WD 2006/ 047028 PCT/ US2005/ 034261 PACKAGED DEVI CE AND METHOD OF FORM NG
SAME BACKGROUND OF THE | NVENTI ON [ 0001] The present invention relates to

i nt egr at adoebosodr2s packagi ng, and nore particul arly topramusSHpsoyR61 pr ocess
for fabricating a Ball Gid Array (BGA) packaged device. [0002] An
integrated circuit (IC) die is a small device fornmed on a sem conductor
waf er, such as a silicon wafer. A leadfrane is a netal frame that usually
i ncl udes a paddl ePREERGERUPPUICE AN® METHDP ORaroRmSNBesamMsut fromthe
wafer. The 3 | eadfrane al so has | ead fingers that provide external

el ectrical connections. BRGRGRENGD e dites i svaty@ched to the die paddl e and
t hen bondi ng pads of the die are connected to the lead fingers. via wire

bondi M@oeL1f I'l p 1ol PpruyEH NG gt Bt deldie LM SN eg a8 Md Labui t _
connections. Encapsul ating the die and wire bonds or “flip chip bunps with
a proPéctkpgdngat arichims Rt igadicade. EDaredinnpord theogesskalger t ype, t he

exter I Li.cal n t 4 Y, u as-is,.such as in a Thin Smal
Out || BePTISETS BrEE oy e et iodt e "3t t achi ng
spherical solder balls for a BGA. These termnal points allow the die to
be el d@00RAal | y 2pornmecioethbmd viatdudt diiuidiss isuch srasl lomariprd nt ed

ci rcui.t _board. However, i %%p be expensiye and tine-consumng to forma

| eadf FRFESIn§ & REYE R ¥ PP Eep UG B Sh&hilddoTe &Sy aftl et ch
back aeadreauicr ed of 8RO Erusne itha\wws%alzqﬁ»d%ﬁc&%ﬁ& 0 Rlddi dalg, such

etching steps, and further, to elimnate the need for the leadfrane. It
i s deSHPRBEESt Ghkadé difetthed dbsddeesasivtg fom dibee weffqpackdfemd | Cs t 0o.

B BF; DESERLEL! QsOF nlHF 1 RRANAGE e L VR22000/.04 4228 RS2 Q0% 93426,
connections. That is, the die is attached to the die paddle and
then bonding pads of the die are connected to the lead fingers -
via wire bonding or flip chip bumping to provide the external
electrical connections. Encapsulating the die and wire bonds or
flip chip bumps with a protective material fdrms a package.
Depending on the package type, the external electrical
connections may be used as-is, such as in a Thin Small Outline
Package (TSOP), or further processed, such as by attaching
spherical solder balls for a BGA. These terminal points allow
the die to be electrically connected with other circuits, such

i;} as on a printed circuit board. However, it can be expensive and
time~-consuming to form a leadframe and package a device if steps

like chemical etching and etch back are required.

[0003] Thus, it would be desirable to eliminate such etching
steps, and further, to eliminate the need for the leadframe. It
- is desirable to have a method of decreasing the size of packaged

~ICs too.

BRIEF DESCRIFTION OF THE DRAWINGS




[0004] The followi ng detailed description of preferred enbodinents of the
invention will be better understood when read in conjunction with the
appended woawiengmz2s The present invention is illustrategdcbysymyosheexanpl e
and not limted by the acconpanying figures, in which |like references
indicate simlar elenments. [0005] FIG 1 is an enlarged cross-sectional

vi ew ofpgoapackagrd Bt 28LaLed delhtiel a@s@%gﬁ;%a%pr%féxfferdst

enbodi ment of the present i1nvention; is an enl arged
Cross- g@bpdgmantsléﬁ/bhealnpa@kagadwaﬁﬂe@ﬁab@@t@mr@uﬁenabxmk@&damaeaﬂtrna.

second, enbodl i esent vent.i on 0007 FIG 3 is an enlarged
cr oss- 5Bt PBAYE gf%ﬁ/ %Qg E&&c?&&?&glﬁtgﬁﬁg?e ¢i r dG% PEFSE&or dance with a
third isgbadisrnisoillihstpaesanby! AueNbIEOBXaPAGBEnEl G5t 4AndHea &y
perspective views illustrating\the steps for fabricating packaged

sem coﬁhacﬁfé?m@a@%é@gu figugesr daﬁcthghlﬁhé pedsErncesy eRCLEATS 0009]

FI GS. éfmgﬂg gncLoss-sectional views illustrating the formation of a
plurality of packaged semi conductor devices in accordance with the present
i nvention; DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0010] The detail ed

descripﬂﬂoﬁ]set F@Gthlbésoanian&angedtb@nsswsehtﬂbaaappéRWEafdaamjngs is
|ntended a des ? £ ﬁ of the resentlﬁ Breferr e odlnents of the
2Pl f

d
i nvent 3% agﬁg %2 EREHLE 0T PeBFSSERE PR YaiFY 3 SAFEItn whi ch t he

presenémbbayﬁ@ﬁtoafnauebgr@g@gtldient§0h$ to be understood that the sane
or equival ent functions may be acconplished by different 2 WD 2006/ 047028

PCT/ US2005/ 034261 enbodi nents that are intended to be enconpassed within

iDF [0006] FIG. 2 is an enlarged cross- sectlonal view of a

packaged integrated circuit in accordance with a second

embodiment of the present invention;

[0007] FIG. 3 is an enlarged cross-sectional view of a
packaged integrated circuit in accordance with a third

embodiment of the present invention;

[0008] FIGS. 4A-4H are perspective views illustrating'the
steps for fabricating packaged semicondﬁctor devices in

accordance with the present invention;

[0009] FIGS. 5A and 5B are cross-~sectional views illustrating

'Q) the formation of a plurality of packaged semiconductor devices

in accordance with the present invention;

DETAILED DESCRIPTION QOF THE INVENTION
[0010] The detailed description set forth below in connection
with the appended drawings is intended as a description of the
"presently preferred embodiments of the lnvention, and is not
intended to represent the only form in which the present
invention may be practiced. It is to be understood that the

same or equivalent functions may be accomplished by different



spirit and scope of the invention. Further, it wll be wunderstood by those
of skill in the art that the drawi ngs have been sinplified and are not
drawn t o woabw/04f@@®11] The present invention provides apoetuksmsoiszppckagi ng
an integrated circuit die, including the steps of: [0012] |oading a
plurality of conductive balls into recesses fornmed in a platen; [0013]
transf@mbbaﬂméﬁespkﬁaenake ﬁnEéﬁF%M ek BeféﬁﬁBmBQQE Af i 8n@nM PQ? [0014]
pressing a second part of the nold against t conductTve bal s, thereby
at Ieasmlpattaaﬁl§C®pat®énthg anveptisur f aBerbherheicomdddt bee balls;

[0015] i r st _nmolLd conpound jnto th | d erein the first
nol d c&ﬁ%%%%% % ﬁ%u%%%sgx% sgglggrfFoﬁ o?thghggoﬁhﬁ?gFéglﬂgﬁlE?VF0016]

r enovilget heimpndacedvenhabts hoemthenptat gea1uwherein the conductive
balls are held together by the first nmold conpound; [0017] attaching a
first S|de of an integrated circuit die to a plurality of the conductive
bal I s, [9%EFEi n tFeedpeesent sipyeuhien Byovides saorethedcsfidueskeeing | s
[0018] I pggﬁ i di n cond side of the
die tgﬂ?éE&%%?fété%ngs 0 f%hgggon g??%iﬂ% Pﬁg Se%??oé%dlng the die; and 3
WO 2006/047028 PCT/ US2005/ 034261 [0019] encapsul ating at |east the second

-side of0@k2] di e, lodding| zcplucalitpnobctondsctimed ballsashtparecetsehe

condulé&y edb Is ?% a_second nol d conpound. ([ 0020] I n anot her

enbodiren cat® nay be | ocated coplanar with the conductive balls
and the die attached to a

[00L3] transferring the platen to a cavity of a first part of

a mold;

[0014] pressing a second part of the mold against the

. conductive ballg, thereby at least partially flattening a top

surface of the conductive balls;

[0015] injecting a first mold compound into the mold, wherein
the first mold compound surrounds exposed portions of the

conductive balls;

[0016} removing the conductive balls from the platen, wherein
the conductive balls are held together by the first mold
i} compound;

[0017] = attaching a first side of an integrated circuit die to
a plurality of the conductive balls, wherein the die is

surrounded by others of the conductive balls;:

[0018] electrically connecting die bonding pads on a second
side of the die to respective ones of the conductive balls

surrounding the die; and



surface of the heat sink. [0021] The present invention further provides a
packaged integrated circuit die having a plurality of conductive balls
havi ng a wooodiddabasened surface and a first nold conpoumgTiisasosobbos the
plurality of conductive balls together. The top, flattened surfaces of the
balls are generally coplanar with a top surface of the first nold

conpoung,e13nd botdrempAPRAsiHY asurdaces i ddehaldsiarss exposed, ‘E{he

integrated circuit die having a first side is attached to a plurality of
t he cofd@Stiti€alpgameciiont e anl ar laameddnt aithers afortchesttionsuct i ve

bal | s. bﬁ]’_ﬁ% ng.’ﬂm%l ?e%%tnrd %gll&/ 0%9“‘;%'11% to the others of the conductive

bal | s. secon conpound encapsulat'es at | east a second side of the

di e opposing the die first side, and the top surfaces of the conductive

bal | s. iP0@PI] Refler magheowdnbddiGent,, an IRAWAIgetk a8 eSadaitd Vi ew of

a packaggg senicongﬁ or devjce 10 fornmed in accordance wth an enbodi nent
t

of the®PPe8BRE Ml Gog © PRd lpasadérr dod e teohiatkitwas a

pl ur al k¥ rabeCeFdusld YR kaldisl2 having a top, flattened surface 14 and
bottom opposing surface 16. A first nold conpound 18 holds the plurality

of conductive balls 12 together. The top, flattened surfaces 14 of the
bal | s [2923de geRbeabrpseodl dnaeniiicn furdpesurimos defe vheakkestedol d

; 3 t i f 16 .of th | I
exposeniaienRl el ol PRRIRIIN BILLRSRR B e cqb iptaveoPaddht t ached
to a phavahity abpt h€latnduetli warfakksahd ad FVO=2006/104 ¢Q28ound that

PCT/ U OJC_)g/ 034261_ The ,die 20 is surrounded by others of the conductive
oldgnghenplurelasyi eterentrrtdveybedds teceshere ofher $08h t he

E“ndUCEigthﬁghSsﬁgfaée§egﬁﬂghgnbglﬁg”BQQ”ge%ér§ﬁ§§pﬁgb§gﬁgra%ith a

top surface of the first mold compound, and bottom, opposing
surfaces of the balls are exposed. An integrated circuit die
having a first side is attached to a plurality of the conductive
balls. The die is surrounded by others of the conductive balls.
The die is electrically coupled to the others of the conductive
"balls. A second ﬁold compound encapsulates at least a second
side of ﬁhe die opposing the die first side, and the top

surfaces of the conductive balls.

[0022] Referring now to FIG. 1, an enlarged cross-sectional

'{;} view of a packaged semiconductor device 10 formed in accdrdance

with an embodiment of the present invention is shown. The
packaged device 10 includes a plurality of conductive balls 12
having a top, flattened surface 14 and bottom, opposing surface
16. A first mold compound 18 holds the plurality of conductive
balls 12 together. The top, flattened surfaces 14 of the balls
12 are generally coplanar with a top surface of the first mold
compound 18, and the bottom, opposing surfaces 16 of the balls
12 are exposed. An integrated circuit die 20 has a first side

thereof 22 attached to a plurality of the conductive balls 12.

4



| east a second side 26 of the die 20 opposing the die first side 22, and
the top surfaces 14 of the conductive balls 12. The second nold conpound

24 i s of wotyam4keeawn to those of skill in the art thatpcrarsssRipasy used
for packaging integrated circuits. [0023] The conductive balls 12
preferably are C5 (Controlled Collapse Chip Carri er Connection) sol der

bal | 5. THee bl v 1% A SR AMBLLUT |Gal |90 £andugld e RL orj al so
oug e con

that electrical signals can be passed theret uctive
mat er i éllfldrr@lebéll@ 7 dls @lﬁﬂtras:addp’pemtwlegbltcb tdre acrtlaé:’rs)wf tttes eof , or a

soft s 63/ terial 63O 37% _ | ead 10 (90%
ond, "B VAR R el . S P e (TR G

pol yne&ebaaean&te@rdzﬁi it 2Bt Iine dilér hacedddyisty vhd ead faeespackage
can be _achieved by using lead free netallic baI | s.” [0024] The bottom

sur f acéd 18161 tHige Boll I1rfACsRe 1dx pés épeampucaidtdwe el dgr at él?i‘letl rcuit
di e 125&3088 £8RRe gr% Rﬂléfiz@ t%(}_ CItI’Y%LéI t n%% rq:o }t}le %SI Ifs 1alre used
3 S bétrate

to pass data, power groun S|gnal F'om su

or pri bhedartcthewi ti shearthofilgt uskdwipyr @aa]&gm@/\nirh;egtﬂm Qi‘lx&:lull’ds.l n
the art, while others of the balls 12 to which the die 20 is attached can

conduc fro the di Q t enent ) and enhance board
| evel i ngﬁ j oi nt*st P@ﬁg&% V%h?f"llfs I'JL%t F?éelfﬁrlaéﬁ Zaﬁﬁdgs t(ﬁ@nd:lréﬂ.
provnd@oalapbdecaabec&w&ﬁ@&ecOhhébt@Bﬂan@%&d@&akglh%ve'Tﬁ@ gen 1$f nength. It
is noted that balls at the corners and even al ong the package edges al so

can pP6%i BadeohElt Ponslerarieaharceonfucrivyiamecairistls eogthadf t he
PO SO HLTES ETLSTARLE A0k LO0EE), T B e 10
fIattemedebyabrmayibg,aametal, such as copper or gold, or an alloy
thereof, or a soft solder, such as 63/37 material (63% tin, 37%
lead) or 90/10 (90% lead, 10% tin). Alternatively, the soft
balls 14 may be formed of a polymer base material with metallic
surface finish. A lead free package can be achieved by using

lead free metallic balls.

[0024] The bottom surfaces 16 of the balls 12 are exposed and
allow the integrated circuit die 12 to be connected to a printed
circuit board. The balls 12 are used to pass data, power and

| ground signals to/from the die 20 and a substrate or printed,

ii) circuit board (not shown), as is known by those of skill in the
art, while others of the balls 12 to'which the die 20 is
‘attached can conduct heat from the die 20 (i.e., thermal
‘management) and enhance board level solder joint strength. That
is, the balls 12 under the die 20 provide a solderable surface
that enhances board level solder strength. It is noted that
balls at the corners and even along the package edges also can
- provide connections that enhance the mechanical strength of the

package.



di scussed in nore detail below The balls 12 are held together wth the
first nmold conmpound 18. The first nold conpound 18 is of a type known to

t hose of wW®ibdsrdeme2Bhe art that is comonly wused for paekagisp@siosfzepr at ed
circuits. [0026] The integrated circuit die 20 nmay be any type of known
die, such as one cut froma silicon wafer; and may be any type of circuit,

such agoa28i0italrngl 4R PAGRISOME SREE Hal1NROSELif1GHdendd Gnuch

circuits are well known to those of 3 skill in the art. The bottom surface
22 of eRplanar20 Fhe sopachedfacest ié ey beatflerddnsdr ot e ebéiofy,ores or

nor e Of. nquctive 1S -1 ith a _die attach . material (not shown).
The dﬁéggﬁfggﬁ %%tSPF§|%%ﬁﬁl&e%ﬁﬁkﬁhheégﬁbbﬁﬁig gfpglﬁehelﬁh5ﬁﬁ€%?eﬁtua
senm cowduht eheaffirbor mal A uaided 8.0 THRS tFials®s moIWC kg oudidl aR0X)s

[ 0027] ghe top Sﬁ%face 26 of the integrated circuit die 20 includes a

pl ur al PLy2oFYBPekBOHE kg Sags20f thildi dnhsha Ret paas 28 sommerdstrically

connechgeal 0oPNBAcRLaiNE GORTUCHLKE ShZLlicl2 that surround the die 20 In

one enbodi nent, the di e~ bonding pads are connected to the conductive
balls 12 with wres 30 via w rebondi ng. Known w rebondi ng processes, such
as théPAREbNi c Wheeibbrdiragednygibeuidsedieo20omagcbet haywityes 3@ kmowtrhe

di e bopdi ng_pads_28 and the_top surface 14 of. the balls 12. 0028] As is
known ?éth%ggﬁo?ssﬁFFlcPﬁ Fﬁ@gaﬁt?lgéF98u¥a§Ffe a%grggyaﬁg Qgﬁiﬁagﬁe f or
connecdfngitteity subBt hat @sdiwhithlt Begnwir ers2e=bei, nd sekeghed based on,

anong other things, pad pitch. The bond wire 30 has a dianeter of between
about RSTRPED® CabBMLTH5EHC-al FHEBgRLIEEREESdRARRVEL LhbREWA os thagebefused

Sb6) 0aTors T CRe005/ 03198, P8 bhobEFfaRd, 2208E FRY' Biara0T Hre © O

appl i cattanisedsko28hen top flattened surfaces 14 of one or more of the
conductive balls 12 with a die attach material (not shown). The
die attach material may be an adhesive of a type well known in
the semiconductor art for attaching dies to substrates, such as

an epoxy.

[0027] The top surface 26 of the integrated circuit die 20
includes a plurality of die bonding pads 28. The die bonding
pads 28 are electrically connected to oneg of the conductive
balls 12 that surround the die 20. 1In one embodiment, the die
bonding pads 28 are connected to the conductive balls 12 with
wires 30 via wirebonding. Known wireboﬁding processes, such as
thermosonic wire bonding may be used to connect the wires 30 to

the die bonding pads 28 and the top surface 14 of the balls 12.

‘100281 As is known by those of gkill in the art, various size
. wires are available for comnecting die to substrates, with the
- wire size being selected based on, among other things, paa
pitch. The bond wire 30 has a diameter of between about 15um to
ébout 55um, although other diameter bond wires may be used and

the invention should not be limited to a particular bond wire



dianeter wire, while 52um and 44um pitch applications use 20.3um di aneter
wire. Devel opnent is being done for a 37um pitch application using 17um

di amet er woreos/olimeg, as is known in the art, fine pitchcangd2ubkiosasfi ne
pitch wire bondi ng processes nmay be perfornmed depending on the pad pitch.

I n one enbodi nent of the invention, insulated bond wire is used. I|nsul ated

bond W4k Bme€RIRI | $8% 8x6ARHUCT K¥ENC LR 032 iWhER AR elechilipal |y
insulating material and is suitable #or fine pitch and ultra- fine pitch
Wi r eboddipmgteThwikras uWhtilegSaumennd 4guey patsht hppliicas ibnesmusieo 20i.Bgut 0

ot her wir Lo r conductive 3 structures. |n_.general, gol. nd al um num
are théﬁ%§§F850W%%§ry Bﬁggﬁogwsﬁéneg gglﬁgkgoPﬁefggnaungWep3gF of the
bondi ngppilieatiBat isgabdiaps abdflefem ahieest r oAgsandsduet khevand lhare

simlar resistance jn nost_environnments. Cold wire is sonetines doped

with a2¥bpahtneshéhchsaper pliramfing eitely Wisedbpnfdnospapicesses may
Smal | - g} ) i J e o] it hesi Li.co Loz ti_nes
magnes) Gt ror it ve T rebrdapR Spo Bt R et R, RE°BuBRAIRRAE,

addi ti bhet ingehtdiand ahanlabeyl bopdewirpalikadied: al Logulpkati bomdamdrsi | ver
bonding wire are al so kEomn. I n an egb dinggt of the invention, insulated
wires CHEDFAESH @i SHBTRFC0¥S| 8955t AARTEHNL “052BnfarELESER1 1¥he i nsul ative
coat i ngngheheral! Mat&xrddl 0sAaNiS ENSUhBLEVeog0al hATp: haw Aggaytiki-gkness of
about 0.5umto about 2. Gumthat can be thermally deconposed during free

-air bafineopihchovireperdeny. tFeewineylabipgetetabiglhavevenivsl theg

torperal koL Tq) 0% BROUT <o 180500 350.C 0100200, The,Bal | 5,42 are mde of a

soft materi W res can be rea W rebonded t her et o.

-Pref erablyctthes. W Iesg@fepst, ngdedofnd alizhietmosraother ng:d BBhRLIHAY,

such a&segogfg&egésatQé&ngOLgeaéégéuggiggaéoggréggtﬁgrggggggggwiig? !
Both gold and aluminum are strong and ductile and have similar
resistance in most environments. Gold wire,ié sometimes doped
with a dopant, such as beryllium, calcium in order to stabilize
it. Small-diameter aluminum wire is often dopéd with silicon or
sometimes magnesium to improve its breaking load and elongation
.parameters. In addition to gold and aluminum, copper,
palladium-alloy, platinum and silver bonding wire are also
known. In an embodiment of the invention, insulated wires
having a diameter of less than about 25 um are used. The

QL% ‘insulative coating preferably is an organic insulative coating
having a thickness of about 0.5um to about 2.0um that can be
thermally decomposed during free air ball formation. Further,

the wires 30 preferably have a melting temperature (Tg) of about
- 180° to 350 °C.

[0029] The balls 12 are made of a soft material so that the
wires 30 can be readily wirebonded thereto. Preferably, the
wires 30 are made of a stiffer or more rigid material, such as

copper or a hard gold alloy so that during wirebonding, the



WO 2006/ 047028 PCTI US2005/ 034261 wres 30 penetrate into and are enbedded
within the balls 12. Using a harder material for the wires 30 allows the

wi res 30 wo 20¢paed2sate into the balls 12, hence form ngpaTasnReassen by
enbedding the hard wires 30 in the softer balls 12. [0030] Referring now to

FIG 2, another enbodi nent of a packaged device 32 is shown. in this

enbodi {ERbs '3'03 ¢1ohreatihachi-Re he %e&%@@v&uﬁ%ﬂﬁlﬂlﬁe %%11%{1%2& e 20 is

attached to eat sink 34. The heat sink 34 preferably 1s coplanar with
and quSéBﬁdélthd@rpH@t@tﬁlta)l dort frdaehatires120 Nﬂﬂ.@wspa:lﬁa oullzzrd B0 a&dirst
surfac he _h ich the _die.is attached,i.s coplanar with
t he to%egéF%ggg g thgﬂé ﬁF%&%ZWE §G§C§ég8ﬁﬁun8b80§QW?%59¥%% Yof the heat
si nk 3émbeddepbanae heirtihwikesbont am sukf aeetdé okitike 1balls 12. Thus, the
second side of the heat sink 34 is exposed. The heat sink 34 preferably

has a kness that is equal to a dianeter of the balls 12 as neasured
fromt f1 Betetringenew £68 FEE-nért 8RPLEGET sebotdmenie ofi @ 20 may be

attaChﬁgckggéaedg%éhesBﬂk1§4sﬂbhﬁ aIﬂ'%FﬁEt@ﬁBoaﬂgﬁﬁkye sﬁﬁgdd not

shown)” in order to provide good thermal properties, the heat sin
pr ef erabkgchéngf sheedief 28 SolthHBEQRspﬂateﬁhsudﬁeaQOcaﬁpambHGM@d.fhe heat

sink 34 her nove t herna rfor and i ncreases
solderabééa%rea %Pgthe %% gﬁgtSEln%Oggl?rﬂ ﬁglﬁoﬁop EFE, wL’%t%yet

anot hesnal serpatihdedobyaa pagkagedydey %ﬁeBEanisstvm ubhe packaged device
36 is simlar_ to the packaged device 32 (FIG 2) except that a second nold

conpouPRit BBCHAST h¥endf bLHES §V§ﬁaﬁﬁe0§|éhgoheﬁﬁrésnko3an@0t@blcbuthéces 14
ercapeil ot Bt BrASa8a o4 2cbBBanu? REEE' 1ha PED' BLNEaLRCE% Rl PRad=01 % ne
packagendoareanndthepﬁesbng antﬂaceoaﬁOUhd B8atThénKane 468 weylbaator med
of the f{ﬂséhgn ottom surface 16 of the balls 12. Thus, the second

side of the heat sink 34 is exposed. The heat sink 34

preferably has a thickness that is equal to a diameter of the

balls 12 as measured from the top, flat surface 14 to the bottom

surface 16. The die 20 may be attached to the heat sink 34 with

a die attach adhesive or solder (not shown). In order to

provide good thermal properties, the heat sink 34 preferably is

formed of a solid metal plate, such as copper slug. The heat

sink 34 further improves the thermal performance and increases

;;) the golderable area of the package 32.

[0031] Referring now to FIG. 3, yet another alternative of a.
packaged device 36 is shown. The packaged device 36 is similar
to the packaged deﬁice 32 (FIG. 2) except that a second mold
compound 38 has been formed over the die 20, wires 30 and top
surfaces 14 of the balls 12 as a glob top. In order to perform
the glob top encapsulation process, dams or flanges 40 are
formed at the sides of the package to retain the second mold

compound 38. The dams 40 may be formed of the first mold



8 WD 2006/ 047028 PCT/ US2005/ 034261 conpound 18. it wll be appreciated
that the glob top encapsul ation process nay be perfornmed on a package with

or withowp Zobgodhert sink 34. That is, although the paclegadéigvsner 36
i ncludes the heat sink 34, the heat sink 34 is not required. [0032]
Referring now to FIGS. 4A-4H, a nethod for packaging an ICdie in

accor daggeowhtin18n erRogiNBNG 0L e RLESENknalNeRl iaRWicll, be descri bed.
FIGS. 4A and 4B are enlarged cross-sectional views illustrating a platen
or fixencapsStlantion whockss phyr dei pprdbrueddoct v @alphklalge %2 tihs olkoaded. The

pl aten . i bl pck of .netal hayjng a |ar fla rface,w t .

b1 ur a1 PE00gEE o EoR, PES tor 1Pk s oo TA3Y Aeunrar PiEty Hies BE5RARES Bsxdss. The
caviti ¢ PAcal:8ckatleOUbaitN sanll BE, Othal haktoRihite 345Ukl aee ebkquheepl.at en
50. FIG 4A shows the balls 12 being |oaded into the platen 50 and FIG 4B

shows the balls 12 disposed wwthin the cavities 52, The cavities 52 are
gener akP932i r cuRGESTHINGNBRW. CROREGSr | 4BhéHeadi Mesdosh frgy PREFEIATO at or

partiallyskl at Lengd_pat, r{,2¢ . of.t-0 (o] balls 12 can
be fla %e%gda%% ggr?i§|F§gh?%a9?eﬁe§9 %ﬁ%%d%@gﬁg B%rgggikégg%ﬁg balls 12
may beitvadedonntvdlihber deesséebeb2 uFILBg. Kaoendt dBhaokogplaggeld as a

shaker. The recesses.52.are space t_apitch to match the required bal
ol toh P6PoS-PRCRAGERLa T AEYRC ] LERERaRL0T. BrRiAkEE PF BIEb ERe HalPEoar e
| oadedyhchhg p1REEESES 82 cbRBueRiEepRlakeN25Qsi $ohbaast erhedphtena nol d
cavity. An alternative to using the platen 50 is to load the balls 12 into

an arra§ b hobésckoedt mated bhwinet pokrobeafipkdsuciaceywitheabal |s 12
Coul e hagted Lo, GRUgkes) Daaguuler o WRXEy SR M LY Bk
52 andicadpdce Thefoavatibeabasapk 34idl outhia enpedinert arihe beathei nk 34
'S plagggfége of the platen 50. FIG. 4A shows the balls 12 being
loaded into the platen 50 and FIG. 4B shows the balls 12
disposed within the cavities 52. The cavities 52 are generally
. circular, as shown. However, the cavities 52 may have a flat or
partially flattened bottom surface so that the bottoms of the
balls 12 can be flattened or partially flattened, such as by
pressing. The balls 12 may be loaded into the recesses 52 using
known technology, such as a shaker. The recesses 52 are spaced
at a pitch to match the required ball pitch for a packaged
QI) device, such as 1.27mm apart. Once the balls are loaded in the
~recesses 52, the entire platen 50 1s transferred into a mold
cavity. 2An alternative to using the platen 50 is to load tﬂe
balls 12 into an array of holes located in the bottom of a mold
cavity. The balls 12 could be placed in such holes in a number
- of ways, such as with a mask. FIG. 4C shows the balls 12 being
placed in a platen 54 that has recesses 52 and a space 56 for a
| heat sink 34. In this embodiment, the heat sink 34 is placed in
- the space 56 prior to loading the balls 12 into the recesses 52.



the space 56 prior to loading the balls 12 into the recesses 52. 9 WO
2006/ 047028 PCT/ US2005/ 034261 [0033] As previously discussed, the balls 14
are formgioebosme7@eft, conductive material that can be gerwspmwgosech as a
soft nmetal. Exanple netals are solder or gold. As is known by those of
skill in the art, nost BGA balls are nmade out of 63/37 material (63%tin,
37% | egdpasphi ChAbSﬁ o%%flhf d%%%ﬁs‘é’@ﬁn £8Y $210%0%4 ead £%dd Bs a
material is used e ball ape can deform Referring now to FIGS. 4D and
4E, af seFtiheopdhrsive mmedrgedt &tiatncehebpl dedorsed t madopssar fsadds 14 of
the baII 12 attene ei_t her th a first, top 58 f the I or, by a
press, v?a a ng§ %ﬁh%aPeE ﬁlﬁﬁep?Sigsg thgpi @ﬁb EP g
pr essedfagri 3t :thEhtaOIarfB;lJrir@@sQSBd}A philkeabal ksdak? ot faifn 63t/Be' cavi t ies 52
of the platen_50, ch flattens the top surfaces 14 of the balls 12. If
t he caW?F?Eéa%2(§3§otﬁﬁve33% ﬂﬁéﬁ)mrwbépbléﬁlVeﬁwaﬁoﬁﬁttoﬁW§ﬁrﬂ$@@; t hen
the b0969ﬂbsgébgcgaaa16%@% kg bAbkS 121258 LAkl ened Hahheysaie day as
oth of

the top surfaces 14 el't her one or e top and bottom

-surfacéeanmandR&ﬁemtlngenbwlts EZGSreéﬂlahﬂeﬁEd arf tigar tdhal bplifsl dt ened.

0034] Ref rr| now , e nechani cal .coinin r ess,
et RREcIPPBhoort hoeppoases 5. ol Bt oeaRoctnad he e BoL
conpoung aﬁesglaeaaﬂeahellaﬁtelrwiah Ih@&rbﬁ tobh€gf S te @ hid 160 MRRU RS 1518 i's
injected into the nold and the first nold conpound 18 surrounds the

exposeRrpdet i 6hd of mprlanbgrllscening| peereasnol Fhag is,wehe mﬁ@@ntp@ t he
gb;e?Q ot gt 5F =R SROBEE: she T oBaefEERRerr Cig oo hraho3as IR, B8
st i dcaebpbands28cf the platen 50, which flattens the top
surfaces 14 of the balls 12, If the cavities 52 also have a
flat or partially flat bottom surface, then the bottom surfaces
16 of the balls 12 are flattened in the same way as the top
surfaces 14. Thus, either oné or both of the top and bottom
surfaces 14 and 16 of the balls 12 are flattened or partially
flattened.

10034] Referring now to FIG. 4F, after the mechanical coining
process, a first injection molding process is performed such

that the first mold compound 1é surround the balls 12. That is,

.i:} the first mold compound 18 is injected into the mold and the

first mold compound 18 surrounds the exposed portions of the
balls 12. Injection molding is well known in the art and
further description thereof is not required for a complete

‘understanding of the invention.

[0035] Referring to FIG. 4G, after the first mold compound 18
solidifies, the first top 58 of the mold is removed. At this
point, the balls 12 may be removed from the platen 50 or the

‘balls 12 may remain in the platen 50 for further processing, as

10



solidifies, the first top 58 of the nold is renoved. At this point, the
balls 12 may be renoved fromthe platen 50 or the balls 12 may remain in

t he pl at emo2006foare2urt her processing, as 10 WO 2006/ 047 @28/152005/034261
PCT/ US2005/ 034261 descri bed below. For illustrative purposes, in FIG 4G
the balls 12 are shown detached or separ ated fromthe platen 50. However,

in tht%he 5 at 4 ggg rr d RRald Sy 1211?1@1@ Nojg Yiale I enoved

from $ [ ] eerrlngto FI'G™ 4H, e Integrated circuit
di e 2mailds 4t acteedsiiora qtrlztmczﬂed yowfsdpeeradad stxisn atthea Qalaam e‘fme ned

Iocatlon The die 20 has a battom surfac rf 6 t hat

oo ey 5 i R R SHAGE Shodfifea, o (S 1 FFr ed
enbodiygnt et RemRRtdD i faee ihwdhn t9e die 20 is attached directly to

the balls 12 with a die attach 0 adhesive (not shown),. The die 20 is

attached at |ocations such that the die 20 is surrounded by a pl urallty of

the bdioosely. RAefennming Bt HIG éH,s e dnteda adi e ThHeE MirbetrC ofS bal | s

of a %I Etr Z#{e{d;ltg’](‘j a% %’gl’g}aﬁe]léghﬁaf %qgtz(ejln I ﬁ%ﬁbv%&e%ﬁ&he %glr}‘gcilgr e
| oaded deatie@nuni fliremdire sl chamndch hmta:cm ssmfglcee 8 | aved ra Xequatdwrigcd

single ball matrix pattern allows j fferent ze die. a di fferent package
si zes 4o et &F’ﬁéﬂldo Uk g Yo YEEh ntdrfé“%l%d%f he eké

Furt hefne @it 14 W@p%odﬁ@ﬁal el e Wikt dde Higr 2hd sdie

attached serve as a thermal path for the die 20 and provi de a so] derabl e
surfa@@ ﬂ—ﬁatatéﬁhﬁamﬁbsilmﬂxf dveethsp gl § dizntwigtt e’:hgff e JUTsH As

PP SUSh SR L A A SR Bl AL
12 Ftthhh;ertheaalﬁmm iig fdDuntiedans 3, ﬁl]ﬂ:ﬁ:adllﬁ:ﬂﬂaﬂ‘:afhé)eaaa‘ft]tsadma.d to a
heat S%gkniikgg'%f I/0’s 1g used to determine the number of balls 12

that surround the die 20. Attaching the die 20 on the top
surface 14 of a plurality of the balls 12 allows a platen into
which the balls 12 are loaded to be uniform in size and have a
single ball matrix pattern. A single ball matrix pattern allows
different size die and different package sizes to be formed
without having to change the size of the platen. Further, as
discussed above, the balls 12 upon which the die 20 is attached
serve as a thermal path for the die 20 and provide a solderable

gi} surface that enhances board level solder joint strength.

[0037] As previously discussed, other options for die attach
éxist. For example, instead of a die attach adhesive, the die
could be soldered to the balls 12. Further, as shown in FIGS. 2
and 3, the die 20 can be attached to a heat sink 34 (e.g., a
solid metal plate) with an epoxy or solder. The heat sink 34
can further improve the thermal performance of the package'and

increase the solderable area of the package.

11



solid netal plate) wth an epoxy or solder. The heat sink 34 can further

i nprove the thernmal performance of the package-and increase the sol derable
area of twe pandsags. 11 WO 2006/ 047028 PCT/ US2005/ 03426 2cTiROm3h3426f erri ng
again to FIG 4H, after the die 20 has been attached to the balls 12, as
descri bed above, the wire bonding pads 28 on the die 20 are electrically

connecyggapp 1 eSREELEYPng0AERIAT chherbal sy, 13£LRAt LA Bound ot BadbeeR0.

More particularly, bondihg Wres aré connected fromthe die wire
bond|ngtpadbed8t@othesbetlsvézones déschiébpdl hbote, Che wadeobontlhaowires

30 is co ed to, th ondi n ds 28.and_an end IS nnected to

The DA Tan 128 ennEng i P el BoRtr e rP et bea Tag dpBARKER £EMHeLBoERANRC oY

as theoﬁéé'§f12h§rBaDEbdlﬁOgﬁéheéurﬁbﬁﬁdtBﬂefﬂi§t2UD|dM@@@pound 18, in

order that the structure of the first nold conEound 18 i s not conprom sed,
A

an al ternbiFebardy. thendingagbnpe $0reseuseanpitefefrPBdiFhRoAAP WREPTDSONI C
Wre Qgﬂgwghgéage% E’ByngP&éQ eF esxsmg gi&gaﬁzof apal ghag gt he

tradi tion F nosoni ¢ bondr ng, hard wre copper or gold
al | oy tBeU@ﬁﬂeso30eﬁetcamﬂecnéd thethalﬂselapndhnghpaﬂsrEBcandeahomherby
embeddi the wires 38m%nto thP Ef"i 12. ,As shown i B s of the
wires at® SHBREaEE WP hFRe PALLBalf sUEAITReVET Bs QPQlﬁgnQFQ ScPPcul ar
in shape RAGwAT 8n £RENBELDY gbREvELC AkapRe0bb1{EFD: gfet RB1W EBgeBlckY a
wire bonding machine. [0039] Referring back to FIG 1, after the

mnrebomdthgthgrﬁcesg elderdopmedd 1&6 @neOQGGIthbaéléb?rﬁ@ﬁucégﬁﬁeéﬁlons
the w res ﬁo a ortion % %Ee baI e psul a cond
oy o' cHibobnee Cars M tiol i fnet, ofmRbafiGd phachEereblend Phne
condci®| €1 epaponnd forpeehesably ahept@aaiclaaaertnérmasonsckwmm@ in the

art for packagi ng

bonding process may be used. For example, 1nstead of_applylng

the traditional thermosonic bonding, hard wire made of copper or

a hard gold alloy is used to penetrate into the balls 12, which

form connections by embedding the wires 30 into the balls 12.

As shown in FIG. 4H, tips of the wires 30 are embedded within *

the balls 12. The tips are generally circular in shape and are

formed by electric flame off (EF0) of the wires 30 by a wire

| bonding machine.

[oo39] Referring back to FIG. 1, after the wirebonding

é:) process is performed, the die 20, the electrical connections,
the wires 30 and a portion of the balls 12 are encapsulated with
a second moldlcompound 24. Again, a known injection molding
process is used. The second mold compound is pieferably a
plastic material, as is known in the art for packaging

integrated circuits.

[0040] After the encapsulation process, the now packaged die
20 is removed from the mold and the platen 50, thereby

uncovering the bottom surfaces of the array of balls 12, as

12



integrated circuits. [0040] After the encapsul ation process, the now
packaged die 20 is renoved fromthe nold and the platen 50, thereby
uncover i ngothe/dawizBom surf aces of the array of balls 12pcasisigdsNiaze1

2006/ 047028 PCT/ US2005/ 034261 shown in FIG 1. To ensure reliable

I nterconnection performance, the exposed bottom surfaces 16 of the balls
12 maghdg caatets or1 pl aiebiddie ardoniiel s st ddidstide. 9., N/ Au) that
is both resistant to corrosion and provides | ow contact resistance. The
expos PerFermasiee of theh gt desl jootigm ulomesl 1&ief sdtedralds deposiyi on of
el ectrol yti | / l.at] .. 041 ef errin wiq F 5A, r than
form %% )zéosai r?g'\# edb\xup#;lc%aégé;%lr}:u '?E? pﬁ Jeb%c%argﬁeas&a&gﬁlo%ne{j&a% "t hNei/?%l?rg tine.
FIG %hAatshewvbdit esessiustapackagas-6dks i dheurphakageisidad bowe sepeaat ed by
cutting along saw streets 62, preferably using_a well-known saw 3

si nQUFESIGTPKGes TR FMITAS ARt DRk ddistl RpVit e 1Y a2 i n

FI G r 62 | angeas: : A Eﬁ%k he first nold
conpo%ﬁg %%9'uH4§?t€§?éﬁé§%&%;§€ié%njeé%ﬁgﬁiﬁﬁggggg. Théﬂ%%%istreets
(flanges) 62 protect the balls 12 enbedded in the first nold conpound 18
duri ndOfi4d] at t Refemiimy mvdity BKY t99e seeddmer rdlah | fpmeinon proegbses.
[0042] .Prior to the _saw_sinpgulation ocess,_.an-.optjonal, . el ectrical

funct Slﬁglaqeéstm U“r‘rlay:L %ee earc%q%%sd.a@ Plfcoemé aotf rktl'ﬁz‘g éa}r?‘ao t.fle]“[rﬂ?érﬁ na]%:gé'of-s% he
encapstilodted s eacRdeRiatay  tiHoughdgdh e Pagkagiaghios®ssy an
electrical test in strip format_is possible, hence inproving tester

uti| i SRGteRRRd ORIy SHdieat%!63 e R HPLREES B0 tth R Eddhiewd nEdw

s T R S G B e O

shown in PIG. 5B. The saw streets 62 are flanges that are
formed of the first mold compound 18 during the Eirst mpld
injection process. The saw streets (flanges) 62 protect the
balls 12 embedded in the first mold compound 18 during die

attach, wire bonding and the second mold injection processes.

[o0o42] Prior to the saw singulation process, an optional
electrical functional test may be performed. Since all of the
I/0 terminals of the encapsulated devices are separated
throughout the packaging process, an electrical test in strip

format is possible, hence improving tester utilization and

Q;) making parallel testing possible without additional process ox

cost.

[0043] The péckaged device has improved high-freguency
“electrical performance because the signal path from the die 20

to the board is shortened. Further, system reliability is
improved by increasing solder joint resistance to stress

failures caused by deflections of the system board. Improved RF
.performance and resistance to mechanical stresgs fallures are

important issues to cellular telephone handset makers.
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to the board is shortened. Further, systemreliability is inproved by

i ncreasing solder joint resistance to stress failures caused by

def | ecti owme 20d¢/04t@8syst em board. | nproved RF perfor maneerangosasizst ance to
mechani cal stress failures are inportant issues to cellular tel ephone
handset mekers. 13 WD 2006/ 047028 PCT/ US2005/ 034261 |[0044] The present

| nventiga o OVi dase A SARY: AW ADEXARNSEYE: aOB! f0c Ly PASK AN i
i nt egr"iat edﬂci rcuirt. "Two layers of no g‘éféégln%%n a?eé%s%g, a:g\nht@%p?ﬁsel&
bal | s misdibngl enb audBdhgino arhelnfegsitedyeirofi ool divonbaveds Themdbp

surfaces of the C5 balls _ .act as b fj rs, and_t.he_bottpm surfaces

pr ovi Eémﬁoéﬁbc{]oﬁﬁe &?eéa( F%%Q“ A‘qb%c%&%iﬂéﬁ?%@%aﬂ@%%ﬁ?% ellét‘ﬁetél?‘.asl ug for
bet t ersirdierimtepesi QRN Cmdiidder , Thd e S8 Vineer Aays hef ferngeds ush s a

gl ob top encapsul atjon. The device cost is | ow because neither a substrate

nor t &% et ikand (Bagerfalag ndye et teyurnetrc St eoTiee eStandoo kbt an

| eadf ra th ﬁgf Yo I s S | aty) ) ve to cut
t hr oughr%eBt'al %ggé%]%l saw qul a%g&%ﬂpﬁnc%jé@%éjagl%ér%:eréﬁpq gfgilél%%t%llance no
| eadf thweermsesl peedfinmechcd . herivishano, neesl deovies fmaymiseib&dradd tshoe a
routing. he packagi rocess does not require a hem cal etch- back,
whi chSa&P g@%fﬁﬁ?ﬁgﬁ}&%@ﬁ@ padify SR D CRRE iy FHFRPLSIHg
curr et lnmMald b e H BB 1 ke M@ﬂ%ﬁlﬂ%}asa@e V&Yt profile,

is de

down to about 0.4mm Al though a LGA package scri bed, other package
t ypes Sisuwgeh tie RN S Qeadeertizat Idadizeaey, dilsd san bedeorumstl usi nghe he

afore% i t ) t a dl_%iAe q:\t‘avics an be packaged w t.h this
e nof PO by gL e oY O, R RIESHREC S e,
'e’g. , ba@@e wi/lIds Hasrepes Sichiger [1IAED] Wiide, tdidgy eferiediendediments of the
i nvention have been illustrated and described, it will be clear, that the
reguired, there is no need to perform substrate trace routing.
The packaging process does not require any chemical etch-back,
which can be expensive. The packaging process may be performed
using currently available equipment. The package also has a
very low profile, down to about 0.4mm. Although a LGA package
is described, other package types, such as QFN (Quad Flat No
lead) also can be formed using the aforedescribed method.
Stacked die devices can be packaged with this method too. Land
grid arrays (LGA) offer high interconnection density, e.g., 200+

I/0g is possible.

~ [0045] While the preferred embodiments of the inventiom have
been illustrated and described, it will be clear that the
invention is not limited to these embodiments only. Numerous
modifications, changes, variations, substitutidns and
equivalents will be apparent to those skilled in the art without
departing from the spirit and scope of the invention as

described in the claims.
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invention is not limted to these enbodi nents only. Nunerous

nodi fi cati ons, changes, variations, substitutions and equivalents will be
appar ent wo 20dsaaw28kil led in the art without departingptrasedisesepirit and
scope of the invention as described in the clainms. 14 WD 2006/ 047028

PCT/ US2005/ 034261 CLAIM5S 1. A nethod of packaging an integrated circuit
die, conprising the steps of: Ioad?ﬂglﬁsplurality of conductive balls into
recesses forned in a platen; transferring the platen to a cavity of a
first part of a nold; pressing a second part of the nold against the

ductive, balls, th | 0si ng t he nol.d |east. pactiall
Tt teni ng Tt p NI & PATE BOIR [V S S 1 Bt a4t ol d

conpoukghphAld e H®|gheptheyfi n the first nmold conmpound surrounds exposed
portions of the conductive balls and holds the conductive balls together;

renovi ng t Reasdash@ pamradilthhe hnsiandus tdifpoddlhie 100 XeFEBRS of t he

condugt | lL1s,;, _att ing a first side of an integrated circuit die to a
pIura%Pf%gg?qt %'Egﬁﬁ%%give balls, wherein the die is surrounded by others

of the conduehiaferhsdlires thel ediatieznldey «araneidty gt i ef homid i pegripadS @n a
second side of the die to respective ones of the conductive balls
surroﬁﬁﬂ#ﬁg the die; and 3 encapsulating at | east the second side of the

di-e, the ?J_x%%tsr:ﬂr@ala GRS ANd i ferstagantsof tibecdomstidace of
t he conductive balls with a Second nold conpound:
balls, thereby closing the mold and at least partially
flattening a top surface of the conductive balls;

injecting a first mold compound into the mold, wherein the
first mold compound surrounds exposed portions of the conductive
balls and holds the conductive balls together;

removing the second part of the mold to expose the top
surface of the conductive balls;

attaching a first side of an integrated circuit die to a
plurality of the conductive balls, wherein the die is surrounded
by others of the conductive balls; | |

electrically connecting die bonding pads on a second gide

of the die to respective ones of the conductive balls

surrounding the die; and

i:> - encapsulating at least the zecond side of the die, the

electrical commections, and at least part of the top surface of -

the conductive balls with a second mold compound.

2. The method of packaging an integrated circuit dig of
claim 1, wherein a mask is used to tramnsfer and place the

conductive balls into a bottom cavity of the mold.

3. The method of packaging an integrated circuit die of

‘¢laim 1, wherein the conductive balls comprise solder balls.
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2. The nethod of packaging an integrated circuit die of claiml, wherein a
mask is used to transfer and place the conductive balls into a bottom
cavity ofwoDeoaialat8 3. The net hod of packagi ng an i nt egPaeras2es0s42st di e of
claim1l1, wherein the conductive balls conprise solder balls. 15 WO

2006/ 047028 PCT/ US2005/ 034261 4. The nethod of packaging an integrated
circuit die of claiml, wherein the platen has an array of recesses for
recei ving the conductive_balls. 5. The nmethod of Eackaging,an i,nt egr at ed
circuit diedof Theanedaod pErerakageng ctsiniegra §§a6éaca#tadﬁafeeagt erm ned

Pitch.o fa: NP MoADech Of - PACKRGLAY Af.T Bhegraledoel LaUELsALCEE Claim S
wher ei i The pl at'en T ncl udes a spaceé for recerving a eat sink, the nethod
furt hetecoipinsi tige tdendtepivé phhtsng a heat sink within the heat sink
receiving area. 7. The nethod of packaging an integrated circuit die of

claim6, wherein the heat sink has a first side that is generally coplanar

with the flatteped LOPhSYrbACSalkalN8y SONENEEL¥SBAl LS raNdrWheEebR the die
attaching step conprises attaching t%e first side of the die to the first

si de oflaire 4 hedtextik. tize Theenpehodref spackdghhgeanreAesgraieddcircuit
die of .claiml, wherein in the die attaching step, the die is attached to
t he ff%ﬁ?%%éd, top surface of a plurality of the conductive balls. 9. The
nmet hod of packaging an integrated circuit die of claim1, wherein the
electricallg connecting step conprises wrebonding_the die bonding pads to
the respectve Bresuethiedheot eRtsagint anchrteephafngipruthl fi£§ 6F wires.

) claim 5, wherein the platen includes a space for receiving a
i;} heat sink, the method further comprising the step of placing a

heat sink within the heat sink recelving area.

7. The method of packaging an integrated circuit die of
claim 6, wherein the heat sink has a first side that is
generally coplanar with the flattenéd top surface of the
conductive balls and wherein the die attéching step comprises
attaching the first side of the die to the first side ofrthe

heat sink.

i 8. The method of packaging an integrated circuit die of
'?i) “claim 1, wherein in the die attaching step, the die is attached
to the flattened, top surface of a plurality of the conductive
balls.

9. The method of packaging an integrated circuit die of
claim 1, wherein the electrically connecting step comprises
-wirebonding the die bonding pads to the respective ones of the

balls with a corresponding plurality of wires.
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16 WO 2006/ 047028 PCT/ US2005/ 034261 10. The net hod of packagi ng an
integrated circuit die of claim9, wherein in the w rebonding step, the

W res peneoratee47028t 0 t he bal |l s and are enbedded t her ei rCTAB200502126'2t hod of
packaging an integrated circuit die of claim 10, wherein the wires are
insulated wires. 12. The nethod of packaging an integrated circuit die of

claim10, whereithd heedd ofrsadRigBsy ofn 3 dedatatd@t cibcedtt@fe dhan the
wires so that the wires are enbedded in the balls. 13. The net hod of

pac kag:ih?ginarﬁri mleaﬁea&mdircitrmimmbowm%l Hiw 9, tlmewems tPeneFrekeare
attacheq:toC aqu% ttfg él’[lb @C@h@ﬁt II@e balls. 14. The net hod of

packa ng an Sn egrate circui alm1l, further conprising the
step of saw singulating the encapsul ated die from adjacent encapsul at ed

die. 15. The nethod of _packaging an jntegrated circuit die pof _.claim]1l,

wher ei n t hetlonditd N%ZTE%Q %gaﬁ’% ]‘é‘?’f%’e%%lé%lllrﬁ% CIFRESE | FEFCTbE (3t BnPbund

Wi th tcfl%fnkaitd engh.Sunf a9k afithe babl snebeings spbséantially coplanar with
a

a top surface of the first nold compound. 16. The nethod of packagi ng an
integrated ci rcwt die of claim15, wherein a surface of the conductive

Dot t om Sur e 10 FIREHIT S ot c LGB, 7S P0Gy DhboR SLe UE -

- PCT/ US2Q054 013342@aﬂt1er&n Tdtee red g &f‘e PEsdeRg NgE an et £Yr ehed Cérsoftedi e of
claim1, wherein the encapsul ating, step corrprl ses %Cgerform ng a. glob top

encapdiilag ithe g £0 19iatn Hae KRS | 3t gl ered rewi thaiahdSenbl ed in

i:) : 13. The method of packaging an integrated circuit die of
claim 9, wherein the wires are attached to the top, flattened

- surface of the balls. '

14. The method of packaging an integrated circuit die of
claim 1, further comprising the step of saw singulating the

encapsulated die from adjacent encapsulated die.

15. The method of packaging an integrated circuit die of
claim 1, wherein the conductive balls are embedded into the
_ first mold compound with the Fflattened surface of the balls
;;§ being substantially coplanar with a top surface of the first

mold compound.
16. The method of packaging an integrated circuit die of
claim 15, wherein a surface of the conductive balls opposing the

flattened surface of the balls protrudes beyond a bottom surface

of the First mold compound.
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accordance with claim11. 19. A nethod of packaging a plurality of
integrated circuit dice, conprising the steps of: . loading a plurality of
conduct i weOhaddim7028t 0 recesses formed in a pl aten; trareTaseesgsf2be pl aten
to a cavity of a first part of a nold; pressing a second part of the nold
agai nst the conductive balls, thereby at least partially flattening a_top
surface of 14t he ﬁgnggfe&lb\ﬁeoffayaéacagahgctahnsxﬁé Faledd dr&opOgNd bato the
nol d, wherein the Irst nol d conpound surrounds exposed 'portions of the
conduciaym lbawhsreatt dbki egchpsstlasitgs sbErh PN 9y RerfoTBERAt2d
circuig dies on the glgnalit of the conductive balls at predeterm ned

| ocat PORE, tRReFEFAPPHEZGIQE BFEC§Hrounded by ot hers of the 3 conductive
ball's; electrically connecting die bonding pads on second sides of the
dies to respective ones of the conductive balls, surrounding ,the dies,;
encapsul at L8y aP PaskegeHe insegnatsidded ronithedif essemeled| Bt ri cal

conneg i8@8ag§@dw§EF|?§§Emp rt of the conductive balls with a second nmold
conpound; "and si ngul'ati ng  adj acent encapsul ated dies to form i ndividual
packaged devices. 18 :

19. A method of packaging a plurality of integrated
circuit dice, comprising the steps of:
loading a plurality of conductive balls into recesses

formed in a platen;

transferring the platen to a cavity of a first part of a

_ .mold;

pressing a second part of the mold against the conductive
balls, thereby at least partially flattening a top surface of
the conductive balls;

i injecting a first mold compognd into the mold, wherein the
first mold compound surrounds exposed‘portions of the conductive
balls;

attaching first sides of a pluraiity of integrated cixrcuit
dies on the plurality of the conductive balls at predetermined

. locations, wherein the dies are surrounded by others of the

' 1£) conductive balls;

electrically connecting die bonding pads on second sides of
the dies to respective ones of the conductive balls surrounding
the dies; :

' encapsulating at least the second sides of the diesg, the

electrical connections, and at least part of the conductive

balls with a second mold compound; and
singulating adjacent encapsulated dies to form individual

packaged devices.
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