STACKED- CHI PPACKAGES | N PACKAGE- ON- PACKAGE APPARATUS, METHODS OF ASSEMBLI NG
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pac kage dRteper iyt eppended demyinesa s adigy ingsserichempediments deBrgtPtwi t h t he
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exanp e e als a cross-section elevat a nounting
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an exanpl i me FIG 2b i Cross-s ion elevation of a
package- &ﬁf%gﬁﬁg %H’@I@@Eiorﬁmnﬁ"%ﬁgé ﬁltgﬁén‘fvﬁlék‘ has assenbl ed fromthe
appar at us depipgged, i & b&-—segﬁo@é%@eftlohlé"fra%unﬁﬁ@@@&s%ﬁ%nﬁ%@%hé?g to an
exanpl e enbodinent; FIG 3a is a cross-section elevation of a m xed-die

appar at uslpd@natuﬂdom ﬁ@@@éfdm@p@:k@gﬂmcn@img)toam eempi@l@m‘t@ldbmtnent FIG 3bis
cr O?? sect| Cﬂ Ilg\llsaé[ érggls soefctlglg1 € eV on o?lthe ap%g%u%tdeeplcte% P‘ﬁ} Iq’a a f ter

further processing according to an embodiment;

FIG. 1c is a cross-section elevation of the apparatus depicted in FIG. 1b after
further processing according to an embodiment;

FIG. 1d is a cross-section elevation of the apparatus depicted in FIG. 1c after

20 further processing according to an embodiment;

FIG. le is a cross-section elevation of a package-on-package stacked chip
apparatus that has been assembled with the apparatus depicted in FIG. 1d after further
processing according to an example embodiment;

FIG. 2a is a cross-section elevation of a mounting substrate and interposer

25 apparatus for a stacked-die package according to an example embodiment;

FIG. 2b is a cross-section elevation of a package-on-package stacked-chip
apparatus that has assembled from the apparatus depicted in FIG. 2a after further
processing according to an example embodiment;

FIG. 3a s a cross-section elevation of a mixed-die apparatus during processing

30 according to an example embodiment;
FIG. 3b is a cross-section elevation of the apparatus depicted in FIG. 3a after

further processing according to an embodiment;
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further processing according to an enbodinment; FIG 4 is a cross-section

el evation of an interposer apparatus for a stacked-di e package according to
an exanplwoentwodisment; FIG 5 is a cross-section el evat ipom/uskoia/osissed- di e
apparatus that will support a package-on-package apparatus according to an
enbodi nent; F S a cross-section elevation of a mxed-di e apparatus
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may appegfackhidef@rgitkagdripperasisiactordimgas poembodighchtie cl ai med structures of
the illustrated enbodi nents. Moreover, the draw ngs may only show t he
structures nedd6s8sa pocessded srehling flove djagrans pecardioe BrscRPt s. Addi ti onal

structyr 9}4\%“] the art may not have been included to nmaintain the
cl arit@ ge?ndt%ﬁe r’aév}\nldngs. Al t hough a processor chip and a nenory chip may be

ment i oned i n tH&. Sanescheniagnofa cormhpwhioyltdnatcotingtonatambedirhdrat t hey are

equi val ent structures. Refere%iﬁﬁmm sclosure to "one

enbodi ment" or "an enbodi nent?: _ : cular feature, structure,
or characteri st A&s&{ll RRALé haBORYRE [ERn Wherdai s¥rﬁ&u€e@’%’é§z‘ﬂ€ent I'S
included in at |east one enbodinment of the present invention. "The

appear anq:leowﬂed Wweh pike ﬁs@s r%femnog_ée&agmol disrelntotdayrto Shaw the sewbto I Cﬁswlélwaﬂm;tsn _
various places throu ut. this, disclosure are. not necessari all referring
o b s Rreodmut mone <y Prdrine: PERES B Enclt APEFERT Sy ifor es.

or char acifefiteSiated%irdRY st tGREDTRR tHercRAYapehtaald 6f tHBBEICated s@PiRuQE, NDr e
enbodi ments. Ternms such as "upper” and "l ower"” may be understood by

r ef er encdof exaphde X Zphntongicpogredy, dhanappenr difivrenterlils ssilldpcogporatieg heent " may
be under % aon%gd ?%Jt&lfegro? ﬁl%qllﬁs?ra{ela%mbodiments. Moreover, the drawings may only
show the structures necessary to understand the illustrated embodiments. Additional
20  structures known in the art may not have been included to maintain the clarity of the
drawings. Although a processor chip and a memory chip may be mentioned in the same
sentence, it should not be construed that they are equivalent structures.
Reference throughout this disclosure to "one embodiment" or "an embodiment"
means that a particular feature, structure, or characteristic described in connection with
25 which the embodiment is included in at least one embodiment of the present invention.
The appearance of the phrases "in one embodiment" or "in an embodiment” in various
places throughout this disclosure are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or characteristics may be combined in any
suitable manner in one or more embodiments.
30 Terms such as “upper” and “lower” may be understood by reference to the X-Z or
Y-Z coordinates, and terms such as “adjacent” may be understood by reference to the

illustrated X-Y coordinates.



illustrated X-Y coordinates.FIG la is a cross-section elevation of a
nmounti ng substrate and i nterposer apparatus 100 for a stacked-chip package
accor di ngvoacosvisewanpl e enbodi ment. The apparatus 100 i CuaS2eOBB536
vertically (Z-direction) in exploded view including a package substrate 110

and an interp r 130. The package substrate 110 inclJudes a die side 112 to
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near-external structure for a hand-held device such as a wrel ess
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Pr oCess oragc& apPsdRe%oh ] a8 adhfd SiHEeB4 R chliplinslth dLBHcOHMUNNGtSH RSN AteS. The
package substrate 110 includes a | and-side ball-grid array, one ball pad of

whi ch i s bogal. cHice boidi’ maydfceneréssna uasrear-catemal strncape deripduingeistd davigs bal |
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finish 120ofpsinf Dromothbicdidet 120 pltatbogmaciip fabitpdnttlo 6 amyesrgchrtmidd. in

Alternatively, the surface finish 120 is forned by electroless plating. In
an exanplEbisgHeidwrngs disgospd herqim By pragestngdbiyaicd Jrerestngs e FPREvVe difi sh
120 i gy a i HrRehbadigdm ghloy plated onto the copper. In an
enbod;forrenslt&!e%?ﬁe %ur%gce&ﬁlgggﬁ)slg%gi s a nickel-gold alloy plated onto the
copper. | n an Bripadkagenstubsttabe] Kunélades o land-shle b2D-griel acappare-lgdipddplfat ed ont o

t he copper.. I n .an ex e enbodi nent bal | d 118, i 0 and t he
U f ace” PYHFLF 3658 valh gt eugarlePhr g Bt By PREER
conposi t 'iﬁéluééécaibugﬁcélﬁﬂﬂsh @@@.”{hé §rfiag Bhh lgg 6@6&&@@%&%@@&@“ nment, the

surface finish 120 has a thickness froml1, to 2,000 A and is
aryl - pherpjddtnoncizatiot enctabithrnl the ball pachkl & aldkagdasafssh &2kis fatnddriyl udes a

numer 5 159 aRE S S 3 B Bl LR PRSP MRl P

pad 122 mlwoi@gglaﬁh@j sh 124 may be an enbodinent simlar to those found
on the board side 114. In an enbodi ment, the die-side ball-grid array 122
i s defined by laagskegeplercadodimengghe Gilhpadal18is copner ged thersurfaes farish P iray

oot L1, O MR ! PG LB o PR L AN o 8 D05
depi ct ed I2otive aitktlhgoldakowplded bhd @ndoppee. [madembodiment, the surface finish
20 120 is copper-gold plated onto the copper.
In an example embodiment, the ball pad 118 is copper and the surface finish 120 is
an organic solderability preservative (OSP) composition such as aryl-phenylimidazole. In
an example embodiment, the surface finish 120 has a thickness from 1,000 A 102,000 A
and is aryl-phenylimidazole.
25 Similarly, the package substrate 110 includes a die-side ball-grid array, one ball
pad of which is indicated with reference numeral 122 and the ball pad 122 includes a
surface finish 124. The ball pad 122 and surface finish 124 may be an embodiment similar
to those found on the board side 114. In an embodiment, the die-side ball-grid array 122 is
defined by a solder resist 126. Similarly, the solder resist 126 may define die-bump pads
30 found within the bottom chip footprint 116, and one of which is indicated with reference
numeral 128. The package substrate 110 is depicted between the die side 112 and the land
side 114 with interconnect and interlayer dielectric structures that are illustrative but not
limiting.
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side 114 with interconnect and interlay er dielectric structures that are
illustrative but not limting. The apparatus 100 is assenbled with the

i nt er posewO280)/15Idrs nates to the die-side ball grid arr®¢TAR2010/DB3536

i nterposer 130 includes a die side 132 and a top side 134 and has an of fset

hei ght 136 configured to nmatch ff.set height above the package
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stack th %_is to be assenbled as part of the apparatus 101. FIG Ic is a
cross-section elevation of the apparatus depicted in FIG I1b after further
processi ng acddGdibg 4 @osscetiboelicvaivh.of Tieapppparsalcptcdda Hiasidefer fortifi ed
with an interposer fill material 148 that stabilizes bondi ng between the

package dupBermieEssingacerElipg aerabqshment. Theo apparpiys d Bhilbmtirpcy et the pl aced
wi t hi py t ' ' ' t 1.t he
botto[n? CHﬁtgﬂ%é%@é%s%ﬁh@ﬁt&@%%;idpt)éﬁleggn]e %ag@%%éssu l"%ﬁ‘"‘éﬁbﬁﬁ%g?lgﬁ?gﬁb n 'e%:la)'t hough a
chi p bal ITlerboatym-dne fadtgidtrlil6ad suntonpdaf bynthie citetipssard B 6 med eeld swrdundrberer al

152. In an enpodi nent, an underfi 154 has been flo to fortify bonding
ot ween TRUTBBCIBNRGRBE 246 06 ArePHIsd 3 SRR Go MEABBEFES D110, 1 1 & pi ocess ng
embodi ment, r&flGoW Afa &HQ-LLEGE élb%ﬂon%ﬁ!&salp{s%tds%eﬁﬁferd! iREFIQUIL & Ng

si mul taneous curing of the underfill n a processing enbodi nent,
ref | ow offutther pedesssing eetordingrpsam@rbadsmentr rlihedpparatusl P2 hgy briemiibrtifiné vuth

i f the fill i 8. .l.n. di h hi 50 i
o beots i Spspiroi PrE il las PRt iBR pERRRE bR Rl RN PO of e
under fil land3Ke i@t&@sebm reflow FIG Idis a cross-section el evation of

t he apparatus depicted in FIG Ic after further processing according to an
enbodi nent. The baprachipu 01pplagedivithiadhg botlanachipdoetagnbblér(F{GQr tthedn an

s AR OHE e AP ERPEEAR S AR BRI RO
103 i ncl udgsp ball array, one electrical bump of which is referenced with numeral 152. In an
20 embodiment, an underfill 154 has been flowed to fortify bonding between the bottom chip
150 and the package substrate 110. In a processing embodiment, reflow of the electrical
bumps 152 is carried our during simultaneous curing of the underfill 154. In a processing
embodiment, reflow of the electrical bumps 152 is carried our during simultaneous curing
of the fill material 148.
25 In an embodiment, the bottom chip 150 is processed to reflow the electrical bumps
152, followed by placement of the underfill 154 after bump reflow.
FIG. 1d is a cross-section elevation of the apparatus depicted in FIG. 1c after
further processing according to an embodiment. The apparatus 102 depicted in FIG. 1c
has been further processed to achieve a mixed-die apparatus 103 that will become part of a
30 package-on-package (PoP) stacked chip apparatus. The mixed-die apparatus 103 includes
an inter-die adhesive 156 that has been formed on the bottom chip 150, and a top chip 158
has been mounted on the adhesive 156. The top chip 158 is supported by the bottom chip
150. Hereinafter, a chip stack that originates with a bottom chip (e.g. chip 150) disposed
-4-



an inter-di e adhesive 156 that has been forned on the bottomchip 150, and
a top chip 158 has been nounted on the adhesive 156. The top chip 158 is

support edwbyotoes13yst t om chi p 150. Hereinafter, a chip stPtatkistéian3issé gi nat es
with a bottomchip (e.g. chip 150) disposedon the package substrate 110 and

e e L ot 1 SUTEENE T SR i el B B0 o S
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i ndi cated by reference nuneral 160. Consequently, the m xed-stack apparatus
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156, the botton1chn£ 150, and the offset created by the electrical bunps
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stack encapsulation 162 may al so be used to facilitate heat transfer away
from t he HisgEdcrdbY thetectigal hpmanbydiseenn Fife 19k ack encapsul ation is used.

I n an;gnbodi ”qﬂtag)r(g&t@s %gé(gﬁrﬂeﬁ@ b Qta}lzﬁ gnéﬁﬁilgﬁgggo%@s@g %ﬁ&{]ﬁlﬂé il ‘fﬁy p 158

is a radio-frequency ( evi ce. I e stack may be Used In a
wi r el ess moritAdin gatkamd (e figthcapeethtuhabortdelheghiiie)ors natvigs Eheswtiakt phone.

FIG le is a crass-section el evatjon of ackage- on- package (PoP). stacked
chi p apperstudiens |agey RaSebdShiomalss r Rt dE sark Rl G breat el o
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chip 150 and the top chip 158 are set withi'n the interposer offset 136 and

a top packagdrondthemiscdaenstadt dd an gmbhéimenp neistiek EB8epstilatidreisiustdr poser 130.
The t package 164 .may hav unt.i substrate 170.for co ication to
the bbtt om chilp “asEseh s ot i o Tsaprorsds i the pgir Tasie

depi ct ed ra&ioafre#uelecy_t(mq deviad! TRIms@ULHié SAclsmMEN bassddah adiirdédsgi nal - equi pment
manuf acturer. Two wire-bonded dice are depicted in the top package 164. A

di e | ocate@mmynigater (E@pa pelbaigelenBmenyehiss aseremhenct o as a nicroel ectronic
device. In an ﬁ@*??gis”a‘?%% séslegt‘??r{;%léx‘?aql'o to?ﬁlﬁf@%‘%@%ﬁhﬁéﬁé@iﬁ@%t&&@? Cllbi FIG 1d

is provided to acconnoda package Suc smar one,
wher e snaipbaphinrne4 sipedud assembled ogihaté pgprauddspiaebindll6. il d aftbefutther package
164 a?(? Spl}lgcpeggiitlg taccogr(ﬁlelglg teOCaEnr eoxra]lirn%led een\ﬂ)ocd?glelilatr. eThie%oJ‘Eth% C%rl}; PSO and the top chip
158 are set within the interposer offset 136 and a top package 164 has been mated to the
top side 134 of the interposer 130. The top package 164 may have a mounting substrate
170 for communication to the bottom chip 150 and/or the top chip 158. The top package
164 is depicted as a wire-bond enabling solution such as for an original-equipment
25 manufacturer. Two wire-bonded dice are depicted in the top package 164. A die located
in the top package 164 may be referred to as a microelectronic device. In an embodiment,
the mixed-stack apparatus 103 depicted in FIG. 1d is provided to accommodate a top
package 164 such as for a smart phone, where smart-phone specific microelectronic
devices are in the top package 164 and support microelectronic devices are in the chip
30 stack.

In an embodiment, a top-package fill material 172 stabilizes bonding between the

interposer 130 and the top package164.



stack. In an enbodi nent, a top-package fill material 172 stabilizes bondi ng
between the interposer 130 and the top package 164.1t can be seen that the
m xed st aw 20fo/155bot t om chi p 150 and top chip 158 havecChasnoavsisasodat ed
by the interposer offset 136 such that the top package 164 does not

interfere with the m xed stack. nse ntly, the PoP stacked-chij

apparatus is IR af fheduie kol tﬁﬁ@%&%ggw léﬁfagéfoméﬁp t1§§h§V@ommdgte
an of f setycheh oM datditr ot PhtsthB&d ofat: 3BRY VALY hEeRENALAG LA ansPPeci fi C
application. FIG 2a is’ a cross-section elevation of ‘a nounting substrate

and i nt eripsiere wipiptheaninsd §9¢k. f Gonsaqendykibd PdP stapleaskelge apretnglisng t o an
exampl e enbodi nt. The.a rat us i simlar to the.appar,at 103
GaarDt o i ey sUt i ARBRE BN oo da8 it omifoghf i ERRRH oY Bye

i Nt er pps ehiPIKUBA M PacKege diigagiohatspedlif aphicatigeked- chi p apparatus 200

is depicted. The stacked-chip apparatus 200 i1 ncludes a bottomchip 250 and
a top chip 25&1G Ra g @atvodrhenelcvatioa ob e mamiing sybsp8E and izfemposiessor and

Che t . : i i, . it ,
(Tov) P e BB 200 o RN SRR A Slc HRISRE R CO1 L2 |
an enbodiappadatust20€ id 9milahiophd wfar&ual edplcted plEAG. M awd Kasdreherdcadzede LO

and LI are within the processor 250) such as a _static randontaccess nenory
(SRAM) f o¥milgidy by sraliag an insegposerBal Bpent RIkREDSWSHataRd0t he top chip 258 are

a 3D Gonsequen he. < &dN ; a ¥iTe lip chip
250 rmﬁgnt ed onAlts%Ceketgm%@%E% st%rvaltg Sg@%aan é?ﬁ%@s@%gﬂ%?%%&aqp 258

di sposed iatlodes a bretohd ¢hip 250 pnRSp chipe2 3. flaah chibodmien?,36e béttdrhehipratS@rnposer
230 therefore acco dat es. t .hei ght of .t he .stacked- chi onfiguration.
P ocess! Mg TBTeTHETIARE BB 3 SI80 TPb diciBiies B RO T ol osed
with res F{Q@Vt) Tt&%l%@élﬁ%QoNsﬁfgl&*ﬁsp 220 dami &t wthih thddShed Grddinglsewnere. In

an enbodi nent, op chip 258 is a nenory die such as a random access
menory ( RaModdnent 258 top ehipASeiaddvaent ) memorppachhi(wh@s8 iagdd Irserory di e

The 5 aHi SR pESRTENERGR R & R b Pt i B HME R SR renory

(SRAM  digo@Bbr 250. TRe BHtRSEIHBMSO ahbehett@pcﬁi}»izzg%%@am a menory die such as
a erasabl e programuabl e nenory (EPROM) die 258. O her mam;rg die
confi gur at i onsCaragqusatidbelstagiedradimeprettes A)9deelndes thpfin Qe ¢ Yhmounted

on the package substrate 210 and the TSV-coupled chip 258 disposed above the flip chip
250. The offset height 236 of the interposer 230 therefore accommodates the height of the
20 stacked-chip configuration. Processing of the bottom chip 250 may be done by any
embodiment disclosed with respect to the bottom chip 150 depicted in FIG. 1¢ and
elsewhere.
In an embodiment, the top chip 258 is a memory die such as a random-access
memory (RAM) die 258. In an embodiment, the top chip 258 is a memory die such as a
25 dynamic random-access memory (DRAM) die 258. In an embodiment, the top chip 258 is
a memory die such as a static random-access memory (SRAM) die 258. In an
embodiment, the top chip 258 is a memory die such as a erasable programmable memory
(EPROM) die 258. Other memory die configurations may be used according to a specific
application.
30 In an embodiment, the top chip 258 includes a radio-frequency device (RF) tag. In
an embodiment, the top chip 258 includes a radio-frequency device for wireless

communication.



In an enbodi ment, the top chip 258 includes a radio-frequency device (RF)
tag. In an enbodinent, the top chip 258 includes a radio-frequency device
for wrelwex0wmarsmrai cati on. I n a process enbodi nent, a sPaTRISeM10Ap3SEs at i on
262 has been filled to isolate the chip stack The stack encapsul ation 262

may be used also to prot the chip stac Vi ron handl i ng
dangers. The s‘Pé‘d%EO@ﬁ%%i‘Bg‘EFL%‘F%ﬁS%%GWS ?tw i?éqﬁéé g??d; Ty tsﬁlbe heat

transfer &waa‘w Otk ChEDsshask26] RagBe ﬁé@ﬂoﬂéo% rﬂr@te&%é&lﬁﬁ KtaSI %&s ul ation
is used. FIG IS a cross-section elevation of a PoP stacked-ch

appar at uﬁnztmnmhaal dmdshaa@lg@ﬂﬁmcrsf ﬂbwmdeelm@paﬂatomﬁ@emmlwbq wsch Ith 2a
after furth r ocessi.n a xanp iment., The bottom
chi b 250 i EESE BRRAA SRR E T ik T AT R REr 0ot of f set 236 and
a top packegRulibdn Rageheen rrat ed to the top side 234 of the interposer 230.

The top packa e 264 may have a nounting substrate 270 for conmunication to
t he bottom chi ngblsa%\@fpwseph@l @lgpat@mog aPo® starked-glaip apa%fk@géolﬁla&lbiﬁ cted as

TSV enabll i e In an
embod merit g HhindRe AR S acrRieElR 196, % B ARSI B BORERE IS et o
accomd&txem@let@rliqu&ﬁ&ﬁg gh2 ﬁétt@rmhlpaasofand tiee ®P®hip mwﬂeset htithé@thebe seen

that the chip stagk of the bottom ch 250 and top chip 258 have been

acconmoddfEEross affist 73 Bdroien lpa%#agg 865) basgbeg aptedhiaithe o8 sids? b kige 264
does ppt 1hf%h%rs&eié% htefaoﬁ ”Qa%kgges Ve%aa thel dubdtRld By and described

Wi th respect to e|n erred yobservmg simlar
structur exanmmdn@mmne(sﬂrédmttonﬁdhlp DS(Fif@/or2he wipehe 2Apridprtompackakt iscan now be

under st oo th { to.achi eve .t he PoP stacked-chi p apparatus 201
my b i o S BB g 8 SRS P e e CO VAR TR A B s o 104
depi ct ed én'ibo'ﬁir&ntl tﬁe chip s%k%ﬁﬁgﬂu§2m%&tg@m FId. Q@lﬂ?{@%ﬁd&( tORIWREI dalee

bottom chip 150 and the top ¢ IS In a range between 128 bits per die
(such as atbpmatkage Ropswchias fos8smart phddRAM di €) and 252 bi ts/dl e. In an

exanp enbodirent., 1/ 0O,speed, bet es 2 subsequent
ohip YEaTs. bel el 5 i BRERE R A R BS 230 b Bt M Eng e 10
nm edge sReh k@dnthodahal héﬁﬂ Ber ohs@ 235@u@t§th@tt@8&l‘ﬁ1§h%ka§&264td&§hot
bandwidth is from 160 GB/s to 320 GB/s. As a package, the PoP apparatus 201

has a t otilerfgeckitlyichiuiadit h bet ween 640 GB/s to 6400 GB/s according to an
embodi ment , \Mﬁétgﬂs Jﬁﬁstrated and described with respect to FIG. 1e may also be inferred by

observing similar structures and spaces depicted in FIG. 2b where appropriate.

20 It can now be understood that processing to achieve the PoP stacked-chip
apparatus 201 may be similar to processing to achieve the PoP stacked-chip apparatus 104
depicted in FIG. le.

In an example embodiment, I/O density between the bottom chip 150 and the top
chip 158 is in a range between 128 bits per die (such as when the top chip 258 is a DRAM

25 die) and 252 bits/die. In an example embodiment, I/O speed between the processor 250
and the subsequent chip 258 is between 10 Gb/s and 1 Tb/s (tera bits per second). Along a
10 mm edge section of the subsequent chip 250 as a DRAM device, total bandwidth is
from 160 GB/s to 320 GB/s. As a package, the PoP apparatus 201 has a total package
bandwidth between 640 GB/s to 6400 GB/s according to an embodiment, where the

30 processor 250 and the subsequent chip 258 each may operate at or above 256 bits. The
I/0 speed may run slower below 10 Gb/s (such as below 7 Gb/s) where a given application

may be useful at this range.



processor 250 and the subsequent chip 258 each nmay operate at or above 256
bits. The I/ O speed may run slower below 10 Gb/s (such as below 7 Gb/s)
where a gwoeniwspd7scati on may be useful at this range. FPGI/IB201093336
cross-section el evation of a m xed-di e apparatus 300 during processing

according to exanpl e enbodi nent.. A hotto hip 350 i s placed on a
package subst T0e 810 %rﬂ%Srseﬁ%n”@_svaéwﬁi ar‘fnlﬁga-fh?élpa%{e}yaééo SHBYE PRCEsSE0
depi ct ed JoBorln@ to b lexirﬁpl@Bnﬁ@@fﬂ@éngeﬁtbot%ﬁlechﬂ?%fﬁpﬁ‘gg&:e@ oRaPabi®igd shibdtRteChi P

350 that has been flip-chip bonded though a chip Dbe array, one electrical
bunp of wHiOdhatingayr tesf semdaicte dhanpackagrusmbstadte 35R depietedim Eifbddi heart , an

underfill 354.ha een flo o faortif. di bet ween the bottom.chip

580 and (DogimRnBe Blun BADG D3 i et G RGL B B AR R keSS LOTHE, !

t he els_ectarélﬁglabalbmas, oR®&letSicldfuiniest voiEh BUtfcRGcsd WithtraRRAUSSZUIH 40 of the
underfill 354. Proce55|@ﬂlof the bottom chip 350 may be done by an

. . . y.
enmbodi merfmbgidga¢msadungettil $ ¥slpsdeen Bowpé tolettifyhoaging Hetvagn thxsmttognehip
el sewher Lot ed pn thi ' r - iy - tion. el evation
of "the. aparn ik At TR foeiit cpl ity TN o B AL e 1 o
an enbodibiys.35T hecapphoatdising inwlepealsedring oFtha.undéxfiisi4been furt her
processed to achieve a m xed- stack apparatus 301 that will be part of a

PoP st acked- cHirpcaspipaphthgdotiomehin $hmay he dongpasnt qrabosionent déscinged with |
. ( . ' o 350,
oL S5O N LIRS LIPS BD e el 9L ke 950, o 2

top chi een nou hesi ve e top chip 358 is
supported by tHE. Bbistoooshicpti@belevdtionan tiendppdiamesntepictdiantFd@. Shafper358 i s

coupl ed t he package suhstrate 310.by wi_re bonds, of [ [

el cat edEJeTuRGRSACEIHaS I arswobocemtmedueaoryst AL Aread $t Bk Bopar at us
301 incl ugdesedh fukthBr HBERsIOB RN £ehiR-ih& HPGHKALS03YRIWiALE tp§13t%_f gnd a

W re-bond chip 358 di sposed above the flip chip 350. An offset height 336

wi |1 be rRaPcitediedghiphgpofuseThheiigdstadk apparantseyOp osenddsanfinter-tier

processin l.t W ow, be ¢l ear that. assenbl f the m.xed:-stack precedes
Peoendty Bpette Tia beoBeers BrEflop edartie ¥ G ent 3o S HR LRTESR! e

m xed- di ensirdédordPRAtRSsUE IFHD Allic 1BNELIFSPS fstsﬁgﬂértbdl:ﬁﬁhe béttorh lkBipi IF0er poser to
be assenbled will accommobdate the height of the m xed-die stack that

i ncl udes the vnrea chbedsnaaschatopgbin 334sis chepledle tbhppckasgsubibatgdhbdyve 356,

(e Dot AR5 AVLIE RILHE] pERSTARL e ot eghElgalubipe 552 10
chip 350 mﬁea-’sﬁbbap[&%ﬂns 30dint hueled mﬂi@dﬂi@3ﬁ§&oﬁﬁteaoﬁlﬁle package substrate 310
20 and a wire-bond chip 358 disposed above the flip chip 350. An offset height 336 will be
matched by the offset height of an interposer in further processing. It will now be clear
that assembly of the mixed-stack precedes assembly of an interposer to the package
substrate 310.
Similar to the mixed-die stack apparatus embodiment depicted in FIG. 1d, the
25 interposer to be assembled will accommodate the height of the mixed-die stack that
includes the wire bonds 360 as well as the top chip 358 the adhesive 356, the bottom chip
350 and the offset created by the electrical bumps 352. In an embodiment, no stack
encapsulation is used.
In an embodiment, the bottom chip 350 is a processor and the top chip 358 is a RF
30 device. The mixed-die stack may be used in a wireless communicator such as a smart
phone. Details illustrated and described with respect to previously disclosed embodiments
may also be inferred by observing similar structures and spaces depicted in FIG. 3b where

appropriate. Additionally, previously disclosed I/0- and bandwidth capabilities may be
-8-



device. The m xed-die stack may be used in a wreless conmmuni cator such as
a smart phone. Details illustrated and described with respect to previously
di scl osedwenbmdisnnt s may al so be inferred by observi ngPsirnisb@w/0sissect ur es
and spaces depicted in FIG 3b where appropriate. Additionally, previously

di scl osed |/ O, and bandw dt apabi lities beinferred with res t to
the PoP §Pﬁ?&rp@éa@@ﬁﬁ§>eemdgﬁ ﬁ@?ﬁﬁt@aﬁéﬁh& aabeififiois EpiFtsdnd Aeserbed B 1Gk G 4
is a crosgysection elevation of an interposer apparatus 400 for a

st acked-di e package according to an exanpl e enbodi nent. The apparatus 400
is simlar to kifedapperoas-sestignolcdetpinotied intarpobds apparatg d6p forasstarkioliyicof an

interposer is carri.ed out after ass .nbly f the §t @ed di.ce, 450 and 458. A
st acked. dREHES SR AEL0 30 6 arty sBPRTEEN TPhe APARBidORs SMUBE S B us 400
i ncl udes pphatis00 @bpittcd W FRRD xR a@&h&}lﬁéﬁqn ihkerpdiceRedicavit aftdrhe bottom

chip 450 is a processor and the top chip 458 is a nenory die that is
coupl ed tgsantlp afHic stickeddine ¢ Qar technol ogy. A single TSV 474 is

detailed wthi d i . lin_.an e i o ip 558 is a
avel -2 (L2) roiS AT Sh bk A i S TP SR onid Minat B B o7 a0
such as dndtddsiacbot@ndehip 46C exsda toprahipy4I8SRAML chdodiniet,ihOb&ESOchip3IB0 is
Processing of the bhottomchip 450 may be. done by any enbodi nent di scl osed
Wi th respePceserrtand ﬂb‘b&OP@h«xpéﬁﬁS&aﬁm}orzé@,th@se,w%@f/ Ry heeugbdrli@apizt ed in
this ¢dis e tAhe keds chi . i ncl udes the
flip g(?ﬂ ghgggli%gﬂ%tgg% %ﬁﬂ{%ﬁ?%gé@ﬁ&%%@%%@é%ﬁ%@%ﬁélﬁ%@ V- coupl ed chip
458 di spasdshdabentetht g dhip HSEBiadevid Q. (LEhmeofol s edchhéwhhit [A3Gddfl arbe st acked

chi ps 450 and 458 wi || mat ched by an interposer th i | e assenbl ed.
The' T nt erpRBRFHcTpostaaRD) SRh SAackwamoataretyaramy ORAML R ked: chi p
conf i gur g4 QRsorl4B0aPrREQAH SEAL botH?ﬁcEiBMS@%é%r%ﬁﬁ)nb%y%nﬂ%ﬂi%&in@nﬁ such as a
random access nenory (RAM die 458. In an enbodinent; the top chip 458 is a
menory didscdescth vadh raspgyniarthebottome crps tdb 280,ndfpand ¢lBRANYe dipectadb®. thisn an

enbodij srent. tshe top chip 458 is a nenory die such as a static random access
nenorﬁéﬁé&l{ﬁ Utfi-e 458. In an enbodi nent, the top chip 458 is a nenory die

such as a er asadisequRhgrtAeHREN a-dHRvrdisRRONhcldi® tHSBip Hihes0 ARy di e

configurations may be used according to a specific application. In an

enbodi meran the heckagpsubiirgie 440 ang ghe caupledietip o & diseereyd ablevd e fIRFyhipag. |1 n
450. The offset height 436 of the stacked chips 450 and 458 will be matched by an
interposer that will be assembled. The interposer will therefore accommodate the height

20  of the stacked-chip configuration.
In an embodiment, the top chip 458 is a memory die such as a random-access
memory (RAM) die 458. In an embodiment, the top chip 458 is a memory die such as a
dynamic random-access memory (DRAM) die 458. In an embodiment, the top chip 458 is
a memory die such as a static random-access memory (SRAM) die 458. In an
25 embodiment, the top chip 458 is a memory die such as a erasable programmable memory
(EPROM) die 458. Other memory die configurations may be used according to a specific
application.
In an embodiment, the top chip 458 includes a radio-frequency device(RF) tag. In
an embodiment, the top chip 458 includes a radio-frequency device for wireless
30 communication. In a process embodiment, a stack encapsulation will be filled into the
recess the interposer will form around the chip stack.
Details illustrated and described with respect to previously disclosed embodiments
may also be inferred by observing similar structures and spaces depicted in 4 where

9.



an enbodi mrent, the top chip 458 includes a radio-frequency device for

W rel ess communi cation. In a process enbodi nent, a stack encapsul ation w ||
be fill edwOnbw/tsdssrecess the interposer will form aroumrdTiuseo0B3z3ct ack.
Details illustrated and described with respect to previously disclosed

enbodi nents may al sp.be |nferred by. observin imlar structures gnd spaces
depi ct ed %pﬁromr%e;%%&b%kw P&?‘él?u%&}sfluﬂé‘?i%'@ygn@?aé‘@%{}% EPGiILER e del / O and
bandwi dt hpfaRablith kifRet aNe BEP iRHRULEH WhbdiieSRaEhictel ahflBcREBSlamied- chip
enbodi ments depicted and described in FIG 4. FIG 5 is a cross-section

el evati orf.of a mixed-di e apparatus 500 that will support a

package- on- pa ge .appar at us accordi ng. t 0. an enbodi nent .. The .m xed-di e
Bopar ot s 500 1P duRLos b T8 REgAis Haty i B G Roap il ulTgiSborts

i nt er rediptragetinPpeRdge apprabBRcEdtiMga68n emBodiRRnt. NTIRY MBQHati€afatfudoh are
supported by the bottomchip 550. The bottomchip 550 is a flip chip that

may be randpdesd hastogschap £59.gtop Bhip S58hand; antiatermeriate shivhid - Fibe torsclip

TSV- coupl i, ; ferr .chi .he top
chi p 556 ¢ GOuR BOZheBE: B SR LR BT B ARSRNETE RGBT i
558. I n ap0dasrhdd ciepthat ifag bowelatd af aslaSWscehip) thdintdinediati dppSedisianredi at el y
above the bottomchip 550 is in_a range from2 to 8, followed by the top

ghi pI 556.TPfsewded siyD srat ey Dsaeferrd Enisn sssondelijp el .dsfdhaipr ship B¥dodi ment
I sC e%l%-k&ldeﬁ%ﬂﬁ;g%a%ﬂ% ﬁlﬁgg@é}}éd%‘ag g'sﬁe)%eglga%;t Elfgﬁ%sk Ny B émgécﬁﬁl'ef?? H{ge n

an enbodi ment, the I's coupl package substrateé 16 by
Wi r e bondsmbenef 68 Vwioupled ickips ddpoatienhnizdiatdy ebereabe betan ahip360.is ihlee  of f set

hei ght 536 of_.the interpos 530 therefore accammodat es the hejght of the
e di USRS NGy BhEP e Botie:Se0: SoTROPIOREhEUEE ohi p
558, L1e oA B An6linnBleloldi OKLOLM e b3y cApd dbfiecdti el or eat ed

by the electrica unps and inter-chip adhesi ves and spacers as

i | Iustratdsgtlosure.a process enbodi ment, a stack encapsul ati on 562 has been
filled.to isolate the m xed:-dje stagck .and to t her, preyent, the bond wres
560 1 1om movi 0o FHEOS R ahlof Bk Sounss (e B BL SR ST B r ot ect
the m xedyigé Borfils a6ite IFvEHTRIERVAIiIONEERY Afcranet Manailisng. dABGeké: heldhe 536 8Lk
encapsul ati on 562 nﬁytalso be used to facilitate heat transfer away from

t he m xedhelingergesge R30 theredercanprainadaies thabeighbefiche pexgssdie staclo thaf Bichiles. | n

o STCBE e (8. A0 SO A PR N SO gL P 55
st ack mayss0eandstd offset created by the electrical bumps and inter-chip adhesives and spacers as
20  illustrated.

In a process embodiment, a stack encapsulation 562 has been filled to isolate the
mixed-die stack and to further prevent the bond wires 560 from moving. The stack
encapsulation 562 may be used also to protect the mixed-die stack from environmental and
handling dangers. The stack encapsulation 562 may also be used to facilitate heat transfer

25 away from the mixed-die stack. In an embodiment, no stack encapsulation is used.

In an embodiment, the first chip 550 is a processor, the intermediate chip 551 is a
TSV RAM chip, and the top chip 558 is an RF device. The mixed-die stack may be used
in a wireless communicator such as a smart phone.

Details illustrated and described with respect to previously disclosed embodiments

30 may also be inferred by observing similar structures and spaces depicted in FIG. 5 where
appropriate. Additionally, previously disclosed I/0- and bandwidth capabilities may be
inferred with respect to the PoP stacked-chip embodiments depicted and described in FIG.
5.
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in a wreless communi cator such as a smart phone. Details illustrated and
described with respect to previously disclosed enbodi nents may al so be
i nferred W9 20ty1376ng sim | ar structures and spaces depiPCTad2010/083568 5
where appropriate. Additionally, previously disclosed I/O and bandw dth

capabilities e inferred with respect.tgo the PoP stacked-chi

enbodi ment s dgﬁﬁp?éﬁa SO REEER P BfqPp e Ak Epagyo] tﬁ%ta&@-sg&m Bn

el evat i orppf mﬁce&d%@?pqua%usaa%&rdﬁfg% aRQhbbBRten The SHRIALE app RS B0 ed-die
apparatus according to an enbodinent. The m xed-di e apparatus 600 i ncl udes

a bot t omintlugesaadmttom ¢hop 6&hiaggopElip 6aAdasleereral intenmedipedihigséS¢ho Psadbl, 653,

d 658. i. 9 d.the internmedi hi ps. 651, 653 nd.658 are
Cuppor e By WRETIIP 67 anf ek TesPEEREF kel oS B el e mPei 850 may “be
done by afytoRNdMAss S NErodéssmk @S et Bitlohh AR B@@fna%@eﬂbﬁ»‘e bphtyodmbdiipentdepi ct ed

in this disclosure. The m xed-di e apparatus 600 is an enbodi nent with

mul ti pl e drSlosethivpd rasngentalthe botonpnplrips demieicd Hi s displesulset t om chip 650 is a
flip chip that . he refer . i st j he | redi ate chip 65
118 2 18v: coudlai SRl AR (B S BpbodEhn Pl e IENGHIRGS T e
i nt er nedimtleipkhiipe-66@ ¢tpsa TH\bottotpdhesl6 Shisp flip @hipntayt ey befetirfeddo boaas a

third chifp 653. The internediate chip 658 is a w re-bonded Chi(i) that nmay be
ref erred fitgt Q0. aThoiptarmedinteshgs@d 1 ipgd Sreounied dHp frabayibs refeiied ©-asdnded
chip at f _chj I L ent ,
Ehe niomoes T g A o e e e e e U RE RS TR v
550 and bwslaghird blepwiss e Tho nderadedpt&88p 688 ism wire-hogdedf ahgnthat ey Be rdferrah
enbodi nent, bath the wte-bond chi .and.the wire-bgnd chip 559 are
coup! ed- 182 ReetipSd ASE e eEr alto 251 g i gtk G taperg sk rereredo
respect i Vigla¥ubstdgeRichSds9Neh A tnB8&inRht, iend iR P TSELcRP Rt MG & PoSed
accomodat es the height of the m xed-die stack that includes the w re bonds
660 and 68Mnclsatelglabovdtbe boattom shipHisp ast delovathd vateeland abal 6 s a sange

i nt eri§hi agt%egi ves and spacers as illustrated. In a process enbodi nent, a
stack en %2 I'4fi on 662 has been filled to isolate the mixed-die stack and

to further prayeRtenitbainnhoM thesvikbBorRinthiHe8 idaRt Maeliead chipes Stask
encapsul ati on 662 may be used also to protect the m xed-die stack from
envi r onmeetplied nthetpaptense nubstratedd 0Dy witie berds %0 and apburwertore s 6Phaelfschl so be

used 10 fiagih i &b EunGRbbLaNS) e BAYVuLEAMOIES MotRtndbruRt ARk alliaR

enbodi nmen no~ s ncapsulation 1s
that includes the wire bonds 660 and 661 as well the entire chip stack and electrical bumps

20 and inter-chip adhesives and spacers as illustrated.

In a process embodiment, a stack encapsulation 662 has been filled to isolate the
mixed-die stack and to further prevent the bond wires 660 and 661 from moving. The
stack encapsulation 662 may be used also to protect the mixed-die stack from
environmental and handling dangers. The stack encapsulation 662 may also be used to

25 facilitate heat transfer away from the mixed-die stack. In an embodiment, no stack
encapsulation is used.

Details illustrated and described with respect to previously disclosed embodiments
may also be inferred by observing similar structures and spaces depicted in FIG. 6 where
appropriate. Additionally, previously disclosed I/0- and bandwidth capabilities may be

30 inferred with respect to the PoP stacked-chip embodiments depicted and described in FIG.
6.

FIG. 7 is a cross-section elevation of a mixed-die apparatus 700 that will support a

package-on-package apparatus according to an embodiment. The mixed-die apparatus 700
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Details illustrated and described with respect to previously disclosed
enbodi nents may al so be inferred by observing simlar structures and spaces
depi ct ed WO 2Bi0B51®F5where appropriate. Additionally, preeCouske10a83566 osed
/O and bandwi dth capabilities may be inferred with respect to the PoP

t acked-ch od ted d bed
o ocss SediIBASGy B GHP 303 15D S0 TAD SR RKITaL DTG Ha PO T Supr ¢ a
package- oPyPRRkRORKAPPAN @iiifc ARSRIARNLIS 1. 25RARd T80k sEhSrdtsdndi @

apparatus 700i ncfudes a bottomchip 750, a top chip 759, and sevéral
i nt er meditwttemcdhiip 507 5lhe MR d-danebpABBuS el tampmbhdlple?lﬁﬁlthnmﬂtlpie TiSM er nedi at e

hips 751,753 758 d by the b hi p.250, . Th d- di
ppar at USROS B R TN e B P RY SRS SRV RIN i pl e

Wi r e- bond chl pﬁlev%%ﬁl @u;yws(prsbiqm cﬁfytﬁaﬂrﬁam &Y%r%dT§¥s§H'rs@chl herhlaot tom chip
750 is a flip chip that ma)és e referred to as a first chip.

i nt er medilatcemeditp ciip 7151|1%a Twupkndshénithehnpy bh saferiiertotse aﬁé‘f@ﬂﬂéﬂ) 1d-as a
d h
second S oo O ATT S B  A lF P

TSV- coupl 4. dtic @ntbmddlatayhleSB &f €T8¥ekoupledship thauni;hbe:ﬂef@reaaa as Afislirtbhe t op
chip 759 is a wire-bonded ch that nay be referred to as a subsequent chip

759. In &MiRibo d‘F%ﬁ‘F toR ¢fup 4 é@ tﬁr?dwgﬁwbanw chip thagmap ke FfeiEediReS @hi p t hat
SUppoj s stut}%q ’fB@' An 13 gmbg Afche $HhdGOid &ﬂg 7 Pista%b&ﬁ cazg Yhdpe done

by any enbo rrent sc[ose respect to t ottom chi’ps ted in
t hi s di scluppartsehe bmttc&n chnlpt?dﬂl m’em:tessmgmf thohotttclsmcchipdS'ﬂ&Baylse @onwy almym)r y

cache chip the sup ts, the subseque | n, an e enbodi nent,
The i wodrod S BRZlad b s s g i ini B ns SABSE At ue. such s
a super-snart IHQﬁ%ﬁlboIﬁh‘i‘enlE’%é M%ﬂ) 730 'arTSchfném%{P?J@ééh Pth&s@p@ft@cessor
and the second chip 75 i's a nmenory cache. The internedi ate chip 758 is a

Wi r e- bondbesubsequsat ¢hop 7@9 obessixagpbndmbpslimertnimintacd-diesippaiaais t76p ichirp 759
[ bal - i, tionin t S) ch ted, b h f th
chi p 755 PR P A B ERETL TR s B Rt T 20 BBl Bl 1 B S

enbodi mendmbodirh@ iP@pRESot dhdahc StbAGChBIMS. i§ Hnchuy EdthehiTRe ednicdiaused as
a support and interface between the internediate chip 758 and the top chip

759. For Bimipl ie a wirebensige davien fq;ls PYSZsHag O ITESgimgicagiony whhajiop satp 759
e L
coupl ed tatstdia daelekiag ehcTCPS bllilpf769.7 Eﬂrt]h)&)t itvaii exdogyid smBodingnd al@lipackage
res pec6 Hvely. I;Il-gg e?rfbfofigrgent the fourth chip 753 is used as a support and interface between
the intermediate chip 758 and the top chip 759. For example, the fourth chip 753 has a
TSV that allows direct communication between the top chip 759 and the intermediate chip
758. .
In an embodiment, both the wire-bond chip 758 and the wire-bond chip 759 are
25 coupled to the package substrate 710 by wire bonds 760 and 761, respectively. The offset
height 736 of the interposer 730 therefore accommodates the height of the mixed-die stack
that includes the wire bonds 760 and 761 as well the entire chip stack and electrical bumps
and inter-chip adhesives and spacers as illustrated.
In a process embodiment, a stack encapsulation 762 has been filled to isolate the
30  mixed-die stack and to further prevent the bond wires 760 and 761 from moving. The

stack encapsulation 662 may be used also to protect the mixed-die stack from

environmental and handling dangers. The stack encapsulation 762 may also be used to
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hei ght 736 of the interposer 730 therefore accommbdates the height of the
m xed-di e stack that includes the wire bonds 760 and 761 as well the entire
chi p stacwoant/Bizstri cal bunps and inter-chi p adhesi ve®CaN$2610M8366 as
illustrated. In a process enbodi nent, a stack encapsul ati on 762 has been

filled to | te the m xed-die stack nd t furthe revent the bond wires
760 and 784NRY RS AW dragy ﬁl?l{n’é‘ﬁég ilBAN §EDO @wnbéw&ga@ also to

pr ot ect Qggqghmﬁgngh%e§tack fron1enV|ronnentaI and handl i ng dangers. The
stack encapsul ation 762 may also be used tofacilitate heat transfer away
fromthe m xededal@ idtistedted dnd descréred odihmessitect togpretiaeiy étsclap@iﬁraquanents used.

Details il]lust r te descri bed th r ect, to previo osed
crbod, ity B R R i ok R b e SRS BB PGSBS s paces
depi cted 4 h@se @d&ﬁkﬂhﬁll? éa@ﬁs@a@clom/@l SPbandwidih @¥padU ey ncuysaél osed
/O and an wi dth capabilities be inferred with respect to the PoP

st acked- dhfepree Nﬁ@cnemﬁtt@ theBeR ﬁ@%@érﬁ@lmggb@dlmé@rs idapiFteiand deseribpd g K165, 5
process d nmethod fl ow di agram 800 according to an exanpl e enbodi nent. At
810, a process includes formng an interposer on a package substrate. The
i nterposer is MoNRiigap@dedsant awehanflof Higtant RGG actbtdingtaexamphd p stack to
be pl aced gn the package substrate. At 820, the process includes formng a
chip st acknadipey. package substrate. Were process 820 precedes process

810, fde interposg , %c@ésqgggdegrfﬂnﬁu WngrOC ‘Sse? %tﬂa?{g%eas b&fard. OﬁLE‘ ng the

chip stack. \Were pr cess I'p stack is forned
wi t hi n a inegeser ik ebrifiguyed tochave tue o ffes elrat wik nmmlmrd:mplisnaelnto bet flecedronabs s
commences at 810, and term nates at 820. At 830, the process includes
filling FERUBTsul ation to isolate the chip stack. In an enbodi nent,

the process cOMBINCER pRbceSlhcRIES foBhIHNAUES stk &?@m Atk 34 QubdiGitdd VWE@I%S

i ncludes formng a top package on the interposer. In an enbodi nent, the
process quosrsh82Epraeiics pravessatl@sthatintgepOserfy mac@l grstha peckageratlistraisfafiar

conpu r stem 9 or to_an dlnent T [ t em 900
(a1 20§ or @i Fiag Botn S6RE" Brithub sl s 2y BRE Bt B B e WY 0y o
PoP st ackgighif RirfccBPRAMHIHS idEHONcE] Nar EmBdYmeit, the@reRVesorhmees hosied
enbodi ments and their equivalents as set forth in this disclosure. In an

enbodi rrerﬂnd tgrpunates at 820.
At 830, the process includes filling a stack encapsulation to isolate the chip stack.

In an embodiment, the process commences at 810 and terminates at 830.
20 At 840 the process includes forming a top package on the interposer. In an
embodiment, the process commences and terminates at 840.

FIG. 9 is a schematic of a computer system 900 according to an embodiment. The
computer system 900 (also referred to as the electronic system 900) as depicted can
embody a PoP stacked-chip apparatus according to any of the several disclosed

25 embodiments and their equivalents as set forth in this disclosure. In an embodiment, the
electronic system 900 is a computer system that includes a system bus 920 to electrically
couple the various components of the electronic system 900. The system bus 920 is a
single bus or any combination of busses according to various embodiments. The
electronic system 900 includes a voltage source 930 that provides power to the integrated

30 circuit 910. In some embodiments, the voltage source 930 supplies current to the
integrated circuit 910 through the system bus 920.

The integrated circuit 910 is electrically coupled to the system bus 920 and
includes any circuit, or combination of circuits according to an embodiment. In an
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el ectronic system 900 is a conmputer systemthat includes a system bus 920
to electrically couple the various conponents of the electronic system 900.
The syst ewOlo®/B205i s a single bus or any conbi nati on ofPChasg@s/033566r di ng
to various enbodi nents. The el ectronic system 900 includes a voltage source

930 that provides power to the iptegrated circuit 910. |In_sone enbodi nents,
the vol taﬁ@l&a@a{}%e@%ﬁe&r@ﬁ6|ﬂrg@t @fﬂ ﬂ%@ﬁ@e% BPIOREsSPHY fhat g beiof ey tPe10

through tAe,QYatRM, r9Qsor 1@ rhé}F ﬁgérﬁérﬁz%ﬁé st dS vl RETiRdicakd,y
coupled to the systembus 920 and i ncludés ™ any circuit, or conbination of

ci rcuits awroemderysdroa amcreerindmilme atgraphres aneachsodi adigital signel protesgeraved

i it 910.i | ud t 1 b f 1 . As d
Peroim e Sresesdr 1 %h HEDa Rt RAV S noTs R PN iRy RS o
limted tdf,th@?xat@s@&pmﬁ@f&wés,of%imi@gtﬁsmhrb@hﬂl&ﬁdedqn AHARRLFSeddiREASF0r, a

digital signal processor, or another processor. In an enbodi nent, SRAM
enbodi nmerffea gEEOM SRt phathebicgtiaagigeidicaptegiatedpitgeis 4 81C), @xchas at ypes of

circuits c;[oprﬁ‘ﬁunqga@i]og§ cfgﬂﬁé é‘iqlefgrh ih Qﬁreil&g 89{1@& esqclgf lasr &t"lllluiaﬁ\%]l%h%hgs %ﬁé:eﬁ@ tom
circuit or an application-speciftic 1ntegrated Circul , su as a
conmmuni cglort@ble conpaterd, t9d-4vayatdius @nd Binviar elecessnidsyitats Budlenadaaddtul ar

t el ephones, pagers ortable conputers, way radios, and simlar

t wo-
el ect r onithS BipsEsABY 10 inclydcsrpodigimemary I Asugh sekdisdrndpnagessy MEBSTon- di e

menor y, 9 i : y

el e S R e B SR AR A en B SO S BRI

pul | - dowrthe egicsrmsd puli-dowrerrpods.nBrdn, erblvelipedcehs porceXbO Ol holclidles enmbedded
on-di e menqry, %%6 auch as Eﬂged ed %%g%gug random gccess nenory (eDRAM. In
an enbodi ded epsdis IR SUGHLES chAEEnIR FNGARSA S S GBI Hal  nenor y
940 that (priawin My include one or nore nenory elenments suitable to the
particul ar application, such as a main nenory 942 in the formof RAM one
or nore hard dniauesboduyengribi¢ dectoonac systampP@O dsd ingbidehan extamdl memern¥dbl e
medi a, 94 such as di skettes, conpact disks (CDs igital.variable disks
(ovoo) rhardh it e bR o R BB lanti e e Belfbini™n he are.
The ext erapglicdRADSuth 948 nidy mehdey 942 RThe et MTEADE, ¥nddBmsredtar@gritdie

m croel ectronic die enbedded in a processor nounting substrate according to

an enbodiHéntnd/enpnger eresodiivasihat hepdlc seraevabimmedis ydo.ewrlbapdiskaligs. ncl udes a
9 012 SENRSE FARCER. L SR E50. AN SORIERLs o5y eclr oDl
keyboar d,reitousige mictdadabahlin tigaire Tiendxt@hdleiemory 940 may also be embedded
20  memory 948 such as the microelectronic die embedded in a processor mounting substrate
according to an embodiment.
In an embodiment, the electronic system 900 also includes a display device 950, an
audio output 960. In an embodiment, the electronic system 900 includes an input device
such as a controller 970 that may be a keyboard, mouse, trackball, game controller,
25 microphone, voice-recognition device, or any other input device that inputs information
into the electronic system 900.
As shown herein, the integrated circuit 910 can be implemented in a number of
different embodiments, including a PoP stacked-chip apparatus according to any of the
several disclosed embodiments and their equivalents, an electronic system, a computer
30 system, one or more methods of fabricating an integrated circuit, and one or more methods
of fabricating an electronic assembly that includes a PoP stacked-chip apparatus according
to any of the several disclosed embodiments as set forth herein in the various

embodiments and their art-recognized equivalents. The elements, materials, geometries,
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m crophone, voice-recognition device, or any other input device that inputs
information into the el ectronic system 900. As shown herein, the integrated
circuit 9O 20esmsbEsi npl enented i n a nunber of different Perhusdénm®sisse

i ncluding a PoP stacked-chi p apparatus according to any of the sever al

di scl osed,.enbodi rents and their equival nts an el ectron ste
conput er dé%?sé‘?ﬂs COPCHS© Oﬁ%ff“ﬁ‘gt%a&a PgEA 10 Y P&ﬁlqukﬁé@i%‘@ n%n rcuit,

and one Qg ﬂ%?enmhmeﬁg%awaﬁth&%hﬁtga@&y S E&{Hg%raﬁﬁﬁ%m y that includes
a PoP stacked chi p apparatus according to any of the several disclosed
enbodi memisragtecgenicidar ¢rthbdided ima processer manntmgssubstixtel aeperding @rﬂ!lytdf ¢he
art-recogni ze el enents eonet s, di nensi ons,
2nd sequent el ToPol ety fpoREt Srp S rEbb Sl SERIREE ) O

coupl ifng requiTREE S § 9{&%&90 aéﬂhgg, &fﬂﬂBﬁG’fF R0§m172(b§1ferqaﬁn@caata@§ﬂract
configuration for a mcroelectronic die enbedded in a Beocessor mount i ng

substratéhﬁdwﬂﬂapwdh@6mdﬁyodwﬁ$beﬂ§@V@mﬁmI@ﬂ@@ﬁ@%%@t¢ﬁt techeiRédd- chi p
t t dt
sy LIS AL g ORABPLBS OBE

reader tdnmmﬂ&Kkyp@@m@émﬁngtﬁuhecbﬁmure and glst of the technlcal

disclosure. It is submtted with the understanding that it will not be used
to interpret dpthsferezoigeDefaibeskDercriptiomivagowy fepyESS aragireped R2¢the M ér egoi ng
Det ai | gd o] single
erbod et e PPt P BT MR B SRR IR IRE Lo, 2t Pod ot

di scl osurdsdlasurcos nbotolbe intetpeetpd e edleasng @f ineatiom glaaﬁlelcitamnd embodilhmhtst he

cl ai med eqbodjnents of .the inventian require Epre feature %@Eﬁ

expr ess| YR B CLEH CAPHIT RS CHEC RSP Ty Teft ect,

I nventi venhs ihoSGhg @Iﬁﬁﬁsetreﬂeétel%vérﬁlvle%ﬁﬁle&thﬁﬁte@-‘hks fnel@§sl{ﬁ@1§alpfeaﬁ1r§s' Jral e

di scl osed enbodi nent. Thus the | o ng clains are hereby incorporated
into t he SD@@dllS@deﬁ@ldmdpnﬁUn Thw thh feléamng Icmlrm? slteekmhbmgn@mporatsd@mt@s a
separ [ Lgr ed enbodl 1 m% d £ y f qg t hose

ski | | d e P BT W ?a8%8 ag{‘ﬁé‘}?‘ 18%8%88“‘% Stah“Spa&% “A TS “frat erial, and
arrangen&mnﬁ@gﬁmﬁhe parts and net hod stages whi ch have been descrlbed and
illustrated in order to explain the nature of this invention may be nade

wi t hout depar tlt wijl be eafllhengsrsteed tol thascalitled d e af thethvarions ether danges in
expresseqyl B hse e RLP1NG qrrﬁhgérﬂ%s%@@ar}@'h% hé&in&d EhIEGHiSH habve Hoen

package- on- pac a e a ﬁaratus
described and illustrated in order to explain the nature of this invention may be made

20 without departing from the principles and scope of the invention as expressed in the

subjoined claims.
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a package substrate including a die side and a | and side; a chip stack
di sposed on the die side, wherein the chip stack includes a bottomchip
di sposed w0 20tve150376 si de and a top chip di sposed above tPrh@/useamos366i p,
wherein the top chip is supported by the bottomchip, and wherein the chip
stack has an offset height; and an i@tqm?er di sposed on the die side and
surroundi ng the chip stack, wherein t er poser mat ches the offset
hei ght. ZAynhdihec.Rpparatus of claim 1, wherein the interposer has a ball-grid
array, the apparatus further including: a top package, wherein the top
package ilncl udepackagt-eaglacinge appanivekeovprong.c devi ce, and wherein the top
package mates to the interposer.ball.-qgrid array. .3. The apparatus of claim
o herein ¢ nd DB R PR R i Hdegfoliad o Mo chi p mount eq
on thes subst r at @igliecisdigifosc@ bl thchfe §i@P, whtirSinithe chipktack RRRMEhbsitsthsposed on
the flip chip. 4. The}@?ﬁ?paratus of claim1l, wherein the chip stack

1

i ncl udes:chitdisprsed enrtheripsidg agd ¢ fapchémilispersd abexs the betem shipswherce Hite si de;
awre-b : i i 0 AP i D .ehipis a
i re bond SBBaBRPRkpr P RERSR RS KEL Wbl IR cEM Bk ME b HEMRREESP T
apparat usandf claim 1, wherein the chip stack includes: the bottomchip is a
flip chip nounted on the substrate die side; a through-silicon via (TSV)
second chi p didgBSEwseiflisnescd pn thedhis yide anhsurmpandig thaghip ptacks whicrdn Bsnd
subsegue j J TSV second chip. 6. The apparatus of claim
1, whgreﬂ%teﬁ{yg&cﬂ%‘%p%ts[g%ﬁﬂ%%% tés: the bottomchip is a flip chip nounted
on t he subst r dfte appparasisaé claam tthwbeaghr the intepnserihas § ¥8Y/pridecendhehi p di sposed
on the fl ig chi B 2 %4.hi‘rd chi p di sposed on the TSV second chip; and the
top chi p APRAANURIPENY AREUGIBE ¢ h chip di sposed on the TSV third chip. 7. The

apparatus of ¢ @hiduapbNereL hd1Bp PSRN AEkUARA: rfiliBciRotdmn chi 4 is a

flip chip nmounted on the substrate die side;a through-silicon via (TS
second chiepicdi adoslacionhe top phtkiage ohites;to theTigigrpdsir khllegripamdys posed on the TSV

secon ?5 ¢ haJ P, wfheera%ipgra%ugeof -g a}ﬁltl mvilgrelcnhtihg cfn% stack includes:
the bottom chip is a flip chip mounted on the substrate die side; and
the top chip is a wire-bond chip disposed on the flip chip.
4. The apparatus of claim 1, wherein the chip stack includes:
the bottom chip is a flip chip mounted on the substrate die side;
20 a wire-bond second chip disposed above the flip chip; and
the top chip is a wire-bond subsequent chip disposed above the wire-bond second
chip.
5. The apparatus of claim 1, wherein the chip stack includes:
the bottom chip is a flip chip mounted on the substrate die side;
25 a through-silicon via (TSV) second chip disposed on the flip chip; and
the top chip is a wire-bond subsequent chip disposed on the TSV second chip.
6. The apparatus of claim 1, wherein the chip stack includes:
the bottom chip is a flip chip mounted on the substrate die side;
a through-silicon via (TSV) second chip disposed on the flip chip;
30 a TSV third chip disposed on the TSV second chip; and
the top chip is a wire-bond fourth chip disposed on the TSV third chip.
7. The apparatus of claim 1, wherein the chip stack includes:
the bottom chip is a flip chip mounted on the substrate die side;
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a plurality of TSV chips in a range from2 to 8 TSV chips; and the top chip
is a wire-bond subsequent chip di sposed above the TSV third chip. 8. The
appar at uswof20ol@i3Imsl, wherein the chip stack includes: wPrhe/useimosssehip is a
flip chip nounted on the substrate die side; a through-silicon via (TSV)

second chi p di spose n the ikp chip; a TSV third chip, di sposed above the
TSV second chighrogE jSﬁ@QBaﬂ?oJ“J_fSB&SFWn@mh& %moas @%ﬂ*&aﬁ%@he TSV second
chip; and the at?@v@ﬁlhpcﬂgiﬁ d@g&!eﬁ%ﬁ%@@lsﬁ%&ﬁﬁ%ﬁ whitdh csEasagrdahqyg t he

Wi re-bond fourth chip. 9. The apparatus of claim1, wherein the chip stack
i ncl udes:a plhealiboeft THY chippin sraagé Fom Lo HTHYwhirsdarsh t he substrate die side;

a W re-bond second chip disppse bove the TSV first i P . .

Chrough- oi 11 caRe Bra o Rpee whraiar S darast oi e Ty arsdatirsecond
chip; and.t he TiRMLpeHaRisioF cRIMI! f#hBRNkhE URipaa¢R Mcleddsp di sposed above the
TSV third chip. 1f. The apparatus of claim1, wherein the chip stack

i ncl udes: t he thobettm ehipps # dlipchip meuatsd pntbusibstatedia fide;substrat e di e si de;
and the top chip is;a: Sle)aPNIN N taq (T .:di sposed on the flip
chip. 12. Thelllat&rodz}ll g% hlisclaé& C aSI*V %SEC?O%\%Héipe?lr&pot%%ﬁ%mg |e§h§tcg@k i ncl udes: the
bottom chi p | sa BSYIthipd eltip gispoysdtabolveothe MISE subisd ¢hap,e di e side; the top chip
is a through-silicon via (TSV) subsequent chip di sposed above the flip
chip; and at |%¥8e-bepdlongy il ¢spasedhabavy the W spcardChioebém chip and the
top chhp in a - 1 . St =ghi p
appar g% us conﬁ??ggﬁcgﬂ%@ﬁééig%%d %uég%%u@éf%ﬁﬁgﬁoﬁg?ﬁg@ée Siggmgi]%glhgﬁgﬁg | and
side; a ahip stack disposed on the die side, wherein the chip stack

i ncl udes bot.t.om chi p di.sposed on the dje side and a top chip disposed
above ¢ hebot (DA RS RRERETA . PRE e Eppptick Tudiiiort ed by e bottom
chip, and whergi poddi€ ckifiiPa BiRGKp BRRINRA Riths &lbshat Al sig@n 1 nt er poser
di sposed on the die side and surrounding the chip stack, wherein the

i nter poser matackee-bohdsasbhid ehip esipgsrd, abancithetldy) feekbige di sposed on the
I nter poser, maetil?oluréh:[m Fco}l%a (H%R}Se%ﬁ?d Icl?l]g ldysg)gssed%oove the wire-bond second chip;

and
the top chip is a wire-bond subsequent chip disposed above the TSV third chip.
11.  The apparatus of claim 1, wherein the chip stack includes:
the bottom chip is a flip chip mounted on the substrate die side; and
20 the top chip is a through-silicon via (TSV) chip disposed on the flip chip.
12.  The apparatus of claim 1, wherein the chip stack includes:

the bottom chip is a flip chip mounted on the substrate die side;
the top chip is a through-silicon via (TSV) subsequent chip disposed above the
flip chip; and
25 at least one TSV chip disposed between the bottom chip and the top chip in a
range from 2 to 7.
13. A package-on-package stacked-chip apparatus comprising:
a package substrate including a die side and a land side;
a chip stack disposed on the die side, wherein the chip stack includes a bottom
30 chip disposed on the die side and a top chip disposed above the bottom chip, wherein the
top chip is supported by the bottom chip, and wherein the chip stack has an offset height;
an interposer disposed on the die side and surrounding the chip stack, wherein the
interposer matches the offset height; and
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| east one m croel ectronic device. 14. The apparatus of claim 13, wherein
the chip stack includes: the bottomchip is a flip chip nounted on the
substr at ewgi2e10i585 and the top chip is a through-sili ceaTwsao1p/dB#pe chi p

di sposed on the flip chip. 15. The apparatus of claim 13, wherein the chip
stack includes: the bottomchip js.a flip chi unted .on th ubstrate die
si de; the top actﬁp,sa?@gsd{SH?%?H@e-té? mt%wegi@e(%@% teas%%aa%mcﬁtdﬁﬁ B di sposed
above thgcfck bk Shirolc@RRiddcigast one TSV chip di sposed between the bottom
chip and the top chip in arange from2 to 7. 16. The apparatus of claim
13, wher €li4n t heatppprasisad klaimdBuakgeintthecliiptstagkinshidssi s a flip chi p nounted
on the substrate, die sjde; and.the top,chip i wi re-bond, chip di sposed on
Che 111 p oni p-thg botidin BT o AT P GrouBRa i ey Ui dRane T o st ack
includgs: the th@to?cmp:ﬁgianhlio%gasﬂicbﬂvﬁft'rrsvrmu@tcﬂgbo@éu sih@csupshipat e di e side;
a wire-bond second chip disposed on the flip chip; and the top chip is a

wi r e- bond SsubsEu@neratkiop caim ddswhcralsghe chinstagk pelusisfid second chip. 18. A
nmet hod of ass i / €-.0N- - Ghi ppar at us,

conpri si ng: a?g%h% .ngmﬁ%gggﬂbggﬁggﬁﬁgﬁgﬁtggﬁggﬁgﬁggi %gray to a matching
bal | -grid arr aje @ chipBisdithngh-eiiebn (RIS schequanncipp aiypasdaitdbsye thee 3D

st acked-chi p. apparatus including: a package substrate including a | and side
and a di dBicH®: a8 chi p stack di sposed on the die side, wherein the chip

stack;fas a stg j 7 RRG; i SBE bt indd A6 Bindg ;and a top
si de, gherein t%é“?ﬁ?gggége?gﬁﬁgﬁﬁggg&gﬁ‘o??%gﬁﬁﬁg?gﬁ? fﬂgﬁchgtcﬁes t he
st ack heirghge fran@ tafier ei n assenbl i ng i ncludes mating the top package to the

interposer. 1 The nmet had, of ¢lajm 18 erein.the chip stack is assenbl ed
on the. pelkageMEerPareT skradd Sbdbhs HyPRek idiBosar *t o the packags

substrate. 20.jdBedBERQds 2HiFtap Mohded WABREIUDstRE didWigs: RRger 1S assenbl ed
on the package

the top chip is a wire-bond chip disposed on the flip chip.
15 17.  The apparatus of claim 13, wherein the chip stack includes:
the bottom chip is a flip chip mounted on the substrate die side;
a wire-bond second chip disposed on the flip chip; and
the top chip is a wire-bond subsequent chip disposed above the wire-bond second
chip.
20 18. A method of assembling a package-on-package stacked-chip apparatus,
comprising:
assembling a top package with a ball-grid array to a matching ball-grid array of a
3-dimensional (3D) stacked-chip apparatus, the 3D stacked-chip apparatus including:
a package substrate including a land side and a die side;
25 a chip stack disposed on the die side, wherein the chip stack has a stack
height; and
an interposer including a die side and a top side, wherein the interposer
produces an offset height that matches the stack height, and wherein assembling
includes mating the top package to the interposer.
30 19.  The method of claim 18, wherein the chip stack is assembled on the package
substrate before assembling the interposer to the package substrate.
20. The method of claim 18, wherein the interposer is assembled on the package
substrate before assembling the chip stack to the package substrate.
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substrate before assenbling the chip stack to the package substrate.21. The
nmet hod of claim 18, further including formng a stack encapsul ati on over

t he chi p woaelo/1525 The net hod of claim 18, wherei n t hePCHUS2610A83536 S
formed including: flip-chip nounting a bottomchip on the substrate die

si de; and, w re-bond upting a top chip, .abgve.the flip chip..23. The nethod
of ol ai m2s, vHETETO] AGCIERT 1. dtiar inclloin FRsthing &yt es Ao naNPE ount i ng
a bottomg@ghi 8@ the substrate die side; wre-bond nmounting a second chip

above the bottom chip; and w re-bond nounting a top chip above the second
chip. 24.22The Hppasthodisl diint] &iwhetdn thehamestack isdomividongtdiok: i s f or med

including: flip chip-nouynti a bqgttom.,chi p on the.subsirate die side;
Lhrough- o1 11 caiPoPi o e P bR uEg e Gl BRGIREREL 7 5 Chi b and
Wi re-bond mountird@ord SUBSAGUERD cip Hodsth flipehiphi p above the second chip.
25. A conputing system conprising: a package substrate including a die

si de and Z3.| ankheghetbod af dainp 1 & tvehskeid thopdhdfestacknis foranadiieclydiag; wherein the
chip stack incd.uc tQ i ' e je side and a top chip
di sposed abov?@%@%@?&%ﬁlﬁg@m%a%hgé éﬁ%etﬂgaf%%o&%ﬁ?dﬁ’i s supported by the
bott om chi p, anige-bied @biintidpes @hbid dtipaboveake Bottodh tisipf adtlei ght ; an i nter poser
di sposed on the die side and surroundi naﬂt he chip stack, wherein the

i nt er poser mat'WhgEBoRGBoBRtNge toR shiprbova iy sscandshipackage di sposed on t he

i nterppseyy, V\/ﬂ@{ RabhE FRRiMASKEHG einth t.dBas fHcroel ectronic
devi cg? and a ee\?lp@% ouos?nb tﬁg‘? %Srlllt a%: lr::lgﬁt%ﬁg tléotg p%%@gglg. g26. The

conput i ng systfémcbip-mbatmg2Ghottahrectep nn theesubsgimpaitiiesglesystem i s part of one

of 2 cellular el ephons, & (R4S odtuRgh L8 KRRy SugeRl op comuter,

wire-bond mounting a subsequent chip as a top chip above the second chip.

25. A computing system, comprising:
15 a package substrate including a die side and a land side;

a chip stack disposed on the die side, wherein the chip stack includes a bottom
chip disposed on the die side and a top chip disposed above the bottom chip, wherein the
top chip is supported by the bottom chip, and wherein the chip stack has an offset height;

an interposer disposed on the die side and surrounding the chip stack, wherein the

20 interposer matches the offset height; and

a top package disposed on the interposer, wherein the top package includes at least
one microelectronic device; and

a device housing that contains the top package.

26.  The computing system of claim 25, wherein the computing system is part of one
25 ofa cellular telephone, a pager, a portable computer, a desktop computer, and a two-way

radio.
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