1 5 MAR 2005 WD 02/27788 PCTNS01130157 STRUCTURE AND PROCESS FOR REDUCI NG
DI E CORNER AND EDGE STRESSES I N M CRCELECTRONI C PACKAGES H ELBARR(TRE

| NVENTI ON 5 The present invention relates generally to the field of

el ectr oniy§ ozAy@goci rcuit fabrication and, nore parti cul adyystisos7st ruct ure
and process for reducing die corner and edge stresses in mcroelectronic
packages. BACKGROUND OF THE I NVENTION to The m niaturization of electronic

m Croci r cgH d‘ﬁsz %ﬁﬁ?ﬁoﬁﬁ@?bnmmucmcmm GORNER ANBERGE in a nore
ef fici entcgji;lﬁﬁg re iﬁa e manner. A typical electronic mcrocircuit includes

a mcroelectronic %&%Egmbglékbiﬁgm@mmgmmo a carrier substrate

W th an epoxy-base ria I sposed between the die and the. substrate.
A heat spreader (e.g_ alum num AL or copper CU) is typically t5 included

in the package_and ' contact with the die so that heat generated
by the Eﬂ@?gﬂFa?&{]@Fgﬁggtonvecti on directly into the surrounding air.
Because there is a msmatch in the coefficients, of .t];agrr}al %Bansi on (CTE)
bet wsen the The presenthdnuenionr telalEsy ZEREIA g thather figlds © elels ic

mcrocircuits suffer fromstress problens. For instance, silic¢con has a

Cl'E of nabaiircsit FabiiGtipararel) motel particplarlydtayaetruckirsiand prassss fdgree. C.)
while the CT'E of an organic substrate is generally 16 ppni.degree.C and

that of g &k AHlGopiShiBiige ieAbMmbrRlaonthicgagiges C._ One undesi 1 ed

ef f ect expansi ol can cause the central portion of a die,
secured to a substrate, to curve or bend which causes t

BACKGROUND OF THE INVENTION
10 The miniaturization of ‘eleé‘trom'c microcircuits has focused attention on |
packaging these devices in a more efficient and reliable manner. A typical
electronic microcircuit includes a microelectronic die (Le., a silicon chip) mom:lted
to a carrier substrate with an epoxy-based material disposed between the die axfd
the substrate. .A heat spreader (e.g., aluminum AL or copper CU) is typically
15 included in the package and has direct contact with the die so that heat generated
by the die can dissipate by convection directly into the s'urrounding air.
Because there is a mismatch in the coefficients of thermal expansion (CTE)
between £he die and the ;sufporﬁng packaging materials, electronic microcircuits
suffer from stress problems. For instance, silicon has a CTE of about 3 parts per

20 million per degree Celsius (ppm/ .degree.C.) while the CTE of an organic

substrate is 'generally 16 pp&n/ .degree.C. and that of a ceramic substrate is about

6.5 ppm/.degree.C. One undesired effect of thermal expansion can cause the

© central portion of a die, secured to a substrate, to curve or benid which causes

1



1 5 MAR 260 WD 02/ 27788 PCTI USOL/ 30157 sone of the electri cal1 §w%b9ns
between the die and the substrate to separate. Another danmagi ng 3
caused by thermally induced curving includes cracking and/or breaking of
t he di e.wbm2rtigs i nstance, tensile stresses occur in the@@W¥i30353dyer - of
the die as it bends. If these stresses are greater than the fracture
strength 5 of the die, it chips or breaks. These sane thernmal effects also

appear ishulen§ the ehetical eoraetcishimtwpearc feglingnddhe subgtate EeDREAtRod of
solving this problem has been to include epoxy-based encapsulation

material, (1. €. b de) MetRsHiRivead clilvengiehideateacking t he
comonl fé?s?é%f ?#%%ngﬁg\??%égvﬁfore exa)?rpl e, the digz I s nounted face-down
to a 10 wiring substrate so that .conductiye. Ldal.sl it e fit& (usual ly
in the ﬁﬁﬂﬁ?bg’eam&i%f?é‘ﬁéﬁ?s) h’ésﬁﬁs?agg%lt%’%bj%%s%%ﬁ%“ﬁé‘ electrically
connected to the wiring pattern on the substrate. This underfill
encaps ullster of thmdieras at bayoisd 3f thivee gressesGre a@aﬁm%}%ﬁb‘er‘ﬁﬁﬁe essens the
stress in the solder balls to inprove the performance of the die. 15 A
i mi at ippRnsidil) # hingpsBi badks. Oy same stheduen] pifeetst dls¢ appeart Mool voi ded
areas in the underfill encapsulation material. If voiding occurs, the

sol der balls . 1o ' iofialti | | be subjected to the sane thernal
fati gues‘é Stfq‘tef'ﬂégﬁﬁégg?%akﬂ%ﬁégcga&ul ation material were not there.

Mor eover, as _the industry

i's becom ng Prer@stedyP Lo he Ehit PABHEm ﬁ&E?"laFeé{ 5§ RALEE UpbrfllbEaRC] roui ts Tt

0 proper I nsert “underfill
encapsul ation material into the gap between the di.e and the .substrate.
Fi nal | yencemulaionumatesiabii.e., moderig) dagyeen e dig Hlﬁﬁ"&?Fﬁ%‘ Int the

commonly used flip-chip device, for example, the die is mounted face-down to a
10 wiring substrate so that conductive terninals in the die (usually in the form of
solder balls) are. directly physically and electrically connected to the wirng
pattern on the substrate. This underfill encapsulatioﬁ material boﬁds the die to

the substrate and thus Jessens the stress in the solder balls to improve the

performance of the die.
15 A Iimitat-ior.z with this method, however, is the potential creation of voided

areas in the underfill encapsulation material. If voiding occurs, the solder balls

Jocated in the void will be subjected to the same thermal fatigue as if the underfill

i i i ves toward
encapsulation material were not there. Moreover, as the industry mo

smaller electronic microcircuits it is becoming increasingly difficult to properly

20 insert underfill encapsulation material into the gap between the die and the

substrate.

Finally, manufacturers are .moving away ‘from aluminum oxide

interconnects in the die to copper low-k materials. Although copper low-k
2



interconnects in the die to copper lowk materi al s. Althoug:} gq@m&rzglugwk 2
15 MAR 2005 WD 02/27788 PCTIU SO 1 /30157 materials speed up the

i nterconnects, they are mechanically very weak. The effects of CTE i nduced
stress wiyoloziztrigs be nuch greater in the next generation BIT/UIIEBII70Ni
mcrocircuits. 53 1 5 MAR 2005 WO 02/27788 PCT/USO1/301 57 BRI EF

‘DESCRI PTI ON OF THE DRAW NGS The present invention is illustrated by way of
exanpl e, ., aﬂo?ejehnﬁﬁ ahé @tercohfiedifhethéy gur ewchinically wewowsdhyi M dr awi ngs
in which reference nunerals refer to simlar elenments and which:
Figure 1 1s a et i Cyi | A drbatst insthe heef genepatideagi ng process
wher ei n eﬁﬁsﬂfm&iugﬁq 8&%‘%@??‘3??‘5%% vgrt h a packagegsubstrate i ncl udi ng
a through-hole and a vent hole according to an enbodi ment of the present

i nvent i oxlectPingmécrocifcduty schematic illustration of a second step of a
packagi ng process 10 wherein a heat spreader is attached to the backside
of a die using a heat- conductive adhesive according to an enbodi nent of
the present invention. Figure 3 is a schematic illustration of a third step
of .a Soackagi ng -process



wherein an epoxy-based material is injected via a through-hole in a package
substrate into a gap between a die, a substrate, and a heat 1ﬁ)ri‘é.@%le?r005
according to '15 an enbodi nent of the present invention. Figure 4 is a
schemat iwoiohhwggrati on of a final step of a packagi ng prBEBEY§01/38HErein a
mechani cal reinforcenent is inplenented between a package substrate

i ncluding a through-hole and a vent hole and a heat spreader in a final

st age OfRREFIFACRIFTION OFSBYE AWINGS t 0 an enbodi ment of the present
invention. 20 Figure 5 is a schematic illustrations of a first step of a
packagi ng pr i 2 i L EBT el of elidiples andl ngh Eichitaitibh, a package
substrate acggggfeﬁsx\{%(’g#\ﬂb@mnbméﬁﬁnt %f ?he pregent invention. 4 1 5 MAR
2005 WD _ 02/ 27788 PCJ/USO /30157 H_gur (S SR bicel tion of a
second dndpe 3M5ﬁ3£8@cﬁ@n5?w&%§gr%mﬁ%rsg? rﬁ }éﬁﬂggéta spr%lgacc?ellrlﬁliﬂﬁiall%di ng a

t hrough-hol e and a vent hole is attached to the backside of a die using a
heat condfecto snmiladtlesents asdavhighing to an  enbodi nent of the present
invention. 5 Figure 7 is a schematic illustration of a third step of a
packagi Ng prppass 1 Mhesakmatn ilbptmyichad edfirsistep of 2 PsCHAgiRE PEF®H a a

t hrough-hole in a heat spreader into a gap between a die, a substrate, and
a heat spreader "'i&%Q{egﬁ o Ldle 38 aliGARD WHFE Bipaekadd fulisbase Mictidingnt i on.

Fi gure I's"a schemat1c Illustration of a final step of a packagi ng process

io wherein a nechanical reinforcenment. Js._i Lef Jretinesesaniackage
subst r athroughdrole @ad; a SHE A RXF ?q’?ﬂd}u%gnté’ ghﬁw}lrl%ugﬁ ﬁol e and?’a vent hole in
a final stage of a

invention.

Figure 2 is a schematic illustration of a second step of a packaging process

10 wherein a heat spreader is attached to the backside of a die using a heat-
conductive adhesive according to an embodiment of the present invention.

Figure 3 is a schematic illustration of a third step of a packaging process

wherein an epoxy-based material is injected via a through-hole in a package

substrate into a gap between a die, a substrate, and a heat spreader according to
15 an embodiment of the present invention.
Figure 4 is a schematic illustration of a final step of a packaging process
wherein a mechanical reinforcement is implemented between a package substrate
including a through-hole and a vent hole and a heat spreader in a final stage of a

packaging process according to an embodiment of the present invention.

20 Figure 5 is a schematic illustration of a first step of a packaging process

wherein a microelectronic die is aligned with a package substrate according to an

embodiment of the present invention.



packagi ng process according to an enbodi nent of the present invention.
Figure 9 is a schematic illustration of a backside of a n1Cf§ehZ§§2qg§ c die
according to an enbodi nent of the present invention. 15 5 1 - 2005 WO
02/ 27788wid@h/2ti801/ 301- 57 DETAI LED DESCRI PTI ON Thr oughoutpginesdigbiowi ng
description specific details are set forth in order to provide a nore

t horough under standi ng of the invention. However, the invention nay be

practi ced W oL giesenaaidd Sbditon dfh QbR steP Bt APERaginEhlockssknown

el ements have been shown or described in de | 'to avord wunnecessarily

obscuring the present invention. Accordingl th i.fi .on. .and

dr awi ngSVhgreinggpheqt SPé‘fj‘éIFHé’EFth?‘ﬁI‘&ﬁ tﬁ%ﬁiﬂ’%’f %9% arvgetnﬁglrgﬁt gﬁggﬂe?ietsot rictive
sense. The present invention provides a_structure and process for reducing
di e corthe bulisidelgef ot disgwing @ heal sendrgivenadhesiyeKAFREIME 14 AR first step
of i o packaging, a mcroelectronic die is aligned wth a package

subst r atgmiRatmatiiFehedrdsentiihvaifiiong - sol der balls. No underfill
encapsul ation naterial is applied at this stage of the process. Second, a

neat (Sbr eadeigyd8 yudla\niBP ihdsihos Wf haund A bhe plimgiigprickached 10

the Backsi de* 88t {heé “die using a heat conduct dhesive (1.e., grease, .
phase changing material, or solder.alloy). Jt i ef err he 15
coef fi ci“é}?ﬁfelﬁfantws%&’ﬁ‘éﬁ'{ai}ﬁ m](e%ﬁd E‘%‘z S#EPHEﬁ'hﬁfeea?%-%e%?%é\%gée%e simlar
to that of silicon to mnimze the stress between the di.e and the heat
spr eadetintoFa gapl Yetwarn: & génya isubdtrte anth auhent| spreadst GorIdmg 0 &0 np| di ng
conpound or underfill) is ‘
embodiment of the present invention.
Figure 8 is a schematic illustration of a final step of a packaging process
0 wherein a mechanical reinforcement is implemented between a package substrate
and a heat spreader including a through-hole and a vent hole in a final stage of a

packaging process according to an embodiment of the present invention.

Figure 9 is a schematic illustration of a backside of a microelectronic die
according to an embodiment of the present invention.
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flowed into the gap between the die, the substrate, and the heat spreader
by using a dispense process or a transfer nolding process.1 O MAfh 2005

enbodi ment, the 20 encapsul ation material is fed through an opening or gate
formed iwotohermssibstrate or the heat spreader. A vent hd@E/Uw1BeS7substrate
or the heat spreader allows air to escape froma gap between the die, the
substrate, and the heat spreader as the encapsul ation material is fed

t hr ough [ RIPT MAR 2005 WO 02/27788 PCT/ USO /30157 By using a
heat spgggger mﬁ?ﬁg%%E cﬁgggcteristics simlar to that of silicon and by
requiring the,side- b ol . healk I He smal |
(under 100 m °&$§‘j’,ﬁ?ﬁﬁef%§:‘§§’%‘&%%§n tl%e sgg{cgfeé Si g%??ifggﬁﬁ;}%educed
because they are transferred to the heat spreader. Ing_%ohi s _copfiguration,
the heatto grpeideca meres thayough sinderstandimg, of the Agyenten- ,wesVSf’dQ‘re bal I's, and
underr nmater-a - nothen. advantage is that if grease or phase changing
mat er i alinventiof aday leyparticesicwitbdut thesd phrtsnbus.edntatbar ippfances 8l ty of the
thermal interface between the die and the heat spreader is always

mai nigal %anR%{e%Héﬂtyghwrto@ FitlsBown bhed@schibed hinwdietaik abe madidc
illustration of a first to step of a packagi ng process wherein a

m croel ectronic..die is. aligne P :onP ICKAREN SYPRE & gng a

t hr ough SRBRSESSANTY nggh%?gre%%ﬂl%ﬂaglggb%nce §IVVVI ?ltﬁ sg%&ééﬁag%g;ﬁngnt of the
present invention. The die 110 npy. be aligned with .the substrate 120 and
connect-échwi@gsh%et@lh?sfﬁg%lﬂéd}‘%ng&sﬁ@h‘éﬁfa TP E V& SE6t der bal I's 130

conprised of generally lead or tin solder. The die 110 i s, npunted
' The present invention provides a structure and process for reducing die

corner and edge stresses in microelectronic packages. At the first step of
10 packaging, a microelectronic die is aligned with a package substrate and attached
to it using solder balls. No underfill encapsulation material is applied at this stage
of the process. Second, a heat spreader including two pillars surrounding the die
is attached to the backside of the die using a heat conducting adhesive (ie.,
 grease, phase changing material, or solder alloy). It is preferred that the
15 coefficient of thermal expansion (CTE) of the heat spreader be similar to that of
silicon to minimize the stress between the die and the heat spreader. Finally, an
epoxy-based e_ncapsulation. material (ie, molding compound or underfill) is
flowed into the gap between the die, the substrate, and the heat spreader by using
a dispense process or a transfer molding process. In an embodiment, the
2%  encapsulation material is fed through an opening or gate formed in the substrate
or the heat spreader. A vent hole in'the substrate or the heat spreader allows air
' the substrate, and the heat spréf'ider as the

to escape from a A.gap- between the die,

encapsulation material is fed through the opening. - _
6



15 to the substrate 120 using a nmounting technology called flip chip or C4
attachment ("Controlled Collapse Chip Connection”). A flig Shvgg %g%

m croel ectronic die that has a pattern or array of term nations or bond
pads, oaneratisy netal or netal alloy pads, spaced on aRCEMEIW¥IBLrface of
the flip chip. The array of mnute solder balls is- dlsposed on the flip
chip bond pads. The flip 20 chip is then p03|t|oned i. gﬂ-b C@ﬁed) such

that the sol}gipﬁﬂ Ial}&aagfﬁeaddrgmddﬁﬂﬁtdhamﬂerﬁw active
surface of a‘carrier substrate. The carrier substrate bond pads are

essenti al AFEHERE didakd ehef hdap spreager todrecsopdls.  Of
cour se, alf‘iggﬁfﬂﬂlﬂn %en%tag‘ggg%gt the solder balls nay be fornmed on 7 15 MAR

2005 the carrier trat ond h3neth@d bdcusehey bond pads.
The soI@éIFIETE%F%GQ tﬁ"ﬁéﬁ ﬁe?s%e?lreas&’t ‘ﬁ}l % ﬁg t hem such@{ hat when
cooled the solder balls solidify_ tao f conductj v ween the
flip chide thonferpeide thedeatrpreader i hig; gfué?%mb%%%ﬁ% &gre%'fl? oul d be
noted that in the enmbodinent illustrated 5 by Figure 1, varioys other types

Of el eCld i Citkess UMREE oD e e, nmdded hallsizndl £0derfl mefrnadubdPPRFE 120 nay
al so be used. For instance, the die 110 may be nounted to the substrate

120 usin -9 REkaging niherial ia dseéxhepaposealed, (i.e., the
carrier? ‘g’t?%?gl%df%ﬂl g%% S%e%hwlth ah adhe5| ve layer to an active surface
of a mcroelectronic die. 10 | § 1 REhdtEN HieOdie ahll thBoul d be

not ed tWhtCh%uTe&ﬁEf‘i*Bﬁé’i‘ﬁetho?% tﬁl&é‘l 5‘2‘%6 may vary. For exanple, the die
110 may be an anal og device, a _mcroprocessor, an application specific
devi ce, h@mdptehéedmhhvammme -the diré¢ 110 does not necessarily have to

y be a silicon die. For exanple, the die 110 may be a“gal |, i ung afl;s?nl de die.
The shape OfRéféﬁJ{éIIQ)vﬂ.WFigﬁm B thereviashown @ sshemalighiuatrafion ©

10 step of a packagmg process wherein a microelectronic die is aligned with a
package substrate including a through-hole and a vent hole 100 in accordance
with an embodiment of the present invention. The die 110 may be aligned with

the substrate 120 and connectéd to the substrate 120 using an array of minute

solder balls 130 comfrised of generally lead or tin solder. The die 110 is mounted

s to the substrate 120 using a mounting technology called flip chip or C4
attachment ("Controlled Collapse Chip Connection”). A flip chip is a
microelectronic die that has a pattern or array of terminations or bond pads,

generally metal or metal alloy pads, spaced on an active surface of the flip chip.

The array of minute solder balls is-disposed on the flip chip bond pads. The flip

20  chip is then positioned (i.e., flipped) such that the solder balls are aligned with an

i -' jer substrate.  The carrier
array of bond pads on an actve surface of a carrier s :

substrate bond pads are essentially in mirror-image placement to the ﬂ.ip chip
e noted that the solder balls may be formed on

bond pads. Of course, it should b a



15 110 rectangul ar in shape is showm in the enbodiment illustrated by
Figure 1, the die 110 may al so be square, triangular, hexagonal, or any

ot her conceivabl e shape. The die 110 and the substrate 12% t44% @803 y have
different CTE's. In the enbodinent illustrated by Figure 1, the substrate
120 may be fabricated of |am nates such as FR-4, fiberglass or

bi smal ei m de- triazine (BT) 20 material, of coated al um num or of alum na,
cerami c, or other suitable material and includes nultiple dielectric

| ayer stha ey stibgitate bombipais watherabay the( fipt clépdend pads. t Bhe soidefy) which are

| am nated or co-fired between the varied dielectric |layers. Conductors on

the Subgitral eheh2QeHaY HRRbY QEMBWIngfthem] sheh, thatisheasoolegpbe solded 5 MAR 2005
al umi num gold or silver, or by conductive inks formed by known

QR seeiey F Fafib et e bilhss Becdth Hif Ghp WABORE B ahet £ ough- ol &

122 I'rst 'exterior surface 111 of the substrate 120

through to a second exterior rface, ,12.0f, t . Ffh&rated tO enable

t he fIC@WerSUhW%B%‘PCfP?q%' Bn%’gb@ a??gﬁqﬁﬁggﬁ%iheer%%%? I.is;lhown in this view
between the die 110, the substrate 120, and %heat_sp.e?ﬂir%ﬂ( not shown in
t hiss \iyeigumsl, watibussethertypesof] gjeqsacal ernectiens betweey g dig IHENG | A vent
hole 124 may extend froma first exterior surface 111 of the substrate 120
t hr oughe kbsBagerItNGap xise be aseds UFdraostance? thef die A0 sapydhermewntadP t o al | ow  ai r
to escape from between the die 110, the substrate 120, and the heat

sprea 206 mgj@fn LdnLFleg eROFY| mickagingraterei ;aflex sordpagahsed t hrough
t he tﬁﬁ%ﬂgﬁﬁgl e 1232. The t hrough-hole 122 and the vent hole 124 may be

formed. t hrough. a dri | ' ResiVE RGP afi abtiNsiviateofind by
punch?( ik eéﬁg%tlcakéggsg%t%a?gf&{e@?hqg akmrr‘;'amnerS{wel | known to those skilled in

the an of suybstrate manufacturing. (See also Figure 5 wherein a
m croé‘lW‘?“g‘fﬁ‘@“{fi‘g&i s aligned with a package substrate 500

10 In practicing the invention, it should be noted that the functionality of the
die 110 may vary. For example, the die 110 may be an analog device, a
MiCroprocessor, an application specific device, and the like. Moreover, the die
110 does not necessarily have to be a silicon die. For example, the die 110 may be
a gailium-arscnidé die. The shape of the die 110 may also vary, so although a die

15 110 rectangul#r in shape is shown in the embodiment illustrated by Figure 1, the
die 110 may also be square, triangular, hexagonal, or any other conceivable shape.

The die 110 and the substrate 120 typically have different CTE's.

In tl.xe embodiment illustrated by Figure 1, the substrate 120 may be

fabricated of laminates such as FR-4., fiberglass or bismaleimide-triazine BT1T)

20 material, of coated aluminum, or of alumina, ceramic, or other suitable material
and includes rmultiple dielectric layers and multiple conductive layers (not shown

in this view) which are laminated or co-fired between the varied dielectric layers.

Conductors on the substrate 120 may be formed of metals, such as copper,



15 (absent the through-hole 122 and the vent-hole 124)) according to an
enbodi nent of the present invention. In the enbodi nent iigu h&a}f%g by
Figure 5, the underfill encapsulation material is fed th ug Rall

t hrough-hol e and a vent hole in a heat spreader (not shown in this view
affixed to the die 110 as wll be described in nore detail herein). 20
Referring nowto Figure 2, there is shown a 'heat spreader attached to the
backsi de of a die using a heat-conductive adhesive 200 in accordance wth
an  enahghifen} golfl drhelver, ex eyt canduetivei ioks formediy keayou tesbrelogies ust r at ed by
Figure 2, the heat spreader 210 is conprised of a material that has a CTE
rel ati E@dhyas%?stﬁnlfﬂmgorlﬂﬂcm% itidmat Aothréuph-ible 122Gnahextend s at t ached to

the substrate 230 with solder balls 240. In order to mnimze the stress

bet veep t1e ol &Rl AithcbN1 e e SREALGR0 HBufiPlo & secthllich@Aiofli e, 2 heal

a ! :
spread u as sitlrcon carbi icon alum num carbide is wused. O

course, other thermally conductiv terja - - S, GO , 5 alum num
titani ﬂw‘ﬁacﬁﬁdztogé{‘? F%\{‘?ter@ B ?8%@%?83’. J’tsr%"emlll(gegﬁ § plr#éjalg'gir?&& 10 is
attached to the back of the die 220 using hga‘%l co ductig(gs%ghesi ve 225
(e.§. , matprishGwt shewr dn dhiaviggbetyeay thg) die J10.5he fupstrate, 1 t? any t hi ckness
variation and to provide the |east thermal resistance. Portions of the
heat sheatagesad@l(hotrshbva frothis vidwpirs Ivellssubsaquenidy deadesaribasiil t he die 220,
form ng a rectangul ar or square shaped to barrier around the die 220 and

effeﬂ%%@:lsydém.ftéxi%thble 16T mfitexemd feorea first dxiioreatfacesiiarde 210 rat her
than to the die 220. It should be noted that although rectangular shaped

Pi1 | 87 e 396l ntbdeiPlot dSGl drerdSuRiER0dR DR R dubluvad 120 esklfew Fi gure 2

(thus matchi ng tangul ar shape of the die 220), it is not necessary

o o B i fsorh pebvebnane alerlo, e Subdifar PAT; aRl ARHAL sprbfieflne 220

10 the underfill encapsulation material is dispensed through the through-hole 122.

The through-hole 122 and the vent hole 124 may be formed through a drilling
operation in an organic substrate and by punching in a ceramic substrate in a
manner well known to those; skilled in the art of substrate manufacturing. (See also
Figure 5 wherein a microelectronic die islalig'ncd with a package substrate 500
15 (absent the through-hole 122 and the vent-hole 124)) according to an embodiment
of the present inventioﬂ. In the embodiment illustrated by Figure 5, the underfill.
encapsulation material is fed through a through-hole and a vent hole in a heat

spreader (not shown in this view) affixed to the die 110 as will be described in

more detail herein).

20 Referring now to Figure 2, there is shown a’heat spreader attached to the
backside of a die using 2 heatconductive adhesive 200 in accordance with an
embodiment of the present invention. In the embodiment illustrated by Figure 2,

the heat spreader 210 is comprised of a material that has a CTE relatively close to



)

15 the dinensions of the pillars 212 and 214 in the present enbodi nent are
approximately 1 mm each, these dinensions may vary in other enbodi nents.
The functionality of the heat spreader 210 is inperative fld tiéR g@Eent

enbodi ment. As will be described in the enbodinent illustrated by Figure 3,
the next step of the packagi ng process involves feeding an epoxy-based
underfill 20 material (not shown in this view into .a gap 215 between the

die 220, the substrate 230, and the heat spreader 210. As the epoxy-based
under f ithdt ofehieedie 220 mdmrsisfattmhedtt%éwt%hﬁwaﬁﬂ withsolder ballsifi0q o m
(approximately 125 degrees C.) to room tenperature, CTE induced stress

Wil | pokdpith ahihimioe drcstiehebeliveer? 2 die 220 iapd the Het spBadasr212006acr ack,
resulting in danage to the interconnect |ayers (not shown in this view). By

usi N9 g EA IS R Ra0&H et SuchTds sitdhasiifdd 6t §ilisorsloiniaum carbidesis of silicon
and by ‘requiring the side-gap 215 between the heat spreader 210 and the

CTE i nititba Of Gatoey, P el SH0RuSe a1 Rt of (BoppecT! ot od Wil

CTE i n are substantially reduced or

elimnated. Anather advaptage is that jf rease, or ph ngi ng materi al
i S ﬁlseél%n@men'fi’éﬁim»c%‘ﬁ&h%%gﬁg” HHH«?Z%OV'%C Esfg‘ taﬁbe hgaﬁtsﬁrga??%yﬁ@ﬁ Igt he t her nal
interface bondline thickness between the die 220 and_th% heat spreader 210
i s al wayacheitotthe rhack of rtheydien P2Q usingi Reat sppdiiing Adhesiis 227 d6e 6 wherein a
heat spreader including a io through-hole and a vent hole is attached to
t he bagi%ééghm‘e chaslifg tifaterigl, be adlden) tlalsbibranyabickaéss oag@ipn) ang tohr ough- hol e
216 and a vent hole 218 extend froma first exterior surface 241 of the
[4)

heat ‘Sg{ %gc%% 2:0; {hBrk Ghsidtsnce. PORIIM of Micclida0spreadet 2te iR di2 fofmt he heat
spr eader 0 ?r ather than the through-hole 232 and the vent hole 234
ext endi ngut ArAYAR; LI SSYRHAAL 8ie238) fokMing ARl Bnul rlsquar@shapad under fill
10 barrier around the die 220 and effectively shifting the CTE stress area to the heat
spreader 210 rather than to the die 220. It should be noted that although
rectangular shaped pillars 212 and 214 are used in the embodiment illustrated by
Figure 2 (thus matching the rectangular shape of the die 220), it is not necessary to
use pillars 212 and 214 that are the same shape of the die 220. Moreover, although

15 the dimensions of the pillars 212 and 2i4 in the present embodiment are

| approximately 1 mm. each, these dimensions may vary in other embodiments.-

The functionality of the heat spreader 210 is imperative to the present
embodiment. As will be described in the embodiment illustrated by Figure 3, the
next step of the packaging process involves feeding an epoxy-based underfill

20  material (not shown in this view) into 2 gap 215 between the die 220, the substrate
230, and the heat spreader 210. As the epoxy-based underfill material cools from
the temperature of its liquid form (approximateiy 125 degrees C.} to room

temperature, CTE induced stress will potentially cause the die 220 to chip or

10



D)

15 encapsul ation material (not shown in this view) between the die 220, the
substrate 230, and the heat spreader 210 and to allow air t]d& %%@gggrom
2

bet ween the die 220, the substrate 230, and the heat spreader t he
underfill encapsulation material is dispensed. In yet another enbodi nent
(not shown in this view), the underfill encapsulation 20 material is fed

t hrough a through-hole in a heat spreader (or through a through-hole in a
substrate) and the air escapes through a vent hole in the substrate (or

t hr ougdrack, rasahinglinldemiage tchibe gercosectagiess \not sShows inAEs 693 B¥f erring now to
Figure 3, there is showmn a schematic illustration of a third step of a
packagisiy PHesCtealBEWHhNCER chaririftisesimitat &y ihat of silicop enddy via a

t hrough-hole into a gap between a die, a substrate, and a heat spreader 300

i n acrg@igfi‘%‘iﬁe wda.@agmmasﬁe elr%é r}}gzlitdsb%d&r SRPRMd HRVAB20ne BBy cal |y, a

di spen rocess-or a trans Ing process is used to insert the

derfil LAt terial 340 ' j,ch is attached
B e e L o S R T ER

the substrate 310. In the enbodi ment of the invention il] uﬂ;ated by

Fi gur dheadieal?0case sybssantially rediiced af gliminateday Angthar agvantage is 8T Upoxy groups in
a nol ecul e and a curing agent thereof may be used for the 1o underfill
encapgmasé bpphasatchanging Sderial is usedas thetheatnemductingadbesve 22hte any of the
commercially available materials sold for underfill applications my be

used iihepS9TUFURS thedmalMintdifdch Bopdlahickhers drtween. the idiec?2Gand they t ype of
comercially avail able di spensing equi pment may be used in practicing the

[ nven%hﬁﬁgF'éH%l%%qg?wgk% f saqpul ation material 340 is fed into the

t hr oug rced into the gap between the die 330, the
substrate 310, and the heat
In an alternative embodiment (See Figure 6 wherein a heat spreader including 2
10 through-hole and a vent hole is attached to the backside of a die using heat
conductive adhesive 600 ) a through-holé 216 and a \-rent hole 218 extend from a
first exterior surface 241 of the heat spreader 210 through to a second exterior
surface 242 of the heat spreader 210 (rather than the through-hole 232 and the vent
hole 234 extending through the substrate 230) to enable the flow of an underfill
15 encapsulation mawﬁﬂ (not shown i_n thi.s view) bctwceﬁ the die 220, the substrate
230, and the heat spieader 210 and to aliow air to escape from between the die 220,
the substrate 230, and the heat spreader 210 as the underfill encapsulation material
is dispensed.
In yet another embodiment (not shown in this view), the underfill encapsulation

20 material is fed through a through-hole in a heat spreader (or through a through-hole

in a substrate) and the air escapes through a vent hole in the substrate (or throug,h a

vent hole in the heat spreader).

11



spreader 320. The vent hole 314 extending froma first exterior surface 111
of the substrate 310 to a second exterior surface 112 of the substrate 310
allows air to escape frombetween the die 340, the L@smmt?_@ﬂ%lo, and the

heat spreader 320 as the underfill encapsulation material 340 is forced
underneath the die 330. In this 20 manner, air pockets are prevented from
becoming trapped in the wunderfill encapsulation material 340.

Alternatively, nultiple vent holes (not shown in.this. vie ey be used.
The t hr oughRefirang nown &iguse 3 BeE 110N SENFRRC ‘é‘“&‘?"i&’é‘ of 3 MAR 2005 WO
02/ 27788 PCTTUSO /30157 sectional area which may vary depending on its

| ocat i @Rpasiia tpackspimgepmtesshebaiecin BBepoxlyrbased glategiah 38 ieCEhBBd? nent ( See
Figure 7 wherein an epoxy-based nmaterial is fed through a through hole in

a heat tlﬁBﬁ@@ﬁ?E ipfdf 8 slp GRBwdat AVER) assubiteate,Sandl indast sppezdladi@P) imnd a
substrate 700) the underfill encapsulation material 340 is fed through a.
t hr ough-haole 32

e ' iond! agpRAIp2Ddispaiseer  t han
througﬁcctoﬁ angflbs‘}préig‘%gg(g%cgggp?‘lgﬁrgétﬁth@eg‘a% SGgqget V\gen t?léeﬁsdi e 340, the
substrate 310, and_the heat spreader tendi ng t hrough
t heS hEcessRTchHapsierpo '%PFQE"‘SP H%\Hsefiﬁggﬁsgﬁ %‘ﬁgh g%@??rn g%‘feku%?% allows air
to escape from 10 between the di e 330, the substrat 810th az&j t he heat
spr eadenate3ab34@ axonad thegdie B30 (Whigh isgtached;to dhe ﬁﬁ’?‘@‘?tfzgll MO0 Ensed. In yet

anot her enbodi nent (not shown in this view the underfill enc%apsul ation
mat er i ghild 350) ehrorpi aulough-hble UG Hin the! swbsrate 3k aln thsrcambogimens o
alternatively, through a through-hole in a substrate) and the air escapes
t hr 0Ugkhednvention illustrated by Figure 3, an epoxy-based resin mixture having at least
two epoxy groups in a molecule and a curing agent thereof may be used for the
10 underfill encapsulation material 340. It should be noted, however, that any of the
commercially available materials sold for underfill applications may be used in

conjunction with the present invention. Likewise, any type of commerciaily

available dispensing equipment may be used in practicing the invention.

The undetfill encapsulation material 340 is fed into the through-hole 312

15 ﬁnd forced into the ge.lp between the ;iie 330, the substrate 310, and the heat
spreader 320. The vent hole 314 extending from a first exterior surface 111 of the
substrate 310 to a second exterior surface 112 of the substrate 310 allows air to

escape ﬁom between the die 340, the substrate 310, and the heat spreader 320 as

the underfill encapsulation material 340 is forced undemeath the die 330. In this

| 20 manner, air pockets are prevented from becoming trapped in the underfill
encapsulation material 340. Alternatively, multiple vent holes (not shown in tlns

vicw) rhay be used. The through-hole 312 and the vent hole 314 have a cross-

12



15 vent hole in the substrate (or, alternatively, through a vent hole in
the heat spreader). Referring nowto Figure 4 there is shawh MARCHEGati c
illustration of a final step of a packagi ng process wherein a nmechani cal
rei nf or cenpeoriz7iss | npl enented between a package substratRCT/HSINEILTY a

t hrough hole and a vent hole and a heat 20 spreader 400 according to an
enbodi nent of 'the present invention. Mechanical reinforcenents 410 and
420 conngefiordd reaURbichahgy 426 depantiinghealts tretionlend 40 sizaPf thedie to make

t he packagi ng system nechanically nore robust and also to provide a
positiv %essure on the heat conducting adhesive 430, which in turn 13 15
MAR 200 02/ 27788 PCTI US01130157 i nproves the heat conduction fromthe

die 440 to the heaf spreader, 450. chani cal nf:or _taddy and 420
are essenti al A tF’éP%“’ﬁtetrﬁl&c?‘FﬁH‘ePBI@ eﬁ%'slﬁebs?t &g{eg&lljS%?a E<?he heat
spreader 460 using conventional fastening technjques nown in.the art of
m cr oel enaterialis feidabrouwght 4 twough-halgrn a Apatsproadst FEA2 8RR Pegean 3§ 420 may be

fabricated from copper, alumnum titanium or other types of suitable
met alss. aThettspreauel) daal £sikatn a0 ke uaderfilicieapddation oweetABdldgh t he
substrate and, as expl ained herein, function to allow the underfill

encapsulgy a1, o £1) ool oob i AR DetiBeRpichaext? rder e hea

spr eader substrate 450.” The die 440 is affixed to the
substrate 450 usjng sol der ls 470, 10 J 8ieS3dtherei n a
mechani ¢hgn rﬂé‘PHSf&rtg%ﬁB ?t‘ﬁtggi%}p“i’%cﬁéﬁfgae ﬁgé?\%g%?egvge%{ac aglef' substrate and a
heat spreader including a through-hole and a vent hole i a final stage of
a packagithgrate 3t andgbe hacbaﬂf@n%g 3G Anenh @Pleéf?gﬁf‘??élr‘ﬂg Qﬁgugﬂ the

heat spreader 320 (rather than through the substrate 310) allows ai;- to escape from
10 between the die 330, the substrate 310, and the heat spreader 320 as the underfill
encapsula.tion material is dispensed.

In yet another embodiment (not shown in this view) the underfill
encapsulation material is _féd thrcggh a through-hole in a heat spreader (or,
alternatively, through a through-hole in a substrate) and the air escapes through a

15 vent hole in'.the substrate {or, alternatively, through a vent hole in the heat
spreader).

Referring now to Figure 4 there is shown-a schematic fllustration of a final
step of a paékaging process wherein a mechanical reinforcement is implemented
between a package substrate including a through-hole and a vent hole and a heat

20  spreader 400 according to an embodiment of the present invention. Mechanical
réinforcements 410 and 420 cormect the substrate 450 to the heat spreader 460 and
serve to make the packaging system meél:hanically more robust and also to

provide a positive pressure on the heat conducting adhesive 430, which in turn
13



t hrough-hol e 462 and the vent hole 464 extend through the heat spreader
460). Figure 9 is a schematic illustration of a backside of%aMAR 2005

m croel ectronic die 15 900 according to an enbodi ment of the present

i nventi apg ofotke 910 may be aligned with the substrate KQwuswlzodr in this
view) and connected to the substrate wusing an array of mnute solder balls
920 conprised of generally lead or tin solder. O course, other conductive
mat eri ab.g Ry b Used asnditibn FbmStheadsd M40t tor eheaheapispreder #69. reduci ng
die. comef and egge stresses in 20 mcroel ectroni c packages has been
described. Al t hough, t he for I_n scri ntd 1RAYiohghefl | gur es

di scuss aJl’“Fg\u T %li?@gngr%gdiﬁﬁe%tgg%uyagﬁgﬁfgﬁbe appreci ated that
the present invention is to be nmeasured only i.n termnms of . i ms t hat

f ol | ow. substthtddihmnd tloshest spreagder f6f 1¥E C‘i‘?‘yeﬂhﬁp%ﬁrggqeec r%%ﬁlé&%%c kage,
conprising: a die; a substrate; and a heat spreader coupled to the

backsi dpnéfntiiahei®t of hdcroelattrapc &utisatiomc avical yeinfprementstiOpi | | ar s
coupled to the substrate, such that thermally induced stress is shifted

away s r oI 156 n?zgf RETSpARd BEEESopYer, Ientinanpttnihey et nther typaueth- hol e

extends Troma t¥irst exterior surface to a second exterior surface of the

substrat e, AN ol OUR- N0k S G b RLi et MBI ddiceddraitRbuginetender {1

encapsuf# _ a gap between the di e, fthe subs rate and the
cor eadonbasatend. o sansheea SPE g s BTReIER Lot
expansi on Sl_Jbst ant ially equivalent to a coefficient Oc{ert428rar}ﬂ theeXpanSi on
of the giaterial to fill the gap 480 between the die 440, the heat sprea ,
substrate 450, The die 440 is affixed to the substrate 450 using solder balls 470.
10 (See also Figure 8 wherein a mechanical reinforcement is implemented between a
package substrate and a heat spreader including a through-hole and a vent hole in
a final stage of a packaging process 800 according to another embodiment. The
through-hole 462 and the vent hole 464 extend through the heat spreader 460).
Figure 9 is a schematic illustration of a backside of a rﬁicroeiectro‘nic die
15 ° 900 according to an embodiment of the present invention. A die 910 may be
aligned with the substrate (not shown in this view) and connected to the substrate
using an array of sninute soldex balls 920 comprised of generélly lead or tin
solder. Of éourse, other conductive materials may be used as well.
Thus, a structure and process for reducing die. comner and edge stresses in
20 microelectronic packages has bee;l described. Although the foregoing description
and accompanying ﬁgure; discuss and illustrate specific embodiments, it should
d that the present .invention is to Ble measured only in terms of the

be appreciate

claims that follow, )



3. The mcroel ectroni c package of claim 1l wherein the heat spreader is
coupled to the die using heat conductive adhesive. 4. The 'crﬁ he éﬂroni C
package of claim 1 wherein the plurality of pillars surrounmﬂg g e§ O
protect the corners and edges of the die fromcracking due to thermally

I nduced stress. 5. The microel ectronic package of claiml wherein an active
surface of the die is affixed to an active surface of the substrate, a

pl ural i t_g of sol der balls disposed on an active surface of the die aligned
wi t hY%apF A3ty of bond pads di sposed on an active surface of the
subst]r/f\&%meg.trﬂl%e agp;a (raoc%j,ngﬁg“{ oni ¢ package of claim1l wherein the substrate
is fapricated rrom o gani ¢ or ceramc material. 7. The m croel ectronic
packggg. of claim1l wherein a vent hole extends froma first exterior
surface to a second exterior surface of the substrate, the vent hole

conf b gudsedletamdal | ow air to escape from between the die, the substrate, and
the heat spreader as the underfill encapsulation material is dispensed via
t he theaysghadentaipleg fo Tk backside ofdheedie, therticot ypeasergeclusing@ Riiratitylofwiifersei n a vent
hol e;%gteéént’-lg?% gtraﬂgqﬁﬁxgqﬁsggﬁ t@@gmé‘gii'@ﬁgc%iﬁg?%%;ﬁiﬁﬁg %asg@@ﬁwgfggg?r&é% _ Eurface of
t he g0 , PHd X nefIsUoHc \ from
bet o§ Pdhefulstiale, ine 'DIB%QW‘ et Lfgjjidtﬁ:}] 'OWé%ﬁ?é’&’ éaawﬁﬁé{?”ﬁ? ?ﬁ?fﬁa’grfi |
encaPaid bR IRy 1S 4o M BRI e F e PRt ough- hol e. 9. The

m Cfﬂ%@%ﬁé McfroM@BAeRAR Phiafh] AlBrdin WERERIsPreTRs RaBlRAkd F&h Bl &RITENT S
CONNRGAngl eﬁélngﬁwtgérﬁlal SPehst %uﬁ%ﬁial@@ﬁﬁ@g@ﬁ to alddeffibleMlof theMP&HPRAHNC

packggms gigonprising: a die; a substrate; and a heat spreader coupled to

t he backside of the die, the heat spreader including a plurality of pillars
coups.daiie hicredtmetrenidpdckageaf clgiochwhenen the heatispiebger istdugeditodhe disgsingheghi f t ed
awaycdndegtive #thegior. ners and edges of the die and wherein a through-hole

extends froma first exterior surface to a second exterior .
4. The microelectronic package of claim 1 wherein the plurality of pillars surrounding the die protect

the corners and edges of the die from cracking due to thermally induced stress.

5. The microelectronic package of claim 1 wherein an active surface of the die is affixed to an active
surface of the substrate, a plurality of solder balls disposed on an active surface of the die aligned
with a plurality of bond pads disposed on an active surface of the substrate.

6. The microelectronic package of claim 1 wherein the substrate is fabricated from organic or ceramic
material.

7. The microelectronic package of claim 1 wherein a vent hole extends from a first exterior surface to
a second exterior surface of the substrate, the vent hole configured to allow air to escape from
between the die, the substrate, and the heat spreader as the underfill encapsulation material is
dispensed via the through-hole.

8. The microelectronic package of claim 1 wherein a vent hole extends from a first exterior surface to
a second exterior surface of the heat spreader, the vent hole configured to allow air to escape from
between the die, the substrate, and the heat spreader as the underfill encapsulation material is
dispensed via the through-hole.

9. The microelectronic package of claim 1 wherein mechanical reinforcements connect the substrate
and the heat spreader.

10. A microelectronic package, comprising:

a die;

a substrate; and

a heat spreader coupled to the backside of the die, the heat spreader including a plurality of pillars
coupled to the substrate, such that thermally induced stress is shifted away from the corners and
edges of the die and wherein a through-hole extends from a first exterior surface to a second exterior

surface of the heat spreader, the through-hole configured to aliow the flow of an underfill
encapsulation material into a gap between the die, the substrate and the heat spreader.

15



surface of the heat spreader, the through-hole configured to allow the flow
of an underfill encapsulation nmaterial into a gap between the die, the
substrate and the heat spreader. 15 1 5 MAR 2005 11. The i br BéRe2i05ni c
package of claim 10 wherein the heat spreader is fabricated froma materi al
having a coefficient of thermal expansion substantially equivalent to a
coefficient of ther mal expansi on of the die. 12 The m croel ectronic

pack | m 10 ere der i e using
oot T dnereel @"w o a5 g% i) ;ﬁg%&egggmﬁl g%ﬂw 10
V\,her V {Lorire® e Q) e o‘:pra”SI'OI"aSPssagur corners
and ecﬁges ‘of the die from cracki ng due to thermal |y |nduced stress. 14. The
M Cr 9£RE hicRiRicerdRGiReiRe Of cismab Mnd RNkt fradideds bdupRdSithé aeasing the die is
af f i yeR€cdnoudite adetiva/e surface of the substrate, a plurality of solder balls
di sposed on an active surface of the die aligned with a plurality of bond
pads13diTspoesleotoninpaakage veclgurib aderenfthd plaaydfoipstsarroun8ing Feglie protect

ni crivereners erd edgpackbgee G6m claghing 4@ todherminingured stasstrate is fabricated
from organi c or ceramc material. 16. The m_croel ectronl Cc Package of claim

10 wied wﬁ?@@ﬁ1 Pkagspﬁrgs?; ge@f. ae@ﬁWééHrf%Cﬁeffheﬂ's id the heat

spr eacﬁy surf e substrate, a plu Hs disposed on an active su ace of he
P aligned wi a pluratity of bond pads disposed on an active surface of the substrate.

15. The microelectronic package of claim 10 wherein the substrate is fabricated from organic or
ceramic material.

16. The microelectronic package of claim 10 wherein mechanical reinforcements connect the
substrate and the heat spreader.
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