SC14686HP ~ METHOD FOR FORM NG MULTI - LAYER BUWPS 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
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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
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providing a thermally conductive path to carry heat
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torn1ng%bunps includes formng a photoresist |ayer
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screen printing, and then nelt owi ng
e devmped chip with an electrically 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.

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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paste to forma bunp. The openings may be formed by
radi ati ng and devel opi ng the photoresist. 1 SC14686HP
[0005] One problemof this method is that a new SC14686HP
photoresist |ayer is required for processing each
pi ece of wafer substrate. Another problemis the need
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[0007] Another 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 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) .




not involve wet chemcals. In addition, it would be
desirable to have a nethod that provides high standoff

(bunp height) and low or fine pitch (bunp spacing). sdi4ss6up
SC14686HP BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009]

The present invention will be readily understood by

t he foll ow ng BRIER |IREECRERTIQN iOF THE MRAWINGS on Wit h

t he acconpanying drawings. To facilitate this

de9emilpt i ofhe birkeenef éneaneionniial sbdeségaal € hhdkerstood
tructural _el ements. ,iOOOlO] FIG 1 illustrates an .
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e n onem,€e 0 e o
e e b bdaT e TBoF TERts afatf fpescription,
gﬁﬁ‘:&r gederenss- severahal devignabé 1hke seticondrel oslements .
wafer of FIG 1 having a first netal powder in
d000d@adnceFiGt hlanldabbdeteat anf ehberpe@sertss-sectional
i nventi_on. %00012%} FIG 3 illustrates an enl arged
&F6Ys Okt FoMAFONINERP BT VERBT skt eBRetIiIRFe it ier e
EhGoddmeuki BE 8nhbi pstsehfl 884t POt 0 the first netal
powder in accordance with an enbodi nent of the
pogoeny inventioniii00RIFE G dnllddisd r@ES Allerional
enl arged cross-sectional view of the Sem conduct of
Waker o6f tEeGeeBlihandngtor seebad offef & . povitterimyel first

' [ ordance with an enbodj ment of the
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eénlrangedncr oss-secti onal view of the sem conduct or
wafer of FIG 4 during a second irradiation to the

seoomd] et afcpowder 14k Hk ALELL %@C&Mféb@rbrc%@%dﬁ%al
of the present invention. [00015] FlI 6 Is an

BhFYr gédtheossrieerduniadr walenfoh FIG. 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. 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.



nunber of binal-layer netallic bunps fornmed on bond
pads of a sem conductor wafer in accordance with an
enbodi ment of the present invention. 3 SCL46S6HP  scizssemp
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00016] A net hod
for formng nulti-layer bunps or connectors on a
substrat e | PELrAHHET OERSCRIATION ©OFO0 THE INVENTIONr Cui t

board (PCB) environment is provided. In the followng
desonspt i on, metnedofsr spechning mel @il Bapée Selps farth
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sectional view of a sem conductor chip or wafer or PCB
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nunber o ond pads or ‘defining bunp 'sites
ohhehi ths tdoops, neylbekdormest o Beforepdrmioig tHiere not been

unps,. the, substrate 104 is cleaned to renove
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padsndO8n . [ 00018] To acconplish such cleaning, a

maski ng plate 116 patterned wth one or nore

966y es defeiSi g SPased, oves . f,heaﬁt&ﬁtaf 104 such
?hat tLe aper?ur%§§120 are éﬁ%gned Wi t ﬁ%%ﬁ%unpo
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present invention 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 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



plate 116 and directed at the bunp sites 112. The beam

124 burns out any contam nants on the pads 108.

[00019] The apertures 120 allow the irradiation beamscisggsup
to pass through to the bunp sites 112 while the

maski ng plate 116 bl ocks the beam fromirradi ati ng

tieroest tof abbat suRsliaherdfd. The spskinged! B4E bbb have
be made of netal or ceramic materials, and nay
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Re errlng , a Cross- SET
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13 IS shown first_netal powder 128 is deposited
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uhisf eEMebaver eﬁsgtgﬂglgwg wdl £650 lildse A JRSKI > bunp
plate 132 with apertures 136 is dlsposed over t

sibser 4lé- 102 waghindaplahe hb%rwwlesaﬁéﬁ:umstlffﬁ is

I t site
TESBLRAPLOLE, 738 PUPeP il chh Lot et i ures 136
paskhagmapkahe Blétyses2t ors egid i@l ttech raedimiddsites
eam 124 as described in FIG 1. [00021] The first
Er%tzal PBRaBRSH BT pp b2 eE abb§ %%ﬂ?@s Ec@ﬁﬁ)eers dihahimpsking
b@ﬁ@estheﬁséﬁdtga§e§uP§£é'gﬂg £l 2P Yo g 24 as

m crons to about 10 ™ crons. Thoug er partic
dezesibadyinl E&Gbelused, it should be appreci ated t hat
|arger particle sizes may result in larger bunp sizes
4A40BLIp PhechirJypheahl ypourdkr MOt8 Iprafeachdle; SiBtbrises
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Cehsbdsns to about 10 microns. Though other particle sizes
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 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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[00022] Referring nowto FIG 3, a cross-sectional

view of the substrate 104 during a first irradiation

of the first nmetal powder 128 is shown. A first SC14686HP
irradi ation beam 140 is fired through the masking

- plate (132 or 116), which directs the beam 140 at

seésehed pordsonshbedntie gidSdriml dedidierit 128 easy to
through the apertures (136 or 120). The sel ected

b8f¥fons of the first metal powder 128 are thus nelted

or ref lowed to forma nunber of first bunps 150 on
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di spose over the substrate 104 and the first
g%eri she hbiwns t Temze corid smwthalagdwd epr22s; 1 ipref ermatpliyally,

[ a mel ti int _than the fir al
Baa Toutt e g i P e TR B hgo second
Beled] asolyes P21 Mkhd N Gran@ igdlwdbn dnduthatsd igigtedst @elgius
such, the nelting point for the second netal powder
22 gyt radhy et s elstidts 150 degrees Celsius to
about 200 degrees Celsius. [00024] The second netal
bo0RR4 1 228 e s ereon antah irowdss! d&8 (teivh Heead euftectic

.9%9@@1! eg)t having, a 3 téﬁn%lf%)zs CH lﬁnga%g W2 5herons to,
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size and b pitch. | ate 232 is disposed

_ hJaﬁA maski ng D .
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B3 i fize 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 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



the masking plate 232 are aligned with the first bunps

150 wupon which second bunps 250 are to be forned. The

maski ng plate 232 can be the sanme as the nasking  sci4essup
plate 116 as described in FIG 1, or the masking

plate 132 as described in FIG 2, or both. [00025]
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bumpdi 2a500n beam 240 is fired through the maski ng

plate (232, 132 or 116), which directs the
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second set of bunps 250. [00026] The Secon

freatemeven bieant ey be anitiflaried deapioniag.
| aser beam which heats the second netal powder 228
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th the fij b 150. T nd b 250 .are
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powders 128a and 228a are renoved r exanpl e,
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% ﬁgo é@nﬁn'%gg%ﬁ#fghl é%é) éﬂ%%aﬁe n é%agn %etween
pa t r OVI on

1198, bimsmtirmtae:»tng;al aduam;tl«ﬁmm asich as a printed
circuit board (PCB). The UBM generally comprises succesgive
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



under-bunp netal lization (UBM, protects the substrate

104 and provides an electrical and nechanica

connection between the bunps and an external SC14686HP

substrate, such as a printed circuit board (PCB). The

UBM general |y conpri ses successive |ayers of netal
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FIG 6, a cross-sectional viewof a nu

BiSRalPrioayelesmsralieirc Jpanbs £880at bemed on t he “bond

pads 108 of the substrate 104 in accordance with one 7
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Each, bi nal - |ncludes a first
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150. In a flip chip assenbly, for exanple
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%;andoff whi | hg seco?d bu 250 pr.ovi des sol der
FlForﬁaﬁlgﬂlr metal powder over the second bump 250,
and selectively melting or reflowing a portion of the third

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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[ 00030] While the above process is described in

relation to form ng bunps on a substrate 104, the

present invention is applicable to formng SC14686HP
i nterconnects or bunps on PCB substrates. The above
process is also applicable to formng a connector
ﬂa@ﬁﬁgeﬁﬁr@atﬁamaﬂﬁe t Bschagevs atreﬂﬂpaachause 5111con
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portion of the third netal powder. [00031] The

6Pé§§n?eﬂﬁégﬁ9F5M is particularly advantageous to
reduce processing costs since it requires mnim
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may be e rannabl,
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bunps. At high tenperatures, the silicon wa nd
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r rat s in th ilicon wafer
g%rg%%ggng sur acean UERS AL BB © Th Qﬁ?qﬁﬁﬁqﬁf%éﬁg§he
mashxpgnpwﬂe ar eTfUuehé OemSe@ihdiet e Sr OfpAdteFdiBlable laser
ex ganslon msmatch in the 8 SC14686HP different

@r?%l%se@xc BBl e r 33l Rl Aarend 19w dhd magalugion
8¢ buap1frastyLge, A high standoff releases the stress
caused by CTE m smatch and thereby inproves bunp
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present 1 nvention
apparent to those gkilled 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.




reduced bunp size and bunp pitch. By formng the
second’ bunp 250 on the first bunp 150, a high
standoff is achieved w thout increasing bunp size or
dianeter. This, in turn, aldows a |lower or finer bunp

Claim@! t ch rangi ng from about 50 microns to about 75
m crons dependi ng on the met al povvder parti cI e size
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6. The %W%dqgldfomﬂ %' atl—rl]agr i AFY s sur B h[u]éj P rst m\étal
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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-fayer bump according to claim 1, wherein melting the fi rst
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 fo claim 1, further comprising
removing any unmelted portions of the first and second metal powders remalmng on the

substrate.

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



irradiating the selected portion through the at | east
one aperture. 3. The nmethod for form ng a binal-Iayer
bunp according to claim2, wherein nelting the second
met al powder furt her conprlgbs mel ting a sel ected
portion of the second netal powder by irradiating the
sel ected portion through the aperture of the second

binal- Ig?érﬂ IQ'S unrggé g ;F%\ﬁ%lﬁﬁéfb%gro%g!ﬂ Ilaor rét\%%ng%gpqudnetal powders.
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rn1ng a blnal-layer bunp according to cIa|n15
mhereln the first nmetal powder conprises one of
copper and high | ead sol der and the second netal
powder conprises a eutectic solder. 7. The nethod for
form ng a binal-layer bunp according to claim1,
further conprising cleaning a bond pad on the
substrate before depositing the first netal powder. 8.
The nmethod for form ng a binal-layer bunp according to
claim?7, wherein the cleaning step conprises
irradi ati ng the bond pad to bum out any contam nants
thereon. 9. The nmethod for formng a binal-Ilayer bunp
according to claiml, wherein nelting the first netal
powder further conprises irradiating a portion of the
first netal powder with a programrmabl e single |aser
beam 10. The nethod for formng a binal-layer bunp
according to claim1l, further conprising renoving any
unnel ted portions of the first and second netal
powders remai ning on the substrate. 11. A nethod for
formng a nulti-layer connector on a substrate,
conprising: depositing a first netal powder on the
substrate; placing a first nasking plate over the
substrate, the first nmasking plate having at | east
one aperture; irradiating a selected portion of the
first nmetal powder to forma first bunp; depositing a
second netal powder over the first bunp; placing a
second masking plate over the substrate, the second
maski ng pl ate having at | east one aperture; and
irradiating the second netal powder to forma second
bunp on the first bunp, wherein the first bunp and
the second bunmp formthe multi-Ilayer connector and
wherein the 11
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bi nal -1 ayer bunp is surrounded by remaining portions

of the first and second netal powders. 12. The net hod
formng a nmulti-layer connector according to claim 14g14686up
wherein a nelting point of the second netal powder is

| ower than a nelting point of the first netal powder.

13. THIHROR FOR FORMING MULTILANYERe BUMPSNONt Ar SUBSTRATE
according to claim11l, wherein the first nmetal powder

and the second neadlstpawdcofedtle Havendiparticle size

bet ween about 5 mcrons to about 10 m crons. METHCD
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that are melted and the metal powders are melted via an
irradiation beam. The multi-layer bump is formed without

the need for any wet chemicals.



