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TITLE OF THE INVENTION PACKAGE FOR INTEGRATED CIRCUIT DIE
CROSS REFERENCE TO RELATED APPLICATIONS This
application claims the benefit of U.S. Provisional 5 Application No.
60/443,470, filed January 29, 2003, the contents of which are hereby
incorocrated by reference herein. STATEMENT REGARDING

FEDERALLY SPONSOR%@@E?&?%\?&#}%&\E&OPMENT Not
Applicable 10BACKGROU H This application
relates to circuit packages for inte&%ated circuits and, more particularly, to

circuit packages that heldte TRatar Hangesand FgtE e et Eture

thermoplastic frames. Semiconductorand otherintegratedcircuitdevices 15

(sometimes referreddorastohipshoridigt) aresty picailymurted inside
circuit packages to protect the die and to facilitate electrically,

mechanically,and thermally canngeting the di to printed girquithoards, . o .1
heat sinks and the like. A typical circuit package includes a base

Argomionfretetre Pt 44 & iy 6126 Harfe & prtectROmsuldtingcontents

o housing: andd eadsaxtendingrihroughdhe hatsigemsidadhe ousing, the
leads are electrically bonded directly, or more commonly by wires, to
contacts on the die. The protective housing is made of a dielectric

materials@H@Bbﬁﬁq@'%&i&ﬂ&%@%ﬁ&iﬂ%@@%ﬁ%ﬁﬁ[ﬁGEIE&%% oR

encapsulate the die and bonding wires and to protect them agains
intrusion of water vapor and othePRHESPHENE gases. Most 5 protective
housings comprise two pieces, i.e. a set of sidewalls

Not Applicable

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

contacts on the die.
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frame and, more particularly, the Maximum temperature the material IC

can tolerate without deforming or being otherwise damaged. A circuit

package for a high-power die typically includes a metal flange, to which

the dj (ies attgg\[;ed often bél eutectic soldering. The flange typically

provides mounting Toatur8S SieH as Scrdtdoledor dlodi byapkichtheaterial,
smuiﬁﬁacékh%;;ﬁmﬂ ;grgwmggshucbm th@ h@rawiﬁly_{%hdn use, the flangg e «o
econduets heatframy lejtothe heat sink. e high temperature '
. used to attach a die to a flange cajhn(%ar%%ég%r%%o:w pPASHE Fowetdy against
RSP RRTE hatBfiald"afE Abld B Withsiast tistegh terpesaheeiA ciouibs.  Most
pipackagethabemploys actwpeiamicdime cans dherefare, be assembled 41

Ppriog1q the attachment of the die. A lid is then adhered to the frame, such
(as by epoxi gglaToam}éffék’u tﬁéc[“(c:%% gi‘enﬁgnéﬁ? tgé)ﬁﬁépgﬁpaﬁ'ﬁoﬁ%%ded as one-

pjc%‘?&mftsﬁﬁﬁ’%é]s;lﬁéng&%r%@@é fretnegrdrentypicalliff mage efal the die are
atcopgesdungstemalley by pewggé@et@@ﬂ&yd@%rag;@nﬁg ng%.eTgialeSO £ the
ess s very expensive, and_the thermal conductivity of the resulting
£HREES! mere ar%l 3 i
alloy is limited. 1m et therial condGclRy Bl BeBERfeVEEhIrstigh material
C3Re WRkeERESppEItImOb defomecopperaminated fianges fabrsateg-hy an
infiltrgtion Proqess followed by a lamination process, however these
processes St Ve XS Tsive B3OAlRHRIRsy ctheddie carpbeattachédddudes a
mghe fladdepyior tocattaching thenframe @nd 4id.sEhis aRRIOACHENAbISS USe oot 1 o

sdfdews tempgraturs plastic for the frame, however adhesives used to
attach tr:% frame to the%langfgp&ﬁ& %(;L theHie? Perormiess gy features, such

2SaffiSthttori° TR s@adifdsives oken efeatd infperfect petrit gapstagperan be

nauringiyseofthe sireditd heeheynare, users,of circyit p%&é‘ggsé)éﬁﬁfcts heat
=08 t@ﬁl@n@fg, rames qﬂd lids and assemble these pieces after die to
flanges. BRIE SG ??\F C?Ij—'nllﬁE INVENTION The rresent invention
proviges ahlggéxhpiggﬁw low post10.gircuit package that can withstand
5 igh die-att%chftemperature?s and can proviégt%gﬁérmgetééﬁy%é)algd gi]range can
‘ca\ﬁtefl fora %,%‘%oﬁi‘ﬁé%&e STUHHER eSS THRl Sirduittsaciege desigrmble to
Widmploysch homberofrmechanicat features andcempesitiensgdo @l@Q{-,eV&nploys a

ISILC mbination also 15

céb@nﬁ%r%gﬂ@ @ggx ,te%ej_@%rgetolgance. Txirllb eec riggllgﬁd Yﬁerﬁlﬁl attachment

rovides a circuit package that exhi its Gotter o
O omtfuctivity dhd-hechaniéaninestiy ehan eorventiorabcireuithackages spoxy .
Thecfr&ukg_%atcl%gg &leudez%\efz(l)garts:aflan elframe/lead(s) combination

. C oe ie , ,
and a lid. The leads exten nts of thermal expansion of ceramic

frames, flanges for these frames are typically made of a copper-
tungsten alloy by a powder metallurgy infiltration process. This
process 1is very expensive, and the thermal conductivity of the
resulting alloy is limited. Improved thermal conductivity can be
achieved through the use of copper-molybdenum—-copper laminated
flanges fabricated by an infiltration process followed by a

lamination process, however these Processes are very expensive.

Alternatively, the die can be attached to the flange prior

to attaching the frame and 1id. This approach enables use of low-
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20 through sidewalls of the open-top frame. The flange includes a

die-attach area surrounded by the frame. A seal is applied inside the

frame along boundaries between the flange and the frame and between

the leads and the frame. Materials for the frame (thermoplastic, preferably
CHERET BRStal pofyRER aniYealds (pf&faiably RPBXYTare I6iRaITES toussd  to
awpithigtand diefattach tempeeattites:2ncena die istattached tpdhedlangeess than

sandthe dieis,electrically bonded to the leads, the lid js welded to the
frame to seal the air ca\}%lty arouﬁéigtﬁé?J di<()a.%l€|6f1 Crﬁﬁaét filang®: fame ang=*+s ©*

PYEHAS of FRPEircuiPpackerie inBIEES0 oé or nidre sthwturalifeatates thackage.
mumakainonechanisakintearity: of the circuitpaskagewitheut use of ,  inventory

sives, These features, mechanically lock the flange and leads to the (
frame at tﬁéﬁ%%sspae%at#vé ?&ﬁct?&ri.ass%ln%ﬁ% SMBOUiFEHE Sthe flarfge @t taching
difefines’d fagfie retention feature surrounding the die-attach area. The

retention feature can be, for example, a groove or ridge that includes a

dovetail or other undercut cross-sectional shape. The thermoplastic frame

is molded to the flangs:suchsamby-iniestionmeldipgy Pusing molding, a

portion of the frame forms a key that freezes in or 10 around the retention

feat th echani ring the,frame_to the flange. In another

_emb%gli,erane%%ggé‘gﬁ Iga%@:%:ﬁc%s (g%eogrl émegreaieadb Vetgﬁt%ocﬁe Fe%?ﬁ?% togOW cost
CHEtHre thee5RP thé Frant@ Dutirg theard|ditgbpeidtion; taeframiseratures
amdso saalded-avaurd the leachawvhieh 1bextends ffomqutsidathe frame, . qie,

0 sidewall of the.frame, into the air,cavity area. One lead

w%g}aﬁ%gn% eature de mgz\gﬁ%ﬁéggtsdné} tﬁiglec 1oUgh RRIEAESDUfiED employs a
DYRGRIhgCSomeramethkbriepiaste flowsdhrooghe sit aodsthemfreetesire this
ndbadiolesthys logking-higleaghyithin the-20 frame. Angther legghretention, .1,

feature provides a hooked edge, ridge or other structure on or near the.
PERIGfihe Teal that tesid@@Siithin thedir Gty aren. PRI SFucRIrRGEHgtal and
therplaharawitiubedeadyDaring metdingisameframerthermaplasticconventional
-fregzes %%'ggﬁgg an outward-facing portion of this structure, thereby

creating a mechanical barrier that prevents the lead from being pulled out

of therframe. Campesitions ofdbrAtange, frame angsleads previde parts: a

= [alcbing.cetfielenis At (NGIMAl SXpapRion (&1 5. 145 Tedyging sitess.on
30 the respective junctions between these parts “These conipositions
through sidewalls of the open-top frame. The flange includes a

extend

die-attach area surrounded by the frame. A seal is applied inside
the frame along boundaries between the flange and the frame and
between the leads and the frame. Materials for the frame
(thermoplasti;, preferably liguid 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 1id is welded to the frame

to seal the air cavity around the die.

The flange, frame and leads of the circuit package include

one or more structural features to maintain mechanical integrity

-
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also provide good thermal conductivity by the flange an_d good electrlcal_

conductivity by the leads and the flange. In one embodiment, the flange is

made with a high copper content, augmented by a small amount of

%irc}C nium, silver or other material. In another embodiment, the leads are
Omagéewifﬁlé%bﬁ PEGHPEECORtERE Hughfented by dhematiemmoliitesfdarafeatures

mphbsphoris, zintand/ametherimaderiak 1 y@ggagth%@en%@gdi@gggﬁe at their
rgeaphite fakes inthe frame form a moisture barrier. These graphite flakes
and other additives match the GTE of the frame to the GTE of the flange.

An optionab#m sasn-beapplied tg the g&g{&(g o&ggfﬂgegoraof the frame

r etention
li further.red sture infiltration into the air cavit)./.Eﬁ]I-eélE]E 4
R R Vet S OF THE DRAVAIGSTHes ire. can

b%ndéﬁ%rféﬁ%&%dv@nmmtwﬂdwbﬁdhmgtﬁ&_p&@t@@ PEESERY ctail or

otmeantiondulhrcome sorgappaient 13 dadbose ekiled nine artiomthe -
follcg)vg'ngtdetai ed description of an embodiment of the present inventio |
When takeh with refetéhics to tﬁ&%coﬂ?paﬁ%ngldlrmﬁg%m Whiching. During

neldinds ampearspective viewfa drewitpackage, witheyt alid-aceording. 1, o

mbogdim he-present invention; 20FIG. 2 is a perspedtive
aﬁe@v?%f%trﬁép circuﬁ%e%%\g%e%f%%%f ?t vﬁ%hs atier gﬁgé gtlj‘iﬁelge%flr infghg frame
[ EI}SpQﬁé\ﬁgﬁ‘a strip of lead frames, such as those used to manufacture

the ciycui e of FIG. 1; FIG. 4A is a top_view of the strip of
lead ;frgm%%ggf%%%.eﬁ%%%%é?%émgg ANd HeFGes N BerPRfoldey more lead

THERON MEUB S &perspective Vi dkene lead ftameeobite StiPring the
mshawiyinobkzadfon, FHE. afdisA cut-avay yieysehaportion of the circuit .

e 1
ckage of FIG. 1. = FIG. 5B is a cut-away view of a portion o}} an
e%ﬁ%?r%agtiv%éﬂrrﬁ b3AITEAE of e GFEHE padagd'oR FfG StdevaFIGSE 6 frame,
1a¥e ckbss-sertional viewsrekthe flange of the circuit package of FIG. 1
Showing three stages of manufacture thereof; FIGS. 7A-D are
scheffiatic'davings Pt Eidie Héing atachetirethesttarige of theneiredite through

t@ackagd(ﬁﬁﬂ@ﬁﬂg mofﬁﬁh@ﬁJ§d&Qeﬁﬁgﬁkp%ﬁ%¥§@¥§é@@yéﬁf@g%%aQ%rough,
aﬁﬁtm%ggc%ﬂgégggg%gtFk'éLhole, 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

—l] -
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10FIG. BE is a cross-sectional diagram of several alternative
embodiments of the leads of the circuit package of FIG. 1; FIG.9is a
schematic cross-sectional diagram of a portion of the frame of the circuit
package of FIG. 1; FIG. 10 is an enlarged view of a portion of the
el ertuitas. paekade MGyl showingesedlsads REMGS. thA antabl@areIn one
embERSSrsgetionghyiews gf the circuit package ot FIG. 11’?‘.@9%“”(90&%%3:_ content,
S

embodiments of the seals of FIG. 10; FIG. 12 is a'graph showing a
2 B ahbRShiP betdee CosiFFRE sheaf rae!Grsie Bfboditadiftof #T other
mahratesidl stitabledohese asi2fitheseal offldGBed0s 13Acanghlit3iwith a high
@ 1§Ad§e§’1£’?r5£? gg v'giw lid_for the circuit package of FIG, 1;
C?E%)G?lsg isa cross-s%%tio%él viéi\gvaéf a Igégt?onag)}o the lid" c%? %E?.HIBEhOSphoms’
Z1BEc G fo BRETmBEHteltland R5MIES. 13N dhfswemiedireptocegs aphite
flekmakingithe dreiiepackage ohbier drDETALED DESGRIBTIONIOE £1akes
JHE INYENTION The present i tion provides a low piece-count
ancircuit p\écé\g%é% ‘gte garlp %ﬁg%tagﬁl hig di%?atFéQlc% t%elrfﬁﬁngr\;\ﬁre%ha?nocggn of the
Llarsfide &hetRétcay sediedmaircavityfor @bl thotrthetbasepterior or

inadhesives F1Gnd shovesan exgmplarygiscuit packager1Q0, aggording {04 s+ ure

in%n £ ggfilmierrl]t gf Qleepresent inyention. For clarity, the circuit package
00 18 SFown Wlﬁﬁou a Iiél.LFhéjaéYrjcm'package 100 includes a flange 102,

a frame 104 and two leads 106 and 108. The frame 104 electrically

insulates the leads 106 and 10 108 from the flange 102 and each other. A

die 138 1& atRicheriioTd die-aftabiFaseVERA LS VCIEES hyFetectiorsoldacs

114. For clarity, FIG. 1 shows only one die, although typically two or more

die carbe attacked tothe tie-attachuares, 112 2the etdeelic soldaskld s ang

nSlestrcally bonds the die 110.to 15 the flange 102. The eutectic solder
=114 also c%nd%c?éIl he tkT away Trom r&d%é’ﬂl%t%ﬁh%ﬁ%r%% T65°|FREErent to

Chipreflgrige 192 istyfisallyamouhted td-Bhedo Sinkiiny shewr) mdbolts (notption

ofshewn) extendingnthrough slots 116 and.k18.Thadie 110 igelectrically . 1en
onded to the leads 106 and 108, such as by wires 120 and 122. 20

FeTRESEWirdS 120PaRT I95°4R phste P ARy L Ssortitalfbohited to the leads
106@@.1(281@"[%0%}9 @c@'gv]elQrf‘Q\g %"9 Igagig‘cgéi%n a:!'cqgaalc’ae without a

shown, more die and/or leads can be used. FIG. 2 shows the circuft

1164 cREGE 1B EHEP a M2 GHPAS BEST afAchRE tRERIBR As desttibeehin

mor tail below. 25The circuit package 100 employs a number of
m‘ec%faﬁca% fe%tﬁ%e gﬁg%%%ﬁggtigﬁg%o Rgrn%ere]telca%?s%lél hBHiEWhin T TG
1 thethirzaldy avd tchsidrdteaiighaemperatures. As previously noted,

FIG. 3 1s 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. 4B;

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

package of FIG. 1;
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this combination also enables the circuit package 100 to exhibit enhanced
electrical and thermal conductivity and mechanical 30 integrity. The

following description begins with an overview of a process for

manuiagiuring the.circuit package 100, Thete thep fallows a detailed o,y 4
description of the ?Iange 102 and'its rlnanufacture.B'IthsJié\l}olfowe by srnative

FERRfeUTEs@iptioht SHthetéadsatedfid 2o ¥dmpasition of the liquid

crysta.FL]f)@ _m%rALi%ed for the frame 104, a seal applied insidg, the frame .
104, the I%/S 200 anarei3 pr%%:ggg for %tainour}geguﬁ%ﬁv{ﬁe cO:f?cu%P Sac gag%ge of the

FFFManactifty Oferdielw- 1 CHeai Patkddes 00 wording togrufacture

yreseat nvention, are preferably fabricated in strips or on reels, similar to

conventional circuit packages. FIG. 3 shows a strip 300 of lead 10 frames,

such d4%ad ffames2362 2wie364 LEadhderdd frand inclddes hworegadstached to

guchrasthese shewd ati 306 and,308. n-one embodiment, when the lead

frame strip 300 is stamped or etched, holes are created through the leads

306 aRdB088 Examplesiefthesedhgles ape shown atidd0.cFheseshdlesBl0cf the

areyysed 1o, lock a frame-fo the 15 leads 306 and 308, as described in

detail below. After the lead frame strip 300 is made, a frame is

moldexii referahly: by irjection saalding, 40 eachdead frameofdhelead ternative
St 1G..4 e lead frame strip 300A after fra uch as

THame 300 Ttavs bEan oot 16 (e load iammea. FIE. 46 2001 e or

completeslead frame 4@4nkead framesean he-suppliad wdiydualber i portion

%np:% g%%elli{?etoosfu equent maguf%cty{rers, who_attach die to them.

ange e ange 1 Fforims 4 ba e, oamﬁ'ﬁcﬁ%tﬁétlgpa § of the 25

presertgircuit pagkage are aitached. 1p;additiop, @eglépgfo%%typigﬁ@/ circuit
conducts heat from a die to a heat sink and electrically bonds one terminal
%E_f‘fﬁél%‘?e 6 ddifeuit bBARY e FIBAYR102 is preferably made of a

high-copper aliqy, (a \easf aboyt SO% coppex) ta provide high electrical -, 1 ¢
and thermal conductivity and to 30 resist annealing at die-attach

?@ﬁﬁb%?ﬁt@gsﬂiﬁe a?llof/lﬁ‘é?é‘fébqyo empbodiments of the seals of FIG. 10;

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

the seal of FIGS. 10, 11A and 11B;

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

FIG. 13B i1s a cross-sectional view of a portion of the lid

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

FIG. 14 i1s a flowchart of a process of making the circuit
package of FIG. 1.
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includes at least one trace metal. The flange 102 preferably comprises at

least about 98% copper and between about 0.05% and about 1.5%

zirconium, although other high-copper ratios are acceptable. The flange

102 more preferably comprises about 99.9% copper and about 0.1%

zirconium. The B&Ige 10R BESeterRabIPS SIEcHEp|at¥dENitiT @bout 100

micro-inches of nickel to folm a diffusion barrier layer and about 65

micraichesetgold iofacilitate Splderingethe die 140 tethe-flangent circuit

A ati t a rises at.l t 99.5% copper and
pagggg% o,%%%%/o r&%\%r?%%k%ogf ga%(gg)?f?lelr%%g r?fégsggﬁgagtiﬁos%le& Bre aagggﬁtsab en.d can
PTofeafiut RFTRterted to Silvee bstansé artaliswmase withFironitihiears  the
useontainsaiughereapperaorientand thits pravige Hejter thermal andkbkage 100,
acRISeliGa 993’%!%"’%%%% is made with silver, The copper-zirqonium ...,

alloy provides a flange with a therma conlgluct‘lwty superior to prior art
theopper-tingstét E53HR1 coppertmolyBEBRUMN-CEppEr flangéddwhidire circuit
paeRrablesoirauit Pagkage tratemplayssuch aflangelona diesattachedidis 106
anf{ic3 flange 19 diseipatg more power Ihan poLart packages. Ipaddiion,,

the copper-zirconium alloy has a higher annealing temperature than mos
1 OfighreBppacalidydand 18 3ubjettaedbss Ptewarpage asld fesuit efbeirigpd to a
di&e%t@%a%ﬁiﬁr?éa%;l%m_@@_x@lﬂ%&b%d A&B@ﬁ@?ﬂl@fggﬁf.fr@% %Q%rity,

is m preferably by injection ing, to the flange .As aresulto
FI’(%is ?%107 A0S e ? moer}%td &rés ?o{n SHaRge T L % UghthfE aBiRESion™s °3»
bejsatypicaidinperfbet dig sabjectitodmeakdbivn due to the heat of 25

soldering and operation of the die. To overcome this problem, the flange

102 pRSteraBiF ficiGde¥a Frechitficat testtrd 38 hhchRecly i ridde thel 0 to
tHeane drideand the flarges Thisdeatuse isishowndn E1Go SBondnicht i dcat away

- Vi paortion the circuit pa e 100 discussed abave with .

fr%%&rz?vé%nézét,ooli%.%gTrr}egﬁar?gﬁea Té% déiﬁzr?ésjgor*raurﬁg ’retgﬁfelon Shitre 102 S
tY50FaARichiIs Weerrtotm e hafrall§interioeRithetfpame 104 Badthe flpigeshown)

e VBenithe frameulfd isimodded o thesflange 102 seme ofitheifeameectrically

material flows into, and t freezes in, the frame retention, feature 500,
o R I e R e a6 ok siroeb ebbodart 122-
Thsrsfilewangthe key 802 takés e coraprarabatary profilecThaslie bonded to
tHeozeskey 502 Smechenically-intedackswithitbe frame reteniion feature os ana

500, thereby preventing the frame 104 from being, pulled away from the
G105 WU TBEUiHih AR UedivE T BFAdtiEd Hetiveeh the fafies €he

cianehttie fargegthd fained teterriohifaflire 306 inchedes at ledstdneht@eto, as
adhdergutipottion, la ciass-section, the retention feature 500 is preferably a

dovetail shape, which defines two undercut portions 504 and 506. Other

crosserectian:shapes, sichaasa Tpb ordalipeps arg accepiable. Altheeghanical
fég {Eggegggﬁggﬁgggyﬁfgégo QOMQE%EEE%E§€§Sseal 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 circult package 100. There then
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15 depressed below the adjacent surface of the flange 102, the frame
retention feature can alternatively stand proud of the adjacent surface, as
shown in FIG. 53. Alternative flange 102A defines a frame retention
feature 500A that stand proud of the adjacent surface. When a frame
Fold#mss nioldeéataithedartys $02a; Some of20 the framermateriabflowsng  its
meaOEek @ndl fre@zes belows indercut portions S04A and, 506A.of the frame.
1d€tention f%%t#]r% F?&)OA. In this,case, the?rame 104A de megsC JéﬁFéCylgaiA of the
that is within the- framé THIRS ReRniRg t&FIGL 5 tFe e Féteamimer used
fqeature 5004825 formet incthe flangei kO by« seriesof progressive, the 1iq
2clampINgspEUES: SAC-shaw.ciossqsedlions,of the frame retention feauire
500 at various stages of manufacture. FI% 6A shows a flange Biank 1023
before the frame retentioméeatfise 500has beenrvnade. FIG. 63 shows a
flange blank 1020 after a first rectangular 30 cross-section groove 600 has
beelr thifedrinRREfRARE bIAAK. TS eifimy operatiore createswallsi6®2ntion,
arand GO irthe groaue 606k dde  groove80Qis prefergbly about 0.02; i1,
dnghes wide, (dimension A) and preferably about 0.02 inches deep
““(dimension B).Clrcll—‘lljct. é%% %%ssthe}%égeﬁo?gﬁér & s8&drd 300 of lead
Eraeesng A krass-3eatiorf sroeve 506 rasbéér coirethoventherfitgte includes
twgrooveds 600udinesseaanskeoining opgrationdefosmsythe walls 602 and .. .
1804 (tFﬂg Qg%ft:a sin ethegw to coll?ﬁse slightly near the top of the groove. ’
Deformed walls 6%”23‘ and BOAA oMM tHe uritieTBoRs 504 arkFsbed, holes are
CIHi’EGSsEd apevle, With leferendd 6o H1G. 508 THexseeard g5EOVR.E96 Soles are
ariferably ahout 05 nchssayide (@imensian,B) apd 1 preferably gpout
1 0.81 iélgc)hes dee£ gdimension C). The resulting « ovetailﬁ)s?%a%e aé%aame o the
malar GirftBAsoN of A500E6 BOPRIENER @RAhsidieRY eaving an
overhang,of.ghout 0.0065 inches, (dimension F). The overhang (F) is
preferably at least e}%ou'g 005 |ﬁ%ﬁé§ f(r)})rﬁﬁejﬁ%u%agﬁ/staﬁ polyifgr 18 molded,
PIRERERDBEY Balowyidsed ¥or 15miciame 104, caciillthese fimensions tha lead
freary dependingian thesizesweaterial paslemperature of thg fange 102, o o
< B¢ size. materia} and tgmperature of the frame 104, the desired strength
of the junction betwden the flange ahd the frahte, st OF dthet FaBRTs tHFC. 4B
shares2(PR6W SRelPWitkin theaskilEokaa ordiarylpradtitioneres  cEhe Blangeipplied
iriﬁ&ﬁ&&@ﬂf@u@ a meshanjcal E%atlif@é%e@!:'resﬂ@soe%gﬁ@ tlrn%r}l%‘gr cturers,
h(%)org_jnﬁ (guc n geg/v%%ntt: %flange and a heat sink. Heat sinks are typlcal?y
machined flat 6n one stftace. To provide a good heat-conducting junction
between a circuit package 25 and a;heat sink, the circuit package should
lie flat against this flat surface, without ggps therebetween. The stamping
operations (deseribedaboyeppedormadiio argatgithe,framg teteplion, - 4,
prﬁgé%'@ SCQLQ: ga:rthdefo(r:rPathg got{gom of the fIan&gﬂlOZ, thereby preventing
the circuit package from fying 30 fidt Againist the'h&&C3ihkoFo drslicraese 102
tvipicaefornmaisiighe heat from a die to a heat sink and electrically
bonds one terminal of the die to a circuit board. The flange 102
is preferably made of a high-copper alloy (at least about 50%
copper) to provide high electrical and thermal conductivity and to
resist annealing at die-attach temperatures. The alloy preferably

includes at least one trace metal. The flange 102 preferably
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bottom of the flange 102 is preferably lapped after the stamping
operations. In addition or alternatively, increasing the thickness
(dimension G in FIG. 5A), preferably to about 0.125 inches, can reduce
the amount of deformation caused by the stamping operations and can -
CERAIERE tRE N8 16 |FPIE bSREGMGPERE Haiie 102t BPferaheas in0 - 05% and
areaefficients of fhe-abexpansien B3y hetween theigl 103 the flanges
102 deform the.flange n the die is saldered to the flange. FIGS.
R RSN LT Tas e ameace Fro T Sho e Sonaaale 999"
CorpzE-with @ flaPPBitorA 260 did-acdie 1o tidrchasmtgret Béén seldepedferanly
eiaa&tk&ﬂa/age.v&cﬂderamsat&riah@@4&3@&6}%&@&@@3%516#@9@&% €JEform a
of a copper/zirconium flange is_ approximately 17 ppm/C, whereas the
d I‘ésolfgg1 sifcon dieis fia%%%xirﬁépfgly%? %%pmféc.‘%% tRe tie110 aflg 901d to
Tflahbeta020 swédriated tolwvldértid Bietto thedfldfiigeahe die and flange
expand. 15Later, and shown in FIG. 73, as the die 110 and flange 1020
cool FEREERE Soldery 148 SubtRhAT hardenSOBBE 78 flafGe dpREgieabout 99.5%
copptinueddo @ookand .cirittactiThergutecticsaolger dd4drsvery-hasgpad ratios
t ile. Ther e racti f the top.surface 702 of the
e FOA1S Sontirainea By the cle 1100 SO WhCI Aot & ok Sialof™ 22107
MEFEE W tHe ARG "Rs GRFe st Bid TopSs Ut 70 S PRRE flapgearo0and thus
peortrastsjess dhan the-hottosnsudace 700-causipgthethetton susace te it is
n{2ke on aconcaye shang whighcan leave agap when e flandels ;. 1)
mounte ?o a hieat sink 25To counteract the ten ency ofythéjﬁangeeil%Z fo F-309°
widke 6n Bheoreaecshalye aifek S0l et the flangers preferablyagipen stungsten
aslighthssgnvex shapepriar o thesoldeling. £iG. 76 showsthe flaaged02; oyt
before the die 110 is soldered thereto, The bottom surface 704 of the
PRSHGE 0298 bivErPa ShapE Khode f&ﬁ\?ﬁ%ﬁtyolio difiéhsiir &y iegrebtersuch 2
fihamgthe amouhitofigericavityottat would be triteoduged &y salderingaltkages. In
a‘&%@f&h‘\gd'%@’ t%;@g&@@ﬂ:‘éwdf ﬁﬁ%@ve)ﬁg‘é leaaSt Q}llagggt annealing

0.0001 inches over the length of the flange. In‘another embodiment, the
RGeS FEce~ 702 iSOG veX BV DEtRBES aBolPB0GindfesSdRd abbuttc 1ess
w.0P4§<nebes. Thisamoothtioairige vasied depenrtlisg=0n yarovsdaettsures.

such as the soldering technique used, the number, size and placement of

5 die 86lderayicnie HaRgé sthe [eRgtHE Wisth dRd thiekmessiefithedfkaitprably by
andthe samposiion of the flange: Gopwentionah fapgesaredypicallyi s molding,

about 0.040 or 0.062 inches hick.ﬁ flange_thickness (dimension G in FIG. ,
) G Hfer B0 ot D125 ot a6 RaR reiie (o GIGER Shis adhesion is

are

“defomaalign tapnseddytthersblderigcthett0 bottordsunfade€onwexityds heat of

fueferablyimparted by.a cgining p&a_ge%i@!th@ygggfpsgﬁég%ﬁeéﬁgg&em, the

as sanding, bending, castlni or forging are acceptable. . ows
theBhge 163 aftBFHedRP1I0 hdSbeBA%DIdeted RFER ARG bothTRfjgire  to

weoledithe bottom sulface H4 15-preferably bas ashghtlycgayex
shape. When the flange 102 is mounted to a heat sink, forces applied by

mountifig-scréastartheiffangfecv(as indiddied bYParrowsct06iand 708t —away view
fatten thg flange,against heat sink andcreatea goed heatdranster apove with

junction between the flange and heat sink. 20As previously noted, the y
AEhGELTEindifidestd generai? planar die-atfich WEATED, fb wiichtheretention
di1104s Soldered; epoxred:Ordtherwiserattdched yThediedattdchcarear rame 104

HE % pe flange. When the frame 104 is molded to the flange 102,
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preferably flat to within about 0.001 inches per inch, and more preferably

to within about 0.0005 inches per inch, to facilitate a 25 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
sorpogt 3¢ hficio-mehendber ehitdctitlsoldering:oTheasutfaderouiimessof the  the
£rhationof the flange 02 is prefesgbly lessfhap abgut @éﬁicg@zinchﬁﬁéo frame

fcqacilitate m kingg?;o ood heat-conducting contact with a heat sink. If an
reLaResRR, stRh s%%&?y,%‘ﬁs@d 6 Qftachthe RBL 0B Ahe Gie-dfuththe key
50arezakt3, the die-attach erea s preferabfy flat toTwitsin abioat G:005inchey 502

nePBEINCL2NY smooth {o within ahout ddmicrosinches. . . AISQ 88 v ure 500,
previously noted, the flange 102 includes mounting slots 116 and 118.

Rty Sfhe fighge £02 TaftintRitde 5 HiteRadaor tintthed gy from the
flamgmtingzholeshbutheseqases; dhe flange 4@2veanbe mrounieddormeheatn the

£rSiRk arQthgrsubstrate by bolts or other fasteners extending through these
openings. Alternativély, the flange 102 can be soldered to a heat sink or

otheriseibstiatee obviatisgrthenneed femounting slofe 1oadse  Asast one
reviously nated with reference to FIG. 1, the frame 104 is molded, ,
unpree célrlzl;lébly}/é %%ﬁfélciio%nm&ﬁ?nsgs : t%et%l‘élfanr{gegilﬁz’ 5Ra T8 the'teads 106%ndf ° +°
predsreRngheensiEiig opérition, whe frante L0448 noldedipreferablyportions
soarodnd thedeadsol@f and-108s which 15extendfiam oyfside the frame, 1 o

1 T{ou h sidewalls of the frame, into the air cavity area. As a result of this
motding! the frathe %%%%%E 1o the leads 106 and 105, although this

adhgsion is dypically impgrfect apd subject to breakdgwndue fo the heat o, .

of solderlng and operation of the die. To overcome this problem, each 20
d9RERFESE aReRY8 pRstersbIyGREtdBa TR Aforehead Fersfiok featties frame

refteseaite tifedead 4o tenframes104-Qneload teteation featursr definesats acent
Iegsggne hole 310 throu own.in FI S

g chlegad, as sh % 8A. A vio é
Sur;:otaed,iheaﬁoléesoé% are f%%ent?édglr% 'theA es%le snf6é%%d I(fgi\%%esrl]%% I% tnes e
fipge PBE300 YPTG. Byas stampddir dlehed. Puicrabiyoedcireadikoeadjacent
s@¥ce. When a frame 104A is molded to the flange 102A, some of
the frame material flows around, and freezes below, undercut

portions 504A and 506A of the frame retention feature 500A. In

this case, the frame 104A defines a key 502A that is within the
frame 104A.

Returning to FIG. B5A, the frame retention feature 500 ig
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

-10-
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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 30 or 108 within the frame 104 and

greventing the lead fromibeing pulied pui of therrame without regHiring any  anq

a esi\lé to l‘l))e added %et,we n the lead and the frame. As shown in FIG.
PR e Egleas 316 a$é% eﬂﬁ%ﬁﬁcgﬁ%‘f’etéﬂ}%{}éfe‘&%ﬁhe frame 104.

Electrical cqrductivify of the leads 106 aﬂgzlogfq;%rltribéjt%et% Jhe oyerall | gular
performance of the mrcwtégackage 00. The 5 conductivity of a lead 106
CIHSTOE T rOPorfGRA ad8ferdeT e PEsrosRRN petpendibglatic fife groove
6@irection ofsurreht fonnthiguglpthe tead, ctese-aestianal area of thenteaghd 604
Beca the.hales 31Q reduce thi -sectional, area (see sgection line
( B-B in FIG. 84),§1er%tmb%% [%CE%%}%%E% %%%ggﬁége éfe the f%%sgco of the
I BE sehsdtRBtD Milimize the1bsSifeffidédiveiortiutinty oritieciesgs504 and
5 dDaand 08 Praferably wheholes 3d8nesduee theaross:segtienakagaiobroove
e lead at t by-about 25%, although, this reduction can he greater if
6%Ee go%d%&gﬁ%rg t 3(73 r(}é%ﬁ\llntg Féd??neé‘t%cgleesignwcln Sria.( ﬁﬁ%ﬁéﬁﬁula@ and
PFRfes FmaRivhize the aménahef frainertheiashsiicthat tan Teezeesulting

- dewsklock thelgads 196 and 1a81while minisizinghthe Fedyston iNy 007  inches

(%ngrlilscyggy oéthe I aedasv .Tr{we Ionger dimensions of the rectangular holes .
[ Are- Breferably alighod Saraial tothe dractiorP6f cirreRt-flol thPGigh Lrehes
(fheosieersT106 Brel P08 dbependiig on thedhiokaless ofthésidewaliswf 0.005

i the dtame 104, the holes 310.6an be %Eﬁ}’ﬁeﬁ\”@é@%@?éger&t%%) used for

tfeature, shown in FIG. 8A, Provides a hocked or bent (hereinafter
RoIEEHEY Hboked") edge BOO, ridge, depression or other structure on

or n%flthe%dsgf th&tgggsjiq%gr 1Qa8nthat resideg,i withigthe air cavi%& ‘size,

. N .
area. This structure Is not co-planar with the 18ad. AS can be seén in

MR G ing RO BT, Torté Fansé theFmépridi fiéézeshropagaingtatrerial and
téh@@ﬁﬂi@@@n@ﬂxﬂﬂ@nﬂﬂéﬁ55$@u¢uﬂﬁeﬂﬁggpyéae§ﬁ@@ﬁbth of the junction

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

now well within the skill of an ordinary practitioner.

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

flat surface, without gaps therebetwesn.

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

-1
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mechanical barrier that prevents the lead 106 from being pulled 30 out of

the frame 104. The hooked edge BOO, ridge or other structure is formed

in the leads 106 and 108 when the lead frame 300 (FIG. 3) is stamped.

Although a hooked edge 800 is the preferred embodiment for this lead
OPfStBhfioH featite2 BfHerishases shhdmasedeExamples efsome the thickness
(caseeptable shapesware. shown inciosg:seetionda FIG. 8B af 800A-F As . .,
rRrevio 3\% discussed %/@ecfeg%renqe to FIG. 1, the leads 5 106 and 108 ‘

are Used to electrically connedithe die 110%8%h Birchit posira®r the likeerations
anthedsads Tobrane 108 areatmhde ol athigh<ipperalloyatieastizofe 102.

copper} %o iprovide good electrical qonductivlié{and to match the CTE of

the frame 164 “Rifgh-tBppEPREdSCHvide effctrichitotriuctivhyshatien  (CTE)
besugeriortioepricrel 0 &9t lead st nhidh sypiealtyocomprisa<d2%mickel atinge when
+1ad%qiran (com wn as Alloy 42) ddition,.the 106.and , ,
,h108aa%r§ p%ergg%/@éﬁé%g)opﬁiedé\}v%h %8&%2%00 r%?c?rg-'inc és of r?i%ﬁginﬁ)tlcally
Lot A iffusibh arner e i abbtes MicroRRithes of Jondto fdtARateith a
flwirebonding orieadrsolderigstheleads 15 Thesleads 106-and 408 M€sered to

refer m : lloy of be n about 2.1% and about 2.6% iron

e Sbout 3 01 s7and SBbut b Tk IhGSof s, BARTbelE sty The CTE
Ofo.%%"&ﬁ&%%’bﬁ‘ﬁ??%%in@}ﬁﬂﬁﬁhé%a@@ﬁé@éé@péﬁ@th@? ratios 0Cthegeereas
thmaterials are, howeveh agceptablesthejeads 406 and108.a/e MOLy e qse
11|<are£%r%b%%gl ma eogf%agout %7.5@@ opper, about 2.35% iron, about 0.3%

phosphorus and about 0.12% SineSudty af Aty s BvailaHe fidgm Bif flange,
theofsration FidagthesrSeiésignation 019400.  Many alternative

compositions for the leads 106 and 108 are acceptable. One such

alternafif& inAtides AB8ut $9. 9% copfer &l 205 aBbbit 6196 3Meohikange 102D
ca8lich entadoyiis availdble frarmpOlimGosporativardraer, UNStdesignatiohge and
a1 915400, Qihet rafios of these malsyials are, hawever, accentable, For

example, an alloy made of between about 0.03% and about O.igg%jer 1148 is

VAT, With #RCbdIaRteRiPpeS s A3 TREERablENSOARIDtIection of the
toplternatiueconpositior fer teleads1idbhand 1Hhinckides hepyeenabout 110,

1 %,and about 2% iron, hetween about 0.015 and about 0.035%
K phosphorug, 1étcv:r\}eé}soﬁna}abioeul:[%E/otél%%lnatscou 3 LobaltS bRokEEH Shodthe toP

sugissand @boGf19%m ahkhieebalaAce coppers die preferretdhamoumteof bottom

sUGARReY in_7td5‘lj$ CQrapasition ii,%gj%om ap alloy.is aygila'piﬁcgorgnc_)lig concave
Sh%:ogporg ion under UNS 5 designation 019500. Another alternative

CotRpoStioR fof e TSR0 106 R 188 Thdilifes 1Rt Ren BRI 8% BRda heat
sigfout 1.2% iron, between about 0.1% and about 0.4% phosphorus,

between about 0.01% and about 0.2% magnesium, and the balance

coppet. TREprEfdred folmUtaReRTH 10 this Eieridivegeormp8sition fsake on a
coalait). 6¥nisan,ahoit (:3%phosphoryse alz0uh@H5% Magnesiumand s ven o
T sanpeet egL SRAY ROVHRVIR IR COMYA9 KT, cne
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

1D -
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Another alternative composition for the leads 106 and 108 15 includes

between about 1.7% and about 2.3% tin, between about 0.1% and about

0.4% nickel, up to about 0.15% phosphorus and the balance copper. Such

an alloy is available from Mitsubishi Electric Corporation under UNS
thiesighiatigre 050710 a¥et zmothenadte imative, cobipositiontfon thededds406/04  is
8n¢20 108 includes betwaan apayy 050508 and.aboit 1.5 lrong DEBAGEN; 1 p, o

about 0.025% and about 0.04% phosphorus and the balance copper.
TBth FCAMSy iS3vanabiEfofifk 658 Steem Pt unteF NS dedfgiidtion such as
t029210 Metianotheraltegnativeseampasieomioiibe, leadsd 06and 2Bt3Bent of
angludesbetween about . 534 and.ghouf 0, 15% irgn,, between.: bf%é%% of the

and about 1.5% tin, betweenabout 0.01% and about 0.035% phos oru§s

LaR89Re PRfartee copperSSttATIP ISR AVdildite fFOMVGISEBRALSRItBaes are
t@pmpanyy Libaunder UNS designatin 09520 tnAnother aftespaivethickness
mposition for the | 1 nd 108 includes between about 0.15% an

O eEE A% chromurt BatwEn Sbout b 01200 aEGUF DA% WAL T 2"
HetfEen HoubBOZ% aftl abote Db Sicen i thetbaldifce eeppering. The
padelAn alley is-avadabie frony Wigland Weeke pngeri UNS-€designafions  coining
018070. {% ano%her ternative comglosition for the leads 106 and 108 a4

BRI befivedty About 854 arkF 3561t 8% nickdl, batwedAbdti:  Pending,

B $5% andaloutdd.835% silicordistaieba about 0.01% and about 0.05%
phosphorus and the balance copper. Such an alloy is available from

Poond 5an Mé&talsE8Hsoratisn drdéveMs tesjhziion 610088 S10AMdtheps been
ajtefaative corapestiondar thedradsa126 aneb168 includeshetnaen ahottce 704
2.0% and-about 4.8% nick tween about 0.2% and about 1.4%.silicon, .
S W el
NeDpperdThe preféaed fBitlaticiittthisalidrriiveycorRppsiiing isabeus to the

B8%erickelsahew:0.50% 15siliceRorboutds 13% magnesigm andabeut  riange
96.2% %op%er. Such an allogis avail%ble from OIindCo}r;porgi_t'on under L iy
ELlyﬁémdsesig Sfidn 02" Y&t Hhother diteffative cgﬁ]posﬁf‘or}‘]s ¥ thed HHet+O0
Yedd= 206 @ £08rigeluies betweeriabout 0.3% and about 0.4%

chromium, between 20 about 0.2% and about 0.3% tin, between about
0.15% S d IR 25 AREHNd the Balarncdeappdr SteRdifafoy s generally
Availahle &osr FurakawaEecttic 2pnderd NG designatiod F2FTE(Q-64F.  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 Theat-conducting contact with a heat sink. If an adhesive,

‘such as epoxy, 1s used to attach the die 110 to the die-attach
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Another alternative composition for the leads 106 and 108 includes
between about 2.7% and about 3.7% nickel, between about 250,2% and
about 1.2% silicon, between about 0.1% and about 0.5% zinc and the
bala copper. Such an alloy is available fram Kohe Steel, Ltd. under
S GEGREOARLE S8 Vot AraineF all ARV Eorpptfioror fhsrn =but
0. [e@2lsiTgdand 208 incbdes betweerhalioutvl. 904 andiabout € 996 aickelpches .
between 30 about 0.2% and about 0.6% silicon, between about 0.1% and

abodt- 295 HHOEPRLPIS Shd BRE BaiantaScoppeR%uchfsn ARGy isies mounting
s lavralaBlesfrom MitslibishiZEleetriaCorpdratiort indef UNSdesignatian  include

cMEZ24; FJ?%%M&Q@%&WQ% reRpedt o FIG.8h, the frame 104s ¢ o
5 made of injection molded thermoplastic and is molded to the f?ange 102

1O FEdMHRE I 6AIE66 ahl 1087 THe FidteTid of He fRingel1p2pieteriblpolts or
otineltidés et bquidscrystabpalymertt R Yythat cap avithstanchdie-attaeh rnat ively,
tﬁg nﬂe@[%%refOQSQéﬁng% f%ﬁé@géol{jg ngghoerascgos_?.%gcof? r oAcLhSel substrate
soldering). Conventional LCPs melt at 10 temperatures between a out o
OLSBIGE i ABBUP33BCE TheRifie 194 referably includes base resins and
compounds to raise its melting tempfratgre, adjust its coefficient of
thermal expansion (CTE) and reduce 8 pSermeabiIity to moisture. For

convgniencs, {he Material ofithe; frame.2Q4 Jincluding theresins afd + e 104
compounds, is referred 15 to here herein as a "thermoplastic compound”

1 DITRATE mAETEFE 20 AnPdxampfe ot aR diekptdie réSinti8drelange 102 and
tdndbdes atehydoxybenzoie.addrbisphenel and phathalie-asieh ANotheE £rame
ceptable formulation. includes a copol r of p-hydroxyhenzoic, aci .
A SR o S (S QYRS RecnEnf 3o 108,  whicn
e5endlafiens inelide e apoigmérsoe RBRh YoaBisphepeBRy and the frame,
i ferephthalio acid{F Loy FiG <9 is aschematicieross-sestian giagram of the rrame
gﬁme 10 shovgling ome ofﬂbeescomgt())uggl in th§ tﬁermoplast,ic . .
2 B RTSSUNACFilléparticies ars prefafably’addedio tHE P tomrivdifit§sion s
tOTELb riore closely wrdchstiel STE ¢ithbieadsid0s afiek10% the heat of

séARRIPKIMalely 1hepavEandsto disrupttheranisouepyf the: s problem, each
thermo(g)lastlc compound in the frame 102. The CTE of the frame
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.8A. 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 dincludes a plurality of preferably rectangular holes 310
arranged in a line where the frame 104 will contact the lead.
During molding, some frame thermoplastic £lows inte, 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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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 30 talc,

preferably about 2 to 3 microns in diameter, can be added to the LOP at
beqc?ncent%tio s of about 30% to about 40%. Such a composite has a CTE

oF SBBUE 7 pPrIGCTB LI BEniER™e - BfapHidia prefefably addedtts theles 310
a1e0OPrefredite muistute infiltratione Fdds graphite isueterably.in the form

of generally planar graphite flakes 904 (shown edge-on in FIG. 9),

how&vEFotHerPforRRIst ¢Fapliiteysaéh BaDaleatthupks zae 489 contributes
taccepiabiecreadditioar the-geaphite dlakesrR04 ean warp smewhat duing  7ne

injecti , Without.signjfi ly altering their effectiveness. The term
C‘J‘%‘g‘gg‘?ﬁ‘i’ﬁ anga\%r g%aplh?%dﬂgkqé%st" 10 %érlhgdéss SHATRSkES it ha Beefteral,

- 1 defortfEC* iyl graphfteThikcs 004 preferalsly dorme tayers, preferablynt £1ow

tHeughly paallebtosexteriorsriaces ofthe fame 104, thus ofeatind pecause the
4404045 9 906 for poisture Inflalion, Eyen i 1he ayers are 1ot ",

“parallél'to the exterior surfaces, the pressn of 183ne' §RspHiRCintigitst ine B-B
LenEEturdhiltration The graphite flakes, 904 atscradjustitie=0Th ofthenoles can
b GRita-mare cosaly mateh thecopper alloyoftheleads 106 and 106: . ¢ pe

lTh{ frz:aL e materig] contains between about 10% and about 70% graphite
FAKEs, preférably Detwedn 2botR 20V, anifatstt 80961 2DAS 2 aRerRaRvEr O -
s¢ggraphite flakes,aglassfibel 902 can beasddey tosthedtOR 1@ jnaieaseugh this
- 4igidity andadiust GRE ot the tesulting thebmaniastic compound, In this

embodiment, the .fra(tgr)ne material prefera%ly conta%lvr?éE E{et(\Dl%(]e(—:-W‘ZZ)r%1 %b%eu?%%!%ng Lead
MR dcalGat 8805 G Hifer. 25As another alternative, or in addition, to the

grap iée {Iggesl o}her compoun igan be added to the LOP, such as iron

powder based absorbers, molecular siava Mite?S (zebfitds) &MPLRiciuft ~ frame
thRiorCanyiSuitibié zauitesfarecavailabte fiomSutdGhemiedac.136Thend 108,
wiraree materie) is preferablys prexdrigd ,iﬁ{eéecrﬁalyct@;ﬂ%%d%h%‘f AU 165, The

0.008% moisture content, before injection molding. In addition, injection

- LBRRSS SHOUIG e RESt sRort, Préferdily 1058 i abotied.2 Setords, preferably

alijevtion shossived shiould:be keptsmalpreterally feemthan ahout Rrough  the
1GERIDS; B minimizegresidence fime of the thermoplastic Ogg%%%d NHE 115 of

tinjection molder barrel. A gate 5 at the injection site preferably restricts

GwiGER tHEtmdptastiCdsmpotihd:aheRsoy fit#é&sing shear on the
thermoplastic compound, to'orient the polymer_chains and the graphite
flakes %%E eﬁ?t%agcrpmgﬁltél%%gf?onmg%ﬁﬁd iS ’presgé?é%’ly ﬁﬁe&@ﬁ'atgg’c‘gﬁi’evrldes a
hepitrsifrattie 168 br beaweeathd leadsct0d antdit:108. Toanimxfize thége 800,

ramaunt of stressiip.the resylting frame, & minimym mold femperaturg of - oo
about_ 250F is preferably maintained during the molding operation. A

L RiSistafe battier filtn i Freferiy Spplidd ththe cX@riorisurfeRBssf tRgsa. This
sfwame‘:i_ﬁd teba‘urth_ér re_dtmban@istune;ﬁnfiiﬂm idnaatkiternati\@y_z, tb@_ flargann rrc.
she applisd tq hesinterior.of the frame égérﬁggfggacbi% materials include against

amine-based epoxies available from PPG Industries under the trade nam
BB aiPHICHEE ORMECAIRRRE L07d Sly ik cePamkciiiie Seahereby creating a

mechanical barrier that prevents the lead 106 from being pulled
out of the frame 104. The hooked edge 800, ridge or other
structure is formed in the leads 106 and 108 when the lead frame

300 (FIG. 3) is stamped. Although a hooked edge 800 is the
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. 0.010 Inch |

20The frame retention feature 500 (FIG. 5A) and the lead retention feature

BOO (FIG. BA) 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

tHRE AR ETRe 25 Ritthdiove dusesintitpati e tes HivRtratedtinRIG otier  shapes
seals 1900 anehi 100 are prefeeablysapplieddpsiseathe-framegkQ4 alesg shown in
edges of the frame 10 here the e meets the leads 106 and 108
aﬁg?ﬁﬁérséa ﬁ%??arﬁrel néle(\évis%%r]?e %%n%ee%ﬁg?ﬁs shown in cross-section in

FIG. 11As spak 100448 eftectivesto-preyent infiltratienhetweer 30.the, the leads
fl e 10 the frame 104 and to prevent.infiltration between the fra
1O ok 1oB 505, Ar&inatels sbSret i PGS, o sedls 1o o @
108ZA AT 20B2B &h beusediRstetiFof tRgthe'88alafpb2l 08 Fge made of a
pnmjgtezgppélradmeaipn(af:thl%sgal&ru%todbpﬁé&metma@eﬂahdhejb&meelectrical
malerial s prsferan] Cl@é"”_ﬁ%ﬁy orio.> apglication,of the sealafy, Plasma_ . er
cleaning, as is well-known In the art, where oxygen is the predominant .
mesiih FEaTtes aeteptapletresGRBIARE TALE-tRE frame FRBHaT c&l? Prior
be eteanedarith salvents oytycetthingcAdhO08nclemsideddametet(ID}5%  iron
negdlgis DrsTaiabl uagddo dishense matedRLNN sap) 000, 10800 806 ana 108
needle is preferably used to dispense material for seal 1002.
OfHer MeEdR eReE St DB he'tisEd 28epend iy Bathe sizetsttnet nickel
desireddieadch Toimimimize atebubbleslia fee seatingapositive micro-inches of
displacement, aug (5436012 puip the sealantia the predies.
15q?higsggla@ﬁt€inlgfe§’ﬁ%%%e?§bIy(ahgép ;g\%scggi??/ e?ween%f)out 58 F%a.ss'
and aboyhd 28 Bais af asshead ratesof aboup0da-per secandeansta an alloy of
viscgsity between apoyt 12 Pa.s an oyt 30 Pa.s at a shear rate of o
at?é%“@%npegr%s?é%on%. &IJZ‘)IGa.mle. %o%%giﬁg'agéra%p 71208 %ﬁ#\ga} B?gfe?réo > ‘and
reRitiRtship bebwesaRScasity ang Siran 20rts. A18WPvisgessiPiut 0.2% zinc, -
preferredalchigh sheas ralespse theymraterialcarnbe dispensed quickdyials are,
Howeuer. high dseosiy s preferted al 1046 SMaalyalesy 59, 8NGRIN® preserany
ma eriaY%a’s been dispensed, it does not run. The material o
préfstiablytias 20€ason Yiscosity BEREEen aBBaYY5 3PS antirabout pPut  0.3%
PassoEbadnaterials thixateopic index ismprefetahly betweesabout /8 dntble from
abgu 4.6, sulable materials 1o he geale 1090 and. 1002dpgde epoxies,
siliconesand con orma}]coatlngs. Asuitable sealant includes between

about 40f6.and-akeut60% solvenb fsueh ass2-bsyl 3R acetate) and and 108 are
between ahout 40% and apout 60% epoxy or silicone resin. Th Qxy

caf BEToF SxBmAE DI pReRONA B s Cyeic STDRATE dbiide joap copoes ond
Suitabie: hatdéhers imsiodewaminé berdewers 2Altemativelya the seal ¢arfrom  Olin

bespade.QfiRaralyngiD-onRarvirng HEravailaple frm Gooksonratios of these

Electronics, Lid
matergals 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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The lid 200 is attached to the frame 104 after the die 110 has been

attached to the flange 102 and electrically bonded to the leads 106 and

108. A suitable lid 200 is shown in FIGS. 13A and 138. The lid 200 is

preferably ultrasonically welded to the frame 104, preferably using a
weldingsigrial haViich a fleopmnoyubetweetvi8mbadbhd kiHzandabotRt 1. 35

kiziand an gplitude less than about 100 microns ({aor%pﬁ;efeaaab'yéﬁés balance

than 60vmi01[gns . Alternatively, the lid 200 can be laser welded or heat
weltied fo the Frathe T04°° B3MvertibnaPiRrsoic Hlastcwiamg ion s 97%.
te¥hrliques haelnpt been aseditadeal litisoto civtuit pankages; heaausender UNS

these; 15 conventiongd gechniques use lower welding frequencies, which
result in higher amplitudes that can damage wirebond assemblies
mounteéirdhenit patkagesi Thedrigheswelding fiequeneies@fdbe 106 and 108

p'ﬁ%fi@!erﬁ@ﬂv@eﬂjlta‘lﬁé@weba@@limsﬁ%‘&oﬁ'sggu%@%,dobg%%een about
d‘%rr@ge wi etggndta%s%@bligs. Conventionally, lids are attached 20 to .
circuit packages withh epoxs'SGRasNEY, ARaht5ge8helr lrddnrnd about 0.2%
WERHRgCaitbe aedorpplisived imrauchriassitime tapproximately 2660-mulation in

MSeG) thar LpoxYicUre M ERXoZ haWws) podthers @%pr‘%{fféﬂt,"y aloue 0.2
int rcf)er%réce fit be ween tgue lid 200 and the frame 104, so %ogtions of both
the fid and frame melt and %furgaegfbe(fe:fﬁ@r &ods-2RR1bn R0 R PReltsSuch an

FRS123E ithe #itl20@ plefefatly intlddes@ b Erantdusesdeth thidratke ignation
2Q4.9Fbe lid 200 is preferably made of the same material as the frame

104, as described above. In addition, a moisture barrier film is 30
preferabiycipptied &4 theliat208, apdpseriiedmabdve witherespeatto1he and 108

frame 104 Mapylactugpgetails, ., petails of the flapge 1 e 2
104, Iead58106 and 108 and lid 200 %? the circuit pgckzg%io%%?rﬁ%u in%;bout 0.=

m3tEriafS R ploctssds G&8Uto YRbritate BO%E pdhs TavBltssdorus and  the
déssdribbes in Scgetail abeveFIGnl4 contginsia simplifieddlewckadm  Mitsubishi

ilystrating @ process. dyowhichihe ireuitnackage 10037 g made and
used. At 1430, a first-copper alloy is made for the leads 106 and 108. At

1402, lesetframes laee falricatedtfrom thedisskhighon 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 ai)out
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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copper alloy made at 1400. At 1404, holes 310 are punched, etched 10 or

otherwise made in lead frame 300 to create one of the lead retention

features. At 1406, the ends of the leads 106 and 108 are curled, bent,

stamped or etched on the lead frame 300 to create the other lead

][;%é%ﬂforpféggt‘i r@ls@oamggj& @%szgzm?@hm@gﬁf@ﬂoiﬂsma@e g@'%thﬁnd about
noe1% 102 At 1440, ange 102 is %rigate rom the second, ,

hzi%gilcc%%{)eejr alloy ‘made at 1408, At 1412,% & frame Cr;((?elte‘—in]ﬁoﬁ efgﬁﬁré Bopratianle

is coined in the fIARGEA05' 654 PbyrassiversaMping 5ioeess. Optionally,

at 1414, dhe patiom.of the flange 102 is lapped, anﬂlgggéﬁea%}gﬁnﬁggel% -

flanége 102 is made convex. 20At 1418, gra ite
fibet It-AadBID GGG RtalPERmEr b imake! fralrumaterB. Atiaed, between
thedrame rhaterdalds avied: At 122 dheifeame 14ismolded e thedlanas g apout
10Z%and t and 10 At 1424, the interior of the frame .
102O gnd fE;lﬁndggeg %g%ﬁ:@e %%%heggilﬁ ca\k/Dif’iy-L area, is cleanad. Af'14%6, e alloy is
sae‘éﬁ‘éﬁta@lfpp%‘&‘to R the Bouligands betwesn thefranreld 04 @ikl thesignation
flayEL 002 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
ultrasoffcaly StirebohEEEABHe |smte 206 Hmh 1G8:30tAR1432 dke lide and 108
200-Iudiraspeioaliywelded 1o thedrame 1040, While the inventipnhas. o
heen d%%glba%do\{lvgh {(f.‘fg}rerle% }o a preferred embodiment, those skilled in x

the ‘art will understand and appreciate Bt AR RR e hd thadedfeout 0.45%

StRFeRTaiRThgaRithirt-tife Spidieand scopeof theTpresentifwention, S mulation in

descsibed i the appendaghslaims: &For %arQBlﬁjﬂo"%‘?roF%o‘%%rﬁqég canbe + 0.65%

at clhceéj to thJ@fpg% \gﬂ(tﬂepoxy or other adhesives, rather than being

soldered thefeto I additién, SREREIRNGRA ik B art 24Il&s tgpieafly - Such an

contain shiallrarnblntslef ifpuritios,iso constittentsoieseribed herain 88signation

notgyegessarily total 100%. 10Although the frame retention feature 500

and the convexity P. of the flange bottom have been described in the

contextY@fca h@ﬁr&@peaﬂzafﬁéﬁ%eth?ﬁl%@ms ﬁg_@la@zﬁappg%@%elw and

topnygationalfianges and flanges made of other materials. Although the

lead retention features 310, 800 an. fr?e‘ir rae%%eac |3335({alf1érncéﬂ5§§\h‘é{9e between

GEu Helchrbed i the B8Rtk F High-cdpperdeadsbtheseiniidvationsareut 0.25%

zlm?blfm coavtamy?wha&&m&e ag%@@ﬁ%ﬁ@ﬁ?ﬁﬂfdiﬁ?% tsm]f‘é%!é‘@a)tole from
&frame materi en described in the context of a circui

package 100, th%mateﬁgﬁcegn & advantageoudly 1s&ddn Bther contexts,

such as.26dhese thatdeguire.a m@éﬁﬁ!@éh@%ﬁ” withstand Mah oo 106 ang 108

tgm&e&%usre . Exam les of other applications of the frgme.materlal

inciide Rightemperatute Amirfates if PrnfePBircuit Bdarici=EBspantisen about
socketsAfior eletroniclcorpandntsocablesREBs andthe ke.s MGSL LRout 0. 59
CLAIMS-LA-method forenclasing a cirgult package hayinga, . , ) |
thermoplastic material flange ggtion and a t rérr%gﬁfgstfésmaygﬁaﬁBflr:’éLr%ef:rom Kobe
CSOF’ﬁSRiSianFQ' 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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5attaching at least one semiconductor die to the thermoplastic material
flange portion; connecting the at least one semiconductor die to at least
one lead; applying a first seal inside the circuit package along an edge
of the thermoplastic material frame, the edge being in contact with the

0 .fian g pertionu:$0applyiigearsecond: seakipside the-thesmaplastic material 1ap1e

£d6ameialong he akleast pne lead, e af least Cgé%le(ﬁgsth%@??g%é%%%n MF224 .
retention feature; and attaching a thermoplastic ma erial fid to the
thermoplastic material frame using atdeast one of the following: .
ultrasonically welding the thermoplastic material lid to the thermoplastic

matérfal Farfie of B ircuit packerfrasing o weling signalthayimgane 104 is
mefeequency: peswesn %Waﬁﬂm&%ﬁ%ﬁgﬁg}g%ﬁ%@tw 80 f1ange
e e e o s 1onoe 02
Phpbtealid tore themnoplasticankderialyaie., podfideea (AZPM Mt  can
witstand die-attach temperatures (280-330°C for AuSn soldering or
390-420°C for Ausi soldering); Conventional ILCPs melt at
temperatures between about 300°C and about 330°C. The frame 104
preferably includes base resins and compounds to raise its melting
temperature, adjust its coefficient of thermal expansion (CTE) and
reduce its permeability to moisture. For convenience, the material
of the frame 104, including the resins and compounds, 1s referred

to here herein as a “thermoplastic compound” or “frame material.”

An example of an acceptable resin is one that includes para-
hydroxybenzolc acid, bisphenol and phathalic acid. Another
acceptable formulation includes a copolymer of p-hydroxybenzoic
acid (HBA) and 6-hydroxy-2-naphthoic acid (HNA) . Other acceptable

formulations include terapolymers of HBA, 4-4-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 ILCP to modify its CTE
to more closely match the CTE of +the leads 106 and 108
(approximately 17 ppm/°C) and to disrdpt 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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the LCP at concentrations of about 30% to about 40%. Such a

composite has a CTE of about 7 ppm/°C to 22 ppm/°C.

Graphite is preferably added to the LCP to reduce moilsture
infiltration. This graphite is preferably in the form of generally
planar graphite flakes 904 (shown edge-on in FIG. 9), however
other forms of graphite, such as balls or chunks, are also
acceptable. In addition, the graphite flakes 904 can warp somewhat
during injection, etc., without signific:antly altering their
effectiveness. The term “generally planar graphite £flakes”

includes such flékes that have been deformed.

The graphite flakes 904 preferably form layers, preferably
roughly parallel to exterior surfaces of the frame 104, thus
creating tortuous paths 906 for moisture infiltration. Even if the
layers are not parallel to the exterior surfaces, the presence of
the graphite inhibits moisture - infiltration. The graphite flakes
904 also adjust the CTE of the LCP to more closely match the
copper alloy of the leads 106 and 108. The frame material contains

between about  10% and about 70% graphite £flakes, preferably

between about 40% and about 50%.

As an alternative to graphite flakes, glass fiber 902 can
be added to the LCP to increase rigidity and adjust CPE of the
resulting thermoplastic compound. In this émbodiment, the frame

material preferably contains between about 30% and about 50% glass

fiber.

As another alternative, or in addition, to the graphite
flakes, other compounds can be added to the LCP, such as iron
powder based absorbers, molecular sieve £filters (zeolites) and

calcium oxide (Cal). Suitable zeolites are available from Sud-

Chemie, Inc.

The frame material i1s preferably pre-dried, preferably to

less than about 0.008% moisture content, before injection molding.
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8/11 900 coo 906-7-YT904 000 9/11 FIG. 11A FIG. 11B

In addition, injection times should be kept short, preferably less
than about 0.2 seconds. Injection shot sizes should be kept small,
preferably less than about 2 grams, to minimize residence time of
the thermoplastic compound in the injection molder barrel. A gate
at the injection site preferably restricts flow of the
thermoplastic - compound, thereby increasing shear on the
thermoplastic compound, to orient the polymer chains and the
graphite flakes 904. The thermoplastic compound is preferably
injected at a corner of the frame 104 or between the leads 106 and
108. To minimize the amount of s%ress in the resulting frame, a
minimum mold temperature of about 250°F i1s preferably maintained

during the molding operation.

A moisture Dbarrier film 1s preferably applied to the
exterior surfaces of the frame 104 to further reduce moisture
infiltration. Alternatively, +the £film can be applied to the
interior of the frame 104. Acceptable materials include amine-
based epoxies available from PPG Industries under the trade name

Bairocade, polymer-Al films and polymer-ceramic films.
Seal

The frame retention feature 500 (FIG. 5A) and the lead
retention feature 800 (FIG. 8A) provide good mechanical
connections that inhibit infiltration of moisture and atmospheric
gases. In addition, the frame 104 preferably includes constituents
and an exterior or interior film to reduce this infiltration. To
further reduce infiltration, as illustrated in FIG. 10, seals 1000
and 1002 are preferably applied inside the frame 104 along edges
of the frame 104, where the frame meets the leads 106 and 108 and
where the frame meets the flange 102. As shown in cross-section in
FIG. 11A, seal 1002 is effective to prevent infiltration between
the flange 102 and the frame 104 and to prevent infiltration

between the frame 104 and the lead 108. Alternatively, as shown in
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10/11 SHEAR RATE (1/SEC.) FIG. 12 FIG. 13A 1300 SECTION C-C
FIG. 13B  Make high-copper alloy for leads1400 Fabricate lead frame
from high-copper alloy 1- 1402 Punch holes in lead frame -1404

FIG. 11B, two seals, 1002A and 1002B can be used instead of the
one seal 1002.

To ﬁromote good adhesion of the sealant to the frame
material, the frame material is preferably cleaned prior to
application of the sealant. Plasma cleaning, as is well-known in
the art, where oxygen is +the predominant medium produces
acceptable results. ;Alternatively, the frame material can be
cleaned with solvents or by etching. A 0.008 inch inside-diameter
(ID) needle is preferably used to dispense material for seal 1000,
and a 0.010 inch ID needlé is preferably used to dispense material
for seal 1002. Other needle sizes can, of course, be used,
depending on the size of the desired bead. To minimize air bubbles
in the sealant, a positive displacement, auger pump is used to

pump the sealant to the needles.

The sealant material preferably has a viscosity between
about 58 Pa.s and about 128 Pa.s at a shear rate of about 0.95 per
second, and a viscosity between about 12 Pa.s and about 30 Pa.s at.
a shear rate of about 8.5 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 guickly. However, a high wviscosity is
preferred at low shear rates, so, once the material has been

dispensed, 1t 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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Curl hooked edge on leads of lead frame 1406 Make high-copper alloy for

flangeV-1408 Make flange from high-copper alloy1-1410 Coin frame

retention feature into flange via progressive stamping Optional: Lap

bottom of flange Make bottom of flange convex1-1416 -1418 Dry liquid
alimmé ateriadiide420mRiold franfeud fiahge ahd ikt frame[ind2@le amine

ha £deansinteriorof frame Ao flangg (alkgavitsaregh-1424. 4ls paralyne D or

Parylene HT, available from Cookson Electronics.
Lid

The l1lid 200 is attached to the frame 104 after the die 110
has been attached to the flange 102 and electrically bonded to the
leads 106 and 108. A suiltable 1lid 200 is shown in FIGS. 132 and
13B. The lid 200 is preferably ultrasonically welded to the frame
104, preferably using a welding signal having a frequency between
about 50 kHz and about 60 kHz and an amplitude less than about 100
microns (more preferably less than 60 microns). Alternatively, the

lid 200 can be laser welded or heat welded to the frame 104.

Conventional ultrasonic plastic welding techniques have not
been used to seal lids to «circuit packages, because these
conventional technigques use lower welding frequencies, which
result in higher amplitudes that can damage wirebond assemblies
mounted in circuit packages. The higher welding frequencies of the
present invention result in lower amplitudes and, consequently, do
not damage wirebond assemblies. Conventionally, lids are attached
to circuit packages with epoxy adhesives. Advantageously,
ultrasonic welding can be accomplished 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 1lid 200 is
preferably made of the same material as the frame 104, as
described above. In addition, a moisture barrier film is

preferably applied to the 1lid 200, as described above with respect
to the frame 104.
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Seal boundaries between frame and flange and between frame and leads
-1426 -1428 1430 1432 Solder die to flange

Manufacturing Details

Details of the flange 102, frame 104, leads 106 and 108 and
lid 200 of the circuit package 100, including materials and
processes used to fabricate these parts, have been described in
detail above. FIG. 14 contains a simplified flowchart illustrating

a process, by which the circuit package 100 can be made and used.

At 1400, a first high~copper alloy i1s made for the leads 106
and 108. At 1402, lead frames are fabricated from the first high-
copper alloy made at 1400. At 1404, holes 310 are punched, etched
or otherwise made in lead frame 300 to create one of the lead
retention features. At 1406, the ends of the leads 106 and 108 are
curled, bent, stamped or etched on the lead frame 300 to create

the other lead retention feature 800.

At 1408, a second high-copper alloy is made for the flange
102, At 1410, the flange 102 is fabricated from the second high-
copper alloy made at 1408. At 1412, the frame retention feature
500 is coined in the flange 102 by a progressiVe stamping process.
Optionally, at 1414, the bottom of the flange 102 is lapped. At
1416, the bottom of the flange 102 is made convex.

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

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

and between the frame and the leads 106 and 108.

At 1428, the die 110 is attached to the flange 102. At 1430,
the die 110 is ultrasonically wirebonded to the leads 106 and 108.
At 1432, the lid 200 is ultrasonically welded to the frame 104.
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While the inventidn has been described with reference to a
preferred embodiment, those skilled in the art will understand and
appreciate that variations can be made while still remaining
within the spirit and scope of the present invention, as described
in the appended claims. For example, lower power die can be
attached to the flange with epoxy or other adhesives, rather than
being soldered thereto. In addition, as is well known in the art,
alloys typically contain ~ small amounts of dimpurities, so

constituents described herein do not necessarily total 100%.

Although the frame retention feature 500 and the convexity H
of the flange bottom have been described in the context of a high-
copper flange i102, these innovations are also applicable to
conventional flanges and flanges made of other materials. Although
the lead retention features 310, 800 and <their respective
alternatives have been described in the context of high-copper
leads, these innovations are also applicable to conventional leads
and leads made of other materials. Although the frame material has
been described in the context of a circuit package 100, this
material can be advantageously used in other contexts, such as
those that require a material +that can withstand high,
temperatures. Examples of other applications of the frame material
include high-temperature laminates in printed circuit boards

(PCBs) and sockets for electronic components, cables, PCBs and the
like. '
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CLAIMS

1. A method for enclosing a circuit package having a thermoplastic
material flange portion and a thermoplastic material frame, comprising:
attaching at least one semiconductor die to the thermoplastic material
flange portion;
connecting the at least one semiconductor die to at least one lead;
applying a first seal inside the circuit package along an edge of the
thermoplastic material frame, the edge being in contact with the flange portion;
applying a second seal inside the thermoplastic material frame along the
at least one lead, the at least one lead having a lead retention feature; and
attaching a thermoplastic material lid to the thermoplastic material frame
using at least one of the following:
ultrasonically welding the thermoplastic material lid to the
thermoplastic material frame of the circuit package using a welding signal
having a frequency between 50 KHz and 60 KHz and an amplitude less
than 60 microns; |
laser welding the thermoplastic material lid to the thermoplastic
material frame; or

thermal welding the thermoplastic material lid to the thermoplastic
material frame.
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