SC14686HP ~ METHOD FOR FORM NG MULTI - LAYER BUMPS ON A
SUBSTRATE BACKGROUND OF THE | NVENTI ON [ 0001] The

present invention relates to a nethod for formng scissgsup
bunps on a sem conductor chip or printed circuit

board (PCB) environnent. Mre particularly, the

pr es @ETHOIN\EOR i RORMING ISHL.TI>- LAYER BUMPES0IONf @r SUBGTRATE
mul ti-layer connectors for flip chip bonding using
nmetal powders and localized irradiation. [0002] A
typical flip chi (BARCSIROUND WseTHE dNvENTION ectri cal
connection of a face-down sem conductor chip onto a
gobeljat e OheCpredbhtboatEnvien COATMIESS Vieo WIMRSchod for
GEne(all%, a flip chip assenbly is made in three _
sPafesy bpmps opopnfARleARPYcEAT sclehk or A rtechittraiit

d | . or S i1l ng the
ORa" (EreP i FahROhE, LBt P TPy e Bicine
eheettiionl kylavascondachevRodnbber fetmi )O3t A layer
conductive bunp_has several functions in a flip _chip
G§88Bfib 93—’53285 gg?’ppF]%Pd]Pﬂﬁ‘g]aﬁﬁg SF2LRS iRk dtEttoRnd
betweepea sephgondughor chip and a substrate, and
providing a thermally conductive path to carry heat

fooonihe semtgonduet orschipif o tigusbsidal & dhedui
al so provides part of the ned%anlca nmounting to the
shbstratel apdnaettias of spheee-dom preventridigtor chip onto

| j tact bet he, ' duct hi d
€ BTbrLERLCRAL 2P ErEtt [550a) iR S s SHeiods. of
GeneraglPunpst 0ip ach@d edssSHBE) I B4 enaddeidBimed Aftages,

torn1ng bupps includes formng a photoresist |ayer

ha¥i ng™ OPBAA gRUEPT gPie dP v R HP b ot grtind rihe Rampsgidechip to
t j a d i '

P T e AP R L PR i AR 1R o onder

shé devmpedsteip owion e dleptr kel opemmgssmby: tisre

%8{3?93 y radi ati ng and devel opi ng t he phot oresi st.

[0003] A conductive bump has several functions in a flip
chip assembly, such as, providing an electrical connection
between a semiconductor chip and a substrate, and providing
a thermally conductive path to carry heat from the
semiconductor chip to the substrate. The bump also provides
part of the mechanical mounting to the substrate and acts as
a spacer for preventing electrical contact between the

semiconductor chip and substrate conductors.

T0004] There are many methods of forming bumps on a wafer

substrate. One method of forming bumps includes forming a
photoresist layer having openings aligned with bond pads on
the wafer substrate, applying a solder paste in the openings
by screen printing, and then melting or reflowing the solder
paste to form a bump. The openings may be formed by

radiating and developing the photoresist.
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1 SC14686HP [0005] One problemof this nethod is that

a new photoresist layer is required for processing

each piece of wafer substrate. Another problemis tBg i s5eup
need for renoval of the photoresist |ayer by chem ca

sol utions, which generates chemnical wastes. Yet

dR®0Isdr pr dileepriodl ehab fbuApsshabHeff is(buap hehght)

depends an tﬁg thi ckness of the photoresist nask. To
Rg’t‘”%oﬁ &M gHEY oSt ARdEPALaSHhfekePr PRBEDE RG] G2Ch |RiRYe Of
W&f@%q%b&%@rak@@06hn5@ﬂ§¥ebrob&eﬁ 5 QWL ﬂé@&.€+£9£émoval of
(bunp spacing) is required, the naxinum possible

thiec lohesoret 1she lpiiotobysibemitalesolstioms f edhidn generates

R S ORI I WL A

dpenpn e ibaRer dbpwARdScA BRET eWieRAeal bhechonthonadssist
Hence, there is a tradeoff between a high standoff

- Bagka | dw pPteRn pobdgRernstnedofbt hadtiol cler mimtoresist

avek atterning a photoresist |ayer applied
?§§§§ﬁéger éﬁggsgate to formbunp sites and

opl at,i sol de |l oy _opto the bu sites. . ,
$hg§gao?or§§9§¥gréy£? %sf? e%rr oY At tHa %@p_SpaCIng) 18
reflhawedg the sakfetimapboyiblef ofhiidiensphese. ciiditoresist
his_electropl ating_nethod provides a | ow pitch, one
E?gﬁFeﬁ? '%mgﬁﬁﬁ'me¥ncﬁﬁﬂ?Eh¢%fo?h%l%@¢¢&PQﬁu1ﬂ the

BbUbLaBS s8r €ayELUtHEda1 FUrLLEL . 5&#{\%1‘%‘@6 L G hape,
%r ocessessi nv%},ve azaarl%ijg}uus grr‘gt erials andmhavecatlo Here
tafef uthy epaniby$ etapef 0008 rdn aimwwrdw tdrel at the bond

goi |t |d be desirable to have a nethod for
S R ngBaRSS LRATSI 55| Duf EOAT® Bnd HBess oM idy Glipsdors
wetl eheawcplischln addition, it would be desirable to
have a nethod that provides high standoff (bunp

peoghl) angnbeMeprmétmea Pbt ChokPHEp SRR Nvo1dres
patterning a photoresist layer applied to a wafer substrate
to form bump sites and electroplating a solder alloy onto
the bump sites. The photoresist layer is then removed
before reflowing the solder allov to form a sphere. While
this electroplating method provides a low pitch, one problem
is that wet chemicals or plating bath solutions are
required. Further, such chemical processes involve

hazardous materials and have to be carefully controlled.

[0008] In view of the foregoing, it would be desirable to
have a method for forming bumps that is low cost and does

not involve wet chemicals. In addition, it would be

desirable to have a method that provides high standoff (bump

height) and low or fine pitch (bump spacing) .




SC14686HP BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009]

The present invention will be readily understood by

the followi ng detailed description in conjunction W tsB14686up
t he acconpanying drawings. To facilitate this _
description, |ike reference nunerals designate |ike
structural el BRFERS DEJUORINON-IGF THE [TRASIINESLS an

enl arged cross-sectional view of a seni conductor

Wabe9li n adher gapsen LhveneiofmMpoUl nBat r&4di e understood

t tion 00011] FIG ,2 illustrates an
E’rmeﬁ% élog\r[tg’g’élngeé#ahéﬁd] JreEfrdpPtine senfepidnetbpn with
Wﬁ@e&c@%m%hﬁylﬂghQYEQQnglf'r§5 fgg%f£t99$d@ﬁléndescrlptlon

accordance wi th an enbodi nent o e present
tAkentrederepoe0nghera s Geslipnsteal theantentangell elements.
cross-sectional view of the sem conductor wafer of
EPGO1R]dur FAg.alf it3tstratadi ahi enlépgédectfosStadet Bdnal

wd d ith nbodi nent of the
BREVCRE PraGierOnaSE 566187 LR GLO4SFFPHAFRGE o6 g one

efibaBgedner egstaeCHF08a8ht Yhe¥hpi{othe sem conductor
wafer of FIG 3 having a second net al powder over

fibbat 1 punpsrisn 0991Q§9£§ ! of
p[JPesent@ mvgﬁtl%n 00014 %nl%str essanecttlonal

Ehkdr gédtbe ossmse@mdmadar waéw: obf t NEG sehilonduetorfirst

ElG .4 during a seco irradiation to the
Y881 Bhutar b crerofReded oF bhcet wtip Bir<nisti theneresent
ohveheipnesent invention. [00015] FIG 6 is an
enl arged cross-sectional view of a nunber of

pooehkzhayertaetal {1ty buppsed oéﬁreé’ripé‘r%&gn enbodscgctl%nal

senm conductor wafer in accordance wt
vievt AE pheseemicondition. walSC1abBHP. DERAIEDa first

95?&8{5{&8%’55 JEEE%f%G@“mé%ﬁl powder in accordance with an

embodiment of the present invention.

[00013] FIG. 4 illustrates an enlarged cross-sectional
view of the semiconductor wafer of FIG. 3 having a second
metal powder over first bumps in accordance with an

embodiment of the present invention.

[00014] FIG. b illustrates an enlarged cross-sectional

view of the semiconductor wafer of FIG. 4 during a second

‘irradiation to the second metal powder in accordance with an

embodiment of the present invention.

[00015] FIG. 6 is an enlarged cross-sectional view of a
number of binal-layer metallic bumps formed on bond pads of
a semiconductor wafer in accordance with an embodiment of

the present invention.



[00016] A method for formng nmulti-I|ayer bunps or
connectors on a substrate in a sem conductor chip or
printed circuit board (PCB) environnment is providedgcissssup
In the follow ng description, nunerous specific

details are set forth in order to provide a thorough

under st andi rRETHILETe DESCRIRATION O MHEN INVENBION be

under st ood, however, to one skilled in the art, that
theopsPsent mavkoedli 06r MByrieng Pialt i CE o thowls sane

or all of these specific details. In other instances,
GRPFeRhBWA BRoRe84PBpEREE YR s el ¢rrdWEmY Wbl rqmayinted
' [ n n i { pr 0
B oM G Rer o s e i & T J P P e
énlapyddy desssipkicti omanexdew sfeqi Ko doralilct Grre set

hi or_wafer or PCB substrate 104 in accordance with
SRECB BT RERE b PHEVLPT eQehhoT A TRALT S AHOME Ofhd he
pubstnat endOAcigel udes @il nusbeindl-Hosh padsyRs f A one

def i ni ng.bung sites 112 on which bunps may be forned.
Bt oF8Af SRNTRY 2He biaps, thherretmnt ravenopr sgay be

S ) LW )

T ot ETR B Tk B o1 ol St ts. T
stbhrcieaninges a watki khgoyh abeoddss qaddarinet Wdie eRE been
gr nor e C:filperté[lres.I’éllZO i s disposed over. the substrate
BAEHRACL Hat S ht hple? 10 e sUHBRF SR 3k g RRPC WA rhen@resent
byvpnsides 112. A localized irradi ati on beam 124,

such as, infrared or |aser beamis provided over the
paobiny  phater 116, and, disested at e, bumm ot %Sroé 2.

The beam 124 burns out any contam nants on the pads
3681908019} eWhef apeserniesndcat |dvin e iwafdi atd GCB

p through to the buynp sites 112 ile the
%@%%%t%l g‘?‘é 1111%&%?%% “T NE peams reérﬁ;?qd}llnéa\é\%aﬂ%né:%e
pheserst infettiton sibséiiahe. 10the Hiddmskidg ol 3t 1LMes a
may. be de of nmetal or ceramic materials, and may

) er ¢ I}emsga%ef W ongteining bump sites 112" on which

_bumps may be formed. Before forming the bumps, the

substrate 104 is cleaned to remove contaminants, such as

aluminum oxide, from the bond pads 108.

[00018] To accomplish such cleaning, a masking plate 116

patterned with one or more apertures 120 is disposed over

the substrate 104 such that the apertures 120 are aligned
with the bump sites 112. A localized irradiation beam 124,
such as, infrared or laser beam is provided over the masking

plate 116 and directed at the bump sites 112. The beam 124

burns out any contaminantg on the pads 108.

[00019] The apertures 120 allow the irradiation beam to

pass through to the bump sites 112 while the masking plate

116 blocks the beam from irradiating the rest of the

substrate 104. The masking plate 116 may be made of metal

or ceramic materials, and may have a thickness of about 500



SC14686HP m crons to about 1 mllineter. The apertures

120 may have dianmeters from about 40 m crons to about

60 microns, to closely match the size of the bond gci4686mp
pads 108. [00020] Referring nowto FIG 2, a

cross-sectional view of the substrate 104 having a

hiicsoneetal apowdel h281is8e888WN. Thd hepdttsted®l P may have
qQwder 128 .is deposited over the substrate 104 to
PReL LGS ramt PEPW BRI PEFEPPAYEP @t 1HR Migpons, to

$10881312a:AnRAKI 8GRI BEC A2 4 LARET Ly €5 136 i s
ch that

di sposed over the substrate 104 su theI

es n.1h i plate, 132 are_aligne .
e heg el o el B S S S S v of
the sabetasttheOdaikirhgg al alesd Iffetisedbdwdeeqd @t shown.
tgg i_r.radi ation beam 124 as. descriped in FIG 1.
TB605 47 S hBeF Al sPONEPA Bowiier A998 brad ety ythe substrate

Q@@p_@os%érmcQpﬁﬁbsgénghgfl§%i§&ﬂ%a%ép $ESr & ne bump

particle size of about 5 mcrons to about 10 m crons.
ThéeghldPher Apnpskehe plaes lhdywhtlsaberusess 116 is

1Qul e regiage hat | er rticle sizes m
o feocpBp efboLetLhale | AT A LS A s 136
dyipihel hyskbuy poatei DB Ledré caBlgded tiiecHetiad RO ites

hosen _as the first_netal Somder 128 has a nelting )

dFnt 6P BESkingtPhpbat L0 greddhiTdanass [Ho2pjsking

ehecr 10g AoUat 0o AL Gy Bard CHOSErSRetdonal i 4
?he substrate 10% d%??n%ta ?*rst |rr§g$g$#onéﬁyﬁgmeas
flepsribadt ah BdWdet. 128 is shown. A first irradiation
beam 140 is fired through the nasking plate (132 or

106YP21hhi chhei fects mébel beanddd QL 28 pﬁﬁ%ﬁﬁ&ﬁﬂjﬂﬂdﬂpﬁﬂ%es
of the first nmetal _po r 128 through the apertures
25aB0E, 4 B ol EealRelity 57 Hahe MR TIE T k2 drgia about
powEleroR28t ar b heiS1 ehi €9k . rﬁﬁoddﬂ“ﬁ%ﬂé%ﬁﬁ%?@iﬁ%; sizes

nunber of first bunps 150 on the bond pads
PRYse e rhadi asedn beathaubl ney anrraniatgsk Wfat Jeager

Suktapte fprobepling.and. nglting the, first metal 5 s

pitch. Typically, but not limited to such, the metal powder
chosen as the first metal powder 128 has a melting point of

at least about 300 degrees Celsius.

rooo223 Referring now to FIG. 3, a cross-sectional view of
the substrate 104 during a first irradiation of the first
metal powder 128 is shown. A first irradiation beam 140 is
fired through the masking plate (132 or 116}, which directs
the beam 140 at selected portions of the first metal powder
128 through the apertures (136 or 120). The selected
portions of the first metal powder 128 are thus melted or

. reflowed to form a number of first bumps 150 on the bond
pads 108. The first irradiation beam 140 may be any type of
- beam suitable for heating and melting the first metal

powder, such as an infrared beam or a laser beam. At _
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powder, such as an infrared beamor a | aser beam At 5
SC14686HP present, a |aser beamis preferred because
it is easy to focus. [00023] Referring nowto FIG 451a656up
a cross-sectional view of the substrate 104 having a

- second netal powder 228 di sposed over the substrate

pbdsant, t heldseBtboanPss 15k f risddWecallie secard ambalto
owder 228, preferably having a ower nelting point

Eﬂ%ﬁsthe first metal powder 128, is deposited over

the first bunps 150 such as by sprinkling. Typically,
bYe0231 | i Refewrins sueh, te HElGrel4i iy Poiga-Seorticmal view of

0 et-ween ahout
ST ads i e BODELBER LR IR0 S IR A (R P aposed
Fher sebensulnet B t ot rard? & mayf hesta IRuectlizn  i$0lstekm .
étin-lead for exanple) having a particle size of

BBUFCEORT CRIR! tRP U2 A ISR Howaing & lower
2804l 8y bSo 1 RPPERGH atigd halt g.d 08l RN iGle SiZ %e%%\éited
result i'n larger bunp size and burfp pitch.” A masking
prer et 282t i xs i wpused.5bwarch e duc emd imdtldingpowdepically,

h, 1 h pertures 6 in_.the maskin | ate 232
576 B0F ohttad e 1T s S Fo Pliptn a e Second
BecaNdobidips 250 wde tahdie dearwdth athitmasio g Rledt @elsius
232 can be the sanme as the masking plate 116 as
tRsErPped? It G eas Grlais nasking plate 132 as
described in FIG 2, or both. [00025] Referring now
Y 5 The cveryd awatiadnatovidaaw 2658 mahe bsulsseudretic

i's shown.” A'se i'rradifati on béam 2
dhoed § hnougingd heo neskitng Qlnaiteer 232 holi@2rear, 1i6khould be
which . directs the jrradiati on heam 240 at sel ected

: %cgf\f}%éei# r gg%l——al cg‘a?cﬁ,o nfjoz_l ré}?aqﬂé%ltnéao l’haq/fiéltgh & ¢ nl% 1 en%g%!es of

POTTOHET T B P S o & 22 8 h FEGH Bt e larger

BRE6 t e 25 {ZBGhudP®h ich 12Q) maha rselacted por tii0as sghseq
the second netal powder 228

over the second metal powder 228 such that apertures 236 in
the masking plate 232 are aligned with the first bumps 150
upon which second bumps 250 are to be forméd. The masking
plate 232 can be the same as the masking plate 116 as
described in FIG. 1, or the masking plate 132 as described

in FIG. 2, or both.

[00025] Referring now to FIG. 5, a cross-sectional view of
the substrate 104 during a second irradiation of the second
metal powder 228 is shown. A second irradiation beam 240 is
fired through the masking plate (232, 132 or 116), which

directs the irradiation beam 240 at selected portions of the

second metal powder 228 through the apertures (236, 136 or

 120). The selected portions of the second metal powder 228

- are thus melted or reflowed to form a number of second bumps

250 on the first bumps 150. Because the second metal powder

228 has a lower melting point than the first metal powder



are thus nelted or reflowed to forma nunber of second
bunps 250 on the first bunps 150. Because the second
netal powder 228 has a |ower nelting point than thesci4essup
first netal powder 6 SC14686HP 128, the first bunps
150 do not nelt when the second netal powder 228 is
BBt etiher Livst obreps 015 &rde tiet seridndvisst ie smmsi metal

0 6] . The eondlr dlalon eam 240 ma
%ggcrig;r:eg%bésam oﬁ%&l%réelfe 7 bt ﬁ?g &Eﬁ
beips ppader 228 to a stage at \Nhl chit is
sufficiently nolten to bond wth the first bunps 150.

fbeoaerondTRUNPS-EHE BF Lad e ot AU £ AN nﬁitg} (B/é;e%rf Qnfrared

solidify. Finall the unnelted portions of the tirst
BRaMseEondlasenl Deemderki alz dzeair tzﬁ_tsasecan'rei metele powder

r_e e n I nNi 0]
g%gt Egr erérgg%%rr%%?w%*&%h%\é péfgsesen FSVERTI% o[n“,l q%r%)ﬁ%&ond
m‘ayh behé ofimsit OpumAp Patk et att el r@con/emlmﬂnﬁss o rdedhen
ds 108. The(g)nf metal l urgy, also known
|

%O ﬁ‘ﬁd Ot at P i 92t} UBNJL 8ot e dihe pamelted

ﬁé‘@ﬁléﬁ@. eoﬂ-o’éhe apd- Pr ovih §lese @th £ lRG i1l %%w 128a and 228a
nmechani cal connecti on between the bunps and an

eReerapdvedbey r ater etwhplas, aiprilnteed noiore wdtinkdakd
(PCB). The UBM generally conprises successive |ayers
0P002ThI f Dn e Oneb cntbgdideeri0® by hee thedekndwveng ion,

kKil]led th t 00 I n anat her,
BB RER DS (T o R (11 U ot o PGy g provided
s2f £ Bend Nead®t Bl 5 PoweS Sddl 2R+ 228 ANd 1% known as

cleanlng bunp sites 112 descri bed above nay be
FRAPATREEN Rt ahl bragrarmeBie rSlMt@qt&séﬁleb@aﬂnstWatth 104

t rrel t [
b4e pLogI AL 1 2400l 9061 SIS e LY Btcen
dihe elotmaos adnd hen basopesid e ssuldkt ra tde neycp @ret IaO@ﬁ:l&fced
the net (128 2 for formng t he bunps -
150 T oSS T Kol ot oy SR W ARgRE LS8 Buccessive
layers of metal formed on bond pads 108 by methods known to

a person gkilled in the art.

[00028] In another embodiment, the ilrradiation beam for
melting or reflowing the metal powders (128, 228) and for
cleaning bump sites 112 described above may be replaced with
a programmable single laser beam. With the programmable
single laser beam, heat for melting the metal powders (128,
228) can be more precisely directed at the bump sites 112.
Hence, portions of the metal powders (128, 228) for forming
ﬁhe bumps (150, 250) can be selectively melted without
necessarily requiring a masking plate to regulate heat

exposure.

[00029] Referring now to FIG. 6, a cross-sectional view of
a number of binal-layer metallic bumps 350 formed on the

bond pads 108 of the substrate 104 in accordance with one



necessarily requiring a masking plate to regul ate heat
exposure. [00029] Referring nowto FIG 6, a

cross-sectional view of a nunber of binal-Iayer SC14686HD
nmetallic bunps 350 forned on the bond pads 108 of the
substrate 104 in accordance with one 7 SC14686HP

eriud iment off tthe present iinvention iis shown. Emgbh binal-

' 150
|r Ia e Uﬁp %ﬁlégdl g%ggﬁag_l@&{):iégggg‘deﬁﬁdzgg the bond

fpzfd’rad)&p@mcﬁ@d s@@é@xﬁe%uﬁ@ 2bberbihell BYAR 4R8- cbipBed to
flip chip assenbl for exanple, the binal-layer
Bt L350 R déyco

nABcRoES iporhip| eeeeibiy) yEor example,
GONERLNG tagfe BHANdU! 8L SYRR! LALE AP, Los,an
SUBSFats ge’

ext erna n an efect roni pac _

@éme:rtad:]cya,llyt lkenfiecsti ngurhel56mpeoniideso st Qifi\EQf:fati\é“ 1e1 to

the s cond bu 250 provi des_sol der ;joint_ fornmation.
6@%] &TRGY & pRBcBSECFE0RES cPRBEAIRPN Generally,

et iR t kﬂm&pﬂgbnﬁrg%ﬁﬁésogténéHgﬁt%ﬁlfe1Qﬁe LB&na bump
pr esent invention 'S app icable to formn

Fritte PEGWIHEErs sed deunpsioh PeBnasubstr at es. The above
process is also applicable to form ng a connector
H&@Wﬁ@]nor@hﬁﬁ&nthheabmmelayecesefibuﬂ@§cr£bmd in relation

hird b fot t be forned
P TRLse8 e PHTR, Sl P BSnDER' Shas PrSstOuffocent on

hempp2ifcabaadtselreghnimgl YntBLEbRSeOfs 'S hAMbH%R pcB
portion of the third netal powder. [00031]9$%

ﬁP@§§ﬁ@t?ﬁven?ﬁ6naP§VEaP¥P@@$%rl§ abvamezgkbigble oco forming
%eggﬁﬁeg%ggeﬁﬁbQQgCB8£§ §hﬁﬁetﬂé Eﬁguiéggrénr¥rgﬁmps For

tool1ng, involvesTno wet em cal ~processes
grAlbies a theudabhmpnaskihg @dnamectd':hacm% NEpfThedtl Goy
ammabl e, single | aser

Lo hban Ehite Ber ey BPOTadE SV eh ot SroRone 250,

R0QA032] ARt bRy, AHVANhQOSr Ofct O PHESE W+ WENMAONUS third

t he
metal powder.

[00031] The present invention is particularly advantageous
to reduce processing costs since it requires minimal
tooling, involves no wet chemical processes, and utilizes a
reusable masking plate. The masking plate may be eliminated
if a programmable, single laser beam is used to selectively

melt the metal powders.

[00032] Another advantage of the present invention is the
high standoff that can be achieved by binal or multi-layer
bumps as compared with single-layer bumps. At high
temperatures, the silicon wafer and bumps are subject to
thermal mechanical stress caused by different expansion
rates in the silicon wafer and an external surface, such as
 PCB. The differing rates of expansion are due to

coefficients of thermal expansion (CTE) mismatch in the
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hi gh standoff that can be achi eved by binal or
mul ti-layer bunps as conpared with single-Iayer
bunps. At high tenperatures, the silicon wafer and sci4ss8emp
bunps are subject to thermal nechanical stress caused
by different expansion rates in the silicon wafer and
éﬁféﬁﬁéﬁﬁama§arﬁaé§ sBsheasiveCBrrdhe mbffemmm@ ¢ At Bson

RN P r BB e Rgbrer n b e e dakoet b T i Tansn e

mt:eeisabausE&ceys cm Bl ERSBcHBNNE ALBEr Sthy | dree g
fracture. A high standoff releases the stress

unp
é&&§§drﬁ}1€#E it¥mat ch and thereby inproves bunp
joint reliabilit [ 00033] A further advantage of the
BP89&A{ |n6eﬁﬂr§ﬁersadVé§E@@© @@nﬁhglgxe%ﬂmtknnnﬁntlon is

50 on the fir

Ebﬁﬁnggﬁuﬁﬁhlggg %gﬁd%ﬁﬁng b%lev LT the econd
boopeaSongnbthp $§izetobudbab®s pra Hfgﬁ,stdhdéﬁfhls achieved
allgms a,lower or fjiner bunp pitch ranging from about

Bo ChAHE ARSTERSABGUPYTB RiEF o ey offihe iettirn,
ROMERE ap§5®é9|§rSEZ§eHS§gm 1E@EQ§éﬂéfﬂb(¥(éﬂmabout 50

apertures of the masking p In the enbo
pherenpr bgr anrabl 5| mseronbm@ﬂarsdmdqn b rsdtzel grdvder

PO 68T S her ERBRar Rt & BrOTHE | oy ot RS e of the

appRiegt placéhosenskht | @tbddtitdier afledd PRogrammable laser
consi deratign of the specification and practice of
PREM| H5eREFDN. PURRr £ he ntr@, PHetR depand mrndihsyresmdution

beepnhused-fprypthe purposes of descriptive clarity,
and not to limt the present invention. The

goBegAITENt 5RO &Bﬁé&{rﬁ&%% S e Sffsa e ahoye
shoul d” be consi dered exe I'nven
bEPﬂQEUEft@edhbyethblhbaéndedjﬁiame.fﬁbm consideration of
the specification and practice of the invention.
Furthermore, certain terminology has been used for the
purposes of descriptive clarity, and not to limit the
present invention. The embodiments and preferred features

described above should be considered exemplary, with the

invention being defined by the appended claims.




10 dainms: 1. Anethod for form ng a binal-layer bunmp
on a substrate, conprising: depositing a first netal
powder on the substrate; placing a first masking plate
over the substrate, the fir¥ nasking plate having at
Claimllr;eaSt one aperture; nelting the first netal powder to
orma first bunp; depositing a second net al povvder
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11. A method for forming a multi-layer connector on a substrate, comprising: depositing a first
metal powder on the substrate; placing a first masking plate over the substrate, the first
masking plate having at least one aperture; irradiating a selected portion of the first metai
powder to form a first bump; depositing a second metal powder over the first bump; placing a
second masking plate over the substrate, the second masking plate having at least one
aperture; and irradiating the second metal powder to form a second bump on the first bump,
wherein the first bump and the second bump form the muiti-layer connector and wherein the



renovi ng any unnel ted portions of the first and second
nmetal powders remaining on the substrate. 11. A

met hod for formng a nultl-layer connector on a
substrate, conprising: depotiting a first netal

powder on the substrate; placing a first masking plate
over the substrate, the first mnmasking plate having at
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abOUtconne or and wherein the 11 binal-layer bunp is
surrounded by remai ning portions of the first and
second netal powders. 12. The nethod form ng a
mul ti-layer connector according to claim1l, wherein a
nmelting point of the second netal powder is |ower
than a nelting point of the first nmetal powder. 13.
The nethod formng a nulti-Ilayer connector according
to claim 11, wherein the first nmetal powder and the
second netal powder each have a particle size between
about 5 microns to about 10 m crons. METHOD FOR
FORM NG MULTI - LAYER BUMPS ON A SUBSTRATE Abstract of
the Invention A nmethod for formng nmulti-Ilayer bunps
on a substrate includes depositing a first netal
powder on the substrate, and selectively nelting or
reflowng a portion of the first netal powder to form
first bunps. A second netal powder is then deposited
on the first bunps, and nelted to form second bunps
on the first bunps. A masking plate is disposed over
the substrate to select the portions of the netal
powders that are nelted and the netal powders are
nelted via an irradiation beam The multi-Ilayer bunp
is formed without the need for any wet chemicals.





