; pge3e] . Z| . 6T.=D) 1 LEAD FRAME FOR AN I NTEGRATED CIRCUI T CHI P (i ntegrated
circuit peripheral support) BACKGROUND OF THE INVENTION 5 This invention
rel ates to packaging for a sem conductor device, and nore particularly to a
crack inhibiting lead frane for a sem conductor integrated circuit.
Conventional plastic sem conductor packages suffer froma fail & aRd& 2003
referred to as "popcorn cracking." This failure node occurs in packages
that are exposed to anbient npoisture and are then heated to high

1 565 because bl astr) CRAUB NN TECRATER IREOR GABLELT Y T ot 11 om
the environnent. The noi st Uirdeghatddudasiit periphelad sappalt)conpound and ot her

materials such as the chip attach material. During the sol der refl ow
process, thermal vapor stresses developed at the chip attach

mat eri al /%Aﬁmbﬂb%ﬁ fGE "QVE[{!JEI%NTN d conpound/ di e-pad interface cause
delanlnatl 'y at areas of high interfacial stress. 15 A
comventional f ulrhistnfitiileliess pliBYglcPa bl U&f‘o%ct?:p%evﬂzg gnﬁ&gﬁ%agf‘o a

chip or die 10 has 1ts [ ower si ecure to ac
attach mat gfdradk ||1flﬁb1t: 1%%&\@ Frhiie ArlAdi é&ldﬁ&wrﬁtegre&éd éll%hlt 18 between the side

wall 20 of the chip and t he upper surface of the chip pad 14 in an
outer regi cabnleaqwnaaaaagtiaesesﬂnamddabr Phckadte s fﬂcﬁn anginat trasdeefkididho 14y ar e
t hereafter encapsul ated, or ded, in an encapsul ation material 26, for
exanpl e epopyncorDctaoking.NThid fpmﬁgmeﬁ&w& A patRdGesABNEe. eXpdsdd €& ahBient t he
package 30 is fabricated on a netal |eadfrane 31. The package 30 includes
Wi re bonds n¥distuidednarare tiich Girated td high cmperdiOret rtopidllp dudiy eflpadolderirgnd/ or

del ami nation of the die attach 16 fromchip pad 14 can occur when the

i nller f aci al st r hs epbisteawrhrartiy aiises be¢ase alstitI€ packabes have pdandeneylt@absorb

del am nation often starts near the corner 32 of the chip 10, where the chip
10 neets 23naeisteresiam thgegnviranmeni. {The recisteregdiffusies irftathe peald compoynd srrbodher

del am nati on can rapldlx propagate over the entire pad area. This can cause
the packagéna@rialpsushasihe phippatiacd maleeal. Buges e seider ilowRrsepndnermalisgpe t he
cohesive strength of the nold conpound 26 is exceeded. The 2 resulting
crack may piepRegeeelensdstis CP'ﬁéﬁ%?'i‘dﬁﬁgﬁﬂVa'Frﬂﬁﬁ iestacg ot themgldcampeundfdigeads  of

t he package 3 In a like nner, delanln tion of ch| ad 14 fromthe
ncanaul oy TR st BHEe PEISE AL Bloca o Poaa LA A erbe! b s air%%sng ina

ooty contr ol ERaRy A AIRAREF FRPalR Pl %%éﬁafnaéﬁgﬁv&”rem Vi r e
aual 1 Uy " SOUIRAE BeEEe TRk AR p AEPre TER 2 S AT TH BBoReE o

Fhat a | eadelibaie diorboildhing 34 ShE o G f108 61 Gl L r%@8§%9ﬁh%]ﬂﬁp an

i sol ated chip periphery support structure ars

i nvardly exfaandiingn elieP rdgfinli@eivh 39 tRAEulRP 84 ORRIpSd €Ki 5iRRn8MEhip 10 are
del am nati on-stop areas therebetwween. In a package utilizing the |ead

frame, the thetbgr Aneshstiatdd)iob mlde@hirPan enédpsalbi@f mMagribhgs, UsPSXansik £p&E, O

the ears, and encapsul ation materi al encloses and surrounds the frame and
t R chi p. Thenige packidgat30an armbeh intdnnBO NIASFid.O1 0A, R gickdge 30 istrhtsticatedi cnce
area of the chip and hardens to conplete the package. 15 The invention
provi des a nataldeddframe I1hathepadisge Sotitdudespdrbonfi@BT.ure that can occur
during a solder reflow process. In an exenplary enbodinent, this is

achi eved by redsiangnationnf thiechipi1@drotritbe eliip esd Veamt/oraletantation béthi die asthciul der
fillet, introducing crack-stop regions that interrupt the propagation of
del ani nat i 6 fiom ahirRaes! 408 opeits wias thednterfecidl stelisagexnged thedntarfacial sienetiedn t he
chip and encapsul ation material. 20 In particular, the invention has two
prinary aspegicylar, fglanfinatign often &tmnelarwptcpwgr 3% thaghvin 10, whergdheghiniments
fajlures limts the bending nonent applied by water vapor evol ved by

het i ng mat’é?sr&”lé\?f%ﬁépy‘ea‘@%PHBﬂﬂﬂPa@ Aesignigpedelamipationsces Faridly PFB9agate
limting bendi age flexure and caonseq uen& cracking ar

Feduced. TRISLBEGRIC 28 2R Jf RRB PR POOERD SR TEch @nmes%@racgge@m the
hi ghest del t t th d 2

and ot t ne BorRaPedd e Heptos ARG He Mo eParsBd JhS rerirr b e 1o
del am nati on away fromthe Chlp corners, by mnimzing shoul der regions,

and by limting the




3 potential span of any del am nation by reducing chip attach areas, the
overall potential for popcorn cracking failure is reduced. BRI EF

DESCRI PTI ON OF THE DRAW NGS The obj ects and advantages of the present

i nvention will become apparent by 5 reference to the foll ow ng description
and acconpanying drawi ngs wherein: FIG 1 is a plan view of an s september 2003
| sol at ed- Chi p- Peri phery-Support (ICPS) |ead frame according to an exenpl ary
enbodi nent of the invention; FIGS. 1A2nd 1 B are respective cross sections

O 0 Co3ehigh L5RaP bbb A T BRI 2o AP B Bt g
enpl oyi ng cﬁag%f ?%OV"Mé ﬂ{é%éﬁ]l&ﬁtdgl\éﬁ'u tlgﬁgﬁb@% é:d ﬁféoi%kﬁn%pghg@ﬁ et ' on

of the ICP rane of en a Pithe aplan
view of an J¢(B§ £Lsdhs 3%@0@2%&5}99 ?esﬁfﬁﬁ ftla S'@Hcom':fgﬁe 4A and 4B are the
respective cross sections of the ead frame of FIG 4, 15 taken al ong

lines 4A-4A and 'F}BséBprobl%ﬁ@e%bbéé%lté‘te Etb%geSofsc Jféhéﬁtsvlne‘ﬁuﬁﬁdlt?ncdm?ﬁ%ﬁed
enpl oying an ear with an upper surface perforated by a through hole; FIG 6

i s ; plan véRibritherddpidebTefi®s s@dderPGPE0MH raguiRld sttRElR PReed6ras repfesBRGKEIHorRAT |
FIG 7 is a plan view of an | CPS design enploying corner ears sized to

i ntersect andtady dreenaintyor preded gealpport surface within the chip
accommodat i ng zone; FI G 8 is a plan view of an exenpl ary enbodi nent

showi ng a sSulg ) NVENBEIN encl osing a circul ar chip acconmodati ng
zone; FIG 8Ais a pI an view of an exenpl ary enbodi ment show ng four
curvili near si delherigventioe s breedngpon thd digteveoethet alléad racafed aark resistand
central |y connected support nenber; 25 FIG 9 is a plan view of an |ICPS

| ead frame iNggTaRg cirvibRaskaoedtasanisolaied ehimestipheiy supprstsiiuptussmingluding sidebass ar e

fuIIy I ncorporated into said support nenbers.
with inwardly extending chip contacting ears, and open crack-stop and delamination-stop areas

therebetween. In a package utilizing the lead frame, the integrated circuit or chip is attached to
the upper surface of the ears, and encapsulation material encloses and surrcunds the frame
and the chip. The encapsulation material bonds to a majority of the surface area of the chip
and hardens to complete the package.

15 The invention provides a lead frame that reduces the popcorn failure that can occur
during a solder reflow process. In an exemplary embodiment, this is achieved by reducing or
minimizing the adhesive or attach material shoulder fillet, introducing crack-stop regions that
interrupt the propagation of defamination or cracks and increasing the bonding surface area
between the chip and encapsulation material.

20 In particular, the invention has two primary aspects. The first is that limiting the length
of delamination failures limits the bending moment applied by water vapor evolved by heating
water previously absorbed by the encapsulation material. By limiting bending moment,
package flexure and consequent cracking are reduced. The second aspect of the invention
reflects the discovery that the highest delamination stresses are concentrated in the shoulder

25 region and at the corners of the chip. By moving the interfaces most vulnerable to

delamination away from the chip corners, by minimizing shoulder regions, and by limiting the



4 FIG 10 is a fragnentary plan view of a conventional integrated circuit
package enpl oying a conventional full pad lead frame; FIG 10Ais a
fragnentary side elevation of the lead frame of FIG 10; and FIG 10Bis a
fragnentary perspective view of the lead frame of FIG 10. 5 DETAI LED
DESCRI PTION OF THE INVENTION. FIGs.1, 1 A and 1 B illustrate ansexafpl Aoy
enbodi nent of an integrated circuit package 40 incorporating |lead frame 42
for an integrated circuit chip or die 34 according to the invention. The

hip 44 h . t] t i 46 . tt f 48 ' d
SR 4 oS RSH 4y bRETHGFEE e B Ah T RE A Ve R,
failures d%dpggn%gﬂg?ﬁﬁggﬂ%]igfr?ﬁh‘g@ t enperature processing; for exanple,

during reflow sol ead frame 42 includes four interconnected

copl anar  siglgkpsEstRIPEFRN OFITURDBRARENGBES Opposite ends 56 and respective
€S 53.

;
i nner sides and outer si € I nner sides are coincident with the

boundaries in spfgeoriEdts %h&_@ao@aﬁtﬁ%é% B HRPRE&t iRErfiON SvilP hecolhE apbaiBntOby t he
chi p accommodating zone 54 is such that the entire chip 44, when positioned
in3ts usuabfeldncottd BBY@AloWHY, desériptiBh bh@hdcowpahyify 8Rkikewhdasid:es, and thus
with in the chip accommodating zone 54. In an exenplary enbodi nent, the
nor mal di st ance Figt weigra iplanevievard apulselatedl-Cles-Pefipiee)-8agsortS(ieP8) feddfrdnse | n
nost instances, the entire lead frane 42 is etched or stanped froma thin
conduct i ve avetdingdt eebxerhgaryexdopinentoithemveltiee . Typically the thickness
of the copper sheet is in the range fromabout 4 mls to about 8 mls.

Ot her mat eri al s Fi@sl TAENdKBess espeddiye bros@gectipnr of tive IGPE Idagifraneerdf61(S 1, taken
applications. It should be noted that, while the present enbodi nent

i ncl udes a gRngrliaes fH-1éfandclB-18.ithrrael si debars 45, having rectilinear inner
si des, other enbodi ments may incorporate one or nore curvilinear sidebars,
halfl ng curvi | i nddFsi4angS ase tragmendary glap Xiews Af 4m IGPSgigsion emRloying gRIE oYY

si debar as sEovvn in FIG 8. Mreover, sidebars of various configurations
may be contPREYP FESRERMS t he needs of a particular application. 25 In the

Gef i ne. t he open T4 1 BetShirgaihY tble st Fome b %‘E§§§§ﬁﬁ%¥ "er:.?%@hq?fff e
. ¢ | b g i

cach i debar 45T GrRSHRLIRAE 3F eReoe 1 OGBS Cont ront i ng

relati on, an upRgs. S LACR, B4 O AR ERucO2eci BNl e RISUIEH (LRETPRY 2

chip attach materral Ip st oca I'n space el at1on

Wi the | ngedn ShfiAhes da0ia ducBiBchaiEydf, a5 shown. In a known manner

| eads 69 are connected via wre bonds 71 to the 5 top 46 of the chip 44.

Encapsul ation naers @la ghf visw SRindeAs arpleYg bR 8af kit th dppePdlfiaed péridtstedBy
shown. The encapsul ation nmaterial 68 forns a bond with the frane 42 and

al so bonds 4 mrduga nbep 46, bottom 48 and sides 50 of the chip 44. As can be
appreci ated the encapsul ation material 68 is nolded through and around the
frame 42 to forrAi@. é israplamdewobas ICHBR kg drhplbyiey Hothdemut 8aodr riebieedadairp 44

t hrough the zone 54. 10 In addition, die attach fillet is limted to the
ears only. The rd&t7 ifa pliweviewiopare HIRS dsighomsploying dtaner edrsesizdditadtterbedtked and
di e pad shoulder. This will reduce the del am nati on problem Each ear 62
pr¥t r udes ifampa crassetsppse sarfatedéthinibs chintaecarerpdatiog gomgk- st op regi ons 70

t her ebet ween, the purpose of which is discussed hereinafter. As noted
above, the chi p M9 § i asplanyiew of an gxeyopieny embetimene shgyieg a singleapeulgysidgbar he
ears 62 by the chip attach material 66. As 15 best shown in FIG 1, the
chip 44 i s ¥GOFBHASHCYIAN $HiRA4OMMOIAINGFIE: i t s si des 50 general Iy parall el
to and spaced fr éit{]_e si debars, 45 form ng open regigons 70, as shown. This
all ows the encappgg; s 3Rty $faN cEMPIgrEeRRdimest iEpvinfopT cipdingsr siggbars,

t hrough the open .regi ons 70 t rovjde a strong bond. In the present

enbodi ment , CRRBAVIREH ot peatrpltialad GAE TR RUAYARITGRER RURROSE A Minsi ons.
T length | is fined as parall t correspondi n i debar .45, The

W howi s per pdil & apRr SR eoPsdat e MeriesareaE of aitimal prre
inwardly i e . : ' t e values of length
| may r angg*' r?err%ﬁng?)'é% W%g%éfﬁ%ﬂjggﬁﬁg%g%éﬂﬁ%rﬁg {Egs%g ggrg% errﬂb%’tsl; . I ndependent |y
the values of width wmay range from40 mls to 80 mls. The open
crack-stop regions 70 occupy the spaces between the ears 62. The crack-stop
regions 70 25 arrest propagation of delam nation and / or cracking between
the chip and the ear beyond the bonding area 72, i.e., the area 72 where

t he upper surface 64 of the ear 62 is attached to the 5 Septenber 2003 6
bottom 48 of the chip.




As can be seen in Fig. 1 and Fig. 1A the bonding area 72 has a limted
extent and is surrounded by different materials including the encapsul ation
material 68, which thus forns materials discontinuities at various
boundaries 74 in the package 40 structure. Accordingly, 5 cracks
originating at the interface between the chip 44 and the frame 42.,4.680,d,9
stop at the boundary 74 where the materials are discontinuous. The length I
of each ear 62 is generally limted todless than the I ength of the

CorvSHRn e i R TI B D R  ,
i nim " 1 th ti f the side ed

5 of e IO SRl g dRA BRECoL ' Wor ' the ear 62 shoul d b
| arge enough to dF'l@fS’ftFA?istahfParE;n{efﬂ%rFQ&e S%&%Bﬂ%fﬁu‘éflédo“ﬁ éf#l@%%ﬁ@ the chip

44 to provide adequate bearing support during encapsulation and to all ow

adequat e_bondi ngri@r £ i§2 HAMURERY blISpdclidPvidd of Mo idH fanAIE FAG. 107 can be

seen in FIG 1, although the ears provide a relatively small bonding area
72 515 for thermbEp oEbcrIPTON 6F THE iNVERITiof0 secure the chip 44 in place
while it is being encapsulated. Significantly, the lead frame exhibits
littl e shoul der meghom, aadds Alitratd £h PRI dnifolimeRe &fain dtéhratsdtitalt backageot e
fromchip corners. Consequently little of the interface that is susceptible
t o del am natQ ionerpbmtifig lead framé AR foi gh irtégrated dredinenip 4l dund4 sleoaikgrio the
regions. The resulting package 40 is robust, ultimtely providing

rel ativel y invegtiost Trengjtin 44 basls rdepeviiveriont hafachidf, abatodOsdrfaged 8 gidas 50, and
encapsul ati on. The permanent bond fornmed between the chip 44 and the
encapsul at i 9¥¢ egaesrS5al Thedeahiame U3 reduces of alirainalee aopeimtiagking filutes duing
attach bond. Conversely, the |ength of the unsupported beam represented by
t ht) del ani rRfriges glrhigh temperatyre prgessing: s expmpleadurip feflew soidering. t he chip
attach region. Failure of the chip attach after encapsul ation thus does not
adver sel y _ af f ect’ 5ac8e{tpms 44 ingjudasyous intefpumestisd caripngr pidebagt 4% hgeEhs9ePap S t he

| ati terial ts del am nat i I , di I, f
he- ol am rACGRoP G BHS B B apTc BuBtP A 220 R F Ry Mt TBRPBPOTRIENS on

nb . nbodi .t he | f i ncl ud
bl NIRRT NI R A A
Supbor { TEHgEs AU RgRADA b Ry hGHEL Ay ol SR PR A0
i mal . . dirst-al- . i . ' 5t
P B il SO TR R GOARESH 52 1 ©

during enC&PﬁéHe@cbinBl&géFﬁ'@odﬁH&ﬁ,%én | étel.medeﬁfeeﬂﬁrﬁér%mo%@?aeé@@eéw@éﬁ% c

i ncludes a down-set 85 as shown in FIG 1, and as further detailed in
3A. The dovgidsptmils InRbL iRMREs, afe antdidadGfantd B Is dtaHedWs sfnipsaSrodt a Bgnds
200, 202, serving to offset the distal end 83 of the support nenber from
t he proxi madonendive ietalMstides, foraixainpletbpgtrah€RNEypidalPhe dlidkabdsSomnthebpms Bhddie
portions of the support 10 nmenber in the vicinity of each end respectively.
FI GS. 2 ands B fhklrarggerfadne akaut 9 Bilt taratio@B ofls.vather naiaiabesd thgkmesssd danbe a
relatively wide ear 84, as shown in FIG 2, one creates a |lead frame
addbt abl e tapprdpeiatedantariogs efplicétions. Hdfshauld beinetey thdt, whifeftbe presest engmdin®ynt
providing a relatively narrow ear 86, as shown in FIG 3, one creates a
| ead frame iﬂ%@ﬁesmwrﬁ%/tmfge@tweeagaidﬁwé 4fregingrectilineabioner siges fothehembedipents
exposed and 15 avail able for bonding to the encapsul ation material. FIG 3A
i || ust r at esN& IHERIPQIEONGDr Morqavilingar sidebaip faying aeniieqar Bwebiidessas phoye in
frame. The down-set serves to correctly position the chip 44 for pounting
with res pec"_tI t §At A éW@!S’p%‘lﬂ”!ﬂ' iSRbARRS PN Brfd G 8addorepyas sidebarppk various
apertured fcroﬁﬁguragt%ng?rﬁy%% c%%]rblsne%%o lm%%ta tﬁ'ng%e:eéls gfgepa%?gu‘A?%Spli?:gtigx.t h

25 [n the present embodiment, the sidebars 45 are joined at the respective ends 56 to

define the open chip-accommodating zone 54. In this embodiment, a chip contacting ear 62



20 internedi ate sidebars 96. This enbodi nent provides support for the
correspondi ng corners 93 of the chip 100. Crack-stop regions 102 are
formed, as shown, adjacent to the sidebars 96. FIG 5 shows an enbodi nment
where ear 110 is perforated by a through hole 112 having an axis

perpendi cular to the surface 111 of the ear (into the page of theg, W ) -
The purpose of the hole 112 is to further mnimze the surface 111 of the
ear 110 directly beneath 25 the | ower ®&dge of the chip 114, and provide a

ol 6ommouiina faRi Rl s ARk LaBls! THB bt #8518 %‘Eﬁaiq%ﬁa%?eéhe
122 attachec% %ramﬁ,gqag%ﬁ aﬂx%%g@ny?ﬁﬂcé gh%&@ga{ 8l SN aRK .slzegu,«e%q of g% {h?q(t he

i nvention, e ne one or nore un ercu

the hole 1]&abﬁ‘mgieﬁalﬁ% Th@@thﬂQ%rtﬁéﬂlﬁcajtg@in %éﬁ?elgﬁfgoﬁ}{['ﬁﬁe lﬁﬂgsWeQﬁ &

| ocki ng effect. shows an aperture rame 1 avi ng ears

located in édb%af‘s%ﬁ@s‘ho%ﬁ‘llrﬂé‘%cﬁ%{ Iﬁamémaﬁe 60 BRSEoPRELEPRa Wite b\%asmﬁottﬁbe
chi p accommopdati ng zone. Between the ears are internedi ate sidebars 136.

Thiss enboditspas opthechigas. ExpRukatibromatefs) 6808 FRRRARFHUNE tROFAHeS 52 dtbor@f 44 he
chip 140, with additional support across the diagonal of the chip.

Cr ack- st op asagibans Tid enaipsulftnresteril $8 $drMmen, boad jwith &Y frdnge 4hendalstelads td 36.
10 The enbodi nent of FIG 8 shows an | PCS apertured frane having an annul ar
conf i gur at itbetopl48, bdticen 4Darid gjdesail athe ehis #qghecarnrauhpmreddtedtharendfgdulation
enconpasses the chip acconmodati ng zone 152. One or nore ears 154 are
connect ed troatetird 68 ismeglded thwugh gndérouhdktha framke 4R tafodhe b éirm afgrobast Hormdwithvilte | Nt o
the chi p accommodati ng zone 152. In this enbodi nent, the inner dianeter of
t he annul ugeitgw 4@@1&0@%“@@%@@@@% | argest dinension of the chip 15

160, so that the chip 160 fits co eteI within the Chla accommodat i ng
zoWe 152. The adf@fdidon; die atiach Hetinfmitaste @a!LS}B"W\H]hEIFPStP he ¢fiig edgeiddprent ,

d h f th | G 8A,
enbod nent oL eieSInAHE g AlRRrsTauBE ol redce hesoBBRR e Ehe

i deb 170 dent f h ha 20
Sorrors. The codacls P%ﬁ@uggﬁ?qﬂo&hf%é’ﬁ%%?ﬁ BB ﬂﬁ%éﬁfﬁg}?ﬂrﬁeﬁfwﬁg‘) be.
In th nb | t
fFom the o aBerEBavesl M85 b kIR R 5'3%“5594 SR, Ak po B Rko R ek sge™ ©

deb 17
S oy at ecotdBROA bodEHBHS il stfdtoBall | Rale 6% HARDERL bhadh e %@%gﬁs)é? hat
copyf acts t heasCHMnLAGIGM %&%F&Qg&% eﬁ@é It frarfe Q‘\n];:ﬂﬁrlfsr%%es@@b%qg
r ache to the

shown in FIG 9 shows an me t at prow es ears att

suppor ti ng gaRAIREH S sBacdd Mo E Bidebark A6 &Ry Ip8n SIS0, as stowre 6 ks 2003

9 1t will be appreciated by persons skilled in the art that nunerous

vari ati ons taaendeilitionahatenis 68RYdAErbBbEhd Rarhd 82 bAY BRdughthespen MeYihsi70 té he
speci fic enbodi ments without departing fromthe spirit or scope of the

i nventi on gsoldeoadiyngdesdr i bed. The present enbodi nents are therefore
considered in all respects illustrative and not restrictive. 5
In the present embodiment, each ear 62 has respective length | and width w
20 dimensions. The length lis defined as parallel to the corresponding sidebar 45. The width w
is perpendicular to the corresponding sidebar 45, and extends inwardly into the zone 54. Inan
exemplary embodiment, the values of length | may range from between approximately 40 mils
to 80 mils. Independently the values of width w may range from 40 mils to 80 mils. The open
crack-stop regions 70 occupy the spaces between the ears 62. The crack-stop regions 70

25 arrest propagation of delamination and / or cracking between the chip and the ear beyond the

bonding area 72, i.e., the area 72 where the upper surface 64 of the ear 62 is attached to the



5 Septenber 2003 10 We claim 1. A lead frane for an integrated circuit
chi p having an outer margi nal edge and an attach surface, said | ead frane
conprising: one or nore sidebars, 5 each of said one or nore sidebars
havi ng an inner side and an outer side, each said inner side defining a
boundary of a chip-accommodating zone, said zone being sized tosggeaHEPsAL e
the chip entirely therewithin in spaced relation wth the outer marginal
edge of the chip, and a plurality of ears connected to at |east one of said
I nner side g into said 10 chi p-accommodati ng zone, each ear
having a sﬁ%@ggﬁﬂ$ﬁﬁﬁ dgglng the attach surface of the chip in confronting

rel ation al ong qﬁtsor%rntlde V\A?ler L Q sal 1'}\Hfr%'ﬂ?>ﬂljm§ggaa ﬁfhag%ehnﬁljab Qﬁter?rtban-ghse

| ead frane of claim ce engag ott om of

the chip atggrolifdcdte gﬁﬂﬁérmﬁeﬁdiso%lhmﬁg megéhcﬁﬁsfu@ailﬁn LR R8s, W%lﬁtﬁqﬂé’\" th

the coners of the 1 hip, to mnimze the risk of delam nation

| ead frane mhtehdigbidtdntinibed Sivarsad sbuhdaRs ﬁ'[l@@te'p‘éc%@elr@tﬂ.l&’tufee%bbﬂdﬁ@@'r 4.
The lead franme of claiml1, wherein said inner side is generally

curdi | i nearcrackd ofigindiiry dt@aglinforfas®bstivesn tiethib 44MHRAIRE RaR@ab, BRd & KR atiRs at
| east one | ength dinension substantially shorter than a corresponding

| engt h of thuainday 7ésyerwiha hatdridishmae disContifieud. ead frame of claim 1, further
conprising: 25 one or nore support nenbers each having a proximal and a
di stal end, eacHhheulppgiht! ofeedobr edyebhip gemendlyt lexitetiotoalbsd dramt therlengtih cé lilse by
sai d respective proximl end. 5 Septenber 2003 11 7. The |l ead franme of
clai m 6, wreresprndiigdsideaiotd. nideMeeimpoftantyhthe toothr | e ganerally less than the

corresponding length of the chip along the side edge 55 to thereby minimize any fillet 75 which
10 may form near the portion of the side edge 55 of the chip 44 overlying the ear 62.
The width w of the ear 62 should be large enocugh to insure that the ear extends
sufficiently beneath the chip 44 to provide adequate bearing support during encapsulation and
to allow adequate bonding area 72 between the chip 44 to the frame 42.
As can be seen in FIG. 1, although the ears provide a relatively small bonding area 72
15 for the chip 44, this is sufficient to secure the chip 44 in place while it is being encapsulated.
Significantly, the lead frame exhibits little shoulder region, and all die attach interfaces are
typically remote from chip comers. Consequently little of the interface that is susceptible to
delamination, is found in the high stress corner 41 and shoulder regions. The resulting
package 40 is robust, ultimately providing relatively high strength bonds between the chip and
20 frame upon encapsulation. The permanent bond formed between the chip 44 and the
encapsulation material 68 has a large surface area relative to the chip attach bond.
Conversely, the length of the unsupported beam represented by the delaminated area, is
limited by the minimal dimensions of the chip attach region. Failure of the chip attach after
encapsulation thus does not adversely affect package integrity because the superior strength
25 of the encapsulation material arrests delamination as long as the dimensions of the

delaminated region are small enough to cause delamination propagation.



down-step adapted to correctly position the chip for nmounting. 8 The |ead
frame of claim6 wherein said sidebars each further conprise: 5 opposite
ends, said opposite ends intersecting to define corners. 9. The lead frane
of claim8, wherein each of said connections between each support nenber
and the at |east one sidebar is in the vicinity of said respects¥guafePeios
10 10. The lead frame of claim8, wherein at | east one of said ears is

| ocated proximate to a respective conmef. 11. The lead franme of claim8,
wherein at | east ' | d f i raers... 15
12 The Tead" 11 andegy Ot Pbodbh, g cRERA ubs MBe: LRI HhuSR Mk,
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further conprising: 20 a ura | eads, el ng

i sol ated fradenadd 45 MidlR e MoRNELirflh SRAREHoP HAS hdBeRhg SRl RAllrAGRRMERdRL | g
zone, each of said | eads having a proxi mal end and a distal end, said

proxi mal englippér MBMBEREsHRIrEXith Al ehd BE NS dRta) SR &3, ihd BRI et 1idconhb@ed €ad
frame of claim1l, wherein at |east one ear has at |east one through 5

Set ember 20@@ réghdRVecarierB andititd disthhenalsstdrenoasly RBpoRl di@ng kiR atichd -

The | ead frame of claim 14, wherein said through-hole is generally

per pendi cul Bre suppsraindmbennf therdreseat erbbddimerkliolireRdes$ 4 adven-sdt 85 hashowhdn Ritzer ei n
sai d through-hole provides a | ocking effect. 17. The lead frane of claim]1,
wher ei n each asd s furtheudidsiled i BIG. 3ét Tae dawndsetis mgamentegh pea psinof sl rading a
neck portion disposed between said inner side of said sidebar and said 10
cont act ar edrves®r bamgs 4082202 pemming &f offsebihedistal engh8? ef the sunndrimeariben Fomdhe

| east one | ength di mension nmeasured in a direction generally parallel to
sai d r espedtPX®al e, whiganaiglginiparreagoeral pateficlgmhshesaaihoporiignssidraewpehan a
COLgespondiggmlen th of said

ber iff the vicinity of each end respectively.
FIGs. 2 and 3 illustrate ears 84 and 86 of varying sizes. By providing a relatively wide
ear 84, as shown in FiG. 2, one creates a lead frame adaptable to the mounting of chips of a
variety of different sizes. By providing a relatively narrow ear 86, as shown in FIG. 3, one
creates a lead frame that maximizes the surface area of the bottom of the chip exposed and
15 available for bonding to the encapsulation material.
FIG. 3A illustrates a down-set 85 formed in the support member 80 of the lead frame.
The down-set serves to correctly position the chip 44 for mounting with respect to the
encapsulation material and leads.
FIG. 4 shows an apertured frame 90 having ears 92 located in the corners 94 with
20 intermediate sidebars 96. This embodiment provides support for the corresponding corners 93
of the chip 100. Crack-stop regions 102 are formed, as shown, adjacent to the sidebars 96.
FIG. 5 shows an embodiment where ear 110 is perforated by a through hole 112
having an axis perpendicular to the surface 111 of the ear (info the page of the drawing). The
purpose of the hole 112 is to further minimize the surface 111 of the ear 110 directly beneath
25 the lower edge of the chip 114, and provide a locking effect to prevent delamination between

the ear surface 111 and the mold compound.



15 respective ear. 19. The lead frane of claim 18, wherein said | ength
dimension is neasured generally rectilinearly. 20 20. The |ead frame of
claim 18, wherein said | ength dinension is neasured generally
curvilinearly. 21. The lead frame of claim 18, wherein said neck portion
performs a | ocking function. 25 22. The lead frame of claim1l, $bgkainer Hdsd
ears define open crack-stop areas in 5 Septenber 2003 13 the zone between
said ears. 23. The lead frame of claimd1, wherein a chip attach material is
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supporting the chip, a avi ng open crack-stop areas therebetween.

An i nt egr ated. QiikeaHé holBAG B ADPIG: 8Pk paEitsA 2B @alick 'eaNBrea @Rd ipRIVRB Ab&Ehg
circuit chip secured to the frame, said chip having an outer margi nal edge

and a franesfleagagi ng surface, said frane conprising a plurality of
si debars, each havi ng opposite ends, and having 15 an inner side and an
outser side, sai FISi Usglvawsaandetitivied famedB0 padogearsvBBlotatgd manecorsars d34 ot
bei ng sized to accommbdate the chip entirely within the inner sides of the
si debar s i rextgraingdo lirdéraedtion 13hevithini thl chip gekemmbidatingabne.aBstvweao lihdearagre
connected to an inner side and protruding into said chip accommodating
zone, each iplgrmediate pigebare G- Kigppobradiment pravides eudnort ferriigagprregperdingfqosess 20
engagi ng surface of the chip in confronting relationship therewith along a
portion of 138e0fdle shipPgvitlaadditienal gepnan swioss e wiagenalgf die ghiph Graek-stemme
engagi ng surface, said ears definiqg )

regions 142 are formed, as shown, adjacent to the sidebars 136.

10 The embodiment of FIG. 8 shows an IPCS apertured frame having an annular
configuration. In this configuration, a single annular sidebar 150 encompasses the chip
accommeodating zone 152. One or more ears 154 are connected to the inner side 156 of the
annular sidebar 152, and extend into the chip accommodating zone 152. In this embodiment,
the inner diameter of the annulus 150 is such as to exceed the largest dimension of the chip

15 160, so that the chip 160 fits completely within the chip accommodating zone 152. The
annulus 150 has a top surface 158 which, in this embodiment, does not contact the bottom of
the chip 160.

In FIG. 8A, an exemplary embodiment is shown having curved sidebars 170. In this
embodiment the sidebars 170 are independent, one fram the other, having no connecting

20 corners. The result is an opening 172 where the corner might otherwise be. In the
embodiment shown, each sidebar 170 includes at least one ear remote from the corner
opening 172, and attached to the inner side 176 of the sidebar 170. Support members 178 are
similarly attached to a respective sidebar at an outer side 180. The ears 174 each have a top
surface 182 that contacts the chip 120 in a confronting relation.

25 A further embodiment, shown in FIG. 9 shows an ICPS lead frame that provides ears

attached to the supporting members via a minimum of intervening sidebar.



crack-stop areas between the ears and adjacent the sidebars; a chip attach
mat eri al di sposed between the ears and the chip in the contact area for
securing the chip to the frame; 25 an encapsul ati on material surroundi ng
the chip and the franme and bei ng bonded thereto. 5 Septenber 2003 14 LEAD
FRAME FOR AN | NTEGRATED CIRCUIT CHIP (integrated circuit periphggatember 2003
support) ABSTRACT A | ead-frame for connecting and supporting an integrated
circuit chip with a chip accommodatindg® zone with i nwardly extending ears
for supporting thg, Gl Bp;&r@&ét%ﬁ'H}%J&JHS”%HH‘TSW@%@QH R RmAO DHALSE SREN
crack and del am nation Stopping regions. igure
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40%0x& () - #10%)9.( & ( )A' lead frame for an integrated circuit chip having an outer marginal edge and an

attach surface, said lead frame comprising:
one or more sidebars,
5 each of said one or more sidebars having an inner side and an outer side,
each said inner side defining a boundary of a chip-accommodating zone,
said zone being sized to accommodate the chip entirely therewithin in spaced relation
with the outer marginal edge of the chip, and
a plurality of ears connected to at least one of said inner sides and protruding into said
10 chip-accommodating zone, each ear having a surface for engaging the attach surface of the

chip in confronting relation along a portion of the outer marginal edge of the chip.

2, The lead frame of claim 1, wherein said ear upper surface engages the bottom

of the chip at a location remote from the high stress regions associated with the corners of the

15 chip, to minimize the risk of delamination.
3. The lead frame of claim 1, wherein said inner side is generally rectilinear.
4, The lead frame of claim 1, wherein said inner side is generally curvilinear.
20
5. The lead frame of claim 1, wherein each said ear has at least one length

dimension substantially shorter than a corresponding length of the corresponding sidebar.

6. The lead frame of claim 1, further comprising:
25 one or more support members each having a proximal and a distal end, each support

member being connected to at least one sidebar by said respective proximal end.
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5 opposite ends, said opposite ends intersecting to define corners.

9. The lead frame of claim 8, wherein each of said connections between each

support member and the at least one sidebar is in the vicinity of said respective comer.

10 10. The lead frame of claim 8, wherein at least ane of said ears is located proximate

to a respective corner.

1. The lead frame of claim 8, wherein at least one of said ears is located remote
from said corners.
15
12. The lead frame of claim 1, wherein said at least one ear extends to intersect

with at least one other ear.

13. The lead frame of claim 1, further comprising:
20 a plurality of leads,
said leads being electrically isclated from said sidebars
and disposed outside of said chip-accommodating zone,
each of said leads having a proximal end and a distal end, said proximal end being
proximate to said one or more sidebars.
25

14. The lead frame of claim 1, wherein at least cne ear has at least one through-
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16. The lead frame of claim 14 wherein said through-hole provides a locking effect.

17. The lead frame of claim 1, wherein each ear includes a contact area within said
upper surface, and a neck portion disposed between said inner side of said sidebar and said

10 contact area.

18. The lead frame of claim 17, wherein said neck has at least one length
dimension measured in a direction generally parallel to said respective inner side,
said neck length dimension being shorter than a comresponding length of said

15 respective ear.

19. The lead frame of claim 18, wherein said length dimension is measured

generally rectilinearly.

20 20. The lead frame of claim 18, wherein said length dimension is measured

generally curvilinearly.

21. The lead frame of claim 18, wherein said neck portion performs a locking
function.

25

22. The lead frame of claim 1, wherein said ears define open crack-stop areas in
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24, A lead-frame for connecting and supporting an integrated circuit chip,
comprising sidebars having inwardly extending ears for supporting the chip, and having open

crack-stop areas therebetween.

10 25. An integrated circuit package comprising:
a [ead frame,
an integrated circuit chip secured to the frame, said chip having an outer marginal edge
and a frame-engaging surface,
said frame comprising a plurality of sidebars, each having opposite ends, and having
15 an inner side and an outer side, said sidebars defining a chip-accommeodating zone, said zone
being sized to accommodate the chip entirely within the inner sides of the sidebars in spaced
relation therewith,
a plurality of ears each being connected to an inner side and protruding into said chip-
accommodating zone, each ear having a chip-supporting surface for engaging the frame
20 engaging surface of the chip in confronting relationship therewith along a portion of the outer
marginal edge defining a contact area with the frame engaging surface, said ears defining
crack-stop areas between the ears and adjacent the sidebars;
a chip attach material disposed between the ears and the chip in the contact area for
securing the chip to the frame;
25 an encapsulation material surrounding the chip and the frame and being bonded

thereto.
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ABSTRACT
A lead-frame for connecting and supporting an integrated circuit chip with
a chip accommodating zone with inwardly extending ears for supporting the chip including
minimum shoulder area, and having open crack and delamination stopping regions.
10

Figure 1



