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semiconductor die assembly.

3 State of the Art: High performance, low cost, increased miniaturization of
components, and greater packaging density of integrated circuits have long been the goals of the
computer industry. Greater integrated circuit density, for a given level of active component and
internal conductor density, is conventionally limited by 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.

4 For single, conventional lead frame mounted dies, this limitation is a result of 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 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




increased in relation to package size, there is a correspondi ng reduction
in the available depth 1 along the sides of a package for encapsul ant
material to anchor to the lead fingers and provide a robust seal

t her eabout. Consequently, as the lead fingers are subjected to the norma
stresses of trimmng, formng and assenbly with a carrier substrate such
as a printed circuit board, the encapsulant material may crack and destroy
t he package seal, substantially increasing the probability of premature
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the die and the exterior of the package, and the lead frame configuration is rather complex.

6 U.S. Patent 5,291,061, issued March 1, 1994 to Ball teaches a multiple stacked die
device that contains up to four dies which does not exceed the height of then-current 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-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.

7 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 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



(DI P) configured | ead frane extend over and are secured to the upper
(active) surface of a sem conductor die through a dielectric |ayer. Wre
bond length is thus shortened by placing the 2 inner lead finger ends in
close proximty to a central row of die bond pads. However, the Pashby LOC
configuration as disclosed relates to nmounting and bonding only a single
die. 8 U S. Patent 5,804, 874, issued Septenber 8, 1998 to An et al.
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back oncapRAshlort Fdes of a common base | ead frame and extending | ead
fingers over the active surfaces of the dice for wire bonding to centrally
| ocat ed bond padsTheneforepit would be advantageous to develop a technique and device for

increasing integrated circuit density in the form of a semiconductor device assembly using
substantially similar or identically sized, LOC configured dice back bonded in a symmetrical
package configuration and employing a symmetrical, multi-piece lead frame configuration

readily susceptible to transfer molded packaging.

BRIEF SUMMARY OF THE INVENTION

10 The present invention relates to a method and apparatus for increasing the

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.

11 In one embodiment, the present invention may include stacking a first die to a

second die back to back with a base lead frame therebetween so that the active surfaces of the



| I In one enbodi nent, the present invention may include stacking a first
die to a second die back to back with a base |ead frane therebetween so
that the active surfaces of the 3 first and second dice are facing outward
in substantially opposite directions. A first offset lead franme and second
of fset lead franme, 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 |ead frames configured to extend over the first and second die,
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on oppagtAthcdindftsieh bdfdiighbars of the base lead frame to prevent nolten,
filled polyner encapsul an% fromextruding out of the nold cavities placed
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LOC sem conductor di e assenblies and appropriately configure outer ends of
t he priamdrthe leedfingérngenstionstoAbe bomtl pegls ynd theerin@ey kedifmgedudho packegimgbl y  of

the present invention ingreases integrated cir ing a
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fingers of the base lead frame. Following encapsulation, a trim and form operation is performed
to remove excess portions of the offset lead frames as well as the dam bars and to separate the
packages into individual dual LOC semiconductor die assemblies and appropriately configure
outer ends of the primary lead fingers.

13 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 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 and then out of the package through the primary lead fingers. In addition,



the first and second die are advantageously arranged with | arge back side
surfaces in contact with the base |lead frane so that heat generated by the
dice during operation is effectively transferred to the base |ead frane
and then out of the package through the primary lead fingers. In addition,
4 effective, void free transfer nolding is facilitated by the symetrical
configuration. Finally and wthout limtation, initial attachnent of both
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lead franmes with a basé frame of a strip of base frames with a
sem comdakihga poiferret d:rabdthnientmf atduel b@€escmimddictamdie assdmbheadcemihg ortlyer s  of
the first offset.lead frame wire bonded to bind pads of the die; and 19
FIG 5 FEBh¥Ritifed side el evation of a seniconductor die assenbly

accordi ng topg FIG. 2 is a simplified cross-sectional view, illustrating a preferred embodiment of

a packaged, dual LOC semiconductor die assembly according to the present invention attached to
a carrier substrate;

17 FIG. 3 is a partial cross-section side view taken along line 3-3 of FIG. 1(e),
illustrating the alignment of the dice housing with the first and second lead offset frames,
according to the present invention;

18 FIG. 4 is a top, schematic elevation of a semiconductor die assembly according 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

19 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.



t he present invention wherein sonme offset |ead fingers of different offset

| ead frames nay be connected to different primary |ead fingers while other
offset lead fingers of different offset lead franes may be connected to
the sane primary |lead fingers. 5 DETAILED DESCRI PTI ON OF THE | NVENTI ON 20 A
presently preferred enbodi nent of the present invention will be hereinafter
described with reference to the acconpanying draw ngs. It should be
understood that the illustrations are not neant to be actual views of any
particul ar apparatus and/or nethod, but are nerely i deal i zed
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22 In particular, FIG. 1(a) illustrates a strip of base lead frames 110 each having a

first side 112 and a second side 114 and a die attach site 116 with opposing die attach

surfaces 118. Also, shown in dashed lines, base lead frame dam bars 128 may be provided
integrally with primary lead fingers 108 of each base lead frame 110 and extending outwardly on
at least two sides of each base lead frame 110 from adjacent each die attach site 116.

23 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

24 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



die attach surfaces 118 of die attach sites 116 on the first sides 112 of
the base lead franes | 10, as by conventional die pick and pl ace

equi pnent. Each first die 120 includes a back side 122 and an active
surface 124 having substantially centrally | ocated bond pads 126 in one or
nore 6 rows or other arrangenent on the active surface 124. The back side
122 of each first die 120 nay be attached or secured by any neans known in
the art to the die attach surfaces of the first side 112 of the base |ead
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140 is provided for attaching to the base |ead franmes 110. The ftirst
of f set dmpEldydd famds firgtGlicantdNdes prewdudly dmnbedl.mz prixdice,the basedeadeinaise 546 such
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ther eongjud §4b dR&H afthBO&KBices by the same or similar conventional die pick and place equipment
as was used to place first dice 120. Thus, first dice 120 are stacked, each with a corresponding
second die 130 on the opposite die attach surface of a die attach site in back to back fashion
(back surface 122 facing back surface 132) and with the base lead frame 110 therebetween.

26 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 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.



142 preferably bent as shown to exhibit a cantilevered position over each
first die 120. The lead fingers 142 of the first offset |ead franes 140
also include lead frame attach sites 144 at |ower surfaces thereof for

attachnment to primary lead fingers 108 of the base lead frames | 10. 7 27
Al so, as shown in dashed lines, the first offset |ead frames 140 incl ude
first dam bars 148 extendi ng substantially transversely between adj acent
| ead fingers 142, as described in further detail with respect to FIGS. 3
and 4 hereaf#%r. e dsishgwndn dasbed llmtmrfamfsml@aéfr@ms%wip inslvde firss damj gn

ith f
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120 and, further, so that the first dambars 148 are aligned with
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of the first offse |'éad frames 140 are attached at attach sites 144 to
t he undadigngd withvertieally supertimposed enkthe dgmdfarbdSeof Hasalgad frames 1 10. OFiad pﬁfe@tnt

t th | st di 2 t hat h fi d 148 I
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3 and AiscléNell For B8 1call Bramiel 1 30 béthf s@tableead frames 140 to the base |ead
frames | 10 may be acconplished by, but is not limted to, any suitable

wel di ng or b¥hdi rﬁ‘@e)ﬁrandwsshk\mmwmﬂi(h 1{d)eatdeast thededd fagers B2 afitberfitseoffsgot
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superi nposed dam bafs 148 and 128. shown 1 n , a
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29 As shown in FIG. 1(e), a strip of second lead offset frames 150, similar to the strip

of first offset lead frames 140, is attached to the second side 114 of the dice housing 110.
Essentially, attachment may be accomplished employing the same or a similar fashion for the
second offset lead frames 150 as that described in conjunction with 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 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. Attaching 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 oriented with second



114 of base lead frane 110 and with second dam bars 15 8 correspondi ngly
aligned with the base |ead franme darn bars 128. Attaching the second
offset lead frames 150 to the base lead franes | 10 nmay be acconplished by
any of the techniques previously discussed with respect to attachnent of
the first offset lead frames. In practice, the assenbly will be oriented
with second 8 dice 130 facing upwardly, so that the strip of second of fset
| ead frames 150 may be placed over the second dice and wel ding or other
bondi ngdieg m(bfaemg umardlh&oéhatémnaoﬁwgnd @ffwwdd'rames 460 maydwplécedorer 150

to effectuat
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150, FIG 3 is taken along line 3-3 in FIG | (e) to depict a partial

cross- sugBildhal side view thereof. As shown in FIG 3 the first and second

ff | d and.al,i t h | ead
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as shown I n (f), wire bonds 160 of gold, alumnumor suitable aIons
t her eof dapiot alp)artfabcnmsisdwomiwdsumvameeeaﬁn As shmmdlmﬂ(l Sctheifystent second offséte

cor r espis RS a0 SESwacki il rigiedoen b Pase 56 wwnd D80 it bufiia s cal

| nt er CopyIRG! faSMok RAMERE ENE SR sdcbhid EXABRIsA 48 9HE i 89| BihEARS: diftk VWtH fhe dQNi ng
may i nclude ultrasoni c bondi ng, thernobconpression bondi ng, and/

t her nostomising deorlehr 138. The sanme process may t hen be enpl oyed vvlth t he second
| ead frame 0, in whic s 16 e at ed between.the | ead
ends 156 of Tead MetigsBowin BICTRE" wie bt e ras Bl Eiimeyts ob S bl Hioss
corr eslotﬂ&‘ébf‘& PB@%rH@@% 136 s@fabRAGHe %n&ﬁgeteéﬁﬁ&lf%é%g& t%@@ead%ﬁfié’fﬁi of tRE M Ng
such wire bong 60 WItK respect to the second | ead frames 15 base

| ead f rlamdkfidgdds 14ﬁa<yf ﬁi'etslleachﬁhtyesbmmandenhespmdhﬂg boed pads 16f @edach efitheffirstnes
150 Ono‘hﬂ‘? of .t he assenpl ment. accessibility for

it nolich k) fosglerieanpierdpmieetRb e lenutets or sEOORS U EbIBHRISS KR EDIpr | se
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sui t ablndingu dthe sese prsasswnayethbo hel smphyedivith thesegsstlead ﬁamedﬁduotwhleh

el emantwire bonds 160 may be attached between the lead ends 156 of lead fingers 154 of the second
offset lead frames 150 and corresponding bond pads 136 of each of the second dice 130. Before
forming such wire bonds 160 with respect to the second lead frames 150, the base lead frame 110
may desirably be oriented with second offset lead frames 150 on top of the assembly to provide
easier equipment accessibility for wire bonding.

32 It should be noted that the above wire bonds 160 comprise conductive elements
providing electrical interconnection between semiconductor die bond pads and lead ends of the
lead fingers. Other 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 suitably elongated and oriented so as to
extend over bond pads of the dice, thermocompression bonding therebetween may be employed.

33 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




for such electrical interconnection. For exanple, tape automated bonding
(TAB) may be enployed or, if lead fingers of the offset |ead franes are
suitably elongated and oriented so as to extend over bond pads of the

di ce, thernoconpression bonding therebetween nay be enpl oyed. 33 Upon
fabrication of the previously described assenbly of a strip of base |ead
frames | 10 with attached sem conductor dice 120 and 13 0, first and second
offset lead frames 9 140 and 150, and w re bondi ng conpl eted, the assenbly
is pref 134(hzmdy1 SOnabweing h@@djng mmlplﬁt@ﬂefbﬁ agsembly is mrerihybiy@aban?fa}m@éoapmtectlon

envi ron .C Eltam natjon. The e capsul ati ocess, used
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nol di ngax@rs@asﬁ% kA§wn Kﬁawémaﬁbﬂ P8cAs hnd ﬁ%fe?my\@omﬁnfels @trahsfefinolding pl%@ésfseag

nol d having a plurality of die cavities 17 pl aced over each of the
dual LGhaeningbaitic Aeshaws anflG. éég)mtraﬂséersmqld |havahg babralityad dioravgies 110]s

coch i h IR Lok et S bR P sgPcnd P
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die attach site 116, lead Tingers 142 and 152 of first and second offset
| ead fleadrBamé400.albe tatsferfmoldinggpnokeseamapsudlitesthd 2énteah dortidd ofieakcht ase lvad e

compri same B MeBREREAE bt PR T8 18 %ﬁf@%ﬂ%@%ﬁﬁsfﬁa&%ﬂm eﬁﬁgi@@%
pol Y_”erfr?lﬁé]s £ &AW0, fifdt fﬂcﬁeco%d Jl@@lﬂﬁéﬂdb@'()sana‘fﬁe #1€ bér % sulant

previously extend “substantially transversely between t fln ers 142
and 152pankagehk76s Ufhe renogpeslent ﬁreﬁembbac:mprﬂses;(bludlsofot bntited éma p‘artmm%e filed,and
150, %pectlvely, in alignment with the darn bars 128 of the base |ead
frame 1DOMASEURGIPRE™Gbst antial |y transversely bet ween primary |ead fingers
108. As is ypll e o t dam
bars provi de a dkggw%rirlﬂpﬁrlgv%ﬁ?lé%&tb eﬁﬁggltgelgg(ae {Bg(?lﬁrel‘vl I ?lg(f&%ﬁyne
encaps wubsthntidlydranaversdly bétevetn ﬂmaﬂéﬁrﬁrrmfsdumgmp 162 ef thefsupenimpssed firsignd r om

at or ol Yot lend Famer hbead Fitb FEPRsEelos @%ﬁiﬁﬁhwﬁ&ﬁ 148 ofhe o
172. Howgwad flabife 1%@&&@ §(§Pbst8{t1 % smsefw& 1:45i2RE HR8 ASs
i be ocat e

descr previously are c I gured”and col revent t he heated,
nmol t en welt kpswh arthe amwath @peft ttorsn@e:hpd ﬁgmbnrdang‘mrapmale aHidginé forgapventing
neceSS| Qél ng the e of three su osed hgad franmes. | 10, 140 and

150. 34 wRelies, @quyrpmem%psy Bk o BResfermeldineprecssnireled on

the as S&%n){g F:Bm between the cavities 170 of the transfer mold between adjacent but laterally
spaced lead fingers where the mold halves clamp together as at 172. However, the combination
or stack of dam bars 128, 148 and 158 as described previously are configured and collocated to
prevent the heated, molten encapsulant material from escaping through a much higher gap
necessitated by the use of three superimposed lead frames 110, 140 and 150.

35 As shown in FIG. 1(h), a trim and form operation is completed on the assembly to
separate each stacked first and second die 120 and 130 with their associated 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 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
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separate each stacked first and second die 120 and 130 with their
associated lead franes I 10, 140 and 150 into individual dual LCC

sem conductor die assenblies 180. In particular, the trim operation is
acconplished in pertinent part by shearing the segnents of the dice housing
dam bar 128 and of first and second dam bars 148 and 158 |yi ng between
superinposed lead fingers 108, 142 and 152 fromthe base |ead franme 110
and first and second offset |ead franmes 140 and 150, respectively. The
base | eindividusiraed separaterduahl.O€ sshueandpetonassenabliessk®0i ghe priprany ledé finggrs 108

i ndi vi dual d se ate al . L em gonduct or assenblies,180. T ri.mary
ead 11 fgeed sd SR MEL I Borb e M FR P Ton RS ERTah R BipqtiieoRéd
encaps UiiesP@réadiguiiivn bidihshedown dnddhétdrdlly diitwardeEicb@sh, 69 BidvainatiGon
such as a down and then laterally outward direction, as shown in FIG |
(h). Aslbluchs such, 8isheuld bpsoted thead thertsim artdeformioperation ewployepmagbeon enpl oyed
may be acconpl.i shed by any.conventional nethod or process known in the art.
36 As. SHSRRPI e ibeang CoryrtigRal method ol SrptBHTRNTER B @lassenbl y 180 of the
present inventi oRs S AGIGPE, HRUMIGDE Serfiichfidtictor (diP488mBIYA 8010f theGRELhET
substrate 190. The carrier substrate 190 nay be any suitable higher |evel
packagi myentsmghayatbembe inotisted 6% eircurtrgees h@2eoff céarter substboai ). Tlercastigypor ti ng
and el eét&bri cal %)(y i nterconnectin ttge guac:l? LOC sem conduct or di e, assenbl

180 to BPREHRAPY may bEARY Ytahls M loelipstkaging sugh o fLnteRbaseEer RFULE! i Her s
142 andyohpd 8PppSlink ARE EledtrigiileRtbrmetha thE ddl 4O @ SrhiRBRuét R diPRcSABIY NI
material 176 in supefinposition wth primary lead fingers 108 to provide

r ei nf or tiéhtereiterted cerofitrndAadepittet e FIGit 2.¢he sndsxiftleqddingess M2amd 1p2okaxgi ng
material 176. 37 In the . event thaif th nner of aligpoent, super.inmposition
and. as gy etenlhevond B SieanPhery 67 aRttaginE Staterith | 28 ComPeRFPLRIOR DY
frames r . : i Lfd i 4
of the Hiudlediner! ORIEBOE intEpHLA Rk R E e BLH LGRS 1555
accor di pagkaging tmaterialEft i on after encapsul ati on but before excess portions

of the |ead ane sirips. carrying lead frames 110, 140 and 150 have been
tri med ayvayH It Iinéﬁ?ls‘fe@ath@h@ﬁ r%a@gswa I e Vel Ff’fs%‘Pg’l‘g 5§ rane
150 ar geld lﬁlsl{ﬁe 14O IR fiflk EnPlckdifdlofict fea&ﬁﬁ@nfe@ 186564 | S dedob R éé%#ge% ﬁséé%ls

view. The lateral periphery of encapsulant material '176 pac
assenbl glarifd@tios, FIShavef thedmwstgsris a tpsdledition n€a serhicbed yportdioasseroblytll8é | ead

frames 110 and 140  to be cut awa duri n trimand.form.operation are
Chadeq HHerHE: EheE SPGB br AaUHEon R Befdir Gxcessdginng oF 1 16ad frhRe siHips
carrying lead frames 110, 140 and 150 have been trimmed away. It is noted that second die 130

and second offset lead frame 150 are hidden under die attach site 116 of base lead frame 110 in
this view. The lateral periphery of encapsulant material 176 packaging the assembly 180 is
shown in a short-dashed line, while portions of the lead frames 110 and 140 to be cut away
during a trim and form operation are shaded and bordered by longer dashes. Of course, second
offset lead frame 150 will be cut away along the same lines, the superimposed dam bars 128, 148
and 158 between the laterally spaced lead fingers being cut away after encapsulation as no longer
needed and to electrically isolate laterally adjacent primary 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.

38 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
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offset lead frane 150 will be cut away along the same |ines, the

superi nposed dam bars 128, 148 and 158 between the laterally spaced | ead
fingers being cut away after encapsul ation as no | onger needed and to
electrically isolate laterally adjacent primary |lead fingers 108 (and, of
course, superinposed and attached |l ead fingers 142 and 152 electrically
connected to bond pads 126 and 136) from one another. 38 It should al so be
noted that sem conductor dice 120 and 130 may not necessarily be identical
and havias@nes spdhimifseulepd framgd 40 apd 43Qmar he difererilymonfgersd whdrdierent n such
an 11 ipnstanc ach offset. le frame 140.and be.differently

confi gu?‘gag‘?}\'f’? ?{1 i Sﬁnéi rogﬁfl%Elﬂ{‘ﬁ@grfss?eg‘ll‘éenlﬁ?qggn%%% }%’?@%gf ?%stw& respective
| ead fiq@Eesndhédr aied 1202nd THEOL the asseRBlERAE ik OSontk, B8t AR QlIaRguls3Ad ohitpufe

assenbly may share sone, but not all, inputs and outputs and so staggered

| at er al anshweitaggerstl laterabispacimg of seaddipgbrs maye used b attech ooeleal] Gagerf i4dgfar 142,
f le, .t ' | fi. 08. Wi t;h t i d fi
155 ¢ nepimste- 14, el R nst0n iRl atwgingag Ot findfh 4 5F . Th €8 4Rl

appr oacHam 8rsting, MAMNAABS fiviDics his AshreNKARSHE Al BAAProBidb thd\@Ragufint ddmmed
away for electrical isolation of the'lead fingers. FIG 5 illustrates this

appr oachut thenoie frijmmedwawey &orstasiricehidolstion ofithe lesdSmgitsy FIG05 dustratds this t o t he

i ti f t i de, wh i i | ead fi . 110.

it achetpheniel PhRe v ssPRESR Rt pRgaPBALEY seging ) Heiarhicattoms Mtger s
110 ar esjad hafehgsl séifle PmYrt10aPiSReOTD At histhel 88K th LTS ofkedeadifloe? 9T,

primary lead fingers are attached to both a lead finger 142 and a | ead
fi nger soB® prithaydeagrfingess 1 10farelattached & ohdBto alsegomhefTseb Bad fingerdi Sgansbdoneen

the lead.fingers.are, as noted, r Y af t nca | ati t he

s sen) Bima I arf BudRBed o na o irge R ErIRgR Bekiiapy b st
I nvent | ofaiBard €28,94R QR €58 BftehdiRz bElGREN falleaigeRHH Gk Abted! fefoved afigy
conprise two different types or functions of sem conductor dice which

oper at eericapsutation wétheossemtly i nventi on increasing the efficiency of the
conbi nati on d renderi |t _nore conpact faqr cenent .on a carrier
substrate. Tie pr@%ee(ﬁ'.lall E&%ﬁ’ﬁ%ﬁu tﬁg‘g‘ﬁéﬁﬁﬁ“@ﬂ)' g#t%ﬁprqs!ﬂgtynye&nogmyibgati ons,
such asehhgi&f é&rtwa@miea%@nﬁ&ﬁﬁaas%ce,%@ M5B AesOtw it ST R Sldﬁlﬁ%tidH%”Dr y

di ce, which nenory dice may share comon inputs and outputs, this being
facili teftsetidppdudier dite wbivheperats inlcomdbirfating,ghs inyentidreintieasing thectfSecmaychf
FL;Ze]E rtglﬁggrgb{ngggf e?ndt r%ngé)rﬁl%sl- rrrllgresciogr?p%cto Eor Bfaicggé t oln%ac%rrfieirgggsl:trsaite(?le}ehp%es%%l:s ©
invention has particular utility for applications, such as the aforementioned identical
semiconductor dice embodied as memory dice, which memory dice may share common inputs
and outputs, this being facilitated by the attachment of lead fingers of the first and second offset
lead frames to opposing sides of primary lead fingers of the base lead frame.

40 It can be well appreciated by those of ordinary skill in the art that the dual LOC
semiconductor die assembly 180 of the present invention provides a substantially symmetrical,
outwardly facing stacked LOC configured semiconductor die arrangement employing floating or
cantilevered lead fingers that facilitate wire bonds of limited length and permit flexure of the lead
fingers during transfer molding. 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 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
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40 It can be well appreciated by those of ordinary skill in the art that
the dual LOC sem conductor die assenbly 180 of the present invention
provi des a substantially synmetrical, outwardly facing stacked LOC
configured sem conductor die arrangenent enploying floating or
cantilevered |lead fingers that facilitate wire bonds of limted | ength and
permt flexure of the lead fingers during transfer nolding. Such flexure
accommodat es ready passage of an encapsulant flow front and reduce any
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attachment of lead fingers of the first and second offset lead franes to
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sem conductor .di.ce and i he, avoidance of. physical . attachnent of the |ead
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pot ent i Rk fal QT FIHBRBIE: hresdnd fivehGéh ﬁ@fﬁmmrsqﬁé&drﬂﬂamissﬁﬁhﬁoﬂ ARRL inQrhibiRy er
over the active surface. Further, e present invention may provide

super i dhe hackttodacls arpagemantopfalidethioaded fora edmrobn dielwétatinsite may bagded 4o clamgelent
of dice bonded,tq.a com die attach site may be used to channel to the
base. | S84 HeSiieed TGN B P A1 RSP RHO N oA Susfceiar Smribiet of
the encapRileant ad RAGK AACsubkAn@s FhitloRlg of 18 tRHRRIRBE ih@lasgaﬂbﬁf{)ﬂoﬁﬂ)té&fsg&}ﬁ' two

sides of the assenbly pronotes speedy and efficient fabrication techni"ques
t hr oughandreéfiaent|fabirication fpehfiguen thivagh thembdlity ps paforbuthh sane stspsodn bdtheides of

i e itbe SR e mxtag SRt ahfiseioed ToiaBane sRTCI AR disé S0%1 ai n
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the sane function. Furthernore, since the f d dice are

irst and secon
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exanple, to 8 mls or less) t urther reduce package thickness, as the die

at t ach mitedethat supporting the dice from their back sides also permits the use of dice thinned by back
grinding (for example, to 8 mils or less) to further reduce package thickness, as the die attach site
of the base lead frame provides mechanical support for the die in a manner similar to that of a
conventional die paddle, but without the disadvantages of conventional lead frames.

41 While the present invention has been disclosed in terms of an exemplary
embodiment and variations thereof, those of ordinary skill in the art will recognize and appreciate
that the invention is not so limited. Those of 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 the scope of the invention, which is

limited only by the appended claims and their legal equivalents.
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of the base | ead frame provides nechanical support for the die in a manner
simlar to that of a conventional die paddle, but wthout the

di sadvant ages of conventional |ead franes. 41 While the present invention
has been disclosed in ternms of an exenplary enbodi nent and vari ations

thereof, those of ordinary skill in the art will recognize and appreciate
that the invention is not so |limted. Those of ordinary skill in the art
will recognize and appreciate that many additions, deletions and

nmodi fi cations to the disclosed enbodiEdMSnd its variations may be

i npl enented wi thout departing fromthe scope of the invention, which is
limted only by the appended clains and their |egal equivalents. 13 CLAI M5
What | swhhapisBiimb&is: 1 - A nethod for fabricating a sem conductor die
assenbly conprising first and second seniconductor dice, the nethod
conprising: brovidinghed f@af@ﬂce@l@gﬁ$®Iltteomh1¢tonglmasshmblmmlaphsmg fistwd h a
first S|de(€nd .a osi,ng side .and a plurality of primary | ead

fi nger s*EXEHUIHY Q%QQIFF’&E?W@O iQMPFISINGh site: attaching a first
sem congGiite fhRe B4d FraBRtaviHgdedit Qﬁﬁ&%fltet“ﬂtht DBrst 508 hindh dR0RA, dp ggsﬂii §ide

attach site wth an active surface of the first sem conductor aci ng
away from t hdogderalitaef p‘mmrgleadtf'mgemem@ndmgmwﬂrosremedmmwhsne die by a

back sid h f to.th i, d f th i t h t
Surt aceAbehifgs T0u SERif DN EORA b hoRSsde fhbtonts tadyetaisat it ated YiGoq |
frame; attachjman g&ﬁ@ sﬁffﬁ'&%ﬁh@ﬁrs@sérh&éﬁ ogﬂfelt fabﬁggwga?%ﬁ ﬁé%@&qbzﬂgﬁ%gr

the first semconductor die to prlrrary nge e base
franme; atacbiop arsgccindadniqonguntsr ()] b}aabedoslde thlefesxéto the aetohd atte of xteadiclattaphover

t he second senic nduc di.e fingers.of the. bas ead
frame. and otBen Ehacye sttt e Ferampemifadreob e R pver faats Bnd

of fset | ead fLypfkaet 0 bond pads of the first and second sem conductor
dice. 2. The nethod of claim1, further conprising formng the | ead fingers
of t he dtiacking &mad fexgesod adirstadtset leatifrime eetendiog peayibe firsy ednyicenduetw dientoa

cantil evered pmann er t e firs nd second seni conductor dice from
| ocati ons ofprg{“iré{i‘ﬁ’ﬂéﬁ’cge@fo h‘f’ebqsézif@d%aH&ers of the first and

attaching lead fingers of a second offset lead frame extending over the second semiconductor die
to primary lead fingers of the base lead frame; and
electrically connecting lead fingers of the first and second offset lead frames to bond pads of the

first and second semiconductor dice.

2. The method of claim 1, further comprising forming the lead fingers of the
first and second offset lead frames to respectively extend in a cantilevered manner over the first
and second semiconductor dice from locations of attachment of the lead fingers of the first and

second offset lead frames to the primary lead fingers.

3. The method of claim 1, further comprising cantilevering the lead fingers
of the first and second offset lead frames respectively over the first and second semiconductor
dice from location of attachment of the lead fingers of the first and second offset lead frames to

the primary lead fingers.
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second offset lead frames to the primary |lead fingers. 3. The method of

claim1, further conprising cantilevering the lead fingers of the first and

second of fset | ead frames respectively over the first and second

sem conductor dice fromlocation of attachment of the |lead fingers of the

first and second offset lead franes to the primary |ead fingers. 14 4. The

met hod of claim1, wherein electrically connecting conprises a technique

selected fromthe group conprising wire bonding, TAB bonding and

t her noconpr e4si o nTb@mdthng of glairTh eWh@temﬁiecmﬂcaﬂlyaaomelmng gempeses@onpri si ng
second sem con th substantially

fi he. f
ggzt Ir g:” Iﬁh‘ﬁ%‘:‘: asfelae(‘f{ef}?ﬁﬁg RS OURS CORPSINEYVHE 0’6 m%’l’l%ﬁ\%g‘%‘fl%@? conpri si ng

confi gumbﬂﬂoaohﬁ)résg{oﬁtboﬁ&g second sem conductor dice as subst anti ally
i dentical dice. ghod of claim®6, further conprising configuring

the substantially i dentl cal dice as nenory dice. 8. The nethod of claima1l,
further conpgisi : confl e base lead fr h first and second
groups of pr mary ﬁﬁggﬂﬂg’qéx %nprg@%,cop lgﬂ??glé‘ éjr%ta& tach site on

opposi n&c%@é’eﬁn&(ﬂﬁlﬁ@t@f dlctehsfithpsfubﬁﬁﬁtYalé/%ﬁ‘tr 1211965@(1 BindS4@l group of the base
| ead frame being laterally spaced and nutudl ly connect ed by a dam bar

extendi ng substantially transversely therebetween; configuring the first
offset lead frane with first an econd pups of lead fi t he | ead
fingers of eich gT]?ﬁFﬁe@Pdf’ glapm sﬁlﬁgt? quggs&mﬁmaa@ﬁfggwaaer al ly spaced
and nut E(;Ha g substantially transversely
therebeét.é\;e\g%d/nsenﬁ ggtrr?fglgf@)sés gubg@dﬂ}]gwlldr%ﬁ&g?ifcget | ead frame being mutually

spaced so as to be alignable |n superi rrp05|tion with the dam bars of the

base |l ead fr ms; onfi guri e ond of f set ad . fr msvmth irst and
second group f ‘?‘Pﬂﬁg Ph@ﬁﬁ%@mmsmﬁw% f SEhsitiady t he

second @ffsat dllcéééjmfeﬁl%gﬂﬁd@@' ng | ateral |y spaced and nutually connected by
a dam bar extending substantially transversely therebetween, the dam bars

of the second offset |ead franme being nutually spaced so as to be alignable
'n 8. The method of claim 1, further comprising:
configuring the base lead frame with first and second groups of primary lead fingers extending
away from the die attach site on opposing sides thereof, the primary lead fingers of each
group of the base lead frame being laterally spaced and mutually connected by a dam bar
extending substantially transversely therebetween;
configuring the first offset lead frame with first and second groups of lead fingers, the lead
fingers of each group of the first offset lead frame being laterally spaced and mutually
connected by a dam bar extending substantially transversely therebetween, the dam bars
of the first offset lead frame being mutually spaced so as to be alignable in
superimposition with the dam bars of the base lead frame;
configuring the second offset lead frame with first and second groups of lead fingers, the lead
fingers of each group of the second offset lead frame being laterally spaced and mutually
connected by a dam bar extending substantially transversely therebetween, the dam bars

of the second offset lead frame being mutually spaced so as to be alignable in

superimposition with the dam bars of the base lead frame; and
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superinposition with the dam bars of the base lead frane; and 15 wherein
attaching the lead fingers of the first and second offset |ead frames to
the primary lead fingers of the base |lead frane includes aligning the dam
bars of the first and second groups of |ead fingers of the first and
second offset lead frames in superinposition with, and on opposing sides
of, the dambars of the first and second groups of primary |lead fingers of

the first lead frame. 9. The method of claim@8, further conprising placing
cavi t i ewherringsigeking gherleadBngers ofthe first asd errend @ff?ﬁSéftaddT@iQQé@ thefprirpasy brade

| ead frame orde of . t V|t|e |dsof the die
attach site %&eﬁs 5‘ﬁtt§83$ %?%cgﬁfs g‘&ﬁné ebagﬁﬁ%jb?ﬂﬁ 8‘&% bars
of the first g@ﬁﬁls @ﬁ@ﬁ\ﬁlng&g‘@ﬁhe figddnd §&6§&oﬁ‘§5ﬂléaﬁ€fralﬁ?e§@nkﬁiéﬁrﬂ odit®n wifh, The
met hod of claim9, further conprising |locating the outer borders of thé die
cavities on @@t@romsma@eiss of, thendantlbars béthe fot and sedand growm @f psowrdlead f set

| ead franes Bef ih d of claim9, further conprising injecting a

nol t en, heat@ageﬁ o4 the lrr% e(aa MM %ncapsul ant material into the die cavities
to encapsul ate the first and second sem conductor dice and preventing flow
of the encapsulant fromthe die cavities past the primary |ead fingers

usi ng the suderi mpas@ethdd of blains Sofurthecdmprisingpacisgcomtiesalffoppesingad franes

and the rari%%er ol d{ees"%g/er oppggng 51%es of the base lead frame with outer borders of the cavities

on opposing sides of the die attach site being located immediately adjacent the superimposed

dam bars of the first and second offset lead frames and the base lead frame.

10.  The method of claim 9, further comprising locating the outer borders of

the die cavities on outer surfaces of the dam bars of the first and second offset lead frames.

11.  The method of claim 9, further comprising injecting a molten, heated filled
polymer encapsulant material into the die cavities to encapsulate the first and second
semiconductor dice and preventing flow of the encapsulant from the die cavities past the primary
lead fingers using the superimposed dam bars of the first and second offset lead frames and the

primary lead frame.
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