| 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 herer n
inits entirety. BACKGRClJND OF THE | NVENTION Field of the | nventr 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 entrrety
Corrm)nly knovvn as a "PBOA" package, the plastic ball -grid array (PBGA)
package 197 es aTRiksaphlicetd dBLRARS béfest Bf@fﬁiﬁ:’ﬁw( ?Bﬁwoatssfm ¥4, ]faédl

made of Br srra 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 nt.erconnection through thga OPY iINHONSUMMARY -OF THE - o
| NVENTI ON [0005] Appar.at-uses, et Eogs {]“%},“2{%@ for inproved integrat ed_-'_--

‘circuit packages - are descri bed.. An int egrat ed circuit (1C)-package -
i ncludes ;8 Qisﬁlgﬁ{ve“},avr ng opposing 2 first and second s!faees, an IC"

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

contact p nth y trrcall | ed :
plural i tyfaﬁ’gj}el ecﬁlrgecgﬁy%é%‘a %It |r3 &t e(atud ncl HE égﬁ%ﬁﬁ%@?&%@’é‘ R
plurality of cteckhotdgyviiorespexifitlg, &sﬂvemtrmdelmcs tdmacpédusaakagsy of cont act
pads on the first: surface of t he substrate ) o

Related Axt

- [0003] - The dtc—up plasttc ‘ball grid array package was first mtroduccd 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 ngh Interconnect Deénsity IC Packagmg Solutlon for Consumer and-
Industrial Elcctromcs," 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] - Convcnttonal ball gnd array. (BGA) packages do not a.llow for mtcrconnectlon o
“between stacked packages through the encapsulatmg matenal ‘Thus, what is necded R
isan IC :packa,ge that allows for interconnection through the encapsulatmg r__n_at_cnat. |

' " SUMMARY OF THE MNTION
[00053 Apparatuscs methods, and systcms for tmproved mtegrated cn'cmt packages -
are descnbcd An mtcgrated ctrcmt (IC) package mcludcs a substrate havmg opposmg E

IAEIONFOR GEst acked



.The IC die is located on the first surface of the substrate.- The - |
~encapsul ating material- . encapsul ates the IC die and a portion of each N .
el'enent of the pl urallty of conductive elenments. According to an aspect if -
the invention, an integrated circuit (1£) package conprises: .a substrate
havi hg opposing first-and-second surfaces; a plurality of contact pads on
the first surface of.the substrate el ectrlcally connected to a plurality
of electricall ﬁrwmn!cboamd\seﬁﬁ@at-ar‘@sh@md dncensensolting materideThsf subsieatediib gt r at e

an integrated [ |t q_tfg sk §Hf9ﬁ>‘f Al
substrate; a pﬁuraﬁ(? %&cpgﬁgﬂrgﬁ \rﬁe&e errett?ﬁ o%rre % edqp a |t?/’ of =
contact pads oaf elmda‘tlysbndmwé &Gobrof o the ssodmdtsudh@,. AapldrallanoféMWat ing" .-
g?esreh?!s, mg';%]encrggﬁgl at f?ephléééﬁ' 280 ?c%e(’%e enen%‘%fagé?he plur a%ll ty ofr
conductive ' el ghelt &!ell§loeatabsmdle&irstauﬁh%fofdhe mﬂnsﬁrdte M@amuaﬁnmgatmlerl al .
Advant ageousl y, the pa further i gal £9 ent
mounted to a fPAeaRs glé\%g’eg e é‘%’ﬁ% % Flﬁﬁlehta tE {urag%éh cqrﬁﬁg ,
pluralityof.el geheitgal 'y conducti ve rrenbers of the electri.cal corrponent i_ S

electrically coupled to the plurality of conductive el enents..
Advant ageously,. the el ectrical conponent is at |east one of a r esi stor,

capaci t or Acerdinf M dboct 1f/ﬁsallamgﬁ,ousﬁwgrattemenailﬂm\/%aeﬁgeoaﬁp@swnt i's a.
ball-grid array BGA) package | and -%I‘Id arra package; or. a

t hrough- hol e phEREFYE haxinzappagablis SF‘F?@dW*fc&%e of ‘the encapsul ati ng
meterial S plagakity o%@ﬂﬂg&igwﬁthé‘ﬁr& e 815f 6 S BRoHOARRRHh NS

ha.t--_eH al is non-planar dvant ageousl the surface of the encapsul ati ng
nmateri al ﬁglu@hor@dealﬂmepqdncumé%ue @1#%’9&'@@“@&? @ﬁth%\WbS%%ant ageousl y,

the-surface of,t:he #%ﬁaﬂagigé N9 ek {cﬁthe arcggf:lg ?aerl n the

-encapsul ati on nate ageous a pl- ur Ity o balls is
for.nmed on the aeplamtityi ﬁabﬂ@ucumdorocntS/brmgaomtlesilmdﬂywlﬁeomgé obds anfbe e of

the subst e ly, the plurality of conductive elenents is a .
plurali ty o ]ﬁ%’ g%ﬁ% %3 Advant ageously, the plurality of conductive

eI ement sis a anl mc@bmlat;ngaﬁatamlaﬂlhﬂ encapouities the IC die and the plurality of conductive
. elements, wherein a portion. of each conductive element of tho 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 elecinoaliy oonductlve members of the eIectncal component is eIectnoaIly .
coupled to the plurahty of conductwo clements. ' '

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

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

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

~ Advantageously, the sor‘facelof .the- encapsulating material is noo—plaoar, o




Advant ageously, the substrate is a.flex tape substrate. Advantageously, the -
‘ICdie is mounted to:the first surface of the substrate usi'ng an adhesive.

Advant ageously, the package further conprises: a wrebond that, couples a
bond pad on a first surface.of the IC die to a bond finger en the first
surface of the substrate. Accordlng to an. aspect of the. invention, a -
et hod for forming a stacked integrated circuit = (I Q. package i $ pravi ded .
Cconpri si ngivamegentsl }qgﬂtea&ufe@e defetheo excapsulasing sweatedele iofa shelfy tia- #gvi ng a,f':

: pI urality of %ﬁ%ﬁa éaaajis on the first surface that are electrically

connect ed PP &1 8lbst rate to a plurality of electrically conducti ve

features on a second surface of.- the substrate formng a pl urality of

- conductive el enent the |-ur nta €5 rface '
“of the sub¥Vpafgsous E °£t i%““'iqgeas eh% p%) el on of each

el ement Ofenéabﬁﬂaﬂou&@keﬂay of conduct| ve eI errents on the first surface of

~the substrate with an encapsul ating material. Advantageously, the net hod

thither conprises: 4 renoving a portion. of the encapsulating mat'erial to
expose a -advantageoubl®fa BavaliyCameldes balk i€ f@hedon die &lbariglyroahducsive feen‘ures

~conductive elenents. at a_ surface of the encapsulating mterial. S
‘Advant. age@ﬁ&%”@ﬁé"#@ﬁﬁﬁﬁ?é“@%‘ﬁ conprises: renoving a planar |ayer of the

encapsul-ating material such that a portion of each. conductive el enent of -
the.plurality of. conductive -el enents at the surface of the ncapsul ating .

material Advantagseusty, theperAtia g eepdnstiverstranenteiby PRYEALLY @O ses: renoving

. a peripheral edge region of the encapsulating material to, expose a portion

of each.conductive elenment of the plurality.of conduct i ve el ements at ‘the-
surface oedvusageembapemlwhugfﬂettdemvmelemstﬁaﬁw@%@évﬁm Herestimovi ng step. -

conprises: form.ng a trench in-the encapsulating materi al to -expose a-

. portion of each conductive . el enent of the pI uraI ity of conductl ve el errent-S'._'.':l,-_'
" at ‘the- suAﬂmﬂge@ustyhﬁwenbﬁm@uSaﬂﬁmgpmbemtal ~.Advant ageousl ¥, -t he removing -
_Estep conpri ses: ; o L - o

Advautageously, 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 conductwe elements on the plurahty of contact 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_son the first surface of the substrate with an encapsulating materlai. 7

- Advantageously, the method further comprises:




grinding the encapsul ation naterial to remove the portion of the
encapsul ation  materjal. Advantageously, the renoving. step conprises:
routing the encapsul ation material to renove the portl on of the

encapsul ation material. Advant ageousl y4 the renoving. step conpri ses:
etching the encapsul. atl on material ‘using a chenical etchant to renmove the
portion of the encapsul ation material. . Advantageously, the method

further conpri sweeviteerpargom of|the #psapguleting slatrsiel fialoKROSBre PREIOR| of 1okt y of .
conduct i ve, ﬁ(ﬁl@ﬁ\% ﬁls,mQrH oF R Lﬁlﬁ%&g% oﬁﬁﬁlfccﬁse.eelgﬁeﬁtpgt z?HQﬁEé Gt e encapsulatm
ous e encaps at.l

. Advant age
and . first ﬁpﬂtmalal ity of conductive elements using a dam and-fill process, - a-.
.nold cap injection nolding process, or a strip or ‘panel over-nol di ng T
process. Advantageously, thenethod further conprises: nounting an. -
el ect ri calAdvanipgeossiy, the:remofrihgstbp sempraess of t he encapsul ating material such:

t hat - a pluralit el.ec IIy n f

Conponent 1 o el iR plebR Bl PSR IaRRR, Ay WS AR bF B
Advant ageﬁotﬁiuyt;vetd]lﬁncnebﬂhb plueaity efvopdureing eiemeﬂts at ﬂhe smfaceb’éﬁhe ﬂﬁqapmﬂ\ﬂmgl n the.
mount i ng of qtqgf' eI ecfrical. conponent step conprises: nmounting the ci rcwt S
el enent t G4 FERY*Surface of the encapsul ating material such that at.

| east one | ead.  of the circuit elenment is electrically coupled to the
pI urality aof conds§§:7t| ve elenents. Advantageously, the electrical component:

is a | andAgrapespysly, tedemayas #ERYOMPTASrei n the nounting of -the el ectrical

corponent st epreﬁﬁ%@'a%@ﬁpheiﬁl’@ﬂ%e‘ rB%oﬁ bﬂ:hb%apaﬁ&ﬁgg%dt@ml faexpdseSiposivhfotce of .
the. encapsul ating matert al plurality.of contact pads of the

- LGA packaff® h; Gongpcsye (et \PielBe mhseilfvooft PféldBFtEHea?lP’PW%ﬁt they pptace i Qfethe.

el enent s lnﬁgggteﬁalsol der paste to the plurality of bal |- ‘pads of - the.-
LGA. "Advant'ageously; the electrical conponent is a through-hole package,” :.
Wherel n the mounting -of: the electrical conmponent -step conprises: ‘nmounting

t he thr ougﬁvﬂg‘{g@o&@ch}gg&é&lég& ‘joln{pgfsessurface of the encapsul ating material

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

element of the plurall_ty qf conductive elements at the surface of the e_ncapsula_t‘i_ng ma’genal

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

matenal

Advantageously, fhefeﬁbviﬂg 'steb comprises:

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

Advantageously, the: removmg step compnses .
etchmg 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 conducuve features on the S

_ second surface of the substrate

: .Adva'ntagéouslj, the 'snc_e;psulatioh step comprises:

n step conpri ses: encapsul at i ng t he d| e



such that a plurality of termnals of the through hole package is
electrically coupled to the plurality of. conductive el enents. :

Advant ageousl y, the. method further conprises: coupling a- pIurallty of bond
pads on a first surface ofithe ICthe t® a plurallty of bond fingers on -
the first surface of the substrate. 6 BRI EF DESCRI PTION OF THE FI GURES

[ 0006] The acconpanyi ng draw n which are incorpgorated herein and forma

part-of the sﬁé@—t—‘ﬂ%ﬁglﬂémdlel-llg Gisst plrality 1906 cendyedyeriepentorsing s dypeadffl .
i nvention g&gs : | Rlals@ip or bifel HE%-rSR e ploRes8 X Pl -ai N’ the;
pr.inci pl e&0 f%gggin%gé?%egg%gmg%%%énab seﬁ')aorff))er SOankI I 1%d in the .
‘pertinent art to make and use the invention. [0007] FIG-| 'shows a L
conventio BGA) package. [0008] FIGS. 2A and ZBZ :
"show t op g‘ﬁdgm;ﬁ%%%{lw tﬂealh&}l%{s%%}é? ive f/l,g&of an outline drawing of a PBGA

‘pac kage [ 0009 moBtEEg an3lectrival GBipohentter fingbefico bf e sntepsilgingivaaierial sycho 10]

Fl G Y | r

oot et SuS8Y SNARR kbl bR Y o el Mol EER abBRLAGS.

:accor di ngcb@iecﬂﬁhmblumlﬁyofodndhmemm i nvent.i on. [0012] Fl GS 6A- 6E show
methods for exposi.ng conductive elenents by renpving a portion of the ‘
encapsul ating material. [0013] FI.GS. 7A-7C show how net hods shown in FI GS.
6A-6D can Adeartsedusly) thoelstricl ackpshepbiskaganit ofciihy whictef the. momtiogwf the
flowmchart of t?tlgﬂasserrbl ste s for a stacked |IC package, according to an
exanpl e efGEHEL ’E“P‘b‘:femfﬁ ¥t invention. [0015] -FIGS. 9A-9J illustrate - .:

a stacked I'C pﬂﬁﬁlﬂﬁl@tﬁécﬁhﬁtf&érﬁﬁit 1 s fifst s@faca%somapsuaﬁﬁgmﬂwngl fwghan
exanpl e enbodi ment of .t he present ieeﬂventl on; 1][ C? 10A- é‘fg sh woo
di ff er ent heb@hdenst gre IR thy Feait %ﬁgdﬁaql‘?cwa r?ﬁ‘c‘@? SR ] Sl S Re S
It A-and 118 8heW ddifents esult of ‘renobving a planar portion of the o

encapsul ating nateria [ 00181 FIGS. 12A and. 12B show the resul t | of
rem)V| ng a portion of. the encapsul ating. '

Advantageously, the clectrlcal component isa land-gnd array package (LGA) wherem tho .

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_lpads 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.

Advantagéouslﬁf;' the 'oleciﬁcal component is a through—ho]o paokago,. Whoroin the mountihg‘ .
of the clectrical component step oompnses v

© mounting the through holo 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 conductlve elemonts '

- Advantageously, the method further comprises: : - T
~ couplinga plurahty of bond pads on a first surface of the IC dle to a plurahty of bond ' f
' ﬁngers on the first su:rface of the substrate ‘ B



materi al 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 inventéon 7 [0021] The enbodi nents of t he
present invention will now be described with reference to the acconpanying
drawings. In the drawings, like reference nunbers indicate identical or
functional ly similar elenents. Additionally, the |eft-nost di git(s) of a
reference nunber identifies the drawing in which the reference nurrber first -
appears. DETAILED DESCRI.PTI ON OF THE I NVENTI ON I ntroduction [0022]. -
Ref erences in the specifi BRIEDRESGRIBFIONGD FHERIGURES an enbodi nent, " "an -

exanpl e enbodi nent," etc., indicate that the enbodi ment described may

nclude a ot culﬁea]‘cg(gﬁeg%gmig%}ﬁ]ﬁ u o3 %gp&%@ﬁéﬁﬁl'aﬁdfeﬂﬂapaﬂvﬁry

enbodi nmen y not nec 'y 1n ticular feature, .
structure, or ﬂieaepaeﬁ@nps,tﬂlusﬁmﬂnmodlmmf thhmassent inventing tandclogeiaanr i | y

f to t t
oreeturd, o B R FHRA R sl O HOBMAePO ) Gl bRk
enbodi nent, i tenable@qiermnslaﬂedimahepdmneatm;ttohnaketahéueerthe\insetgmnof one skill ed
in the ar af f h featur t t|C|n S
connect i o&tﬂqt?/l%t h o %g[b glﬁjltc)a”(far%ﬁt’? °9&ié’iﬂﬁ§‘f§%fg‘tﬁ‘o‘t’fa§@¢§ Tt’arcy Et’fescrl bed.
[0023] Thqaoqos]esent Hﬁeczzihﬁcazls@lnwdt@ehasﬁs viene, respentively, effianaithentrawinp at

I ncor porate }%ﬁ& %? of the invention. The disclosed enbodi nents
frerel y exenpl |?§ €htion. The scope of the invention is not |im ted

to-the di gmogped erHigs]3veaiEIB shoﬂaempméeﬂtta&adpsckd@‘sl ned by the clains
appended eto [0024 Fur t.her m)re It Ci:@id e un&ﬁi{é d that spati al-

descripti éﬁ% (e. g FIGr4 ey e conventigagl EWPlt ligrid down",

“top", "bajkgnt. etey. 3590 AEW U badicBtchfor aRUMBRAL I@ﬁackiée%ﬂiﬂg@& only, - -
and that practical * i'nplementat]ons of the structures descri-bed her ei n

can be spati al me&qmeeﬁvnmﬁhem ation or manner.
o [0012] FIGS. 61}-_6E _show_methods for exposing- condu_chvee]ements_ by removing 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 assembly steps for a stacked IC package
accordmg to an example embodlment of the present mventlon 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



Overview [0025] The |nvent|on descri bed herein provides a nethodol.ogy and.
apparatus for form ng: ; an I C package including a substrate having .
opposi ng first and second “surfaces, an.IC the, and an encapsul ating
material. The substrate: has a pl urallty70f contact pads on the first .
surface that are electrically coupled to a plurality of electrically-
conductive features on the second surface: A pI ur al | ty of conductlve
el-enent s i{8228br med B¢ ?ﬁé"@f@ﬂélﬁtﬂ‘ eopregeshtipentipn gelloRow the Aespdbed sEﬁ‘t}‘ace of
the substrate. T n S oRE nuh@ers
substrate. The’egeﬁ%“é’g?ﬁl at | ng %ﬁ@caﬁ%e’gjggc&ﬁgﬁe g%agzﬁgshgé;??he and .a '
portion of eacimdrchbn@nhczdforﬁmhmwvaﬁmbye@me@@nddéﬁlpn@% e dofomed digigY26] A
portion of each eI can [ ft. -
exposed (e:g., %%tregwg%ep nflﬁ% 188%{:&% he er%gvgnﬁsgl gHich tﬂ@r&ﬁﬁ@%ﬁwéﬂrﬁ
portions -formgpegburality of contact pads. which maybe coupl ed to a device..
The device maybe  another package, a circuit element, etc. The IC package
"may be a variety of different packages such as a bal | grid array (B&), .
fine 'pitch ball gri'd apEBAILEBGYSCRIPTIONOF THE INVENTEIN(PGA) . | ntegrated
Circuit Package Technol egy [0027]. A ball grid array (BGA).package is used

ating material). The exposed ~

t o packaggn@agetiont erface an IC die with a. circuit, board such as a printed

circuit board (PCB). BGA packages may be used Wi th any type of 1C die, and_ o
are partigighsy |y usedfstndedfin Hie%eéiﬂ@ﬁdn I 36nel dlbdBét,” Pae kabadimen]"dian pads
do not just. surround:the_ package periphery, as -

In chi rrier
packages, but @gyple empRodipety &L 9’61’1"!3 lﬂé“g@‘ng?fgﬁnﬁ?:t ‘P‘FW O5f naaryrlﬁﬁlwea
conf.i-gurat i on. o, RGP !ﬁ?@eﬁr@fu?e a&xsehe&s‘éte[sﬁsdbhp e8ryPadb et eafrrmﬁr
(PAC), pad array, lan I'd- array, and pad grld array pack;
packages typesnearseaﬂlum uifgcfeqnﬁe,t%cture@m 6‘%‘4%“"5 a%%?ﬁﬁ% S‘W@Br
addi ti onal d
[tiona 3815,—%5 ﬁ%‘n&”ﬁeﬁ%ﬂﬁ% i td eéan{eoelhﬁéﬁlmént. FlurtheBawhenGa'

Array Technol 1995), which is herein
i ncorpor at ed Iparticetaerfestue, istrugtire, entchareetwshpogmmhﬁd@ Gongerdign with an

conventional pl as Stl enl?a* s S35 gg(gl[}%y m%%mé;gpmé@ﬂ%@hﬁ)m o Fl G

1, PBGA package W reborids
104, sol der badffest shﬁﬁ)feaﬁnﬂ.tmt:t!lmmdsclmmtenm donn@epe m@@thebcwboemets 112,

whether or not exphcrtly described.

[0023] - “The present speclﬁcatmn discloses one or more embodlments that mcorporate_ :
the features of . the mventlon The disclosed ernbodlments 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] Furthermore, 1t should be understood that spatlai deecnpﬁons (e g "above", I
-"below”, "left," "ngh " "yp", "down", "top", "bottom", etc.) used herem are for
pUrposes. of ﬂlustranon only, and that practlcai Jmplementahcns of. the structures

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

Overview ,
[0025] | The invention described herein provides a methodology and apparatus for '
forﬁii'ng“aii IC. package including a substrate having opposing first and second
_ surfaces 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 conducuve 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. -



and an encapsul ating material 108. |1C die 118 is-attached to-a first: .
'surface of substrate 102 using an adhesive 106. Wrebonds 104 couple bond -
pads 112 on IC di'e. 118 'to bond fingers 120 on the fast surface of
substrate 102. Solder_balls 1 10 are elgctrically coupled to contact. pads
114 on a second surface of substrate 102. Encapsulating material 108
encapsul ates | C die 118,. wirebonds 104, and a portion of th%lflrst sy rface

of substrat e ThOIC diegs loseted po fiedistairiasceidhe P%lﬁ*"atﬁ Thersnpapsy 9mlﬁmf‘tﬁ’e first .
surface of = supgl a?es]tﬁgI@'&fe f CREAGSHE Gich RniERl 61 tha biuklily boomimaed .

- (e.g., not covere encapsu at| ng material 108). [00291 Di e-up and
“di-e- down BGA peleme:ge configurations exist. In die-up BGA packages, the |C

OVeur TGRS o7 AR 6 dmlhtreuBSiahg O chlidiE et iten
" nount. Sg ?Re AP sefﬂlmgumbaaﬁamm:ﬁddicyghbsn@aﬂéatmg Isfttﬁ;rfai)e'ﬁtbﬁ BKIflOf-ledaPQ!lll‘PlEctl on B
-lg\(lzvlilrldl ng cera Pg‘ffg'é‘lf n(u‘% hl ape ?‘gl%g ﬁ%&gﬁv\% g%éa&ﬁéﬁ [0031]
FIGs. 2A and ?&gﬂw @uﬁdaam&clgaa?n:??setafmed@ mklagm@hmevmﬂye@pbﬁ@ﬁﬂtggy gf
ot rate 105 BARRES Bracane] 67 “Boy HECRD AT BAT A EHAE BRSO, 2

2A and 213, epspasdyi@GANg material 108 does not conpletely cover the top_
surface of substrate 102. [0032] FIG 3A shows a stacked BGA package 300 .
including a BGA package 302 stacked on another B. GA package 304. Package

304 inclu ﬁe@bﬂgﬁip&yig@ﬁegﬁhm ball |and pads 306, an encapsul ati ng
material 308, an'|IC dile and a substrate 314. [0033] Package 302 is

el ectricall'y coupled to: package 304 through a plurality of solder balls

110 't hat ct ex ahHe(BOA) badkapsisnAds 13phkaR batikem®Gh IC die -~
_ package 3g}gﬁlgxposejg‘%§g dgr balt]? |23.h%£%%ilss 306 of g% cka e 304 are I%cat ed___‘:_r_.;

‘al ong- a  peri phigh p cirpuitbeasd sedhrgsar Bring sigenit borrd JBFFagahHEaY be
FreopsiL ! 9B it HoriC L U RR s G ron L0
Ti mes, 2005, Myackxgej sddegtpadd do nhii just Wopm&emﬁﬁ Periphery, o dp SRPCHdSTei n in ¢
o Tt orenoas” U80S PPty BBl koA o B0y %é%gs“é’é‘ﬁ‘ggi‘)gﬁe- .
has I C di e. 312BGA packages are also referred to as pad array carrier (PAC), pad atray, land gnd : a
DN 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 encapsulahng matenal 108.IC die 118 is attached to a first surface of substrate
102 using . an adheswe 106 Wirebonds 104 couple bond pads 112 on IC die 118 to

" bond ﬁngcrs 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. Encapsulatmg
'matenal 108 encapsulates IC die 118, wirebonds 104, and aportzcn 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)



pl aced inside of -a window in the substrate 314 thereby reducing the height
of 'the overal | package 'The packages in FIGS.. 3A and 3B can be attached
using conventional reflow surface nount processes. [0035] Because the

sol der ball |and pads on the bottom pacdkage substrate top nust be exposed
to allow for the stacking of a top package, the IC die of the bottom
package nust be encapsul ated Wthin an encapsul at ton gayi e. On nol d
cap) to d¥92¥e the Digwpenf dtd ‘t"ﬁb%é?aat’&@tﬂgﬁﬁgﬂ o83 8 a%déeou%r%%ent the .
encapsul ati ng JRk&lel ahe 1 QD is GB0EING @ltotcsmfaeerbfl&telsu@tmtel «testiffondr) mJ?and

pads 306. Since the size.of the encapsul a L pmte o
size of the. |@w@mwﬁ%aeﬁ%laalaéowaﬁﬁgb%%ﬁ%a&fﬁﬁ“‘#@‘?éﬁ?&?‘“ms‘t al so -
be limted. Thig, oﬁpdﬁtfﬁé%m%mesh&uaarérlsaﬁtaﬂéraﬁaaaa:utoaaawamaheacaace of- the

substrate for package-to-pac (bge I nterconnection Limts, the bottogﬁ‘ll%sckage

to a PBGNO§3kage A mimnber of P @ﬂ@l@@efﬁbﬁ“&mﬁ%%én IBdog ERARLG R
1 and 2, resp @53@’@1@%&%00%&)%%"%%" simlar features to package 304

and 316 shown'in respecti vel To m nim ze st re?i
resul ting[od3tm a AlGsticind 2Bt shewroutling draspingmef thp abiiigewnEEReciYHEOf op

package 302 is also t?fnﬁngdj} ?ﬁék\%g tot RSS! af b ?Qﬂ;ﬁﬁ@ paekaoess such as

PBGA packages a cross-sectional view of a conventional

fine pitch B%ub{h%m apdalphyalitd 00sdlder halls hip. Asshoyen indhosh B35, 24iapéBBnds -
104, a pluralit of sold r. n lating-
material 108. g&p lr?r@été gPtOcol%éet ﬁég"’“’gb*tje %es agef&rlgt ?9 top) E
s-u_rfaceI oosz)bst ratme’L;QQ sﬁdxxrz;rkgsﬂlewlteﬂlB@A.cpaeka;geaoambludmg elﬁﬁfdgaﬁi@ge @ nc f o
encapsul ating material 10 et e of -+
SUbotrat e 109, SRk e oL BER REEE A EeRE ol by pELE of Sic: BAF
pactage 4884 a@gﬁﬁa@?aﬁa?%%ﬁalaﬂhgﬁﬁ?nam% femaaaram?mkagamoo Thus
package is limted to bein 0 cka a gy - -
shown in [B93. 3A Fackegg3P% is %&E yoeélp%%ﬁﬁet%gﬁfeﬁoggéﬂlgg gl@f(ata]égaﬁn top '
of . t anot Ihe{ pagigfagsagsegw ﬁlas&cstgaﬂe@asah Sﬁld@lt aﬂpwgaqaas Q06 gt beem BiGA
external termnals of top and bottom pac er a rra
packages such I&Sﬂ(aBB@& Jirgosedaolderc 5?%5@5 a#aatc}{agg?‘i‘gtfﬁl‘é“a?‘%t? aﬁy
i nterconnect Bﬁa% PH% rofgm&e?vlm%d%ﬁﬁétﬁﬁ%icap-gﬁl@uﬁgaﬂ&tenﬂrmm em’

| e

exists for ce ypes o] adfrane packages. such as_no-l-ead d flat
' For further detaﬂ onpackage 300, refer to "Implement Stacked Package-on- a age

- Designs," EIectromc Engmeenng Times, 2005, by Dreiza et al Whlch is mcorporated

by reference. Herein i in zts entlrety , : ,
[6034] ' FIG 3B shows a similar stacked package 310, with -some dlfferences .' .
- 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 be_ encapsulated within an encapsulation cavity (e.g. a mold cap} to define the
extent of 'the encapsulatiag material and to prevent the encapsulating material from -
covering or _ccntaminat_ing solder ball land pads 306. Since the size of the
encapsulating i'aa'terial is"limited, the size of the IC die contained within the
| encapsulatmg material minst also be limited. This reqt.urement to part1a11y expose the
top surface of the substrate for package-to-package interconnection limits the bottom o
_'package toa PBGA package smular to package 100 and package 200 shown in FIGS



packages (QFN,. also known as M.P, M.F, and LPCC packages) as well as TAPP
packages (e.g., see ww. asat.com. Consequently t hese packages cannot have
ot her packages stacked on their top. 0381 Enbodi nents of the present :
I nventi on overcone the limtations des& i bed above. Exarrpl e enbodi nents of
the present invention are descri bed in detail bel ow. - [0039] Further

details of str TCtHrales Q:‘f'ivgl eéfi'ai ga% dl“;ml %ﬁgﬁtﬁgﬁlﬁggsmqjac@tgggmqn@a@gages
es e

of the present |nveh n ar foll ow ng sections. These
structural andshmmrthE}&BA rqpk e ntescctvely. aFe miniwre ﬁE@FSWﬁﬂ’é‘iﬂ}g fiop a

illustrative are not E t Qrgglent
i-nvention as dglésgf‘?’f%g‘ebc?mﬁ dﬁf‘% OPn%% %0%@%% ﬂ%g?ittg%té n ot %Ozégglasc oage
types, includi ng]th(aﬂadram&ﬂnalﬁe@BG@l;ﬁéBageﬂunh asPBAApackages PGA), -and fine -
pitch ball grid arr (F ackages, i.ncl udi t kages
descri bedf %@%@be Fﬁ&hé‘rﬁiﬂ% ge"afeﬁ SFHoRle W %gn%ﬁ%eﬁgpeélsgg ?gél %%fow are
appli cabl ebt (o} @m)tlﬁg@ggubgqﬁ%ﬁcﬁngﬁaembs 10N vasdbbadssitds s phﬂrﬂztpaf:sok@es
ceram ¢ substrate packages, and other substrate typ cr
bel ow i s adapbals|id0tas Il%n%é 18 pdAnHEpans YR g pa %l EO% ggcai%'ﬂetﬂ]
understood to pgy iRtk hifRd (e.bN tdphSucfRt 6V aBbirdé 1¢Bilokig @Ithll@dxet]ea(ah«ii ngs
herein 11 [00401 Features of each of the embodi nments resen E&hﬁfsﬁ/

ed in

be i ncor por at eﬂll‘ﬁbwés bl prancalsias mareik HfpRmERicte

any . manner wit g& of SIbdkafe f0R2% Hﬁ@ﬁxtyd&%ﬁﬂaa%dbﬁﬁﬂhﬂm tﬁ@se\éﬂéﬂ!ﬂnhﬁclﬁ@@ar ent
to persons ski In the relevant art(s) fromthe teachings her%

[0041] Fi Gs. 53045@dsN6wannet baivbeehene psmpheaéofma@s@?t‘wpn%m parkageAORds sol der |
bal'l" -pads andlﬁ%agﬁ{beﬂnglrl %ﬁﬁl&%evllfq R %@ﬁggéo%%t,hqqggtgy%&ugg if or :

package st acking un by soneone skilled iin the
art, conducti viseél enent's of a ‘variety of shapes may-al so be- coupled to.

cont act p 20 't q.al, I o C a r c a4zl FI G
5A shows Eﬂ'gﬂg f éo@cg gc%{lt% of o(m:%leﬁ~ g&ngg% 1%nt Sof t he ‘
present i nventmefbonﬁae&agmhﬁm ithec lexigimal stenumuaiatqf @2 and Chadiom Prekages.
plurality of ol de ﬁ(snal s 110 gneaps | at o fhands 104,
adhesi ve 106 a ola rea Ty %af &5 3“6% ﬁ?@ n’g}deg% p%c%g%eg}’ﬂ S&gst ?at e
102: can be orgamdil iglal mR4cor@td. fprminals am then: gladleme toppmrfacead/lbe same

o problem 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}. Comequently, these packages cannot have other_- o

packagas stacked on their top. ,
[0038] Embodnnents of the present invention. overcome the hm1tat10ns descnbed

above. Example embochments of the present invention are described in detail below.
[0039] Further details of structural and operational mplementahons of stacked

packages of the present mventlon are described in the foIlowmg sectlons These
structural - and operatlonal 1mplementahons 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 d&ecnptlon 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_ : '



made fromother dielectric materials. Furthernore, substrate. 102 may have - .

one or nore conductive layers, including features such as contact pads
bond fingers, traces, conductive planes, etc., for transnission of

el ectrical signals,.attachnent of wirdbonds, sol der balls, etc., to.
enhance nounting of electrical conponents for pomer/grdund planes etc.

Vi as or other elect r| cal | Y. CO cti v eat used ically.
coupl e cod®¥ive fespfredl ?ar‘fgd?g pﬁ?*{ﬁ%ﬁ ]maﬁoti q%&%tlteapads o
520" are attachggl tacled p a&ﬁdgaﬁ ﬁzdgpendénﬂp,) oﬁﬂ&ﬁ&@&oﬁbnﬁﬂlbﬁhﬁ;&ﬁﬁnﬁmﬁm&es hown .

in FIG 5A Sol der ball s 520 are electrically connec ﬁ‘%f &;a I%l ural Ity
of “contact paeterfrsures ﬁé‘iﬁﬁ}’e%ﬁ’rea“@%&@w& be @pparentiio persgpy sidfigdin

substrate 102. t@:zchgi]ggh ;ghows package 500 with a second plurali ty :
of soI der ball %&%éﬁnt@unt onergol der ball- pads 520. Once solder balls 522

are mount ¢@Mah sol dBIGsbahiSC gadsn @ﬁodmnqnéOf thepresspi ipy@Bop siag sider 102
s encapsul at ed, fn 080930 idlhn R SLARKod Qfhcturd for phiel dlting sl der

bal I's 522 rel aliVé strate 2 i's equal to or
exceeds a hei ght wofildebd inderstged. oy sonmp)% smeﬂanéhoﬂﬂem@p@wpaﬁﬂqu@ts platerial

108 relative to .t lL.rst. surf e SAGH
sol.der ball O}ran[eP?' f[phﬁlf'%flm% yalg%’fCb SOl %%‘érf?cg&ﬁ%&g%g nzg%gg&;éﬁégggﬂge(e.g. not
covered by enca;mwnaédtiog material 108): [0046] FIG SC shows package 500.
after-a | aye e gyer of -
t he encapﬁﬂ é’(ll ng #&?’23&? 0%%4‘7& @ﬁ%/%&a%e %%Or’talgcg’% 1% o Sﬁb&dpﬁtﬂe second
plurality of S&k%%eﬁ&h+@n51¥@abl&gé&ﬂ@ﬁﬁﬂldemdlbtsﬁnndm ad. d1e°dsl&,:h®1ur5ﬁ’yl)2
shows, after the layer of the e Q8.$)SU| aaiei ebé) 89 {ﬁz ml)vve bjf:
plurality of $aldsditied]Qorneapsuiging majed g%s‘g’de REs A r?él K81 %% 8 of
contact pads slgluﬁhg,edpsgﬁe%y}pagbesmount ed on top of package 500. In an
al.ternate enbodi nent, the | ayer encapsul at i nglanat er.

that a pol@®3h of. e%@ﬁﬁ%lla%r"a‘béﬂorﬁfmp kA fce’éaml?jeﬁlaslﬁztla{”gméﬁ S
exposed, but ngbyd g, %ﬂ%&%el%teﬁﬂ@oﬁﬁh&ﬁioﬁ?rsumlaiesli)ﬁzﬁayoﬁhvbhﬁeI@ﬁCkage .

nol-d top can be used for- electrical _interconnections. such %ng‘g_acka

stacking to f ommeapop@@mg by, ipeluding Eafpesmspcl ppequtact RRS‘IS{tTOBfl &dtee

components, in é%agﬁé NAKELRSon CAPELARAS sigAkls  aftRESAtO0S cah'
al so be attache o th t.0p surffbce of en?:lapsul ating rragtﬁ&elrl al 108. [0048]

There are var|mnehoudaf,f@l@ntbaghaq%dt%mhﬁn%@%ﬂ%@ﬁﬁmll FREROAEES BF ¢ hat

can - . power/ ground plane_s etc. Vias or other electrically conductive features may be used
| fo eleotrioally couple condnctive features through substrate 102.
[0944] solder ball pads 520 are attached to a first (e.g., top) surfaoe of 'Sobstrato 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 enoapsulahng
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 seoond plurahty of solder balls 522 is. exposed and lruncatod As F IG 5C



be renoved to expose and truncate a plurality of conductive elenents to
create a plurality of contact pads used for interconnection. [00491 FI G
6A shows a cross-sectional view of a package 600 according to an

embodi nent- of the. present invention. Package 600 includes substrate 102
1C die 118, mnrebonds 104, a plurality . of solder ball pads 520, a

plurality of s der S 522 £ t 3kq 16 ali
Encapsul ati ng té’r |§ % 4 eflc%psﬁleagg’gﬁg%‘} d}edra[kgiamas Fegdf % pd"r lt}_’Ll8 and
wi  ebonds 104. nﬁm&ﬁgﬂd&ﬂﬁﬂhm@oﬁeﬂleﬂd ﬁmhhapﬁﬁﬂlmoﬁwnmcabaﬁs S@mda@@ﬂﬁat ed in
encapsul ati ng materi al of t ncap. | aI
108 -has not yepe Hé%‘ﬁtepe%g% 0? (?a%ﬁsr’[é)loari‘bo"’lnt ngﬂn eeac m%hq’ g'g? l% %rf
pl-urality of sglcdgildang hiatepidPis rfORA kubll Bat HBorsibn e eavhpaldkcigil cﬂ’(j)mralitm th| S°
enbodi nment , packa e 602 -is sub ntlalt@ﬁgﬂgﬁg | ar to package 600. However.

u

i n package 6020fs§ !-"éﬁ%]érﬂ?&fé?o uppot lating material 108is -

renoved t gogypose ahobddWarRt Balkd2dem ﬁabbecaéa&ord Bgrmrvbélgseld&yﬁéleﬁ:ﬂl&ﬂ
results in the reducti on of an overall he gcka ge. . More

porti ons of ealskeresnedtiensyyugh ay PQ%a@fSt@lﬂﬂﬁé? f‘BE’I 4 Rackags ofackag Q)s"g’ Stﬁ‘f‘}( ser ve
as , contact pog[ﬁmfﬂ@teles{r&ﬂw ot oﬁérs&tﬁlbﬁaingl pﬁt&sgonryssobon rcnool emlrical
0

conponent S packages ona firs ) surface of encapsul ating
material 108 .redig0&kin Esehe ﬁ@cmﬂﬁopalr%&gef@@@mhﬁ%&%@ﬂ@d@ 8i s

subst ant i siml RbteliQMMMIAE 2

pl anar gi““gr/! of th@ereen%gg% gt% Iﬁfer&?%ha&?éﬁ?ﬁfﬂoh@?f&k%ﬁhﬁ%g} tea portion 612
of. encapsul at IHegremlvei b kxpbe8 and mm/e(bltahhtﬂglpréquﬂphé}e@e&ﬁ tthf@tff Brst

surface of encg mat to.cre shel f in encapsul ating R
‘mat.eri al 108p &8% ‘itpa oqs?fi rﬁlgfrfom%%%are truncated and exposed to
al 1 ow f or jooe9t act \MIGh6Aeéhewtsra cmbs-mﬁmmm ofanpldoongepé!lﬂ(a@sslmtﬂt Ae first -
surface of _enca s [ating, mteri 108 ckage

606. Package 6OEOfHRGEE %B“’F@’tEIYS’é‘F’é‘nF ?"i‘F‘%‘g i3hags' k%wg& %3*25‘% AL |
6C. . However i rbsrre;aﬁkwfo4repmvamgommpwn psdsrﬁgomapmmhq} oﬂsﬁ)Bler bdlizrig2 ahé S
perlphery of the first surfac nca n mate I al; rench -
614 is for mednfpsupingR glﬁéo‘é‘% 3§P T’%%”lﬁ{@‘% R er(r%lg%sgﬁa%lt’ound o
| C.die.118 that gfer vmeh@s;mmﬂds 18X PPk sges 600 gias haldes bsmszsamboa&plm for -

contact with electrical. components and/or ckages on t first rface of,-'.z
encapsul ating eneapsylptag @Oglcgypsulatmg mater?al 108p6})ut gport:on oth g‘re encapsuisag

-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'tantrally similar to package 600. However in package 602, a planar layer 610 of
‘encapsulating rrrateriol 108 is removed to expose and truncate solder balls 522. N

| ‘Removmg layer 610 results in the reductlon of an overall herght 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 wrth 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 portlon 612 of encapsulating material 108 is removed along a penphery of
~ -the ﬁrst surface of encapsrﬂatmg 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 arxd/or packages on the first surface of encapsulatmg material -
108. ' ‘ o



[0053] FIG. 6E shows package 608. Package 608 is substantially .simlar to
package 602 in FIG 6B, however instead of using a plurality of sol der
balls to allow for the wvertical interconnections, a plurality of nmetallic
posts 616 are used to allow for el ect rBcal interconnections: FIG 6E shows
an enbodi rrent in which a planar portion of encapsulation naterial 108 is

rem)vedt oset tallic St s . tas woul d
be unders by ) ﬁg}oﬁﬁ E‘Wﬁ"f%%g%? qoﬁeﬁ%r?ge éé)ﬁin @ﬁf%ﬁg&%@ﬁ% Sﬁ@%l | ed
|[ gopa]ckaggg 604 Sk ék@ﬁ@mwm Ea Hewﬁwdnste:ad@fpmmmg@adphwlcmmatsmlGQSf h-

54] FI 7A-7C sho cked pac es, accordi.n the -
present i nvent #i6pe theg ‘%(5’@? ‘gvﬁpwé&)fsth?ﬁ%ﬁ%&g“&ng@&%“%%age r%% gt acked -

~top of FBGH @ﬁﬁéﬁqg%n&@éiﬂﬁﬁlg\&ﬁ&eﬁahmmﬁr&itﬁgulﬁ&xng:ﬁ@&lcbﬁtﬂ@gd%m
I ncI udes IC die 118, plurality: of sq] dg%%bal loail 522, enca suI 1}% terial

108. and secontupsaies At sxpogss iifedcballsa oy oy Eont nal
FBGA package 39&?33% ﬁ%ﬁﬁ%ﬁ-@a&d&gés% tRé ﬁrsFﬁ%c@é@ﬁ@ﬁﬁulﬁ@:&M&teﬁdl 1bas exposed
sol der

and truncated | s"522 as a result of renovin pl.anar ortlon of

mol d encap¥3Bht i on FlﬁiyéE SM)BS paskageodis- PWRFS@OSGBS’&?‘FB“‘“ Ys%‘iﬁ‘él
[0055] FIG 7Bgshows, % Z&és YRLG SRGIRAGHKBaR: BN tb%ll&&r&ﬁﬂ(ﬁé on.
ccor

top of FBGA package 6 I'ng to an enbodi'nment -of the present :
i nvention. 1n 3@l xmmgwwasdmw plametallisopostsr €16t prgriessd dot ARy @kposed

by 1 emovi ng. engansuh sl Bt JRLETH18) o308 NG Rk BPehn o pldl GRuBH { ace

of ‘encapsul at i expose a encapsul ati on
materi al top asf alvapwnlation nfatedial 6028 amdeﬂmwd@s&dosedbewtal[if@@gﬂ} SFDIHGT tgC

shows anot her aﬁkagﬁ g\éé@m%eoé %%53 es"%é,"g’ﬁ‘!’ Sdoakgd a&n?f QBnLof FBGA.

package 606. are truncated "and

exposed by f orépt_aas dethiledria rpaaagamma QpG(BiJmﬁﬁalso oF verictapspbsat netgllinwoss i al
108 as shown F| G 6D and di-scussed above. Enbodi pents shown in FIGS. 7A-7C
i-ncl ude FBGA- ?)]eﬁckage 300. However in alternate enbodinents, other devices .

such as ofgpsq) packagss 7AMY ehovd @ﬁ&Kddedckagwpmeﬂdirg waymbddimeite dfffbe t Op ,

pac EZSS ¥ ack amamsise Hebrier Onot 1E, 48 i SN Bepita AR AARKRGES 10 @
i nterconnect i ofg of PBGhepaEIPa‘ég 664 hLiaPModarin FEE|GBNFBGA package 602 includes IC ,
die 118, plurality of solder balls 522, encapsulating material 108 and second plurality

~ of solder balls 110 In FIG. 7A, conventional FBGA package 300 is stacked on top of |
FBGA package 602 Wluch has exposed and truncated solder bails 522 as a result of

' 'remowng a pIanar porhon of mold encapsulation layer 108 as shown in FIG 6B and
discussed above, ' -
[0055] - FIG.7B shows package 702 in whlch FBGA package 300 is stacked on fop of
| FBGA package 604, according to an embodiment of the present invention. In FBGA
'package 60_4'sclder balls 522 are truncated and exposed bjr' removing encapsulating
- . matetial 10-8. aiong a"periphery of a top surface of encapsulating material 108 to
expose a shclf in thc encapsulatlon material top as shown in FIG. 6C and discussed
. above. - ' |
[0056] FIG."/'C shows aao____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 fonnmg a trench in the top surface of encapsulating material 108 as
shown FIG. 6D and dI.scussed above Embodiments shown in FIGS 7A 7C inchude
_FBGA package 300. Howcver in alternate embodiments, other dcwces such as other

-packages and/or electnca} components may aisc be thc tcp package in the stacked



[0057] FIGS. 7A-7C illustrate package-to-package interconnection using
solder balls on the top surface of the substrate in the bottom package, :
but as understood by - .soneone skilled ig the art, the interconnection could .
be facilitated by conductive features ‘of a variety of shapes, including

nmetal lic posts as shown in package 608 in FIG 6E. [0058] Although the

abovenenti oned Ejs.gl;/ yol f tion,

t he stacked pa&ag%é: as éo?orpaggh(})%ﬁgaﬁ@ yﬁglpé{;)ka %&%Bglcfg%dgﬁ%ﬁ
packages as wekizes. Pﬁl@@]top%e@t@d@ﬂmﬁ@ﬁd&h@hﬁdﬁ%@olﬁtﬂeﬂ@ ng exarrpl e
steps for nbl i ta .. 1.C- . packages. ., Oh stryct ural

operat i ondf2hbodi nEGEs 1 gyl RRRARHE Boragt HEGrahbeton e it

rel evant art(spnhizseg arfasdef el fubwiag il ilRChRBO packifs tht %)Smdaist@mhbyn FIG
.8-do not - necessaril 0 ocC in the order step of FIG .
8 are descri bet™ ™ %Iélﬁﬁ?‘i/ g:?o tE‘FE%cm@fRe@i‘Pnl ?qu{ép?\ém%htgtgtg ‘E‘F’é\ﬁes in
a process fOrfo@ﬁtﬁeisrﬂﬂaldﬂﬂe@fbfe]‘ﬂg@ﬂlzﬁ@lﬁﬁm ﬁleianicspoa@\as@hdvm\mqfa@mgélﬁoslﬁo

fl owchart 800 and are referred to in t e description bel ow regarding

fl owchart 800, FYHPEi | | ustrati ve purposes. [0060] Flowchart 800, begins i n .
step 802. (dogspt ep %%u@i’tﬂecz‘ab@irﬁnér&oﬁ&% eb Bave f1i Elﬁ)twn Rt {8 &F 2 Yie-Bp

substrate. The substrate has a plurality of contact pads on a first. surface )
that are el ect?qn@E'PfP‘}Oﬂ deritasked gackpges ug iWescHbeds hivain meryealsobaanpliod 4 diey of - -
electrically &%‘asf tures on a second surface. . [0061] In step .
804, aplurallt of bg s on a first surface of the IC die are coupled'
to. a pl ur B0y of 1510 $howgarﬂsw@ha1t&@prbwdmg exampla slepofor agsemblirigsttackede. For

exanpl e; FIG Q%XVS upl e bond-__'r‘
pads 112 to bor??l’éﬁc?( eP?{%’ifgu I%fk)%% q%%%g{)&l%%ﬁlﬂ ﬁurgl%i %]P%a%g % i
conductive el a:mnsslulsedfmrﬂmdelmnt htaspbasethbnm;e faﬂlowoxgrmﬁmsmqaad’s‘h@stepme
first surface e strate. For e, as ckage
900. has a fi rsgg) BhnF ?t%/o %oélng‘é&fs%@f ngﬁfb‘fuds Sﬁgw{lcah%Ffe% tger
bal } pads 52FIGI ﬁ aaé ﬂmcﬂbadexnemmeiam FJGS)t%M ﬂmsdatetassembgl engetis amay be
formed on the ural it f. cont ct such as neta 0S 063] In ‘_
CCep 808t ho PRBRART FoRn S oS RECCRgon PEcaint it of :
ericapsul at i on an®lb reftred tcain ﬂlEaeSoapmﬁ)baowasgaﬁdaogmowamﬁlsBo &E,mdsﬁ;aﬁd%e 118
and pmposes 5 o
[0060] Flowohazt 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 elecmcally

conductive features on 4 second surface. ‘ :
. f0061] @ In step 804 a plurahty ofbond padsona ﬁrst surface of the IC dle are coupled
toa plurahty of bond ﬁngers on the. first surface of the substrate For cxample 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 ﬁlurality of conductive elements is formefi' on the plurah'ty of E
conitact oads 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 thc conducnve elemenis and the IC die are encapsulated n
s encapmlatxon,_mold material. For example, as shown in FIG. 9C, IC die 118 and
plurali_tjf of solder halls i5_22 are all encapsulated in an encapsulating mate_rial_ 108. The



plurality of solder balls :522 are all ‘ericapsul ated in an €ncapsulating ~—~

material 108. The 15 first plurality of solder balls nay be encapsulated -
such that a portion of each solder ball renmains exposed. Encapsul ation nay '
be done using a damand-fill process, d> nold cap injection nolding

process, a strip or panel over-nDIdlng process or any other suitable

cncapeulal o BEQ5SEy D% 10U BEHOIETSLBH,RY 0l ROt beded e

rel evant art(s) e encapsul at'l ng
material isr emauednims esqpmaia mcansuianommapfbeehmh using i deni-ged-Bll emaness, @f the -

pIurallty of conductive Ierre tion of thee

naterial may bémiyﬁ?%ﬁﬂ?c lP’é%O?ém%ﬁmé:&ﬁe %H PR} RYEFG E %?Angg p%%fn on;
any ot her shapetﬁehailtaspéeas@smmrpr@@mhmmebemmsmodm@ pmenqmmuedhnmp of
conductive el enents r exanple, as shown in FIG 9D, package 902 has a
pl-anar | ayer & @’aB‘farE(?? capsul ating material 108 renpved to truncate and

expose pl ypgd4ty of m &8} dﬁm Ppdrtisn 6Le ASapSllBMY nbtefiliGs r&ﬁwe@a@leﬂi@eeg.04 has -
a portion 612 of encapsul at ng mat eri al 108 rem)vt(rj al on %11 g@§y of
the top surfac@omspn @n@ﬁb%ﬂ(&{c Yy chemely plathe plpralily ot eqmdug ea"ﬂ %3%%
plurality of Sgln%ﬁ Eleléic%\gl atifiSmatSiH Wiyl B FhiGhar Uyer, 2l eRBSKRG6h, Mbriora

trench 614 is orne by re art intérior. ring. portion of o
encapsul ati ng meg eeitigh, ¥G8Y pthee b Gatargoses graberoadustive elppen) obtheqdpraldy pal I s

522-The porti opg of dﬁ %%ﬂe?r?eﬂ #&t 1@2%5%55 iEG B8, SN OE2 hik Aol €ty

of ways such as- ot ant, routing, grlndlng, etc.
as woul d be uladexr&ﬁOmf(bnbeypsplem@msteBMllIOB ecovedtth druneteangraxpaset ieplit 06 5]

P2 BB RO, oL s AR 08 P bt

conductlve [2) seco sur ace’o substrat The .second
plurality. of saicﬁmmduaglmatenﬂyioﬁa remembdt dong)Lmtpenple:rjenlfl the ipac*m@ee td a

circuit board such P a as sh I ckage
902 sol der bal F%cali g‘%%%éﬁ%&? ﬁ%ﬂcg nafnac?xpo apg%hdfl SOI%GF ?@e észgcgl%d R
surface of SubaiomtlﬂFl@aF ifrlpGrkaBéD0sh @ wendhi1g 1§foﬁnedl\b)t femopmgl&agﬂ'erﬁﬁﬁpgbut R
this and subsequent an als carried-o u or -
906: Moreover, P%%Pfﬁﬁgﬁﬁ?&ﬂ%?m?ﬁﬁﬁgﬁ 366%838&‘% %@H@ﬁwﬁge@g cag]lsjpl ed
to the pl uralbiyTe F@ﬁ@dwtﬂe@c&p@aﬁmﬁﬁﬁﬁmtmbd Reopatikageriesrofiymysount ed

toa circuit board. [0066] . In st 814, an el ectrical conponen
attached to a.Suchrast 3@@%@6@& Cli‘qli‘écale‘ﬁﬁl’é‘fi%ﬂo&??gag%?ﬂ“& i, a%a*ff’“lé@ﬁpl e,

as shown in Fl ﬁdel%{ﬂod b5 PersBRGKARE i38P rdlSvant ari(s).
[0065] In step 812, a plurality of solder balls is formed on the plurahty of cenduetwe 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 conduetlve 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 a. 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 ﬂewchaﬂ ‘800 may occur in another order than hsted above. In
partlcular, steps 804 and 806 may be reversed S0 that the pIurahty of eonductxve



attached to a first (e.g., top) surface of encapsulating material 108. ,
Al t hough FI G 9H shows a FBGA package stacked on top of package 902, a
vari-ety of different electrical conpon nts can be nounted on top of
package 902. [0067] Steps in flowchart 00 may occur in another order.than
l.i sted above. In partlcul ar, steps 804 and 806 nmay be reversed so that
the plurality fcnd f s on
the first surfgg%m% e su%ﬁl@r Hﬁgﬁ 55%11 fe ﬁﬁ@c&&%ﬂ?gﬁgﬁ%ﬁ%@%ﬁo t he
top. surface of theHax d&uissﬁttaalted Wthla toieurfiasr off thay suifstraigi wish ded plueaditploéd fr om

the plurality of _bo ur frace, of t he tQat fingers

on the top sur IEhen a? ﬁ%ge%s%&?}ﬂé?%a 'ifmf SO?' asogs Qgth%@]&eéé A
first pluralityonaffisgetsdar thbady sifhelotthe saﬁstratehesd dxample ebashotyallh Fpadel, 520 on
the top surface of subs te 2. hen in. F 8 i ached .
to the top surﬁ’%ﬁ&@“@‘ygtﬁ‘g@?a]?”gl F@Bﬁ‘#&%@éﬁ '%@u?ﬂ‘% %é na azé‘g 112 on . -
the first surfae@cobf subfrabéd o2 ehenhﬁ&xoogmmdmfmageat&cm fohiss foppurite bice of
the substrate 102. [0068]  Furthernore, steps 812 and 814 can Ogg"ellgv§rsed So .

that the FBGA %’b@ﬁé‘g@% ircbprdsidd rpeie bendirags 1iepm the Arsd spgese 490 are
formed on (he paqop eecomémpmgmesabsgeezb@069] ' Moreover, a donme
over flat encapsu atlon echni que can be used whi ch t he top portlon of

each of t [968]irst ﬁuahermorg:sfeps &16|aeéﬁ%earq®r¢\@rsesiﬁeﬂeaﬂlefﬁwa§ HECAbd of
encapsul ation s H%ﬁ 8& tﬁ;grl)%:fo%'saﬁ ,.-tm q'iﬁaaQé%xﬁtad% PRt KLl siERES o0t

have to be renove rst p ura ity of solder balls do not have to -
be truncated tsobsttateold2f or a. devi ce or package to be stacked on top of ‘the

e epe ) malTBEeg T MNP, (RGBS BRI R bo vt 08D D,
use differ ent toih pareidn of nathaifithefist plmhtssomldehbalisap expastd dEthiff methed of L
L
steps 806 and :8@8vetamd e fireMeira kit ofsoldﬁ'&)allhéo mishrase e thmcqﬁed toi afivw fot ace by -
oot s"oi £hi h S B mRHe e Rpb onfBeSERe bR pRat BhbErm BBt FRLIS
800 - may al so mouﬁ9®e@ﬁpp@1$enbl e a stacked  package in which the bott om IR
p‘ec_k.ag.e ,h[aﬁm]a d.l ©: g \Qpepscggwatgé] (I>wc art 880 %al“}l g]soage used assemble packages that S
use diﬁerent 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
facxhtate 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 dlﬁ'erent 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 eould be used to '

remove a porﬁon the mold encapsulauon compound 108.



enbodi nent, step 804 becones optional and may be omtted. [0072] FIGS.
|GA-1 OD, 11A-11B, 12A-12B, and 13A-13B show di fferent nethods of renoving:
a portion of an encapsul ating materi al :{o expose a plurality of conductive
elenents. FIG 10A shows the top vi ewa{ d FIG 10B shows the side view of
an - encapsul ated substrate 102 before any portion of encapsulating materi al

108 has beggysremoveg 1FA Ghowdfsin Do Wit RS 98dBRH] Rwcadl FIGD @1 B Skelvd Dtopendve
a. portloiéw?lthe % enc%lps%I i on corr%ound 108. FIG 10D shows how

routing coul d bswuefem tntire ensapsplted acatratenﬁweplﬁeﬁrcpoeweefﬁsfh? Sil‘faB\A?ﬁ?Pé‘ﬁpound "
]1‘23 sﬁZWS[ got?g a&*lgi is r%ﬁbv%ﬁ%’? 1Bwil A6, '1’91’: LinfcRed arP&bb R sviigigst FI G

fire encapsul’ated substrate after a planar.
portion of thessdeapkub2tiragt themtee height as. ancsnsuleting mateid AR aver thpentirg1B, -
truncated and exposed first plurality of solder balls 522 are at the sane
hei ght as encaf)‘iig |ng material 108 over the entire substrate. [0074] @ =
FIG 12A spMp a SiFIg. e2AIRhdws mﬁglemﬂtcrccmcuvmabwmdlfﬂlﬁ 12B phastion®Pa -t op -+ -

view of an. entjre encapsul ated substyr ter - "
- encapsul at i ngVieHatlfefd t‘rf’§n?aé’ﬁ’ﬂ?7t8‘g %ﬁ%? & p%“)r111 e?%%gfté%é"&gsagﬁlﬁrface ,
of the encapsUlpidiilis #Aibesd alongfthe pedpHeac bﬁgﬂe toﬁsmfawmf ithee Em@pwlﬂ-ﬁga _
center portion of each die rotrudes hlg:?%f ﬁ@ thetg hf)her Leglons .
where the firsmajstigh af pich RACKHEEa PSSO Ry FIGy o} 48 agespter portion. of sap 075]
FI G 13A shows,@nahd@hdielitil (' REPhafGEEORPIh: B RADNTHKY thidBatsheoldera t Op

vi ew of an entlre nol'ded substrate after a trench 614 is forned in the nold E

encapsul ati on balpé@2 agdoegfedeach die. As shown in FIG 13B a rectangul ar .
i ng shapgghsf r enchy@o r afells Qb viehs BTG, 199 Tk

14A- 14B sﬁﬂws pr o?elg%s%¢§1}f{)v%n2{r|§n lbGaff ﬁjg?ogéglagevgn top of a BGA p%kage
i.n -accordance viewhoft he eptiresemided rﬂ!ﬂémalf%ﬁﬁcﬂ A wnch Gi4pssErmed ipabe dv

applied to a plural g&ﬁ’lfg% B3l Jdr R8BS KODoRE ulrFﬁTF RagkAg8a rinkAfaped

plurality of barfclap correspond to a plurality of truncated sol der
bal I s 522 whi chemheoauscfmdlniw:hhfﬁmgﬁdaes t op surface of a FBGA package

L0 o o0 "2, WSS RAE A% BAAR. o MRARE 0RDube o GGk aGe

1404 and att ed using conven ace nount
processes.. . - package, maccordance with the present invention. InFIG 14A solder paste is applied

foa plutality of ball pads 1402 of LGA package 1400. The plurallty of ball pads 1402 S
“cotrespond toa pIurahty of truncated solder balls 522 which are acces31ble 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 reﬂow 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 encapsulatmn 1ayer of the bottom package to span the ent:re sm'face of the - R
substrate and allcw the size of the IC package not to be lumted by the size’ of the mcld _ I



Exanpl e. Advant ages, [0077] Enbodi nents of the present invention provide
many advantages over -~conventional BGA packages, including those described
above with respect.to FIGS.. 1-4. Sor’rpg of these advantages are descri bed
bel ow. Each advant age descrl bed bel ow “does not necessarily apply to each
enbodi ment descri bed herein. Furtherrmre the advantages provided, by
enbodi nents of e [ Rt a@@‘ggs;aﬁra[sbybe miﬁimizaijfdrmthose
descri bed bel ovltlm 88‘%5?‘@{5%5[} géglgthgcl%ordlpng to enbodi nents of the
present mventg:mnl@ldtmet he rml d encapsul ation | ayer of the bottom package

to t t t d t afiod he | C
bocinge BT be pRHIEREE, AlekiBoashR SR BRCaREkO U e &Eip?‘ﬁlag% °

footprint si Zenzft&ialhﬂﬁvﬁmtﬁmltmhdiaﬂ@dcdeFﬁﬁAb@a‘Phﬁﬁﬁrﬁh?@H ip§iG.5 and yen | C
e LT S VI S e 1

encapsul ati on i"He pit rid array (F
packages Shownné gubktrdfe eposiii(e: gotihve cowinedoby ehpsurtiog anpterial)Hatbe diee Thave a . -
substantial portion of the top surface of the substrate exposed (e.g., not
covered by en&&ﬁ@@?&tﬁﬁﬁkﬁﬁl’@%‘g&) to be the bottom package in a stacked
package. (98§01 (3)3)ThR thinbnedtdtder vall deds Ak fopadh satfhmmmt ambthtrpushfface

nmount -and t hrou hol e -packages tq be . the |n t
package. Sincé ﬂrtﬁacki‘ﬂeéié‘?b?ﬂ}el@l’l’ﬁ’étaﬁeé‘tg’i E‘ﬁ&’ ove §(](ieé?@o der

ball melting QR&P& §¥ baYe %Qelaf'eéo@de%dutmm@qmﬁta &mitjacaubé &emedrount and -
t hrough-hole termn ‘Jfl (4) The contact term nal pads on the -_
encapsul ati ng mebothburfaspm@umfaaéé}ﬂa?@ holgter@igalpy sol der ball's truncated on
top, so tdgggsﬁ cont t?% ﬁfB%A RSP Ass! oh #Blh&gbitingSakBaa taﬁldurffaceeldevmth

s

t-er m nal package. These cont act pad on
encapsul ati ng fnnmdrhy&blderdtalleMﬂ@l@@nﬁepséaéhqs?%%éﬂa%cﬂ‘l F'ﬁél? 5?:%%5’ of

term nal | eads, DegaUsE A cAifalITBE aibihct B hadtakd ThedoQBRRS: B orThe
hei‘ght of the 8151 th e package- can be reduced by using ?l er . balls

for the top paﬁ«ag:apsntatmgmtambtqph@nwomeaw ﬁ@e‘bthhr"éll‘eg‘if@r?ﬁl‘) el ng

themwith sold Iac ntact pads.as.shown in FIG 14.
[0083] (6) Théeegﬁp%é‘}’se %n %?Og%e?fb%lgsgs provide. better reliability .

than [0082] - (5 The helght of the entire package can be reduced by using smaller solder
balls for the top package or removing the solder balls entirely and replacmg them with

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

- [0083] (6) The solder bail-made contact pads prov1dc better rehablhty than
conventlcnal copper/mckel/gcld pads for the solder joint ‘because there is no’
mtennetalhc compound (IMC} formation on thesc termmal pads that ‘can reduce- :
solder joint strength ' , .

- [0084] (7) The contact pads on the package mold top are formed using conventtonal
processes for solder ball mount, molding, and machining w1de1y 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 ccntact 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 prowdes mechamcal support and sttﬁ'cmng “The mechamcal support for._' R
package-to-package mterconnectlon is prowded by the encapsulatmg matenal of the . "'. :



conventional copper/nickel/gold pads for the solder joint because there is
no intennetallic conmpound (IMC) formation on these terminal pads that.can .
reduce sol der joint strength. [0084] (ﬁb The contact pads on the package
mold top are formed using conventional “processes for .solder ball nount,
nol di ng, and machining wi dely enployed in assenbly houses. [0085] (8)

Since the int E &I hdkagLidddes Pl RbR tRNstifiesst ARhObotat kagsgebstrdtdey
can be easily identified and accessed. Assenbly through-put and yield of
package st ackilhes hincsesdl asaxtrgaely rﬂﬁﬁ@%bﬁ’é‘éeéu@@“@lﬁé%@ﬁﬁﬁsﬁ@ﬂ “¥&n be
easily accessegd ity RGNS ' 0l der that can
wet the inter cgnnect s?fgsrm n’%lajgﬁg?&ﬁt %%Eho‘%ég)gﬁggg@?g%cg%ﬁ (9) The

encapsul ating material that covers the entire top surface of the bottom
package pQoutldgien nechanical support and stiffening. The nechani cal support
for package-to-package interconnection is provided by the encapsul ating -
mat eri al (@087he 19 Whil tvamoysaehiaglimentsl ofl dles presant ri@!e}lti@hhﬂﬁfeb@ﬂié)eﬁﬁé@é of

t he bottom package .sybstrrate, Th thin as,.well as ' i ible .
substr at es, iniétfq%&i lﬁ opld be “Bg\%%ta‘?éjtz’ﬁtcfﬁ?ﬂ?ar‘{ e(?%?néj res%ﬁle‘ggi{evgygt%% Enlrp geiﬂgg%, .can
be used for botkyi hdrgirtiafoand: shotkicra gpeteagmsperdanekilled tinthe [FOBML afWihat -
var.i ous enbodi nents of the present, i pvention.have .bee escri.be ve, it

shoul d be undéY@%“Bﬁﬂhﬁ*lﬁ?ftmtfa’é’??ﬂ‘g\%ta%é’% f)fl@g%gqeéeﬂln qydseg?‘h%%grﬁprﬁaﬁgonl y,

and not |i m t agdi@nandlstops @ dhdproRnbPpaition! Thos, #iey sresish aid dchedof the present
rel evant art that _various changes in form an %}etgl}l C@n e made':lher ein
wi thout depar t invgrtioRofiopkle nok e i lmiledy by c 8pe BF Ueh SOPvalarived NI, -~
Thus, the breaghfbdnchts 6080 bk BEIRAVERTh acdoflafsy wittiths Hellowingelhintend i mi t ed -
by ‘any of the above described exenplary -enbodi ments, but  shoul d be .defined
only in accor déeieqralents he. following clains and, . . their equivalents. 20

CLAIMS 1. An integrated circuit. (I C). package, conprising: a substrate .
havi'ng opposi ng. first. and:second surfaces; a plurality of ‘contact pads on:

the first surface of the substrate electrically. S o




connected to a plurality of electrically conductive features on the second
surface of the substrate; an integrated circuit (1C die nounted to the
first surface of the substrate; a plurality of conductive el enents forned
on the plurality of contact pads on the first surface of the substrate;
and an encapsul ating material, that engppsulates the IC die and the
plurality of conductive elenents, wherein a portion of each conductive

el enent of the plurality of conductive elenents is exposed at a surface of
t he encapsul atigygaymgeri al, and wherein the surface of the encapsul ating
material is one of a shelf or a trench forned in the encapsulating
material 2. The package of claiml, further conprising: an el ectrical
conponent nounted t hgmelg}g ulating material such
that a plurali ty of %&qg%%{a?egéﬁ%{ggﬁ%%%ﬁeve rrerrbﬁ%rss of the electrical
conponent is ellseb:tnratedall‘/ingOommngef&rsit@dtsﬁ@néﬁwﬁﬁmty of conductive el enents.
3. The package of C I ast one
of a resistor, 1&{) g’f % d,"“% uc{l t}ﬁe qizfgt %ga%ga%fﬁglggg&gs&%? ae?er(ﬁ C,ah erein
the el ect rdoﬁ@éctdd&ﬂmplemlty & aedﬁ@dallly gbndjxcnw feasur¢sB@Ahe paciad gerfadearfdhgr i d
array (LGA) package or a through-hole package. 5. The package of claim1,
wher ei n t PSS ace of the encapsul ating material is planar. 21 6. The

package of Cla'aﬁ‘ni‘te M\‘.‘@@Eﬁ mt(t@edl@mom@tdxheﬁms@malamhaﬁas&gtenaterlal is
non- pl anar . %r for formng a stacked int eg]rat ed circujt

: (10
package, corrplal fé\llﬁ]g‘fy qﬁmchﬁge elamprts dormed @nghe plugglity of pongast Brdsputipst rat e

havi ng a pads on the first surface that are
el ectri caﬁjfréljt c{)fl?l%lée/o(:ft%eds%?ﬂ%ageﬁtaﬂdthe substrate to a plurality of

electrically cande:mhpsu&uﬁgahajer@d dnt @nsapsdas Sbe flEcdicodndt He plubdiy af e;

formng a plurality of conductive el enents on, the t act d
on theg flclgg ucguﬁlﬁe BENSt W ﬁrgms%\ég‘?‘roﬁt eaﬁlhaoréqlﬁl&téﬁs%fs I?t él t¥?18 uﬁaﬁg}r’]gﬁg a!to e

|l east a pQLhdRBvOLlcRRER ieba¥eat ataf sukface Pt e @htdpyulefing 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.



conductive elements on the first surface of the substrate with an
encapsulating material, wherein the surface of the encapsul ating materi al
is one of a shelf or a trench fornmed in the encapsulating material. 8. The
met hod of claim7, further conprising: renmoving a portion of the

encapsul ating material to expose a por44on of each conductive el enment of
the plurality of conductive elenents at a surface of the encapsul ating
material. 9. The nmethod of claim8, wherein the renoving step conprises:
removing a pl aar | ghepackagd becleint hpdistedd thegurfadeasfithd ersupduldtingtmageriadr t i on
of each conductive elenent of the plurality of conductive elenents at the
surface oflsfl%plaﬁfﬁcapsul ating material is exposed. LL | NTERCONNECT
STRUCTURE AND FORMATI ON FOR PACKAGE STACKI NG OF MOLDED PLASTI C AREA ARRAY
PACKAGE ABSTRACT OF THE DI SCLOSURE Appar at uses, nethaods, .and systens for
i mproved i nt egriat ed Acimethed . fop afokmings 2 aptacked e Bueared . cimyiti (CdgPagkads: cir cui t
(10 pack%%gl F%%L_udes a substrate having opposing first and second

surf aces, Aanre g e, a plurality of conductive elenents, and an

encapsul at i ng mmdvatihghn IC Hixetosaifist saffeee s sabytatr bdvingya pluradionbfcdntggads on

the first syrface that are electrically coupled to.a plurality, of.

el ectri calB¥? %ﬁ’ﬂLﬁtﬁtiSvggcfeég?tL?Feege%'ﬁcatuﬁéowﬁt%ﬂgng\fﬁl\‘ t&%é‘&’#ﬂ% t%?élruzﬁzfl}t)fy of
conduct i vefeleefRmyScondudiive f@eireyor Nchid stfasdbitaectibofaté;he substrate. The 1C
die is located on_ the first surface of the substrate. The encapsul ating

mat eri al encapdeimirea pluslity of ennducitvg clemesirqn bR PERalEy ehcntahBMs Withe he
plurality @of GARAUGHVEHEL , s. L FLG 5A ]

encapsulating the die and at least a portion of each element of the plurality of
conductive elements on the first surface of the substrate with an encapsulating
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.



