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WD 2005/ 031865 PCT/ US2004/ 030993 ELECTRONI C PACKAGE

HAVI NG A FOLDED FLEXI BLE SUBSTRATE AND METHOD OF
WANOESABIRRI NG THE SAVE  BACKGROUND OF THE | NVERTT/ADS2004/030993
1). Field of the Invention 5 [0001] This invention

relates to an el ectroni c package of the type having a

mcr [ ' d tr '

0l e PREER O P ACKACR A NG HOEERED I RGBT Y
[S10B S]TRAT{QANBOM:ETH(DDSOF MLANGGFACTERING THE SAME
and on sem conductor 10 wafer substrates that are
subsequently "singulated" or "diced" into individual

m croel ectronic dies, each die carrying a respective
integrated circuit. Such a die may be extrenely thin,

' , and i b tl
BAYERJ bﬁw%&é@ﬁ'ﬁg@?r aan i s subsequently

nount e to a pac te for purposes of
structural integrity. The package substrate also has

1 cgg%acﬂ%ﬁs in the formof traces thereon, netal |ines
)t = as 15 therein to provide electric
i nterconnection to other devices, often other
[000R} eThistiedention eelates to analdefondt packugenifete tPpd hevinge
package substrate. [0003] In order to save space in X

: .3 kS Ofit ' t f han __one
migihebnotle 05 16, AEMLS Lok AARK RGP Rl
integrated circuits of the dies interconnected with

one another. Two dies can, for exanple, be mounted to

2) arg II Is%xi suhbs rtat e, and the flexible substrate be
“f Tt such that the dies are above

one another. [0004] A package substrate of the
[0082]or Ertegratesheiticudimare usuadly andryufacivired i gnd lov@miconductor

2005/ 031865 PCT/ US2004/ 030993
wafer substrates that are subsequently “singulated” or “diced” into individual
microelectronic dies, each die carrying a respective integrated circuit. Such a die
may be extremely thin, often less than 100 microns, and is subsequently mounted
to a package substrate for purposes of structural integrity. The package substrate
also has conductors in the form of traces thereon, metal lines therein, and/or vias
therein to provide electric interconnection to other devices, often other integrated

circuits or other dies mounted to the same package substrate.

[0003] In order to save space in x and y, it is often required to stack more than

-one die on top of one another in a z-direction, with integrated circuits of the dies

interconnected with one another. Two dies can, for example, be mounted to a
flexible substrate, and the flexible substrate be folded into positions such that the
dies are above one another.

[0004] A package substrate of the aforenientioned kind is usually uniformly
1
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flexible across its width. When one portion of the

package substrate is folded over another portion of

VR 3k§e substrate, a fold region may be cr @ETa$2eK4/030993
an undesired, even arbitrary area of the package
substrate. Folding of the substrate at undesired

J ..cau e to certai.n, conponents of the
e B8 o B A, VR G eh b B BEaeatsry et Bfoled
i nconsi stencies in bending fromone assenbly to the
oversnothahpetionssf the packagmsibstaite, eadoldivegien meayrbe created at an

packagi ng. Uncontrolled folding nmay also result in an

untledfs, eotn bbilthes hitla of theckinBdubstlagE F&Bl%iﬁg PR SGbstrate

[0005] Figures 4A-D illustrate one manner o orm ng
existing electroni,c 10 package. In Figure 4A two
at (G Ak fiaf 80 Sate 1B AR A ol of s nbotiate.
m croelectronic dies 312 to a flexible package
Bendipgtat arkitiy locations enaypiase iBddsigendiesat behdingrfromeone
m croel ectronic dies 310, the mcroelectronic dies

‘assg%%ﬂ% fehd hsit, Wheew ﬁlag reslasid ﬁ*fc&r%éf‘do%ﬁg@&%ﬁ?%cﬁdg :

as a protrusion 318 contacting a

02l B R Bl L e 290005t e

subsequently injection- nolded within remaini ng spaces
elededniogackagaii n the confines of the cover piece 316,
m croel ectronic dies 310, microelectronic dies 312,

[ooasyd F%@éé@ﬁ-ﬁ L Yo Jréarm 'i’ofrﬂfh@ ?%is@lélg%geeéﬁﬂ&ic

IS re ed, as Illustrated in Frgure

een _that t nol d caps 324 form square edges, 326
pagiageniy Brars A, furp migrbslesthenic diep 3 Drg gnewBiedagie two other

bet ween the edges 326. [0007] As illustrated in Figure
mictBelettrenicalies Hit to Dfieible paclkagbsabisteatel314f A dedett piece 316 is

pl ace a portion of the flexible substrate 314 carrying

loc&R8 Rer lﬂﬁrﬂ@r%%gtrrﬁg.gcr &k 810 4hE ﬁgiﬁ.é&%t?ch\ﬁg{nig PR 3188l he

the flexible su e carrying

ﬂex%l%rs% lsg'g’gerB%QE % cover piece 316 has a protrusion 318 contacting a fold
portion 320 of the flexible substrate 314.

J0006] As illustrated in Figure 4B, mold caps 324 are subsequently injecﬁon—
molded within remaining spaces defined within the confines of the cover piece
316, microelectronic dies 310, ﬁﬁcroelectronic dies 312, and flexible substrate 314.
When the cover piece 316 is removed, as illustrated in Figure 4C, it can be seen
that the mold caps 324 form square edges 326 facing one another, with the fold
portion 320 between the edges 326.

[0007] As illustrated in Figure 4D, the fold portion 320 is subsequently folded to

- place a portion of the flexible substrate 314 carrying one of the microelectronic

dies 310-over a portion of the flexible substrate carrying the other microelectronic

2
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WO 2005/ 031865 PCTI US2004/ 030993 di e 310. Fol di ng of

the fold portion 320 is not controlled, and is not
WO81sa8wme8 from one package to the next. [ 0008]T/US2004/030993
[ 0009] BRI EF DESCRI PTION OF THE DRAW NGS 5 [0010] The
invention is described by way of exanples with

. I8hen e t h acg Lng dr aw , erein: .,
i B FE Mg o7 £h ol I ER S TR doB AT i g conststent
portion of a flexible substrate and a mcroelectronic
from} enepaclingeltethe nexic package, together with a
shape-defining piece and a cover piece used to
[oooginst ruct the el ectronic package; 10 [0012] Figure 1B
is aviewsimlar to Figure 1, after the cover pieces

[ [ , and a nold cap
[00gor", ﬁg@f@gg@gﬁ@@ﬁcﬁﬁﬁﬁ PW%W mol ded  wi t hi n
remai ni ng spaces defined by other conponents of the
el ectroni c package, the shape-defining piece, and the
00y eFhe iretsationde tsjcrtieglivewag of exampleswithmefarentoto the
Figure 1B, after the cover piece is renoved; 15

acch: u{'gmn B wherayl ew simlar to Figure 1C after
e shape-defining piece is renoved and an adhesive

th
R HEN LIRSS LRGSR -

flexible substrate is folded around the nold cap,
andw phicreelasbionpodiei afendledttumit pedidgeptopetisdmetth amlﬁgapLdainmg
2

around a curved convex surface of the nold cap;
iede0PA cbi@YSiBee fisd BioPeof] {HE ? Q}F}{%JE'
P showi ng th 1eﬁti?e el g\éitsrﬁ)gﬁftg{géalgéhéarggf h 17] Figure
I S..a _pe ectjve view of_ the el ectronic assenbl
[0(]1%}]'t ﬁﬁgﬂ:@e 121?@35 Bie\év sgufalrv to Figure 1, after the cover ?)Si’eces a%e placed on
the flexible substrate, and a mold cap of the electronic package is injection-molded

within remaining spaces defined by other components of the electronic package,

‘the shape-defining piece, and the cover piece;

[0013] Figure 1Cis a view similar to Figure 1B, after the cover piece is removed;
[0014] Figure 1D is a view similar to Figure 1C, after the shape-defining piece is

removed and an adhesive is applied within a recess of the mold cap;

- [0015]  Figure 1E is a view similar to Figure 1D, after the flexible substrate is

folded around the mold cap, with a fold portion of the flexible substrate wrapping
around a curved convex surface of the mold cap;

[0016] Figure 1F is a view similar to Figure 1E, showing the entire electronic

assembly;

[0017] Figure 2 is a perspective view of the electronic assembly with the flexible

3
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WD 2005/ 031865 PCTI US2004/ 030993 substrate shown in

expl oded form and before being fol ded; [0018] Figure

B2 2085103186 0ss- sect i onal side view of conponent BCTAIS2004/030993
el ectronic package, together with two shape-defining

pi eces and a cover piece used to construct the

. ¢ -pack ccor dj t 0. anot nbodi nent of
sl O B Bk R Dt B uBRg Bl ST i Tar co
Figure 3A, after the cover piece is placed on a
IOOiBﬁ x Figredbis a enoes-sectionel side siew i copguimpts ofanieleayonic
nol d caps are injection- nolded, each over a

adl@@pERigetieer iy ith eRboebihpedictintiepRb ! |
P pagsage; [r0020] Fi gu?e §C isgeg v?%ﬂ?ﬁﬁgﬁ?gggsggfg

cor T B CiebBSas T e ot R paiher FPaR P b e
3C, illustrating the entire electronic package after

InveREOR exi bl e substrate is folded and a fold portion
t hereof wraps around curved convex surfaces of both

0019 dF i , . . . .

O e DB e SAHAAHghte SAPARSIIRREE Pcels faced on
no C t hereqn, .accor.ding to th rior_art; [0Q23] .

aﬂ%’.‘%fﬁ Sprate oL A lGCiEenic parkags, and e mald catiserre dpjgetion-
nol d caps are injection-nolded over mcroel ectronic

moliless each otrer @iespecive mipacleagenid die > théelpatrenitGackage;
view simlar to Figure 4B, after the cover piece is

[00ZCMONiBtkre 3ENE adfew QAT gd ﬁ%ﬁf%gﬁ), éf%erachg ictSﬁéelséﬁgl kRipd-©

Fi'gure 4C, after a flexible“substrate ©
el.ectronic %acka e,is folded. 4 WO 2005/ 031865
Hyao%ed;

defining pissn ar
[0021] Figure 3D is a view similar to Figure 3C, illustrating the entire electronic

package after the flexible substrate is folded and a fold portion thereof wraps
around curved convex surfaces of both mold caps;

[0022] TFigure 4A is a cross-sectional side view of components of an electronic
package with a mold cap thereon, according to the prior art;

[0023] Figure 4B is a view similar to Figure 4A, after two mold caps are

injection-molded over microelectronic dies of the electronic package;

- [0024] Figure 4C is a view similar to Figure 4B, after the cover piece is removed;

and
[0025] Tigure 4D is a view similar to Figure 4C, after a flexible substrate of the

electronic package is folded.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0026] An

el ectroni c package is provided and its nethod of

Wwoneeyasessson. A microel ectronic the i s nmount eBCTWS2004/030993

flexible substrate. A nold cap is injection- nolded

over the die. The nold cap has a curved convex edge

' ' substrate w aps.

[ﬂégﬁﬁﬁﬁgI@%ﬁﬁﬂ@“apﬁﬂ¢ﬁﬁg&€E%é%ﬁﬁfﬁsﬁ% controlled by

the edge surface to reduce defects, ensure consistent

fornfactor fromone package to the next, and all ow
[0026] tAreelenirbnid packege & providddvaid) its @ assthod of cgnstuniction. A

pl ane. [0027] Figure 1A of the acconpanylng dr awi ngs

f jal

mibldel /ot E8i R TRANREH To AfcAibId SuAELEA A 1 BED §@iicdsion

el ectronic package |nc u ng a
et her wi.th nol di ng

r
m@@%sx%% ol Ef raﬁa}rérea comyex flgasuttace around
shape- defi ni ng pi ece 16 [0028] The flexible substrate

which Hesflénibkt sudsttateemaps. Foldingrof the fleribl® Substchta is f@itdolled
portion 22 between the first and second portions 18

by Bedde shi?ged ’Joel])él:lgk@def@tssémfr @Bﬁs ok Eﬁr‘cfrcﬁﬁro%e

of fi®xible dielectiric materi a conductors in
formof netal planes,_netal Ilnes and vias formed in

package 4 thnBexy ahil Blgwor ghe mchepon of paeliivelyalesiiens greund

the 12 is mounted to the first portion 18 of the
plahkexi bl e substrate 10. The microelectronic die 12 has
an integrated circuit forned therein, and is

008Y e oF AR e B E 1AH pfis of a
m roe ectrqonic the 12_is connected to the termnals
ydakrieated iddpcironimpackage, inoludingaflexiblaiskbstsetediOrmnd a

W res 24, each wire bonding wwre 24 having one end
miczoeleetbait die 12, tpetiagtwith nildupesmponéme endhdiiea 8oV piece

2005/ 031865 PCT/ US2004/ 030993
14 and a shape-defining piece 16.
[0028] The flexible substrate 10 has first and second portions 18 and 20 and a
fold portion 22 between the first and second portions 18 and 20. The flexible
substrate 10 includes a core of flexible dielectric material and conductors in the
form of metal planes, metal lines, and vias formed in and on the flexible core.
[0029] The microelectronic die 12 is mounted to the first portion 18 of the flexible
substrate 10. The microelectronic die 12 has an integrated circuit formed therein,
and is electrically connected to terminals on the flexible substrate 10, In the
present embodiment, the microelectronic die 12 is connected to the terminals of

the flexible substrate 10 by way of wire bonding wires 24, each wire bonding wire

24 having one end connected to a contact on an upper surface of the
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m croel ectronic the 12 and an opposi ng end connect ed

to atermnal on the flexible substrate 10. [0030]
wWie2085e33865def i ni ng piece 16 is placed on the f®CwUS2004/030993
portion 22, toward the left of the fold portion 22.

The shape-defining piece 16 has a height 25 and a 5

W . Lhe,.shape-definin jece 16 further .has a )
it elic A1 GF Fa SEP BB GiiRebRd Pl bFmigateort the flexible

m croel ectronic die 12. The curved concave surface 28
sulesierte 18] i ght | y bel ow an upper surface 30 of the

shape-defining piece 16, so that the shape-defining

[0030P C ThbGhAPS-ciniiPpleck 86 is SIS 34 the mdlaﬁ,élﬁjo&@z, fward the

The curved concave surface 28 extends a e way to

r.surface of .t he shape-definj 10, pi ece_16,
tefof QWIPIE RN 72 kel red s iR die sl elies & hBlehb gz And o
surface 36 neet at a relatively sharp edge 38 on the
widlthe26. bTke shdyst-defimingpiededlfFiirtherdas avanrved eorcave draface 28
an overall height 42 as nmeasured from an upper

facitlf JeBC@witd iBe ik RYMctiiid t&ﬁeglz‘l %@&Iﬁ@ﬁcoﬁﬁw}é ssrl%réace 28 ends

surface 48 is machined in cover piece
ed, wit he first _surface

Ir

i)

. i 14 | il
* stigjglsthelbu upper fusfage Bhofthe shane-geting piessilise tiat the

substrate 10. The first surface 48 i s above the | ower

shaperdefiing pitge 6 s aghupper lefiGeipz]|32Avith adrdght 34, dliee H2rved
is machined into the cover piece 14 and is illustrated

' = iy ' : oRck: .

coFSeioE PpRchE RO 1B 36 o BEnSARR i

. Sa as.the width 26 of the shape-defining piece 16.

plegg) L5 %@E@Fﬁf‘@ﬁ?@ selcays %faﬁﬁaﬁiaﬁgothﬁ Wenhsugage fpmeet at a
which is approximately the same as the height 25 of

relathely blaqg- etbfd 38 oy thp fedblkGubsAaR3]0.Because t he second
surface 52 is machi ned nore deeply than the first

[Oﬂ?ﬂ;f Ié(? gﬁ'tfser 5(%1@%{] % j{n%seﬁh g%/%%a?rﬁegéﬁtaiz By alt] fp%va\%e&pper

surface 44 to a lower surface 46 thereof. A first surface 48 is machined in the

cover piece 14. The cover piece 14 is illustrated with the first surface 48 above the

- first portion 18 of the flexible substrate 10. The first surface 48 is above the lower

surface 46 by a height 50.

[0032] A second surface 52 is machined into the cover piece 14 and is illustrated
.directly above the shape-defining piece 16, The second surface 52 has a width 54
which is approximately the same as the width 26 of the shape-defining piece 16.
The second surface 52 is machined to a height 56 which is approximately the same
as the height 25 of the shape-defining piece 16. |

[0033] Because the second surface 52 is machined more deeply than the first

surface 48, there is a differential height 60 between the height 56 and the height

8
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WD 2005/ 031865 PCT/ US2004/ 030993 50. The differenti al
height 60 is nore than the height 34 of the upper left
wageosgni1s6sf t he shape-defining piece 16. [ 0034PCAWS2004/030993
injection port 62 is formed into the cover piece 14.

In the present exanple, the injection port 62 is

f fro e r surface 44.to.t first 5
50, Sh Bt tal R BPREframols 358 dis refagu B8 onthg upwen feft cdge 22
illustrates the conponents of Figure 1A after the
of de\sbappidefining pidce 16| aced on the flexible substrate 10
and the shape-defining piece 16, and a nold cap 64 is
0034} €A ERl ' id B b
R oy e B PR3 4 Jh g Bl
piece. 14 .and shape-defi ni iece 16. 10 Wen .
ex E'aﬁ%aﬂ}er@q@iﬂ@arr&g? %%l%ﬁr?amf%%rg%tﬁe HPP6E suefase fhin thefirst
portion of the cover piece 14 having the second

surganef4Sodf the cbverspieveld.t he shape-defining piece 16
because the width 54 of the second surface 52 is

0 I Pl l: ' .
O B 1 B hubtiicl M cditnblents Ml d et coweg pece 14
. _cover piece 14 is slightly below the upper |eft edge
18 P§¥e§f°rf the %‘al@-%@ﬂfﬁt Frdthe Fepsedefiiiag piece®, and a mold
differential height 60 is nore than the height 34. The
capf64ris tinjedtetlanel #8nies! isrthe edmatrin gm Acdlpgtrechiltht #ekilQé
the mcroelectronic die 12. [00 6? Aliquidresinis
all -her. i 4y Welsh The i
subbBRBG Bttt B E0PERRELL AR iR 8 Pepicce 16
nicroelegtrgnic die 12, areas of the first portion 18
WhgpcogmpametigyrentA mne o ivean omseendhat the partiencefithe gover
concave 20 surface 28 of the shape-defining piece 16,

piecntt hiveingithe becuid antact®?2 o vee Bidblape-ddiping pissd TP
that it solidifies. [0037] As illustrated in Figure

; e ' y ently.remgved. A
becise SIS BN S df R R S B PR T AR i R s s e
.70 is formed in the nold
width 26 of the shape-defining piece 16. The first surface 48 of the cover piece 14

£

is slightly below the upper left edge 32 of the shape-defining piece 16 because the
differential height 60 is more than the height 34. The first surface 48 is spaced
from an upper surface of the microelectronic die 12.

[0036] A liquid resin is injected through the injection port 62. The resin comes
into contact and fills a space defined by the microelectronic die 12, areas of the

first portion 18 not covered by the microelectronic die 12, the curved concave

 surface 28 of the shape-defining piece 16, and the first surface 48. The resin is

* then cured so that it solidifies.

[0037] As fllustrated in Figure 1C, the cover piece 14 is subsequently removed.

A recess 66 having an upper surface 68 and side surfaces 70 is formed in the mold -

7
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7 WD 2005/ 031865 PCT/ US2004/ 030993 cap 64 because the
first surface (48 in Figure 1A) is |lower than the

W Reas/0phs edge (32 in Figure 1A). [0038] As PCT/US2004/030993
illustrated in Figure 1D, the shape-defining piece (16

of Figure 1C) is subsequently renoved, and an

a sive layer 72 jis t.ached to t.he nold cap 64.
o bRt Se B b s%@g%&{s pE b uppegfeft edge
edge thereof. The curved convex surface 74 has the
(32éniigutedd. as the curved concave surface of the shape-
defining piece (28 and 16 in Figure 1A). The adhesive

[oo!%/ °hs TRudtatb@y o171, the Eﬁﬁ)é—&&ﬁéﬁ?{éﬁg?é A6 drHEre 1C) is

so that an upper surface 76 t
subst anti al | t the nmg height as a termnatin
subgaguently femovash pud %ﬂ%@“@ﬁ@yg"c@ 1 ptiached Go tog mold cap 64.
Referring to Figure 1E, the flexible substrate 10 is
Theuiedd qae bf hys haldeed tonvex sirfaee i an aB@dgeatisrof hEheelithed
cap 64. An inner surface of the fold portion 22 waps

cong*gg 'é’_q_;?faé@% R ﬁ‘?edsagl?@%bzegéé{ﬂgé %ﬁIJeAd 951‘1(%@8 sﬁ?ﬂag% g?ﬁle shape-

he second portion osi t1oned ove
at.t ached t adhesive layer 72. A desired portion

defBing pice (g d6dn Grinsid)s §headliesre ayer 72isdpemsd within
ot her portions remain 15 substantially flat. By

the peese (6 inFFigotedll @ so thatmesppaduafaads thersd s substantially at
certain conponents of the flexible substrate 10 can

f ted. , FuE | PGk edefi
the Ig%:ggt [ Y S arg%stﬁ'%%}ﬁ{%% %@Egl es Clig(";rlggr}faslqJ %"ga"fq ?g‘m one
ectronic package to the next, which leads to .

[00fhgC Bt eee TB qheckitls stbs e dgh Agbsequently folded in

Controlled folding also results in a consistent

a difentivha8f arouhd ahe eneldadapadd A enri? spafkaoe thofdld PogAh 22
[0040] Figure 1F illustrates the entire electrofic

398 L8 | Q. AN T 4 are, | oc on
wra@ ?%1IE ere n?ge o ges.E 85%3 9\{3 g%g %f%eog%sgfc%ﬂ%ﬁ?ﬁd (i‘ﬂpeglg’ g’fh%aegcggd

f the flexible
port?on 20 is positioned over and attached to the adhesive layer 72. A desired

portion of the flexible substrate 10 is thus bent, whereas other portions remain
substantially ﬂét. By preventing folding in undesired areas, damage to certain
components of the flexible substrate 10 can be prevented. Furthermore, bendir;g
at predefined locations results in consistencies in bending from one electronic-
package to the next, which leads to desired and corrected downstream packaging.
Controlled folding also results in a consistent formfactor from one electronic
package to the next.

[0040] Figure IF illustrates the entire electronic package 82. Wire bonding wires

24 are located on different sides of the microelectronic die 12. Edges of the flexible

substrate 10 that originally opposed one another-are now located in line above one

8
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" thin met

substrate 10 that originally opposed one another-are

now | ocated in Iine above one 8 WO 2005/ 031865
WOROHB®S/ 030993 another and in line wth anPelgs2@H/030993
the nold cap 64. [0041] Figure 2 illustrates further
conponents of the el ectronic package 82 before being

. el egctronj c ka 82, in addition to the
m%ﬁteg?’gﬁdelggﬁ}gsﬁ 8 e%ﬁﬁepﬁcﬁldrﬁagﬁgel ectronic die 12,
further includes a plurality of conductive 5
[004{ e Higrmeckillustratasfoather gampandntsef the eldreoniapadldge 82 before
second mcroelectronic die 86. A core of the flexible

beighfotded. eTH elestranit! }%Zékﬁ!g@SiﬁM%Hdﬁ?oﬁngftg}eﬁeﬁﬂie?%ﬂﬂﬁte 10

an insulator. First "and Second thin ayer

2.ar or neq. er ., and, | ower surfaces of the
anft e Pfie@efod@iEaie s, SRR 1pefiites Riluality cheonrtruyer s
90 and 92 are initially formed over the | ength and
intgragnneeiion nenibars Bl and meyr fusther Tindude atskcondretiatoelectronic
| ayer 90 is then patterned so that areas are renoved

dieBB] ACBLS 0P Ffexible RELEGARA 0G0 g%@e ?ﬁaérseg %g 8&@@& gg Pﬁgamde,

remai n behind. [0042] A first
thin netal

over the_remainin ortions qof the first

an P&%}’é&}t"&of“ﬁ&aézfgsefgﬁa&iﬂff A tallnyers 98w 2 arertosmed an upper
sel ectively renoved in an etching process, to expose

and hewemitrfares of theflexible Ihiyerss, rbipectietisl Thayidin 98stalllayers 90
[0043] Arelatively resilient ground netal |ayer 102

and 92 hREMIPAIRS RANA Sty q&g‘%ﬂf t '
| ayer 92. second&gol gr sl?'n O‘&ﬁ@%ggﬁggggieﬂin? 1[5?5958' The
.for on exppsed surfaces of the ground netal | ayer
thin, gaelalayer A Sdhrn pafisrnest 49 thaperman gde 16B0vaR andeathimreas,
m croel ectronic die 86 can be connected by way of wre
inchuolidg ngniaictseX driBtrtibes@e bemam bgtenidngs 106 in the
second sol der nmask 104 and 20 openings in the ground

0OPF, 85703 5500, P T g v

.conductive. j ntercaonnection nenbers 84
elxﬁayer 90. Areas 100 of the first solder mask 98 are selectively removed

in an etching process, to expose the contacts 94 of the first thin metal layer 90.
[0043] A relatively resilient ground metal layer 102 is then plated on a surface of
the second thin metal layer 92. A second solder mask 104 is subsequently formed
on exposed surfaces of the ground metal layer 102, and patterned to form
openings 106. The second microelectronic die 86 can be connected by way of wire
bonding wires 108 through the openings 106 in the second solder mask 104 aﬁd
openings in the ground met;l layer 102, the second metal layer 92, and the flexible
layer 88 to some of the contacts 94. The conductive interconnection members 84
are connected in a similar manner through vias 110 to some of the contacts 94. In

such a manner, the microelectronic dies 12 and 86 can be interconnected to one

g
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are connected in a simlar manner through vias 110 to

sone of the contacts 94. In such a nmanner, the
WDEPH3E856r oni ¢ di es 12 and 86 can be i nt er conRETUSLH04/030993
to one 9 WO 2005/ 031865 PCT/ US2004/ 030993 anot her and

to the conductive interconnection nmenbers 84. Signals

rovided t hrough .the conductjve
anfs b3 B e Bl con en@mbes 44 Sieonls condias be
m croel ectronic dies 12 and 86, and the
Prowided dhussighchi conilustiveirdentofiection inembeos 8 no eftheodr both of
Wi th one another. 5 [0044] The inclusion of the ground

themi@abeleayehic Hies DY N @@ﬁ&]&&ﬂt&b@@&ﬁ& cﬁéé ) 8nd 86 are in

substrate 10 with a certain anount of resiliency
te to reskst bending of the flexible substrate 10.
corg C%gatfo&ﬁrémeaq Hending tends to create a large
curvature when an attenpt is nade to bend the flexible
[00d4) s The inclugipn iof hegrburet metaldayerd 02 mowldesitbk dtherwise
regi on. The shaped curved convex surface of the nold
flexiBle skdbstdte AWithah tebtedih i imt ' i
the flexible sbbstra%agh%%‘,{ ev?ﬁf&?ﬁ%@%ﬁlg&%%rﬂdﬁ%ggéﬁt
| ayer .102.i s, i ncluded. [0045] Figures 3A-D jllustrate
be‘%‘ﬁ‘ég %ﬁlﬁ %‘?,’i‘hieé“lnl}’Pga’F? ]ed e‘g! esistandedgdending tendsitpsreate a
and second m croel ectronic dies 212 and 286
largesapwetire svlernanattentpo s tiadle t6 dend thelfexibl@subettak dedinstead
flexible substrate 210. In the present exanple, the 15
of Bl PBIEIINBRKAGS. "PhU RS, GO L. gl 85, 220
and 2%2, tgg whic t*gﬁlgn croeg ect ?g%ﬁ%\rf%f%érfgiezogﬁxgmoldcap
28 r.e Lespectively ted. Wre bonding wires 224
(74 B SRR PP i) FURBs RoUing of tes Hoblaswbipse Acwend! the
m croel ectronic dies 220 and 222 to the flexible

groyndsnetat by2d 1002 fsGAdadeddi t h specific reference to
Figure 3A, two shape-defining pieces 216A and 20 216B

[0045) € I*iggt@g %%\.igmﬁﬁégi;ed&ﬁ%gﬁlgﬁc%gg bl drd ip%l:l?age having

subst I rst an

=

first and second microelectronic dies 212 and 286 respectively mounted on the
same side of an unfolded flexible substrate 210. In the present example, the
electronic package includes microelectronic dies 220 and 222, to which the
microelectronic dies 212 and 286 are respectively mounted. Wire bonding wires
224 connect the micfoelectronic dies 212 and 286 and the microele#:tronic dies 220
and 222 to the flexible substrate 210.

[0046] With specific reference to Figure 34, two shape—c;lefirljng pieces 216A and
2168 are located on a fold portion 260 of the flexible substrate 210. The first and
second microelectronic dies 212 and 286 are located on first and second portions,
;:espectively, on opposing sides of the fold portion 260. A cover piece 214 has.a

protrusion 250 which is approkima’cely as high as the shape-defining pieces 216A
) 10 '
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15

20

second m croel ectronic dies 212 and 286 are | ocated on
first and second portions, respectively, on opposing
WiO9as5/¢F1865She fol d portion 260. A cover piece 2PETINE008/030993
protrusi on 250 which is approximately as high as the
shape-defining pieces 216A 10 WO 2005/ 031865

)/ [ 0309 nd 216B, .and, has width that js
and 6B AR ot vatuiBl b fmerti ety fudl b Spaes in between the
shage-.d.efi ni ng pi eces 216A and 216B. [0047] Wth

shapasdefining pireasd64 ansl Z1Gfure 3B, the cover piece 214
is noved so that the protrusion 250 is inserted
[0042] Wethis @ciﬁb@ﬁ@réiﬁteita'ﬁgmaisgg ,
and remai ir?i ng areas ove he m g.r?eoe ectp?%%%lh(?‘igé%o‘geﬁsomat

injectipn . nolde | th .d caps 240. As
theAbARRR o8 bt Beclfeenifie Sham Aok inecbiass i and 2168,
hape-defining pieces 216A and 216B are subsequently
and sepgolUng Trraseved theapécrogdtrhaicadies 212 and 0B axe injection-
surfaces 274. The curved convex surfaces 274 each form

moddbtd WAL ¥apss HI0ArA i & : 05575661 |

wher eas the c%@ved cosﬁ%%%&fgecgia{?gglée %g’ {li-{el cajgfte?gf%c&%qﬁ and
Ei .1D for praoxj.nately sem -circle in cross-

Sha?&%ﬁ .gwﬁg?l%&aeﬁﬁlﬁg gt spbgpguentp removedh sthamold caps
| ayer 230 is applied to one of the nold caps 240, and

240they ertrded oonvaxsuzfien 274.hEhé basidd ®rseRstEfces 24edch form
folded to place the second mcroelectronic die 286

T AL L Ry .

the fl eXibl’e substrate 2

(o] rtign.260. w agps_around the curved convex
8“1‘%\5? ?’ 4 g‘ggstﬁa%ﬁd o Elz%&rﬁ %ﬁ%fqaﬂmrema@tm s¢migircle in cross-
certain exenpl ary enbodi nents have been descri bed and

sectitiown in the acconpanying drawings, it is to be
under st ood t hat such enbodi nents are nerely

[00: |8'r|] l/ gﬁ%fié%%r;ig’ g)n @tg.ﬁé;?bt %ﬁé&ﬁbsﬁ% YiePh3h ?sea];?p LEELS one of the
mold caps 240, and the fold portion 260 of the flexible substrate 210 is folded to
place the second microelectronic die 286 over the first microelectronic die 212.
Folding of the flexible substrate 210 is controlled because the fold portion 260
wraps around the curved convex surfaces 274 of both mold caps 240.

[0049] While certain exemplary embodiments have been described and shown in
the accompanying drawings, it is to be understood that such embodiments are
1ﬁere1y illustrative and not restrictive of the current invention, and. that this

invention is not restricted to the specific constructions and arrangements shown

and described since modifications may occur to those ordinarily skilled in the art.

11




20 invention is not restricted to the specific
constructions and arrangenents shown and descri bed
since nodifications may oc¢zir to those ordinarily
skilled in the art. 11 12 WHAT IS CLAIMED: 1 An
tranl ¢ package, conprising: a substrate having
WHAT I§|bﬁét"‘"a§| 0 second portions and a fold portion between
the first and second portions; a first mcroeletronic
die mounted to the first portion; a second
1. Amelectrenis prackage, eirapisingt ed to the second portion; a
first nold cap over the first mcroel ectronic die and
a stitsticite tiavingtfirst And sécqr portions ahdi@ oid portionbdtwegn the first
arftbsdddadddriidizd; curved surface at an edge thereof; a
second nold cap over the second microel ectronic die

a ﬁf‘%gn‘ﬁérﬁéf‘elﬂ%ﬂiééﬁetrﬁ&nl%@%g%sﬁ% gbﬂﬁm't he second ol d

cap having a second curve ce at an edge
hereof, .t fol.d portio [ artially w apped

2 SRR ored e dnC i Pkt .88 S2Rb¢ Bardert! 1Y ar ound

1ﬁj_he Sf(fond curved surface to place the second portion
a iygbmolq grp prestine st ngoelgciranie dig apd adacheq i hedirsbportion,
the figgt mald caphaying 2 dirg usyashsurfaceddledn odoe tareoln t he

first nold cap, the second nold cap being attached to
a sdwenddheldi cap dwrdhe sécoifd miaioetsctroniccdiparklaaftmobid ¢b den
setonavpertioin) thehsetond mad dap ¢ewitd & vev@tt survedcasface at an edge

thérebf tthy fdl@ prtforc BEhY PRtSIyoMappkdRolin® Md fivet Eufel surface
Bon BN

andPdrtifly drBuh8ehe 88 HQUrface to place the second portion over
the first portion. .
2. The electronic package of claim 1, further comprising an adhesive layer on the first

mold cap, the second mold cap being attached to the adhesive layer.

3. The electronic package of claim 1, wherein the first and second curved surfaces
jointly form a continuous curvature from the first portion to the second portion.




