,”VETHOD OF PRODUCI NG SOLDER BUMPS ON SUBSTRATE FI ELD ?F%%LIL\%TFU The

present invention-relates--to eleetrical connections u bunps.

In particular, the i nvention relates to a nethod i ng

sol der bunps in el mmﬂu@w nections in the sem - cond%cfcﬁ t%try
BACKGROUND OF THE Il grid array (BGA) packagilng'of integrated
circuit (1C devices i*95%#0 gaini.ng i ncreasing inportance in |C deyice
production. In BGA packaging, the conventional method is to usej%l der

bal I s which are soMEHOD OF PRODUCINGISOLDERBUMPASSONSBUBSTRARE VVC package.
Vari ous nethods have been described for the joining of packages with

sol der joints using solder balls. US Patent no. 4,878,611 describes a

sol der joint assenbly technique in 15 which solder balls of a defined size
are reflowed to formsolder joints with desired joint shapes. US Patent

no. 5,722, 16?@_@ T@? bﬂgl ng nethod by form ng solder bunps in
t hr ough- hoI es. GE sol der spheres are required to be forned

on at | east one of the surfaces to be joined, and the spheres are

descri bed as belihgy presérdwadentivm refates 20 electreeab ocatinegtipas s ubings clodider

paste. The conventional nmethod of using solder balls for sol der bunp
5 bumps. In particular, the present invention relates to a method of producing

solder bumps in electrical connections in the semi-conductor industry.

BACKGROUND OF THE INVENTION

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 balls.

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

156 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
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f.ormati on has certain drawbacks. Besides the high capital cost of a 2
sophi sticated pick and place system the cost of the balls thenselves is
high. In addition, high nunber of balls which are required for a
conventional vacuum pick and place systemto function properly neans that
even if only a few packages are needed, a | arge nunber of balls need to be
di spensed 5 into the machine. As a resulty, for assenbly houses which

produces small , .vpl s _of mapy,different pes.,of. packanes. wast age.
becones ver ys(ﬁ‘?@'ﬁﬁcgtgg P'ﬁ% %ﬁq?(’é“&eﬂ%%m' at}ﬁ%n cfsécf’fetﬁgi ?%% i*?&%!“a?@eﬁo‘[s
conduci ve to being reused, . xtensiveég. Furthernore, the small sizes of the
bal I's render Nt9he i BEAHIONg highytphes ptballs;whirharereauirgd forgcapventiopal
notion of the substrate nay 10 affect the precise positioning of the balls
before they vacuum piek andplacersystemite fandtion properly eaeans hat enepdioenlyiael d.
Al'l these factors contribute to the high cost of producing devices with

sol der bunpsfew packag&>arparicdeds a lafdd) RGber oftiallsNvEd t6Meldidgerisedan
obj ect of the present invention to provide a nethod to produce sol der bunp

from sol ger Pﬁégﬁ’e n‘]écHiﬁe.aﬂgtd_”'Pésuﬁbkﬁcéségmﬁlg%&fs%%e%iémg%ﬁd@% ﬁmgﬂf ovi de

a method to produce a plurality of solder bunps on a subStrate have

uni form and volumes of many different types of packages, wastage becomes very high,

as the balls get contaminated easily, and are not conducive to being reused
extensively. Furthermore, the small sizes of the balls render them hérd to
manipulate, as even small air movements or motion of the substrate may
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.



“predeterm ned heights. 20 It is yet another object to produce sol der bunps
at a reduced cost. 3 SUMMARY OF THE | NVENTI ON The present invention

provi des a nethod of producing sol der bunps from sol der paste. According
to one aspect of the invention, the solder paste is heated by a | aser beam
for reflomng. If the application is in sem conductor 5 wafers or package,
the solder paste is preferably applied ina defined volume onto each 1/0
pad, such that the resulting bunp have uniform heights. According to

anot her aspeSUMMARY®OF THEINVENTIONe paste application and the reflow
steps may be perfornmed within the sane system thereby elimnating the
steps of transferring the substrate fromone station to lo another. In the

most pr ef er r EBe OFESRAtBMENtIQN pravides a efiqs, phrEPdusing splder AWmps feom
application of the defined volunme and hei ght of solder paste. A laser beam
i s then diresoldér paste.tAecadinddo gres aepedtr eff theabventian, Hoeitsolderi paste s
stencil. According to another aspect of the invention, an additional

tenpl ate i sheatedibied & \bRane for reffleding. Netrss QFpliidatibhOi@ inedergiconpusesk t o
the | aser 15 beam The use of this nethod results in the elimnation of

sol der baé'mf%ﬁeaﬁ Eé% the 2BRlirh aﬁ%si%c'p?tﬁ%?'aﬁieéﬁph%ﬁF ?Wﬁeern@ung a

substrate fro ace Sy tem to e ov her reduci ng

costs. volume onto each I/O pad, such that the resulting bump have uniform

heights. According to another aspect of the invention, the paste application
and the reflow steps may 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. Accofding 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.



. 4 BRI EF DESCRIPTION OF THE DRAWNGS Figure 1A is a schenatic illustration
of one enbodi nent of the present invention. Figure 113 is a | ongitudi nal
cross-sectional view of the squeezer as it is 5 swept across the
substrate. Figure 2 is a schematic illustration of another enbodi ment the
present invention. Figure 3 is a flow diagramto show the steps in the
nmet hod according to the enbodi nent sho in Figure 1. 1o Figure 4 is a

fl ow diagramto show the steps in the nmethod according to the enbodi nent

shown i n Fi BRIEFDESCRIPATONOF T BRAWHRGSNVENTI ON Convent i onal net hods of
sol der paste application, such as for surface nounting, generally involve

the use of a stencil. For exanple, the solder paste may be applied to the
surface of tfigurupAtisad schematicadlustigtiont eti opecemberimeatal, thesprasent
stencil. The | C packages are then placed on the board wth the | eads on

t he sol der pag¢rtiorand the entire assenbly reflowed to join the package to
t he board.

Figure 1B is a longitudinal cross-sectional view of the squeezer as it is

5 swept across the substrate.

Figure 2 is a schematic illustration of another embodiment the present

invention.

Figure 3 is a flow diagram to show the steps in the method according to the

embodiment shown in Figure 1.

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

embodiment shown in Figure 2.



. It is possible that stencil technique nay also be used in the production

of sol der bunps. The sol der paste nay be applied to the substrate using |o
the stencil. The stencil is then renoved and the substrate transferred to a
refl ow oven. However, the conventional PCB stencil nethod described above
cannot be adapted directly into producing sol der bunps such as for BGA
packages. This nmethod cannot be reliably gproduce bunps of uniform heights,
which is an inportant requirenment for BGA packages, because the 15 renova
of the stencDESGRIPTION OF THE INVENTION i nevitably results in sone sol der
paste adhering to the stencil, causing variability in the actual amount of
paste that is reflowed. As a result t he bunps have vari abl e ght s,

which is unacc&ﬂ%”é'of‘élr medheds ﬁ)é@'d&r R?a%?@@pr'\‘ﬁa 1o M ﬁér%(/élul r&ceon,

the stencil may be left on the substrate after sol der paste appllcatlon
and the 20 omeunting) genetally iprolverthedusa wh a htencdl feor gxample wihehisoldére
stencil. This technique, however, would result in nunerous stencils being

required, aspasteemaysiserizpplied ne freosurtase pAshe supptratat suh asea pontede oven
reflow step 6 may be long. In addition, different packaging require

di fferents st gAG|i{ Soard Hé?n %sf@ﬂcﬂ'?hé"l@%é&kﬁ gb&aré ﬂ%&g‘%&éd'dw@\'evﬁéia drhe

pr esent |nvent|on provide§ a solution tad the ove probl’'ens by providing a

method for sgiiflthe R&Loh ‘?ﬁé QUi paded, B th%eé’mS'a%%}émbw‘?eﬂowed to join

the package to the board.

It is possible that stencil technique may also be used in the production

of solder bumps. The solder paste may be applied to the substrate using

10 the stencil. The stencil is then removed and the substrate transferred to a
reflow oven. However, the conventional 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



5 technique is sinple and cost effective, as the oven used in the
conventional reflowi ng nethod may be elimnated. In order for a uniform
array of bunps to be formed fromthe solder paste, a precisely defined

vol une of solder paste should be applied. This volune of sol der paste
should then result in solder bunps of uniform height once reflowis
conpleted. In the nost |o preferred enbodi nent, a stencil is used to in the

application step, The |aser head [ be copbined with t sol der ste
SPbl i cat i on BiEvRpe dpieg 1 sadsition, o irent packavhsaire ‘dfeRt rdenBiSe:
reflow occurs imedi ately after solder paste application wthout a

transfer st efyurthar neyltiplyingstbedeplinhsests ip¥elMedng step, the substrate is kept
in the printing position while the |aser 15 reflow proceeds. In this way,

only a small n ° re%f n tiﬁ{)&ﬁtk 'f%viaégh W?ottﬁgea ove .Iéﬁ%f reach
285 & e

| aser head. The am nay genera rom conventi on aser TMeads,
such as neodym uymyttrium.al um niumgarnet (Nd: YAG laser. If a single
head is useBelo"l“ﬁW @Nmf%{tjoﬂr%?ée%ﬁd%re@%éiﬁ irﬁﬂﬁg‘y B$ipeh IA5Er sttegm?lpg)ﬁohg‘%t 0
another. If 20 nmultiple heads are used, refl ow nmay proceed from one row of
hol es t o & hetecheique igsénple apgcpstbeffestveoasithe ovenwsediiarthe eonyestonale
production of BGA packages, and the production of bunps on wafers. These
appl i cat i onsrefiowing neethbé reapberdiminated. Na crabdfor apaaiferno arayt dfeb wimPspads

of the substrate 7
to be formed from the solder paste, a precisely defined volume of solder
paste should be applied. This volume of solder paste should then result in-
solder.bumps of uniform height once reflow is completed. In the most
10 preferred embodiment, a stencil is used to in the application step. The
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 conventiona[ 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



“iknvolved in order to forma bunp for electrical connections. For the
present description, a substrate and the pads thereon include substrates
for sem conductor packages such as ceramncs, Bismakeimde Triazine (BT),
tape, and al so surfaces of wafers. Solder paste may be any sol der paste 5
with flux, solder particles, including those with water based or no-cl ean
flux. Figure 1A shows one nethod of how,a defined vol une of sol der paste
may be applied onto a substrate. In this enbodinment, a stencil 20 with
holes 22 is 'BV%'\‘/?Gé’Eiordﬁféorf@gT‘tq BHMEY Tor Rleqigr sCQfHTercé@BBn of e F?ée%%{?:f
positions on the substrate 24 in which the solder paste is to be applie
For lo seni cdeshuiption, sailsttbsiats  anthdhgopads othaseon h@ChthesSuhﬁrtfreég%oRH
the /O pads of the substrates. A squeezer 26 containing solder paste is
moved acr osserhitentiaptos usdckagesf sudheas tamraimlics, nBishealdiiméds | Trimzise BO)yn by
arrow 27. As shown in Figure 1B, the squeezer is preferably provided with

a shar peneQaFegaha%@&%rf%%e%fqhaf@w @@Idéﬁ?ﬂs@ rﬁ&ﬂ?% Ay §6rd@pepé§te 15
successf ul der paste off fromthe top surface of the stencil. As the

Saucezor oGl W08 Ba T eiun 3A5Le RARAR, S5LE S b LEgR o)

head 30 i°s US4 T6 T2 Sol nC|I to
allow an internetallic |layer of solder joint to forn1betmeen t he paste and

the pad to foF@@ebiABhosehes avbthodi dfitiow o défiedTosiunte bheoklietnsadteavnay .
The 20 partially spherical bunp is then allowed to cool before the stencil
IS may be applied onto a substrate. In this embodiment, a stencil 20 with
holes 22 is provided. The position of the holes correspond to the pad
positions on the substrate 24 in which the solder paste is to be applied. Fdr
10 semiconductor substrates, the position of the holes correspond to the I/O
pads of the substrates. A squeezer 26 containing solder paste is moved
across the top surface of the stencil in the direction as shown by arrow 27.
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.



“renoved. This prevents the defined volume of sol der paste from being

di sturbed before reflow ng, and elim nates problens of the paste sticking
onto the stencil. 8 A good material for the stencil is stainless steel or
any other material which can withstand the heat of the refl ow process and
do not readily bond wth the sol der paste during reflow ng such as

chrom um oxi de coating. This allows the stencil to be nobved away with ease
after reflowi ng because 5 S as st inless steel and chrom um oxi de
o not ' for m ank QAR MaEeRall B to SPNam FAERR SRE SBIAY; OpgeRATHAL

t hi ckness of the stencil is preferably thicker that the conventi onal
stenci| usedvhinhicas withstanrd thauheatef thavafiew myoceshmngude nosaadilyaBonde

vol une of the paste used in SMI is neant only to facilitate sol dering of
the devi ce twitH lise Boldal, pastd duringreéfidwingesoth tas thromiumpsxidé heodtimgckness

of the stencil in the present invention is proportional to the size of the
burmp desir edrlﬁifaﬁbwéﬁiﬁé Q¥ncANg HEBMmoled Aelyewith %%Qetaﬂ&%ﬂ@w.r@' Béaaﬁé{e skill
in the art wthout undue experinentation. °~ For exanple, for bunmp of 0.2

ourrch'r et L Ao R s B it 0 Rl 540,
xyCLZaESLL‘f&e{ﬁetﬁﬁé ng faré 4 Eﬁ tg'le sofd%r paste QPh ﬁ'\%l‘(r?ens%l ofy\%sehsltg c%t °P
is preferably thicker that the conventional stencil used in the typical surface
mounting techniques (SMT), as the volume of the paste used in SMT is
meant only to facilitate soldering of the device to the board, and are not
10  meant to form bumps. The fhickness 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. Iif 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



. Figure 2 shows anot her enbodi nent of the present invention. This

enbodi nent is simlar to the one described in Figure 1, except for the
addition of a tenplate 32 with apertures 34 corresponding to the hol es of
20 the stencil. The purpose of the tenplate is to prevent the surface of
the stencil fromthe |aser beam as residual solder paste nmay be present
onit. This prevents the reflow of thes resrdual sol der paste onto the

f f 9 I f th I 3
and 4 Shows S5l BiareasieBole Tis, ol Vi S0 B T e

of the stencil in the reflow process al so has the added advantage of
preventing bPrefgesdistens inmaadinkoredwa aBbpdiMaNts. 5 especial |y where the
pitch between the pads is small. The nelted paste is prevented fromflow ng

avey from the pagh Rt 47, g e§e|r%§rorr{ thOSBRE rboass Mg NEabUTRS JiidH

substantially s rical burrp he” stenci | he pr esent

i nvention has been des ri bed fi.ca reference to res it
o Clear t haaduaHane: L hARIEELNGabrdsSs b enhs@am"r% Sevrssoshe Bihesi der
paste of a defined volunme or height onto the substrate_ pads. For exanple,
advanced % nj espewally w@nr@rf@pltm?ﬂewe%é@e pads dagenall. t The meltadepaste- isess

met hod. In such a case, a block of solder paste would be injected onto the
substrat e pagreliented from fodindewagsfesmr ikl pad hyrther predence 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 srrbstrate pad directly, and the laser reflow performed
without the stencil. Many other variations are possible given the teachings o

15  the present invention.



“without the stencil. Many other variations are possible given the teachings
o 15 the present invention. 10 CLAIMS 1 1. A nethod of form ng sol der
bunps onto a plurality of electrically 2 conducting pads of ‘a substrate
conprising 3 a) applying a predeterm ned hei ght and vol une [inventors,—are
4 both the height and volune critical toqpractice the invention ?] 5 of .
sol der paste onto each pad on said substrate; 6 b) reflowi ng each of said
vol une of sob?jrl gaste with a laser 7 beam 8 c¢) cooling-sai d-reflonwed
sol der paste Morma sol der bunp of a 9 preset height.-1-2.._A nethod of
form ng sol der bunps according to claim1 wherein said 2 volunme of said
sol der paste1is dAf mettbdyofploaningy salddrebaimpswionto fzolpagality obelectpcaltli ng t o
sai d pads above said substrate, such that said 4 holes are directly above
sai d pads) such t hagng@itthgSp&ds bfth gu@,\églayeggonﬁngml ying a predeterm ned
anount of solder paste into said hole . met hod of form ng sol der
bunps according to claim2 wherein said 2 application step involves

appl yi ng ®xcess s8) der applying anpredeterenined dheight and volume [inventors, are

4 both the height and volume critical to practice the invention ?]

5 of solder paste onto each pad on said substrate;

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

7 beam;

8 C) cooling said reflowed solder paste to form a solder bump of a

9 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 and sweeping the top surface of said stencil to renove excess solder 4
paste. 1 4. A nethod of form ng sol der bunps according to claim2 wherein
the 2 reflow step is perforned without noving the stencil away after
solder 11 3 paste application, said nethod further includes an additional
step (d) 4 of renoving said stencil after step (c). 1 5. A nethod of

form ng sol der bunps according to claim2 wherein an 2 additional tenplate
wi th apertures i spaitacappliodiion said anethedciurthes inaludes apeadditienal step (d)
corresponding to said holes and positioned directly above 4 said holes
such thats sai d apsfrriemiavimg shcstensihiaftesstepoic). surface from 5 being exposed
to said | aser beam 1 6. A nethod of form ng sol der bunps according to
claim?2 wherein said 2 solder paste is applied onto said stencil by a
squeezer 11 72- A n@;t"‘PﬁiHongfffBF’m'\ggSQ'QPBi’r”"%n%cﬁgﬂ%g 49 RAIMb ZWREFRIR ARer ei n
said 2 defined volune of solder paste is applied by an injector. 1 8. A
met hod of2 f or mi ngadditioral temmiateawdbrapertyres islpaced abhee said stentil, 3aid
injector has a plurality of injecting needles. 1 9. A nethod of formng

Isol derbbtarrps accoggbriwres! @rrashondiigite sail Holes bag grositkaddeirevtyy absvéld: YAG
aser beam -

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 sqﬁeezer

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

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

1 9. A method of forming solder bumps according claim 1 wherein said

2 laser head delivers a Nd:YAG laser beam.
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