; e3ehT9e445D6R. 7869TT9l V D. DI E SUPPORT STRUCTURE BACK
IN\/EI\FI'IO\I The invention relates to a nmethod of forming a ?%WHM“&@@
sem conductor 5 device and the resulting structure. DESCRIP

T In sone types of sem conductor die packaging a die is secured "1%!%*he 10
‘15 20 surface of a die support structure. Electrical connectio

bet ween the die and the suppoMIEsSUPROBTeSTRUETHIRE el ectri cal jg r“mmm H;‘m
and at |east a part of the support structure are covered with

encapsul ating material tBAeKGROSEND-QIILETINNENBKAN | eads ext ert@oopoiom
t he package for electrical connection to any et ernal crrcurt The package

i's general |y serhy efehiQordlidente®d nidchodidf (oRaing 0facRifRr seMiubhdi@osubstrat e
when in use. One nethod of reducing the thickness of a conventional

sem conduct evi use a thin die support structure. A

t hin. suppocgetmgtr dcfnurrg&:iggggéﬁg‘r:a‘%y about 50 mcrons to 75 microns thick
whi |l e a conventional support stricture is typically about 200 m crons

t hi ck. However, a thin support structure is typically about 100 % nore
expensi ve than a conventional thicker structure and thus increases the cost
of packaged seni conductor devices. Another disadvantage of a thin support
structure is that during Fabrication the thin structure flexes and/ or bows

more than a thicker stmcturmmmmji\_emmn weaken the
strength of the -, die's attachnment to the structure as well as damage
fragile electrical contacts between the die and support structur e. Yet
anot her di sadv t e of a hlnsu ort structure is its |i ability to
secure and sup PPEDHP Seatuéen&?rtaf Qten%ﬂc ERBASTE SSEF eChe met hod

of 5 constructi ng‘rrul tiple die assenblies on a conventional support
struct ure isirfage of aclke slipporvertdtoe. | lectdicsl cRatcendnnambeadsb@84e066¢i ssued
Novenber 30, 1999, to Sal man Akram and Jerry M Brooks discloses a

sem conduct g RAGKRYIEp ;;rts&@uttmr@" ThURAL | G&lthival ShAGKRI N RAPRORING Sirfles of
a substrate. However, multiple sem conduct or dies are vertically stacked

on a substr the hei ght of the 10 semlconduct OraidE\f' ces
i ncr eases. q?i:fr%gﬁupﬂgrt& THETUTR AFCOVRES ?vbt:ﬁ encapsulating material to torn a
10  semiconductor package. Leads extend from the package for electrical connection

to any external circuit. The package is generally secured to a printed circuit
board or other mounting substrate when in use. One method of reducing the
thickness of a conventional semiconductor device package is to use a thin die
support structure. A thin support structure is generally about 50 microns to 75

15 microns thick while a conventional support structure is typically about 200
microns thick. However, a thin support structure is typically about 100 % more
expensive than a conventional thicker structure and thus increases the cost of
packaged semiconductor devices. Another disadvantage of a thin support

structure is that during fabrication the thin structure flexes and /or bows more

20 than a thicker structure. This bowing or flexing can weaken the strength of the



sem conductor dies are nounted horizontally side by side on a support
structure, both the thickness and area of the support stricture nust be

i ncreased to support the nultiple dies which results in |arger packaged
sem conduct or devi ces. Thus, conventional techniques for securing nultiple
dies to a single support structure 15 incredse the dinensions of packaged
sem conduct or devices. It would be advantageous to have a sem conduct or
support structure that can secure and support multiple sem conductor dies
whi ch wi || He§araehnRNGIC g SRICtHE e N&TloN SIABEEE dEEHE CISHIGAERRFES t han
conventional techniques while reducing the cost of the die support
structure. BiweestSUNRARY sOppdHiEtiuNERITI ON The invention provides a
packaged sem conductor structure in which nultiple senm conductor dies are
secured to a comon support structure. In an exenplary enbodi ment, a
mufti-| ayered : L : ortst as a
central cavity%§#$ﬁ6%ﬁ§%%%§$§ﬁ$%%égig?ﬂﬁﬂgpg%§U§3§H29h¥%h§%%ggﬁphgégtom
surface. An aperture with a perineter smaller than that of the central
cavity is fS6FWSANESYRPOHETBBIP® HCs ROy SIBEle SEPPHE SEupPBEL QRg BeERpEoto t he
central cavity. A first sem conductor die is supported and secured to the
cavity bot tmsgutdiee tuldple dit astmbiies bs acbacttdqal byppanseatede isoot he
bottom surface of to the support structure-by electrical connections, e.g.

W re bonds, yhyi G ﬁégri‘éﬂﬂz. N Bl b PYER 1%'&&5%@8%8%%%& £ &gy cal

contact areas on t bott om exterior surfdce © e support structuré. A

second sem conductqr die is secyred on the top surface of the support
structure aFﬁoé]ag‘F‘é%ﬁkif%fal A Sredkhdilonss tneRiesercy REERIVARe. and
el ectrical contact areas on the bottomexterior 15 surface of the support
structure. thiedidivestjcadly eckkidah opporsiagtsides ©f andbstarec tHiowewayif tyulapk
encapsul ated with encapsulating material to forma packaged sem conduct or

assenbly. BB PRS0 BT QT THE RO NGB Thes antlypldrer, advant ages

and features of e invention w nore rea ~understood fromthe
connect Pon R FHEEETRCRMHIARY RAIG-Sa EAERGS . LEOHRA bl BRad BRI i ew of a
sem conduct or support structure of the invention Figure 2 is a
cr oss- sect issmatondwwndiefaguneudted horizontally side by side on a support structure,
both the thickness and area of the support structure must be increased to support
the multiple dies which results in larger packaged semiconductor devices. Thus,
conventional techniques for securing multiple dies to a single support structure
15  increase the dimensions of packaged semiconductor devices. It would be
advatptageous to have a semiconductor support structure that can secure and
support multiple semiconductor dies which will results in a smaller dimensions

semiconductor packages than conventional techniques while reducing the cost of

the die support structure.

20



Figure 3 is a top view of a sem conductor support structure of the
I'nvention after a first sem conductor die has been secured inside a cavity
of the support 10 structure; Figure 4 is an cross-sectional view of Figure
3, Figure 5 is a top view of a sem conductor, support structure of the
invention after a second sem conductor die has been secured to the top of
surface of the support structure; 15 Figure 6 is a cross-sectional view of
Figure 5; and Figure 7 is a | af . @ sem conduct or support
stricture of the invention>e S em-co b9l les have been

encapsul at ed SDPFI VP~V bI "T The invention will be described as
set Forth in the exenplary enbodi nents illustrated in Figures 1-7. O her
enbodi ment s maylHecinuénddrzpvided agtackigiedrsamichrhges sy e inadach t hout
departing fromthe spirit or scope of the 5 invention Figure 1l illustrates
a top view t nv.end i.on.
Figure 2 i s[ﬁg%&)gg@éﬁgg%#%ﬁaiégﬁgﬁ% I g‘ﬁr%}ﬁ S%gﬁg |ért1]'é9él lr‘[tn]#p The
support structure 10Q has a top suyfac exterl or . peri nmet 22, a cavity
42 with i ntEEMRRpEMaAtpenss BB Gy g shabe T ASe isAfQrRYsEr thfie 50 with
interior to perineter 36 is provided in bottomsurface 40. The interior

peri met ér 3Gppbrapercture draba cestramalbire vidhnrsogen $uréice hhehd wipeaids dper i net er
of cavity 42 to formbottom surface 40. The support stricture 100 is fornmed

of five thisﬂpﬁ&?@&ﬁ@orﬁ%ﬁﬁﬂ& 305 §§?@§m&0@o@ ﬂc?inlx:it&ugrﬁal?er thih g{h&;f%ﬁ@' ary

enbodi nent, e structure 100 is forned stac ayers of any suitable

sem conduct or e sup mat such as, .for exanpl e, Bisnmaleimde
Tri azine ( |§?}1 ﬁ%fg’éd&g@a o boRP FrEoT 8§/Et¥ESSu§B°§t45tf‘—}CFu’iCstOttgebe
under st ood t hat the illustration of a five-layer structure 100 is exenplary
and t hat t henSappoity. st fiscsemeotd0ctoodidis veppomnst and sauired tdithesyiyhan or
nore than five |ayers. The support structure 100 is fabricated by securing

the 20 fi veoétedxﬁrsad%% J”f‘hé ﬁrs@'ﬂms@w&ﬁca&! Icean&&eév% WeBoUBH sdehourrm the
art, for 6 exanple, wth adhesives. total structure thi ckness and

number of | yers is based he .t |ckness of di.e whi unt ed
Wt Bavi SBeeS SH O PEGlRIE STRAHG o v eI B BLASA SRF Cont act s
The support structure 100 can be of any dinension (height, |length, or
wi dt h) sui tfatrhgbf giie thyongh nige aperture to electrical contact areas on the bottom

exterior surface of the support structure. A second semiconductor die is secured

on the top surface of the support structure and electrical connections are made

between the second die and electrical contact areas on the bottom exterior

15 surface of the support structure. The dies, electrical connections and structure

cavity are encapsulated with encapsulating material to form a packaged

semiconductor assembly.



5 sem conductor dies. An exenplary thickness T for support structure 100 is
about 500 mcrons or less and an exenplary depth D of cavity 42 is 400
mcrons or less. It is to be understood that each |ayer as shown in Figure
2 could be nade of a nmulti-layer |amnate as well. One technique for
fabrication of the support structure 100 i s*described 1o bel ow. Central

|l ayer 32 is forned of filmof about 200 m crons thickness, but |arger and
smal | er thickness are oOSSIb|e Central | ayer 32 can al so be made of

mul tiple layers, such 8% R WPIONEY: WY el Nusber | ayers 30- 31,
33-34 thickness can be S|zed based on the dlnen5|ons of the die 60 (Flgures
3 and 4) and the desired overall package thickness. It is to be understood

that the 15 exeRpleaind d¥ehgvadRigdd 26T ROPRIIFSRe Flvehtiah Al td hbes ent
material and can vary in thickness from each other. Second layer 33 is

secured above.central ourth .l aye yred bel ow centra
aver 2. Ry s ioof bR BE IR e do XL asraeRaper s AR VTl foh

| ayer 30 is secured to fourth layer 31. It is to be understood that the

met hod of whadkispgovrled abrprandting Witk thupisonpasyingediarengs00 20 | ayers 30 34
and/ or met hod of securing the |ayers 30-34 can vary without limting the
scope of the invention. One advant age of using a conventions Layer
thickness of, tpr€xamlsp vRQPofm %ﬂ@@ncﬁ@to?%ﬁgfcﬁ{ sdf@wage 32tHes that such a
conventional | ayer thlckness is commonly available at a | ower cost than a

t hi nner materi al Iayer In an exenpl ary enbodi nent, the layers 30- 34
contain i ntBFP8P el ectrical paths 90 5 through the various |ayers and

provi ding electrical paths 90 for the sem conductor dies 60, 80 (Figure 71
fromthe structure's top surface 20 down to the structure's bottom surface
37. It is to bEigmd@ristaomstshaiormkviemnad Fighectyi cal paths (not shown)

| ocated on the surface of |ayers 30-34 are al so possible either adjacent to
the cavity's interior perineter 35 or along the exterior to perinmeter 22 of
the structure #00..AlisQ t{)f}‘%ue% &f PO rhibAMiGofdu Og;)’éﬂgt L&u éNBf?rﬁ: %x%‘ﬁ‘@&% ed by
wire bottomto €lectrical” contact areas 76 pr ayer can al so
connect to %he el ectrical, cont h aéeas 76 throggh condu tlve vias internal
to the | ayé C%BhfSAﬁe‘BtféWdélé?ﬂrtcg 95 PECTY SEEsd BYAF Ayravisy SHUASURRCEh defi ne a
cavity perineter 15 35 and a bottom surface 40. The cavity 42 can be any
sui t ablle sbapeturgsn aperture 50 is shown forned in the fifth [ayer 30, i.e.
whi ch extends from bottom surface 37 to the cavity 42. The aperture 50 has
an aperture perineter 36 which is smaller than the cavity perinmeter 35 to
provide a ”DU”FkQ9c§QEBé%?:%%éxﬂﬁﬁdﬁg“/&ﬁﬁvﬁﬁthy 43 and aperture 50 can be
f ormed using techni ques we nown in tHhe art, such as mlling.
Alternatively preforned | ayers having hol es

Figure 5 is a top view of a semiconductor support structure of the invention
after a second semiconductor die has been secured to the top of surface of the

support structure;
15 Figure 6 is a cross-sectional view of Figure 5; and

Figure 7 is a cross-sectional view of a semiconductor support structure of

the invention after the semiconductor dies have been encapsulated.



therein cm be stacked to formthe support structure 100, having cavity 42
and Substitute Sheet - 8 - - 7 January 2003 aperture 50. It is to be
understood that the cavity depth D could be varied without limting the
scope of the invention. The cavity depth D s sized based on the thickness
"of the sem conductor die 60 (Figure 4) secured inside the cavity 42. An
exenpl ary di nension for cavity depth D is about 250 m crons or |ess.

Aperture 50 can_be. any. 5 suitable_ sl re 50 is sized to provide a
di e support surgﬂﬁﬁﬁiléﬂlfﬂgﬂaﬁ%¥igﬁl ¥

; PLARE B BR PIMENESdependi ng
on the dinension of the first sem conductor die

id|

60 and the necessary
cl earance for proper die 60 operation or for electrical connection. It is

to be under st oQHe tifdadn idpesilibeed&Oribsd opiek Govah i@tk é&nglaSXxaenNPbdinyentgy of
providing an electrical contact path between the die 60 and structure '10 ~
100. After. . S r LS. & i - i i 1 and 2,
a sem conduc ggg%Pgﬁ%g?&%ﬁéﬁh%g%ck?gﬁggéhgﬁgﬁgwig:?QE%%%%ggghggﬁﬁgttom

| ayer 30, such as, for example, by adhesive |ayer, bonding_.tape or sol der
bal I's 70, GR3EEsTRBNPE BIES ‘\ﬂéﬂ“ﬂ@éé%ﬁ“&ﬁ@ﬁé—h&sﬂntIocf SFQP of B under st ood
that nore than one sem conductor die 60 can 15 be secured inside the cavity
42, such agmviewsiodi es 60 stacked on top of each other or side-by-side on the
bottom surface 40. In an exenplary enbodi ment, sem conductor die 60 is a
board-on-chip (BOC), where a chip has electrical contact areas formed on

the chip surfage and .th hip is .directly.bonded to a support s age, such
as, a printed gf"rué%gtlhusfﬁagessgﬁpc\gﬁgu%taosfyrﬁlc%ncgﬁg?rssugp(g& r %céll“ieyﬂtg:(%ﬂﬁect ed
74 to electrical contacts 20 areas 76, such as, for exanple, bond pads, on
t he bot t omtiBuiapEoR7 Fégurs Zpip gricrevrsaetiend viegoo! Figusnl éxempitding 11-18.

enbodi nent, wire bonds 74 extend fromthe die 60 electrical contact areas

72 t hr ough Tapeuppos sofictretltd Issppoptsusfatdi20 Usge®besdrirherl 200atadty 42 eas
76. It is to be understood that various naterials, types, nethods,

t echni ques,_.an ' Q liect.r i ni &c r i 10
electrical“gghggégﬁg%gﬁg%ﬁgféaggggﬁg#ﬁ%gﬁﬁggiﬁhgiE@ﬁgﬁgfEQVlggaggngclosed
above and shown in Figure 4 are only exenplary of one way of electrically
connect? ng PETECET IQisdrevided daboriomt attacadasl b insenen prrameie: B8eCfhot t om
surface 37. After sem conductor 60 is electrically connected to the support
structure 1pé&tua Sekoonthlisem donditithe it goBPer{rht@r b eedty54B)o t@nsecured to
the top surface 10 20 of the support strucutre 100 by connections 83. In an

exerpl ary_ggbadi SRMcNe SREQLAL &:fluto 1801 fcPxellidrae i Radieapackage

where bunps or connecting netal” are forned on the chip surface and the chip

is flipped,over,far -
PP layers 3 -%4 as shown in Figure 2. In an exemplary embodiment, the structure

100 is formed of stacked layers of any suitable semiconductor die support
15 material, such as, for example, Bismaleimide Triazine (BT) which may be used

for all five layers 30-34.

It is to be understood that the illustration of a five-layer structure 100 is
exemplary and that the support structure 100 could be constructed with less than
or more than five layers. The support structure 100 is fabricated by securing the

20  five layers 30-34 to each other using techniques well known in the art, for



soldering to a support surface, and is secured by a solder ball connections
8 3 to electrical contact areas 84 | ocated on the top surface 20 of support
structure 100. 15 The second die 80 is arranged to align with various

el ectrical contact areas 84 which are in electrical comunication through
‘el ectrical vias 90 through layers 30-34 to electrical contact areas 76 on
the structure bottomsurface 37. It is to be understood that the electrical

contact areas between die. 80 d the structyre bottom surface, 37 could al so
be by ext e S b R B dhickngss sl Briss oL LBt
structure 100. Substitute Sheet - 10 - - ~ January 2003 Figure 7 shows a
packaged semseboduht diicasseobh diel dBichf wilrbeamoencapwithat ity gxd dle 94 has
been deposited in cavity 42 and aperture 50 and beneath die 80. The
encapsul ation, & gﬁr%:ﬁig £t v_‘il_ﬁaupae@t?il‘.alvﬁrﬂtaéfﬂO'Whggﬁ;gﬁ';éz@lstrﬁlﬁ'ﬂ&@tlb@ dar

sem conductor ass I 17es. e encapsul ation materi 94 can be selected to
provide under fill support, 5 for the seco sem conductor die 80 as well as
to reduce ﬁ’r‘FeOffcadJé(fCan(?' (GFighelF g ’é’ib‘ﬁa&)éﬁltﬁlgf&géﬁlqlw es 60, 80 and
structure 100. The encapsul ation material 94 is shown covering el ectrical

cont act s 74g¢m8&mfuctdredids. eABGxe@Plary thicknasy Thier fuppdrestrunaes 406068 t hat t he
encapsul ati on process could be broken into two steps, a first step after

the first b€ 80\ Sa S EGHE SIS Rt ®) SF EHGH U LI D sidoRef ore
the 10 secgﬁgh ?gdggkggmgggﬁggﬁ#§uind éﬁggcoga step after ?he seéoﬁd

sen conduct or di% 80 ig se&ured t thehﬁtrugture 100... Af t ey tqg

encapsul at i YricHat e Q1 PoUNGLs, At 8D layrias PR R EERFEiCE Bt act  ar eas
92 can be added to the sem conductor assenbly 110, on el ectrical contact
areas 76 suvhdasfanfilndatrallimignidasaweldy al ong the bottom surface 37 of the
structure 100. It is to be understood that nultiple packaged sem conduct or
15 assenblies 110 can be fornmed in a large structure and singul ated after

fabrication, orogl (2R%idudtier BRAIaLiSn SE A PpoteRiGaEd DO isHtRged hus
described in detail the exenplary enbodi ments of the invention, it is to be

understood that the inyentign define the ap ded cl ai is not to be
Tt ecoy elovi Cotail fBens e ERmerGhalh of T anive oRt I Tiooh B rany
apparent 20 variations thereof are possible w thout departing fromthe
spirit 1 laxger sodpmalbér thhaknesyantpossibleAdcartdil hayky 32tdae addoovemdds ot pt i on
and acconpanying drawings are only illustrative of exenplary enbodi nents

which can aghi®ieid/ba, §Iedt dresudnthyadkaihades Tok diher lafae 3oL 9N, 33 841 s not
i ntended that the invention be limted to the enbodi mrents shown and

descri bed 1, detal | her el T0E ek ORabR: 0Pl KLE @sk, Wi SgoPe Of
and the desired overall package thickness. Itis to be understood that the
1s  exemplary lﬁyers 30-34 can comprise similar or different material and can vary in
thic}mess from each other. Second layer 33 is secured above central layer 32.
Fourth layer 31 is secured below central layer 32. First layer 34 is secured above
second layer 33. Finally fifth layer 30 is secured to fourth layer 31. Itis to be
understood that the method of stacking or fabricating the support structure 100

20 layers 30-34 and/or method of securing the layers 30-34 can vary without

limiting the scope of the invention.



Substitute Sheet - 12 - - 7 January 2003 What is clainmed as new and desired
o be protected by Letters Patent is: 1. A die support structure
conprising: a bottomand sidewalls extending fromsaid bottom said bottom
and sidewal |l s defining a cavity, said botto?1having an aperture therein,
"said aperture having a 5 smaller perineter than said cavity, said sidewalls
defining an upper die support surface which has an opening therein, said
bottom defining a | pwer die support surface, and said cavity extending from
t he opening to%§5i VPBW@FCﬂW@“§Gﬁﬁ5¥?n%ﬂ?§i%@Fgﬁﬁ@F@?ﬁt§°¥8ﬁ“§8¢f§gé of
sai d upper support surface is adapted to support at |east one die; and 10 a
t op sur f acenioforsdbedcdrove laydi 82 dugpostcisucdaeationalbldpnt bdtkhesssisipport  at

| east one die within said cavity. 2. The die support structure of claim]1,
wher ei n sai WL B L _ qﬁpﬁﬂ plur.al i of | am nat ed

| ayers mhiéﬁ”?ﬁ?ﬁggﬁ?ﬁkgﬁgﬁ%%$§%35§P§é&%| s.e§$§¥ﬂﬁﬂé§§?s£%§8rt structure
of claiml, wherein said support structyre has a 15 conductiv th from
sai d upper CHF‘@PL’IE){)EB‘?)P%P%&%C lese1s 200 SROrsHn 1aKeToR Elogr af;%é?) structure
of claim3, wherein said conductive path is internal to said sidewalls. 5.
The di essuppoerntghsthe vativnelagérs ahdipro@dinghdeatinalgatlt 2O hotudkei ve path is
external to said sidewalls. 20 6. The die support structure of claim1,
further compri i@ &lRELS 6EAH0 GaBLRCH B RARe stratRSl kb 8uBhRedo dodd - - 7
January 2003 on said support structure bottom surface.” 7. The die support
structure of claim®6, further c rising sol der ,balls connected wth said
el ectri cal teéﬁ‘f SCHCHF i otem ﬁ“g‘é i° or%%cftool?C Haderiina %B%Tﬁeg?' g: 5 adie
support structure wherein said support structure has a cavity, said cavity
bei ng def i rbaitdal pathsppeshalie) locppdon hashdee oflhpits BAs34anarcopgeni ng
therein; and a | ower die support surface having an aperture therein, said

aperture h%‘éisﬁ_@lc%i&@hﬁj%éexﬁ%itHEtcﬁﬁtv?mlﬁer&?fi&rffﬁé’ck@ 35 cralshLad dxteft endi ng
fromsaid opening to said 10 |l ower die support surface; and at |east one

sem conduct or. di e cured, w thi ai,d cavit at sutface of said
Coner dbe. sopptie: 2ot Hiesgrid DE ShRe SRt a0 (Sielet 8P ¢ difimes
wherein said support structure further conprises a plurality of |am nated
| ayers. 15 coonedhe byevire battaot tr clegsiertsiontast ardaa g ovidhd o layegrad@®@ support
structure has a

can also connect to the electrical contact areas 76 through conductive vias

internal to the layer 30.

An open cavity 42 is formed by layers 30-34 which define a cavity perimeter
15 35 and a bottom surface 40. The cavity 42 can be any suitable shape. An
aperture 50 is shown formed in the fifth layer 30, i.e., which extends from
bottom surface 37 to the cavity 42. The aperture 50 has an aperture perimeter
36 which is smaller than the cavity perimeter 35 to provide a mounting surface
for die 60. The cavity 42 and aperture 50 can be formed using techniques well
20  known in the art, such as milling. Alternadvely preformed layers having holes

therein can be stacked to form the support structure 100, having cavity 42 and



conductive path from said upper die support surface to an opposing side of
Said support structure. 11. The sem conductor assenbly of claim 10, wherein
said conductive path is internal to said support structure. 20 12. The

sem conduct or assembly of claim 10, wherein said conducti veSyRstitute Sheet
‘Substitute Sheet - 14 - - 7 January 2003gexternal to said supfsouary 2003
structure. 13. The sem conductor assenbly of claim@8, wherein said support
structure has electrical contact areas on said support structure bottom
surface. 14. The_sem conductor assenbly of claim 13, further conprising

sol der bakpertgecthndtietp ke tundertepdethat the eavitye depthdy epudd be1grieghwithout
sem conduct or assenbly of claim8, wherein said at |east one sem conduct or
die is a hpdtilg@e sdvpe-oftBe irMeatiseniThondvicy depthsd és1bizyd bhsed dii theGhickigssei n
said at | east one sem conductor die is electrically coupled to said support

Structur e 30, 1oicBau SRPIGO B E e 398N (BliaE AL Kullyy VHET £ELAR )

| east one Sem conductor die is e y coup " suppor
structure. 18. ,The sem_conductor agse%oy of cl ai rp 17, wherein said at

| east one diBARIOM ARk tBHLYIEPR S 1 AOPWact0 BHEORF 08 lessna RS WR A thgan berANYai d
die to at | east one electrical contact area on said support structure. 15
19. The seuitabdadhaper Apsentd $0ofs sized rto fovidecaedie seppdriasutfeses0ondhal r e
bond extends fromsaid at | east one die through said aperture to said at

| east one Sy tc@r ' rd; | w¢C i.& Ng:
2 di e supATPERISRCE SRRRE SOTRR, Fy GyNEAD AL Rhe IRRTRIN, Br TR ey
sidewal | s Substitute eet, - 15 - - 7 January 2003 extending from said
Dot £ om  SASTIIBRNHRT 4100 ARk eI TBCBSERYF RGTOE S0f DYPPEE a1 O GRREAHARDS B an
aperture therein, said aperture having a smaller perinmeter than said
cavity, saledtridalienaahéctiotef Ihisntp he wndesstoal] thas igpednre §0rik aapgionhl ahd Hasnan
opening therein and said bottomdefining a | ower die support surface, said
cavi ty. exteadbnsy Wa9BfigevidiPaneRetrical sttt/ AP betie@n IHPBRIE0 S §tRf@urecach
of said upper and | Ower die support surfaces being adapted to support at
Ieast_Br}e gge; and at | east one sem conductor die secured within said
cavit)}, té n upper surface of said |ower die support surface. 21. A

semn conductor assenbly conprising: 10 a dje support structure wherein said
support st ruct dxfterhsepperi struetjre 3de15c§ahrt°9ted as shown in Figures 1 and 2, a

semiconductor die 60, shown in Figures 3 and 4, is secured to bottom layer 30, such as,
for example, by adhesive layer, bonding tape or solder balls 70, using techniques well
known in the art. It is to be understood that more than one semiconductor die 60 can
15 be secured inside the cavity 42, such as two dies 60 stacked on top of each other or
side-by-side on the bottom surface 40. In an exemplary embodiment, semiconductor
die 60 is a board-on-chip (BOC), where a chip has electrical contact areas formed on
the chip surface and the chip is directly bonded to a support surface, such as, a printed
circuit. The semiconductor die 60 is electrically connected 74 to electrical contacts
20 areas 76, such as, for example, bond pads, on the bottom surface 37 of support

structure 100. In an exemplary



bei ng defined by an upper die support surface which has an opening therein
.and a |l ower die support surface wherein said cavity extends fromthe
opening to said | ower die support surface, said |l ower support surface
having an aperture therein, said aperture having a snaller perineter than
said cavity; 15 at |east one semi conduct or °di e secured, within said cavity,
to a top surface of said | ower die support surface; at |east one electrical
connection between sajd _at |east one sem conductor die and said support

st ruct ur e;SIAPRABIENEHLE balls%)?tkiceswnéfff%r&%cM@G%ﬂg&a&%@g%ﬂswﬁ

encapsul ated with 20 encapsul ation material. 22. A sem conductor assenbly
conpri si nghreugiemaand &t v the ypppeit seruictnet wleerrhbcamitctsata Bd.r ickuwoe has a
cavity, said Substitute Sheet - 16 - - 7 January 2003 cavity being
defined b r. 4di rt. .su ' - ni in and a
| ower diexgﬁ%3%$9%88r g%éﬂﬁggf%ﬁ§%%aa ?*ﬁ#%p?ﬂﬁ?%?ﬁ?8§§i%ﬂggggﬁéﬁi havi ng
a smaller perjneter than said _cavity, said avity_extgnding fromsaid

openi ng t dO& &iearIEeRntaTts 2EahH B ér ¢ © SO FECHICAECQRNCERES “Eige PeMiRlSAdtct or di e
secured, within said cavity, to a top surface of said | ower die support
surface; ahdt dte Wradbbndsndisslestondecndrshdive inddgned e any egpmplsyuof ace of
sai d upper die support surface. 23. The sem conductor assenbly of claim 22,
wherein said @by bﬁ&%&m@ﬂg é&lﬁ@mlgammk&aeeeﬁca@&ﬁ%&dar&g ARbrbipRer die
support surtace is a flipg chip. 24. The sem conductor assenbly of claim 22,
wherein said at | east one sem conductor die is electrically coupled to said
support st¥LHPAOBSUIEACE i conduct or assenbly conprising: a die support
structure wherein said structure has a cavity, said cavity being 15 defined
by an upper die support surface which has an opening therein and a | ower
di'e support swuttacemiaddigt@ntapetdcuially kenaedied saidte apardruseudrave ng a
smal l er perineter than said cavity, said cavity extending from said opening

to said | oMgy, (oSt PRALbNHEDLR 's@kmgaﬁe%ts-epgsﬁsmeangﬁe&%sgéf&esecur_ed,

within said cavity, to a top surface of 20 sa ower di e support surface,
said die ggfcérically cougled Qﬁ%said stnuctgge' at Ieasﬁ one sem conduct or
di e selur e PoE FRROSAFUEUeOLBY EouRsEPIYPE. dBFRSTE™P &bt i tute Sheet -
17 - - 7 January 2003 surface, said die electrically coupled to said
st ruct ur e;emapadiment the second die 80 is a flip chip, a chip or package where bumps or

connecting metal are formed on the chip surface and the chip is flipped over for

soldering to a support surface, and is secured by a solder ball connections 83 to

electrical contact areas 84 located on the top surface 20 of support structure 100.
15 The second die 80 is arranged to align with various electrical contact areas 84

which are in electrical communication through electrical vias 90 through layers

30-34 to electrical contact areas 76 on the structure bottom surface 37. Itis to

be understood that the electrical contact areas between die 80 and the structure

bottom surface 37 could also be by external conductors on the sidewalls 22, 35

20  of the support structure 100.



at least a portion of said sem conductor assenbly is encapsulated with
encapsul ation material. 26. A sem conductor assenbly conprising: 5 a die
support structure wherein said structure has a cavity, said cavity being
defined by an upper die support surface which has an openi mybshigtesheaind a
‘lower die support surface having an apegpure therein, said-dpénuany@0Ravi ng
a smaller perineter than said cavity, sard cavity extending fromsaid
opening to said | ower die support surface; 10 at | east one board-on-chip
secured, within said cavity, to a top, surface of id |ower die support
surface, said Biawe/ wsiqop@%ée%d ﬁwcppd%arp@%err@gv f&@eﬁgn@rbsmawfay@pure;
and at least one flip chip secured to a top surface of said upper die
support styaterint 94dmiscbekhidepositgd il eavityi 422hhd/ apartipk & arod benedtts djzp80.t The
structure. 15 27. A method of fabricating a die support structure for

support| ”‘?z}%@%ﬁlm&ﬁ rtERaICOTBAR Ble Nyt WEII SRS Fg%ériﬁrﬁYﬂaQ%”ﬂ)raseﬁﬁ@&ﬁ&@f’d%Ct or

support s ure having a top and bottom sur e, providing a cavity in

sai d support Jucture, said.cavity, hejn ef i ned an ppper. die support
surface \Aﬁﬁséﬁl% 8% iﬁe 85%4%\4@“%&?%&&5%%&%*2?“%% %rowﬁ%eunder gﬁﬂpﬁeﬁport
surface connected with said sidewalls, said cavity extending fromsaid
openi n§ t forsthe debawksemicondugipodie 80radsawell aartd gedued theangoefifictene of thermal
said | ower die support surface, said aperture extending Substitute Sheet

- 18 - - Lo lABAMBEtw OBt Q83 0B (PARPSFictele! 100! UTIR: BtabOiheibth B?a‘f@riﬂ@étsi@iTﬂe

cavity, sald aperture having a smaller perineter than said cavity. 28.

nmet hod of .cl aim 27, wherei.n ,sai u ré~ Stor MCt Wr e, COQRri ses | ur,ality of
| ani nat edsf}%rcgyexgn&ge_e%galn%qrﬁgﬁs g?e c$3ai°r§1 g?l?,clﬁFu?(?’h : cztr'rbsr ?% ﬁﬁ:gfurther
provi ding a conductive path in said support structure fromsaid upper die
support sumdesstood shattibe isocapsitationf proeessfcositd be Hupkrsy inte twactepsea Stap

nmet hod of form ng a sem conductor assenbly conprising the steps of:

provi di ngaRerditt HrPPRHicSidudeirudie 6RYd Becided AP tABktRRtre N UAA@RIoré Othe
providing a cavity in said support structure, said cavity being defined by

di \ f ac. i ' [ ' | .and
ower 101 SRt SR FHAECAN £ 503 PR RGP Ject e iR Jo8"
support surface having an aperture therein wherehy said aperture_ has, a
smal | er pescurd 49 thRasirucipig 4804 ¢ Yiternthes sneppsulatiop matesiadi Yy 15 rdnpositedy

opening to said | ower die support surface; and 15 securing at |east one
sem condugdditionleléatricali cdntacnvereadi92 canfrcadded wo flecsemisddndidter assétbly DI,
claim 30, wherein said at | east one seniconductor die is a board

on electrical contact areas 76 such as a fine ball grid array along the bottom surface 37

of the structure 100. It is to be understood that multiple packaged semiconductor

15 assemblies 110 can be formed in a large structure and singulated after fabrication, or at
any intermediate stage of fabrication.

Having thus described in detail the exemplary embodiments of the invention, it

is to be understood that the invention defined by the appended claims is not to be

limited by particular details set forth in the above description as many apparent

20 variations thereof are possible without departing from the spirit



on-chip. 32. The nethod of claim 30, further conprising the step of
.electrically coupling said at |east one sem conductor die to said support
structure. 20 33. A nmethod of form ng a sem conductor assenbly conprising

t he steps of: Substitute Sheet - 19 - - 7 January 2003 providing a die
"support structure having a top and bottom surface; providing a cavity in
sai d support structure, said cavity being defined by an upper die support
surface which has an qpening therei.n, sidewalls, which proyide said.upper

di e suppor OF $ERRRIEE AFFNEN0\CORBEYw HfotROVE fePSHRHOE A4 AeRITPYVERE endi ng
fromb5 said opening to said | ower die support surface; providing an
aperture tGUSamgshawmﬂydhsusdppoftxsupmam@anQManpeﬁmuweuexménﬁnhg from

t he support structure bottom surface to said cavity, said aperture having a

smal | er  periiktshntinAPaitabd Sauk ikienSiBRYTE ﬁ%&tmke%ﬁa BReRem et or die
to said | ower die surface; and 10 securing at |east one sem conductor die

to said upper. dj surface. . cl aim wher.ein said
at | east oﬁ@“?ﬁ%ﬁ%@ﬁdﬁ%@%@nﬁp§ @G*@Hi&§C§gg%”hgﬁ@#kHanngﬁ%Fwegﬂ??ace i's
a flip chip. 35. The nethod of claim 33, further conprising the steps of at
| east part iabhly lencabby tat saoge oditte &llopong ckimact ure with encapsul ati on
material. 15 3b. A nethod of fabricating a support structure for supporting
mul tiple dice conprising the steps of: form ng sidewalls which extend from
a bottommal I, said sidewalls connected to said bottomwall having an upper
di e support surface, said bottomwall having a | ower die support surface,
said sidewalls and bottomwal | defining a cavity for housing a 20

sem conductor die, and said bottomwal |l having an aperture wherein, said
aperture having a smaller perineter than said cavity. Substitute Sheet -
20 - - 7 January 2003 37. The nethod of claim 36, wherein said sidewalls
conprise a plurality of lamnated |ayers. .AY .A AN . Af. Afl .AE .AY . A

JAu. ALA A2 ACA A A AL AE. ASn . A57}
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3. The die support structure of claim 1, wherein said support structure has a

15 conductive path from said upper die support surface to said bottom.

4. The die support structure of claim 3, wherein said conductive path is internal to

said sidewalls.

5. The die support structure of claim 3, wherein said conductive path is external to

said sidewalls.

20 6. The die support structure of claim 1, further comprising electrical contact areas
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1010%vE (7. @ JOBe GhippokDstructure of claim 6, further comprising solder balls connected

with said electrical contact areas.

8. A semiconductor assembly comprising:
5 a die support structure wherein said support structure has a cavity, said cavity
being defined by,

an upper die support surface which has an opening therein; and
a lower die support surface having an aperture therein, said aperture having a
smaller perimeter than said cavity, said cavity extending from said opening to said
10 lower die support surface; and
at least one semiconductor die secured, within said cavity, to a top surface of

said lower die support surface.

0. The semiconductor assembly of claim 8, wherein said support structure further

comprises a plurality of laminated layers.

15 10. The semiconductor assembly of claim 8, wherein said support structure has a
conductive path from said upper die support surface to an opposing side of said support

structure.

11. The semiconductor assembly of claim 10, wherein said conductive path is

internal to said support structure.

20 12. The semiconductor assembly of claim 10, wherein said conductive path is
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15. The semiconductor assembly of claim 8, wherein said at least one

semiconductor die is a board-on-chip.

~16. The semiconductor assembly of claim 8, wherein said at least one

semiconductor die is electrically coupled to said support structure.

10 17. The semiconductor assembly of claim 8, wherein said at least one

semiconductor die is electrically coupled to said support structure.

18. The semiconductor assembly of claim 17, wherein said at least one
semiconductor die has at least one wire bond extending from said die to at least one

electrical contact area on said support structure.

15 19. The semiconductor assembly of claim 18, wherein said at least one wire bond
extends from said at least one die through said aperture to said at least one electrical

contact area.

20. A semiconductor assembly comprising:

a die support structure wherein said support structure has a bottom and sidewalls
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having an aperture therein, said aperture having a smaller perimeter than said cavity,

said sidewalls defining an upper die support surface which has an opening therein and

said bottom defining a lower die support surface, said cavity extending from the

5 opening to said lower die support surface, each of said upper and lower die support
surfaces being adapted to support at least one die; and

at least one semiconductor die secured within said cavity, to an upper surface of

said lower die support surface.

21. A semiconductor assembly comprising:

10 a die support structure wherein said suppé)rt s'tr.ucture has a cavity, said cavity
being defined by an upper die support surface which has an opening therein and a
lower die support surface wherein said cavity extends from the opening to said lower
die support surface, said lower support surface having an aperture therein, said aperture
having a smaller perimeter than said cavity;

15 at least one semiconductor die secured, within said cavity, to a top surface of
said lower die support surface;

at least one electrical connection between said at least one semiconductor die
and said support structure; and
at least a portion of said semiconductor assembly encapsulated with

20 encapsulation material.

22. A semiconductor assembly comprising:

a semiconductor support structure wherein said structure has a cavity, said
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cavity being defined by an upper die support surface which has an opening therein and
a lower die support surface having an aperture therein, said aperture having a smaller
perimeter than said cavity, said cavity extending from said opening to said lower die
support surface;
5 at least one semiconductor die secured, within said cavity, to a top surface of
said lower die support surface; and
at least one semiconductor die secured to an upper surface of said upper die

support surface.

'23.  The semiconductor assembly of claim 22, wherein said at least one

10 semiconductor die secured to said upper die support surface is a flip chip.

24.  The semiconductor assembly of claim 22, wherein said at least one

semiconductor die is electrically coupled to said support structure.

25. A semiconductor assembly comprising:
a die support structure wherein said structure has a cavity, said cavity being
15 defined by an upper die support surface which has an opening therein and a lower die
support surface having an aperture therein, said aperture having a smaller perimeter
than said cavity, said cavity extending from said opening to said lower die support
surface;
at least one semiconductor die secured, within said cavity, to a top surface of
20 said lower die support surface, said die electrically coupled to said structure;

at least one semiconductor die secured to a top surface of said upper die support
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20

at least a portion of said semiconductor assembly is encapsulated with

encapsulation material.

26. A semiconductor assembly comprising:

a die support structure wherein said structure has a cavity, said cavity being
defined by an upper die support surface which has an opening therein and a lower die
support surface having an aperture therein, said aperture having a smaller perimeter
than said cavity, said cavity extending from said opening to said lower die support
surface;

at least one board-on-chip secured, within -said cavity, to a 'to-p surface of said
lower die support surface, said board-on-chip electrically coupled to said support
structuré; and

at least one flip chip secured to a top surface of said upper die support surface,

said flip chip electrically coupled to said support structure.

27. A method of fabricating a die support structure for supporting multiple dice
comprising the steps of:
providing a semiconductor support structure having a top and bottom surface;
providing a cavity in said support structure, said cavity being defined by an
upper die support surface which has an opening therein, sidewalls, and a lower die
support surface connected with said sidewalls, said cavity extending from said opening
to said lower die support surface; and

providing an aperture in said lower die support surface, said aperture extending
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28.  The method of claim 27, wherein said support structure comprises a plurality of

laminated layers.

5 29. The method of claim 27, further comprising providing a conductive path in said
support structure from said upper die support surface to the bottom surface of said

support structure.

-30. A method of forming a semiconductor aséembly comprising the steps of:
providing a die support structure having a top and bottom surface;

10 providing a cavity in said support structure, said cavity being defined by an
upper die support surface which has an opening therein, sidewalls, and a lower die
support surface connected with said sidewalls, said lower die support surface having an
aperture therein whereby said aperture has a smaller perimeter than said cavity, and
said cavity extending from said opening to said lower die support surface; and

15 securing at least one semiconductor die to said lower die support surface.

31. The method of claim 30, wherein said at least one semiconductor die is a board-

on-chip.

32,  The method of claim 30, further comprising the step of electrically coupling

said at least one semiconductor die to said support structure.

20 33. A method of forming a semiconductor assembly comprising the steps of:
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providing a cavity in said support structure, said cavity being defined by an
upper die support surface which has an opening therein, sidewalls which provide said
upper die support surface, and a lower die support surface, said cavity extending from

5 said opening to said lower die support surface;

providing an aperture to said lower die support surface, said aperture extending
from the support structure bottom surface to said cavity, said aperture having a smaller
perimeter than said cavity;

securing at least one semiconductor die to said lower die surface; and

10 securing at least one semiconductor die to-said upper die support surface.

34.  The method of claim 33, wherein said at least one semiconductor die secured to

said upper die support surface is a flip chip.

35. The method of claim 33, further comprising the steps of at least partially

encapsulating said support structure with encapsulation material.

15 36. A method of fabricating a support structure for supporting multiple dice
comprising the steps of:

forming sidewalls which extend from a bottomwall, said sidewalls connected to

said bottom wall having an upper die support surface, said bottom wall having a lower

die support surface, said sidewalls and bottomwall defining a cavity for housing a

20 semiconductor die, and said bottomwall having an aperture wherein, said aperture

having a smaller perimeter than said cavity.
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