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. MEMBER AND METHOD FOR MAKI NG THE%W‘EWW the I nvention The present
"invention relates generally to sem evi ces, and nore specifically
to sem conductor devices which utilize*3#®®¥Haped di e supports in
sem conduct or packages, and nethods fr 10 making the same. Background of

.the Invention Package cracking is a comon problemin plast ilffhﬁn&?ﬁsul at ed
15 sem conduct or devices. The problem arises froma conbi nat’i On’ Of “f act or s.

mter gl and SETICONBUETD Em@e“%gﬁ@gﬁgﬁ%ﬁgﬁﬁﬁ&?”& 2
. Ike the rest o

conventional | eadaﬁﬁg{{ﬁfmﬁﬁﬂ h&é‘ﬁﬂ‘@ﬂ

the lead frame, is usually made of copper, a 20 copper-alloy, or an
iron-nickel alloy, and therefore has a coefficient of thernal ) “\“\
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25 ‘anot her manuf acturing probl em which the above nethods do not address,
.nanmely the need for sem conductor manufacturers to use a different or
‘custoni zed | ead frane design for each of its products. Having a different

| ead frame design for each die size and die functional pin-out necessitates
a large inventory of piece-parts and sequires 30 additional time and human
resources to design a new | ead frane before each product intglcbdtjczébé)n. I n
addition to costs associated with inventory and design, the o8ty t he
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address, namely the need for semiconductor manufacturers to use a

different or customized lead frame design for each of its products.

Having a different lead frame design for each die size and die functional

pin-out necessitates a large inventory of piece-parts and requires

30 additional time and human resources to design a new lead frame before

each product introduction. In addition to costs associated with inventory

and design, the cost of the lead frames -themselves are undesirably

inflated because of insufficient volume to lower the cost to a minimum.

Several small orders for lead frames, each requiring separate tooling, is

35 more costly than one order for the same total number of lead frames.

Thus, the cost of semiconductor manufacturing could be significantly

reduced by the use of a lead frame design which couid be used in

conjunction with several different die sizes. The present invention



4 11 July 2003 FIG 5 is a cross-sectional view of a packaged sem conduct or
.device in accordance wth the present invention which utilizes the |ead
frame of FIG 4. 5 FIG 6 is a top-down view of portions of an alternative
| ead frame design having a mni-flag, also suited for use in accordance
wth the present invention. FIG 7 iga top-down view of portions of yet
.anot her |ead frane design having a mni-flag suited for usel\{\,ih'& hz(gdge
present invention. 10 Detail ed Description of a Preferred Errbool?/mant The
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of package rgaeiki fedalldvidte phckade sfackingSprobRegs.advant ages in a top-down plan
vi ew of _one enbodi nent of the present invention. A 20 sem conductor device

10 has Bortions of a lead franme 12 which include a plurality of |eads 14
and four tie bars 16. Lead frane 12 of FIG 1 is only partially
illustrated. As one of ordi rgunindy bf thelinVéstigh t woul d understand, |eads 14
and tie bars 16 extend to two opposing rails (not illustrated) as in a
conventional strip lead frame. In addition, not all of 25 the |eads of |ead
frame 12 are il llnsnedosn.of the present inveptiepoa semigongugtarsteying hap t he present
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in FIG 1 iadkgpnesed by, thetie bagimtherdigrecgvipaargastng dishi§uct or package;
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such' a pac | irfl &t ini jption. In
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f r om opposith8sé semfcotidutit? dévicesecei ving area to forma "+" as viewed from
t he perspective I Jd ti ars 16 is a
sem conduct or di-@{ef(’;.gf}gétgﬁ\%%@éeﬁa# ‘ﬁ?i’%%%@%@g’mg’eﬁsrl | lustrated in
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tie ba28 l@onpiretidf with themrocahipanying drieegngs. dids mportant tospaint ast a
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of the int spesifieallillpsiiateds hr ough various conducting layers (not shown) of
the die. The electrical accessibility to the circuit is extended externally
througbga 10 conbination of conventional wire bonds 24 and |eads 14. Wre
bonds 24 electrically couQI.e onds .%adsf 22 to respective | eads 14. As
depicted in FIG 2, |eadsPHal Besmion A heDrawingsyackage body 28 to provide
external accessibility to the end device user. In accordance wth one
enbodi ment of ”ﬁg&l.ﬁ\’i%@fo?%oM PIdrAiIEWIS] pbtiHRCHF diriRpadMgéigst i nct portions
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the width of eaghd i §la RP.GARN plah view of portions of an alternative lead
frame design suitable for use in the present invention.
FIG. 4 is a top-down plan view of portions of yet another lead
35 frame design for use in one embodiment of the present invention which

utilizes a mini-flag.



20 is on the order of 0.2-0.3 nm (8-12 nils) while the width of each second
.portion is on the order of 1.0-1.5 nm (40-60 mls). The reason for the two
different widths is not that die 20 cannot be supported by a narrower tie
bar. As will beconme evident in FIG 3, it is the configuration of the tie
bars, not the width, that establishesyadequate die support 25 strength and
Stability. Instead, the reason two tie bar portions having dlilffer§ t w dths
is used is to establish "shoul ders” 19. Shoul ders 19 provide 6{‘11?@ rence
point used to align die 20 on the tie bars. Vision-based die bonding

equi pnment can easjLy-locate shoulders 19, thereby enablin ccurate
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seni conductdgsign bavingrminidiag stitediioryse withdhe psesegtinventianger than the die
to provipde a | arge die bonding area) thereby maxim zing the adhesion
between the die and the flag. In using such a flag, a sem conduct or

manuf acture restricts which die can be used in the 5 device. Thus for
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16. Anot her _ti.e tur e, Wni K s, di,e size dowp-set regions,
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11 July 2003 The cross-section of FIG 2 aids in understanding how device
.10 is also nore resistant to package del am nation when conpared to devices
whi ch use conventional |lead franes and flags. Device 10 as illustrated in
FIG 2 is packaged in a plastic resin package body 28. 5 Package body 28 is

formed about the device using traditisgonal plastic encapsul ati on net hods.
But unlike traditional plastic packages, package body 28 is hg®§ sone to
cracki ng because die 20 is supported by tie bars 16. (In Flé. appears

that only one tiMolfted onipie bard 16 iglh eehissritietdritie 200As- section is taken
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wi t hout  voi,ds an ree around the die edge.
In the pre%?onmﬁf'?'&ﬁ%??’aﬁigéﬂz ?1591(.20|§§V?’@| m%@@tthe 20 wi dth of
the tie basenticoriducter diesidescand shapescodrsbe ngedi @onverdionapr ocess and

equi pent . gEQTcels HpsiBaHFemBIdYABLYG1aniss REANY adistPBAR RISt em may have a
lower Iimt on th un epoxylt can di spénse, based on the size of
the syringe used to dispense the material. As an illustrative exanple, the
smal | est epoxy "dot" that a system can di spense may be 25 about 0.4-0.5 mm
(15-20 mls) in dianmeter. Upon pressing the die against the die support
menber, the epoxy spreads. Therefore, to prevent overflow of a die attach
mat eri al over the edges of the tie bars, one practicing the present

i nvention may choose a tie bar width sufficient to contain the spread of
the die attach material.



30 In preferred enbodi nents, a die attach material is dispensed in an
X-shaped dot pattern having a single row of dots per tie bar. In many
comercially available die attach di spensing systens) the dianeter of the
di spensing syringe is on the order of 0.4-0.5 nmm (15-20 mils). Viscosity,
di e bonding pressure, tenperature, armgl other process 35 paraneters wll
affect the degree of spread in the die attach material duri ng ﬁl g(gondi ng.
However, with the single row of dots in an X-shaped pattern, e 2% ead of

the die at ts@ﬁﬂc&ﬁ@l%tbﬁhle%'rﬁ&:rﬁé’&t'r rscmabbxéngw lepddrehgh $RENSi ng

systens cang;b ea5| onta Iy 2003 wi dth of
1.5 mm (60 f% ?lr@Pa ?ﬁspﬁn%gﬁgée@gé%y Wﬁf‘%"?'&p 5 and di spense
system equﬁﬂl’r’@tStOFebeiMw@n the disanéfhecfieg Inusingseah aflapl @r tie bar widths
can be Use%e‘ﬁ‘nbbnélthﬁéﬁn@nﬁm réyﬁ'bﬁ‘ﬁ'hlcﬁlﬂ'é Ran Heredftin@heet hods of die

attach us S have such

di spens C% %Mefof:a\rﬁe \Aeha%esd?%g b@géﬁ?ﬁgﬁg@ %(Sn't""f’te bars using
an adhesi véietsma remuksadifremer éuscussaxbma\/ms}yay\ebedwm tdelay using tie
bars w dth rbé@&l,ﬁgommrﬁdémmhﬁum ¢e bar widths on the order

of 0.2 mm a_ W der | e mai ntainin
the ability to p’%éf%’{ce B&CS @ai\ee (W@ctﬁp eg?'ﬂmé\g?ﬁ@nt%ﬁp% -pl astic °
i nterface anaay hewnesd flsam e&gnmmmmppmm toeiraditienal reethots. Asm m ze the

met al - pbastlistidie e RIG, armacet’maa@esmdt@mpmw@ﬂaghﬂme@dr gy 2gent that

é“ciﬁféaﬁﬁétréﬁ%h%véiﬂér?ié @ﬁ%&%ﬁ%ﬁ#fﬁwu@ﬁaoﬁ%%%%ﬁ6{“#@@“&%5&”. S ess "
than appr o¥izeeshape of dis gam kessupnartpd. A kmitatioptor thetlie sizg anfht as the die
size i s deshepsedf,dié 20 |eﬁhp6$e:d1by1mrlpettmmftlé@dsinemmm1 tbefingl astic is

reduced, S%é ﬁi}ﬂﬁﬁ]réé 1§hﬁn8ﬂe$ Hﬁl@ﬂoﬁ‘i’o féréizé géefwa hdb&g Made as

narrOW OSS | e an astic n’ay be
nsuff 187 elramme ?e@ﬁxtbep\m ad %sﬁh s thedie gl1S pakmaS Safale; Lo o
reduced, oxtbe dengtbtaf odie bamdsh%4 peedadito electiicatly cedpledble dithtes suggest s t hat
the pr esentlead‘s/¢4t|h<§r6asé§f‘rﬁd%eal%'érﬂﬂééuﬁér’é)uﬂy@rﬂhhlﬂgnWﬁ‘d@@@d cracking, is

nore effec f | though die of all sizes can be
used whi l eﬁ%'i{&hvgl@é%} %%1{;1‘ E’&‘@jé‘ﬁﬁ% gle ?&?he present invention). As an
exanpl e, the prdswiherlinitationsio g $'§966Ptb@ isyRasgelky featuras i i ng an area
of 3.82@m (tihaﬁam Fep irstaree ifsholkiege 1 9 andtipsradlignatent féaturels arehavi ng an area

of 6.5 mMm his size, and the
mdtﬁﬁ Oéigi“ee%rpfhdt% ﬁé’r@ w%ﬁ*&o%n% tﬁé%’h nffent he die and the

tieb
PP pealtes ec'@%fest%ﬁaﬂmaﬁpléraaa?eﬁeww W88 ol BhEeRR 8 of ¢ he et al
tie 30 bar §tbﬁ@ahgmngnfat§atwe@dgeaget protdvibyariable digstizes fiam defining tie

bar w dt h amimdguseBoARBGIgHtherfistante fmrrpancamgnmegt idwturerteshstdie nvention, it
my algg b‘”rpég%@}\%ﬁh dﬁfferammers?zetshse\t, ﬁf{m@@tm.@éfz@ﬁ cafiidifpre area and

the neta I nte astic

interface é’rség‘g theisgmede rgfnq 9'? rF‘éiaé\T’p B %ﬂ?tsi'@ﬁ ?’m@ﬁ?race 35
(excl udi ng tham dien26 rdamcstill et moantedhantd diadsarari®. Ahetherdistbar)featurepr ef er r ed

embodi ment %hl&ﬁﬂnﬁised@'s‘?z%tﬂnﬁ bRt RivirRe8t Rigfchd, Sueh 88lRwrl-fan two tines the

met al - pl ast | c, | nt IIustrates portions of a

| ead frane 88 Pﬁgi”U "ﬁ‘@\ﬂdn I'én.‘\/]y‘é%onﬁ gaofftﬁﬁﬁ’ﬁ BHSRIL various features
whi ch 8@n ta@puwmatalya)lsmrmﬂh@adﬁdﬂ wheireas portiqoe d7riade afowert he present

} nvent ;3 022 prarfié ba'd desulted dolvnaear réfioRaeTaRE dovai-sérieatute G BTSN }M th |ead
rame C5O0, r e figures
repr esent t stnl:aé%g %Fléi%ég}o%g %#Eéﬁhg’q"%&%?d?b@ebar’gg%%c%g%‘gad f?arre 30
extend acr dakeniplongih; linerkr2at£4Ga 8- Pownsehiie hase awared tilewstipport (a
sem conductthe pdisttionsofrtbe di¢ Inuisémparsbri 1o lBbEs t&jacilltite wiee boadingr s ée i QOFI G
1, eachgti R !k t die
recei v?’ng gfrﬁébfgszmaazea%ééf%?%f@;h?fu'dé eg%glmsrgé %%‘g?l&g% t hose of
tie bars 160 i b@(/li’ﬂi‘ﬂtﬁgéo AR area Mith Hh &@?’nlsﬁbr%(% %38VQder tie bars 16

i's that w trhotihindthesdidZor hem-eoplanar ieblar®r pl astic-nmetal interface area)
t hereby | owering the chances of del am nation and package cracking) One the
ot her hand, tie bars 32 do not have shoulders to aid in die



15 al i gnnment. However, other features can be incorporated into tie bars 32
to assist in die nounting. A few of. the possible types of features
suited-for this are illustrated in FIG 3 as alignnment features 34, 35, 36,
and 37. An alignment feature is included in each of tie bars 32 to
represent various types of alignnment 7Zeatures which m ght be 20

i npl emrented. However, it is inportant to note that any nunbgllofc 2P63e bars
can incorporate any nunber or type of alignnent feature

illustrates the Tiné ¢ryssadection wf €1@F 2 laddxdinfunaleestddingoow dgvickatto t wo

di fferent n“@c'fm 39) can be used
in conj uncﬁlg(;%rl];d 6}%?18 f%&&%ﬁ?@ﬁgbg dé@ﬂfn%@bfﬁfvﬂé no 8%1 in FIG 3,
corners of @eviges whishuseranyentionsl %ds rﬁi’r@stﬁﬂds Qﬁll[%evéﬂq $@@ent is believed
to reduce sitlustetedimEEBL2 & p m{i‘ed i eplastic resimeackaige bduy 2Bickaged devi ce

h h
6 br ofectoB RBbRE) 88 R 1oed SpBuPiie dRle BRLHsEoRI BRAEE, (B O, LAY
die attach %!?C@&Slliﬂt'é?nsf@ﬁ‘ih@%cﬁ%‘t‘m 'kéél'/ﬁ@@r@ﬂ wacﬁaégég@sslﬁﬁ%ﬁgﬁon a

"m ni - Mag" lwdy 2@ id lees ppaneatoectacking bistause dic20 & suppartet by tiestrates, in a

t op- down pI ig’n Iﬂ@’t%lfﬂ?pé’érsﬁ‘héle&q%%@rf%lfg)rshu@égﬂg theGe @ mni- flag 42

M ni - flag4 area t uctor |e(|IIustrated

i n phant om Q&C%eltﬁﬂé’rmSQ%'oﬁé%fﬁ kenawheseall 4 ﬁtt@r'?%féec%"éég%@ ween t he
m ni - f 1@y aork poipt. 2Theceassraphyipackage betyBas lgssqrone ltostackiregl) smal | er

th f 40
thZ”s;Rec22‘4%?é%gi?"s%ﬁ%'éﬁﬁﬁaw%fééfﬁe“@ée”"”@*ﬂm" “E%Pé‘ﬁ?ﬂ. flag can 11

11 July 200%alRtialgnd,ihe dip F?Pé'bfn s case f?gg%rﬁdﬁir )45 MK 'P§§ﬂ? Hhui renent s
of a parti cthedntermcaferea in eonvendionaldeviced. Foulths pposesrof thise ar ea of

mni-flag Agssiaidil thE inteFacé batwddh 1erdiedlppbrt empeean@the sem conduct or
O TP b bRl reril %%1@*6"@%@%%&%‘%@%38‘%&@%?E'zs%’n P othersin . ©
deci di ng hoblastig-fag siteriace singe inot 8!l eakodimants; ofdhe present inkentighor t ant to
keep in m rwb\tmalﬂagslntcfmv&hﬁenalfdevicas Whiely employadiag, thdie pl asti c- net al

;Réeééi‘k’zgiﬁ%%‘*‘E*;‘mﬁ%?r%@%m A bab“e‘%”.“%ﬁ]agfi'vf‘?w”iﬁ' | ead
frame 40 iidPBdig BG s STEMDLMOLG IR NG &TaA 236 3. T O8ERy Wance wi th ¢ he
presen0i nmthemtheohaed ibleqriasticsmetal drierfaee apaiscarisiderablytlesar are t he
same as ot hegingleeiiaNoSthei stFtaesefted bf RS §6 Base to previous enbodi ments and
are thus Iabele ni-flag
still maintai ns%ﬁ%glﬂﬁwvgr sa éﬁéﬁﬁﬁﬁgﬁﬂgﬁeﬁgﬁ@gﬁgﬁﬁQgﬂsgg‘O,mn

accor dance ##d Athesemhedimgnts ehibamreserdiimentianis aBEPURbING ferent die si zes
can be usednvprbhed hdhesion pregetties.ahedissussed pevibustyy detlevinationsi ng a

m ni -1 &g 't@aama r%éﬂvédhea Hé@%%tthé %Y@é% kgy&kégm%atewa?v' ous

constral nts_on S|, Ze FOI‘ tance, as
constr it o, 41, [ RS Sty Snd et ddheazlebBeniash thatead, 1

i | | ust r at edyamarmetals ane canventianahplastie Bagamil@twrsm@walsdm@rger di e

(i Il ustr at esrelsBnPingahitsn msprolves tietdielakiisativn promﬂermﬁyl rAfhimih@tHeo be used in

conjunctio t than four tie
bars, faor g%‘?((g Q'ﬁfg?%gﬁoagé?’?@ éﬁﬁmW@’nghimgAﬁ%/ Ifsr ame 60 (only
parti a0y .¢¢la§um%tt%bﬁ}reﬁa96§r%sengmeﬂpt CPeHBa b@ﬁwe?’héhﬁ leader portions of
whi ch defi nfeamedar&i plasm vesgtsinesn if8redsetintile njedac@asealbetwestei vi ng ar ea

63 are two 4, fcsp éf!’?e”ﬁéck@%ecgf ﬂwBCée’f‘ﬂ@oﬁa@ctH aleb%fenﬁ” endi ng

from opposi recerLving area are y used in 30
PIDIP (pl asaq9%rr 9 p th@ nl@)sﬂa-@\ﬁ FisiTad B8 CI5Pes 1R Ihe PBsio e e

illustrati omkarfaw arahlis pdvantageous bebausecadhdsiembet@een plastit ust r at ed. For

I nstan agf umtwnnﬂmér@ hhd Silichh h@%omn%bﬁaééna'eoﬁa\%mi he tie bars

and | ea s %‘ﬁ nei he entire

stripe nor é“?tﬁr'lag '%FLIOPQ?VL@?PSS%GO' Pﬁ'%i&t}wg@éﬁ tSrH‘F‘c? '@ Bbrs 64 is a 35
m ni -flag 6eadtrarhe insetaisdAccordingly, delaminsdionrisilassrlikehyato adesiratea of a

sem conduct (g J%fndmwﬁéﬁawﬁfaﬁtatheldlass’bnﬁé@wt@rf@é@ntom as line 68). Use

of amni-fla | ows several different die sizes to be nounted onto
mni-flag 66 without having to re-design the entire |lead frane, thereby



12 11 July 2003 savi ng manufacturing costs. Like other enbodi nents of the
.present invention) the reduced area of niniflag 66 results in a snaller

pl astic-nmetal interface, in conparison to conventional devices, once the
| ead frame is encapsul ated by plastic. Thus, delam nation and package 5
cracking problens are less likely. Ingpracticing the present invention it
may be necessary to nodify existing sem conductor device ass ?q|¥0
procedures. One likely nodification is the need to change a S A (Battern

for applying di elrﬁéé&ﬁaaﬁ@ﬁﬁweeféﬁee enﬁ‘@é’tﬁﬁieﬁ@s 8flihe'hrBb&st 2 and 5) to die

nh f d | lead f h
2FPag 1 ar geventict iR Sebireife T bora i¥ iR b eledY s 1 o lsuai 1y
appl i ed in minmizest tor increagepbe plastictdie bierace arasmpdosiedeask the o t he fl ag.

I n practi C't@%ltﬂéebé}* cﬂscﬁétsubﬁd@aifé@ﬂhe W’&h%f@ncﬁ?'@@ﬁh@ﬂﬁﬁﬁwe pattern i s now
limted_.to, Le bar ortlons 17 15

bomeat w5t namiinizemdh sopyehtepgLiaeisded: o bekwins Ued tEsHBRoRE 4 onenes
heads nmay bf@gwmmfaiom abgus 6,20-0.65amtnu®-16 Mils) cusuallydbeingior there di spensed

i's reduced g{jgeef maoch ﬁﬁg@?@h:&?GS’udrﬁtléEBPWthsﬁt\@%ﬂ%uﬁé&?ﬁﬁs control

may al so be nee reasons ver hangs die

Suppor ¢ mertiE In aetrrrsﬁere R VIR0 Blows VAT HS exieed catfer & RIRRAR aot. & hat
the die attm&i&dhébémenambesqdveatagbeyameascms toi slighthyp pidan thertieer when

?th t atchnpg aBbHEMAS IMLIGHET irfFIG. 10 ts By Bals hRewRIEH@SlitY @réddtem c]9nt am n?tl ”ﬂ
e toolin n 0 of. die attac
adhesi ve i gStfgéﬁ%%%\;ghgétﬁ (gi%gg?ﬁ%#éﬁ??hét@gﬁ}%% rﬁgpﬁ%@w&onduct or
devi ce, a flie bats fspmdhe sianqard tigdass wicdthsJeoited @‘P‘N&I‘Sdﬁlﬁﬁﬁﬁq gi® peri phery
of the sem sttauhireg rochSesl n the present invention, the fillet surrounds

t he periphery of o'?H&ERfrHéTﬁFQ)@ﬁachAeoet‘é' ﬁ'cﬁcfoh%ﬁﬁ r}aﬁr a die attach

adheswe us d.in accor Wb Mzﬂg) ctilon IS 1lTustrated in
Fits. 3%an @'C%BF'HS@ %Pcﬁ!@é’ iSROXIERHGh %%t?lﬁﬂﬁe ¢4 68O¥Wef ul during wire 30
bondi ng. Si Traditonadly] therehoxyds dispensead notthé diepyn aypedeteetiredodot t he di e

per 'epgg:] é.) néﬁllﬁ@f)(at*i’@rna\ﬂ’ﬁéﬂﬁéﬂéﬁener%cl! R aa@quéieu Qﬂfécﬂhﬁé @he & ﬁéﬁ&&ed aggh ngu[ . 9
peri phery o\g'ﬂ??@ V(ﬂ'gs a'?ﬂ t%t%‘ nggg\)ﬁ $%grf38 oiz@ﬁt %HH% % wire bondi ng
tool nust edga. Inthe presendinvention, 'b"}?é/rb%@‘éﬁmé%wscior@%‘althef orms a bond.
| f the2@ r ewiitmdf ttgs fie baes tosfitla mlanefactye)'s existihy alieattastepyodelst he die is

not {1 exi bl gn@Bgiine ritthﬁnéﬁn%erb bl 855y R 9%395@&%5 y cause an

unsupporte ore
desirable t ‘f%%é?‘ﬁ%?'ém@%‘ il feind R@@H%Ygrﬁaf‘rﬂ@q%é ed °“1"3911 JuI y
2003 bondi rejz@bhthiesyingeousachior dispenset the pateripbrAn amillustratiessi gned to

l( ncgude a Cajtarfiple, M’é@ﬂ‘haﬂ@étl GEpoxy 'd6t" BeditLsystamicdndissenss mal t%&e L ie b«(arsd
and i f,zi NC, i r ie bars (an
if o nc%&deé%%maﬁs%rﬂ ﬁf%bg%'@q (@&EE&? gbpﬁ p%?st"ié)magn@acontl nuous 5
surface. As2gaipgdheidie I’iHPBﬂ'ﬁ|”?%”E?'ét%ﬂpﬂx)b§°r§ﬁﬁﬁoﬂﬂ%@ e ¥ combi nati on of
the tie barprezent pvafibarohaldieiatipchimeateriabovartte egigepef #ie tiebafs,f ur t her
advant age ofpd Ve}]d%ﬁ.ﬁdﬂm r@sﬁr\‘lﬁ Eq rﬁ& %h@bé’é‘éﬁlﬂ‘éﬁ\@@ﬂ\“ nuous surface is

to achieve EVﬁE ing operation. It is

in e W e
i mport ant ¥ ‘H?BFF%%‘?’%MPF’P&?? %Pod )ﬁt“?[:h ARt&IR 10 bondi ng operati ons
may noB0be needeth prefeirad endiogdiments, prdie attach masamlos\dlsmesad@m for

{nﬁﬂ;}; In ggg l Oéh?x\l\éﬂé &P tw?nmvmgtegsuh gl Wwsof ddts!ped ruegaabomhaaol;grglen di e
descripti on er?'%ﬂ%? q%gﬁglep%ﬂqég (ﬁgé&ﬁg?égx&%g&dgﬁ%ﬁgm%?gofmnygof tg he
advant ages thestigpensing ayinga isorpthesder phQdr.6anm (18-2Rmitsbul ar, it has
3een reveal‘ﬂ@cbﬁi di@btaﬁumt pressurs ttepasdratife carnd sthey processn conducz orf
eV|ce i nterfaces.
Thi s | Eb %%F?qu}se‘q’f"né}écg%d%@e@& %g?éﬁﬂn%gad' % hﬁgﬁ g? %tgﬁ%'aby ei t her
el im natl nodeinmdiedrnding dﬂ@we\rerayﬂmt%gmmovaﬁa elsiin@ntX-shered to support
a sem condusattarndtive spreadidf¢hendle attdch inateral nging mbsti cdrhmeroliilch is smal | er

In area thag fiadlhgnefin B@h@céﬁ‘ﬁe%%%ﬁ* Bbh‘a‘iﬁ’eo"\knﬂ?%‘i Cr acki ng.

sem conduct or nanuPEBFurep%gcan nove m-expensi ve dry- packing
procedures. Moreover, the present |nvent|on helps to sol ve



25 a manuf acturing probl em associated with die-specific |ead frame design.
.The di e support nenbers used in devices of the present invention wll
support die of various sizes, such that a new |l ead frane need not be
designed for each type of die. Thus, manufacturing costs, including design
and inventory costs, are reduced. 30 ¢t is therefore apparent that there
has been provided, in accordance with the invention, a sem ﬁggqu &g devi ce
having a universal, |ow stress die support, and nethod for Hg he sane,

that fully wrek of 4 Emaeesh ritd), ZAnBhageiuriRl proessdes) hesbaus! ¥nd Al t hough the
I nvention h to specific 35

é\.S been de{sc | bed anij iIIusﬁ.r% v&]&htref renCﬁ

embodi ment sUFRENEFYSIEM ¢QUIDHENT eYkdiiseleved that ueh FORT8EIe i nited to
these il | usharawvidttes embbdius_edtwth mheeeiimense@wsﬁems.rfwrmetrmmw recogni ze
Sttt t e AtnGAs ok dle dfachnfort 8in 8 uRARhAOWer HERBKS N0 1T oL, 13
July 20%3 s\ﬂﬁiﬁbr 0 %omec%f?@u@?%&%cﬂelgm&%@@%ngér %’éa'?‘ﬁ‘eaﬁ di%'mi'%ﬁ?i gur ati on.
Any conf i guattached taitiecharsiusinghae adhesive taps gdws, thedpresest iwantiom| at ed as

bei ng sui t gk be prapisbd LSRG tiesark WG IraRgihg aRgivhkrdTroRfimiope any particul ar
nunber of tie”Qar

P support die, There i nf usi.on .i.n term nol o as 5
fothe nuntiAngara ye.BaZpBRES poleé bler BTRLE mrk (FRINISUB B WiER I PG °7,
one ni ght sefyl.Baanh (B0mils)auhileamainiainingshpabilityto easistackageasi on, the nunber
gL mt) gre 1g?r %raggihb%ﬁ]hd@t 1}}1@ tbﬁa?@@&?I-élﬁsﬁ&mtéﬁm’éaq@Wdrpémgﬂerlr g; grfsr; gre the
This is ang}'%adﬁghf)gapﬁgev%ﬁbgg @Wﬁﬁﬁgiﬁé%%ﬂ%gﬁﬁé E‘té)'{f%éeogf'?ai’s. 10 exci sed
from a | eadhppamidth rgnpes sheuld rgpresgint thadwidesj @osiions phithesdlevicgtiekage body.
Thus for pusgresThusiaheimaxitiuen tie diae widih, In sccoadendenwitiepeeferrege 60,
regard! ess GhobBfindieRf i plect Hiahlia fbesiRET dpBrolinatéif 7 o connect

.U in two pld y

wth rgils noiﬁé strate ces. In any event, Hé nunber of tie
bars uded @3 B¥S).mportant as the nature of the tie bar 15
confi guration. Fbis ewahpiatingithatapthef diersizg isdeotrased, the adhesienbars) form a

e PhOL Rl ng dioaRtie puglo s et e MIERRERL ! 1Y,
mini - flag caPh® ko g e %ﬁiigﬁ{? & REbl at PoSitin EHARITD P oo

i nprove padretyeepithe i gndihe plastafmay b insuffiigieide resist paekageni - f | ag can
i ncl udeodi ngraekingr Akhalidh Asdissike is rquuced, avbralt strass Futticheackage, a
mni-f1ag GanGerdukeAtPs!dudHRsE hat fedstestit ihverici for@r tant to note

that the present 1| ven%:#n | ? ac%Pt able to ﬁene.w@ducltﬁﬁr 'devi ces

enpl oyi ng PYPESAGHREIFINGRAZHAGR CraGHNG IReMONR PHECINE I E8irtYR!e mounted to
ti e bars (darge dier(although dieueiralt sizes carebgrisgdiwhile stilirreapingsthethe die is

adj acent t Hserlfits sffeOpleseftinbeBlE! Ab ia@nr@;aar!ipﬂe,\/\ﬂhbhbreséhﬁn%mnﬁ\ QI Ej hg
resentgi nv ; : : imte an
Lype 0?5ext'§%&'gﬁ'%”gé§'e§@§§¥d fiding 26 gé_g%?ﬁﬁ HHETSC Ale) Satee if o
t b ough- holl8fossansbpieielablyder Fiafaing an Gied of EPFTMBRIBIIE e ) Nor is the
present i nweiareorlanget.allith aiaayegsaofithisidize, angibedie Zrsavidtyssul at i ng
material, | SaildPaBoVE S inbriadd afBH BaebATtng URFRRU SR hlasieup! i ng a

sem conduct evi.ce tq | gads. refore .1} is intended that this
Tvent | on_ diRqKRgE.S Beedier Feer <Al & Matioterdage aRial das meta that fai |
wi t hi n30he barsgaddhetiastigpaciage. Theletere, rather iDeai dafining Jelbar 2003 1. A
Isemdconducawww_as Ia@EimffoRRANt %llirﬁéhsi@n |irf|@ﬁiacii6iﬁ h§9?@étérﬁ Iim\@né‘énaitf! ur al 't :1 y of
eads, eac v RN e R g e rtion, e
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and and the metal-plastic interface area. Generally stated, the die-plastic

interface area should be greater than the metal-plastic interface

35 (excluding the interface between the leads and the plaslic). In preferred
embodiments, the die-plastic interface area is greater than two times

the metal-plastic interface.



a plurality of tie bars traversing the open area and 10 interconnected near
the central region; a sem conductor die nmounted on and supported by the tie
bars, the die having a surface area; nmeans for electrically coupling the
sem conductor die to the inner portions of the |leads; and 15 a plastic
package body encapsul ating the sem cqgpductor die and inner |ead portions of
the plurality of |eads; wherein the tie bars are the only pohhjpg 8; t he

| ead frame supporting the sem conductor die, 20 an interface oPthe area

between the pl asfics PHGkRSRs P06 4 ad frameB0sinaAte-Sovin PRIl - pl astic
I nterface ar.ea, mh&reln QBE surtacefaQeF of . .a bacﬁfld%ﬁff the die mnus the
met al - pl astYI€W; hPaf frame 39 Has Ygiavs featy 'eeS\%%'CBICQQt GUTEt BYF ace area,
wher ei n t hesersicahglelor devicatie eterydance svithshe giesartiamvertiiondi epl ast i c _
interface aspdiarRNbati¥PAReBOGRE Mbh f@RUERAR &nﬁhbﬁtwiﬂpl'éhbcwﬁrﬁév' ng a first
wi dt h- and azfeﬁg gqétlo. B@vw&g a seﬁond mndtg thﬁt 30 IS arger t han t he
first wedth!2 PhEIQ: b AeqaidnaluifEnUmATaIR N 8RR RHNEIYUTBRLCRIESEAE tie bars,
and wher ei rthezseime ioe sinaitartedementshbauiie batead2 ot feaddfranetddeextendt and second
e, "6 Trons ol FRBNING bidast BRI At Xon Hﬁ‘éé%kgﬁ%f"ﬂa?n T wherein the
di e: pl asti qurmcg%{-‘:iggtgrgfeéig qogililtsmpéé@ptﬁﬁ.@é. ﬂ'g(er%‘? ?r-spféag‘( %@?nt erface
area. 3. Thb eash iwhaud? basdesubsiandially canatant width threeigbont die 5 al i gnnent
feat U(rjq 0 str_teeémmb hrea?18, a?ﬁﬁ4 tTnecvmstht d_)ﬁi@@érs\fm?rsesm@%rfthéﬁlrl\déér éﬂlop atng the
second port, on. co e . S e I m urther
conpri si ng tbe Eﬁ%s?gﬁp?%??‘ﬁﬁwQ‘%gb@%}'gr@%%w&?é'e&ﬂégétoqﬁéﬁiﬁg?ﬁrfsocat ed within
10 t he openlGiscthat withtigebars@2bataistpsmader plasig-matal interface argapr 4 wherein
the tie bartpetsiynoweting theRhantesiehdelamimatidnandipaclageperatkipgrber furt her
conpri ses ol iha oA hatiy, fie bgr?B?%‘a‘ (A tﬂoﬁfa‘f&,‘f&?ﬁfincdié! m S wherein
the mni-flag COWPrkEFS a' wndowrframe mni.- a%. ... Ihe, sem conduct or
devi ce 18 calignment. foweayen qther fegtuiescap heuneePomtedinte iabargi3d peri phery,
t he shoul deto assigtrilidigmveyting. A few olittbe possibihtypesalf fedtereseni conduct or di e,
8. A met hods fiyd- 18R Ihi8 hrd iIRRIFRfNAED B &eXlighn&TBAILTES94] 85, 56 eps of
and 37. An alignment feature is included in each of tie bars 32 to
represent various types of alignment features which might be
20 implemented. However, it is important to note that any number of tie
bars can incorporate any nhumber or type of alignment feature. FIG. 3
also illustrates the universal nature of lead frame 30, showing that two
different die sizes (represented in phantom as lines 38 and 39) can be
used in conjunction with the same lead frame.
25 Also note that in FIG. 3, comers of a die are coincident to the tie
bars. This alignment is believed to reduce stress concentrations at the
die corners in the packaged device since the sharp corners of the die
are not completely exposed, rather they are protected from beneath by
a tie bar.
30 For additional die support and die attach area in a
semiconductor device of the present invention, a "mini-Mag" can be
incorporated into the tie bars. FIG. 4 illustrates, in a top-down plan view,
portions of a lead frame 40 having such a mini-flag 42. Mini-flag 42 is
kept smaller in area than a semiconductor die (illustrated in phantom as
35 line 44) to keep the total interface area between the mini-flag and a
plastic encapsulation material (not illustrated) smaller than in
conventional devices. The tie bar dimensions of lead frame 40 are the
same as those discussed above. The dimensions of the mini-flag can



25 providing a sem conductor die having a side and having a backside
.surface; providing a lead frane conprising: a plurality of |eads having
inner | ead portions and outer |ead portions, wherein the inner |lead 30
portions together define an open area; a substantially X-shaped netal die
support nenber |ocated within the opgn area, the die support nenber
conprising a plurality of tie bars and having a surface arequ%gag?tie bar
having a 35 first portion having a first width and a second July
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ev ce 45 are similar to or he same as o er elements discussed in
reference to previous embodiments and are thus labeled with the same
reference numerals,

15 Use of a mini-flag still maintains the universal nature of a
semiconductor device in accordance with the present invention since a
number of different die sizes can be used with the same lead frame. A
semiconductor device using a mini-flag in accordance with the present
invention removes previous constraints on flag size, and also on flag

20 shape. For instance, as illustrated in FIG. 6, portions of a lead frame 50
(only partially illustrated) can include a round mini-flag 52 to support a
larger die (illustrated in phantom as line 54).

Use of a mini-flag can also be used in conjunction with
semiconductor devices which employ less than four tie bars, for

25 example as demonstrated in FIG. 7. A lead frame 60 (only partially
illustrated) has a plurality of leads 62, the in-ner portions of which define
a die receiving area 63. Extending across die receiving area 63 are two
tie bars 64. Lead frames which include two tie bars extending from
opposing sides of the die receiving area are most commonly used in

30 PIDIP (plastic dualin-line) devices. Like in previous lead frame
illustrations, not all portions of the lead frame 60 are illustrated. For
instance, one of ordinary skill in the art would realize that the tie bars
and leads extend to rails of a lead frame strip, but neither the entire
stripe nor the rails are illustrated. Incorporated into tie bars 64 is a

35 mini-flag 66 which is made to have an area smaller than the area of a
semiconductor die mounted thereto (illustrated in phantom as line 68).
Use of a mini-flag allows several different die sizes to be mounted onto
mini-flag 66 without having to re-design the entire lead frame, thereby
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adhesuve (e.g. adhesive 21 in FIGs. 2 and 5) to die support members of
10  alead frame. In using a traditional lead frame with a flag larger than the
semiconductor, an adhesive material is usually applied in a
predetermined pattern through a dispense head onto the flag. In
practicing the present invention, the die attach adhesive pattern is now
limited to, for example in device 10 of FIG. 1, the tie bar portions 17
15  beneath the die. Therefore, tooling modifications for adhesive dispense
heads may be necessary. Also, the amount of die attach adhesive
dispensed is reduced since the die support area is smaller. Tighter
process control may also be needed for a couple of reasons. Since the
die overhangs die support member (either tie bars or a mini-flag), it is
20 important that the die attach adhesive not spread beyond the die
support member when attaching a semiconductor die to prevent the
adhesive from contaminating the tooling platform. Another reason to
control the amount of die attach adhesive is to provide the proper fillet.
In conventional semiconductor device, a fillet of die attach adhesive is
25 formed around the periphery of the semiconductor die. In the present
invention, the fillet surrounds the periphery of the die support member.
A suitable fillet for a die attach adhesive used in accordance with the
present invention is illustrated in FiGs. 2 and 5.
Another processing modification may be useful during wire
30 bonding. Since a semiconductor die is not fully supported along the die
periphery, it may be advantageous to provide peripheral die support
during wire bonding. Bond pads are generally, but not always, located
around the periphery of the die. Thus,to bond a wire to each bond pad,
a wire bonding tool must exert pressure on the die perimeter each time
35 it forms a bond. If the wire bonding force is high enough, or alternatively
if the die is not flexible enough, there is a risk that the force exerted will
cause an unsupported portion of the die to crack or chip. Therefore, it
may be desirable to incorporate a support mechanism into the wire
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! 0@10%& ()intigBéaute Gﬁmf i) Godin (@) sulisldiglly pianb2 BRdcdmiinLiees: !!,
10% & @) - 'surtad®”8%% dsult the entire die would be supported by a combination
of the tie bars and platform during the wire bonding operation. A further
advantage of having the die supportied by a planar and continuous
surface is to achieve even heating of the die during the wire bonding
operation. It is important to note that modifications to existing wire

10  bonding operations may not be needed in practicing the present
invention. The need for modifications will depend on various factors,
including bonding force, die thickness, die size, and bond pad location
{o name a few.

The foregoing description and illustrations contained herein

15  demonstrate many of the advantages associated with the present
invention. In particular, it has been revealed that delamination and
package cracking in semiconductor devices can be abated through
minimizing internal plastic-metal interfaces. This is accomplished in
accordance with the present invention by either eliminating a

20 conventional flag altogether and using tie bars to support a
semiconductor die, or alternatively by using a mini-flag which is smaller
in area than the die. By reducing the possibility of package cracking,
semiconductor manufacturers can move away from expensive
dry-packing procedures. Moreover, the present invention helps to solve

25 a manufacturing problem associated with die-specific lead frame
design. The die support members used in devices of the present
invention will support die of various sizes, such that a new lead frame
need not be designed for each type of die. Thus, manufacturing costs,
including design and inventory costs, are reduced.

30 It is therefore apparent that there has been provided, in
accordance with the invention, a semiconductor device having a
universal, low stress die support, and method for making the same, that
fully meets the need and advantages set forth previously. Although the
invention has been described and illustrated with reference to specific

35 embodiments thereof, it is not intended that the invention be limited to
these illustrative embodiments. Those skilied in the art will recognize
that modifications and variations can be made without departing from
the spirit of the invention. For example, tie bars which are used to
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bemg SUItable In addmon the mventlon is not limited to any particular
number of tie bars to support a die. There is confusion in terminology as
to the number of tie bars a particular device has. For instance in FIG. 7,
one might say lead frame 60 has one tie bar. To avoid confusion, the
number of tie bars recited with respect to the present description refers
to the number of places the tie bars are connected to rails of the lead
frame. This is analogous to the number of places in which a tie bar is
excised from a lead frame, to become flush with an edge or side of a
package body. Thus for purposes herein, there are two tie bars in lead
frame 60, regardless of the presence of mini-flag 66, because the tie
bars connect with rails (not illustrated) in two places. In any event, the
number of tie bars used is not as important as the nature of the tie bar
configuration. For example, in a preferred embodiment, the tie bar(s)
form a die support member which is continuous across the entire die
receiving area. In using a mini-flag in accordance with the present
invention, the mini-flag can be modified using any of several known
methods to also improve package cracking performance. For instance,
the mini-flag can include dimples or small holes to improve adhesion.
Furthermore, a mini-flag can be a window-frame mini-flag. It is also
important to note that the present invention is also adaptable to
semiconductor devices employing a die-down configuration. In other
words, a die may be mounted to tie bars (or a mini-flag) such that the
active surface of the die is adjacent the die support. Such adaptations
are within the scope of the present invention. In addition, the present
invention is not limited by any type of external lead configuration (e.g.
J-lead, gull-wing, or through-hole) of package configuration (e.g. QFP,
PIDIP, etc.). Nor is the present invention limited to any patticular type of
encapsulating material, lead frame material, or method for electrically
coupling a semiconductor device to leads. Therefore, it is intended that
this invention encompasses all such variations and modifications that
fall within the scope of the appended claims.
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a lead frame comprising:
5 a plurality of leads, each having an inner lead

portion and an outer lead portion, the inner
lead portions together defining an open area
having a central region; and
a plurality of tie bars traversing the open area and
10 interconnected near the central region;
a semiconductor die mounted on and supported
by the tie bars, the die having a surface area;
means for electrically coupling the semiconductor
die to the inner portions of the leads; and
15 a plastic package body encapsulating the
semiconductor die and inner lead portions of
the plurality of leads;
wherein the tie bars are the only portion of the
lead frame supporting the semiconductor die,
20 an interface of the area between the plastic
package body and the tie bars equals a
metal-plastic interface area, wherein the
surface area of a backside of the die minus
the metal-plastic interface area equals a die-
25 plastic interface area, wherein the metal-
plastic interface area is less than the die-
plastic interface area, and wherein each tie
bar has a first portion having a first width-and
a second portion having a second width that
30 is larger than the first width, the die being
mounted on the second portions of the tie
bars, and wherein each tie bar has a
shoulder that separates the first and second
portions, and each shoulder is generally
35 parallel with a side of the die.
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5 alignment feature is formed in at least one tie bar where the
first portion and the second portion converge.

4, The semiconductor device of claim 1 further comprising a
substantially X-shaped metal die support member located within
10 the open area.
5. The semiconductor device of claim 1, 2, 3 or 4 wherein the tie

bars form a die support member and the die support member
further comprises a mini-flag.
15
6. The semiconductor device of claim 5 wherein the mini-flag
comprises a window-frame mini-flag.

7. The semiconductor device of claim 4, wherein the
20 semiconductor die has an outer periphery, the shoulder
extending beyond the outer periphery of the semiconductor die.

8. A method for making a semiconductor device comprising the
steps of:
25 providing a semiconductor die having a side and having a
backside surface;
providing a lead frame comprising:

a plurality of leads having inner lead portions and

outer lead portions, wherein the inner lead
30 portions together define an open area;

a substantially X-shaped metal die support member
located within the open area, the die support
member comprising a plurality of tie bars and
having a surface area, each tie bar having a

35 first portion having a first width and a second
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plurality of leads with a plastic to form a
10 package body;
wherein an interface of the area between the plastic
package body and the die support member
equals a metal-plastic interface area, the
backside surface area of the die minus the
15 metal-plastic interface area equals a die-
plastic interface area; and
wherein the metal-plastic interface area is less than
the die-plastic interface area, wherein the die
is mounted on the second portions of the tie
20 bars, each tie bar has shoulder that separates
the first and second portions, and each
shoulder is generally paralle! with a side of the
die.

25 9. The method of claim 8 wherein the die support member further
comprises a mini-flag.



