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SC13656MP METHOD FOR PACKAG NG A SEM CONDUCTCR 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 tandem wt _

t he sophistication of electronic devices, there i§C%§656MP.
demand for greater functionality in snaller packages.

St acked girgnand F@Raﬁkéﬁﬁ@ﬁ@@%esﬁﬁf&ﬁqmﬂﬂ&ﬂ%ME

(3D) packages have been devel oped to neet this

demand. Typically, stacked die packages are formed by
stacking multipl e chips in

a stacked die pﬁAEgg§§%%€qggnggégﬁbﬁggprépcoupled by
ﬁpﬁéllbondTm@‘gxnﬁﬁnniﬂmvenmﬁohlkplabbp conp&cka@ﬂﬁg of
Staclggrg(d gacka es, on.he othe Hd are fornped %ﬁ%ﬁ

S ARG HA ¢ W%eﬁa&?a@@?eﬁﬁ e8BA BPhEr SPHfREEC to a
Iﬂéth]kcageof C¥itp = s¥iakR@kd eBRagk0003] However, the
formati on of stacked di e packages presents a nunber

of problems. For instance, when stacked packages

heoesmg W rg, kepgicng uﬁ@ﬂn@ﬁ&' QB@h@E@lEQEm P%J:ézyonlc

the upper chip is preferred to be smaller th

- devkFehithane de andemandefessaryater fhectu@mallty in
' ey t
Erfb\ccoréolfe:‘fbﬂt th%J( tr%%%ﬁ eaedggggh grEeac s%%@éas%'? vairee-

sxﬂnqi |§Ipr@hekagds havbebQEﬂgdeselaﬁé& Sorahdedt ,this
repy i e nunber of packages

4%F cigan lcaﬁ%ﬁéa$£ %6§]d#ﬁrPﬁ%¥39§?a%ﬁ% PRRER J5
sﬂ:ra&:hi&igihﬂu)ltri@tle [&h@p@saﬁdoh@ ahbeet VARphd QEH@ESS 1n a
staqkeg C es are generally processed u5|n%)

é§§h f%o WaEeH?e?lﬁc%EH%%BEKFEOHPlEd Y ere
bonding connections or £lip chip connections. Stacked
packages, on the other hand, are formed by stacking
multiple packages on each other, where each backage

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] .”Fufther, stacked packages are usually not

processed in array (MAP) format; stacked packages are

generally processed using glob top encapsulation or center
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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 whethe
die is functioning properly prior to stacking andSCl3655MP
| arger overall package thickness for the sane nunber
Gedi 0, vV, t r |n a
o a o1 ForrE e e ePhekehoe this
Faerage ﬁAiﬁngﬁtrm@muiBCﬁunmng(myﬂlmiylae Lewreqsfiired for
0 it Ject resent invention
FReorgRELYen b\ Seflr i D Babpe T o
asst:plhtgﬂ ﬁlﬂﬂhttmaﬁdﬁnjatﬁﬁcﬁﬁlt@ dﬁ&%&@@e paBRhEEs include
gE?gR T] ON, OF THE DRAW NGS [ 0006] The fO||OMAng
FPRUCHe R r AT R BHg pihetdered déppeai Auneteening
prYpstienpmi bt he heidieindinger 3E09E RSB 1 ¢ agaﬁﬂa
conjunction with the appended draw ngs. The Fesen
FH%@E??%% far | thestang swpprnvaf dicexsapke and is not

limted by the acconpanying figures, in which |ike

references indicate simlar elenments. [0007] FIGS. 1
iﬁ@@ﬁbh 6 Emeweﬂ+aﬁge@ecﬁm&eggénguoaaheedlemﬁsts for a
| a. et had .f.0 ormn lurality, of
h%%% ab ezégﬁgké%éhgfgﬁ %&G,E&gcgﬁga BEFBIRCEL Wt Hnarpased
Eudoidi oreait i of dtha dr esent. | AveBEIOAG1{0008] i &1 & dbiset of
n enl arged cross-sectional view ?Iustratlng

¥ HOF IOt ﬁ%’aa%gmatﬁl RFSViEs Bf me%ﬁﬁic@ﬁdﬁ%}@mcatmg a

eVl G6ke | N AECYAANEA W Fndei sARedL yent
present |nvent|on g 2 8%13%56NP ?SOO% é@g ka%?

an enl ar ged cross-sectlonal view of a stacked

semi conduct or e Gsnd ¢k ASERMNIARC Tl Dkaines

[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 islillustrated by way of example and is
not limited by the accompanying figures, in which like

references indicate similar elements.

{00071 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;

fooos] FIG. 7 is an enlarged cross-sectional view

111ustrat1ng a method for stacklng a plurality of

cemiconductor devices in accordance with an embodiment of

the present invention; and
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enbodi nent of the present invention. DETAILED

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [0010] The
detail ed description set forth below in connection

with the appended drawings is intended as a

description of the presently preferred enbodi nents of

the invention, and is not intended to represent t&8l13656MP
only form in which the present i nvention may be

: ced Io be ood that the sane, or
BRa0eL e FH et 18 T S3he ehah Lopadi Tievent
eu‘aade&eeém&b@ﬂu@t{@r ld&ﬁ&@@ﬂ ecceedeﬁeem%ﬁegn

Wi thin the SEIrIt and scope of the invention. [0011]

¢BPgeRMelE PhetldjRiasenind @Rkicages di scussed above
and others, the present invention provides a nethod
for packagi ng a sem conduct or device. The nethod

i ncl udBSTATIES DESFBIBTIONr@F NGHE PREFERRRIY RMBADMIMENJIS

in bsirate an .deposi ti.n ductive
18bE81 L1 Srkesfer S (AL 0T ORPRRE e BRlSYoL
eonneattondmmth\uhdzapyendﬁﬁedre@ﬁﬂgetugelﬂaéﬁaéalas a

fills.t lurality of through holes. The _conductive
fepiTip el i e o B el SF B Rt STBRURENEE yobf che
i V@R EDANLCAnd riac eptangtanBled 8bl H¥pPEsBAESEhS only form
plurallty of conductive supports is forned on the

pruvi ¢l ythe RrspentTHEvestdost raw Bapporesiesdendlt is to
aggr@w@rsi@écpe&{atvech%n%%mef o&heqﬂh%@%hgyfgﬂcgmggqpay be

hol es. [0012] The present invention a rovid
ﬁ%@@m@ﬂiﬁhEd[hﬁﬂdﬂﬁﬂﬂgeatsembodmdantsrtUeVIaee intended to

Qcéﬁgg %i%h%.ﬁnp fg£n1ng Iuggélg%ﬁ of . t hrough

oles ase s stra *4&postt et ve
Imwenuzwnon a first side of the 3 SCL3656MP base
substrate to forma conductive | ayer, and patterning
and etching the conductive layer to forma plurality
DF011] To achieve the objects 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 fills the plurality of through holes.
The conductive 1a§er 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 supports extend through

. respective ones of the plurality of through holes.

[00121  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
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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 other, ‘
substantially perpendicular to the base substrateSCl3656MP
and extend through respective ones of ghe plugali;y

f thr holes. At . | east pone .sem_.conductor. die is |,
Bkt PRII FI0 cf St & e R 3R0 dAmaee  cPdcBethRaming
padset fR0AZ] tAd ecqidsitved NugRid @ Furhhar ppLoYl des 8
nethod for packagi ng a sem conductor device,

- CBRBFFSPRECE herateh b mitiheddty pfuparpty &he

bbh@ﬁ@ﬁih@'ﬁ@téf&éﬁ,QﬁsQ£§H§§E£§FHEEIQ§p?§h%Enghé plurality
conductive material on a first side “of the base
Sbbshravehtlries m £ cdngwdtitye dfagendunhévei auppbets is

t] terial fills hrough_hol es, _and :
EOPHES HECIE LIS e bR enaed TuePReEs 26 or m o
phbsasnt yably ipemerldeinedit i reacks oghdra plivsehht ¥adiy

A. pl [ it f substantially parallel conductive
BEPRep LB LT 00 TR B et r etk oo ptend THeroudh
cosduct 1 e orfdip R ttfhealiﬂu&labh&ﬁ@nb'fal:h?éoﬁﬁﬁ PESDE S Ul ak

o the base substrate and extend throu respective
iﬁ%%t of1® HREMISFWGEOF Gi et BfogdRChBi8sllnncoupled to the

ghesteohess: fdish 59 BRI ed to the interconnect

traces, pads and conductive supports. A plurality of

die is electrically coupled to the interconnectf ;
an a. Is [.O i s.perfor

G i R

e hpadrmiticld e ssuppontiucsoexdesede, | coti Bs Imfneie @eps
second st ackabl e

kT t ackabl.e assenbly is for LA
‘glfssééﬁbﬁ TS a1|%P’y°§i ﬁ?‘FSnggg%%Sf’r?s? 5 kabl e
FuISEL36F6Mdepositing a conductive material on a first side
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 perpendicular to the base
substrate and extend through respective ones of the
plurality of through holes. An electroless finish is
appliéd to the interconnect traces, pads and conductive
supports. A plurality of die is electrically coupled to

the interconnect traces and pads and a moulding operation

_ 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

4



assenbly is formed. A stacked assenbly is forned by
stacki ng the second stackable. 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 then

is cut or singulated into a plurality of stacked SCl3656MP
packages. [0014] FIGS. 1-8 illustrate a nethod for

h0g. 1L eonduct.or..device in.accordance .wth
%%%léﬁ‘%ggi %rgnffé%ﬁ%&t hg‘&lpérl%{sce]%t&_/iar?\%gﬁ%l n T°REPEPFINGY now
s6aEkGngltha basend sutsikadile Hyseabilggoa theckness of
at |l ea about Om i s, shown. Although the
BhACRABLS " BPE bR s dii bk 60 Serenede P rehlen
bBksmpalitbcilare BXai Pl allyt &hgiled Bae ¥Bdehst 8eHetNBl the

‘the present invention is not |imted gg the thickness
EPREHEL hES S uRBRYYht ¢ The Stirckess assepbilvatbenoisnayt or

BengRdg:of 8nE0!lyidide 1GR! ck?@%a%keﬁpggﬁgggﬁé non-
I no

el ectrically conductive terial, as i by those
of- skill in the art. [0015] Referring nowto FIG 2,

alit t.hr 2. a forned_in. the
R T e S M RS T
bemf conddctyr didtidengromcsotdanchetritApanognbadement of

thod known, to those of skill, in the art. The size
BRS t REST RY oL HET 68 12 REARGEL 08T BRTabBUF T800km & base

atbgt r&OOUT0 1aRd dde tihiekaksBobesat21858t! 968L€01 06 mil
ositioned at the periphery of each substrate 10.

?%oﬁ%?w% GAEhaiks thec Shdgknege rit BRPaPada swestmate 10

i

ST sSPl & GORRETs deResicled 0 hEST; Si
theS base'substratg 0 tochrﬁlgxgg%%%ct%gegﬁg%g?q%%.
wadensterd Gwin thehereseogghnentson2iarectilieited thy the

REoNdLICTd Vg gﬁ%@ri % é% A sgcong, side 20 _of the
%ase substrate 1 S&% E5&R/PS V- Phe' 88s& % st e 10
may be made of a Polyimide (PI) tape or some other non-

electrically conductive material, as is known by those of

ekill 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 periphery of each substrate 10.

[0016] FIG. 3 shows a conductive material 14 such as,
"”for_examplg, 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
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preferably is shielded during the deposition of the
conductive material 14. In this particular exanpl e,

the conductive layer' 18 is about 5 mcrons (pm

t hi ck. However, it should be understood that the

present invention is not Iimted by the thickness of

t he conductive |layer 18. [0017] Referring now to FLE656MP
4, the conductive layer 18 is patterned and etched to

forma urality, of . interconnect traces, and
BPGF&FRbyY of= il tand s Frey d5pOEoRaGR: Phethe
SURRAEL Svaddmaedein eXtENding tiisopabth8sPget E¥8mpPBESt he
of the through hol-es 12, are forned on the pads 22 as

SRBARCtITR tavRiickS Ve slspdr 5s migrans dumst Bhifkl |y

|yt b tiall ; -
DO LREl o) A Tol L AU P ERAE! BL' Brgagpt rhavention
sendott 1 Vel seddor th 4 hhaknfemsmed oheanondhetivechhyyr 18.
conductive material such as, for exanple, copper, and
may be fornmed by an additive process, such as, for
¢aanpl e, etebdrmiplaticg.cd FIChi g, pahti evhaticexadpl&yer 18
each conductive, support 24 has a w dth_of about 200
b P 21q A e frrBlePsPOBEALEY Phelptekerinect

tAyess i ong 4 splwa:diitgi tad ayst Be W dt 1gtathey of
conductjve supports 24, or the type of material or
epRdnet el THRPHGT Adhe eochr pELEBALIBY theceghdoespeetive

SHOPOLE Scied oo h & ber GaNeGlnLhaGeS R0, PRES: ) 4

22 are patterne and et ched using standard
$howogr dPe casbintiiqggesuppomtsi A4 ahe swbssamhiaslyfor

. .phat o _et.chi_.ng... Th i npterconnect traces.ar
SEATRLE (P LU C R, THY LBLELELRIEEE MasERafTiar o
Clonducde venlsitpaaret 9024 on the pads 22.  Such resi st

masks are known in the art. The resist mask i s
renmoved fromthe i nterconnect traces thereafter. 6

BSHBH56MP The 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
is 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 are 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 interconnect traces thereafter.
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[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 el ectroless finish. However, it should be
understood that the present - invention is not |imn £843656MP
by the type of nmetal or nmetal alloy used for t he

I oles finish 002 FI G .5 sho |, east one
0898 %1 odpr PRI FUEOLI b A G186 tER ao8y beniane 20

£bgldea 26 hY DEtérc@Hi@ses XaceRUChnasSpaddi dbt ahd the
gnal processor (DSP), a speci al funcFlon circuit,

§8€ﬁuﬁ§l§en%HBP9r%%d? SO RyeTendt o ideriparf oMarhAY, gold
%EhﬁrnE¥E§lo§oi@n§11 -mayMH L NG fbgetgéeeggctiggggs

limted to a part|cularly t echnol ogy such
dénivhd fHowewew, phr tsloutlad bewazfnellerEEObriolthgy the present

EHQEHEEO tfg Eggsff gg ntH&P %HEFsP oangg ?ﬁo@%t%}

rrous di e si He-S 1Y B8y
aklby uaedhﬁoarﬁheAel@qnnﬁﬂagyxaﬁnhehls alogic die
having a size of about 7nm by 7mm Although FIG 5
shows only three (3) dies, it will be understood that

rooei] or fewer @lﬁﬁamhtbqe&tstta@h@ddae agSUbetEAi €ally
depending on the size of the substrate, the size of

?H%PH?%stoaRRFtbﬁﬁer%ﬂ?ﬁqﬁﬁﬁef&ﬁetlEhﬁlﬁ@? 3f maE be a
bestbilop, daybeess J idlicn) RAELLEULL-EXAOR! Enobfl® o

dies 26 are couple stra |ng pads’ 2
%P%Chablﬁnnﬂﬁancﬁlﬁduqircmugh bﬂnpsmeﬁorykaédree$ess

sr ool g D Wi shpaty ighbhe b sresolpventon s
Bobedverenttshe tdiee dice 126 rmyllfnditeéxaﬁ’phepa_beicularly
EHEEI A0 0 Bk s pusiat e bond, g, pecs 22,
wafer technology Further, the present invention can
accommeodate various die sizes, as will be understecod 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 size 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. Neverthelessg, it should be understood that the
present 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 fromFIG 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 height that isSCl3656MP
equal to at least the height of the die 26 plus the

f the f b f.the dieis -
Eghggtdo h@?‘leemb]ggqer?pﬁMtFj%pﬁﬁ §Ic§8"fepﬁﬁgp?ﬁ%s #Hei Jg?htto
gl1bhersubstéateidd. AdReuaBnFbSrweefhevgkbg ?$?ges.

conductive supports 24 extendi ng beyond a top o
feecanpebe trer diigiie tilde Suppobesah edutdchecopdisptive

2 t I
%\%ﬁﬁ'%}e@g%%gf%fglﬁté% \%lo?es% séetvmg?egh§7a|§% li—? G?Htgt’elge
Uetghtbeﬂ thﬁ(ﬁ@nallpamkagas hemghtcoﬁdtheicenﬂwppémﬁs 24

ts sh uI Xt heyond t f th
{5 T Aa Sbegr Conet iprat "Bag e fihe of
tme @mmﬁ e,piﬁlﬁ)dﬂ'ldmﬁl,ghﬁ:he:fc@Héuﬁlhpechﬁplplﬁl@cﬁ1§§ 2d 1f the
ave, a hei ht of aagbeast about 400 pmfor a _die 2

Wity PHEightt ot b dd=2ae BﬁFEnHuWP?p%h.%l%nﬁﬁe
RS hawi 6 ﬁié"eslugjgtx%fteali@m 290n8yn[ PRE3] 5 Ref &4 114k

nowto FIG 6, the die 26 are encapsulated wth an
PRUPE S RS2 436Xt 6Tfldnm heyendse tepckBbike die

sefhl Y. 1&5:1%0% rpglr@ubg' 88y &eﬁgtffushsvyﬁlh e top

or exanple, over ng is per
ehcaps diat €4 .he Idi e:hEGdlpr éfsenabbtyupbadl ng toioe hpaetad 22

ch conductive._su 24 expos
"glﬁtc%p“élu Ant SSraterics) 350 ﬁa@%oéh@% J?li’ %9& pw), then
tc:’rmrrl’&n&_g}ﬂﬂ lof atm Io@hﬂact&nul gdupgopet eshahsd SébCﬂfErﬁS beyond
astic nou el imnates the need
i ar el e BPobues, bihefiesy themchagie ont of the
Wieseassig) Cast onfel ieahpl koBmBba UREeE , fEhd &&Buctive
I ncreases package | evel qu ual i fications to Mbisture

WHRATGS 14y hedrelr PedmBE1PLapt 2beEst about 400 um for a
die 26 having a height of about 200 ym 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

encapsulate 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 fill process, thereby

reducing processing cost. Elimination of under f£ill also

~ increases package level qualifications to Moisture

- Sensitivity Level 1 (MSL1l) at 260°C.
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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 the
present invention, the first stackable assenbly 48C13656MP
‘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

g00028Y st apkableingsedPldo 4 dad diesidatt BahcREBle
attached to the substrate 10 and electrically coupled

fSSERBLPale 22 staeked rus apl edeetedradeli veublpdokesa
<bhat t £, i
48cbhal semggl@ea%%%nﬁ, £P AEAGE 0L cLBRA 83sdpo1y aa.

be under st ose of skill 1Tn'the
thaerdhe teatkbbterassariid ivesidtis ampodimentkdobea

LEHIER AL B PSS By i AE L

‘p082kbla ahsemiphy t4C Hay dExanplee attthenkdr sb pads 22 with

cond, . st.ackabl e ass lies 40 and 42 are aligned
EEER Thib BESS Ot e SEBRGFES Vo4 SUPPPRES £1 shave top
shaskebse assermlish 48 t1An@Rlheradew b the gpadusti verne
supports 48 of the second stackable assenbly 42, and

ERECRINTRTF RIS RS 2 42ahad gegndst hbatt drefatsached
d C [
8d tﬁ@_éﬁﬁg§f§@¥QQj?ggf%?%%E&%%gg?ybgpﬁgfégéﬁﬁh%he pads 22

el ectrically connec sol
Coh derredal 46, Shvdmperiphiadogr edpporthe4Bi that amzlt amd drelyond

31 pslhedos APl AR A0 4204030, M sel et ol
thase tdie grESentn itheenrtritonhiag Rbk biatkadléoassetbBies 40
oK g o ey e ods of stacking surh &5, 1oy
wortduel iy ech iy |0 tantheROlMIBr a6aNHHGEOEnRASE e N@YdIE:sions .
enpl oyed as wel | .

[0025] In this particular example, the first and second
stackable 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



. L

In alternative enbodi nents, a second conductive | ayer
made 9 SC13656MP of an electrically conductive
mat eri al such as copper nay be deposited over
sel ective portions of the stacked assembly 44 and
di screte passive devices may be attached to the
second conductive layer. Although only two stackabfel3656MP
assenblies 40 and 42 are illustrated in this
k 0 be .under st oad that nult
stagg gﬁgégggéﬁ%ﬁ?e§$#¢yé%%NFéﬁl RPF SR ﬁa?gﬁger may

hsséﬁpbeﬂtedeoaéﬂpséﬁmﬁﬂmneipmrﬁmam@rd&ntﬁembthckbﬁ
0026] FIG 8 shgqws a stacked

t
BESERBLY 80 POt Rietiehn miss SeagRabrespRoK aEcabbached to

the staskabbengaskages £2Mer a1 thoramd oHsin gwéssﬁ’é‘é}t:able
of an array of stackable packages, “stackéed, and then

pREcEPALRE AL Ar 7Y st ke slilrlglﬂtéﬂaé@doﬁn @h@@dembocﬂmmt it
gﬂsu§&a55§gn§é§§£®+a/ & mﬁbag%%k 6‘3? ﬁgbggsé {5 in

be attach rectly onto a suc
pnrsur {4aR) htmmmaﬂhmhndkngms@ﬁwmﬁd Baeaasepeanhther in

S Yesf i_ncl udes _a urality of die 26,
g%g§£§%%%gfﬁnc ﬁbnwpﬁesm% é@ﬁ]§5é8nmnthln a single
die foot print area. [0027] The present invention

conprising a_base

EhBGsTare B Ty S Hiraistey R SERFBRGH Ab) EC1oF necon

tHET St dd ko LONSHIE gL Bt er iTRle Egﬁgﬁgblenpéék£§@§t6fiwere
first _side of the base substrate to forma conductive

Faymed ywheteias (e tc orid @&t ieveaiaPér FaRckebleastckages,
PeELkA) Yadd | ifed NG PlMRhILY 5 r gtggdl
gatterneéiand etcheoTpIayerEH ? a%? Qg?uraﬁﬁgélo S*

heed connfeztm thhee et s da aplsamh[iyt %0of 'phelsstmﬂdeca

Y Of uct | ve PROLL or ne

BB o P N SR8 08 H1Er substace
ﬁMﬂhﬂEﬂllﬂESuqﬂmmi$kmmt€ﬂﬁ&hnology (SMT) . Because each
stacked assembly 60 includes a plurality of die 26,
increased functionality is achieved within a single die

foot print area.

[0027] 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 holes 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 ones of the plurality of'through holes.

The stackable assembly may further include a semiconductor
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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 preferaBLlyc56MP
| eavi ng exposed the ends of the conductive gupporti.d

Then dditional s abl e assenblies can be stacked, .
&ﬁlgegffggegaﬁ%ﬁ]éf”f &ﬁ(gfe?mt?%éecﬁt%éﬁ P Ssefibrhess via
dlepebdibr baapky wisdbesiing WY dfrddie FQRdUELh¥8, and an
supports. [0028] As is evident fromthe foregoing
GPSERSEIBRC EAECTHRI phea ekt andl dmdson whide gestgrably
Mekbodgf 8kpBREHAGH D%l s SEM GRNANGTRI- ¢ ié'gﬁpgégﬁgpe Then,

has benefits over existing processes.

- paekhdPRgl ot sehilebn darsamblidey icoes ben saactedancre witbp

se ' | on_.ca done in.VAP format,
PREFARES Shhe LONE MO LRkt S 19503 ) BrietkhbRL LY
gourledebyamapeofisile famdqaakiag rgppbrtsen conduct or
devices in accordance with the present invention as
the die can be tested after bunping and prior to

€002pBUl atA®Nis AsNderfd Mdont @3 Foreboeaghapackageosanhe
be conducted w thout damaging the. dire by probing the
BXpOSRd SHERN IO RISHHARCE Vetdegpdptsparkeging. a

Aok eoN el uct Ber et Sed0 JHiBH HaQ %@ﬁe@gggebvgi.gﬁfgégg 0

that } can be stacked since there is no requi renen
PHecp?eRent A§ mvermxaop feor peledagpper ofiaskajeoctdudieor

. . F h t hi
L Lo S PSR o B Phggh B B in ve
fdowventn AP [0St L aliereiyf achieviggchsghi shachilenab) € Tn

'é{kfge ]8{%%§nkx§ \Y ntLpn i nce %nl¥ra siggle | ayer
%%se SUbstrate 9% § &N %ﬁdé‘?e i FPTi B2RhEIRguPh ed
sartl @ndidtg 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 ﬁo the number of packages that
can be stacked since there is no requirement 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 invention.

[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

equipment and processes can be used to implement the
bresent invention. The present invention also achieves

high functionality as the interconnect traces are laid on

11
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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. O her advantages
achievable with the present invention include hi ghCl3656MP
density Input and Qutput (10) stacking as fine line
t 0 e rate ext.end. to ver

s R BublE P8, TSR T (B o i con
dlluermnat;hensoacm | i cohet Oacﬂ)&?&r[ﬁa&jb§lafcﬁﬁjetvam&f drlthPQBé

t her mal tch_and bj Lit the t f
BOERB 2R DALORybSE 1 ate oA e Bes0 kS an. Pycput

appar eshekhay Lbetendas;heerh i d8d.chd PaReCQiHaPEEres
with the invention, a nethod for packaging a

SEHPBONBACYBFY dei9k ety an%)iamﬁtrs irreeadednragésbility
38k chOE! BnPhEVI GHSLY. sfi g);}%nt@ée% re Eaé begn
u mnth r PPTE

descri bed and strate Fence
éﬁﬁBﬁlhbﬁrmalhmlamthhtand;ﬁmﬁxubuMmm@ednthhe types of

gﬁ%gg%lgg?sgg%% g&ﬁg to these illustrative

ose Y929  the art will recogni ze
that nodifications and vari ati ons can be nade mﬁthout

ggg i ng i%on1the spirit of the invention.

3l O ks [ARE AT S eaRabes; besn provided,
SHPROELBAMIE NPLLH | Hid 8GR tGRRRER, m@%oﬁavfobepagﬁé?&ng a
of any conductive material used in the art. As

ﬁﬂ'ﬂ%%%%‘é‘é‘?"ecam@%‘flcq Héasr E3dAy Meesst kba aévmtages set
Ebpit egr DY ol 1, di nensi Qfy E%v@ﬁ%%ﬁ“ﬁﬁérﬂé%rll the

conductive layer, the conductive supports,
@?%@rlb@ﬁ aﬁﬂtiﬁﬂwﬁﬂmahﬁd-mumblg@f&teoneltu1spdciﬁ1él|p

understo %%ré?%g) e g&ggéh tl?ﬂsgﬁ |on Hagbgﬁgpﬁ?Y%ﬂflon
be Bimitem Ito Rackeage [(1SlsR)rative 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 earlier, 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 this
invention encompass all such variations and modifications

as fall within the scope of the appended claims.
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technol ogi es. Furthernore, the present invention is
not limted to those types of sem conductor die
described or illustrated her3ein. Therefore, it is
i ntended that this invention enconpass all such

The ¥aehfidh eRsmadgs:nodi fications as fall within the scope
of the appended clains. 12 13 The invention cl ai ned
is: 1. A nethod for packaging a stackable

V Sfacks éérﬁl 8 &Sr 8&9.8% &Bm rising the steps of:
ﬁ%nné?%ﬁpgojg % #ﬁ{ng ﬁd%‘ g]a p gt tep
g

form ?llj =) ﬁltlgg a conductive
matqnggﬁn si gge L%g%}lg aﬁot ductlve layer,
wherglh fig cood UPtiMEe Fnae e@te eﬁs Rert '\‘?ephﬁ?lgyl%fl thggugh holes;
pattqr@agtarpfbetqmng {he condugtiye laver i fargn af pluFalidn @h iMereesnect traces
and pepluesiity af pade; fratng@ pliealiy o gontuetiveagepperts Portheaplurality of
padsplwheitein ythef piunality cafnnesdudtivec sappansl extehds dhi a yfinst, downward
directiad shrdughnrexpeativd wnaki dfythef plorality of ithugihppoles sarehin a second,
upwdrtiedipddtionl abyvefthe RAfughwhekeei 1o thsredletsrdlingéd Hafight that is much
rea!é?"!ﬁéﬁtd MSight BPBid Sofdi@REaléy; RIddtficlily SQYBINRI &t least one die to

the rraﬁ 10,8 é”\HH ui 9%9%656&( Q;Rfrtst %ﬁe%%cﬁh'éﬁbv@fand below
e g |ﬁg%§ Eﬁto CHES AL HESRE Y RO ot loast
&ég{; ﬁéﬁhﬁpﬁg % he conductlve Iayer

electrlcally coupling at |east one die to the
plurality of pads, wherein the conductive support
2. Themeaihod den P%bﬂﬁmﬁn@i shagkakle ﬁﬁ@'@@@u%@fddﬁﬂpf’d?fn@ﬁ al. further
comptisingisiniglding e second sislecefdhap hasgtstbstrateifrem theeramdwctive material.
| east one end of each conductive support is exposed.
2. The nmethod for packagi ng a stackabl e sem conduct or

3. ThéerietiRodforchatka gfauétbbﬁéblemicbﬁdﬂaoﬁh!e@ldél dfclaim 1, wherein

the bﬁ%gugsﬁét@%&ﬁpﬁ P§@|rﬁw@q§bgt e fromthe conductive
mat eri al . hod for packagi ng a stackable

semn conductor deV| ce of claim1, wherein the base

4 T, #ﬁ@ii%“a?giﬁ@@%% A58 50 G0 YR Bl 1, wheren

€ CoRdHGHY & conductive material is copper.

5. The nethod for packagi ng a stackabl e sem conduct or

device of claim4, wherein the plurality of
5. Theométhnd o Bamans aj stankatle sfernnioppauctos devige ofeclama 4, wherein
the plucalitp at kagdundive sippokisbs enakenofomppect or devi ce of

claim1, further conprising applying an electrol ess

finish to the plurality of interconnect traces, the
6. The method for packaging a stackable semiconductor device of claim 1, further
comprising applying an electroless finish to the plurality of interconnect traces, the
plurality of pads and the plurality of conductive supports.

7. The method for packaging a stackable 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 de\nce of clalm 1 wherem

““each conductive support has a width of about 200 microns.



plurality of pads and the plurality of conductive
supports. 7. The nethod for packagi ng a stackabl e -
sem conductor device of claym6, wherein the

el ectrol ess finish conprises one of nickel, gold and a
ni ckel -gol d alloy. 8. The met hod for packaging a

9. Thgta:%n%hpdabnﬁwsem CondUCt Iﬁgaled I %gm(?%qq%@iép %e,\{jge Q(S(plalm 8, wherein
the plyralit, aEcondiuctiye WHBO%@F@QUh@ﬁ”MWH@' 8 eacAtherl-e

sem conductor device of claim8, wherein the

plurality of conductive supports are substantially
10. theameihed faropackaging hestackdble tseeniomtdundorf devipacfadaing 9a wherein -
the pitratiiyallf ecoratuctioa dswipyrisd evé csutsstastisliymp8rperiididan to the base
substidte. plurality of conductive supports are substantially

per pendi cul ar to the base substrate. 11. The nethod

for packagi ng a stackabl e senm conduct or devi ce of

11. Th ?’hé‘th fi 8' stabkapid. Erficohd 5”‘ eViERYaih? 1, wherein
the d‘ﬁ%‘i ? Rl r?cﬁff@%w? ééﬁ gg %@@%@i&%ﬁ@ ﬁgl?c%? bgﬂ Sce

of claim1, wherein the die is electrically coupl ed

to the substrate bonding pads via flip chip bunps. 13.
12. Theyénetbed dar paekqgiod agstagkabls isemniganducientleviae wftalmim 1, wherein
the did s elestrisfally Icatipled, tothe sebstrate hginding pags wia fip ehipsbumps.

el ectrically coupled to the interconnect traces and

pads and encapsul ated thereon, thereby formng a

13. THé Fricthsd ﬂfrlﬁ&akggm@se sbickablehgoribRadctbH Béheé of claim 1, wherein a

piurat&;ﬁ"ﬂﬂ‘r dfd ne: e!%E Fgccﬁl qad irsd %f@\%r% é/ 4H8 pads and
encapts fatk é!'@t re% ﬂr'st S E\S en od further
comp a eg:roﬁ & g% g]%a s‘f% b‘:f assembly,

where st I 56 e ed pne to the
other ﬁgﬂ ] q‘g%%gne%s?egnb h%@?nﬁggm !q§ gg%yaec CI"qgl{s e(rzh ly into a
plurallg\( Rigpk E@ﬁ'ﬁﬁﬁ?ductor devi ce of claim 13, further

conpri sing depositing a second conductive | ayer over

the stacked assenbly, and attaching a discrete
14. Theaswthed dev paskayging hestaekabie seomdorducter dayiee .of IKiainiTh8, further
comprisibg adbgositingaak sgiorgl aoﬁﬂmk@blajesejﬁerothéustbckedeaesembly, and

attachiig &ldiorettdpastiey @dvice bheh®keedhd E:Mn@uctﬁ/bEIQ I e
assenblies are stacked using one of sol der

attach, paste print and reflow ani sotroplc

5. THe? 't’l‘f ii’cﬁ' dddk ggﬁ‘f&da Q&lc’k%f $ HB{: P?i%(/ﬁ:e dflaifh 13, wherein
the pllé

print apg, ﬁﬁw g;jiﬂoplﬁ %fpl‘ ng n%‘%%lz Eyra J’f eBPaIi attach, paste

conductive material on at Ieast a fi rst si de of the
base substrate to forma conductive |ayer, wherein the
16. A method for packaging a semiconductor device, comprising the steps of: forming

a plurality of through holes in a base substrate; depos:tmg 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 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 in a first, downward direction through respective ones
of the plurality of through holes and in a second, upward direction above the through




conductive material at |east partially fills the
plurality of through holes; patterning and etching
the conductive layer to formsa plurality of
i nterconnect traces and a plurality of pads; form ng
holear?‘tdi’|aU;6r'i’i;|dka’ééh‘n‘ilfﬁed5 HQ@]@%ét%Wué}@b?’éétéff tHeRN 8 Heideof the conductive
layerSUélQ |E§Igp Eg"u% atf a'sf 36n%f dlé’algsthe r%bﬂné traces and pads,
wherelr k! uct YA % Rl &b bW the die; and
enc g{]%ﬂa c}g @38/ ﬁaetpﬁ cg)% H%b\zqéggpgj e 8'.% n at least one
AFHEY ofSUPHP ﬁgﬂ Feh PXRSGHq th p@&& Pplackable
B ¥%cti on above the through 15 holes to a
predeterm ned height that is much greater than a
hei ght of the conductive I|ayer; electrically coupling
17. Tae nettiad fonpadkaging & slackablerssmmicesductoadevicamd ghaits16, wherein
a pluvdiity ef dietibelaainickllyt goupled frpthet intezzdremett rachs aindveade) the method
furthéetomptisiagdfemisgd secoapstiokbblyasdumblyusdistantiatlly sivilar to the
first afdbkabRe GERRAHN,;Y forptiRGOL! StackBEr akSerfiblyl ®9Sstdiking eRe second
stackzbid RRsEMBIHGH ﬁ% BERPAAERS tﬂé%&éﬁﬂﬁ?dwhb%ﬂﬁeth)é first and second
stac%‘l?;‘ié“é&eﬁltﬁlegsg reldg E d@( ér. c % way of the
cond(f] veogq;gt?&\v%garng S;’ ha %est%cﬁ&—%a %%ee?wﬁlgl “?r?(fgc ra, y of stacked
pac @ ?ﬁjl ed to the |nterconnect traces and pads, the
method further conprising: forming a second stackable
assenbly substantially simlar to the first stackable
. AaRnethas] {pr paskaging ansemigansiiciorsiavine, conpiising theysteps of: forming
a plugaditpofithrevgit halsisanas bast Bybsiratehwhereis tthe bask substrate comprises
a polgssideiibye; déymrsiting thwriduckve amatedalcomat lesshekfidst side of the base
subsiratectoforasa sosd@lteetiayaamnersiauheesndoetive nidierigitdtdeast partially
fills tHeY pl@alitp of tHIBugk PBMLS hakBrriikg @ﬁﬂteﬁchlﬁg the bﬁﬂ@méﬂ\ﬁeﬂgyer to form a
Iuraﬁ@e&tﬁféﬁ'ﬁgnﬁé&eﬁ%béés' Bh@ é éfﬂ 'bV ds‘;tﬁﬁ' a plurality of
subs 5 Sﬁrallé?coh%d@ﬁ(; H'gthe plurality
~of coy P f] g%%ﬁﬁ@% ér[ég ﬁ gt@ &)? ﬁéﬁ‘l‘apglg f?lep'b%ﬁg a%; Bstrate and

ten§|u|5| ?y of through

- holescandin @ Speo BPYVQI'd Qﬁe tfo Ye éhef %@P Qi k Hyedetermined
height bat iss myehy @'iQ@thoth‘a@rﬁﬂbe'ﬁ%aﬁmq ganfy laygEr ang applying an
“electrolrsscinigide ithe pharality af intercosacet traees, dheyplurality of peds and the
plurality upfil cendustive hsoppbrisioledasstrigallyt @onpling aadphiralityngft die to the
intercoandaictraces g pads,ovfienen the podnduative supports egtendninethtabove and
below thregitiralitg ofdid; pesfoiringod nvddingf siyaration & phoagdulate ok plurality
of dlé URBERSI | & leusPanel baY &F)Bgéﬁtdo‘f@uéﬁ\%’@ubéoﬂnlst BRposed, thereby

f 51 $4 k’ébl@%\@% t6trRing e s@bdHPbiakKabig’ bly substantiall
formify Cg%tﬁr‘é{%s prihpae %'ﬁ?&gs dﬂ ckea? FEIIEG ohiang the
soc0 Voo e 113 Segheb S, %ﬁﬁiﬁ%! 1uFE p%‘@ frst and

re ele, y of the
cond q getwgm ﬁaﬁg@@ﬁtgﬁg@gg}% asgembly :nto a pura ty of stacked

packages.



hei ght that is nmuch greater than a height of the
conductive |l ayer; and applying an electroless finish

to the plurality of interconnect traces, the plurality

of pads and the plurality of conductive supports;
electrically coupling a plurality of die to the

i nterconnect traces and pads, wherein the conducti ¢el3656MP
supports extend both above and below the plurality of

die; perf ' [ per at.j

the. pl ur A EPRIPACKRENEPE’ Soh o SRR IR B

each conductive support is exposed, thereby formng a
first stackable assenbl&‘ form.ng_a _second stackabl e
assenbl y subst ant PRPLPACE QF | TRE ¢ INYRRETYOY st st ackabl e
assenbly; formng a stacked assenbly by stacking the
second stackabl e assenbly on the first stackable

assenBl fetifdr EPE PREKAPEBY andemicepddcsonclabies includes
882aUAY! Sh@@nel BoLLd CaLby CAMPLeGhONe LOpLBRLLNG o) ang
by way  of the™ conductive Supports; and singulating
tdhposiachedaasspnbbyiiat magepliatal(lty oh st atkest side (16)

c e C FOR PACKAG A, .
R N Boe o et B AT TRAGE GEAHE | IRy on Laver (18)
sethodhbar tgackaghdgeaisenmmeradaor (0evi ee1ilBclti@desthrough
éo ning througg holes (12),in a base substrate (10)
Re°S déféLirti ndPg ¢ Gi%e hR¥PT al (1814) 19n PRttierged and
étéiged 16ko Oftdhe basecsubahtate (IR0 fORE apads (22).
conductjve layer (18) such that the conductive

MR EVE 12YPPPTES (RA) t BESudiPTTRSl e (8%, PRHE (22) such
ernductd v : el 814 t and qe o .
interconnggéégfg%%% %%%ﬁ%g%% ?%gfqe Cbﬁ%u%%?@%gﬂ rééﬁéﬁtlve
QupHorE st phrgualf dioded dAa2dhe pads (22) such that

t he conductive supports (24) extend through respective
ones of the through holes (12). [Figure 8] 16

[Figure 8]

16



