- WD 2005/ 031865 PCTI US2004/ 030993 ELECTRONI C PACKAGE
HAVI NG A FOLDED FLEXI BLE SUBSTRATE AND METHOD OF
WKL70s@IaIRI NG THE SAME  BACKGROUND OF THE | NVENTI/G34004/030993
1). Field of the Invention 5 [0001] This invention
relates to an el ectroni c package of the type having a

ol CEPRCROMIC AARRAGE HrANNCER foriBRt By Le”

é@@@q}RmE Q[I@E)SMETH@'D DRMANUA A CTERYARG THHEIS AME

and on sem con ctor 10 mafer substrates that are

subsequently "singul ated" or "diced" into individua

m croel ectronic dies, each die carrying a respective

integrated circuit. Such a die may be extrenely thin,

I ] , and is subsequentl|

BA{%%EﬁggaﬁﬁfSﬁgﬁ%gégﬁgghgﬁggfrate for purpoges ofy

structural integrity. The package substrate also has

conductors in the formof traces thereon, netal |ines
1). tHieldeofthednviemiioni as 15 therein to provide el ectric

i nterconnection to other devices, often other

5 [000i]t M@ﬁ%nu%hrr@}é!téssto% gbhebnidiRekape bt gk fpelthaisane
package substrate. [0003] In order to save $Space in x

IS often U|r stack nmore, than
micgeteclipri et ires aain et Forr e 2 lecHony pHise
integrated circuits of the dies interconnected with
one another. Two dies can, for exanple, be nounted to
a 20 erX| Ie substrate, and the flexible substrate be
RS FSL: oNEEeEt £ohs such that the dies are above
one anot her . [0004] A package substrate of the
[0002f of tedrbrdults ack usualumlahyfaotifeol m gnd énWeEmiconductor

2005/ 031865 PCT/ US2004/ 030993 flexible across its

2 e« t
10 waid syt TR P o R HRErRRRL "5 8E" B pbirual
a fold region may be created at an undesired, even
micrgelsiciioais digs eepchidie KarTyikagespegbve infegrated ciichg- Stich a die
the substrate
. 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] In order to save space in x and y, it is often required to stack more than
one die on top of one another in a z-direction, with integrated circuits of the dies
interconnected with one another. Two dies-can, for example, be mounted to a

20 flexible substrate, and the flexible substrate be folded into positions such that the

dies are above one another.

[6004] A package substrate of the aforementioned kind is usually uniformly
1
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at undesired areas may cause danmage to certain

conponents of the substrate. 5 Bending at arbitrary
wDQoei30868 may cause i nconsi stencies in bendi nPOIVEERE04/030993

one ~' |l assenbly to the next, which may result in

i ncorrect downstream packagi ng. Uncontrolled fol ding

Aot affosite Binghi Whedarm e Yot SR oWk g€ s folded
illustrate one manner of form ng an existing

overdmatheopodionldf theglealage smbdtraerafold reginm may be created at an
m croel ectronic dies 310 are nounted via two other

undBsifé P ‘%Jv@ﬁtaiﬁ?a?y di&sSofie ﬁé&kﬂg& Lepdepdig. PBEKAGRL the substrate
substrate 314. ‘A cover pi‘ece 316 is |ocated~over the
m,cr.oe] ectronic dies 310, the mcroelectronic.die

at uRIGH I AT op AT e DR AP HO SRRPORRBORABE SpPszale
316 has a protrusion 318 contacting a fold portion

BendR2(@ atfarbitearf |l eccitivne marp stusk incGdsistensiep @O dehdikg from one
illustrated in Figure 4B, nold caps 324 are

asse By IR ol WHAEkG TR ER Py als posiRnes

m crel ectronic di.es 310,, m croel ectyonic dies 2.,
Uncgnigolles f91ia8 TRyAIFa et an PResHgLOEBIEFIOR o6 o gl
is renoved, as illustrated in Figure 4C, it can be
electvonit package.t he nol d caps 324 form square edges 326
facing one another, with the fold 20 portion 320

h - o :
10003, ¥fiilet AR P 1RRR AR b Ak BEor bR Pl el e B U
pl ace a_ portion of the flexible substrate 314 _carryin
package. dn Figiedile twie migrpelacronyg dies 319 ars mounterd via Bko gfher
the flexible substrate carrying the other

micrdeldc@@h@CHies Bl 2 tda ox#510 ProRddtosubsGhtd SPA0A/dQP PFece 316 is
die 310. Folding of the fold portion 320 is not

ntrolded.. and iis not.consi ste e1:

toca RIS 1 SipGiacRrBot Ry e BlocebeRRbAR 2R he
DRAW NGS :

flexible substrate 314. The cover piece 316 has a protrusion 318 contacting a fold

portion 320 of the flexible subsirate 314.

[0006] As illustrated in Figure 4B, mold caps 324 are subsequently mjecﬁon-

- 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

i
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5 [0010] The invention is described by way of exanples

wth reference to the acconpanying draw ngs, wherein:
wDQOBsKB1Fsgure 1A is a cross-sectional side vi ®UTAIS2004/030993

portion of a flexible substrate and a mcroel ectronic

die of an el ectronic package, together with a

. ef i ni i ece. a a coyer pigce used t .
die SRITIIRE 411D o LGS0 0o Y EOntRuiEd aSf Bt spusistent
is aviewsimlar to Figure 1, after the cover pieces
ﬁﬂnhﬁaepﬂdﬁﬁwtoﬁhemhétflexibIe substrate, and a nold cap
of the electronic package is injection-nolded wthin
[0008EMai ni ng spaces defined by other conponents of the
el ectroni ¢ package, the shape-defining piece, and the
v ] X ' i iewsimlar to
lnﬂoéfgEﬁgﬁﬁgﬁggphgaiehﬁE%%@gﬁ]%ﬁébgnﬁgérenoved; 15
[0014] Figure 1Dis a viewsimlar to Figure 1C,  after
_ t he shape-defining piece is renoved and an adhesive
[0010k 3pplinesnticn isideseribed by svayf of ¢remnples vidh refeoais]to the
Figure 1IE is a viewsimlar to Figure 1D, after the

accoﬂﬂiybﬂlgd)?m&g’s,a%ehﬁnz fol ded around the nold cap,
a

wi't h old portion of the flexible substrate w apping

QT AR R N R .

showing the entire electronic assenbly; [0017] Figure
and 2 misroelgnirgpedid ofearvélevirohictreekepe dbgethier vdtls eshhpe-defining

with the flexible 3 WO 2005/031865 PCT/ US2004/ 030993
piecéaﬁb&arcaﬁr[@%%ﬁemswt@wﬁ&ﬂf& thOEBABAIAS Aage e NY

f ol ded; 18] Figure 3A1s a Cross-secti oRal side
[ a packa t oget her

i of onents. of. an el ectronjc e,
[0013}; Hepye 18 %&E‘a“éﬁmlwg‘fopﬁgeé%lﬁ?aer&he 698?1954966% ced on
to

construct the el ectronic package, according to

the fleniilé eubstndtodimeatmalt] dapeofihe eleeiontnpadie@eal ifeditiemolded

3Bis aviewsimlar to Figure 3A, after the cover

B S AR A8 ) L PLE QORI o B pocies
the shape-defining piece, and the cover piece;

[0013] Figure 1Cis a view similar to Figure 1B, after the cover piece is removed;
[0014] TFigure 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 elect-rénic
assernlﬂyﬁ

J0017] Figure 2 is a perspective view of the electronic assembly with the flexible
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nol ded, each over a respective mcroel ectronic die of
the el ectronic package; [0020] Figure 3Cis a view
woi2ned@ssso Figure 3B, after the cover and shaRETNB2004/630993

defining pieces are renoved; [0021] Figure 3Dis a

viewsimlar to Figure 3C, illustrating the entire

| ectyonic ack after.the flexib substrate is
su}j‘%ﬁ%ﬁ g%owaé)xpgchgg@gm s %ﬁ%?% %’Fuﬁ'%’g@e&ar ound curved

convex surfaces of both nold caps; [0022] Figure 4A is
[0018] cFigisesdcis mmabs-sedivnal sidesfiewofmonepererds ofan electronic

el ectronic 15 package with a nold cap thereon,

pacla@eotodlefertQith My oihapb-dRitfning PReds ahH WL Fed %iéc% e tBW
simlar to Figure 4A] after Two nold caps are

Lnjection-nol ded over m cropel ectroni c di.es,.of th
consigiieE e fieeH Rt RSB Er GhsacinG Gy pROther eSO mEnt 87 S ar
to Figure 4B, after the cover piece is renoved; and
invepfiofp025] Figure 4D is a viewsinmilar to Figure 4C,
after a flexible substrate of the electronic package
[0019£ F%}Q@@B i4 a W AIMIAB LS @hu%gpﬁ?@éﬁ%?%iece is placed on
TAIFLED DESCRI PTI'ON OF THE T NVENTT ON [ 0026] “An
ded a t hod of, .

el ectr.onic kage i s .provj dits .
 a flegbiRttRcrate Bt the ClarteruEinackeimPBddne Rokhsaht et inisciion-

flexible substrate. A nold cap is injection- nol ded
molded; eathevel @ respleetivehdorepechaniadizusihe efartsomic pddeage;
surface around 5 which the flexible substrate w aps.

[oozﬂtﬁg 'eﬁf'ggge Cle i%?%ié%%’fﬁﬂ%f & 13%3%% 3B #rSr HRYUSRE LG sh =

e surface to red ects, ensure consisten
.fornifactor fromogne package to the next, and all ow

defirying pieresiare FemP¥ediof a relatively resilient ground
pl ane. [0027] Figure 1A of the acconpanyi ng draw ngs

[0021]! | Figtra 8Bsis aoipaneniiar e Fipuré B dlustedting fahsritetebstironic

el ectroni ¢ package, including a flexible substrate 10

_packgg%p a%%re i egﬂtgﬁ%‘%ﬁsgflb%g‘hge %'{g@lg%%pﬁﬁecg % ?cglﬁeﬂor‘gohqhgpéoq ivpl%ps
around curved convex surfaces of both mold caps;

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

[0023] Figure 4B is a view similar to Figure 4A, after two mold caps are
injection-molded over microelectronic dies of the electronic package;

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

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

electronic package is folded.
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14 and a shape-defining piece 16. [0028] The flexible
substrate 10 has first and second portions 18 and 20
Wernt00318651 d portion 22 between the first and SREIHHER004/030993
portions 18 and 20. The flexible 15 substrate 10
includes a core of flexible dielectric material and
' f nes, netal |ines,
DERRS TR b B N b e core. o020
The m croelectronic die 12 is nounted to the first
portion 18 of the flexible substrate 10. The
[0026] ¢ oeklectoni padkiage ivprovidedhand tsgnathed of canshmuction. A
formed therein, and is electrically connected to

mictdR1eBHAHIE dRNistBuAle@ibh BesbREuaHELel VA hld élh% ii%gnjecﬁon-

present enbodi nment, the mcroel ectronic die

onnected to e tefmnals of t flexi e supstrate
mol§ERBLEt e 4R Bl £ Furesfeony@iedge et en arnnd
wire 24 having one end connected to a contact on an
whidpfer fledblesudbsofate Weaps. iD1dbgsoDdeggscdble substrate is controlled
PCT/ U$2004/ 030993 i croel ect ron! c die 12 and an
by tRPEaSE SGr RO FRINRE HBEbctD eﬂsﬁ&rd&a_ﬁltemomfa&b%bm 8ne

substrate 10. [0030] The shape-defining piece S
| eft of the

| aced, on t he f.ol rtjion 22,. toward.the
- packagedo gla? PESh a@é.aﬂ%ﬁcgﬁéﬁ&l usioRi i@ pelatively gesiligntground

hei ght 25 and a 5 width 26. The shape-defining piece
plan&6 further has a curved concave surface 28 facing
left toward the mcroelectronic die 12. The curved

0 _ o

100270 T FREe 4t GP AR AP0ty (AR b THLAN B0 Ufiffinents of o
shape-defining piece 16 has an_ upper, left edge 32 with

partigllydabricated elagironig Podengco inhadis e fexible obsiate Haand a
all the way to a | ower surface 36 of the

micreobRptroa diei 17y td%éﬂmérerﬁ?&h Iholding t:bﬁtésdﬂems:haﬂﬁﬁng@rtwee piece
surface 28 and the | ower surface 36 neet at a

| at.lvel h . 38 on the flexible substrate 10.
'143%%?)%&%%5%%%&%?%%9 14 has an overall height 42 as

measured froman upper surface 44 to a |ower surface
[0028s Theklexible substrate 18 dhap fiset arsl secomalpontionsils anige20 and a

cover piece 14. The cover piece 14 is illustrated wth
fold pBeridn 23 betMednaR Bt aRQ¥EdriEportions 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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15 first portion 18 of the flexible substrate 10. The

first surface 48 is above the |lower surface 46 by a
wiei0g#031863. [ 0032] A second surface 52 is nmachiHEUS26045030993

the cover piece 14 and is illustrated directly above

t he shape-defining piece 16. The second surface 52 has

. | .54, ich_is _approximtel he, sane _as the .
micfyeffidhuc e Rl plTuRRBHE T Cimlect® 16 A Frmel 98 e fovte
surface 52 is machined to a height 56 which is
subgitadedfi nat el y the same as the height 25 of the
shape-defining piece 16. [0033] Because the second

[0038} T TRRasHapel deBARIpIRE 1605 plaearny/He I Hbstidh D3 toward the
surface 48, there’is a differential height 60 between

{ ght 56 and-ihe height .6 W 2005/ 03186
teft o BB By G 355 The Bl nindtind PAPaR bt and e
nore than the height 34 of the upper |left edge 32 of
widtth26.sThe ehajed-definmgpiece 14 irtheoizat a gurvied ercave spoace 28
62 is formed into the cover piece 14. In the present

faciifX R Rvard el NicR6d Qoo die $2 The Eﬁf@gcéﬁd&%tsﬁﬁfgce 28 ends

upper surface 44 to the first 5 surface 48 of t

nle)

o 5 e B ol RS v

pl aced on the flexible substrate 10 and the
shapehdefiningfpincatp basar upper lfidedgad®? witlcapeBehtidd, The curved
injected and forned in the remai ni ng space between the

conchy/€ ’é.ﬁﬁl%ge’: Qg %gﬁﬁﬂts Qe W IPLI RS éiﬁcecgl%o%g nsﬁ%liﬁ@-rdeﬁIﬂng

pi ece shape-defi i ng piece

. C aring Figures 1A and 1B, it cap ,be seen that the
piect J0 50dHiabhe HEVERFPCaY aEice Hee ekt 96 Teet at a

surface 52 fits over the shape-defining piece 16

- relatbestpebarg édgaB8ibh thd{lekibldwulseeadOsur face 52 is

approximately the sanme as the wdth 26 of the

hapg Wyl ) 1 i 4
(003 T ERe §P et e B 85l Srer P hcebi? AT 88 6P i Siprer
32 of the shape-definjng piece 16 because the 15
surfagerdddpanomegr ssfagndo dhetesr. rdrfirst parfaceds rangpitingd inthe
first surface 48 is spaced from an upper surface of
covet PRecaildl Ot eadivied Pidcedidds Austrated 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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[0036] Aliquid resinis injected through the
injection port 62. The resin cones into contact and
Wi 2008033866 pace defined by the m croel ectroni c diC37052004/630993
areas of the first portion 18 not covered by the
m croel ectronic die 12, the curved concave 20 surface

...t he s Ip LNin i ec 6, t first
50. Hhe lttertpunl BRGH B oo BiEihelthigh S ropper left edge 02
solidifies. [0037] As illustrated in Figure 1C, the
of thashapeplafbeng piece Mubsequently renmoved. A recess 66
havi ng an upper surface 68 and side surfaces 70 is

[003&pr Miﬂg&ﬁ&&%&ﬂ l6d is ForMRPONSHRSISRE PiEdd 15200d4{-03%@98%

cap 64 beca the first surface (487in Figure 1A) is

| oper, than the u . lLeft e 32 in Figure 1A) .
exa i ihé Rietdanpol B i ed B thiibdte et a4 deithn i

piece (16 of Figure 1C) is subsequently renoved, and
surfage 4bibkthevaovenpiceds. i s attached to the nold cap 64.

5 The nold cap 64 has a curved convex surface 74 at an

[003SH9 ?‘iégﬂg NP iusfifesGHE B RRRUE oS fAZefﬁf:eJi1 ?ﬁ% Es er p%i_ece 14

same ‘Shape as the curved concave strface o

is plaggs o e Hesibl sudiate 10 antithe sRezedelining pieori gy & mold

1C), so that an upper surface 76 thereof is
cap 64iBshfetdchdnhd fatmed hretlearendinirgdpaas batwesnnilvaflexiple
edge of the curved convex surface 74. 10 [0039]

[ i . -exihl . '
subs B 10 B peP il R, Vi P B bt e plhcg 16,
cap 64. An_inner surface of the fold portion 22 aps
Whegy umpraing Figies d A & 8 gion geéem the ORI Of s cover
64. The second portion 20 is positioned over and

piec@l4 habizg fhe sebend elifaty B2 fiayever the shapeelefitthg pluckilen
of the flexible substrate 10 is thus bent, whereas

; . tially.f

oocah e REEH PR TR Ry bbbl g Rgme s he
certain conponents of the flexible substrate 10 can

widtheqnidhe shape-dedining:piese d6. Bbrdiragsuriacefiteefdthereer piece 14

| ocations results in consistencies in bending fromone

is sligh@¢ el Che RPPKARS: édsd FBoNREshapbldefinifa P¥eded 6 because the

esired and corrected downstream packagi ng.
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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Controlled folding also results in a consistent

fornfactor fromone el ectronic 20 package to the next.
wPoEI3tEsSgure i F il lustrates the entire el ect MEAVES2004/030993

package 82. Wre bonding wires 24 are |ocated on

different sides of the mcroelectronic die 12. Edges

t he flexible ub ate 10 t originally oppos
cap 81 Pediiseishs Edpeuniieat B Bt 1A i Rred Do ke SRRt cdee
2005/ 031565 PCT/ US2004/ 030993 another and in line
(32 imi Kiguznlajige of the nold cap 64. [0041] Figure 2
illustrates further conponents of the electronic
003B]C aaui2atael gufzﬁn‘) fehdBe.deFhen (@8 LE Fi Q)i
[ p];ckageuSZ?%éﬁlﬁgﬁa iti ongfiho thg fleexi b?ggsc%b(gﬂ)gtl:ﬂgl ) is
di e

+ sub el rneh o i e IBeSYE B Zanelnthd fdhsomelibaap 64

and may further include a second microelectronic die
The g&0ld sap ¢dehasfa durwetllconivek sufadesT4 aitan adge theaxedf. cRhdtwrved
| ayer 88 made of polyimde, an insulator. First and

convzaﬁcfj's%lﬂﬁcé bt %aﬁ?ﬁ@kaﬁ@%éﬁ?ﬁ% g$ R %d%ﬁﬁcé%%ﬁfﬁ%@o%@%ﬁape-

ower surfaces o le layer

R R ERECE AR

' flexible layer 88. The 10 thin netal |ayer 90 is then
the rpeass ¢othidFigare ha), sorthas anuppee sunfack Zhtherediis sabetsitially at
i ncluding contacts 94 and traces 96, remain behind.
. r
the spaieuet ded iAo GG offpg of Ak (el BREeRFALOR. o)
ﬁre s.1Q0 of the first solder mask 98 are selectively
[0039]c rBelerring fo Bigueediki Hoe fexblesutbstrate ) ssathspauenily &ded in
94 of the first thin nmetal |ayer 90. 15 [0043] A

a direeticat 80/ alounidethiel ineld cgs 64nAntahad sd¥& ofibé fold pbfTbn 22
pl ated on a surface of the second thin netal |ayer

[ sequent ]y -for ned
wrap oA B P i RN R o B BRI P ) 1R 5%
patterned to form openings 106. The second
portigh2Pdepesitioond @ver endatiaghedéo thawdhasisce layendy. ¢f devireasl
bonding wires 108 through the openings 106 in the
portisRef fsk SetiBRY suBdttatd 90 iaiehs HenORPAERES otilerd +HnAYBRhain

metal layer 102, the second netal layer 92, and the
substhhf% 39 Wt By preventing folding in undesired areas, damage to certain

components of the flexible substrate 10 can be prevented. Furthermore, bending
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. Edgeé of the flexible

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

8
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| ayer 88 to sone of the contacts 94. The conductive

i nterconnection nenbers 84 are connected in a simlar
WOR20pE931843r ough vias 110 to sonme of the cont actRCIIUS20044030993

such a manner, the mcroelectronic dies 12 and 86 can

be i nterconnected to one 9 WO 2005/ 031865

004/ 03099 0 r.a Q e conductive
molﬁ%%a#{cﬁéﬁﬁgé ‘f‘%ﬁ ar%r}e?r%%f Es’p%f .mé}ﬁigéﬁ?l &l é‘ﬂcan t hus be
rovi ded through the conductive interconnection
[004?!4 niféguregillustusitear thar comperents ehherslectoentie package82 before
dies 12 and 86, and the mcroelectronic dies 12 and 86

beirgf foldetl. TREBIBHGAId PatiisE B2 0Me: BNABALH the e bubdifate 10

inclusion of the ground netal |ayer 102 provides the

her.w s flexible,substrat 0 wiih cert ai nmount
and3he phith ifecirarts ik T2 et Biofuded Pljafiaf Rhodrdudie
~ flexible substrate 10. Such a resistance in bending
intereomaection srasabers$4, and enajufuwrtherriackudern saroadtraimpoelestronic
made to bend the flexible substrate 10, instead of

. t ] . 1 . T . .
die 86.€AldoRd ofilfeMdstiblethbstratt s a ﬂ@agl@gg??rnssé %éﬁrrée&?glﬁmde,

surface of the nold cap 10 (74 an

C

o G B A AR o e

Figures 3A-D illustrate the manufacture of an
and dbwet sunfaaes pd che fexie laygr 88, respediivetlsetha thin metal layers 90
m croel ectronic dies 212 and 286 respectively nounted

and 9P 8_&@ Iﬁﬁﬁmﬁﬁé& o9tr e 1@%@4 %ﬁcgﬁigﬁﬁspﬂt% Mﬁferlgtﬁt 88. The

n the present exanp 1 ectronic p age
dies 220 and 222, to i.ch

.includes m croel ectroni
thingpigiat 58 B FRenGraterird 56 Sist dknes P8GR ockoud piticraras,
nmounted. Wre bonding wres 224 connect the

inclidingeehects $hand draees 26, Yeavuin P8hinahd t he
m croel ectronic dies 220 and 222 to the flexible

DSt : . ce . _

(00 03 8% So R0 md ROAE (b0 SREE L ot BB REIG ot s o
. are |ocated on a fold portion 260 of the flexible

thin guafak lager9G 1 HreamiO0 ertglﬁ fispipoldergmask AP areselectivalyiremoved
dies 212 and 286 are |l ocated on first and second

in arpetchin@srocedss &pegposeathy coftacePPOSS e fHist @finGhetald Bayfeplod.
portion 260. A cover piece 214 has a

[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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protrusion 250 which is approximately as high as the
shape-defining pieces 216A 10 WO 2005/ 031865

WPCPIYE28B4/ 030993 and 216B, and has a wi dt h tRaYU$2804/030993
approximately equal to the space in between the
shape-defining pieces 216A and 216B. [0047] Wth

enoMRASELE SELFRTIE] B B b 04T S s e

bet ween the shape-defining pieces 216A and 216B, 5

providgdrtbrangh the candastive énterepmneridon em@mbmr%toom’émrmboth of

and 286 are injection nolded with nold caps 240. As

the inli¢reslecaoadt: dids F2 anaSR63 tnd the nfersledtiREE Ak 28l 86 are in
shape- def| n| ng pi eces 216A and 216B are subsequently

mm ,&i n rml gmé:%@s 240 have curved convex
surface Ured convex surfaces 274 each form
pr oxXi rrately a gquarter of a circle, in cross-section,
[004ﬁ£ eddgdnelnsionohibe grownd metal kyef b@%pmdbs; thet othieperisen
Figure 1D fornms approximately a sem -circle in cross-

flexiBRCBBratd PO MIh feb@ain ffotRt 6f &Hﬂﬁn@ngfthﬁtnteﬁag €S kst
| ayer 230 is applied to one of the | d caps 240, and

bendiflE ol ARYE Qibsfide 20 5lith hreRbBnge i Bt tengaty create a

over the first mcroelectronic die 212. 15 Fol ding of
large eierviekbese Wwhen suladtenapics 2044 & loont thel flodblectdssatd h@ instead
fold portion 260 w aps around the curved convex

of crééﬁﬁ%ﬁ%&aﬁﬂ)l&’fre Bhh T'I‘%' sﬂaﬁ peveC een&ggeyércr | lbcg e mold cap

certaln exerrp ar

o R e PSS B LA SBBRLF 10, oven if the

illustrative and not restrictive of the current

groundveatal bayerd08 id netudédd.s 20 invention is not
restricted to the specific constructions and

L 2 R S

12 WHAT | S CLAI MED;
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 34, two shape-c;lefining 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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1. A nethod of constructing an el ectronic package,
conprising: nounting a first mcroelectronic die to a
Wi0 2084/031865t | on of a substrate having a fold pardEBG$R004/030993
next to the first portion and a second portion next to
the fold portion; |ocating a shape-defining piece on
t substrate:, i ti.oning a fol.d-controlling nmenber
and Z38P $d 1ad p 3i1eER BhasyS APy uioteis SAGRLIC (s KR Rgoween the
menber agai nst a surface of the shape-defining piece;
shapeasfining piecestdpeanid2ioB.ng pi ece; and wrapping t he
fold portion of the substrate partially around a
[0045YT QRS s%@cffﬂa%efe&’&%e o1 38,8 PAVE ﬁ%cé ?#3 ksalgl%v%g%o that
p . e metho

second rtion over the first ‘portion.
| 1.ing_nmenber is

of .cl ai ., wherein the fol d-cont
the SigriudbBad ic fiasted Batyyen fhe Shoap-datining pigces 216A and 2168,
m croel ectronic die. 3. The nethod of claim?2, further
and gempinisgegeadierithg ntitrebetamde disstAlAmrid28derefihfestion-
nol d cap. 4. The nethod of claim1, wherein the

mol@ed #aeenfid hss 240, dAs ?Iﬁ!ﬂstt:fagleéi Eﬂ@;ﬁ[gg?f@, gﬁé gﬁg& n%it\éﬁ% gﬂl and

the fold portton I1s wapped Is C

of .cl.aim 1, rein fold-gontrol|ing nenber is
. ShaHeﬁ‘}l%‘J&?lP&Plﬁ%ﬂ%ég Bl P Geabacancrd wramavediShemold caps

contacting surface of the shape-defining piece and
240 hatederowet rcohiven gurfecds74a Thecanead eofiek S@x®S,274 each form
respectively. 13 7. An electronic package,

. e; - 0
T A N b b B R e Py conve
Se%ﬁﬁﬂ portions, a first mcroel ectronic die nounted
surfacg /erlupirated pdfiguisniD Apemapppradmadelyia ssmi-circle in cross-

fold-controlling nenber, the fold portion being

sectisnhapped partially around the first fold-controlling
menber to place the second portion over the first

' . 8. Fh l.ect i k . clai,m.,7, wh [
o0l Aol o P18 R s gty i
first nold cap over the first mcroelectronic die. 9.
moldmeapse}dfe end e fqld ploatien 860 of dherflexiblesubisérate Bhpis Hilded to

an adhesive | ayer on the
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



nol d cap, the second portion being attached to the
adhesi ve layer. 10. The el ectronic package of claim7,
wherein the surface of the fikrst fold- controlling
menber around which the fold portion is wapped is
The el ectroni c package of claim 10,

WHAT C‘%Q-Z\ql}('#e surface is curved fromthe first portion
up to the second portion. 12. The el ectroni c package
of claim7, wherein the first fold-controlling menmber
A methodheh eansiyusting ani eleetronit packageeomprising:i r st
m croel ectronic die, the surface of the first
ni@lintingoa firsh nhicroglevtrdmie dier ounfirstbortiont dfea SatbstrareHavinig a fold
postion apxtetd the fiestipoetibrf antha ddt@ntiigotioP BB tBrthe Rolipdriién;
second portion, further conprising an adhesive |ayer

|@jhtmtgfgesﬁg)‘géidgﬁ,mngtp*@cesgﬁ%@s Régdtgn being attached to

t he adhesive | ayer. The e ectronlc package of

oty a 4 %téaﬂfr ﬁgg%g 39 o § P beffafd BY NN fola-
Oftrefitth SRy radingrthfifo
gé@%' THpTPL, Agaits t@ﬁ%f@éaea 6€‘$ Llepdgetiinaaiessn

second fold- controlling nenber, the fold portion
rgjgoNtgtha shereiafining pigcer aathd t he second
fold-controlling nenber to place the second portion
wyappingtibe $eld padtigpoof thensubisiratd partiellly arowund a spisfaka @ thd fold-

cohtroling portidretoeplace e Secwid podiosen@nthd fitstiportion.
controlling nenbers are attached to the first and

second portions, respectively, before the fold

2.  TRETh&PBdict c%l%%pie‘%v rEi el BRI (f: @'f ePhbdrg fiportion on a first
- ,ﬁa chﬁ%%eh firsf! 8 r%ﬂh{du age of clarm IS,
erein the second rolling menber is a
portlon of a second nDId cap over the second
C n 17. The el ectronic packa
3. TE‘? %?193 fﬁfﬂlmr?e%ﬁhﬁrpwepﬂana@dieﬁsgﬂk}% Seaged b Palione the first
mald §8P ol d cap, the second nold cap being attached to
t he adhesive | ayer. 18. The el ectronic package of
_ claim 13, further conprising a second m croel ectronic
4, THeenetbodicd dldim 1,vehexreiroting s10fddemt thatisdeconttdibng imesthber around

whightthedolat partibh ROwraIpeRT isicurded.portion on a first nold
cap over the first mcroelectronic die, wherein the

second fold-controlling nenber is a portion or a

5. T@S%’cﬁﬂo%‘f AP, Wrel e fbfoséoﬁﬂcﬁfﬁbehﬁ%%éﬂ%Wg{:&n%mlded.

er conprisi'ng an adhesive Iayer on
cap, the

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



10.
11.

12,

13.

14.
15.

16.
17.

18

16,

second nold cap being attached to the adhesive | ayer.

19. An el ectronic package, conprising: a substrate

having first and second porzions and a fold portion

between the first and second portions; a

m croel ectronic die nounted to the first portion; a

nol d cap over the mcroelectronic die and attached to
Antd8cttdrii€ babrRidd, @BmpridthgT® slifshitd BMVIRG fRst@Hdv&stond portions
ané‘érﬁ)ﬁncﬁoﬁbn%t\ﬁ &"?tﬁé‘ﬁfs?gﬁ stSn&f&ortfo%d RRtrhiRodisitRshic die

AL oungh Lae, Rl ¢ g member, the fold

gﬁ% RV e

&t Betosn; ¢ package of claim 19,

TR ARTE S N 1 bR AB B8 is
p$§%9 %@P é)af?glm yﬁi@%gg%"é &é (}9?1 ?rﬁnﬁgé@gv\nger i n

Th lai aa divila eran the
T g%’nﬁe% I

Th QJI tfb‘?ﬁé 2 (X\‘ecﬁfé‘in{?ewflérre% h c?irrét'ffgf(lls‘*coﬂtroilmg
m%‘a*??f 3L i %?;Eﬁﬁoﬂ{wg%ﬁe& AL C%%?%tged to the

THESE é&i{a@é ] 55, TR ERR QHRIco BB o the fs
o RS T TR B 75

d cap having a flrst curved
The Wid @chichadh d&eclél fe\%er fh thetqel dTBEHtrGI?joP(@rﬁber is a

I
po B?l osheﬁ? n%i c%%cﬁ/% ﬁ@hfs |8ro %&;‘d&&l J};% %fthe first
folg epOliqiing e @ef arol; mpo )5 i a:%, fd from
I U goga O e\ﬁP&BB S LOPRRTSING A ?eswe ayer on
thesmpidheap, dhel sgmcﬁ RPTtpn teﬁl% atfaehrd tthsragheasivedaver.

Ths(u?ﬁ‘{ Fgﬁnéo anOfté{l]e SfJﬁHg Eg@%bagngypeégéﬁ r%g:roelectromc die
m%ﬁ‘l@r h@(ﬁ?ﬁPf‘ iPREI%h adhesi ve layer on the first

r%" ISR P&?@ﬁ@%&’a%ﬂg e edRphS aaiic'"?dﬁﬁg?ﬁ?id-
ARl 6'Second
fo'ﬁ"@PﬂWPW”Q gramberdemn! ?%HI%SQQW%QQIF"@” prerthenecondgortion.

Thg e etc:tr(c))rr]nct Saékra]i%eso C alm P ZP wherem the first and second fold- controlling

members are attached io the first and second portions, respectively, before the fold
portion is wrapped around the fold-controlling portions.

The electronic package of claim 15, wherein the second fold-controlling member is
a portion of a second mold cap over the second microelectronic die.

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.

The electronic package of claim 13, further comprising a second microelectronic
die mounted {o the second portion, wherein the first fold- controlling member is a
portion on a first mold cap over the first microelectronic die, wherein the second
fold-controlling member is a portion or a second mold cap over the first

- microelectronic die, further comprising an adhesive layer on the first mold cap, the

second mold cap being attached to the adhesive layer.

An electronic package, comprising: a substrate having first and second portions
and a fold portion between the first and 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



20.
21.

22.

23.
24.

25.

26.
27.
28.
29.

30.

31

25. A nethod of constructing an el ectronic package,
conprising: nounting a first mcroelectronic die to a
first portion of a substraté4having a fold portion
next to the first portion and a second portion next

fBng)J"rﬁoﬁ ?Q gtqzwapgﬂ%%ﬁ%ppag :ﬁ;&gﬂ I.a%gqu:@; B'ﬁqt%ﬁ'on overthe

RN REES™t rol i ng portlon to place the second portion
he fi Th t hod of cl
%rshﬁ&? egkedso sf n Snfudi ”@w&»ﬁ@ncﬁ@%ﬁ@w@n the
£ fhespeqi] p%%z 9 iachac Gt ﬁ]%q*@@!V@dQV%Fm c
7. .Th t h
‘%@%’?Fﬁ%;'?ﬁe 45 Rhc %Brﬁ GiReECipyaS Sepad Eapors, Aapped directly

V& 13%8nh 25, wherein the surface of the first

k%g% zté‘,r oqlclgagg,r rrBret S gg a&ggg%ﬁ%l Ch { hﬁqs& P? (c):(rjttwd portions
@W%?WG@S‘ Dediry g ?&w@rpq O aeErﬁ glgroelectronic die
stRartjasy RECEn gmgrqﬁlggromg,dﬁ]g}ounted to the second
p@mﬁﬂ |asffrﬁbmqld>§a@ ongr thesfirapeicresiestragicpiie @adaitached to the first
pouisst, thae Erstinmeldfasipdhasing adirsti aujvert sbdace et ag edge dibereof; a
sagand g1old caprdvac theoeddrel midraplectienicrdie @npi attaehed o the second

- poeiity iting sebend hahe cdehiaringa peem®l clid/ed Buefacetdiaa aifge thereof,

tied Wldnp3RiorbEingiparaRtaeioped fHouhdeesfith clhRd surface and partially
aPO\aREtHEESd DINAL UM ES Surfadelid plade Qﬁé‘%b@ér‘md POt 1R first

p@,ﬁwve and converse, respectivel

The electronic package of claim 22, further comprising an adhesive layer on the
first mold cap, the second mold cap being aitached to the adhesive layer.

The electronic package of claim 22, wherein the first and second curved surfaces

jointly form a continuous curvature from the first portion to the second portion.

A method 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 ; wrapping a fold portion of the substrate
partially around a surface of the fold-controliing portion to place the second portion
over the first portion.

The method of claim 25, wherein the first fold-controlling member is a portion on a
first mold cap over the first microelectronic die.

The methed of claim 26, further comprising adhering the second portion to the
mold cap.

The method of claim 25, wherein the surface of the first fold-controlling member
around which the fold portion is wrapped is curved.

The method of claim.25, wherein the fold-controlling member is injection- molded.

The method of claim 29, 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.

The method of claim 30, wherein contacting surfaces of the shape-defining piece
and fold-controlling member are concave and converse, respectively.



