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ircar ¢ireuit pac agé
of vimcthudes aelbabg immmmnnﬁa¢edebgrteﬂet&ndﬁshar stug" or
20 "flange"), a protective insulating housing and
| eads extending through the housing. Inside the
hou5|n t he Ieads are electrically bonded directly,

or TEMRID REEA5P IEr BEDERBLLYE GHRONSPRER RAFERGHe OR. 1
VO 2004/068558 PCT/ US2084|£034%47The protective
housing is made of a dielectric material, such as

plastic or ceramc, and is attached to the flange to
encapsul ate the die afPhhém@lAGaRites and to prot ect
t hem agai nst intrusion of water vapor and ot her

at nospheri c gases. Most

BACKGROUND OF THE INVENTION

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

metal flanges and high-temperature thermoplastic frames.

Semiconductor and other integrated circuit devices
(sometimes referred to as “chips” or “die”) are typically mounted
inside circuit packages to protect the die and to facilitate
electrically, mechanically and thermally connecting the die to
printed circuit boards, heat sinks and the like. A typical circuit
package includes & base (commonly referred to as a “slug” or
“flange”), a protective insulating housing and leads extending
through the Thousing. Inside the housing, the 1leads are
electrically bonded directly, or more commonly by wires, to

contacts on the die.
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5 protective housings conprise two pieces, i.e. a set
of sidewalls (a "franme") and a |lid, although sone
wheusingss ar e nol ded as one- piece assenbl i ePCTBR004/002464
order in which the franme and the die are attached to
the flange varies, depending on the material of the
-frgms and, nore particularly, the maximmtenperature
t he Mrat RFTHICTiP6 dnsisider it e MWdEhoWt defddediengros material,
sudbei &g otiberweser-rdanmged. A Gid cuit f.ar
hi gh-power die typical Iy includes 39@%1?%? FPantglee, fonge to
encipFiSehafRe tifedis and dehied nooftiershyneutecpictect them against
intsQlsderi ngr The J) ange typLcal | rovides nmountin ,
“"Features, sug:% as sgcrﬁéw RIS 3?@?859“%?0%%%@ Most
ProgiecEave paskages ceomdis sES muntiettessutheas at @eg R€atsigewalls
. Si kR , the.flange conducts heat. fromthe die
R ﬁegﬁgsian&.ngh%Eﬁlil%lﬁg? eRPET &AW "Sed o "RE-FgEhas one-
plegedias sembd ibbangee candedafmgestichdefir Mad@Stdid the die are
- ver. ceram c materials are able to wthstand this
atn_%%é%d S uf‘rﬁg

t efperat Uré 98 ¢RFEEPt PSERAGEG hak ERPI Byserialh of the

frager antlc hoserepancul hel ¢f ofige MB:ASRERBRSL-PIL Y HQ material
- Dthelattgghma t of the die. Alid is then adhered to
a0y FEIPFANE, VS UM TaS by TRpRXyOT HRinfacsRetbSe damaged.
coeffi.cients of therpal aexgansi on of ceram c franes,
a

f| Anged For PRESRIT riifes® aledbyprvadl Idf engd@iohlay includes a
met@OpPETanddjnNgsd efh et Oyh@)’daepoﬂ!jeﬁt{'@,tkﬂald,ur&ﬁ’ten by eutectic

infiltration process. This 25 process is very
soldesdnsi véneafdarte Freteall optecides mpustinbe features, such
as resedd i Rg1abl @y i3 ohkism td. L opr oyed ther :
conductivity can be Sachk%gv‘é’d tﬁréﬁgh Jtlgéﬂglée RjFckage can be
moupsseer SHENyBYeturd deFFers indni dat ede, f tmgBlsarfabrdonateds heat

froRy t88 hALitdrald ap.proggss followed by a |amnination
process, however these processes are very expensi ve.

30 Akt efinat il rat e dj,8c8aR be @t Lached .t o .t he
fl ange p?}i%or tporgtlf‘a%hi ng t he frtg%rtsfj}aﬁd%Ilied.tOThal1 gtlange can
damaesr Sdc FhPaBl édagsacof hppaver 7 ceWnPOOMAULE8H58 are able to

witRGTAHS2004L 002464 o femperatur g plastic for the frame,
howgver adhesig@gs elﬂ@eggt“g%f atgt g%ﬁé@ Yo HAARESt 5T“Fﬁeempl°ys @
cerpmifgérand ¢ant oerpfoper flor mdesditiaprior to the attachment

of the die. A 1lid 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
filanges 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 1id. This approach enables use of low-
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- UPCTRUSZDO4ngD2MEdy and mechanical integrity than

w(§§’§,+,§5f8@gtor| ly. These adhesive often creat ?cirﬁ}gﬁﬁ»ﬁ/ﬁo‘ilm
seals or pernit gaps to open during use of thé

circuit package. Furthernore, users of circuit

packages Dreier not to inventory flanges, franes and
tempdsuand pisse efdhespepiecas af heweadt aghhng:iv4l evked to

fl anges._ BRI EF SUMVARY OF THE | NVENTI ON The present

At e ‘1dhjﬁFOVfdé§La-&PPEU|?nﬁacRagQ ¢as idePPBERF™ | HeSS than

sat Eiﬁald’ﬂolrllé\n erbedi pantsofed hesr: IeSQBJ;a'*ﬂVEﬁSinﬂ%HHHYSé%@.S or
a | ow piece 5 count, |ow cost circuit package that can
STt t hs§ high R at ROt em5ér atUr estheandF2eghit package.
ru-Phovhdle , a hernetdcakl yoseal gshialdaCavid ¥eof 0fo:@ di€inventory
wi t hout the use of adhesi ves. The circuit package
“aa%svrgrr-éwprso%d 1GfuFBer 2o chaiias4l PReasuras-sandttaching
1COAPOSIHJe@Ns to achieve this herneticity and
tenperature tol erance. This conbination may al so 15
provide a circuit package -hat exhibits better
electrical and thermal conductivity and nechani ca
integrity thanBEDEWeIMMARAI OF cTHE UiNVEpECkRges. Typi cal
enbodi ments of the circuit package include two parts:
ane f hangeld t anedd-ead PrLeamisnat i on-and apddidaThe gerined
| eads extend 20 through sidewalls of the open-top
inf T3 “Fhe flange includes a die-attach area
surrounded, by the frame. A seal is applied inside
the frane along boundari es between the fiance and the
f PRFELHBeNh ef ke rkrestid Lesrsicanthvt bre af kanpieckmt eri al s
cofr@f 1bhecks ameult hesigaplast an “@&%ﬁ%@hw cLaql,»H,Qw remeratures
ar@l Y4l opobyger ) and seaq ! J, (Rrefenahly epoxy) ace. . yic
for nul at ed tO\Mthtand'ale attac f emper at Ur es. th
“4§n@P§ Che atscacheddresitre - f Fangelarid 1 reaibgei g2sign employs 2
ndﬁﬂgctQJCQLLXmggngedT'go £b§ Eg@d bmkgglgl S Meédﬁl re this
othe frame to seal the air cat It around the .
h“ﬁmé “f Fargenct ramesmaidirkeadsepintshe Gihpeuctmpackage may al
pidiglde » 30 .0ng .01, struct feat Wes to o orsoar “
) ﬁ§|ﬁ%aln néﬁhéhfcafﬂ?h?egrfiy Vﬁ?%ﬁﬁJTOGQBSS' ''''''' +oend

conventional

-
wn
O

circuit packages.

Typical embodiments of the circuit package include two parts: a

flange/frame/l=sad{s) combination and b

& +4id. The leads extend
through siaewalls of <the open-top frame. The flange includes &
dis-attach arsa surroundec by ths frame. 2 sszal is applisd inside

the frame alonc boundaries b=twaen ths £

e Materiels Zfor <the Zrame
(chermoplastic, preferaply liguid crystal polyvmser) and ssal
{prefesraply =poxy) are Iormulated to withstand die-attach

is attacned to the flange and ths dis is

siscirizelly bonded to the i=zads, ths 1id iz weslged o ths Zrams
TC seal the 2ilr caviTy around the dis

'Tne flange, frame and leads of the circuit packace include
one or more sitructurel fszatures to maintain mechanical integrityv
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of the circuit package w thout use of adhesives. These
features nmechanically Iock the flange and |eads to
WORROHYSEHE at their respective junctions. | PGIAES2004/002464
enbodi nent, the flange defines a frane retention 5
feature surrounding the die-attach area. The retention

f.eat g ofar e |l e, a groove or ridge that

£ : B &

© i ncl ﬂﬁlgg&g@dg\%gtkgig% &l)%%ggﬁe}-‘scm%& ca\ftehe§|'18§§-'sg€??6néleatures
mectizapeallhe lbber mopd aslicgd r ane i1sadeoldedche tM@me at their

~Jtlange, such .as by injection nolding. During nolding,
TeSRSS6rt T oh St C Y NE Frane forms a key that freezes in or

10 ;ar ound tgg retention feature, thus mechanically
seclri Ay t RECPYHAE 1 0 PRe F13MEe. IPRiRR®L fer frame retention
fezgniveds nentynciiach theadi bngt tles 0Re . OrhADEE €A feature can
be Eﬁéevntl on flgat ures to secure the |lead to the frane.
DUt ng” & o lPdi FP BPerdt | B9 hedF ahecleded so dovetail or
othenl dedeat@tndrdHe-seadhonahi %ma%é.eﬁkgpé%é&&gghgy{f.ﬂ?rame is
o0 the

e frame, through a sidewall of the frame, ~int
molged cERi threar EhaNeRe |V r afery ofnfieatdre dedlidies .at During

molleast anechekent Brough 4he.lead, Duri | ding, some .
frame thernopl astic flows t rougﬁ\,sD%and" hn&l&a rperes > 1P of
arqupd the FRtetichugerbekengtiture rechdnibehin $dm@iri2@ the frame
to fthamei Aot her |ead retention feature provides a

hooked edge, ridge or other structure on or near the

end nofanbBgel ead LA €51 088, Y@%Jﬂfh nealrocavity

area. This structure is not co-pfanar wih THe Tediere Lead
retpRtiAy AOREWFRE Somsetnase thhedrepl astithd r €E&RS. During the

139350 an outward-facing.portion of this |
st Hc%‘?%ﬁ ﬁ%ﬁéréﬁéﬂ%r%‘tén %Sg%ésonﬁlgggh?c%o% riher 1eRgr which
extgndgeAtront het$iodd fiontbeing pitloheld autsigkwat hectran®. rrape,

i ntQORREsSLi)ong;Qf the flange, frame and |eads provide
w matc%i ‘lﬁ{g Cg:%el fi Gients of thermal expansi on (CTE),

thys.reduygi Str.ess on. 30 the respective junctions
betvveeng%TI eg%%a“rjioél. f‘%ﬁégéecg &7 i Bns %A% PBroPpde through
thegdeddt hBwpatg coridilictd, vistopeby¥ rihe £henge and igoedows through,

and ther freezes in, the hole, thus locking the lead within the

frame.

Another lead retention feature provides a hooked edge, ridge
Oor other structure on or near the end of the lead +that fesides
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 iead from being pulled out of

the frame.

Compositions of ‘the flange, frame and leads provide matching

o2 : i = 5 - * i [
coerricients of thermal expansion (CTE), thus reducing stress on
the respective Jjunctions between these parts. These compositions

=

also provide good thermal conductivity by the flange and good
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-a WD 200-1/ 068558 PCT/ US2004/011216; el ectrical
dyctivity by the |leads and the flange.. In one
wé%@’éﬁ'g’ﬁ'ﬁsnt, the flange is nmade with a hi gh EEBJER04/002464

content, augnented by a small anount of zirconium
silver or other material. In another enbodi nent, the

elebeadsaar eJmade: Wiih a i oy 5 copper content, augment ed
by a small  anpunt {}f Fpo%%%hglse%ﬁgr uasr,l(p g?‘ﬁc Gr- - In one
embgfeer frat déhical flamgeetisannbter wrdodiamentgh grapete content,

f.bakes in, the fr forma noisture barrier. These
aluggr gﬁﬁ?t e&yfl %kegmgg};d ad?%élr% addi t FYESCTHEtYh tHeVETE ©F other

mateheairafe toothe Gibefindhe, fdangeadAn 08t ipRal JidM. hign

Copﬁgg be applied to thg exterior or 10 interior of the
rane-and/ or TIHVGFuPYhér Teddc@ BNt afeiron, phosphorus,

zinbnfinbypat benet nietéhe= Al r 1gayity anBRUYEF DESCRIFJ, Faphite
f12J5E SEVERAL VLEVS OF THE D WNGS  These oSt Sraphice
Faatth ed® dd38ht SgEs,2 APEEIE cahdrr enbodinesst srephihe flakes

andpbeBent addienidsOmadth! theCemB BRI epapPpALRNt £ 015 crp of the
£1 those skilled in the art fromthe foll ovﬁgt%lefﬁlaﬁ IL’erE of the
2888 cr ifPt i BRCI I lan féMBodiafeneof ape got esenttlisventeonor or

intwhesr t ajeenc v t Frapef erencs 19 Lhe. aceqppanyi nr%ducgf moisture

._drawings, in which: FIG 1 is a perspective view

InZe i FERF 1O pdekagehe v ihowvidy.li d, according to one
enbodi ment of the present invention; 20 FIG 2 is a
perspective view of the circuit package of FIG 1

Wi t [ t thereto; FIG 3 is atop view of a
st_rllglpbf%% q%gggl?fgﬁgsw JiEh SEYERBROSEENR O 16E DRAWINGS
manufacture the circuit- package of FIG 1; FIG 4A is
- a Topswi ewnoff tbenstri Feakdread fr@&ﬁﬁa&t@foegl,e‘- §spfg§ts and
emg{%?er franes,and fl gnges have been nol ded t heret o;
WB i% & 5ePSpattt VB W B "odd Peseme rawes ofPrawent to
thoser ppilsdbwm i thdldat ddonFli@e %ﬂl%w@n?uaéﬁéﬁ\@l/e&’i &g\é@;iption
¢ a portion of %he gi rchuit package of FIG 1,
o) a embodimen o the present™ invention when taken with

reference to the accompanying drawings, in which:

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

lid, according to one embodiment of the present invention;

- . i . . - . .
FIG. 2 is a perspective view of the circuit package of FIG.

1 with a lid attached thereto;

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

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

I3

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. 41;

FIG. 5A 1is a cut-away view of portion of the circuit

1))

package of FIG. 1;
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-5 WD 2004/ 068558 PCT/ US2004/ 002461 FIG 5B is a
cut-away view of a portion of an alternative

waasdarstEht of the circuit package of FI G 1;PCERIUS304/002464
6A-C are cross-sectional views of the flange of the
circuit package of FIG 1 showi ng three stages of
rmp%acq35 5 thereof; FIGS. 7A-D are schematic
dr A% ng3ofSa i S Y aftHEhRd ? oPOFRECH | ahgeroflfRenative

embodiment @AckageietuftGadkadd Gr SAcis1a detail ed
perspective view of the | eads of the circuit package

of FE6G  52-20 kG d-$-a1eb085- €611 onal t%lcagﬁ%mo%f of the
._several alternative errbodl ments of the leads of th
c= remuﬁ:ﬁc@aeﬁa& of 1 G Bhawigy ohxpey swtaamt PE manufacture
thege@ss-sectional diagramof a portion of the frame of

the circuit package of FIG 1; FIG 10 is an enl arged

Vi enzof anpord+onoferdhe -chrgii age of F L.
showi ng seal s; FIGS. 11§Caﬁdg$i'lllté a}% %?giés gbeg]t;“f’oggf ched to
tnvv?é@\%g%foﬁ FreeciChEERit paehadre oof FEFG 11 show ng two
embodi ments of the seals of FIG 10; FIG 12 is a
gr aph- s%wilﬁgaadﬁéﬁasﬁénwitpp@@m@envm‘hsmittya ahehds of the

cir §{3§@rp£@gaegaofof0@§ben‘@odl nment of a material suitable
for use as 20 the seal of FIGS. 10, 11A and 113; FIG

13A16s @Bp%see%&bgg gé@ﬂ&( 2 MGG Ly natiy
package of FIG 1; T (Jil rr%lgls gec;%telvc()enallf Gi&frnative

embggimeney t9lorkhef l?ﬁésl @ﬁ tr@ﬁ @II@ullBAacamrqh MIGLolone
enbodi nent; and 25 FIG 14 is a flowhart of a process
of FHaki Ag ihe cighariat icpauikageseftt FGl IdiadkaMdof a portion

of {%QQ#_' {E)Q?Q'SW%S I\I'?'C HRCLA US2 QQ4£[) 002 4g6e4 of DIE:.TéI LlED DESCRI PTI ON

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

package of FIG. 1 showing seals;

FIGS. 1lA and 11B are cross-sectional views of *“he circuit

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

FIG. 12 is a graph showing a relationship between viscesity
and shear rate of one embodiment of a material suitable for use aé

the seal of FIGS. 10, 112 and 11R:

FIG. 13A 1s & perspective view of a 1id for the circuit

package of FIG. 1;

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

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

FIG. 14 1is a flowchart of a process of making the circuitx

package of FIG. 1.
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The present invention provides a | ow pi ece-count
wOhéGMbdsss package that can w thstand high dieg-
tenperazures and can provide a herneticaII§C§@§@§QWZM4
air cavity for a die, without the 5 use of adhesives.
FIG 1 shows an exenplary circuit package 100,
accor di ng toeoAe.EThedcRERtT @ dherdy eReRkTiAyention.
For clarity, the circuit package 100 is sﬁomm wi t hout
a #id. The circuit package 100 includes a flange 102,
a TPan®TE6%8 and TR PERIPATE do8nde 108 Thiedameento4ircuit
packhget thedl byni nauhatesdt heqh eads-406,and. 49,108 from
the flange 102 and each ot%er. A diéallo %Qjatgggﬁgdand can
Proyypdy @ gPergetheht bf ettlEr suchras thy feut ectdice solidérout the
useld4d. afRestiad | tyic. H Gl Shows. only epe die, . .al t hqugh
typically two or nore die can be affaghggkf%ltrﬁgélé%“ 100,
ACCR et tEckNar AP eThed e (ihecPressot darveht4on. For clarity,
theel@gtLiical by, s, phe .die to.., the f|lange 102. .
e e 114l T Gondi s 8 hog ably TProiouit

The eutectic solder 114 al so conducts

packpge i 1rc-kusiashe filamge 102, bnfusee 1he fddAnge 1Q2ds 106

[ typi,cal-L.y pounte a. heat sink .(not shown) by
wne 2oLV PREAKEHRIRAR o0y P00ty SR DY 106 ane

108 1igom THee dileny®01P8 ambectadhcakhyr. bondled 110 tbeat€adsd <o 2

jed d 108, -such _as by wires 120 and 122. 20 These .
d emggggﬁifbg%hdﬁ'zzngg %Fe?%r%ﬁﬁ%Fiﬂ%l%gégﬁFcéFﬁy Fondedrity,

FIGt ol sihevd eads k06 and, 188thAMidhaugieneydigo 1d0 @and 4die can
l.eads 1 and 108 are shown, nore die and/or
be 'Ig%g@%phedd tobggﬁsga'.a_ﬁ @C%Z 3IREwsEhe

ads can circuit package
100 after alid 29% hai een attached thereto, as
descri bed 7 foPa Uet atf“ bEFBRFE DB Fhe Rendsui thpadkagel0 to
the 1G0apepl 0§5. aThembeteofidresdidt.cal1s feadUr&s AN heat away
frogogggsproq;_to hernetically seal the die within tﬁ% ‘
i rcavity ‘afd o T er btshi yir t eRpebatur B8e Asange 102 is

alr cav

typpeeMioushyteat €d, a hBks £0MbI NS AhoFh$oLeNgH &5 &Pﬁ shown)
D_tci%fuit ackage 100 to exhibit enhanced el ectrica
SE AN Pher R o rrd et Vilfy 2aAd LhBehdhe caie 301§ ntegeliagtrically

bondde tol tow ngadeseEpth@n1b8gi BE-W LB Ay QueLyi gg’OOfang 122,
. process for manufacturing the circuit package 100.

The eyér?%eﬁ20_§na 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 caﬁity and to tolerate high temperatures. As previously noted,
this combination alsc enables the circuit package 100 to ezxnhibit
enhanced electrical and thermal conductivity and mechanical
integrity. The following description begins with an overview of a

process or manufacturing the circuit package 100. There then
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WD 2004/ 068558 PCT/ US2004/ 002464 follows a detailed
description of the flange 102 and its manufacture.
WOrR|04/0¢8558% o| | owed by detail ed descri ptions oPCTHE2004/002464
| eads 106 and 108, conposition of the liquid crystal
pol yner used for the frame 104, a seal applied inside
frame 104, the lid 5 200 and a process for o

fOl%Qaﬁsuf act Ut Hg the Srrehffthdtkae 106 INVBREPact@?ingpd its
man@yarview Crhesi tispatkagaedlOfy aeeahdbdg de@cthBtions of the

re t invention, are preferably fabricated in
lea@?rf@@ %?gohd]ar'eéiogﬁpoﬁhﬂ’%rofoth%oﬁ%ﬁtoi GAastelr pajiymer used

forpagkagesmeFi 6y, 3ashaus apsiiip 30040 |iea [ BES the 11
such as lead franmes 302 g%d 304. Each Ieagf ragneﬂme’ the lid

200j At (RIG¥ORE FEAJEANESRIT e nchsbe Showh atraB0&gand0o.
308. In one enbodinent, when the lead frame strip 300
i s stanped or etch¥anufrstieyidmde Overeated t hrough the
| eads 306 and 308. Exanpl es of these holes are shown
at “8i9Thede ddtes 890 aceogdéact 60 déle apfeaens t onvention,

aret Nere fb5-Ah@ads: 306 and 4308, Q§ng$%0r&peQminrg§£§jl imilar to
bel ow. After the lead frame strip 300 is nmade, a i ane
conygniplfed, C1 jdfle rrasspabg - i Hji&ct iSorshewisdianggttip e¥th of lead

frah€8d {rae, Of dhe end tshp. £ G 14AShous the o .
"'ead frane strip 36§A 3f%g? ?(zn%és Lsalj:g‘h '158% FARle 1ncludes

two4peadpaveudieas rvloged showhhet | 828 dndarfds. EhGond4Be@Bodiment,
h 0 te d me 404. Lead franes can b
wher "R qgs%é:n%n?e s%;{%‘;}; 0?6@ is si,ﬁglpgg roéelest d, hoeles are

supplie I ndi vi dua in~Stri
cregybd eguentighrahef detds €333 anwh@oat.t Belimgli<as toF EREBE holes are
ange ,,fhe f1ange 102 farnms a base, to which other
Shopér?g o?’fl-Bt'helfn“fg T §(§nt3olcol rH t VPRt K e}{\g?’é at tt&Eéfed.to the
leatln 306l dandrB0st hesf basgei dd? ity piegakl ypeonduct s heat
froma die to a heat sink and electrically bonds one
t erAieal thé thed diesat® stcip cBit boanshe The flangeid0Ro1lged,

ks preferably. made of Ei h-copper alloy (at |east

b= a%o%? B8 ¢opperyCt &t %de ttﬁpg‘??@ e ddiamgnpt the lead

frambhestmip c FIBUCKHRVEhywaNthd A a3 Feanst seieadord adter frames,
gi e-attach tSHpel:lat ures. The_all O)C/ preferably

suci’ 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 subseguent 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 z die to a heat sink and electrically
bonds one terminal of the die to a circuit board. The flange 102
is preferabl;z made of a high-copper alloy (at least about 50%
copper) to provide high electrical and thermal conductivity and to
resist annealing at die-attach temperatures. The alloy preferably

includes at least one trace metal. The flange 102 preferably
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i ncludes at |east one trace netal. The flange 102
wg)r eferably -8 WD 2004/068558 PCT/ US2004/ 002464
SNPPEaY at 1 east about 98% copper and bet REBHSH¢LA2464
0. 05% and about 1.50 zirconium although other
hi gh- copper ratios are acceptable. The flange 102
nore preferably conprises about 99.9% copper and
COWB&E?SO?IW&EPFgoﬁPB% The FraRge 202 P3tyeef ettty ®.05% and
abo@lcectr opl af ed-qpsth abouty 404, MahRsi nehgs- Qf,Juckebit9s  are
forma . diffusion barrier layer and about 6%3
acogpErbienches diaget dlGo mérgi Pre@bs ol dombrngseheadpet 99.9%
Qt h angeyc ALt e Fiyel y  t l.ange, 10 e
COPC%(%ﬁpra?ls%sgg{)&Ll egé% aggﬂtgzggg.%% ”(}:jgpg‘:lra%g%d lgloﬁou S preferably
ele@gt@@5¥e sedl verlthaladegaight Wt heichdginaregperf ratciosl 16 form a
;Aare.acceptahle. Zirconiumis eferred to silver, .
d‘%@%&%ﬁeebgan%vroyﬁw\&ge vvlﬁl?h a%or%c%onﬁjmmécéﬁo c‘onncthaelsn g gold to
fadiilghetecoppisriconttent dandiihuse tpreoviidegbett er t her mal
and el ectrical conductivity than if it is mde with
si IalgernFhéveppperhezifileageumoal toyppind des laaklangeut 99.5%

with a thernal conductivity syperior ta Tri,o.r art .
CORESSpEF St GRSt e ngg%nsduéfdﬁéeraﬂﬁg’%%eﬁﬂh"gco ~copper ratios
ard laangesabihbi chirerabesia orétatited packadeet halecpleOys z2lloy

CgﬁUCh' a flange.or a die attached tq such a_ flange to
M o5 Pate ToPe PowRy TRANCE i Dr M EF e pddPRGés Sopsnt and thus
prafdid il tetrh@heopper azd r 608t &l Apnldast avhi @hean if it is

anneali ng,jten‘perature t han post hi gh-copper all oys i
maGthd" " sabjEet- t 6'F eSSPROT AL PP Hs & ¥ PO B S5ei hgtlange
witheat ethdréhdi esalihachy HEMMRIALULES coASr PELVE U dpper-tungsten

noted, the frame 104 is nolded, preferably by , .
ang njC@@PieéﬁI_“%YQﬁeﬁ’g{m‘F@PPﬁé fHeigestowvhigh acpeBues of circuit
paditige ML Nghp1diRe fame aghglgs 4.0 1heidl apgerd?.+6 such =

al tthough this adhesion is typically inperfect and _
tlangds et t 6l ot gakdowRCdtie RV'IThe Theat WILZ5 38F devddigiges- In
ad@nd Qper ahkoncgfd:ne :dien; 1R ONEI&ONMB . Lhi § PrOEM annealing

the flange 102 preferably includés a mechanical
temreaie st d-havedivani daldby cPRPer| eékoyheafd ahe $04Jemd to less
watPfod lAnge o IRt & dLAUNE hEa8BOWD: Il Fhbradhh cMi Sl dSes.

a cut-away view
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 1is

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 mechanicail 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 portiorn the «circuit package 100 discussed above with
reference to FIG 1. The Zflange 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,

—-0-
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of a portion the circuit package 100 di scussed above
wth 30 reference to FIG 1. The flange 102 defines a
WORNHWESSt enti on feature 500, which is used tP@T/US2004/002464

mechanically interlock the frane 104 and the flange.

Wien the frame 104 is nolded to the flange 102, -9 WO

2004/ 068558 PCT/ US2004/ 002464 sone of the frame
somgpér TR fireRs Mat6riandfineh fntezesnfinthemefréezam in, the
frahet eptd feat yre- m 02, Th Jamg, | o

retentl‘grﬂtlfcggtﬁg gg% hggéa g%olgnl%?écgl onal Ssrogfl Im%h trame
r°taﬁ§l@’hefﬁe‘yu‘“€SC520Qafm @nvaommﬂceimuﬁarp pfofél eand the key

t fro 5 ani ¢ |y interlocks _

WI e h[eb%f r%négg‘%t%etnls%%yf At ureeSOOhyst yforme” key 502
mecpaewemlmg inherfpake mtthfrom lFedamg mﬂﬁaeﬁlamyxé‘art@% 500,

h ge 102 w t hout |r1 iyl n adhesive to be
the& g%d%g?m%h“ “n“frarre cﬁ tHe g PPhécfraypy from the
flangbemf)i’OWlfLEaIl‘UrEQ@.&O:Jm@CHJd&&ﬂaisJJv@a&to ®B€ addfd between the
fvaunderc;ut portion. In cross-section, the retention

f“Sa?ﬁ? "0 i 9 pref erably a dovetail shape, which

Ehnes t wo unseﬁrcut POF%I ons 504 and 506 O her
cr 055- sect|on Shapes® FPEyra POAL dRclrdiy i fop, lgpet one

undaeeept abkeiofN t hpughodhasddanme., r elrentieRnt €8t UEEaBDQ 500 is
3 in FIG 5A is 15 depressed bel ow t he adj acent
pre Fla%% 8f PRt fHangerRD2, vheh fiakies é?tW@ntUl ﬁrcm portions

s04f eatair goean @diar natbyelyestand RRQPs 0 shhf agent 1 -
surface, as shown in FIG 5B. Alternative flange 1024 -
lolddpPResie FG@REabPetention feature SODA that stand
proud of the adjacent surface. Wien a frame 104A is
nofdEBCESN t Hee T %aRfe rEG2AtisBEeatup® FHe shoanein FIG. 52 is

depHBLEEL abe { biovEh Arppndnand, L EgeZeS s bel o, under gyt rame
pportl onse 504A andac%OGAnof the ?éaﬁg f%t enti g’ﬁ pgat uF%e trame
retsppACT | AS2ERFS €aBealthendtanel odpantef pres aO?ke‘yhéoacAjacent

surtthat i §sWishi,A tihe orbr ang 19&%er§%&9%g|99a5 Fiééﬁ G8fines a
the frame retention feature 500 for he
frappanpEergiopy EafericesS R ptbat essbue stranpi ngs.the 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 5062 of the frame retention feature S500A. In
this case, the frame 1042 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 rect angular
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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FI GS. 6A-C show cross-sections of the frame retention
f 000 at various stages of manufacture. FIG 6A
Wéﬁ@\ﬁggﬁnbﬂ ange bl ank 102B before the franme’FEVE{Ypto
feature 500 has been nade. FIG 6B shows a fl ange
bl ank 102C after a first rectangular 30 cross-section
gro@tooyeo 609 has-heen. copned e flange bl ank. This
coi ni ng operation p%eat es vvdz)aln(fésr%b'ﬁl“asn 1804 (fH'§Hgon A) and
PrefpHoNe GOPULTRe02- 1OCHAB 2804 (1688588s RET/HYS2004/ 002464
groove 600 is preferably about 0.02 inches w de
(dF Hensi®n Fowendther éflenabl yi hoaft€r 02 iswhes deeprangular

t(digensign JF sho the flange 102 after a_
¥ second rect%ogoulearqgo%%%%-iégg i SRTGTYB80VEB06 fiad 5éen groove

600¢oi"hed sevendt heifhinst ogroavieon GO MsTRES&EONd 602 and 604
r1€0i BhNg atiqn deforns . the wal gs 602 and 604 (FIG
( 83) ,@ébhu‘g#% g‘%*tmo ColPApSESE| PURET Y )haiaTt Fdet dproff the
groewe. pebowesd Defldrsmeshamaldrsl 6024 andnb04A fardd-thes 504 ang
SOGUQQ%QUStS 504 and 506 djscussed above, with reference

o ETG  BACINE  sELERATYrORREe 666 FiLS - pPAf eF bl Seastisutgroove
6060.05 iprefiesawd de {udivrensi ©n Ghoaed 10+ &L ef(ggﬁgggi&po%) and
regéplkfi nchtgs ,Tdegp di.mension C). The resulting
Prefiotatal | “4itpehds APShet | 8reBi HERIRBALIOF Bboufh. 0GBulting

dovétehes shhge neRsi 08 EBhall saviqig, ag-ggergfangb&% aho ,
0. 0065 inches  (dinension F). The over hang ( ?3%7 inches

(AIPPRFEabIY rat JreERIabvut WOVUBNG nofesabort t he I0&uUi dnches
(dikéystal mol T%foégﬁ%dd hed bel oW -uised f 2t 14240 oy 0.005
ep i

. frame 104. All these dinensions can vary endi
inches Eppethe nht@r dlcrsdal empévaeur édesctited lkange) 102ed for
thetfeasd 2@ material and tenperature of the frame 104,

the desired strength of the junction between the

flange andt he;feage, cost_.or ather factors that are ,
.20 now wel I within the skélaﬂ g%‘a\n or T?}%lrri/g on  the size,
materiat jaidoerreTheuts afgsht02lahse i0fGl udessaze, material and

temﬁ@ﬂ‘cﬁlﬂec%lf fgat BE &nd O RANSULE 485 eoc{j sht?%%géﬁrl ﬁ%ftﬁ’r@atj unction

~connection between the flange and a heat
betugpeikstha o kayysiec &ndy timec liramd, f tast oor omeheaurdaaeersTOhat 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

()
Fh

create th rame retention feature 500 can deform the bottom of

the flange 102, thereby preventing the circuit package from lying

Ilat against the heat sink. To ameliorace this deformation, <=he

<

- = =7 - : LN = B
bottom of the flange 102 is prererably lapped after the stamping
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provi de a good heat-conducting junction between a
circuit package 25 and a heat sink, the circuit
WEaKRANESShoul d |ie flat against this flat garfusceso002464

wi t hout gaps therebetween. The stanpi ng operations

(descri bed above) perfornmed to create the frane

retention feature 500 can deformthe bottomof the
OPSFPLHGRS 109 AderdBY BF eRBrRITRG iVive Vei FROT¢apackage thickness
(difne@Bt byi 089130 rikat sagai nst heat _s

amel iorate this defggna??oﬁgbgﬁ Y bot%§§36f8the > £ FRRYRS
redyge Fhe pidwrtalify d?é@ﬁ@@tmﬁ eIaJIShel stanipé n:!g“arm:ﬁLZIngV‘Boerat1 ons

2004/ 068558, UsS2004/ 002464 . tlonsu Jn addi tion
andoggglggrnatﬁsgﬁé, ﬁnc?eégH%1 the gﬁ% Khe¥s “{itménsfonde-

C RAELGnSA) . B el ALY LR- a00u ORISRt (cre)

reduce the anpunt of defornati on causedj%
betyeghprhy @peratl oms! thedicangel 108 nadre ddtorneedet 81hAge when

<t hg; bot; f 10 Di f f |
thel N&; bo tsor%gfdiﬁa%h Itgngte %%gl %h (é-%&%nce V%rjeﬁcpﬁ@atlcally

coefficients of ermal “expa
illgserate aimds t tier funengenct02rean def ensws he Elange YWeD with a

he die i oldered to the flange. FIGS. 7A—D
fla& %Oq ?czpﬁy IFugfrafggtﬁPchr?Euﬁ%taH%e b sgpdered to

+nesmmga f$ange mnlwanhwaz;Afﬂ@g ot e 72Qrapd) a.di erne crp
et. been soldered to 10 the fl ange.

0_that ,has not
of §ofﬁ??eﬁéréf?%pl%{4¢%1ﬁﬁ;rﬁﬁ AT PFEATHBY t &d. PPRE CTEvhereas

theofcTa oappershznt@@ndwm f4 6&&?:6&@&%9)%”@ S{;M/lg As the die
110 wher e 8 t he CTE of silicon
aﬁ‘BPo{-ﬁﬁB?e@ 3Dgapppheaged IA% spkden ethql@leanmfﬂa@gmange,

thel@2D afe@ tealedckpasgl der the die to the flange, the
die and flange expand. 15 Later, and shown in FIG 73,

asibberdi end Idhand f ange 382D, ceql, q¢ut echi ¢ solder
114B suddenly hardens, but theaf | ang edgnd§$6 end Pang 102D
coo&on?ﬁhuédlfosﬁ%%?*aﬁd4%oﬁ$¢%ﬁﬂ7v'Wﬁ?d@ﬁﬁec&u@ sﬁkﬂeflanga and

diel 43 tisueyety Bard and pehcvgry dpglile.  Therefar
the contraction of the top surface 7 g*dgnfh (?fgﬁ 114B is

VeTYOBBrisaRonReY digied IMFTEhe . diee1dnre20 thii chnhasdalon of the
zopTuabzssml fer LTEihanbhe (hanoe, Js, 8. renulley S (OB 110,

surface 702 of the flan contract$TPess Y halh® t
whight pgfna 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 tc 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 1I1C is soldered thereto. The bottom
surface 704 of the flange 102 is given a shape, whose convexity
(dimension H) is greater thar 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

~12-
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surface 700, causing the bottom surface to take on a
shape, which can | eave a gap when the ange
WBgaﬁ%éﬂ#%d to a heat sink. 25 To counteracFCTW§w“M%ZM4
tendency of the flange 102 to take on a concave shape
after soldering, the flange is preferably given a
sI| ghtly convex shape prior to the soldering. FIG 7C ,
sh@xﬁgl%e 1F | ﬁﬁgéhaﬂze%f’s%%e%e dhE MU sopeissy 704 is
contf@?r eko.pekhechotdem: sunbase ;R4 ef dre ddAngey 102 o Sinches.
gi ven a shape, whose convexity 30 (dinmension H) is
Thigr egO8Rtt FaRA PRe VaRbEAt d%ﬁ%@h@%v@myvmmum@or@e such as
al du [ I en
£he sg%théggg E¥?§p%%§£é§g§% ngggt dbout 01%% |né% ne
diepgerdehed |engihie éfangg2 the 2@@%@68650“8?1 and thickness of the
; / 004/ Q0 the fl.ange. - not £ e .
flaﬁﬁl gﬁgtgﬂ1su%¢ggé 7 4 gbonnggBy Egéﬁgg%'gbougianges are
typr@ce00s ahoheSOaﬁﬁOabouﬁ @0901GChﬂ@he81”kThisraﬂmwntLhickness
; varied endi ng @ act or (o
(d‘%%gsgg dgrlﬁb ?ﬁphnléﬂe usé&e %%lgn%%%u§s(§g g &HChes can
redplacerient andur doe sefdensdidro theséd abge, Lrtahesdlemgtlm,g The
Lot wi dt h_and thlgkness of the flange.and the. ca osi tion i
oP™ N L1 Higet CRHERt | oRalPTIANGELY ard oAy Fican y®  Cotning
proa2eut OaDdtbuah O0o0B | pebesstbick. sk | aBgeséﬂUﬂﬂgneSSendlng,
(dinension Gin FIG 5A) of preferably about 0.125
CaSTAPReSTc AR I BUGCE ERESRIIR: of def ormation caused by
the _sol derin The 10 botton1surface convexity is
pr éérabl’y F%ﬁE?tEHDby angdi niAg 2P Fcese ﬁthéﬁahhas been
sollldiRld PrGRTSeSands Usdt RShsaadiddgl eBendindd, botGast | A fRlce 704
forglng are acceptable. FIG 7D shows the flange 102
PreffeRthéadi @ 130 Was Yh&ERVesoldePed (Héretdeand 3pgeh 102 1s
mo?AVR GROledheathe 1 hpt t oMY Sl f 268 104 byl et ghablyeaSto the
a sllgﬁgly convex shape. Wen the flange 102 is
t P E FEeE dvnier T eceL apptd edOby fAbRiRt§hgthe flange
agéﬁﬁé%NShLQLtrE%nPfl@ﬂ@e A%< E@d|gat??imbynﬁ%foﬁﬁagggiran§unCtlor
708) flatten the flange against at sink and creates
betgspodredt arardideneptingttion

As previously noted, the flange 102 includes a generally

planar die-attach area 112, to which th

@

die 110 is soldered,

D

‘epoxied or otherwise attached. The die-attach area 112 is

preferably fiat to within about €.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 flanges 10

)

is preferably less than about 64 micrec-inches to facil

4
[

1=-

te makin

)

Q

good head-conducting contact with =z heat sink. If an adhesive,

such as epoxy, 1s used tTo attach the die 110 to the die-attach
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between the flange and heat sink. 20 As previously
noted, the flange 102 includes a generally planar
waRy4e85ach area 112, to which the die 110 i secaaisdeneat 64
epoxi ed or otherwi se attached. The die-attach area 112
iIs preferably flat to within about 0.001 inches per
inch, and nore preferably to within about 0.0005
arepnéhés pbe Phehattaci avida tist epme 25 apdod féatetbi githin about

| e die 110 and the, die-
T e s S gria%fgcémes

e SRS Bk oSS B0 R prequges mountins
sloreughrtessnof ltige bbltomaofivihe,flange f182gei 902 can include
-n-Rreferably less 1 ngn about 64 En cro-inches to

“FadrTi T at B HRTHG 30°G0od el eondlict PP T oitsssy wWhEhTiange

10’>acheabesmnls1nbeﬁ an adhest veink S@lﬁhoﬁseﬁrmjb)é,trbsouﬁfidool s or
to ch the die 110 to the die-attach -13 WO
OLD%OZHB@ 8B88° PEFF BR2UUY/ Bo2AEY’ ar B2 190 W dhlderaghivel
theafteangs prefesmbly ddiaferte Wot Bi Reabouini 05005 HeAC I%%%strat@
per inch and sppoth to within about 64 m cro-inches.
ODVAF‘Ebn%\s B AUy REERELING et disange 102 i ncl udes
mounting slots 116 and 118. Alternatively, the flange
102 can include 5 threade&®8FSunt hreaded nounti ng
holes. In these cases, the flange 102 can be nounted
to”8 REEVISFRKY RO e DR THE By UoIFLE - of + GhReErame 104
is E@SH@B?rﬁreféﬁﬂgbﬁgnihﬁ@ugﬁlgﬁeﬁglgpﬁﬁ'n&§ the flange 102 and
Alternatlvelg the flange 102 can be soldered to a
to Rdgt 18RAR &P CotP@rl&ihdturdng, thebwcating @nar@rate@@ f 6he frame

104MOUNt [RG5Sk Ot S« L LERdS éﬁdprter\gA ousl¥s ”Qg%g Md Mo, whichn

reference to ' FIG 1, the rarre I's nol
extgngdf drraipl yousis iids; edtd ofcans di hgrotan t hedéWarﬁgae dD2tlhed frame

{0 +Hhe Jiea 6 apd, 10 LL0gs i he. nol P,
Lo oper at i 3n q;t%ﬁégf/ra?re %)49:15 £'ln%Tde prejf ptgciﬂy "grolRg frame
adhehres| eanls the6 barbs10806 whingh 16€ exteéndohgomiduitssi dithesion 1is
cysi 811 [ATRpLRLOUOYLS! daualls Of 108, LERR: aud O 1€ neat o

alr cC Vlty ar ea. 'S nD I ng,
solfdegppg and operation of the die. To overcome this problem, each
lead 106 and 108 preferably includes one or more lead retention

features to secure the lead to the frame 104.

One lead retention feature defines at least one hole 310
through each lead, as shown in FIG. 8. As previously noted, the
holes 310 are formed in the leads 106 and 108 when the lead frame
300 (FIG. 3) is stamped or etched. Preferably, =ach lead 106 and
108 includes a plurality of preferably rectangular holes 310
arranged 1in a line where the frame 104 will contac: the lead.
During molding, some iframe thermoplastic flows into, and then

freezes 1in, the holes 310, thus mechanically locking the lead 106
or 108 within the rframe 104 and preventing the lsad from being

pulled out of the Iframe without requiring an adhesive to be added

~-14-
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adheres to the | eads 106 and 108, although this
i,on is typically inperfect and subject to
W(g?@gq?&b‘vm due to the heat of soldering and OPEYXYEH
of the die. To overcone this problem each 20 | ead 106
and 108 preferably includes one or nore | ead retention
pet# @@l WHRS 1604 SELUT end heahgadatosthie, frang 104, ne |ead
retention feature defi r?es at I(Seast olﬁ]erf_ﬁol'egélo e oles 310
are (G RFRPé Ac ROkl e las osivewndi hy PG Bamhs 1pkevi ousl y
noted, the holes 310 are fornmed in the |eads 106 and
10BLSHer cehecPradcttarey 25 306 (FRGs 3)6i snst abpesbmr~ibutes
o alighed,Pref erahlsy, h lead 106 and 108 includes
? pl ur'al_ivty of E%g]ftef:g%%“re% ar%ll]l a?gﬁb‘fjéts ?fﬁ?‘age 160, The
CONGr¢EigEd iod @ |liarsl wWHEr eort he0 & r anepAdbmiilonatorbact lateral,
L .ethelead ri ing, .sone frane thernoplastic
} fI%pV\"/s |‘ntmgjtggﬁdgigﬁg%l%fcr%eazresmi A5t ReT R & 3%, Cyget flow
throwgthaicaldad,| ockisrytheibaal 2@6a30r0rht08 awidt higecbh8e the
144 ape, 104, and .preventing the |lead frombeing pulled
hol oslrjtggtf e - f rt%lr%es \M“tol’?gufeisghﬁril%i Mf%h eXffesisre Py Béne B-B
in Elded) ,- 14 Wi0H4/ 388528 =RET/ US20040@2464 betyeeRies can
be tgjgecl__e%dtand.the4f[am. As shown in FIG 5A the holes
10 G “or BFBIEHFY ottty SFeFEdvpycer@dduiansy of the
1eadD410&l entirical ceaduebbVvytyrRE hhe-feads 1Q6,20d.408 ., qs-
contributes to the overall performance of the circuit
SeC ety 1F60. O SThieh s 51 dhdiiet PPty Pof a@olsad 506 23thb0gh this
redmétﬂﬁhO@thb@n§ieiﬂéﬁiﬂﬁakﬁéakonaué%idy%@rg%lFﬁgeié%ulting lead
erpendi cular to the direction of current ow
mee %r‘%tfglﬁnt RELF®&ER - cross-sectional area of the |ead.
Because the holes 310 reduce this cross-sectional
arlé%r’”t(a@é’él%épt NG ne31E: B mamlnElzg  §)he t hempwmber of  frame
theh@CRMRAL, $aze &hf shape of,fhe hol eg can 10 be . and 108
.selected to mnimze the loss in effective
While i izing  shet Fedursbes 106camdhckOsithr effercabl Yeads. The
longdte BohessFHL reduced he. orosssy secidqnal ;areq of the
Tead at nost by about 2505 al t%gﬂgh[;c{lh‘i%s L aGeti gereranly
alignaf b@aﬁ%@eﬁlert?f tﬁlﬁe_ctlmmc,iphvidfy ofrtdme rEsuk t thgough the
leadi®athe MREL §08eSHEPRELAL dPthe thickness of the sidewalls of

the frame 104, the holes 310 can pe sqguare.

’

Another lead retention feature, shown in FIG. 8, provides =z
hooked or bent (hereinafter collectively “hooked”) edgs 800,
ridge, depression or othner structure on oOr near the end of the
lead 106 or 108 that resides within the air cavity area. This
structure is not co—planai with the lead. As can be seen in FIG.
5&, during molding, some Frame thermoplastic freezes in or against
an outward-ifacing portion of this structure, thereby creating a
mechanical barrier that prevents the lead 106 from being pulled
out of the <iIrame 104. The hooked edgs .80C, ridge or other
structure is formed in the Zeads 106 and 108 when the lead £

300 (FIG. 3) 4is stamped. Although a hooked edge 800 is the
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15 Rectangul ar hol es 310 maxi m ze the anmount of frane
t hernopl astic that can freeze and | ock the | eads 106
WOHHHES®  while ninimzing the reduction i nPCT/US2004/002464
conductivity of the |eads. The |onger dinensions of
t he rectangul ar holes 310 are preferably aligned
arallel to . the direction of current flow through the
preSgt e ERRGETARE 105, IBpdfitnd SoRIEHE (i akides oot shapes
cant e shdenal Egambpred herf ramR 104zedfir R0l 882310 688 R@own in
square. Another lead retention feature, shown in FIG
crogs-perovidesna FlRooRBR or8 Went" - (her ei naf t er
col l ectively "hooked") edge 800, ridge, depression or )
ot fer PEEV IRt Tme VrF OIS SRealifthe 8RBT BRCE hEC 251 eall 10B° leads
1060Mant08 dehal v & esides W LheRcbhEa Bl § CaNhLY: arga. qTBi S10 o 2
. structure is not chEIanar with the | ead. As can be
Cirggén PRA2FEGPT 5AS dukPngThel dieags d8fe anfa®t are made o

higheEPPPL astii L flneezessinsgr tc%gjgsgﬁ;t toaBr QAT fAeh BG: 1 a1

portion of this structure, by creating a
congechanical abdr to ematplat tipe e¢8Rt 9ft ltbel gadmt06 0fk omMiigh-copper
_-hei Led- 30, of frane 104 .The hooked edge -
lvaggo%%O&#ége“orgé E%?’ g%&%%f%gg?Pé égineﬂsiﬁu?hé”TEaH% prios
artlObeans, 108iwhenttdieadlégd Fomprese3002¢ FIfGek®) i snd 55% iron

~.Stanped, Althoug hopked edge, 800 is the -1 .
(SRR E 65888 Pe T DI 17 00 T rarBr r SledBORr mipe and 108
aref pretfbirsbl ead gatrent kosd fentiuraowat heo shapesingaz b€ nickel
gged. ExgnELes,of sonp_accggtable@;ha es,arg shown in
£O CrUd-LeltF oS TH PPET 68 at2 B0 ®e ABOPT ebrofdfyo-inches of
goldi seugsed: wdir nafrebeneend coFliGadl soiherk f@dshe 506 .
and 108 are used to electrically connect the die 110
toTihe Cidfs t1dwasskonot harki kperthepl gadsdd06rand, 1980y of
are nmade ofﬁajohi%h-cogpgr all oy (at | east 50%cgpper%_o
betiwgehr &PPdE godd BlEctP %alzj%ﬁnﬂﬂ%ﬁd\R?Sf%ﬁﬁdaPSUhach °% and
abdte (CE0fonbRghbrase BOdiedd HbRRPARNSS @@ds aPbAYi de2s zinc,
_electrical conductivity that is superior to prior 10
witdy t theadd AT cROPYBF call-yeEonistilioe 42% hhekel maRa= 5508 ars
houdW}, (£LmmBbycknawa as Al et 2ina 1Psaddit iPRe theseraply
| eads 106 and 108

made of about 97.5% copper, about 2.35% iron, about 0.3%

Fh
[y1]

phosphorus and about 0.12% zinc. Such an alloy is available Zfrom

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 1s available from O0lin

Corporation under UNS designation C15200. Other ratios o¢f these

(D

materials are, however, acceptable. For example, an alloy made of
between about 0.05% and about 0.15% zirconium, with the balance

copper, 1is also acceptable.

Another alternative composition for the lsads 106 and 108

includes between about 1% and about 2% iron, between about 0.01%

-16~
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are preferably electroplated with about 100
wBhflQiddghes of nickel to forma diffusion barrier

ayer and about 65 nmicro-inches of gold toPFHUSTYER2E
wi rebondi ng or | ead soldering the | eads. 15 The | eads
106 and 108 are preferably made of an all oy of

b n {o 9 bout . 2. 6% i ron, hetween about .
e anid Abaut 6 T5s phaSBRST s “ Bt vlert aBdr 2bout 1.3t
cobgl Db %lmideaipo lrb@t29% ZiNnc andwi dbbuthelbakancescOPREE. balance

X her tios: of these materials are, however, = ,
COngE'epr'tC%%I%.j 16 T el ™06 ~afdPP68 ar - o EopPaférapryls 97%.
SucB0 amdealdfoyabout HAiSUTCOPPLfom abouh 2c35%--00, apQuL: uns
de59'§§/%i&?° J})cbr us and about 0.12% zinc. Such an all oy

i $PAVETT abt € from Qin Cor porati on under the UNS

degi gnat i on. C19400. Hl\/an%épal ternative conpositions for
the Teads T06° AN 108 ¥ CHcCEpt difife. tohel ®afh 106 and 108

incahdes nativweeh nabudesoabpubnd9.a3%ueopper andn, 25,800Ut  Apout

40.1% zircaoni um, Such an alloy is available fromQin
0- 1 Eo?Por&tThn UidePP ORI RS gREEHEAN CABAT0 O - O hernd atbost 0.2%
magoésiheseanfataei ahSad £, ¢ y_erThéng@f@_k}Ie%- Hralation
.h.exanpl e, an alloy made of between about 0.05% and. )
0L Abott PR PES VS r EOPRAFRCLIRPL hif healtsaltan@eb® cdpper, &sout 0.2%
phodbBOra@scepbabl €. 30 Annien Al telnaldye eeapagiiion o o
for the |eads 106 and 108 i ncludes T weon SBGRE 1065uch an
allapd ighotifa-2omtileo i roBetQldan GheRATad.i01%unde8 WBS designation
c192004/ 068558 PCT/ US2004/ 002464 and about 0.035%
phosphorus, between about 0.3% and about 1.3% cobalt,
bepuseRe 8baut e by looand-about; 1% -nin and the balance |
‘ copper.eThe p?eferred am‘)u%tl 0 qq'co‘ﬁp‘er"hl“n J{]hal‘% P06%anc 108
1InCeépapd e ivuTen @bty 1. Buamdanbabtoy. 3% w@wvai babkesf ragaut 0,12
addyy Lorgogatign,under, U desi ghat.i,on C19500. o
0 Anot her ai t er native cgﬁpg‘%tggﬁufo?&tﬁé’ | RS 158 5angnd  the
balapge jerdrfies Betheem akdloy0. 3% andidhout 1728 OIS subishs
r1ebetween,ahout ; 0. 10 baut .0. 4% phaosphorus, between
e B o Bos thaghast i anat

about 0.01% an gnesi t he bal ance
copper anbhgepreherred far ny!)n’% &I for the leads 106 and

I_J.

n

108 includes between about 0.05% and abou: 1. 5% iron, betwsen
about 0.025% and about 0.04% phosphorus and the balance copper.
Such an alloy is available from Kobe Steel, Itd. under UNS

designation C19210.

Yet another alternative composition for *he leads 106 and
108 includes between about 0.5% and about 0.15% iron, between
about 0.5% and zbout 1.5% tin, between about 0.01% and about
0.035% phosphorus and the balance copper. Such an alloy 1is
available from Mitsubishi Shinto Company, Ltd. under  UNS
designation C19520.

Another alternative composition for the leads 106 and 108

~

includes between apout £.15% and about G.4% chromium, betwesen
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10 this alternative conposition is about 0.6%:ron,
about 0.2% phosphorus, about 0.05% nmagnesi um and
WU, copper. Such an alloy is avail ablPETIGS3em002464
A in Corporation under UNS designation C19700.
Anot her alternative conposition for the |eads 106 and
108 15 includes between about 1.7% and about 2.3%
abowt n) - Bt \eoein abott 0 04 % %1 tand uahobe t e atiatkel0, Ogp gof about
O.O%QOUt 9‘%§W}R¥O hQ%a %ﬂdc%g ba%ﬁgﬁe ﬁogpfgv SUChvailable
an aHyls Available TromMEsubis ectric
frofcon paratd ok ritadendeNSINfe siegrnatipdono50¥40/0 .Yet anot her
alternative conposition for the | eads 106 and 20 108
i ntbudesobetween taboati Qe 068mansh @hout £dr 5%er deads 106 and

, t 0.025% an bout 0. 04%.phosphor us. apd .
1084 h@%&ggnc% pper aDO’Sucg]) %n al’l qu?%u“av% Ei?{'jlbpe §Fom Petvesn

abokebe. fﬁ%ehxlE&@utu0d35°L@&il@&ﬁl@@ﬂkéen Qiﬂﬁi&lOY&taﬁd about
another alternative conpasition for the | eads 106 an

0.058 1BBOFHQANTes SHEt WeBh dBUR"T. 560BRA” abotht=0. £50 <110Y 19

avalifi@Bie betygensoahogin OmsS% Bnch ahotitt : bnSYnidier, Ubet weelgnation
about 0.01% and about 0.035% phosphorus and the
Cl9%dPance copper. Such an alloy is available from

M t subi shi Shinto Conpany, Ltd. under UNS _desi gn t| on 08
C185981e30 2ARSERRFLET t 6PHRRT Ve Conposi £hon 1 nd 1

lnél%@g§ 106,884 &Q@u*'@céﬁdﬁﬁjbﬁﬁaﬁﬁﬂﬁ &Q@Qﬁxﬂ@i59&%ﬂdeen about
about 0.4% chrom um between -17 WO 2004/ 068558 .
0. BCHNISZO08002464 s1abeet, 008T% AN RRMBBUL0 -§ O Fy2nd about 0.45¢%

ma&ﬂﬁf@ﬂheQLabehﬂpegaaQQUJ QoQ%é@an@hébQﬁ% egrggq%%khtﬁéﬂhon in

ance copper an al %/1 is avail abl e .
thify oml talireldve Wk sinden UNS desitgn t@onnmé@#o ajegt 0.65%

anot her_ aI derpatdove comaQsiti for . thegl andg
o udes et ween aq%bnt %ﬂjS;&gnd' a out 1. %@? uen an
a_lrmcke$ abew\elelﬁ abont 00i15%capgraboer OnIsYy NS (dfignation

Jeen about 0.01% and about 0. 05% phosphorus and
‘he ‘bal ance copper. Such an alloy is

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 abou:z 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 ana 108
includes between about 2.7% and about 3.7% nickel, between about

0.2% and about 1.2%

owv

silicon, between about 0.1% and about 0.5%

zinc and the balan

(D

copper. Such an alloy is available from Kobe

Steel, Ltd. under UNS designation KLF-25.

Yet another alternative compcsition Zfor the leads 106 and
108 incliudes bstwessn about 1.9% and about 2.9% nickel, between

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

~18-



10

o
w

30

avai | abl e from Poong San Metal Corporation under UNS
‘ngauggptlon C19010. 10 Another alternative
Npo&ition for the | eads 106 and 108 i ncl DgEESZI04/002464
betmeen about 2.0% and about 4.8% ni ckel, between
about 0.2% and about 1.4%silicon, between about
0. “@ ﬁﬁ@édﬁaiu%b@H‘ 4584 n an bal,ance,
per. The rgfg?rg%gf%?%hﬁg g% |%ué$ﬁ¥§%% P%rh%t?%%&lable
IIOEoPﬁSpo%%Q%S@ﬁ deaboue Bomraitdkel nnadoOUIND B5YgiStion MF224.
silicon, about 0.15% nagnesi um and about 96. 2% copper.
Such an alloy is avail abl¥rdm®m A i n Cor poration
under UNS designation C70250. Yet another alternative
cofiPpo8PEFHnaPeFet heifradssn®st ahd F168 bacl udesframe 104 is
madbet nes aut, % 4% moum, between
20 abgﬁra% %%bgﬁg&g%gﬂygmgg&ngn %Q§méﬁﬁmgﬁdﬂtt% 1y, tlange
1023480 aboutl®. D596 16 el {6 . balhanceteoppbros Sieh @Amnge 102
cak J S | e fr ur uk awa Elec ric un
pre de%?%ﬁatlgﬁggé E 1 gtﬁérvaﬂ Fer A3 Ywnf‘cdﬂﬁ8§lt FRp-  can
wltf@tan¢uﬁuaeadsatﬁGEam@bﬂAﬁ&vesnaQades3mﬁﬂ\ﬂ@@nkabﬁugoﬁav ng or
and abou i ckel , .between about 25 0, 2% and
3902 BE0t Jt2‘3/3 f*/ugon BB 'about°y 19 ane! absGEs 0. B9d=  at
temzemrlanact tmmnammom@roc eh vudl [ BYekS The frame 104
r;,a‘\alallabl Jiram Kobe ~Steel , Ltd. under UNS designation
KEEDs W& USHGt REPS af TEriatidle COBRYHNS itonTr&PS tHes melting
tempesaisi k)6 aandst108si asdardes chet weemabout <1p9% a0 (cTE) ang
re dabout 2. gybglckz bet ween 30 about O. 296and about
BEBos ST FSCB2PhLt et dBOGE U0°1% BhCbsm enceg W material
of 29@41&%8551&aPCT/rQSZIH@AQO%A%@%%aqﬁo%eﬁeas&?dsandlé & ferreq
bal ance copper. Such an alloy is avail
° REISURISHD BPedt r reeTIRIGsat Cofoupelerd UNS Jéshgmatdarial . ”
NF224 Fr.ame As not ed above, with respect to FIG. 5A,
B FTEA Mo T €1 BoraReote |?ﬁ%ﬁﬂ|%ﬂ10ﬁﬁléé@t includes para-
hyatbeymmoa&tl GARg | Himpherd: t ot he ELQ@ 102, and 1Ogmother

t he | eads 106 and 108. The materi al the tl ange
acceptable Iormuliation includes a cop01vm@r 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 (TAa).

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 *he 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

-

Lalc, prereraply about 2 to 3 microns in diameter, can be added *o
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preferably includes a liquid crystal polynmer (LCP)

hat can wthstand die-attach tenperatures (280-330C
w#’é‘?’“ﬂﬁ‘éﬁs sol dering or 390-420C for AuSi solPH&fUSalyy/002464

Conventional LCPs nelt at 10 tenperatures between

about 300C and about 330C. The frane 104 preferably
__includes base resins and conpounds to raise its .
thendldl ngt teamserarar e adPhstaRs- coBt f it eeowt 40%. Such a
combegwal h&XPANSIEOR £ ( GIE): anthy A4UGE bbSppesepeabil | ty

to noi sture. For conveni ence the material of the

frame 104, iocbuding.dne £&3los:and,conpouRds eiSice moisture
~ referred 15 to here herein as a "thernopl astic
infddmpothdt- ofhi's gaaehhbt ek s a@re'Ie%biexaﬁpﬂée ofomm of generally

a e Jesin s x that ,qcl des.para- - ever

% pi%ﬁzm C lg%lclél d, Cnglfsphgno gi ph%t hal'i ¢ IaC| d. 7)., howey
othAr.rot ﬁerrm accepyrdie tHeor nehat | osns i melbdesca copokgnerare also

ydr oxybenzaqi | d and o - - .

accgph Btﬂoxyg n(g% tﬁ%l’ cgg%l%éa(%\l?&) CiallferS g%ée%f%bWeDZCf’omeWha
durfm@rmhageoﬂmm ncleade, tewaplmduwrerﬂoo‘f_-HBAn*w altering their

~—LC

A -blsghenol BP and ter phthallc acid (TA. FIG 9_l Kes”
et ﬁesc“évgél &fati Coer osslrgectgb =gy ant of " Fhe C-}r‘raé)r“tleltf04“ akes
incShemisngusanel Hfed heacOnposNsseh id fremeher nopl asti ¢

conpound. Filler particles are preferably added to

t heheCRytapHmai fylakbs CDE Asrdfedanmie doasellsvatsch ghiferanly

CTE of the |eads 106 _and 108 pproxi mat el y pmc N
e S Lo A e

cr SAMPRURG rk Dot Hepddrame 0020 The: §dErOfintthect£808n. Even if the
material is preferably adj usted to be within about 60%
layfrs reecret 8Prehett egtist M6 did 1P98 SUSpRerF cattp R Iasence of

th@fgfﬁrﬁ%ftacl Si 0@ csughiasy30 takcwtpwf&r abﬂrye hi4e flakes
mcrons in dianeter, can be added to - 9

90‘20&1&?0@8]558 PEIE USEB047 002084 LOFe 1cCPn@Ee closely match the

coScentiRt ihensy ofy aheut 030%,501 PO AQ%meUg L 8ria® contains
compositeé has a CTE of about 7 ppmiCto 22 ppmc

bet@eghi téois pkef epaBl yahelded 106 t HEaRIGE ¢ 0 fhedgse preferably

i S i npbl Lration. 'glalos graphite is preferably in
e% ﬁbﬁowugf gengéra 5 5 pl anar graphite fl akes 904

(Shgg\ﬂaﬁdggtgpngﬂﬂ% ggrag}ﬁm\%\/eflakes, glass fiber 1202 can
be added teo 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 basec absorbers, molecular sieve Iilters (zeolites) and

calcium oxide (Ca0). Suitable zeclites are avallable from Sud-

The frame material 1is preferably pre-dzied, preferably to

less than about (¢.008% moisture content, before injection molding.

-20-
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ot her forns of graphite, such as balls or chunks, are
wéh&Quedgceptable. In addition, the graphltepg#ﬂgﬁﬁm%gé4
can warp sonmewhat during injection, etc., wthou
significantly altering their effectiveness. The term
"generally planar graphite flakes" 10 includes such

In hbakesod hahjkavecReemndel@hed. ndhgegF aphite D*LaKQQbTy less

—cl<Tl

904 preferably formlavers, preferably roughfy
thapapBRPYel 0 20 SERPBAF or IEIAFAGES SBP Tt hezds asroul@dbet hest small,

pre€beabi NOAr LOUS pBLAS, 9B LOr IIDILULA ENELEEALION: e o
Even if the Tlayers are not parallel to the eXTeri of

theghpaperlagtie poevente of 1% the grtdphi teldahi batisel. A gate

at Moist ur ratj,on. T raphite flakes 904 also P
adj ust %} J%éfﬁkofs%%e L %F% %%?é cI'6S&FyChat chtthe ©F  the

the@mppe¢samioycomp©mmdleadSmieﬁvandJ&ﬁ&asIhg fhﬁﬁ% on  the
- contains , between. about 0% and about 70%

th“gﬁég%£$%‘Tlaﬁnbou%%eferaBT et v r19§;¥m7 TAQRHAG and  the

graabmu& 50%k=20 At anTHétemﬁahbpfakﬂl©raﬂhbbanﬁ|@Eesprv_yraoly

in eg fiber 1202 cgn be adde to Lhe_LCP to increase
Jrrg. i1y AfETAG Ut OPE GPTENe 0 r 85UPETRPD the leads 106 and

108t heonephast b€ epapatiogh: | 6t t Bt S @nbodi ARAt ro e i fgameram@ a
mat eria preferaka coq;alns bet ween about 30% an
minagBBlt M8686 PERSIE FiHerCl FPOMS &l Ferl SalAteifagh i, maintainad

duriAgadré thakinkoophezgraphi te flakes, other conpounds
can be added to the LCP, such as iron powder based

absor ket scurml echaersi evenfild erg-{zaqhites)panths  «o | the
cal ci um oxi de (CaC» Sui tabl e zeolites aré avail abl e
SELPEORT S TeRgfi @F IThe BeRrhelff ake neweitissl ¥efluce moisture

infpneterably pne=driedsepy ef enably; 0 éa%ssbl\ha%) A0QUL o the
0. 008% noi sture content’, before injection noldin
intesfopnoZ0041068558 PET USRO0M TOT464ms re addis |xm:7ud° amine-

basbﬂl&%ERQQStéﬂﬁsuﬁhQUPQOﬂe?ﬁ%pﬁnﬁthEneQrﬁﬁgxﬂ' Qg|iﬁ%§a name

t han about. 0.2 seconds. Injection shot sizes s
Balk@ﬁﬁdsnamlym Sréfefably dresPollmaraporn: dridms; to

m nimze residence tine of
Seal

The Zrame retention feature 500 (FIG. 5A) and the lead
retention feature 800 (FIG. 8A) provide good mechanical
connectcions that inhibit infiltration of moisture and atmospheric
gases. In addition, the frame 104 preferably includes constituents
and an exterior or interior £ilm to reduce this infil*ration. 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 i08 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 iflange 102 and the £frame 104 and to prevent infil-racion

between the frame 104 and the l=sad 108. Alternatively, as shown in
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the thernoplastic conpound in the injection nolder
barrel. A gate 5 at the injection site preferab
WO RBEEs flow of the thernoplastic conmpoulfel/USZet/Wpis

i ncreasi ng shear on the thernoplastic conmpound, to

orient the polyner chains and the graphite flakes

904. The thernoplastic conpound is preferably .
FIG.j rjldot ddvat s@aor nei028f anife ¥004ke CRM4 Ry Wedhwd@steRe o< the
one |£84s,13@6 and 10 108. To minim ze the amount of stress

“inthé resulting frane, a mninmmnold tenperature of

ablloou.t %%Qxlétles nggerﬁm%igﬁ' ngal n@ﬁ’e dégél%glltt heo <he frame

no dlﬁb operatiron. A noisture barrier filmis _
matgriefler abhy appéned nagetrhel e emireresabt aces eghegheprior to

frame 104 to .further red Di indD Lofiltraty in
app%ﬂ%%gaﬁgtfVéI%Q“t%ﬁé?%‘ﬁh gg%s e g%%%?é%&%oé%uééi?n?&f%&own *
the of atthe fwlases 104xydeceptsabltenamatmrddaing nent| udedawn neproduces

based epoxi es available from PPG Industries under. the -
accgy éenaﬁﬁsu%aﬁoc)é%éﬁmsgf‘iﬁn% AT | AR mdletial®ean be
cleU Y MBI ef@ichts 10¥6 bySeathi®. Theo fotaTe moat énsiion-diameter

feature 500 (FIG 5A) and the l.ead retention feature, .. ..
(IDBOPRFISG L BR FLEFIE G5od TreEHERFEEF Mebornéct itGhs 5%~ 2V
andthad . dnhizkidn imf hktrat i on ofe it yr esand: @taiesrheei faterial

gases. In addition, the frame 104 preferably includes
Zor ot t B8REs  GHEFRNTEREER | GRLZF | RERTi GF fPPHTTY P used

-depéﬁ?ﬂ?f dighd nfildd at £en. ko 2% fdbiheroredues ze air bubbles
nri

| ration, as illustrated in FIG 10, seals 1000 oL
in ahe¢ 1602 amte Pt ePeriblye dppin e INesitde XWELT PEME £F4 uSead O

pum?Lgpg g%gﬁ%H%QLDEHEb%Eg&Eﬁ104, wher e-he frane neets

é T eads and 1 and where the frane neets the

flange 102, WO LD 0h0$8+38¢L1 Ofhd Na FEGeddAy  between

segﬁ”lﬁ)%?%%ﬁifiggfrve*t%‘preventginfiltﬁatiop betﬁben _w

abo80 bheP=| anwed 10 ENd 28 hea 9 aife L0 2ald ' 8B prfevddtput 0.295 per
Anki 1 Lration (between the. frame, 104 and theyl 82108 pa.s ax.

SecRifer Ragi Ve %ﬁ“ﬁ%ﬂgh%\m Th TT WO 200471168558

a NEHUS2004/ 0024B4uE| & 5198 srecseal §1G1002AcCanER10D2B graph

120%a%h%§viy18e91 E)Q%tfgégegfrél@e:ionship 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 1is
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 apbout 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 conforma’. coatings. A suitable sealant
includes betwesen about 40% and about 60% solvent (sucnh as 2-butyl
acetate) and between about 4C% and about 60% epoxy or silicone

resin. The epoxy can be, for example, bis-phenol R or & cyclic
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3C

one seal 1002. To pronote good adhesi on of the seal ant
W I franme material, the frame material is

élz‘é\"é'? BBl y cl eaned prior to 5 application SFTURBH002464

sealant. Plasma cleaning, as is well-known in the art,

wher e oxygen is the predom nant nedi um produces

abl. Its, Alter atively he franme material
L A e o L FrR S0 vant s s by heTeHi G, ACbSDoR  amine

haridaohrs nshtes chanetesr,, (Hnb) Eﬁ%&dkﬁml sgepr,@‘@;agﬁyp%@ne D or
Pa”g ﬁl spense rrgta?)rl al_ for_seal 1000, 10 and a 0.010

i needi™ pFé?@r%%q’st%é‘d‘:FBrﬂF%p%ﬂse mat eri al

for sea' 1002. O her needl e_sizes can, of course, be

used dependi ng on the si z&'Of the deS|red bead. To

m ze aibp,bubbles in. the sealant, a posilive

d| spFacemen atigér “BGRP~i S°uSkY tHPMubp? t hietSeatntdis 110
hasnbaéheaﬂmd"lees toldnZhel sepd ant: aBbeEl ab preferably bas . the
1 %P c05|ty § tween about 58 Pa.s and about 128 Pa.s
cagf 4“8naaf e Of SHB6AP-D. 650 pefl L@comel™ all BIGS. 13A and

13BVi geesity bet V@@"b&@éﬂablg Ba: 52 sk c,aaqgu/t waggé’é Solhe frame

a shear rate of about 9.5 per second contarns
1044 gFaBﬁraalzoc}l%wM%gvddaﬁ@f i pleal ried wtrnicoss Hingabehweemetween

aboVikSE0Skiy Ahd shear s 80kﬁa¥§mi%nlQmﬁx#s&9§lféés Lhan e out 100
preferred at high shear rates mat er 1 al

micgpape e qiﬁeerﬁrﬁblb‘bﬂt\év%rthaai Wioghigiscoksi tZy‘Luesrna voly, the

ldDQ@EeE!ne t; JQw ghe S0.1905€ the materia
- been%%lls%ensgg ééd %%giéar?og’ rlgng The rrat ram§I o,

prggg{f,a,tp{]y S & i SG etuween about. 2t _
Pa. s and a%%ﬁit gﬁ%%gﬁs\é %h%ﬁma egl g%\?s St ATXOLT Ums 2 have not

beepndegeds tr efcgfablydbet weerrialbout 3p&ciaubsaboikcdube these
conydht 80 & Malerlalg.Lor Lhe seals 1000, and 1002 include

epoxi es, icones and confor mal 'Ys. S IRRGPEApFe Which
rQSS‘éal ant hijghekudewlbstveenthboutad0%eande akautn6036 assemblies

mou%o yent (such . ag) 2% Q§L yl 30 acetat e)aand bef ween about _

0% and about 6006 epoxy” or si T Peehe”ST¥E1% .~ RdeBpbxy Of the
prv@anuber,wérmlcexawpbét bh st phenepAi etidas card,| Gons3duently, 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).

—h

There is preferably an interference fit between the 1id 200
and the frame 104, so portions of both the lid and frame melt and
fuse together during the ulirasonic welding. As shown in the
cross-section in FIG. 13B, the 1id 200 preferaply includes a lip
1300 that melts and fuses with the frame 104. The 11id 200 is
preferably made of <the same materia as the frame 104, as
described above. In addition, 2 moisture barrier film is
preferably appliec to the 1id 200, as described above with respect

to the frame 104.

"~

a0
e
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WD 2004/ 068558 PCT/ US2004/ 002461 al i phati c epoxi de

resin. Suitable hardeners include am ne hardeners.
WoRepesaisi vel y, the seal can be nade of Par alpgmasDoonoz464

Paryl ene HT, avail able from Cookson El ectronics. Lid

5 The lid 200 is attached to the frane 104 after the

die 1110 has been attached to the flange 102 and

el ectrically bondedd2muidmeuriegddet®861land 108. A

suitable lid 200 is shown in FIGS. 13A and 13B. The

| i dPe2801psopr eher dbbyoel t0asonfaad | 30Mmelidedst Qotshand 108 and

. fra 4 ref erahly usi a | di ng sjgnal having a _
ll%régﬁeﬁég %ggme%ﬁmfﬁ”%bgﬁ?g%%akﬁ@oandg%%%%gléb ﬁ?&eg S  and
pragresarpl ibede toessadtiantabattest0@arfiscr GRs( MALE described in
. _.pr.ef er abl ss than 60 . mcrons).. Alternatively, the
ao g 5687 e 5271 I SRt o i Wil G08MF B bhet tstra ing
a frcares]lO0dy @onverdHeoral-cubt rasode ploasthe Mel i and used.
techni ques have not been used to seal lids to circuit
pacz:klalge@c, becg_msetglhﬁ;:e-cob@e@oa&ﬁapihgaaﬂnacffcm ﬁf}%ﬁ leads 106
se | oner [ reauenci es, ich resu i n higher
E”Kgﬁgprtggeg%ﬁhatTg%ﬂ AR @ eréﬁ@ﬁécé§§%n%¥@%§jmf%irSt high-
coppantedol nmehié cat t 1 parekages.aghhenBighesiwel 8 NG nched, etched
frequencies of the _present invention result in [ower
O afptFiidEs BARE toniedteRtRrye 480 6t ekevdge WWa ebbnthe lead

re@SRQ0Al kescufOOVer! h0nal | Ynelidss & @kt ached 20: 1.9y 108 are
circuit packages wth epoxy adhesives. Advantageously,
cuniac adGiite WEREPRE ©an shehagconplthshédaidn fmamh Be§sto create
tnd IdMe-( 8pRE OXLIBLEl Y 280.4BeCsdg than epoxy cure tines
(apx. 2 hours). There is preferably an interference

fi tachetamgen 4 heoddh 30Q,, and Lhe frape;104, .80 flange
portions of both the%%%glangpffaﬁ%ﬁﬁgF%%aﬁad22gofu§Qe flange
10%.odet Hedl Odurtitigg ftlkegel flPasoni Camel ditted Asons town deond high-
A8 cross- dan i G A 4hetl | d-200 preferably _ . .
Coﬁéﬁi udés§a%?§%\q%éod“?#aﬁxngf:%”anJ“?u%%%yﬁmﬁTquh%OD feature
SOF rigmeo104d Thethd E120Qei 302 pheferatigrammdesob- she SAMR ocess .
optBLerhal the frame 104, as__descrihed aboye. .In o .
péﬁﬁﬁ%ﬂlgh,gg ﬁﬁré(u%gebéf?ig? FIﬁPFs:gﬁnﬁregéfabﬁylappva' At
141gppltihedobototheot i th2@,angs tescrd hedicakovesi t h
respect '
At 1418, graphite fliakes, 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

fiange 102 and the leads 106 and 108.

At 1424, the interior of the frame 104 and flange 102, i.e.
the air cavity area, 1is cleaned. At 1426, the sezlant is applied
to seal the boundaries betwesn the frame 104 and the flange 102

and between the frame and the leads 106 and 108.

At 1428, the die 11C is attached to the flange 102. At 1430,

the die 120 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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to the frame 104. WO 2004/ 068558 PCT/ US2004/ 002464
W%'nﬂ(f’(%g_t uring Details Details of the flange 102, frane
40¥&8ds 106 and 108 and |id 200 of the RGHERG/002464
package 100, including materials and processes used
to fabricate these parts, have been described in 5
detail above. FIG 14 contains a sinplified flowchart
i Whiser atlingineenpriceeses Meephidssarhe=di weuht rpaekaye <o 2
refQ Ga mde. a sed.. . - 1400, a first. L .
P e OnRe R oy s Srads T 69 e TeaE t1 B hnpdggeand and
apPYRCiPA@2, thead varapesons e chabribe atredef rem thestil st remaining
..highy .C - al ] oy e.at, 1400, At 1404, holes 310 _ ..
Wltrgrng %Jn%%ggg°e%llé(ﬁesdc%%%ooért%fh FWEe Made ot edtf described
in fohgmea@@hdsgl coiatres .onoof d:dfmmpllead Y®teent poher dis can be

_atté%zetdur._%s.._ At 1406, the ends of the Iead§P106 and 108

CUr 156G, THERES Yt'ahped or %t 8§ oRIPRR Tad ForaRe than
beiB)Gdlaleareeateerehe. atrherddieadnr, ebent konef raknt@ 800+he art,
11 AL, 1408 _gligpond hi h-coslpr)r%jp alloy is nmade for the,
2119YHngePAB g2, AWNRARO, if | GENE62 05 f afPREateds, SO
condtiamdrite sesendodd ghrgapper nat | Qy-dmdeiat, 1408, Aos .
1412, the frame retention feature 500 is coined in
t e frlange tHe2 rhyma psOLHETH R a5L2EPEDY MEPCESS convexity H
ptionally, at 1414, the bottomof the flange 102 is )
of §hg Jed IRt POTATB, N3 Ve D56t BRTBELRPE ¥ &MGeCIDReFs afage high-
copEONVEX and@ AlcdA418n-graphids dd:akes, atal ¢jand/ Q;Epﬂilcaa%ie to
fiber is added to liquid crystal polynmer to nake
CONY{IHONPAt SRLPRPSS ANA L2001 IEReMafle ape FRiteET Makersaklyi éd.though
e At1d422, . d:he firame 104,18 ded tQ ot heg f I & 1 ective
o anldﬁlﬁe l[%ﬁﬁ?%& én%élul'o‘gsl n%t*ct‘i'ﬂf?)ot hgnldnt e}?‘?lgrr of SPeCtIve
altea¥ivare No% apeetd | dager X! inethe25antexai rofcavidhy copper
. ea.. i 1! . 426, .at . seal ant i pplied, -_
ool LSRR ARG Bt on Rt LBl oo
and f ] eavife MEGR candther viedrertipeé sf r Aheheuah tthe Feads mf@rial has
~@an ipht 14284 he dig 1100 s agt ed 1 he e
bWI?I glﬁég%kdé\‘} A_t% ?ango’ ot £:11Q Liached Lo fhe 100, thnis

rial can be advantageously used in other contexts, such as

rf
0]

ma
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.

~25~
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the die 110 is ultrasonically w rebonded to the | eads LLOYDWISE
“Kﬁ%G‘ﬁnQ 108. 30 At 1432, the lid 200 is
1PY%E5Ri cal 1y wel ded to the frame 104. - 28GH3S2004/002464
2004/ 068558 PCT/ US2004/ 002464 \Wile the invention has
been described wth reference to a preferred
enbodi nent, those skilled in the art wll understand
and appreciate that variatc&fs¥€an be made while
still _remaining within the spirit and scope of the
Whatyigs€mtinrpdehtion, as described 5 in the appended
clainms. For exanple, |ower power die can be attached
to the flange with epoxy or other adhesives, rather
Lo B RARCUYe i RTGT8GFde FEBPT 2t 0. In addition, as is well
known iznftihggart, alloys typically contain snall
amounts of inpurities, so constituents described
her ei n 3dof8f-nekessd/| yrflotal 100% 10 Al t hough the
frame retenjondealdrg 590 and {fie LRNVEXI{Ye Hi Ofeast one
the fl ange bottom have been described in the context
of leadii gheredpper flange 102, these innovations are
al so appli cab 0 _convent | 5y angd_fL es
made of&& %grhrgnaatgér?% sr}e%ﬂl tégg%%é tﬂeell%gadgFefen T'or?nd
f eat ur ehe31D;ar@00camet itseei 2 respecpleetld abterbat i kesing a
haye heen described in Lhe coptext, of. high- copper
| eads, these- T nnovations are arso appl icabl 8 to
conventional |eads and |eads nade of other materials.
o et . 4 |aly h n described in the
'Tﬁgn?gggga h%{]{a?%ﬁioga%gékggle’ %&rggﬁfs mat eri al can
be advanteaadeens! ynodedes i Geliehavong extley swoliias; 20
those thal reguite g fmerial thlocanwithstand Nighng o
ten‘perattures.* anpres of ofherapplications of the& 9
f r amtee mimtcdr pabfilactode drieghatenper@taineyl arbnales dmi
printed circuit boards (PCBs) and _sockets for ; -
el ect ro“rﬂecre&gnpc}%gnt g,“ycajb? es” PRSI ERESt hECPHiWe. WibE  the
LLOYE: MIcGH: fA4e:2@84/ 068558 PCT/ US2004/ 002464

3. The circuit package of claim 2, wherein

t
juy
(4]

interlock profiile

is dovetail shaped.

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

is T shaped.

)
jon
(D

claim 2, wherein

Fh

5. The circuit package o interlock profile

is L shaped.

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

is a groove in the flange.

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

stands proud of a surface of the flange.

26-
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CLAIMS What is clainmed is: 1. Acircuit package, LLOYD WISE

wERIDEdsskng: a flange;, 5 at |east one | ead;,
frarresm)l ded to the flange and to the at Iepacgﬁds&ﬁgmm“

| ead; wherein: the at |east one | ead extends through
the frame; and the frame conprises a thernoplastic
terial..hav] 10 pel ti.ng tenperature greater than
8 Tg%oggkg%ob %a%.%g%thc?ﬁld? tl’pé‘%’ﬁgg%en of claim 1,
wher ei rchet hetf r asest nenededcad kejefiavsngad KByast one hole
profile; the flange defines an interlock feature
having “aﬁou%t et'tOck profile conplenentary to the key
profil e mheikh werehd therkeylassitn firBheM-@ <698t acktends
wi t h theg1 \R}qnter ock feature. 3. The circuit package of
cl R FHEr8PhSthe interlock profile is dovetail
shaped. 4. The circuit package of claim2, wherein the
interlock profile 20 is T shaped. 5. The circuit
o T Rhgaior Brar T2, Cueraith UndTISiEaP| BER BrofFret pae hole
is testwapedar6. The circuit package of claim 2, wherein
the interlock feature 1is a groove in the flange. 25
7. The circuit package of claim2, wherein the

10. | Ntz | otkeficat prekast anfls cproud 8of whesaifiaameofad hecast one
hol%%fﬁ&%fal(_)ég%%l\él\.’%:%ﬁef\/\gorgggﬂ Ogggﬁgge of claiml,

wherein: the at |east one | ead defines at |east one
ll.hofﬁé circuit package of claim 8, wherein, in a lateral cross-
section of the at least one lead and passing through the at least
one hole, a cross-sectional area of the at least one hole is less
than or eqgual to about 25% of a cross-sectional area of the at
least one lead.

The circuit package of claim 1, wherein:

1=
[R]

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 oI the thermoplastic frame material abuts the

outward-facing portion of the retention feature.

12, wherein +the retention

a
0
IJ
=

13. The circuit package of c¢

feature comprises a2 nooked edge.

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

feature comprises a ridge.

[a]
ct
[

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

feature comprises a groove.
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t her et hrough; and a portion of the thernoplastic frane LLOYDWIISE

w(g'g%erl al extends 5 through the hole. 9. The circuit

16

17.

K&§&Bof claim8, wherein the at |east onRCHEFR4/0%16

rectangul ar. 10. The circuit package of claim8,
wherein the at 'least one hole conprises a plurality

.of rhel esrcdd LheilBe Gkrguil, package of claim 8,
I

wherein, in a lateral cross- section“df the at | east

one | eaBitandtpabsdsiy theougdrd henatludeast poEMol®, Beature
crossssketd qnal area of the at |east one hole is less

thgn or eqéua tog“abgﬂtt}%]%%“% dNEF64R- secti onal area

of the atpolsiast dﬂuideeaderﬁ5plgstﬂgmfﬂgﬂéc%EEeEﬁgkagﬁuts he
of rglcglingqol %@agregn: the at | east one lead includes a
retention | eatur&® proxi mte to one end thereof, the

retention feature having an outward-facing portion;
whergi n.a patti of the thernpplastic frame material
abut s ?ﬁe C%Z o%?c\:/\]/égr(%ﬁ f &&i nﬁiﬁb‘ﬁ)ti of Re¥RLT ettdst | BAtention

featupe ure.a I®okFHeedye cuit package of claim 12, wherein

18.

fealhr&ladim 12

19.

the retention feature conprises a hooked edge. 14.

The circuit package of claim 12, wherein the retention

f e&P8r elgoWpEi seackagd dgé. 2516, 1Bhe whewdtit RacKagSrention
wherein the retention feature conprises

a groove. -ggvl'_LOYD W SE WO 2004/ 068558

PCT/ US2004/ 002464 16. The circuit package of claim1l,

whekei nsi therat,l e ope | .1 ncludes a retention _
feature proxi at ea%gtg ong eﬁggjf%e(rigéf HET ntge retention

feahy¥e i bh 2fdreRBEL her nopl astic frame material abuts the

20.

The circuit package of claim 1, wherein the flange comprises

a2 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

ieast 50% copper.
The circuit package of claim 1, wherein the flange comprises

least 90% copper.

The circuit package of claim 1, wherein the flange comprises

=

least about 98% copper.
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5 retention feature. 17. The circuit package of claim LLOYD WISE
16, wherein the retention feature is a hooked edge.
ircuit package of claim16, wherein _
‘&2%03%- ﬁ%o% feature is a ridge. 10 19. The ci pggﬁgzoomoum
package of claim 16, wherein the retention feature is
a groove. 20. The circuit package of claim1l, wherein
the flange conprises a_convex bottomsurface. 21. The
6ci r DR tCpackag@aGHaEE aP fn 202 1Ther et e COfv dligRgeofomprises
ar1§1t8@ bottomesurdace s Al east gheut .0. 0901-Aneh8s 2 group
The circuit package of claim20, wherein the T
CO]@WQ yigiontihe duitserhveur.face is between about
0. 0005 and about 0.0010 inches. 23. The circuit
package of claim1, wherein the flange conprises 20
"at T%s@—l%%cdm%ﬁuﬁm Theim £éui whpaekagéhef aclaynfontains
_1leayg£er:q;oﬂft Beofl conprises at |east 90% copper.
. The circuit package of claim 1, wherein the flange
conprlses at | east about 98% copper. -26 LLOYD W SE
28 WO 2004/ 068558 PGCHA52Q01/ 302 4Gig6. The @it +ne  flange
package of claim™l, wherein the fl ange conprises an
COBPI-EFOf copper and at Ieast one material chosen from
a group p, GOpLI Zj rzQn ilver. 27, . -
circuit bpeagkagileg%{g ¢l aO:%nQZ V\ﬁggg}?n the a12ﬁ7(§3en % ana
cont ai nst Seatst| eastt dfovtk %‘Pﬁpeopper. 28. The circuit
package of claim1, wherein the flange conprises:

bet ween about O. 05% and about 1.5% zi r coni um and
259. The «circuit package of claim 1, wherein +the Zlange

comprises:

oo

between about 0.05% and about 1.5% zirconium; and

the balance copper.

30. The <circuit package of <c¢laim 1, whersin +the ZIlange
comprises:
at about 0.085% silver; and

at least about 92.9% copper.

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

leaa comprises at least 50% copper.

332 The circuit package of claim 1, wherein the at ieast one
leac comprises an zailov of copoer and at least one material chosen
from a group comprising iron, phosphorus, zinc, zilrconium, cobalzg,
tin, magnesium, nickel, chromium, *itanium and silicon.



[@2]

I,_l
ol

[RS)

wm

at | east about 98. 5% copper. 10 29. The circuit LLOYD WISE
wptnkegesof claiml, wherein the flange conpet/Be964/002464

bet ween about 0.05% and about 1.5% zirconium and the

bal ance copper. 30. The circuit package of claim

wherein the flange 13 conprises: at about 0.085%
34.Si Itver ciangh+ atadieasd @boutza 99 990 cepperin 3he Th€oy contains

circuit package of claim1, wherein the at |east one
|l&&d tconpri s€ks atodmsast 50% copper. 20 32. The circuit
package of claim1l, wherein the at |east one |[ead
coqgri ses at_least about. 97% copper. 33. The circuit
‘packEgE B aFmi9fhé&tei fitiHe at BsSE€lbnehe| éad 1east one
lezRORPhbSES=N al | oy of copper and at |east one materi al

chosen _froma group conprising iron, phosphorus,

zi nc, zPPEGIRFUMRPEGhA-LF 25dt FrrUinegvésilda ni ckel ,

chronm upkthddranigan-and 0sbki 608 aps129 oL EQYDLNE S50 \M0s ;

2004/ 068558 PCT/ US2004/ 0024(9 34. The circuit package

or cl ai RE3%ehHer®&h altte 29wy Oc8ft ains; amc | east

about 9¢%e cOpPPEl-e 32ppkhRe circuit package of claiml,

wherein. she at | eas O0ne |ead conprises: 5 between

about 2.1% and about 2.6%iron; between about 0.015%
36.andmbatitr@it5%esehuous. =bet weern@-85% and abewhopias=ic

0. 2% Zi nc; _and tjqbal,gnge copper. 36. The c_rcuit
RALTHdRAgE B =TI M whEFeFn FRE“thétePrastic 10

material conprises a liquid crystal polyner. 37. The
37ggﬁ%%gﬁﬁ%%ﬁ%%?é%%?ggem%%r%hgi&hgﬂIdygr%i%r¥%gakiquid crvstal
polvmer comprises:

a;.

¢

n

2
-

C

pare-hydroxybenzoic acid;

bisphenol; and

b
phathalic acid.

& copolymer of p-hydroxybenzoic acid; and

(o)

—-hydroxv-Z-naphthoic acid.

32. The circuit package of claim 36, wherein the liguid crvstal
pclymer comprises <Cerapolvmers of formulation hydroxybanzoic acid

14,

{-4-pispnenol and terepnhthalic acid.

40. Thes circuit package of clzim 1, wherein <%he tharmoplastic
material has & coeificient of zthermzl expansion within about
60% of & coseificient of expansion of the at least ons lzad.

-30-
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Par a- hydr oxybenzoi ¢ acid; bi sphenol; and 15 phathal i cLLOYD wisg

acid. 3E. The circuit package of claim 36, wherein
wd B84/ldssndi d crystal pol yner conprises: a co m

p- hydr oxybenzoi ¢ acid; and 6-hydroxv-2- rap% fofibascs

acid. 20 39. The =_cuit package of claim 36, vvherel n

the liquid crystal polyner conprises terapolyners of
21 .formdl adii-om: AV A-0x\kenzoi ccagid, 1, 4 4:bisphengl and -

terephthalic acid. 40. The package claim V\ﬁer eB rmopiastic
ma“fﬁeafhé?ﬁ0®|%ﬁﬁﬂ%§ lﬁ@feﬁkarﬂha@aa.@Kﬁﬁﬁsxnnemt ofetwsen about 7
poni/Rer ABL expansien within about 60-'c of a Zoe==i

_en- of expansion of the a- |least one |ead. -30 LLOYD

WSE WD 2004/ 068558 PCT/ US2004/ 00244 41 . The c--cult
42.packBge-pFutt aPdr Haomher ik ithe 1t héﬁf@plr‘as;mlﬁc thermoplastic
matPBEeri abmPassas coef fich et of thernhal n of

bet ween about % ppm C ando 22 ppm % %bigl rcuit
Sohﬁaeka@e%%%l @t N awerkes adre atdtermpltasﬁ indcromt eri al
in GQARELLses between about 30. and about 407. spheri cal

LT

balls of talc between about to 3 mcrons in

2 di ter; 4 T, cuit package of clalm\/\,herelnthe_ ..
4 thzil?%opT*a'sT e ]gn]ag:t galrcw[ éJCo%pr %@es el Ween hbolit 3OgFmopLastic
ma maabaempsg%gImva‘arbeubouAaoc Thed caioweul 30 packageriber.

of cl ai mwhereinshe thernoplastic 10 inate_ia

co rlses a plurality of graphite flakes. 45. The
44 - it Cpakageratiadai Af 44 anherlei nwivdres tthetheplaastrinepiastic
admleni als ganpLi tween,. about 10% and .about 70%
T azaoh tgmg'lqgliesae.sbﬁ'g “The &rcurt” patka‘gae’“cﬁ claim

44, wherein the thernoplastic

45. The circult package of claim 44, wherein the thermoplastic

materizal comprises Dpetwsen about 10% and about 70% graphlits

Zlakes
4¢ The circuit package of claim 44, wharein tThe thermoplastic
material comprisses between about 40% and about 50% grapnite
tlakes
—] I H‘I'\’"f‘\ -— et F!-' = f‘: = 9 . k! 1 i } 3 - & = 5 )

¢7. The circuit packages of claim 44, wnherein the graphite ifliakes
form a plurzlityv oif lavers
48. The circul:t packags of claim £7, wnharsir the graphizts ZIZliakes
ars oriented parallsl “o z ssleztad suracs of —he frams
e a——~ . - = ~ - = = L

Tne «circuit vpackags o© cilazm 1, =Zurther comprising =z
Tnermopiastic material 1id zttached ©o —he frams
50. The circuit packags of cziaim 4%, whersin <—hs flangs, <ths

id dafine ar
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15 material conprises between. about 40% and about 5044-0YD WISE

ki, e slakes. 4?7 . The circuit package of C ai m
W(ﬁg{’?ﬂ& “é? ein the graphite flakes forma pl JFY YR @pzee

| avers. 4 E . The circuit package of claim4-11,
whereir_n the graphite flakes 20 are oriented

s51.Ppargll el & 49d§§£ £ urface the frane. 4 G. The .
circuit %égka e &%ﬁ%!qﬁil{%gﬁé 4§nt$h§r%ﬁﬂnﬁqﬁﬂ%ﬁf =S Weided
to therwopleastic material o attached to the frane. 50.

The _i_cuit package o= _-c-ill 49, where:-n. the
flange, the .=-anmr ant the lid define anr cavity.

2. Bhe|cireuiovPavisEe WH 2004110689 558 hPET/ WSEHOAL DOREGA ast ic
mat@lialNOne) i eUL! - Packase 4l GLa) .49, pherein the |id

is welded to the frane. he circuit package of
claim49, wherein the thernoplastic naterial

53.COMPE | sas ki aubdigeystal pobyperss5 53, The cireuif . -
package of claim52, " further conprising a -
SengepmEBTiPictr ditdaghedched the ttHentkange andctrically bonded

to ghgcg{ijgyskyoggngggd to the at | east one lead. 54. The
circuit package of claim52, wherein the thernoplastic

material conprises a plurality of graphite flakes. 10
54.55Thdhei sbitli badacdaoss of 1 £ i 5y 54, ubel e éhngﬁpoolastic
oK

t hernopl astic material conprises between about
matghee abGIP 2695 gf aphi el 1 HY akesrapbitdhelakiescui t
package of claim 54, wherein the thernoplastic
5o material conprises between about 40% and about 50%
* gr Aphi FEFCUS PeKERge 57° Theii Péui Phpaekagenef tedmioplastic

matdrid UrtRebreoapr isdtiGed sEHLCONGHCE gf 4di g ALt aghed ,
the flange and electrically bonded to thecg?'lzg§t éééphlte

flakge- | ead.

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 cliaim 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 & 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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58. The circuit package of claim1: 20 wherein the LLOYDWISE
Wfroaﬂ(e conpri ses an edge adjacent a surface of the
GIUHYE¥and further conprising a seal attadGEFSEYHpRss
frane and to the flange along at |east a portion of
the edge. 59. The circuit package of claim 58, wherein
the seal conprises 25 epoxy. -32 LLOYD WSE WO '
60. 2004/ GE8558t POA¢ USPD0Y] 002464 B0, whigeedhr chbt spatkageprises
si1i@fnel aim 58, wherein the seal conprises silicone. 61.
The circuit package of claim11l: wherein the franme
conprises a first edge adjacent a 5 first surface of
61. LRecatikeast onadeady apdifurther conprising a first
seal attached to the frane and to the at |east one
| ead alwbagear [tdastframgoredrmrisfest e fiisst eddge.add2cent a
The Gir gyit,package ot claim 61, 10 uherein she frame
conprises a second edge adjacent a second surface of
t he at flugaber opempreaslingared firsthesezlonpriasimg asedondirame
seal,, attached.tp the fra an o the at  least one
B Tomgtat| St SO TRren te e eBesng Bge Saeot the
6XirEhe ecigecui t package of claim 62: wherein the frane
conprises a third edge adjacent a surface of the
flange; and further conprising a third seal attached
62. t Citcheifncake pagwbkdeo oftheléimnge: al one at | east a
porti oq\lh%f et_'LFe.tthg' géla\%%gecorr%(?ciﬁlegn%' SGe%'onEh.ereoColer Céjéjtacent a
package of ¢l aim6 ) ereln the seal conprises
second surface of the at least one lead; and

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

second edge.

€3. 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.



epoxy. 65. The circuit package of claim63, wherein LLOYDWISE
the seal conprises silicone. -33 LLOYD WSE WO
W , 558 PCT/ US2004/00246-4 66. The circuit package
%%&§?§?%1mherein the seal conprises a nater?gFgﬁ%WWﬁB*”
a thixotropic index between about .5 and about 4.6;
a rason viscosity between about 7.4 and about 3 Pa.s;
cc @ Miscosity between about 58 and about 125 Pa.s at a .
°-sheldt T e HFRERIDPEFLaBEoRd; HAETEIECHRS S=al comprises
a m@e@yggywha@gggg '- and about 30 Pa.s~ at a shear of
G 5 per second. 67. The circuit package of Claim _ r
.-u= h ¥ dompriseag cinded: nodsidde Hadud eF. f idn® @Bods 4. ¢

surf-ace of_ . he franme.,
£ Asod Visceelly between about 7.4 and abour 3 Pa.s:

5 & ViscosiTy between about 38 and abous 123 2z2.s 3= &
shear rate of (.95 per s=cond; and
& V-ScCsity between about 12 and abou: 30 Pa.s at =z
shear rate cf 9.% per second
il Mz A ey 1 = o 1 - = — . A
o/. D ClrlUiT  package of clazim I, further comprising =

10 moisture parzisr =ilipm on a2 surZace o The “-ame.



