*159159* TITLE OF THE | NVENTI ON
FEEREEEEr e et e e e rerrrrrrerrrrrrrrrrl PACKAGE FOR
ED CIRCU T DIE *@00002* CROSS REFERENCE TO
\\\“\“\“\W‘mﬂwml CATIONS This application clains the
enefit of U S Provisional 5 Application No.
567'%43, 470, filed January 29, 2003, the contents of

whi ch are hereby incorporated by reference herein.
STATEMENT REGARDI RGTEEDERALHEY ISVBNSERED RESEARCH OR

IR o 7, S0t ey cabl e 10 BACKSROUND oF The

T ON This 3Rl kea! tRbeé@lmir rrevsr syt packages
rcooof2P! i ntegrate circuits and, nore particularly, to
circuit packages that include netal flanges and

hi gh- t enpekakyr g thee I Tas RECATERNEBPLISEAN IONISduct or
and other integrated circuit devices 15 (sonetines

referred to as "chips" or "die") are.typicall :
e oPPRARRCIRK YRRt o St BeReFREY BIE g [t ASional
5 applAGdichal®. @bgaksieab)yriteehameatyt y2Hnd2atier neld yoontents
connecting the die to printed citcuit boards. heat
of whivis aandhesebdy | KECORATPSREAPY FehRHTRCS RERSYR -
i ncludes a base (commonly referred to as a "slug" or
20 "flange"), a protective insulating housing and

I eadsﬁgﬁw {@GAIRB&%%%@%M%%@SOME RestAeH OR

hous ads ar rically bonded directly,
or nmore commonly by w r BEYELQPMENIht acts on the die. -1
The protective housing is nmade of a dielectric

material, such as plqa%jggggi%%éﬁg}c, and is attached

to the flange to encapsul e and bondi ng
wires and to protect them agai nst

10 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

15 (sometimes referred to as “chips” or “die”) are typically mounted
inside circuit packages to protect the die and to facilitate
electrically, mechanically ana. thermally connecting the die to
printed circuit boards, heat sinks and the like. A typical circuit
package includes a base (commonly referred to as a “slug” or

20 “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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i ntrusion of water vapor and other atnospheric gases.

Most 5 protective housings conprise two pieces, i.e. a

set of sidewalls (a "'frame") and a lid, although

some housi ngs are nol ded as one- piece assenblies: The
order in which the frame and the die are attached to

t Taef | prgieeatdvieeshouteipendi sgmadet ke nat eliiedbcdfit heaterial,

| h t
N T T

encalpeiumgtet bRewise dledragRdind Glikedi AnPackagededt dhem against
r die typically includes a netal f|lange, to

int el B CRE dretes BeBREncant of FdiP ey SEUPBRRpLC  Bases. Most

prot@@ﬂ:deél Ih@usIh@sf&@tﬁr@.&.éeyﬂiviba@%dérsQVh.dSS BOWBLI BY sidewalls
N aturss such g rew hol es or slaots, by which the

P0G Y BREk AgdilanahEneedinione diousisnsagreomglfedt as one-

plec“d Hesdnblues,. trhe fdraage 1SOREGUGHS theats racomdder il er:lJ.e are
to the heat sink. The high tenperature used to attach

atta§hﬁﬁeﬁﬁa9?%I@%ﬁﬁgecéﬁrléﬁnaéépéﬁdﬁ@go@%wEh%smﬁb?rla% of the
franl@zo\ézﬁﬂferm&% £ 1R8N 9] SEiRE & Al Qﬁmﬁ[%fg]ﬁ}raéqcthtehg%terial

enperature. A citrcult package t nploys a
can é@&&ﬁﬁéefWahhpqﬁmdefpm@LeGo¢e béjergaosbabibee plamgeto
the attachnment of the die. Alid is then adhered to
t Be Fimavdt Packaa’ B9r epokygh-Moremtdie thwpically includes a
oeff nts, 0 r ansi o a anEes
et R ARET: & lniop S SR OB, e S B eusectic
Sold@@ppér - Tﬁl@ngfétaégealtmycwlﬁ povidietesmatcainitingy features, such

as é@éév!ztﬁgﬁ.égnr?groileos%ﬁe-rr lwhgé pnc?lgesc?rcﬁﬁ)ée{ﬁ/ackage can be

expensi ve con I VI
mountedul sbpl akl by & shéatmisied. IImpueeedthdneflm"lge conducts heat

ugh LVLE Vi iG2 achi eved t hrough the use of
trom %ﬂg 8&5 #5 te Eﬁggoppeg | am nat ed flanges fabrlcated

b n |I roces fall b nat
pﬁg%eggﬂg éé er t Se SFgcggségtgfg éeﬁy'eaﬁéﬁil ange can
dama3@ Aln edeftfa:tnnve;ﬂ;a,stllhe tiowevan keraniacheteilalditare able to

w1thg|6%B agﬁ&éﬁébgltégt%égeear%f U g\N—R gg.gggft alg]adc]-’lalgde tl;gits 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 is very expensive, and the thermal conductivity of the
resulting alloy is limited. Improved thermal conductivity can be
achieved through the use of copper-molybdenum-copper laminated
flanges fabricated by an infiltration process followed by a

lamination process, however these processes are very expensive.

Alternatively, the die can be attached to the flange prior

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

used to attach the franme to the flange and to the |id

performless than satisfactorily. These adhesi ves,

often create inperfect seals or permt gaps to open

during use of the circuit package. 5 Furthernore,
tempsertimgd plastic fackadges frehey Motveveri nuiidsdvgs used to

att£+ grez d%ﬁge a d Itgs and a lﬁ%qﬁjgeie E teces_llﬁr_ES than

satiﬁﬁ&ﬂﬁﬂﬂﬂWYThaﬁﬂﬁﬂs&ﬁhebmveetb&meﬁraﬂhde& dnpeWfect seals or

jece-count, low cost 10 circuit ckage that can
Per‘gﬁ hs?3RY hFgh OP? at PUEHY eniRs %ﬁi—j‘ £ SndCtEpit  package.

Furtiomidie ,a hesret bealh ycseal Qﬂcﬂa@eéia)éréﬂef OhoB @£, inventory
wi t hout the use of adhesi ves. The circuit packa

flangas o HHsSofRdal 135 AR 25FeRBLRATIGSE Heses: é§gaﬁdattachlng
die COAPOSIddsans to achieve this herneticity and

tenperature tol erance. This conbi nation also 15

provides a circuit package that exhibits better

el ectrical and thermal conductivity and nechani ca

i ntegrity thanBaORYeSUMMNRYI OFCTHE UINVENIIONges. The

circuit package i ncl udes tmo parts a

I 0 n_a ea
exERGPEBR0R,  EROHN A R R" 0P s Pliplre I cost
cir&hﬁtfpangegenthauesaa WREhatandhhaghadiaFabUmdmdtbmperatures
ane. . A sea plLied insid the frane alon .
and S PRt ot R e BRIB A e any 08 & die,
w1tb®muWﬁﬂetﬁ?E b&adShaﬁﬂvééueqbéaﬁ&rcﬁhtqgai?agef@bs&bﬁ employs a
frame r mopl astj c refer cryst
R e T e PE S PRl \Pemppiy F fofn Bt asieag this
herhét Meithist and dicempéiaglre t eperahss £s.THRCE c@m@h.ﬁatﬁon also
attached to the flange and the die  is _electrical

ProphdeRdat S ite RRCK2ERe Thad i idided ReFteke ?Jlfecﬁﬁ%:lcal and

thelfabeabntifiet 8v it ayhd YmabRERLd Nei gt &yrilhie £haNd8onventional

frame and | eads of the circuit package include
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 1leads and the frame. Materials for the frame
(thermoplastic;, preferably liquid crystal polymer) and seal
(preferably epoxy) are formulated to withstand die-attach
temperatures. Once a die is attached to the flange and the die is
electrically bonded to the leads, the lid i1s 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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30 one or nore structural features to maintain
mechani cal integrity -3 of the circuit package
wi t hout use of adhesives. These features nechanically
| ock the flange and |eads to the frane at their
respective junctions. In one enbodi nent, the flange
of #§bei Fégcuitr apekage enitiont Suseatvfir edses Tvamdi Tigedchefeatures

L er h h ti be, f ,
e LA AL LN GO R 6o e PEin 0 ot eneso

respédigiveljoectibnst 0ss- secti onal shape. The
thernoplastic frane is nolded to the flange, such as
byIhnjoset | embomimtinty. e i Hdangel dafned poHIr tiraMeOf retention

f . key, th freezes in or 10 around the
fea%% %ﬁ%ﬁgﬁugggggrgPet:ﬁgaﬁégﬁénF5371jﬂ§%€ﬁiﬁﬁﬁl?ﬂegeature can
be, f fane exenplée él@mgeveibraadubertaﬁbo?hﬁﬁﬁﬂeseacmdh%%ail or

includes qne or nore lead. retention features to, ,
OtheE IESTHE | P T LR hnbaRy | TP t FESTRRRIdSRge rame is
moldger atd obhet heldrigwre bachl s Mplydednpsoiingh t B81H€AE: During

ich 15 extends fromoutside the frane, throu

h a
moldingna? | PRFCIN: PFahke TYaP® LAEMRi ¢ K&Yi Cpakr %as.eeeﬁé in or
arowlnﬁicactl'féi‘tr%&teh@moﬁeﬁéé‘lflﬁ:_éljefthﬁgsm@éhérﬁ%%tll?ngeégl:ﬁqg the frame

through the |ead. During nolding, sone frane
to ther 9%stic flows through, and then freezes in, the

ho%?, thus locking- the lead within the 20 frane.
Antt hBRe Lﬂé%la FRRUIMEEY  f E&CHr d 880G das heBRe@redgae lead

retéhidd HEatQiley &4 YL Ok Ofef@at ot Qﬁee'ﬂ‘aﬂg_.rmﬂ)gring the

|l ead that resides wthin the air cavity area. .
moldinq ARATEtiennothe ot fAtnar aflen melred egeunputheglead, which
ext &RAST Milhm S ifide2 Bt RELRD Pl @ﬁ#b&gﬁ r£ez65.,293 NH 42

an outward-facing portion of this structure, thereby
interth iadg gavibgharéaal barrier that prevents the | ead

frombeing pulled out of the frane.
One lead retention feature defines at least one hole through

frame,

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

~f~
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Conmpositions of -the flange, franme and | eads provide
mat ching coefficients of thermal expansion (CTE),

thus reducing stress on 30 the respective junctions
bet ween these parts. These conpositions al so provide
good thermal conductivity by the flange and good -4

electtiRRlll | €6 CEHIG G V]b;f']y thye theadsadadanthd h(fléhgénge In one
In one enbodi_nment, e flange is made with a high

SrbOGiGSE B¢ erfilangg, ghentediehy Wit ned | hdgBuneorer content,

FAHLONLYM 2SI el OmBLABI offLAMRhiuh af
g n‘oodlml'gnta t he Ieaé% are nade wth % hlgh %hggﬁpéf other

mategigdt-efin aam}lbéaﬂft efbedineranl theinbeads odre rm@de with a high
S, d [ = |

c:Opp%ot er gn‘og&l rrgﬁ}:éa] f)gpﬁl EIHgﬁf ngar{;esﬂ?nc’ft h% r?élofsghorus’

zinc gangy ex u@@%rmﬁ@rlaﬂhes@ gﬁrej;phancutl’felrak@@odamnm h@rraphlte
S

flak%ldg. lye f%&%c#}f afcﬁgﬁ]gg%%ggoeafféﬂ@?i.eghtéggt(ﬁ;er& el Bakes

and @&h@uaﬂdwm@s matehi the oFTRE hat ﬁﬂamframe/ o khd COBE of the

rther ce NDj re to he ai,r
flangdt; B8 SRESITSERIbTRAR oot TEEPALERAD ViblE Sfepior o
inteiRAW NES tHeséramed actrhkiorf ebtdir &9, ﬂﬂm&nﬂageeduaspamhsture
i fiﬁ%g enbodtnEQ%s aof the, gresent invention wll becone
n L 108 APERL “vD 25 PRESE skilled in the art fromthe
foll owi ng detail ed description of an enbodi nent of the
present invention when taken with reference to the
AGHOTRABMECAT PTPN NS Tk skBERGY: VIERs brl $u8 prawINGs
perspective view of a circult package, Id,

according to one enbodi nent of the present invention;
Bages ands aoPeBpedierfuresew GAviEREagrfcui tagRANKEge and

embo&Hméﬂﬂ@ ofltﬁktBréséhQ fﬁ&éﬁﬂm%ﬁ hgﬁleﬁéboﬁﬂ(ﬁofg'é%ﬁ%rent to

op view of a stri P O frames, such as those

thoseejs%lsnltl@mfté@ (Rt tﬂrx@mcutmmfpl_ﬁ;awm@ed@taﬂe@ description
of Ge difefle ! OBr VI OErEQ§n§trﬂﬂ%éﬂ%ihﬁadwﬁéﬁ”nﬁﬁﬁgh with
G

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. 4A;

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

package of FIG. 1;
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FIG 4B is a perspective view of one |lead frane of the

strip shown in FIG 4A; FIG 5A is a cut-away view of

a portion of the circuit package of FIG 1; -5 FIG

5B is a cut-away view of a portion of an alternatlve

enbBtF nerf &f EhEWA¥aYt Vﬁﬁi‘!ké?ée o fPHtEON] ; ofplaés alternative

emBAd{marite oI @he- seethONalackagesof ride of;l ange ' of the
circuit package of FIG 1 showi ng three stages of

manmi@st UBB-C Satkbereoks- &8 ontA Rrifwed SehedBéi €lange "of the
dr aw a die bhei ng attached the fl ange of

t he
CLERREG] geﬂ%gefofﬂrﬁe 13herds pifireca shegar) qf manifacture

theeespective view of the | eads of the circuit package
of FIG 1; 10 FIG 8B is a cross-sectional diagram of

severe. alA-ay natd %heﬁﬁ’@@@“(ﬂ&ﬁﬁl&g@f otha keadsedhgtdietached to
circuit package of F| G FIG 9 is a schematic

the, plange &f é‘ﬁ’ﬁl CéiF‘é@%"%uﬁ&lﬁkagepBift Fohr ot the frama.of
the_circ

acka of FIG 1; FIG 1Q is I
ut eRE5t HhpoBr RoRtinlieg EeTTRRTELes IRk So 'GP Adde; of the
cighow Nasielfes ofFFES, 11A and 11B are cross-sectional
views of the circuit package of- FIG | show ng two

enbaﬁa; mﬁeBs ief at l&elos ea!sécﬁforﬁgﬁdlh@raml:b@ séZer&laalternative
r show are et ween Vi Scosi d
enBpdlpents éﬁ%h&néeé ot rrg}ﬁp Iy heR2rage aﬁy 3B 27
for _use as, 20 th I of FIGS. 10, 11A and 11B; FI G .
L SAFEES 80 4ot o AR G B S S P RE TP BB GE @ portion

ofP@akageand 44 @helmEl:@t IS Yayed o€l PSS- SECti Oonal view
of a portion of the lid

FIG. 10 is an enlarged view of a portion of the c1rcu1t

package of FIG. 1 showing seals;

FIGS. 11A and 1lB 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, 112 and 11B:

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

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

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

FIG. 14 is a flowchart of a process of making the circuit
package of FIG. 1.
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of FIG 13A, according to one enbodi nent; and 25 FI G
14 is a flowhart of a process of making the circuit
package of FIG 1. -6 DETAILED DESCRI PTI ON OF THE

I NVENTI ON The present invention provides a | ow

pi ece-count circuit package that can w thstand high
di e- at t ac hhg-R(RHAHREERT AL &F TREOYNHNTPION
hernetically sealed air cavity for a die, without the

5 use of adheS|ves FIG 1 shows an_exenplary circuit
Bk aBESTOOL  MBEHAPRg ROTHRESerbodP e ase-RuRE  Circuit

pack @Seﬂétl BYBNLHGAstH Kigh | HYe-atthRnCidciipdrapaekagand can
is shown without a Iid. The circuit package 100

provsrw adbsrEet ey 19pRled raigmeavity £ Awdlieadsithost the

use @@daéﬁésu;_@@ fredre 104 RieGy | 'é’a‘@ Y abpSEi A&@St tﬂﬁbkage 100,
| eads 106 and 10 108 fromthe flange 102 and each
accopding .ton aiee erbgdinentt ofc idg PEesenilavantion - afen clarity,
the ]r_J:?rcui"EC hpé"ékemé eyheClisC sRbwler widdouf ol CLAHI t Yhe circuit
shows only one die, although typicall or
packmqa elQﬁ) elrathdase atflaawed 108 t ﬁefaﬁféea %cw%rw 1yepds 106
and %@ eg&qectf Oligqr ell%tﬁhsgﬂy Cﬁkématt%dscﬂehqéyd% 558 and

nge e eut'ectic solder 114 al so
108 &omluldtes ﬂi@algeawagt and @aathetdes. 14 0dio 41¥e is| ahprched to a

dle—% Pach N ﬁéfnd% shé%ﬁ?gg %g %éeiéﬁgnéaydEX HRUNt 8d -t Brity,

Sin shown ext endi i ng
FIG. tﬂlr shghs sd>rm1:$ drie6 Gired 218hoTdhle timsichelQyi swel ectm@r,%lldlys can

be anﬁggqihgbt QQQQgtgggl%Q%E 32 such as by wires 120

€Se Wres 122 are preferably

SrHRSSMLCILLY BenEO hg Jiberkoadi06,aad g8 g 110 o

the ﬁﬂawge md2e dihe &mdbctibeadédeanlbé ased. conducts dtrals away

g L e

typidalIhemshrieed ttpackage k@akemnbbyshwmurmerboafts (not shown)
nechani cal
extendgng tﬁgough 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 lid 200 has been attached thereto, as

described in more detail below.

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

process for manufacturing the circuit package 100. There then
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features and conpositions to hernetically seal the die
within the air cavity and to tolerate high
tenperatures. As previously noted, this conbination
al so enables the circuit package 100 to exhibit
enhanced el ectrical and thermal conductivity and

follwmehaai cabt30 édit e@dckYpt16e f&fF | Mg ffi%e;él PLbHON and its
ns with an overview of a process fo

man%%t?ﬁ&ﬂ%& the épttenad pazkaﬂgéa}éed ﬂeélcélphéﬁns pf the
leadsOhlbewsna desaid %ﬁbhpbfoﬁhgflic%ﬁcf | &1y %aéogoi‘ﬁqer used

its manufacture. his is foll owed det
for ddecrfigsmeodddof & Hheall @@aélséﬁlaﬁadqoghe cfmmfs. 104n Yie 1lid

200 ta*aa ki ﬂf'béeé?é Yﬁ}xaknaﬂeké{é'fdrlﬁe@ 4f Qiﬁé‘ﬁ‘:ﬁc Biaacgé%g%o‘looa

seal applied inside the frang 1

a process for manwhagEsdi s d@veyesh,t package 100.
Manuf acturi ng Overview Ci rcuit packages 100, according

t ¢it-Beipr ¢seMhgkBVeanbi, Olcccrteny’ Q:foeriﬁm y?gépéﬁ’@ at fention,
in strlaps or on reels, simlar conventi onal

are ;pretf¥alyatk Zgesicated 3nsrﬁﬁ@p§ sP¥i Propesis| egdmigar to
conﬁeh@%ﬁalséﬁbc@f’t | gagkdJane 1202 33%03@4 \M%J effh of lead

franme includes two | eads, such as those sho at 306
framggd SOSh AR beRd cftRRESTBAR, andhafd ¢ Hiaghed@arr Swamet Lnpludes

two %%des shanrsd GRo&d Csl?l%@n QQ' 886 3L §d'89at d Jofar %nggdlment,

he | éads 306 and 308. Exanpl es of these hol es
whenshmm dea1frampessripl é@osms artempedd oo ¢mﬂeca fhcalmes are

t S det aj
creabeldogvﬁr%}% ﬁ?ﬁ?s.l.e%] 36‘%%}9#2 BSO%r gﬁé%igse fg:é'x’esg holes are
showir sate 360 noThlesks holed e3EDI g!rds)yusaql etdi dnckoladi fxgamet ko the

a Qe of, t he, Ie frame,sir FIG 4A
lead%h%6 %ﬁg {’ea’d il éirergcg (gjgbé{ﬁ%gﬁg‘e)?e1‘$% such as

4 t apes

(EESR00 ek DSEILTOLERY " 0F LSRR, e L mena,
prefeaabbg dypphijedtiomdnvldtiusd,l ytcorea'\afh steddpsfame eef stiid lead
fram%“%%%%‘?”hé‘?‘%{a tolvlvrseElgfé leacP far‘:amgcgtr.q:{pe §000At I?a%@er frames,
such as frame 400, have been molded to the lead frames. FIG. 4B
shows one complete lead frame 404. Lead frames can be supplied

individually or in strips or reels to subsequent manufacturers,
who attach die to them.

Flange

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

includes at least one trace metal. The flange 102 preferably

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

complgﬁsgref BGoste %tp'pgg)f gg9§5r&2i%ggggﬁp ﬁ& ?Q:x%(el( a%bé@dasé.OS% and

ectrica
abodthennak cotwhmtiun,t yadhbotgh 3®thesi shigihmeennayy gatios are

er at S e f
scoiobihbele' FIREEELALS pold LR e R ey oot 00.on
copgfé’xef&ﬁdib bgout 8 Ocafprdisesnatm| edbe abicumgedSHL op@epréﬁarably
out . 0. 5% an ab 1 ircen
elecgqqq\ﬁgggﬁgot“ﬁéc}l h co%%%rm% o%é%(?reé (gjgcgggjé% e.toThfeorm 2
difflaree 392 ey elayef enatbl ;ah@mtprGSemlabouimngseo/@f gold to

copper and abput Q.1%.z I [
ool B STtk PP o e
o for
O Sk b b el cBRPELELe Y ol RGN 00,50

erin
coppl€ sk dduicth® .DBasgeil At erar]lﬁﬁo‘ughypthhe hiigmgcmp;’p@,ﬁ_: ratios
conprises at | east, abqut 99, and

are OEPHRRPy o LA EHLGH BERCETT O baHALP | AToRusq gn allev

nad@’ §1a¢ CEPE R i&m ZiathQﬁ)lnHthSaphE§Eéf ecoppersidonrent and thus
because an alloy made with zi rcogl um

proviigmdreteep rheddite S dafd eFhbica r%‘?ﬁcg%q;ﬂ'gf‘gt altg‘ﬁ%rﬁ'gl it is

mad@nq«u@he%t l‘v‘éi"l coRdusddpdri-yitBanith hilép prodbdedth flange
'ver. The copper- zirconiumalloy provides a fla

w1tm aht]ae:czm;]r fan GUéFYV?‘#l?eJékﬁfer’qooPrﬂ-BerFBr cgpl?er Q:ungsten
and]c | g%?ef—%?kﬁgn&rﬁ-@e@pEféncj@iy bdenuRt capptles a c1rcu1t

enab a circuirt package that enplo
packagh thétasgploys asdtle at fiensel 05 3Jucheaattpshgd {08 such a

di_ssi,pat a I
ool 0, SRR o] SBelL v Rckegae ) Brckases.

addanhen) i nghe t emp@eat-mecm‘rﬁam rr@étloml ghﬁ%o@pehlahﬁéysannealmg

temperajcure thﬁ:tmggtlﬁfah—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 operation of the die. To overcome this problem, the
flange 102 preferably includes a mechanical feature to

mechanically interlock the frame 104 and the flange.

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

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

some! YEI €akbl ¥rofBenbhestiANdr By eiitd,0 ddeakdaWE @eeekOin, the
the heat of 25 soldering and operation of the die. To

framgy FRARE UM s LEREBFeMSUthe IPFBLYRE P02 k§Wef 8P4b| yThe frame

retehfEoM IESa B B N1 J eAldisesbori e LAllleY and the key
interlock the frame 104 and the flange.” Thi.s feat ure
502 jtakeRowR it FPERlenentarycRrriiseculhfay thpekrogengkey 502

mechRRILADN, GREeChb&HY t wRBRKAGR 180wl ScUsaRd &PO¥Ra¥IES 500,
30 reference to FIG 1. The fl ange 102 defines a frame
therphy eR¥HON T rhe SoamewdPéh frsmubedng oPiwekarhrivey |fFom the

flan?@t epbogkehbier f O Q% adndahBeifd Sg&ebe gded NSetween the

rame 104 is nolded tothe flange 102, -9 sone of the
framer an@ e éiliaglgef.| ows into, and then freezes in, the
frame retention feature 500, form ng a key 502. The
f Fhae franentdedentdanurteBorehadld cinglsidesct pbnaleast one

nafBgf s 0, 5, Koln SRESLBHE2, 00 EQRLBTRIke 50 1

prefemtbly osksdovetail hehage,amhicst slefioasf swourpdspout portions

there pr i n 3 10 bej Il ed
sos |15 Rbehr RGNS NLLIE AT O IIal DB B 1877, 5 o
lolldghbpsi are tardeptatbhded bet ween the franme and the

flange. The frane retention feature 500 includes at

| @ashoogle tH® frwler cettepbion ofeaturec5d9dssbewti bm, FIGe SA is
-retention feature 500.is r ef erahl vet aj
caoprghEhE bhpte Ci 1 HAE o SHERTL ML ol ORass0y2qnihe Sxane

Co o SHRHRT | portions
reteb@Qfon Ofkatuee ogansatteonatshagias, stamch @mouwa Tof Ltlor adjacent

RO 0o M TR T S TN
frameheradimcoent ssutace ofor hendd apgend OBrotibe dfr afe adjacent
surface. When a frame 104A is molded to the flange 102A, some of
the frame material <flows around, and freezes below, undercut
portions 504A and 506A of the frame retention feature S500A. In
this case, the frame 104A defines a key 502A that is within the
frame 104A.

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

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

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

coining operation creates walls 602 and 604 in the groove 600. The
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retention feature can alternatively stand proud of the
adj acent surface, as shown in FIG 5B. Alternative
flange 102A defines a frane retention feature 500A
that stand proud of the adjacent surface. \Wen a
frame 104A is nolded to the flange 102A, sone of 20

t he mat er i fl ar, d, fr e
orodfiS AUTTS TRREE:Abub (U CIPHA o206 T R82 SFulithton a1 anc
prefetayity abofiead udz Hihas Haept hdimaywden, B)he frame 104A

defines a key 502A that is within the frame 104A
ReF1G ni AQ tshowlsG tieA, flamgd r A0 rafitent | an segandr eeBO@Ngular

is 25 .fornmed int -flange 10 pe f e
Cro%‘?'bsgercgcslginveqrﬁoé’r?pi ngs.haﬁ:r%%?r%ég%yes 0%8%# ogg-gséfé'f:fsgngroove
6000;Thhesécam® ceiring ospdreatione defOrmat thar waldss68gesnd 604

nufacture. FIG _6A shows a fla bl_ank Q2
(Pt BRD TR o & CORTFRSS 1 H D Whd e S SR Of the
grob¥v&s ﬁ&c;ﬁﬂ‘mé&s waflsargpeablaak 6DA2C fafriverthe furndstrcuts 504 and
rectangul ar 30 cross-section groo 600, h been
306G SLHAUHH (RSP aHGLR F SARESPRR £5 ESPni RB- opaf atfaspd gwoove
606Crat @&g\ggkbmﬁo&m@bﬁﬂmsb n itneRegr oolde 60@ineheion1M) and
roove is prefera about 0.02 inches w d .
Pre?%{ﬂ%%%!iﬁP?@ ﬁn@ ﬁPSF%?aSF?paHH&PeB§ﬁ%niﬁgkeghﬂﬂﬁ?SUltlng
dovbdhENghapeBhad| & sfz13BeWsiidaasibangs 18Boat t €087 inches
second rectangul ar cross-section groove 606 has been
(digensben o t REANIRGL &R oovEeTIRNgo0 O ThaPeBEQNR- 0065  inches

(di@%@i&g PPe Rkl 8PeHLE QY “F)t he palisr£02, and 1604 (Bh&ut 0.005
, I'1la

' causing themto co pse slightly near the top of
inchhe fgrobbe. lbetid neeysiall EoPArandesoribedrpgiae used for

th upd Utsy, 504 and 506 di scussed above, with reference
t6 %*%itgA The second groove 606 is preferably about ,

0. Q5,1 nohes. wi e (di.prasi og, D) . ar.ab t o
0. 8?li ng eie de%gne%%ﬁ%ﬁsi %ﬂn C)Y%ejd%ggﬁla?iﬁ%g o} 20! size,
matéoiel aind Stemperassra efrdileflangentfdn Wie Miger vabeyial and

tern%gggg\gr? ngfh eq:.gfés 1.00E) 104 PRH G800 S5 EANY 02OPHE junction
between the flange and the frame, cost or other factors that are

now well within the skill of an ordinary practitioner.

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

flat surface, without gaps therebetween.

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

bottom of the flange 102 is preferably lapped after the stamping
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(dimension F). The overhang (F) is preferably at | east
about 0.005 inches for the liquid crystal polyner
(descri bed bel ow) used for 15 the franme 104. All

t hese di nensi ons can vary dependi ng on the size,
material and tenperature of the flange 102, the size,

ope etsi%kisgl I?ngddj%tﬁ.rggxfe Q?Lgiﬁeﬁfxa#ﬂeel%g i v\g%%él%jfﬁe&fq-]hfn é:gickness

I'red streng unction
(dimgeme ibhe Gf rianeEI&0s3A)or midferabagt bpsabhat 8ré2520nnbes, can
wel I_.within the skidl . an ' ctitl O . .
reaiff 08 3000t O Mot 8 AR, BhEH PR oplRicions
and ersukd indngbedtireateetr &nsiap tenettpunobetivwefianae 102.
flange and a heat sink. Heat sinks are typically
meififeednteat on oveeSiidigseds Tof prlbefmel a gfpedsion (CTE)
heat -.can ti L URCti t a.clrgeuy
vetnil TG 1T RChIS ot 10p0ceh fbkimP AR aRge when
the agdiensist icidetrbdt tsur thee, fdangeout FiEhs fAePebmthemetically

... The stanpi.ng qper.ations ( rie ve) far tQ.
lll‘ﬁh‘e'%ﬁs{:@ Fﬁ‘é‘sf F&ﬁgu’lng{-’aerhﬁ'on e‘atﬁ‘r gshg)gr% %aﬁfl{1 %(%1 gr %E? Realth a
flatbhobdiBrof 700 Nend :caamgife 102 tHer efnye prodv emetti ngeeinhesoldered to
circuit package om lyi 30 flat, agaj nst_the he
the criatsero MAHERT oPAFEFIH o0t G bnyot oo T Gyt The CTE
of hh@oﬁbéﬁgﬁiﬁé&lﬂugldm@hgéabbylabpﬁﬁﬁﬂpﬁdqu T'hepget /ATpi nfpereas
operations. |Jn addjtion or alternatjvely, incr.easing .
the { GFF { f ckn@SSCTiténsi®R rpﬁli&?@i%ﬂé'q W by the die
110t gn@beuinge 1&M i fEdESeate® td esbicRrt RheameNttOfthe flange,

deformati on caused by the stanping operations and can
the o4l grigngt £1PRESNBBREAY | ap the bottom of the flange

102. 5 Differences in _coefficients of therna

expaket orpyCRRovhdPWEdR -t A8, dPé 119 Hrl tHe 3ndhinfienge 102D

cooi‘oze? Ddef ogm ddie {1 anas, e y theadhs, | pusohdier &d ahge and
the ange. FIGS. 7A-D schematically i[lustrate this

diecicoptigeedicke FPE 7R SABNETRCT | difife SWASTAC BoddeF| Al 4B is
vergofxéf’ﬁn 499 2 R qulPibhatndasr@l ¥Rk BERPraction of the
ol dered to 10 thé flange. Solder material 114A has
topneurjatce bEEh afelthed £1l¥page CFp2D 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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of a copper/ zirconiumflange is an-proxi mately 17
ppm C, whereas the CTE of a silicon die is d

approximately 2.8 ppnmi*C. As the die 110 and fl ange
102D are heated to solder the die to the flange, the
dletﬁnddflaggg exgand 15 Later, and shown in FIG 7B,
as e die an fIa , 102 oI,
cho Tubre S i | SRIGHOED, SO nEMRE LcBRbIo0n s
conv“e@d"tbﬁ U &t fiéert 0Ogbowdndo cO0TS aiDﬁche'E‘learBth gotuic QoD@b@ inches.

14B har d d
i e e i R S LS, o o

the 193@&!&1’&_10@6(:@'%@1?% l&ﬁfﬁhe;‘.ﬂbenﬁﬂ:ﬁerZOsm Chnﬁaslacement of
an e a

ate AMIRIENT 6o BRe (FEMEanGEe 1681 T EpsTigc i qbeEnBe the

flax&&%}(tm B Eaﬁﬁogﬁ&omamsme £ hendeat mnvenrtiemaal tf(jLanges are

e on a concave ha mhlch ca
typic¢al iy oyt o rﬁﬁ?nt% (f).(p’ q'mg.e H3R W WhEN,; ckness

(aif A ET agt ihherriendacyo of Ebﬁefébﬁweaﬁc&ﬂ: tO 12%keinphas can
concave shape after solderlng the f|

redpraf Shablapaynterpa SSTRGRTPToaRIBESIpe B | SP1ASTHRE: The

bot ol dering. Fl G 7 OV t X
oS Sl ek, eisher ot coinos
procéss he a‘lltdnlwgehlwth@ gbvepeasehapSuchhd® SBRGERT 1 ydbaea'ldlng,

casgﬂ%ge(g\%b Od_.g"bng S$-8rs ,%geg{e radian the anmount of concavity

by sol dering. In one

g?ggbm%%t %8%1%%(;?8.&%4 a@@z %Q‘ﬂ:e.‘cs thenede alld) e&lﬁb been

er the length of -12t
solﬁéaegethbmeanowm@'hnﬁhxﬂ&ﬁmtCo?h%dbo?h%nP§GFPﬁcéuﬂ§$ce 704

preéeﬁalig{;vﬁgﬁeé b%%mga%%HbeQ gggge' nghes aRd 3hauge 102 is

nmount can vari ed dependi ng on
mou¥idetous kabtkatssiskchfasces rt@p:}gbdebynglop@*émg gBErews to the

used, the nunb ze and pl
£lange; He st IJa‘hcéé: %leﬁle% Ye iy, owsp and ﬁ i d@[[@dflange

|ckness of the

agaf:.:r@zlf'lgehé‘é"@j tél@kaOﬁﬁ@Sldne(ameef ahe;dddan’geat-wﬂr@;ﬂqronapnctlon
anges are
betweengthe flange and heat sink.

As previously noted, the flange 102 includes a generally
planar die-attach area 112, to which the die 110 is soldered,
epoxied or otherwise attached. The die-attach area 112 is
preferably flat to within about 0.001 inches per inch, and more
preferably to within about 0.0005 inches per inch, to facilitate a
good eutectic solder connection 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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typically about 0.040 or 0.062 inches thick. A flange
thickness (dinension Gin FIG 5A) of preferably
about 0.125 inches can reduce the anmount of

- deformation caused by the soldering. The 10 bottom
surface convexity is preferably inparted by a coining

area PIPEESEhe a{d1UG At BeEa PEQCEEEESraSIUF E1RS St%n(%'ﬂ&ﬁim about
bendi ng, casting or forging are acceptable. FIG 7D

0.005Hgwheshpet| dnge a0P sgppsh Fhevidildin 2hoEs6harrro-inches.
sol dered thereto and both have cool ed. The,botton1 ‘
shk 3 ces 7paevisIefRAtas) y Wes Hangeghtdy Empdes mounting

slotghaﬁ% é%?nlwe fa13R98a 1015, MeHat qqahgea figat c§ﬁnla,nc1ude

orces applied by nmounting screws to the flange
threadetl ot ammtipreadedwsornsign o288y fRatbeset#rs9d a flange

102 B8R ﬂétmcg\ﬁgfec?'ﬁg( aar}féea‘%r gahgSo2 geﬁgrh.@\%sﬁfaaﬁ%sfb%r bolts or

junction tween the flange and heat siI nk.
othepr Ezsbendns nextehdinige thrangh tbesenepPeuérIS: g%h@@atylvelyf

the xp;_ll.?rgzg% o £ 3eh 3 ﬁaéréz%zto L0 pCh 4 hﬁeog' ﬁtﬂ-e]lo dibstrate,

ep oxi ed erw se attac
obv1dtmgitﬁrm:hne&de501llﬂomrs:ln;gr eflefably flat to within
about 0.001 inches per inch, and nore preferably to
wi t hi n about 0.0005 inchekegt® inch, to facilitate a
25 good eutectic sol der connection between the die 110
ahd phevibuslwmtnofetd arigh. refenerle i oh, Fihe 1 eha thyggre 104

e I S h t
is mggsm C:J%E eslﬂ?]gg& gﬁPeC? &{%O%%%FI)IHES % ée g{llar CgI.OZ and
to theughm@ssl(‘m drice 198t ®urmhgtueefm®lrcyl@gl@peraglon, the frame

pr ef about 64 cr,0-.inc t
104 1% V‘?f‘g?% Rﬁﬁ%ﬁﬁgggy gS’é%urﬁcgaag]Sor‘?‘fﬁgtsl @co% Gt 08 ¢ frhich
exteadh&&bmSIr?Wdtﬁlas atheadhesiey e, thnwgh a&dep-axys o ued frame,
to attach the die 110 to the di h -13.area 11
intay RBOAPLEACRUCHY aRBS | S ety Ol SPLRoTRIERRY atihframe
adhe2e80%d neiﬁes mﬁdsl ncte aadd s most,h éDtl\Mddﬂ nthb@ufadﬁésa.on is
mcro
typgcaép.&dénggﬁgﬁﬁqq n%?d agu reec\gzI otUS|k¥reaq<td%wh tdr&% f aq:%e Jheat 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.

Oone 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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slots 116 and 118. Alternatively, the flange 102 can

include 5 threaded or unthreaded nounting holes. In

t hese cases, the flange 102 can be nounted to a heat

sink or other substrate by bolts or other fasteners

extendi ng through these openings. Alternatively, the
betwddrartppe 16ad camd bighes drdaeedas oslowiedhn FIok S&, aiHeholes 310

b , b t th d f t lots. 10
ziréea%eir%%i? sPERIseRA Yeuseadury rrrfeéﬁé‘éﬁmﬁc'ef??ospf’as )
104 .is, nol.ded, Q&ﬁf ra Iy%gg ectlon
| Y

%ﬁﬁﬁjca%oc?ﬂgu?F%ﬁﬁﬁy'fﬁb s 10fgopkgibutes
to tIGS8. oBaraIﬂg tﬁaﬁmmdnae Qrmraheonclﬁd'iﬁ.tfrpﬁﬁka@@4 1|0$) The

cona R SRR % Pk 5t It oL chfe, CHRPI G ek dihal oBpEal,

i.e. tdx@fd;ﬁ.mtelynperpénedmula&a\tbt yhar&ﬁreé’ﬁlc’m &S Wirreht flow

s, .ol eres to_th ads 106 and
ehrolghy i Flth, CHTas SELPBAT, G507 BECaRPy PRTer FoERuSe the
hole@n@ll@ufecﬁxae tthily esdcdewsegtforta) ta{l%ahe@eeOfse&Qbﬂeﬂ.hﬂg B-B

operatlon of the die. To overcone this problem

in F%%u? 20 tPEaRURRT arRi 2E6BSPE of B2 IARY ﬁEF‘Eﬂe%fo'ﬂte aoles can

be s8DE&dEad mIheRt L@Nthl eddy 6% EreeUve tHEIURATIED of the
the frane 104. one lead retention feature defines at

leads o4Qf BRE HOPe FrefermbbughtBacholend3l@sreABam ithe cross-

sectfdfal &rdls @fe{{hé’uilaé(dngﬁeﬁos{:h%y hebas 354 ara@.tﬁgﬁgﬁdthls
in the | eads 106 and 108 when the lead frame 2

redugtHiqn cap Pg gredprd if téﬁcﬁ@@duqirléﬂém@lfyth@amsuléa@g lead

meetd 0fANG c}@gekggludes a plurality of preferably
rectangul ar holes 310 arranged in a |line where'the

fﬁ@éﬂ%n]g%ﬁ W | lh&l%t ac? 1¢ hem!:u%ze Fh 5?!31%1{]9’ ofOMrame
frame thernoplastic flows Into, reezes in
thermémlantlics QEYE, causfneetanindl llyckoctlknengletatdes | 5@ 406 108,
i_n .10 I nt|n h d
1§ Bl A IR LA B JO0 ML ALANGT e 800 e
longan ddinessu@’ls oolfe Hddedectdnpular 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 reten'tion feature, shown in FIG. 8, provides a
hooked or bent (hereinafter collectively “hooked”) edge 800,
ridge, depression or other structure on or near the end of the
lead 106 or 108 that resides within the air cavity area. This
structure is not co—planaf with the lead. As can be seen in FIG.
54, 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) 4is stamped. Although a hooked edge 800 is the
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between the |l ead and the frame. As shown in FIG 5A
the holes 310 are preferably conpletely covered by
the frame 104. Electrical conductivity of the |eads
106 and 108 contributes to the overall perfornmance of
the circuit package 100. The 5 conductivity of a |ead

preEErr d.e%BS ﬁeg hggag?£€0f§4§§ﬁggﬁl EtSre other shapes

approxi ma e y perpen cal rectron of
can C lver ended.| oBkarngiresu gd)’d:' t bemeeadiceptobbe setbpenalar@ eghown in

of the . ead th olL.es 310 reduce this
cro%ed§% §@t38n€ﬁ£ ggog“%tion Iine B-B in FIG
r, ac enent |ze a hql. es
ca‘?ﬁs 1]6r%vel°§1egﬁ‘ é&CP(s)s?ﬁln‘f’ ﬁ ogs,%%n%{er’ﬁE eﬁl’ %h% leads
1060@ndu010|8wame ofsetdﬁel:o I e]aeirstﬁ.ﬂﬁlalyd cbBecPr edher abiey, 110 to a
he hol es. 310 redu e, the Cross-.s o] a_of th
ClrF'éhta BPaThs?* {h%bg € osbhe a??%%%g‘ﬁdél hc{l]rgCL ?ée%ucfe hdde of a
hlgnaaoﬁpemuamabgr(at Iéushcﬁmducbpyéry'uﬁ grbeldesgbbdrgﬁectrlcal
ets n.criteri 5 Re
ConfigRTHTIS (318 arfb Tt (B EE (P S0l SaTS, |k Hi-copper
lealisepzovand leDG&ith(fjt!h]J ecgiriutRGvang 08t J.Ehlsit@erlor to prior
mnim zing the reduyction in conduct) , 0 he | ea .
art TR adsngiel 0 reHBl GRLLDf SORBeraes didul i Shel ensigost ixon
(coRh8n DY ekeswablas mliognad)paral halitfod hecrl regdd<Hnod and 108
current flow_through the 20 | eads 106, and 108.

arepppeReraR) P LeREr Ot 2ter sd thr aPREE stifeaicre-dpchepeof nickel
to [HARE a104: £ £18 JR0IRS XL Q.%@e?e a%@U@b%utArBH hefcitSathches of

retention feature, shown in provi des a _hooked
golgr t@eﬁ@cxma@eny#rebownge&r. &eas} sw&ﬂ@eg &BGelonds-

ridge, depression or other structure on or near the

en@hef heﬁészeoﬁeaaxldlc%moraqespm%&raﬁ%é’ deadsyi ehi Ant fpd Loy of

bet@%&ncaﬁbﬁﬁ/ ArPA. ap J”a?bou?:t rzucgt%urlecohs Betw&én p!al%‘@t'f Md1Es and

ad. As can seen in FIG ~ 5A during nol di ng,
abo:u@n@ ﬂﬁ&mhoﬁmmramt@eﬁneebegtu - 09% a@laqlneboueno -2% zinc, -

w:.t‘i’xUt d gfgﬂ&sg Qéﬁgéxon EndPi $af 5é‘cbfrechetstéer1ﬁ§’cyerlals are,
Cre lng a cal arrl er that prevents the |ead
howb@értr(amcbptﬂgle)ul'l[‘bd leads 106 and 108 are more preferably
made of about 97.5% copper, about 2.35% iron, about 0.3%
phosphorus and about 0.12% zinc. Such an alloy is available from

Olin Corporation under the UNS designation C19400.

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

copper, is also acceptable.

Another alternative composition for the leads 106 and 108

includes between about 1% and about 2% iron, between about 0.01%
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30 out of the frame 104. The hooked edge 800, ridge or

other structure is forned in the | eads 106 and 108

when the lead frane 300 (FIG 3) is stanped. Although

a hooked edge 800 is the preferred enbodi nent for this

| ead retention feature, other shapes can be used.

| @s S a e

R L e T R A N e
cobalfi s chsEegeni wpousf et difceand RbGutl, 1% hsiheasl Shioeaalance

d 8 eqlr onpQGt
copp@l THE ptelor2d Mibe bin bFfbeY ShAMIE, sbMoflEidi S 07
Such araeq madéoyf B kivghlsbpperfzn oplimt Jegsiraf@éncoppdsy) UNS

desi##?ﬂ%§ﬁ?dﬁ?5@ﬁ°d el ectrical conductivity and to match

e frame 104. High-copper |eads provide

ﬁércagl«gﬁ&@#wev'é&ﬁp%@%lbﬁ $pe f r t° 'fGGlggg% 108

eads ypi call'y conprise onIC and
.inClmdQﬂlbét@mﬂbnhyommoﬁn3%saﬁdlapouﬂ)l P# addnt|¢m¢weha about
0.1%'a S %”Q%lﬁ’ﬁ’os Sruld! eESE§Q+ efg (?# E)oeh%t gd V\ékgohut 0.2%

out™ T0U i crotinches of Arc ormacdit u3|on
magnemnmi,erarh@y’ehe ahdlabout céidpen .crthe noiefemfed gidmntlation in

f re nd|n r | ead.sol de t.he |l eads. 15
ehis Rl erk iyl ERERTeR aRe 1Foreplyl b rile 1oPman Sy 0-23
phospi'ﬁorl.tle,t V\ﬂmu’cab@).L(IS%Z nilaﬂgm&lsduﬂbmti AboUti 90R, dogbeeen Such an

about Q. an ab t, 0.15% sphorus, b en ,
2110838 AFadaablRa EasBL O S, (iR BRlar fgsignation
cle7empper. Other ratios of these materials are, however,

acceptable. The | eads 106 and 108 are nore preferably

Zandslt&s;a: ohlodnHti%eé. o6npRAen onalFeut t21e35ffééds)n10@b@blﬁ 108
0.3%, phosphorus and about 0.12% zinc., Such an al

inCLide S R TESPo SPPBI L O #7680 ABBIG £ oiF tider DERECERERDOUL 0. 1%

and d@vu@nagion 12400, Manycal ta%uetwqa%og%éﬁﬂmfs fQhd the
the | eads 106 and 108 are acceptable such

balapgq erdpRRere | AEFRIERN alfddOY9918% aGHF@blEndfrem dBiigubishi

Elecha.lc/"C?dfM'tH% PHES As2ldeQY ghat BYRId=RBhe from Ain
Cor poration under UNS deS|gna?|on C15100. O her ratios

Ofet h@88ther alternative composition for the leads 106 and
108 includes between about 0.05% and about 1.5% iron, between
about 0.025% and about 0.04% phosphorus and the balance copper.
Such an alloy is available from Kobe Steel, Ltd. under UNS
designation C19210.

Yet another alternative composition for the leads 106 and
108 includes between about 0.5% and about 0.15% iron, between
about 0.5% and about 1.5% tin, between about 0.01% and about
0.035% phosphorus and the balance copper. Such an alloy 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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materials are, however, acceptable. For exanple, an
al l oy made of between about 0.05% and about 0.15%
zirconium wth the bal ance copper, is also
acceptable. 30 Another alternative conposition for the
| eads 106 and 108 includes between about 1% and about
a2t 0o01% baatﬁd\/eﬁBbLﬂb(ﬂJt/l%OtDﬂ%iunﬂ,G bafttheahodboltt NI2% and about

Qsphor.us et bout 0. 3% and % .
B B0 BBH ThBuPo0En 99 SHRP R0 oo LAY ffeevatiapte
fhmad smedand OPPLke kR PUREedéethrarmiwmt coBoTopper in

this conpositionis 97% Such an alloy is avail able

fr ome(ﬂ iamd@drepor al texmatider ddhBoshtilesi goat ithe (k30.106 and

ot h It rnati ve conpositj.o r_the | ea 106 d
@8 ng nc udgbetb‘"é%%e?ﬁboa%o d(f’ 3%p<§na£g%lbui-g§ F%ﬂ between
aldzetbwde i Sabandl aﬁod%@@&%abblﬂc&A%qﬂwe&phabwst (b.enl\raeand about
ut _0, 01% and about 20/ neS| M and aI ang .
080%96 Pgosﬁ:%hOﬁ 3f t?xg mf& ‘iloy is

‘coppe |on iRt hi
awditlebiat ifremc Gapagi tSaan Meﬁaabourp@rae%dnr omdeabmms @e2%gnation
c phorus, about 0.05% magnesi um and about 99%
ér. Such an alloy is available fromdQdin

ration der NS desi gnat 97 ot.her
al tg\n §§‘F6e aco aLtJ 6n FOF°Th l?réag%rlgg‘ ﬁn aflgg 10fg and 108
J.ndmide@e:beln@temelabahouiz 1% 78nd@nab@bo 4 . & &%dke’l,, between about

het % d bout. 0. 4% | b
0 oFh SR R or 1o D DHP SRR coisitr 0SB 3B8he 0453

ma’ijrieQ;)zLuan i thsl fbafL&ﬁtBé Mebspdt shirhe Elgetfeireed formulation in

Cor poration .under esi gnat i 071 Yet th o
HIA% o AR ORI LB eheSTeduas 106 ntikebo dhgut 0.5

si Nicdong e sadarivve@ Nt BHorb gk N% adrt adiesit 196%4% r épper. Such an

bet ween abo 025% an about 0. 04% phosphorus and .
a} by bt aﬁxalgalag%r i CATPaFat o8 JPASH WRi2 b 51 gnat ion
cKohm . Steel, Ltd. under UNS designation C19210.

Yet another alternative composition for the leads 106 and
108 includes between about 0.3% and about 0.4% chromium, between
about 0.2% and about 0.3% tin, between about 0.15% and about 0.25%
zinc and the balance copper. Such an alloy is available from

Furukawa Electric under UNS designation EFTEC-64T.

Another alternative composition for the leads 106 and 108

includes between about 2.7% and about 3.7% nickel, between about

-0.2% and about 1.2% silicon, between about 0.1% and about 0.5%

zinc and the balance copper. Such an alloy is available from Kobe

Steel, Ltd. under UNS designation KLF-25.

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

about 0.2% and about 0.6% silicon, between about 0.1% and about
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Yet another alternative conposition for the |eads 106
and 25 108 includes between about 0.5% and about
0.15% iron, between about 0.5% and about 1.5%tin,
bet ween about 0.01% and a~out 0.035% phosphorus and
t he bal ance copper. Such an alloy is available from

o.z%(l\ébgsglgm@fug Slmim?]:hecbffpéﬁt}é dobgerunsiech Lé_NSal?.%%i gﬁaairm.able
.. 30, ot her alternative conposition for the
from é&gguﬁb%“aﬁa%élci HeFRRFELE 198 %Bagr aPoutdasripnesiny ME224.
about 0.4% chromi um between -17 about 0.01% and
about 0.4%titani um bet weEA™About 0.02% and about O.

07% si i gon.and t he bal ance coppe Su an.all iS ,
ook, Pkl PR WA d SHEERE ER G CoNe hodan dhAge 104 s
mader&SZﬂ%eéﬁorgﬁt@gﬂ%H ﬁhéﬁilidlﬂlais\teccaﬂ@O:Sé tbrﬁdllHéchItot hnca flange
e a in es bhetween about 0,8%
102 g3 Foy e AFane) T0RPHelit o MoEEsiaonaE bhs, Flange 102
preﬁéhraﬁi/%siiﬂdmnaigsbﬁhv\ﬁle{qﬁaouerps&wo @adlxﬂb@ut l(ll,dla)O_S‘&/mat can
...phos rus and . the bal ance co r ch_an alloy is |,
Wlthﬁ'\FéPBagjr%'af’crt&ﬁhP&&H‘Beé%um é%@a?ﬁ%ﬁt fOn AdeoLRRF1ng or
390-dediegnaifoen AGEI01Go1WarAngs hercahdditidnale I1CPs melt at
conmposition for the I eads 106 and 108 i ncl udes

tempeapEns abstivesn o3bane DR 2BBRAEKe?P30 Bet vigen frame 104
pref@aul Qnéﬁﬁdﬁgjﬁﬂg%ukegiﬁgééﬂdic%ﬁBouH§§VE%”%5ﬂ§%Uﬁts melting

0. 05% and about 0.45% nagnesium and the bal ance
tempeggure, T Ytefidsr egefbioanndt iodntharmahiexpansdopat £¥B) and

dd?c%:'ﬁeéi & Afediss 13RQME 63002610 K e o ABOHY '%ﬁi"é 13he material
e Sl |con§ g&%ut.8ﬂ%g%$n%g%é§%un1aﬁé agou? .2%>co§pg?.erla
of tdeciframe aPfoyingludidid allee resdns Gigh @geowmalsi oas referred
e i gRati 50. ot [EXN [ . ”

to IR etk I o s Hop b ERE colfbulBE OEC Sl RALLYE

b ut 0. 3% t 4% chr qm _

20 B SAPBEE 08 2 deR e B e ASoar Lo 8, pare
hydmoxybabooic0. 696, 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-bisphenol (BP) and
terephthalic acid (TA).

FIG. 9 is a schematic cross-section diagram of the frame 104
showing some of the compounds in the thermoplastic compound.
Filler particles are preferably added to the LCP to modify its CTE
to more <closely match the CTE of +the 1leads 106 and 108
(approximately 17 ppm/°C) and to disrupt the anisotropy of the
thermoplastic compound in the frame 102. The CTE of the frame
material is preferably adjusted to be within about 60% of the CTE
of the leads 106 and 108. Spherical balls of minerals 900, such as

talc, preferably about 2 to 3 microns in diameter, can be added to
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zinc and the bal ance copper. Such an alloy is
ava!lable from Furukawa El ectric under UNS

desi gnati on EFTEC-64T. Another alternative conposition
for the I eads 106 and 108 i ncludes between about 2. 7%
and about 3. 7% ni ckel, between about 25 0.2% and

t 2% si | i co bet 1% a ahou . 59
the aﬁﬁg z?%d THE eé'g'rg 8n%opperag%uch3§% élol g%l S 108 Stten a
compdsditkabbe 4 rarE KdbeboSt el pprit°d. tond2rpINS Gesi gnati on

KLF-25. Yet another alternative conposition for the
| epdipnif6é disd prkﬂiérah]:jzudédedbetme’ehe abGBt t¢. g%sune moisture

90/ ni ckel tvve t
e G134 B AL KBRS A ARON 1, 208 kg ononany
plarlﬁlosiqhﬁffhns:eanﬂlatm ba@andehowppedge&mh ian BlG.0y9] s however
avail abl e tsublshl El ect
Oth%faég‘FgrPélgﬁa% Fs}lgﬁ‘e Asijno%‘gjor Oggéhggsuncgq_,re also
accé];ﬁfd!ﬂ.‘ét e &Hiditivh, ﬁ:he §rapE1ﬂé)éfLake559Md®amfwarp somewhat

j ecti.on nol ded the d .
durlfrf%ndéljfﬁ’élaﬂd 1 Hrerergﬁg }'18658%’?&%%@&5; e rmeerrllngl theix

eff@étltx{é&alefslsalngq"héOZte@mef egahbyaing! ustemanr | igpapthite flakes”
. crystal pol yner t hat _can thstand di e-attach
lncg‘g%)&%rsé{cgr a{‘?%ot J@VPOPGN}]S(?FV%SO&FLESN ng or
-4200C for AuSi sol .0 LCPs nelt
atThe gé% %% g%)fcﬁﬁ % aéberl?t, preferably
roua %QCpaIQEléI ake Merﬁ!o&f eé@?ﬁa}belsn%ﬂde&ebasmmrees][@&, thus
n

ounds to raise its rreltlég te ra ure,
creaﬂw:sttqntsmééepﬁ%ﬂr SR doT REHREF S AL ER Oy 1 the

laybfHUSEe i 1Bk thYthE SRESLre sukBhCcEO N VENd £
ayﬁ na?ercftae)earof the frame 104, J‘lrfclsﬁdl nc tﬁe regfwrfence °

theamtapbwp@umlsm@ rI@fl@rtrUéG 1Dt Ohe Bt gRaphite flakes
904, fal%r %tt' G He? £ he MCATELIBLEES a'closeﬂj‘ match the

an accep ab e resin i1s one that includes
copperaallmdrmybenzea@s a0 angi $pBerBie firgmehaskgrial contains

bet?%!s%l ya@go%t heﬁ.O%aC ecpt %glogtf ojg| QELpRiHCl Mg s? preferably

roxy €nzoi c
between about 40% and about 50%.

As an alternative to graphite flakes, glass fiber 1202 can
pe 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 Ffilters (zeolites) and
calcium oxide (CaO). Suitable =zeolites are available from Sud-

Chemie, Inc.

The frame material is preferably pre-dried, preferably to

less than about 0.008% moisture content, before injection molding.
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acid (HBA) and 6-hydroxy-2-naphthoic acid (HNA). O her
acceptabl e 20 fornul ati ons i nclude terapol yners of
HBA, 4-4-bisphenol (BP) and terephthalic acid (TA).
FIG 9 is a schematic cross-section diagramof the
frame 104 show ng sone of the conpounds in the

In atda?.%%ﬂl a§ﬁg§c&3m)@iﬂgs sl%ﬁ]l.c?rbeo?cre%ﬂ:%ﬁér@r E)referably less
préeferabl y added tothe LCP to nodify its 25 to
thanmabeut| 6s8l gependsh ThaecTownfshdte siaagsshoslaie kept small,

pre&%%rl ilggge#:}{a%kkp&}? *2%1:%91@ _t‘aodf.n%ﬂﬁ’jtzé _tl‘aesidence time of
ani sotropy of the thernoplasfic compound in the frame
the H0R:rmbpd a€EEcofompaurfc dme theatslpation malses dsiryel. A gate

adj yst . wthin a P%O?f ]:Q-E@ of
at Igié S ?‘gaggﬁg&i%wg%he ?%Ea ax{)s %{secm nersal sflgc%g, of the
the:znm@iaa;stiao t adragoumdef erdligneboutngreasidar csbaarinon  the
i ter, C ded_ t ; t L :
thefiTBEhe CERERLI0  Saoell (iR, Fhbfhen chagne and the
graphotEosifiekéas W4CTEe hheutopl gaiicl GenpRhdphs 1referably
e . ;
ind Gl e PREPFE ot e 2TRRE 104 oiF pEthebf LRESds 106 ana

108 I heo f pinimizgetier admountb gff astaresgr dphithe fdemkdsi8@4 frame, a
. (shown edge-on in FIG 9 h g other for of . .
min{ R SR8 PE BPORRUARE F obe ReheTblY maintained
dur B¢ efieatla dihg agéhtddion,. the graphite flakes 904 can
war p somewhat during injection, etc., wthout

signihéranidey dareibng tilenr isef feetfevabess. agpleidder o the

"'general |y planar graphite f es" 0,jncludes such_,
exteT s SHREACHE BT bddt d%?%L&J(TEB Jr}lﬁﬁhﬁfe TRcHcEs modsture
inf OG- P ESer alh Ye bRiNdeayer sthor efiakabbyn aighbplied to the

paral l el to exterior surfaces of the frane_104, thus :

%gn_amlne-

interkek i A§ ttde UBiEIStHs BCIRFAS ARCE AR I

basE{CBpbkiddeavd ANRNS FremNBbcPRRALsEH D R EXIRS ithade name
surfaces, the presence of 15 the graphite inhibits

Bainotadew edlyimertpat foles Bnd graphereeqagies fidna. al so

adj ust the CTE of the LCP tso rfore cl osely match the
ea

The frame retention feature 500 (FIG. 5A) and the 1lead
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

-21-



10

15

20

25

30

copper alloy of the |eads 106 and 108. The frane
mat eri al contains between about 10% and about 70%

graphite flakes, preferably between about 40% and
about 50% 20 As an alternative to graphite flakes

gI ass fiber 1202 can be added to the LCP to i ncr ease
idity and adj ust

P16 { RS Eee comIBinn. o HHPE cEBlo ozt Rttt the

rane
one rggagrigd)zpreferabl y contai ns between about 30% and

about 50% gl ass fiber. 25 As another alternative, or

| rAddirbinefe t&oddie agihaphoh e of | dbes, seahant frame
can bg added tg;)othe P Cdl?po&‘-ﬂ?@s

et Galadn bk A BPCST i S | Br LR HEbatag orior o

7€0
appﬁ?éa‘?t'llém %l aee( @%@)lantSuplamﬁae chmnings @se 1&vane|léblkeown in

from Sud- Ch I
che by oo e ™ 30, ThE (SBRRRIEH Sinddiun procuces

han abou
accg% % MpistVE S, caNicerhat DRy, ihpectrame mmladiengal can be

I'n addition, inject t
clepnesd evidbl ;ﬁollé@éltst ﬁjﬁnblélb‘g{]ﬁ Jlé'ggsgégoﬁgg ﬁﬁF it on Pldianeter
IDgr&%’éetdﬁ_fzgraEEQ%Qabfy kepty seBbis dpe:wéefn@ltabhyll gss ddwin 1000,

to mnlmze resi dence

andtﬁleﬁfﬁiﬂ asichc Idonpedirl disn PERESFRPEE(ISHT TSl 8&?5’%‘3?‘? gaterial

fo A ?9?& the e{"léécﬁ)ﬁe Sisti8eBr efa1,abby r&siyseGt sbe used,
fl thernopl asti ¢ conpound, thereby
depEﬁdim;is:lmg:l'Eh@a-lzeoﬂftWEe Otelﬁ*éﬁfﬁépp%% cTQ:é‘H-B&E‘Frae pir bubbles

in %kens%,? apﬁpo% Q}_Q;en% ggﬁengraﬁﬁbéﬁ plimkess used to

tic conp 'S preferab y
uantﬁétéﬁhléﬁnwt@omherneédldse frarre 104 or between the

eads 106 and 10 108. To minimze the amount of stress
i nThBe gesldrt npateab®]l @refiendlpliyn MEsd FEﬁTkﬁ%ﬁﬁ$§§ opetween

o0 B B T LI 2 (P Bee 4008 BB 0,99 per
sed¥ngl eandl & Biddsd vt betheen 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 is

preferably between about 3.5 and about 4.6.

Suitable materials for the seals 1000 and 1002 include
epoxies, silicones and conformal coatings. A suitable sealant
includes between about 40% and about 60% solvent (such as 2-butyl
acetate) and between about 40% and about 60% epoxy or silicone

resin. The epoxy can be, for example, bis-phenol A or a cyclic
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exterior surfaces of the frame 104 to further reduce
nmoi sture 15 infiltration. Alternatively, the filmcan
be applied to the interior of the frame 104.
Acceptable materials include am ne- based epoxies
avai l abl e from PPG | ndustri es under the trade nane

al:.pl@ﬂ:{coca%?zzﬁ]% YMEEs . f'éma@f'l@ P Rt er aMnGe1{HE M8 amine

e frame retenti o eature 500 (FIG 5A) and
hardetrrd .edd tarmegivedy, f she usea800a FPE, msA? pfovagalyeedD or

ParyﬂEQDQchgba nggcf %o%ﬂggniﬁig%ﬁ flltrat|on of

ol st ur'e and at nmospheric gases |t|on t he
frame 104 preferably incl udgs constltuents and an
exterior or interior filmto reduce this infiltration.

T@h35lid”i6‘@r1£ eQHE&chéH idd riafd OfharRs 1id4 Wstteat %@Lel Aie 110
10, seals 10 and 1002 are preferab

ed
has bﬁ@m chet taied ey sﬁetllmﬂearmg 18dgend %keqtr@cﬁﬂiwg qmed to the
lead%‘ﬂgf)?rgﬁg ié@neA?EGE.??}H@ ifcﬁ%ol% adHbw 08 AN csWhakR and

ane neets ange 102. shown i n
13B. cﬁ‘bssl:sciacZQQ)ms mraile@ablstml%monmzlysweiﬂ@étwetlteo frame

PLE 1,0 e t nge t
104, PHELENAIY, WA o0 Bed GG Rt cifhrl Mo EP e dudticl ¥t ween
aboutr&@rmlﬂz()z&naindbbhe beakH7 G&d Aht amphitiuds yesssthapwrodutr 100

micréﬁgtgg %Egrgg%sefé ﬁH%§2%0$H9a%%%§B %ﬂ%egﬁayfégﬁy, the

sea

lid adhesaﬁﬂbaﬂlabhe seaheﬁtoﬁ(hebhewéldm® tdnﬁhawfabmethﬂﬂ
frame material is preferably cleaned prior to 5
apphiesticmalofulthm=sedcaplasPlaswaléimpnieghniamess have not

nown in the_ art, where _ox t he pr don1nant
been H?T’fﬁ prod&E AL pt EhI é"lFé:é%Tgt spaéﬂqe& maPEvarys  these
convbhel_éﬁaﬁﬂe HeheriigalesCafisde 1dweanedladid Sﬂﬂeqﬁ@hﬁleé bywhich
etchin A 0.008 .inch insjde-di aneter I

resudteflgy gFeﬁséﬂmﬁ&t&F§5eﬁ§étnﬁ?@rFﬁpagﬁrw§%§ on OgSégﬁplles
moun%@g ﬁinﬂJeQn'tn‘iﬁch{Qgégedi'rfé inS gheef e Bd g UsRdikAcies of the
presehgpfgéeentr?gnerrleasult in lower amplitudes and, consequently, do
not damage wirebond assemblies. Conventionally, lids are attached
to circuit packages with epoxy adhesives. Advantageously,
ultrasonic welding can be accomplished in much less time

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

There is preferably an interference fit between the 1lid 200
and the frame 104, so portions of both the lid and frame melt and
fuse together during the ultrasonic welding. As shown in the
cross-section in FIG. 13B, the 1lid 200 preferably includes a lip
1300 that melts and fuses with the frame 104. The 1id 200 is
preferably made of the same material as the £frame 104, as
described above. In addition, a moisture barrier film 1is
preferably applied to the lid 200, as described above with respect
to the frame 104.
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for seal 1002. O her needle sizes can, of course, be
used, depending on the size of the desired bead. To
mnimze air bubbles in the sealant, a positive

di spl acenent, auger punp is used to punp the seal ant
to the needles. 15 The seal ant material preferably has

a viscosity betme P about 128 Pa.s
e Shftrglo Beta

at a shear rate of per second, and a

03|ty e t P, ab t
ar ra?‘gttg{fg’ Q% ?gg}ég’peﬁr%écon glléé\déléocon g %ga and
lida Zg)rOaphf 20 showuity papkader r1éd, rdrmlmsigl pmivetmiedis  and

Vi SCOSIt d s ar, r A Io VI cos
profdSEOS LN, SAAAL A0 ABoe daPls ! AGH8! Bl described in
detﬁispuhuyed qMGcklg cdﬂhmzmera almpxﬂfredsféswtyars ildneftrating

erred hear rates once e nat rial,h
2 pEusEs o) gpgﬁ% “He ' Gothiropar P 100° cARLFE Lf2ad Fha usea.
prz?t eltgdﬂdy "ﬁtr £CREIN- c\:éc|> ors'atﬁ geimﬁgd?ag%% tth2e5 1Rads 106
andi n@l&ax Ats 1402ef deadl !jrémes/\me a‘laxbmuaStédafmbmbmﬁ fzh.xat high-

e materi r t.h I 000 d 1002 i
copppya pley TeRcohedt i Abm afmbotaar Plcata KeidHisre Stehed
or %t.hbam.selﬂadri]éldeﬁzb.eh\dleeﬁ:a&bOlEOMG% antb o UbnB08E the lead

so| vent uch as 0 ac and bet about
retapohothd &aFSso%elg‘ﬂ%&y/ ShesPit )t egeﬁg mﬁ@ﬁb@ﬁ;% are
curtéd, bBenﬁorsﬁéﬁﬁﬁﬂ(brl@t%hﬂﬁeww tﬁeoﬁeadcfﬁbmé 3082 to create

al i phatic epoxide resin. Suitable hardeners include
theaﬁ??@? IpadieRbrRtioD tigatarevBPY: the seal can be nade

of Paralgne D or Parylene HT, avail able from Cookso
B BE £60F csa BPaOnd Righ1GapRsso Aldok: facHBAS doFndhe flange

102”@@51396‘ aEﬂ@ffiJ}ﬁgedll%zlll% ﬂ&%ilésﬁéaaﬂéiﬁh@%téééd?@ high-

| ange 102 and electrically bonded to the |eads 10
c0pnﬁn 2oy Amade t abl €408 d 2DO1EL2shbht Freme c%etqrg;&%hoﬁeature

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.
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13B. The |id 200 is preferably ultrasonically wel ded
to the frame 104, preferably using a wel ding signa
having a frequency between 10 about 50 kHz and about
60 kHz and an anplitude | ess than about 100 m crons
(nmore preferably less than 60 mcrons). Alternatively,

theghiidl 208 ¢avedEidraSeds va@é&eddegsrcﬂma Wﬂl't(Ehed:df@réhEe to a
frame 104. Cbnventlonal ul.trasonic pl asti

PrefeRrR R IHTE NS ot thYRR P RIdEE% s %ﬁﬁ BPEEE?Eand and

apPREKEPES, theeausLr 118%8s 1c5ar€306\éer}ﬁdd2=ﬂahhi£6hmﬂlles remaln:Lng
use | ower wel ding frequencies, which result .in

hi
wiGRHRi et BdnsSteRRdE e BoRSas catstegn, 48 described

inMOtHE eﬁppen@écﬂCLﬁlblﬂade‘gﬁS eddrpi, ghkoware! (ﬂ)longr die can be
frequenC|es of the Egent I nventiqQn res

BpokTor Gt AR PP bR gper than

be@ﬁ@eﬁgid‘léﬁed Goenid onal byditisls, ale iat wachednddnt on the art,
cifcuit ackages W th epoxy adhesi ves. Advantageoung

alypyEasSHPECHEIY n§OREHIhe EBRbhpl FBMEHS n HuchiFREE tLes,

cohbPBLué PP d JRIRRY hdbli iTRRS notl RaBe £PRWLE Wok alll MBS% .
(apx. 2 hours). There is preferably an interference

fitabehvegn the fifhe?QRteafdoh hﬁeéﬁlﬁf& 51)@4,an810the convexity H

portions of both the lid and fra nd
off 588t Reanar i ThePt PaRDASS She nﬁage { afhentnde a nign-
copPBrCr BESngectioon | fhddds 1h3Bvatiiend | @r%OOaDd‘;@f EHp@thxtable to
includes a lip 1300 that nelts and fuses mnth t.h ig h
copmanEional FHRNGe% 2200TIaN0RT ERSIABEy ORRRE THE e LsanBL thou
th%at qihal 2stbheidd ank k04 esas3igesciodehraPOeiln respective
addition, a noisture barrier filmis 30 pref erably
alé;ﬁp;lnaéde hiaze| ingepoFlespripedcrinpdehabsoRt &t hof  high-copper
pe LU % dBfHtli®nal lead
le5§§ Ehes% éé??gggﬁgg %8% a%%iﬁ%ﬁ?%%ggleads 106 an& nas neads
anﬁo&eada mbgle Czi)ovi‘éfert materials + Adabrugh oo £iang q@tegial has
bR e&é% Sid 1 pr Qﬁ@ssc?o?xtlé%%d 40 fabiireate thek@qge 100, this

parts, have been describ
material can be advantageously used in other contexts, such as

SO

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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5 detail above. FIG 14 contains a sinplified

flowchart illustrating a process,

circuit package 100 can be nade and used.

first high-copper alloy is nmade for the | eads 106 and
108. At 1402, lead franes are fabricated fromthe

first high- copper alloy

1400. At

by which the

At 1400, a

1404, hol es

310 are punched, etched 107or otherwi se made in |ead
frame 300 to create one of the |lead retention

What {35t edalSi406, the ends of the |eads 106 and 108
are curled, bent, stanped or etched on the |lead frane

1-3*%§9f§850553£§ %%ggﬁggﬁsgn&gad retention feature 800.

, a Se

copper alloy is nade for the

flangea ABarid. At 1410, the flange 102 is fabricated
fromtgﬁef?eapg]%y gRzqcopper alloy made at 1408. At

1412,

ranme retention feature

500 i s coine

in
the flangeane2mojdadptogkhesiyange amprn§optieds least one
CEtigpall%ieat_l4l4, the bottomof the flange 102 is
| &6 A

ped. "

H%HG, the bottom of the flange 102 is nade

convextha@Oa®t 1dakl8 ongr Apad t extfanslseshrongl ehr)/f3amGr 2884

fiber | ded Liguid
frame Haporeane AORASReS R XApPhol

DLW 10 dBkE8 having a

material 1s dried.

Atnel423g t8Rpératrel @4ensenoiivad abouthd40t (Gnge 102

and the | eads 106 and 108. At 1424,

the frame 104 and flange 102,

the interior of
i.e. 25 the air cavity

2. Thee@ird i icipeakage Af Vs lyhwheeaidnt is applied to
seal the baqundarie twee e k@
flanget%ﬁzgrgﬂa ﬁ%?ﬂggﬁMghge%hﬁéél gy

rame and the .
and 10&neAt £14RGe tdefities 140 |ntanleckedfeatyyp having an

flange 102. At 1430, the die 1 1S, Uh Lt asoni ]
Wl TG PEOThLS| IR TSR AR Thghe é‘%g’A{SP%%%’ %/ar?g
lid 20QHeddit r apeni kay | yiswelited ingimbgef roomtagyy, wizh the

V%jle the inventio n has been described with reference
t olntenasgke fie@dEfbodi ment, those skilled in the art

wi || understand and
3. The circuit package of claim 2,

is dovetail shaped.

4. The circuit package of claim 2,

is T shaped.

5. The circuit package of claim 2,

is L shaped.

6. The circuit package of claim 2,

is a groove in the flange.

7. The circuit package of claim 2,

wherein the

wherein the

wherein the

wherelin the

wherein the

stands proud of a surface of the flange.
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appreci ate that variations can be nade while still
remaining within the spirit and scope of the present
i nvention, as described 5 in the appended clains. For
exanpl e, lower power die can be attached to the
flange with epoxy or other adhesives, rather than :
bei ng _sol der here . adgiti.on, as is well known
8. The, ct'"%gu J?t?acq%qteo?/% S?%:l"dcl:a { %gtgﬁt@gi'n smal | _amounts of
i npur i thees atsoleashstinauedesddedefingsl 136r ellfadh e hole
necessarily.total. 100% 10 Al though the frane
rEF%’fﬁﬁ}ﬁ? Bit 8F8 500 and the convexity H of the
f| anges bpbtotemave baen ttlesmopbesticn frameopatsaiadf extends
hi gh- copper ,flange 102, these innovations are al so
aﬁgr?\&%l‘ﬁ‘% &°L&snventional flanges and flanges made
of other materials. Although the |ead retention
f eatures . 31Q, d h.rare i HE & t esdd iomes hole
3. Tli\%vcél%cé‘lé% %%Sé{?iggeggi ﬁ&?% gbnfﬁgg‘fé%r}/e%i gh- copper
is rleefidsguldiese i nnovations are also applicable to

conventional |eads and |eads nade of other material s.

Al though the frane material has_ been descrjbed_ in t _
10. cheexdirsiiis @ackaoe p%fck%ﬂg%mlo%r, ¥ ggel%%b?i §1t o %aré% one

be V14s6dok motder contexts, such as 20
hOlet ﬁ8%g¥?ﬁ%i§ga$%3'{lrre a§rrgteri al that can w thstand high,
tenperatures. Exanples of other applications of the

11. fre JekElt abackdsd wke dliagh- BenpRensine dram rategalncross-
printed circuit boards _(PCBs) .and spcket.s for e at_least
secwiacfoihe abnpeashtane dancte2ndpPRSSING THEUIh Fhe 3bs

one B4 \é@@tssié?f{f&{?ld drea &f Hhei seUldagnadghole is less
conmprising. a ange; 5 at |least one |ead;. and a £ the at.
thatir aneequalietiot ebont RPENGE anFrO§SrABCHEOIELsIEThe® ©

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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| ead; wherein: the at |east one | ead extends through
the frame; and the frame conprises a thernoplastic
material having a 10 nelting tenperature greater than
about 3400 C. 2. The circuit package of claim1,
wherein: the frame includes a key having a key

16. piTelel beérchibe gdakige def cnesm an iwhkeeelinek feature
havi ng an intgrlock profile cqonplenentary to the ke
profil &P2arftF 15%%Rer &% t heA%keyRFSUins i At | Ratentiam atpature

widddxtihgte 16 esrled@ndl €abusSE; IhekdEnci rcuit package of
claim2, wherein the interlock profile is dovetail
shaped? BOTHheN co% cthe Hheawegéastic| brane magssialnappes the

I Heeh®eknpredid. 20 is T shaped. 5. The circuit
package of claim2, wherein the interlock profile is

L shaped. 6. The circuit package of claim2, wherein
17. tithe ntertukk fpagkage of alghmoves, nwheeeihangse 2Btention
£ 7. The ciﬂgégt ngkage of claim2, wherein the
eatufee 1P R KPR Y% 98t ands proud of a surface of the

flange. -26 8. The circuit package of claim1, wherein:

t at _| f, O def i . at as . hol .
18. t héret ﬁ%‘g%gjht; g’%é;lkga%or Eio%?%fﬁt hieée’t h&rh%ggf‘%sttﬁ}:e f retention
featrnamee isateridde extends 5 through the hole. 9. The

circuit package of claim@8, wherein the at | east one

hole is rectangular. 10. The circuit- package of
19. c|Tiem girohtt eiprckhoeatof eadeimnel 6, wherein the retention

feature is a groove.

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

a convex bottom surface.

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

the bottom surface is at least about 0.0001 inches.

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

inches.

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

at least 50% copper.

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

at least 90% copper.

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

at least about 98% copper.
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hol e conprises a plurality of holes. 10 11. The
circuit package of claim8, wherein, in a latera
cross- section of the at | east one | ead and passing
through the at | east one hole, a cross-sectional area
of the at |least one hole is less than or equal to

ut 25% of a_cross Li_qpak ot lanq@ash
26 % eléﬁ&cuig R§Ckﬁ%e(%$%%ﬁg pécﬁagggb a?%ﬁng% mprises
an &ﬂm&yﬂdf ddppeat ahdast deast eomk imatianded @hDQEEnﬁFGm a group

f eat,ur e ,grox jmate o &ge end thereof, the retention
comprdgitide ZHEGPRYI™ A FE k&P H: f aci ng portion; wherein a

portion of the thermoplastic frame material abuts the

2Q.,out war d-.f acj rgko t reldinOR He at1ub§: contains
1%herh\garcﬁ%rlguha%%gggagg g cnlna?érsn 1"%t vvhlélr ein the &
at Yedtsntabomt Séat@wmpansnprlses a hooked edge. 14. The

circuit package of clain112 wherein the retention
feature conprises ridge. 25 _15. The circuit package
28. of The ai mllgllﬁ/\he?%?]ﬁlgﬁhe ofet SHERBN reatiieEe &Bn'p%F‘S es tiange

comﬁﬁ Qove. -27 16. The circuit package of claiml,
érein: the at |east one lead includes g retention q
f eat ur eoetprasti meoutt ®. ke add abRBE ebfo? %F@Pﬁ“’ar an

portion_of, the gggﬁgngggﬁakgpgggne material abuts the

5 reten?lon eature he"Circuit package of claim
16, wherein the retention feature is a hooked edge.

29, 18?hg h.ecgirfz\‘fii"\l:t package ofs cl @il 6,1 whafgiseithe the flange
retention eature is a ridge. 10 19. The circuit :
compatkage of claim 16, wherein the retention

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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feature is a groove. 20. The circuit package of claim
1, wherein the flange conprises a convex bottom
surface. 21. The circuit package of claim 20, wherein
the convexity of 15 the bottom surface is at |east
about 0.0001 inches. 22. The circuit package of claim

34. Z%hé/"f@fx%dltt 'i:%cﬂ‘cgg!ée&'ft ¥18in 852 MRFam UHd aQ8 oyS contains
bet ween about "0. 0005 and about 0.0010 inches. 23. The

at k¢atui%A’¥pgERAGE- of claim 1, wherein the flange
conprises 20 at |east 50% copper. 24. The circuit

package of claiml1, wherein the flange co rlses
35. Ie%‘%ﬁ 9036 ebppBRCka%e  The SdPIRuily rmcf %I AF mil.eLast one

1eadh&sgimidelte flange conprises at |east about 98%
copper. -28 26. The circuit package of claim 1,
wher ei rPateen aRgEt conkk iansk abgRt a7 1 &% FPopper and

at | easteQRRAREBLEAD. @M%{hdf BOBUE @I IBY pheRPRbESLAY
zirconiumand silver., 27. The circujt acléage of claim
26, wheRRLWEath@bslko- eohialihd- 28 2in¢e about 98%

copper .y gaqan'ggecgbﬁgylt package of cI aim1, wherein
the flange conprises® between about 0.05% and about

1.5% zirconium and at |east about 98.5% copper. 10

36.297hdheigkhgdi aprakagerofcidiai m,l, widwesiai nthélethéamgelastlc
conprises: between about 0.05% an? about 1.5%
materiebrPeRRTIHRF 2t RAIBLE 16

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.

-30-



10

15

20

30. The circuit package of claim1l, wherein the flange
15 conprises: at about 0.085%silver; and at |east
about 99. 9% copper. 31. The circuit package of claim
1, wherein the at |east one |ead conprises at |east
50% copper. 20 32. The circuit package of claim1l,

41, Wheg e Blf@@l@t phERSde OBE chiad qonmﬂeﬁ:%élnattﬂeea@ﬂe:&?oﬁlastlc
copper. . The circuit package of cl aim1, wherein

mat@hiealathﬁseéspoéﬁélci@&'d ofoirpergel eHpagisien of koran about 7

ppn8¢ &g 1825 Fmpag material chosen froma group
conprising fron, phosphorus, zinc, zirconium cobalt,

25 tin, magnesi um nickel, chron1un1 titani um and

42.Si Tﬁ&oﬁircaﬁt 3packiige CBECld:iltalﬂaQ.KaQI&lleel@ﬂ aiHg 3@1ermoplast1c
wherein the, al é contains at Ieast 97% copper .
mateFeaki FOUPFLFRRKREEVRTN CRAPHY 1 308nand PRI afo% eaétlc balls

betQQ@n dsad 2oBRHI 88Sut 33 Alreas akautamett¥%.and about
.6% iron; between about 0.015% and about 0. 15%

phosphorous, bet ween about 0.05% and 0. 2% zi nc; and
43.t hEhQab&B@&:L’@OpﬁekagSGOfThﬁ.aﬂ.'mr Ayi twipasddagetind thetmeplastic

1, wherein the fherno sti 0 rial i ses
mater it CAPRFESS Bsw?@f %H% %ﬁ@ qu%é@%QBiaw eiber.
claim2, wherein the I|qU|d crystal polyner
ri ses r

co a- h dr oxyhenzai, cid h noI an
4415 ﬁafﬂﬁFPg a?a& 298. hé5€Vfb "t ﬁg%%aég e cHAPHRopLastic
matehea®i donigie deisqui glarysitt of graphite flakes.

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

46. The circuit package of claim 44, wherein the thermoplastic
material comprises between about 40% and about 50% graphite
flakes.

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

form a plurality of layers.

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

are oriented parallel to a selected surface of the frame.

49, The «circuit package of <claim 1, further comprising a

thermoplastic material lid attached to the frame.

50. The circuit package of claim 49, wherein the £lange, the

frame and the lid define an air cavity.
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pol ymer conprises: a copol yner of p-hydroxybenzoic
acid; and 6-hydroxy-2-naphthoic acid. 20 39. The
circuit package of claim?2, wherein the liquid crystal
pol ymer conprises terapolymers of formul ation

hydr oxybenzoi c acid, 4-4-bisphenol and terephthalic

51. aghd. cégquT@epQé]Eé‘g‘H toipatﬁi@lgr? £, Ghaldgil ¢ er Qi i &e1deq

thernoplastic naterial has a coefficient o er na

to thgp&rdM®n within 60% of a 25 coefficient of expanS|on
of the at |east one lead. -30 41. The circuit package
of claiml1, wherein the thernoplastic paterial has

a
+ BB CFERLE oPAPKRIFEPE eRpAHRE] 6ﬁrowhsé?mehhabéh?rmplastlc
mate&&ai Sompwt 522 BPME &6 d 42y sthe EbiﬁHéf package of claim

1, wherein the thernoplastic material conprises
betmeen about 30% and about 45%talc balls between
53. alrhet 2isaditabgackdgsl wdHNElaindi BEET eturt4=fﬁr Themprising a

.Ci rcquit package of .claim rein th er o
semiGgnERrtoT corip T LACTRE iBer heb G980 R SABGRT LSR5y bonded
to t@kass féedd oneddeadhe circuit package of claiml1,

wherein the thernoplastic 10 material conprises a

plurality of graphite flakes. 45. The circuit package
54. offhel @iimcddt vphekege dheclhsmndpl asheeeinathei ghermoplastic

conpri ses bet ween.abouf, 10% and abpu % graphite
mat oA SOTE Som e BLACE tEhdk EPOF o) 1 TKSRr. wher of n
the thernoplastic 15 naterial conpri ses between about

4%§Eand asggt ggoagramﬁ alm ﬁeswhé7 hEPgl%%%I# lastlc

age 5 |n t e grap akes
matealaﬂureémﬁgd.s@fs | Byewsen 4&boiﬁhe % Clalnti palckaige 70f% graph:.te
fla kI aim47, wherein the graphite fl akes

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

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

to the at least one lead.

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

further comprising a seal attached to the frame and to

the flange along at least a portion of the edge.

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

epoxy.
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20 are oriented parallel to a selected surface of the
frame. 49. The circuit package of claim1, further
conprising a thernoplastic material lid attached to
the frame. 50. The circuit package of clai m 49,
wherein the flange, the frame and the lid define an .
6Gi r T ¢hrcuwidl perkaghe ofi £éaiR PRAckURRFDIN dihE rispd, comprises
sWetsid the lid is welded to the frane. 52. The
circuit package of claim49, wherein the thernoplastic
material conprises a liquid crystal polyner. 5 53. The
6Ti I Crid dcﬁa;@mgpaﬁkab@icﬂﬁ gﬁﬂaifnuﬁt h;e:r conprising a
sem conductor die attached to the ange_.,an .
el ectricdf%}’irredﬁhd)%e 52 Pfe CRIPFB3RT Bnefﬁrgg:d.e%qﬁ Fgacent a
cir Cﬂiﬁsl,tpaﬁigafg@eoefctn% _mé%eawae?ﬁé EEL talm?llr mlzpl astic
materi al conprises a yrality of graphit s, 1
55. The ch+ddiar p%f@&?&ﬁélaﬁ & £W§4,se\ﬂﬂela§itﬁcgﬁ§ to'¥ne frame
t her gl stie JMLRMGEIsal cgeNDEdG Rl IRt Weelleabbus dé¥%ion of the
and, about 70% graphite flakes. 56. The circuit
packEyestofeddSi m 54, wherein the thernopl astic
mat eri al conprises between about 40% and about 50%
raphite ., 15 .flakes. 57. _The.circuit package of claim
6%’ fﬁ??hcélrr%‘ﬁﬁ'pﬁa?iiﬁaeadsé;'rﬁlénor?gl]ctor di e attached to
the fl angeharslirel €é r feahé y compriesks t® sheond lkdgst adjacent a
one |ead. ,58. The circuit ckage of claiml:. 20
wher 88FOR A SYHRARE 83n‘gﬁ?s%€ sgd%eagf%%;erﬁnda surface
of the fl gagenedncbriptilshial eoBREbAHNgedl seatacidadiedhe frame
to the frane and to the flangg gﬂénw at .| east

a .
portFBﬁ BP R %&kﬁfaSt one le ng 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

epoxy.

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

silicone.
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59. The circuit package of claim58, wherein the seal
conprises 25 epoxy. -32 60. The circuit package of
claim 58, wherein the seal conprises silicone 61. The
circuit package of claim1l: wherein the frame
conprises a first edge adjacent a 5 first surface of

6. 08p it EiNe IO 45 Qhaind unfpERE | SpE0afkl CStprises

_ e at 1east one
a mateadhaBllongnaf: | east a portion of the first edge. 62.

The ci rc%g{%é%gi eégé%}glk%ltrae%}l 319 g\@ the frame

conpri8e acent a secon ‘surface of
t he atal €asdn onisdozady bedvdamn t/hdr andnPrRasisrg a second

seal attachedtoth fra t t.leas
| ead afoliy°ar® the%\s]? o;ntgao%g'g E?}Sw iggs%c0#1d‘-?llegclilhgél'ﬁ3 fpte of
63“95h§e£|$énbﬁd,pammage of cIa|n162 wherein the frane

conprises.,a third edge adj face, o

P ahges THACPRHERS N | arngns oA Fh- 8ot 5 PlBpn oo of
t@_t5h§ef;r§g@on@,nd to the fl ange aI one at | east a

portion of the third edge 20 along. 64. The circuit
package of claim 63, wherein the seal conprises

67. Sﬁ‘héy C|@50ui|'he packagd pécka@emf tl ai fngenhecaprising .a
e seal conprise
moi Sies BOE Bt G T &5 A fufEffe qi tploprde. o (ou!

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 material having: a thixotropic index between 3.5 and
4.6; a cason viscosity between 7.4 and 3 Pa.s; 5 a

vi scosity between 58 and 125 Pa.s at a shear rate of

0. 95 per second; and a viscosity between 12 and 30
Pa.s at a shear rate of 9.5 per second. 67. The

72. Cbh@“%ﬁaﬂgékéﬁecféiﬁlé@fnwheféﬂﬂ'?ﬂé GRFRLESENBo@y dBmprises
moi sture Dbarrier filmon a surface of the frame.” 68. A
an Fllgwgeff serpeundntgat bekastcomtudmaderdnd, chosgnr i Srofg:a group
; . d i 2RQdY Ilng: a central planar
e ﬁ%?g t%éﬁ?éﬂ%gg gnga %F?%%'side t hereof, the
di e-attach area being flat to within about 15 0.005

73. | AGReF1RREe | BENCARON haY] NGher U F3ee eRUdNNeSBoaleesmprises
t han about 64 m cro-inches; and a second. side,
an agddpysrertaiuing adt Lepgk, 2 P§¥acoBR®¥ ace roughness

| ess than about 64 mcro-inches; wherein: 20 the

metal | j.c body _conpr.is at .| east % C er. 69.,The
Ik ey Tt R S S
about @lobwaldig abowpenl bYs zhycohiwh bhe fRtangastanaisut 98.5%

nounted to a substrate. 70. The flange of claim 68,

COPRftferein the nmetallic body conprises 25 at |east 90%
copper. 71. The flange of claim68, wherein the

allLc body gconprise at .| east qut % copper .
75. -n%h‘e?z%laﬂgée ¢ nngablf' ?Pai rﬁhbeg,emv\ﬁ%‘reei 19118 e ﬁ%?%ﬂrfsc about
0.08530¥ico8pranesat draal! ayoat IDPRecoppdrat | east one
mat eri al chosen f roma group

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

recess that defines at least one undercut portion.

77. The flange of c¢laim 76, wherein the recess dincludes a

portion having a dovetail-shaped cross-section.

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

portion having a T-shaped cross-section.

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

portion having an L-shaped cross-section.

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

ridge that defines at least one undercut portion.

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

having a dovetail-shaped cross-section.
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conprising zirconiumand silver. 73. The flange of
claim68, wherein the netallic body conprises 5 an
all oy containing at | east about 98% copper. 74. The
flange of claim 73, wherein the alloy contains between
about 0.05% and about 1.5% zirconium and at | east
82. abd f38na¥% oc€0RPEIm 8D, wHeeehinl BRECrDigL! BIdMubds a portion
wherein the all oy contai ns about 10 0.085% silver and
having |BeFsehapedt COEIRLESAPRr. 76. The flange of claim
68, wherein the netallic body includes a recess that
defines at |east one dercut ,portion, .77., The flang
of 19 Fiaag, SqnGiarh tlre Aevedd Fhel Biide Anlpkrof Bortion
haviﬁgnamgLasdapeaa¢ios§¥apedleﬁoss section. 15 78. The
flange of claim 76, wherein the recess includes a
portion having a T-shaped cross-section. 79. The
84. f | Bigeflegel @ifmciéimwihér evhetdion rideessedondl sdds af the body
is $ort|on havi ng an L-shaped cross-section. 80. The
THIT e of claim68, wherein the netallic body includes
a 20 ridge that defines at |east one undercut
8 é %’L Eh%lghﬂngf QJheQJe 'nmcgngﬁ‘ﬁF &4 éﬂ'ée sféc@)gﬁ side
|nc s portion  having a dovetail-sHaped
is @tdbxngeebpgh 0.8®BAncnke.f | ange of claim80, wherein
the ridge includes a portion having a T-shaped
cross-section. 83. The flange of claim@80, wherein the

86. 1 B Firnosdes &1lpdmiBon Whﬁam% CRAVEXLHARS the second side
is G%Q?éeé%%gheno §0§§ %n@%bghéngeoﬁo GlRihBs68, wherein

e second side o I's convex. 85. The flange
of claim 84, wherein convexity of the second side is

g7, atp| LPBHgARRM mBulPDy iNGREI conductor die, comprising:
a solid metallic body having:

U‘l

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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86. The flange of claim84, wherein convexity of the
second side 10 is between about 0.0005 and about

0. 0010 i nches. 87. A flange for nounting a

sem conductor die, conprising: a solid nmetallic body
havi ng: a central planar die-attach area on a first

9O$icheth5ﬁ§H,oﬂ'BithGBQttﬁﬁgkéT’e%oH@ % é& Eﬁ% second side

wi t hi n about 005 i hches per |nc
isshptugan r@?&ﬁn@sgooﬁe@# tahantaonﬂl(Mmuh@lso i nches
and a second side, opposite the first side, has a
surface_roughness | ess than about 64 mcro-inches and
s rE.:onv i(a}ng%) %%c%fé“ f§7Tang&eseiv| it Bytalhict dhain memprises
atnkéadt ix0%Pedyppdeti nes a plurality of openings by
whi ch the flange can be nounted to a substrate. 89.
The flange of claim 87, wherein convexity of the
92secBif, ETahge iaf arldiendl7, abbereln 0064 heckEsic 1R0Gomprises
atT}@éggqﬂgp Bppekai m 87, wherein convexity of the .
second side ~Ts between about 0.0005 and about 0.0010
i nches. 91. The flange of claim87, wherein the
93netfﬁéiglgggy I a 0 [ .
The fl ange of fp;@gl%s§7mgpé?§§%h€%{eltﬁ§€ |clqbgnd%%’ comprises
at cHPpth SEOutaP8ReBPPENY% copper. 93. The flange of
-claim87, wherein the netallic body conprises at
8% capper. 94. The flange of claim 87,

t t 9
92,5 oM AP iloe B TR Sy EBABELE RS mokwl e Hacky comprises

an capp@v &N deddpdeasid re 1MBLer bak RHOSEL T rOBRANIFRHR - group

rising zirconiumand silver.
compr sing zirconium and silver.

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

an alloy containing at least about 98% copper.

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

about 0.05% and about 1.5% zirconium and at least about 098.5%

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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95. The flange of claim87, wherein the netallic body
conprises an alloy containing at |east about 98%

copper. 96. The flange of claim95, wherein the alloy
contai ns between 15 about 0.05% and about 1.5%
zirconium and at | east about K 98.5% copper. 97. The

98 £ | hdeaBgectar MRt I fe PR FRIMITEY ggﬁta??@?%ﬂﬁﬁﬂg’

0. 085% i kyeldanstat1ledstyaRowng9. 9% copper. -37 98.

A flange for nmounting a_sem conductor die, conprising: ,

a solid netaPl CENbEaY PaFNHY: dhetitach Fiedhen 2 first side
di e-attaghrabed SRe adfdlHtadhdgred NEERYS . £1d1e to within about
die-attach area being flat to within about 5 0.005

i nches PePOBndichsd WA NP stid akaViglighnsss fapgsoughness
than abaulss64ngh CA9s N e fi 8B RerRGoRegsi de,

-opposite the first side, having a surface roughness

| ess than ab8utSSE2DAi &ider nERESSitGhERR| A1T9l Fhde, having a
net al | i gubedyel Neblgiasess 1 2668S (Al deblbeseal mid@@Stinches;
one undercut portion. 99. The flange of claim 98,
mpereinwmﬁgeﬁﬁfallic body defines a plurality of

openi NgspRy Maﬁn.itcheb&ifn!gﬁcﬁ?&bsbea MgRk8d (th#t defines at
substrate. 15 100. The f1ange of claim 98, wherein the

r eckessl peeubedeRcUh@ALtdenhavi ng a dovet ai | - shaped
cross-section. 101. The. flange of claim98, wherein

the_recess includes a portjon having a T-shaped ,
99 cr o sfd@ngsn of1 ¢LaiFn &0 | RgES HeaimHR b L i oy defines
plFELINECEsSS bPehikles By 2Hi89rthen thany8g An lbshapated to a

cross-section. 103. e flange of claim 98, wherein
subHerat®-al | i ¢ body conprises

[+1]

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

portion having a dovetail-shaped cross-section.

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

portion having a T-shaped cross-section.

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

portion having an L-shaped cross-~section.

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

at least 50% copper.

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

at least 90% copper.

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

at least about 98% copper.
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at | east 50% copper. 104. The flange of claim 98,

wherein the netallic body conprises at |east 90%

copper. 25 105. The flange of claim98, wherein the

nmetallic body conprises at |east about 98% copper.

-3B 106. The flange of claim98, wherein the netallic
106.batly €0EPGeses caaiml b®y Wherdppeiheanidtal 1h8abdPNeomprises
an %gﬁewl%l chosen froma_group conprising zirconium and

CYePt fOPPeFnand| ahgtSRFt (N8 MaFsrigheFBPReR hErom a group
compiébathyyi £1 bl BORBEI §€Bved, an al | oy contai ning at
| east about 98% copper. , 108. The flange of claim
107, wherein the alloy contains between about 0.05%
107.afbealfdangd. 6% zilatondm winerein |tdestmebAlic9808%0 comprises

9. . The f f clai,m 108, wherein the
an a%?ﬁgsé%%%%ﬁFﬁgp%ﬁoégggﬁdﬁﬁmgéggg;F?B%?rand gt | east
about 99.9% copper. 110. A flange for nounting a
108.E%EECQQQHBEodebFaEﬁof@W'S&ﬁé&ﬁgnggﬁgl5%10 L%gk%%%ggdgetween

aving: a“centra anar’ die-a area

- abougj db 05%hearsbf abode di &% akztiacbhniureaahei ay fleatstt ;mbout 98.5%

Copp@gthin about 15 0. 005 inches per inch and having a
surface roughness |ess than about 64 micro-inches;

and a second side, opposite the first side, having a

109.8%@61&%&1%9%93@15& S16d“,a”wd1§@zf€r§gﬂl chgg‘ 105y NE8Pains about

wher ei n: the metallic bo ri-dge
0.08§&f pheventand edstlesat apeldr AR Yfocopper. 111. The
flange of claim 110, wherein the netallic body defines

a_ plurality of openings by which the flange can be
110. pyhtange of@r mounting a semiconductor die, comprising:

a solid metallic body having:

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

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

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

substrate.

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

portion having a dovetail-shaped cross-section.
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substrate. 25 112. The flange of claim 110, wherein
the ridge includes a portion having a dovetail -shaped
cross-section. -39 113. The flange of claim 110,
wherein the ridge includes a portion having a
T-shaped cross-section. 114. The flange of claim 110,

1i3whetiei fllafger | 6ife d1aGhUdES0 2 whRibhiAN i R4d88 includes a
% %&Hg Cross- sectlon 5 115. The flange of Claim

POTyh¢p R LRENFRA%IGTOESHBRGEEmpri ses at | east 50%
copper 116 The flange of claim 110, wherein the

allig _bod c npr.i_ses st 90% er,... 117, The
r‘g}ﬁ ngf%l 1fd' %e?’@éh rﬁéPalf}?gpﬁéﬁlﬁe includes a

portbﬂﬂ’pﬁla&ﬂ&g 40 ptshemst oabest-saaﬂ/mo.pper. 118. The
flange of claim 110, wherein the netallic body
conprises an alloy of copper and at |east one
115 nethe | filangeodn cileom A41Qr ovlperacionyihies megaziic dmdym amgprises

at §éé§§”§0%1%% Ihe flange of claim 110, wherein the
et a g5

conprises 15 an alloy containing at
| east about 98% copper. 120. The fl ange of cIa|n1119

lle@tﬂe?'ﬂéﬁ}%Z@fl QY 2GRANE B nswll?éafé’fﬁqert eakﬁg‘d%%Pi cgpdcomprlses

about 1 i rconi um and at |east about
at loast AU fcogrge. of clai m 120, wherein the aIon
contains about 20 0.085% silver and at | east about

99. 9% copper. 122. A lead for a senmi conductor circuit
117 p B gl angsmat siladnallfetereradmd ddeonesadl Hefbodncamprises

at ;@éggﬂdgaﬁtobggaggﬁ 4y spaced holes therethrough. -40
123. The | ead of aim 122, wherein each of the

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

d. 12 of Ia|m122 furth ,
1230%“ FAd & r%ff%l ﬁ’é‘?’e‘f oeaﬁhpc?rft oPl?ﬁ%llty of
holésarmmandumgrthrough the plurality of holes. 10
126. The | ead. of claim 125, wherein the frane
conprises a liquid crystal polyner. 127. The | ead of
124 cl'then 1e] ofiecéaimt h23) ewvlgeminyr iigesa alataaas]t cixi¥d-section

PELag 1484 Jhe dead,of claim 12 rei Iead _
o §8FTERas Ay Pt gy obipepTont btk nigsgr e oross
sectiaah Ex2a wiethenpltealidad dforhiprlese$sahea$ It‘l'yan @r equal to
d at | east .one terial n_froma group
anofOT o8 BroaR Sttty bEee S0P TRaBh um. cobal ¢,
tin, magnesium nickel, chromum titanium and

125SI H&O'i‘eaao %3 cla I?r? if?dggwr‘gﬂé% nl:é}%ﬁ%nlm%eé nf!rgﬁ%f molded

oy contains at Teast o copper ele
themm,malmrtwher ef nthéef Haped ez bepidige Shrigaghethe aploutality of
ho1ds 1% and about 2.6%iron; between about 0.015% and
a%out 0. 15% phosphor ous; between about 0.05% and 0. 2%
zinc; and the bal ance copper. 5 132. Alead for a

IZGSeﬂ&OfQ&?t@f 815:9#'52503%%981&‘8}]?%%&9 Gomd Rl a 1iquid
conductor having a l'ead retention feature proxinate to
cryshal pndmelrer eof . 133. The | ead of claim 132, wherein:

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

50% copper.

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

97% copper.

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

chromium, titanium and silicon.

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

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

feature. 134. The | ead of cl aim133 wherein the franme

conpri Bg?“f{%ill‘ \(Izﬁs]guq: 21§ C£I¥c§t o QoEygFeaf&BS The | ead

of clarm erefn tha ¢ &t i oNn Ur'e conprises
a hookbdtedge.alkl38. OThéS% et caﬂoouttaOrrM%thadrﬂromonsb he

ret ent ?Ogmgﬂé%@t Sit %OB‘?%I Se3 |$tr% %gg%a?u 37. The !ead

of cla ere n et et 6A conpri ses
a grootke k3Banceheopead. of claim 132, mhereln the | ead
conprises at |east 50% copper. 139. The |ead of claim
132, wherein the |ead conprises at |least 25 97%

132 cé\ppbqaad £9r140. samecdnsadgtor «lixicwit3nackegeei rcanprising a

metale%%n%%EEEksﬁéva?aé'f@%d‘ﬁeééﬂﬂﬁ%h %Egteke g@gklﬁHE% to one

mater1al chosen om a group conprising
end (ghegphbrus, zinc, zirconium cobalt, t| n, magnesi um

ni ckel, chromum titanium and silicon 5 141. The

| ead of clai m 140, wherein the alloy contains at |east
133 gﬂwﬁtéSEérijgﬁPlHTHézbeﬁ@e%ﬁlnﬂ a|w1132 wherein the

| ead cQpRrihg$8y: rebELVESD f@%&ﬂ deabauyt 8%6@4&d—fac1ng

i ron; between about O. OlS@ban abou 0. 15%
lmmgphoneuspd g therweempab®intg :0. 05% and 0. 2% zi nc;

and th% E?Eﬂgcﬁoﬁﬂﬁpq&fthe 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 liguid

crystal polymer.

135. The lead of c¢laim 132, wherein the retention feature

comprises a hooked edge.

136. The 1lead of claim 132, wherein <the retention feature

comprises a ridge.

137. The lead of c¢laim 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
claim142, wherein the retention feature 15 conprises
a ridge. 145. The |ead of claim 142, wherein the
retention feature conprises a groove. 146. A nethod
140¢ oFhendeadi af aleimcld4, peekerjen Wompleas mpmprises an alloy
| £akl ' ' terial li O
of b L ol g8t RD rBetaTPBhA% o' & bZgpp' Cotdising
iropackiegehesiusy ainel dilmgosiigmal chbaling i, r eqgensyum, nickel,
en. s 5 ; about 60 KHz and an
Chrgﬁ%wﬁiﬂﬂgg%ggg EH§E%£§S%¥L100 m crons. 147. The net hod
of claim 146, wherein the anplitude is |less than
141§b@Hé_§9a816f08§aim4§4éﬁ8whéEéEﬂr%ﬁkfééﬂéyuééﬁ%éﬂh§iat least
circuit package, conprising laser welding a
97%{ PP astic material |id to a thernoplastic material
frame of the circuit package. 149. A nethod for

encl osjng,a circuyit_package, conprising thermal 5
142We'FJa? af t%FﬁBﬂﬂ“a%% © HRESATAE Rp| 193% comprises:
t her nopbaishden ERbati 2l 1% fAaRMmahitt Desgi 14t package.
150. A nethod for fabricating a flange of a circuit
packagePetwesipiPorhg? - $briang ebeur| nked ahesphorous;
mat er i rofalgsel Y t a . 9% copper.
151. Tﬁ%e nmet hogygpgc?h?érfl d o\}b%gr E?ﬁé,t Er_?é{(:e}l&rmt eri al
conpr i seke dralansescoppeut 90% copper. 152. The net hod
of claim 150, wherein the material conprises at | east
about 98% copper. 15 153. The nethod of clai m 150,
143mhgh§inl@¢ﬁ3rﬁﬁ(ﬂqlgﬁmcoﬁﬁaisegh%ﬁﬁin the retention feature

comprises a hooked edge.

144. The lead 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
welding signal having a frequency between about 50 KHz and about

60 KHz and an amplitude less than about 100 microns.

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

about 60 microns.
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all oy of copper and at |east one material chosen from
a group conprising zirconiumand silver. 154. The
nmet hod of claim 150, wherein the naterial conprises
bet ween about 0.05% and about 1.5% zirconi um and at
| east about 20 98.5% copper. 155. The nmethod of claim

148158, el GOpLh SLNg. coining. retention,
fon Bpahbargof FRCASol  £0ETEE0E, BAOFEC Enthing Laser
wvelgingiod dSherneplasiss mattersph he tpamethermoplastic material

frah83bHEhe ?qujcggltugggk% undercut portion. 44 157. The
nmet hod of cl ai m 156, r't her conprising: inparting a

convex ~shape to a second surface, opposite the first

f f 584 f L.m 57,
149SUATREChodP fdﬁ%ﬁdl@@@ltﬁﬁe& 81 rdie: gﬁaatclk% ef cSJnSJ:?éJ[]rZ%S%hemal

wherei n convexity of second surfate Ts a
weldhpaita othereriritds mederizhe Ligt hodaothermoplaszic material

fraMQeéﬁiﬁhé:Qﬁ\i%ﬁE_Eprékgd'ée. second surface is between
about 0. 0005 and about™ 0. 0010 i nches. 160. A nethod

for fabricating a lead of a circuit package,

150comphiethog: £t StapPiditingd ead fhage fdonya Jteskal pack
conprising at |east abou?|5096copggr. 161. A 1t package,
COMPRET RS astic material, conprising: a liquid crystal

pol ynerfoxiithd tHelrflanb¥ @hoflr aPRhtE Iéﬁkﬁn 1% 502
The t her nopl gzti c mat e?i al 8f clarm Ji61, é?ljel%r%%gﬁgt least
t h2PPRpl 2k icOPRBEeri al conprises between about 10% and
about 70% graphite flakes. 163. The thernopl astic

material of claim 161, wherein the
151. %he 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
mat erial of claim 162, wherein the liquid crystal

pol ymer conprises: para-hydroxybenzoic acid;

bi sphenol ; and 25 phathalic acid. -45 165. The

X of. claim 162 _wherein the
157'I?§%ﬂ9 rggés agﬁgﬁ*ynﬁr g?ﬁego RIS Gy mer  of
p hydrnuyhﬂﬁngla a©MdEXaEHap§ bydaoxgcandaphtfudd, opposite
he flr Su }hgethgé 3itlc mat eri al of claim 162,
erei m T herghta © r%ﬂ% aB8Fyner conpri ses
terapolyners of formulation hydroxybenzoic acid,

158. 4T14e biaphegol, sand 161 epiy haxlfrllxgr corng:.tA S};f u &gr gsecond

onprising: a conpositiod er Zonpri i
Surfﬁ¢QLﬁﬁja¢r}§ﬁat ﬁh@@ﬁnﬂ 00Qddinchésiral ity of graphlte
fl akes; mhereln the structure has a surface and the
Iuralltx graphite flakes are parallel to the
159. stre aBethadg of A Gistifodl $or W’&fk!r?\?gl aceryverityr epf the second

surf&@ém.{é Yetdeeh2abhe D '0‘@)@5' c??cl[ 5 %o‘i‘é”@ﬂéfé%%f’” of

conpri si ng: |qU| crys
plurallty of graphite flakes. 169. The nethod of claim

160. 188, mediRidei Bot heripnRashhgom ofy amt t §F azocg.‘f@'ﬁf.’cs ckage,
bet ween about 10% and about 70% graphite fl akes. 0.

compigingst hod of claim 168, wherein the conposition of
Matt elstamping a lead frame from a material comprising at

least about 50% copper.

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

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

graphite flakes.

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

graphite flakes.

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

para-hydroxybenzoic acid;

bisphenocl; and

phathalic acid.
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conpri ses between about 40% and about 50% graphite
flakes. 171. The nethod of claim 168, wherein the
structure includes a surface; and the conposition is
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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