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[0001] Priority is hereby claimed to U.S. Provisional
application Serial No.: 61/204,382, entitled DISPENSING LIQUID
CONTAINING MATERIAL TO PATTERNED SURFACES USING A CAPILLARY
DISPENSING TUBE, in the names of Emanuel M. Sachs, Richard L.
Wallace, James F. Bredt and Benjamin F. Polito, filed on
January 6, 2009, which is hereby incorporated herein fully by

reference.
BACKGROUND

[0002] Certain processing schemes and architecture are
disclosed in Patent Cooperation Treaty Application No:
PCT/US2008/002058, entitled, SOLAR CELL WITH TEXTURED
SURFACES, Filed: February 15, 2008, in the names of Emanuel M.
Sachs and James F. Bredt and The Massachusetts Institute of
Technology, designating the United States of America, and also
claiming priority to two provisional United States
applications, No. US 60/901,511, filed Feb. 15, 2007, and No.
US 61/011,933, filed Jan. 23, 2008. All of the PCT application
and the two US provisional applications are hereby
incorporated fully herein by reference. The technology
disclosed in these applications is referred to herein
collectively as Self Aligned Cell (SAC) technology.

[0003] It is desired to be able to precisely treat material

that contains liquid onto textured work pieces such as are



al so desired to be able to so treat such material at relatively high rates
of speed, using a wide variety of materials to be treated, into narrow
grooves, WO 2alod80822ar r ow pat hs defined by the texture ofPCTRES20¥0/0R0285 ece.
BRI EF SUMVARY [ 0004] Liquids, slurries and pastes and other of materials

t hat CO'H%‘,cr!rlBé?H“ﬂl aélfeagag&%?é t]:eéjfé]{;g PR OL L \%}%’Slé:al wor k

pi ece pat on a sur |ec suc a silicon er that
will be akel depkrardnto 8 ablltecte r‘i‘@-’%@ |sugh q‘%ﬁfeﬁl’claml L di spensed into

gr ooves gy i i igiber dSTRE LdBSAtal g 3 0id gere) qgent s, under

pressure thro a fine dis [ aplllar tube, which is nechanlcally
gui ded it %Jrfeot% %ﬁ%%%@ %&#%‘@%emr@%}s tTHEF RO k

pi ece suysdane.ddhinad IpensiaEaapitd aﬁy ﬁhﬂ)eﬂdsmcfpimd)ea] ly tracks in the
groove. The dispensing capillary may be small enough that it rests at the

groove bottom wth the groove sigdgwal Is'hn q} Widing tracking restraint. O,
the di spensing capillary may be l'arger than the groove and may ride on the
top edges of the groove, still achieving nechanical alignnment. A tracking

feature, [QQR4] as & isTwidus| DT HESS enrrA& tred and tarhel e A tRY ek t o
engage tth?atgr&%/@aerOlr!cq%if&Lalaé dSRSSSE | Ao a¥b ST AN bhdrat ur es,
such as elllptlcal nol ded-on protrusions and | obes can enhance tracklng I n
2 g ooV EDIHERE S PRI IRUDE [RIA AR AT y2 (Tt BHECemUch
f1 exi bi ldd ya acicoiymdaietert riacid ngiEr ey sudad bad hfdhe plssieanf the work
Pt b and BRI TEET T & LRGS ST ha® e & S a0ee% At rfbfhees
bet ween Wikl gbey sf atztedvortki rpiressten Jplat 4a toiromt hisl vgek el esean t sandindesr
pressure through a fine dispensing capillary tube, which is
mechanically guided and aligned by following
topography/surface texture on the work piece surface. The
dispensing capillary tube mechanically tracks in the groove.
The dispensing capillary may be small enough that it rests at
the groove bottom, with the groove sidewalls providing
tracking restraint. Or, the dispensing capillary may be
larger than the groove and may ride on the top edges of the
groove, still achieving mechanical alignment. A tracking
feature, such as a protrusion, may be provided at the
dispensing end to engage the groove. Non-circular cross-
sections and other tracking features, such as elliptical,
molded-on protrusions and lobes can enhance tracking in a
groove. The dispensing capillary tube is typically flexible.
The flexibility accommodates tracking errors in both the plane
of the work piece, generally perpendicular to the elongated
dimension of the work piece path and perpendicular to that
plane, which errors are due to differences between the
physical work piece path on the work piece, and the
unconstrained path that the dispensing end of the tube would
follow, were it allowed to travel along a perfectly flat,
frictionless work piece. The errors are due to errors in
machining the physical work piece path, errors in directing a
relative motion device to follow a mathematical representation

of the work piece path, errors in manufacturing the dispensing
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unconstrai ned path that the dispensing end of the tube would follow, were
it allowed to travel along a perfectly flat, frictionless work piece. The
errors arwoaow/ases2errors i n machining the physical workPpiraseonpatizds errors
indirecting a reI ative notion device to follow a mathemati cal

representaid afy, }géte%"%ﬁ%lpdt%se Raldh ﬁ{a(tﬁrtsné M e #’E dng the

di spensi ngt ube and appar at'us, suc at the node Its trajectory
i s | nacciifatectaty . IRakRgGCUtREe :usﬁ’fng Ragthsg pihan ugsing a ubkex ke i s

suppor t ediy, a P ¢ vagiﬁéﬂé@tﬂy t&%md@%ﬂ&@%ﬂfowrm%wl ar to

t he plane of the work piece and wthin the plane of the work piece. The
di spensﬁ'n‘be AP 99ESPS L BRTREN T U her© hté}% RIARGH LYt &k 1 ce
capil | ara/mﬁc,tim:oftﬁéep]chr&pmetché ivepit il pieed f . THdhed b spenidqig capil lary

may be forc ai st t he oV, uch .as by s r netlc | oadi ng.
Allgnrrencf gumae suc plcafgllo Fu ‘-"Furheezlér)nattoIQC d% %V%gos%enm ng

capi || arq/aprﬂtl:altxheacgtrlmve)f Réﬂ (:chsgprfm u]rJSBJJad oigsaee. Byt h of the work
pi ece pajfy ﬂﬁ‘-‘! Red nStPa[ %é’iﬁyﬂ@rf%fjdécp%gfdﬂgsﬁ ubgs ¥&, tdigcgraove. A

nultlpI|C|t capillaries ma used,  eac I spensing In a
separ at éosgrwq ot dwqrmﬁw d]t%ﬁdlfﬂﬁgeﬁ‘ll%f?ﬁﬁi%éuﬁe%f%i@ ch radreat ed

l nda :c' trhen f-lziidlfﬁu.sei@gﬁa}a ﬁ?ﬁh@?ﬂﬁ&r@@%}c ef@éilruga@ il bagédnm n}g and f
end o ravel is reduce urality o i Spo on faces o
2 drum vﬁl’tcrp‘ferat%esawwtﬁ%p T gl ST o datS Weile RhRSne; ng
capi | | arpathubeaycdrehe tosueres ed vmmdﬁdaldjtspémmj umbxilsaathite theving in
and out oVi f | as I V] . r | ver

[ 0005] Tilg%cge)‘;eandqgt dft jnlgcclt aon% %a%) S Ib(# d#%le]\'rﬂlﬁrgln%é jf'ésilq%s l?jse%%rel n
will be drgh eil&pmmq)oldl vi tdepafate rgroave ther Rnguredividudle Dimgemg, of
whi ch: BRI RRdESEH R AN O s AERR PhHid e DR Mame spent

accelerating and decelerating at the beginning and end of
travel is reduced. A plurality of wafers may be disposed on
faces of a drum with flats and, with the drum rotating
continuously. The dispensing capillary tube can be traversed
parallel to the drum axis while moving in and out to provide

rise and fall as ah individual wafer is traversed.

[0005] These and other objects and aspects of inventions
disclosed herein will be better understood with reference to

the Figures of the Drawing, of which:
BRIEF DESCRIPTION OF THE FIGURES OF THE DRAWING

[0006] Fig. 1 is a schematic representation of a textured
photovoltaic device, bearing grooves that carry metallization

fingers, as described herein;

[0007] Fig. 2 is a schematic representation showing a

dispensing capillary tube resting on the bottom surface of a

groove;
[0008] Fig. 2A is an enlargement of the region A of Fig. 2;
[0009] Fig. 3 is a schematic representation of a dispensing

capillary tube with a circular cross section of a diameter
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[0006] Fig. 1 is a schematic representation of a textured photovoltaic
devi ce, bearing grooves that carry netallization fingers, as described
herei n; [WOQ#jo/dBIg22 2 is a schematic representati on shoRCRgSa01di0gReNsi ng
capi IIary tube resting on the bottom surface of a groove ; [0008] Fig. 2A

is an enl aloé d]_t he, J,£91 10 Vﬁi&;ﬁ Fig l[cpcgg@ FHi& i$, @ schematic

representatron 0 i spensing capil'Tary tu a circular cross section
of a di armtteertq:ﬂatls PeHrgetigprsedie wi dth of t he grooves into which
material is being dispensed; [0010] Fig. 3Ais an enl argenent of the regr on

A of Figo6ho) [00IH]gFign # ign errdef@idet Ieprasetadicn shomimgy a

di spensing capillary tube being held in the groove in part by caplllary
action o d| s sed liquid itsel [001 5A i a schemati c

repr esen[{ é g & sapeﬁt%}?‘?t‘éa%acprq‘?palr%ﬁ‘?rh%etjaoptbr MY A groove

t hat hasiJaspensaJrrgylcaarpi]e]@ky nedleatherimalhegdein tthe dpodBdI gant BB is a
Schemt'&aﬂﬁ g ati gn é{%@%fsg;?ér?é’c?lt id'af i f£ad-in feature

al i gnnent gur orrposed grooves t hat rreet at the groove end;
[ 0014] Fi shoms schematically a capillary dispensing tube having an

el lipti CH? 03 bss- Fekdi o TDASICIHRALIC SIRIES SRIHeHBOR ANV T i | | ary

di spensids émﬁrhji\/da}ﬂlﬂ&ﬂy ctuim EPPESaSetid o gradvar din @ heyel edge;

[ 0016] FI]%[ shovvs i calb%g/ capi | I a ](fgjl spensi ng tube traversing
a groove- % ]rlgérﬂr@?ﬂ gq}?/ g restoring features to
hel p return an errant drspensr ng tube to the desired path; [0017] Fig. 9,
in two SOy ts, BiA. IB ishenwssclssmenat | o tegemortidqn esteowing axe
reStor'rgkéévgLﬁﬁ%é“ﬁéé”a“ﬁead—ln feature alignment guide composed of

two angled grooves that meet at the groove end;

[0014] Fig. 6 shows schematically a capillary dispensing
tube having an elliptical cross-section;

[0015] Fig. 7 shows schematically a capillary dispensing
tube having a circular cross-section, cut with a bevel edge;

[0016] Fig. 8 shows, schematically, a capillary dispensing
tube traversing a groove with spaced apart angled alignment
guiding restoring features to help return an errant dispensing
tube to the desired path;

[0017] Fig. 9, in two sub-parts, 9A, 9B, shows,
schematically, work piece surface restoring feature patterns
that will aid in guiding a dispensing capillary tube along an
intended work piece path, with Fig. 9A, showing no groove for

the intended work piece path and Fig. 9B, showing a groove;

[0018] Fig. 10 shows schematically a dispensing apparatus
having a plurality of dispensing capillary tubes which move
together;

[0019] Fig. 10A is an enlargement of the portion shown at A

in Fig. 10;



that will aid in guiding a dispensing capillary tube along an intended work
pi ece path, with Fig. 9A, showi ng no groove for the intended work piece
pat h and WD@010aBp823howi ng a groove; [0018] Fig. 10 showeCIalsemaireas |y a

di spensi ng apparatus having a plurality of dispensing capillary tubes which

nove tog - [0019] Hg. ﬂé%gi ] t shown at A
in Fig. I?%)(?fHOBZO] 0%%% il% Shovs éscc}ﬂ%'nag{fai% a lﬁrcg{%li@ea p%glir%%’, havi ng a
pl ur al i thawingor kit f depdsirieqns dinjedeRrdid tHer gRgeprRrgund a
drum anthd sdPReSpRb# | Ardrdh SRENS I NG i SR T2 O fomes afg t he work
pi ece; [0021] Fig..H A shows schematically an enl argenent of a portion of
Fig. 11,tYRe £n9gedD1e PO hdviee mS<l |y, a netallization finger
in a serpentine pattern having a single dispensing capillary tube; [0023]
Fig. 13 pooRik] sclieimpt | TH [shows ssehenngeinsilt 1 ywheet ecreligesendnta obrk pi ece
beyond t e k piece path groove are nmasked with a thin |ayer
of nateﬁ?%ﬁ:?%§5$éd%gf'gﬁgbéﬁég% liquid fromtouching the edge of the work
pi ece even though the dispensing capillary is dragged across the edge

regi ons, [ARR kI so Bibwi by shdTearsthrnatatdnl bnd 4 00241 IR zpt ion shigvger
schemat i Gald Yae @t #nd i e 8y I Ky Phd Tl a1 dgld | Pisdd it g el afypat  has
a wdth that varies along its |length, which channel can be treated with
naterithﬁ%bensed according to inventions hereof; [0025] Fig. 15 shows,
schematically, a flexed capillary dispensing tube dispensing material that
cont ai ns[002R1) d i IFiag griodhvehaws A setidmet el Wt hara dexaggemdntarwtegref pits;

[0026] Fighed &HNOWRsril HALLE NS AR Udls COPERE SedHBlpiece path

groove are masked with a thin layer of material to prevent

dispensed liquid from touching the edge of the work piece even
though the dispensing capillary is dragged across the edge

regions, and also showing a cleansing bath; and

[0024] Fig. 14 shows, schematically, a work piece having a
metallization finger channel that has a width that varies
along its length, which channel can be treated with material

dispensed according to inventions hereof;

[0025] Fig. 15 shows, schematically, a flexed capillary
dispensing tube dispensing material that contains liquid in a

groove on a work piece with a hexagonal array of pits;

[0026] Fig. 16 shows, in block diagram form, concepts that
are useful to understand alignment and tracking accuracy
issues;

[0027] Fig. 17 shows schematically, a flexed capillary

dispensing tube with a tracking feature, on a work piece with

a hexagonal array of pits;

[0028] Fig. 18 shows, schematically, a capillary tube
carrying a tracking feature having a rounded face, at one

location, near the dispensing end;



are useful to understand alignment and tracking accuracy issues; [0027]
Fig. 17 shows schematically, a flexed capillary dispensing tube with a

t racki ng weanuvsos2on a work piece with a hexagonal arrapPCofUspéis20249028]
Fig. 18 shows, schematically, a capi | lary tube carrying a tracking feature

havi ng ad ed fac a‘ﬁy K oc f@ﬁqd‘%hea di SRENSI lel l[ 029] Fig.

19 shows, schematic exe ary 'spensing tu a t racki ng

feature qﬂeﬁﬁ@fgs#ﬁﬁgrféﬁ% Vietrh |Q:I1é1§a01@rfl91 MRatiuns dvaviig H“%grrféXJagonal array
of pi tsg&mlt@ﬂ byh @ RRSAE Plade widH actitkdgodde dmanetde pard i cl es;
|

[ 0030] 20A: 20D show a_sequence il lustrati n chematl cally a capi | ary
di spensi UEHRN 1y WR T RtdhaAtirachsd et ﬂ'ﬂﬂﬁrie mai nt ai ned

rel ati vq;&ayrﬁmﬂwlﬂl cular to the plane of the work piece, vertical as shown;
[ 0031] Figs. 21A-21D show a sequence illustrating schematically a capillary

di spensi I its: bei ng rotated
t hr ough [rp;%r %ﬁdl guﬁ-v (ﬁle V\Dl’i}{@% ea(}:/eS L%‘%‘n%!éonlel'sié‘géslcsoj'[aitl ot her; [0032]
Fig. 22 @mmm @aﬂdg:llleamapiiﬂmrysmg)etm MQVighe ¥i-at faced

tracki ngy f,eatf $h2i1 f”%l@?aiﬁsorhuﬂ%]efd Qna;?r?téﬂgé/@ sonemBideal Iy, a
capillary tube_ carrying a tracking feature nade by adhering a wwre to the

end of aPQERﬁéflda%C%I%aﬁh%rplﬁrtﬁ)sQﬂ ey ok JNRRe s et hlds, a
capi | | arghdwibe carrying a tracking feature having a rounded face, at two
| ocations, along a substantial |ength of the dispensing tube; [0035] Fig.

25 ShOV\B[’OOQ‘fi"]ermt IECﬁ_:ljSl,y’Zﬁ—% ls!hagvy ! usbeequence illustrating
schematically a capillary dispensing tube moving bi-
directionally, with its support end being rotated through

perpendicular to the work piece, from one pass to another;

[0032] Fig. 22 shows schematically, a capillary tube
carrying a flat faced tracking feature at one location;

[0033] Fig. 23 shows schematically, a capillary tube
carrying a tracking feature made by adhering a wire to the end

of a tube at one location;

[0034] Fig. 24 shows schematically, a capillary tube
carrying a tracking feature having a rounded face, at two

locations, along a substantial length of the dispensing tube;

[0035] Fig. 25 shows, schematically, a capillary tube
carrying a tracking feature having a flat face, at two

location, near the dispensing end of the tube;

[0036] Fig. 26 shows, schematically, a flexed capillary
dispensing tube dispensing material that contains liquid in a
groove on a work piece with a hexagonal array of pits, where
the grooves are arranged in groups of three side-by-side

grooves;

[0037] Figs. 27 shows schematically an apparatus for
dispensing material that contains liquid through capillary

dispensing tubes, showing three ranks of three dispensing
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carrying a tracking feature having a flat face, at tw | ocation, near the
di spensing end of the tube; [0036] Fig. 26 shows, schematically, a flexed
capi | | ar ywoi2eppensas2ng t ube di spensing material that cont &Cmaiskéigoea4s n a

groove on a work piece with a hexagonal array of pits, where the grooves

are arr i t i de- hy-si S Fi shows
schenat iaé(;[gﬁjsy’l %\%ﬁ%%% %ﬁ?@%%n%%glﬁtﬁlﬂgrﬁ caegé)ﬁdttai%%&f i%i d

t hr ough BpiTandksy alldpemsiqrpiabidy] aprRAiHg S hree ranks of three
di spensi ngtubes, arranged to treat material to work pieces that pass by the

ranks al @EBgy conveyd N BPRMHEdISn [B8lidw b f At Hisysrauenshodew of the
appar at us. sha in Fig. 27 [0039] Fig. 27B shows a plan view of the

appar at ust%h in Fig. 27; [0040] Fig. 28 shows, schematically, a
relatively inflexible capillary dispensing tube that is supported by a ball
and sockiE03%j nt; §iDA41]78ishowdd /e shiows,visohenbttilealdpparatws @lowviiaw, a
capi || arFyi(fi spensing tube that has a crinp near to its support end,
affording flexibility to an otherwise relatively inflexible tube; [0042]
Fig. 29B shows, schematically, in an elevation view, the crinped capillary

di spensi P4QUbe sHoV i4P RRPYDoMchampooublY Figy. TSREHEWY schematical |y,
an appar i tiseshiayi o 11 8P| B S d 1 10 g e et i 4 halppSredlidy ef ent
physi cal, el enen frqén the fluid dispensing el ement. DETAILED DESCRI PTI ON
[ 0044] Ik?ﬁ?]e]ntaf SUHTY ol erein relate to applying liquids, slurries and
pastes and other simlar fornms of

[0041] Fig. 29A shows, schematically, in a plan view, a

capillary dispensing tube that has a crimp near to its support
end, affording flexibility to an otherwise relatively

inflexible tube;

[0042] Fig. 29B shows, schematically, in an elevation view,

the crimped capillary dispensing tube shown in Fig. 29A; and

[0043] Fig. 30 shows, schematically, an apparatus having a
flexible positioning element that is a different physical

element from the fluid dispensing element.
DETAILED DESCRIPTION

[0044] Inventions disclosed herein relate to applying
liquids, slurries and pastes and other similar forms of
material that bears a liquid, into grooves (or similar
structures) upon a surface of a work piece. The inventions are
especially relevant to forming thin metallization elements on
photovoltaic absorbers, generally referred to as fingers as
generally described in the above referenced PCT application,
PCT/US2008/002058. This applying liquids, slurries pastes,
etc., 1is referred to generally as treating herein, as well as
in the above referenced PCT application. According to
inventions disclosed herein, liquid is dispensed and metered
in a potentially precisely controlled fashion, under pressure
through a fine dispensing capillary tube, which is

mechanically guided and aligned by following
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material that bears a liquid, into grooves (or simlar structures) upon a
surface of a work piece. The inventions are especially relevant to formng
t hi n met avDi2aswdses22el ement s on phot ovol tai ¢ absorbers, @gemamsadéiop202ef err ed
to as fingers as generally described in the above referenced PCT

appl i Catﬂc%g? rred}’%@@?ﬁﬁ:u?@& anpl yé%ald@%@%hélvfgf]{ ep°'l tes,

etc. enera as treatl n elrn as 1n e above
r ef er enckt TET %lmdmmbn tlﬁadmrdi Riecs |Jrﬁ/e5ht~°rJo]n]50Qﬂ Sea foxe o ey ehq:ﬁ

liquid igrsbensed @bt £ izn@iqpt entially precisely controlled
fashion,” under pressure through a fine dispensing capillary tube, which is

rechant caldan 9!t S5, Sl aucs b, Lol Lav nat spear aphy st Lace textur e on
silicon maefaetrlrtqwet wask g icaves bn whidloritret salohe ezt I&p’pl}[:ﬂﬂ;ﬂﬁﬂ Tieaiabove

f k which it i
o o oAkl WA P ASCHRSER ARSI sy eh it is

meant app y| ng qui I ca associ at ed an active,
typi cal I5eaciaicte vereateind rigker eprhigh cthe hisais efesdests eshathol| thkake pl ace

at cert gifhzongs Mridd %&@'&F%hé%]@%ﬁ@é | L 43 Cﬁlaﬂglné”‘t?r wor k
piece is textured such that the [jquid can be applied in portion of a

zone corfrGEERE of e SfdF P IHACT i i e dceadi e ﬁaiarﬁ\/a&hﬁ lFFF&“aCbﬁa}rbat i on
of liquisk lép;glaeswdlrata lgastiom Brd dhd heonipxisi®. oflhe ddbrk remai ns

excluded]H]0 rovm into zanes th er |n nds t etreatlng
ctep to Wt as SRt AR A e, A REE e O B R ot he
sur f ace dqwidad eat A]rea&adampi epam‘t seic htlee tresatursy. |'J§1eje]sxqu3hiackemmtrtm PCT
appl i catd.ony [ 9l PFO¥ di Cfl{ti[%g o tﬁﬁaﬂé}? | de SHEAACE: n ll}Gad | ques
di scl osecfpcaierel n are pre om ant e%Sor suc trea%el neg lal:{)%ccar%lon 46]
| nvent i driseal 5tg oxlerP Hed diot ﬁa@ke)epkm ffre exclusion arises due, at
least in part, to the surface texture. An example of such a
treating is described in the PCT application for providing
electrodes to the PV cell surface. The techniques disclosed

herein are predominantly for such treating applications.

[0046] Inventions disclosed herein may be used for
dispensing materials that are active, typically reactive, for
a treating step, and also for materials that could be used for
blocking a subsequent active, reactive step. Thus, they are

referred to generally as dispensing techniques.

[0047] The dispensed material may be a silver ink of the
same general composition as those used in the manufacture of
silicon solar cells and typically applied by screen printing.
A particularly advantageous method is to dispense only a small
quantity of such ink so as to result in only a thin layer of
metal after firing of the work piece. While this thin seed
layer is itself not sufficient to carry the current generated
by the solar cell, it may then be built up by plating, for
example of silver. The plated metal tends to be confined to
the groove and builds up vertically, but does not spread much
horizontally. The silver ink used for the seed layer may be
more dilute in solids loading than a conventional silver paste

as only a seed layer is needed.

-8-



di spensing materials that are active, typically reactive, for a treating
step, and also for materials that could be used for blocking a subsequent
active, rEa@evinvsogeep. Thus, they are referred to gener CITUSaslofzepensi ng
techni ques. [0047] The dispensed material may be a silver ink of the sanme

gener al It msed 4 4 fhe Januf | I4con solar cells
and typi l§a| I ?f' app%ge?b%/"ﬂg(s:%een prllc:lk%lll:}g. A pa%flégj%a% yééadEt/la 'tala’eous

met hod isckar dishlenst) ofas 2 strituxphmuriecs bikh ioawasten Feghiit in
only a tiidpd BV p@pdBdal 184 tain fddidis afhd M MOr#Kadd ecerofid & thd s thin
seed layer is itself not sufficient to carry the current generated by the
sol ar ceTt9htr 3mySHMEr bPHUITITED WA Tt iRRE YL SQngfe BOXWeRer. The
pl ated megel taessl Iz dtei qrondimesr-d 0l 4 el o tand thidids bips weite cal |y,
but doe t spread nmuch horizontally. .The silver ink use r the seed

| ayer rr:tlyﬂg’e arrrgcqr e i IRt eTnnélscoLfoliaars tté/oatcﬁ engt‘?}ﬁta%rea Tonvent ?102;% silver paste
as onl y Inwwedidrey atiscl ormt b {0 8 reAsussdfonn Suhemnty cappdieationsf er ence

to Fig. Jopasd &l Geldadly rpaatse@i%]%xtce fd%fgféﬁé?foﬂeﬁ% {2 qowes for light

: Q
trappi ng purposes 126 run across t mieft to right, as

shown. BieXtiired Work RieGrardhtatelvibl thee Gredbvies fomgn 3uahla i%kd®n fingers

146 i nt 4 SEC! Mdy e rise WbuEadlA, s@ited WP el REsh Sl @rmdte kel d ext ure

rooves 126. |Inventions disclosed herein are useful.for mn | i cations
Pel at od 159 (FERTIRS nkher LS4t SHTIGHERE k dgitinar il P4 QARSI pi oce

that w Iprdoei disethd andtor I istecthi en stiregexcel146 .They are particularly suited
for dispensing materials into grooves (or simlar structures) that wll be

e IR o e AL st e, 40 o0 g s,
waf er t atvedk IPiremA0, such as a silicon wafer that will become
part of a solar cell such as 140. The textured surface 242 is
textured with adjacent, overlapping portions of hemispheres,
rather than parallel light trapping grooves as discussed above
and shown in Fig. 1. The work piece is supported appropriately
by any support, such as a stage, a chuck, or other apparatus
(not shown).An enlarged view of a portion of a groove 256,
(different from a light trapping groove) such as would be used

for metallization fingers 146 is shown in Fig. 2A.

[0050] The dispensing capillary tube 260 is caused to move
relative to the groove 256 in the work piece 240, as material
that contains liquid is dispensed from the tube. The relative
motion is provided by any suitable relative motion device 241,
shown schematically, which is coupled to both the dispensing
capillary tube 260 and the work piece 240 through the work
piece support, in such a way that the work piece 240 and the
dispensing capillary tube 260 may be moved and rotated
relative to each other as needed, for instance through all six
degrees of freedom. (It may be that fewer than all six
degrees of freedom are used, but they can be.) In a common
arrangement, there will be two degrees of freedom of relative
translational motion between the capillary dispensing tube and
the work piece and zero or one degree of freedom of relative
rotational motion. Typically, the relative motion device 241
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part of a solar cell such as 140. The textured surface 242 is textured with
adj acent, overl apping portions of hem spheres, rather than parallel |ight
trappi ng §yoeowasosre di scussed above and shown in Fig. 1PCT/se0moeR4pi ece is
supported appropriately by any support, such as a stage, a chuck, or other

: _ | stage, |
(a1 or GRS TS TRt o 1 bty P A o L o o

't rappi ng groove) su
met al | i 2Ehesmr fGAﬁgé%SﬁdLJBEIT%lISH%m terFinpve meqrppsy) trans afre rmidpr

capi | | arppotdte, 2604 i the ausad hox 1B & d aldd e did hfe SHP M 2Dl fbrd he wor k
pi ece 240, as material that contains Ilrgcg%d I s _dji spensed fromthe tube. The

rel ati v SRR b Dy SHAFSUF (45 1 VS SIS SR D41,
shown schendigwedd WwitthiLhstst commphyedvdrk hoided herdli stpiensitg gapiddyary tube
260 and the work piece 240 through the work piece support, .in such a way
fhat “tnd ik bl S Lrpp it s RiPed r R Uil MRS hoved
and r ot atehrislattharatm eawh, ctlherrrst neelded,a forat stancecagiolapy al | si x

degr ees fohdesdameid Jhpbbe: Uil AR LhAMEl o SI HBSERES Ha g cedom

are use ut they can be.) I'n a conmon artrangement, there w] e two
degr ees WITK rRIRfS P1at dlQies e syt imEgt oot rEamRigir e @bil | ary

Gy PETo LR URELALLd Mo P B € b e e e I L e e B b
relati ve rotatl ona notl1 on. plC , relatli ve notl an evl ce as
two por (R SUBROEt, RPPAFIL U th &'Ff SISRE (PR IE RS (Rs used

herei n tqmaurgimm&eaugianst tis tneanisi eried atrtda(to_rthentm_‘mtjarml mdstgtdrer m not i on
as, used M AL MEAIALAS PUL0 ARNOL LA Gl Indlie FEAB LV (L1 O

dri ve nmechani sm nay” be confi gure _ i onary wor K piece rte ative to
ground) eatth sotdupi | |each dif persianPeubeosuppb ka appeitatnay thete hbves
rel ati ve, i fieretomd sc A d®! Natd U Yoorb i | SN F 3Rt Sroh4ll SREAST ng t ube
support apparatus (relative to ground) and a

relative to each other.

[0051] Mechanical guidance of the dispensing capillary tube
260 is accomplished by at least two mechanisms, both of which
involve interaction with the groove 256 and both of which
typically contribute an effect. This embodiment will be used

to illustrate the general principal.

[0052] According to one guidance mechanism, as shown in
Figs. 2 and 2A, the dispensing capillary tube 260 mechanically
tracks in the groove, much like a phonograph needle in an
audio record popularly in use before the advent of magnetic
and digital media. In some cases, as shown in Fig. 2A, the
dispensing capillary tube 260 is small enough that it rests on
the bottom 258 of the groove and the sidewalls 259 of the
groove provide for tracking as shown in Fig. 2A. The grooves
may be various shapes, including semi-cylindrical, as shown in
Fig. 17.

[0053] In other cases, as shown in Figs. 3 and 3A, the
dispensing capillary tube 360 is larger than the dimension of
the treated groove 356 and therefore rides on the top edges
361 of the groove, still achieving mechanical alignment. Fig.

3 shows a dispensing capillary tube 360 with circular cross
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wor k piece that noves relative thereto, or a conbination of both relative
noti ons, where both the capillary dispensing tube support apparatus and the
wor k pi ecworrowgsogekat i ve to ground. Al though it is nentiPOmAk2l0aR028Hhe
relative notion device 240 generally has two portions that nove relative to
each othel.y ec?r‘? %f t&‘lea?n‘?e v*}?ﬂ?h J?s4lfarcfe4|%t\:m ﬂﬁé%%]fdg? Ji ahly

conpl i cat ed e conp arts at nove relative to each

ot her. [mea&%mmaﬂh@mm@@tnq Hereftsgsbnsi ng capillary tube 260 is
acconplished by at |east two mechani snms, both of which involve interaction
with the tmmj?/e 25Mm@and Hotdhof Ma:xtu,tytm&ailypmrtq Q&»ﬁ]&l’alrh fiage This
enbodi ment

enbod ! n]gst%l.%ﬁfebe useﬂ t 0. |IIustrat the necg%l]#f)eg%r]gl p@hed ‘[2%:{952]};%3

di spensiwgricapiddargut fdme 260 rmnétaemd:aiﬂ Va tranks ofh dperapmicates nuch | i ke

a phonog%aé)hl ee Ceh c@&’ﬁj QIr rdzzPC’paF'ﬁr!gylé %&&f}ené)ee%:%let}iﬁe advent

of magneti’c anhd digit me cases
di spensia@b@mndhrVQQh@QG@a@@mdds geiligred lealov) r dwass aorﬁmdﬂel bot tom

258 of tdye, tPQi’Pax@é\%rt hesldayalds drd Hodhe infd)&i/e SUQY 1 Geaf ofnd racking

as shown in ooves. may be varj ous shapes, including

r
semi - cylﬁqﬁﬁlkfa?el%sf%ttﬁ)vﬁﬂr]rﬁ’ IjYJgthJin? theosdth (phiihe TER/EL - =UGhdwn in
Figs. 3 wusk 3% thes ChﬁmsﬂdlgnélﬂfHﬂlc%f]yl}ﬁ ubeac36ches padger (1hagoride

di mensi on of the tﬂeate 6g_clﬁove 356 n theref ore ri d}ﬁ the t edges
361 of tHEGoME* 1T e 1% hgHhertoY ows a
di spensicn]nggaumq,l druyt tiroes@6H cvaﬂeks plxtcuilaay b}sramtea:ltecbmnﬁhcwtdlca]rm;se,r

whi ch |s n dt J i

reat ea Do L deedt S b ndnCAAAER S0 Brdifed T Sindo Tl

depends on the nature of the material being treated If the

material that contains liquid also has particles — such as a
silver particle ink, then a small diameter capillary may
present a challenge. If no particles are present, then small
diameter capillary dispensing tubes are ordinarily not a

challenge to operate.)

[0055] At another end of the range of being so sized to
mechanically track, is a tube that is several times larger in
diameter than the groove width (generally up to approximately
ten times larger), which may also be considered appropriately
sized to mechanically track the path. Such a larger tube may
be a simple cylinder, as shown in Fig. 3A. But, an additional
tracking feature may be provided, described more fully below.
Fig. 3A is not drawn to scale, but it is meant to represent a
situation that illustrates the upper end of the range, of a
tube that has a diameter that is approximately ten times the

width of the groove in the groove to be treated.

[0056] Thus, both of the tubes shown in Figs. 2A and 3A are
sized and shaped to mechanically track the grooves shown
associated with them, respectively, as would all tubes having
a diameter of greater than that shown in Fig. 2A, and less

than that shown in Fig. 3A (representing a tube that is
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I's sized to nechanically track a path defined by the textured work piece
surface. At one end of a range of appropriate sizing, such as shown in Fig.
2A, a si mpbeonydspszder with no additional tracking featuPeT(®301d8t024%d

bel ow), has a small enough dianeter relative to the groove w dth, such that

t he tube | f 1. f 1 1 i . WAt ve. eis
t hus si gaeécf; Itsc%llrrr%%ﬁ]éafrﬁ c%{ﬁ gtl?t%réa% k{}ﬁgﬁl p%%t}ﬂ;ﬁ IC){]hés r(}frriecgl%gé;)e’s ,asssﬁﬂmgafé@
rel ati vely Emalyidbeoheihegmoavoubl es with cl oggi ng, but in sone cases,

it may be operated without clogs, and is thus, useful. Whether clogging is
?hpr Oblt e[roo?f? ]{Tﬁr It I%ét?ﬂﬁndgslw a_tGL@efta{dJL@ﬁaﬁ&e rf@il%ﬂ:?ém}ﬁ&ié‘%ﬁdvﬁ?t ed. If
e materia at_contains liguid also has particles - such as a silver
part 1 of ST S T SRRATE bl By e br bveriie, CHRHITHRS | 1
no part icdes] kaey presenq0 i s G nid | £udttdmet drelohpid [tEhey giapendnghaibes
are ordi i t chal t o. .91 [.00 t r of the
range of _ellln%a% asclatzle t%ﬁﬁ a%%%gﬁ%f_r%l(:i@lqs?%ﬁ’tu e{hhlg_t?elelsnp’se_veral
ti mes | arlyegh ibr digamtketverm the diseans iadttinkeetted al 136 Updispensing

appr oxi netel Y6 £ emdd Mesnhd ageRor WM Ldbd®ys @l sgs fg, consi dered appropriately
sized to mechanically track the path. Such a | arger tube may be a sinple

cylinder, as shown in Fig. 3A_ But, an additional tracking feature nay be
provi dedl ORRLr i bdth s & TS Het W R PR 2F i 16 GtURE /I (PSP but it
I S meantpierd epressnticentstd Liadd ao thedp itHaidispeass ime efpper6 ensE afhd he
range, of .a tube that .has a dianeter that is,approximtely t ti,tes the
width of e oV 11T I Y ove 1o to el ettt (00sa] Thtks, (8 ¢ he
t ubes showidnldw gsnarf arid S aires 1si ateicb et chrsch aysech e resshardaalwilk r ack
thg\e/i %r Q&S N B8P € h M ddb (i a RSP EFLd Y&l YinPSe ol fb@l g tubes
g follow, to deviate from the physical path, such as a groove,

in the work piece. The flexibility of the tube allows for

lateral and vertical deflections so that the tube tracks in

the groove, even if there is not perfect alignment, as

formalized below.

[0059] This is more fully understood with reference to Fig.
16. The designer establishes a mathematical, ideal work piece
path 1602, along which it is desired to provide the material
that contains the liquid, for instance to establish a
metallization groove on a semi-conductor wafer. A physical
work piece path 1604, for instance a groove, is established on
the work piece surface, for instance by etching, laser
machining, or other techniques described more fully below.
Typically, there will be an error A,by which the physical work
piece path 1604 deviates from the ideal mathematical work
piece path 1602. For instance, the groove-making technique
will typically have distortions, scale errors, and other
positional accuracy limitations, and there will similarly be a
finite tolerance associated with the placement of the work

piece on the physical relative motion drive mechanism.

[0060] The relative motion drive mechanism 241 as shown

schematically with reference to Fig. 2 is programmed or
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a dianmeter of greater than that shown in Fig. 2A, and |ess than that shown
in Fig. 3A (representing a tube that isapproximtely ten tinmes the wi dth of
t he gr ooweP20ms08e820pared to the width of the groove. [O0®ET|USAOOR@HNg to a
second gui dance nechani sm as shown schematically with reference to Figs. 4

d 15, [ [ ng: (4 ' to ih
Spoove b%/gﬁlg&%a)egir}lsc}% actcli o%{%fé#ﬂ%%%ep%ﬁg%@q%#% gﬁtﬂ%i%lseff
whi ch brielgdsl Yrethipteken Heatdh skelfsi righe gkt vt 10 158 kifekiss epteien 261,
1561 anguatﬁ}e VEU& 1 &8s Zftba ketth 410581t 11 tihekd el td Vidmidond the

t ube an be control]ed to keep the dispensing end 261 of

t he work piece can
the tubddSRIEEES Phehf d?cy’xﬁep‘ﬂ%tnq Lamiel gy r’féHOégatffP? Al peth
fol |l ow, presud gedth )| ng-tiedted | s taish net e agsraey vévdrLauser t he path

that an unconstrai ned di spensi t.ubhe. woul d foll.o to viate frgmthe
physi ol TR e R PR G 4 IR it Bt e e TR 1 o ¢ he
t ube al |lswstHatr the etidpensinerand 36 deff adie chissmansiregd cdwitldey tracks in

the gro R ' { Ii]?[{g@{g r ' . hel ow.
[ 0059] '?’ﬁ?qse ieés/@(prmvtlel]f Eﬁ%%ﬁcﬁé?ﬁ%ﬁéﬁa\?ﬁ%ﬁ ef er encterata%lch_?gml%. T Igf

desi gneres tRth sHL8 g havaltches  eXardaly Wik i tdangfatdp b 6022k al ong

whi ch itpiscdlgsddred @2 priv dendtiendmtLmadhdmad i contdpreddiecd i iH tbof f or
i nstance to estaté%lb()sh a meta IﬂzatJ on groove on.rg%f/em-cond ctor %fer. A
physi cal® wor¥Y pdth U, ?lb%l%s‘ﬂh“rfb‘és%rag]r d"e3RS psthfhIREHEd on the
wor k pi edeats wHeacki spans imspteant 2 4y vedwcld ngravelseir f niac hwarangoe omi oidwer

t echni que cll,be I e Tyvnpical there-wl.l. error
1 by whi o ARy Shd e i d Mhefdd P e IR Ellduidn L

mat hematWaig micgde pllavel Yty 100X 11kbrifom trireeel cadienqyr oy ed ki spd
techni qug,ove) .

[0061] However, there are many sources of error which will
cause the physical unconstrained dispensing end path 1610 to
deviate from the mathematical unconstrained dispensing end
path 1608 as captured by error A, in Fig. 16. For instance,
the dispensing tube may not be perfectly straight, and the
relative motion drive system will have limitations of band

width, motor size, etc.

[0062] Because of the effect of the accumulation of the
errors A; and A,, the physical unconstrained dispensing end path
1610, deviates from the physical work piece path 1604 by an
error €. This error & is accommodated by the flexibility of
the capillary dispensing tube, allowing the dispensing end 261
of the dispensing tube to exactly track and follow the
physical work piece path 1604. Typically, the error & may be
manifested in lateral deviations between the unconstrained
dispensing end path 1610 and the physical work piece path
1604, generally perpendicular to the elongated dimension of
the physical work piece path and generally within the plane in
which it generally resides. The error ¢ may also be manifested
in vertical deviations between the unconstrained dispensing
end path 1610 and the physical work piece path 1604, for

instance due to variation in the thickness of the work piece.
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will typically have distortions, scale errors, and other positional
accuracy limtations, and there will simlarly be a finite tol erance
associ at edowntonspsze pl acenent of the work piece on the phydiscab/oeeative
notion drive nechanism [0060] The relative notion drive nechani sm 241 as

shown sc@‘@ call t t 3 O [ erw se
confi gur anjd con%ég: éhoéi?%eé qﬁ?ewcgaﬂ;alg]h ﬁ’a tl c@% %efg?sceﬁn%tr?on pat h
1606. THREGRENHAtTT Ahe datinen iTh pairteos 1 RS taEed « he

intent tgndske; s rme ORI tdrer HeONBt 100 Ghidhdl] sPeNd 1 CapH) [y t ube,

t he physical work ec ath, actuated rotatjon of the tube for reversal of
directi dif XHESp ]éqa‘fll}és*"mﬁ JER WP t helWRy et A P that the
di spensmwcﬁmdn 2e&£|rdxf Jtéﬂ&)ld:‘k e N st Hgh wmélﬁwémﬂ&ﬁﬁbwddpiﬂdmc&f

mat hemat j A€ eas C tral d| S né_té% end pé?lt h olGrOlBa,é/\éhl ch mat ches exactly

t he mat hema Ica e pa HRTEced mat henat i cal

representation of a groove 256. As _used h_erel n, unconstrained nmeans, the
pat h t halt0Q6l di spensinmgpriaheionmideratinrelisd fto tpuasrentperhe tr’-tIE‘IIlEt o

cont act @@%H@V&Jl@é o9 %@%E@ﬁéﬂs}’lﬁé And@nd-dif | &4 B RSP SL IR THG %{
(i ncludin exing from pre-loading,” as dj scussed above, ). 00 1] However ,
t here ar‘éaﬁrfﬁly"’%%ri%"s??ﬁt érQ orheuF PR | Httfse dhe? dh‘;%h r ai ned

gl spensum@r%hmwh T € tleyitaime fﬂéﬁﬂﬂ$ﬁl§7&5\f‘@ﬁﬂihé¢8édgm®msﬂﬂeal ned

| spensi en 1608. as t error 16. For ,,nstance,
e’ ar <Ry THbETRRPHE FEThae Y 1 o ot b d ST o128 1 ot | on
drive syua}emum Idnﬁ'nauuq:dted teaﬂrmamfrdsm&js Wihdn, lerogtch off zidhe etube [ 0062]

Because feg yj_ngjj of ]?‘m t he
physi cal%n‘%%ﬁs% al nedé)idS I’ISI ng en A 1661}{)be %E%t es from ﬁ%%he physi cal

wor k plé%%tﬁﬁﬁﬂlqgﬁﬁBQEAQH]and length or a given maximum angle of

tube end with respect to the groove applies to the case of a
tube or other structural member along which it rides that is
flexed as a cantilever. The proportionally also applies to
the case of a straight tube which is allowed to pivot at its
support.

[0065] The operational parameters required to provide a
desired degree of tolerance to misalignment between the
unconstrained dispensing end path 1610 and the physical work
piece path 1604, can be estimated by examining the mechanics
of the tube in the groove. The side-walls of the grooves in
the work piece can vary over a wide range from very shallow to
very steep (perpendicular to the plane of the work piece).

The maximum restoring force that can be exerted by the groove
on the capillary before the capillary disengages from the
groove will be approximately proportional to any downward
force of the tube against the work piece as determined by a
preload of the tube. The relative shape of the groove and
capillary will change the constant of proportionally between a
preload force and maximum restoring force. A useful estimate
can be made by assuming the walls of the groove are at 45
degrees to the work piece and that there is no friction
between the groove and tube. 1In this case, the maximum

restoring force is approximately equal to any preload force.
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error e . This error e is accomodated by the flexibility of the capillary
di spensi ng tube, allow ng the dispensing end 261 of the dispensing tube to
exact |y tweackioasas2eol | ow t he physi cal work piece path 160%/USIypioeeksy, the
error e may be manifested in lateral deviations between the unconstrai ned

i spenel i endpel 010, a0 her el ol werd L ab S REIL O genarel |y

per pendi e el ongat | mension o cal work piece path
and genekmal Ve qal rﬁﬂﬁe}lq#a?@ﬁ%l vdﬂfltﬁf?ﬁltmg%heral |y resides. The error e
may al so be manifested in vertical deviations between the unconstrained

di spensi napeedd pat%d@;%@d&ﬁi&pm@mnmﬁ anl&pﬁp&aéfhglwblﬁmryr
I nst ance dqelo variation int thlgmr;ess of. the. work piece 63 he
| ength Jf'9%et T hidTHYFE tiibe atort TREIV NS Hrﬁ#ﬁ error

that is tubdef mrmalirdeaiatst Thes grdoxxéeﬂm&xlanpnsmrtrme | Brd10fhdn BroEs, the

capt L ARG LA A Ry SDUd enddiSis & &ﬂmcagﬁq AR pddndde

maxi num ery or- 1's ‘one enare | Vel oniger east
10mm | ergft hindtrn dides brsc gagdréraia - [0064] An inportant consideration is
to prevent the angle of the tube at the dispensing end from assum ng too

high a vedowr v th giespest 19 ddesgropyaddsalie @spa dddhanaliew il nore
easily lead to the 1 ube rldlerég(ﬁap qver the edge of the (ig)roove and escapi ng

from t heS'VGe. SHEHNY niRG n Re taff'eccﬂ’&?(]tlrﬁﬂﬁdarﬂffﬁ S error
i ncr easasladtiecitgngith e td@peﬂm@&dﬂmrym&m&%mrmlﬂ onatdy. The
proportlonallt bet we eftabdlf Sot eonn lannd aen ar & |ven mama ma{ngl e of
t ube end vmnt‘]-ch speclf ehe Bove agb INLCR ]t 3{ he tase %f % Taive Or ot her
st r uct urrdlyvewibde tailimg whitdh aIt D defs Qﬁﬁanlqmrfs el ars QD czht90 ever. The
pr opor Lr&gffﬁh%/ss aasrﬁcp @Qpaﬂteﬁé@eféw G Plof Sl Gt dibss WHiEdd s @ | oved
P the ID of a plece of stainless steel tube. The steel tube is
secured in and supported by a support assembly. This
dispensing capillary tube is disposed downward at an angle to
the horizontal of typically 30 degrees. The spring pre-load
is applied by lowering the dispensing capillary tube until it
touches the work piece and then lowering the dispensing
capillary tube support assembly another 1 mm, thus flexing the
extended dispensing capillary tube. Fig. 14, (among others),
shows schematically a flexed capillary dispensing tube 1460.
The groove is typically 30-50 microns wide, although both

smaller and larger widths are possible.

[0068] Fig. 10 shows a typical arrangement (for a multi-
tube embodiment, discussed below), with a steel tube 1063,
anchored in a support assembly 1065, and a polymeric
dispensing tube 1060 extending from the steel tube 1063. It is
also possible to use dispensing capillaries made of glass such
as borosilicate. A polymeric dispensing tube has a high
damping, which compares favorably with the damping of glass.
Another suitable candidate is a quartz capillary tube, having
an ID of 50 microns, and an OD of 80 microns. Metals may also
be used, such as stainless steel. If needed, damping could be
added to such structures by coating with a thin layer of a

polymer. For capillaries of higher modulus materials such as
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[ 0065] The operational paraneters required to provide a desired degree of
tol erance to m sal i gnnment between the unconstrai ned di spensing end path

1610 and wbeomgsseeal wor k pi ece path 1604, can be esti maTAwb2dy/0202asr ni ng
t he mechanics of the tube in the groove. The side-walls of the grooves in

the work, o eorc%%aalr,y HE "t é/"ivsjﬁﬁﬁgﬁe fé&%&%&nié&a!é&% LR Ya St E€p
(perpendicular to the plane of the work piece). e Xi mum restoring force
t hat carPdeyResierq cellsy IheOxfIoVie AFadenedaie |y e rdeqrre cbil l ary

di sengagesrds @M 0@ ianeeve tidds kR yaRASX VBRI aNmP IR 0 RMat! @ haRy
downward force of the tube against the work piece as determ ned by a
pr el oad VS e d3fsEeT MG | RE SIS IHECh 1 VY a‘?ﬁﬂ‘b%&ffl"t%r%/ will
change tdma Xlonstdiidmefepr omytd0iial d at def vesd, af gy edsamtb fe) ceammrsk maxi num
restoring force. A useful, estimate can be .nade .hy assum th | s. of the
groove a‘?%a%rf I%Jlelgr} eseusc}f o te Wor ﬁblf)iné%tehoa%d ]%rﬁoa"fnt nertglg? salﬁtoy\ﬂrfi ¢t on
bet ween adwearragaausand thasee the tdhisperssa] ndteemiad nulow eshopugly dorce i s
appr oxi nat el g i 4 that; sy 1§ tfye for a
tube with t ée/r sane qslt%‘%%skigﬁ%g% t%a é:géﬁoér%bn[aa% cfiﬁrée)é:gtr?lsolnséj_ [ 0066]
Thus, né%}%%i%la‘fqlé%!ﬁlr@%lfn% < s‘ﬁ&s‘?‘ﬁff caping aﬁflyl‘%%e?hw]ad FrRIRE | s
ai ?ﬁd byaﬁ@;@mi&neﬁalt&wdf SERLY I%A d atpart uhel tiqc%md I?ﬁdf tiee grooyg g
Wi a positive prelo orce.. Any apprapriate o .do is is considere
Wi thi n HE FRAHE TS (RS GRS dRe bsdiPhPATE g o0BAR eGP | 1R
spring |woach tTE) tnuber@gaihsttHdnef Yrtcew esh@prd nge t aniad | gy teiaril de taectonpl | shed
usi ng tt’bereelfas]{ic]]i t,élhog f@%f’éx%’r@y ng capillary tube 260 itself. For

S sUTtaDl e i i

exanpl e spensing capillary tube may be made of polyi m de
tubing with an I D of 65 mcrons and an OD of 90 m crons and a cantil evered
| engt h o0 Him wHehlowingidtedligrussion above regarding the

relation between restoring forces and any downward force, if
the tube is circular, the stiffness in the plane of the tube
perpendicular to the work piece and in a plane parallel to the
work piece are roughly equal. Hence, the maximum misalignment
of the tube end from the groove will be approximately equal to
the preload distance of the tube against the work piece, by
which it is meant the difference in the spacing between the
work piece and the dispensing end of the tube in a pre-loaded

state, as compared to a relaxed, zero preload case.

[0070] While it is convenient to use the inherent
flexibility of the dispensing tube to provide the compliance
that allows the dispensing tip to track the groove, other
approaches are possible. For instance, with reference to Fig.
28, a fluid-tight pivoting ball-and-socket Jjoint 2868, 2869
may be employed in conjunction with one or more elastic spring
elements 2880 to provide the desired degree of compliance,
allowing dispensing tube 2860 to track groove 2856. This
approach has the advantage that the angle (in plan view)
between the local axis of the dispense tip and the axis of the
groove on the work piece will be smaller for a given degree of
lateral offset than in the case where the compliance comes
from the flexibility of the tube.
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the 1D of a piece of stainless steel tube. The steel tube is secured in and
supported by a support assenbly. This dispensing capillary tube is disposed
downwar d WO 2ar0/80822e to the horizontal of typically 30 ®#€gUsSes0/03i2es spring
pre-load is applied by lowering the dispensing capillary tube until it

t ouches rk pi SR then ' t ' ' ' ube
support LOTET | DHEF e CHfbqOR O Ry BBy

capi | | arS ¥bieng Fike tuke (mgngl ot FHRDOT BRIV stthevmtl edd 1397 dndxed
capi | I aryomgl] sngr@igkgeﬁmg; 1465 296D HLPMEedrs dhRE€atd M BUSL ML ons wi de,
al t hough both smal l'er and | arger_w dt hs are possi ble. S%Jg_g], Fig. 10 shows
a typi cdt®3r raiytHRRON T A TR R $hdpately it et ow), with a
steel tuheindfs, reaicdroredbd relea st 1z s gl oc d1065 , detrkasgad| ymer i ¢

di spensi ng. tube 1060 extendi ng fromthe steel .tube 1063. It is als

possi bl & oéflunseessdilsnpetﬁhs(? ﬁlga cealgél‘ll Ié;lrrieecs Tade o hlgﬁ ghsa"ss Sct:j}%: eafsfebcotr o%tiol | cate.
A pol ynefoausiinspertst reendibey hets @ Toaghl idearbi reg 1avhi e ontparsspgetor abl y

Wi th T he ARSI Of; ANOUOSa Pt a0 & Gandidatf ik @ lardg-Gapi | 1ary
t ube, havﬁ'g IDlor?A 50 M crons, %‘flidjc_g an OD ?1_80 m crons. Metals may al so
be used,e&iRIH Rf REPWERI st «BisPeRs HxpddtPe darh i TR Pel HrRIP t 0 such

structurgs dhe GRatd h WMdiraed v 1myeie Hodi RUNVAEId] Fdt L) Iwraadies of
hi gher nodul.us materjals such asglass_or. netal, the tube will have to be

| onger t1fh RORP L Potdhe?s Gt $9f FRIMF 2 fidat e the sane degree
of error e . Capillary tubes may al so be drawn down so that they have a
| arger diGdE2Eer s areagnrch aqpratk@idd wieducssk dlol shsimed | tarackiamet er .

Bor oot | I RLE AP o {5, SHEB S CAD B, I AUy o Yath St Iy

met hods known 1n the art t71s advantageous to ha | spensed materi al

fl ow t hreulgh & featwre | i ented o deike el &4t er iFitFh e fegivramavlikgensi ng

fabricated of epoxy or another polymer adhesive, its shape

provided by a silicone rubber mold against which the tube is

disposed.

[0073] A useful option shown schematically with reference
to Fig. 19 is to fill such a cast feature 1990 with particles
of a material capable of permanent magnetization. For
example, they could be of magnetic iron oxides or of rare
earth magnet material such as particles of neodymium-iron-
boron. After molding, this material could be poled so that
the north-south axis is perpendicular to the axis of the
dispensing tube 1960. This small permanent magnet could then
be used to provide downward force on the capillary dispensing
tube by placing a plate 1991 of ferromagnetic material — such
as a plate of low carbon steel — under the work piece 1940.

In this manner a high downward force could be exerted on the
tube even without the need to spring pre-load the tube 1960.
Of course, the magnetic preload could also be added to a
mechanical spring preload to increase the tracking ability of
the tube. If only a magnetic pre-load is present, the
dispensing tube 1960 would likely bend with a concave
curvature toward the work piece 1940, oppositely to that shown
in Fig. 19.
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tube to avoid clogging of the tube. The filter should retain any particles
that are larger than only a fraction of the internal dianeter of the tube.
For exanpWe,20wmsos82asi ng a tube with 100 m cron I D, the PCriusSeowioo2hsl ret ai n
particles that are larger than 10 m crons. [0069] Follow ng the discussion

above re ing t ¥ ' tv%gp},r 4 ' downwar d
force, iT. t%eptubgﬂ}ls%?%}%%lrbar, lt ) stﬁ%%%%q}iqfrlg?p%gse@nthe t ube
per pendiEiaRAsed athed virad biarelaitl th zeshegie rartdhe eduiipahead?s pi ece

o cove T B e e I St aoe, o the fabe
groove Wi e approxi mately equal to the prel oad di stance o e 1 ube

agai nst aﬂﬂal‘?/\d?é tﬂ?eecféfb%)}“%bﬁi‘g‘hrx i hpant Tt HAYi 18 A iRREHE Shaci ng
bet ween tdecordumpiane, asnd the sheensd ng andid dtteet Heend nit qure-doaded
state, a ared to a rel axed er rel oad case. [0070] MWiile it is
conveni ol 10 Relt e ST ER BT B S s g e

provi de tulee qenpersticrutdnmttal tlevssutiaak dJponsihy adyantemge adiett Helgr oove,
ot her appyQaches, & p:gqs?sd { B S ANES M L ¢ @geﬂgfﬁ i 28, a
fluid-tight pi vot%lngdlb -%nlgq sé;c et@fé)l nt 21%%&8,"_;&281%;9 may eée)erégl%ed in
conj unctirr @ tHheBIRROHprend| s tthe spihe gl e sted8te twip RARE ¢ he

desired degree of conpliance, allow ng dispensing tube 2860 to track groove
2856. ThicoEPpPr oacvhasndten@sly s ageovh adcHdits i K1 ff i Wi 4 are fid@cdet ween

pi ece w19 RO e (e ' ovrer BRITEe D1 1 16T f G eT IR 19 he case
wher e t healworgi 6 Ginice eviTesa frexin duites fdred &0l 1y tpemdertdisculioe 4O0Mg The
chove, SEgle T A, MDA PRI AT D ahmen 11
pl ast i catue deFwriednoved relative to the edge of the work piece
(toward the right as shown in Fig. 20A), such that when it
contacts the work piece 2040, the support end 2063 remains
perpendicular to the work piece, but the dispensing end 2061
is flexed away from perpendicular, assuming a curved shape
toward its tip as shown in Fig. 20B. When the dispensing end
of the tube traverses the entire length of the work piece path
groove 2056, as shown in Fig. 20C, it may move beyond the end
of the work piece 2040, and then the direction of relative
motion may be reversed (toward the left, as shown). The
capillary tube 2060 is moved again toward the work piece,
until it contacts the edge (opposite to the edge mentioned
first above) and the capillary tube dispensing end 2061 flexes
again, assuming the same shaped curve relative to the surface,

but with an opposite sign, or direction as shown in Fig. 20D.

[0076] Rather than maintaining the support end of the
dispensing tube perpendicular to the surface of the work
piece, as shown schematically with reference to Figs. 21A-21D,
it is also possible to incline the support end 2163 of the
dispensing capillary tube 2160 at a first angle relative to
the surface of the work piece 2140, and then, after relative
motion between the tube and the work piece (toward the right
as shown in Fig. 21B) results in the tube having traversed the

entire length of the surface of the work piece 2140 and
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near its support end to forman approximately elliptical crinped region
2969 characterized by locally decreased stiffness in the lateral direction.
Thi s has wheowidses2e of focusing the bending at a | ocal i PE€d/usegodR02ABar t he
support end, approximating the behavior of a pivot. It has the further

ffect ' ] f
Serf?caﬁéeﬁ eC'l[JI O@I%%}&Rﬁﬁd;gznftéﬁ)%ﬁr%% %ﬁ_—?ﬁﬁ] ﬁ?]é glﬂ?%sz jben I'cial as
di scuss&rf elnxehviited Hereygh [Ramegndierukadas o aarbrﬂmq%vet%qngle%,t & i shing

tracki Ngsn &t cus ety el QW a ASc i A ddt Fdif- oA 8re 1dt RY e gnefd cial to
nold a feature 1890 %cl)nto a tube 1860 Such a feature may_be fapricated of

epoxy orrS¥REIRS: FRY e ddrgrael |}?engs‘T1Sdp’e“ prs i YRy &G EUB RS r ubber
nol d agaimsin wih ahid he2 Tubericugh SapQS:ﬁﬁbleE QiRA}t A sissHan opn@thehown

schematlcall W|th r.eference to Fi is t f|II suc cast feature 1990
W th par tf llnk k: Suehcapa‘ibl e 01? ]?)ael? rrfétlne gerracgongt@za‘?l f ercti’

exanpl e, sudteytlmiultheaeixffpewrmg Ielp rion roxd diisswraard rianet lesr tbelmwgnet
mat eri a'tﬁé‘fﬁld&ﬁee@ftﬂlﬁé %M uts d AW HA orf¥ T 8fnd L NG, {di s

mat eri al sout h axis | s per pendi cul ar to

t he axi @@fanwetﬁ%é%%uwlt% G s uUPRREE stRd |2 1Rt ihdrte ifRANTA d
then be wged 01 Prapdied daywnwed o TOE a8l Oy her caqd [dadey, Cﬂl@é)eﬂ_sldlgldﬂlbe by

pl aci ng | at e erromagnetic materjal - such .as | at e | ow
Car bon KeTee Jﬁbee]‘cq% 5t 5 G S G G e B ownwar d
force cardnpbexieerd®edlon tdieat ibe mevieiom ddwoide t heecaeed to spring pre-I1oad
the tube 1960. O course, the magnetic preload could also be added to a

R N
the dispensing caplllary tube to the groove in the texture is
that the dispensing capillary tube drive mechanism does not
have to be pre-aligned to the groove so that the dispensing
tube moves along perfectly aligned with the physical work
piece path along which material is to be dispensed, even if
the physical unconstrained dispensing end path 1610 is not so
perfectly aligned with the physical work piece path 1604.
That is, no machine vision or other system is needed in the
machine that does the dispensing. Further, small variations
in the spacing or straightness of the grooves can be
accommodated. In general, tracking and alignment tolerances

are relaxed.

[0078] While the dispensing capillary tube will stay in the
physical work piece path groove once within it, it must first
find the groove. A convenient way to accomplish this is to
provide a lead-in feature, as shown schematically with
reference to Fig. 5A, Fig. 5B. These features radiate out from
the ends of individual grooves 556, and may take the form of
raised chevrons or wedge-shaped depressions in the work piece
surface. These features align the capillary dispensing tube
at the beginning of a pass, but they provide no restoring
force once the capillary has traveled into the straight
section of the groove. For example, Fig. 5A shows a triangular

lead-in feature 566 on a work piece 540. The dispensing
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di spensi ng tube 1960 would |ikely bend with a concave curvature toward the
wor k pi ece 1940, oppositely to that shown in Fig. 19.[0074] Wile the

capi | | ar ywoi2epensas2ng t ube is shown di sposed at a smal |l &ogius2ewoko2aespect
to the surface to be treated in nost of the figures, such as Figs. 2, 4

and 5 , - . yar ' ] rallel to
t he surféa%gfﬁon‘%fh@%‘%tﬁ%%ﬁ]m ki ég a}(;lt(%\ﬂeéj %eny%%lngfnbab&gﬁl%mﬂﬁv% to
per pendi keAdrin @ ¢hend rhectrawwni trveard righe entge g R’NntaT tthe he

surface dasoddes sy aidge thadabin ddaaiionad Shies peish g G e fand e med
wi thout the need to rotate the support end of the tube relative to the work

pi ece. [VHE] ForthastHice, IS I8bWMe S endts ddSh it Nt st e r AR LHP T gs.
20A- 20D,wi Il the SippEdedsb2HH63 ™ ddreerhi Spensidigi gnent20H0i des adeddt ai ned

substantj al | rpendi cul.ar to. the plane of. the rk piece 2040, vertical,

s showrt T RS R SPadfihd St LA, R BT R Vork o ece

(t owar d 9twove glandgnashovanining-i g 2oR)e suctestetinghert ito conthaiot sthede

wor kK pi A040; £ the sunppid 2063y remai ns perpendicular to the work
b%tthedfl cfﬁ;g(jf%lls

pi ece, | spensi ng en Tl exed away from perpendicul ar,
assum ng a curved shape toward its tip as shown in Fiﬂ' 20B.  Wen the

di spensi RPEND of BHe tIDSHIE A& Ve fIEhfhH Brad e viddat piece
path gr ®ee W Bs sdwsdd 5f kw2 AeadLinbyrdenuss Bynnhride &ns, of the

(Tovar d THET SRS ATN S S pTTY a1 TUDE S0 T s LR A g ¢ over ¢
t he wor kimpifezatunmtmdy ite caadntarctagddies edyer€ oppostidetuni idemuiyss srerd | oned
assu ng L he Lo St A D S SRR NG A0 Rk SR,
opposi t k3 grbA or He etisransingHowe iviilF{ doe xgnght by either groove

567a or 567b and be pushed sideways so that it tracks into the

groove 556. The radiused transitions 567r are arcs tangent to

the groove 556 and aid in gently urging a tube following

either track 567a or 567b into groove 556, thereby minimizing

the chance that the tube will pop out of the groove at the

junction of the lead-in tracks and the groove 556. For

clarity, no light trapping texture is shown in Fig. 5B.

[0080] Another means to enhance tracking of the capillary
in the groove is to use a dispensing capillary tube that is
not round. Several tracking features that derive from a non-
circular end of the dispensing capillary tube are discussed
below. For example, as shown schematically in Fig. 6, a
dispensing capillary 660, with an approximately elliptical
cross section, with the major axis arranged vertical, will fit
deeper into the groove 656 than would a circular tube of the
same cross-sectional area, and would thus improve tracking.
One way to make such an approximately elliptical cross section
is to provide a crimped or squashed tube. For instance, a tube
may be flattened partially, such as by squeezing it between
two rollers, which plastically deform the tube. Then, the tube
is sliced within the flattened region, thereby establishing
two tube portions, each with an end that has an approximately

elliptical cross section.
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[0076] Rat her than mai ntaining the support end of the dispensing tube

perpendi cul ar to the surface of the work piece, as shown schematically with
ref erencewO@0fi($882221A- 21D, it is al so possible to inclipeg/ush@osappdrt end
2163 of the dispensing capillary tube 2160 at a first angle relative to the

surf ace fodhip Vorks RS, AMn LR A SofElAldya i en petsen the

tube and t rk prece (toward the right as shown In r'esults in
t he tubelshadsR RITAR ket HRrentde & | ensging ARk kaice tibe hid hor k

pi ece 2340 randhemant at hersdnpde f3W, 263 fat headispensipysuha, 2160 can
be inclined, through }ger pendi cul ar, to an opposite a}{rllgjfﬂ?,jtas shown in Fig.
r'setf;

21C as thWGectToifbralze REQPet i fRr iRettRe Theth& aver sal
begi ns idgrddie otTrex rhdelctiron sisahomilll pdsges2 1. shidwpgh taisithdre gi vot
is shown, anot her, suitable |i e such as ,a. faour r_li.nkage coul d be
ot oy oGl S EILC A SARE SHEfhd® A G0 PA A RO S P e
pl ane ofin ke gwrdvepi eced wrhery, tiee notp omy Wetderaded i dowdVviamtreajedus t o

i ncline 3 t fqt | Spensi ube widyl 4 end on the

f 1 exi bi |}I£c'%.€ o# k%ﬂe ttlf‘];ggc}%%tﬁgmglr]i cét}%)ér?{ bet vveeEn t‘%e t?gneééaln%@?t S novi ng
environnment, the degree of conplexity of the relative notion device, etc.
[0077] ORP&4Nant dfe 1 3HR° RIFSRIYHFRMTARA? raddTREDBI L %e di spensi ng

capi : : arda];sub@b %}O_ﬁd& g{aﬁhmﬁg_ ianddﬂ‘tﬁsé Es@chlfmri syittata tﬁ!ﬁ)tlﬁ&ﬁ)ﬁidtﬁidlg thhe

capi |l lary tube ive chani sm does t have .to re-aligned to t

orbove: ottt Otk SR iR S pah St A i U T ¢ he

physi calbewrdediter eenfanrcal arerking oyrefuerttedr iledpiie tthes phimmehsiawen i f

t he physical iﬂfiﬁjm ']E.H% i t ;(%1;9 is not so perfectly

al i gned év\nacgjhl}t%épp ygsél’;‘ca V\gjr pf%‘%g%o%?gckgégo% at is, no machi ne vision

or other systemis needed in the nmachi ne that does the dispensing. Further,
smal | vakQ383bns One type of tracking feature, as that term is used

herein is in the form of a protrusion and may take advantage
and make dual use of a structure discussed above in connection
with providing a positive force forcing the dispensing
capillary tube into the semiconductor surface. A cast
protrusion feature 1890, 1790 is mentioned above and shown in
Figs. 18 and 17 respectively, which can be filled with
magnetic particles. Such a cast feature 1790 can also be sized
and shaped to mechanically track within the groove 1756, much
as the bevel, or creased tips, just discussed above. In fact,
if such a cast feature is molded onto the tip of the
dispensing tube 1760, 1860, for instance of epoxy, as
discussed above, it can be any shape and size suitable to
engage the groove 1756 positively. For instance, Fig. 18
shows a generally circular cylindrical body 1890 on the bottom
(as shown) of the dispensing tube 1860, with a rounded face
1893. Fig. 22 shows a similarly shaped feature 2290, on the
dispensing tube 2260 but with a flat face 2293.

[0084] A useful option is to fill this cast feature with
wear resistant particles, such as particles of silica or of
another ceramic. In this manner, the tracking feature will

not wear away with prolonged use.
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in the spacing or straightness of the grooves can be accommobdated. In
general, tracking and alignnent tol erances are relaxed. [0078] Wiile the
di spensi nyocapvdsheey tube will stay in the physical worPCpitse@op2i2s gr oove
once withinit, it nmust first find the groove. A convenient way to

acconpl i S i ]p%%yi = S ticall
W t hmr)ef reér#(ye toﬁgsf : V&ﬁ_@g}@ %&%ﬁglﬁ?'e?%’agfﬁéﬁﬁﬁ?r omt hg
ends of feafiusieluzn giloaw e g5Ble i aphieiike a g bk rdimetgBatithevr ons or

vedge- shapagl depiRs ditiof b s R i eGBosWiace. THiesgi Featdd ase al i gn
di spensi ng tube at the beginni of a pass,_but they provide

the capillar n
no rest d‘i‘?’iﬁ)fl]ﬁﬁ'cec%‘?ﬂ'}‘é“{ HeE c%&wliifr'l‘earrly’: had aeg’ié?“é%“? ntd 41hdkGrop ght
sect i on difaridteegrainldsy Loedlple,rdidan e onvded td By iade l€Bdr i N

feature on..a Wor i ece, 540., The di spensi apillary tube 560 will ride
i ong. or e ThE- FAdE e e n e L PR RS Y, M Kes e center
and t herTrentwire ety cover 55GciSuth fedtears i nwiiedt ras iexamkeldror m of an

alt gnenfe A As {QApl AV SRl & fh Mol Ch, Al Laastyone ot her
will be d?scusse bel ow. 1 n general, an alignnent guide aids in

est abl i IMSRF ¢ he di spensing capillary tube within the groove, and
maintaining it there or restoring it to within the groove if it becones

%SpLacelcboe{@Pm]d }E'%cg:h&BJIﬁéﬂg’i@ & edBEeidweding 4 gfdpi)]{)ldﬁyad:dhﬁé feidire 567
ich is_conposed. of, two lead-in grooves 567a an 67b, i.ch converge to
he o oA HET TR DA TS ST SRt b BT He Ve detts
wher e t heppmexird g qrasessedtsiond vitdwisng tiesl 4o edpdn 1l lext ended regi ons
such as i i T { speps i ]Q:@J ;g.@éj_l_g { i & groove
567a or %g%bﬂgariécgdesf}ﬁ% %%f's%emysdfs]gt}%%gcﬁ?%é%rac m[io?t aecq{glrﬁo%g/e 556.
The radiirel a regnied oy BEELIAT Ofrtdie tdarjarpd t@ross section.  The

end of the rod is heated and drawn down to the desired final

dimension.

[0087] Thus, some reasonable tracking features include, but
are not limited to: a molded bump or other shape at the
dispensing end of the tube; an out-of-round cross-section
dispensing end, such as an elliptical cross-section tube, or
tube dispensing end; a bevel-cut dispensing end tip; a hoe-
shaped tip and a tube having a protrusion at the bottom of the
dispensing end. Rather than a molded bump, the tube may have
an integral bump, which has been machined, or provided by
crimping the tube end. A circular cross-section tube that is
sized and shaped to mechanically track the work piece path, as
defined above, is considered itself to constitute a tracking
feature as that term is used herein, even without any

additional tracking feature, such as external protrusions.

[0088] The tracking feature may be present only at the
dispensing end of the tube 1861, 2261, 2361, as shown in Figs.
18, 22 and 23 or as shown in Fig. 25 as at 2590,, 2590, for two
flat face features, or as shown in Fig. 24 at 2490,, 2490, for
two rounded face features along some or all of the entire
length of the tube. The tracking feature should also,

preferably, be sized and shaped, in some manner to
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the groove 556 and aid in gently urging a tube follow ng either track 567a
or 567b into groove 556, thereby mnim zing the chance that the tube wll
pop out oVorhw/gngeve at the junction of the |ead-in tr&CkasSand/oedzes gr oove
556. For clarity, no light trapping texture is shown in Fig. SB [ 0080]
Anot her neans, r Hy [ r . 1S, to use
ﬂ}}‘aﬁcaec eaacéial{}{? 6 capidda é’e;&ﬂff . ra&i de

a di spens capl is not round. Sever eat ures

that ders acrmﬂamﬁmct‘rheuﬂl%ﬁre@ﬂd Gimenfsien @%ﬂﬁ?%&%l%r@ﬁqw are

di scussegs Q%Mlgﬁl? afushovs e handticaldyad rl:H:é AateraP

di spensi capj | I ar 60, W|th an, a prox| matel eJI ti Ccﬁ Cross section,
with théjlg%ﬁ LORG QS drterffeRP KR it idh v Jﬁ}}ll‘T 'ﬁjé’f Sht'P 1y ove 656
t han wouyurposa ridiltas fitbeverfl tiretsathe ongvéeﬂtd cmaivmeeauqmd woul d t hus

| mprove ddé Cokrif tOnces to mak suche‘;:;m a hmatel A II| uCbal Cross
sectionis§ 10 e cr or %uasen urbe For?f s e "% tube may

be fl at tJetrmjl@aersallqryl,stmﬂtJas Iyremuedrmgthe dretaeen tvvo rollers, which
pl astically deformthe tube. Then, the tube is sliced within the flattened

region, fGeseEpPy esEablishidigs tf’@léﬁg@ wrﬁld)ﬂ:sec*@ﬁ?ﬁhi""ﬁfba?ﬁr%‘d ddat has

an approxi mately_ elliptical cross section.[0081] shown schenatically

with ref®kaiesed gheye 7An genpectian Vﬁo%lsl%lr%%t @%r%woPelra sk ay
capi | | arghdwibeir/ GOy t4u aarcd rz:qu At Qs oS asdndf.cint thwed dasrddeing p 757

cut at bevel OVI des for better tracki n the groove. The
Cueur i e, AYED 2430, M i ERenl of obmtst L CehdY o et e, and
t he sharsplerrg]te pliandter dz ko firorhe esapiylany angspEnm.nq:wuHserMm.e Rigp. may be

creased gdpwy nBKE18; efﬁso prowﬁdélrél 1 Wid legd agks %em sely still.

[0082] It is a SO poSSsI I spensi ng capi | ary ube having a
cross sedtsRANSHNG apklbtansitorbat244, along a substantial length of

the outside of the tube, with rounded faces. Fig. 25 shows
tracking features 2590,, 2590,, only near the dispensing end
2561, with flat faces.

[0090] The tracking feature helps the dispensing tube to
mechanically track within a groove during a pass along the
work piece in a first direction, with the flexible tube
dispensing end inclined with respect to the work piece at a
first angle, o, or a curve with a curvature of a first sign
(e.g., concave to the left, as shown in Fig. 20A), and
contacting the work piece at a location d,, at one end of a
diameter D. Then, as discussed above, the relative motion
mechanism can reverse direction. The flexible tube dispensing
end flexes, and then becomes inclined with respect to the work
piece at a second angle of —a and/or a second curvature with
an opposite sign (e.g., concave to the right, as shown in Fig.
20D) from the first sign. Also, the point of contact will then
be d,, at the opposite end of the diameter d of the dispensing
tube from d,. The relative motion device then draws the
dispensing tube along in a direction opposite to that first
traversed, such that the point of contact d, remains in contact
with the surface for the entire next pass. At the end of the
second pass, the relative motion device reverses direction

again, and the point d, again becomes the point of contact.
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bottom of the dispensing capillary tube. The protrusion could be used to
enhance tracking by further keeping the dispensing capillary tube from

j unpi ng fwormtonsoggeoove. [ 0083] One type of tracking fe®CusS01922hat term
is used hereinis in the formof a protrusion and may take advantage and

make du o5 of t t LS CUSS | n [ provi ding a
posi ti vzﬂ? orce foﬁc?nlgé&fh%{_{ ?i‘g%ezna n%gckz%ﬁ/%ar{/h{lu ee?%t%‘nﬂe&és]em conduct or
sur f ace.t @y pieattuis il et EWBIRY Mag®, | Forrekts ek aiwie and shown

in Figs.1déh@ithd GFQsReGiny & Moc vl Sherd@d D fid | &byd tdeiBINLIAL the
particles. Such a cast feature 1790 can al so be sized and shaped to

mechani &9y r PRI AR YRSV L AN (RRP St A RIS T Ydased
tips, just thectigsedabdere la d@acicitduldic hcosmsdedeidny ern ssugh ded ont o
the tip of_ the. dispensing tube 176 1860, f.or .i,nstance of Xy, as
di scussed Saeb’ovlet, nll¥y Cnacht be a%‘glopsen%gteo ant esri zteo stu}lu? aebnceerfto %f\g%bé/e t he groove
1756 positosetsect-on ioltsuale, a Mhppd &3 owbi angfeeier Ad yusgd hedregin,
Cyl i ndri cale body SAOQ 01 £ 416 RU ORALS ShAY SHathqdlleRafisidgs s, 1860,
with a rounsdéejgéi?ace 1893. CF:l?sg. 22 2%10\/\/5 a siml arafy ?ﬁaped eature 2290, on
the di sRANDTY FUHe RBCBUSEFEIPRAY [3HeFace 2293. [0084] A useful option
is to fill this cast feature with wear resistant particles, such as
]part i cl emtﬁiz]si |'i cen thé)fcaaé@tvﬁ%réllelﬂ%ﬁ%rad]{ﬁ_ﬂd[ﬂ&mrr%ﬂ@&aldrﬁjﬁki ng
eature w not, .we way. W t r ol onged use .. [ 008 As s it
referenc%%‘? 01?5?%?112?33{,[ %“? rFHAEHY FEh U it & %ea%%awéri ng a
smal | dizdl.einwFig.2320 bothhéhendiofbla dnspeosibig ttubekadg0fedharwisr e can
be netaly ] ' I [ Far. ' '

fe G M iadt M e S0 CHATE B M0 DAL AS T

stainless s W e can e of a m cron outsi de

di aret erlpothg lrne udfe the gike tdpoixyls perpendicular to the work

piece is higher than the stiffness of the tube in displacement
parallel to the work piece. 1In this way, the maximum
allowable misalignment of the dispensing end 2461 of the tube,
from the groove, will be larger than it would be in the case
of a circular tube, for a given amount of preload
displacement.

[0093] In general it may be of interest to provide a
dispensing tube with different stiffness for different axes,
particularly for the stiffness in the plane of the work piece
to be different than the stiffness normal to the work piece.
Although adding external tracking features will have this
effect, it may be desirable whether or not a tracking feature
is incorporated. It may be desirable to provide different
stiffness without modifying the shape at the tip. For
instance, the capillary dispensing tube may be co-extruded or
otherwise fabricated with different material properties at
different sectors of the circumference. Alternatively, there
may be a thicker wall portion along one such line, but not
others, or there may be a strip of tape or some other material
adhered along one such line, but not along a line at an
opposite side of the central axis. A stiffening element such
as a fiber may also be molded into the walls of the capillary

tube at the top and bottom of the tube in order to increase
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The wire acts as a tracking feature, which has excellent resistance to

abrasive wear while in contact with the work piece. [0086] Another neans of
fabricatiwg 2a100mp82| ary tube with a tracking feature isPCo/USW0Od24Dr dr aw
a plastic tube with the appropriate cross section. Drawing is an especially

advant aggou g@%@%] ¥ t GhoseRLo! ' i};}ﬁéa!l__i cal ed
up version 2‘% t He es%le%g}:%%s&%ectlon. #heﬁ;rﬁéda%?oﬁ%o |s%g%%% and
drawn ddwy tke thieoHedsd el gnghneli oie . LImR7]ethus, some reasonabl e
tracking features include, but are not Iimted to: a nolded bunp or other

shape atpddws pi spengidly ek ofid he drtheiimp Rudtfe -4k GiRsS-|act i on
i Spensi TPt Adrvi 1S SHh e T LA 1 pEbap noeohaer 9 Ak ¢ ube
havi ng atlps otasuison s tdwei hptfamefid het i s penspowr oal Ras bty t han a
ol 0ed ol e, mRE, S Lbegale BT oF L 038 BARTLJRCP ned. |
si zed arabavpethe gnarwighiami res for inackondre wiokk b deargeit endietkif i ned
above, is;i sonsidaied; iis5eldr o HPNSd tJE hd rackidg feature as that term
is used herein, even w thout any additional tracking feature, such as
The o sl ‘ondihi WSl Vi ATEER DOSEEn Jot L A ikh o [ HIENARE O, 22
and 23 othesgrsdord nustile dn@okled3FO e wHHDh fai dMowdiste fratge.
1]: 2:% 3; 2:1 fa&{)}}]%slslfﬁh%lgi orisgltthl’ oi‘w %tefri%izﬁirgtg #%Scﬁ% f?o‘%'ueelt. tu etra.oeu degd?gr :gﬁi ng
f eat ur e BWrbates anpredteriablyrede aitzidanths igeid;ed e epimmsannef
tomechanial{ Yol {8k aRAtibA&ldNethd N 4fie &3 1 & MOk d1€GH into
beads after it is dispensed into the groove. There is,
however, a wide range of wetting angles that will result in
successful operation. The rheology of the fluid will also
play a role in the process. It may be desirable to have a
fluid which is shear thinning so that the fluid may be pushed
through the dispensing capillary tube, but once it is in the
groove, the viscosity will increase and the fluid will stay
where it is dispensed. It may also be desirable to have a
fluid with a yield stress — a stress below which it does not
move at all. This will further guarantee that the fluid stays
within the groove. However, some flow within the groove may
be desirable so that the liquid flows out to fill the groove
including touching the sidewalls of the groove. The motion of
the fluid in the groove can also be arrested by evaporation of
the liquid vehicle. The wafer may be held at elevated
temperature during the dispensing operation in order to
further promote this evaporation. Another mechanism of
restricting the motion of the fluid once it is in the groove
is to cause the liquid to freeze, flocculate, gel or cross-

link after it is dispensed into the groove.

[0096] Flocculation, gellation and cross-linking can be due
to a chemical agent mixed in the material to be dispensed a

short time prior to dispensing. Alternatively, the chemical
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surface. Thus, the lateral dinmension of the tracking feature is
beneficially about equal to or smaller than the | ateral dinension of the
groove wWwh2otvoshs22t is intended to work. Its purpose i #Crasskémw/ones into
the groove and provide high restoring forces for tracking even when the

capi || arye b d1seldudss S AL LAY, | QL0 N0 dig. Aroayernd 0088) For
reasons related to bidirectional treating, as discussed above in connection
With Fidee 20 el amblang tierr eendirautha wogs ieemd DT jqxanglahe 11
begef bcaa{%ltzﬁk apié@@:(iggnéﬂﬁ%ﬂﬁ%i f ﬁf < 'III‘Q@CIQ%If i OltopBSI t246160
ends . d2, a single dianeter o) e capillar i spensing tu :
Fig. 24 %JffBWsdo‘?'r R HF T é%ﬂ%ﬁ%é“%%ﬁ%aﬂelt}t%t the da‘;ﬁgerb?re e T s‘b@fs‘f%

capi | | ardrdpibin 260 sl anff ects ultsdtarddmlbed angddy 105 diheait si de of the tube,
wi th rounded faces. Fig. shows tracki ng. f.eatur 1. 259 only
near § hel Lo o, SR LR O O P T DB TR SR ot ur e
hel ps t hehidikgreirsd ngluidbenaw i dgous dekcarsdithen Grwiol ecalmmg a
pass al r ' ' [T st diy [  t t}gﬁ %] ube

di spens?{n%ﬂen é|lg{r)1ckf31 ﬁéelg&\?\ﬂ% %C;s%le(%tbétjolét‘ﬁ I\I)\J%I{’ I/x}pi)éewbc atéﬂae?‘(fﬁsa?n%ngl e, a,

or a curfb@rmidrerletsvatire ¥ Ra¥tIatlailgh ipqrtantoitinke tthe he left, as

shown img :c&;ii?&ﬁ)cr@éﬁié?&fﬁmﬁii&g 11 Wadn m}%%ﬁs@éé&@id@rbﬂthe at one
end of a diameter D . ,. as_di scussed ahove, the relative notion

Then
mechani st PGS (T G FESPERS IS % t ube di spensing end fl exes,

and then becones inclined with respect to the work piece at a second angle
of -a an@A7h secthm matrwed wie the hlaghtoppoppingitert{ere.neaondave to t he

cont act G A st dipe s (SR e Bl ol AN

di spensidfy the edges of the metallized regions. If the work piece
outside this groove edge is flat, confinement is possible.
However, confinement becomes more robust if the edge of the
groove is raised, or if the work piece outside the groove is

lowered.

[0098] It has been found that if, as shown in Fig. 3A, the
edge 361 of the groove 356 that tops the walls 359 is sharp,
and has relatively steep inclines on both sides, then the
deposited material stays within the groove, and does not wet
the adjacent upper surface of the work piece. This can be
achieved such as is shown in Fig. 3A, with a steep incline at
the wall 359 on one side of the edge 361, and the steep walls
formed by the light trapping texture pits 343, which form the
textured surface 342. It has been found that in some cases,
if the pits are spaced closely adjacent the edge atop the wall
359, there is no wetting. While, in other cases, if the pits
are spaced further away, leaving a more substantial scallop
edged, flat surface between the wall 359 and the removed pits,
the upper surface may be undesirably wetted. This is also
illustrated with a somewhat different context in Fig. 15,
which shows a capillary dispensing tube 1560 moving along a
groove 1556, dispensing material 1564 that contains liquid,
which necks down, fills the groove, but does not overflow

beyond the edge 1571 of the groove, into the hexagonal array
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tube fromd 1. The relative notion device then draws the di spensing tube
along in a direction opposite to that first traversed, such that the point
of contacwodRiwespens in contact with the surface for tRETAISRINM202¢Xt pass.
At the end of the second pass, the relative rmtion devi ce reverses

directi Oi f
cont act 0{150%6?@ ptf&d fﬁmra]?’ 'gorril;,H CES_S% agf agsen I CI aI to ?ﬁé\}%%gl%sr%fckllsng
f eat ur esShavwronfel Lk Vblrthmmaatemoqcln et ke et o groeieat I e areiaing he

ci rcunf esigiice, of the cross-section of the end of the dispensing tube. In
sone cases the dispensing end of the tube may have a non-circul ar

Cross-sec In su a case, it nqt b roper to refer to the extent
of the CHOABL oo 2Rk e i A s bt 0wt G A 1.

Cross- emm&smab:]re)smetstemg anial tlex tupipers it faman idheshibwat ance across such
a Cross-g 0 2] n e S re eature runs
along t he&%anhag GEO %ens‘% ng&?uab%?lt L gf{oﬁ, 1, 2492 in
Fig. 24 pmided]eacbjaﬂﬁret aarhcide of ddié ﬁgaxmaqm@se h%ﬁ/feG { heBerhuat® age
that the sl ifdIessOfchdied SRENS Gyl Jdesder H ANGyf dhedupertdipt is

perpendi cular to the work_piece 1s higher than the stiffness of the tube in

di spl acé%ﬁﬁ]tlfﬁaﬁ?%‘qué#n?i cﬁCiGH% Wik piee i q rﬁfsew el thsd nith Ea9%wabl e
m sal i groerdac 4ide Cbﬁﬂﬂi@létﬂ;@ﬁcbr?cﬂﬁﬂhé)fdéﬁwsiiﬁw,méﬁMélh@@EFDQi/cﬁes Wil |

be Iarger tha it _wou be in the, case of a circular tube, for a given
arount g1 e P T RS RS TGOS | TEOF 11 HHP PG | nfer est to
provi de schimpeirsa gy tiubeFigs h fAfferamd A |dﬂ rEs dpplrbdﬁmrer&emee]s

t lar | ¢ I t
gﬂfIe?gnbt%t%a%&g/h[}e@ﬁ#dn%@ﬁoér%a ﬂ”h?ecP e %ge%% A{ﬁ hougEL 135;}\} ng

ext er nalLAYERK| Hy STARI I AN EREATY GELLS MADE BY SUCH METHODS
Filed: April 17, 2009, inventors Andrew M. Gabor and Richard

L. Wallace, the disclosure of which is fully incorporated

herein by reference.

[00100] The wetting of the fluid to the material of the
dispensing capillary tube may also be controlled to reduce the
tendency of the fluid to wet up the outside of the dispensing
capillary tube

[00101] The flow rate through the dispensing capillary tube
should preferably be controlled. The approximate flow rate
needed can be estimated by calculating the cross sectional
area of the groove that is to be filled and multiplying by the
traverse speed of the dispensing capillary tube. For example,
if a semi-cylindrical groove of 30 micron width is to be
filled with liquid, the cross sectional area is 3.5x107° cm’.
If this dispensing capillary tube traverses at 10cm/s, the
required flow rate is .002 cc/min. The flow may be regulated
by the application of pressure to the liquid with the flow
controlled by the viscous pressure drop of the liquid in the
dispensing capillary tube. For instance, there may be a
pressurized volume of material that is hydraulically coupled
to the support end of the capillary dispensing tube. Other

metering methods may be used, such as a metering pump.
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effect, it may be desirable whether or not a tracking feature is

I ncorporated. It may be desirable to provide different stiffness wthout
nodi fyi ngwohelogisesze at the tip. For instance, the capil lPa@TyuSdiopeeds ng t ube
may be co-extruded or otherwi se fabricated with different materi al

properti | ff t.or g ' n@é}gg. tiernatively, there
may be aﬁtqlll?é:%gg_r \Algﬁe_rgp%éﬁovﬁl% %hglé(’)}ﬁeﬁ{s%%%e, uctaﬁ#]oh't% others, or there
may be @&l FThedpes oMM Hey thit evdanomidiferald HomyFaRSsuch |ine,

but not BloORBditie G B WPRASALIid A& ©Of 1 1d18; Galld adveéXithe Ayfddid eni ng

el ement such as a fiher may al so be nolded .into the |1's of the capillary

tube at Bhe ROFAHHS dHtdom W EHP RS it RF T iTcE (B RART i3l
stiffnessigi ddecdnibe/s A Heskofa®lseesrar fHaoraycee piioghtdedingdtong one
or nore Jl.ines tc., [0094] Mhen there. is .a tracking feature,and/or en the
Cube 1 s Wihile el at b YRTAd i rlfe AR i [ S A SR R mum
restori mpd g deidls wisdds iproports ormtie taf ahiysgend osgl fay dee Howevasd., unl i ke
the sinpler case discussed above, the maxi mumrestoring force will be

| ar ger af‘tfbfb’ﬂ; SifHd f;il&ﬂ”_ifﬂd\)' L ANESFe tAD ddvek Rl QahAPr&e a1 Q09 i dde
wetting angle between |iquid and the surface of the groove nust be
cont r ol |APY LB idRe Wi 33 oW eBhder2 19t MY ITRETPT st oo wet ti ng,

ijt UaydCirhgﬁxwerr.l ]E(rzes ewlmzl i sdd) ROy ec e hiveas 1 d 4l arml : ﬁ%&irﬁiﬁ?tge )
esired regions. the Iig s toq non-wetting, the ligui reak up
"ot bodihiaing reid Rt ohCid bl b M SATAYEY 4 0t | S0R s o " oo do
range ofphydicaly i gsiddmtpatill | 166bulledansicides siethapieral iaomd The

r heol ogy..of: | 44 i 4 | ay, r ' be

desi rabl & lol]fr}gr\};e faglﬁ%\qédé%ﬁ%ﬁg Pls@sﬂgear%ﬁ%&niv%ﬁsgﬁﬁﬁ %#eéf@d may be
pushed t3RRRIFLITRE RSN capillary tube, but once it is in the

[00104] Another form of alignment guide may be provided that
will help if a dispensing tube has become dislodged from the
groove. This form of alignment guide is referred to generally

herein as a restoring feature, or a steering feature.

[00105] As shown in Fig. 8, a textured border adjacent the
design groove 856 for dispensing can be provided. These are
alignment guides of diagonal grooves 867, similar to the
triangular lead-in feature 566 illustrated above with
reference to Fig. 5A, which will steer or restore a displaced
traveling dispensing capillary tube 860 back into the intended
groove 856 path (also referred to as the physical work piece
path 1604 in Fig. 16). They are specifically also referred to
herein as restoring features. The movement of the dispensing
capillary tube 860 tip over the oriented texture 867
surrounding the design groove 856 creates an oblique force on
the tip, (being a combination of frictional and normal force
due to the topography) tending to drive it towards the
intended path. This restoring force is generated by the
movement of the tip across diagonally-posed restoring feature
elements in the surface texture. The steering features are

mirrored on either side of the dispensing groove 856.
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groove, the viscosity wll increase and the fluid will stay where it is

di spensed. It may al so be desirable to have a fluid with a yield stress - a
stress bewowowrises22it does not nmove at all. This wll f{RCThSeO19O22aRt ee
that the fluid stays vvithin t he groove. However, sone flow within the

groove esiy f v&% groove
I ncl udi n tou ﬁl ng %ﬁé si de ﬂ% }g‘ft tct]%érjeoo%}g ‘e&un‘%)?fllf)lnééjfé e fluid in
the gro et @l & gnPEL g r%ww%v@&ﬁ ivPrIvidre 3 iRpsHiRAhicle. The

wafer meycde-ied d AdsedeMay efbd1aimer atil e Hurd b idie L R{MS) Y QRerat i on
in order to further %]ormte this evaporation.” Anot her mechani sm of

restrictGdRSs 1334 HeF1uid once it is in the groove i s to cause
the liquid to freeze, flocculate, gel or cross link after it is dispensed
into thef@ve. [THNE5] Yotdecldad+ion, faptidmts andinck craxsind | (ki awyr an) be

due to I Q ort tine
prior tﬁf aﬂspeeﬁ%%g q%téeqfr% |évencfé Qq}{%ee}{]te%%%lsa%gl%fﬁ causedy1 dle

fl occul atefmrrekltac dgemlmrqgfseﬂlqmlhg ag el gnnent rguigdds ent surroundi ng
the work piece. For exanple, if the work piece is maintained under a

bl anket [QfOR%POﬂ TeH QI e, £ S Wt &S élﬁ:sr?dam&dé@'dés!@ttlbé‘d HisRens aehy | |

rapi dly drop pH - an_effect that can be used to effect f1 occul ation,

gel l ati d?P‘()]rafd? dse 11584 i TR | 2SRRI L e HE HRAL IR YT P AP
?d\éalnt agﬂmj&ﬂlﬁﬁm gﬂge?idam dvexk yitire sk ﬁgwtrtsextdw fdre ditltmrvm;i. be 1 \izs

I kely t inch o or ets. Thi ti r ortant ere
t he deporlg}l1 c ossd glcﬁl%aq Cle{ spjteh an Fféheh (Szlré(;@e se::J][ | otnln}/o r’%) e inner
di anet erd&ﬁlndfre bj{ stpfm'ls]urtge tahezof D9 nckh oatatagre tofo tdrpds ghelyt+ appi ng

élg;(ltﬁlrtelﬁc}?é(%t e e ges oﬁ%elﬁﬁﬁéﬁlzga{%@eg?%&% a%}ﬁbet%%%?lrece

work piece path 1604 for dispensing.

[00109] Fig. 9A shows a pattern that is similar to the
pattern from Fig. 8, but there is no physical work piece path
1604 groove. There are patterns of pockets that are mirror
images of each other adjacent the line. For the design shown
in Fig. 97, if the dispensing capillary tube moves generally
from lower left to upper right, the physical work piece path
would be at the convergence of the oppositely angled rows of
hemispherical pockets, as shown where the capillary tube
rests. Alternative designs not shown are similar to that

shown in Fig. 9A. The patterns may be transverse ridges.

[00110] The design shown in Fig. 9B, is similar to that
discussed above in connection with Fig. 9A, except that there
are patterns of transverse ridges, which converge upon a
groove 956, provided at the physical work piece path 1604.

Fluid is shown being dispensed into the groove.

[00111] The purely diagonal features discussed above are
not the only features that will steer a traveling dispensing
capillary tube tip obliquely. Others include pits spaced at a
different spacing, ziz-zag patterns of ridges and grooves that

lead by skips and hops.

-29-



outside this groove edge is flat, confinenent is possible. However,

confi nenent becones nore robust if the edge of the groove is raised, or if
t he wor k WDeow/80828i de the groove is |owered. [0098] |t Poagsh@em2@eiind t hat
if, as showmn in Fig. 3A, the edge 361 of the groove 356 that tops the walls

359 is s szf.“d TS {&@&f%c?'é’mﬁfae@é) Aﬁcéﬂé‘%%\%’é},boﬂbﬁicﬁ%q dfen the
deposited nmaterial stays wthin the groove, and does not wet 1he adjacent
upper s@fmmeytt tqeldes k Pidters Thrad chh fra bt on ILBUE & itshathown in

Fig. 3AsHédd #h HREP. I NF] 14183 athd heey@d i P onss sidlewfad hehfege 361,

and the steep walls fornmed by the |ight trapping texture pits 343, which
form t het® 5&%9085%%593%}2/’. 93N s AP Fothf thatath éUrﬁf‘]?:]é%es, if the

pits arensgroced gbastel gu g ac et t tdet ety egeriafn It htawidly SSXedhreigues no

wetting. Wiile, . in other cases, if,the pi.ts arge spaced further a
| eavi ng uaserrfol}]g fscﬂ Stant akfu scr}ﬂtf oaplleaogfe ,m?‘ﬁeatfesahér3 "ace bet véeesncql\rll%gé’c\i/val | 359
and t he irerRSRdgplissatien (RPRAUSAGTFROE 433, ntuiidesd r#BIGE IBMRRINT This is

al 50 11 pigaterha i 7 oA e RANGAL . bl gyid % Whi ch Shows

a capillary dispensing tube 1560 noving al ong a groove 1556, di spensing
mat er i aIPQLJASI]@'@rt HiR Ll bt aiGstes and Engn el décié& E¥ied on MPigkloove, but
does ngm,\/ezd@%wmﬁwbld ltlsgn Qﬂﬁﬁ)l 6&7322;): zmﬁrw@ﬁ N g%dee. hexzﬁgonal
array 0 : I g, . as shown, t gr oqve i s shown
filled éq@/r&iﬁéq ,t%%ﬁn’in‘b“t r%”g‘?sld%ﬁ}breiéﬁvgéﬂl}le‘ﬁhilr% ]13/1’ [0099] Anot her
geonet r yi idwat pdrsest dak ére fanim doyt argoff et e Lride saddiid ieoweel tatigraodt e upper
surface,, | q@{ic R 1.6....26 I td r.oove 2656s is
provi dedtéacgfrgw Peogll(:h S|lcflegaotf}¥% é; ér?éaallqcnuléersooi\?g; @ggéé%]e?acu%egﬁ% wal | s of
t he adj acent grooves 2665s fall away steeply from

[00113] The PCT/US2009/02423 case discloses patterned work

pieces for photovoltaic and other uses that are made by
pressing a flexible stamp upon a thin layer of resist
material, which covers a work piece, such as a wafer. The
resist changes phase or becomes flowable, flowing away from
locations of impression, revealing the work piece, which is
subjected to some shaping process, typically etching. Portions
exposed by the stamp are removed, and portions that protected
by the resist, remain. A typical work piece is silicon, and a
typical resist is a wax. Work piece textures described therein
include extended grooves, discrete, spaced apart pits, and
combinations and intermediates thereof. Additional textures
such as some of those described herein with respect to lead in
features and restoring force features may be similarly
provided. Platen or rotary patterning apparatus may be used.
Rough and irregular work pieces may be accommodated by
extended stamp elements. Resist may be applied first to the
work piece, the stamp, or substantially simultaneously, in
discrete locations, or over the entire surface of either. The

resist de-wets the work piece completely where desired.

[00114] As shown in Figs. 10 and 10A, to attain a high rate,
a multiplicity of dispensing capillary tubes 1060a-10600 may
be used, each dispensing in a separate groove 1056 for an

individual finger 1060a-1060o. For example, if a wafer has one
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the intervening edge 2661, there is a steeply inclined surface on each side
of the edge, and the deposited material 2664 does not wet beyond the edge.
Such a stwOoah1wes0s§23 aI so shown schematically in Figs. 8RCEMSand/oi4df PCT
application Serial .. PCT/ US2009/ 02422, entitled METHODS TO PATTERN

DI FFUSI L ]%%B ]q;hgg é\ﬁ% t%izlwﬁqhggs Fi |l ed:
Apri | %Itcg%%ﬁ I%‘%%ﬁ?%d@véw or %\%le | ace, the
di scl OSLﬁf(éﬁQ)fCCWﬂrd:HOQ suged |50 it pertrer hekeihiagensgdrichcane [ 00100] The

wetting pindfes ffiHdbid dhammtpiiad of dhe gispensing sapiddmided ube may
al so be control)ed to reduce the t endenc t he

B@C&ﬁthe fluid to wet u
out si de SRWW%%W%&&‘? &F YANRE [BEERPTCTHE 13 W 1S Hfough the
di spensimg, C(aeps; | 4 leswh tsﬁleersémidacﬂ]gr ef @ ab| gmalel o numidd e chf Theoep OXI mat e
flow rat Jes( QlC coanasbeshesvgrl1 mat e a{; gfad Lg{ n tshien Cr Oss. CI'LI nu oAarea
of thegoove C i 15 DE )fllrrfe nul |eryEge Jb‘-ljchepjtravrse Speed of
gge di spb(}ﬁsﬁz!ttg;ma]pﬂ Ibearl;s;djllblmﬁgtﬁmg emmileaal |ij;dmpnnsgd |tmjr1(tat Yroove of
mcr : SZE?&; ar eais
3.5x1 0 gﬁc% fdfh%}ge 3%5 éenS| ngy%agb%%%g}/ tV{JJbe t%é\izo‘rﬁs as‘lf t he
requi recpamw%x gykes ovgz:r&,*veﬁffﬁd ALk el e e RASHR by t he

application of pressure to the liquid with the flow controlled by the
Vi scous mmu_re drop £f gﬁwﬂimﬂanaﬁudm}di@mﬂsﬂémemmiélw yrigie. For

I nst anc be. aW i ] {i vol une of rlal IS .

hydr aul | 5 15 Solped 1 T R oo 0 W Bre he TR | P LTREEH g ¢ ube.

Q her netapihigpmetthdess nZio becaislad, besm:d'raisgeadrmtexllmglqourm.i{mmm The

speed V"'fafhg"'ﬁ %bltatl?eé rfféé%ﬁtl\}paf}&f@ac ’%&H%%ﬂﬁ a(g)%fééarf‘ Shthe

econoni cs process el ocit t | spensi g ca lI'ary tube

over th&¥FoddE), so that after a work piece 2740 has passed by all
of the ranks 2760a-2760c of the entire assembly, every groove
has been treated. They may be separated into groups of, for
instance ten, twenty or twenty-five, spaced apart along the
direction of relative motion of the dispensing apparatus and
the work pieces For clarity of the figures, only three ranks
2760a, 2760b and 2760c of three dispensing tubes each are
shown. However, it is possible that there be many ranks, each

with many dispensing tubes, as discussed above.

[00116] Fig. 10A shows the polymeric dispensing capillary
tube 1060, extending from a steel tube 1063. The steel tubes
1063 are fixed in a support assembly 1065, which is itself

coupled to a relative motion drive mechanism, not shown.

[00117] Whether with a single dispensing capillary tube, or
a multiplicity of dispensing capillary tubes, the rate can be
increased by treating a number of wafers in a line. This has
the advantage (for cases where the dispensing tube is
reciprocated over the work piece) that the time spent
accelerating and decelerating the dispensing capillary tube at
the beginning and end of travel for each reciprocation, is

reduced to a smaller fraction of the total process time.
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may be quite high, certainly as high as two nis and perhaps as high as ten
ms. There are several factors that mght |imt this velocity. For

I nst ance,wopf2otoms08zat eri al to be di spensed has a hi gh vi #Co4iSe810/02G245 r at e of
di spensing may be limted. [00103] The ability to nove the work piece

and/ or dj n 114 | | sf r ' . IS
i rrportanll[. E Asj d?s%%%ﬁ%%%g#?t%eﬁdgh%%%l@%&1%0%5%3{ Z#%déq{d‘%/lsrg%n@sq% land
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conpensate for sone degree of error e . 00104! Anot her T.orm of alignnent

gui de ekl prARAdPThatn ighe riigmeten, Qf th iRl fast econe
di sl odgesbdg i 1iey gsHakpositis darumolataingnirertheguiwses s referred to

general | erein arestoring feature, or a. steeri feat ure. 05] As
Shown 1 PG Ly BTGNS A e e VSRS B s
di spensitanparetherprolickerth cArisklare tibgramhtthpias diaieagdmal gr ooves
867, sinmdar the tyd rﬂﬂ; ddd £ WH 566 dlilsis ated above with
reference %f) c;I—%ﬂ,g:].crl%A, éV\IﬁJI'C %I%Iﬁgt eeér1 o]?ﬁé esa?coerse a dllésjgllgaced traveling

di spensiBRF ekgHTaaky effretgistre vk Rafte thidke Matirielp b X85 9at h (al so

referred;ife@si thec pbtysd d&Y ke S EC s AP VL GPACH Nidd eadlds -inThey are
specifically also referred to_herei aws) estorlgr;%f.eatures. The, movenent of
%”e . :

the di spefRHFTHS 1| P upet O 1 R eI SRS e B67
sur r oundiowund heo desi gpw gridoy et @ife ataatee sofan-ob | tuje daot dee aimd e ded,

tendi ng T5 dAiet St e SnERG 4 o, A9 B 4y JReEspEP™)

gener at eglfyoundimmvidrertukg ahedyt | ghigvius sl ditdy orral the podel. r &St ori ng

feature conductive coating deposited on the tube can be coupled to by
a radio frequency coil to provide heating. Alternatively a
thin conductive film on the tube can be used as a resistive
heater. Such conductive films can be deposited directly on
polymeric and glass tube materials. An insulating layer must
be provided on metal tubes. The flow rate may be determined in
situ by thermal means as well, for instance by measuring the
time of flight between a localized heat source at one region
of the dispensing tube and a subsequent temperature measuring
device downstream of the tube, or by measuring the temperature
rise in the fluid resulting from a known thermal power input.
The measurement and control may be effected by the same

apparatus.

[00119] Alternatively, as shown schematically with reference
to Fig. 11 and Fig. 11A, a plurality of work pieces, such as
wafers 1140a-1140c may be disposed on the faces of a drum 1170
with flats and, with the drum rotating continuously in one
direction as indicated by the arrow. The dispensing capillary
tube 1160 (Fig. 11A) could then be traversed in a direction
parallel to the axis X of the drum (about which the drum
rotates) while being moved in and out (toward and away from
the wafer) to provide the rise and fall needed as an

individual wafer is traversed. The steel tube 1163 supports
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el enments in the surface texture. The steering features are mrrored on
either side of the dispensing groove 856.[00106] Many textures that create
an obl i gueof2picgsiszaal force to a noving di spensi ng t ubePCIrUSpeioweates a
possi bl e steering, restoring feature. Linear grooves are only a small class

o these fesigss. LADIOH: Ty b |t nd el wsmend sosioriag.

(steering) features o e surface o conduct or

ref err ed@iderkedy gebfeti 9ty ass alsyimgR Rptiks. §W00U08] Lead-in

f eat ur ess it @4 B & 1 bed, above, may obviate the need to have a
separately defined groove 856 al ong the intended physical work piece path

oo dof | D TAPT he TH9TL T T eH B0k VR SV OBpoo BT YSiF sets of |

text ur edneted Erizdt idratf Sigaddedie WH6I0ala viskpgn teioee ped thtdiVdad or

di spensi 0 ] Fi Iy t ' | . tern
fromFi gg}%m{ %&&%%’er% i%%ﬁ@%ﬁacﬁfél\/@% p(%%;c%érf)saw&%%lgf%%&&%]er e
are pat tet6ls disgrivketmatdrialarto ie @nt i arrdentide dreeveiditacent t he
line. Fayugdies fesiony, supstd it RdoPhy | fnd N4l spensi iy capid | Mkt ube
noves generally fromlower left to upper right, the physical work piece
pat h wout® HetstFtHEbnver gence of the oppositely angled rows of

hem spheri cal pockets, as shown where the capillary tube rests. Alternative

desi gns [E01ZIpWn Bicresiig | ddvdmedges howvpravdigindAeddeapatl efuidsmay be

o cuss e AbSUHETTIS COhiRe B W L A R e cpt (iaien nafe e bt terns

of transweraeid dgesstmiiah stonviergethpon Agyrdesar 856, tiprpviaked Ete t he

gfggbga'imé&n&@&@icﬁﬁt& 1604 o Fd itk 1 iy SHOMLAET NG LS PaNs &8l d s 1018
tip across the edge of the wafer, exposing the edges to the
reactant fluid. Alternatively, as shown schematically in Fig.
13, the edges can be masked with a thin layer of masking
material 1382 (e.g. paper tape) to prevent the liquid from
touching the edge of the wafer. It is not necessary that this
layer be bonded to the wafer surface, though it may be.
Alignment to the edge is not critical, though the mask can not
entirely cover the lead-in features 1366 of the grooves 1356
for the fingers, or they will lose their effectiveness. The
masking material may be disposable or cleaned and re-used. The
same concept of masking may be employed at the end of a
groove, again to prevent dispensing on the very edge of the
cell. The paper tape masking materials running along the
length of the cell can simultaneously mask a multiplicity of
capillary tubes. Alternatively, in the serpentine path

embodiment, there is only one entry and one exit to be masked.

[00122] The tip of the dispensing capillary tube may
accumulate material on its outer surface near the tip. This
can happen due to the fluid material wetting back onto the
outer surface of the dispensing capillary tube. It can also
be a result of the capillary action between the tube and the
edge of the groove in which it is tracking during dispensing.

It is advantageous to periodically clean the outer surface of
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[00111] The purely diagonal features discussed above are not the only
features that will steer a traveling dispensing capillary tube tip

obl i quel ywoQ@otvensas2encl ude pits spaced at a different sp&RCITAF2010i020225g
patterns of ridges and grooves that |ead by skips and hops [00112] The
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referena@slﬁmgidnhtelolrﬂal Jaﬁ&& amn Jee treodii @fueart arbsident tieeser falat ures i s
by | 25eTy 5011 b1 kA OWASIo e, ACUUSA0H 02403, 6 3801 81 Sl pre et L ef ned

wor k pi eces for otovoltaic an uses that are nmm ssing a

fl exi bl é“as‘%%lfﬂﬁﬁhp%rrpr%l the rP‘l‘ia%ﬂeC?e ot g Fapdk il , T d?ﬁi'&ﬁﬂe% thador k
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by the stanid a,Vceck,enﬂmecbxe&m[Lq:).or tThoies aﬁ;aﬂoaw}ot}em ethédyaden trags stthat
remain. A Lyplhcals vor rpéoeck?edfc?rn 1446005 1{@'&34 &8st vée tlﬁodea

screte

Wor k plecete ures escri be erern Inc e exXx gr oo
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textur esnSpall amn SAUP Ofod 10581 &l&s ¢ Rtk dier &l M thbd e8P rdQed eadkd

the masking strip.

[00123] The tip may also be cleaned by periodic immersion in
a cleaning bath 1386, for instance which may be ultrasonic,
arranged adjacent the work piece. The capillary dispensing
tube 1360 can be traversed along the path indicated by the
dotted line and arrows. It may be dipped explicitly into the
liquid bath 1386, for instance by vertical motion of the
relative motion device 241 (Fig. 2) Or, the designer may take
advantage of the flexibility of the dispensing tube 1360, and
may arrange the travel path such that when the capillary
dispensing tube is at the liquid reservoir, the tip is
submerged in the liquid 1386. As the capillary dispensing tube
approaches the outer edge 1388 of the reservoir, the tube
deflects, and then when it reaches the liquid 1386, it snaps
into the liquid and is cleaned by action of the ultrasonic
generator 1390. The tube continues forward along the dotted
line, and encounters the inner edge 1392 of the reservoir,
flexes, and eventually emerges from the liquid and is drawn
along toward the work piece. Such ultrasonic cleaning station
may be located along one or both edges of the work piece. The
immersion time may be short, even less than one second such

that the motion is not interrupted.
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features and restoring force features may be simlarly provided. Platen or
rotary patterning apparatus may be used. Rough and irregular work pieces

may be acwormmdstsed by extended stanp el ements. Resi st mag/useoippi2ied fir st
to the work piece, the stanp, or substantially simultaneously, in di screte

| ocati on ver t ur ther. d
wor k pi elioe i(?ongl etF Cs; Zgrée}{ e§3| rée &I%{)Jl&l ﬂ}a %%ﬁl n % es%%& and 1OA
to attaid wakeighl 441 hagingla i Proaye yl 446 dﬁ%lpemsmefg‘ﬂelalpaaﬂmry st

_106_03_ 10600 F(Pé/rﬂ% Uﬁ?%r&?sﬂbéﬁtsn'&%ﬂs'ﬂge 'ﬂn&lﬁ@nﬁff at e QPl\@pérQs'ifd for an
i ndi vi dual finger. 1060a-10600. For exitbg if_a wafer has onehundred

fingers P56 ohel SR RF HQRRiIFRP |‘far%]r SA (Ml BYRD D AP P ised so
that matiey ichanginl spiettsad tie @geddinsit ecthd |dw<-msmfnq hei pvafelra ti iveoneo pass.
The one uendvgae di sﬁg r]gl nrigb&alpltliﬁryttub S, SJl_one dis oS:suelgi [ a SI nsgl e row.
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the current, which increases linearly toward the bus wire.

[00125] The increased flow rate of dispensed fluid may be
accommodated by an increased width of finger to ensure

retention of the fluid in the groove by capillarity.

[00126] Methods have been described herein in the context of
fabricating solar cells on discrete wafers as work pieces.

The methods may also be applied to larger format work pieces
and even to continuous roll applications. The methods may
also be applied to electronic applications other than the

manufacture of solar cells.

[00127] While in the previously described embodiments the
flexible element that provides physical positioning of the
dispensing tip with the necessary compliance for tracking and
the fluid-carrying conduit are one and the same, this is not a
necessary characteristic of inventions disclosed herein. 1In
some cases 1t may be advantageous to provide the compliant
positioning with a wire or other purely mechanical element, to
which a separate fluid-carrying conduit is affixed at the
dispensing end. For example, some dispensed materials may not
be chemically compatible with tubing that has the necessary

degree of compliance and wear properties. For instance, an
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shown. However, it is possible that there be many ranks, each with many

di spensi ng tubes, as discussed above. [00116] Fig. 10A shows the polyneric

di spensi nyocapvasheey t ube 1060, extending from a steel PODAS2O068202Fhe st ee

tubes 1063 are fixed in a support assenbly 1065, which is itself coupled to

S Lohel LA G ey 00, S0 [ T Wider, Wil o Dol

di spensi capi ry t I'city of nsi ng ca ary tubes,
the ratet beor nigrsseange BE (REER i mpd thaisEksransidi®erisube) mighthde Thi s
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t he wor k |J_§§]_§é that _the tlrreL}sfgjent accel er(gtln and decel erating, the

di spensi I}Jtr}ﬂf‘?at}ﬂérea't T bae'i;ianrﬁcﬂgl NPEfPHOTeARE Mrdleach
reci procfidmty, ier redtiead fibar St terrfngcic aigf 30e 4 otlBdxiplcess

time.[00118], A chall enge i.n I.tiple capillary dis | t ube device
such ns et e 1 £ (Y Bl e BN, SR DR e T om
di spensisuppatie e¢nd di GHenss mpupled despilte ttretinqrérad itomsthen t ube

di amet er ﬁé‘ﬂf fﬂﬁj possi pidi | FeRasidsi acsipl aty in the
t ubes. A?%aeétlcu é;r y aﬁ%cc%fl]\%e met Ci(;cfhl'ésgeflgg]iﬁ%epen%en_tly co'ntagro t he

t enper atthtat dfhederpdaing 1end IUbe HirRFihet <BHPTHANMMAD & hie rfRITE R t he
liquid agghd heardd ovmed ad Bspelll ind Ser@riocul @rdpemfdectived faitpasie |ike

mat eri al s where viscosity typically decrease ar pl th i ncreases in
onmer atgh Vet | Tio S90S RO DAL orSAeiha s SHRA AT | ow,
the tenprwiled® 0 4 heldidberaserbeir 0Based. The tenperature can be
changed by the action of a small heater surrounding the tube or by shining

coupl ed 1ORALCT L AU AN ' PRERoRd TR SRR G .
thin cordirRetRr fandnuged He t s Pea ks paltizes exd g‘lelsﬁein
described. For this reason, the term capillary tube has been
used extensively in this disclosure. It will be appreciated,
however, that the scale of implementation of this invention
can vary and that larger features might be addressed by larger
tubes which might be called simply tubes and not capillary

tubes.

[00129] This disclosure describes and discloses more than
one invention. The inventions are set forth in the claims of
this and related documents, not only as filed, but also as
developed during prosecution of any patent application based
on this disclosure. The inventors intend to claim all of the
various inventions to the limits permitted by the prior art,
as it is subsequently determined to be. No feature described
herein is essential to each invention disclosed herein. Thus,
the inventors intend that no features described herein, but
not claimed in any particular claim of any patent based on

this disclosure, should be incorporated into any such claim.

[00130] For instance, the invention of using multiple
flexible tubes, with control over the temperature of each
independently, or in small groups, may be used independent of

any other invention, in particular of any type of tracking
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heater. Such conductive filnms can be deposited directly on polyneric and
glass tube materials. An insulating |layer nust be provided on netal tubes.
The fl owweateiwmys2ke determ ned in situ by thernmal nmean®CagISeel0/0202fHr

i nstance by measuring the tinme of flight between a | ocalized heat source at

one r egidf’é‘atcﬁré ne: g%ﬁ%é'tr{l}gé&%o%fe .g’}g saer:é@%ﬁ%%récﬁ@%a;} Ye JRaguni ng

devi ce downstream | _ measuring the tenperature rise 1n the
fluid rdshg tYorK fRiwaer Khidviiodthek oVl efRrimhefeptarigement and

control may be effected by the same apparatus . [00119] Alternatively, as
shown scigpesiral |gond tdsSaliel B o hdtdivard, W Jidupdidf stdpl alddy of

wor k pieces, su as wafers 1140a-1140c. nay he di sposed on the faces of a
G um 11 AR (b SSERLE @3 11 M T oY atiol G | st 79 G

di rect i cadnaiss 8 inwh ctaiaatd dyyy tdheclara syemhiee i s ensoures e | neresdaniel i 160
(Fig. coul d t.hen. he. V. | [ rect] e 0 i{s X of
the dr E‘Arﬁ\z a(taeg%%ualdpl\/ﬁi%h% %th_rﬁ{n‘f ro ia e%’) dé/ﬁ(]ﬁl(aélglgall Ig%; raralt)g\/e_dO I%tner@r:l‘ga%élﬁ

(towar d Rehdlaweyarid oreqwla twedng )redaptiod dere heambee ehdimentigetded as an
i ndi vi dualavaf£r i5e té}?ééﬂfr%ﬂ-irirft?nét;?&ieﬁ&%plllﬁ’aﬂ&ﬁorélstd}ﬁ@ SPenst ng
capillary tube 1160, and is coupled to a |arger volune body 1167, such as a
syri nge WAt LoO%how schetligregd yratPEiqy. shart "o ] 399 /% coul d

al so be avEMRshthYoEraatimedtiwmetal i zation finger groove 1256 in a
serpentine pattern as shown in Fig. 12 and having a single dispensing

cubst antte01$7k ondth S PEER 15 L] e T e s ™
Fi gur e) .tHa0 1is Tiesteract ais dekdard gueoticlgrt ev@emonmply edictlanthe iguiels from
com ng ifbéﬁﬁgfﬁé &ﬂtibéﬁy%é¥kkhéﬁ &f%ivgﬁfgw(éKAﬂgﬁéfgvand other
searchers to quickly ascertain the subject matter of the
technical disclosure. It is submitted with the understanding
that it will not be used to interpret or limit the scope or
meaning of the claims, as promised by the Patent Office’s

rule.

[00133] The foregoing discussion should be understood as
illustrative and should not be considered to be limiting in
any sense. While the inventions have been particularly shown
and described with references to preferred embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made therein
without departing from the spirit and scope of the inventions

as defined by the claims.

[00134] The corresponding structures, materials, acts and
equivalents of all means or step plus function elements in the
claims below are intended to include any structure, material,
or acts for performing the functions in combination with other

claimed elements as specifically claimed.
SUMMARY

[00135] Many inventions are disclosed herein, including

apparatus of different levels of combination, and methods.
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to avoid electrical shunt paths). As describe thus far, the inplenentation
of the dispensing process, drags the dispensing tip across the edge of the
waf er, eXxwoxnrgsodee edges to the reactant fluid. Al tern®CTXUSRYL0/02R245hown
schematically in Fig. 13, the edges can be nasked with a thin |ayer of

maski n { Al g i opid. f t hi
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grooves 1356 for the fingers, %%h@vw |1 | ose thei rrtfgffe tiveness. The
S

maski ng FRERK SNl HEEHARMo NEFhHRRRE T £ AN The same concept

of maskidigsperys ey esgd OVttt adidgen i adnd @snavies i ad Mdchdn Ryt

di spensin n. t he. very edge of the cell. The paper tape nasking materials
runni ng H ocﬂblrf%ef?agtn%lﬁ' of the cell can sinultaneously mask a nmultiplicity

of capillary tubes. Alternatively, in the serpentine path enbodinent, there
is only CHELERL ry Zantk lorfeedxd@nbadinen ek df U 0o 2jompiel 8¢ @ dfodthe

di spensiyyhcapl |14y £1ube vy aeaiate Jpierd al g, s Alglosurdage near
the tip. This can happen due to the fluid material wetting back onto the
outer sf dcte oflaHP IR SR i RRERAPITTHISA tiheand th¥dp W SR b a result of

the capiddwsMediCic athdetawent tdei b b, t he edge of the groove in which
it is tracking during dispensing. It is advantageous to periodically clean

t he oute ce of t.he dispensing tuhe to keep .t.he .edges. of the di spensed
mat eri al {Qléﬁéﬁef ivﬁletcf Blich'& %taarlrgcngemﬁ'h?/élbr‘éergi%:’cotr%lp‘? i%%egubri/g sée‘?/%crualfe nmeans,
ei ther atomisgs ia onbiusitdromt Gie Weest one draveof e aigess+ averse a

strip orgpad; Bldal oFULEXANR & F;@;,yli ; d@t el %&% cri bed
above inS connég{:%]_irrgén vﬁ'ﬁ oF}fg. %3, may al so ser vlfeyltcﬂ%_rﬁ}}ngét? n o éic eani ng

the tip.Wedje resistant and/or a magnetically attractive material.

[00139] The protrusion may comprise a body adhered to the
flexible tube. The protrusion may be a body integral with the
flexible tube, formed at least in part from the same material

as 1is formed the flexible tube.

[00140] The flexible tube has a long axis and a lateral
extent substantially perpendicular to the lateral extent. The
tracking feature typically has a lateral extent that is less

than a lateral extent of the tube.

[00141] With a useful embodiment, the tracking feature may
comprise two tracking features, each one being a protrusion at
opposite ends of at least one cross-sectional extent, or four
protrusions, one each at opposite ends of two orthogonal
cross-sectional extents. The tracking feature may comprise an
extended rib substantially parallel to an axis of the flexible
tube along the outside of the tube, along one, two or four

lines along the outside of the tube.

[00142] Other, related embodiments may have the dispensing
end having a cross section that has a first cross-sectional
extent that is larger than a cross-sectional extent that is

perpendicular to the first cross-sectional extent. The larger
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maski ng material 1382 can be nade of an absorbent material with a little

bit of surface roughness to help renove any material fromthe outside of

t he capi Iwerg10/08bg22nmat erial that is renmoved woul d t hen PeTAlSs@obea4by t he
maski ng material . Paper or a nonwoven polymer fabric with sufficient

absor be’lﬁé’oéé%’-“ééjc 1 f&tﬁﬁﬁmﬁgg'bgmﬁ%ﬂ%%ﬂgﬁ%“%‘ﬂ%&dvam age that

the tipis eaned Dbefore eac] s of spe e over the work

pi ece. AMukstantially rewcendgilar ste ip Rrapad iy WerkarPirrR ¢« iVt pi ece
0}‘ ma; erﬂll?sis aéiﬂocéﬁhtmérm,eg{}?é el d:Ff & k@lﬁ@%(ilsfkgarﬁifﬂ -%l{hc@%la?él?)%]a fTéLeos}sﬁot may
al so be cleaned by periodic imersion in a cleaning ba , for instance
whi ch neSFPetdy a%‘%fﬁec,thaﬁfr dife P RSt ndtie iRt et 1He it ary

di spensiaoxpdstsedidthaLbresbeeritt aver sed al ong the path indicated by the
dotted line and arrows. It may be dipped explicitly into the liquid bath

(o, 2 o BTCSudh () 8 (S eilod i & 2 il AR I S e
di spensimay thiyee 1Betharshdaksctad afigpm ttee tgreoud grisisuoly tdfat avhen t he

capi || aryexﬁg%p%%ﬁazﬂl e i Sh afi e |0 i d BRETPS ¢ iord he td Prd Ko Sulrer ged
in the |IquL;]_If 1386. As the caﬁglary di spensi ng ‘'t ube approaches the outer
edge 1388 bfPi%e & RFVAYLY theettanededtect®, and then when it reaches the

liquid 1386, it snaps into the liquid and is cleaned by action of the

ul trasonje@opener atmyp i@y ,Thehd ubleesciant 1 e sof artver £l eat ksige tihebealoid ed

i ne, and encounters the i.nner. edge 1392 of t reservoir,. flexes, and

event ualg yose%t%%sp‘?rrr%l}nl% t‘?’nhee Iéllcﬁﬁ%lsaln%g i%n%roaév]vﬁtha‘? otnugb‘? o%r d the work

pi ece. athantcaklonitradleaniphy sieal oromaypbecd quaitledled it are errdmot h

edges ofpdffediPrd i ffea M Mind SHEE:S Med | dFs BYs £1f U tpat b1 Rifed han
by the dispensing end and the physical work piece path.

[00145] The flexible tube may comprise a material selected
from the group consisting of: a polymer, polyimide, glass,
quartz, metal and stainless steel. The flexible tube may be a

coated tube.

[00146] There would typically be a plurality of additional
flexible tubes each of which is secured to the tube support.
If so, there may be, thermally coupled to each of the
plurality of tubes, a temperature control, each of which may
be independently controllable. For instance, each temperature
control may be a light positioned to shine upon a respective
tube. Each tube may comprise a conductive coating. Each

temperature control may be a radio frequency coil.

[00147] Typically, the flexible tube dispensing end has a
cross section that has an extent arranged along a first
dimension that has a component that is substantially parallel
to the direction of relative motion between the tube and a
work piece, which extent is larger than a second extent of the

dispensing end that is perpendicular to the first dimension.

[00148] In general, the flexibility of the flexible tube

being such as to permit the dispensing end of the tube to
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that the notion is not interrupted.[00124] Fig. 14 shows, schematically, a
wor k piece, such as a wafer 1440 having a groove 1446 for a netallization
finger tsO208Vi86822i n cross-section. The anmount of fl ui @Caitspeseetsper unit
| engt h of groove can be varied with precise control by changing either the
speed Offélhfovg'ﬁf}?@é&gaﬁi&g & atd v 3}&54‘![5.%}1?;{:1{& ?aﬁ?dfﬂcﬁﬁ'a(‘g the
di spensi ng pressure. means to vary netallization finger cross-section is
desi rablflathaekane Rt current carried by the netallization finger is

hi gher closer to the bus wire 1444 (current collection point 1445). To

opti m zepddmead ¥ adeofie Retawermpeiiond dsddstnatee pofedn | assasc e cel | area
shadi ng,, due %0. a wder netall |5tzat| n finger 1446, a r%hqclllzatl on finger
geonet r PEHRERT Hy Yt SRRAT B3 EUe Hﬁ?‘f%’d}%ra P H Bust R SRS
advant ageslidinid deala stepeawed| shibeagarebad | ssmiasondwenwest fwark giicaes .
because Q | 0SS | y It t.0. of . whi ch
i ncreaseis}n?ei (%p%%/tf%vcvadr%]%h%o 'usA W‘?%k Efolo%% el%' ’nccréertz;"gle%&gééc;vrg or ate of
di spenseghipeiitd aejotte Ricxwmod atekh hivemdtnicrre abesdi ogt didndfa ff kgjerble
ensure reteMiomofeddle fdatidhdimd hes WS dya capidd pridving 4P126] Met hods

have been described herein_ in the context of fabricating solar cells on
di scr et SYRAYTs e~d vtk i tesRensiY RittodL el B il i ed to | arger

forrralt vwﬂrpﬁml_ ANtk @leind Of €0il l'rél,luquﬁe_ r@lﬂpc@ﬂph@ﬂcﬁtdcﬂi]@lhed”& n?t@OdS
may al so_he applied to electronic a i cati,ons other, than t nanuf act ur e
o ol st gt QRS AR, SR ui e 1 1 e e (e
fl exi bl enct immrerdevizd v oxondEisyyptedittal cguose trelm tigrefmdthieondispertst ng tip
with th ’;]pdm{ tracki A e B ryihg conduit
are one%%%ﬁszﬁg%’rre, t flglnlgf_%%%e a%%eééée sary c‘%](g‘rata% g’?clgjrskfcla%l%(*é]l nventions
di scl osepre® n.allghg a physical dispensing end path, the flexibility

of the tube being chosen such that upon such relative motion,
the dispensing end of the tube mechanically tracks a physical
work piece path of a textured surface of a work piece
supported by the support. The tracking feature may be sized
and shaped to mechanically track a physical work piece path
defined by a textured surface of a work piece. The tube may

have a non-circular cross-section at its dispensing end.

[00150] The tube may also have any of the additional
features mentioned just in connection with the preceding

important embodiments.

[00151] There may also be, supporting the work piece, a body
that is attracted to the magnetically attractive material. The
protrusion may comprise a magnetic material holding a

permanent magnetic moment.

[00152] The physical work piece path has a characteristic
minimum width, the tracking feature having a characteristic
width that is less than the physical work piece path
characteristic minimum width. The tube may usefully have a
diameter of less than about ten times the physical work piece

path characteristic width.
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sone cases it may be advantageous to provide the conpliant positioning with
a wre or other purely nechanical elenent, to which a separate

flui d-carwgizag/oses2duit is affixed at the di spensi ng endPCFRas2exan@Ehe, some
di spensed materials may not be chemically conpatible with tubing that has

t he nece@@i egr | A ies. i NG
anaggres |ve_§I3n]gt er&%‘ﬁﬁ%h%b%&}ﬁgep@gaﬁﬁ%ﬁﬁﬂg s%tc, L?é]leérdss%c_gbe, for

i nst ancef = iEE tubry tdrnidigpeaiity deberen gmtearlabugiad eantans

di spensingyeid £ ©ndof Kotk tablh @ Lomld adtosd T |l RgeFeadgifrattiieh as a
solid rod conposed of netal,,L quartz, or carbon fiber. Rferrln}? to Fig. 30,
a flexiff® pfggT‘RlTJcﬁﬁ fy T e FOEIP hdh ngEhe ety BEBY and support
end 308Zparatys athyatcdner g cKipesndr ized heo dinkp eS| igete b 386ila bf a
fluid-di,spensin ndui t 60,, such that the tracki end. 3081 tracks a

o dove. JRE St ket S AP (TPeti i Sthe e iididces 11 i
into thetwpeove 3056. The source end of conduit 3060 is hydraulically
coupled to a fluid reservoir 3090. [00128] In many cases, the dispensing
tube willodessmal IThd hares flcandhiss iy Addigssi sumed | £ £:8a1 asas herein
described., For this reason, the termcapillary tube has been used

ext ensi VB EHRhiat diaqdtlostiie Wtk R19Ce DAL VhdvR\RASh t hat t he

s_calhe gfoﬁ}ém& e rdadt Qaln ﬁyéﬁﬂbixmamF§M§Qf1hMgr& %’Hﬁbl I }Bmal_te I iarger bf eat u&es
m ght be resse rger tu ch m ght be called si t ubes an
ot e ST Ry st e s S el Mol G ifulse o dhath o detthor o

t han onevork euieam.lddeet imy estta toisnsararsetd fiord hperighexryxd ai ns of this and
rel ated documents, not only as filed, but also as devel oped during
prosecut j @y ) ARl EHaARPId S Ad Obdinsert A 1] Sadf R Wife VK

inventors 1ntend to claima ] i
pliece support, a bath of cleaning fluid.
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various inventions to the limts permtted by the prior art, as it is
subsequently determ ned to be. No feature described herein is essential to
each i nvemDi2on/@gel osed herein. Thus, the inventors inPEMAISRIIAN20265
features described herein, but not clainmed in any particular claimof any
pat ent based on this disclosure, should be incorporated into any such

at L . . | o any
CLEL Lfgasd, Fora IS AGRol ] AN ALAL ob g I IR G ideriale

t ubes, w contro e tenperature of each 1 ndepen , or 1n small
groups, LB e Bmﬁﬁsﬁ'{oﬁf AL tHan i AV i%ﬁ‘,‘aﬁ‘?if thRatt ar of
any typeditdimskd nofQatdires oo add HEEIE 1 tBH dechd wFpgilitdde groove nay be

used in the work piece, wthout |lead i r restori features. [00131] Sone
el (T T et CRASh Pt v e F T e T AR b as. an

I nvent i gger eweveredddiilsoursdimg tdre aftlingsisi oy idwsd; aamyd sysdn agsenhitsts or
groups ecessar.j o y disti [ J r4 (. cul as

cont errp?%ﬁfc}i%e;’ la:y%ﬂ%snﬁ]g%% i%lﬂéscsér egga;érlb_i #\b\éﬁé‘\‘_{]l(aﬁﬁfﬁm% lo a%n%% I ons
that w |9rdsevesan e 4 okt patlentlengsy citmensiar wmnya of invention. It

i s intended,d 008, 8 S e VYo rPf ﬁ?é’%&c]@%ﬂ@%d@iﬁelofc&ﬂpﬂfy o0
[ 00132] ‘An abstract. s submtted herewth. It is enphasized that this
abst r act1935 ey P EAMRRE tPeBhply with the rule requiring an abstract

that will allow exam ners and other searchers to quickly ascertain the

subj ect E01%7] of Witeh tcimiembodlinterdtOs Wiee ndteési sUbhdt esbmiding he
understalndi ng, tlhatt i tbé/viéé nsolttebda used %los i ntse{rg)r%t oI Ililarp/'_lt tha(? scope or
meani ng of1the ¢ aims.© a8 ]%9 oni secf%yat e Patents otice ©rule. [ 00133] The
f or egoi nijsPerciissi arndhdihel de leaer stropgEeove | hess rats vae ardl sstapal not be

ggpf: gﬁ[i%éég%%m%é Rddieh i b AFY SENSE- M1 d £ M 1Y &id Ongndraus been
appf& a restoring force to the dispensing tube in opposition
to any force that tends to disengage the dispensing end from
the groove in a direction perpendicular to the long dimension
of the groove. The at least one groove may comprise a
plurality of substantially parallel grooves. Or, the at least
one groove may comprise a serpentine groove, that reverses
direction at least one time. There may be, at at least one

end of the serpentine groove, a mask.

[00158] In the case where each at least one groove has two

ends, there may be, at each such end, a mask.

[00159] In general, the at least one alignment guide may
comprise a lead in feature at at least one end of the groove
and, here, as above, the at least one groove may comprise a
plurality of parallel grooves. The lead in features may
comprise features selected from the group consisting of: an
open triangular space, a chevron, a wedge, a pair of arcs
tangent to the physical work piece path and a pair of angled

grooves.

[00160] In addition, (or alternatively) with a very useful
embodiment of an invention hereof the at least one alignment
guide comprises a restoring feature adjacent the physical work

piece path, including a plurality of restoring features
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and described with references to preferred enbodi nents thereof, it will be
understood by those skilled in the art that various changes in form and
detail s a9 2bw/se82e t herein without departing fromthe ®piraiseolamneb28tope of
the inventions as defined by the clains. [00134] The correspondi ng
structures.: rl ]ﬁ%fjf I : ]%’@gps

function aeé%{?saﬁsa%]hcgﬁcfta}?@n& e oév/vaalas'ggrl%{n?éaln%e% 0 |'ncjlqﬁ%:}egér%/cp}mg

st ruct urfeatiiies izan emRickse fiRatgardvrerrFtett FroktihmsgreiRonbi nati on

Wi th ot hegndd Al IRfl Sf B FeRAScPed Ad (@ ddortd BivEth HANRE [DHR5] Many

i nventions ara}fﬂdjl scl osed herejn,_ including apparatus of different |evels of
combi natRH Efe‘i%cﬁﬁ?a[m%@l%%a%i]c“}ﬁrbt&g?wﬁ Hrang hvehith dfser eof

i s an appsflatplised®rpdiilspensing a material that contains liquid to a
textured surface of a sem conductor work piece, the apparatus, conprising a

flexible avi t { in e di sp ing end
conpri si h%d%?l chaﬁr:(?%%ﬁéﬁgegi’l n%%%r%‘%%%ﬁ%’ %rr?g[%a‘f%@;lecgr%oldl;nn%nt may
further worprpisece bodywhich ats lesst fonxidf echeagradvwed |hag Wiveo tamsds, t he
suppor t sl 1l the, fdexi bl e daibe. heing securasd omy Dysiaul igaldy coupl ed
to the less flexible body. [00138] Wth an inportant enbodi nent, the
t racki ngl IR RYHRT R dh e ProtedT on at at | east one end of a
crosssectional extent of the tube. The protrusion may conprise a wear
resi stantocasl pr avinEgnaicttedd yentiddiandntve amtlesast .ofdGdRvd hto r®g usi on
may corrpa[i Se & bodél aézlherreézlot ), 4 he Ifvl_eexiabl evteubee f'l'rhem PLoLs usi on nmay be a
body integ@alf Wt h %he BHSGDE 1Ube © 7 ot ed- Al Cfeas inopa‘?"t fromthe sane
material as is formed the flexible tube.

[00163] A highly desirable embodiment of an invention is a

semiconductor body suitable as a solar collector, such as

silicon.
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[ 00140] The flexible tube has a long axis and a | ateral extent
substantially perpendicular to the |lateral extent. The tracking feature

t ypi cal | ywbasioashgeeeral extent that is | ess than a | at ePall/Us2e10/0202¢f t he
tube. [00141] Wth a useful enbodinent, the tracking feature may conprise
two tracki ng features, each one being a protrusion at opposite ends of at

| east on - segti %tl?é&t CHhyerls GO Ue RLO! I8! ON3ae Ol &RCD 2t oppOS te

ends of hogonal cross-sectional extents. The ng, feature may
conpri s@%@ﬁm rdE kst e ATRLAPER FIRRT DN i SCeTHICAMBIGEQK| bl e

tube 3I WUy hhfam |ajff0%ﬁlshﬁz]rbﬁlaﬁﬁglﬁah adj ﬂﬁ&d et \é&&@ H&Mdlr}]qlecsh@ﬂhong the
out si de t he t er ate odi me ave the

di spen3|ﬁ]gr%*"HOSLH%I"\%k 'os%p%rbai}?eorf &% ragﬁ S]c ‘?%ts ¥t i onal

ext ent tdwmaboves, |leavgiaig tahau‘e]aat:arm]sy s]emtgmadirm«tsmrﬁn tﬁhaetn i perpendicul ar

L0 Lne indSlad earraectianal el e A | A0S F aa eIl B oY oY

be beneficially arrange ‘nt i perpen a wor k
pi ece. \Wedst mne enbiorhimat guide f Ivehqcm egnedee &@maﬁ e teanll ¥t izpn

crosssecdi gl s @hapg dhat1has. 69{19_1? éf'slé}ﬂ%@ﬁ o end Rladihendd r(%xtoove

Cross-secti onal extent [00143], Wth man t hese enbodi nents,
di spensiFRIVEHRL SR hdWRY AR eR:]t‘é‘E:P]erWncfﬁ"ueslﬁ?ﬁﬁ?dl %ting of: a

bevel ; apmélmepprqlrcmws tdhd gt roingh P aiidy Beamd Linicd£11 Binteidn pse, a
parti al I te eﬁlom rcle. 100144 T(}/rgécal% the flexibili t%?)Of t he
He

flexible LS t%‘%éﬁﬁ?" ihS FREBH RS DE 1 0
mechani clahdiy Jter\aa:rkseas phiyise actal ovaar tk ]pémte qregt ht dhespi Thee dvody raan betfveen a

physi cal w&gstg@w%ﬂrs%ﬁ%%d path fol |l owed by the dispensing end

and t he physical wor K piece pat 0145] The flexible tube may conprise a

materi al sel ected _ _ _ _
[00165] The plurality of parallel grooves with metallization

may comprise metallization fingers. In an interesting
embodiment, intersecting with at least one of the fingers
there is a bus wire metallization that is wider than the
finger. The metallization finger may beneficially have a
greater cross-sectional area where the bus wire intersects

than at at least one end of the metallization finger.

[00166] With this embodiment, as with others discussed
above, the at least one alignment guide may comprise a lead in
feature at at least one end of the groove. The lead in feature
can comprise a feature selected from the group consisting of:
chevrons, wedges, pairs of arcs tangent to the physical work
piece path and pairs of angled grooves, open triangular

spaces.

[00167] The at least one alignment guide may also or
alternatively comprise a restoring feature adjacent the at
least one groove, typically a plurality of restoring features

adjacent and along the groove.
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fromthe group consisting of: a polymer, polyimde, glass, quartz, netal
and stainless steel. The flexible tube may be a coated tube. [00146] There
woul d t ypwvoabioostee2a plurality of additional flexible t@bgaseaol2ass which
is secured to the tube support. If so, there may be, thermally coupled to
each of the plurality of tubes, a tenperature control, each of which may be

| ndependagy g FONty ol | A GhedOryd APt ASS  SACN IRIPSIAH Ui &ONt 9l MY be a

| i ght positioned to shine upon a respective tube. Each tube may conprise a

conduct iMeEhesht§otg. PrAEH ke g tpel dbrithat GRRtH S & dbi P ¥¢ deiehcy coil .

[00147] despidd Ysuitfed | &Kid| Lorh ihteh di SREN Sk GHbARS Phe MASEhSECT | 0N
t hat has an extent, .arranged %ql_onﬁgra first dinension tr}%'g has .a conmponent
that is SURELESRT &S 9 16 (PRI RY 1T IR TE R VP THotR i Det ween

t he t ubéhanicthg awdrdxtpimesd, swihfiade edtiantde &ines gerpiysital semdngiedent of

t he di | J . ' [ : fd ' [ 00148] |
geﬁer :aff)pe%’n%é%éﬁ | yal z%lpﬁi;&fnﬁd;%?a;h%‘%b@g%ién%&;s%cl %@!{%{%e% m t t]he "
di spensidigsrans Uig térd + e tdispenm g endb g aedrrnd rehagay sical work piece
path framanhdd fda Pl PN £8¢ ehd QA c 4 b At G d S d @iy ifEhof an

I nvention, hereof is an apparatus far_ di spensmgna material] that tontains a
liqui d tH-SPINSEREF PSR dedee ofLex iR dothfi ctorh Witk Rhietkca e Hpbpar at us

conpri sgsiede Wi th Pi @SEISLIHIOIAG € Q¥4 BB doh P ofidrde W tkrdt e Gtie @
rel ative,motion devi C‘ﬁ; and .a fle}z%lebl e, di spensing f ube, (gener al I%q]:s
descri b SR E hSARFE sUBFpord BH hrith & i Sip e i ¥R, " e S pensi ng
end conprhast ngoretd rees Kl ingu fdkatairtehe tieesilpportulmndrobupesting the rel ative
ot | on q%(’}&{ﬁélhr&% ﬁt‘ﬁi%é%pﬂgﬁd J{]%é A AL M dP L A8V GEIBS to
configured to cause relative notion of the _ _

the textured surface of the work piece; and causing relative

motion between the dispensing end of the tube as compared to

the work piece path along a physical unconstrained dispensing

end path, while the material that contains liquid is dispensed

onto the work piece, along the physical work piece path.

[00169] The step of causing relative motion can comprise
causing such motion so that the physical unconstrained
dispensing end path deviates from the physical work piece path
by an error g with the flexibility of the tube being chosen
such that despite the error ¢, the dispensing end of the tube

mechanically tracks the physical work piece path.

[00170] The step of establishing a positive contact force
can comprise preloading the dispensing end of the flexible
tube toward the textured surface by advancing the support end
of the flexible tube further toward the textured surface,
after contact has been made by the tube and the work piece,
applying a flex to the tube.

[00171] Alternatively, or in addition, the step of
establishing a positive contact force may comprise
establishing a magnetic force attracting the flexible tube and

the textured surface path toward each other.
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di spensi ng end of the tube as conpared to the work piece support, along a
physi cal di spensing end path, the flexibility of the tube being chosen such
t hat uporweuetv/ases2at i ve notion, the di spensing end of tRETUsSR@oMRARNI cal |y
tracks a physical work piece path of a textured surface of a work piece

supporte e r The t ' at WA-Te R aped to
mechani c@%é{rac%gp%h%ys?lc%ﬁ m%ﬁ%%%g’paﬁ£ﬁsn%%y a tgi?euér%d surface
of a worBel ex@PIRes hedRBVhave a non-circul ar cross-section at its

di spensi ng end. [00150] The tube may al so have any of the additional

f eat ur es; g3 pnedrn Usdnd #a COMREdd Qi o tvhi tH e 1Y afelk el B Q4 @t
enbodlngg%s . ] 00 Séﬂ Tq§re n§¥ al so be, gg@gortlng thf mnr#ﬁgéece, a body
that is HGrActedt o8 Ahe HHMS I HG 1 Ve qetteriegst protrusion
may conplisghmemBagneide st erorghr e dimg Gr pesrmnesd towmignet £ aa toresnt .

[ 00152] The physical work piece path has a characteristic m ni mumw dth,

the t | t ' terl ' ] t.A h th
physi cal tORTI b eciearh Tract ot (o iy s e st R 4oy '

usef ul | ylepdrelm hafiter with degoidmh aslitin dieatwees thringhyegkegtemr k
pi ece patibe A RIUStdSnM S ihd WASH Fhdptsd] al Weldeeina@ppar at us may

be coupled to the flexible tube, configured to deJiver naterial that

cont ai nERTRIU MY the FrARGbiar (daRree Hrat®rRatt RF i35S SHHAH 0 my

conpri setle EMEsidcyl putk plecd heatataid ad el «ef yaregipsd ajttsoway. conpri se
a pressurized volume of such material hydraulically coupled to the support

Fixt ur e VAT TR: noe i AR g vl B R R e R
work piece further comprises an edge, toward which the work
piece path extends. Covering a portion of the work piece
adjacent the edge at least up to the work piece path, there
may be a masking material. If so, the step of causing relative
motion may comprise moving the tube support end along the work
piece path, and over the masking material, further wherein the
step of dispensing the material that contains liquid is
conducted while the dispensing end is over the masking

material so that material is dispensed onto the mask material.

[00176] It is possible to vary the speed of relative motion
at one location of the work piece as compared to at another

location.

[00177] It is often useful to cause the dispensing end of
the tube to pass through a cleansing bath after it has passed
along one work piece path and before it is caused to pass

along another work piece path.

[00178] Flow of the material that contains liquid may be

beneficially regulated by application of pressure

[00179] In a most typical case, at least two work pieces are
provided, aligned such that a physical work piece path of each
are substantially collinear, wherein the step of causing

relative motion comprises causing relative motion between the
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other so that a physical work piece path of each are substantially
collinear. The fixture may conprise a drum wth work piece |ocating

st at i ons wWpaordsds2g peri phery. [00155] There nay al so b@CThspeiogias |y,

adj acent the work piece support, a bath of cleaning fluid.[00156] A very

i nporta i t.of 0V i i reimnd t d work

pi ece up@o?r%ﬂghé’gg&n%fetr}}@al t éa%%%ﬁ?%dﬁﬁuﬁﬁésést% e de lf)lgi ted, the
wor Kk pi eReeqhprs It ane s oo i tengamidyd Hhe il sPensitg snd kfe;the

peri net ef1 L6081 HoUKE R dhecid Iy St BGRs riagh di0pddie d rste seud age, a
physi cal. work pjece path conprising at | east one groove having a relatively
| onger ditRerfs otP3HartWP a@?%grwr%qﬁ%rr fb‘iqemfr%‘?fbrﬁncf Wtk et rifater
conpri sitvip atotlegsiedne, abitghoets ggh O cd 00D dedd Tdr 4 thirsg ettodi ment, t he
material ;that contains li,quid is,to. be deposited b di spensi ng. t.ube,

navi ng_ ST o e At 4% ok DR TR O P

sel ect edvark neicheas cald ywithawkt tdecalieapenisiqglendlispehsinqppibe a restoring
force t [spansi [ i 1 at tends to

di sengag%a{%e%?spens%éyeﬁ f%ér)n%?%%%%v%@ ﬁlmar%ioé%%%'n per pendi cul ar
to the long dinmension of the groove. The at | east one groove may conprise a
plurality of substantially parallel grooves. O, the at |east one groove
may conprise a serpentine groove, that reverses direction at |east one
time. There may be, at at | east one end of the serpentine groove, a nmask.
[00158] In the case where each at | east one groove has two ends, there may
be, at each such end, a mask. [00159] In general, the at |east one

al i gnnment guide nmay conprise a lead in feature at at | east one end of the
groove and, here, as above, the at |east one groove nay conprise a
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plurality of parallel grooves. The lead in features nmay conprise features
sel ected fromthe group consisting of: an open triangular space, a chevron,
a wedge, wopaiwosef22ar cs tangent to the physical work pi @@&/yusael/o20ds a pair
of angled grooves . [00160] In addition, (or alternatively) with a very
useful enbodi ment of an invention hereof the at |east one alignnent guide
conprises a restoring featur%5¥ﬁéﬁ§Qﬁ‘ﬁ@%ﬂﬁ?@ﬂﬂ§“ wor k pi ece path,
including a plurality of restoring featuresadjacent and al ong t he physi cal
wor k piece path. The restoring features can conprjse features selected from
the gr ou[d)‘b&%] st i ThE OIS 3FRACEE i BRI LM AIFRCIWATL pi ece path
?881?1} SiFrwémﬁtcalmg?@sd%m@d hedrd n di 890N 1 v ddt £ ien WO ktdk)ieﬁf;@nﬂa} h.

or other, related e iment, an _invention is a work, piece for
it ch st T Sbher s T e d ek 116 BRHES Hit ToRSa Sy G bt Ceach end
t hat is degsoudlanctkeywaltpeat sirhiocat iton dletmeen they tawe engs ¢00MGE2] Wt h
anot her enbadi g V, 0 ti olic
curve, as Vi e_\/\]/'ler’gn%tr o%%%mnfg%i%gfé)fﬁlg%S/V%Ieé:i%%]lie&_ghrﬁ)dfenﬁ@%f an
i nvent i dhe stighferi@ shidridt anbod sk k «bf ethese aspestoln ddtisy ,ardich as
silicon.dPLedaEd Awtiedtidiention hereof is a patterned sem conductor
article, the article conprising: a sem conductor body having a first
sur f ace; erimeter edge boundin he first surface; and, upqgn the first
sur f ace. [ERPFLL Ot 2l 50 e Tt s FLABRISHY S Gt e on t han a
per pendicaitaaink nenksicpnid the avrdxtpimse Surfdesr ebrprsemigpradudteast one
al i gnne i.de i oV r Jzation along substantially its
entire Bse%lg?ffgl%%wa% g‘{ap(s)gfargantg?sgr%% eﬁg%lﬁl hiently may conprise a

plurality of substantially _
a. a work piece support, configured to support a work

piece;
b. a relative motion device;

c. a flexible dispensing tube having a support end and a
dispensing end, the dispensing end comprising a tracking
feature, the support end coupled to the relative motion device

through a tube support;

d. the relative motion device configured to cause
relative motion of the dispensing end of the tube as compared
to the work piece support, along a physical unconstrained
dispensing end path, the flexibility of the tube being chosen
such that upon engagement of the tracking feature with a
physical work piece path of a textured surface of a work piece
supported by the support, and actuation of the relative motion
device, the dispensing end of the tube mechanically tracks the

physical work piece path.

[00182] A2. The apparatus of aspect 1, the tracking feature
sized and shaped to mechanically track a physical work piece

path defined by a textured surface of a work piece.

[00183] A3. The apparatus of aspect 1, the tube having a

non-circular cross-section at its dispensing end.
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paral |l el grooves and each or many may bear a netallization. O, the at

| east one groove conprises a serpentine groove, that reverses direction at

| east onewOi2n®/08T22 body can, of course, be a sol ar col IPEFUSR010[02QAH5] The

plurality of parall el grooves W th netallization may conprise netallization

fingers i nt est ﬁ*ﬁ){ﬁd& [ ]ﬁafg . one of
the fi ng[ers t erezlgs a re |(?I zaegt%c;te%] nﬂl%%\%j:éror{l an trﬁ%’
finger. artRodiettdat s |J€ﬁ15~°f |ﬁﬂg€e?flk?ﬂ® Herrefihe dilgx e kg edihs

cross-segigonal aeadmheie £hs e Vﬂd@e'ﬁgﬂ{é%&ﬁé@r’c@ta@d | east one end
of the rretglllzatlon flnger [0016 Wth hIS enbodl ment, as with others

di scusse¥ 3(:'orrpr| se a lead in
feature at at | east one end of the groove The Iead in feature can conpri se
a feat ur[e)Q;HlBapt edh r orhidheappantipt worst sdsprgetofl, cieyriomsckimglgisatyse rs of

arcs ta pi.e i of ?Qg_!ed gr ooves,
open tri anguli ar ﬁ%acggyét![c%loll%g#tr At gfe%)sgéagr?@ogeerpcglclgégnnen gui de may al so
or alterseatiiengl commntseof tr@timbmg feature adjacent the at |east one
groove, typically a plurality of restoring features adjacent and al ong the

groove. [[(§bfdd | Yeta@hotHes ,ap@ﬂaﬂd@%ﬁ HYpddwen! i ¥ &ofud o Method for
providing a materlal that contains a ﬂ Jd to a textured surface of a

seni con Rt Sadtk i‘EeE el HetHo d“1 3kes the steps of: providing a
sem conductor work piece having a textured surface that defines a physical

wor kK pi e[cm)mh DV ding appd et s eoff HEpdElyi g tthes yppartuseish and a

di spenm&gn rf(é]e qﬁé e\isj}]éyllﬁgdatst'xza?%ﬁped neapcaé)_teda to nmechanically track

t he phy5|c pl ec e dlspen5|ng end of the flexible

tube with the phyS|caI wor k
[00188] A8. The apparatus of aspect 7, further comprising,

a body that is attracted to the magnetically attractive
material, arranged to attract the magnetically attractive

material toward the support.

[00189] A9. The apparatus of aspect 5, the protrusion
comprising a magnetic material holding a permanent magnetic

moment.

[00190] Al0. The apparatus of aspect 5, the protrusion
comprising a body adhered to the flexible tube.

[00191] All. The apparatus of aspect 5, the protrusion
comprising a body integral with the flexible tube, formed at
least in part from the same material as is formed the flexible
tube.

[00192] Al2. The apparatus of aspect 5, the flexible tube
having a long axis and a lateral extent substantially
perpendicular to the long axis, the tracking feature having a

lateral extent that is less than a lateral extent of the tube.

[00193] Al3. The apparatus of aspect 5, the physical work
piece path having a characteristic minimum width, the tracking
feature having a characteristic width that is less than the

physical work piece path characteristic minimum width.
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pi ece path; establishing a positive contact force between the di spensing
end and the textured surface; providing nmaterial that contains liquid to
t he fl exiwDeotoilses2and causi ng the material that contai n®Criuseéid/oeazsbe
di spensed fromthe tube to the textured surface of the work piece; and

causi ng | ve { on i i d t npar ed
to the mgﬂf%%]ecer%fa% h a%%%%%a&%% ?'g'l nifaﬁcfe 1 %@n%‘ﬁg pat h,
whi | e t Helerg @ath haigkng ehthaadteuistia Wididenstdre dritke thas s 1@ pi ece,
al ong t hei phyisdcals Wdds pieee asdde {016 esThansStgy HfcLRURNG gRIAE | ve

notion can c?ﬁr;ﬂ)rl se ca_usm(g such notion so that the physical unconstrained
di spensiRRfF P PR Hevt Bt es"¥Fdn t he physical work piece path by an error

e, with the flexibility of the tube being chosen such that despite the
error e,[00E9%) spexisd ng Brwl afpdteetusibef nesgdeot ¢l |hd rtackskime physi cal

wor k pi g . .70) t . est i.shinhg Sitl tact force
can corrp%eas@?xtpgr]gcf%%l n%r%%g%cf? stglgan%lnr? enaA to&%%’e %%gi%rfée\ifeeucr?e& tagwar d the
t ext ur edeU RO ye tadverRs ¥ee tends phart leab ofonhecfossa spat el f urt her
toward thg dextured surface, after contact has been nmade by the tube and

the work piece, applying a flex to the tube. [00171] Alternatively, or in
addition, the step of establi shia?% ositive contact force nay conprise
t

establ i sW‘Hgng] maghet i HOraRPak hPIRRET | B pihe (iuiRe the textured
surf ace fadtutovesmbreatingtiwir [dAA]sidns, ton cadcleodpiiditd hends

physi cal rk piece path conprises .a groove., [00173] In general, associated
with the®work p?lg—icz%()ggoarf% ?%%Se_%%Ctajtcgrfaglgs‘?}(to%]rletsa'l i gnnment gui de. The at

| east one alignnent guide may conprise one or nore restoring features.
[ 00174] [HELR] | east7 oneThe iapparatupicafe asgeconbr itthee d£racking

feature comprising an extended rib substantially parallel to

an axis of the flexible tube along the outside of the tube.

[00198] Al8. The apparatus of aspect 17, the tracking
feature comprising extended ribs along opposite sides of the
tube.

[00199] Al9. The apparatus of aspect 1, the dispensing end
having a cross section that has a first cross-sectional extent
that is larger than a cross-sectional extent that is

perpendicular to the first cross-sectional extent.

[00200] A20. The apparatus of aspect 19, the larger cross-
sectional extent arranged substantially perpendicular to a

plane of an work piece.

[00201] A21. The apparatus of aspect 19, the flexible tube
dispensing end having a cross-sectional shape that has a

protrusion at one end of the first cross-sectional extent.

[00202] A22. The apparatus of aspect 1, the dispensing end
having a shape selected from the group consisting of: a bevel;
a main portion with a protruding portion; a circle; an

ellipse, a partially flattened circle.
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| ead-in feature, with typical lead in features being selected fromthe
group consisting of: a chevron, a wedge-shaped depression, a triangul ar
depr essi oNp 281008D8220f arcs tangent to the physical workPpiTaseoparizsaind a
pair of angled grooves. [00175] Wth another inportant form of invention

her eof , kK piece t i Ses . e, r i wor k
pi ece paﬁ@eﬂnd?i.?%ov@{gl n aalg% Ioénieo ﬂtghrgdpmbrﬁ(ﬁegyglc%%%%?@;nﬁ he edge

at | eastthp fleiHelawdrWgikainpathinsaemdre rriyHe ttheredigrrpsin®erend .of f so,

the stepyd CaUSIY b 1dd Mea D 110N dYBYa GEHYRS i SEL NRYHIN G 1diee tpden suppor t
end al onc? t he V\Dl’ké)l ece(ﬁéth, and over the maski ng%nat erial, further
wher ei n T9RP St AHICH YpRTRFR H St Fg Hfet vigrk %ﬁ%spar%mrzﬁiféle

conduct gshydidel turecsh spenisiad) digbdrss Qugreridigoarski ng material so that
material is dispensed onto the mask material. [00176] It is possible to

vary the(ﬁﬂﬁ§ of ati ' 0 i f y [ as
conpar ed 16 az_g] ano %le'r I%%a{% n&%%#f 4%)&?8&5 oft Ce%:nh%rs]@f U %)é)ctggbgee t he
di spensigrpnics 019 thanatgrial grlkactdn ougm £he greimEmistinerof s das

passed alONgnONe YOI i RS 4k angl Def OF Gnd a1 Safused A PasscAong
anot her work piece path. [00178] Flow of the material that contains liquid

may be beneficially regul ated by application of pressure [00179] In a nost
Lypi cal WORAOSTE 1B2R1 (WP RRRETA OO SRR Ui Bredthe § (et SucHi Rhat

physi calcompkipiregen ppddrad taasdh. are substantially collinear, wherein the
step of causing relative notion conprises causing relative notion between

t hesuppo, of t uhe f e | east r [.ec

si mul t anlre%oufsifg;], angdﬂ(ee'ngaglén %aglaa%ms%e%fs irbnsgg?éecn% ef;’f %*%%x%r&eﬁtsﬁ%eg W th
t he physi qalunkiktpiet agdittigiala fiesibld tukesiteddanf twiviaorie pi eces,
and thensanotdier: Sfedde e | KaSort .

[00207] A27. The apparatus of aspect 26, further
comprising, thermally coupled to each of the plurality of

tubes, a temperature control.

[00208] A28. The apparatus of aspect 27, each temperature
control comprising an independently controllable control.

[00209] A29. The apparatus of aspect 27, each temperature

control comprising a heater.

[00210] A30. The apparatus of aspect 28, each temperature
control comprising a light positioned to shine upon a

respective tube.

[00211] A31l. The apparatus of aspect 27, each tube

comprising a conductive coating.

[00212] A32. The apparatus of aspect 27, a temperature

control comprising a radio frequency coil.

[00213] A33. The apparatus of aspect 1, the flexible tube

comprising a polyimide material.

[00214] A34. The apparatus of aspect 1, the flexible tube

comprising a quartz material.
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two work pieces, without significantly decelerating the dispensing tube at
an end of travel adjacent the first of the work pieces and w t hout

accel er atwagotomsogt2spensi ng tube adj acent the ot her of PAE/USROIAARYS t WO
wor k pi eces. ASPECTS OF | NVENTI ONS [00180] The foll owi ng aspects of

i nventi of i d:ﬁ% C lgéacd' r i ion is
to ensur %:Pj]et hezgSr ar enfrrﬁt Q‘Eﬁ]d&é & st ylhj‘zdell'a}gb a@%t@éaﬁg&al t hough
they apptigpefisinarend hawing, a tqms%r%eqmortlﬁi% h%v@/eerxt%nt some poi nt
in the fddteged heLaRPld cRNES: reSRENVS dhecHdWOMad & Cécﬁh amiaelis of

t hese aspects |nth|s and an relatedﬁgflpllcatlf)%fs 4 8 An
appar at (IR e iRy &l €r9 aihe ot T Fhafh t“EPfalcfrext ur ed
surface bﬁtvaeaenﬂmsortdm aindwitke prdaie, pidiee Apfaic usktoaiprisigeger . a work

pi ece s art, conf i dtos ort.a work. pie arelatlve not i on
devi ce; uapéna 5t gl%rlptens#jﬁf%l %ls%ear%/sl’lnrp ans%pt%barft ehd and a

di spensm&r]gmmdlcmﬂeildlispetrm i sl digmgnsisdmg a tracki ng feature, the
support end coupled to the relative notion device through a tube support; d

the ref 63] MDA 0, demi ey GO d i &g o cause relad | #ee pmld o piof he
di spen5| ng end of the tube as conpared to the work piece support, along a

physi cal okt iR e RE K9 PSP Haih, PR § |fc-:13ﬁ IH15RSADING 1R1] ube
bei ng cheseths ualbd had ﬂtpplrbverwqg&{@mam‘oﬁéﬂelﬁ raeKiglydesd urgomt th a

physi cal vvork ntr tured surface of a work piece supported by
t he suppdr a‘gactekhc?{)fé{? ]0% tﬁar}%l%ﬁ e notion device, the dispensing
end of the tube mechani cal ly tracks the physical work piece path.
[00217] A37. The apparatus of aspect 1, further comprising a
material delivery apparatus, coupled to the flexible tube,
configured to deliver material that contains liquid to the
flexible tube.

[00218] A38. The apparatus of aspect 37, the material

delivery apparatus comprising a metering pump.

[00219] A39. The apparatus of aspect 37, the material
delivery apparatus comprising a pressurized volume of such
material hydraulically coupled to the support end of the
dispensing tube.

[00220] A40. The apparatus of aspect 37, the work piece
support comprising a fixture that maintains at least two work
pieces fixed relative to each other so that a physical work

piece path of each are substantially collinear.

[00221] A41. The apparatus of aspect 40, the fixture
comprising a drum, with work piece locating stations around

its periphery.

[00222] A42. The apparatus of aspect Al, further comprising,

adjacent the work piece support, a bath of cleaning fluid.
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[00182] A2 . The apparatus of aspect 1 , the tracking feature sized and
shaped to nechanically track a physical work piece path defined by a
textured WOrhras0s22 a work piece. [00183] A3. The appar &Cugseflomas|zest 1 ,
t he tube having a non-circul ar cross-section at its dispensing end.[00184]
A4 . The apparatus of aspect 1 , further conprising, a body that is |ess

flexi bIe Xi £, of 4 t ube bein
secured 0 anoJt 4aﬁl |Z%:Hae?%; co LE]SE(?PO%%&;? ess (fl exrﬁ]ﬁéll][?(;ida!ﬁ%m%] A5g
. The ap?ﬁ?’%ﬂ%&s of Lqkksb o 1@ tqwlchhcﬂﬁlf‘fgi‘q%é%%rae TIMPTRIHY-QF ek usi on
at at |%ﬂ§éc@ﬁ®tl%‘%;%ﬁaﬁa1ﬁi§&§c§ﬂ9ﬁi§ﬂﬂi £xtehtiwle theod uksridPAL86] A6. The

appar at us_of pec rotrusion ris nsqpa wear resi stant

mat eri al® ﬂn 7‘5‘n I ot ‘%’spntgﬁ cij &HE 5 6t Usi on conpri sing
a rragnetc'mqiﬁays:atg raaaﬁec&earrmdaehia&ao]{ﬁﬂ;l%att\&e The apparatus of aspect 7 ,
further corrprisi ng, a body that is attracted to the magnetically attractive

mat eri al Zﬁzp flﬂ%cépééaﬁea{@r@f' éé/taZ;%raé:ﬁ%]v&Mﬁ{ al toward

t he supp[ort arat us of aspect e protrusion

conpri si ﬁll’rmgerﬂeﬁdz me&haene &@um@:@rple?&ﬂa]rﬁérﬁrq@ig@m@sm@ntwork

[00190] Ndee T RRRF Al 18 ASRSStuRed Wik RS UIdISFELAPri sing a body
adhered to the flexible tube. [00191] Al'l. The apparatus of aspect 5, the

protrusig risj a hody int ith the f]exihle forned at
Peost Ut REAET T ook e i s 2 |k Hh 1 e TS o

[ 00192] dﬁrﬂ—cﬂ'ﬂtﬁﬂ@p&ﬁs&—sﬁciﬂﬁqﬁ&dt S ts tdiespdrexird eeridibe having a | ong
axis and a |l ateral extent substantially

[00226] Ad6. The apparatus of aspect 43, further comprising
a body that is less flexible than the flexible tube, the
support end of the flexible tube being secured to and
hydraulically coupled to the less flexible body.

[00227] A47. The apparatus of aspect 43, the tracking
feature comprising a protrusion at at least one end of a

cross-section extent of the tube.

[00228] A48. The apparatus of aspect 47, the protrusion

comprising a wear resistant material.

[00229] A49. The apparatus of aspect 47, the protrusion

comprising a maghetically attractive material.

[00230] A50. The apparatus of aspect 47, the protrusion

comprising a magnetic material.

[00231] A51. The apparatus of aspect 47, the protrusion
comprising a body adhered to the flexible tube.

[00232] A52. The apparatus of aspect 47, the protrusion
comprising a body integral with the flexible tube, formed at

least in part from material that also forms the tube.

[00233] A53. The apparatus of aspect 47, the flexible tube
having a long axis and a lateral extent substantially

perpendicular to the lateral extent, the tracking feature
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perpendicular to the long axis, the tracking feature having a | ateral
extent that is less than a |l ateral extent of the tube. [00193] Al3. The
appar at uswof2oegses2e 5 , the physical work piece path haPCmgisa010/020245
characteristic mnimumw dth, the tracking feature having a characteristic

width t t Dhysif r | 6GE C r m ni mum
w dt h. [ VQifog Aaﬁzﬁa e ap%gtr at u:ll' oaf]'1 ag%e]get% , trﬁgéﬂph]y]!s]a?l{:%céﬁoér)ﬁééprftece pat h
havi ng @ftHdractErestic width, the tube having a diameter of |ess than
about ten tines the physical vvork pi ece path characteristic width. [00195]

Al5. Thep gt pt usasy. amta]&params tdAckd g et Urehs QNN SHA @ AV

tracki ng features, each one bei ng trusion at o 03|te ends of at |east
one. or oSN DRI G B BT T LG AT THAGPH AR e AUHERIS . ¢ he

t racki ng-Heesdatreer ioinjoy ivsidich fdime s odn ushansi s o]r&Qaﬂtarattmmsmae]nds of

two ort %??FL %C"Eegifﬁ. ng% q{ggrteeﬁgtr&s {0%}};]W 4y The apparatus of

aspect 1 e conpr|5|ng an ex nded rib substantially
parallel to an axis of the flexible tube along the outside of the tube.

[00198] [MQR235The Apar atThe ciPrastptcts 19f aseeat ki idhe ehtificabrifiki ng
extendeg, 7dds AN hAPRRS & ecrﬁaﬂf@t@hém e h [ %@%u%%a&rﬂﬁ; gppar at us

of aspect. 1 , the di spensi ng end having a cross section t has a first
cross- settAHHAT X ST grf LBty rett Haimes ct'r}EFssp-@é%]tht‘)]ndfore}%t%’lﬁcq hat is
per pendigadarchaxrddieefigtsic ariadtsh secti onal extent. [00200] A20. The
apparatus of aspect 19 the | ar ger crosssectional extent arranged

subst ant Jf L% % ahe f r4<7 pi §ee. I[OQZQH A21. The
éﬁb t t
appar at ulls(?d :ya]gpec }ﬂ% eXI touist;ea e ! © @
feature compr1s1ng two tracking features, each one being a
protrusion at opposite ends of the at least one cross-

sectional extent.

[00237] A57. The apparatus of aspect 56, the tracking
feature comprising four protrusions, one each at opposite ends

of two orthogonal cross-sectional extents.

[00238] A58. The apparatus of aspect 43, the tracking
feature comprising an extended rib, substantially parallel to

an axis of the flexible tube along the outside of the tube.

[00239] A59. The apparatus of aspect 58, the tracking
feature comprising extended ribs along opposite sides of the
tube.

[00240] A60. The apparatus of aspect 43, the dispensing end
having a cross section that has a first cross-sectional extent
that is larger than a cross-sectional extent that is

perpendicular to the first cross-sectional extent.

[00241] A6l. The apparatus of aspect 60, the flexible tube
dispensing end having a cross-sectional shape that has a

protrusion at one end of the first cross-sectional extent.

[00242] A62. The apparatus of aspect 60, the dispensing end

having a shape selected from the group consisting of: a bevel;
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di spensi ng end having a cross-sectional shape that has a protrusion at one
end of the first cross-sectional extent. [00202] A22. The apparatus of
aspect 1 worhw/digpensi ng end havi ng a shape sel ect ed f PORUSR@E YL@y
consisting of: a bevel; a main portion with a protruding portion; a circle;

an elli {1 al | att . Cclrc) Q T atus of
claim 1%8%1’}1%]??%%%1%%&&1%#’ '?%:éjjﬁ%elx%’bﬁ%ﬁ t%g%seﬁga c%atc}gte%)lt “pernmit the
di spensiflpteirnesd qheckabed tsharne Mg 1§ REFACKISLYhyaN ceite vkde pi ece pat h
despite an error between the physical work piece path and the physi cal

;JRCOPlst rpo'baml t]olibstAeer@J' njgl@rb;bméﬂtiué QQEE%LT&Q?AdjTGtI&DIpﬂEV@EwiPEt}ﬂS@EC:_ 1,
e flexible tube conprising. a erial selected fro e group consi sting
of : a pOTBRErLCHR IR HRe R HES CRRRRT O RAM aridiS (I FREES Y ¢l 100205]
A25. Thetlapparksdt uso afiecdspeictallly tihecK | expif i dabevardopsiestengaticoat ed
tube. [O 6. . S pect r 0 [ Sl

plurali t(ggsgqjta%q% ieon%?r %Fé;%':&%rg %&Ehe‘gglec_g%h %cho %%ﬁﬁge&se&(%%%%{%%lqahe t ube
support .efdqzo] fRl7lowerheéoyappe adispaifs axperstd Z261d fire ey otk ik,

t her mal I@/iérccglpﬂr@gl_to each of the plurality of tubes, a tenperature control.

[ 00208] "A28 . The apparatus of aspect 27, each tenperature control
conprising .an i ndspf6e42ndentl control |l able control . [00209
7

A29 . The
appar at u 4%k pe , PRRAT S e TRRTI14Tondhs ot IRF P e dtwhe
[00210] Jfbrildienqppaistarsi Of sshecie? & ramcthd enpraurmtases tatitnplof: a
conprising a light positioned to shine upon respective tube. 0211] A31.
The’ appdidithen? Bfbi e Gadh e e i e athn i ng
[00245] A65. The apparatus of aspect 43, the flexible tube
comprising a coated tube.

[00246] A66. The apparatus of aspect 43, further

comprising:
a. a dispensing assembly;

b. a plurality of additional apparati as mentioned in
aspect 43, each of which is secured in the dispensing

assembly.

[00247] A67. The apparatus of aspect 66, further
comprising, thermally coupled to each of the plurality of

apparati as mentioned in aspect 101, a temperature control.

[00248] A68. The apparatus of aspect 67, each temperature
control comprising an independently controllable control.

[00249] A69. The apparatus of aspect 67, each temperature

control comprising a heater.

[00250] A70. The apparatus of aspect 68, each temperature
control comprising a light that may be positioned to shine

upon a respective tube.

[00251] A71. The apparatus of aspect 67, each tube

comprising a conductive coating.
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[00212] A32. The apparatus of aspect 27, a tenperature control conprising a
radi o frequency coil. [00213] A33. The apparatus of aspect 1 , the flexible
t ube conpwOTYses2pol yi m de material. [00214] A34. The apparsaes2@fs aspect
1, the flexible tube conprising a quartz material.[00215] A35. The

appar at u pe t n Cross
section ﬁ]&jsﬁgs g%?%xt e%%gagré];ggr% aﬁ?%éﬁ? dgarrenmégyat téahas a
conpomaﬂoﬂﬂﬁﬁl|meﬂﬁkﬁ%ﬂﬁ|Qﬂ4%ﬁkﬁuﬁﬂQQHeQQYt¢Q#h1rectlon of relative

noti on between the tube and the work piece, which extent is |arger than a
second extent of the dispensing end that is perpendicular to the first

di mensi on. [00216] A36. The apparatus of aspect 1 , the flexibility of the
flexi bl e tube being such as to permt the dispensing end of the tube to
foll ow any deviations in the physical work piece path froma flat plane
path. [00217] A37. The apparatus of aspect 1 , further conprising a

mat eri al delivery apparatus, coupled to the flexible tube, configured to
deliver material that contains liquid to the flexible tube. [00218] A38.
The apparatus of aspect 37, the material delivery apparatus conprising a
metering punp. [00219] A39. The apparatus of aspect 37, the materi al
del i very apparatus conprising a pressurized volune of such materi al
hydraulically coupled to the support end of the dispensing tube. [00220]
A40. The apparatus of aspect 37, the work piece support conprising a
fixture that maintains at |least two work pieces fixed relative to each
other so that a physical work piece path of each are substantially
col l'i near.
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[ 00221] A41. The apparatus of aspect 40, the fixture conprising a drum
with work piece locating stations around its periphery. [00222] A42. The
appar at uswof2omgses2e Al , further conprising, adjacent th@Cmarskolioexes
support, a bath of cleaning fluid.[00223] A43. An apparatus for dispensing
a material that contains liquid to a textured surface of a sem conduct or

vork Pl igh2s 41 anpRs Aty SAMPIAS) Mok T EHD! il Y I Nk Suppor t end
and a dispensi'ng end, the dispensing end conprising a nechanical tracking
f eat ur e.tjapontains al'fﬂelq}b‘ffgrla? U=° dte AgrReitesl, tthe tweidkitkeI®at ur e

si zed argbighenecthdo nechanically track a physical work piece path defined
by a textured work piece surface. [00225] A45. The apparatus of aspect 43,

t he tube having a non-ci rcgultar %Oﬁ-secii on at.its dispensing end. [00226]
A46. The appdtattis® BHEIEETU, P A hribri BTy T that is less

flexible than the flexible tube, the support end of the flexible tube being
secured to ard hydvewinatgt edar fathding hehe eSisr§4 exitfacdpdy. [ 00227]
A47. The apparatus of aspect 43, the tracking feature conprising a

protrusion ate atydSasthone; and Qfr &L 0S5 -HgRd i o exd@btplcd ey dibe.
[00228] A48. The "apparatus of aspect 47, the protrusion conprising a wear

resi st arffORREEFIRG 2% Ok} 0B IRV QPR RUSL e Rty ORI prot r usi on
conpri sidignendegetigald Yoautddradidwen 1ed idrad iod 0030 w80 . p ildwee appar at us

The' appat 81 o IO 1.+ T o2 SH SOMETT SRS body adhered 1o i he
flexi ble tube. [00232] A52. The apparatus of aspect 47, the protrusion
[00254] A74. The work piece of aspect 73, wherein the
material that contains liquid is to be deposited by a
dispensing tube, having a dispensing end, the at least one
groove having a size and shape selected to mechanically track
the dispensing end, and to apply a restoring force to the
dispensing tube in opposition to any force that tends to
disengage the dispensing end from the groove in a direction

perpendicular to the long dimension of the groove.

[00255] A75. The work piece of aspect 73, the at least one
groove comprising a plurality of substantially parallel

grooves.

[00256] A76. The work piece of aspect 73, the at least one
groove comprising a serpentine groove, that reverses direction

at least one time.

[00257] A77. The work piece of aspect 76, further
comprising, at at least one end of the serpentine groove, a

mask.

[00258] A78. The work piece of aspect 73, the at least one
alignment guide comprising a lead in feature at at least one

end of the groove.

[00259] A79. The work piece of aspect 78, the at least one

groove comprising a plurality of parallel grooves.

-57-



conprising a body integral with the flexible tube, forned at |east in part
frommaterial that also forns the tube. [00233] A53. The apparatus of
aspect 4Avorhw/dshezi bl e tube having a |l ong axis and a | CeAsRo1e02EAs
substantial ly per pendi cular to the lateral extent, the tracking

f eat ur eh@"?’?’ A54 aI 2R e rﬁfeéé A@Sés Ehe g}ﬂé hr&ld extent of the

t ube. e appar at us aspect aving a

char act eﬁ%ﬂ@&nqﬁmﬁm%r& hHeatiaras eﬁ%erfgt%aﬁmre mmgmap characteristic
wi dth digmnsi oniddadsd san Q§p°eﬁ hai 4 Rle WCH ket ®Esh P Rredge,
characteristic mni rrum WI dt h ré}goz A55 par at us f as ect 47, the
physi cal2hdHi€ pfHEHa ek |1%‘t€? vb?fb"(}h ARt t i 1 ng a

di aneteramjlécﬁsgirddswés,atwwe]tw times the physical wor k pi ece path
characteristic wdth. [00236] A56. The apparatus of aspect 47, the tracki ng

featurem’%d in Wo t e e 0 bei
opposi te ends ](S)f %el at eas epegéré(;éss%ec %ér:ca n?x’t Stn %bglz%%yA . The
appar at usl igfnegype guisE qm@mraalcrta Yy Hee@mn@q:oﬁﬁmtsﬁmgadmerm dthaisi ons,

one eachiafs QPPOSHd S s OfpdMp, or thogonal cross-sectional extents.

[ 00238] A 8 The apparat us of aspect 43, the tracking feature conprising an
extended rib, substantiall arallel to an axis of the fl exi ble tube al ong
the out siQR2RRAT t hd4me. T piRre Bl apRfattly dihaecteat MR

t racki ngaXiepinmere: camde scoagpﬂ@ﬁ@@j plsa bl onp Oppesidei s disatoirddie t ube.
[ 00240] 0. The a t us ensi end having a cross
PiealE PIEHE, Hl Fe E ATE AT

section as &4 ronal | arger than a

cross-sectional extent that is
[00263] A83. The work piece of aspect 81, the restoring

features comprising features selected from the group
consisting of grooves that are diagonal with the work piece
path and pits arranged along a line that is diagonal with the

work piece path.

[00264] A84. The work piece of aspect 73, each at least one
groove having two ends, further comprising, at each such end,

a mask.

[00265] A85. The work piece of aspect 73, at least one of
the grooves having two ends, and having a width at each end
that is less than a width at a location between the two ends.

[00266] A86. The work piece of aspect 73, at least one
groove following a portion of a parabolic curve, as viewed

from above.

[00267] A87. The work piece of aspect 73, the semiconductor

body comprising a semiconductor suitable as a solar collector.

[00268] A88. The work piece of aspect 73, the semiconductor

comprising silicon.
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perpendicular to the first cross-sectional extent. [00241] A61l. The

appar atus of aspect 60, the flexible tube dispensing end having a

cr oss- secwpanalosgszape that has a protrusion at one end @®CTiUsS@0I0REYS
cross-sectional extent. [00242] A62. The apparatus of aspect 60, the

di spensi ng end having a shape selected fromthe group consisting of: a
bevel ; a in rt I r | { ed
circle, %a%]g hgﬁ%g %%&to%%él%n&o%%ﬁdﬁﬁzf 1%01%13 ZAG}%é/ %%éa%ar at us
of aspecﬁowl%lﬁ%ﬁ? lexibility of the flexible tube being chosen to permt

t he di spensing end of the tube to nmechanically track a physical work piece
path despite N £reamididmeivm” RS Kahi v const red nade gispensi ng end pat h
foll owed by the di spensing end and t he physical mork pi ece path. [00244]
A64. The appgr at us eoltlrgésgoeercte G gohue inemt}r urrlpflcy ng a materi al

sel ected fromtHe pgroup consi &t i ng o1 agp poﬁ m e, gl ass, quartz,
metal , stainless steel. [00245] A65. The apparat us of aspect 43, the
flexible tubes < GHpen stlhfg il ptatswr fagsee, §00E6t ABG W‘@peh@tw of

aspect 4% 1 {uHfdI) CHGEH AiEnhion & KHSRENSd A APRAMRI Y i ddendi g vral i ty
of additional apparati”as nmentioned | n aspect_ 43, each of whi ch i s’ secured

in the dih.ﬁ)é’r‘@i]ﬁgPJﬁ%%rﬂV %mrwg% ]a%ﬁ%‘?a&% ¥l HYWEEE 66,
further Qo) sinich tdesdaird IbeL@ipd etk il Batdt dn tdleony Wwdd tantofa eppar at |
as msntlotned i n. asplect 01, a tenperature control. [00248] A68. The

appar at us- bfe™H ach tenperature control conprising an

i ndependent |y control I abI e control. [00249] A69. The apparatus of aspect
67, eachlQ@3&) at A¥). The semiconductor article of aspect 89, the at

least one groove comprising a plurality of substantially

lI‘S

parallel grooves.

[00271] A91. The semiconductor article of aspect 89, the at
least one groove comprising a serpentine groove, that reverses

direction at least one time.

[00272] A92. The semiconductor article of aspect 89, the at
least one alignment guide comprising a lead in feature at at

least one end of the groove.

[00273] A93. The semiconductor article of aspect 92, the
lead in feature comprising a feature selected from the group
consisting of: chevrons, wedges, arcs tangent to the physical

work piece path and pairs of angled grooves.

[00274] A94. The semiconductor article of aspect 89, the at
least one alignment guide comprising a restoring feature

adjacent the at least one groove.

[00275] A95. The semiconductor article of aspect 94, the at
least one alignment guide comprising a plurality of restoring

features adjacent and along the groove.

[00276] A96. The semiconductor body of aspect 90, the
plurality of parallel grooves with metallization comprising

metallization fingers, further comprising, intersecting with
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control conprising a heater. [00250] A70. The apparatus of aspect 68, each
tenperature control conprising a light that nay be positioned to shine upon
a respectwoeotogses22[ 00251] A71. The apparatus of aspect PET/USe@oOl0224bhe
conprising a conductive coating.[00252] A72. The apparatus of aspect 67, a
t enper at r R s di 11110025 ?':;]

patter nea(L:I{_{\'ilor piéttal%:ee upo_nﬂﬁhfl-%h&eafgﬁ'at%rélgﬁe tqz;ét:xgé(:j%la]ilns a m@?%iis%to be
deposi t edidemhet it kKths efdlengeipri sing: a . a seniconductor body having a
first surface; b . a perinmeter edge bounding the first surface; ¢ . upon
the firstogarfpce,ady physi€ demddndi®esy Ry cOmMydddg o4, laast one
groove havi arel ati%/.el | qnger di nensi on than a per pendi cul ar di nensi on,
the. wior Kbk 19T ST | TP Rt | HRA i S T e ? §90254]

A74. Thevhexrk fheedmofwiaspeoiteizeaterdian tdte amtlrastt driwmtercbrdfitise |1 qui d
istob e | . . di spensi ng tube, having a dispensing end, the at

| east oﬁ%ed%érjjg%i\/%é%ﬁlaé\}lyn%rgée}?'ze and shape selected to nechanically track the
di spensing end, and to apply a restoring force to the dispensing tube in
opposi t i dP3B hny A% ce Thratsamindur s ey h?eSRﬁ%’fpeﬁq%»i gherkPdy om t he
groove idbmbiid 86 i LsPRipeswl tad@sr Lo the Iong di mension of the groove.

[ 00255] A75. The work piece of aspect 73, the at |east one groove
conprising a plurality of substantially parallel grooves . [00256] A76. The
wor k pi ece of aspect 73, the at | east one groove conprising a serpentine
groove, that reverses direction at |east one tinme. [00257] A77. The work

pi ece of aspect 76, further
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conprising, at at |east one end of the serpentine groove, a mask. [00258]
A78. The work piece of aspect 73, the at | east one alignnent guide

conpri si Nyoaologmas2en feature at at | east one end of thePgmasEI/0pQIR59]
A79. The work piece of aspect 78, the at |east one groove conprising a
plurality of parallel grooves.[00260] A80. The work piece of aspect 78, the

ead In @Eiidps Gypri sl ngdidd was SRbesl et 4 addie dr apconsi sting of:
an open triangul ar space, a chevron, ‘a_wedge,” an arc tangent to the

physi cal CQMrad 1pi e"%:elJ]d?IaHJH]Il & & pPRITuRd Sy RrYrobve S el GEduct9n0261]
A81. Theyywk kidace e arPatdd Comp s Ag |Easts s ald gnnent  gui de
conprising a restoring feature adjacent the physical work piece path.

[ 00262] A82. The work.piece of aspect 81, the at.|east one alignnent guide
compri sing a 1 ATV 3 AT RS M 5 & R AR D 1 o
physi calswofdceitdret piehind DR G yARK 1 Merkvpieqe quetlof aspect 81, the
restoring features conprising features selected fromthe group consisting

of grooves that ! | M t j i ged
along a || neh?'ha@c?‘{sﬂdl a5 g%aﬁﬁvfn&ﬁl{ﬁce%r ‘—R]Lojﬁg%eé)ggat i O%Z%ﬁ]ﬂ,&g? The
wor k pi eteSRANSBIHR@NG3, thaydhisreneand It s ehapedw-ends, further

conpri sinhati@acty stedtienthe HpHBSIical QA0 p e Pgdien wwor k pi ece of aspect

73, at |east one of the grooves having two ends, and having a width at each
end that is less than a width at a | ocation, be en the t ends. [00266]
286, The wor i GRS ey Fredtpd il f 3 oD AP RS O on
of a partdim|phy<irale,wask wiewss path;

d. establishing a positive contact force between the

dispensing end and the textured surface;

e. providing material that contains liquid to the
flexible tube and causing the material that contains liquid to
be dispensed from the tube to the textured surface of the work

piece; and

f. causing relative motion between the dispensing end of
the tube as compared to the work piece path so that the
dispensing end mechanically tracks the physical work piece
path while the material that contains liquid is dispensed onto

the work piece, along the physical work piece path.

[00280] A100. The method of aspect 99, the step of causing
relative motion comprising causing the dispensing end to
follow a physical unconstrained dispensing end path which
deviates from the physical work piece path by an error, the
flexibility of the tube being chosen such that despite the
error, the dispensing end of the tube mechanically tracks the

physical work piece path.

[00281] Al101. The method of aspect 99, the step of
establishing a positive contact force comprising preloading
the dispensing end of the flexible tube toward the textured

surface by advancing the support end of the flexible tube
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from above. [00267] A87. The work piece of aspect 73, the sem conductor
body conprising a sem conductor suitable as a solar collector. [00268] A88.
The wor k WwDeew/sds2aspect 73, the sem conduct or conpri si RGTAISRI106202ED0269]
A89. A patterned sem conductor article, the article conprising: a . a

sem condygtgr P%M'{}Qe até;h&ﬁ#eé%f e, af@expeédr{@&ceé 19§, dgundi ng

the first sur‘? ace; . upon_t ITst sur ace, | east one groove, having
a rel at inads bibr?‘@}t# W%rﬁ?%rﬁh%ﬁp% mmmmlaynw rerEleh, tQ Hehawor k

pi ece fuwdher conprising at |east one alignnment guide, which groove bears a
metal | ization al ong substantially its entire I ength. [00270] A90. The

sem cond article of as the at | east .one groove conprising a
plurali t[;bc(fﬁog?shbstl*ajln% ats ’E%‘%h?‘?&f B2 'Od'2h?e_L] 1g@fi.oéhe seni conduct or
article eﬁtaeks]peﬂtnﬂ@ a tﬁtm:aﬁlx}eeacsdntmet gﬁcmn/ee asanngy i ssi ) e tsadly Joies i i e

gr oove, Oéug[[?éoqr{eeé/ed’ rEGLS c?:%g; @ﬁ@e i -y PO c?]tﬁoégzteg% ced

sem con aspec eas one al I gnnent
conpri smgf@creeematfn ﬁ@mm ecath mpthedast one end of the groove. [00273]
A93. The sem conductor article of aspect 92, the lead in feature conprising

a featurpemect edh fgPMie KEHY NS éc"tggﬁ e WISicyedass: arcs
tangent to th%hghlgm cal work piece cEath and pai Ys of angl ed grooves.

[ 00274] g€ e‘iﬁ%‘h’cﬁfe‘i%ra HEI e of aspect 89, the at |east one

al i gnment guide conprising a restoring feature adjacent the at |east one
groove. [@EXH] A5l 04MhertsemetdisiiciDrasgydatc| 89 of fuasyiest Sghypit iweirad,

associated with the work piece path, at least one alignment

guide.

[00285] A105. The method of aspect 104, the at least one

alignment guide comprising a lead-in feature.

[00286] A106. The method of aspect 104, the at least one

alignment guide comprising a restoring feature.

[00287] A107. The method of aspect 105, the lead in feature
being selected from the group consisting of: a raised chevron,
a wedge-shaped depression, a triangular depression, an arc
tangent to the physical work piece path and a pair of angled

grooves that meet.

[00288] A108. The method of aspect 99, the work piece

further comprising:
a. an edge, toward which the work piece path extends;

b. covering a portion of the work piece adjacent the edge

at least up to the work piece path, a masking material.

[00289] A109. The method of aspect 99, further comprising
the step of varying the speed of relative motion at one

location of the work piece as compared to at another location.

[00290] A110. The method of aspect 108, wherein the step of

causing relative motion comprises moving the tube support end
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| east one alignment guide conprising a plurality of restoring features

adj acent and al ong the groove. [00276] A96. The sem conduct or body of
aspect 90oworbhw/gshsreal ity of parallel grooves wth netal PCTASR@0/0e@aPpri Si ng
metal lization fingers, further conprising, intersecting withat |east one of

t he finger | |l 1.zati t [ i 1 f inger.
[ 00277] 9%9(%19 %@%ﬁ%%ﬁ%ﬁaﬁ’d FH{(}_% %%c%%ﬁm%%éaﬁ%lz%ﬁ on finger
havi ng af4ftemervherssin ddre | v caélecblsm@r%lrtq}ethﬁ;gnwe@alnt@r%fects t han at

at | eastcne &Yl Ofqihe Bt AdZAdPWHI WS he [POZSEs AP erld€is over
sem conduct or bodg%géatas ect 89, the body conprisin

a sol ar
col | ect dr2§ Iret Ry At gRA g 15 rﬁl.i‘t%??rb?req Rt MG ns a
i qui d trask tnexterriefdl surface of a sem conductor work piece, the nethod
conprising the steps of: a . providing a sem conductor work piece having a

]Ef’Xt ur edy @%J € .tz{‘lah.de“nh{besr?eaup %§aals§(’]£’étk fﬂse,ceflﬁaéd{‘e’l{ bconépnff’é’ix% ng a
exi bl e t'ube ‘havi'ng ‘a support end and a di spensing end, 'the ai'spensi ng end
si zed arths el ob gashiard ddie Wispeieine gy Rt dthaworipittregra h; c .

engagi ng.{AsudH sPeisddits &y deh Nerdd £ dligad ypes did M idiy RIS itk wor k

pi ece path; . establishing a positive contact force between the

di spensiRifFEhPAY 3 RLEQUR et st ferEsed to RIRA R P I ihgr ek

cont ai npiddwighdto. the flexible tube and causing the material that contains
liquid to be dispensed fromthe tube to the textured surface of the work

pi ece; causj rel atiy, tion bet th i,spensing end of the
t ube as a{tg?ripgazr]ed 't.g)i %’e Wor kmeptﬁécg(;g; Optgt%s%eocvf?zﬁ’ t]ﬁler cﬁ é;%e%%r?%lselnrbg’
mechani cadylatriaok st tdwe phyheatatworiepitdeet contains liquid by

application of pressure.

[00293] Al113. The method of aspect 99, further comprising
the step of providing at least two work pieces, aligned such
that a physical work piece path of each are substantially
collinear, wherein the step of causing relative motion
comprises causing relative motion between the support end of
the tube and each of the at least two work pieces,
simultaneously, and engaging the dispensing end of the
flexible tube with the physical work piece path of a first of
the at least two work pieces, and then another of the at least
two work pieces, without significantly decelerating the
dispensing tube at an end of travel adjacent the first of the
work pieces and without accelerating the dispensing tube

adjacent the other of the at least two work pieces.

[00294] All4. The method of aspect 99, the work piece path
comprising a serpentine path, the step of causing relative
motion comprising causing a relative motion having a

substantially constant velocity magnitude.
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path while the material that contains liquid is dispensed onto the work

pi ece, along the physical work piece path. [00280] Al OO The nethod of
aspect 99vorhw/svep of causing relative notion conpri si RGTABRGIM024He

di spensing end to follow a physical unconstrai ned di spensi ng end path which
devi at es fron1the physical work piece path by an error, the erxibiIity of

t he tub qﬁﬁg { end of

t he tube mechanl ca %%géﬁh%é%ﬁ%% glarf%t%kcg%rf e%leé’%la [00281 Al d.
The net Hﬂbaibfl%scﬂe@tm% ishe step of establishing a positive contact force
conprising preloading the dispensing end of the flexible tube toward the
textured surface by advanci ng the support end of the flexible tubefurther
toward the textured surface, after contact has been nade by the tube and
the work piece, applying a flex to the tube. [00282] A102 The net hod of
aspect 99, the step of establishing a positive contact force conprising
establishing a magnetic force attracting the flexible tube and the textured
surface path toward each other. [00283] A103. The nethod of aspect 99, the
physi cal work piece path conprising a groove. [00284] A104 The net hod of
aspect 99, further conprising, associated with the work piece path, at

| east one alignnent guide. [00285] A105. The nethod of aspect 104, the at

| east one alignnent guide conprising a lead-in feature. [00286] Al106. The
nmet hod of aspect 104, the at |east one alignnent guide conprising a
restoring feature. [00287] A107. The nethod of aspect 105, the lead in
feature being selected fromthe group consisting of: a raised chevron,
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a wedge-shaped depression, a triangular depression, an arc tangent to the
physi cal work piece path and a pair of angled grooves that neet. [00288]
A108. Thewoebtradoszt aspect 99, the work piece further cegpAISgINg202a5. an
edge, toward which the work piece path extends; b . covering a portion of
the work piece adjacent the edge at least up to the work piece path, a
masking material. [00289] Al09. The gehppd of aspect 99, further conprising
the step of varying the speed of relative notion at one |ocation of the
wor k piece as conpared to at another |ocation. [00290] All O. The method of
aspect 108, wherfdi PRRAF&EED AT BARNP Y & iR 0t brF RN HD\A ng

the tubel sgpidrio endad engrddes W dcdi ©E & Rdnt.caidlidver Wdiek Niiskddg
material,,, further wherein the step of dispensing the nmaterial that contains

liquid i'P%RRALEH UYL W Spensing end is over the masking materi al

so that material is dispensed onto the mask material. [00291] AlIl. The
met hod of aspect 188, afworkepieoepsuppoyti heosfiepunédchassngpohe ai spensing
end of the tubge.,40.Rass.through a cleansing bath after it has passed al ong
one work piece patﬁ and ‘before it is caused to pass al ong anot her work

pi ece pat h. [00292% Al12. The net hod of _aspect 99, further conprising,
regul ating flow of Pt hd FateFiue PRRICRoABRIFR7 i quid by application of
pressure. [00293] A113. The nethod of aspect 99, further conprising the
step of providing at hefdéxibbe Wi KpPhe€LrS, tabéghedisgch stppoat peygdi cal
wor k pi ece pag% of %%che%r§n$ub%¢an%5alI%Scollh%ea%h w@e&gig Ege step of
causi ng relatlvg Foi 6R cgnpﬁigeg’cau iﬁg PETET Ve t FOAPpEtween %t he
support end oftracking feature, the support end coupled to the

relative motion device through a tube support;

d. the relative motion device configured to cause
relative motion of the dispensing end of the tube as
compared to the work piece support, along a physical
unconstrained dispensing end path, the flexibility of
the tube being chosen such that upon engagement of the
tracking feature with a physical work piece path of a
textured surface of a work piece supported by the
support, and actuation of the relative motion device,
the dispensing end of the tube mechanically tracks the

physical work piece path.

2. The apparatus of claim 1, the tracking feature sized
and shaped to mechanically track the physical work piece path

defined by the textured surface of the work piece.

3. The apparatus of claim 1, the tracking feature
comprising a protrusion at at least one end of a cross-

sectional extent of the tube.

4. The apparatus of claim 3, the physical work piece
path having a characteristic minimum width, the tracking
feature having a characteristic width that is less than the

physical work piece path characteristic minimum width.
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t he tube and each of the at |east two work pieces, sinultaneously, and
engagi ng the di spensing end of the flexible tube with the physical work

pi ece patWwoabiospsest of the at | east two work pieces, &ad/ushen/o202et her of
the at |least two work pieces, without significantly decelerating the

di . i t | i t i t . i
0 S el 0 5o L et g

and wi t hout dcc he di'spensing tu acent t _ at

| east t iPWWOIk PiEERCTOOTHGIC Adth THeGrei YRRl 151V HEp et tMaggimythe wor k

pi tesse P& Fo LOMPU 151 dYh B eis@cfé}%ltdft’_elé%?é h:{ha{ﬁ"%h%&p n G@iﬁéb tsng;tr_{@: ?tl ve Cant
notion canprising causing a relative notion having a substantially constan
vel oci tyP ac%gﬁ?lf]@@’ﬁe AT h STt e tife WHeht i ons di scl osed
herein, what is clained is:CLAIMS 1 . An apparatus for dispensing a

mat eri al thaté coriaiaspardtiuplialf tal @i ekt whesd Slestaeel fy aosetheonduct or
wor k pi g Iy 0 [ .SI ng. | 0 f.1 gured
to suppart sty b dss iy VRS A Benfl, S SRS Ag SEILS

di spensitgpa ube nechangcakupporaclettharrhys diahersihglant Rt di spensi ng
end CONRYdsHh 1tk aard rCkbNBHAEALH Snd %ﬁw twsd Sl aship 40 sl ative

notion device through a tube support; . the rel ative notion device

conf i gurRY T a NG i e HATREDBILRIN SR KA ng end of the tube as
conpared to the work piece support, along a physical unconstrai ned
di spensi ng erm. pathe dpafdtaxd ot idyaih I hefurtiteebeidigpiwiaen such t hat
upon en ement, of the. tracki at yr i.t.h a physical work piece path of
P b ext ol e h rad { SR TE L BB N A SF i

secured to the tube support.

8. The apparatus of claim 1, the work piece support
comprising a fixture that maintains at least two work pieces
fixed relative to each other so that a physical work piece

path of each are substantially collinear.
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support, and actuation of the relative notion device, the dispensing end of
the tube nechanically tracks the physical work piece path. 2 . The
appar at uswof2onlespszel , the tracking feature sized and sRapa$2010/020245
mechani cally track the physical work piece path defined by the textured
surface of the work piece. 3 . The apparatus of claim1l , the tracking
feature conprigin i {sd&ast o of i I
extent of the ?’ub%ﬁ4¥ﬁT€1ée&a%ga€£atﬁs of c%?_ﬁ:% t ea%hig{sﬁa_ vvo% pi ece
pat h havi ¥ ciraracterteied sHE R M @ FBeRIRORGURIGTH I EatRFChavi ng a
char act efieétdgpat Ll tdpd 551185 S gk 1816 DRSS GRdv WY ka i @SsoPatdnd
characteri stic,mni rrumvxﬁ%’;é.S . The appar at us <ff claim3 , the physical
wor k pi Fatt SREAS % r aterd SR SHM Y TR S ithg a maxi mum
Cr 0ss- semdclaral caelk tterdclafnd eBsatidraw. about ten tinmes the physical work piece
path characteristic wwdth. 6 . The apparatus of claiml1l the flexibility of
the flexible be i hosens t e h i S@%ﬂ:ﬁi . eto
mechani cal | y ftdrj'ack t g‘gppgﬁym ca %%ﬁlé&rﬁec% Staﬁ_ Spljff}g; :f%i%ﬂro% eétémtgen
t he physithishaned giedeeqgmmigmdl ¥ HergsHy s dahty Sirtdn STQh il @R P ng end
path. 7 qefiifeRRRArAtiskQirdd atdRid pidak tdeFsLanprising a plurality of
additional flexible tubes each of which is secured to the tube support. 8 .
The apparatus of claiml1 the work pigece support conprising a fixture that
mai ntains at }easti APREFACH de S TANEP 1 if | HP] 4 A5 & RSP S0 that a
physi calciwrkl g eceogEdeaii@adt airtes sdibssterdirad lendol i near. 9 . An
apparatus for dispensing a material that contains liquid to a textured
surface of a m i : r i Si a flexible
A o afzgtupﬁ%gpor tagérfggrav\g{4< B4 60y i e, ARRATALUS, GRS N
comprising a protrusion at at least one end of a cross-

sectional extent of the tube.

13. The apparatus of claim 12, the protrusion comprising

a wear resistant material.

14. The apparatus of claim 12, the protrusion comprising

a magnetically attractive material.

15. The apparatus of claim 12, the flexible tube having
a long axis and a lateral extent substantially perpendicular
to the long axis, the tracking feature having a lateral extent
that is less than the lateral extent of the tube.

16. The apparatus of claim 12, the tracking feature
comprising two tracking features, each one being a protrusion

at opposite ends of the at least one cross-sectional extent.

17. The apparatus of claim 9, the tracking feature
comprising an extended rib, substantially parallel to an axis
of the flexible tube along the outside of the tube.

18. The apparatus of claim 9, the flexible tube
comprising a material selected from the group consisting of: a

polymer, polyimide, glass, quartz, metal and stainless steel.
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and a di spensing end, the dispensing end conprising a nechanical tracking
feature. 10. The apparatus of claim9 , the tracking feature sized and
shaped t owgeotvansvg2al |y track a physical work piece pat hPd@&ftispeEd/oRozsn
textured work piece surface. 11. The apparatus of claim9 , the tube havi ng

a nonci rcul arygro ﬁa‘-‘&%éxq{bc?‘twdf npggilgégq&;&g Wdhh 2 mdiie s of

claim9 , the trac eature co sing a protrusion at at east one end
of a crd%fsf‘sfe@tfﬁ)rmllJéI&tJéittlﬁ)ftQH@tdﬂI@SQ®dJH€1€adﬁ%ﬁ1‘atRﬂseQﬁ claim12, the
protrusimGeiPidgd Ng a wear resistant material. 14. The apparatus of claim
12, the protrusion corrpr|5| ng a magnetically attractive material. 15. The

apparatus of claim 12, fl exi bl e tube having. a | on Xis and.,a | ateral
o ant subst din | BIIGIATHAT B FRRY Gt s SEHAGS ackithg f eat ur e

having a lateral extent that is less than the lateral extent of the tube.
16. The apparkat u::pcm e Ml dhefdoachka r'ggn}f@acta.ﬂr eﬂct:tdﬂmiescimgpawm tracki ng

cr oss- SRRV T (Ent e TR A BB R I, e g T eatur e

conpri sidignension dmrnl & iRprRantiantdaldimensin elthe worlaeedt the
fl exi bl epdrbiee 2l igp A e Sl dee it tdie tabRyndéht Theidpparatus of claim9

the fl exible tube corrpri sing a materi aI selected fromthe group consi sti ng
of : a pol yner i mde, glass, and stainl ess steel.

ol
pat t er ned word pi it TP i GE &£ ]eétjtl%tl SE’ha’thecoéh’t R ‘?r?eqtﬁlboc?‘ée to be
deposi terbmpﬂ‘uesm ka. o leucen cioigpro B i s\ s taant isa Klem waoredliod brgthmslye havi ng a

first surface; and
21. The work piece of claim 19, the at least one
alignment guide comprising a lead in feature at at least one

end of the groove.

22. The work piece of claim 21, the at least one groove

comprising a plurality of substantially parallel grooves.

23. The work piece of claim 21, the lead in features
comprising features selected from the group consisting of: an
open triangular space, a chevron, a wedge, an arc tangent to

the physical work piece path and a pair of angled grooves.

24. The work piece of claim 19, the at least one
alignment guide comprising a restoring feature adjacent the

physical work piece path.

25. The work piece of claim 19, each at least one groove
having two ends, further comprising, at at least one such end,

a mask.

26. A patterned semiconductor article, the article

comprising:
a. a semiconductor body having a first surface; and

b. upon the first surface, at least one groove,
having a relatively longer dimension than a

perpendicular dimension, the work piece further
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b . upon the first surface, a physical work piece path conprising at |east
one groove having a relatively | onger dinension than a perpendicul ar

di mensi onwotbw/080822 pi ece further conprising at | east oRETAIS2guRIIHS gui de.
20. The work piece of claim19, the at Ieast one groove conprising a

D Bhot Y, Ol SUpRAnER) X RAGAL BheOLd9uRhentl oul i AR ol 85800k <! 21 M
19, the at |east one al’i gnnent € conprising gad in fedature at at

| east one endb@lartshé gle@@\lélzzizmnh@lmgk Splbé@@n@ﬂaéllar mt®1 enthi&eat | east
one groove CORRK P%hng a plurality of substantially parallel grooves. 23.
The work piece of claim2l, the lead in features conpr|5|ng features

sel ected fro he group consistin an op trlan ace, a chevron
a wedge, 2%; ré)T%Fq H qékﬂ%ﬁﬁ %&ﬁ {; 4Y Lhaige

angl ed gﬁmmo@ cdhlyer Woirkg A geleucd 1 icl yai ot lsmbsﬁmiaﬁta]llgaspammlea]l i gnrrent
gui de cQagkbﬁ&pg a restoring feature adjacent the physical work piece path.
25. The piece of claim19, each at |east one groove having two ends,
further conprising, at at |east one such end, a mask. 26. A patterned

seni conduct or2&rs t i'Bre, Selec YT @ Anprs ke ngf @laim Xentduhdketmadiody

having add rsiti gihdic &u e dompriPihd e fdd$tisWdAG8re alt | faSte LN
groove, having_ a relatlveh¥ Ionger dinmensi on than a perpendi cul ar

di mensi diPe t$E Vi PN ft herconprising at | east one alignnent guide,
whi ch groove bears a netalllzatlon al ong substantially its entire |ength.
27. The sem cahducthr senicdmdwdtat aamiizfle tdie ctaideadsd, the lead in

feature comprising a feature selected from the group
consisting of: an open triangular space, a chevron, a wedge,
an arc tangent to the physical work piece path and a pair of

angled grooves.

30. The semiconductor article of claim 26, the at least
one alignment guide comprising a restoring feature adjacent

the at least one groove.
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one groove conprising a plurality of substantially parallel grooves . 28.
The sem conductor article of claim?26, the at | east one alignnent guide
conpri si yoaoloamas2en feature at at | east one end of thePGTaseE /02245 The

sem conductor article of claim28, the lead in feature conprising a feature
selected fromthe group consisting of: an open triangular space, a chevron,

a wedge, an af€, tangentyde fcﬁewm o “%0% Py aé&%ﬁaeﬂgé‘t raf ot

angl ed grooves. 30. The sem co tor article alm 26, east one

al i gnmentlPR YT ohpre st Fwsiane mf feaeReC ettt MM R19%xst one
groove. 3he AndBHIO Edir I 0 il sedp esfal that contains a liquid to a
textured surface of a sem conductor work piece, the nmethod conprising the
steps of: a . providing a.éeniconductor §0r€ Fiecekhaving @ t extured
surface that defin®s BTBRYSTLAI 2 woFRI-pPeBRhat O™ . PHrovi 8fhg™ @ #1 exi bl e

t ube havi ng atemppoed eudface &hditspefineg enghysheadi spehsipigecend si zed
and shaped to neg¢hanically track the physical work piece path; ¢ . engaging
t he dispensin& end of the flexible tube with the physical work piece path;

d . establishing a positive contact force between the dispensing end and
the textured surfake; PEOViQRYi @i hferbpLei hrbehBRvinat ai YPPPELI e@ndo t he

fl exible tubeaaadaCcAisperasting Bader ikdk Wha e%@&h@i@§d|EQQb@ tagbe di spensed
fromthe tube %p tge texture .surfac% of t e wo%k Ri_eqe; aﬂd .
shaped to mechanically track the physical work piece

path;

c. engaging the dispensing end of the flexible tube
with the physical work piece path;

d. establishing a positive contact force between the

dispensing end and the textured surface;

e. providing material that contains liquid to the
flexible tube and causing the material that contains
liquid to be dispensed from the tube to the textured
surface of the work piece; and

f. causing relative motion between the dispensing
end of the tube as compared to the work piece path so
that the dispensing end mechanically tracks the physical
work piece path while the material that contains liquid
is dispensed onto the work piece, along the physical
work piece path.

32. The method of claim 31, the step of causing relative
motion comprising causing the dispensing end to follow a
physical unconstrained dispensing end path which deviates from
the physical work piece path by an error, the flexibility of
the tube being chosen such that despite the error, the
dispensing end of the tube mechanically tracks the physical
work piece path.
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f . causing relative notion between the dispensing end of the tube as
conpared to the work piece path so that the dispensing end nechanically
tracks thwophygisesk wor k pi ece path while the material Phatuseano2024s | i quid
is dispensed onto the work piece, along the physical work piece path. 32.
The met hod of, ¢l ai : [ [V I C, { S| ng
causi ng the _é'pen@egéneeén t?f&%ﬂ?ﬁh;@?%g%ﬁ]cﬁnﬁﬂaﬁeﬁ%%si ng
end pat P telvelGonitast fforee oM nd Ritglogdiare tha IHigpensdiFor, the
flexibi lddy of dkhe £ubei bR NdBhosel &UGhd hadxeles teuthe@spr, the

di spensi ng end. of the tube nechapically tracks the physical work piece
pat h. 33,5 GRS BIRRTH N0 (e W B et R 1RE) T P Hodi e
cont act g ceesetungsd SUSf giee] cafliary ddrecabits fensibwerembhdd WihetHd exidd e t ube
t owar d thedtt x1 uv5§1~§< sullréc aeceap J<_31divﬁ';1ncéi1 n@lé}peﬁg eortubend of the flexible
tube furtter-toward the Texttied’ St fhce: Sarter conft 40t has been nade by
the tube and the work piece, applying a flex to the tube. 34. The nethod of
claim 31, thephyBieaetirdk ¢f erleaipatil come iiyRicalyrouve. p35e Tathet hod
of clai mRdprfdddes $Mrdsing the step of causing the dispensing end of
the tube to pass through a cleansing bath after it has passed al ong one
wor k piece path and before it is caused to_ pass al onn(’l;p anot her work piece
pat h, 35. The method of claim 31, further comprising the step

of causing the dispensing end of the tube to pass through a

cleansing bath after it has passed along one work piece path

and before it is caused to pass along another work piece path.
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