; e3eh*+e&& D(F") ~*6*T*+I T?2 DI E SUPPORT STRUCTURE BACKGROUND OF THE
| NVENTI ON 6 Novenber 2003 The invention relates to a neth i a
packaged sem conductor device and the resylting structure.gqliggénéklggl’ngil OF
RELATED ART In sone types of seni conductor_di aging a die is secured
to tine surface of a die suppSVF §V?QQ%Er§TQEﬁ3§?§$caI connections are nade
between the die and the , ‘ : G2y ¢ rical connections,
and at |least a part of tH : with an
encapsul ating material to forma io sem conductor package. Leads extend’
from t he packaghefiavemiqctaliteato e amnbodioddotringrypaskegecthsimERREUFIOr The
package is generally secured to a printed circuit board or other nounting
substrate en._in.use. f reducing the thickness of a
conventiongg‘%gﬁggdﬁgﬁgﬁgﬁn e%?@gﬂgackage is to use a thin die support
structure. A thin support structure is generally about 50 mcrons to 75 a
15 mcrons thick while a conventional support structure is typically about
200 microns thick. However, a thin support structure is typically about |00
% nore expensive a than a conventions thicker structure and thus increases
t he cost of packaged sem conductor devices. Another disadvantage of a thin
support .structure is that dupypxgRabrioRtOFRENGTHD AETructure fl exes
and/ or Bows nore 30 than a thicker structure. This bowi ng or flexing can
weaken the strength of the 6 Novenber 2003 die's attachnment to tile
structure as well as danage fragile electriiaL cont.acts bhetween the die and
support st ruct JREOMeetyPanot FErCaRSRdOR AteRAS <6F NG A HF 1 WIPPSH ° S ucture is
its limted ability to secure and support nultiple dies on a single support
structure. sGaRcaef hetk afppareansdrunct Elrgrinal tompleetidne amswedd besseamthe
.conventional support structure is to stack dice vertically. U S. Patent
nunber , 99i,.166 ,i ssued r. 36, 9 - aRhAndadef £ Ya
-Br ooks di sccflﬁé‘%g cgw%@%ﬁ%@ée. %hcjtﬁg’ clecele TR A i

‘opposi ng sides of a substrate. However, if mnul ti\ﬂl e . -
" of the support structure are covered with an encapsulatung material to form a

10  semiconductor package. Leads extend from the package for electrical connecton
to any external circuit. The' package is generally secured to a printed circuir
boara 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

|5 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

' package wth two die vertically s?acked on




sem conductor dies are vertically stacked on a substrate the height of the
10 packaged sem conductor devices increases. If on the otgeo/BmBEr 2008 tiple
sem conductor dies are nounted horizontally side by side on a support
structure, both the thickness and area of the support structure nust be

i ncreased to support the nultiple dies which results in |arder packaged
sem conduct or, devi_ces. . entd I hai gue -reQcHshdgsnul tipl e
dies to a stfgl ‘néﬁwﬁgt’;wgl?? ﬁtglt%}/he@%‘g?}%ésr%%gg‘% ﬁg:’%? %Fe?%gl ons of packaged
sem conductor devices. It would be advantageous to have a semni conductor
support st rievgee thhdie Tahsunpnast i Support multipl e seni conduct or dies
which will results in a smaller dinmensions sem conductor packages than
conventional techniques while reducing the cost of the die support

structure. 20 v SUMWORYiOR I ok WYENRLON fhooserdrare 3QB3limikhe abilirendi on
provi des a packaged sem conductor structure in which nultiple sem conductor

cues are secured tp a common .support structure e i ment
a mufti-| aysFBef & ﬁ%ﬂﬂOfEfl}L‘EEPlﬁrcgesi %“f‘d?“r?g ‘?dpﬂ?er{ %ngél}blg%r @{sﬁ%gﬁﬁ)gghas a

central cavity with an open surface at the top and a die support bottom
surface.s Ancaperiting miltipladipessamebles anutorventioasl SURROTHFURHE € SFOr al
cavity is formed fromthe a bottomexterior of the support structure to the

central cavity ] t&tﬂlﬁ et Oopguat AlimHee 51505 UpPpNstied DNvtrnsBEA X3P, t he
cavity bott%%%%ﬁﬁ?géé. iéq¥?rst dielisceﬁectrically connected to the

b f f 10 h b | ' ecti, ,
o 0. i re BosEna Bk R PEIIRS U BT SUGh PR er bre o

el'ectrical contact areas on the bottom exterior surface_of the support
structure. Avsetovndrisely sadddairooppbsing sidseolin sebsorate hEIQwH s U FRLEPST t he
support structure and electrical connections are nade between the second

die and el ect riicSS‘huc%ﬁgE%%tearékvgﬁiga@;ﬂsﬁﬁ&&% LQEbaMdethoheldhrwfithace of the

support st ruerure S, ctrical connections and structure cavity
are encapsul ated with encapsul atjng. nateri aJ. to-,form a, packaged
seni Condgct prckaged ﬁq;'p'y:_ondugtor deviccsg increases. aﬁ on the Gther hgng, m%?up,lc

semiconductor dies are mounted horizontally side by side on a support structure,
both the thickness and area of the support structure must be increased to §uppc_>rt
the muldple dies which results in larger packaged semiconductor devices. Thus,
conventional techniques for securing muldple dies to a single support structure

15 increase the dimensions of packaged semiconductor devices. It would be
advantageous to have a semiconductor support structure that can secure and
support multiple semiconductor dies which will results in a smaller dimensions
semiconductor packages than convendonal techniques while reducing the cost of

the die support structure.




6 Novenber 2003 BRI EF DESCRI PTI ON OF THE DRAW NG These :end ot her .
advant ages and features of the invention will be nore reagi od
fromthe follow ng detail ed description of the invention gh"!%ﬁ“ﬁ%g'e%%ﬁ ded
in connection with the acconpanying drawings 5 Figure 1 is a top view of a
sem conductor support structure of the invention Figure 2 is a
cross-sectional view of Fi gyfrgliari DSVEN W ew of a sem conduct or
support structure of the invention 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 Sis top view of a,sem conductor
support struct Gkles igiventhen pravégRsi OpRCARSET Scanisap OF s e PO i e has
been secured to the top of surface of the support structure; 15 Figure 6

is a cross-§aridlo8ahickhauc @t didsaeé eecBreditsla Ebgiien Jupgora sanossesdatanonal
view of a sem conductor support stricture of the invention after the

senm conduct or di.es have, .been enc ul at ed 3) g 374 T\ C7 ~ V
1o\ P The iSRS BRI G B e RuT TR suggp_%s§W§$§ﬁ%£§§e%cary

enbodi ments illustrated in Figures 1-7. Other embodiments may be ytilized
and struct wupbochangestertay alzentrhhoeiniiwibpan ORepARERHRT NSFPPRESHE t or
scope of the invention Figure 1 illustrates a top view of a sem conduct or

support st rs‘d§>gBFteo$r99m%furtta|E‘f

ARv:@REheNwidh Gpéemetet Smatlectossthaect tonal  vi ew
of Figure 1 ken at |1 ne -1 1.

central cavity is formed from the bottom exterior of the support structure to the
central cavity. A first .semiconductor die is supported and secured to the caviry
bottom surtace. The ﬁrst die is electrically connected to the bottom surface of

10~ the support structure-by electrical connections, ¢.g., wire bonds, which extend
from the die through the apérmrc to electrical contact areas on the bottom
exterior surface of thevsupp_ort 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 botrom 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.




The support structure 100 has a top surface 20, exterior perineter 22, a
cavity 42 with interior perinmeter 35 and bottom surface 4. e 50
with interior 10 perineter 36 is provided i bottom surfager\ld?gﬁgﬁéeéw
interior perinmeter 36 of aperture 50 is smaller in size that the interior
perinmeter of cavity 42 to formbottom surface 40. The support structure 100
is formed of five thin_st |a 0- A4 gure 2. In an
exenpl ary enbodi nent, m&%ﬁﬁm&?u@ﬁ%ﬁ%%gﬁmd | ayers of any
sui t abl e sem conductor die support i 1S material, such as, for exanple,

Bi smal ei m de Triazine (BT) which may be used for all five. |ayers
JBO-34-J~. |t Tihesd shderherderairags drdafeatunes of thegnventdamvai ba mesge- | ayer
structure 100 is exenplary and that the support structure 100 coul d be
constructed wi.th | ess t I : j; SApPRehtiogt ruct ure
100 is fabff Ye‘HlC%flsstgg(?%%rﬁgm ?E(geﬁa%ng%gd#gyde%@%gggﬁ to each ot her

usi ng techniques well known in the art, for 6 6 Novenber 2003 exanpl e,

Wi th adhesiwtesh ispirevidetidh conrectiair Wit RASYRPHHANS (hbEIR S | ayers i s based
on the thickness of a die which will be nounted within cavity 42 and the
required spacing for various electrical contacts. The support structure 100
can be of any eyl en BSiNGE alsenaidduetorwdbbl: sstiictakl & ther rmounting .
sem conduct or di®s. "An exenplary thickness T for support structure 100 is
about 500 microns or |less and an exenplary depth D of cavity 42 is 400

m crons or WEEHOLt s to be understood that each |ayer as shown in Figure
2 could be made of a mufti-layer lamnate as well. One technique for
fabrication of the support structure 100 is described 10 below. Central

| ayer 32 is fommdedf isfaidrovsofecabmitvi@0of Figmrods t hi ckness, but |arger and
smal | er thickness are possible. Central |layer 32 can al so be nade of
multiple | ayers, such as a nufti-layer |am nates. The other |ayers 3 0- 31,

J J -J 4 thickness can be si.ze N I-ONSy di;enééh
(Figures 3 andr%igiurﬁﬁdlstahtgpd’vé%\lvrég%gﬁgr%&ﬁcﬁg e&tséhi ckngsgf.c@llgt is to be

understood that the , - o - '
afrer a first semiconductor die has been secured inside a cavity of the support

10 structure;
Figure 4 is an cross-sectonal view of Figure 3;

Figure 5 is a top view of a semiconductor support structure of the inventon

/ 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 invendon afrer the semiconductor dies have been encapsulated.



15 exenplary layers 30-34 can conprise simlar or different material and
can vary in thickness fromeach other. Second |ayer 33 is e
central layer 32. Fourth layer 31 is securedsbeIOM/centraﬁﬁﬁﬁégﬁgégggzirst
| ayer ~ 4 is secured above second layer 33 Finally fifth liver 30 is
secured to fourth liver 31. It is to be understood that the nethod of
stacking or fabrjcati ] : and/ or
nmet hod of securiiﬁ;ﬁﬁ#ﬂ%ﬂgggﬁgﬂggEg“ . ars thoot scope of
t he inventi on. 6 Novenber 2003 One advantage of using a conventional
Layer thickness of, for exanple 200 mcrons for central layer 33 is that

such a conventi gRaknleayien Wil kigssbid acemiornh yn avattabpernatmbodowentscost
than a thinner material layer. In an exenplary enbodi nent the |ayers 30- 34

contain interior electrical, paths .9 {:1 QUS . nd

provi di ng eﬁéBFFFﬁqu%afﬁélgg-?g?cfg@égggﬁggggﬁﬁp%}Mgﬁ%gy%%#e%gtﬁﬁ?bure 7)
from'the structure's top surface 20 down_to the structure's bottom surface
37. It is tohdgeamerst vode idtouxicpriHlS EPBCHEISEHIT YFACABS CASES shown)

| ocated on the surface of layers 30-34 are al so possible either adjacent to
the caviiy' g, JRtighi or perinmeter 35 or along the exterior 10 , perinmeter 22
of the structure 100. Also the die 60 (Figure 4), while shown as connected
by wire bottomto electrical contact areas 76 provided on | ayer 30, can

al so connect to_the electrical contact. areas 76 through conducti ViAas
internal to thePllgély%i 1@‘65.“%&?15 %Bﬁ’nvfﬁ’\ﬁqvcﬂﬁc‘?‘é&%?% f?%?%%éé g@ 4 whi ch
define a cavity perineter 15 35 and a bottom surface 40. The cavity_42 can
bei any sui t ebd mvshdape. FanuraRes anrceoBaeisoshoww pOHFigade Lrakereat ling Hxﬂayer

30, *i.e., which extends frombottom surface 37 to the cavity 42. The

aperture 50 @(%ugg%@{gg@c{&ewoi ﬁtﬁtae{ogfsf@ Bhi ob, bgesoRbERmethaD haviauid y

bi o
perineter 351 a nounting s ace for die 60. The cavity 4? and

aperture 50 can be forned using techni gues. wel 0 known i the .art, such -
as mlling. Wﬁalﬁtlélﬁcr#f%t”tﬁfxi@?tcbé?fa&ﬁﬁ%ﬁt‘? ﬁ&ﬁ%%%{)/i %&%Poﬁf%gct e‘r‘kb{gﬁné%%?fbe

_-stacked to formthe support structure 100, having cavity 42 and 6 -
Novenbeno 20@8rimeter 36 is provided in bottom surface 40. The interior perimeter 36 of

aperture 50 is smaller in size that the interior perimeter of cavity 42 to form
bottom surface 40. The support structure 100 is formed of five thin stacked
layers 30-34 as shown in Figure 2. In an cxémplary embodiment, the structure
100 is formed of stacked layers of anv 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

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




_g_ . aperture 50. It is to be understood that the cavity depth D could be
varied wthout limting the scope of the invention. The caui IS
si zed based on the thickness of the sem condyctor die 60 ?E\?&dépgg%ébs%cured
inside the cavity 42. An exenplary dinension for cavity depth D is about
250 mcrons or less. Aperture 50 can be any 5 suitable shape. Aperture 50

is sized to provide. a dje su t surface 40, .The_di I f. ture 50
will vary déﬁ’éﬂﬂkn@’lrgrﬂ‘:fthﬁé‘vﬁﬁpﬁgla% F‘?)tﬂf YFUTHE WT&CSSS%HEQ%H u?:togrlabglpsg{sm and
t he necessary clearance for proper die 60 operation or for electrical
connect i on. bhdedicn the théckneseoist dizdviichtwilpermonetslovitbineviwte BHEE s an
exenpl ary way of providing an electrical contact path between the die 60
and structure -0kl , ' It Ur Bhd 98 pSre saehaatled am shown
in Figures ieqal%%dfp%(élggetﬁ %%%0 uﬁ%?f%%lgb%gf&ﬁh’gm%ﬂ) Figures 3 and 4, is
secured to bottom |l ayer 30, such as, for exanple,, by adhesive |ayer,

bondi ng t apbe®f aspKiiaenyian (Beight, ltrgtheOf é‘&‘ﬁﬁi)d}i‘&blﬁéﬁ TSRS n the art. It
is to be understood that nore than one sem conductor die 60 can 15 be

secur ed § nsidgicbRaueyidias. 42n eseraplaastHivineds EfobOupparc kadcone i) 6f each

ot her or side-by-side on the bottom surface 40. In an exenplary enbodi nent,
sem conduct or _di 0.Ls a board-qgn-chi J;g,? -8 & P; eliednsi cal
contact ar ea‘g%%@,@&’%ﬁ?“ﬁﬁﬁ%ﬁgﬁagﬂr 521 1an Cﬂtl%ﬁﬁg%ipbﬁilgh%?ﬂ%ﬁy bonded to
a-support surface, such as, a printed cjrcuit. The se '.con%ct r,,die 60 is
el ectrical | préssanécis ad brandsrepedthaicaach daysr a8 $RO%D 18 Fag 76 O8dIF as, for
exanpl e, bond pads, on the bottom surface 37 of support structure 100. In
an exenpl ar yn,deS G Navedier 1a2@adeeshodi. nent, wire bonds 74 extend fromthe
die 60 electrical contact areas 72 through aperture 50 to the support
structure electrical contact areas %. It is to be understood that various

materials, type met hods, tegchni ques nd_ 1o i ‘ | s

contacts areas PA¢ BEAHAYC PR F’lc%é nggﬁhce% HP§%§%£§E%§§§§ S:&}elsgérild 5 t hat
the wire bonds disclosed above and shown in_ Figure s are only exenplary of
one way 10f ekkst.r Ceatdllagendiistfongediod o ¢fxbens 200 @éﬂfoébﬁ'ﬂéléft‘?séw;@&s 76
provided on the bottomsurface 37. ' Alter sem conductor 60 is electrically

connect ed t g, Lbe, SUBAAIL, BIIHElsUE pbiolea Caranthyeegpaandiit b mide 5O
(Figures S g) I's secured to the top surface 10 20 of the support structure

| 00 by connectiops 83. In _an exenp|ary, enbodi dies9Q4 s a
flip chip, émt‘:lﬁ‘PB" layersaich e a\mégglagEM?te%mé&ttﬁgbBﬁ%@a g!rL 2’ (()gr med on
the chip surface and the chip is flipped over for soldering to_a sctlgf)ort
surface, andhicknsscanéd siedbsed gerthbalimeasaneet tyrdiedd (a1 1
contact areas 84 located on the top surface 20 of support structure 100.
and the desired overall package thickness. Itis to be understood that the
15 exemplary ldyers 30-34 can comprise similar or different material and can vary in
thickness 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 laver 33. Finally fifth layer 30 is secured to fourth layer 31. Iristo be
understood that the method of stacking or fabricating the support structure 100

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

limiting the scope of the invention.



15 The second die SOis arranged to align with various electrical contact
areas 84 which are in electrical comunication through el g§{dubfkr ¥ocas 90

t hrough | ayers 30-34 to electrical contact areas 76 on the structure bottom
surface 37. It is to be understood that the electrical contact areas
between die 80 and the stricture bottom surface 37 could al so be by

ext ernal condug 9 ' | doSivion P 1:48r eickdies supbekkampleyDdr e
| 00. 6 Novenb(2§538b§1[§§%0€{l§gi§¥§ C% \s OVOVS a barckéged sem conduct or assenbly
g;avi ty 42 and

| 10 after an encapsulation nmaterial 94 has been osited in
aperture SOnamanp&resriraliaesd: isihac %@Q}}Vgﬁwﬁgﬁg}%ﬁ&‘éﬁ%‘ﬁis Ran be any

wel | know material suitable for sem conductor assenblies. The encapsul ati on
mat eri al 94ccgﬁfhob@y selilebleed atlowRr oydtdRanindeinnt; Matsigporer. 3nfasy t he second
sem conductor die 80 as well as to reduce the coefficient of thernal

expansi on between t he, di.es 60 dns :2:100 Wapsidled i on
materi al 945%°&: ﬁ%’vﬁfn%%wﬁ%gmé:ﬁg}é%gfgaF&é&%%%g't%@?zfIggtrgbg?he die 60, 80.
It is to be further understood that the encapsulatio rocess could be

br oken isnt otHrongs thpsaricuslayers and powsingreledrBCHnRERS Q%E‘Prc ductor die 60 is
secured to the structure 100 and before the 10 second die 80 'is .secured.'
And a second $t8pd&fbeHid ), SeqEne.rseryifemndie saucdire’s 80p issrfserub ebwo t he
structure 100. After the encapsulation material 94 is deposited, additional
el ectrical contact areas, 92 can be added.t ] senbly |

10, on el ectd mtcé‘r‘lrtea’ct?oﬁ?@asérgée §2Cﬁg§st%ag$§%§&geao% I(ang}r&?tég{frr%gy al ong the
bottom surface 37 of the structure 100. It is, to@éae unc{grg%ood t hat

mil tiple paeleagid sehs covmkhovay) losited sarrbe sedace19f Byt BO-F6RAHeHPn a | arge
structure and singulated after fabrication; or at i any internedi ate stage

of fabricat hS&uE‘%&h@ga&th 46 $KE Lhed d i dairgdrinidrer 8% emilany tembadrivent s

of the invenfion, It is’to be understood that the invention defined by the

‘appended clains is not.to be |im.it [tiC : M hé@RtB i n the,
above d&cr Pj’a"t”i“GFFfaer])“ Ay Sé‘ffﬁé‘ffgrﬁo‘%gok%ggﬁ%ﬁeoﬁéﬂg Egl?ée%?’ apg@%oos\si bi e
Wi t hout departing fromthe spirit 11 6 Novenber 2003 _,og scrg e of, \the

i nvention. écmesatichbl yyird hecatmowee] ehssicali GOnEass &8 7ARE) var 4 ngs are
only illustrative of exenplary enbodi ments which can achi eve the features

and advant ages.,of, -bRfedi%eRE ieRRrridal cbSrabOirebd ¥ @ Rkl ghhainduteve miaent i on be
limted to the enbodi ments shown an d described in detail herein. The

invention is onl limted the scope of the follow ng clains.
intemaX to the }uycr .ka’)(\‘{ P 9

An open cavity 42 is formed by layers 30-34 which define a cavity perimeter
15 35 and a bortom surface 40. The cavity 42 can be any suitable shapc. An
aperture 50 is shown formed in the fifth layer 30, i.e., which extends from
botrom 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. Alcernatively preformed layers having holes

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



6 Novenber 2003 -12 Wiat is clainmed as new and desired to be protected by
Letters Patent is: 1. A die support structure conprising: R

si dewal k extending fromsaid bottom said bottom and si dev@i‘ﬁghif ?E?g%l a
cavity, said bottom having an aperture th8rein, said aperture having a 5
smal l er perineter than said cavity, said sidewalls defining an upper die
support surface which has an opening therein, said bottomdefining a | ower

di e support surfagce, .and said [ [ I b Gatied SAHtHout
| ower die §H?f|5‘8'ret§(§ur1€é§cﬁo, %W@gi\@#%d %%@%F?ggfédgﬂ}igegeﬁggr support of
surface is adapted to support at |east one, dig; d 10 ...at surface of
sai d | over lidiiting thpseapenfthedwvensond dpesdvity @Hﬁ'@rlﬁ S%Edlt@é%‘f 88&@"" 61?1&)6(“355
withi-n said cavity. 2. The die support structure of claiml, wherein said

support st gf‘?ﬁ&&@midéhab@tbr GBI (Fesure 4)l secatedt inside thandavityedD.| ayreexemipilady
formsaid bottomand sidewalls. ;. The die support structure of claima1,

wh I [ t str.uct ) (V-9 h Af [ [
Suppor  SUFTEEEINS R e HoRtmD 45 “ORE AT LU HEerT SR PRSP Re R ©

wherein said conductive path is internal to said sidewalls.

: 5. .The (gl e
support 5st suicdhle eshape.c| Aipart8re WAeisebized 40dPrYAdR @ ik SERPO i rface A dbe
said sidewalls. 20 6. The die support structure of claim1, further

conpri sing 64 Gocthaet 501 a8 vard Nepeidieg &00Mhe- Himersiswmi of shppfirst
structure gg#%%ﬁ?ffacg. 7. The die suppogt stgucture of claim®6, further

i Si der, bal | d with saj [ t : A
Cam concucsonicaedunar sie e gretaiend Tt iiok ofdter R F bp @Rl ongfor

support structure has a cavity, said cavity being defined, by, .an _upper die
support suefeatricaiitonhedizon. ardt optmibagundesstedd thafneperture 50 is optional and is an

. exemplary way of providing an electrical contact path between the die 60 and structure

~ 10 100. |
o After support structure 100 is fabricated as shown in Figures 1 and 2, 2
| 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 ié 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 fofmed 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




a lower die support surface having an aperture therein, said aperture
having a smaller perineter than said ~ cavity, said cavi t%N&)éWEQEB&from
said opening to said 10 | ower die support syrface; and at | east one

sem conductor die secured, within said cavity, to a top surface of said

| ower di e support surface. 9. The sem conductor assenbly of claimS8,
wherein said support structure,further 4 B R hEder Qfeak a2 nat ed
| ayers. 15°¢H _o#ﬁgn&, "P‘r’i“égﬁ&ﬁ%?érc‘\gcéqlsag{n%rﬁﬁﬁgfm%?gie%"%émm%g#e?érﬁ sai d support
structure has a conductive path from said upper dje support surface to an
opposi ng sitisowgh s@irdirs GPporthe SUpPRA GEECTUEY ClePHEE é%l@é‘gﬁﬁﬁ’&i 65' a5 et y of
claiml10, wherein said conductive path is internal to said support

structure. B8 S5mCRRdueienaasseah ehbds radtmidaes, whdlecaticsai d
conductive b%g% |r§st$ 6 Noverrtger 2003 -14 external to said support

structure. 13. The sem conduct ar asse of ,cl.al i ah d. suppor t
structure H@’éeléF‘é"Eﬂf?%PCtééfﬁaéétE’ égéﬁgbeb)% & E%%p%ﬁswgéﬁ lf?lgqégg?%lom

surface. 14. The sem conductor assenbly of claim 13, further cor@ri'si ng
sol der bal lchaStizonnesbads distlosshiobvel anct shiowat inchighar ¢ 258 S8 FSMARY Of
sem conductor assenbly of claim8, wherein said at | east one sem conduct or

dieis a baardgnoflibhyiciilfnathiEng O 60R urkaicaResaiibt yreat 76Iabmdsd
wherein said at / éast one ‘a sem conductor die is electrically coupled to

sai d support structure. 10 17. The sem conductor assenbly of claim8,

wher ei n saiQn ¢ PRERM $F@CSahi conductor die is electrically coupled to said
support structure. 18. The sem conductor assenbly of claim 17, wherein said
at' | east one sem conductor die has at |east one wire bond extending from
saiid die to at Afasktroashdlest60 salleaintlyconacerdan HaisUPBAPFFHTCTHEr uct ur e.
-1 ~ 19. The sem conductor assenbly of claim 18, wherein said at |east one

w re bond nds fromsaid.af, | | &= Il tdaperd dirfice o said
at | east o%ﬁ&aesg{:?ﬁl@gﬁmggﬁ géttorgﬁezg(_)?g%p gﬁessteé lég%%gﬁez{tg%drj assgtnblryC T

conprising a die support structure wherein, sai ort.structure has a
: botrTom lang 20 dbvhd ﬂug)rl))ort structure 100 by connecuons d’o P exemplary E

embodiment 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 arfang'cd to align, with various electrical contact areas 84

which are in electrical communication through electrical vias 90 through layers
30-34 to electrical conract areas 76 on the structure bottom surface 37. Itis to
be understood thar the electrical contact areas between die 80 and the structure

- ~ ) e el 9 Az
bottom surface 37 could also be by external conductors on the sidewalls 22, 35

20 of the support structure 100.




6 Novenber 2003 -15 extending fromsaid bottom said bottom and sidewalls
ﬂef! ning a cavity, said bottom having an aperture therei Ng ﬁ%)e?nb%p%bééjr—e
aving a smaller perinmeter than said cavity, said sidewal I's defining an
upper die support surface which has an operning therein and said bottom
defining a | ower die support surface, said cavity extending fromthe 5
opening to said | ower die support surface, each of said upper and | ower die

one” seni conduct Bigter & Seavercerekeer raphodiel Bl A0 e APy iin

said | ower die support surface. 21. A senmiconductor assenbly cogfri%ingh 10
a di e supp@haterial 04 diasbeentiepesitedsiai cavityphlornd sperieetbang deaeath dig 0. shhg
cavity being defined by an upper die support surface which has an opening

avity bein | surfac . .
therein and 3ol @i¥iin flfeddiPROELn BUTdRCEeNNeiR maial adibly fexsemidonducior

t he openi ned1 ower support surface, said | ower support surface

ol o v appemblies. ahy eapsuRboR S EaH T e dad B BT bypa?

cavity, to a top surface of said | ower die support surface; at |east one
el ect ri gal fpanasetimh siratosnductoridic 80 asewstl asn® rranre dhelceedicienteolaferaig d
support structure; and at |east a portion of said sem conductor assenbly

encapsul at gd wbh 120, ENFARSILaE.of B9 Srhdlre AR, Tasentasulisionansisbodly

conpri si nge. rsupport structure wherein said structure has a

cavity, said 6 Novenber 2003 -16 cayjty, bel ef iLpeg by pPeL - Al
support sushioade CAMEGRS HASCIHEA oﬁ%?ﬁéa%*\eg%iq? g%dghe I‘ng\glpdllgq%&gpgé ti%&'t%er '
surface having an aperture therein, said aperture having a snmaller

peri net er tinstosd dhatame tepcasal afionapriocgssesqudd deryoken IS AP FgRhinGrstStami d
| ower di e support surface; at |east one sem conductor die secured, within

sal d cavi "o @xgagEs?pseﬁHé&?&ﬁt&f dsake is Queliredi 1 SlepgRIstuRUI0GCRd Befdrathe

| east one nauctor 'di e secured to an upper- surface of said upper die

suppor? susre.fcggcel ‘die 80 is secured.” And a second step after the second semiconductor die 80 is

secured to the structure 100. | After the 'encapsulatioﬁ material 94 is deposited,

addiﬁonal electrical contaét areas 92 can be added to the semiconductor assembly 110,

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 sihgulated 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 th¢ 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



23. The sem conductor assenbly . of clain122, wherein said at | east one 10
sem conduct or die secured to said upper die support surfa i hi chi p.
24. The sem conduct or assenbly of claim?22, wherein said gﬁ%@@&g%@h

sem conductor die is electrically coupled to said support structure. 2~ A
sem conductor assenbly conprising: a die support structure wherein said

structure has a cavity, sai.d cayvity,being 9,15 Ac hn@iy
suppor t sur?éﬁ?@ﬂﬁﬁﬂtéﬁgW§n&ﬂno%é%P¥%n§hér%eﬁ %b]ogﬁgﬁg& Ilgml?xﬁl?ngﬁggori s
surface having an aperture therein, said aperture having a smal.ler

perinet er tHewisgs srecanly ilinstredielotenam iR Y b‘fhl%hFHl %%am&% o said
| oner die support surface; at |east one sem conductor die secured, within

sal d cavi tchahﬁ'e?aﬂ@Q?vgﬂftﬁ%e%eonﬁc 2Qenabd. ITewetordhermisdpdnt tsuirffaseondsi d

die electrically coupled t© said structure; at |east one sem conductor die

secured to a top surface of said, upper_die s . e 12035 7
surf ace, sahﬂil@idéoépé(?flﬁi meyﬁééeg‘f)%%i“f%e%’&ﬁg‘?g‘g ?ﬁ%atd%ég;g&éﬁﬁéat Ieglsc’tn a
portion of said sem conductor assenbly is encapsulated with encapsul ation
materials 28.ov $itticdondtint eopass enbioflovonpcienhg: 5 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 | ower die
support surface having an aperture therein, said aperture having a smaller
perimeter than said cavity, said cavity extending fromsaid opening to said
| ower di e support surface; 10 at | east one board-on-chip secured, within
said cavity, to a top surface of said | ower die support surface, said
board-on-chip electrically coupled to said support structure; and at |east
oneiflip chip secured to a top surface of said upper die support surface,

.said flip chip electrically coupled to said support structure. 15 27. A
met hod of fabricating a die support structure for supporting nultiple dice



conprising the steps of prow iding a sem conductor support structure having
a top and bottom surface; providing a cavity in said Squgrcwéh%EPEMﬁ?’
said cavity being defined by an upper die support surface I ch has an
opening therein, side~.valls, and a | owei2di e 20 support surface connected
with said sidewalls, said cavity extending fromsaid opening to said | ower
di e support surface; and providing an aperture in said | ower die support

surface, sajd aperture e~ctendin r 5 m.t he support
structure @&att bﬁﬁgqua@élet%agcgpaﬁ%eg\;?tb?%@%?%dabéggﬁtﬁ%q’ﬁg{/ﬂ?Egg a. smaller
perimeter than said cavity. 28. The nethod of claim 27, wherein said
support structure conprises a plurality of |amnated |ayers. 5 29. The

met hod of bl ai mAXile stpparhstructeneROmPrRdngr ovi di ng a conductive path in said
support structure from said upper die support surface to the bottom surface

of said support, $tirbst dHEsideRallPetRhbRG Rbmf @idbogom, seid bomen i sidswattbl y
conprising the steps of: providing a die support structure havinj a top and

bottom surface; 10 pr.ovi di. cavity in_saj .S C Sl @G o
cavity bei llﬁégi%égv% %8%% rh*’tYinéé %gp%%ﬁgﬁ@?g%g’ m%@c%@%reaﬁéﬁgén?ng
therein, sidewalk, and a |lower die support surface connect e(% with said

si dewal § s, saallet pevinesterdihen saidmavityssaid sitewabls dsGning apBPPE Ee SHBPYT gurface
whereby said aperture has a smaller perineter than said cavity, and said

cavity exteqndi f he tRPRM, Ndid Boiaindddfnieg adlowverudipaubpsnrsuafzes, and
15 securi n‘gﬂgdthn?agaésrfggﬁghgem condut:t or dieto sgai d | ower die support

surface. 31. The nethod of. cl ai m 30. er.el J ; ;

seni conducad Cayy «;)ge%gxgg &g e %q%pg%%a?#ﬂ%@%e@ﬁggp %ﬁ%\&ﬁﬁ? & &er?ar t her
conprising the step of electrically coupling said at |east one .
sem conduct or da eog surfae dfsajdupner SUPRATE sRrsacesis agapted tRSHRRRM 8t leash ORedica

sem conductor assenbly conprising the steps of:
"and ’

16 _ atop surface of said lower die 's'upport surface is adapted to support at least one

~ die within said cavity.

2. The die support structure of claim 1, wherein said support structure further

comprises a plurality of laminated layers which form said bottom and sidewalls.

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




6 Novenber 2003 - 19 providing a die support structure having a top and
bottom surface; providing a cavity in said support struct I ity
bei ng defined by an upper die support surface which has a?@%‘é%egzt%ﬁgrei n,
si dewal k whi ch provi de said upper die suppart surface, and a |ower die
support surface, said cavity extending fromb5 said opening to said | ower
di e support surface; providing an aperture to said | ower die support
surface, said aperture extengi ng fromthe support structure bottom surface
to said ca9nsdd SRPATSFEFLLT BOVSDSHY S snal | er perimeter than said cavity;
securing at |east one sem conductor die to~said | ower die surface; and 10
securing at | east one sem conductor die tysaid upper die s&%port surface.
34. The neyhod Ghedliaisnp®t sishemes of elain Gafuttherstomprsisg wpkish pads senaseted
secured to said upper die support surface is a flip chip. 35. The nmethod of
claim 33, fupt i Si t steps of at |east partially encapsul ating
sai d suppthhs‘Jt}‘?uggég@a%éérﬁggnagga&suI ation material. 15 36. A nethod of
fabricating a support structure for supporting multiple dice conprising the
steps of: form ng sidewalls which extend.froma bottommal |, said sidewalk
connected 8o saiAdSHBICOBMNGIRT 2SSEROINPENFSB%er die support surface, said
bottom wal | having a |l ower die support surface, said sidewal k and .
bottomwgl | defi aidig sappayistryctiuos wherein sgidasigPostestiussangulzasor cayiey, said cayityl
bottommal | having an aperture wherein, said aperture having a smaller
perineter {ha d}?fng % vity. 6 Novenber 2003 -20 37. The nethod of claim
36, wher ei L&i S|8e |1s conprise a plurality of lamnated |ayers. /N N&y

/ Nt/ Ns} mi NO/ Nj z/ NO/ N/ N/ Nw@ = ' .
} 1 an upper die sup;lJ\léxg 51/1r ac'gz\ér%ﬁ/hlgg é.nN%péxl;lx%g therein; and

a lower die support surface having an apér_ture 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.

9. 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 suppbrt 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.

50 12. The semiconductor assembly of claim 10, wherein said conductive path is
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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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110% () - A& ah)apeérdtirdin; §4idQHertiye haBieSmMalden 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 asAsemb.ly comprising:

10 a die support structure wherein said sup'pc.)rt éiruc,ture has.a cavity, said éavity -
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 suppbrt 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



gxgm(%f@lo%&' ()-31  10%& ()- ! 109%& ()-

10944& () - TE} A?YNCS# 10% & 109%4& ()-F@ 10%4&
1 1094 () - 3! @A0Y@H@& () - f10%4& ()-F! sy10%iH& ()-E. xbc#\%%%%bcf&zoos
S+10%48 ()-  C(FULO%UCP" C& ()-f' 1094 ()-$8f. 10%4& ()- 4SY" 310%& ()- S
109%4& () - F8+, -. OXnbCS# 10% ~109%4& ()- 10H 10H 10H95g 109%4& ()- 3y3
10944& ()-3f31:110%4& ()-F . S10%4& () - 0@ SAEMbCSH# 10% s 10948 () - 3S

F109%4& () F@@lO%—l& f 109448’ Q¢
T b | crbs Beimpme ihe EDlraomaer SLersuPEOT o B8 PTIe Do R opsungdnacIant
n] T !dEnbCS# 10% y/10%& ()-Fys* 10%& ()-L (#10%1& () - Ff 940%%& () - G y#-

10948 () - &9bwiPAdSSuppofl subfags laiihg'dd' §pdrTee thaedn, 3amoa/p havirga gmaller
10H 10H 10H96 10%4&“?IJ L3 10%4& () - G]Yl 1094& ()- {" #Yﬁ%deEbCS# ;r(()%&

91:) (}AOZL«I&( ;) ?, ggﬁﬁ&%ﬁgg 6@9 %ﬁ;@a g%r@u@&fr?)ég@%@é;{e)ﬁ@m 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‘upp'er die support surface is a ﬂip. chip.

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

semiconductor die is electrically coupled to said support structure.

25. A semiconductor assembly cornpnsmg

a die support structure wherein said structure has a cavity, said cavity bexno '
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 eléctrically coupled to said structure;

at least one semiconductor die secured to a top surface of said upper die support
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A0%& () - Xeﬁﬁé@ %@‘%n(ﬁﬁp!r 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;

10 at least one board-on-chip 5ecured, within said cavity, to a iop surface of said

lower die support surface, said board-on-chip electrically coupled to said support
structure‘; 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 structﬁre.

15 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
20 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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support structure.

©30. A method of forming a semiconductor assembly comprising the steps of:
_ providing adie s;.Ipport structure havin'g,'7 a top and bottom surface; |
10 | - providing a cavity in said support stfucture, 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 t'o 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.

A method of forming a semiconductor assembly comprising the steps of:

(V8]
L¥3]
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6: 10944& () up@ridiesseppgrt 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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