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[0001] This application ‘clainms the benefit of U S. Prov. Appl. :
60/ 799, 657, fited . . May 12, 2006, which is incorporated by ref erence
herein in its enti'rety BACKGRClJND OF THE | NVENTI ON Fi el d of the
i nvention % The ent invention rel ates to mte&rated circuit (1C)
devi ce packa§$ ERG @ CdoS TRIBCd UREAND: K
st acked packag&[‘ACKlN@@EMOWED PIMMAREAW MKAGEaI | ~grid-
array package was first introduced by Motorola. and was cal l'ed Overnol ded -
Plastic Pad Array Carriers (OVPAC) For further detail.. ‘on thls package’
type refer to "Overnol dduvertoast i cRéZauk Rehmay KBan ri er s, (C]\/PAC) A Low :

: Cost’, High Int erconnect Density | @anPZrkmghavg Sol uti on -for. Consumer -and
I ndust rial Electronics," Electronic Conponents and. Technol ogy Conference, - .
| EEE, pp. 176-182, 1991 ~whi ch ‘i s incorporated by reference herein in its

es to

entirety. Corrm)nly known as a "PBGA" package, the plastic ball grid: array,j

(PBGA) pacheapd] featﬁﬁesppacﬂioﬁfelduﬁs fheibRhetl of ULS: WPirdv, BOBI. Nl 504799,657 Gled -
typical ly nmade g/{? gt@ﬁ? rpdde Tri a2| ne (BT) resins or FR4 materials.
[0004] Conventi UREE "31"? s ipcprggrated by agfersaeibsreiin i eptFetyal | ow f or

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

i nterconnection through’ th@@@g@n@@}ﬁjb@q}WEWIOhﬁUNNARY OF THE: L
I NVENTI ON [ 0005] Appar at uses, net hods, and systems for inproved integrat ed -

circuit packages are descri bed "An integrated circuit (1C):package -~ =
incl udes appMsTikaheeniay |- ng opposing .2 first and second-surfaces, an I'C -
di e, and an encapsul-ating naterial. The substrate has a plurality of

contact pagposn thehh aq?{eseﬁtufnfv%ﬁfgntre?al % mtegjra it i c;fllﬂl Qéﬁ%%%{v"%-erg?ﬁg ing

plurality of electrlc y. con Y] eatur s-on 88 At
pturality of cdm]mgbg)aéftore spec1ﬁcally, the invention relates to stacked packages. o

Related Art

- [0003] - The dle-up plastlc ‘ball grid array package was first 1ntroduced by Motorola :
- and was called Ovennolded Plastic Pad Array Carriers (OMPAC) For further detail " a
on this package type, ‘refer to “Overmolded Plastic Pad Array Carriers (OMPAC) A :'
Low Cost I-hgh Interconnect Density IC Packagmg Solution for Consumer and-
Industrial Eleotromcs " Electronic Components and Technology Conference, IEEE,
pp. 176-182, 1991 whwh is incorporated by reference herein in its entirety.
Commonly known as a "PBGA" package, the plastic ball grid array (PBGA) package
features a plasuc prmted c1rcu1t board (substrate) typlcally made of Bismaleimide
‘ Tnazme (BT) resins or FR4 materials. '
[oo04] Conventlonal ball gnd array (BGA) packages do not allow for mteroonnecnon " o
“between stacked packages through the encapsulatmg matenal ‘Thus, what is needed | T
isan IC package that' allows for interconnection through the encapsulatmg matenal |

SUMMARY OF THE INVENTION

-[oo0s] Apparatuses, methods, and systems for improved 1ntegrated clrcmt packages -+
are deecnbed An mtegrated circuit (I0 paCkage mcludes.a substrate haymg opposing o o




elenents is formed on the plurality of contact pads on the-first-surface- of .
the substrate. The I'C.di.e is.located on the first- surface. of the .
substrate The encapsul ating material . encapsulates the IC die and a’ oo
portion of each el enent of- the plurality of conductive elenments. According
to.an aspect if the invention, an integrated circuit (1C) package
conprises: a substrate: ‘havi ng opposing first and second surfaces; a

plurality of coftshandsseend sprfacepanis digy mehmfea@esxdatmgmatmbatm substrate has a o
electrically. Coﬂmtf&&ﬁtac%aeébﬁalle'fﬁéf sﬂffacglﬂﬁf;ar% MHP glgc& A }?]nfég? tures .

on t'’he second surface of . substrate; an 1 nt egrate die-
mounted to t he Pf Flsetrienllyfeqpductve faatures dnsthe accend aurﬁtcerzamhtrghtmfof comidctove] ve

epements of Med ookl it Bhicdofpihyi OPLAE: AACS, Bl Sl St SitREACS Of

the substrate; and. an encapsu I ng” ma t encapsu
di e and the pl ufhe IG dieds locasedion the\fisst setferefi tts, subdtatec The emapmlaﬁng)matenél each

conductive ele ctive sed at a -
surface of therrgétb%:l ngsaﬁe%qﬁl %ﬂe%g%ﬁgﬂ{m O?E?:lch/!’ ﬁ\?l%&&ﬁ@te;f’? ! %8‘%@@%} .
further conprisesmenn el'ectrical conponent nounted to a first surface. of .
t he' .encapsul ati ng nmateri al such that a plurality of .electrically .~ -7
conductive menbers of the el ectri cal conponent is electrically coupl ed to 1;"']:

t he . plur al iAegordihg eooauchepdct if ehegheomeion, &nnﬁ@a’t&i@@ﬁi@ﬂ@)packﬁé&oﬁipﬁﬁés“ cal

conponent is at one of a.resist i'tor, i nductor .
Advant ageousl y, ?“ﬁ%aiqleagﬁgloé’ﬁ?m%ﬁﬁ@ﬁgﬁ?”?@“ﬁ%i |- grl d array {BGA}package,

| and-grid arrayapl(lﬂalﬁ&)oﬂaactmgeds dAth@firel Wult@or iR Sb R G Ricalfi¥aRtAGa[US! v,
the ‘surface the %glful ating.material is planar. Advantageously, the

surface of &P eogdmvgfqagneslogtmpgmeogtheA‘ehﬁH#F:ageousl y, the
surface of the &Hﬁt@ﬁ&t’é&@&éﬁﬂ&f@éﬁbbﬁ&%%ﬁr&r}ﬁ#&wo?ﬁ#é‘%glh defrel € a
urrace o

encapsul ating mater] Advant'a eousse% the s e ehcapsul ating-
rraterl al is a tvepelityrodcondyctive qleneen wegdnl the ploralifyeafantatt padsiomthe digeous| Y,

a plurali tm@ewﬁ%{,s‘% Eﬁql s formed on the electrically conductive
features on the secon ace of the substrate. Advantageously, the

pl ur aI | ty of comdaepiuating/reateril,ghitsnappilatesahe 10 dio bnds thie péuralizpbf conductive
clements, wherein a pomon of each conductive element of the plurality of conductwe

clements is exposed at a surface of the encapsulatmg matenal
Advantageously, the package further comprises: - '
an electncal component mounted to a first surface of the’ encapsulatmg matenal such"-
- thata piurahty of electncally conducnve members of the electncal component is electneally o |
coupled to the plurahty of conducttve elements. ' '

Advantageously,' the el.ectﬁe_al component is at least one of a resistor, capa'citor, or inductor.

Advantageously, the electncal component isa ball-gnd array (BGA) package land- gnd array |
. (LGA) package or a through-hole package

Advanta'geously, the sttrfaCe of the encapsulating material is planar.

- Advantageonsly{' the snfface.'of .the encapsulating material is non-planar.. _ ]




Advant ageously, the plurality of conductive elenents is a plurality of
metallic posts. . Advantageousiy the substrate is a .flex tape substrate.
Advantageously, the I C.die |s -mounted to the first surface of the
substrate using an adhesi ve. . Advant ageausly, the package further -
conprises: a wrebond that.- coupl es a bond pad on a first surface of the IC
die to a bond finger on the first surface of the substrate; “Accor di ng to.
an. aspect dfvaptigcquplyefta srface  efetheoencepulating materiad ist ackel fomedginathed
¢i rcuit ('&):aﬂé@lﬁﬂﬁ?g&ﬁat&&alpr ovi-ded, conprising: nmounting. an tC die to a
first. surface of a substrate having a plurality of contact pads on the
first surface that are el ectrlcally connect ed through t he substrate to .a -
plurality o t tu n.a._s sur of the
D ubstrat b; CfpmeRoRl WERhickel QPME cokebiitle HRRAEN € RSERORG B S o T
cont act paob@cmlﬂ@mmwrﬁ surface of the substrate; and encapsul ating the -
die and at |east a portion of each elenent of the plurality of conductive
el ements on the first surface of the substrate with an encapsul at.i ng
material . fmaagwgﬂnwsliﬂyr,ahtyh!f snﬁeﬂimllls fufolher ot theRldcsially ébnﬂ%ﬁ)‘ﬁiﬂv lfdﬁ,gtrés
portion. © ngapsul a terial to expose a portion of eac L
conductii ve oéllttgerrsgat% gl% %B\ g\“bgﬁﬁt?y of conductjve el enents at .a surface,. of
t he encapsulating material. "Advant ageously, the renoving step corrprl ses:
removing a t he_encapsul ati ng materjal such that 'a portion
of each. o"%ﬁ@t&% %ErPi ’f‘h%f’f?‘h‘é %’I"ﬁ?’gﬂe’?@‘s&fpl'cr%@gﬁq e bdllsenent s at * t he
surface of the- encapsul ating . material is exposed Advant.ageously,

e region of. the

t he renovi step c rmV| ng a peri pheral S
encapsul at :l%é’ ‘tﬁ?ya iﬂalgitﬁg dwlﬁeﬁlﬁmsussfapludsuo wealigeesive el ement of i

‘the plurality of conductr ve-el enents at the surface of the: encapsul ati ng-_:-~-1-' ».

mat eri al.: Advant ageous! y, the renoving step conprises:. form ng a trench |n
t he encapstﬁ*lda%qf%"%@elsal?Sﬁ'ﬂfélﬂe&fb@stép%ubmatﬂ on-of each-conductive ' .- ‘
el’'ement of the plurali ty of. conductl ve. el enents at t he surface of the

encapsul ating material.
4 - Advantageously, the IC d1e is mounted to the first surface of the substrate usmg an adheswe

' Advantageously, the pack'age' further compriseS'
a w1rebond that couples a bond pad on a first surface of the IC die to a bond ﬁnger on
the first surface of the substrate '

According to’ an aspect of the mventlon a method for forming a stacked mtegrated circuit.
(IC) package is prov1ded compnsmg '
mounting an IC die to a first surface of a substrate hawng a plurahty of contact pads | _
on the first surface that are electncally connected through the substrate to a plurahty of l. :
electrically conductlve features ona second surface of the substrate " Do .
foxmmg a plurahty of- conducttve clements on the plurahty of contact pads on the ﬂrst .
 surface of the substrate; and ' AR
encapsulatmg the die . and at least a portion of each element of the- plurallty of "

conductlye elements on the first surface of the substrate with an encapsulating material.

o Advantagebus}y, the -ntetho_d 'ﬁtrther comprises;




Advant ageously, the renoving step conprises: grinding the- encapsulatlen
material to remove the portion: of the encapsulation .material. ' :
Advant ageously, the renmoving step conprises: ' routing the encapsul ation .
material to renove the -portion of the encapsul ation material. E
Advantageously, t he. renDV|ng step conprises: etching the encapsulatlon

mat eri al using a chenical. etchant. to rempve the portion of the
encapsulatlonlnﬁﬁWWQﬁfiPmuwwaﬁﬂ@gewms$wﬂmgW@ﬂm@ﬁHodﬂrmwth&mﬂumnpfﬁgés
formng a

Font ur as oL atvd Yl of el Solob I LU RL oPERUNEk R ing
encapsul at imgterial.ep conprlses 5 encapsul ating the die and flrst pIurallty
of conductive el enents using.a damand-fill process, a nDId cap injection . -

mol di ng process, or a strip or panel over-nolding process. —Advantageously;-

t he. ~.met hod%fvanttamw!;ohqmmseegstquMpm@ an el ectri cal corrponent to a first.

surface of the u nmat er, suc tha r | ec aI ly
conduct i ve nenbg%%e{ﬁfghée}%éa rﬁéfa XS aﬁ’gﬁtm %13%?‘85 tﬁﬁt f!‘r‘@ ed to‘ :
the plural |cbgdwﬁveee1emhm¢:bf ﬂneplafahryeoﬂoenduéﬂweiérﬁ@mmie)surﬂob%f ﬂﬁleﬁedpsulﬂ:aig -
conponent is_ a. 1 reuit.element, wherein the nounting of the .‘electri cal
conponent é‘taé%l |§%s m)untl ng the circuit elenent-to the first

surface of the encapsul ating material such that at |east one Iead of the_
circuit el ctrical I% coupled to the plurality of conductive

is S
el enent s. aanﬁ?gﬁﬁ‘égi’h GFImeiRs e PFOMPHSSSt conponent is a land-grid . array .
package (LGA), whewkiga pkijther trégiéh &¥fthd GRaRLRBARG h&iBHial &Péﬂp@&efﬁor%ned?
conpr.i ses: untl the LGA package to the first surface
encapsul at Vs|ek‘§tt‘eh 0? g plugalisy @f nopduptivg cleawntact, the gadacsf oft the. LGA
package i se ﬁaﬁﬁla]‘nhgﬁia{eﬁalcoupl ed-to the plurality of  conductive el errents by
applying a sold paste to the plurality of ball pads of the LGA. S
Advant ageousl y,' the electrical conmponent is a thr.ough hole package '

wher ei n thﬁd%%&&d@g: thgfrerﬁ&&g%teﬁ%ﬁmbﬁ?es corrponent step corrprl ses:

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

element of the plurah_ty of conductive elements at the surface of the encapsulating matenal. .

_ Advantageously, the removmg step compnses -‘ _ -
gnndmg the encapsulatton material to Temove the portlon of the encapsulatlon L

material. -

Advantageously, the't-e.rnOViI-lg 'steo comprises:

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

Advantageously, the removmg step comprtses ‘
etchmg the encapsulatlon material using a chemlcal etchant to remove the portlon of ‘ o

- the encapsulatlon matenal
Advantageously, the method further comprises: _ . R e
forming a plurahty of solder balls on the plurahty of conductlve features ‘on the L

. second surfaee of the substrate

: _Advahtageous1y, the 'eneapslilatioh step comprises:



mount.i ng. the through- hole package to the first surface of the.

encapsul ating material such that a pIurallty of terminals of the through
hol.e package is electrlcally coupled to 'the. ' pIurallty of -conducti ve.:
el'enents: Advant ageously, the nmethod furg her conprises: coupllng a :
plurality of bond pads-on a first surface of the ICdie to a plurality of .
bond fingers on the first surface of the substrate. 6 BRI EF DESCRI PTI ON CF;;
THE FI GURES' [ 0GB®psuigtiag Mep%ﬁssmlueﬂlmfr@edum elpmentb using » dpBead-8H -~
herei-n and fQuet8 AmpRY dap Hjectibifio édessa&l éJaHe‘metlﬁomh pRodledi ment s of
t he present invention and, togethéer wfth t descr.iption, urther serve to .
explatn the principles of. the enbodi nents and to . enable a person skilled

in the pertAd@%}ge@ Stl tﬂ% 1@% i nvention. [0007] FFG 1 shows a
conventi onal. pl ast?c baI grid array '?%%GA) ‘package. [0008] FIGS. 2A and 2B

show top and si thousting\es elep@sgleemptmhyto adfirstanrfangtolf theenchpswlating matériahsueBGA

REe Lot fihliy ot JRalRY SR SPog gt AaahePRaEIf Bl 02"

[(0011] = FI G8oupl&ito B piivatity phevnbadive clemerts. f or assenbl i ng an | C package, -
according to enbodi ments of the present invention. [0012] FIGS. 6A-6E show
met hods for exposing conductive el.ements by removing a portion of the
encapsul at mmtgawtmeemsﬂ)althe §léfica] cdnhiobent-iy AciféuitsdienientOvhenath fRasoumkiogef the FI GS.
6A- 6D can bﬁ ag orm st acked packages. [0014] FIG 8: shows a

fl owchart &f° %@3‘@% YPPLPRBUSFor  a stacked | C package, according to.an -

exanpl e enbodi nmointiag thdirdalt @fivht tohe HrétQrfadeWIHAd exchfsblatifgnBierial dudht r at e -
a stacked |C p kage akqatglff rent hases of assenbly according . to an -

exanpl e enfghi® ‘?“l‘f Bt % rthe EHeui ﬁtP@ﬁfl’i Bne e‘{tﬂ@llh]copl’l%mltbm’ it 196w
di-fferent paHdbals eRfneh@mOVi Ng t he encapsul ating .- mat erial-. [0017] FI GS
11A and 11B show the result of' removing a planhar. portion of the .
encapsul ating material. [0018] FI'GS. 12A and 128 show t he- result of

removing aABQIan@éhsBrf ﬂfefh‘fecﬁicgla&%iﬂoﬁedt 192 land-gnd amray package (LGA) wherem the L
' mounting of the eIcctncal component step comprises: S . ,
mounting the-LGA package to the first surface of the encapsulatlng matenal such that _ .
a pluxahty of contact. pads of the LGA package is electrically coupled to the plurality of
conductive elements“by applymg a solder paste to the plurahty of ball pads of the LGA.

Advantageously, the electrlcal component is a through- hole package Whereln the mountmg‘ o
of the electrical component step compnses

' mountmg 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 conductlve elements

x Advantageously, the method further comprises: A N :
: coupling a plurahty of bond pads on a first surface of the IC d1e to a plurahty of b on d : S
| ﬁngers on the first surface of the substrate ‘ : S



material along the periphery of the package. [0019] FIGS. 13A and 13B show
the result. of fornming a trench in the encapsul ating material. [0020] ,
FI-GS. '14A and 14B show how an LGA package 'can be nounted on top of a BGA
package -according to-the, present invemgion. 7 [0021] The enbodi nments  of
t he present invention wll-now be described with reference to the
acconpanyi ng drawi ngs: 1n the drawi ngs, |ike reference _nunbers i ndi cate
identical or functionally simlar elenments. Additionally, the |eft-nost
digit(s) of a reference.nunber identifies the drawing in which the

ref erence nunmber first . ears. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

I ntroduction [0022] RefereEBé@FDﬁS@Rﬂ’T@@@HTI&%FKHﬁRE% "one enbodi ment,

"an enbodi nent," "an .exanpl e enbodinent," etc., indicate that the ’
enbodi ment ri bednfgaa)é r

characteri s[tﬁiﬁ?? but . eve?cil %ﬁ){ggm@"mﬁg a‘{’ﬁlwﬁg ﬁ.{cojpﬁgaéegsh g%ﬁ“? dlfﬁ\%% ﬁ%te t he
particul ar feat ﬂxeépe@ﬁmgn,uﬂestratﬁr the hmbadlments of itle pMmemwenuonsandhtogethsras es

martoul ar - oat el EhEREb I W% 6 BB HOTRRS ot B R B et on

with an enbodi n@hteapetsonshﬂedmmthetpedmeimatttotnakeanmtisélthletﬂdaﬁldnnovw edge of one .

skilled in art t fect such.feature ctur aracteristi-c in--
connect i on [Mbe’h ot helfiG ﬁ%%avsraecﬁpvennonagﬂﬁq@?ﬁ oty @?9%)8?‘%9%‘3 descri bed. .
[0023] The [tpnoa]sent SHIGS] 1A amd 2B sholi 66 bitbede VA6, Rispdtlvay, OTRR ShtIRN drewinpat
i ncorporate he, fﬁ:‘gék” e%e of the invention. The disclosed enbodi nents
merely exenpl i f?/f ghtion. The scope of the invention.is. not

linited to[o0ohe di sEIGSETA amtEBlhoRHkem 1esT$tatau€eaeﬁat1ta<g&h is defined by the

cl-ai s ‘app d her - [0024] Furthernore, it. should be- understood
t hat spat i g‘qu scri %ﬁ‘&o‘hihowe & cpnventiogghfjne pitch bajbgrisiarray (FB@A) packager j ght | »

" dowdoai)' t op” FIGHOIA-90 shovelte: b&lé’ﬁ% L Gnthid gni@?ack geéf RS gf
|IIustrat|on only, and that practical Ierrentatl ns o struc ures
’ embodtments of the present invention.

[0012] FIGS 6A-6E show methods for exposing- conductlve elements by removmg a-
portion of the encapsulatmg material.
[0013] FIGS. 7A-7C show how methods shown in FIGS 6A—6D can be used to form
stacked packages : B o
[0014] ~ - FIG 8 ‘shows a ﬂowchart of the assembly steps for a stacked IC package
accordlng to an example embodnnent of the present mventlon _ .
[0015] FIGS. 9A—91 illustrate a stacked IC package at different phases of assembly,
4 accordlng to an example embodiment of the present invention.
[0016]  FIGS." 10A-10D show dlfferent methods of removmg the encapsulatmg,
matet'lal S : : , ‘
_ [0017] . FIGS IlA and IIB show the result of removmg a planar portton of the
_ ‘ encapsulanng matenal S .
- [0018) - - FIGS 12A and, 12B show the result of removing a portlon of the encapsulatmg,
material ‘along the penphery of the package. : .
' [0019] FIGS. 13A and 13B show the result of forming a trench in the encapsulatmg
material. 4 ' N L _ '
[0020]  ° FIGS 14A and 14B show how an LGA package can be mounted on top of a |
| BGA package accordmg to the present 1nvent10n ' ' '



described herein can be spatially arranged in any orientation or manner.

Overview. [0025] The i nvention described herein provides a.net hodol. ogy and'_

apparat us for formng; an {C. package i ncl udi ng ‘a substrate having
opposing first and second surfaces, an. 1C die, and an encapsul ating
materjal. The substrate has a pl urallty of cont act pads. on the first

surface th g&r}e el e%%rl cally coupled to. plurality of electricall y'
conducti ve ures ORC temPodiments Oisthefpresent Al"ﬁméﬂﬂalwiﬂt tﬂotYf be gtstibed \rith

elenents is forpagemit ohBe RtdfBhiying @hwihgt at:thepa%ng@ 1&Qeeftﬂerc%tnu%wetsace of
t he substrate. 8 The ICdieis .located on the first sSurface of th

substrate. The . &tecafsddenticaling fiypgtienally similarel epents. additionally, fthe 1ot~ @Oétrfhglﬁ(s) , .
portion of each 1 Y, [ 6] A
port.i on. of eachoﬁ}a?@ﬁ%ﬁ%nc%nu%ﬁeg lgédtt}rpﬁ 2141 ﬁeydrg%mg %ﬁ%rg eegle@g;?&ﬁber 1%9@ "
exposed (e.g., ARRCa8ncapsul ated by the encapsul ati ng nateri al). The exposed'
portions. forma plurality of contact pads which may be coupled to a . -
devi ce: The device nmay be anot her package, a circuit element, etc. The IC
package may be a variet yJEiTAIBEDfIHiSQRIPTIchEg‘éBEB\DCBN'Hé)Na bal I grid array
(B&), fine pitch ball grid array (FBGY), or a pin grid array (P&G).

| nt egr at ed I@radoetion Package Technol ogy [0027] A ball grid array (BGA) ‘
package is used to package and 'interface an IC die wth a circuit, board ' -
such :as al@iRhted cReferandes homedpé&ﬁB)xon an&ﬁib@@ﬁﬁn@ﬁ%nbﬁlbomﬁﬁdt "igah any S

type. of 1C di e, _and ar e rti-gul ar, for eed 1Cs.’ In.a BGA -
package, sol der exsmple g cﬁ‘?}?ﬂﬁ ’use{ 51{#1?36% QE%&@%@?‘?C&H@%W@QG & chi p -
carrier type pmﬁ@msfeahw, Stm\it@fe, tdiieclﬁfbtcteh@u&)o&itoéﬂeﬂﬁ%bﬁgﬁm%w b@gendtn an- i
array configuratio 1 7 i?ﬁpges are also referred to as Elg);learray -
carrier (PAQ), EFS%H‘ Yy é%P“dF Bfrlr feahragtrucig gahergdeistiar Meyeoyare Rishes. .
BGA packages ty;n@asearae ﬁwﬁéaesrsa:ﬁyeefeﬁagdm'tﬁetsaﬁe éﬂ%hﬁ%ﬁ%&%&g na. FOf ’

addi tional descri ptlon on BGA packages, refer to Lau, J. . Ba
Array Technol odirtiqviae fagtong F‘II‘UCtlm\APTYd?aRaCte(’lif%B) de&ﬁhb@hlnr gomnecrﬁ@n nw1th an _

i ncor por at ed byenrtetisﬁames 'sﬁbn‘u&éd eatlr%ggeé% tﬁ'rg%cgldedege%ggh %ﬁé& et to

conventional plastic ball array own in FIG
1, PBGA pac kageaffﬁettﬁuph&amestr@pt@ebmdxawenm in a@mb@ondnﬁl &l embodiments . -

whether or not exphc1t1y described.

[0023] The present spemﬁcatton discloses one or more embodlments that mcorporate '
the features of. the mventlon The disclosed embodlments merely exemphfy the', '
jnvention. The scope of the invention is not lnmted to the dlsclosed embodiments. -
The invention i 1s defined by the claims apperided hereto. | :

[06024] Furtheimore, it should be understood that spatial descriptions (e 8 "above;' :
-"below", "leﬁ " “nght " "up", "down", "top", "bottom", etc.) used herem are for
‘purposes. of 111ustrat10n only, and that practlcal implementations - of. the structures

descnbed herem can be spatlally arranged in any onentatton or manner
Overview

[0025] The invention described herein provides a methodology and apparatus for

forming"an IC. package including a substrate having opposing first and second
' surfaces an IC die, and an encapsulating material. The substrate has a ‘plurality of .
contact pads on the ﬁrst surface that are electrically ' coupled” to.a plurahty of . .A '
' elecmcally conductwe features on the second surface A plurahty of conductive

elements is fonned on the plurahty of contact pads on the ﬁrst surface of the substrate, -




wi reborids 104, solder balls 110, contact pads-114; -bond-fi-ngers--120,--bond.-

pads-112, and an encapsul ating: material 108. IC di e 118 is attached to:-a

first. surface of substrate 2102-using anadhesive 106. Wrebonds 104 coupl e
borid pads 112 on IC. .-di'e-118 to bond fisigers 120 on the first surface of
substrate 102. Solder balls 110 are :electrically coupled to contact . pads

114 on a second surface of substrate 102. Encapsulating nmaterial 108 i
encapsul at es | CTdp &C fiegis logpied 9o thestirsiomrfacenf the pbetrate Tho encapralating swtesiak f ace - 3

of substrate 1.Qgean §1ﬁ’£tesetﬂ¥ I QR Rt ridrCSEGE Omed PR a@%% o?fcoﬁ({tl%twé rst.

surface of substrate 1. 02 aroun ncapsul ating materi s exposed . :
(e.'g., not. cov@&leagnisy encapsul ati ng materlal 108) . 9 [0029] Die-up . and

di e- down . B ckageAc}gg;{ngxg Bf BdOfEm &Y ¥ e Liludlle? o?%oﬁa%”tf&a&%&ﬁ&s ide 1C

die is nounted on a top surface o strate or s ener
di rection away fxmsed (. POBenchjpsuliied- hj’dhmerB@hutaangmg&sal) tThe ekfidseld portians

Tounr e he Boo OB Eols bOE R A S aBhelh e oy hRaSaTIR O

i ngsud;ng Cgrgnnmthqtlpaddag@ac(raB%nerﬂJﬂc tlaneec(padzlage iéerWaaﬁnet)f beditirent I00311‘ -
FI-GS. 2A an B_show ou n S an e .vie ectively o

a conventional , ?—9% L@i@ﬁ g’ag |aﬁg¥ Gﬁé’%%gﬁp’é%c@b %P%ﬁﬁPf ap"108, a-
substrate 102 agﬂdm@l(ﬂGAblty of solder balls 110. As -shown in both FIGS.

2A and 2B, encapsul ating material 108 does not -conpletely cover the top
surface of substrat e -102.. [0032]. FIG 3A shows a stacked BGA package 300

i ncl.udi-ng @teﬁ&e@@ﬁ&gggcﬁ%gq‘ea{n@p)lg?d on anot her BGA package 304. Package
304 includes a plurality-of solder ball I|and pads ‘306, an encapsul ating

material 308, an IC die 312, and a substrate 314. [00331 Package 302 is

el ect Ti cal loo2gpupl edy bay paE kAGFGRIA bRERUAD R thalskd tnhierSEl dPTc challs

110 that contact exposed-sol der ball” | and tom package.
304. Exposed, smﬂétérmﬁ‘at boarféﬁ@h[ﬁédlsprgw Q)lfcutbé)om‘dg@CED4B§rAepdCbm etiydleong- a-

e TSV,  BABRSARG SCUR B S M s RN
St'acked Packag epacha@,amk@g eadm ng r]Bst Smﬁmxitth@ padkagenprriphery, asgin Thipeearri& 005,
oy Drel e et ool ol 581 SRS pSLSE A0S 5 S0 e,
di- f_ ferences. 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 further descnbed in the
followinig paragraphs. For additional description on BGA packages, refer to Lau, J.
H., Ball Grid Array Technology, McGraw-Hill, New York, (1995), which is herem
' mcorporated by reference in its entirety.
[0028] - FIG 1 shows & conventional plast:lc ball grid array (PBGA) package 100 As
"~ shown in FIG. 1, PBGA package 100 includes a substrate 102, an IC die 118, V
wireborids 104, solder balls 110, contact pads 114, bond fingers 120, bond pads 112, |
and an encapsulatmgmatenal 108.IC die 1 12} is attached to a first surface of substrate
102 using _au;aiihe"sive 1 06 Wirebonds 104 couple 1t.:ond pads 112 on IC die 118 to
* bond fingers- 120 on t}re'ﬁrst surface of substrate 1'02.' Solder balls 110-are »electn'cally -
'coupled to contact padsl 14 on a second surface of supstrate 102. Encapsuiating
material 108 encapsulates IC die 118, wirebonds 104, and a port:lon of the first surface
~of substrate 102 for envitonmental protection. -A penphery of the ﬁrst surface of
: substrate 102 around encapsulatmg matenal 108 is exposed (e 8 not covered by_ :
| encapsulatmg matenal 108) ' ‘



described as follows. In.package 310, a bottom . BGA package 316 has IC die

312 “placed inside of ‘a wndow.in the substrate 314 thereby reducing the
hei ght of the overall package. The packages in FIGS. 3A and 3B can be

attached using conventional reflow surface mount processes. 100351 Because -

the solder ball |and pads on the bottom package substrate top rrust be

Eobvom packEE oDk anh et B ptihe SRR it of Bebl . g &

nol.d -cap) to defdckeges, e IEdkannodhted b aetcpamut;attﬁwsuaataed bxaétlfﬁﬁ& {nCa -
pre\_/ent 't he enc&’%ul ati ngi_ éerl al from coverin ont m_nat i n sol der
bal f | and pads Hongway drofiyy

li.mi ted, the sizgef dfffoeloEidistbsaaB bpbiRbeminidiRctdidowaBE@pPEBAl i Ng..
material must also be linted. This requirement to partially expose. the

top surfacl08l the Sup¥ebears B Presagibsiraie prex ate. Maludng cevees PHG i mits

the bottom pa%ﬁ@%itaﬂd?apﬁ)%%l&é%%@%ei")m lar to package 100 and package
200 shown in 2, -respecti'vely,. or a package with simlar

features tW0BHckage F¥89 24rnid 3BEhow huthine drawiigssf tog Andpide SiBWs raspgsduely 0Bl y- To :

mnimze stress, o&ﬁ@%t&dgglgP‘ﬁig%"P&kg §5@tlﬁ&u£§% ‘.Qﬁeéﬁg%@t?%tgr%pnﬁ@ aP9bg oM

packages, the top.pa so often I'mt

an encapsuioaiilng naFH} |3aﬁt sHbB8 .a faukech(HAapadk@erﬁﬂDemladmg 1EG A packasaBEt es a

HESCNG - W T e R TN R S

first surface o padssob] &l acapidatini AteriB08, ¥n IF die 312, a6d aaaﬁﬁatssm lar to

t hose sho packa - 304 and .316_cannqt_ be pIaced on a periphery of . .
package 4\38 é# hus pefgeP Ul q‘?‘%“capy FevRled topaskrgeg3 Y @%gg @gty ?f a

stacking strat eauerstmmorth&lo@ﬁm@apagsa FRiek Ball Y5R0padk 308 Tk J&enﬁhe@tkl ng of

a package on top of another package requires electrical interconnection

between t he exPafkags 334eEmpased soldsr balh band ad 316 irnapksen Adk are loggiedrdameded ar ea
array packages psumirast FBRAARE ok G RAC K PSR gtﬁ?ﬁtatenbaaﬁausgaﬁteﬁa%h signal

i nterconnect termnals on their package top surfaces
- For further deta11 on‘package 300, refer to "Implement Stacked Package-on-Package

. Designs," Electromc Engtneenng Times, 2005, by Dreiza et al whlch is mcorporated
by reference herem in 1ts entlrety o o .
[0034] ' FIG 3B shows a -similar stacked package 310, with -some dlfferences o
. descnbed as follows. In package 310, a bottom BGA package 316 has IC die 312 _
placed inside of a thdow in the substrate 314 thereby reducing the hexght of the - |
cverall package. The packages in FIGS. '3A and 3B can be attached using
.- conventional reflow surface mount processes. |
 [0035] 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‘ eucapsulated within an encapsulation cavity (e.g. a mold‘ cap) to deﬁne the
extent of the ettcapsulatiug material and to prevent the encapsulaﬁng material from -
covering or contaminating solder ball land pads 306. Since the size of the
" encapsulating material is-limited, the size of the IC die contained within the
encapsulatmg matcnal miust also be limited. This requlrement to parttally expose the

top surface of the substrate for package-to-package interconnection hrmts the bottom " -

"p‘ack_age toa PBGA package similar to package 100 and package 2(_)0 shcwn in FIG_S.' . - R

e &(Be pflierdpwn BGR R gat ﬁ&c I%Ptoat e

Fanster 1ol 'ded BGA
packages such agbmﬂaan&aghgllb{m%rﬁlﬁlla Assthows imbath 5¥s. 24cind 8RBal vi ew -

202w eponts Blarbhilfigeb ot i ost X EOBRARIENG N WM S ) S.ﬂ%ta??“;ﬁée»




problem exists for certain types of |eadframe packages such asno-lead quad- -

flat packages (QFN, al so known. as M.P, M.F, and LPCC packages). as. wel |
as.. TAPP packages (e.g.,.see ww: asat.con). Consequently, these packages

cannot. have ot her. packages stacked on iheir top. [00381 Enbodi nents of the.'

present invention. overcome the linmtati ons described- above Exarrpl e

enbodi nent s of th nventlo are n det [ 00391
Furt.her details o p)t‘ §€I51P/%1 p(%%e a [afgfﬂ%g Ftotgat %ﬁs of \(sq’tsalt ked
packages of the shuvesenFIGSnvbhtamdrBBgrmspéethelyl Medmimimiestfesd kesuiting feachi ons.

These structural. er onal ations ar i bed re| n
for illustrativ&s &‘ptt‘f% tg?ti? eb ﬂE’P g&ﬁﬁ?‘r Y. tokgﬁgﬁaﬁ%?(% 150t
- present |nventldlmlta&todﬁﬁﬁéﬂrb@dedmmp@ckag@)éb&hab@kﬁl%kﬁés| nother IC

package ty i nclu land -grid array pin grid array (P and
fine.pi tch%ﬁ‘iﬁﬁi gri abwseewsaaataaésvww r?ém&%vgnawl dine 1t éftﬁﬁ |

packages descri U&h@ﬂ%@a ¢ B0 LREITRY LsubfRed102f wirBfn8s el Phhisy RE Si@Rt ed

bel ow are applicable to flex tape substrate packages plastic substrate

packages, cer ahills 140t ICdie 1h%cded g8 $noansmiating meaterial; o3 Eacepsulptingsmatyinh

descri pti on hel 808 dsapsadiaph gl o £ Oubf\RGeo AhBAG0 ARG AR 1EXAERIS @3 woul d

be understood. to persons skil n the relevant art rom t
t eachi ngs her ei Firebpnds E%@@}%I@attmﬁletsngoma@a?dHoéfwmhbt@]’rbmpmmsthprﬁe&tent ed

conbi ned i - any pennar T [ PERATPEITAER Sy REAOR bl OF,

be: apparent to %ﬁ&r@dﬁ% skanbt belplacedt dvea pazipbariof packege 400. Thusypadkegd 4¥dki ngs. i |

ol b0l Ger balih 0 3enE e BAGNA SEPRUNE fuly ASAELRES, b RHERRT

structure for pasedcage stack| ng, but as -woul d be understood by" sorreone

skilled in art, Y eIe nts of a,. variety_ of shapes .m Isobe"
coupl ed towtcog act 3§ gaﬁ%ﬁgtog %1IPF1 ¢ 8p PmOf éP%tE? 8¢ Foqp ?sc?}ﬁ‘i% ion.

[0042] FIG 5A 1sieﬂsoﬁueatldi1l eeuaeﬁsciﬁe Pagdad etchiBals acic%;ﬂlaaa bé&toaD paaa . nent
of- the presentol nvglad Packag(e 500 j ncl_udes substrate 102 e 118,
a plurality of OWHPedsd faf jaway PaCkagscis g LBCay anh L& Rpckegss, dovd‘?téﬁﬁ‘hds ;

104 :adhesi ve ]di)&td:cﬁlds@nal ﬂhtléfc@hndcﬁ/ t&nindR| S thelBpdckDRA®p OkPraces. The same
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 well as TAPP -
- packages (e gs. - see’ W, asat.com). Consequently, these packages cannot have other -
packages stacked on their top. - '
[0038] -Embodiments of the present invention . overcome the litnitations descﬁbed
~ above. Example etnbodiments of the present invention are described in detail below.
[0039] Further details of structural and operational implementations of stacked
packages of the present mventton are described in the followmg secttons These ,
structural and operatmnal unplementatlons are described herem for ﬂlustratxve '
purposes, and. are not lumtmg For instance, the present invention as descnbed herein -
may be ;mplerne_nted in other IC package types, including land grid array (LGA), pin |
.grid array (PGA), 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 substrate packages, plastic substrate paékages

' cerarnlc substrate packages and other substrate types The descnptlon below is

adaptable to these and other package types, as would be understood to persons skllled SR

" in the relevant art(s) from the teachmgs herem




[0043] . Substrate 102, can -be organic (BT, FR4, etc.), ceramc, glass,
tape,. and/or- made from other dielectric materials. Furthernore, subst r at.e
. 102 may have one or nore conductive layers, including features such as
contact pads, bond fingers, traces, cbhductive planes, etc., for

transm ssion of electrical signals, attachrrent of wirebonds, sol der baI I's,

etc.,. to e e mouptin eIetrlc onents, for ovver/ roun -
pl anes, rcl%‘{b?as or gsr feffa@l&t’ kt‘?a‘tni‘ ’(‘Rﬁﬁ‘ lﬁfﬁe%dtl’éla‘f"l}?g’ paraly ed t.o’
el ectri cal Iy coupb @m@l&ﬂ%@l&l ¥einf§Rhdenas &%Wc&mr@taﬁy %Qaner[vﬁﬁﬂﬂﬂe

Sol der. ball pads 520 are attached to a first , fqgsurface of
substrate 102 &8%esiefires desorhed hersin, a%@v%be wrenﬁamgrswe plindhewelevinta| | y

connected to a Q}tg ﬁ&dﬁ%t@efchmg%&?t pads (not shown) on a second (e.qg.,
botton) surface substrate [0045] FIG 5B shows package 500 with a

second pl url@¥4ly of E@sgat-Soashew aezmbomm@dhepremt eentionuing selderdald. Once
sol der bal |'s 52g,qrgq EG?&'é?“oglfs g (f%fh'e%'imé}@édnecd% ch?:@?or % gé dc%st:{{tf ace

of substrate 102 1's encaps I'n an encapsu
hei-ght of sol deps bahldsbes@Rlersiod thiyvsenteond Helléd msthesanu; fcamiactife deatts af e 102

eﬁc:ggﬁl atlongr ﬁ%%gf h%ieégn g,h Sﬁ%?vauflééftcé)gl??t%ggs %@%a@é&fgacsuo%’ atle 102,
a portlclone of eg?dﬁcémcaﬁen bal | gf St he iplnural [ tyrot;l sol der ball's iEZSjZ E?é be
Ko 7 WA U R T R AR PR

removed. When the pteaye finehtidnh @acka Uihélhddd Gubbirar1oa! IC1A8 118 af;ﬂllilﬁl\{t?d)f a
portion of - each of the second.plurality of sol der baIIs 522 s. exposed

and truncated. e balls S, ppcapsylaing, maepdl 108 winebgpds 184, adbeiveelUoapdiPation

material is rengu@gﬁyotfg@dé}lbumagdstﬂo of truncated solder balls 'is exposed
and forns a pI uraI | a%‘ of contact pads so a device can be nounted, on~top

of package %63l byifefce Patam knprsaniedRi, FRAeetp}yreramie, glasé:n@ﬁps@ld@ﬁ ng -
material is. r emeeeoxﬁ YRl Gkt RREdAC PG hefRRh f’g#% (%Q%Eé(y RiveR} fl‘ bty

of solder balls 522 is exposed, but not truncate ose der . .~
bal I's 522 on t Heogerdugkivenlayes, mbldmﬁemesseh ap gontast e@stSrbcmél gers, traces

| nt e connect | on,aiual 45,RACKAYCSS! ARKEAGiohOof ULAPAKAIC AuBRGK S

(PaoP) stack. t| ple ‘e t r ORI conponents, inclu pafc ages,
i nd uctors, capamrttbonck, selder balls, etc., to enhance mounting of electrical components for

power/ground planes etc. Vias or other electrically conducttve features may be used
to elecmcally couple conductive features through substrate 102.
[0044] Solder: ball pads 520 are attached to a first (e.g., top) surface of 's‘ubstrate 102
- as shown in FIG. 5A. Solder ball pads 520 are electrically connected to a plurali_ty of
contact pads (not shown) on a second (e.g., bottom) surface of substrate 102. |
[0045] FIG 5B shows package 500 with a second plurahty of solder balls 522
' tnounted on solder ball pads 520. Once solder balls 522 are mouinted on solder ball
pads. 520, .the“'ﬁrst_ surface of substrate 102 is encapsulated- 'in- an -'encapsulating
material 108.If a height of solder balls 522 relative to the first surface of 'sub'strate -
102 is ‘equal to or exceeds a height of a first (e.g., top) surface of encapsulatmg
material 108 relatlve to the first surface of substrate 102, a portion of each solder ball
of the plurahty of solder balls 522 may be exposed (e.g. not covered by encapsulatmg
- matenal 108) .
[0046] FIG 5C shows package 500 aﬁer a layer of encapsulating matenal 108 is
removed When the layer of the encapsulating material 108 i is removed, a portion of - ) '_ o
each of the second plurahty of solder balls 522 is. exposed and truncated As FIG sc



resistors can also be attached to the top surface of encapsul ating materi al
1038'.".[00'48] There. are various different shaped portions of encapsul ating
mat erial that can be renbved to expose and truncate a plurality of
conductive elenents to create a pluralily of contact pads used for

i nt er.connecti on. [0049] FIG 6A shows a cross-sectional view of a package_

600 according tg,an e t he. resent i nventio Package
i ncl udes subst ral“éws_[(fgi %@ geg &P%e OGP Btb‘?l’d?aTBﬁ! ‘Sare’BPYFgalﬂ}at pluralifs
ball pads 520, arunbaﬂd&i?doldeyball@ﬁs &pbRe and ks a PRl @kcoaaaq;asstaoetdeweaat erl al
108. "Encapsul at i ng mat eyi al . encapsul at es solder balls 522, | C die 118

and wi rebonds 10%. MPHKagR tBlE) I‘P§§k3§8lsd)gr B ategpte embodimentefhp layer of

encapsul ated in eﬁéh@ﬁﬂ&ﬁzbaﬁdt&ﬁl eb@bved! sudilDBat PPdrtish HOLER JdRball BPplurahty
encapsul ating . erial-_108 has not yet been renpved to expose a portlon

of each sol der BéfqldeéfbaﬂsSZBF&ﬁxapsewubnotsr@nmd bal s 522. [0050] FIG 6B =
shows - ge_00Rxpdsll iflick bAROSMI AR paBEKAOR D% tpRbdal |y
simlar toqpac age GOEPASHovvever I n pac agga nggaalrb%lggdej?é %%Hc% v
encapsul at i ng mtemwctmsqcb%mmtacmeimm aamdcme ompark eged BbR)estack.
balls. 522. 6 t eductlon of an.. veraI

hei. ght of package ﬂgﬁ/b%%\{}%lg c’lognd)r? ol&hsﬁgll 5Lm%cyf'uacoafge% *he %ﬁt?l? aFapﬁ)} oF %ngl der
balls 522 are exqstssletbanalssbc eteachsd todmrtbmnﬁ*fapem&nbdpaﬂatﬁlglnweﬁam%el ectrical

i nter conneg electrical ac es fjrst ,
(e.g., top)‘Sd @r f ace e‘%ﬁ%é’%%%‘ﬁ&%”%%ﬁ?ﬁ?%ﬁ g?@ﬁ%%ﬁ nﬁ?‘?’ia?g’ét Hows a
package 604. Pabékmved)lﬂo IeSpo@mbﬁd anhdagd 4 Yheality |oﬂlcoﬁd&ctﬁ3@0d'l@ﬂéi’lts to &ae qxcept e
t hat i nstead of Vi | on of the encapsul ating material" ’
in FIG 6B, a p%lfl’fagg' fg%ga%ga% %@péﬁl IFGoREeHReri al 108 is renoved al ong a‘
periphery @f049) he fiRI6t 6ausHoag e BlossRremmEH btk Bﬂaﬂﬁél&%b %bo ta0cdrligglis 4 shel f
i nencapsul ati n%ﬁrrgﬁrl a%té6108 As a result, solder - ba 522 are truncated:

and exposed'to Rtesgof iyprtion. ]@Cﬁ‘ﬂeﬁpg&lc"é%i‘}é?@ﬁﬁ@z Kndie a8,

packages on t hewkétotils FIAL  BRealief oORRPEA dis B8, MGkl lof soh@B batls 93 ani00521
FI G'6D shows a package 6069 Package 606 |l?latd rggﬁ |s?§usstanta|sal I yan5| mlar -

to package 604 ‘?nﬁaHSP@m%‘Eate%\Aﬁ% C@Hﬁglti@ﬁﬂl@mﬂ?léﬁ%wqagsumap@m betls A2, -
material. 108 alcog@ ihe aﬁ@rvh@B&?dé 4. tﬂ@kager&f() %cﬁ&e? ll)all tfﬁﬁ W@é&l ati ng

material 108, a trench 614 ornmed in €ncapsul a I'ng mat erra
rect angul ar ri rigcapsdated m@nsapsulm& tkRéerial 108, but a portlon of the encapsulating

-material 108 has not -yet been removed to expose a portlon of each solder ball of S -:'
plurality of solder balls 522: . o
‘[o0s0] - FIG 6B shows a package 602. In this embodiment, package 602 is
: substantlally similar to package 600. However in package 602, a planar layer 610 of |
- 'encapsulatmg matenal 108 is removed to expose and truncate solder balls 522. N
‘Removmg layer 610 results in the reduc‘uon of an overall hexght of package.
Moreover, pOI'thIlS of each of the plurality of solder balls 522 are exposed to serve as
contact pads that allow for electrical interconnection w1th electrical compouents
and/or packages on-a first (e.g., top) surface of eneapsulatmg matenal 108 .-
 [0051) FIG. GC shows a package 604. Package 604 is substantially s1m11ar to package -
602 except that instead of removmg a planar region of the eneapsulatmg matenal asin
FIG. 6B a port10n 612 of encapsulating material 108 is removed along a penphery of
-the ﬁrst surface of encapsulatmg material to create a shelf in encapsulating material
-108. As.a result solder balls 522 are truncated and exposed to allow for contact w1th
electrical components and/or packages on the first surface of encapsulatmg matenal
108. = . '



truncates and . exposes solder balls 522 and allows for contact with
el-ectrical conponents : a‘n~d/or packages on the first surface of

encapsul ating material” 10. 8. [00531 FIG 6E shows package 608. Package 608
is substantially similar to package . 682 in FIG 6B, however instead of
usmg a plurality of solder balls to allow for the vertical

i nt erconne t i ost e.used to aI |.ow for
el ectri cal C@h&i conng}ccl'J '@rfbo‘xﬂ pse @aggﬁ%&&ﬁ 6@%#39@’(3 SPHRSEARHR S| anar
portion of enca:ppwkagelfmn iVBACE 6CaHow B irfitch® BPNAEvIhE e spRfting BRxtdiet /sl | C

posts .simlar to p%%;kage 602, but as_woul d be under st ood bég soneone ,
skilled in the &°ps Rttt ¢fdhe st e afdhesnorniulatingaaietiah 448, a0ueneh 61606 may
al so~be used to x@f@aﬁaemrm&@kdlat&gﬂﬁaé@ 164 & al&ﬂﬁé(ﬂarﬁngﬁmuﬁhé%é (@Rat
stacked packages, accordlng to énbodi nents of . _present invention.

Package 700 of MHPesatespand neamaréssmaaacieagendae@om frkeantash with welepirigfl FBGA _g :

package 602 as VT @%ﬂg&}@ C die 118, . -
plurality of sol derénlgal I sd/&fgék%r?gg&é: at1 ng rratggcra&%%ﬂgg%{égﬁgldgecond S
plurality [8453%0l derFlbalSEshawpackageri08, PaghagedR iesvbitanially BiBGAr papickage 300
i s st acked on t gé’z ﬂzf FIGF%&%Q?MQ&%%O& u\g’lhl Qphtl‘?ﬁtx F roléer%aﬁlsn% allouw 1ic aEhEd

sol-der balls 52 as a result of " renovi n poftion
encapsul ati on | sgrtcal I08rcamestinmsyna- |pﬂurﬂitﬁofaﬁeta1hd posis ﬁ(t@&ﬁeedseﬁbtovﬂlo“{ ﬂQSS]

Fhon packnge 600 BB irh o el FRar B thoRR i HibofRin R Bl Mavei
FBGA - pficrage GGﬂemﬂpsd&nomglateﬁalS?(B ar &rxiolvemh@(ﬁb)qd)fs@&ﬂ zﬁ&ﬂﬁsq%stbysuﬁ;ﬁfﬁw ng
encapsul ating ma peri phery of a ace o0
encapsul ating n&t° ?g'eaq?)h %‘g t"v(?uﬁg%p‘ﬂ‘éi s’ﬁéPWm’ier?k‘tue‘EHe%@r?c'aﬁ%P%@Pon
materi al top asogidandethiled ifr b&ka% @ﬂcbrdil(lﬁ Qﬁ@% beﬁl&@d’ﬁ) ex%@%%taﬁlccéostzc n
shows anot her (ackage 704 -wher e FBGA package 300 is stacked on top of FBGA

package 606. ¥eBGA package 606 sol der balls 522 are truncated and .
exposed . bwoﬁw m ng F!GS'[ 7REN sost a&kweaaag&a%commgwmy&ﬁkh@%mter i al

108 as shown FI G : 6D and. di scussed above. Enbodi nents shown In

7A-7C incl ude TSR BsakayPadoss TPHAETET. TAningludes FRGA P&l@%ﬁ%ﬁ@(ed on her _
devi ces such a&oﬁbhﬁBGA%%ggﬁﬁz d;{s"%% Yokl GG 68 FEN PRGN G2 TRMuRE FO P

t he top package. in the
die 118, plurality of solder balls 522, encapsulating material 108 and second plurahty

~ of solder balls 1 10.In FIG. 7A, conventional FBGA package 300is stacked on top of
FBGA package 602 wh1ch has exposed and truncated solder balls 522 as a result of |
' 'removmg a planar port1on of mold encapsulation layer 108 as shown in FIG 6B and
discussed above ‘ o
[0055] - F IG. 7B shows package 702 in whlch FBGA package 300 is stacked on top of
FBGA package 604, according to an embodiment of the present invention. In FBGA
_ 'package 604'-solder balls 522 are truncated and exposed bv removing encapsulating
- material 108 along a penphery of a top surface of encapsulatmg material 108 to -
expose a shelf in the encapsulahon material top as shown in FIG. 6C and discussed
. above 1”" ' .
[0056] = TFIG. 7C shows another package 704 where FBGA package 300 is stacked on
top of FBGA package 606. In FBGA package 606 solder balls 522 are truncated and -
o exposed by forrmng a trench in the top surface of encapsulating material 108 as
shown FIG. ‘6D and dlscussed above. Embodiments shown in FIGS." 7A-7C mclude- -
FBGA package 300. However in alternate embodmlents other devwes such as other , | _
.packages and/or electncal components may also be the top package in the stacked o




package. Moreover, top and bottom packages “i'n-a-package stack-can-also-be - -

different sizes. Package. to package i nt er connections can be nmade after

sol der-.refl ow. [0057] FIGS. 7A-7C illustrate package-to- package L

i nt erconnection using sol der balls on the top surface of the substrate in
t he bottom package, but as understood by soneone skilled in the art, the

I nt-erconnecti on_coul d e facilitated b onducti v feafures aof variety
of shapes, incl 388( YR @p&g@#gt?%};gcgmq %Paﬁgﬁg&f&é gegelyorpe dltfiﬁ?‘?ntGE

[0058] Alt houghsrzésemmgeaapmchgmdmmekmssaﬂta\tﬁatalaheﬁlaméﬂreh&v.dI esina
l.e-u st acked packa%es as described herein may al so be

di.e-u rat
appl i gd tor}mﬁg agﬂggsgsas Rigkage-1¢-paskage intercannegtieshsing saldet balls har t
800 providing etsﬁrtm fpSiuRse bOheabaRR in”&e%ﬁ&zl& ckal Q erarféktﬁﬁéﬁtood gﬁher

structural -and operati onal enbodi.nents w Il apparent to persons skilled
i n the rel evant S¥reps plied iy therart, ke mrmmqugn @Peldd@sfaelhtatéﬂﬁe' ettndpfslveshom
in FIG- 8 do nehiRRGesSak teps
of . FIG 8 are descri bed |Jr:1t5’§£tglza:ﬁlgs h& L{lr]—'lt%g EJ%X %:r] @gsfznbl y

stages in a prBKe$E. for assenbling an errbodl ment of th| s |nvent|on

according st ovChain Bl Bk folAlBHLEY fcld stﬁsﬁggoffgﬁgvpgggf' ggvoff;

regarding. flowchar I*ve po es

begins in step @@ﬁgurwpnsﬂemt@@én pa;hageﬁasjd@cnbedmewht ey tatyo de faplid to dier f ace
of a substrate. d'l;‘t}le gstarsat has a plurality of contact pads on a first:
surface that are i €a1Ty " connect ed t hrough the substrate to a

plurality @i058) ectr |RtGJS showsarﬂzluehart/&nofﬁ@hdlﬁg&aﬁipleast FoNEseniblif@@Roked 0061] -
I n-.step 804, apﬁ c%Iltyg)ﬁ] bondtP]pﬂds on a first surface of the IC die are o

coupled to a A78% Ofheh sHEcHeh gt orgationgle embeqiments Jyifl Jhes apparephfo

substrate. For mxanpsiliedihGhe rdldvabthQu® Hbed da B qtsasang%ctsaowﬁ@ st%g ebonds
104 coupl e bon ads 2 to bond fingers 120. [0062] 'In step 80

plurality of cohotRft VS & domatpecesssrilyhavetp encux Wethaptﬂeashw ofhe S@@ﬁpéct

pads.on the fi rmG. 8uid 860t hRtLBESW. AiSs, HAloy FI G
9B, - package 900. has a: f?rst plurality sol der Qbaqpﬁgmlt ?S?ﬁ’lirgg on the top

of 5ol der bal | B5efgss forssgembling an|embodismeat ofithis diventionsaccodingrto dlowdhact §00e -
el ements may bend QrTefne «f lﬁethe Blaééﬁﬁldnttlélo%l reg%ﬁcflom%ﬁg% 808 ‘t&J‘tuMet allic

post S.
purpos&s o A
[0060] Flowchart 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 substrate to a plurahty of electncally
conductive features on 4 second surface. ' .y ' :
. {0061] @ In step 804 a plurahty of bond pads on a ﬁrst surface of the IC dte are coupled
toa plurahty of bond ﬁngers on the. fitst surface of the substrate For example FIG.
9A shows an IC package 900 in which wirebonds 104 couple bond pads 112 to bond‘ "., . L '.'.':- g
ﬁngers 120. o o ‘ , ' .
. [0062] In step.'?'806,v a plurality of conductive elements is fonned on the plurality of i
coritact pads 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 embodtments other conductive elements may be formed on the -
plurahty of contact pads such as metallic posts. _
[0063] I step 808 the conductwe elements and the IC die are encapsulated m _
L encapsulatton mold material, For example, as shown in FIG. 9C, IC die 118 and SR

plurahty of solder balls 522 are all encapsulated inan encapsulatmg materlal 108. The



[0063] In step 808, the conductive el ements-and the .1C-die-are- -
encapsulated I n encapsuIatlon nold material. For exanple as shown I n FIG.f
9C, IC die 118 and plurality of solder balls 522 are all encapsul ated in
an encapsul ating material 108. The 15 flsrst plurality of solder.balls nay
be. encapsulated such that a portlon of each sol der batl renalns exposed

EncapsuI ation d]étg,e USI n dam and-fill process, ap
i nj.ecti on nol d%tdﬁ‘d of sglder f)md}’ bp spr@ps sugh that ﬁ@mp%eésash@?ldarny
other - suitable ejaneasuh@%kpb@edome étatﬁﬁt Wb dbfe HaRes bRk Y ﬁ?&ésﬁras

skilled in the relevant art(s). [0064] In step 810,” a portion o
encapsul ati ng ndRed icap injectipw mslding procestpd steip ot n@mltqvonmolﬂmeauweevowdm i ve

el ement of the Rl alilabé- ene%ssa{m%ouésf %Joﬁﬂ%ttﬁderu}@d %Pogegst h&MJd ih 8%

encapsul ating material may I"anar T ayer, an e Interior
ring portion, orfea‘rﬁpt@“t(ﬁer ‘shape t hat exposes each conductlve el enent of
the pluralijyeq0f .cO shown .i.n Fl G 9D,
package 902[bhag a pl gﬂg k}/@ igﬁo&sttw erﬁt)éé %gagi tnildrttegfll n%astrgrrnov tﬁ('féposgr?oved
to truncate and pebtlposre qabhnrca:hductyveoélemmlaiethe lphjrdtlfty .05 28ndubsves Hlewents. MTHel G,

9E, package 904 h ortion.6l2 of ncapsul mat eri al - 108 .r enoved
al‘ong a peri phelpy tl%{ﬁle et“%%”‘%}ﬁttltgé%aé %Fmaeﬁ %&Ffan@tf tga“rfélg‘e*’? Pm, JRyErIOT,
truncate and expiaggoribiyrcalahy ythafshsp'lal tﬂa&rexpdséd éa&h ochducti® elesiRAVIT tlhdplﬁlaﬁiy 9F.

I n package 906, trench 4 orrre removin interior. rin
portion of encaf Qt“i“r‘f@ E’Hte e ‘E’dz éFaﬁgic?Dt P%ﬁt%%‘%?ﬁ@%“y of

sol der balls 5Bger @ib&)fﬁﬂé&pktﬂﬂld@fm&&}ﬁl @M%ﬁ%%@td BhcHBLAT bgosd Pl Jrenoved
in a variety of 9\3@ such as eéch g with a chem cal etchant routing, -

grinding, etc. "W PP Ae A t"odHbeEpétaslﬁﬁgs Ui hasea portioné12 eifevant
art(s). [0065] bmasempifd nadridd! Wsakiobe®aI5g! dgﬁerdg ry Sof ﬁlef "ng 0D dehe

plurality of conductive features.on the secon rface of e substrate.
The ‘second pl ur SiERsylating gtegial 1980l tsmcﬁa?n%éxm%ﬁlummﬁﬂder h@llsefrﬁzt lAe

package to a C'slﬁ%tmp@@@‘ﬁ?f&a&%O?oatE%Gfp'sfrﬂ%&ggke?no Ca? it} s FI G.

9G .in package 902 sol der ba are a con 14 on .
t he second sur fReEEonef engapsulptingmatedal 1%@8}@®M\Mmcdt¢plu£ahspoﬁmtdhrbqﬂackage o

902, - but this e rrled ut  usi ackages
003 o on. “E: TUOASANED 08 AR AR B D Far BE FnfRalitla VRUBRARSATID .
coupl ed to the suph Lausaettchngg Gflthcandlﬂmidalletchﬁﬂ,t vougiag,s griddigd, did)eapaniaRip®ecan be
mounted to a ci Jn(deistood) Qy persons skilled in the relevant art(s). .

[0065] In step 812 a plurality of solder balls is formed on the plurahty of conductlve :

- features on the second surface of the substrate. The second pluraltty 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 subsequent steps can also be carried- out using packages 904' :
or 906 Moreover other structures such as conductlve pins, may be’ coupled tothe -
plurality of conductive features so that the package can be mounted to a circuit board.
A [9066] - In: step: 814 an electrical component is attached to a. first surface of the
encapsulatmg matenal For example, as shown in FIG. 9H, FBGA package 300is - |
attached to-a first (e g-s top) surface of encapsulating material 108 Although FIG.9H . - :
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 in- ﬂowchart 800 may occur in another order than 11sted above. In
parttcular steps 804 and 806 may be reversed S0 that the plurahty of conductwe



[00661 . In : step 814; an electrical conponent is attached to a. first

surface of the encapsul ating ' material. For exanple, as shown in Fl G 9H,

FBGA: package 300 is- »attached to 'a first (e.g., top) surface of
encapsul ating naterial 108. Although- FI& 9H . shows a FBGA package
stacked' on top of package 902 a variety of different electrical

cornponents can b m)unt p of package 902. . [00671 Steps in:
fl owchart 800 n& ’E:télﬁsr OFTH ?fb &pntat dads ?%‘Qﬁﬁﬁt@t@&e%g\?ém’sﬁﬁte aﬁélﬂﬁlcul ar,

steps 804 and' BREIATAI feattBNAr SCfke S tshillicet STEBY Hlbakded Wil thSCiﬂﬂHl‘EtSf'dfe 16 .
elements is formed on the contact pads on the first surface of

substrate and t Habondseouptsdfrem fhe phuralify oé bondupads pe attemsusfaed efthe é(f? dteﬁat
substrate with bhgr Plddfadd by dﬂsmfﬁ&é@%ﬁ@%sﬁ& Fﬁo‘?%aﬁfﬁl@@s%ﬂ&m{)kﬁ@ by of .

bond pads on a top surface o t he le to érs aon t
surface of the Hubalurality of pelderchelm$a aregttashwinte sorhdeFIb@.l ;padsl 520 b rtlsttop

RN AT e e S

the top surfacesubbtrats 402 Wisbends. 102 couple bdndrpeds MQ%nahelfitsesibaosoftadiC diz2 on -
the first surfagggtg?) g@ I C d| 118 to thtgn flngg s on the top surface of .
the substrate 1 g geEL?f“ g d 814 can be reversed so
that the Fmﬁspackagarmamordoeepmmaﬁo8mbahoerevaeé@§oehaommchgtdkagelcm are

f donth d trat . d |
oerr of e PRl oh 35 kPlorre SldeR WY 18 8t Torial O 8000k SUt fon o

each of the firsabstkayoality of solder balls is exposed. If this nmethod of

encapsul at O%B is used, a portion of the encapsulation materi al does not
have to bel0%8noved MAge¥ehe domeversilai engapsulation teshniges cagdieiusedys whith thave to

be. truncated t aogbh@bh fopéach%f%vﬁﬁteplﬁrahtggﬁggla&aoaﬂg)1sb&8§§eﬁcﬂf‘ﬁqs %iﬂoQBf of tvhe

batt om FBGA. Thus, in. this - case step be skipped. [0070] The.:
steps i ndi cat ecEFapsylpténucls dised, saepreahoethsene@sw@o mgswatisoes pefdiesigésbe hat

use differ ent shaprd aﬁ@ﬁ{itfﬁét Ylﬁalﬁggf@ﬁ&e?b% Joht%th@gtéﬂihﬁﬁ:gteﬁlft L& for .

substrate. particul ar, can used e a ac age

uses netal | | c Wpopack@slw be atdécedentquflthq buttemdtB%CEhu&nn thincastitep cas'e" o
st eps -806 and egversed since the posts can be put into place by
formngacylln r| I tylnthe encapsul ati ng material and pIacmgthedz

pOSt s wi t hiff7&lhe - Cyﬂhﬂacpsaadlcatai/mtﬂowchart 800 can also be used assemble packages that
: use dxﬁ'erent shaped conductive elements on the top surface of the substrate. In
pamcular the steps can be used to make a package that uses metalhc posts to
facxhtate vert1cal mterconnectlon In this case steps 806 and 808 ‘may be reversed
since the posts can be put into place by forming a cylindrical cavity in the
encapsulatmg 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
embodlment step 804 becomes optional and may be omitted.- _

[0072] -FIGS. IOA—IOD 11A-11B 12A-12B, and 13A—13B show dlfferent methods of
removmg a portlon 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 hasbeen

removed. FIG 10C shows how grmdmg could be used to remove a, portion of the

~mold encapsulatlon compound 108. FIG. 10D shows how routmg could be used to o L

remove a portlon the mold encapsulatlon compound 108.



[0071] Furthernore, steps of flowchart 800 nmay al so be used to assenble a
stacked package in which the bottom package has. a di e-down configuration.
In. such an enbodi nent, step 804 becones optional and may be onitted.
[0072] FIGS. 10A-10D, 11A—1lB 12A-12B, 1dnd 13A-13B show di fferent methods
of renoving a portion of an encapsul ating material to expose a plurality

of canducti 7 el ene 10A sho the t i ew a I 0B shows the‘_ |
si de” vi ew o[\f()6 [5 encgﬁp(zulllatsgl;L Wssﬁﬁlgglrﬁaﬁlﬁ R v gg‘f );Vlgwélﬂ@gf)(g ﬁp %’W“"P -
encagsgl ati ng mefier bfin &fiBe becapdobrs sfube:fma/ewerlaJdiuﬁar b@ﬁbﬁs §39)7 5 émoapsﬂamﬂggl ng -~
cou e used to renpve a. portion o no encapsul a n c ound 108.
FIG ‘| OD shows TASGHe Bt PR c‘éﬁF}W“@e’nL}:tslgdlt% frupeated, A 5"1?96?‘{ %Eﬁtlpf -

encapsul ation caplaewals $9Bare ht' the [s6n® ReibhtFds @ncapdifat B QYietiabl1 68 &@Ax%etuat&e
cross-sectional view and FIG 11B shows a top view of an. entire
encapsul at ed sulfdbsitaite after a planar portion of the encapsul ating

material i qoorgoved. pss 1§R%M\N§ Dsifiglunit 1Res tdtiRGRieY APFIEXRBSROwE L § S :

plurality of solder balls 522 are at the sane hei ght as encapsul ating
material 108 ové&iew piban grtirg encapeated é@@ttatﬁ@@’fm& mort@n 612 pofsthe vencapsalptingl e

Unl t: Cr 0Ss- SECt lllgi%lal }él l% o@&fjalog r é&'ﬁ)él%%ox\f B}?Qurfacevd OCTDC Ig’l—‘l tire

encapsul ated substrate after :encapsu atl n er i al
is rem)ved al onglatenél p%pathmcljraaef AtSI"@OWDpnsEIﬂt d@B a)fcelttérepc&nc:am ualaelt dieg

mat eri al orti of each |
die prot rudes ﬁl HE anﬂl??%%g)er% e r%qwnrsevéhleoentg &ﬁgt’lgratﬁ'{r\‘m S‘E}fkﬂr ality
truncated sol deballstﬁakhlslcﬁﬁedare l'ocated. [00751 FIG 13A shows a single:
unit cross i onal . vi nd FI G .13B shows a to view of _an entire

mol ded subé@dfgie ‘af tFeﬂnf' gﬂt V817 gl Pt ergssagerionpl ‘{’)%altﬁow@ éﬁc“’%‘%‘? 9P on

| ayer 108 of eaeckwdofean Astish@vlded Rulbshate 183 A tlefdhl 8NMUW &reling SBaRed
trench 908 is forned in eacgggf th lC dies. [0076] FIGS. 14A-14B show a .

process of mountiATRIeRAYH 8583 letéﬁsh‘?w’hmlféﬁ P B@g‘ﬂ |1?Pga°é‘€2?fldance.

with the pr esen&eﬂcnvwfslf&ﬁedidbal?ﬁ&théﬁé\dﬁpl der paste is applied to a '
plural i ty aII %3851402 of LGA package 1400. The plurality of ball pads -

1402 corr dto |Wal‘iﬂtiboafaarptﬂ%at@amwaéﬁAaaplfasesnzomacBﬁare

ol i 0@, in b HEd P11 bror OB RACH 6. AeMObiac Bodd GopghB LPS
LGA pac kage 1400 i s nmount ed
“to a plutality of baﬂ pads 1402 of LGA package 1400. The plurahty of ball pads 1402 S
' correspond toa plurahty of truncated solder balls 522 which are acces31ble through a . "
top surface of a 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

[0(_)77] | Embod:lments of the present invention provide many advantages over
B convennonal BGA packages, mcludmg those desctibed above with respect to FIGS. .

- 1-4. Some of these advantages are described below. Each advantage descnbed below
does not necessarily apply to each embodiment described herein. Furthermore, the |
advantages provided by embodiments of the present invention are not necessarily
limited to those described below. _

[0078] . (1 Packages accordmg to embodiments of. the present invention allow the
- mold encapsulatlon layer of the bottom package to span the ent1re surface of the v-

substrate and allow the size of the IC package not to be lumted by the 31ze of the mold o



on top of BGA package 1404 and can be attached using conventional reflow
surface nount processes Exanpl e Advantages: [00771 Enbodi nents of the
present invention provi de’ many advant ages over conventional BGA packages,
i ncludi ng those described above with re¥pect. to FIGS.. -1-4. Sone of

t hese advantages are descri bed bel ow Each advant age descri bed bel ow does

not necessarily I . _ t scrib her rgmre, the
advant ages provr%g ﬁagﬁa%eﬁgﬁdmﬁe@rﬁ n&% 1%)9[8 pak%? 9 n\?/l@r)rt%fedrrlrﬂlglpe%ho a o
necessarily i glvexeﬁldhesxtzhose descrr bed bel ow. [0078] (1) Packages '

-accordi ng nmbodi s_of t resent I nv t|on a e nold., ‘
encapsul at |[§‘g7f yer @?%W@“% REEHBAgs ‘tno p%R "eer‘?‘lf "Fee en‘?ﬁ?“?%ﬁ of
the -substrate mattnal duow fbhﬁnépit&h il griaeartagi(plaekpgsckag)a‘s shewb & FIGIBtad by
t he size of the gﬁl SOt'Eacka fOOtuEslnt srzefor t he bottoqt
package can al 58 ??Pt‘?rpf Epsoihatzfo 1gf Y & supstaniialparionsof the ippgprigesyot
El ectrical int eﬂféeatke@te RP6bed Qg ! MR chRRedbY ERgRuRiin %Hﬁteﬁﬁl?@d)ﬁélth@tbbﬁdhm L
material allow for fine .pitch ball grid array (FBGA) packages shown in FIG:

3 and other chP# s%?aréspaeﬂagcésget hat do not have a substantial portion of
the top surégsep of ® %@HQ@E&@E&d&W@%@& afll%wgfor bR burBRY Gl PM through-

encapsul ating material) -he bott age I n.a stacked package. o
[0080] (3) The hale na&cageédoévsrtleetoptraclragpadeesrapw tagkaggobincs thefselder baBlant and

thr ough- h?' eaa?rr &ﬁttp‘e{&nﬁ’?alw@ ﬂ‘ieoé% RPGR %luhEtphﬁ?a %nag(&g b@%&]ﬁﬁg% Sl nce -

t he sol der at a era ureaove e so al’l ting
point a cavity a;racptbeihfsmfavemouotanddu’m-ﬁommnﬁnais ace nount and,

t hr ough- ho 1 ¢9 act - terni nal : "
enapou o JRELT T ReProd SO ethar b SRR Bl b B B e Mo e on
top, 'so these clmaidy sobidsbatiamrubetedanitdy sovhesccmntayt padotaee casily Wattsébly wi t h.

neapeul at | no- e PR R 395 LR SRR BB aR et e o

termnal |ead srhbeﬁzap@enmg e)atearaEtoiomafredo lby cadillydsed bt thed PSS términal he
hei ght of the e pac can d by using snaller solder balls
for the top pace:lﬁaodé(% B‘g tﬁ ¢ ?‘Eleysé’ eH I8hal I's entirely and replacing o
themw th o082 - (5 The helght of the entire package can be reduced by using smaller solder e

balls for the top package 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 ball-made contact pads prov1de better rehablhty than
conventlonal copper/mckel/gold pads for the solder Jomt ‘because there is no'
1ntermetalhc compound (IMC) formation on these termmal pads that can reduce .
solder joint strength ' .

. [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 easily identified and accessed. Assembly through-put and yield of package
staeking process can be improved because the contact pads can be easily accessed and | .
' because the contact pads are niade of solder that can wet the 1nterconnect termmals of
» ’ the top package _ . , ' .
| [0086] (9) The. enoapsulatmg matenal that covers the entire top surface of the bottom
package prov1des mechamcal support and stlffemng “The meohamcal support for -

package—to—package 1nterconnect10n is provrded by the encapsulatmg matenal of the .";‘f



sol.der paste placed on top of contact pads as shown in FIG 14. [0083] ..
(6) The sol der ball-nade ‘contact - pads provide better reliability than -~ -
conventi onal -copper/ni ckel/gol.d pads for the solder joint because there is -
no internetallic conpound (]MC) formatil®n on these terninal. pads that can
reduce. solder joint strength. [0084] (7) The contact pads on the package

nold top are for i opyenti onal rocesses.f.or. ' solder bal] nount,
ol ding” ana ko AR SAOIETmPOR on RSEEREREE bihstaBPadip slptnd)

Si nce. the i nt er dhnnthét asoodit @oixtrpaelg flaxibleaobstres, inyuddig tppclasgieandahid cofechey
can be easily i tified and accessed. senbl hr ough- put and yield of -
package st acki %egcsggsga%&rfaﬁgcﬁ?ggﬁ@gﬁ‘ eet(?&%’é‘{aboﬂtﬂ’élﬂ? &t pads can be
easi |y accessed and - because the contact pads are nade of solder that can
wet 't he i nt@Gmehsipect -terminals of the top package: [0086] .(9) The.
encapsul ati'ng material that covers the entire top surface of the bottom
package prquogigs mechan: GatiomsUaRdim@Rdos tef fre&@hinBiventids HIRS BadH gabrvedpport.
for package-to-package interconnection is provided by the encapsulating:

material of the3%e lbgpﬂlé;heﬁaé%ﬁg@i%ﬁdbﬂ&@ge'bmnpfee@rryed&away@fgxmﬂms_of~ S
the bottom packagengulsitafiah e it shmusoey;sk)%eﬁ%o g@&&%@u@é% g{?ﬂe vidt G e © :
d. a re ased s c

substrates, including tape based. an Inc ubstrates, can
be used for bot Mty chaggesainfore tnd detph ciudipemadeGbereinusithont dépadiag jfromhiblee

vari-ous enbodi : fee Nt [ h scribed -above, it

shoul d be unde?g?%%éﬁts t%tf%?ﬁga%tel géégﬁﬁ‘p?}ggéﬁ%{gffg‘g@q\?\ggcog?fogglﬁ%qs%n?onI Yy
and not |i nitatingentiont skohllulndt be dippmdeby 4ny perthonaboskildstdiebdi exdnipdary =~
rel evant art th | OU anges 4 n.farm and.detail .c be nade therein -
Wt hout dopar t1 anbor Rl OHR SORRGE ooy b3l . R0GHEEE By ISR G, -
Thus, the breadthhirequivabnspe of the present invention.shoul'd not be Timted
by any. of the above-described exenplary enbodinents, but” shoul d be defined
ont:y in-accordance with the. follow ng clains and. ~ their equivalents. . 20 "



WHAT |'S CLAIMED I'S: 1. An| ntegrated circuit (1C) package, conprising: a -

substrate having opposing first and second surfaces; a plurality of contact

pads ‘on the first surface of the substr20e electrically connected to a
plurality of electrically conductive features on the second surface of the
subst rat e; I rated circuit (1C) die nounted to the first surface of
the Substral gAlrgégiéi A
of contact pads on the first - surface of the substrate; and an- - S
encapsul at ilng mah éitégdted tiRatt (B)) padkagy, Bddsisidge | C die and the plurality of
conductive elenents, Wwherei i
pluratity of coﬁﬂ@éﬁfqt%’éa%@ﬁ%ﬁgsﬁfﬁ@némfﬁﬁesa surface of the :
encapsul ating ebigfalil of cantad BEINRHAMS: Rffad) A0 s%?sflfahére&&ﬁ{ca%%qﬂﬁ%c%d’w* an
el ectrical conponent nounted to a first surface of the encapsulating
mat eri al s @a®hralitreftelegtrisplly eandustive feapireson thecsetdng sudard o€ thesebstrataber s of t he
el ectrical conpgigi leS gle é' ; I t lurality of _
conducti ve- el enent s'%r_aS. c'l;'{zue{:%ajc(ﬁ%é%g?&glﬁgﬁ%gfpggﬁ?g?é@ﬁ% &%l ectri cal ;
conponent is ataplaabty direndictiee elesinst formed anathaplvtatity, ofaontactguads @ the first The
package of I : i.h,the electrical conponent is a ball-grid array
(BGA) pacﬁlggag%éﬁtgen%]%g}ﬁtegag?ray (LGA) package, or a through-hol e package.
5. The package afencdpsilatink, matérial,gha ehdapsubdidsiRCEC @ik ahd1the PheARS bf @hilgve _
erein the surface of the

material i | apar,. 6. The.package of claim, 1, [ _
encapsul at %ﬁ’gen?rsat%l}?f%ﬁlﬂ : 'oﬁg%—olfpeg‘ghﬁ?’%dueftfveﬂ%mﬁ‘é e phralty Afrfopduchiye ein =

t he . sur f aceleméntd ik expeaab 2 sludice bFHhEBLRpIuBking raferighel f  formed in the.
encapsul ating material.- -8 A nmethod for form ng a stacked integrated

circuit (1C package, conprising 21 . mounting.an IC die to a first s,ur_'f}ﬁa'c"e, |
of . a substz.at e ThapidiigeoRldithal fktiaRbmpRGiACt pads on the first surface ..~
that are. electrically connected through the substrate.to ,a plurality of-

el ectrical ly c3Rgetirdeomparent meunied 19 2 fistcyracesafithaesapsplatipgmeighiglsnelt e

forming a disrriity oPblesBRAN ohiR6] SORHES offhe bltEiriBhl thitbbdete RlelSRRLRAF pads

on the first surface.of .thé substrate; an
S coupled to the plurality of conductive elements.

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

~ * capacitor, or inductor.” -

4. The pacl;age Qf c_laixh_fl, wherein the electrical component is a ball;grid 'alrayv,(BGA)
package, léndf grid arraity" (LGA) package, or a through-hole package. -

- The package of claim 1, Wherein the surface of the éncapsulaﬁng méteﬁal is planar.'
6.  The package of 'é_laimi'I,i‘wherem the surface of the encapsulating material is non-
planar, R S ' S
7. The package of dai_m 6, wherein the surface of the encapsulafing material is a shelf

- formed in the__eqcapsuiafihg inéteﬁal.

; 8 A me;th_dgi forformmg astacked integrated circuit (IC). package, compnsmg _

%EID[I$$ of ~conductive el ements forned on the plurality =

ein a portion of each conductive element of the




encapsulatlng the. die and at Ieast a portion of each el ement of the
plurality of conductlve ‘el enents on the first surface of the substrate
with an encapsul ating. material. 9. The pethod of claim$8, further
conprising: renoving a portion' of the encapsulating nmaterial to expose a
portion of each conductive. elenent of the plurality of conductive

el ements at a sirade BxlCidivtoeninpuipen efrigsubsigtchiaviae a phuality b ooiachpads of
claim9, whargi hide herfa&rmﬂ 26 eetﬁealgpaa?hé&&ﬁ m&&ﬂ% E&ﬁ@atfp kAR YPiuhi@y e of

t he encapsulatln? materi al  such-that” "a portion-of eac
of ‘the pl urelgciricgl

rra__t, ‘_e r i »al I's. ex pﬁﬁﬁﬂlg a plurahty of conductwe elements on the pluxahty of contact pads on the ﬁrst
surface of the substrate and
encapsulatmg the d1e and at least a pomon of each element of the plurahty of

conductive elements on the ﬁrst surface of the substrate with an encapsulating material.

9. The method of claim 8 further comprising:
removmg a poruon of the - encapsulating material to expose a portion of each
conductive. element of the piurahty of conductive elements at a surface of the encapsulating

matenal

- 10.  The method of claxm 9 Wherem the removmg step comprises: - _ :
removmg a planar Iayer of the encapsulating material such that’ a pomon of each .
' conductive element of the plurahty of conductive elements at the surface of the encapsulatmg

matenal is exposed

conduct | ve el enent
Yofondustivie feefures or b eerond surce ofithe sibstfatese of - the encapsulatlngn,



