiﬁg?méldé@?lvs\ggbe%n Jﬁ}aeme molded
thealdtoy eopbatien aif |tbasfra®d %xmmodng tBtoudheHeepdusplity of
ho:];Iaimlzz, wherein the | ead conprises: -41 between

Wout 2. 1% and about 2.6%iron; between about 0.015%
and about 0.15% phosphorous; between about 0.05% and

128: Tl 110G 3 él%‘imb%b@?cﬁh&@ﬂ?rthéﬂ%e Aco'mgggs{as’raaliquid
sem conductor circult package, conprising a ta

cryvdradupbdymbavi ng a lead retention feature proximate to
one

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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end thereof. 133. The lead 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. ThEe{ & %fhog'ta%”i%% %E;‘E' 84?91:?6 e

conprlses a I'iqui 5 cry pol yier . . The | ead

of cl ai petldn whongi A. Olﬁ%r&ndambpuh ﬁebiiunhOSwapDU§es

a hooke h e I 1 wherein the

retentlgﬁggea ﬁﬁggt 8 3?%§%gigf€%dgéﬂﬁ éT%7 The | ead

of cl ai hhéd 323 laxiver epppehe retention feature conprises

a groove. 138. The lead of claim132, wherein the |ead

conprises at |least 50% copper. 139. The | ead of claim
132332 Igad efart Re $QﬁﬂFQ§§#ﬁEP§e§l§FuFEa§PCk25397%PmPrlSlng a
met%@p%%Bducégrlﬁﬁklﬂgm%|f¥5&(geﬁén%hgh1§gatﬁférﬁf&kiﬂ&%e to one

I rises an alloy of copper and at | east one
endnﬁhereaf chosen froma group conprising iron,

phosphorus, zinc, zirconium cobalt, tin, nagnesium

ni ckel, chron1un1 titaniumand silicon. 5 141. The
133.eZheolhcad pnciledm WA3r e¥BP¥Sid al | oy contains at | east

97% COpRRE. 1L44- rgggn{fgﬂjfgaéuf@'Edﬁ%%as@@eéﬁ'%uEQErd -facing

| ead conprises: between about 2. 1% and about 2.6

i r pertbenweand dhmpheg. 098Ps Esidiabout 0. 15%

phOSphOEO¥§ame molded to the metal conductor, a portion of the
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 <c¢laim 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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10 between about 0.05% and 0.2% zinc; and the bal ance
copper. 143. The lead of claim 142, wherein the
retention feature conprises a hooked edge. 144. The

| ead of claim 142, wherein the retention feature 15
conprises a ridge. 145. The lead of claim 142, wherein

14Ge The elRachrPG cliaie 132omwhiezedna theodeed toBprAses an alloy
P! o epel c [

TR, FRar e DP cheonefita PG cEOHPELSH I qoporising
l%Pan(PflOﬁ@hm;‘p#i astins,mateconiuhy agnbadft, t héngi nagmésium, nickel,

e nal having a frequency
%gnﬁ g u? \%% Sg%agg%but 60 KHz and an

anplltude | ess than about 100 microns. 147. The net hod

, t d
14;]{)031:1'@631érff]&§r00fr’]‘£ﬁ££ 1{1?2 er‘iﬂ ?fh%or lg§§l g&%@alns at least

9 rpPeIpackage, conprising |aser welding a
thernoplastic material lid to a thernoplastic material

llgfa of. tg fg_ uj t %ckae 149. A net hod for

cl o H% kaYBRET RIS i19§% REFRELSeS:
wel di ng fbettbz@éﬁoé’ﬂ)&&t i2G 188 LAAI albodnt & 68 dron;
thernoplastic material frame of the circuit package.

150. A n¥Ekigenorbewh0.ddbkngnd abeiyd dﬁ%apbpsphoxous,

package, 1,&QURkI I t
mat eri al cgaorrpr|£s|§ﬂr)1(§;"g:atof I@gglstggd gez{)oﬁlr&go copper
151. The thet hedanfe ctapiperl50, wherein the materi al

conprises at |east about 90% copper. 152. The nethod

of claim_150, wherein the material conprises at
143. The lead of claim 142, wherein the retention feature

comprises a hooked edge.

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

comprises a ridge.

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

comprises a groove.

146. A method for enclosing a circuit package, comprising
ultrasonically welding a thermoplastic material 1lid to a
thermoplastic material frame of the circuit package using a
welding 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 microns.
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| east about 98% copper. 15 153. The nethod of claim
150, wherein the material conprises an alloy of
copper and at | east one material chosen froma group
conprising zirconiumand silver. 154. The net hod of
claim 150, wherein the material conprises between

boyt % 2|rcon| m_and at | east
ok o504 265, Atbetng b LU L TRBRR R | EPRputping laser

weldingep @bﬁmpsl@@th:omahargaa flidmeor et egticirowdplieat UE ematerial
ffaﬁgoog Eﬁé%%”éﬁh gck cthe flange. 156. The method
5

of claiml ‘e frame retention feature 25
i ncl udes an undercut portlon 44 157. The net hod of

14@'ahnhééﬁmdfﬁﬁﬁrﬁﬂcﬂayﬂﬁﬁ'§'BgrcﬁfPaééé%%$e% %¥%§51ng thermal

hape to a second surface
We&elwacé taﬁr{nwélwfalr@énatp@galmgdn@ph@d t(bn‘ermbpﬂ.asﬂ.ﬁa material

Freher 8 Need e i ¥ Bgck second 5 surface is at |east
about 0. 0001 i nches. . The method of claim 157,

wherein convexity of the second surface is between

159hont rbtRRRS ol ZBBELcAd: iYL 04l NERGRe g:tEpg Aé@rﬁ&% package,

for fabricating a lead of a circult “pa
COPBRbFIRINg: 10 stanping a lead frame froma material

conprlSlfﬁkﬁing|ﬁﬁgﬂfiﬁﬂggtf§gﬂ’%OBB%Erl%Plcoﬁbr151Q%ﬂat least

thernnplastlc mat eri al, “conpri si ng: I qu
pol §Re¥t d eepSeEral ity of graphite flakes. 15 162
The thernoplastic -material of claim161, wherein the

t her nopl asti ¢ material conprises between about 10% and
151po0he 7eshod of claim 150, wherein the material comprises at

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.

-44-



10

15

20

25

graphite flakes. 163. The thernoplastic material of
claim 161, wherein the thernoplastic materi al

conpri ses between about 40% and about 50% 20 graphite
fl akes. 164. The thernoplastic material of claim 162,
wherein the liquid crystal polynmer conprises:

ar-g- bepzoj ¢. acid, _.bisphenol; and 25 phathalic
L R 8 s Gl p PR ER S e 3 ngE i m
162, mhdmghftthg giquhdexcsyapéu;ﬁoéygffoﬁanguﬁgaag; @pposite
copql I - I 0X zoi_c_acid; an
6-E§H¥g§§?g-ﬁ§ﬁﬁ¥ﬁ%i6%g§$8_fga&%%: The thernopl astic
material of claim 162, wherein the liquid crystal
ol SO | §€S hehAPGleyner fornul ati.on
15?} dr oxybenzo cggcic&fé&@- SIL i'sp ee%]:ﬁman%orfvéarxé‘%m 1 i ghe second
surfdae 1863t Pesst wahiqute 0cOAPL | BichEs.a conpositi on of
matter conprising: 10 a liquid crystal polyner; and a
lurality of graphite flakes; wherein the structure

15%rasthe smethrc ahd clRémpliial iherstin gapteixisyf |akeshe second
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a structure, conprising: Injecting i
conposition of matter conprising: liquid crystal

16Ol Metnhd8dd foP! wadkk by g 9aphiig fdakes. c'f&itThgaackage,
met hod of claim 168, wherein the conposition of matter
comprising:
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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20 conprises between about 10% and about 70% graphite
flakes. 170. The nethod of claim 168, wherein the
conposi tion of matter conprises between about 40% and
about 50% graphite flakes. 171. The nethod of claim
168, wherein the structure includes a surface; and

165 heTiconpiosiridpl@stsci Rheel-egh Sb'fhﬁia!‘ﬁ{ 'Jréj%(t %he&{:eeln e liquid
i nj ecti the plurality of graphite flakKes -
crységi:p3¥§mer comprises:
a copolymer of p-hydroxybenzoic acid; and

6-hydroxy-2-naphthoic acid.

166. The thermoplastic material of claim 162, wherein the liquid
crystal polymer 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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