-1 28/ 05/ 2004 DUAL LOC SEM CONDUCTOR ASSEMBLY EMPLOYI NG FLQOATI NG LEAD

FI NGER STRUCTURE 5 TECHNI CAL FI ELD The present invention relates generally
to a sem conductor die assenbly enploying nultiple sem conductor dice.
More specifically, the present invention relates to a nethod angk/eppessat us
for increasing integrated circuit density-By enploying dual

| eads-over-chip (LOC) configured sem conductor dice in a symmetrically 10
confi gured sem conduBUal HOC SEMHUONDUBAGIASSEMBEOEMILOVINGNCe, | ow
cost, increased m niaturi Zz@IEATPIGANRD EINCERNEROECTUEE Packagi ng

density of integrated circuits have | ong been the goals of the 15 conputer
I ndustry. Geater integrated circuit density, for a given |evel of active

conponent .and i nternal conductor d ' [ entionally limted by the

space av iI?bI e within a packagi nﬁﬁbﬁ@@i‘éﬁﬁ%y the surface area, or

"real estate", avpid et BReRidAElIA! eI {0 @ndttidudSr @ie%éefl{b?%dtc' reult
|

board. For single, conventional |ead franme nounted dies, this ation is
a result of <uplpyiagbadiiple demicgnduc@umilicen tMorapedifeallyf tha peeseietdnggmtipnher ent | y

limts potential single-dje . pack densi ty because the die-attach paddle
of the |ead fﬁegﬁ%ﬁ? 3%??3}[50&1 qngd %Bmﬁﬁﬂgg%f IB?reaql‘gg ’é’éerg'fatt?fgﬂ“t“ﬁég 1361%%‘?@%‘@%%
the paddle. Thflcadg6verld Iz dobfighred SeriftBfductdr idlih YSyhntherilaig Of the
die) that remains ar oundhfph% pe)r [ ph%r y o? t ﬁ’g (?Ii é- at tlachypa(?gfdél ?or bond
pads forlOwi reonfigntd sgmicendudi@rdimassemblye i nner | ead finger ends on a | ead
frame may provide 25 anchor points for the | eads when the | eads and the die
are encapsul ated, as with a filled polyner by transfer nolding. These
anchor points may be enbodied as | at gygatgGReig@s ©r bends or kinks in the
| ead finger. Therefore, as die size is increased in relation to package
size, there is a cHighgsponuimg, loecest, imereased midatanzitionlof eordpgichtsphmaing t he
sides of a package I(or. eaca sul ant %néé erial to anchor to the |ead fingers
and provi de agTF?}B’g%‘%lc aging depsity pEmtcasaied cirewisdiev long byen the gedlaof bed i ngers
are subj et ededupdienREYR GredérSREES e dWircht RS | yg el y
with a carri erc;ngbubst rat gsﬂsauc%tars aE%rcl ntuggf gﬁ%ﬁﬁorg%gﬁggeﬁﬁgacgﬁgapsul ant
materi al may emygwinesiraiddetstnabgsonkihetopdansitylds s@plenticrialls liaritedalyl the space
available within a packaging envelope and by the surface area, or “real estate”,
available on a carrier substrate such as a printed circuit board.
For single, conventional lead frame mounted dies, this limitation is a result of
20  the basic design. Conventional lead frame design inherently limits potential single-die
package density because the die-attach paddle of the lead frame is usually as large or
larger than the die residing on the paddle. The larger the die, the less space (relative to
size of the die) that remains around the periphery of the die-attach paddle for bond pads
for wire bonding. Furthermore, the inner lead finger ends on a lead frame may provide
25  anchor points for the leads when the leads and the die are encapsulated, as with a filled
polymer by transfer molding. These anchor points may be embodied as lateral flanges
or bends or kinks in the lead finger. Therefore, as die size is increased in relation to
package size, there is a corresponding reduction in the available depth along the sides of
a package for encapsulant material to anchor to the lead fingers and provide a robust
30  seal thereabout. Consequently, as the lead fingers are subjected to the normal stresses
of trimming, forming and assembly with a carrier substrate such as a printed circuit
board, the encapsulant material may crack and destroy the package seal, substantially

increasing the probability of premature device failure.



i ncreasing the probability of premature device failure. -2 28/ 05/2004 One
met hod of increasing integrated circuit density is to stack a plurality of
dice wvertically. US. Patent 5,012,323, issued April 30, 1991 to Farnworth
teaches conbining a pair of dice nmounted on opposing sides of a28/e%d004
franme. An upper die is back-bonded to the-upper surface of the |eads of
the lead frame via a first adhesively 5 coated, insulated filmlayer. The
lower die is face-Onntdethodof intedsingantep@eed dircaitdenbitg s AR ARG AT dited a
second, adhesi veé&a)ﬁé{coat ed, insulative, filmlayer. The w re- bondi ng pads

on bot h upper Védtiedihind).-§ Ratent 3iH 2¢28. issied Ao 38ct 2 toFammwon teashies of t hei r

associ ated | e | .t 0 | um | fe.bhands., The | ower die
is slightly ‘?"g‘?lgﬁ‘ﬁ?ﬁ;éﬁ Q)t%ﬁgeurg%%?&ﬁqneéps@s#%{yégnﬂﬁﬁ {e 9\%@81 émbl{?ﬁ’ar 885 are
accessi bl e f ricavkaiondel thGhé iyl glrfae of B8y lEalso it leitbfrifa diala fasadhbsel}y hat
wi re bonds can be made fromthese bond pads to | ead extensions. However,

this arrargengftedaipsulateddjloylayars I8¢ dawerglie istfacsrhoaded odhe taveen lead frameadiat |

i di f f ' ' ired, M t he..| ead desi
ol oyed by FARIEOReEhF 8 (phE dhdsRlon KREL YRt S Tere FhE Hirad Or uns
bet ween t he dbhdaipdpdds en stharpper dietnd IRvdd Aka8 titerdhitheb 8 WilAHe EARWT their

configuration is 15 rather conplex. U S. Patent 5,291,061, issued March 1
1994 to Bal | #ssedi#ted lead gtensiphsewith gelden alumisumevirclondsaThe lomenidieds slightly

four dies whi 0 XGee ei ght. of then-current i ngle die
packages. Th e&F%?\?vﬂlgailo § ‘#%IJ%B? letsﬁéﬁag&‘ﬁq? <‘-§gf @133’8%& B?/%cf“%@ccg?s@‘éi%’l DP¥ce
stacki ng Mhi ClhrdughmRGPeid@ s Heded®fraind Qivh tRARVIRY tYnts SanvBe Bad2ORH Ritkse
operation and thin- 20 adhesive IZi/ers bet ween the dies of the stack.

However, Bal | bansknadet lgpd egensions. dHoweven this areangamenthap pendjorslisidvatftage | ead
frame, necessarily increasjng bond wre.length,. even if. s of the | eads
of the |ead fﬁ"[é‘l‘r%eélparP‘é‘? bR Setieitappet ?J.%%Fenﬁgﬁ%ﬂ't“ &Eesf%‘t‘}“?%%%%‘{fé’c} Alftist
29, 1989 to PpafbYedisehmpoosd By Faraadih @uploystigdwiré béXds a6 Wlli-gukeAdddaash
frame, wherein the inner |ead finger endS of a dual-in-line 25 package
(DI P) conf i guras betavean thealieandcthe gutetiorof the dackage, 9ud thedehd: frarnheonfigpmtion is
(active) &? gfma sem conductor die through a dielectric layer. Wre
bond | eng NS pgeﬁ'ortened by placing the inner lead finger ends in

close proximty toyus. earhf 891,000, ¥sud FardoNd 9pfesBa RUENS h mdiifle Saskhky LOC
configuration as disclosed relates to nounting

die device that contains up to four dies which does not exceed the height of then-current
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single die packages. The low profile of the device is achieved by close-tolerance
stacking which is made possible by a low-loop-profile wire bonding operation and thin-
20 adhesive layers between the dies of the stack. However, Ball secures all of the dice to
the same (upper) side of a lead frame, necessarily increasing bond wire length, even if
some of the leads of the lead frame are bent upwardly.
U.S. Patent 4,862,245, issued August 29, 1989 to Pashby discloses a "leads over
chip”" (LOC) configured lead frame, wherein the inner lead finger ends of a dual-in-line
25  package (DIP) configured lead frame extend over and are secured to the upper (active)
surface of a semiconductor die through a dielectric layer. Wire bond length is thus
shortened by placing the inner lead finger ends in close proximity to a central row of die
bond pads. However, the Pashby LOC configuration as disclosed relates to mounting
and bonding only a single die.
30 U.S. Patent 5,804, 874, issued September 8, 1998 to An et al. discloses the
stacking of two or more identical LOC configured semiconductor dice facing in the

same direction. A lower die is adhered by its active surface to leads of a lower lead



and bonding only a single die. 30 U S. Patent 5,804, 874, issued Septenber
8, 1998 to An et al. discloses the stacking of two or nore identical LOC
configured sem conductor dice facing in the sane direction. Alower die is
adhered by its active surface to leads of a lower |ead -3 28/ 05/ 200%200anme
and wire bonded in LOC fashion, after whieh the active surface of at |east
one other die is adhered to | eads of an upper lead frame in LOC fashion,

t hen adhesi veframe hatwirbbottizd ih DOhEshippeifics WhichGRe adtiveRarfhcewiat leg@ddné r ane.
The | eads of the upper lead frame are electrically connected to those of
the Iower | eaRihsrdigs agheredia leadsopmnappedradsiramein hQC fashiontheaadhesivelinhi | e

provi di ng ing i ' | | I 8s | east  t\wo

differently- c%aggi%gﬁ%egég %ﬂp@ﬁ%ﬁ'ﬁ%%@%gﬁw faf %@ﬁ%ﬁgﬁlﬁéﬁgéfﬁ&hﬁ WPRE I?ﬂd | east
two dice ar eﬁaﬂ@meﬁcﬁﬁﬂﬁ{;h&ﬁmcﬁﬂwﬂi&é of thB o vod& ORI drh By thelinfoRhipASISIBHE Nt
and coverage of _the wire bonds of the |lower die by the upper die may

i nduce an3i r riapding: Thedva davines while pravidieglingrsagadetircait density arequintst af ldast

i Chout vor detin BRRSHSLaTRkE AR ey rafis ot Eitg BRERER LT GRA BB b8 uent
shorting. Thedied @&gecurdd 10Dether. MMoRIVANHE ASRHS elriRallfY Blripemeh OB AHT

device for increasing integrated circuit density in the formof a
seni conduct orthg&jrecongds akthp igwerdis bigths wpperatic inay induse ai ireagular floverant ofil | y

si zed, LOC copaf i qur di back, bonded in .,a,l15 s tri,cal ckage
Sont 1 pur ot on M ReC e RRGHUR TR Spa by Y Rt R e
confi gur atg oninteagleteYensapRaRAbA Nifohiosdidstidfifdredted fRODIAGK M Ibordl seiebPSURE

OF I NVENTI ON The present invention relates to a nethod and apparatus for
i ncreasi ng t handxgnsequenfshedidgci rcuit density of a seniconductor assenbly,

and in particul ar, al .LOC . sem conductor .die assepnhly by stacking two
LOC sem conduct or y%égéﬁagwa%dﬁ%giv%‘ ge%ﬁ%é?‘ﬁ' PST%BE"P‘S%/G %[Ydégﬁﬂ?ﬁ Pbase
| ead frame angiceudifyditdpgatb@ el RASTHPINAKE Forkd 6F AGkdidRdusttf dQ5@Ss@myipe di ce
for wire bonding to centrally |ocated bond pads thereof. In one enbodi nent,
“the present ivsigsubstantislly simdanatddentisalky sigeda LOG emnfiguredidicesback borstedomd di e

back t K with | ead th bet w that the. acti
cur faces Tof PR adioeC SR s Tosis 5 B arh -2tk 18 al 1

opposi te di r egih®Bsnfighration readily susceptible to transfer molded packaging.

DISCLOSURE OF INVENTION
The present invention relates to a method and apparatus for increasing the
20  integrated circuit density of a semiconductor assembly, and in particular, a dual LOC
semiconductor die assembly by stacking two LOC semiconductor dice back to back on
opposing sides of a common base lead frame and extending lead fingers over the active
surfaces of the dice for wire bonding to centrally located bond pads thereof.
In one embodiment, the present invention may include stacking a first die to a
25  second die back to back with a base lead frame therebetween so that the active surfaces
of the first and second dice are facing outward in substantially opposite directions. A
first offset lead frame and second offset lead frame, each having a plurality of lead
fingers, are attached to primary lead fingers of the base lead frame with the lead fingers
of the offset lead frames configured to extend over the first and second die,
30  respectively, in a cantilevered manner. The offset lead frame lead fingers may be
electrically connected at inner ends thereof to bond pads of the die over which they

extend, as by wire bonding, tape automated bonding or thermocompression bonding,



first offset |lead frane and second offset |ead frane, each having a
plurality of lead fingers, are attached to primary |ead fingers of the
base |l ead frame with the lead fingers of the offset |ead frames configured
to extend over the first and second die, 30 respectively, in a ca805/2e8kred
manner. The offset lead frame | ead fingersl-may be electrically connected
at inner ends thereof to bond pads of the die over which they extend, as
by wire bondiwhile thapeteaetdsroftiedebbfidgargmay bt BRetiRalbypsmested o frimiatyiead - 4

28/ 05/ 2004 while the outer ends of the |lead fingers may be electrically
connected to ‘éﬁl&%@fm basg lead;frams: as By spatavelding spkiseng prthermecompyessignt

wel di ng, soIQﬁHd or thernoconpression bonding. The sem conductor die
assenbly of the présent invention may further include a 5 dielectric

packagi ng envel opeThdeaticondaapsdic at@mblef tha preskrddsventisiayifhrther v lydel a1ar y
| ead fingers extending therebeyond, the first and second dice, the first
and second | ediglectgicpackagingsrxeloppwhichenransulates tigdrase lead Sameayith the primanhond

pads and the ' . T C ' f

ranstor ol don oG e88fnd taRRERng BR RESKANCIAT BEofral sfinficd
superi nposed ¢ffset Bamss &fd theteallifihgér conbe RO ROhO bbs®padtAnd Badriniaiiamdon
opposi ng sides of dam bars of the base |lead frane to prevent nolten,

filled pol ynefingshe apnaskaging say bg effertehby o transi¢r moldingairecesaiwhichasaydieaced

over the firsg . n ' ctor dice,between. .t primary .l

ingers of ¢ ncE PEAS s SORLARRTHGmEEfoEbatt 8F motsiny Fioha B3¢t
operationd s Red frame®en bFposRIFRIRs 0 84 barsRA'thd 43S 1<all fahR tobfeveht helas, f r ames
as well as the dam bars and to separate the packages 15 into individual

dual LOC seni Gbefipalywer eficapsylantiromi extruding capef the mokd edvjtiespidced over thofirser
ends of the ppijmar ead fi,ngers. cordjngly, the LLOC seni.cqonduct

assenmbl y of t%rédﬁ%? e%deS F‘“foﬁ\%‘%ﬂ %ﬁe ﬁ? 8?%%‘53’5‘)&?% Eeaflbpg%rsgﬂbg&afe %@‘ﬁéﬁ?’fﬁ by
providing a sFeltdutg Ehdapbul@ivsh, & @A Abd ®bren bpbr@iodas KerfdrtheR A6 kentvickess at i on
with the base |ead %rarre t her ebet ween. By this opposing, stacked 20
arrangenent , Pordopbeidhe pHset lagd famss as wellas Siealan bays bt tneseparatedhd packageand
second dig is. . signi.ficantl educed, synce the active surfaces of.the first
and secontd o B AN A G SEMERoRIoRaR i BT S bR PRFRHE | ne
first and secemsr ¢lde ofitR pRthRPicadREssy arranged with |arge back side

surfaces in contact wth the base |ead frame so that heat
Accordingly, the LOC semiconductor assembly of the present invention

increases integrated circuit density by providing a stacked first and second die in a back
to back configuration with the base lead frame therebetween. By this opposing, stacked

20 arrangement, the potential for electrical shorting between the first and second die is
significantly reduced since the active surfaces of the first and second die are facing
outwardly in opposite directions. Further, the first and second die are advantageously
arranged with large back side surfaces in contact with the base lead frame so that heat
generated by the dice during operation is effectively transferred to the base lead frame

25  and then out of the package through the primary lead fingers. In addition, effective,
void free transfer molding is facilitated by the symmetrical configuration. Finally and
without limitation, initial attachment of both the first and second die in back to back
relationship to a common lead frame in a symmetrical relationship facilitates
manipulation of the assembly for attachment of the offset lead frames and wire bonding

30  and reduces the potential for damage to the assembly.



generated by the dice during operation is effectively transferred to the
base |l ead frane 25 and then out of the package through the primary | ead
fingers. In addition, effective, void free transfer nolding is facilitated
by the symmetrical configuration. Finally and without |imtatio23/05R2004 al
attachnment of both the first and second di® in back to back relationship
to a coomon lead frane in a symetrical relationship facilitates

mani pul ati on of the assenbl y BRIEFDESCRIPANONCOF DreAWINGst | ead franmes and
w re bonding 30 apd.reduces the potential for damage to the assenbly. -5
28/ 05/ 2004 BRI EF DESiRtreripesifioptionreanrindes with cleims.parieidanty peintingentendcl udes

with clains pagrticul ar LNt4.:0Q | stinctl | ai_ g ng t hat I ch
i s regarded agls{ullﬁée%&p%}é%nrﬁnm ?%jélg fsglréi,&ar? ﬁ“gasa‘g%/gﬁﬁ%é%% 1o, tﬂgi Wa9EH Y on can
be more readi thys inseichaan e niotOreatiteadeattiny REmARS folloMinOdeseiptidaef te

i nvention when read in conjunction w th the acconpanying draw ngs in which:

FI GS. 1(a) 1(ivertien whengead inggningien with thepasapmpanying drawings imwhish: a net hod

for making a pref r ' dual L sem gonduyct or_dj e, assenbl y
according to the gﬁesggl@ iﬁﬁﬁ%—g‘gﬁ%ﬁfeﬁ%&ss?eq@% Vé?%’ﬁﬁf?ag’dlg@r 9‘%&’& i onal
view, illustr niaking apréfeséeenbetineiostiamal LOtGetficohdBREKA 86bemBiPdechding

sem conduct or di e assenbly according to the present invention attached to

a carrier sub®tthapeesentimention;s a partial cross-section side view taken

along line 3-3 of J 41l ustrating, t.he alignnent of the dice
rouerng with the IR i fShnalisied SRIBAAL RS, Dok s o erntd nBodient,
present i1wendf Hpkickdgedrlital LOC SenficéRicto? ARFRIMELy 8LRY&hE & th8bredent

sem conduct or di e assenbly according to the invention, depicting
super i nposi t i ByewHonatiarheskto gfchmier substrtef rame of a strip of first offset

| ead f i th | ead. . a stri b _ead f i th
som conductor di e BT achadas! PREi2io idk ey ke e IESp LR gk £ o
the first of f HRistratir@ate & d@ﬂﬁqn%f&e@%%ﬂsihgv@ﬂﬂﬂe RAdandPlechbitPledd Efrtr'%eftmd 20

i
FIG 5 is an enlarged side elevation of a sem conductor die assenbly

according toframes, geensding t¢ he@msentrinvdntiosi n some of fset | ead fingers of
differentyof fset | gnd {RaTED ol SoRNCC! 2.0, 1L PR R ELY 52
to the invention, depicting superimposition of a first offset lead frame of a strip of first
offset lead frames with a base lead frame of a strip of base lead frames with a
semiconductor die attached to the base lead frame and the lead fingers of the first offset
lead frame wire bonded to bind pads of the die; and
20 FIG. 5 is an enlarged side elevation of a semiconductor die assembly according
to the present invention wherein some offset lead fingers of different offset lead frames

may be connected to different primary lead fingers while other offset lead fingers of

different offset lead frames may be connected to the same primary lead fingers.

25 BEST MODES FOR CARRYING OUT THE INVENTION
A presently preferred embodiment of the present invention will be hereinafter
described with reference to the accompanying drawings. It should be understood that
the illustrations are not meant to be actual views of any particular apparatus and/or
method, but are merely idealized representations which are employed to more clearly
30  and fully depict the present invention than would otherwise be possible. Additionally,
elements and features common between the figures retain the same numerical

designation.



different offset |lead franes may be connected to the sanme primary | ead
fingers. 25 BEST MODES FOR CARRYI NG OQUT THE | NVENTION A presently preferred
enbodi ment of the present invention will be hereinafter described with
reference to the acconpanyi ng drawings. It shoul d be understood 28a5/200he
il lustrations are not neant to be actual w-ews of any particul ar apparatus
and/or nethod, but are nerely idealized representations which are enpl oyed

to nore clearly 30Aamdhdddddappenistofapecsphitbspeferied efiboloment bithe peddbr
ot herw se be g‘gssl bl.e. Addj ti g} nal lﬂX i el enents and features commobn bet ween
a

the figures r®VERtPnisshayaie FiGRel(ad al (h)guith esrasippal refernogiodd G gand 4wt hod
d t t t
and appara us?}:&oﬁ}a&r e]?l@“l@ d Iglstfs%rsﬁ'ﬁgllﬁer?&gés &Eon?ig v1teuregso esent invention

is shown in ccasi ona renct % FIGs. 3 and 4

as _appr oprlaFIEGS EUﬁ 1(h)X 6f a st€ipio€ basede faphés 110dn BHeqsicese6f havingd Vi ew, as
do FI GS. (b) - 1 of a strip of base lead franes | 10 in the process

of havi ng 5‘5 SWE‘H}%}& £ dice giteched ppdelretricallyccosnedied therete. yIt skowid be nated Het et o.
1t should b yakeg bt 3RS B HELHBER. Ak S5 AR B ATRE OB 200

conpressed in I‘aWI ng gures or ¢

| ead frane | ﬂcﬁ)claﬁc}} tbdem aafuar@reach bag léadméncﬁmbﬁasd Mgt ddetingérsa
sufficient distance so as to provide adequate |ength for deformation

thereof into &égIdinglatmallyeas @lsmtdbst@fce@a@kawrn@dendw@tﬂIamgth@rt he dice. 10

In particul ar ase | ead 10 each
having a fi rg?fglln%&mhfé%z ogi% é%%%sngp%’o iﬂcﬁf PRSI AR fﬁl@ﬁq %86 116
Wi th oppoi ng die mﬁmidiﬂarﬂalrd a0 ldskateflaSRip S11RW ehd fidaR L0 édcﬂ%vm@%se
| ead frame dam bars 128 maybe provided integrally with primary |ead

fingers 10 8 st gidehlbantka $e@amd side iid andmdnsmtachemeédémgm enpoviag diejatiaoh at

| east two sid h S 11 nt ach die
attach site 1%&%%%@%5)%4‘3? %hd'%? gﬁ%ﬁ% B S% cﬁ&#ﬁﬁ@i@?ﬁp?l c
mat erial whi cproeiietl Mitkgrally athpeipdLy R0 iRk 968 Wf édeh basiiesd fhfe 11@AneXanpl e,
electrical conductivity, electrical resistivity, nechanical strength, and

ductility. Wesrtendiemputenedippeat lotst swe lidavefsatbase léaddramie] 10/omadjacent
limtatio . 4 £9 and al um num 20 As shown in FIG | (a), a
pl ural i tyﬁof %ACBBSGEE" %Lz)gf are attached to correspondi ng

The base lead frame 110 can be made from any metallic material which exhibits
desirable properties with respect to, for example, electrical conductivity, electrical
resistivity, mechanical strength, and ductility. Well known examples of such materials
include, without limitation, alloy 42, copper and aluminum

20 As shown in FIG. 1(a), a plurality of first dice 120 are attached to corresponding
die attach surfaces 118 of die attach sites 116 on the first sides 112 of the base lead
frames 110, as by conventional die pick and place equipment. Each first die 120
includes a back side 122 and an active surface 124 having substantially centrally located
bond pads 126 in one or more rows or other arrangement on the active surface 124.

25  The back side 122 of each first die 120 may be attached or secured by any means
known in the art to the die attach surfaces of the first side 112 of the base lead
frame 110. Examples of known attaching or securing materials include non-conductive
adhesive, conductive adhesive, dual sided adhesive tape, silver solder, polyimide, or
any other suitable means of bonding known in the art, With such attachment approach,

30  the active surface 124 of each first die 120 faces outwardly away from the dice
housing 110 on first side 112.



die attach surfaces 118 of die attach sites 116 on the first sides 112 of
the base lead franmes 110, as by conventional die pick and place equi pnent.
Eachfirstdi el 20 includes a back side 122 and an active surface 124 havi ng
substantially centrally | ocated bond pads 126 in one or nore rowss/@%/2edher
arrangenent on the active surface 124. 25/-The back side 122 of each first
die 120 may be attached or secured by any neans known in the art to the

di e attach surf ace8s sfowrhia FIGr $¢b),sd pleralifyPoickcdridalideal3® dreaithchedite 110.

Exanpl es of known attachin r securi terials include non-conductive
adhesi ve, con%ﬁ?%"ﬁfﬂ%@&@g‘,su{fgcﬁs léggéggé’&ﬁ@ﬁlt?élﬂ pa thegsepqndysidsol Idenf

pol yi ni de, orihe 3R 104 8imS i 6. 3BAR JFRA R cHa OO ' A
such attachnment approach, 30 the actlvec%r(?ace dfgiygg\@gc nﬁ)lpﬁglﬁg%?oé 20

f aces out war déayneadimgngiomsmantiie gireetyphandsiondighrafion ofseinic@idusiod die XA first 7

28/ 05/ 2004 As .sh Ln, Fl 1 (b), a plurality of second dice 13 0 are
attached to W&¢ ?2@p%??&iqgg‘eoqeéorﬁiql%Fﬁoos‘ﬂFlflﬁ%ge%baﬂﬁldel33iaéd&B@%FBW sites 116
on the secondggf:d€ 1344k i : t di ce
13 0 may be, Sfouta are n%t %?%%@ﬁ%eh?ﬁg loé%?r%b |n%artlisgiqg€gpénr?d& ?%Ozrgg%prrgortype
and confi gur atvthenconfigsmtive om thecictive slirface hd4.f Theshack sidies €3212@ thdrefole ffackdde

second dice 130 inclgdes g back side 132 and an active surface 134 having

subst ant i al | yOiEREF Py guy weptsin tearstothg dieptiachsustacerolld onghe sesend ot her
fi ti : ' . ' t f
e tached o SaE1I06r GE bidteqtitartiilo b il iR fo Hef ERpbYE Bl B i, ' ©

surfaces 118 dice 1 2@ as proivhslysdes@ibtd 4 [I0prattiee, thebasd leadlfrhma ieinddrtedi s0 thitm | ar
fashion to that ]gjgplo ed for the first 10 dice 120, as previously
described. | nSS5PRtyife bl4 eiaselead framgds facingaipmard!y ferplasgment ofisgeondglicstid

side 114 of basgicl.6ad, J\#%H& Uygtblé ?ﬁ'ﬁ@gr S ing c%ln¥eIIt1 Elalp(iicffl ﬁ@g%ﬁ%i ng? gﬁﬁé‘%gﬁ“g ikce
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13 0 on die attach surfaces e sSanme or simlar co

and pl ace equapwanised asplacestitssdide 120, pllasefifst disé 120 &@ shRed, Thskswith hr st dice
120 are stacked, each with a correspondi ng second die 130 on the opposite

di e attach sufqrEsERoRskngsegond die 4@ An Sherapppiite disattasbisurfacanfaidie agashatie hack
ther ebot visen. P QAR BOR gy 125 ol bk BERRBI32) R i FRc Al
140 is provi dfrdmé @10 thatdbatddeng t o t he base |l ead frames 110. The first

of fset lead frames 140 include |ead .

As shown in FIG. 1(c), a strip of first offset lead frame 140 is provided for
attaching to the base lead frames 110. The first offset lead frames 140 include lead
fingers 142 having inner ends 146 such that the first offset lead frames are of sufficient

20  size and configured in relation to the base lead frames 110 and the first dice 120
attached thereon with lead fingers 142 preferably bent as shown to exhibit a
cantilevered position over each first die 120. The lead fingers 142 of the first offset lead
frames 140 also include lead frame attach sites 144 at lower surfaces thereof for
attachment to primary lead fingers 108 of the base lead frames 110.

25 Also, as shown in dashed lines, the first offset lead frames 140 include first dam
bars 148 extending substantially transversely between adjacent lead fingers 142, as
described in further detail with respect to FIGS. 3 and 4 hereafter. The first offset lead
frames 140 are positioned to align with first dice 120 on base lead frames 110 so that
lead frame attach sites 144 of lead fingers 142 are disposed over portions of the primary

30 lead fingers 108 of base lead frames 110 on opposing each of the first die 120 and,
further, so that the first dam bars 148 are aligned with (vertically superimposed on) the

dam bars 128 of base lead frames 110. First offset lead frames 140 may be made from



fingers 142 having inner ends 146 such that the first offset |ead frames
are of sufficient 20 size and configured in relation to the base | ead
frames 110 and the first dice 120 attached thereon with |ead fingers 142
preferably bent as shown to exhibit a cantilevered position ove28/@x2004
first die 120. The lead fingers 142 of the-first offset lead franes 140
al so include lead frane attach sites 144 at | ower surfaces thereof for
att achment t oanyrietally nhaterihl fthespamesmitHalsfas presidnalyaliscbadd fordasslehd 10. 25

Al so, as sho i n hed lines, the first offset |ead frames 140 incl ude
first dam b\gﬁ@nis4gl%mtg@esubst antially transversely between adjacent
|l ead fingers 142, wsxt A&SEh06H id Fid YrdHhs" i ' r . 3
and 4 hereafter. The first So??@“et p‘degg&) ’ %rlg%ggéi%gvg&ggmp%saﬁ?ﬁ%en% t‘{’:ﬂgsggl i gn

with first dileed fi2feniv(bas atthchad af ataniesitds 140 ts thetupdérlyihg ptimbiyelerd at t ach
| spesed over. portions of the primary 30

ites 144 of d f 4
ﬂaagsfi ngé?s 41'?%%%“3&3’5@ ‘éa‘ﬁff%[flg K0 adsgrentfospeivel the fiesi die 120 soitbatepelst ~ di e

120 and, fur : fi: .al i | t
(oot oy iftelam B A3 alififed WifEind RIORER LOCBfuiRe bR TNt dapg
First offset badad8f{seafdGS1Nthdwly Arerchingehd fistoffRt B34 Hame0040 e BRedbdd C

material, the_sane terjals as_previously disclosed for base |ead franes
110 bei ng sui F4BFe! 10y be agcamplished Hynbytds matdimited te)any suitable weldingon ead

fingers 142 | { ar.e hed at attach
sites 144 to%%@%ﬂ%ﬁ%éﬁ%ﬁ%%ﬁ%@%@%ggg 1;‘aselxng lreésﬂoég&%(ﬁﬁ%ase | ead frames
110 adj acknt thermaompedssioh®ohding,tsotfeting 2 comductioé adtrsiNe bbadiag. Aedeshad, 148
is aligned Wlfglg andﬁstacked on a correspondi ng base | ead frane dam bar 128
(see FIGS. 3 WRdirstofisetleaddrames 14Qanay hesattaghaddethy kase laad Srames 110 to t he base

| ead franes Q&b@mﬂﬁﬂlygﬁ;%%ctﬁg @H&&%&hﬁg@mb&f ﬂléjéﬁﬁjﬁljil?lggs% d%ar'n%' ¢ §ﬂ48taagn’d @g?

sui tabl e wel di ng or ng proce Known e art,

exanpl e, spot wel dAsghovwtDintHIGH 1Y, i 6Sdeoindiestib et fiaRlks €50, Riinild@o the
conducti ve adhesi g%{ bondi ng.. As desired, the first offset lead franes 140

may be at t ach¥HP Ohlitshatipet dead fegmes lf i gttachedto hapecoat sidallilg oftherdicet he
eriiTe Lo iy 0, SORMPASEABENYSS SR eI
first offset sisildr faskion $ortiOsecbrd offictidae dratries | PP asBaOMAcHbedan dddjuidticnhe
di ce 15 housing | _10. Essentially, attachnent may be acconplished enpl oying
t he same or awith FIGS. 1(c) and 1(d) for the first offset lead frames 140. The second offset lead
frames 150 are positioned in superimposition with the first offset lead frames 140 so
that second lead frame attach sites 154 of lead fingers 152 of second offset lead
20  frames 150 are secured to the primary lead fingers 108 on the second side 114 of base
lead frame 110 and with second dam bars 158 correspondingly aligned with the base
lead frame dam bars 128. Aftaching the second offset lead frames 150 to the base lead
frames 110 may be accomplished by any of the techniques previously discussed with
respect to attachment of the first offset lead frames. In practice, the assembly will be
25  oriented with second dice 130 facing upwardly, so that the strip of second offset lead
frames 150 may be placed over the second dice and welding or other bonding
equipment will have ready access to second offset lead frames 150 to effectuate
bonding thereof to base lead frame 110 at second lead frame attach sites 154,
To better illustrate the alignment of the assembly’s base lead frame 110 with the
30  first and second offset lead frames 140 and 150, FIG. 3 is taken along line 3-3 in
FIG. 1(e) to depict a partial cross-sectional side view thereof. As shown in FIG. 3, the

first and second offset lead frames 140 and 150 are stacked and aligned with the base



simlar fashion for the second offset | ead franmes 150 as that described in
conjunction wth FIGS. | (c) and | (d) for the first offset |ead franes
140. The second offset lead frames 150 are positioned in superinposition
with the first offset lead frames 140 so that second | ead frane2&05/200¢
sites 154 of lead fingers 152 of second of%-set |lead 20 franes 15 0 are
secured to the primary |lead fingers 108 on the second side 114 of base

| ead frame 11Badfrdmailtlf iise botteh-debotian SashonSvidothe dataind iseny dami GReTiaN t h
the base |ead frane.dam bars 128 aching the second of fset |ead frames
150 to the bad¥ {53 gliege éﬁ‘r‘%étaFk‘f@hﬁ@y‘i‘B“e hoysigdam basdd8py any of the

Lechni ques previ ouRiy, & S6URSESIY! b, oA SBRR! A Bl SOBR R slilEyd 1

of fset | ead frames ractice asse orr en W|th

second dice 1aﬂ)yﬁalmrmj mmv@rfdhyed ’qoaﬂyf“mitalﬁlbmtb’dnﬂln@ftetﬂﬁﬁﬁﬂfﬂ)eﬂ‘fdceﬁ e leand
frames 15Q ma%/{g g ?ﬁ};ﬂ over the second dice and wel ding or other bonding
equi pent i | fndsdde o e §Ssl4t2c9f§k§%td‘?ﬂ frmesdidOiand gomesparding bond o

ef fectuate [ d frame

attach sites qﬁq 1@9_?1(;1@% @fthé ﬁst e?f'rca‘ &}eqcibtneg Otﬁge 8%I€°

base | ead fraemn-ﬂplé) suitdtle teans Bﬂwirbbsﬁdlﬁgldxag‘;%mm Wirh®aic Hopamhef rames 140

and 150, FIG I s taken alongllne33|n FIG 1 (e) to deplct a parti al
18

Cross-secti ong‘len%‘i"'(?é‘lp&?séwntbﬁé &fand/os thampeppnigbendimg. SThetsame progesy may then
d of f set t. andal t h .t he .base
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and secontd dabetvaersth4éd eadsl1 IbEF 18dd mlig&ds 153 of thd @eknd/w)ﬂfm 138 fidies 15@Hsd Ng
dam bar 128. Next, as shown in FIG 1;%@ wi re bonds 160 of gold, al um num
e

or suitable %ﬂqeéy%ndtl%b%fpaﬁh%%@f qagh Ewoadyiios;dﬁoalaeﬁomfmi@m?hwgire
h b 4 142 i rst
Itggdn:‘ (r:];re}esea angbcor ?r@g)pon | ng gmfcail":'g(I ggmgsztﬁ)a% %FS ﬁbrn%alt rzi ce

120 for el ectdesnablylbatoelremedm\&mtsieedhdtd“fﬁéﬂbﬁ ﬁ@ﬁ@slmntoswmele@senwytabl e
means for wire bonding may include ultrasonic bonding, thernoconpression

bondi ng, and/Eﬁovt@@?ﬁﬁs@‘imﬂ%ﬁﬁeﬁﬁ@ﬂﬁﬂf@%tﬁé’opdmgess may then be enpl oyed

with the cond le Lch W s 160 ached 10
bet ween tﬁg | ead eﬁghéqggg %éﬁ Ygrﬂ])a\éergm %ﬁn‘%folr&;aﬁémﬂ)@é%ﬁ%‘dg‘?@éﬂe gy

frames 150 anprovizidg eleqacdd I11ﬁ6rcbﬂ{&tl&ﬁ9@cwéﬁﬁseﬁ{1mﬁﬁﬁ&09Hlet%ﬁd p&4ORd 18ice 130.
Before form ng such wire_ bonds 160 with respect to the second | ead franes

150, the basecnds#d thelgzrkfingeps. rfaijeer suitable structures than wire bonds may also be used as

a conductive element for such electrical interconnection. For example, tape automated

bonding {TAB) may be employed or, if lead fingers of the offset lead frames are
20  suitably elongated and oriented so as to extend over bond pads of the dice,
thermocompression bonding therebetween may be employed.

Upon fabrication of the previously described assembly of a strip of base lead
frames 110 with attached semiconductor dice 120 and 130, first and second offset lead
frames 140 and 150, and wire bonding completed, the assembly is preferably

25  encapsulated for protection from physical damage and environmental contamination.
The encapsulation process used may be any suitable known encapsulation process and
preferably comprises a transfer molding process as known in the art. As shown in
FIG. 1(g), a transfer mold having a plurality of die cavities 170 is placed over each of
the dual LOC semiconductor assemblies on the strip of base lead frames 110, each

30  semiconductor assembly including a first and second die 120 and 130 and a common
base lead frame 110.. The transfer molding process encapsulates the central portion of
each base lead frame 110 including die attach site 116, lead fingers 142 and 152 of first



desirably be oriented with second offset |ead frames 150 on top of the
assenbly to provide easier equipnent accessibility for wire bonding. 15 It
shoul d be noted that the above wire bonds 160 conprise conductive el enents
providing electrical interconnection between seni conductor die b2$@5280%
and lead ends of the lead forgers. Other-l¥uitable structures than wire
bonds may al so be used as a conductive elenent for such electrical

i nt er connect i 8% second affsatrad frames d 40 and hal, East abd setiond dicE AR andiy3(bandettpl oyed

or, if lead fip he of fset, | ead, fr s.are 20 suitably. elongated and
oriented so ag&g ?)Jroglgl(f{e(snddl noa\ggpc?gﬁlﬂntpﬂfﬁga%ﬁ%hﬁa F’&‘@Ps‘ﬁ?’Hé’F?fﬁ@Bh‘ﬁoggﬁs%
bondi ng therebﬂ?ﬁmlﬁeﬂlirﬁﬁ&’dQ?a@%ﬁk@]ﬁ%lléd?%nﬁ@&&h@?oﬁl%eﬂf the previously

descri bed assenbly of a strip of base lead fra with attached
sem conduct or di ceAs3bowmnin HiEH 3, therdem tansll 48candrid Salefcsided pravibuskyrextead 140

and 150, d w.re bondj ng conpleted, the senb I's preferably 25
encapsul a?fgd obrS?aﬁ)lao %@?%8?@9&%%%9&%&?@%@@%@ ]éﬁ\ﬂfﬂéﬁﬁ\‘ﬁ%faposed

cont ani nat i onfirst HesRBERBEN: Mal Fnfk 186 554 Pﬁ%sﬁ@éﬁx@g @Heﬁﬁ&lﬁﬂl&“&%@
encapsul ati on process and preferably conprises a transter nol di ng process
as known in tharsd?® of the besrleed frame Fl Gextéfding substantinlyf @ansvarkely botweng a
plurality of dri.e c%ié'ﬁgs 1?&113 {%I aced over each of the dual LOC

sem conduct or PASeen5q BEEDH, S5 Wi dhe b with respeds ta sipgledead frames,
sem conduct or daf SeFPryviles Fedh b | i 0 and a
comon base | ead frartrr‘\g,l 110. . Thé%{%vgﬁﬁge‘?gﬁr%#ﬁ#%gb%gﬁb@éeﬁgp%gﬂﬁ%ﬁé%%ﬁ tthe
central phHtti oatesial ofthe rabsferamolding frocsefrar@staping fiom dethieen did @eRies 1 7@ 0 16,

| ead fingers 142 and 15 f first - 28/ 05/ 2004 and_second of fset | ead
franmes 140 anéie%ﬂﬁf%fWﬁgﬁwae@%ﬁoﬁﬁt@éﬂ 0sRaged leadfingrs where thg meldonds
160 in an encRES$sY i e 9. . onpri ses,
but is not limted to?ﬁgg%parﬁ%éﬁgt gaﬁele%}ggﬁ%?h%?{ﬁgg%?{%%%p%aﬁ%mr As
shown in Fl G b@s 12he 48zl 158 as desBribacprafiBusip arercohfighrpd avd eulkkMte@id ratent 5

substantial ly transyersely between the | ead fingers 142 and 152 of the
super i mposed &Filﬁggtfag’a{ﬁﬂﬁ?%eé‘ﬁ?ﬂf f materipldzom escapig thuoygh a gnuek digher gap

respect i VB Y, nédessiated HyaRs ui Jfﬁm%ggur]%gﬁ]yogégi[léad]ﬁﬁng 1 1‘0“?46)1%2@ (cad frame

110 extendi ng substantially transve ween primry fingers 108.

As is well known i Asshevain Fifi. 1 th) esineatd fopmsipeghion issathiflétadres the ARBHIAT S

rovide a "dapl' for. preventi t he heated, nolten, filled pol yner
gncapsul ant {Qseparate%ac stackeg%rst and second die 120 and 130 with their gssogliated lead

frames 110, 140 and 150 into individual dual LOC semiconductor die assemblies 180.
In particular, the trim operation is accomplished in pertinent part by shearing the

20  segments of the dice housing dam bar 128 and of first and second dam bars 148 and 158
lying between superimposed lead fingers 108, 142 and 152 from the base lead
frame 110 and first and second offset lead frames 140 and 150, respectively. The base
lead frames 110 are also shorn from their strip to provide individual and separate dual
LOC semiconductor assemblies 180. The primary lead fingers 108 of each base lead

25  frame 110 protruding from the encapsulant package may then be configured in any
desired configuration such as a down and then laterally outward direction, as shown in
FIG. 1(h). As such, it should be noted that the trim and form operation employed may
be accomplished by any conventional method or process known in the art.

As shown in FIG. 2, the dual LOC semiconductor die assembly 180 of the

30  present invention may then be mounted to circuit traces 192 of a carrier substrate 190.

The carrier substrate 190 may be any suitable higher level packaging, such as an

interposer or printed circuit board, for supporting and electrically interconnecting the



10 material of the transfer nolding process from escaping from between the

cavities 170 of the transfer nold between adjacent but |aterally spaced

| ead fingers where the nold halves clanp together as at 172. However, the

conbi nation or stack of dam bars 128, 148 and 158 as descri bed p2&0baag4y
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' t part by
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fromtheir stri 8 to ovide_individual and separate dual sem-¢onduct or
assenbl i es 1864 W‘E‘F‘?ﬁ%ﬂﬁqa@% HGn derf sheidrgwates s topleleatibeafi 25 frane 110
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y
desired configuration such as a ction,

as shown in befte ekbtss podions ot the lédd TR Rigad Aigthed 1. 146 BAPISH Form
operati on, enp cy%% may Dbe acconplished by any’conventiona fret hod or
process kriownV§ begiriipmed aways g wornated thatGecand ditd3@laal setG@ affset agduct or

di bl : ' i hen b nted to circuit
{races 162 or e £70 bR UpBEERL s KA L O oL, Lhd B TR R thsmemytoe
any suitabl e htegilgeriplarebf QRAKAYN SatdHAE 7 SacRRgind DGRy ilg% is&ﬁié%ﬁxfa

circuit board, fo&@éu porting and electrically Tnterconn
28/ 05/ 2004 dushe %ﬁ#ﬁ%ﬁ’h&ﬁé?@ﬁnﬁpﬁhaé@érﬂames 180 a1 4ktodservat awhy Gutidg Y.

et end. beyanct T8 S RIS Sigl R S dhler o0 g et ™ '
hereor"ad) acant e Lo 20 ettt me Lk A End Rl BT |,
the event thakars hed: s and 13} betweeprithe tatsrally srecedisad fingan being caisselyfer of
PZ: Sec![ ? \G/lgl ;,réﬁgps“a%oﬁ 0¢nd iornigr tgare]:gef andto %Iecc):{r{cgﬁjtf isloﬁl?edlaIe;ﬁlr;easdja%gSt parir:l(ljan](-SO,
lead fingers 108 (and, of course, superimposed and attached lead fingers 142 and 152
electrically connected to bond pads 126 and 136) from one another.
20 It should also be noted that semiconductor dice 120 and 130 may not necessarily
be identical and have different numbers and arrangements of bond pads thereon. In
such an instance, each offset lead frame 140 and 150 may be differently configured with
different numbers, lengths and orientations of respective lead fingers 142 and 152. The
two semiconductor dice 120 and 130 of the assembly may share some, but not all,
25  inputs and outputs and so staggered lateral spacing of lead fingers may be used to attach
one lead finger 142, for example, to a primary lead finger 108 without attaching a lead
finger 152 thereto. The use of the dam bars 128, 148 and 158 facilitates this approach,
as the dam bars provide the encapsulant dam but then are trimmed away for electrical
isolation of the lead fingers. FIG. 5 illustrates this approach, looking toward a
30 semiconductor die assembly 180 according to the invention from the side, wherein
some primary lead fingers 110 are attached only to a first offset lead finger 142, some

primary lead fingers 110 are attached to only to a second offset lead finger 152, and



requires further clarification, FIG 4 of the drawings is a top el evation
of a sem.conductor die assenbly 180 according to the invention after
encapsul-ati on but before excess portions of the |ead frame strips carrying
| ead frames 110, 14.0 and 150 10 have been trinmed away. It is ngﬁ@éﬁﬂ%t
second die 130 and second offset |ead frark-150 are hi dden under die attach

site 116 of base lead fra 110 in this view. The |lateral periphery of
encapsul ant nmBUEY P‘éﬂn%a‘gg@ﬂ@&b?fﬁ@ﬂ@%d e bethis|lsadifg@er S %amdmleachfinger 152.

short -dashed ' | ad fra 110, and ,140 to be cut
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t he sane |ines, thigsgperi osed dam bars 128, 148 and 158 between the
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| onger neegled L@ 2 ELGCHE Jsolate laterally adjacent. prinmary |ead
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152" el ectri céhincjiomaunsenicoddicdomBoswhiRE 5pdd iA BokbAGkord %@&é@ﬁﬁ@%‘é&&hg 20
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bond pads the | nstance,, each. of fset |ead frapme 140 and 150
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orientations th af@smentionée ideddiealsbREOhGuckrAi@NGntbIzd 2525 iGgChfegnduct or
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out puts alth sBeERgydise Bwyishare calmmppdnpuiganst outpts) this being facilitgte byubed t o

attach one | i for..gx le, to ri | ead finger 108

taf, 3y il el W ol oo
an l8adehin, &f tHPPAse » fran®S e dam bars provide e

encapsul ant dam but then are trimed away for electrical isolation of the

| ead fingers. FIG Itsappe well eppresiatediby thospofandinary skilliim thetapwhatdthaddd LOC
sem conduct or _di. ly 180Q.a rding to the invention fromthe side,
wherei n some %&#ﬁ%‘f@‘%@ﬁﬁ%ﬁ& EE‘TRg{hﬁ?’é‘fss‘%&%\eﬁ%an Bivides g sbstantially of f set

lead finger 142umeeios!, oiniaf@y YackRadthckbd g - | a
second of fset |ead finger 15%,acand -012 2%@%}218%%5E%ﬁngbg@??n%r@@ﬁ%ggﬂg%gers

are attached ¢wBpleping floatiegar ¢antilpyered dsadfimgers thas ditilitategeire Haaids of mited egnMeENt S
of dambars 1 4 nd. 158 extendi between the | ead fingers are, as
not ed, rem)ve%ﬁ%ﬁh 'galélgp %5%%%]’]“'59*%?‘&?9%{%8‘5 giypysfer moldng. “Such flexure

accommodates ready passage of an encapsulant flow front and reduce any tendency for

silicon particles employed as a filler in the encapsulant polymer to become wedged

20  between a lead finger and a passivation layer over a die’s active surface and penetrate
the latter, as in conventional LOC die configurations. Moreover, the substantially
symmetrical configuration of the outwardly facing dice of dual LOC semiconductor die
assembly of the invention promotes even passage of the encapsulant flow front and
avoids partially closed or confined areas which in prior art designs may result in

25  internal voids giving rise to the so-called “popcom” effect of dice exploding when heat-
tested. In addition, the attachment of lead fingers of the first and second offset lead
frames to the base lead frame outside the peripheries of the first and second
semiconductor dice and the avoidance of physical attachment of the lead fingers to the
active surfaces of the semiconductor dice reduces the potential for damage to the dice

30 and compromising of the passivation layer over the active surface. Further, the present
invention may provide superior heat dissipation qualities, in which the back to back

arrangement of dice bonded to a common die attach site may be used to channel to the



The dual LOC sem conductor die assenbly of the present invention may be 5
enbodi ed as two identical sem conductor dice, or nmay conprise two different
types or functions of sem conductor dice which operate in conbination, the
invention increasing the efficiency of the conbination and rendéOagoP4
nore conpact for placenent on a carrier ddpstrate. The present invention
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surface and psamitomiuetor Hitenshenible bf the résntGRMAEBE iORMimbOE Hishould also.be

confi gur ons. reover, the substantially synmetrical configuration of
t he out wardl yqt&¢ g supperingstheidise fromaheis hickovdhs etsorpettnigs tha sseofliye binnele

i nvent i f. the. lant flqw front and i d
bartial 1y o oDk bR ANRRRL 1o 5R BFRES o Bitthet e oaroghiecitBpkecay i n
25 internal vihedie ajtach Sige of the bhse 1eduerraRe FrabidedmeRORRAT ailbpegtffff%%ai;e.iﬂ‘ ce

(0] ea |

expl oding when heat- tested. In addition, the attachmen nSers of
the first and@8eRsssnily e that plaepnventionekdic paddie boawithbwahe disaiventagdssifde t he

peripheries of . t,B&;id econd sem conductor dice and the avoi dance
of physi cal atotnaglﬁ}rggﬁ{l%%?ﬁ?'%ggl ead fingers to the active surfaces of the

seni condulst or  di ceWhild teesreseneinfaiteit Has bedrisdGuB %S tehs Bf‘%a%!gﬁﬁ)ﬁ? i and

conprom sing of the passivation |ayer over the active sur : her, the
present i nvefitbesimerhand vauatinns thaseaf; hosdnfardidary skidbinithaarg wall tdcbgisize an

whi ch the bac : r.rangenent  of ..dic nded tQ a comon die attach
site may be u@g&{% c Btr%%é'l[' ‘?etn gg? frdot i%l%iagﬁl%ﬁﬁﬁg ordinary skill in the art will
recognize and appreciate that many additions, deletions and modifications to the
disclosed embodiment and its variations may be implemented without departing from

20 the scope of the invention, which is limited only by the appended claims and their legal
equivalents.



base | ead frame and then outwardly therethrough to an external surface of
the encapsul ant package. In addition, the substantial mrroring of the two
sides of the assenbly pronotes speedy and efficient fabrication techniques
through the ability to performthe sanme steps on both sides of b&65/2004
assenbly by nerely inverting the strip of 5 base |ead franmes being
assenbled with dice and offset |ead framegyy,and wire bonded. This

advant age obt ai ns whether or not the first @}féj second die are identical, or
even performthe sane function. Further ,_since the first and second

di ce are nountWtat ibalakndédisback on a common base | ead frane, the overall

hei ght of the stacked dual LOC sem conductor die assenbly of the present
invention is mninlzed. 4 semkondugtondisestembly coopeidinghat supporting the dice

fromtheir bac I alsq permits th se. of dice thinned by back.
grinding (for alét;(agf?r%gg f apg%g%ﬁ.glasdg%?,&apﬁgfis W{'g afrﬁ?tts pe aga&@gco&gpmgng
thickness, sas the smf@c@dnaaﬁjmr§1i@%fghn{a?ﬁle%ﬁﬁgér§é&eﬁcﬁ B 1odh #8die
mechani cal support for the die in a nmanner simlar to that of a
conventional die paita¢tesitehut without the di sadvantages of conventional

| ead franmes. 15 ile the present invention has been disclgosed, in terns of
an exenpl ary ae%\/%scﬁ% u tﬁﬂglsgpﬁﬁﬁts?%ﬂgs?rﬂ‘ép tor digy gachgeniigyrd with a8ki 11 in

the art will recognicage @Rfice BRRAEE pRESIL %b&tﬁlﬁ’ci&ll@‘é@ﬁﬁdlﬁ/ﬂo&ﬁeﬁﬁﬁdEwgds .
t I nd appreci ate

limted. Those of ordinary skill in the art wl recogni ze a
t hat many addi t i onghergest @d respsctavelly attathéd Imaldcksiles opidsie thaiastvaosefices to

mbodi nent, ,and i t i at i be. i mpl d .wi t hout, departing f 20
Che scope 101 the i MVGHE] B SRR LIPROSE FHACEHIOLAF SLayAthEteappanded cl ai s
and their | egal firsesficVRh@Rhfe inMdDs 2 PRl 4f losd- Ah AL a{diﬁgs?]\%!r MR 15 1.

[
A semi conductor die assenbly, conprising: a base |lead frane having a die
attach site wth astinieondedierfdiets lapations proxonats bombpesis tigereds four foaatiorand a

lurality of prinmary l.ead, fingers extendin way fromt ie, _attach site;
g_ first Zerri pgnduct Chpet %?fg%c@ﬁ‘ﬁmagé?ﬁ%c@?ﬂ?{&#@rf{pﬁﬁ ‘&ge&%"nﬁ%ﬁ qagur ed
with an active surfiripe R dibtrfeall ebitlebicd tOThe DORE paARIr R d HrsCRMiERdh¥or

| ocat ed bond pads
15 die;

a second offset lead frame including a plurality of lead fingers extending over the
second semiconductor die to locations proximate bond pads thereof from
locations of attachment to associated primary lead fingers, the second offset lead
frame lead fingers being electrically connected to the bond pads of the second

20 semiconductor die; and

an envelope of dielectric package material encapsulating the first and second
semiconductor dice, the lead fingers extending respectively thereover and the
die attach site, and wherein outer portions of at least the primary lead fingers
protrude from the envelope of dielectric package material;

25  wherein the lead fingers of the first offset lead frame and the second offset lead frame
are respectively cantilevered over the first and second semiconductor dice; and

wherein the cantilevered lead fingers of the first offset lead frame and the second offset
lead frame are encapsulated by the envelope of dieletric package material from

the locations of attachment to associated primary lead fingers to end portions
30 thereof.



t hereon and respectively attached by back sides opposite the active
surfaces to 10 the first and second opposi ng surfaces of the die attach
site; a first offset lead frame including a plurality of lead fingers
extending over the first sem conductor die to |ocations proxi mabeohonds
pads thereof fromlocations of attachnent to associated prinmary |ead
fingers, the first offset lead frame |ead ;4§ingers being electrically
connected to the bond p . irst se 0 ctar .15.die;.a second

of fset lead frane %cl u |ngS%I§1m%o°Fl§?%+ri 1361asosf’r%@aog%rﬁuﬂgeWgergﬂdf@ﬁﬁoﬁﬁogver t he
second seni coruitacliment Qi teall Ginkers dF {HeTRstin@ 4ol S BaNshd RdSesth Brisaly B4PM

| ocations of attachnment to associated primary |lead fingers, the second

of fset |ead frisstslieanithintepenyelope afidielestsicmiackilgk ymateriahenstebopet 0 t he bond
pads of the second 20 sem conductor die; and an envel ope of dielectric
package material encapsulating the first and second sem conductor dice,

the lead fisngers ex.endimg s&ﬁ%ﬁﬁ&t&edié’aisgﬁB%f%[ahﬁﬁgthﬁinﬂb?ri el si te,
and wherein outer portions of at |east the primary | ead fingers rotrude

from the envelfBjgsrsoitend amway fiontthe slidattpeh sitet @1 dpposing Sidehthemiofl t he | ead
fingers of the first offset |lead frane and the second offset |ead frane
are respectively cantilevered over the first and second sem conductor dice;

and wherein the cantil emprseshidonasktbd A88EsEmsly dftihill SheRfd actq%as! &afk i pme
and the second offset |lead frane are encapsulated by the envel ope of

di el etric packngsrsidites fizst offyep tnad filameland at east soré leatl fmgbmefithetsecand ofisétat ed
primary | ead fii n rtions 30. thereof.. 28/ 05/2004 -15- 2. The
sem condugl?)or ‘%@ﬁ%%ﬁ&%&%ﬁ%&?&?m}iRﬂﬁ@r%feﬂgﬁaéﬁti ons of attachment of

| ead fingers of the first and second offset |ead franmes to prinmary | ead

fingers lie within the envel ope of dielectric package material envelope. 5
3. The semi conduct o di elhgssmidonduasér di¢ aisembly ofickirei lnwhbreimth sty | ead

fi t f .t he. di ttach. si : [ ides th f. 4.
The sen conduceBraiac SCUEAR e5e R dimicon s BRPEIS “Comp | ead

fingers of the first offset lead frane and at | east sone |ead fingers of
the second offset )
15 6. The semiconductor die assembly of claim 5, wherein each lead finger of

the first offset lead frame is attached to a first side of a primary lead finger and each
lead finger of the second offset lead frame is attached to a second, opposing side of a

primary lead finger to which a lead finger of the first offset lead frame is attached.

20 7. The semiconductor die assembly of claim 6, wherein the identical first
and second semiconductor dice comprise identical memory dice of substantially equal

memory capacity.

8. The semiconductor die assembly of claim 1, wherein the primary lead

25  fingers extend away from the die attach site on opposing sides thereof.

9. The semiconductor die assembly of claim 1, wherein at least some lead
fingers of the first offset lead frame and at least some lead fingers of the second offset
lead frame are attached to a common primary lead finger.

30
10.  The semiconductor die assembly of claim 1, wherein the first

semiconductor die and the second semiconductor die are identical.



10 lead frane are attached to a common primary lead finger. 5. The

sem conduct or die assenbly of claim1, wherein the first sem conductor die
and the second sem conductor die are identical. 15 6. The sem conductor die
assenbly of claim5, wherein each lead finger of the first offsegkeads
frame is attached to a first side of a primary | ead finger and each |ead
finger of the second offset lead franme is_gitached to a second, opposing
side of a primary lead finger to which a lead finger of the first offset
lead frame is attached. 20 7. The sem conductor die assenbly of claim6,

wherein the identicdl fiTielsemddedsReGQNEaEeMbEOTEHEHAD, Qh&@mce%‘fpfehéﬁn er
identical nenory dice of substantially equal  nenory capacity. S

seni conduct or fitke Bsbelisst {ead fragieds attacheduoer firstsiddel qpnnmyyealdé:axgef a;h'ﬁ éclnger s

t end f Nesit des t f
Son conduct or Sl Bt B3t dRE Bt L WL RORAR AL T ESR0IEERES g e 0 hger s
of the first qfﬁmgyldaeaﬂlgéﬂtarmn@lmleaa fih 8@k 1R dfedleld RARE & Mfaclidye second

offset lead franme are attached to a comon primary lead finger. 30 10. The
sem conductor die assenbly of claim1l, wherein the first sem conductor die

and the second semcond Qr_die.are dentl I /2004 -16, 11, The

sem conduct or die a?senbuﬁ? SEPICORAYGHOT e ﬁ@oﬁ é&eai @Bﬂemltﬁﬁ’éﬁm‘@% figshe
first offset |gadedondWBmicondictei@botibrie [dehtal HelRroficRoP

finger and each |ead finger of the gg’condeof faset Hﬁrf? ¢ ?agr}iebgi?'éé{%b’eeglq%ed to
a second, OppCBYAGYSERREIBf a 5 prinmary lead finger to which a lead finger

of the fir t offset lead frane is attached. 12. The sem conductor die
assenbly of claim 11, wherein the identical first and second sem conductor

di ce conprise identi3cal N@éﬁﬂ&&ndﬁbfb?a@%mﬁ%hﬁﬂsingl |y equal nenory
capacity. 10 13. A sem conductor assenbl Ing: at least a first die

and a second dité&astafinsedic bad k second é@l@taﬁccd]bewk(t@bmknmﬂas eothman basedem] frame
di sposed t her ebet Wecﬁﬂnosed therebetween:

a first lead frame and a second lead frame attached to the common base lead frame, the
15 first lead frame and the second lead frame each having lead fingers respectively
extending from points of attachment to lead fingers of the common base lead
frame over active surfaces of the first die and the second die and electrically
connected to bond pads of the respective first and second dice; and
a dielectric material encapsulating the first die and the second die, a portion of the
20 comumon base lead frame lying therebetween, the first lead frame and the second
lead frame, and inner ends of the lead fingers of the commeon base lead frame;
wherein the lead fingers of the first lead frame and the second lead frame respectively
extend over the active surfaces of the first die and the second die in a
cantilevered manner; and
25 wherein the cantilevered lead fingers of the first lead frame and the second lead frame
are encapsulated by the dielectric material from the points of attachment to the

lead fingers of the common base lead frame to end portions thereof,

14. A semiconductor die assembly in process, comprising:
30 abase lead frame having two semiconductor dice mounted thereto and a plurality of
lead fingers;



a first lead frame and a second |l ead frane attached to the common base | ead
frame, the 15 first lead frane and the second | ead frame each having | ead
fingers respectively extending frompoints of attachment to | ead fingers
of the common base |lead franme over active surfaces of the firstagpsand
the second die and electrically connected to bond pads of the respective
first and second dice; and a dielectric majgrial encapsulating the first

di dth i ' 20. b l.ead f i
her abet woen. TR 3eend DRGSRl LIS RV TR 38 Frap W blGed fivor
ends of the |ead fiprgessleal fingers eotiebasdiratirhfachd &a8Riing YREbRS b thbByd ead

fingers of the first [ ead frane and the second | ead frane respectively
extend over the actSEwicosdudiordes;of the first die and the second die in a

cantil evered NBIASH i e,cantil evered |lead, fi ngers af .the
fir slt I \éad frame §%5h etaiﬁgteid %%e%eo n‘gftﬁ(l:egﬁi‘;E PGPQ elfpgﬁéerﬁ?‘é Fad %*IB"’%VSS??&WIV
di el ectricSmat eri alexten@mvetthe paivetsarfdes 3t HREPIRIY ardddtht 8&&ond 8RAn hi Ngers of

t he conmmon base lead frane to end portions thereof. 14. A sem conductor die
assenbly in processanilgygsed siapger; 8@ a base | ead frame having two

sem conduct or gi reto and a pluraljty of .|ead fingers,

28/ 05/ 2004 - 1%%??5?&2%9%%@% i‘%ﬁ gtgFasfg e h%&é%négé "H‘éﬁ?flﬁg’?‘gahty of
plurality of |ead fledioRigersaifiting h@PedtveRéddBiinve, hEPFhéleHOR IstOf p&rﬁ@n bese |ead
frame and extendlng over one of the two sem conductor dice; whereln the

| ead fingers of thédedsteradamehar of caghdeathflamets suparonpbsed withfat st arpestiecefi vel y
5 extend er the i.v.e [ es.of the first die and the second die in a
cantileveﬂgd nanne%?&%%dm%ﬁ%%§§ﬁ°£§%HhFégadﬁ?ﬁﬁﬁ includes at |east one dam
bar extending between a plurality of |ead fingers of that respective |ead
frame, and wherein at |least a portion of at |east one dam bar of each |ead
frame is superinposed with at |least a portion of 10 at | east one dam bar of
the other |ead franes.



