WD 03/ 041158 PCT/ US02/ 33083 1 SEM CONDUCTOR PACKAGE DEVI CE AND METHOD OF
FORVATI ON AND TESTING Field of the Invention 5 The invention rel ates
gener al | ywomsmsaesri conduct or package device and nore par tPcauisaz/bipss o a
met hod of forming and testing a sem cohductor package device. 10
Background I n packaging integrated circuits, it has becone nore necessary
to provide packages which allow for multiple die within the package.

compl e ty of 15 SIMICORDEEPOR PREKRCEDEVICE ANYNEPHODS | o
it is inportant to elect cH 'wﬁ?ﬁamm ﬂﬁé the die in the

mul ti-chip package fromone or nore renmaining die in the multi-chip
package. It is also desirable to allow rewrk to be performed during the
manuf act uri ng process of formn nhield ofitheilngentpomackage. It is al so
desirable to have a lower profile nmulti-chip 20 package due to the
limtatidns of the current circuit board technol ogy. WO 03/ 041158 2

PCT/ US02/ 33083 Bri ef Description of the Draw ngs The present invention is

i | lustrated by wayheinsusian relaes generaldy to g seamicondpgtarmackagénpanyi ng
figures, in i.ch like referen ei i ndi cate sim.lar. el enents, and in which:
FI s, 1012 |9RNIGRanITgks PRRCHNr }zsfw@éa@éhﬁcf of ToIBE 308 eig @ vi ews of a

package devi ce .forged in a cor%ance with a one
semiconductor package device.

10 Background

In packaging integrated circuits, it has become more necessary to
provide packages which allow for multiple die within the package. Testing
such multiple die packages has become more difficult as the complexity of

15 the die has increased. Also, for some multi-chip packages, it is important to
electrically shield one or more of the die in the multi-chip package from one
or more remaining die in the multi-chip package. It is also desirable to
allow rework to be performed during the manufacturing process of forming
a multi-chip package. It is also desirable to have a lower profile: multi-chip

20 package due to the limitations of the current circuit board technology.



enbodi nrent of the present invention; and 10 FIGS. 13-23 include
illustrations of sequential cross-sectional views of a package device
formed i rwassosdasice with an alternate _enbodi ment of thePpTASen33083
invention. Skilled artisans appreciate Zhat el ements in the figures are
illustrated for sinplicity and clarity and have not necessarily been 15
drawn to scale. For exanple, the dinensions of sone of the elenents in the
figures nmay be exaggerated relative to other elenents to help to inprove
under st andi ng of various epbodigents of the present invention. WO

03/ 041158 PCT/ US02/ 33083 2LEidescripton o fhg DIAWHIES ot acking of a
plurality of die using a cavity in a substrate to 5 receive at |east one

of the plurality pfe el Wb RUBSRAR b R KRISABILGRUROS Used

I'n addition, pads us or testing purposes oca n nore than
one sidesof HpafaakAdRe ﬁ@&bﬁ@gg@ﬁﬁ ,fi_gdré‘s)/,eihﬁvﬁﬁih"ﬁﬁé‘r@fe%ﬂé@' ity of die

may be used to provide electr hi"el di'ng between sel ected die. The

i nvention i $n8Riatesimilgesleheats baynd 19 whiehi ng to the figures. FIG 1
illustrates a package device 10 having a cavity 20 in accordance with one

enbodi ment of the&FGFSsedl inclirl ilhstrafesisasgfesequentiab cidsstsuctioad a package
substrate 12 having a surface 50 and a surface 52. Note that surface 50
consti t ut es vaewisrafta phckageadalict dormbd snraceorldnzecwithtd bnees a second

pl ane. At the top, substrate 12 includes one or nore bond fingers 14 and
one or nor e egmabledimgentlof thegresent invention; and

10 FIGS. 13-23 include illustrations of sequential cross-sectional
views of a package device formed in accordance with an alternate
embodiment of the present invention.

Skilled artisans appreciate that elements in the figures are
illustrated for simplicity and clarity and have not necessarily been

15 drawn to scale. For example, the dimensions of some of the elements
in the figures may be exaggerated relative to other elements to help to
improve understanding of various embodiments of the present

invention.



enbodi nrent of the present invention, pads 16 are conductive and may be
used for a variety of purposes. For exanple, pads 16 may be used to nount
di scret e Wwowdoens8 nay be used to receive test probes for POTUSSY/33083
purposes, or may be used to receive condluctive interconnects (e.g. solder
balls). FIG 1 illustrates a tape layer 18 which is applied to surface 52
of substrate 12. In one enbodi nent of the present invention, substrate 12
contains electrical conductors such as traces and vias which nmay be used
to interconnect one or nore die to external 25 contacts (not shown). FIG
2 illustrates one enbodi nent of pdoktdedPe¢scgpti®nwherein a die attach
mat eri al 24 has been placed overlying tape 18. A die 22 is then placed on
top of die attach material 24. Alternate enbodi nents of WO 03/041158 4
PCT/ US02/ 33083 the present invention may not use die attach material 24,
but may i nstead The stackingaof aghurilisy 2if dio uséing a r8vityapea s@bstsatgded as a
supporting nenber to support die 22, and optionally die attach nmaterial
24. Tape$18 reegiveratiagstrane efktherplusslity ohdiccalows adomerqarotde 5 of
substrate 12. FIG 3 illustrates one enbodi nent of package device 10 in
whi ch di e 2packegpelevics krbe nsed y o sdddienda Ofila3fenE PYEPPSESway  of
w re bonds 26. Alternate enbodi nents of, .th resent éayention may use any

nunber of witRay Bsrigsate h WS ?PiQ{{j?eﬁ_léeP .tﬁ?c@ &2 emqeus@‘il%ﬁ’_es one
bl o oL BaKIRE SR Lo B EIRER B ER , 2,
encapsul al| g, 3 ot L3l 38 AV ThY B i PR BRI SodBEGIA B 1

i nt egrated

10  turning to the figures.

FIG. 1 illustrates a package device 10 having a cavity 20 in
accordance with one embodiment of the present invention. Package
device 10 includes a package substrate 12 having a surface 50 and a
surface 52. Note that surface 50 constitutes a first plane and that

15  surface 52 constitutes a second plane. At the top, substrate 12 includes
one or more bond fingers 14 and one or more pads 16. In one
embodiment of the present invention, pads 16 are conductive and may
be used for a variety of purposes. For example, pads 16 may be used
to mount discrete devices, may be used to receive test probes for

20  testing purposes, or may be used to receive conductive interconnects
(e.g. solder balls). FIG. 1 illustrates a tape layer 18 which is applied to
surface 52 of substrate 12. In one embodiment of the present
invention, substrate 12 contains electrical conductors such as traces
and vias which may be used to interconnect one or more die to external

25  contacts (not shown).

FIG. 2 illustrates one embodiment of packagé device 10 wherein
a die attach material 24 has been placed overlying tape 18. A die 22 is

then placed on top of die attach material 24. Alternate embodiments of



as, for exanple, a nolded plastic or a liquid deposited glob material. 15
FIG 5 illustrates one enbodi nent of package device 10 in which tape 18
has been werme®edss rom t he bottom surface 52 of substrat e PC2/USH2/63085

il lustrates one enbodi nent of package device 10 in which die attach
material 30 is placed to attach die 32 to package 20 device 10. In one
enbodi nent, die attach material 30 is placed between die attach nmaterial 24
and di e 32. the paeseal ixverstien amyonotresd die attesh niatcaak 24 butamayi al 24 is not
used, die attach material 30 is placed between die 22 and die 32. Note
that in one instbadidmmmtlycﬁttadiediprgzwtapei b.edlaperl 8 pawasecabas devi ce 10 may be
flipped at this point in processing 25 so that the_ bottom surface 52 now
becones t he stipposting awunber tnsipprrt diog2s and spsiosallyglicsitaokes t he bottom
surface 50. However, alternate enbodinments of the present inyention may
ori ent packanetesial 2de Tapg hSm@y%mnenﬁx@diQ%eﬁfglﬁmtu@rw Fnplicity
pur poses, WO _03/ 04115? PCT/ US02/ 33083 package device 10 will be shown in
the samedor ifHCRsiale %roughout the remai nder of the figures. FIG 7

cl cotri cal Ty conict oW TGORE AgeRATE Pt ekage VRS d0fRnds 4.
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i 11 ustrates one emhodi IERE WAfe BARLEDS ARYHERA Fhddks 14.
10 FIG. 4 illustrates one embodiment of package device 10 in
which an encapsulating material 28 has been deposited over die 22,
wire bonds 26, and bond fingers 14. Note that encapsulating material
28 may be any type of appropriate material for integrated circuits, such
as, for example, a molded plastic or a liquid deposited glob material.
15 FIG. 5 illustrates one embodiment of package device 10 in
which tape 18 has been removed from the bottom surface 52 of
substrate 12. |
FIG. 6 illustrates one embodiment of package device 10 in
which die attach material 30-is placed to attach die 32 to package
20 device 10. In one embodiment, die attach material 30 is placed
between die attach material 24 and die 32. In an alternate embodiment,
when die attach material 24 is not used, die attach material 30 is placed
between die 22 and die 32. Note that in one embodiment of the present
invention, package device 10 may be flipped at this point in processing
25  so that the bottom surface 52 now becomes the top surface 52 and the
top surface 50 now becomes the bottom surface 50. However,
alternate embodiments of the present invention may orient package

device 10 in any manner during its formation. For simplicity purposes,



which die attach material 36 is placed to attach die 38 to die 32. In one
enbodi nent, die attach material 36 is placed between die 32 and die 38. In
an al t er mpDe3putastli rent whi ch uses flip chip technol ogy, meT/u$oz3zms:ach 36
Is used; instead die 38 is directly eléitrically connected to 15 die 32
using known flip chip techniques. FIG 9 illustrates one enbodi nent of
package device 10 in which die 38 has been electrically connected to bond

fingers 14 pyckeye deficel 1@ willstss@wndndheisemdfotiastationnthebeghoutcal | y
connected to die 32 by way of wire bond 40. Alternate enbodi nents of the

present 20 ithy esthhimderwyf thedigurgsnunber of wire bonds 40 and 42, and any
nunber of bond fingers 14. For enbodi nents of the present invention using
flip chip technolRigGy 7 idlustidagesnane kmbodiment of package dgviesulOpay i nstead be
directly electrically connected to die 32. FIG .10 i]] ustrat one
enbodi ment ovhisheliagd lms/bean elpommieally comneated tphemskiingers EE%IYI‘M%Yrat ed to
show one manner_in which one or nore f di e(&Z 32, and 38 may be

el ectri cal | pitvsige bondsgde Ahgmate %nb@gﬁﬁ@@s ﬁb@d?rﬁ%ﬁ"ﬂtsm(‘f?n‘%lﬁﬁ BR¥sent
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pot t om sur f SEB0GEENS SR Ehe Py davanion e iin ofip EShaolef P rant s o
Lest " pr obes 324 tadgad e hORHs 3R BuE hLinstaR be BRATHLRAE ) ourr ace 53 o
Cest probes RRISGe RRRS0f STAETE2"S1 Ghat & Lo be use during the testing
process oAl so, aldreyieng f@tteLHRE Sbodiment of package device 10 in
which die attach material 36 is placed to attach die 38 to die 32. In one
embodiment, die attach material 36 is placed between die 32 and die
38. In an alternate embodiment which uses flip chip technology, no
die attach 36 is used; instead die 38 is directly electrically connected to
15  die 32 using known flip chip techniques.
FIG. 9 illustrates one embodiment of package device 10 in
which die 38 has been electrically connected to bond fingers 14 by way
of wire bonds 42, and die 38 has been electrically connected to die 32
by way of wire bond 40. Alternate embodiments of the present
20 invention may use any number of wire bonds 40 and 42, and any
number of bond fingers 14. For embodiments of the present invention
using flip chip technology, die 38 may have no wire bonds 42, but may
instead be directly electrically connected to die 32.
FIG. 10 illustrates one embodiment of package device 10 where
25  test probes 44 are illustrated to show one manner in which one or more
of die 22, 32, and 38 may be electrically tested. Note that in alternate
embodiments of the present invention, test probes 44 may use one or

more pads 16 located on just the top surface 50 of substrate 12, just the



44 access to both the top and bottom surfaces 50, 52 of substrate 12 nmay
al |l ow easi er access to each individual die 22, 32, and 38. Note 10 that
when rnul twplog/odiies are used within a package, the nunber ofrCpace2/33063
required for test nmay be significantly & gher. FIG 11 illustrates one
enbodi ment of package device 10 wherein an encapsul ation material 46 has
been deposited overlying die 38, die 32, and bond fingers 14. Note that in
al ternat e emsotdnisntfacef5216f tiilestpate sl or ialteematieby ondvaththeltepiand mat eri al
46 may be deposited over a larger portion of substrate 12. For exanple, in
sone enbodi rpeitosn efirfacke 50; 686l stibsueane i 2n Netecthyat uh soinegy nateri al 46 may
be deposited overlying pads 16 as well. Regardl ess of whether pads 16 are
encapsul at ec:niyodinueays wif 4hé pyeseattdnventias, thereimayeberaysignificand to 20
electrically couple discrete devices to one or nore of die 22, 32, and 38.
Note that eradapsiagettona]loning test prebesd4 e agagss hotd e togspitane 30 e

material for integrated circuits, such as,_for exar{pl ,., a nol].ded plastic
or a liqdidasdfuiiemsugfans ﬁ%@@rsﬂhﬁt.raﬁl é For expmp ?aﬁ'% gaeagfodi ment  of

ver i ng. paserepadl & daraeested by tH@roREs drmBRA (BRSO pREn
Al or nat i ve SEHbA FEHSE G ans FesER Bitheen: AR DIRBURE LBV connect
ke e DR e Y
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10  that when multiple die are used within a package, the number of pads
16 required for test may be significantly higher.
FIG. 11 illustrates one embodiment of package device 10
wherein an encapsulation material 46 has been deposited overlying die
38, die 32, and bond fingers 14. Note that in alternate embodiments of
15 the present invention, encapsulating material 46 may be deposited over
a larger portion of substrate 12. For example, in some embodiments of
the present invention, encapsulating material 46 may be deposited
overlying pads 16 as well. Regardless of whether pads 16 are
encapsulated by encapsulating material 46, pads 16 may be used to
20 electrically couple discrete devices to one or more of die 22, 32, and
38. Note that encapsulating material 46 may be any type of
appropriate material for integrated circuits, such as, for example, a
molded plastic or a liquid deposited glob material.
FIG. 12 illustrates one embodiment of package device 10 in
25  which conductive interconnects 48 have been placed overlying pads 16
at surface 50. In one embodiment of the present invention conductive
interconnects 48 may be solder balls. However, in alternative

embodiments of the present invention, conductive interconnect 48 may



flush with the top surface 50 of substrate 12, then conductive 5

I nterconnects 48 may not be required and el ectrical connections can be
made di r ewOlog/os105pads 16 on surface 50 of substrate 12. NoCs/mgzBI083 hat
traces and vias (not shown) wthin subsfrate 12 are used to sel ectively

I nt erconnect various portions of substrate 12. Note al so that die attach
materials 24, 30, and 36 may be any type of appropriate material, such 10

as, for exare sy of ¥kectidpsllpcondoetive nthterihbforveed én gnyghaenerepoxy) .
Die 22, 32, and 38 may be any type of integrated circuit, sem conductor
devi ce, or ddterthaypendictive cntercainectsads iave optionat.ale sormd t er nat e

enbodi ments of the present invention may have any nunber of die 22, 32, or
38 packaged embddimentsiofghe guesend invention, & eacppsylatimgamatartadt2® wnbodi ment s
may package only two die ianacka e device 10. Note that, the size and
aspect r at i dbushf withethetopamrtageddOref substyate bhdhengonduetiygacers (not
shown) nmay he used between die. Note that cglf 22 is located within cavity
20 and t Rat igtescomnesis 48 maygetke respuresand glestealgomngationsan by F g 13

one. enbad: meRtdofueRtydodzein 16 RuewIisn AL Rubraiga ) CNTo s erc e o
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pads 116 arq,conaye Qh\,/gOfiQHd\@@ I%%é,%%l&r%ﬁ t;%gép%ﬁ{oﬁ%% méterial, such
10  as, for example, adhesive tape or non-solid adhesive (e.g. glue, epoxy).
Die 22, 32, and 38 may be any type of integrated circuit,
semiconductor device, or other type of electrically active substrate.
Alternate embodiments of the present invention may have any number
of die 22, 32, or 38 packaged within package device 10. For example,
15 alternate embodiments may package only two die in package device
10. Note that the size and aspect ratios of die 22, 32, and may vary,
and that die spacers (not shown) may be used between die. Note that
die 22 is located within cavity 20 and that die 32 and die 38 are located
outside of cavity 20.
20

FIG. 13 illustrates a package device 100 having a cavity 120 in
accordance with one embodiment of the present invention. Package
device 100 includes a package substrate 112 having a surface 150 and

25 asurface 152. Note that surface 150 constitutes a first plane and that
surface 152 constitutes a second plane. At the top, substrate 112
includes one or more bond fingers 114 and one or more pads 116. In

one embodiment of the present invention, pads 116 are conductive and



may be used for a variety of purposes. For exanple, pads 116 nmay be used
to nmount discrete devices, may be used to receive test probes for testing
pur poses,worodfemsbe used to recei ve conductive interconne®C3/US0B3383 sol der
balls). FIG 13 illustrates a layer 108 which is part of 5 substrate 112
with its outer surface being surface 152. In one enbodinment of the present
I nvention, layer 101 includes supporting nenber 119, one or nore bond

fingers 11l4maAre aked dor avreiqeds ptposesh Fer axde sETG mayfbe he
present invention may not require bond fingers 114 (e.g. when flip chip

t echnol ogy usedise®owmmnddisesetadevid@s) amy beupediso tdceivnbeestarobésebor i cal
connection to surface 152 is not desired. In one enbodi nent of the present
i nvention, tasisigr Pk, ocnmydbensel tctavetet conduciive intescarmegts traces and
vias which may be wused to _interconnect one or nore die to external
contacts (née.gssolder batisi. FIG. 13 illustratessa ayer ddowhiginis part pickage devi ce
100 15 wherein a die attach material 124 has been pl aced overlying
supportihg swesiase hlibwith ﬁs@uigzsurﬁaqeﬂﬁmgl%g@eo Zofnénedi e attach
material 124. FI.G 15 jllustrates one enbodi npnt. of package device 100 in
whi ch di e 1emheskimsadofdhe presediinyeriinihdayer 104 18 eﬁiﬁ#‘@g’%ﬁﬂl& by 20 way

any nunber GETIFE LbBnaeS D3 gaoMEDERFy 14 Snd SRS mERO B Ps of i
bonds 126,  Butcrhae FineodimBs Ot e pERal i ot Bed oty R B8RPG, o To1.
22 1, 10, i 13558 36 SE T P e poRORL TGP R0 i oh o
10 require pads 116 when an electrical connection to surface 152 is not
desired. In one embodiment of the present invention, substrate 112
contains electrical conductors such as traces and vias which may be
used to interconnect one or more die to external contacts (not shown).
FIG. 14 illustrates one embodiment of package device 100
15 wherein a die attach material 124 has been placed overlying supporting
member 119. A die 122 is then placed on top of die attach material
124.
FIG. 15 illustrates one embodiment of package device 100 in
which die 122 has been electrically connected to bond fingers 114 by
20 way of wire bonds 126. Alternate embodiments of the present
invention may use any number of wire bonds 126 and bond fingers
114. For embodiments of the present invention using flip chip
technology, die 122 may have no wire bonds 126, but may instead be
electrically connected by way of layer 101.
25 FIG. 16 illustrates one embodiment of package device 100 in
which an encapsulating material 128 has been deposited over die 122,
wire bonds 126, and bond fingers 114. Note that encapsulating
material 128 may be any type of appropriate material for integrated



wi re bonds 126, and bond fingers 114. Note that encapsulating material 128
may be any type of appropriate material for integrated WO 03/041158 9

PCT/ US02/88®38410058 cuits, such as, for éianple, a nol ded plra3tiso2/a308& | i quid
deposited glob material. FIG 17 illustrates one enbodi nent of package
device 100 in which die attach material 130 is placed to attach die 132 to
package 5 device 100. In one enbodinent, die attach material 130 is pl aced
bet ween | ayeircifts, snch asefdi3xanyleea haldeidrplastic ertaddgquiehdepafsitede  pr esent

i nvention, package device 100 may be flipped at this point in processing
so that thegbobtmatesialf ace 152 now beconmes the top surface 152 and the top
surface 150 now becones the bottom surface 150, 10 However, alternate

embodi ments of t HGprksdhustraiesane embadingntaftpagkagradeyierP@dnio0 in any
w11 be' shotich drtbmhemsiorsal il Grplaces bogHaGh Ghd HUREIBESo! t he
whi'ch di & 19eviges 1BheTname enPORipeItc slifabech mBEEd 10 RGUAEA14 by way
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embodi ment , 1de,ah tRE forehRabat 563w DeBbARSIhRBHRAR stirfact IS Rnd
10 However, alternate embodiments of the present invention may orient
package device 100 in any manner during its formation. For simplicity
purposes, package device 100 will be shown in the same orientation
throughout the remainder of the figures.
FIG. 18 illustrates one embodiment of package device 100 in
15 which die 132 has been electrically connected to bond fingers 114 by
way of wire bonds 134. Alternate embodiments of the present
invention may use any number of wire bonds 134 and bond fingers
114. For embodiments of the present invention using flip chip
technology, die 132 may have no wire bonds 134, but may instead be
20 electrically connected by way of surface 152.
FIG. 19 illustrates one embodiment of package device 100 in
which die attach material 136 is placed to attach die 138 to die 132. In
one embodiment, die attach material 136 is placed between die 132 and
die 138. In an alternate embodiment which uses flip chip technology,
25 no die attach 136 is used; instead die 138 is directly electrically
connected to die 132 using known flip chip techniques.

FIG. 20 illustrates one embodiment of package device 100 in
which die 138 has been electrically connected to bond fingers 114 by



die 138. In an alternate enbodi ment which uses flip chip technol ogy, 25 no
die attach 136 is used; instead die 138 is directly electrically connected

to di e 13®ouwsiomgsknown flip chip techwaﬁues. FIG 20 ill uscratSses3ose

enbodi mrent of package device 100 in ch die 138 has been electrically
connected to bond fingers 114 by WO 03/041158 10 PCT/ US02/ 33083 way of wre
bonds 142, and die 138 has been electrically connected to die 132 by way
of wire bondvaAof wiké bonds d 4@yhndidiedBs luds béen electieally comeettedrionay use
any nunber of wire bonds 140 and 142, and any nunber of bond fingers 114.
For enbodi méix 438fbyt haypobserre band ddOntAlernse egabodimerits pfthehnol ogy, die
138 may have no wire bonds 142, but may instead be directly electrically
connect ed t presentiggention @ay use anysmmbesobware honds &éﬁtﬂl‘tﬁg 192candhe devi ce
100 where test probes 144 are illustrated to show onf manner in which one

or nore of @ny mpmbenef boaddingsrstdy. peorembodimgnts of te pieseRbt e t hat 10
one-or - mr ¢ RGN BSITE R bt qhBOIaRYe 116 SRARSAA e SIS DB ar o 112,
Lop and: bot 16 bl mccisisn! Deshiceividpuially Samdondta qedi2rn come
Sdvant age to al | SUchq t bttt us padiBihl FRglf RIEIOCI T ace 150
pads 1161 0 WeBOERCBIRS, P Hhialea of Fow iR Hiskinet th yHIEH A8 Ghal's o
Lo bot h t ne PapOfbFils PERPLRECEN 138 ahfy bR o YRRy R iR, OB B DO o
easi er 3§cess aiRrifebmbodiments of the present invention, test probes 144 may
use one or more pads 116 located on just the top surface 150 of
substrate 112, just the bottom surface 152 of substrate 112, or
alternately on both the top and bottom surfaces 150, 152 of substrate
112. Note that in some embodiments of the present invention, there
15 may be a significant advantage to allowing test probes 144 to access
both the top surface 150 and bottom surface 152 of substrate 112. For
example, this may allow more pads 116 to be accessed by test probes
144, and thus allow more signals to be use during the testing process.
Also, allowing test probes 144 access to both the top and bottom
20 surfaces 150, 152 of substrate 112 may allow easier access to each
individual die 122, 132, and 138. Note that when multiple die are used
within a package, the number of pads 116 required for test may be
significantly higher.
FIG. 22 illustrates one embodiment of package device 100
25 wherein an encapsulation material 146 has been deposited overlying
die 138, die 132, and bond fingers 114. Note that in alternate
embodiments of the present invention, encapsulating material 146 may

be deposited over a larger portion of substrate 112. For example, in



I ndi vidual die 122, 132, and 138. Note that when nmultiple die are used
within a package, the nunber of pads 116 required for test may be

signi fi cawDlog/omilgher. FIG 22 illustrates one enbodi nent @CT®0X339e3 devi ce
100 25 wherein an encapsul ation nateri L 146 has been deposi ted overlying
die 138, die 132, and bond fingers 114. Note that in alternate enbodi nents
of the present invention, encapsulating material 146 nmay be deposited over
a | arger porsonsenfbalihsntabé thel prestat ireveartive encapMlatifgatesial 11

PCT/ US02/ 33083 some enbodi nents of the present invention, encapsul ating
material  14Blmayblee deposiitd:cbdvenlyﬁg/pm% bhbss mrellaRegardlesRegar dl ess of
whet her pads 116 are encaﬁpsul ated by encapsul ating material 146, pads 116
may be.used whethes pads ddifl grecneppsulatet bptencapsilediagtmatrglddtmpagss of di e
122, 132, and 138. Note that_ encapsulating_ naterial ;146 may be any type of
appr opri at e It mayyabe nsed toelagtrcally eppple discrefadeviees topne exmaie, a

nol ded pl astic_or, a liquid deposited glob material. FIG Il lustrates one
Bt ot diadieyd Toandel RooNoR U5 ccaBEwaiOE WateTAl AL INCDS
ﬁgt\zgdiorergntpl ac%dc%l&%% pads 10 6|.a5 sugsfce 1].30. Irljlbaggng e?rbodilfrgnt
ﬁém;cgrprszé&;?ﬁfnat?v g%ﬁldmrii? ofrelt e IE}r glr?ai Sgw ior’1 Sf:gﬁ{jug?! {/Z
} nt er go_’nnectexfﬂﬁ)e]ﬁﬁﬁ IBQF%%% OS@%Q%&?Q@?@@SP&&%%% mat eri al
opt ”E: .”1ZRysﬁ?ﬁﬁ%ﬁ%&&#ﬁ?@%@?%@%@@ﬁiﬁtﬁﬁ%ﬂ%&%ﬁ@% Y088 S0l ati ng
¢ . o ;
conduct i ve. 1 R i b RBeR LS hiye BRef plactihGte g pads {Ner
10 116 at surface 150. In one embodiment of the present invention

conductive interconnects 148 may be solder balls. However, in
alternative embodiments of the present invention, conductive
interconnect 148 may be any type of electrically conductive material
formed in any manner. Note that conductive interconnects 148 are

15 optional. In some embodiments of the present invention, if
encapsulating material 128 is flush with the top surface 150 of
substrate 112, then conductive interconnects 148 may not be required
and electrical connections can be made directly to pads 116 on surface
150 of substrate 112. Note again that traces and vias (not shown)

20 within substrate 112 are used to selectively interconnect various
portions of substrate 112. Note also that die attach materials 124, 130,
and 136 may be any type of appropriate material, such as, for example,
adhesive tape or non-solid adhesive (e.g. glue, epoxy). Die 122, 132,
and 138 may be any type of integrated circuit, semiconductor device,

25  or other type of electrically active substrate. Alternate embodiments of
the present invention may have any number of die 122, 132, or 138
packaged within package device 100. For example, alternate

embodiments may package only two die in package device 100. Note



and el ectrical connections can be nade directly to pads 116 on surface 150
of substrate 112. Note again that traces and vias (not shown) 20 within
subst r at ewdb3/0aries used to sel ectively interconnect vari ou®CT02/3308% Of
substrate 112. Note al so that die attadd material s 124, 130, and 136 may
be any type of appropriate material, such as, for exanple, adhesive tape
or non-solid adhesive (e.g. glue, epoxy). Die 122, 132, and 138 nmay be any
type of i ntehatthedsice nadidspestratiosrofidiecl22] 3% andZB dmat hany, tayde of
electrically active substrate. Alternate enbodi nents of the present

i nvent i on mahabhdieespavers(ndieshown Jdinay IouseiBbetweenidie. Natk thpgdliai t hi n
package devi ce 100. For exanple, alternate enbodi ments may package only

two die in pakisdecdtad withinoavitgtlOvamd Siai4die 3821adrdiy USD 2133083 that t he

size and aspect ratios of die 122, 132, and 138 may vary, and that die
spacers (notlostiedrgutsile ofecadbilBOt ween die. Note that die 122 is |ocated
within cavity 12Q and that .die 132 and die 138 gre | ogcat ed, out 5i de of
cavity 120. 5 I n InHberforegpinggpsptisaticmthednventionhips o grssson

described wih reference to.specific. enbodinents. However, ..one of ordinary
ST it nevEREelEnce o PRI TR ARI B ddP e S SO R AU B ges can b

Forth i n « nokil nhe B atirepples dEmpreous odPicRms el S &y, 10
Format i on’ oo eRSa ol I8ETyeitol 887 s R B BARERAA lnown i n
e, A Ao L RTROGUDOE 2 PESARIE B Sopi OB ced [
are intgpded,heehesl {atdB6Hd Prodisied, P apRGBLeRE may be used in the

formation of package devices 10 and 100, of which there are many

known in the art. Accordingly, the specification and figures are the be

regarded in an illustrative rather than restrictive sense, and all such

modifications are intended to be included within the scope of the

15 present invention. Benefits, other advantages, and solutions to

problems have been described with regard to specific embodiments.

However, the benefits, advantages, solutions to problems, and any

element(s) that may cause any benefit, advantage, or solution to occur

or become more pronounced are not to be construed as a critical,

20 required, or essential feature or element of any of the claims.



15 present invention. Benefits, other advantages, and solutions to

probl ens have been described with regard to specific enbodi nents. However,
t he benefwD3/0&adyant ages, solutions to problens, and any Pelrarsensi08) t hat
may cause any benefit, advantage, or sdidution to occur or become nore
pronounced are not to be construed as a critical, 20 required, or essential
feature or elenent of any of the clains. WD 03/041158 13 PCT/ US02/ 33083
CLAIMS What is clainmed is: 5 1. A nethod of form ng a package device (10,

100), comprising; providing a package substrate (12) having a first side
(50, 150) and a second side (52, 152& Baving first pads (16, 116) on
the first side and second pads (16, 116) on the second side; io placing a
first integrated circuit (22, 122) on the first side and a - second

i ntegrated circuit i 132) on a second side; electrically connecting the
first |ntegf%ﬂ§@1%pfﬂﬁmﬂlﬁo the first pads and the second integrated
circuit to the second pads; and testing the first integrated circuit and

t he secoAd integrated circuit 15 by applying test probes (44, 144) to the

LG5 S SR et 1 T i,
Al ong a fs‘éﬁiné%gpxﬁ@ 1%1%403% [ Bslrale b BB TR SR (200 7
120) between the firgy olans aRde t(gf fff)oaﬂgd Bh@ﬂl%’ first pads (16, 116) on
the first side and second pads (16, 116) on the second side;
10 placing a first integrated circuit (22, 122) on the first side and a
second integrated circuit (32, 132) on a second side;
electrically connecting the first integrated circuit to the first pads
and the second integrated circuit to the second pads; and
testing the first integrated circuit and the second integrated circuit
15 by applying test probes (44, 144) to the first pads and the

second pads.

2. A method for forming a package device (10, 100), comprising:
providing a package substrate (12, 112) having a first surface (50,
20 150) along a first plane and second surface (52, 152) along a
second plane, wherein the package substrate has a cavity (20,
120) between the first plane and the second plane;
placing a first integrated circuit (22, 122) in the cavity;
placing a second integrated circuit (32, 132) adjacent to the first
25 integrated circuit outside the cavity; and
depositing encapsulating material (28, 46, 138, 146) over the first

integrated circuit and the second integrated circuit.



placing a first integrated circuit (22, 122) in the cavity; placing a
second integrated circuit (32, 132) adjacent to the first 25 integrated
circuit owoIB@elthe cavity; and depositjng encapsul ati ng wararsoab3og28, 46,
138, 146) over the first integrated ci¥cuit and the second int egr at ed
circuit. WO 03/041158 14 PCT/ US02/ 33083 3. The nethod of claim2, wherein
the step of depositing conprises: depositing a first portion (28, 128) of
t he encapsult Thg metherxd af clavier2 t Whefeinghe istepeof depositingeeompfidds: 122)
prior to the step of placing the second integrated circuit; and 5

deposi ting a sedepasiting a dirs{ gortiant 63 8,028)af thecawapbalating mattreali al over
the second integrated circuit (32, 132). 4. The nmethod of claim 2, wherein
t he package subst r apgey tig fisstintegratedheircuio (2. E&2) prieuppdhe step oferber (18,
119) along the second .10 plane (52, 152) of the substrate. 5. The nethod
of claim4, furtherPlasingithe secondrvtegtptedeirsugpandi ng nenber (18, 119)

prior to _step of, placing the second i g ed. circuit 32, 132). 15 6. A
package devi ce @EBPSIM?SEWH;PQF%@H%&p ﬁ?u%‘&‘i W%  112) having
a first surface (50, 15Q0), defining a. f.irst plane an nd surface (52,
T52) et ini g a sclaail ard e itoldint Rl ad, 130 n cavi 1y (20,
20 120) between the first plane and the second plane; a first integrated

circuit (22, 122) in the cavity; and a second integrated circuit (32, 132),
coupl ed to the package

4. The method of claim 2, wherein the package substrate (12, 112)
further comprises a supporting member (18, 119) along the second

10 plane (52, 152) of the substrate.

5. The method of claim 4, further comprising removing the supporting

member (18, 119) prior to step of placing the second integrated circuit

(32, 132).
15
6. A package device (10, 100), comprising:
a package substrate (12, 112) having a first surface (50, 150)
defining a first plane and a second surface (52, 152) defining
a second plane, the package substrate having a cavity (20,
20 120) between the first plane and the second plane;

a first integrated circuit (22, 122) in the cavity; and
a second integrated circuit (32, 132), coupled to the package

substrate, outside the cavity.

25 7. A package device (10, 100), comprising:
a package substrate (12, 112) having a first side and a second side;

first pads (16, 116) on the first side;



substrate, outside the cavity. 25 7. A package device (10, 100),

conprising: a package substrate (12, 112) having a first side and a second
side; fiweto3jpadss (16, 116) on the first side; WO 03/ 0411P8TRGSIZ/EI882/ 33083
15 second pads (16, 116) on the second 19 de; a first int egrated circuit

(22, 122) mounted to the package substrate; wherein the first pads and the
second pads are further 5 characterized as being useful for receiving test
probes (44, 144pcéud padsti(i6gl16) oiithe pecdmbsiddgvi ce of claim 7, further
conprising a second integrated circuit 532, 132) mounted to the package
substrate. 10 9.a first iMegmged dachitd28f 122 pimoutteditethe package f i r st
integrated circuit (22, 122) is electrically connected to the first pads
(16, 116); and the sabstrafel ntegrated circuit (32, 132) is electrically
connected to 15 the second pads (16, 116). 10. The package device of claim
9, wherein the sthsreimthe first pagdssand the segonddqradsrage zed as having a
cavity (20, 120) and the firs [ntegrated_circujt (22, 122) is, further
char act efi zed as befharacter Q@lb@dlg ’é%ﬁfUPfor receiving test PTO%GS (34,

144) for testing.

8. The package device of claim 7, further comprising a second

integrated circuit (32, 132) mounted to the package substrate.

10
9. The package device of claim 8, wherein:
the first integrated circuit (22, 122) is electrically connected to the
first pads (16, 116); and
the second integrated circuit (32, 132) is electrically connected to
15 the second pads (16, 116).

10. The package device of claim 9, wherein the substrate (12, 112) is
further characterized as having a cavity (20, 120) and the first
integrated circuit (22, 122) is further characterized as being in the

20 cavity.



