| NTERCONNECT STRUCTURE AND FORM Tl ON FOR PACKAGE STACKI NG OF MOLDED
-PLASTI C AREA ARRAY ‘PACKAGE I'nventors: Rezaur Rahman Khan Sam Zi qun Zhao
.10001] This appli.cati on claims the benefit of U.S. Prov.. Appl. No. :
60/799, 657, filed My 12, 2006; which is incorporated by reference here| n
inits entirety. BACKGRClJND OF THE | NVENTION Field of the | nventl on.
[00021 The present i:nvention relates to integrated circuit (1C) device-
packagi ng, fNE&R@QﬁW%&"Rﬁ&TU@W F&w
‘packages. Rel %TAO‘KHV@O@MGDBEDQ’EAW@AREA@&RRJXYTA&EWCkage was .'
first introduced by Mdtorola and was called Overnolded Plastic Pad Array . -
Carriers (OWAC). For further detail> . . on this package type, refer to-
"Over nol ded .Pl astic Pad: BwemysCar Regas RaMRAChan A Low : Cost, High ~ -
I nt erconnect Density | C-Packagi ng Seel ZitpinOThaoor Consurer. and | ndustrijal

El ectronics,” Electronic Conponents and Technol ogy- Conf erence, - | EEE, . pp.
176- 182, 1991 whi ch i:sincorporated by reference herein‘inits entlrety
Corrm)nly knovvn as a "PBOA" package, the plastic ball -grid array (PBGA)
package 197 es aTRiksaphlicetd dBLRARS béfest Bfigcmaw( ?Bﬁwoatsefm ¥4, ]faédl

made of B| sma eimde Triazine (BT) resins or erials

Convent i onal b4y 1gs 2eP0awhish isimamorgad Rutpdaents hPFth in it eRfirelyy

i nterconnection between stacked packages through the encapsul ating
material: Thus, what is needed is an IC package that allows for

i nterconnection through thBAmaﬂﬂgﬂtd)ﬁg‘gmﬁfEﬂmNSUNmRY OF THE- o
| NVENTI ON [ 0005] Appar at-uses, net hods systens. for i nproved i ntegrat ed_-'_--
‘circuit packages -are described.- An integrated circuit (1C):package - o

i ncludes ;8 Qisﬁlgﬁ{vn“},aw ng opposing 2 first and second s!faees, an IC"

die, and an encapsul at1ng materi aI The substrate has a pl urallty of

gontact PARPT, Lerkd BRI OBty 3h5uPhSA Rl et R et

plurality of cmnhtmﬂ:dgyvlﬁore spemﬁcaily, the invention relates fo stacked packages.

Related Axt

- [0003] - The d1e-up plastlc ‘ball grid array package was first mtroduced by Motcrola :
- and was called Overmolded Plastic Pad Array Carriers (OMPAC). ‘For further detail . o
on this package type, ‘fefér to “Overmolded Plastic Pad Array Carriers (OMPAC) A
Low Cost H1gh Intereonnect Deénsity IC Packagmg Solutlon for Consumer and-
Industrial Electromcs," Electronic Components and Technology Conference, IEEE,
pp. 176-182, 1991 ~which is incorporated by reference herein in its  entirety.
Commonly known asa "PBGA" package, the plastic ball grid array (PBGA) package
features a p]astlc pnnted cu:cmt board (subsirate) typ1ca]ly made of Bismaleimide
'Tnazme (BT) resins or FR4 materials. '
[0004] - Conventmnal ball gnd array. (BGA) packages do not a.llow for mterconneotlon o
“between stacked packages through the encapsulaimg matenal ‘Thus, what is needed R
isan IC :packa,ge that allows for interconnection through the encapsulatlag r__n_at_enal. |

' " SUMMARY OF THE MNTION
[00053 Apparatuses methods, and systems for tmproved mtegrated cn'cmt packages -
are descnbed An mtegrated clrcmt (IC) paekage mcludes a substrate havmg opposmg E

IAEIONFOR GEst acked



.elements is formed on the plurality of contact pads-on the-first- surface of
‘the:substrate. The IC die. is located on the first -surface of the.
substrate. The encapsulating material encapsulates the [C die and a ,
portion of each elenent of the plurality of conductive el enents. According
to an aspect if the invention, an integrated circuit (IC) package
conprises: a substrate having opposing first and second surfaces; a
plurality of céirst amtsepedsudret e I€idic mday dnagsulsing matesalbThe wbgrate has a

electrically c I [ d gggﬁiéﬂ: \i%;r;lﬁ?t ures. .' |
on -the second §1n aﬁé{:(gdcg?gwgdgﬂ%&}%dr%t%ugéaoﬁ%agt%}eegrhg@‘lﬁngl rcurt (a t ' )
mount ed to t heof dledticaliyrdbadietivé ftaheessarbhiersatad sarfpéaldaplutajitiodf candudvei ve .~ -
el enents forned on . th C e of -

hesubet ot o gt BorBied R bt Rl SRR aRR AL sl Plpe IWHRAEP 0,

and. t he pl ur al The/I®Mdie ¢oladated biv éhe i&ktesnrﬁbm@qf thdheibetrate. é[ha@noapaﬂamrg‘mam '
conductl ve el enent - the plurali t C uctive sed at a -
surface of the" SRR R qualerf"&flé"r ‘/’-&?&h?&%’&‘%ﬁbe Bﬁ’f?’ﬁ"{)ﬁiﬁo&ég Virt her
conprises: an abﬁsﬁtgl cal conponent rrount ed to a first surface of the . - -

~encapsul ating material such. that a pluralityof. el'ectrically" -conductive -
menbers of the el ectrical cohponent is electrically coupled to the -

plurali tyAeEor&agmtdsy&t e TR OériSion, A6 \RBAAEE OHGIC) ek b EBhplied) component
is at least one of a resistor, -capacitor, or inductor.  Advant ageously, the-
el ectri cal con%ﬁﬁ‘?@?ﬂte]il@%%mm&gﬁﬁs%rsﬁ@? sB@sFSpackage, |and-grid array.

(W) -package, PpmaAlityyrebstie: hadcoias kAo aurrAdyaat éﬂﬁﬁk&%'ehécﬁbﬁl&c%ﬂﬁéo@éﬁ&o of the .
encapsul ating nmaterial is.planar Advant ageousl he surface of the ' '

encapsul aﬂplﬂgﬁhﬁmf@lﬂcmcaﬂlécmﬁctp*ﬁéwﬁgﬂhﬁwam%@'@%@ﬁ@es‘{bﬁf@%urface of the .
encapsul ati ng gt [ el s To T cEBE@P SMsRltb:ng material . L
Advant ageousl Y, tﬁé‘ 3ur g‘égaém ﬁne encaps%ﬁg%%lﬁg ngftalgr ?'iaﬂs IS a trench
formed in the aﬁmhpmflcandmhvmdmocntaformmvmﬂtea@wohtyI0§ corgaqs [pedsain; the first
sol.der baI 0 ﬁgd Q he electrically conductl ve featur es on .t he
second suf e 041 { é%%'sl rate.
an encapsulatmg matenal that encapsulates the IC dJe and the plurahty of conductive

clements, wherein a portlon of each conductive element of thc plurality of conductwe

elements is exposed ata surface of the encapsulatmg matenal
Advantageously, the package further comprises: , ,
"an elecmcai component mounted to a first surface of the’ encapsulahng matenal suoh"-
- thata plm'ahty of elecincaliy conductlve members of the eIectncal component is eIectnoaIly .
coupled to the plurahty of conductwe clements. ' '

Advantageousiy, the electrioal component is at least one of a resistor, capaoitor, or inductor.

Advantageously, the electncal oomponent is-a ball-grid array (BGA) package, land—gnd array v
_ (LGA) package or a through—hole package

Advantagéouﬂy, the sﬁrfan‘:e of the oncapsulating material is planar.

~ Advantageously, the sor‘face.of .tho- encapsulating material is noo—plal_mr, o




portion. Opthesecosd surcg

Advant ageously, the plurality of conductive elenments is a plurality of .

'sol der balls. Advantageously, the plurality of conductive elements is a

plurality of netallic posts.. Advant ageously, the substrate is a:.flex tape
substrate. Advantageously, t he ICdie is nmounted to the first surface of
the substrate using an adhesi ve. Advant ageousl y, the package further
conprises: a wirebond that, couples a bond pad on a first surface of. the 1C..
die to a boiventhgengdy, the surfroe {4fr Ste - supapaltatingf metedals it ot shelfe formed ordheg to  ©

- an. ‘aspect Of“ﬁ%@ |ng |on a method for formng a st acked i-ntegrated

circuit prow ded, .conprising: nounting. an I'C die to a
first- surface of a substrate havi ng a pl urallty of contact pads on the

_first surface that ted i h »
plural ity AR e ot vt pEaRRars surale 19 olfr AR ShCuke T

subst r at eendapsulitiog nébtedlatir al 'ty of conductive el ements on the plurality of

~contact pads on the first surface of the substrate; and encapsul ating the

die and at |east a portion of each element of the plurality of conductlve
el ement's Qvhigschishta HivalifCst soldet BitlsSyRsineabe th ¢lbctficallgronhetivafeag:s '
mat eri al.. = Advant ageousl the nethod thither conprises:. 4 renoving a

S ﬁﬂiﬁ Serial to expose a -,-,":;-n.of each . °
conduct i ve el enent of the pI urality . of conductive elenents at a surface -
of "the encapsul ating materi-al. Advantageously,. the rerri)w}?aglﬁstep

conpri sesAdvantagspusly, themlerality of genductiye elementsiiz a pliality o9 ial such that

~a portion of each. conductive elenment of the plurality of conductive

elements at the surface of ‘the encapsulating. material is_ exposed..
Advant age ddsinjageeusty, ﬂ@mmwosmﬁuemw@eeisamglaﬁﬂwmral edge L

regi'on of the encapsul atirig material to, expose a portion of::

. each. conductive elenent_of the plurality of conductive ‘el ements at the
" surface oﬂdtrzhﬁgemslyaﬂmshbﬁtmategsmﬁt:etapa‘subsmtvant ageousl Y. the rem)w ng - step
Econprlses

Advan_tageously, the IC -die is -mounted to the first sur_face of the substrate using an adhesive.

- Advantageously, the package further comprises
a w:.rebond that .couples a bond pad on a first surface of the IC die to 2 bond ﬁnger on
the first surface of the substrate ' '

According to an aspect of the mvent;ton a method for formmg a stacked mtegrated circuit

(IC) package is pmwded compnsmg ' ’ .
mowunting an IC die to a first surface of a substrate havmg a plurahty of contact pads _

on the first surface that are eiectncally connected through the substrate to a plurahty of :

electrically conducttve features ona second surface of the' substrate, o ) o
fonmng a plurahty of ccnductwe elements on the plurahty of ccntact pads on the ﬁrst s

' surface of the substrate; and _ ' ‘ o |

encapsdatmg the die and at least a portion of each element of the plurahty of L

conductive el,ement_s‘on the first surface of the substrate with an encapsulating materlai. 7

- Advantageously, the method further comprises:




formng a trench in the encapsulating material to expose -a portion of-each
conductive elenent of the plurality of conductive el ements at the surface
of the encapsul ating naterjal. Advantageously, the renoving step :
conprises: grinding the encapsulation naterial to renove the portl on of the
encapsul ati on nat erial. Advant ageously, the renoving step conprises: T
rout.i ng the encapsul ation material to renove the portion of the '
encapsul ation mREtngaR. Powaﬁt%@ewwaﬁ%@ﬂ%w (FP5E e Petivpr Pl sch o
etching t K the
porti on of P FRAREaLE of e TRliey s b B 2% sBhF e chopRIRLS
further comriabes: forming a plurality of solder balls on the pl urallty of
-conductive features on the .second surface of the 'substrate: - Lo
Advant ageousl y, the encapsul ation step conprises: 5 encapsul ati ng- the d| e Co

and-.first Aplventageotsly,dlie removing step compresegnt s usi ng a dam-and-fil } process, a:
nold cap |nject|on nold n [OCES ri p. e
o caP kR fne RESCHSRe cRlpRuBhe RufhaPRRF el YShrel g tn.

el ectri caloomhmqi)mmcnt of the blurality sfivohduxtive Eletrorts enttia paficai the empmtatmg such '
that a pl ur%% ctrlcally conductive nmenbers of the electrical -
conponent M 8’[‘1?9 al 'y coupled to the plurality of conductive el enent's.
Advant ageousl y, -the. eI ectrical conponent is a circuit elenment, wherein the -

nmounting qf the elecgtrical onent{ step conprises: nounting the circuit-
el ement t & Y%@‘F%@?ﬁ?’?‘%\?@ﬁ%@?@%ﬁapsul ating material such that at

| east one | eadrenbingAPedpHerdl le&ge&bﬁﬂ?@&fthb%n&bﬁﬁ&t{dgfﬁ@dtédél PO doRidnhe :
pl urality of conduct ive. el enents: Advant ageously; the electrical conponent -

i's a | and<agPi.epnapeting %’%‘?@ég’é the (BhﬁrahtWrﬂfr ugtiie Clampents ehdheosurface ofi Betrical

conponent b eR AR RAleHgS: nMounting the LGA package to the first surface of
t.he encapsulati ng materl al” such.that a plurality of cont act pads of the
LGA package is electri caI 1 y coupl ed to the plurali ty of -

Advantageously, the removing step comprises:

forming a trench in the encapsulatmg material to expose a portion of each conductive

element of the plurall_ty of conductive elements at the surface of the e_ncapsula_t‘t_ng matenal

~ Advantageously, the remowng step compnses : _ : _ . S
gnndmg the encapsu]atton material to remove the portmn of the encapsulatton B

matenal

Advantageously, the't'eﬁmviﬂg 'steo comprises:

routing the encapsulation material to remove the portion of the encapsulation material.

Advantageously, the: removmg step eompnses .
etehmg the. encapsulahon material using a chermcal etchant to remove the portlon of

" the encapsv.llatlon matenal
Advantageously, the method further comprises: . o
forming a plurahty of solder balls on the piurahty of eonducttve features on the S

_ second surface of the substrate

: .Adva'ntageouslj, the 'encepsulatioh step comprises:



conductive elenents by applying a solder paste to the plurality of baI
pads of the LGA '~ Advantageously; the electrical conponent is a ‘

t hr ough-hol e package, wherei'n the nounting .of the electrical conponent
step conprises: nounting the through hof e package to the first: surface of -
the encapsul ating nmaterial such that a plurality of termnals of the
t hrough hol e package is electricall coupled to the plurality.of

conducti ve el enesspalatinghmdia ged fatt plurelify ofsendyative AlepRats Bt F’%‘%éﬁd@gupl i ng
a_plural i (R68uRfor bl blerkiRib@pdcakyr al i ty of
bond fi né’)el"r% o%gitaﬂi &? @t?gc{ﬁ@g%o?d&%ﬁrg?é&% ‘he gﬁ%sotr%at e. é ‘BRI %p: E)ESCRI'PTI ON.
"CF THE FI GURES [ 0006] The- accorrpanyl ng draw ngs, which are incorporated - @ -
‘her.ein an%dfvgﬁt%e%?ﬁgrtﬂerﬁ hm{ ?t%ﬁip fiigation, illustrate the enbodiments of . .

‘the presen n-an W th the description, further serve to
‘expl.ain the pr mwnqmm ewcuichtecompbmntmenﬁetawecegfthempeﬂm@eerﬂ gich| | ed

in.the pert| ne t 1%%]'?@% gm%sg] %]E \Qﬁyg St:ﬂcal[ Qé‘g‘j’ﬂ&é&&‘%ﬂﬁand B

uL)

convent i o array
:show t op ambiaitdeha/plﬁuhwolfemﬂecﬁne\eﬁwtsof an outI | ne drawing of a PBGA -
package. [0009] FI.GS. -3A and 3B show exanpl es of stacked packages. [0010]
FI'G 4, shows a conventional fine pitch ball grid array (FBGA) package.

[0011] FI GlvantsdoSE, shouedticl baapeest Bpscifoult casatyinlicrn the rhdnfiag ke,
accordi ng nmbodi ments of the present invention. [0012] FIGS. 6A-6E show
met hods fﬁltccté‘ﬁgo’gtnﬁﬁ“e%ﬂ?ﬂﬁ?ﬂ%esel ements by renoving a portion of ‘the - -

encapsul ati'ng ABi@itgahe m&&&l@émﬁt%ﬂﬂﬂrs?ﬁnﬁdaewflﬂmmshhdﬁg e:tawnital ‘swehFI GS. -
6A-6D can be used to form _ stacked ackages [I}Celjfdf] gE g}rﬁ S
f 1 owchar t thet af Heash ea% Agsdyo s"th@pérct"ore %n%’ttalélﬁe‘ﬂ’ hEeRRER o tﬁ%é’ o an ©
exarrpl e eghRdidRMentinst he present invention. [0015] FIGS. - 9A-9J illustrate °°

a stacked | C package-at: different phases. of assenbly accordlng to an
exanple enbodi nent of .t he present i nvention.

Advantageously, the electrlcal component is-a land-gnd array package (LGA) wherem the
mounting of the electncal component step comprises: ' _

A mounting the: LGA package to the first surface of the encapsulatmg matenal such that E .
a plurality of oontact_.pads of the LGA package is electrically coupled to the plurality. of
conductive elemeits by applying a solder paste to the plurality of ball pads of the LGA.

Advantageouslﬁf;' the 'eleciﬁcal component is a through—ho]e paokage,. Wherein the mounting‘ .
of the clectrical component step oompnses v

© mounting the through hole package to the first surface of the encapsulatmg material
such that a plurality of ‘terminals of the through hole package is electrically coupled tothe . . -
plurahty of conducttve elements '

E Advantageously, the method further comprises: : . i
~ couplinga plurahty of bond pads on a first surface of the IC dle to a plurahty of bond ' f
' ﬁngers on the first surface of the substrate ‘ B



[0016] FI GS. 10A-10D show different methods of renoving the encapsul ating,
material, [00171 - FIGS. I'l A and 11B show the result of renoving a planar.
portion of the encapsulating material. [00181 FIGS. 12A and. 12B show the.
resul t of rennving‘a:portion,ofrthe enc@psul ating. material .along the
periphery of.the package.- [0019} FIGS. 13A and 13B show the result of
formng a trench in the encapsulating material. [0020] FIGS. 14A and 14B
show how an LGA package.can be nounted on top of a BGA package according
to the present invention 7 [0021] The enbodi nents of the present invention
wi | I- now be described with reference to the acconz&&ylng drawi-ngs.- I n the

drawi ngs, |ike reference BREBEPESCREIFION @F THEHICYRESor functionally

sim.lar el ements. Additi.onally, the |eft-nost dlglt(s) of a reference

nunber i degddef.i es t Wala T, h &hd kdruSi artquearé.---
DETAI LED %@gé?l PTI oﬁ%@%ﬁﬁ% % off bt %t%([ig%{g%] References in .
t he: speci fi cat therspeaification, s ﬁnrﬁmbbdhmntsewﬁathdlpm@mt invengian apd.alegrteer .
enmbodi ment, " e | 5'33&6:1 a - -
particular fea%vﬁﬂrléhe d%?énﬁlﬁ%ﬁrfégﬁ%ﬁ cﬁar&?[%ﬂlrl s %&ﬁ?éftﬂg%r %&%&éﬁgnt .

may not  necesemblelaypersos kkitled inl"themmnantmt rmdleahdns, thstnwemioure or

characteri Mor.eav such not, ne I eferri’ ng to
t he sane é‘ﬁi?zﬁl nentﬁg EF@‘W’ % © oﬁa P%ﬁ&?‘?a& gg‘?%@é %té%ct ure, -
charact er [@IOBE i S dHGiSroneﬂtt PR shicwn topGhd eide wdetvs, mpecmdfmntthnd d:rawmg

submitted thatgﬁa&%@A thin the know edge of one skilled in the art to
af fect such f B¢ £ 1 ure, or characteristic in connection with ot herl

enbodi men{gogphet heﬂthrsAJ@tdmm{duc.ta;tatnxﬂe@ewmkbegaclcbthZS] The present :
speC|f|cat|on di scl gses.one .or ng?gg()dl S that |M@por te the. g ‘
features: (480} he. lrﬁ;@nﬁ]%?ﬁvsaﬂ?@"e@?‘% et RACEAEENDI i fy the = .
1 nventlon[oome scongGsfsAse shbR Y YaSid stcps fwtaséemmlﬁgalt@patcia@geda&sﬂd@ge@ S

'enbodl ment ¢

S
embodzments of the present invention.

[0012] FIGS 6A-6E show. methods for exposing. conductlve elements by remowng a-
portion of the encapsulating material.
[0013] FIGS. 7A-7C show how methods shown in FIGS 6A-6D can be used to form
stacked packages - ' SR A .
[o014] - - FIG 8 -shows a ﬂowchart of the asscmbly steps for a stacked IC package
accordmg to an example embodlment of the present mvcntton 7 : '
[0015]  FIGS. 9A o) illustrate a stacked IC package at different phases of assembly,
7 accordmg to an example embodiment of the present invention. :
[0016]  FIGS. 10A-10D show d1fferent methods of removmg the 'encapsulatiﬁ_g.
~[0017} . FIGS llA and 11B show the result of remowng a planar portton of the
E : encapsulatmg matenal : -
, [0018} .. FIGS. 12A and 12B show the result of removing aport:lon of the encapsuiatmg_
material ‘along the penphery of the package.
[0019] FIGS. 13A and 13B show the result of formmg a trench in the encapsulatmg
matenal ' , T - '
[0o20; - FIGS 14A and 14B show how an LGA package can be mounted on top ofa
| BGA package accordmg to the present mvenuon. - L EAR



The invention is defined by the clains appended hereto. [0024].
Furthernore, it. should be unders_t-ood that spati al descrl ptrons (e g., - .-
“above", . "below', "left," "right,"- "up", "down", "top", "“bottont, etc. )
used herein are for- purposes of illustration only, and that practlcal '
i npl ement ati ons of the structures described herein can be spatially
arranged in any orientation or manner.. Overview .[0025] The inventi '
descri bed #8aki n priha d@b"@m‘?@@hﬁdﬁ!“o@‘?seéhdn‘@abﬁﬁ illsnep rbe feseipedg Vi an 1c
package | ncl UdjpgeRe AL hab Qng{% oS Rhd babindd kS REMRR. neibbaceS,
an.1C the, of’an encapsu terial. The substrate has apIurallty of
contact pads omdichte iddntisal osﬁmbamEHY h:aulaaclememecﬁﬂdleamw the gf-mest digitss)

plurality of ect cali A
plurality of c‘(’)thaﬁ% Jv(ée g%ﬁ%&itﬁ %}orrre on t FLF %%?ﬁ%gﬁsa(ct
pads on the flqgkmsurface of the substrate, 8 The IC d|e I.s. | ocated on the
first surface of the substrate. The encapsulatlng mat eri al encapsulates
"the IC the and a portion of each elenment of the plurality of conductive
el.enents. [0026] A por DRTADEDGREICRIPEIGNIOFOIHE MEVBNUT@ANi ty of conductive:
el ements is left exposed (erg., not encapsul ated by the encapsulating

mat eri al ) ;abageteyposed portions forma plurality of contact pads whi ch
maybe coupled to a device. The device nmaybe anot her package, a circuit

el EITEB'[ 3 gj&ﬂdThe ll@f?e&é&?%%}we&ﬂcaﬁﬁm‘ﬁ :n@ieye;ﬁ%odﬁhéﬂt,eﬁ'anbmb@ﬁmmge’!ans uch ' -
as a ball gri array BGA ine pitc a arra or
gri‘d array (PGHpmP en?"é@d&%’% ahwﬂratpéﬁqta%%gﬂrb%wa%%ﬁéﬁﬁg%y ]BQ‘T grid. -
array (BGY p fur| Rabdf dethRiuPR O GRaraclisin! O 200y BubRiMh méy tibea
circuit, boar such as . a(grl nted circuit board (PCB). BGA packages’ rrg
eed

used wi th any nepgeardly inondgitks pavierlar featiyar TRErea PT (hatastaristic. t Moregy ey sug
LCs: In a BGA ,package; SHldahi gbn‘ﬂf% Egthel Uide SMbERMBS. t PEURACKRGEa

per1 ‘phery, as in chip carrter but cover the entire bottom
package surf aqartnqalaarfeamea)strc@urm gl:rrc rra@msucaeodepmb&égéscoamcuan SWith @ferred

to as pad ar r A3t l{spéb%.t’tte@ adlt 7% fvin i hoWiddde of one skilled in the art to

- affect such feature, strocture or characteristic in connection with other embodiments -

whether or not exphcrtly described.
[0023] - “The present speclﬁcation discloses one or more embodlments that mco:rporate_ :
the features of . the mventlon The disclosed ernbod:tmonts merer exemphfy the.
fnvention. The scope of the invention is not limited to the d1sclosed embodiments.
The invention 1s defined by the claims appenided hereto. ' _
[0024] Furthormore, 1t should be understood that spatrai doscnpﬁons (e g "abovc", I
-"below”, "left," "rlgh " "yp", "down", "top", "bottom", etc.) used herem are for
pUrposes. of ﬂlustranon only, and that practtcai Jmplementat:tons of. the structures

doscnbcd herem can be spatlally arranged in any onentatlon or manner. . |

Overview ,
[0025] | The invention described herein provides a methodology and apparatus for '
forliii'ng”ari IC. package including a substrate having opposing first and second
_ surfacos an IC dle, and an encapsulating material. The substrate has a plurality of ' '
) contact pads on the ﬁrst surface that are electrically” coupled to_a plurallty of .-
] electncally conductrve features on the second surface A plurahty of conductive -
elements is f_‘orm_ed on the plurahty of contact pads on the _ﬁrst surface of the substrate. -



- 118 is attache

array, and pad-grid array packages. , BGA packages types-are-further--
‘described in the followng par agraphs For additional description on BGA
packages, refer to Lau,'J. H,-Ball Gid Array Technol ogy, MG awH |l
New-Yor k, (1995), \Ahi:c_hliﬁs,here'i n incogporated by reference in its
entirety. [00281.- FIG | shows a conventional plastic ball gad array (PBGA)
package 100. As shown in FIG 1, PBGA package 100 includes a substra{
102, an | C. di eTha ¥ die chatb@)ml&?@ fygssurtagn ofdhe pasirade [Hhy eneapspialine 565‘8"51%14

bond fingers 1%,9@%49,93@_ f aiblidg o FUACPOE SRS UL BE pIERIRY bRbortBivel C die
Irs sur

ace of substraté 102 usi.ng an. adhesive -

"106. Wrebondselmdnteoupl € bond pads 112 on IC die. ‘118 to bond fi ngers 120{_-,":

o oe s aRbuagt f aceA oSt bahCadn OISRl o bondet rahaet i mal 1y

. coupled t tact pe%’s on-a secon ace-of substrate
" Encapsul ating expatet(ezl; nﬁﬂ&cth@thyahesndmt@gm@mm Ebaemsedmmma‘nd a

B’(r)(rjg Ieg'?l 8];1 the o aﬁi‘g&t}i’é}? ?Efq%&%léshlrfﬁ%ace “81%" %ﬁ ra%lgIli 102 aﬁngégnd
,encapsu: at1 6 g? m;_er adkagl@% c(iar&lljeedgﬁgrﬁ;iet(:éﬂ@mpwkagemm ?yletyeofcshﬁmmtﬁts i ng.
oxi ot 1 n' i o Bkt SyRo agal Bdagey B GhD HE siorPLEiE ARy CROANALEATS,

the substrate gid&tdyf(Pengr, in a "direction away fromthe PCB In di e- down
BGA packages, the IC die is.munted on a bottom surface of the substrate.
or stiffener, in a direction towards the PCB. [0030] A nunber of BGA

package s%zgf_@& &Mﬁﬁa%k&‘el’l%khnoldgﬁ}l uding ceranic, plastic (PB&), and tape '
(al'so known as "flex"). :[0031] FI'Gs. 2A and 2B show outline draw ngs of top

and- si de views respectlvel y of a conventional PBGA package 200 incl uding.

an ‘encapswgisp ng nef ekl hia by gGAgg Bthidlsued pitlage BURRHHIYa0IC Sinl der

- balts 110 shown. i-n encapsulatin rraterl 108
‘does not conpl\et‘tblawlremt/b@ar@ echt aspp Bmtﬁfaéﬁc‘%‘f b@ﬁ’o@fq BGpra g‘f@ﬁ%?fw G 3A
shows a stack ufaélg fgpﬁ{( dicstmelggaon L
anot her B. GA g%{gg&eﬁ%gﬁ@gg ﬁg aﬂgsﬁdéa?\% e pl U?%FI y of sol der ball
| and pads 306, paskagensijes pads dmgotrm@unaun@ﬂ:@ paakagp@eapmfa in ghip gpurier

substrate 314, tg{@ 08 cﬂ&e?%%lé% 30%nki ! SRR Mr ERUR oS rrbyPe ARG AEEN. 304 -

through a plur
- _ BGA packages are also referred to as pad array carrier (PAC), pad array, land gnd
array, and pad—gnd array- packages BGA packages types are forther descnbed in the
following paragraphs. For additional description on BGA packages, refer to Lau, J.
H., Ball Grid Array Technology, McGraw-Hill, New York, (1 995) which is herem
' mcorporated by reference i in its entirety.
[(}028] . FIG 1 shows.& conventional plasﬁc ball grid array (PBGA) package 100 As
shown in FIG. 1, PBGA package 100 includes -a substrate 102, an IC .die 118, -
wireborids 104, solder balls 110, contact pads 114, bond fingers 120, bond pads 112,
and an encapsulatmg matenal 108.IC die 118 is attached to a first surface of substrate
102 using . an adheewe 106 Wirebonds 104 couple bond pads 112 on IC die 118 to
" bond ﬁngers 120 on the ﬁrst surface of substrate 102 Solder balls 110-are elecmoally -
coupled to contact pads 114 on a second surface of substrate 102. Encapsuiatmg
'matenal 108 encapsulates IC die 118, wirebonds 104, and aportzon of the first surface |
of substrate 102 for envitonmental protection. A penphery of the ﬁrst surface of .
substrate 102 a:round encapsulatmg matenal 108 is exposed (e g . ot covered by_ ,
| encapsulatmg matenal 108) '



sol der balls 110-that contact exposed solder ball |and pads 306 on bottom
BGA package-304.. Exposed sol der ball | and pads 306 of package 304 are
l.ocated al'ong a periphery of a top surface of substrate 314 and surround
encapsul ating material 308. For furthé detail on package 300, refer to
"1 nmpl enent Stacked Package-on-Package Designs," El ect ron| c Engineering

Ti mes, 2005, by Dreiza et al S i.ncor por at d e einin
its entirH099K 0034]D‘F1u2ian§§1%ﬂ%%%23‘£ﬂ?1dfa§? cg?%%‘\ﬁae N3 SCR %gfé‘?élﬁ £ V\n% some
di fferences czilpdgp,[ deD Gk RS dfeak niGited! dh @@@k@.@ﬁc@dﬂtheauﬁmatemﬂﬁﬁénpamkaage 316
has 1C-die 31 l'aced inside of a wi ng b&theksub%té @%3 314 t: eby 5 :
reduci ng the HbIegh‘?DQﬂaYtﬁ’P@lth@\?&BaI]F’dp% REY BOATPRCkZSR GBI TP %‘h and
3B can be attag tlﬁfén}*s%}—fg&of%@dﬁs%t&ﬂ%hﬂéﬁhﬁa/d&w%awmP(pBocesses N
[ 0035] Because sol der

ball | and pads on the botto kage s%pstrate
top must [9830lexpos e nmber|df diEA gackage sybsigle pesoPish 1P b‘P 5?%5‘5 IC die .
of ‘the bottom pauiwat ed Wthin an encapsul ation cavity-
(e.g. a nmold c@%@@b 33&13 leﬁmg}ﬁ(eﬁ)%tgnt@of t he encapsul ati ng materl a% and .'
to prevenoste encdiiSsi24t dnd@Brsvwrquglinefdrapingtefiep ide VIEWH aPRCHXRY A

sol der bal | "1 and pads . %?%Pﬁiei %@&&%Q%O@' fricluf gtﬂ'ﬁenﬁﬂﬁﬂaiﬁn‘gl AklcAs megefial B

is” linted, thé&® SI Ze e contal ne hin the - encapsul at i ng.
mat-eri al nmust sabsioatd2landra photalitiy bf soldedlallas e dis showpiar kot FIGs. 84984 8Bt he

top surface of t he substrat 6%%6% &ggplétagggfegﬁga%age 1%Hmcq®2|*mts_' §

the bottom pdCRA e srm and package
200 showngpse)F! GS. Fl@ 3AL sBoek Qstaﬂ&ﬂpmm package 300 imchplgka & Apatkags A9 ar

features to pack ge 304 a n, Fl ly. To -
mini mize stres¥s "é%‘lﬂ‘ﬂo nggg'rﬂaﬁka a@ha%gﬁmﬁldfﬂgpﬁ%l& gdq%g&% %’%fn N
pactages thﬁ 15magam@aek ulaan@haanataoananlammj amba!;u’camééM mol ded BGA
packages such as PBGA  packages. 36 F ct| vVi.ew .

of "a conv@f¥3lonat . ﬂ’?ﬁ‘ég‘b?’%ﬁ é@ﬁ" gle@c)p"ga@ E 03(9% tﬁﬁuﬁ@ él %%ﬁtrate
102, wi rebonds @A valfk Ploumad bdn‘t’ac@fcx?&w%bldclbﬁﬂl &n&lﬁds 306 loa- bbttam’LBBi,A and an
encapsul ating material 108. Encapsul ating, materi al ' tes a

en a
first (e.g., treprsedps Jzposd seldechalllend pars 306 0 gacheeh 94 ‘?
wi r ebonds 104, pe§bﬁb§3¢o@§%%ﬁ%&tdf@%éﬁ&ei1'4adnd359§01ﬁﬂrm|:@$s@lhﬂngeﬂﬁﬁﬁ51bﬂoal es the

first For further detaﬂ on’ package 300, refer to "Implement Stacked Packidge-on-Package
‘, Designs," EIcctromc Engmeenng Times, 2005, by Dreiza et al Whlch is mcorporated
by reference. Herein i in zts entlrcty , ' R ST ,
[6034] ' FIG 3B shows a similar stacked package 310, with -some dlﬁ'erences .' .
- descnbed as follows. n package 310, a bottom BGA package 316 has IC die 312
placed inside of a wmdcw in the substrate 314 thereby reducing the height of the -
overall package The _packages in FIGS. 3A and 3B can be attached usmg
o conventional reflow surface ount processes.
' [0635] - Because the solder ball land pads on the bottom package substrate top must be
- exposed to allow for the stacking of a top package, the IC die of the bottom package
must bc_ encapsulatcd within an encapsulation cavity (e.g. a mold cap} to define the
cxtcnt of 'ahe encapsulatiag material and to prevent the encapsulating material from -
covering or _ccntaminat_ing solder ball land pads 306. Since the size of the
encapaulating i'aa'terial is"limited, the size of the IC die contained within the
| encapsulahng material minst also be limited. This rcql.uremcnt to parnally expose the
top surface of the substrate for package-to-package interconnection limits the bottom o
_'package toa PBGA package smular to packagc 100 and package 200 shown in FIGS



surface of substrate 102, a plurality of contact pads simlar to those
shown in package 304 and 316 cannot be placed on a per.i phery of package
400. Thus, package 400 is limted to 3 ing a.-top package, if a stacking
st rat egy shown in FIGS. 3A and 3B is [00371 The stacking of a

package on top of another. package reqU|res el ectrical interconnection
between the exierpa| | 3 9f Wé?ﬁh RS KB Yaslage FoSIDLBIUEd ar ea
array packagestlsucftz asg%ﬁf:%9 Snep é%&gackages not ha\%rea gl ectrical signal

i'nterconnect t ghomwinnil BIGH 3A1em|d Pacicaipetivadyy “émmfla@ese stress SENE EPBb? em

Xl St S O oot LA RS ik S ARG RARE o' AR ol vl | L
paﬁkages (E g. hmﬂaeto\lima&ésfmelﬁedaﬁﬁAfﬁokmme]m&dRBGehved@gyackages cannot have
ot her ackages st ed on their 0

i nvent i gn Qﬁ?’g} corre%‘ﬁﬁ}eﬁ ShAWSa fi GRS 58‘3:'3 ?l b&y © Eggo%’éw O%al Ifi"é gn%}Pﬁrfgnts of

the. present i NgHBA)GAcRILE 4@6$ﬁdlﬂdﬂegia mrbsﬁtae a01, visdbouds 1q4pasﬁx]rauaanfmter
details of struct uraI and- oper ati_onal | ement at.i o gf a? ked aq Jages
n

of the present ballsidptano %‘Pélﬁe@@r"’fﬂb‘“é’élaﬂ afifrgempigtipl, THese

structural and;gpgkashieRah SRk 8ITRp) Kikeosf Aberaes6T a1b@wttsﬂeafe fi8rand
illustrative purposes, -and are not limti nﬁ For instance,

nt
i nvention as d&isehonge#04 Siegenencapsplatias 0f eemplitey FRoADS f‘ﬁéﬁ%ﬁﬁg

types, includi pgelagnd.; tx‘afe P! §¥lufa}%f coRiabt pa@$ sishileF foalose B&n ingiackage ne
pitch ball grid array GA) packages, including any of the GA@ ckages

descri bed abova¥ @driitlﬁ@mt b¢ phigechopp Pﬁmﬁieétmchﬁﬁ’t@op%emc 2E° DeldDw are
appl i cabl e {0 fl G tto%{(%ﬁlézats‘&i g gﬁagepﬁ%% sRAES} iowhURSIGB! SA Rag BBgES,

ceramc substra e packa ther su rate types. The description
bel'ow is adapssathl e to these and ot her package types as would be

under st oo pers ki | I ed \ O Leashi ngs
her ei n 11?00%@0401 glgmgt%q, a&ﬁi%g (¥nhe0$e§1€5n(fﬁﬁ S p% {tlt]‘?%d bel ow may
be .i ncor por at etdterdahﬁbcﬁdsxadieedeqnadhagemmdepemd@mﬂ yop @nd nwtome reekesned i n

th th t her feat d ] t
0 por sons Ski PrEHORRT e b oy SR &) PRGASICLRA, BRUBN & B8 iapear en

elecm_cal_slgua,l interconnect terminals on their package top surfaces The same

proble‘fn exists- for certain types of leadframe packages such as no-lead quad flat
' packages (QFN also known as MLP, MLF, and LPCC packages) as weIl as TAPP
. packages (e 8. ' see www asat.comy}. Consequently, these packages cannot have other_- o
packages stacked on their top. | c -
[0038] Embodnnents of the present invention. overcome the hm1tat10ns descnbed
~ above. Example embochments of the present invention are described in detail below.
[0039] Purther detsils of structural and operational 1mp1ementat10ns of stacked
packages of the present mventlon are described in the foIlowmg sectlons These
structural - and operattonal 1mplementai:tons are described herem for 111ustxat1ve
purposes, and ate not limiting. For instance, the present invention as descnbed herein _
may be mplemented in other IC package types, including land grid array (LGA), pin
-grid -array:(PGAj, and fine pitch ball grid array (FBGA) packages, including any of
the BGA packages described above. Furthermore, each of the embodiments presented
: below are applicable to flex tape subsirate packages plastic substrate packages,
' ceratmc substrate packages and other substrate types The descnptlon below is
adaptable to these and other ‘package types, as Would be understood to persons skﬂled_ .
c - in the relevant art(s) ﬁom the teachmgs herem_ : '



[0041] FIGs. 5A-5C show an -enbodi nent of the present invention using solder- .

ball pads and solder balls to provide an interconnection structure for
package stacking, but as woul d.be understood by sonmeone skilled in the
art, conductive elenents of a varietyldf shapes nmay al so be coupled.to
contact pads 520 to allow for the electrical interconneCtlon [0042] FIG

resent i M0MHE on. FeeRans’ S5 o e BREREEHDEplofe R0 FOBY MG Rpohide
present i i on.

plurality of ﬁ@éQﬁék&aﬂab@géeﬁne@a@aegub@mapoermmmmlm irﬁ)ﬁmamerohmnﬂis 104
adhesi ve 106 and a plurality of solder ball pads. 520, 84 Sublstr

102: can be or g @at(lwdeﬂDRhed hopein, s We@fdanaepararﬁé%gmﬂé edél\d}eo?e

from ot her di eL.r‘?gﬁ ‘? tRERk&hliRl RereiffUr t hernore, substrate. 102 may have one
or  nore condu ayers including features such as cont act qa bond
fingers, toGdes, cEiﬁhu&AfS&‘eShQmeodﬁ%eﬂt of e TresERISIRY BEPHPSIG S"E eéi‘f’ul cal
signals, attac h%%d gdlfler\MaPseg%?&dde ﬁl%gf‘o'on@h{)&smﬁhﬁe for b&k@é&l \BERg BNt i Ng

of el ectrical o onen power/grou anes, etc. Vias or other
electrically cosndruulﬂl e ufdentteidelsy seneobe skidled mttbe @%W@ﬂ@%l#@“@éﬁp?@a

conductive features t;Ena%esgm%ysﬂjosber&%gled%fsorlst%bg?% atetgggo‘pﬁjrlm@aganggo are

attached to a T{I° surtace o as shown in FIG
5A." Sol der bal intpasigedtion. are el ectrically connected to a plurality of

cont act pads not ), a_secon b typat e
102. [004@[04% G 5]5}{:} el %\R&'ﬁ g%g%h% 9@1& s?g%:ocr)‘% uraﬂ tdf}Ho gol der
balls 522 munb%aﬁ iSRingen. matage soaimchides subsee 102, dé:rdw:)lala apsazltwoé
nmount ed on sol der’ bal | . pads. the fj 8% surl;‘ elgl ﬁéﬁbs”ﬂ%’e 2 is
encapsul at ed i ¥ldes balt dp ?IE’PI?SH t‘n L ire &6 er
balts 522 rel aé}lh,}ég?,t(qsglla@rgam gsmrface of substrate 102 is equal to or
exceeds a height o top) surface of enc

a first apsyl atin terlal
108 rel at {403} o t heSubpEale 19%%3@ opganie, (B ERS ¢ioh g a?f(f:, [/eh

sol der- bal | af,4dgoRl otheéd! dididerdd maahﬂer P*&ﬁhérﬁl&@%ummebmex@md oheog not .
covered by encapsulating material 108 [0046] FIG SC Soagﬁg%a(:ka e 500

after a |layer mﬂreem@@-}sﬁw bypigiupluding foa resggch 83 cqntachpady, b By er —
the encapsul atéoggu b 1%@ i6r 1R8N RGen aoﬂOQIeIc&faﬁl @fgnal@aai&cﬁﬁaeﬁthefsecond .
s 522 1 s exposed and truncat ed. FIG 5C : -

pI ural ity of so
R + wirebonds, solder balls etc., to enhance mounting of electrzcal components for

power/ ground planes etc. Vias or other electrically eonductwe features may be used
to electneally couple conduetive features through substrate 102.
[0944] solder ball pads 520 are attached to a first (e.g., top) surfaee of 'Snbstrate 102
- as shown in FIG: 5A. Solder ball pads 520 are electrically connected toa plurality of
contact pads (not shown) on a second (e.g., bottom) surface of substrate 102.

[0045] - FIG SB shows package 500 with a second plurahty of solder balls 522
mounted on solder ball pads 520. Once solder balls 522 are mounted on solder ball-
pads 520 the ﬁrst surface of substrate 102 is encapsulated in an - encapsulatlng
material 108. If a height of solder balls 522 relative to the ﬁrst surface of substrate '
102 is equal to or exceeds a height of a first (e.g., top) surface of encapsulanng
material 108 relatwe to the first surface of substrate 102, a pOI'thll of each solder ball
of the plurahty of solder balls 522 may be exposed (e.g. not covered by encapsulatmg

: matena] 108)

[0046] FIG 5C shows package 500 after a layer of encapsulating matenal 108 is
removed When the Iayer of the encapsulating material 108 is removed, a portion of - '
each of the seeond plurahty of solder balls 522 is. exposed and lruncated As F IG 5C



12 shows, after the layer of the encapsulation naterial is renmoved, the
plurality of truncated solder balls is exposed and forns a plurality of
contact pads so a devi ce can be nmounted on top of package 500. In an

al ternate enmbodi ment, the |ayer of ené%psulating material is renmoved such
that a portion of each sol der ball of plurality of solder balls 522 is
exposed, but nqt tru e 0] S kage
mold top can b u§e8 é’qu%fgﬁgéﬁgéggﬁgggb%%gﬁ%%gﬁ%h§aéﬁ%g§%%g§gaRﬁc
stacking to f onmoateﬂaoluageﬂers qupeded gad {oPoPy pstrattk of cdutdct padh eo elesdterahi c.

component s, ud|n packa |ndu r C|tors rs can
al'so be attach ‘to‘ﬁ}’ggirﬂaﬁtf?ge e aaﬁs RS én(r%Ptaltﬁid@;ep 03048]

There are varlwgpsqlahﬁghﬁtmasﬁ&aﬁdveﬁeobh thasa pomemoae&hlsalﬁeﬂgﬂlrﬁtpaualav t hat -
can be renoved to expose and tr ate a quFallty of conductive elenents -

to create a pPlisekder balls g2 sewp i nt er connection. [00491

FIG 6A Spfo\!ﬁ a cr %@n%%t&peéusvmvsn%c eaaag&eom £pQanbE Qscdi ogelbarion .
enmbodi nent of” the. present invention. Package 600 | ncl udes su éat% 102,

ICdie 118, wntesqsonwsoaowc &8s pAckign tacking teforgig RASkagS AP DAY
pfurality of Felc%%gé n%:@qentse nﬁ@ﬁﬁhﬁ#gabadﬁggdgatlﬁfuh@ts ](Q citors, and
I’ I a enc

Encapsul ating mat sul ates solder 1s 522 die 118 and
Wi r'ebonds 104. refistotsage 2180 be mh@dpﬂertooanf@eeﬁ@caoﬁbtloa@pfynﬂéﬁéapsul ated in

encapsul a@ﬂgg mat ety al, 108, dol?ltgtdzf?er&q shdpQl Bglfnohp&' %@%ﬂﬁﬁ@ﬁﬂa fal thRiah1 al

108 has n et been renove 0 expose~a portion each.sol der ball of

plurality of seldeovibkd sxfa and t&@ﬁ@le FlpGra@p oheonductivp slskaggle t602%ata A this -

enbodi nent , 02 | ub nt i al | | ar to package 600. However
ih package 602’“%%HP ‘i ?% '% ‘““%%€§%§L|at|ng material 108 is

renoved t@ogypose and. BAUstoaisea skdsctitml [vdevb 2.2 piREagey b0y adcayding 6100 _
e L S SRt B e SIS S O,
as .contact pagisebbh@l roal b piirflity ofdobiek bhll phdsi 320e4 plnruhiecsf sohlenbdlls S2Readri cal -
oEoTer" Son° Snegeubdnasdety S8 abimPnBe Rae0B SRR e 2 110
substanti al |y 18 Biel 8138 LAd RACHISE I@QZP@KS@DBM has solist @alls 6b2 rempletely a
F_)l anar regi on egf;aptsglgteg ntflagtfcgllns%i[al’uggg mng:gr?arll ?08 %)?lt ia port:on of the encapsulatmg .
-material 108 has not yet been removed to expose a portlon of each solder ball of _
plurality of solder balls 522 .
' [0050} FIG: 6B shows a package 602. In this embodiment, package 602 is .
suos'tantlally similar to package 600. However in package 602, a planar layer 610 of
‘encapsulating otaterial 108 is removed to expose and truncate solder balls 522. N
| ‘Removmg layer 610 results in the reductlon of an overall heIght of package.
Moreover, pomons of each of the plurality of solder balls 522 are exposed to serve as
contact pads that allow for electrical interconnection w1th electrical components
: and/or packages on-a first (e.g., top) surface of encapmllatmg matenal 108 .-
~ [0051} FIG. GC shows a package 604. Package 604 is substantially snmlar to package -
602 except that instesd of removmg a planar region of the encapsulatmg matenal asin
FIG. 6B a port:ton 612 of encapsulating material 108 is removed along a penphery of
~ -the ﬁrst surface of enoapsrﬂatmg material to create a shelf in encapsulatmg material
.108. Asa result solder balls 522 are truncated and exposed to allow for contact w1th _
electrical components and/or packages on the first surface of encapsulat:mg material -

108. -



FIG 613, a portion 612 of encapsulating material 108 is renpoved al ong a
periphery of the first surface of encapsulating nmaterial to create a shelf
in encapsulating material 108. As a result, solder balls 522 are truncated
and exposed to allow for contact' with lélectrical conponents. and/or
packages on the first surface of encapsulating material 108. 13 [0052]

FI G -6D shows. a pac 606. Package in ElG. kS ; LA :
simlar tgﬂﬂﬁg&kage 4gpﬁ8?ﬂscﬁp %g%l%@gl\@/aec%agfendg ga@b?i%%%& ngIﬁhﬁYm 7
encapsul ating epsREdgel604 ABFIGALCNHotvheerprstdag né ramovfngteneaphilating watefid d88 of t he
encapsul ating material ,/108, .a trench 614. is forned in e S | -

Tt o al 1081 Ao the eerateni of g fRESRROL ALhF BB bR TRy RREhed Ly
exposes sol der ; gl 12 2AcpRdatilg! ¥Eridl 008 4O Atretdrgulnt fingarowid 1€ die 118 dimponent s
and/ or packages on the first surface of encapsuyl ati teri 08.. [ 0053] =
FI G 6E shows pueseEgeandossrossscioidis s P2 %@s@ﬁﬁfiéﬁgl"g&ﬁ%"“%r g"1?%‘1f>4§ckage
602 in FIG 6B r@&ﬁ%ﬁﬁ? nd/ A h8AGesQn tHS iRIs1dfal bf @bipkylateds habgenokal Is to
allow for the c(\)/ ti ca'ﬁ-n,i n'?ercgensnélct i ons, a gl u.r'gzllpikty .of nmetallic %%Sts 616
are used {@53] | ow fBIE. 6BIshewy packagei ¢S Packnaeeds s adbstplicdly gmilangpackpge
enbodi ment in ' & '315);1%{' DOkl inENPRPTY G doRier PRIsab aBbwBBthes
renmoved to eng‘SsEe&:Fﬁg 8n’%’ta'_ Ve p(}lg%gofsl?&ngl a? ;ow packarge 602, b‘ﬁrt as woul d:-
be. under st ood et riterenrskiidns.ea pleralityeofametalligngostst idhare uspd itoridloWetoRi | ed
i n packages 604 or. 606 nay_al so X ttlvhich aRRstes pofdR -

[ 0054] FI GS. 7%99}’8@@W@?%Sﬁ%ﬁ%a@%@%@%‘gccor |én%h?%m§nba§gi rrpﬁ_(t)s of the
present ‘i nvent dHencapabiiay emakdidl 008 F$ Gemavadi tnodxpokesthé BGallia pkeie ¢IrBBO 18t acked

on top of FBGA package 602 as s.shown in Fl G 11&BFn k S
i'ncl udes | C dPaé’Eﬁgféf’,%gpﬁ"graﬁl“f ) eirsd%ord %ﬁ%mgg%uencapgu a?gﬁ%mrrgt erial. -
108. and secongptiphtiBabilddyin patkaged 6r obsdd magt 2Bo be nsddl (G expdse wonliepostonal
FBGA package 300 is stacked-on top of FBGA package 602 which has exposed _
and. truncat ed 8 der balfs 522 as a result of renovi ng a planar portion:.of. -

SN0 ST s i o oot e
'E op 01‘ 'FBGA p%fé%@&b@vggg? ]%éﬁ%ﬁetﬁoﬁg’ftFaGaEAé?m %@@gggﬁ?ﬁeé(%r %%%r%(og' _
invention. In EBEAFBGA package 602 as was shown in FIG. 6B. FBGA package 602 includes IC
i die 118, plurality o_f solder ballé 522, encapsulating material 108 and second plurality
~ of solder-balls 110. In FIG. 7A, conventional FBGA packagé 300 is s.ta'él'ced;oh top of |
FBGA packag; 602 ._Which' has exposed and truncated solder balls 522 as .'aA result of
' 'removﬁg,a plaiﬁaf pbf_lzipn"of mold encapsulation layer 108 as shown —-i1,_17 FIG. 6B.and
discussed abpvé. _ - B
[0055] = FIG.7B “shmrvs Iiackage 702 1n which _FBGA ﬁackage 300 is stacked on fop of
| FBGA paékage 604, according to an embodiment of the present invention. In FBGA
'packége 60_4'501(1@1' balls 522 are truncated and exposed bjr' removing encapsulating
- material 10-8._ aiong é"periphery of a top surface of encapsulating material 108 to
ex;')‘oser 2 shelf in. t'he.‘en'capsplation material top as shown in FIG. 6C and discussed
B _ _ ' o
[0056] | FIG."/'C shows gho____ther package 704 where FBGA package 300 is stacked on
top of FBGA package 606. In FBGA package 606 solder balls 522 are truncated and -
. _exposed by fqnning a trench in the top surface of encapsulating material 108 as
Showﬁ FIG 6D-rand' d1scussed above. Embodiments shbwn"in FIGS.:- 7A—'-7C‘includcr _
"FBGA jié.ékag-et?yo'[).. Hdwe_:?er in alternate embodiments, other &eviceé .su_‘chl as other | L

-packégcs'andlbr'elééﬁipa}i éorﬁpon@nts may aisq be the'topl péckagf_b. in the. stacked



package 604 sol der balls 522 are truncated and exposed by renoving
encapsul ating ~material 108 along a periphery of a top surface of
encapsul ating material 108. to - expose 3 shelf: in. the encapsul ation’
material top as shown in. FIG 6C and dfscussed above. [0056] FIG 7C. .
shows anot her package 704 where FBGA package 300 is stacked on top of FBGA -

package 606, | B iBEnRRGla0 RO b%ﬂ{nﬂ%ﬁgl%?ﬁ%sliﬁ a3adkafl Salil UNGALSY afiftfen:

exposed by for ng a t I'n the ace’o ncapsu I'ng nmateri al
108 ‘as shown Fik@&. PéRageridpaiksgeistewbnadrtivns. caEbbmadmﬁdrsoldtmeﬁnwn FIGS. 7A-7C

i ncl ud k 3 | nb di '
e a5 offi3Y! " pacicagss ae D oreRtF b R HERTEn oS e SIS o

package in theon sheambeﬂrﬁéb op dekagetratdvis ﬁ&Vl&fttoni p&kaga;l thotat emlq@stedtag;as in a

package stack can al SQ differe t si zes. . Pack pac '
i nt erconnect i off&2%98f K °‘frh°dgl eaith dfte dprgeneption Yﬂtﬁgﬁ?) "O?SLP"W?

i1l ustrate packa@eesiofaPRAAKRGE shipes IEARTIVE eRNicYokt Gs ssﬂvdﬂn ﬁaekdge 609 t he

top. surf ace Ofgf he: substrate in the bottom package, but as understood by
someone skillef9-8Ethe art, the interconnection coul d be facilitated by

conduct i vgpos§pat ur estsaag@th\é%bessaatnea Ripes hidd A0LRGIRY Bleb i€ 2 RASE;
shown in package 608 in- FIG 6E. [005 Al't hough t he abovenenti one

packages have #rfgaRémm thth@k@ds paokages @ deggpbedcharein guavaalsobe anplied &1 dieked

packages as de&ﬁ‘m& hel&idy may al so be applied to die down packages as
wel I [0059% FI G ghows a flowchart 800 providing exanple steps: for
assenbl i n@ﬂ flacked FIGG‘ shows kdlpashart 8fthpreviding wsample ktepdr epemblingmtrsked

crbod TNt il pREAEPUIED s AP IR | SRR LS B0
necessarily hamsonsnsleldxeiwn the rélémanbarte) bashd o ﬂlewaowhgp:ﬁscmssiorFl Che Stear €
desor 0o I5h0kin P 8 EY BB e S5 4 PO B GRS
fl.omchart 800 FIGaﬁohraﬂacnesdemr dadail below. FIGS. desor llhl‘slrﬂ:a dosindly stsganﬂllang : |
oL Bl LA A PASREE A i P VAP a8 ™ 17
. and are referred to m the descnptmn below rega;rdmg flowchart 800, for 1Hustrat1ve o
purposes x : o
[0060] Flowchazt 800 begins in step 802. In stép 802, an IC die is mounted to a first
surface ofa substrate The substrate has a plurality of contact pads on a first surface
that are electncally ‘connected through the subsirate to & plurahty of electrlcally
conductive features on 4 second surface. ‘ :
. {0061 = In step 804 a plurahty ofbond padson a ﬁrst surface of the IC d1e are coupled
toa plurahty of bond ﬁngers on the. first surface of the substrate For example FIG.
. 9A shows an IC package 900 in which wirebonds 104 couple bond pads 112 1o bond' L
fingers 120. ; _ ' _
o [0062] In stepij-806, a Illurality of conductive elements is formefl on the plurah'ty of E
conitact Iaads on the first surface of the substrate, For example, as shown in FIG. 9B,
package 900. has a first plurality solder balls 522 formed on the top of solder ball pads
520. In alternate embodlments other conductive elements may be formed on the -
, plurahty of contact pads such as metallic posts. _ -
[0063] ' step 808 the conducnve elemenis and the IC die are encapsulated n
s encapmllatxgn,_mcld material. For example, as shown in FIG. 9C, IC die 118 and
plurali_tjt of solder halls i5_22 are all encapsulated in an encapsulating mate_rial_ 108. The



surface of a substrate. The substrate has~a plurality of contact pads ona -
first surface that are electrically "connected through the substrate to a.

plurality of electrically conductive features on a second surface. .
[0061] In step 804, a plurality of bondlspads on a first surface of the IC -
di e-are coupled to a pI urality of bond fingers on the. first surface of .

t he substrate. -
wi r ebonds 10403%()% é;f%olgé h%l%"?a?b%%ﬁ ?trel%glrls é i 006% &Fﬁr‘l\@%t%p 806,
a plurality of bakbmdﬂmhs e@oeéer&m;sulasoﬁ oapthd dume tusing gl dﬂnabmd—ijll gfocegspRt act - - -
pads on the firs surfa e substrat For_.ex | e FIG
9B, . package QGEPdI‘iﬂ%“E ?é‘f‘o P%Pgﬂcfstsyass%fpdgrrp%rpgg%%dls%ﬁ&gwl}n e top : -
of sol der bal | opRfl§uitabR@ncdpBulatidngro@teasardubdiberamiesstood bly@ersomsnstiltet fiv the E

el enents may be for rred on the plurality of contact pads, such as netallic
posts. [0063] F Hdevenest®os, the conductive el ements and the IC die are

encapsul atggk4 enﬁﬁﬂépl's?@ | PportiEd 6f 1HBlAEdpBhlatifpOmaRN AP kanoves t<s opuse ian FI G -
9C, ICthe 11 and pl ur al |;t9%10f sol der balls :522 qal‘Ee al | e $lsul ted in

an encapsul at i Bertivatelrgagh- condctivy glemsnt of thet plprafjfyap %PdB‘Fm?o‘f s may
be encapsul at eﬁﬂ%ﬁ*&f&ﬂé%c shRditd ke éﬁ%@u hﬁmayepahledg@ﬁmuéﬁ iyResed.

Encapsul ation e done sing a dam process, a. nold @-2]?

i njection nol dnngpmtlon,es"eny athet shape Giat gxapiss eéﬁhéonﬁ‘iﬁlﬁ? Pigmﬁrt@éésespl Any -
other suitable p DY, SRS
ki 1 e 1 -t heof PPHOH C MR PrA S gga o bl 1D BEARE AR 0D e R
encapsul ati ng yte6itadf ansapselmn@maiboalelﬁﬁcgaowd tp@trumabmar@fexea@rpleremmft ive

el ement Of.theﬁg@gggé1t¥sz%e aQ‘U{{“VFI Bl &nge (?g Bs 09" IRRA 61D s

encapsul ating anar aye’r an-edge porti‘on, interior
ring portion, arcapam}atmgme.atesﬁiap% trrabvedx plosg 2 geuphecordutbt i fop wirkepmf of

e oL S ol Ry S SO R 00,
t.o-truncat e anshoexinFeG.HRinphtkaye 906, a sohdhedl 4hafohsebRPrembsing lhointerion 1iBE G, - 9E;:
zangﬁshzf;‘ e L oS S SRR S B Al Al SR ST
and .expose pl usal, ithy p@xfnoﬁ@k HRS enBashlatidn’Bate A3 may be removed in a variety of ways
' such as etching with a chemical etchant, routing, grinding, etc., as would - be
| understood by persons skilled in the relevant art(s).
[0065] In step 812, a plurality of solder balls is formed on the plurahty of conductwe o
o . features on the second surface of the substrate. The second plurahty of solder balls -
may be used to mount the entire package to a circuit board such as a PCB. For
'example as shown in FIG. 9G, in package 902 solder balls 110 are attached to contact
pads. 114 on, the second surface of substrate 102. FIG. 9G shows this step with
package 902 ‘but this and éubsequent steps can also be'can'ied-oﬁt using packages 904
or 906 Moreover, other structures such as conductlve pins, may be coupled to the
plurahty of conduct:we features so that the package can be mounted to a circuit board.
- {0066] .. In: :step- 814 an electrical component is attached to & first surface of the _
| encapsulatmg matena] For example, as shown in FIG. 9H, FBGA package 3008 -
‘ attached to-a first (e 2 top) surface of encapsulating material 108 A]though FIG. 91 ; :
shows a FBGA package stacked on top of package 902, a vanety of different
electrical components can be mounted on top of package 902. ‘
[0067] ' Steps m ﬂowchaﬂ ‘800 may occur in another order than hsted above. In
partlcular, steps 804 and 806 may be revcrsed S0 that the pIurahty of conductxve



shown in FIG 9F. in package 906, a trench 614 is formed by rempving art-
interior. ring. - portion of encapsulating material 108 to expose and
truncate plurality. of sol der balls 522-The portion of the encapsul ation
material may be renoved.in a variety ofévvays such as etching with a .
chem cal etchant, routing, grinding, etc., as would be understood by

persons skilleg.in thsgfoﬁiﬁmfe Bt bha &?%goﬁﬁsgusgff%&oofﬁgx@sub%ﬂé HAcPlhd Y Of

sol'der balls i&916rne e plurality o eatures on the
second surfacethefICt Hie Buit&bh[fﬂtm th¥ hep sexawdofp that aubsuyteo‘mﬁsoﬂlﬁjehﬂ@éﬂ o€ My

be -used to nount th acka cuj t bo r ~ For

exarrpl e, as shB’WP P edgfao %}?I%géﬁtgd’gb%é sdosl0 erf% %Pwm{g&are attached .
to contact paslsmd ﬁhlgérsmm thélagxﬁﬁfaoemfmumﬁacraeoForsaxlampteaaeshb% inAIG 919G - -
shows this ste W Ih 9 ut thi e nalso -
be carri ed- out %PW&“&E&E&%E @"’8‘& 522 m@@%a"?‘ﬁﬁ B‘i’sllg g@?ﬂ%& 52{) (%‘c such .

as conduct i ve. g piRSef siBraRE1 20TREH FIO. $INEC diel luBas attawh@ftoalmwplemnfaceof :
features so that the ‘package can be nmounted to a circuit oarP(Fj % . In
step 814, an efubsrals V@cﬁ%awelr% cpaple, berndrade) 112,0m thegfirst thed the ‘
encapsul ating mttsg,b@dﬁng%&ron%@opg&facegfabgmm@ 155G 9H, FBGA package 300
Is attached to Irs e.g to surface of encapsulating material 108.

Al though [068] 9H mr@mmgnééymkwmﬁswﬁt@ﬂé kasgeon o
varirety of di f% @g?ﬁtgi %lletsﬁﬁ %@?A SRLPOMENY B £8FoRfed B RieCdo@fd. fRRcd bt
0 t owc

package -902. art 800 may occur in another order than .
| i sted above. sluhstrapa)rﬂmcul ar,' steps 804 and 806 nmay be reversed so that

t-he pl ura of cqnductive %ﬁﬁ!ﬁ s on
the first OIué(}f ace 8‘? . qee su %?r%%tﬁ%ﬁ %ﬁﬁh&ﬁ] %@gg&ggﬁ ege%o t he
top surface oftop pertios bbsichaifehenfitshplitaditypdiisobder bsllsk exmsptéliﬁﬁ@smefbﬁbp%d from

Lhe, PLUTEl 1LY b3 PR5e P, B0 oPUE! ACE Myl sl fhroers

first plurali trymﬁ‘fedmﬂﬂ&rﬁrbtqﬂhz‘éh@&sdd& balls dn:h:&dxatr@toslml tdmcatexhﬂol allpwdir 520 on-
Lo thet op susrdeetb o b Rsab Be ot 10 b hiort B IBhE i 8 i‘i?eﬁn -
the-first surfg@oea9bekkippddC die 118 to bond fingers on the top surface of - 7
: :}gt Syﬁgt GRS, 102, R008E] e N S S5, B2, 808 AL RS S0 0
use d:ﬁerent shaped conductive elements on the top ‘surface of the substrate. In.
parttcular, the steps cari be used to make a package that uses metalhc posts to
facxhtatc vertical mterconnectxon In this case steps 806 and 808 may be reversed
since the posts can be put into place by forming a cylmdncal cavity in the
encapsulating matenal and placing the posts within the cylindrical cavity. .

{0071} Furthermore, steps of flowchart 800 may also be used to assemble a stacked
package in 'Which-the bottom package has. a die-down configuration. In such. an
embod;ment, step 804 becomes ophonal and may be omitted.. _

[0072] - FIGS. IOA—IOD 11A-11B, 12A-12B, and 13A-13B show dlfferent methods of
- removing a portton of an encapsulatmg material to expose a plurahty of oonductlve
-elements. FIG. 10A shows the top view and FIG. 10B shows the side view of an

' encapsulated substrate 102 before any portion of encapsulating material 108 has been
removed FIG 10C shows ‘how grinding could be used to remove a portion of the I
~mold encapsulatxon compound 108. FIG. 10D shows how routmg could be used to -

remove a porﬁon the mold encapsulauon compound 108.



be nounted on top. before, solder balls 110 are forned on the second
surface of substrate 1.02: [0069] ' Mdreover, a done over flat
encapsul ati on techni que can be used in1 ich the top portion of each of
the first plurality of solder balls is éexposed. If this nmethod of
encapsul ation is used, a portion of the encapsulation material does not

have Lo bggg sprmovedy glmmg5shgxelusftekdsgxecsansciseinms siBahgwaia bpve to |
be ‘truncate o] devi Ce or package to be stack d on. %’iﬁ) of the

bott om FBGA. Thisw, of amtfmtlse cmepsulataspsubgiiate pRgrieplanar medipn of the FRP
steps indicate L aBRAR AL Uit ARCEHILA MACHAURY hat

use- di fferent é“r?g con uctive (‘a@emsnts on e top surface of the .
substrate. In scpiaﬂ.frtblanmﬂrare ahthe stiep beightesracapseldtingompiana 198 196G EntiTR at
'uses netallic posts to facilitate vertical interconnection.. In this case
steps 806 and tr‘Hﬁy be reversed since the posts can be put jnto place by °
form ng apeym ndri cEIG. C2Aishows Msibfie unit poapsedianal Ngpwaddiital 2B sty aPng the:

posts W|th| n the cylindrjcal cavit 0s1], Furth wchar t
800 may al so bé‘eﬂs%éj‘mc gntae §8??§F‘élat§é( &éf%l? iﬁeﬁ&c&é‘ggﬁif%ﬁ%ﬁigﬁﬁg&%ﬂn o
package has. apflicBaldRWemeoaf hgﬂgam 9smpﬂefy sfiaie ap swfab@df ma;capmnsm -
becones optional- and may be onitted. [0072 Jg_(g Ci% Oc% {kmcjﬁ 4

12A- 12B, ‘and 1Batenapokpisly Eﬁcﬁgére’:"rﬁs}}‘i’t‘é’iﬂh’éldl £l én??\l)feﬁd’ Boft #on 6f an-
encapsul ating Epth%%%ﬁn Rhye@bhd ¥hat tedistytidley makasdsdder FIG
10A-shows t he @Eﬁtgﬁsgiwhand FI G % sho%rs t he side %w of an . encapsul ated -

substrate 102 bd éﬁ%a@mﬁafﬁéﬂlon of encapsul ating material 108 has been
removed. flgrs 10C Senes Ao 4 410 dnf bkl sifions Gl 2dIHIGDYSB ahovmrfoFon of

the nol d“encapsul ation.conmpound OD shows how routin d be
used to rermveleu ‘plon icotiret elded | bgrate gl atii-"@ﬁhc@ﬁp@uf?dm%@ 073]

FIG 11A shows g, SLRBLSI g&’ lt()Se 5%&%&?‘& SBGh oY FRY 1@@@1 é&tﬁagda}%ng*sﬁélﬁda t OP' |

vi ew of an. en?nca encapsul at rate after a planar. portion of the
encapsul ati ng trmhéﬁ&mlfcm&dnmmhcﬂﬂle,&@dsﬁsom in FIG 11B, truncated and

exposed f ol PI ur gty 8, Ba ph&a3RBR 1PRIAEGAS
encapsul a l]{(]%S] mat e?l%lgﬁ %81 %glj#o%f%g}%g%s{s??g%an@{g ? 22 Clib
" package, in accordancc with the present invention. In FIG 14A solder paste is applied
foa plutality of ball pads 1402 of LGA package 1400. Thc plura.hty of ball pads 1402 . -
“cotrespond toa pIurahty of truncated solder balls 522 which are acccs31ble through a. -
-top surface of 2 FBGA package 1404, In FIG 14B the LGA package 1400 is mounted

“on top of BGA package 1404 and can be attached usmg ‘conventional rcﬂcw surface ‘_'

mount processes. .

- Example Advantages

[0077} - Embcdlments of the present invention provide many advantages over =

ccnventxonal BGA packages, mcludmg those described above with rGSpect to FIGS. . . -
14, Some of these advantages are described below. Each advantage descnbed below -

does ot necessarily apply to each embodiment described herein. Furthermore, the
advantages provided by embodiments of the present invention are not mecessarily
limited to those described below. _

{0078] (D Packages accordmg to embodiments of the present invention allow the
mold cncapsulatmn 1ayer of the bottom package to span the ent:re sm'facc of the - R
substrate and allcw thc size of the IC package not to be lumted by thc size’ of thc mold _ I



[0074] FIG 12A shows a single unit cross-sectional view and FIG 12B shows
a'top viewof an. entire encapsul ated substrate after a portion 612 of the
-encapsulating material is renoved al ang t he periphery of the top surface

of the encapsul ating material of each package. As shown in FIG 12B a
center portion of each die protrudes higher than the peripheral regions
where the first nl I aldps car AlsaIte mibwmaized for[20075]
FIG 13A shovvsth?;i‘”‘%s%&}5%6t zoﬁﬁﬂdgg%égﬁsggt@gﬁglﬁw egw and FIG 13B shows a top
vi ew of an entg:veel@mlhm substrate after a trench 614 is forned in the nold

encapsul | ayer of .e sho e A ar
ri ngps hagﬁg%]t re%ct@bg%cﬁngal f %l?ér}r%od]h éﬁch&opﬁt Log Iﬁéﬁdl (]aos% Bth[aodfr) FimC‘BiS
14A- 14B show andtérim;el%wtﬁir mmtchrhgitgrﬁcampa@@gé packagespshgpmgn d@t gk kage,

i n. accordance wth the r i‘a@ebﬁ
applied to ao\é\g‘eﬁrc@?sf‘i} iﬂ%“ﬁ%gg %"f o%ﬁb{%@alg%@gggk%do 9 ‘
plurality of hadbube@dls edpbocti (e rtioe spoumell bpermapﬂulahagma}er@l) tprbdﬁ’é“at"dﬁ’nsol der -
bal I's 522 whi ch are acc bl e through a top surface of a FBGA package '
1404. In FI G PRelsse e i C‘i)%g%ﬁj’e 1400 is mounted on top of BGA package
1404 and @agmbe at {(HehRAniAsteDsd @R bal padndlow ff bmw ssrfadeaneunt aud, through-

processes . Exanpl e- Advant ages, [Q077] nbod of t he
i nvention pr-oviotfePaekaaps &db%tﬁteatﬁﬁé’aﬁﬁgia n E’d “";QB(‘?%&1 pd@ %ﬁ%egtballs :

i'ncluding thogg, P&%C{eg:geqm?@%% el dblde%%ﬂl@(ﬂ{elthig trrss cavitit cdn béSﬁmne@to t hese
advant ages are descrl d bel ow. Each advant age escribed bel ow does not

necessarily appbept bash euéhe mnbodndeneusicids iepe@aferein. Furthernore, the

AL a0cpoRCy | e e 58O BGIQDp Sitcnare
necessari Ogﬂllmtg@f}% %BP{eP ERLEp s o REGHH BP

described bel ow. 3, Cl?rg% Sib
according to et‘oﬂmmdlhyentderltaﬂlsmapﬁdeméﬁp:spﬁheéﬁﬁq ta? P PREAS y

encapsul ation I B RadkBEe. ARbdelcBntadtpafinae oOf
t he substraté danal Qﬁ e @@gl%%ﬁ%ﬁ&gﬁ i:q)aeg%ot tg bgal :#r?t ted by
3

the size of theeam:laphulhﬁngotmml topak sadpe Heorasi with otheg tynep of Ffd‘t“t“d
package can allea s ecause er?a%ee%mlgdb)?solgdr‘{)aﬁ IC die size.

[0082] - (5) The height of the entire package can be reduced by using smaller solder
balls for the top peckage or removing the solder balls entirely and replacing them with

-solder paste placed on- top of contact pads as shown in FIG. 14.

- [0083] (6) The solder bail-made contact pads prov1de better rehablhty than
conventlonal copper/mckel/gold pads for the solder joint ‘because there is no’
mtennetalhc compound (IMC} formation on these termmal pads that ‘can reduce- :
solder joint strength ' , L

- [0084] (7) The contact pads on the package mold top are formed using conventlonal
processes for solder ball mount, molding, and machining wrdely employed in
assembly houses, -

[0085] (8) Since the interconnect contact pads are on the top of package mold they
can be’ easﬂy identified and accessed. Assembly through-put and yield of package _
stacking process can be 1mproved because the contact pads can be easily accessed and

‘ because the contact pads are made of solder that can wet the interconnect termmals of
the top package | : ' '

[0086] (9) The encapsulanng matenal that covers the entire top surface of the bottom_
package provldes mechamcal support and sttﬁ'emng “The mechamcal support for._' R
package-to-package mterconnectlon is prowded by the encapsulatmg matenal of the . "'. :



[0079] (2) Electrical interconnect pads on the top surface of -the . .
encapsul ation material allow for fine pitch ball grid array -( FBGA) S
packages shown in FIG 3 and other chi;p scal e packages-that do not have a
substantial portion of the top surface of the substrate exposed (e.g., not
covered by encapsulating material) to be the bottom package in a stacked

package. [0080}okadd pddhSed dndnddt @6t &) 8@ thebifineRasdshabdttm pakageosubstedss. f ace
nount and t hrough-. Rol e packages to be the to ackage I%G{?ng‘ﬂit acked

package. Si nceTherethinoiscr lﬁééiﬁtf@neibfélle{fib&suh“{aéﬁgpig@&@i&g &g BuR 69Ty
bal | melting p%il'%seﬁsﬁ@s\friﬁ%%scl B & I BRELE o A8 S6RIm PRAdsLT f ace mount and.

thr ough-hole termnals.” ‘If e contact term nal pads on the :
encapsul ating material top surface are fornmed by solder balls truncated on
top, “so tKeseugomt act pads can be easily wetted by solder and fused with
term nal |eads of. another BGA package. These contact pads on the . -
encapsul a{008g} mat er Waile tveouwsaemtzidirgertie o dlsi prpsdng desentign havst besp doygribsdof

term nal | eads becayse.they.are rimed sol der. b : ‘he - |
hei ght of the g‘?ﬂ?ﬁrlg’%}‘ﬁg@&’ﬁé‘ deg 0%@‘3{%%’?%’8%%%? Pﬁéﬁeﬁtg‘ll i%’?r‘é?{ gféés%Ipo %g%:iibal s

for the top paskpg® 1BitatieNOV dhgukines phater tobgdrdoas ekitled ol the aeldvanepit ditng
e D) 5oL S B PhEE 20 kol B OISR R 0Rug BB 1

[ 0083] (6) The’ ] - _ . tter relrabrlity
than conventi giad and QERRIJf McikelehOlehtidad Thigthd hieadsipbmiiescoposfithe pesatise -
there is no intennetalli¢c conpound _SI N%) for mafti on on t%e%@'{!erm n?l pads
that.can reducEvensiogeshoplsy mot she digitad. byoemu) ot He PROVEEHTREE FHIPBh the
package ol d t gR,QHiferdtObiRHodS bBBefRA \WERih Q8Rtdany WEEHS Esllowdig claidlsded bal |-

nmount., nol di ng, and machining wi'dely enployed in - assenbly houses. [0085] -

(8) Since the ﬁﬂ#é@éﬁﬁ%@%t contact pads are on the top of package nold they

can be easily identified and accessed. Assenbly through-put and yield of . E
package stacking process:can be inproved because the-contact pads can be -
easily accessed and. because the contact pads are nmade of sol der that can -
wet ‘the interconnect termnals-of the top package. [0086] (9) The '
encapsul ating material that covers the entire top surface of the bottom -

package provi des mechani cal support and stiffening. The mechani cal support .-
for ' : ' S -



package-t o- package interconnection is provided by the encapsul ating
material of the 19 bottom package and does not rely on the stiffness of
t he bottom package substrate. Thus thin as well as extrenely flexible
substrates, including tape based. and thin core BT based substrates, can
be used for both the top and bottom pagkages. Conclusion [00871 Wiile
various enbodi nents of the present invention have been described above, it
shoul d be understood that they have been presented by way of exanple only,
and not |imtatgoamet shoul d be apparent to persons skilled in the
relevant art that various changes in formand detail can be nmade therein
W t hout departing fromthe spirit and scope of the present invention.
Thus, the breadth angd : - t corh tion should not be Iimted
by any of the gbover}%e‘g%g‘? Eeggfrggég%%%%énboﬁc}?&n{%t s, but shoul d be defined
only in accor darsobstsstet favingeppdsaid fowi ang sedoafd gwrfagasl, . their equival ents. 20
CLAIMS 1. An integrated.cirgcui I g L SiN@. te
havi ng opposin& PﬁF@ﬁyéﬁ (@%%%%3£s§$f§%g§§ %H%%ggg{?%yﬁgﬁnggﬁ%ggﬁﬁggds on
the first shfidcagdeaocaf piuhtitysoibdédadatly ebediictiiv€ fdaluyes @othoesetond sudaa qfitbe al ity
of electrically conductive features on the second surface of the
substrateﬁugﬁm%%tegrated circuit (1C die nounted to the first surface of
the substrate; ,3 iﬂ%%}ﬁt@h b duiQiC O HidGhtd & @b BRRBiSack of e dutirathe plural ity
of contact pads on the first surface of the substrate, and an
encapsul ating mettemlita of conductienelapents foresdionghe plumlisy afeprfaserasisndhe ty of
conducpiv%kqg%gggt§ﬂyﬂgg&g#@aﬁﬂporpion of each conductive el enent of the
plurality g Stconductive el'enent s i s exposed at a surface of the
encapsul ati ng mat @chulatiag dnatkréal eitat ehbapsalates dbe 16f diehande theapladligt iohg
material is gne of a shelf or a trench forned in the n sul at.i.n
Tt or | al  ZoRRHEVAIERAGE Bredinag APHOR L PHEFORSRE Srmgh o te Bl 3
conductive elements is exposed at a surface of the encapsulating material, and wherein
the surface of the encapsulating material is one of a shelf or a trench formed in the

encapsulating material

2. The package of claim 1, further comprising:
an electrical component mounted to a first surface of the encapsulating material
such that a plurality of electrically conductive members of the electrical component is

electrically coupled to the plurality of conductive elements.

3. The package of claim 2, wherein the electrical component is at least one of

a resistor, capacitor, or inductor.

4, The package of claim 2, wherein the electrical component is a ball-grid

array (BGA) package, land-grid array (LGA) package, or a through-hole package.

5. The package of claim 1, wherein the surface of the encapsulating material

is planar.



an electrical conponent nmounted to a first surface of the encapsul ating
material such that a plurality of electrically conductive nenbers of the
el ectrical conponent is electrically coupled to the plurality of
conductive el enents. 3. The package of claim2, wherein the electrical
conponent is at |east one of a resistgpf, capacitor, or inductor. 4. The
package of claim?2, wherein the electrical conponent is a ball-grid array
(B&A) package, land-grid array (LGA) package, or a through-hol e package. 5.
The package of &l ai Mhd pasMags ef tlaithk vasrdimte soffadehe the emppnlaing mgiteriad er i al
is planar. 21 6. The package of claim11l, wherein the surface of the
encapsul atIFH@“‘Pr]&’E‘%ri al is non-planar. 7. A nethod for form ng a stacked
integrated circuit (1C) package, conprising: nounting an IC die to a first
surface of a substrate having a plurality of contact _pads on the first
surface that are el éctmsthed | fpr clorminet edsteshedughearsed seitsgitr 3 paskage,
plurality CO&I ri?ierQ-C”i cally conductive features on a second surface of the
substrat e; grmﬂ'g a plurality of conductive elenments on the plurality of
cont act pads omndulneing fih IGtdicstr 4 e swffact € asubstatcabayingan dlueatitya pb einditck ng t he
die and at I eas ortion of each.element of the urality of . conductive
el eront s s we e i Sutiredar @S dpm B it ot el s Py
material, JMRREEICAL MBISHIVE a3Gaured o hecencapse dtthagiberdteri al is one of a
shelf or a trench fornmed in_the enca?sul ating material. 8. The method of

claim7, furthdprmingpplusslityof semustivglamsatran §p pBrality of eontachBdsam the

material tH . eXPNSSrlRbidPN 04 each conductive elenent of the plurality
of conductive elenents at a surface of the encapsulating material. 9. The

met hod of cl ai rn@psuilergehndiched atdnpya pertist epeashpisnicsesf. the pinwlibng a pl anar
e o (he e e LA 6L M SUFILL e I BRy Oy BRGRRRUC Ve

el ement of the Bt enents a e surface o
material, wherein the surface of the encapsulating material is one of a shelf or a trench

formed in the encapsulating material.

8. The method of claim 7, further comprising;
removing a portion of the encapsulating material to expose a portion of each
conductive element of the plurality of conductive elements at a surface of the

encapsulating material.

9. The method of claim 8, wherein the removing step comprises:
removing a planar layer of the encapsulating material such that a portion of each
conductive element of the plurality of conductive elements at the surface of the

encapsulating material is exposed.



encapsul ating materi al is exposed LL | NTERCONNECT STRUCTURE AND FORVATION
FOR PACKAGE STACKI NG OF MOLDED PLASTI C AREA ARRAY PACKAGE ABSTRACT OF THE
DI SCLOSURE Appar at uses, met hods, and ¥stem; for inproved integrated
circuit. packages are descri bed “An integrated circuit (I C) package

i ncludes a D& @ | C die,
a pl Ul’a|lt§ﬁﬁ€é¢@ﬂh}§ ' 6 %ﬁ%f ]gg‘i& $ eri a? The
substrate has aplurallt : i'rst surface that are

electrically coupled to a pI urality of electrically conductive features on :
thé second surface. The plurality of conductive el errents is formed on the -

fi r'_st surface of the subst ratﬁ_gtg%ch&)e“ ']flsb?f)% the first surface‘-.:

of the substrate. The encapsu encapsu at es . the IC die and a
portl on of each el ement of t he pI urality of conductive elenents. L FLG 5A

I o _ Apparatuses methods and systems for improved integrated .circuit packag&s are
- described. An 1ntegrated cn‘cmt (IC.) package mcludes a substrate havmg opposmg ﬁrst and
second surfaces an IC. die, a plurahty of conductive elements and an encapsulatmg material.

The substrate has a pIurahty of contact pads on the first surface that are electrically coupled

to a pluralityf of -.-elec.trically conductive features on the second surface. The plurality of
, cenduetive elements is forined on- the first surface of the substrate. The IC die is located on
the first surface of the substrate. The encapsulating material encapsulates the IC die and a

_portion of each element of the plu:ahty of conductwe elements :

[ FiG. 9 ]



