31 August 2006 TITLE OF THE INVENTION METHODS FOR FABRICATING DUAL LOC
SEMICONDUCTOR DIE ASSEMBLY EMPLOYING FLOATING LEAD FINGER STRUCTURE
CROSS-REFERENCE TO RELATED APPLICATION 1 This is a new application filed under Section
26(6) of the Singapore Patents Act based on Application No. 200005005-4 with filing date 1
September 2000. BACKGROUND OF THE INVENTION 2 Field of the Invention: Th& pH&8she#¥0ention
relates generally to a semiconductor die assembly employing multiple semiconductor dice. More
specifically, the present invention relates to a method and apparatus for increasing integrated circuit
density by employing dual leads-over-cHipLE O JIGHRAYNEN SEMconductor dice in a symmetrically
configured semiconductor die assembly 3 State of the Art: High performance low cost increased
miniaturization ofVHaldORN O0RH AP ATNEEH e A SHEMHGEND EitcTERNE [ong been
the goals of the NP I O S ) A EEHNG J ) eR&if active
component and internal conductor density, is conventlonally I|m|ted by the space available within a
packaging envelope and by the surface area or "real estate avallable ona carrler substrate such as
a printed circuit board. 4 FA&CR{YeRéEx : & ol didd
the basic design. Conyentional lead fram de n inher ntI t tial sin k
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residing oasthieopasipidicTiien| AigeODRO NI StHen e Sitipack (@ dl Siepectotsiz2000the 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 @A@I@GR@IUNBfaFﬁFHEimIgVHMBE)ahChor points may be embodied
as lateral flanges or bend o&é%% in the lead finger. Therefore, as die size |ﬁylncreased in relation to

package Size, tHere is 1 ﬁ&qféth 8[1? ﬁSﬁ[}élavglﬂgB]i]er 8%%[161‘3 to a semiconductor

die assembly employing multiple semiconductor dice. More specifically, the present invention

relates to a method and apparatus for increasing integrated circuit density by employing dual
leads-over-chip (LOC) configured semiconductor dice in a symmetrically configured
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



31 August 2006 along the sides of a package for encapsulant material to anchor to the lead fingers
and provide a robust 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. 5 One method of increasing integrated circmﬁﬂd@f%i?;t/ 3998 stack
a plurality of dice vertically. U.S. Patent 5,012,323, issued April 30, 1991 to Farnworth teaches
combining a pair of dice mounted on opposing sides of a lead frame. An upper die is back-bonded to

the upp_ea}@agf@@esi@lﬁm ma@r&@gqﬁ@r|@@m§aﬂﬁ@tm@riﬁhmwéswmy@smimgm@whmwimr. The
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frame, SRR SRR bR e S R Tt TR RRE B SRR B e ot RENE re bent

upwardlyeoatddSinRalianies B62124&. iIFThdadAugusl2dpi@Bshtpdiashby disclagesvarierdsover chip”
(LOC) configured lead frame, wherein the inner lead fi%er ends of a dual-in-line package .(DIP)
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bonds. The lower die is slightly larger than the upper die so that the lower die bond pads are
accessible from above through an aperture in the lead frame such that wire bonds can be made
from these bond pads to lead extensions. However, this arrangement has a major disadvantage
from a production standpoint, since different size dice are required. Moreover, the lead frame
design employed by Farnworth employs long wire bonds as well as extended lead runs between
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



semiconductor die through a dielectric layer. Wire bond length is thus shortened by placing the 2 31
August 2006 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. 8 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 lowerldi@ K4y by
its active surface to leads of a lower lead frame and wire bonded in LOC fashion, after which the
active surface of at least one other die is adhered to leads of an upper lead frame in LOC fashion,

then adhém%lya@lafék_gsbm@diwkﬁ@ BHPERSHHacecentid rw@id&wmsm@mw,dhﬁ%ﬂmer |
lead framgre Slecticalln GORNRRIEdR st Ah G VGl BB AR RY, LifbRogempression bonding.
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and coverage of the wire bonds of the lower die by the upper die may induce an irregular flow
front of filled polymer as the assembly is encapsulated by transfer molding resulting in
incomplete encapsulation without voids and increased probability of wire bond sweep and
consequent shorting.

9 Therefore, it 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, multipiece 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



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 3 31 August 2006 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 toodxieist v the
first and second die, 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, tapaeditsmarbdiooifyoe merHsceressioIbonaingowimetines obErsndBeieed lead
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excess pOTIBRLCer 2 Ua: 1ot WRRR SIS Le i e Bl Sher HeLRE 3Rl B kages into
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primary lead fingers. 13 Accordingly, the |.OC semjconductor assembly.of the present.inyention
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configuratieresith phexhaise leadiipmenibrrakapyeiarnsByetbisOpRposiamesiagkad pHangemant, the

P s e lendime hersheyond. the Test ind second-aice, the Frst ahd Seeom Tead SfSer Rames®
and the lead finger connections to the bond pads and the primary lead fingers. The packaging
may be effected by a transfer molding process which may be facilitated by the use of mutually
superimposed dam bars of the first and second offset lead frames on opposing sides of dam bars
of the base lead frame to prevent molten, filled polymer encapsulant from extruding out of the
mold cavities placed over the first and second semiconductor dice between the primary lead
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,



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, 4 31 August 2006
effective, void free transfer molding is facilitated by the symmetrical configuration. Iaflnélﬂg,“éhﬁ)%thout
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 lea@ffreivesvand fiviedrapreingoadia s (rsaktares hotetiainmon b paheenfigurisiansémmplly. BRIEF
DESCRIGTYN O EHESEMERALMIFNS AT BRAWING S his e shecifcatiogcppludes
with claims particularly pointing out and distinctly claiming that which is regarded as the presen
inventiontothe erjvemmagpsksitinkisn ihwenustricahrblatmosbipdadilitascaraipethfionefiibefatiomibly
descripti invent n I ' | ith.the [ng drawings i ich: 15
S R S e R SRR TR QU o
embodimerthefsselubll.OC semiconductor die assembly according to the present invention; 16 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 crossBRiES bl SERINIEW ¥aQETAHENSHMERAS. Of IENS S 19&) THIE BRANGINESalignment of

the dice housinqxvith t fllrst and second lead o{fsdet fra &% accordin t? the. present invci-:-ntion; 18
. Thile the specification conc H € Wl(tl}a| cldims %rltlcu ar (% &)01 ng %ut an .
FIG. 4 is a top, schematic elevation of a semiconductor die assémbly according to=the invention,
depictingdsstpetim pasibtion dia fitstbitseidadddante piaattimodfiish ofiseideadafeamesivith a base
lead frame of a strip of base lead frames wjtr%ﬁ\ semi%gdﬁctqr dé%attached tp the base lead frame
SamdNsdn

and the ISREHHYLFEbPEHBHFSBHEE ARSSHHY Y YT pHgy of the invention when

read in conjunction with the accompanying drawings in which:

15 FIGS. 1(a)-1(h) are simplified cross-sectional views illustrating a method for
making a preferred embodiment of a dual LOC semiconductor die assembly according to the
present invention;

16 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-sectional 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 bond 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.



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. 5 31 August 2006 DETAILED
DESCRIPTION OF THE INVENTION 20 A presently preferred embodiment of the predBgtihv8ition
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 partlcular apparatus and/or method, but
are merely idealized represegr® d Y and fully depict the present

invention than wigld Omma%ep?a%&zi%n&%q o0l e AN {RBHIGA SRR Rstween the

figures retain the same numerical designation. 21 A method and apparatus of a presently preferred
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FIG. 1(a) illustrates a stri é se |ead frames 110 each hav first side 112 d a second side
len st R
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which exkibfdasy &hle prarsries Mrmereﬁraegé 9 hor exasmpleeieaticateanadtiaivityd electrical
reSIStIVItyélectrlcally connected thereto. It should be noted that spacing between adjacent base lead frames

has been compressed in the drawing figures for clarity, but in actuality each base lead frame 110

includes primary lead fingers extending laterally a sufficient distance so as to provide adequate

length for deformation thereof into desired shapes outside of packaging encapsulating the dice.

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 is 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. 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

6



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 is 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 128 ineEs ot Yo re
rows or other arrangement on the active surface 124. 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 6 31 August
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surfaces 118 on the second side 114 of the base lead frame 110 in similar fashion to that

employed for the first dice 120, as previously described. In practice, the base leadframe 110 is

inverted so that second side 114 of base lead frame 110 is facing upwardly for placement of

second dice 130 on die attach surfaces 118 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 side 122 facing back side 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.

27 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



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 135 oP st dfset
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. 27 Also, as shown in dashed lines, the first
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first offset lead frames 140 are 7 31 August 2006 positioned to align with first dice 120 on base lead
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such as, for example, spot welding, thermocompression bonding, soldering, or conductive

adhesive bonding. As desired, the first offset lead frames 140 may be attached to the base lead

frames 110 substantially along the entire lengths of the superimposed dam bars 148 and 128.

29 As shown in FIG. 1(e), a strip of second offset lead frames 150, similar to the

strip of first offset lead frames 140, is attached to the second side 114 of the base lead frame 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 140. In practice, the assembly will be 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.



strip of first offset lead frames 140, is attached to the second side 114 of the base lead frame 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 3béurdifiiiead
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 settbnd cFisketisad waimésthsoltenmens aédeatembhies a0l BmadddmplisHied by
any of thefechiiques PIEYIONRIRGHSS P FSBPRRGIS RUACIIAIORIBS Y sh flse lepg rames

140. In practice, the assembly will be oriented with second dice 130 facing upwardly, so that the strip
of secondaffsiet feadatrenvrssse@nhyide vislachdrover Asesskewond Hite artiafuitinedoeothdobsading

i i t f f t ding thereof t
pase oo e T 2 S o e R S e L RSB BT beter s
the alignimgtiroftthbotisse fiabys ase teatirftame sttondidarthbafis St4dnuh d 4 C8rudi pifskbin eathfdames 140

%lli)n? ﬁzg in FIG. 1(e) to depict a partial cross-sectional side view

and 150, (Ie ag’eiﬁeﬁﬁlﬁ?n %Ign
thereof. As shown in f‘&l. ,at e ﬁrst and second offset lead frames 140 and 150 are stacked and

aligned with theJase |dadtfransboldOiEAGhdtfowic- botidsri 6Askfignlwithutihénfirstcandisdtondoyam bars

148 and 58%%' ne%in stack with the base lead frame dam.bar 128. 31 Next, as shown in FIG. 1(f),
wire o R F B O A SRR AR S S SRS o St s
bonding leshfiage oetveefitheifeelcaddmids bithadleaddipgadihgbdnf pads offéeileachfoantes 140

and corresponding bhond pads 126 on each of the first dice 120 for electrical.interconnection .
e e R ST M e G T TS
thermocasppaassianyiaeRinguRAEMIHRHIDS terboastinge e Jume R osers Ry Hw e employed

with the second lead frame 150, in which wire bonds 160 may be attached between the lead ends 156
of lead fir'?ﬁ@f]énESZT B e Lgress may then be employed with the second lead frame 150, in which

wire bonds 160 may be attached between the lead ends 156 of lead fingers 152 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. Suitable structures other 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
140 and 150, and wire bonding completed, the assembly is preferably 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
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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 semicohdthEBHde%ond
pads and lead ends of the lead fingers. Suitable structures other than wire bonds may also be used as
a conductive element for such electrical interconnection. For example, tape automated bonding (TAB)

may be Ehiplspddramas |EHY W@ﬁﬂ@lﬁﬂ@@@ﬂ&@ﬁ%ﬁ@%@ aitabRnnsgated ahddatidntéd so as
to extend over Rand R8s ALl dige 1 e MR RMRIESTISRIHR NG hErERsYRED My he.gmployed.

33 Upon fabrication of the previously described assembly of a strip of base lead frames 110 with
attached patioorductobaticéead rame 1BDInfitet mgdiseaitrmd offedt fedehftdmeess 140 amdl ID30fand wire

bonding goip %H%f%gccﬂ?& s W%Qh!}’ ﬂ&ﬁ%%f?£§b4¥£f§%9§#§l%ﬁ?&’ LR %@91% from %(%ﬁifﬁled%ﬂ]é"ge and

environmental contamination. The encapsulation précess used may be any suita nown
encapsulatiods pidcesmandapreferalphckagadride sThd remsieul mo idicigrpbbe esspg sknown innible art. As

shown in FIG. 1(q), a transfer mold having a plurality of die cavities 170 is placed over each of the
dual Loélgneﬁr%#oghagg or glfsaé%rrprll Ti%’s}%oeﬁqiogeglr?ﬁg 1iglfrAugust 2006 base lead frames 110, each

semiconductor 8dsemliy iholwdingFGirst dredisecbnd tHe 120 Hridde3Gimddeeconmhyorxtzage lead
frame 110.. The transfer moldi rocess.encapsulates the ce rsa% ortion of each base lead, frame
RS SRR B B 12 AT SR ide

110 inclusd% g die"attach sité Ingers se 68 165 mes 140
and 150, sitsindndfseciend ficeel 2Qamne 1130 anshtee weike ibahigsnidl wihntentapduant)sasckeage 176.

The encapsulant preferably comprises, but is not limited to, a particulate-filled, thermosetting, polymer.
34 Ao S RS $10 GATPOAS LB AP 4B CTIS L e e Ay
transversely dieiean theHeat fingers gt @inki2lefdheskpatiminge gdiradand dmacons offset lead
frames 140 and. 150, respectively, in alignment with the dam bars 128 qof the base lead frame 110

extendingSYBRERS AR ERIFVERIENY SRIGLRASRTASR; TBsH A geaieHpoTARe transfer molding

process from escaping from 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 base lead frame 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 die assemblies 180. The primary lead fingers
108 of each base lead 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.
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is well known in the art with respect to single lead frames, dam bars provide a "dam" for preventing
the heated, molten, filled polymer encapsulant material of the transfer molding process from escaping
from 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 theﬂe@f@d‘,sh?@f?én
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 thid asseﬁ?cﬂbqwnéédﬂ%té,éh@:ﬁlﬁhk% spFatcanduséentie Qﬁéem}’al‘ﬁﬂ) _PE@@WRF%H_@H
associated Jeae, fame it e A0 b9 e indidqual guall Qe spmisenfustopdie agspmblies 180.

In particular, the trim” operation is accomplished in pertinent part by shearing the segments of the base
lead fransekigiate J0 128 dechoy fivsablechsglssnevdbpadiagsnp48ughdsiSsinigdsetweprieperinposed

lead finger 52 f f ir t es
40 and LB e e A B e B e
individuall 83 tbsepenatecdyaittyO A sdepicteituckdOdi hesanibieEd80ngem piinead 162dfimgers 108 of
each base, cad fame. 43 pRaiHAng from . encrpsulany padkage uay hen,be eonfigured in gy
desired ccﬁ)ﬂﬁgur ioh SUCK 3S & down and then 1a eralﬂfy%utlwarg we%%ion, a5 Rowrtin FI8. (). As
such, it shoularpéeadtagthal d8adrinveaidd femfoopaiatiothanyblayadenmale etacserippsheas fioyrany
conventional melthotd or, proce known in the art. 10 31 August 2006 36 As shown in FIG. 2, the dual
LOC senficotdudoridie desem 3ly 180 of the present invention may then be mounted to circuit traces

192 of a carrier 3nbstratetiO6vehhehaatiitem siestvatdi RDenay e mny sliitablenbighenleyab fiaskaging,
such as an ipterposer or printed circuit board, for orti nd electrically interconnecting the dual
OC sormTagHGHREo! GALLETHRY SSOTH) et EAHIPADIY | ML oot . & it e
fingers 14Rianehiibr, M@y, opiionaly.exiprdsherpnddhrisiderpalipheyokancapsiact prckage 176 in
superimposition with primary lead fingers 108 to provide reinforcement thereof adjacent tfhe latter's

exit poinﬁs?mlﬁﬁ%%ﬁgméﬁifflﬁéﬁﬁgﬁ dyeigion after encapsulation but before excess portions of the

lead frame strips 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 package 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 they are no longer needed. This also electrically isolates 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
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, 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
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37 In the event that the manner of alignment, superimposition and assembly of base lead frame 110
and first and second offset lead frames 140 and 150, respectively, requires further clarification, FIG. 4
of the drawings is a top elevation of a dual LOC semiconductor die assembly 180 according to the
invention after encapsulation but before excess portions of the lead frame strips carrying lead frames
110, 140 and 150 have been trimmed away. It is noted that second die 130 and sedofigdisé?iad
frame 150 are hidden under die attach site 116 of base lead frame 110 in this view. The lateral
periphery of encapsulant package 176 packaging the assembly 180 is shown in a short-dashed line,

while poréithid Bt then lasd firamed vy Apgeientrien] brokaitoapayhe eirdy fengens. aﬁ@f&mw@%@imi%re
shaded apgl bardefsaiy.anags darDes .G s%HHE%ﬁdﬁ&%?'&‘i’e%&&Mﬁgq A& IRV fE cut away

along the same lines, the superimposed dam bars 128, 148 and 158 between the laterally spaced
lead fingergdneion icomahasiddteyheisoapeuanomary tised Angare IHRgaicndedesdl qiHistalsdiesiectisctlly

isolates lat ' i [ 1 , fi { lead
imoore 1 B e R e
also be nbidativhtseapconaydiad diogel 2 OrantatBedraatbidest Ssgrityl 42eaidbalical Aingehadd.
different pumbers and arrangem f on s thereon, In such an, instance, each offset lead
e 140 e o g S D P A e SRR o o
respectiveieadctfinferedehp auatibb 2f Tireabaorddymiconductor dice 120 and 130 of the assembly may

share some, but,pot all . input outputs and so, staggered lateral spacing of lead fingers may be
(et o attach b load HREUT LS A LSS 5 BT (o ARG OB LI hing a fend
finger 152rhibetetd. af he ik eidhiesctdaovhdusd28cd A8 ang 58 facditatedittiéscapproach: @adhendam

bars provi?e the (z%fapsufl@nt Ylé%} Au%ust 2006bdam but then are trimmed aw fogel.ectrica
isolation Of SHE I AHOE FCE SIS RETPATAR FRIEOUELIULARE BSRINY RREFIAGUAF OB S2RiRbnductor
die assenmglyckSolagrar dinbrtddbenpvemion Joaipihasigeceeneishsoragiprisnssyrieadifirgaisciis are
attached only to a first offset lead finger 142, some primary lead fingers 108 are attached to only to a

second off¥ERHOR AR GRTLIGHar Uik Sor anpticitiont s hrydie afarsispHencd istiead finger 142

and a lead £in@siad&dr 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 reduces 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, which might result in penetration of the latter, as is a problem in
conventional LOC die configurations. Moreover, the substantially symmetrical configuration of
the outwardly facing dice of a 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 internal voids giving rise to the so-called “popcorn” 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
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The segments of dam bars 128, 148 and 158 extending between the lead fingers are, as noted,
removed after encapsulation of the assembly. 39 The dual LOC semiconductor die assembly of the
present invention may be embodied as two identical semiconductor dice, or may comprise two
different types or functions of semiconductor dice which operate in combination, the invention
increasing the efficiency of the combination and rendering it more compact for plaéérﬁé‘ﬁflﬂnzgoéarrier
substrate. The present invention has particular utility for applications, such as the aforementioned
identical semiconductor dice embodied as memory dice, which memory dice may share common
inputs andrBeEsE thpischeengdacintaticd mthesdhapntertinl dprakannagérdhstdive finst and second offset

lead fra”b%?n?&ﬁ&%%éﬂﬂé&@ﬁ%%%& 5 fingess efine.basplfRd ! @Qéﬁre‘s‘&qltiﬁ@éh%n"‘fﬁﬁy

appreciated by those of ordinary skill in the art that the dual LOC semiconductor die assembly 180 of
the presempindentiperiprdvided sigabetantiailjcsym wibieicdic baskviarbhekauiing sstackedldde configured
semicon ie.a Nt lQyi i r. canti finger, facili ire
ponci of e L R e
accommodatesdigabsrghssagietoharexamsalpsufant fibthdroraandasducesg@nyieddenoy fbe silicon

particles emplo e(i:asafilleri he_encapsulant pol r to become wedged between.a lead. finger
B & pa R T B B S S A SR e s

a problenedhnapregehtinghl thOadiey copfigforatidrssddoraepeonthetb yoktanfidily syenthbtigaherely
configuration of the outwa lX falcinégfdice of a dual LOIC)is mico ductc(){ cﬁe asse I}/nof the invention
myerting the strip o se lead frames ﬁln\% ?sseltn ed with dice a1t1 |(P set leagd 1ra es.anc(lj
promotes even%assag of the encapsulant Tow front and avoids partially Closéd or confined areas
which in wpitebaniddésighis miayragylbbaintewiaivaids givihg fise adhesadcallechipafenicil affect of

dice exploding when heat-tested. In additign, the attachment, of lead fingers of the first anqd second
offset losl PATRELOTD) 15 HAE IRA Rl BRI e i R OHES OF o G g e ok

semicondyBtkdiae abthinehdMidRAGEamB IR CaleailaRbIIedfahthealead Hngaro dhaiastiveciot 31
August 2006 surfaces of the semiconductor dice reduces the patential for damage to the dice and

compronfliS§rig SRS s YRS P G & Zenimigsradeshetithalsothe pieddhatnVRRaB kS

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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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 heat to the base lead frame and then outwardly
therethrough to an external surface of the encapsulant package. In addition, the substantial mirroring
of the two sides of the assembly promotes speedy and efficient fabrication techniques through the
ability to perform the same steps on both sides of the assembly by merely invertir?élthAél%Hﬁb ase
lead frames being assembled with dice and offset lead frames, and wire bonded. This advantage
obtains whether or not the first and second dice are identical, or even perform the same function.
Furthermore, since the first and second dice are fledR®¥ back to back on a common base lead
frame, thg,Queralliheight of the stacked dual LOC semiconductor die assembly of the present
invention is minimized. It should also be noted that 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 di I | ides 1anical ort for the
die in a man ner‘el Similar}%o%ﬁ[a? g??(%ﬁ%é%%ﬁ%%@ (6::)0a8 e]:@tr)%% ﬁ%ﬁ%ﬁﬁgﬁé%%ggﬁg%@of
conventiopatidadmamelicti Wulehthepttesbatimuentiogn has been disclosed in terms of an exemplary

embodiment a‘lfld vagiatéqgsdgt]ereo thosed%t or igl ry. kiII.j[Hg lrﬁa‘rt.\é/ill r ogncizedagd aﬁgreci te that

the inverttion Is 1ot so limited. Those of or |r11%?y SKiPin the aft wi ?égo%nnlzae and apBPé)matgeS{ &t many

additions, deletiamns apldraiadifit ations tdethieftigato seeteintaodinme foranbeithi v ariatiosissmay be
implemented withouyt departing from the scopg of the invention, which is |imited oply by the.appended
clmms ARGy AR S e TS e TS Dot SRt A AAaiod for
fabricating a semidoaauctbedig-fassemily tomnpridnagdistante saiopdweyticonchichasdiesd the
method comprisi'fr%g;gqroviding a base lead frame having a die attach site with a first side and a second,
opposing side plurality of primary lead fingers extending away from the die attach site; attaching
a first semigondgcieeaindyemibaskRide drergaf badbeidissheiesr @b the dieoattarte Fiehe die attach

site with an active surface of the second semiconductor die facing away from the base
lead frame;

attaching lead fingers of a first self-supporting offset lead frame extending over the first
semiconductor die to the primary lead fingers of the base lead frame;

attaching lead fingers of a second self-supporting offset lead frame extending over the second
semiconductor die to the primary lead fingers of the base lead frame; and

electrically connecting the lead fingers of the self-supporting 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
self-supporting 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
self-supporting first and second offset lead frames respectively over the first and second
semiconductor dice from a location of attachment of the lead fingers of the self-supporting first

and second offset lead frames to the primary lead fingers.
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with an active surface of the first semiconductor die facing away from the base lead frame; attaching a
second semiconductor die by a back side thereof to the second side of the die attach site with an
active surface of the second semiconductor die facing away from the base lead frame; attaching lead
fingers of a first self-supporting offset lead frame extending over the first semiconductor die to the
primary lead fingers of the base lead frame; attaching lead fingers of a second self*dupp8tihg’Sftset
lead frame extending over the second semiconductor die to the primary lead fingers of the base lead
frame; and electrically connecting the lead fingers of the self-supporting first and second offset lead
frames to bond%pads dfib@fireed At Gesond seeritbplggbierliicnpeqtig ereToiElaim 1, further

comprising foimieg et inag 3 8L pHSHPRAF RS, il ATA Besand RitsR! lead frames to

respectively extend in a cantileveréd manner over the first and second semiconductor dice from
locationstbéaashnpessssintheridag . 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
self-supporting first and second offset lead frames respectively over the first and second
semiconductor dice frofharnwthtidniaf attathmeheofdmpisac fiogémiohghdsaissapporting first and
second offset Hasgd traorrrll((laﬁc,cgo the eD\rxizm?Q'l lead fiqﬁ;_ars. t%ﬁ'llgé} %\%%H%OZ O% dgf. The method of claim 1,

) choP ?fmc r diC bstaPtl cen g ; . )
wherein electrically connecting comprises a technique sefec rom group comprising wire

bonding, TAB bonding and thermocompression bonding. 5. The method of claim 1, further comprising
configuring the fg{st ang,, second SEM a%rrlldéjcftor dice with. substargllalll)ll cet%tg?{%tlgﬁgted bond pads. 6.

The method of claim 5, ﬁjertrﬁgtrhgomprlsmg Conltg}}ﬁrri%Ogn% & Yirst AN 8E8endsémiébhductor dice as

substantigdyidiesiic@bdiietor. dibe aneibadmiatiqieotifariiee comprising configuring the substantially

7. The method of claim 6, further comprising configuring the substantially

identical dice as memory dice.

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 self-supporting offset lead frame with first and second groups of lead
fingers, the lead fingers of each group of the first self-supporting offset lead frame being
laterally spaced and mutually connected by a dam bar extending substantially
transversely therebetween, the dam bars of the first self-supporting 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 self-supporting offset lead frame with first and second groups of lead
fingers, the lead fingers of each group of the second self-supporting offset lead frame
being laterally spaced and mutually connected by a dam bar extending substantially
transversely therebetween, the dam bars of the second self-supporting offset lead frame
being mutually spaced so as to be alignable in superimposition with the dam bars of the

base lead frame; and

15



identical dice as memory dice. 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 self-supporting offset lead frame with first and second groups oﬂe%‘b‘%%ﬁﬁgpé, the
lead fingers of each group of the first self-supporting offset lead frame being laterally spaced and
mutually connected by a dam bar extending substantially transversely therebetween, the dam bars of

the first selfeseippdiaiigngrtbed sad dingarseofibmbra andaise ephoeld seppertn defarnetsidrizmes to the

superimposition yiih ). amhas AT RBSEPRATIAME G L

. _ i’ﬂg the Bec e SrinaYRRCLIng
offset lead frame with first and second groups of lead fingers, thelead fingers of each group of the

second self-supmr_mdggmm%é@fﬂrﬁn&erbefngdét@mM§pamsa}fcbmmang @ﬁsntebt@bfmyr@soiam bar
extending subst té?ﬂ}é%gﬁﬁék{ ﬁg‘%ﬁﬂﬁ%@@&gﬁ% Jamipais hie ostet%%_t ﬁ%ﬁ?%‘é’%ﬁﬁ'”g offset

lead frame being mutually spaced so as to e In 'superimposition wi am bars of the
base lead framegranps 16 iy lstdaG:rvwictte rhattd ehdnigatne. lead fingers of the first and second
self-supporting offset lead frames to the primary lead fingers of the base lead frame includes aligning
the dam bars of the first and second groups of lead fingers of the first and second self-supporting
offset lead fram@s in slipenrtpogitibnlavith Aadlonm opppskigesptesf ctvitidant bppewfighe first and

second groups of pmany ead fingers of the Pﬂl%%'e%gééﬂf%}gm%-v&t e method ol claim 8, further
comprising pﬁacmg cavitied ofoBBo& fanster mofd digs over opposing Sifes Gt the e 188d frame
with outesibopgesngfsidesasviiiedicontagpasig sig dscofethgrohie dtirth &ijecbeitig: logaie thposag diately

adjacent the superimposed dam bars of the first and secopd self-supportipg offset lead frames and
th ej bas eé&%%ﬁ%nqggﬁe ﬁrst ang secong sehl:—supportﬂlg 0? set ﬂeaf ?rame£ En tﬂg base?eag%rame.
10. The method of claim 9, further comprising locating the outer borders of
the cavities on outer surfaces of the dam bars of the first and second self-supporting offset lead

frames.

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

base frame.

12. The method of claim 1, further comprising substantially completely encapsulating

the first and second self-supporting offset lead frames.

13. A method for fabricating semiconductor die assemblies comprising first, second,
third, and fourth semiconductor dice, the method comprising:
providing a base lead frame strip having a first die attach site and a second adjacent die attach
site, each die attach site having a first side and a second, opposing side and a plurality of

primary lead fingers extending away from each die attach site;
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10. The method of claim 9, further comprising locating the outer borders of the cavities on outer
surfaces of the dam bars of the first and second self-supporting offset lead frames. 11. The method of
claim 9, further comprising injecting a molten, heat-filled polymer encapsulant material into the
cavities to encapsulate the first and second semiconductor dice and preventing flow of the
encapsulant from the cavities past the primary lead fingers using the superimpose%lld%?ﬁ‘ﬁél?so%the
first and second self-supporting offset lead frames and the primary base frame. 12. The method of
claim 1, further comprising substantially completely encapsulating the first and second self-supporting

offset |ea%1tﬁ%tm7@sa fLisstAemmaﬁmerfd@r@aﬁnb@%ﬁﬂ@éh@e@fd@ @h@ .ﬁsﬁéﬁdblfééh%ﬁfpﬁr@mgﬂﬁ@“{,
second, third, and (YRR SEMIGOARPRIOLAIRE (RE JGIAdEATPIIS AR R QW Ing A P@se lsadfiame

strip having a first die attach site and a second adjacent die attach site,"each die attach site having a
first side and a $esodelrigpposing side and a plurality of primary lead fingers extending away from

each die ite; ftachi jrst icqQn r.di j eof to
the first s%é%gﬁﬁé ﬁ%?l&??ésgft}t{gﬁ %ﬁ%%vglgﬁeéﬁy gcg%eg gﬁéﬁ%@%ﬁﬁ#&%%?ﬁ%ﬁcﬁ% ﬁ%gfg%%g away
from the base ledid Vg stripycattachingf shsecomadsemiconduttordiid dayrng baek Side thefsotto the
second side of tﬁg 8df§a%téas?q site with an active surface of the second semiconductor die facing away
from the base lead frame s]irli)p; attaching a third semiconductor die by a back side thereof to the first
side of thetseldand dhérdaitadhasiteauhdantgciibeckuitkcthatktifeditist Sesnicdndfidiosetiedddieg away
from the base lead frame st[lip; attachirllltgéﬁcli?up&g?miconduct r die l.gﬁ/eaf back side ere%f tg the

second side of the'§e&bRA" Hib AN SITE it A active STHALS G the Sed6HE &8micSRdetortie
facing away fromedbérdpasentigad frame strip;
attaching a fourth semiconductor die by a back side thereof to the second side of the second die
attach site with an active surface of the second semiconductor die facing away from the
base lead frame strip;
attaching lead fingers of a first offset lead frame having a first region extending over the first
semiconductor die and a second region extending over the third semiconductor die to
primary lead fingers on the first side of the base lead frame strip;
attaching lead fingers of a second offset lead frame having a first region extending over the
second and a second region extending over the fourth semiconductor die to primary lead
fingers on the second side of the base lead frame strip; and

electrically connecting lead fingers of the first, and second offset lead frames to bond pads of the

first, second, third, and fourth semiconductor dice.

14. The method of claim 13, further comprising forming the lead fingers of the first
offset lead frame to extend in a cantilevered manner over the first and third semiconductor dice
from locations of attachment of the lead fingers of the first offset lead frame to the primary lead
fingers and forming the lead fingers of the second offset lead frame to extend in a cantilevered
manner over the second and fourth semiconductor dice from locations of attachment of the lead

fingers of the second offset lead frame to the primary lead fingers.
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attaching lead fingers of a first offset lead frame having a first region extending over the first
semiconductor die and a second region extending over the third semiconductor die to primary lead
fingers on the first side of the base lead frame strip; attaching lead fingers of a second offset lead
frame having a first region extending over the second and a second region extending over the fourth
semiconductor die to primary lead fingers on the second side of the base lead frar%éﬁﬁé‘,sé%g%
electrically connecting lead fingers of the first, and second offset lead frames to bond pads of the first,

second, third, and fourth semiconductor dice. 14. The method of claim 13, further comprising forming
the lead fingers b¥-the fifst mostbed lebel franié. threkes sampe sean traiidesermafisde st éngeastirsthend third

semicongyctording.fiemocatigns RLATBEIMAN RS the irad fngrrsaftis fkst offset/srd dimg to the

primary lead fingers and forming the léad fingers of the second offset lead frame to extend in a
cantilevengidchnzmnef theeletddivgesnef dradffistaff e mitbhauetty diceriroayldeetibngest arthchment of

the lead JHé%§§§ %r%‘%??f&é’d‘ﬁn%ﬁ?semﬁ‘éj Jrams .%?fé@?l@éﬁ‘?&rﬁééa%%f?ﬁ%%%f@ %é#ﬁ%é%%ﬁh%ﬁ% 15,

The metho clai urthercomprising cantilevering the set lead frame
respectivilyrdyesmtheofidsicandlthirtt ssmikontdoc ol dieehiremt afldcakied bhgattachiinestcohtheffeetd

fingers oiﬁth ffirst offst%te lead fra (%.th% I;S)rimary lead fingers and cantilevering the lead fingers of the

i
ame to rimary lead 1in . . .
second offset lead %ramepresp ctively overthe second and fourth semiconductor dice from a location

of attachment of the lead fingers of the second offset lead frame to the primary lead fingers. 16. The

method of claim, 13, wherein electrically connecting. comprises a technigue selected from the group
comprising WireléOnding,%‘%gnocﬁg{g&{ %é%?n‘é’(irlr%rohno?ni%%gscélo’ﬁc%%nr?&f@gg. ?L%r.nﬁ’ﬂsee?naett%égg ‘Gt ?:qlaim 13,
further copiptisinfraanfigdring therfpstisecordhdhitthg aNABAwiidiag nidahdticteo ipe: with substantially
centrallygy%?@ted bond pads. 18. The method of claim 17, further comprising configuring the first,

second, '"&nd fourth semiconductor dice as substantially identical dice.

17. The method of claim 13, further comprising configuring the first, second, third,

and fourth semiconductor dice with substantially centrally located bond pads.

18. The method of claim 17, further comprising configuring the first, second, third,

and fourth semiconductor dice as substantially identical dice.

19. The method of claim 18, further comprising configuring the substantially

identical dice as memory dice.

20. The method of claim 13, further comprising:

configuring the base lead frame strip with a first group of primary lead fingers extending away
from the side of the first die attach site distal from the second die attach site, a second
group of primary lead fingers extending between the first and second die attach site, and
a third group of primary lead fingers extending away from the side of the second die
attach site distal from the first die attach site, each group formed on opposing sides of the
base lead frame strip, the primary lead fingers of the first and third group of the base lead
frame being laterally spaced and mutually connected by respective first and fourth dam
bars extending substantially transversely therebetween, the primary lead fingers of the

second group being laterally spaced and mutually connected by a second dam bar
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19. The method of claim 18, further comprising configuring the substantially identical dice as memory
dice. 20. The method of claim 13, further comprising: configuring the base lead frame strip with a first
group of primary lead fingers extending away from the side of the first die attach site distal from the
second die attach site, a second group of primary lead fingers extending between the first and second
die attach site, and a third group of primary lead fingers extending away from the Sbé 8etredond
die attach site distal from the first die attach site, each group formed on opposing sides of the base
lead frame strip, the primary lead fingers of the first and third group of the base lead frame being
laterally spacedransimieiimiceiie etexibyiieapdetbedidamaharpitntdeihp aps et ditintgeh
substantially tragsversely therebetween, the primary lead fingers of the second group being laterally
spaced and mutually connected by a second dam bar 18 31 August 2006 proximate the first die

attach siteoafiduaingittiedarst bésgrisxidimetheidebondulsentadrersites obidiguiimgs thesfipsiasétbet lead
frame with first i a I J [ i le and third
and fourth grougg%? Fega?(? %n%g}ig(;%%%%%?g?%ﬁﬁ}%ﬁg ?ﬁlﬁgs%%g%%rﬁ § c(];[ﬁég%lgﬂygggggzgt%g[ﬁg% e lead
fingers of the firstigndisduohscigrouplofttel firsestsetvid sdtiialem heige datets fispacd deanddmutually

connected by a _dam bar extendi bstantially transyersely therebetwee d the lead fingers of the
et and fourt 00 LE e et IR AR R B e e e R M e by
dam bar extendidagnshibvsteetidihptsabsvetisdly therebatledrr¢herdern batshotdhe fimgeoffsahtead frame

being mutually spaced sp as to be alignable in erimposition with the first and secand dam bars of
the base lead 11T TRC LI B LB ARG e S b Rl e At i Gl
groups of lead frigars @ddociadach buitlethe diagondssaitiidbnauctosrdityahekébsdvand foeitimgbadps of

lead fingers associated with the fourth semiconductor die, the lead fingers of each group of the
second offset Ié’géﬁlﬁa(dﬁ% (H%ﬁ ?&%ﬁ‘f@%@%ﬁ%&l&ﬂ&ﬂw&%ﬁﬁ&ﬁﬁé‘& d I}f%%rw bar extending
superimposition with the first and second dam bars of the base lead frame, respectively;
configuring the second offset lead frame with first and second groups of lead fingers associated
with the second semiconductor die and third and fourth groups of lead fingers associated
with the fourth semiconductor die, 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 third and fourth
dam bars of the base lead frame; and
wherein attaching the lead fingers of the first and second offset lead frames to the primary lead
fingers of the base lead frame includes aligning the dam bars of the first, second, third
and fourth groups of lead fingers of the first and second offset lead frames in
superimposition with, and on opposing sides of, the dam bars of the first and second

groups of primary lead fingers of the base lead frame.

21. The method of claim 20, further comprising placing cavities of opposing transfer
mold dies over opposing sides of the base lead frame strip at both the first and second die attach
site with the lateral outer extent of the cavities and being located immediately adjacent to the

superimposed dam bars of the first and second offset lead frames and the base lead frame strip.
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substantially transversely therebetween, the dam bars of the second offset lead frame being mutually
spaced so as to be alignable in superimposition with the third and fourth dam bars of the base lead
frame; and wherein attaching the lead fingers of the first and second offset lead frames to the primary
lead fingers of the base lead frame includes aligning the dam bars of the first, second, third and
fourth groups of lead fingers of the first and second offset lead frames in superimpé%itﬁﬂ%%&l%p%d on
opposing sides of, the dam bars of the first and second groups of primary lead fingers of the base

lead frame. 21. The method of claim 20, further comprising placing cavities of opposing transfer mold
dies over oppostdg sidésomeibodafeclain FametbersanpdtneeFiisea e SEesHPURS attach site with

the lateral,quieh exfe P AL FAME S ARL RENHOGA A maHiAfelY AASERhIQ G  RpETmRYsed

dam bars of the first and second offset lead frames and the base lead frame strip. 19 31 August 2006
22. The method of claim 21, further comprising locating the lateral outer extent of the cavities on outer

surfaces of the dam bag of (g | %?%%%%%ﬁongtﬁfefls%ﬁffﬁ%fﬁg%ﬁctiﬁgrﬁm&f.‘gﬁtﬁe%‘?-ﬂﬁg@'.m 2L,
further comprising injecting a molten, heat-filled polymer encapsulantimaterial into the cavities to
encapsulptdyther firstasedoridnaktrdy] amo fbethvisesticenchpstdnidide divsk prevadtifdyfloandfioueth
encapsulant from the cavities past the primar ad fingers, using the superimposed dam bars of the
et amd SB e E  S  BT T  Crener
comprisinepd dbstantiailycabmgpletelyn penecad daul dtang dheh éifstsaacdsecond dffsetitad drinamesidhe The
method of cIaimglﬁ%dfPrther comprising separating the first die attach site from the second die attach

site. 26. PHEMEHRDY G Aim 25, wherein separating the first die attach site from the second die

attach site comprises: severing the first offset lead frame at a position laterally between the first region
and the second _region; . .. :
24, g nI‘he method of claim 13, further comprising substantially completely

encapsulating the first and second offset lead frames.

25. The method of claim 13, further comprising separating the first die attach site

from the second die attach site.

26. The method of claim 25, wherein separating the first die attach site from the

second die attach site comprises:

severing the first offset lead frame at a position laterally between the first region and the second
region;

severing the second offset lead frame at a position laterally between the first region and the
second region; and

severing the base lead frame at a position laterally between the first die attach site and the second

die attach site.

27. The method of claim 23, further comprising separating the first die attach site

from the second die attach site.
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severing the second offset lead frame at a position laterally between the first region and the second
region; and severing the base lead frame at a position laterally between the first die attach site and the
second die attach site. 27. The method of claim 23, further comprising separating the first die attach
site from the second die attach site. 20 31 August 2006 28. The method of claim 27, wherein
separating the first die attach site from the second die attach site comprises: seveﬁh@ﬂfgé“ﬁr%@%set
lead frame at a position laterally between the first region and the second region; severing the second
offset lead frame at a position laterally between the first region and the second region; and severing
the base lead frafne athpowitind lafstaliy Béwbersihschrsedng dhearsisibes atterthetedtyndheie attach

Site. 21 econd die attach site comprises:

severing the first offset lead frame at a position laterally between the first region and the second
region;

severing the second offset lead frame at a position laterally between the first region and the
second region; and

severing the base lead frame at a position laterally between the first die attach site and the second

die attach site.
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