SC13656MP METHOD FOR PACKAG NG A SEM CONDUCTOR DEVI CE
BACKGROUND OF THE | NVENTI ON [ 0001] The present

i nvention relates to packagi ng of sem conductor
devices in general and nore specifically to a nethod

of form ng a stacked package.. [0002] In tanden1mng313656MP
the sophistication of electronic devices, there I's™a

demand for greater functionality in smal | er packages.

St acked ﬂE@H@ﬁdFéﬁa@&ﬁéuﬂﬁﬁk@9%EM@E@§DU@T@EU§EW¥@§
(3D) packages .have been devel oped to neet th

demand. Typically, stacked di e packages are forned by

st acki ng nultlpIﬁhéggégﬁNﬂa%Fo%ﬁFgggygggF?ghe chipsin

a stacked di e package nay be’e y coupl ed by
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St acked the oth hand f d
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formati on of stacked di e packages presents a nunber
of problems. For instance, when stacked packages '

fendNg Wi e kandbRdwSoRnesd Ié&ﬁnaytelcfa%rs%dof eie@&cymc
the upper chip is preferred to be smaller than the

- Jostieieschithey an anBemendetes graptiesr funetapeality in
‘ sf&;%gi‘i' feg;a]tc%agtggke LDg. &edPeOV}H{ % CRMASCLLONS e three-

noun area or each successive
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st acked packages are neral |y processed u5|ng gl ob
%W@Hcéﬁ@uPﬁFF@ﬂe IF‘aBég?ﬁ gilectdrgddgveoupled by wire

bonding connections or f£lip chip connections. Stacked
packages, on the other hand, are formed by stacking
multiple packages on each other, where each package

contains a single chip.

[0003] However, the formation of stacked die packages
presents a number of problems. For instance, when stacked
packages having wire bonding connections are formed,
usually the upper chip is preferred to be smaller than the
lower chip by an amount necessary for the area required to
make the wire bonding connections. Accordingly, the
mounting area for each successive upper chip is preferred
" to be progressively smaller, thereby imposing a limit on

the number of packages that can be stacked.

[0004] Further, stacked packages are usually not
processed in array (MAP) format; stacked packages are

generally processed using glob top encapsulation or center



gate nol ding and stacked only after singulation. For
this reason, a |longer manufacturing cycle tine is
required for the formation of stacked packages. O her
probl ens associated with the formation of stacked
packages include difficulty in ascertaining whet
die is functioning properly prior to stacking anga?’gl‘r’wJP
| arger overall package thickness for the sane nunber
S i o BIALK ard0QRBkKLA Yhey ofcdhefRA0Q1RY, apAgedh;s
exists for "a nethod of formng a reliable stacked
pekeye avidndenc measédctiiniey i oyald thimmt isowegodred for
or dj AV W bject of 't resent -invention
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conjunction wth the appended draw ngs. The present
thviemgson fog theusarat ednbsr vy dfe Stadil-e and is not
limted by the acconpanying figures, in which |ike
references indicate simlar elements. [00071 FIGS. 1
Hdlgh 6 Tar wienl af gelde cfossgsiond i enaleedviesists for a

illustrating a _nmethod. for. for.m luralit f. -

et site ot alh L te b o e e Repls b tncgspsed

fmhadicmt tof atheopr esent i Aweitdieril],0008) sFafo ofjést of
n enl arged .cross-sectional view illustratin
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present invention;, and 2 SC13656MP [0009] FI 8 1is
an enl arged cross-sectional view of a stacked

~sem conduct orp @Ml ¢RclcR 18¢¢6I8RCRaMM Sk as

[0006] The following detailed description of a preferred

embodiment of the invention will be better understood when
read in conjunction with the appended drawings. The
present invention isrillustrated by way of example and is
not limited by the accompanying figures, in which like

references indicate similar elements.

[0007] FIGS. 1 through 6 are enlarged cross-sectional
views illustrating a method for forming a plurality of
stackable semiconductor devices in accordance with an

embodiment of the present invention;

[0008] FIG. 7 is an enlarged cross-sectional view
illustrating a method for stacking a plurality of
semiconductor devices in accordance with an embodiment of

the preserit invention; and




enbodi nent of the present invention. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [0010] The
detail ed description set forth belowin connection
with the appended drawings is intended as a

description of the presently preferred enbodi ment
the invention, and is not intended to represent ?HEEGSSMP

only form in -which the present invention nay be

poasdi ced.rid. isS 10 anbenyndgLst 0Pskd halo iR 98B Qf of &
equi val ent functions may be™ acconplished by different
ehhotkdresrel adrsiucios davendetnt accdredamsonidds ed

i £ hi e i kit 0 f.the invention. [0011]
' %%Eg% |%@%f§ﬁ§h§b'%%ggggnggg%%%%:%ges di scussed above
and others, the present invention provides a nethod
for packa%inﬁ a_sem conduct or device. The net hod
i ncl udESATERE BEREE O FOAR dita FREGFEREY yHigF Ot Hdligh
bodes] i N arHkasetasubat naker apei depasi tidignapeasduehi ve

material on a first side of the base substrate to
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layer 1's patterned and etched to forma plurality of
imtentciomnecndt iacast ahdt angedirad i tgprsfsepadsheAonly form
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hol es.. [0012] The_present invention al so provides
%ﬁ%lgsg‘re% %é’caéﬁgﬁﬁe%t SRR Sorth&é?vig‘(’:’é, intended to

B dritin}@ sleB8 §EERASnOfhe fOS NG ahdPlddicplel bY ehet hrough
holes in a base substrate, depositing a conductive

4™ on a first side of the 3 SC13656MP base
substrate to forma conductive | ayer, and patterning

and etching the conductive layer to forma plurality
X011}l To achieve the cbjects and advantages discussed

above and others, the present invention provides a method
for packaging a semiconductor device. The method includes
the steps of forming a plurality of through holes in a base
substrate and depositing a conductive material on a first
side of the base substrate to form a conductive layer. The
conductive material £ills the plurality of through holes.
The conductive layer is patterned and etched to form a
plurality of interconnect traces and a plurality of pads.

A plurality of conductive supports is formed on the
plurality of pads. The conductive sﬁpports extend through

~respective oneg of the plurality of through holes.

[0012] The present invention also provides a method for
packaging a semiconductor device, including the steps of
forming a plurality of through holes in a base substrate,

depositing a conductive material on a first side of the




i nterconnect traces and a plurality of pads. The
conductive material at l|least partially fills the
plurality of through holes. A plurality of conductive
supports is formed on the pads. The conductive
supports are substantially parallel with each 0tg853656MP'
substantially perpendicular to the base substrateé,™
and extend through respective ones of the plurality
Bisd Mgh- N €%, Bt heashaRPe: wem £R00UGLAr pdi@elfing
electrically coupled to the 1nterconnect traces and
pad set loguBtirheopdasthvei hypat i on fanm keplpreidesod
IR Dot ] Or. RIGKAY! 0642, SEH conduptar (el ceny,
conprising the steps of or m ng P Gra ity of
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of the base

conductive material on a first side L
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EORMMICIdY e neabarkal Thel sohdest HroughJaelas arand o
patterning_and etching the conductive |ayer to forma
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supports 1s formed on the plurality of pads. The
rRRAdtiviee onegppdr the apbusabitami dahrpugbr peddiscul AF

a ; ext thr h res B}
R A
Blteotacsiness tiracsh asd pgfdi ed to the interconnect
traces, pads and conductive supports. A plurality of
die is electrically coupled to the interconnect
focaeds anghpagseasflt ainwathitidig ARt pRovi8epesf Qs trel
to encapsul ate the die, wherein at |east one end of
for PaCERAHETI FeSSNbpeRdustoR dfided . CAMPRLEIRENRRE Steps
df r@rﬁhgcgaﬁh§r§§§?f';%ﬁ/,ﬁk?rcfﬁ%@-le’% ggcangdagtackabl e

assenbl y substanti a simlar to the first stackable
bgCrasseMPepositing a conductive material on a first sgide

of the base substrate to form a conductive layer, wherein
the conductive material fills the through holes, and
patterning and etching the‘conductive layer to form a
plurality of interconnect traces and a plurality of pads.
A plurality of substantially parallel conductive supports
is formed on the plurality of pads. The conductive
supports are substantially perpendiculaf to the base
substrate and extend through respective ones of the
'plurality of through holes. BAn electroless finish is
applied to the interconnect traces, pads and conductive
supports. A plurality of die is électrically coupled to
the interconnect traces and pads and a moulding operatibn
is performed to encapsulate the die, wherein at least one
end of each conductive support is exposed. In this manner
a first stackable assembly is formed. A second stackable

assembly substantially similar to the first stackable
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assenbly is formed. A stacked assenbly is forned by
stacki ng the second stackabl e assenbly on the first
stackabl e assenbly. The first and second stackabl e
assenblies are electrically coupled one to the other

by the conductive supports. The stacked assenbly EE?QGSGMP
is cut or singulated into a plurality of stacked
packages. [0014] FIGS. 1-8 illustrate a nethod for
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electrically conductive material, as i's known by those

of skill in the art. [0015] Referrlng now to FIG 2,
EOMH al i o cQf &h%oyggﬁsbﬁé@é o an ] Hod @d@gacﬁa gﬁ%@

ase substrate 10 as rough hol es
o tioy dewhbengnoacemmﬂﬁmnduwlthappr@pbpduaent of

o thqgﬁyn mqn%% %hose g& % in thgﬁgr sjze,

ough re8 12°F ?ﬁﬁ%PQrQnﬂ un?t
ab:mﬂra&&Oum hartdnghe thiaugsdhadentld caise L—maateml Ormil
posi tioned %t t he peri pher of each substrate 10

ToEHe R GPLEbeHghstas ¢ e HniOF ZPg4suhERrags 10

{9l gRaRka, 160PAEE gsp@f@ﬁf& (érka@?ﬂpfl'er StirSkHeulf wé
the base substrate 10 to forma conductive |ayer 18.

ysleggiropd thabntheheresprfughtymitdeom dsapnetf Limegediy the

. . >
g%g;g%%%%g??g%ge1%9%@%%%%% éﬂéﬁ]ﬁﬁcoﬁ%esbgge_gugétfg%% 10

may be made of a Polyimide (PI) tape or some other non-
electricaily conductive material, as ig known by those of

gkill in the art.

[0015] Referring now to FIG. 2, a plurality of through
holes 12 are formed in the base substrate 10 as shown. The
through holes 12 may be formed by drilling or some other
appropriate method known to those of skill in the art. The
size.of'the through holes 12 ranges from about 200um to
about 600um, and the through holes 12 are located or

positioned at the_périphery of each substrate 10.

[0016] FIG. 3 shows a conductive material 14 such as,
for example, copper deposited on a first side 16 of the
base substrate 10 to form a conductive layer 18.  As can be
seen, the through holes 12 are filled with the conductive

material 14. A second side 20 of the base substrate 10



preferably is shielded during the deposition of the
conductive material 14. In this particular exanple,
the conductive layer 18 is about 5 mcrons (pn
t hi ck. However, it should be understood that the

present invention is not limted by the thicknes
the conductive layer 18. [0017] Referring nOM/tOEE?%§56MP
4, the conductive layer 18 is patterned and etched to
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plurality of A plurality of conductive
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erpendi cul ar_ to he _base substrate 10. [0018 he _

DS i e S : FEeoRDSREnE o ek 1o APNBCELUE: arRy 18-
conductive material such as, for exanple, copper, and

may be fornmed by an additive process, such as, for

le, ESEEEFSPPaPPgtoI MG hi% gt ICMCtaXanpprEST 18
£aGH NN i@ 3URROA! c24rbas 2 Yt 1@f, aBouh+200nnect

pm~ However, it should be understood that the present
fracan sl & luselitw cedrdys the. wirdtluskltihy of
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2 are tterned -and etched using standard
i gr 0k COPEORRL G S RBIGNT 148 TFe SAPECaRERSLLY for
xRl waiket eaehChbiRgr d® suvdRrfaRNast pkipefdidiBar to
masked using a resist nmask prior to formation of the
EEnPFEE FEPEGEREEt 3024 on the pads 22. Such resi st

masks are known in the art. The resist nmask i s

renmoved fromthe i nterconnect traces thereafter. 6
SolBdseVPThe conductive supports 24 are formed of an

electrically conductive material such as, for example,
copper, and may be formed by an additive process, such as,
for example, electroplating. In this particular example,
each conductive support 24 has a width of about 200 um.
However, it should be understood that the present invention
igs not limited by the width of the conductive supports 24,
or the type of material or the method used for the

formation of the conductive supports 24.

[0019] The interconnect traces and pads 22 aré patterned
and etched using standard lithographic techniques known in
the art such as, for example, photo etching. The
interconnect traces are masked using a resist mask prior to
formation of the conductive supports 24 on the pads 22.
Such resist masks are known in the art. The resist mask is

removed from the intercomnnect traces thereafter.




[0020] In one enbodi nent, an electroless finish is
applied to the interconnect traces, the pads 22 and
the conductive supports 24 to prevent oxidation.

Ni ckel, gold or a nickel-gold alloy nmay be used for

the electroless finish. However, it should be
|nvent|on i's not ||nFF%aG56MP

under stood that the present
by the type of nmetal or netal alloy used for the
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die 26 electrically coupl ed to the base substrate 10.
Fhlel @ 26 they 1@§eac0pngcbssmcesuc¢h@$aai8d|2@| ead the

86 théx: Dgp)toapr§9§§ﬁq$xf&g£fﬂnpn &lr%uit 'gold

as a ne ress “genérator, or per fOrm
@thErniqMHi4@blﬁuadﬂb9nmayhbée@yéd fdﬂuihé e1%&tm51eeb

imted to a arti,cul t echn such as
M YEy B 8 bRt b8 S ek ety Y preSint
fﬂﬁéﬂ&ﬂontﬂ§3n@Ee§QﬁitéﬂV t 90 FCGRndat-enetal
various die sizes, as will be understood by those of

a9y ysed ferathe alegprebesexkipidiis a logic die
having a size of about 7mm by 7nm Although FIG 5
shows only three (3) dies, it will be understood that
W] or Fdwer Sdebewamgt bheast avtredlito 24 elbstracally

ctctﬁg;elge 9, ‘Eﬂ ggsesé&ﬁstra dé‘%é“bsfﬂeatd%e theqgl 28, 0L
e nd required functionality of fhe
pmunddmmm @amhces alﬁlgrm&a giiagiid Ic Wrakeexamrpl(BSPI hea
di es fa coupled tp the _substrate bondi ads 22
HE LD UPSFEPY SEFIE CHTE S TSTYNEYAFERRI oss.

déneshedrd be padesshonsl tdaHert RSpePESERhcLIYBNti ON iS
not limted to f||€ chip applications. |In alternative

MNaRsoieFentse ghe 3 el%l%yllm&rede%m| garpgcularly
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via wiré bonds (see FIG 7). 7 SCi3656MP
wafer technology. Further, the present invention can

accommodate various die gizes, as will be understood by
those of skill in the art. A typical example is a lbgic
die having a size of about 7mm by 7mm. Although FIG. 5
shows only three (3) dies, it will be understood that more
- or fewer dies may be attached to a substrate, depending on
the gize of the substrate, the size of the dies, and the
_required functionality of the resulting devices. In this
particular example, the diés 26 are coupled to the
substrate bonding pads 22 via a plurality of flip chip
bumps 28. Nevertheless, it should be understood that the
pregent invention is not limited to flip chip applications.
In alternative embodiments, the die 26 may, for example, be
electrically coupled to the. substrate bonding pads 22 via

wire bonds (see FIG. 7).




[0022] The purpose of the conductive supports 24 is to
allow for electrical connection between stacked
packages. As can be seen fromFI G 5, a height of each
conductive support 24 is related to a height of the

die 26 and the height of the final packages. The
conductive supports 24 nust have a hei ght that j §C13656MP
equal to at |east the height of the die 26 plus the

t of e h 3 So4 1
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to, the pads 22 wres (see wires 27.in FIG 7,
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havi ng a elgh about 200 pm an i p €h unps
haighavpﬁgtaeheughtraﬁeab@ut.MMﬁhqmgh [Fa023% Eh@esrth@

FIG 6 e nca ul.at e
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:assemhlyoaauasle@ommppdkﬁnnﬁ4Mdmy1@peéatuoeh sUeh #ise top
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uaéthomregcmsg@nﬁyﬁééw sluprzqrd 24 e%BeseHed THE1low), then
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for an under process, thereby reducing
wirecéosbag Cb@t0n¢3¢3ﬁmpﬁa(Emb@ﬂlmﬁdEE thel cahdective

[ e e Ii.fications 1 I stur
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die 26 having a height of about 200 pm and flip chip bumps
28 having a height of about 100 um.

[0023] Referring now to FIG. 6, the die 26 are
‘encapsulated with an encapsulant material 30 to form a
.first stackable assembly 32 as shown. A moulding operation
such as, for example, over moulding is performed to
encapsuléte the die 26, preferably leaving both ends 34 of
each conductive support 24 exposed. The encapsulant
material 30 may comprise well known commercially available
" moulding materials such as plastic or epoxy. Over moulding
eliminates the need for an under fiil process; thereby

~ reducing processing cost. Eliminatioﬁ of under £ill also
increases package level qualifications to Moisture

Sensitivity Level 1 (MSL1) at 260°C.




8 SC13656MP [0024] Referring nowto FIG 7, a first
stackabl e assenbly 40 is stacked on and electrically
coupled to a second stackable assenbly 42 to forma
stacked assenbly 44. In order to illustrate the

various enbodi nents of a stackable assenbly of tggl3656MP
present invention, the first stackable assenbly

"has dies 26 attached to pads 22 with flip chip bunps

28 and the conductive supports 24 have top ends that

are flush with top surfaces of the dies 26. The

§eexhld sté@ﬁéﬁﬂén&sgewbty EEGhaﬂfcﬁeﬁinﬂitammckabée

éé g%fgh% %ﬁg%tggte f%%%ele J@ifa|%M épggled

via wres COﬂ ve-su

é@ccﬁﬂtﬂtsmmﬂebaﬁaﬁdblﬁ tDptcSUifcﬁlamea. aftdddedliaesedbly 44.
It wi be u er st ood b those of ski]l in the art
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sodambus |a%ehﬂ§yséﬂﬁtﬁé0§§§§e1{@ Thveridh, Whkhrefilkip
chip attached die) and have the sane di mensi ons.
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such that the conductive supports 24 t he
%ﬂdﬁﬂ@hﬂteaaeséﬁbby H@that@pzﬂuqﬁ&ﬂtamdﬂwtmhedaeﬁdaétiv@he

t t he s nd t ackabl e as I 42 n
SRR [eh a8 o AESBREPD 002 AT KALE BORRAR Yirk®nr Plfnea
tan o tee cabd tshaekabl enase]aﬁb&fﬁséllén@ cafgh 142 abethe pads 22

electrlcally connected wth solder balls 50. The
5 derSFalfs 39 nﬁ?ng CEERUrBPRY & & ithef aﬁaegac%%ond

Stagkhhresasserblhesadds angl. 42rsjind rownssekessabsy |

attach processes. Nonethel ess, it shoul d_be understood

thege Ofc Shiedehl FROeMET oiats the Stiaskedder sssaehlies 40
aﬂd’ﬂ%' %%u'i!ﬁt B@dfo%g§ru£@ﬁ§agﬁ% mt 3¢KI-Rg SYEN4aS, poth

for exanple, paste print ef ow, anlsotroplc
widghdddtipvehipi fptapbepolimerarchidoet shepaste dayebeions.
enpl oyed as wel | .

[0025] In this particular example, the first and second
stackablé assemblies 40 and 42 are aligned such that the
conductive supports 24 of the first stackable assembly 40
are aligned with the conductive supports 48 of the second
stackable assembly 42, and the conductive supports 24 and
48 and thus the first and second stackable assemblies 40
and 42 are electrically connected with solder balls 50.
The solder balls 50 may be secured to the first and second
stackable assemblies 40 and 42 using known solder ball
~attach processes. Nonetheless, it should be understood
that the present invention is not limited to such a
stacking method. Other methods of stacking such as, for
example, paste print and reflow; anisotropic conductive
film and polymer conductor paste may be employed as well.

In alternative embodiments, a second conductive layer made




In alternative enbodi nents, a second conductive | ayer
made 9 SC13656MP of an electrically conductive
material such as copper may be deposited over

sel ective portions of the stacked assenbly 44 and

- discrete passive devices may be attached to the 3656MP
second conductive layer. Al though only two st ackafBf&
assenblies 40 and 42 are illustrated in this

Sﬁbggiéﬁggbrﬂéalf§h%BhﬂuQ@i9Qqﬁé§éf¥§htéﬁﬂﬁ %%'EbBESr may.
stackabl e assenblies 1n array (MAP) format may be
e séer it aghevatrogednot hee port hooorafaride witelekede

sent. inhventjaon.. [0026] FIG 8,shows a stacke
PEE5R o S Mook PoR betin Lt RN pebiEcathachea to
The sdédanidhbledpackageiabarwer®ltiqudednlsi ngoastpakible

of an array of stackable,facka es,. stacked, and.then

RGPy $2neFE SHRGRFER S o Wi Ce8MPRIBRRT - 1t
dheu st arkeghaeseenbly t88: dhe spackadicragsenhkyefB81MBY in

be attached directly onto a board substrate such as
IFER0r MR NiFHetTEEHNBE 075 ¢SMPd Bec AFs® eackher in

sdasked 2ssah xhéopkagéﬂéeﬁn Al ity of die 26,

I ncreased functionality 1s achieved wthin a single
die foot print area. [0027] The present invention

provi_des ckabl e ssenbl onpri sin ase
gdu@%t]r at eF#§Vi %ggég‘ﬁiguga tf“atl?/ ot % e,r“otbfjiélgr%r?o 8153%?% MEo
e rseiarkableopaurbbye ont ertid Jierdrebleopaakabeast avere

irst. side of the base substrate to form conducti ve
ﬁf%ﬁ%“%d, UHEFCPR PRECCORAIR 11 Ve e ACAC AP PeBaERagES

ke, | ¥nbil Ehent BBe Pt @tdd Yo dfayihhRugh shabasa.aad b5
(fatterned and etched@%gger to forma plurality of
RSt donhest thacesa Y 8 -of Thadstaghada
0 opdu ) r n
Ry} $00pad OB AL LU SURPASE INODHRD, 3bBEd substrate
agm@d@@tﬁveSguppgetMowmmé?mnhnology (SMT) . Because each

stacked assembly 60 includes a plurality of die 26,

increased functionality is achieved within a single die

foot print area.

[00271 The present invention also provides a stackable
assembly, comprising a base substrate having a plurality of
through holes formed therein; a conductive material formed
on at least a first side of the base substrate to form a
conductive layer, wherein the conductive material at least
partially fills the plurality of through holesg and is
patterned and etched layer to form a plurality of
interconnect traces and a plurality of pads; and a
plurality of conductive supports formed on the plurality of
pads, wherein the plurality of conductive supports extends
“through respective onés of the plurality of through holes.

The stackable assembly may further include a semiconductor |

10



t hrough respective ones of the plurality of through

hol es. The stackable assenbly may further include a

sem conductor 10 SC13656MP integrated circuit (I1C
attached to the pads, such as via flip chip bunps,

wi re bonding or direct chip attach, and an

encapsul ant covering the I C and pads, while prefeFQBP§56MP
| eavi ng exposed the ends of the conductive supports.

ieayracl9donal Siaiablanprcnnluns g, b segked

one atop  anot
At ep etleigt rhwmdd,y wiceupbadiby emydofedthecldgneticbiche and an

supports. [0028] .As is eyident fromthe .foregaqin
SR iRl b PR P A i g TR ke R A
fosvinas kagidi@d theeahaandactine aevdioes ivehistfppd@ss. Then,
benefjts over existing processes. As an exanple,

Ny of-askrbdnateeRPl iee Vit s FACEG daRbe #-PH

4 NS HE LS e I VERBEOR: GARaPE: AONGH N MAR LOEMBEC rically
t hereby achi eving high throughput. In addition, known

gomilatl dxarwyvoefused tondpeckeyi suprsirtsseni conduct or
devices in accordance with the present invention as
the die can be tested after bunping and prior to
Biezgdsul atisoris Avddenti fimdmt st | g egfoieac klipackadencanhe

be conducted w thout danmagi ng the die b robing the
R HRCtaPn RECEOAR A | e ittt SoarPeerPy=
MuiedtRiuctidieBevi seNowhi &l thd® Bdiee MitEIKveef cRaskDAGS
that can be stacked since there is no requirenment in
RERCSHSESent ASi ATeREABRL ¢ orPAHELFIE P SERAGENHHChET

&BldR itharcbR8anboWs! cPacka s e S NefventhbA can be
stackabl e assenblies may be nade with the present

daneeriti dRF [Foopst . Lobenehwfedtinting déeh ithrasahevabl eln
SRR A M Sy e i W
sl cexidsicitpgy devices in accordance with the present
invention as the die can be tested after bumping and prior
to encapsulation. Also, final testing.of each package can
be conducted without damaging the die by probing the
exposed ends of the conductive supports directly.

Moreover, there is no limit to the number of packages that
can be stacked since there is no requirément in the present
invention for the upper package to be smaller than the

lower package. Further, thin stackable assemblies may be

made with the present inventiomn.

[0029] Low manufacturing cost is achievable with the
present invention since only a single layer base substrate
is used, an under f£ill is not required and existing
eguipment and processes can be used to implement the
present invention. The present invention also achieves

high functionality as the interconnect traces are laid on

11



equi pnent and processes can be used to inplenent the

present invention. The present invention also achieves
hi gh functionality as the interconnect traces are laid
on 11 SC13656MP the base substrate, allowing multiple

functional silicon die in the stack. Oher advan
achievable with the present invention include hi§ﬁ9§g56Mp
density I nput and Qutput (10) stacking as fine |line

£RULLNG. o, él%a*&%%?aﬂ%&ﬁ%tﬁé}tﬁ%ﬁ{%ﬂ& e BigRcon
ensity packages, 'increased reliability ue to

@l ¢ mmdtheomsteicksi | Ptbart sdpanpiges cgltigvaieawd th( POB)
thermal .m.smat.ch and.fl.exjbili in.t types .0

SRR ERLEh, SRS R b i ctdny b0t 9y bpgpuc
apparefdcliial sish€iaehasnbeesupinyidiedthe ibasaceabgdanaees
with the invention, a nmethod for packagi ng

a R,
LRSS @éﬁPc@ePﬁéFYfE??§a$ﬁﬁﬂ;%QQ¥§a§&9aﬁ?é§@§llltY
& td U@ bAUSkYs1 P EHQUED e ddw enti-gnhasabgen
~described and illustrated with reference to specific
ERfRdi thama 1t méseatchi end st heribhtidntda thet tvpes of
L Thy [ I i.m t illustrative
_ %é%ﬁ%grﬁﬁ%sggg%hggggggﬁ%??e_ %ﬁ'the art will recognize
that nodifications and variations can be made without
nvention

ting fraom.the spirit of _.the i Far .
P o st bhane: RURtT e, Plnd HEEE g Pogd provided,
Suppedreiaace Rethl thet £fvér teppel mdillodT@yrbpackageng a
of any conductive material used in the art.

As
tezy Ardrcet HeapriBskht TSRMhSh6n 2F¥aRbRISS set
fdH - M oukhe . di Aepsbns e the hasensubst batg, the

conductive | ayer, the conductive supports, or die

A LOer and fhéudbyieed woHt igRitaneR [tenPPedifect|ip
il i%%tg‘ Eﬁei’QH , 2PPld Gald ANS-erldeSRAULALRE invention
understood that the present invention nay be applie

hep 1Systted En Phekagel [ 8it)ative embodiments. Those

skilled in the art will recognize that modifications and
variations can be made without departing from the spirit of
the invention. For example, the conductive layers and -
conductive supports are not limited to copper, but may be
made of any conductive material used in the art. As
addressed eaxlier, the present invention is not limited by
the dimensions of the base substrate, the conductive layer,
the conductive supports, or die size. Nor is the device
configuration limited to f£lip chip and wire bond
applications. It should be understood that the present
invention may be applied to System In Package (SIP)
technologies. Furthermore, the present invention is not
limited to those types of semiconductor die described or
illustrated herein. Therefore, it is intended that thig
invention encompass all such varilations and modifications

as fall within the scope of the appended c¢laims.
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technol ogi es. Furthernore, the present invention is

not limted to those types of sem conductor die

described or illustrated herein. Therefore, it is

i ntended that this invention enconpass all such

variations and nodifications as fall within the S60R e cmp

of the appended clains. 12 SC13656MP " CLAIMS 1. A

net hod for packagi ng a stackabl e sem conduct or

device, conprising the steps of: formng a plurality

of through holes in a base substrate; depositing a

conductive material on at fB&aEfSa first side of the
base substrate to forma conductive |ayer, wherein

the conductive material at least partially fills the
plurality omethodugbrhpbhekagpad terstaukaane ekaticbgdtbeor
onductive |layer to forma lurality of interconnect
Tates éﬁgmglﬁﬁﬁﬁaFPFysB?Pﬁdggi and forning a

plur afddnirRf aCPNAWELEYE SHPERF SIS iRl Wr 8kkky of
pads, wherein the plurality of conductive supports
YR HrtREa/hr ough respective ones of the plurality of

through h9ligsy 2- Jﬂ&g@i@@%ﬁ@érmc@ia@g 18astagkablgc

sem conduct or "device of claim1, further conprising
shielal rdiea beseordbstdatef t¢ hohase couldsictave flepert he

SRS RIS TR S e PR L RREkageg Boon.
e dondldtiwvef kthyetghshabeut 5 microns thick. 4. The
nEth%QNR%EnQ%%kgg&ngtghfﬁgcgﬁgﬂé%nductive layer to form a
plurality of interconnect traces and a plurality of pads;
and |

forming a plurality of conductive supports on the
plurality of pads, wherein the plurality of conductive
supports extends through respective ones of the plurality

of through holes.

2. The method for packaging a stackable
semiconductor device of claim 1, further comprising
shielding a second side of the base substrate from the

conductive material.

3. The method for packaging a stackable
semiconductor device of claim 1, wherein the conductive

layer is about 5 microns thick.

4. The method for packaging a stackable

gsemiconductor device of c¢laim 1, wherein the conductive

material is copper.

13



sem conduct or device of claim1, wherein the

conductive material is copper. 13 SC13656MP 5. The

nmet hod for packagi ng a stackabl e sem conductor device

of claim4, wherein the plurality of conductive

supports is nmade of copper. 6. The nethod for

packagi ng a stackable sem conductor device of ¢l §Fh?656MP

1, further conprising applying an electroless finish

to t pl [ i ot r e
plurgfity%%% g%%gggngb?h§£8%=%r§%f%fﬁb%ﬁgg% uctive
sempoortdictpr fewiget hddclaim phckdgimegna téeapkalbhéity of
SSTLAdHCtor device of sl aim 6, wherein the
erectrolesS "PPPArEn BoliprT s&s OH& Gt ni ckel, gold and
a nickel-gold alloy. 8. The nethod for packaging a
stackabl e _sem conductor device of claim1l, wherein

each GconddCEi PETRSHppBF t PHILH TG dt FEGCKaR4EL 200

dal RBucRorTRevIBENGE £D4ipackaqiighed %bﬁﬁ%@ghﬁg _
sem conductor ~device of claim8, wherein the plurality
P Lyd@ed G&t puecsuppes s st trisk s ttdet ipduprplpavabfel to -

£ach- . he tﬁﬁg: i [Eale) S kabl e
Eenié%%%%%?oplggsgéet%§ C af%?g?p&ﬁi eF% ?ﬂg E %rality
wifuraddtigucti venduppdre ssepmorsisst anti al |y

perpendi cular to the base substrate. 11. The nethod
for packagi ng a stackabl e sem conductor device of

claim.l, fHethethe@npst ShatkactithoSEl3696NRb1e
semiconductor device of claim 6, wherein the electroless
finish comprises one of nickel, gold and a nickel-gold

alloy.

8. The method for packaging a stackable
semiconductor device of claim 1, wherein each conductive

support has a width of about 200 microns.

9. The method for packaging a stackable
semiconductor device of claim 8, wherein the plurality of
conductive supports are substantially parallel to each

other.

10. The method for packaging a stackable
semiconductor device of claim 9, wherein the plurality of
- conductive supports are substantially perpendicular to the

base substrate.

11. The method for packaging a stackable

semiconductor device of claim 1, further comprising

14




el ectrically coupling at |east one die to the

plurality of pads. 12. The nethod for packagi ng a
stackabl e seni conductor device of claim 11, wherein

the die is electrically coupled to the substrate

bondi ng pads via wire bonds. 13. The nethod for '
packagi ng a stackable sem conductor device of cl §Fh?656MP
11, wherein the die is electrically coupled to the

Hbst j pads; Vi [ i .
?ret ho%%aglrlgg%g}&l gilﬂ gtstig%igbﬁe qjis?le(:'!?riéc;buon %cpé?lragg?%ed
pddg] aim 11, further conprising performng a noul ding
operation to encapsulate the die, wherein at |east

one end of each conductive support is exposed. 15.

The nmez.hodHeomepaokagongpaclsdgiakald e tasgmbaenduct or
device of claim 14, wherein a plurality of- die is

BRATCAHY C5UpFadOof oCtaEmi bt ertifitdt theadds afid

PRdls: BRd 1aRc 2Rl atedot hes eadsdare b fany pads FisShire
stackabl e assenbly, the nethod further conprising:

kangdsdi ng a second stackabl e assenbly on the first
st ackabl e assenbly, wherein the first -and second
stackabl e assenblies are electrically coupled one to
t he dither The mkohniafst apkathaisserblsrackatblsi mul ati ng

the stacked assenbly pnto a plurality.of  stacked

TaBeRyahe s deT it dnp S e MSSd Y P2pdERadf ng a

slcatkdblze 1gerbapbdact ortitevitsstafated alotdibg pHaEheta flip
onprising depositing a second conductive |ayer over

9 HIPRed

14. The method for packaging a stackable
semiconductor device of claim 11, further comprising
performing a moulding operation to encapsulate the die,

wherein at least one end of each conductive support is

exposed.

15. The method for packagihg a stackable
semiconductor device of claim 14, wherein a plurality of
die is electrically coupled to the interconnect traces and
pads and encapsulatéd thereon, thereby forming a first
stackable assembly, the method further comprising:

stacking a sedond stackable assembly on the first
stackable assembly, wherein the first and second stackable
~assemblies are electrically coupled one to the other to
form a stacked assembly; and A

simulating the stacked asgembly into a plurality of

stacked packages.
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assenbly, and attaching a discrete passive device on
the second conductive layer. 17. The nethod for
packagi ng a stackabl e - sem conduct or device of claim
15, wherein the plurality of stackable assenblies are

stacked using one of solder ball attach, paste pfj
and refl ow, anisotropic conductive film and poly%€$£656mp

conductor paste. 18. A nethod for packaging a

sem conduciQr n@%'oeefor cpapk %ir‘@ 4 N 30805 Of
formng a plurality of rou hol es I n a base

sesrenduct e geyiicengt actahd ul:$ i Vierntdteay |ca>|mp@n sang
rst e S ) [

T A B e e S A
i&ﬂﬁmbkxutanﬂlaytbch&sg b héiptietad igascdfvet deotigh bnl €se

atterning and etching the conductive layer to forma
% it lﬁ?eﬁégﬁﬁect traces and a plurality of -
pads; formng a plurality of substantially parallel
conductive supports on the plurality of pads wherein

the Ipf-ur dibet Pedhodofati R SHD G 5 agkabl
s%h%%cﬁﬁdc%'o'rYdeQ%Q%f“EPéﬁﬁ 1, tm%&q%etﬁubgi?ggg%@pdof

extend through respective ones of the plura
ﬂuﬁqhﬁyieh@wégmbémdsea9@t$tiﬁﬂe@/uﬂmmg iong af Beadgeroprell

é%p %g%teag&$ﬁgogﬂgcé Ef ﬁygéﬂ%% 3¢ %8?dJQ€1ve £ilm

'ng a's sem conductor “dev

aﬁﬂ.gkdwmntSpomﬁeceoﬂ pa@&mraJlty of 16 SC13656MP d|e
Is electrically coupled to the interconnect traces and

pads, the method further conprising: encapsulating the.
pl ur algi.t y a0fredh&d ansh t e 16QiGietd Wemiconductor device,

comprising the steps of:

forming a plurality of through holes in a base
substrate;

depositing a conductive material on at least a first
side of the base substrate to form a conductive layer, '
wherein the conductive material at least partially fills
the plurality of through holes;

patterning and etching the conductive layer to form a
plurality of interconnect tréces and a plurality of pads;

forming a plurality of substantially parallel
conductive supports on the plurality of pads, wherein the
plurality of conductive éuppofts are substantially
perpendicular to the base substrate and extend through
respective ones of the plurality of through holes; and

electrically coupling at least one die to the

interconnect traces and pads.

19. The method for packaging a stackable

semiconductor device of claim 18, wherein a plurality of
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supports, wherein-at | east one end of the conductive
supports are exposed, thereby formng a first
stackabl e assenbly; form ng a second stackabl e
assenbly substantially simlar to the first stackable

assenbly; formng a stacked assenbly by stacking §E§3656MP
second stackable assenbly on the first stackable
assenbly, wherein the first and second stackabl e

§§§ef?|éfgﬁéyf%aﬁhgﬁ%FkéﬁéhytoC@H@'fﬂké%?%ﬂﬂ%c%h%rQEggrand

by way of the con e supports; si ngul ati ng
pads stduk etk tdssefolryhient gomppi simdi ty of stacked

packa ackagin onductor
fovi o cendilartebn kR e QraRREE R0 N8 8 FEM AR COEARE sve
- efppdrricriglivHealeds BB achaseons udrsd rat a;hedmﬁubltﬁlgea
conductive material, on.at |east a first_ ., side of_the
PR A5 E&EPPS eFor FRGF EBRILRITIRE 13y St RiheFkpRLe
ddeempnductive material at least partially fills the
plurality of through holes; patterning and etching the
condU@umigq gy eecppdf étwlaabgq: Lﬁ%ﬁeWYofswbﬁtténééﬁgé

d1RCES anf (@eP w:_»ek' Tz?eqmﬂfgzassém mp.ng a plurality

of substanti al par a conducti ve “supports on the
pIureﬂqnmﬁngfapadapkmﬁea5$ﬂmbhﬁ byplafeadkiitng ¢he second

con tlve su Qrts bstantlall per pendi cul
TR 152 ShR2Y, et ol b et TivARigh SPRUBLE. | fherein
e s iafs laadptsueahﬂt st@ékﬂﬂ@u_gdbelmﬂa@s 37eSE13606MPa1 1y

appl.yi an electroless finish to the plurality of
q Péffég cfOt FageSTheheP DI Rl -1t Cﬁ&&?&céhaetﬁﬁpportsr

and
singulating the stacked assembly into a plurality of

stacked packages.

20. A method for packaging a semiconductor device,
comprising the steps of:

forming a plurality of through holes in a base
gubstrate;

'depositing a conductive material on at least a first
gside of the base substrate to form a conductive layer,
wherein the conductive material at least partially fills
the plurality of through holes; |

patterning and etching the conductive layer to form a
plurality of interconnect traces and a plurality of pads;

forming a plurality of substantially parallel
" conductive supports on the plurality of pads, wherein the
plurality of conductive supports are substantially
perpendicular to the base substrate and extend through

‘respective ones of the plurality of through holes;
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plurality of conductive supports; electrically
coupling a plurality of die to the interconnect
traces and pads; perform ng a noul ding operation to
encapsul ate the plurality of die, wherein at |east

one end of each conductive support is exposed,
thereby formng a first stackable assenbly; fornﬁﬁé3g56MP
second stackabl e assenbly substantially simlar to

the ‘;ﬁiﬂyi%ga%‘ﬁa@l%cﬂ%%%yfi Pélm&gk%ﬁ?%‘%q%%?’yogn

asse by "st acki ng the secon stac asse
theef¢ogtecst dolealplse absepbhyal wherel padshentd tde and

SE&Pnﬂist%ﬁka@ % a%ignbgies arg_electrically coupl ed
Bhe" 6 PhE o REF 5y L WEy SBPPThE tonductive supports;
and sé ngitratdangyt heupl aaked pbseabity idR @iz pbutakity
of stacked packages. 18
ilnterconnect traces and pads;

performing a moulding operation to encapsulate the
plurality of die, wherein at least one end of each
conductive support is exposed, thereby forming a first
stackable assembly;

forming a second stackable assembly substantially
similar to the first stackable assembly;

forming a stacked assembly by stacking the second
stackable assembly on the first stackable assembly, wherein
the first and second stackable assemblies are electrically
coupled one to the other by way of the conductive supports;
and

singulating the stacked assembly into a plurality of

stacked packages.
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