-1- MULTI-DI E | C PACKAGE AND MANUFACTURI NG METHOD FI ELD OF | NVENTI ON The
present invention relates to sem conductor Integrated Crcuits (I1C
structure and nethod of manufacturing. In particular, it relates to
Integrated Circuits packages having nultiple dies and a nethod of

manuf acturing of the sanme. BACKGROUND CF-1 NVENTI ON | Cs having multiple
dies or chips made in a single package increase the capacity of the
package without substantially increasing the overall size or dinension of

the package. |nypTRIREREPACKACE ARRS MIARDRAGCEURMG MiTiop encapsul at ed

In a single package sO as to I ncrease e nenory capacity of the
package wi t hout doubling or nultiplying the physical size / dinension of

t he pack ) is disclosed in US Patent 6,498,391 nanely, a
dual - chi gﬁrﬁ@gﬂﬁgbﬁéﬂwt package with unaligned chip arrangenent. and a
met hod of manufacturing such a package: According to this patent, both

chips are nmounted to a leadfranme sinply by an insul ative adhesive | ayer”
covering t he Thelpresenttinventicerrefated i@ aemicdriductdtiotegratpdCictiiits G) 0 a
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sandwi ched bet ween ihe adhesi ve | ayers. These voids, gaps
same.

BACKGROUND OF INVENTION

ICs having multiple dies or chips made in a single package increase the
capacity of the package without substantially increasing the overall size or
dimension of the package. In one example, two or more memory chips may be
encapsulated in a single package so as to double or increase the memory
capacity of the package without doubling or multiplying the physical size /
dimension of the package.

One approach is disclosed in US Patent 6,498,391namely, a dual-chip
integrated circuit package with unaligned chip arrangement and a method of
manufacturing such a package.” According to this patent, both chips are mounted
to a leadframe simply by an insulative adhesive layer covering the full mounting
area of each chip.

Mounting a chip onto a leadframe in the above manner may cause
problems. For example, since the adhesive is formed as a layer betwsen the
jeadframe and each chip, there left voids, gaps and/or cavities between the iead
porttions, which are sandwiched between the adhesive layers. These voids, gaps
and/or cavities, within which air may be trapped, are sources of potential device
failure.
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The adhesive is thereafter cured. In ogngngng: gggt f)ythgefis(ratstogi Le?gs.

attached to the first side of the set of |ead i [

_ _ _ s with a pluralit f

f;r:apsi jSHMMAR&swe further fills the spaces defined Ey t he p%/u?al}[?seof
pe strips. The adhesive maybe applied at the second side at a first

regi on covering the spaces and a second regi on coveri '
Lapes The: adbesiMsocharasals bahétod for oLpagHEORIING INegRtet ST he secor
region. In another errbocﬁj?rent ¥ Apaniigotiin N ﬁ'ﬁ‘ﬂ"{he secand
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adhesi Vea&?é?fﬁpsxéhbﬁi by eliminating the internal ca?rities / voids.%egt ?eegs?r ates the
substantially reduces the size thereof, formed in integrated circuit packages by the
conventional method. In one aspect, a first die is attached onto a first side of a set
of leads of a leadframe, and an adhesive is applied onto the set of leads ata
second side opposite to the first side. A second die is attached onto the adhesive.

The adhesive fills into the gaps defined by the set of leads. The adhesive is

thereafter cured.

In one embodiment, the first die Is attached to the first side of the set of
leads with a plurality of tape strips. The adhesive further fills the spaces defined
by the plurality of tape strips. The adhesive maybe applied at the second side ata
first region covering the spaces and a second region covering the plurality of
tapes. The adhesive may partially overlap the first region and the second region.

In another embodiment, first die is attached to the set of leads via a single
piece of tape, and the single piece of tape separates the adhesive from the first

die.

- According to a further aspect of the present invention, there is disclosed a
multi-chip integrated circuit package, in which a set of leads Is disposed in a plane
having a first side and an opposite second side, and the set of leads defining a
plurality of gaps between each lead. A first die is attached to the set of leads at
the first side with a first bond, and a second die is attached fo the set of leads at
the second side with a second bond. The second bond fills the plurality of gaps.



die. According to a further aspect of the present invention, there is
disclosed a nulti-chip integrated circuit package, in which a set of |eads
is disposed in a plane having a first side and an opposite second side,
and the set of leads defining a plurality of gaps between each lead. A
first die is attached to the set of leads at the first side with a first
bond, and a second die is attached to-8he set of |eads at the second side
with a second bond. The 'second bond fills the plurality of gaps. -3- In
one enbodi nent, the first bond includes a plurality of separated tapes
sandwi ched between the first die and the set of |eads, and the second bond

fills the spaces e piece
of tape separ Pﬂ%em%@n@gegﬁﬂeggﬁgﬁlzﬁ}hﬁuﬁggé #’lhfélé? BﬁgﬁPﬁgﬁe (gts ects and
advant aggg H’Wic’haﬁ bRhRE&N thé ANt die andthé sebeideads, ang thiesecdicboonddlis

foll ow ng Iaet all ed description, taken in conjunction with the acconpanying
dr awi ngsthe spacas:. at i ng by way of exanpl e the inventive concept of the
present invention. BRI EF DESCRI PTI ON OF THE DRAW NGS These and ot her
aspects and advantages of the present invention will be described in

detai | with refanetes ehsbddimentcharfirstborgl israsinglespieice ofitap sepagting i s a
partial cross sectional of a nulti-die IC package according to one

enbodi nethe secontkbpnd fem thenlistdieon. Fig. 2 is a partial top. view of Fig.
11

Other aspects and advantages of the present invention wili become
apparent from the following detailed description, taken in conjunction with the
accompanying drawings, illustrating by way of example the inventive concept of

the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and advantages of the present invention will be
described in detail with reference to the accompanying drawings, in which:

Fig. 1 is a partial cross sectional of a multi-die IC package according to one

smbodiment of the present invention.

Fig. 2 is a partial top. view of Fig. 1;

Fig. 3 a partial perspective view of Fig. 1;

Fig. 4 is a partial perspective view of a multi-die IC package according {0
another embodiment of the present invention showing a first die attached to the

leadframe and prior to attachment of a second die;

Fig. 5 is an enlarged view of Fig. 4;



Fig. 3 a partial perspective viewof Fig. 1, Fig. 4 is a partial
perspective view of a nulti-die |IC p;.ckage according to another

enbodi ment of the present invention showing a first die attached to the

| eadf rame and prior to attachnment of a second die; Fig. 5 is an enl arged
view of Fig. 4, -4- Fig. 6 is a partial perspective view of Fig. 4 show ng
adhesive applied to the |I|eadfranme fordattaching the second die; Fig. 7 is
a cross sectional view of Fig. 4 showing an encapsul ated package; Fig. 8
is a partial perspective viewof a nulti-die IC package accor dhn(g tg}a
further enbodiFigrd iscd patilal perspestive Migvnef big- $rhaviao adhesive 2gPICd e NG eq 1o
the leadfrgne and prior to att I of a second die; Fig. 9 is an

enl argediQﬁC&Wrﬁ‘P?@i %ria ,nq:ﬁ‘&s@ﬂagag, partial perspective view of Fig. 8
showi ng adhesive applied to the |leadfranme for attaching the second die;
Fig. 11 is a cross sectional view of Fig. howi ng an enc I .
package; Fig. Fjg?isacmmse&tloealo\gg\ivﬁﬁ%%ﬁoww%W'QRP%?S%H @@%&?ﬁ’ ng
adhesive dispensed on |eads for attaching the second die; Fig. 13 is a

fl owchart showi ng a nethod according to an enbodi nent of the ' present
i nvention. DERA4LER HpafRl Perspciive Tidtv BREFAGIEDe FUREOKRENFSCARTIRHENA i n

oS f&ﬂl’?glg embogimnglhttc;f-tgtla %rés%n%r?\lr(ea %nls %‘,ﬁga%rﬁﬂs{‘gieté{télﬁ%d to the

leadframe and prior to attachment of a second die;

Fig. 9 is an enlarged view of Fig. &;

Fig. 10 is a partial perspective view of Fig. 8 showing adhesive applied to

the leadframe for attaching the second die;

Fig. 11 is a cross sectional view of Fig. 8 showing an encapsulated

package;

Fig. 12 is a partial cross sectional top view of Fig. 8 showing adhesive
dispensed on leads for attaching the second die; '

Fig. 13 is a flowchart showing a method according to an embodiment of the

present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As shown in Figs. 1, 2 and 3, a multi-die IC package 100 according to one
embodiment of the present invention has a first die 110, a second die 120 and a
plurality of long leads 136 of a leadframe 130 onto which first and second dies 110
and 120 are attached. First die 110 is attached to bottom side 132 of leads 136,
via a single piece of tape 140. Second die 120 is attached to top side 134 of
leads 136, via an adhesive 150. Wire bonds 160 are formed between first and
second dies 110, 120 and long leads 136 and short leads 138.



enbodi ment of the present invention has a first die 110, a second die 120
and a plurality of long | eads 136 of a |eadfrane 130 onto which first and
second dies 110 and 120 are attached. First die 110 is attached to bottom
side 132 of |eads 136, via a single piece of tape 140. Second die 120 is
attached to top side 134 of |eads 136, via an adhesive 150. Wre bonds 160
are formed between first and second di®s 110, 120 and |l ong | eads 136 and
short leads 138. -5- As shown in Figs. 2 and 3, long | eads 136 are di sposed
spaced apart from each other, defining gaps 137 therebetween. Upon applying
adhesi ve 150, and during attachnent of second die 120, adhesive 150 fl ows

to fill E t Rat ed
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strips 24ptandl Mré&arﬂubsﬁadﬁliyrredace@atmwmﬂle i packagaseen, and both
serve the purpose of attaching first die 110 to | eads 136. Upon applying
adhesi ve 250, and/or during attachnment of second die 120, adhesive 250

flows to fill S4Jt§77 sl’fd%?hﬁﬁ gheackade 20l accdrimiitotzmoifhdl Space

243. Internal |t|es 0 age are therefore avoided or, at |east
the si zesembodtrimﬁofttbermesemunverdmnarléi patkace20Q s giffernidamiG mul ti-die
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the leads, IC package 200 has two tape strips 242 and 244, disposed spaced-
apart from each other. Tape strips 242 and 244 therefore define a space 243

therebetween, and both serve the purpose of attaching first die 110 to leads 136.

Upon applying adhesive 250, and/or during attachment of second die 120,
adhesive 250 flows to fill gaps 137. Further, adhesive 250 also flows to fill space
243. Internal cavities of the package are therefore avoided or, at least the sizes of
the internal cavities are substantially reduced in multi-die IC packages.

During actual production process, leads 136 may not be perfeé.tly disposed
within a plane as designed. Using separate tape strips 242 and 244 helps
accommodate fo the actual uncoplanar situation of the leads, hence eases the
process and/or operation to attach the tape strips and first die to leads 136.

Figs. 8 — 11 show a multi-die IC package 300 according to a further
embodiment of the .present invention. Fig. 12 shows the package with adhesive
dispensed on the leads for attaching the second die. IC package 300
differentiates from IC packages 100 and 200 in that, three tape strips 342, 344
and 346 are disposed spaced-apart from each other, to attach first die 110 to
leads 136. Tape strips 342, 344 and 346 therefore define spaces 343 and 345

therebetween.



wi thin a plane as designed. Using separate tape strips 242 and 244 hel ps
accommodate to the actual uncoplanar situation of the | eads, hence eases
the process and/or operation to attach the tape strips and first die to

| eads 136. Figs. 8 - 11 show a nulti-die |IC package 300 according to a
further enbodi nent of the present invention. Fig. 12 shows the package

w th adhesive dispensed on the |eads-gor attaching the second die. IC
package 300 differentiates froml| C packages 100 and 200 in that, three
tape strips 342, 344 and 346 are di sposed spaced-apart from each other, to
attach first pupeditdis appliezbiithe¥6rm Thpepstate siig«352, 568 and 38463t her ef or e
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the package are therefore avoided or, at least the sizes of the internal cavities are
substantially reduced in multi-die IC packages. It should be appreciated that in
this embodiment, space 345 will be filled by encapsulant 380 during the

subsequent molding / encapsulation process.

Using separate tape strips 342 and 344 helps accommodate to the actual
uncoplanar situation of the leads, hence eases the process andfoperation to
attach the tape strips and first die to leads 136. A multi-die IC package configured
according to this embodiment has a further advantage in that since the spaces
between the tape stripes are narrowed, by providing three tape strips, dispensing
of adhesive sirips 352, 353 and 354 becomes easy to control. This eliminates or
at least reduces the possibility of contaminating surrounding package areas during

adhesive dispensing.

Fig. 13 is a flow chart showing a method of manufacturing integrated circuit
packages according an embodiment of the present invention. Under bIock 502,
first and second dies as well as leadframe are provided. First die is then attached
to botiom side of leadframe, as shown in block 504, via one or more pieces of
tapes. Thereafter, adhesive is applied or dispensed at top side of the leadframe,
shown in block 506. The second die is then attached to the adhesive, shown in
biock 508. During the dispensing and/or second die attachment, the adhesive
flows to fill the gaps between the leads. Should two or more tape strips are used,



this enbodi ment, space 345 will be filled by encapsul ant 380 during the
subsequent nolding / encapsul ati on process. Using separate tape strips 342
and 344 hel ps accommpdate to the actual uncoplanar situation of the |eads,
hence eases the process and/operation to attach the tape strips and first
die to leads 136. A nulti-die |IC package configured according to this
enbodi nent has a further advantage in.fhat since the spaces between the
tape stripes are narrowed, by providing three tape strips, dispensing of
adhesive strips 352, 353 and 354 becones easy to control. This _elim nates
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duri dhesi di ing. Fig. 13 ] | t hod
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in bl oc%o'ﬁggnﬁ (l)hﬁlw@'e di spensi ng and/or second die attachnment, the

adhesi ve I ows the gaps between the | eads. Should two or nore tape
strips are used, -7- for exanple to nake devices shown in Figs. 7 and 12,

t he adhesive o, flows into .the C ial W &4 tofehf 4 Bord
strips. As thz@réla?)ﬁmgp I f&g‘%aaﬁ% %ﬁﬂ eﬁ Eyatﬁﬁg adhesive, fully or
a]t | east LEN thd Ih%t W, %%qéacﬁmrhlél)arﬂrthgtﬁeﬁgmﬂ ki, ras ﬁlrmvpmh §19.

im t , t t tanti . 1C ; \
s ?l'he g;clgage is now ready to undergo further processas, AKAYE Wik bBRfing,

molding/encapsulation, timming, plating and marking, etc. so as to form the final

IC device.

Although embodiments of the present invention have been iliustrated in
conjunction with the accompanying drawings and described in the foregoing
detailed description, it should be appreciated that the invention is not limited to the
embodiments disclosed, and is capable of numerous rearrangements,
modifications, alternatives and substitutions without departing from the spirit of the
invention as set forth and recited by the following claims.



according to the above nethod therefore are nore reliable that that fornmed
by conventional nethod. After the second die is attached, the adhesive is
cured so as to forma bond between the first die, the Ieadfrane and the
second die, as shown in block 510. Thdé package is now ready to undergo
further processes, such as wire bonding, nolding/encapsulation, trinmmng,

pl ati ng g.{lg\@réking, etc. so as to formthe final |C device. Although
enbodi e the present invention have been illustrated in conjunction

wi th the accompanyi ng draw ngs and described in the foregoing detailed
description, it should be reci ated that .t i | L S«qt. limted to
t he enbodiﬁe’?\ﬁ%etapg&?Wﬁggﬁqﬂ”%m@&f'gﬁﬁéﬂ%pﬁR&%?@%és%raéﬁﬁ‘rz‘i jenent s,

modi fications, alt ' A4S bRt A Fikdtishds of\l sepot leddpar ti ng from the
spirit of the inv%@bk‘@%flggéorth and recited by the frggl_awi ng cl ai ms.
8 CLAIMS 1. A net applyihg maradhesive ontg thetsel ohteadstasegonshe! ﬁ&é’g’,‘i‘s'te

i si ng: tt ' .a first .di fil 1S ;
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the first sidegyfuqes-ein the adhesive is to fill into gaps defined by the

set of leads; aftaching a second die onto the adhesive; and curing the
adhesi ve, wherein taftachinga secend dieeniactheaahesives 8fr st side of the set

of leads with a pl uéue}'ir{gt%eoédﬁeas‘?\?e,%ﬁér%% the first die is attached to the first side

of the set of leads with a plurality of tape strips.

2 The method as recited in claim 1, wherein the plurality of tape strips define
a plurality of spaces, and wherein the adhesive fills the spaces prior to

curing the adhesive.

3. The method as recited in claim 2, wherein the adhesive is in contact with
the first die.

4. The method as recited in claim 1, wherein the adhesive is applied at the
second side at a first region overlapping the spaces and a second region

overlapping the plurality of tapes.

5. The method as recited in claim 4, wherein the adhesive partially covers the

first region and the second region.

6. A method of manufacturing integrated circuit packages, comprising:
attaching a first die onto a first side of a set of leads;
applying an adhesive onto the set of leads at a second side opposite
to the first side, wherein the adhesive is to fill into gaps defined by the set
of leads;
attaching a second die onfo the adhesive; and



2. The nethod as recited in claiml1l, wherein the plurality of tape strips
define a plurality of spaces, and wherein the adhesive fills the spaces
prior to curing the adhesive. 3. The nethod as recited in claim?2, wherein
the adhesive is in contact with the figst die. 4. The nethod as recited in
claim1l1, wherein the adhesive is applied at the second side at a first

regi on overl appi ng the space LOon:.. Qv |
plurality of tapes.CLg'.n ﬁépﬁgge’g\gﬁggegﬁﬁgéefﬁ'#)gea%mgﬁ%ﬁpvﬁde?(gitﬂgt EOf
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met hod of manufacturing integrated circuit packages, conprising: attaching
a first die orthg agdhesivetframdBe firstsdieet of | eads: appl yi ng an adhesive onto
the set of |leads at a second side opposite to the first side, wherein the
adhesive is to fill into gaps defined by the set of |eads; attaching a
second di e @ntThd heethdthess reeitedrid daine 6; whgréindhaditisisine isnimecaitack wihf i r st
die is attached to the, set of |leads via a single piece of tape, wherein the
singl e piece dhesifglepisce aflage. the adhesive fromthe first die. 7. The
method as recited in claim®6, wherein the adhesive is in contact with the
single piece of tape. 8 An integrated circuit package, conprising:

8. An integrated circuit package, comprising:

a set of leads disposed in a plane having a first side and an opposite
second side, the set of leads defining a plurality of gaps between each lead;

a first die attached to the set of leads at the first side with a first bond;

a second die attached to the set of leads at the second side with a
second bond;

wherein the second bond is to fill the plurality of gaps.

9. The integrated circuit package as recited in claim 8, wherein the first bond
comprises a plurality of separated tapes sandwiched between the first die

and the set of leads.

10. The integrated circuit package as recited in claim 9, wherein the plurality of
tapes are separated from each other forming spaces therebetween.

11.The integrated circuit package as recited in claim 10, wherein the second
bond fills the spaces.

12.The integrated circuit package as recited in claim 8, wherein the first bond
is a single piece of tape separating the second bond from the first die.

13.The integrated circuit package as recited in claim 12, wherein the second

bond is in contact with the single piece of tape.



a set of |eads disposed in a plane having a first side and an opposite
second side, the set of |leads defining a plurality of gaps between each
lead; a first die attached to the set of |leads at the first side with a
first bond; a second die attached to tle set of |eads at the second side
with a second bond; wherein the second bond is to fill the plurality of

gaps. 9. Th?4,i1fﬁeemé§r§ﬂa,00{:ﬁasﬂ | ?9?%@% raSité®fi EREMI ) falABMeSmpiBRigean t he

first bond conprises a plura separ ated tapes sandw ched between the
first die andnchpsslationftol couss.thedirshdi¢,nthegsesand dier andta pactieny ef dke
recited in clqi 9, wherein the plurality of tapes are separated from each
ot her form ng %%%%es t herebetween. 11.The integrated circuit package as
recited in claim 10, wherein the second bond fills the spaces. 12.The
integrated circuit package as recited in claim8, wherein the first bond

is a single piece of tape separating the second bond fromthe first die.

13. The integrated circuit package as recited in claim12, wherein the
second bond is in contact with the single piece of tape. 10 14. The
integrated circuit package as recited in claim8, further conprising an
encapsul ation to cover the first die, the second die and a portion of the

| eads. '



