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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 10 BACKGROMNDOBFT HE=INWENTHIOMN: This application
relates to circuit packages for integrated circuits and, more particularly, to

circuit packages thakighisie-sreiakiaages:and pighriemperature

thermoplastic frames. Semiconductor and other integrated circuit devices
15 (sometimes referred to as "chips" or "die") are typically mounted inside

circuit packages{orproteetiNeg e afd 15 Fadifitaté feleEtcalRATS

mechanically and thermally connecting the die to printed circuit boards,
heatBinles aanbthiechike oA typical sircuithpackageincludes abase Provisional

adeemmeonbyreferred d0 As:a 459" o R0 flange )y @ Proteciygdnswialing v eni s
housing and leads extending through the housing. Inside the housmg the

Q#eﬁ&%%l?ea]é?e&ﬁegﬁ&y bbﬂﬂ%ﬂpcﬁFé’&ﬁfi oPbfE EORTHRBNRAEE Wires, to

contacts on the die. -1 The protective housing is made of a dielectric
material, such as plastic or ceramic, and is attached to the flange to
encapsulzag thendie rreRBoNdin gFWIrEB AN tos protecREIeIREEJERSH COR
intrusion of water vapor and othe:atmosphgtic gases. Most 5 protective
housings comprise two pieces, i.e. a set of sidewalis

Not Applicable

BACKGROUND COF THE INVENTION

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

metal flanges and high~temperature thermoplastic frames.

Semiconductor and other integrated circuit devices
(sometimes referred to as “chips” or “die”) are typically mounted
inside circuit packages o protect the die and to facilitate
alectrically, mechanically ancﬁ thermally connecting the die to
printed circuit boards, heat sinks and the llke. R typical circuit
package includes a base (commeonly 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 dis.
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(a "frame") and a lid, although some housings are molded as 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 the material 10 can tolerate

witheyt.deformi t,peing otherwise damaged. A circujt package for A, o

hi h-pow‘;égc:iegt‘%%ally i?]lc%dle?lsga lrﬁetéﬁa%é%nggﬁoa\l/vh%hg & ?ile:L fg material,
Suﬁ%acﬁ%d,pc}f?é;ﬁ%‘i efitecfi¢ *$6lderingFhe'ffangeypicady provides flange to
enmoptingeatiresdsuchnas seRWhwles ot slatsaby whichthe cireyity 5ainst

- cap.be 15 mounted, such as to a heat sink. In use, the flange
lnggr?c%%t% hegaf from the die fo the %%%t sﬁﬁlkp.’%e Rigy téhperaturéirsstt o Most

PrRTECH AVdie t6UsHange eafipdansageror déforasplastie, hewewver cérasiidewalls

(amaterials-are able to Miig)Stém@ﬂB@Biggéﬁ@%ég%?g@ %'E%U%Bﬁ}ﬁﬁﬁg%s ona—
.that emylo .20 cergmic frame can, therefore, be assembled prior to the
B Sttacht Seﬁ%ﬁﬁé dieﬂf i§ i Hen AdnEtéato 1é frindsuehhsthy die are

attachmen
2LEpEREATEMateh thie woeflicientsesf thérmahaxpansion oficermpicframess the

=-Hanges.for these frames-are typjcally,made of a capper: tungsten alloy by _ ...

a povxider metallurgy infiltration process. This 25 process is very
can to

expEnSivE - EnlthE HErmar SoRGTELTHE) BFIRS restmRy dpy mirared.

I . tivity C e achieved through the use of .
crgggfaﬁrglg?y%ﬁcﬁi%%%%%%eé gm%a?t‘ég%ﬂgr?ggg fabricated Jb"f/a;g hfitratsses 2

mebfoceds iR ned By 4 ¥aRfination prbResss hoieseraHeseoptotesses aretectic
soﬁ@ﬁm&&@ﬁhﬁﬁﬁz3@%&H§@Vﬁ@ﬁhbém§fﬂ%ﬁ@ﬂﬂa%§u§§u§g£9§h%géﬁgﬁés, such

pri at ing the fr and.lid. This approach enables use of low- -2
asteng(é%%%tu%?%%stig for %%rsdme}?%owé%?ﬁa %eesivce]s‘“ﬁélé& P HitRFrthean be

TopEhfEto fEflafge Bhdtotketicpeormriessthathe flange conducts heat
from the die fto the heat sink.

The high temperature used to attach a die to a flange can
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 pricr to the attachment

of the die. A 1lid Is then acdhersed 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

rocess 1is very expensive, and the thermal conductivity of the
resulting alloy is limited. Improved thermal conductivity can be
achieved through the uss of copper-molybdenum-copper laminated
flanges fabricated by an infiltration process Zfollowed by a

lamination process, however these processes are very sexpensive.

Alternatively, the die can be attached to the flange prior

to attaching the frame and lid. This approach enables use of low-
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satisfactorily. These adhesives often create imperfect seals or permit
gaps to open during use of the circuit package. 5 Furthermore, users of
circuit packages prefer not to inventory flanges, frames and lids and
assemble these pieces after attaching die to flanges. BRIEF SUMMARY

£ QELHEINVENTION The presgnt invention pé%:é%\?ex? 3 low PIEcecoNtced to
low cost 10 circuit package that can withstan ig% die-aftach
2eATerafiires “aRE chf prbvidélanermencaliyosedied aanityfora diess than

samﬁh@uhﬁmxasgcﬂad@@@V%&hEB@¢$§U%@@ﬁkagﬁgﬁﬁgnﬁ%EQK%Qb% seals or
S per ofamsech@(r)]ica!)fea}f{ureg and compositions to %%hieve,this i
hermeticity and tempetature tolerance. This cofbination also™ 15 providas age
T eheunpatkage trat exhibitsdsatidr electhieatandothérmal wonductivitpventory
f1ant gschanisakiniegrityithanconventional .Ciredit packages. TheCircUit - oning
d.paqﬁkaﬁi&g:lu%es two parts: a flange/frame/lead(s) combination and a lid.
“fhe Teads extend 20 through sidewalls of the open-top frame. The flange
includes a die-attach area surrounded by the frame. A seal is applied
inside the frame along boundaries between the flange and the frame and
between the leads afé thé frARBARatefialsforikerframeN (thermoplastic,
preferably liquid crystal polymer) and seal 25 (preferably epoxy) are

formutatechie vathstand die-atiach temperatures,Qnes addieds atiachedy cost

totheflange,and the dig is._electrically bonded to the, leads, the lid is ]
Cji/velded ?g the f%%mg&t%iegﬁhevféigﬁcg\é/ﬁ?%rglulr%g’ thce?l&e%‘ Eécﬁ‘ar%eef?perathres
afthnfeandFEAHET the ciRtitgidckagerincladéedo eas ocavkestrdcmrag  die,

wieaturesypdnasarmeshanicakintegfityc13-cuit package design employs a
number of mechanical features and compositions to achieve this
hermeticity and temperature tolerance. This combination also
provides a circuilt package that exhibits better electrical and

thermal conductivity and mechanical integrity than conventional

circuit packages.

The circuit packags 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 eapoxy) are formulated t¢ withstand die-attach
temperatures. Once a die is attached to the flange and the die is
electrically bonded to the leads, the lid is welded to the frame

to seal the zir cavity around the die.

The flange, frame and leads cof the circuit package include

cne or more structural features to maintain mechanical integrity

—3-
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of the circuit package without use of adhesives. These features _
mechanically lock the flange and leads to the frame at their respectlve
junctions. In one embodiment, the flange defines a frame retention 5
feature surrounding the die-attach area. The retention feature can be, for
LJFdeS a dovetail or other undercut

X le,.a.graqve or ridge that incl )
Oﬁri@i?&%%%[ shgsg.gi?%g tﬁé}}%ﬁ asti€ frafife BORBIEE%0 tHEFRMgEeatures
M3GeR RS By itjectiork mbltingt Durisg arsldiigzaportion df¢herframe farms:he: »
réskey-thatfregzes iRE 10 around the retention feature, thus mechanically

securing the frame to the flange. In another embodiment, each lead

includes ome oramore iead tretenition febtures tasectes the leagiesthectention
séianeeDiting e, Molding aperalion, e fame isalso Tolded aroundhe,
lead, which 15 extends from outside the frame, through a sidewall of'the ™
D rame © inte the sir cdVity SrEISORE |ead fétentic fodtaradesings dbfedistil or
comerholedhrough thedeadeBtiting:mokding=somedramethepmoplastiCs rame 15

i i ithin
flowssthroug ndthen freezes in, the hole, thus locking the le g.wn_ ,
mthg%io frgm& kﬁnotﬁ%%lgfaéd re%e%rﬁ?lon ?‘ésatul?g provides & nool?%)cf ge; During

MPitfye" B othet EFi@trePén BRPesr tieernd ohthealehethAbrdsidas avithin in or

athemir cavity arearThis Seueture s ﬂ%@%@@ﬂ@ﬁﬂ\ﬂﬁlﬂ?%@é@r%i%e frame
+dnelding, spme frame thermoplastic freezes against 25 an outward-facing

portion of this structure, thereby creating a mechanical barrier that

prevertsihedead fl’%&ﬂ%:ﬂ)&"e@% of the frﬂ{@?uge%n%%%ti%r}:s ofthe lead
nge, gaan%‘?pd leads grovide matching _coefficients of thermal

fi : 1 |
*expansion (CTE) fhus reduditySiret@onticad to the frame. During the

molding operation, the frame is alsc 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 locking the lsad within the

frame.

Another lead retention feature provides a hooked edge, ridge
or other structure on or near the end of the lead that resides
within the air cavity area. This structure is not co-planar with
the lead. During molding, some frame thermoplastic freezes against
an outward-facing portion of this structure, thereby creating a
mechanical barrier that prevents the lead from being pulled out of

the frame.

Compositions of the flange, frame and leads provide matching
coefficients of thermal expansion {(CTE), thus reducing stress on
the respective junctions between theasge parts. These compesitions

alsc provide good thermal conductivity by the flange and good

o e
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provide good thermal conductivity by the flange and good -4 electrical
conductivity by the leads and the flange. In one embodiment, the flange is
made with a high copper content, augmented by a small amount of
zirconiu S|Iver or other material._ In another embaodiment, the leads are

Sl TR Viith & RRSS Copbef cotert Sughiehted BY% sl amGaEof iroh, ©7e
mmrd)smﬂ@tus tZinc ahdiopethesmatedal. miyet amother®mbodiment, content,

audfaphitg flg ngﬂyagﬁgnegggadinuy§ﬂﬂgﬂyygﬁ{u$hesgéﬂ@@bﬂ%ﬂﬁk%&her
and other additives match the CTE of the frame to the CTE of the flange.

At oplionalfilfFEART B PP TS THe extéfior 6748 iRtEfioFBfithefrafes nigh
copmeiordithte furtherrgaicesmoisture ifitratiandntorthemircavily. BRE orus,

ZJ_PCESctggJ’PIIC%@hQE Tﬁ%é@}{ERAﬂnv%wsaggtggE I%%g&”}# Thes%ﬁ)hl*"e

and other features, advantages, aspects and embodiments e pr
Elakrshtich Wit bEEHTe ATETR ApBareTitts® 15ARBLETKIlEE RPtE aRbfGm tlakes

anthe-followingdetaited dmtptueneafmemb%r@eﬂmhaw&praﬁwtCTE of the
flghvge@tlowh%gg%ggyvnq rﬂerence to the aca( Qané/mg rawm

which: FIG. 1fs a perspective view of a C|rcﬂ)package withbut a%%rmr oF
m%%éé?’&ing‘)ﬁ% oRefenbictithef6l e plesentinveritior: 20 Fredpds gmoisture

inperspeetive view of the circuitpackage of FIG. 1 with a lid attached
thereto; FIG. 3 is a top view of a strip of lead frames, such as those used.
to manufacture the circuit package of FIG. 1; FIG. 4A is a top view of the

e T bl I 45 1 S pen ey hew o he Mo NarmE A1 S

stri
%%ese 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 descriphion
of an empodiment 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

iid, according to one embodiment of the present invenition;

FIG. 2 1s a perspective view of the circuit package of FIG.

1 with a lid attached thereto;

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

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

FIG, 4R is a top view of the strip of lead frames of FIG. 3

after frames and f£langes have been molded thereto;

FIG. 4B is z perspective view of one lead frame of the strip

shown in FIS. 4A4;

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

package of FIG. 1;
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shown in FIG. 4A; FIG. 5A is a cut-away view of a portion of the circuit
package of FIG. 1; -5 FIG. 5B is a cut-away view of a portion of an
alternative embodiment of the circuit package of FIG. 1; FIGS. 6A-C are
cross-sectional views of the flange of the circuit package of FIG. 1

showimg@re%_tagﬁsa}ofég@ngt@@urﬁéﬁhﬁa;eogh%%&i%-?o%reap zlternative
chematic drawings of a die being aftached to_the flange of the circuit
%%%ﬁg;ﬁgeor}qﬂgl J%Elcf.lg,&illsi % Eet(‘é!l(féaepéj p%%ﬁ\'/efﬁew of the leads of

the cirsuitspackage oflGc1,40-FHG-8Ris 2 %Q%%é“?%ti?n@ilgiagﬁ%’ﬁ?%f' of the
sevgrall alternagg/ee emjpoglments of the leads of the circuit pack%ge 0
G- T FIG A€ L% cRémaAtC tross-EBRHORTI didiain 64 Portion” of e facture

Hewre of the circuit package of FIG. 1; FIG. 10 is an enlarged view of a
portion of the circuit 15 package of FIG. 1 showing seals; FIGS. 11A and

11B afe cross S6dtioHal VISWE B RE et patkage DI FIE. 25dRGwigached to
tive émbodimenits-okthe sealscobElEa18; FIGiE2 isla graph showing a
relationship between viscosity and shear rate of one embodiment of a

materiaf Suitdte 18r Gse"55220 e BRAFBPFIGS: 10} $1AGNdDE3; BGls of the
d3Acisia pesspecitve-vieww of allid for the circuit package of FIG. 1; FIG.

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

to onefembodinerit; and 25 FiGetdisaflowdhar ot agfrocessof makingrnative

the CHCénts of the leads of the circuit package of FIG. 1;

FIG. 9 is a schematic cross-sectional diagram of a portion

cf the frame of the circuit package of FIG. 1;

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

package of FIG. 1 showing seals;

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

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

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

tne seal of FIGS. 10, 112 and 11B:

FIG. 13R is a perspective view of a lid for the ecircuit

package of FIG. 1;

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

of FIG. 132, according to ong embodiment; and

FIG. 14 1s a flowchart of a process of making the circuit

package of FIG. 1.
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package of FIG. 1. -6 DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a low piece-count circuit package that can
withstand high die-attach temperatures and can provide a hermetically

sealed air cavity for a die, without the 5 use of adhesives. FIG. 1 shows an
exemplary circuit package 100, according to one embodiment of the

present inventioR: FPFE&riRE StHe Bf e patkage ZOTR'SAWN without a

lid. The circuit package 100 includes a flange 102, a frame 104 and two
leadBE06PARESE08. Thedraren] 0draeletticall\rindulates sedeands1406 circuit

padigddd 108 fomsthe flange 102 and,each: ather: A-die is.attached 108 can
die-attach area 112, such as by eutectic solder 114. For clarity, FIG. 1

PESHARE Chly Shadie Athdudit fpically tvo6r mote the cn B atadfdqis toe
ustheodiesaftaciaren 112GThé ethtestic solderdidielertricatiybiondsthiesdie 100,

ackbQdondStbedlangs:10d: Theeutectic Sqlder:1i¢ alsosonducts Reat o1 arity,
awag_ from the die 110 to_the flange 102. In use, the flange 102 is

B picafly TdunBRFtSEheat Sink thot SABTN) By BB (bt shidtun) The  cireuit
peekerling throughslets E16-amudE18, (The diefktds electrivally:bondedds 106

anl@ thedeads, 106 and 108, such.as by wires 120.and 122. 20 Thesewires s .nq
120 and 122 are preferably ultrasonically bonded to the leads 106 and

10P08rRftnoligh oriddfe 116 &7 1hdIeadsivE afid?ibs’die svh Afdied to 2
didiezand/chn leads:can be ased. BEG by showscthie: circlitgpackafje F0Q aftetrity,

rr 10200, 033 been attached therefo, ag descrined in marg defail pelowy: o .,
25 The circuit package 100 employs a numbeér of mecChanical features
P AE LOMREGSItIoNS 16 HErRTétiaRPs@d1tRe dié within the air cavity and to
tolerate high.temperatires, As previgyslynoted, ., ponds the die 110 to
the flange 10Z. 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 10& and 108, such zs 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 ares shown, more die znd/or lesads can he used. FIG. 2 shows the
circuit package 100 after a lid 200 has been attached therete, as

described in more detaill 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 previocusly noted,
this combination alsc 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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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 the circuit package 100. There then -7 follows a detailed

fogfscrlptlon ocg the ﬂf\nge ](302 and its manufacture. This is followed by

detailed desSiptions of the TSatR T08 an8 108~ Komposiish of the Ilqi’J‘i’éli
magpistar pefymeriused for tflelfkamaeilow adebtappliedinside the franesf  the

leé@é’r e lignhg man@&@&%ﬁ%w&@a@ﬂ@cﬁi@m&h%P!}SHEP%&&%&r used

Q M@ufacturlng Overview Circuit packages 100, according to the

fc)“present i78ktion. are pr%?@ﬂabﬁ??a}ﬂr?éété‘ﬂlﬁ?gﬁlp%h@r S P8&Is LSifnilarite 1id
20 oAveneioRabeiresit patkagest&Gulishowsa sttip-308 ofdeaddd frames,
such as lead frames 302 and 304. Each lead frame includes two leads,
such as those shown at 366 SRF3BBiF & EibBYHIment, when the lead

frarpe strip 30 é%ﬁ Be etched h Ies are_created throu the leads
306 and 308. Examp ese cfes are shgwngﬁ%lg ‘T’ﬁ héfe%entlon'

ary) PLfd 7528t |oERbaFffféilﬁe% e 1FIcHRES 306 and 308:sdssdeselibetiEn  to
cotlesait betew. After-therlepddramesstrip300 is madasa Q’ag@rﬁpm@tﬂ?d@f lead

fr%%fgrag[y by g}éeﬁtlon |d|I’]g% tg@%g%}?? f£am§ Lthl Ieéld frame strip.

G- 4A shows thé Tead Tiame st eF frarnes, Stch as e "otudes
twaoé%%%e ﬁé?éﬁlrrﬂﬁdéa%ethéheaa framA&8 SFRBA4B 0 shiowsronesmbodinent,

wheamplete 1@ﬁdifr&r_’ﬂ@ré04s‘dﬁ%d frames sanberpiapplied individually:r:ins  4re
ufactu rs who attach die to them.

i I !
Crfgi ?r)?%g lf‘%zl?%o %0?315@5? gase to m%icﬁ%?ﬁ‘@%ﬁirtgfoftth‘ése holes are

shown at 310. These holes 310 are used to lock a frame to the
leads 300 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. 4B
shows one complete lead frame 404. Lead frames can be supplied

individually or in strips or reels -to subsequent manufacturers,

wno 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 electzically
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 preferakly

includes at least one trace metal. The flange 102 preferably
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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 and thermal conductivity and to 30 resist annealing at die-attach
cotemipRatuREs. TR hllGyppréfePRSly CirlehRttes stde &stoite tracebtal. - Phe and
ab8ange1 162 preferabhs ul comptisesat Ieas,moumg%@app@f: angbtios are

acﬁ%\geg?eab% 0. (ﬁ% and 1zataout 1.5% zir qfrg altho%qﬁh other

bout 99.9%
copper ratios are cceptaglle ‘T‘hg ?Iange more pre?erab?
copbiprised abbtd9.994 opper ekt EboutD21% Fedniunt 2Thesflapgeterably
elé@@mrgi@r@blyﬁieleaﬁep{at%witﬁﬁ@@bm;lle@n@&cr@fncm@mniei@l tPorm a
ma dlf%'JSIOI‘I barrlﬁr layer ang $ut @5 micro- lnches of oId to. 1d to
“facifitate so %erlng the %Fé I15t6'thé Iange Iternatlvely, % ﬁange 19

fa@éhﬁﬁé@s aplatestand oD .59 ddfpéraiitt abbirmEe85% silver,
although other hi ratios re acce table. Zirc nlum is
prei%}fgeeorfbagﬂyga%iecgg %%r?%%y %dE ?€5n|uiﬁwi Tortamg °7-°%
cohigheragopperaonténtand thmévpmv@é.bleqegmh@ftrhab:ammemaer ratios
argondugtivity, than ifit is, made with silver. The coPREr-ArCONIDAIY an a1loy

provides a flange with a thermal conductivity superior to prior art

e p USRS i FeBp BER R bAeRiEdp SRR TgEE HfiRh nd hus
prenahiesca cirenit thackage thai esiploysisuch afangetdradie sttached (ot is

ma%%cmﬁtﬂan&elt\peglsswﬁge @8&%@9%@3@&@1%%0"5@’5_8 C%ﬁd@s a flange

dition, the copper-zirconium alloy has a higher annealln temperature

Wl%@m%%?ﬁf@ﬂ CSBBQPﬁﬁéyéfa%th%\f’@dH]%Ett eBE B WA pageRRES ThEEnRSten
ar@f b@u@gabeaﬁmw&teratta@bgpmpefmm@ss% previguslgmoiedsthe framecuit

paa%age %dé%ET%$§“%%¥h a flange or a die attached to such a
flange to dissipate 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 ncoted, 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 o

mechanically interlock the frame 104 and the flange.

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

and the flange. When the frame 104 1s molded to the flange 10Z,

T
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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 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
SOofigngd: THIS fdataire isehéwhan FIGewsa itien igatutbevayViearast ain, the
frpedionthecieuit packager00 discussed-abaye with 139, refesencedoIGerame
rokerbef an%eaJﬁO% defipes a frame retention feature 500, ngi his used to .

mechanically interiock t e'Fidma 104 Hhd Tive SRGE. Witen tie fraihte 163 <o
508 nfalkRe tenthe flamge epeniasome ofihedrarib wsateiakflofvs o, dmg 502
nehiemreezes in; the framesretention feature,50Q, ﬁ%%@.g%ﬁ‘y r?z%%t'ﬁk}@ 500,

frame_ retention feature 50Q has a cross-sectignal profile, and the key
thgg%]?gk&i: %‘ﬁ?%%ﬁ?plé’?ﬁ%n é:r?/mgroii{)é THIE the %r%%eﬁﬂ(jelgfgoﬁ%ay from the
flgrehahtcallyinniscks st Hadrame rlemtionefettureS08ididterebyween the

£ ZREeventingthe frage 404 from being pulled away from the flange 102
without requiring an adhesive to be added between the frame and the
flang@eThée frame retenrtion featufe B00-inclides attedstdane HR undesstdt one

wrPion. | m&%—&.ecti%é@sggt%%%%%é}tus‘:%é(?%%e%fﬂ%&??]%gt%%et%o is

shape, which defines two undercut portions 504 and 506. Other .
PrELREDdstioh SRHSES SLcAREPA T, (hoFoMBERRafe ABEe tRBRE AhGRGH 1ons
5tthe frameFetentioneaturerb@e shawn in FIShaphis 15dapressedbelow . o

the, gigce fsurface %f ggf flange 102, the frame retention feature can
1ol Figos, T : ) )
Oalte?ﬁative%ly stan%plraoﬁ1 of ihe adjacent surface, as shown in FIG. 5B.

Alterptive flange d 02A-defin@S dntion Feature 500 shown in FIG. 5A is
depressed below the adjacent surface of the flange 102, the frame
retention feature can alternatively stand proud of the adjacent
surface, as shown in FIG. 5B. Alternative flange 102A defines a
frame retention feature B500A that stand proud of the adjacent
surface. When a frame 104A Is molded to the flange 102A, some of
the frame material <flows around, and freezes below, undercut
portions 504RA and 506A of the frame retention feature 500A. In
this case, the frame 104A defines a key 502A that is within the
frame 104A.

Returning to FIG. 5A, the frame retention feature 500 is
formed in the flange 102 by a series of progressive stampings.
FIG3. 6A-C show cross-sections of the frame retention feature 500
at various stages of manufacture. FIG. 6A shows a flange blank

10ZB before the Iframe retention feature 500 has been made.

FIG. 6B shows a flange blank 102C after a first rectangular
cross-section groove €00 has been ceined in the flange blank. This

coining operation creates walls 602 and 604 in the groove 600. The

-10-
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frame retention feature 500A that stand proud of the adjacent surface.

When a frame 104A is molded to the flange 102A, some of 20 the frame

material flows around, and freezes below, undercut portions 504A and

506A of the frame retention feature 500A. In this case, the frame 104A

defines a key 502A that is within the frame 104A. Returning to FIG. 5A,
githevearfielretentior: featuiré b 0disu 25Fofhedrinithe flange 162inyna serigs) and

pfgﬁ%&)gﬁ?{?ﬁlggoﬁgn}plggsl@% @ée% shﬁ%gﬁgg%ﬁegt)lons of the frame

retention feature 500 at various stages of manufacture. FIG. 6A shows a
flangerklankcl02Bcheforenthe framegetentionsfeattre 50%:basbeensnadagular

Jgs 65%(%@:9%8 %ﬂg‘ggg bg%)%k Jﬁ%ZC gftgﬁagcﬁtﬂr tangéj lar E% flrst groove

“cross-section groove 600 has been coined in the ange blan
6 diniRG DpRFAfioA credRENFalRP602 HritR6 G 1P TS gﬁﬁtﬁ/eWE’Th@z 16nd 604
(mreove®00 isgareferpbly ahout0 2 nghes Vﬁlﬂﬁgﬁdﬂnﬁnﬁﬁ'tEA):aﬁdtop of the

o PISEIEblY AoL0. 02 Inches dsep (dimension B).FIG,0C Shoethe, o; an

ange 102 after a second rectangular cross-section groove as peen

SERired Bver e FiPStGrodVet s 853 STRE L chbRdiddiningPoperatiof fefafmeroove
a@r@e walls g02randiB04 (RKau6B) ccausingibess towoHapseslightlyinear by and

f the . groov formed walls 602A, and 604A for the undercuts
4a%801%o§ scus@eg ?aboveehwnh ?%efe?eA&% o) IElﬁ‘;l §A he s%lcondas“Lll ing

d@‘i’é@@élGOﬁl@Greﬁé@éblyﬁ abBuR 0,65 inehesnaidey(dipfensiorid) ahdd0 inches
@i%@:@bbﬁabew 0.0k inches deep (dimansiag Chd heaﬁ?&yﬂinga davetail inches

ehasa maller dimension of about 0.007 inches (dimension E
ERRRE AT LSS ST OGRS MBS GRS F) Lo obout 0.00s
lmemr@@ﬁisepréi@r@mv atrlezist hbpul Y1805 dekes foetheliuid rystadl for
+Rolymer (deggribed below) used for

'

All these dimensions can vary depending on the size,
material and temperature of the flange 102, the size, materizl and
temperature of the frame 104, the desired strength of the Jjunction
between the flange and the frame, cost or other factors that are

now well within the skill of an ordinary practitiocner.

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

flat surface, without gaps therebetwsen.

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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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

PGS 8§ methaAf Al feRNfE BieRdiitat &V§odd hbtrasieecohnettioniness
{dbhetwesnthesflangerand asheat sinke &teadisinks,argtypicallymachinedfiat can
an rf i ood heat-conducting junctjon between a .
recirﬁt%%%kgggugg a%dog %z'?tr%n %C)tﬂe%cafﬁzsu?% péi\:)kg:élg sﬁ%ﬂ g ligflaprerattons
angdy St ST HRE SGrfakR, VARTbItydisthidrebeavESR. TRetdtanidingoe 102.

operations (described above) performed to create the frame retention
featlﬁle%](%gc%%eaefoj% thceogg%?lfr:nl%i‘-l the fl%zngzt%%%regff%?’g\%ﬁﬁng (CTE)
beftyeeerc it patkage Fomfing 30 faragainstthetratisinkTd amdlibrate when

ththiseleformation therbettar ofithe flangedO2 ispreferabh tapped.after i ca11y
. .the stamping, 111 operations. In additjon or, alternatively, increasing the |
e an S oE i T SA): preforn (5 Abor PS8 fchbel ot =
tlpsdueettherambineafideforiratioh tabset bystherstanping bperatiomsiered to

thang canelimnatadheneed {a lap thenbettamyei the-flange 102.P-cq. The crr

Differences w coefficients of thermal expansion (CTE) between the die

°%1 o SRHTRE Hange 103 tan @8R m the TR WIS tHe tie RRdEred fFeas
ththe(ihge, HGSL A schematicalby thudtratesthis 2irsumstarice. BI&. A& die

118haws af 192Pyvith.a flatbattop700 apd.a die.11Q that has,notyet

been soldered to 10 the flange. Solder material 114A has not yet been

“hineitetl. T EXEGST £BPR1/ zirconium flange is approximately 17
PPMYCWPErEas srown in FIG. 7B, as the die 110 and flange 102D
cool, eutectic sclder 114B suddenly hardens, but the flange and
die continued to cool and contract. The eutectic solder 114B is
very hard and not very ductile. Thereforse, the contraction of the
top surface 702 of the flange 102D 1s constrained by the die 110,
which has a much smaller CTE than the flange. Bs 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.

Tc counteract the tendency of the flange 102 to take on a
concave shape after soldering, the flange is preferably given a
slightly convex shape pricr to the soldering. FIGS. 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 convexgity
(dimension H) i1s 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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the CTE of a silicon die is approximately 2.8 ppm/C. As the die 110 and

flange 102D are heated to solder the die to the flange, the die and flange

expand. 15 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
thaotfieryagrictilénThereforer thertontiaetidn ofthe tbpisiurface 702aofthg 04  is

coflgnge 192R s constrained by;thg die 110,,20.which has-amuehssmallen, ches.
CTE than the flange. As a result, the top surface 702 of the flange 102D

ThiSnfAQNesSHan he o6 SGRAEE 70D, RRuSiRG tRESRSTH Seffactts” 28
thtakemmrg:avecshageewtmmcamlwve@gap,wmelmh@ﬂangﬂistement of
;s maynted.to a heat ;sink, 25 To counteract the tendency of the flangel02 ¢ «re

to take on a concave shape after soldering, the flange is preferably given
£1gngRg Rt cbhie £ SREPE TGRS the L61derii 16257 & Shottd the )¥
tyﬂ:@ZdﬁEIfgrea_ﬁhex_ﬁie A1 solderetktheretoh#he tiottom surfilcend@4 ohthekness
(Jiange 102 is.givgn a-shape, yhose convexity 30 (dimension M 4s greatet: can
than the amount of concavity that would be introduced by soldering. In
regiie e mibRlinfEt e F6ttolR SRFFEde: 704 FREBRTexX Kt |§§§t by e The
20801 nchesweverthertength of s 12 therflangeyin anodherembedimentoining
the bottom surface.704 js _convex by between ut 0,0005. S a .
pré’ﬁo‘?&tso.ooal%%f'ﬁ%‘ﬁ % ‘?Elsegm tf)réftccgasns%e'var?e% %ep%)asndi%%ﬂgirglL %%Fiof}ge nesngy
cafaeions, suchwss the soldeAfi§IBERARIe used, the number, size and
placement of 5 die soldered tq the flange, the length, width, and thickness
of theT flange ard &’ compositiBR St thqe%ﬁanagé%. on%g%tiodnlaﬁ fléi%ggegh S Peen
sdypicatly abbat-e1840:0r0.082 inchesdhickA fang&hhicksddsym surface 704

preferably has a slightly convex shape. When the flange 102 is

3 are

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 scldered,
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 petween the die 110 and the die-
attach area. In additicn, the die-attach area surface rocughness
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. TIf an adheslive,

such as epoxy, 1s used to attach the die 110 to the die-attach
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(dimension G in FIG. 5A) of preferably about 0.125 inches can reduce the
amount of deformation caused by the soldering. The 10 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
arghd both Hate CoGIel ™ ThEbGHESH SitfdteS7642PS préfetablyhagiahin about
0. slightly convexsshape:1\Wien the-flanged G2 isnnowmedto & hgatsinkinches.

forces applied by mounting screws to the flange (as indicated by arrows

7067a17® 768) fRate e HEnge tagainstRedt sitk and Credteslagenpdmounting

s1beat-trassferjanction. betwean the flange anddeat sitle 20 As pravioush-1ude
noted, the flange 102 includes a genera lanar die-attach area 112, t
e S 1 10 T or e SP e Theries SR phat o Siange
10diecatiabh drea1aztistprefenstdly flattd withirPabsat WGL ifdiesoperolts or
otingh, ang-mese spreferably 1o Within abeut0.09054pehes per inchidenatively,
facilitate a o0d euytectic solder connectjon between the dje 110 and
e S A o IR TS T G- SRS e Shr b o e ot
chpieferaplytessnhan dboutrBomiche-iséisdsfor eutectic soldering. The
surface roughness of the bottom of the flange 102 is preferably less than
about 64 micro-inches to facilitate &RMY 30 good head-conducting

Conﬂtﬁ@bﬁ‘&?ﬁ ink,J£an adhesive.. suchas,epaxy; is used i aftagh. 14

the die 110 to the die-attach -13 area 112, the die-attach area is

Isprterigsly RETSSHARAGBBULDITES Htheedelith &nd SRfoothapdRitiif? and
toahoudt G44nicrodrchest Alse aspraviguslysnaiedqsthe; flapgezkiaincludes frame

poToynting, slots 116 and 118, Alernatively, the flange 102.can i0clids, whicn
extend from outside the frame, through sidewalls of the frams,
into the air cavity area. BAs a result of this molding, the frame
adheres to the leads 106 and 108, although this adheszion 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 lsad 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. B. As previously noted, the
holes 310 are formed in the leads 106 and 108 when the lead frame
360 {FIG. 3) is stamped or etched. Preferably, each lead 10& and
108 includes a plurality of preferably rectangular holes 310
arranged in a line where the frame 104 will contact the Ilead.
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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5 threaded or unthreaded mounting holes. In these cases, the flange 102

can be mounted to a heat sink or other substrate by bolts or other

fasteners extending through these openings. Alternatively, the flange 102

can be soldered to a heat sink or other substrate, obviating the need for

i lots. 10 Le As. reviously noted wijth reference to FIG, 1

e e e e B b ofing, e hanhgies 310
Arg TG TRrthe RAURLEGE AndcO8 rBdriny theemiDiding Ga@ration, the

fra 104 is molded preferaply around the leads 106 and 108, which 15

extrtrekﬁlde r%?nl %ﬁsiagr%éjg%ér‘ﬁ%?}{h roughSideRAiE of the Hiine O intertheraiputes
tocabity areze sl a resalt Bithiswmolding, thedramer adheresdoithgdeatsc.  The
coh88ang, 108, aithquah.this aghesion g stypically. mperiect and.subjectto .,
. breakdown due tq the heat of soldering and operation of the die. To
- ce)\'/er‘aé)c})rﬁgxthrlﬂsap?%ﬂe%?]é%%hdéﬁlféﬁa 168 &G 1987 51ete by nciidesnet 1ovw
thgppgdretiead fetahtion:features td seeliraathenlead tathe frame 104c0ne: the
nolead retgntian feature defines at least one hole, 310 mggeee&d?o!f?ﬁﬁiéé 3-8

, _Shown igéFlG. S. As previously noted, the holes 310 are formed in the

101 1067 andt 3 08 WHER the 185 e 58 PO FIFIG e sténidd Bples can
beetohet: tReferably réachteach206@nd H0&intiudesa ploralityofvity of the

1cRieferahly rectangular holes 310 -ayranged i g line where the frame 104

will contact the lead. During molding, some frame thermorpﬁagtlc flows '
SeHidCARY tReR2frédze8hR, thekolas 3TosthuayméesaticaRFlocRibgtiesh this
relbart 166 3Q0rdO8withiethe Farae 10handpreventing thedeadfioming 1ead

' lled frame without requiring an adhesive to be added
me?glgft?é#v%%%] t %I%%%lzaﬁd the frame. As shown in FIG. SA, the holes 310

Rectangular holes 310 maximize the amount of frame

Q

thermoplastic that can freeze and lock the leads 106 and 108,
while minimizing the reduction in conductivity of the leads. The
longer dimensions of the rectangular holes 310 are preferakbly
alicned 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 reteﬁtion feature, shown in FIG. 8, provides a
hooked or bent (hereinafter collectively “hooked”) edge BOO,
ridge, depression or other structure on or near the end of the
lead 106 or 108 that resides within the =air cavity area. This
structure is not co—planaf with the lead. As can be seen in FIG.
5A, during melding, 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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are preferably completely covered by the frame 104. Electrical

conductivity of the leads 106 and 108 contributes to the overall

performance of the circuit package 100. The 5 conductivity of a lead 106

or 108 is proportional to a lateral, i.e. approximately perpendicular to the

direction of current flow through the lead, cross-sectional area of the lead.
prBéeyuse therhdles810 feduthithis erodsredctividiaréasetsectidrelinghapes
cB-Boin RiGeB), the-nymber, placemant, size anghshaperaiibe hales cafbwn  in

10 be selected to nng'miz?eﬁthq_logs§ in_eEffective conductivity of the leads
58 ahd 108 Préfera Iy, e‘holés 310°reduce the cross- sectional area of

the Igad at oty abgut 25%.althaugh this frediction caprbe greateplf 1.aqs
the conductivity of the resulting lead meets_design criteria, 15

+Re @BRgUIAF n6ER 31 Makimize T BHEINEof FrAMB  thehidpttic that =° @
cicanifreezeard lock theleatdss106and 108 awhil® namini2ifg thee made of a
ndGAUCHRRdR condyctivity aithe leags. 1he. longerdimensionsQidhee: ectrical
rectangular holes 310 a;%?referably aligned parallel to the direction of
RS ITWEh B the 0 fdads 06 md 268 “BEpéhaiG orfthe Hiah~copper
i1dhitknessof dke smwmmei th@ﬂt&m&lﬂmyhe:h@teﬁOmmbEcsquaoe.prior
aAnotierlead tgtentionfeatue, shownin G, Byprovides,a. hooked Gz 5 on
bent (hereinafter collectively "hooked") edge 800, ridge, depression or
(SRFEPSHcIEBh 8P nBar tie Rd of the ?‘%%’éﬂof% g?ﬁioé@tﬁaﬁrés@éesand 108
auwittgiﬁethexaib_cgv&y@ieaoﬁmairmﬂmre &&notcmqmla:aacmmmmobﬂmckel
e§2RBe seenin G, 4. guringmolding, Some Mame, NEERORIASIS .+ ncnes of
reezes in or against an outward-faci portion of this structure, thereby
geteating B2 rhééhahral bephentiarprevehts the rdald 106Frétcheifgds -

pulled 30 qut of the frame 104. The hooked edge §OO, ridge orfother
The leads 106 and 108 are prefefably made of an alloy of

betweenn about 2.1% and about 2.6% iron, 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,

however, acceptable. The leads 106 and 108 are more preferably
made of about 97.5% copper, about 2.35% iron, about 0.3%
phosphorus and about 0.12% zing. Such an alloy is available from

Olin Corperation under the UNS designation C19400.

Many alternative compesitions for the leads 106 and 108 are
acceptable. One such alternative includes about ©99.8% copper and
about 0.1% 2irconium. S8Such an alloy is avallable from Olin
Corporation under UNS designation C1I5100. 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 alsc acceptable,.

Another alternative composition for the leads 106 and 108

includes between about 1% and sbout 2% iron, between about 0.01%
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structure is formed in the leads 106 and 108 when the lead frame 300

(FIG. 3) is stamped. Although a hooked edge BOO is the -15 preferred

embodiment for this lead retention feature, other shapes can be used.

Examples of some acceptable shapes are shown in cross-section in FIG.

SE at 800A-F. As previously discussed with reference to FIG. 1, the leads
and, FRSARd 1085 Uskerihettricdiy ctRiecelriie - RF to@cirebirut 1. 3%
cothgard optharkike. Thedead106 agd 108 8remade of anhighcopper alley ance

east.50% copper rovide gaod electrical ¢gnductivity and to match_ .
o e B s RO I e Bt oS et o e s,
Su@pndictivity Rt is- SupeYisk teprior Foram |cabish wikiehaypicaliyrcompriss  UNS
de429n-nickel and 5580 iron (commonly known as Alloy 42) . In addition, the

leads 106 and 108 are preferably electroplated with about 100

mickedidies cfiviekek 8 fernramdiffasiolobartfierlayeraidadoufié® and 108

indligiadnohes, el golddo,facilitate wirebonding orlead soldgringhe Jeads apous
o0 1P Thgzlegds 1055 %Qd 08 are %referabl made of an alloel of between .

- abdtt 2. 196 3hd Hbouts 89 o BethBer B0 Gt 6 1.5% drid 3o om0 2%
ma@nesiphosphbraschetwbarcaboutr®05% dha aboat 6:2%zidormithethieon in

tnbalapee copperOtherralios of these matgrials arg, foweyer, accgpigble.g g
The leads 106 and 108 are more preferably 20 made of about 97.5%

PhBpRE 8ho it 35948 FaBEEr e 3YE pIGEbhEraY and HbottRPE2%s AHER 27
aiBchian alloylis=niadiailedrom 1 Olin Corporatidrunderithe WNS designation
o1 §egignation C19400. Many alternative compositions for the leads 106 and

108 are acceptable. One such alternative includes about 99.9% copper

andagZbtaRout 1% rzisearisMe Sy an alloy fpavailable kensOlineg and 108
inc Our gga%%%vygggra No%tdﬁsfigg aéiroicril % g%gOz(_):%Qe{:E%th%g{&gee%e about 0.1%
and about 0.4% nickel, up to about 0.15% phosphorus and the
balance copper. Such an alloy 1is available from Mitsubishi

Electric Corporation under UNS designation CBG710.

Yet another alternative compositien for the leads 106 and
108 includes between about 0.05% and zbout 1.5% iron, between
about 0.025% and about 0.04% phosphorus and the balance copper.
Such an alloy is avallable £from Xobe Steel, Ltd. under UNS
designation C19210.

Yet another alternative composition for the leads 106 and
108 includes betwegen about 0.5% and about 0.15% iren, 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
avallable from Mitsubishi Shinto Company, Ltd. under UNS
designation C198520.

Ancther alternative composition for the leads 106 and 108

includes between about 0.15% and about 0.4% chromium, between
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materials are, however, acceptable. For example, an alloy made of

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

copper, is also acceptable. 30 Another alternative composition for the

leads 106 and 108 includes between about 1% and about 2% iron,

betwee t0.01% -16 and about 0.035% phosphorus, between about

S ot ST AL 8B an: beokSbrratEut G583 AEGHF10s fhaRge 2hous
thelBalantdieoppend hehpreferredamountef coppehinahis:compositionvailable

is: 401 SUshamalloy. is,avallablesfrap. Qlin.Comorationunder UNS 5

designation C19500. Another alternative composition for the leads 106
and 108:tincludes betwekbreabett 6:3% antbabaubh 2%pirorHaetweeds 106 and

abaut. 0 h%ard abeyl0.4%. phosphorys, between ahout .()8(%10{318{‘:@{%1, between

about 0.2%_magnesium, and the balance copger. The preferre
[

f%%rr%%a loriin 10 fhi€ Aitsinative’ Gofposifidn iS abBEED. 65 ion Cabblit and about
0.20%% phokphphys; shot 8i05% enagaésiuve andogpeut. 99%:eapper. Suthoy is

@Qa@li%i%a@@bl%ggﬂajO@angl@pc{ftiegf%é‘_{l§§ designation designation
%%9700. Another alternafive composition for the leads 106 and 108 15

inc?&d@s‘ between about 1.7% and about 2.3% tin, between about 0.1%

and abgut.Q.4% rll%%'gHQé%%b%%[Qp%?%%EQO.Spﬂorr us.and the balance .\ 404
copper. Such an alloy is available from Mitsubishi- Electric orporation

afider ORs HesiitioR e507 0 Y et afotHet ditefndiveéSitipositisrrfgren. about
ihetkeadsd 0fand 20 19OBsicludes hetveenahoit 0:05%wand ahoWncut 0. 45%
% | 0 04% phosphorus and the
ﬁég{qmpe\@( e oy .025% and abc_)ut . . .
S a0y & cuMBl o Kobe SIGBICE e R room v
GRis d%%ﬁ;mggmposition is about 3.0% nickel, about 0.65%

silicon, about 0.15% magnesium and ébout 96.2% copper. Such an

alloy is available from Olin Corporation under UNS designation
C70250.

Yet ancther 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% arnd about 0.25%
zinc and the balance copper. Such an alloy is available from

Furukawa Electric under UNS designation EFTEC-64T.

Another alternative composition for the leads 106 and 108

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

-0.2% and about 1.2% silicon, between about 0.1% and ahout 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, betwean

about 0.2% and about 0.6% silicon, between about 0.1% and about
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Yet another alternative composition for the leads 106 and 25 108 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

Com ang/, Ltd. under UNS designation C19520. 30 Another alternative

0 -ComBBSItgH Fotthe EakReL 66 ARCFOS PRfitte S BERVEEN BbbRY 01597 ailable

T vz dboeni® 4% chiiemiumebetween: tlidabout &0 tisand ahow10.480 Mr22 4 |
titanium, between about 0.02% and about 0.07% silicon and the balance
copper. Such an alloy is available fii##ieland Werke under UNS

designation C18070. Yet another alternative c osition for the leads 106
and gi’%l& qfr?c u Ogg ee’twévérg %bgﬁf 5%5% f\;lénod gll:])‘gogm 1g§% nickel “Belieerf ¢ e
masifo 0. 4596 EnPAbBUE 0859 siliBeR LBeieenmabolt 0r01%dndabtut flange

1d203%:iphespherus-and the balance goppenSucitan alloy ds avallablenqe 102
prfg%@ gggng SanlI\L/llgteas! C(a)rpgrftlon under UN des:gnatlon C19010. 10

Another alternative Compositioit 1o the Teads 10675108 inciudes that can
wigdiietitabbet ZH0%-And Gt 896 1ickd Pb&R0EEN BboldBR%@Rttring or

3@poutck4% silison zhetweenabaut:0.0p% andRoULQ4290 magaesiym, ..

and th balasncge copper. The preferred formulation in this alternative

Cmbositioris AboUt 3 098 Ricker dbott B859BRE Silichit. dbout Be1sHeme 104
pradghesiumiand atout 96520 espper.Buckanpakoysds avaitablesfrote Gl ting

t&@@9{8@98,‘1%@?EQN§Q§SMR%i%ZQZ§Q- el apothec alienative copy g
composition for the leads 106 and 108 includes between about 0.3% an

BT 0486 RHBRAGM. betwee FUFEBSE 0F5% S BBBHERSY, fife material
ohetiveefirabeut 0 45% aridhdboyt 0:26%esins and compounds, is referred

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

An example of an acceptable resin is one that includes para-
nydroxybenzoic acid, bisphenol and phathalic acid. Ancother
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 dizrupt the anisotropy of the
thermoplastic compound in the frame 102. The CTE of the frame
material is preferably adjusted to be within about 60% of the CTE
of the leads 106 and 108. Spherical balls of minerals 900, such as

talc, preferably about 2 to 3 microns in diameter, can be added to
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zinc and the balance copper. Such an alloy is available from Furukawa
Electric under UNS designation EFTEC-64T. Another alternative
composition for the leads 106 and 108 includes between about 2.7% and
about 3.7% nickel, between about 25 0.2% and about 1.2% silicon,
between about 0.1% and about 0.5% zinc and the balance copper. Such
than dabty isavalablefromi<eobe Si€el diiduund@iUNS designatiodts. Such a
coffbbA%eY ghangtharzallemative.compaalian (ol the Igls 406 and 108
, be

includes between about 1.9% and about 2.9% nicke tween 30 about
0.2%: aadrabeut 6% r-siticonr betwerizabaut .14 and aboutred8&:2%nisture

. ;Ahaspharus and.the balance copper. Such an alloy is ayailable  fro
IR b Corsaraton ubde DNS deagraton OFS2" Finf i1

rlvotet apseBlhith réspkecto HE. BAMMEfr&Ree108 is'B nfdde ofinjectigifever
otnelded thermoplastic apgiisanoldedto the flanga s102.ancttaithesleadse also
106 and_108. The material of the flan 02 preferablyncludes a liqui
R b (LOP) L e LETaR e e e o mesbat
dy2809330C fer AuSn sotdéting oriB80uR0c ferAtSiZstderingttering  thelr
 &Qnventionald CPswaelt at1Q temperatures petweenAbous 3906 aad £lakes”

. about 330C. The frame 104 preferably inclydes basge resins and
IBMESEN AL TS raise RS rr%glﬁi%gk?gr%p%%gﬁjrg?gajr&?ﬁs coefficient of

thermale ion {CTE) and epduce,its-perpeabilibyio meiplwe,. Fofeferably

convenience, the material of the frame 104, including the resins and
T UAMRISUNBET ireterrdd 1515 Fierd herH 53% fth&fmopisstic talfpolfidr  *1os
coedframe matetiahd Aatexample 66 anracceptable rédihtisomkothatEven 1f the

1 1ngludes .Fl’gr%'ot}!y%%%?ﬁé?% acid. bisphenal.and, phathalic agid. Anothere of
atceptable formu

ation includes a copolymer of p-hydro>§lyben20|c
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 abcut 10% and about 70% graphite flakes, preferably

between about 40% and sbout 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 iren
powder based absorbers, molecular sieve filters (zeolites) and
calcium oxide (Ca0d). Sultable zeolites are avallable from Sud-

Chemie, Inc.

The frame material is preferably pre-dried, preferably to

less than about 0.008% moisture content, before injection molding.
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acid (HBA) and 6-hydroxy-2-naphthoic acid (HNA) . Other acceptable 20

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
InCaE P6itormoler skosiely matete thes BT Of fite keds $061nd go8ferably less

ch@PRieximately 14 RRIUE) and (0. eisripEHe-aRisplioRnehiNe pe kept small,
thgrmciﬁlast'ic com gund g] thte rame 102. £he CTE of the fram mate%%\ c

pri%*ﬁrre?era%ly %ajs’us 610 BE Within Z6OUL 60% of the CTE of the 1eads 1068 ©

thand1O8 Spltericht bafisrofuminerals-860 isuctra$ @0 talé dpreferabiy-Abotit gate

at2 to.gdnicronsdpdigmeter; €an he-addedie ~19he.GRal  fiow of the
concerltratio,ns of about 30% to about 40%. Such a c,omposit% has a CTE

ERSFARBUET br/C T2 PpRIC. GPEPINtE s préfetaBy added 16 1RE LCPto
thredugel meistare cinfiitration. Tiis graphite istpreferaBlyrinthedforiref and the

g-egnerally 5 plagar Q@P.hit@‘kﬁ'@-k%ggﬂ‘xéﬁh‘_@é’@i@g@&%&E&G-@’ preferably
_ however other forms of graphite, such as balls or chunks, are also

I &Ran 1A SHHER, tHe GPaphteMakes D0 cRR Wap sofwifg s 06 and
1 cduririgpinpeiction] e¢c. thatheud signifidantyadteringrthelre effectiieniess. Thare, a

nilfiMnPenstallv-Rinnar graphite flakes,, 1 0ipglides such.tlakes thathaye. . ; neq

been deformed. The graphite flakes 904 preferably form layers, preferably
AYBighIy-Pardifet 46 2ktER6F 3biHRes of the frame 104, thus creating

tortupus éﬂg§3086 fqgarp:cr)isélgre gg%ati%ré. Evern'gtpebia ers ar in(%é fo  the
parallel to the exterior surflaces, he presencelpoi"a B'the gfrvap%ﬁg inhibits

exhpistare inHlaHons TIvE gidhité fiakes 1904 d1so AdjiiSttle CTRIGRthaoisture
iGPHe o closely gpatahithe v, the film can be applied to the

interior of the frame 104. Acceptable materials include amine-
based epoxies avallable from PPG Industries under the trade name

Bairocade, polymer-21 films and polymer-ceramlic films.
Seal

The frame retention feature 500 (FIG. 5R) and the lead
retention feature 800 (FIG. 8A) provide good mechanical
connecticns 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. 112, 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 1G8. Alternatively, as shown in
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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%. 20 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
rrmaternial preferabhacentainmbrtvieen abopB3@¥mand: abeati50¥%sgkess of the

On@bg’ra.a%S @Qr}other alternative, or in addition, tp the graphite flakes, other
compounds can be added to the LCP, such as iron powder based

absetbers, smeleeulagsigve fitees (zeolites) andecaloitimmaxidedCa@he frame

ma%%ggglg ée}gj)%?s are availabjte fr:(L)n_JL Sud- Chgrm'grl?%clyso gbga@@@;)}grior o

., . eraﬁl@mﬁe-ﬁﬁea?perlefer'éﬁ)ly 0 ?éLss an about 0.00 ,
apmbisrirecortént thefore ijeetionThefiidg.C 130 BRiditih, ifjelfion tildgg™ 17
t@ho@g@e kﬁg@@ld I, prefarably: lesst than aheudh2reecondszdhjectioproduces
shot sizes should be kep all, preferably less than_ahou s, to
a%?ﬁmg@resxﬁgﬁlc%ﬁme %’?gt] léﬂﬁ%r%ecjir}/léstif %%mgé‘ﬁﬁ“% in t g%%ge%ioncm be
clmalder bakrel. #o a5 st dhe injectionisite proférebily résFiets iewisrthermeter

( fcl%?”r%%%l%éﬁt‘i QOELF%#%B?W%% cir:‘ ereasing,shear ﬁﬂﬁ@ﬁiiﬁeﬁmap@é&iz 1000,
nd, to orient the polymer chains and the graphite flakes 904. The .
S oA BB R SR rLtab* VOEETB a8 Sorngr o I Wi =121

£04 grdetvieent the tedds 106adtiel 0 408: 50 minimize theameant ope  used,
d%e%%ﬂbt%%r%“%ﬁlgé%% anmigimum.mald tempesaiure: ofiahodt » bunbles

OOF is preferably maintained during_the molding ogeration. A moisture
a

ihakher fﬂW@B@ferﬁbl?%ﬁ%‘@to%@piac?ment' ger pump Is used to

pump the sealant toc 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 vigcosity and shear
rate. A low viscosity is preferred at high shear rates, so the
material can be dispensed guickly. However, a hlgh viscosity is
preferred at low sghear 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, sllicones and cenformal coatings. R sultable sealant
includes between about 40% and about 60% solvent (such as 2-butyl
acetate) and between about 40% and about 60% epoxy or gilicone

resin. The epoxy can be, for example, bis-phenol A or a cyclic

1.
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exterior surfaces of the frame 104 to further reduce moisture 15
infiltration. Alternatively, the film can be applied to the interior of the frame
104. Acceptable materials include amine- based epoxies available from
PPG Industries under the trade name Bairocade, polymer-Al films and
polymer-ceramic films. Seal 20 The frame retention feature 500 (FIG. 5A)
a1l REherleadPratéfifion fedftdie BOGERBRBA) proRiiees8 medkanidal amine
hagasneetons thatinhibiviadiltration ofsegistarenand athhesphericrgasesndn 1 or
ition,.the frame, 1 referably includes constituents and an exterior or
Pa%gg%%% fﬁirﬂ'toar‘é%&ﬁlcae%%% %1 i‘fﬁat%ﬁ%gﬁg %rt éé:roﬁleldpusé'e infiltration, as
illustrated in FIG. 10, seals 1000 and:1£€02 are preferably applied inside
the frame 104 along edges of the frame 104, where the frame meets the
leads 206 &hd2108 and avherdthe framid:meérative flddge £02r Astshowire 110

nalh eass-sectiondn RIG LA £seal;10034s gifectivetopreyent infilralionto the
betweg}n 30 the floa&ge 102 and the frame 104 and to prevent infiltration

eBERvect thié Trafiie 104 aith thedead to8. Zitri&ively " @s dhovinfin - -217» 27¢
1 3BIG TR B] t02AlS, 5L 002K angb1902B u@Tbe ussd insteddiefithe ahe frame

1Oséte,alpl‘gggrlglwoﬁg{[ﬁcgOQ%@L'&?%@%%}%S%@QHP gﬂ%&@%nc‘y between

material, the frame material is preferably cleaned prior to 5 application of
b salldit? PRRSmaRIEaNIRY, H4sAReIRh RIR I teart SiierePeRy G e 100
mitheopredanirapramsaiamiprotkices: aeceptablegesnlis. Aematelyyliiey, the
1 ifcﬁa%% material can e ‘i&%ﬁﬁ%% "a‘éi%h 1%%‘&3 DLy eiching. £,0,00 Brxip‘E.h

inside-diameter (ID) needle is preferably used to dispense material for

sealcentd and a 0:01Q:inch: 1D peegdle is preferably usediq dispenssre not
beggueﬂggd to seal lids to cilrcuit packages, because these
conventional techniques use lower welding freguencies, which
result in higher amplitudes that can dJdamage wirsbond assemblies
mounted in circuilt packages. The higher welding frequencies of the
present invention result in lower amplitudes and, consequently, do
not damage wirsbond assemblies, Cenventionally, lids are attached
to circuit packages with epoxy adhesives. Advantagecusly,
ultrasonic welding can be accomplished in much less time

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

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

preferably applied to the 1id 200, as described above with respect
to the frame 104.
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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. 15 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=ahoiiild Paesaiidksabout 30 Pa.s at a

shear rate of about 9.5 per second. FIG. 12 contains a graph 1200

showlstr &iprefedredivelafivtistip beBved #istoshy antesiisar i rated AL08 and
1iaw \ascosisy is preferredathighsheargatesoso thenmaleriahcameberials and
pgclascpe?snsseesq qll'lslg lytglo avrerbggughcggcgs@éﬁapfrg eg;?g % l%\lév S(s;%sac"ribe& in

rates, so, once the ma enal has been 5lsp nsed’ it d6es not run. The
Afatetiak praterablFhad b €856k Vistositysethiderdbsbo X3 Pa Sldngtrating
2 apoytd+4 Pag. Thedmateraks thixetropisdraex isopreferably hetweend used.

about 3.5 and about 4.6. Suitable materials for the seals 1000 and 1002

includé épdeszsificonesarahconforaral chatingss Arsyitabfe setantleads 106
aieludes beveenabaul A% and sbaut 6026 soleni {suchasd:bubd 34 1; gn-

acetate) and between about 40% and about 60% epaoxy or silicone_resin.
TR p oy Cln B Tof Exaible, Bie-pHidil ABHE cyall 255 aRBRNED, =tohed
ocepaxideresie SuitéblelhartengrsfinefudedMines handene:s. Alterndtividly, lead

r%ﬁ%@bﬁa%mm Oﬁgaf@b/@? @h%r gr?cfélletﬁe H'-lre aﬂ!’@éléglelﬁgnénd 108 are
Cookson Electronics. Lid 5 The lid 200 is attached to the frame 104 after

e\t 115 ras BERTPSttactedtbtheNaRye 62 4RAIEARATSIYHONdEd create
tieethetHeads 406 aatH38.0A stutable #d200 is shown in FIGS. 13A and

At 1408, a second high-copper alloy is made for the flangse
1C0Z. At 1410, the flange 102 is fabricated from the second high-
copper alloy made at 1408. At 1412, the frame retention feature
500 is coined in the flange 102 by a progressive stamping process.
Optionally, at 1414, the bottom of the flange 102 is lapped. At
1416, the bottom of the flange 102 is made convex.

At 1418, graphite flakes, talc and/or glass fiber is added
to liquid crystal polymer to make frame materizl. At 1420, the
frame material is dried. At 1422, the frame 104 is molded to the
flange 10Z 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 1s 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. AL 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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13B. 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 60 kHz and an amplitude less than about 100 microns

(more preferably less than 60 microns). Alternatively, the lid 200 can be

laser welded or heat welded to the frame 104. Conventional ultrasonic

plastidiveldindg bechiigises heave it Fasusiss & Seaflidgs i cirafierence to a

packagesqbeeauserdbase 1bconventionadtechnigyesusedovieriveliggand ana
encies, which.result in higher amplitudes that can damage wirebond_ . .

s e o P orainin

f Hhe "preésent riverttich fe SGIRHT IGWe L& phitadES antf eonseghently, Be5cribed

het damageswirebend assemblies:dzonyeationally, lidsare ataehed2@:t0can bhe

'gyggﬂmkegemt%gf%g %@%Siégrjd@d%%ntég Qusly,ultr S§§§Orather than

welding can be accomplished in much less time (approximate .

FRSBE.) IRAATTTky e e fimesi@pX 2 Hows) Theréd fs pferaBlywh in the ert,

intetfesencedditibetgen thenlid 200 andthe frame:104, seportioas.ofibaths, so

the lid.and frame; melt. 5 fuse together, during the ultrasonic weldi .

e T JOb Seeriraly o

a lip 1B00thafimelts and:fuseswvith the frame 404 Thenlid 28048 convexity B
eferably. made of the same material as the frame 104, .as described o

o | AT 5 ot b 1 15 50 Brofoabl oo o 7o

OO a5 déscilsEd abdve withagspetintovihbifpame 204, -23s0  applicable to

Manrufaetwing Details Detalls of the flange-1Q2 Sframe,104xleads; 106 and +hough

1;_L08 and lid 200 of the circuit package 1 (i includé'%g matgrial and ,
he ead T Fqu%on atures 0, .8 an 8 cir respective

processes USGC(f:J of1a rlcatelt eseparts, nave been describedin

alternatives have been described in the context of high-copper

leads, these innovations are also applicable to conventicnal leads
and leads made of other materials. Although the frame material has
been described in the context of a clrcuit package 100, this
material can be advantagecusly used in other contexts, such as
those that regquire a materizl that can withstand Thigh,
temperatures. Examples of other applications cof the frame material
include high-temperature laminates in printed circuit boards

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

5o



5 detail above. FIG. 14 contains a simplified flowchart illustrating a
process, by which the circuit package 100 can be made and used. At
1400, a first high-copper alloy is made for the leads 106 and 108. At 14085 LP
lead frames are fabricated from the first high- copper alloy made at 1400.
At 1404, holes 310 are punched, etched 10 or otherwise made in lead
frame 300 to create one of the lead retention features. At 1406, the ends
of the leads 106 and 108 are curle@?ﬁéM,Sstamped or etched on the lead
frame 300 to create the other lead retention feature 800. At 1408, a
second high-copper alloy is made for the flange 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
L. Rt TS IAhe R Tt nd ORGSR Or e hauE 1 G Tnadens:
convex. 20 At144d8rgraphitecflakely; talevamd/or glass fiber is added to

liquid crystal po k eric 2Q, fram dal <. 4e
s dried. At 1422, 1 e 104 maldes 0 e Tanga 102 andinc eads *1°

106 and 108 T&cf424 Rednterivr ot @ fapTe 264dhdAange t0Xtéinsabout

the air cayity @gea; ix-eleaned At:i26, thesealantis appliedrtaseal theighness
boundari?}s betwggagn tré%frame 104 and the flange 102 and between the
1

frame and & 162 Ay POsTAFTAs S FSHE £1%s attached to the
flange 102. At 143G etlendiestiti®is ultrasariicallyrivielfdanded toithie leadsring a

106 and ggéé\t Jr‘b%ﬁ;ﬁﬂ Aléii ZQ%ES ult sag}pic I% W, Ide&d to g,[{ue fr%me .
£ o 4 hes;
104. -24 While the invention %as been ges?ljbed v%t Dre%erence tolé:r FRches
preferred €xs6difent, those skilled in the art will understand and

the metallic body comprises at least 50% copper.

2. The flange of claim 1, wherein the metallic body defines a
plurality of openings by which the flange can be mounted to a

substrate.

3. Th
at least 90% copperx.

(M

flange of claim {, wherein the metallic body comprises

4, The flange of claim 1, wherein the metallic body comprises

at least about S9B% copper.
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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 example, lower power die can be attached to the flange with .. .,

epoxy or other adhesives, rather than being soldered thereto. In addition,
as is well known in the art, alloys typically contain small amounts of
impurities, so constituents described herein do not necessarily total
10084, 1@ Although-the, frame retention feature 50Q and.the convexity H of,
5. e 1
the flange bottom have been dg’scribedrin the cgntexi‘;| grl gjh?gor%c%]pp%?mpmses

20 fAMYRYLGY, tHEBE findWatidis arefalso applisaBRFiR oRvensonal frmgesaroup
corgmdi fdnge s imade ofrothes materiats. Although the lead retention features
310, 800 and their respective 15 alternatives have been described in the
6 con&%xt ojfi%h-cogger leads, these innovations are alsp applicable to '
* convEntiGRANERdS “arfd TeRdd mad& SHother fisteRaiss witHougRdHe comprises
an frame atarial e been desctibeddanithegbntextrafa circuit package

100, this material can be advantageously used in other contexts, such as

20 those that require a?ateri that can withstand high, temperatures.
- Examples of other applications of th%%ﬁéf%énmé eeria?‘#ﬁ%i’ﬁd(égmams petwean

abgith-teripéraftité |@aftdtes i pririéd epstitboanrds RCBspand sockets 98.5%
cof@ieglectronic components, cables, PCBs and the like. -25 MCSLLP

CLAIMS 1. A flange for mounting a semiconductor die, comprising: a

solid metallic body having: a central planar die-attach area on a first side
8. therBdf, the Yrsiattach srediBeifg flatbsvitiin about 211oy contains about

C.085% silver and at least about 99.9% copper.

9. The flange of claim 1, wherein the metallic body includes a

recess that defines at least one undercut portion.

10. The flange of claim 9, wherein the recess includes =a

portion having a dovetail-shaped cross-section.

11. The f£langs of claim 9, wherein the recess includes a

pertion having a T-shaped cross—section.

12. The flange of claim 9, wherein the recess includes =a

portion having an L-shaped cross-sechtion.

13. The flange of claim 1, wherein the metallic body includes a

ridge that defines at least one undercut portion.

14, The flange of claim 13, wherein the ridge includes a portion

having a dovetail-shaped cross-section.
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0.005 inches per inch and having a surface roughness less than about 64
micro-inches; and a second, side, opposite the first side, having a surface
roughness less than about 64 micro-inches; wherein: the metallic body MCSLLP
comprises at least 50% copper. 2. The flange of claim 1, wherein the

metallic body defines a plurality of openings by which the flange can be

15. mosRted i@ A substrate. &, The flange of claim.1 .wherein the fpetallic porcion
boq%comprises at least 90% copper. 4. The flange of claim 1, wherein

hathRdmR Al BER e Shiprigeg gt ffist about 98% copper. 26 5. The flange

of claim 1, wherein the metallic body comprises an alloy of copper and at

16. leastene raatesiak ehesenfronBa grai: GOMpIising Zirgoniim and slvefortion
hagii.nTh%inIa][JQe of %I%irgrlégvrle%eci:rﬁgg metallic body comprises 5 an alloy
) con%amlng aﬁé;gst about 98% copper. 7. The flange of claim 6, wherein

the alloy contains between about 0.05% and about 11.5% zirconium and
17. at least aieutd8.50 cdpper. 81 Theftargeof-tlains &;awvhereinithecdlldyhe body
1 s CONtAINS about 10 0.085% silver and at least about 99.9% copper. 9. The
flange of claim 1, wherein the metallic body includes a recess that defines
at least one undercut portion. 10. The flange of claim 9, wherein the
18recészintlades acportiorihaving aldovetal-shaped trossettion.sE5ddd side
15 The flange ofglaim 9, whereinthg recess includes a

19, The flange of claim 17, wherein convexity of the second side

is between about 0.0005 and about 0.0010 inches.

20. A flange for mounting a semiconductor die, comprising:

a solid metallic body having:

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

a second side, opposite the first side, has a
surface roughnsss lesg than about &4 micro-inches and

is convex.
21. The flange of claim 20, wherein the metallic body defines a
plurality of openings by which the flange can be mounted to a

substrate,

22. The flange of claim 20, wherein convexity of the second . side

is at least about 0.0001 inches.

208 -
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portion having a T-shaped cross-section. 12. The flange of claim 9,
wherein the recess includes a portion having an L-shaped cross-section.
13. The flange of claim 1, wherein the metallic body includes a 20 ridge
that defines at least one undercut portion. 14. The flange of claim 13, ycsiip
wherein the ridge includes a portion having a dovetail-shaped
cross-section. -27 MCSLLP 15. The flange of claim 13, wherein the ridge
25 Inclises.apagion. hawing:a Tshaped cross-section. 16. The fanae.of ) ...
N clljalén 13, wherein the rld%e includes a portion having &n ?_-shape(f
® CTo5EEELtRTE 17 THE Hafge 6PQEim 4; WHreifiesecond side of the
body is-convex. 18. The flange of claim 17, wherein convexity of the
24, secone sidernig<at deast about 9@90%&% 19 The flange of ¢lal é‘gmprises
2+ Wherein gé)@vgéi%g,fﬁ t_he second side 10 is between about 0.0005 and
about 0.0010 inches. 20. A flange for mounting a semiconductor die,
comprising: a solid metallic body having: a central planar die-attach area
25. on gfiestSide ctherebf cihel die’Aitachared beinglatdo avithia about Bmprises
at :Q054nehes @@5 “and having a surface roughness less than about 64
micro-inches; and a second side, opposite the first side, has a surface
roughness less than about 64 micro-inches and is convex. 20 21. The
26flanfesofClamy 20oWhetaithédmetalicrbody tbfinessaallic body comprises

at least about 98% copper.

27. The flange of claim 20, wherein the metallic body comprises
an alloy of copper and at least one material chosen from a grbup

comprising zirconium and silver.

28. The flange of .claim 20, wherein the metallic body comprises

an alloy containing at least about 58% .copper.
29, The flange of claim 28, wherein the alloy contains betwsen
about 0.05% and about 1.5% zirconium and at least about 98.5%

copper.

30. The flange of claim 28, wherein the alloy contains about

0.085% silver and at least about 99.9% copper.

- 20 .
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plurality of openings by which the flange can be mounted to a substrate.
22. The flange of claim 20, wherein convexity of the second side is at
least about 0.0001 inches. -28 MCSLLP 23. The flange of claim 20, CsLLP
wherein convexity of the second side is between about 0.0005 and about
0.0010 inches. 24. The flange of claim 20, wherein the metallic body
comprises at least 50% copper. 5 25. The flange of claim 20, wherein the
etalfid Body dothpReEs it east 90% eopPertes. The flangeroficlaim 20,
wherein the seetallicdeady tomprses ralvheast about 98% copper. 27. The
flange of claim 20, rein, the.metallic body comprises_10 an alloy of .
copper and at Ig?ast}%r%lfﬁrgteﬁéfléﬁgse%lﬁo?‘ntgag%u6 “E6mprisifig Eiise side
zirconium &5 &iver. 28 Thesftange of clairr2@awherdia ahe tretallicBodybout
comprises) .an alloyreoriainiag at:least about ABY% coppers29rihe flanggnness
of claim 28, in the alloy contains between 15 about 0.05% and '
about 1.5‘%%\%10%%%3% %ﬂ%‘%t é%s‘%%ﬁéﬁfia%%b%s ’co%rﬁ%r. 30. The flange of
claim 28, whereif tHE MOy contains abowt 100859 sier shdHitdeasthaving a

about 99.9%-capper. »29MESIL P13L A flange faPeuntiBg a i cro-inches;

semlcondgggorreqlrel,_ comprising: a solid metallic body having: a central

planar die-attach area on a first side

the metallic body includes a recess that defines

least one undercut portion.

32. The flange of claim 31, wherein the metallic body definss

plurality of openings by which the flange can be mounted to

substrate.

33. The flange of claim 913 yherein +he recess

at

o

includes a
portion having a dovetail-shaped cross-section.
34. The flange of claim 31, wherein the recess includes a
portion having a T-shaped cross-section.
35. The flange of c¢laim 31, wherein the recess includes a

portion having an L-shaped cross-section.

36. The flange of claim 31, wherein the metallic body comprises

at least 50% copper.

37. The flange of claim 31, whersin the metallic body comprises

at least 90% copper.

38. The flange of claim 31, whersin the metallic body comprises

at least about 98% copper.
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thereof, the die-attach area being flat to within about 5 0.005 inches per

inch and having a surface roughness less than about 64 micro-incheﬁ;(;,,sLLP
and a second side, opposite the first side, having a surface roughness
less than about 64 micro-inches; wherein: 10 the metallic body includes a
recess that defines at least one undercut portion. 32. The flange of claim

39, 31nwhereinthe n&%tau@ﬁ@pyﬁgfiraﬁ?&eewa&%of 095551195 %V“‘fé‘o}#p%ises

flange can be mounted to a substrate. 15 33. T emf?ange of claim3
A0 \Biverdin te FEERSE inthideita (56rfibn il addvvetaitsRaged fxom a group
conprossisartion: h e dtahge of-elaim 31, wherein the recess includes a
portion having a T-shaped cross-section. 35. The flange of claim 31,
4o Whetein the Jecess ingkru‘dies a, 20 portion having an L-shaped ‘
‘Cross-section® 36 Ths ange B cldifT 3T whEreinthie Mhetaficissly comprises
20 GompHsesraelieastB0% copper. 3¥oThefingmppetaim 31, wherein the
metallic body comprises at least 90% copper. 25 38. The flange of claim

31 erei allic_body,comprises at least abqut 98% copper. .3
4131 mhere] y,6omp a pe
MCSLLP %ét&%h%%aﬁgg% cfﬁ%r‘n Sf%v? &7éin the nietalié body compriggsveen

abotrt alfy sfcopiser ahedt Iast bne rateriakchesen feom asgreup about  98.5%

copg@mprising zirconium and silver. 40. The flange of claim 31, wherein the
metallic body comprises

42. The flange of claim 41, wherein the alloy contains about

0.085% silver and at least about 99.9% copper.

43. A flange for mounting a semiconductor die, comprising:

a solid metallic body having:

a central planar die-sttach area on a first side
therecf, the die-attach area being flat to within about
0.005 inches per inch and having a surface roughness
lesg than about €4 micro~inches; and

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

least one undercut portion.

44. The flange of claim 43, wherein the metallic body defines &
plurality of openings by which the flange can be mounted to =2

substrate.

45. The flange of c<laim 43, whersin the ridge includes a

portion having a dovetail-shaped cross-section.

-3 -
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5 an alloy containing at least about 98% copper. 41. The flange of claim
40, wherein the alloy contains between about 0.05% and about 1.5%
zirconium and at least about 98.5% copper. 42. The flange of claim 414G SLLE
wherein the alloy contains about 10 0.085% silver and at least about
99.9% copper. 43. A flange for mounting a semiconductor die, comprising:
a sQlid metallic body. having: a central planar die-attach area on a first side
46 thé‘r?é%f,r%ﬁeg %?éatt%%h é:rieaaggei%% flat towgvﬁﬁienlﬁboﬁﬁew 5608 inchds pers @
POTTHER ahdRadng & saHaeedotghnesselessahan about 64 micro-inches;
and a second side, opposite the first side, having a surface roughness
le a 64 _micro-inchesy wherein; 20 the metallic body includes,a
“f. ridsgég:hg%%?#%es g?leagégoﬁr?e un?zllétlarcu%llﬁ)gFti’ciLnI.l 429.%%6 ﬂ%tcr%% of a%\cliﬁdes s
POTYROR i Bi thé metafieb§dy shetimes 2 Prarlity of openings by which the
flange can be mounted to a substrate. 25 45, The flange of claim 43,
48. Whereinsthesdge indludes a 4pgrtion, baving a dovatailshaped s, corprices
2 FLOSS -sgggon. -31 MCSLLP 46. The flange of claim 43, wherein the ridge
inciided a’ poridn having a T-shaped cross-section. 47. The flange of
claim 43, wherein the ridge includes a portion having an L-shaped

49. crossesection<b 48. thesflange of glaimA3, whereinthe metalic Bodyp -1 ses
at Eggﬂglsg%s% copper.

50. The flange of claim 43, wherein the metallic body comprises
at least about 98% copper.

51, The flange of claim 43, whersin the metallic body comprises
an allcy of coppér and at least one material chosen from a group
comprising zirconium and silver.

52. The flange of claim 43, wherein the metallic body comprises
an alloy containing at least about 98% copper.

53. The flange of claim 52, wherein the alloy contains betwesn
about 0.00% and about 1.5% zirconium and at least about 98.5%
copper.

54.  The flange of claim 53, wherein the alloy contains about

0.085% silver and at least about 99.%% copper.

232 -
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at least 50% copper. 49. The flange of claim 43, wherein the metallic body
comprises at least 90% copper. 50. The flange of claim 43, wherein the
metallic body comprises 10 at least about 98% copper. 51. The flange of
claim 43, wherein the metallic body comprises an alloy of copper and AfCSLLP
least one material chosen from a group comprising zirconium and silver.

52. The flange of claim 43, wherein the metallic body comprises 15 an

Alloy coifthitifg HtiedsCan6at 089 E6PpELE-BIeTRE flahgEof claiffsz tsing:
wherein the, %I oy;ggnlﬁ'gs etween about 0.05% and about 1.5% .

zirconiu?n alndJ’YattIeést abrolé)'?%%%% ggpﬁé’ﬂ%}&.%mgﬁéﬁég%fﬂairlneéé}: about
yohereip the-allaygontains apout 20-0.085% silver.and atfeast about . ;.o
99.9% copper. -32 MCSLLP 55. A method for fabricating the flange of
sclaiha ds comprising’ forming the flange from an alloy comprising at least

about 50% copper; and coining a frame retention feature into a first

surface of the flange. 5 56. The method of claim 55, wherein the material

Tomprises 4t 1845t Bbot'§0%h coppel 57 Sthe histh8d of cldim s§merises at

whetein,the material &,Qr.ises at least about 98% copper. 58. The
method of claim 55, wherein the material comprises an 10 alloy of copper

and at least one material chosen from a group comprising zirconium and
silvers9. Thermethod oficlaim 55, wheeeiaihe rhateriakeemprisesmprizes at

least about 98% copper.

58. The method of claim 55, wherein the material comprises an
alloy of copper and at least cne material chosen from a group

comprising zirconium and silver.

2%. The method of claim 55, wherein the material comprises
between about 0.05% and about 1.5% zirconium and at least about

98.5% copper.

6G. The method of c¢laim 55, wherein the frame retention feature

includes an undercut portion.

-33 -



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

98.5% copper. 15 60.The method of claim 55, wherein the frame retention
feature includes an undercut portion. -33 MCSLLP 61. The method ¢fCSLLF
claim 60, further comprising: imparting a convex shape to a second

surface, opposite the first surface, of the flange. 62. The method of claim

61, wherein convexity of the second surface is at least about 0.0001

inches. 63. The methad of claim 61, wherein convexity of the second

S1-surfate BhEfivedt abotitd.0605 andratsat 6:BBAB ACRES. 64. The
method of.oleamt55,owhereim the: albyr pemiprises wirconiumub6badbe opposits

methd elaim 53, wherein the allgy eqmpyises silver. -34

62. The method of claim 61, wherein convexity of the =econd

surface 15 at least about {[.0001 inches.

63. Tne method of claim 61, wherein convexity of the second

surface i1s between about 0.0005 znd about 0.001.0 inches.

64. The method of claim 55, wherein the alloy comprises

zirconium.

65. The method claim 55, wherein the alloy comprises

silver.

-34.



