WD 2006/ 036505 PCT/ US2005/ 032119 UNDERFI LL MATERI AL TO REDUCE BALL LI M TI NG
METALLURGY DELAM NATI ON AND CRACKI NG POTENTI AL | N SEM CONDUCTCOR DEVI CES
BACKGROUND OF THE I NVENTION [0001) Flip chip mcroelectronic assenbly is
the direct electrical connection of face-down (hence "flipped") electronic
devi ces ont WOSL¥B¢8% es by way of conductive bunps on tRE/EHNS0BUAY pads.
The el ectronic devices are typically sem conductor devices, but nay be
passive filters, detector arrays, and m croel ectronmechani cal system ( MEMDB)
devices. Flip chip is also known as Direct Chip Attach (DCA), since the
chip is directly attached to the substrate by the conductive bunps. [0002]
;I'he conducti VU}\JIIWSLUMA'DERML' a‘dIREk DUCE!BXLE Lent % TD!G'MEIEA{I..l CURGY bz'\all’l i oad
imting neta r S r UBM and: pa
limting net ah@?@é]ﬁ‘gﬁa]‘ %@%&%Q?%ﬂf% mnﬁP@ﬁﬁg’(ﬂf@é@f‘%‘(‘at tached to
the substrate, nechanical strains mEVICESUr that, over tinme, result in
damage to the conductive bunps and/or to the BLMand/or to a passivation

| ayer of the electronic device. [0004] A non-conductive underfill material
introduced to the space between the electronic device and the substrate nmay
protect the bunps from nDIBACKGROUND OF THEINVENTI®Nt al hazards, may provide
addi tional nechanical strength to the electronic structure, and nmay
conpensat e f @00HNYyFliphehiprahicrezlparvaicossahtly ér thaciectbetotsiah coimectionhofp” and- t he

substrat e. 2006/ 0365Q5. PCJ/. 005/ 032119, BRI EF SCRI BTl OF THE

DRAW NGS. [ 0008 TRt BARRO TR0 SR ARISES o SRR Ry o S Ny of

exanpl e and bwhps dni the tchipitond ipadst HEhef digtronie deficdshee apivalipssmyicongudsrawi ngs, in

\évlhlefrgn![ Iske aaggv?crﬁgm? éﬂa{;’u e rpgs!sxsvel ttn.'lg:lrs(,:aatct%ctgr(') réurr?yss,f) grrl] Imqg’oelgcrt]%lm%gx%f%alor L
system (MEMS) devices. Flip chip is also known as Direct Chip Attach (DCA), since

the chip is directly attached to the substrate by the conductive bumps.

[0002] The conductive bumps may be attached to the electronic device by ball
limiting metallurgy (BLM), also known as under bump metallurgy (UBM) and pad
limiting metallurgy (PLM).

[0003] Once the electronic device is attached to the substrate, mechanical strains
may occur that, over time, result in damage to the conductive bumps and/or to the
BLM and/or to a passivation layer of the electronic device.

[0004] A non-conductive underfill material introduced to the space between the
electronic device and the substrate may protect the bumps from moisture or other
environmental hazards, may provide additional mechanical strength to the electronic
structure, and may compensate for any thermal expansion differences between the

chip and the substrate.



[0006] FIG | is a top view of an exenplary apparatus including an exenpl ary
printed circuit board, the exenplary printed circuit board is having devices
installed thereon, in accordance with sonme enbodi nents of the invention,
[0007] FIG 2 is an exenplary sinplified cross-sectional view of a printed
circuit boXPH%Md8T a flip chip device installed ther RGT/US200548H8% dance
with sonme enbodinents of the invention. [0008] It wll be appreciated that
for sinplicity and clarity of illustration, elements shown in the figures
have not necessarily been drawn to scale. For exanple, the dinensions of
sone of the elenents may be exaggerated relative to other elenents for
clarity. 2 WD 2006/ 03658RIFCDESSRIPPIGONOFIHE DRMAWINGS DESCRI PTI ON OF

EVMBODI MENTS OF THE | NVENTI ON [0009] In the follow ng detail ed description,
nunmer ous spepofsic Eifbaithéntsaéfeths iventivhtdie illustrateddby wap oP efampke atl hdior ough
under st andi ng of . errbggi gjants ?f the i nventi(gg., However b} wJll be
under st ood bymitatiga dn fhe fetes, of e pecompanyingdrawings, (ip yhigh, ke seffentEnent s of
the inventi ofunigrals MBicE asridsgddding) dnblogtius b emBareRAehfs] d kewRich:S. | n ot her

i nst ances, |.] - known net hods, procedures, conponents and circyits have not
been descri b@8%In Pﬁ@t il as'BPé’ée“EBfa'l XGPS RPN IBriHding ﬁ%r?f‘?mg?ryt he

invention. [§KhidY cirdGit 864H,NBe EXRmpRNEp@ildiOdiciR Bb&d & havit@ deiveyihitaiRd an
el ectroni c device, such as_ ,a sem conductor device, may contain one or nore

seni conduct oergPh & acqeydance With some embordimests obthe IYsatiGny at i on | ayer, and may

cont ai n condfgod?)V EFIBUIRS arl Bxethplab LiflBlifiddedrbstkedtibnal ¥idWabt a Bkt &Fdugy (BOA)
arrangenent or i'n any other suitable arr&ggerrent, Any, or all, of the bunps

may serve asbaard @phaf &) flpt ¢hiR fevigh dnstalledrathorean dn| accoupicRavith@mef  t he

sen conduct ogmidamhdnts of HaGavtltionhe fol l owi ng description refers to
sem conduct or devi ces, but enbodinents of the invention are equally

appl i cabl e t§008)edt wihbeanpesiated shas firsimplicignand; cjesity pf Hlasteation, elements
shown in the figures have not necessarily been drawn to scale. For example, the

dimensions of some of the elements may be exaggerated relative to other elements for

clarity.
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detector arrays and m croel ectronechani cal system (MEMS) devices, and the
like. [0012] The follow ng description refers to solder bunps, but

enbodi ments of the invention are equally applicable to other types of

bunmps, including plated bunps, stud bunps, adhesive bunps, non-sol der netal
al | oy bunpsvanpaendssos i ke. [0013] The foll ow ng descri pt ipem/usedoen32itoo flip
chi ps, but enbodinents of the invention are equally applicable to other
types of devices, including ball grid array (BGA) devices, chip scale
package (CSP) devices, and the |ike. [0014] A sem conductor die nmay have
patterns of metal conductors forned therein for internal signal traces, and

at | east SoMe ETADELHDESCRIPYIN DN EVBODIMINTSIOF R INVEREION pads, to be

mechani cal ly and electrically coupled to bunps. BLM may be nechanically and

el ectrical | yjo6 p'lﬁ%éf@llﬁ?&m% 8@ ailed YOFBpRIn, hliferbld| sheddRIItANG aRaESfortRNd MRy be
mechani cally and electrically coupled to correspondlng bumps. [0015] A

substrate suBhoTd¥ @ prpYide @dtheriorls!upedewaﬁm (Gbcmybodimenisnef| IEANYSABY that  may,

or nay not, HS\}G&\)&#@: ilPriR- &QEQ@)B«I BNthoseh8f %edma@mﬂmcnp&hedwtsa By be
sol dered to pads in a soldering process such as, for exanple, a reflow

process. mrqmigdmts of ghey EPPRiign shayckes racticpd withows hesa praslicotrilie dhani cal | y
and or el oot i hdated! hAERRS AenblepReie | EmbiRodoRg irais Rk ow (he

mechani cal structure fornmed bondi'n 2006/ 036505

PCT/ US2005/ Oen descrihed dn dqtaulew@amté%phsﬁafﬁrgemw@ﬁas pfthpinventign.a PCB pad t hat
s sol der ed fof1dneadioiie o S Bitheft of ih8 R HOANGdcRBt BV, such 001 6]
During the so ring pr cess the bunps may nelt rraycangethelr form
and t he sem as@rremisorducigeddvice, MY qon@inmoe@umtec;emtcgndvmr dies, glay coma@e hani cal
strains, aﬁﬁ“

[ nterconnect | oér%a}()gle £Ss’qmélnl?ér}}e g’gér%;%gn %Yvéilﬁ;‘{@ gp%{%zr)rlg%/ng‘ l?)ect t he bunps
and/ or the BLM”agmi/ma}’t(BQAbamngﬂb@n@r mgarp!auberaw@hfokrmtahgemt i 4on odi e and/ or
Lhe Pass! VAL h¥fhs kDbl HuehiaPeiclifh Avbe el WniHGhG eV c@

install ed thefeo
the semiconductor device.

[0011] The following description refers to semiconductor devices, but embodiments
of the invention are equally applicable to electronic devices such as passive filters,
detector arrays and microelectromechanical system (MEMS) devices, and the like.
[0012] The following description refers to solder bumps, but embodiments of the
invention are equally applicable to other types of bumps, including plated bumps, stud
bumps, adhesive bumps, non-solder metal alloy bumps and the like.

[0013] The following description refers to flip chips, but embodiments of the
invention are equally applicable to other types of devices, including ball grid array
(BGA) devfces, chip scale package (CSP) devices, and the like.

[0014] A semiconductor die may have patterns of metal conductors formed therein
for internal signal traces, and at least some of the metal conductors may include ball
bonding pads, to be mechanically and electrically coupled to bumps. BLM may be
mechanically and electrically coupled to at least some of the ball bonding pads, and
may be mechanically and electrically coupled to corresponding bumps.

[0015] A substrate such as a printed circuit board (PCB) may include pads, that
may, or may not, include a pre-solder, and the semiconductor device may be soldered
to the pads in a soldering process such as, for example, a reflow process. During the
soldering process, the bumps may become mechanically and/or electrically attached to

the pads. In the description below, the mechanical structure formed by a ball bonding
’ 3



I ncluded as a part of an apparatus that may be operated using el ectrical
currents. Wile the apparatus is operating and electrical currents flow
through the sem conductor device, tenperatures at the interconnection
joints and alo the sem conductor device may vary, and as a result,
addi ti onal %8‘??%!1?6&?1 strains may develop at the mterc!’@ﬁﬂ@é@ﬁ/@#l}%l nts.
[0018] It may be appreciated that nechanical strains that may affect the
sem conductor die and the interconnection joints nay devel op as a result of
additional reasons that are not specified here. [0019] The nechani cal
strains may result in damages to, interconpect oints an /[or to the.

h B PGS oad et

passi vat i on FadyiB¢ cesrespagding BLM ancBympy a4 15 é?(lé?ff:ﬂ o thebuml s may

develop in t,gge,{gpea%vmek&nngcayﬁrom@nd/or BLM may be del am nated. Such danmage
may, for exanple, degrade the functlonal ity of the sem conductor device and
may degrade [0f ct[?\{ﬂ’?altﬁ‘@t soldspring [pEpcasSphE MBS My oB) andi mer chaRes WeRi conduct or

device is sofderfd the sdntlContidor devite rilt QR URE ity Gt o%d\ee%ml | MEGRhREA @l MRy be
introduced in a gap formed between the sem conductor evi ce and the PCB.

The under f i | Strainfytthatimay, fapayeotchs @aforr&rraayme BR @lothe ifEergectioniRidls cur ed, t he
solid underfd]é#g Meﬁﬁdoﬂ&ucf@}ﬂlcllﬁ@ﬁl?fa@cpﬁgb&xﬁps%i%ﬁ&@%LWﬁmtd/drrthe'bﬁll' n contact

with. For exa , the solid unde mat eri al nay becone glued to the PCB,
to bunps, t oboBing pady andjonthesikieonidiecandiqethe pasgiationdayel.0021] Mechani cal strains

that are devg) e I f t o] [ nd at
Grp Laol‘;@ée?r{%v?r% 3‘50{%&&3&"‘% &Q&Qﬁﬂ&&ﬂeﬂ igcrebxp 4y be

different pa ts of the's evice may be re- |str|buted by the
underfill mndudedlasaﬂ paryyof fre apparatusotheturayobe dmatecbusnzmls@tqepémgms t he

mochani cal - syple kb A |00 opithly Y Skt L BBE Y HBE 880110 aue
to tenper at uemicohdutgesievicat temperatyees athtbe Jatswonsteeticn fointyaéraldng| themt eri al s
not intr Odlﬁ%ﬁﬂonductor device may vary, and as a result, additional mechanical strains may
develop at the interconnection joints.
[0018] It may be appreciated that mechanical strains that may affect the
semiconductor die and the interconnection joints may develop as a result of additional
reasons that are not specified here.
[0019] The mechanical strains may result in damages to interconnection joints
and/or to the passivation layer or to the semiconductor die. For example, cracks may
develop in the passivation layer and/or BLM may be delaminated. Such damage may,
for example, degrade the functionality of the semiconductor device and may degrade
functionality of the apparatus.
[0020] After the semiconductor device is soldered to the PCB, a non-conductive
underfill material may be introduced in a gap formed between the semiconductor
device and the PCB. The underfill material may be cured, and may become solid.
Once cured, the solid underfill material may become glued to surfaces that it is in
contact with. For example, the solid underfill material may become glued to the PCB,
to bumps, to BLM and to the semiconductor device.
[0021] Me;:hanical strains that are developed locally at different interconnection
joints and at different parts of the semiconductor device may be re-distributed by the
underfill material along the semiconductor device. Consequently, the semiconductor

device and the interconnection joints may withstand mechanical strains, for example,



[ 0022] Mechani cal structures of sem conductor devices may be of different
kinds, and nmaterials used for manufacturing sem conductor devices may be of
different kinds. For exanple, materials used to construct the BLM the
bunmps and the passivation |ayer may vary between sem conductor devices. In
addi tion, tWR2WpAWSEF the bunps and the pitch between tPEE/USAIHE2ULY vary
bet ween sem conductor devices. [0023] Wth different conbi nations of

mat eri al s and nmechani cal structures, sone parts of the sem conductor device
may be nore prone to damage than ot hers due to nechanical strains. For
exanpl e, wit('[ﬂﬁsorre conbi n of materials_ and ngﬁm cal .structures, a

passi vati on Q@r’e"i')‘?emé‘"‘éé Bsh gt Shandhs Fase “fl?ﬁ‘i‘? BeH dnatefial i80AL) op cracks

bef or e ot herinpedut&d. of t he sem conductor device becone damaged. |In anot her

exanple, wt nme ot her conbi nati ons of materials han

structures, dﬂﬂg?BLW%c%é%Wftsﬁmﬁé FRar denicssimay éd’fﬂlaf?eﬂ?‘él“ag%’ner parts of
the sem C0nﬂid%ﬂénéﬂﬁ\&eﬂefobﬁﬁﬁﬁf@ctﬂﬂ@%ﬁﬁbonddcﬂﬁ%]nc&' fray lbe JFQUFeret exenpl ary
apparatus 2 in accordance to some enbodi ments of the invention Apparatus 2

may i ncl ude ¥fdse| E8% prsIple, dnatertalsyysed tQ LPBPF‘%E%‘ the BLM; & bumpscend; hpoard ( PCB)

4, for exanppagsivatibRidyer zhﬁ’;a{’/ﬁy bét%em&)hx&ﬁédcﬂiﬂ%bwh&esl Ng hidiGor2 fhe sidé@fo out put
device 6. A non-exhaustive |1st of exanples for apparatus 2 includes a
persona] confitittEmps pry they piteh éﬁyaenc&bﬁpbjm My NYY RsHuREn cEmRIREIctora | apt op
computer, a &RicMer conputer, a pocket PC, a personal digital assistant
(PDA), a personal |nformat|on manager (PIM, a cellphone, a pager, a nobile

or non- nobi | B023}e Wity diffemnt gembieafioaseof watpraalyl ansi mRChanics) strpetmey, Some f | oppy di sk
drive (FDD), patts of ! Exﬂfconcﬁ’:ctgf Bdvide tridy: bearn(q'ls %Jn@'to Hérﬁfgg tﬁﬂnstﬁhe(@@)to player, a
vi deo corrpact di sc (s pl ayer, r¥ plrayer, a nobile nmedia player, a
cal cul at or, maechpnied e%@mﬁmbll’lmé Bﬁ%‘ﬁl@l%owﬂh @m eankingions ¥ metswslprendand t he

l'i ke. [0025]mg) %léﬂ g@égf{%g%] ﬂgﬁvatfoﬂrla ?( ﬁiconé&%h%\h&trﬁgy & Jlg’to 12, 14, and

16 for respective devi c ave |nsta t her eon some
devi ces. Fordevelop cracks before other parts of the semlconductor evice become damaged. In

another example, with some other combinations of materials and mechanical
structures, the BLM may be prone to become delaminated before other parts of the
semiconductor device become damaged.

[0024] - FIG. 1 shows an exemplary apparatus 2 in accordance to some embodimen_té A
of the invention. Apparatus 2 may include an electronic structure, such as a printed
circuit board (PCB) 4, for example a motherboard, and may optionally include an
audio output device 6. A non-exhaustive list of examples for apparatus 2 includes a
personal computer (PC), a notepad computer, a notebook computer, a laptop
computer, a server computer, a pocket PC, a personal digital assistant (PDA), a
personal information manager (PIM), a cellphqne, a pager, a mobile or non-mobile
memory storage device, a hard disk drive (HDD), a floppy disk drive (FDD), a
monitor, a projector, a digital video disc (DVD) player, a video compact disc (VCD)
player, an MP3 player, a mobile media player, a calculator, a wireless mobile station,
a wireless base station, and the like.

[0025] PCB 4 may include, for example, “footprints” 8§, 10, 12, 14, and 16 for
respective electronic devices. PCB 4 may have installed thereon some devices. For
example, electronic devices 18, 20, 22 and 24 may be installed on footprints 8, 10, 12
and 14, respectively, and a memory device 26 may optionally be installed on footprint

16. Mechanical features of PCB 4, such as, for example, additional footprints, traces,
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exanpl e, electronic devices 18, 20, 22 and 24 may be installed on footprints
8, 10, 12 and 14, respectively, and a nenory device 26 may optionally be
installed on footprint 16.. Mechanical features of PCB 4, such as, for
exanpl e, additi onal footprlnts traces, 5 WD 2006/036505 PCT/US2005/032119
t hrough hol%¥@2004{0%50%chani cal features of footprints 8, PCI/USZO0SO31EP 16 and
of electronic devices 1 8, 20, 22 and 26 are not shown for clarity. [0026]
A non-exhaustive |ist of exanples for nmenory device 26 includes a) a
renmovabl e nmenory devi ce, such as a conpact flash (CF) nenory card, a

I t d i t , A
peronal SO EBRY pS et R T A S SRR TP,
uni yersgl seélem‘ombue\nce(slvﬁﬁlb X4 Q)Samwhywﬁlﬁmctaﬁty and the like, b) a —
em conduct o vice, sych as a re nmo | a nmas
Zevi ce, an ellrogg‘ﬁr ' BPT-SX 'r‘%¥%l5’ls‘e° ﬁ’érfﬁﬁmcg‘q’)éﬁéﬁgr\\%?/ ‘??é’rﬁ’ﬁ‘? ) Bevi ce
(EEPROVM), a fRmovabid mtzmb@ creallaelcunuass:ea@npaaennhxcﬂ)ememery(cuw%l\oersoaalnot AND
(NAND) flash nmenor evice,, a nqQ %(EM& PS menory devi ce,
synchr onous WW&Y‘FT%‘C?‘BWQ‘@H E@E@g%"a%’fb‘ig%}m"( ﬁ?) TRYTPTY & aﬁ?ﬁmS(r)
dynari c rand*agﬂtgﬁ%a@ 149 4ok PR ORP 158K RuflRuP BN AR s O

Yatrc rand% y (

menory device maccess nmenor evi ce, Sthe 1i ke,

00271 Bl ect i R4Sk 0t Al oL 7 ﬁkenbfps%m%nzi@%&ggag g&ﬂ%g&@pod' es and

may contal n on or m sur f ace

of el ectrom&ﬂ C}ﬁéﬂa& @@Mﬁrﬁévﬂé esthh&akbmC&u%edntaeaﬁcah?a&ssa&ee of the
sem conduct or d| es. may have dianeters.in the range of, for

exanpl e, 20nArPHamMEblE rtaiﬁwnty Pernowét%é“@l‘m%k amnwﬁl)ﬂtllse'am}?nt #EeFange of ,
for exanple, n %tdaw%@mvmg [ 908N mwhm%em&ylae%eoinawl ary

materials fromwhich bu may be constructed incl udes | eaded materials,
such as, for(NQBénﬁ@Sé mF'i"ﬁll}'I éwe(smwyhroequa dyagmic snferaraccsnARERYTY | ead free

materials, S&Y)&Aﬁ devlce, aeiﬁ%b%@ &ylnglmlg Iraln\égrR a c%?sAxggrho (E.DRAM) device,

a double data rate (DDR) memory device, a static random access memory (SRAM)
device, anid the like,

[0027] Electronic device 24 may contain one or more semiconductor dies and may
contain bumps 28, located on or partially embedded in a bottom surface of electronic
device 24, and electrically coupled to at least one of the semiconductor dies. Bumps
28 may have diameters in the range of, for example, 20um to 200um, and pitch
between bumps 28 may be in the range of, for example, 50pm to 300um.

[0028] A non-exhaustive list of exemplary materials from which bumps 28 may be
constructed includes leaded materials, such as, for example, tin-lead (SnPb), tin-lead-
silver (SnPbAg), lead frec materials, such as, for exmple, tin-silver (SnAg), tin-
silver-copper (SnAgCu), or any other suitable eutectic soft soldering conducting
material.

[0029] Footprint 14 may comprise pads 30 suitable to be soldered to respective
bumps 28, and at least some of pads 30 may be soldered to respective bumps 28. PCB
4 may comprise physical traces and/or embedded vias (not shown) for any or all of
pads 30.

[0030] In addition, a non-conductive underfill material 32, in accordance to some
embodiments of the invention, may be present around device 24 and in a gap between

PCB 4 and a bottom surface of device 24.



si |l ver-copper (SnAgCu),
conducting material.

or any other suitable eutectic soft sol dering
[ 0029] Footprint 14 may conprise pads 30 suitable to

be sol dered to respective bunps 28, and at |east sonme of pads 30 nay be
sol dered to re%ﬁectlve bunps 28. PCB 4 may conprise physical traces and/or

enbedded vi¥%%9 ¢

9%65¢hown) for any or all of pads 30. [ REIOIS20050348M ti on, a

non-conductive underfill material 32, in accordance to sone enbodi nents of

the i nventi on,

[ 0031] For

arranged

possi bl e.

in

may be present around device 24 and in a gap between
and a bottom surface of device 24. 6 WO 2006/ 036505 PCT/ US2005/ 032119
Lqﬁg]gt yF device 24 is shown as conpri si n ve bunps 28

PCB 4

&y clanity, Ayvies 243t 25 GoMPY %\xg rmes ¥BRIBr eci at ed

that this lswm?&mmeeoluméahdmdoﬁﬁm mbRaippriged it @lsifaoRampe of bunps
28 | ocated on  or artlall¥ enbedded in the botton1surface of d?VICE 24 is

| nOTRY APE | 38% numbEr andapny; Yrrageemenk of Jympy A% locaisdenoy el

Pads 30 are

shown as haVérﬁlﬁd@edranB@oﬁ&ﬁﬂﬁfamdéﬁ%Zﬁgp@srsﬁlc sxhsumxoanohamm%fﬁqel ar ger
di aneter than bunp 28. It should be understood that any other shapes of

Srawing Sermp3Fiand Apds, s hare sheweasiaying erPwNsshaRs: #didnihire 28 and

bunmp 28 and

pads 30 are ggen 'aphﬁ:m%'ﬂ‘a(\")f&rrﬁ'éf ﬁlaHx@Q?EhaE BEMmP 28P % hbull rIB@ uh&ﬁfﬁSﬁd‘ @n 5p032]

Ref erence i s now nmade which is an exenplary sinplified cross-

sectional vi@bgréhapeesf wmk%ar@cméﬁm and gny\qtlees size) propeftipas begween »aBPand 28C,
PCB  pads 3%ané%s%%e?&%@@%y&@%ﬁé&mesae%kﬁfméinvaﬁmnal ong cross-section A

that is shown 1n I'n exenplary 2, sem conductor device 24 is a
flip chip delPPEd, R%WWQL@WW madeioU1g- %evmmléragtemlwatmnltﬁed sroperel y an

exanpl e,

corrponent S O

an

sem conduct or EVI ce that “dre

in FIG. 1. In exemplary FIG. 2, semiconductor device 24 is a flip chip device,
although it should be understood that it is merely an example, and-device 24 may be
of another kind.

[0033]) Fig 2 shows components of semiconductor device 24 that are not shown in
FIG. 1, namely, a semiconductor die 34, a passivation layer 38, bond pads 40A, 40B
and 40C, and ball limiting materials (BLM) 42A, 42B and 42C.

[0034] Bond pads 40A, 40B and 40C may be parts of an external metal layer (not
shown) of semiconductor die 34. BLM 42A, 42B and 42C may be mechanically and
electrically coupled to bond pads 40A, 40B and 40C, respectively, and to bumps 28A,
28B and 28C, respectively, and may serve as mechanical interfaces between
semiconductor die 34 and the bumps.

[0035] Although in bumps 28 are shown as having a spherical shape, this is an
example only, and any shape is possible. Moreover, the shape of bumps 28 may
change during soldering of semiconductor device 24 to PCB 4.

[0036] Semiconductor die 34 may comprise circuitry 44. A non-exhaustive list of
exemplary functionality that circuitry 44 implements includes a processor, a graphical
processor, a peripheral component interconnect (PCI) north bridge, a PCI south
bridge, a communication processor, a memory controller, a wireless local area
network (LAN) controller, a radio frequency (RF) controller, a video processor and

the like. Moreover, semiconductor device 24 may be, for example, an application

dsfe%\eapﬁe@ﬁf paY 4p mleJnda&&tdaeiee ki %qmﬁi 983 3jSBFdn9 HCSPEEs

shown in FIG 1,
a sem conduckads 3¢.80B4nd 30(amiginderfill mtehalyiir algg crossertion dsthat@syshowo B
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and 40C, and ball limting materials (BLM 42A, 42B and 42C. [0034] Bond
pads 40A, 40B and 40C nay be parts of an external netal |ayer (not shown)
of sem conductor die 34. BLM 42A, 42B and 42C may be mechanically and

el ectri caII coupl ed to bond pads 40A, 40B and 40C, respectively, and to
bunps 28A, 5@6&’1@ 098C, respectively, and may serve as RETAISANN5H3A119

I nterfaces between sem conductor die 34 and the bunps. [0035] Although in
bunps 28 are shown as having a spherical shape, this is an exanple only,
and any shape is possible. Mreover, the shape of bunps 28 may change
during sol deri r1<F:1 of sem conductor device 24 to PCB 4. [00362 Sem conduct or
die 34 may cEhepifr diegmatedoqircyit (ASIZ), ap applicationsRerdfi spandpsdgrodyet (ASRRhBI ar y

functional i t geil BRlrafiniabléi ghie iy (FPESAN,SHE Bedikt.NCl udes a processor, a graphi cal
processor, a perl pheral conponent |nt erconnect (PCl) north bridge, a PCl

south bridg@03d cYederfii watetiabA2 pray inclnde fillerpagticiess Fhe exbesion piynderdillyy r el ess
local area RGLMANS 14 Hﬁ%ssﬁ@mm%) 9%, PCB 4 &Y Lmido &U&?o'?g% @t:)he(é@%@srm ler,

vi deo processor an reover sem con UCt or evil ce
exanpl e, an @pplenable segriconguoiyp dz9ios 26 Jewed PEHGRS200 TaeaRs!s Slefingdaini f i ¢

t ted (™ ’ t (ASSP),
2 el d pr ot e JUer 30 20ReE KRR, e aiph W ST LT
material 32 vychnthsgdje)_nf Ph)lsetﬁ qfaleuml end Ritke andi ppotunityf Assesharenit’| |
material 32 n%‘%]ig{ﬁg g{%ﬁ??doﬁ% &%ro g)gmeﬁ%gllogggg%ﬁmd&onduct or die 34 at

di e edges e sem devrce on PCB 4 to pass
t ests defi ne[®038§] IﬁEﬁ)E&mbwinMISdan' c)&ﬁplt&St}uadimand IrediabiliRerlequiteiments Jor

Qualificatio B hysi f. Fai|.ure and Ri sk
and Cpport urt F- A SBUERRAE b PR e SRS Lol R MiE Surstd B8] 7 S et e
Technol ogy Aﬁ’diﬁ sthndand “I[ESDZB]MthEemleé#ﬁadiaarmts(‘ychng”emmeé Joiy quality
and reliabil ui rements f cifi asmg 500
t hermal cycl J)e@uaﬁ’g FooPRd @8%8. Fﬁl(gh@é‘scf% fl)gmfsﬁ? eﬁ?ﬁkb?pcorﬁmgﬂi
the JEDEC standard “JESD22-A118" entitled “Accelerated Moisture Resistance — -
" Unbiased HAST” published December 2000, without any delamination of the BLM.

[0039] In other embodiments, an example of quality and reliability requirements for

a specific application is passing 750 thermal cycles under the condition B test
(JESD22-A104-B) and passing 100 hours of HAST condition A (JESD22-A118)
without any delamination of the BLM.

[0040] A weight percentage of the filler particles in underfill material 32 may be at
least about 60% in some embodiments, or at least about 65% in other embodiments.
A particle size of at least 90wt% of the filler particles may be less than about 2um in
some embodiments or 1um in other embodiments. The filler particles may be coated
by an organic coupling agent, in some embodiments. The filler particles may be silica
filler particles, in some embodiments. The filler particles may be Alumina or other
metal oxide particles in other embodiments. A non-exhaustive list of examples for the
organic coupling agent includes a silane coupling agent, a titanate coupling agent, and
an aluminate coupling agent.

[0041] A coefficient of thermal expansion of underfill material 32, once fully cured,
may be no more than 30PPM/°C in some embodiments, or no more than 2SPPM/°C in
other embodiments.

[0042] In some embodiments, if underfill material 32 is exposed to a temperature of

up to 110°C for no more than 5 minutes, viscosity of the underfill material may



JEDEC standard ".JESD22- A104-B" entitled "Tenperature Cycling" published
July 2000, and passing 75 hours of Hi ghly Accelerated Stress Test (HAST)
condition A of the JEDEC standard "JESD22- A118" entitled "Accel erated

Moi sture Rgﬁbgy%%%go- Unbi ased HAST" published Decenber 2000, wi thout any
del ani nati o {%B%%BLM  [0039] In other embodinments, HFTAIM508IE quality
and reliability requirenents for a specific application is passing 750
thermal cycles under the condition B test (JESD22-Al 04-B) and passing 100
hours of HAST condition A (JESD22-Al118) w thout any del am nation of the

BLM . [0040]. A wei,ght percent f the filler pafticl in.ungderfill
material 32 Wﬁﬂ?asﬁeb%'a 0 ’%Pffa g g%%uﬁ"éﬁh% Fﬂt’%%wtgd{)%q%ﬁ‘gﬁi@fmg]rﬁals | east
about 65% i Nexgb&dlio & EAPaERNbSp to 12090Afof A mEre$hadS Minuft, vidasy ofthet % of the
filler particles_nmay be less than about 2min sonme enbodinments or I min

ot her enbodi WsEHE! material may jnsreass by mp sloesthardf”he coated by an organic

coupl i ng agefo43]i NCRAMLRERRAMIFE uderfill Srafelibll B mBAbdcbmE @6 1eRRY0RrSI | 1 Ca
filler particle i n sone enbodi nents. The filler particles nmay be Al um na

S
or other  metnsetidmateriah iy mpypat dlownif gedeshl materinl P ArisrerRosedorAIPMBSERWAST i ve | i St
of exampl es {gb {RPC Af BAUE 26 WAl AR VnebBHEHISS Rick | RFE HOUP! T ng

agent, a titanate coupling agent, um nate coupling agent. [0041] A
coef fi ci ent IleésttSheinntes, iexgansinbediménts,) odbeldbw| 1150t fozrat ddast3Z2, momees, ihul | y cur ed,
may be no nor

t han, 30PPM C.i n enbodi_nents, . or, no e than 25PPM C in
ot her - enbod FBHEBTOAgERST o7lh AL oD Bah TR, YO BRI Pt or T al 32 1 5
exposed to aoheTP Wrtetfilemtrial BD rhdy Hedblhe filly chRd MDEPosddan atetperaties,
viscosity of the underfill material may 8 WD 2006/ 036505 PCT/ US2005/ 032119

i ncrease” by bROWDBEG Funlegfotian |3 herheln Wrmsoumbedinests. iof ifisdeosed 19 2mmterial 32
I's exposed tteft%ﬁgaﬁn% %Wspf@fo‘i’ies&'iﬁ Phci'u?qg:o&&renﬂagdig};ﬁé. than 5 mnutes,

vi scosity of underfi mat eri al may | ncrease no nore than 20%
[0045] A glass transition temperature of underfill material 32, once fully cured, may

be at least 100°C, in some embodiments, or at least 130°C, in other embodiments.

[0046] While certain features of the invention have been illustrated and described
herein, many modifications, substitutions, changes, and equivalents will now occur to
those of ordinary skill in the art. It is, therefore, to be understood that the appended
claims are intended to cover all such modifications and changes as fall within the true

spirit of the invention.



[0043] Cross-linking density of underfill material 32 may becone at | east
50% or underfill material 32 may not flow, if underfill material 32 is
exposed to a tenperature below 180C for at |east 20 mnutes, in sone

enbodi nents, or below 180C for at least 5 mnutes, in other enbodi nents, or
bel ow 150C for at |east 20 mnutes, in other enbodi nents, or bel ow 150C for
at least 5 minutes, in other enbodinents. [0044] Underfill material 32 .may
beconme fully cured if exposed to a tenperature below 180C for |less than 3
hours, in sonme enbodi nents, or if exposed to a tenperature bel ow 150C for

| ess t han WHaoi¢ claimiedoisher enbodi nents. [0045] A glass transition
tenperature of underfill material 32, once fully cured, nay be at |east
100C, in sone enbodi nents, or at |east 130C, in other enbodinments. [0046]

Wiile certqin f%ﬁ‘PH&&ﬁm%atEHEl fBP%{&-?MtR% é@ﬁﬁﬂn‘?&f‘&on’&b \/fc%té?)%g enodaesc“ bed

herein, many no I cations I ons anges equi v ts will now
occur to sulstrateoby condudlive bekips anchbalhimiting métallmrgy, $did uatierfil materible

under stood that .the appended clainms are intended to cover all such

modi fi cati SWBPEHB'changes as fall within the true spirit of the invention.
9 Wat is clai s barticles, An underfill material for use with a sem conductor
die device coupled to a substrate by conductive bunps and ball limting
metal | urgy, saiwhemeiteaweightiperearitage otsaigfilleri pagticles in saidpmdeifdiresteriaher ei n a
wei ght per eagﬁ)%%?aﬁf S&e filler particles in said underfill material is at
| east abou BY et °a particle size of at least 90wm % of said filler

particles is | egrerelipd patifa§ize of Bt RasEI0Wk Yol dflsalid RN paftichss BNesshahed by an
organi ¢ coupl i ng agent wherein a coefficient of thermal expansion of sal d

underfill aRQWR M or@a@bﬂllefr@aﬂgpleﬁﬁr@cpoa@ Py aRwrganie sauRlnoagent. |
wherein a coefficient of thermal expansion of said underfill material, once

fully cured, is no more than 30PPM/° C.,

wherein if said underfill material is exposed to a temperature of up to 110°
C. for no more than 5 minutes, viscosity of said underfill material increases by no
more than 20%,

wherein if said underfill material is exposed to a temperature below 180°
C. for at least 20 minutes, cross-linking density of said underfill material becomes
at least 50% or said underfill material does not flow,

wherein said underfill material becomes fully cured if exposed to a
temperature below 180° C. for less than 3 hours, and

wherein a glass transition temperature of said underfill material, once fully
cured, is at least 100° C.

2. The underfill material of claim 1, wherein said weight percentage of said

filler particles in said underfill material is at least about 65%.

3. The underfill material of claim 1, wherein a particle size of at least 90wt %
of said filler particles is less than about 1 um.

4. The underfill material of claim 1, wherein said filler particles are silica filler

patrticles.

10



wherein if said underfill material is exposed to a tenperature of up to 1100

C. for no nore than 5 mnutes, viscosity of said underfill materi al

i ncreases by no nore than 20% wherein if said underfill material is
exposed to a tenperature below 180 C. for at |east 20 m nutes,
cross-linking density of said underfill material becomes at |east 50% or
said underfill material does not flow, wherein said underfill materi al

becomes fully cured if exposed to a tenperature below 180 C. for |ess than
3 hours, and wherein a glass transition tenperature of said underfill
material, once fully cured, is at |east 100 C 2. The underfill material of
claim1l, erei Sal(gerﬁel ght ercentage of said filler particles in said

underfill ter °§Sl§d’f‘ 46 yherein saicksiligablleriparticieg @€ al of clai m
1, whereing g'aﬁlg?gil'.ué o%llljrﬂc}deg#?iﬂl %nogQé(YB Q(%?rﬂéfcﬁﬁ‘#)lﬂ]dég%rﬁ@?%ﬂéﬁ&' es is

| ess than a out mat er | arm erein said

filler parmnnmegageetsillca filler particles. 10 5. The underfill materia
of claim4, wherein said silica filler particles are coated by an organic
coupling agent, and said organic coupling agent is a silane coupling agent.

6. The undgrfi IThéTaﬁ&émnitnaaénéllo%mm Wherdh Rairpdifcashiller artididd st particles
are coated by an organic cou agent, and said organi c coupling agent is

a t|tanat@oat%bvlang:rag@mcouplpngra@enjnmsaldlor@mlepoaplmagﬂrﬁumm wher ei n
said silic es are coated by an organic coupling agent, and
- fhahats, pliEs 2bén - -

sai d organ is an alumnate coupling agent. 8. The
underfill material of claiml, wherein said filler particles are netal

7. The underfill material of claim 4, wherein said silica filler particles are
coated by an organic coupling agent, and said organic coupling agent is an
aluminate coupling agent.

8. The underfill material of claim 1, wherein said filler particles are metal
oxide particles.

9. The underfill material of claim 1, wherein said coefficient of thermal
expansion of said underfill material once fully cured is no more than 25 PPM/° C.

10.  The underfill material of claim 1, wherein if said underfill material is
exposed to a temperature of up to 40° C. for no more than 12 hours, viscosity of
said underfill material increases by no more than 50%.

11.  The underfill material of claim 1, wherein if said underfill material is
exposed to a temperature of up to 60° C. for no more than 12 hours, viscosity of
said underfill material increases by no more than 50%.

12.  The underfill material of claim 1, wherein if said underfill material is

exposed to a temperature of up to 120° C. for no more than 5 minutes, viscosity
of said underfill material increases by no more than 20%.

11



oxi de particles. 9. The underfill material of claim1l1l, wherein said

coefficient of thermal expansion of said underfill material once fully
cured is no nore than 25 PPM C. 10. The underfill material of claim1,
wherein if said underfill material is exposed to a tenperature of up to 40
C. for no nore than 12 hours, viscosity of said underfill materi al

i ncreases by no nore than 50% 11. The underfill material of claiml,
wherein if said underfill nmaterial is exposed to a tenperature of up to 600
C. for no nore than 12 hours, viscosity of said underfill materi al

i ncreases by no nore than 50% 12. The underfill material of claima1,

wher ei n |f said underfill material is exposed to a tenperature of upto 120

C. for no 18or e ThaRdsriimatesal of\ﬁl%labyw@eremsa@ictpsgfdu&rfg densitytof saigl
i t % 0 i m 1,
o 22523 st R fof AR sy o FRSHIRA) b ot I T,

| east 50%terhpera|tldelhedmmf1801’ Crrfﬂr@tllﬁstSSnlamtassed to a tenperature bel ow 1800
C. for at least 5 minutes. 14. The underfill material of claim1, wherein
said underfill material does not flowif said underfill material is exposed

to a tenpgyat ufm ﬁe%H@WII]rﬁQteﬁal (f)folalﬁ’H Wﬁf’éh SidURHERA- mé@rlal-r&“tfegurmerf' x

material of claim1l, wherein said cross-Iinking density of sal underfill

mat eri al tﬂewoﬁea;damdeéwlsnaﬁo%usfexpaseﬂ tsuraitammrlatmatbeio\ﬁaHSG)sCefqmmed to a

t enper at ur e 50 C. for at least 20 mnutes. 16. The underfill materi al
Easf Rl

of claim Ssaid underfill material does not flow if said underfill
material is exposed to a tenperature below 150 C. for at |east 20 m nutes.
17. The underfill material of claim1l, wherein said cross-linking density of

said unddbfi| Thewnderfimatesishefclaim 1 cukereosaid crassHinkingadensity|of gaider i al i s
exposed t AnBerfill material becomes at least 50% if said underfill material is exposed to a

temperature below 150° C. for at least 20 minutes.

16.  The underfill material of claim 1, wherein said underfill material does not
flow if said underfill material is exposed to a temperature below 150° C. for at
least 20 minutes.

17.  The underfill material of claim 1, wherein said cross-linking density of said
underfill material becomes at least 50% if said underfill material is exposed to a

temperature below 150° C. for at least 5 minutes.
18.  The underfill material of claim 1, wherein said underfill material does not
flow if said underfill material is exposed to a temperature below 150° C. for at

least 5 minutes.

19.  The undefrfill material of claim 1, wherein said underfill material becomes
fully cured if exposed to a temperature below 150° C. for less than 1 hour.

20.  The underfill material of claim 1, wherein said glass transition temperature

of said underfill material, once fully cured, is at least 130° C.
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tenperature below 150 C. for at least 5 mnutes. 18. The underfill materi al

of claim1, wherein said underfill material does not flowif said underfil
material is exposed to a tenperature below 150 C. for at |east 5 mnutes.
19. The underfill material of claim1, wherein said underfill material
becomes fully cured if exposed to a tenperature below 150 C. for |ess than
1 hour. 20. The underfill material of claiml1l, wherein said glass transition
tenperature of said underfill material, once fully cured, is at |east 130
C. 12 21. The underfill material of claim1, wherein adhesion of said
underfill material, once fully cured, to a) a passivation |layer of an

el ectroni c deV| ce ed to a substrate by conductive bunps and bal |
liniting nétal |m@,ynd¢1§)ﬂl§r@atarlalsxﬁ@ama1t wherein @dhesion ofsatd urdartll devi ce at

edges of s 4 e {gﬂ&{] ctronic
devi ce pas@ege gl e&}tg g!l'\g% r E‘ﬁ 2 bél ﬁ? y 'é)gtlgk?ér ho%‘g&@@gneﬁg ion of said
bal | [i m tcoupledtona substyate by conductive bumps and ball limiting metallurgy, b) said
substrate and c) said electronic device at edges of said electronic device, is such
that said coupled electronic device passes standardized reliability tests without

delamination of said ball limiting metallurgy.
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