UNDERFI LL MATERI AL TO REDUCE BALL LI M TI NG METALLURGY DELAM NATI ON AND
CRACKI NG POTENTI AL | N SEM CONDUCTOR DEVI CES BACKGROUND OF THE | NVENTI ON

[ 0001] FIwp 20d6/@@eswsCr oel ectroni c assenbly is the direct pelrastsososdiio
connection of face-down (hence "flipped") electronic devices onto
substrates by way of conductive bunps on the chip bond pads. The el ectronic
devices are typically sem conductor devices, but may be passive filters,
detector arrays, and m croel ectromechani cal system (MEMS) devices. Flip

chipis als ) s-directly
attached t oeﬁwlﬁ;ﬁ@ﬁgwﬁgwgméﬁé %@Iﬂ%ﬁ;@?lﬁﬁgﬂg% ductive
bunps may b(DElIAMliNmFI@NAMB(EILQCKIINGIRD"HEMFMLHM SEMICONDUGTORMet al | ur gy
(BLM, also | cnown as under bunp "EE?J' ﬁ,rgy (UBM and pad limting

metal lurgy (PLM. [0003] Once the &F CEShic device is attached to the

substrate, mechanical strains may occur that, over tinme, result in damage
to the conductive bunps and/or to the BLM and/or to a passivation |ayer of

ot ﬁhﬁﬁterg‘)["oct e space BRCRAROPRD GRIHEIVENHIOR. . 'a'ﬂd”?hir Subst rat e may
B 01 onal [HBLRARIR AP PESRATORE SRV At MR ERFOiEPURETeanl oy

conpensat ef&@ﬂoﬁﬂﬂménb@*ﬂﬁpbedexﬂmmuedlcéé 61t ROBHalee byvwan of hﬁ]d@bﬁu{k and t he
substrat e. BRI EF DESCRI PTI ON OF DRAW NGS [ 0005] n‘qodl ment 5 of
i nvention BWaPS P thst thip éﬁ‘%?a% lﬁfdfé&raﬂ‘ﬁldév‘&ﬁﬁarﬁcﬁ'p‘iz ally; SeRYsOgAuSior t he

figures of gties26GOMRRMNE pﬁsﬁé AWMeR) etektdr Wagd) dndk@idr&d @tBRechanidaer al s
i ndi cate corres ondi ngq anal ogous or simlar_elenents, and in which: [0006]

FIG 1lis ayste_ap MEMR) 8¢vices: Ek@%?ﬁglsoégsawaﬁ Qgre?trfdm&m@ EX-Ax 8RS ary
printed ci g]t%gﬁpe,gaaﬁc@l? a&me@esqnpmwat@w m@%gn&,hﬁ\cemngeoard i s having

devices in eon, 1 n accordance with sone enbodi nents of the
i nventi on. [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 protéct 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.



[0007] FIG 2 is an exenplary sinplified cross-sectional view of a printed
circuit board and of a flip chip device installed thereon, in accordance
wi t h sonewertbestisesmat s of the invention. [0008] It will lerappisosated that
for sinplicity and clarity of illustration, elenents shown in the figures
have not necessarily been drawn to scale. For exanple, the dinmensions of
sone of the elenents may be exaggerated relative to other elenents. for
clarity. DETAI LED DESCRI PTI ON OF EMBODI MENTS OF THE | NVENTI ON [ 0009] In the
follow ng detail ed descripti ils are set forth in
order to provide a t hdt hbﬁﬁ‘&&mkﬁ ﬁf%&‘%@&%ts of the invention.
However it _w. |l be understqod b those ord t h rt that

t he enbodi HERtk g’F’bP‘HE‘eFtﬁ\P A8 BryerHp EBee Hﬁtf gh‘Bli’fm)?e‘nesdgmgpec| fic

details. |pmahdarid BRt AOGESof IR lacckxlﬂpmmgeﬁﬂaﬁdﬁgs pr mﬁ;ﬁulﬁl&ﬁrefemfmonent s and
circuits have not been descrl bed in detail .so as not érgl ohscure the

enbodi ment Burpgrals fsliqaip corresngpding.analognus AE gYiar Hemens, ydi nents of the
i nventi on, @061‘3' PRI.TON £ 168 VieGCof éyekbnep‘-far'yl a%ﬁﬁht%@%&ﬂﬁx@f al@¥drgary MRy

contain on nore sem conduct or dies contal n at :i east, one

passi vat i oprinted eircuitshedrdmhie %WPBDhPrélﬁ?fﬁ@&UPl\}@a{ﬁulﬁﬂ‘éV‘(’é dgviessiiperliedal 1s) in a
a1 9rT o ekBY.if BBy SOSTRm R A A RRoR L) LDl e ar  angeren.

Any, oi unps may serve as external electrical and/or

mechani cal [0087)i RE}.i bissanofxemhlarys simpbHerderossovectinmal view qfoomringgd qiFritf ol | owi ng
descriptio fer n C u he

i nvention Q?aégeﬁuaf)fy apppIC%ccéagiF‘%?to mg@égt ?%ﬁ?@ g’e\%ggoggéng%%ﬁ%goggssi ve
filters, dehbsadiméentaofthy mvamibnm cr oel ect romechanl cal system (I\/EIVB) devi ces,

and the i 0012]. .The fal] des . unps, but

enbodi ment @%8# W’;]r{’\?é‘ﬁ{’ﬁef)'ﬁteg\r{\@éatg%f 'm Sp(?da“ﬁ'l &rlﬁ %Sgr% ﬁnére ?l{ eags of

bunps, i ncineinnG Bk Hplfbs bﬂﬂ@ﬁot ﬁdcuﬂarlilyrmSn desthewi scelebupsexample; gel der net al
ion refers to flip

al | oy burrps and the like, 13] The fol escrinp
chi ps, but JiE@mBsarTRisPe 8f ‘I’FI‘? Weﬁkfé?ﬁyub&ﬁ*%ﬁgémé%dg'ﬁ“ff 'RoH1F ESBERS Y ot her
types of dg\ﬂ,@es including ball grid array

~



(B&A) devices, chip scal e package (CSP) devices, and the like. [0014] A
sem conduct or die may have patterns of netal conductors forned therein for
i nt er nal wogoalostsoaces, and at | east sone of the netal eomdisedosns2immy

i ncl ude ball bondi ng pads, to be nmechanically and electrically coupled to
bunps. BLM may be nechanically and electrically coupled to at |east sone of
the ball bondi ng pads, and may be nechanically and electrically coupled to
correspondi ng bunps. [0015] A substrate such as a printed circuit board

(PCB) may in : ' | 1 x der, and the
sem conduct oﬂ%ﬁ%§&§?§mgﬁg@?@ghﬁlﬁﬁ #ﬂ; @{)\F@g?m process
such as, f a e, r.ef | rocess. Dur | he | deri ss, the
bunmps may @@8%%&? ﬁ%ll e Fé{g}’gﬁ&‘/’: or P g?néé]fl h%g)g%ls ec%ﬁt%ﬁ%‘égﬁ% tsg{ ?)Ete pads. In
t he descri pi oafer helmwwvidd hethomogtanndadtarsiinguof embodiments dbfbthe aintxmkibn.

bondi ngpad,, the corr ondi,ng, BLM and bu and a .PCB pad that is sol dered
to the bur ABYeYTY ’(ﬁe\"‘fﬁl{s 58 ‘Hﬂegfoﬂéggycg‘wﬁ%cw%rﬁ‘% g]f]ﬁ) y &518’% 1&}r %hﬁg t he

sol deri ng pmb&RHSnts ol GhddimFBBiofaiayTBE pradfictd Maiyhoub aige spdafficr détgilsm Inand t he
sem conduct or device w |] sink ggf toits own meiggt. Mechani cal strains,

that may, BHeHiBstaness, WHEKRWTY BERPISRIPCERTES oYmBRnetts and Gireiis JaHeRdt on j oint s

al ong the s&RidQRUEE inQletadlist agthst tiBdscak iRCdmtdamm S drsheiAd@bnt he BLM and/ or
the ball bondi ng pads and/or the silicon die and/or the passivation |ayer.

[0017] ThelGO¢ ~Hasardige themsembodivenns  thedavantion, aneleairowie deies 85, may be
i ncl uded a;é/ﬁfegﬁzts@de&o@&vﬁgmmdam HitoriRte BnioRRLAbLHed) S GobigCt I'i cal

currents. e apparatus is operating and electrical currents flow

t hr ough t het lsashpreoradsivation layer iandmay egnsain senduettvedumps ée-g-seldeckalakivt i on
joints and t_he i i , caxresylt,

addi ti onal a%é@ a%iagrgy @@f*ﬁ?‘ﬁ%”%&ﬁ%ﬁ‘g Og?yf%%[)?énatngﬁ g%?\néchlhg’n&j oints
[0018] |t alhyoflike Bypppemaytare sheterna cleatriceladndgtr madchmi¢ah sermimaiomsf dfect t he
sem conduchor di e dang? t.he interconnection joints may develop as a result of
addi ti onal TPEFRISARNCREEUE% not specified here. [0019] The mechani cal

strai ns nmayoon epullhe follod@igaigesiption refiére tocsemiveatoctor dedicest 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
4 3



and/or to the passivation layei or to the sem conductor die. For exanple,
cracks may develop in the passivation |ayer and/or BLM nmay be del am nat ed.
Such danage 2myn3esoer exanpl e, degrade the functionalitypofr/usbes32119

sem conduct or device and may degrade functionality of the apparatus. [0020]
After the sem conductor device is soldered to the PCB, a non-conductive
underfill material nmay be introduced in a gap forned between the

sem conductor device and the PCB. The underfill material may be cured, and
may beconeps tHetorre¥pondifg BEM atdieurss)lahdl a POBepdd thdt isradldareddo thaburgcone gl ued
to surfaces that it _is in contact with. For exanple, the solid underfill
mat eri al  nifyAeRRIEh#E THETRPECEORIREBYPCB, to bunps, to BLM and to the

sem conduciuigdepufify tHeORRklinppediag el bisigsanis nlehaindahsy devgd apid | ocal |y
at different i'nterconnection joints and at different parts of t.hq

seni conduc fosm, @I’éi/Fl@eseﬁwné@tﬂ?redﬂi°§t‘f”inb%%Su‘bip ttheanteeiti IMe‘ilr‘_&’P‘S?i al al ong
the sem cogeiufd fa ﬂﬁ%/,' $r6nayCRASEAME Y ma} REyEAGRE Gt RnedRMIj6iBsand t he

interconnection joints may W thstand mechanical strains, for exanple,due to
t enper at ur elonghtha gersiconsiietop dierhd may Biect fedupips pad/eithe BEM and/qr thegtally j al i s

not i ntrodyc c%qmg' . i : i conduct or devi ces may
be of di ffg?ngﬂpég?%%goran 1m%131?c: %ﬂﬁé&g{éﬁkﬁpgﬁg&zﬁ?acturi ng sem conduct or
devi ces maj0oh@] ofheliPiGBereavingk thedssmiFmdueisradpries installed i thersonyswmay the const r uct
the BLM the, hupps and the passivajio e : i conduct or
devi ces. | H‘%ﬁ&‘ﬂg? SrP,ag[t %fgans IQprZa%gfsa{h te%%?r%sgpgﬁg%t %SZ}{%FIE %hx\%gcg\ﬁg@? t he bunps
may vary b#hieerhes eppaansiuist operaing ces. ele@fiz8d] chikerts dildw ethemigh cdwbi nat i ons
of materials .and nmechani cal structure sone _parts of the,sem cqnductor
devi ce may SBUCHRIPEL ABHES ¢ GTHEABEE ?thiir“r 8&?‘% 4R {OBIISrr@Jé?l]aa‘ri?n al st r ai ns.
For exanpl gmivéddhcts0a®icortly Rl anisasd re¥alt edddiionalanethamicd) anbinalmast r uct ur es,
a passivation |ayer of a sem conductor device nay be prone to devel op
cracks bef B9¥€lophie IHgCOmeeHOnIABSs eni conduct or devi ce become damaged. In

anot her exgymbe. Wil SOMBpRlchRld GRAbineaiahRAS sBhinsraher infdys affeel gRChani cal
semicondﬁctor 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 passivatic;n 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,



structures

, the BLM may be prone to becone del am nated before other parts

of the sem conductor device becone damaged. [0024] FIG 1 shows an

exenpl ar ywepparssiws 2 i n accordance to sone enbodi ment s pofi/usbesiopment i on
Apparatus 2 may include an electronic structure,

board (PCB) 4,

audi o out put device 6. A non-exhaustive |ist of exanples for apparatus 2
i ncl udes a personal conputer (PC), a notepad conputer, a notebook computer,

for exanple a notherboard, and may optionally include an

a | apt op cduptet emperatuse chanpesc bampeutien, the cpseckidre RE, underfi rsaserall islngfi t al
assi st ant PDAd
WF @y non-mobi | e nmenory storage device, a hard disk drive

pager, a

(HDD), a flooppy Wieskanibfal WieuchrédD)f, semidthiict@rdevizepmay &€ o diffefendkiids,al vi deo

di sc (DVD)
nobi | e ned

a personal information manager (PIM, a cell phone, a

fllg}ayer,, a V|3eo conpact di sc (%gg%rﬁggger an M23 Bla er, a

B}agﬂ,‘lél‘s, usgd

ol PEPURGIPIing, SERIFQ) ey be il

base stati @ds. anghrt dx@mblek @natdrfAf2bded RoBedhstiy thd BLIMIE thef Bim@X adiptir,

"footprints" 8, 10, 12, 14, and 16 faor respective electronic devices. PCB 4
may have i R&SYRNQNGIaYeiERaYOYRNS B cebianuendugtay devicshp b additine thegirecofdevi ces

18, 20, 22
respective

footprints
10, 12, an

i ncl udes a%wc [

card, a pe

1RNBl

'y, an
f oot print deidechani cal features of PCB 4, such as, for exanple, additional
C t B es. hanj Aty f prints 8,
o LA ccllRion B AR AR g Bhech SR S es SREE" < Hown

for clarit parts| (fORG perhicomnetex hevicst mayebd inote prbnejoadnmiage taprothresrdueytodevi ce 26
enovabl e nory._devi ¢ t ) menory
102?8 8?%1 n%% %?19&\4, W thi E?Xﬁp (%?rllb?na%ﬁﬁg) ¥ myeﬁlag nzgn POVTI A)

PoEf

an
rsona

§ BRY tRe piddS balvke & tRNbiRe Blay M ety betwiddn skéidRduddt

a nenory device 26 nmay optionally be installed on

ectronic VI CeS

ns.
ufer car rnatt onal asSocCl a

menory car eheclanRelcanfuctuyes( 4 paskicigtivini lhyer ohal sdrgicrislublpr davick, may BEvRMoSTI CK

devi ce, a
b) a semc

Al Bopecondh et AL vl FRRAGHIY ROHO P TR Gy Po, a mmsk

ROM devi ceandilier eb@6ipld, Caith Ysoffeasthbt &ombinations 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 embodiments

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

persona

| information manager (PIM), a cellphme, 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,

5

such as a printed circuit

YW r el ess
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programuabl e read only nenory device (EEPROV), a non-volatile random access
menory device (NVRAM, a not AND (NAND) flash nmenory device, a not OR (NOR)
fl ash menwoypoe@ssme, a synchronous dynam c random acces®Crarseong/0§2119 ( SDRAM
devi ce, a RAMBUS dynam c random access nenory (RDRAM device, a double data
rate (DDR) nmenory device, a static random access nenory (SRAM device, and

the like, [0027] Electronic device 24 nmay contain one or nore sem conductor
di es and may contain bunps 28, |ocated on or partially enbedded in a bottom
surface of theduzt icdes, and eveabenidal, feamoks edfefobipriotsl 8y 1¢olhl @d 1© and dfeast one

of the sem conductor dj u 28 hav, janeters in the range of, for
exanpl e, 28fHPE Jf@ﬁﬁ'?rﬁ?ﬂ’cﬁpﬁ%?ﬁaﬁ&%@r‘@b@nﬁ%&% may be in the range of,
for exanpl gmzéprmrto@-eaﬁﬁﬁme [i61028 Exafpsnfor xhatkey i deeicki 20 imefudexenal ary

materials fromwhi ch bunps 28 be construyc i ncl udes, | eaded ,mat eri al s,
such as, f Bmo¥ablpsregnory d V—‘F"ea?tlgtag@ﬁ?’f‘p"icf &?ﬁq’e@im?ﬂé‘?w(cg%lﬂﬁ’fs,m?lead ftee

mat eri al s, csiMGlerdfiemdr9 ca@XABlafonal kfRo&htonqPCHMEIIAG meridrnsartlyesecutypper
(SnAgCu), or any other suitable eutectic sofg soldering conducting

mat eri al . [dOARY|mbdudd (Blvt caid] arMEMORDT ST Kpadsvied) s universdlesetidd s sol der ed
to respective bunmps 28, and at |east sone of pads 30 nmay be sol dered to
respect i ve(USBIISE L3 mdifdBy deviey ambilipiiks &) physicaaluctor doée, auntl/agn rexdbedded
vias (not shown) for any or all of pads 30. [0030] In addition, a

non- conductilyememder f(ROMmdedes.ap ®2sk iRPMcdevieranae aestricgie @pwb§i nent s of

the invention. I ebpea(?rog%e]ggm 2&&?%63%‘#]%61\/64 AbsLvbiRiie GRRnPElugeN PCB 4

and a bott OrFsur a(l:e 0 Vi ce or.’clarity, device 24 is shown as
conpri si ngniewety devicenPEVREMAS & amoy dIND INANDArftagly nefmarpdedicedd ne@Rand f our

ot i at that this | [ I mb
andany. ar PAABCAERE B BungeDs 4 otispiohun R AE R XeeBHeRE, T
bot t om sur fggiea ) abs¥d, G R A4BLE “RESEhR! EndohilaREWinkdny (RORABNAkLY, Of the

a double data rate (DDR) memory device, a static random access memory (SRAM)
device, and 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 free materials, such as, for exgmple, 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.



drawi ng, bunp 28 and pads 30 are shown as having a round shape and pads 30
are shown as having a larger dianeter than bunp 28. It should be understood
t hat any wohess/sbapes of bunp 28 and pads 30, and any oPb®nUS2003832119
proportions between bunp 28 and pads 30 are possible, and are under the
scope of the invention [0032] Reference is now nade to FIG 2, which is an
exenplary sinplified crosssectional view of PCB 4, sem conductor device 24,
bunmps 28A, 28B and 28C. PCB pads 30A, 30B and 30C and underfill materi al
32, al ong [0ASE- Becdlariy, ddvichal is shosmaasrtomprifthgwelve bummasSngutaaged Rl G 2,

sem conductor device 24 is a flip chip deyice, although it should be

under st ood2? #ERY qfthupgcqhupny Wdﬁ?f”é%‘ﬁﬁpll?@,ay éﬁ ﬁppcﬁ%‘\ﬁt%‘gt%?%ﬂﬁévnoeé‘a’g? 1C‘i'anot her
kind. [003gh1yFh 2nys AaMBer CARPAIYCL et & Huape LB REate®'\vhC pidllgat are not
shown in-FIG 1, nanely, a sem conductoi die 34 63 f),ass_i v%t ion_| ayer 38,
bond pads Zekeddadm thnbotienrsuriaeriofisievice P4 iiRossije niradrition<iof gany 049K 428 and

42C. [ 0034},,8a0d vhagd 98 4M padiOd ABALGITCBYVIREs RAE Shale AR RS S0 Bl net al
| ayer (not shown) of sem conductor die 34. M 42A, 42B and 42C may be

mechani cal Fypovans havisetar latesr figmetst hea bump Honld skl beranderstod Gt OC,
respective tQ ) : gl 2AGuRY Serve as
nmechani cal L%Fﬁ%@ z;cogsbgglm%ﬁ%g%%ﬁggﬁgg@fg@a |l%5%}§%aﬁd tl:)rﬁzttawbumglg.ﬁ [ 0035]

Al t hough i 28 budypss 2Barapessittiownd ars uhdaritiegscapesfites ingcitioshape, this is an
exanpl e only.~And_any sha i bhe Leqver L unps 28
may changet%a%fng‘eg%ﬁ elrsirﬁ)gv rc?? dégférsnﬁ?gﬁd‘dgixgrme e%?&ﬁ%gsﬁ%g%.sp[OOSG]
Sem conductefioth] &ie34ofBYB dpsanricaductor daviderd, YumpsR2889r88xnd 28€i YEBI i st of
exenpl ary fupctio ity,that, ci.rcyitry. 44 inpl enents. .ingludes_,a processor,
a graphi caP? r’bé‘egﬁ)?'}dy%lotcga&diL\Bﬂ%rﬁﬁImaé%%g%i@%gfms%’?e@gﬁ %‘ct Q(I?Jﬂo)w%nort h
bridge, a RCFI®OUt nkxédplery BIG @)imicoadican devioeegsiors flip opuaieyiceont rol | er,
a wireless |ocal area network (LAN). controller, radi p frequen (RF)
control | er althpugh gsgoyd SEé’\é\@éﬁ‘tO%{t@a‘t‘ﬁg rf‘?rﬁléf.anl\%?‘@g]\‘?e?“, "%&WP ?:gr‘umﬁ%éor devi ce
24 may be, of flouRXrigB] €, an applicationspecific integrated circuit (ASI O,

an application specific standard product (ASSP), a X
[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 424, 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



field programmabl e gate array (FPGA), and the like. [0037] Underfill
material 32 may include filler particles. The adhesion of underfill

mat eri al W® 2ves/@s@spassi vati on | ayer 38, PCB 4 and sem ecmdisedsnsdie 34 at
di e edges may enabl e sem conductor device 24 installed on PCB 4 to pass
tests defined in JEDEC standard "JEP 148" entitled "Reliability
Qualification of Sem conductor Devices Based on Physics of Failure and Ri sk
and Opportunity Assessnent” published April 2004 by the JEDEC Solid State

Technol ogy _ssf&ﬂ'@qm@gxiaﬁﬂ-cirE@Q@ﬂ@ICLI&n%@ﬁ[ﬁ:aﬁﬂi’oqﬁbﬂﬁeI%taﬁdaraljbrcﬁmam@lSSPQfa quality
and reliability requirenents for a specific application is passing 500
ther mal cy@rlégrempamablp gate away EPEA)Bd aglikss t he JEDEC st andard

" JESD22- AlodsB]  eihibidaliSshterib® AP flatintiRie Gt batficies. PR dahBssh Jiiliter#D00, and
passing 75 hours of H ghly Accelerated Stress Test (HAST) caondition A of

t he JEDEC stwisndbidtodESDivatinn lagr 3&RGR pand supicenductar dig Xt diegdeesresi st ance

- Unbi ased " i ‘ ' . i u d 1 i f th
BLM [ 0039 %%?@é*?*ﬂ%ﬁﬂ%%}%n?*E?‘?én*%%%%ggﬁ‘“e*’?? e e B Pl ey
1

r ﬁqui r enentEDEGT standeple t1BF ¢4&ppititiedt TRetiabistyp Qualifirgtidp 0! tIesrienapudigic] es under
the conditign. B tgest, (J - - sinig Q,P r T

condi ti on e({(f?s%ﬁ?—dA n%&%\f tAé#gﬁ Iﬁl)é?])a/ag geﬁggﬁ énngt P%)ﬁ 0 ﬂyhg‘ss%%ﬁ}éﬁg040] A

wei Ight per pebiisageApdi! 2004 by ihe JEDESofild Stats TechnalogleAssotintigmt eri al 32 nmay be
at | east abgut,60%in s . enbodi nent or .at |east. .about .65% i n_ ot her
enbodi nent &A%ba?tl ?oé‘?eee"gq%ggne 8 e’iaaﬁ’i Ofé’(ﬂe\lﬁ%a%fre? ﬁbelﬁgi T ué'?e%ﬁgtrs ? Pcl es may
be | ess tharpahfuippRbationns paERg 600 Gdimatrlycleoundbnthei donditibe B testivbdienent s. The

ermboal nont SE0R SRR CHESAE ALPE” R e GreERT (P Ehe TR duS T some

enbodi ment 3900l Bd f)d'skih% 5 REdrS Bﬁﬂ%ﬁlym%beiéﬁatéﬁ Strdse Fesd (HAB MpconaRioalA eii de
particles in other enbodi nents non-exhaustive |ist of exanples for the

organi ¢ cotlist TEREGQgentard neEaEsARl & eniifed cAamIsaigT AR Beysianahat
CoLPIATS e P TG0, bt gpali c:ent o
[0039] In other embodiments, an example of quality and reliabilify 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
Jeast 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 25PPM/°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

8



may be no nore than 30PPM C in sone enbodi nents, or no nore than 25PPM C in
ot her enbodi nents [0042] In sone enbodinents, if underfill material 32 is
exposed twoaodsnpsature of up to 1100C for no nore thamrchuseovsises 19
viscosity of the underfill material mayincrease by no nore than 20% In

ot her enbodinents, if underfill material 32 is exposed to a tenperature of
up to 12Q0C for no nore than 5 mnutes, viscosity of the underfill material
may increase by no nore than 20% [0043] Cross-linking density of underfill
material 32.f8% BEROHordithdneB®h. TA%HRE eHidbOdifehts) ifn@derfillaiaiddalndyisnot 1 ow,
if underfill material 32 is exposed to a tenperature bel ow ,1808§ for at

| east 20 nexposassio ajtempeserareetivade radCsior By meE thap 3 sutes yiscoHty PEHSt 5

m nutes, i ] ' C for at least 20 mnutes, in
ot her enbog?&r%ehﬂfﬁsqﬁt%ggqﬂéﬁé}vg%g(?géoP@Jrré)??l;?ge}%st 5 minutes, in other

enbodi ment §04310084dss-Unkieg density mémedérfill ngerishy? ey deeorbaipt lpast aP%cPri f exposed
L o8R0 3L, G0 et Bk STt rent . or
enmbodi ment BeloWAB44F o «yll@ss2( mamadst insoniccerpisodirhems oobelonwdEBOPCIfbr arat eri al

32, once fully cured, may be at |east 1000C _in sone enhodi pents, or at
| east 1300EAst mnusRsy u\eﬂ%@dwﬁ@%@?m{m@sﬁo“\/\iﬁq & fgb?‘t lepst ﬁ)e‘al"meé’smof t he

i nventi on Q@gxeengﬁ)gn 1én|tsj, Yshdi ?§b°$;l'ﬁr Hes6fd @ﬁﬂte@ﬁﬁ%ﬂf@r elBoMmERgi fications,

substitutions, ges, and equil ents w now occur to those of ordinary
skill in t[o®44) t Unti¢rfill spateriag 32 froayebecome lfelyunded Stespebed e tetheeraipisended

clains are_ intende o .cover all such nodifications and. chan s fall

wi thin theb?lPY‘J_e@per{(’f_l%sls e 5 h@’/‘é‘ﬁt o Vi & P‘i‘mST“%@ REdF PR Yo, underfill
material CouNeladird8eloWi1b0r foP fkd iheh ©BourRQRK BmBodiBk@lt per cent age of said
filler particles in said underfill material is at_|east about 60% wherein

a particl e[@sk éfglas tresitian topprromestof saderil mafegial {?an‘?ecfPQ%c‘i%‘_i’lnéaé’s t han
about 2mm and/\or, RRkE, {hisbhEEmBRIikkRb %% aAb&t PRAESH Jter BROdISRMEC coupl i ng

agent,
[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.



wherein a coefficient of thermal expansion of said underfill material, once
fully cured, is no nore than 30PPM C, wherein if said underfill material is
exposed twoaodsnpsature of up to 1100C for no nore thamrchuseovsises 19
viscosity of said underfill material increases by no nore than 20% wherein
if said underfill material is exposed to a tenperature bel ow 1800C foi at

| east 20 m nutes, cross-linking density of said underfill material becones
at | east 50% or said underfill material does not flow, wherein said
underfill wahekicpim&@esomes fully cured if exposed to a tenperature bel ow
1800C for less than 3 hours, and wherein a glass transition tenperature of

sai d undel’i_iAAur{{ﬁ{;fﬂ“natkgia](éaﬁ]?rjii 1y cured, is at |east 1000C. 2. The
underfill material of claiml, erein said weight percentage of said

filler partidilespariclésaj d underfill material is at |east about 65%3. The
underfill matgftl o eight ﬁ?r@%nlage‘@?@ii@'ﬂmelapé?ﬁéléd 2l BidSinae fiff mabridl @agt 90wt % of

said filler particles 1s | ess than about” 1mm 4. The underfill material of
claim1, wheestebenté8ie filler particles are silica filler particles. 5. The

underfill matgfial ag)Lnigieas.ig‘o%’at WRE 0B Sﬁlisgd ?llu GAdibd is §dss P labehtes are

Ve
coated by an organi ¢ coupling agent, and sai organic coupling agent is a
si | ane couphmngd/agsit filter patieles adepdted by aradreaniatoupfingdgentn 4, wherein said

silica filler particles are coated by an opganic,ceupl i ng, agen and said
or gani ¢ couplwlﬁ&"hﬁéﬂff%f’@“ta(’ftctg?gﬁ f ag%ﬁrbf’f%ad 58%?@? f“.ate‘f%lé oﬂﬁedléurnfy il

materi al ofy6d, 34 18 dhorewhey PRMVal,d silica filler particles are coated by an
organi c coupling agent, and said organic coupling agent is an al um nate

coupl i ng agentheredn ifai undadillf materialds exrosgd tgfa ismapmiule of wstoeh 1Q° G &% il | er
o2 P S, AR e Bk i f i 1
20%,
wherein if said underfill material is exposed to a temperature below 180°C for at
least 20 minutes, croés-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 1um.

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

particles.

5. The underfill material of claim 4, wherein said silica filler particles are coated by an

organic coupling agent, and said organic coupling agent is a silane coupling agent.

6. The underfill material of claim 4, wherein said silica filler particles are coated by an

organic coupling agent, and said organic coupling agent is a titanate coupling agent.

10



said underfill material once fully cured is no nore than 25PPM C. 10. The
underfill material of claim1, wherein if said underfill material is
exposed twoaodenp@sat ure of up to 400C for no nore thanpt2/usees®32119 scosity
of said underfill material increases by no nore than 50% 11. The underfill
material of claiml1l, wherein if said underfill material is exposed to a
tenperature of up to 60Q0C for no nore than 12 hours, viscosity of said
underfill material increases by no nore than 50% 12. The underfill

material of flaihfRrhn e tIdih 4 VherelERY dilidalfilleBpetidl@l aré coadpymad to a
tenperature of up to 1200C for no nore than 5 mnutes, viscosity of said

underfi| | prgawie icanplingcaeenis @ad 53id seanis eOUPHES 287Rcis 8m aluphpate CQuRiing) |

material of glaim1, wherein said cross-linking density of said underfill
materi al batores at |east 50%if said underfill material is exposed to a
tenperaturg J\?\ﬁé Ml BP At Al oRlldiR aS twherdth RMH SBler Mrticlkd rdinfded foxide mat eri al
of claim1, erein sard underfill material does not flow if said underfill
mat eri al i partddposed to a tenperature bel ow 1800C for at |east 5 m nutes 15.
The underfill material of claim1, wherein said cross-linking density of
sai d under 9i The underfitli mdterind o6 plein. &+ Wheseis saig gogifisientof dhamalerPrioneft erial s
exposed to _a,te at ur.e bel : m nutes. 16. The
underfill g?c{éﬁﬁr%‘fneg? SR @Wyéﬁrgggrﬁ)qg%%?ahﬁzggﬁl}ﬂﬁr material does not
flow if sai nderf )l materdal. i.s_exposed. - At 1500C for
at east " 260 it gpdetl melSeEon deim 7 oRERAGE il Spbp PRRERA{ bRl B 1003
cross- | i nkidigpe@nsiof Yipab Matdfotindendr | thant doira) visesioyres saitl undersill 50% i f

said underfill material is exposed to a tenperature bel ow 1500C for at

| east 5 ni mategial ingrgasesrpienqpaethan 0%t erial of claim 1, wherein said
underfill naterial does not flaow if said _un erJ Idlg mat.glr.i al is, exposed to a
t enper at ur &-DdresnderB orterisl ofglaimel, sherinif saif waderfilhmateral iy fxpos3q 02 i er j al

o clam L0653 ) PEE inh | meBUBET B 1BGGOMBEshyIbF ¥aiUaeill  exposed
to a tenpe}eg){&éfagﬁhgfg%%%c forn Irréss than 1 hourl. sttt Xai

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%.
13. 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 180°C for at least 5 minutes.

14. The underfill material of claim 1, wherein said underfill material does not flow if

said underfill material is exposed to a temperature below 180°C for at least 5 minutes.

15. 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 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.



20. The underfill material of claim1l, wherein said glass transition

tenperature of said underfill material, once fully cured, is at |east
1300C. 2IwoAnveal3espsr oni ¢ structure conprising: a substr ate;usansmebagds r oni C
device coupled to said substrate; and an underfill material disposed in a

space between said el ectronic device and said substrate, said underfill
material including filler particles, wherein a weight percentage of said
filler particles in said underfill material is at |east about 60% wherein

a particle)si 7 Raeyl pﬁ?éfax %@\Ma%qf i€l fshidl @bssPRddcCl@sity oflsei@s t han

about 2mm and or sail particles are coated by an organic coupling
agent, whenederfilh muteeiaf bedomes abfleashéﬂ%raf seist pmAeril nmaferia dp $xpeFES e i@ |

mat eri al , pnce C : han 30PPM C, and wherein a gl ass
transition Wﬁ{? %FU?W% s%’f%‘%%&er’f’ﬁﬁ material, once fully cured, is at

| east 1000&/ ]ﬁ'ng uggﬂgll Opcl [Ib tfc:l'fr gm&)glé&erﬁama?egia] %o‘ég K‘lg'teﬁovg’qnpr I sing:

a nenory d ra ronic structure of

claim 21, M@n@emns@h@nﬂh@atpbwans a G@vpeesure belawAISOTG fOniaplesbe§indaute4. The
el ectronic structure of claim21, wherein said electronic device is a Chip

Scal e PackagericGeidirrlemitesal of 2laimhe V@lbﬁﬁi a0 inedesfill wateriaEbabmed Ailin 21,
wherein said el ectronic device is a Ball Gid Array (BGA) device.26. The
el ect r oni ccwed ifexpased ra tempgraureibelapn B fordggs dhagy ]e’E?cuf ‘oni ¢ structure is a
not her board. 27. The el ectronic structure of claim 21, wherein said weight
per cent age 2&fThsainderfill magsriabefrdlaiey leavhprsinssaidelens Frapsition femperafuregt SP‘? at | east

about 65% 28, o T HEAheIE AMlyFeutdd HGR GG 196-co! @i m 21, wherein a particle

Si ze of at "I'eas

2L An electronic structure comprising:

a substrate;

an electronic device coupled to said substrate; and

an underfill material disposed in a space between said electronic device and said
substrate, said underfill material including filler particlés,

wherein a weight percentage of said filler particles in said underfill material is at
least about 60%,

wherein a particle size of at least 90wt% of said filler particles is less than about
2pm and/or said filler particles are coated by an organic coupling agent,

wherein a coefficient of thermal expansion of said underfill material, once fully
cured, is no more than 30PPM/°C, and

wherein a glass transition temperature of said underfill material, once fully cured,

is at least 100°C.

22. The electronic structure of claim 21, further comprising:

a memory device coupled to said substrate.
23. The electronic structure of claim 21, wherein said electronic device is a Flip-Chip
device.
24. The electronic structure of claim 21, wherein said electronic device is a Chip

Scale Package (CSP) device.

25. The electronic structure of claim 21, wherein said electronic device is a Ball Grid

Array (BGA) device.
12



said filler particles is less than about | nmm 29. The el ectronic structure
of claim2l1l, wherein said filler particles are silica filler particles. 30.
The el ectwones/@ssoact ure of claim 29, wherein said siliearfuskésnsnasticles
are coated by an organic coupling agent, and said organic coupling agent is
a silane coupling agent. 31. The electronic structure of claim29, wherein
said silica filler particles are coated by an organi c coupling agent, and
said organic coupling agent is a titanate coupling agent. 32. The

el ect 1 oni CHB LGl SHhA FOclait N Ciheitf daid! dicidniel ithfurad bi Cles are
coated by an organic coupling agent, and said organic coupling agent is an

al umi nat e wmothetboag. agent . 33. The el ectronic structure of claim 21, wherein
said filler particles are metal oxide particles. 34. The electronic
structure 21 Thealeoireiic stusture phelsiai 1, sderein sgidiveicht pergeaiage Pt @ipblEi on of

sai d underf%{i%le its%ﬁiuﬁ{dergpglﬁﬁglfrfégilsxwﬁwt%jouit g590 nore than 25PPM C. 35. The

el ectroni cP? acture o erein said glass transition tenperature

of said unggrﬁie!ellecﬁgﬁigrsir@émr %Pgﬁmt EL Wherdh G rtic?e Qe &fea"i‘?éastm-of:ga AN

I
apparatus conprisi an audi o out put device; and an electronic structure
i ncl udi ng gdid fiBaartickes $yibstthatabputdmunel ect r oni ¢ devi ce coupled to said
substrate; andan underfill material disposed in a space between said
el ect r oni c29lefectechdfic Saucuredistaimatd, whereth saiiBHdri dattichastaee sifita filkegl udi ng
filler particles, wherein a weight percentage of said filler particles in
sai d under P¥fiflehaterial is at |east about 60%

30. The electronic structure of claim 29, wherein said silica filler particles are coated
by an organic coupling agent, and said organic coupling agent is a silane coupling
agent.

31. The electronic structure of claim 29, wherein said silica filler parﬁcles are coated
by an organic coupling agent, and said organic coupling agent is a titanate coupling
agent.

32. The electronic structure of claim 29, wherein said silica filler particles are coated
by an organic coupling agent, and said organic coupling agent is an aluminate
coupling agent.

33. The electronic structure of claim 21, wherein said filler particles are metal oxide

particles.

34. The electronic structure of claim 21, wherein said coefficient of thermal expansion

of said underfill material once fully cured is no more than 25PPM/°C.

35. The electronic structure of claim 21, wherein said glass transition temperature of

said underfill material, once fully cured, is at least 130°C.

36. An apparatus comprising:
an audio output device; and
an electronic structure including at least:
a substrate;

an electronic device coupled to said substrate; and

13



wherein a particle size of at |least 90wt % of said filler particles is |ess
t han about 2mm and/or said filler particles are coated by an organic

coupl i ng woeands/o3edver ei n a coefficient of thermal expansipom/usbossasziio
underfill material, once fully cured, is no nore than 30PPM C, and wherein
a glass transition tenperature of said underfill material, once fully
cured, is at least 1000C- 37. The apparatus of claim 36, wherein said

el ectronic device is a Flip-Chip device. 38. The apparatus of claim 36,

wherein said el ecyy (aﬂcj(ljp‘;ﬁﬁtlﬁdt'&fay'a%pé)s%d 3n ARG BAREG sarPeledtfhicAappar at us of
al

claim 36, wherein s apparatus I's a corpaut er 40. The apparatus of claim
36, wherein saidtvigei ajidt saik rsubstrateg saidf unsigifdl matariat  pepluding ddles n said
underfill nateria?tkclé'ss at | east about 65% 41. The apparatus of claim 36,
wherein a partipc e Size of at |east 90w % of said filler particles is less
than about 1nm 42herEhe wpiphirpEtaestagd ofcdaid fiied Gartiglee irefard wadetfilk i | | er

particles are silica.filler rtih,cles. 43. The apparatus of claim42,
wher ei n sai d sil?q?tsréﬁﬁ?tllceafstaﬁglr%ﬁtoc/fc’es are coated by an organic coupling
agent, and'sai d omgarinca partipikistzg ofige fehsti Wwalosifl saidefilteo ppitickeg imgent . 44, The
apparatus of claim42, wherein sai@f@]ilel ica.filler rticles.are coated by
an organi ¢ coupEssibanaPant 2Hm el Sp BN A FPHP YT NS a tit anat e
coupl i ng agent . . stin Tgé%n@ppar atus of claim42, wherein said silica filler
particles are coa ecF by an organic_coupling agent,_ and sajd_organic

coupl i ng agent i swasredl anrorifident ophitharralagapansionsof $hd wisEiht us of claim
6, wherein said_fill.e i S: vt paticl es47. The apparat us
of claim 36, V\hne]]étgill%%’ énaciggma'loc% ilg?%ﬁ?d?%?@tl ﬁ?ﬁngfcé%ansi on of said
underfill materi awhemiea foldsé yraoditiedtenpenoraof eaitl haderZHPRMEGR], 48. The

apparatus of claim_36, erein saj | ass transition tenperature of said
underfill nater?‘}EF,fuelb'rﬁ’:‘ée et a%ﬂb‘g"&g is at |east 1300C. 49. The underfill

material of claim1l, wherein adhesion . of sai.d.underfil.l terial,
37. The apparatus of cl:aelmr}6 wherein sz.rnlld eIectromc device is a lFllp-CIﬁ%J dvicd

?

38. The apparatus of claim 36, wherein said electronic structure is a motherboard.
39. The apparatus of claim 36, wherein said apparatus is a computer.

- 40. The apparatus of claim 36, wherein said weight percentage of said filler particles

in said underfill material is at least about 65%.

41. The apparatus of claim 36, wherein a particle size of at least 90wt% of said filler

particles is less than about 1um.
42, The apparatus of claim 36, wherein said filler particles are silica filler particles.

43. The apparatus of claim 42, wherein said silica filler particles are coated by an
organic coupling agent, and said organic coupling agent is a silane coupling agent.

44. The apparatus of claim 42, wherein said silica filler particles are coated by an
organic coupling agent, and said organic coupling agent is a titanate coupling agent.
45. The apparatus of claim 42, wherein said silica filler particles are coated by an
organic coupling agent, and said organic coupling agent is an aluminate coupling

agent.

46. The apparatus of claim 36, wherein said filler particles are metal oxide particles.



once fully cured, to a) a passivation |ayer of an electronic device coupled
to a substrate by conductive bunps and ball |imting netallurgy, b) said

subst r at ewendosemai d el ectronic device at edges of sai ¢celusedososiiey devi ce,
is such that said coupled el ectronic device passes standardized reliability

tests without delam nation of said ball limting metallurgy. 50. The
el ectronic structure of claim 21, wherein said electronic device is coupled
to said substrate by conductive bunps and ball [imting netallurgy, and

wher ei n adpge Sl*hQ '?alpﬁgratx?@bﬂclém{j% folteleid 8 EEdetioier® D€ Erefihll expari4lon i shid a
passivation | said electronic device, to said suB trate and to said

el ectroni cuxﬁi@rﬂlbeatanal@dgﬂa&lllmﬁursmsmoen®etbﬂeﬁﬁFﬁPMéﬂ ce is such that said
el ectronic structure passes standardized reliability tests w thout
del ani nat i % Tie mnhtttsmﬂ clhimni36, wherript @id glagy tramitionTiempaiapus &f gaidof clai m

36, wherein tron devi.ce d to said substrate by

cogdugtire‘ﬁ@ﬁ%gm %FFﬁﬁbﬁ?ﬁ%%ﬁ h@?% #ﬁrg and wherei n adhesi on of said

underfi rial nce f cur ta a,passi vat i a aid

el ectroni cn% 61 ecipde ’Ef@l wafeha s‘lfb‘é‘?’?‘a?’ WheTgny agpesé o8 aéégt %)eﬁ?{@ g?/ria?,’e at edges

of sgl dd_el @‘g&rmlny chdalaylt@a) iaSpassiodtionhayersafi gh e]eeﬁcbmomlemcetcbumédmce apasses

standardi zed reliabiljty tests h 1ti

met al | ur gygubstrate by conduc%l 1ve bumps andtbal?lll%m%?gl %etaﬂt?rtgly Qbrﬂ sg%cd s% Istr('jatebz(’flnldl c)I I mting
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.

50. The electronic structure of claim 21, wherein said electronic device is coupled to
said substrate by conductive bumps and ball limiting metallurgy, and wherein
adhesion of said underfill material, once fully cured, to a passivation layer of said
electronic device, to said substrate and to said electronic device at edges of said
electronic device is such that said electronic structure passes standardized reliability

tests without delamination of said ball limiting metallurgy.

51. The apparatus of claim 36, wherein said electronic device is coupled to said
substrate by conductive bumps and ball limiting metallurgy, and wherein adhesion of
said underfill material, once fully cured, to a passivation layer of said electronic
device, to said substrate and to said electronic device at edges of said electronic
device is such that said electronic structure passes standardized reliability tests

without delamination of said ball limiting metallurgy.



