METHOD FOR FORM NG MULTI - LAYER BUWPS ON A SUBSTRATE

BACKGROUND OF THE | NVENTI ON [ 0001] The present
invention relates to a nmethod for form ng bunps on a
sem conductor chip or printed circuit board (PCB)

envi ronnment. More particularly, the present invention
r el atvesrHoD ForetFoRtTive: MU NEYAR| BUMPRYEN A SUBSTRATE
connectors for flip chip bonding using nmetal powders
and localized irradiation. [0002] A typical flip chip
assenmbly uses a @ackeROURDESF vk TRPENEESN ON of a
face-down sem conductor chip onto a substrate or
fooeyyt DORRd N & GANARINUE B TR accEPR8" 8! hkrnBal ELP
chip asse y s made In thr ee stages, 1.e., tormng
bampsnonbanehi g attachiagludterbuipned cehppihtedachpantit

r_sub e, and filling.the space remalLni ng, under
?’ﬁ%r@uﬁ%éﬁ} cHF P VR oM ip%mlwﬁaﬁié’onga& pygsent
matent abn $OD9B)s A& anduattoe moﬁingemn@h-layer

functions in a flip chip assenbly, such as, providing
GRANREEEPFF cBPT cohhve caliian barstinsemsdngenitanduerdershapd

apd figggsfffg % 5 providing a thermally conductive
pat% to carry hea romthe sem conductor chip to the

ate._. The bu |.so pr.ovi des art of the,
PUORAT o oG AP B sEE kel Y st boigecy
spaceritar @seventicg off ectidceakiotantagt cbatiweedrt Brip onto
sem _conductor chip and substrate conductors. (0004]

Fhiew'es ar et ety Hetdibids Reeromtin§opaps 18R RUNaFer
%Q@éﬁéf@f; é}ﬁiiﬁﬂéﬂ¥ﬁ‘%sééMﬁ%ﬁstHHHE EHCEHggﬁista es,

formng ‘a photoresist layer having openings aligne
w € h, borchrag sowmps tdre avaftep, salisecating appl pumged chip to

ld te.int | b inting, .and
SRR GO e | Guthg e ol Bey SDRREL BoFBLRAR yrder

Hhounihed ofteit RS HTBM RE iR 10y non-conductive

material.

{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.

-[0004] There are many methods of forming bumps on a wéfef

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
?aste to form a bump. -The openings may be formed by

radiating and developing the photoresist.




radi ati ng and developlng t he photore3|st 1 [0005]

One problemof this nethod is that a new photoresist

| ayer is required for processing each piece of wafer
substrate. Another problemis the need for renoval of

t he photoresist |ayer by chem cal solutions, which
go0e5Rt es ofbept 615l east 65 isYeletadat her threbkenrys

that bunp standoff  (bunp hel%ht) depends on the
PRPERABSSS Bf layer photra@sized feaskroressbigi Aaahhpypes of

§5§@90£ bs@ré@éCk.in Ior i%m 1%y%h éeegqfl£e9em val of
Fbmever if a |ne pi'tch (bunp spaC|ng?
the pth@reﬂlStf&ﬁYEnGbnﬂnhmmmmﬁhleoﬂhtdeESwaichh@enerates
otore ist layer_is |limted. In_pragtice,
gﬁ%ﬁf-ﬁ% At photlordq e ggf@?oltevpftéaﬂib?thla%pastandoff

(BURH Se £ONE 8l SHARe on itHR hlib&nRRENLRISHLAPR b toresist
towards a narrow end at the bond pads. Hence, there

pash. t r'ieledtta betaduivherhisgndodfidonf thanliea boatoresist
' 0] t her nethod of form ng bunps invol ves
BLteb. L0007l Aot her i

erni ng oresist layer applied to a wafer
ate __to form sites nd el ect atin .
BU0BET ° L el " gt o8 208 RRechrdbaeofateing) is
reyeirés, tien namved pRefione kefckawspgokhensoblsforesist
aIon to forma sphere. Wile this electroplating

¥%%dl%r¥ﬁm%kﬁﬁziIQﬂNB¥ﬂ9§Hce®n§h9r@Eﬁéhﬂgﬁslﬂhhhewet
f@gf%6”%é§§¥r%%? @%ﬁﬁ ﬂg§glgn§e9%gse ﬁgﬂiéggu%hape,

urt suc esses i NVo azar
ret er i s @rehivanee ua@ehe toanaeﬁsl taynaonbwolehédat tlﬁ)@@r&jand
In.view of the foregoing, esirable t
WYY o RS0 HEE T m%grealﬁ-végg RabvPan b Lus: S rprort
&0esa NG pinwal ve wet chemcals. In addition, it would
be desirable to have a nethod that provides high

sd@dof f (@HHBher method of forming bumps involves
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 alloy 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 (bunp spacing) .




hei ght) and Iow or fine pitch (bunp spacing). 2 BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0009] The present

invention will be readily understood by the follow ng
detail ed description in conjunction with the

acconpanyi ng drawings. To facilitate this description,

| i ke referenceRIERMESCRICPTIQNADE tHkeDRAWINGS al

el enents. [00010] FIG 1 illustrates an enl arged
qoogsisect rhBapreveRW Divaén S GRINAUUO 48K, Rderstood
accordance_ with one enbodinent of the present .
PHvERE 6R11pWEDT 1ferated desqsintdiaes ian comjangsdon with

ehess=88mbha ' th ) G tor.waf er._of . . .
FI G f ha%?ngﬁggfla#%ﬁ@ﬁ%t aﬁroggﬂ\f/\%fcelr rilcth%ccaecgglr aﬁigggvg\nlpﬁmn’
ankenbedementeohutbeas edentgna thy dnitdeo .t Hud@QE2)L Bl Ements .
3 illustrates an enl arged cross-sectional view of the

geoveonducroc. waf erlefcR€es Z2rdwringg@d idkSlss-sectional
irradiation to the first netal, powder in accordance

YiEH 9h 2efBBEFABRAECHRT tHl 9 ddemcqardemcico: thoopE3]
EhSoddmbhuskr ahes, Al &l a{rgpeqiﬁ‘lr&qlss sectional view

of the sem conductor wafer of 3 having a second

owd over: {4 i with an
Bt ent o7t het b SSurt huth 406 Far e Bhonat
vikwstfatks aamendrigetdcvesSersed iFosal 1 hiaewnaf at Berst

sem conduct or, wafer of FIG 4 during.a second

REP G ROVt b1 MO SRR B SPovike PoRte SFdsheepresent
whiBnaponenbodi nent of the present invention. (00015]

FIG 6 is an enl arged cross-sectional view of a

ﬂ@ﬁbfﬁ%Of pisal 3| ayarseiald i6, Qﬁﬂ%&g@%rgggsgnsggggﬁnal

pads of a semi conductor wafer in accordance w
EnDede freblie ofeni hrengrasentwaierenti IG. 2 during a first

irradiation to the first metal 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. 5 illustrates an enlarged cross-sectional
view of the semiconductor wafer of FIG. 4 during a second
'“irfadiation.té.the secona.méﬁalIpowder.iﬁ.acbérdéncé.with”éﬁ.
embodiment of the present invention.

- [00015] FIG. 6 is an enlarged~cross—sectibna1 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.




3 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [00016] A

met hod for formng nulti-layer bunps or connectors on
a substrate in a sem conductor chip or printed

circuit board (PCB) environnent is provided. In the
foll owi ng description, nunmerous specific details are

set forth ipEmATiED DESERIPTIENaOE MORR UDIVENTION
under standi ng of the present invention. It will be

godensyoodn REVBYE! fot OFORGind kil1ted 1 th8uRpk. okhat
the present invention may be practiced wthout sone
EPTRARFLBESt Ase sSpesifate dat & |semiloendycher rhipanteprinted

0 0 0 i.ons .have not .heen escri bed

i S e T LR 4ol i S
EnYeowing. dg8OOIFE i Ref etundp Wi iFiG ddtadls are set
nlaﬁged, cross- sectional view of a sem conductor

?ﬂﬂa oFIWBFEFT oF © FEEP Vit & rtdtarorel undsesbpraanee @it Rhe
peseAbOghBRE 1 Of  t i8S ' 1,08, . {Be

gubstrate 104E%ﬁ%Iuggévgjghgﬁ%é?ﬁ%%%%gg 'pggggg%g'fgg one
gt hedgibubpe sittes tHex drhewrirssentuipyemayohenfipr red.

rm the bunps, the strate 104.is .
BraShEs T Bl OO i o RN easB bR Ak ndprails . In
oxhée, ifisoandde, beal patsml 93:0deR@08kr3018860ARYESHOt been
such cleaning, a masking plate 116 patterned with one
dFSTptRedpt (IRTERL 4 2 ot SBeSEgSavaly phecyupsthatBresent

104-such.that the apertures 120 are aligned wth the
bunp sites 112. A localized irradiati on beam 124,

, r r m,i s_praovided qver_the
PELTE: R e et T Eofia s Pnhaargedl Theb 52
Shet hegadl 124dew buff s seati camyiueant-arhignts eaféheopadss

BUAHTLD© pish Uhr G5 n Slimne) EBEOTIB=h £6 ThE
pBsdkdmg Phdrecion is shown. The substrate 104 includes a
number of bond pads 108 for defining 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 ovér the masking
- plate 116 and directed at the bump sites 112. The beam 124

burns out any contaminants on the pads 108.

- [o0019] 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




116 bl ocks the beamfromirradi ating the rest of the
substrate 104. The masking plate 116 nmay be nade of
netal or ceramic materials, and nay have a thickness
of about 500 4 microns to about 1 mllineter- The
apertures 120 may have dianeters from about 40

nmierons to about BCnil CirghSsr t 0 Thel agekryumBkCch2bh@ay have
si,ze of the bond pads 108. [00020] Referring_ now to
Plemebery QR saatt iYhdriGies O abRetsGBshiarengo4to

BRYLAGy amb LERT Bt ; PoyEer 138, caRgwhgg The first

net al 8 is deposited over 'the substrate 104
S

powder 12
a ' i m.| ayer r . .
£B0b20T 5 RUPSLAY Ao T R TR s Br b RE B view of
thepeskedtoves 1he Isuhisig af e£ikA sieehlt batvakhel128 is shown.

ﬁﬁer%ures 136 _ on the masking plate 132 are aligned _
EhIthet PR siriden 128 i ih§lpPHEE £89 edhsheate

ihe saneoas 4 heywmsiding 1 R} abf b1 daed,t evlteggetll@t Bump

the irradiation beam 124 as described in F
£00621} 1 The & insthima atlgjonde? ¥WA8hpreketabby 136 is

[ ses er or._Nhi I sol der, and,_has_a
SORPELFE o SERaR iV 4hq A RS tadl e hoaRerupgs 126
dhough mddleinPaslided €335 z8% aTdynabiseibe dsedbukbp sites
shoul d be appreciated that |arger article sizes may
+E&ul t They Matiiels BIRs sildes cand bsufpe priehas the masking

gypiealy v ot dduiided &R Sl%g%ghgoﬂ%@g poyder .

chosen as the first netal powder 1 has a nelting
posmtilodd It Hgastl.about 300 degrees Cel sius. [00022]
Referring nowto FIG 3, a cross-sectional view of

[ ;e03Lbst ridte 0k tdurdted pdvidest 12Br pdedtirablof cohprises

first netal wder 128 is shown. A first irradiation
BRI 11001 | ¢ e i Rl HEEpLaLE £159 8f about
3 16)erive cdb ARt s 0 theheam 148.akhselretedapitionsizes
of the first netal powder

may also be used, it should be appreciated that larger
particle sizes may result in larger bump sizes and bump
pitch. Typically, but not limited to such, the metal powdexr

chosen as the first metal powder 128 has a melting point of

at least about 300 degrees Celsius.

- [00022] Referring now to FIG. 3, a cross-sectional view of
.wthe 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 metai 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




128 through the apertures (136 or 120). The sel ected
portions of the first netal powder 128 are thus nelted

or reflowed to forma nunber of first bunps 150 on

the bond pads 108. The first irradi ati on beam 140 may

be any type of beam suitable for heating and nelting
phesénmt sta Meisdr OWlels predRrasdanetghear €6 beasmof wo

| aser beam At 5 present, a |laser beamis preferred
beed®ise it is easy to focus. [00023] Referring now to
FIG 4, a cross-sectional view of the substrate 104
RO Y a Fforry imst glovpdwdEIG228 . dRspsed-seveionsnk view of
S 4 t fijrst S [ he.

G OS5 et g Re BRl0E T i sposea
oredt | tige poibdtddtan tdte dnd shengtiaktpbuslps 128, is Sshown.
eposited. over, the first bunps 150 such as by

f% | FRTGIHY el aMGET A5G ReeIrrAPLEdNEBIRYch, 1P
rﬁ'@i@irﬂ% RO i (e Secend notBhalopaudel 22281 MBYeposited
range between about 150 degrees Celsius to about 200
efeyr edze GalsituhunpG0d2d)] sTied secbmdspeinkl pogwerT228cally,

eutectic salder . (tin-lead, for, exanmpl.e
PR SO SO pB TS e Phnet FE b recena
I}iﬁtﬁdplﬁowd&\l\@w | mahl rSie @Jelﬁlﬁee_ﬂpaFgﬁi:algdb&é@ie@s Celsius
arger particle size may result in |arger unp size
S 610

Hhdt deorearadialiid Wsl-at e 232 is disposed over
t he second netal powder 228 such that apertures 236 in

O3 ki AdiplsscemiBmeied Bloivgaad2ab t hay hiee f & r 8ut $rilrigs
i 2 Th
é&ﬂieyp@&qwe%%zgg%gg%ggta% A EQV§B§S£?%Q§t18£$§%ize e

maskKi ng P ate sane e nas
Fhatte 5116 caonsdescriboed 110 RiGrohs, ohovleenpskt nghould be

|l ate .132 as described in FIG -2, or both. [00025]
AT DS TS BACEEELESaLEr oar Cr ofin larger

bump size and bump pitch. A masking plate 232 is disposed
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 formed. 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.

(1000251 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 cof the second metal powder 228
are thus melted or reflowed to form a number of second bumps
- 250 on the first bumps 150. Becéuse the second metal powder

228 has a lower melting point than the first metal powder




the substrate 104 during a second irradiation of the
second netal powder 228 is shown. A second

irradi ati on beam 240 is fired through the masking

plate (232, 132 or 116), which directs the

irradi ati on beam 240 at sel ected portions of the
sesondhaetatspovanss 228 tdy ough rddie apent ehesSséddhd metal
136 or _120). The sel ected portions of the second

RBVERT poarlets 28l teft % Hiaf Inmeadedooforaf Chregeeondopatr of
Buiygbeegof second bunps 250 on the first bunps 150.
Because the second netal powder 228 has a | ower

' poi e fify.st .nmetal _po r 6. 128, the
FF08288, oot e ihd, il e T, Bl 2 ot Trfrared
peawesr 228lasermdbdad, arhicdf hewed thefl eerohbemsesdngowder

% of buq§%3250wﬂ{00026]_The second irradi ati on beam
gﬁ hay? bREFE i 3 rdFed Wedm Smidicassl lieBal tani Bp bond
heeh schber second et als powde, S%% nHPb@mPEaQSOaérﬁhtﬁQn
it is sufficiently nmolten to bond wth e first
peppsd 1500 ahlowst divd Sounips 50 &rieaflhgn tbeolewehned

t idify, Finally, the unpelte ortjons
§#£§¥§?%i?%ﬁgg%ghgé%bﬁﬁﬁﬁéfépngoﬁﬁngegﬁg eﬁgdié gind 228a
are remmvel By, fof exanle, aar-bhbawhggoer ssPhAMhA].

[ 00027] I n another enbodi nent of the present

[0WeEa ] on, In hiHms draenpR digichRd ogn tﬁepggeg@hél LM &Yeion,

whi ch is provided on the bond pads 108. The pad .
R IRpgyRe dsEShorn capadungsrlbukpyrervhithzas iprovided
cgﬂ-Bl.\ﬂe Y %ﬁ tlrb% Su ter %‘a@i i'n%%al"i‘ﬂd togiggskr?gwn as

el ectrical and mechani ca ONNect i on bat wedn- t fie
buhps-lamp are texitlerzpali csubisBMAt eprauebtastRepsulbéetate 104
circuit bpard (PCB). The UBM._generally conprises,

it VS |aay&EC&F%@%P%P&EB%C%naowﬁ%twe pyween
s NAdGH KROWN D oxd PREIORUBKILRed | Butheaars . i P0028]

In anot her enbodi nent, the irradiati on beamfor
circult board (PCB). The UBM generally comprises successive

layers of metal formed on bond pads 108 by methods known to

a person skilled in the art.

[00028] In another embodiment, the irradiation beam for
melting or reflowing the metal powders (128, 228) and for
cleaning bump sites 112 described above may be replaced with
|2 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
the 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




melting or reflowi ng the netal powders (128, 228) and

for cleaning bunp sites 112 descri bed above may be

replaced with a programmable single | aser beam Wth

the programmabl e single |aser beam heat for nelting

the netal powders (128, 228) can be nore precisely

dinbedmelnat of hehbuppesdiitesi rkdsh t i dieRee shpht, | ORScAf binal-

% mders £128 228) for form ng the bunps

T%@r B’(‘%’ éﬂ bresefettd vielse thétws Jnilt keypled to the bond

BEaessar i kyar 8abE LAY lﬁlﬂfﬁ%(ﬁ@cﬂjn@cﬁ ety %9&3' abepheat to

exposure. [00029] Referring nowto Fl G

thesEisett bunal 190 ew Bbf athmpﬂﬂhipﬁadmamwlylaﬁer example,
% I|c bgnﬁ O fopgﬁﬂ on t bond pads 108 of the

SubstTafe 104° @§QM% STECFERBSdi-RENt  of

thecpresentyi @&lerméw@ihg SCHEN QW 1 deR Roralsubkay et bupn to

350 includes a first bunp 150 coupled to the bond pad

108X GRENAL sEERTEr P 250 franid andon Pasdageupl eanevally,

I f
EH@ %ifé& ?ﬁ@@b%ﬁgl- beﬁg 'é%a %%Sq% ggcoPd bump

exanpl e, ayer bunps rOV|de CoRnect or g

o0 pe®€t@e$ca¢1@exxﬂnmnn|ﬁu;mdnaamenlconductor
substrate 104 to an external substrate in an

ebeezobni ciiphtkage: enes allotesd He tekst-ibuapidSPelation
royi des standoff while _the second bunp 250 provides

Q1 TR PUTFRT RR i WEoE3E 1WA | éh@h@rsﬁ@% invention
D& %;ﬁ@ﬁéébﬁ@% | 8y relbin @ of 8&»%{1&p9uaﬂsg§ﬁ

a substrate 104, the present invention is applica
1603 br i 91y |ﬁf@¢Gﬂﬁn@cmgomes@unmsadﬁoP@Bplsubbﬂeatesformlng

Th r.oc al Li cabl e.to form.n
Lorn B o S et A R T ayReeSor Fotipls . For
écaimpbe(arqol teh 11 thinid d@rﬁheofcotnlm%c&@&neah%ec afrked by

éorned b depositing a third nmetal powder over the
%Q%?thﬁ{ﬁrpﬁ rd B ade PeEioFe oy ke lthEn§S6PRA e PYBIA A0 -

AndPod 1 Bfe T hend Vi or reflowing a portion of the third

metal powder.

[00031] The present invention is particularly advantageous
to reduce processing costs since it reguires 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




net al powder. [00031] The present invention is

particul arly advantageous to reduce processing costs
since it requires mniml tooling, involves no wet
chem cal processes, and utilizes a reusable masking

pl ate. The masking plate may be elimnated if a
didgeasmabhetesials e |maafsdisamdisrdisethalyocaakeckivetyn
gelt t he net a}}lﬁ&omﬂers. [ 00032]. Anot her. advant age of
h8ChRESent PHRMTVHYLEE ¢ hed HHigdh steadeédts rehaaseanthe
beraghi exededypPi r | - Epﬁﬁ
with single-| aylgr@%%nn%sén%éﬂhiaﬁ%r%%%g?%ngg?gtg e ﬁﬂ
§Pintonehwhdierlatl. bunps are subject to thernal

mechani cal stress caused by different expansion rates
[A00RR]si | Achmrviaderadarchtayeextferthal pseckaceinganbias is

ch. Taelédifferi ng rates of .expansion are,due to

CORPFFYi BAR BF%¢ HEt u@ﬁﬁs’qphon_ EETEP R BHatRA FRCOnd
bhep8adifderemd MRt i 1EXCeSSMELSLEERaFRY 1SSk aved
silicon fracture or bunp fracture. "A high standoff
veFeadesinpecasinedympausiad vy CtEmeitemat chaad in turn,

y_ i{mraove - hoint reliability, [0003
PR e o e W, b ol i EPOR 7B o0
bilaposs zieo adieb bUME piitcaton Byidoemding the tsecantdal byshder
250 on the, first bunp 150, a high standoff is achieved
Bt hbut € | et e ki1l By Ssic2e tdeond A mEter 2PgRFares ot the

ha)$ 103 ng iéﬂ@.a:hPWﬁkaQﬁ&kkﬁ%bnﬁu%ﬂeggtﬁ?o&@&ﬂﬁgﬂlérﬁgéer
about 5 m crons to about 75 m crons dependi ng on the

el Lpoveed. pant isdlze sinde pisel degendsohuthenresolheion

%pe{ﬁgrfg,seolf 1 maski ng plate. In the enbodi nent
ere programabl’'e | aser beamis used, bunp size and

P(JJ 6 (%1 4 P €p e&qleonrn éml%%éi%sé%t%t io 4 th%f iglbrgnlt?gg ' wP ff n?ae
apparent to those skilled in the art from 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.




[00034] O her enbodi nents of the invention will be

apparent to those skilled in the art from

consi deration of the specification and practice of

the invention. Furthernore, certain termnology has

been used for the purposes of descriptive clarity,

and not to limt the presamariMsventi on. The

enbodi ments and preferred features described above

shoul d be considered exenplary, with the invention

bei ng_defined by the appended clains. 9 CLAIMS 1. A

net hod- f or Af PP RRA a fsithaforayee Wunpisalalagebsthumme, on a

gg@{{g{gg:c(ﬁ?&%ﬁgﬂg a first netal powder on the

substrat e; ting the first netal powder to forma
firstdépopi tine poditrsty neetedc poadeet ah paadetbovestat

| east t?e. first bum:; and _nelting the second net al
powdePet o 3 orHS Fiip PogReEhECf EPER Bufiprst bump;

wher eq@pdhiec fild Sh g, a0 d rha15s66aRsk r bUIRf 04 tRG st the
bi nal -1 ayer bunp. 2. The nethod for formng a
bihal -Pager dthp according to claimi1, wherein

mel ti fiyst r_further rises:

o1 aci gL 61y LSRRy HREER' poREEP o SRR L eéqqpd bumo
énr shendskisng phat 6 Wagragnatcheeasir onebaper thuae; tanNdsecond
melti a selected portion of the first netal powder

A rﬂgﬁT‘a %}%*&@Y@a &¥M8orti on through the at

| east one aperture. 3. The nethod for form ng a

bi nal -1 ayer bunp according to claim2, ‘wherein

mel tisg tTHee seddnd feralfqrovider of inkér lagempbisesaccording

to claim 1, wherein melting the first metal powder further
comprises:
placing a first masking plate over the substrate, the
first masking plate having at least one aperture; and
nmelting a selected portion of the first metal powder by
irradiating the selected portion through the at least one

aperture.

3. The method for forming a binal-layer bump according
to claim 2, wherein melting the second metal powder further
-comprises:

placing a second masking plate over the substrate, the
'second masking plate having at least one aperture; and

melting a selected portion of the second metal powder
by irradiating the selected portion through the aperture of

the second masking plate.

4. The method for forming a binal-laver bump according

to claim 3, wherein a melting point of the second metal
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pl aci ng a second masking plate over the substrate, the
second maski ng plate having at | east one aperture; and
nelting a selected portion of the second nmetal powder
by irradiating the selected portion through the
aperture of the second masking plate. 4. The net hod
bowdéor risngl@wdi nahahayer mbUPngCc LN t ehel &@iPst metal
wherein a nelting point of the second netal 10 powder
Pe¥8her than a nelting point of the first netal
powder. 5. The method for form ng a binal-layer bunmp
according to claiml1, wherein the first netal powder
and the sBeonethmt dompdwderingaeh biawd-dapart buhe stgerding
pgtM@eg ahout SI,nl cr ns o apout 10 nicr.ons. 6. ng

58 For f SHRST }¥% ef'ebahp PREESK di fhy second
Iaéaa_m owdker ekack herlafver SIa N o 1 IeWd gl 60N &S OBBout 5
of copper and high | ead sol der and the second netal
PoWERRS tomMiteestla MdgreEssi-c sol der. 7. The nethod for
formng a binal-layer bunp according to claim1,
further conprising cleaning a bond pad on the

subst&ateﬂb@ﬁmﬁﬁhaﬂﬂﬂmﬂtﬂdnmﬂﬂgeafbﬁﬂ&lﬁ&hﬁérpbmﬂprac&ording
inal-1a er accordj ng

rethod Tor f b
To el Bt S, AT erh The CrBan G o RO, SR 1a0s one of

& oot atahag hidie bend padida bura qule apy-&oat %{Stﬁémﬁowder
thereon. 9. The method for form ng a binal-layer bunp

O R G 2t tEcAilm Boldserein melting the first neta
powder further conprises irradiating a portion of the
first netal powder wth a programmble single | aser

beam7 .10.ThEhenertgétchbd ofrorf clrarinigng ®ihbhalalayebubpimccording
accoidlng toclaiml1, further conprising repoving any

to aim further 'comprising cleaning a bond pad on the

substrate before depositing the first metal powder.

8. The method for forming a binal-layer bump according
to claim 7, wherein the cleaning step comprises irradiating

the bond pad to burn out any contaminants thereon.

9. The method for forming a binal-layer bump according
to claim 1, wherein melting the first metal powder further
_comprises irradiating a portion of the first metal powder

- with a programmable single laser beam.

10. The method for forming a binal-layer bump
according to c¢laim 1, further comprising removing any
unmelted portions of the first and second metal powders

remaining on the substrate.

11. A semiconductor device, comprising:

a substrate having a bond pad; and

11




unnel ted portions of the first and second netal

powders remaining on the substrate. 11. A

sem conduct or device, conprising: a substrate having

a bond pad; and 11 | a binal-layer bunp fornmed on the

bond pad, wherein the binal-layer bunp includes a
firstabbipatelpyed bomp hEobeed opathandoadspadndwhasapin the

oupled to the first_b : erein_the second bunp is
POPRLAIBI <R HAPr 2FLRETPRG & Fobe B (P Bbi v che bond
bhanaaanat sekaha i Nl d it RURR r 320l wherein the
sem conduct or device according to claim10, Wwherein .
sReonflr umpudp iformedned By matedisg ddvimy aelaver melting
r osi n 1 he substrate,..an he second bunp

Pgm?o}cﬁfg‘g %yraa?rtgef%an% fgorsf“eléjgn&%r?eiféLFs om&glp'deposi t ed

over the first bunp. 13. The sem conduct or device

according tqQ claim 12, wherein the first and second .
net al tpowderd® e FRVE G ODafeYEFR &FserBabded® apbrim 10,

WhBLEF ANSHEO ARQYL 1O ££ ORSyd -b§h%é¥ﬂﬂ§fﬂ9“f Pit metal

devi ce according to claim 13, erein the rst bunp
ponpeir sdsponetefl cvppire asdodiightd easnd ssheerseamoha Heump is

econ u mprises a eutectic solder. 15. The
TR0 Y ReT 2aBY! B SebaBth iy oo Wity (dbomhgrdiaer the
thestipshpmetal powder has a nmelting point of above

about 300C. 16. The sem conductor device according to
claim15, wherein the second netal powder has a

neltiﬂg_pmfﬂé‘%e?{%%ﬂ&ﬁ%képO?QY$$QC5E80§BQH%t%QpQﬂaim 12,

17. A nethod for formng a nult ayer connector on a
ghbseiat ehecofprési mgid second metal powders each have a

particle size between about 5 microns to about 10 microns.

14. The semiconductor device according to claim 13,
wherein the first bump comprises one of copper and high lead

solder and the second bump comprises a eutectic solder.

15. The semiconductor device according to claim 13,

wherein the first metal powder has a melting point of above

about 300°C.

16. The semiconductor device according to claim 15,

wherein the second metal powder has a melting point of

‘between about 150°C to about 200°C.

17. A method for forming a multi-layer connector on a
substrate, comprising:

depositing a first metal powder on the substrate;

irradiating a selected portion of the first metal .

powder to form a first Jbump;
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depositing a first nmetal powder on the substrate,;
irradiating a selected portion of the first netal
powder to forma first bunp; 12 depositing a second
netal powder over the first bunp; and irradiating the
second netal powder to forma second bunp on the
firstabpopitiver e Betbadfl meshilbwawdard die Secontrst bump;
buap formthe nmulti-layer connector. 18. The net hod

Bfming a nmulti-layer connector according to claim

17, wherghn.they fihst apdngecend melalePonders, ar second

|rrad|ated wth an irradiati on beam directed through
bnmapem utbeofflafsmasbumg plvdtegredinspoised fdwert themp and the

subst% m g g} d fornln a nulti-layer
RERRRLCOTe SR i eha%ﬁeﬁ ORAEFEPR-a mel ti ng
poi nt of the second netal powder is |ower than a

nelting point of the first netal powder. 20. The
nethoH forn1ﬁ@ea raFbpd| afermenginedt omulhécording gennector

&é@é %P ti%%f' % r@?ﬁakhQO%Q? anmitQ cond metal
secon ta po er ‘each have a particle size betwe

Rboltr S wmeronsra@uamgbtwiﬁhnnnromsraaSatyx1 beam dlrected
through an aperture of a masking plate disposed over the

substrate.

19. The method forming a multi-layer connector
according to claim 17, wherein a melting point of the second
metal powder is lower than a melting point of the first

metal powder.

20. The method forming a multi-layer connrector
according to claim 17, wherein the first metal powder and
the second metal powder each have a particle size between

about 5 microns to about 10 microns.
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