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I NVENTION [02] Field of the Invention [03] The present

' j qpnpr the field of
Mot BEBISICR ARG, kY ELT ik PRAACING STRtiGTuREROR HIGH
flip chip ball ac e and a met hod of
waklng t he sang%ﬁbﬂgﬁﬁﬂﬁgké%ﬁ? % ESFONY nanuf act ure
| e en anC|n at -di ssipating efficienc [ 04]
1011 1 i SLipicB By e SePoRt o oy PERIRE g abievloselArplibation
teria hat ave characteristics of insulators and
No. %’H é&@?o"ﬁ% on Fepryagy 3,2093 1and inrormeased kesein by referendsr
mat eri al s have becone extrenely inportant as the
basis for traB@{GROUND OFEHEINYENTHON sol i d- st ate
devi ces. The nost commonly used sem conduct or
[02] neifieldiofthe Enventinhe ger mani um and silicon, but sel eni um
and copper oxide, as well as other naterlals al so
[03] arEhepsesgnt IW?QHOIDEWEMV yelatesto thesBetil obserianduaonsid, in
conduct electricity in one direction better than they
partigyldr] is idiveqtéretoatflip chig ibalk gtid amay packapriandathethiod bf makifg theSame
a highly mniaturized integrated electronic circuit.
that tininuzes qost and manofanturetisewhitoatanding heabiissipdtisig afficiency.
collection of transistors. The circuitry of the chip
[04] | SDisewsvibaefiRelated Astyered form on a sen conduct or
material. [06] Wre bond, when applied to
- [05] s eSenticnmductd® areahbtpridlCthhiIRSe @R FnsWiafd®s and conductors.
connection providing electrical continuity between
In toddyss tsehblog demicondir pnabstidl sthal €bdtbe extrebidly important as the
constituents of an electrical connection may include
basisdoiytramsitots; dizBEsS af otBerfsbiBstildaviced MBe 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
electricity 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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metal bonding surfaces (like a die pad), netallurgica
i nterfaces underneath a bonded wire deformation,
underlying insulating layer (if present) and a base

nt. Wre bonding -1- - NEEREN
BT T T 000002+ wo 20047 dagbdobasss
PCT/ US2004/ 002985 is a nethod used to attach very
fi ne netal wire to sem conductor conponents in order
i nt erconnect the conmponents with each other or

isa (gl e a%tgzcﬂ s&g 83@1 \9 QP &llico ?ﬁc?#%%%%gnenw rdeF{oe

par IC |n uctance Ses

. he b
mtenécr %ﬁn%dco&?]/ao%%l tl{gach %{lllgr <Lr Wi %cg%getlwﬁﬁ %%p{g I nd

conponent
ol A S S S0 o0 SR e

CcO CI rcuit .enment whi ch i s,. desi to,. .
snd {55 o Bt e Pt HlSEHER B SPIRRIATLE AP SArspBes & Sogil
Clr%gn Such connect i P may be, but is not limted

and jaye @@F‘H&%F%’Eﬁc‘ﬁ‘p@é . nunber of burrps whi ch are
covered with a_ condu ti}‘éve bondi n gent and are

(071 ofHRICTER 19 & J6aqless mongiitie sEpefiigy © TS $iFpus flements, which s
conventional flip chi yi) nmount i ng technl que_ for

designgd gyeleptiachlly iapg meﬁlsamcal Bemnesd g Byteid cipmb ush gprpeptipn may
front face-down on a nounting base | ayer el enment and

be, buis @aHHBIEAE. 3 Brugiuresush a enymbes of bupepspyhish ajeppeqred with a
el ement using the bunps as electrical contacts and the

condgoinghonding agesh gidaye yead omis Font-sid¢indanayface. Ho one senveitional
flip chip nounting technique can bond a chip to a base

flip ¢hayy mpumging rienhnique fazrintegrated firaiitsra ssmicdnducto chiptihplacedifroat
bonding, the effect of parasitic inductance can be

facetdewt ©e d mokingng bash daybiélahent atxdiispenrgcied keegise patiagislon theimne
wi res and can conduct greater amounts of current.

layeSclemperft usipg tHeibpsips aneledimical bantavia ant dltt condurtive bording agent as an
base | ayer elenent wwth Ilimted or even no need for

adhesive.c Bbaansh thg flipdhipmotniting nerbniginecanitend hilsip thr @bdsa tpyer element
increasing interest as a nounting technique for

overld igiichf shexteiistance tHae grirtbending, it Bffest of parasitic inductance can be

reduced. Also, the thicker bumps are less 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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[08] Emerging electronic product applications are
creating a set of challenges for the integrated
circuit (1C packaging industry. Wth ever increasing

[r ts for greater functionality and
@?F‘ié‘ﬁ’?@gd;ts, a primary requirenment for new %@@ﬁ%&qw&ms
technology is |ow cost. Because of these cost

requi renents, the thermal, electrical, frechanical, and
assenbly characteristics of each | C package design

et PR BT SETEN BASIgS L eaies en, o ta
dere e AR50 SR SR AL eI AR e andaee

.are being used to enhance the package design, so that
dem@e‘@@egﬁlr%ﬂg%‘%@ % hﬁ?’b"?‘@é@@’e@? chipdreretionsar get s
are nmet. One such enhanced package design_is the ball
[09] gr BEAarkagey IsesEyt nuppareys bepgfithpreviewsly yaebiainablecwittpthe use of
_applications. [09] BGA packages present numerous
singlg@ackaping tashralomyu HGAs provdehigher nen qgunts ovpea smallepgrea and a
si ngl e packagi ng technol ogy. BGAs provi de higher pin
robustd'ball"sstroctare that dntedrates segmiesslyindo the maghfagturingpiogess. Plastic Ball
structure that integrates seam essly into the
Gridndsmayf @B Gw) pagkagesaeedssignfd mprddeEaviinduCianee, inprayed th@Aa)
packages are designed to provide | ow inductance,
operatiqnr apd eohanbet sueface ropunt &chrerho gyr(EMEN kapabdidy. SBB G A peckzgeswre
technol ogy (SMI) capability. PBGA packages are i deal
ideaf for usesathvdpedifis peeprdteccitonite@SICe)dmixroprodessory, ASitodprs, gate
m croprocessors, controllers, gate arrays, nenory,
arragh, fhieinaty, gigdlaignpl proassny @SPOSRS)pennh] penputaa(PCY chip sdter
(PC) chip set applications. PBGA packages are often
applicati¢ise OBGAL puckdgep arehdifin Bpledrsith flid Ohip BedgBGA package
format presents chall enges not encountered in the
[10]MOdRé BGA ikkags famitiapdsdnbatsitengascdodgesutte@d ithe Rddeling of
exi stence of nore conpl ex heat flow paths. For
stan8AMAH&N pabbiPeS ARME td R DkBncdEXphore eshples hédt BoWPathabker t 0
deliver the thernmal performance that is possible with

exafdplB the BAGKABRaIGERE A QSsignaret ot k18 to/deliVErahd MdRhd] bérYorin@nce that
renove heat generated during chip operation in

is p&SBISIAH ARG paldabP a&iinB. KRAHRHES) t8EinaBEityRb 88BN qdat generated
certain electrical
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.



and reliability disadvantages, as heat can often only
be renoved through the base | ayer elenent. A newer,
enhanced BGA packagi ng technol ogy i s capabl e of
A a light- weight and very |ow profi hi.ah
W%%}{dﬁggﬁgogi ng sol uti on capabl e of superior t #‘ZVH%?WOOMS
performance. In particular, high thermal performance
is achi eved through the use of a heat- spreader, which
preferably is made of copper or AISIiC and is directly
-—attached to the back face of the IC chip. Typically,
(111 { HRsaflie of pich seiayeriienal shader-besed Bip ohiy FPA degiem am lufiated
. _surface of the die, in order to effectively ]
in Figyreg k4 st 18- ol coneeitignildighepsrfogagnes Hibhimplastisdbal gad aray
WO 2004/ 070790 PCT/ US2004/ 002985 [11] Exanpl es of
packsgeciP0AorpviBuptiated An Figyreclfy dpclusigs anjorganip bassilgyerelanentd §2.gFhe
are illustrated in Figures 1A and 1B. The
base dayayeleménd A02 hasi mutpkiw% prefemblyfauteptioispidepbadls 0 L piowided on
grid array package 100A, as illustrated in Figure IA,
the firstslufiabe 4 02avfdhejzast tayboslemdnt 82 for mommimg t6 @Zirciih@ot shawe), and
| ayer el enent 102 has a plurality of (preferably
a flipctiedie i1 ) mewhtedon elstend 6drfase d02bdddhatrase tayer dlémesit 102. The
surface 102a of the base | ayer elenent 102 for
flip ¢hpdit i 0®hds@onventiowaliflip ¢hippdolden bunps 10dratrayed dd thp fieshéypface
die 103 mounted on the second surface 102b of the base
1034d éhytiey flip cRip&id 108G3r colipling folcopduetivepatte@inkdBot¥d6wn) formed on the
conventional flip chip solder bunps 104 arrayed on the
baseflhyes tlembrt! A@Qindd@iBiapety 1128s ffiplipd svupthdisRled 08 clothe flip chip
coupling to conductive patterning (not shown) forned

die 103, Inleder RAREUrk Mic R tBEBARE layAeldhche162 ddd 16 E_E@Wntli_lﬂaéa&o the
appl i ed about the sides 103c of the flip chip die

solddOimpk B0 HES pakiLags QOUA QtiliRE a He@alicOheal@rddasiel doR¥Rbrising two
el ement 102 and to prevent danage to the sol der bunps

piecd04 firsk Bﬁni}gﬁé&ég 862l Qe hUS Edub%8 Sy @ tHRhAl drédse M6%o the second

spreader 1 conprising two pieces, a first planar

i 6 corpr| pieces
R R AT e e e el

add g@%gﬁl 13 %gﬂﬂct{ulen Gps RaGd ﬁﬁ%r e Sec%l]%@& 1060 E R R R0l éhe flip

strengt to the struct € seconda ri ng-shape

chiplpcir%ee g(r% di'é %6#6 {olsmgrggetﬂg?dr}t:?&f gilreqﬂ;p %}1{) Pﬁc{lggﬁg gssgxﬂ%@ sHiufat '&19 First

ncr eas ty
plan‘z;.fr'jl ;%5%91'089 oftBe il alll¥c et gppe%aert 1'6€ isf e{dre&ﬁ}ately 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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pl anar pi ece 106a of the netallic heat spreader 106 is
adequately supported and so that the base |ayer
el enent 102 will not warp during the various
[ jOn processes or during operation. X
‘&rg?@?}iaa §0107, whi ch ordinarily is non- conducﬁi(k/"zé%g?%"oms
used to secure the second ring shaped piece 106b of
the netallic heat spreader 106 to the base | ayer
el enent 102 and to the first planar piece 106a of the
netallic heat spreader 106, A di sadvantage in the_ .
121 pTbebeet snserdst mexleo bradssigned a5 & 9ngpiece stEyctiTe 168 5@ chigy
application of the thernmal grease 109 and epoxy .
packaaaf QOB a$ illygrrated ia FHiger 1 B-obn the Rypspigermmphydinesnt tee sepand tiigd
potentially reducing the yield. U.S. Pat. No.
shaped pizqe 106y 7s é@t ssHisd itathe basg|layey plswpr J 63, agd thendhe figsiplanar
packagi ng assenbly with a second ring-shaped piece
piece 1064is swutedde the @edrags el the epevipceeowodimgpoef Figure 1B, a one piece
PCT/ US2004/ 002985 [12] The heat spreader may al so be
heat speegdey 188 hangandintegral soistuse cenprising ad@af part E)8glangha peripheral
package 100B, as illustrated in Figure 1B. In the
suppdrting [RirtclO8b erdffxtidrent the flipechiipdio A3 .r Anip the éraprdimerit o€ Big. 14, a
106b is first secured to the base | ayer elenent 102,
thermahgtedsh & 09, twiacH facilitatgs haataransfpi, Sepplididrtven teqiamadparpl 08a of
t he package. In the one-piece enbodi nent of Figure 1B
the ot &R niitiicheah gatadspl(Sané thelsBond awifarg 183b ofthe fipathip die 103.
structure conprising a planar part 108a and a
An eRRY @R 07 i8 WA td Behdpy ferip@&hl suppafifid peerl 08b of thi e piece
flip chip die 103. As in the enbodi nent of Fig. 1A a
metafiiB ﬁéaﬂﬁénr_eﬂfe? 2610 kD secOl slFadeantizh bf ik B8sch9RE elehmamsi02r Again, a
I's applied between the planar part 108a of the one

disadRhRGR i§Th@ebrbte RRBY fo? BERRARIN JFUR MBéithat feasta09 B
Sasur%%ée 10§E of tEe fﬁﬁg@chfb die 10§.g§2n epoxyepoxy

mateAR109 bRlredfiédi S applied to bond the peripheral
supporting part 108b of the one piece netallic heat

[13] f%%@%g{rioil%d&s? Z,ha@s iﬁ&ﬁ%dgm & €A kAR bR of sphhiel 18asR At

ayer enment 1 Agai n, i sadvant age i s that

g . j 3 -t .
bewgﬁgﬂ%%g%%%%ﬁa@rm% ﬂPBl?@ftthQHle@ﬁlc Hag sb%@dé[in]i_g? Qxlr tﬁ@%%}pﬁmal

terial 107 are required.

supp rrg.l}'lg garg E)(giggoﬁaﬁglﬁlgtgm?gﬁt lsﬁtléacrtfef phEehalthe ﬁ{dgfﬂlleeioﬂjﬁl BiNGrhe
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 mgtallic 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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bet ween the second ring shaped piece 106b of the

nmetal lic heat spreader 106 or the periphera

supporting part 108b of the netallic heat spreader 108
and the underfill epoxy 114. The space is bounded by

. he s nd rface 102h .of e | : :
piece dernd Eitad PreQfes P HProder o St P P iechiB molding
t.he netﬁjLic heat spreader, 106 or tge. | anar part 108a

or pregjpiop FRachipingio| Aredyee e Rl e-RIGHE elsl'élt over hangs the
flip chip die 103. [14] Due to the structure of the,

[15] cdightprocessaontielaequimmentreare gaetherisadvantage oftthe cpnyentional BGA
Figures | A and 1B, the cost of fabrication is very

packajé @ith afoetallibdedtwprepil@c Bordeamgie, ofithFegard ¢o tha twpypgece design of
separate toolings are needed and at |east two assenbly

FigursSt £78 o?de® t6 fRhdrichlly boad tRaihg dhapedTEtal 106 dietas heat spreader 106 to
spreader 106 over the flip chip die 103. The second

i j 1Qpb, af; ; lied
L e T

T B DA o BTN R e
ing SGhe B SES 3 WS AR TR AD RSP g 19

preci sion machining to produce the conpl ex one-pi ece

A themiesd igrpase 10%is appligst baswernetys flimehip die FBqndtbsplana piges 106a.
anot her di sadvantage of the conventional BGA package

Tight prdcbssacoebhbis Iréquited athen plispanking thEepoxexmatetiel 104 drtthermal grease 109
regard to the two-piece design of Figure 1 A in

durin@Hé @EsehfblyBE M Rbavnki¥ndl packdgB eTHis Rtbeshapeit dib eitieknkoSind the heat
of the heat spreader 106 to the packagi ng base | ayer

spreacl?ésr %gglgfeis%%g’ B(@d,t 4Hd" lgﬁ/gﬁioﬁ RYShesited g? QN B HREdfEle tAOdpoxy

et ween t ring shaped” piece 106b and t'he
i b . .
e B 7 SRS e, SRR B i I g 09 and
of tre ne S%Iic heat sgreader 103 _A thernal grease
base lgweegn%é, Gt BESALHEK £H10 PFrepsedht BOdi% 103 and t he

pl anar pi ece 106a. Tight process control is required .

[16] wHegordingberibsrads a n@edégbg(rympﬁ;pyéqdi, geonopica) flip ship pagkage design that
grease 109 during the assenbly of the conventional )

can opackaegthe abhi e miestidred alismdvaritages withtaHiowkenstaeat prreades design that is
heat spreader thickness are fixed, and a |ow profile

easy foSiséalé ol Myt slesidenconTpeeité dieemaluharprxigtics.



mat eri al 107 nust be adequate to secure the heat
spreader firmy to the flip chip die 103 and base
| ayer el enent 102, yet not so thick as to increase the
profile. [16] Accordingly, there is a need for an
i nproved, economcal flip chip package design that
can overcone the above nentioned di sadvantages with a
| ow- cost heat spreader desi that is easy to
assenbl e and th@MMRH&Fg&ﬁEANXM%TWr mal
characteristics. 6 SUMVARY OF THE | NVENTION [17] A BGA
[17] pAdkG@4gaskageradcordinido a firstraspecashihe prasénttiveenpios sedwfined in claim 1
invention is defined in claim1l of the appended
of the @pnded clhib®. [19] The package may further conprise a
material di sposed on the substantially planar surface
[18] and a one-pi ece heat spreader nounted on the material.
[ 20] The package may al so further corrpri se a

91 SR SR v RE S iR T %bai%ga%%rdfog {f o R¥eliatly planar
enc(ﬁpsul at es the suppl enent al corrpor;r [21] The
a0k a gBe-Risye Beat spreadsrmequntss 3y the gatgri ‘east one

addrtr onal flip chip die nmounted on the base |ayer

[20] elTdwwackagp npdy afyeel upgem@g@rway suppomentpk ¢parponeryRowBed on the
at | east one wire bonded die nounted on the base

base ldyey elemehe neheteimtie moldingrcalipoyndfurthier esapdudates the alipplemental
joining a second surface of the wire bonded die to

compdiefit. base | ayer el ement. The package can further
conpri se a heat transfer el enment rmunt ed on the wire
b

[21] Ig[\r;lg?q yﬁ;ﬁ%l ne r%?ﬁf&ﬁst% e }’-l\gllriragt Ehl d}rea Igllounted on

the b bel dis ose on the subst antially pl anar surface and a

€ asehgy%rl e Neat spreader is nounted on the material.

surfac

[22] The package may also 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] A second aspect of the present invention is defined in claim 17.

[24] A material may be disposed on the substantially planar surface and a one-piece heat
spreader is mounted on the material.

[25] A third aspect of the present invention is defined in claim 19.



[25] A third aspect of the present invention is
defined in claim19. 7 BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 26] These and ot her features, aspects, and
advant ages of the present invention beconme better
understood with reference to the foll ow ng
description, appended clains, and acconpanyi ng
drawi ngs, which should not be read to Iimt the
i nvention i n BRIEEDESQRIRTION QB THEDRAWINGS i s a
cross-section of a conventional high performance flip
[26d hi ThesGndetbérigaturesi dspects,tand-apiantagel efthe ppeseatdiarentiod®kcome better
Figure 1 Bis a cross-section of a conventiona
unduirgboedwith a¢ferencetd the Pollwing BEsbrip@éik apgendedl ERirds, and accompanying
one- pi ece heat spreader. [29] Figure 2 is a

dra@ﬁx@@sswﬁ%tsh%ld%)t Be %gﬂ\t@ﬁﬁllﬁqggm@gﬁﬁfnqh%gé&% an Wit

exenpl ary enbodi nent of the present 1nv on an

1, 430G BT o s

gure 31is cross-section of an aspect of a BGA
Wnbﬁgkgd% éE%?%?Wﬁch the first exenplary enmbodinent
of the present invention. [31] Figure 4 is a
[28¢  ddgure é@’tlﬁ B RTQsE-Seiioasy é@PnﬁntlanB%‘%hpa‘U kagenex BipraiimBGA package
to the first exenplary enbodi nent of the present
witha\ospipiese heatrgpréademg a system | evel heat sink. [32]
Figure 5 is a cross-section of an aspect of a BGA

[29padigage 2356 ofcd-Bertion of BBAA badkage ¥QIBRAiAS Yo £TTRO EkdFRSlhry
of the present invention conprising an additional flip

embtiMefl (ﬁ‘ the ﬁl%gént 'i:ﬁvg:Hﬁ@n bnd ﬁg@rgcfzﬁoﬁsansaﬁ%}daﬁ% %b@tﬂment using a
aspect of GA package acc ing tot
y enbodlnent of the present invention
ﬂwg%ﬁ %%%ng a wre bonded die. [34] Figure 7 is a
cross section of an aspect of the BGA package shown in
Figure 6 further



conprising a heat transfer elenment. [35] Figure 8 is a
cross-section of an aspect of a BGA package according
to the first exenplary enbodi nent of the present
i nvention conprising a secondary conponent. 36
WOP7Y% s a cross-section of a BGA packagePgE’&%?“&i’Wé”S
to the second exenplary enbodi nent of the present
i nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 37]
The present invention will be explained in further
detail with reference to the acconpanying draw ngs.
[30] 3gf18%e & iHd §osniecigrisn asperieh a3 eA Ak pow carding tel thedirsto
a first_exenplary enbodi nrent of the present invention
exepplary prybediment pf the nresgjivveptionrhe BGA package 200
conprises a base |ayer elenment 202. The base | ayer
[31} gﬁgﬁﬁ 4anmcloas-estign efdnagpeet of arBGA padkegs akcomnolg te Hoint
through solder balls 201. The base | ayer el enent 202
exerpdary enbediment of themaespy davention eomirrising afsystemdénephedt snk.
203 is attached, and a second surface 202b opposite to
[32] heFigure Stis & cnofageetitOan afficet dfaRGA pyakage alcemdiptto 28 First
can have a plurality of layers (not shown), as would
exepwplamy debetiment df yhequuesensfinvestion ¢ommisingean additiorkh fipl chipedis.
can include a first nmetal layer on the first surface
[33bf Fikerel9as & cloasrsactiorfof\ADaRBOUGIA AT PadiEgé 2dSa(AN/tO QR IR
el enent and a second netal |ayer on the second surface
exenfpldry embeimentaf dre présemdmten@@Pcompiidihigta wirehondeydie.s can
be provi ded between the first and second netal |ayers.
[34N | Fighre 7hea bmyesestiorcalan hepepadfities BEA paskayd shavnldg Figure 6 further
understood by one of skill in the art. As would al so
coyfrisingndeastaefér Bigmeme of skill in the art, certain
| ayers can be used to provide signaling, while others
[35¢ anFibtre B e 6 clods-c v Sfon GERUINGH 23 GA PAMBEe SRBRAIRG!th AR Firkt0
the flip chip die 203. The base |ayer elenent 202 can

exdifpl@y einbbiiiment of BiedfbsentQfivenli GREUnprisMFRASEINIAHN coBpélinas
an epoxy- glass resin, or may conprise a variety of

[36Dt NEEurgBLie b bRk scation\eiH BIGA @askagescehRnt th YheB8onlexemplary
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 aﬂip chip die
203 is attached, and a second surface 202b opposite to the first surface 202a. The base layer
element 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
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ordinary skill in the art. [39] A conductive pattern
(not shown) on the first surface 202a of the base
| ayer el enent 202 may be fornmed with el ectrodes (not
shomm) whi ch naybe formed selectively or in the
P 29;{’43?(17&0 array. [40] As shown in Figure 2, %\CW§ZB°4’002985
chip die 203 has a first surface 203a, a second
surface 203b opposite to the first surface 203a, and
a plurality of lateral sides 203c. The flip chip die
203 is attached to the second surface_ 202b of the base
elempen{,and afeEondReiBldayp gn L spaopd simtape of the bpsedayer elgmext 202.
conducti ve adhesi.ye flip Chl bunps 204 that are
Ad t&nﬁ@amﬁ Sy PrPYide beffrern s frgaad sepnd metal favers cHlgT e
03. An underfill epoxy 214 surrounds the flip chi
can Ba Rgtered 4 goyld be pndersipodbyeness skifjdn theiap. é\ﬁmuﬁi ?ésozlm
to the base_ | ayer elenent 202. The underfill epoxy 214
undgrsioad By ARt Mén apYTh 6An b Ysectip PFRViderrigrialing, while
vi bration fron1cau3|ng the electrical connections
otheseeapdsisede provids srpung agd powerFonrrstionsdo Beflp Fhip die 203. The
el ement 202 to sever. The wunderfill epoxy 214 also
basqleyareisment M o8 havRithers deramic epPIEERip compRgition, such as an epoxy-
contam nation. [41] A nolding conmpound 205
glase prstp QUINAY ewnprise ayetein of wherfrateri20mhvayld henmderstoed by pey of
el enent 202, the underfill epoxy 214, and the
ordipblwstiilliinthﬂrt- | ateral sides 203c of the flip chip die
203. As an alternative to the use of a separate
[39undecdriduttivepaitgrn (mt dhosa) v thedfirbisurfare P23 oftbelbasy layaeelethent
skill in the art, a nolding conpound that is adapted
202tnmeyfHedfarnesisvitlyelednodesi(Bot\W W) whidE @@ ®e formed selectively or in the
PCTI US2004/ 002985 be applied directly around the flip
forrs bf pgdd er®03, such that the nol di ng conpound serves as
both an underfill and an encapsulant. This alternative
[401! | Asvehotvhén Bigder2 a fflip chipodie R@3 bascafpstusinfade 2082, lhsecaypg lsurdate
in a single step. The nol di ng conpound 205 can be, but
203b 9ppsite tothe s aurfacy 2@8at drelraipdahitytadf daterall sitlem 303ce iha flip ¢tip die
a thermal conductivity in the range of about 10-20
203\W¥ sGchatiiodie deSordl suEfsde 202of the basendygr élenrers 202 Y e plurdtaynof
that of conventional thernoset
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, a molding compound that is adapted to flow easily can
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nol di ng resins. The nol di ng conpound 205 can al so be a
thernoset material and can be cured by either thernal
or chem cal activation or any conventional nol ding
RHQQEO i ncluding thermally conductive and non
conductive materials, as woul d be under st ood Phy/USH@4/002985
of skill in the art. As shown in Figure 2, the nolding
conmpound 205 does not contact the second surface 203b
of the flip chip die 203. A substantially planar

be SRRy ol G T in 8 S Bayyfomo Biecampound somes o
o BN SRR, Thi b e B ara T e a7 ny
om0 o A3 A pf Th ks orBe o 0> SEahp uria o
noofiy A SR EnRdE B n® ¢ il ey o fereres opm

his portion 202c can

41 ok ST o SOTROMRS 200, TS R0l o0 2020 con
e RN YR NN
oo 0B sl St oS s o
L

qwn in Figure 2, an adhesive material 207 is
of S@%@& i s?‘ﬁ%n ingigure gnihp Mmalding temnennd 205 doce n@20ntact the
conprising the second surface 203b of the flip chip
secQfidsuziaps 203‘?1 af the flipoyhin die 303 ad sulestantislly plwiad surface 22D Uorthed
205. The adhesive material 207 serves as an interface
compgisifg dis seprndppfyee 2ABofithe flipodiradiel amd dnambersyrfoccetheXdBlding
In an alternative -11 WD 2004/ 070790 PCT/ US2004/ 002985
compap#ltent, as illustrated in Fig. 2A and as woul d be
understood by one skilled in the art, sonme or all of
[42} heAsshipy ineFigyre Shan gliermstectxemphineertt@@inmeany ofbthe balbgritlarhy
a thermal grease 209 in order to provide a
paclkagn 30¢ hebispea Aipethipcdin 30 keaxes tipeted efiges @05 afotrhel Bih @RA8s1ding
206. In either case,
compound 205. The tapered edges 205a leave a portion 202¢ of the second surface 202b of

Q

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
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the heat spreader 206 has a sinple substantially
pl anar design and can be nade of any of a variety of
mat eri als, as woul d be understood by one of ordinary
j ' he art, and are intended to be encg assed
ﬁ}girigl.)“/(kgy\?gnt ageously, the one-piece design fgg%mgmmoms
heat spreader 206 enabl es the use of | ow cost
phot o- et chi ng or stanping technologies to formthe
heat spreader 206. Unlike with the conventiona
emisbATh&Hl s dhSeHSSRFiADAV S t LESQE 206, ... ..
according to an asl%ect ofagt“lr%)gﬁfqeﬁ% crgtx%(;r]ﬁ?f%?e;ﬁhnedmthe art,
sonfRIH el ofBBkurkse bNEE b e die . size . Th .
conventional heat g@$§§%e?%g%§? Rgcﬂ¥%@H§QQHHEE€V€EZO9m
ordérl thpovidd® nSh ARl | GchifAbeSan f ok, Lnto the
prz;gE age due to i hghgaﬁgg%ﬁg{é\heoﬁmeggﬁ B éhessﬂ’écﬁéﬂ 20p-c sither case,
the Béa Sorid¥Rled £06 hEDE s Eﬁgger 206 .can pe easily
at t g%rhed to tEgS]g@? Spug’%(ag yB&“Z\rrfi%Flﬁ? é?$%?€$%%ﬁ%9f%m ofa
@ alelgi=ieTelV N g in Figure 4, one aspect of
e t?],e fn? r st éise&rf(ﬁ% P%%S%%@ e 8? ordparyskilmythe art, and are
intehdb 485 bl | system ] eyel heat sink 408. The
e NG b Lo IRE G, A Bt g P sy oo erthd et
S individual flip chip die 203, and is
spreadt %?Egnaﬁ.feﬁecdsg 9%18 R °{°B@% SiageP g igchrplagies yos fomhe

trSknk 408 i s adapt to be coupled to, and
heal!t sgye?i!ricer%g@.eUﬁl éetwlﬁ} tgﬁf(’fg’eﬁ?‘ﬁlﬁﬁ%skgys @ﬁcqsqﬁa@@egm @ Heat spreader
cjircuit packages, .includi ng BGA packages. The system
2064k otfing 1851 4SPetY o e it cxormlary smigedimentia idapsndens of the die size.
cool | epent via a systemfan (not shown). The
Theé’%vteéﬁ%rag{’fépse eader desigps disgysied gbanstlinihthe i ofthe tivahat can fit
int gﬁg-g'ec he spreader 206 shown in Figures 2 and 3,
o HrPaEshge ge @%fdvrﬁfnawﬁ aging shaped piege Py Bde Wallsr Tk heat spreader
erfornmance t system | evel . [45] Further aspects
206 B by iaehedfo s A Pasmeimmnviticcoomser Gashonn).
_44inven i on, §anorporate nultug!e chiFs into a BGA
[44] 2 8% éﬁ%W’Hél HEe 4.20me 2FnseiPlithe Irsiemplar: embodinent Whhe present
.2004/ 070790 PCT/ US2004/ 002985 [46] As shown in Figure
InveRtion CORPBRSTS AN G letsbhant sigk 40% gThesyitere leviek Isdat exie48l imnyich
lareS oanent of the present invention can conprise at
arg?fg}s“t FHELasgRf aniipsividual flipchim dis 283,né (Bnounted 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 multiplc chips into a BGA package design, as shown in Fi gures 5-7,
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The additional flip chip die is nounted simlarly to

the first flip chip die 203 di scussed above. The

nol di ng conmpound 205 al so encapsul ates the additiona
i2Bos@Pé790 di € 503, and the substantially pl

gﬁrfaggwg%o is further conprised of the Secoﬁgﬁé%@gm?gws

503b of the additional flip chip die 503. [47] As

shown in Figure 6, a BGA package 600 according to

anot her aspect of the first exenplary enbodi ment can

4 he@mnad 3 t
e bae | myar s e iy S b R Y °B

the base |ayer el enen

emfdirhdi® oMhE BreéRoH 4REnttinGah) Qgin# se%h R ge%ét ohg ?ACJ?%(H ]?‘Jg,]pa p d1e 503.

the base | ayer el enent 202 rou

TheMddgiondl Ftp CIIB QicRb Hiohtkd Mmﬁg.rl}\l\@ortﬁg f116sp ﬁl Gl di bﬁ%’iccg%ggssécei gbove.

of gold, alum num or copper for exa

Thedth&18ing @emptchd®83 aRb Snca Stﬁnl:e Q(%Et}ogalgfg Elgrége: gﬁg%gl thed

conmpound 205 that prot cts
sub!%tElzﬁmll&a Fl&ﬁﬁl shfﬁ(ceCQfZO‘M dﬂlgtg%r%gd' Bge% X! %éo% §WE@F§E§? ;ﬁthgl

di ng conpoun

Mmﬁbﬁgqﬁpgmﬁﬁﬁg@ 220 conpri si ng the second surface 203b
of the flip chlp die 203 and an upper surface of the

ML S Te S SOBEER, P el ¥ 'ag’c%?ﬁa&bt%ﬁwa?q”aﬂ?%?éﬁ?mY first
exoh Ao B B o ei‘é%et e 6T LpRRA the base
layer Sibeliop, ThH b5 Ed%ﬁ%gﬂg o5 e topded i 97 ioeticaly joined
to e 00ESk il A Gy il i e TP msi wires 604 can

case the wi re bonded die 603 is

S eit her
be °%‘§95°§ SE%QQ%IW% %féppgﬁréenaaewlq Jhe o Hisa20Tmdsaa ere
have t ng conpound 205 di sposed
ool . pgdifing a%alp%ed pli ) dhervareoadell die 60 atidrie
ot he ect of the first exenplary enbodi nent,
plurglﬂ-ﬁ §§‘t‘"r? % é%?cg’? g megtss Th golding,camponndi 2 Scapain forms a
d surface 603b of the wire bonded

subs e ok i 20 SERARG hreo R Tiv Pttt Pyt 203

el enent gan be -13 WO 2004/ 070790 PCT/ US2004/ 002985
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 and 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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a dummy die, a conductive netal plate, or the like.

The heat transfer elenent 605 has a first surface

605a nmounted on the second surface 603b of the wire
Rese. 603. The substantially planar sur

on mh?%ﬁh?he t hermal conductive materi al 207¥§?ﬁm%%9mn%5
di sposed further conprises a second surface 605b of

the heat transfer elenent 605. The heat transfer

el enent 605 can thereby facilitate the dissipation of

diteay dfe © BdridaeWinietal PO 8eimd i1i§e 6 al
: supgoretc to the BGA gackagtgg%%c %%aﬁ%ﬁcggeﬁg 6&%?‘%*}1&“

surfatd 6058 @noivhted Sn E¥%econti 4Rrackic88t 5 e n@ gkxk Uéﬂcfe@ ooﬁd c}{!}h er

aspect of the first exenplary e nent . 6 to

subﬁt%&ll9§Mﬁmm26%M@8&e§$Q LR m {t&’n“%gg Raisppsed

or preferably nore suppl enenta conponent’s

furtBeHBhiPABR taakedn@ FRPRE BD S Ghe a?trﬂ?ﬂa?g %ge% (%h {',J['g bgﬁ% transfer

| ayer el enent 202. The suppl enen

cle C T acl f h k|
KAt o, S s

proilié &[(ﬁ‘t?&nlays%.b rt fohfe n%?%g%@l%gggm an? PIofL Q%Fc}t%cngg ?cﬁqﬁt%/gnes 604.

taller than he co

[492 0%@1}9 8 ﬁlhﬁtrat@é‘iﬂ%ﬁ)ﬁ?%ﬁszct of the'ﬁrft eC el %agﬁoﬁL du %ﬁta : chzprdmg to

nmetal plate (not s

e A A P@%%ﬂ%%@%%&ﬁ@”@%%%%@
consRelFAd, ﬁ%@ipifﬁne%ﬁ%%rp‘gha‘ e 815 S BRBUHERR G Bo on lomen
2°2b§‘5§%%$%%% Gas nia?o%gﬁtémfel%gsgs%%a%?f e FamghtLbage Pt ip
ot {f 3 %“%%é%"v' Bitdod, PP egur s Biemaness hampolemen
confBN s it Runcorbone newte v e in 70 g
w381, x@o@s RS ot S s e
SR LTy E e et e
e ST
base, | | ement 902 in a die down configuration.

compfiaFnts 05 Sn b PASSI e COTMRPRCTS, SEHES TS oS dnietors Fapagif8s,ios any

mounted tqQ the base |ayer elenment 902
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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-14 WD 2004/ 070790 PCT/ US2004/ 002985 through an
adhesi ve layer 904. A plurality of wires 906
electrically join the first surface 903a of the wire

Ransesodios 903 to the first surface 902a of
layer el ement 902. The plurality of wires 93%%§$§%%“””5
joined to the first surface 903a of the wire bonded

di e 903 and pass through a hole 902c in the base
| ayer el enent 902. The wires 906 can be conposed of

thrgpegihckn adiesiverlayengO40TA. SIRRAIEY of viRds 9K BB Gl AN
encapsul ant 907 fills the hole 902¢ in tR& e SLRyEpce 903a

of Bk e HONAR0 iecdD 16 tHer RSt Faca vt PEOHERISS 1eyBEoilth L 28% e

[51] Hereinafter, the el enents discusse

pluraity dfovifes IODOuie AgineHoAES FRINuSEANSH3, 8PRE Wi LGl pass

to those discussed with respect tot ore

threrghadiohES02 s inabetbasa HYEC418m R J0ITBHSAMRG0E Qo E. SANE
mat eri al s and constructions as f%cussegggﬁgvgmmodefgﬂ¢

alufnitewry bacoppérefoe eamge WAk b the. Eigures as
descri bedgpabove. [562] Acr(l:(% ﬁgg(%i)ﬁg tpﬁlll?laggéfe‘ﬁﬂ?eé}aﬁ“ayer

elemeit 002 ARIVurofinds A8d BFoRSRthe M}g ion, and with
reference to Figure 3, a nethod of assenbling a BGA

51pacl&aeigafed i Qv il I r el enent, 202
1P chasa A sk g shooR0R8: WLRL S SIECL 202,
SO b A0SR B bt

die 203 i s nmechani ca
espSRE ey SUELAEANEORR: BlielfIeuDASBNSE SBIENL, 202 Y

a conductive adhesive
e g e 1 GRS gl o 202
521 AR LRI 1o it B PRpmeidvih o
e A R e DDt v e
lay? bREFAM202 %E% 28 c%?;bﬁrﬁ‘géf Chip e e 0k o s 3&2&;21;5%20 the
S g o E R LN
w8 B B0 My e R0 R o b o
the hBWm\f;'bﬁFn%? .IZ(W 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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QUi okl y enotgh 1o al low for high-speed _produston.

ot s T TR e (58 e

ettt Bz and around " the sies of the uncliITY

'?’Eg;()ébyz/lg 2385: a(re}tiSIaI Iey pl anar surface 220 is foL_rred
530, o RO 2 B B TR PG OB
the iiggs&nfg?eoglid;gljllséifﬁs f;%iéﬁéasidés ggs cﬁggﬁpﬁ:@eﬁérﬁge&by a
subgtg?t;:l;i);ﬂ;ﬁe@gﬂof;dié(l)gﬁéiawée G %lg pound IZg,gc 2 ound the

flip chip die 203. The tl el %ﬁséf‘i??g‘sa ﬁﬁ?@??bngﬂlpcmp
oo i g el of ook Lol DS, AEaBuhtrdhenes i o

wollebe idetltoB by BRE BRIP ISR AL YAl on. Feé%,xy"m can

el ah%ﬁl 2y07 P P di by..t he second surface 203b
e dg? ﬂ?““ﬁe“ f17 %’aﬁﬁ?%@%f’@%?%a %‘d%% COBpRd P Peaued léxe ﬂimnfiﬁp die
i RITREM t her mal dissipation el enent, _
203&? Fﬂ%@‘%%:ﬁ be aéqﬂ"éna}t?‘}gg%?@al&& °g%%m’6% S%thgt%}wgh&uremkshon time
s t hen be nounted to the ackage
Tor gEbroatiif ol THY pidG CotphBd st hasored chemmabarshonta
iv¥iopne skilled in the art, the present invention
acnallloovvs achi evenent of maxi num board utilization since

t of sybstrate area is available for
(417, P FRh TS Bin e %wwn@almp@a@mﬁmm@]y the

age.is the ability to use thin _
seccfi Kbl 300 3 Y 0B et ani ot psfico ofen colihicmpound

S Al fIihhat are known to provide better electrical
205'pjélr or nance E%GLPIBemng‘FT%ﬁn berihertsprasderi206 nsa s¥steavigvel heat
ink4b strate e very difficult to handle during the
Smké’sg‘é"isr‘%tt){%“ bﬁr”&%“é’é%retg ,“-hee%%é@P%{qas§/2%)r‘t1@themtmaa2@7ach. Wt h
[ [ t he

[55]t hﬁs Vr{’gllllg IbQ gnge?g:gg&l lg]ydon%os\léi?lgcll inngthe art, the present invention allows

achievement of maximum board utilization since a greater amount of substrate area is
available for multiple chips and passives in a single package.

[56] A further advantage is the ability to use thin substrates for better clectrical
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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top of the thin substrate, the entire structure
becones rigid, thus inproving its ease in handling.
-16 WD 2004/ 070790 PCT/ US2004/ 002985 [57] Yet another

W ok advantage is better reliability of board
level /giglt]%ger joints. Solder joint reliabili tRFTESA00HR02985

enhanced due to the renoval of direct interaction of
heat spreader with the substrate. [58] Further, with
the present invention, the heat spreader design

[5Be cYetemothaciepppafntvatage H s éﬁabi@;" %gg«%al.ng g?%laea]éipr joints.

achi evenent of a | ow cost one-prec
Soldergpighreliatilityltiafl Be eftABEIRL e R NC& 4231 Al t hough
t he above exenpl ary en‘oodﬁ3 nee%l%g a%ﬁg W@@%“%Ofgh%

sprppdeseitii the B\skicon have been described, it will be
understood by those skilled in the art and that the

[58pr emethtr, with\YRNS Rt & e limted to the,
descri bed exenplary e g%itﬂneg% agf‘pr%alﬁlf’”i"ﬁl&?bmeé%iependentof
die ei26,128€ SIIGChcRRYbh G BF | an he made within the
spirit and scope of %%%@«Ecp gtsoenﬁfpl‘?cﬁgﬂtsl’@?ﬁer design with high
thehd pérebrmahds, the scope of the present invention is not
limted to the described range of the follow ng

50c| & ALMS 1. Aball grid arra
[59¢ | aifRugh thé abd @eﬁ%l% eglggglrrreggpéxlnd éﬂ@ﬁ-@g@s?ofghq;prﬁsen{jnvenﬁon

package conpri si ng: . !
) B e 0 1 T gl
invc?ll:igﬁ n%lfﬁ'tuf@'lolt Be 1:rHOE R)ctﬁela (\{eesrls ed %g rrl1})(:)19,1')'t6§)nb§:filiilnctjentts);,a t?u? t]::a?zflaiirous
changes and modifications can be made within the spirit and scope of the present invention,

Accordingly, the scope of the present invention is not limited to the described range of the

following claims.
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15

20

a second surface opposite to said first surface, and a
plurality of lateral sides; and 10 a nol di ng conpound
encapsul ating said base |layer elenment and said | atera
sides of said flip chip die, wherein said nolding
conpound forms external |ateral edges tapering upward
and inward from said base |ayer elenment to a LLOYD WISE
sepay®y i al ly planar surface, and whereby said
substantially planar surface is formed conprising said
second surface of said flip chip die and an upper
surfacge.of said nol ding conpound. 15 2. The ball grid
array g&a‘&gﬂg ahgaY. packageg ceropiiding:m 1, furt her
conprising: an adhesive nmaterial disposed on said
subst érhﬁS%lqyyr ¢emantt surface; and a one-piece heat
spreader nounted on said adhesive material. 20 3. The
bal | grilig chiprdiy npanted 9@ saiaaRkliaPer ddn&iiirdin L BidShip die
nprising: a supplenental conponent nounted on sa
leaswprikegyer el enment, wherein said nolding conpound
further encapsul ates said suppl enental conponent. -18

LLOYD - i d. K di

o ol armvgurilee At iPRly oL Sl Srpae oer cemen
conpr i - .at | east one passive conmponent. 5 5. The

bal | 6%?%%??‘3]9“&?@%‘&&0&8’@&@ Mefaew agdai m 1, furt her

conprii si}ggl; mat eri al di sposed on said substantially
pl anaf PLBRlity o laterabisidess gnd em | evel heat sink nount ed

on said material. 6. The ball grid array package

accor @magding cemppundienchpsutaiag ssidasd 18{6t%lement and said lateral sides
of said flip chip die, wherein said molding compound forms external lateral edges
tapering upward and inward from said base layer element to a substantially planar

surface, and whereby said 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, further comprising:
an adhesive material disposed on said substantially planar surface; and

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

3. The ball grid array package according to claim 2, further comprising:
a supplemental component mounted on said base layer element, wherein said

molding compound further encapsulates said supplemental component.
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10 at least one additional flip chip die nmounted on
sai d base | ayer elenent, wherein said at |east one
additional flip chip die conprises: a first surface
electrically coupled to said base |ayer el ement, anf-OYDWISE
a second surface opposite to said first surface, and a
plurality of lateral sides; 15 wherein said nolding
CHNMPOUTIEL 4 ncapsul ates. sai d | ateral sides of
sai d at t}%ﬁaésrpﬁ ey kg agporling o FladRi3pWhpsin sadisupplemental
In _said substantially planar surface further
\é%?l{?)flgrgscoglgpaes” rst surface of said at |east one
additio?al flip chip die. 20 7. The ball grid array
packadé @icnediapyve eprapamient. 6, further conprising: an
adhesi ve material disposed on said substantially
pl anar surface; and a one-piece heat spreader nounted
on said adhesive material. 8. The ball grid array
ac k agtheali eridiangy backelpd bo8cBdihy i O8m ¢ MIRRLSIAS il
LLOYD WSE a suppleneﬁtal con%onent Hgﬁﬁpéﬁﬁb "Shiey
base laayRerigldIerBia ' ' nol di conpound
SO B s

further encapsul ates sal d Supp YD nt. 9.

The bgl i ray. package, according to claim8
wher e?ﬁ&%%%ég\éezéﬁaﬁéﬁﬁ(ﬁf‘%‘fﬁe%orb B‘Pr@%?l-con'pr i ses: at

| east one passive conponent. 10. The ball grid array
package according to claiml1, further conprising: at
| east _one wire die conprising: 10 a first surface
Rount gge B!l grid arrpppackngy@cordirmerdaim B faele REImPHETACE
opposite to said first surface, and

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

9

said at least one additional flip chip die comprises:
a first surface electrically coupled to said base layer element, and
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.

7. The ball grid array package according to claim 6, further comprising;

an adhesive material disposed on said substantially planar surface; and

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

8. The ball grid array package according to claim 6 further comprising:
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a plurality of wires electrically joining said second
surface of said wwre bonded die to said base |ayer

el ement; wherein said nolding conpound, further |;q5yp WISE
encapsul ates said wire bonded die and 15 said

plurality of wires. 11. The ball grid array package
according to claim 10, further conprising: an

adhesiy ri.al di sposed on said substantially

pl anar” %@ p&%‘g“'&mﬁ%ﬂp O%niﬂ‘é?-uﬁtieg OB spid bags laygsredernent, wherein said
rrmoulgt ed on sai dhesive material. 20 12. The ball

gri d P RPOPY I SRC@pTitaysaldbsuppiinmnt) compoieit,
conprising: a supplenental conponent nounted on said

base | ayer el enent, wherein said nolding conpound
further encapsul ates said suppl enental conponent. -20

19 OYD Thedall ghid arfBlypabialgt agdor@ina ks AYMinPBSHARS, 358 gﬁﬁﬂlé}gemal

to claim12 wherein said supplenmental conponen
compohaesomptisdseast one passive conponent. 5 14. The
ball grid array package according to claim10 further

conpr i;jeRg: t er el enment conprising: a
first asSrfgggﬂﬁ{)ég\%tcgh{pgﬁg@ai d second surface of said

wi re bonded die, a second surface opposite to said
first surface, and a plurality of lateral sides, 10

\iﬁer e'Lrg Ea]had .nol di ng conpound further encapsul ates
id ‘8t Bpi&BIIE pERY Peskage adedrdiegito dlaiank ffertherlcomprisingand
wherein said substantially planar surface further
conpr Risleast en¢ wirsaldoemmprising:
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.

11. The ball grid array package according to claim 10, further comprising:
an adhesive material disposed on said substantially planar surface; and

a one-piece heater spreader mounted on said adhesive material.
12. The ball grid array package according to claim 10 further comprising:

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

molding compound further encapsulates said supplemental component.
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surface of said heat transfer elenent; an adhesive

mat eri al di sposed on said substantially planar

surface; and 15 a one-piece heat spreader nount eEI Qn

sai d adhesive material. 15. The ball grid array -OYDWISE
package according to claim 14, wherein said heat

transfer elenment is a dummy die. 16. The ball grid

ay Jjackage. accordipng to claim 14, wherein said heat
ta{%nsf@?ecba%cﬁr %FPéeraCP%gea?Cﬁ%rtimg toclatra 12 pyhergin said [supplemiental
array package conprising: a base |ayer elenent; -21
LIOMNONENISPMPESYH: r e bonded die nmounted in a die down
configuration on said base |ayer elenment, wherein
sai d vatleasbanegedsivé eormponeni.ses: a first surface
nount ed on said base |ayer elenent, a second surface,
5 aplurality of lateral sides, and a wire bond
el ectrically coupling said first surface of said wire

bigndedrpedi j Pl@a%‘é - t ¢ a nol.di ng
con‘pounczle ddealgcgggsaﬁ%gtq)iang sg!c%*glglg Z$ ?lg};@rl Ogﬁ}@g ment "RHY"e:

said eld{fil!a.r{s'f& e?f I ?t eral. .sides of said wire bonded

di e, ereln osaid ol a?rﬂﬁnﬁﬁg'corrpound forms external

| ateral edges tapering upward and inward fromsaid

base | ayer réh%m%(:% Blognigd 9asaidiseeandysupfhemefrsaisduwire bended die,
and whereby said substantially planar surface is

formed conrsesondpusiaceiopmsivnth wid fimteurfice,smdd Wi re

bonded di e and an upper surface of said nol ding

conmpound. a plurality of lateral sides,

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.

15. The ball grid array package according to claim 14, wherein said heat transfer

element is a dummy die.

16.  The ball grid array package according to claim 14, wherein said heat transfer

element is a metal plate.

17. A ball grid array package comprising:

a base layer element;
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15 18. The ball grid array package according to claim
17, further conprising: an adhesive material disposed
on said substantially planar surface; and a one-piece
heat spreader nounted on said adhesive mat eri al LLOYD WISE
19. A nmethod of assenbling a ball grid array package
conprising: providing a base |ayer el enent and at

| east o lipchip die, .said flip chip die .

compr 1 £11is bahdRdl Pl 128 dle dowlransbiapinn en opiddssalyer
to said first surface, and a plurality of latera

si des;clementy Vesrpimspigewirgrbonded i enmiptises: | east one flip
chip die on said base |ayer elenent, whereby said

first surfachrst surfice otountedlonysaiddnseilenvdénietoi ned t o
sai d base | ayer elenent; encapsulating said base

| ayer el enmadecamtksusface] at | east one flip chip die wth
a nolding compound, said nol ding conpound bei ng

mol ded to fafliRafit &IARlal bALELAY S edges tapering
upward and inward from sai d base | ayer element to a

subst anti al | y; ce,..wher sai.d | di.ng
conpound en c\)zf\lf)és)h a égcté%ﬁ%%ggglénq %ﬂfgﬁ%éflgﬁaéﬁ?’? SHd Wirg; honded
| ateral sides of said at |east one flip chip die and

wher e%)l/e %ﬁ@ﬁ%@%&?@ﬂ“ya?ﬂsaner surface is forned
conprising said second surface of said at |east one

flip chip @reoldig campouppercapandtingeaidibasalayenabmemtgnd said
compound; 10 di sposing an adhesive |ayer on at |east a

por t i phurdlity oéiatersltidesarfisaidlwiye londae tie, SHbfent@id AdMing
nmounti ng a one-pi ece heat spreader on said adhesive

| ayer coRPounBhferie ékresha Plaepdl @URE thierilodl Waﬂc?arfdjiﬁwa?t{ from said
conpri sing di sposing a non-adhesive 1@  ayer on a

| east basenaydr bRl oAbsHRALATAR slotadl A0ELHSHE] 88

conprising a portion of said second sutface
at | easstaRA8lY plaRarSikBedts Formed comprising said second surface of said

wire bonded die and an upper surface of said molding compound.

18.  The ball grid array package according to claim 17, further comprising:
an adhesive material disposed on said substanfially planar surface; and

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

19. 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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21. The nethod according to claim19 further

conprising: providing at | east one wire bonded die

having a first surface nmounted on a base 20 |ayer

el ement, a second surface opposite to said first LLOYDWISE

surface and a plurality of wires electrically joining

said second surface of said wire bonded die to said
ating step

base | . . t:, and,.saj.d encaps

Fur ¢ neifhing S8R e B8R Bhin G bR 19m alsaean hercby said
the plurali of wires with said nolding

L sutice B elfsBicaliy eShutiivels sommertie it woalssendenentg t o

claim19 further conprising: providing at |east one

wire [58fRPSHlating saig basedayer slement enddawhatd enst ogifliptdhdie Rvith a

sai d base |ayer elenent, the wre bonded die having a

felding sompewes, said madingrompbehdoissisy mbldedYs forf] GAERAL 1aral

second surface, a plurality of lateral sides, and a

wilges tiymniclg @lpaatd ardbihivird B6H R L&k did TReS

said wire glgnded die to said Eggégg%eégéfgﬁ&ig%?@sgaﬁlggﬁyplanar

BiEicR] Wh&eb ' t her. .co I se )

encapsul at | ﬂfyﬁg gﬁgﬁggg‘éﬁlp %@reﬁgg{sg%}ﬁ tsalg&)&g‘ls)%v & element and said
Yy ol ral sj.des. of said wire bonded die

Rl 88 <85 o Hit i o eyl stibsioasniiei planer

EI ?nar. fsurf ce is forned conprising said second 10

Y5 LEIo0Pe] FAMpRLTRS pridh rcand serfasa @F a3id aplsest omeffimclepdie and an

the nol di ng conpound. 23. The nethod according to

Bpwﬂi@eﬁgﬁﬁlﬁﬂoldmwpmbmgi; di sposi ng an adhesi ve

material on at |least a portion of said substantially

pl anadispesing @caghesine laybr omatrédsng portioR & f BAI@ S6bRERally planer

spreader on said adhesive material. 24. The nethod

awefaoe;dindg to claim 22 further conprising: disposing an

adhesive material on at |east a portion of said

subst @plutitlg &/oRLFB& heat spreader on said adhesive layer.

20.  The method according to claim 19 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.

21.  The method according to claim 19 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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20 surface; and nounting a one-pi ece heat spreader on
sai d adhesive material. -24

LLOYD WISE

22. The method according to claim 19 further comprising;:
providing at least one wire bonded die mounted in a die down configuration on
said base layer element, the wire bonded die having a first surface mounted on said base
5 layer element, a second surface, a plurality of lateral sides, and a wire bond electrically
coupling said first surface of said wire bonded die to said base layer element; and
wherein said encapsulating step further comprises encapsulating said base layer
element and said plurality of lateral sides of said wire bonded die with said molding
compound, whereby a substantially planar surface is formed comprising said second

10 surface of the wire bonded die and an upper surface of the molding compound.

23.  The method according to claim 22 further comprising:
disposing an adhesive material on at least a portion of said substantially planar
surface; and

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

24, The method according to claim 22 further comprising:
disposing an adhesive material on at least a portion of said substantially planar
20  surface; and

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