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because attainable feature sizes for printed circuit boards (PCB) wer e

very 2bavagdenoehgbe laghbfcﬁltddcasibem{?e £ paderGildo sblidmeburtipeet iateighatedycitamit
56$duce fine-feature rcuit boards h nproved and package -si zes have
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t here tﬁggglgél}e]ﬁg%grl v aCP 12%? f‘lbl%t%m rcuit assenbly methods which nminimze
the materials and processes which are required to yield a functional

device. 25 One technique used to reduce circuit size and inprove
performance invol ves atBACKGROUKEDILYId8s INMEBERION t o a substrate using

peri neter ar ea array ol der. IIs unt ed on(ig] efacF of a chip.
By inverti ng}rlgr"asﬂnﬁ}ﬁﬁl )h%foe}?%@“b%‘fltfu L?éﬁe‘?ﬂos g BRie odgy WUIEd aced i n
et aclant@glta&dr@%nqrc)t \‘1}355\919% Yu%@oc@ﬂ%oﬁ?&ﬁhﬂﬂo&&?\/ S;]Q{ckér%s a?ﬁ@gzb' y

t hrough a~ sol der ref process, the be net urgl cally bonded to
the su lpad:lragtemoé\dxddmughn 28} fridi spnrehrrm:s a]Sﬂ‘ﬁ’ﬂibe;OtéCGOh dodl thgyhipasvhile Ao

pi oneered over 30 years ago, | been  successfully exploited in only
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was necessary because attainable feature sizes.for printed circuit boards (PCB) were very

DX

20 large cbmpared to those of chips. Over time, the ability to producq ﬁxaeéfe'atLlred circuit
boards has improved and package sizes have correspondingly decreased relative to 1C size.
However, because of the needs to cut costs and reduce circuit size and improVe
performance, there has been a drive 1o develop circuit assembly methods which minimize
the materials and processes which are required to yield a functional device.

25 One technique used to reduce circuit size and improve performance involves
attaching 1C devices ‘direct]y to a substrate using perimeter or area arrays of solder balls
mounted on the face of a chip. By inverting or “flipping” the chip such that the balls are
placed in contact with pads on the substrate and passing the entire assembly through a
solder reflow process, the 1C may be metallurgically bonded to the substrate. Although

30 flip-chip assembly technology was first pioneered over 30 years ago, it has been N
| successfully exploited in only a few different segments of the electronics industry. The

most notable examples of electronic products which have exploited flip-chip assembly
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sensors/control | ers and mai nframe conputers. These applications are_
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to the igrentbsmrécti on pads. The solder is normally either a 95Pb-5S11 or

a 63Sn-37Pb alloy, and it is_ nornal I}/ reflowed to forma nearly
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pl ace; 3 he assenbly 1's passe rough t fl ow oven and the sol der
‘mel®s angrdvoded snast @lpotttigti esdor proliléms td@issulds tdditien 2ffopad and aadordjantdre
sanpl e is passed through a flux cleaning operation. Flux renoval is

nor mal | yredsHEMEDise! dn appheations daxe reepliegi thalinytsiaf cugentragarizled to use
chlorinated selvents. to re Jhe flux .residye . ent |.
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desi r abl & #eliverosnecling phdsdi Bhed dek iPndrhidpyashendbyrnyst of RERSABTPE ai n
el ectrical continuity 2§ t hr oughout the Ilfyetl me of the device as

measur edalbyy, aoé éf iematedlvtreBowes tecforas ndadyspheriaay Shumyg’ gmeor toHwahbdard hock.
M tchesp_ofb both the coefficient of thermal expansion (CTE) and the
elastic AHaM Bs (E) between the silicon |IC and the PCB generate high

stresses int 'Aet)@%¥ @&Enwivl@iﬁ?&&s%"’f;tggli{:l&ﬁipcziksrs&HBlty i}]%]pé’ssﬁ_@%lﬁmi‘?xﬁ%t%my’l?r mal

excursi ons. These stresse$ ‘can o0 solder joint fatigue farlure after
r epeat edfltewpge &t appéied yeclhe subsamdk tdridspads; Bahal@is atemyd Bad bleced ordirani sm
for fli péLﬁpgitrgtej \8]iivi?e:[ t?fe t;rc?gxugssrri?i%lr]]g HL‘? Wol%%sthel (I:hnlqp tn? glagg%)%fel z?s%glﬁug]r;/ is‘passed
through the reflow oven and the solder melts and bonds metallurgically with the substrate
- 20 pads; and 4) the sample is-passed through a flux cleaning operation. Flux removal is
normally done with solvent rinses. Originally it was required to use chlorinated solvents
to remove the flux residues, but more recently improvements to the flux chemistry has
permitted the use of more desirable solvents.
- The finished flip-chip assémbly must then maintain electrical continuity
25 throughout the lifetime of the device as measured by accelerated tesis such as thermal
cycling and thermal shock. Mismatches of both the éoefﬁéient of thermal expansion
(CTE) and the elastic modulus (E) between thé silicon IC and the PCB generate high
stresses in the COIﬂZlCleiniS when the circuit is passed 11&1'011{;11 thermal excursions. These

stresses can lead to solder joint fatigue failure after repeated temperature cycles, and this is

30 a primary failure mechanism for flip-chip joints. This mechanism has limited the selection -
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broader range of printed circuit substrates. Specifically the increased
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t he chipuged tinatit substrstes.eSecifivatipehg wirehsddswisingrdedsibys dvadabld vedi weay@nd
distributed nore evenly across the entire interface as opposed to being
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as desgg| : ve . ha flip-chi eghn to be applied to
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appl i edligschap hdsatiblly @ndrdagicabaned due kitkafolehitdabnddRilsefhawrdisas senbl y
via capillary action. Hence this type of encapsulation is often referred
tiP as "iGgpilabhbrgakthoeighibad beenThe developement pif dwachde il pocegsp e ng denfidi -
curing underfill resins is separate fro d i s appended to the overall
pr oces P EEGFHSATE? bieEeP Tt kRIS VALY B IDHETPRSPEw Brarer) i SPkkbual
steps; il cess ; - ‘ i - - 1,
bonded HeSmEy r At AP ek 1P RIS PRSAEERIckve BFRRRIOLE |
w ck undere dvarlydic®ossdhspeis imtadaie s oppeteti he beigh kencebtraeéat the @yiaietabl e

underfill resins can require cures or up to 2 hours at 150C.  The extra
di spens@ist dps use ef o twierdbadieesive as desratbet gbonadessuplded AAkPchdre is no
entrap Lo er.t hj d al so vide a good 25 fillet shape
a?%undq?ﬂg%ééﬁ)ﬁgdﬁe%gpg%?Onéggg’%%rﬁ%?ﬁOaf?a(rgnse%éﬁbets)'od control over these types

of  material ichafpe prkiied uE8er8Ndedh SPRPFENs PIIOGRSSESs hfoweT & Wickficul t,
and any inperfections wll hurt the reliability of the solder joints.
‘Al so, alndsothghreBapied rsseypbndectpillpryi astign i¢nogitie type afsaerpstledadss ¢ffen C
design towards |a

doo! o1 SRS L AE0Eh L LSRN SO RO PILER S T L,
APR 200%derfill resins is separate from and is appended to the overall process sequence described
20 above. Afier the reflow and flux removal steps, it is necessary‘to: pre-dry the bonded
assembly, preheét {he bonded assembly (to aid the wick-under), dispense resin, allow resin
. to wick under the die, dispense again, and then cure. Currently available underfill resins
can require cures of up to 2 hours at 150°C. The exira dispense steps are often needed in
order to make sure that there is no enirapped air under the chip and also to provide a good
25 fillet shape around the chip. Developing and maintaining good contro} over these types of
material characleristics and dispensing processes is very difficult, and any.imperfections
will hurt the reliability of the solder joints. Also, although capillary underfill is still widely

used, trends in IC design towards larger IC size and reduced pad pitch will result in

increases in both required wicking times and in defect occurrences.

LI
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20 The choice of chemistry for the underfill adhesive is “constrained by the processing

and performance requirements stated above. For best fatigue performance, il is best to
choose materials that have the highest modulus and lowest CTE over the iemperature
range of the thermal cycling. For polymers, this means a glass transition temperature (Tg)
above anywhere from 125 to 170°C, depending on the application. By filling polymers

25 with inorganic fillers such as SiO, the CTE and modulus may be brought closer to that of
silicon. However, to achieve CTE of]eés than 30 ppm per degrees Celsius in a polymer
system, a filler loading of 50% by voluhne or higher is typically required. Such high filler
loading raises the viscosity significantly. To achieve t]né required balance of processability
and cured material properties. it is common to use epoxy resins with the lowest possible

30 viscosity. Highly filled and cured to a high Tg, these materials are quite brittle when cured

S
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alum numnitride passivation layers on the ICs. The optjm t' . of an
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flip-chip assenbly process wh uces cost and denman fromt

under f i Ithreaghespweed ybéreistirwi | I enabl e flip-chip assenbly to becorre a
nore broadly attractive ap ﬁroach for circuit asserrblé 15 SUWARY OF THE
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connecting an integrated 20 circuit chip to a circuit substrate. The

"métthod ifnohudegndrheTht epraot figr-ehipppbelry pad:hsssha\%eoajmae}csﬂey ,iotoa dosthyped
side of t ted circuit chip and.re ortions of the

adhesi vé dSEQ‘p‘?}g"é’%P% 19 e IC %%Tﬁ%g ?5 Hindup geseabhy Becrsidiet
after theyqd %élt‘é?%d@%@%d%ﬁ%%@?ﬁﬁ?dhe@&% €§1gy§1‘s\¥111téﬁa§1e%ﬁb‘§§{}} assi st ed

bur ni shing of the so 1 ncltu he step pressing

t he bunpesktrshigeo bécditien hbteigbad]@ditedctivtapprofilor vt \GhasB@abRS> previ ously
been coated with adhesive, against the circuit substrate such that the
bunps provide an electrical connection bet ween ‘the integrated circuit

chi.p and the circuit subs N X 3 hesi ve on the chip
f§r5ms a bond between the i e[ %Poﬁ- f ownd the circuit
substrate. Thﬂneﬁ;ﬂ@%‘t Ciﬁ%ﬁtﬁdrb&@vﬁ%&ﬂ%‘éum odespMINTBE QlSclagd waRhages over
the prior art or 30 exanple, by appl y%g th% adhesfb\sle to the bunped i C

prior t@recdss pn@e@bﬁsﬁh@mﬁa broader APRe 2 Omicrials thereby reducing assembly cost
and 1improving interconnect reliability.
One aspect of the present invention relates to a method for connecting an integrated
20 circuit chip to a circuit substrate. The method includes the step of pre-applying adhesive
directly to a bumped side of the integrated circuit chip and removing portions of the -
adhesive to expose the bumps. The portions of adhesive can be removed after the adhesive
application process, preferably by a sclvent-assisted burnishing of the bumps. The method
also includes the step of pressing the bumped side of the integrated circuit chip, which has
25 previously been coated with adhesive, against the circuit substrate such that the bumps
provide an electrical connection belween the integrated circuit chip and the circuit
substrate. The pre-applied adhesive on the chip forms a bond between the integrated
circuit chip and the circuit substraie.
The above-described method provides numerous advantages over the prior art. For

30 example, by applying the adhesive to the bumped IC prior o subsirate attachment,

wh
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contact regions that are substantially uncovered by the adhesive |ayer.
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and in part wi.ll be obvious fromthe description, or may be |earned by
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20 ' A further aspect of the present invention relates to ari integrated circuit chip. The
integrated circuit chip includes a bumped side having a plurality of c-ohductive bumps.
-The chip also includes a layer of adhesive that covers the bumped side. The bumps have
exposed contact regions that are substantially uncovered by the adhesive layer. The no\;e.l
solvent-assisted burnishing of the bumped side of the wafer allows the exposed contact
25 regions of the bumps to retain their original rounded profile.
A variety of zdditional advantages of the invention will be set forth in part in the
description which folldws, and 1n part will be obvious from the description, or may be
learned by practice of the invention. The advaniages of the invention will be réa]ized and

attained by means of the elements and combinations particularly pointed out in the claims. It

30 is to be understood that both the foregoing general description and the following detailed
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explanatory only and are not restrictive of the invention as clai ned.

BRI EF DFSEREPYSON. OF THE DRAW NGS The acconpanyi ng dr awi nfsT/UsH{E#5ar e
~incorporated in and constitute a part of this specification, illustrate
several enbodi ments of the invention, and. together vvith the descri ption,
serve t i f th i hventi.Qn- ef description of
re G bRl UGG L ABh RS ALy NP R B e e
preparidignag. 1 C chip for connection to a circuit 10 substrat,e, Figs.
2A-2B illustrate a nethod for connecting the prepared IC chip of rig- | C
toa circuit substrate; Fi gs 3A-3B are m crographs of an IC chip '

o abrasi on and Fig. 38 HORE SIMPTON O THE IR AN 5 i ge. Can 4G
|19 ustrate amald S RatiNERRNRS\ A, RUARALDARAIN L SO RI QL pONRRCY T On

to a circuit substr

pr OCE‘SSs@écrﬁbﬁ]dnhﬂluﬂﬁitb@@eﬂﬂ eft@8iméhty e 1115&19}on561(§t|69%611\bﬂ1 gRip prior to
abrasion and Fig. 5B shows the chip after abrasion; Fig. 6Ais a

Ccr 0ss- gtestripival quvft:ﬁocwgplaphh@ﬁ)rlample@Oéﬁk@\&@h@ﬁ@&ﬁéﬂlef desal iptiancafithe
substrate,. 20 tr}e C chip was not subjected to an abrasion step prior to
connect rBW'“*ﬁl‘bas BEOYS a cross-sectional mcrograph of an IC chip
connected top@a.C [ o

abr asi on st eI|;)l Brl’é{)?é ]Fcl)us?g%ﬁie@t@ﬁ %H fogﬁg)ahg %\mééx\@g&%gﬁoﬁ %tlguarr& hod
flar maksubgirate;conducti ve tape; and Figs. 8A and 8B illustrate a nethod for
maki ng. an el ectrical connection using the 25 conductive tape of Figs. 7A.
and 7B; and Figgs2A-8R-Bptiale ameihad dorroneqdting theqreranerblsdiipol hig- bdips on
waf er |ntcg rgt d circuits. Fig. 10 illustrates a thickness profile of
the adhési vé 13) 2% | C chi p after dry burnishing with 1200 grit Enory
paper. Fig. filsim. @B%&%Q@%%Q%s%fahh@ chip ﬁbéegse‘afwﬂﬁ%é1&@@fﬁQ§WAUHS

cont ani nation of the ~0 esive and flatteni ng of the sol def bunps.
' Fig. 3A shows the chip prior to abrasion and Fig. 3B shows the chip after abrasion;

5 Figs. 4A-4C illustrate an altemative method for preparing an 1C chip for connection
to a circuit substrate; ' ,
Figs. 5A-5B are micrographs of an IC chip processed via the method of Figs. 4A-4C,
Fig. 5A shows the chip prior to abrasion and Fig. 5B shows the chip after abrasion;
Fig. 6A is a cross-sectional micrograph of an IC chip connecied to a circuit substrate,
20 the 1C chip was not subjected to an abrasion step prior 1o connection; _
Fig. 6B is a cross-sectional micrograph of an IC chip connected 1o a circuit substraie,.
.the IC chip was subjected to an abrasion step prior to connection;
Figs. 7A and 7B illustrate a method for making a conductive tape; and
Figs. 8A and 8B illustrate a method for making an electrical connection using the
25 conductive tape of Figs. 7A and 7B; and
Figs. 9A-9D illusiraie a method for encapsulating bumps on wafer integraied circuits.
Fig. 10 illustraies a thickness profile of the adhesive on an IC chip after dry
bumishing with 1200 grit Emory paper.
Fig. 11 is a micrograph of the 1C chip of Figure 10, showing contamination of the

.5V adhesive and flatlening of the solder bumps.



1 4 APR 2005 WD 02/33 7 50 PCT/U 503/0238 Fig. 12 shows an I C chip afiteR 2003
sol vent assi sted burni shing which provided poor wuniformty and |e
excessi va¥P&&PHG8 on the 1C chi p. Fig. I 3 shows an |IC chi %Cafrl’rsé’ﬁ“zééﬂ vent
assi st ed- burni shing which provided fair unifornity and left m ninal
residue on the IC chip. Figs. 14A and 14B.illustrate the thickness
profile of th ) i shing.
B o6, o 15 e PASFICAT i borShiR OBk LOOIIE BRA RN o
prepar i ngiamitCand hifpe:fcessiveansieetdrotheti chipci rcui t substrate, where the

- adhesi ve thickness |s great er than the height of the sol der bunps. 10

Fi gs. 16A-16C7ig | highavata 1§ ohop sleastsokys st assialgd burmishate W chetdvéerdr iay
preparin a circuit substrate, where the

n con ect| ,
adhesi veg‘fﬁfl?fktﬁé“sg?qu”’ “e’é’@l rteﬁ i ¢'h leHEé.C(BH{ of the sol der bunps. DETAI LED
DESCR! PTI ON O, THa PREFERRADSENBIRMWEMIS: p16r B8t ot 80621 bidddanoutes fende
in detail to exenplary enbodi ments of e present invention which are
i1l ustrabbent assishel megiehipanyi ng drawi ngs. Werever possibl e, the sane
reference nunbers will be .used throughout the drawings to refer to the
same or I|ke BeﬁtlsiA-l-‘rﬁellt;ﬂre@@rﬁpl\ienveﬁstsre@rbumleivngie@th@ﬁ feu 1?1éP%iH{€emﬁ@ans

for appl -under f.i adhesi v t o, an

under 119 e tn g FERSH N PrETE usecinE Pagi GrthRRsess § arppef BT Re

pr ef er ablgyo1ator RS @der 8UMbs. before the chi ps have been bonded to an

i nterconnect substrate such as a printed circuit board (PCB). The resin

'may0 be appl i eBigeyldAedb@ilduseste asoblentsss]seedi buati kg mcfliotﬂrmmatmrngj and(C by

l'iquid ating.. In contrast .to traditional under fill methods

on Wi ckﬁ%@p f%’ COBRRSHOP 2 AT lebE AL, anere féﬂﬁ@dbffseeémckmwdt%halh he gwght

re5| n t t oated on the entire exposed surface/face of the 1C
ng%%%(glg%uge CS the problens with entrapped air or inconplete

f||||ng typically assom ated with the traditional underfill are

elimnated. Wth the resent met hod, underfill resin coverae and

t hi ckness can BRELORE - RETRENE: F&NI% ck- under

pr%cess IS elk nated rhe%lo cal |rements of n%ﬁ ed resin are

axed. Thi s FIFEEE MR RO 5 &vade oo Fﬁ‘é %%\EB}F’ %Wteé]rbﬁ WS es and

hl gher 1“2*’%’%&3“' \glﬁglh B il Gstiafedah heRRES B pardth JBERARL CW]wPé\QPEMsHﬁ@ 1R dafle
cure.
reference numbers will be used throughout the drawings to refer to the same or like parts.

The present invention provides an-alternate means for applying underfill adhesive
resin to an IC chips. Inthis case, underfill resin is applied to the bumped sides of IC

20 chips, preferably at wafer level, before the chips have been bonded to an interconnect
substrate such as a printed circuit board (PCB). The resin may be applied by techniques

. such as lamihating a film material or by liquid coating. In contrast to iraditional underfill
methods that rely on wicking to cover the hidden surface, the present invention allows |
resin to-be directly coated on the entire exposed surface/face of the 1C chips.

25 Consequently, the problems with entrapped air or ineomplete filling typically associaied
with the traditional undexfill are eliminated. With the present method, underfill resin
coverage and thickness can be conirolled to ensure uniformity. Because ihe wick-under
process is eliminated, rheological requiremenis of the uncured resin are relaxed. Thisin
turn can permit the use of alternative chemistries aﬁd higher filler Joading to attain betler

30 mechanical properiies after cure.

8



WO 02/ 33750 PCT/USOl/0238;5 After the chips have been coated with tRd APR 2005
adhesive resin, or during the coating process itself, portions of the
adhesi véY?8¥H>4re renoved to expose the tops of the sol d&T/VHIMEES The
adhesi ve renoval nay be acconplished by several neans, including physical
renmoval by abrasives that vigorously renove material (including sone

sol der), physigca | i \C RS oLhea i i.ndirect
physi cal ren%‘vf%ll 'Ithseuéc]ﬁgg}xs{ﬁv%ib?%n g+a§§dn§ﬁ$g§2%d#§%€ ,Ep%]rn’gggﬁléxﬁtlhﬁicﬁgt_”&nysi cal
and chepicgads i@@ENHStibas of BERYRsIVeteiRafdresidhtaeespovd 118 1bWETthé bold@:

- finer) abrasive quality are conbined with solvents to scrub the adhesive
cl ear obunhe $h¢ adreshalremovionayebeaarpbmplishedeyantreaheprsovekdingaphysaused
to remove the .previously applied adhesive fromthe tops of the bunps.
S (T A R SR RS AR A AL o e
abeasi vg |, &l i [ Ly L0 Lf . :
conpr e i i SlsplSERER Gind pcRRRTSUNE LA SEHLIE SEPE Eh plasma

di spl aceedthent, adbeoudinag ghysdal hadeRehtlCaltagpsts @br ehevAUAPSIchINg faces -
above-descri bed adhesi ve renpval step is inportant because to achieve

good nifthllower (et dineddbrasite dyetiivesn conbingd vddr sabiarpstoapmbttheadhesive

i nt erconnect . subst,r at rior to .15 the refl ow step, the.top surfaces of

the. bunbewStidlf o IPFerLanly BEsale: F ERSce A SRy R Eu e PR adResi ve

removal %O%uQHz’%ﬁé@?élhé’éﬁzesﬁ 1Y t%h&f’t'ﬂ%h& st x&ﬁ?ﬂﬁ%a@&aﬁﬁah@“o@@eg rom
re reflow I .

t he bu g t hat ormed during their initia n so )

i b8t ances]udetrubliipy tleadhesive abihenadbtaivetigtehalrpcreppe Sitrahepey aitherknhfas
been conpleted, to apply a film or other type of protective cover to the
vaf er/ cPigss Of eorppissung therrdhemrieloithe ad ¢ vemualéx pasledr otherviempisplagg ther t he
tips ofalﬁph%ungg.g ve ggn §Xﬁ?s§d. the wafer formng the chips is diced
intoap trali Yy LIRS ettOB ¢ VB YRS | owi ng wafer dicing (and renoval

of the proteght¥Bovd-bdsttibéd adie¥le rénSal &@%@&mﬁ&r@m BcaddR theciakiggsd and
pre-attached to the interconnect substrate with heat and pressure.

Nor mal | yetel Sormtdialapontact badfveen iho-sbldembumperfd the imtatceniest s\tBiriis miospensed
onto the PC.board just prioor tp the chi l,ace step. Thi ddi ti onal
Thber i alcaERORa o s n s BOSINarEs Fhr P REBPOPHE Bt T and al So
act's aSegdsEAPPhAhdhesAERELECh bAd IBQxlng ek ﬁsh@hh@p Lo FRE8n W tdrnlo e o:figaches
the reflow oven, During this pre- attachnnent’ step, the sol der bunps of
t he chi flmas Fodetheboegs shat gietd formed dodeg titetr ifiidiad heflow. dnsume Hrdedrtegobd

metal to metal contact {)etween the | C and the interconnect sut?str te as
30 wel | M3¥ b§siserakde elieidhe PubR & BRMESIRAE Y Ao BuTRIated: orfRP b ap™

def or ma&i &lﬂexlty e oF Bro%(gchQe cover to the wafer/chips to protect the adhesive and the exposed
20 bumps. ' ‘
After the tips of the bumips have been exposed, the wafer forming the chips is diced
_into a plurality of discrete chips. Following wafer dicing (and removal of the protective
film, if any), a selected IC chip can be aligned and pre-attached to the interconnect
substrate with heat and pressure. Normally a small amount of a no-flow underfill material
25 is dispensed onto the PC board just prior to the chip placement step. This additional
material serves to provide a complete filling of the bond line and also acts as a temporary
adhered to hold the chip in place until it reaches the reflow oven. During this pre-
attachment step, the solder bumps of the chip are deformed slightly in order to further
ensure both good metal 10 metal contact between the 1C and the interconnect substrale as

30 well as good wetting of the adhesive io the substrate. The bunip de formation



‘W O@/ 33750 PCT/ US01/ 02385 acconmpdates the stand off of the IC frorh BRR1005
substrate and all ows the adhesive to be brought down to contact and
fully wetWOHB/33(¥st rate surface thereby conpletely fillingPHSWAFT Y
under the chip. In addition, the collapse of the bunps causes the surface
oxi des on the solder bunps to crack and open exposing fresh sol der which
is then s S..1he t " i - rgi cal
bond.  WhanCh R e ARy P P R o AR B

subst r at esrohf} dehS-to 2BRkEEhdaRNG S @ JuBEIRe andadh&eB) BSmBRRGNANINEAhe
bond between the chip and the substrate significantly reducing the strain

in the saladay vhadrnbschipe peaddingnahe chidapappl ihedtungrs,catites thoduwifce poidest & may
be formed without flux and still formreliable 10 i.gterconnects In this
case, thdhaanesy RnRsEp Eackiand e £Xposing tetiosoldrs Wi 1§ then Brearesd acatse e

i nsteead of ,a. te. The : ref process can al so serve to

par ts:aal I legstlgei\élgﬁdsﬁﬁﬁ]]?g ac%°§r§%1gﬁgﬁ’gg\rl H?ll " resin, which can possibly

elimnate the nged tHresiaboattdi 10 Qghs RAGEd EMHe. inteid@Bnedt stbshles fiRWran
exenpl ary process, in accordance wth the principles of the present

i nvent i orapplied agiresiyas fargisamdintziohins § mecteheet bomabetweemthetchyprendgha

circuit substrate. 15 Fig., 1A shows .an |.C chjp.20 or_ wafer having a ,
passi vati%&?esgi*}r-ﬁ&e ’CQQHX)FFd\RﬁthHE%\é\%@Gr“éFl]etsymeéﬂmBBn&F@FP‘ség BUMSs 24, such

as sol der .6l T . . Q. ariety of
nown coriuroy: B o AR dnay WP APHER Rl B PR B Y o1

et s, -iatdcormeteunt ihvecast Uhe béisesivearelies td ¥FxPOk YORS the RaRTEE®@! 8 sSlow
ni ckel , and el ectrol ess %ol d. ¢ O The bunps 24 are preferably deposited:
on i nput /ivsteplief pEds peste.t hlee sdligr 1i20owdocess earr dde sove py pjredty gutvgafdlyf rom

t he passivati.on surface 22 of the chi 0.. The bu side.of the chip
20 hao bRt LONPER TR RoIyeR Fr B TE THab P ar w5aeEide pef o
adhesi ve film pi; adhe8i yEwSH dlehlary 6 he et B SRR Wit HERARLDRE oPthe
applied to the bBunped side of the chip by any nunber of khown

t echni quesesdad mvextany fer, prepeiradhek] viep Carelbrricd abekcisn @5 cachbiubsipdtt.

coated from sol ution, or bonded gs a filmin. a lamnnation process. The
adRES ve Tt i SAYVORH 16 FIE Aher WAPLIRY 38 S umeReD EHTR?)? DOraHaich PRy

the bu , ' Rdl i Ml I LPsE

the adhosr & o SeAT a5 tag & spRler paBE S Pistos 8 RER L D¢ o el
of the buwfsvazity Akmwhnesubtictitehaaexples Etenplary acgerils inadadirgiabdeoclzd has
a plurality of adhesive protuberances 28 that correspond to 30 the bunps
24. The preiiberidntanduaayecdyiaiest FadBeRsPoImensdelseiayesmidut wad § eerdassa 10

gold.

20 The bumps 24 are preferably deposited on inpu‘t/out"put pads of the chip 20 and
protrude or project outward from the passivation surface 22 of the chip 20. The bumped
side of the éhip 20 has been covered with a layer of adhesive material 26 such as adhesive
f1lm or adhesive solution. The adhesive can be deposited or applied 1o the bumped sidé of
the chip by any number of known techniques. For example, the adhesive can be coated as

25 a hot melt. coated from solution, or bonded as a film in a lamination process.

The adhesive material 26 fills the volume around the bumps 24 and protects the
bumps 24 during handling prior to assembly. As shown'in Fig. 1A, the adhesive malerial
26 has a thickness which is less than the heighis of the bumps 24. As a result, the exposed
surface of the adhesive 26 has a plurality of adhesive protuberances 28 that correspond io

30 the bumps 24. The proiuberances 28 cover the bumps 24 and project outward from a



1.4 APR 2005 -WD 02/33750 PCT/ US01/ 02385 substantially flat primary !4 APRI

adhesi ve surface 30 that is |ocated between the bunps 24. if @

adheS|vé ?Q‘aﬁ fied as a liquid, the liquidis preferablf’ /E gﬁﬁ%ured

or dried to forman adhesive filrn. To ensure a better electrical

connection with a substrate, it is preferred tout |east 5 partlally

remove dieA0hes G hg %%ﬁ&mcaéfa@zpm ISBUAL bG YRS o, AS 1SfREWN 10
Fig. | B, an a rasi on process Is enployed to renove t esive

mat er i addHesivatesbpdivd top lighidl e 1idvid s r2@raxpesiang ctile o@@ﬂdﬂlﬁi fowe ahunps 24

“for better electrical connection with a packaging substrate. In the

abraS|oﬁiﬁﬁUéé@§ an abrasive material 32 such as sandpaper mcro

b b l I f 3M. Co MN . und th
chrasi ve. abres e RedR RUA LS. £ LM AN oy R Pl My peer the

coat | ngp:i?ﬂhlﬁ)erén%\l%rtf?@%sﬂv@ﬁ?&ﬁlt)é}gltlcﬁsWSttﬁattcggaqgé"gﬁhg?)ﬂpr/Q%jyl?(ﬁ%?ﬂ%g 28

that cover the bunps suc bunps are Xpose

el ect ri 3 arcabnalion probess Beeapisged herepiove URSARIREOS n2ied) o tdcarbaviaof bthe
aver age - adhesi ve helght on the chip 20, such protuberances becone

pr essur@mpedt exsismeshe pritductiveckips 2hiorheer ektntves] gnmmch@umth@g Fig. |
C shows_t 0, af.ter the bu s have been 15 ex ed Vi a rasi on.

Once t h%aclg‘aﬁﬂg Sﬁ%\%@tebe}g 1%%3156%%‘21 %Y PAOTEH e TBIETBE A Pucthﬁéa"a) Paper,
prot eCt}hY&o%Qﬁé‘%TveWa@% ﬁa@@labﬁfabtlé)ﬁﬁ quflto%@a%t@ pélﬂt £8% ubdig tRORRRI ve 26

and the exposed bunps 24. A variety of techniques can be used to expose
the conthsedriatien [Suops B24ht, lafcldthea sadbies blede os a coatrgdraf iabloughi id comtact
scraper or knife edge can be used to renove adhesive from 20 the bumps .

duri ng YHE thorhiepye m%@s@ncexw ir: aﬁmréhe byt $1{$héb1ilﬂéF Panpstdare o
Spr ead é %ﬁg EHGCFIGQPGOI']% er_ ?ec%gsel t){]e pﬂ Cﬂ%é’g&‘&%% E‘)lé)i(lgc% a (?ch Eee a\aeq’gleSI

from oveél Y, unp cou e eprsed Vi a

abrasi omrERe nqetgmeo, t]ﬂlé'hga 2ihesl Mx%tMaan@Eéi%ﬁﬁqyrefoeth@ MBI thkhe
adhesi ve coul d be applied as a filmw th portions ofthe film being

r enovedebyivatheabpsgsbmsiopracessg. g AL stovatht nhipi2g.afteCthedmotpsihanpba
ends co etely acr ss t he adhesive | a In this nner t he
he%ght eo\rpoggfLwaaﬂa Fasthdd 19ﬁ16h62'2¢“T’ES bBEREEY ’e’%fés‘% 2T A2Rgi G REET PRERT t he

E Elecgg ose ftw?ga\:’egrns 360%)%!]9(;1& @E CEQezzcimaﬁ%g‘ﬁhgﬁ%ﬁ ynr%gfssa?gq}\l}\% %)%B?égls%éct

to the ponpar4. adhe5|ye surface 30.

' A variety of techniques can be used to expose the conductive bumps 24. 1f the
adhesive is coated as a liquid, a scraper br knife edge can be used to remove adhesive from

20 the bumps during the coating process. For example, the knife could be used to spread the
adhesive and simultaneously remove portions of the adhesive from over the bumps 24.
Alternatively, the bumps 24 could be exposed via abrasion after the liquid adhesive has
hardened. Furthermore, the adhesive could be applied as a film with portions of the film
being removed by an abrasion process. | 7

25 As shown in Fig. 1C, each bump 24 extends completely across the adhesive layer
26. In this manner, the height of each abraded bump 24 1s roughly equal to or higher than
the thickness of at least portions of the adhesive layer 26. Additionally, the exposed

regions 36 of the bumps 24 are slightly raised with respect to the primary adhesive surface

O_‘

(U8}
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met hod for electrically connecting the prepared chip 20 to a circuit

subst r at eWSh0%i3éH as a packaging circuit. To connect the cHGF/PYHB3Enhe
circuit substrate 34, exposed regions 36 of the bunps 24 are aligned

with circuit pads 38 of the circuit substrate 34. Next, the chip 20 is

pressed agai nst, tl;u Cl. Iy bstr 1 -
Pemerate o eoTlcean TonEbsRaP s 2 fsucmaﬁxca’“&cﬁﬂe be B 20
38, and {0 &wﬁtesdbeﬁat@dh%wv&sa? cmgmgtn@md b kbniddcourctHiheo mﬁp@;&m and
circuit substrate 34. It is preferred for the bunps 24 to deformduring -

t he bondsuigirpieGelessposBy repd@fsditnifnige birephifps: @idned hamhdofchit pedassieot thhe
chip 20 and the substrate 34 is reduced and 10 the adhesive 26 is caused
to full ymwem sazrbéﬁr@ﬁedpw\aﬂ@e @1}1@7@u%%lteﬁséfj@”éi“ﬁ@ﬂi‘FtC”Pkb’bébtfséﬁﬁy’ ¥Pel 1 i ng

ent y appe e adh es ed durin in ess or
T 5 oo klen DR RO PR G K e e S LU el 2% M AR 2655
provi de838 %d%@&%nﬁ@me@@ed@b@wgm finerduadahé BusBs andns bh&thit ab&raé,
redistributes the stresses at the solder joints and encapsul ates the

bunps 2434r ot ecting themfromthe environment. 15 In an experinental

exanple that -illustrates the above-described aspects of the p esent
i nvention, ani tl‘EPEﬂ{F‘bednérﬁ&lfea@{%?sed‘ tB)ﬁeﬁqri“p‘g‘l‘F”Eﬁ t%ég’ﬁﬁé‘lnédyo%é% Yilized.

So v, U B30 gt L AU s R Pl g (e

LFiowas m@eﬁh&@v@y@nscmged tnefunjaw@p@m SResiulaie a@ld subsaid cifblit idpbglephaver of
adhesi ve was placed on the bunped chip 20 surface by pressing the

adhesi veexpsllintgeendtipped #iat Thagdhivere & nay BoCedduangdie hsinding, pregags or 13/& is

a nlcrogra h of the chip, af V|n eegn coat.ed si ve,

T Cal T B Y e e e BRI 2 SRS UECh S her e
was substant h@bve Py %ﬁ@%h@ﬁvo o tires s BYUMRE;AbOMES ihh%tr%s'e%tr the 84BESH S
surface on the chip surface. An Inperial Lapping Filmmcro abrasive
manuf act ardeehcay stk Core rongtsi2drprwasti ngstbemt foomehosevitdnenc2d adhesi ve from
the tops of the bunps so as to expose the bunps. E%%.,3B is a n%ﬁrograph
t ke chi p afte}n ?’h%«“l’(fulﬁ‘ﬁé“%éb@“ﬁ’éélﬁﬁté&W%?d th+ Bboatsr S ohed PREPRet Pons of
the abr qt fou \ ( Gl [ n

t he proc_ss qrﬁ%Fg TF gg%ﬁﬁ%ﬂﬁgglhggyvepgggpg%ﬁggﬁﬁ%§¥§apﬁ£§£F%(kg

appar ent btmlpﬁhdi\hﬁgl4&1\l\lﬁylahyeférh&fe€tﬂbaﬂl:d/8n tlid perirrtgsof AACKID. iAd athksiad e
anot her process, in accordance with the E’ri nci El es of the 30 present
" i nvent | oRanpigEivpERaPIReNa @ iEe pamsof Earue LEowas yses leiovergpat the

‘substrat gm‘xpé. g\f)ecmé)a%y, a 3 mil thick layer of adhesive was placed on the bumped chip

20 surface by pressing the adhesive to the chip that was heated to 100°C on a hot plate. Fig.
3A is a micrograph of the chip after having been coated with adhesive. The 4 mil tall
bumps wereA higher than the thickness of the adhesivé, so there was substantial protrusion
of these bumps above the primary adhesive surface on the chip surface. An Imperial -
Lapping Film micro abrasive manufactured by 3M Corporation was used to remove the

25 adhesive from the tops of the bumps so as to expose the bumps. Fig. 3B is a micrograph
the chip after the bumps have been exposed via abrasion. Inspections of the abraded parts
found no evidence of abraded conduciive material on thev‘processéd parts. The abraded
adhesive and bump materials were apparently carried away by the abrasive film.

Figs. 4A-4C illustrate another procéss: n accordance with the principles of the

30 present invention, for preparing an IC chip for connection 1o a circuit substrate. 1t will be
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of Figs, 4A-4C has aspects that are simlar to the process of rigs

3A-3C. ff—"(’f?méigﬁi‘f'bl e, Fig. 4A shows an 1C chip 120 incl udi AGTSIUF A ity of

O conductive bunps 124 deposited on a passivation surface 122 of the

chip 120. The bunped side of the chip 120 is covered with a |ayer of
adhesi ve,5; ' d Wi € DESS - £ TP I-cthar the

el ght o B R datpet PR e G BRSPS TR 4 AR Blect 3T ("D
~and has Fags. 8xpuS.edopeiammly, Bardaseovls HOA dap 128isukStanpluablity opar al | el

to the passivation surface 12?. As shown in Fig. 4B, a cutti ng} or :
abr asi oROPFSEEs Sumgs dApRenasicd en peresietionsurlagghadiafdhaeltinrll8l Toa top of

connoot POITPGE EReR DECHEh T ATBECral 0, ¥ RO Ha O dby St ] bReBe i

abgasi ve,pRi&E -laﬁ’tlxa] 136 Jz‘%ail‘:'xsﬁxgn §i% RHENL ShLE g?img@t] bE e TRE E%SYVQH?E]%QQ&BO

of the adhesive 126 suth that the Dunps 1 re expose or electrical
conduct icovers HieghundiS 19Homnd haben ekpgsed pmaft eirfact he0 thatjrssubaastidiBgrraieposed
via abrasion. Once the bunps have been exposed, a film tape or other
type of IQHStResHVaONHiage be applied to the chip. 120 to protect the
15 adhesive 126.and .t he exposed. bumps 124. As shown.in Fig. 4C  each bunp
T2 extends CoTHRBIdN merhec i PremeassogS R ibtutreyE e
I'n this ARG matehs dieloglel uRf bigAsM ’ﬁlbéx?gﬁgg BB ndgdiveouniaghlior WAl to
t he thickness of at |east portions of the adhesive |ayer 126.

"AdAi ti omblcingcal tdmectéxpoeried peelkdedmpssub3Gatef 11t the abrznijps fk@dksaram abrdspteant’i al | y
flush with respect tq the primary_ 20 adhesive surface 130. [t_w Il be r
appr eci éﬂfé%f‘@tlﬁgg 1§ ygddp byrmighahe shlingrisinnn setacq 188 o4 thy adbgive 130H8hr ate in

1b qalk pr evi.ousl i bed ,wi 3 I gs.
Ut 2t ghiye (b5 59 RANES o S0 BUaL 1 AS0EL Bt AR, L 0508 i i

a mcro

whi ch havenieginhavedateekptiséhvadhesioe OltetRehsapEhdaRMeh ckhiRed M Mml20 of
Fig. 4A. Additionally. Fig. 5Bis 25 a mcrograph of the chip of Fig. 5A

after péanciamshatyned radhesioco vaamey he eppliedrtadescihip 12@sppotcct He
copduct i ye bums. ]Wﬂh_ respect to,l he above-described embodinents, if the
-a_g esi v& %%?é‘felnﬁ% a4y &P $‘Fg\}v Bhafacteristics during bonding.
non- pol i shed AUgRSNTRYINQC, Rec1PlEp § 94 BUSIILIAMGBRIy across the thickness of
the adhesive layer 126. In this manner, the height of each abraded bump 124 is roughly
equal to the thickness of at Jeast portions of the adhesive layer 126. Additionally, the
exposed regions 136 of the bumps 124 are substantially flush with respect to the primary
20 adhesive surface 130. It will be appreciated that the chip 120 can be connected to a circuit
substrate in substantially the same manner previously described with respect to Figs. 2A
cand 2B.
_ Fig. 5A is a micrograph of an exemplary chip having bumps which have been
coated with adhesive in the same manner the chip 120 of Fig. 4A. Additiona]lyg Fig. 5B is
25 a micrograph of the chip of Fig. 5A after portions of the adhesive have been abraded to
- expose the conductive bumps.
With respect to the above-described embodiments, if the adhesive coaling has low
flow characteristics during bonding, non-polished bum.ps may not be able to push through
the adhesive to make contact with the bonding pads. Fig. 6A shows a cross-sectional

30 image of a non-abraded chip bonded io 2 FR4 board using Pyralux, a no-flow adhesive



‘the adhesive to make contact with the bonding pads. Fig. 6A shows d 4 APR 2005
cross-sectional 30 inmage .of a non-abraded chip bonded to a FR4 board

usi'ng Pynsbuxia3mono-fl ow adhesive 13 1 4 APR 2005 WO 02/ 33P60/US61/02385

PCTI USO1/ 02385 manuf actured by DuPont. The cross-sectional photo shows
that the bunps are not in - contact with the substrate because the

adhesive is thick, an overing the bumps. Fig, 6B. sho across-sectional
i mage of 2Bt Chrab yPaded herﬁf%SbssaH@aﬁﬂDBO*g ShRAS Hﬁéﬂ}fvﬁwgare PYVEI ux. In
contrast ta the chin of Fig.,68th SSTSEELAPLRE | Op,

shows th‘é(%lﬂﬁ ? he! '{tfrrﬁls’&%fée&lc%%?c}ﬁf a@€&5m&t]§1}?ﬁgtllhsoa s\{%pgégjﬁ)@:’%@s‘%lfﬁ%

-pol i shi NghPiHL 8 8s-WasioHsashabof & BIMIR dlBadeX thip ReBeSiveFRE dohidheifunp
tops. If the adhesive coating flows significantly, the bunps will push

t hrough Pheluadhesinirestdotiewhat ofdtigi 6. bemdossgectdowehnts of Fige6Bahews that 126
can_get trapped under the _bupp, thereby preventing good netallurgical
bond f or Ht LEIPPS%HE%%%M‘S’}}H% IR @Seﬁbaﬁolﬁhaw BARES MR SSEH B

utili Zedrenil_(g\/eitﬁﬁﬁ;(‘érg Edﬁeﬁ%g‘?ﬂ e ﬁﬁi%e{orﬁgd to abrade the adhesives, Figs.

7A- 7B show anot her aspec e ent invention which relates to a

met hod for nalifiheGdBestvedctiain€ 00 §idnvRcanbipethe PhgipEREN@dsh nebuideset he step
of providing an array of conductive particles 210. An exenplary size

di st ri buedlasiegromevdapduririgdhopdinigs Hewever2de 28hasiver idverngst trapnedmaterdle

al so includes the step of coating.the rtiicles 210 wth a 15 | aver of
Adhes! ve SR WGt R EGRY FACIRECH AR B EE CansteaBpic Bl "6 ne
Paf i cl eqiod 1R DY dReshRs bRl i1 Dk, LERm AIBR; llfPfefgm%laSrag'éhﬁe aflassiye can
be coated as a hot nelt, coated from of U on, pressed as a filmupon
the particl es F244,7Ae7B bBlovdesbtbe aapédtlofilienpresent atvieniadr whighrelzesso a

Addi tionally, the particles can be m xed w thin an adhesive suspension
whi ch i sMepreler mmkingraq-axip sgrducsve farem e rethedingBidpathersierofrayigingtap of
coated 2 rti.cles.cont ajine erein. e..ad iLve 214 i nar

b cknes &P PhATIEE TR RER 4 Y S B ANSEb I M BeRE KRR

- the adhesgvg R2bohasrsa Thepsdd aseirtheieh @ g af @atihatid parblehnpsitvr t op
pr ot uberances 218 that correspond to the particles 210. The adhesive 214

al o i nclaydesf zdhebiveRofres shoace Fa.77 havhagdhesplaitidldan peappbet toghe hunps or
D oL uber et 218 AL RS, SHLSSRNY o e Rard sl 210, Lol sBy 1 1
a pri maryelihbeHoesonedualont SreNed 35 8aHES utdiaRe bhRicRs 2€008r bonded as a film in
a lamination process. Additionally, the particles can be mixed within an adhesive
suspension which is spread to form a layer or film of adlhiesive having a plurality of coated
20 particles contained therein. |
The adhesive 214 has a primary thickness t that is less than the size of the particles
210. As a result, the adhesive 214 has 2 top surface 216 having a plurality of humps or lop
protuberances 218 that correspond to the particles 210. The adhesive 214 also includes a-
bottom.surface 217 having a plurality of bottom humps or protuberances 219 that
25 correspond to the-particles 210. Of course, in alternative embodiments of the present
_ invention, the adhesi;le may have a primary thickness equal to or greater than the size of
the particles. In such an embodiment, the adhesive would preferably define substantially
flat top and bottom surfaces.

After the adhesive 214 has been applied o the particles 210, at least portions of the

- 30 lop protuberances 218 are removed such that iop contact regions 220 of the particles 210



the particles. In such an enbodi ment, the adhesive woul d pref erabl y14 APR 2005
define substantially flat top and bottom surfaces. After sive

214 hasYHe8H34Hpblied to the particles 210, at |east portlpgh%(gf/q{gg% 30
top protuberances 218 are renopved such that top contact regions 220 of

the particles 2) 0 1 4 APR 2005 WO 02/ 33750 PCT/ US01/ 92385 are exposed.

Sim 1 ar ey Al €84 AN Lt AOS -Lx&rg‘;ﬁ%tﬁo‘?{]@n%%ﬁﬁ%‘? &@83?9 21 9eb e gr €MOVed

such t hat bbttom'cont act regi‘ons articles 210 are exposed.

The particalies bz)lenmmd@e]c@mwgd obYhetRethuN CUESars UePosas. e Pirsbieng) ®F
- polishing the top and bottom surfaces 216 and 217 of the adhesive 214
Wi t h ancadreasipasedrby éachaigued suchep bainmsherdbodiaishing tbé tophed pobemrstirfaces

t I 2 tiall ted I .
e oD ) 82,30 il iy Supored on 2 telenee
sugh an embog] %ﬁglhelﬂ%&ﬁneh'@%fﬂfér r!as%h?ﬁvgx%lg%hﬁlge % &8s ‘?m’&ﬁﬁﬂﬁ‘éﬂbgﬁet he

adhesi ve 214 and e top contact Tegions een expose

t echni quigposethn aaﬁc&,@ﬂﬁét @t sHdven) WHiRradh&sivé BMpyEEd foiaephiieleback nr
bottom side 217 of the adhesive 214 allowing the bottomside 10 217 of

t he adh&shee enbodangrodfes Sedparitles 2iBhayhdren coeredindsilheeadpesival temd he
top and ttom cQ nt act 220 and,, 224 have be Xpose The
ISR (LR e eI S R
sui t abl @ ,fRkqd @1 Lg'lﬁgk 67 Bttoin @'d@eﬂi*i bf xle 280846 51@5\?0w1§€%e%‘ﬁ51 Ligs 210

of the tape ave sizes substantially equa to or greater an t he
‘tho cknezk] @Ifthéhéuﬁadhesibvqbrc&késedAs 1.5 a result, each particle 210 extends
conpl etely across the thickness of the adhesi ve 214. A protective film

or‘ cover can &E%@W@Hl%ﬂdﬂ@%m’7141@%>Elpﬁat§écﬁnﬂc§1@ttaﬂw0@%ﬁ@t weiesALaerd
regi ons,, -’\Zh ), nd 224 Jlnl Lape. 6 _i-S agé tg%egl SRra. qu/e an

el ectrita acS e &fspro AT AN S8 "B RS ?Pé}“ B ar H SVeariga
z-axis ﬁg@n.@ﬁm%]é@ﬁﬁwﬁg &sa&;saé?&mcsa@emcabﬁsctm&gﬂmmt@)mh@tagz8 and
2-30 using the conductive tape 226. shown in Fig. SA the

conduct Rehdvapeze? 26bsnaanti|ab§s EQwad mcedr grettmetéan dm\ﬁhwkmsssgafp]aﬁ@hzﬁﬁe ot4.the

Sheetri cel gormonents 220 and 200, Ml 85, 2ot L0 P9 BB, L e
R et s s eyt L
226 i s ZlGandEnt edi sivciapt h2d istdomaddhesi tvepr@dde wetkcand! dannkgioar ound t he
gﬁat Egl()es-rﬁg %ﬁ%%{;d nggg,ﬁig& aamcte)t(ljugg onglto\oﬁi?r?g ggea\?sl ceo%gngzcltxco%lbmwerégo 1§tnat 3 2235
second electrical components 228 and 230 using the conductive tape 226. As shown in
20 Fig. SA, the conductive tape 226 is positioned between conducting pads 232 of the
elecirical components 228 and 230. Next, as shoWn in Fig. 8B, the tape 226 is pressed
_between the electrical components 228 and 230 with sufficient force to generale electrical
contact between the particles 210 and the circuit pads 232. While the tape 226 is pressed,
the tape 226 is also heated such that the adhesive 214 wets and fills around the particles
25 210, and forms a bond between the electrical components 228 and 230. The adhesive can
be cured during the bonding process or in a separate bake cure at a later time.
Figs. 9A-9D illustrate an exemplary method for manufacturing integrated circuit

chips in accordance wiih the principles of the present inveniion. Fig. 9A shows a waier

320 having a passivation surface 322 on which a plurality of conductive bumps 324 are



be cured duri.ng the bonding process or in a separate bake cure at a1f‘£‘€&20[]5
tine. Figs. 9A-9D illustrate an exenplary nethod for manufacturi o

i nt egr at e¥OR{EU0t chips in accordance with the principl egcngSPHg‘”“
present invention. Fig. 9A shows a wafer 320 having a passivation

surface 322 on which a plurality of conductive bunps 324 are 15 1 4 APR

2005 WO g%%g?eZJSOAng%g%QJdlxﬁze’%%gh gﬁpoﬁgcqwte%ncingegﬁ\{?]oc'ﬂegn'\a;%gen%# ﬂea

protecti acki'n ‘ocat e acen fie passwatl on surtace

322. Fi gpa&BJasllaﬁ\g@ fihesadhesive film 326 being pressed agai nst the

passi vati.on surface 322 of the wafer 320. As the adhesive film326 is :
pressed agai ndtig.teshusfsahe 3@0siieHfém FdhesiypcSRe Zt;@m@t@elph@l\munpswm and

def orns to fi.ll the voids around .the bunps 324. Al so, E dhga:\‘ée fllm
326 bonds-hiof He WHer Tk siy Hieiaghesve filie e2@spregsed RamsAs Ve

Shogncl nagqu%wegg cgbgsvﬁﬁé un]gg%z} X"ﬁ‘d el’{‘on?sslo Pﬁiech? S aqg‘@gpthg% alp?%l@SI ve

ed“or “divi Into discretein egrate clrcul

shown i n Afb@the &BesitOERBCKI YIRS ﬁ)‘tﬁﬁ]u@;?a@sﬂv&uﬁrﬁﬁ&‘ﬁﬁ:@ 3@9@mlteheafhmﬂzgr at ed
circuits 330 such that the 10 adhesive | ayer 326 is exposed. Wth the

backi ng 328 ré¥mv.ed showe in Rtge§athedvaler 0L whidrlms beendye-¢atedopitinecti on to
a substrate. .l n.the foregoing detailed descripti.on,, |ng
portions agPesi e IS ﬁeéjs?’\pggldF?HHPfjﬁél%%rﬁtB‘g ?%‘é{fse”é)xgzg’éagb g%ﬁ‘coéfﬁ]t“ '&as
has beeng 8 f L 3 gressive
abr asi ve, Dsj??e;%%cgﬁg lw&radﬁgfe\?}em\%dt%ﬁppg t%% egjrap&ag ggg@g&pﬁ@éggl ng the
-adbesi ve atibesivi lay@rsdcey exyioded | Witiae Isa@cﬁnm:mafe\mmdgihsp]htageteﬁtmefcumlzhes| ve

material fromthe tops of the bunps. However, as illustrated in Figures
IC, 2A oy gngmestmdosBubstieieuse of these types of methods for

removi ng adhesi romth rface.qf the al so resu

renmoval of soﬁrﬁ\{lbefffo ‘%&%‘r dn‘%is@r‘ﬁlﬁ’ln th‘fﬁzeptfgge’“(%’{%ﬁ)roéé?r{?é)fﬁhe{zéjls]ie‘f'iy% to
renove emﬁﬁpaw@m sr{@tcﬁerateaé\ bEQIR e £ﬂe£>§1m@fbeten%e§&ib@§nn Ruppsr as 20
descri bed above cl ear y sho \7[\)5 that this type of scrubbing renoves sone
sol der amhowganicdliprodeheusng apsgdrast vef aboasieh ecrbping thé¢ pdhesivesuthtd lngfd aige,

flattened bunp shape in which the flats of the buer are esFentlaIIy
F1Esh wi OhCOREeRtResiaAShENYs BolD rhRYGRINalby cie6k @B PUERBIE Hiveast

B s
conpr oni $8, BBe4CGnd 6B ahl Usk oy ilwéddlﬂe!; onakihyds ﬁﬁlréﬁll’ovd@bfdh&l‘fmﬁ/orhehe
surface of the solder bumps also results in removal of some of the solder material. The use
of abrasive materials to remove encapsulant material from the tips of the solder bumps as
20 described above clearly shows that this type of scrubbing removes some solder along with
the encapsulant from the bump tips, resulting in a flattened bump shap-e im which the flats
of the bump are essentially flush with the adhesive surface. '
| Removal of solder from the bumps is undesirable for several reasons. These
reasons include loss of control of solder volume from bump to bump and from chip to
25 chip, which could compromise the IC reliability. Additionally, solder debris may be
spread over the surface of the encapsulant, thereby creating a contamination problem.
Finally, the loss of the spherical surface of the solder bump can complicate the automated
alignment and placement of the IC chip onto the printed éircuif board substrate.

Therefore, it is desirable to remove the encapsulant from the surface of ihe solder bumps

- 30 without removing any sclder from the solder bumps or causing the tips of the solder

16



spread over the surface of the ‘encapsul ant, thereby creating a 14 APR 7005
contamination problem Finally, the |oss of t he spherical surface of the

~ sol der BYei2/83R0 conpl i cate the automated alignment and pPEEREMIST the

| C chip onto the printed circuit board substrate. Therefore, it is
desirable to renpve the encapsul ant fromthe surface of the sol der bunps

of the SarBer Te B el i 6T Teb T ect TRe B Pl R ™

flattenedndddpions, it is desirable for the soI der bunps to retain thel r
~original rounded prone. It has been found that the underfill material .
may be renovéidesbom fdhedsioider utdeps!] niajermbang befreraowidiroig thesalder tipat her

t han an_abrading action. That is, a relatively soft 5 material such as a
woven ofY AEANLYEhBE PRI ralsr d3erincbrad TiieRay DB S ERIVPR B! to . use,

t h§ W I%B‘Eé ﬁﬂgudh as%a\%)fe qno Al%oven%rrl'ﬁ\llce?raarlrwuo(,ligré%.| e ﬁj ?anh% a&rb%q sed'a t n ql vent

to soften e encapsul a ernat o-striuc

sur f aceugatheah B DS @me@nd@l' Wiiea stfaUtahﬁmm of d%p@ﬂﬂma%%véiﬁ 't@ﬂ)f@n har der
micro-structured surface, an appropriate anmount of 'solvent is applied to
t he | owh§potapsghnt. héltmn@hmlstar ecderrmenrs sriicioed jsmacep:an@lffsothﬁ uss@in jByce10
enpl oyi ng.,thi.s. ty entl e, | vent assi st acjtlonlt IS
possi bl %ﬁtth W‘E%Jg‘g &é] ‘?rg%lrf@%ﬂb%ﬁ r‘éﬁ?“’ﬁ@&i%‘i%@ BEARSPERB LR Ehout
al teringe {16 HM L49 spof
sol vent’ asots]} slt ed Elréli %ﬂ{ég%\%g?&Q o'nlqllg](_a rotsslﬁrgwgo% gﬁ%%ﬁg\ﬁ%t pl%g?gmf)?ow ded
bed ow.  dhpkyamihastypé oSednviendol s:$ h§sﬁ§§ﬁ B(l}brﬁki sdtioRgt isHossBleRo edmbhethe
exanpl es described bel ow, epoxy based underfill encapsul ants were used.
In al | edsesll etlﬁ@S@lﬁnfa%@nlihmb@ﬂném@\m@pnmlmnea ﬂseobtaspwepn@vlmé imany
flexibleg fi terials, were l.oade heri cal ,
rror phouS PP S ohRaspAls ool Bl wD Rt b BAE L WTERr rodiis thE

adhesi V@resp%.j,,ggd Byowei ght. The silica powder had a size 20 ranee oft to
10 microns dianmeter nomnally. In all exanples -described bel ow, the
adhesi ve solids were conprised primarily of a blend of epoxy with a

| argely non her ppl astic conponent. The ratio of

-veﬂoi(y:t HE'S ga ; --1 of 73to8§)\gln aILciasesI :
acet one was S . V. W ol vent s
may be usedpégs G?I?fgiﬁ)p?\g}{ ) EL; or teqhee g“-‘fﬂ?}fﬁ sgr 1a§%£1| fe%%rtlﬁer%fl

bei ng usett us28. In all cases, the encapsulams were formulated so as to provide a flexible film

format. All of the maierials were loaded with a spherical, amorphous silica powderata
level of two parts filler to one part adhésive solids by weight. The'silica powder had a size
20 range of 2 to 10 microns diameter nominallv. In all examples described below, the V
adheswe solids were compnsed primarily of a blend of epoxy with a largely non-reactive
-thermoplastic component. The ratio of epoxy:thermoplastic was in the range of 7:3 to 8:2.
In all cases, acetone was used as a solvent for the adhesives. Other suitable solvents may

be used, as is appropriate for the particular adhesive underfill being used.

25
Example One: (Comparative, Dry Abrading)
A piece of silicon measuring approximately 2 x 2 inches and comprising an array
of 9 x 9 bumped chips was used. The solder bumps were approximately 100 microns in
diameter and were of a eutectic 63-37 Sn-Pb alloy. Each chip contained 638 bumps in a
vf JO peripheral array. The chips were pre-encapsulated, using a heat-Jamination process, with



Exanpl e One: (Conparative, Dry Abrading) A piece of silicon rreasurihé] APR 7003
approximately 2 x 2 inches and conprising an array -of 9 x 9 _burrg/ed chi ps
was used.V9He3360%der bunps were approximtely 100 nicrons FT/H04HERr

and were of a eutectic 63-37 Sn-Pb alloy- Each chip contained 68 bunps in
a . peripheral array. The chips were pre-encapsul ated, using a

heat -1 am nation process, with 17 .1 4 APR 2005 9%6.0O .02/ 33750 ..

PCT] Usa 0088 rRen h o Bed 49Fesbisay BACay HIREY UE KPR ng an
initial ‘}rQitEkaﬁ%sl@unﬂz@%ﬁsY‘ greater than 100 mcrons. The pre-encapsul ated
waf er -secti on was attached bunped side-up to an alum num puck which was

then pl aced fageptomtapnllfted vafdruetisorMebahitauhgtl Ganppokidehipng aneabmivesm
avail able from Struers. Inc. of Wstlake, Chio. The 8 in. dianeter :

t ur nt abl RCtghichmagitiedplatachizge o wglietopsi BleeerofMar2ibe 2ipe| polErorg/ Mpelpee.. The
wafer-secti ) aced.in tac .t h e FEnor er with a total
forte Ofavg*{fa.obq?&gor{) g‘%%ll%c‘aﬁgg?%@&ﬁg@ép L@”{?cé{zinoﬁj){ﬂgﬁ?% tyb‘\%b]F ntfependent |y
at 150 r £ el ; it by j - i ; e
Oy sur JATHLED PEELRN BLoo%e M 0,00 apebiRe, Th Rksapluprlheta
snoot h. ddatut buth thetEmbily @bet ith siobte foroe P SNWTe lexpasednd et Wafekness -
profile of the adhesjve revealed a crowned shape as illustrated in

Fi gur e 1GCUamh@ephemuyingdprendpntt gurd® rpmifara pesiqdaele® stméh nadeslisdabl e

fl attening.of tt he bunps as well as evidence of contam nation from

possi bl Qu 9tH''sol der debris and residual abrasive nedia trapped in 15

‘they adhesi ve hayethe &XaiRidng bE T SR ARELANRverhABIR wak UMb R Glikg! €

chip was | am nated wi th an unc one-part epoxy based adhesive film
The chi proanh aMaed tsohdexll biithesokfer bomgh e rd @0paredr Anhidkagsstpeofile diehe
adhesive - 20 was | am nated by pressing by hand at 2 tenperature. of_ 60
degr ees aBheBYfpeYeaiestd &R IGRA SBaRF; asi IParafst HnigEe Wer BendtoteXpps &4 M iras m

et chi ng f’ﬁ?&u@%ﬁ@%ee (}@éftf%%}@ {%R%%WF ?%aaxénﬁést w&ﬁ 8%\Rhgx§%f80i ence, an.

RF type system operatin verirn maxi mum power of
S00W Wi tdontmed gbiimg frogd pexskol € Bpdkioldel Yieb ¥ afX Ygeiiat afradsepnatastragsd.inThe
chip was placed in the mddle of the plasma field, which was of a 25 sky
bl coltBe adpesiyscdaiein power in the range of 60%of full power was used,
and the ‘ .

‘xamplé 2: (Comparativg_; Plasma Etching)
A single chip was Jaminated with an uncured one-part epoxy based adhesive
film. The chip contained sclder bumps of rdugh]y 100 micron diameier. The adhesive
20 was laminated by preésing by hand at a temperature of 60 degrees C. Bump locations
were visible but bumps were not exposed. Plasma etching was attempted with a Mode]
- PS0524 unif from Plasma Science, an RF type system operating at 13.5 MHz and
: delivering a maximum power of 500W with matching network capability. An oXygcn .
plasma was used. The chip was placed in the middle of the plasma field, which was of a
25 sky blue color. A maximum power in the range of 60% of full power was used, and the
chip was exposed fo;l a period of about 15 minutes. Afterwards the adhesive surface was
examined with SEM. The surface appearance suggested only a small degree of etching
of the adhesive matrix but minimal to no etching of the silica filler particles themselves.
The bumps, which were closely examined, remained largely covered with silica filler

.30 and some adhesive residue after the etching exposure.



chip was exposed for a period of about 15 minutes. Afterwards the 14 APR 1003
adhesi ve surface was exam ned with SEM The surface appearance suggested
only a ¥¥¥33d&yree of etching of the adhesive matrix bJCHYHAERSto no
etching of the silica filler particles thenselves. The bunps, which were
cl osely exanined, remained |argely covered with silica filler 30 and sone
adhesi ve residue after the etching exposure. 18 1 4 APR 2005 WD 02/ 3375U
PCT/ USO1/ 0233 anple 3: (Present _lnvention, Effect of Wping Mterial)
Pi eces ‘b_‘f‘”’é[flf'?égﬁ'e%égmeim@%?ﬁ%%% napeeygesaly 0.8 inches, each
©conprising Al - 4 chips,:. Were,ysedo -Each chip cont.ai ned 88
eutectic Sn be Cgrgrpfg%(%? h Qéeé‘%‘b‘ﬁ&?pr@??‘é1“§‘ﬁ> Bg '\m&(%f%%%ﬁieé%g PP et hi p
arrays anenefnot4 phips.di&edsedEE:bh elpRoARNRY 38WakcRE 8neRGaRsYbat ed using a
heat - | am nati on process with an uncured one-part epoxy based adhesive
fid m havpryimatehi thegsonfiaapproXhamtiphiraysh@eremiot prendiced=diacle alap achy p
array, the clearing of encapsulant fromthe bunp tips was attenpted wth
one fr otAStHECREAPRistesuSpEl 4 kgat-Hranipaldomproeess at 1§ 31 waeidehePoMRIE APTRAbl e 1.
The polishing .10 pad naterjals are available from Struers. Inc. of

Vest | al ,5e“kﬁ‘ﬁ’&,swﬂlfﬁpgﬁ‘ﬂggfh{hﬁ%‘@ﬁss ghaernatey 00gpIcEYcho  Doni ngo,
California. ihen; 1 Yy River

Jersey. For @%ﬁag%gr%ﬁﬁ%ﬁ? ?e{éﬁgﬂﬁgf%gﬁ?gﬁ%&rﬁgﬁ %Q/v%]? a"g‘ﬂ% %gsdaétr% #gd with
a smal Iwitlaonufdmahe st ofi@olishiegpad ekieripksilBtedtteldis én Tse ¢ Thspblaskiig t o
avoi d having any standing 15 liquid on_top of the polishing pad. Each
pEd waPdinEerat 25 avalaRls rgrapisest. lpe QW%SH%’%@WQ;EU@SII‘@EM etthe Struers

Met al ogy aphi ol i-$hi chi ne~ The chi rray . to be trea | aced
burped <P A E R KAn R AR Ca ety <5 e B orirem ok Y sF aced
into thRdpR RisBENM Idselyhe bunped surface facing the polishing pad. The
wei ght of the puck was the only z-axis force applied to the test piece.
The turnt ablleorgacdh exrernest, the pdeshir20paderas digbegp eadeatddywitlot aneld, at
150y-pm for the tinme perjods indicated. Sanples were evaluated faor

uni f or ﬁmmbpp %C&Ffé‘:?il-\}’é“ﬁd&%%véﬂ“ Mnga@f‘”’%sééli"%ﬁé? avpigkhavipg AWeSIapdibeand
tie anmgpniq L Y8 dg LS QLIE 4% | NS iyl and
aount o SRR N Ep N SEE ALK R R Yo ATPHE,

phot ogrtaplebl©bf B SANBIEVIMal dtrNEESSIsVR o85G TRABAhRQARTayUD bt Gfehiet Yvaar €

shown in 25 Figure 12, and a sanple with mninmal residue and fair

uni f or mlacgddngpsdowle imotragaheninum puck weighing 83g, and the puck was placed
into the polisher with the bumped surface facing the polishing pad. The weight of the
Vpuckwas the only z-axis force applied to the test piece. The turntable and the test piece

20 were independenily rotated at 150rpm for the time periods iﬁdicated.

Samples were evaluated for uniformity of adhesive‘removal,amount of residue

llreft by the pad and the amount of adhesive removed. The uniformity of adhesive
removal and amount of residue left were evaluated qualitativély. Representative |
photographs of a sample with excessive residue and poor uniformity are shown in

25 Figure 12, and a sample with minimal residue and fair uniformity are shown in Figure
13. ‘All results are shown in Table 1. Exémp]es 3H and 31 were identified as the most

preferred approaches from this set, as they exhibited the best uniformity while

producing the least amount of residue.



J3. Al

as t he nost

best uni M@ 8¥/B3750hi | e
2005 w0 02/ 33750 Burnish Final
| dentificationTinme Adh.

results are shown in Table I.

preferred approaches fromthis set,

At i
Resi due of

It -
Adh.

(s) Thlc.

Exanples 313 and 31 were ideﬁléﬁP&&WS

as they exhibited.t

produci ng the | east amount of re3|dBET“@9”%B¥’APR
O Uniformty Pad TypePad

Fron1PadSurface (nno'

AFel tAllied "BiIIiard"2575EXcessiveF§L feItAIIied "Bl ue
Fel t"2875M ni mal Faj r CCOnp05|teAII|e b%% 285Exce35|ve oor.. DPaper Cl ean
Room Excessi vePaarol i ssistesdsBunpighing » Rad | Scr g £t 7R|\/hri rat eFair
FFoanSi riuers P“¢@ﬂWA"287$NhﬂéﬁaM@PobﬁuGF@a1fimﬁersA“P Yder at ePoor
HFabri cTexijvi e "TX309"2875M ni mal Faillmd Conpési t \ :
Pl an" 2575M/ni mal Fai rj 5 Exanpl e 4: (Présent FW¢ent 'ORP%2ff ect ¥ Adhesi ve
Thi cknesis' .| The prpjcrrpri nad_materials fran“Ei}an ] re-used
t o assesisAtlhe F&¥f f adt Abiedy laEye b hi 2kneks Bn HoEFEessHE | 2 '
bur ni shi t i mbeland {om\bgdeBeEell’t i ng 2§ hi cknBss ur‘l\(ﬁi“rﬁ]ﬂz‘i y dAd guh' f ace
appearanp@ ofomppsitandf er AHBHIXEd encapdll ant Aat gr Exgessive Poor

D Paper Clean Room, Excessive Poor

Blue, Class 100 ‘

E| ° Foam Allied "Chem-Pol" 25 75 Moderate Fair

F Foam Siruers "POCTA™ 28 75 Moderaie Poor

G Foam Struers "POCOA" 28 62 Moderate Poor

H Fabric. Texwipe "TX309" 28 75 Minimal Fahr

I | Composite | Struers "MD Plan" 25 75 Minimal Fair

Example 4: (Present Invention, Effect of Adhesive Thickness)

The preferred pad materials from Examples 3H and 31 were used to assess the
effect of adhesive thickness on both the required burnishing time and on the resulling
thickness uniformity and surface appearance of the wafer-applied encapsulant material.
Other than varying the adhesive thickness and resulting required burnishing times, all
10 other details were as described in Example 3. After burnishing was com;ﬂeted_. an adhesive
thickness measurement was made for each of the sixteen chips on each test sample. Also,
qualitative deten’ninati'dns were made of surface smoothness and condition of the bump'
surfaces. The results are summarized in Table I below. For Example 4H, it was not
possible to compleie the burnishing process with the MD-Plan alone because there was too
15 much adhesive volume present compared Wlﬂ" the vo]ume of adhesive which the plate .

could accommodate in its low spots. In this example a second burnishing step using the

Texwipe fabric was used in order to complete the exposure of the bumps.



O her than vafyi ng the'adhesiy ve thickness and resulting required
bur ni shing tines,

al |

i i m 10 ot her
After bOOHI28RTMg was conpl eted: an adhesive

details were as described in Exa

t hi ckness' nB&IHSBHEHE was

made for each of the sixteen chips on each test sanple. Al so,
qualitative determ nati ons were made of surface snoothness and condition
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le 3.

bunps.
) Test

Example 5: (Present Invention, Burnishing at wafer level)

) solvent-assisted burnishing at the near-wafer level. In this instance, an array of 9 x 9

The Texwipe"TX309" pad material was used to assess the ability to practice

of the bunp surfaces. The results Alge ﬁumrari zed in Table |l below. For
Exanple 4H.. it was not possible to conplete the burnishing process with
the MD-Plan al one Peeausessiner Buyasif0@ dhdSvaushyadhesicyg vol une present
conpar with the volune of adhesive which the plate could accommbdate i.n
its | oy spdesiD | n| BHPSivexafshered |debsivd buidi shing Stfep usiBagp the
Texwi pe fabric was Thseesi n BEymgser |tThickrewp| |eRaxiativreo ¢xroditiame | Epndithe
PCT/ USQl | ifi 2385 Tabli@!| Sodieat ASsi'st ed |Blrshi shi ngdficPad $éftereni ng
Result$ 20 1 4 APR?O0%) WD(D2/ 3375aicPet/ USHickoe885 Bratihe 1 Burnish
Sol vent-Adsi st ed Burni shing, :Adhesive ThildRiE®e Efif ects Pad
| DAdhes$ i‘\‘vefﬂré"éji(JPfj; edAdh¥si veSi-&& Sulf ac&Bung Ti -9 Smooth | Smooth,
Thi ckness |BitPshThi ckness, Devi afli on of Candi t i onCdndi t i on| Spherical
| ni tial B deFrvWRE Fi nal’A t ef After 80 6.4 Smooth | Smooth,
(mi cr ons) (sSYFEAY%r ons) Thi cknessBunni shBurni sh (i crjons) | Spherical
. ATexwt &Q’O@M??QSmdt}%Snﬁot b, . ' 8X309" Spléet i cgl Smooth | Smooth,
BTexwi pelQ03g8® "4Smot hSnpoth, " TX309" SpHer i cal Spherical
CTexwi p&L165805 85mpdEhSnpot b8 " TX309" Spher i clal Smooth | Smooih,
- DTexwi pel1258729% Spoot hSnoot 1i - " TX309" Spher i cal Spherical
ESt r uet $90138552| 3Nott- Sl i|ght!0 87.5 2.3 Non- Slight
; "MD Uniform Flaulening
Plan” :
F | Struers 100 5 -87.5 1.2 Non- Slight
"MD Uniform Flauening
Plan”
G | Strvers” 116 5 87.5 2.8 Smooth - Slight
MD ' Flattening
Plan” ~
H | Struers 125 >20 76 6.7 Slight
"MD Flatiening
Plap”
5

‘chips measuring approximately 1.8 x 1.8 inches was used. This was the largest wafer

10

segment that could be placed successfully into the Metalographic polisher which was

used. The chip type was the same as was used in Examples 3 and 4. Two different

uncured one-part epoxy based adhesive films were tested for Example 5A and Example

5B. Adhesive film thicknesses were approximately 100 microns. Once again acelone

was used as the solvent. Once the solvent-assisted burnishing was completed, surface

15

profiles were generated from dia) indicator readings to illustrate the degree of uniformity

for the resulting adhesive thicknesses. The results are shown in Figures 14A and 14B

bejow. In these examples the average thickness of the underfill layer after burnishing
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“MDUNni fornFl att eni ng Plan” GServers”116587. 52. 8Snoot hSl i ght Np < ros
1Fl at t eni B B2 HSt r uer s125>20766. 7SI i ght " MDFI at t eni ng PIAAYSB Y ERanpl e
5: (Present Invention. Burnishing at wafer |evel) The Texw pe"TX309" pad
material was used to assess the ability to practice solvent-assisted

bur ni shi ng,_at - - e VELa . ki this - ast.ance.  ar 9 X9
ohi ps mendut Ryt aRaRh: ML onE Bhie LR ol R Ao BRI 2400 mictoks.

| ar gest wahersiah@arseiveiiont ltihe didicheemgsaeetnsdigeesdl iy be N5 and thenm

Met al ogr aphi ¢ polisher which was used. The chip type was the sane as was -

used in Exespptiesl3faretampléebweh dnf 68rent  uncured one-part epoxy based

adhesive filns were tested_for 5 n npl B, .Adhesi v ilm
Fh chnecses. werts LB REFiRrs 760 M er i an s M aRe AR vt itd2he e
as the solMent, . ReRrdd&i SOl eDiveASAESEet AL S -GN Ss BARRLES Rdne
surface 15 profilfes were dgenerated fromdial indicator readings to

i [l ustrat Extimpledagsechoie soidel dumipt Y24 faichthaee nesbdenialigrealdiwsiisamtly or

t hi cknesses. The results are shown in Figures 14A and 14B below. 1In

t hese exafplosyed Hethgwdhemiee vrfesiheysovsd Progessuddempegssqdalfeghipg 4% have a

B0 i or ond= L PE A Hinooh ST R TAL ABBIOK? Rt 815 Toncih LPoRE -V ©
standard demh@tdonsd¥unifiehi-CKORSS! WEABHS 6BREG AMnE found to be 15 and
it mm respectively for ‘exanples 5A and 513. As illustrated in Figures
"15A3105C and 16An Fg@rest HeAi16Cegn &€ ebipeiZf duiltdich icpsdut@e bbmphk B24hisarogered
prepared using the solvent assisted burnishing technique as described in
t he with 2 layer of adhesive 426 with a thickness equal to or greater than the height.of bumps
424. Adhesive material 426 covers Bumps 424 and has an exposed primary surface 430
that is substantially parallel to the passivation surface 422. As shown in Figure 15B, a
polishing pad 432 is wetted with a suitable solvent 434 for softening the adhesive 426.
15 The softened adhesive may then be wiped or polished away with polishing pad 432 until
the rounded profile of bumps 424 are exposed. After the bumps 424 are exposed, they
may be bonded to the printed circuit board substrate in a manner consistent with that
described above for abrasive und‘erﬁll removal techniques, as shown for examplé, by
Figures 2A and 2B.
20 In Figures 16A-16C, the adhesive material 426 is of a thickness less than the height
of the bumps 424. As a result, the exposed surface of the adhesive 426 has a plurality of
adhesive pfotuberances 4328 that correspond to the Bumps 424. The protuberaﬁces 428
cover the bumps 424 and project outwardly from a substantially primary adhesive surface
430 that is located between the bumps 424. A polishing pad 432 is wetted with a suifable
25 soiﬁent 434 such as acetone or other solvent as may soften the adhesive 426. Solvent 434
softens the adhesivé 426 such that polishing pad 432 may remove adhesive 426 without
disturbing the rounded profile of bumps 424, as shown in Figure 16C. As described

above, once the bumps 424 have been exposed, a film, tape or other protective cover may

be applied to the chip 420 to protect the adhesive 426 and the exposed bumps 424.

7



- primary surface 430 that is substantial

Exanpl es above have sol der bUnbs 424 whi ch have not been altered 14 APRIZ00S
S|gn|f|cant deforned in the adhesive underfill 4 s. The
proces§%9‘¥@¥@ﬁlps 420 have a passivation surface 422 gﬁ &ﬁﬁgk&§$s
conductive bunps 424 are disposed. The passivation surface 422 and bunps
424 are covered by adhesive material 42-6. 10 In Figures 15A-15C;, an IC

chi p 420 1 noludong i SRANCS | 921803 182414, 1FOURI Erchoiithtf B iayer o
adhesi ve 426 with a thickness equal to or ‘greater than fﬁe hei‘ght of
bunps te2dher Adthesiveat Bt elldved th4 26pcsay ef SolHBssofARAbangs has tcaktatx pesed

; y parallel to the pa55|vat|on :
'sur f ac@rigpel rongdehgianei Reminjog Srersugedprolys|of dha hignpaerdas afdtigralt ed with

a suit sol 34 for soft. n the esive 15 Th of t ened
Bdnes Se i O EPopE s eSO B By S T R peed it
the r OH{Edl%dB{Qoﬁrb&%s OIA\s%{gasab%% @r&r&%ﬂeé@fé ‘b C,}semt e PHERES Bddedf ©
exposed, they~ may be bonded to the printed circuit board substrate in a
manner tleoliselsh 62 am the s1ubettatede;seaimdaednakjmrce]hésme slmasddvie fullyleef add
rennvaIAtechnlg as shown for example, in i gures. 2A and 2B. 20 in
Fi gur e§"apAUBEANS HRstTAGHaS P donasranny a Dupe tbed%fpmaattqﬂ RIRFSEshe sw&cthan
the hel n'lLFZSé)?CLEI‘ HJUITLPQHH%I‘%Cﬁ%%n é?pos(eﬁ_ll_nou&ndt ar}e éa% %jer? 2&3{:%111}661101{1

adhesi ve Fur esive pro &1 alic es

CorresﬂpﬂQsh@ﬂhh@tﬁ#ﬂ@ﬁmﬁ@ﬁngﬁb@b@ﬁ@%%h@%@ﬂ&@ﬁﬂﬁﬂ@?dﬁﬁ%ﬁﬁﬂkﬂ%bhﬂﬁps 424

and proj ect outwardly froma substantially prinmary adhesive surface 430
“fhat i s | ocaiecinlbetsees hhe svdvdm apsstaPurmidhpglteshiqug deadikk8hergn petvided Wit h
a suitable 25 solvent 434, such as acetone or other sal ven soften
F Ho- adAGE! BB/ GBFSAYFH OHEh S RSN GG TGN SR oD B S e AL

pol | Shh&g th‘Tb"gm%?s% ALLE?I o&%@%?olé‘%&?__p:éga r e’qﬁlwgﬁig“%d 2 ﬁﬁﬁé’l‘g@bﬁg f1¢ 14 ounded

profile as shown in escr once

t he buw;snefkaén hay eirbgequbexposed, thaeby élmuretsag@eaterumoherﬁtymfﬂtmﬂdeve cover
may be applied to the chip 420 to protect the adhesive 426 and the
exposeéuﬁm’m@éd grzmter refialil APRY fpostewonot SBrEgd prihesd¢028EsAs shown in

gur es 15A ngm%.egﬁae%(ggﬁsaé aﬁ]er Fecfamgugfp:fém ff :ﬂts%e E t%%zEll atdﬂgse&{]t%r Wi

3l vent 434 regi-on oTre

t heir @y @hﬁal “asloé#aﬁ@@la shaniesiRetal M agitdde aﬂ%'fhdﬁ%ﬂfd&fdd'fﬁ)r@fsolhh@l bunps
confers additional benefits on the bonding process, as it allows easier

def or metddationedlyt the abuvmpdesddiedimeibng cabalshenchaledhn gicpod ceseyinggomiored

above, otl‘)%/hedzf'\ hggnr/ne Prgm tﬂg bBlu o ggndératcg Q\?posstegpc()jntgg fareagta\é\%leerlnous]y dISC]OSPd

in the detailed description.

20 With regard to the foregoing description, it is to be understood that changes may be
made in detail, especially in matters of the construction materials employed and the shape,
size, and arrangement of the parts without departing from the scope of the present invention.
It is intended that the specification and depicied embodiment be considered exemplary only,
with a true scope and spirit of the invention being indicated by the broad meaning of the

25 following claims.



the I C chip 420 and the substrate is reduced and the adhesive is cauE %PRZMS
to fully wet ahd encapsulate the substrate circuit topography. Duri g

t he deformati on process, the surface of the solder bunp 424 cracks and
exposes unoxi di zed and cl ean sol der fog .the connection to the substrate,
thereby resulting in a better bond between the I C chip and the substrate.

10 As can be seen, the solvent assisted burnishing technique descri bed

herei n provides significant advantages over other adhesive encapsul ant

. renmoval techni ques. The sol vent aﬁ‘l_s’,__{ gggtgl_rni shing al |l ows .t he sol der

bunps to renmin unaltered and und ior to connection to a
circuit substrate, and thereby ensures greater uniformty of the sol der
bunps and greater reliability of the interconnects forned by the sol der
bunps. SHit 4 IMERRdadBF eEPRPEE N RN ot BB AEENFITGUHES CBBUI B a? s6irBdt used

to apply adhggide. {0 r. aatne ive:. ca coated
as a hot nel %#?Eggéttgghﬁéﬁ\fag%q SF?%'E%%&?W@%? %@Wﬁ%gﬁo%@ﬁgsﬁ)n bed
met hod can aplsozlitycdfucten duneivet leprnpt, rremmethgd pontprigisg thé stées atthesi ve

fromthe bunps to generate expgsed contact areas as previously, disclosed

in the detailecEoRYEH 5556ﬁ.vezgrwwq é@%rbwraeg il BF YSORgHeSEFY bt i on,
it is to be undgygtood that changes may be nade in detail, especially in
matters of the construction materials enployed and the shape, size, and

arrangenent -of tergopagtgomionisoest thiepadineding té rroqposheostaperegionichef present

invention. It is | n;endtee)d t hat the specification and depicted enbodi nent
‘be consi dered e&%’?éﬂc E'V)‘; LrHW,S' aWdth a true scope and spirit of the

invention bei ngpliaemgcaﬁee%ubxypé@%id@’ ofdhEEAte A3 tEd ctﬁa_@itZénibOééawsmqe'
claims. 1 4 APR 2005 -24 CLAIM5 A nmethod for connecting an integrated
circuit chip toCiEcwl reipstratgupgel dhel thee bumbegrriovifecitpeusn @RFpical

i ncluding a bunagq: L i a I i of. d i b S,

nmet hod conpri si ng e?%'%@t g%\s{{'vggn thpw%ﬂnatég%dhééﬁge&ﬁbr\égpl yﬁ?ou{%‘gg
bunped side of sutistgatel ethdciive aidhesiobiforms & dvamd bgtwpedrt itbasntdgriohed
adhesi ve to expgse .contact regions of the conductive bunps, and -
placing the bunpEdisFiie 1d the CrRYEGHREES i rcuit chip against the
‘circuit subsgpafesueh that ghe pupps, provide for an el ectrical

- the portions of adhesive are removed by softening the adhesive
with a solvent and wiping the softened adhesive from the

conductive bump.

2. The method of.claim 1, wherein after removing the portions of
adhesive, the exposed contact regions of the conductive bumps have a

rounded profile.

3. The method of claim 1, wherein after removing the portions of
adhesive, the conductive bumps have heights greater than a thickness

of the adhesive.

4. The method of claim 1, wherein a portion of the adhesive is removed
to create an offset between the exposed contact regions of the

conductive bumps and a primary exposed surface of the adhesive.



connection between the integrated circuit chip and the circuit 14 APR 2005
substrate, and the adhesive forns a bond between the integrated circuit
chip and the circuit substrate, characterized in that the portions of
adhesi ve ‘are renoved by softening the2&dhesive wth a solvent and w ping

t-he softened adhesive fromthe conductive bunp. 2. The nethod of claim

1, wherein after renoving the portions of adhesive, the exposed contact
reglons of the conductive bunps have a rounded profile. The method of

~ claim1, Swhelaen naétherd refmeldimg 1, hevheoetd ahge eidhesilkedisvepplidd® tonghect i ve
bunps have he| hts greater than a thickness of the adhesive. 4. The
met hod of cl Hit iate\%hérrévﬁ shifoyi Gn tBENMIAEE aaRIESIRA Trem dhsyEmouR °F

create an of Eée&mg%mefsgesm %admfeﬂntc%%fagﬁ%e%&h ,Véi@n;gﬂgemwe

bunps and a primary expose ace of the adHesive. '25
The net hod obooﬂmgrthe adnesaienat he fildhims eviemisatppl predets, the priestiegr at ed

circuit chip technl que el ecte rom -t u coating the
adhesi ve as % SahgsiMe an':‘af go'?‘}?eq’éﬁjh’é’émi’/%‘fﬁﬁiﬁnogcgﬁﬁt NSRITated (fficHY t he
adhesive as ghfjImin a lam nation process, and pressing the adhesive as

a filch onto the bunped si de of the |ntegrated circuit chip. The nethod
of clalml wher ei n prlor to renoving the portlons of adhesive, the

conductl e ts that ,are greate i ckness of .the
dnes vel: ThoPPa oS SLILAT 1, WHSFEraPERT of° B TRABe: T PRETHES tTons
of adhesi veadhBaveomld@@dnwechumrhgyenéw Bbighté Bkt afre mtére’fhatmen a
't hi ckness of the adhesive. A nethod manuf acturing integrated circuit

chi ps conpri Siiaknesreof dreepdhesive.-

7. The method of claim 1, wherein prior to removing the portions of
adhesive, the conductive bumps have heights that are smaller than a

thickness of the adhesive.

8. A.method for manufacturing integrated circuit chips comprising the

steps of:

- providing a wafer including a bumped side having a plurality of
conductive bumps,

- applying adhesive to the bumped side of the wafer, such that the
conductive bumps are cver-coated with adhesive, and

- dicing the wafer on which the adhesive has been applied into
individual integrated circuit chips,

characterized by the following further steps performed after apblying

the adhesive and prior to dicing the wafer: |

- softening the adhesive with a solvent, and

- wiping the softened adhesive from the tips of the over-coasted
conductive bumps ;to expose contact regions of the conductive

bumps.



- pr.aviding a wafer including a bunped side having a plurality of 14 APR 2005
conductive bunps, - applying adhesive to the bunped side of the wafer,

such that the conductive bunps are over-coated w th adhesive, and d|C|ng :
t he wafer on which the adhesive has -b2&n applied into individual

I-ntegrated circuit chips, characterized by the follow ng further steps
perforned after applying the adhesive and prior to dicing the wafer: -

sof teni ng the adhesive with a solvent, and - w ping the softened adhesive
fromthesti pphofmefifod®\sr ciepat gd wrﬁ—‘é}@ﬁ'“%ﬁe\fewgﬂﬁgsthfeosﬁft@ﬂéé SONEREd
regions of the conductive bunps. 1 4 APR 200 6 The method of claim8,
wherei n af t éifomi gheg tifse 08 ofhe rskraeitidsfv eonfudive Humpps toe enposed

O g R BRSSOl

conductive bunps met ho %S m 8,
wherein the adhesive is applied to the wafer by . a technl gue sel ect ed
fromthe group of coating the adhesive as a hot coating the
adhesi veu?r othe arethiogref éﬁﬂl%@”@?f@'%@*ﬁ%@@\?‘@s%@ i apfpi“fif%tionthﬁ Vaffrat i on

process,  and, REGSSL0E LIERUNESY 83 BubI SR ARR, id S UIRRLaSIlRA! ¢ he

waf er claim rior to renoving t over.coat
‘portions of raditesioating biee caimdgdid \?r@nbtﬂmstldﬂa,vbohénnghtme tehiiiesvee as gr eat er
t han a 't hi ckness of the adhesi ve. 12. The nethod of claim 8, wherejn
prior to r ol iy & RENBREICE0REOCESBr BB Y ESFING dEsPIRESTY B @ScH THTL PITR

bunps have g than a thickness of the adhesive. 13.
r(}?v'e %ﬁ&%@%%ﬁ 0% tRORLdRF.

"~ The met hod erein after renoving the overcoat portions of
adhesi ve, the conductlve bunps have hei ghts greater than a thickness of:

E)Cgr gggffip a[h%ng}e hoo 01I h?girr?fB(:l\%énre&?h \SﬂgF e’clon r%frrgoevrlnée et & : ercggt
portions of adhesive, the conductive bumps have heights that are

greater than a thickness of the adhesive.

12. The method of cleim 8, wherein prior to removing the overcoat
portions of adhesive, the conductive bumps have heights that are

smaller than a thickness of the adhesive.

13. The method of claim 8, wherein after removing the overcoat portions
of adhesive, the conductive bumps have heights greater than a

thickness of the adhesive.

14. The method of claim 8, wherein after removing the overcoat portions
of the adhesive, an offset exists between the exposed contact regions
of the conductive bumps and a primary exposed surface of the

adhesive.

15. The method of ciaim 8, wherein after the overcoat portions of adhesive
are removed, and prior to dicing the wafer, a protective cover is placed

over the adhesive and exposed contact regions.
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integrated cisfigUhleg@dxiRhitchad;@hd6, wherein the primary surface of the
adhesive is polished. 18. The integrated circuit chip of claim 16,

wher ei n. t he conductlexe dhadipsivethstecoveisght Sugpedtige of Haninteetdedknesischof, the
the adhesive. ,19. The.integrated circuit chip of claim 13 wherein
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rounded profile of the conductive bunps and the primary surface of
adhesi ve. adhesive, whereln the exposed contact regions of the conductive bumps have a rounded

profile.

17. The integrated circuit chip.of claim 16, wherein the primary surfece of

the adhesive is polished.

18. The integreted circuit chip of cleim 16, wherein the conductive bumps

have heigrits greeter than s thickness of the adhesive.

19. The integreted circuit chip of claim. 16, wherein portions of the
conductive bumps project outward from the primary surface of the
achesive such that & stand-off exists between the rounded profile of

the conductive bumps and the primary surface of the achecsive.



