; e3eF6TF] a( SEM CONDUCTOR DEVI CE HAVI NG X- SHAPED DI E SUPPORT MEMBER AND
METHOD FOR MAKI NG THE SAME 5 Field of the Invention The present invention
rel ates generally to sem conductor devices, and nore specifi cﬂ"mmmlm

sem conductor devices which utilize X-shaped die supports in mmmm
packages, and nethods for 10 neking the same. Background of the | nygntion

Package cracking is a conmon problemin plastic encapsul ated 15
sem conduct or devices. The problem arises froma conbi nation of factors.
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material and a fla =l i ke nmenber of a

conventional |ead M@Eﬁnﬁ@ﬂ) @%Q%gh@ﬂg&éﬂﬁﬁ%E i ke the rest of

the lead frame, is usually made of copper, a 20 copper-alloy, or an

i ron-nickel alloy, and therefore has a coefficient of thermal expansion

(CTE) lch in nost instances s, different fhan that of the surroundi ng
AR ot

mol di ng <onpound or plastic. BIIRVRMIONhi s CTE ni smatch, stress is
created at the plastic-flag interface as the sem conductor device

experiences te t i ng a maxi num
thlroeshol d) i,s ?Eﬁrgﬁgg?rﬁ?%wggeﬁg%% %tﬁ%%"%) gﬁ%@%n;&?fdg-f.?ag I nterface.
Anot her facg%\"c‘??y\ﬁﬂcﬁ@@“‘r’ ﬁpﬁg UéOéFHH‘R?"HS‘%f '%‘{)%WB'CQHQU}F& ion. After
t he pl asti cXfshepedrdiesbippertd étsemicodducior packapesyandtroethodsdar t he

envi r onfent i ough the nolding conpound to the del am nated area.
Once noisture 30 accunmul ates in the package, rapid tenperature increases
w || cause the noisture to vaporize and expand, thereby creating an

i nternal pressure pocket i nBakkgwandmf ke bveatied. To relieve the pressure
and associ ated stress, the surrounding plastic cracks. The npbst common

e conduct or 3" deuree REksRLGM RO 7BaRr FERS BRBTIRBIET. U on e

rapi d i¥vcr eS@@Icongugiagidevicssef e prellemanisesdran agembinstianofr ef | ow are
of t en suf fi fdctors, Cohepfaotdr iganinteinal delaminatiorcbetvesen thie plasticdevi ce, to cause

the plastic : ; I b S ¥k of dealing
With the prgﬁﬁa'%of matoriél aEEYs ot AR TRRC ST G & BTHISNRHIReOT 58

age crackiyng. One. r ¥- packj ng,
i nvol ves baR1STEPe & %"Véﬁg'aaéﬂﬁaﬁg%"é%ﬂﬁc&rﬁﬂf’w S’H@\fﬁ%'e Psh? iciently to
reduce noi slike thecst ehthedaad fragneads Hgualyenadeiof €9pPaL@ noi sture 5 resi st ant
packet 0 Degbggerr@Ris of R irohthigkd allby diviiheeeford RaS acccuffidiest ¢int amount  of

exposur o 1 Stéﬁnﬁ‘?ﬂiﬁ?ﬁéﬁ%ﬁﬁ?ﬁﬁwﬁwﬁ@ﬁéﬁﬁ*ﬁiﬁ?’%fs?@fcf?f’e?*é?"*’%hi”%?Sﬁi“f | cantly
i ncreases t AbtNeosYrEowiding MaldRa gerpouna\Ar iasticpsebirault Afdbis el fiser s nust
keep track ofisthateh, strgsslisvéreatednaivtbe ipteesticifagoirterteed dothiehe anbi ent
condi tions Egnﬁc%ﬂdfu%tdr*&fvic%%p%@i%ﬂ&@@%rﬁi?ééi&é%ﬂaﬁgb@ﬁ?ﬁé sfbg§t to cause
cracki 0E Pr aplnr?rrrgaching a maximum threshold, is relieved through delamination
of the plastic-flag interface. Another factor involved in package cracking
is moisture absorption. After the plastic-flag interface becomes
delaminated, moisture from the environment diffuses through the
molding compound to the delaminated area. Once moisture
30 accumulates in the package, rapid temperature increases will cause the
moisture to vaporize and expand, thereby creating an internal pressure
pocket in the delaminated area. To relieve the pressure and associated
stress, the surrounding plastic cracks. The most common occurrence of
package cracking occurs when a user attaches a plastic semiconductor
35 device to a substrate using a solder reflow operation. The rapid
increase and high temperatures associated with solder reflow are often
sufficient, depending on the moisture content of the device, to cause

the plastic to crack.
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O her known approaches have tried to decrease the possibility of internal
del am nati on through i nproved adhesi on between flag and the plastic. For
exanpl e, some nmanufacturers have "roughened"” the 15 netallic surface of the
flag to i nmprove adhesion. O hers have forned small holes or dinples in the
flag to provide anchoring nechani snms. 2Anot her approach used to inprove
adhesion is the use of a windowfrane flag. A windowfranme flag is nore or

| ess a hol | owed-frame that supports the die, rather than a solid paddle. 20
The net hods desciThiees apboy@ertsus émth@memddsrm de#hngmmethbhe possibility of
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rcu
of its prod&etf @Iem@mwt&fmqwt@%mcat@&ocrﬁpéﬁa caBhieyrPsUPed MR die size and
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tooling, is 35
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| eads and i ogélbﬂitysui @blamhinatih BA0icRREmBeiter ddnaien fiemelaske! t he

i nvention, uch that the

m ni-flag anag%'ll;g I%éﬁgﬁg[rlazeﬂﬂ %'ﬁ”tﬂgo”fe r'e%ﬁt ﬁwbgrlédr?hgé‘ elsn t he scope of
the inventi aﬁthégmfﬁe@gcerdoéeﬁm&nai@nn ﬁ@@ét bEgHdhomtRfANUERRY ces. These and
ot her feat upsviadsly nsegrButentadditiomntheopreseht inventiom eddiesaeky under st ood
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enbodi ment sddterenbormm@mzeddeed]trame design farreaghoef itgrreiductsal | y

i Il ustrat edHa¥ingPé idiferbesiebd Pidnee desighlier Baebirasizé bird dle funotioh@p- down pl an

vi ew of portjo C 0 evice in
accor dance éh ﬁﬁttlﬁéceas%ég%%aa e ﬁ’{VPhnWQS?%%%HfS Q.QCEP cﬁfreg sectional view
of the ¥ni @Gﬁtﬂ'@ﬂ@b‘r‘méé\ﬂdc@rﬂﬁn FpgQuUrees tcdesign e Irad framekeforeys packaged
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inflated because o nsu icient olume to wer 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 could be used in

conjunction with several different die sizes. The present invention



35 frane design for use in one enbodi nrent of the present invention which
utilizes a mni-flag. 4 FIG 5 is a cross-sectional view of a packaged
sem conductor device in accordance with the present invention which
utilizes the lead frame of FIG 4. 5 FIG 6 is a top-down view of portions
of an alternative lead franme design hgving a mni-flag, also suited for use
in accordance with the present invention. FIG 7 is a top-down view of
portions of yet another |ead frame design having a mini-flag suited for use

with the prgsqsted fh\f@pbémy utliRirlopd fiddervarRess bl sEmiedne@ictar Be@ger r ed

Enbodi ment The present  invent i Qpibi ' ributes of a universal

| ead 15 f raWB',Chtcr?g\b? gsgﬁ(\y hvfg%lug ﬁﬁ%gg ‘&ﬁf%gé%\?eﬁﬁﬁe ﬁmﬁr erent die sizes,
wi th the admprosigg adhesiarubelwess) thailerd framemndierenaapsuledingf rame and an
encapsul at i matérd| ¢6 afbviattpackagBradking probiévent i on al | evi ates the probl em
of pack%ge cracking. FIG 1 ill'ustrates these advantages in a top-down plan

vi ew of “one enbodi nent of the present invention. A 20 sem conductor device
10 has portions of a lead frame 12 which include a plurality of |eads 14

and four tie bars 16. Lead fS@fﬁ?nél% cifth&\rfwentiohs only partially

illustrated. As one of ordinary skill in the art would understand) |eads 14
and tie bars 16 extend to two opposing rails (not iIIustrat'ed% as in a
conventional st rlponeferm ehine pregenidavention, argmigpndygtopdeviee hesads of | ead

frame H2 ar g plirklitytafaésds which definetdi@ienecpiviesaret antigristbanaihigh t he present
I nventi on, frﬁ%ﬁs@%’aé‘Hfégrq%fvﬁd{qé&r%af‘ﬁ%nm&n tht aaé%&h%ﬁﬁedme plurality of
ead “portions Ic h efrn
|

| eads 14 eacC ave i oget e adie

nner ; : :
recei vi ng a?'é%SH!BP%t‘P‘I’lEMv hediejear indhe digrasgMingarea: Thefe s ame i1 1 ustrat ed
in FIG 1 islechicallgeoupled 1Q)e pturality fof dHadsCarmhisiencapsulatediinca or package;

Such & packBaBAdRRAVh ahpireh Roint Bt tienRERRr o Ik PBLEOMEEARY o Tn
the. P lost i e BE par Buch, et 66 i fad s e b3k Kasthar sUpPoibPca 10 and

ext ends i nt diediAdsa withinthagcape £f e inventiors are/ethads far making ot her tie bars
to form an {hése damiedrddiopdédedd@t i ve enbodi ment, tie bars 16 coul d extend

from opposi ng si f J iyl I d L vi ewed from
t he perspective gﬁgﬁgénarlbﬁhg} @%’%ﬁ?ﬁé%‘%‘%&:ﬂ} ﬁe"%éﬁé%' lri’es,maoe}éem' conduct or
die 20. A celRaEnungritoed dom theckellawingdsailesdesariptiop fakertini n a

crosssef i ooahjunciion with diee aceorbPanyingid@awingsi it isisgbriant topointdue 20 to tie
bars 16. Di fhatthé flukiaiicd Héy%t 'n@bégéa@ﬂ)?,ge G td scAECEn@that

m croprocessgor, a nor an_5.anal o evice, ar the li1ke which is

Tabr ont eq. Bipre ey Be oier. s AumeRis Pt Bk fresenighuorion Wi 4 6950 § ncl udes
a plural it yspecitiealytustkadedhond pads 22 used to electrically access portions
of the integrated circuit through various conducting |ayers (not shown) of
t he di S The el ectrical accessibility to the circuit is extended externally

t hrough a
19 Brief Description of the Drawings

FIG. 1 is a top-down plan view of portions of an unpackaged,
flagless semiconductor device in accordance with the present invention.
30 FIG. 2 is a cross-sectional view of the semiconductor device of
FIG. 1 taken along the line 2-2, as packaged in plastic.
FIG. 3 is a top-down plan 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.



10 conbi nation of conventional wire bonds 24 and | eads 14. Wre bonds 24
electrically couple bonds pads 22 to respective |leads 14. As depicted in
FIG 2) leads 14 extend outside of a package body 28 to provide external
accessibility to the end device user. In accordance with one enbodi nent of
the invention, tie bars 16 15 each haye two distinct portions with
different wwdths. A first portion 15 having a first wdth extends fromthe
rails (not shown) into die receiving area 18. A second portion 17 actually
supports die 20. Portions 17 each have a second width which is larger than

the first dth he dth of
each :‘l rst WIport| cﬂé érf%aed@%%&ﬁﬁhaf’wgwa fﬁ%@@bgdg& Wﬁ@%@&igoh‘ I s\)NI whi | e
the width ofledigetin esewidangemithdhe ipsesant inersicaeyhieh utilizgsiths laad (40- 60
mls). The fraasoof FIG. 4.he two different widths is not that die 20 cannot be

supported by a n%g?%ﬁ%att{)ﬁ d%Wn v1€\§ o‘f‘lpobhc;?ﬁcﬁﬁgﬁ’%rﬂﬁw e{éoﬁf} it is

t he confi guratl on ﬁes adequat e
di e suppor t dgsigathasing & mingflag, z%?q syited Pﬁé’ﬁéé!ﬂlac?q’fé'af‘é%t% thﬁ/o tie bar
portions hapresgendiiventiont wi dths is used is to establish "shoul ders” 19.

bar's. Vi oi on- basiiCa7 a° BARERURLER cpoltiitc St snbihed iEadafih | 0C. ' 1)
t her eby enaHPFigy rﬁ:"@?ﬂat"@nblﬁ%‘f‘l‘iﬁd%61'-'3&"@&2@909{?5%/?%@\’?”"&0%&s As 30
illustre@ed, each shoulder 19 is approxinmately parallel with a side of die
20. Features other than shoul ders 19 can be used to aid in die nounting, as
w Il al so becone evi ent FIG r# ; néptgé nt.to note, however, that
use of such die alig eoﬁclﬁ 9" oéa JeEr iMPNbspect of the
present invention. 35 FI G 1 denonstrates the universal aspect of device

10. Due to the corHd gresahi ibedtior édmbies tAE attibLRebffa @ibersal lcariver al
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seni conduct apvantagesfredusacidelaminationdetyepndae g qu @M ang @@r t han the die
to provi de entapgsatingnizedalnThas,dhe présentinvemtish milleviatesithe adhesi on

bet ween t he ) ﬁ'{‘gftééﬁgpb%gadc G”g ifust tésfHe%@qgﬂr ABJEsangpict or

manuf act ur e res? |ce us for

different dieP Qﬂﬁ'ﬁe@aﬁl‘{@"%?&%‘a em%@d ?\”ﬁ?‘g Pﬁrpéemtm ioBnPa new | ead
frame. 28 dsemmwcmredﬂ\mmﬂ?haﬁ@mml@r%leadlftgmgﬂadwwhumludﬁluct| ons and

add to manuLaSLKItPS 1088 34 dhdiRul 6 bafs 86 ClosatRRamenid bf FIt, Present

tradit 1 onat O REYETy SRS AP dr ATRaRFSKI I REBR 00 <% o i oy
a flag. |nstagdarstand leads éétaé‘ die kars 16-9dend 1o twe opRosing relicdur at i on of
tie bars 161Ilusﬁatédo ain scawentiosalahep daddiramean ddditompwttaticof A |imitati on

to the tions of |eads
14 whic de?ﬁ dofﬁ@érﬁ’ﬁsﬁfne 1"&SrezﬂubﬁathPBﬁﬁf&rW%FUQﬁSSEQ{Zﬁ Che di e o 7o

Used wi th | ¥agersiardiagdna prasept inyepfion. (BRaMaiGY ROrRISTIRSENG! <) e becones
smal | er, théel ntm;ratedme pwrwcmye@«us@m baveinoer ldagaponionsupl e the die

to | eads 14w fetser déTite a die'eBeivikt atear{ Swithibahe ldeVice; Thewi re bond

Si 76 can. bePh cﬁgérﬁﬁsé‘faaﬂﬁw%@e# m@ B 15} Useri'e B qh%bi%i‘ et e
shoul de3@ 1PagK) semisongurigh Rarkage: Howeysr.di is impepanhisueelizgthe die on the
tie bars V\hlpeéeémvwmrohesabt tmiredito Sach arpeskagy hoef estwill becomieni ti al

purpose. cﬁe{m Iéalﬁ?m%e%é%k rF Ir‘?'ihé)af‘?‘-" gé’é%ﬂ{{@éﬁ%@ ?ﬁF H’%es does not

prohi bi t var I? i stance from an
al i gnnent f @sginades at agemareot eﬁqnﬁlsdntpf ¢ ‘?ﬁe'\fmg &f3es, several
different dilg mtﬂesncenglnag, with tl‘ixeotln‘eettie\harmd feerrsameX!. dmdngr ane desi gn. For
exanpl e3g di %lt%k Sémbb&hérﬁﬁfé Bark @c&ﬂg extdrid 1r ”@fﬂ S|eaé0 tie bars

° m

16. An % regi ons,
such as dow® ér(‘-ﬁ dfeefﬁcﬁﬁ’@%'%al P&Qf'?ét &d aFrY'W?ﬁ’ rp! qrgngc the tie
bars are 30F@prioxi mately planar with | eads 14, whereas portlons 17 are in
a lower plane as a result of down-set regions 26. The down-set feature is
also illustrated in FIG 2, a cross-sectional view of device 10, as
packaged, taken along the line 2-2 of FIG 1. Downset tie bars are used to
| ower the position of the die in conparison to leads to facilitate wire
bonding. 35 If tie bars 16 are. designed to include down-set regions, the
size of die 20 is further limted to an area within the down-set region to
avoid nounting the die on non-coplanar tie bars. 7



The cross-section of FIG 2 aids in understandi ng how device 10 is al so
nore resistant to package del am nati on when conpared to devi ces which 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 forned
about the device using traditional plgstic encapsul ation nethods. But

unli ke traditional plastic packages, package body 28 is |l ess prone to
cracki ng because die 20 is supported by tie bars 16. (In FIG 2 it appears

that only one ti gidunted URidXE Balshts diLsdraivandaciohdiec2@sA- section is taken

wh It ' i . ; k
body 28 i s ?@@%érﬁpﬁﬁfg%ﬁa‘?@‘éﬁ_é%‘ﬁﬁggs?b@@Ezr@ﬁéq{"he% cpRSreciRTEyily, proinee

bet ween t heohiemee d04mEHPs2 iamserde arqut dimaOtadiedass d6pPi20is n this case,
tie bars 16jypicallipagliniedpatetbitult, @ichidss hfieprocsson £aARYEsY/ anal devi ces.

For the pur . 1 hi | &GUSSI: QN, | rf he die support
menber d ?ﬁ@gﬁﬁéﬂ%ﬁ)h&! @(%r’ zﬁéﬁ]’gé&pﬁc%g&?’Heﬁlgﬁ%ggﬁ%w@@?& interfagg
rat her t hanSeémicopdisting sabsitpte nPierdQinelusiescerivilitypf cendidiveent s of t he
present i nveohd paddarauskditbatdecttitalyueess portidnsdsf\the dstephiteth enmpl oy a fl ag,

areaof ¢ het T REVARAR dirkieliod et (ol SAEIK) BPu GB. TRe"0iS 17 "

devi ce 10, ¢lechical aecesnsitiity teHp cirdudt ip extandedaxtemallythroraie area i s
consi dergbl gombirmtiobeif vgneentidnal wirelralsrddand kaels 1. Whe tie bars. The

| nprovenent bedQ%ﬁ'&?&ﬁri&a{n?Cdﬂu% PEHALHETNES 14 Ebsga‘“e\é}i%’le]a%lsw ot her .
enbodi rrpnts of the pre 1. nv nilon 1S, attrl Lf abg(to H&)_roved adhesi on
properties. Aﬁsde@i"%%@gbéﬁg&’é%& 1 extend ouisidgq! gPagkage Ay onal Iy occurs
bet ween a fRado anvidd exieraaltaocepsibilityfiorihe endedavide bserause of hi gh stress

Bl ast] 6. encapul oy podsragiee in B @b Bmerk e BB, flebad b o
et an it oRBet bake e JRRh Rodiond WiRHASER widErA il AdtBoTeE° .r on.

t her eby mi nhavipgedfirchwidibextandsi frao thrrailsi(nat shewnk st diegeeeiyisiong t he
interface anersm PBtARBBOHdpotiAN T actirllpaubidrisdie@0. Feslidris17 @agh | ncrease
n the intephaes QpAdhALIRRRIChIEI1RbEShaR tRE RIS, AlBns he backsi de of the
sem conduct of di e erekn referre 0 a‘%@t h_eyp gs Ic-de interface. The

i ncrease i neMmhodsngal ofthginesentdpventiangthevidth gheach it 8etiaetiuse adhesi on
bet weer2®! aist orctiEborsec ap 818-a13 om (Bl 2 niils) svhiladhe wtidiboof gachesesostd conmon

sem conduct ghrtdngs BRitABIGRler 651,811, 9 REAN40 B MIEE TAdhea e fhiahween pl astic

and nost lead f tal s. I i i is less likely to
occur at thgw?)Pg@?%tgﬁ'gﬂ}%'tgé@g'@%tdd['aghydgpﬂﬁggnﬁpgé{’ﬁ%d taal i nt erfa>c/e. 8
I n accor danbarrawentipbarohs will kegarae giidest iprFliCha, Bris shareonfigsationn, the
total area of tHetie bars, hat theowidth ehalgmablishesrduzquate dlesuppoeld to i ncrease
suppor 2 o5 Tegth it aBRY? R ead nE FERETRRvd 16 paP Bl ©] ! ©
convent i onaa'f%%'kta‘ﬁ’;‘g 1S isjusedd? IPEE Lsthg@u?ciprgui%owo@dgqsabg range from
about 0. 20- présdereréranicarpois) used tmblign dieidfyonthe tie barsler of 0.4-0.5 mm
venti on, - Loy Beséd Sieondhy csipmentiseh ed8fy)othto Shouers 19/ 1° Plere. may
be advant agg‘fﬁjgby ggg@ﬁrgg ?gc%p{é qﬁ%@“ﬁpﬁgfnd'? I?eo ?'ﬁgq%fﬁ&ﬁ%&f" illustrated
in FIG3Q, ilwstrates, sach shouldgr d8rieappwxinatglraretdel with 8 side otidie al i gnnent
pur poses. Ygb. FegtuRes ofteasigdn Sleduldbdery ogh beaisedns did fmdiehe standard tie

bars w dt hs Lt ed I dire~aht achj . Most

sem conduct gﬁ%“ﬁa?%%ﬁ'&é?\)g&%hﬁégﬂg%@ '@fﬁgoﬁv@?\{!"@ﬁ%@é’ﬁggﬁ‘%ces using a
die attach Bpweyer dhrtrHsesofsugh diealignment tasdwes is nehan eseealialy, the epoxy
i s di spensedspecttdfané lpagsent irveptiedet er mi ned dot or line pattern which is

Gest 9nef 0 ACeISE ARG SRs] Bpdh S9OpEIRG DR ES ano 1D

appropriate degree of ti1l]et around ge. In 't resent invention,
it my be amﬁag‘?'}f&ﬁﬁg‘)'ﬁ@ Hﬁ@ﬁ%*&ﬁé}% frgrae H 2o Feyere! f’?fgr rs to fit a
manuf act ur esemieorickictorglidiszeataracshapesvansbanseddomprastionalFor i nst ance, a
particul ar > i i I A n the anount of
epoxy it ca§88¢§3%§%@g| gﬁéﬂ%@%ﬁ’@ ta rfllg@\é\gﬁdn\ggkhsé;d to di spense
the material. As an illustrative exanple, the snmallest epoxy "dot" that a
system can di spense may be 25 about 0.4-0.5 mm (15-20 mls) in dianeter.
Upon pressing the die against the die support nenber, the epoxy spreads.
Therefore, to prevent overflow of a die attach material over the edges of
the tie bars, one practicing the present invention 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 comrercially



9 wwdth of 1.5 mm (60 mls). As manufacturing processes, materials, and

di spense system equi pnent evolve, it is believed that nuch smaller tie bar
wi dt hs can be used with these di spense systens. Furthernore ot her nethods
of die attachnent can be used on narrower tie bars 5 which do not have such
di spense limtations. For exanple, a gie may be attached to tie bars using
an adhesi ve tape. Thus, the present invention nay be practiced using tie
bars wi dt hs rangi ng anywhere fromnore standard tie bar wi dths on the order

?L 0. g Inmt (Q?rﬁid@nlciﬁbtdr@id\ﬂsdﬂbumiedt Mhe dlaglis Mmave t‘ﬁl@ﬂtlgﬂ'lairgérWhin‘t mlema: nt fl! ni ng
e abl |1 . r ; n €. | net al - astli Cc
interface gglggol@8@%@@%@&@@%@5?@%%% Bgﬁé%\'ﬁﬁ@e@e To m n!on‘i ze the
net al - pl ast aéhesier beiweenthedieanddbediag: i veingssck IBHAD & epr esent t hat

wi dest por t sgmicohdubrasanfacture rdsticts wHicts dietdim @ xssdIm tHee bar width, in

fhan ap oxtRuber TS 1o HlrgiRRe ek THabEs nd cifed 1SS FEmUCHER Wil L3 1Re%ai
si ze i s decfesigad newdeadifiamicoAslizuissed Reaviously, nrve dga@nsfelay astic is
reduced, sopiduiict it@ductions endhadd to sethufactaringeobstst he die are nade as

narrow as possi blye,..t:he: ] MRS ' : tic may be
i nsuffici elr[:t to ﬁe%?‘é%‘ib@%@ﬁ%&ackl Hgéyaﬂﬂnﬁ’c‘%ﬁgﬁ” %Qﬁgﬁéggi ze | sy
reduced, ovEaRyney leaskframeidesignsdr ggEnadisande tragdiieralimethpds. Afygest s t hat
the pr fel]goent illustreted inFIGE Ay déviee pOrdeesanatfenppley arftagn ingtead agie 20r acki ng, ibs
nore effect s tyiqv : 0 izes can be
used while Ps%é?? F)Hrtg;%rg1,6f ?é*g‘éﬁé???ﬂ*'ﬁ?'ﬁgh@%g?g?é‘% ?Iﬁhéee%il)} %ﬁ . As an
exanpl e, th%‘zﬁr(gssé‘ﬁpeio:%%%'b eSHPPRIEd; A IMity 'Paﬁq’g"? gdie d2@ @8Rdvi ng an area
of 3.8 nm (45aperof die 20 isdmposedibyrigeer portiops of aab| i Woichdledingavi ng an ar ea
e barg w depsCei ST othel I¥taucf onE ke 88 Ul Wil B &re and th
pl astic acﬁ'agbe fg nba}ye?ﬁ ¥V'retb‘?%ﬂ‘?’ ISPB'S' &%Itﬁ?éﬁﬁ %‘égib??t%ﬁte&\é@ﬁaﬁl%’a of the netal
tie 30 bar sthenlgngheobwise tiondp 241epsledtaalestdealy qoapiethe digriodef i ning tie
bar wi dth ampaeis 14Pperdatels. Thos s manutactrers tuppenimitheh wireddmd | nvention, it
may al so be‘ér@ﬂ?(oﬁlﬁgﬁots%t gqswg{ﬁn&g@ diQlsple die-plastic interface area and
asti ce area ner

the netal -p I ntertace area,, a .State he die-p|lastic
interface area S%HGP'SV E@'t@F@%ﬁ@rd'Fﬁéﬁ? ¢a3e %@BP%)‘FQX%‘?%UT%'&‘ Gce 35
(excl udhg tibdarsitforfinstencetifeeouldérs 1%:adsthandlignimeept featurey arén pref erred
embodi ment sysédemauBting asdié enithé 86 1Haee whidecdverg iIPhRfnrhé@n two tines the

met al -pl ast}c.,interfac 10 FI.G illustrat ar f a lead frane
30 in a topi%b\ﬁs_prlngx if%_th%ggﬁquIpijﬁ@%oﬁ%@evﬁ,rlﬁsoeu 'f%ii“ﬁ‘?%s“m ch can be
used i n a seter@ignment feptyrescdqes nteseliRi varablerdien sizep dht i nvent i on.
Simlarly, bed dse@liBoughshedizyarfozdfromem alignroentdeature to theadief rane 5 12

of FIGpgl. rﬂ&WWdiffEF d8BEe! sove |W§}eﬁf di& zdd E4f St bEP' esent the
SQITE or _SI m r € egent S. OUI‘f {1 e(@ars (0] e . ae ?@t end acr OS_S
di e recei vi H§eAMith thg sepne & ASS e 7 O PERTRISH §1% SIEES $8M"€bnduct or di e
is not illutaredied0 camrstll bemounied keta tie bbee $6.18ndtheFlichal feataeh tie bar
and e w df iR dle 598 3RNbe tolih ST gUAS Mo aS Aot S o' 18 TThe
advant age i WQI@?%E%&F?@%&'W_'?'?-E‘g%r@%%vif’f heeﬁ%gggs ef@_ is that with tie
bars 3280 hepppraximatatyplamar pitadeads hét wheieasQoriens 4f ate inadwel | oweri ng
the chancesppinedgd amesat bbPdowndep ARFGEEL26. ek oan-snfedtbr ietdles hand, tie

bars 32 do Ve lder s AN ' ver, other
features ca R’%gg?enog@fﬂgéa# gda P%\%S&%tl%é{ all)gfrég\’e %éé?@ééaggﬁgb?cn‘l%’munti ng. A
few of . t heldl¥salone the fag 207 of ElG.ut-ddownsatdig-bats arg uged it lqweryst rated i n
FIG 3 as athapositibniofdieidizsin 3émpalisoBdo leats 18 faciNatamigrveading.eat ure is

i nclud in fqgd | I t ki al i gnment
featurg%v\hi”?ﬂep%;%thé Bge s%@ﬁémﬂg@é eé@&esve\é??élleﬁg’itbg%oaiggt to note
that any nufRd? & limi AreaWRRIndhe COWMASEIBEIRBIOAVOId he of al i gnment
feature. Fl Gouhtmigstheidié ostrrostaaplamar tienbansr sal nature of |ead frane 30,
showing that two different die sizes (represented in phantomas |ines 38
and 39) can be used in conjunction with the sane | ead framne. 25 Al so note
that in FIG 3, corners of a die are coincident to the tie bars. This
alignnent is believed to reduce stress concentrations at the die corners in
t he packaged device since the sharp corners of the die are not conpletely
exposed, rather they are protected frombeneath by a tie bar.



30 For additional die support and die attach area in a sem conductor device
of the present invention, a "mni-Mag" can be incorporated into the tie
bars. FIG 4 illustrates, in a top-down plan view, portions of a lead frane
40 having such a mni-flag 42. Mni-flag 42 is kept smaller in area than a
sem conductor die (illustrated in phagtomas 35 |line 44) to keep the total
interface area between the mni-flag and a plastic encapsul ati on materi al
(not illustrated) smaller than in conventional devices. The tie bar
di mensi ons of | eJthefcrasesdttian ef it Zaide imantéstending bowsdalicebd@e. The
di renst ons. ¥ afsBindleYeslaft 15 Bckadd dBrARAIAH #REnIrifRgba R OCess] ng and

s of a {

ensi of ckadel 4B

reliability reguirement artYcul gr manut acturer. a general rule,
however, th&eXices 'C'?'rPﬁﬁ-CPmﬁQjﬁlPZ'a W@Qﬁﬂarﬁﬁs F‘Baglalgﬁabel’)@ed@r%%nt of the
area of a sdlustratetlintBIG. @ is packagedlin & ptastio reSintpackhge bodp@Bat i ve area of
the 5 mai - id4agabody R EbaminEelRE g faBFoREMEGACUCt or di e and
not for oOthers. 8e| I how I'arge or, how smal,l to make mni-flag 42, it
is inport antenpép%gébori' mfﬂgﬁ%@-%&amﬁge traditionalplgptic;packagesy PpAkaIises, the
pl asti c- met &lody 28eisflessepr@nedo icnackirasbecause dieZeigseppbitet by tigossi bil ity of

pl ast I c- m raokin i | bi 1ty of
view of é%ﬁfﬁ oD HAC2 diiearg ial chiAse tie PaPeuBports ﬂ"fé@ie;reoiﬁ hoona
accor dance. FECAUEH NG FTOSETRECTON IS ekBh WNare 2/ the @%«%ceﬁvwsi Sc 25 are
simlar1®0o @negrant hEhe reascaswiot packagedmmyt 28 i lsss psate toncraekiagence to

previ ous enhoghiRieStranetatifefes alcaPetadenithh pldicseHERpsafadt ence nuneral s.
15 Use of a m m.-{%@&;rstul

| nmaintains the univer . hat u of,, a

sent conquct Setddel wRP R decPRaf @ O ¢ike, 18 Ak 3Rt i RlEhfeshingnnce a
nunber of dithe interiacelaeasinannveational dgyiseswrontherrurpases pelis f rane. A

sem conduct Qisgi¥iore thesintéHacebativebhale die S@syUrtalRMEbeN drit) thee pr esent
'”Ve”“@ rfiﬁ@%ﬁéﬁs%f‘%\‘»’e&‘{ﬁ a%%é?ﬁé’é i%?-rﬁe%ﬁ‘@té@&cé%ﬁer%% tﬂbso on flag 20
shape. or imstance, "as i "'Ustrated i n ( , portrons of a |lead frane 50
(only parti ®dasyicrifagistertacessinegnos altemiedinenys o the Rresenhvestion support a
| arger die (aveustiagtieconnentivnal deviaes Which édployslagfthe mini-flag can al so
be used 11 GRAIAIGBI Thibihbe SARIFRBUIE toteiviRY fe® j36hid) 16T Ged oSS (han

four tie ba fqr 25 exanpl s_denpnst.rat ed | . e frame 60
(only parti éﬂ;f fiag.EhiER e Biamangra Papane Ajea, ol he.dfe. 96visE 1Pn. ner
por ti ong0of erotber hand,dhaiplastiedestal indedaceame is ceneldgrally feasoss die
recei vi ng angindéqadlaoth® stiHecdaren 6theltrasarkr ames which include two tie

bars extendi ng 1r LR85k RS pEAG ARG T8 oSt
A At S oL e o 1 o2
i |'1ustrat ed.impovedadhiesien popertids. dsdiiscirssediireliouslyt telaminatiarul d real i ze

that thesti Qra%_io‘haw%cbﬁl%‘ﬁet%bﬁWlé@aﬁ@iﬁép@%tiﬁgtbrégfbeigg ?ﬁgﬁawi p, but

neither the,entire [ nor_ the rails are ill rpprated into
(e bars. 64 ecakb&er hiatPSqaandl oGyl Hdor abesihiiean s AL ol 7o ' Fhan
the area of framemeialscarst eonvgndionalpiastic enrapsulationimateriale. divei n phant om as
line 68). Usgesdntanvértionfiriovdd esdei@viiationrbbeneby niihieniging@het 0 be
rane. i hor APt iyBiatt BREL inclRbl Mink izl AEHAIAIC, °C Logi nent's o
the pred@nt q%ﬁf@ﬁﬁ'@ﬁ,”@ﬁ&?@&éé'@& the dnfedacearea balyvesy thededds in a smaller
pl asti c- net drameaedi#astic. resultsripaniiscreate i theviete faugedreddoatwesn once t he
may be nece st i S |y
procedur es. iledacelarty isadvdrtageousbécauskadnesibr betueangBasticor i nt pattern
suppor  SpeniarcePafleligh InFEREs A Cifedh (RERR Lomion BeMicanauetany ke vi th
a flag |ar géﬁemﬁjﬁﬁ?ﬁg §té9ﬁ%ﬁ'a%nﬁlﬁ ad ?F’%ﬂ@&"?ﬁé" RIEISL.\‘F paf ”l"%sa*usual ly

appl i ed i n dead famemetaledApeardingly, dielarightion i legetikelyteagcanato t he fl ag.

I'n practici REe PestiRERSIPMErddaMABh IR the plaeticlinfetal hesifhcedhesi ve pattern is now
limted to, for exanple in device 10 of FIG 1, the tie bar portions 17



15 beneath the die. Therefore, tooling nodifications for adhesive di spense
heads nay be necessary. Also, the anount of die attach adhesive di spensed
is reduced since the die support area is snaller. Tighter process control
may al so be needed for a couple of reasons. Since the die overhangs die
support nenber (either tie bars or a 8ni-flag), it is 20 inportant that
the die attach adhesive not spread beyond the die support nenber when
attaching a sem conductor die to prevent the adhesive from contam nating
the tooling pl at floraccotianchevithr pratemed embodimentstdi¢heprasent of die attach
adhesive is; v} ' { i i ieSem conduct or
device, a filrlgfberﬁbgf H‘%f’lgienaﬁrgé %Pﬂ‘{g ﬁeésh\é/g) ?rsdlggggggﬁlé@?gtﬁd he peri phery
of the seni CORTUIZBRO INGasase eaapIediErpteriose Arpen O CREIASPIEE  sur r ounds

t he peri phetgtabfie bae oddie suppoorareaptieewidthobindivadiiad tieibdretis f or a die attach
adhesi ves us ¢einiriz8aCHI CveRtidhdIbalcREgdd, FRAMr wiBiidedNol sudporustrated in
e L L Lo ol 68 11, el rdBgah i 2 2
peri phery, iordemgf (hd-Calvemt(d56umils)o Suchtiedsaryedthstareabeltisitexifopor t  duri ng
beri phery ofCiane gf%ﬁ‘ﬁifﬁfgﬂaﬁﬁ%ﬁ“*ﬁ"E’égtéé‘ﬁ‘:"iéhd“@maf 8 bondi ng
t ool rmust e}%ﬁép?e 'lrj‘?@"aéfrp? ﬂngq@g?)%qsi F?@tSQPSg%EFSqﬁ&ﬁ%iggg’th? ifor s a bond.
If the Wre bashAniusiraled in£1Gi yhthertsulbars are witleredita ¢reaty if the die is
not flexi bl ghelRIEYS forldi€bRghment plrpostdal ett diother @BsexX et Widenirld cause an
dosi rabl et 5 s S8 Ind NanBfLhe petsbiuR itbHapbIRiS e Go SRl o
desirabletéi [9 >80 Ee)dp%P é\ E%Ft(? & ebonding

pl at form Féttachingeeess&se pl atform may be designed to include a cut-out
V\ﬂi ch mat ]cczlhes t heMpstt demnisonddctd hiliekdare wttachet e flage obesisvdrion f al f : ngl gdeﬂ
the mn ; if included the
L e et i b ME R
result the tie bars
and pl at f or or dineipadtermwhidh ie desigiheddo@seguatein attach the diertodde dlagage of
having the gifhot¥RBRISIRT With &nRIppRAGHA8 @egfdd bIMiIRY aréuHd feedies to achi eve

even heatin f the d i e, ondi i i s inportant
to note tha%?%ﬁdh ﬁ}ga’_{’rl%gélt 'bggrglﬂmsftypﬂéﬁﬁgr@yfg%ﬁglg% Cﬁg%?%héons gy not
be need®d i wigth=efitheitieparsdo it a seanufpsiyeers existinchdierrd@ghiRIPCa®Ri i cat i ons
will depgngamd equipoent. fRurtimstance, reparticolgr bgozlyy digpbnsing sysdietn ayc kness, ddi e
Sl ze, an =i : I ONn an
illustrati Oﬁ?@g%ﬁgeﬁg@%ﬁﬁéga ?Uﬁtegrfoég%&y a'% g&qg%bsgﬁé'{%e&g;%{n%ages

associ at ed w4hOkRE HyrBge e io dispense the maleda c%é‘rﬁ'"ﬁ’?@b\’? been reveal ed
t hat del am examgpie.dhd smallestepexwdotnipat a systan cadgispensgduay be can be

abat ed 241 ouBRBUIDM-0IZMAY (15126 MR iPbRPAtEr. MicH plcRbRGitAERFe This is

Lo ! e o nat |
250" Lonvencoist B Hie ot bRuloes, MeCRrly SRdedl B b on &1 e N
semi conduct @Fe‘éﬁré,OVfo?%N pba e atlachy Mayerialiaygr theedges ehihettd karsi s snal | er
in area thawonehsradiicing fiye prebisot inyehtien pesschndsety tiobapaddtage cracki ng,

sem conduct %k}gl@é}\‘lf@c&m&ﬁ thé 8breERV 1RY e Eﬁ%céﬂ ﬁfé?fﬂﬁ.'sve dry- packi ng

proceduf es. reaqver, e, present invention ps . Solve 25 a

manuf acé ring prﬁﬁl%ﬁteé@ogmgf’g'ﬂ"%t?’l‘? |ee@t§i?é‘b'i“1af‘?f'al?l§a spenshd Wesi gn. The
di e support ameXisbepedsieti pattetehvaieg acfinglagoprad siots perNehar.dn many  suppor t
di e of vari gufmribrfly HMBblNAE aRabR WidpAing §/FemsSfetihmeterdsi gned for

ht o0 e t act b | 4 d i nvent
Cocts. Pr CihéidiEngnsiy syings i A the BRSTE 208 L SR0IR I MG, “haen o O
provi ded, i Viseasiyddiedzonding prassureydempesiiure ah@matbenpigcess devi ce having a
:33: ?/er srgebe % SIp@ﬁamﬁfegwmibﬁgét\tfhecuetgfe@gfitsmta@qd tlﬁé’ﬁi/er@tka_ 'dFthaY@riaﬂgHEh t Egt

i nve%ti on hgi.mﬁgecﬁe @g@@ﬁ%&'@“&&%ﬁ@%&%%{ﬁé’%ﬂ&a{ﬁ dr°3¥§ﬁ'ﬂ8€£’{’%"%‘geci fic 35
embodi ment s peiermsdhe spreadotibie diawediaghmatesal wsieg mestsemsnensiallyi nited to

these il ustaailame dispursingsystemsiedeos kasilyesbritgineavity 4 tisiddr recogni ze
that nodifications and variations can be made w thout departing fromthe

spirit of the invention. For exanple, tie bars which are used to



14 support a sem conductor die need not be in an "X' configuration. Any
configuration which will adequately support a die is contenplated as being
suitable. In addition, the invention is not linmted to any particul ar
nunber of tie bars to support a die. There is confusion in term nology as 5
to the nunber of tie bars a particul ag device has. For instance in FIG 7,
one mght say lead frame 60 has one tie bar. To avoid confusion, the nunber
of tie bars recited with respect to the present description refers to the

Qﬁﬁber of p:va@msofths rhme(60anhiis)aAE niarUlgstLAfg pPodetisks, Mhtdrits Ia@@rill(‘) rame. ;
is is ana a e exci se
froma | ead cﬁ’%e 83'8 egﬁggméq}gqyo&e ﬁ%Ré%&@gtggt @\U&b ﬁakrﬁgckage body.
Thus for pubssvédthsmesihe usekwshhese dispense systemsnFuBAGMeIgMe 60,

regardl ess @héMpetHRiESTRe aftammenﬁé@gb@@se@mmmwmuet b&rsbars connect

ith |l . 1 nmb foti
bars usen | MG oaHaBh Bl dhpefile MylEipns JoRnHE i fayBETer ©f Te
confi gur at i @ttached tekiarhare using an @ﬁhﬁsé\fer'@@ee?rrbb%l themresenidnyeiopars) forma
di t |
alr gasulmgolrJ Slnﬁw‘@@r rmlﬂldéhl using ﬂ@barwwmh@ﬂamggig MavieeYel feem Ghérer etclelo X' n?he
mni-fl ag caﬂg%ogar%% tf% e‘@gLHssnon@E‘% %@?P&sa%\ger ﬁ] &tg nﬂfsﬁc?w écIs ' Sal so
i nprove pacl@ided BdRP mylshahilemaintadningdhe phiditydesesisbpaekageri ni-f1 ag can
i ncl ude1di neracking siveelthe hstbEmetal-plagicinieriadb esea is mochtshedlispr e, a
mni-flag cap, r‘??w @mW éW'B%EEé‘”‘F? m.mnézé mle§a| g?aﬁic%ﬁtér%@@ré rgql to note
that the presen vention IS g SO a em cgonduct of devi ces
enpl oyi ng a 9% WiRIRA raress sheul |"Q)‘H’es?'h“ hmde\ﬁbpaalonepfdh% deyigedi® nounted to
tie bars (obazs.This, thegjaximaom tidbar width,26 aacordaace withaoreferted he die is

adj acent _t N SuifeAROBE the ESerRIARRIoNORSIeas thal Apbdxiniecpge of the
pr esent énvenU@B ﬁ% dition, the present invention Is not limted by any
con

type of 1 flguratlon e.g. J-lead, gull-w

t hr ough- hol e) of lpisonerfe noting thal estthe dig sizg is dewreaped the a;ﬁmes:)on Nor is the
pr tesentI I nve:méa ?@tvl/ééﬁ trﬁéjdleaMeRﬂéétICQQ|r@dud€ﬁ?€o@lﬁat3&le¢ﬂ€ﬁ§$ialr@tl ng
materi a | | ng a

sem conduct geél%(ggpgﬁtlﬁé dikar %Q%r ag,g%gglpé:g*é &{JE&?‘B{'

Cnvention eebieaa e dig an E?@»ﬂ i @@v&%maw&cweaiq fesstinakagRar | al |

wi t hin 20e scagengfAlthmghpredidaizeisaeduced, dvBraligtiensdnane pgokage 27 January
2003 d ai s .slalsé raam:e@rmskgg gERY ISR tRE THRE éeﬂma/en%oheﬁﬁnﬁé ame conpri sing:

| ural | ead
Sortbon -t n@rees STaRYeRfid P agaqegggmbamgm AR our or Lo
central regil@dge diadalthqualy dipiaf pllsizesicandeg ysed M\deﬁihgeamegapﬁan area and 10

i nt er connec tethefiRosf thbq)ré@éﬁtnmbem@gbmaawamm@nﬂe@w@serﬂuwmunt ed on and
suppor t 8d byg nﬁer&,hﬁ‘a irférduhh‘?avﬂ*\ﬁ;saﬁ'ﬁ}’éa{‘gfé‘aw A%e Al asq&q‘i §? for

el ectricall irons of the
| eads; and i@gﬁrﬁpgﬁ? '%%ME%’ elﬁ@dﬂ"%ﬁbﬁ&%‘l’a@ rfﬁmt@g conduct or die

and i nner | sgtapoot lasger. §¥ith bie areas af thiy size, koddlse tioareidthbe tie bars are
e Tace o e oo 2 i e hars
cqual s o mePACRE9ALS Bredion an ok 2auBLE hiinBRRRE At 8ENECIRE LG, of

backsi d80of ham%aadéhmp#aﬁwtmkm alhesetese athertban deéiningdie bafual s a die 25
plastic int elififcgs aher{?fowﬁﬁf@meﬁsim mEjratiding theepregent inveatieiae is | ess

por i on hav T AP Vé%ﬁ?a%é@as'%@ﬁen@?pm N Rl

portion hav
that 30 is laddee metarplasticintedacoama Cenrrally statrd.ige ssrptasticon t he second
portions of jiteefate arbashouldist gieater thar dicd nictal-Hastidinterbacehoul der t hat

separat g | *agxéuu&.ﬁg tﬁagmaﬁseg%eméa 2512288 9n83KE phitRE). §5 brdrenggneral Iy 35
P boglments the d|e p‘astuc interface area is greater than two times
the metal-plastic interface.



16 Repl acenent Sheet 27 January 2003 2. The sem conductor device of claim1l
wherein the die-plastic interface area is at |least twice the netal-plastic
interface area. 3. The sem conductor device of claiml or 2 wherein an 5
alignment feature is formed in at |east one tie bar where the first portion
and the second portion converge. 4. Tg semi conductor device of claim1l
further conprising a substantially X-shaped netal die support nenber

| ocated within 10 the open area. 5. The sem conductor device of claiml, 2,

3 or 4 wherein tieGt8qIatkted firtbds Of & |G4tPREMe IEFPLIoRA8wh!Rankli € support
nmenmber further i[% rlsesaﬁ m ni -
S

Clai m 5 whet Bt LERG AT P11 Ve Tealres Wk PR HeoRd R {1 ag. 7. The
seni conduct eemiaridtistasfdeyicgi imagcokdaaceiwith e mesemrtrineentitnct or di e has an
outer peri ltOB%Narl)I, h@a@gameftﬁa g%h@wi fsgmeyoﬂ@brhh@rﬂuwremrém@er y of the
the otepd of2 3516, 3, AR HENIRG UkE byHBialdn 2aE B IO ASsR0ehESRE faving & -
backsi de suthieas@nemreiniane/ementsad oty HenbasoABOf sathframe3Qextiendy of | eads
ggvi ngt ! nneéciﬁégbi@@éééiﬂﬁg a6l 1846 Bl BAX-BREFdPA®, supporeian the | gnert ! Iead
30, port L ons L ARSI S4 IRl rEfis, LAk bald Ya i Elared et e
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15 alignment. However, other features can be incorporated into tie bars 32
to assist in die mounting. A few of. the possible types of features
suited-for this are illustrated in FIG. 3 as alignment features 34, 35, 36,
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 number 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, corners 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



10 package body; wherein an interface of the area between the plastic
package body and the die support nenber equals a netal-plastic interface
area, the backside surface area of the die mnus the 15 netal -plastic
interface area equals a dieplastic interface area; and wherein the

nmetal -plastic interface area is less {fan the die-plastic interface area,
wherein the die is nmounted on the second portions of the tie 20 bars, each
tie bar has shoul der that separates the first and second portions, and each
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device 45 in accordance with the present invention. Other elements of
device 45 are similar to or are the same as other 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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invention, the reduced area of miniflag 66 results in a smaller

plastic-metal interface, in comparison to conventional devices, once the

lead frame is encapsulated by plastic. Thus, delamination and package

5  cracking problems are less likely.

In practicing the present invention it may be necessary to modify
existing semiconductor device assembly procedures. One likely
modification is the need to change a print pattern for applying die attach
adhesive (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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bonding platform. For instance, the platform may be designed to include
a cut-out which matches the pattern and thickness of the tie bars (and if
included the mini-flag) so together the platform and tie bars (and if
included the mini-flag) form a substantially planar and continuous

5 surface. As a result 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 supported 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
to 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 skilled 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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109 () M VNN YEEY Bt 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

10 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

15  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,

20 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

25 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 particular type of

30 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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1. A semiconductor device comprising:
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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109%66& ()- 't 3 The semiconductor device of claim 1 wherein the die-plastic

interface area is at least twice the metal-plastic interface area.

3. The semiconductor device of claim 1 or 2 wherein an
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



S 10%& () - ZAHOZX6M ! ~0! 3 °

10% u u& ()-3'$

10% u- u& ()-3!4° F10%u& ()-!i F10%WV& ()- F10% u& ()-!+y: 10%u& ()- JWUM ! ~1°
& 10%wu& ()-![ & 10%u& ()-!L& 10%VYV& ()-![" 100& ()-3!. °

10% u-u& ()-3'H

10% u-u& ()-3}#{\:~! "1 Gr@0%u& ()-f910% u& ()-!!910%X& ()-f!0: 10%u& () -
10-0 10-0 10-0 & 17 Replacement Sheet
10% 0&' () - #KN\ z[ 9{\ : ~I I Xf #109%&' () SL! z10% u&' () - ! OL10% uemparyi20089% u&' () - !

4L&rrfL0%Ju& ()-! alO%u u& ()-\\
10-u ' F10% u& ()-!V0 ' F10%ué&' (

|+ FLOWMME ()-5 a?:

first width;

9or|t|on Peying dsesond,wigth dagger shanther1 ponug () -

10U 1V 10%U& () - | " 100NIR() 11 KM HOYMAURT ohd fo st RUhskaf cha - ! +10%ue

()-" 10-u 10-u >zX67:

10-ul X' *10%u& ()-f! Q 10%-u~u& gyppart senuyari vi & () -

&() OfV&() " Normal "
" Headi ng 4§

"I 10%41& ()-"!Q " 10%~

"Headi ng 53? E@ﬁ'f&h@ﬁg&éﬂgﬁ&?@%ﬁ'@%@ﬁ g;%fd"ﬂ‘?ed

ing 33]c"
Headi ng 83] c"

" Headi ng 93]c A "Default Par agr $§/RicopRuKtORAie; ANd] gr (V] » " E %%

[ $v) x. 2318' <YBEKPU7X] " 6f | myR

New RomanArial Courier New' h ROOFnellgn tt-:fryandrtﬂe inner Iead portions of the

<=>? @BCDEFGH JKLMNOPQRSTUWKYZpluirdlity abledegtit 4 Iptastipdo sommaxy z{ | } ~

I"#$9R () *+,-./0123456789:

10

15

20

package body;

&éﬁsuﬁihg&hé%hﬂbomdﬂmm@r feyieatpbbH~6Ti mes

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

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
bars, each tie bar has shoulder that separates

the first and second portions, and each

shoulder is generally parallel with a side of the

die.

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



