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ELECTRONI C PACKAG NG STRUCTURE FOR HI GH PERFORMANCE
WRRBLOTATI ONS [ 01] This application clains theP@ENSI004/002985

of the co-pending U S. Provisional Application No.

60/ 444, 205, filed on February 3, 2003, and

i ncorporated herein by reference. BACKGROUND OF THE

I NVENTION [02] Field of the Invention [03] The present
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flip chip ball i rr kage and a net hod of
maki ng t he saﬁ#ﬁ@ﬁ%%&@ FIQNS manuf acture
time i | e enhanci ng heat -di ssipating efficiency. [04]

[01] @?&Pﬁg?wnﬁa@é fthe egelaf of the 59-peeding bin% Rrovsionalr Application
materials that have characteristics of insulators and

No. 60/464a0%tfded on Fehruanyda 2063, hed involmgyted demicpnatatade.
mat eri al s have becone extrenely inportant as the
basis for trBAUKCRGUND OFeEHEANY BN reONSOl | d-state
devi ces. The nbst comonly used sem conduct or

[02] FR86f MSImiveadisife gernmani um and silicon, but selenium
and copper oxide, as well as other materials, also

e
y 0 | v,.made,, sem.canductors wll .
03] 358 pHatin}EBh BERPPH RS B PO D R oThapt ey
. Wl in the other. direction. A sem conductor chip is
particulgr, s ﬂ;‘ﬁ?‘&‘}e‘ﬁ% fiiP &hpigh grisk atw pagkpes|apd ererihed ef meking the same
dn its purest form a sem conductor chip is a
that migiglizes coptnd ranufastise §mervehilcrmbanding béat-dyssiphting efficienpy.
is provided in a |layered formon a sem conduct or
[04] Driscassian of ReKajedhrte bond, when applied to
sem conductor chip devices, conpletes a wire
[05] Senkealudists aly ANeAAR theheed 6Ha%|terﬁﬁgs‘t 6ﬂ¥%1g¥togeatnﬁ%8ﬁductors.

the sem conductor chip and a termn

In today? OBt hhdid gﬁtsﬁrg%gnﬁo‘%tng rﬁ&t‘éﬁlﬂg By C@%gﬁétekggﬂggg%nﬁgﬁlaﬁdﬁg the

any one I'ne meta
..esSurfaces (like a die , tallurgical interfaces
basis fOEI raléﬁléi%rgt %ogesbgr}fidgtbeqla%?lgzstate eve}ces. "I%e; most commonly used

semiconductor materials include germanium and silicon, but selenium and copper oxide, as
well as other materials, also are used. When properly made, semiconductors will conduct
clectricity in one direction better than they will in the other direction. A semiconductor chip
is a highly miniaturized integrated electronic circuit. In its purest form, a semiconductor chip
is a collection of transistors. The circuitry of the chip is provided in a layered form on a
semiconductor material. |

[06] Wire bond, when applied to semiconductor chip devices, completes a wire connection
providing electrical continuity between the semiconductor chip and a terminal. The
constituents of an electrical connection may include any one or more of a fine metal wire,
metal bonding surfaces (like a die pad), metallurgical interfaces underneath a bonded wire

deformation, underlying insulating layer (if present), and a base layer element. Wire bonding
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def ormati on, underlying insulating layer (if present),

and a base | ayer elenent. Wre bonding -1 WO
wQeo70x¥ 90 PCT/ US2004/ 002985 is a net hod usedI/Us2004/002985

attach very fine netal wire to sem conductor

conponents in order to interconnect the conponents

Wi th each other or with package | eads. One problem

encountered with wire bonds is the parasitic

OO S ML O g0 e

. co nents. Al so..wr.e bonds are fragjl nd have
intereofiRiF PP TopEE S b A r s PrapRlends GOY pBieGhi
IS | eadl ess nopnolithic structure, containing circuit
enoounéﬁf%ﬁﬁﬁfﬁﬁé’?lf%ﬁl@ﬁ 1§ 1@e pgrasifig Actuctagoe thak prises.ai high gﬁmsed on the size
mechani cal |y connect to a hybrid circuit. Such
and lengtineidbe wate carryingtsdecitivity th sheempdneitse dilso wise windsiatedragile
such as a nunber of bunps, which are covered with a
and hawolhdited cureerb ongying cageilityand are formed on its
front-side planar face. In one conventional flip chip
[07] Y Y LRENEGURoIMihib Bl QIR AL %taﬁhﬁlglé'iljéﬁi’t eRments, which is
sem conductor chip is placed front face-down on a
. ' . d_j Ct W I
des1gné@8@iéc%aﬂﬂ%ﬁ% gr?%ﬁ{lmgilﬁlrg%gfrlecg 03 itgr?c? QRS {%ﬂ.\gfl gﬂmw:lgg&%%may

patterns o ase " ray usi ng

electri.cal. contacts and the conductive handi ng agent .

be, but Gy i act Holthis s iis S RTier oh CRPS TSNt ageled with a
techni gue can bond a chip to a base |ayer el enent .

conduciye pording agens ped prsriodnesk amitsirenizsidamlprar fened Ingne eonyentional
effect of parasitic inductance can be reduced. Al so,

flip chip meounking keshniguefer iategratekcrchitagi demicdndnctoi clép ispideedaont
conduct greater amounts of current. Some flip chips

face-ddvallod dfoulEngTPANRISr eRhRnPard ik CohiecRAIE Wikt QHBRY base
with limted or even no need for w re bonding.

layer efehieRt &éﬁé%h@ﬁbﬂ% g efeétnﬁ:g'luc%ﬁn Ircﬁvi‘i.nﬁghé %dgﬁﬁeﬁggiélﬁca)gent as an

I nterest” as a nounting technique for

sanesl R L) Pt B B SR ot P emen
integrated, circuit (IC packaging industry. Wth ever
over a juyeh %&Teﬁ gistange theavars Rondge, éweeeigeé? of rarasittq ipAustanop cambe

| ower system costs, a primary requirenent for new
reducepadlsagihndghickerimoipsgye Jess fragile than wires and can conduct greater amounts

of current. Some flip chips can thus be mounted onto a circuit base layer element with
limited or even no need for wire bonding. Flip-chip mounting is thus drawing increasing
interest as a mounting technique for high-frequency integrated circuits.

[08] Emerging electronic product applications are creating a set of challenges for the
integrated circuit (IC) packaging industry. With ever increasing requirements for greater
functionality and lower system costs, a primary requirement for new packaging technology is
low cost. Because of these cost requirements, the thermal, electrical, mechanical, and
assembly characteristics of each IC package design must be optimally tailored, and not

overdesigned. Characterization equipment and design tools for analyzing electrical,
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| ow cost. Because of these cost requirenents, the

thermal, electrical, nechanical, and assenbly
w@b@nant7er i stics of each | C package design nuseChES2004/002985

optimally tail ored, and not overdesi gned.

Characterizati on equi pnment and design tools for

anal yzing electrical, -2 WO 2004/ 070790

PCT/ US2004/ 002985 nechani cal, and thermal performance

mechafibd 8 et B R AR Rl BB RC AR lef Do o oo

are net. .One such enhanced package esjgn i.s the hall ‘
develoginfiy Si1e PR aEPun SR ith B S Bty CRE SO sngoed package
) ggﬁlicatLons. 091 BGA packages present nunerous
design fsethe ball grigh pargy GBSy Wikielh e brawsed nflinchip applisations.
si ngl e packagi ng technol ogy. BGAs provi de higher pin
[09] dESuhpsckages psentaiumeroua beefdspresiouslymusbtainablel with the use of
structure that integrates seam essly into the
single PERRAHAE tadhhdlogy rBG@\sgaroxR&aﬁﬂgher kbunt§o Vet AAMNYr BB a
packages are designed to provide | ow inductance,

robust ‘{Hé%l{; ‘Qt{&éjautertﬁét"lﬁgegra%es%élhlemy & afenhanEE Gy é@g&ﬁgg%% Ball

nol ogy (SMI) “capability. PBGA packages a
cria AR (H5AYADsBRE S Ul SO S0 Bl ARl menma

digital sigpal processors (DSP nd per.sonal  conputer
operatlmb@)ﬁ ethapeeieturiage BovBEEF e .gyﬁgg&ﬁp?%%%{g@s PhGA piages are
i coupled with flip chip designs. [10] The BGA package
ideal farawsermnthspesi Bningegratet Icupgtssd ANEs))emiwraproeessarsi eontteders, gate
nodel i ng of standard | eaded packages due to the
arrays, exdnsdrgdigitadfsignat processpis€RSReaind femsongladongutdr§PC) chip set
exanpl e, the conventi onal PBGA designs are not able to

applicafighd. VEBGANRckiRE AR ofR8r oapRBRES MliPRhip dedigaessi bl e with
ot her package designs. Accordingly, the inability to

[10] "8IEREA %ﬁﬁéﬁgg ?F%ﬁ%ﬁ%gntg%ﬁg%é;s:}igog eﬁéa%)glﬁg&écﬁ% tipggmodeling of

conventi o resen
rtai.n electrical, and reliabilit I sadvant ages, _as

standar e R FAEELIGRI Y BRSPS SEPTE P9I TEHe D4 80T b

el ement. A newer, enhanced BGA packagi ng technol ogy is
exampleathg @pyévqgmomlg’\ﬁ%,q]gmgm jrg ot able faydpliveridpe vlegripal performance that

profile high I/O packagi ng sol uti on capabl e of
is possiblpwith othet hackiagt designs. Accordingly, the inability to remove heat generated
during chip operation in conventional flip chip PBGA design has presented certain electrical
and reliability disadvantages, as heat can often only be removed through the base layer
element. A newer, enhanced BGA packaging technology is capable of providing a light-
weight and very low profile high I/O packaging solution capable of superior thermal
performance. In particular, high thermal performance is achieved through the use of a heat-
spreader, which preferably is made of copper or AlSiC and is directly attached to the back
face of the IC chip. Typically, the heat spreader must have a size larger than the surface of

the die, in order to effectively distribute and dissipate heat generated by the die.
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i s achieved through the use of a heat- spreader, which
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attached to the back face of the IC chip. Typically,

t he heat spreader nust have a size |larger than the

surface of the die, in order to effectively

di stribute and di ssipate heat generated by the die. -3

90 004/,00298 I f
(VT R e ﬂfﬁ%*@@ﬁ’f%%%%l Sedltysoted
are illustrated in res 1A and i
in Flgué"éd\‘/“’e%ﬁdi %a?hw@weaféﬁmgﬁwam%fwweé’ﬁp ﬁlﬂyﬁlpé%S@P ball grid array

grid array package 100A, as illustrated in Figure 1A,
packagp 480 Achss lastratadgarfiignrb d de nchydes a brgapistbasolyermemensdda. The
| ayer elenent 102 has a plurality of (preferably

base lagéttebgiient I 03 bisdeplubdity sf (DdfefabbBvdutketic psolddriball§ 1 0 Bprovided on
surface 102a of the base | ayer el enent 102 for

the ﬁrsﬁﬁﬂfh‘éé M02d &F the BhdediNdr of ARt ?dipﬂﬁ‘}nmﬁﬂﬁi tcfa Ellrélﬁt @Bt $hown), and
die 103 mounted on the second surface 02b of base

a flip ch@%d@ée }ﬁé @gﬁﬁ%g #)Q%h %ﬁgn l{r%lg? @iuﬂooﬂth%s% I@%le ent 1?% The
fip chipef) i@sﬁcﬁ%ﬂa@%ﬁb{g&? et hmEs | RS tfw? ﬁ?sﬁ@&face

on the base |layer elenment. An underfill epoxy 114 is
103a ofihe flipahipgésut 03 fos ceunlimg ta oardustive priterning (e ishoww fermed on the

103, in order to secure the die to the base | ayer
base lagd:re:ﬂmﬁnt.lm adelrfilbepoxg\ b ts appirad) ebdud themdesslOBd ef theftipship
104. The package 100A utilizes a netallic heat

die 1033 M 8A6Elo sbéifre BRIGE kS thebabdRyertl@B&H 102 ahd fSprePéidamage to the
pi ece 106a, which is coupled by a thermal grease 109

solder Bﬁ'gf}éqﬁ)@ e %’“ér O@%eutgggya ertaglle}/e%galt vﬁ é(;tE:'r R06 tEmpsng two

secon hape p1 ece serves to

pieces A58 1%08,5@8 TGO sl fgce r@%??a?
in order to increase rigidity of the flip
surface, KSR £4 thrflin shandie y 03, pndieaiecqridgring theped me%m 596% Pibicd serves to

106a of the nmetallic heat spreader 106 is adequately

add strengtiptsr the dtragiares dhelsetondhring-shapel piageel06blie pegitioniedZrevnd) the flip
not warp during the various fabrication processes or .

chip dig 103 ixgordepierindreaya.righfitedfaky flippdlap padkadid g assnitidf so that the first

ordinarily is non-conductive, is used to secure the
planar piece 106a of the metallic heat spreader 106 is adequately supported and so that the
base layer element 102 will not warp during the various fabrication processes or during
operation. An epoxy material 107, which ordinarily is non-conductive, is used to secure the
second ring shaped piece 106b of the metallic heat spreader 106 to the base layer element 102
and to the first planar piece 106a of the metallic heat spreader 106. A disadvantage in the
production of this design is that separate steps for application of the thermal grease 109 and
epoxy material 107 are required, thus adding to the cost and potentially reducing the yield.

U.S. Pat. No. 5,949,137 to Domadia et al. discloses a flip chip packaging assembly with a

second ring-shaped piece 106b such as described.
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second ring shaped piece 106b of the netallic heat
spreader 106 to the base layer elenent 102 and to the

wo poog7@ob@nar pi ece 106a of the netallic heat BEF/Es04/002985
106. A disadvantage in the production of this design
is that separate steps for application of the thernal
grease 109 and epoxy nmaterial 107 are required, thus
adding to the cost and potentially reducing the yield.

. S Pat. . 5,949 137. t 0. Donadi a et [ 0SEes.:
2 Fiheol Rirpedshined gt etlishg AT o6 ka3
ri ng- shaped pi ece 106h such as described. -4 WO .
packag SO 65 Brauathn EDGOR-OBIbe Bro-piesy G IS Wpresarbiing
may al so be designed as a one-piece structure 108 for
shaped piecthl 6 ip ficst aepairekDiorhe baseilyen sterene t02, andthgnrike first plapar
t he two-pi ece enbodi nent, the second ring shaped
piece 108ad§ Sectf¥dho ittfe fackade. Jathy @ub-piocd diebdiament| f\Fégurel Bpenhe piece
102, and then the first planar piece 106a is secured

heat spr%%ietr hes Héﬁﬁggﬁinté%‘galtéﬁﬁc%@c&hﬁ%ﬁifﬁﬁﬁaﬂmﬁﬁ 103k ahidl @ efipheral
, a one pirece heat spreader 1 aving an integra

struct . i Si | anak: t . .

sopor A A S PEBlANTG1RE! AR Amenofrie 10,0
flip I p.die.103. LNt enmbodi t of .Fig., 1A

thermal g - e gt Bl 1 TP LGe Wagt UEngar Byt Fosa of
is applied between the planar part 108a of the,oq& X

the one piase nataltiahedt spisadar 168 ead therscaar! wingoy HEBbsfdhn #ip chip die 103.
surface 103b of the flip chip die 103. An epoxy

An epoxsinaterial 10 appliaiiplbioad theopdnipherat sipppeingpasr ABH of the one picce
supporting part 108b of the one piece netallic heat

metalliSRa8 dl84det 088 ttht BEcond GaFfaceSII2b AL ehelkdad1agtr élb@etiald. Again, a
| ayer” el ement 102. Again, a disadvantage is that

. g [ i t
v RPN SHE0S 488 SRRARRY 0 itk P o,

.prior art .designs, as illustrated in Figures 1A and
n““a“€%§933§33355115 is left between the second ring

shaped piece 106b of the netallic_heat reader. 106. or
[13]  {mbotheriop i davignss apilsEatad hiepres d4rnds T Repate: 1331]5| If et

heat spreader 108 and the underfill epoxy 114. The )
betwees fecsecors! mshdpet] pigce hebbsefshmetallict kaabspreatisr 406 ehihie peripheral

base | ayer elenent 102 and the underside
supporting part 108b of the metallic heat spreader 108 and the underfill epoxy 114. The
space is bounded by the second surface 102b of the base layer element 102 and the underside
of the first planar piece 106a of the metallic heat spreader 106 or the planar part 108a of the
metallic heat spreader 108, that overhangs the flip chip die 103.
[14] Due to the structure of the conventional heat spreader designs illustrated in Figures
1A and 1B, the cost of fabrication is very high. For the two-piece design of Figure 1A, two
separate toolings are needed and at least two assembly steps are required to attach the
metallic heat spreader 106 over the flip chip die 103. The second ring shaped piece 106b of
the heat spreader 106 and the supporting part 108b of the heat spreader 108 reduce the area

available for the mounting of semiconductor dies and/or other components within. The one-
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of the first planar piece 106a of the netallic heat
spreader 106 or the planar part 108a of the netallic
wheat/ompgpeader 108, that overhangs the flip chP@I/tismo4/002985
103. [14] Due to the structure of the conventiona
heat spreader designs illustrated in Figures 1A and
1B, the cost of fabrication is very high. For the
tvvo pi ece desi gn of Figure 1A, two separate t ool i ngs
d fi l"ﬁ; seas’ltaltWO A5 nﬁ% 61? tion
piece P%%‘ﬁf’ §UES ’E‘-‘tqé{‘c?ﬁ Stpﬁ% WSF%&ST’% TOREATP S 8%‘6(8? 58
over the flip.chi . The, second ring shaped
molding jog precistgymathi mflﬁEO Pa rc ¢ semBlex PG Pifeq defign
supporting part 108b of the heat spreader 108 reduce
[15] (Thghtarecsss eondtiol eggnizemhents erecangthen disadyastags ehthemedventional BGA
di es and/ or ot her conponents within. The one -5 WO
package GGt DmMeas Heeldpraden 4 G@29Mble, pithaegatd & ho twb-phéogdesign of
1B requi res special processes such as special powder

Figure ml, BLSrIS o nIEhEhiBAIyBondBE Hlk arhfeagiyca 106 $OthP hestiépRader 106
t he conpl ex one-pi éce desi gn. 5] " Ti ght process

to the p%gﬁ%% b%sg w E@gﬁi@% gg gﬁg\n %%)ﬂc? fayrgillet?faﬁ%\éﬁg hﬁage‘?{a?fl of E%pplied
SO R I TSR L

the ring shaped piece 106b of the heat spreader 106

the ring ghappépisse k%ﬁq 1y the Sist piapay piereckiontof fsametgllicient sssrder 106.
| ayer of epoxy material 107 is applied between the

A thermalrgyeash d P8 ¢k qppiicdbdi®sbn thedlip kbipphe kadambthb ptmat piges 106a.
el enent 102, and between the ring shaped piece 106b

Tight p2dksd Ehtiol IsSbqitedn@iendigfeasih Gt Goxy ReutdrRl 207 bethBeadl grease
spreader 106. A thermal grease 109 is applied between

109 du.{-l1lﬁg F}I{el dsEen‘fl;l gf HeSond t Ql ggg?gr%'egm 1(se %b Sc #eQfe thickness and

process contro I spensing the
0X t. rnal rea 9 dur
he heaiﬁ@s%%@@rmfmwg%ﬁ@e% RIS Ry EHEh D Bniri e e
die thi Ckh ess and the he t spreader t{n cknefsi are
epoxy }r]'ag{:él@l 1Q st ec;\ﬂ,ew tojsgcyrg t aj %e r Hew ygtﬁ the flip chip die
Therefore the epoxy material 107 nust be adequate to
103 and beserleyartebenirna i 02 iebnaiesp thick a$ o inereadedhé piogilehi p di e
103 and base | ayer elenent 102, yet not so thick as to
[16] iAwoeHsgly]thereds @heddefor an improved, economical flip chip package design
that can overcome the above mentioned disadvantages with a low-cost heat spreader design
that is easy to assemble and that provides comparable thermal characteristics.
SUMMARY OF THE INVENTION
[17] A BGA package according to the first embodiment of the present invention comprises
a base layer element and a flip chip die mounted on the base layer element. The flip chip die
comprises a first surface electrically coupled to the base layer element, a second surface

opposite to the first surface, and a plurality of lateral sides. The package also comprises a

molding compound encapsulating the base layer element and the lateral sides of the die



[16] Accordingly, there is a need for an inproved,

econom cal flip chip package design that can overcone
w0 b@samove nenti oned di sadvantages with a | ow POBUSIveH002985

spreader design that is easy to assenble and that

provi des conparabl e thermal characteristics. SUVWARY

OF THE I NVENTION [17] A BGA package according to the

first enmbodi nent of the present invention conprises a

where 35500 B L ETE R 205 B B b STy R na
first surface electrically coupled to the base | ayer

an uppes swikeserol the maldngcospoade” opposite to the first
surface, and a plurality of |ateral sides. The package

[18] Alksardingtpons espeat ofithe Hish gmbodipwuh dhe nuddisgicamppognd feams
base | ayer elenent and the lateral sides of the die -6

lateral B2 RQNY QP d RET (ve20 CethDD2 D8Se laydradsmhsnt #o the substantially
substantially planar surface is formed conprising the

planars%%ﬁ@é‘.d surface of the die and an upper surface of the
nmol di ng conpound. [18] According to one aspect of the

first,. ' ' .
o1 RO AEP R ) SRR L L OKLR gkt
5 e RS A SRS by o

the package further conprises a material disposed on

on the mhteriglibst anti al | y pl anar surface and a one-pi ece heat
spreader nmounted on the material. [20] According to

[20] @wobhitg leypetier adpettiof td first erebddinlient tite, patkazefachagemprises a
further conprises a supplenmental conmponent nounted on

supplethéRalR@8fHondMiGholh& G the bAGCIBy&Holdndr®. ARESrdRSRE Biis adpRet, the
N nol di ng conpound further encapsul ates the suppl enent al

molding SRBBS furtﬁlglléntcé?s;ﬁﬁ%%gg% ﬁ%éaﬁaﬁa%n@gﬁgﬁ; of the

odi nent _ e further “conprises at
[21] :@%Eﬁdi&n‘%@gﬁ{& Ias%lgce:ltl offtlllé first thgoglrneen{]%enﬁa%gag%%u}tﬁgr c%?nsp%ses at

least one additional flip chip die mounted on the base layer element.

[22] According to another aspect of the first embodiment, the package further comprises at
least one wire bonded die mounted on the base layer element and a plurality of wires
electrically joining a second surface of the wire bonded die to the base layer element. The
package can further comprise a heat transfer element mounted on the wire bonded die.

[23] According to a second exemplary embodiment of the present invention, a BGA
package comprises a base layer element and a wire bonded die mounted in a die down
configuration on the base layer element. The wire bonded die comprises a first surface
mounted on the base layer element, a second surface, and a wire bond electrically coupling
the first surface of the wire bonded die to the base layer element. The package also

comprises a molding compound encapsulating the base layer element and wire bonded die. A



[22] According to another aspect of the first

enbodi nent, the package further conprises at | east
wWo@p®40707¢0 bonded di e nounted on the base | ayerPEl/E8m®n4/002985

and a plurality of wwres electrically joining a

second surface of the wire bonded die to the base

| ayer elenent. The package can further conprise a

heat transfer elenment nounted on the wire bonded die.

substah#fally DGR sk ik Gorthed %%Aﬂﬂsiﬁg P ALYd 5,{}@%9 'omtwﬁ)g bddd8d die

present 1 nvention, ge conprises
re bo ded di e nnunted |n a dle
mximH@%ﬁfmggn gﬁt @gwgCHmpﬁgn ase |layer elenment. The

Wi re ded die conprises_a first surface nounted on

241 {hecosding y &y afpegt Gribniecond xsreplarysimbodément shmaigrial isglisposed
bond el ectricall ling the first surface of the

on thewitpstartiighsl @lrndt surtage @hﬁga baspiccahent spicedarns molited padicameaterial.

al so conprises a nol ding conpound encapsul ati ng the
[25] bAserdimges achieheneinpiarg ewiboinim 6£the ir&sentinvenfiodd method of
2004/ 070790 PCT/ US2004/ 002985 substantially pl anar

assemBlid ABEA ﬁaot@g@aqnﬁg@pﬁosimg } BEseASFR R n Eﬁtpa 1865t &'ileeﬂlp

wi re bonded di and an upper surface of the
t
chip dfgge%é%#gg ch%)?crﬁl céofﬁ eg lartﬂst Qco%g sﬁ%‘%és égndc’ Cthrrﬂléy of

t|aII anar surface an .one- pi ece_heat
laterals?p’? By gl comogRien ttguttatgetﬁ? B ltp B e B e
to a third exenplary enbodi nent of the present
elementywhereby the Grshaifasriobthe digsis elesirically sommatiyely keiged to the base

conprises providing a base |ayer el enent and at | east
layer epemeerft] The nethqel adsceconTnises éricppaititingdhe baseripyer skaent and the die
first surface, a second surface, and a plurality of

with a hedléinglcofipdesd. TiemoRitXbniosad CRCHPELIERS HEHARE {2 gsr étaﬁent and
flip chip die on the base layer elenent, where

I e AR o
secon R, SRS R B e o B e B oS oo ™
encapsulates the base Iaxer eIenent and the | at er a

si des of t HRHE ON QFsTHE PRAWINGSnar

surface is for med conprising the
[26] These and other features, aspects, and advantages of the present invention become

better understood with reference to the following description, amended claims, and
accompanying drawings, which should not be read to limit the invention in anyway, in which:
[27]  Figure 1A is a cross-section of a conventional high performance flip chip BGA
package with a two-piece heat spreader.

[28]  Figure 1B is a cross-section of a conventional high-performance flip chip BGA
package with a one-piece heat spreader.

[29] Figure 2 is a cross-section of a BGA package according to a first exemplary
embodiment of the present invention and Figure 2A is an alternative embodiment using a

thermal grease.



second surface of the die and an upper surface of the
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of the present invention becone better understood
with reference to the foll ow ng description, anended
claims, and acconpanying draw ngs, which should not
be read to limt the invention in anyway, in which:

301 [ ?1%111’3:3 181 &ogs%ebﬁo@oicaf ec°t g&hﬁ‘ géckaagg Q&ioﬁg‘ 18 AL first

hi gh performance flip c

exempg?ﬁg eﬂb%ﬁg?éh%%% tI%rHrgs% ihye t%%]nalF hgure 1B Is a

ross-section o conve hlgE perfornagce f{gg]
ip B acka a one-pi ece heat spreader
[31] EF f&ﬁ’fe ‘FA o5 F éﬂéc%sp%’ﬁ 56t BGApacksge Recgeding toihdifing
to a flrst exenpl ary enbodi nent of the present
exemplary epbiodimes @f fieguesentinventioapomiprisngatsystemeletoel dientesik.
using a thermal grease. -8 WD 2004/070790
[32] POENtISPB0UIr06288tE0N ¢f3M]aspéoy uf & BEA packags ASdrdifStd @B R
an aspect of a BGA package according to the first

exempaf® FRIba i @B O he FREEntThvdrien F%Bﬁ%ﬁ@ﬁl 2B\ a Pﬁaﬂ ﬂéégljn]p die.

Figure 4 is a cross-section of pect o

[33] pﬁ%ﬁl%&ﬁs%‘iﬁ@srsdée%nt& a.tnrllgpgclt LRl BEX gar[gf(a %cicgﬁj p%tpr% Girst

he present I nventiom conmprisin t ;
5.s a cross-sectjon of an
exemplﬁa‘%g srbofifnent BEAk pits Bl BvhtoB camRySing o poried dic
,?ry enbodi nent_ of the present invention
B4 B L

SR$ress-ssetnn ofenaspeact phthe i PA paekage FBsYn fF Fgwe Gfurther
is a cross-section of an aspect of a BGA package
compriggigoy itah fanddertdhemdritr st exenpl ary enbodi nent of the
present invention conprising a wire bonded die. [34]
[35] Hiiguees ig al@oﬁ-s@étﬂﬁﬁof&ﬁ@bp&ﬂ o4 B&N padkesd ad&Brcﬁﬁ’getoE%@ﬁrst
package shown in Figure 6 further "~ conprising a

exemplaiPBSbedinRneHEMRE present invention comprising a secondary component.

[36] Figure 9 is a cross-section of a BGA package according to the second exemplary
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[37]  The present invention will be explained in further detail with reference to the
accompanying drawings.
[38] A cross-section of a BGA package 200 according to a first exemplary embodiment of
the present invention is illustrated in Figure 2. The BGA package 200 comprises a base layer
element 202. The base layer element can be coupled to a circuit board (not shown) through
solder balls 201. The base layer element 202 has a first surface 202a, to which a flip chip die
203 is attached, and a second surface 202b opposite to the first surface 202a. The base layer
clement 202 can have a plurality of layers (not shown), as would be understood by one of

skill in the art. The layers can include a first metal layer on the first surface of the base layer

-9.



[35] Figure 8 is a cross-section of an aspect of a BGA

package according to the first exenplary enbodi nent
w@bootl®7pr esent i nventi on conpri sing a secondaP@T/US2004/002985

conponent. [36] Figure 9 is a cross-section of a BGA

package according to the second exenplary enbodi nent

of the present invention. DETAILED DESCRI PTI ON OF THE

| NVENTI ON [ 37] The present invention will be expl ai ned

el W S L W RO
SR B e T b BT SR Py e e

package 200 conpri ses base | ayer. elenment 202. The
can b@d@?éfémgeéfé WOélﬂ%‘?nPePW%de@éwdﬁé/ @susiskdl indheatsi Ae womldelse be
(not shown) through solder balls 201. The base | ayer
undergtoahipnonaxkilhin the hity ettagulnyas carlPused tto providehsignalihg pwhile
chip die 203 is attached, and a second surface 202b
others@pp ®8 k&l foPprovide Eiousd aﬁ&pcﬁvﬁ@&:oﬂﬁ&ﬁong Rethb @sechip ey 203. The
el ement 202 can have a plurality of layers (no

base lzﬁ}%?%}nen@z?oﬂ\@iﬁl 1AvD8ithd Q%lsdtnﬁg @¥ BYeaRa& ot gosaﬁghl éuch gs %ﬁ gpoxy-

art. The layers can |nc ude a tirst met

s 45U OB TS A P 2ot G g o

nd surface of the base |ayer el enment 202.
mﬂ“mﬂﬂ§$ﬁ ﬂﬁl f.ayers can be prOV|ded between the first
and second netal |ayers of the ers can be
[39] pAtcocadwdiyepstiomnet @th%ﬂﬁtfb”é)fcﬁubfy%@l‘(g?aoff tleaklpdsk layer element
the art. As would al so be wunderstood by one of skill
202 may be fiernsedtwitlceettaddes (my eievigawhivd s etk foempd saléddigely or in the
signaling, while others can be used to provide ground
fom@acgrpmﬁ{y_connecti ons to the flip chip die 203: The
base | ayer el enent 202 can have either a ceramc or

[40] OAZERWn 81%'5 ' ¢ yB?F% f’(ﬁ er | éa?é 355, 5%&% gd sfifface

may conpri’s Var §7as’wou

203b olf)rf)gg’lrcestto(%ﬁe ﬁ?s)( surrt]ace(}03a angI ?ul)f/lhtsykc;f lateraPs it QSGZO%C The flip chip die

203 is attached to the second surface 202b of the base layer element 202 by a plurality of
electrically conductive adhesive flip chip bumps 204 that are formed on the first surface 203a
of the flip chip die 203. An underfill epoxy 214 surrounds the flip chip bumps 204 and
further secures the flip chip die 203 to the base layer element 202. The underfill epoxy 214
strengthens the package helping to prevent shock or vibration from causing the electrical
connections between the flip chip die 203 and the base layer element 202 to sever. The
underfill epoxy 214 also protects the connection from moisture and contamination.

[41] A molding compound 205 encapsulates the second surface 202b of the base layer
element 202, the underfill epoxy 214, and the plurality of lateral sides 203c¢ of the flip chip
die 203. As an alternative to the use of a separate underfill epoxy, and as would be

understood by one of skill in the art, 2 molding compound that is adapted to flow easily can
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[39] A conductive pattern (not shown) on the first
surface 202a of the base layer elenent 202 may be

wo eooneth 798 t h el ect rodes (not shown), which nmayP@EUS2004/002985
fornmed selectively or in the formof a grid array.
[40] As shown in Figure 2, a flip chip die 203 has a
first surface 203 a, a second surface 203b opposite
to the first surface 203a, and a plurality of |ateral

be apphicd @fredBBfoudd e i &]1? i dd, §uch2tp§t the nﬁ?&lﬁ% Ec?ﬂ%é}%dtbsgrevaes as

second surface 202b of the base |ayer ele
it i Gal d ' dhesi fli
e L e e

203 f the flip chip die 203. An underfill epoxy 214
encap it in P it f PBEBiTag: UihegRoiding Capouhe e e o put i ot
the flip chip die 203 to the base |ayer el enment 202.
necessyRY a hgenenlastic apaisipg rasin withragheputad nenduktivipsainkthg eange of about
hel ping to prevent shock or vibration from causing the
10-20 &/ed{,wldeh is abmnstéet iodwsniyetmesiighidrehdn thit cfitopvaition@QBermoset
and the base |ayer elenent 202 to sever. The

molding@eing.i The pRAHYe dApRnd 208 rcal? gff? $e bBerfRReR It aBg QM be

noi sture and contam nati on. A nol di ng conpoun

cured BPSittfR Gl ﬁicﬁglalgcﬂ? %ﬁ%ﬂ&g o #‘i‘lfylf ﬁ%%ge&%églzlﬁgl’cﬁl%}ec&%?iozmd,

[fayer el ement e under epoxy 2. , ,
it b S8 4 ) 5900 b B B Rt o on

Lunderfill epoxy, and as woul d _be wunderstood by one of
of skilky the arty ASRO%R i Figuzer), thevgoldingraumnpund 205 deesund gortdet the
to flow easily can -10 WD 2004/ 070790
secondrEuTfacs2081e 1be 8ibchi diesd! ideshbdiantally ylanarcurfdcd 229 it fogmed
chip die 203, such that the nol ding conpound serves as

comprisotgthaseaond eurfidel203h df tha fﬁﬁ CRiPi i an UdPe siakdcelof &d H6lding
all ows the underfill and the encapsul ant to be applied
compoufid 208] ngl e step. The nol di ng conpound 205 can be, but
is not necessarily a thernoplastic nolding resin with

1 Sy RIS A M B el SRR Bt
packagsofOR ) B AR TGS 2DA AR 6P Hed BUEE0 T STeRret fpmolding
compogrrl]ctlj 28?. nTItl)ee tapered edges 205a leave a portion 202¢ of the second surface 202b of
the base layer element 202 free from molding compound 205. This portion 202¢ can be
clamped during the molding process. The tapered edges 205a also help relieve any stress put
on the corner 222 of the BGA package. The tapered edges 205a, shown in Figures 4-9
described below, can be straight, as shown in Figure 2, or tapered, as shown in Figure 3, or
may have other shapes, as would be understood by one of skill in the art.

[43]  As further shown in Figure 2, an adhesive material 207 is disposed on the
substantially planar surface 220 comprising the second surface 203b of the flip chip die 203

and an upper surface of the molding compound 205. The adhesive material 207 serves as an

interface between the flip chip die 203 and a heat spreader 206. In an alternative

-11-



cured by either thermal or chem cal activation or any

conventional nolding conpound, including thermally
w@orndiot7dve and non conductive materials, as wecl/tiSive4/002985
understood by one of skill in the art. As shown in

Figure 2, the nol ding conpound 205 does not contact
the second surface 203b of the flip chip die 203. A
substantially planar surface 220 is forged conprising

embodihent asheirabd fnie. 203hd af whhg de! dnﬁeﬁ?ogéogio%le}g?leggn the art,

upper surface of the nolding conpoun
SO [ ' ol (e X I nbodi nent .
e Tt PP yR i B ATy S GOREDY p B4l ffs 200
L.R.:dLe. 2 | eaves tapered edges 205a forned fromthe
order (il £ R R e PG TRk o wrowibn e abriter cose,
h gortign:éﬁéﬁ§of,tqe second surface 202b of the base
the hegt sprgadey asmple sehstantialy nisnay drgicoang sambe #08e oTmiysof a
. portion 202c can be clanped during the nolding
varietyyplo gwissialsTpewould deandensped bg@Ba oAbsiindng kidllrie kiceise andyre
_ stress put on the corner 222 of the BGA package. The
intendedperesthcamigase@ira, Aghavwtigdonsllyi GboRE-pfkcd deﬁ%@ fdritheRkat
bel ow, can be straight, as shown in Eigure , or

spreadtPy @fdbled theSROWP 1dwilcbit gﬁﬁﬁ-égcglizg% or M}{%!?g\sf%hﬁ%f&gges fo form the

shapes, as woul d be understo one

] f r own in, Figure 2 adhesi ve
heat sybdder bA! e i coB U Rmar el e iofisnd ey ek appacer
206 sur.ac§%220 c?ngriﬁing the second surface 203b of the
- AGOTHNE |4 91 a5pect 9 Bie TrRtPsAplasy embedintent is iadependeniof therdie size.
conpound 205. The adhesive material 207 serves as an
The copyerdionaldicabwnrqasendestansidisopssefiiaot lim2 (8 siredofthédiztthat can fit
_ spreader 206. In an alternative -11 WO 2004/070790
into thepaAYkes? deo0bea8Sence nba dingBhiped dseck lok &gt kallle d The hEt @preader
2A and as woul d be understood by one skilled in the

206 canbt easiyaimRelRd t8kile BGARRK A AG At fabd Riafelih Prbh él‘g)wq'b &
209 order “to

203 may be coated by a thernmal grease I'n

i . ] ' interf
Ha] - PSR (RS TR R GNUEb|at L epBafmeff S prosent
inventiélg @(r)rlgg iéseg Ssgﬁfhﬁgéei lﬁgztu%ﬂhg del. yl“lﬁal s?lgtg& 19351’ Ihgz?t s%a?(dm%aig much

larger than the surface of an individual flip chip die 203, and is mounted directly onto the

BGA package 400. The system level heat sink 408 is adapted to be coupled to, and to
remove heat from, a plurality of integrated circuit packages, including BGA packages. The
system level heat sink 408 dissipates heat and implements a cooling element via a system fan
(not shown). The system level heat sink 408 can act in lieu of the one-piece heat spreader
206 shown in Figures 2 and 3, and can be used to achieve the required thermal performance
at a system level.

[45]  Further aspects of the first exemplary embodiment of the present invention

incorporate multiple chips into a BGA package design, as shown in Figures 5-7.
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variety of materials, as would be understood by one of

ordinary skill in the art, and are intended to be
wenpmenpassed here. Advant ageously, the one-pi eRET/USD0YON2985

for the heat spreader 206 enabl es the use of | ow cost

phot o- et ching or stanping technologies to formthe

heat spreader 206. Unlike wth the conventiona

desi gns di scussed above a heat spreader 206,

[46] aQGAREWA FRufls, aDEAL a@f(agte%ohe cg-l gl%é@ gﬁ% i%rs%?{(eemplary

enbodi ment i's |ndepen ent of t
e A0t Do Ar BAEAF B 58 20ei R RBHE B e 03
The a@?ﬁéﬁﬁiﬂm W it bl et tﬁeé‘r%%@gﬁﬁégg%ﬁﬁcu%ed above.

att.ached to the BGA package by an interface materi al
The molding gpranennd 302 Alsomucapsylatesithe Fdjtioml Ajp drip diesiose tndfhe

the first exenplary enbodi nent of the present
substantiglisnplanar sotfager 2206s fiartimy sompritedithdi@abnd surfacd 683b hge

system | evel heat sink 408 is nmuch larger than the

additienal flgeehiptieadsi ndi vi dual flip chip die 203, and is
nounted directly onto the BGA package 400 The system

[47] | A‘é ghowe At Fi hl%l% é%A%aagal Q%@? %c%n? gg? eegtaté}géct OP t?le first

renove eat rom -a ura
The system

i ncl
exem@é@%?ﬁqgldﬂ@e%lf% cd&)algps& ?g tgqnggm ‘é.g& dis G Igwgﬁecgo%the base
1 é 2@ bg ment via a s sten1fan (not shown). The
ayer Vg?rg Fe s serend suifane 603k of the vaice bonded idin 63 is elvetrically joined

one- pi ece heat spreader 206 shown in Figures 2 and 3,

to the hang leseen clsaent QP thoovghhi Bumlityhef wiegpdode d'h peiaBly of wires 604 can
performance at a systemlevel. [45] Further aspects

be congfosedef ald sdturainarmy bacyppRiretémie. ofhd e cﬁésef(ﬁ‘énd 603 are

i nvention |ncorporate mul tiple chips into a

262 h
S e oS e A e

Plufah@n%%%m i R RERP 1D miol e St S Caoi foms a
subﬂat 3¢t one a 2gnal flip chip die 503. The
Rt B "F’e? RPPHFBE e Srbe Sufise 20Theol the flip ehip die 203

first flip chip die 203 di scussed above.
and an upper surface of the molding compound 205. As described above, an adhesive

material 207 is disposed on the substantially planar surface 220 and a heat spreader 206, is
affixed to the adhesive material 207. As with the alternative (but not illustrated) embodiment
mentioned with respect to Fig. 2, some or all of the interface between the flip chip die 203
and the heat spreader may be coated solely with a non-adhesive thermal grease. In either
case, the wire bonded die 603 is not necessarily directly coupled to the heat spreader 206, but
may have the molding compound 205 disposed there between.

[48]  Asshown in Figure 7 aﬁd according to another aspect of the first exemplary
embodiment, a heat transfer element 605 can also be mounted between the second surface

603b of the wire bonded die and the adhesive material 207. The heat transfer element can be
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The nol di ng conpound 205 al so encapsul ates the

additional flip chip die 503, and the substantially
web@naro7sur f ace 220 is further conprised of theCEHESINH002985

surface 503b of the additional flip chip die 503.

[47] As shown in Figure 6, a BGA package 600 according

to another aspect of the first exenplary enbodi nment

can conprise at |east one wire bonded die 603 nounted

dumfiy difle doaseetivk ayetdl p2ite Bke 202 THNE 26852 865 has a first
: 603éaof t he a#re bgﬁ%ed di% GOsl%Qﬁglect??éa#$§1F0|n%ﬁlHB

.al | f
st S0 8g8at o S el ORI RAILTEL
e R S o

conmpound 205 that protects the wire bonded die 603 and
further; goupriSEs 3 s§0RG SWacki6088 o the hepigransser slement 60% rEint leeat transfer

The nol di ng conmpound 205 again forns a substantially
elemeny| 694 gan therdoadecilitge the dinsipstiogof et femahe wirerfoaded 28303,

of the flip chip die 203 and an upper surface of the

provideratiditionp] soppotodh?BEA pscke@sTd, Bﬁ(ﬂg@bﬁ&éqﬂot@&iﬁﬁﬁ? $eRires 604.

material 207 is disposed on the substantially planar
[49] SEighR®Eddtht@thothel Qiﬁ)tectscﬁf tﬁ@ﬂ%&eﬁﬁglﬁfgseéﬁl@ofdﬁlh d Acgording to

t he adhes!ve mat eri al” 207. As ~alternative
i ash R LA Pl PR e B5RLSRE et Moptement

[ ' ie 203 d the heat spreader
compa gl B S e o R Ao te on e Fver ceent

rease. In either case, the wire bonded die 603 is
202. T%Stsul?ié%réélstaquompoamté 805 yay beshexterttbart the chmbined ieivatlef the flip
206, but may have the nol ding conpound 205 di sposed
chip die B6B end thevimerps 204 33s showa o Ripuid8 FAGsmativela e @gﬁﬂ&ﬂérﬂﬁ
to anot her aspect of the first exenplary enbodinent,

compofehi€ 805 inﬁ%ﬁéfzﬂfer B MRNS ol Re R o1t oF %ebﬁ’ip@?dqéig 303 and the
bet ween the second surface 603b of the w re bonde

S P S T R
st TR i B RSN Y e e Al 68207 e b
204, and the metal plate is about that of the supplemental components 805. The supplemental
components 805 can be passive components, such as resistors, inductors, capacitors, or any
other appropriate elements useful for integration into a protected package of the type
illustrated, where the full utilization of the substrate real estate is desired, as would be
understood by one of skill in the art. Accordingly, passive components or the like can be
added to any of the embodiments illustrated in other figures herein.

[S0] Figure 9 illustrates a BGA package 500 according to a second exemplary embodiment
of the present invention. The BGA package 900 comprises a base layer element 902. A wire
bonded die 903 is mounted on the base layer element 902 in a die down configuration. The

first surface 903a of the wire bonded die 903 is mounted to the base layer element 902
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surface 605a nmounted on the second surface 603b of the

W re bonded die 603. The substantially planar surface
wWQ2®40m79i ch the thermal conductive material POTUSR04/002985

di sposed further conprises a second surface 605b of

the heat transfer elenment 605. The heat transfer

el ement 605 can thereby facilitate the dissipation of

heat fromthe wire bonded die 603, provide additiona

throughpmrsihesivelay 0BG phekitg of ¥ikes 006 dlehtieXy R iR iR tR & e 9032
for the wires 604. [49] Figure 8 illustrdtes another

of theadifeinded dielv®3ftb Bl fi@XERRLA b4 cor di 0
this aspect, the BGIA packagg&gg%mgﬂ?%ﬁéé eESr?%“re Ebe@o'hbe
lural®¥ oPWEEESH : ment al,.copponents 805. Such
piura g%gpl erren(f%;%rx &%ﬁ%‘?ﬁ?ﬁ?@ ¥53 5‘5&&6 & 0B Bﬁﬁ’@d" l%gcinrﬁlég Higs?03 and pass
er ne 202. The suppl enental conponents 805
throughfRle SRR the biSRTiver HmeBBn ceperterOGSRN R eomPbRd of gold
I .chip die 203 and the bunps 204, as shown in Figure 8.
alumigym, or GapReg.doy example.s dpsnesnsnieat 907cHitsthe dnte086 thebakelayer
taller than the conbined height of the flip chip die
elementP92 fnd sumeunds ang pra@@s thewitddiop6case, a conducti ve
netal plate (not shown) may be nounted on the first
[51] sHefaméenthet dieménti Bisciysid WitR r@PactSO W8l GRS
height of the flip chip die 205 the burr%élhfgz , grﬁ%ﬂsand
aspecté A@ siBflato AL BistSs j { uppl enent.al ..
component s 805, Th géé)%glreﬁgﬁttgﬁhe %grﬁ%beﬁ@ﬂ?{f%’&od&‘?ﬁms and
' > nents,. such gs resistors,  inductors,
aspectEnIRE LBt B TRERGR BiicBap Fobrationer ainesd aberd
for integration into a protected package of the type
Exemplgty reifrenre il Rrede fo-Be Figures psidepetiberiehowt. ¢ he
substrate real estate is desired, as would be
[52]  heserdingine yrdswemptary kinbodiment dithapteserddeandbngnd with
passi ve conmponents or the Iike can be added to any of

referench éo Bighiedi, aendtiod of assérhiblirgch BGAXSRREed ddiiBss HOL Sl
[50] Figure 9 illustrates a BGAq%aCQ%ge 00 %gghr | %bmw

layer elofeat 3EXR1Ach ' ot f e
s ei nventi on. Tﬁﬁg%&%ggggggggg%cwgﬁoggﬁa@ arg-ea%tp%{g?glio the
. al . i . ded di e 903 is mounted on the
i ORI B At 630 SRIS el 2P MBS P eond
T f.i,r St f 90 f th i bonded die 903 is
surface rriob%H tog g’{etsbg,S?s ﬁge aégtgelpt%g Y @ggmtirvg@gﬁgsi\?p (not shown) coated on

the flip chip bumps 204. The assembled base layer element 202 and flip chip die 203 is
subjected to a solder re-flow process that electrically and mechanically joins the base layer
element 202 to the flip chip die 203. An underfill epoxy 214 is then applied to further secure
the flip chip die 203 to the base layer element 202 and to protect the electrical connection of
the flip chip bumps 204. The underfill epoxy 214 is dispensed at one or more sides of the gap
between the flip chip 203 and the base layer element 202 and flows by capillary action until it
fills the gap and makes contact with each of the flip chip bumps 204. A low viscosity
underfill epoxy can be used to flow into the gap quickly enough to allow for high-speed

production.
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WD 2004/ 070790 PCT/ US2004/ 002985 through an adhesive
| ayer 904. A plurality of wires 906 electrically join

W b@407079¢ surface 903a of the wire bonded di BCPOS20040002985
the first surface 902a of the base | ayer el enent 902.
The plurality of wires 906 are joined to the first
surface 903a of the wire bonded die 903 and pass
through a hole 902c in the base | ayer el enent 902. The

[53] wiAmesidR@GoRROuRE2CORNRSEHAE] QQ%rQhe bk li'&e? P&negLZeO%%}dearound

copper, for exanple. An encapsulant 907

the sid98Fthi RndEIIRASSy b AY | 9% 204, gur rounds and
protects t heté% g}és 9%%1 tth@?Egé%ceogﬁ% ﬁlé)rc, 1} fis- gﬂjéf?gﬁtas
I it h spect to the follow ng enbodi nents
substa A6 350 sWelcl 2263P Fifingh Sotybiisng inecrrerisSd@cagesp of the fip chip
di Zoge%{)ect to the aforenenti oned enbodi nents and aspects
© ZUARY HhUPRED fpfacs of thiamelding qemnonnd 265 .aAd disonstd albdviepms as
as di scussed above. Exenplary reference will be nade
would pg updrastppdhy ese askilk suthickeithaiioy of a fdpatatdasdur il Borty®2 1A can
third, exerrpl.ary enbodi ment of the present invention,
be avoiled ewfitely by dif@tlgmpplying the g161€inS copSRIdAS Lbund the flip chip die
assenbl i ng a BGA package conprises providing a bas
203. Thaylesrmel @6RIg dfidpsiad 285 fid d el L& mai B £hi -
bunps 204 rmyg be pre-attac lggggggﬁ?géeo th%{)ﬁglagh(ﬁu e](]j‘ialesFEl()rt time
for higB 8 dudtié &l CHY e 203 is chani cal ]l y nounted or
ga? tac htgkg’ publ gms?g%%ﬁ%g COMPPRREC “6?‘1 ‘?%@%ﬁ%@rwb%}cal
actiwm%henent 202 by a conductive adhesive (not shown)
coated on the flip chip bunps 204. The assenbl ed base

54 l ayer el enment 202 and flip chip die 203 is subjected

(541 mpteril d@Y 15 then perlicdito deswhbsthtiallypbatar swdey 28 ekmed by the
mechanically joins the base |ayer element 202 to the

second spifpeeiiBp ofiite RiphipAdie A8 end ird hppRpex¥acd bé tﬂesmbi@lﬁ{k[ compound
applied to further secure the flip chip die 20310

205. Atthernbddissibatyer clemeneWhicRQan 884 Hea ste%hgf/{)ogt n%ga sygism leyel heat

electrical connection of_ the flip chi _
S A FEF Rh bk nSR O e B AR L p S Base
55 MOS0 2R BBl STELL oL SEChOr U
ey BB F0A, AL ow v scos yuncer 1) epoxy
availabl%lflorol\lllvu{ti%{e crﬂigsha:nsc’ippeaisdives in a single package.
[56] A further advantage is the ability to use thin substrates for better electrical
performance. Thin substrates that are known to provide better electrical performance due to
shorter interconnections through the substrate, are very difficult to handle during the
assembly processes, especially after chip attach. With the molding compound covering the

top of the thin substrate, the entire structure becomes rigid, thus improving its ease in

handling.
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production. -15 WD 2004/ 070790 PCT/ US2004/ 002985 [53]
A nol di ng conpound 205 is then applied over the base
wo 200e076ebEement 202 and around the sides of thBCT/US2004/002985
underfill epoxy 214 and the sides 203c of the flip
chip die. Thereby a substantially planar surface 220
is formed conprising the second surface 203b of the
flip chip die 203 and an upper surface of the nolding
[571 c¥epoatitr 20bortAs adiataeseblted BRbilAP 8f BSard YRR Qo@g it
understood by one of skill in the art, the use o a
Soldeisiefin keltabilltP I bé EAhaBOQXMH; g Lded entir
gy directlg ﬁ%ﬁﬁj@ﬁg theeﬁ%ﬁﬁ%ﬁ%°¥%ﬁ%?ﬁ%§‘E%%“QPBBEh&ﬂ

Sprea(fep%it_flltlilé)s@%ﬁe,di e 203. The thernal nolding conmpound
205 is quick-Setting so that it may cure in a short

ti for. high production output. The npol ding conpound
(581 Efher, ol E’&%&’/’%P%P’?H}moﬂw DEbtaarler designberowes infléptndent of
Py ./\%Ey rial 207 is then applied to the substantially
16 s1zfy lows pehigeement of alove doshpne-hizce heatsprbaderrdesicn with3gh
of the flip chip die 203 and an upper surface of the
thermalpedpmeaneonpound 205. A thermal dissipation el ement,
[ whi ch can be a heat spreader 206 or a system | evel
59] hklhoughitidati8 egafiplaREanRRIIBIE kage .
200 via the naterial "5'507‘5*"‘? 58] tﬁ@%o‘ﬁ‘ﬂ“%%@é@?%?‘%gﬁvenmn
have bbdh @Re-Isdd 1l ' resent i nventjon
al | ows &gchtlvgg 3 r?emﬁp&go%%% f%‘i}?nSE%lsﬁ i e St ihepreseat
: . f.substrate area is_available for
tnveniiBn BAGAT E6CRTRUNG B E deRubel Srotipidy sgimedhmevidet tpBepious
chan A f@rtgﬁr ?dvant ge is the ability to use thin
%8 GBS HegtiKe Py Caé‘g%etrﬁ‘i‘deé’f”é}éﬂ thecswiirit andrstepenafitbepreit tnvention.
substrates that are known to provide better electrica
Accordiagly.Jherseope of the nrosensmyention is nowlimiedahé de%ribbd 488 of the
the substrate, are very difficult to handle during the
followingstarnb.y processes, especially after chip attach. Wth
t he nol di ng conmpound covering the top of the thin
.Substrate, the entire structure becones rigid, thus
inmproving its ease in
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handl i ng. -16 WD 2004/ 070790 PCT/ US2004/ 002985 [57]

Yet anot her inportant advantage is better reliability
w@boobozn7gb | evel solder joints. Solder joint PCT/US2004/002985

reliability can be enhanced due to the renoval of

direct interaction of heat spreader with the

substrate. [58] Further, with the present invention,

the heat spreader design becones independent of die

WHAPBISELAMER fsoWs achi evenent of a | ow cost one-piece
heat spreader design with high thermal performance.

[ : .exenpl ary enbodi ments and
L é%g%al%} a%glg%gﬁacﬁge %?lgas%ﬁrfg'(i nventi on have been

described, it will be understood by those skilled in

taltasaliersiemeitat t he present invention should not be

limted to the descri bed exenplary enbodi nents, but

t hat varjous changes _and nodifications, can be nade

Vi 1R ichip e moyptediongald hase lseerslene, hersbniaid Hipeshin ¢,

Accordingly, the scope of the present invention is not
comprikésiri ted to the described range of the follow ng

clainms. -17 WD 2004/ 070790 PCT/ US2004/ 002985 WHAT IS

CLAIMED. | S: 1. bal |.. grid, ar.r ackage ¢ ri,sin

2 base 13wt alseheaisd opffidl sBRREE AE T B L Bogont

base | ayer elenent, wherein said flip chip die

CONPr i35@8ondsulfabs bpsudité ArRiehiReburt#s) dng, conductively
coupled to said base |ayer elenent, a second surface

opposite to said first surface, and
a plurality of lateral sides; and

a molding compound encapsulating said base layer element and said lateral sides of
said flip chip die, whereby a substantially planar surface is formed comprising said second

surface of said flip chip die and an upper surface of said molding compound.

2. The ball grid array package according to claim 1 wherein said molding compound
forms lateral edges tapering upward and inward from said base layer element to said

substantially planar surface.

3. The ball grid array package according to claim 1, further comprising:
an adhesive material disposed on said substantially planar surface; and
a one-piece heat spreader mounted on said adhesive material.

4, The ball grid array package according to claim 3 wherein said molding compound
forms lateral edges tapering inward and upward from said base layer element to said

substantially planar surface.

5. The ball grid array package according to claim 3, further comprising:
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a plurality of lateral sides; and a noldi ng conpound

encapsul ati ng said base | ayer elenent and said |atera
waeaes7w0p0 said flip chip die, whereby a substBei/Usions002985

pl anar surface is formed conprising said second

surface of said flip chip die and an upper surface of

sai d nol ding conpound. 2. The ball grid array package

according to claim21 wherein said nol ding conmpound

hak eﬁleﬁtﬁfaimlﬁﬁlgﬁtsm&ﬁﬁ@d b Ehig BYRI18y R R ARt rdih /AW
sai d base layer elenment to said substantially planar

molding PEhBSd frind{ @uiat&@aﬁ AbbRqRAEAASAGECr di ng to

rising mat eri al
di sposed on sald substantlally planar surface, and a
6. @he bpil gri¢ ahafbadppe aceEding tndleith S/ whatid saidixappléemental
material. 4. The ball grid array package according to

compol’fén@b ﬁnyggerei n said nol ding conpound forns |ateral
edges tapering i nward and upward from sai d base | ayer

el ement to said substantially planar surface. 5. The
lhlehstgne gasstveagongmoketge according to claim 3, further
conprising: -1s WD 2004/070790 PCT/ US2004/ 002985 a

. IR ey SRR R or R G b B P

encapsul ates sai d suppl ement al conponent. 6. The ball

Al indlieBial @¥pdRas kAR dAEERalg pladachdfabt;andWher ei n sai d
suppl emental  conponent conprises: at l east one

passive conponent. 7. The ball grid array package
acyseni leel heatslindd muntemmsanémammbri sing: a materi al
di sposed on said substantlally pl anar surface; and a

8. R %{Pglng\ﬁ%lay paakag‘g’ Iagckorcﬁo s elalm T ﬁl?tﬁlgr cfrol%np%smgl

at least one additional flip chip die mounted on said base layer element, wherein said

at least one additional flip chip die comprises:
a first surface electrically coupled to said base layer element,
a second surface opposite to said first surface, and
a plurality of lateral sides;

wherein said molding compound further encapsulates said lateral sides of said at least

one additional flip chip die; and

wherein said substantially planar surface further comprises said first surface of said at

least one additional flip chip die.
9. The ball grid array package according to claim 8, further comprising:
an adhesive material disposed on said substantially planar surface; and

a one-piece heat spreader mounted on said adhesive material.
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8. The ball grid array package according to claim1,
further conprising: at |east one additional flip chip
waelc@4omant ed on sai d base | ayer el ement, wher ePCI/BE81004/002985

at least one additional flip chip die conprises: a
first surface electrically coupled to said base | ayer
el ement, a second surface opposite to said first
surface, and a plurality of lateral sides; wherein

10. g8k @aﬂ?ﬁd!aﬁgyﬁﬁ?éﬁégélﬁ&ofdiﬁ &%mi%ngm&abﬁmﬁﬁFﬁ _
| ateral sides of said at Teast one additional flip
chip die; and wherein said substantially planar
s§Epriementgl ecmegongtipeyedon said bagerlayer slanient avhisteis apid
at least one additional flip chip die. 9. The bal

molding compauricafurthackwgesuiatascail sugplemeatah comBonehtr t her
conprising: an adhesive material disposed on said
substantially planar surface;, and one- pi ece heat

11. g@? bafl rid serat pickesn acsardina i daim 4O et said suppieygstel
2004/ 070790 PCT/ US2004/002985 10. The ball grid array

compoyrat kegprigescording to claim8 further conprising: a
suppl enent al conponent nounted on said base | ayer

e nt, wherein sai nol di ng conmpound furt her
§L§g§§ﬁF§?%%w§%Pﬁm§ﬁ%plenental conponent. 11. The bal

grid array package according to claim10 wherein said
12. 9HEPhBFEdtadlay paciiRe BeIdidias MPElme s, fustherl @R risRRE

passi ve conmponent. 12. The ball grid array package
according to claim1, further conprising: at |east
ehleastione voemieded ilie comwpsingi ng: a first surface
nount ed on sai d base |ayer el enent,

a first surface mounted on said base layer element,

a second surface opposite to said first surface, and

a plurality of wires electrically joining said second surface of said wire bonded

die to said base layer element;

wherein said molding compound, further encapsulates said wire bonded die and said

plurality of wires.

13.  The ball grid array package according to claim 12, further comprising:
an adhesive material disposed on said substantially planar surface; and
a one-piece heat spreader mounted on said adhesive material.

14.  The ball grid array package according to claim 12 further comprising:

a supplemental component mounted on said base layer element, wherein said

molding compound further encapsulates said supplemental component.
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a second surface opposite to said first surface, and a

plurality of wires electrically joining said second
waokaneIof said wire bonded die to said basePCEHYS2004/002985

el ement; wherein said nolding conpound, further

encapsul ates said wire bonded die and said plurality

of wres. 13. The ball grid array package according to

claim 12, further conprising: an adhesive materi al

15. dhepaBefdanas ?h@kag@ Bstotdihg & dinPl ARREressH @Gpleithtald

one- pi ece heat spreader nounted on sai d adhesive

t B6hdlisesl4- The ball grid array package according to
Compmg%alem %Sefsurther conprising: a supplenmental conponent

nount ed on sai d base |ayer el enment, wherein said
nol di agleastrone pastiveottpenergncapsul at es sai d
suppl enental conponent. -20 WO 2004/ 070790

PCT/ US20Q4/ 002985 15. The bal | i.d array package
16 JEeGRIBHG A8 eraes SFORHES i Sloeal 4 RSiih PoeRuss
conmponent conprises: at |east one passive conponent.

%@maﬁpﬁmﬁz@l@ie { EhiRr{@ye: Package according to claim 12
urther conprising: a %weat transfer el enent

conprising: a first surface nmounted on said second
sur f aadirsif susfacaimaimmted bo sald deabind surfacesefenidvisebdated die,
opposite to said first surface, and a plurality of

| ateral sides,. wherein said di conpound further
encap@ﬁ?%‘f‘&é“%fﬁ?%oﬂpgf%‘?fgl saig ﬁ‘ggsutﬁfa%g’aﬁ heat transfer
el ement, and wherein said substantially planar surface
furt her1&aIRrdrifsrabalics, second surface

wherein said molding compound further encapsulates said lateral sides of said

heat transfer element, and

wherein said substantially planar surface further comprises said second surface

of said heat transfer element;
an adhesive material disposed on said substantially planar surface; and
a one-piece heat spreader mounted on said adhesive material.

17.  The ball grid array package according to claim 16, wherein said heat transfer element

is a dummy die.

18.  The ball grid array package according to claim 16, wherein said heat transfer element

is a metal plate.
19. A ball grid array package comprising:

a base layer element;
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of said heat transfer elenent; an adhesive materia

di sposed on said substantially planar surface; and a
wop@4piEee heat spreader nounted on sai d adhesP@EUS2004/002985

material. 17. The ball grid array package according to

claim 16, wherein said heat transfer elenment is a

dumy die. 18.. The ball grid array package accordi ng

to claim 16, wherein said heat transfer elenment is a

ARYA bdded Bie MSuntd iAal die 6w cBAfi @i RACHAGR] BARN S eRetent,
a base | ayer elenent; -21 WO 2004/070790

wherelfg{é%%%?,ﬁﬁg@&g%%pﬂsé@ re bonded die nounted in a die

contfiguration on said base |ayer elenent,
wherein said wire bonded die conprises: a flrst
sur f aadirsurfaetmomtsdion sdid besd lay@rclemhanent, a second
surface, a plurality of lateral sides, and a wire bond
el ectricall y coupl ing said first surface of said wire
bonded S87®disytaei d base | ayer el ement; and a nol di ng
conpound encapsul ating said base | ayer el ement and

said ib fylof 196 aléﬁéseé sides of said wre bonded
di e, y a su stant’laly pl anar surface is fornmed

conpr|5|ng said second surface of said wire bonded die
and amn wippeondstlediacatly ebuplnghkanbfiti sigface offpodimdre Aded die to
The ball grid array package according to claim 19,

fsMatass 1ag@ aMh&itdhd an adhesive material di sposed on
sai d substantiall y planar surface; and

a molding compound encapsulating said base layer element and said plurality of
lateral sides of said wire bonded die, whereby a substantially planar surface is formed
comprising said second surface of said wire bonded die and an upper surface of said molding

compound.

20.  The ball grid array package according to claim 19, further comprising:
an adhesive material disposed on said substantially planar surface; and
a one-piece heat spreader mounted on said adhesive material.

21.  The ball grid array package according to claim 20 wherein said molding compound
forms lateral edges tapering upward and inward from said base layer element to said

substantially planar surface.
22. A method of assembling a ball grid array package comprising:

providing a base layer element and at least one flip chip die, said flip chip die
comprising a first surface, a second surface opposite to said first surface, and a plurality of

lateral sides;
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a one-pi ece heat spreader nounted on said adhesive
material. 21. The ball grid array package according to

W@ b@isiT@® wherei n sai d nol di ng conpound f or nsPCHUS2084/002985
edges tapering upward and i nward from sai d base | ayer
element to said substantially planar surface. 22. A
nmet hod of assenbling a ball grid array package
conprising: providing a base |ayer el enent and at
| BsitingReidla IdastCdtieMlif cRip debal sdill bRsedRjd@ elbingent, whereby said first
conprising a first surface, a second surface opposite

' ' . j . lateral
surfaeg 1 ARt Lo ST S0 R PRl 8858 “rount i ng
said at |least one flip chip die on said base | ayer
edneapmaiatinghad dbse lspdratldmars tind said baleestione dipedtip idealitly a

conductively joined to said base | ayer el enent;

moldir@toaRuh@tvitgetsAafl Bakend eangoudl %H@gybulaféd sgdibdselayer element
'east one flip chip die wwth a nolding conpound,

and sal??{ggtreﬁk? ¥i|d§§‘bfjsam)gcﬁ%f@9 oﬁ@ﬂﬁﬁgﬁg?%i]% G4 %@fe@? %;sgﬁ%hlgttiﬁﬁ?aner

yer el enent sal d sides o as

t
one. flip chip.die.and ereb subst ant i al.l | gner
surtaofitpiznaf bRt Srfg ob i EO6ANhhE in'ufe BfFnd an

said at |l east_one flip chip die and an upper surface
upper griaga pEsaidmeldine e¥HPIWSd: di sposi ng an adhesive | ayer
on at least a portion of said substantially planer

S ; : - Nl .
iR an PR P iy B o B B MR IR plaBft qurface
22 further conprising nolding the nolding conpound to
formlateral edges tapering upward and i nward from

sai d base |ayer elenent to said substantially planar

SMbERER: a cifb-piddechABi oMK Oidaditesive 18ferl M 22 furt her
conpri sing disposing a non-

and

23.  The method according to claim 22 further comprising molding the molding
compound to form lateral edges tapering upward and inward from said base layer element to

said substantially planar surface.

24.  The method according to claim 22 further comprising disposing a non-
adhesive layer on at least a portion of said substantially planer surface comprising a portion

of said second surface of said at least one flip chip die.
25.  The method according to claim 22 further comprising:

providing at least one wire bonded die having a first surface mounted on a base layer
element, a second surface opposite to said first surface and a plurality of wires electrically

joining said second surface of said wire bonded die to said base layer element; and

said encapsulating step further includes encapsulating said wire bonded die and the

plurality of wires with said molding compound.
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adhesive | ayer on at |east a portion of said
substantially planer surface conprising a portion of
wa a00domgeond surface of said at | east one fli pPCHiUR2004/002985
die. 25. The method according to claim 22 further
conprising: providing at |east one wire bonded die
having a first surface nounted on a base |ayer
el enent, a second surface opposite to said first
26! f aqhie aighcll fordald fo)elfi 2 fubBetdoRgidsigal |y j oi ning
sai d second surface of said wire bonded die to said
base | ayer elenent; and said encapsulating step . _
prrvidiag at lsast eie Wisrhoageddigmagtesting dif dewn serfigireticn on said
and the plurality of wires with said nol ding
base lagarrgemand. the 28-¢WOn@GDdE OFGRY @ REHIHIEROND 4NN 08 Said PBse layer
The nmet hod according to claim 22 further conprising:
elemenB/aQ¢tsHdN@irRte, h@ASRIGNT IMkFaBsiBey) dfdla iR oK iR idally @oupling
di e down configuration on said base |ayer elenent,

said firld Marftd & s'afaﬂgﬁgbs’ﬁcﬁd*a@é’{o%d%d‘sé Ikr agﬁlt?ﬁt? gndrounted on
sal ase

ayer el enent, a second surface, a
plurality of lateral sides, and a wire bond

etlecdin sad kehgapsdaimg step fisthed cdmprsdes sueapadeting sasdbabeWayree
bonded die to said base |ayer elenent; and wherein

elemen$ aﬁ(ﬂsa@@?ww 8f 1aRGalSiRB of b4ill Refe HoRHRd di8ith said molding
encapsul ati ng said base | ayer elenent and said

compor\%ﬂ]ldJ We}eﬁog a%]a%?t&%ﬁ@?éﬁn%g S%g&% \}\i@)’}‘%ﬁ%gﬁgﬁﬁgg &dd géﬁ%ﬁd/ surface

th sal y anti a

of the s Peiast s A Gipr S BBe E6TRIOURE BRPORRES “our f ace
of the nolding conmpound. 27. The method according to

Qi7ai Mg nhdithddRicofadiitol TIN5 MirhBOSInNgisaly: adhesi ve

material on at |east a portion of said substantially

planar surface; and nounting a one-pi ece heat

sitapesitg en adheskiednaterivd Simaé lassitaepartipn opBid Sihstarrtiallyoplanar

according to claim 27 further conprising nolding said
surfacemahdli ng

mounting a one-piece heat spreader on said adhesive material.

28.  The method according to claim 27 further comprising molding said molding
compound to form lateral edges tapering upward and inward from said base layer element to

said substanﬁally planar surface.

29.  The method according to claim 26 further comprising:

disposing an adhesive material on at least a portion of said substantially planar

surface; and

mounting a one-piece heat spreader on said adhesive material.
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conpound to form |l ateral edges tapering upward and

inward fromsaid base | ayer elenent to said
waadsoatee al | y pl anar surface. 29. The net hod BCT/OSZIO#HEN2985

to claim26 further conprising: disposing an adhesive

material on at |least a portion of said substantially

pl anar surface; and nounting a one-pi ece heat

spreader on said adhesive material. -24 WO

2004/ ane M&ﬁﬂcb&%@%&l QAROBPArBOr cobhisiRt MBRling said mé)lding

according to claim further conprising nolding sa

comp 0 SRTRPUOS 500 5SSy BHEDA R R

said sugsl'%gﬁc’c}aﬂ?/tp&a%la{* YuPlcgnar surface. -25
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