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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 [ [PF=YoR A gfaYat f

ro e T RORIE BN CRAGE HANERY A FOL DR R PALE
SUBSTRATE NI METIEO 19 «DT dvidNE I BA CTDURING 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 I ess than 100 m crons,

li-?ﬁl W 1¢d to a package substrate for
BA purposes ?XQ uctuial integrity. The package

substrate al so has conductors in the formof traces
t,h‘fre , metal_ lines therein, and/or vias 15 therein
A7 ic 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

i T Shic§Ricks
sicrfolBf O it En o elo LBl g o defaShictihd
with one another. Two dies can, for exanple,
nounted to a 20 flexible substrate, and the flexible

ubstr.at e f.old into positions such that the dies
2). DEgUERhortbGaiRE O P

[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 theteon, 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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[ 0004] A package substrate of the aforenentioned kind
is usually uniformy flexible across its w dth. \Wen
WOR9eSAPABEi on of the package substrate is fol deREHYEI004/030993
anot her portion of the package substrate, a fold
region may be created at an undesired, even arbitrary
. -t.he pac | f :
flexithf BEiBa 1 YR S0 SHOROIRLT of (RS bnbiate s folded
certain conponents of the substrate. 5 Bending at
over anpther poytion obtheopackegy sekatate Adeldiegianmaysbe greated at an
bendi ng from one assenbly to the next, which nmay
undebied) dvenarbiie@iy @eh of thw phclepmsabetrat. Epldliconiteaiubsttate
folding may al So result 1n an undesired forntactor of
t fnal el ectroni . ' -
aturdFid BBies TRECHE R BE Rofoniaid ntngiiedlt BE el sibotrate
el ectronic 10 package. In Figure 4A two _
Bending pbasbétzarolocationtmnay qause snqengistensics i hegsling feqm one
m croel ectronic dies 312 to a fl exi ble package

asserBHIS{0 Ak Qietd, 4vhith GAXP redUl ERFinddfettSddwaskreamqyaikap e

m ¢roel ectronic dies 310, the mcroel ectronic dies

312 .ne f1l exjbl B '
Uncc A8 5B s TR SPEERIED AT,
of the flexible substrate 314. 15 [0006] As

electidriicpackaged in Figure 4B, nold caps 324 are
subsequently injection-nolded within remaining spaces

000, efF'gﬁPesvxiAJD lddtente 0Rk imAmM@ of FHAMBRY A efistag elddronic
[ 5rjn cr1 el ectronic dies 310, nicroelectronic di eg 312,

and flexible, substrate .314. \en cQV [ 6
poc S, T Rt TASHEB RISl B0 A s B LR it ottr
seen that the nold caps 324 form square edges 326 .
micréelectmonio ke foex flevibipatikagesibisizatesid: i drovgagpiece 316 is
between the edges 326. [0007] As illustrated in Figure
locatéd bver tHBmi@belcRaDhicOMie3 800, the THREGALARSAI died 3B ahd the

place a portion of the flexible substrate 314 carrying
ane of th 1 gL oel ectroni i.es 310 over ortion of

lexiblf guprigsPiild: JHSAOEt 1685 LGRS ARt J18 contacting a fold

m croelectronic die 310. Folding of the fold portion
portidABG20 of ¢ flexible sbsérhte 8tdl i s not consistent from one

package to the next. _
[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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[ 0008] [0009] BRI EF DESCRI PTI ON OF THE DRAW NGS 5
[0010] The invention is described by way of exanples
WO 400H03&d5er ence to the acconpanyi ng drawi ngs, REPE0PH030993
[0011] Figure 1A is a cross-sectional side view a
portion of a flexible substrate and a m croel ectronic

die stt?i gﬁégﬁgg oﬂh%%fd) Eb&lcﬂ‘?@ %ﬁ&ﬂ%ﬁ@&, éMl& % 1?%’: consistent

I'ning prece and a cover piece use
construct the electronic package; 10 [0012] Figure 1B
fromjoge pagkage & hemexti o Fi gure 1, after the cover pieces
are placed on the flexible substrate, and a nold cap
[0008pf the el ectronic package is injection-nolded within
remai ni ng spaces defined by other conponents of the

I%ﬁﬂﬁ; i i+4 ng piece, and the
[Ooogiover p%@%@mgﬁ%m‘%ﬁ&% viewsimlar to

Figure 1B, after the cover piece is renoved; 15 [0014]

igyre 1D is a viewsimlar tqg Figure 1C after the
[00105 h irtis igxenien i descabed by wan pé @xampleswiliieterence o the

applied within a recess of the nold cap; [0015] Figure

accomﬁalhpingdmwngé,rvirhaﬁmzo Figure 1D, after the flexible
substrate is folded around the nold cap, with a fold

oft; . [ rLaun
00118 TR 2 1 Erclep PRLEC G MRSV § ol ABRHE iR SuBotrace
Figure 1F is a viewsimlar to Figure 1E, show ng the
and agpiqrpglegirenicrdiniof apsleqinmic ppokags tagefiercwith ashape-defining
perspective view of the electronic assenbly with the
piecefan@ld bbwer éﬁﬁttlﬁﬁsfealtiﬁ coeimiict theelptiociad packaggnd before
ed-

bei ng fol
[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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[0018] Figure 3A is a cross-sectional side view of
conponents of an el ectronic package, together with two
WOZARMBIYE! i ni ng pi eces and a cover piece used RJ/US2004/030993
construct the el ectronic package, according to another

enbodi nent of the 5 invention; [0019] Figure 3Bis a

substi’ailt@‘éhgm Llnaé'><1p|fl&:1é:c1 5L ‘ﬁ\beﬁfr{g%’e?ﬁélﬁoégg er piece is

pl aced on a exl bl e substrate o ectronic

ackage,_ and two nold caps, are. injection- nolded, each
10018, G584 e piops Shr SariL PRls Vg o chrepareninef an dleionic
el ectroni c package; [0020] Figure 3Cis a view simlar
package, togpiiher BRh tefa shapehiefining piered aslizpesvetPidef istdig
pi eces are renoved; [0021] Figure 3Dis a view simlar

. r : [
consthfts ThUIBefic pckiBp (S Ppnk If SFOMG S FERAT o the
] fold portion thereof waps around curved convex
mvendionf aces of both nol d caps; [0022] Figure 4Ais a
cross-sectional side view of conponents of an
[0019F| EFiguwreriRis Eovipackadiar v FiguerBA, dif kaphé bevegpiece is placed on
according to the prior art; [0023] Figure 43 is a view

a flexilgh ?§tr$t9 of %t%‘egﬁcéérﬁcﬁé&ﬁgé,‘éﬂé}mg H‘E‘%?Z:?%% %l‘? [njection-

I'njection-no over cro roni c
eéyect oni ¢ package; [0024] Figure 4Cis a view simlar
moldeq, qach@ver agespactiye misEodaciepnisidie ef the ¢lapisonrig.paskasso
[0025] Figure 4Dis a viewsimlar to Figure 4C, after

[0020? FggmekﬂCEiswaiew gitrél-efio Miguel 3B; taf i ithe poedagr] slsape-
ol ded.

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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WO 2005/ 031865PCT/ US2004/ 030993 DETAI LED DESCRI PTI ON

OF THE I NVENTI ON [ 0026] An el ectronic package is
W08y938e and its nethod of construction. A  PCT/US2004/830993

m croelectronic die is nmounted to a flexible

substrate. A nold cap is injection-nolded over the

e vex edge -surface
DET&%%%SWWI@% Wgﬁggﬁ?at e waps. Fol ding
of the flexible substrate is controlled by the edge
surface to reduce defects, ensure consistent .
[0026d o r s glacsiorfie packnge 1pREREFE Pac ikemeEhed chRRNHTEGIOTY IR
the inclusion of a relatively resilient ground pl ane.
micr$dl82rPnikicie iembhnedd toheflecibinpentiaig droldgsp is injection-
illustrates conponents of a 10 partially fabricated
l,e I G K [ [ l.exi te,
ol a5 ML BUE PEAE DA LAG RIS s B ed LU Cagn BRI fobla
_conmponents including a cover piece_ 14 and a .
whickthe éleyidtle aubsjrate papssFolding of tiye, eriblappsirate isgoniralled
10 has first and second portions 18 and 20 and a fold

by the@digieGrfide b6ty ddfects, arstr@oshsistennfbrptfatiorfforh®ne
and 20. The flexible 15 substrate 10 i ncludes a core

of flexible dielectric. i rS: 0.0
packfis i B e A Ep B o RGP 8P R BOUEL i ot
and on the flexible core. [0029] The m croel ectronic

planglie 12 is nounted to the first portion 18 of the
flexible substrate 10. The mcroelectronic die 12 has

[002AN Figtf91 AldF¢he hEothpah@h BRI aifESustRideh ¢dimponents of a
el ectrically connected totermnals on the flexible

parﬁg’ltll)? HiritaGed gIec{rGr&chfackage, 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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20 present enbodi nent, the microelectronic die 12 is

connected to the termnals of the flexible substrate
WOI0H0318y of wire bonding wires 24, each w r ePGEHAOAY030993

wi re 24 having one end connected to a contact on an

upper surface of the mcroelectronic die 12 and an

micr e ] 2 SR SR G e fnd EO AR R P T BT flexible
pl aced on the fold portion 22, toward the left of the
SUbStF‘éﬁedl%porti on 22. The shape-defining piece 16 has a
height 25 and a 5 width 26. The shape-defini ng piece
[0030]16 The sHgre-fefsniagqiececkd is piaardsors thd foié pdtiba@2nwwatitthe
toward the mcroelectronic die 12. The curved concave

e of 0 B8 205195, SRk . BTt undghessint

... Shape-defining piece, 16 s an upper lefi edge 32 wit
width 2ﬁeiTaﬁtshspe~dgﬁ@@%Pw@a 12%\4@@9@@%#&&@ eoweﬁaﬁlgsﬁ ES
the way to a | ower surface 36 of the shape-defining 10

facingilefe eovbrd fite inh@belebonierdied2c Aheaeved cbacserediréad 28 ends
the |l ower surface 36 neet at a relatively sharp edge

sightlp By AR el P el SR S St g A ERE 16 e the
upper surface 44 to a |lower surface 46 thereof. A
shape-defiping piege d6d@sias yrRraAilelt adBa 32 meith ghsighi ¥ eThegcurved

The cover piece 14 is illustrated with the first
concStd fuateetB ahavds dlhehelwal its atloper slitfacd 86 of thdishape-defining
fl exi bl e substrate 10. e first surface 48 is above

];)iecetll'é'f,3 sb MR thR WlREE 2D sBrAlEL 98tnAThe lower surface 36 meet at a

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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[0032] A second surface 52 is machined into the cover
piece 14 and is illustrated directly above the
WOSHBHESI8Sf | ni ng pi ece 16. The second surface SFXCHEZ0§H030993
wi dth 54 which is approximately the sanme as the width
26 of the shape-defining piece 16. 20 The second
ri. S. is

50. T3S e RO R I B, ek 34 BPSE pBer left cdge 32
shape-defining piece 16. [0033] Because the second

of the ghape-definingpigee H-ned nore. deeply than the first
surface 48, there is a differential height 60 between

[00342 heAh ehjgbio® Pori 6L isiferhed gito thbQovdinpiede flte R tid present
ei ght ‘60 is " nore than the height 34 of the upper |eft

2 .0f .th - LRl ' 0 .
e e oLy} BB PR R o e pgp b ORE ] oo
In the present eég%l e, the injection port 62 is

surfape Afed the eomartpie r surface 44 to the first 5
surface 48 of the cover piece 14. [0035] Figure 1B

[0035]! |Righrei® ﬂlﬁé?ﬁat@@fff&tﬂ%ﬁ&éﬁts bf gunge 1A aftbethd difver fiece 14
pl ace

cover piece 14 is on the flexible substrate 10

is It o B TROETp e Pt e ion Bt R e iR o motd

fl_e>_(i_bl e sSubstrate .10, m cr pe_l ectronic die 12, cover
cap 6diie tnjedtdd anddozheddndbe remmpining epacellbetwieen\thedlexible
conparing Figures 1A and 1B, it can be seen that the

subsRfel 100 Pifocldi@r&Y ie P2,069edficbd i Hhd Seapiaefifling piece 16.
surface 52 fits over the shape-defining piece 16

because, t wi dt h, 54 the cond ,surf,ace 52 is
Whed SR RHFirel Sl L Sl B of B ey K U Sot 8¢ the cover
shape-defining piece 16. The first surface 48 of the
piececavip ¢be sdebndsswifaagHi fijtsioaieothe sleanep@efiningf picediife
32 of the shape-defining piece 16 because the 15

becalgééc fhgreRith 8l J2ghe B éﬁf@rﬁ i5 Qﬁﬁréﬁﬁl&%ﬁy‘éﬂ&b safhe e

Irst surface 48 i s spaced from an upper sudrface of

i35 R SEhECtian e e 12, 700l AL 8 el Sce 10

cones into contact and fills a space defined by the
is slighity belorctheompperdieft etize R afdbe shapéreefining piruetlibdrecadse the
not covered by the mcroelectronic die 12, the curved

dﬁfeffggﬁ?E@gle 6848 {gﬁ‘}i‘? tR8n e ﬁé}ghw@ PeRE it R Ehdel RGE ségaed

I rst ace 48. THe resin Is then cured

that it solidifies.
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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[0037] As illustrated in Figure 1C, the cover piece 14

i s subsequently renpved. A recess 66 having an upper
WOs39P5/8H86568 and side surfaces 70 is fornmed i n REREUYRHN030993

- cap 64 because the first surface (48 in Figure 1A)

is | ower than the upper left edge (32 in Figure 1A).

[ e L QLI . h
cap G4 HE e Mhel it SR 58 g A v Phanthp amprs et gdee
aned and an adhesive layer 72 is attached to the
(32“h‘g1%11‘%& $)64. 5 The nold cap 64 has a curved convex
surface 74 at an edge thereof. The curved convex

[0038f urAaiiRishhtdhin Fipeirs AIp tishsieadefinia gﬂéaeeascai%gw% 1C) is

surface of the shape- deflnlng pi ece 8 and 16 in

h e d.wt h|
subssc A shalovell EnB SAERNSV T4 7 s B0 £l il 9 B
thereof is substantially at the same height as a
The meldwap4 hes @ agevest canexcuriase 76 ehanedgerthersof.7Fhe torved
[ 0039] Referring to Figure 1E, the flexible substrate

convéPsifaUiiskRadBisand sHARGs the dufidPEdri e 3ArREL BPthd Qﬁpe-
nold cap 64. An inner Surface of the fold portion 22

definfB B € (R B L T R 6 SR BBy i Bt

attached to the adheS| ve |layer 72. A desired portion
the regess (66 in Féguus 1 )s ob Shatameupper surfaca F64bercof iheuledantially at
ot her portions remain 15 subst ant| aI ly flat. By

the sdtheveiphit ag aft@hﬁi.rﬁﬂu{%‘bdg]@&slh eSnvalosRGsel 7,
certain congoneﬂés the erX|bIe SUb3;¥aL:dlo can be
e
fo0ssP . R ookl €L i e30e st B Brbirrensiy ol in

el ectroni c package to the next, which | eads to desired

a diregignSfrareund dhelowldtaapait. phae kegirrsgefaco of itod fodd Hootidh2g
also results in a consistent fornfactor from one

wrap€ RSP HeCcdVeB 61268 stfadd " BEHe mold cap 64. The second

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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[0040] Figure 1F illustrates the entire electronic

package 82. Wre bonding wires 24 are | ocated on
WQR005/8H8¢%t si des of the microel ectronic di e 12PCHHR84/030993

of the flexible substrate 10 that originally opposed

one another are now | ocated in |line above one another

i s e ' d cap 64. [0041]
ano %lguﬁgughﬁ$|ust?%?gégggﬁ% ephggﬂgg%ents of the
l ectronj ¢ package 82 before being folded. The
[ooaf) Higwn? éu‘b%@lcﬁ@gﬂ r GOTBRATP 68 thecleEonicadkage 82 before
substrate 10 and the mcroelectronic die 12, further
being faldade Tha epdctifaatic piclafgedM duadditiorbtol the glexilslaeabsieate 10
menbers 84, and may further include a second

| . . | .
e b A S S
. an insulator, First and second thin netal |ayers 90 .
intergepnesionraemberitt, GRAUpBE fudhar Inshitde 3 seeanshnigoelasironic
flexible layer 88, respectively. The thin netal |ayers

die 880 faosteD? the fekibld swbdtyatt 00024 flexible Ider B8 ngade 8NPolyimide,
wi dth of the flexible layer 88. The 10 thin netal

.| [ r [ ree I ve
an ing B (s Bl SO RE e RAR 183D U2 e G o per
remai n behind. [0042] A first solder mask 98 is forned
and lgyear supfacesakihe fi@@]@rlwm&& sespertvelyr skhetthiom matellayers 90
| ayer 90. Areas 100 of the first solder mask 98 are

and SEhedhitidlyyfoberavstbrithe dhgth ehdngidth @ ehé flekibl€k3es88. The
the contacts 94 of the first thin netal |ayer 90. 15

. ' esj || | ;1 aye 2
thin ety o8 By Reifebift o 8RR 0 Bk Red R ol frees
., layer 92. A second sol der mask 104 is subsequently
includingreenteats S poskidacenIoatemabt behindgr ound netal | ayer

102, and patterned to form openi ngs 106. The second

[0042t])1 CA GRLESId &NinGisH 98 i8fo1eadd HEGhB &@ﬁ'lfaﬁﬁng)é)dﬁﬁ)bn@fof Whe Brst

onding wires 108 through the openings 1 in the

.. Se d solder. ma 1 apd .20 eni in the, ground
thin GRS ArsB8 B0 ot Dol it SRR s 2 el el fiimoved
flexible layer 88 to sonme of the contacts 94. The
in ancyiehfog triroeess noegxpmsa doe comtantsiiderfdhe fivsir thin omieklagdr 90,
a simlar manner through vias 110 to some of the
[0043]ONA Q@Iaﬁv@lgf- rebilietit GRo@ndRAEL lap]rbf‘ﬁ}ﬁs%@ﬁ hﬁ&t‘eHQﬁi & surface of
ies 12 and 86 can be interconhected to one another
and .t he nductlve interc ect | nbers 84.
the s&tnc e MR ATEr 82, & ssoped SOLs nask 10Has SBharaticnyly formed
i nterconnection nenbers 84 to either or both of the

on exposed elifetescofi the greund 2netalilafer 162)dirtdhpatterned to form
m croel ectronic dies 12 and 86 are in conmuni cati on

openigds 10BN T HRYRESEH 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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5 [0044] The inclusion of the ground netal |ayer 102

provi des the otherw se flexible substrate 10 with a
WOEpH/ed1B6Sanount of resiliency that tends to rd&EPS2004/030993

bendi ng of the flexible substrate 10. Such a

resi stance in bending tends to create a | arge

r r ] LS e dt he 1l exibl
anotfiafft & e PR ARy L iBhab QIR RR AR SRS rBE P e
The shaped curved convex surface of the nold cap 10
provided threusy thecomdyistize irbereqsmactips memberagBbto eitleer or both of
flexi ble substrate 10, even if the ground netal |ayer

the mii@elrtiontd gided?2 aAndBE) hnflithe meiRrcteddrdnit dséd L fnd B are in
manuf acture of an el ectronic package having first and

e I i.c dies 212 and 286 respectivel
Comlﬁroﬁﬁ%?‘%gg’ﬁ‘wﬁ%g%{&g{% de of an unfol ded flexible
substrate 210. In the present exanple, the 15
[0044}| deheripglusigrrektigesrruaduetsal Hyer 655 proviges thelptweraise
and 222, to which the mcroelectronic dies 212 and 286

flexibié SubSERe qbvwieh ¥ cePtdii Sthouik bE rdd@IReHHANWE f@Rls38%esist
connect the mcroelectronic dies 212°and 286 and the

] C Lect qni ¢ di es .22Q,_ and 222 .to t.he fl.exible
bend{flef PR HRAR Gttt 180 B R G e il Pepdfi Brfis to createa
Fi gure 3A, two shape-defining pieces 216A and 20 216B
large gnevatyrewdenem attdémoptissoade émbead the flexibld sulxdtiite 10, instead

substrate 210. The first and second nicroel ectronic

of credtiag e’ Asld486icH. qﬁ@ﬂ?&f—e‘l Qitvhd cohy&8uFaeo8fthe rlngld cap

portions, respectively, o '

opposing sides of the fo
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pi eces 216A and 216B, and has a width that is

grourxbpretud; Iaper] 02 isdueiided. t he space in between the
shape-defining pieces 216A and 216B. [0047] Wth
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I's noved so that the protrusion 250 1s iInser
. bet ween .t he shape- defj,ni [ 216A,and 216B, 5 and
first Qi AEC | GISTQEIR TERF iR i b AresPeFt e yimadunte! o the
286 are injection-nolded with nold caps 240. As

same isideusfarateiblded fAegiblesdigirath 818.0lretheppresensdimpls, the
shape-defini ng pieces 216A and 216B are subsequently
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4. The®curv each form
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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-&eﬁning pieces 216 A 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
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10 surface 74 illustrated in Figure 1D forns

approximately a sem-circle in cross-section. [0048]
WOR@6¥031863g to Figure 3D, an adhesive | ayer 230PGRUS2004/030993

applied to one of the nold caps 240, and the fold

portion 260 of the flexible substrate 210 is folded to

c sec ] 868 over t.
and 5Bfnd NG BTN ek SGPESDUT St &7 Rbp g Betvveen the
flexible substrate 210 is controlled because the fold
shapgdefining pigoestlogsaad 368 t he curved convex surfaces
274 of both nold caps 240. [0049] Wile certain
[0047% X aARhapecBIFRSEHreRc & Hguee SBahed0F6r bR 2ands sIoWE dorthat

t he acconpanying drawings, it is to be understood that

nent I L us t.ive .and t
the pAEdhiR 280 i Tpeiid bEnPRaning HAnd i ing RibHR 2B e 2168
invention is not restricted to the speC|f|c
and repwéningareaneverrthe anicaorlectronis ditronl? amdl28ears injretion-
since nodifications may occur to those ordinarily

moldéa'vh'ltﬁ ol daips 220! As illdstliRl ihFighRd 3€ Gthe cbvef'piEzk 294 and

constructing an el ectronic package, conpr|3|ng

ptin afl ectronic dig to a f
shap%ﬁﬁ o5 2 Thd O8R5 fiPactmbhfly sBriet ribgmels caps
the first portion and a second portion next to the
240 hiwe dupord ¢avexlsockceng7a Thaperwdidomvey spifaces 274 edah form
substrate; positioning a fold-controlling nmenber over

appréﬂﬁla":tél?scf q@Rerl IBkAE NG drBSs-ERbINS ANek&ld theGuiPER 8bnvex

agai nst a“surface of the shape- def |n|ng plece

suriofd P BStrates s e 1L ArRPRAPrORERR BT § SRR G cross-

surface of the fold-controlling portion to pI ace the
sectiamecond portion over the first portion. 2. The nethod
of cl aiml wherein the fold-controlling nmenber is a

[0048&0 rKéf %ui‘ BDETQﬁ ddreRve Y&ferid3B i hpplied to one of the

cro ron

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.
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3. The method of claim2, further conprising adhering
the second portion to the first nold cap. 4. The
met hod of claim11, wherein the surface of the
fold-controlling nenber around which the fold portion
is wapped is curved. 5. The nmethod of claiml1,
wherein the fold-controllin nber is
injection-nolded. 6. The nethod of claim1, wherein
Whep istcdmedrg sur f aces of the shape-defining piece and
fold-controlling nenber are concave and convex,
respectively. ABSTRACT ELECTRONI C PACKAGE HAVI NG A
1. AOMBHSdEPEXPEIECEB STRAPEIAND INEESED CORDNSREF ACTDRISG first
mlﬁrprée@ms@ ¢!ﬁ tfépéﬁtrpé’ﬁm@l ?f glgate daying g ifeld porting nekto the first
(ﬁ WI‘E dgcating a skape-defining piece on
ﬁt(r pQ§1tngrpge h @o%tm}lg gfle egoyﬁﬂtae élgﬁtrage by moldlng the
fol e a agglg?t 25 0 s%er g§e removing the
shapgy %% $FEx %a 5&23?3

f ound a
-051&? aoa'f%toolrla%eh gﬁlﬁngcg}zﬁi BP@O&P&{E’? f%lﬁ Rortion.
2. 'fl%]ﬁ{eglod % c@{ e od ﬁ Ce t(ﬁh | educ 32%;% %E)]ﬁié)nt(ﬁlea first

mo?cfé#)r nt% %ﬁs[ 9111‘01}6 '{{i?é | ncI u5| {)gmof arelatively

resilient ground plane. FIG 3D

3. The method of claim 2, further comprlslng adhering the second portion to the first
mold cap.

4. The method of claim 1, wherein the surface of the fold-controlling member around
which the fold portion is wrapped is curved.

5. The method of claim 1, wherein the fold-controlling member 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.



