. UVe3e96L. zV6T(/$ 2 1 JAN 2003 1 METHOD OF PRODUCI NG SOLDER BUWMPS ON
SUBSTRATE FI ELD OF THE | NVENTI ON The present invention relates to

el ectrical connecti der S bunps. In particular, 9h

invention rel ates tmmmmmmq w produci ng sol der bunps in eFeEt Nﬁgm
connections in the sem uctor industry. BACKGROUND OF THE | NVENTI ON
Bal| grid array (BGA) pac agl ng of integrated circuit (1C) devices is io
gaining increasing inportance in | C device production. |In BGA packagi ng,
the conventional mMMEHBIODOF PRORDUEING SOLRER BUMRS ONSSUBSTRAIEd onto t he
pads of the substrate of the |IC package. Various nethods have been

descri bed for the joining of packages with solder joints using sol der

balls. US Patent no. 4,878,611 describes a solder joint assenbly technique
in 1 s which solder balls of a defined size are reflowed to form sol der

joints wth qesipeoF TIE INVENRADN- US Patent no. 5,722,160 describes a
packagi ng nethod by form ng sol der bunps in through-holes. In both nethods,

sol der spheres are required to be fornmed on at |east one of the surfaces to
be joined, and The pphentinwentioderasdatebetd ®ledittalgcormeciiond osing tsoddeo
correspondi ng pads by sol der paste. The conventional nethod of using sol der

bal I's for ssolyigip dou@aﬁwum’e itrrm;larmncﬁr\remuandéeww§ mépdtdstsprodactgh
capital cost of a 0002* JAN 2003 2 SOphI sticated pick and pI ace

system the %ﬁﬁfercﬂurﬁﬁ'@upggc |é§?%ﬁle¥f? d irdt E@n&%ﬁ&}fnﬁgsg{?' gh nunber

of balls which are require or a conve 1 onal™ vacuum pic ace system
to function properly nmeans that even if only a few packages are needed, a

| arge nunber of balls need to be dispensed 5 into the machine. As a result,
for assenbly houses which produces smal | vol unes of many different types of
packages, wastage becorres very hi as the balls get contam nated easily,
and are not TH%' @Naxtensr vely. Furthernore, the snall
sizes of the balls render them hard to

Ball grid array (BGA) packaging of integrated circuit (IC) devices is

10  gaining increasing importance in IC device production. In BGA packaging,
the conventional method is to use solder balls which are soldered onto the
pads of the substrate of the IC package. Various methods have been
described for the joining of packages with solder joints using solder balis.

US Patent no. 4,878,611 describes a solder joint assembly technique in

15  which solder balls of a defined size are reflowed to form solder joints with
desired joint shapes. US Patent no. 5,722,160 describes a packaging
method by forming solder bumps in through-holes. in both methods, solder
spheres are required to be formed on at least one of the surfaces to be
joined, and the spheres are described as being reflowed onto the

20 corresponding pads by solder paste.

The conventional method of using solder balls for solder bump

formation has certain drawbacks. Besides the high capital cost of a

LT
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. mani pul ate, as even small air novenents or notion of the substrate may
affect the precise positioning of the balls before they can be9r ¢f Q
onto the substrate, resulting in poor yield. Al these factors contribute
to the high cost of producing devices with sol der bunps such as BGA
packages. OBJECT OF THE INVENTION 15 It is an object of the present
invention to provide a method to produce gol der bunp from sol der paste. It

i s anot her object .of . the.present, invention,to i de t.hod t roduce a
oi ur a1ty of Sertate i, AR Wahs RIS BRECOL e B hBpeh et S
predeterm ned heights. 20 It is yet another, object taq duce sol der bunps
at a reduced higtIn ad@tlanumahzwoﬁ)eg m@’@%@qlﬂﬂ%\%r@dwﬂ@'ﬁ%nt
invention provides a method of producing sol der bunps from sol der paste.
Accor di ng t o vacdupspicktansf plabe sysieontd tnction ereperiyemepas thati evenhif anlyda by a

| aser beamfor reflowing. If the application is in sem conductor s wafers

or package, tfaw patideiespa®d seeded)r£lagaiumbanbf bdils meaddef beetlsyensed ont o
each 1/ 0 pad, such that the resulting bunp have uniform hei ghts. According

to anotheg aspRe eOﬁlaghmeit. steatrbmt, fbhﬁsﬁéﬁnb% ABRLEs Al ep_&aau&&e srrﬁngow

. i
steps may be pertorne in the sane syste thereby eli'mnating
steps of tran

roet - pref cr r OPNBBAT Ay, BifeteriBes oEBaPRladh, o httphel Vel ok ©

application of the defined volume and hei ght of solder paste. A |l aser beam
i s then diredscthedballs getecartamiated easily, Fnd atenphcandusiie tonbring Jetised

stencil. According to another aspect of the invention, an additional
tenpl ate i s ppExensiely.abathernmore; theesmatlhgizes efithe batle meindendhempbartite o t he
| aser 15 beam The use of this nethod results in the elimnation of solder

bal | s and refmanipelrs, asnsvenémaRk HIE mvefhaiitensr Mbtion BTIhEsubBrafe FHaptrate
fromthe pick and place systemto the oven, thereby reducing costs.
10  affect the precise positioning of the balls before they can be reflowed onto
the substrate, resulting in poor yield. All these factors contribute to the high

cost of producing devices with solder bumps such as BGA packages.

OBJECT OF THE INVENTION

15 It is an object of the present invention to provide a method to produce solder

bump from solder paste.

It is another object of the present invention to provide a method to produce a
plurality of solder bumps on a substrate which have uniform and

predetermined heights.

20 It is yet another object to produce solder bumps at a reduced cost.



.2 1 JAN 2003 4 BRI EF DESCRI PTION OF THE DRAWNGS Figure 1A is a schematic
illustration of one enbodi nent of the present invention. Figure 1 Bis a

| ongi t udi nal cross-sectional view of the squeezer as it i s s szﬁgyéﬂcwﬁs
the substrate. Figure 2 is a schematic illustration of another I ment
the present invention. Figure 3 is a flow diagramto show the steps in the
met hod according to the enbodi ment shown 4n Figure 1. Figure 4 is a flow
diagramto show the steps in the method according to the enbodi nent shown
in Figure 2. SUMMARYOF IBEINVENHBON PTI ON OF THE | NVENTI ON Convent i onal

nmet hods of sol der paste application, such as for surface nounting,
generally inyolve the use of a stencil. For, exanple, the sol der paste may
be applied tdnenresgpt Hafsn%;@ntnﬁ%v'é%sq mgthod Qﬁegg%lagpﬁql rebumpe; fremy t
board, using a stencil. The | C packages are then placed on the board with
t he | eads onspleerspeasier Apegrding tonone laspect of thedigyentior; thefdolderdpastejisi n t he
package to the board. It is possible that stencil technique may al so be

used in the peatbdby arlasdr sedmdor fuflowing. TH¢he applcations isein®emivonaetored t o
the substrate using the stencil. The stencil is then renoved and the

Substrat es !t GRERS oPchdchage! §1d AUIRCBasiDIE WREieralp SARIENT AN 3leriER

stencil nethod described e ada y I nto produci ng
sol der bunps such as .for ackage hi s,.0et hod. cannot. be reli abl
o oduce bump Yol A AdtLghBES” $GRh et tod “teRginel Hifon ofvel e, mea
packages, because the ~5 renoval of the stencil before the reflow step
i nevi tabl y r&eights Accosding te Aanptherasnact fitbe iinkention; e pasiecapplication ng
variability in the actual amount of paste that is reflowed. As a result,
t he bunps haaedviheirefibw stepghmay be performed within the same system, thereby
eliminating the steps of transferring the substrate from one station to
10  another. In the most preferred embodiment, a stencil is provided to facilitate
the application of the defined volume and height of solder paste. A laser
beam is then directed onto the solder paste, preferably without moving the
stencil. According to another aspect of the invention, an additional template
is provided above to protect the stencil from being exposed to the laser
15  beam. The use of this method results in the elimination of solder balls and

reflow oven, and the associated steps of transferring a substrate from the

pick and place system to the oven, thereby reducing costs.



. which is unacceptable for many types of packaging. In another variation,
the stencil may be left on the substrate after sol der paste ap qciéNOﬂm3
and the 20 oven reflow step perforned with the sol der paste within e
stencil. This technique, however, would result in nunmerous stencils being
required, as the assenbly line fromthe paste application step to the oven
refl ow step 2 1 JAN 2003 s may be long.,In addition, different packagi ng
require different stencils, further rmultiplying the tooling costs involved.
The present BRIEFIDESCRIPTION®F THEDRAWNGS0 t he above probl ens by
provi ding a nethod for solder paste reflow using | aser technol ogy. The 5
technique is sinple and cost effective, as the oven used in_the

convent i onal Fig4reolf\ig ?T@Ph@ﬂ‘aﬁ'ﬁy"'b‘étr@t'?’ﬂri ofa08Q. empodimrnt phthe Rigsedt m
array of bunps to be fornmed fromthe sol der paste, a precisely defined

vol ume of solinkantioast e shoul d be applied. This volume of sol der paste
should then result in solder bunps of uniform height once reflowis
conpleted. In.the mgst preferred enbodi nent stenci] is used to in, the
copl cation Sigge THIS RiGhohidital B sEtennef vl ihe 1 ssRaE % AL is
application or printing step into one systemtogether, such that |aser

ref | ow ocBur Swept@gressethe subfateol der paste application without a transfer
step. After the solder paste printing step, the substrate is kept in the

Sl | namber T8, 2k € SPBmARS pyRu0hCoF BpBiHRE “FitRuitiatt e déeflel, °
head. The | aser beam nay be generated from conventional |aser heads, such

as neodym um'@){qmioﬂm al um niumgarnet (Nd: YAG laser. If a single head is
used, reflow may proceed sequentially fromone stencil hole to another. If

ot User ul TR T ARG dipbfiih oDk, FeCeRR it IR Bedintr g “aca”

packages, and the, production _of bunps on wafers. These applications involve
t he pl acerrente"?Jt?OQ'ﬁ@"géﬁB@ﬁ" 'Baés'gléregﬁto the |/O pads of the substrate 2 1
JAN 2003

10  Figure 4 is a flow diagram to show the steps in the method according to the

embodiment shown in Figure 2.



involved in order to forma bunp for electrical connections. For the
present description, a substrate and the pads thereon include substrates
for sem conduct or packages such as ceram cs, Bi smakei m de Triazine (BT),
tape, and al so surfaces of wafers. Sol der paste may be any sonprJégaz¢@ S
with flux, solder particles, including those with water based or - an
flux. Figure 1A shows one nethod of how agdefined volune of solder paste
may be applied onto a substrate. In this enbodinment, a stencil 20 with

hol es 22 is [DESCRIRTIONGF [THE INVENTIONt he hol es correspond to the pad
positions on the substrate 24 in which the solder paste is to be applied.
For sem conduct or substrat es;htheggosi tion of the holes correspond to the

|/ 0 pads of t heConnentignaldmethadg,abselden pagtsnarplisalions sughras, i surfacepyed
across the top surface of the stencil in the direction as shown by arrow
27. As shown mauringr genem)ly tineolve the 1ise oEamtendl dbdryexarpieddtevsalden
shar pened | aggi ng edge 29 which may be used to sweep or scrape the ~ 5

successful sqigbte magtbe appliéd athBesurfaecesof frecsulgdtratbe satkngd la phintédie
squeezer noves across the stencil) a |laser beam 28 delivered froma |aser

head 30 1§ Usulttdd! Ahg ResBREHCTNRS pRofgcaloinenyiited BR 8 BRGId (O

allow an internetallic sol der | OI nt orm ween t he paste and

The 5o parti Sy s s A isChadetntliinath e st Bitdol dRgpleRtle isfiny:
is renoved. This prevents the defined vol une of sol der paste from being

di sturbed beftbePackagedp the baad. el i ni nat es probl ens of the paste sticking
onto the stencil. 2 1 JAN 2003 8 A good material for the stencil is

st ai nl ess st eel . i [We aﬁﬁéﬁ i t ‘ t he
refl ow process gﬂ% p%c%g'r?ﬁ riF.r?"’getaéglgllt@r E)éca)ér?gm% H‘ heSksgno#%z'%ggggttggﬂrslagﬁﬁén
refl owi ng such as,chyomu xi de ,coating. This allo he stepncjl to be
roved anay walisELbamRS Ther Qs penEoinabe annied To Wk ubstisle. usig <
steel and chrom um oxi de do not forman internetallic bond readily with the
sol der past e.thastendil. cheestenoil is thers removed iandpthef sihsinae itranskesred Hata t he
conventional stencil used in the typical surface nounting techni ques (SM),
as the vol umgefibwt beerRaklowever dthen cEMientional PCB stencil method described
above cannot be adapted directly into producing solder bumps such as for
BGA packages. This method cannot be reliably produce bumps of uniform
heights, which is an important requirement for BGA packages, because the
15 removal of the stencil before the reflow step inevitably results in some
solder paste adhering to the stencil, causing variability in the actual amount
of paste that is reflowed. As a result, the bumps have variable heights,
which is unacceptable for many types of packaging. In another variation, the
stencil may be left on the substrate after solder paste application, and the
20 oven reflow step performed with the solder paste within the stencil. This

technique, however, would result in numerous stencils being required, as

the assembly line from the paste application step to the oven reflow step



meant only to facilitate soldering of the device to the board, and are not
meant to form bunps. The thickness of the stencil in the preseht] JANe}03on
is proportional to the size of the bunp desired after reflow, and nay be
determ ned by one or ordinary skill in the art w thout undue
experinmentation. For exanple, for a bunp of 0.2 mmdianeter, a stencil of
0.2-0.3mm may be used, with 0.2-0.25mm begng the preferred range. The

sol der paste may,~ cont ai wat er.- based flux or _a no-glean flux. |f
wat er - baged Tk oS Taged 2dHiRRerTeran Weekbing Jeautang BRIt sier ¢ he
refl ow step. Figure 2 shows another enbodi nent of the present invention.

Thi s enbodi mwthersmyltiplying theytackiagsastsisweieded in Figure 1) except for the
addition of a tenplate 32 with apertures 34 corresponding to the hol es of

20 the stencil. (o] . | at el psev r of

t he stencil fro%ﬂ-%]f%ggér@eﬁﬁggg@ hkgrs(?brﬁi'gs%i gug?lhg%'ﬁ 38r{h§a§p évég)ﬁog%"ﬁg@ent on
it. This prevent,a, t he re&! ow, of these r?si%glal so] der as&e onto the
surface of PFovidingnapethod for.sQlder dpaste; tetiow, using {ager| tachnglogyhd he

stencil. Figures 3 and 4 shows the preferred steps involved in these two
enmbodi nends. taghnigye isosimpie anderost ieffeativer s el avenpussskinsthel canveationak
added advantage of preventing bridges fromform ng between the bunps, s

especi al | y wheflewingempthodhmagtbeeelimirated.athsorder $ored luniféha aredy etboagis | S
prevented fromflow ng away fromthe pad by the presence of the stencil,

and the bunpg, bar ErReASEERL ha! éﬂggpg)g‘es;éiggggg@gggi&Efﬁréo“?oﬁlfrf‘éy‘@vfm!stohg@éle'

Al t hough the present 1 nvention specifica
reference to Figures 1-4, it,] l.ear, t hat .ot her techniqu may_al so. be
Used o'to depBs S 2 abpiest IS Bpiunibr BRURT RsRiangrih LR RISt he
substrate pads. For exanple, advanced injection technol oad may be used to
render this &ollesnbumpseo§ uniforvdheight sanae seflavsds cprppleted.oln the daesbast e
woul d be injected onto the substrate pad directly, and the | aser refl ow
per f or medow phefetredhembbdiment, astenait ferusedr taain dhe applicptiosi ¢tbp. diheen t he
teachings o 15 the present invention.

laser head may be combined with the solder paste application or printing

step into one system together, such that laser reflow occurs immediately

after solder paste application without a transfer step. After the solder paste

printing step, the substrate is kept in the printing position while the laser

15 reflow proceeds. In this way, only a small number of stencils for each

package type is required for each laser head.

The laser beam may be generated from conventional laser heads, such
as neodymium:yttrium-aluminium-garnet (Nd:YAG) laser. If a single head is
used, reflow may proceed sequentially from one stencil hole to another. If

20 multiple heads are used, reflow may proceed from one row of holes to the
next. Useful applications of this invention includes the production of BGA
packages, and the production of bumps on wafers. These applications

involve the placement of the solder paste onto the /O pads of the substrate



.2 1 JAN 2003 10 CLAIM5 1. A method of form ng solder bunps onto a plurality
of electrically 2 conducting pads of a substrate conprising 3 a)g TOQANIJ@ a

predet ermi ned vol une of sol der paste onto each pad on said substTat¥, 9

refl owi ng each of said volune of solder paste with a |aser s beam 7 c)

cooling said reflowed solder paste to forma solder bunp of a s preset

height. 2. A nmethod of formng solder bunps according to claim1 wherein

said 2 volune of said solder paste is defined hy placj.n stencil with

ol 53 cor dRyREH nboRer §S ForRp acBumB ot eldhtioal asBnpaliats. JEd Perareséat d
holes are directly above said pads such that said step (a) involves 5

appl yi ng a prdesetiption.nad suhstiale @ndsdheicpagmstherean dnelade isgbstratess. fop

nmet hod of form ng sol der bunps according to claim2 wherein said 2

appl i cati on stespiconduttoe pazipyes rayichxas seraioseBipaskeimidieo Tsiazmhen(BB;, 3

and sweeping the top surface of said stencil to renove excess sol der paste.

4. A nethod qhpécand atscs slifgted Wivafert SoldédpasteC hidy'bd ayedditer paste
reflow step is performed without noving the stencil away after sol der paste

Feovi no. Sa; 7] el RaRBRS i Bpop A s PR OERo e 18,

form ng sol der bunps according to claim2 wherein an 2 additional tenplate

With apertures Fgupé Areshews \ohes risthed fitiow asdifiled aemeusfesolder pasipndi ng
to said holes and positioned directly above said holes such that said

aperture protg ibeséb?li?%:) Db la §HlP§£ér18 fif qms5eﬁﬁidglﬂ'n§ﬁi?°§ eh€il Z’Z’d Quitipser

beam 1 6. A nethod © rmng so bunps according to claim Z wherein

said 2 sol der, st i, J i ed t i cill by a squeeze 7. A

et hod of oty Lol eBRgRE: TR BoSRRE BB ol RrERtiPRdcla Ind pdd
predet erm ned vl une of sol der paste is applied by an injector. 1 8. A

met hod of foMasHipnsAthe §M@ta@&wh§htt8e@péq%pp%@r be applied. Faf ect or
has a plurality of injecting needles. 1 9. A nethod of form ng sol der bunps
accor di ngocl semitondwctei isubstratesh)the positioni ekthet Inales t agrrespanef ko thend/Ceach
of said volune of solder paste 3 with a Nd: YAG | aser beam .A9U?. AL,Y

- AIL. AL@ . ALa0R[ o fPe@ubstrates. A squeezer 26 containing solder paste js moved
A A& AL>U0L) | Q&g) +ulU~yt oj e [ V] ca] ca] ca] ca] ca] ca] ca] c"a] cal] ca] ca] ca] ca] ca]

cal cal ca] cal clsa el toplsiitiac drind Stic Pt d@dcthcad ShaWh T8y drow 57V ® &

As shown in Figure 1B, the squeezer is preferably provided with a
sharpened lagging edge 29 which may be used to sweep or scrape the
15  successful solder paste off from the top surface of the stencil. As the
squeezer moves across the stencil, a laser beam 28 delivered from a laser
head 30 is used to reflow the solder paste directly inside the stencil, to
allow an intermetallic layer of solder joint to form between the paste and the
pad to form a bump, preferably without first moving the stencil away. The
20 partially spherical bump is then allowed to cool before the stencil is
removed. This prevents the defined volume of solder paste from being
disturbed before reflowing, and eliminates problems of the paste sticking

onto the stencil.



i @I R{vqgl gb] X]]c"a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ¢
"a] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca! S cD<[?"{vql gb] X] ] c@] $ajxp12089
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca]c"a] ca] ca] ca] ca] ca] (‘:tmica ca
] ca] cal] ca] ca! "o"gEdLzS. ~
I'bl''I'}xsnid_Z]]]ca]ca]ca]ca]ca]lc"a]ca]ca]ca]ca]ca]ca]ca]ca]ca]lcalca]calca]c
al calca]ca]ca]lcalcalca]lcalcalc a]calcalcal!?"""#d###,

$~3$3% WOBEEEEE>""" (M(((B)))!*o***}xsni d_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]ca] ca]c Agood material for the stencil is"stainless stéel or any other material

a] ca]ca] cal]ca]ca] ca] ca]ca]ca] cal]calca]calca]calca]calcal *Qt++, ,, , HU W--.

U. .. 3/ w /0ZOWMicH & kithstehd4hs heatiof the tdfloe pedceskcand ald] net] realiity bond

aJca]ca] ca]cal ca]ca]ca]l calca]ca]calcalcalcalcalc aJc

a] ca] ca] ca] calithaiheasslabe Pdate durinﬁ reflowing such as chromium oxide coating.
666[ 7g89U- W --. U...3/w /0Z000>1[ 1h1k1lr 112, 455} xrmhc”Y]]] ca] ca] ca] ca] cal] ca]

calc aJca]ca ] ;
a] ca] ca] ca] cg?é&]afléﬂgf%lﬁg%t%ﬁﬁ@ ﬁg&i@%ﬁm@g%ﬁféﬁl\ﬁelﬂ}éﬁowmg because
10%&' () - F109&' () -f#10%& ()3 ,10%& () &L) ! dE" 109&' ()-
109%& () - %F" MPS( )sy03166/&?5@jn'%$/&8'%§e! 4 /«s%‘q(?’-“l"@deg?dfo% pot forgoan ) - +
10%&' ()- Lf)Z"109& El) -9" 10%&' ()-% 10%&' ()-&IdYNC_10 10 10?10%&' ()-99.
109& () - 710%termetallicovand readily withethe soldexipasie. Thedhigkpess ohtke stencil
109&' ()- 109 ()-s 10%& ()-$,10%& ()- 3 ~ caBYNCF 10%& ()- !Xs9mi' 109%&' () -
10%& ()- 10%8preferabBtRioker that Bi& conventiaHalStencliogged Jn the {pieil Gurface
10%& ()-""'1"109%&' ()-$10%&' ()- S10%& () - $ & ? bCLO%& ()-sS10% ()-
WO0% () -F Lehokhtikgl tethhitifes( 1SMIP %4 the Volumé Yithe 104éte (Used in SMT is

meant only to facilitate soldering of the device to the board, and are not

10 meant to form bumps. The thickness of the stencil in the present invention

is proportional to the size of the bump desired after reflow, and may be

determined by one or ordinary skill in the art without undue experimentation.

For example, for a bump of 0.2 mm diameter, a stencil of 0.2-0.3mm may

be used, with 0.2-0.25mm being the preferred range. The solder paste may

15 contain a water-based flux or a no-clean flux. If water-based flux is used, a

conventional washing step may be used after the reflow step.

Figure 2 shows another embodiment of the present invention. This
embodiment is similar to the one described in Figure 1, except for the
addition of a template 32 with apertures 34 corresponding to the holes of

20 the stencil. The purpose of the template is to prevent the surface of the
stencil from the laser beam, as residual solder paste may be present on it.

This prevents the reflow of these residual solder paste onto the surface of



CY 109 ()- L1109 ()- 109& ()- 109%& ()- 10%& ()- @] aBbC" 100/&'/2-

109 ()-" 109 ()-!'\9 Z"10%H#& ()- 109& ()- 10% ()- RxnbC$@ 092 1()JAN 208310
10+109%&' ()-S) 10%& ()-9' G'109%&' ()-$ 10%& ()- S*dEnbC 109%& () -

109& ()-109&' ()- - 10%& ()--109&' ()-S10%& ()-faB7C 10@

109 ()-'\Lnt 10%& ()-s 10%& ()-3 109& ()- 109%& ()-S, 109%& ()- cmV 109%& () -
109 ()-3 10%& ()-S10%& ()-s10%& ()-$310%& ()-3 10 10D<dBmN/

109% 1 sY" 109&' () -y, 10%& ()- 3 109%&' ()-Z 109%&' ()| _10%& () - 0% () -.[ 2dEmMN/
10%) 10%& ()é‘)e‘ dteng 0/3@(0)(3‘%%'5/3 1'5%!&%3)9%&‘91%%@) E'!gui‘%ﬁ/g ?5“-@ ‘i(ﬁﬁ&“}% -t[f’eodE:/
10 106 109&' ()- 4 10%& ()-L2m 109%&' ()- "0 10%& ()-3. 109%& ()-,

109& () - ~gxY: preferad sdens invelyed: ip)thesa dwe gmbadiments.- 109&' () - $109%&' () -
10gEaB:/ 10 10%& ()-!\Lnt 10%#& ()- 10%& ()- f 10%& ()-9, 10%& ()- 109%&' ()-

dLzdE: / 10+10(y“E‘IT(h)e' {J;JQWGET the SSEndP7H tHe reflow process also has the added

advantage of preventing bridges from forming between the bumps,
5 especially where the pitch between the pads is small. The melted paste is
prevented from flowing away from the pad by the presence of the stencil,

and the bumps form substantially spherical bumps into the stencil hole.

Although the present invention has been described specifically with
reference to Figures 1-4, it is clear that other techniques may also be used

10  to deposit the solder paste of a defined volume or height onto the substrate
pads. For example, advanced injection technology may be used to render

this a stencil-less method. In such a case, a block of solder paste would be
injected onto the substrate pad directly, and the laser reflow performed
without the stencil. Many other variations are possible given the teachings o

15  the present invention.
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3 a) applying a predetermined volume of solder paste onto each
4 pad on said substrate;

5 b) reflowing each of said volume of solder paste with a laser
6 beam;

7 C) cooling said reflowed solder paste to form a solder bump of a
8 preset height.

1 2 A method of forming solder bumps according to claim 1 wherein said
2 volume of said solder paste is defined by placing a stencil with holes
3 corresponding to said pads above said substrate, such that said
4 holes are directly above said pads such that said step (a) involves
5 applying a predetermined amount of solder paste into said hole.

1 3 A method of forming solder bumps according to claim 2 wherein said
2 application step involves applying excess solder paste into said hole;
3 and sweeping the top surface of said stencil to remove excess solder
4 paste.

1 4 A method of forming solder bumps according to claim 2 wherein the
2 reflow step is performed without moving the stencil away after solder
3 paste application, said method further includes an additional step (d)

4 of removing said stencil after step (c).
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4 said holes such that said aperture protects said stencil surface from

5 being exposed to said laser beam.

1 6. A method of forming solder bumps according to claim 2 wherein said
2 solder paste is applied onto said stencil by a squeezer

1 7. A method of forming solder bumps according to claim 1 wherein said
2 predetermined volume of solder paste is applied by an injector.

1 8. A method of forming solder bumps according to claim 7 wherein said
2 injector has a plurality of injecting needles.

1 9 A method of forming solder bumps according claim 1 wherein step (b)
2 comprises the step of reflowing each of said volume of solder paste

3 with a Nd:YAG laser beam.



