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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

| NVENTI ON Thi s applTIdiH @F MéEatléYENG IONr cui t packages

for integrated circuits and, nore particularly to

circuit pack ﬁgﬁé biﬁ Tand
hi gh-t enperature ernDpIas Ic frame n1conductor
and other integrated circuit deV|ces 15 (soneti mes

f dt . Al B t ed
i de ci 1 G E p AR ADEACE o SRR ne B B €

facilitate electrically, nechanically and thermally
comhéstiagplimatﬂant(mlqmmsntEdecibeméfiboaﬂﬂlehhatProvisional

i nks, and_the | ypi.G cui t k
BopTHER et Nobadl/(aonABny y Tarer rER s ag & efiyy bpe contents
of %Qlcﬁl ahgehdreldy pir%%d%ﬁ:éwfﬂ# g heusinegeand
| eads extending through the housing. Inside the

housing, the leads are electrically bonded directly,
or nore comonly by wires, to contacts on the die. -1

WO 23413688 RECARUSREO4£00RABAY THROPSORES RWSEARCH OR

housing is made of a dielectric material, such as
plastic or ceramic, and PEVELPEYEEEH to t he flange to
encapsul ate the die and bondi ng wires and to protect

them agai nst i ntrusi ongof A%Hfﬁba Ror and ot her
at nospheric gases. Most

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 and. thermally connecting the die to
printed circuit boards, heat sinks and the like. A typical circuit
package includes a base (commonly referred to as a “slug” or
“flange”), a protective insulating housing and leads extending
through the housing. Inside the housing, the leads are
electrically bonded directly, or more commonly by wires, to

contacts on the die.
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5 protective housings conprise two pieces, i.e. a set
of sidewalls (a "franme") and a |lid, although sone
whomgiossgss ar e nol ded as one- piece assenbl i es. PATES2004/002464
order in which the franme and the die are attached to
the flange varies, depending on the material of the
frame and, nore particularly, the maxi numtenperature
t héhAntRFogct i chpusdher ate watlhowf def cdiehgeioric material,

ei wise damaged. A circuit package for a
Sucﬁi g%gpQ%gEaFe Yyprc ?If%/cfnélnﬁldejssaa%%@(:gle_df | ghg&let oflange  to
encapschatsetteedie ahtiapbadingf eRebyaBH! €6t botect them against
._.soldering. The flange typically provides nounting
INtFEst At esOTsubRtehs SRev Mtds Wrheyl o magphatiich YhAses. Most

j ' c : n uc s to e :
proftEgubt, RECKHGRCelEs 13 IUTLALRTn 22 0, PGBl siceuans:
(a Yorene” heandsiank.idihea hilghudhe npercatuses irsed d0e ahdbddd as one-

, a diie to.a.flan can ,danmage or, deform pl astic, i
pleﬁ%m@??ren@grlgﬁi'cg@aet i s é’gewgﬁlcg ttg"‘e \/\f??fg?aﬁﬁdt iy die are
attatgbdt espeital U Bande CVa£Lb S, Packaggihhabne oS ® @bl of the

ceram c frame can, therefore, be assenbled prior to .
frappeandt deprenParipicyulrrldl e the Imakimunt fempadhened tbe material
t , S . Q.natch.the.
can D8y EA0E. w B P oD R or TR "SR 6 Pafe
made o

flan I these fr s are typically ,
co%p%g-%c g%g?taéz 24P oy Ty a i W%t%ﬁ u?%@lc‘%ly includes a

metaDf ifllemate, oncPr avess. thu SdidS iRy 04€8Sch&dYeb¥ten by eutectic
expensi v and the thernmal conductivity of the

SOLAREHIY n§h§| Ifpne (GAiced. 1y mrotiates Herwriting features, such
as GRRAAUCtHYILY can Qfotgf:hb?\é%f&{mﬂg?l t&%é@ecagﬁack?g% can be

copper - nol ybdenum copper m nat ed anges fabrica
moutyedn swuEh| asatboa heatessnkol [owedepythe Fashpat conducts heat

roces however 't hese .processes are very expensive.
frorgo%t(ijr%aif?vg??/,hﬁaﬁe %fi'&can be attached to the

flange prior. to attaching the frame and lid. This

ap %a@ﬁg ndIRERFSTSF Uil T2 wbtagbs/oedsgto a flange can

damdgd /| 52QRA AR AOH st RPN Gh k& PLAsLh S f RLERC T EATRBe able to

however adhesives used to
withstand this high temperature. A circuit package that employs a

ceramic frame can, therefore, be 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 1is 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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attach the frame to the flange and to the Iid perform
| ess than satisfactorily. These adhesives often
wa@e@amnessssper f ect seals or pernmit gaps to opePCTiUR2004002464
use of the circuit package. 5 Furthernore, users of
circuit packages prefer not to inventory flanges,
franmes and |ids and assenbl e these pieces after
temperachiag pldisitm ffoangese BRIER, SUMMRYeOF dHEesives used to

I ENT]I Th i i [
o« VENTLONCTRR Wiosall EINERL SR PLBYe A Qecci 1oss whar

sat s fhst el N ghrhdke- aldheh viegmefadrir eseca88d ig@R rfect seals or
provide a hernetically sealed air cavity for a die

Periit hodfPPhe tise PHedhddrivg. TAe piOrfcuiEhepacma@@uit package.
Fur88SHAS-EMPLRYS <2 o u@@?EuE%SQE&ﬂ%.e%al %§ﬁ%ﬁgﬁ%taQQJ inventory

conpositions to achieve t hermeti c
flaheaperftames taohérbinde. ankhiss seotliendthiese aliscet5after attaching
d.epgov%fes a_circuit package that exhibits better

TCet@cttie&F%and thermal conductivity and mechanica
integrity than conventional circuit packages. The

circuit package includes two parts: a

fl ange/ frane/| inatj n i d...The | eads
extend 20 thrg@gﬁﬁiﬁﬁg@ﬁﬁﬁiC&?%?ﬁé%§§@ﬁ5&88 franme.
The flange includes a die-attach area surrounded by

t henhér preseAtsealvdrs iappl peskided de 1bhke diaue-dwenrg low cost
. boundaries between the flange and the frane and
cirgetheBACkRES ddtR™ afgnt e thriaRd NE(RY | @3- 2BFagmetemperatures

fr pl astd ref b L QUi r ;
andpéﬁgﬁeP%Bgﬁgggeélg%% E%?é%é§§ﬁ|%g%%%%yfggfexgg?ﬁﬁ|é?ga a die,
withouwi tihstase df eadlit¢aithes t diperdtunds. pAekaga dieeibs employs a

attached to the flange and the die is electricall , )
At ga (B CHEN Shtie LoAhOTPPd TS WRPBRRS Lo oHe fParihicve this
herh®t $€atyt hendi re&ayé tyr @founditdhardice. e sfl @aBg@ination also
frame and | eads of the circuit package include 30 one

providedr @ seruetii apaféager éhato auhipats Methanm calectrical and
thefﬁéfg%bhﬁuci§vity and mechanical integrity than conventional

circuit packages.

The circuit package includes two parts: a
flange/frame/lead(s) combination and a 1lid. The leads extend
through sidewalls of the open-top frame. The flange includes a
die-attach area surrounded by the frame. A seal is applied inside
the frame along boundaries between the flange and the frame and
between the leads and the frame. Materials for the frame
(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 1lid is welded to the frame

to seal the air cavity around the die.

The flange, frame and leads of the circuit package include

one or more structural features to maintain mechanical integrity

-3-
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WD 2004/ 068558 PCT/ US2004/ 002464 of the circuit
package w thout use of adhesives. These features
wore@hassssal |y | ock the flange and | eads to t heP€T/aR®O&002464
their respective junctions. In one enbodi nent, the
flange defines a frame retention 5 feature
surroundi ng the die-attach area. The retention feature
of ths PeCUidr K@@#ﬁg% wathypooveser ofi dgthadiated ncThides features

ot h nder cut s-sectio a
e o Bronls EOF R W 1 ars (he TringbeoBhciet their
resp@ctgwerm@mﬁtiwnﬁmldlng. Durlng nol di ng, a portion of
the frame forns a key that freezes in or 10 around the

retentéren feadbodn @enthusthBchaninkal | YegeaHEI NY tHeine retentlon
frame to the flange. In another enbodi nent, each | ead

featpEp LRSI ORI nthe dianpthastentioon T8&t gedsntdon feature can
be, S%%QrQn&ﬁﬁﬂJead? grggsefQﬂnq:ﬁgg%égg {hﬁnaﬂggglreaddovetall or

oper ati on, me is also ar oun
othmhluhdéscektem@ssﬁsemtduhaﬂdehbbe f ITavee, tHdrmtdlaftic frame is

i dewal | frane to the air, cavity area. One i
mOl(ﬁ%‘ng\e élé’teur esasgu NS &Y | ddseFri@homelding. During

moldReHOR ﬁUﬁ%ﬂd%aQﬁfDHﬁén@rﬁﬁEdE%&mssQﬂeké§a@ﬁat freezes in or
t hernopl astic flows through, and then freezes in, the

arO‘h@qieth@ hietemeiomfedaitead huist eshehd ca20yf serering the frame
tf@g #gad retention feature provides a hooked edge,
r|d ot her structure on or near the end of the
l e th re3|d S .Wthin th ayv ar ea. Thi s
st?ﬁc?n hed PSS rarc %}ﬁie?% lP%%ﬂ SPuPifg or more lead
retamtthmMgfeaeteekr ame $SQEFr®PLAst 1ealr eezesnadairiast .2uring the
an outward-facing portion of this structure, thereby
mol‘é%%%t@%raatlmﬁ'g?ﬁ cEansaris el sehaplgedyanpynghshpeadad, which

ext%%g§1?§BﬂgoBFEL89 Q] %&a %heﬁ% hng?gﬁ%%%hﬂgpsoﬁfthe frame,

ange, franme and | eéads r0V|
inteoeti¢ i zientsvidfy tdweyaal expanS|on (CTE), thus reducing
stress on
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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conpositions al so provide good thermal conductivity by
wo b@4fobsssgye and good -4 WO 2004/ 068558 PCT/US2004/002464
PCT/ US2004/ 002464 el ectrical conductivity by the
| eads and the flange. In one enbodinent, the flange
is made with a high copper content, augnented by a
eleghpl ¢a hnsigndueft iziityonbyum tise | Veadsr ethHertherat®raraje. In  one
| 0. anot her,_.enbqodi nent, .t he | eads are made wth a high
emb%djclﬁ%rb%’r Bt et 2 gGgneft €BPEy &SRl 19 a \l%lt Eff’pi-o?gn, content,
augraoseNors, a zigdaland/mowitheb fmbekcahiuh) Y8tiver or other
anot her _enbodi ment, graphite flakes in the franme form
matrimt st Ghe 2BAIFREES .en%@@é@eéjlfcapmhee keadesarqnaadeherith a high

I LLMEesSnPat g Enof _t fina t f
cop it EDNESERL Skl 100! o gl 19 CTFoR! lBepnocus,
zinexeedi/or othed imtternicrl.of In hgetr ametamd! cembddliient, graphite

further, reduce noisture infiltration into the air _ .
Flakel ity UHRIEA LGP ORI GE M TAEPSEVERR: UPEVS GFATREte flakes
and DEAENGSadhesecandaothetnbeatrir 8g, radvanbageso asREU S of the
and enbodi ments of the present invention will becone

flangpe dpparehiorsl 15iimostanskiel edpphiedhe tart theonexherior or
intcfIOOWAY GREA! FEMhdeSGd B 0Rigl 80 STRAUJENL Bl LNenos sture

present 1 nvention feference to

inf Brtconpeanyiing draw rds, daviwgi.ch: FIG 1 is a
perspective view of a circuit package, without a 1id,
according to one enbodi nent of the present invention;
20 FIG 2 is a perspective view of the circuit package
of FRIEF NESGRIPTH AN dFatiti@cSEVERARr FraWsFOG TBEI BRAWINGS
top view of a strip of lead franmes, such as those

used to manufactyre the circuit package of FIG 1;
FI%‘eﬁ% isaréét o Vi%w of S TESr i p GaglaﬁjéagFFamesa%lPeCts and

embdd {merdt s 25f alfli@erJfés'?é@LS ak{d anges lavehaen mtdedoparent to
thereto; FIG 4B is a perspective view of one |ead
thoge¢ ekl biedhénsthppart from the following detailed 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 lid attached thereto;

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

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

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

after frames and flanges have been molded thereto;

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

shown in FIG. 4A4;

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

package of FIG. 1;
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portion of the circuit package of FIG 1; -5 WD
wQoe4NeB8658 PCT/ US2004/ 002464 FI G 5B is a CUPCHWAZ004/002464

view of a portion of an alternative enbodi nent of the

circuit package of FIG 1; FIGS. 6A-C are

cross-sectional views of the flange of the circuit

patkage 58f M G2 tushewikmg tileweeo St agesrofiomamuf amt upéternative

of - EIGS.. 7A-D are schematic drawi ngs of a die

e %%Igngﬁgt Lchsa ?JorCLer%e RASngE g)%tlfﬁg'ci%r’cuit package

of . EIG _8A is a detajl ed perspective view_of V

st e St ErPRETPSpatRige SfeFFGOR; the Fi@noe of the
cir&@ﬁtsp&dﬂﬁﬁﬁ'éﬁcﬁﬁ@ﬂa|1dbﬁ%%@ﬂboﬁﬂﬁﬁﬁﬁr@kagégeﬂﬂ?thgﬁufacture
. enbodinents of the |l eads of the circuit package of
thergefi1; FIG 9 is a schematic cross-sectional diagram

of a portion of the frame of the circuit package of

FIGIGY; FRED a0ei schemehlardeavingw of a goetbenngfattached to

t ' Lt,. 15 package of FlIG owi,ng seals; FIGS.
the 1€§arg¢1%0%18t%er e crr%%Jgﬁ-g%acctlﬁagﬁaIOf\l/iEg%sw&f gt he circuit
f-FlI G how two enbodi nents of the seals
PR3 68015 B ottt oo ST ohih FUSS P6I APForGigs of the

cirbei MesfcNi$£0st tyr@nd ;shear rate of one embodi nent of
a material suitable for use as 20 the seal of FIGS.

1 1Agand -11B; _ i [ [ j ;
ARSI CR R b 08 RN o JLplRl Birermative

embedpegnisecef o Mdals off ghpoctironisf pehéabedofofIEl GL;
13A, according to one enbodinent; and 25 FIG 14 is a
floiehabt iof & pcbeessiof craksngetheorat cdibgram of a portion

of the frame of the circuit package of FIG. 1;

FIG. 10 is an enlarged view of a portion of the circuit

package of FIG. 1 showing seals;

FIGS. 11A and 11B 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 is a perspective view of a 1lid for the circuit

package of FIG. 1;

FIG. 13B is a cross-sectional view of a portion of the 1lid

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. -6 WD 2004/ 068558 PCT/ US2004/ 002464
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present
WO nooa/06856%1 provi des a | ow pi ece-count circuit PEHRUKZG€002464

that can withstand high die-attach tenperatures and

can provide a hernetically sealed air cavity for a

die, without the 5 use of adhesives. FIG 1 shows an

exenpl ary cDEFATILEDaOKaGRIRDDON @E CDHEI TGVENT Tie

enbodi ment of the present invention. For clarity, the

cifﬁuit ack e,100 %s shown wi :5}hout allld .The N c
i A% PTPAEKage VG SRR e 4099 afigel 992 plaecfer gpgnt  circul

pacikide anbatWedreafdstHd6an@ndidR8dithatkbane ttberatures and can
electrically insulates the [eads 106 and 10 08 from

Proyhee f PakGemeda cadd Vesd lsttherir AC@T EEY 180k s aatdigohedithout the
t
uselgﬁ adﬂbgl@%&ac%i%{gﬁC}%%jEﬁoms onz@&l e&if&u hg%%ﬁage 100,

For clarity, die,
accoypinalty ¢nwe embodineerdi eoftahe m&eaemacha&ehmlbhe For clarity,

di h 112, The eutect | der 114
the o\ EafH al PABaAbs LIB e T10" o 4T I ahifh 1GBe cireuit

paciligeeubecthelsakder ¥i4naksaooonductsnfeatoavayd £4®Meads 106
the die 110 to the flange 102. In use, the flange 102

andi§08tyﬁﬁéhlf@mw®uh@édeﬂ@c§rh@allzuﬁnspﬁéteéhémma Inpds 106 and
1082 %&ﬁT%@Qg$g£@§%)}%§X%§H“££§% %&gh slqts 1146 gngtaached to a

ectticall bonde to the”l
diedf86tacid 468z sLeh aacbyamnb§8e&290ﬁﬂd 322de201ThesBor clarity,
mnres 120 and 122 are preferabl ultrasonlcally bonded
FIGt ol PRE"PelBsY16B%afde108L tﬁPPﬁ%uﬁﬁpbﬁ% 8Y etMq008ngore die can

be £w@aéﬁ@@stéoﬁh@n§1e1é¥%5533é¥¥§M112"Dre di e and/or
| eads can be used. FIG. 2 shows the <circuit package

109h§f%%&e%tlkp 200:ha %e%lékkggggﬁe&h%&ﬁkﬂ; ffe die 110 to

described in nore etal el ow. circurt package
thel@Qaenpl QY afﬁuabeuteétnGCBahdeal11ﬂeaﬂukesxamwcts heat away

eroOTREE fhn 0, her it bl segh e che w L aie s
typPEEYI PugbynPebedo a heat sink (not shown) by bolts (not shown)
extending through slots 116 and 118. 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 1lid 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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this conbination al so enables the circuit package 100
to exhibit enhanced electrical and thernal
w@oemdetssyi ty and mechanical 30 integrity. ThePCT/US2004/002464
foll owi ng description begins with an overview of a
process for manufacturing the circuit package 100.
There then -7 WD 2004/ 068558 PCT/ US2004/ 002464 :
folievsows addeealedd descriptiom obft hehé| afigend®? a0d and its

' nuf agt.ure. This .is fol] owed by detailed . . .
man{é%é%??% i ons' ot the qule]?f&"sedgoéyar?ge%é,ed::O%BEF?PBﬁO%? of the
leatibelbbquhd coPst abmpekyteenusedenéorithedf EagBtdf4podymer used

seal applied inside the frane 104, the lid 5 200 and a ‘
forpiheedsaper fnufactari ngrphécdi ipaitepadradeard0.104, the 1id

200 {\/%Hdtf‘; ACLHE OGS Qrer Vi e A HGHI s, A a%%glcéqgégg%%gf di ngg .

e present 1 nvention, are prerera I'cafed

in strips or on reg‘%laéuéic%lﬂrngt v eGRY nti onal
WS “a

circuit packages. Sho strip 300 of l[ead 10

e USRI TSR 0B RO RO L S vention,

areansk08:ad Iy ofabebededEnin enpd herl egdl fradms Stidikilar to
300 is stanped or etched, holes are created through
conypptieads 306CahE BPOSKapRERPIEES -of3 t Hews hal e&rdpe 300 of lead

Wn 310. S S 0 e ed I a :
ccabeynat 200 TR L e Aol 0y P8k L s
twobékads, Abtieh tbhethead Bhawe strBpc360di 308&ndé&n anér afodiment,

e oA 1A of SERE. [RE 174 L rd (R O LRbRl{ Hiples are

crehtad €K Bthd RS afderardd ames, ExaphedSofl @8Bse holes are
400, have been nolded to the lead franes. FIG 4B 20

showpor$ o coRpee ehpdad Flédnmem®4usedadof romds safdegme to the
R R e RS o
Egg?gggfggﬁeﬁgg%g%fg%éfgggﬁ;aS&?sgé &gdé@i%h égﬁg is molded,
preferably by injection molding, to each lead frame of the lead
frame strip. FIG. 4A shows the lead frame strip 300A after frames,
such as frame 400, have been molded to the lead frames. FIG. 4B
shows one complete lead frame 404. Lead frames can be supplied

individually or in strips or reels to subsequent manufacturers,

who attach die to them.
Flange

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

includes at least one trace metal. The flange 102 preferably
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25 present circuit package are attached. In addition,
the flange 102 typically conducts heat froma die to a
wheat/06858k and el ectrically bonds one termnm naPCDUS100€002464
die to a circuit board. The flange 102 is preferably
made of a high-copper alloy (at |east about 50%
copper) to provide high electrical and thernal
comIISPfgé@t byl tizand 41930 $@si sbppaneahtin®etvedine-a3dach0.05% and
enperatures. The alloy preferably includes at | east
aboghe 1ra%e nerednimhe fdldnyaiato2 qhefrer ABI0h-cogppp ratios are

2004/ 0685 PCT/ US2004/,0 4 ' o
2cC B 'S80t LBpPar 3ad 8t WEar ABnte U behs any EaTey 2boue 0098
coppeb%azid capbutn mllishonghconhen. hitgk- chpese r dbRosisar preferably

acceptable. The fl ange %02 nore preferab

elegbsaP 199996 icopperoAhd "ot OF 1K SonPEmPoel to form 2
dif%gﬂeﬁ 3024 20T @Egééblavno'ﬁ abeatr opd atedW-tihcakeutor gold to

m cro-1 nches of nickel to forma diffusion
fachaithee bayederamy dboudiesl M dro-thecHdangle -gol d to
facilitate soldering the die 110 to the fl ange.
Al nereahibvekyglyt hehél dhgrgdé0202onpmpséseat atedsasabebput 99.5%

99. 5% copper an hout, .0. 085% si | ver, t hough. ot her :
CoPRPgh B EP Ctal G60F16 AT B ac CopranDe. oBPPEoNtgR Fatper ratios
arePhebepEgd1E0 8iL¥6hiuReLaUSE AfrAdd @b MEdeeM,t Ibecause an alloy

zirconi um can contain a higher copper content and thus

madpr onitdle arqaeviurheraral CateR el et 1 ERET cOPBRRE | GPRySnt and thus
profifl Horled Sndfll AP Sladic i CAMRAEAGL NN 12 it is

“provides a ange ermal conductivity
madSUpETtior stoveri oIty t coppperzinmysiwen 45lapd provides a flange
copper - nol ybdenum cqopper fl anges, which enabl es

witdi ec e e e atat 1EwpISOPETeech B8 PAtaide %6 é:%@peer—tungsten
andatE@ﬁggg—ﬁelgHﬁgn@m—ééﬁﬁ@%’tfléﬂ | pal;8i BBl EcRMBES a circuit

than prior art packages. In addition, the

packappersizt camployal boghhas fil aniggherr apngdlei mftached to such a
t enperature than_nost high-copper_.all oys.and

Fladgh] e£P t 81 PRLE250 B ag At FBRT { P5tobei fig nEFIes I

addi@® idng- att‘h@ChchﬁQ@'-aiﬁéﬁﬁiupﬁxS PrEVY OUSdy not édi,gitdre annealing
frame 104 is nolded, preferably b{ , ,

temperature than most high-copper alloys and is subject 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 Qperation of the die. To overcome this problem, the
flange 102 preferably includes a mechanical feature to

mechanically interlock the frame 104 and the flange.

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

and the flange. When the frame 104 is molded to the flange 102,
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injection nolding, to the flange 102. As a result of
this nolding, the frame adheres to the flange 102,
W@bkdohoossss t hi s adhesion is typically inperfecPCEHON2004/002464
subj ect to breakdown due to the heat of 25 sol dering
and operation of the die. To overconme this problem
the flange 102 preferably includes a nechani cal
somé eaf urtdet cfrarm:haacﬁemilaly flmwlbnkothenﬂratﬂnenl@rms in, the

theflane featur |ss wn .in FIG  5A ch
frage . g% aotl‘ =F pg’r 4% on HORELECr c i t kﬁgckfl@g @ﬁe frame
retéhﬁib@sﬁéaﬂQQéGSWOthas3% reefyeneR tionBh GpkofiN®, and the key
flange 102 defines a frane retention feature 500,

502 whpKRS| ©used QOBPREEREAREH| Oy Ofiitler| J8kighethe afozen key 502

oec AR U080, ST 104,48 ELOBE L83 M are s

theodby hprévameingt Ehéalfrhmev\ﬂonntfcrommémi@erpd]ﬂm%ﬂam from the
ntion,.feature 500, form.n ake

Flange D5 chebEn G irE AP FE SOReRIg e b dth S Ggfveen the

fra@éogmlieth@nﬁlgm?e key 502 takes on a conpl ement ary
profile. Thus he frozen key 502 5 nechanically

' nﬁ%' OfKsmdM LRt fdameJ Rt gl i %‘@)of eﬁh‘é‘iﬁdégo’ jaf  least onme

t hereby preventing the franme 104 from being pul
undemayt f portibe. fhangestozewithout theqmertlernU,mm feature 500 is
ve_to be aqued bet ween .t he

dhes .
ore Y 4 Ao A s SHaREs Rt ol B0 (e LSdexgut portions

504 | easd @I@% 10t Hadercis PHQdn | BnepOSs-SREH O0Bs a T, L or
the-retention feature 500 is preferably a dovetail

lolkipgpre, aFF cRCeRPiHee+wo undercut portions 504 and
506. Ot her cross-section shapes, such as a T, L or
| ohltpopghatkeatcape abteenitlamholrpitube $¢@nshowt el i BEG. SA is

dep¥e§%g 6%598 Spﬁmnaaiagégihgé §ﬁ§é§ﬁdggreﬁ§e$$§ﬁegyi the frame

& adj acent surfac
retéet it i GBataaburencal wd frertiaid IMel ¥t sta@ngrpunaud roftidieadjacent

surggé;;:2&02$£%%$ﬁ§b33§§Shggp hﬂtgkggtggé @H%%g@ﬂfSSi defines a
frame retention feature 500A that stand proud of the adjacent
surface. When a frame 104A 1s 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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frame retention feature 500A that stand proud of the
adj acent surface. Wien a frane 104A is nolded to the
wo b@ngessi®O2A, sone of 20 the frame nmaterial flPOBUS2004/002464
around, and freezes bel ow, undercut portions 504A and
506A of the frame retention feature 500A. In this
case, the franme 104A defines a key 502A that is within
groeve 6@®ah§ podAcrRelur abogt t 0. G2 Gindlifes t hdér adkmension A) and
etention feat 500 .i s 5 formed in the flange 102
prefStaliy hath 0 (i riie S, Soepar i G2 1o &5- 6A-C show
s of the franme retentiqn feature 500 at
’??%u % E‘gwﬁf Rhufdérdre. LH iR sndwseFFIdngectangular

va
cro@é%@ct:ﬂ&gBEQ%EQEe ddwe }flz!l@n%eéﬁt %Hl'n@ai fegiure P@O%llﬁsct groove

been made |G 6B shows a flange bl ank 102C after a
600¢i Fbe mesradgutaimig) epess:isectdefognoovbe60@lhas 602 and 604

Flé’eeﬁBfo' nedsk Agt he f) ange l]%%ge Tﬂ'lgr}]qt %Ier}ge%o\}:éq%o‘%)p of the

eratfon-creates wal I's

grod%@ Dé@oVﬁbaOQéﬂQQS@ﬁ@NXQHdEE@@ﬂ/@82&6%hegﬁﬁﬁkﬁdﬂ¥% 504 and
is, preferably about 0.02 inches w de ﬁglnen3|on and
506 hiserssty %%%E?'OWEthﬁ%ﬁ%%e%Eﬁxﬁ?dF nsPdn F@e Feepnd groove

6066Q§'h%ﬁeﬂ%ﬂﬂyan%%o%@2 afber a,Seeond, cjfeover t%h sion D) and

Cross-section groove 606 has been coi ne
preferahlyr ebeat SJGDD iThkesecerg thﬂﬂmpnmmrﬁﬁlomhe resulting

def or ns the I[ls 602 a 604 FI G, 6B), S t h
dovgtatd) |S§6‘$ee ghtd ysﬁ@ggef he ST hot U]% %6, 0:007 inches
(dikeforsmed mp) | S1682th nda@%zéﬂﬂmg heofmd%@@ts 804065 inches
and 506 di scussed above, with reference to FIG B5A

(dimersket dhid grisovereBued o Bir dbepabifgrabait ab. d8aFhcakeut 0.005
1ncl%§jef§£“ %@5'19%11%)01 sl:%lpr %fl%%pfl y ﬁb%qﬁ]bélcﬁﬂg used for

deep (dinensio res n dovetai
the af samed | ¥4 di nensi on of about 0. 007 i nches (dlnen3|on

E), |eaving an overhang of about 0.0065 inches |

(dinenstivasE) . dThenoverdhangad F)vas dypr@é@ér@@iry atoh eashe size,
about 0.005 inches for_ the Iiqui stal pol ymer _
mat?%&gﬁ”qqﬁxﬁqﬂgqﬁ@1U§édﬁ$5pe flange 10 the size, material and

temperature of the frame 104, the desired strength of the junction
between the flange and the frame, cost or other factors that are

now well within the skill of an ordinary practitioner.

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

flat surface, without gaps therebetween.

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

bottom of the flange 102 is preferably lapped after the stamping
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15 the frame 104. Al these di nensions can vary
dependi ng on the size, material and tenperature of
wo b@4fobsssgye 102, the size, material and tenpePEl/USMO0H02464
the frame 104, the desiréd strength of the junction
bet ween the flange and the frame, cost or other
factors that are 20 now well within the skill of an
opepatioasy prnardditiioneror Hleddrngeel@? dheecosthydedecathickness

nechani cal e ensur ood heat trapsfer |,
(@HIERREA B drbrhilin SPb 1 PAREETAROTS ROGEOWY it 14kainches, can
redﬁt@kﬁh@rﬁmé&ﬁﬁcéﬁ|dé£6ﬁﬂﬂﬂﬁ%$fﬁdﬂée@nb%n%héu%E%%%lngooperatlons
provi de a good heat-conducting junction between

and e uptIphekEr)etns narfl &chdap $ihsk bothenciofc e flange 102.

package should lie flat against this flat surface,
Wi Dh@g@rg@p@St hérebep@€éhcidhes st afipi hpeopet at bepsnsion  (CTE)

t t f
merhGECEh ot 8701 5) B8 LBL B b e DALt DER R Beperiange when
thefhﬁﬂgeszZSolhéréby mwevﬂmﬁlmgahb@ cirmes! packadechematically
fromly g 30 flat agal nst the heat sink. To

lll‘éﬁ*ér%%aii 1BhFérEERSEABER ONFIERe TADSTPYM &F Glndq akeD with a

£1a4020k$oRr gher ably d di ahten f he .8t R

azog’ﬁ/ ogsssg%PCT/ ngg%%?o%)g%ﬁﬁaopgr 3 ?bnsrggﬁ e thaldered to

theoflahger n&old@rymat@m@hslh@\tmtﬂnotkgneSsbeeéldlmehse@n The CTE
t.o about 0.125 .i nc

OF Fo fREB S ARGINT T oF {A66: ik | BIPRUUIEE B (ho PP/ C, whereas

the SCBAPbLIEY a0RANALAN Y 1 ANtk C%gaﬁﬂl@ﬂa{@l%/ the rt?gﬁﬁi/ 10, |RP the die
the bottom of the flange 1 5 Differences i'n

110 cgeff ifdperes 190 We@mhg@ 0oL AFE) theetdigerta hiehe flange,

d 1 102 can deformthe fl ange when
the %ged%gdﬁgﬁ%ﬁ% o the flange. FIGS. 7A-D

SeLATBL Sy by S48, S e P8 Ao 102

coollOeUhabthaSs@QHeyeUJDHEns@&ﬁ&@lﬁdhéﬁdéﬁhIhguﬁ'Qﬂ@ﬁ flange and
Sol der material 114A has not yet been nelted. The CTE
dieoroptéppper £oi (s ARG | aRBBraat apphexemeesty.clpolder 114B is

verPPAL Ly YHET 88 very ductile. Therefore, the contraction of the
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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the CTE of a silicon die is approximately 2.8 ppm C
As the die 110 and flange 102D are heated to sol der

wWo b@4@6ss558 0 the flange, the die and fl ange expernus2005002464
Later, and shown in FIG 7B, as the die 110 and fl ange
102D cool, eutectic solder 114B suddenly hardens, but
the flange and die continued to cool and contract.

theTrELafﬂ&eeCt g soldele A 14Bpbaim¥BEY h?fréi %aqtaﬁat ¥&ff¥ace 704 is
ductil’e. Therefore, the contraction of the

consexf hye FOwedn t Aeokt ar@g@OQ@ZDn@Qﬁ)n@ﬂdala@@dltbyo tHel0 inches.

die 110, 20 i ch_has ch naller t han
mif) Sghttas s ST e R SERnaTh s B oy O fltora, such s
thef kangeriodD weaMriagks Jass tﬂa@ hhﬁbbﬁtt@mzeswrrfcaqﬁlacement of
causing the bottom surface to take on a conca

700
diesﬁa%@erm Eh Ean T e gD NARSH V& (itingad enickness of the
flaxg?éitn% Relc s 181 QK. o 25 nEo ClRfer %tnvtelﬂ%lhﬁﬁiqeﬁ@dénges are

ange 102 to take on a corncave shape af
typ$ohﬁéy|a@outh@ fQ4dnger i 8. @6éfenabb§ GMﬁ@mlalxsfl@hgeythlckness

convex_shape prjar to the_saold FI h t he
(dippRpgan, gg fghg'th i 851 FF§5E l'er%%o?%eie?g% Theches  can
redB@tt GfRe SHRWhage ¥ @éf&ﬂﬁaﬁi@rﬁlg@all@édl @i ¥&e aoldering. The

shape, whose convexity 30 (dinmension H) is greater
bottamn #Wwel 2@ uMOrTRX&SNCavF { PR B dlmBérFﬁtir dicéd coining

proe%igm dgijclqgugﬂn Ocrheeren%%g'cg%ggs thg% ln Sslérrfcﬁ%%, bendlng,

['s Convex: at 1east about 0.0 es over
casteﬁgtbroforgiﬁgeréﬂﬂﬁdéﬁ%ﬁ&ﬂ&aPCT/U82004/002464 the
flange. I n another enbodi nent, the bottom surface 704

iSFIc;onvm( byioket vieen absuge 0.10205afteheshanddadoatl 0 has been
0. 0010 inches. This amount can be vari ed dependi ng o

soldarplusthaaict sandudietds heRe 6196 ngl e chRiGed surface 704

vsedy: L he unbet; ; §h2¢yand Rlacempnle of yredi engoldey 102
PreFs tﬁe&flang %éahength rvfhth and thlciness of th é?g is
mouhtadgeoamdlkhﬁ:cﬂnﬁ05|f®IWE®fapp&aédahgemO@bhw@ﬁtsonaws to the

| anges are . typi about 40 _or. 2
flaPHFCE asA ?‘P%’@%P?(%i %Nﬁ&}gows 07(96 and 070%§ flactr{:en the flange
against heat sink and creates a good heat-transfer Jjunction

between the flange and heat sink.

As previously noted, the flange 102 includes a generally
planar die-attach area 112, to which the die 110 1s 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 less 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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(dimension Gin FIG 5A) of preferably about 0.125
i nches can reduce the anount of deformati on caused by

w0 b@4saesderi ng. The 10 bottom surface convexi t RCT/8S2004/002464
preferably inparted by a coining process, although
ot her processes, such as sandi ng, bending, casting or
forging are acceptable. FIG 7D shows the flange 102

are@f tep, t heedia clb@ thad keea isolglerma-ddier etlmtantb beithin about
have cool ed. The bottom surface 704 15 preferably has

0.0@5 singhes yreBniesh sHiheMOfdn toh# ifthdRgebeys 4 micro-inches.
mounted to a heat sink, forces applied by nmounting
schésg €6 trh@evzfctkmige recatseqlrndtt;at &d abpgearkBivsirobidgy mounting

slotosh.é agk %%%?na%@@ betmeen%gﬁgggndlgée%%'s include

goo hea transfer unctlon | ange a
thr@@@édSbﬁkun?ﬁréﬁdéﬂemoﬂnsiygnbbbds.th@ thasgecdf@s, the flange
includes a generally planar, die-attach ar

102yRpenbendoginded1 -9 & dWddertds Ppdxt oo 112%?5}33/ bolts or
oth@£t§%g%@ne¥geé&ﬁ%ﬁ&&@ﬁ&ﬁyaﬁbﬂjéﬁé§e 8§§ﬁ§ﬁ§§|YAﬁk§Enatlvely,

to within about 0.0017 nches "per inch, nor e
thepféﬁegabﬂQZt cani bhi ﬁoédeuedotooesheﬁthésnbeprr athert gubstrate,
Llit ood eutect| der connecti on

fa |
obvi A 4REnTD ﬁema?g R 8%k tach area. In

addition, the dle attach ar ea agrface roughness is
preferably | ess than about cro-inches for

eutectic _solderin The surface roughness_ of the
boPEORFENIEHEL| RAGEL W5 thi TS5FERERSDI I0Ks thranthe frame 104

i 64 h t i Ng~3 o)
is f2HEdP gBLEE0abIGTEY AP ERLLR AbRalY| NGo30nE0edange 102 and

to atlbedkwds 186chnds 1§BexPurisgusbe m@ldunechpﬁhétdpe, the frame

104%’%?%7 b%?é)gﬁfiol(fgﬁ%é@%aﬁ%ﬁ 1%301%)1%0%1%02??%% 0%a2pd 108/ which

extBhEf efral Yoht 8l dé o twet MivunaouthrHud05 st aehesiperod nehe frame,
and snpboth to within about 64 m cro-inches Al so a

inter &heoadity geotidy, anfe f |Bhge H@?ul’ﬁfrc@@d?:%lﬁo@ﬁi‘—ﬁh@g? the frame
adh%%%%uJ%}Gtﬁﬁg }%gds :hﬁt”%haveidé,t'EiéHo%@%e %QESCQQHh651OH is

typically imperfect and subject to breakdown due to the 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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5 threaded or unthreaded nounting holes. In these
cases, the flange 102 can be nounted to a heat sink
W@Rr00at0b8ss8 substrate by bolts or other fasteneP&I/US2004/002464
ext endi ng through these openings. Alternatively, the
flange 102 can be soldered to a heat sink or other
substrate, obviating the need for nounting slots. 10
betyeqrsthaslepdvamlisthe notas .Wktsh shefver énc&Ite BAG the holes 310

o A P M DAL LT
rob B bt BT r GO G BN (e RRdLoA08 ali 308, i gAntribuces

to Ilnexterdfinompeutrsidanthe §fanee t rigugh si dewablbs ofigg,  The
the frame, into the air cavity area. As a result “of
conqpel Vot di g, at Head afd @rhdf®s iso prieporsdgsalocaral lateral,

10 ' ' ' typically inperfect
PR ipr I TR e (MR Rk e B Bcrrgent £1ow
thramgh opkeatlican!, ofctdres-Heant iBMa0V et TEof hitBeprn@RlceMBecause the
0 106 ,and 108 preferably includes one or
e

eac | ead , ] .
hol§8r d1f esadiepentiian CHOSRraresiPBadedtre tife erfition line B-B
in Fﬁ?.fgﬁvn%ﬁgyhuﬂgg%J‘%%%déﬂé%%ﬁ'%@zEeQBHrghgﬁg'BEStﬁé holes can

| east one hole 310 through each |ead, as shown in
be splpciged Aso prévimise ythet bdssthe ehdbesidd Ocandudoinedy of the

' I S 6 and_.108 en.the | ead f 25,300
reagq 08 g B 5r PEbtHea By diEbl J D ederiPBadhe cross-
sectlna#indardf8 cifnciilesead phur aldstty ©f apeher alky although this
rect angul ar holes 310 arranged in a |line where the

redyclRR 1 R 195 Reictl &t FdS eraduchivify Adl Bhagresekeing lead

4 apestherdmoplastic flows into, and then freezes in,
meethe hoﬁ%g 310, thus nechanically |ocking the | ead 106

i £ hi f 104 d ti th
SRR T RS0 11 102 opt BNl Butle oo rrane

themm@idhsesiovethat becaatddeédeezd 4 MO 2004 068858 eads 106 and 108,
. PCT/ US2004/ 002464 between the | ead and the frane. As
Whl%%o%hn+Wﬁ%ﬂ%§ B¢§ LREURbELeR 3ppconductivity of the leads. The

longer dimensions of the rectangular holes 310 are preferably
aligned parallel to the direction of current flow through the
leads 106 and 108. Depending on the thickness of the sidewalls of
the frame 104, the holes 310 can be square.

Another lead reteﬂtion 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) 1is stamped. Although a hooked edge 800 is the
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are preferably conpletely covered by the frame 104.

El ectrical conductivity of the |eads 106 and 108
w@omisdset es to the overall performance of theCTUSIIOS/002464

package 100. The 5 conductivity of a |ead 106 or 108

is proportional to a lateral, i.e. approximtely

perpendi cular to the direction of current flow

pretbrogghetibedimat: £50Shisecidahaletangd oof febeulreadother shapes
Because the hol es 310 reduce this cross-sectional ,
cangrkéy P§§€ secta™®h-95 netp-Ipmg naPF€9t8§ et Q'3 ffbepr® sShown in

croggaggggmm §Illzle1@nd81§h§tpea(5ﬁA_tEhe hol es can 10 be
selected to minimze the loss in effective

COﬂgu E% l§¥89& Eﬁ%cus %ﬂSW{Q% QQ%e%%%cepQﬁfeﬁﬂply% ethe leads

the h Ies e cross- sectional area of
106] eadl at0®oatebyisaobuto 28%ecalkthaligh Khmaecmedﬂﬁildme 110 to a

. can. b reater if the conducti.vi e
cirfahg Hraete Gosttn LikEor 14 165 iat et RPLE R grace of a
highaxbpbée hheopnpaint s raoe cdﬂwﬂmmoawoemeafgoe@n electrical
freezée and | ock the | eads 106 and 108,

conﬁuﬁthtMg apFe toedixiGlonthe E8Bdedt ithe yfmmee héOI‘leaéﬁegh copper
S n r .hol
leaére pre er ab?dl |C8anried8%%(?lg%{f§%€ ?ﬁgeédl ?’ec Ion (%r to prior

artCureaas, fIWhNdH1rQgghcbh&yZO:éﬁ@Mﬁ&xiO@Z&ndniﬁﬁel and 55% iron
Dependi ng on the thlckness of the sidewalls o

e
(COFRGRBY 16BOVEhe oS3 16 cantThe? ¥ Aritt h ?aﬂ%%aa% and 108
are! BLEALLAN1 | eI UECroSTOVEL il Godhs IV ifles o i iB@keds nickel

bent (hereinafter collectively "hooked") edge 800
to rﬁCdgre adelprféssnon dva mytileer Jsayew:tane about rffarmipeo-inches of
s W thin the

06 _or 108 t.hat
go1§ Fookariy: Eru P rren gt AL s ‘Z%ddec%n&acar at
the_ | ead. be seen.in FIG urin ,
oner aikads | 2P0 BReC T | Prey e rsb Ty iatg ofn B alloy of
bet@'étewa%@)oﬁl%c'an/pQ{ﬂd Ab@ft thi g strae! UpSewdder 8B%ut 0.015% and
creating a nechanical barrier that prevents the |ead

abou6 Of.fldkm FEiaspherlused BT waan cibaute ¢ +Gave and, ahfﬁ@t 0.2% zinc,
...hooked % .ggi 0 er LIUCLHN &4 0 :

w1t:1:]1 k‘rh %gg n é:éiﬁ) '086\1\131%% t1:nat eadHTpl ethe% ﬁg@grlals are,

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 1is 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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300 (FIG 3) is stanped. Although a hooked edge 800 is
the -15 WD 2004/068558 PCT/ US2004/ 002464 preferred
weedvadossesit for this | ead retention feature, oPEEIUS2004/002464

shapes can be used. Exanples of sonme acceptable

shapes are shown in cross-section in FIG 8B at

800A-F. As previously discussed with reference to FIG

and 1abbhé |@EdBH% SpAdsplarnchid 08batecasedbomtel ®c3% i aall yabout 1.3%

circuit board or the Ijke,

the die 110 t
COb%ﬂnnei’m%Gl ghauioéjoa@r% ABfe oL HifghtéBpRdtd althsy balance

cophét . | Bastp R0 CRPeino %EO%b egoqq %h?gtﬁbﬁ6551tlon is 97%.
conduct|V|ty and to match t E of the frame .

Suchy gin cadpary Il@adévpitb@bb@ efmruaﬂaln c@@@@@tﬂa\tupyl under UNS

r to prior 10 art |eads, which
des{%ﬁcaﬁy corrpdr)| se 42% ni ckel and 55%| ron (commnl y

as_All I n_addi t.i ds .106. an
OO prafbrlat) Vel GEROIATOF WiTh SOl 106 and 108
incIudd©- b@th@énOEUBUﬂ“ﬂ 3%0aﬁ@r®b%dﬂfitﬁ%omrbﬁrﬂﬁﬁkween about
Ia er and about 65 m cro-inches of gold to facilitate

%%o%%fg bréd éﬁw%w,n@eﬁwepeaé@utlg fhe peddsbout 0.2%
magﬂégﬁﬁmd égé %%% Qg O&h@n @ f@%f%d £ lation in
about A b Jout

bet weeh abo .6%iro et ween a
thid. (b]lﬁ%xawd:1@0@@9&5%phosphora&;utbetom dlout, about 0.2%

0..05% and_agbout 0.2% zinc, wth the bal an cop
DhogsHer s AB6Tht Or Hobe THEFERLANG B 2bntanggs 9ebBer. such an

allagcept abf£i1 ke | eads b@iﬁ”@bﬂ§gkéﬂfbﬂnﬁﬁdgfeﬁﬁ&ﬁbﬁ¥81gnatlon
20 made of about 97.5% copper, about 2.35%iron, about

C19%®9% phosphorus and about 0.12% zinc. Such an al | oy
is available from din Corporation under the UNS
de&ﬂlghla@roalm@rhe@ivwamgon@obsértdm vﬁomonbesilteiams i66 and 108

inciife TRt il e dRooT DS Pa% copplr CARa b3BvsmBuRbouE 0.1t

and 0.ab¥uzi roomurnlcSmh agpal tey db%u%VaD'@Q%e H¥PHddys and the
Cor porati on under UNS des nation C15100. her ratios o
balagfce heaePremt erfudls ae, Howeveds agveptable. fopm Mitsubishi

Eleé?%ﬁgﬂé%rﬁgkéﬂléﬁlJHHQ% %%S designation C50710.

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 1is available from Kobe Steel, ILtd. under UNS
designation C19210.

Yet another alternative composition for the leads 106 and
108 includes between about 0.5% and about 0.15% iron, between
about 0.5% and about 1.5% tin, between about 0.01% and about
0.035% phosphorus and the balance copper. Such an alloy is
available from Mitsubishi Shinto Company, Ltd. under UNS
designation C19520.

Another alternative composition for the leads 106 and 108

includes between about 0.15% and about 0.4% chromium, between
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bet ween about 0.05% and about 0.15% zirconium wth
t he bal ance copper, is also acceptable. 30 Anot her

Wa@baoa/068558 ve conposition for the |eads 106 andPQDB8S2004/002464
i ncl udes between about 1% and about 2% i ron, between

about 0.01% -16 WD 2004/ 068558 PCT/ US2004/ 002464 and
about 0. 035% phosphorus, between about 0. 3% and about

abO\}%?O/OO eohald 'abk?J%ttV\@eril/aQQ‘an@uﬂl% BBEwabeUALAYk th N0ZMdand about
e bal ance copper. The preferred anount of copper in
0. 0'thi si Composatd ohhps b829sIce SGORPEA - aPe) B8 @ldiddapte avatlable

fromdi or d
From e LS gﬁa coUrrp%Eonge o TR0 2042" 166 and
i ncl ude { % 0
be¥%eﬁn816g‘ﬁ‘§f Ete)lt\g%engﬁ’?g %gg%?m%O/S s ggpﬁ%rultsk?e/ 1%8&5 106 and

108 aRABE 18 91% ANk POk B: 200 sERGRRSI ammand Bhe rhallarice between
copper. The preferred fornulation in 10 th

abott t @r i jaed compysi @it iss 146 BeBRPRoRoOboft 0b% 8pd about
0. O%ﬁo;@‘:&% Eclﬁ?éjougnc?l Q370 magn clém %@?p@?om s@8 an alloy is

oy IS ava able fromdin
ava CoApDs afron wodey NG desiagnatdmpora@Lg7ooundgot Wag designation

L alternative conposition for the | eads 106 and 108 15
C190Hhet udes between about 1.7% and about 2.3%tin,

bet bout 0.1% and %
oeaﬁgﬁgs%ﬂm@aaﬁaae?wﬁrﬁpﬁ% R Doty el 084 ana 108
1nc?%d8¥ b%t@gghl%@b%tkgoggMéﬁﬂﬂﬁﬁﬂﬂt El &£t hi&kel, between about

rporation un signation C50710. Yet anot her
0.2al batnabiove clamzossliororf,orbetredreateouos aheh 20d 1880ut 0.45%

i ncl udes bet ween_ ahout 0.05% and Qut ron
magggﬁﬁg@nangboE €. gndx§§§ﬂi 0 g @66%%%%%%¥€Sf%§%ﬁlatlon in

thikh& bc%x%@c%v%op@&hpos@%h ansaldut s3a0ai lrahkelf,r ovout 0.65%
Kobe Steel, Ltd. under UNS designation C19210. Yet
silanotherakalter fat § % e MeORPES ML @ﬁldfgo?b‘?lh% P8ads f¥Pgfg Such an

alloy is available from Olin Corporation under UNS designation

C70250.

vet another alternative composition for the leads 106 and
108 includes between about 0.3% and about 0.4% chromium, between
about 0.2% and about 0.3% tin, between about 0.15% and about 0.25%
zinc and the balance copper. Such an alloy 1s 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 KLE-25.

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

about 0.2% and about 0.6% silicon, between about 0.1% and about
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25 108 includes between about 0.5% and about 0.15%
iron, between about 0.5% and about 1.5%tin, between
W@bau6$3591% and about 0. 035% phosphorus and PEEUS2004/002464
bal ance copper. Such an alloy is available from
M t subi shi Shi nto Conpany, Ltd. under UNS designation
C19520. 30 Another alternative conposition for the
0.2% eplgesniperamoendsthe fed laters vopmean Sbobt 20. 25%ands available

AN TN TR o

titanium between about 0.02% and about 0.07% silicon

and the bal ance copper. Such™@A€alloy is available

fromWel and Werke upder UNS desi gnation C18070. Yet ,

an%“?héllo%ggt S v e L BEFPE SR ftgr ilfe | dadsthee Thsgpe 104 is
mad® d£8ihettas ﬁ&i&@H”tHﬂ%%%?ﬂ%é%%baﬁgdagguholdé%?to the flange

ni ckel ,” between about 0.15% and about O. 35% si i con,
10Zpandetn &bsutlc@ds1%dndrabdfi8 - losmWatrosiphore dimel flange 102

[ an: r.. S al ' aval |l abl e _from
- B BRI o, oA ShhYetRs BURERL S chac can
witKA081d. dild-Anod dtert aljearataidese (CBOpASOPCOfoironuEAesoldering or

I §§ 106 and 108 incl udes between about 2.0% and
3905%2 tC4. 89Fni REIL pePheeh 2Pout ConverhhenaboutCEsqymelt at

temSbth €QFes bBEVRERL R, +0. QR4cand, ab éug'ég%@c. The frame 104

magnesi um and t he bal ance copper. The preferred
preforavl ntinpludes thdse atesmmatinde coopposidsi tn rsiaboits melting
3.0% ni ckel ,. about, 0.65% 15 .silicaqn,, about 0.15% ,
tempe BT Cim S HbOLE S 7ob Sp CTSCRaRL giPaySien (CTE) and

redayai 1edlge fieam A4ty Goy periaitiugr under cUNSedeshanat tAB material
C70250. Yet another alternative conposition for the
of Fhadérave afdr ipglpAénddeBebsesiten amdueouPgupdad is referred

to B 75 betwebn APOL D T and AATr 0035seorRe Hpgerial.”

thﬁnbgkgﬂﬁfecggpgﬁ'a§8ggtgglglngiﬁsigvgﬁéagkgtfEggludes 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 1leads 106 and 108
(approximately 17 ppm/°C) and to disrupt the anisotropy of the
thermoplastic compound in the frame 102. The CTE of the frame
material is preferably adjusted to be within about 60% of the CTE
of the leads 106 and 108. Spherical balls of minerals 900, such as

talc, preferably about 2 to 3 microns in diameter, can be added to
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Furukawa El ectric under UNS designation EFTEC 64T.

Anot her alternative conposition for the | eads 106 and
wQa0®4/068568 udes bet ween about 2. 7% and about 3. F@#/US2004/002464

ni ckel , between about 25 0.2% and about 1.2%silicon,

bet ween about 0.1% and about 0.5% zi nc and the bal ance

copper. Such an alloy is available from Kobe Steel,

theltgkp under UNS designatd oBeKldsRAR:  ¥et andt B@out 40%. Such a
al ternative conposition for the | eads 106 and 108
compnslitdekabet WeBR abokout dhormel Hhdw 22 oW’ kel |
bet ween 30 about 0.2% and about 0.6% silicon, between
abgotttpRit& dsd @ibEfigrabli8 ARIRD0H068858.CP to reduce moisture

. _PCT/ US2004/ 002464 0. 2% phosph d t.h |
InEEobRRE LoBuchIah GFTRR TS S AT A G O (T Es (R gt genesally
plagggctﬁéﬁpﬁ%@omakeg wider (LASyHesidgeabinoniMF224.. 9), however

rame” As noted above, with respect to FIG 5A_the
othprangotna iaf Trambétel i Apektidh MoHded PRerfoprasti @re also
and_i s _nolde f ; |
wcolfbBe ™ el e Lot and g g Sae 05 communar
duriingl udegeathbnyi deteyst abipodynersidroidamtlxamltering their
W t hstand di e-attach tenperatures. (280-330C for AuS o
eff§§¢ag@pﬁ§sor T960- 4289E £ or I 2 dep%ﬁﬁ?F gralege flakes

incEpRventienak1LeBs arLt AbvdObdenmesadmies. bet ween
about 300C and about 330C. The frane 104 preferably

in%ﬂ%ﬁgﬁéﬁﬁf&éefigﬁeén oROMPAUNAS G, BbSR Nh$ers, preferably

meltin tenperature, adjust 1ts coefficient o
roudéymapaexphasi ao (EXEprand swaces t ofpedteabivieiey 104, thus

to .noi sture. For nveni ,_th terial B :
Crerratd TO%COPHE! BACHG CHE PO MR SHI bt 1 df: Bren if the
lay::egfserarr%d nbr iy hene hereithasesaetiher Mmplfastds; the presence of

mpound” or "frame material." An exanple of an :
theaczeplabie iekipits Baesthae inRELLBEatpaRa- The graphite flakes

hydr oxybenzoji.c acj d i sphe t hal i.c i
904An%§ﬁ%radggggpﬂgg%eCFgrﬁﬁ?apﬁén%?%EPﬁgeg%§b06%%?€%%4 match - the
cop@ﬁﬁpghwdﬁokﬁb&mkoﬂeadacﬂd6(HBA)1a&d The frame material contains

6- r - 2- [ [
betwegg %ﬁ%ut n%ggthgég %ﬁ&%ﬁgHN%%' %&Q%Ei%gcegiggég, preferably

between about 40% and about 50%.

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

fiber.

As another alternative, or in addition, to the graphite
flakes, other compounds can be added to the LCP, such as iron
powder based absorbers, molecular sieve filters (zeolites) and
calcium oxide (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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20 fornmul ations include terapolyners of HBA,
4- 4- bi sphenol (BP) and terephthalic acid (TA). FIG 9
WO 2008/06858&mat i ¢ cross-section di agram of the fPEIESH04002464
showi ng sone of the conpounds in the thernoplastic
compound. Filler particles are preferably added to
the LCP to nodify its CTE 25 to nore closely match the
In &&i bfohheihdacisi dD6: sk Hul(dper ddptatstloyt] 7 pppfeCrbly less

and to _disrupt the ani sotropy of the  therpoplastic
tha]ao%%%ﬁdbr% gﬁ%mﬁ%elrﬂ?gtl% EFE S %6Re SPPARE e kept small,
pref@i&h1al 168sPEREST aBbYt ag] g%gﬁg,teobﬁimﬁma @Qanle{éQ%/o time of

of the CTE of the |leads 106 and 108. Spherical balls
theotharnepahst900conpetndsigothal ¢njpeeienabbydabobargel. A gate

t m in di aneter, ¢ he .added to . -19
at 2%61}/ 06BBEECBET? USSa08/ 0T RuP AT op gy ri6Es Miow of the
thetoopbastati onsofoldput 30UrtbyabouhcAOIBifyCh shear on  the

conposite has a CTE of about 7 ppmiC to 22 ppm C.
thegpraphf el Fs GAMIRIMSDI y CaddRE: - t HESLCPOLBMpEdugpins and  the
LEEUr@ kY i Ibnatl i PRe TS ARG 18 £iably Hp
gra?%e fornf%f general |y 51%1ag%? %%aphite0§$a ég gﬁ% preferably
inj¢shednaedgecomén ¢f Ghe)frammne\dr oot betweennshef leads 106 and
108gr@ hi t.e,. such as balls or ar.e %Jso
ac

huhk .
ptHREL A%, HHi TR ¢ R é?ﬁ%ﬁ?ténfl et YU frame, a

min¥aip SenrewidinpeddtiuRg i0f egddian, 28 Cr , iy bPeBErably maintained
significantly altering their effectiveness. The term

duriggnehal N9lPi agaePFalpite flakes" 10 includes such
fl akes that have been defornmed. The graphite flakes
904 pmefietubky barmitayefslmpréfer pbeferablghl gpplied to the

rallel to exterior_.surfaces qf the fr 104, thus .
eXt%JJ?%a(g i NG fgar eusougjfpatt fs 90B T ogoéoi%?u?fggigﬁ il tl?%%%%. molsture
infEvenatiohbhe aAliayets iare ot tpar aFieh t@ah heveXxtagypglaled to the
., surfaces, the presence of 15 the graphite inhibits .

int@piQtucd | HRP| frafron 0 ThePgraphrbesf Makesiades Highide amine-

bas@gjéﬁbxﬁgg g@%iggbﬁgengg %%dmﬁﬁ?éﬁﬁgﬁ%%éﬂ?%ﬁy Eﬂ@ trade name

copper alloy of the |lea 106 an ane
Bainatadé al pebyhertsl films and polymer-ceramic films.

Seal

The frame retention feature 500 (FIG. 53a) (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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bet ween about 10% and about 70% graphite fl akes,

preferably between about 40% and about 50% 20 As an
w@bkdoa/68558 ve to graphite flakes, glass fiber 1PORUSZN4/002464

be added to the LCP to increase rigidity and adj ust

CPE of the resulting thernoplastic conpound. In this

enbodi nent, the frane material preferably contains

rIGbeineen:abowe 3Q% anshaboitty SP00 b agsn bebersed?Sinsstcead of the
anot her alternative, or in addition, to the graphite

one f$edkksl 0@t her conmpounds can be added to the LCP, such
as iron powder based absorbers, nolecular sieve
fiToersréreoti tgsdd amthaslai umfoxitde (cgelansui tapl he frame

zepl jtes are avail abl e from Sud- eni l.nc. :
mat??%%t’nﬁﬁ%ﬁi T3 p 8Fé8g; b?err?ed&ﬂ%%efé%%%ﬁ}gfoprlor to
appl esstibancabeut GL08%tnoirkyhe edriering, befores well-known in

injection nmolding. -20 WD 2004/ 068558 | .
the PCILUS200HC0B246E IR hddi S | oFe | nPEREPBH R hresMefibRg Produces

acc%étglgfé Sr]hgétgl’%@.r efA%]rqt%quﬁétli%§y t hgReabpm®. Zraterial can be

conds. Tnjection shot sizes should be kept snall
clepnheflewabhysbesentbhaprabguet2hgngmsA 06 0ABnilmicke inside-diameter

residence time of the th | asti d i h
(ID) nP@@@iL%nlﬁoPH%ifeB%?r%l usgg gm%? eda%%et%s{:%?g%%u?elc '1P(§%’re seal 1000,

andSht 8. pief ehaR! Yprestai et ss fp ¥ ofadine uddierywpliagleinge material
compound, thereby increasing shear on the

fort heembpl E¥Y3 ¢ Emssundeedde orieams t Kétpol GierCehaihs e used,
and.the g hite fl ak 904, . 1 jaC 2 .
depEgHbBHN ", éﬁ‘%rcse g?a%?ygﬁle n‘?%%%%%fé‘%&?'m ngﬁd&?n the o bubbles
in fﬂ}ﬁﬁeséé)ﬂalﬁt, bet wees ttihe | @ébsls] dd6neartd, 18udes. pliop is used to
mnimze the amount of stress in the resulting frane,
pumg thAEnPRBAPAGI 80t ERPeR8EUr@S of about 250F is
preferably maintained during the nmolding operation. A
moideur ecbaprntermat¢rial mustarably appfied tGrfRSity between

abo%é}??h%é.%ugkapgﬁogg &Eg §£?§9a9Q§ diedurihes Jediscrit 0.95 per

second, and a viscosity between about 12 Pa.s and about 30 Pa.s at.
a shear rate of about 9.5 per second. FIG. 12 contains a graph
1200 showing a preferred relationship between viscosity and shear
rate. A low viscosity 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
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15 infiltration. Alternatively, the filmcan be
applied to the interior of the franme 104. Acceptable
worioe/06885% | ncl ude am ne- based epoxi es avai | abtBUSI00#002464
PPG | ndustries under the trade nane Bairocade,
polymer-Al filnms and polyner-ceramc filns. Seal 20
The frame retention feature 500 (FIG 5A) and the | ead
alipkaenti orposdider e 88011 Fl GSuBfrbpeovidedgmeds include amine

chani c connections that inhibit infiltration of
harfEROEr o AT AERGSRhEr | ChogRee. G4 ol FPOR. Qnearalyne D or
parfrane AP4 prefesgbd yridel wdassonslddiventiss. and an
exterior or interior filmto reduce this infiltration.

To 25 further reduce infiltration, as illustrated in
FIG 10, seals 1000 and 1002 are preferably applied

i ngj,de {t:he 1 g € qfofsa 4,
nehge e AR 190 s 08 SLMEEPTRARE e 0z 11
hast beefir ahbaoieed std hiehé¢ | flyeycl 022 A kdwetimically bonded to the

r o§§-.Sect | in_FIG , Seal 02 is effective to
leaé?e@@ﬁta@ﬂfﬁﬂﬁ*aﬁ?oﬁubg%%ﬁénf%% ?ﬁ fRarfdev o2 hnit ¢he 132 and
13sfrene 194 aod te preverbplpf LhtrabbRDca ey WRENdEReto the frame

franme 104 and the | ead 108. Alternatively, as shown in

104, 2prefepably 088588 PCVAUS2004£00Ra64hEVB1g12B reguency between
aboggaFéi%%g9gﬁﬁaggo&gq%?]8%?e§$ %ﬁ?%ﬂkﬁ%&ﬁﬁg %%s%h% aoggbout 100

a O pronbte good adhesi on~0 € Sealan
mickbesf (acee préesratbly thesd ramm et etiicaloniss .preferabkyvely, the
. Cleaned prior to 5 application of the sealant. Plasm
lldc%ﬁn?ﬁ@, baslasenereldsdir ittatheredded Wretdcokyges iL84-
the predom nant nedi um produces acceptable results.
Al Ferrarivenyl tRErpegRdcmiplestal ol Bag ciededygs hhave not

bee 0|§§Q&S s bye§10hif ﬁxP-Qgﬁddl h i%gﬁyaé%ian%%%ﬁuse these
ID) needle is preferably used to |sﬁénse mat'eri a
confrent seadl 1008chdDgaesl audke 0llbwarch wieddieed! € regiuencies, which

used to._dj spense material . for seal 1002

resgﬁﬁgﬁaﬁl' Q;&iagglbgh’e%ftEBErggpkﬂgqg¥%’w1rebond'assemblies

mounted in circuit packages. The higher welding frequencies 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 1in much less time

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

There 1s preferably an interference fit between the 1id 200
and the frame 104, so portions of both the 1lid and frame melt and
fuse together during the wultrasonic 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 1id 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 1id 200, as described above with respect
to the frame 104.
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dependi ng on the size of the desired bead. To m nim ze

air bubbles in the sealant, a positive displacenent,
wWao@enegsesp i s used to punp the seal ant to t hBCT/US2004/002464

needl es. 15 The seal ant nmaterial preferably has a

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

a shear rate of about 0.95 per second, and a

viscosity between abeuiurb2ztaiscandtabodt 30 Pa.s at,

a shear rate of about 9.5 per second. FIG 12 contains

a WeARNR 151200 whowhqe pref ereeshd el @dj onshhp heEWEER 108 and
VISCOSIté and shear 20 rate. A low viscosity is

lidpréferred dihehi ghrshésr packsge sdOthe ipaludiab camtéeials and
[ s i ckl r hi gh vi_scqsij i S . .

prof SRR S St P SRERPETE: palaf Bnh Bl blep pplesoribed in

detlkds beewe.dFspentedcontatingsa neimplti ddef Iietd:d illustrating
preferably has a cason, viscosity between about 25 3

3 PBRCESEmd PAbYhE-C7. BRpaCETCihb PREER92 L Q0 tHRX AT dde and used.
index is preferably between about 3.5 and about 4.6.

Suifttatl 49 Gratterfidiss feghrieeorsesl 11000 igndadeoLamdihgde eads 106
e i e idd~co f I j . ui.tabl vy
socBN e LSO o R0aLA%S, A ret nian
copgelrv erltl oys uehicas t2-1400y | A30 lalddt, athe)l ean @ e tawee puatadietd, etched

40% and, about 60% epoxy. or. sili e _resin. The epox
Or QP Ber o MeRanPe LRS- BReREl ROor™h CREFFE ORg b the lead
ret20@4/9682a8 uREE, Uz200400024R4 «Rhd phatiKe eRBdS€ 06 and 108 are

resin. Suitable hardeners include am ne hardeners.

curflecer fRtitvel §tamprd sell ctaheBe onndéicoflaRt af yaree D3BP to create
Par.yl , ' e on Electronics. Lid
enafena il oK igble kLo Conts

e franme 104 after the

di 1;? $as been attached to the flange 102 and

eIZ%ir %%.4yab8ﬁ888dt H eFOPssasaféé and TS afor the flange
102suig@bl £1d, dc2O0fisnghown2i AsFlEedriddfeandroh3BheThR cond high-

lid 200 is preferably uItrasonlcallg wel ded to the
coppegnglloy made at 1408. At 1412, the frame retention feature
500 is coined in the flange 102 by a progressive stamping process.
Optionally, at 1414, the bottom of the flange 102 is lapped. At

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

At 1418, graphite flakes, talc and/or glass fiber is added
to liquid crystal polymer to make frame material. At 1420, the
frame material is dried. At 1422, the frame 104 is molded to the
flange 102 and the leads 106 and 108.

At 1424, the interior of the frame 104 and flange 102, i.e.

the air cavity area, is cleaned. At 1426, the sealant is applied

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

and between the frame and the leads 106 and 108.

At 1428, the die 110 is attached to the flange 102. At 1430,
the die 110 is ultrasonically wirebonded to the leads 106 and 108.
At 1432, the 1lid 200 is ultrasonically welded to the frame 104.

24~



10

15

20

104, preferably using a welding signal having a
frequency between 10 about 50 kHz and about 60 kHz and
w@pooaiglssg ude | ess than about 100 microns (NOPET/US2004/002464

preferably less than 60 mcrons). Alternatively, the

lid 200 can be | aser wel ded or heat wel ded to the

frame 104. Conventional ultrasonic plastic welding

teﬁmg%ﬁeh%%@l onPeeM %@&taeésﬂbéadmw Gdiedhce to a

packages, because these 15 conventional techniques
prefmer¢dverborintmy firlerpemdidd edtinctiheesukt wihlhiigerstand and

anpl i tudes that can, damage wir bond sse Iies
20D TRUEH [ 1 AT L pAORAgGeT TRE ni'GHer NI ngtill Femaining
w1tkﬁi@que@0$§§rptf i squRs eI tlhléV@fels@ﬁtr eswkhtibnl ower described

anpl i tudes and, consequently, do _not damage mnrebond
in gdwenBPresdedonvbmtionallOy, PXaEPkPe AHAWEheROWRTt Flie can Dbe

vatt&#ﬂ&&'%opeﬁga?gl g@twlﬁ oé%CQghS?'g ﬁerAQMHQEﬁQEQPS£¥ther than

ul'trasoni ¢ we can in nuc ess
belmgnEolﬁappdokhanéEby EEOa@&Etlonxham epowgltukeownnes the art,
hours). There s prefe abI&gan |nter erenc

X.
2167F b e 19GT00 SPLhe PYGREt104 i THbirities,  so

conQ@IEu@H@sO&egéffbéﬁmhéﬁéiﬁﬂﬁbfddﬁ“%é@@ééa@ﬁdy %5tEQSQOO/.
together during the ultrasonic welding. As shown in

thﬁ%%gBﬁahs%ﬁE'QEahg Eégén%§gh Eggtufg 208 Qﬁﬁfgﬁ@bhﬁnvex1ty H

i nc es’a 00 that nmelts and fuses with
of fhantldfde Hh’etd:mdh@t)@ begen plesfaridisidy umadtéleofconﬁ@X;ta@é a high-
as t fr ne 104, as escri

be
coPBﬁﬁlt#@ﬂn tur@eﬁgrrFEPOV? nis ?ﬁgpré?erablépllcable to

con@@ﬁki@ﬂalOflaﬁgés da 29051 @sgdlesdddest ahmea wattrials. Although
respect to the frame 104. -23 WO 2004/ 068558
the pCtewS2008t602460 KRALEAEBUr PAY, DeBAPI s2DEt aithgigs respective

alt%%ﬁa%#@?%ehgyé é gérlkggd%J}O?h%n%dHyéfy“%f|Eﬂgh copper

e CIrCUI pac age i hc ing materials
leadbyl tpeseessasvaseons mfaﬁlmt@gﬂmmm@ comanemtional leads
been described in 5 detail ove ai ns

andsﬂﬁﬁg?fmégengmEF%?F m@W%E&q rﬁ}tﬂéﬁgﬁh%h rame materlal has

been described in the context of a circuit package 100, this
material can be advantageously used in other contexts, such as
those that require a material that can withstand high,
temperatures. Examples of other applications of the frame material
include high-temperature laminates in printed circuit boards
(PCBs) and sockets for electronic components, cables, PCBs and the

like.
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a process, by which the circuit package 100 can be

made and used. At 1400,

woreae/ 068358 t he | eads 106 and 108. At 1402,

are fabricated fromthe first high-

at 1400. At 1404, holes 310 are punched,
otherwi se nade in lead frane 300 to create one of the

| ead retenti on features.

| eads 106 and 108 are

Wha‘@njt§ hc,elél firé';\.rre
re

curl ed, bent,
300 to create

ention feature 800. At 1408,

alloy is nmade for the flange

2 oy a8 5k h0e AP F 14157

featurea BD&ngs;coined in the flange 102 by a
progressjve stanping. process Optional ly,
the bot &b %?S’Eggn?l%.%gf i s

graphite flakes, talc and/or glass fiber

104 | HOFdeh ToPheott

aleld

| ‘ange

a first high-copper alloy is

| eadPET/HRTDO4/002464

copper all oy made

etched 10 or

At 14067v¢ he ends of the
stanped or etched

the other |ead

a second hi gh-copper

| apped. At
bott om of srhef IaRd 02 i shavde aee8Yend 260 A:ij:gégrb&, least one
is added to
| i yedd; cveralinpol ymer to nake franme nmaterial. At

15 102. At 1410, the
m t he second hi gh- copper
“the frame retention

at 1414,
1416, the

St R s g R

and

108. Atthd24ranhe coherigys od therfwaiestéd andddiaigehaving a
102, i.e. 25 the air cavity area, iS ¢

14peltihe BREPERELVES PFF3teRlr s ERoUT
between the frame 104 and the flange 102
the frame and the | eads 106 and 108. At 1428,

JHs

d.. At
uirdari es

and bet ween

2. Thep qigFcatittadiredkads Ofe Clpalgér 162SraiR1430,

108, 30°A 1433, PReG°

bopded, 1.0 {he, ligad

200 1 s ul trasoni ca

the die

the die

p d
ﬁ?&gaéﬁged

to the thanefl@dge- 2deWNEH04 1068588 ROCHHISIFEL/ 1 0G2464Vving an

een descr,ib

Wi, | e tge 'nven%hgn has

t 0TBEBFEPEFT BHOENDD AP RBRT ST HG
will ungdeestand and appregkat ent hahtvakiat i ensteal beith the
made while still remaining

interlock feature.

3. The circuit package of

is dovetail shaped.

4. The circuit package of

is T shaped.

5. The circuit package of

is L shaped.

6. The circuit package of

is a groove in the flange.

7. The circuit package of

claim 2,

claim 2,

claim 2,

claim 2,

claim 2,

wi.th ref

nce

G T ey (RS e/ and

wherein

wherein

wherein

wherein

wherein

stands proud of a surface of the flange.
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within the spirit and scope of the present invention,
as described 5 in the appended clai ns. For exanpl e,
wO owe6gsstver die can be attached to the fl angeCT$1904/002464
epoxy or other adhesives, rather than being sol dered
thereto. In addition, as is well known in the art,
alloys typically contain small anounts of inpurities,
8. 82 GoRslikt yapksgdeser thadnhel eRe £oimot necessarily
total 100% 10 Al'though the frame retention feature
500 andth@e @bnvksdsly Hpnef hawd f [dgdgacot 6m Rgget one hole
be ] L he context of a high- copper flange
10§?e?§2§%$€§ﬁbva éons are also applicable to
convent aopalrtfilbanges and fthamgeplaatdécoff ratteermaterial extends
materials. Although the |lead retention features 310,
80BNEAUIR hERF PRtPective 15 alternatives have been
described in the context of high-copper |eads, these
i nnovations are al so applicable to conventional ]eads
9. THR) T breioRC 619t Rer ChaLEr Pal YNSAPEROUGR e Jf?aa% one hole
is g@&géﬁ?ﬁlg§§ been described in the context of a
circult package 100, this nmaterial can be
advant ageousl y used in other contexts, such as 20
10. LhO§E tNal J1QQULL &y 8o IBLET | @4 finhak, CamaiRstand BikOMeast one
t enper at ur es. anples of other applications of the
holér amppmasesi al plunel Ude & dioltesryperature | aminates in
printed circuit boards (PCBs) and sockets for
el ectroni ¢ conponents, cables, PCBs and the |ike. -25
11.WOTRB04L068558pRCEAYS2004£002468, €hArsaBn, What ai dateral cross-
claimed is: 1, A circuit package, conprising: a
SecFFSHg@? gﬁﬁtaﬁeé§ﬁs nQHFeE&?éagﬂdapﬁggﬁggngﬂ588gPotpﬁeat least
onef hange andrbastbBecatohgastrefeor! end; awheegkt: one hole is less
than or equal to about 25% of a cross-sectional area 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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the at |east one | ead extends through the frane; and

the frame conprises a thernoplastic material having a
waonwebsssg tenperature greater than about 340P@/U2004/002464

The circuit package of claim1l1l, wherein: the franme

i ncludes a key having a key profile; the flange

defines an interlock feature having an interlock
16-pr&hﬂ €ldewiltepenkaoy 06 theikey, prinéidi: and 15

wher ei n e key js in intimte contact with the ,
interl oct&gf egfguriee.asf ThE gﬁ?ﬁﬂi t”ﬁgﬁ%?g{"e 8f Epbemron feature
whereirinahe ot enkoekdpthbiter; ishadpygtail shaped. 4.

The circuitlfackage of claim2, wherein the interlock
profile? BPLHLEOR SHafde thermeplaistigi frpmekageeafial abuts the

cl a2+ 1WhergLp the interlock profile is L shaped.
6. The circuit package of claim2, wherein the

interlock feature is a groove in the flange. 25 7.
17.Thenel r eyi-bypackage, claimga, .whergin the interlock :

feature stands pr ou%geof OZE s,ﬁ:?L é}g{g % "t R FT %Yy e thsg retention
feawpre0ds/ 66865B@CFAYS2004/ 002464 8. The circuit

package of claim 1, wherein: the at |east one | ead

defines at | east one hole therethrough; and a portion

18.of Thee thecwbpl axdtdlades ang matlatinal 16Xt eftdSren t MRUIRetent ion
fea%hgehole. 9.dThe circuit 'package of claim8, wherein

Fe®at®| 8ast98ne hole is rectangular. 10. The circuit

package of claim8, wherein the at | east one hole

co éises a plurality of holes.

19 circult package 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.

2l. The circuit package of claim 20, wherein the convexity of

the bottom surface is at least about 0.0001 inches.
22. The circuit package of claim 20, wherein the convexity of
the bottom surface is between about 0.0005 and about 0.0010

inches.

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

at least 50% copper.

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

at least 90% copper.

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

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

| ateral cross- section of the at |east one |ead and
w@awgi68§s& hr ough the at | east one hole, a PCT/US2004/002464

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

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

of the at |east one lead. 15 12. The circuit package

26.0f TRbaktMrduiphepekhgel Be 8lah@as] QRerkeadthBClridageacomprises
retention feature proximte to one end thereof, the
an péient iodn dampan envhdthgleast cnsvarat¢abi hgcpesenr ohrom a group

commherg%n a. orﬁ&gn ggdtrh Gggrnnplastic frame materi al

Bbhurs Phe" 28" but war o- acing portion of the retention

feature. 13. The circuit package of claim 12, wherein

the, retentiaon feature ri.ses hooked. edge. 14 .
27 TheNgi FElit padliaiadsr O aTTATD, 2 el AT T The 8t B Pgn contains
at leaturebeaBppBsesoppstdge. 25 15. The circuit package

of claim 12, wherein the retention feature conprises

a groove. -27 WD 2004/068558 PCT/ US2004/ 002464 16.

28.Thehei r @iidcpackageciefge! abm 1clvhar eil): tdgewdid eashe flange
one lead includes a retention feature proximte to
compresSend t hereof; wherein a portion of the

ther moplastic.f LagR: TRt grial AbULs.E e o8 LALENIAN ona

feature. he " circui t package alm erein
t he ret ent ileastf eabutedBssa booked. edge. 18. The
circuit package of claim 16, wherein the retention
feature is a ridge. 10 19. The circuit package of
29.cl ahe 16imherei npddleaget eafi onlafimat ur,e ishargimovehe flange

comprises:
between about 0.05% and about 1.5% zirconium; and

the balance copper.

30. The circuit package of <claim 1, wherein the flange
comprises:
at about 0.085% silver; and

at least about 99.9% copper.

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

lead comprises at least 50% copper.

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

lead comprises at least 97% copper.

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

tin, magnesium, nickel, chromium, titanium and silicon.
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20. The circuit package of claim 1, wherein the flange
conprises a convex bottom surface. 21. The circuit
wpaskaessof claim 20, wherein the convexity of PCI/BS1004002464
bottom surface is at |east about 0.0001 inches. 22.
The circuit package of claim 20, wherein the convexity
of the bottom surface is between about 0.0005 and
34.abgte @i0QIAt ipwdiesge 236 dheiwi B8UI thpaskagehef agtllaymcontains
1, wherein the flange conprises 20 at |east 50%
at d&pgér °734COFRE i rcuit package of claim1, wherein
the flange conprises at |east 90% copper. 25. The
circuit package of claiml1, wherein the flange
35.cofpei sestCitt | PaskagBol 98be EBpper .Wheieigp the at least one
1ea%09%#§§§§é§:PCT/U$2004/002464 26. The circuit package
of claim1, wherein the flange conprises an alloy of
copper &mdwaen edstitole lfatedi aboghosed®t fivoma group
conpri sing zirconi um an Llver. 27. The cjircuit .
package 26t “ECE) ﬁ%?@? @h@%éﬁnaPﬂea ?V%ygc%ﬁfa?m%Sp%PEﬂus'
| east abputyc28%0¢RRREN.. 088. ahheCh e Chlihc pagkage of
claim1, wherein the flange conprises: between about
0. 05% ardcabedEncesrpPegeni um and at | east about
98. 5% copper. 10 29. The circuit package of claim1,
wherein the flange conprises: between about 0.05% and
36.abfie 1c59%6¥it conclageamf echelmallancéeepper theo. thrmoplastic

mat%%%%ﬁiég@ﬁ%gggg gflgagkg]%ry¥%5i6%51§$§iflange 15

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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at about 0.085%silver; and at |east about 99. 9%
copper. 31. The circuit package of claim1, wherein
w0 bw4atssbeast one |ead conprises at | east 50%RCDPRBNG/002464
20 32. The circuit package of claim1, wherein the at
| east one |ead conprises at |east 97% copper. 33. The
circuit package of claiml1l, wherein the at |east one
41.] edtheconpreses anc&bbey «of cbopper landwladrd@asthenechermoplastic
mat.er.i al chosen__from roup conprising jron
mat;%&&hglﬁ&s? SPREELST PR NS Gt ROBAT {SXPIEP G OF between about 7
ppulREN@siqusn Eﬁkebk chromum titaniumand silicon. -29
WO 2004/ 068558 PCT/ US2004/ 002464 34. The circuit
package of claim 33, wherein the alloy contains at

42.'e@ﬁk:QZQQGQP@eFacﬁégeTnﬁfCﬁigﬁht19aQW%%%fH Eh@imﬁgrmoplastic
wherein the at l[east "one |ead conprises: 5 between
matgiydatl 2campaireabbetwees%dlhor; Betweerd asbatt0.4385%alc balls

a 0,15%,phpsphorous; bet ween, abqut 0. 05% and
bet . %% %%ﬁlgt %n n?h%}gggpanc%lgﬁ%rbsérl.n égl.amleﬁceerc'i rcuit
package of claim1, wherein the thernoplastic 1

0
mat.grial.conprises.a liquid crystal pal yner. . The ,
43-ci PG tChackhge PoF<EPSi (r]ﬁutlz C&ﬁépei%n _t‘%égﬁjqrhi gzgr ﬂT%mOplaStlc
matRABIECoEPHREESEBatPaEA- AYEHOXYPENZQ GIRGitd;50% glass fiber.

bi sphenol ; and 15 phathalic acid. 38. The circuit
package of claim2, wherein the liquid crystal

44.p0hgﬁ£rcgﬂ@@EﬁS@Sbkégéoﬂﬂiyaﬁéi@flQ'hMQ&QﬁMbeBE@i%hermoplastic
acl a, an
material comprises a plurality of graphite flakes.

45. The circuit package of claim 44, wherein 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 1lid attached to the frame.

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

frame and the 1lid define an air cavity.
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6- hydr oxy- 2-napht hoic acid. 20 39. The circuit package
of claim2, wherein the liquid crystal polyner
W@ ovpesses terapol yners of fornul ati on hydr oxyRPernps1004/002464
acid, 4-4-bisphenol and terephthalic acid. 40. The
circuit package of claim1, wherein the thernoplastic
materi al has a coefficient of thermal expansion within
51.60%hef @rdfbtcopdditadendt otlaexpansi,owmfrdite @te | 888t is welded
v gg L,ead. -30 WD 2004/ 068558 PCT/ US2004/ 002464 41. The
° IPfcdifMSackage of claim 1, wherein the t her mopl ast i c
materi al has a coefficient of thermal expansion of
5. bet ween about 7 gpnic and 22 ppni C. 42. The circuit
52 hadlkRy S FCE i R4 YhePsi (FIEHE thdr nBpPARER cths thermoplastic
mat@s@tlgm %bm%?ﬂ'@ébsgleSuy\@e@r@@@éﬂ Porand, about 45%
talc balls between about 2 and about 3 mcrons in
di aneter. 43. The circuit package of claim1l, wherein
th er ti ri C S betmean g4bo f
>3 309 %PEEdcgg%E?§50§a8E§é§ f?%ergﬂ@im e%%e circult LgomprlSlng @
sempgokdyetofr cliai mtlaabeer ¢in tie fhengepbkadtiedet@rically bonded
terial conprises a.plurality of graphite flakes. 45.
to nﬁg 8Fr%ﬁ| pSEEag%a%f claim 44, wherein the
thernDpIastlc mat eri al conprises between about 10%
an about 70% graphite flakes. 4 The circu ,
%I?&ge | L@Itagﬁ}r?‘g]ﬁ I9h8F ei E%’Yer‘i’lrliﬁ Tast i EhelézhermOplaStlc
mat@&h@&l@bm@@ﬂ@ébsﬁspbﬁfﬁﬁﬁﬁyagpuﬁréghéﬁﬁukﬁa%8§3 50%
graphite flakes. 47. The circuit package of claim 44,
wherein the graphite flakes forma plurality of

55.1 ay@es. c Auihep b kLl t opackage of4 Cl @hdrdim VAT &t rmoplastic
t he gra phite flakes ~ 20 are ori ent ed parallel to a

matggfadt egonpriace dietrer r @reut4910%heanilr calbeutpackge graphite
r1a9ksclaiml, further conprising a

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

epoOxY.
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thernoplastic material Iid attached to the frane. 50.
The circuit package of claim49, wherein the flange,

W@ b@4/068588re and the |id define an air cavity. PGI/UYY004/002464

60.

2004/ 068558 PCT/ US2004/ 002464 51. The circuit package

of claim49, wherein the |lid is welded to the frane.

52. The circuit package of claim49, wherein the

t ' Lal, £CaRpELSeR, a JrddWith dstddal i
pgﬁ%ﬁg@#?@ﬁ%g.pgﬁégéé Ef.gﬁBEh €8, _ﬁ ik al comprises

Ircuit package of claimb52,

silifaorteher conprising a sem conductor die attached to

6l.

62.

the flange and electrically bonded to the at |east

one lead. 54. The circuit package of claim52, wherein

t hehd het ropl asta ckagemtoe’ icdlaicodpri ses a plurality of

graphite flakes. 10 55. The cirguit pac e.of claim,.

54, mhev%?ﬁe%%et?ﬁ%rﬁﬁﬁW%SFPFprﬁﬁ?érﬁ%l§3gﬁﬁri é@? adjacent a
bef vesn aboed d0% anh AbaWw:s70%ngr aphideantl akes. 56.

The circuit package of claim 54, wherein the

t her nopfasther epampriaingompriisess betakeathBeledadn the frame
and gb@gt égqggrﬁggéﬁeo %Slééékgfon$7atTf§a§%rgubértion of the
package of P%I & i ST urt her conprising a

sepieondegser die attached to the flange and

el ectrically bonded to the at |east one |lead. 58. The

circuit package of claiml1l: 20 wherein the frane

COTRE | Sescait efgekash aserdlaAnswif:ace of the flange;

and further conprising a seal attached to the frame

and to WhABeiNakge af oHY atoTBELECE [For PO Of efg adlacent a

edQ%coég' sJPfa&éréﬁiEh@aé:tkqgéeaé{f dHAi1078, Waerein the
seal conprises 25 epoxy.

further comprising a second seal attached to the frame
and to the at least one lead along at least a portion of the

second edge.

63. The circuit package of claim 62:
wherein the frame comprises a third edge adjacent a
surface of the flange; and
further comprising a third seal attached to the frame
and to the flange alone at least a portion of the third edge
along.
64. The circuit package of claim 63, wherein the seal comprises
EpoxYy .
65. The circuit package of claim 63, wherein the seal comprises
silicone.
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- 32 WD 2004/ 068558 PCT/ US2004/ 002464 60. The circuit
package of claimb58, wherein the seal conprises

W@ R04oesss8 61. The circuit package of clai m 1:P@ITESM®04002464
the frame conprises a first edge adjacent a 5 first
surface of the at |east one |ead; and further
conprising a first seal attached to the frane and to

66.thenat cheagttopaclkead lrord ah |lEBStwie RO i € ofcdhecomprises
first edge. 62. The circuit package of claim61: 10
a mghererh hdeldgame conprises a second edge adj acent a

second gutfage. ol 1 bes al.| east, Qe d @ad, and durt her

conprising a SEco sea to the frame and to
t he at heaatonneikeadial dngovaderd et amdp @ tHaars;of the
second edge. 15, 63. The cir

it pa ge of claim62:
mhereinatﬁéSFPﬁﬁEchﬁ§W?§BS%§ ?ﬁ@r§5§d§?“§ﬁfﬂbéﬁts%¢ar rate of
supf age,0f theofhanges and further conprising a third
seal at?ached to the frame and to the flange al one at

| east aapuisicomsity beswerhrdlédgad 2P Hary.aB4a Fhear rate of
cipcuit package.of claim63, wherein the sea

%p :EEE S%%%Q?? 65. The circuit package of claim 63,
wherein the seal conprises silicone. -33 WO

2004/ 068558 PCT/ US2004/ 002464 66. The ci r.cui ack o |
67'of88?aiﬁ%§§91§geP§F ke Seal © %ﬁ%rigés fgrﬁé grigsgsrlSlng a
moiB8MiB0barrier film on a surface of the frame.

68. A flange for mounting a semiconductor die, comprising:

a solid metallic body having:

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

a second side, opposite the first side, having a
surface roughness less than about 64 micro-inches;
wherein:

the metallic body comprises at least 50% copper.

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

substrate.

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

at least 90% copper.

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

at least about 98% copper.
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a thixotropic index between 3.5 and 4.6; a cason
viscosity between 7.4 and 3 Pa.s; 5 a viscosity
wheimeesssd8 and 125 Pa.s at a shear rate of OPOBURM®N4/002464
second; and a viscosity between 12 and 30 Pa.s at a
shear rate of 9.5 per second. 67. The circuit package
of claim1, further conprising a 10 noisture barrier
72.fHﬂhanfkamgﬁfdﬁ%blﬁlthSIrﬁhéreﬁﬁ tHefhaﬁg&lﬁorbody comprises

unting a semco ctor_die, npris id
an g@Qﬁ 'é%kﬁﬁRPQEnEW% ah %%%?Fa?nﬁlﬁﬁB?rg?% ﬁ?Pﬁéﬂ 4Fe® & group
com%&l%lﬁbr§ﬁr§bgﬁumtQﬁ&egilvéfe di e-attach area being

lat td within about 15 0.005 inches per inch and

havi ng a surface roughness |ess than about 64

73. ”‘%%%'fﬂ%%ﬁé 6¥“kfb§§09@d wﬁégglnogﬁgshé%aﬁﬁgcfb%%& comprises

side, having a surface roughness |ess than abou
an @ildog- cnrohesninghetelaask0albdet n¥daldappdrody conpri ses
at | east 50% copper. 69. The flange of claim68,
wherein the nmetallic body defines a plurality of
74 .opéiengsSldngavnd £hel hénf I78ngevicareilme thuindgtioyocantains between

oS48, Y A5 108 S SR Ot MBLe LIRS b 00,5

copple.fl ange of claim 68, wherein the netallic body
conprises at |east about 98% copper. -34 WO
2004/ 068558 PCT/ US2004/ 002464 72. The fl ange of claim

75.68,rnehef eiigd he smed 84 11h ¢ 780dy1omind sefe @ 1&y O¥oRtains about
copper and at |east one material chosen from & group

0.08&%priidiveg 2hecohi bAraRdakPrye?d.9% copper.

76. The flange 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 dincludes 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 dovetaill-shaped cross-section.
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73. The flange of claim68, wherein the netallic body
conprises 5 an alloy containing at | east about 98%
weoppe6sss&¥4. The flange of claim 73, wherein tPer/ab100y002464
contai ns between about 0.05% and about 1.5% zirconi um
and at |east about 98.5% copper. 75. The fl ange of
claim 73, wherein the alloy contains about 10 0.085%
82.si IMher fArthgat dfeagkiabeut, WhYieopper ridge Thelfldarge portion
of claim®68, wherein the netallic body includes a
haviggess TrRAEPGEf FHRESaESFEASR - one undercut portion. 77.
The flange of claim 76, wherein the recess includes a
portion _having a dovetail-shaped cross-section. 15 78. _
83.Thé'te ddgagst afi &ilmire 8O0whateineithdheeddsgs delclygelssa a portion
rtionrhayi a.J=sha ss-section. 79. The
hav?ﬁ&ﬂ&% 8f%éﬁggﬁmsg?§§hg§gF%6$he recess includes a
portion having an L-shaped cross-section. 80. The
fl e of im 68, mherei t [ LhgLudes
3.5 8° e o e L P Lfalpiy, 9651885 che poay
is portviean. 81. The fl ange of claim 80, wherein the ridge
i ncludes a portion having a dovetail-shaped
cross-section. -35 WD 2004/ 068558 PCT/ US2004/ 002464
85.82.ThEhe fidrapge fofcleliai 8480 ,whahierial ronvexiitgge fi ntleudegond side
., a portion _having.a T-shaped cross-section. 83. The
18 @Fa&&@SGfa@PHFnPS@QO%héP%ﬁﬁSthe ri dge includes a
portion having an L-shaped cross-section. 5 84. The
flange of claim68, wherein the second side of the X
86.podye iLlagR &E BRIMTR Af "ERFE I6F COrEISHRIEY, Athdhs pecond side

is BRAVREN YiRhict Bep88s0RAaSLESuL | §, @610 easinabout 0.0001
Inches. 86. The flange of clalm 84, wherein convexity

of the second side
87. 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, 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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10 i s between about 0.0005 and about 0.0010 inches.
87. A flange for nounting a sem conductor die,
W@ ovpnessss1g:  a solid nmetallic body having: a PEnUSENN4/002464

pl anar die-attach area on a first side thereof, the
di e-attach area being flat to within about 15 0.005
inches per inch and having a surface roughness |ess

90. OaHfg b4 f”c?fé’i’n'l gﬁ"e%h&'&rﬁ SEHERNA 8] & the second side
opp03|te $e 17 rstsi has a surface roughness |ess

is Hdmrabaitowi4 000 endheboahd0.P81leohwelkes 20 88. The
flange of claim87, wherein the netallic body defines
a plurality of openings by which the flange can be

91. nomd efllang@ ofubitimt 87, 8%heThenf [targeradfaldlia Mm@ comprises
wher ei n convexity of the second,side is at |east

at lagsil P 00PPRSches. -36 WD 2004/ 068558
PCT/ US2004/ 002464 90. The flange of claim 87, wherein

convexity of the secon Sld i § between a
92. ar%h%b%%%n@eoeio ﬁ&ﬁ‘eg ,91v SFire Iy e%‘r?gé“eotfq& ﬂ?%cgy comprises
at yggggﬂgbd Al lic body conprises at |east 50%
copper. The flange of claim&87, wherein the
metallic body conprises at |east 90% copper. 93. The
93. fl'ﬂ@&efQEn&Eab@ 81 aiherei Ridie inetiald ifethddyic body comprises
conprises "at | east about’ 98% copper. 94. The flange
at bfazt aabo87,98%heragpent.he netal lic body conprises 10
an alloy of copper and at | east one material chosen

froma group conprising zirconiumand silver. 95. The
94.flﬁm©efméngbabﬂl81a1wh@ﬁm|thﬁ£ﬂﬂﬁtﬂdlmﬁtﬁkﬁﬂc body comprises

an égg‘g{élrg co?)?)e?:l Ia%d ant an %ne ma aesl}laalboéﬁosge%/ofrom a group

comprising zirconium and silver.

(o]

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

an alloy containing at least about 98% copper.

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

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

copper.

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

0.085% silver and at least about 99.9% copper.

+
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96. The flange of claim95, wherein the alloy contains
bet ween 15 about 0.05% and about 1.5% zirconi um and

W@rookmessss about 98. 5% copper. 97. The fl ange PET/TEZN04H002464

98.

95, wherein the alloy contains about 0.085% silver
and at | east about 99.9% copper. -37 WO 2004/ 068558
PCT/ US2004/ 002464 98. A flange for nounting a
SQ@HﬁQﬁQﬁ@E@& Qb%nt@%@p5'§bﬂ9coﬁd§§£bﬂ aed Al ddhpPoshyng :
havi ng: "a central planar die-attach area on a flrst
side teheradgfd meieldiie- @plda’chaarléé being flat to
Wi t hin about 00 ches _ n Vi ; i d
surface roug%ncéggtr?g gﬁ‘] han ao uta@%gc% %r%adl nc es first side
and a seeondhsi dthe OpROSititedhhe ddar S:temg:ief,lai‘tavtlmgma:hin about
surface roughness |ess than about 64 m cro-inches h
wher ei - 0@ t hechesabarc by PREI hdedny r%c@égflaﬁ&t roughness
defines ]{a\%q.? NE undericet,—pakhiean. 289. The flange
of clai n%ss erein the metallic body gefl nes a .
plurality ofaopenbngs sbxde\AhlccngtShéefl’fd@eftaﬁt beide, having a
nmounted to_a substrate. 100. ,The flan of , cl
98, whet®iifthe l?%%ggeﬁsr}cl §8s & %Bort ?o%gha\g/fln rﬁig}:o inches;
dovet aiJyshaped cross-section. 101. The, flange of
claim98, wherein the recess includes a portion
haV| ng eha- seapddier deedsednicdidesoR FRESFFangelof defines at
|m 98 vvlqgg s includes a 20 portion
Fae %p%dﬁ] ocgrgtcigjzlctl on. 103. The flange of
cI a| m 98 vvherel n the nmetallic body conprises at

fg%/%{;:% BE! )c/:l%gfép r9§22mfhe%% U eClRliE198.c WHRLI flefines a

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

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.

at

104.

at

105.

at

The flange of claim 98, wherein the metallic body comprises

least 50% copper.

The flange of claim 98, wherein the metallic body comprises

least 90% copper.

The flange of claim 98, wherein the metallic body comprises

least about 98% copper.
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at | east 90% copper. 25 105. The flange of cl aim 98,

wherein the netallic body conprises at |east about
wOmoessper . - 38 WO 2004/ 068558 PCT/ US2004/ 00 2BGHUS164/002464

The flange of claim98, wherein the netallic body

conprises an alloy of copper and at |east one

mat eri al chosen froma group conprising zirconium and
106gj [Mper flpope THe ¢labyeddf charei®8thahmeehhlthebody comprises

tallic b conprises ;5 an allo ont ai ni at
*n PRARY it s cospert 15405, Stnee FaRba! o hdegh mirom a group
comp@? sinbereirnohhemabh@yscondaj ns between about 0.05%
and about 1.5% zirconium and at | east about 98.5%
copper. 109. The flange of claim 108, wherein the

107al by ddrtajlens>bodin 198 0. 085Pe sh | veE ABHadlikedSHy comprises
agggt 99. 9% copper. 110. A flange for nmounting a

an 8enP¥oRaBERSPIAY et chAPPF ARt Wk aiarparet al i c body
havi ng: a central planar die-attach area on a first
side thereof, the die-attach area being flat to

108y hen Td589e ofs ©-a@5 I hthesherein nehe apdlagvicngtains between
rf o0 n | essc-4 han 6 j Cr p-i-nches; .
=boBl (Y CLTesRu 254 190 ABRL ] CHO HIALES apoue 5.5
coppartace roughness | ess than about 64 m cro-inches;
wherein: 20 the netallic body includes a ridge that
defines at |east one undercut portion. 111. The
1091 @hge fifangjeai of 1:Qaimher(s,n wersnt akhiec J1odyy dedhpgsns about
peni ngs by which the flange can be

Jpluralit f_o
O‘Oﬁgﬂn?%g"?ﬁ %ngs%Bs}?%?%.athl%-%é’Wge of claim
110, wherein the ridge includes a

110. A flange for mounting a semiconductor die, comprising:

a solid metallic body having:

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

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

least one undercut portion.

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

substrate.

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

portion having a dovetail-shaped cross—-section.
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portion having a dovetail -shaped cross-section. -39 WO

2004/ 068558 PCT/ US2004/ 002464 113. The flange of claim
wa1@4/06456% ei n the ridge includes a portion haRCHYSH04/002464

T-shaped cross-section. 114. The flange of claim 110,

wherein the ridge includes a portion having an

L- shaped cross-section. 5 115. The flange of claim
11311Fhenhéilenget hefmet ki c Hdly cotwpeisesthat tkasé 5¥ludes a

er.. . _The _flange of claim 110, wherein the
por%%%%lﬁﬁg&é%dﬁ ?oﬁ%??%gscrg?sT%%%Yl@%96copper. 117. The
flange of claim 110, wherein the netallic body

compri s 10 at _| east. abaut. 98% copper. 118. The
114f'|gﬁlgee 22Pai n?iloaf%‘%r' "t he FéPIiE%BodJ;?ldge includes a

por¢akpr he@sngadnalleMapbd COPPEE-a8ek 8dn | east one
mat eri al chosen froma group conprising zirconium and
silver. 119. The flange of claim 110, wherein the

11snetrald i3 4@y OMIEises10]5 v @i HeOediaNiNG ¥ody comprises
| east about 98% copper. 120. The flange of claim1l

at Jgeséi ROBPhECRPESY contai ns between about 0.05% and
about 1.5% zirconium and at | east about 98.5% copper.
121. The flange of claim 120, wherein the all oy

116coftai fdaagsutot 2z agrogs% sivhgmeiandhet megadtlishdngdy comprises

% ¢eRP 2. Alead for a sem conductor circuit
at g§3%§§%?°cgégP%§an a netal conductor and defining a

plurality of laterally spaced holes therethrough. -40

11700004 SO8R0R PCTLARRORH D026 120, The L 0 L comprices

at leekangbbat. 98% copper.

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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124. The | ead of claim 123, wherein, in a latera

cross-section of the | ead and passing through the
wpbkwnabsssy of hol es, a cross- 5 sectional arearPOf/Us1964/002464

plurality of holes is less than or equal to about 25%

of a cross-sectional area of the |lead. 125. The | ead

of claim 122, further conprising a frane nol ded

t hergt o, ti f i h :
1231 N@REt O, By PQKL | mlgas f»ﬂ{%ee%]m ending df‘FQH%Z éln&allty of

plurality of holes. 126. ead of claim ,
holekeiei nethenfjunhae. conprises a liquid crystal polyner.
127. The lead of claim 122, wherein the | ead conprises
at | east 50% copper. 128. The |l ead of claim 122,
124whehei Adaie deadlebmpibes wateredast 1irl5a 9T&teoppercross—-section

129. .The, |l ead of claim 122, wherein the |ead co I ses _
of 5ﬁ‘eallle<5359jl ad?cgc}b%%%].rn%ntbm?ﬁuqhea&e o Rt By a?fcﬂgggﬁ’ a cross
sectiBAh? €ERQHP oGORBEl $10dall EQNorfPRBSEBOLYSlegEN€han or equal to

zirconium cobalt, tin, maghesium nickel, chrom um

aboutt dhtuatandcsppicaact 2onaBrrephed date dread-ai m 129,
wherein the alloy contains at |east 97% copper. 131.
The | ead of claim 122, wherein the | ead conprises:
125, 4TheD Dood/ 0685582 PCTL 23200410046 4CoBRt Wt alfouf rame molded

2. 1% and_about 2. 6% rop; _Dbet hout %.and :
ehe g b "6 EEo pRBe ot B - B e Snah O wa A Liey of
holgknc; and the bal ance copper. 5 132. A lead for a

sem conductor circuit package, conprising a netal

conductor having a |lead retention feature proximate to

126Qneheentddeseotlaild3i2 Thevhensinf toeafrahd2combetsen: a liquid
crystal polymer.

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

87% 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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the lead retention feature conprises an outward-facing
10 portion; and further conprising: a frame nolded to

wao be4petsss conductor, a portion of the franme BOUUSI004002464
the outward-facing portion of the lead retention
feature. 134. The |l ead of claim 133, wherein the frane
conprises a liquid 15 crystal polyner. 135. The | ead

of cl ai Badilen Wiss@l b Lhe 4181 &N o At uren;conpri ses
a hooked edge. 136. The lead of claim 132, wherein the

r et ent i batvean ualeout dhyfti esird akgyd. 023 k3 PhovRBoOrexd/
of cl ai 32 erein, the ret in f.eat.ur conpri ses
a gr oovg].e%\ﬁ%r}m%hﬁ%u? :eba' of ag}qgirﬁrﬁ%s ,l%%iieragﬁdn t he | ead
conpri segeabal&ast c&¥e:copper. 139. The lead of claim
132, wherein the |l ead conprises at least 25 97%
copper. -42 WD 2004/ 068558 PCT/ US2004/ 002464 140. The
132 ] ead sl @abm 182 sewhebeiactbe |Eatuanppasksgan aldmprising a
of copper and at |east one material chosen froma ,
metgt ogpREBREPF s PAYINEr 8n 1 SFR0 GO i FRATHAS Rurfitifate to one
C tin, magnesi um nickel, chronmium titanium
endaﬁgéé%?Fbon. 5 141. The | ead of claim 140, wherein the
all oy contains at |east 97% copper. 142. The | ead of

cl aj erein t Iqﬁgﬂgggprises: bet ween about
1332.?bggégggbéﬁtégégﬁbyg%h; et ween about 0.015% and
about 0th&%]lpials pledreotision 10:dBtmeenombolted. 86%oangard-facing

0. 2% zi, nc; d the bal ance copper.
po%tion; and %urther comprlégkg:

a frame 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 claim 132, wherein the retention feature

comprises a hooked edge.

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

comprises a ridge.

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

comprises a groove.

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

50% copper.

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

97% copper.
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143. The | ead of claim 142, wherein the retention
feature conprises a hooked edge. 144. The | ead of
W@ b@inesbd®, wherein the retention feature 15 PONP§108€602464
a ridge. 145. The |ead of claim 142, wherein the
retention feature conprises a groove. 146. A nethod
for enclosing a circuit package, conprising
14o.ulfr{@89§é&abky Mekdi ngoa thesmpl ashé C18BEELLRbrikEst &n alloy
a 20 thernoplastic material frane of the circuit o
of qagkagerusiaiy leamsl dnrgnstgnablhabpagn alFeRRedEgup comprising
, bet ween .about 5Q KHz _a about : :
s rorg TR s TaH A00UP 100 nfrane’ Tab eSSy Piokels
chrd@fi @l Al dhdfumvhereisa 1tthenanpl i t ude is |ess than
about 60 microns. -43 WO 2004/ 068558 PCT/ US2004/ 002464
148. A nethod for enclosing a circuit package,

141 COfps i 3688 bEsellaiwel dicg whéhermophastiltopatemitalinsi cht least
to a thernoplastic material frame of the circuit

97% prekerje. 149. A nethod for enclosing a circuit
package, conprising thermal 5 welding a thernoplastic
material |lid to a thernoplastic material franme of the

142 ¢j Plowii LegAckBgela a50.3% mESHGd Y 51ef 45APCEPTRE 1SS!
flange gét%‘e&ﬁr bl p{"ﬁ@%end SR 1816303 @ m ng the

[
flange Troma naterial conprising at |east {0 about
50% coppetwedhlabdine hEithsd afd dkaiuh D50.5wipdiosiphotlegs ;

material conprises at ast  about, 90% copper. 152.
The met RBEVBER cPRP WY 1%65, 5e?/\lr?é“r i‘%‘%ﬁﬁe@%’eﬁnéjl

conpri sefeabs1heastcahostt, 98% copper. 15 153. The
nmet hod of claim 150, wherein the nmaterial conprises an

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

comprises a hooked edge.

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

comprises a ridge.

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

comprises a groove.

146. A method for enclosing a circuit package, comprising
ultrasonically welding a thermoplastic material 1lid to a
thermoplastic material frame of the circuit package using a
weiding 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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all oy of copper and at |east one material chosen from

a group conprising zirconiumand silver. 154. The
woreiohoeBssd cl ai m 150, wherein the material conpCT/E8R04/002464

bet ween about 0.05% and about 1.5% zirconi um and at

| east about 20 98.5% copper. 155. The nethod of claim

150, further conprising: coining a franme retention

148f eat Ui hdy ordrf ehslosUhface cofciite phargge, 186mpFheing laser
met hod of claim 155, wherein the frame retention . ,
welfdaguree tlpsrmomlafdds 4 imdelcutipoE@i 8nthespoppastic material

04/:068558 . - 2464 157. The nethod of
fra@%aé§l%gg,g%gggggfgggﬁéggéing: i mparting a convex
shape to a second surface, opposite the first

surf ac e 8. .. : cl aj B7,
L4 SIS e (7 AR Socatat s SUTave | Spiaing themal
welabodt 0. 000dmopichesic dcedieel netdodooh dh@irmopiastic material
wher ei n convexit¥ of the second surface is between
fraggoet 6hS065 5Hd aBBGE280010 i nches. 160. A net hod
for fabricating a lead of a circuit package,
conprising: 10 stanping a.lead frane froma materi al
15OcoﬁbrW§FH@daf&”1egggréﬁéﬁ%ngo¢%05&6899 1%f. 3a circult package,
com8lTRRy.astic material, conprising: a liquid crysta
pol yner; and a plurality of graphite flakes. 15 162.
The t herfrropliast ithemilangs Hfowm| ai mRieIiakhereprishag at least
thernopl ast.ic _material conprises between about 10% and
ab&ﬁanbgihbfﬁﬁﬁﬁgé fl akes. 163. The thernopl astic
material of claim 161, wherein the :

151. The method 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.
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t hernopl astic material conprises between about 40% and

about 50% 20 graphite flakes. 164. The thernoplastic
WOorai0e1068858 of cl ai m 162, wherein the liquid crpc/Eb2004/002464

pol ymer conprises: para-hydroxybenzoic acid;

bi sphenol ; and 25 phathalic acid. -45 WO 2004/ 068558

PCT/ US2004/ 002464 165. The thernoplastic material of

157 £ BN (B o PN edlral&rhqga qlﬂu@th%&Y%bﬁbr@@hMﬁﬁr
conprises: a copolynmer of p-hydroxybenzoic acid; and

6- hydr okye2e napht doFenuekdshspe66.0 FhesadmrdoplaEi¢e, opposite

32%6%% l%%%ﬁ$#§%nwl6 1&;%9” the liquid crystal

%F%erapo YIers "6f fornul at i on
hydroxyben20|c acid, 4-4- blsphenol and terephthalic

acid. 167 uc ur.e n a co o tlon

58 et her H@&Fﬁﬁﬁ cLatfy {“ qui’ h g?i} taiop lmgf/r Oan(iFhae second
surPé@éaiéta%(ﬁeéﬁﬁuﬁbdu%‘M DB, 1eerei.n the structure

has a surface and the plurality of graphite flakes

are parallel to the surface. 168. A nethod for making

1592 BhEUGIdHRG COFPICISHAY: 19D, | ﬂh@@éhﬂg ddﬂxﬂa;ﬂ.tl’gpl dfa the second
conposition of matter conprising: iquid cryst

surpatynbs ; beipeen rartal 14 G agxdaﬁmoslé 01-8KéS. lﬁ}sbeSThe

met hod of claim 168, wherein the conposition of matter

20 conprises between about 10% and about 70% graphite
160fIAke@et11<7® fihe delhdgashingl ahm 1880 viher & n Giffguit  package,
com nEOS|t|on of matter

prl ing:

stamping a lead frame from a material comprising at

least about 50% copper.

161. A thermoplastic material, comprising:
a ligquid 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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conpri ses between about 40% and about 50% graphite
fl akes. 171. The nethod of claim 168, wherein the
warrgosssse i ncl udes a surface; and the conposPCT/UR2008002464
i njected such that, after the 25 injecting, the
plurality of graphite fl akes -46
165. The thermoplastic material of claim 162, wherein the liquid
crystal polymer comprises:
a copolymer of p-hydroxybenzoic acid; and

6-hydroxy-2-naphthoic acid.

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