12 APR 2005 WD 02/40145 PCT/ USO / 45246 Met hods of Formng a Plurality of
Spheres; and Pluralities of Spheres TECHNI CAL FlI ELD The invention pdrztf&ﬂRn@ﬂﬁ
to methods of formng a plurality of spheres, and also pertains to 5
pluralities of spheres. BACKGROUND OF THE | NVENTI ON Numer ous applications
exi st i n whiwotozisbisss desired to formpluralities of spheresrugvigkess are

uni formin dianmeter, spherical shape, and surface properties, with
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wherein sol der beads are transferred to a sem conductor device (or
package) and BAGKSROIIND OF THEIINWENTIONr m el ectrical interconnections
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vacuum device) and transterred to a sem condu ate wher eupon the
beads are supptisalglx diffcyt as the piformey reaBengtots phweh hpgdsicprebersaseptiqnallifigh. -

i ndent at 18NS Hop isBfte ! AMXnlLy seﬂgwasnpréctssﬁ%@ﬁﬁ@m&e@ﬂﬁmg&Jmirsea@ﬂs the
or. if sone of the indentations ot filled

tenpl ate after the shaking, or re

in the tenpl afﬁlé‘?dq‘?'rluér"? pay g’@?‘?ﬁs'%?f“"‘ﬁ@ﬁ‘cfgldfrrbé"’rﬁiéF’éFF“E e ‘°t"ﬁ%“‘§?\gﬁfcé?52’8"d‘i?t or
sybst rate w !(br Irekags)andjsubsetmeatly rodiad fodiath Eﬂdbtrif:iflfaitdrmmsscﬂﬁns _tiadaatiivcteghmﬁm:i at ed_
with the semﬁ%@@éﬁ%@%ﬁ%&gﬁ&@%gsﬁd %@gﬁgﬁgggmgﬁgggﬁuss PebHaBhLAY 2 Process is

all inportant process relative ) ectrical I nterconnects
during chi p- stupldy gondsaiatongihergingmd subsapestyitheking thelspiRie 40 remAy sxeess tsads
associ at et Wwiile 1daGihg BotddPhAning ih ke -BhtiRion NP BAld 2Nt all\Gelielyl vdFad, Yomet he

"arger than chiretara o ElerEy ek intve Beuh TRveRBR T Porer Ring
pluralities dchdenelstmsphes esds norrellingéntigly frost thodsplete. Whimetelyt hebspheres are
punched, cut, reﬁﬂgi/nQBn IﬁlQ{EL’IEQIe fafté? meglga@fn& iafgﬁlftm})%{ciilﬂj b?'a vm\é\ﬁ\ﬁg\rice‘) and
transferred to a semiconductor substrate whereupon the beads are supposed to form a pattemn
25  defmned by the pattern of indentations in the template. However, if excess beads remain on the
template after the shaking, or if some of the indentations were not filled in the template, the
pattern of beads transferred to the semiconductor substrate will be wrong, which can lead to
failure of devices associated with the semiconductor substrate. The described ball grid array
process is an important process relative to formation of electrical interconnects during chip-scale
30  packaging of semiconductor devices, and can be associated with, for example, flip-chip
applications. Additionally, the ball grid array process can be utilized during formation of
packages larger than chip-scale.
Several methods have been developed for forming pluralities of small spheres, including
methods in which the spheres are punched, cut, and/or rolled from starting materials. However,

35  there remains a need for improved methodology of forming pluralities of uniform spheres.




35 there remains a need for inproved nethodol ogy of formng pluralities of
uni form spheres. | .} 2 APR 200 WD 02/ 40145 PCT/ US01/ 45246 SUMVARY %IMEZDBS
| NVENTI ON I n one aspect, the invention enconpasses a nethod of form a
plurality of spheres. A passageway is provided, and the passageway
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oper ati on form ng spherical drops o lquid. Fig. s a“view of several
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Fig. 1 is a diagrammatic, schematic partially cross-sectional view of an apparatus which
20  can be utilized in accordance with the methodology of the present invention to form a plurality of
uniform spheres.

Fig. 2 is a cross-sectional view of a nozzle which can be utilized in the apparatus of Fig.
1, and shown in operation forming spherical drops of liquid.

Fig. 3 is a view of several different tvpes of particles that can be formed during a sphere-

25  forming operation of the present invention.

Fig. 4 is a view of a sphere sorting apparatus that can be utilized in methodology of the
present invention for sorting desired spheres from other particles formed by a sphere-forming
apparatus. .

Fig. 5 is a view of a bottom end of the sorting apparatus of Fig. 4.

30 Figs. 6A and 6B are graphical illustrations of the uniformity of spheres produced in
accordance with methodology of the present invention (Fig. 6A) and the uniformity of

commercially avajlable spheres produced by prior art methodology (Fig. 6B).

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS
35 The invention encompasses methods of forming a plurality of uniform spheres. In one
aspect, the invention encompasses a recognition that uniform spheres can be formed by

solidifying drops of liquid material, provided that the drops themselves are uniform and remain
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accordance wi th nethodol ogy of the present invention (Fig. 6A) and the
uniformity of commercially avail abl e spheres produced by prior art 1Z APR 2009
met hodol ogy (Fig. 6B). DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 35
The invention enconpasses nethods of formng a plurality of uniform

spheres. | nwin@/4omspect, the invention enconpasses a recogar/vsansishat

uni form spheres can be formed by solidifying drops of liquid material,
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vessel 12 i s phfrom mkgiddpeids d@Rtmddial,
Vesse} 12 is elevated above the ground along vertical axis "Y" to provide a pressure head

25  of molten material 14. An exemplary distance of ejievation of vessel 12 is from about 10 feet to
about 50 feet, with about 30 feet being typical. Vessel 12 is held by a support structure (not
shown). Although vessel 12 is shown in a rectangular-shape, it is to be understood that vesse] 12
can comprise numerous geometrical configurations. However, it is desired that vessel 12 retain
the mass of molten material 14 as a relatively thin layer having a large surface area. For

30 instance, vessel 12 can retain molten material 14 as a liquid that is about 1 inch thick, and has a
surface area of about 8 square feet. The large surface area allows substantial quantities of
material to be flowed into or out of vessel 12 without substantially changing a height of material
14 within vessel 12. The height of material 14 within vessel 12 vltimately determines a pressure
of material flowing through apparatus 10, and accordingly the large surface area provided by

35 wvessel 12 can reduce pressure fluctuations within apparatus 10 as compared to the fluctuations
that would occur with the same amount of mass 14 and a smaller surface area. The fluctuation in

height of material 14 within vessel 12 can be maintained to be less than £10%, or in particular
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about 50 feet, with about 30 feet being typical. Vessel 12 is held by a
support structure (not shown). Although vessel 12 is shown in a 17 APR 2005
rectangul ar-shape, it is to be understood that vessel 12 can conprise

nuner ous geonetrical configurations. However, it is desired that vessel 12
retain thewoesaoe$ nolten material 14 as a relatively thrar/bsyssshavi ng a

| arge surface area. For 30 instance vessel 12 can retain nolten materi al
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changi ng a hgjegfe oPfiquitBila&Fiih@ appakstusVotbBhglstda@ BV ithidboul BE0NE dghk ofdratidRt er i al
14 within vessel 12 uI timately determnes a pressure of material flow ng

t hr ough appaP%pB%m_‘FOl and accordingly the large surface area provided by 35
vessel 125can r edMGEenmfa&!BiﬁLﬂMeaxf belpedvitad viakis vassel I by ap phiuadetsss éhals. Canpar ed

to the fluctuati th udocc t f 14 and a
smal | er surfac%ogr 20 e eap{ T eat]t“ﬁa X (%10 %ﬁ‘ﬁ""'“haeﬁngh‘%%g% Seﬁa@?’gﬁ tgi% t‘ﬁﬁ §m§%léi n
vessel 12 camatgaal wathniprehenrtiolz thombrs 60 ensiallew tha molgngngterighto ekl dnte yaseel b 3 . 12
APR 2005 WO Q%n‘é%eﬁmﬁ’{;fﬂp%m! @%éﬁnmmagﬁ%émeuh%&f&wm 238f@er| t. Can be

preferred that the fluctuation in material 14 _w.thip vessel
is less thansﬂ‘dégls/ﬁﬁﬁﬁlrdf?rrf@“ B?)%‘P‘él‘i!‘?ddﬁth’d}ﬂmﬁﬁ'ﬁé?%?‘ﬂs“%i to ViR the PRHEY at es to a
pressurelof. kagHilda.14 vvlthl n appar at us 10 bei ng steady to vvlthl n about

0.05% duri ng Opergtffu% B/ y\P Hsaex% dcwnwar {J romg.f%sgell an & 1nates 1{1 8r1fb

provided wi thin vesselpa'Tﬁge nUer o
provi de a pr ehwatlé,n§ HB§$$SE‘E§@3M]°8}C®WPNEF@T abople apinsswith thPterrmapepet hen to

melt solid RSl hédi wekmaeaem%gﬁd e FRATRE Q" @Pﬂas@a é@a‘%% BgngiRlsten

material to trickle into vessel during operation of apparatus 10. For
i nstance, if PiRpipabaye? dompter QifPmiahugAfnsk 156 - nHles’E?Fél’@Fﬂab YEEPPEbAr s of
sol der cas bewﬁ.ﬁamyi:dﬂﬁbtm fobter] RiBRE dbrekantl, me. I]"&hﬁeﬁ(ﬁlet}ﬁpeﬁ)sr@&&rdﬂyt he nolten

10 material 14, é nI) Iin%l!llgiog anS cogp'?‘@?% h aqle%ét[sg El%its t}zegpqmpcan {)e mymtam%mt X%%?t%lt 12 and

term nates i N &R assa can conpri se,
for exanpl e, temppipe, dumgdmcrtah@ qf en!'nﬂrffﬂ'u}zv)ilf}aeA suitghtl¢ tlemzfe@i"rheﬁei)fnlﬁt’%ﬁ enpBIPAS S

tubing and W%&d&@ﬂh&aeepe;mrerame&m; 14 flfrpﬁésag;eewmlaﬁa mzpﬁ]uﬁlegsat foouPi pe, it
can have a dianmeter of fromabout 1/4 inch to %inch erably

conprises a 18°t+iepiabletsmREG PRy 46 Fﬁﬁtb&rf?réf‘am%%éwubzsjocq &ng'é‘ﬁﬁf‘@"%t al .
Furt her, 20he 2phip proviedl@ik @aaipeyay. Mraape e isad onpsividatoron! efriliddouphredshwi t h a
heater so tha;ssa ae;p]lépe can be maintained at a constant tenperature during
operation of apﬁar tus 10. A suitable tenperature of pipe 16 is a
‘tenperature abov&hediandimaengl it énmreriiad firenerle dh e nerbaletest wigh Wedkale 14
conprises a s&m&rps m%dtﬁelpla@ur&td saaeng sho&ﬁ@@;g a) Sits hetkd ﬁath@tdfme pfs pi pe

16 can be, f g(r;t to sca e, ang that tE éjropsag are sho %Jsproporllonyategf ]arge rlelatwe to apparatus 10 to
25  simplify illustration of operation of apparatus 10. In practice, drops 22 can have diameters that
are less than 0.05 inches. The drops 22 are passed between a pair of electrically charged plates
24 to impart a charge to drops 22. The charge can be either a net positive charge or a net
negative charge. Regardless, it is preferable that all of drops 22 carry the same charge as one
another so that the drops repel one another to alleviate collisions between the drops. Charged
30  plates 24 are electrically connected with a power source 26 which provides the electrical charge
to the plates. An exemplary charge between plates 24 can be from about 0 kilovolts to about 20
kilovolts, with a preferred charge being from 0.9 kilovolts to 1.2 kijovolts.
Drops 22 are expelled into a chamber 30. Chamber 30 can comprise, for example,
metallic ductwork. Chamber 30 is shown with one side illustrated in a partially cut away view so
35  that drops 22 can be seen travelling within the chamber.
A fluid is provided within chamber 30 to cool drops 22. Such fluid can comprise a liquid

or gas, and can simply comprise, for example, air. Altemnatively, the fluid can comprise a gas 32
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20 20 are provi ded al one passageway 16 and can be used to provide control

of fluid flow through passageway 16. The liquid material 14 is expdlll &gt 2005
fromnozzle 18 as a perturbed stream which breaks to formdrops 22 (the
perturbed streamis shown in Fig. 2). It is noted that the drawi ng of Fig.
1is not tweseates and that the drops 22 are shown di spr epousiionzsel y

| arge relative to apparatus 10 to 25 sinplify illustration of operation of
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0. 05 inches are passe en a palr o ectricall'y charged
plates 24 téleunﬁﬁalﬁkoféroeﬁ%%g@%cqurpa,e?sfowmlrheméqﬁamg@oreaﬁb%@l@qlqewéﬁfma net
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that all of drops 2 car{ %&aigtf ZQFQ F ‘g anat her a%Fthat

drops repel GWE“LHBEH ”é‘P’f’ & 2ol BIEHS PHEHIREA CPRY AFgHEsY E?r‘i’ar ged
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pl ates 24 can roma Fovol
preferred chahtag@elb?éi bedes$ ?ha‘rﬂ(lﬂ Pgmkqnﬂ mﬁeﬂne pstanges]less than ﬂ%mrnt s. Drops 22 are

expel led into a chanhes, §9~ed<§n@ma§.rm3@c£@aa PR tSperdRt, PXAMPL&IeddTEL Al 1T C
ductwork. Chanber 30 is shown with one side illustrated in a partially cut

away Vi ew so®rhBeechgling af gprs 22V ig shagbersie ot PUAPED Hie &t SRR EHIPHSTHE SR Aber . A
fluid islpr ow;;ﬁ;eﬁm dfliioth -GErEITO 25°C.3Ohel MwaaO bf #E Qpﬁtozﬂamb&nmaﬂ bd,l f@ can

conprise a li a ) exa
Al ternativel yq‘mfﬂg atfolm fam%"pw&c Pee Y u}' aﬁle g%l;e C?fftf g&‘ﬁv ?GS’EW 3\86662?340 145
PCT/ US01/ 45246ﬂplgsd=i@litmem0®c}@mé¢rﬁér If Qlantbhri-l@u@qnaruﬁtd}p &t eatrgmelf pasrilght e 34, Gas

32 is prefer ahwatpm,t;@a%{o cﬁaﬁﬁﬂeﬁbcaﬁ BEreMRLE Thekas8h cANARSwE frimadd can
conprise, for exanple, nitro argon, carbon di oxide, and/or_ "carbon

nonoxi de. Pr @FEPSHIhn gheabein 06%9@éﬁovc‘tszwl%vemfsum%@wawef plspthhs 32, as
di at om ¢ 15 ox ygeen fa tidiafTdo@tnof @fefBianbi 30inddiisapt &b forddation,tand the bibdriisaved t hat
di atom c oxy%or\g]da o?an‘ﬁo athsqlrhah%gbgsbeny on of materials ejected from
orifice 18. egar PESsT O I hE" FEQ8Bn for the effect of diatonic oxygenon
formati on of dropdhefiow fate qfsaSﬁP-éﬁ@#gh eadh phnetts I can hedifierenit Fains@gncedi eap dfri ¢

oxygen W t hi QesieHRMHIGS = éQery nbﬁs&laﬁlrﬁpﬂ&mtmmm,ﬂc@1§1ermma Setapces | ess
than 100 ppm The gas 32 flowed into chanber e at a

t enper at ur e, “YHMBAPrBETEIYTECY Y RIKEHUEE T ai“‘rrﬁS ﬁ‘f"" Eﬁ"cﬁjﬁ’é’”sﬁé"’w‘{dﬁ‘if’n
chanber 30. Fomaiisis (Tancktivd ey gaef £a A2 tongh theerinit poogeiraabe @ljusgdwith

t enperature levgs(ﬁ@sfo%% to 25C. The flow rate of gas 32 into chanber 30
can be, for exanple, about 750 standard cubic feet per hour. The preferred
rate of flow can Chiybesdhisminaiy in epetrad fhEem rih Wés%ld@ﬁd SRBSAS SRt B0, | f

chanber 30 i spHeRRSS. rsmaeematetriel haes ﬁmmwmcséd gasin EE&G‘JBEr,JOTahE\L vid drépy28,abhe@ Of
nitrogen int %mgshc amber 363 as schaépes ;a trans ]%ﬁ occu;l;r\]welthi%aéﬁam% ere Veemgter\/\gl Iqlrll mary
25  transformed from a liquid form to a solid form. Preferably, the oxygen level within chamber 30
is less than 200 ppm at locations where the material is in liquid form, but the oxygen
concentration can increase at locations of chamber 30 downstream of where material 14 has
solidified into spheres 23.
The spheres 23 exit chamber 30 with a velocity. Such velocity is determined by an
30  initial velocity of drops 22 within chamber 30, an angie of the trajectory of drops 22 relativeto -
the horizontal axis "X", and a location of the end 40 of chamber 30 relative to the ground (i.e., a
displacement of end 40 along vertical axis "Y™). Preferably, end 40 is about 6 feet above the
ground. Such distance can allow suitable energy to be retained within spheres 23 such that the
spheres can roll through one or more sorting operations without additional energy being input
35  into the spheres.
Spheres 23 are initially caught upon.a landing 42 at a terminal end of chamber 30, and

are then rolled or bounced off of the landing into sorting and/or collection apparatuses 46, 48, 50
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pur poses within chanber 30. One is to provide a positive pressure Withii;'
chanber 30 so that 15 oxygen fromthe air does not enter chanmber 30 ahd R 2005
di srupt drop formation, and the other is to provide coolant flow through
chanber 30. The flow rate of gas 32 through each of ports 34 can be
different. Warozidpssance, it can be desired to have a rel B€T/valpsl4ow
coolant gas flowrate proximate orifice 18 to avoid excessive cooling

during drop ;,r%%%;g@g,gﬁa?gf&&m%gs@s meg&%ﬁy SRRRAL, sqggasz‘oﬂf)pé%mge

downstream o ormation. The relati've flow rate wgas 32 t hrough
t he vari ous popridsd Bampglyusthangd Lepsingd? gantrpucs afopayard yelpcityvbamiyres Bhadber 30

term nat es . i.fan@te@ BiHeres Mo brabpramuihiiag st 96ns 1. 16l ink kIR ARBREme 18MinE- as
spheres 23. Since terial 14 1s [gj‘lltla| I}/ rgvtcged Wi.t hi n chanber 30 as
"ég‘i’f P

liquid drops®2%nashare ofR fbe CE PSR sE 1HE aber 34 transition occurs
Wi t hi n chanber 30Axiedussed previomlyethé @locitdlofisghes 23 stakiegionn aredhich sgharea2’ i qui d
formto a solid form  Preferabl xvaen. .l eyel w t.hi S
| ess than 208" pﬁ%ﬁmgfngﬁgcc:%ltblegﬁusmy. ec’?%g?ﬁgx %@% er 'ié mllg\é&f%hr# aﬁm%{l%l%gp %(;)r?srg,n]ge but
t he oxygen elhukiat avdzisn 8. cedrchivhimaslydistemingsg valetiyws hgd 1€ Hembeazle 38 Such

downst r eam of; MR Epr ﬁ%ialﬂzlve ﬂ{f]psbﬁsﬁclaﬁ&l_, bR EfahBR, fedi SooSUPEIRS atodt 200 PS.
er

spheres 23 exit chanb Owith a velocity. Such velocit det er m ned by

. ] ) I S
an 30 initiSMtheeMs@ressyreen by WHLlsdto g feadhiopibin abeyt +Hio REFRLIP t he
traj ect ony oivithinh @ps, ahd nfoed pRdferyiy fo@vithinRBouher.02q At@lg opethtson'oRapparamslita | ocat i on
of the end 4 .Chanber 30 relative to the ground, (i e . a.displacement
of end 40 al'g‘ﬂéL nélfr? | cf'aaf]gh?’ixtiWsh1 '@‘ 5.ﬁﬁfee?xgé]g%%él?v%tﬁgg%@mfﬂsaxgb%u‘fmg f?‘%gt
above the grdesis of Shets i Svcinege g anfexblydarvsen 1aBi2e’ aadheoyis,ovithen r et ai ned
Wi thin spherggmdBrSHgR bEiH?ﬁboEth_@".a_IﬁpmédQ&t 8PS 720k exbdile @UBArdNBtoQbanfBRF €
sorting operations w thout additignal energy bgl ng input 85 i nto ﬁh _
spheres. Sphéfékheypwad dirgetion gt dropsS2enghlpse veIpUR © Sﬂhgﬁftﬁ%@m&f HbeLortofig] g
end of chanberd afdstedirid comhea, if freps 20 okleetpeiléd ddounaely, the felaofty #b1ad beandi ng i nto
sorting and/ qr | | Lon SESn ; APR 2005 WO
02/ 40145 Pﬂﬁfgé?"fﬂtggéféggﬁ%g%{dag@ d?ﬁgﬁﬁyﬁgpﬁ%}tg ‘Tjoglmél:lbrrpri ses a
rel atively soft n@riBes 1&lis preferetly abeight efrfromalng 1 oot tockeyd A drstioff efdba ground.

pol yur et hane u,d3ned, RY edetnpfd AndiBEHTRMALAR WRWBH Abotel Red fhom ¢ moifaer es 23, and
can direct sphereﬁ 23 toward a @ﬁgté;ses 46, 48, 5
p

] , ., 50 and 52. .In.the .shown
o odi mont . Tt R notps et SR BEERG RES wiich 15 neip B o fieR AF 118 15
t er m nal 2@ndwade nedvandpedf tt3@ath of dhepsdR STissd@tte piddvdiousioys oftchanbeeiloed by  of
spheres 23 ahetsrn,%mp% Bt vﬁ?a%iéémgﬁgkbﬁﬁg g%a.ﬁ%%he}émw&hih apdbige 42 Catale a

function of several paraneters. AnmD suc araneters 1s a pressure’ of
fluid 14 at AozEreldse dapriserizhix iged eloye trerep fon@athalowree by e e Brli d 14
from nozzl e 8drop¥ifehch the top of their arc of travel, they are no longer aligned along a narrow path.
Accordingly, chamber 30 is widened to accommodate the wider path that the drops and spheres
25  can be along so that the drops and spheres do not impact sidewalls of chamber 30 during flight of
the drops and spheres through chamber 30. In other words, chamber 30 is widened near the top
of the arc of travel of ejected material 14 to accommodate uncertainties in the positions of drops
22 and/or spheres 23 at the top of the arc.
The spheres 23 exiting from landing 42 are passed through a plurality of sorting devices
. 30 46, 48 and 50, and are uitimately collected in a receptacle 52. Although devices 46, 48, 50 and
52 are shown vertically alipned relative to one another, it is to be understood that one or more of
the devices can be horizontally displaced relative to the other devices. Spheres 23 can be
transported between horizontally-displaced devices by, for example, a conveyor.
Sorting devices 46, 48 and 50 are optional, but it is found that uniformity of the product
35  obtained from chamber 30 can be improved by sorting of the materials that exit the chamber.
One or more of sorting devices 46, 48 and 50 can comprise a screen. In an exemplary

embodiment of the present invention, sorting device 46 will comprise a sorting chute 100 which
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pressure is preferably above 80 psi, and can be, for exanple, from about 80
psi to about 200 psi. Further, the pressure can be controlled to re,rﬁ‘riArpR 2005
steady to within about =L1 0% preferably to 10 within 3% and nore
preferably to within about 0.05% during operation of apparatus 10.
Addi ti onal | wo d2eisangl e at which drops 22 are expel |l ed rebatipvgERe
hori zontal axis "X' can affect a vel ocity of spheres 23. Such angl eis
preferably bet 20 and.. abou Ie bei ng
about 30.~ It dF%”E%it“é“ r?fﬁrﬁ?ceﬁtrp%r)gs 4%?5 g’raéa %%("B’é "é%fs 4%@@2@ I"“a %/ chanber
30. The upwasdeeds. rReeferkldy oof ofdieopser8 28 enleii Wl beadelimdddg b pyre eike Wipthas Bge23 at
end 40 to beﬂragﬁrerirarnkedof%é@wqa&rmh}fegﬁ 23 BBk r%o HMRE oM ©

el ocit cfl:

expel | ed downward ¥ he v resi stance
and gravity, ssFREHilldsAethed by 4 rqrwretsmﬁ'&r Banbe @Pmetmf th crerome Oif ee prheteiably a
hei ght of 5f r exmiseid chimbe ab. A&oﬁb@h}t th&sche@@lcadbd utiﬂiedttché% zﬂit@iﬂ@ﬁ’rajon@laﬂthg an be,

for exanpl e, he of fr 2 feet bout fro t he round
e i S obed PRSES £t LS A br peTanT bR Lra rsswﬂlerr B FomPraneePolet
orifice 18 akhdnihs mapfity.ofihdepheear Althotghpplotes 25 ere platwin padsing rhogugh @#h of Evéng -
relative wd i f varratron
in path of dtrj% %L%£g%§q§5 é’Fggh%%g’%tﬁ‘m rﬁz@?{nﬁ%fsgl%ggﬁfg ecrclr% H’Hﬁ

orifice 18 t F\‘éosélaé%?sendP@eﬁ Pyyhparessize|smghies tharthe mgicsty 9hibe éﬂhﬂrﬁﬁaewas@[drmghl-lovrever
by the tiioe LRk exit fidn SH PSS headan, trnraerrheppéailngtﬂ%hggtﬁers@regf travel, they are

no | onger aligned_alo a Accordj n er. 30 .is w dened
to accommodat e t hB*RF g%’r”?fﬁ’?ﬁ{;?\#ﬁg‘ ‘{'ﬁ‘é""ﬂ?péiﬂgm%rw %‘WB?I?%%““] o ¥2%) ong so
t hat the dropdatiant ssphethessodat thotollecipispleres 28 enibdldode efbsiehaiip@ifodOrelitive Ng

fli ght of t H)eong r%rﬂ%r %@gt&ﬁ?ﬁ&ﬁ‘&mw%ﬂ?&ﬁ I%E Da%lmg&%)l’?igishédrbff(%lpﬁé ﬁiggsgrg

chanber 30 is w ened near e are o rave
material 14 e mefEahndeant @“Eﬁ'i@k‘!ﬁtoél"ﬂﬂlq aerjah14 wbstagBalycpestast @fm&nperpeon o2

iandéI or sggere@a&&sm A({&ﬁrdtn@@ méteﬁlPeata%ft'm;E&}m ﬁfﬂﬂ?ﬁrﬁﬁy ?e%aﬁgwﬁn.@;gssi gﬂgm 48 and
andal ng ar ro r | arti ces an
50 hng ace utvd RERERp s P gl i dinie Blab b el phE S Sartviss a6

48, 50 and ©bPmeiree nehown4p3fdrabbahﬂwnsa#nhg:rwﬁ°/crcélaanlua/celnhpfoommmmhefvp,s it is
to be U”derS‘i]ﬂpﬂeﬁrﬁﬁlire1§)ﬁ&rdﬁfeﬂ§e}3‘r?c¥ %n&ﬁed sﬁﬂ&%s Cﬁ@}é'n&%@x 1& a;l%%u'?é)&f'né{%mlé}h' y

di spl aced relative to evi ces. Spheres transported
bet ween hor i ?8htaa Hlsnegpspacaself. wabat susergy valpggof e&samrest during gpRIPBPL  Sorti ng
devi ces: 46, 4fparid 160HMRerDPIsidesnad ﬂ]a‘b];btpai'tﬁ:u]h&a]ﬁl@bﬂ]ﬁsilﬁ@ﬂm}hﬁﬂdﬁ simkely of the

product 35 Q) a| ned . nber 30.cap be | e rtin f the
mat eri al s that rema’ Wt ’39‘?129?7% eyre Dp‘i’f‘rté?"(?pap%ﬁ%nﬁ]; 8 ’9‘?“ {;?’3125595% 48 and

50 can conpr Eée a scr een. In an exenplary enbodi nent of t he present

i nvention, sorting,dgyieer A& M QTN dnSEmbry 308:bp Rt ABN bEidLOBe Which 6 12
APR 2005 WO 02/ 40145 PCT/ USO./ 45246 is described with references to Figs. 4

and 5, and s BPFREr Ry PEEST 2EmERE) BOPraITHe GUips 1460 sabiy of tmperatr

.25 control within chamber 30. A flow rate of pas 32 will preferably remain constant during
formation of collected spheres to enable a stable temperature to remain within chamber 3¢ during
such formation of collected spheres.

All of the structures shown in Fig. I can be supported by various scaffolds and other
support members which are not shown in the illustration of Fig. [, buil which could be readily

30 constructed by persohs of ordinary skill in the art.

- A diameter of the spheres 23 can be determined by a width of an opening of nozzle 18.
In an exemplary application, apparatus 10 is utilized for forming solder balis having a diameter if
about 0.03 inches, and nozzle 18 has a circular opening with a diameter of about 0.01775 inches.

An exemplary nozzle which can be utilized in methodology of the present invention is

35  described with reference to Fig. 2 as a nozzle apparatus 70. The apparatus comprises a pipe 72

extending into a plug 74. Pipe 72 is an extension of passageway 16, and can comprise, for

example, 1/2 inch metal pipe, such as, for example, 1/2 inch stainless steel tubing. Plug 74
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screens. Preferably, one of the screens 48 and 50 will be defined by a pore
size which is larger than the diameter of the majority of the spher]qgg\paqg%
exiting fromchanber 30, and the other of the screens wll be define

pore size smaller than the dianeter of the magjority of the spheres 23 5
exiting frowmcchaptaer 30. Accordingly, the screens can be ptT/usmeesso
separate the majority of the spheres 23 fromparticles larger than the

majority of w@prﬁmefresmm@ﬁvs\kam@esan ch @O RRFL 126k £ SecSHIPLHBH 75 entgkga@“mﬁ
majority of the spheres t hough, spheres 23 are shown passing through both

of sorting &etPEXE &8"‘&%8“ ‘eecc’wmf §°’te8’“19.1§ BT LOFIRPE R‘Vﬁat"“”{' h"éo’H’dT’B’PPt y of
spheres 23 \A@mihﬁbamtmgalggd WSS Blirstoion 36. BeSRl g@ﬁmdmfcbmpzdsebgﬂfae pOExEEnSing €.

smal | er thangt S rdingly .10: would exit
froman end thfe fnhe SCT egtec\éngerlg%ave”rth?ﬂ a%é”a?mts ﬁough the screen. Drops 22

are prefebably foNeasttasgembly [0 dmmmatiassa mﬁwtetﬁctbe H@lﬁb@ﬁ&mwelidgynm AR firgram | n

size relati ¥1@ct;1&119%d@cﬂpélgﬁéna§@ a'&m& plteﬁeel&mc IlTﬁQ:PlQ%O S@&ﬁﬁ&ﬁe g]%tey\él lBﬁ al so be
substantially uniformrelative to gne another. Substantial uniformty of

drops 22 can®MePiRedRarasierteirall coppeqis withigonersoucedry M operainn. pavest seBRY al so a
t]?migr at ure, stﬁiﬁulalusqw;@lelamcﬁﬁeu?ial ko w&s\tﬂamohafﬂlaterﬁ?nmﬁm pigrd, n@ op]er at Llon
o] appar at cco et re of. mater 1 erably
remai ns withi ﬁmgé’%o? e f{}&adﬂ’ Wl&'ﬁ‘ 'T’%err a(s)ﬁ’eg’fa epl i peﬂ%gthﬁ%'lgh %I"fl mat el y

sol i difylPnt ®8.col | ect ed spheres and a pressure of nolten material 14

preferably remaing it 'thgt th s‘ﬂM QJzzlé‘as\ééh}lb%%s anéx'exﬂﬂmfy%s%lb Od B Jufdp . dr ops

that are ultimately solid I nto col eres I's noted that the
pressure of ﬁ%@rﬂfssmblreacanxme PH‘I’Z%WWCH‘PW ﬁ’é@se{gewawwn ¥ds dartedtider ous
val ues of pr.asshwa a6¢inblly isHkibiablg ol Sdefil if @1 tdafperaﬂreaﬂp@éadmuﬂaﬁnamm it

i desi d that t.| 8 |1
ormtn w ¢ hi Rty 655 Geter gty Srer g RSN M GubiEMRnEl Beflsanigno,
uni f or m dphepgescd® thiemphrgure bigpesi2. dMratpiegariedtnd hagnbatop fimcuminger ni ty of
drop formati Qi Rest G85ee avdv€ r‘iﬁ’ﬁwﬁe@ér% f 1s%9ﬁre@{o%§§e%a‘?erﬁf 18RS i 1?4 7256

proximate orifice 18, is the.stability of tenperature .25 control wthin
chanber 30. KMPE@EHef alteéceésrofaa%celzwﬁ Fepargiise0 &S g desige R RRRISTOIATur i ng

formati on of nﬁ@hkleotseﬁlacsq)m eiﬁe 12(herﬂ1€bhhzﬂlya1$8lﬁtaJa|sﬁc$reﬂﬁ@{pﬂﬁrjddle@1gbs(bfr enai n
Wthl n Charrber I?éa ar. seSQn ﬁ]c 2 ZO-E CC IC%QBTOa IS CG(FF(; ed ]Spper ell?‘h Of the
structures shown P aIt—u i np% e AR R S AT AR LY AR R and ot her
support ﬁf@nbe?ﬂE”QWFEPFOBJﬂ@WIHtS B#@P\Numb\%rﬂtﬂféﬁﬂﬂﬁnétiﬁéﬁﬂén of Fig. 1, but”

whi ch coul d be reg érxnonSrQat@rﬁnﬁtlgu&,s]edﬂmgps@@mde&m@smc@agy skill in the

art A di aneter of t eres, 23 can. be det d a wdth_of an opening
PN PSS RACICR SHEALE  CN  R C

form ng sol despetpadell sn Materiah (¢ @ud ehiva st fiende drop &3oerionGn B8ejequgieseriabldd Fizozzl e 18

has a circul g, FPJP%EA Q&%m@'ﬂx&%@haﬂ]‘ﬁ@&r@ fo%at:@‘pgh sgoﬁst% 327 él]plvpﬁﬁlﬁ‘x? e matdridl

exenplarﬁ nozz e ut|I|ze resent
i nventi oRdi s 185egite sxfpinpladboy regionsé efte meinerasifirg 1. Speh 1baUSrree<qu§0 appar at us

70. The appaeahtslnGepapld i1 isBndPdB 91 2nd 93, with drops 91 being substantially smaller than
drops 93, and with each drop 93 being paired with a drop 91. Ultiniately, the pairs of drops 93
and 91 merge to form the drops 22 of Fig. 1.
Fig. 2 shows charged plates 24 adjacent the stream of material 14 at about the location
30  where drops break from the stream. Plates 24 can thus charge the drops at an early stage in the
drop formation process. In the shown embodiment, plates 24 are provided at a location relative
to stream 14 where bulbous regions 90 are still connected to the primary stream, and accordingly,
prior to formation of discreet drops. It is to be understood that plates 24 can also be provided
downstream of the shown location, and specifically can be provided at a location where discreet
35  drops have formed. Plates 24 are shown to be relatively smaller in Fig. 2 than in Fig. 1 for

convenience of illustration, neither Fig. 2 or Fig. 1 is drawn to scale.



extending into a plug 74. Pipe 72 is an extension of passageway 16, and _ca
conprise, for exanple, 1/2 inch netal pipe, such as, for exanple, 14 12 AP 5
stainless steel tubing. Plug 74 7 12 APR 2005 WO 02/ 40145 PCT/ USQO / 45246
conprises a first portion 76 proxi nate an end of pipe 72, and a second
portion 78 wmgagedsw thin first portion 76. Plug 74 can ecompriisezssf or
exanpl e, a swage-lock type plug, with second portion 78 threadedly engaged
within first port F%m hws DRELIHIRA e moi,ﬁeaca@mrhﬁg%%ﬁee@méd &ﬁae.%%q.ﬁﬁge@ndl ng

t her ei n. O‘Ifltg can@g}llne with a hard materjal (not ?’? 5 Nozzl e
assenbly 70 &t an EeigPF stmbe andyiitized toupeniter the drpgrfospation p@&ﬂS&rﬁw ’@P’P g§'%i pe 72
and an el ectn sathd ypmﬁchwjum;dmbﬁﬁmaérs fgocRfed Wit affiaRAR1€(FRELY, behaat eri al
80. Conductl\fe mat(le q.e z% 9(9 12 ar el ect.rical. g%n%on ectted with a
power source B4 P %’emtyi%l 1€ U RAT T dGTprea g ) CPUPIZE B OB ATE W) ect ri ¢
material 80 to cahﬁ@milsb‘ua@tslsm mwahtdttiem ozl apparduisiT0 paqibe ditreagudrtions
ultimately t ' I | is
expel | ed thrgfj éd'(§)trgz|s |(g% {)% E(‘ﬂilhilbg{é \Mc ﬁ%ly”gﬁp%ﬁh@mﬂfé e?ﬁ(?\t}\}t:ﬁ?lf)gg%?éeﬂogssenb
is an exenpl & W%%fs%ﬁﬁ‘lawleéﬁ&a%IPP&t’t létnn@ftes PrEFAS Fllegting apfirp seheanAie: uti | i zed
i n et hodol ogyhefdh gdnbi@ted BEHRMe ehiIMi@itioh PRdcest Eanibs meled@ndWRbupgiddiddpparbiiecshown
assenbly is probabg% onlly useful if the tenperature of pipe 16 and materi al
14 remain b8 B EEEE ! ddecifical Iy, since piezo-electric material 80

cont act s 1fi pe 16, Etdnef apparains Bl of Rigl 1 is bidly eduilénqpaiyeid b dornltiontof spperealluhere of

pi pe 72. Ms ures of
350C or abovtéalpétﬁﬁgf/ogﬁg%e%dvg? ! geg%n?ggﬁlg&eﬁave m%[ﬂ ér??%xﬂnﬁﬂ gﬁ%ﬁg’?&pl pe 72
at tenperat dleésparaﬁme‘itsesélumates%@ai ohige Hipes oA ppatiestthas capexig eppadies Fe- desi gned

SO tlhaz pi ez@p&hRalyl 7. 3 INBdu@ick @éer@@lylsﬁaeﬁﬁaﬁé?ﬁi:lldcﬁm&lr&tﬂstZAIRSM sxamxnhﬁr mal ly
i nsul ati ve s nozzl e arat uses
e oosl vt PRTEE S HeGrE s Bt g orr hes By R Surates § sty BAbe o o

are provilfed than thd dBiredeitecmpariiniye swallsr BaGhOBBiralnite, InbH A8l 98 havimgper at i on,
material 14 'ﬁn&é@ﬁ% eQ‘hé M%@hWIQZIZIQQQd R4t axplge fgﬁﬂeti B% 1‘]& -processing of

Si nul t aneously, piezo-electric material 80 1S el ectrically BStirmil ated to
cause a wavef&r i brpugevarioysieschigisny o ingrancerheaicle 130 oA e forudd if Pt dence
drop formati Mﬁdiﬁtbdﬁlﬁr@feazhﬁﬁg AR bewitado hich VEloglty, Bvindel ktHﬁhﬁﬁIQeﬁarﬁj&c@)fenpl ary
mechani sm of dro nd speci f oS at . the nmat 25 14
begins to form%‘% %ousen?dedo?ﬁc%r%g“ﬁ'ffc q‘nfam{hg%{ %H% fl&y"ég Pgee Pt o8 ?% a]F)ous
regi ons 90 eweniftd ¢ryn%felpmdaif@5 %mbdlpmth ntr,ﬁtanthGpéu@@llandf@shqw sthie:dr ops
91 being sub%&uan,;mémeémckﬁrfafsm@mh u aﬁgl%@me@%dz wo&elas lea&hmwd%th% bei ng
paired with a drop U timatel %e pairs of and 91 merge to

form the drop&ess Qq"d‘? drPﬁ’ Brforg S°hﬁiffdng 2"%‘\9\% 124eer geeyT ‘6? H‘ﬁ‘%%drﬁﬂzzdﬂipé%se‘rﬂ t he

stream of mabethamber 34 padr tadtiditvidghe | ocati on

- The processing described with Fig. 1 forms very few defective particles, as evidenced by

25  the Fig. 6A graph that is described below. However, it can be desired to further purify the
particles to remove the few defective particles that have been formed. Accordingly, the various
sorters 46, 48 and 50 are shown configured to sort particles exiting from the chamber 30 of the
Fig. 1 process. The sorters can comprise conventional screen sorters, or alternatively at least one
of the sorters can be a novel sorter of the type described in Figs. 4 and 5 as a sorting chute 100,

30 Chute 100 is a tube which is angled relative 1o horizontal axjs "X" by an angle a. Angle
o can be from greater-than 0° to less than 90°, and preferably iz from about 5° to about 30°. Tube
100 is rotated during sorting of particles as shown by arrow 102. Preferably, such rotation is at a
rate which is less than or equal 1o about 110 rotations per minute (rpm), and which can be, for
example, from about 10 rpm to Jess than 110 rpm; with a typical range being from about 50 rpm

35 to about 80 rpm. Tube 100 can have an internal diameter of, for example, from about 10 inches

to about 12 inches.



30 where drops break fromthe stream Plates 24 can thus charge the quﬁ? 2005
at an early stage in the drop formation process. In the shown enbodi r;e
plates 24 are provided at a location relative to stream 14 where bul bous
regions 90 are still connected to the primary stream and accordingly,
prior to fowwatzisonisof di screet drops. It is to be understporuthaspl ates 24
can al so be provided downstream of the shown | ocation, and specifically

can be provided afne Jh@Qﬁ’-Bﬁe@ﬂoxY\’Bﬁ{:ﬁes@B%ﬁlrﬂ%%lIaﬁ@g@@ﬂ&ﬁﬁ%@ra&ﬁéﬂ@we@' at es
24 are shown t19 be relatlvexg‘]: er in Fi
# fEPEHe
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m nut es pr|orni'o co uni brms a’ted’ during
t he equi 11Pbr 462.end k?ﬁ@ééissﬂwlhtrabé tlmlafﬁleda ‘hﬁ@em@mmhmucme fapmrsahqmsallo as

mol ten mat er ipgkiciléo bé—goéﬁesmebf th@ﬂpéfa@{e%m]agthgi)oﬂ:ohg Su&h ik Slofekaleb Yo QUi | 1 brat ed
prior to formation of spheres 23, there can still be sogg%efectlve

particles pr&des &g ’?%‘?’Hy phfke rafiFlesaitge the Bihe Frééh"é‘&?l“f 3 brgom vl ¢ he
appar at us. Flcglsnﬁtelsbﬂetlsd] patios, sey aauaion-qfheﬁ&amahgcm sreGfowpar 4 didd Fshettdbat Acan

exi t appar at %%cuég devaceﬁqg 1sf Ir&«adl %’suck tl% nm;? sphernclé partl%iegﬁfrg th%glg]; ﬁaké %bes Hh’gr i cal

particle 23 o esire Vi ng di npl e,
a parti cllé  199ted bayevensthengh aormmmﬁ:éaargﬂ?smsm@ onév 3 gretsidg jogthq tphe, |ﬂa>rger 15,

than the desiph@diesiag fso B PRE binklsRe éﬂﬁetﬁﬂiéa'}?hﬂ{er Gth@ubrda it Qe aibk Rehtish Z€, and a
particle 198 h?w ng.a flattened shaeg’ articles 190, 194 196

and 198 can BEFEOHEGR ey PREVEE souess waefg?l pargiflgs "Oiﬁp'ieﬁf%xffghdva} i ous
nechani sns. MBertubensbtin oo fa&rzﬂllﬂﬁﬂ rartitBdcat ain Hengfstlewsd of the a;bpardtselﬁ}aeoﬁZS

| ands on too Qﬁe me%me%t L1fr' tg)e ro%dtzox? 15 tod siour ‘Illpoq é\'[%g cl\éseclfg gﬂa} Aong avﬂoﬁtﬂr? d

structure 192" can occur F near 'y har dene contact one
anot her B@fopéthﬁmbtw%enm@mwhgmefﬁam}e particle 194 can 20 occur if two or

nmore |.iquid drops TRLsoRRFBhRE1 00icf FgH M gndanat th:farchﬂl}eadSzlnltdgboub fbr@ep&udldgy l'i quid
state; small artlcle]@?ﬁ:agfoccu if a snal g 99 oftthe Fi g.
2 process i stﬁ%{’ & SBYRES Wi (e ) rq"h?pb"éi”a' TS é‘r'?)’fﬁ’ %éesf%?*"é’e E&I‘T'Hla?yl ng; and
particle 198 sipahrlpoaupberital sruciugp?B 6 seiroypd 2Elizingperedns alanes iAdeordingly.dtrambeer 30
prior to sol 'egﬁ‘J waﬁc;l;ll_hg s@éﬂﬁ%ﬁé&@&d%&qést?%r% Edﬂex%aﬂtrugturrasof3rmll|¥ Y few

defective particlés, as evidence
conventional methods. However, the sortmg chute of the present invention provides a method

which can be utilized to effectively separate twinned structures 192 from spherical structures 23.
The processing of the present invention can be utilized to forms a more uniform plurality

of spheres than could be achieved by prior art methods. Specifically, processing of the present
invention can be utilized to form a plurality of at least several hundred spheres, and even at least

30  several miilion spheres or more, having a mean diameter of about 0.03 inches and characterized
by at least 95% of the spheres (i.e., a 20 level, where o represents a standard deviation of the
spheres) being within about £0.0004 inches of the mean diameter (i.e., within about +1.3% of the
mean diameter); and in the shown embodiment at least 5% of the spheres are within 0.00035
inches of the mean diameter (1.e., within about +1.2% of the mean diameter). Additionally,

35  processing of the present invention can be utilized to form the plurality of spheres having a mean
diameter of about 0.03 inches and characterized by at least 99.73% of the spheres (i.e., a 30 level,

where o represents a standard deviation of the spheres) being within about £0.0006 inches of the

10



25 the Fig. 6A graph that is described bel ow. However, it can be desired to
further purify the particles to renove the few defective particles {haPR 2005
have been forned. Accordingly, the various sorters 46, 48 and 50 are shown
configured to sort particles exiting fromthe chanber 30 of the Fig. |
process. Theosarsbmss can conprise conventional screen sSorPeT/ES010I5246
alternatively at least one of the sorters can be a novel sorter of the

E yge Slwe]s c L i befad dankdid $:. < 4{(1@!’[\@b¢?1t @@H/o @ftﬁ&ﬁ{ah lﬂﬁn thlg‘taﬁg( QR shébh Qyélaﬁleﬁ-too i S| a
ube Ich i ative to horlzonta "X ngl e

a can be fr o§? Z:P/g&‘f‘g‘?spgﬂ&%?’?o‘f"&"l 003 ashe theéﬁfa“ ‘Ei?'B‘Tt‘Et(’aFol"V&i%b?‘}t6H{ﬁbout

5t 0 about 30of theilbenn difdRter)s r ot at ed during sorting of particles as shown by

arrow 102. Prefer %El o IHEHI%QS 4 8&1%3;1&@&%0%2% on%{spﬁé%s cfm%ée%% EIC§OI’!11%1§CS w% han or

equal to about 110°rotations per mn
exanpl e, #rometipdoiney plthe prsepionietics. ThreapherasGategonipedih Fia. & toympiperd to ﬂ@mge ‘bei ng

from about S5QpbRMcARbihd lﬁp%ﬁahﬂg foriEd m-géégl%al;légqlltf;%ﬂ’]%y @ﬂhé ﬂ%ﬁﬁtnal
di ameter of, for exanple, from about 10 inches to abou I nches. 9 12

APR 2005 WD B??’ﬁ’@’i&’ﬂmlg(’ﬁ*/bﬂ%i‘i'f%i?ﬁe E1HP ¢ ﬁ@‘%‘ﬁé%’i”iﬁ’p’ér”éﬂ“i%liﬁﬁ ﬁéﬁfﬂafﬂees 23
fall from| anhtegg4efines BROsbupE 6F sphefds ag IR oA djffetnBys frdin brieGnother I Bhekdpye t O
t he vi ew of F ).l nto an .upper of SO hute. 100 d t hen
proceed throug]ﬂg G%“PUSE% cfsolor@? Fagqmﬂggﬁ%)?esso elpé%en(% he' 'rm(]jtan f‘%ﬁ of

sorting &bt e\'lfl@@esciatuswtsizdréstrﬁiamnthatevslb@@btbloede’hﬂleiuwveﬂlyt travel a curved

path along a si dem@'doreefma%tﬂgsﬁl&%a@rﬁz&ﬁxPgr&Fﬁa@Qeﬁeé i Cf@&ineéh%bér@oend

106. Specifi caIIy the sidewall is constantly rotated spheres 23
remain al ong®¥ ’azﬁ&%Pﬁebf“bﬁ%fmfimaf@ms&éébmlswg/m%eAcng’éslésthwa%mﬁna%| ed a
curved path. bﬂdoahgmmodcﬂbg@hethé ﬂ%s%hﬂlﬁl@nt%dﬁ‘é@ﬁﬂmahﬁh OitCtRE spuaae-fcemﬂgn along a

bottom of the tu i s found. t er.f ec articles 23 wll
travel al ong % g)?o es c ena lﬁe\eP bet!;': (SIS utx?réstoesp\};\ﬁes tﬁgee %bé dtlgxfj ALs gbagl%fallél es to

remai n allﬁ)ngﬂbilstt?@ﬁdtuoﬁgcﬁﬁthe tube and t hat non-spherical particles (such
as, for exanple, A90Q.f Mrl{?gphe@ﬂgst;tggcaﬁi' cajt:éggnzeg)np‘f\é lﬁﬁ atnﬁ ?s\fgl.lndw&nﬁﬁtah at a

d|fferent rate which W |l cause the non-spherical particles to be along a
side of the’ ffi&ﬂbwd?raﬁfﬁtr&"ﬂ%éﬁphaﬁc sigdhap ge i”ﬁﬁﬁhe’SﬁE’ﬁd‘iCE" PRIGSREPEE in Fig. 5
wher ei n t he nBhoddldgy obHthe pﬂaennweﬁﬁoml Ehe [@uthilty oyphche ofﬂ@eﬁBaf chaabreniad By ata

bot tom of t hFa}t Hg/e iﬁrﬂgsép\ﬁgrlés Qrﬁ)tﬂ% 'Obwtlsm%ﬁ)es%f gh% ﬁ an%%rbn}eiegli\iea%mt %9 1% few |

non- spheri ca arti are stiown at  a vacuum devi ce
110 is p?%w E@ﬁ% Yighimghort ﬂtlkﬁé%rvéﬁﬁ@sman@a’ar) by PE T ¥s offthepipharesdeisk héhinf t he

tube. It is 150600k 8dnek Bothe %um,ameugb m@ +wSRRGbIE 2 4 PRSAthChas dAMmeeshown
only at one {*_%ﬁ% of t articles can al so %Jher si de

of The tube. ThPeEer it b SRR o RP et S8 RS 1 ShEeapi y
chosen-to be p@tiucad byggrer whincthodbprrikivesersphearisoadf FiparaA b éB sinen-tspher i cal

particles. ethB&%g}Hp{ﬁe Exgge Jll\gﬁ'ndn%al}:ﬁ?(?dut?}ﬁ%uch%le er Eigﬁlb i%{:x I)f ghegusst E%HS p: ][]

al ong si dewa s of and separation can be I netfici
tube rotati oFigretEsBods ow, all of the particles can stay along a bottom

It can be desirable to have tight size distributions of spheres in numerous applications,
including, for example, semiconductor processing applications utilizing solder spheres. For
instance, if solder spheres are formed to tighter size distribution parameters, such can enable baii
grid technologies to be preformed within tighter parameters, which can enable more uniformity

30. in semiconductor device fabrication, and possibly reduce the percentage of device failures
occurring as a result of errors in ball grid assembly.

Although Fig. 6A shows spheres produced to have a diameter of about 0.03 inches, it is
to be understood that the invention can be utilized for forming spheres of numerous diameters.
In particular embodiments, the spheres will have a diameter of less than or equal to about (.05

35  inches. In accordance with the graph of Fig. 6A, such spheres can be characterized by at least
95% of the spheres being within about +1.3% of a mean diameter of the plurality of spheres; or,

in particular embodiments, within about £1.2% of the mean diameter, with several hundred or

11



20 of the tube and separation can be inefficient. The sorting chute iﬁ?R?&ﬁ
Figs. 4 and 5 can be particularly advantageous for separating t wi nh
structures 192 (Fig. 3) from spherical structures. A tw nned structure 192
will act simlarly to a spherical structure 23 if separated utilizing
screens al ommo2Aemerdingly, it can be extrenely difficul ectrosaepméate the
tw nned structures 192 from spherical structures 23 utilizing 25

conventi onal ver, .t he sor f.th vention
provi des a met dgga%ﬂﬁﬁsge“ﬁ can °"‘??%L e& %%c ?nggj%g%gﬁg%3¥ﬁmnnned
struct ures 18ghefes eanbs pitkin aloat ﬂé’«t ofacreen ‘égn@@ Of th plarality eé@éfgpsn o fpattingarpr esent
i nvention capmbiknts! Wiflato® 2 @94 Br the WRELdiMMOr m pl ural ity of spheres than
coul d be achieved by prior art methods. Specifically, processing of the
present invention can be utilized to forma plurality of at |east several
hundred spheres, and even at |least 30 several mllion spheres or nore,
havi ng a nean di aneter of about 0.03 inches and characterized by at | east
95% of the spheres (i.e., a 2(y level, where a represents a standard
deviation of the spheres) being wthin about 0.0004 inches of the nean
diameter (i.e., within about f 1.3%of the nean dianeter); and in the
shown enbodi nent at | east 95% of the spheres are within 0.00035 inches of
the nean dianeter (i.e., within aboutf 1.2% of the nmean dianeter).
Additionally, 35 processing of the present invention can be utilized to
formthe plurality of spheres having a nmean dianeter of about 0.03 inches
and characterized by at |least 99.73% of the spheres (i.e., a 3a |level,
where a represents a standard devi ation of the spheres) being wthin about
0. 0006 inches of the 10 .12 APR 2005 WD 02/ 40145 PCT, USQO /45246 nean
diameter (i.e., within about =E2% of the nean dianeter); and in the shown
enbodi nent 99. 73% of the spheres are within 0.00053 i nches of the nean
dianeter (i.e., within about 1.8% of the nmean dianeter). Fig. 6A
illustrates a statistical categorization of spheres produced in accordance
with 5, nethodol ogy of the present invention. The spheres categorized in
Fig. 6A correspond to 10 separate conbined |ots of spheres forned in
accordance with nethodol ogy of the present invention, with a | ot being
defined as a group of spheres acquired on a given day, and separate |lots
bei ng defined as groups of spheres acquired on different days from one
another. The graph of Fig. 6A thus evidences long-termstability of a
process of the present invention, and further 10 evidences that a tight
size distribution that can be obtained with any given lot. It is noted that
t he spheres categorized in Fig. 6A have exited directly from chanber 30,
and have not been subsequently processed by any sorting neans. Accordingly,
the incorporation of sorting nethodol ogy of the present invention, in
conmbi nation wth the sphere-formng

12



met hodol ogi es, can enabl e even better distributions of spheres to be

obt ai ned t'han are graphically 15. illustrated in Fig. 6A A set of prior
art spheres is statistically categorized in Fig. 6B, and is found to
contain a much w der distribution of sphere sizes than do the Sphﬂﬁ@ 2005
pr oduce%or dance with nethodol ogy of the present invention.
pluralit heres of Fig. 6B is characterized by at |east 95% of the
spheres peing w thin 0.00049 inches of the nean di aneter of about 0.03
(i.e., 2b bei ng 0athed of fomeng = pluedios offsphares, nemmistiganet er) : and by 99. 73% of
t he spheres bei ng il < 14 1 of t mean di aneter (i.e., being
w t hin about =L2. E@%ﬁﬁ%ag“agg\gaﬁﬁééng%@ r"} N CRE spheres of Fig. 6B would
be cénsidered to Bewpgiadmuiskbmhjtett paiszm wdy smdéxbﬂlihg)meﬁigﬁidmﬁ fege Produced

by prior art d r,.C ari son of Figs, 6A and 6B shows that
met hodol ogy o;rgr%fﬂ:g' %lrsg eer:blH Uvaéﬁot%nﬁ CHY "b"P%ﬁBgE il Speid e diresiest andbut i on

of spheres t hamharein theSpgiingof the tiqui tdogies dipelfiagt gigdRsiphal £ b fave
tight size disgydhutions of spheres in nunerous applications,” including,
for exanpl e, sem conductor processing applications utilizing solder
spheres. For i nspasiog heidfops tirchgh aShhietoasorhe afops iAok @it igRESK imb 2€

di s§i bution paranmet er such can enable ball grid technol ogi'es to be
pre% or med V\/itl‘Pﬁlr]lran‘ﬁts@ereﬁar aneters, which can enable nore uniformty 30,

i n semiconduct or ahdieiting at Rbstisend biahe spheftspeasi bl y reduce the percentage of
device failures occurri n%%'as a rgtséu_l t . of srror_s (in bal lqg%ri d assenbly.
Al'though Fig. 6A SHORENEHRIFBEE S figdisaid stgdnndthin hoaeiQ® dwingtbout 0. 03
inches, it is fotnmedas ol @ antlat Badled Ae MOVARLLONHeAD be utilized for
form ng spheres of nunerous dianeters. |In particular enbodi ments, the
spheres will have a dianmeter of |ess than or equal to about 0.05 35 inches.
| n dcordance Thistetlidieof graitph wokrehi @e pBursstGht HRALE 851620 @ﬁeaﬁ;}g%@ g1 zed
by at Ieaggo [g?,g/oaof. t e,s]%g?.res Eei ng within about 1.3% of a man di amet er
of the pl Gral' ity Bfi"8fisdpEationpt the grops that yre coosd igtetshao abested sphareshi n

about 1. 2% of the nmean dianeter, with several hundred or 11 12 APR 2005 WD
02/ 4014%5 PCT/ %O/%Séﬂ? even g‘ev_er | mlliaon spheres being conprised by the
plurality. FurtREENogolFlaiRd wherenshs pressupret thediuidds meimwited sfadhiowialbout f 2%
of a neanallivar@0E dafing he fekditad bitite Ofops o1l o '

e di ments, within ab%ut 1.8% of the Fre%ﬁl%dﬁeior%&?é?m [H%Z&%&EA(IE’%h%% CLAI V5
1. nmet hod of formng a plurality of spheres, conprising:

4. The method of claim 1 further comprising maintaining a temperature of the liquid

steady 1o within about 5% during the formation of the drops that are cooled into the

collected spheres.
25 s, The method of claim 1 wherein the liquid comprises a molten metal,

6. The method of claim 1 wherein the liquid comprises a molten mixture consisting

essentially of one ot more of tin, Jead, copper and silver.

30 7 The method of claim 1 wherein the liquid comprises 2 molten glass,
8. The method of claim 1 wherein the liquid comprises a molten plastic.
9. The method of claim 1 wherein the fluid is a gas.

35



provi ding a passageway termnating in an orifice; flowng a |liquid through
t he passageway and expelling the liquid through the orifice, the ex@élﬂ?&gﬂﬂﬁ
liquid form ng drops; wherein the orifice is upwardly directed, and
Swherein the expelling of the liquid conprises expelling the liquid

upwar dl y1% r om ifgremetﬂﬂpg plcdaimp adreigLie Reiddy vges anhdapagdr camptisd @, and cool t he
drops and Lidify i I -] Qof. es:.,10col L ecti ng at

| east sorreég%‘r&? klllieeylls%{uhg? g{spgapegﬁ%%n%f\ ﬁfrgicﬁsﬁghé\%f)erntelaslgﬂ%}gﬂcoﬁmf] 8™ 3 b5 %‘a‘steady
to within thbbasid S09pdied iing ating thorthedrophaef sctififedlinapsphéreat are cool ed into
the coll ected spheres. 152. The nethod of claim1 wherein the pressure of
the liquid is nmaintained steady to within about 3% during the fornmation of

t he #¥ropd. t hat Tarecibobéfethimn ntforteheongeisinect ed spheres. 3. The nethod of claim
1 wherein the pressur.e of lg_‘.he |iquid.,s nmaintained steady to within about

0, 05% duri ng t he PSVIHIBRSRATEF A Gb‘gg?ﬁﬁi““ﬁr“g’ec‘aﬁf >FiRg &' anp@glsol | ect ed
spheres. 20 Thelariet td@riodntat befram brebtdr tiyep® 16 @aPmbSdorg mai ntai ning a
tenmperature of the liquid 4.steady to within about t5%during the formation
of the drops thatP3iFBeé @‘66‘!léﬁ‘?omeﬁfh‘?éplle&sl”ée%ém%‘ﬁﬁéﬁ“%.3-“"255.The met hod of
claim 1 wherein t#Eerkih GHticOll@ONPEdraRSesaoRAhEMe BRlefk oxifing &BS EIRGG of claim
I V\ﬂjarei n the Ihi %ui d conprises a nolten m xture consisting essentially of
one or more of*"tfn, Iead, copper and silver. 307. The nethod of claim!]l
wherein the liquid conprises a nolten glass, S.The nethod of claim1

wher ei nI%he li.qui d co;g%rf'ase? % polten plastic. 9.The nethod of claim1l
wher ei n'the f1UiSdR§RedP! glagn TRurher copprigie pagtios the at Iqasbsamercf ok phered aj m 1
wher ei n t fieohdhk tkasSond s@ess 2B gMereNOb HOMREI%8u@2, and wherein the
liquid is exposed to an anbi ent consisting essentially of the fluid froma
time that the liquid is expelled until a tinme that the drops have

solixdi fi®d | NtIhe SRUMRIIQS cladn LilfunldIQ oRphIMATbadinCchahiMale Sttt ele sgf? I'sing.
providing a sorting chute conprising a rotating tube, the tub el ng at an
angl e relSPYERE HIST SBED 3L 151 SPReFesTeR B e GPRAR elfetq, Rethpagsippthe SERETastaaTpsO0:

second screen after the spheres exit the sorting chute; one of the first and second screens
being defined by a pore size greater than a diameter of the at least some of the spheres, and
the other of the first and second screens being defined by a pore size less than a diameter of

20 the at least some of the spheres.

4. The method of claim 11 wherein the angle of the tube is from about 5° to about 30°

relative to hornizontal.

25 15, The method of claim 11 wherein the wbe rotates at a rate less than or equal to about

110 rotations per minute,

16. The method of claim 11 wherein the wbe rotates 2t a rate of from about 10 rotations per

minute to less thar or equal to about 110 rotations per minute.

i7. The method of claim 11 wherein the tube rotates 2t a rate of from sbout 50 rotaticns per

minute to less than cr equal to zbout 80 rotations per minute.

14



passing the at | east sone of the spheres into the sorting chute; and
wherein the collecting conprises collecting the spheres exiting fronythg 7005
sorting 10 chute. 12. The nethod of claim 11 further conprising passing
the at | east sonme of the spheres through at | east one screen after the
spheres ¥xit thee gerhed ghclaivut bwharginpgn-stiegcatgiabied asfconkmiratidgl pdikidsher
conprisin ' U es . through a first screen
after thegasrgﬂgsﬂetgggil?}tﬁtt "éﬂl @gﬁ?l’ﬁ‘gggﬁ”ﬁ’t" g?'lqlg%%ﬁ%ggssﬁmﬁgotfts%heﬂ SHEf8% 4acr 0ss a
second scre®sieraditbs ubtiey pphiethesicaxplerittenassos ticnipnghutdze afte: whe 4bBe: hi r st
and secon e ' ' re size greater than a di ameter of
the at Iegtéc{ﬁ[%?oﬂﬁ%?]gﬁlsgggp gérsggoﬁmg%fé% gt%ﬁgg%etxﬁtéfongwe?‘f‘%' Wd:}g?heénd second
screéns bejongridieti ned by a pore size less than a dianeter of 20 the at

| east some of the {s) tyeres, 14. Ther\acgetfpod of, claim 11 erein the angle of
the tube is from BEOUT S PS5 HBSHE 40D oo oD APhaRGaHTBRSHS 208 fheidee 95he 5 The
nmet hod of cl ai mbé¢; zhdwherein the tube rotates at a rate | ess than or equal
to about 110 rotations per mnute, 16. The nmethod of claim 11 wherein the
tube rotates at a'HVEPESRS PYBRREBBLIE Ft deicdrroishs bsvihithe wetumess t han
or equal to about 110 rotations per mnute. 30 17. The nethod of claim 11
WneF |n1§;he tuféa roga et,(s)c at a Lat_e of fromabout 50 rotations per mnute
to I'gss 'Than of *htAP? P15 4Bt PEein L5tk s iemp el thasrhgres haves vECRPReZ005 18.
The met hodeidg selidifivd, kid WigketdingiRiigspheri cal masses are contam nating
particles anongst the at | east sone of the spheres, wherein the at | east
sone of spheres eRiPYFIEGHCH PEFSTE GAPBRSIRFOIaB& Mbher ei n t he non- spheri cal

masses are al ong adugkigee tlotinenyl ipactaRove 11 sohbl sHerdshaid HRsuAs t he
at | east sone of the heres exit fromthe tube; and further 5 conprising:

s
provi ding a vacuufl'dErectidersbiomens iR s Balandimedes the shgerchecadge of

theliube; and renmbnirag thd@BaNTSPHGAicE abl1IRBESES st QILLNE: §096nOfonige tube
with the vacuum 1019. The net hodhhgf claim1l vvheﬂ; gi n t]hgg at Ieasotn qgoma of

the spheres h&W8€a velocity after being solidified, and further conprising:
providing a sorting chute conprising a rotating tube; reducing the velocity

by i acting the at | east _sone of the spheres unto a | andi ng;
y 1nmp 5(5 9 'lrfle method o%c&aimlwhercin the at lc:?st some of the spheres r:omprisgat least

several hundred spheres having 2 mean diameter of about 0.03 inches and characterized by at

20 least 95% of the spheres being within zbout +0.0004 inches of the mean diameter.

21. The method of claim 1 wherein the at least some of the spheres comprise at Jeast
several hundred spheres having a mean diameter of about 0.03 inches and characterized by at

least 99.73% of the spheres being within 20.0006 inches of the mean diameter.

25
22, The method cf claim 1 wherein the at Jeast some of the spheres comprise at least
several hundred spheres having a diameter of Jess than about 0.05 inches and charactedzed by
2t least 95% of the spheres being within =1.3% of a mezn diameter of the spheres.
30 23 The methed of claim 1 wherein the at least some of the spheres comprise at least

several hundred spheres having a diameter of less than about 0.05 inches and characterized by

at least 95.75% of the spheres being within 22% of 2 mean dizmeter of the spheres.

15



rolling the at |east sone of the spheres fromthe landing into the sorting
chute; and 15wherein the collecting conprises collecting the spheres
exiting fromthe sorting chute. 20.The nethod of claim1 wherein thaPRalils

| east s of fhe.spheres.comprise at .| east several hundred spheres having
a mean giggrret e’%‘ o hoﬁﬁgtﬁ?mﬂf Pﬁﬁﬁ%@??&ﬁﬁ&éﬂa‘#’a&%ri zed by at 20l east 95% of
the spheres bei ngprokitihign pbapdwa sQakd ot cdiesicaitathied BeahaGh@xeiher . The

met hod of claim 1H{§\£§rei the at | east sone of the spheres conprise at

| east 21.sever&™? FEELSPHEFes having a mean diameter of about 0.03

i nches and char acli®ting 8tiqbiy fakn heBsk, d9%n (3%0Mfind fRSPDES £3 u?@) wi thin
im

0. 0006 i nches of thf‘?1 me_gn i aneter. 25 22. e net hoéd of cl wher ei n
thfie eRECS

the it |east SHREE dredled §ayd famingidrorsade ligeid deiak amumign detmsgher es
having a di amehféri0that RS8lid tabord RRErRrD Bhel JACHES, NG oL aF LSl 2€d by at

| east 95% of %\é,spher es bein V\A?‘ll‘ilbl n 1.3%%f a r?_ganl.nai_ar%et etfbrvg% t he
spheres. 23. RS MBErae o e meterialtroleap thetrpracriat injadigyid foome of the spheres
conprise at | eastyARAnEY Aevd 8PEE B6uiS RARNHGS. DAY o] | ess than
about 0-05 inches and clﬁg;r acteri zegmbylatn east [%gy%%‘%ﬁ%ﬁ%ig%ﬁ’er es being
within 2% of &UFesimediosnefiles ligyid Fomthebadr es. 15 12 APR 2005 24. A nethod of
forimi ng a plural ify0f 1SBRSE BSousk QRIS EOT; vi di ng-. assage staring
at an el evated be{%hm%fnlg te?m’ n%ltgﬁngﬂa{drﬁa%gmlfgdrgrséﬂii/pcglld%églfee%o%rl:ﬂ@/ace;

flowi ng a |iqélwmlty sfsphbessigagh, down t hrough the passageway and upwardly 5
through the orificeRecibhe: @RS dd GHitl form ng drops; the |iquid being a
molten formof material that is solfd at roomtenperature; the passageway
bei ng heated above a nelting tenperature of the naterial to keep the

mat eri ads i n athk Gdida o biim FRIyAL &L i 0f. - liquid within the
bath steady to wthi noabod? 1Q&f§1 t%ep%gﬁ?ﬁggﬁ{wdé)vtvgbﬂ&%bﬁ% lc?urfm mflf%&% t he
batlR: 10 Peaitayithiabarcrd dwingulhiiay ¢fths dguibiromate batte dr ops and sol i dify
the drops into a plurality of spheres; and collecting at | east sone of the
spheres. 25. The nethod of claim 24 wherein the level of the liquid within
the batdfis nAhnmaihedarl clade 24 whatsin the laviet ¢fi the Bpoditvithid Ybechali nandimeinéd ow of
the i quidedaton.ting Bako 26 s fi: Claj erein the |l evel of
the | i qui dur TR 80055 HAE Pt L “g‘é"g‘;?‘r’pf‘gh%vﬁa \in about 0. 05%
during the flow of the liquid fromthe bath.

200 27. The method of claim 24 wherein the material comprises one or more metals.
28. The method of claim Z4 wherein the material consists of one or more metals.
29. The methed of claim 24 wherein the material consists essentially of one or more
25 metals,
30. The method of claim 24 wherein the material consists essentially of ene o more of tin,

lead, copper and silver.

-

320 31, The methed of claim 24 wherein the material comprises a glass.

32, The method of claim 24 further comprising using the spheres as solder spheres in a

semiconductor processing application.

35 33 The method of claim 24 wherein the material consists essentizlly of one or more of tin,

lead, copper and silver; and further comprising using the spheres &5 solder spheres in a

semiconductor processing application.
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20 27. The method of claim 24 wherein the material conprises one or nore
nmetals. 28. The method of claim?24 wherein the material consists of one or
more metals. 29. The nethod of claim24 wherein the material consijstsPR 2005
essentially of one or nore 25 metals, 30. The nethod of claim 24 wherein
the material consists essentially of one or nore of tin, |ead, copper and
silver. 31. --The th of ,claim24 wherein the material conprises a

gl ass. 33}(.') The e Eg'gd(c)) géllma#r:nwgﬁmf' u%‘retrﬁaé?“agf)%‘tsﬁs§?5ﬁ’§f‘al[}§i°ﬁ@“? Peneiwébns as
sol der sphlerdsopger and sbei; eshilnbtompriSise6sigPe Gl 8AIIRR spiRBes 334 LANE

met hod of @ jrgv24 wherein the material consists essentially of one or nore
of tin, | ad‘,‘rrcbpper and silver; and further conprising using the spheres
as sbl der spheres in a semni conductor processing application. 16 12 APR
2005 34,..The nethod of claim?24 wherein the material consists essentially
of one or" mor 2313 i mpihpd of T'%‘Hg%,“ WppR e ahtgess pnyet theapliert uparprstse eblepyti si ng

usi ng the sapheriesdra spitkdlarviepBees diMedr Sabbut 09RIEEHRE L@V chaBicdBre T}gﬁan”ﬁt hod
of claim rein the at |east sone of the spheres conprise at as|

4

sever al hﬁ?ﬁ:ﬂ o oh HerseReresRringgv iitihent 4} QR tnshesoff thtyoesn dier@ged nches and
characterized by at |east 95% of the spheres being w thin about 0.0004
inclg(Fs §f the pean diameter. 10 36. The nethod of claim 24 wherein the at

| ead! sdffe of THemEPREPIRiBRGIthesdn &t a) leapssomesed yherspherpa evavmaide splaat es  havi ng

a nean di agRirAhualedbstitesPaPig b BERESANE GRBEAGLSS Y e 9. 73%
of the spher egs ll)Jei ;H?b%éteﬁi?l about, 0. 0006 in%?l‘ggtogf]&t%ﬁ%n%é:g%laaﬁ g?ree%t%ér? 37.

The met hodf%0t 2 TF AT U8 HRrEssdeiRe PHBINAboneN006 ingbesof tettecandivanas. conpri se at
| east 15 several hundred spheres having a dianeter of |ess than about 0.05
inches and characterized by at |east 95% of the spheres being w thin about
1. 3% of “& meant iRtk rimAevhsisinahest leayBsonting thesplrocs winpckabtie®d wher ei n

thelsat | easfers s : i at S ral . hundr.ed .spheres
QR4 s;fh@?e ARNEY ?51359@6&!%% ik cglgégia in gﬁse 3 cha:acteg:éf-%g?

having a di anmeter of 1ess than about I nc aracterrz 20 at

| east 99. PSAHHS Prf tRepipberesbaied wighinkaut nl.3%ofie 1296 dEmatenetihe dptanst er  of t he
spheres. 17

38. The method of claim 24 wherein the at least some of the spheres comprice at least
several bundred spheres having a diameter of less than abour 0.05 inches and characterzed by

20 at least 99.73% of the spheres being within about 2% of a mean diameter of the spheres.
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