METHOD FOR TRANSFERRI NG PARTI CLES FQ@@Q@@? SHEET TO
he

A SUBSTRATE TECHNI CAL FI ELD OF THE | NVENTI ON resent
invention relates in general to the field of elé |ce
packages and nore particularly to a met hod and or attaching
el ectrically conductive particles t+b- a substrat o BACKGROUND OF
THE | NVENTI ON VWthmmﬁobirbnimn;ushaasnnpammrIChES|nv tion, its
background i s described i FRONNARCADHESIVE! BHRER GO AN ISUBSERATE

packagi ng, as an exanpl e. Moder n el ectronic conponent s
utilize nunerous 15 integrated circuits. These integrated

circuits are TECHNCAn!FIERD |OF GHENERVENIION each ot her or to other

el ectronic conponents. One nethod for connecting integrated circuits

to el ectronisc conpomhst pruseht zhsvaitisheaedatey biegénexdlc to theafielge,
such as a ball-grid array (BGA) package or a flip- 20 chip package.

The el ectricalof calwmriondps ddvdiceegrackages andi mbegr geeticulauly packaged
in an area array package design and a printed circuit board (PCB) are
typi cal |y conpasttiodf and appekdetus for attachbingh diskckrijcatilarcaydpetckages,
various input and output 25 ports of an integrated circuit are typically
connect ed vi a. partikciesbonds substvatact pads of the baII grid array

el ectronic

10 BACRKGROUND OF THE INVENTION

Without 1limiting the scope of the invention, its
background is described in connection with electronic device
packaging, as an example.

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 electrical 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



-2- package. Solder balls formed on the contact pads of the bal
grid array el ectronic package are used to conplete the connection to
anot her el ectroni c conponent, such as a printed circuit board (PCB)

5 Integrated circuits are also connected to electronic

conponents through a flip-chip el ectronic ‘package desi gn. The
flip-chip el ect Pefkegpack®9ddes bpils aformed henbbhe gephfact padsref the

el ectroni c package_in that solder balls are used to make a connection

wi th other el ecPrbhigridnpfomentedeciteniapackegeaapepussd| tercHmliedeatheal so
used in a flip-chip design to attach the input and output ports of the
substrate to thgonnectiQsht &4or pRAIeT eAectreRit arcOFPOREREI t .SYh s@éh, &
flip-chip Backages,do not_require wire bonds. These solder balls or
bunps may be foPheRteh Gifeuisckoa¥d | (R Bdrated circuits as 15 they reside
on sem condugctor wafers before being sawed into I ndivi dual_ dies.
Therefore, ah inportHHeHREFd FIERELERt BFE0RMERT ISORREFTed  tolectrenictoni ¢
conponents is the forngtion and_ atta negéf of solder balls. _ 20
Heretofore, in YRATRORS %Léhﬁﬂ%%ﬁ & uhbP 1 iBa  §Re SRR ¢ pacgégﬁ aegient |y
formed utilizi on oﬂ_ﬁour t hods: él% . pri.nting of olgeﬁ past
through a steng‘fgll"eo‘?l’?% AP gyectronig pa ]F%%? dtsﬁﬁéylltl§?‘%?/a%ber '-&n?rb‘s. (4)
e (enatfly eleconl®HaLRESe Son ehatPRSTES: BHI1S SIEOUERIESI N
make a connection with other electronic components, such as
10 a PCB. Solder balls are also used in a flip-chip design to
attach the input and output ports of the substrate to the
contact pads of the integrated circuit. Aas 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 semiconductq; 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 four 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



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

- 3- t echni ques have been typically utilized for form ng sol der

bunmps on wafers and integrated circuits, BGA and chip-scale packages
(CSP) have commonly utilized printing_qgf sol der paste and nechani cal
transfer of solder ball techniques. Transfer of solder balls has

been customari | Yot MR have b@ﬁn”@??§c£il§“ﬁ%ﬂffz@ﬁu@%% @Brﬂ?ﬁ&'@g %ffs

t enpl at-es. Anot her met hod for transferring preformed sol der

utilizes fioumd | D wRff esPahll e it QfraA@ls coPERi s, p@daonamg%@gesegfé i ng
| am nated to an organic film Typically the organic filmis conposed

of a material hewdieges h{eHpINBhivagcdbRiRENAl WEELized priiditing CcaPabbeasf
bei ng exposed to tenperatures exceedi ng 200 Cwith very little
degradati on, susdstas gndl yeSha®ical transfer W spatiberivalls tHedhigguby. pl aci ng
a phot omask on the coating and then exposing the coating to a dose of
15 wultravid et radimansfier ofosoR¥aNMbadls hat BeemiAStdnaRY1ly achpagkdoe
design, the photomask contains a mrror imge of the cont act pads
desi gn. The ar éas peaie ot dvayuunheciplotsoras imachinedesemplataisai N AhetHer
adhesi veness whil e the unprotected areas exposed to t he
ul travi ol et reefitpd ofior |tgesesferhiig, p2efomubsisvddess balllse atilbiyzeaf
adhesi ve areas corresponds to " the’ pattern of contact pads found on the
substrate, waf cformation ofiiz naktesped§ edatse onsbderphuwigegeshde 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 ultraviolet 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 comnections.
After the adhesive areas are formed, solder balls are

loaded onto the surface of the film and attach to tﬁe

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



After the adhesive areas are forned, solder balls are | oaded onto the
surface of the filmand attach to the 25 adhesive areas. The excess

" solder balls that lie on non- -4-
adhesive areas are renoved. The populated filmis then al i gned and
brought into contact. with contact pagls, which may be fluxed. A solder
reflowis perforned to transfer the | der RQal | m } he adhesi ve
areas to the c?éﬁ%ﬁivﬁxﬂf$a8fareSr?WﬁygéubsF tQ?pgiﬁpﬁgm%h tHe T8 ow cycl e,

LRvENT] Gy S s1idfdButn WESIAOSAR Bhe 28t den coneaebMERs anlldR
pol yi i de. caf rugy 10 GQBLACt 41 yddie 38T DI FolER "y Aflndiel! gl

results in sev exa Fesi dues gen%rated

during the reflpy. by Cl‘iisfr&ﬁ‘ t?héa%.%es:tye éf‘%’%o%g Eﬂ% %gt."’%& g’ggfhe sol der

pol yi m de. e re5| ué has of arge

bal | d b Th
Cleani ng more X GRTRNRT | ToLLOSE ERROR A SHE BT g Tk a

tion to' flux Tesi ue

adhesi ve res'dﬂé?ngﬁkEﬁﬁ the séﬁéﬁ%”bﬁlié'”‘has been left on the sol der
I e

bal |l s. Renobva organic filmprior to reflow may decrease the

adhesi ve S6MHe o i ORI TRl der balls. 20 Moreover, the
pol yi m de sheet nas pressed agal nst t he nol ten sol der balls, creating
flat tops which haﬁ%.hﬁgubééﬁldiscovered that leaving the organic film or
polyimide carrier in contact with the solder balls during
iI0 reflow results in several problems. For example, flux
residues generated during the reflow process have be;n'
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 solder 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. An additional reflow process increases the

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



a second reflow to correct and conformto custoners' specifications. An

addi tional reflow process increases the cycle tine as well as the costs
‘'of manufacturing. A second -5-
refl ow may not be necessary in the abserice of the polyimde . Sheet.

In addition, the organic filmis conposed of a materi al that has a

hi gh nelting t&RHLPHLBRE Ratd hes NnespaEBREY ofn Hdiengbsencexpbseip tRplyimide
tenperatures exceeding 200 Cwith very little degr adati on. One such
material is p8P§Phide; however, ~ polyimde is significantly nore
expensi ve than ot her organi,c filnms such as, Mylar[err] ich are | ess
capabl e of withstant? r?g‘gdaitlonexﬁﬁ‘%lﬁ’iga“tlﬁ %Hﬂ‘d’egr C°F‘B¥’F8év °%m(?rrﬁ@rt§f‘&?és.

cheaper or gani ERF HES % R PREGTE, FOwRIIAE: BRfntf codtabLe of baing"
20, e P8Vl giede asePRell A kR atng! e uion Bl Yikhhg,
Rk ng o SSERTAEEeT he 05 B IarStiRte:Y PRLVHRIGRT | RgVREEE.
[t tened >0l by patles e, aBREclapaioviate MEMATATATTALS, begehler 11
el FhUY AT RS O Y S, e Pcnersnctns o,
adversely to exposure to solder reflow temperatures; Removing the
I0 organic film before reflow may allow the substitution of
cheaper organic films, thereby reducing mahufacturing costs.

Also, the polyimide sheet has been apt to stretch or
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 soldexr 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, the 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.



certain chenicals contained in the solder flux. The trappi ng
of the fluxes by the polyin de sheet nay exacerbate the situation,
resulting in npre unwanted reactions anmong 25 the flux, photopol yner, . and
sol.der balls. —-6- - 6- Therefore,
a need has arisen for a nethod of attaching metal or solder balls to
a substrate that ov&heusferehen need hpsoblisen ifort ke meithed aft atfasfebsly has
al so arisen for an apparatus for manufacturing an integrated circuit
package 5 #edelovar cepdder hbablobtens |suldteapei dthatr tovercomes the The
present i nvention conprises a nethod = for transferring netal

or sol der part PEPRieRFoinafhadheioyeart. Ashest has alssbhstrisen danprarmsi ng
t he steps of obtaining an adhesi ve sheet having a plurality of

adhesi ve ar eas2PP3&afHg foxomapnfachuring|an inkegratede chunhddi \paclsigeet
removi ng the particles not adhered to the adhesive areas, aligning

t he parti P85 BHereRIres tbei proklme i the gorkqc@rfads of the
substrate, transferring thermal energy to the adhesive - sheet, renoving
the adhesive sheet Tom BXEspREt| ANWEDEiPlr CcPEPTiges ef [fow, mebhed sedorel y
attachirng the garticle_s to the contact pads using reflow

techni ques, foFTBRERPYELNT |Retpk or saddegdipaniicles fyem pregaiiesive

i nventi on, tgg é.t gg . of transferring thermal energy  conprises
maintaining & c°c eApEPRELFRCET cSYRHAI0Eh EhReStrR B8 PPtaintng an

articles. 20 . The.present,invention.al so conpri ses an apparatus for
p adhesive s ee% aving a p&uralfty oé:aggesive areaé¥)loading

i0 the partiéles onto the a&hesive sheet, removing the
particles not adhered to the adhesive areas, aligning the
particles on the adhesive sheet with contact pads of the
substrate, transferring thermal energy to the adhesive
sheet, removing the adhesive sheet from the particles prior

15 to reflow, and securely attaching the particles to the
contact pads using reflow techniques, for example. 1In one
embodiment of the present invention, the step of
transferring thermal energy comprises maintaining a
temperature less than the 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




manuf acturing an integrated circuit package, conprising an adhesi ve
sheet heated to a tenperature less than the nelting poi nt of the
particles and a plurality of particles connected to the adhesive sheet.

25 BRI EF DESCRI PTI ON OF THE DRAW NGS -7-
-7- For a nore conpl ete understandi ng of the features and

advant ages of the preseatnbiyefdnfletel @haeesftdihgN@F rahede featurks hHE
detail ed description of the invention along with t he acconpanyi ng
figures in whi elvantéges of tHOPResknts iAavehtaion,i awfeteacseiscasdumbde

waf er w t-h sol der particles attached thereon in accordance with the
present inventktonthe detailed &k&tiiptions aofl aheviwenftianwedBing cal€h
adhesi ve sheet for use in the present invention; 10 FIGURES 3 is
a cross-secti ofthe aceommlmggl EFhgures3iaf which: t he adhesi ve sheet of Fi gure
2; FIGURE 4A is a cross-sectional view of an adhesive sheet
wi th sol derSparti cl BEGURRE dchied & lpdeet wiew afcar demipmnductowi whfehewptiesent
i nvention; 15 FIGURE 4B is a cross-sectional view of a fully
popul at ed adhesPi@exhpartieles cotirahed wihdreohe iy eaegardance jwitdnt thom;
FIGURE 5 is a cross-sectional view of solder particles aligned wt h
contact pads oPreéseifhsimvensiem; accor dance with

FIGURE 2 is a plan view of a wafer-scale adhesive sheet
for use in the present invention;

10 FIGURES 3 is a cross-sectional view along line 3-3 of
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 pads 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;”



20" the present invention; FIGURE 6 is a cross-sectional view of a
~thermal energy  source above an adhesive sheet with sol der particles
attached thereto and aligned with contact pads of a Substrate in ..
accordance with the present inventiong._ ) -
FIGURE 7A is a cross-sectional view of the renoval of an adhesi ve
sheet from sol der pPBFRURE A rissiadianpsenseopicgtl view mfddhef remoybdt pfte in
accordance with the present i nvention; 5 FIGIRRE 7B is a

cross- secti onaftvRehedtve sheest faoe spider partiglger reatding o sonseksd in
accordance with the present I nvent.i on;. FIGURE 8 is a plan
view of a bal IP#ffd afray piehelgete inppagraedrpesl it zithe t mxesent
principles of the present 10 invention; ' FIGURE 9 is a plan view

of an integrat &AVERFEQRt package utilizing the principles of the
present invention; rocess fl ow di agram of

and . : FIGURE 10 i a p
a method of” 15 at tEHHRYy “Bolficd TR ErPEtienfla VaeHsPF ot SHRF Hals: Wakke

i th th t_invention, DETAI LED, DESCRI PTI O\ OF_THE
INvENTI ov | BoEaEprBt e it Sasharty Ti AGSORARER Ot LnbRi REREEREY

invention;

-8-

FIGURE 8 is a plan view of a ball grid array package
manufactured wutilizing the 'principles of the present

10 invention;

FIGURE 9 is a plan view of an integrated circuit
package utilizing the principles of the present invention;

and

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 and 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



20 't he present invention are discussed in detail below it shoul d be
appreci ated that the present invention provides many applicabl e
‘inventive concepts which can be enbodied in a wde -variety of _
specific contexts. The specific -9- enbodi nents di scussed herei.n are

merely illustrative of - 9-

speci fic ways tspewifdcanvissetd hmakavendi orseantheloimo¢ntion aedi diot ndie
scope of the invention. Ref erence is now made to Figure 1, which
depicts a dediiimd 6ntbet sgopgafodr the imvdntdohder particles 12 attached 5
thereto in accordance with the present inventi.on. Sol der particles 12
are typically attacRefereneoniacnopasgadendio Figunrecpli cwhighsKdemicta R gure
1) of sem conductor wafer 10. Sem conduct or wafer 10 may be conposed
of silicon, galdSuhsenducter swafere, 18r wifh @Heersanrtdadast 32 mtteadhdd used

in 10 electronic device manuf acturi,ngri Sem conductor wafer 10 may
be divided i’nt FBeLStar AR dFcardane’ with obhe cRresendl davieghien.  Solder
conmponent s. Particles 12 are_general]y_discrete, free-flow ng

particles that BREFifd6e 42va&rcettyriradb¥pastashed. to coptagy padsndnet

particles 12 may_bhe,conposed. of sol.der all oys . i n¢ludi ng cgnbi nati ons
of tin lead SHBJOFitlYcanown in Fighpper) 9t SFRICHACRRERY. VAAGE cadm um

2?‘”@"6“ OLNeT gemicoRdhd@ Srd209Y6! L4G PR Qhhabsed™r Po1 1584 Nehydipe any
arsenide, or any other semiconductor material -used in
10 electronic device manufacturing. Semiconductor wafer 10 may
be divided into a plurality of dies 13 for use in electronic
components.
Particles 12 are generally discrete, free-flowing
particles that may have a variety of compositions. For
: 15 example, particles 12 may be composed of solder alloys
including combinations of tin, lead, silver, bismuth,
copper, indium, antimony, and cadmium; however, other
suitable conductive materials may be used including any of
these metals used separately, or synthetic compounds such as
20 plastic. BAlloy 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



these netal s used separately, or synthetic conmpounds such as 20 plastic.
Al l oy coated netal particles are al so usedful. Sol der particles 12
‘are typically sol der spheres having a dianeter in a range of
approximately 3 mls to approxi matgjy 30 mls; however, it :should be
appreci ated by persons skilled in the art that the principles of the
25 present i nverfiiesn dimengpons camd ecandigukrdeionsar tsuchegs1 zegtangular or
-10- ot her di nensions and configurations, such as rectangul ar or
cylindrical coli¥higdrical columng.so, sol der particles 12 may be attached
directly to ot her substrates, such as_an interposer, or an integrated
5 circuit in a fliplERi pSpheRagearticlescidZofpy babstkaghed flirectly” to
i nt erposers consi st of an insulating material having electrically
conductive patdfder e‘é&%ﬁ@sftﬁf‘lﬁggﬁs qhelnterposit e OFodt Hrepggated
surface to the qgpposite surface f electrical, entry and exit

[

rLmn
paths. 10 3 CSEYdfei® Feptdsc pa&%@%?%‘sh@é?c'f”fﬁnﬁfseg‘f tmgdes or

resent invent,on enerally designated as, 35... In one ..
P bodi ment | of | (HESFRUSHEY nConthmts ot 95ULaRMY couatitial navirg
hot oi mageabl e gdhesi ve, coating.22 Jam nated onto,a film 24 su as
Eapton o? Myl ar gfgfflc?‘]o Y ox SHBFRCEHE shB@ﬁh’? n Fﬁgen%@gcrsgggg%t&“ Sl

i ok and 1 | RSFPERE o P ietéet bra che, PRPEEEVaElA (Ul o

be understood Ry QBLical entry and exit paths. '

10 Figure 2 depicts an adhesive sheet for use in the
present  invention generally designated as 35. In one
embodiment of the invention, adhesive sheet 35 comprises a
phot:oimageable adhesive coating 22 laminated onto a film 24
such as Kapton® or Mylar®, for example, as shown in the

{5 «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 applicable 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,



ski'lled in the art that the principles of the present I nvention are
applicable to varying thicknesses. 20 In form ng adhesi ve sheet 35,
‘phot ol i t hography nay be utilized to create a plurality of discrete.
adhesi ve areas 30 correspondi ng taléfpattern of contact pads.--A npre
conpl ete description of adhesi ve patterns f or med utilizing
phot ol i t hogr apHy¥susdddscrGadeucirastl Set Pasdnt- bbe BoR&b19f which are
i ssued to Cairncross, et. al., the contents of which are i ncor por at ed
herei n by ref ed@gegporated hereimhby giefimaeaceof adhesive areas 30 is
typically approximately half of the dianeter of solder particles 12;
5 - however, it shouFBebedipprted atodd lBgheatvekiaresf i P& helsar ttypicallyat
the principles of the present .invention are applicable t o adhesi ve

areas 30 of ot REPraxipRttohdalf oftbgefipheter of sglder mmddiclesaddas 30
are depicted in Figure 2 as ci_rcul ar ,areas suitable for receivin
spheri cal sdl dBPYERPE i ctesshopld ?8.PPpﬁﬁﬁﬁﬂﬁﬁdbEYaﬁﬁ?e%#%ﬁ%ﬁ? By $eesans
e e QL0 R B v, oyellon T coulisgba,
D e Senee e RS L 20! Sibengtond ™ | SRR R
Eio|ggr9$ pg'rb\'-[ i Cf‘g ligcré?a!.c%lkgé/siv%f arggédﬁ are degfét;[eidc li%SF';.'éﬁrtia rb(:lausdicq cg ggss |
areas suitable for receiving spherical solder particles 12,

10 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 invgntion, solder
particles 12 are loaded, or transferred, onto adhesive sﬁeet

5 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 sutrface of

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



| oaded onto adhesive sheet 35. Sol der particles 12 are captured and

retai ned by adhesive areas 30. Excess sol der particles 36:-1ie on
‘non- adhesi ve portions of adhesive sheet 20 35. A fully popul at ed
adhesi ve sheet 35 is shown in Figure-12- 4B. To ensure that a sol der
particle 12 adheres to each adhesive area 30, kinetic energy may be

applied to foruséflyto rempreathy esktdes palddrclpastidPes 0¥er{ndthesho&it ine
surface of 25 adhesive sheet 35. A gas stream or nechani cal device nay be
-12- usedFigurendBe .any Texnsessastl def phet isollder3antdiclegovi? i hs

Fi gure 4B). Thus, each of the solder particles 12 is attached to
each of the adattichedriasedth of thpiadlabive areasFBur es4Bepakbtedxinrss
sol der particles 36 have been renoved, 5 and none of solder particles 12
are clinging tBggererdB; all excessTigoddey pavkidlas §arbave heémn alemguegnt of
contact pads 42 of substrate 14 with solder particles 12, which are
attached t o’ adfedRanedasod@enipartticdievel 2 e cdnging togetdgsi.ct ed.

Cont act pads 42 may be fluxed with soldering flux 10 to help retain sol der
particles 12 duri ngF¥a#ganosf to Figurghdsi \tgesﬁbiﬁn@t AL gomsactnagdde
achieved utilizing: mechani cal or_ optical systens as:shoul d be known by
one skil 188 Of tfitbsfate 14 with soideryparbicled pgresefhichvantion

' the step of, A0l ¥ NI SIE! (SOST 94 %% £ LRSS, [ OTLDE R, fr oY

depicted. Contact pads 42 may be fluxed with soldering flux

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 wvia direct contact of



source 40 to adhesive sheet 35, as shown in Figure 6. Exposure to
thermal energy 38 degrades the adhesiveness of adhesi ve areas 30,
thereby inproving the transfer of sol der particles 12 to contact pads
42 by minimzing the inpact of 20 rddoving adhesive sheet 35 from sol der
particles 12. Ther mal energy source 40 may consist of a variety of

mechani sns, suctFP%Fénad-ptl@aﬁPr%at soiFdeanpd0 (ewgtht uagbesive  shestogelf. a
hot plate, radiator, infrared heaters, or other simlar devices.
Ther mal ener gy Sd-erptaredyndueterFetly eperay r s &a¥edbet oraéh@stilbé agheet

35 via direct contact of 13-

thermal ener gf°’§’@|9tté¥e1Y sprangferred b adpesivengeget 35.

Alternatively, thernal energy 38 may be radl ant | convecti vel y
transferred to adhedPgetehpgtatyye should b i@ﬂ‘ﬁé’r 5Pﬁr’ée%\'ﬂb‘%ﬂ PHatkept

bel ow the nelti |cles tenperature

5 .of  sol
coul d be an ot gBh%%’Fatp&rrElﬁte?%w he m#l?l rﬁf"}?&ffﬁf:uﬁ? s‘iﬂ“&@r Por @0 es
12 dependl the [ osition of _a i ve shee
Al ternatively; 8r§ h‘é%f St(i??aineggggﬁp%éﬂt tof $£%£6£9Wheﬁhllpe
sol der particl 12 attached reas 3Q of adhe5| sheet
35, are in cl ogiz PSPERE o Upen t%?of ﬁf“t?/a 80139%15‘&?% % adpesiv 5?3’8 bre
to ultraviol et radl ation, for exanple, significantly degr ades
t he adhesiVéness of adhesive areas 30, thereby facilitating the

Alternatively, adhesive sheet 35 may be exposed to

10 radiation while solder particles 12, attached to adhesive

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 faciiitating the

15 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

transmission of radiation. For example, polyimide would not

be a suitable material for use with ultraviolet radiation,

as polyimide blocks transmission of ultraviolet radiation.



15 renoval of adhesive sheet 35 from solder particles 12. Such
exposure allows renoval of adhesive sheet 35 with |ess di st ur bance and

interference to the shape and integrity of sol der particles 12.

When exposi ng adhesi ve sheet 35 to radiation, adhesive 20 sheet 35 should

be conprised of a material that permts transm ssion of radiation. For
be additable material for use with

exanpl e, polyi mde would not
ultravi ol et radiation, as polyimde bl ocks transm ssion of ultraviolet

radi ati on. Following exposure to thermai4’ener sourcéqﬂ4bomng
exposure to thermal energy source 40 or Iation, adhesive

sheet 35 may beradiwmtienh,f radhesdvdersheet 3PaphiClRrs ﬂ&ncﬂﬁedSh%' Qof&&f”e
TA. Signi ficant inprovenent is obtalned by renoval of

adhesi ve sheet Bartifdlers apphs cstidvan iaf Figerawia energy 38 or radl ation
and prior to reflow in accordance with the present i nvention.” For
exanpl e, one i nprovetigmificanthe iatpgenenent is obexiRSS By amewmbial Ofor

sol der flux residue from sol der particles 12 and the surface of
substrate 147 Rudhe¢mivensbeet 19 afirnyalpphicathesiof thlkerhl 36n@Fd 3¢ or
refl ow avoi ds the probl.em of trapping solder fluxes that may react
adver sel y vidiptile sodpwsion ¢o véfhohedsi wecsh@nica3with Braoy@dsdit
adhesi ve sheet prior to reflow al so decreases the adhesive residue

| eft on sol der Wufentépas 1Por example, one 1mprovement 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 additipnal reflow cycle to .round 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 polyinide tﬁét would
otherwise melt or degrade during reflow absent prior

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



15 Renoval of adhesive sheet 35 prior to reflow also el i m nat es

the winkling that effects flattened sol der particles. Thus, where
sol der particles 12 are spherical, the need for an additional reflow
cycle to round up flattened sol der5-particles 12 is elimnated by the

present 20 invention. Elimnation of an unnecessary cycle along with -a
reduction in cfdMé ame addn sigpafigantilyesoogostisi ofiahanefacturing. Use
Finally, renoval_ of adhesive sheet 35 prior.-to reflow al | ows use of
mat eri al s ot heCft FXPsESEYEei BeteHalswsuch as Mplae® i weighe|arepriage dresde

during reflow absent prior 25 renpval . Adhesive sheet 35 is_discar ded
after one use, ®R§Psive than polyimide, may signifgcantly naducean

add significantl o costs of manufacturing. Use of substitute
materi al s such™3SURHFEMFEIS |COSkfiich are far |ess expensi ve than
pol yi m de, manuf act uri ng costs. 5

may  significantly_  reduce ,
Sol der part?cles 1258£ ?i?ﬁ‘f%lﬁﬁeignﬁfﬁﬂv%t Fap Regsent inyentdenr spy
ot ached o cORLACk cRadh 2 ushif R0 AELY, Ohecr s, 3ULEL o SHLTNLVBLET,
SR St v TEREE P TR T I
i TS R O AR BB, B, et S braser e
reflow systems. In an optical heating reflow systen, '
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
IS5 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 optical sources may uniformly heat
20 substrate 14 with temperatures sufficient to melt solder
particles 12 to form a'metallurgical bond with contact pads
42
With a vapor phase solder reflow system, vapor
condenses to surround substrate 14 with a cloud of steam. A

25 1liquid, such as a nonchlorinated (non CFC) fluorocarbon is



The amount of heat supplied by the lanps is directly 15 proportional to
the supplied voltage. For exanpl e, higher vol tage settings result in
"hotter tenperatures. Vol t age i nput to the optical sources may be
programed to precisely mat ch a prescri-bed tenperature versus tine
profile. The heat fromthe infrared optical sources may uniformy
heat 20 substrate 14 with tenperatucrgs-sufficient to nelt sol der
particles 12 to forma netallurgical bond with contact pads - 42,

Wth a vapor fiplsasecheatRlddasith eéhditth Serdr tyaform a CAPTENSRS 1tQ
surround substrate 14 with a cloud of steam A 25 quuid such as a
nonchl ori nat ed siistaifiFE) vidpoer @1aution iwhen substrate 14 is then passed
-16- . first heated with enough energy to forma vapor and to

sustai n a vaporthebogh. the\Weposubshe atrepddized t hizquighssedlenses tHereugh t he
vapor, - the vaporized |iquid condenses thereon and gives off the

| at ent heat of andpgiveatoOh.thEhilsteneriggat & viaporheatigransBrirsecneagy
substrate 14. As long as substrate 14 remains in the vapor, the
vapor, contdnuds ttheyi transferred teneubptmita Yepedisabland iasedubsteratad
tenperature, until substrate 14 reaches the tenperature of the vapor.
Most commer ci aldy reraihsbie ﬁb@owaoarbonheuyeuofocongbmvapotopgaze pEEl ow

are fornulated to vaporize at precisely
energy at a repeatable fixed rate and temperature, until

substrate 14 reaches the temperature of the vapor.
Most commércially available fluorocarbons used for
10 wvapor 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 Eeing used. A brief list of the preferred temperatures
15 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 enmbodiment the
composition of each of solder particles 12 is about 60% Pb
(lead) and 40% Sn (tin), as this composition provides a
20 strong adhesion between integrated circuit packages or
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% Pb/40% Sn composition.



stable reflow tenperatures for different sol der materials, as wll be
known to those skilled in the art. The vapori zation tenperature

wi |l depend on the sol der type being used. A brief list of the

preferred tenperatures 15 of non-chlorinated fluorocarbons that are

used as vapor fluids is shown below in conjunction with the

conposi tion of the solder type t-0t7-be used. In one enbodi ment

t he conposi tion of each of solder particles 12 is about 60% Pb"

(1 ead) and 40% R0téthdle1ydS 4 NS LAPP QS tét&{é:prxﬁ%l’déifi%lé u%& B4 'Q08 as
adhesion between integrated circdit packages of ween an
integrated circybladackpaqiandsa PPAr GuchiCRsaschose &@d}%@&ar 4n  the
daught erboard or nodul e board. UBlng the 60% Pb/ 40% Sn conposition

al so di spenses "l fowdify Nekgrt 0 SOM&W?&@@&@ PAslE ofhd Fehdefingd.
again due to the 25 strong adhesion the 60% Pb/40% Sn

conposi tion. compositions may be wused with otHdr soldéttergaigly, a

variety of other materials may be used as sol der particles 12, such as
t hose describedtechrififies. follow ng chart. Sol der particles 12 of the
fol |l ow ng conpositions may be used wth other solder reflow 5
t echni ques. Vapdapeatiioal Teipdeafafadt ahdssenderSalges Types
Li qui dus Tenperat ure Sol der Type 56, 80, 97, 101, 102 C and
155 100 In 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/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/40 pPb
63 Sn/37 Pb
70 Sn/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 absérbed 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

I5 depicted in Figure 7B. Substrate 14 may be used in a

variety of integrated circuit packages, such as a ball grid



C - 37 Sn/ 38 Pb/ 25 In 165 C

7.0 Sn/ 18 Pn/12 In 70 In/30 Pb

174 C 60 In/40 Pb 190 C

90 In/10 Ag - 50 I n/50 Pb

63 Sn/ 37 Pb 70 Sn/ 30 Pb

60 Sn/40 Pb 215 C and 230 C -18- 60 Sn/40 In -

60 Sn/ 40 Pb 63 Sn/ 37 Pb

70 Sn/ 30 Pb v , - SR/r36280/ Zn o 240 C
and 253 C array packa7q5e Pb/a25f11np chip packa&iaz 3 #n oser. 81
Pb/ 19 In Hhserabd 2Z6dy also be a semicoduetSP/ wafer\dlo, as showdl N
an infrared or radi ant heated sol der refl ow t echni que, each conmponent
of the sol deri g ??1?&?&”13 orl@ diéerd lof exRossidctoraghasiofpfrom a heating
el enent. Heat romthe radiant energy elenent is absorbed by the

di fferent conpeBeatsnRCCoEd gy t taldes 88! asilgude SB[UCi:Wthlch an

Ref | ow of sol der particles 12 results in substrate 14 wi th sol der
particles 13 atd:@bedryobedit geidpadsag2padRagd Sis deRbwh edntin gein@eh®1yB.
Substrate 14 may be used in a . variety of integrated circuit packages,
such as a bal | ggstignated as 11. In one embodiment, the presentl8nventionarray
package, a flip-chip package, or an interposer. Substrate 14 may al so
be a sem condugirovides e nfeﬁthodsamdlcapparatus|fbﬂ:|agu1aehingcar Huwiaditd of -
sem conduct or wafer 10. " Reference is now nmade to Figure 8,

in which an particles 12 to & substrate 14. Solder particles 12 are
typically attached to contact pads (not explicitly shown in

{0 Figure 1) of substrate 14. Ball grid arxay package 11 is
formed with an integrated circuit receiving area 16 for
placement of an integrated circuit.

Ball grid array package 11 may be a conventional ball
grid array package. Examples of conventional ball grid

I5 array substrate materials include organic laminates,
ceramics, metals, and polymeric sheets and films. Ball grid
array package 11 may also be any suitable substrate to which
solder particles may be attached to facilitate electrical
conneci:ion 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 éomprises
ball grid array package 11 with an integrated circuit 50

25 attached thereto. Bond pads 52 are electrically connected



5 exenplary ball grid array package is shown and generally desi gnat ed
as 11. In one enbodi nent, the present invention provi des .a net hod and
‘apparatus for attaching a plurality of particles 12 to a substrate 14.
Sol der particles 12 are typically attached to contact pads (not
explicitly shown in 10 Figure 1) of substrate 14. Ball grid array
package 11 is formed with an intedPated circuit recei'ving-area 16 for
pl acenent of an integrated circuit. Ball grid array package 11

My be a convertieOWdkebBbhds 54 @& pEdsl 568YoRKAIYrid Expapl ®scieige 11.
conventional ball grid 15 array substrate materials include organic

| ami nat es, Pader 36 Gre rAlledityicallly pednBrted oeriontantd pulss 42Batil grid
array package 11 may al so be any suitable substrate to which sol der
particles may kdeatrachkll tconkiactivé airtetcenhetdlines S8CONDEEdiammnRlt
el ectroni c devices. 20 Reference is now made to Figure 9, which
depi cts a pl anlines $Bemaypfbanpattempledr ini bhegoat worei Yauns padithgechs
utilizing an attachnent-ready ball grid array package 11 in accordance
wi t h t he i n¥enpiforthel nirdgrabedect r times pa8kpyacdd bebpsi ks surfadal bfgri d
array package 11 with an integrated circuit 50 25 attached thereto.  Bond
pads 52 are el belli @ildy aorayecpackage 11. To protecti tbebdmtegFated pads
56 on ball grid array package 11. Pads 56 are electrically connected
t o cont act padglnguj,:fpa from the potentially c¢orrosive nature of the
atmosphere, the region surrounding integrated circuit S50,
wire bonds S4, 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 50 and another component, such as a
printed circuit board.
Figure 10 is a procéss 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



electrically conductive interconnect Iines 58. Interconnect i nes 58
may be patterned in one or nore |layers, with sone 5 of the interconnect

lines 58 placed bel ow t he surface of ball grid array package 11. To
protect the integrated circuit fromyphe potentially-corrosive nature
of the at nosphere, the region surrounding integrated circuit 507

wi re bonds 54, d be _f i t ric rial
Therefore, the orn%ﬁéonﬁgef%%so drenrafy a%?ﬂgic#eagﬂfgn otk Ingiorynemg(‘):nteanc ég?‘o%

facilitates el Qlnpdd, GQNREEELL MG Fererentd! L' Adithedl "Gl dndP YN
t I gure

anot her conponent, such as a printed circul oar d.
10 is a processy lqawighshted Orid RAnatiAC AL 95 1d oS HE b1 12
to a substrate 14. lThe nethgd step begi ns %n g%ep 60? gﬁ%&%ﬁ%ﬁg to

the invention, dHesSpeBELs steps 30, agbesie 65hR8) 13 dedelblal ﬁ&?éii‘aﬁ{iﬂ%ea

surface with a pattern of adhesive areas 30 that cCorresponds to t

pattern 5 Oofpopntbasbn PBEachdevelln Step 64, solder particles 12 are 20
| oaded onto the surface of adhesive sheet 35, as described W th

reference to FiguregpéA auml $Bpulation of BhdeivdaHdet! 85, 1Proddk£LXARES
sol der particles 36 may be distributed on the surface of adhesive sheet

35 in step ficeydappbi seép 070 ,0f irKiwieildhe sondegypatOicleamy eattadidely, 1N
25 step 67, excess. solder particles 36 are renoved from
- 20- 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



adhesi ve sheet 35, by application of kinetic energy, for exanpl e, as
described with reference to Figures 4A and 4B. In decision 68, if
‘adhesi ve sheet 35 is not fully popul at ed, t hen process steps 64, 66,
and 67 may be repeated until full 5 popul ation is achieved. )
Upon full popul ation of adhesive sheet 35, process flow proceeds to
step 70, in which solder particles 12mttached t o adhesi ve sheet” 35
are aligned with substrate 14 such that each of the solder particles
12 cones in contact wth a 10 cont.act .pad 42 of bstrate 14 as described
with refer enceq-’o e £EPErEPR B @ )%%‘1 9 Fe R %p ;’uflgf‘%e’?‘%%’rf"ecﬁé:r"§f/‘338

IS conduct],vel ect ] vel of+ 4. adi ;EQ d )

t hermal energy alsngrcété‘bgﬁ %O%aédﬁgs?{r\}ee ]gjhleu%;E E%E,H'%s es&?:;rnlg{ﬁé% 4 %v%illt i
reference to Figure 6 at v : . 73,1941 r adi.as.i y be.
applied to adhég?h\?g S m(=§')e°t * $£Q| tﬁksf@é 7%‘?6{&&%85;15%&é%c%%eggag%%@eggr ence
to Figure 7A, %Qﬁgghge SRefiedd ha 1 vedobLom.a dartjcl 12,
which are in close aﬁ?gﬁed ﬁ?oxfn?tys?g cpﬁtact pgggé%é ofgsubgﬁﬁate
14 such 5 1 RRlsc29h886n PAT I CliQS difeRUREN 1k 8RASEIcHRON chANLARLLRAYS 20
42.  Solder particles 12 are then securely attached to contact pads
42 in step 76 W1@ain8f | @Womb8Es ©XHIP! Such N R dificatFHe! off MG ReAls.
described with reference to Figure 7B. Process flow ends at step 78.
Wil e this invention has been described in reference to 25 illustrative
enbodi nents, this description is not intended



-21- to be construed in alimting sense. Various nodifications and

combi nations of the illustrative enbodi nents, as well as other enbodi nents
‘of the invention, will be apparent to persons skilled in the art upon
reference to the description. It -22-therefore intended that the appended

cl ai ns enconpass any such nodifications or enbodinents.
-22- What is clained is: 1. A nethod for transferring particles from

an adhesive sheet to a substrate, conprising the steps of:

obtai ning the adhesiye-diaRia BayYi ng the particles attached t hereto;
positioning the particles in close aligned contact w th contact pads

of the substraie; a method fbfaBph@sfdranbhYaFeliceas” g¥oil @l adhbaes ¢al
ener gy source to the adhesive sheet; and renovi ng the

adhesi ve sheet fromhdwt Ry bi §hBStrate, compRidiiaf thlespapdistes remain in
contact with said contact pads. 2. The nethod as recited in Caim

1, wherein the step of obtainif@neieradHigivet BRESE! havimnait@y parkielBer

i ncl udes
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 ip contact with said
contact pads.

2. The method as recited in Claim 1, wherein the step of
transferring thermal enerqgy further includes
maintaining a temperature below the melting point 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 éarticles

are composed of solder-coated metal balls.

T LU



mai'ntai ning a tenperature below the nelting point of the particles.

3. The nethod as recited in daim1, wherein the thernal ener gy
source conprises a tungsten-hal ogen |anp. 4. The nmethod as recited in
Claim1, wherein the thernal energy source conprises a hot plate. 5.
The nmethod as recited in Claim1, wherein the particles are conposed
of solder alloy. 6. The nethod as-2®cited in Caim1l, wherein the

particl es are conposed of sol der-coated netal balls. o

reiin the substrate

-23- 7. The nethod as recited in aim.], .wh

is part of an ie7rrt eg e'ag'élfciég:fi‘ist rﬁ%it ell.n Céfan e WRsrROR HRe rahstEgten
Claimi1l, Wnergai n the subst ro%te . ist sgm’ cot_[]duacc or vvafer: 9. The
met hod as recited !ﬁscf‘?ﬁtf'n ,%H‘ﬁ%?mc@%)ﬁgf'ﬁ’g Packadfne step of

ot Qv o, e e ghe%abhal WACDSNAL 1n, c1aBA'L) (h8ESAR LU SgRLaELPR0S

10. A nethod for' tr Tl e esi v
substrate, conpri si h t X * obtaining the adhesi ve sheet
havi ng the parti cl egg & see“&act%?@‘égé%r tvf"laefregt'o; ' positioning the

particles in C|90.Se ?‘hjagﬂgghgé)%@c}ecited in Claim 1, further comprising
the step of reflowing the particles to at{:ach said
particles to the contact pads.
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 recited 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. dhe method as recited in Claim 10, wherein the

substrate is a semiconductor wafer.

AR



wi th contact pads of the substrate; *exposing the adhesive sheet

to radiation; and _ renovi ng the adhesi ve sheet fromthe particles
such that the particles remain in contact with said . contact pads.

11.. The nethod as recited in daim, 10, wherein the particles
are conposed of solder alloy. 12. The "nethod, as recited in Cdaim
10, wherein tlife The pathod!&s 6 RATTIGS @l 2@k 3WN1 lﬁﬁktﬁeﬁoe&gpﬂﬁsingl?’-
The nethod as recited in Cdaim 10, wherein said radi ation
conpri ses ul travi ol éher adtiept i afh. refifowinbhethareplptichss tGCIatthchl said ai m
10, wherein the substrate 1s a sem conductor wafer.

-24- 15. The net hodarkickss tted tha Gmiantl@adbur t her conpri sing t he
step of refl ow ng the particles to attach said particles to the

contact pads. 1616. AAmathiedd far tramsfemingg soldter particiess fram an

adhesive sheet to a substrate, conprising the steps of:
obt ai ni ng an adhesi ¥éheHa Sh&?r—ngoaa pslubsgrate, ofomprising ade sitepsadas;

| oadi ng the sol der particles to said adhesive sheet; renovi ng
the sol der particles notobi@heiag ap adhepive shegtihbaviiw @ adsirality of

aligning the sol der g}?rt i cles on said adhesive
esive 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;
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 recited in Claim 16 whé;ein the step of
_ securely attaching 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.

W



. — s

sheet with contact pads of the substrate,; transferring thernmal
energy to said adhesive -+ sheet; renovi ng sai d adhesi ve sheet
"fromthe sol der particles; : and securely attaching the
sol.der particles to said contact pads. 17. The nethod as recited in
Claim 16 wherein the step’ of . séeurely attaching ‘the solder '
particles furpbherthe method udes réeditwd ndnt helsnhders pardieddedn. thS8.
The met hod as recited in Caim16, wherein the step of transferring

t her mal energy stdbstidaie isi acsemiemnductoriaatieai.ni ng a tenperature bel ow
the nelting point of t he sol der particles.

-25 - 19. Th20.nmeAhoethad fioecitmxhsfierrifdaismldét, patdeden firten an
substrate is a sem conductor wafer. 20. A nmethod for transferring :sol der
particles froman adhesiyghebeet Sheetsubstrasibsomprésinppgrd sitegst bé: st eps
of : obt ai ni ng an adhesi ve .sheet having a plurality of

adhesi ve ar eas; | ob¢rhgind ears ddhmsipar she¢ehavingaiad pdtiredite sfieet ;
renoving the sol der particles not adhered to said adhesi ve. ar eas;

al i gning the sol dera iive| asea®; sai d adhesi ve

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 gdhesive 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 wheréin 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 19, wherein the

substrate is a semiconductor wafer.
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sheé_t W th contact pads of the substrate; exposi ng sai d adhesive

sheet to radiation; renmovi ng sai d adhesi ve sheet fromthe sol der
particles; and securely attaching the solder particles to
sai d contact pads. 21. The nmethod as recited in Caim20 wherein
the step of securely attaching the solder particles further

i ncludes reflowi ng the sol der parti g&gg. 22. The nmethod as recited in
Claim 20, wherei nziai d radi ation

conpri ses An integrated circuit packdgeavppbiiced by the
radi ation. 23. The hod as recited in Caim20, wherein the

substrate is a seni gt 8F Gk 16. . -26- 24.
An integrated circuit package produced by the nmet hod of C aim 16.
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