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HAVI NG A FOLDED FLEXI BLE SUBSTRATE AND METHOD OF
WORNSFEAGEURI NG THE SAME BACKGROUND OF THE | NVERTT/DS2)/030993

Field of the Invention 5 [0001] This invention rel ates

to an el ectronic package of the type having a

m | ectronic dj 0 t i n
ol det Bt ORI ALK G PRVIR G A SOREEDLEE B BLE
s[t@ﬁgfmAﬁfEegNDeMErmU OFENEANUENCTURING THESAME
and on sem conduct or 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,

S ' , and is subsequent|
BA(#%EE?%hﬁﬁ%Gkgﬁgﬁﬁggﬁﬁhiﬁﬁgfrate for purpoges ofy
structural integrity. The package substrate also has
conductors in the formof traces thereon, netal |ines
1). tHieldedfrthe dmvgrdiorvi as 15 therein to provide electric
i nterconnection to other devices, often other
000"t TR QEntibh HEIdStoUNn AERBSNilIpaSkABUGK ¢ t)Pe baQiradTe
5 1 pgc kage subst?é?e [0003] In orgﬁr to savetgpace |n X
fen uire ack re than
micgpfecionioiegritsires gr%ﬂmp ol L EeEony haRage
integrated circuits of the dies interconnected with
one another. Two dies can, for exanple, be nounted to
a 20 flexible sub strate, and the flexible substrate be
JIS s B484 Pdhs such that the dies are above
one another [ 0004] A package substrate of the
[000a] ofleteeritedradults age isualjumbahyfachifeorindand oMEemiconductor
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10  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
15  therein to provide electric interconnection to other devices, often other integrated
circuits or other dies mounted to the same package substrate.
[0003] Inorder 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
20 flexible substrate, and the flexible substrate be folded into positions such that the
dies are above one another.

[0004] A package substrate of the aforementioned 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
woheospacicage substrate, a fold region nmay be creatsznoan3oss
an undesired, even arbitrary area of the package
substrate. Folding of the substrate at undesired

areas m ge to cer onen s of t
flexibfagpsh g Wil ‘gﬁﬁa e mrﬁppré}rtﬁe P8 SHRYE tedded

i nconsi stencies in bending from one assenbl y to the
overendthemporttonnefthe gmukage substade, raefold degina tmepbe created at an

packagi ng. Uncont roI |l ed folding nmay also result in an

undF%igéﬁg %\q a{rﬁ%ﬁ‘ ﬁﬁ yé%kcfi d@lpstehe CFB%Q ]QP AEkaSrate

igures 4 rat one nmanner ornlng
existing electro 10 package. In Figure 4A,
at undlestise) AERT BHYCAUSE @ameép S B GBP NS e Tot apstTate

m croel ectronic dies 312 to a fl exi bl e package
Bendimlgsitraabigrads docations rriy paeseanddifsistencibe rabeddingdromhmme
m croel ectronic dies 310, the mcroel ectronic dies

assegill’cgy t@ﬂge ﬁg?c }Nthllljcgli(fgﬁlygfgﬁlk@% re%il éow}ﬂf?rgﬁﬁq pgéﬁl&g’ﬁ‘fgf

a pro con |ng a
320 of the fl exi ble substrate 314 15 [ 0006]

Uncpnirgled felding mapi ajep eesyl ingps) andegiieddpamigeior of the final
subsequently injection- nolded wthin remaining spaces

elecBehiedkabé.nin the confines of the cover piece 316,
m croel ectronic dies 310, microelectronic dies 312,

df te 3

oo P BB b RS B
seen that the nold caps 324 form square edges 326

packagei g Figiereddfotter migioelectraaic dieg 31@@rqj@s>m%¢d giEgtwo other

bet ween the edges 326. [0007] As illustrated in Figure
micrbelectidid @led 30216 haexAAQ Ipa&ké%ébeﬁﬂﬁﬁﬁf@ 3.7 Qlcdeer piece 316 is
exi b

place a portion of the f e substrate 314 carrying

locafe}ggqur JEZIQ %qug}fée{]] o LSSt (rgl? | %Oyﬁﬁﬁcﬁée 0%5 hiciBe 512 U d%he
ﬂexirglecsrlfbesltri%é gféﬂl "_lghe2 cover piece 316 has a protrusion 318 contacting a fold
portion 320 of the flexible substrate 314.

[0006] As illustrated in Figure 4B, mold caps 324 are subsequently injection-
molded within remaining spaces defined within the confines of the cover piece
316, microelectronic dies 310, microelectronic 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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WD 2005/ 031865 PCT/ US2004/ 030993 di e 310. Fol di ng of

the fold portion 320 is not controlled, and is not
woansisisent from one package to the next. [ 0088]/US2004/030993

[ 0009] BRI EF DESCRI PTI ON OF THE DRAW NGS 5[ 0010] The

invention is described by way of exanples with

. f nce to.t acc i.n rawi ngs erein: .
aie $i90 Fef iRl tae SIS EOR R of Befe il alid o Pufeapsistent
portion of a flexible substrate and a mcroelectronic
fromipme phckageabeabe nexi.c package, together with a
shape-defining piece and a cover piece used to

[0008PNSt r uct the el ectroni c package; 10 [0012] Figure 1B
is aviewsimlar to Figure 1, after the cover pieces

e 0 ' rate, and a nold cap
[0008f P%%@ﬁs&%hm@on mol ded Wi t hi n
remai ni ng spaces defined by other conponents of the
el ectroni ¢ package, the shape-defining piece, and the
[001@bv &he piveerdior] BEIESTrilfed)by avayoi exampleswith nefesance do the
Figure 1B, after the cover piece is renoved; 15

accoh%%léﬂi A9 hosDwiher@nvi ew simlar to Figure 1C after
t he h%%e-defiél ng pi Ie}ce is renoved and an adhesive

' i Wthin a recess of the nold cap;_ [0Q015]

oot} o Blire E 'aftoRiciohal St riswigureons, Al edpladubstzate
flexible substrate is folded around the nold cap,

and ainicr@elédtehipdid ofoan electrhaid pazkiapé, aogethst wdtlea shappidefining
around a curved convex surface of the nold cap; 20

piecéé gﬁ& .%]co%leﬁ Pl 15edi %o ?oﬂét?ﬁ%tﬁhgleie@&ohgﬁ @?&Fé&la

ow ng t entire electronic asse 7] Figure

[ ective,view of the_el ectronic assenbl
[OOL%]i It ﬁig‘?ﬁg %#3?1 inéévé s'g%lﬂal\r,\cco Figure 1, after the cover pieces ar% 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 1C is 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
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WD 2005/ 031865 PCT/ US2004/ 030993 substrate shown in
expl oded form and before being fol ded; [0018] Figure
WGA0593868r 0SS-secti onal side view of conponenPeTAR2@m/030993
el ectronic package, together with two shape-defining
pieces and a cover piece used to construct the
I f.oni G_pac accor no r, enbodi nent of
sub ?WPéﬁﬁXBﬁqgﬂ%(f@ ar}gflbﬁtgée g@“lgsft ?f?e\ﬂ'ew simlar to
Fi gure 3A, after the cover piece is placed on a

[0018) eXighire 3guisst crasesaftionabsideadewaficongaoicageof amdletwonic
nmol d caps are injection- nolded, each over a

packa gé%g%w& Witk ru%l sﬁagé%ﬁmgs ﬁle%s hhE aedo%f RREGised to

[0020] Figure 3C a viewsimlar to Figure

r the, cover and s e 10 defini pi eces
consP i fatielep B0pIIPAEK G AT 10 Gr et PIATDSRIEH Bf 1 o
3C, |IIustrat|ng the entire electronlc package after

invenhienf | exi bl e substrate is folded and a fold portion
thereof waps around curved convex surfaces of both

[0013?' ﬁi%?’@%B i QQ?I@JV SEn@yf fo Ay tég%h Iﬁg@??ﬁ%ﬁ ?i@ée i§ itpﬁaecgd on

conponent s 0 an €

p thereon, accordin tot e prior_art; [0023
aﬂeg’l% ?‘gbsﬁ@t?§ s4lecirenigipagkage, aﬁagm%m@kd caps e 11“1)@611011'

nol d caps are injection-nolded over mcroel ectronic

moldid ®aoh ovbea eéspettionntcirridcagmic {0 he klgtrohidfatkage;
view simlar to Figure 4B, after the cover piece is

[002?:]ie n?}éﬂﬁ E@Q%t%gw[ s%?ﬁlg)}( It<g F 1€ 3BDat 2 a? e&lg}’do‘?fﬁﬁ‘ ﬁha]shgfae- ©

er a subst
el ectroni c package is folded. 4 WD 2005/ 031865
definipg mieceseae 0g09Yed;

[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] Figure 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] Figure 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
woamstossssi on. A microel ectronic die i s nount eATAUS2@4/030993
flexible substrate. A nold cap is injection- nolded
over the die. The nold cap has a curved convex edge
und ' i bl e substrate w aps.
DET%Q#&&%EE%K:Iﬁgngbﬁgkﬁﬁﬁégﬁ%éﬁﬁﬁkgwis controlled by
the edge surface to reduce defects, ensure consistent
fornifactor fromone package to the next, and all ow
[0026br Arhelectrohicgpankagd isgprogided ared jts meathbdexrfitcogstouciion. A
plane. [00271 Figure 1A of the acconpanying draw ngs

mlcﬂoleiééﬁto'i@(g 8 i§ gﬁ@gg@atté a%lexdole %Qb 5tre' %} o162851iS #t @a'lon-

el ectronic pa including a eX| e subs rat

th nol di
mol@#ﬁg%&{%ﬁ gtlgﬂeﬁ&l czlg‘vtg é%%}gg%ﬁ gg surface !cuno%nd
shape- defi ni ng p| ece 16 [0028] The flexible substrate

whidiOtheadexiblestubatrdteserapsd Hoddinigoofsthé &leaitde 2Gbstnateds chmiiralled
portion 22 between the first and second portions 18

by tﬁt‘f“g?ggsu -EF@E t]é)! RALPE Befel B, SHARE c@h ’E'e%t I e f‘?oﬁ?(%l‘t:e

ectrlc naterlal conductors in
formof netal ta I|nes and vias forned in
packagg teshe Rexty Pasiue@p nge inqliggon ot W@lamf? wsdiant gapend
die 12 is nounted to the first portion 18 of the
plarkl exi ble substrate 10. The microelectronic die 12 has
an integrated circuit forned therein, and is

| . :
o028} 516 L5 Y RIREGEnY R S AL AL BESEREROAR ot

m croelectronic die 12 is connected to the termnals
partigily fpheicatedsglegteoniepackageeinctndingiaffedblegubstiatmtl ard a

W res 24, each wire bonding wwre 24 having one end
microelaeoheddieol 22 et &Clith insldink BempdrEehaGacRidihfa coVe 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 die 12 and an opposi ng end connect ed

to atermnal on the flexible substrate 10. [0030]
woheosgdmee- def i ni ng piece 16 is placed on the POTAS2004/030993

portion 22, toward the left of the fold portion 22.

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

. width 26. .The shape-defi.ni ng ,pi ece 16 further has .
micBefe gP e eI e BPEOYRE SdoRer e o arinlg: the flexible
m croel ectronic die 12. The curved concave surface 28

subsérade 10s| i ght |y bel ow an upper surface 30 of the
shape-defining piece 16, so that the shape-defining

[003(_?_11 €¢fe %ﬁaﬁ@-ﬁeﬁﬂiﬂ%@?&e h§id pRREEE oR4nMSIR ﬁ?ﬂﬁﬁ% totard the

e curve concave surface 28 extends the way to

e 285 SR, SR AR RS

surface 36 neet at a relatively sharp edge 38 on the
wid thl 26¢i Bheeslsapesd efiniag iecd R theT has aauevegdiconeavidsuréece 28
an overal |l height 42 as nmeasured from an upper

. . f '
facir et AR the rific U ic HRCE. “Pnd A6HRA corlyyd biiface 28 ends
. .cover. piece 14 is illustrated with the first surface
slighily bl Repessyifaca S P ShaRe dsfnhe Piace ifpiasthat the
substrate 10. The first surface 48 is above the | ower
shapeuddfaiagifedryl Ghiweargtpp&llef 32232 Withecheight84.f @he coved
is machined into the cover piece 14 and is illustrated

_ v ~defini : .

concfyf Biltake 38 By EnLi BN HEREY Y ot LR o bt 0 G S5 fining

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

piecoh6,medhab ey gecapeawsuriacgaSansehelowss garfgpe 36 meet at a
which is approximately the sanme as the height 25 of

relatividy shaneedied 3honghofletidleldubsh@@38). Because the second
surface 52 1s nmachi ned nore deeply than the first

[OOSf]ﬁ gl“ﬁé :E(g)ﬁ?f }gltgtc]eg ;l]% h'tai %ﬁl ﬁg:e;g%][elrleggrﬂ B LRI S B R %?)per
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
6



10

15

20

WD 2005/ 031865 PCT/ US2004/ 030993 50. The differentia

height 60 is nore than the height 34 of the upper |eft
wedys/03]B650of t he shape-defining piece 16. [ 0032LTAIS2004/030993

injection port 62 is formed into the cover piece 14.

In the present exanple, the injection port 62 is

50. 16 FiirenlabhelphL R bR it Bndne fl oA b ginmst et edge 2

illustrates the conponents of Figure 1A after the
of themhapeplefivdng piedeslopl aced on the flexible substrate 10
and the shape-defining piece 16, and a nold cap 64 is

o . ro h

B B e S R R
i ece 14, and shape-definin iece 16. 10 Wen .

exalgBﬁﬂpg‘ﬁ Weatiog Rt gi}.\s %ﬁale ,Oli'%tt APNSE suEiake thde thelrst
portion of the cover piece 14 having the second

surfseer 4&afethb2olvet picgedd. t he shape-defining piece 16
because the width 54 of the second surface 52 is

p .
00s3p BR8P s LI kM oy prce 14
. .cover piece 14 is slightly below the upper left edge
is plagechpn thptlexiklrosuhstiate %@ a@a sheshaperdefinisg pipee 16 and a mold

differential height 60 is nore than the height 34. The

cap 64 tssihjegtdd @aed féhdnédirsflraethaihi Be bpPRsersthel fiogblef
the mcroelectronic die 12. [00361 Aliquid resin is

i j . he LBj o] t <IN i .
s BB DUk 85 12 5t 0800, a8 DR RER Y i 16
m croel ectronic die 12, areas_of the fjirst portion 18
Whenggorapaiing igires RA and LBt ean beaeen thas the portien eftheeagver

concave 20 surface 28 of the shape-defining piece 16,

piecaNd haltind tHesdecstid basc#S? fild®dr@hé BhaSe-dehfthL£piees 160
that it solidifies. [00371 As illustrated in Figure

BRI LT R NE T T RL 7
wid’c¥1026i gf tfl'l(e)ersrlrlgge-idneﬁtnri]rfg gti)elcg 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 illustrated 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
wappesro3issft edge (32 in Figure 1A). [0038] AsSPCT/US2004/030993

illustrated in Figure 1D, the shape-defining piece (16

of Figure 1C) is subsequently renoved, and an

' ' d I d 64. b5
cap 8ot e sohase 4L 08t s bl AosiiF hes heiuBperistt edge
edge thereof. The curved convex surface 74 has the

(32 imdiigushibpe as the curved concave surface of the shape-
defining piece (28 and 16 in Figure 1A). The adhesive
Y5 ifigst | 41 TR6 iy 5t 8 i
0SB TSR 0 B B LR GBS D B e 100
substantially at _the sanme heighf as a_termnatin
subseggenily remevedrandian aﬁﬁ%&\f% Eweazé isattactpd @d@g]mol% cap 64.
Referring to Figure 1E, the flexible substrate 10 is

The mudid eqpedttag o alrered conveaswhifa@cld sirarBed gy gienebfl Mether@irded
cap 64. An inner surface of the fold portion 22 waps

con\gesz% cb 98 ol [51\{@ garﬁ? :g}éﬁﬁ% aéj I{}{Seacg%&zf[ Bhed esd'f%c%nog&%ﬂe shape-

e second ~por I'oned over a
.attached to the adhesive |ayer 72. A desired portjon
defigngtiecs C8ang) 1 B iisiret ). 16he adhesive kwer 72ihtgreses within

ot her portions remain 15 substantially flat. By

the reee¢d66 imBigee dO)gsd thavatlepiper Sudh&sEos tHkaesUe stibstantially at
certain conponents of the flexible substrate 10 can

: def |
the PR AL et 6 TR e RN 880 BB B8 Phim one
el ectronic %ackage to the next, which leads to

[0039)e s Retering do Figuneckte theiBaxible atsinate kaisi swipsequently folded in

Controlled folding also results in a consistent

a dirbeticH 80 bsurdd &8 PR 6419641 AR iﬁnapsmad@&&h%qoﬁlﬁoﬁ@ﬂ 22
[0040] Figure 1F illustrates the entire electrohic

e Py AP e RS B Sl
porti(())fn 2t0hi(se pfolsi?cixolngldeover and attached to the adhesive layer 72. A desired
portion of the flexible substrate 10 is thus bent, whereas other portions remain
substantially flat. By preventing folding in undesired areas, damage to certain
components of the flexible substrate 10 can be prevented. Furthermore, bendiﬁg
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 1F 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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substrate 10 that originally opposed one another are
now | ocated in |ine above one 8 WO 2005/ 031865
wOeCHsWSHed4/ 030993 another and in |ine wth anPedgs2mit/030993

the nold cap 64. [0041] Figure 2 illustrates further
conponents of the el ectronic package 82 before being
f.ol ded.. The el ectronic cka 82, in addition to the

anotheg gfi P%IEGB§?€§P§ (ﬁgﬁﬁnyﬂacﬁpééoelectronic die 12,
further includes a plurality of conductive 5

[004iLht EFigroerPeithisontesdubies c@hpoanuitsidthé alachenid padkage 82 before
second mcroelectronic die 86. A core of the flexible

beinBUBRIdA e et GofticllRKAN & liR¥al#h (PR AxiPRINTLdR 10

n insulator. First and”second thin neta ayers
d 92 are fornmed qn_ upper, and | ower surfaces of the
and ?ﬂ%%lﬁﬁog{ch;?@ec 5 1, é%%E%rt W&fﬁ? aﬁ@ralﬁvrpf@pémm@/er s
90 and 92 are initially formed over the |l ength and

intewiodhbctidn tieenlhdre Sitpdred hayeiur@@r ifdiedd @ sebomd mEitedelectronic
| ayer 90 is then patterned so that areas are renoved

. d o ' . : .
e B A RRRES, eSO ATRTS L fer W phl125F polmiae
.over the remaining portions of the first thin netal
an inseipr oBirsinplachecpid BN piaklAY e SDomeed? esieroBdsproupper
sel ectively renoved in an etching process, to expose

and dwecantaes of Me féxibielaer 88, rbspartivelyal Thapteh rétal lla?ers 90
[0043] Arelatively resilient ground netal |ayer 10

[ . rf Q heq s ' |
ond 02 (DR SRS AT G2 HET0R 8 o LARHSSSANT DU MTS B i
. formed on exposed surfaces of the ground netal |ayer
thinrpetal laygr Pais Benantiesned porthaspaeasays remevetrandseibgnareas,
m croel ectronic die 86 can be connected by way of wre

inclidingdicogtaty @5add8rachs 96/3bntaebeed. ngs 106 in the
second sol der nmask 104 and 20 openings in the ground

0043 L) 545 5) B s 5B le o e
thin(;r?entglul(;tyiel\'/ SO.i Rtrge:scloOrE)noefCt%ie ?irl]‘stns%rlrgeerrr;aglf% 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 and
openings in the ground metal 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

9
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are connected in a simlar manner through vias 110 to

sone of the contacts 94. In such a nmanner, the
woiersmaissst roni ¢ dies 12 and 86 can be i nt er corROE@IS2M4/030993

to one 9 WO 2005/ 031865 PCT/ US2004/ 030993 anot her and

to the conductive interconnection nmenbers 84. Signals

an t hus be ovj ded, t hrough the conductive

anoffRF ahil 45 et e bR B Ca B IR AEPOE: UbsHgnals capifius be
m croel ectronic dies 12 and 86, and the

provitled detomghrthaicondirelsvd thtervonfbctivremiembeare Bdus ietthbi onboth of
Wi th one another. 5 [0044] The inclusion of the ground

the mErBbleb@¥Ri: £i021PhAY8ACSd iR ﬁﬁ&%él@kﬁ‘smg 4% 8L8q ﬁé re in
substrate 10 wth a certaln anmobunt o resﬁlency that
tends to resist bending of the flexible substrate 10.

COMBYHHCAIG Wiy Q@ GtHehendi ng tends to create a | arge

curvature when an attenpt is nade to bend the flexible

[0044Lib3he dhcdudion dfnke geslind netaldayéni2apevideds theldtherwise
regi on. The shaped curved convex surface of the nold

_ . oury _ o
bRl 236 D 0 o on B bl

, 102 is.ingluded, [0045] Fi "3A'Dillustrat
benélﬁé%ﬁﬁ%@lﬁlrgl f agﬁlw[ aaeh ]éiﬁ‘?slés gé&%agkerwﬁiag rtgr?d; ’?Orig-‘?a’fe a

and second m croel ectronic dies 212 and 286

large esvacdiewehyn aﬁlalﬂﬁeﬁtzi)tciﬁ nhdtke todiel thedRxdle d0bsthR! 1@ thstead
flexible substrate 210. In the present exanple, the 15

' i el i.croel ectronic.dies 220
of crEaffig b 3Rfl RRE KaEn, T AR T HARRR Gileltpfrads 57 ihold cap
286 are respectively nounted. Wre bonding wires 224
(74 apgrfiicimiFignee m)m@t%@ foldingofthedlexilie snbistzae 1navemif the
m croel ectronic dies 220 and 222 to the flexible

groudidhsietadl8/e2 102 id RR#GledV th specific reference to
Figure 3A, two shape-defining pieces 216A and 20 216B

[004‘@; Slgflgr%g%e §§'f8 ﬂll%iéa% ?lpg ?nrat | Qch'%l@eooto a]:n (telggtrfokl%‘:xpi)abcigge having
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 microelectronic dies 212 and 286 and the microelectronic dies 220
and 222 to the flexible substrate 210.

[0046] With specific reference to Figure 3A, two shape-ciefining pieces 216A and
216B 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,
respectively, on opposing sides of the fold portion 260. A cover piece 214 has a

protrusion 250 which is approximately as high as the shape-defining pieces 216A
10
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second mcroel ectronic dies 212 and 286 are | ocated on
first and second portions, respectively, on opposing
weias®3tdest he fold portion 260. A cover piece BC#/USa®4/830993
protrusi on 250 which is approximately as high as the
shape-defining pi eces 216A 10 WO 2005/ 031865
US2004/ 030993 and 216B, . and. has width that .is
and 266 Ficha LR 5 IRLGRT RO UBACY FAvdPBe Apasian between the
shape-defining pieces 216A and 216B. [0047] Wth
shapspdefining piefasr2d fdcartdb2FByur e 3B, the cover piece 214
is noved so that the protrusion 250 is inserted
[004PEt VERR s*a@ﬁfi@ béreRsridefb M g BBS ﬁ?@c&ﬂe@@h@c@cbl%cjlg %ﬁov%iﬁo that
and remal ni ng areas over-the m croel ectronic dies
and 286 e i.njectjon nolded with mpl d caps 240. As
the glofrysion, fellisiRbariostpeivsen th sheesrde IBingcRlegqs 2 afyand 2168,
shape-defining pieces 216A and 216B are subsequently
and rensirédg afides avel theapsroeRétohiavdies Ot ¥ afld @86 wex injection-
surfaces 274. The curved convex surfaces 274 each form

. ; - ) i.an.
A 2 1 24 s oy B Pl oo 3 Ao
Figure 1D forns approximately a sem -circle jn _cross-
shapesdaliming niesss 8116&@@& Fhiohpre subpefneatyyemgveasi nke pwld caps
| ayer 230 is applied to one of the npold caps 240, and

240 hdvee dralvdd pontéosuZedes Q741 Mhe fciexédbé@eaxsirfaks 224 adtsform
folded to place the second microelectronic die 286

e N

fold portion 260 w aps around the curved convex
Surf%cﬁﬁi‘ldﬁ%@fﬁﬂl lafFlﬁ@ltehﬂﬁﬁlan% apRroximatgly g semivgirdlein cross-

certain exenpl ary enbodi nents have been descri bed and
sectishown in the acconpanying drawings, it is to be

under st ood t hat such enbodi nents are nerely

[0048;]”/15%{%&12}&%\((2 ﬁ?’fﬂﬁ:ﬁ g?ﬁ, tagfs I{eisf:vtei lg§er SOtiQ %p%HE'&‘%S tone 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
merely 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
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20 invention is not restricted to the specific
constructions and arrangenents shown and descri bed
weoeizns@3mesi fi cati ons nmay occur to those ordi naPCIrgS2004/030993
skilled in the art. 11 WO 2005/ 031865
PCT/ US2004/ 030993 CLAIMS What is clainmed: 1. An
CLA&#ﬁgtronic package, conprising: 5 a substrate having
t and second portions and a fold portion between
the first and second portions; a first
m croel ectronic die nmounted to the first portion; and
atVHae &s¢laiandd:r st fold-controlling nenber, the fold
portion being wapped partially around the first
f trollin [ .pl ace the second portion
1 I%hg%%? %P?§¥%$F%%$§F%n%'2. The el ectroni c package
of claiml1, wherein the first fold-controlling nenber
i ssebshete havingffirgt and secaonsl portiomsanelra fald fortien between the
m croel ectronic die. 15 3. The el ectroni ¢ package of

first@hais@ft@ndﬁéfﬁ&%r; conprising an adhesive | ayer on the
cap, the second portion being attached to the

nol d

adhesi ve | r. .4...The el ecironi ackage of, claim 1,

iR mlErodSamia gie Bpupratld (e SrE PR SR el i ng

menber around which the fold portion is wapped is

Akrleast a fxet Hld-Thatrellirg menikerpthekiatbpoftiant heimgayrapped

wherein the surface is curved fromthe first portion
partidBlyla@otHg tRE et FoRRESA BN indmMALEP RO HRRE 88 second portion

over the first portion.

2. The electronic package of claim 1, wherein the first fold-controlling member

is a portion of a first mold cap over the first microelectronic die.

3. The electronic package of claim 2, further comprising an adhesive layer on

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

4.  The electronic package of claim 1, wherein the surface of the first fold-

controlling member around which the fold portion is wrapped is curved.

5. The electronic package of claim 4, wherein the surface is curved from the

first portion up to the second portion.

12



10

15

20

PCT/ US2004/ 030993 6. The el ectroni c package of claim

1, wherein the first fold-controlling nenber is a
weandsioarsesn a first nold cap over the first PCT/US2004/030993

m croel ectronic die, the surface of the first

fold-controlling nenber around whi ch the fold portion

ed. is gurve he f| st on up.to the

6. e RBRRRic me R B larh dotbibraine St epobaEgmber
on the nold cap, the second portion being attached to

is a powsicadtres ifiret aldeeap Jvertthe febenicronlectrpaikdigethefsurfaae mf the
1, further conprising a second mcroelectronic die

first m@%&ﬁrdlﬁn% hSeBBECHG BRI WhRMR: thd Gofl Jll'iﬁ) ejls fa#)%ﬂcis curved
package of Claim7, further conpr|S| g at
sec cont oII|n menher , fold partion

fromp St p St & EieaP i RG st cQmprioing an adhesive

fold-controlling nenber to place the second portion

layenge the trold espnitiesecdridportton htiagetmchednd chepadiaiee fer.
claim8, wherein the first and second fold 15
controlling nenbers are attached to the first and
second portions, respectively, before the fold

rti.on |svvr roun ol d-controlling
8[31%?18?%0“15@ inéueﬁg%@@afgéneng IS8rond,
wherein the second fold controlling nenber is a
micrpeletironicalieans@ceddo tin secoad poreiont he second
m croel ectronic die. 20 11. The el ectroni c package of
clai m 10, further conprising an adhesive |layer on the
first nold cap, the second nold cap being attached to

%F adhe5| ve layer. 13 WD 2005/ 031865
/qlectronis pagkres of £laimy g, farther comprisiag Rhlpesior sedoaidrfold-

7, further conprising a second mcroelectronic die

contruilimg eterhbert, tiee fdd poetiee bbirfgnwrwdepmiaﬂ? arrbﬁﬁa th@ké&tond
control ling nenber is a portion on firs cap

fold- Qéfr?trroflﬁll% Thkhiter B plaR6 & gec%?l'dcportlon over the second portion.

9.  The electronic package of claim 8, wherein the first and second fold-
controlling members are attached to the first and second portions, respectively,

before the fold portion is wrapped around the fold-controlling portions.

10.  The electronic package of claim 9, wherein the second fold-controlling

member is a portion of a second mold cap over the second microelectronic die.

11.  The electronic package of claim 10, further comprising an adhesive layer on

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

13
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di e, wherein the second fold-controlling nenber is a
portion or a second nold 5 cap over the first
waizersgaisest roni ¢ die, further conprising an adResiug2004/030993
| ayer on the first nold cap, the second nold cap
bei ng attached to the adhesive layer. 13. An
ectroni c, package, conprising: a substrate having
12. ?f heelegmanicaraskacsof ¢lrBRg, Brdher qoanprigseta waobét ween
the 10 first and second portions; a microelectronic

micrdekectronid &@ mhouhtee thiths seqard poniord wiirdircie faxefoldhe
m croel ectronic die and attached to the first portion,

i n_edge .
contfiing TREABERR LB h & R e PG n e Hs g tectronte
. around the nold cap and substantially conformng to a
die, whgpeinthe gecansbialdncoatroling meabards pipseHon ive assecomd mold
portion over the first portion. 14. The electronic

cap Peerkhg€irof midrablrdnicidie ! fi@thee @BRIPIEiAG aA R dRABRSII¥Fer on the
| ayer on the nold cap, the second poriion being

i OISR} DRI e g e S ©

attached directly to the adhesive |layer. 16. An
el ectroni ¢ package, conprising: 14 WO 2005/ 031865
PCT/ US2004/ 030993 a substrate having first and second

13. pon bleeb®ndngadkalze) émipfisingn between the first and
second portions; a first mcroelectronic die nounted

to the first. portjon, a second. m croel roni.c die
oiEEa BEinE Yok SRk FoP e anthoR 37 £14 rgfticn Bpfesa the
the first mcroelectronic die and attached to the
first pnd second portions;
a microelectronic die mounted to the first portion;
a mold cap over the microelectronic die and attached to the first portion, the
mold cap having a curved surface at an edge thereof, the fold portion being

wrapped partially around the mold cap and substantially conforming to a shape

of the curved surface, to place the second portion over the first portion.

14. The electronic package of claim 13, further comprising an adhesive layer on

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

15.  The electronic package of claim 14, wherein the second portion is attached

directly to the adhesive layer.

16. An electronic package, comprising:

14



portion, the first nold cap having a first curved

surface at an edge thereof; a second nold cap over the
weecesnd1sss cr oel ectroni ¢ die and attached to thecTasemad30993

portion, the second nold cap having a second curved

surface at an edge thereof, the fold portion being

partially w apped argund the first curved surface 10

Fhilhsaratt hevingsiist ARd sreonskperipns andeaifald mastienthstween the

pl ace the second portion over the first portion. 17.

first ahd setend poniienpackage of clai m 16, further conprising
an adhesive layer on the first nold cap, the second

: y ' sive layer. 15 18.
S N g e
and second curved . surfaces jointly forma continuous
Aferandmeicrpelaetromric die @fto%@?é tothe second postiond
portion. 20 19. A nethod of constructing an el ectronic

5 paftics ool daapives ithgfirstanitt ddlectportit S afidl GHAGhESE] Q18 frst
die to a first portion of a substrate having a fold

r 31 Of to the.first portion d a, secqnd portjon

por R MBI 0y 08 44 § oL, 2, 808800 ALY,
fol d-controlling menber over the substrate; 15 WO
2095903 18els e WSihe a¢@adossrogleaphivglia ahdl attgzbed itothe

of the substrate partially around a surface of the

secomd pdreont thelsbédit] ARIE 8P hhPind A6&ohlbE- 186 '
ovgj) the fi rsst porti on?pgo.l e net hod O?@Eﬁ%@%&%@?edge

i he first. fold-controlli menber is a 5
erd B A5l Bl P G DBl At Bofed e
m croelectronic die. 21. The nethod of claim 20,
10 and paptiaigrarevngthe seapnaldhered gutface sepld thosddood partiohever
nol d cap.
the first portion.

17.  The electronic package of claim 16, further comprising an adhesive layer on
the first mold cap, the second mold cap being attached to the adhesive layer.

15
18.  The electronic package of claim 16, wherein the first and second curved
surfaces jointly form a continuous curvature from the first portion to the second

portion.

20 19. Amethod of constructing an electronic package, comprising:
mounting a first microelectronic die to a first portion of a substrate having a
fold portion next to the first portion and a second portion next to the fold portion;

positioning a fold-controlling member over the substrate;

15
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10 22. The nethod of claim19, wherein the surface of

the first fold-controlling nenber around which the
woabwd/pmssi on is wapped is curved. 23. The nerboasefo4/030993

claim19, wherein the fold-controlling nmenber is

i njection nolded. 15 24. The net hod of claim 23,

further co | Si cat a sh defi ni.ng 0

CREARIBE A T POt P SRR 6 b7t HeBRRT Akelrie of the

nol ded agai nst a surface of the shape-defining piece;
fold-aodtnoflimy pogtidin® slaapthedeiond pgrijpeoser A Hfst pohigon.

nmet hod of claim 24, wherein contacting surfaces of the

shape-defining piece and fold-controlling nenber are

concave and converse, respectively. 16

20. The method of claim 19, wherein the first fold-controlling member is a

portion on a first mold cap over the first microelectronic die.

21. The method of claim 20, further comprising adhering the second portion to

the mold cap.

22. The method of claim 19, wherein the surface of the first fold-controlling

member around which the fold portion is wrapped is curved.

23. The method of claim 19, wherein the fold-controlling member is injection-

molded.

24. The method of claim 23, further comprising:
locating a shape-defining piece on the substrate, the fold-controlling member
being molded against a surface of the shape-defining piece; and

removing the shape-defining piece.

25. The method of claim 24, wherein contacting surfaces of the shape-defining

piece and fold-controlling member are concave and converse, respectively.

16



