WD 2009/ 0- 15626PCT/ US2008/ 071994 PACKAGED | NTEGRATED Cl RCUI T DEVI CES
W TH THROUGH BODY CONDUCTI VE VI AS, AND METHODS OF MAKI NG SAME
BACKGROUNDWOROMHESA2NVENTI ON 1. TECHNI CAL FI ELD 5Thi s subjesctosmatper
di scl osed herein is generally directed to the field of packagi ng
integrated circuit devices, and, nore particularly, to packaged

i ntegrated cirgyi i ] = I i and

vari ous nethod?%éﬁaﬂ§§p§§%¥§%%§n§$E@%@QEfﬁ%&EQ%g§H$HEﬁEE§E$§B ART

I ntegrated cir@®oDYEINDUCIYYE MRS, ANECMETHIDSIOFIMAKING SAME
transistors, resistors, 10 capacitors, etc., to fornul ate vast
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i nproved nethods for electrically connecting and packagi ng circuit
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or chipd. | nTEERBNIEAL FIELDs desirable in the semiconductor industry
to construct transistors which occupy | ess surface area on the
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pl astic | eaded chip carriers (PLCC), snall outline integrated

circui tg (SONESCRIPABIN OFAAdRELATERA&YE (PQFP) and interdi gi tated

| eadfrane (I1DF). Sone sem conductor device assenblies are connected
to a substrate, such as a circuit board, prior to encapsulation.
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same and/or on different wafers or chips. In general, it is desirable in the semiconductor industry

to construct transistors which occupy less surface area on the silicon chip/die.

In the manufacture of semiconductor device assemblies, a single semiconductor die is
most commonly incorporated into each sealed package. Many different package styles are used,
including dual inline packages (DIP), zig-zag inline packages (ZIP), small outline J-bends

20 (SOIJ), thin small outline packages (TSOP), plastic leaded chip carriers (PLCC), small outline
integrated circuits (SOIC), plastic quad flat packs (PQFP) and interdigitated leadframe (IDF).
Some semiconductor device assemblies are connected to a substrate, such as a circuit board,
prior to encapsulation. Manufacturers are under constant pressure to reduce the size of the
packaged integrated circuit device and to increase the packaging density in packaging integrated

25  circuit devices.
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5 techni que for conductively coupling stacked packaged i ntegrated
circuit devices to one another BRI EF DESCRI PTI ON OF THE DRAW NGS
The presenwoxudyesize matter may be understood by ref er errea/dseooglos 94
foll ow ng descripti on taken in conj unction with the acconpanyi ng

drawi ngs, in which |like referen rals,identif i
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packagedinbiheeny A &bretd Edtisérvel ot \ebdch. Pridhl d @tmﬁqueeffopmﬂuaivemouplmg the
t hrough-body vi as as described herein; gure 2 is a schematic
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descri bé Cross-sec
vi ewsof tecrhniduh tﬁ:&tcbﬁducﬁeely t:aqﬂmg spalcﬂdqgadgdiame(gmtécsdrcaﬁldeﬁed tb eneanvther.
Figure 4 is a schematic cross-sectional vi ew of another illustrative

:Eﬁgﬁgglﬁﬁ@FW¥ c@ﬁgp ‘Eﬁ%m{} anot her i ::: gg[ (raatSi {/Z 2t acked

packaged devi ce di sclosed herein; 20Fi gures 6A-6H schematically

depi ct one i IThypidsaitisuBjesahiied nfafy temtdrfgod b reférafdead thafilegait description
devi ces discl osed herein; and Figures 7A-7] schenmtically depict

anot her taens eoniwrctian withRksiacspmpayingriavings, s whichdi géﬁfkrag@mua@w@é@nufy
di scl osqgﬁeg %hﬂ a0 WRsdphe subject matter disclosed herein is

suscept i o various nodifications and 25 alternative forns,
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however phir ofEtﬁlddaﬁ@rthﬂ@hgmBod}e‘r@aa defcribpehdréine enmbodi ments i s not
[ ntendeé) imt the invention to the particular fornms disclosed,

but on the ceHukds ¥ a JchEmAti ®RPIctiOA of fn mastﬁa@iv@ba&agem@giateaaﬁﬂc@m&mprised

of multiple die with a plurality of conductive through-body vias as described herein;

Figure 3 is a schematic cross-sectional view of an illustrative stacked packaged device

15 disclosed herein;

Figure 4 is a schematic cross-sectional view of another illustrative stacked packaged

device disclosed herein;

Figure 5 is a schematic cross-sectional view of yet another illustrative stacked packaged

device disclosed herein;

20 Figures 6A-6H schematically depict one illustrative method of forming the stacked

packaged devices disclosed herein; and

Figures 7A-71 schematically depict another illustrative method of forming the stacked

packaged devices disclosed herein.

While the subject matter disclosed herein is susceptible to various modifications and

25  alternative forms, specific embodiments thereof have been shown by way of example in the
drawings and are herein described in detail. It should be understood, however, that the
description herein of specific embodiments is not intended to limit the invention to the

particular forms disclosed, but on the contrary, the intention is to cover all modifications,



WO 2009/ 045626PCT/ US2008/ 071994 equi val ents, and alternatives falling
within the spirit and scope of the invention as defined by the
appended cwaizw/+EBdAl LED DESCRI PTI ON OF THE | NVENTI ON Hd1/usbusatiov.e
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and structures are not as precise as indicated in the drawings.
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oo o dREDoR Bibderalfondh 2R ARRowRE (SN IRAC AR ahFREE Bl Plopment
devilges effdianeight el @sfplex 481 @hé-asiashinl Bud WaSd aewerthBleks Sl rdufingl efdettakife
and explain illustrative exanples of the subject matter disclosed

her ei n. Tom theseof ordinasy shild inthe artihayiag therhepefitobBusdisdaturef a packaged
integrated circuit device 100 20 as described herein. The@ga_ckaged _
i ntegrated ciltborgh vasipne sceioy admppetaes skovn i &g davaast e clgbicted jag having
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conductive, vias) n%‘lhat ext end through a body 20 of _ encapsul ant .
mat dPi alrelativegsizesef| thecvarious iertigs efd fopedrrrgions rdrpiated, &1 Hheadrawingsrmaye Be

a condugt.i 0, thr e fQEIF!I]_IE 2 '
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18 and tkdcésniNegerdiekess, che etiached idewidgsnay ineduded nd desdribe land eaplpineitlugtative

one anot her .usi a.variet f known techni ques and structures. In

the depiCEqmRRle Qﬁﬁﬁ“@?“{w&ﬂ%&?ﬁﬂ%?‘f%e% ring line 16 conductively

coupl es the %_onducéi ve via 18 to the integrated circuit die 12. A

plurality of Figure 1 depicts one illustrative embodiment of a packaged integrated circuit device 100
20 as described herein. The packaged integrated circuit device 100 comprises an integrated circuit

die 12 having a plurality of bond pads 14, conductive wiring lines 16 (sometimes referred to as a
redistribution layer (RDL)), and at least one conductive interconnection 18 (sometimes referred
to as conductive vias) that extend through a body 20 of encapsulant material, e.g., mold
compound material. The conductive via 18 defines a conductive flow path through the thickness
25  of the body 20, i.e., between the front 13 and back 15 of the body 20. The conductive via 18 and
the integrated circuit die 12 may be conductively coupled to one another using a variety of
known techniques and structures. In the depicted example, the conductive wiring line 16
conductively couples the conductive via 18 to the integrated circuit die 12. A plurality of
schematically depicted solder balls 24 are formed on the packaged integrated circuit device 100
30  in accordance with known processing techniques. The solder balls 24, or other like connections,

may be employed to conductively couple the packaged integrated circuit device 100 to another
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schematically depicted solder balls 24 are fornmed on the packaged
integrated circuit device 100 30 in accordance wi th known processing
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die 12 by one or more wiring lines 16 as well.

As will be recognized by those skilled in the art after a complete reading of the present
30  application, the methods and techniques disclosed herein may be applied to virtually any type of
integrated circuit device that may be formed on the die 12. Additionally, the configuration and
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pads 14, conductive interconnections 18 and conductive structures 22 shown in Figure 3 may

30  vary depending upon the particular application. In the embodiment depicted in Figure 3, all of



10 that conprise the first group 10E, while a plurality of conductive
I nterconnections or vias 34 extend through the bodies 20 of the
plurality wbamishize 10 that conprise the second group PXAFAIS2008/07199A
plurality of conductive structures 22 provide an electrically

cbededMPBABASER HF AreHEh b B s 19 SEBR Paieqdsd incl Lo Pdkeings

an adhesifug «amtSE bAbedddd ditlage that, in the illustrative exanple 15

depicted in Figure 4, the backside 15 of adjacent enbedded die 10 are
posi ti oned f ggj (o) 1=¥ ¥ L [ is

in the art a?g%{rwg {%}r‘%{g%&gﬁ‘{rrelg |F1a\gk%fen{gﬁgﬁ%§gggﬁtzﬁ %gl){g%l ip%éa}%?%dn?&%ée%'
nunber dfimfaotopthe emigpdimant ahen 10 Figune 3] te, enivalimentyin gt alckeaprizss four
depicted. in Figure. 4 vary .dependj on the partigcular .

bl Scadltighetye'gafidal Bhbild o& PRCTOB R i TRl il Speddgt e 108-
depi ct ed gD arElaSdmBled 10ESRAD0E DrioP tPadsEiRbiid @k GtoPRE k@ ur
20 400. Simlarly, d o 1083 indﬁ’vf’duaﬂy .enbgglgld%ezérg% 0 winn.
each gr chewmityFiguregt. ddedirst gravp { Bl compriges thet individuaberdbgsided dig 104 andel 0B,

groups 1lQe d 105 in Figure 4. The.str.uctures i C i | qUNLES.

Ina-5® s IrkCschane dnflat | 02 Enfies B it 58 B BeadER Bye oo} o, AL of
i 11 ust r abhdiRtitd BedOohnb&Rine 9e diad 82ickend Moutethe ivddieh 20 REtHoplutalisy of die 10
enbedded di e 10A-10B are packaged as a glr OquloE’ whil e the upper two

enbd§dedhaticempres the dirst growrs 19k whilfed Phusalie of senduchive infegenpaectionsypy glas 34

otk ! that . . ! :

R P Sk e S S
kaged devi 0t by t t] d_j

P okag: ng. deforiruly SEaRRyk SHGERP o B G R AN g RN

enbeddedhedtveo Lfbups d0HeRIdCIGR B Madividi@l ambedigd alid N0 egitlih edclE igfdipi hay be

die 12 enbedded therein. | n accordance with one aspect of the present
di scl os@ered; {pconengiothey wsing 3n bty awategiab 28.0Npjig thte fip fiesilugirative example
pl ural i Of 1i: 06k i [ a s ' | o 10l

e S A0 g LRI £ GG e s 10 s kg on
devi ces adotherl as@dll be reogningl/by Mo hURA04 BE26ROEL WES2RPBicO¢ddifgloftbe present

Lo B O, O T B fy i
f ol | oW ¥ i€ AC hlaP tvaBN d¥henbingBegson’ ﬁltae;?a@ﬁ&@@rt #hpABationdii ¥l dHete GTREJGRH the
die 10 conprised of a single integrated circuit die 12, although the

met hods ilkesjrativeaioNd grobps dgpiditecein Figuierbmdyiba gssemblledriatd thy furl stacked matlege
cl (rj.%@: ;[j &g{)eSéI#%lgrgg et@e gl;mgi:géreoft{&g};idlzlsglyogmﬁsedﬁgcf %B%B'\% tin g’g&egrrlogﬂ m?l{f b Ié‘reater

In

than the illustrative two depicted in the groups 10e and 10F in Figure 4.

The structures depicted in Figures 3 and 4 may be combined if desired. For example,

Figure 5 depicts an illustrative stacked packaged device 500 wherein the bottom two embedded

die 10A-10B are packaged as a group 10E, while the upper two embedded die 10C-10D are

25  packaged as depicted in Figure 3. Thus, it is readily apparent that the methodologies and devices
disclosed herein provide great flexibility as it relates to creating stacked packaged devices to
thereby reduce plot space consumption and impro&e packaging densities. Moreover, in Figures

3-5, each of the individual embedded die 10 are depicted as having a single integrated circuit die

12 embedded therein. In accordance with one aspect of the present disclosure, the individual

30 embedded die 10 may comprise a plurality of individual integrated circuit die 12, like the multi-

chip embodiment depicted in Figure 2. That is, the methods and devices disclosed herein may
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nol di ng ?gdé]ﬁ ‘teqqggféedj{é). E(fjn.lbWld]r‘f‘jgeg%l u%ﬂl%'n%q ra]tequ%d qu% téﬁ) eEptlairr nggrsrltre1 grb%dt{ 29 af
t he I30dyenépstibntanaedit of anindivedual erabedda'dtereeaf t er as shown in Figure

6C, the sacrificial structure 30 may be renoved. In the

15i 'l ustrati venResMbE dEREbIHHstABHERtholl BEfotniniChe H6ViY disaMséd KEiY. In
be peel ed away due to the use of the adhesive tape as part of the

st ruct urkégee 6A, a plurakiyaf kngwnsgeedrntegrated girewt dig, 12 are p&,@n@l front side 13 dewn
16 are f rrred of t erat

15 o Ba0E ARk S Al bl 20 3p e b ee R BE w8 shfticlo Hrforure

t he concm)qhawse b ifilve Frakée Whl divangetaps podiisiied edrogpmélmmrﬁﬁn@ ITharsduétiRy30 is
may be made_from any 20 desired material. Then, as indicated in

Fi gl oecrificighiin by $onge Bt dpwilh lais bgrrempyed iy Figugs 658 rbady AP of GRcaphdant
body Zoe:ﬁ?ﬁeﬁa!‘dé gah%‘i’d cEﬁ’HF e Y f&ﬁﬁfdlzmﬁm’ tﬂ%einf gra@eduraanamy 35 13511 b e the

known t ni qu aser I ng, etchin I'n sone
appl i catstractsre 3, nasthengtegm;cdrcu(:momes]ﬂammba@pdbmﬂfedrng(EOa’ﬁrapﬂwnaloﬂoldmg

the process,of fornn the eni ngs .17. in
e Peg (EhBisaen Htettion SRABRE Ry Bé(irsorned, % A e et §F encapfilit

exanpl e Hapif  BlrARECLIshdifindSgRP 60! mgss.a&fﬁc?at @mt&rrer@d phdys® rbMBved. In the
backsi de 15 toward the front side 13 of the body 20 of the embedded

di e 160. ilwstrativeorxempleadescribed tipietn, ﬁmrstmetuteaﬁo rexaymply, betiiseled pway dipsto the use
expose, not. exten e conductive interconnections 16
f ormed &Em%gﬁ?srvcfﬁ?pealsd’@‘qungfsggﬁgr edded die 10. Thereafter, as
shown Fi gure e ope s 17 are fille conducti ve

ot or al e et ab TR EHE e copdpive Bred 16 rErongr g e fron side 13

conduct 'o‘fﬂae' iRfeSakaRn8Gt 4RNS A8 body 'R ﬁ%@@#&éﬂbé’ Gntﬁ @raﬂﬁbﬁ&l'té’éhnlﬁﬁé’s 02 course,
formed in the openings 17 using agfé a variety of known techni ques,

e.g., plthe pcwguctdf@duss tlbonay bave.any drqql epafipweijorpandithey erayrite made from any

o 5 4, ol A9 Gl A SHOADD R e

plurali tturoaﬁh aensbdgt 20v 8s HrididaedduImas openiage 1T axayesk ﬂ:rhnteheayemaﬁu;ecbfqthewn
10A- 10B usi ng known techni ques.. In sone cases, the conductive

st r uct urteeniapesaye.. Haser grifing. aishina eic. & sqrpreapplisations. Hmasldpmilayer gk shown)
duct
or 51 ngU 8 e AGORNRE ORE pifoes B BmyBE 1 RRIORD LT 81 Gl 7 Maf 1BYe
i || ust r ahy desifed ishafievordealigeatied déde diat, 1ﬂ1(ll@e dhdirdtbe. example d@)dted ticdnein, the
di_vi dual enb 0A- e subj ect ts t
Conibr moprinE a8 Jomisd fop tho bagkeide U SRpbREe 18 SRt bRBY pihe
enbedde%n@b@dea% ﬂ@%rt@ﬂ&e 4 GR PMib’ulﬂ‘%ﬁﬁﬁg th%*aptﬁﬁgémh 8, Bl not
e er a a

ready to shi pped to customers. 1n ot plications
enbeddecdxttne thmxghma cnmgpcbee mtsembtaivns bé formed bmthedbnp adka@eﬂthel embexkled

300, 400, s ted her In the anp, de cted in Fiqure
300, P e 10 Kpotsalien, B ot Pl st ohaiies o Sl ih § cafcielive miteid,
depi ct eq g Nniofy atmenﬁmaﬁgllwaerr@t | @VoRh SHeQdadctive Hidresiieetidn® 18 ST ondlttive
the el ectrical connection between the conductive structures 22 on an

i ndi30i duraterishingy dedformed inethg openings KDNsingipry ehe verdniv € knewen techniques, e.g,,
| nterconpegh! 8RsitiBn20e 2Mnd Y S4RY o WRAIAG LAl RorivE Hateridl TahORe edBByed,

depending upon the particular application.



a plurality of the structures depicted in Figure 7D are secured to

one anot her using an adhesive material 28. Thereafter, in Figure 7F,
a pluralitwyoabosmpsns ngs or vias 31 are formed through thoa/B2kodives
20 of the conbined structure depicted in Figure 7E. The openings 31

be f rie of ues ser, dri,l Li
Crenimg ot o dn plefs 5808 Sty of RO RS 2, B Hommed S e drnetg e
formed a9APRIB usthg kiviPiecORR§SesOln doftlcrtaitd, thbRoRRRAVN Stuctites ZNRay be formed
opem ngs 31 may be of any desired shape or configuration. Note that,

i n the iaspagtof e recesainformingdhy eanductiveriteisonneastonrspldaiThers a8 shasya iarkigure

thr ough &b, SOAGUELEIRL SEEOANE LIRS 10 LRI O Arbe U Rerarive

side 13 ruc ure

Fi gurse ',iﬁ)dlvidbﬂ eaveddedgite B1A ad10B.l led with a conduct ive material,
e.g. copper, alumnum silver, etc., to formthe through body

conductive ViNast, 3o mﬁhﬂhﬁpé‘xﬂﬂé‘ddb&' alenﬂ)taemmhrermw e@tetof.'pd?ai‘i@@ oftedtd'® confirm
openi ngs WD 2009/ 045626PCT/ U 82é108/ 071994 31 usin of a variety

of knowdheie@paeptghididy fer gheir pitended appHeaioni Ones theem ed@\dddla k-1 @88 yhave
f diffeg
ar ¢ 1 cuPEeatsSR Yt e BB B 08 SRR Y Bhus BRRE"H Sl BB,

struct u rtleasteﬂad ambedded dizdl (0 10B enaytbelnstetbieddiat a:ttedced rpaEkaged devid 311)91 #@J,

kno hn| n sone_cases, the c nductlve uct ure
Qésg t%#erﬁlwelfpﬁhs@é@gplefiewp higeske, &g M.O@éldwﬁual Gthbedded

| nt er COQﬁ'gEfd M@%Slﬁ&ed%)&?lféa n?l‘F 3 Ondd tﬂa‘f{o@r n%r%ge;? cgi;oggecp{o esﬁlbllsh the

si ngul ating process I's perfornmed ong cu uce
i |l ust ratenctmalgmmmOn(bEtvand tlibO:léndﬂctwharucmdea/mjuahn mdhéddédndéc@cd die, e.g.,

Next , edded die 1QE-1 t i ety. of
Nonts t e R IRR 68, cPRRER G huiisnrions OF ofril: FoReT sy 4.8 tis o
Once 't herhgrlgu@ﬁuw Eola&Fbmsv 84 SHECBS Tdrileld Yonl thePABSRMAivE UKY IbeéSslirfgn trhd18¥nal

are ready to be ship to a custoner. In sone applications,

grolfs dechaiqiesd ab@lsqﬁ@ balie24 oy hejormed ats@érdsméﬂ Homt@luang thegiesgss flow. For
package% zgﬁ).lllc Cﬁleafoldj&%%ailé %gaaggab ! Ponni(gétﬁan B een%%ﬁded{ 8% i -zli%D are

Fi gure € groups o a8 are positione

depi ct edssembledgidrdepidted igl Figui€ ] AlerpiheBys thel soldee billy efhay be Egineblabsle the
cti.on _between the conductive. structures.22 on_.the

the electrical ¢
first grmstigdya EDRGeE dBRCRRG ( @ mRGng heghaitual embedded Gie 10D with the
other individual embedded die as depicted in Figure 3.

20 Figures 7A-7I depict another illustrative method of forming the devices disclosed herein.
The steps depicted in Figures 7A-7D are the same as those previously described with respect to
Figures 6A-6D. Thus, a detailed discussion of Figures 7A-7D will not be repeated. In Figure 7E,
a plurality of the structures depicted in Figure 7D are secured to one another using an adhesive
material 28. Thereafter, in Figure 7F, a plurality of openings or vias 31 are formed through the

25  bodies 20 of the combined structure depicted in Figure 7E. The openings 31 may be formed by a
variety of known techniques, e.g., laser drilling, etching etc. In some applications, a masking
layer (not shown) may be formed as part of the process of forming the openings 31. The
openings 31 may be of any desired shape or configuration. Note that, in the illustrative example
depicted herein, the openings 31 extend through the conductive interconnections 16 formed on

30  the front side 13 of each of the individual structures. Thereafter, as shown Figure 7G, the
openings 31 are filled with a conductive material, e.g., copper, aluminum, silver, efc., to form

the through body conductive vias 32. The conductive material may be formed in the openings
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15 adj acent group 10F. The illustrative solder balls 24 may be forned
on an illustrative individual enbedded die in the group 1COF using
tradi ti onalvotzehnigeles. The sol der balls 24 nay be for med/Eskomsiny 994
desired point during the process flow For exanple, the solder balls

24 ma formed after.the.two illustrative grou 10E- 10F ar .
ot O LBl el 6% bifoi RS 4 e PR et flge Ang 41 oot pf
may be fdPiné”f@ﬂ c@ﬁ&}éﬁv@ﬁﬁteﬁﬁls% HeReipldyed depst@bpdped i Iﬁrtidilldr Eﬁ)l%ﬁw@
10F 20 prior to assenbling the two groups together as depicted in

Figure 4. In Figh® M lal gLy Qeive ek SR a%fohh@(?%ﬂe ﬂletsﬂﬁctﬁ’tétdepictcd

after a conplete reading of “the present applicatl on, presen
di scl osun&Figmy 76 vsinglénewen yeobffques. dmtsome aasesf the @adudiye egrucmos A2dmay be

di e and Jprovi din acked packaged jnteqrated circuif deyices. ch .
of °t R Pt i o RSOt Rt hirriu e GinEirehiorsein Koph & thoam in
at a si Re 17,NR cﬁén@%@%@la&iﬁg%fﬁe% M Berfeimed UAbn® RS Bhd BMStoOfroduce the
I ndi vidual die one at a tine. For exanple, although two illustrative

die 12 alwstrgeys growns LOF ard d OF o6 the Andividual @mpedded die he processi ng steps
descri bed herein may be perforned on any desired nunber of die,
dependi ng updiext, tiee groopsesiemigeddep diei 10E: NOFafre sitgeqhto eessetygpfttestd ®© confirm

enpl oyed. .1 n shor.t. fer |level ,prqcessi t echni que e enplo

Cor nor duein socraiufit; 6 i -iiaea, BRalGARG. Sfher B Biedbs TORTYr By Seesitily
r 0q@ssipage 2 . Eapplibatd

| o s ERE A e U Tl 80 B9 ST B e g

devi ce, cobagdedslie §OE-101 mfayrbetassampdersiatm? stacksd packaged devieadsadesesibst jrerein.

the 1738 teeraBiieaRuPie iR Rl £nEBRuR FIRBRAR LT L0 God R end SR

second sigpiars entigques 4i aadia/tefload prpcdsavs p@formbd eneapislishant clwatiesli @nhection
sem conduct or di e enbedded in the encapsul ant. material, t

sem con®gtes hei onAvRivA §rasuree 2P\ e firsh geougefbrand fhe F?%lﬁht?w Yifs $en an
erbadded frect oG 102, He AN SONG, BRI RRRNAD AR h PRSI Bitidual
si de of etrfbeddeddievindb@groiip A 8F using traditiomad techniques. The solder balls 24 may be formed
at any desired point during the process flow. For example, the solder balls 24 may be formed
after the two illustrative groups 10E-10F are assembled as depicted in Figure 4. Alternatively,
the solder balls 24 may be formed above one of the individual embedded die in the group 10F

20  prior to assembling the two groups together as depicted in Figure 4.

As will be recognized by those skilled in the art after a complete reading of the present
application, the present disclosure may provide very efficient means for packaging individual
die and providing stacked packaged integrated circuit devices. Much of the processing
performed herein may be performed on multiple die at a single time as opposed to performing

25  such operations on individual die one at a time. For example, although two illustrative die 12
are depicted in Figures 6A-6H and 7A-7I, the processing steps described herein may be
performed on any desired number of die, depending upon the processing capability of the
processing tools employed. In short, wafer level processing techniques may be employed to
increase the efficiency of packaging operations, ie., the processing operations may be

30  performed on multiple die at the same time.



subassenbli es and on the active surface of the sem conductor die;
an adhesive material between and in direct contact with the
encapsul ant material at the 15back sides of the first and second

subassenbl i esy 3R passonductive via that extends from é‘l‘?ung)é?s%l j de
of the first ;ubasser% t hrough the adhesive materi a% to t 9?ront

si de of the second subassenbl y, the cpaguystive via being in di rect
contact with the conductive lines of both the first and second
subassenbl i es. 202. The device of claim1l, wherein the conductive via
extendsng;%}jweep.t%e conductive lines of the first and second

subasse ggclamed: 3" The device of claim1, wherein the first and
second subassenblies are stacked vertically above one another.

4. The device of claim1, wherein the active surface of the

sem conduct orl-di e 4 fevidtec@BITisigE subassenbly faces away fromthe

0 2000 045636PerT (RSEOR 0 TGAC Al b sdrt RLSEEASHRTE RO bl and o

wher é n each of t feclf side thearadk sideosfahs fibasslewtrindesbasanilies ésimg eacingther,
integrated circui devi.ce of claim1, wherein each
of thefirst and CHCHREAGERIdaRTE 1‘8%%%"?@8@3’ “&iral ity of
integrated circui tap@h@&psitdnt ii€eragvi ce of claim 1, wherein the back

surface of the sem conductor die in the
a semiconductor die embedded in the encapsulant material, the semiconductor

die having an active surface generally flush with the front side of the first
10 or second subassembly and a back surface embedded in the encapsulant
material;
a conductive line on the front side of the individual first and second
subassemblies and on the active surface of the semiconductor die;
an adhesive material between and in direct contact with the encapsulant material at the
15 back sides of the first and second subassemblies; and
a conductive via that extends from the front side of the first subassembly, through the
adhesive material, to the front side of the second subassembly, the conductive
via being in direct contact with the conductive lines of both the first and second

subassemblies.

20 2. The device of claim 1, wherein the conductive via extends between the

conductive lines of the first and second subassemblies.

3, The device of claim 1, wherein the first and second subassemblies are stacked

vertically above one another.
4, The device of claim 1, wherein the active surface of the semiconductor die in the

25  first subassembly faces away from the active surface of the semiconductor die in the second

subassembly.
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first subassenbly is spaced apart fromthe adhesive nmaterial between
the first and second subassenblies. 8. A sem conductor device package,
conprising: a first sem conductor structure; 10a second sem conductor

structure proyhBes.ds9s the first sem conductor struct W& udoosri994

X 6 ) )
conductive structure getween and in direct contact with 6[(])t t he

first and secpnd sREI &OREWT QRInS U] WhEIE cachhe @ Nfikhend BéboMd GUBdssemblies
first and second sem conductor structure include: a first subassenbly

and a setwHuisehaHe HRgateheircyit@difal |y having a front side 15 and a
back side, the back sides of the first and second subassenblies
facing each other, the first and second subassenblies individually
havi ng: an entapsUhantevitaterdlain 1awherirc eavtiuct e filsteahbedod dubassdnibdies
encapsul ant mat eri ah the sem conductor die having an active surface
gener al | SPHAFSEYP RIPRHY S IHESTHES AYW & of the first or second
subassenbly and a back surface enbedded in the encapsul ant materi al ;

a conductive line on the front side of the individual first and

secod subasskenbl iThs darige ofclinel.avhersie thedatla setase of the ss@ivordistivcliom the
die; an a i ri b i ir _ P
encapsul fglg{] g%ggr/rs‘gltnggé %I gpg%edt ﬁ%ﬁ%@?q@? d ggesg}fe l%%ggrlglio&tsht%égn esﬁe}(szté%ﬁi second

subassendobasganblend a conductive via that extends fromthe front side
of the first subassenbly, through the adhesive nmaterial, to the front
side of the second subassenbly, the

conductive viga beingnjitbndhdtbicdeviceRtdake, WhinPritifie
a first semiconductor structure;
10 a second semiconductor structure proximate to the first semiconductor structure;
a conductive structure between and in direct contact with both the first and second
semiconductor structure;
wherein the individual first and second semiconductor structure include:
a first subassembly and a second subassembly individually having a front side
15 and a back side, the back sides of the first and second subassemblies
facing each other, the first and second subassemblies individually having;
an encapsulant material,
a semiconductor die embedded in the encapsulant material, the
semiconductor die having an active surface generally flush with
20 the front side of the first or second subassembly and a back
surface embedded in the encapsulant material;
a conductive line on the front side of the individual first and second
subassemblies and on the active surface of the semiconductor die;
an adhesive material between and in direct contact with the encapsulant
25 material at the back sides of the first and second subassemblies;
and
a conductive via that extends from the front side of the first subassembly,
through the adhesive material, to the front side of the second
subassembly, the conductive via being in direct contact with the

30 conductive lines of both the first and second subassemblies.
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30conductive lines of both the first and second subassenblies. -11-
WO 2009/ 045626PCT/ US2008/ 071994 9. The sem conductor devi ce package of
claim8, wherein the conductive structure is between and in direct
contact with (dhodohessspnductive line of the second subasseBlsi @bst he
first sem conductor structure and (2) the conductive line of the

first subassenbly Tok stiosdeandesedpohngue daimss, mbetein the chddhclibestructure
sem conduct or devi ce, package of claim 8, wherein e conductive

st r uct ur'd oPveRR A Ehditsehcontack with () g spaduetivg kine ?flltFe ﬁ??emg SHhdtReoeo! the
l'ine of ﬁ@ﬁséﬁ%ﬂ&t&“@%@ﬁ%ﬂ(szm Beddctils linS6MhE GRY Y aWembly sicthé s&ond
and (2) the conductive line of the first subassenbly of the second
sem condgstiendedtenssueipre, and wherein the sem conduct or device package
further includes a solder ball attached to the conductive Iine of the
first subassenbly of the first sem conductor 10structure. 11.
The sem condu®t or TieveBRofRetkadevied pakatoafGlaint® pelertid the contidtied stiRture
vias individually extend between the conductive |line of the first
subassendPyverr 2t i diesgherntact withi( heths condystivilingef the %e%w?emﬁlwthe
the firsfARthiGRENIG SEEUROHAYSS ﬂ)l:é cBhdUGEATiRSof the first subhdsembl}of the second

sem conduct or devi ce package of” claim8, wherein the active surface

of the sthimadidonduches, aidewhareinbe fseisondgivasicaieh|package durthenaipclidesm
the active, surface,of the sem conduct ie in the  second.subassenbl
1 bot h Pl PP 8% B8 s B A0l S Perb iy R 37 A it BASSGRLYx
The Remsao@ict or devi ce package of claim8, wherein each of the

first and second subassenblies conprises a single integrated circuit
die in the individual first and second 20sem conductor structures.

14. The seni qQndugiorseReNh&RidRadkage Rkade! & M sBleRED 1RAEsaRE VN Gas
first and second subassenblies conprises a plurality of integrated
ci rcui t iodigiduallyt ¢xteridrgiweded dael cohductive Endofgbe brstisubessewblydnd thgrconductive line
structur

of the second subassembly in both the first and second semiconductor structures.

12. The semiconductor device package of claim 8, wherein the active surface of the
15  semiconductor die in the first subassembly faces away from the active surface of the
semiconductor die in the second subassembly in both the first and second semiconductor

structures.

13.  The semiconductor device package of claim 8§, wherein each of the first and
second subassemblies comprises a single integrated circuit die in the individual first and second

20  semiconductor structures.

14, The semiconductor device package of claim 8, wherein each of the first and
second subassemblies comprises a plurality of integrated circuit die in the individual first and

second semiconductor structures.
15.  The semiconductor device package of claim 8, wherein the back surfaces of the

25  semiconductor dies in the first and second subassemblies are individually spaced apart from the

adhesive material in the individual first and second semiconductor structures.

-12-



15. The sem conductor device package of claim@8, wherein the back
surfaces of the 25sem conductor dies in the first and second
subassenblies are individually spaced apart fromthe adhesive

material in tyghpdkdbgual first and second sem conduGtQiudhisksiods €s.
WD 2009/ 045626PCT/ US2008/ 071994 16. A nmet hod of manufacturing a

sem conduct orlalevigfethod BPmamifagurigcapidondidingictict, dosdprisiags conduct or
die with a first encapsulant into a first suybassenbly havi gg a first
front side arfdcaPspiafinga fy Reraicenduciop dieryithg fiesh RACABMUARE TP 2 AT SHEASRSHRPLY
a first active Surhfaéiﬁg agﬁﬁ?{joﬁ{ dide £dUStsi¥aLR silibqnd ﬁlrs}%en{iéd?l'aﬁct&' cﬁ@hé’d’fﬂ’g a

a first back 5Ssurface enbedded in the first encapsul ant;
encapsul ati ng a sdugmttivesidaedzeneoly dlush wiithh the Bwst dredt eide spd 4 it back

intosa second sub%ﬁlﬁerétél ﬂ@ci’;}avi.n%[egr1 Ss[eﬁé)andulgr&_ont side and a second
back “si de, the second sem Olqdlll,l P ar EPRAN hg a second active
surface genereatapgulblingsh sstdnd ichtcondcanddierwili asiedendaarttapsutede ditd D alsnd

surface enbedded in the second 10encapsul ant; attaching the first
subassenbly to théulgaém@y i‘ﬁu‘ﬂa%s:"e%?ﬁq’_ BB S5, 2B S 'i‘?épeﬁ“;ea!ﬂ}e sesand
first and second RagfkoshdRs AE HalBgd k&lon@ LSS SRMEESHBRSAG MshORith the
facing each other; formng a conductive line on'the

i ndi vidual first aendndeboridsideommd 9i dexwndfbackesurfade virdheded 5hi thet seeand
seco];bd subassenbl ieegaiasa}glq‘ form ng a conductive via that extends from
the Tirst front si ¥t he first subassenbly, through the adhesive
mat eri al, to atthehifg hafirs sataseinbhte tseond sibhaasipilig, antadResO@mabiterial ke

via being in direct contact wth the ¢qonductive |lines of both {he
first and second <tp&8dSganddack EGEWPgH@ #é? W@dseﬁPn%F‘ﬁia?ﬁeTgLesv\#ﬁ‘éﬁngieﬁCh

form ng the condugfyepe via includes formng an opening in the first

encapsul ant, the second encapsul ant, and the adhesive material and
filling the dperinggcoidubtive lnsrmaube individvat Brst and sea@d firme sidest ¢fobe widividual

claiyp 16, wherei nﬁ%?%%%e%g&gug%s Fhdst,gsem conductor die and
encapsul ati ng a second sem con detorodie incl udes encapsul ati ng both

the first andos€sgadonductive via that extends from the first front side of the first subassembly,
through the adhesive material, to the front side of the second subassembly, the
conductive via being in direct contact with the conductive lines of both the first

and second subassemblies,

20 17. The method of claim 16, wherein fonning the conductive via includes forming
an opening in the first encapsulant, the second encapsulant, and the adhesive material and

filling the opening with a conductive material.

18.  The method of claim 16, wherein encapsulating a first semiconductor die and
encapsulating a second semiconductor die includes encapsulating both the first and second
25  semiconductor dies with an encapsulant and singulating the encapsulated first and second

semiconductor dies to form the first and second subassemblies.

19. The methed of claim 16, wherein:
the method further includes placing the first and second semiconductor dies on a
sacrificial structure with the first and second active surfaces in direct contact

30 with the sacrificial structure;
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25sem conductor dies with an encapsul ant and singul ating the
encapsul ated first and second sem conductor dies to formthe first
and second subassenblies. 19. The nethod of claim 16, wherein: t he

met hod furthe\g,o}z%llﬂyﬁg%s placing the first and second WA&QMMB&{

dies on a sacrificial structure with the first and second acti ve

surfaces in dinkgehlaiRNh @t sdRidohductdralis atd érdchsuthing tar dd€dndr @imicoictor die
2009/ 045626PCT/ US2008/ 071994 encapsul ating a first sem conductor die
and encapsul at i ng igchadss sReppseating heth cthe dirdi ad; ssepnddeesniesneugien digs iwigh an

both the first and,secand dﬁgf&ﬁ@ﬁ%&'%ﬁﬂecg' Serttb dduBr 8{%&91%5&1' ﬁ?!saqriﬁ]cial

while the first and Secon em conductor dies are on the sacrificla
structure; 5thereafrogure; renoving the sacrificial structure fromthe

first_ and secpnd .sem conductor di.es; and singul.atjing the encapsul at ed
Frot and codBRtPREmeroRmhoraigRl sEaR i L aid 5esSaE EitorthEr
subassenbl i es. 204jeEhadnet hod of claim 16, wherein: 10the nethod

further includes placing the first and second sem conductor dies on a
sacrificial gineyleting degneppsplateds firpisandassaonsetentiepndeqton dies or fosm die fipst and

direct contact w E&oh@?mlnb%@&ﬁbfilesm al structure, the sacrificial
structure including at Teast one of a filmfrane and a dicing tape,

encapsul ating a first sem conductor die and encapsul ating a second
sem conductor, die_ 15 incl udes encapsul ating both the first and
second semi cgrqductrr(lj‘fe”{i’f@g‘\?\fﬁﬂni& t&Ysul ant while the first and

secoipd sem cORSlWehd fir@sr ctded plddfhgSAer firkl Ghdlsecwhll UetnitoBductor dies on a
thereafter, renoving the sacrificial structure fromthe first and

second seni conducs@ifigiabstruciwg wigs thegiisaendercere aeivgapysiasetia dlirepl entact
and second senico Qﬁt‘ﬂcthg rsacgi'ﬁ%ﬁl Et?ucfhﬂé,%é gﬁzriffi'ciraﬁ Etnﬁ:ﬂge including at least one of a

film frame and a dicing tape;
encapsulating a first semiconductor die and encapsulating a second semiconductor die
15 includes encapsulating both the first and second semiconductor dies with an
encapsulant while the first and second semiconductor dies are on the sacrificial
structure;
thereafter, removing the sacrificial structure from the first and second semiconductor
dies; and
20 singulating the encapsulated first and second semiconductor dies to form the first and

second subassemblies.

21. The method of claim 16, wherein:
the method further includes placing the first and second semiconductor dies on a
sacrificial structure with the first and second active surfaces in direct contact
25 with the sacrificial structure;
encapsulating a {first semiconductor die and encapsulating a second semiconductor die
includes encapsulating both the first and second semiconductor dies with an
encapsulant while the first and second semiconductor dies are on the sacrificial
structure;
30 thereafter, removing the sacrificial structure from the first and second semiconductor
dies;
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second subassenblies. 21. The nmethod of claim 16, wherein: t he
met hod further includes placing the first and second sem conduct or
dies on a sacrificial structure with the first and second acti ve

surfaces in dih8edoesRps act 25with the sacrificial strucdy8oosn7iooq

encapsul ating a first sem conductor die and encapsul ating a second
sen conduct orsifutating chalelRapsantaiptigl aid fgohbidhitdmdudtor diks antbrnsaho ikt and
sem conductor dies with an encapsulant while the first and second

semi conduct or di eSePd sghesieRblien@pd ficial structure; 30thereafter,
renoving the fefkihg fhe E@duSivelih Yhdudel FPLRE ah 'ogéﬁiré%ﬂgt&eﬁ@pgmapsulant, the
sem conductor dies; WO 2009/ 045626PCT/ US2008/ 071994 singul atihg the
encapsul ated firstsecond epeapswldnts end denatlbesive nukasig]l and filing thheptiing twith a
and sjecond subass%grtl) uicﬁsé matgpalf orm ng the conductive via includes
form™mg an opening in he™F Y&t encapsul ant, the second encapsul ant,
and the adhesive material and filling the opening with a conductive
mat eri al .
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