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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 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 10BACKGROUND*BF THEINVENTIONY  This application
relates to circuit packages for integrated circuits and, more particularly, to
circuit packages tRAGHERRF Rt AN RFET BR dHGRYEM FoFEture
thermoplastic frames. Semiconductorandotherintegratedcircuitdevices 15

(sometimes referagktoasralingy of Sdies) ace: typigaty: mounied inside
circuit packages to protect the die and to facilitate electrically,

mechapigally, qgg%rmgllyggg‘gctin the die to printed circuit boards, .
heat sir%ks an@?ﬁe like. A typica?cﬁcu%%%ckaegrée“lﬁjéfgudeos]?a ggsrse' “Prvisional

AedhfinonRPréierred ¥d 483 “ditig" 6t 2o flangEdri pidtecie nsutatingeontents
othausing anckleadsgxtending fyesgbihehousingelnside the heusing, the

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

material lastic. ar ' is.attached to the flange to
encapsglm%?e%%ﬁ%gr%gﬁ? ﬁ?@%%ﬁo%@gaﬁﬁgﬁES RCH OR
againstintrusion of water vapor Apidvetheriatifospheric gases. Most 5
protective housings comprise two pieces, i.e. a set of sidewalls (a "frame")
and a lid, although some housings a&epnolcgsias one-piece assemblies.

_ The order in which the frame and the die are attached to the flange varies,
depending on the material of the frame and, more particularly, the

maximum temperature fhe.materal r rup ryveNTTON

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

metal flanges and high-temperature thermoplastic frames.

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

which the die is attached, often by eutectic soldering. The flange' typically
provides mounting features, such as screw holes or slot_s, by which the

circult Hack§é eshibe 15:muuinted, suchnasdo aheat sitkelR gsei henarerial

sflange sonslugis heatfrormdhggie to theheay S‘Qlétachgé‘e@éghthe flange to
attach a die to a flange can damage or deform

emperature used to, , ] ‘ rde ‘
eII‘p fgﬁ:%%%ﬁel\%rece amie MaterRfs Bt Yhlkeh Wﬁﬁst@%dﬁh@:h@h them against
LagmpetaturecA ciradiepackage thatempleysa:20 geramicftame C@h@s es. Most

pihereters;be,assembled prige to.the, aftachment of the die. A lid is then

adpered tg the frame, such as by epoxy. PLESTFS fnajj[(:ﬁ thé cGéflicntSbfievalls
(EhertrarSxparfeion Bf cafami FEaipeshfisnges Torthesgdrames ardded as one-
Pigpiealhsrmdel oba copper-tingsten alloysbya poyder metallurgy ., die are

ifiltrati . Thi process is very expensive, and the thermal_
i c%o%%%%%\?i%g%%s rggﬁ%é\% eﬁﬁﬁ%ﬁi’mit@g%g?ﬁ%rfi%c?ﬁle?ﬁ%l Bohgtétvityot the

ERen 8 hidraet thdtiRhEaase of tbppesmolyhdentmeeapRet the material
cdaminatedsfiangas fahricaled y-an dntiraionprogess follawed by a_

lamination process, however these processes are very expensive.”
30Alfermatirely - thesdiescan bemtiachediotbedlangeriopte ataching the yes a

ik This,a h bles use of low- _temperature plastic for _
m{?mf:ea?nmeg,ﬂl%v@ev% %ggﬁegz %%eﬁogat%fchiﬁlg ?rczhrﬁ% 0 .%tﬁﬁnd%y arfptectic
S?o%ﬁéjrfagpeﬁ&% fes¥ RN SatsrscoHly P TaBbeerdHesivezi ofierf eseatess, such

admperfest sealsor permitigaps towpenrisingwse of the.circuitpagkage. 5.\

sers of circuit packages prefer not to inventory flanges,
e i T 2 docbrDie hacs pacts AME abEhih BEtoTottlis s best

LT9R| ER S RMAR Y OF TRAE IRVEINTION The present invention provides a

lece- t 10 circuit package that can withstand high
lO.W P[’g(e:el%gukqt’ilz%v{\nlupceorsature use% togattach a die to a flange can
die-attach e?npera res .

damage 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. A lid is then adhered to the frame, such as by epoxy.

To match the coefficients of thermal expansion of ceramic
frames, flanges for these frames are typilcally made of a copper-
tungsten alloy by a powder metallurgy infiltration process. This
process i1s 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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and can provide a hermetically sealed air cavity for a die, qf the circuit

package without use of adhesives. These features mechanically lock the

flange and leads to the frame at their respective junctions. In one

embodiment, the flange defines a frame retention 5 feature surrounding
CeRestiatatich Bfes tilve rétentibhdeaturerean beoderexamplreaigresveded to

atitige.thatinchudes.a dovetail ongther undgreut cigss-sectional shape. The
thermo Lasti,c frame is molded to the flange, such as by |nje%t|on molding.
SBUfinG PoTirg, a poraoh of thE Hame fGHhTeR k&Y thaefreararifrotioseals or

perolind thepetention feature, thusmechanieally securing the frame 10 thes cxage .
rilange.nordn anather e@pog@g% eac%%(lﬁ%d includes_one or more lead
{ tothe Ir

retention features to secure the lea e rame. BUfing thé oldifg ~PVenrtory
L oS afion I B RanTE As8mdided arGtid thé e, Whithe5 eitendsattaching
dfomofisidesthe. frame, through a sidewall of the frame, into the air cavity

area. One lead retention feature defines at least one hole through the

lead. During molding, some frame thermoplastic flows through, and

then freezes in, the h 1% u Ing the lead within the 20 frame.
Another lead retentio}g eéé?urgedgﬁongeg g ﬁﬁc&é&“}éﬁ@@l%ge or other
struct%re on or near the end of the lead that resides within the air cavity

THisRtRR e i$ WOt O PRanBF Wit 18adl DurkieAtoldipigh somow  cost

area.
ciramétthermdplasticiteézessagainshstand high die-attach temperatures

and can provide a hermetically sealed air cavity for a die,
without the use of adhesives. The circuit package design employs a
nunber of mechanical features and compositions to achieve this
hermeticity and temperature +tolerance. This combination also
provides a circuit package that exhibits better electrical and

thermal conductivity and mechanical integrity than conventional

circuit packages.

The clrcuit package includes two parts: a
flange/frame/lead(s) combination and a lid. The 1leads extend
through sidewalls of the open-top frame. The flange dincludes 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 liquid crystal polymer) and seal
(preferably epoxy) are formulated to withstand die-attach
temperatures. Once a die is attached to the flange and the die is

electrically bonded to the leads, the 1lid is welded to the frame

to seal the air cavity around the die.

The flange, frame and leads of the circuit package include

one or more structural features to maintain mechanical integrity

-3
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25 an outward-facing portion of this structure, thereby creating a

mechanical barrier that prevents the lead from being pulled out of t.he

frame. Compositions of the flange, frame and leads provide matching

coefficients of thermal expansion (CTE), thus reducing stress on 30 the
ofedfistiivd I fihctions pernee Hibsa barseTheseastimpositions Tletse features

nerauitecgood thesamal eonduetivity by %flaggg&ndgppqhglqug L st their
£9p gg_rtigity b\y théa.leads and the flange. In one embodiment, the tflange is
’ ma§e Witheajhlaﬁ clooprbse'r content, augmented by a small amount of

zircomumesilvergs Qihgmaterigl.In angihe e%{?PQ}!QS“tathef!:%ades tention
m%de with a hi%h 5 cop}g—er content, augmented by a small amount of ifon, '

f%%o%f) OTUS “ARRHTHoF DEhét fiztetiarn §eeanoliesr einbedirhent feature can
byraghite flalewitethefragnedorm axmeistise berrier. Thesearaphitedlakes. i1 or

angd-othegr additive ot f the frame_to the CTE of the flange. '
“an opt?fr?al fiIr#caér%gEg%g%d%EtPe é%t% iof OI‘THTS ir?t%%?‘%?%ﬁé%ﬁleframe 18

Mor i %o fhither TR AGEE moRstare infitration intajtetdbavitylBRIEF During
nDESERIPTIQNOEHHE SEMERALMIEWS.QE THEDRAWINGS These 1., ..

i t
S ion Wil bochons e Sgarent 1315 FTCE St BRE S e £-ane

invention W:?TI%ecome more apparen . _
t‘?oﬁé\ﬁirf@lééﬁled description of an embodiment of the_ present invention
when taken wgh reference to the accompanying drawings, in which:
nothe n§

FIG. Tis & perspectiVe VWS o cifdfitpadi@de Lvthbaes lignacesrdingre lead
TG orelembédimentef the psesentinventionsad to the frame. During the

molding operation, the frame is also molded around the lead, which
extends from outside the frame, through a sidewall of the frame,

into the air cavity area.

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 loéking 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 ailr 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

-] -
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20FIG. 2 is a perspedtive view of the circuit package of FIG. 1 with a lid
attached thereto; FIG. 3 is a top view of a strip of lead frames, such as
those used to manufacture the circuit package of FIG. 1; FIG. 4Ais
a top view of the strip of lead frames of FIG. 3 25 after frames and flanges
elhaveivesn motdecttherety,  byFIGhdB iscaperspaativeniewsaf-one !?a@n one
he stfip s in FIG, 4A: FIG, 5A is a cut-away view of a
em%(gﬁ%glr%%ihesiﬁt%u%%\ggéaege of FIEYE "G 38 }C%lggzut-%%’éi? GieWgttent.
AUGNGERRT offdn dterfilfiveé endBodmientod thelerauit paickage bF&1G. dr  other
maﬂ@&ﬁA-@ﬁ@n@ﬂS@h zse@z&igeahy%@w% m}ﬁhf f@wc@SS % ofamfg C}ﬁgéiléGpgjc_l;%g% high
f FIG. 1 showing three sta of manufacture ereof; | . TA-
“hre gcﬁgr%a?fé\l}édr%%ﬂag%%eg%%ybeﬁngs 8{%\%8&‘?&?& R4nge SR thPRRERROTuS
Zipackage of FIther maftierigA is ardetmitedapershectivenriediobtie, legdsphite

r18kéhe ciicuitdackage ebRIG alinoiSE{@esﬁaiisﬂ@.rto.ssIﬁ%gg)w%%g@?flake S

f several alternative embodiments of the leads of the circuit package o
ang GERSE GBI %% SN ats brodEsedion G GFa BEFIGTBY oF the
flavegframérof hetdircwil patkayge obRIGbE; appliddG.tf) ixae erlatgedor or
in¥IEW of a gertion of t@fa‘;&gcu'gﬁéﬂ%éck?q% Of@G-ﬁQEQ%&“g Sealsie moisture
FIGS. 11A and 113 are cross-sectional views of the circuit pacekage o]

I ERS AN o EfoSdim&itEidhthe seals of FIG. 10;

BRIEF DESCRIPTION OF THE SEVERAL VIEWS 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

of an embodiment of the present invention when taken with

reference to the accompanying drawings, in which:

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

lid, according to one embodiment of the present invention;

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

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

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

FIG. 4A 1s a top view of the strip of lead frames of FIG. 3

after frames and flanges have been molded thereto;

FIG. 4B is a perspective view of one lead frame of the strip
shown in FIG. 4A;

FIG. 5A 1s a cut-away view of a portion of the circuit
package of FIG. 1;
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'FIG. 12 is a graph showing a relationship between viscosity and shear

rate of one embodiment of a material suitable for use as 20 the seal of

FIGS. 10, 11A and 11B; FIG. 13A is a perspective view of a lid for the

circuit package of FIG: 1, FIG. 13B is a cross-sectional view of a ‘
portion 0 theg}ﬁd of Fi. T84 3EbrdinG o Sheerfddintdht SindPos s ernative

gubizdd flonchart bha processofrmakmgethefciFddit package of FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION The present
inventiorFBrovides a Il pletRseomTCsiit padkRJEsthaEcarhwitisiapge of the

digiedie-attach semperatures and cam prdvide arherseticalesealed a@isnuracture

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

exemplary circuit package 100, according to one embodiment of the
presemtiagentinnpFat slasitythercitcuit-package dH0:s shewhewithodt 8ached to
id. The_circuit package 100 includes a flan , a_frame 104 and two

iIldglélh'dsip ?%%g;en E10%h hcelfrrglr#egtlBﬁCZ%gterica Iygigéalajfés the leads 106 and

10 10&-from the flange Q2 andeeach.other-4 die 11Qs attached 90 45 o the

Qi%'gﬁt%gh area 112, %u%ligs by eutectic solder 114. For clarity, FIG. 1

Shows on@agng%eie,oalthough %ypically two or more die can be attached to-

the dig-aiacharea 1;20IB§M@Eﬁ%éﬂ?lerc{]i]aﬁgggt%@ngQ@ﬁthgldégrna’cive
110 to,15 the flange 102. The eutectic solder 114 also conducts heat

FR rBRT e Ofe 110 ©IRSTAge 202 iT GaEt 1R fikRgE 102 Bl§pically

mountgd to agheat sink (0ot shown) by bolts (not.shown) extending .
through slots 116 and f18. Tr%]e dﬁ% %{ S|ss e eg;%rilc%ﬂﬁ\%oﬁ%gglig%gfea%sportlon

D6 Ad 108Iueh 44 By Wikss 1Doraska2e. 2D ThEse Wires 120 and 122
are pr%t]ei ablyibjltrasonicall onded to the leads 106 and 108. Although S
one die 110 and two I84ds ToE ARG 1082 PowR, Rofe-didantifor 185dscircuit
ranisawased. FIG.: 2lshows ing cireaitppackage 100 after a lid 200 has
been attached thereto, as described in more detail below. 25The circuit

packaé 100 employ8%h mifibér6f MELASATCA TR Es BB tonToskihscirouit
e beapeticdlly seal thesdmemuthintthe embodiments of the seals of FIG. 10;

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

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

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

package of FIG. 1;

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

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

FIG. 14 1s a flowchart of a process of making the circuit
package of FIG. 1.
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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 30 integrity. The
following description begins with an overview of a process for

manufacturing themeircuiinpackage 300oN here then rfiplipwsagetailed
description of the flange 102 and its manufacture. This is followed by

detajied dgseyations offhedearls 19000408, comppllon QLI IAUId, s, oy ¢
crystal polymer used for the frame 104, a seal applied inside the frame

Paga9thet i 2058Rd %lﬁﬂb%‘é%%dfouhﬁ%}hufid&uﬁﬁg cifemPpaekagesopnd can

privanidactubingr@vervidly s&iroudt packages 109, aeeordingite theithout the

resent, tion, are-prefera ricated. in strips.or on reels, similar to
usgorﬁlin%#ggﬁ%ﬁ% it p%égﬁéggs.@é{l%?% %?llov%ggeﬁsﬁtjr“lﬁsrgoocéf G616 ?r%%rﬁa g 100,

ACERARIED PRR SIS IREFS0 2 TELER 1856 Fefie INaEES oo |Badsclarity,
thsuchias-thiose showayat 3060ands308hkwane.ershediment, when thelead: rouit

f strip,3QQ. | ped hed, holes are created through the leads
paéggb}ndi%Sg%gr%%es %f t%ie%%ﬁo%ég’re %hgfvanmaet 560& ne%e W&e‘ieﬁbﬁ 106
angreliided B RCKEPEME S thé AT Rekes306 angaDB es daseribedds 106 and

10getaildhelons £1After theoleagframenstsipn3QQ i%lr‘f@ﬁ’laﬁﬁaﬂfﬁh.@tltaghed to a
.molded, preferabl injection molding, to each lead frame_of the lea .

dlf?a%%e% gtrcj?b =len %ﬁov@g?ﬁe Eilga(% rg?ﬁleg 2P S00R & fldthest Shch Bty

Flffamb £00"5a@s bEeatAoder) toxthienbaal freynes Ry, 4B Q0shawsongie can

becepieindaaddrame 404-lead fianmes ganbe supplied individually or in
strips or reels to subsequent manufacturers, who attach die to them.

FlanBesT heufiange 4 02ddrns aliasesfewhiclvatlier pasisdef thee die 110 to
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 122.
These wires 120 and 122 are preferably ultrasonically bonded to
the leads 106 and 108. Although one die 110 and two leads 106 and
108 are shown, more die and/or leads can be used. FIG. 2 shows the

circult package 100 after a 1lid 200 has been attached thereto, as

described in more detail below.

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

process for manufacturing the circuit package 100. There then
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25 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 .
fohheivthermal ¢ehdiittvity drddoid® tesist amealing- at tiegitachos  and  its

mat@PReratyes. fhealloy preferably include st pne trace metal. The
aﬂange 102 preferably comprises at Ieclzgilgtj a%%%%%@fc?ﬁﬁ&%ﬁ& 1E)%Ifl\?veeonf the

leagdut Posoiard AbobPaRsshiFitesniam, BhotiyRbtHe ERigH-abppet ratios used
foarebecdptante. I flange=202 apprel prefarablyieormpeises AROU 89.9%ne 119

2060PREr A 0.1% zjrconium. The flange 102 is preferably 5
° electroplatn%? %%%at%t%l{{o%?%%ﬁﬁéﬁ S % ﬁicijéf?ép 1’5”1? %Cgéﬁl%i&ﬁ) 0.

barrier layer and about 6 4nigradoches of geld-1o fagilitate soldering the

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

abott D9BY% coppraee abdt 00859 ilugr, althotigh atireshigh-coppefition,
aréatigeditaenacceplanle Zireanium isfueferreddp sijyer, hecause anafloy,
Corr]prad with iirco,nlum, can contain a hl(gher copper content and thus

brovide Betterthafal akd efedrial cliviREh ifit i mige3fih of lead
fraitesr. Thesbopperkziscorfivamaliop (ovides soflange withiadbermahe includes
£wEODAUGRYINGSUPCHYY (DA A LAPRELWAGSIEN1 3800 1 one omp

copper-molybdenum-copper flanges, which enables a circuit package fha
"RERpiSs stithra AAAGE o hhE agaehebsto stRAP flange RLaRshatelste are
creawel thanqudor it pabkagess s asigitian dhe cappsT=irconiumaloy hass are

igher ali perature mast high-copper.alloys and is

TRt (0 st 20 e por e 12 Foot i Restbd 18306 Auddime to <he
legdmpePitss. 308aspredpiciy poted thedtahe 184 drmolded,

pref £%l:e)l by injeftiog n%olding, to the flanjgoe 102. As a result of this,

molding, the frame adhered 1o theftahge t02- StBtgh this Hdtisicrrismolded,
prefsicaliy imperfeiot reekdobjesrioibrepkdownahmhtoltedhematafe of the lead

frame strip. FIG. 4A shows the lead frame strip 300A after frames,

d%@ent,

such as frame 400, have been molded to the lead frames. FIG. 4B
shows one complete lead frame 404. Lead frames can be supplied

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

Flange

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

includes at least one trace metal. The flange 102 preferably

-5
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25 soldering and operation of the die. To overcome this problem, the
flange 102 preferably includes a mechanical feature to mechanically
interlock the frame 104 and the flange. This feature is shown in FIG. 5A,
which is a cut-away view of a portion the circuit package 100 discussed

coRBoVe Mith,30 reference g FIG ds The flange 102 defines.a frame. o 053 ang

retention feature 500, which is used to mechanically interlock the frame
aDPH% arlet the fZAGEWHEN thé FafBba RifpilediothenaRgs 10mtios  are

acs&m&z.t@ﬂme frame mate;rial_ flodvaninte, ansldeﬁlenaﬁﬂ@ze&hpfheérs’inwout 99,9%
copgationfeatie a00fofming a key: 502. Thedframe fetentqn feature 500, .y,
as a cross-sectional profile, and the key 502 takes on a complemeﬁtary
el S OHOPERGS th oz e FREY 502 niBERARICERG MfRrIGdks Witk e flgmeorn a
diretention featireisl0, thereby praveating thesfame d04-fiatbeingpullgdrd to
W t f!ﬁgg 02 without requiring.an adhesive to be added
fa%ét%vxgeglgg? eQ r%lme a%ﬁ t %%flgr%e?L iI'(éle ?arﬁa}éere(t%grﬁp&efeature 500
:cnclmwsa;str%m?,t?caeg@ngﬁg%orhﬂon- Ebﬁ@%si?;Ct@B, ﬂ&%sréet%@i&% 99.5%
eature 500 is prefera ovetail shape, which defines two undercut ,
DA R SOk Chr SHOLE Soch b ARABRe SEHER o AT ooy Tatios

adellipopsatetbeepldhlecAltiough theframesetention featureds@@shevwam alloy
ndAd |G 94 113 deprassed beloyy the, adiagegt.syrface of the flande 102, 3 tnus

the frame retention feature can alternatively stand proud of the adjacent. =
PR, AR SGwiT P FIG ! 5B Altialve fange T02ACHEMNES athafietE 1t 1S
maeétentivhfeatiiter 800A That stapgroutafthéadjacentisudaceiBdena flange

wf@{ng lt%‘é%:ﬁ%am0&%%&%&*1%1@19&%)%%0%0@8 %J?Jpogqeag.[@mceo _eﬁ‘r-i%]lungsten
f A of the

lows around, and freezes below, undercut portions 504A and 5 . .
A MECRRERTOIR HARPE GUURPRFHis ThaBYRTe frafié D4R uHReS a Reyclrcult

paZfydhat is witipthe /Famech04A. Reliaing #0 ElGLiA dhedfea®de to such a
f{§§§§OQJ?a%ﬁ%§§§Q§e more power +than prior art packages. In
addition, the copper-zirconium alloy has a higher annealing
temperature than most high-copper alloys and is subject to less

warpage as a result of being heated to die-attach temperatures.

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

typically imperfect and subject to breakdown due to the heat of

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

mechanically interlock the frame 104 and the flange.

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

and the flange. When the frame 104 1s molded to the flange 102,
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25 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
sori920fafterea firstmectangatars80 dbssssertion, graave 6Q8hasheers in, the

ined.i lange hi inin ration creates walls, 602 and
fr%%éz i.r(lzl tﬁg}%oiog\}% 6(%??&% g??)%%é 68%9 %ﬁﬁ?gera%ﬂyqé%%ut%%Z ing%ees frame
re‘%ﬁaél(aﬂné%éiwm) 214 phéferably bRt 202 intlids @sef {ditnermsion Bie key
50F|Gak8shows dhe-Hapgerd-attor @ second reatangylas GEOSE:88EONKey 502
as he ined over the first groove 5 600. The secon

g OBsratin demaeing vl B0 ad Sh (H16 By audg the 5
thegeBlapse ehghiip fehl thef toref ¥ groeve. Driognawh s 6G0ZA afidom the
£16044 form thetuadercuts; 504 ang 506 disaussed ahove: Withdelerspesdon the
£r Fl(é“a. g@d 'ch e sgfon%!groove 606 is preferably about 0.05 inches wide

?ﬁllmensmn ) and T preferably about 0.01 inches deep (dimension C).

Thepigsulting dovetalkshape has:a smaller dimension {about Q007 one

inches (dimension E), leaving an overhang of about 0.0065 inches ‘
UGG ESiIET B The oVR IS TEFREpretBrati &t RRkPAbbOR 0 TR Hichel00 is
prédrethediquid chstalpalymer{described below) nead ford Suhedrame 04 tions
sofl these gispensions canary depending onyihe size. matgrial and,

temperature of the flange 102, the size, material and temperature of the
lo%ﬂai‘ﬁ’@ﬁ%?’fﬁe%‘é%ﬁ%ﬁ%%@ngth of the junction between the flange and the

frame,.cost ar qther factors that are .20 now wellwithin_ the skill of an ,

ord%%?&l BPﬁ%h%%%rFamm?hé %%%elfﬁz a?sag fciu esO athetRanfeaf 16: 2 is
deprstareto easore BlyocdiheaenanserfcormertiontsetieenothelllZnge badErame

refhgalsink: deatsinks aretypically-machinegd - flalongne surface., fo adjacent

L or

grovide a good heat-qonductingé'%nction between a circuit package 25 and
SULTRER sifiE tREXRuit Padkige ShoultHeSfRraddifstithid #5t glefines a
f ravithoutegaps therelbietateere  50The starmpisgaperatiomsddescribrd adjacent

su@PQue) perfarmed 1o create dhe faasrnsc!?&%'gi%feﬁ}l%@ﬁ%%cgm AEIIM . e of
the bottom of the flange 102, thereby preventing the circuit gackage from
th@inarame materia flows around, and freezes below, undercut

portions 504A and 506A of the frame retention feature 5004&. In
this case, the frame 104A defines a key 502A that is within the
frame 104A. ‘

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

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

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

coining operation creates walls 602 and 604 in the groove 600. The
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30flat against the heat sink. To ameliorate this deformation, the 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
groetermation saysed by-thestamping epsratigns and.caneliminiedde, ») ang
nged tollap tge t%ot ocr§2gf,the flange 102.@Differe,nces in coefficients of
P ShEA é’xpaarloéfon&( JFBERTE BT dis 1T EnE hé Hange 102 can

defofiyizthe flange when the dieyis spldered tothe flange. EIGS, { A%ﬁ:i[:)angular

schematically illustrate this circumstance. FIG. 7A shows a flange 1
CTRAH S AEE B0 M 76T aind 0diB A 0RRET N &S TREJet BEDh solderédtstiogroove
60the flanges Salder materiakl e hasinot yet beetsmeked. wEhae STEOf and 604
(FaRpPeAIrcqnIuY flangs, is.approximalely 1 7. pRmiC, whereas the GIE of ¢

a silicon die is approximately 2.8 ppm/C. As thedie 110 and flange 02D
ITRRY ReatBeitor ei"f’rilelaieggztﬁe?%ﬁgépﬂ% dRSEhdengeregpands 504 and
50F5l0atesnandshayeyd) FiGLRBrasdberte 10 and flapge 102D €86bnd groove

tectic solder 1 suddenly hardens,.but the flange and die continue
601%] C(:)Lgl a%%%goénrtébi%ﬁ%gegﬁgctig 'S)(()%ide?L Riﬁ%sis \V/Jé‘r'g)i/ehargd ana Iﬁ%ﬁ/%ry% and
Préfemal therdore: tHe Eontistdivnsof deeRop! diface T2 of the fisgeresulting
dck2R s constrained by the dign110-20awhich has agpuchissnalles GEE  inches
(dt:@gnntge flan% . As resylt the top surface 732 of the flan%e 182D ,

SRS Tess than 156 Bordm Shrfal¥ Y05 Gausiiy tHPBSom s iidce tgnehes
(Gakerori-arcdiicavhshape rhaich ¢&h ldave efapabiion die llange isbout 0.005
1fBRuBteghto aheat sink 251 counteract fhetendency of the flange 1020y .-

take on a concave shape after soldering, the flange is preferably given a
trﬁigﬁﬂ?‘%ﬁ&e& shape prior to the soldering. FIG. 7C shows the flange 102{

beforg the dj Oi ther T ottom surface 704 qf th .

fIang%L%Oz%e%%\%en géﬁ%%ggv%gose%tggnvh&% 30@? |r6nne%r?lslllgn I—BI}S g%rggtersue'
mahghithe ANBURTBPTBRERTRY BfattRBultlBedntrbRicedlsy sdlderinmpsrial and

roaneemhodimant: the betiam suffaced4iis conres teastibyoabeyt junction

.0001 inches over the leng thf he flange. In another.,embadiment, the
begcgf?oerﬁ SE?FFaCE%E Ts élélrclive%( Sy é@?vr\t/lgén ABBut Foldbs frched Arif anblet 2re

n®i08¢0 invhésiThishamekiht tanthevaredidepengingaon vadoes factors,

such as the_soldering technique used, the number, size and placement of
The flange 102 also includes a mechanical feature to ensure

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

flat surface, without gaps therebetween.

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

bottom of the flange 102 is preferably lapped after the stamping
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5 die soldered to the flange, the length, width and thickness of the flange
and the composition of the flange. Conventional flanges are typically
about 0.040 or 0.062 inches thick. A flange thickness (dimension G in FIG.
5A) of preferably about 0.125 inches can reduce the amount of

op@eﬁmﬁmﬁkn1mauaadin&%ﬁaa@d@ﬂﬂQrIQ€£U%b@ﬁoﬂﬁ§95§§§ﬁ§”ﬁﬁgn¥ﬂ§ckness

r imparte a ¢qining process although other processes, such
(cféé? é%%l%ég ,r%eﬁﬁir%?%asﬁ%g brg%raﬁw%rg}rge AcléptahiRet OpfeS7 R can

refiecfaride 19aREr tHe did 210 dbeen soidetey theseto-ant hoth eaeations

arepaled. Sherbattem sudage 0415 pugfarablyhas gslightyconvex, .o 102,
shape. When the flange 102 is mounted to a heat sink, forces applied by

mouhiifi§egeassto the flarvges fEsimdicateddsy atrbwsiZ06 asd#®ion  (CTE)

platian the,dapge againghieatsink and creades a.good beaf-transfe lange when
' ion between the flange and heat sink. 20As prewous%noteg, the

unc ‘
t}4‘?an &502 thclRiReeT §onerally Pisnal Hidigftachfaes 1122 wiichenetically
11diesti® fesdldised;iepomietorcathemuise dtrackieewd he die-atigehB5e8 with a

£1%042 isJefgraply flat o within.aboys 0,901 inches per inch, %‘edemog%lgered to
preferably to within about 0.0005 inches per inch, to adilitate 225 goo
Cha et AR SoidEreasRe ST betedn fRe R 110tarPincogien anabhettealhe CTE

ofnaddiign theidiesatiagh anemsurface W@s&@&@feﬂabb%!ﬁ?s @)?r‘!ﬁhereas
b 0.micro-inches for.eutectic soldering. The surface roughness of the

th%o%frﬁ o?gt]h% flglﬁgjégf& %lp?re%gra%ﬂp I]é%}éj’?ﬁ%lea ouft 64 FRBHO-Mchas tghe die

L¥acifide Fakwy 30gBod Heableesmilicting Tottact \iitle adieat sSinkteantlange,

tradhesivend flange expand.

Later, and shown in FIG. 7B, as the die 110 and flange 102D
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 a heat

sink.

To counteract the tendency of the flange 102 to take on a
concave shape after soldering, the flange is preferably given a
slightly convex shape prior to the soldering. FIG. 7C shows the
flange 102 before the die 110 is soldered thereto. The bottom
surface 704 of the flange 102 is given a shape, whose convexity
(dimension H) 1is greater than the amount of concavity that would
be introduced by soldering. In one embodiment, the bottom surface

704 1is convex at least by about 0.0001 inches over the length of
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such as epoxy, is used to attach the die 110 to the die-attach 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

enflangs; 19z can include. threaded oruihreaded mayniing h%\%?fé%@?m is

cases, the flange 102 can be mounted to a heat sink or other substrate by
COBBRE oPBthe? FageRedextendind frougiritede 8peniRBS  AltdmiibBlyinches.
Thihe farged02canthe saldesed teadiaatsinkear other substrale; ebyiatisgeh as

e_need for mounting slots. ad eviously noted with

thgéféc’rrggndg%rt]bnlglG%.elt%%%é !}%agmégl%%f isscnlwlgld%?f%r% éra[J?) ypgy%nrjlg::t%lnacement of
diggigitectethéflahbe 0228k to-fife aSHD6 HAdHDeDulifglkeess of the
£1Emoldingreperatiosoihe famerl @ il dad preferabiy-amunshe leadsges are

106 108, which 15 extend fr utside the frame, thrpugh sidewalls,
£y, of the rglm%, ?ﬁ% tr}%e' gﬁ'% ca?/fty g;é.‘g.?Asl récr?éeélsjlt g%ﬁ% mo di%%?%‘ci}éa fr%mlec kneos
(daamerscom the 1EadS'186 abtd 10Rf amrsigH #hid adiresieh idtAReallynches  can
raitperfech and subject todhreakdownrdus todbadwat efsolderingar@ring. The
b peration of the die. To overcome this]prgblerg each 20 I%addlqg6 and 108, .,

D rte(fg‘ratﬁk}ﬁﬁélﬁa esOne of mvre 18adretention %e\étujr‘g‘g 16 'seturdthedead” 19

priocthesfraneel LdduGine lebtbreteptiorefeatse defimds atfeastonéimle 3gnding,

<brqugh gachJegdngs shown inFlG., 8. As previously noted, the holes 310
are formed in the leads 106 and 108 when the lead frame 25 300 (FIG. 3)

is star_n@ed op etgheds Prederabhgreach 1ead H06-and 168 intledesl® has been
scg'a@"t of preferably regta[gg%kar holes 310 auanges,in aline where,the, .. 04

S ST E a

ame 104 wil contactrt]he
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 Jjunction

between the flange and heat sink.

As previously noted, the flange 102 includes a generally
planar die-attach area 112, to which the die 110 is soldered,
epoxied or otherwise attached. The die-attach area 112 is
preferably flat to within about 0.001 inches per inch, and more
preferably to within about 0.0005 inches per inch, to facilitate a
good eutectic solder connection between the die 110 and the die-
attach area. In addition, the die-attach area surface roughness
is preferably less than about 30 micro-inches for eutectic
soldering. The surface roughness of the bottom of the flange 102
is preferably less than about 64 micro-inches to facilitate making
good head-conducting contact with a heat sink. If an adhesive,

such as epoxy, is used to attach the die 110 to the die-attach
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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 preventing the lead from being pulled out of the frame
without requiring an adhesive to be added between the lead and the
ardmme2As showaiis-He: oA, thecholes Jib-aerpreierablineompletehhin about
er the frame 104. Electrical conductivity. of the leads 106 and
0 q%% églg}t}lr?l sﬁtgg to the J%v%?a I %%cr)ﬁ)(%rt?na%nocewé% h:éncirxc%?tugacégagé“ 700, J]'rh%hes'

congustivitysof g lead 106 or 10&is prepartienakiga laterak k& ndges mounting
laggroﬂrgatellygpeaplendicuiar to the direction of current flow through the

S1984d, tross-Sectional ared of e lead: Becalss the holss 31t fedied thirclude

thrpesedectionaitireas8ee sevtivriline B2Bsin.FIGn 8} theenymbes, the flange

10Placament, size-ane shape ofdhe holes can %%elsﬁﬁ%dci%ﬂéin%?izsms or

tthe loss in effective conductivity of the leads 106 and 108. Preferably, the
Ot HGTes™3T0 FEGGSe (e G Sectiviti Wed BPfife IGRG I MSst By 5BotRETVely
th@5% aaltroudl? thisine thection. dandse greatehddhe sdonductivity-béthesubstrate,

obtesilting lead meefs desion criteria, 15Rectangular holes 310 maximize

the amount of frame thermoplastic that can freeze and lock the leads 106

and 108, while minimizing the redugatiagdig conductivity of the leads. The

longer dimensions of the rectangular holes 310 are preferably aligned

pardife| By #id giteétiornot edriehtlonetroaghehd20Tdads 106wl fG8me 104

1 sDepensing gpdhe thickpess of thesidewalls of iheyframe 104, e hgles 02 and
310 can be square. Another lead retention feature, shown in FIG. 8,

Copictide§ 8t ooked 6PfenttherBitfaftdr dolfectively *RBoRBEZPEGE sobRe frame
10Adges depressibnor ofhersinctarewndor tiear thesehd dftbe 26deab306 which

exgreglgs glaotr{e%gﬁéi’ﬁg"”cﬁée %@&ﬁé’,ity@fx%uwsvsidewalls of the frame,
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 subject to breakdown due to the heat of
soldering and operation of the die. To overcome this problem, each
lead 106 and 108 preferably includes one or more lead retention

features to secure the lead to the frame 104,

One lead retention feature defines at least one hole 310
through each lead, as shown in FIG. 8. As previously noted, the
holes 310 are formed in the leads 106 and 108 when the lead frame
300 (FIG. 3) is stamped or etched. Preferably, each lead 106 and
108 includes a plurality of preferably rectangular holes 310
arranged in a line where the frame 104 will contact the lead.
During molding, some frame thermoplastic flows into, and then
freezes in, the holes 310, thus mechanically locking the lead 106
or 108 within the frame 104 and preventing the lead from being

pulled out of the frame without requiring an adhesive to be added
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structure is not co-planar with the lead. As can be seen in FIG. 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
betpeTHdhobked edge 806, fidge<or Gthesistructune isfarmsd inthe lgadss 310
ard 06-and 108 whenthedead frame. 300 (FIG, 3) isstamped, Although a

hooked edge 800 is the préferred embodiment for this lead retention °
featbire cothiereshapesican beiused £ xameplessefsome agseptakie Shapes utes

~ toareyhown dn oress: @ﬁ'gﬁr&%rﬁg g% att%%OA-F. As, previously discussed

with reference o FIG. 1, the leads 5 106 and 108°4r& tised 16 &1dcrichny- e
CORBRABLY e dR 180 t°4 LirdGif bBard-6F thiesliker Trretiheral06tanck 108 teral,

1. are apadeafe: highycopperallny-(atleast50U=ceppan4a srovide 9oo0d nt  £1ow

ical. conductivity and to match the CTE of the fra eﬁm.
tha%cﬁtﬁco@%%rn%;aés' pr%%%geseIse%%r%léglnc%nd‘ﬂ%ﬁ%ityoaa g‘es Bior topridpee the
ho3eart idadee R h BadisalfF e6aiRE 4296 hickekand 559 Fetion line B-B

in(eammaenly kinewnasAlQy ﬁ?ig@n@ﬁ%igo@_ii'%e_éx@'%ﬁ%ﬂxggék@ﬁ@%éwﬁoles can
‘preferably. electraplated with.about 100, micro-inches of nickel to form a

e uis?(()% %éarégrTlaj‘yrélr%%lzdeagg&t%gsn?ic?’(?-ir?é%feescg‘ﬁaﬁld%rfﬁ&fﬁﬁfélty of the

Leqdrebbhblingner 1888 soliesifigtbieliead$he5 T kads 106 mahit68 ane  cross-

septelerably snade of analloy of hetyeen aboyl2. 1% and algut %?;{%é{{?{;‘h this
etween about 0.015% and about 0.15% phosphorus, between about
reg‘.’(’%%"&nﬁ%&ﬁ F556 5, with-fife 63 ESPber. SihkReasies et Bhase Lead
me pfatediais are cliowvever acceptable. The leads 106 and 108 are more
preferably 20 made of about 97.5% copper, about 2.35% iron, about 0.3%
phoBBRGATY aH-aboliPOSR2% 3iHt. SUekdaH afoy iskwailasefiom Olifi frame

theanpplation dndesthe NS designatioan£10499. the leads 106 and 108,
while minimizing the reduction in conductivity of the leads. The
longer dimensions of the rectangular holes 310 are preferably
aligned parallel +to the direction of current flow through the
leads 106 and 108. Depending on the thickness of the sidewalls of
the frame 104, the holes 310 can be sguare.

Another lead reten'tion feature, shown in FIG. 8, provides a
hooked or bent (hereinafter collectively “hooked”) edge 800,
ridge, depression or other structure on or near the end of the
lead 106 or 108 that resides within the air cavity area. This
structure 1s not co—planaf with the lead. As can be seen in FIG.
54, during molding, some frame ‘thermoplastic freezes in or against
an outward-facing portion of this structure, thereby creating a
mechanical barrier that prevents the lead 106 from being pulled
out of the frame 104. The hooked edge 800, ridge or other
structure is formed in the leads 106 and 108 when the lead frame

300 (FIG. 3) is stamped. Although a hooked edge 800 is the
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Many alternative compositions for the leads 106 and 108 are acceptable.
One such alternative includes about 99.9% copper and 25 about 0.1%
zirconium. Such an alloy is available from Olin Corporation under UNS
designation C15100. Other ratios of these materials are, however,

prageepiable snexamplesanalioy made oflhepyaen aboytQ.05% a0+ shapes

about 0.15% zirconium, with the balance copper, is also acceptable.

a0 RRotHEF Atte &R S pukitiSAtEr tAEIEREEALY afteRAFinfligeshown in

crbetweenabout %okt abbut296 0o between about 0.01% and about
0.035% phosphorus, between about 0.3% and about 1.3% cobalt,
betWeerPEBELPBTI%h AP aBBaELY il anBetFRBaIGACE Coppér. The the leads

1omeﬁ_emed1@mouﬂt_e om;apew_n this composition @'ﬁ%x_:ﬁu&h@n alloyiso to a
c:34alable o Olin Goiporgtion uader YNS.2 desionalign (2500, e or =
. notJher alternative composition for the leads 106 and 108 .includes .
hijgdmrasrabott Bo3%  ahd Lotk 19966 FERPPEIWEENRIBOU Be1%Pard Rrstitrical
chdie phesphorss beiween @bouhe.0d8s asd ahaut 8:200dnagnesiviyh-copper
1 L the balance copner, The prefesred iymuladon n 10 this allemative ., o,
63comp(:_g)smon 1S about 076% iron, About 0-2% %hos&orus, about 0.05% °
arhaghesitim antdidfout9oisedgpyer. ook taealléy s avaitible frond OfPs  iron

( SeprRarationwngder LANEdesjgnation €19700: Anatheralternative 106 and 108
composition for the leads 106 and 108 15 includes between gbout 1.7% |
5P ARG 23 i Betiaar KBOUTOTY R abeil G4 MekBP i T ™ckel

tabdurf. 18%siphosphonuskand: tlverbdlapee copper!Buch &balloidso-inches of

gMailaple-irom Mitsubishi Bleglig Corporatian undef QNS designation,
050710. Yet another alternative composition for the leads 106 and 20 108.
includes between abeut585%0andeakouid 586 ieny beteen@bouh alloy of
0.025% and aboyit.0,04% phasphorus and the balance copper. Such.an. ..
oS5 adBiapletorh Rote SEA Lt e DG Sediannan BloAg 1ot and
alyattandiierakderivercsmpésitivasor flwidads. P06 apaP5a008 indudés zinc,
wetweansahouit0,680 arghsbeut Ghe irgnhebvesn abaut@.5%x80dials are,
about 1.5% tin, between ahout 0.01% and about 0,035% phosphorus an
D WE Bakn cB SHpPER Stich neal%?/aics{gav%ﬁjgzlg ont %tsﬁgi%hir%ﬁi%top 20eranty
nBEnpardy, lddownde? UNS desigpation 0419520, 2.35% iron, about 0.3%
phosphorus and about 0.12% zinc. Such an alloy is available from

0lin Corporation under the UNS designation C19400.

Many alternative compositions'for the leads 106 and 108 are
acceptable. One such alternative includes about 99;9% copper and
about 0.1% zirconium. Such an alloy i1s awvaillable 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, 1s 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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30Another alternative composition for the leads 106 and 108 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
anﬁhndeb%NS%d(S@ggd@at&&%W& ,Ysyggegg@{baé@%&%t;vg .c%)m %}ﬁiog&g&t 1.3

ea and ¢.108 includes between about 0.8% and about 1.8%

co%??kjce’l, b%%\/tvggﬁnabgaf) 8515% gﬁd 3HSut 8589 siliéont bawh abBt Palance
COBRFo afG abierifT:08% phosphords arpitte Balahbe coppescSichan is 97%.
suatloyds available from Roang-3ar Metabcorperation ypder UNS,  under  uxs
deggsir%%zlii&@ gégg)%g) 10Another alternative composition for the leads 106

an mcludés between about 2.0% and about 4.8% nickel, between
aboyt 839 anghakout,1 4% Sg'&&?ﬂ@?ﬂ;\ﬁ{%ﬁn @QQUt&QS%e%ncgsapL% and 108

0.45% magnesium and the balance copper. The preferred formulation in

AnGRdGR Ve mBBEHibn Js 3bodls 0Ritkell aRBULi8B% P5Eifieeh, about

0. aboat 8. Eidbamagnesipoant ahout 36:2%=eappeeluch anslloydSabout 0.2
' fr lin. Corparation u S gdesignation 070250. Yet, .
ma@Mé@ﬁQ'ﬁ %é) l{hg Q)GELQEQQ &%?I‘E]geéffle\.la dg’l]%gpre(?eiajéec? ngulatlon in

another alternative composition for 6an includes
Chistwaeh SBT3 P apbHt 0496 ehraHaRIR, b8nfden Zooabousb@%s 0.2
phandiaiou 0.3%otin, ietesenakek=0.15%=and abeut 02590 gisand the,ch an
nge cqopper. Such an alloy.is, available from Furukawa Electric under ,
al%gr\% 3 esigar%gt?oln%ilzer gg%ﬁT% FmAa#ootﬁ%cr> %?tge}?r? SrivEEShpositionoF H&ation
CLEHYS-106 and 108 includes between about 2.7% and about 3.7% nickel,
between about 25 0.2% and about 1.2% silicon, between about 0.1% and
aboliPG B8 Zint & s b arkEBSSier-SuchSh diftfy id &eatabldfomnd 108
inKbbecStenttvtse nntderiM S desigmaticbKhE-253¥ et anptheralternativeut 0.1%
anfBOMRQsIloNdo) the leags, 106,4nd 108 inclydespetueen about 1.0 and,
about 2.9% nickel, between
balance copper. Such an alloy is available from  Mitsubishi

oe

e

Electric Corporation under UNS designation C50710.

Yet another alternative composition for the leads 106 aﬁd
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, TLtd. 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 afaout
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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30 about 0.2% and about 0.6% silicon, between about 0.1% and about

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

motted théirhoptastietand ismildeditarthedflangetl@2 angw thepledds and about

106 Anck108The gpletalobihe leaoc. 407 Arefergbly ingudes 8 lqud .y
stal polymey (LOP) that can withstand die-attac temperaturesy \

%‘3@%@ A%?’§ﬁ}§%lél’éﬁ?§ Or 596826€ i TSI SAB&fing). ]

Convenqtipn Ps melt.at mperatures between gbout 300C_an

about gggca%?%ﬂeé%gjﬁé%ra%Iyﬁﬁ%%%%%a%% %%ﬁs%lh% teads 106 and
cOMpotifds 16 Taise tesRBItiRG B MpRratirendjusbhscodfitlentbtkel, between

terntal @xXpension Clio).and red%ceﬂtﬁiwmeai@éi%@ﬁwe&gﬁ% and about
onveni erial.of the frame 104, including the resins an ,
gdg‘%%nui%gs?g%g%?%d ]%%o RES}% hrgraé%lggea 'tﬁgﬁﬁgﬁlastiésuc%np%ndalloy 1S
B SrafelMateiPat." POORH eXamnplecHancasseptabloresimieond/iifatdesignation
iochades parahydroxybenzoic acid, bisphenol and phathalic acid. Another
acceptable formulation includes a copolymer of p-hydroxybenzoic acid

(HBA) Brelt64y drokysZmaiphtisoicemich 4NN Otfrer atbeptablesi®0 106 and 108

fﬂﬂﬂl&ﬂd&@n%mt%ggg%mr@%OfﬁﬂgAaﬂb‘{f@is@h@%Qhﬁ%}egﬁpdbeﬁzﬁeen about
rephthalic gcid (TA). FIG. 9.is a schematic cross-section diagram of the D e
A 104 <Ry S6imb GHAE RompRDRHS TR (P B RIGR.  smout 0. 455
SGwippLingn Filled particlebateprefecablysaddetito the-d fePrednadifyniis ation in

@E&ZQQHE{&&&@@')/&?@BE%G%ST%?I;Qﬁéﬁ@dtsrs;@@oﬁgé%%, about 0.65%
i aniso
(saiplpirgélr[r,]atglh}/o%lzc p%rPlS)%arr]nag(r)leslsi%JrE ar?d aboutpy96.2% copper. Such an

alloy is available from Olin Corporation under UNS designation
C70250.

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

Furukawa Electric under UNS designation EFTEC-64T.

Another alternative composition for the leads 106 and 108
includes between about 2.7% and about 3.7% nickel, between about
0.2% and about 1.2% silicon, between about 0.1% and about 0.5%

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

Steel, Ltd. under UNS designation 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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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 106. 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
0. abopir 309% 1o Eh outdl 0% ¢ Suehaa conpgsiterhasacG Timobabeyt 7PRMG 1able

£l 24iPRAMG K raphite is prelerably added fo the [OR toreduce oo,
moisture infiltration. This graphite is preferably in the foLm o%aeneraﬁly ’
planar graphite flakes 904 (shown edgenen in FIG. 9), however other
fotms of graphite, such as balls Or chunks, are also acceptable. In
addftfon2 & Graptitecitakes o sreanadrp sondithat BaringlinjeCtiomeett )4 is

madathetit sigrificastly adedsg thei-effeativeness, Jhe; term, 1generally.plan flange

e

raphite_flakes" 10 inclu such, flakes that have been deformed. Th
mgr}gﬁ&ﬁa@s‘% 9]83 %%Sfﬁgly%?m%é%lérsﬁb‘?ef%%ﬁf/%ﬁgﬂE/ parléiepoe 102

Prekfeidrsurfabesd vidfe framé 04 cthustorebtihg tortlpuspathisc®06 fohat can

wigsture infikrations &yerdhthe layersarepat Bariel I the exterion 4o iy or
3 989@8@8’ thgogresence\ of 15 the graphite inhibits moisture infiltration. Tﬁe
graphite flakés 904*8i&d adffetthe BT E of theTSPYOIdte clBSRY maght  at

tenre cobperallog b tivenleals 063a00 A 08ndheltiame BHTedal oainsane 104
pr@gyy%wk{%ﬂ%@@f}%@@%@% gé‘ﬁehggrﬁ%gﬁdgrqgg rabl}[/(sbeety,v < nmelting

. about 40% and about 50%. 20As an alternative to grap ite Tl es, glass
°fiB&F 1285%car Beitided & fReEEES 6 Hicrehsehsitiny aPadiuseORE®R) and
retheeedultingthesmbpleistic compouseh t thiscembediraentthe frame material

fn@{gri%%ge@é)&c pl;vai Jk_) tween about 30% and about 5Q% glass
“fiber, 25As another a?terng'?vé%go%eagﬁﬁéﬁ,stoa Cgé:r%m Cft%nggl(es%sotﬁgﬁerred
CochRipodifdedan de addédesmeelasblsucheroiod’howddrirased material . ”

\absgrbeer;s{ m Ieculgr sieve filters (zeolites) and calcium oxide (Ca0).
SuitAble S5 &6 aVAiIRBRSREM Stdtiemic: Ine S0 thé fraeludes para-
hyarmerbezoieferablyipgre-diddpprefetablyptal  phathalic acid. Another

acceptable formulation includes a copolymer of p-hydroxybenzoic
acid (HBA) and 6-~hydroxy-2-naphthoic acid (HNA). Other acceptable
formulations include terapolymers of HBA, 4-4-bisphenol (BP) and
terephthalic acid (TA).

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

talce, preferably about 2 to 3 microns in diameter, can be added to
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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

£hEOMR@UNgHIN H&H&jﬁg@g@{ngierolgarrgbﬁlga@@atﬁge IDeRUoN 888, such a
preferably restricts flow of the the compound, thereby increasing shear on

CoOpRPHEr M dRashic ComPBouRBCEF ofieREE HolfthercRBRE and the graphite
flak . The thelL.m iC, CO is_preferably.injected at a cor.
o A 104 br BETpeLn e ok T08 Snd 10 TOE To il i etrize
ingihbtirt 'of Stre ShstHE FEdUHETY Frake S AfiRfmMUML hdtd terfpBratife Ginerally
plabeut 250ipisi preferabhemaimtained Huring hwymalding.aparation. o), Awowever
moistuge barrier film_is_preferably lied_to the exteriar_surfaces of the
Otfl?gr%e %851%56 furtherre lglcle%ﬁ{oistsl??é%w %sfiltrgﬁgﬁx'.sAlt%]?naﬁsgff/%,{ﬁ‘ie il also

acegpbekdsplidd ta 856 rtefior B ehe Frie 1045 MceptdNé materigsp somewhat
daupehide apisediased epexies avaitahle from RAGAndustiies uadestheg  their
rade name Bairocade, polymer-Al films and polymer-ceramic films, Seal "
A TEE T ctoriioh oshlE 500 FRE AA] i RE i AR Tlekes
irfeatdes8G0¢FEIG 183 provide goue nechartiedbeoredections that inhibit
infiltration of moisture and atmos(;)heric gases. In addition, the frame 104

preferably SheRIEScofstitiénts Shd BhESGERBT Br intéfor v thTeddcg ferably
rdhighbfiltratien 1 Tel25furthertrediice indiltratiorgsas diustrated frkie. 1004, thus

cP«%?{%%SOQO%%&?Qzp%“cenBr%fﬁéa%'é{xal%{?é@gti{}?&deﬂ]«?iﬁ@%etl% aledn if the
1§;§§f 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 1202 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 {(Ca0). Sultable zeolites are available £rom 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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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
1napddheiead 1iQ%}e%|ﬁm@tit\!ﬁldéd@S?§ﬁB%WE iBeF]lcl@p@1§hB’¥Q SealeADQ2A v less

and 1002B can be used instead of the one seal 1002. To promote _
AN Sof of 8 Selar P B R BHAR G A 1REaRiTis =m=1L
prpfeferddly clessed prior :08ugpplicationsof the sealant. Rlasmaideanmd;ine of
£h@S hWelldgawn {8 theashwhergoxygensissthe-pradominaot medivay | » gate

prog__uces acceptable results. 'Alternatively, the frame material can be
2t ledRSd with SoTveits or BY &tchiR§SASS BOYincHF ifdide Hidmetet D) ©f  the
theeadielis priferablyrysedntd, dispemseanateriahforsesi 1900, fkand aon  the
en@O0-nchdb.negdle is.peferaBly ysed te dispensgmaterial forseal 1002, +he

Other needle sizes can, of course, be used, depending on the size of the

ITFEEIES b5 mitiihize B bubbReT APt ShGlamoEsditvels preferably
indisplagdnaent atgereump ismeﬂrmnqu@thﬁ;sealaﬁéé@th&meBwe& 106 and
10821 e sealant materiglpreferably has é’ﬁ%%%s'%b%wgege@%%%éame, a

and about 128 Pa.s at a shear rate of about 0.95 per second, an
MIGSBGEIySa N PR SFRE FatePSt AW S erE is preferably maintained

during the molding operation.

A moisture barrier £ilm is 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 availlable from PPG Industries under the trade name

‘Bairocade, polymer-Al films and polymer-ceramic £ilms.

Seal

The frame retention feature 500 (FIG. B5AR) 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 sghown in
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about 12 Pais and about 30 Pa.s at second. FIG. 12 contains a graph
1200 showing a preferred relationship between viscosity and shear 20
rate. A low viscosity is preferred at high shear rates, so the material can
be dispensed quickly. However, a high viscosity is preferred at low shear

FICYnE0: chig%e %‘ga'}?éte%&?ﬁ heen dispensed it e, 00k Uhstead M6r the
matérial’ préferably has a'cason viscosity between about 25 3 Pa.s and
ongbeetf.4-PaZs. The material's thixotropic index is preferably between

about 3.5 and about 4.6. Suitggle materia}:s focrhtge %eal_j 10?0 %I’(])d 19&; Frame

include eBB%‘e%F%ilic%%%% afi c%snjfglrnmalocoatlngs. Shitable sealant

maineluidds beteenfatsout 40%-andabolits60%4 SSREAPISUCFASINBLLyIBp-or  to
apfetale) and betwern abaykA40% andaRoWR0% epEXy L silicoperesihown in

The epoxy can be, for examlg)le, ,bis-pg?nol Aora c_)[clic aIiphag'c (—‘ﬁpoxide
the L medl roduces

EhesirPSuitable RbFderfSréRtiudsaming hardenera. Altsrnatively. the seal
accapberhaderebRatalvne) trPatieed HT, sbgilatledmsm @abRséal can be

c1REGTONILS 1 3THeid 200 is ptiacheddo the frames Ofhalienthe die-klBneter
(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 9.5 per second. FIG. 12 contains a graph
1200 showing a preferred relationship between viscosity and shear
rate. A low viscosity is preferred at high shear rates, so the
material can be dispensed quickly. However, a high viscosity is
preferred at low shear rates, so, once the material has been

dispensed, it does not run.

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

preferably between about 3.5 and about 4.6.

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

resin. The epoxy can be, for example, bis-phenol A or a cyclic
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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 welding signal having a frequency between 10 about 50 kHz and about

a1 6frddz andep amplitudesless thaabewb 100 micrans.@rare prefardbly  amine

less than 60 microns). Alternatjvely, the lid 200 can be laser welded or
haﬁ%%ﬁﬁaﬁde%%?ﬁg ??%jfﬁrg 4. the C%%%nt?gﬁlal%ﬁrarg%%?c Sastiéfitding ° °F

Papscfiguis have hoebéen Liswd frskabidEiecirarinpaskages, because

these 15 conventional techniques use lower welding frequencies, which

result in higher amplitudes that can Jéﬂ'ﬁlage wirebond assemblies

mougied in £irsyi pagkages Hhe higheg yelding, frequenc %%frthghe die 110

present invention result in lower amplitudes and, consequently, do not
hagahfsde WiteIRE abSeimbfiell e ehitoray, FdSaFe dfathedrpapd to the
leeiteuit packages 0ith epoxyadhasivas. Adve@htageosistyyultiasamics. 13a and

eldi n,b c i ' ch i roximately, 250

e o ey %%‘%ﬁ?n%%% e IR Ry spe £rane
L0thte RERTCE Rt BeiWediP tie G200 End HEFanie 101y sé pbreespE ol tween
abthe:lid @nehframei malband @5 fuse togethar dupngdhediltragenienygldingut 100

JAs shown in the crgss-section in FIG. 138, the |id 200 preferably includes
SO0 Rat WTE i oek Wit I Sa TOAFRL i Jos 1= voy the

ligref@Palsigrmbelelefthe serndenateridies-theefrdat 104 hs desaribetio4 .
above. In addition, a moisture barrier film is 30 preferabl%/\ﬂapplied to the lid

200 CRE HISCHRRRHAbOVESRRATESpELAB HhE e . TMShoif4GAngave not
bePetailssed Dstailsehthe flange 10?2, feameuli@4, leadidfbsandddfand lidchese

co%ggﬁigﬁaqrcuge%%acg?eéoou%du:dLi ) e@at%ﬂ%lal ptpces esused to which

fabricate these parts, have been described in 5 detal above. FIG. 14
resdntainsta SapIfed FeRcHA ARsERdR g Beprofessasy whkRpRireRenblies
mcR@ekane 4 08 e be pade:anpd Usete hidfidd0R Bfirst hidh-goppet 8oy the

rissrgra}%eifo‘rr th% ie%dsr1(8)531161#(1:L 10§. At 1402, lead frames are fabricated . 1
PSS the et high Copper alloy madecat 1460 AP 18G4 Rotes STy grREent Ly, do
nqfurEhied cetehedongr etherwisd esade miesni-franel300 td treatamnebtached

rdhe leadretention deatyees. Ap 1406, the.epds ghinesleads 106;and 108 e ousay,

lare curled, bent, stamped or etched on the lead frame 300 to create the .
UL Sthar 984S reteRtidhidaturé B00° At 1208 hightcoppéralloy 588 time
(appdedondhe flangfe0 mSec.) than epoxy cure times (apx. 2 hours).

There 1s 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 1id 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 lid 200, as described above with respect
to the frame 104.
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15 102. 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. 20At 1418, graphite flakes, talc and/or glass fiber is
added to liquid crystal poIyéﬁrdnagﬁgar%%‘ﬁjé]frrlgrnéer%%%r?al. frame material is

driedpA¢ 4422, the framer104ds flapge 102:3nd {he leads 106 ang 108 Atog ang
l%§242(%e |g%er| r of the frame 104 and flange 102, i.e. 25 the air cavity

Hfea’ (S cledhed Rt 1925 He sRiE A Bppiidt to SRGHHH BBurtrRstials  and
Pbetweenthe fregne 204 abdithetitandest@? andibetwhendhefameiasdtheed in

dE¥E¥ilggéWEi19§G. 14Q&&&%§nﬁﬁad@ikﬂi£%§380?§9&8EQ%JEHEEhstrating
102. At 1430, the dje 110 is ultrasonically wirebonded to the leads 106

2 aRECI5E 30 AY 1485 5 566 S8 Hitr RHieaRy wWildEd to Bie TadRe A, used.
While,the, ipyentignhas.begn e_,sgcgglg% thygference tg apreferred . . . o
' |

- : § W 18 I .
embodiment, those skilled in the art will un erstand and appreciate tha
294riafi6ns €an Y fradeedmilE et nidifintpRhrpiRSspreanthscoptst high-
cﬂy@pfelsen;md@vmﬂm,a%s described 51"2:](1*46 aakr]z@qfeﬁwla&mhé- BQhched, etched
X e, lower power die can he attache the flange with epoxy or
Ogt%?ga%ﬁéélsvees%?;é{ﬁerlt%acr?%ae%ng%g %rg3 t eE&o.Clgleggﬁtigr%easqg wefie tead
IREGWRLATthESYE alifsys BpiddiRbeortizin shtil amdurts bfamputitiesasd 108 are

ceenstitpenisndeswinagbherey: dengtnecessanly tatgh 400%, LOAMWUER create
" hee fr%gue r(-étengor) feature 500 and the convexity H of the flange bottom *
SV bieh aedSrbEd NS Rontdkt Bt Affir-copper flange 102, these

innovg{joqglgge, also icable ta c jO langes and flanges made
of other materials. Alsta%égﬁ trl?el%ag %?é%%iorﬁég\f'urég 3?8?{@0 %urﬂdtiﬁgir flange
1 spetivé 45 altdrhatives heke HoeniGedaiteratamn domextde second high-
chigh=eopperdeads,dhese inmovations ate ajso apprlicableto cementional feature
leads_and leads made of other materials. Although the frame material has
Sggﬂeidln sderzés%:ﬁ%aée§ i%}r%r%é%ceongt%?(?g? 2{ grécﬁgpgclggggeq 100° s MatSregprocess.
Opé Ethahtagedtisiytddéd ik bethdrcormextsfsudieas antese thatirequizeed. At

1mpgeriakibas senonitbstanckhighs tempesaturgsyExamplgs f other
applications of the frame material include high-temperature laminates in

printefitcircditthoagds $RCBs) fmkseckets lar eleciforicemporemsy is added
t%aq‘?L%LﬁgB%%@f lilgglyl}égisl‘l]:g make frame material. At 1420, the
frame material 1s 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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CLAIMS 1. A structure comprising: a composition of matter comprising:

5a liquid crystal polymer; and a plurality of graphite flakes; wherein the

structure has a surface and the plurality of graphite flakes form tortuous

paths and are essentially organized into layers essentially parallel to the
surfaceh10e 2 Fhe sirueiteoafl clain boeherrindheamposiion-ekmaiiele o a
somaises; between,abaut 107 and about 709 draphite flakes, 3, The .. o . 4
structure of claim 1, whefein the composition of matter comprises

APk Re Reabb 400y BFitPAHBLE 50%8 yraphitetfigices "biThe strdéturensfmaining

wlaini b, whereinithecliquid crystal palymies COMRESAS invention, as described
ﬂ@ragmédrogsﬁbeqrg@éc %‘H%ﬂ%@?h%%%'; and gophthalic acid. The structure - 1o

-of claim 1, wherein the liquid crystal polyme coMprlsOes:ra c%%véfyrmer of

PRGERBGbENZORSadid2BAE 6thyHrGBPEhaphtRGiesaci@dhesives, rather than

being soldered thereto. In addition, as is well known in the art,
alloys typically contain = small amounts of impurities, 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 thZ, 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 innovatioris 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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25 6. The structure of claim 1 which is an electronics component package
body. 7. A method for making a structure, comprising: 30injecting into a

mold a composition of matter comprising: a liquid crystal polymer; and a
plurality of graphite flakes - 26 - MCSLLF) wherein the injecting of the
composition is performed such that the graphite flakes form tortuous paM§SLLP
and are essentially organized into laygrspgsentially parallel to a surface of

said structure. 58.The method of claim 7, wherein the composition of

matter comprises between about 10% and about 70% graphite flakes. 9.

The methethaftaldimompmigngin the composition of matter comprises
between about 40% and about 50% graphite flakes. 10. The method of

claim 7 AARPRRASHE QIR BRI SOPARIABcomprises:
para-hydroxybenizoic a¢igtal polymer; and

a plurality of graphite flakes;
wherein the structure has a surface and the plurality of graphite flakes form
tortuous paths and are essentially organized into layers essentially parallel to
the surface.

2. The structure of claim 1, wherein the composition of matter comprises
between about 10% and about 70% graphite flakes.

3. The structure of claim 1, wherein the composition of matter comprises
between about 40% and about 50% graphite flakes.

4. The structure of claim 1, wherein the liquid crystal polymer comprises:
para-hydroxybenzoic acid;
bisphenol; and

phthalic acid.

5. The structure of claim 1, wherein the liquid crystal polymer comprises:
a copolymer of p-hydroxybenzoic acid; and

6-hydroxy-2-naphthoic acid.

6. The structure of claim 1 which is an electronics component package
body.
7. A method for making a structure, comprising:

injecting into a mold a composition of matter comprising:
a liquid crystal polymer; and

a plurality of graphite flakes
-6 -
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bisphenol; and phthalic acid. The method of claim 7, wherein the liquid

crystal polymer comprises: a copolymer of p-hydroxybenzoic acid: and
6-hydroxy-2-naphthoic acid. 2012.The method of claim 7, wherein the MCSLLP
structure is an electronics component package body.

wherein the injecting of the composition is performed such that the graphite
flakes form tortuous paths and are essentially organized into layers essentially

parallel to a surface of said structure.

8. The method of claim 7, wherein the composition of matter comprises
between about 10% and about 70% graphite flakes.

9. The method of claim 7, wherein the composition of matter comprises
between about 40% and about 50% graphite flakes.

10.  The method of claim 7, wherein the liquid crystal polymer comprises:
para-hydroxybenzoic acid;
bisphenol; and
phthalic acid.

11. The method of claim 7, wherein the liquid crystal polymer comprises:
a copolymer of p-hydroxybenzoic acid; and

6-hydroxy-2-naphthoic acid.

12. The method of claim 7, wherein the structure is an electronics

component package body.
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