; e3e} [ ZVWEYAYO[ 6f [ T[ YhC 17 Sept mber 2002 - IMETHOD FOR TRANSFERRI NG
PARTI CLES FROM SHEET TO A SUBSTRATE TECHNI CAL FI ELD OF THE
| NVENTI ON 5 Th mﬁmmﬂmenti on relates in general to ,[ %& hgrﬂjoz
el ectronic device packages and nore particularly to a netho apparatus
for attaching electrlcally conductive particles to a substrate.
BACKGROUND OF THE | NVENTION Wthout |imting the scope of the |nventibn,
its background is described in connecti-dn with el ectroni c devi ce packagi ng,
as an exanpl e. Mdern el ectMEIHOD FORPDRAMSEFERRING PARMIGEBESHUS LS i ntegrated
circuits. These integrat koM RANUADHESIVE eSHEHRT MOakl gUBSTRETE ed t 0 each
other or to other electronic conponents. One nethod for connecting
integrated circuits to el ectronic conponents utilizes an area array
el ectroni c. pQECIYFCALUENEERB @F DEHE -INVEdTIONay (BGA) package or a flip , 20
chi p package. The el ectrical connections between an integrated circuit
packaged i85 an ar e@har pagspackdgeenesonynrelubes pini ndeateralr cio t thoaf de (HCB)
are typically conposed of solder. Wth ball grid array packages, various
i nput and out pifit €Eeqnrdrs cof danidat pgckdgess cand uinbrar @arypicodbkyycamnest ed
via wire bonds to contact pads of the ball grid array electronic 17
Sept enber 200&etPpdcleade afpamdnsbdldrs fthanbdngn eflketedoably padductivde
ball grid array el ectronic package are used to conplete the connection to
anot her el ect pemtictespomentsulsitiates a printed circuit board (PCB). 5
Integrated circuits are al so connected to el ectronic conponents through a
flip-chip electronic package design. The flip-chip electronic package is
simlar.to the ball grid array el ectronic package $n that solder balls are
used to ndRe BAERGRAUND OF \FHE) INVENTIONect roni ¢ conponents, such as 10 a
PCB. Solder balls are also used in a flip-chip design to attach the input
and out put ports oWitheusypkimitisma o thRe %@m%lctOfpag@eof ipHenthergr attes
circuit. As such, flip-chip_ packages do not require wire bonds, These
sol der bal |'s Brckgrpundels eswiihed dn f:ﬂ@n¢<ataé°rbw1tht edeSEEANLT reevHae as
15 they reside OE sem conduct or mafers bef ore being sawed into individual
di es. Ther ef oPBCKAFING AT At LPREPLEn t he interconnection of

Modern electronic components utilize numerous

15 integrated circuits. These integrated circuits are
electrically connected to each other or to other electronic
components. One method for connecting integrated circuits
to electronic components utilizes an area array electronic.
package, such as a ball-grid array (BGA) package or a flip-

20 chip package. The ;lectrical connections between an
integrated circuit packaged in an area array package design
and a printed circuit board (PCB) are typically composed of
solder.

With ball grid array packages, various input and output

25 ports of an integrated circuit are typically connected via
wire bonds to contact pads of the ball grid array electronic
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many el ectronic conponents is the formation and attachnment of sol der balls.
20 Heretofore, in this field. solder bunps or balls have been typically

formed 'utilizing one of four nethods: (1) printing of sog rough
a stencil or mask; (2) electroplating; (3) evaporation;‘Qeg%%gﬂﬁgﬁﬁgﬁical

transfer of preformed sol der spheres. Wile electroplating, printing 25 of
sol der paste through a stencil or nmask, d evaporation r 17 Septenber
2002 -3 techni ques have been typically ut9lized for forning sol der bunps on
waf ers and i nbegkaved ci$elid¢rs, b8 ¥s afidrued poscihe pavikagss pa@sP)othavke
commonly utilized printing of solder paste and nechanical transfer of

sol der ball t&oRAdi guéd. afrIvanieetroiicaaikadesakirs Hasdbtenceuslerar thy
achi eved by neans of vacuum chucks or nachi ned tenpl ates. Anot her nethod
for transferricegneptdpor nbd' arpthar bgillestueni¢ z ezonnanaiti-ons¥fha aat taern
of dots onto a photoi nageabl e coating | am nated to an organic film

Typi cal |y t he PERg&RACCLEEML Y sbaard of¥Bded of a material having a high
melting tenperature that is_capable of being exposed to tenperatures
exceedi ng 200 C wi TRt¢EFytedt CHECHEEF adHe] @Sr,SOsM%tﬁéﬂ yiqri géectrenic
pattern is forned by Elacing a_phot onask on the coati,ng and then_exposing
the coating t GORPABERLSf thaOEh, fvi Bl -Gl R 1FETIIC BEHAY FRF 1%k area

arra ackage _desi_gn, the photomask contains a mrr.Qr inma of  the contact -
padsydgsi gn?q *r“ﬁs 5%@50&%{)@&%%’3}% R@Cgﬁ%‘?oﬁs‘?&“&g‘ﬁi"‘g‘ﬁ°9g¥‘ﬁi haf%emfld
adhesi veness while the %ngrotecte ar eas %ggﬁsed'to tﬁp #Ltraviole%

radi ati on | os&8 A€ F15G 58R&Si P&fied9® Fhe af OSPCEdREe e 2hPeaiFed to

GoLT ESPONS koD AL L0 SO Bl 00 LU SHORLIS St et o

die to receive I er ésive areas are forned,

SO A B BebOa01 05 0ok i ST B PR L RTEERG- ORI e 1, 2
attach the input and output ports of the substrate to the
contact pads of the integrated circuit. As such, flip-chip
packages do not require wire bonds. These solder balls or
bumps may be formed on the face of integrated circuits as

15 they reside on semiégnductq; wafers before being sawed into
individual dies.

Therefore, an important step in the interconnection of
many electronic components is the formation and attachment
of solder balls.

20 Heretofore, in this field, solder bumps or balls have
been typically formed utilizing one of foﬁr methods: (1)
printing of solder paste through a stencil or mask; (2)
electroplating; (3) evaporation; or (4) mechanical transfer
of preformed solder spheres. While electroplating, printing

25 of solder paste through a stencil or mask, and evaporation



| 17 Septenber 2002 -4adhesive areas are renoved. The populated filmis
then aligned and brought into contact with contact pads, which may be

fluxed. A solder reflowis performed to transfer the sol t he
adhesi ve areas to the contact pads of 5 the substrate. Fgf$8§%hg§¥?@3?2f|ow

cycle, the filmis renoved fromthe solder balls. SUVWARY OF THE | NVENTI ON
It has been discovered that |eaving thg organic filmor polyinode carrier
in contact with the solder balls during tO reflowresults in severa

probl ems. For exeHmlgies IHRvd GRS 323819 @¢idurbag bbe foelliny RHIGRES
have been trapped underneath the polyimde. The residue has often forned

| arge deposi t shigipd vn selfdets Rakl Sneedravdstsatciith)esaa ange daprsichiehave
made renoval by cleaning nore 15 difficult. In addition to flux: residue,

adhesi ve resi descKaga® t hesey ghave fdomiohag hednikefit pyiddieagsodserohakks.
Renoval of the organic filmprior to reflow may decrease the adhesive
residue | eft gmdtwe =@ dechbaltsl 2fhrdBea0veEr soldier fd Vi Mahrdhb@ets . has

pressed agai nst the nolten solder balls, creating flat tops which have
required assecond rafan@@etootosbidér aball bortiacr hdem custtomendly achieved
specifications. An additional reflow process increases the cycle tine as
wel | as the cdst smednsraofif satuum nghudks eepnolachiife&epempbare2002Anbthef| ow
may not be necessary in the absence of the polyimde -
method for transferriqgl‘preformed’ solder balls utilizes
formation of a pattern of dots onto a photoimageable coating
laminated to an organic film. Typically the organic film is
10 composed of a material having a high melting temperature
that is capable of being exposed to temperatures exceeding
200 C with very little degradation, such as polyimide.
The pattern is formed by placing a photomask on the
coating and then exposing the coating to a dose of
I5 ultraviolet radiation. For example, for an area array
package design, the photomask contains a mirror image of the
contact pads design. The areas protected by the photomask
design retain their adhesiveness while the unprotected areas
exposed to the uléraviolet radiation lose their
20 adhesiveness. The array of adhesive areas corresponds to
the pattern of contact pads found on the substrate, wafer or
die to receive the solder connections.
After the adhesive areas are formed, solder balls are

loaded onto the surface of the film and attach to the

25 adhesive areas. The excess solder balls that lie on non-



sheet. In addition, the organic filmis conposed of a material that has a
high nelting tenperature and is capable of being 5 exposed to tenperatures
exceeding 200 Cwith very little degradati on. One such q9%§§ﬁéﬂbér§002

pol yi'm de; however, polyimde is significantly nore expensive than other
organic films such as Mylar which are | ess capable of w thstandi ng exposure
to sol der reflow tenperatures. Renoving the 10 organic filmbefore refl ow
may al l ow the substitution of cheapeg_organic films, thereby reducing

f [ . Also, th | yi mi has_b . . h
G ow wi th | nGPEREELESL BRRBF PR - AGTH nAEaPPPOL e (Harede ShePher mal
ion. The.th I ' d | 5 : uni f lting.i
1, o G R, SR e g e Mo
S S S us i S
wri nkling hasﬁgpégecgugéﬁgthéb§%ﬂ‘é?‘%%F?ggtgéd%% g%?%%itfbfggﬁgggflgh%ft

the contact p%%ide‘éﬂ%%g]og‘;i(r&?séﬂé a!cfﬂle%iggagggéé t I&p%}ontqgwtcgﬁds of

Furthernore, thép ner has reacteé versely to certarn em cal s

contained in the §9£9egaégyxmﬁhﬁdf RHRI-QF1 biec Alt&e%h%vf&gﬁ pgl yi m de

sheet may exacerbate the situation, resulting In re unwanted reactions

anong 25 the fli%eANeLOROLYIE o1 R pbaghder balls. r 17 Septenber 2002 -6

Therefore, a need has arisen for a nethod of attaching .nmetat or sol der

balls to a subgid@dke bPatyeVarsafaoN he problens in the prior art. A need

has al so ari sem for—an
It has been discovered that leaving the organic film or

polyimide carrier in contact with the solder balls during
10 reflow results in several problenms. For example, flu>.<

residues generated during the reflow process have beén

trapped underneath the polyimide. The residue has often

formed large deposits on the solder balls and substrate.

These large deposits have made removal by cleaning more
15 difficult.

In addition to flux residue, adhesive residue from the
organic film has been left on the solder balls. Removal of
the organic film prior to reflow may decrease the adhesive
residue left on the soldexr balls.

20 Moreover, the polyimide sheet has pressed against the
molten solder balls, creating flat tops which have required
a second reflow to correct and conform to customers’
specifications. 2An additional reflow process increases the

cycle time as well as the costs of manufacturing. A second



apparatus for manufacturing an integrated circuit package 5 that overcones
the problens in the prior art. The present invention conprises a nethod for
transferring metal or solder particles froman adhesive

substrate conprising the steps of obtaining an adhesive iﬂgg%e g@?%&%a
plurality of adhesive areas, |oading 10 the particles onto the adhesive
sheet, renoving the particles not adheres- to the adhesive areas, aligning
the particles on the adhesive sheet with contact pads o the substrate,
transferring tiefiles reyengy be theeaskvasiie teatbsengroeifnghehpodphmsdee
sheet fromthe particles prior 15 to reflow, and securely attaching the
particles to tdheedont act pads using reflow techni ques, for exanple. In one
enbodi ment of the present invention, the step of transferring thernmal
energy conprises némnﬁéﬁhth@na.Qhﬁnﬂﬁgépaﬁeftggslﬁtﬁﬂ$RQﬁ§dw9ﬁtﬁn@abérhtlof
the particles. 20 The present invention also conprises an apparatus for
manuf act ur i ng @Rt @P@gﬁa@ééhcmﬁéﬁiﬁgp%ﬁmﬁﬁﬁﬁtW§§nﬁPﬂsFﬁgcaﬁaggﬁegﬁvbeyméet
heated to a tenperature less than the nelting point of the partlcles and a
plurality of W@ﬂest%ohﬁ%%’&ﬂ@st HexerfdEsdy & theet With pramtE little
DESCRI PTI ON CF, THE DRAW NGS 17 Septenmber 2002, For a ,mre conplete
under st andi ng d@ﬂrﬁﬂé F@Btureé’n&nds‘a altdgEdads ihe BYQEaRCS nhvRAvERE .

_reference is nog 0 the detail ed description of the |nvgnt|on al ong
with the accof: ﬁ“ﬁ ef F@u?’e%m‘rfri‘iﬁl‘?it&ﬁ MErE| &W@‘Sf"es thap Sﬁ FF eWF A0

sem conduct or er with artigles attached t reo ccor ance
W th the. prsdianEnaBRbs oh: MeFerPevbl iy S ekt Fanrbie aohat LFREERD
adhesi ve sheet__f Lulge n th resen i nvention; Fl GUR

Cross- sectlonfﬁp wal ng ? %# ¥he %ﬁﬁﬁﬁﬁtu %fheetEﬁ?%ﬁ&ln eeEPe

FI GURE 4A (j)s %g%ﬁﬁit herg%(éo%@éofe a2 d@fo“?‘”m%?hgi%é{% $hget d%éél&[‘h%r

partl cles att I n accoradance resen I nventi on;

FI GURE 4B is apeb@ss- éfﬁéﬁfé‘aéll‘ldsewt%réb{/%ééﬁ&l‘?ﬁ“h@hﬁ@a@@ﬁ?ﬂé‘e éé&et in

grow with increasing temperature according to its

coefficient of thermal expansion. The thermal expansion may
15 be non-uniform, resulting in wrinkling or sagging of the

polyimide sheet. The wrinkling has flattened solder balls

and has caused them to agglomerate together in clusters.

The wrinkling has also caused the solder balls to push other

solder balls off the contact pads, which may result in a
20 non-functional device.

Furthermore, thé photopolymer has reacted adversely to
certain chemicals contained in the solder flux. The
trapping of the fluxes by the polyimide sheet may exacerbate
the situation, resulting in more unwanted reactions among

25 the flux, photopolymer, and solder balls.



FIGURE 5 is a cross-sectional view of solder particles aligned with contact
pads of a substrate in accordance with 20 the present invention; FlIGJRE 6
is a cross-sectional view of a thermal energy source abo i

sheet with solder particles attached thereto and aIigned¥ﬁﬁgﬁmﬁgﬁfggxfpads
of a substrate in accordance with the present invention; 17 Sept enber
2002 _g_ FIGURE 7A is a cross-sectionalg_view of the renoval of an adhesive
sheet from sol der particles residing on contact pads of a substrate in
accordance W th thehpiegsept, i AVABEE Ofkas SafildddREczBal fie@h680E- a€ehtRIAY
view of a substrate wth solder particles attached in accordance with the
present inventneuyl REUSE18eikrs balpkarcd/i ewsabsgrhakl tieitd erdrompackene
manuf actured utilizing the principles of the present t0 invention; FIGJRE 9
is a plan vi ewmdblamsi dinegitat qd-ioir autitt,. packegel dd | Zisy diiesqr | fisxr paes of
the present invention; and FIGURE 10 is a process flow diagram of a nethod
of 1S attachi rppsglades part i chmsfdauaringbstnr ai tegratoebr dimnoel wi package
present invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON Wi | e t he maki ng
and using éf wheitogyernbudsneine Pusblzdist he phegentor mmnt i on are di scussed
in detail below, it should be appreciated that the present invention

provi des many applﬂbablepreﬁ@nn|venvgnbe¢ms wierpkieas ber enbeghed i nfarw de
vari ety of specific contexts. The specific enbodi ments di scussed herein are
merely ill ust rtaengéesting 1 nSa@dt eobersoldez pprtigdes f fromapys t adheakivand
use the invention and do not delimt the scope of the invention. Reference
i s now made t #hEegurte 1a ambetrakepi camprisiagi ddedrdhieps \aff epblgining @l der
particles 12 attached 5 thereto in accordance with the present invention.
Sol der parti claé%lefzvar gheohikaring & pdukadity ordasiysdareast tepfingt|y
shown in Figure 1) sem conduct or wafer _10. Senlconductor wafer 10 may be
conposed df si ecoﬁarﬁéFFFﬁn1SP§@n|BBe oﬁdﬁﬁﬁlYﬁhe? heglhi ¢ oFRRRYISY nelil& i al

used in 10 el ectronic device nuf.act uring. Sem.conductor fer .10 be
divided into ¥ tﬁF;FFtﬁ°5f ge fB orthfs e SdVEC SRS g%ﬁﬁﬁﬁ' ”%Y

Particles 12 || f fl h
Vari ety of coRRRsEErBhe onLdd S veres%a%ff.v“ p‘?é“g‘lyt“eé@%‘wg?yt S
sol der al | oys shﬂglc%'ggé'g g%:ans Er%seflh“ Nay ! Gatlecs) | YET aﬁésr@éﬁes eoper

i ndium anti non er sultapl e conductive er ials

may be used '%ﬁlea@' NGe ast.‘% éx%esa?dﬂg%tl% waed ?EQQr@ﬁS'é{arQ{cPé/{tséﬁdxc

conpounds such as 20 p | oy Coated meta particles are a

usedful . ol deb PAE£IdY, esa;ka ag;c&ﬁé@ycaéwaaﬁrgertﬁehgfﬁstﬂaqwsngt@ diranet er
in arange of approximately 3 mils to approximately 30 nils; however, it

fﬂc’”' d be appesatatedphis PEESANS:EKi b etedtthidi@sar trokhabakBeeRr | N6l RS of
© embodiment of the present invention, the step of
transferring thermal energy comprises maintaining a
temperature less than tﬂé melting point of the particles.

20 The present invention also comprises an apparatus for
manufacturing an integrated circuit package, comprising an
adhesive sheet heated to a temperature less than the melting
point of the particles and a plurality of particles

connected to the adhesive sheet.

25 BRIEF DESCRIPTION OF THE DRAWINGS




25 present invention are applicable to solder particles 12 of 17

Sept enber 2002 - 100t her di nensions and configurations, such as rectangul ar
or cylindrical colums. Also, solder particles 12 may be-ﬁ§g®gpﬁgr§&ﬁpctly
t'o ot her substrates, such as an interposes or an integraze circurt in a
flip-chip package. Electronic substrates or interposers consist of an
insul ating material having el ectrically7onductive paths extending through
the interposes fromthe surface to the opposite surface form ng el ectrical

entry and exit pathgr H fd: @& mp1eeR thdeRBtadNBRt VOE SERE fEQFuLES Afgt he
present invention generally designated as 35. In one enbodi nent of the

invention, adheRiantagleeelof3THe0HHeseAs AnRBAt DbRJea RerRth el Vifow ORdddy 22
| am nated onto a film24 such as Kapton or Mylarc9, for exanple, as shown

in the IS crossy 39@! igerakhlvdedesdripdwne 3ofAdIRS| YRvERBLIMY addnbS with
typically 4 to 6 mcrons thick, and film=24 is typically 50 mcrons thick;

however, it shtd ddeonpadeiss opihie0ne skikhed in the art that the
principles of the present invention are applicable. to varying thicknesses.

20 I'n formisng adhegiregreheetis3% fbat lievhogr apkemiayndectds | abek twigt eat e
a plurality of discrete adhesive areas 30 corresponding to a pattern of
contact pads. sdldere panplcdes destadiEd othaefeadhisi wecpaticeeas wiiahnetche
utilizing photolithography is described in U 'S. Patent No. 5,356, 751, 17
Sept enber 200PrebenitsguwentborCai rncross, et. al., the contents of which are
i ncorporated herein by reference. The, dianeter of, adhesive areas 30 is
typi cal |y approxi nEIEUREhAl £s of nlse diiemeréraofaty-dealgapthesbse Ishesr
however, it should be appreciated by one skilled in the art that the
princi pl es of fiowe useednnthe nyesasrdn igvenspeni cabl e t o adhesi ve areas 30 of
ot her dinensions. Furthernore, while adhesive areas 30 are depicted in
Figure 2 d8 circul ¥XGHRBas3sdkt ablcsopsrseeeionahgrighaliey Ligleged~3 of

particles 12, ) )
the adhesive sheet of Figure 2;

FIGURE 4A is a cross-sectional view of an adhesive
sheet with solder particles attached thereto in accordance
with the present invention;

15 FIGURE 4B is a cross-sectional view of a fully
populated adhesive sheet in accordance with the present
invention;

FIGURE 5 is a cross-sectional view of solder particles
aligned with contact paéé of a substrate in accordance with

20 the present invention;

FIGURE 6 is a cross-sectional view of a thermal energy
source above an adhesive sheet with solder particles
attached thereto and aligned with contact pads of a

substrate in accordance with the present invention;



t0 it should be appreciated by persons skilled in the art that adhesive
areas 30 may have a variety of other configurations, including oval,
square, and rectangular. In accordance with the present j i der
particles 12 are | oaded, or transferred, onto adhesive s?@é?%@%%?é@s
depicted in Figure 4A. A plurality of solder particles 12, including excess
sol der particles 36, is |oaded onto adhesive sheet 35. Solder particles 12
are captured and retai ned by adhesive areas 30. Excess sol der particles 36
i e on non-adhesi VEFIGURE OIfs ¥ addtmsss-saitdena20 vl e ofA thd | sepopll aifed
adhesi ve sheet 35 is shown in Figure 4B. To ensure that a solder particle
12 adheres to aachdhelhibe whaate£130, skildeli parhéclys nugs bdimppdn ecoritmct
forcibly spread solder particles 12 over the entire surface of 25 adhesive
sheet 35. A gakadsreafn oa nevhabrate dovi cecennddiwe WA tSepttdmberp2aGmt 12
used to renove any excess solder particles 36 (not shown in Figure 4B).
Thus, each of imeentiater particles 12 is attached to each of the adhesive
areas 30, as depicted in Figure 4B; all excess sol der particles 36 have
been renovel, 5 andFHIRE GB 46| deFrpestsedttdeonel yievwcpEngi agbsUgicharith
Turning now to Figure 5, the alignnent of contact pads 42 of substrate 14
with sol der pa$®e} IésPQE,tlv\h‘F%hagff'—éc}a?@aéﬁ‘eoacf@m VElgh egBe3prsisent
adhesi ve sheet, 35, is depicted. Contact pads 42 may be fluxed with

sol dering fl ux*®CPRGNHEI p retain solder particles 12 during renoval of

adhesi ve sheet 35. Alignment, may be achieved _utilizin chani cal or
optical systens as FSTI%S%Ed eoelskn%vxﬂf% Bhew sRE| F‘e&i’aﬁ'r]r g’l’f& AEraX MAGEE of

the present invention is the step.of 1S applyi.ng.thermnmal _ener 38 enmtted
fromthermal (BHE q:é% e U186 88hedPGe é&&lgg?sasoghoh%yn BEEFERE 6.
Exposure t thiervrral energy 38 degrades the adhesiveness of adhesive areas
30, thereb irrpr? o‘?ﬂtﬂémt’he transfer of solder particles 12 to contact pads
42 by minimzing t j ct of 20 r vi ng adhesi ve sk 5 om.sal der
particles 12. Ther rr?g]id ergy Pouf'c e%rravgegon%?sta%of Qggégr?%%y &erUl%
nmechani sms, SL]&Q: ont.ld.Gal._ . t.hng 3¢ L9 &@,}@]]o ot

pl ate, radiator, | S z%delgﬁﬁérg?:resh? grﬂgfg%géggi m | ar d(SéEE/l ces.t 'gl‘lhq{é})re’rrrléﬁoghergy
38 may be condygjively

FIGURE 10 is a process flow diagram of a method of
15 attaching solder particles to a substrate in accordance with

the present invention.

DETAILED DESCRIPTION OF THE INVENTION

While the making ;nd using of various embodiments of

20 the present invention are discussed in detail below, it
should —be appreciated that the present invention provides
many applicable inventive concepts which can be embodied in

a wide wvariety of specific contexts. The specific

embodiments discussed herein are merely illustrative of



25 transferred to adhesive sheet 35 via direct contact of 17 Sept enber
2002 -13 thernmal energy source 40 with adhesive sheet 35. Alternatively,
thermal energy 38 may be radiantly or convectively transﬁﬁggsgn&@r sive
sheet 35. The tenperature should be kept below the nelting point 5 o

sol der particles 12. The tenperature could be any tenperature bel ow t he
nmelting point of solder particles 12 depegndi ng upon the chem cal
conposition of adhesive sheet 35. Alternatively, adhesive sheet 35 nay be
exposed to tO smebificonwids | @oSahdley aadt uekestHe?, iateached badadheshnve
areas 30 of adhesive sheet 35, are in close aligned proximty to contact
pads 42. Exposdek¥intic: whier a¢opkedf reh atnventibar exanpl e, significantly
degrades t he adhesi veness of adhesive areas 30, thereby facilitating the t5
removal of adhesiv®efteeencads ifs omowoldde par tFidwese 12, Sddkhexdesictes akl ows
renoval of adhesive sheet 35 wth | ess disturbance and interference to the
shape and i nt eggniitgorgiucsokdavafiear t1¢| eith2 . solfenr e@dsialgsadh2siateéashedt 35
to radi ation, adhesive 20 sheet 35 should be conprised of a material that
permts tradnsnibasedhe oin radéerdante Forthexidmpl prepeityi Mrdentwoul.d népldera
suitable material for use wth ultraviolet radiation, as polyi mde bl ocks
transm ssi on dilaifiiadles olet araditapieally atrtsshedntser cogact pads | éabhg
exposure to thermal energy source 40 or radiation, adhesive sheet 35 may be
renoved from sBRIdCifdyt i |in aEiguban i n ofi geericondugtes fwakan 10.

i nprovenent is_ _obtained by renoval of 5 adhesive sheet 35 after application
of thermal enctSREOPRIYCtPEINAELBEN1AnNaYr PEr COBPPELRoRE| A1LAEBR dageélin®nh
the present inventi,on. For exanple, one inErov ment is the,g&sence of ,
excessi ve anofiSeidesol 88r #Yix FETIUERIERTSHFRY fhtstdres ¥8edndiRhe

surface of substrate 14. _Furthernore, 10,renmoval of hesi ve sheet 35 prior
to refl ow QvoiHETHEONIFoBREHT B MAL tHy18gr dervepd %ﬁ?&twﬁz rrigcTaﬁ

adversely with t G osition aof adhesiv heet. 35. Renmpval of adhesjve
Sheet prior t % SRvERFE hthet B ERL 68 AL A7 e T Ry BLoREERRIR
particles |2. R | of adhesive sheet 35 prior to reflow al so

el i m nates thékaFP§%B¥%g that effects flattened sol der particles. Thus,

wher e sol der parti%%ggiggegrel phgf%C?%?%ﬁég?l%gegugg e@g,adggg%§9?$¥§ﬁ§|<ﬂN

cycle to round up attened sol der pa is elimnate

present 20 i nyRRll; el e sl dnitnahd PN hebe 23 UNNSGARSSAEY E¥abEsatPhgs W t e
reduction in cycle tinme, in turn, reduces operational costs. Finally,

renmoval ofjsadkesinpeeShesir 3216 01t Qna?ef]BQW&Jan%%dUS@f OfsoTaker | & oy her
t han polyimde that would otherwi se nelt or degrade during reflow absent

prior 25 renmvalluAdhgsi ¥emsheetichs | i ¥Gar dedeafl er soneedse, baditith, 17
Sept enber 2002 -15thus can add significantly to costs of manufacturing. Use
of substitut e copberi al sndiah, asadimony Whiatld akcedhaxm} eskoexpeansi vetldman
polyimde, flay significantly reduce

suitable conductive materials may be used including any of

these metals used separéfely, or synthetic compounds such as

20 plastic. Alloy coated metal particles are also usedful.
Solder particles 12 are typically solder spheres having
a diameter in a range of approximately 3 mils to
approximately 30 mils; however, it should be appreciated by

persons skilled in the art that the principles of the

25 present invention are applicable to solder particles 12 of



manuf acturing costs. 5 Solder particles L2 used in the present invention
may be securely attached to contact pads 42 using a variety of - solder
refl ow systens, such as an optical heating reflow syste se
sol der reflow system or other solder reflow systens. | nm7a$le%%ﬁpéra?%2eati ng
refl ow system tO radiant heat fromnear infrared optical sources such as

t ungst en- hal ogen | anps may be utilizeggfor rapid thermal ranping with
mninmal thermal inertia, thereby shortening cycle tinme. The anount of heat
suppl i ed by theHeampinensdonecahg tSnfigpottionsal shoht he sepphngdlan| dnge.
For exanpl e, higher voltage settings result in hotter tenperatures. Voltage
input to the optliisgiricedr cedummsy. be programmed to precisely match a

prescri bed tenperature versus tinme profile. The heat fromthe infrared
.optical sources nméysgni SeAAEy baatiebesubdtiay ebe4atitaghedngiresthesto
sufficient to nelt solder particles 12 to forma netallurgical bond with
contact pads #they tsubstraies. phasth sat den rigitlesposgst o ampdnteonaeedes
to surround substrate 14 with a cloud of steam A 25 liquid, such as a
nonchl ori ndt e¢ifesd tCRO) 4| Gbipcehorpackagel7 SBheekuricoegbstim s sor
heated wi th enough energy to forma vapor and to sustain a vapor cloud.
When substr at dERLPESEREN FBSEECt hPEugRDt hdNFHPBEING he@bPBtd Lk edhaYHRE d
condenses thereon and gi ves off_the latent heat of vaporization._ This

energy 5 is tfIRCEFAREELY r e FAWISHAYEr atRAE  ABXFERAIRE sihbTerghe 1Whe

[ peat abl 6 11 3B SERPECENGr PBNRS cTUAAACE T LI, BOPPELES 150 bath cLommipo
for 10 vapor SHSSETIERPGAPARE T MLk BAEPS: vapor ze at preci oely ot apl e
Chose ki Bed i« RaogFe "4 nEEETEeS AT adBYSS Shedl b Wiaoh i he

colder Lype Debagasel ARG Liitelyy UdGuORSLER o | T el e o

non- chl ori nat Or ocar bons sTvapor S'i s shiown Dbel ow

in conjunction wikh the 89”12?1@ E_h%n?loﬁ,he SULL E%&%?t it E?O%%Egg% one

enbodi nent the conposition of each of sol der parti 12 1s a Pb

(lead) and 40¥nhsRoihhHlabhS AdHe: IGRMRRLEHIN2PT PSS & 2She&S TG s on
between integrated citcuit packages or
such as Kapton® or Mylar®, for example, as shown in the
15 cross-sectional view of Figure 3. Adhesive coating 22 is
typically 4 to 6 microns thick, and film 24 is typically 50
microns thick; however, it should be understood by one
skilled in the. art that the principles of the present
invention are applicablé—to varying thicknesses.
20 In forming adhesive sheet 35, photolithography may be
utilized to create a plurality—of discrete adhesive areas 30
corresponding to a pattern of contact pads. A more complete

description of adhesive patterns formed utilizing

photolithography is described in U.S. Patent No. 5,356,751,



between an integrated circuit package and a board, such as a notherboard,
daught er board or nodul e board. Using the 60% Pb/ 40% Sn conposition al so

di spenses with the need to provide sol der paste on a solp;eéeﬂ@@ o jon due
to the 25 strong adhesion of the 60% Pb/40% Sn conposition. 9 ept enber
2002 -17 Alternately, a variety of other materials nmay be used as sol der
particles 12, such as those described3¥r the 'follow ng chart. Sol der
particles 12 of the followi ng conpositions may be used with other sol der
reflow 5 technisgues. OAPO4izaRitdyy, Tedperat Ur eeha@ndoRebAes bYPashildhduh£ls
Tenperature Sol der Type 10 15 56, 80, 97, 101, 102 C and 155 100 In C 37
Sn/ 38 Pb/ 25 | nnk@rpord@e&nhdBefin/bh? defefenéal 30 Pb 174 C 60 In/40 Pb 190 C
90 In/10 Ag 50 In/50 Pb 63 Sn/37 Pb 70 Sn/30 Pb 60 Sn/40 Pb 215 C and 230 C
60 Sn/ 40 In 60 Sn/ MePbdaamSnéB7 PhH 78dbes B PhatdhsSn/3B Phé 2 BgpPLdl 1 and
253 C 75 Pb/25 In 81 Pb/19 In 260 C and 265 C 96.5 Sn/3.5 Ag Wth an
infrared or ragipaokiheatdd balfleofr ehéodiseetei g, sehddr cpapoheids of2 § he
sol dering systemis directly exposed to radiation froma heating el enent.
Heat. f r om tthe hoagivemt éteshyubd ebemppredcilesedbby bpet Bkilléd eimnthe art
conponents according to its nol ecul ar structure. Reflow of solder particles
12 resul ts in thalbstthet principlés sof dere pardsentedny2nsionchrd a&pplicalal
pads 42, as depicted in Figure 7B. Substrate 14 may be used in a variety of
i ntegrated ci rtoui 2adipzrikegesressic3lasofa biher gdimensignsept ehbeeheoaere,18
array package, a flip-chip package, or an interposer. Substrate 14 may al so
be a seni cond¥@ide adhesive argassBOnwarendepiahed in Floyrgi é as gfrcular

sem conductor wafer 1Q. Reference is now made to Figure 8 in which an 5
exenpl ary bal Br§AsdsiEahlpatrageeseiwimgusriggigahefaldgr drybirkes o 11. .
In one enbodi nent, the present invention- provides a_ nethod ag\d alpé)ar at us
for attacHPng it ﬁhﬁPéﬂi 89 appreciated by persons skilled in the a that

adhesive areas 30 may have a variety of other
configurations, including oval, square, and rectangular.

In accordance with the present invention, solder
particles 12 are loaded, or transferred, onto adhesive sﬁeet

15 35, as depicted in Figure 4A. A plurality of solder
particles 12, including excess solder particles 36, is
loaded onto adhesive sheet 35. Solder particles 12 are
captured and retained by adhesive areas 30. Excess solder
particles 36 lie on non:adhesive portions of adhesive sheet

20 35.

A fully populated adhesive sheet 35 is shown in Figure
4B. To ensure that a solder particle 12 adheres to each
adhesive area 30, kinetic energy may be applied to forcibly
spread solder particles 12 over the entire surface of

25 adhesive sheet 35. A gas stream or mechanical device may be



particles 12 to a substrate 14. Sol der, particles 12 are typically attached
to contact pads (not explicitly shown in |0 Figure 1) of substrate 14. Bal

grid array package 11 is forned with an integrated circuyj YA ar ea
¥6 for placenent of an integrated circuit. Ball grid ar?giséggﬁgégﬂ%? may

be a conventional ball grid array package. Exanpl es of conventional bal
grid 15 array substrat'e materials incjpde organic | am nates, ceram cs,
netal s, and polyneric sheets and filnms. Ball grid array package 11 may al so

be any suit ablgesulst Lake ko 2 ") des1 A th é$%l@%y3%e(%b%a§ﬂ89nt9n

i g é9+ {}1
facilitate el ectrical connectpgn o? el ectroni ¢ devices. 20 Reference IS now

made 10 Fi gur Qi g8) depi 8h§s2 3R VELWrhk Ao FXSMPLALYiLDESINI! gy
circuit package 48 utilizing an attachnent-ready ball grid array package 11

i n accordance aMdanelie dVeMH BF ¢l e SR, LI ddid PRCkagedB: LOERT L 5es
ball grid array package 11 with an integrated circuit 50 25 attached

thereto. Bond pigeiseSdnar 818l 8ftddS£ald1MegOpReEi 8es 3 1RARI GERr réfdf¢eq 19
via wire bonds 54 to pads 56 on ball grid array package 11. Pads 56 are

el ectrical by ceneeohedofos6PaéAGlaitadl e421Y1 arel eTindied ltbge@nduct i ve
i nterconnect lines 58. Interconnect |lines 58 may be patterned in one or

nore |ayers, with gQmBihgoholheoi Menromeahd ialdgnh@ngl agedohebow pags
surface of ball grid array package -11. To protect the integrated circuit
fromthe potedR adbfy saistaatee it wiehofsdlderat parsyivdess the nddichn are
surrounding integrated circuit 50, wire bonds 54, and bond pads 56 may be
filled with peltymehed tth mathesave HErenef a¥k, ofheadloesiate oasheét sSlSderis
particles 12 on contact pads 42 facilitates electrical connection between
i ntegrated ci Sepittsd. andomtmtthaadsodBomeant be stituxed wiy iselddéring cflux
boar d.

10 to help retain solder particles 12 during removal of
adhesive sheet 35. Alignment may be achieved utilizing
mechanical or optical systems as should be known by one
skilled in the art.

A feature of the present invention is the step of

15 applying thermal energy 38 emitted from thermal energy
source 40 to adhesive sheet 35, as shown in Figure 6.
Exposure to thermal energy 38 degrades the adhesiveness of
adhesive areas 30, thereby improving the transfer of solder
particles 12 to contact pads 42 by minimizing the impact of

20 removing adhesive sheet 35 from solder particles 12,

Thermal energy source 40 may consist of a variety of
mechanisms, such as optical heating lamps (e.g. tungsten-
halogen), a hot plate, radiator, infrared heaters, or other

similar devices. Thermal energy 38 may be conductively

25 transferred to adhesive sheet 35 via direct contact of



Figure 10 is a process flow chart for the attachnment of 15 solder particles
12 to a substrate 14. The nethod step begins in step 60. According to the
invention, in step 62, an adhesive sheet 35 is obtained i ace
with a pattern of adhesive areas 30 that corresponds to'pﬁ%aggpggﬁﬁk%f
contact pads 42. In step 64, solder particles 12 are 20 | oaded onto the
surface of adhesive sheet 35, as deskddibed with reference to Figures 4A and
4B. Sol der particles 12 and excess sol der particles 36 may be distributed
on the surfacelegfirmadhesenvergpheekoldbceén dilep wiclby afhestedi oslrdetki N®$i C
energy, for exanple. Next, in 25 step 67, excess solder particles 36 are
renoved from AltkrBeptiesber 20R&rm&D ateegiyve 38hemby35bhebyragpanthyi oo of

ki netic energy, for exanple, as described with reference to Figures 4A and
4B. In deci si mom@ctiivedphesanef eshest t85afbenibve faldet B&pul at ed, then
process steps 64, 66, and 67 may be repeated until full 5 population is
achi eved. Upon ful hepopehperatund sithdsi e Xepst bgdowptbeemsliingy peinteds
to step 70, in which solder particles 12 attached to adhesive sheet.35 are
al i gned wi h subssehder 1patdeleratldach Bhe t kemperaturparedwlidesbe2 amnes
in contact with a 10 contact pad 42 of substrate 14 as_described with

ref erence to Megwesasurfekelovntbeepe¥bing heoinli ehereldas parebmdisctidel v,
convectively, or radiantly transferred fromthermal energy source 40 to
adhesi ve sheetdepsndingdapen dde vwhepicade reamposisippgpfe ddhogiva ndliestel v,
in step 73, (5 radiation may be applied to adhesive sheet 35. In step 74,
as described Wh reference to Figure 7A, adhesive sheet 35 is renoved from
sol der particles 12 to conta

g e el oo R LT PLE,! Tofhosh, ! LIS MOy Lo conagt pads
cont act Pafe 0ehusSRl IEE B Sk g Tak 0 SR ISRl e
areas 30 of adhesive sheet 35, are in close aligned
proximity to contact pads 42. Exposure to ultraviolet
radiation, for example, significantly degrades the
adhesiveness of adhesive areas 30, thereby facilitating the
i5 removal of adhesive sheet 35 from solder particles 12. Such
exposure allows removal of adhesive sheet 35 with less
disturbance and interference to the shape and integrity of
solder particles 12.
When exposing adhesive sheet 35 to radiation, adhesive
20 sheet 35 should be comprised of a material that permits
transmigsion of radiation. For example, polyimide would not

be a suitable material for use with ultraviolet radiation,

as polyimide blocks transmission of ultraviolet radiation.



manner of choice as described with reference to Figure 7B. Process flow
ends at step 78. Wile this invention has been described in reference to 25

illustrative enbodiments, this description is not |ntend§d pnber
2002 -21 to be construed in a limting sense. Various ?lcatlons and
conmbi nations of the illustrative enbodi nents, as wel|l as other enbodi nents
of the invention, will be apparent to persons skilled in the art upon
reference to the 5 description. It is therefore intended that the appended
cl ai ms enconpass any such nodi fi cati onktor enbodi ment s. 17 Sept ember 2002
-22~ What is a .claimed is 1. A nethod for transferring particles from an

adhesi ve sheet t0 aroIURRiRA! CoxSMHd StBY therdiePenalayObalaid 4bheor
adhesi ve sheet having the particles attached thereto; positioning the

particles in ciosaildngnegdanddivact sheéth 88NtRG) . bRadserivedhef Sitbskbabigr
transferring thermal energy froma thermal energy source to the adhesive

sheet; and reﬁQMﬂﬂgﬂkﬁe1§dH§8sM@m§hﬁemjme@1Uhe particles such that the
partlcles remain in contact with said contact pads. 2. The nethod as

recited in O aimlsiwndfFecant heimbepredfenttr ansf esbtabnddeinl reRBOEUY of
further includes maintaining a tenperature below the nelting point of the

particles. 5 adhesive sheet 35 after application of thermal energy 38 or

radiation and prior to reflow in accordance with the present
invention. For example, one improvement is the absence of
excessive amounts of solder flux residue from solder
particles 12 and the surface of substrate 14. Furthermore,

10 removal of adhesive sheet 35 prior to reflow avoids the
problem of trapping solder fluxes that may react adversely
with the composition of adhesive sheet 35. Removal of
adhesive sheet prior to reflow also decreases the adhesive
residue left on solder particles 12.

15 Removal of adhesive sheet 35 prior to reflow also
eliminates the wrinkling that effects flattened solder
particles. Thus, where solder particles 12 are spherical,
the need for an additional reflow cycle to zround up
flattened solder particles 12 is eliminated by the present

20 invention. Elimination of an unnecessary cycle along with a
reduction in cycle time, in turn, reduces operational costs.

Finally, removal of adhesive sheet 35 prior to reflow
allows use of materials other than polyimide that would
otherwise melt or degrade during reflow absent prior

25 removal. Adhesive sheet 35 is discarded after one use, and



3. The method as recited in Claim1l, wherein the thermal energy source

conpri ses a tungsten-halogen |lanp. 4. The nethod as recited in aim1l.,

wherein the thermal energy source conprises a hot pl ate.1f75 e
S

. BRparidmed as
recited in Claim1, wherein the particles are conposed o Soéqder alloy. 6.

The nethod as recited in Claim1, wherein the particles are conposed of

sol der-coated netal balls. 17 Sept etper 2002 -23 ?. The nmethod as recited
in Cdaiml, wherein the substrate is part of an integrated circuit package.
8. The net hod thaisr ceint edldi migndifarantithetei poste efipvapufacturing. Use
sem conductor wafer. 9. The nethod as recited in daim1, further

conpri si ng t hefstsapsshitpse| patagiehe pegh it dviargt tvvichsane phatikess to
the contact pads. 10. A nethod fox transferring particles froman adhesive
sheet to a suls¥Peaséveconphani ngalydnddeps ofaY obtsdigmilfdceREI¥dhessdcsheet
having the particles attached thereto; positioning the particles in close
al i gned cont afenUERRtBBRRACIOPEds of the substrate; exposing the adhesive
sheet to radiation; and renoving the adhesive sheet fromthe particles such

that the particl esSPEARF nPRRCESHICH? e skt dthe BRI Padsnventiop e
met hod as recited particles are conposed of 12. The nmethod. as recited
particles arePEofFEEEaL¥f ai_ﬁ‘?‘c‘Tﬁé ggtﬁ%taa"st Rad% eﬁ rHi 1oV BoriiY s‘éfs.
G ai m 10, WheFBLRSEnd SR BpUie 7% ERaReIse e RS A H L9 of et
radiation. in GLRLM 10 (UBSE Sl NGRS 12ER ol S P& PGS YRR
reflow systems. In an optical heating reflow system,
10 radiant heat from near infrared optical sources such as
tungsten-halogen lamps may be utilized for rapid thermal
ramping with minimal thermal inertia, thereby shortening
cycle time.
The amount of heat supplied by the lamps is directly
I5 proportional to the supplied voltage. For example, higher
voltage settings result in hotter temperatures. Voltage
input to the optical sources may be programmed to precisely
match a prescribed temperature versus time profile. The
heat from the infrared-bptical sources may uniformly heat
20 substrate 14 with temperatures sufficient to melt solder
particles 12 to form a metall&rgical bond with contact pads
42.
With a wvapor phase solder reflow system, vapor

condenses to surround substrate 14 with a cloud of steam. A

25 liquid, such as a nonchlorinated (non CFC) filuorocarbon is



17 Septenber 2002 -2415. The nmethod as recited in Caim 10, further
conprising the step of reflowing the particles to attach said particles to

the contact pads. 16. A nethod for transferring sol der i an
adhesi ve sheet to a substrate, conprising the steps ofJfﬁﬁéﬁﬁ@§3%§@@
adhesive sheet having a plurality of adhesive areas; |oading the fol der
particles to said adhesive sheet; renoving the solder particles not adhered
to said adhesive areas; aligning the solder particles on said adhesive
sheet with contact pads of the substraige, transferring thermal energy to
sai d adhesi ve sheet; renoving sai'd adhesive sheet fromthe sol der

particles; anotﬁwrﬁéac@at&@Ehnqmrog@hsczédargypaﬁéi gbem t0 $apdrCHRCEo
pads. 17. The nethod as recited in aim 16 wherein the step of securely

attachi ng the agltdan parvasdescioid her whesl weestratéowdnd d hens®l gessed
particles. 18. The nmethod as recited in Caim16, wherein the step of

transferring tdiafomih ety Qyadas t hetie | RepoEESedBl @idi 8gndeti P eERELESH
bel ow the nelting point of the sol der particles. 17 Septenmber 2002 -2519.

The nethod as aretidieds BfE ahe l&tenbaieith dherapobdzaaionl s @hienesengct or
wafer. 20. A nethod for transferring solder particles froman adhesive
sheet to assubist ridten taempfiesrad tbesabspsatnd (1bbt ahsi hon@nasadbebsveatsdeet
having a plurality of adhesive areas; |oading the sol-der particles to said
adhesi ve sheetl4 resmmdinegg in etbel depopar thel espoot cadhénedst ¢osajidreadhei ve
areas; aligning the solder particl.es on said adhesive sheet with contact
pads of the sHrsmoat ot eaposprgtshld fddkedi veteheatd toempelatiimen,; wwnioli ng
sai d adhesi ve sheet fromthe solder particles; and securely attaching the
sol der parti clstbstyasei 44 corachas fhes temperature of the vapor.

Most commercially available fluorocarbons used for
10 vapor phase reflow are formulated to vaporize at precisely
stable reflow .temperatures for different solder materials,

as will be known to those skilled in the art.
The vaporization temperature will depend on the solder
type being used. A brief list of the preferred temperatures
IS of non-chlorinated fluorocarbons that are used as vapor
fluids is shown below in conjunction with the composition of
the solder type. to be used. In one embodiment the
composition of each of _;older particles 12 is about 60% Pb
(lead) and 40% Sn (tin), as this composition provides a
20 strong adhesion between integrated circuit packages orx
between an integrated circuit package and a board, such as a
motherboard, daughterboard or module board. Using the 60%
Pb/40% Sn composition also dispenses with the need to
provide solder paste on a solder pad, again due to the

25 strong adhesion of the 60% Ph/40% Sn composition.



21. The nethod as recited in Claim20.wherein the step of securely
attaching the solder particles further includes reflow ng the sol der

particles. 22. The nmethod as recited in C aim 20, wherei Lidmibafb@id on
conprises ultraviolet radiation. 23, The nethod as reci tg{iglé‘%tgg a?m 20,

wherein the substrate is a sem conductof_wafer. 17 Septenber 2002 -2624.
An integrated circuit package produced” p“the nmet hod of Claim 16. .ASS. A
AF A %A Af AS.ASn.A .As.A . A .A.AAs.AASS.A.A.A . As,.A A5 A
Al . A, 57HM AGeihiatelyt a variety of other materials may be used as

) " Vzupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca U] c"a] cHTadd chaldkdalpsalUlzal] sajltRead/ those described in the

‘following chart. Solder particles 12 of the following
compositions may be used with other solder reflow

5 techniques.

Vaporization Temperatures and Solder Types

Liquidus Temperature Solder Type
56, 80, 97, 101, 102 C and 155 100 In
c 37 Sn/38 Pb/25 In
165 ¢C 70 Sn/18 Pn/12 In
70 In/30 Pb
174 C 60 In/40 Pb
190 ¢ 90 In/10 Ag
50 In/S0 Pb
63 Sn/37 Pb
70 Sn/30 Pb
60 Sn/40 pb
215 C and 230 C 60 Sn/40 In
60 Sn/40 Pb
63 Sn/37 Pb
70 &n/30 Pb
62 Sn/36 Pb/2 Ag
240 C and 253 C 75 Pb/25 In
81 Pb/19 In
260 C and 265 C 96.5 Sn/3.5 Ag

With an infrared or radiant heated solder reflow
technique, each component of the soldering system is

10 directly exposed to radiation from a heating element. Heat
from the radiant energy element is absorbed by the different

components according to its molecular structure.

Reflow of solder particles 12 results in substrate 14
with solder particles 12 attached to contact pads 42, as
15 depicted in Figure 7B. Substrate 14 may be used in a

variety of integrated circuit packages, such as a ball grid
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no} Xsni qu] c] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! =s: VW 2002
#cdo%&@ 1{vql gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca ’c "]pé%’]“B%{
U c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ga] ca] ca] ca] ca! 17]
B~=>~}xsnid_Z]]]ca] ca] ca]ca]ca]ca]ca] caf@a] cal] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] calcalca]calcalcal & K/ h/c

" YSH} xsni d_Z] Jdraalcapaaksgd calLalraa Caixﬁﬁ] C@d@aa]w] cakcahfia] Lateisdcal ca]
cal ca] ca] ca] cal ca] cal ca] ca] ca] cal cal ca!.
Al zI'1 & G'J"L" Muks¥trhte" pd " maf## o (He )a }sbeﬁfilcdg&ﬁtdgﬂ wafer 10, as shown
U]l c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] cal] cal] caU] calca]calc
a] ca] ca] ca] caliealFdalea] Lal®A g Jie 13 of semiconductor wafer 10.
+@, ,-q/r/000011j 1111J2k22333L3WBX33455555} xsni d_Z]
U ] ca] ca] ca] ca] ca] rafendnad calcapos] crada] ctad calicalrea] 83] civ cafieidicalga] cal
calcalca]calcalcalcalcalcal555 :-;?;D;;;; e<<
=F=~===>n>3\\P ¥X2hbG CROERAL ARR\AE| veardeg/ Ypackage is shown and generally
U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]c
a] ca] cal] ca] calesdpoaled] za! VICXCAPDRIEKEREBREGSh £l HERIS| 1Y ¢80 JOMEtGdO] L L}
xsnid_Z
U] ca] c!a] ca] c#reoxjdad cajrefhas eaficabearatys fapsspehied) @ punaldtoapda) ca)
ca] ca] ca] ca]j ca] caj] ca] ca] ca! "LLLLLLLLLt MuMOOOPP<PNPSPP7 QQQQOKR*R_RRRRRRS} xsn
id Z] articles 12 to & substrate 14. Solder particles 12 are

ca] ca] ca] ca]ca] ca] ca] ca] ca] ca]ca]ca]ca]calc ca] ca] cal.ca ca ca ca ca

(L:J]a] ca} ca} ca} céT]P’E’&]Féa}Xa%"é%ﬁ]‘@S%ﬂTlt]ﬂ\AF']ﬂpF]W?] AIp Z{B‘Ul- R PLET ] ] Feal
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U] c”a] ca] dd] cé']l@&]-‘éa]lza]oéa]sélé]géﬁji%‘a] t41 caPedicarid) earey) Eéfc‘a?‘éa]'-ca]léa] ca]
ca] ca] ca] ca] ca%] caj ca]vut]hcaI XXXYYr 2227271 L\igé}l}lTUeLe g A A V\?G bb} xsnl d_

Z] an integrate

oo cal cal ca] C HLARPEEHE A £ i S ALGRLER a1 ;Sllgglgcgzgﬁﬁ]hﬁﬁ]hﬁﬁllfﬂ Cxent
d Z

U] ]ca] ca] ca] ca] ca] Baltaf e XY BHEEP A darEy) &5 S CiSPed) Batda) cal

gg} Sa]z fa] ca] cglsal caleal caldii R Pil Jaxaﬁékgls' lJé Ugamamvamnnﬂéwamapqq}x

U ] ca] ca] g3] Ca]: Caldy @]s ]\egl C%%@L%igal sakeakeal cabaakeal cakhaheakcal cal

ca] ca] ca] ca]cal ca] ca]ca s4sssttttubuGuuuwww

xxxSyey{{{{el| fcleréulnlg% S}n}e}e‘asi@ dbx§np@ifleric sheets and fi

Ul ] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca'] ca] ca] ca] ca] caj

ca] ca] ca] ca] cakeal C@A&@d FAih~Rel Za #40% Qmy ¥udtabDdoehdorat®e th0Wich
u& ()-10%& ()-!10%& ()- SSy&LOY@EE' ()- cC3xV7, 1098109 ()-!0" 109%& ()-

W" 10%-~&' () - b3#deP&ph)ti#1EIBndy - bp iale%{&héﬁi @) Kak1981eY%el ket riral
10% u& ()-LT 10% u& ()-!'LT 10% u-u& ()- 9'10% u& () -
connection of electronic devices.

20 Reference is now made to Figure 9, which depicts a plan
view of an exemplary integrated circuit package 48 utilizing
an attachment-ready ball grid array package 11 in accordance
with the invention. Integrated circuit package 48 comprises

ball grid array package 11 with an integrated circuit 50

25 attached thereto. Bond pads 52 are electrically connected
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lines 58 may be patterned in one or more layers, with some
5 of the interconnect lines 58 placed below the surface of
ball grid array package 11. To protect the integrated
circuit from the potentially corrosive nature of the
atmosphere, the region surrounding integrated circuit 50,
wire bonds 54, and bond pads 56 may be filled with polymeric
10 material. Therefore, the formation of solder particles 12
on contact pads 42 facilitates electrical connection between
integrated circuit S50 and another component, such as a
printed circuit board.
Figure 10 is a proceéss flow chart for the attachment of
15 solder particles 12 to a substrate 14. The method step
begins in step 60. According to the invention, in step 62,
an adhesive sheet 35 is obtained having a surface with a
pattern of adhesive areas 30 that corresponds to the pattern
of contact pads 42. In step 64, solder particles 12 are
20 loaded onto the surface of adhesive sheet 35, as described
with reference to Figures 4A and 4B.
Solder particles 12 and excess solder particles 36 may
be distributed on the surface of adhesive sheet 35 in step

66 by application of kinetic energy, for example. Next, in

25 step 67, excess solder particles 36 are removed from
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10%<&' () - 10%<&1Jdceds to step 70, in which solder particles 12 attached
to adhesive sheet 35 are aligned with substrate 14 such that
each of the solder particles 12 comes in contact with a
10 contact pad 42 of substrate 14 as described with reference
to Figure 5. Next, in step 72, thermal energy 38 is
conductively, convectively, or radiantly transferred from
thermal energy source 40 to adhesive sheet 35, as described
with reference to Figure 6. Alternatively, in step 73,
15 radiation may be applied to adhesive sheet 35. 1In step 74,
as described with reference to Figure 7A, adhesive sheet 35
is removed from solder particles 12, which are in close
aligned proximity to contact pads 42 of substrate 14 such
that solder particles 12 remain disposed upon contact pads
20 42. Solder particles 12 are then securely attached to
contact pads 42 in step 76 via reflow, for example, in a
manner of choice as described with reference to Figure 7B.
Process flow ends at step 78.

While this invention has been described in reference to

25 illustrative embodiments, this description is not intended
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persons skilled in the art upon reference ¢to the
S description. It is therefore intended that the appended

claims encompass any such modifications or embodiments.
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obtaining the adhesive sheet having the particles
attached thereto;
positioning the particles in close aligned contact
with contact. pads of the substrate;
transferring thermal energy from a thermal energy
source to the adhesive sheet; and
removing the adhesive sheet from the particles
such that the particles remain in contact with said
contact pads.

2. The method as recited in Claim 1, wherein the step of
transferring thermal energy further includes
maintaining a temperature below the melting poiﬁt of
the particles.

3. The method as recited in Claim 1, wherein the thermal
energy source comprises a tungsten-halogen lamp.

4. The method as recited in Claim 1, wherein the thermal
energy source comprises a hot plate.

5. The method as recited in Claim 1, wherein the particles
are composed of solder alloy.

6. The method as recited in Claim 1, wherein the particles

are composed of solder-coated metal balls.
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10. A method for transferring particles from an adhesive

sheet to a substrate, comprising the steps of:
obtaining the adhesive sheet having the particles
attached thereto;
positioning the particles in close aligned contact
with contact pads of the substrate;
exposing the adhesive sheet to radiation; and
removing the adhesive sheet from the particles
such that the particles remain in contact with said
contact pads.
11. The method as vrecited in Claim 10, wherein the
particles are composed of solder alloy.
12. The method. as recited in Claim 10, wherein the
particles are composed of synthetic c;mpunds.
13. The method as recited in Claim 10, wherein said
radiation comprises ultraviolet radiation.
14. The method as recited in Claim 10, wherein the

substrate is a semiconductor wafer.
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15. The method as recited in Claim 10, further comprising
the step of reflowing the particles to attach said
particles to the contact pads.

16. A method for transferring solder particles from an
adhesive sheet to a substrate, comprising the steps of:

obtaining an adhesive sheet having a plurality of
adhesive areas;
1oaaing the solder particles to said adhesive sheet;

removing the solder particles not adhered to said
adhesive areas;

aligning the solder particles on said adhesive
sheet with contact pads of the substrate;

transferring thermal energy to said adhesive
sheet;
removing said adhesive sheet from the solder particles;
and

securely attaching the solder particles to said
contact pads.

17. The method as reciéed in Claim 16 wherein the step of
securely attachiné the solder particles further
includes reflowing the solder particles.

18. The method as recited in Claim 16, wherein the step of
transferring thermal energy further includes
maintaining a temperature below the melting point of

the solder particles.
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. The method as recited in <Claim 16, wherein the

substrate is a semiconductor wafer.

20. A method for transferring solder particles from an
adhesive sheet to a substrate, comprising the steps of:

obtaining an adhesive sheet having a plurality of
adhesive areas;
loading the solder particles to said adhesive sheet;

removing the solder particles not adhered to said
adhesive areas;

aligning the solder particles on said adhesive
sheet with contact pads of the substrate;

exposing said adhesive sheet to radiation;
removing said adhesive sheet from the solder particles;
and

securely attaching the solder particles to said
contact pads.

21. The method as recited in Claim 20 wherein the step of
securely attaching _the solder particles further
includes reflowing the solder particles.

22. The method as recited in Claim 20, wherein said

radiation comprises
ultraviolet
radiation.

23. The method as recited in Claim 20, wherein the

substrate is a semiconductor wafer.
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24. An integrated circuit package produced by the

method of Claim 16.



