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ELECTRONI C PACKAGE HAVI NG A FOLDED FLEXI BLE SUBSTRATE
AND METHOD OF MANUFACTURI NG THE SAME BACKGROUND OF THE
WO 2UENEBEN 1). Field of the Invention 5 [0001FPCTHPA04/030993
invention relates to an el ectroni c package of the type

having a m croel ectronic die and to a nethod of

co [ Pr=You  gfalat Yl { f
e PRt RSB A CRA G AN & AL DR HERPRLE
SUBSTRATE eXNID METHOB «OF MMAINEIBA CDURNG THE SAME
substrates that are subsequently "singul ated" or
"diced" into individual mcroelectronic dies, each die
carrying a respective integrated circuit. Such a die
may be extrenely thin, often | ess than 100 m crons,
i I’IIVEW d to a package substrate for
BAC%%%@@W%%WM |r§egrity. The package
substrate al so has conductors in the formof traces
t,h‘fre , metal_ lines therein, and/or vias 15 therein
1. \/ i c interconnection to other devices,
often other integrated circuits or other dies nounted
[000T 0 Thie isverdigraciage ts ahslecttomic padGEe dfrthertyiee havinga e
space in x and y, it is often required to stack nore

iR S 1o RO AR A dndhcnchls
be

with one another. Two dies can, for exanple,
nounted to a

2). Discussion of Related Art

[0002] Integrated circuits are usually manufactured in and on semiconductor
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 inx andy, itis 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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20 flexible substrate, and the flexible substrate be
folded into positions such that the dies are above one
WOR987/#3d865 [ 0004] A package substrate of the  PCT/US2004/030993

af orementioned kind is usually uniformy flexible
across its w dth V\hen one portion of the package

flexitiy BRAEEIE yieh of BFE, S E poRRg BT AB8 ook is folded
undeS| red, even arbltrary area of the package

over gnpther postionef thepadrgerubsiais 2 spld TegiGm BT begreaiadat an
may cause danmge to certain conponents of the

undeSitbd} dvitintarbiix 89Nt 0f dhe padlidgeaupstramaticldingral/thesudstrate
i nconsi stencieS in bending fromone assenbly to the

h
at urfE8bed MiteS T batittnbaet s RRERESs Y DEAR subctrate.
undesired form‘actor of the final electranic package
Bendjugatgrbiigiyr lsatdianayriay qase deonsiteneigfiar beyding fFRAgne
an existing electronic 10 package. In Figure 4A two

asserfIbEY ©&he ¢lek MicH B8y SddlBireinebriBEedowhstrtam widkaging.

m ¢roel ectronic dies 312 to a flexible package

.314. A_cover I t
Uncqiplstliib ey a0 yB R AR el B GE RIS o e i
312, and the flexible substrate 314. The cover pi ece
elecmcpa@ageprotru& on 318 contacting a fold portion 320
of the flexible substrate 314. 15 [0006] As

[0005]! | gttt e i Qluditaite Ond Baarkidrbf 8RR 4 axiting electronic
Subsequently injection-nolded within Temining spaces

packﬁs%rﬁé%vs“fé?yh?sﬁfﬁﬁ%?% AR i RS TheRhREE S0 otter

and fl exi ble substrate 314. V\hen the cover piece 316
microalecteomiveles 3 fol 4 flexibie packagerihstirate/i34. iA cover pigce 316 is
seen that the nold caps 324 form square edges 326

locatfaé%'vgg t%&ﬁ@fe@%md’\ﬂfeﬂ 3!10 Shb hirade@fbiic Me2D, and the
between the edges 326. [0007] As illustrated in Flgure

flexifp sbbstiolg it dHERoYER En%%%léﬁwaé SRR A oGl )8 agord

one of the m croel ectronic dies 310 over a portion of
portibh&20loé thdflexibldsulbsitade 83.r yi ng t he ot her
m croel ectronic

[0006] 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, 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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die 310. Folding of the fold portion 320 is not
controlled, and is not consistent from one package to
WOr20e5/¢33%G5. [ 0008] [0009] BRI EF DESCRI PTI ON OF PXHAUS2004/030993

DRAW NGS 5 [ 0010] The invention is described by way of
exanples with reference to the acconpanyi ng draw ngs,

: X [ s 0

die 3T EAUg of (8 1oL PLREe 1 ToREORRS " B4 18! cotbfient
m croel ectronic die of an el ectronic package, together

from gerpagkagriinethgaiedhi ng pi ece and a cover piece used to
construct the electronic package; 10 [0012] Figure 1B

[0008]s a view simlar to Figure 1, after the cover pieces
are placed on the flexible substrate, and a nold cap

f j S5 A Wi i on- ol ded wit hin
[Ooog‘lfer%mﬁ%%g@ggb&ggﬁnzgﬁ%%m%monem s of the

el ectroni ¢ package, the shape-defining piece, and the
over piece, . [0013] Figure 1Cis a viewsimlar to

[Oﬂlﬂf:i yentign isdescrged Ryewag ol examplessyifficigference tipthe)
Figure 1D is a viewsimlar to Figure 1C, after the

accormpapgingeiranings, prleaeir:s renoved and an adhesive is
applied within a recess of the nold cap; [0015] Figure

Ed; ' L. | : Ei f.rer £ i
001§ 5ot 1A Bt Bl el B Bl bt I atiiE BBy
portion of the flexible substrate wapping around a_
and agzicrealesBRvisxdis of pacedToniaparkage, Lagethauwitboa shape-defining
Figure 1F is a viewsimlar to Figure 1E, show ng the
pieceaitid 4 eowdrgsibdeoited R®eRRUYt the electronic package;
[0012] Figure 1B is a view similar to Figure 1, after the cover pieces are 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 Figuré 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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[0017] Figure 2 is a perspective view of the

el ectronic assenbly with the flexible substrate shown
WO 2§054834%68ded f orm and before being fol ded; [ 0dEUS2004/030993

Figure 3A is a cross-sectional side view of conponents

of an el ectronic package, together with two

substRI2RROHR o QPR MY LRIGE WRindEdaEa Sed 1O

construct t ectroni c package, ccor |ng t o anot her

dinment .of the 5 inventjon; [0019] Figure 3B is a .
10018f | SRFuEAA i proSR B Bl AT et Ok HaRE RS Bf aps segronic
pl aced on a flexible substrate of the electronic

packages kegpeheranithtiwe shalpd-defping péedesjanctd covermibotedsedetach
over a respective mcroelectronic die of the

coms g R RO B RS oS ™

] pi eces are renoved; [0021] Figure 3Dis a viewsimlar
MVenigNE; gure 3C, illustrating the entire el ectronic

package after the flexible substrate is fol ded and a
[0019] oFikyrerdB B tibar dofilama Figuaed@ A hiuthe docarnpyiese is placed on

surfaces of both nold caps;
a flexible substrate of the electronic package, and two mold caps are injection-
molded, each over a respective microelectronic die of the electronic package;
[0020] Figure 3C is a view similar to Figure 3B, after the cover and shape-
defining pieces are removed;
[0021] Figure 3D is a view similar to Figure 3C, illustrating the entire electronic
package after the flexible subsirate 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, accordﬁng 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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[0022] Figure 4A is a cross-sectional side view of
conponents of an electronic 15 package with a nold ca

WO 108/833865 according to the prior art; [0023] FEFE084830993
is aviewsimlar to Figure 4A, after two nold caps
are injection-nolded over mcroelectronic dies of the

QR , ' 4Cis a view simlar
DET&@%é%WQF?%W@e is renoved; and 20

[0025] Figure 4Dis a viewsimlar to Figure 4C, after

a flexible substrate of the electronic package is,
[002¢6 o| 448 @lectxapiopackags I8 BEPURLASPOTE w@w@ogmmbawon- A

DESCRI PTI ON OF THE | NVENTI ON [ 0026] An el ectronic
micrgilekegticidie iy @udest wralfletiblomibrrchtol Acowndd eays is fectibn-

m croelectronic die is mounted to a flexible

b s A LS. L0j L on- :
ol HhE id TR fhcidBap hab Ao @ RofPef el Y finddiound
~around 5 which the flexible sg)gstrat e.wraps. Foldi n%r

whichithe flexihle substeats ypappaFelding ob tie Hpxible sijbatrate dggantrolled

surface to reduce defects, ensure consi stent

by the@dFeatlfice b osdiraldfack ageut@céeisteax forndadior! ey drer
the 1 nclusion of a relatively resilient ground pl ane.

pack%é)ep ﬁ)ﬁl}eﬁ c%g,race?bc%@%%o‘&g{bg ﬁb%aﬁéﬁ{ﬁﬁp Y5 gelgﬁgg)ﬁl%gﬂient ground

plane.

[0027] Figure 1A of the accompanying drawings illustrates components of a
partially fabricated electronic package, including a flexible substrate 10 and a
microelectronic die 12, together with molding components including a cover piece
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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10 partially fabricated el ectroni c package, including
a flexible substrate 10 and a m croelectronic die 12,

WO Hg¥9HEES wi t h nol di ng conponents including a RGK/E52004/030993
pi ece 14 and a shape-defining piece 16. [0028] The
flexible substrate 10 has first and second portions 18

micr Rt 12 R8T Bl el SO HEF f el BAche flexible

10 includes a core of flexible dielectric material and
substgafedlet ors in the formof netal planes, netal Iines,

and vias fornmed in and on the flexible core. [0029]
[0030T el shrapel-@efiniogipied 6 it placednmuthefbld portien P2y giward the

portion 18 of the flexible substrate 10. The

left 0?%1? nfggéi E)%'i:ﬁ&q b, g 8 Qﬂ%ﬁ écgﬁ%‘g 18ied Cl'leﬁgﬂé 35and a

herel n, I'stelectr y connecte
termnals on f1exibl ate 10. | n the 20
width,2asdhe sbﬁﬁwqgmg Piesel E&eﬁg@x 8% f GHIveqir@nepyejsyrface 28
connected to the termnals of the flexible substrate

facing Qefbyowaid tHe ficrecleotrdhitglieille Thadureed kontdve anfuberd$ ends
wire 24 having one end connected to a contact on an

Shghﬂﬁ el 4h i Borklf o SRR O e o WA
subst r at e 10. %@230] The _shape-defi nj ngi’ﬁgl ece 16 is
ersiaingpiachdohes anpummer deft 2dge Sdwaith atrishiel4d. e eed
foId portion 22. The shape-defining piece 16 has a
concdi@ filifaceP8edderdds all the way to a lower surface 36 of the shape-defining

piece 16, so that the curved concave surface 28 and the lower surface 36 meetata
relatively sharp edge 38 on the flexible substrate 10.

[0031] The cover piece 14 has an overall height 42 as measured from an upper
surface 44 {o 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
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5 wdth 26. The shape-defining piece 16 further has a
curved concave surface 28 facing left toward the
WOA085/¢8d8&ct roni ¢ di e 12. The curved concave sURGHEER09H030993
ends slightly bel ow an upper surface 30 of the
shape-defining piece 16, so that the shape-defining

50. T e Rt bofu Ve o E oS AT AEHoh B pBLE Ioedge o2

| oner surface 36 of the shape-defining 10 piece 16, so
of the phapa-defivimgeigce bcave surface 28 and the | ower
surface 36 neet at a relatively sharp edge 38 on the

[0034] | exh hjeciso pbied2is E0rmbQOib] thekeveoyiete pietr tHelphaeant
an overall height 42 as nmeasured from an upper surface

44 to a .l ower sur 4 [ ' C
exantile, e e pRH 6P God el IR e uppbl EtiraBYAd RS fhe et

is illustrated with the first surface 48 above the 15
surfafe A8 of g €9y piscts.t he flexi bl e substrate 10. The

first surface 48 is above the |lower surface 46 by a

[0035)€i BiblirODB ilhisabs thes@RpEndits bASEnhe 15 affeetlic@el Pidte 14

the cover piece 14 and is illustrated directly above

e o R R S L R

wi dth 26 of the shape-defining piece 16. 20 The second
cap 64us injeged 2ndsforrnedi indlie remairting ghacesetwraentthedlexible
approximately the sanme as the height 25 of the

Whe}fsl ﬁé%ﬁﬁ%g@%@ﬁgﬁ :if éﬂ%r Be' geie%l thre]zF L}%hf)o 0P8t Heover
piece 14 having the second surface 52 fits over the shape-defining piece 16
because the width 54 of the second surface 52 is approximately the same as the
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 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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50. The differential height 60 is nore than the height

34 of the upper |eft edge 32 of the shape-defining
WO085/831865, [0034] An injection port 62 is fdGREUSI0P/e30993

the cover piece 14. In the present exanple, the

injection port 62 is formed fromthe upper surface 44

I -48. t .cover niece 14,
cap Qhekifiq e HhraP st @8 iff Bidllre 108 € BB Bl Bittimeg ot edge
.1A after the cover piece 14 is placed on the flexible
(32 i Figawre 443 10 and t he shape-defining piece 16, and a
nmold cap 64 is injected and forned in the remaining
[0038} paseilhetwesbint Rigulre K, Hh@s]:ﬁi}ﬁst_ﬂéf&ﬁiﬁ%}ﬁece (16 of Figure 1C) is
m croel ectronic die 12, cover piece , and

| 1j hece 46 . Qnpay. i Kl gur 1A
subsS ATy e el St Roivi R 2 ST R o Brtid P oo
pi ece 14 having the second surface 52 fits over the
The malkheansed has agupresteontaxisuetage #4@hanwdgertharkosf Thaeurved
second surface 52 is approximtely the sane as the

convist slifactt70had the safiDshegRldshhe gubiTeonkdve Kiffabb b the shape-
surface 48 of the cover piece 14 is slightly below the

._Unp e . 32. Of apepdefinin | £ 16, ...
definfifiRBlect Ot 86 i Fidireioi TR B0RT & PAREOTRE witin
hei ght 34. The first surface 48 is spaced from an
the reggpre(66dn Higiere 16%), so dhaticeywepescurtase F6dherent is §0seMtially at
liquidresinis injected through the injection port
the séide héfptit bE ItBrAR TR U SARkRGkvaDEorvdN sirfactace

defined by the mcraoelectronic die 12, areas of the

i r orti 18 not .cqver.ed by the _m.crogl ectroni i
foossh; R o et B RIS suter iz oD 5 pOBreciteny olded in
_shape-defining piece 16, and the first surface 48. The
a dirgcdgn$liasound rﬁlgte mald cap Gdh An innegsiuirfiice iof $he fdlddrida 22

illustrated in Figure 1C, the cover piece 14 is
wrap8 HRSBQUERI dutvEQ ¥BHOEX stk th&CRFSS B2 MBI ‘?[‘g) 84 Tﬁﬁ ‘%écon[d
dinthe nold

surface 68 and side surfaces 70 1s for
portion 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 flat. By preventing folding in undesired areas, damage to certain
compohents of the flexible substrate 10 can be prevented. Furthermore, bendil;lg
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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cap 64 because the first surface (48 in Figure 1A) is
| ower than the upper |left edge (32 in Figure 1A.

WO H9308318¢%s il lustrated in Figure 11), the PCT/US2004/030993
shape-defining piece (16 of Figure 1C) is subsequently
renmoved, and an adhesive layer 72 is attached to the

ﬁp]}ﬁ4 . jer1s} a curved convex
anOtfs{‘gﬂr%che e‘évtléla%]i]ggggbtgﬁereggfcﬁiﬂgicurved convex
urface 74 has the sane shape as g e curved, corlfi(ave
[004Y), Figege dillysienteh HFberIqmAPORETSS OF thq dlscizpnicmakage 82 before
Figure 1A). The adhesive layer 72 is formed within the

being ésleled. (66 elartiorde packidge 825 in ddiditionrtoubp dlexible kabstrdte 10
thereof is substantially at the same height as a

r.o ' r 74. 10

and (EAIOEAoRE Mo 12 Sl dhaBe ABYEOIRY B 268G
.. 10 is subsequently folded in a direction 80 around the_
intergeyuppction ragmbars &% Red may fartBenmdyde p seeprybmicigglepronic

wraps around the curved convex surface 74 of the nold

die 86aA &dke of ke Slexibiesytisdtiaton020a Klexivds ldyee 88 dnadebf polyimide,
attached to the adhesive |ayer 72. A desired portion

e G AL kP e ABBLS e
reventing folding in undesired areas, damage to

and leayar sunfacenpbiherflexible layer 88, ssgperévelybsthedhen noetelblnyses 90

prevented. Furthernore, bending at predefined

and YDartiniRglyr fegmetsover the Mdigth @R wilth®f bhe Aeiblé I3 8BE The
el ectroni ¢ package to the next, which | eads to désired

i B R oSO R PGSR e SRR AL,

. . electronic 20 package to the next. [0040] Figure 1F
including sentacis S4tamesl wacss W, semwain behivdpackage 82. Wre
bonding wires 24 are |ocated on different sides of the

B
thin rr}l%\fvalllgfeartﬁq Afeab'1B6 of 2 B W81der 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 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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another and in line with an edge of the nold cap 64.
[0041] Figure 2 illustrates further conponents of the
WO108793184% ¢ package 82 before being fol ded. THCI/US2004/030993
el ectroni c package 82, in addition to the flexible
substrate 10 and the mcroelectronic die 12, further
' . [V I._l,erconnecti gn
anot{e B0 Bho oo RBBE P BU BRI Eh Bllis e
nmcroelectronic die 86. A core of the flexible
provigieddhrengh thee sonductivesinisreonnagongeennlges & tpeiterardoth of
an insulator. First and second thin netal |ayers 90

the ndabe@tinge 8ok TRGNIEE) AR tha Mictsilestrdiie A& Ahd BB Gre in
flexible layer 88, respectively. The thin netal |ayers

are initihally formed over the I ength and
Conuﬁﬁﬂgﬁggg%wﬂ%gF?g&%gﬁg'Yayer 88. The 10 thingneta
|l ayer 90 is then patterned so that areas are renoved
[0044}% n I hsr inglusigreakthe; grenndimegtat bayes d 02 poavisied the atwrwis:
remai n behind. [0042] A first solder mask 98 is forned

flexibly stibdthfte 116 AR bkerAe] AhRnsy of rddiigerddy hht dHdR tBabakt
| ayer 90. Areas 100 of the first sol der mask 98 are

I LRl W T v, [ tchin rocess,,.t o, expqgse
bendifh Skl Rl SIBFte1D. BBl bRt Pe i 1R W reate a
[0043] Arelatively resilient ground netal |ayer 102
largeicyryatare pihenan aftempt ismade tobend ¢he exible swlhgirate ) instead

| ayer 92. A second sol der mask 104 is subsequently

of crefilgizl%rﬁﬂﬂ eXEGeLfbrs UTHh e cdrbed eoRvedsaRh&d of ﬂ’bégrhold cap

and patterned to form openings 106. The secon
 croelectrqnic die 86. can cannecte of w.re
(7 RABS RGP B) SostrSleOidiAR o} ng ERER Sheibe 1Y, fenle e
second sol der mask 104 and 20 openings in the ground
groungbtadtal layer 10202 inclhdedecond netal |ayer 92, and the
flexible layer 88 to sonme of the contacts 94. The
0045F O'Filirlel BA.- D156 AR @R ARARL T 2RI Rt £
[ g simlar manner through vias 110 to sone OE??§§£ Ving
. contacts 94. |n such nanner e mcroel ectronic
first S AReBShd st oot Eg et R PR Restes b O GO BBy the
and to the conductive interconnection nenbers 84.
same Sicgnefl an wafeldéd Sekiblpswivitchd 21 0r butite prleseniondmpley the
i nterconnection menbers 84 to either or both of the
lectrBhRPRIAES [Ny 8 i
e nicroeleg%ronlge |€§0% Cg% (g eg?ggﬁhagg%ﬁEHW@gﬁ?%ﬁ
. 1 th one.anqther. [0044] The jnclusion of the ground
microflacRoREgEP 218 ant 26118 4nss HpelaraiBied | Risapending wires
substrate 10 with a certain anmount of resiliency that

224 cdraveds theomiarselettroaidiieg 202 aht @86 lagi thie enubslbtindric Hes 220
Such a resistance in bending tends to create a |arge

andZg%ﬁiﬁ%gﬁéﬂﬁ§§ﬁﬁﬁﬁﬁg%ﬁgFt is made to bend the flexible

, I nstea creating a small fold region.

The shaped curved convex surface of the nold cap
[0046] With specific reference to Figure 3A, two shape-defining 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 approkimately as high as the shape-defining pieces 216A
10
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10 (74 and 64 in Figure 1E) controls folding of the

flexi ble substrate 10, even if the ground netal |ayer
WOROEs/033865nc| uded. [ 0045] Figures 3A-D il l ustr RE/P$E04/030993

manuf acture of an el ectroni c package having first and

second m croelectronic dies 212 and 286 respectively

n Qn_t -Si . an fol ded.f| exihl.
and ZBHCHFEPE" 2 ek RS e B BlinPluf BBl 't Biod f between the
el ectroni c package includes mcroelectronic dies 220
shapedefinig piecesblicdhantdléPcr oel ectronic dies 212 and 286
are respectively nounted. Wre bonding wres 224

[0047% O'WaSs ebBicTefrOtCRI Fig Rt €38 18 cdber %ﬂz‘ée 288 jantbviedsso that
m croel éctronic dies 220 and 222 to the flexible

sybst.ra 210. With specific.r.efer.enc
the pRitBTiGR 280 T et bobuiid ool d it B FHERR 2158 and 16w,
are located on a fold portion 260 of the flexible ,
and repiséningtareasigvertthe nicreglectnenis sliemdll 2yt 389 arg injgation-
dies 212 and 286 are | ocated on first and second

moldB@RVitR B%old@pROAD] Welilus@Re@RATELRE: 3CABE Bbef BRocb 214 and
portion 260. A cover piece 214 has a protrusion 250

i gh.is approximt el s _high as tRe shape-definin
shapfleflinen Rt kA 3ol oR R nlSRthly solrea; o nemBH caps
approxi mately equal to the space in between the
240 hevie perviet cariviey spirfaces 224 6 Fhacuirvzdsenvieg Garfacey 274 each form
specific reference to Figure 3B, the cover piece 214

appré:antRY Hadf 4 ARCIRS Bl drbisd- QR tidR0wiHeréddSBE ved convex
bet ween the shape-defining pieces 216A and 216B, 5 and

r egpi.ni ng .ar eas, ove e mcroelectronic di.es 212 and
surfabS YRt B st S Fntd AP o e Seint ciiale T 35%%-

illustrated in Figure 3C, the cover piece 214 and
sectiaxhape- defi ni ng pi eces 216A and 216B are subsequently

renoved. The nold caps 240 have curved convex surfaces

[0048§7§(efgﬂ}ﬁ1n,£ﬂf MigtrE any £ aﬁﬂ%éigﬁ ?%re%rzg;oqié ﬁﬁ]gﬁé’& o one of the

ppr oxi el'y®a quarter o circle, ross-section,
mOldVC\A;.%g 328, atr{]cF the fold So?t%]r‘( 580 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.
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10 surface 74 illustrated in Figure 1D forns
approximately a sem -circle in cross-section. [0048]
Referring to Figure 3D, an adhesive layer 230 is
applied to one of the nold caps 240, and the fold
portion 260 of the flexible 2ﬁbstrate 210 is folded to
pl ace the second nicroelectﬂ ic die 286 over the
first mcroelectronic die 212. 15 Folding of the
What pdlddimed:substrate 210 is control |l ed because the fold
portion 260 wraps around the curved convex surfaces
274 of both nmol d caps 240. [0049] Wiile certain
1 AxEwbrogh of sppvaicHaata Klegonie drnckagsc CPBRTSIagd moypting jan first
ml%fﬁ@@%&%%&ﬁ ﬁﬁ@stdmf\m 4 supstratg haying a fold pertinnosert torhe first

Pogig 10RO RFEEANTERPS rgfgrt (fgldinorties; depetinga shaperfisfining piece on
?ﬁr? t PRAEIQEDgG  olE-GPRiE ’(m$ reﬂer ta gubstgie yhnelding the
fol eHng, rr?egn 5 agi-.uggtt 2 vé qlpg: piece; removing the

(Hb sﬁubsal@g arfjally around a
“%“Cﬁ IR R Raboniy” BLOGe (b o EOHP& e ?hesgfyst Pomon

i he art
ol e LR BB P G o

roe ecfronlc die to a first
portion of a substrate having a fold portion next to

TREnfet Ul of R4kl 0
.t ST, 80 LR A Bt i e
substrate; positioning a fold-controlling member over

the substrate by nolding the fold-controlling menmber

4. HgahiestodsofSdiiimas evleih Re §lﬁlﬁiﬁ -diehé ﬂﬂ@-@mﬁhﬁﬁﬁg member around
whkbnhwﬁmgphhen&ha@ppdfﬁbmn@@ pi ece; and wrappi ng the

fold portion of the substrate partially around a

surface of the fold-controlling portion to place the
5. Begoettiopof ddion, vherein the féldreentrplling irember is injection-molded.

6. The method of claim 1, wherein contacting surfaces of the shape-defining piece and
fold-controlling member are concave and convex, respectively.



2. The nmethod of claim1, wherein the fold-controlling
menber is a portion on a first nold cap over the first
m croel ectronic die. 3. The nmethod of claim 2,
further conprising adhering the second portion to the
first nold cap. 4. The neth of claim1, wherein the
surface of the fold-controllifg nenber around which
the fold portion is wapped is curved. 5. The nethod
of claim1, wherein the fold-controlling nenber is
i njection-nolded. 6. The nmethod of claim1l1, wherein
ABSTRAQNt acti ng surfaces of the shape-defining piece and
fold-controlling nenber are concave and convex,

ELECTRONRPPACKAGE- HAYINGRFOLDES FIEXIB LESIISTRAYENAND
METHOD &Fﬁ%@@@%ﬁ@@m METHOD OF MANUFACTURI NG

tronic package is provided and its

o et ﬂ%" %ﬁﬁﬁﬂiﬁ% A S et
has a cuni rqgereg Ak g %awﬁowg C?HS eH @5@9%@9%\:@(""9 of
the flexible gukstrale s 9@ erRAgs sUrfRee odgure delagts, easErg s

conSIstento‘@ﬁnrfmtpétrowow @ael@ag@ todhe aext, andrallpuetor doe indlusion of a
relatively resilientgroondipdamat form factor from one package to the

next, and allow for the inclusion of a relatively
FIG.3D resilient ground plane. FIG 3D



