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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
incorporated by reference herein. STATEMENT REGARDING
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT Not
Applicable 10BACKGROUNR.OBF HiEINVENTIANN  This application
relates to circuit packages for integrated circuits and, more particularly, to
circuit packages thaciRghifle-gietahiangasand-ighstemperature
thermoplastic frames. Semiconductorandotherintegratedcircuitdevices 15
(sometimes referred to as "chips" or 'die") are typically mounted inside
circuit packages{o°protEeEHE e afd 6 Fadiitatd Biedtrrealip's
mechanically and thermally connecting the die to printed circuit boards,
heat®Biaks arrebtHechikd oA typicaltircuitipackeage nidlude$ a baSe Provisional
apisonynonly.referreddo agasiug” ok 2Q.flanged.g pretective Nsulaing. ot ent s
{nousin and leads extending through the housing. Inside the housing, the
%o 4HsEre Bigctiicall b onted ety “oP bdr& Comnmnly Byiidtes, to
contacts on the die. The protective housing is made of a dielectric
material, such as plastic or ceramic, and is attached to the flange to
encapstiede The e RrehBontih gFWire B Alid! tGs proteeRINe MESFARSE OR
intrusion of water vapor and othefzatmospharic gases. Most 5 protective
housings comprise two pieces, i.e. a set of sidewalls (a "frame") and a lid,
although some housings are rrﬁjcl)ge% as %rga%-ggiece assemblies. The order
in which the frame and the die are a Pa%%e o the flange varies,
- depending on the material of the frame and, more particularly, the

maximum temperature the material
BACKGROUND OF THE INVENTION

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

metal flanges and high-temperature thermoplastic frames,

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

contacts on the die.
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10 can tolerate without deforming or being otherwise damaged. A
circuit package for a high-power die typically includes a metal flange, to
which the die is attached, often by eutectic soldering. The flange typically
provides mounting features, such as screw holes or slots, by which the

circuitRackage capshe 15 maynted,.such as to a heat sink. In use, the .
flange conducts heat from the Qigtoﬁtherﬁeéfg? sink. = ‘f& Slhgi’gcﬁ%rlc material,
SYEmparatdteiideftoHttatidBicto #idngescantdanizee ordefdrm flange to

erplastiv rawevercermismatesials.aje able to withstand, ishigh cnen against

iemperafure, A cifeuit package that employs a 20 ceramic frame can,
therefore, be assémbled &?ﬁrot% thcéné'rlnttagﬁ\%%ﬁt of e W& At isHhese - Most

PridifTed® thetrimes sGermisisy epory piecke match the coefficients Diewalls

(hemmakexpansion of cemmic Fames flapgesforthesaframes are .y oo one-

.tggigal y. made of a copper-tungsten alloy by a powder metallurgy -
plinfiltraéoﬁ%n%%ié%gf T#gezé) E%%é‘ﬂesﬁpis VERFExpetfsive: diftl thedhdffaldie are

atGttRdiviey oftite réSetify aktoy islimitegamproyedrthermaleonstictivity s the
fmb@r&chi%\&@tfy%%ﬂl%ﬂ%@,ofﬁp&%m&?d@éﬁﬁli%% ge%r the material
y

Ck_ﬁ}lgmﬁigzilted ﬁ%n%e&fabricated by an infiltration process Tollowe a

AMINation procass HowebeP e procaSs e ari-Deryexpersmaged.

30Alterpatively; the die can pe attached to the flange prior to attaching the
frame and lid. Thrilsgaappr%ach ena @;ll%e%?‘f&v"@- %qé?npggh?%gpﬁ stidforces &

MShR framE PRGwevet aiesivesised 16 atiachathieafraam tothedtange andtectic
sctbctheiliperform Essithansatisfactorils These-adhesives ofteacreate s gucn

dmpetfect seals or Rer 'tl s to_open during, use of the circuit package. 5
: Furthermore, users of%rc%?tgﬁagﬁ ge‘"%qu)f:eg}ertr%oet (G invehbry fEHgEe  can be

MRS arft fids aRd@sseMBREthekekpietss after dttechiiigaiete-fladgess heat

£rBRIERSUVMARY: F HdHE INVENTION The present invention
provides a low piece-count, low cost 10 circuit package that can withstand

highT™ie-atagh téemesatirese used tc attach a die to a flange can
camage or deform plastic, however ceramic materials are able to
withstand this high temperature. A circuit package that employs a
ceramic frame can, therefore, be assembled prior to the attachment

of the die. 2 lid is then adhered to the frame, such as by epoxy.

To match the coefficients of thermal expansion of ceramic
frames, flanges for these frames are typically made of a copper-
tungsten alloy by a powder metallurgy infiltration process. This
process 1s 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
langes fabricated by an infiltration process fellowed by =a

lamination process, however these processes are very expensive.

Alternatively, the die can be attached to the flange prior

te attaching the frame and 1id. This approach enables use of low-
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number of mechanical features and compositions to achieve this
hermeticity and temperature tolerance. This combination also 15 provides
a circuit package that exhibits better electrical and thermal conductivity
and mechanical integrity than conventional circuit packages.

+ ekRegircyjtpackageincludestwoparts:a flange/frame/lead(s) combination
e:g%d a lid. The%%ég %ﬁte?gio%t %uzfﬁélln dwallS o the o%egr%?gﬁ" Yame sed to
atFREange ifclates hdlidiattath:asa suifountletitsy thidframef Arsedldss than

saapplied-inside the frame-alonghoundarieshetween the flange.and thesea1s o

o Eafrﬂarqu;_e andabgtweceon the Igads gnd,the frame. Ma%erials for the frame
thermoplastic, preferably liquid try&tal polymefand-&8al 25 @iFetdrapRRciage -

Figpospnedormigated tofwithstanddiecattashtemperstaresn@ncea dieisntory

fattached to-the §ange andithe die is.elsetricallybanded ta the leads, the , s

4 lid |ts Wg_lLded to the frame to seal the air cavity around the die. The
angoe,JTréELr%%eaSﬁd leads of the circuit package include 30 one or more
structural features to maintain mechanical integrity of the circuit package
without use of adhesives. These features mechanically lock the flange and
leads to the frame atfiRéRTeSPecting jorctcns. Invane etmbodiment, the
flange defines a frame retention 5 feature surrounding the die-attach area.

The Tetentior feature aanhe,dor gxampiesa grooye opfidge thatdncludes cost:

@ggygt or ther undercut cross-sectional shape. The thermaqplastic ]
“frame isa%?olc%aeto ﬁwhg‘iilar?gél, svﬂ%ﬁlasg %lyﬁnj%e%ﬁ%n r%ﬂbefdi%%?f)%{rainaemper atures
afo|dity, S POFHGH of thehfrart forpisla ke tHatdreazes insorit@ arbound 2  die,

wibrdetention feature;, thussmeehanically secuing the fame t@é@%&@”&@ploys a
number of mechanical features and compositions to achieve this
hermeticity and temperature tolerance. This combination also
provides a circuit package that exhibits better electriczl and

thermal conductivity and mechanical integrity than conventiocnal

circuit packages.

The circuit package includes two parts: a
flange/frame/lead(s) combination and a 1id. The leads extend
through sidewalls of the open-top frame. The flange includes a
die-attach area surrounded by the frame. A seal is applied inside
the frame along boundaries between the flange and the frame and
between the leads and the frame. Materials for +the frame
(thermoplastig, preferably liguid crystal polymer) and seal
(preferably epoxy) are formulated to withstand die-attach
temperatures. Once a die is attachad to the flange and the die is
electrically bonded to the leads, the lid is welded to the frame

to seal the air cavity around the die.

The flange, frame and leads of the circuit package include

one or more structural features to maintain mechanical integrity

—-3—
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In another embodiment, each lead includes one or more lead retention
features to secure the lead to the frame. During the molding operation, the
frame is also molded around the lead, which 15 extends from outside the
frame, through a sidewall of the frame, into the air cavity area. One

ofe tentl at ine t one_hole through the lead, During.
mﬁiér? , E%Qn?le{ ?rar%%%%%gno%%sl{%? % ovi\7sg th rg%jg ﬁ,ggr% e free2&85n ,%ﬁ@ Lres
m?%f@%%@l&kiﬁ@?ﬁe €38 witttRdRe 20drafads Apothbeleddantention their
rdeatureiprovides-a:haecked 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-plaharith (FeleadnBiring feldifigasome frafiethermoplastie  retention

tdreeves againsh2®ag otiwand-fagingpartion.of this structure, thereby. . ... .
nLreating %}Egecllaenical barrier thatﬁ)rev,e ts the lead from being pulled out

of the frame. CompoSitions of the fladge Franmé3nd 18548 Hidvige dovetail or
“hhaichiig esefficients of therhabexpamsiond CTE)e thussretysing Siress e s

mc30ithe respeetive junctions, betwegn thse};Rﬁ”inEQ‘é%%}? mRBﬁ'EQ na .alsguring
= C!cirgyide good thetrgnal co?ductivit¥ by the flange and good electrica .
conductivity by the 18ads and'the fidfge. 170 émbedinidittthETiigeisin or
27AgHE Wity arkiginédpperfeontent, atgmentedibyna small ameuntiofly the frame
tZikganiymy sijer or other material. In another embodiment, the leads are
made with a high 5 copper content, augmented by a small amount of iron,
phosphorus;tzine aadiardthesimatesiah Inyeh anatharembedinent, rore 1eag
ite. fl ' frame_form.a moisture barrier. These _graphite flakes
r%%?gﬁ?gr Z%%%t%\gé}sg ?natfé;;]‘I the CTE &?}ﬁe ;r%arr%e tLoOthEe TE ?‘Fﬁe flahgany the
oA RioTRE Fifrh i bEp e fife aXterionTdt interionof the fiawnd, which

exandios lid terfurihesteduce-moisiure infilkalion intg the aircavity, BRIEE ».. .
i RESGRIRTION OF THE SEVERAL VIEWS OF THE DRAWINGS

One lead retention feature defines at least one hole through
the lead. During molding, some frame thermoplastic flows through,

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

frame.

Another lesad retention feature provides a hooked edge, ridge
or cther 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 Jjunctions between these parts. These composltions

also provide good thermal cenductivity by the flange and good

—f
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These and otherfeatures,advantages,aspects and embodiments of the

present invention will become more apparent to 15 those skilled in the art

from the following detailed description of an embodiment of the present

invention when taken with reference to the accompanying drawings, in

which: FIG. 1 is a perspective view of a circuit package, without a lid,
61%%[]%5%51% o %Iﬁ%}uézr%ﬁgﬁF erttof theSpreaftnvaRfon bBFIEI RS I one
enppgdpedtive Vibw offthenciecuit packadge ofElG. 1 avithhadid attached content,

audnereleny pFl1G. 3 i&t?ag.clp_v%&fl@ strip °f£§§9c§£%r{1‘fﬁ,s' sggﬁ%}thoo%e other
used to manufacture the circuit package of FIG. 1, FIG. 4Ais atop

mat el or the Sufi OF el FARRLIGREIG. 355 akRifanies aid fangéshage high
copeen moided theretgrentlelG. KB is aperspestiveniewOf DRenleagHramesrus,

21 9% the, strip. shewp.in Eécéef‘ééji. EAGF-?,%/% Is. 2 Supaway, view.of @ portion, .. .

[

of the circuit package of FIG. 1; G. 5B is a cut-away VIew 0 é
LLatrontof HIf afEARivESMBb ittt Bt the attpadlife ob FiGhite flakes
anf |G EA-f1iate Cress-sactionalndews pf dre Hasge eithe eCuk PackaIBr the

1 QL EIG. 1, showi e stages of manufacture .5, thereof; FIGS, 7A:D
, arg%schérﬁat%ﬁgr%ﬁ%s 3%3 ag%ie (E)aerllng;b a_ettac gdl o e?l%ngtehgf thé %ﬁ‘léﬁl oo
inpaekage 6FFIERA,; frapiG. 8xlid ddidfledtserspectiverviensofitiie leadsture

inof the cicot packageef FlG. davity.

BRIEF DESCRIPTION OF THE SEVERAL VIKWS OF THE DRAWINGS

These and other features, advantages, aspects and
embodiments of the present invention will become more apparent to
those skilled in the art from the following detailed description
cf an embediment of the present invention when taken with

reference to the accompanying drawings, in which:

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

1id, according to one embodiment of the present invention;

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

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

those used te 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 flangeg have been molded thersto;

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

shown in FIG. 4A4;

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

package of FIG. 1;
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10FIG. 89 is a cross-sectional diagram of several alternative embodiments
of the leads of the circuit package of FIG. 1, FIG. 9 is 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 circuit 15

packagezof Fifs. 1sshowing seals; i flGsy 1AANA 1AB &l 2y alternative
or 53‘%&&9@”@9’%"? 8{ tréeutfgcuit ackagefof F(I;G. % showing two
embodimerits of the s&als of FIG, age °*Ff¢127€ a graph showing a

relationship befweenviscosity and.shearsate of one.embodimentof a.. - ¢ the
material swtat&le for use as_20 the seal of FIGS, 10, 11A and 113;

FIE A 83 perspelive Vicw of a TF8r e difdiPpatiagesof BigMfrutactuze
H1&:4389 is a cross-sectional view of a portion of the lid of FIG. 13A,

according to gne embodiment; and 25FIG. 14 is a flowchart of a process

of makiﬁ%%he%r“&i%&ck?g?ﬁ?ﬂ@. GrHEFAILED BESCRIPTIONGOER=ed to
THEANVENTION - he Theqresentinventian: pravides a low piece-count

circuit package that can withstand high die-attach temperatures and can
provide™& herfieticaly séaléd afccaRAsforatdies withdiit fe Sirelsfads of the
athesives ke sheawszan exemplary circuit package 100, according to.

one embodiment of the present invention. For clarity, the circuit package

100 is'showrwithduta i OThedrluibpackate 10ainclides eefiange 1ornative

anffamend 4 and twadeads d06-and HO8: the frame dP4-elestrically, 1,
insulates the leads 106 and 10 108 from the flange 102 and each other. A
die 110%is attached to @ diwnttach areasktZssuciras bydisectn soltler portion

dd 4. rorclarily, FHG. eshaws.only one die, althopgh typically two or more

die can be attached to the die-attach area 112. .
FIG. 10 is an enlarged view of a portion of the circuit

package of FIG. 1 showing seals;

FIGS. 11A and 11B are cross-ssctional views of the circuit

package of FIG., 1 showing two embodiments of the sszals of FIG. 10;

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

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

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

package of FIG. 1;

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

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

FIG. 14 is a flowchart of a process of making the circuit
package of FIG. 1.



10

15

20

25

30

The eutectic solder 114 electrically bonds the die 110 to 15 the flange

102. The eutectic solder 114 also conducts heat away from the die 110 to

the flange 102. In use, the flange 102 is typically mounted to a heat sink

(not shown) by bolts (not shown) extending through slots 116 and 118.

The die 110 is electrically bonded to the leads 106 and 108, such as by

wires 120 and 1287200 e SE $HREST 2000 1225a B pREEMly

ultrasonically bonded to the leads 106 and 108. Although one die 110 and

two [Bals po6sard 108:wee shown pmovedtie ard/drdeadsiean becused. circuit

pakliG.2 shews the cirquit package 10 af@f@ﬁ@@&h%seggggaagﬁc%sgdand can

thereto, as described in more detail below. 25The circuit package 1(
PrEMpiGYsa RGATSEr S mBEn&ftAP featdres Arid E8mvsitions'iG: witbout the
usgerpieticdlly seat the i@ withinsthevair zavityand tortplerate-bigh package 100,

adeBmarAUREs. As Prayigusly-neted: this.c @Q&%@OQ%&%@%}%‘?%*‘P clarity,
circuit package 100 to exhibit enhanced electrical and therma conguctlvrgy _

E28hd eEhahicaZ50 R grity “ThefolRRAKY d¥SERBtGN Begikbdnithtas  circuit

pagveryiew of aiprotessfoemanufaetutiog,the circatitpackagertO0:wkheareacs 106

ant@eaof@.“o%ea Qg@ﬁgdﬂﬁgcgggggﬁggﬁf ngr?si!i%%‘é’i@sd itcshcrrnfgugac@u"le{]6 and

This is followed by detailed descriptions of the leads 106 an :
108orhpaRiticteof i fGuitleryatsl paigheriisst 1 thbshrate 1pseEtsehpd to
diapplicthiniside-the frame 404n the lidp 200@ntha precassfari4a. ror clarity,
T e e B VS0 Y horg e can

Circuit packages 100, accoréjlng {0 the presert invent on, are prefréra%Iy
berabrEatetPth Stigd6r Bhteisasmir¥$d cohwentional circuit packages.

FIG.&%hOé/\VJ%gC%t{IQ sé)o glfelreaglfl electrically bonds the die 110 to

the flange 102. The sutectic solder 114 also conducts heat away
from the die 110 to the flange 102. In use, the flange 102 is
typically mounted to a heat sink {(not shown) by bolts (not shown)
extending through slots 116 and 118. The die 110 is electrically
bonded to the leads 106 and 108, such as by wires 120 and 122.
These wires 120 and 122 are preferably ultrasonically bonded to
the leads 106 and 108. Although one die 110 and two leads 106 and
108 are shown, more die and/or leads can bs used. FIG. 2 shows the
circuit package 100 after a lid 200 has been attached theretc, as

described in more detall below,

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

process for manufacturing the circuit package 100, There then
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10 frames, such as lead frames 302 and 304. Each lead frame includes
two leads, such as those shown at 306 and 308. In one embodiment,
when the lead frame strip 300 is stamped or etched, holes are created
through the leads 306 and 308. Examples of these holes are shown at

70810, Thege holes 310.are used to lock a frame to the 15 leads 306 and .
°308" as desc%?%%e%l%eéietaﬁebsecig\ai\ﬁ? CLO0fteFthe 188d faifiB%irip 360 isand  its

ma s AHameTsiolded, frélarably biyinjdetien hadldingstoreachdead of the
letiagea obthelearhramesiin flGAA shews thelead frame.stip 3008, qeq

aft rhframes such as fgame 00, have been molded to the lead frames.

For &R YT Nows the completé Tead famd 304 86 nERscalbe the 1id
203upphed indiviRralyforimstriptortrasisdo Subsetuent manufasterersp .
who attach die to them. Flange The flange 102 forms a base, to which

other parts of the 25 preSEM GIRTIEFaAGY &F& Httached. In addition, the
flange 102 typically uetspheat fr .die to a heat sink and electrically,
bonds gne terrlig%!al of the die fo a ci%%%%%grd%.gr%e}}%ngg 10 % fnvention,
AT BRI BbR e of BPRiFEEGEpet Bllo§ (Bt ReasPabobk 50% Tbpperytailar  to
coprevidédiigh etéctricat and therraal. canguictigitysapddo 30 4esist anpealing 1 -ag
rrabdie-attach te r lloy prefergbly includes at least one trace
“metal. The flang]epq(‘{()%&I i%%ggy%%m%?ée%t'leggf gbgﬁfﬂ 9805 EBjSpen ctudes
twan&%?é%ﬁreeﬁl&go&tso. 5earid aBBuRE. 558 ZiremidPe althoughotissbod inent,

whhighteppee satiosrareaceepiablesthe fangedf2amere pefetahly noies are
) N P ;

crigsgg}tezgggﬁﬁ%egw R%.coppen,and ahoyt 0136 zirconium, The flange 102

shown at 310. These holes 310 are used to lock a frame to the

leads 306 and 308, as described in detail below.

After the lead frame strip 300 is made, a frame is molded,
preferably by injection molding, to each lead frame of the lead
frame strip. FIG. 4A shows the lead frame strip 300A after frames,
such as frame 400, have been molded ‘to the lead frames. FIG. 4R
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 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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5 electroplated with about 100 micro-inches of nickel to form a diffusion

barrier layer and about 65 micro-inches of gold to facilitate soldering the

die 110 to the flange. Alternatively, the flange 102 comprises at least

about 99.5% copper and about 0.085% silver, although other high-copper

ratios 10 are acceptable. Zirconium is preferred to silver, because an alloy
compade YdthazircopiAh calrcedntdfita pigtiacopper eohtasrardtits 0.05% and
=bpravide hejtershesmial and elentrical-sonduativity thaprt Sdsaade Wit os  aze
acilyer. The copperzzirconium glloy provides a flande with atiermal, o..e g4
condtc Ivity superloratogprlor art copperI-)tungs &n15 and:
copgpperandlylbdentmopper flangeswhichlenableng<iréli? package ehgrably
c1€61IeYS sU6R adliange YA dieaftached fo suchna flange to;digsipateomergn -
o;BQuer han prior att packages, In addition, the copper-ziconiym allpy has

a higher anneating temp%rature thaf RIoSt high-copper aﬂi%ys andis
fasubjtct te less 20 Wapdye adie rdsit 6bbéipg héatartto die-attach

temperatures. ~ As previously noted, the frame 104 is molded, .

prefératiy By SnjEction Hb?di%??&?héﬂén&@%%sﬁ aestft®t thgPout 99.5%
comeddingnthesfsanie adhepés td the flange 1102; @lthoughrthid adhesigreis ratios
arypé%%gpl%el%e.dﬁ%&lﬂﬁ%mi@ 9@@599}5@5‘198 tgitb?el}ea%gtsgﬁse an alloy

soldering and operation of the die. To overcome this problem, the flange
magigp tﬁ%&%ra?dﬁ%?@lhﬂ%s%ﬁ%éi‘ﬂ&?ﬁ&&l fBatlite 16 T ECRATEafy HtBRGCR e Fhvs
pritane: 104 and:theftange. This feature i3 shawadndelkE i5ALwhickeis aif it is
cut-away view.qf a portion t ircuit 00 discus with
maé% re%%lncg jf(%“ elé 1.%1;1%; fr%a%ﬁ ee éioé%%géﬂ%%]%ilé fr%%%?et%%%gﬁgggtuée Flange
wiSH0, avhieh g ek edccneeharival Rptericek fie R 104 arfPRRefaifgeysten
anWhenthaframe 04dsmoldes te the flanges102visape ehtisikiame:  circuit

material flkciws into, .and then freezes.in, the frame rgﬁentio feature 500,
DAty SR S e ko S0 A B LreCheg do guch 2

flerofite, dd tie ke B02 takes ®n awomiplemhentaryPiofile sThuspikages. In

adFazenkey 502.5 meghanicallyiptariackswith thenframe retention.fealilfiesa1 ing
500, thereby preventlng the frame 104 from qsing puII%d away from the |

SRR T3 SwithdRit r& Fin%%éﬁﬂ%%ﬁ]é t8 b 8084 Detfedti e ame® 52

wanektie Hangeresult of being heated to die-attach temperatures.

As previously noted, the frame 104 is molded, preferably by
injection molding, to the flange 102. As a result of this molding,

the frame adheres to the flange 102, althcough this adhesgion is

typically 1lmperfect and subject to breakdown due to the heat of

soldering and operation of the die. To overcome this proklem, the
flange 102 preferably includes a mechanical feature to

mechanically interlock the frame 104 and the flange.

This feature is shown in FIG. 54, which is a cut-away view
of a portion the circuit package 100 discussed above with
reference to FIG 1. The flange 102 defines &z 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,

-G
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The frame retention feature 500 includes at least one 10 undercut portion.

In cross-section, the retentionfeature 500 is preferably a dovetail shape,

which defines two undercut portions 504 and 506. Other cross-section

shapes, such as a T, L or lollipop, are acceptable Although the frame
sorﬁgt_egflo@l‘tgatﬁ'&%r? On%“f?@\:lysgaﬁ I}g& SSA Ifnjtsoge%rne Sgge%el%vgég ges in, the

adjacent surface of the flange 1 ,t“e frame retention féature can !
frafemafrelystand pfeabuskthedfjacehPstiifage, as stoivn MHG. BB frame
reddterpative danges1 0205 defines adrame-retention featyre 5O0A thatstand ey

rqud of the adjacent surface. When a frame 1Q4A is molded _to the flange

O b ot b0 R AT ERt el Tohcs & oubtl S s ST Bw reY 502
meehrieteat partichs SDARCERd SOBA oftte frirmesetetict fdaurefB60Arm 500,
théhisigaserdhe drarme 1044 defines ackeyr504A thatls withindbe ffampe srom the
£1 %94@.#]:692tu5gnin C’ggfl(IBé 5@1, rth fraarr]?e &{g%%ns}i.ovn@fe%urg 50(@5 5 formed o

in the ange il by a Seres o?%rogresswe sjtamplngs.éleé KN CESHERR the
freressnectibas biahgdrame retention feature 500 at various stages of

manufacture. FIG. 6A shows a flange blank 1025 before the frame

retehition feattife 506 HEE-D8EN MaUE ETG. 88%hows Hfigige Blank 1d%E  one
unddter&finstrectangular 38rcrossssettiomgroove 6040 hasiheenfeaitiet=in 500 is

prife flange blank This coining aperafiop,creates walls 602 &a@@e%%e%én NE-t10ns

roove 600. The groove 600'is preferably about 0.02 inches wi
S0fdifBfsioll ) aft Préferably Bttt 0-02 inéhabteep fiifkendibn B). T+ L or
Lo FlGp &0, shows dhedlangel 202 after a second rectangular cross-section
groove 606 has been coined over the first groove 5 600. The second

coirfing 'opesatidh elefaitns the vealls- 602 trriFe02 (FIS. 6Byweausing #embar is

delr-60Hapse slightly-near e epof dhe ereave Defarmed walls632A and frame
04A, form the undercuts 504 and 5Q6 discussed above, with reference to
re%@é & secondgi af%ﬁ élg bréteYably ABouPo U inghed {fded- 2cent

. The"second groove
sufdfinrensies Dy arwnl G preféfably aboai 0Ddnirictes dEep (dimedslondEfines a

£r4he resyiting dovetailshape hasa smaller dimension of about 0.0Q7 adjacent

inches (dimension E), leaving an overhang of about 0.0065 inches

SutdifEnsiR ). thé oTPhaGAF) s preteribiy-at g2t 4bBlED.d05 cnere of
thior theahguiduerystalgiolymer descnbed beland usetktores below, undercut

portions 504A and 5068 of the £rame retention feature 5004, In
this case, the frame 104A defines a key 502A that is within the
frame 104A.

Returning to FIG. 5&, 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 =z flange blank 102C after a first rectangular
cross~section grocve 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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15 the frame 104.  All these dimensions can vary depending on the

size, material and temperature of the flange 102, the size, material and

temperature of the frame 104, the desired strength of the junction between

the flange and the frame, cost or other factors that are 20 now well within

the skill of an ordinary practitioner. The flange 102 also includes a
ITREhBfiCalfRaRire B eiure @ gdbdthdat tiaTdier cohfBctich amben &) and
prig=fange andathentEinknkdrat sinks-areitypieathyvmachined flat on one

surface. To provide a good heat-conducting junction between a circuit

packdfe 2%andadieat Sink, thesgieuit paekade-should liesffanagairstithfpular

crﬂ@ts&él%faﬁﬁéQWitWSGH@rmwﬁéﬁnTr&§mpiBgélpe@{@n§lrst groove
ibed above) perfomed to create the frame retention feature 500 can
efo?r% theebot%gm %?Jfﬁle?l%ngg Jﬁ%er %)a/%greven r}n‘g theilctlchw? Uz and 604

(Fp&ickdde frofRlifig B0 mgainstathbansat SinkaTs amelicratéitlistop of the

gr@@f@maﬂ@fbm%@ougmgf thezflanaei162 ispreferabbnlappgd-afterthesos ana
- p|n tEns In achtl r alternati ve0¥ mcrg}asmg the thickness
fehe REes Ay pef&ratty T8 Bhout 0 195 inéhes San et 9roove

dlmen5|on
60the amommMmatMusédQ@ th@stmﬁplngtdperdNbM@aﬂdocan D) and

preliminaiethenesd tq lap the-heltam &éé% flange 10Z,pDHTErenees ifesuiting
coefficients of thermal expansiqon (CTE) between the die 110 and the

A% hge 102 L8R Uelbth the flfige WheH 8 sdiderdd 8 the idfide. inches
(EHESs7arD sthematicatlyrijustrate this circugnstance B 7AGhoWS a inches

(d1ange 1020-yith-a flat botiom dio%nqsa die. 110 1hat has not et ba%ecﬂlt 0.005

soldered to 10 the flange. Solder material 114A has not yet been melted
mﬁﬁéf&:ﬁ%fBft?oplpw}ﬂt%oﬁmfﬁ%g%o@fgﬁﬁrowﬁa@ﬂ%ﬁﬁm@ used for
chwhereas the £TE of a silicon die is approximately 2.8 ppm/C. As the die

110 and flange 1020 are heated to solder the die to the flange, the die and
flande éxpahese dimensions can vary depending on the size,

materizl and temperature of the flange 102, the size, material and
temperature of the frame 104, the desired strength of the junction
between the flange and the Iframe, cost or other factors that are

now well within the skill of an ordinary practitioner.

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

flat surface, without gaps therebetween.

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

bottom of the flange 102 is preferably lapped after the stamping
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15Later, and shown in FIG. 73, as the die 110 and flange 1020 cool,

eutectic solder 1143 suddenly hardens, but the flange and die continued

to cool and contract. The eutectic solder 1143 is very hard and not very

ductile. Therefore, the contraction of the top surface 702 of the flange

102D, is constrained by the die 170, 20 which has a much smaller CTE
Pl td angB. ASH rdSit ThetbpLiithdd 7Y of e RARGEI0RR thickness
(dé¢ortractslesSs thanfthe.battom spirfaterZ80 ycausingthe:-battamsurfageto can

relAKE0RRCANGANE Shabg, WD LAl caYe.2.9ap When the flange is

mounted to a heat sink. 25To counteract the tendency of t aemﬁginae%%mm

Al PN L CONEAVE shapePsRer §6Idkmin gt ive FRiF sty aiasn 202

slighily-Ganyex shape prior to Ehe soldering. EIG. 7C shaws the flange 102
before the die 110 is soldefec#t lé:rjéeta&%?he %%ttoiﬁ%esgﬁ%‘ce fd?%flﬁﬁgém (CTE)

befiirge 162isHiven Wshate tifoséarrvekhty IBridifffision Eds Gieats when
ththantike armouss Diepagavity thatavoglthhgdntroguced by solderingelfhs i cat1y
. e diment, the bottom surfac 4 is,convex at least by about ,

o EOTR TR o e Ao L2 1 ARAne? hc e haricn 2
Z1pstisptddracd 70219 canvee by betwaen about 0:0005inchesanddlButd to

£h@.00léhineheso This-amoauwntican be paried.dependiog onyarious factorsy.e crx
such as the folderiantechﬁ ue used, the numper, size and placement of

5 Qe SRS LS 16 Tha Hahge! The Terigih ARRIR AP HicRNess aTthé fangrereas
than§ e ebnipositioreof thdl Barge :Cpmventishalffariyes ametybicallys the die

118baut0.040.010.962 inches @b&%éﬁfl%g%mi&gge%édi@f@sg@ Gl HGarge,

th5A of prefergbly about 0.125 inches can reduce the amount o
Geformdtish £atB8§ By #& Soldering. The 10 bottom surface convexity is

prefime,imQﬁ‘étegh%g qgcﬁ%.almu%sotc@é pﬁg(éesisie(?’ g’rlilgh Pfange 102D
sanding, casting or forging are acceptable.
cool, eutectic solder 114B suddenly hardens, but the flange and
die continued to cool and contract, The eutectic solder 114B is
very hard and not very ductile. Therefore, the contraction of the
top surface 702 of the flange 102D is constrained by the die 110,
which has a much smaller CTE than the flange. As a result, the top
surface 702 of the flange 102D contracts less than the bottom
surface 700, causing the bottom surface +to take on a concave

shape, which can leave a gap when the flange is mounted to z heat

gink.

To counteract the tendency of the flange 102 to take on a
concave shape after soldering, the flange is preferably given a
slightly convex shape prior to the scldering. FIG., 7C shows the
flange 102 before the die 110 is soldered thereto. The bottom
surface 704 of the flange 102 is given a shape, whose convexity
(dimension H) is greater than the amount of concavity that would
be introduced by soldering. In one embodiment, the bottom surface

704 is convex at least by about 0.0001 inches over the length of
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FIG. 7D shows the flange 102 after the die 110 has been soldered thereto
and both have cooled. The bottom surface 704 15 preferably has a slightly
convex shape. When the flange 102 is mounted to a heat sink, forces
applied by mounting screws to the flange (as indicated by arrows 706 and
708) flatten the flange against heat sink and creates a good heat-transfer

thunéfisRdsetwden theidfge STPPbRehik, 2048 preidifly fotethtie 704 18
coflangerdP2rinehisles a-generatly pianar tiewstachateahd; toowbirtotheénches.

. die 110 is soldered, epoxied or otherwise attach ie- re
SRt 1511 I coUED 00 ncHes Per o, e s Jon

chprefetalsiyitavillin Hbet0. 0665 incHed JRERER, toTAéfitat8d 25-goBent °of

41 8utesticselder connectivmbeiween thegig 4 10and thedie-attach @seact the
In additi%p, he die-attach area surface roughness.i r. Je
B oapdnt 3 m%‘r%-i%%lﬁ%%sfg%léﬁegﬁc %%%e%n%%'e%ﬁ%%%%@n% ofthe -

tybbttohi of tofiande 162 s prétefdBly fesdmantdbicit 64/ mictBaRghed fg ness
(afacilitate making30raeqd head-eanducting:econtactanithia heatminkiffcars can
ro33NESiYe, SUCh 35,8PQY: 154380 10 attach the.die 110 tofhe dieraliaehy . rne
bottom surface convexity is preferably imparted by a coining
process, although other processes, such as sanding, bending,

casting or forging are acceptable.

FIG., 7D shows the flange 102 after the die 110 has been
soldered thereto and both have cooled. The bottom surface 704
preferably has a slightly convex shape. When the flange 102 is
mounted to a heat sink, forces applied by mounting screws to the
flange {as indicated by arrows 706 and 708) flatten the flange
against heat sink and creates a good heat-transfer junction

betwesen the flange and heat sink.

As previously noted, the flange 102 includes a generally
planar die-attach area 112, to which fthe dies 110 is soldered,
epoxied or otherwise attached. The die-attach area 112 1is
preferably flat to within about C.0Cl inches per inch, and more
preferably to within about 0.0005 inches per inch, to facilitate a
good eutectic solder connection between the die 110 and the die-
attach area. In addition, the die—attach area surface roughness
is preferably less than about 30 micro-inches for eutectic
soldering. The surface roughness of the bottom of the flange 102
is preferably less than about 64 micro-inches to facilitate making
good head-conducting contact with a heat sink. If an adhesive,

such as epoxy, is used to attach the die 110 to the die-attach
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area 112, the die-attach area is preferably flat to within about 0.005 inches
per inch and smooth to within about 64 micro-inches. Also as
previously noted, the flange 102 includes mounting slots 116 and 118.
Alternatively, the flange 102 can include 5 threaded or unthreaded
mounting holes. In these cases, the flange 102 can be mounted to a heat
3 hicor othet Subibtrats by BolfE 6P othier FASERERS &ktemding trotibh tHesdouE
0. openingscAltermativety thedlange 102tcaw betsaldeted:to &¢headtsinkiorches.
other substrate, obviating the need for mounting slots. 10Leads  As
predibiiSlyFoted WitFistere e RFFIGPE thed favte 164 idRiolgdas mounting
s1preferably byimjection muldiagnia the flange: 162 @nd-Aodhell@ads 406 andiude

£n108. 00100 the molding.operation, $hg drare 104 is,molded preferably ¢, ., o

around the leads 106 and 108, whiCh 15 extend from outside the frame,
L0thr6BghRGABRETNS B tHE franfiE dhtciidca Cadity &Fe & VRS W FESUIPST tfd- t5 oF
ot maldifgs the érane-adbetEs to therleasgs 106asd 408, althoughibis-natively,

th%dh}??}%la'sfé@'c@ﬁx impetect and,sybject fo. breakdgwn due, to the b a%rate,
of soldering and operation of the die. To overcome this problem, each 2
obfeiRf 106 10855t eferaBly WditHe sorf&- & more lead retention features

to secure the lead to the frame 1O4LOn lead retention feature defines at

least one hole 310 through each Ieau?,a‘asS shown in FIG. 8. As previously

noted, theioles 310 alsioamed:n thedeads 106:anG-188 when the leadh. 104
. frame 25 300 (FIG. 3).is stamped or etched. Preferably, each lead 106

L8R8 TGS AP RAIRY of PHERTABR, RttEigdar Toléd 3164 aRged? and
toint&dinganherel e Bramel. 104 will.corgacththenleadi Byurmg:moidinng, sdme frame

1042 t*}%ﬁ'&%‘%@%‘?é@%ﬁiﬁ?' %@%&Qﬁ” frgezesdguthe Nles 310, 13¥S  ynscn
mechanically locking the lead 106
extend from outside the frame, through sidewalls of the Iframe,
into the air cavity area. As a result of this molding, the frame
adheres to the leads 106 and 108, although this adhesion is
typically imperfect and sublect to breakdown due to the heat of
soldering and operaticn of the die. To overcome this problem, each
lead 106 and 108 preferably includes one or more lszad retention

features to secure the lead to the frame 104.

One lead retention featurs 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) 1is stamped or etched. Preferably, each lead 106 and
108 includes a plurality of preferably rectangular holes 310
arranged in a line where the frame 104 will contact the lead.
During molding, some f£rame thermoplastic flows into, and then
freezes in, the holes 310, thus mechanically locking the lead 106
or 108 within the frame 104 and preventing the lead from being

pulled out of the frame without regquiring an adhesive to be added
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30 or 108 within the frame 104 and preventing the lead from being nulled

out of the frame without requiring an adhesive to be added between the

lead and the frame. As shown in FIG. 5A, the holes 310 are preferably-

completely covered by the frame 104. Electrical conductivity of the
beigads 106,200 408 contributes fothe overall perlgimance dfthe rc, 5,

package 100. The 5 conductivity o a 6 or 10812 propbrtional 10 a

AT afRT4l e AP roNitRaRAF persenakefartd tHesditsetion bf éurrent flow

thraugh the lead, cross-sectiopal area of the lead. Because the holes 310
R ot SULAnl A4S (Gbo SROUORTNG B P af (igne Puces

reduce this cross-sectional are
to nurhber opieeent siZe andrsitape of thesholes wanit0 hemsdlepted100. The

comaindpize the lossdn effegtiviengonguctivity of t%%&@ﬁﬁ]dt%osd lateral,
5 EE’refera]kf)(lj)%.ltzpie Qges 310 red&lce Ehe cr£oss£§lectio,nal area of the lead at 5
“Friosthy 8 BT 2505, BERoUG e vetubfioh tan bé gréaret ifthecurrent flow

thegweiuctivity éBeb resuftiteeckAmetd desigh oriferiaicl SRectangelaruse the

hoholess 380 raaximaizeihe amaunt atframs thermaoplasticthat can freeze . 5.p
inakngGloc% the leads 106 and 108, while minimizing the reduction in
cli

conductivity oFthB 8888/ TRe 1GRGEF timBh&fordor PRt teiglRs Hnkes can
be 39@lgetpreferabiyalighed parallebts theudiréceon df currentifiowt thropight  the

1edie 29deads 206 gad 198, Repending on.thgdhickness, of 1hg, sidewalls af o
the frame 104, the holes 310 can be square. Another lead retention ,
SeEEARRE SROWA i EIGTS piEafliedta Hstkeddr B&therefiafigt i though this
redoliettivelyaihdokeltkedge 800, tidge cdeprassidn or ethehsirueiiedmer Lead

megggraggﬁ}g ofthe 25 Jead 106 or 108 that resides within the air cavity
area. This structure is not co-planar with the lead. As can be seen in FIG.

Rectangular holes 310 maximiz'e the amount of frame
thermoplastic that can freeze and lock the leads 106 and 108,
while minimizing the reduction in conductivity of the leads. The
ionger dimensions of the rectangular holes 310 are preferably
aligned parallel to the direction of current flow through the
leads 106 and 108. Depending on the thickness of +he sidewalls of
the frame 104, the holes 310 can be s.qua;r:e.

Ancther lead reteﬂtion feature, shown in FIG. 8, provides a
hooked or bent (hereinafter collectively “hooked”) edge 800,
ridge, depression or other structure on or near the end of the
lead 106 or 108 that resides within the air cavity area. This
structure is not co«-—planan& with the lead. As can be seen in FIG.
58, during molding, some frame thermoplastic freezes in or against
an outward-facing portion of this structure, thereby creating a
mechanical barrier that prevents the lead 106 from being pulled
out o©f the Zframe 104. The hoocked edge 800, =ridge or other
structure is formed in the leads 106 and 108 when the lead frame

300 (FIG. 3) 1is stamped. Although a hooked edge 800 is the
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5A, during molding, some frame thermoplastic freezes in or against an

outward-facing portion of this structure, thereby creating a mechanical

barrier that prevents the lead 106 from being pulled 30 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
PHRIGREF B 808 S tie fpreféfréd dmbodinenticomis Rt iegentibher shapes

cdratyee, afher. shapestan be ysedslxanples ofisomeaccepiable shapesm  in
o AT show |n cross tion.in FIC‘%O@% 800A-F. As previously discussed
With reference to F I the f@ads ‘and 108 are used to electrically

conn@&é Hl%m%&%]@wﬁsggﬁ%@@a&g%tfi%(?lé@eﬁ@@ l%@dsﬁgg and %@é leads
are made of a copper alloy (at least 50% copper) to provide, goo
ec?rlagal c%fanduf:%wty PENd T match the CTE 8f the gr%el dfe 1ib ro a

ciHighitopperidads pté\ﬂdé-el@c-trlﬁ@oha@l@ﬂwﬁwma@@sd&&lo&m priefe of a
h:x,]é})a&:!ﬁ@&@ wihieh tw@i@akxggmrd}se 4gpbpickel and-g9%:l0Bcod electrical

(commonly known as Allo In addition, the leads 106 and 108 are
cHrersrably Slectrsplatad T Cﬁb&ﬁtﬁﬂﬁuc% ifCFes 5FRitkeltd fofm—coPPer

1 ghiffgsigr rarder kyerand-aboutBsinutriorincheseftgoidtofagiitater to prior
= irehanding oy lead S@?Fmegm leadspolbe leads 106,and 108.aress 5 ron.
(0]

preferably made of an alloy of between about 2.1% and about 2.6% iron,
(e alo®. Oﬁ%‘ﬁ%ﬂyabdo@t 0. 1806 pNGSPRGrust BRtwEST aboliP and 108
a=0p¥ednd=alioui0 296 zind avik the talaboe coppermOtherratigs=ef theselckel

té“a%‘éﬁébsé'ﬂ‘r%l@%‘é@"gﬁ eeeptable. Ihe leads;106,apd 168 %%%%remches of
preferably 20 made of about 97.5% copper, about 2.35% iron, about 0.3

g‘b]‘ﬁl)s*'pﬁo?&§%é§@uvﬂrfm1ﬂﬁégs%hlﬁ?ﬁlIé93t§%¥/éﬂ§bféhﬁ0ﬁ?éﬁrﬁ
ConEIOn e UNS HRTElen QI00., VBN 1oy o
baltersativeomeciudes abantio2.99stoppék ahdon, between about 0.015% and
about 0.15% phosphorus, between about 0.05% and about 0.2% zinc, -
with the balance copper. Other ratios of these materials are,
howaver, acceptable. The leads 106 and 108 are more preferably
made of about 987.5% copper, about 2.35% iron, about 0.3%
phosphorus and about 0.12% zinc. Such an alloy is available from

0lin Ceorporation under the UNS designation C19400.

Many alternative compositions for the leads 106 and 108 are
acceptable. One such alternative includes about 99.2% copper and
about 0.1% gzirconium. Such an alloy 1s available from Olin
Corporation under UNS designation C15100. Other ratios of these
materials are, however, acceptable. For example, an alloy made of
between about 0.05% and about 0.15% zirconium, with the balance

copper, is also agceptable,

2nother alternative composition for the leads 106 and 108

includes between about 1% and about 2% iron, bstwesn about 0.01%
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, 25 about 0.1% zirconium. Such an alloy is available from Olin

Corporation under UNS designation 015100. Other ratios of these

materials are, however, acceptable. For example, an alloy made of

between about 0.05% and about 0.15% zirconium, with the balance

opper, is alsg_acceptable. 30Another alternative composition for the

AGe 2806 And 108 iRERIRILBER e R HBBR™M 0BT about 205 dn 2Pout  1.3%
coliyetiveerbabeet0.02%owEnd Ghcut 8:035%qstasphdrus;ibetween abeutbalance
cotpa%, and ahout £ 3% gobali,between ghout 0.1% and abputl¥% in.and, oo,

the balance copper. The preferred amount of copper in this‘composition is
SUr062Buchidi Alloyis AVATBER o G COpotatibARRIdE - ORS sunder  UNS
de glgwigridtion C19500. Another alternative composition for the leads 106

and 108 includes between about 0.3% and about 1.2% iron, between

aboR OIS arttABotEd A% pHIephdiid Berhesn Bhdutedd%s aRG aBBGt 108
in€l2%=magpesiin, aitshthe balanceisapperoThe preferrechformulationsin about

0. 10 this;altemative 895’%%%5% ?EEQP%EQ@%’&%%%%OHF Q2% d_gbout 0.2

phosphorus, about 0 agnesium an Y copper. . '
magieyisAvaifdble fiotn BHPEDRPCTAREF IindERUNG BERTgiRstioRcCTg7e0on in
thénothet aliemative compositiondar the leads 106 and«108 A&rincludes;: ©0.23

tween about 1.7% about 2.3% tin, between aboyt.0.1% and about
S P S S e e S L g
alppvalldy isareilktié SroRt Mitstbishi Elethie Sorporatiefedndef NS signation
¢1designation C50710. Yet another alternative composition for the leads 106
and 20 108 includes between about 0.05% and about 1.5% iron, between
aboln 01025% ahtkeabett @04&ephosphdrus did thehlealdresleopgef. and 108

1nSHeAAN glloy s avallable tropm Kahe Steal, Lid uunder UNG designation... o, 15

C19210. Yet another alternative composition for the leads 106 and 25 108
AnincliaRs betivéén dbdiltes:590%nd dbo @81 5% irdr *hetve8RUHOLR 05 the
baaadaboutckpbde tin, @@aweemab@utzfa;p1%@n¢abmmhsl%35%z@ho§pﬂgfmbishi ,
ElS‘Qg tgg kgagg ce copper, éjch R@II&&S av Iableérg{gq |'_[sub|sh| _Shlnto

Corﬁpany, Lt%l. uand{;rnUN aés%natlon é%%ﬂf%OAnot er alternative

compositionder the lgads-06 and 108wposition 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 alley ls available from EKobe Steel; Ltd. under UNS

designation C18210.

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

Ancther alternative compositicon for the leads 106 and 108

includes betwesn about 0.153% and about 0.4% chromium, betwesn
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includes between about 0.15% and about 0.4% chromium, between
about 0.01% and about 0.4% titanium, between about 0.02% and about
0.07% silicon and the balance copper. Such an alloy is available from
Wieland Werke under UNS designation 018070. Yet another alternative

%%ré]&%séti for thg leads 106 and 5 108 includes between about 0.8%
a

ouit T.896 hicke? Betweer abbiA b8 ARG E3URS8Y%6 $ilfeh, and about
Betiéers abbu0.099% antkabeutd85% phwsphorus-andrthe hatances available

coppel:suchanalioyds avallabledromRoong San Metah Corporation

under UNE designation 019010. 10Another alternative composition for the
leads Y86 andd08:inclades betiveen about:0% and about-4.8% nickel, 106 andg

@@MG%QE@HEO-%%%@@g@bQH&Jt4% .Sé'%COQnQet%eo%aqo.‘ét%o'%_?%‘kgﬂg between
aggg%o 4?%)0/magge5|um and theg ba!ance copper. The preferre
atlon i this alfe?RAtvE COMPBSTIOT R BBt 806 Hieke!, BbBUt and about

formu
0.65% 1P siliconeabsut OrtbYtimagnesiameand abott 96.2%xcppper Suchoy  is

analloyjsavailahle from Olin Carporation ynder UNS designati hor
%3%(?8' vet anOther%(')temaﬂve Compglé%ionafor the Ieé%s 106 angfggration
INcludes between about 0.3% and about 0.4% chromium, between 20

about @,2%;and about 0,3% in, befween about Q-15% and about 0.25%6 . .o
zinc_and the balance copper. Such an alloy is availablé from Furukawa

ETECHHE thde? UNS Heititaticn EFTEcL6aTout Arfbtheralerativetveen about
éoffpositivnefor the leads ¥36 ansh108includes between alout 2:4%-a0d+ 0,455
abaut 3.7% nickel, betw gb ut 25 0.2% and about 1.2% silicqon, p .
bg—:-g/veerj{%bouto.;% a%ng3 a oﬁf%.ng%?necréngﬂhee ag]fnggrc%%p%%@&c griom in
AR Ao < avaRAbIETroRTRRE Steal, e, ameet UNSIdesigration KeP<es, 0.65%
¥ et aoother slternativelcampesition:fer therleads 106 ang 108 E@%@@S Such an

en,about 1.9% and about 2.9% ni kgl between 30 about 2% and »
T N R L R
C 0.

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

Furukawa Electric under UNS designation EFTEC~64T,

Another alternative composition for the leads 106 and 108
includes between about 2.7% and about 3.7% nickel, betwesn about
0.2% and about 1.2% silicon, between about 0.1% and about 0.5%
zinc and the balance copper. Such an alloy is available from Kobe

Steel, Ltd. under UNS designation KLF-25.

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

about 0.2% and about 0.6% silicon, between about 0.1% zand about
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0.2% phosphorus and the balance copper. Such an alloy is available from
Mitsubishi Electric Corporation under UNS designation MF224. Frame As
noted above, with respect to FIG. 5A, the frame 104 is 5 made of injection
molded thermoplastic and is molded to the flange 102 and to the leads

O.%QG %nd 108. The material of the flange 102 preferably includes a liquid

ERySAPBBRPIES 1BP) Tt SR iFtERaRAE-atBRF teHpardiated 5 available
(2803300 fshAuBhesoldéringand90+#420C fatAuShsolderighat ion MF224.

Conventional LCPs melt at 10 temperatures between about 300C and

about 330C. The frame 104 preferabf@itftludes base resins and

co to raise_its melting temperature, adjust its coefficient of .

thenr};agallj{g:é;(iF)%lér%si%%g(‘g:g'l‘E)waiLrl\C reduce ﬁasc pgpmglaféﬁty o'moistura™EBF 104 s
180 Génighie” thetn iRkt of the mambaBt4 dnehling the¥ésihstanghe flange

1ocompoungls; isreferad 150® bake heteinas-a thewnoplasiie aampeyndse 102

' material.”, . An example of an acceptable resin is one that
pr%%l%?f %a%ﬁgg/%réjx@%enazoié %%%&gbis%%sh% Eancyf_J Bfigftheaﬁic A& andtieF  can
wisbespteblefernbiation ihelrtes aespolyAfET oIS Wy dfoxyBerizois@igring or

39(1=lBé‘<)|°and %W?rgxﬂsa-na@lbﬁwgﬁff&g éi%@;ﬁéh@#éﬁﬁiﬁgg?@%o melt at
formulations include terapolymers of , 4-4-bispheno an
S A a B (S oY s 4 bhenfiift FBEMSe i Gactif SFae 104

Priéavenbd showintesorsef thestompouhdsimthenthelimoplastie its melting

refpmReuUNd, Fillan patticles are preferably added to.the, LCR to modify itS -z g
TE 25 to more closely match the CTE of the leads 106 and 108

T e oXiMakel/ FF BHmIEY aritl B TSPt the Shisttroisyoftig, the material
oftherendplastic tompaumdindtheyfranee 1621 ThetdEwithedidne is referred

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

An example of an acceptabls resin is one that includes para-
hydroxybenzoic acid, bisphenocl 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, 4w4~bi8phenol (BP) and
terephthalic acid (TA).

FIG. 9 is a schematic cross-section dizgram of the frame 104
showing some of the compounds in the thermoplastic compound.
Filler particles are preferably added to the LCP to modify its CTE
to more closely match the CTE of +the leads 106 and 108
(approximately 17 ppm/°C) and to disrupt the anisotropy of the
thermeplastic 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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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
concentrations of about 30% to about 40%. Such a composite has a CTE

of about 7 ppm/QC to 22 ppm/c. Graphite is preferably added to the
theOR:CH reducemaistiresmfitiretiont Thasgraphit@sis prefexablytin #i& foruch a

cpfgenetally. planakgraphite, flakes 904/ (chown edgs-qn in. FIG. 9),

however other forms of graphite, such as balls or chunks, are also

acceptapleida addition: the graphiteiflakes 904 canwarpisomewhatdutiigture
. _ipjection, etc., v;ﬁ;pout ign'fic;gmtl alteri h%i_rL ffe tiggne§ .Ih %erm 11
e e S A Mo ot Bl s taacs pagie™2 LY
rldeRmed=rrithe flaitite filikes S0P FefstdBRy fiim Yayefd Soreférablypovever
oHeeghly parallebto exteniorisuwrfacesaf thesframa 104, shus efeatisg are also

tortuous pathf, 906, occmo'stugg infi tratilggﬂC Ev, if the dayers_are not nat
acﬁ; ﬁéb %oeﬁhe Ié);taer(lgolr é&r%écesﬁh rﬁ‘ esence of 15 the grapﬁite ‘?ﬁhi%itgomew é
dumbisture mEation. Thetgraphiteifiles 0031056 aefastthe CTECGF Ry thelr
e 1£ARPHon0e £]osety matek the copparalioy of the leads 106-apdilQ8. The kes”

. frame material cantains between about 10% and about 70% graphite
4 gk%gs?sbrg ecr%ab%)(/1 egﬁ\“?’eegrg aé%ou?%ﬂo%efﬁld Cg%%o%lt‘%%(go. 20As an alternative

to Q@HBit‘gg%b%tQ'a%‘iiiia@é 1304 caphe added tethe LOR - NCreassreranly
rigidity and adjust,CPE of the resulting thermoplastic compound. In this
A BOHmRA e rari® mstoAar STe o3BG RARS bitieer HBBU 3005 TS

cmmtapgutE@%zgimsuﬁbes 2B ammthedaﬂethbIﬁMMn,ﬂ@meif the
1 graphite fakes, ofher.campoupds cande added (0, the,LOP, sueh 83.k0bnce of -

powder based absorbers, molecular sieve filters (zeolites) and calcium
EloicerRER0) Suitble Zebifss A afailkbié Hor 'Stichérfe, JREPSTAe H1akes
o drame materiahis prefesmblyrpreddrieth preferablptomore closely match the

copper alloy of the leads 106 and 108. The frame material contains

hetween about 10% and about 70% graphite flakes, preferably

between about 40% and about 50%.

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

fiber.

As another alternative, or in addition, to the graphite
flakes, other compounds can be added to the LCP, such as iron
powder based absorbers, molecular sieve filters (zeolites} and
calcium oxide (Ca0). Sultable =zeolites are available from Sud-

Chemie, Inc.

The £frame material 1s preferably pre-dried, preferably to

less than about 0.008% moisture content, before injection molding.
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less than about 0.008% moisture content, before injection molding. 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 5 at the injection site
np EB%sfﬁcjt%q‘Yb\ﬁrbﬁﬁ@%eﬁ%%b?é%t?&%d??@%uﬁ}a?ﬂﬁere‘%ﬁﬁferably less
thincreasing sheasendhadhermpplasincempounik 46 arientthepolymer small,

prglgg!%?xﬁ d_ i@%g'gpﬂlﬁe Q%S@ %Jﬁ?sthe{m%aﬁ{& ng_pe? ic?ce Lime of

preferably injected at a corner of the frame 104 or between the leads 106
Ehgnd Fo 108 F8 miniFfiZe tHE AmBut ST STFERCin-fie RstifTg Fariela » 9ate
atminfem moledemnperatuie of abeutr2506 1y preferably mnaintafes - durity the

Iding. operation. moistur rier film is_preferabl led
thg}%%%egr%%gurfa%é%%?%@ Tramék%gf%?furt g?}:f %ceé(%ois%lﬁeg%S B e
LERFRPRIGH CARersaiRIy e fifh caf BeRapphéd torthevtsrioF bR ie frathe  the

grh4: Aeceplablesmatenals meludehamirehaserbepoxigscavailable fropeferably

._PPG Industries under. the trgge me Bairqcade, pol mer-%il s and
A aram e, SLa S ThE e ot At o B30 (B BAy 201
108nd Tise rebRiLFstaAti o ot DO GS B Hrotrle tgodrmEehahical frame, a

ni¢ennectipnsthatinhibi infltratien of meistuse and;atMOspNeric-agses: 1At ained
4 additio%llthe frame 104 grefgrably includes constituents and an exterior or
U8 Ror it 15 Tedide TR TRfiPAton. To 25 further reduce infiltration, as

ilustrated inF|G..10,504l5.1000-ang 1002 are preferably apglisdiingide ;e
the frame 104 along edges
exterior surfaces of the frame 104 to further reduce moisture
infiltration., Alternatively, the film <¢an be applied to the
interior of the frame 104. Acceptable materials include amine-
based epoxles 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. B8A) 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 infiitration. 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 188 and
where the frame meets the flange 102. As shown in cross-section in
FIG. 11R, 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. Alternatiwvely, as shown in
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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 30 the flange

102 and the frame 104 and to prevent infiltration between the frame 104

and the lead 108. Alternatively, as shown in FIG. 113, two seals, 1002A
rrand 16023-¢an beased instezd ehtheldieBealzt00% usdd proFnerd of the

Ongogdﬁdlﬂ%ggp of the sealant to the frame material, the frame material is
pref%rab y cleaned prior to 5 application of the sealant. Plasma cleaning,

as igwelpkaawndn theart, whree meygenss thapredeminant mediuphe frame
maProduGes acgeptaple results, Alterpatively, %@%ngﬁ%_g}at%@mb rior to

cleaned with solvents or by etcﬁlng. A 0.008 inch inside-diameter QID ,
apReéaREipretdrablyeusetr tetispenisediatéti« 18- 88al £600,%10"and 420" "

+n@.019-4nch IBreedle is:preferallly useddo dispensds materiakhtotiseal 1002iuces
Other peedle sizes.can, of course, he used, depending on the size of the_, 4,
#C5esiré %éad:.elsou fm%ﬁi'mi%l%i? b ‘églj:' 'theqs%%lant, a positive =

cldisptateriaht, suberptmpis beedTe puidp the Sedfdnt'othe isedigsdiameter

(T The sealantmaterialreferahlyhasea yisaosityehetwean abogs 5842alks 1000,

and about 128 Pa.s at a shear rate of about.0.95 per second, and a
= agothy) BAnuBER sl 2k S e DR S0 PS5 & SnEd Ty ool

faabout815 peb G2condlh G, Iteohtainsi@grapha200 shovwingra prefdrreduseds
adglationship batween:viscasity andsshear-20 wates A fviviseasibeisair bubbles

. preferred at high shear rates, so the material can be disgensed uickly. d to
i dweveraigh visRodiRF i irate rre G Rt 16w SHear r&tes SoF Bﬁge e ©°¢
punaterial has:been dispemnsedetdbas.not run. The material preferably

has a cason viscosity between about 25 3 Pa.s and about 7.4 Pa.s. The

matefiE's trdPaItic IREERTS pref@adif FRRbgen ™ ouf3. 5 ARGt 487t vesn
aSuitakle materials fontha:seatss1000 angk1@02nkeltdeate of about 0.95 per

second, and a viscogity between about 12 Pa.s and about 30 Pa.z at.
a shear rate of about 9.5 per second. FIG. 12 contains a graph
1200 showing a preferred relationship between wviscosity and shear
rate. A low viscosity is preferred at high shear rates, so the
material can be dispensed quickly. However, a high viscosity 1s
preferred at low shear rates, so, once the material has been

dispensed, it does not run.

The material preferably has a cason viscosity between about
3 Pa.s and about 7.4 Pa.s. The material’s thixotropic index is

preferably between about 3.5 and about 4.6.

Suitable materlials 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 Z-butyl
acetate) and between about 40% and about 6(0% epoxy or silicona

resin. The epoxy can be, for example, bis-phenol A or a cyclic
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epoxies, silicones and conformal coatings. A suitable sealant includes

between about 40% and about 60% solvent (such as 2-butyl 30 acetate)

and between about 40% and about 60% epoxy or silicone resin. The

epoxy can be, for example, bis-phenol A or a cyclic aliphatic epoxide

resin, Suitable hardeners include amine hardeners. Alternatively, the seal
2L EBRTE Thad@P 6P araly e D dr Pasterié R avafdbierdm cddicdorie  amine
haEtecteasics AlicaThe 1id2Q0 ismaitached todhe framend@4 after the£li@dslOp or

ralidedrenaliagheaiaie lande dnad asclicaly boded 10 the Jeacs

6 and 108. A suitable lid 200 is shown in FIGS. 13A and 13B. The lid
200 is preferably ultrasonically weldegi to the frame 104, preferably using
a welding signal having a frequency between 10 about 50 kHz and about
60 KH£ andarc@mplitudetéssihan zbotied 00 Falerors mekt prefetablyiie 110
haf%e@l@fh@géﬂwé@r}ﬁb Adtesnativelys theida200 f@lgcm%i%%@rll\yem;h%i to the
at edt rame 104. Caonventional, ultrasonic plastic weldi
lefae%c%n\%glﬁsa ‘éﬁ,g](ﬁ%t b%“er? Lﬁjs%%bt%esgé?idrg é] cﬁ%ui%%%ﬁa&@s,FbIéggaus{; and
13hesthes cohvehfiohal leehhkyds nsalbowes welding fregaédei@ésiwhith frame

1oesult-inrRigheranplitides that ean damage wirghongd, agsemb, g@ncy between
abrgl?turgtgd in circuit packages, The higher welding frequencies of the

Brdsent ifénfiBA ragiitin fwer anipitudds B, doti gty - rnabort 100
miganrsgewirebanc: dsseinbliese Corhrentioffally, idsase attechech20iteely, the

1:¢ireys packages with enoxy adhesives.. Adyantagequsly, Ultrasanic ; 4,

welding can be accomplished in much less time (approximately 250

mSeh et epoxy cule imes (apxp Zbeotes) weldihgredspieierably agve not
interference fit between the lid 200 and. the frame 104, so portions of both
pelller ; _
“he | Féendg frgff)ne Fq’neeaiﬁan chésfus%eotoé:eﬁﬁcé%%rm%ét%}éaﬁ?rgéon% \(;‘v%lﬁﬁwg.these
CongaHo\GRaA the @F655-9BEHon ¥ FIG.3E, tHeslidi 200 préeferabhp ticladeswhich

realipc1300 thagmeltsand fuseswithrhe frame 1@4-The lid 200081 assemblies
prgge(rjablx made ththe same material as the fram%&04, ag described .
MOEVE. I additioh 2 MORIRS Barrr fifjgct welding frequencies of the

present invention result in lower amplitudes and, conseguently, do
not damage wirebond assemblies. Conventionally, lids are attached
to circuit packages with epexy adhesives. Advantageously,
ultrasenic welding can be accomplished in much less time

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

There 1s preferably an interference fit between the lid 200
and the frame 104, sc portions of both the 1lid and frame melt and
fuse together during the ultrasonic welding., As shown in the
cress-section in FIG. 13B, the 1id 200 preferably includes a lip
1300 that melts and fuses with the frame 104. The 1lid 200 is
preferably made of the same meterial as the frame 104, as
described above. In  addition, a moisture barrier film is
preferably applied to the lid 200, as described above with respect

to the frame 104.
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30 preferably applied to the lid 200, as described above with respect to
the frame 104. 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 5 detail above. FIG. 14 contains a simplified flowchart
illustrating a process, by whith flagisireitpaskage 200 can be made and
used. At 1400, a first high-cogﬁer alloy is made for the leads 106 an

d
108. %1403, 1Bad'PEmEs A€ Tabricatet i the'first Aiftcdiierafoy 08 and
1imad208t 1460. ttsl 404 rholes 3pBciregeunched, etchec:d0rr otitwisels and

pipadedn lead frame, 30910 create 0&?%9@%'?@9,fef%@@”ﬂ@éwﬁés&ibea in
1406, the ends of the leads 106 and 108 are curled, bent, stamped or

Igiered Bifitie 16T frahie F0U 0 Crodte VS féad Et8ition tedtdré® -2t 19
a 80 At=B408yaweoundhigh=copperatey isigwmde forcthe flangeds 102, Ated.
1410, the flange 102 is fabricated from the second high-copper alloy made
2t 1458, HOPA1Z, (R 1R R 15attd S0 GBI i e Hanggade 106

add2ilog a progressivelsiaVpingprecess Qpbenalycat ¥4, thedatomtomigh-
the flange.102 is lapped. 416,.th ttom af the e 102 is made
c%%%er gf%)%¥ mac%p ae’: %?%IO:!? %t ?é@%‘hdl?o?_e Sf%gaz:e }(:j;grezé(?xt%%, etchad

vex. 20At 1418, graphite lakes, fa or glass fiber Is a
STiq@bhay st poRAfier trmaRe frafceRifateltdl. AP14XFaRE frante Afatdhq Lead

rdg griedoAt 4422, dbe framer 104 s meldedde the ftarge d92-andthadeadss are

cxi%:g%aé’]d }::ISQIE};{: mAte%{4.2 o4f t@%érllég%?rcir%f %l?eﬁzr%@e?dllofél and ﬂ?ﬁ' et]bozdreate

the air (:a\‘“/:*l%?a ea, is cleaned. 2 e sea anF%mgpp led to
theaptiebobpelariestivativarn fwafranse 804 and the flange 102 and

between the frame and the leads 106 and 108, /At 1428, the die 110
is attdéned t§ theaTge 102 "AB1230P15E dfe 128 is-BItBRThichAy the flange
1 edrebondediin, theneads 06=and 108s 30Atr1 432 othedichb20@ & second high-

c%&%@né‘ia\_'%wfﬁ!a%ed tgtthﬁlme}l‘pélltllZ, 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 &g added
to liquid crystal polymer to make frame material. At 1420, the
Fframe 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, 1.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 1id 200 is ultrasonically welded to the frame 104.
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While the invention 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 5 in the appended claims. For

exam §h ower power die can be attached to the flange with epoxy or

other adhesives: raterthattBeifig SolRTad trsrtd P adtitibn e RERRAe to 2
kpeiwrivethecaiktpdlioys typicatly €omtaihismallambeants-of impuritiesiesetand and
cepstituants d@ﬁf&!’{be@iﬂgﬂggJ]Otc%%ceﬁéaru;ya@al 400%. 10Altho u%maining
th kl‘lrarrln%l[letent|on, feature 500 and the convexity H of the flange bottom '
Hiave been de2Rribad inthe CoRtext df A HigRiCopper AANGE 162" thése described
ifotationsireralsd apphidatsie toFconventivpakflanescanddtanges miadecan be

of ethermateyialscAlthough thedeadystention features, 310,800 and theit - ¢1an

ggpectlvgleS alﬁrnﬁtlves have been described in the context of

r : .
lrﬁlg‘f?—%oﬁper Tdads, eS8 iRnovasiisiard Alvo Apphcalisth conventibhal e 22t/
feddwand feadssmiade ofcothier materals! Althaughrthe framie materialihass, so

beesdescribed inthe-coptextnfa girguit package-100,this matedal ¢aps |

be advantageously used in other contexts, such as 20 those that require a
materiaktHatwan withstarmhhighs temperaturest Exaniples of dther convexity H

@p_pﬁg@ti%g%&h%y@m malerialdogludehighslemperatire laminales in oy -
rinted circuit boards (PCBs) and sockets for electronic components, =~
E%B%%‘:‘ PCBE S thd fike. ENRESLLP'EPRIFSRA nidthodFbF énclddingsgble to

chouitpackage Havingss therindplasiiemnateraldiangspertertandAas. Although
%J%%rm%éat'c %%@ﬁ@iéﬁ?m%eg%@é@ IngB. 1%%@8‘ Iag a:glllec?‘.St@r?eeiJ:' raspective
semiconductor die to the thermoplastic material flange portion; connectin

e ot fedst Gife deifcoRBGRoFBRCT-BERRastord RaG EBEKIng<d firg sh—copper
Seatimsiderthe cirsnipackage alongasedgeof iele to conventional leads

and leads made of other materials. Although the frame material has
been described in the context of a circult 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 materlal
include high-temperature laminates in printed circuit boards
(PCBs) and scckets for electronic components, cables, PCBs and the

like.
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thermoplastic material frame, the edge being in contact with the flange

portion; 10applying 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 pic g g
material frame using at least one of the following: ultrasonically
welding the thermoplastic material lid to the 15thermoplastic material

frame of the circuit package using Q%IM% signal having a frequency
between 50 KHz and 60 KHz and an amplitude less than 60 microns;

laser welding the tﬁujerm lastic material lid to the thermgplastic material
RAIGLa A

frame! or 20MeRRLI el GO TRIoBISAE RAFSHAPIAYHHe Nermoplastic

mbesriplastie matésialdnanaethermoplastic 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.

26



