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TECHNI CAL RivEkL&7[o@QA0L] The present invention is directeectassynsban®
and nmet hods for depositing conductive material into openings in

i cr of eal ur e oKkBTESAS NBAGKTRAMDRORIIBRsibhes eehgsitee devi ces,

m cronechani cal devices, and other devices wth mcrofeatures are
typical |y for b TRRIABANTOURPENGIGS N MICROFRSTSRET WEBHEIEEHSs on a
wor kpi ece. In the case of microel ectronic devices, a plurality of
dies are fabricated on a single workpiece, and each die generally
includes an integrated circuit and a plurality of bond-pads coupl ed
to the TECEII@AEGRImMCUit. The dies are separated from each other and
packaged to forn1individua| m croel ectroni c devices that can be
attache les or installed jn other products 0003

aspect [396# abri %Qf’liﬁﬁ';eﬁhdmﬁé@%df’ rfbreg"ﬁ@ hiodFyesmss a‘?‘-‘oﬁ% IJOT dePOSftmg

| nt er coRABESe ttdedrial ﬁkc&saehfng@ {rl icpR8 %ﬂﬂﬁé&@é i ve conponents | ocat ed
in different layers. In sonme applications, may be desirable to
forminterconnects that extend conpletely through the dies or through
a si gfAFRGROWEPti on of the dies. Such interconnects electrically
coupl e bond-pads or other conductive elenents proxinate to one side
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conducti v f|II mat eri al i mrersi ng the workpiece into a
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to redl{ﬁ@kath@ td hb&kK @ﬁcﬁﬁd@gl ﬁlﬁ?oeflécﬂ@b%chegﬁes | day bpaaltt!aﬁnegrto%g les or

ext er nal el ectrical contacts are su sequent * attac

t hr oughinsiglicgrin ptheeprodentect s at the backsi de and/or the front S|de of

t he workpi ece. The solder balls or external contacts can be attached

ei t her [D@d3dr e oOnafspert i fapidatitg agd pdvkaginesach doemnis ftemugnht&'rcmﬁﬂects that
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electrically couple conductive components located in different layers. In some applications, it
may be desirable to form interconnects that extend completely through the dies or through a
significant portion of the dies. Such interconnects electrically couple bond-pads or other
conductive elements proximate to one side of the dies to conductive elements proximate to
the other side of the dies. Through-wafer interconnects, for example, are constructed by
forming deep vias on the front side and/or backside of the workpiece and in alignment with
corresponding bond-pads at the front side of the workpiece. The vias are often blind vias in
that they are closed at one end. The blind vias are then filled with a conductive fill material
(e.g., by immersing the workpiece into a solder Bath). Affer further processing, the workpiece
can be thinned to reduce the thickness of the final dies. Solder balls or other extemal
electrical contacts are subsequently attached to the through-wafer interconnects at the
backside and/or the front side of the workpiece. The solder balls or external contacts can be

attached either before or aRer singulating the dies from the workpiecs.
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[0004] Figure 1 is a partially schematic side cross-sectional view of
a conventional system 10 for depositing solder into openings in a
m cr of eat urveo workpu@ce. The system 10 can include a chagb@s2080931a9

sol der {mbdy 30, ed WO4 5%1?@}‘3 sé@Rmbafic 638 SRBRBRINACHERTof ep&?%g%t?cjngg'

The solder bath 30 is generally a flat, open reservoir of no
sol der ®bteme thfuciepuitingmeaddr anto opprings izd wicrafpaursovalpietzat Thedgstem 10

gener al P, t I fant iece 40 so t hat
oot BEKBESPAREL 20! btk 6ol By BEKBLEC R P ool 2D o
during poossesgi NGhe koldaneaterafoti gemetally faoflate pap k&ervblicos aloder sbaého30
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sol der ipkpited BQ s89RM S QoRQEEEBhn %E%@%Iﬁw&ﬁ%ﬁﬂﬁ i) %olcy?%a h 30

wor kpi ece. 40 can include a plurality of openings or vias (not shown)
ext endi Hingt PrPesssingpal prit pyoedimenigfor exepiwrtkpiselder 48h Wscati schesed

bel ow, j . ' idl i |.d f.ro

the sol TorvARFRESHR AgR siniTEk, P SRt d sfistuce saaurey miied'
posi ti ofveth swilddni(ie.; doddee hraiduirg Bouadioyecehhgold a@d 2eperbat AnBOTI@NGoRbiEcEOT
ot her gases .wi.t hin the chanber 20 are exhausted to create a  vacuum
wi thi n Th@R R PBE lth?@l’mf‘&sp?fe‘fd%‘? (8o} Shewphtending ab keast nagially Arpyeh

| mrer s egle wdkigiddaetos OAS afscub@t BelRP, th@ Sp&hpenrd it 1%9?%{131?% ﬁgé@ witt 3&ider

chanmber 20 is then pressurized to a desired pressu ., using
ni t r ogefo KBB)soligs path 3B t he differential pressure between the inside
of the chanber 20 and the inside of the openings within the

wor kpi el#8030 calis eperatian, syl werkpiene tihés pwhtiheed vathin th8Chtmbére2(satoke the

into t i LN: th rkpi e 40. .Th rkpiece 40 is then

r emov ez%% k@? g%h It3 Ezan%sl 6 de r%th\éggﬁgﬁﬁﬁgﬂ (51160%’81“@%%% e’&lﬁ‘f"féﬁ‘?@c@eﬁﬁ?}a - 1

t hen bewitienheethafuben20.hEhe ehekphes 48Q fhof of vist Patialy DRSS Rt 190G
Convent.i n:gi syﬁtems for depasiti ng conductive material into openings
in wor‘k“g] (@8 shayr 1 byekeninegly| Thechiyabe 2805 ten prresusiged torm degired pressurte
sever aledr b O, L | be
vory oxsEh g Alioen ) AR A DR AL gl Bt i
enmbodi raérang tsingige Afite opoitgsryittin theoxakgbe, 40i causeathecobier atht saldebath
$100, 0 - dequat e .vol une . of solder in the salder bath 30
for pr g%eté g:‘ienséag elgg?or ﬁﬁ?%%gsiﬁ.%e E«%%?lfg%%'hggﬁ SEHIGS 4i%nls tifg removed
wor kpi efeen 4k aslderekith 3tehnd ssoddd. ane Workjitdao4d Bgh @REMHeN@SnovE® Gvh] &S
very little solder material, nmuch of the solder within the sol der
bath 3¢&ahergd o Tecesf8&r processing. [0007] Another drawback

wi th the conventional approach described above is the |arge
[0006] Conventional systems for depositing conductive material info openings in

workpieces, such as the solder bath 30 of the system 10, include several drawbacks. One
drawback with the system 10 is that it can be very expensive to keep the solder bath 30 full of
solder. In embodiments using AuSn solder, for example, it can cost well over $100,000 to
keep an adequate volume of solder in the solder bath 30 for processing the workpiece 40.
Because the openings in the workpiece 40 are extremely small and filling the Lpenings
requires very little solder material, much of the solder within the solder bath 30 can go to

waste after processing,

[0007} Another drawback with the conventional approach described above is the large
exposed surface area of the workpiece 40 as the workpiece is removed from the solder bath

30. Dross begins to form on the workpiece 40 almost immediately after the workpiece 40 is
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exposed surface area of the workpiece 40 as the workpiece is renoved
fromthe solder bath 30. Dross begins to formon the workpi ece 40
al nost i medh awebys|fter t he workpiece 40 is PCT/US2006/031309
(10829- 8339-¥60R08¢ &@é%@s@efhs‘o%id%r?&g% Aol WR2008/ 934309
renoved fromthe solder bath 30. This oxidatfon can recfw re

addi t i oFfEovpk BdEs shysg cottepdnation or defwv &Il thavdikgriccsalls eStil batosine: deswiback

or defe i . |Lcpi ege,40., Still .anot her drawback it he
convent %tﬁé &é‘%ge?%ﬁgﬁc)%a 10T o baeggi\}%veili{htahtgf“f 8’1%8?1@;5? ’é@g@"%@ pyant
rel ati veitiinbtioyetdr bati 301 ithan beldigeulbat fondfetadoldr BaRvoRidds ibhiva t

to conpl etely cove évge wor kpi ece 40 with solder. As a result, the
sol der é‘“’n a(f?ﬁ’f%i &pXic mpy netrempleisly A thenpapises aéordeg sndder may nabot
be di st pd SukBGked B # kpl rdingl - e
is a need to i nprigsde%ﬁq%aelcr&gggfgﬁﬁq %&%t‘ﬁ%ﬁ@gggmép%%r&%% ‘?@F e(r?ﬁeor
ot her c#figucend/ methade foradepositing soldenpngthen eondnetoreohatatials éntaompkingces .
BRI EF Dﬁ%ﬁ‘eﬂk%@fec@ﬁ DRAW NGS [0008] Figure 1 is a partially
schematic Si dle cross-sectional view of a systemfor depositing

sol der into openings in mcrofeature workpi eces in accordance with

t he pri BRIEWPESCRIPODON O GHEGIRAMWIRGSi | | ustrate various stages in a
nmet hod for depositing a conductive nmaterial into openings in a

m crofe bblé]e WO ieqe. in a(ic?lrdaFcet.wi t.h one e odilment (%f t he

i nvent i @n. [0015 i guife® PHENE P aE, D% OB Ve Wiat SBiadifefer
r eser vodapogitng sofder @do benirgR G0 frdeoRenM Witk Foek Rescceribs withe 9fiodhe

i nvention. DETAILED DESCRI PTION A. Overview Sumrary [0011] The

present [goosjent i Clputes 20-PEGHREatOv:S)6 Siies 7D nPRIJAGHS ddBEiLAE R OSIdb A
conductive material into openings in mcrofeature workpieces. One
par ti cuParridiBigRrseiags Bf & micefEsilerivRdwigee it eergrdageanivih ohe smbpdiment of
wor kpi egesveidudes a processing chanber and a solder reservoir in

t he processing chanber. The sol der reservoir includes a slot having a

gener al vert i ri.e i sitioned to receive a mcrofeature
wor kpi eﬂggm]l n sg@g%ea? lgnégtggifengrﬁfsgsgcmfnﬁg Véeysf’gr% %Og(ﬁerfrﬁ?ﬁoé? P ey
conduct dcverdamt erihahothtr dnatsslim@alrct ti@lihwenfiod.| i ng the slot. [0012]

Anot her embodi ment of a system for depositing conductive materi al

Lﬂgﬁbe?‘ﬂﬁgﬁ%}@?%ﬁ%@;%g wor kpi eces can include a transfer

A Qverview/Summary

[0011] The present invention is directed to systems and methods for depositing
conductive material into openings in microfeature workpieces. One particular embodiment of
a system for processing microfeature workpieces includes a processing chamber and a solder
reservoir in the processing chamber. The solder reservoir includes 2 slot having a generally
vertical orientation positioned to receive a microfeature workpiece. In several embodiments,

the system can further include a conductive material at least partially filling the slot.

[0012] Another embodiment of a system for deposiling conductive material into
openings in microfeature workpieces can include a fransfer chamber having a first opening
and a second opening, and a processing chamber adjacent to the transfer chamber and in
communication with the first opening. The system also includes a first door positioned to

sealably close the first opening and a second door positioned to sealably close the second
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and a second opening, and a processing chanber adjacent to the
transfer chanber and in communication with the first opening. The
system al ssvopmhortes a first door positioned to seal abbyr/obesmsidhe

first i,n LA ES b vhQNeOming saplealtd theataas®r éamb
second P TGBo0CS i 386 Al CA00an e 067) - e R s ¥

PCT/ US200b¢ G8d3e8ng dperbiengind Thiea g9sstuppliycesnpiedfa sy irangker Ghanley)ang the

vacuum pu coupl ed to,the transfer. a . i h

chanbe?r,gc‘%%&g( . Cfgagh"'s&’ B 83{1} |183>|3E ogﬁ‘%detot %%ﬁé?%rﬁ%ﬁgﬁ%grﬁg% % he

pr ocesgimger chanfherand Taervaedinntiuipr ioscrennd vguuedvithin Seltemster ermnbent
to create a

gas fromthe transfer chanber andrthe processi gqt}ﬁma [ e
vacuunih R PeCeRmEChaRRT SESROARYADE r TR STRRY 1 Pty g %ﬁ?ﬁ%‘é?{e Bas
respec ‘covﬁle%rangigfrecl%ﬁgwﬁg&w&% plcteSRIY dHakbato ik réhed H¥Ghesdite i Eel irapoter

into the trans ber and the processing chanber to increase the
pr ess ucteniber airbthemasvsfsine chetherheaspentidelyhforp p ded Patsage Ehaftrepd pressure

respecti vel fro first es g

than T Heet fiap P Bud prtssien oG BHERy P SRR B ReE RSN BTk Eond
in thecmemend Tiehae reseloer 6@l Hetude esbiseqiortichamd aclaydetadingsa least
portion and a sl ot extending at | east artially through.t base .
por t i opfrtiathe tepesh Higsd¥e JOHERal IT)PG\/SZ?tt hasat g‘Eﬂ&Faé%t 5#%??%’:?8%%“ 3R is
posi ti oned 0 tﬁ%%iyﬁa%m&éa@lﬂ?%éﬁcﬁewr KRL Qfem kO HYRkiEM alofiuctive

i ncludes a conductive material at Teast partially filling the slot.
[ 0013 1mSterip] atderst pretiallydidléag theslot.he i nvention is directed to a method
for processing mcrofeature workpieces in a processing chanber. The
met hod[(0i&] udesStitbwnaiberaashetdifnte indgtionfs direpta of @ aneihed Wor KpPesHae
into a slot in a solder. reservoir. . The sl i r

verti cHFCrRiEPR gf’ﬁ‘@ffcﬁsn@ § ROCHSIR s Cgerf sﬂ&r?or\r/l%g&#lﬁl%gldtgﬁg% S'ﬁ%taa%%%‘l?
the wopddai €€ rhivrofédurt 8askpip@ int@lal yloti NNBKSIEE teteraoir oNbhiscivtvimciudes a

material” within the slot. The nmethod al so incl uq%s [ nc.m%si ng .an .
anbi engensrablysisritcahprgtation sad Hieok ekBiceRyiSAPRITH 8O fhegRtanft freWRFEEEF e
to a ¥ AR Ul hRuRk als8asdud
partia ﬁqgﬁ?ﬁfff%‘g?%‘;ﬂﬁ‘%%ﬁ lgeecrg?&%gﬁihﬁgegfa% ﬁﬁ&?%ﬁr kp? ece vm'at h t httla .
conductricwesimgtasr ambient] ROEdt Fhbint e mrosesdn tleaber drowp pklpsepigssirstuged

t hroughout .to i nclude substrates upon i.ch drar. | i et
m cr oePEER} BWF%“%I%’@]%E&E@ tﬁ‘? @FS%) H%eé%lé‘%\)g)caé}{\ggé)\??%ggfi it aqlgrawooﬁtaaagmngs m
el emenig wsrkhiddEw Bl théicasdwtivenn@tst i ve |ines, nmicro-optic features,
m cromechani cal features, and/or mcrobiological features are or can

be fabfd(ﬁat ed. TR (LhaMRLRIcafirs WRRFEY Es MBI KL BBES RAMchde substrates

sem conductor wafers, such as silicon or galliumarseni de wafers,

gl ass upon which and/or in which microelectronic devices, micromechanical devices, data storage
elements or layers, vias or conductive lines, micro-optic features, micromechanical features,
and/or microbiological features are or can be fabricated. For example, microfeature
workpieces can be semiconductor wafers, such as silicon or gallium arsenide wafers, glass
substrates, insulative substrates, and many- other types of materials. The term “gas” is used
throughout to include any form of matter that has no fixed shape and will conform in volume
to the space available, which specifically includes vapors (i.e., a gas having a temperature less
than the critical temperature so that it may be liquefied or solidified by compression at a
constant temperature). Many specific details of certain embodiments of the invention are set

forth in the following description and in Figures 2A-3 to provide a thorough understanding of

these embodiments. A person skilled in the art, however, will understand that the invention

[10829-8839-W00000/SL062150.067] .



substrates, insulative substrates, and many ot her types of materials.
The term"gas" is used throughout to include any formof matter that

has no fixeb sbapeswand will conformin volume to the spewes2006/031309
avai | ablgy ka%hceﬁp@ﬁhgdt(‘s@zéré{ dr foésia'ql@t%ﬂé/ P UBddal Bt ]?I‘us agxa!f %g HQ@ %
tenperature [ess the critica erature so that

| i quef i @gengions 3V ¢18kmqvedsth@mmdémmtwm baveanot beenshawh ot degedbat inrcﬁ)aﬂ
Many speci f.i.c detall f ¢ nts_of the invention are set
forth |t§ B pS PBTeEAE 0008%'%’1%*‘3%(?68?{1 H ° Fﬁ’ﬂ?‘@?mfﬂfg‘etiﬁveﬁpﬁ%

t hor oughe uﬂﬁte;ttS;ieamdb Ngng@flar drgﬁm REBO Haf R SinclAdd B S K bihSidlar ﬂam& he

art, however, wll understan at t he 1 nvention
[ 10829- SO0 FForesreis 2nises ths wprd. “or' Vo sRre w00t oPCRNIBR00 61 DS €09

may be QeRchE a8k Bk gﬁﬁy fte ? Hl%ﬁ?l‘engg tota.hl?s% \gl‘zﬁfbt (%I I!l(?[‘e QL Qqﬂ gﬂsae chf "or"

details can be adde i nventi on. nown Struc ures
f unct i olnsudhea/est ppoto H@e&ﬂ&q&‘ﬂaﬂmﬁ 1u¢luaﬂeg (¢ Bﬂmesingla 1tdﬁtnathle 11st, ¢h)av@ifthe items

unneces, il curln the d t|o nts of the

i nvent i gﬁl{ er e” Z af%go BHENsR efé@ “fssmnléqoll‘?é ‘fhn éqrmt SPRETIHRS/
al so ine |uuﬂ£tlﬁé1%h@hwt’oahleﬂi i liAgHE B 1eAsCIIB reclt&d Pc%ﬁ&é(y)eidéh thMRr QVi&Eater
unl ess th%Fword IS expressl%ﬂl imted to nean only a single item
excl usiWEOEF offie FPé“%*{eﬁ‘@FE gnd@saddifonabiyeescafdentyres are pptgreddddeino or nor e
itens, then the use of "or" in such alist is to be |nterpreted as

i ncl udimg ( BmiAA i GF S yjste S o M@&ohé %p DRt 'csﬁduc{?x?e hERIE 1hid
the list, orndes; @ IMEQORLNARTY Gty Bles ens In the |

Addi ti onal ly, the term conprising i s used t hr oughout to nmean

i ncl udipp@spt | epginds by HACHESG S RRALY §ESs 1ﬁléclge&xg'@tforatf¥osgﬂrfﬁ%c§{ductwe

nunber of the sane feature and/ or additTonal types of es ar
not pr gedterekédnto Ipemmrmmf@tm wykpiseesinacdoriatch edih dhomtodpnait bf g

i gur oS SRR it etk RRge P RS T 2t APy P Der g &

conductsysten 208t @rcluling At Dldpeaticd@s D30 ThiC HefRRInH T RIdP Idf PHBGESordlctive
accor dance, ag‘g_'th an enbodj nent of the Jinvention. Mre specifically,

Fi gur e BRI inlp ORENES (NS shaven 1 in o anickpieaiise | Worligiereali nd-canpassys wthn
200 i NnGhgktinsnaa s?)@&e‘ﬂeﬁatﬁe%{eiﬁg' fies@3Ral MovdeRagl %E{%Qt 9! Flg‘gl%eoﬁ. QANEk

conductive materials into openings (not shown) eature
wor kpi egdoimegismidhesysitim B0 oo rypeted oo &d) ssbﬂtaimallybwdbcesms tr@mived volume

describ v respect to Fi ure e enbadi nents of the
system ggﬁﬁgﬁr)egec?%eu(? %S “{?%erta};\) ﬂm ?‘@6/ @%u@esgﬂ ICanityuteriace the
vol une expdsesd elutier Ba Gmeuﬁdrkm&e”m afﬁel‘ MmMal Rom ﬂl@@olﬁbﬁsk@éﬂ&paﬁo apdl
(b) signifi cantl reduce the _exposed surface area of the workpiecé W

after PEYPEVEEYSTRdHRcKEess 8BY/aeexidasion p/ibe woplguecs W,

[0016] Figure 2A is a partially schematic, cross-sectional view of the system 200 at an
initial stage before the workpiece W has been introduced into the system 200. The system
200 can include a first chamber 210 (e.g., a transfer or load lock chamber) and a second
chamber 220 (e.g., a processing chamber) adjacent to the first chamber 210. The first
chamber 210 is configured to isolate the workpiece W from an outside environment before
the workpiece W is transferred to the second chamber 220 for processing. The first chamber
210 can include a first door 212 separating the first chamber 210 from the outside
environment and a second door 214 separating the first chamber 210 from the second
chamber 220. As described in greater detail below, the first and second doors 212 and 214

are movable to provide ingression to and egression from the first and second chambers 210
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accordingly, reduce dross and/or oxidation of the workpiece W [00161
Figure 2A is a partially schematic, cross-sectional view of the
syst em 200 veo 2@moz27unti tial stage before the workpi ece W hapubmen)31309

i nt r odugIcdontod tHehforkyiste W 200 il end yéebﬁdfbhﬁ@»@rs%@ daci20dGn &e sizE§ to
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described in greater detail below, the first and second doors
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reser VO&l{ﬁﬁ%ﬁQﬂQ%t&%Weﬁ( CQ% egs%&]%/rﬁt ?S? bgﬁn der bath 30 descri bed

above w respec ure "234 has a generally

Sovert 001 ﬁébﬁ?iﬁ%‘g%‘%@e‘am%%?? wifial R G 2o o T8 S e
| ess t hamg. iAuSndemtd), sohie eN6lisngl c)thertsﬂ@ab\lwdﬁﬂmﬁ@ At afihalv ! 1808 Snelidng

general ly vertically orientation as the workpiece Wis noved into the
sl ot 2 ypxqt&éhaaégr&gql bPge feature of the solder reservoir 230 is fhat the slot 234 only needs to

be partially filled with the conductive material 236 because, as described in greater detail
below with respect to Figure 2F, the workpiece W will displace the conductive material 236
within the slot 234 such that the conductive material 236 at least partially covers the major

surfaces of the workpiece W.

[6019] Referring next to Figure 2B, the first door 212 to the first chamber 210 is opened
and the workpiece W is moved to a first position within the first chamber 210 (as shown by
the arrow E) using a suitable transfer mechanism (not shown). The workpiece W can have
several different orientations within the first chamber 210. For example, the workpiece W

can be oriented generally horizontally (as shown in solid lines) or generally vertically (as
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in greater detail below w th respect to Figures 2D 2G, as opposed to
the generally horizontal orientation of the workpiece 40 i mrersed in
t he sol der vb@atdo7/88401 00181 The conductive material 236 wii/binodddesoy
sl ot 234okAln bRkbiHfsS Rl $dspBRYS featl St ) A;]m !

al l oys, or other sul tsgb}e cS nduct iever r%lfg@}rji&azlus) awd?ltginggl\g/\%?oc{?r@%rggﬁ%e
poi nt s Werkpiees Wi eaohaveQrbkerfogigntatiensof the sol der reservoir 230 is that
the slot 234 only needs to be partially filled with the conductive
mat eri dP02B6 beRafesing st Weigure BEMtherfirgrdeat He igldbsillaftebibt omriyidcd W is
respect_to Figure 2F..the rkpi ece Ww i spl ace the conductive
mat er i 41°%46° gﬁfiefﬁfipr?@f‘ﬂ% e 'éﬂméal&ﬂpmﬂéﬁx PHE U SHRATEIT vangige ambignt
236 at dae@sthirP@e fiethinieO Ve &b dbfe ABh@Hum 545 ASEhaRbet 110, WALKRL SHBILW
[0019] Referring next to Figure 2B, the first door 212 to the first
chamberZ 13 fhen deligpre A mert2ae (e eNuneask pite the fiygtichamizey 880 toinarepscrtse pressure
posi tiqQp {4 hn fo C &? ( hown, b he.arro :
using a sul tiabl 25‘?*%5#%?2{? arr{bgﬁg‘ﬁ%rs% ?io?ng 8%“1%0 %&t\sﬂoor %isél\ﬁl%b%%/\}@gn
have sewerah bdiusdder Biet cxbrustinpatlicming wicphtan tehepdatadsinyatuaideebr 2d6s to
For exanpl iece W can be oriented generally horizontally

th k
(as shdw Ie?éna %%I%\R’h’%g IR SRR TR the gﬁ??}kﬁ“{b@éﬁ& In this way, the
[ 10829-fE83 0030 36 846 2d 20 bR or Gni¥P G%Q{Qgér%7€1@4eﬂ? Clntdna090h034 8Q9

shown in broken l[ines) with resgect to the first chamber 210, In
addi t | GREFOTBRG HilkENhe seqond chetabat 28 sach/ihetsthe fias shonbre 216 ané fteateiads .

0020 j ' , ' _ ' | d
b tor Chanta R0 Solits § Gerbl Syl e Wiyl SRR B o 0 Bctrun
2 h ' i ent i thin the first
Chanbes Wb ro- RElng UREL RS ABTHE P &5 21835 0Bt G gt 3
suppl y ge2ddllyt briymedébs wef®narni inehé fig@shdntbed 210)NAd gaspoikPlede t & hbveat

chanber. 210 to, i ncrease éhe press%e,,l n the first chanber 210 to a
desi r ed@IELUPE 109 HIBY Fro entrsaidreRtdon sithi the dreoag bamher 220. gl s

can be imgagted THebREHGHS tdr Gladflld, VBE | RSP Ci@?a&%d ft%p%%é‘d%da}t%’siﬁon
nunber of tunes to achieve a‘generally oxygen-free environnen
wi t hi n gepgsaliy ligned withitlen slot 284 qfrfhe oldenwaservolr280 dléngst probessingrxR 0

acts a C r.t re t _contam nation. of .t he,

ervi r onilr St BhneRls, BENokab A" REEont B MLSHTRlrah PHER LB ith Siber

210 andespbe tsabosidt 28hander (12261detBschane230. JRBRARY Yex®%Y F@AxE NBECthe
ocessi ng.the workpi ece. 0021] Referring next to

environnené whi | r ]
Fi gur e %18nd doar _%@%&16‘0%?8&“‘12%3 YSUHR EHER 114f trapusEy eaptheryise TogwiveY Hiel y
oxygenafémat SRV FHRDIR REcohd chdtfhdr 286 to SBATDSLuarh R 1R el YAbkRLECE W

IS nove
[0022] The workpiece W is then moved along the processing axis P into the glot 234 of |

the solder reservoir 230 for processing. Figure 2F, more specifically, is an enlarged side
cross-sectional view of the workpiece W at least partially immersed in the conductive
material 236 within the slot 234. A first or leading edge portion W of the workpiece W is
proximate a bottom portion of the slot 234 and a second or trailing edge portion W3 of the
workpiece W is proximate a top portion of the slot 234, The slot 234 can have a width D,
that is greater than a thickness D; of the workpiece W. Accordingly, the workpiece W can fit
within the slot 234 with sufficient clearance between the workpiece W and the sidewalls of
the slot 234 for the conductive material 236 to generally cover the major surfaces of the
workpiece W. In other embodiments, the width Dy of the slot 234 and/or the thickness Dj of

the workpiece W can be different or have a different ratio with respect to each other. In still
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(as shown by the arrow E) to a second position within the second
chanber 220. In the illustrated enbodinent, for exanple, the
wor kpi ece Wo monued to a second position generally al gmestovddsiso he

sl ot 234.0f, m%dﬁ%n%e the VR BN ¥ r\%@,ﬁoeﬁ:’oﬁﬁgn&i cﬂftg&?tf)g\::y{eﬂp% s?loi%?:dtl Bor

ot her enbodi nents, the workpi ece be at a posi tion
and/ or @qamem ﬁ]tel‘fmk}vmdww meslpﬁwtsﬂmaed feshskabst 284 sidewddlbof thbdos24dethe

reservo fer in ext, t 2 t.h ec door 214 i

cl osed %clé]rgp The véx(l:a i Bgsn%m?ié) fﬁ?ﬁﬁ%us‘qﬁm Eﬂeoflﬂgﬁ\f%: g‘%%essﬁﬁé)f the
anmbi entw@:apmwmaﬁnidif@clﬁﬁﬁﬁmdhmﬁﬂbt%r.220 to create a vacuumin the
second chanber 220. [0022] The workpiece Wis then noved al ong the

processjodgs]axi s Altet Mlafheksitey Sk Qlor %f?léceow withi ﬁl@'c‘éﬁ&%ﬁ@@ %{aYQ{a'I 23@% fagr
processin Figure 2F, nore specifically, is an enlarged

cr oss- swkEer BaEvow 23y the gaswpmﬁkbpwlwraan inghgas (par Nz@m)yntprtheesesmﬂ
in the &9@9&%0%% 1n£%%§rth€lp eﬁ&@e W1 | flle EQL&}'& lcﬁ&mbe%%@'at‘ f 'cgas e(f pressure

| eadi n ge portion e Wor Kpi ece proxi mat e
porti on(etgf, dtinesphent 2S&duand Ia seecr@lneknbmdmaexatsl thﬂgse clipmiier G20 Wan Offe

the workpiece Wis.proxinmte a top port J.on of e slot 234. The s] ot
234 can Hg{e'éessm%t(hg pike Bfse fan ‘&f%gﬁf%fr %‘hﬁWOEPLhFH? E’i?ﬁ%%é Bisrging g
wor kpi egiessité id\eiensedbitDbdamben 2200616 KB £ pRsMUE aifrefdntial BN thd 'ﬂﬁuﬁlo@tthe
234 with sufficient clearance between the workpi ece Wand t

si dewal Jeeongfchapnher 3G endthe ingide phihe aparings (e Phnderales orzizieadt *aas) in the
| t
oo & GOty Bl Qi AR B e OB i Upchla 0L D s

t he V\Drﬂaptlaﬁgéill\/ﬂacaupemﬂgﬂuf the mkple:re WavBorgutipdsteofethis spatiifioativing b "blmd
respec h ot.h In s 082 - 8839-W0000/ 5106215Q. 0671 -
00 Doo RS FRG IR HSSi5 R B bils 06 P s i QMA@ Ly CHETGlht Ppral e

W may bﬁlmﬁéﬁvﬁ@@me@hﬁ@@g@t ly withi n the slot 234. For exanple,
the worl cpi ece Wnay be positioned flush agai nst one sidewall of the

sl ot 23foxy) t hem WOEMDERERLMETR D@ IRP $dstiveR 0d0 d/5: B0 WweFkptdch Wi Barl e
sl ot 234 such that one side of the wor kpi ece W has nore cI earance

t han t Hgitgehers., Jshopgiragnicgor o yome wam@ acfﬂqelmmm‘ﬁ:@p|t@mpavv$membran¢mr

conduct j S ery

217 car HErBLE b eettol B0 5905 WAL Y b FrBercBEt 0 SehitiBeY
220 t o witldsl é@s®ehings. pIreSsiL ﬁstmldebl,l agzthtitﬁx Sate Mdrehae Ve ca B8p ikpave the
desired pressu gtnnsp pressure). .In severa

embodi rf8KTEse Pﬁéhes (é’gﬁﬁ%ﬁm(‘f dnijerna qg%c g4y, dhe openingsy o Fatthermere, ipj otper,

the pr ee%ﬁiéfiﬁm%%”th@%teﬁé @8dcBbed NRRe %fﬁ%gi&@{ oCriRES S LAY 27 G HE2SIARa.
the pressure in the second chanber createés a pressure

di fferdir ﬁaamIﬂgtt\hgéwrkmecq Wséagebepinnpayeed in the conductive material 236 within the
slot 234 before the ambient gas within the second chamber 220 is exhausted to create a

vacuum in the second chamber 220.

[0025] Referring next to Figure 2G, the workpiece W is removed from the solder
reservoir 230 and allowed to cool for a selected period of time within the second chamber
220. Referring to Figure 2H, the workpiece W is transferred out of the second chamber 220,
through the first chamber 210, and out of the first door 212 (as shown by the arrows X) for

further processing.

j0026] One feature of the system 200 described above for depositing conductive
maferial 236 info openings in a microfeature workpiece W is that the system 200 uses
significantly less conductive material than conventional systems described above with
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second chanmber 220 and the inside of the openings (e.g., blind holes
or blind vias) in the workpiece W thereby forcing the conductive
mat eri al 236 rmt/@78die openings to at |least partially fpCt/usivesn31309

openi nggfirenck e FRRrK Di E6E eXMmyfter th HERIOS L e Rlot 2Bk $n SREGHdeL %Eheﬁ 23& is
"blind hole” or "blind via” refers to a hole or aperture t

ext endsSHRTALY FRPY Hi s Apd Wl vadthePe Figire 28D afsthotshar Wdsis @hoag édﬂﬂ:u
one endAc&oQ(ﬂgé% the tcﬁglvﬁﬂ@ﬁle SFRQAL LS, %&ﬁ 4%%09(” 3 e%ﬁftﬁ/%ﬁgre 20, many

and/ or the workpi ece Wcan be agitat ed g., usii ng ultrasonic
soni c \Amphyat@ﬁs the uohnm sf mdtwj:merrpa‘:terial gfrecquirbd &fripddresding eapVieTedRtthdn0

t he sol rv0| /or th to furthe expel an
trapped gut?“ l‘frﬁ?\ 90833 bise § {éﬁe‘iec@t‘ﬁvﬁ‘lﬁs 3&&4’“% oyt ehe

wor | cpi e eoMciare lh@tlaﬁaumrxxmn ieslotC T BERAS, Be JoRBnE ONAN GL 1Y% ath 30 of
material 236 within the openings. Furthgrrmre in other enbodi nents

the st els CORSRIGIBEEysisR e 1%\/?'??11 P85,50 Y pard Faseldenimia g IQEeI@mﬂyb’ept
reverse I r

Conduct {e meky AT Snadciey WORcER B 31t Ml E oBfionlifhal Bfer pae
wi t hi n 3hequiecsonghifidratip enor 20ndistiex hatesitie23a thag tienidda reseAUIB0L NTHehe
second sChaH@@b 220, % Zl%,rlD ﬁ?ferrl ng next to Fig ureg{% ge

wor | cpi 888 S BREVEBSY 5 ﬁsﬁé‘p% 449 OPSTRE &F GOTPASR it %1‘?11"6‘3/Vé’&alt 0
cool f odysemsE) gadceeibPRAtiAY ©Es tdnlBetive thdiidl P86 58 AaQAckaEN AR ces

Referri n% to Figure 211, the worlcpiece Wis transferred out of h

second tyusg Anbi slge {95 @xamples the Rysiase 209 ngludingrthe selderfreservoir
first doQr 4dids(gySbo ces

100261 Onerefaeatsur ey of éteﬁeﬁléuééa?‘gm&%%%\l\%%ﬁ ro?%égle; g gl%f; ol e‘riptr)@larl t%n%f
conduct verlpiesrat &y q:«mhpaz%mthttbe ecpiécn ragfs 30 nf Figuret oftbet bB.’rEre\qmté('@'BE@@er\N

Lhan o80T ¥Rk e e e R e AL Ak s of 8 LeRbiote Hateril 6
( 10829- #8386 WRAQAOHED pR2dkh(}: %Z\)se‘tﬁe Y12 Q6:6HRL A RETHHRGRO LQRIZAO

reference to Figure 1. For exanple, the depth of the slot 234 in the
sol der qné@é‘é?s\?’éi:?“d%f@’ei@at%"éner al |y about 200 nm and the width D1
(Figure 2F) of the slot 234 is about 1 mm Accordingly, the total
vol une 82% he sﬁé@fh%fﬁaiuse ab et syaemoBy Wt tﬁuﬁxﬂm@irdfrtﬂpesurfam mmysf the

app“caéoh&[&ﬁénﬁ coN 236. r.equ reg.f
processing Ccan ess Eﬁg&lm 1%t %gﬁ?g%{gf er r%sf:wf’ﬁeﬁgllﬁ Zfa]ﬁg’ Siise
t he wortkgi the expdédi tsp Isanfm:s ageasifQins s‘oﬂcteﬁhztth amﬂmcx@hplet the Rpsed edpl sMface
mat eri al 31_6% Wlthiﬂ e sl ot dn contrast, the volune of the_ sol der
bat h 3¢ ot the slot is only about 200 , while the exposed top surface arca of the solder
bath is over about 52,200 mm’® (approximately 9 inches by 9 inches square). One advantage
of this feature is that reducing the exposed top surface area of the conductive material 236 can
significantly reduce dross exposure of the conductive material 236 and oxidation of the

workpiece W. This feature can improve the quality of workpieces W processed in the system

200 as compared with conventional systems.

[0028] Figure 3 is a side cross-sectional view of a solder reservoir 330 in the second
chamber 220 in accordance with another embodiment of the invention. The solder reservoir
330 can include a base portion 332 and a slot 334 extending at least partially through the base
portion 332. The solder reservoir 330 differs from the solder reservoir 230 described above
in that the slot 334 is canted at an angle of about 45 degrees with respect to a horizontal plane

extending through the second chamber 220. The canted orientation of the slot 334 can be
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t he conventional system 10 is about 995,500 nun3, and the sol der bath
30 is generally kept full or nearly full of conductive material for
processi ngwd twse27kdie conventional sol der bath 30 requb@ﬂgszuuﬁmglggg

signifi I . CO i Lal 236 than the .solder reservojr
230, T b ERSEORS SbkS BRhoht Spatia b B enbo S 06 eistndl s
conpar ethbatlinterntshehare theapthingaincludy sreuphlid (@i Me ethstbabahbab | e 518634
conduct i Vﬁ mat eri al %36 IS npecessary for processing. In enbodinents

usi ng AASAC SHER", 2 FHPerhangin Wih fReccs isthe Rompotal Planeth gt HeengbpE s
r eser VQlegree® #0aiRf9h r(ﬁére%?lo\f the ¥Rk ab4 Lhoys anded! | AR rcfh}%ﬁt?cfn &P, g/rer

for processing a nunber wor | cpi eces, as conpared wth the sol
bat h 36uiFdlemgly & whichisokder deas nobspill fremvib¢ $loid2dr  $100, 000 wort h of
sol der. Furthernore, significant anounts of the conductive materi al
236 arféd29%t waEtoad thef fosggoprzpcewdli g dperaiard thitespscilidesmbodiedniobf tha30
does nQt_require cessive unt s. of conduct.iye material. 10027
Anot herllIiV 8§ urheav%ﬁg( “ReEy !i’eéﬁ\mg i 16T { BREROSET, Of RTEGTy i stk é(é’é‘lus
area ofmddifcaiiognaiag be YdBBiglbublieviadgWidnh kR ihtish.OFoR 3dar@fle LS solder
sol der reservoir 230 is siégni ficantly less than the exposed top

sur f ac&essFel 1V £Hb lchdgerddptiqngl Septurpsy rsugly &fnsine  ort Meree kpptie do thept the

sur f acgqn & : I j qugi ; ile the
exposedmtlo;g;{eﬁé]eufki11 tggglezgr%ggﬁjgfﬁ}%hdé&ls{% éd&e/r g% R%?gs)ss{)ﬁggr,‘? a %u m%?}efé' e
(appr oXPdger inghde immod dunlppe 8olidactresvair A3 ) prdCawingdypintdigeor whrkpiets
feature i,s that. reduci the exp d.top.suyface area of the )
conductT \%/hé3 gr?ﬁ?lgrcfhgfn 73 Ca‘gSpegédﬁist% E’gﬂﬁ}‘?} c{eéﬁﬁ?é‘é Iy PG <Omek b Bl RAT el
the cormibedimeatsmaiagricako@BBe@nsd ethidatei OR 6thet BRLoMRIKRI €Rri: Thiis
feature_can inprove the quality of worlcpieces Wprocessed in the

syst emPdV¥ResS asefied Bdh weriain coheeimantd|the pyention hayobog] depsrihgd én thej s
a side i - M VQi k. i
Chanber o0 U ke canSlimEAE Rl bt bl Abickih bl BEORS
The sokdembodiesniconged B8saray axhibliusheh adbataep or filowitBB2thandope of Ok

334 extendi.n t least partially throu t he base ortion 332. The
sol der Ensgggé?@olg?coﬁg%iﬁ i ?IQV??J‘PPXW‘? 91‘811%31 et P?aaéyeﬁhﬁgwenﬂ%‘gdﬁ’é‘?cri bed
above in that the slot 334 is canted at an angl e of about 45 degrees
Wi th respect to a horizontal plane extending through the second
chanber 220. The canted orientation of the slot 334 can be

[ 10829- 8839- W0000/ SL062150. 0671 -9 WD 2007/ 027401 PCT/ US2006/ 031309
hel pful in renoving gas bubbles fromthe openings in the workpi ece W
particularly in enbodi nents where the openings include

t hrough- hol es. I n other enbodi nents, the slot 334
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can .be canted at a different angle with respect to the horizontal

pl ane (e.g., between about 45 degrees to about 90 degrees) or the
slot 334 can be canted in a different direction or any suitable
angl e at which solder does not spill fromthe slot 334. [0029] From
the foregoing, it will be appreciatedltAIMS specific enbodi nents of

the invention have been described herein for purposes of
illustration, but that various nodifications nay be made w t hout

devi ati ng ifwomui,he i nvention. For exanple, the solder reservoir 230
can include additional features, such as one or nore heaters to heat
the conductive material 236 and/or the workpiece Wduring

processi ng. FuEthernDrg t.he s%gten1.%g0 can include nore than one

sol der reservoit 230 VB SR REET RGRITHPAIIE WY SPIeTES RS REFRCQEPIFAEY he
second chanber a32QessiygRashberpf the invention described, in the

context of particular K enbodjnments may be conbined or elimnated in

ot her enbodi meAt@nsfpshamasr adigeentdo thegrrasrssips shagthep cYheray thi aRsieeshagbar
enbodi ments of the jsRventd QReiayRidGEAudSReEited in the context of

t hose enbodi nents, other enbodi nents may al so exhibit such

advant ages, andn preningdiefwasntilodtransfst shambedandgbeproagssing choddiehi t such
advant ages to wit-hin the ope the. invention. Accordingly,
the invention %ghﬁngFPﬁﬁfgé?ﬂéﬁ eB?ﬂg%q§§m§he appended cl ai ns.
110829- 8839- WH0L0NDE 062D Opealll edfpledLidl MB plob¥Ringl ehiambed and Ahs ket
for processing mcrqfeature warkpi eces, the system conprising: . a
processi ng chanber ;° Phreessin éﬁ%ﬁffé‘i‘maﬂf‘% ponfigupagdatoy &@ggfl}?&}lt gas
chamber, wherein t hgoh 8O $faféfeC HAMIRF and theShra@Msih® chBREIME Beate a vacuum
m crof eature workpi ece; an openi ng between the transfer chanber and

t he processing chantéhin thegrans@r cipgdicr anshibeiproeessiagichimner apwpsetiviehyg and
openi ng; a vac rs :

Che transter  ShasBer e aRE iy PR e T AR BB e #0f)
exhaust anbi ent gasposttiooed tchectivansfi@ofecetimmbaikpmoe vilivesipn eddb of thy slot is

hanb i thi f hanb dth
r ocessi ng chanber oAb Perlhb (e sikliad LBfiarthe SOER Y in ple beoveen

processi ng chanber , atohessadgiedss aheS0dégiets Wille tddpéddo @ hslifintal pREE bxtomEh

to receive a nicrof%ature wor kpi.ece, wherein a width of the slot is
through the processing chamber.

2. The system of claim 1, further comprising a conductive material at least

partially filling the slot.

3. The system of claim 2 wherein the conductive material includes AuSn solder,

solder, solder alloy, or other conductive materials having lower melting points than silicon.

4. The system of claim 1, further comprising a gas supply operably coupled to
the processing chamber, wherein the gas supply is configured to flow an inert gas into the
processing chamber to increase the pressure in the processing chamber to a desired pressure,

5. The system of claim 4 wherein the inert gas comprises N» gas.

6. The system of claim 1 wherein the width of the slot is about I mm or less.
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| ess than a depth of the slot, and wherein the slot is canted at an
angl e between about 45 degrees and 90 degrees with respect to a

hori zontal plane extending through the processing chanber. 2. The
systemof claiml1, further conprising a conductive material at | east
partially fill7.ng tHe sktem of3laifhewkysham ddpticdihersipt ishpdragi 280mine and the
conductive.npteri ‘%L i ncI.Llldes AuSn sol der, solder, solder alloy, or
ot her condlc fs\?é’o It’g'rnioéd Chavi ng | ower nelting points than silicon.
4. The systemof claim1l, further conprising a gas supply operably
coupled to the processing chanmber, wherein the gas supply is ,
configured to ¥ ow Hit Pk ofsiimnl.ofufther coinpsisagsths gveikaiskrerthe grorkpiece
i ncrease [ r :

pressure. F&g:-dﬂf\gh ﬂ;%gl;[yeog]og ﬁ%ﬁgg?%]ﬁ%ﬁ e(r?ée\s?ﬁ?{}? ﬁg tlﬁxﬁgght ﬁ‘gz""s"r"%ﬁg%"ﬁri ses
N2 gas. 6. The systemof claim1l wherein the width of the slot is
about | nmm or éess. h -11t 7. lgl'?t]e s%sft %59? of claim1l er ein ﬁehet degt%
of the slot is about™® 208 HPRAAT e T OFPIEINE 58 A TS Bsdorag or
The systemheszifel@bmalwo{ﬂqFrewmrth@gwri sing the workpiece, the

wor kpi ece including a plurality of openings extending at |east
partially through the workpiece. 9. The systemof claim11, further
conprising an itati VL 1 o
wor kpi ece in tﬁg s%tsmf?)?&k?i%%% rrr%11 %’?éaﬁlrrgg"gél@?é%gimeis?%t e\aétg‘&’ relsmg'
wor kpi eces, t he fggishembaomphidmie g firsh opérisg awhardoemdi epchingi wieminf the Sirst
opening and a seconc% ogeenli n dtv\hecre%iergntﬁg% faitrggv 4Shanber is sized to
recei ve a nicrof eatUre v{oi":’ﬁig? ece secoﬁgc an‘Bé(lp adj acent to the
first chanber asdondchagiveiiandjgaht o cheviirktithtiBeraed onadmnopattiog with thd sesdnd
door positioned to sealably close the first opening and a second door
positioned to seal@8cl ose the second opening; a vacuum punp
operably coupl gflrst @odrh8sitibfiitio GHBBEC0RMNAe fiREoRMBRAHAd 6 REIBRE Hoor positioned
wherein the vacuum punp is configured to exhaust anbient gas fromthe
first chanber and tPhealzddyeleee thheasbed onedingi eate a vacuum wi thin the

first chamber , 3ad, fNGuRfCHALENAIRRY: tof BEPREL R4 and the second chamber,

wherein the vacuum pump is configured to exhaust ambient gas from the first
chamber and the second chamber to create a vacuum within the first chamber
and the second chamber, respectively;

a solder reservoir in the second chamber, the solder reservoir including a base portion
and a slot extending at least partially through the base portion and positioned
to receive a microfeature workpiece, wherein a width of the slot is less than a
cross-sectional diameter of the microfeature workpiece; and

a conductive material at least partially filling the slot, wherein the conductive material
includes a top surface, and wherein the slot is canted at an angle between
about 45 degrees and 90 degrees with respect to the top surface of the

conductive material.

11. The system of claim 10 wherein the conductive material includes AuSn solder,

solder, solder alloy, or other conductive materials having lower melting points than silicon.
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a solder reservoir in the second chanber, the solder reservoir

i ncluding a base portion and a slot extending at |east partially

t hrough the base portion and positioned to receive a mcrofeature
wor kpi ece, wherein a width of the slot is less than a

cross- sect i onal2.di ahtetsystemfoftdtpemnilc flgthentannsising rakgsis supply aperalgdy coupled to
conductiv {enl e artially filling the slot, -wh i n.the
conduct i varerr e be A WEAR IR LR Yporkin b s OISR ETE! 8 B
cant ed at iren @nghte tiefivednmbabad thd Sedad cresheand iR:agete @eSsut trhthe first
respect to Hﬁf to surfgfﬁ of the Qoqductive terial. 11. The

syst em of RATHHFYONGAEPET FARE’ ESRERIEY V8 2T EFIPATSPficl udes AuSn

sol der, solder, solder alloy, or other conductive materials having

| ower nmelting points than silicon. -12 12. The system of claim 10,
further conpri §3.ng Ehegagengppleim dp evhenginthewer beskomprisesdid: gdsr st

chanber and the second chanber, wherein the gas supply is configured
to deliver an inert gas into the first chanber and the second
chanber to inctfaseThelgstphesslane 10 whedi the whith ofxhastbeis abiid 1tnlie oslesond
chanber, respectively, to a desired pressure. 13. The system of claim
12 wherein the inert gas conprises N2 gas. 14. The system of claim10
wherein the w B h ofpeld@eslo@blairg 180MREinthB I RE of B8 S10t IPabobROTYR bfdhe
of claim 10 wherein thé depth of the slot is about 200 mm and the

wi dt h of whih of be slosisgbenit! mmwemess. | ess. 16. The system of claim 10,
further conprising the workpiece, the workpiece including a
plurality of openings extending at |east partially through the

wor | pi ece. 17.16The Bhiestyermod{ clamn n0l Gyrtheti comprisigo thar Wwatkpic@nthe workpiece

agitation systemto vibrate.or otherw se nove a workpiece i.n the
S?Ot 1 ync%%gng a pt[ural\{ty of openings extemtl}ng at least part\llaﬁly through the workpiece.

[7.  The system of claim 10, further comprising an agitation system to vibrate or

otherwise move a workpiece in the slot.
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