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Di e Package and Method For Manufacturing the Die
Package Technical Field 5[0001] Enbodinents relate
w@emenzldby to a di e package and a nethod for PCT/SG2008/000297
manuf acturing the di e package. Background 10[ 0002] The
primary trend in electronics industry is product
m ni aturization. Both design and manufacturing
engi neers are | ooking for ways to nake el ectronic
pr oduct Lght er, [ . t he
same til)r%r%ha as gra ?dmhgﬁ |rllc\)|iz enfigé{r?rﬁpgmr/e:]?lle?%lglé?éemre
user-friendly, and nore functional. Today, electronic
products such as cellul ar phones, personal and
sub- not ebook conputers, pagers, Personal Conputer
Iﬁﬂﬂﬁﬁﬁﬁﬂéﬂrd 15 International Association (PCMC A)
cards, canctorders, pal ntop organizers,
t el econmruni cati ons equi pnents, and autonotive
conmponents are bei ng nade nore and nore conpact.
(00000 03] Btinbédimients c oalate higgrsrallyt dgr at idivg padkage and a method for
functionality as per More's Law, the el ectronics
mdnnfhgairing thesdibpadkggehal | enged to i ntegrate and shrink
t he packagi ng. Chips First 20 or Enbedded Chip
packaging is one way to overcone the recent packagi ng
i ntegration chall enges. Packagi ng researchers have
BalREdRddon enbedded packaging and devel oped a new way
of enbedding the chip. Plastic ball grid array (PBGA)
packages have repl aced

[0002] The primary trend in electronics industry is product miniaturization. Both
design and manufacturing engineers are looking for ways to make electronic products
lighter, smaller, less expensive, and at the same time faster, more efficient, more reliable,
more user-friendly, and more functional. Today, electronic products such as cellular
phones, personal and sub-notebook computers, pagers, Personal Computer Memory Card
International  Association (PCMCIA) cards, camcorders, palmtop organizers,
telecommunications equipments, and automotive components are being made more and
more compact.

[0003] With silicon chips integrating more functionality as per Moore’s Law, the
electronics industry is being challenged to integrate and shrink the packaging. Chips First
or Embedded Chip packaging is one way to overcome the recent packaging integration
challenges. Packaging researchers have worked on embedded packaging and developed a
new way of embedding the chip. Plastic ball grid array (PBGA) packages have replaced

the lead frame based peripheral array packages. In PBGA packages, a die is electrically
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the | ead frane based peripheral array packages. In

PBGA packages, a die is electrically connected to a
weeogne99board (PCB) substrate by wire bondi ngP@r/S&200§000297

chip technol ogy before covering with a nol di ng

conpound. Enbedded wafer |evel packaging elim nates

the need of using the PCB substrate and wi re bondi ng

or flip-chip bunps to establish electrica

onpections. - r i P 2 '

cog%eé:{% Gh' 08 dcult doagﬁ gp(\é%fglbtsﬂﬁe quvﬁlzg ?%}rx(;%% Or fﬂ}gggﬁgﬂeg}%ology

I'S redauce ectrica ces

Lnproved. [.0004 wever, f,the known . ..
beloBE RRGTBE MU ¥ ORIy Lo G Rl R pickpging climinate
enbeddj ng. Further, there is no known technol ogy for
thepesd i yringpths §IGR substate v eirg berfing, Pl in-ehp bpEgs e stablish
systemin package (SiP) integration in a cost
elegfricak ednpectipannBy remoying 0] PGB substeash wapkagiigatostrist tedeped and
enbeddi ng singul ated di e based on PCB technol ogy has
cldorenl mdophacdes dieemprovgdil ated die is first attached
onto a copper (Cu) base plate in a cavity of a PCB
[0604pst riAdwev@ndmbdief shib Respue fichfdlogiesvfocustd @ity oxitas-dithensions
then built up on top of the active side based on the

PCBnb&RIMO| 8a¥herFihRA) Isyno RvEtechaldbsy frenfRAMBE pakives and

top of the Cu pads for electrical interconnection.
other [{BRAGI6neLhRG fb?r’sérﬁgﬁl' AnpdckIRE (f) ifieasGHl Pl YRT 8ffective
 evel processing. The tabrication nethod i1nvolves
nugh%aching singulated dies with active top side down
onto a thernop-sensitive adhesive material coupled to a

OB B B el S SR IR g b s
oSS B e e B A e S B e

wafer. A 20 redistribution |ayer can be formed on the
plate Hom sevitvueled] P8 wibsigae gpd isnipbpraventaby reiHBg ragHiag are then
process. Sol der bunps can al so be fornmed on the wafer
builienpedn fopi rthe ectiviersiylgl basgdoen the@CB technology. Finally, solder balls are
2009/ 022991PCT/ SG2008/ 000297 [ 0007] However, fine
forfredtourtep ofi the Copaddfer electhiadllimtagenideotion.he
above- nenti oned
[0006] Another conventional method is based on wafer level processing. The

fabrication method involves attaching singulated dies with active top side down onto a
thermo-sensitive adhesive material coupled to a carrier plate. A wafer molding process is
then used to encapsulate the attached dies on the carrier plate. The carrier plate is then
separated and the dies are housed in a mold compound, forming a reconstituted wafer. A
redistribution layer can be formed on the reconstituted wafer using conventional
lithographic process. Solder bumps can also be formed on the wafer level prior to

singulation.
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technol ogi es, and there may be problens in the supply
chain for the conventional technol ogies. Further, the
weoowgeedponal technol ogi es focused on singl e dPET/862028000297
integration only. The conventional technol ogies are
not i nplenentable for 5M croel ectronechani cal systens
(MEMS), photonics and other applications. [0008] Since
current and future innovations in packagi ng fornat
[0%71' bﬁo&g\}ep ﬁg!: b Quid lea%y Bd Qigcl?alllgr%er Y fhe p{%)%gg-%lteﬁtioned
re s a need to provide new pac i ng nmethod
ich partjally overco at .| east one of. the .
reibeichord Bised rBYORF BRDIery iy Py Sunls DaingBE; s oavengionsl
provi de a new packagi n thod for enbeddi ng actives
techppfogiss s fyidhery g copvgn lprﬁ elegnolpeissafncusedy pyyrgngle die or 2D
~advances in chip speed and circuit functionality.
integratelr y oplg00dhe n carveatipeadi eahnologiser @rd snqfr owipdseengable  for
nmet hod for manufacturing a die 15 package, the nethod
Micrielegttomgehanicalasysemg (MEMPopltbtehies ald otter apiflicagdnsdi e,
the first die including an interconnect region on a
[0608] f acsinicaairruyt hhd finecondowditions whpickaging fienme adlh de diri@cal to
is arranged laterally next to the interconnect region
miffatdr2fgf dléGfonl Frodad, thetd iR af ks tto PASKEIL neW! Rck@ling method
free-standing i nterconnect structure on or above the
wHidH SIrGARN G RS 1P ealf orle N thd Sthve Hhitioh A PFOREME B 450 2R0 be
package-i nternal free-standing interconnect structure
abaqv i1 0L regi f
deﬁfble)}ezt?h[g{)}nﬁp Q r?e“ﬁﬁadkgélrﬁg%ém&frorteﬁ%e@ﬂn ﬁ&ﬁ\{}? ealcigi?%gves that

nt er conhect gron o e sec

) f f th d di e faci fr. th
w8 SRR RSB B AL Rl

around the first package-internal free-standing
i nterconnect structure and the second package-interna
free-standi ng i nterconnect structure such that a
SusMp#act i ng portion of the first package-interna
free-standing interconnect structure and a connecti ng
portion of the second package-internal free-standing
i nterconnect structure remains uncovered to be
(0699 ct rincal leymnbodinreatt theret & propaied sy enethade farainanufacturing a die
i nt erconnect structure. 5[0010]In anot her enbodi nent,
padKage, ethé Snetlical indkdirg: direngiag ki asgeoridndik wbviga fasisdie o first die

including an interconnect region on a surface facing the second die, wherein the second
die is arranged laterally next to the interconnect region of the first die; forming a first
package-internal free-standing interconnect structure on or above the interconnect region
of the first die; forming a second package-internal free-standing interconnect structure on
or above an interconnect region of the second die, the interconnect region of the second
die being on a surface of the second die facing away from the first die; and forming
package material partially around the first package-internal free-standing interconnect

structure and the second package-internal free-standing interconnect structure such that a
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di e arranged above a first die, the first die
i ncluding an interconnect region on a surface facing

wa b@oszadond di e, wherein the second die is arreeye62008/000297
| aterally next to the interconnect region of the first
die; a first package-internal free-standing
i nterconnect structure di sposed above the interconnect
region of the first die; a second package- 10
: . ¢ . . i

cobfbeShP Boribh B0 (AP IO PEE i il M e 2 hnd o

rconnect econ

i i f di bei
cobtf-FE BORRR ol R sEnd et SERIRT itk ot dpfibofhesy structure
di.e; d k terial f ti | dth
rebin R £ L BEHBFAIN COTEREAIong PrEREecarTo, inieronneet

structure and the second package-interna

SUP¢tBE. st andi ng i nterconnect structure such that a
connecting portion of the first package- 15 interna

(0610} e - shnzandihay einhodimsoin there issprovided) p aliapatkagecimnludingi agecond
portion of the second package-internal free-standing

dié¢ atamgedabroeta st dief the dirst eliminaBidingcamvieteadnhert beion on a surface
el ectrically connected to a package-externa

fadify @k GBEURAAL diR] Nltdrélh Ethe Biecoitd (085 s | Pfan@dll Cdterall® next to the
Drawi ngs 20 100111In the drawi ngs, |ike reference

inteRRBAREt RigfordSN Bicafidsy die€hefirst 9acﬂ<B§e-§1@é?§al Afdelstanding interconnect
t hroughout the different views. The draw ngs are not

strgﬁglgzxg%%%&’n a}%ﬂresﬁé' ﬁter&img@%%ioh M3t t‘ﬁ?%&egﬁ%r ﬁ' Je¥orl®f %gage-

ustrating the principles of the vari
o SR, S MR Ly i o
RS G BER il BRI Bo

accordance with an enbodi nent. 5[0013] Figure 2 shows a
facingnavax fremibg firsintlisr anghpesageamptepabtoswed ppigigly ground the first

package-internal free-standing interconnect structure and the second package-internal
free-standing interconnect structure such that a connecting portion of the first package-
internal free-standing interconnect structure and a connecting portion of the second
package-internal free-standing interconnect structure remains uncovered to be electrically

connected to a package-external interconnect structure.

Brief Description of the Drawings

{0011] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis

instead generally being placed upon illustrating the principles of the wvarious
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manuf acturing the di e package at a wafer |evel.

[0014] Figures 3a to 3] show schematic diagrans of a
wEe@emez299f or manufacturing the di e package at PCESGz0&000297
| evel . [0015]Figure 4 shows a flowhart of the process

for manufacturing the di e package 10at the wafer
| evel . [0016] Figure 5a shows a schematic di agram of
chi p passives enbedded within the package nmaterial of

el %8 n‘gein?s. pﬁ‘lc ch:%?%'llggvgn 1@5@1%%12 afg@%l%g%%%cgmgrﬁg eapf?&ijes%n'bed with

1
ragram o Ves ackage

teria t he di e. package. 15[ 0018] Fi gure 6a shows a
rdg%ﬁgﬁﬁﬁ$%ﬁ’Pgﬂﬁ§ﬁ?%?%%ﬂ?§%ﬁ?ssives and a thin film
assi ve enbedded within the package material of the
IO@% padgagd. shrws foFhsmaticalizgsan b galiePackpasntF UIrginR P Apnce
of chip passives enbedded on the package material of
withyn egpbodpagikage and a thin fil m passive enbedded
wi thin the package material of the die package.
[0013] Figure 2 shows a schematic diagram of an overall process flow for

manufacturing the die package at a wafer level.

[0014] Figures 3a to 3j show schematic diagrams of a process for manufacturing the
die package at the wafer level.

[0015] Figure 4 shows a flowchart of the process for manufacturing the die package
at the wafer level.

[0016] Figure 5a shows a schematic diagram of chip passives embedded within the
package material of the die package.

[0017] Figure 5b shows a schematic diagram of chip passives embedded on the
package material of the die package.

[0018] Figure 6a shows a schematic diagram of chip passives and a thin film passive
embedded within the package matenal of the die package. |

{0019] Figure 6b shows a schematic diagram of chip passives embedded on the
package material of the die package and a thin film passive embedded within the package
material of the die package.

[0020] Figure 7 shows a schematic diagram of an antenna embedded within the
package material of the die package.

[0021] Figure 8 shows a schematic diagram of an electromagnetic field shield

embedded within the package material of the die package.
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20 [0020] Figure 7 shows a schematic di agram of an
ant enna enbedded within the package material of the
waele@pzohkage. [ 0021] Figure 8 shows a schemat i cP@i/8G2088100297
of an electromagnetic field shield enbedded within the
package material of the die package. WO
2009/ 022991PCT/ S&008/ 000297 [0022] Figure 9 shows a
schemati ¢ di agram of a heat spreader enbedded on the
ka materi al of ihe di ackage., [0023] Fi quke
10835 e GBS St S reheifary SBARCPRginteids! Shpictiap e
st ack and. chj assi ves enbedded within the package
PagKIee F‘}aéﬂ”ab‘?fh'ligggd’ia%kaﬁﬁ'c kage. 5[0024] Figure 11 shows a
schematic diagram of a di e package for_ a nobile
[0023p i cHewsn0 fhows 5] srhemptc dpseabisa singlendiet Multitfigotack and
of a die package for a nenory
chip passives embedded within the package material of the die package.

[0024] Figure 11 shows a schematic diagram of a die package for a mobile
application.
[0025] Figure 12 shows a schematic diagram of a die package for a memory
application.
[0026] Figure 13 shows a schematic diagram of a die package for a processor
application.

[0027] Figure 14 shows a schematic diagram of a die package for a

Microelectromechanical system (MEMS) application.

[0028] Figure 15 shows a schematic diagram of a die package for an optical
application.
[0029] Figure 16 shows a schematic diagram of a die package for a radio frequency

(RF) application.
[0030] Figure 17a and 17b show schematic diagrams of a die package having dies of

the same size.

Detailed Description

[0031] Exemplary embodiments of a die package are described in detail below with

reference to the accompanying figures. It will be appreciated that the exemplary
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application. [0026] Figure 13 shows a schematic di agram
of a die package for a processor 10application.

wO 0®2MPPgure 14 shows a schematic di agram of BCTE&2008/000297
package for a M croel ectronmechani cal system ( MEMS)
application. [0028] Figure 15 shows a schematic di agram
of a die package for an optical application.
15[ 0029] Fi gure 16 shows a schematic diagram of a die

o395 48R0 L SOUGRG kP AL g

di e &1% kall]ge thavi ng dies of the sane size. 20 Detailed
SSYRET 'Ef Af%031] Exenpl ary enbodi nents of a die

ackage are described in detail helow wi th
[06)32] igure 1 shows a schematic d?agram of a d(i)e package 100 manufactured in

accordance with an embodiment. The die package 100 may include a plurality of dies
(e.g. three dies) 102, 104, 106 stacked above one another of the die stack. A first die 102
which is arranged on the opposite side with respect to solder bumps 134 to be formed in a
later process, as will be described in more detail below, is the one with the largest size of
the plurality of dies and a third die 106 which is arranged on the side of the die stack
facing the solder bumps 134 to be formed, is the one with the smallest size. Each die 102,
104, 106 may include one or a plurality of interconnect structures (e.g. two interconnect
structures) 108, 110, 112, respectively. The interconnect structures 108, 110, 112 may be
disposed on opposite ends of a main processing surface 114, 116, 118 of the dies 102,
104, 106, respectively. The interconnect structures 108, 110, 112 may be arranged in
respective interconnect regions 136, 138, 140 on the main processing surface 114, 116,
118 of the respective die 102, 104, 106. The interconnect structures 108, 110, 112 may be
pillar-shaped as one example of a free-standing interconnect structure 108, 110, 112, and
may be made of an electrically conductive material such as e.g. metal such as e.g.
aluminum or copper or alloy such as solders. A second die 104 is disposed laterally
between the interconnect structures 108 of the first die 102 such that a back side surface
120 of the second die 104 is facing the main processing surface 114 of the first die 102.
Similarly, the third die 106 with the smallest size within the dies of the die stack is

disposed laterally between the interconnect structures 110 of the second die 104 such that
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reference to the acconpanying figures. It will be

appreci ated that the exenplary enbodi nents descri bed
whedoomewan be nodified in various aspects w t hBoL/SG2008/000297

changi ng the essence of the invention. [0032]Figure 1

shows a schematic di agram of a di e package 100

manuf actured in accordance with an enbodi nent. The die

package 100 may include a pIuraIity of dies 5 (e.g.

+ SRSB4 i 0,4 905, BRSO o

the o e side with respect to solder bunps 134 to
th%%x? ﬁ§§b4n a | ater process, as will be described in

nore detail Jom1 W th ar gest . si
100338 o1 ez by digenty P%iﬂsaﬁﬁq&d}equ mga‘ers%zt AR §tabl?lty and
arranged on the side of the die stack facing the
bogding errmesesp the raain rEoqsesing pided 14 ok fipshdicoHE Ry he giteched to the
smal | est size. Each die 102, 10 104, 106 may i ncl ude
badinside surbacp|120 af theysegindide 94 witheo attsthment layerd whechggan also be
two i nterconnect structures) 108, 110, 112,
refeaspechd ¥ dbyding hayer)(hetr homme af rauiredt Simélarly, @Be nikhifDprocessing
112 may be di sposed on opposite ends of a nmain
sider a6es sha@cond diad 04 hkd, belatfachel 8 tf back 8iddiseFackOR22 okQKe third
106, respectively. The interconnect structures 108,
diel 165 wiil 2n Hﬁéfchﬁfenﬁfagé”(%@cﬁ Sin BPRCefY R B hEh GORMNEE tayer) (not
regions 136, 138 40 on the main processing surfacé
15 118 of the respective die 102, 104, 106.
Sh%%é)gﬁt fggnnect structures 108, 110, 112 may be
e of. a free-stan

[0(‘345I arPaCE eI(l’jla 351 uch %4 ce_rﬂlbtc leglc £paxy. 4 qbg gtnay be formed

erconn S l'UC ure 1

of .a I uctive . .materi suc

archog e S ﬁbésﬁﬁ 386 4 ke H’;S?f&‘?““S‘Et Sétuftatﬁsst??h g 112
sol ders. A second die 104 is dis osed | at er al
sugoHiiiER LS SORPEIBBRABIRS 426028t Dot fhmimisreannest simpagyres 108
die 102 such that a back S|de.surface 20 120 of the

118ebi3rrge agtecoyerad by thegpackagetnatemadjld4 ph sedisigbyitgndaiyer 482 may be
114 of the first die 102. Simlarly, the third die 106

fomediont the commettinggtorgensel 26 128, 130 béthdiirtsrcofinechgrugiuges 108, 110,
stack is disposed laterally between the interconnect

113t Maetligriewrchbflectd, eighn the domd oflscddel Bbmpsid B4 hfagtbe farnaicdn the
side surface 122 of the third die 106 is facing the

redi@fibutPhORe&S 8L AHT inadletink] Giefctric @ayee a9 dnali ®e 1fdfmed on the
[0033] I n an enbodi nent as descri bed below in Figure 3,

redi@fibiRmNaNiraab. gh akidritd YoraD 4 nROME)<? ged?&«tﬁ@&?o%sla%érhg multilayer
mai n processing side 114 of first die 102 nay

d1€%c‘ﬁ?&l@§g 149 Iﬁa*}%e used for isolation and redistribution.

[0035] The structure of the die package 100 is not limited to the embodiment as

shown in Figure 1. In alternative embodiments, the dies may be of the same size. Figure

17a and 17b show schematic diagrams of a die package 1700 having dies of the same

size. The die package 1700 may include a plurality of dies (e.g. two dies) 1702, 1704, of

the same size stacked above one another of the die stack. A first die may include an
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5 back side surface 120 of the second die 104 with an

attachnment |ayer (which can also be referred to as a
whordioeayol ayer) (not shown), if required. SimPEr/5g2008/000297

the main processing side 116 of the second die 104 may

be attached to the back side surface 122 of the third

die 106 with an attachnent |ayer (which can also be

referred to as a bonding |layer) (not shown), if

1nt%1%giﬁllerc? gegltﬂnol%stﬁ] P ﬁfalﬁ?gl%f%ﬁ%aéu?%ces ngr% ﬁgmg ragsljaﬁ(a]d %w 1704.

astic, epoxy
g 0%%&”@‘051@%’:‘&%%&%# BiseSERR 9 @gbg%f%ﬁ%”c Réghon 1706 of

rtions 126, 128, 130 of on t
‘hf‘s? gteufr@g afgz?n tgi@‘amllir?ceafﬂég )i ac@oVQ% é’gt ‘ish € 1902, A firs
package material 124. A redistribution Iayer 132
intgreongichiticsne t A B8k he dispespd porthe racqmset regign 11@,@0%111e first
the interconnect structures 108, 110, 15 112.
digvb1QR. 1A secpnd éﬁ@m@tmcmﬁ’g!ﬂﬂrﬁn@h be flisposedfabeis afeinterconnect
bunps 134 may be fornmed on the redistribution |ayer
regi@? 17 Wnor s sualmeprocggsidg shrdaerli’to bhshersedohd dieal/70de Thoimmecbnnect
on the redistribution layer 132. In order to forma
strgthites | By1@; 1A 8dafi beit pidar-dhay®) ,as domallekhhplgebf a free-standing
dielectric layer 142 may be used for isolation and

intbREhsdct ishitthRN 171000332 Thed shdyust Uh&ieObs th ee1setﬁcan90&ﬁa@cuve

100 is not linmted to the enbodi nent as 0 shown in

‘%rgillJ E\ﬁ:hjas reT:Egnnf% L ?Jc‘ﬂaats' CaGHRRG BB %Eer Jr@ﬂoQE aQ@Mdé}?

sl ze. Figure 17a and show s enatlc

[O(§6ig.r ur%f I7% sﬂg\g gi%{e: bl%%gg)]ﬂﬁogten% Q9 st%c%?r qf71 H’ledy%%%rther

ude
di 1702, . 17
dlsgb%ﬁw&)avgmfiﬁa h@ergﬁfa}eﬁwgw 1?735 Bithe gtagiﬁr%?%‘g’ws Suace 1716
of Bicreesti dig | 4l Taearrvomeriaery 141 aLbRg e e IgRonTRgegion

second die 1704 may be arranged |aterally next to the
171 fpethe senead dier /g eraybrom typ apResifeends offhe mpppproggssing purface
the main processing surface 1708 of the first die
17167 0fthe pecond die 1i70¢ éacogavenytirom thedirstrdee 17020 nay be
di sposed on the interconnect region 1706 of the first
[0BB7{i e [hABR emBodiercanes descebaiobriee tin Riguwie Bufe mechaninadystability
be di sposed above an interconnect region 1714 on a
andbofdipf GReSdsEd) 3hé idi@ GRockdsliy oilde t 1708 SscB dire @ie 1i/04. may be
The interconnect structures 1710, 1712 may be

attiihkd 36 2R 8l AOE 1 B0AGIhE s8fond dit 8904 WARtinNGtachment layer
i nterconnect structure 1710, 1712, and may be nade of

(whidh %ln?&lEJ bé:l%lfér?’ 6d G0 RON oYty Hgér)?(ﬂoﬁkho%x% e Peacﬁecg met al

such . um num or copper or al
[0@%& grez:'lzl‘nr?nnélg%%e[‘ ?E éll:’ g:% ?Jnrdgg%‘]‘l_xrﬁrﬁ er of nggr\ég ttrucgl?essﬁgrs eaglgI die can
ve a further intercon n 17 8, on the mai
be GG S Tt o BUTE OF E‘?{eﬁgé@awa 31‘ e g s tructures
i nterconnect region_ 1714 and the further interconnect
ca bgygtprant 18 oter PREodBERGT R BieITERCTHarugRres Fat glgo be made of
opposite ends of the main processing surface 1716 of
othepeleetagd hicogiective omtarials ng away fromthe first die
1702. 15[ 0037] I n the enbodi nent as descri bed below in
Figure 3, for mechanical stability and bondi ng
pur poses, the main processing side 1708 of the first
die 1702 may be attached to a back side surface 1720
of the second die 1704 with an attachnent |ayer (which
can also be referred to as bondi ng | ayer) (not
shown), if required. [0038]?he nunber of dies and the
nunber of interconnect structures for each die can
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20 be different in different enbodi ments. Further, the
shapes of the interconnect structures can be different

WO 000022991 enbodi nents. The interconnect structRCESGHA8000297
al so be made of other electrically conductive
materials. WO 2009/ 022991PCT/ S&008/ 000297 [ 0039] A
nmet hod for manufacturing the die package at a wafer
| evel is described in the follow ng. The net hod

ORI SS9 MR LB s
f [ i ff di f di k
heyralovgte. s anehed PRsAPEh BTG h Ger s dranbag ofif e Phekage

5[ 0040] Figure 2 shows a schemati c di agram of a process
10p s shetuihEigtrs hglheraetipds ofapimdpcturpe ditfergnygphgdiments of the
level. Firstly, afpluralit of device wafers 202 may
disppackasistosll bereparee {fine Shegnetbast deseribed bR | on of { he
device wafers 202 are identified and will be further
[0§40p c e slSgare 2Sgoavsdd schemate degiage ofvafpercsss2f0? nmmyfabmring the die
plated with interconnect structures 204 on the
patkugeltl 0@ ut puhafer 1h8). Fixadg aoflutaliey ¢fi desice wWhaifei$) 2021 thap de sested and
may be one exanple 10 inplenentation of an
thd AitE6LROARH con@BioArdf tHh@vitei idTbrs @02 taheidbMifRdcRa REAtbe further
structures 204 of each die is cal cul ated based on the

pr&lég@&r Sé?:t)ntﬂgl,eﬁ’l_e Qfédicte h@a_fér@ i2@5 Q@a%rsbeof;lafeh Qvifﬂ %r&&n@@c structures
st acked above it. The i nterconnect structures 204 wth

B AFSh AR ol LU B OBl 8 ne s

waf er s ’nt o
imh{éfqlire\ét%agﬁr?log%% ini%rcérﬁﬁ%t?%gl‘éag{“%@&glignog éﬁegg?éé%glggs&%”mres 204
of E%ﬁi\%%ﬁ et el Bogd PR HiRPeS PEdRD %d ﬁwsédﬁig@g%f 8f thgdigs4o be

di e stack 206. The die stacks 206 nay be attached to a
stagkgspabqveviaf dhe dntefcqprech iirustages iy weﬁ eRfedgsignafaheights allows
form 208 for further processing, e.g. nolding,
stagking &f itheadies nLhindby, therdevace walferst 202omay ba dicggantoligdivignal dies.
netallic interconnects in the formof sol der bunps
Th&3Ues dfeworkeng trnddioa frammkdifferedt0devics waliysl 22enhay Peeselected and
detail ed process for manufacturing the 20di e package
stakd dns abl@sahé bhdr using dieasfsatl anivagionhl0fid dtdch @ud eackdng p@cess
3] show schematic diagrans of the process for

to UL aﬁtMckmﬁt TR dicastRR6 Ko@ &aﬂ«@@_a&ﬁcl{eb &o W&hﬁ;ﬁqd _%ﬁ:k or tape
After the device wafers 202 are diced into individual

andlt@8nstliBRd & £ afr FHAPTOMRY Ririidr ﬁf@)@gdsﬁg,oé] g.%@ld&%l, ﬁl‘ﬁﬁzﬁf}ation,

and are attached to a

forming a redistribution layer 132 and metallic interconnects in the form of solder bumps
134, before the die package 100 is completed. The detailed process for manufacturing the
die package 100 is described in the following.

[0041] Figures 3a to 3j show schematic diagrams of the process for manufacturing
the die package 100 at the wafer level. After the device wafers 202 are diced into

individual dies, the dies of good working condition are selected and are attached to a
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support wafer or tape for reconstruction to a wafer

form A person skilled inthe art will be able to
waledoenmone t he di es of good working condition BYT/8GLN08/000297

testing the dies to determne if the dies have certain

characteristics, e.g. long operating life, etc.

[ 0042] Figure 3a shows a schematic diagramof a tape

302 used for reconstruction to 5 the wafer form The

h :
suépao?*ew%%?%ép?goﬁ SRR b G Y A st PO S wi
ure 3b sho that Iurallt of,.first dies 102 1is,.
be it 5 daremming e (e (o BRI pciton B £ Thagpe e Bies o
|nclud a plurality. of e. t wo |nterconne?%%

deteppipe di the dieg QV%”H‘QSCE?""B‘&HS%B’&% OBEPeIANE (1D Altect
structures 108 of each first die 102 may be di sposed

(00421 ¢ woFispsFeishewenachepratia dipgram f o taps 3PA ysed fpr esenstrugtion to
of 10each first die 102. [0043] Figure 3c shows that a

theswafen dordi. g'ht 0apei W2tibene dihggboswdvigdistand higletempspoues, ¢g. in the
first die 102 and laterally between the interconnect

rargderfoogh ub@g 1008Cab abbet 210sae Figuve 3b ishets thaea pRZalitiat first dies
second die 104 may include a plurality of, e.g. two

102 ¢ @¥spex0 O tthS tapel GO Beh KikSt. did 62 intilycihel0dn @ plurality of, e.g. two
structures 110 of each second die 104 nay be di sposed

mtexréowat SthRREP A 18d RB5kedObofe. MHeNnRFRARRE SiAnitd 1@ Ef cach
116 of each second die 104 facing away fromthe

ﬁr§t$§ oo dhl%g bE 'd! gésewo% t&fgzoggFiq{eeer (15 Gga pr?a%grtog alg lé[n?g‘cell '14 of

nmechani St ab [Tty an
a bonding | ayer 304 nay be di sposed betmeen
em?hfphilzo%roce55|ng surface 114 of the first die 102

t he se ond die 104 a i de fac 20
(00435 neFigBE o ahas b SRRl ¢ By P st Shot the respectwe
20[ 0044] Figure 3d shows that a third die 106 nay
firgi ﬁab%?ealdagff\v% It hrewecasthe drtrigennse cYRG asse! Ofoof thih epspectwe first

laterally between the interconnect structures 110 of
dig HE. Fedpseeend dic d6¢ ory ingledeioplurghisy pf, erg iwo Hitesconpectrpiyctures
include a plurality of, e.g. two interconnect

110. The interconnect structures 110 of each second die 104 may be disposed on two
opposite ends of a main processing surface 116 of each second die 104 facing away from
the respective first die 102. Referring back to Figures 1, 17a and 17b, for mechanical
stability and bonding purposes, a bonding layer 304 may be disposed between the main
processing surface 114 of the first die 102 facing the second die 104 and a back side
surface 120 of the second die 104 facing the first die 102.

[0044] Figure 3d shows that a third die 106 may be disposed above the respective
second die 104 and laterally between the interconnect structures 110 of the respective

second die 104. Each third die 106 may include a plurality of, e.g. two interconnect

structures 112. The interconnect structures 112 of each third die 106 may be disposed on

11
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structures 112. The interconnect structures 112 of

each third die 106 nay be di sposed on two opposite
we@ems/0zfo9rn nmai n processi ng surface 118 of eachrehsezh08/000297

die 106 facing away fromthe respective second die

104. Referring back to Figures 1, 17a and 17b, for

mechani cal stability and bondi ng purposes, a bonding

| ayer 306 may be disposed bet ween the main processing

RARAR Ao B AT gEFSEIM Buecd Pf"%&g‘hhﬁ?gﬁ‘ I B ey
o B*Ac%afg%c ‘rr%?%ﬁ‘?’%lg 21 RIGPRE Pobk Atk i, T 8 4483 7o for
mesbical FOab e, R APRSBER § DBTORE 190 0511yt diposed

the interconnect structures 108, 110, 112 remain

betyren ks mains prachssing syAaRAdE ofsheeserend dirilgd fecims thehipd die 106
that then the tape 302 may be renpoved. Post nold 10

and gibaclcade pefacat22 efdhothirdtde Htnfaging thewadand dialPage.
Figure 3g shows that a top surface 308 of the package

[00vR] er | Bipurt 3% shewg ithan deehckige ngatebad HaA i< Edrmgd ianaind ghodies 102,
single point tool shaving process to planarize the top

108 Urdeadma theclbspaetl Ointdreo@¥ Q@& actiifke 108SI06LT 1Vaick eHan @Fier Agions
portions 126, 128, 130 of the interconnect structures

3080810, 319 ,of e intdH Silhe BN BRI &OMB! €0, bM 2t R aRAEHB0&ed from the
nmaterial 124. 15[ 0046] Fi gure 3h shows that a

t I bgyof e

P T e Py R TR, 030 AR 5o post mold

cu}encg %;l{%:on%‘lﬁef |t ont 5 gncltgllrrjxgl_z?%y%eﬁa 110 tl% re 3 sho% ttlga% a. to% surface

or fI chip j.nterc ects The r ributi

30?&3 e Risoge PaFruni7dcs o vt Bﬁ%}?n&ﬁle% ing @5 gle point
104, 106. An insulating dielectric |ayer 142 may be

toql ShAAg PROSERfe O RlAPaTiZE; tg*at“?po prrfagg &l4 apg/ordo ewiedhe dgspective
to forma nultilayer redistribution |ayer,

connricting partiensdi26) 28, 19 of g amereameprupatasd88. Iy 112 which may
i solation and redistribution. Figure 3i shows that

beevatd bcthe packageomaterink124n t he form of sol der balls 134
are formed on the redistribution |ayer 132. Figure 3j

[0Gt6pWs Ripare ¥hi shguls ahatanrediyribulien 14Her a2 maydthenbe dovaheldhmn the
di e package 100 as shown in Figure 1 is forned.

re%@&i@@]cﬁh@dﬁ@g PoriibaNB2 62124, Q80 batht idteQomfect fiRicRF@CHS8S1 10, 112.

or manufacturing the die package at the wafer |evel.

Ustg H32redRustREiBRdagtire] 125 cRIbIRNGE dreAIBOMEo R whie! B8nddi & flip chip
The first die 5 may |nclude an i nterconnect region on

mt@rcﬁx‘ﬂe@;@c é?@dlﬂﬁ?&t[ﬁ% B¢ ﬁ{e?coﬁﬂgctst ﬁl% ﬁ@ﬁﬁ&@ ofi itl{% éli?s 102,

arranged at erally nex e I nterconnect region O
IO%hﬁ)él rnsltna h i @ ¢ leécltgl% 12k YL 145 L}P C%o%‘gledl Nt il & 1str1but10n layer
T ee I'ng erconn ct Str ure IS orrre
on. of the fi

132 Og‘\‘/e egg)c nt e{)&g&g%gr Wﬁi[lsgll?l?.}gﬁonfl?ygé aslpgi;ﬁ]iqyﬁb dlelecf/_r\ltc layer 142

i nterconnect structure is fornmed on or above an
mayhegised fordsql atpcglgqnélnregxptqbﬁgorg &amrme 3gshews that metallic interconnects

in the form of solder balls 134 are formed on the redistribution layer 132. Figure 3j shows

12
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10 The interconnect region of the second die is on a

surface of the second die facing away fromthe first
wa@le@9/ 0299108, package material is formed partiBtT/9G2008/000297

around the first package-internal free-standing

i nterconnect structure and the second package-interna

freestandi ng i nterconnect structure such that a

connecting portion of the first package-interna

r - . e > B .

S BB o N LRRPARE o e ARa B P SRBAR S il 116
fofreedg-standing i nterconnect structure remains uncovered

& %e el ectrically connected to a package-externa

| Nk erconnec tructyre. [0048 ere are different . _
(OU | ot FEHE DEhowS ook %Wfﬂﬁ%k‘gg)el{e% PRAFTF 8% meagapyrip,éhe die

nmet hod descri bed above. One variation of the die )
PagkagR atjle Yaderileveb g cdi hepcens die poamingedsabgve A ifigst dige The first die

package material 124 of the die package 100. Figure 5a
mayhigelydaar itgrednaaettregion pagsariaasffaghg thepagaid\desandrthe sitend die

within the package material 124 of the di e package
is h@8ngedhlatecdllypngpasei the Sntervohnrde région af ehadirst| dieri Aed04,0a first

a capacitor 502, a resistor 504 and an i nductor 506.
patiag2 O OMmAP ARR 1mliind G286 AHOR Frud R4 94 HogHéd dmb oShabse the

a schematic diagram of the chip passives enbedded on

inteRENNAE kSAHEn BRURS ifddt di24APT406 8 sdidhdPpickAREndbBY G tanding
chip passives including but not limted to a capacitor

38, SRR 9 A5l DL GE B ¥y AR
Th%qgt%rscioﬁr?e& Qegﬁorﬁeofs e fsgc%gd %ijéols I'E)%Vai pugfatcep §t he %iecsotnﬁidki)eu}"aicfr)lg away

from the first die. At 408, package material is formed partially around the first package-

internal free-standing interconnect structure and the second package-internal free-

standing interconnect structure such that a connecting portion of the first package-internal

free-standing interconnect structure and a connecting portion of the second package- »
internal free-standing interconnect structure remains uncovered to be electrically

connected to a package-external interconnect structure.

[0048] There are different variations of the die package 100 manufactured by the

method described above. One variation of the die package 100 is embedding chip

passives within the package material 124 of the die package 100. Figure 5a shows a

schematic diagram of chip passives embedded within the package material 124 of the die

package 100. The chip passives include but are not limited to a capacitor 502, a resistor

504 and an inductor 506.
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5l ayer 132 and the sol der bunps 134. 100501Anot her
variation of the die package 100 is enbedding thin

WO 200a0p288Ki ves usi ng wafer |evel redistributi oPCT/8gz08/000297
processes as descri bed above. Figure 6a shows a
schemati c diagram of chip passives and a thin film
passi ve 602 enbedded within the package material 124
of the di e package 100. The chi p passives incl ude but

ol "L B IR Pl g o o
N R T

shows a schematic diagramof the chip passjves
o &FRRATHEH Wn ARSI d-HW aReipdyateq) 20pAc enbedded gp @ surface 508 of
package 100 and the thin film passive 602 enbedded
thepadkpge MAETiplalidaydickeis eppesite 1@ theglurfageeS 1 kavingcthe gedistribution
100. The chi p passives include but are not 15 limted
layep 13handcthp sald¢rdunp84 34t he resi stor 606, the inductor
608 and an integrated device having any one or nore of
[06503r oupndther! wiiatign toliehe djzgapackage 6@ js éheeddag siirofilh fassives
and the inductor 608. 100511CQ her conponents i ncl uding

ustidtwdter lekélnfedie@iblifo R3tr pREEBECAsSdesHMABOVA HIQB DA shows a
and el ectromagnetic interference (EM) shields can

scltnSic REa ik etdesh 84;55“;6@ ahd8 R FREKAQRBReEhRdddR it the

t he di e package 100. Figure 7 shows a schematic

rBERIRI A 98 O TSR SHRE bl B P o

L . gure WS ¢
TR o35 P o BTRRLIGE AA i

R S RERBTR S R ARl B R B
60??}%5&% e6b ]éggWs a schematic diagram of the chip passives embedded on the package
material 124 of the die package 100 and the thin film passive 602 embedded within the
package material 124 of the die package 100. The chip passives include but are not
limited to the capacitor 604, the resistor 606, the inductor 608 and an integrated device
having any one or more of a group including the capacitor 604, the resistor 606 and the
inductor 608.

[0051] Other components including but not limited to heat spreaders, package
antennas and electromagnetic interference (EMI) shields can also be embedded within the
package material 124 of the die package 100. Figure 7 shows a schematic diagram of an

antenna 702 embedded within the package material 124 of the die package 100. Figure 8

shows a schematic diagram of an EMI shield 802 embedded within the package material

14
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[0052] I n addition, the die package 100 in an
enbodi nent allows nmultiple die stacking in

wo a9@d2avensi on (2D) and three-di mension (3D) PCT/SG2008/000297
configurations. Figure 10 5shows a schematic di agram
of a single die 1002, a nmulti-die stack 1004 and chip
passi ves enbedded within the package material 124 of
the di e package 100. The chi p passives include but are

1289 dhd &Pe%yg&?l(a%g igo.cﬁg%gigis?xﬁwgggﬁ%en?anc%%#ﬂng %f%%gﬁ gﬁgder 902

an i nduc I on
e i enent. ,n.varj.ous. a catlons
emjbﬁgée@ P BE BARRBRPART 4G 1S JRRkER 4-¢8mory,
rocessor electronechanlcal system 10 (MEMS), . )
i calt adfht%otgs di¢ pqerase y1 00D a%p?ﬁrhozég?%?ilowp‘-i yyifigle die
11 shows a schematic di agram of a_ di e package 1100 for
stagking bn| wvogdipiensien i(JR) arh dhige-dimprnsiongd Dl 1@ofigerptionse [Fignse 10
a radi o frequency (RF) chip 1102, a logic chip 1104
shawitla saheinatie digtaaTiofrasingly dieaNB2, acmilviedic ewelc E004 aRABhp passives
chip 1106. [0054]Figure 12 shows a schematic di agram

embeddeddwihipab& aaekad? @hitdriat 124 of e §ie Jackygpl1i00aTho bhip Hassives
di e package 1200 may include a flash nenory 1202, a

indNAND ulBRGOY 1ihaBd} tod Ehpacifdy 1008, @ résMCIOIM08 GAE SSindBITBY 10 10.
(DRAM) 1206. [0055]F|gure 13 shows a schematic di agram

[OﬁS] a d['neadﬁﬂﬁ)ﬁagl% dl@g&kggé' 160 PIOSESHUmERR inc@atﬂogp pr-m%lons

di e package 1300 may | nclude a processor chlp

T o R, A, NI 2B e
(l\ﬁhl\%)g Irogt? lngt ¢ r%rﬁ3 f??}{’g“%ly (ﬁéit E]gllch)E klgupéo I1 § gvlvsozrl] ‘schematic
diagram of a die package 1100 for a mobile application. The die package 1100 may
include a radio frequency (RF) chip 1102, a logic chip 1104 and an integrated passive and
active device (IPAD) chip 1106.

[0054] Figure 12 shows a schematic diagram of a die package 1200 for a memory
application. The die package 1200 may include a flash memory 1202, a NAND memory
1204 and a dynamic random access memory (DRAM) 1206.

[0055] Figure 13 shows a schematic diagram of a die package 1300 for a processor
application. The die package 1300 may include a processor chip 1302, a memory chip
1304 and an IPAD chip 1306.

[0056] Figure 14 shows a schematic diagram of a die package 1400 for a
microelectromechanical system (MEMS) application. The die package 1400 may include

a MEMS chip 1402, a memory chip 1404 and an application-specific integrated circuit

(ASIC) chip 1406. The die package 1400 may further include a MEMS cap 1408 with a
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a MEMS chip 1402, a nenory chip 1404 and an

application-specific integrated circuit (ASIC) chip
wda2@8/023phe di e package 1400 may further incl udeCESOENS000297

cap 1408 with a |ow tenperature bonding. Wth the

MEMS cap 1408 on a surface 1410 of a package materi al

1412, a redistribution |layer 1414 may be formed on or

above a back side surface 1416 of the package nateri al

lo%gt%éPer}&ﬁ%gérgirl%%ﬂg Qhelmfls%g 1'36!3 %Qe ghr?a%g dllli?b o\fea package

d on respec connec

1420, 1422, .1424 of, int onnect. 5 truct res 1
m 53,141 3G TTPHIRKE 11 BT P60 e ABT\F L Hep Sidggurface
and _the ASIC chip 1406, The caonductive |ayer 1418 can
144@ ofythe packags frﬁmabh‘*HZa%ff diepagiags THY mrwinsidg a gendignye layer
may include a plurality of interconnect structures
1408 fgrmedyeni Frspgctisg reopneaing upartienss J 424 3p422;7H424 of interconnect
i nterconnect structures 1432 may be di sposed on two
strogtpes i 1826,eH@S, d43Q he theti MEME kiigel 4020the rii¢mpory chip 1404 and the
i nterconnect structures 1432 may extend 10 fromthe
ASIQrutitc 1406 eTheagomtuckdtBayted 14 F8ecah ddiagedisthbiditionayeay er
1414. The MEMS chip 1402, the nmenory chip 1404 and the
[0653 C CThePdid H Q&agaw(ammyemlidew lhpali6osNatt@HAné® stri@ures (e.g.
a

redi stribution yer 1414 via the conductive |ayer

twd 4141§rc§ﬁ}§!:cl QRichiil 1999 Nkt 1n§:IrJoHﬁ$cH befendds3 7432 Hgﬁ B ‘&ﬂﬁosed on

insulating dieleCtric layer 1434 may be forne
R S it el s B

frog% eﬁégﬁib 1a'| ga reai%heg to tﬁl redllt qg?]a a2 Bgl%gl;,h%mﬁa?lg&MOL
the memory chip 1404 and the ASIC chip 1406 may be electrically connected to the
redistribution layer 1414 via the conductive layer 1418 and the interconnect structures
1432.

[0058] An insulating dielectric layer 1434 may be formed on the redistribution layer
1414. Metallic interconnects in the form of solder balls 1436 are formed on the
redistribution layer 1414.

[0059] Figure 15 shows a schematic diagram of a die package 1500 for an optical
application. The die package 1500 may include an optical sensor chip 1502, an optical
driver and electrical-optical (EIO) converter 1504 and an ASIC or logic chip 1506. The
die package 1500 may further include a glass cap 1508 with a low temperature bonding.
With the glass cap 1508 on a surface 1510 of a package material 1512, a redistribution
layer 1514 may be formed on or above a back side surface 1516 of the package material

1512. The die package 1500 may include a conductive layer 1518 formed on respective
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application. The die package 1500 nmay i nclude an

optical sensor chip 1502, an optical driver and
we@bkmenrisgnl - opti cal (EIO converter 1504 and anCHESGD08000297

| ogic chip 1506. The 20 di e package 1500 may further

include a glass cap 1508 with a | ow tenperature

bonding. Wth the glass cap 1508 on a surface 1510 of

a package material 1512, a redistribution |ayer 1514

e B 53515 e 8. A€ 15805 o

i.ncl ude a.c tive layer 1 f or ne espect.i .
onligl T TP pos PP isa B er 10, @58 TRod ERAGTASK or losic
structures 1526, 152 1530 of the optical sensor chip
chips 6. IPFeCOSét“?t’é’SIIaYSF ?%lércaa aSerdEBIAREST 1504 and
the ASIC or logic chip 1506. The conductive |ayer 1518
[0060h beThe digdackage 1P may inghede a plopdity Thiateasaanedd slepgjares (e.g.
1500 may include a plurality of interconnect
twetintarsbumass stfustyges) 1532.\ikhei inteegonnent euctares Wgi2mey pe d5Based on
The i nterconnect structures 1532 may be di sposed on
twbwppayie @eaidd ef thedi patkdghd S00.erhedntemgenctbftfuctuféel 532 may extend
i nterconnect structures 1532 nay extend fromthe
from® fUhiv@ive aner 138L% the réditrih@ibnSlaydr 1514.0Mel pyi€il sensor chip
1514. The optical sensor chip 1502, the optical driver

1580 dhEbSicaPMYRY: bt EAS 4R 1908 Hliife 251D Qbic ChipP 568 @fy be

may be electrically connected to the redistribution

eldc ¥y Lottt % iﬂéere&i%@{:}q(ﬁg{é%?ex][ g%ﬁ@rv'alﬁé%oga]#tii'rﬂ €r 1518 and

I nt erconnect structures 611 An i nsulatin

| ayer %§§4 may be formed on the
th?@é?%nPFtﬁ??%ﬁe?éyer 1514. Metallic interconnects in

[04@& fS? .é.\[ln br?f{)}aglﬁlg 8%}3@?1&0&1%5}’_%]1§§9 mrgayybebf%n%gd’ grne %eorgdigtplgution layer

1514. Metallic interconnects in the form of solder balls 1536 may be formed on the

dielectri.c

redistribution layer 1514.

[0062] Figure 16 shows a schematic diagram of a die package 1600 for a radio
frequency (RF) application. The die package 1600 may include a RF chip 1602, a logic
chip 1604 and a memory chip 1606. The die package 1600 may further include a Faraday
cage 1608 for EMI shielding. With the Faraday cage 1608 on a surface 1610 of a package
material 1612, a redistribution layer 1614 may be formed on or above a back side surface
1616 of the package material 1612. The die package 1600 may include a conductive layer
1618 formed on respective connecting portions 1620, 1622, 1624 of interconnect
structures 1626, 1628, 1630 of the RF chip 1602, the logic chip 1604 and the memory

chip 1606. The conductive layer 1618 can be a redistribution layer.
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[0062] Figure 16 shows a schematic diagramof a die
package 1600 for a radio 15 frequency (RF)

wa@ppvizzari on. The di e package 1600 may i ncl udeP@r/fR&2008/000297
chip 1602, a logic chip 1604 and a nmenory chip 1606.
The di e package 1600 may further include a Faraday
cage 1608 for EM shielding. Wth the Faraday cage
1608 on a surface 1610 of a package material 1612, a

ot .5 d%ﬁ%' P BT RO e o

The dle clude a c e | [

wop g ipRp RS rséﬁh%gé B plREcaRion SiethG: S12 Fan Y Hispsed on
1622, 1623 ?g terconnecb structures 1626, 1628, 1630

twgropppiteRpdy.pf the mck%grfel Bohlte 1BTGenAsshsirucHtes His2 may extend
menory chip 1606. The conductive | ayer 1618 can be a

fremp dhes¢ondugitve dayer 4948 to theaedisigbpigambyarpiGtA SEx0BE/Da0 @2, the
[ 0063] The di e package 1600 may include a plurality of

logint de d6A€ cind sthe umemprs clip. H006t weayi et electigaléc tconnected to the
structures) 1632. The interconnect structures 1632 may

redistridutsqrolaeet D1 4t vie tioppasiuteveclags 1@ 8 tahe thd emt¢graaicagestructures
1600. The interconnect structures 1632 may extend from

168he conductive | ayer 1618 to the redistribution |ayer
1614. The RF chip 1602, the 5 logic chip 1604 and the

[008ATOT VAR sB1akBE BidlRYORy&! BBk hAd %nﬁé&‘&?ﬁfqudlgtﬁbﬁtﬁ% layer
redlstrlbutlon | ayer 16{4 via the conductive | ayer

16HERANN BASCAbEE STRE G b USHH 5 1832 md PROFLANA on e
cAfieat i OAP Rrmr bl A4 e

i nsu atlng ectric layer
rm&&% %%{Hbutl Pilayer 1614. thalllc |nterconnects
e D ol der balls 1636 may be forned on the

wa%@ed' BeLpen e deid, (906 e slriciie o o o
package may enable a wafer level reconstruction of the wafer and conventional wafer
level processing can be carried over it. The method of manufacturing the die package
may achieve a higher level of dies and passives integration in a smaller footprint. The
method also may allow both 2D and 3D integration of the dies. The method may be
suitable for multi-die, stack die and single die embedding and for fine pitch features. A
lower cost may be incurred due to the simpler design and fabrication processes. There is
also flexibility with the processes and the materials used for manufacturing the die
package. Further, wafer level testing can be more easily conducted using the interconnect
structures.

[0066] While embodiments of the invention have been particularly shown and
described with reference to specific embodiments, it should be understood by those

skilled in the art that various changes in form and detail may be made therein without
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package may enable a wafer |evel reconstruction of the

waf er and conventional wafer |evel processing can be
weamphz9over it. The nethod of manufacturi ng RPEESGR088/000297

package may achi eve a higher |evel of dies and

passives integration in a smaller footprint. The 15

nmet hod al so nay all ow both 2D and 3D i ntegration of

the dies. The nmethod nmay be suitable for nulti-die,

[ [ :

de arfih éj frgfgethggﬁigaé&g% O Q of t}f‘er'ilggg?fr?g Sirs ?lg negﬂ;ey Ihe %?g&i&& Ialalms.

| er n..and fabrl atl PEOGCESS!
o P s.n?enflowtt*hustlﬂe%?%cgstse SFRA SR B Bl ganges

d for acturln t he di rt waf er
which, qme 2 ﬁleea??nm_% ok ehes of r-@ léféﬁ'gﬂé(c?sz e GE’%"H@ afeperefore
i nterconnect 20structures. [0066] Wil e enbodi nents of
interled it Depiabra¢ednave been particul arly shown and
described with reference to specific enbodinents, it
shoul d be understood by those skilled in the art that
various changes in formand detail nay be nmade therein
wi thout departing fromthe spirit and scope of the
i nvention as defined by the appended clains. The scope
of the invention is thus indicated by the appended
clains and all changes which cone within the neaning
and range of equival ency of the clains are therefore
intended to be enbraced. Cdains Wiat is clainmed is:
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51. A nethod for manufacturing a die package, the
nmet hod conprising: arranging a second di e above a
wo poos2xdve, the first die conprising an intercBCme61008/000297
region on a surface facing the second die, wherein the
second die is arranged laterally next to the
i nterconnect region of the first die;
formng a first package-internal free-standing
Clinterconnect structure on or above 10t he interconnect
aims . . .
on of the first die; formng a second
package-i nternal free-standing interconnect structure
on or above an interconnect region of the second die,
the interconnect region of the second die being on a
Whatasdaimedfsit he second die facing away fromthe first
die; and form ng package material partially around the
first package-internal free-standing 15 interconnect
structure and the second package-interna
1. f r eé mtthodi forgnannfaenrimgnelid pakages the mestindodontpmiainga
connecting portion of the first package-interna
f r earrsigingla BeLond déy stavBadfirsisdie,ube fife déncbrprisiipn@cinted¢hnnect
portion of the second package-internal free-standing

| Nt ediNBR Gt subflab ! FAcikige the ©FBASdidNGAMEeIneMhe ts0cd¥ die is arranged
el ectrically connected to a package-externa

i nt %&QIW%& toothk %EMS&;ec?x@gi%nEFﬁleﬂﬁétQﬁé? as cl ai _rred in
claiml,” wherein the first die and the second di e have

the ﬁ%ﬁ{ﬁggsg' I(_f;]?& ‘pac e—%rgtgllg/ap ggeg—%}xgafgé ﬁ%\g&%@gos%%glzre??r; Elte above

nmet aifmed=rn clalnms erein the

pachﬁ e-internal .free- standing interconnect structure

is f g?ﬁ%?“?%?ﬁ@@ﬁé?%ﬁﬁgg§9e a further interconnect
regi.on.of the fdrst di e on tpe sur&ace facing the

sec gcmiurtﬁ @ secon package-internal free-standing interconnett structure on or

above an interconnect region of the second die, the interconnect region of the

second die being on a surface of the second die facing away from the first die; and
forming package material partially around the first package-internal free-standing
interconnect structure and the second package-internal free-standing interconnect
structure such that a connecting portion of the first package-internal free-standing
interconnect structure and a connecting portion of the second package-internal
free-standing interconnect structure remains uncovered to be electrically

connected to a package-external interconnect structure.

2. The method as claimed in claim 1, wherein the first die and the second die have

the same size.
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54. The nmethod as clained in claim3, wherein the
i nterconnect region and the further interconnect

wo egooreof the first die are on two opposite endES©1008/000297

3.

5 4

5.
10

6.
15

7.
20

8.

the surface facing the second die. 5. The nethod as
claimed in any one of clains 1 to 4, wherein the
second package- 10 internal free-standing

i nt er connect structure is further fornmed on or above a

fur tlﬂg ﬁgdee{s c%m'x%ﬁ u]g F % E é)? Tzr ?regﬁﬁlg qgstqifaﬁkea%?rgxﬁtﬁﬁlal free-

urface acl ng
ai.nmed. in cIa|n15 mh I he .i nt er connec

2nd SERUTE et HESWan b g gy OF n LRBnd aher
die are on two oppQsite ends of the surface faging
awajPiFieRRReEHESIOP oL the dI rg diezon the suriagerfprangdie spanielF- i n
any one of clains 1 to 6, wherein the package-interna
free-standi ng i nterconnect structures are

pillar-shaped. 20 8. The nethod as clainmed in any one

of dhaimethod as olaimediinarains, whereprathk anfercpmteet negion and the further
free-standi ng i nterconnect structures are nade of
conditetontectmegeniodithe first die are on two opposite ends of the surface facing

the second die.

The method as claimed in any one of claims 1 to 4, wherein the second package-
internal free-standing interconnect structure is further formed on or above a
further interconnect region of the second die on the surface facing away from the

first die.
The method as claimed in claim 5, wherein the interconnect region and the further
interconnect region of the second die are on two opposite ends of the surface

facing away from the first die.

The method as claimed in any one of claims 1 to 6, wherein the package-internal

free-standing interconnect structures are pillar-shaped.

The method as claimed in any one of claims 1 to 7, wherein the package-internal

free-standing interconnect structures are made of conductive material.
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WO 2009/ 022991PCT/ SG2008/ 000297 9. The net hod as
claimed in claim8, wherein the conductive materi al

wa@epnewes at | east one netal. 10. The net hod BST/SG2008/000297

10

11.

12.

13.

14.

15.

claimed in claim9, wherein the at |east one netal
conpri ses any 5one or nore of a group consisting of
copper, alum num and alloy. 11. The nethod as cl ai ned
in claim10, wherein the alloy conprises solder. 12.

9 The ’I'Hgtr@quodafs c%iﬂf.eﬁgr? ciaﬂn %n%hgr%gl t@fe c&lxcﬁlic e ﬁla{egglé(gdmnépéiﬁes at

further conpri sing Sposi hg ondi ng | ayer

t he SU{facetqf the first die facing the second die and
a sd??d%glgﬁathe second die facing the first die. 13.
The nethod as clainmed in any one of clainms 1 to 12,
further conprising arranging a surface of the first
die facing away fromthe second die on or above a

s upgée metindagseilaimed an glaf Fpvigreimidie 95 krgf e fagted rgogiprises any
14. The nmethod as clained in claim 13, wherein the
supeoe tr mafeead agoenpr dopeisting efappperldumifivm andtaloy as
clained in any one of clains 1 to 14, further

conpri sing arrangi ng 20one or nore components within
or above the package material.

The method as claimed in claim 10, wherein the alloy comprises solder.

The method as claimed in any one of claims 1 to 11, further comprising disposing
a bonding layer between the surface of the first die facing the second die and a
surface of the second die facing the first die.

The method as claimed in any one of claims 1 to 12, further comprising arranging
a surface of the first die facing away from the second die on or above a support
wafer before forming the package material.

The method as claimed in claim 13, wherein the support wafer comprises a tape.

The method as claimed in any one of claims 1 to 14, further comprising arranging

one or more components within or above the package material.
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WO 2009/ 022991PCT/ SG2008/ 000297 16. The net hod as
clainmed in claim15, wherein the conponents conprise

w@aeyoore9nr nore of a group consisting of capapCT/862008/000297

resistor, inductor, chip passive, thin film passive,
antenna, heat spreader and el ectromagnetic
interference (EM) shield. 517. The nethod as cl ai ned
in clains 15 or 16, wherein the conponents further

16CO MRk ‘?r?etlﬁﬂ?s%ﬁaiﬂgé fn ci.lmnegi ARk Y SEPonGRE riasle any one or

17

18.

19.

20.

I ntegrate evi ce conprising any one of nore o
group. copsi sting of.capacitar, resistar and,inductor,..
15, "FHE hLeRuR BE R b AR el ghipdereiysg i film

llg’y prettel e TR S I%{gr”%l& oBhageiE dn@lbiehe (ERAD shied.
package-i nternal free- standing interconnect

structures. 19. The method as clained in any one of
claims Ito 17, further conprising: formng a

condietmethod gy elaipad tineclamanidcor 16, pbereinothe efmpdnents further
package-i nternal 15free-standing interconnect

st r wemprigsoneanrdnéerinieggted degnes teactbintdgoaed dgviéce ampoising any
above a surface of the package material facing away

f r ohé bemorvfagkoupdonskiingsteapdcitbf) eesppadtiaad érdutidoer nal
free-standi ng i nterconnect structures. 20 20. The

nmet hod as clained in claim19, further conprising

formng a third package-

The method as claimed in any one of claims 1 to 17, further comprising forming a
redistribution layer on the connecting portions of the package-internal free-

standing interconnect structures.

The method as claimed in any one of claims 1 to 17, further comprising:

forming a conductive layer on the connecting portions of the package-internal
free-standing interconnect structures; and

forming a redistribution layer on or above a surface of the package material facing
away from the connecting portions of the package-internal free-standing

interconnect structures.

The method as claimed in claim 19, further comprising forming a third package-
internal free-standing interconnect structure at a first end of the die package,
wherein the third package-internal free-standing interconnect structure extends

from the conductive layer to the redistribution layer.
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internal free-standing interconnect structure at a
first end of the die package, wherein the third

w@aoRaz®9i nt ernal free-standi ng i nterconnect sPCUSGLN08000297

21

extends fromthe conductive layer to the
redistribution layer. W) 2009/022991PCT/ SG2008/ 000297
21. The nethod as clained in claim 20, wherein the
third package-internal freestandi ng interconnect
structure is further fornmed at a second end of the die
package, wherein the first end and the second end of

the .die ckage,are opposite 5Sends. 22.. The t hod as

ol i hecnPRSSAS it AR B, 20 2R gin 4 pfy Ppiipee mleial frec-
conprising formng a dielectric |ayer on the i
r edis?Pa'i“Sdf‘Tebcﬁ’“P%fge?r.“Ctﬂf S Foher foRtrdaviad Sescarlnnd ph the die
any one of clainms 18 to 22, further conprising formng
net #pekage,iwhestie drerfast epdamdithgesecentl endrqfthn die wagkage are opposite
24. The nethod as clainmed in claim 23, wherein the

met ghds. ¢ i nt erconnects conprise sol der bunmps. 15 25. A
di e package conprising: a second die arranged above a
first die, the first die conprising an interconnect
region on a surface facing the second die, wherein the

22s eCamd nibtiddi =8 ciimad Gshyl ode &F alalits N&#0t2 1t QurtheEcomprising forming

i nterconnect region of the first die; 20a first

packagifeduid BY&n thé RAHiMGh e Nt €r cONnect structure
di sposed above the

23.  The method as claimed in any one of claims 18 to 22, further comprising forming
metallic interconnects on the redistribution layer.

24, The method as claimed in claim 23, wherein the metallic interconnects comprise
solder bumps.

25. A die package comprising:

a second die arranged above a first die, the first die comprising an interconnect
region on a surface facing the second die, wherein the second die is arranged
laterally next to the interconnect region of the first die;

a first package-internal free-standing interconnect structure disposed above the

interconnect region of the first die;
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i nterconnect region of the first die; a second
package-i nternal free-standing interconnect structure

waele®pos®ell above an i nterconnect region of the BEUSGL08/000297

26

27.

28.

29.

die, the interconnect region of the second die being

on a surface of the second die facing away fromthe

first die; and package material forned partially

around the first package-internal free-standing 5

i nt erconnect, struct a .he. Qn e+l nt I

(1 ed SR Ebg R G R i AP IR EREH N Mve an
connectin ortio f the first package-int.ernal .
f r dTSEaBEhSEIon e, n57anq disy M PIRFEOTREC raigh 4h e sepgnd die
portion of the second package-internal free-standing

i nt BFiggARaSHriage ol dheeeondediafasine an@ydiomide figst dis; and

el ectrically connected to a package-externa

i nt eackegmmeterigh fommed, partially arpgnd eefingl packagekiatpenad dree-standing
claimed in claim?25, wherein the first die and the

sec onetcahirecthameturdendsthabe®nd @ackage-infbrpaldires- paciageteasonnect
clainmed in clains 25 or 26, wherein the first

pac kagture Bt thad a ddnhe@mgFoaiai dTghé fifse pavhkageemternal free-standing
structure is further disposed above a further

| Nt i&eNRRE! sthRAir®An®fa ddABedting Pori oP thet orflpdckE& -internal
facing the second die. 28. The die package as cl ai ned

in %leé-kﬁh&Zg WGt &SinRctt r&ﬁ'uétﬂltee rrgﬂgiﬂgchnd'o@nge&m tAngk tJl‘é?:trically
further intéerconnect region of the first die are on

f
t wo hte 0 - f Lng the second
die?8§§a%4ﬁ%a§#g%%h%ﬁ§g§‘ggﬁﬁ é%hégk?%&any one of
claims 25 to 28, wherein the second package-interna
free-standing i nterconnect structure is further

Qisgggad above a

1e package as claimed in claim 25, wherein the first die and the second die

have the same size.

The die package as claimed in claims 25 or 26, wherein the first package-internal
free-standing interconnect structure is further disposed above a further

interconnect region of the first die on the surface facing the second die.
The die package as claimed in claim 27, wherein the interconnect region and the
further interconnect region of the first die are on two opposite ends of the surface

facing the second die.

The die package as claimed in any one of claims 25 to 28, wherein the second

package-internal free-standing interconnect structure is further disposed above a
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further interconnect region of the second die on the
surface facing away fromthe first die. 30. The die
w@amkagns clained in claim?29, wherein the PCT/SG2008/000297
i nterconnect region and the 5further interconnect
region of the second die are on two opposite ends of
the surface facing away fromthe first die. 31. The
di e package as clainmed in any one of clainms 25 to 30,
wherein t o ] . .
't G HEp REEECRE M PAT Fhald AEC WAL AR: Gging pway from the
dieﬁp§ﬁkage as clained in any one of clains 25 to 31,
whe &'t he package-internal free-standing
i nterconnect structures are made of conductive
material. 33. The di e package as clainmed in claim 32,
wherein the conductive material 15conprises at | east
30one Thedig package aprdainied ipglaind® whereip dhgrimgereannegt apgiprsand the
wherein the at | east one netal conprises any one or
mor durtifer antgrcongect oggsors bf thy stombgiseare onl twoi opposidgdnds of the
al l oy. 2035. The di e package as clained in claim34,
wheswifate fivengaw gyfran nipr fisedie.sol der s.

31. The die package as claimed in any one of claims 25 to 30, wherein the package-

internal free-standing interconnect structures are pillar-shaped.

32. The die package as claimed in any one of claims 25 to 31, wherein the package-

internal free-standing interconnect structures are made of conductive material.

33.  The die package as claimed in claim 32, wherein the conductive material

comprises at least one metal.

34. The die package as claimed in claim 33, wherein the at least one metal comprises

any one or more of a group consisting of copper, aluminum and alloy.

35. The die package as claimed in claim 34, wherein the alloy comprises solders.

26



WO2009/ 022991PCT/ SG2008/ 000297 36. The di e package as

clainmed in any one of clains 25 to 35, further
wa@ewpne®dng a bondi ng | ayer di sposed between tPET/SG2008/000297

surface of the first die facing the second die and a

surface of the second die facing the first die.

537. The di e package as clained in any one of clains 25

to 36, wherein a surface of the first die facing away

6f r o@h‘éhﬁoéféftg a délgirrleﬁ 1g'aﬁ9 QRedr Qﬂﬁﬂsezsﬁtos#ﬁ Hﬂéﬁerv@ﬁﬁhsmg a

bef ore

ackage materi a

pacg)ggfg Bﬁ‘gq,yegglgposeqb?tw%ég Itl?gsur%e fgt:i18 1rst 1€ fac}illgqge second die

cl ai

conBhf &7

one of clains 25.t0,38, further
‘1'1'3“88 theseeAnd i BRBE st ifsposed within or

above the package material. 15 40. The di e package as
claimed in claim39, wherein the conmponents conprise

any

one or nore of a group consisting of capacitor,

5 37 esiTdealic packagecasorlaimetiip apposé veclamps 25 fo Imvpdweasi geurface of
antenna, heat spreader and el ectronagnetic
i nt elid Brsededadibphvag fiioel the s2Cnd1did iredispased alokvagesupport wafer
claimed in clainms 39 or 40, wherein the conponents
f ur tbbfoke PNz th€paeRageahateiidle | nt egrat ed devi ces, each

i ntegrated device conprising any one or nore of a

group consisting of capacitor, resistor and inductor.

38.
10

39.
15 40.
20  41.

The die package as claimed in claim 37, wherein the support wafer comprises a

tape.

The die package as claimed in any one of claims 25 to 38, further comprising one

or more components disposed within or above the package material.

The die package as claimed in claim 39, wherein the components comprise any
one or more of a group consisting of capacitor, resistor, inductor, chip passive,
thin film passive, antenna, heat spreader and electromagnetic interference (EMI)

shield.

The die package as claimed in claims 39 or 40, wherein the components further

comprise one or more integrated devices, each integrated device comprising any

one or more of a group consisting of capacitor, resistor and inductor.

27



5

10

15

20

WD 2009/ 022991PCT/ S&008/ 000297 42. The di e package as
clainmed in any one of clains 25 to 41, further

w@opiedng a redistribution [ayer di sposed onP@T®G2008/000297

43

44,

45.

46.

connecting portions of the package-interna
free-standing i nterconnect structures. 543. The die
package as clained in any one of clains 25 to 41,
further conprising a conductive |ayer disposed on the

4yC0NNgCt Rortions. of .the pack Intern o
f ; eg‘:ﬁ[ dx d? age gs & %lgheg dn tang{?)rrlfa 8? glrglen%s £§ {o by i further comprising a

! he PR '"nﬁz/f"é?? SHosteh St Ay Sarge 1?1%&?@?%3 %&ﬁ%%& g eemal

portions of t he package-internal free-standing

i nt dicEBHRdng 13ErcQpReGE BRI 44, The die package as
clainmed in claim43, further conprising a third

package- internal free-standing interconnect structure

di sposed at a first end of the die package, wherein

t he Thhididppkegeagreclaintedrinahy bneef sliomd2ny 4 htfertleo vnmptising a
structure extends fromthe conductive |ayer to the

r edicehductivié la9er digpedd ordthe cdilictitigepopiicisad theamckdgeiin®rhal free-
in claim44, wherein the third package-internal free-

st aR@ndigg iMbRbARONARIctuSds! Mid MFeBistributibh 136F dighEBPsREr Move a
a second end of the die package, wherein the first end

and shx'i*ﬁzestﬁfiﬂé‘ Facksk RhteliNerahg a%§ HRAEHRBnfRBRS lpBIglons of the
ends. The di e” package as clained in any one of

cl al gg uIt 41g’frerees ntdp'%rlgt%?:gﬁﬁéc étﬂt%tu?‘e dielectric | ayer

dlsﬁose I on ayer

The die package as claimed in claim 43, further comprising a third package-
internal free-standing interconnect structure disposed at a first end of the die
package, wherein the third package-internal free-standing interconnect structure

extends from the conductive layer to the redistribution layer.

The die package as claimed in claim 44, wherein the third package-internal free-
standing interconnect structure is further disposed at a second end of the die
package, wherein the first end and the second end of the die package are opposing

ends.

The die package as claimed in any one of claims 42 to 45, further comprising a

dielectric layer disposed on the redistribution layer.
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WO 2009/ 022991PCT/ S&008/ 000297 47. The di e package as

clainmed in any one of clains 42 to 46, further
w@orpiedng netal lic interconnects di sposed onP@T®G2008/000297

redi stribution layer. 48. The di e package as cl ai ned

in claim47, wherein the netallic interconnects

5conpri se sol der bunps. 49. The di e package as cl ai ned

in any one of clains 25 to 48, conprising a radio

fre 2 K op ogi ' i e ..
T neare s piTats FcRind LS o PoRRs 2y B R dhmprisine
package,.as. clained,in claim49, wherein the die
Do KAALT B ieapat fispestd P T oBPRATLBNTH cat | on. 51
The di e package as clainmed in any one of clainms 25 to
48, conprising a flash 15nenory, a NAND nenory and a
dynam c_random access neno&gl(DRAN®. 52. The die
48pac g dia paekage msdclpimed| i phamm 47wtyeherdin they aeggllic interconnects
package is manufactured for a nenory application.
20530mpaseciollephekpge as clai med in any one of clains
25 to 48, conprising a processor chip, a nenory chip
and an | PAD chi p.
49, The die package as claimed in any one of claims 25 to 48, comprising a radio
frequency (RF) chip, a logic chip and an integrated passive and active device

(IPAD) chip.

50. The die package as claimed in claim 49, wherein the die package is manufactured

for a mobile application.

51. The die package as claimed in any one of claims 25 to 48, comprising a flash

memory, a NAND memory and a dynamic random access memory (DRAM).

52. The die package as claimed in claim 51, wherein the die package is manufactured

for a memory application.

53. The die package as claimed in any one of claims 25 to 48, comprising a processor

chip, a memory chip and an IPAD chip.
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WD 2009/ 022991PCT/ S&008/ 000297 54. The di e package as

clainmed in claim53, wherein the die package is
worevahzodbur ed for a processor application. 55. paheGHiog000297

package as clainmed in any one of clains 25 to 48,

conprising a 5m croel ectronmechani cal system ( MEMS)

chip, a nenory chip and an application- specific

integrated circuit (ASIC) chip. 56. The die package as

4CI al %lé %cﬁ!ﬁ%‘ Jpc%ﬁmeé W G 5% fén? H%gilcap%{ggg i€ ?%nufactured

105 ckage as c alne

whe&%.nl%agyw' pa %kage IS nanufactured for a MEMS

appllc B8PS di e package as clainmed in any one

of clalns 25 to 48, conprising an optical sensor chip,

an optical driver and electrical-optical (EIO

converter and an AS|I C 150r | ogic chi 59. The die
>SpacKagedigspackagenas claimed ap ranggoner af chaps conisy #8i Aemerising a

gl ass cap. 60. The die package as clained in clains 58

or Sgcroglserenerhamieal gystepdMENS) ¢hip, a memory chip and an application-

specific integrated circuit (ASIC) chip.

56.  The die package as claimed in claim 55, further comprising a MEMS cap.

57.  The die package as claimed in claims 55 or 56, wherein the die package is

manufactured for a MEMS application.

58. The die package as claimed in any one of claims 25 to 48, comprising an optical

sensor chip, an optical driver and electrical-optical (EIO) converter and an ASIC

or logic chip.
59. The die package as claimed in claim 58, further comprising a glass cap.
60. The die package as claimed in claims 58 or 59, wherein the die package is

manufactured for an optical application.

61. The die package as claimed in any one of claims 25 to 48, comprising a RF chip,

a logic chip and a memory chip.
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20manuf actured for an optical application. 61. The die

package as clained in any one of clains 25 to 48,
weowpewdng a RF chip, a logic chip and a menoP@I/sG008/000297

WO 2009/ 022991PCT/ SG2008/ 000297 62. The di e package as

claimed in claim6l, further conprising a Faraday cap.

63. The di e package as clained in clains 61 or 62,

wherein the di e package is manufactured for a RF

62applTlhg %}el poagkage as claimed in claim 61, further comprising a Faraday cap.

63.  The die package as claimed in claims 61 or 62, wherein the die package is

manufactured for a RF application.
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