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SEQUENCE | NTEGRATI ON OF SUBSTRATE REG ONS RELATED APPLI CATI ON [ 0001] This
application clains the benefit of United States Patent Application nunbers
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conbi natorial processing of regions of a substrate, including thin film
processi ng nethods used in the nmanufacture of integrated circuits,
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nol ecul ar el ectroni c devi ces, " hot oni ¢ devi ces, packaged
devices, and the like. In particular, the invention relates to

di scretized, conbinatorial processing of and conbi natorial process sequence
integration performed within unique regions contained in and/or on a
single nonolithic substrate used in device fabrication. BACKGROUND OF THE
| NVENTI ON [ 0003] The manufacture of integrated circuits (1C), sem conductor
devices, flat panel displays, optoelectronics devices, data storage

devi ces, magnetoel ectroni c devices, nmagnetooptic devices, packaged
devices, and the |ike entail RELASEDMERIIEGATEONand sequencing of nmany unit
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thermal annealing, and other related unit processing steps. The precise
sequenci ng and integration of the unit processing steps enables the
formation of functional deviggspmetimendesiripg performance netrics such as
speed, power consunption, and relriabiTTty. [0004] The drive towards ever
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performed within unique regions contained in and/or on a single monolithic substrate used

in device fabrication.

BACKGROUND OF THE INVENTION
[0003] The manufacture of integrated circuits (IC), semiconductor devices, flat panel
displays, optoelectronics devices, data storage devices, magnetoelectronic devices,
magnetooptic devices, packaged devices, and the like entails the integration and sequencing
of many unit processing steps. As an example, IC manufacturing typically includes a series
of processing steps such as cleaning, surface preparation, deposition, lithography,
patterning, etching, planarization, implantation, thermal annealing, and other related unit
processing steps. The precise sequencing and integration of the unit processing steps
enables the formation of functional devices meeting desired performance metrics such as
speed, power consumption, and reliability,
[0004] The drive towards ever increasing performance of devices or systems of devices

such as in systems on a chip {(SOCs) has led to a dramatic increase in the complexity of



performan effective unit processing step. For exanple, an advanced

i ntegrated copper barrier and seed deposition tool wll include a degas
nodul e, a preclean nodule, a barrier deposition nodule, a seed deposition
nmodul e, a \¢89hy-iRdky €. and conbinations thereof. Col 'F(lcltﬂjs‘ﬁﬁ ()612954‘9
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includes the removal of excess unwanted bulk copper and barrier layer conductor films.
[0006] In addition to the increasingly challenging process sequence integration
requirements, the tools and equipment employed in device manufacturing have been
developed to enable the processing of ever increasing substrate sizes such as the move from
4" to 67, to 8" (or 200mm), and now to 12” {or 300mm) diameter wafers in order to {it more
ICs per substrate per unit processing step for productivity and cost benefits. Other methods
of increasing productivity and decreasing manufacturing costs have been to use batch
reactors whereby multiple monolithic substrates can be processed in parallel. A common
theme has been to process the entire monolithic substrate or batch substrates uniformly, in
the same fashion with the same resulting physical, chemical, electrical, and the like

properties across the monolithic substrate.



optim zing, qualifying, or investigating new materials, new processes,
and/ or new process sequence integration schenes, since the entire
substrate is nomnally nade the sane using the sanme material (s),
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sequence(s) required for manufacturing. [0009] In addition, there is a need
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[0009] Inaddition, there is a need to be able to perform such combinatorial process

sequence integration testing in a fashion whereby a monolithic substrate can be previously

and/or subsequently processed in a separate processing tool(s) within a particular

manufacturing flow without the need to alter or modify the separate processing tool and/or

process{es) employed in such separate tool. This serves to preserve the importance of the

sequencing and interaction(s) with prior or subsequent process(es) performed in the separate

process tool(s). Moreover, there is a need to be able to perform such combinatorial process

sequence integration testing without the need for creating a specialized substrate to facilitate



subsequent material (s) and/ or processing steps, and interactions thereof in
the manufacture of a desired I C or device. | NCORPORATI ON BY REFERENCE
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regi ons of the substrate. Processing includes physical nodifications,

cheni cal of adsdired I€4ideries. el ectrical nodifications, thermal nodifications,
magnetic nodifications, photonic nodifications, and photol ytic

nodi fications, nore specifically cleaning, surface nodification, surface
preparation, deposition, I SIS A BAAt); femctionali zati on, etching,
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ul travi ohetheorhb Ml bl tgaka@Nt . el ectron beamtreatment, and x-ray treatnment,
and nore specifically electrochem cal deposition, electroless deposition,
physi cal vapor deposition, chem cal vapor deposition, atonic |ayer

deposi tion, vapor phase ep:ist,,gimR{[i H9e PResRTRALt axy, chemi cal beam

epi taxy, nol ecul ar beam emltj—axy—nqu , ) —assenbly, and evaporati on.
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is directed to a systﬁ%% ?%Sr gr%cess}?erng rggiC%rsls on a sur%s,l?r ate. Ion one
modifying regions of the substrate. Processing includes physical modifications, chemical

W

modifications, electrical modifications, thermal modifications, magnetic modifications,
photonic modifications, and photolytic modifications, more specifically cleaning, surface
modification, surface preparation, deposition, dispensing, reaction, functionalization,
etching, planarization, chemical mechanical planarization, electrochemical mechanical
planarization, lithography, patterning, implantation, irradiation, electromagnetic irradiation,
microwave irradiation, radio frequency (RF) irradiation, thermal treatment, infrared (IR)
treatment, ultraviolet (UV) treatment, deep ultraviolet (DUV) treatment, extreme uliraviolet
(FUV) treatment, electron beam treatment, and x-ray treatment, and more specifically
electrochemical deposition, electroless deposition, physical vapor deposition, chemical
vapor deposition, atomic layer deposition, vapor phase epitaxy, liquid phase epitaxy,
chemical beam epitaxy, molecular beam epitaxy, molecular self-assembly, and evaporation.
Once processed, the regions of the substrate can be evaluated for useful properties

including, for example, elecirical, thermal, mechanical, morphological, optical, magnetic,



enbodi nent, the systemincludes a substrate having an array of discrete
regi ons, wherein each region conprises a plurality of structures and/or
devi ces, and a processing tool adapted to process each regi on of the

substrate ﬁB%M ld4ad ly. [0013] In another enbodi nent, “SM‘%E{D’J{ ncl udes a
substrate having an array of regions, and a processi ng 00l apted to
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adapt ed 1(:% i(i)l‘%rijcéifa n&l ’tPIP%%‘ES %ﬁéuﬂrf’érpé%rntﬁaen%qwa‘eéesmﬁ dsead i on, surface

pr epar at isgatsmsefbeihi B@nb@ht@ﬂﬁ@r&@ésﬁfgrhnd Bl fsBr T Héégons E%%Lﬂﬂ{rﬁ&' Py T her mal
treat nent treatnent, ultraviolet t eatrret el ectron

are
beam t reeﬂ%ﬁsﬁ?‘f re&‘r‘?ﬂ?%“ﬁa?/POSF?SéaPPP@HtPIOHGUEQ@]beﬁnb&ehmnﬂasm@m'ed ofiat he present
inventi omurgesSscdier ected to nmethods for forming an array of differentially
processed regions on a substrate. In one enbodiment, the nethod includes
provi di n¢PW 2 ubQee 2epect Itﬁainenigdmarlsuemwoqiroqws:&ﬂkafegm&doﬁ £gienge.t Rahe ar e

simlar regi on |ncludes at | east two different
struct ur%@b(%?ﬁ%’em %g;grem RS Sab g%?feri A gt ofAlisGE fesnp WhERER 1 egi ons of

t he substachtrezidi CfOfn&:n!Bdetd Qduafah@mfe@xﬁlmr&tehﬂlm BWiceB M a Gk RBssthe TR G Rlg tO at
| east a portion °1f1 each £ n or, nodifying at |east a portion each
regi on. F VYIBT° T 5‘%%5‘&%?&# o @feedividuallye et hod i ncl udes providing a

substr at §013Dd InRAGEESSIHRGInRk:, kr%‘c%?hmﬁnﬂ;ﬂfd%é PRoark M‘Bm{ B gﬁf&g an the

substrate differently from each The processi n I'n es at | east
one of cl%®HPAYd 2 BINcPEEe topdailatasde prongss etabhiegion oﬁihamﬂasﬂraahﬁmiduailjaat terning,

boam. tr cacnEnt. TSR s PBSTRERL copdgef et i rmef e od ment , tne

beam treatnent, and x- t he
nmet hod i mfamspmtwr rzichng,@lmmmmsommeuelmngdm;s&hﬁgon @icnb@&&htnﬁmport i on of

two regi sub fate erentl rom each other and determning a
propertyﬁg? f %{)Br%%tgléersls &‘%18&?@%%)“@?}{%6 If&'é%%‘?%?%@?%@ﬁldﬁr@vr ding a
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[0016] In another embodiment, the method includes providing a substrate, and
processing at least a portion of two regions of the substrate differently from each other, The
processing includes at least one of cleaning, surface modification, etching, planarization,
patterning, implantation, infrared (IR) treatinent, ultraviolet (UV) treatment, electron beam
freatment, and x-ray treatment.

[0016] In yet another embodiment, the method includes providing a substrate, processing
at least a portion of two regions of the substrate differently from each other and determining
a property of the processed regions. The processing includes providing a material to at least
a portion of the region or modifying at least a portion of the region. The property includes
at least one of yield, leakage, operational frequency, switching speed, mobility,
transconductance, drive current, threshold voltage, electrical resistance, charge density,

stress migration, electromigration, bias thermal stress, and time dependent dielectric



portion. The substrate of an enbodi ment can include a sufficient amount of
space between the regions such that materials do not substantially
interdi ffuse between the regions. The nethod includes form ng a masking

| ayer on t@@zgd-;ﬁ”@g}rl c portions of sone of the discrefe, e85, but not
on the electrically conductive portions of the discrete regions, and

formng a capping |layer on the electrically conductive portions of sone of
t he di scwredk@owiegi ons, but not on the dielectric porti ons of the regions.
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b
substrate ﬁaw ng a??eas Iscrefe regions, In one enbodi nent, each
regi on cmplprailsa afgraassed, e@tqtp@ab@ymmmdmwlm@ Pl‘mﬁﬁmmnéwwam@ﬁ @l ectric

portion. bstrate has a ¢ t I

D007/ oasRaa Rt Pk aE B ol AR b B By RS BB EH SR brteBe "0 e
regi ons, qe@ﬁ\ﬂ;c@, pmmngg:oh&xdeﬁs,ﬁxmﬁrh&sﬁn@eqm&nm condjimnt iseiffaént it cdckabt one of
t he reglgi TLhese enbodi nents, at | east one of the capping layers in
the regi ﬁ§°‘|t‘§“8 oA et from another, or at |east one of the nasking

layers i f00t1 bP In yet another embodiment, the method includes generating a processed substrate
by processing at least a portion of two areas of the substrate, the two areas being processed
differently from each other, and providing the processed substrate to at least one additional
process selected from a group consisting of depositing, patterning, etching, cleaning,
planarizing, and treating. The processing includes modifying the portion of two areas using
at least one of a plurality of processes, a process sequence, a plurality of processing
conditions, and a plurality of processing sequence conditions, wherein at least one of the
processes, process sequence, processing conditions, and processing sequence conditions is
different in each of the portion of two areas
[0020] Another aspect of the present invention is directed to a substrate having at least
two discrete regions, In one embodiment, each region comprising an electrically conductive

portion and a dielectric portion. The substrate has a capping layer on the electrically



regions is different another, or both at |east one of the capping |ayers
and at | east one of the mnasking layers in the regions are different from
each other. [0021] In another enbodi nent, the substrate has at |east a

first and \@0§§ﬁfamszdi screte region, the first discr et}%’[’k@ﬁb&%:ﬂ?? at | east
ir

one area noditied using a first set of process sequences and a st set
of conditions, and the second discrete region has at |east one area

modi f i edcoudiotige portecofied lepattone bf fhe opess, wdquendes lagerdndhesdiclotdc set  of

condi tions. At ast o rocess J4s different en the first and second
set of pPrSWY aL@EﬁES‘ﬁ%%@,EG %ﬁﬁn%itséldéeés\%fm boodﬁ%enésd ﬁglﬁ%%{\%ﬁe ?%Eedclaf’ f'éFent bet ween
the fir sShyane tsaegiogs is diffepdnt Gomdinbihens: at [QAB22p oOhb arasitisgalayere i, thebj ect s and
advant ages, of, t he present inve ntl?gn W l‘ld be in ;i)art &\gﬂarentA tg t hose

ski | | ed fEopHe diferehppthen BAPY 3hErHCBYOINE CRBIEIHERPERT 2 %5t Ot Bences
cited i npdhig 1hyRatiale 1SRG dd &Rkl @ 8achRERE POr at ed herein by reference
for all purposes. Moreover, as the patent and non-patent literature

rel ati ngl0081} hédn anpthes embedimerts thepehsireis bep i hrgstariinaagfl peeponfdis@pls i s

subst antl gl (IPAY §ELEY MR SMENESS LG AR ARLE 9 o8 dHbidcled artisan

that wl provi instruction wth respect to suc ubj ect matter.
BRI EF DESQRINESE| «0Ma GFst Tedia! DRAWMNGSNf 6@28Jonf HiscreleAegion basfal bagt lopg area

illustrati met hodol ogy for conbinatorial proces eque i,ntegration
i n accor BAHBElYiET SHESHIY AN rROC G tR AT sl =T RCrontnen ATBesa AiG 1B
is a fl omehasdessiik bifstchabdRenah@eResmdlsedvall BAd0heeds IReief, and aidedi nat ori al
process sequence integration that includes site-isolated processing and/or
convent i ¥iFaPndipproe ddEreg betireiethe Gt @fﬁf@%ﬁ‘ﬁé?ﬁqt CORBIBE- FIG 1 Cis a _

fl OV\ChargﬂOQ%ﬂ Ui Glebdid e oFRES afPRE hilthdes BERD RO I erkB-w11 b0 lin p£O DI Nat ori al
process Sequence Integration that includes site-isolated processing and/or
convent i appalentgp dees siilkgl, in dredetrand in parbpditednit heeiele] At efepmcessitgd tlop vi ew
of a sem,conductor..wafer conprisi ! ' t | S.u i.h .accordance
o th ¢ nelBi e bRaatEe st TR S oo B St Bl it Senl MdheoleR af 20, B30
a bl ownthepatwitend aén-paent titeeatafe réligngdb Greanbjagt netondisdlesedFbfd/or2fiméd G 2C is a

view of the single die of FIG 2B illustrating a first. portiapn and a
second pEFER bgnsugffta”c“iarg 1T&f’7é?ek["ﬁﬁf7 TP af?&"?’?%bkfstgra&{(%%d Q’ﬁm%ﬁd?' rent of a
syst em of;otibe npmesiaftuctify @ith kQPeck &F susiefibkt m@@Fbi natorial process sequence
integration of wet processes, such as those used in ICand 7 W

2007/ 046852 PCT/ US2006/ 012917 related manufacturing. FIG 3B shows a
perspective view of t h%lﬁﬁg%&é@g%%g%}; fegeiRedNGR FIG 3A. [0028] FIG
4A is a perspective vi | of a processing cell as used in a

[0023] FIG. 1A is a flowchart illustrating a methodology for combinatorial process

sequence integration in accordance with one embodiment of the present invention.

[0024] FIG. 1B is a flowchart illustrating a general methodology 100-B for combinatorial

process sequence integration that includes site-isolated processing and/or conventional

processing, under an embodiment.

[0025] FIG. 1C is a flowchart illustrating a more specific methodology 100-C for

combinatorial process sequence integration that includes site-isolated processing and/or

conventional processing, under an embodiment.

[0026] FIG 2A is a top view of a semiconductor wafer comprising a die array that is used

in accordance with the principles of one embodiment of the present invention. FIG.2Bisa

blown-up view of one die of the die array shown in FIG. 2A. FIG. 2C is a view of the single

die of FIG. 2B illustrating a first portion and a second portion of the die.

[0027] FIG 3A illustrates an embodiment of a system of the present mnvention for serial

combinatorial process sequence integration of wet processes, such as those used in IC and



processing tool of the present invention. FIG 4B is a view of the
processing cell in contact wth the substrate after processing fluid has
been delivered to the isolated region of the substrate. [0029] FIG 5

i1 lustrat agoampifaedi ment of a system of the present 'rfﬁ’l‘?ur‘stzbeﬁﬁzf)ﬁf seri al
combi natorial process sequence integration of wet processes, such as those

used in IC and related manufacturing in which the processing cell noves

f r om r egrebsed anuégiusing Gt b shostsissnersaecsive FoR3@FhemirgesB fog! desaribeduvof an
iIlustragjonsof a first region of a substrate being individually processed
by the system of the present invention. FIG 6B is a view of an

i 11 ustrafdo2ag] ofFIGheAammspacteJeazm q:frameerbediin@ntsqfatpeusnesnﬁng-‘demas ﬁs%d iwhere a

d h the, f C i
seoon, 6820, 8% RSB BLECERIEH, B 55 4 1 LlARL SRR SR IR RE o2 V"

6B, wher &itakile setssutataeﬂeelgbwaﬁn@ﬂmmes iSddh Gélhated t@&l\éesoh)cﬂ@ﬂegibﬂdfﬁ‘lb dual | y
processed. [0031] FIG 7A is a bottomview of a parallel isolation chanber

or umta?‘i}“fé%t?ucture of an array of processing cells for use in the

processi ghodystam 9 llﬁﬁat%%?m{‘ﬁenp&fa:[sg‘gelﬁro?ﬁﬁrﬂv‘ieseﬁtn?{\%ﬂﬁéi%r s 7B is a

perspective view of a parallel processing tool incorporating the chanber
array desonbitrdolisl prof¢sSsFpendE|iGeaa®n dilves progesess. sush entbosti ysehin Igfand syst em of

the pr e?e(:fﬂéd 151\{1? QHN%S 1rt &Bmf?%{eaplrec%%]sm&scgﬁ ‘%é) ﬂen"’i‘ gﬁ]n tﬁgéé’g%ndﬂ Snee

integration o Cesses se use rel ated
manuf act substge. FIG 7D illustrates an enbodl ment of a system of the

present ti f aral l.el . _conbj na | al pro seq ence integration
W}@E JdS; o&is 47 iEWHéa‘éﬂlu@f%‘BHP &Str&gwaog %w%pensi ng devi ce.
FI G 7E lﬂdl\%ﬁ{aflﬁfn‘%@ess@ﬂﬁltﬁ@:i s@Mé’ﬁéﬁeilgﬁv&t@ﬂ/ SFI@T\SBfls 4 iewRE gsent
invention for parallel conbinatorial process qlmrnce integration of wet
W.

pr ocess edlusigation jof the gultraie phd HicaesAing é)I‘Steaﬂ &l Mbl SpeaseRdrgeiogses ce. [ 0032]

FIG 8 s use in
one onoaidetOPaerBtl S 06, SHRORLARMIEL I aPuRARR e B ARG AT 100,
vi ew of pmeeseztnge:cbteme«sﬁtFIGS thendoihstiratdl dfltharsgiped ofitige bgianimvebea

substrate th%tncan be processed with the structure shown in FIG 7A FIG
9B i I | ust¥RILEY BRETR%Y enbodi nent of a configuration for processing cells

for the poo3al! eliGPTAGLSEI R GEw of €gAraINS isafatian SliBMer @liRitarlylstuct@Cof s a top
vi ew of one enbodi ment _of the substrate illustrating 8 WO 2007/046832
PCT/ US2088P0f Poryssingsgiiotes ugsrin shegquprstsingestem &f alteﬁb%ene}teé%s@eaﬂéccor di ng

to the copbh@wr aid.om Qh pgls&ct@csvw‘ﬁlo@a Fargl@ai (Jcb's%hg%cﬁ%c%ﬂﬁhﬁi%g tbodi ment  of
a confl guration for processing cel or the parall el
chamber array described in FIG 7A. PIG 7C illustrates an embodiment of a system of the

present invention for paraliel combinatorial process sequence integration of wet processes,
such as those used in IC and related manufacturing. FIG. 7D illustrates an embodiment of a
system of the present invention for parallel combinatorial process sequence integration of
wet processes, utilizing an embodiment of a parallel dispensing device. FIG. 7E illustrates
another embodiment of a system of the present invention for parallel combinatorial process
sequence integration of wet processes, utilizing an embodiment of a parallel dispensing
device,

[0032] FIG. 8 shows a top view of one embodiment for a sealing element for use in one
embodiment of the parallel processing tool.

[0033] FIG. %A is a top view of one embodiment of the substrate illustrating regions of a
substrate that can be processed with the structure shown in FIG, 7A. FIG. 9B illustrates
another embodiment of a configuration for processing cells for the parallel processing of

regions of a substrate. FIG. 9C is a top view of one embodiment of the substrate illustrating

i



processing of regions of a substrate. FIG 9E is a top view of one

enbodi nent of the substrate illustrating regions of a substrate that can
be processed according to the <configuration of FIG 9D. [0034] FIGS. | QA
and I OB iWhyshhaks, two exenplary workflows for the deﬁ%ﬂ&iug%lﬁ% a
masking |layer to a dielectric portion of a region and a capping layer to an
electrically conductive portion of a region. DETAI LED DESCRI PTI ON OF THE

| NVENTI O$gi@0 353 subgieate Biet esiniba gracesseesacapidingrie tuderfiguoatioawéFIh&Bf &l¢.owi ng
gener al i N, el . Thepterm"suhstrate" is
used her glgﬁmtj%lgtr%se@rﬂ{e? gl){ﬂ?fto&}rrlétlt(é “e*?b?gfé‘“ﬁ%@ﬁgﬂ g[z?}?%?%fngscgnrﬁ f_%r {I:{];eé)iar ,H&or flexible
sur f ace. pihessimglo§tegmheotanbsigo FiIG.CRide tap Eesf arembodiniat éithal act ed upon
by anot her, subsgtance, materij.al . and/or process. Ln one enbodi nent, the
subst r at 3“135%%6 ﬁl}u %ﬁﬁlgéegéﬂﬁﬁ’(g?ﬂlﬁgatﬁéqaé? naqe(Pé‘jceisg%JE%%ﬁ“gato\;\%Ff er) upon or

Wi t hi n whbidlguaticooPEIGend, or plurality of conponents (such as a test
structur Q hi ;%%ricated or to which a conponent is attached. | n another
enbodi meRt0%4 hel§§h 54 andel Billustrrg e xemelag psbiawsfyr haderositiopsfa and  t he
conponenifsling ERG (54 BBl M GohRREHRS; vafier. panel
and/ or disk of ?gujtableﬁag?ggﬁgFggﬁugﬁggg?%#ﬁkaﬁléﬁjgﬂgmggﬁggnents of a
uni t, suéfpdgeivgmoitionegraeséah or printed circuit, are deposited or formed. A
flexi ble substrate can include plastic or polynmeric material, for exanple
flexible materials used in displays or other flexible IC applications. In
many enbodi ments, at DEHEAILEINBESGRIFAGONGIr THE ISUBSII@Ne wil | be
substantbghli fia%WIaLthoqgh in sone enbodinents it may be desirable to
physi cal [§P38bpathgiRlUoveEnn {4 §f“§1‘?*%‘&‘1'&?‘%1@"&1@5?1#9‘@?%&?“ peptingsas ey h, for
exanpl e, a@divegl iesainWel | s, raised regions, etched trenches, or the like. In
sonme enbodi nents, the substrate itself contains wells, raised regions,

et ched t F¥Sheslhedera “sybstiaie” foisad bepinde refuite a optetindhaping eaigdd, sgnir egi ons.
[0037]  Theia! &riibiy Seleld. NG LEHERan kiSo ERH: DElSalld @ L8l ok foh 0cal T zed
area on a Ssubstrate Ichis, was, or rs i1nten 84740 "B UsES o

pr ocessi hyamethef grbvabiepmafialaasddractoess. Imateamitaklinaemt thessubtthver sanse ref erred

to herei pnpiulae gsuhecn%lnt er nat g%ﬁ aﬁ "known" r egl on, .. a "“sel ected" region, or
sinply a “regron. ~ FHE“preter°néy® régr o ean™ hie i A RBPPER 8h and/ or a
series pludliggaflcampoienpesichdk & tdse@honse) By febri@lci®dicomhithe cahsbial €. The
predefined region may have an% conveni ent shaPe, e.g., circular,
r ect anguP4icicde |} FRSERE SPDodiRHe s pasEate cat Bieluinths shkpoYing@ 3G E04E 852
PCT/ US200/:0r38kkAt(s)eRadbarpd i_ﬁau@es%lee@l@ﬁlm@%g);a{t@%&aé_?, ﬁﬂ@anﬁ)&?&i@)% gfe. the
area upon which each process is perforned or di sti nct material is
synt hesi #igblenmtasiaghen and/ariawhigh thetcopBonans, of prigiteuglbhsjan intsgrated or

printed circuit, are deposited or formed. A flexible substrate can include plastic or

polymeric material, for example flexible materials used in displays or other flexible IC

applications. In many embodiments, at least one surface of the substrate will be

substantially flat, although in some embodiments it may be desirable to physically separate

synthesis regions for different materials with, for example, dimples, wells, raised regions,

etched trenches, or the like. In some embodiments, the substrate itself contains wells, raised

regions, etched trenches, efe. which form all or part of the processing regions.

[0037] The term “predefined region” is used herein to refer to a localized area on a

substrate which is, was, or is intended to be used for processing or formation of a selected

material and is otherwise referred to herein in the alternative as "known" region, a "selected"

region, or simply a "region." The predefined region can include one region and/or a series

of regular or periodic regions pre-formed on the substrate. The predefined region may have

any convenient shape, e.g., circular, rectangular, elliptical, wedge-shaped, efc. In some



than 10 cnR2, nore preferably less than 5 enR2, even nore preferably |ess
than I cnR, still nore preferably less than 1 nmm2, and even nore
preferably I ess than 0.5 mR. [0038] The term "radiation" is used herein to
refer to eggheyMikeh may be selectively applied incl ) 49y having a
wavel engt h between 10-14 and 104 neters including, foerieg%rr(gPﬁ? ZI ectron
beam radi ati on, gammma radiation, x-ray radiation, ultraviolet radiation,

vi sible bxingchtimerimmrpendeﬁnedadglam intdnthemﬁac Glaaren mdivmdlmcfamdcqsadi 0 waves.
"lIrradiatien i.cati rad L] nho rface or

em ssi on%%l m@?ﬁerg a F%rig%tfrlzlg 5 %yprﬁ)lesm% fd?el t 6\1 S elﬁHl é%g the term
" pr ocesstihag 1 e mica prefesablisiesk thar ein’, E‘ﬁml’rﬁfre plef@abegal@.hh ih:in 1 t:he sl bst ances

that are deIrver d to are |9n f a subsjt ate for essing. [0040] The
term " pr BREEeCEPly g thaad Jf ‘ﬁg'a“‘gg"%%e Pﬂégee“}tbﬁv legs q‘% $mt“b a finite course

of acti s3] Opﬁ{e&&ﬁap"‘}ﬁdm&)ﬁe@@ed ﬁé?é%% refé”‘@@&@ﬁgy%ﬁéiﬂ%%r RyseRefiRBsE OF
effect. "Process” or "processing” is used herein to include, but not be

restri ct epplicdinciylingicyeray havigg pyawingy beﬁw@eﬂ@ alang §0"meterginsthdangelfos
di f |
g d: ‘ ?’ngplgagi HJ @gf"ﬁ‘em C%ﬁl‘i&aﬁ%&o’\?@@ﬁﬂaﬁ aﬁ@r} Vot ?:lg{a%-lﬁgl?% &&ft@f}’o?ét‘fz?dmnon, ¢ her mal

I ons, ectr I catlons
modi fi catvlsd»h:shght MMnadlam)dnﬁmoaaveomﬁatianmd oatliccwanmdi TIneraamcthqferand
phot ol yt i cations, .nore_. specif r
o 11 el FaRiealir St iR stk O GRsuEr Y S SRR AR e act  on,
functi ongdo3aqt | Afusc@heBinhghe t@haarpafceséﬁg nQferial et Abreimae Refarite adch of
planarization, electrochem cal mechanical planarization, |ithography,

pat t er ni HY, subsiasresbal precielivited 0 TAEIPHAL 2 SUBPLERS OBRRETEEC i rradi ati on,

m cr owav POMO'] adtialyh Ak b AAQy f‘ﬁ%&%&ﬁﬁ'gﬁés Qé%ﬁ)heﬂeﬁ{ 868 th QMimick BEH-ERs
treat men infrared (I'R) treatnent, ultraviolet ( treatnment, deep

ul t r avi oketong DpAptionsy evahtseantl/or ebamg@réeﬁmdthywmse@l effeviv) Processt pent , el ectron
beam treaf nenL, a0 d.F S if ect r ocheni cal
deposi ti o%mc ?Ie%t g?e)éshgl%yegd%ﬁ ‘?& an?El%th]%g?Sgg%%éﬁebxggﬁdggég’g%fsgl chem cal
vapor depasiitl tora,re@mromdﬁ)rlnwﬁépmgep@drt i RogLessinepppeci fiduly énodypict phw;,cal l'iquid

phase epit chem cal . be epit | ecul ar beam nol ecul ar
erTe oy e AL AP oan Byl S B FRove et S imte

condi t i Oﬂﬁlgne‘ﬁ!é%dﬁ'ﬁ:aﬁﬁﬁpﬁ{o@drwﬁedlfédtrﬂ'ﬁq altl SRSIHR, mdsaaﬁedhbad n@se, amount,
conponent ratio, etc., under which processing occurs, " Process sequence"

i's used Brocdicpllt deanaResurfoee modiipstion, WHAgIEREEEEE. dsRPS e mMERPTINNG  uni que
or der %Qﬁcpncﬂ{ﬁ@ﬁdh%ia%@n c?ch‘ﬁi S?ﬁﬁaréaﬂﬁls El{eﬁﬁcagﬂfécﬂaﬁﬁzﬁﬂ Hlanakiodticgxampl e, to

f orm or 1ty structures, tructures evices, Integrated circuits,
etc. "Pr ebescsh@elqdemeamwd) pﬁn&nzamﬁ' hérloeraphos@tecmngillmpbn@il@uehad&eion
tenperatu

en i 0,
cror. underoietnicPRERTh ST G bRin it e P R RRRRR iR Vo
2007/ 0465‘5&1115}@1 020 OR) Gb28kidt, uipkoiors 8 CRepuenee deet @grdbleDMUV)S used her ein
to describe i) eval uating di ffe}rent matelrr als, ii P

treatment, extreme ultraviolet (EUV) treatment, electron Beam tfeatment, and x-ray
treatment, and more specifically electrochemical deposition, electroless deposition, physical
vapor deposition, chemical vapor deposition, atomic layer deposition, vapor phase epitaxy,
liquid phase epitaxy, chemical beam epitaxy, molecular beam epitaxy, molecular self-
assembly, and evaporation. Processing conditions are those conditions, such as temperature,
time, pressure, material phase, amount, component ratio, etc., under which processing
occurs. “Process sequence” is used herein to refer to a series of processes performed in a
unique order and/or combination to effect a desired end result, for example, to form or
modify structures, test structures, devices, integrated circuits, etc. “Process sequence

conditions™ are those conditions such as temperature, thme, pressure, material phase,

amount, component ratio, ete., under which a sequence of processes occurs. “Combinatorial

10



eval uating different processing conditions, iii) evaluating different
sequenci ng and integration of processes (wWth respect to both nodul es
within a tool and to a plurality of tools in a process flow), and

conmbi nati oRg hPRL&eS . for such used as in the manuf act preyShesoifys ces such
as 1 ntegrat ec? c?‘#cﬁgts. [ 00411 The term "device" is usedﬁ er(}e({on )to refer to
a unit that is capable of performng sone specific function. A device can
i ncl ude pbest sdqoaice ifkgpitiogl taised lndh br deswith dnivelaktingediffpertertiaialssiich as

di screte el ectropi c_conponents...A dewic an .al-so i ncl nponent s

Ceog o Crahefis SRoSpaafRRaR b B i uiB oty PEGHE SETPPIEIEY 1y pe
(e.g., einegtationblyrocdd®eg (@it espephiotbot eodudptvdtilirectopbaiday a pghiet el ect roni ¢,
magenet ooptic, nol e%ul ar, etc..ﬁaé.on _sg?str te; which can_be a(gttive or
passi ve. Opomaposeis lpwy. pid eapbifptions tereps I Sheh tied & 1R HmFRfast Y & an

ar r angengifices QcHaink@tdiQMoircu@d/ or pl acement of one or nore parts and/ or

el ements. The structure can include topographical features, such as vias,
hol es, |[084d] tThermiresiovienids peedhewintaeefente unigdet islcapable ofgriforgeng ng

| nf or mat | on, 20GKI fu%ﬁ?&@%&éﬁce'c%?{htciuﬁéf !e}@@ri&ﬁ,%?%%cﬁ!ﬁ%?ﬁ’éc aﬂ%gl | mproving a
process as T7as devi ce perfornance. Test structures iInclude device test
st r uct ur esppogertd) sash astdisaresd d¢consic coapaeits o Asiesind cahi dxdassiuderoopesentsest
structures, such as a 4-pojnt probe structures, vja chajn.structures, and
cont | nui (- redfesPiobnPle teRtiPRe A E TR e L FRPUE ot o

i nver t er ;agidc, [pho@nRs&itbdl@tenis, manetoSEddneS agdnetveptit, amlec@)4@]) oklhe present
i nvention provides nmethods and apparatus for the conbinatorial

i nvesti gﬁtbﬁféﬁaﬁieéd‘fm%’r%é&é?t}‘(ﬁ ObPAsEME process sequence integration for regions
cont al neﬁJOQ-Q] a Th%'té}gl‘ t;ﬁ&&%?’ [als&1 MR EH 1d Rk GAIn ArahfendBY oGRinf AR cation. The
i nventioh 1s” descri be erein primarily with regard to processing of |CGCs,
but can awlédiplageibent apple @dndra parsengioodeseithglisfstrugtiseen inglide of devi ces and
the investigation.of new jaterials_ f. u , substrates
an b canpab Ll MR Bt Bule Rl Bt S0 R Mt R 0, 21

i nvent i oextracie ifbematddrabextarpbess, bearmiyap pratensoblopad, ket mgdovied 2r s, and

substrates including, devices, functional chips,. functjonal devices, and
test strBEFEpasYe NBTSVESPET S lPare Yo St ?Sd&%@fwﬁ‘"&ﬁ%SE%WC%@S&%%SS sed in
accor danggsidid) chiSit B LPASIRS prb&ies REQEER el RU@ UsiatRpdiRPrabdQirudittbs,ar e not
limted to, sem conductor devices, flat panel displays, optoelectronic
devi ces, vVidahain siscoragandieopiipdly andpghéon ar st psofiritdes) FREseniiihét oopt i ¢
devi ces, ; ml.ecul . el 8ﬁ%tr ani.6 sie Y LEScusR! ar cell's, photonic devices, and
packagedmcyelw ces, n(%r Sot 8r ’ éHjcedw ces V\ﬁl ch w il be appar ent to those of
ski || i n[a04&] ar Theypeantievwingmw phvidkd metlvdscind sprraatud 004 porhbingloria
enbodi nents, . the regions of. the substrate,are praocess. | (i.e.,
11 WO 206’7?56%%{8%’2310 ﬁ?ﬂgfﬁ% BRHRIIERFS Sequence m%egratg)n%r 1e§1893 Salaildd \éﬁgt

single substrate used typically in device fabrication. The invention is described herein

primarily with regard to processing of ICs, but can readily be applied in the processing of

other types of devices and the investigation of new materials for such uses. Some types of

subsirates which can be processed in accordance with the methods of the present invention

include, for example, blanket wafess, patterned wafers, and substrates including devices,

functional chips, functional devices, and test structures. More particularly, substrates which

can be processed in accordance with the methods of the present invention include, but are

not Hmited to, semiconductor devices, flat panel displays, optoelectronic devices, data

storage devices, magnetoelectronic devices, magnetooptic devices, molecular electronic

devices, solar cells, photonic devices, and packaged devices, or other devices which will be

apparent to those of skill in the art upon review of this disclosure.

[0044] Insome embodiments, the regions of the substrate are processed using wet (i.e.,
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| i qui d based) processing techni ques, which include, for exanple, cleaning,
surface nodification, surface preparation, and deposition. Exenplary
cl eani ng processes include, but are not limted to, etching, renoval of

nmetal i c cephafoiati on, renoval of organic contam nat}jofysandisgaoval of
oxi des. Exenpl ary surface nodi fication and preparation processes include,

but are not I|mted to, nodification of a surface chem cal state,
modi f i cati@Bid bafediRpressine fsehitituse viiglemcludp dirfoaaple pieasingsuirfresce char ge,

nmodi fi cathA@fion, MTJL@E&)QE\W&J 9&!@:’% iGN A iab} cq@atnhﬁ%&%k JinQfi§e, O More

materials and/ or classées of rmateria s t hat ress, acce erate,” and/ or
cat al yze bpese petdmnted thesbingatemoialof mcaﬁlct@entammabmpmmcn\(aﬁoﬁ mgamicany Structure

and/ or h are . a component
but ar em% QA’% xc|§1 §1’{H 113&,1%9%?% 8x‘fjélsr 3316 X BS@G B %‘he %ﬁ%@giééﬂ‘%y%ﬁ% n bu{Tp are
not i mptcedsst:annclodaghmm:e woo ditrited td, ﬁfoﬂ‘ﬁ‘icm@m dflaamﬁ“ﬁ:lefch@ﬁﬁﬂ@thlte?d monol ayers

SAMB) , e ect.r ol yt | ayer ec rolyte surfactancts,
Elanop?artl @1% Ca foly SmeCSI gidipg, F‘i’é’rﬁ‘%dééica &b “f ‘E?rf”élrg&yréfl’dé@fa%‘%‘

deposi ti @ﬂfachmdoﬁﬁleﬂ[E&ﬂalQﬁ@Hxﬁ@u@ﬁ u§iAoR:r ARR MeEriall QB ESses ¥ ( e , plasma
based, and gas and/or vapor phase) processing techniques, known to t hose

of skill “?aFF’-"‘ta]ﬁéh"éF"Eppr"[SB@ﬂ@}eiqtﬁém?‘ esealyzsgeastionst(fhaseensiandlngnda array of
process e%cﬁﬁ'ﬁla@é@%ntro Qﬁ% QAR %)Ad/&%‘(a‘?ei £l {f\{l?ﬁﬁgeﬁéftp e 182'?0?31‘1 HF Shick %%%gEJF once
or eful

prepared, the substrate can be screene avi ng
properti é§ﬂmmﬂeefrbvatanemt§0hmtk@) ﬁmmebsyechbposetgumecess‘esﬁﬂnmdsuhnsmeabe can be

scr eenedhn%d%a%% L& 111a?onna?<\>/4 \gggﬂf%\é%g mo’ﬁﬂ%’@@éggg/&gl es. Additionally,

t he substrate & 5 Creehed uences, and/ or
process wlgelecmbdaytctsnh@@mﬂayﬁﬂﬁolﬁd&&biyﬁs surfatseilud] ndnepar@@yd 6., opt i m zati on,

devel oprreln Berfg1 yi e integration, etc. Furt hernpre, the
subst r at SgfReaC p’iga EP‘E‘é‘ﬁdB Ctb‘ﬂ?ﬁ?ldﬁi?dml% Srdaigpcthestodosinsicai bypinplies ses,
for ex amaimdsoiri QW %sﬁfa@ﬁﬁcﬁs&ﬂ%a%ndf/&%aﬁd%Qﬁ&!@%x@cé’%‘ﬂﬁé RERRLACEITEE. Whi ch

i ncorporate th Er ocessed substrate into Ot her conmponent s. Accordingly,
t he arra%%?semfélé d5g artegi ons i s pref erably on a single substrate. By

br ocessi pghdshe A @l o S5V AN oRadhy 10 SUBPLLALC o SELERRIAG the array

for regions having useful proper Basi Py carrre
ef fi ci envarighyO48is. Pioopentple snwhirghradathe bbssate eatigdicfootied Hchateals f or

exanpl e, Loptica cal conposi ti em cal reactivity,
el ectrich Iﬁﬁ%sﬁ%eu Hog‘glgesph@&“@ﬁvg Br OpRPEISEE, leg‘ﬂ‘hggﬁgﬁst’:‘ PrbFEr P es, t her nal
properti eseensd fousfihibs P AREEES 1RSinANEEHTRERMNICS. ahdcﬂlfl@:ﬁh@l?ftﬂh@%bstriv@!ia%

parti cuI perties which can be screened for include, for exanpl e,

rly,
mat eri al ?%??8?4 @h?loﬁ%i;?‘?r PIRFesE SCORPICEY U, PrafgteicEgnce miqgmeggthatrﬁm erial
step covesadQor dgﬁtc@ﬁﬂnﬁﬁlzat%n&dv@%?ﬁ%nt Moﬁﬂﬁfcé'ﬁeé& QQEQHQQOJ gL yield, via

chain yield, line yield, via resistance
Furthermore, the substrate once prepared can be provided to one or more other processes,

for example follow-on processing of the substrate and/or processes which incorporate the
processed substrate into other components. Accordingly, the array of processed regions is
preferably on a single substrate. By processing the array of regions on a single substrate,
screening the array for regions having useful properties is more easily carried out and
efficient.

{0046] Properties which can be screened for include, for example, optical properties,
chemical composition, chemical reactivity, electrical properties, physiczil properties,
magnetic properties, thermal properties, structural properties and mechanical properties.
More particularly, properties which can be screened for include, for example, material
location, material distribution, material thickness, material step coverage, material

continuity, parametric testing for yield, via chain yield, line yield, via resistance, line
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WD 2007/ 046852 PCT/ US2006/ 012917 resistance, Kelvin resistance, |eakage,

and capacitance, device testing for operational frequency, sw tching

speed, power dissipation, nmobility, transconductance, drive current,

t hreshol d wghip@g;sscapaci t ance, resistance, body eff ecltCT,ggamy@@jmﬂopl ng,

sub-threshold behavior, and charge density, and reliability testing for

stress mgration, electromgration, bias thermal stress, thermal stress,

mechani cafsistinreXslvinryistprnicakaar. ast pwsgitaste, é9V1Pfe‘;§§tﬂg(f‘Pre0p3@hw1ﬂ onnent al

par anet er, e r ities

i ncl ude élgﬂdug){ fsbr}??x;&ﬁ%ﬁ&ﬁ?ﬁ%gﬁﬁéﬁ&ﬁlﬁ% %&)b@fi er ma Qﬁu(’: Lll\%ct%?/r?ﬁ ani sot r opy,

har dness threstlplﬂlswoahgq mptﬂt@}tan@ptasrsahcet, b@dyﬂﬁ%ctem’rraynel ﬂa;gmgtsohs -gséshdldnce,

per nmeabi | it enc ....pho .oem ssion, coercivi t critical

current, b(%}%a)éiotr 18T b oA sk cinSl?r a%eﬁgg?bélétgmfl% AR ’Blég‘?fboﬁaéi &ffon @rﬁtlct“hose of

skill i nblabereansl stgethérmal @wsginctitinfalkitesd, sitotmetARGEisdtd Wast bipe

processing.and screening of a diverse array of process conditions enabl es

t he eval ﬁ’g‘f’TQBWeBtFI 1??@)\’1”“’&0%6@5( GBW?EWQ‘%GWI%@gY"Eap“BF BBtites, new

Pr 0Cess e $nclude boifubGRE SspeNEinih @Ry, tREWal RLOKSS Ry, IRBUEIS ESrdREW Process

sequence integrations, etc., for use in such fields as chip manufacturing.

Any pr océ&wstakistin@ptien irasspavacye megnstrresinines, ipalesapilise SssEscidmblg,

subseque ose of

ki 11 mopydere R RaRAAE oAt R ARE S e dsbiulbnpberR, RBRM A ko ont

i nvent i ofn thasevediskibitiy thefartalipbif eveEntof et hmdssura:a’mpbﬁamlsetdie pocpsiagesd such

usef ul materta(ﬁ/ rocessin rocessﬂ@e uen e |nte ratlgg on a large or
ShaRe p

ATEWH N 2ESSERA R TAPIHE ©R P$ PREVAYEN RERHhds and syst ens

batch scal'e"w

descri bedohgysitions tvithsew dhydial pepdtitsIndi¥ POESERSndwPprotdseedndaRainpat or i al
process sequence integration and as such are not limted to
nat eri al Pﬁﬁ%ﬁ%é%‘}ém’&"r‘?érnﬁlﬁpé?qeésas@ﬂ‘é?ﬁce Infs@uetipns; ¢ic.s Eypscinisae Fednas cbip t he

present_iaK@Rkha. ATBRAUS LR WS OcBRAl HERVBIBLEARR v PrOCESS St eps

or sequences, suc | i t hographi c steps, st eps deposi tion
st eps, ﬁuwellwo@%mh@ lalagsqah% wewill Hcr@@mentmo thige <a"rst<1ll ih He 2@Vt pr ocess i s

often us gﬁlce 19&1}%‘19@%1155&%%}6{11%% éjfr tﬁg e&a{ 1n\t?elajnltllod u\pm 1%“” If qu ﬁggg élﬁ%el

deposi ti on process rickires " Can b &
i nt er connecieseConueetd sueh pefid aateoinlsipodceaidydiy occmﬂegmeslnteﬁkhﬁoﬁbﬂ?a process is
i mportan since cop easily

to o rreIalllza n, r
dry- et chetfq ﬁ? g?‘i‘?ﬂ‘ Bilbarwte fﬁb@i@ﬁanmﬁp%? t%F OBEFHCF%’“F‘@édl ly processed

usi ng CNE’escuib‘dQVlﬁio@ﬁ{ thuﬁE&Mﬁ&h@%éﬁc%kéﬁ@&'ebﬁbmﬁﬂﬂﬂm Frélasd deQnPO Circuit
parts through dishing (I eadi ng to opens) or copper snearing (leading to
£

shorts) W%Fﬁtwﬁétméawahﬁwmawg It akdpaisl/ pigpess ehagastarigation. density, pitch and
or in theydagyi zantal ABREGE & 8E i &kﬁm%&twn%% %]aryaééﬁfw GRLLain CWP
The a ? P e dnt

process conditions. ity o e system resent 'i hvention to
i nvesti ga@reztlvwm@tqcoﬂ§tdpmomeqms@ewchwhtﬂlogspluhﬂclﬂ,\ﬂymtomms, as well as

processe oces 0-0f the regio riar to CMD 1l lead to opti nal
process @e ngllti{)n ST oé{éi\li}e?% Sxample, as(i's WEQ?]QR)WH 1n the art, cCl\\ﬁ\fj process 18

often used to planarize structures that build up during multilevel deposition processes.
These structures can be used as damascene interconnects, conductive plugs, or for other
purposes. The CMP process is important to copper metallization, since copper cannot be
easily dry-etched (the etch products being non-volatile), but is readily processed using CMP.
However, the CMP process may polish away functioning circuit parts through dishing
(leading to opens) or copper smearing (leading to shoxts) when the circuit layout changes
drastically in density, pitch and or in the horizontal aspect ratio (length:width) or under
certain CMP process conditions. The ability of the system of the present invention to
investigate variations in processes, such as the CMP process, as well as processes for

processing of the regions prior to CMP, will lead to optimal process conditions to overcome
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13 WD 20071046852 PCT/ US2006/ 072917 the aforenentioned problens in a
tinmely, nore cost-effective manner. [0048] Al so, for exanple, resists for
| i t hography processes are requiring snmaller and smaller sizes. For <100nm

feature sigg . nafli®sn transfer, |ine edge roughness becan®ssisa¢leasi ngly
i nportant. The nmethods and systens of the present invention o?escrl bed

herein c¢an be used to optimze the chem stries and processes and/or
sequenci 1Y renfpioaetaeblems fia tiaelyraora cpsielfectiypswirerpat tern transfer, The

systems amghsyet Qg flé)ﬂf exfcahﬁlepfegﬁé By litfldkx%ﬂ% ?%@es@éssa?e Qﬁ%}lﬁ%agpﬂélle? %I]i’d ons to

finding new materials for and 1 nprovi ocess Cco ons material s

uti | i zed siple Bizps. fhab Cl @Wanm foriussireestes asfirhimsdpampglersd myens, adhesi on

| ayers at | 4 he,l.nvention i s described il rt.her detail
bel ow wi E}& rﬁ?%ﬁ@?én Og{a b 1{11%211@'106%_? Igdsgfﬁblmrll18 OWh 8?1%?”? Q’é’e?tfoé‘rfgscéi\%%g ﬁ?ﬁ%er ed the
same in thebessvknalptihiguhesenjdsahd Gevataldyor &auaiclg)f pfocésegi ons s
processed by deliverin roeessin erials t predefined regions on a
subst r at éeqﬁ%‘aﬂ(? rac%‘_’cﬁ Sl"g’ﬁﬁtf“ftﬁé? ﬁp‘?%‘c’f‘gﬁﬁlﬁéﬁi‘?’@gﬂ‘@ ﬁ?.th"_ﬁiogltﬁ‘eémfsﬂlti s a

f 1 owchar invihiloasisodal dpplcaBhHRARM G heh Ahat G AN AV R&RSS sequence
integration, in accordance with one enbodi nent of the present invention.

The enbo8PHEINS Faymaiialswikized inghipdebsicptinn Rrenseset.\ahittcds batsier Byermy not be an

i nt egr at geheligRlayGQ IR iigfhyak, discrete unit nodules which collectively
performthe efféctive uni ty process) that will performthe desired process

for anal J3149] | Thednensobsdiesnsihtd intfhhop daeié sdbwyvithaeferecaantopler figurey) ihhe
process Wﬂimli _%'itglﬁsraert inzr%g,rggﬁlgi on w'tf hi n unique regions contained in a

si ngl e nono ig* e SUBSrrate’ MSHTHe B ¥ VE8 'di aneter wafer used in IC
manuf act {0050y Gheratlybsitanay ef ie§iops B\pddesied By ddiCeSpSiredksiddRate @S0l S
processed i% a. discretized .tpr efer abl%_i solated, fashion (either in a
serial, B&ASiMedreeionsonaspbshpte sad/ay medifyingdhs Pinfdiet jesians| Kigse 1 4% r egi ons of

the subshpatiRraN@uREQCLSSBEdo160 HelaMlYorfal A& ek iJhe substrate
processed in the alf g?égfrenti oon(g%/ con‘nilnaotr(glrll%zélglE ?asﬁ%n c%gjfngtg)gtu?-onal ly al so

be previ #iFeIdpncErghyng/cabodinlsseafulenniespntligentipr. dde sebddimentmeoniient | onal
fashion w : : r %gﬁ r the ent.i,re or .

subst ant é)Hgfllﬂ[é Itdggﬁl%rﬂ?%e&elﬁ i rzb%ﬁ@%"%@ t§(;epe("gmp ﬂsee%sotgﬁgcrﬁtr@ Sssi ng
condi t i omeduldhwhiclatdilpesvelit eefode slerdffeatlcanitipioradsphialvill perform the desired
processin i nat ori.al uence jintegrati proach to be

%/co i nﬂ %roge s Seguence on gp

enpl oyed®PRCHEE PPEES AN tROFme iy Poeesise f9o Wl’r@ﬁfgi’? @ PYHIRPd an end

devi ce( sfliscrbtivee GisBio Svititr @idde.re bt colBRe® HOLESIERAAHHLBSosu G devi ces
or porti ogéq of devices created, can then be tested 140 for a property of

i nt er est 2 A<y didgirice miefco Haad Ik Reaefactpidng. diaisylsirate ispren dedstopshe spemr i ¢
oL 10 SRR S il BT SO P S
m grat i of¥, se;‘iai-parz{ilel mode) whereby at least two regions of the substrate are processed

differently from each other 110. The substrate processed in the aforementioned

combinatorial fashion can optionally also be previously 120 and/or subsequently 130

processed in a conventional fashion with at least one process step, whereby the entire or

substantially close to the entire substrate sees the same processing conditions. This allows

the described combinatorial processing/combinatorial process sequence integration

approach to be employed in desired segments of the process flow required to build an end

device(s), integrated circuit, etc. The processed regions, such as devices or portions of

devices created, can then be tested 140 for a property of interest using conventional methods

for analysis, such as parametric testing for properties such as yield, via resistance, line

resistance, capacitance, etc. and/or reliability testing for properties such as stress migration,

electromigration, bias thermal stress, time dependent dielectric breakdown, and related
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el ectrom gration, bias thermal stress, tine dependent dielectric breakdown,
and related 14 WO 2007/ 046852 PCT/ US2006/ 012917 testing known to those of
skill in the art. The processed regions can be tested simultaneously,
sequenti al ¥ P@fosdste @ parallel -serial node, where a figsf, th&ﬁﬁ%&ﬁy of
regions is sinultaneously tested, followed by a seconJ; tura(

regi ons being sinultaneously tested The testing 140 is optlonaIIy

per f or metsting loaen dr ey o skilltie theart Vee reptsowd neains cot be fesied net hodol ogy for
conbi nat e I [

g e R
referred sihmltbmmmlytteasd a"olﬂnwfd hyacsbfajnéq:ilumtm;ce”s*sgm@ Hed@) sutuhiazttemsilyl per form one

nor e, pr oces the site-i,sol ted g tool
bt ocess Bt fsERined o FrybySEgerdRt st sl rifet Rudis SROBRERet T o
serial, panakicablog@forehbaboRAndddeesefRE)intebiafibl  uni que regl Ons of the
substrate at |east two regions of the substrate are processed

e.g.
di ffer entqqﬁs Ny o’?heéa@ﬁi%@ﬁétsroceﬁswseﬂ?@eewgwoaﬁf gy gBpdapent 8§ 8ns, as
descri beﬂm@&%ﬁ% tho) rdfd; R:‘&Qé kB9 2ORERL fs@ihégg%@eégﬁg%t tﬂé%ﬁﬂpérfauﬁ%ﬂé ens

(i ncludi ng predefi ned regions) on a trate and/or the regions
(i ncl udi ngrequreatefes. nbidmneegxbgml)entcann steisplottil prasdssingiteq peavgssessvbeirateof

site-| Soonfatc?éjaé%{y S0 G&F@E&% 8£erﬁF§%§f‘eﬁe§} Stl::lna[ gaQJméﬂﬁ‘édﬁg{%tMYht h any

numnber cohvenriona roc roce ence rexanple, a
met hod ungigiie ffiencafithd mmmte @lg.fr m@sesxso sgipueolie strhtsegé afeipprvedsed ei n recei ves
asubstrﬁttefro at | east one first ro_ees__select [;\ roup

consi st i AGCEPIYERHSPE 4GS TRRIPESHPHE: B OhFSHPISAS 8%‘[‘? ﬁme{ﬁ‘ nari zi ng,

i npl anti Bg,cesattg nlake@iatsicBgbe ddiecreBihegosemenalfSyralefiREPeesssdngubst rate by
processin east one region of the substrate differently fromat |east

one ot hePubsdt aml/afthe Kelosubadrdingoredufisedicgivad spinbe MAHERYENGSYI f yi ng the at
| east ong, 1&g9i.p else{t@&i stoQ%lsH}lg? bERG dr @9@99& u?éon}b%?a%n o niphisi cal

modi fi catl ons, em ca tions, ectrical nodi atl ons, thermal
nodi fi cabfmnsc;ntma@]rpetcmsmm:dmdesseabn agqrsncqshot onic nodifi catl ons, and
phot ol yti.c nodi fi cat ons process Qne array
b a1 11 of Eitrapley B 4RL Buich TR S Bia OB RGO T O e PP B b RO et
t he af or ee®Rirkto Nesh at PMaBIGRS Fikdd Grocers lstlekes] Mardl b figydup Gorddting oAdlepbeiasd, one of

mat erial s, processjng conditions, cess sequences, process seguence
i nt egr at P%tF?m“a‘?nBtcb’r“éc"é%asn%eléfﬁn’@ﬁ’ée’gd&wgﬁ“ﬁ‘%ﬁ‘§ trFaﬁmgnihe 'ﬁ@&gml drent, the

af or ementienedh PHLALESHEToSRESE frala8t did 1 VAR bG AL difBRally SN ot RAdI ti onal
process Sel ected from awgr oup” consi sting of depositing, patterning,

et chi ng, oncdtbenegien oighandsiats. nbhe Hrensbsng inelydes apndlilying dhd 4 deastone B2jonAs
anot her gx 'Iﬁodlﬁugqtttf?&smgt ot&a&gﬂ%t B f%cttiﬂdns h%eﬁﬁnéaﬂa%e&se

i nt egratl on her el enerat es proc ra € processi ng at | east
one r egi electatal hhdifications, thermal modifications, magnetic modlﬁcations photonic

modifications, and photolytic modifications, wherein the processing forms at least one array
of differentially processed regions on the substrate, In one embodiment, the aforementioned
processing includes modifying using at least one of materials, processing conditions,
process sequences, process sequence integration, and process sequence conditions. In one
other embodiment, the aforementioned processed substrate is provided to af least one
additional process selected from a group consisting of depositing, patterning, etching,
cleaning, planarizing, implanting, and treating.

[0052] As another example, a method under the combinatorial process sequence
integration herein generates a processed substrate by processing at least one region of the
substrate differently from at least one other region of the substrate. The processing includes

modifying the at least one region, wherein modifying includes at least one of physical
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substrate differently fromat |east one other region of the substrate. The
processing includes nodifying the at |east one region, wherein nodifying
i ncl udes at | east one of physical 15 WO 2007/ 046852 PCT/ US2006/ 012917

nodi fi cat i @pSeski@® cal nodifications, electrical nodifiGadiRRs0:4 her nal
nodi fications, magnetic nodifications, photonic nodifications, and

phot ol ytic .m)dl fications, wherein the processing forns at I_east one array
of dif f emedificaiony, cpv;rotr;eissecﬂﬁ‘ra@gmswﬁsctuwi thdifwatgisrthtigial Mhdificatisbhod cont i nues

by provi di.n r%tit h%dBr cRES 3361‘1%10% C.blﬁ(gt{l C%d?laltl& él%}%hc%%ﬁlc n?cf(fﬁﬁgg d ‘Iwgzg}gl 11 t]Pr ocess

sel ect ed FFPOM & group

cl eani ngpropésan@fdrﬂm ragl,east bmﬂralytof dl@ﬁereaﬁa:llytmmts::dlgagmnls oalie Sﬁbﬂ&ﬁ’dl 'mmt t he
aforerrentl rocessi nqg ..i ngl udes i f Ieat one of
e 1ol e SR ESST RebHane Pt niatte B b8 it G e Sence

i ntegrat k&é&tedml@Ex@ﬁﬁ8&15&@%%@0&@@1}5&5%@; et[c@igéﬂeaﬁingwiﬂ'xaﬂiﬁngs a
flowchart illustrating a_general nethodol ogy 100-B for _ conbi natori al

process Herjersieen teaicadn o epredingnb thrpdacapriionrd plogtseide PioBeessi ng and/ or
convent 9{3@% iRk Qs‘fx%sa?'lé}’ HREREcARs ?ﬂ?&%&’s‘u{é%hd; Ig;gegm@sqeéq%e&fes drReQCessi ng

sequence di ment s IS as process the substrate
usi ng Comqemcsmwlatloﬁrar@e:g@:ebssequ:r:cpwdmesss t he substrate using

A L e

then per t@nbthdio# prockR sequetdeaitefrbGal thitesdlideg hite-Rolate @rocessmapheonf a
processi ng sequence under the enbodi nents herein is as follows: process

the subsPNERIOHE}HFoasIREe UnqeE 3P SRRRfpEc 88 eNMRIHH BPEEHRESMHES ubst r at e

using Si (&} 8Rl-Ahe&ERAGERE B o11bhe rﬁr&@g@@@@bs&ela@uméﬁvaﬁ&mQSI ng
Conventional Process N+2, then process the substrate using Site-1sol ated

Process RmgessPNadmnpeacesrihg Ebﬁtéﬁ’éit USIHEe‘iI?eaIﬁRi%fhféPlOé%aﬁﬁleﬂm pracese B€essi ng
sequence bstrat
ey RFEE i SBORL FROLS Y Bl plode A 3nd ALl ANBI I AGGSRRLe substrate

usi ng Si CESS ocess the su ate using
Convent i 8rabss N-Gchss paifolm I’:t mer(egr dmﬁsﬂ tehingd.ubsdthatezample nga ﬁ:ob@smg sol at ed

Process N+2, the(? @{roc%a gisubstraigl usi n t@ Lgﬂéotnal )CEess N+3,
then pePtIBriFe ERY &he enPRMinighis NSFaRRls ap FoNeRE IRy sLi8g ﬁ%gu%% e ef fected
accor di ngota@dtiseess T thatRbegy tht @fbsBate Thigg SRR GrbRbs mp@ea@r@eguence

i ntegration thus generates for exanple a sem conductor wafer

conpri si H§ sEbRs VAR Sy eaiendl REqcge s Zathsn grossss the ypsigicesnesis- qulﬁi‘fd can be
test di ep,RR4N01 ach HakorRIRANCty dlhgdnd @mn@;smb%lbwsﬁﬂgeequé&a adeatiRd

circuitry. Blanket wafers, pattern wafers, devices unctional chips,
funct i onambetbmewebereingsas follows pracess the sgbmat@owmgc&lfgflgﬂatﬁdﬂ’i@gqsaﬁeﬁhe@| rcuits,

L Pl S P e OB A SR SRNGER 131 ALY B8 NS
r Vi ces, magnhet oo

magnet oefecttonic devi ce nDIe & Sni ¢

devi ces, Iso&snidemoaeed st, tlp%nqﬁ-misscthdmbismzesusnagmmpzamkmgbmmevN&é,shmn be

process egei on%/E? esfq e\/a?xrogg gt eﬂasnljcrégsmg sequences can be effected according to the
methodology 100-B. The combinatorial process sequence integration thus generates for
example a semiconductor wafer 200 comprising a die array that includes a plurality of dies
202 that can be test dies and/or actual product dies containing intended integrated circuitry,
Blanket wafers, pattern wafers, devices, functional chips, functional devices, test structures,
semiconductors, integrated circuits, flat panel displays, optoelectronic devices, data storage
devices, magnetoelectronic devices, magnetooptic devices, molecular electronic devices,
solar cells, photonic devices, and packaged devices can be processed and/or generated using
the aforementioned combinatorial process sequence integration methodology. The

combinatorial process sequence integration can be applied to any desired segment(s) and/or

portion(s) of an overall process flow. Characterization, including electrical testing, can be
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the aforenenti oned conbi natorial process sequence integration nethodol ogy.
The conbinatorial process sequence integration can be applied to any
desired segnment (s) and/or portion(s) of an overall process flow,

Char act er i gabh,@hyeskNcl uding el ectrical testing, can bePéﬁW,G%QQH 046852
PCT/ L1S2006/ 012917 perforned after each process step, and/or series of
process st%ps within the process flow as needed and/or desired. [0054]

Fi gure 1ESHmgdpftehgannprocsss st epdps ssyeseimmcesssiros iMthin theprhedofloggs | 00- C for
conbi nat QeéRK a/OGRSSgSequence i ntegration that includes site-isolated

pr ocessi ng and/or conventional processing, under an enmbodi nent. One

exanpl e df0&Hpr BigesdiChig a SleydemicBustatices mptesperifontitrodtlisgyhidoed fori s as

fol | ows: t strate usi.n nventional Pre- clean, .fhen process
he supstDaPEESRal SN BRILAl bR E R s TR i o cErbitabdbt e

subst r at ecmehidgnalSiibesstisgluati@dn B 6dimehte e CRgplt BENPRERSGRS SeqhdiRe SUDSt rat e
usi ng Conv . Strip and Sle an, then ﬁgrform E-test. Anot her exanple

nt.i onal
of a pr oé%‘g%&lﬁgengt’é’a’lﬁ’éem?é‘%%’éﬁ WS diRSEh e ibsirae peans ConyeationpllFowns

process then, SkShdREQhYSIHEGarShdifr $ikOkaked MIRuE) BBR., tiddShceRNiREESS the
substrate using Site-I|sol ated Ml ecul ar Mask, then process the substrate

usi ng  CSMPEAE UsREPitElseltad dilecrelesspan, thee aropese dswbstiate usinglonatngionsi ng
Site-1sokg j . t -te Yet . anot her, exanpl e of
L SSRGS, LIEPRAL B by EL SIS T

a processing sequence e hérern * process
t he substmhodmgsls hereigiis & biovapedeRrie-sabeate, usingditefiscdaebBreican, thaabst r at e

using Co i;onal .Ml ecul.ar K e rocess the substrate using

St o) soPER R Rbe R R e R M e s PSR it e T e

Convent i @oatenGbial Pleancleds! @pNthed fOCess MR kEIREHRE bsihg Shte-IMRddRISy HdEan,

pr ocessi gggrg(%en es can be effected according to the nethodol ogy 100-C.

[0055] | tHStsY Grnethe ssparle Af a pragesHng suense godes shergbedimsnisal s are

del i ver edek® is B BUSL4: PRA IO ﬁ@ﬁl‘ﬁ%ﬁ%@iit%-ligﬁfzrfti@f’x%*cle%ﬂ,qh olEs fhgact ed using
a nunber of different routes. For exanple, the processing materials can be

react ed GdisHge uiing Cesvgnipdnel Mobiculni askbtisr drocssy tharabsitsite wtiyrHitgisdsted

phot ochemi.& I rjzation technigques late directed
synt hesi s t g@ﬁ%?’g%}ejégw%%? S%o%%as?ﬁ%?{g AMRe T RE eﬁﬁ%‘h"‘éggl @d#ﬁgﬁsﬁ?ﬁ gel process,
by  t her petformiBfestariéioos othergraessing dgahtdagan byeftatediabaidignio t8é ntering or
anneal i n@l’gﬁl@%*g%‘j@%her mal net hods, by flux nmethods, by crystallization

t hr ough n—of solvent, etc. Oher useful reaction techniques

t hat can[00s5ys e sbfle hRAGHs bBe PERAERSENEn P REIM Sa@fials hidliefi®pda M | | be
readily apparent to those of skill in the art. 056] Since the regions of

the subsPiratEeareiqss o8 dssubstiphdeisetn bntaagedpsivmi nuohd of diffeteat ropacessi ng
condi ti op§ @hmflef he pRALssInE HaAR1CEN b@l%a&g(p&sﬁl% k& gxén[ﬂ(gg,ggﬂq&pgzlsgd As such,

process _ _ _
synthesis techniques, photochemical techniques, polymerization techniques, template

directed synthesis techniques, epitaxial growth techniques, by the sol-gel process, by
thermal, infrared or microwave heating, by calcination, sintering or annealing, by
hydrothermal methods, by flux methods, by crystallization through vaporization of solvent,
efe. Other useful reaction techniques that can be used to react the processing materials of
interest will be readily apparent to those of skill in the art.

[0056] Since the regions of the substrate are processed independently of each other, the
processing conditions at different regions can be controlled independently. As such, process
material amounts, reactant solvents, processing temperatures, processing times, processing
pressures, the rates at which the reactions are quenched, deposition order of process
materials, process sequence steps, efc. can be varied from region to region on the substrate.

Thus, for example, when exploring materials, a processing material delivered to a first and a
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mat eri al anmounts, reactant solvents, processing tenperatures, processing
times, processing pressures, the rates at which the reactions are
guenched, deposition order of process materials, process sequence steps,
etc. can bgovaflgdsf romregion to region on the substrp(fﬁle;U 2006457 FOr
exanpl e, when exploring materials, a processing materia dsllvered to a
first and a 17 WD 2007/ 046852 I?CT/ US2006/ 012917 second regi on can be the
same or &IPRETeER can be thp g YdSuenigliven mpreatingiapieveldstivared to e fiptr st
region '%eﬁ;wﬁ% 8RR TEm&Ss th@ﬁrol?és@iﬁgﬁ {c?igl JEEK:&E %'th@%'cbﬁﬂ% n,ltfs gnm%es? gond
regi on, IS processing materlra e offere tot first an second
regi ons omnterialecas bbotferad & the fist arh?eaecqnldee@mndhm su{:l&tfakﬁeert@rther&mnpr ations.
flret and Sl FligrbRs A0 bhad e PR FRRp PR R A IO Ve e o
t he firsthedhsl and egondreg@gs, @S ,Astvhfh tﬁdﬁlobdsﬁlﬂ@lnd&h@ﬁﬁ:ﬁSélBtgtorfﬁé £t alds
delivered to , the first and seco me or, different

and, if £HENLIEEEDS, 5%?618&10811&13@90@%}1%511 %Ff@“f‘i 1¥‘ir‘-“%ﬁ’c?h<’sg FUPF 6% on t he

subst r at Barfibc 18¢ SRS or iRy SRR, H thdlidnfcCtBMe cEBRE ENMLE Hdt ARBsecdRIBAYAT , W thin
a given predefined region on the substrate, the processi ng materials can

be del i vep & substgicrhgithenthe sne o differentgoamnistions. aiaregner, withingeisame
processi g&g%cg L S0P E sbSeded 8 o&CQSlﬁL{]ﬁ%t%}lélﬁEan%Ch 1&&&%‘%&%&@ ons of the

substr at i cal concent’rati ons, conditions ., reaction
t enper at uniégm argaclianbfashipmel thestipe )Jrouwdiag makeirigls atehdelivergd tntbe firseandr ocessed
can be vari éjfrom %ﬁ)onto

o e, e iskiontbe hE ARt & G Rpule R TR, FRMCRIER A BT S, o6

process tdnffReaturtd) eaPi@SEttseac flindshiviidh tiReeRHRCeSSOsesfidRan bavdricdogut , t he
at nospheres in which the processes are conducted, the rates at which the
pr ocesse&CEAT0 Higie Hatmetgiewhich gan heyatipd Rplufe, £orgxpaplegnaterigl angunissi t ed,

etc. h%lv&ﬁ@ﬁﬁfé@sa R %cm'ims(iﬁ@pr@%uﬁé§ﬁﬂ Rk cMHe |pr&@ss@s°a@é‘rent to
those of skill in the art. 8057 Mor'eover, in one enbodi nent of the

present Pﬁ%‘ﬁéﬂhwfdhe d@mﬂwﬁ%dﬂ M@lcb ﬂmr@r@w ok cofdyetvilythe ttesiabwbich thao di f f er ent
arrays o @Fsls J@éenpyeddtﬁ f n’l&u URS hafiky lalleydeg&%u AP RLQERES! NI

mat eri al ent|c concen rat| o correspondi ng
regi ons qaman1btratsh~1fa¢lrcsa11 banahxalemdirbd appHnst rathes ofiakdiimgthdiaftf er ent surf aces,

such as .electric nateria surface and an electrically cond tlve
curtace. BT, Qb oRer Bk eahed BT L MBSt veaHe oty BREe N T
chip, angornfitped @akitteb diffddt @G4ys RO malRB 4B P BEELINBHDE M Sy P dalde Substrat es
toa first set of process conditions. Using this nethod, the effects of

the proc@KScHRemmareiset sibstapmlirijonticel spnceHEliont P GaEeOBYPE BEONS O f aces can
be studi @gya0d and Bcbtd Hibst ga%s 1&1%%9111‘6@&?%%@@893%5 Q02 8lk1clhe n{%ﬁpds of the

pr esent invention are used to pr cess an array of regl ons at known

| ocat i onsyrigye eddaradiéoprimty eoslurtglesudatsinoatee tosigpiesepeditiesgprrtiadsiof, any
concel Vablg?ons on an IC chip, and, thereafter, subjecting the process materials on the substrates to a
first set of process conditions. Using this method, the effects of the process parameters or

materials on the various substrate surfaces can be studied and, in turn, optimized.

Substrate

[0058] The methods of the present invention are used to process an array of regions at
known locations, preferably on a single substrate surface. Essentially, any conceivable
substrate can be employed in the invention. The substrate can have any convenient shape,
such a disc, square, sphere, circle, efc. The substrate is preferably flat, but may take on a
variety of alternative surface configurations. For example, the substrate may contain raised

or depressed regions on which the combinatorial processes take place. The substrate and its
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substrate can be enployed in the invention. The substrate can have any
conveni ent shape, such a disc, square, sphere, circle, etc. The substrate
is preferably flat, but may take on a variety of alternative surface
confi gur atwg%}mﬁ,@gz exanpl e, the substrate may contai %dﬁﬂ%ﬁ‘tﬁlﬂn k; depressed
regi ons on which the conbinatorial processes take place e substrate and
its 18 WO 007/ q%’%z PCT/ 82006/01§ é? surface preferably forma rigid
suppor t SW AP P A ESIUPPHE OB PR &s5afry cHbhe piosessing HeEbs  The

subst r at @erdmy TRE s@aiate nad bihieleorbaniielatief of@i?att&{atse}hau&;ﬁkﬁ? e Rgp1cf Or exanpl e,
pol ymers, plastlcs rex, quartz, resins |1 con, siTica or S|I|ca based
mat er i al SOLYREISHIAtics, Fytex| @any.Aevinsasilicongsitensasilicptased artesiatsr gpsiical s,

menbr ane r I rent to
Those.of Teicrt b es S ARLEE C TR kAl ey QB BBLIBRRLEN 1° 11
sol i d substeedilveeppanntie tioenpiokdtindie driepos arviewraf thisidischsas, Shcsudst rate or,

al ter nat an be different . bstrates can be coated
with, or kh\é%hlty%?uﬁgtéa%%wg ecglﬁlposﬁgf’g frue mﬂfﬁ’t‘dé%@setﬁ?slﬁﬁrémg B’b@lt%‘?”é"’tt’é’e%urface can

cont ai n thegcache dffertat A GBe mbstdmm@@s@ colfbd WIBS br coRRIM OPiffeRhEmSHRSL rat e and

substrate-surface materials will depend on the processes to be perforned

and the YIYRYES B spRUaisyudicssan Vd%i’é‘%“ Hetepn Hickiesdridpviggspdbemost o t hose of
skill i nagfagoriady sﬁlbsu[a%o&a]suﬂsﬂa@%ﬂﬁa&%faﬁ%ﬁ%cp&d%ﬁ%xb&@&s f£Qi on on the

substrate or a portion of region, and herefore,” the area upon which
each protg&ympdandthe $°é?f“@’ﬂtn Ein§ gisienlase il hawa@bwpalemso 8@ ofsspdcinfiiecal | y

| ess thap.10 cn2, nore specifically less than 5 cn2, even nore

speci fi caI 1y 1 cn2, still nore specifically |ess than 1 nine. [ 0060] The
processi RP5eht dnisahs e1ubd>diinzzﬁsi aipnecteﬁmedpegzmes;simgumraﬁefmea'pmibﬂbﬂﬂhal regi ons

must often be P,V rom no t.,0 adj acent ons st 5| nmply, this
can be efe{ifetid {/‘elef gﬁenaéeaauljé’ lﬂcé]lge@ﬂ‘tprﬁ %ﬁtcalblledg’gtdﬁém%]@ Ab%he regi ons
on the spbaht, 615&1&33@115'[ Rat thihe ongfl § hﬁibssped?ﬂié&q}?%%é fhen BRERIdval Soeannot

i nterdi ffus)glfbetwe regi ons. Moreover, this can be ensured by providing

an appr o FEFE R 8t ‘B@F\&@@hﬁf{aﬂ@e@%‘ﬁ@bh@’@ egi ons on the substrate during
processi 601 N ARG RAEAGeriAs &Tﬁ B tg?;%mge%ylhg §f 8L & ﬁwala?%ﬁloﬁg ﬂqﬁﬁt ure

defines the various redions on t e su rate physi cal
barri er, oftesrbegxavepled fromano e ﬂQSléJacecrmregpmevbﬁQSt sirhigly s ean bd alsumd the

i ndi vi du i cent regi,ons _ Qr physi cal
barri er %LWB%%L&Q%%%@ O3 tto\% igﬁge@ly eEerr 8 g’ﬁr';}l?sélﬁgosﬁtthat BSea84uSski 1l in
the art pl\mdskmgﬁzpteeallsaﬂrmot nadrdiffate HetvweRs regﬁdns ﬁ%bréwexbm:ah%b@ﬁsuk@ pkenove t he
wal | or Bg@l cal barrier. hefore screening the array of materials. [0061]

In ot her Bgicnanrepriaip harperheeen ty Vﬁﬁ?/usﬁgl%rfsf%?%ﬂlbﬁﬁ‘%t%@ﬁtngt he need of
bar ri er spobdsGhg PiRYSE Grbach! OMEhahilR BUBSET AL Beal ERTcHE¥ APRUE the \AFES

radi ative | anps
regions on the substrate. A wall or other physical barrier, for example, can be used to
prevent the materials in the individual regions from moving to adjacent regions. This wall
or physical barrier may be removed after the synthesis is carried out. One of skill in the art
will appreciate that, at times, it may be beneficial to remove the wall or physical barrier
before screening the array of materials.
[0061] In other embodiments, the processing may be effected without the need of
barriers which physically touch the substrate. For example, lasers, radiative lamps, UV
radiation sources, other “point” sources can be used to process regions in a site addressable
fashion as the area of modification is nominally smaller and/or equivalent in size to the
discrete regions of interest on the substrate. In yet another embodiment, a physical barrier

can be used to essentially screen and/or limit the processing to a desired region(s) and/or

portion(s) of a region(s) wherein the physical barrier does not physically touch the substrate.
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radi ati on sources, other "point" sources can be used to process regions in
a site addressable fashion as the area of nodification is nomnally
smal l er and/or equivalent in size to the discrete regions of interest on

the subst r@phes7liksyet another enbodinent, a physical baimishensal, be used
to essentially screen and/or limt the processing to a desired region(s)

and/ or rtl ). .of .a,reqgion rein the physical barrier does not
physi cal P@bi %%%gﬁétaﬁg}yssl%a%é?rggﬁ@;%%§¥% %@W@!ﬂ%@%@d&@r%ﬁﬁzmwmg17 For
exatrrp! ei cartaphiegion@) al’;niaﬁ-rljoﬁroncs_a@r lbgzop(s)??t\ ?@eeﬂéﬁz@ﬂbé @Jntbék &'(sﬁu)?tl%r,%@x%@_r (s). A
restrict prQcessin certain region(s) and/or portion(s) or region(s).
screen, élgn‘élﬁog Clév%ﬁéﬁuw_s‘é%%@m&%ﬁ-%éﬂnﬂ%@ﬁ of gvapprstirn seapses fof | uxes such
as from BMld.. £n oaué VLR el m&l(%%@ﬁsle@f& [SFGE SadiRon éﬁéﬁmhee' An

dto let Irati’on t hr ough

opaque vs. transparent nask can be use certainra
the traf8pRMENIcgieRilo aleqt proaseing in pedfedsigings dmths pasiriiceth yeegiotins on t he

subst r at gmpddim¥at o A7 ' | ows, .of preferably an inert
gas such as épgohga?A?%?’q%cgﬁe?%gﬂgglg% @{t ga%%f’hegesnmgow%g8%%%“?@8%@?& s and or
limt theulgerroenienagenisong onfimg tieitoneagatins ofmch Seafentedof L4 e@liyely SCreen out
the effe Q reagents fromcertain regions., In this fashion,

speci fi cgérr%e(f:;l iofghtzlgg%‘?\m’a&gf}%&e?gﬁp@rpjéjghceﬁémﬁ?%ﬁ@s iléa“soﬁaffhﬁ% &rFeifig regiensout t he
need for oma pltysate adn teairddesied diFferGEIINLQ Ad R84 Ygrtafibhﬁi'&l puhstirate. This
approach is parti cul.tgrgl% %rrenabl e to sequential gas hase vacuum based

surface KIMBYHEAISR 8L giith B sppepleisipayienladepoeiabledn scanehtiabgas ous
forms t hgkR0%ac(18m Based Qhfack &HeGa)ro 04 sQ&h:ag%#lig%g%ﬁgg&ﬂpﬁr}t%ﬁ ﬁ’gff(ﬁ‘g 0062] Some

types of substrates which can be process nce w € met hods
of the pfeseikerephigenianondicale indddasnfagnduesdienbhecedhl anket waf ers, patterned

waf er s, S r i udi devi.ces, functional chips, functional
devi ces, ﬁjg%] t (Lal”:'ls%%':ﬁ s reg?ff %Jdr%géé#ggl\%qg%h Ca&é’@@ﬂ‘%@%f?’l“f?"%%‘f ?”é{@? HHEEA can be
pr ocessedl thapragobindanioe ivide, fohecampldbldsked fvatche patRiRa Rfers, AYENt | on i ncl ude,
but are nugttr Itei m i\‘e/(fj t@, .seg’érclzqng#qt,or devi ces, .flat panel displays,

opt oel ect B E "Ye¥ e vicgatuncipayl ses: dutiewd devissgriad dst gerhesi Maevi ces,
magnet oogpetiical Be3tbeiRses WBLIEGH bR hrRbRES AR FIMEY WEE Bre rﬁéﬂlld?iF oP@U s, photonic
devi ces, and packaged devices, "or other devices which wl| be apparent to
t hose of PIEIEP] ipventon Hsludesbuf s mot lvitesiio gemidenductadids 6hess it gand! 6B6I8Ys, As i s

di scusseghidm 8ok e | i Fferent t.ypes of devices or

st ruct ur‘se%)sz sgglﬁygé‘xﬁghéac ‘at?l‘%%é%ﬁgggénﬁgﬁec(%ﬁ%‘go T ﬁice‘égegsa%a%lgmf)%tbcat ed and/ or
pr ocessedFVigks, hiokeculaheedionirdeyzes, egiuaealis, photpuit Hedes, dndeadabed Bulzbs, St ruct ur es

can al so,.,i ( test elenments_such as contact, mays and el ements
desi gnedortogﬁgggﬁ(i?gg\%%glg@l | 3P%V%15§)st O%toégl%ﬁ in @ﬁé’ﬁ UBR KB E NS nechani cal

pol i shi ndjsclds0f364] Processing of the regions is preferably performed in a

di screti [6893{ a%;lié) %sc\:ll\fsgegln?ore fully below, a myriad of different types of devices or
structures, such as via chains and conductive lines can be located and/or processed within
the discrete regions or portions thereof. Such structures can also include compact test
elements such as contact arrays and elements designed to analyze specific process steps,
such as chemical mechanical polishing,
[0064] Processing of the regions is preferably performed in a discretized fashion within
unique regions contained in a single monolithic substrate 200 as shown in Figure 2A, which,

in one embodiment is a 360mm diameter wafer used in IC manufacturing. The number of

unique regions 202 is typically greater than two, and more specifically, the number of

regions will correspond to the number of dies on the wafer.

[0065] Figures 2A and 2B illustrate a semiconductor wafer 200 comprising a die array

that is used in accordance with the principles of one embodiment of the present invention.

20



uni que regions contained in a single nonolithic substrate 200 as shown in
Figure 2A, which, in one enbodinment is a 300mm dianmeter wafer used in IC
manuf acturing. The number of unique regions 202 is typically greater than

two, and nppeysRGesSically, the nunber of regions wi 'ﬂqﬁﬁ’s@ﬁ&%%?ﬂ to the

nunber of dies on the wafer. [0065] Figures 2A and 2B i [ustrate a

d sing.a die array, that is used in accordance
ot thethe r iR BLrigHe ofto MRS UR Bl maY bt fru Hoise i PR REHsh 203 50 o
2007/ 046822 c:MGE/ 1445219 £ ik 294 pr&'ﬁ.lci éléé&h{aﬁﬁﬁg}ﬂeﬂdﬁ 1%&1%‘[68’&%01}1&? substrate
200 may EQEQ%?WDH sed of a plurality of dies can be test dies

and/or a pFlscriest20dineay bedai antrifh agoidat ereeheehlimn Eghiat edshoivn dui 'E] ry.

0066] T [ OW- C on as
[shovvn] i anggF?!g%? eﬁgS qgfl%%dgﬁlggﬂe%ac? g'gmlh Eh%'%gtu egﬁg%)(em; X ?a%g;n\ﬁgs ‘%ﬁl”eé’e
di f f er entackiedipiiual ;ilet%ﬁ@wydvb sqhiagsqr re@anghlar inchaeglaal codt;%né’d)t%flﬁwa :)e squar e

aonf i d o have a r o por i ons,

A T L T R T A
of the i awbatimetts ofht §t1vantfdn[ Sily parst pefloR Ok Hfea@Befioh 00 R 1(%9%6& s processed.
[ 0067] nclk{é ﬁs shown 1n Figure 2C, each region 202 of the
substr at géHszki dg 'é%’rar ys ﬁéls}t‘qv{’iﬂ“féﬁdcm?% cah regieon 20%ef thhswpeizatofndidreacubst r at e
200 i ncl pelasn ab4 2opaFleadiWoeist Q@L(:&ﬂfﬁ@s%bﬁfate ARVAGER FI Ca{sl?tv%){t‘ﬁl flgally, at

| east four structures or devices, and nore specl east” six
st r uct ur Seigss, Ry presiicaliy, agloms famodime slevmdsearﬂlmmalspek.mcaﬂiy slldaptct ures in

cach | €9iRUn a0 00K 100,804,200 o, BB LGOLEN. LB, e SRIELD Cach

regi on or portion ach

devi ces E%vr@mwm 264 @ﬁ@binaelsretgtmahg iR yaneinCanSt£iUe begbribdofeasi @%a snSt eps of
t he sem go)@1 GLo @ui.acturl ng Frocess Each of the portions 204 206 may
conpri se”one or ?‘FS?E BUHYCHEeS OF fQriseh FFaes e siruckyres ‘lhéti rgpydistcopsirugled

pr edet er muaadusfs@;h bbfhe s@SCMELBImbRAERGHL fﬁi'@e%&sg NEachdd e 59‘3?’“ Yo4 J02€
structures located in each region are prefera test an product

devi ce sTPUCIRRLES Ong GOBBT SIWPS i ueitss Hiaheplaid O%t i ngtldete@mbfsit fagiicm has at
| east 4 gHebliBl@BincRRGES SREHIFGRIONS. stﬁ@lgies rl‘%a%d ?@?a%}qfr %c{n %pm%ﬁ# east 10

di fferent processed regions, nore specifica Yer ent

pr ocesse@SfrﬂéépbWQducadWimh@ctsmm fically, at I easlt 180 di ffte;renz hg;ocgised
i ans a w e grea

igg: 82:/ @égfnggga{%%%%? |méa Ty Sm&ﬁaes&li’ g‘?‘ lﬁ%ﬁ%t‘%é‘éﬁe&ﬁ%wh@% &8P snor e

speci fi caldl yogrspatifdally ateal. 1D difegéploceed REEnE Ve sp¥BITCalBPRGELI R2l | Y

greater %ﬁ% 5 re | ons/cn?, and stjll nore specifically greater than 1

regi ons/ CHE N [RIEET AEiohs eAPd sofat speeifiptliys mderst (0edidersaitnranesscd segipmaf er abl y

flat, bulhe®MsitydleeodihsPeMdhii £Ewillde g?éa%e?ﬂ‘ﬁﬁtd 1\4@g1§ﬁwcfngcﬁof\qu£dﬁ%ﬂl§t I ons.

Regar d eg%gatgffthélh& &:gm:s/grlzjé %Efénorrr:orgfs;aéc;ﬁecalsl; grzatgra than 0.1 region/em’, and even
more specifically greater than .5 regions/cm?, and still more specifically greater than ]
yegions/cn®.
[0069] As previously explained, the substrate is preferably flat, but may take on a variety
of alternative surface configurations. Regardless of the configuration of the substrate
surface, it is desirable that the processing of each individual region, or portion thereof be
prevented from affecting adjacent regions or portions thereof to be processed. Most simply,
this can be ensured by leaving a sufficient amount of space between the regions on the
substrate so that the various materials cannot interdiffuse between regions. Moreover, this
can be ensured by isolating regions from one another by providing an appropriate barrier

between the various regions on the substrate. A mechanical device or physical structure,

which may or may not contact the substrate, can be used to define the various regions on the

21



surface, it is desirable that the processing of each individual region, or
portion thereof be prevented from affecting adjacent regions or portions
thereof to be processed. Most sinply, this can be ensured by |eaving a

suffici _entwgrm;,%gﬁsg{ space between the regions on the PéHQéM{’%t‘?“?O t hat
the various materials cannot interdiffuse between regions. reover, this

can be ensgfed ?gtisolgiing region tr?glqne anot her by groviding an
appr opr i atSUBEr FPeFamp: fal of HEenRyIig, bariggvBIsh igsomp emaeiisentncal A
mechani caje rélekie @@ pravaYss ol 8ln Hlusbibh Wikent tH@’&hQE’é‘rthh@@nﬁﬁﬁuﬂ %%io?l? ntact the
substrate, can be used to define the various regions on the 2T WO

2007/ 04685M PEVPLSAIFEFTISMATE. substrate. For exanple, a wall or other
physi cal barrier, which, in some enbodi nents, can be renoved after
processi ng, can be used to prevent the material in the individual regions
f r om novilvdghads FanPelisert Of Brocassing Mubetisds For Del i very OF Processi ng

Mat eri al 70}, Jn some .enbodi.pents of the present inyention, processing
mat eri al imélr dlenl SOPEPET NP Oéglgﬁr?%‘gingﬁptmﬁhf’@c‘ﬁﬁ‘?g B@yeé‘@%éﬁpqe?‘ #Hed using a
vari ety afito dsdhiregory Tiechay BgSomPRhtV g 4 eebiiddasvenieghhiqee suitable for
use in the nethods of the present .inventjon can |nclude, for exanple, the
use of tHHYey | “H%‘Ecﬁé’fht“ﬁ“cﬁli"’ PRl i res indhermethodefithpmesepiigvantien eile  of a

di spensenindiQ /il exbiply, tel it SRS RBoLEFNRIANESs 4 tﬁ&@%\%ﬁﬁﬂpgqﬂe Wt h

i solation or  photolithographic techniques can be used to deposit
thin-filﬁ%aéﬁp%¥@defined regions on the substrate. Such thin-film

deposi Ul ghofCILAYAS £ALERNERRINY REREAKEN AMOLLALS, Lhe ol | owi ng four
cat egori e€s: évaporative netho s,qg OW- |sc%arge processes, gas-phase

cheni cal ppetolithsgeshic @rithiduesuintbephabie depeititaalfilhechpicqeesd rdeiek ugled Wit hi n

t hese cat rie e, ..for exanple,  sputtering technigues, . sprayin
t echni qu 5@%8?%’5 Sycééﬂnéqlfno%ij‘f’sété%ﬁ?%&l% cag Ig@&ef‘ggﬂ’eg’é‘gﬁﬁql gpvi H’é‘?%ly °
evapor at ifgilwigctant Gessies: @RagofdvaRletHol rgld?ﬁdi@&@fg@%réc%%gﬂ igﬁkuﬁ%se chem cal

vapor deposition technigues, as well as other techniques used in the
fabri cat COMRIEH Procetsety pud kapidphase Phesnicahtechriguos h bskided withindhess cadeaaribe appl i ed

to deposiye, i Gtin¥pid! @ﬂ)lft@f‘iﬁée {cg%rgéltﬁz;s, asptayﬁgtecmi Bes fabd 1204, t‘éﬁ’ﬁ}c@g§ material s

on sel ected regions on t or an oVverview o vari ous
t hi n-fi | Mlegegdishmios thetred emamprason wivheihuesaion beplasetthn ar dopieg reebligeks, of t he

present i nv I . for .exanpl e, Handbpok .of Thi.n-Eilm Deposition
Processeghgﬁgﬂ%gg@ﬁﬂiﬁgg?kmhg 8%’ Jﬁ?ygéﬁpﬁﬁng@§§Y$ﬁﬁﬁF@ﬁgﬁgmBWégrporated
her ei n byntegedtat @nais. f 1 ofdhbsepedhponescan be HTi2E toldvpBsif hiplls ueforakjeais

materi al s cgghge deposited on the iﬁbstrate usji ng, evaporative nethods,
such as KB BEGHES: BOGHPEIPHEYR)S phse _F?ﬂir‘?gé‘f’is R 6 TRtz Jioe &t overdek Phg

t echni qu@g vaSsGRhiBFiIHNREIEHSEIRRAL WilcleaR beRAER theImEBRsIP e drdiEnt

di scl osure of .
invention, see, for example, Handbook of Thin-Film Deposition Processes and Techniques,

Noyes Publication (1988), which is incorporated herein by reference for all purposes.
[0072] Thin-films of various materials can be deposited on the substrate using
evaporative methods, such as Molecular Beam Epitaxy in combination with physical
masking techniques, such as those disclosed in U.S. Patent 5,985,356, the disclosure of
which is hereby incorporated by reference in its entirety for all purposes. Generally, in
thermal evaporation or vacuum evaporation methods, the following sequential steps take
place: (1) a vapor is generated by boiling or subliming a target material; (2) the vapor is
transported from the source to the substrate; and (3) the vapor is condensed to a solid film
on the substrate surface. Evaporants, 7.e., target materials, which can be used in evaporative
methods cover an extraordinary range of varying chemical reactivity and vapor pressures

and, thus, a wide variety of sources can be used to vaporize the target material. Such
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which is hereby incorporated by reference in its entirety for all purposes.
Cenerally, in thernmal evaporation or vacuum evaporation nethods, the
foll owi ng sequential steps take place: (1) a vapor is generated by boiling

or sublimyg . d-tkeet material; (2) the vapor is tran%(p?{lgzg&ﬂﬁ%gggnthe
0 a soli

source to the substrate; and (3) the vapor is condense film on
the substrate surface. Evaporants, i. e., target materials, which can be
used in évpBHERlydeelor mrAHYR sestbies-hefeddilemenss dlepiambepmpgencdile besiadi ng

chenm cal @afhbid Yoath YPROKIBAERSHEL Snl A v o riety of

sour ces c;n e used to I\E/aporl:izue lﬁé’e térﬂje%?%%@fi@ggcﬂ% éﬁv\o 2007/ 046852
PCT/ 0S20066/00di2@1(7 of the prasers imveotiandthin-fin depositipd esing espehiaroeethektied
filanments .eéect ron Hcti on, .radi ation or

- ) Ibea : crtuc&b{,re llgleated‘ Z% con(rjE .
rf-i nducti8Re OUaFRE ERpTBAFHY Vi I PARG OF Le&FIs PISHRES SHESH Fent s of
t he preseninds oVd@pbditen, tirtigh-diffdrent Geposi hads, ddhigRYaRyAe htiodegdreizteds i s
carried out‘us(igjg%[él_asehs, il acgl_en,ts, el e%tron beans or ion beans as the
source. SQNATECY AECTEHBHN BOCHFCHERGRT 1 DHCSH¥r ough di fferent physical masks,
using evaperat i meadfrﬁbﬂqd&ag&a@&ahaﬁods?«eﬂgr@mﬁ%f%icﬁﬂs hiaeshaRthabd y processed
regions on a substrate. [0073] In addition to evaporative nethods,

t hi n-fi | Wgpasttedegythe sidbstisie svinailowchsshivae poegsensiand systamst fveh susptieriiige usi ng

gl ow-di s : 3 : : : - teL sputter
deposi t1 ohabeE: RpO0EN e Rl YRR R Gl D s B St B P

| on- BeaeSputhtigaringgliodh spdierggudrideedcrigy spaneingeachmbieatiputithephiysigali n

conbi nation w th physigal maski chnj. ques. ccessive,.rounds of
deposi t1 Gk iscufiey Freesie S ptponide irove G ST PR or ot her
gl ow di sakiag gRitkeehR e SlodndisGak ethnig8d4Ghd astdnlRosRh dt i6saE&thskdin U. S.
Pat ent 5, 985,356 generate an array of differentially processed regions on a
subst r at &-S- Taspt a8y, ooaarteiesn aney ehiiiFpniially BropessHoasionner 3pUstas i ng

t echni queggz4)hi B BB «PEyabligiivaiak Aemashégd on the
ubat 1t B e B B &% on i h
physi cal veaskirgrgiatie chmbadepssited dndlysubsigteasingiGhenimblapon DepbBionPat ent
5,985, 356, . [.0075] ln.additj.on.to evaporative mnmethods, sputteri and
Cher cat BT Ch sty SR b Ao Y PRRRE Y i e B el B an be
deposi t ed].®rratehes,88hH%a at e usi ng a nunber of different nechani cal

techni ques jn combination with physical nmasking or jsolatign techniques.
such rrecﬁ@%léj al Pntﬂééﬂﬁp éfh?’e‘?P?rﬁEYeth‘é,ﬁO‘FoﬁP“E?&a‘r%ﬁ‘Pg ?%slawa&h’wr Deppstiiorng,

di ppi NG, thiddsBholHbus fdaOhis 021 leBpodil bethe GRRLILRFsinPLESSYESTCUr tai n
coating, brushing, etc. Sprayers which can be used to deposit thin-filns

i ncl ude, difErenéRannieal aehmassin combbriieewihplipisalmasing orostiPei ng nozzl e
SPL 2" S8R0 IRAREA RN UM SPRL B B .
mechani cahd émmingy flow coating, roller coating, pressure-curtain coating, brushing, efc.  Sprayers
which can be used to deposit thin-films include, for example, ultrasonic nozzle sprayers, air
atomizing nozzle sprayers and atomizing nozezle sprayers. In ultrasonic sprayers, disc-
shaped ceramic piezoelectric transducers covert electrical energy into mechanical energy.
The transducers receive electrical input in the form of a high-frequency signal from a power
supply that acts as a combination oscillator/amplifier. In air atomizing sprayers, the nozzles
intermix air and liquid streams to produce a completely atomized spray. In atomizing
sprayers, the nozzles use the energy of a pressurized liquid to atomize the liquid and, in tum,
produce a spray. Deposition through different physical masking and isolation techniques,
using mechanical techniques such as spraying generates an array of differentially processed

regions on the substrate.

[0076] In addition to the thin film-techniques described above, dispensers can be utilized
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The transducers receive electrical input in the formof a high-frequency
signal froma power supply that acts as a conbi nation
oscillator/anplifier. In air atom zing sprayers, the nozzles intermx air

and |iqui d\xﬁtzﬁ(ﬁf‘b% s} 0 produce a conpletely atom zed Sp{@%nszlﬂ}eﬁs‘? zing
sprayers, e nozzles use the energy of a pressurized " d {o atom ze the

l'iquid h ff
physi cal ORI RyCERE FRPAL A R R o ﬁdﬁﬁt@%@b@%ﬁﬂéﬁi % Cenni ques

such as pETaAYi NYsGe@itiiasend) tRMEaYnt Avediidn 1B84edhpled divpcRE@cassashly r egi ons on
the substrate. [0076] In addition to the thin filmtechni Ejues descri bed
above, dli‘t’s!lﬁ%’élé SsinkA PHatg figld. 2eneh inleietdspenerry walyas Sorseampisiboryie 2017 to

del i ver e - BB adSe idy thd @it Riypeof droplets or powder to a single
substrat}g&égﬁl % n,? bg%)jr?eyg%bodl rr%n? ﬂ)\tbhe present invention nay enpl oy

di spenseﬁO§7&bm$Dcﬂ yﬂc-mmimtez%mbnuﬁeldewthrrkmpem@ﬁmﬁ!ton g sitiipdyt ehbstButete i nk j et
di I f | bbl t
| Spenses SN HSad O SATPEE o LOSCPYLRE o A BRRULA SuRPapblisfyibbl e 1 @

type an esll ers ¢ & used with
m nor n‘DIEOf%G,ahd;@lﬁbrhlyd Bérafplby raferasdel fondli ugposes, Sezlcubasmlue we opopmer for the

i nk. For_ exanmpl e, at, European Pat plication 260 965,
mcorpor%ff’%EFeﬁéHeé ?ﬂebgmft‘é‘ft@ra]é‘ﬂ%é“ ?TB']% g‘ftl0 aﬁ‘ﬂﬁg%@é describes the use of a

pul se p W%r Q)rife)é%o&hﬁiéni &lan P &Bﬁ&xsﬁéﬁs@@@hﬁé @f&%duh@@?e HRicRnS P! i d
matri X. One enbodi nent of an ink §p|8@s penser of the
B

pressure etﬁ}rpléo}\ﬂmltﬂhe meegent Hevertingl ibgeseribed in H B SiRVSA¢-i %Wﬂfé‘“« descri bed
in US. ﬁﬁﬁg%g?é}gﬁ t(?thg% t‘%ﬁ%mlﬂ{c aWtilelt 119@ té E‘g&%h%ﬂg?&%ﬁeej@{i %@antdhﬁ)ese of

skill in t hat printers et” type and the slit
j et typeslic antyab son e hmsscﬂ mihtolnlyuninyr modiGrativogitd dadiati xoaisl;lalib del i ver
material s ions.on the substr Mor e0

readi |y %5‘%2?1%‘%{%&085 ?ih@géu% R MR ﬁt‘ﬂ@%‘éf(}agﬁ%%’tpa’leﬂﬁ(m\{ho é%#ﬁﬁ(ngr s haV| ng
mul ti pl etheex #aeskgapringrditsethghaul@st hyles oad B @E@to%h%ﬂlﬁliﬁple tratepiniedef i ned
regions on the substrate, In addltlon as i nprovenents are in field of

ink jet %ﬂ%@?@‘cgﬁ@rﬂﬁtﬁﬁﬁg@%n@@ i, Bé”%@%?r‘i“??tstaﬁ%m ' gloéf t he

present #RYERLLRRA; such @Q&glfcxﬁ&itﬂﬁntb@ 8sRfiQ IR TRMJQ BLtle bREANELAYASN. t he
pr ocessi naterlals can be delivered to predefined regions on the

subst r at @%601 héfsngethmfmqrra:mxgned techhimudst Gippioaeipg maferigliean baddideiegnt , t he
processi &%ré&%%&d‘r@%én a%éhi%}ﬁ%{ %\ﬁl%%eqé{mﬁ% 'Xlesr ﬁ&ta{r@oﬁif I?I?Eﬁlea Si ”9' e

predefined regio e or
predefi neﬁbcrdegerm,nbe lﬁlﬁCdbklﬂg nsishisl a&tsﬁnulﬁﬁmlﬁbyaiﬂmeeed s} $lthkg aa;u@les pe n ser such

as an ink enser V|ng t S ent essi ng
mat eri al E‘P‘g’ﬁe‘g RS 8{?&1 3 %@F é?zlégo F’é‘itﬁ’\f\oﬁ’rﬁ%qf é‘e%'regﬁ’é}? ﬁ regi on on
the subsiubats. P E%ﬁ}ﬁ& iRk ¥ disedseidsut NhsSanS ARt HRKers@thating PeNSEHles,a

processing material can be simultanequsly delivered to two different
predef i n&Y ¢@gpl§m§oc§$§1qg|1§aterlals can be simultanecusly delivered to a single predefined

region on the substrate. Alternatively, using this same ink-jet dispenser, a processing
material can be simultaneousty delivered to two different predefined regions on the
substrate. In this instance, the same processing material or, alternatively, two different
processing materials can be delivered, If the same processing material is delivered to both
of the predefined regions, it can be delivered at either the same or different concentrations.
Similarly, using a dispenser such as an ink-jet dispenser having eight nozzles, for example,
eight different processing materials can be simultaneously delivered to a single predefined
region on the substrate or, alternatively, eight processing materials (either the same or
different) can be simultaneously delivered to eight different predefined regions on the
substrate.

[0081] It will be readily apparent to those of skill in the art that the foregoing delivery
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substrate, In this instance, the sane processing material or,
alternatively, two different processing materials can be delivered. If the
same processing naterial is delivered to both of the predefined regions,

it can be dgliupigs, at either the same or different concenLhaliRns

Simlarly, using a dispenser such as an ink jet dispenser having eight

nozzles, for exanple, eight different pr cessi_n%, tgri al s can be
si mul t artechoisigs areinfepiddy iustale Ao GrrepfigdBe PaEn ’ré%it HWPOR*SP'Ae substrate

or, alt sV ' BRGEREARI OMRE 8&lvahSedhBiqube Euchhe seapRgor
differ eﬁlﬁ%?&%:agsn&hée g?hﬁ%éﬁggﬁsl y deliver ec‘ljaﬂtyo‘3 ei é{ht dLil flf e?en?ﬁgr edefi ned

regi ons roling,lve otherwist inmptisting loosmto prd weed by Hesa sl iy hespLraaeo Po t hose of
skill in the art that the foregoing delivery 24 WO 2007/006852

PCT/ 1 3S2686/ 012917  t echni gues are intended to illustrate, and not
restrict, the ways in which the processing materials can be delivered to

the substrate. her delivery techni ques, such as stanping, rolling, or
ot her wi s Ing known to and used by those of skill in the art can

al so be jpusfd. PRILGESSIAENTO0e OB iftRde @ paicegingysd] atimtalito proeedsnvent i on
include a processing tool adapted to pr ocei.s each rquei on of, the substrate
i ndi vi dusabh yegion of the subsiaisdndradrallss it i epbadiarpt QLARRIETBHIVEYE™ B ocessi ng

tool is ?&Q '1ggdto£!% a&a?ﬁadqglj th¥ 8¥eQlor g{og&@ﬁg e RS HedbSods@f ke regi ons of
the substrate, and 1s carried out u |ng a partially or fully autonmated
sol ut i orsubletatey exdyis syrsit@ ot vsing lpaitialy er foloedesitehsobwion dalepty B8telissoci at ed
sol ution del.ivery syste rabotics. and, . : i igure 3A
illustraf Edl%ag%ﬁ%%]inﬁﬁﬁ alb‘ﬁg’f S%Of?%egﬁ]glgygr{ ﬁegl&%?ggsg%?’ rl[)ﬁé\}gﬁt&?d; f or

conbi nat &duahicpr ocess sequence integration of wet processes, such as those

din|Cand related manuf ing, in whi i It
car i nolO0BE a Tt 28 JIAEH el by o g AR SR W8 O SEr ot ol y

st epped %{b‘ﬂxga?orglaﬁljo&ﬁgséqﬁ&%feiiﬁ atfth R wetifStdsak Sucis scthoRSis@l innahed ,
preferably per die location by translating the substrate. The cell is nade

so as t orefatddimanufanoinpds yhichelprecsgingrell forgaryipgg gut agiogs¥RG ¥ Bor t i on of
each die, but_not interf I, [Wo{aloTel& M oTs P A-To TN ,suBstite; sudh @$a OF

porti onsP8FeHS ‘éefml' 6@@&%@&%& Eetg%pﬁﬁgh%i/\&/gﬁo]ne gr?bodi manS'E1 of eas processi ng
syst em f @afeppatessy pg delgtoins by chndetegistsubttate. (lire cHbisgyase soris 18 fighocessi ng

on & oi ngeBmERGRTU e s doatd B eSOy Bt AS Al iy, S e ocatien
processi pgpibelihg 381dns, i, Gesics phebek diviiea. frame 301(shown in Figure 3B) and
optionally hangs froma spring 307, can be ysed to process a uni que region
on the 5[%&4} atiezgwme dAiSROWS Qi eggw@dlment of a processing system for processing regions

of a substrate. In the systern, a processing cell 300 corresponds to a first region, such as an

individual die location on a single monolithic substrate 302, such as a 300mm wafer. The

processing cell 300, which is held by a frame 301(shown in Figure 3B) and optionally hangs

from a spring 307, can be used to process a unique region on the substrate 302 in a unique

fashion compared to other regions on the substrate 302. The processing cell 300 can also be

used to perform a unique sequence of unit processes. In one embodiment, the substrate 302

is located on a stage 304, such as an X-Y-Z translatable stage, which can hold the substrate

302, Positioning and alignment techniques can be used to align and position the substrate

302, such that the processing cell 300 is aligned and brought into contact with a

corresponding region, such as a die on the substrate 302. This can be achieved using

alignment pins in conjunction with stepper motors, or optical alignment, and/or other

commonly known techniques to move the substrate 302 with respect to the processing cell

300. A sealing element 306 such as an elastomeric seal, ¢.g., 0-1ing, can be used to form a
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fashi on conpared to other regions on the substrate 302. The processing cel
300 can also be wused to performa unique sequence of unit processes. In
one enbodi nent, the substrate 302 is |ocated on a stage 304, such as an

X-Y-Z tranghatphl@s:st age, which can hold the substratqwx%&gmﬁﬁggg;ioning

and alignnment techniques can be used to align and position the substrate

302, such at the processi cell. 300 i igne nd brought into contact
with o SO0 PESbwHAr REEREgE o RN mechR R R e R s i o e
be achi eveghisiorgnta@l fogsuiaihe pigidh dfMhCRBitaRCkd0 Bihed defiosd @Pper notors, or
optical alignnent, and/or qther, commonly known teﬁggiqTes .0 nove the
subst r atsBosgBY. |ht Hay@agisealmrysopiyeiad &f ayaipralsuchyydialinz. SdBPi%hg el enent

306 _suc fa:h%-e%pwﬁleﬁﬁstc%&ﬁit&bé&@mcaﬁ;( Ghest aBd/bi Mble HRMrdBS-HRARE hedQhdn @ 25 WO
2007/ 046852 PCT/ 0S2006/ 012917 seal between the Eroce33|ng cell 300 and the

subst r atcavigomeni dire s¢rd is disizeddamrainthet wiea in pendasy with thersebdigin Beregiao i sol ate
t he regi ) . t r.eql t-he . ate. The

ol st omis Peioehn HREMOBIR A R DBbne L BSesia. 108his BHRAMENLS" Witon or
Chenr ez exaduplehhd Sagel304 &rmotoritrd sohetiteableyo imnee the avidirate 362 aldneXaM t h r espect

to the processi envi ronnent . The seal is i gned such that en in
cont act St A e R e PheERErE P e e tsel SpOREC Ry kst Sl at ed
fr om ot Redling gt WNShicted Diases $Rding] froddidise, BRI Witk iy pro@xangidedl, 300 he st age
304 is notorized so as to be able to nove the substrate 302 ipn an X-Y

di rect i A1 beachicrghing sea)ifeshioniily drgey SHPh Ehuhiph SRRESIPHECEB.I 300 and
ver ti caldyyssunb oM prS&RAhDGICH0. e ﬁ%@ésﬁ}{%gcﬂ F0IREBSNY el Rle8E! NG,
processing, etc. wthin the processing cell 300 can be achieved in a

seri al fvashimolmeilt fioraemeving weigua prtcessn@dBidatang Hingeeolvonls Sroprtbewgivnng 1 ui ds
314 throygh the pracessing cell . Ih r | : Jronal I'y
incIude§Hgmb@%@@%%ﬁ?F%@aﬁgguﬁgFm§%%%V?%geggglg%%iﬂggggéggﬁggmﬁﬁﬁPhs and
rinse salritenidveht omdelfeotsbgioior ifsivghie: imudested atgbor3iiZheswbstetE t o

processi

ng, arinse_lin 8, in.fluid conmunicatiaon wi.th a rinse sol vent
our oo (ubr Srvameear TFT Ghovr e LBl g0 Mihé reflsei ac e 305,
and/ or  3o@88$(sBH @erdoh e ndbder SHQANBwh Y YoFinBbhiRIER) gak b thé ethn@@mauUNi cati on
with a purge gas source (such as argon or_nitrogen, not shown) for

i nt r oduckbiefats 3gakelors. dwingr e afiprrredsesing (s ErorEesiorE Berat 8 during,
and/ or Qifegigﬂed% %%&t?éﬁ Hs in-trchtﬁe fb%-es@fﬂégﬁi ilhh:pu%h @%@r&%&i&%uigﬂﬁfllﬁﬁﬁ a_t 0
t Ing céll throug

i ntroduce gas 1nto proces the processing flTuid (by
havi ng dengtlesugh thasanchntiehetthalimess inreersaifin theeprodessing fuifirorge werdducn thehe

0 0oes B o AR B AR RS TURRR LR e T2, |
in the phegassinWe plodésshy Thilg ViCwidtnn iine3 Hldmd ainek iiiertd@ abd desigBdiBoar e
O oo e TR BRIkl bS5 WP Rooesarhf. ol 300 to
room t yRgh@ai TORIEND maififin RRER NG pe &l viroR6ht M processing cell 300 and

substrate 302 are preferably located in a mini-environment 320 which may be optionally

sealed and/or purged. In some embodiments, the mini-environment 320 is purged with a

purge gas such as argon or nifrogen. In another embodiment, it is desirable to control the

level of oxygen in the mini-environment to prevent oxidation of the substrate and/or

reagents used during the processing of the substrate, and the like. Nitrogen, argon, helium,

forming gas, and other suitable purge gases can be used to maintain low oxygen

concentrations within the mini-environment 320. The environment 321 outside of the mini-

environment 320 can be similarly controiled.

[0085] The processing cell 300 can also have a heating element 322 embedded either in

the wall of the cell 300({not shown) or around the outside of the cell 300, in order to enabie
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substrate 302 are preferably located in a mni-environnent 320 whi ch may be
optionally sealed and/or purged. In sone enbodi nents, the m ni-environmment
320 is purged with a purge gas such as argon or nitrogen. |In another
enbodi menty,.ghlgrjgssesi rable to control the |level of ol dope

m ni -environment to prevent oxidation of the substrate and/or reagents

used durin rocessi e, su stra and he | i ke. N trogen, argon,
helium ¥ %lrn ﬁ@gaﬁ’&%ﬁ’ﬁgﬂbq%% /h ISUFF frage é&'gl@aﬁ%f gembadinsat thestee o

mai Nt ai N 30owindxNgRAERd todRRCBO§ILAGAOR®, W thi n the m ni-environnment 320. The
envi ronrrz(g& 6321 out side of the mni- environment 320 can be simlarly
control | 0085 pEitHen 6%961@@%1 H§ (Fern inBigues®) sisdshzamesntingie ng el enent

322 eme‘ﬂﬂﬁ%sﬁ@%@?ﬁ@d t@ facrlllﬂgte 1!10r8f rb&a ﬁie a @g(%]\%%gb%g] %ﬁ%%%gcﬁgound the

outsi de of the cel O, 1n or er to ena
PCT/ US20066%6 agidion, am@abasn@amauoma virgeesssadggititiondsg.asebioation) hexdshebst r at e

ubst r at aeaud cep SPRR AR et BhEHEan AT B0 FOUR e b B et 1) can

al so be pudseaidballpagitaed v the &agd 309 it & kdtat3RAI, f/@rafuaﬁdﬂdnﬂaﬁﬁﬂd’eﬂ"@eﬂ%ﬁdn(ws For
exanpl e, a physical stir rod, a magnetically based agitation, a gas based

agitation, a vibration based agitation (e.g., sonication), and the I i ke
can be Um'?!lo ﬂl%ﬁ@bh)éh@gééﬁélﬁjeétm vl?é'v@@iecﬁ§bﬂageeﬁlﬁgl:o%pdégf:nﬁe'atu?f’%ﬁlte 33)
addition, the substrate can globally agitated via the st 41in a

r ot at i on&fithouj thersubstigieai02 oa deliveresyste@08.ashi on( s) [0087] F| gure 3B shows a
per spect [0@8%' e gé Bg@dnﬂgﬁgtgl? gfo@%élgigg%lbg(@g%r ﬁh dil B %% cem Adve %I\Ah'éhout the

substrate 30 | ver n one odf ien
pr ocessi hipulsetdnfiz@atiomisavaigominien diEngler @ndnmetatvithakesize oﬂtwmglaﬂ or

configurati.on i nner_ di trcnsu te wt hte5|zeofthe

regi on of gmo ?ﬁfx‘%ﬁeg%po s @é‘ia r‘?’%qﬁ E’?ﬁéo gﬁﬁglﬁ 118 o8pompeipenisthe fnge

i sol at eddxainﬁteﬂﬁlﬁh&eﬁ[’@@éimﬁgﬂéﬂ 300N bt BES 5- S(ﬂinﬁi%%sp@&ﬁ&an@ RRREF$GRAT cel | 300
is between 5- nore specifically between 10-3 and nore

speci fi c&Mb W@@PW@@?P%@“@@CW@W Hepemgt. Queqfskijlin thiﬁi@ﬂézrlﬂ regoptize baidlyni ze t hat
the shapgpis nﬁp&ﬂ;ﬁéi' hdCthta V%ngtytoh%n uﬁéﬁ&{seﬁé’w@ m?l%rkfc&]%%[g%e' ons are within

the scope of th invention, Thé material used rication of the
processi Hyewiep] "liaemaiesalpm@cf B sl fybricatimgdithet podpesimheilidoalid yrefenblyt and st abl e

W th T eSBEGE, 8 BAGESR hPTEIeTy ARG B0V LONTERL S syeh s Teflon or

quart z. € processing-’ce i nsert (not
shown) . @hixonnees, sudhau Thﬂorde&;@ﬁﬁdﬂﬁ@rb@sﬂmgﬁdl&&bh@o anthnalpt inenad 4y can be

Fi qur o 4B REITEHE prlsamediny be b Enns tedipir Derder AR NCEHE subst rat e
302, progrssl jghdlsed g S&kﬁic&pﬁsq%,&@&gg to the isolated region of the
substrate 302

[0089] As shown in Figure 4B, when the processing cell 300 is in contact with the

substrate 302, processing fluids 314 are delivered to the isolated region of the substrate 302

through a probe 310 of the delivery system. In one embodiment, the processing cell is

sealed on its upper surface, such as with a septum 311. When delivering processing fluids

to the processing cell 300, the probe 310 pierces the septum 311. The sealing element 306

prevents the processing fluids 314 from leaving the isolated region. In one embodiment, the

processing system is designed for the processing cell 300 to hold between 10 pL and 10,000

pL, more specifically between 100 uL and 5,000 kL, and more specifically between 500 uL

and 2,000 pL.

[6090] In another embodiment, as shown in Figure 5, the substrate 302 is not located on

a translation stage, and instead, the processing cell 300 includes a support arm 522, a

translation station (not shown) for providing three-dimensional motion of the processing
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t hrough a probe 310 of the delivery system In one enbodinent, the
processing cell is sealed on its upper surface, such as with a septum 311.
When delivering processing fluids to the processing cell 300, the probe

310 pi erce@P}zE@@z&%“m Jom I eavi ng the i sol ated reg pﬁgﬁfﬁg}g‘ﬁigt'%ﬁ%odi nent,

processi ng I 4 fromleaving the isolated region.
the processing systemis desi qned for the processing ‘cgl | 300 to hold
bet ween ¢t 300, andia Tisramecesior (e v aBel 5@armpuse foieaR Aloee %nd 5, 000 L,

and mredirfi&%ﬁ)infﬂi (fcﬂlolx%_f%}__p‘{’@c%&i n{soo B&%&@qustsgat[ie@_g&ﬁlssém@mt her

enbodi ment, "as shown in Figure ™, the substrate 302 is not |ocated on a
t r ans| atentndisteag the sapebri ammt@8ads prefomblyrn dessiovgticai, sBDes Faditudes a support

ot on_ serpise P gL Bb R R SRS B e BB I AREL "S00. and
a m Cr OpiRee S5@Is LibolinghnWe)procsiiy @H 380 sorpsitied froforgicotiegbh oithe t hr ee-

di mensi onal notion of the processing cell 300 between various spati al
addr esse8bstpts 39%e  enbodi ment, the support arm 522 is preferably an XYZ

robotic 3R] SHEDAARRAPsDE 308 QBRI ialFigoralinai Ned ahd 0B) sGatvasanSaioent i fi ¢
Instrunents,” Inc. (Sunnyval e, CA) anong others, In this enbodi nent, the

pr ocessideljvae bisteB0@didsliveramsihade audias mipeighering BleFi’éS? ¢ W6s¢H8  substrate
302. [ 00&%1!@:&?%9%%' IXa%erYa)llé? Xlﬁz?gh]l%g%saingﬁuﬁilg e 'is@laﬁédgyéi@@s ohe 5, 7C and 7E,

such as an'a I'fvery syste el'tvery nethods, such as
aut o- del suberaterig2 fet frodtssicathe beians éedotcemtgdinens an prtoclelviring syRae?i%l s, such

as processing fluids to the.i ted. reqgio of yrate 302 for
processi #g 't etaé’bqvﬁ}r’“}fapfaﬁ?egtr‘@%gm‘ra%ﬁ%m%?lOgﬁt%g’ggla?rglé?f’ﬁg syst em 308
can i ncl @iglafor@MARIEotREOLY il ireidid hred-Jipicadidlay motemsfatle prba3 iSupport arm
312, a trans|ation station (not fshown%l f or gr ovi gl ng _th_rer%hdl nsi onal
moti on ofdaHECciPESessEBot shawd, sichiee 7 BRIt Es Db o nEPedst Aot as a

conput er [of 1&1{&5@51@%@6@@%‘&% B81 R20Rkses. Mk ia@ld-Rfivdrheyspnoirs 310
bet ween vgtﬁc?lootfcsé pati al addr essles. g@he aut o-delivery system 308  preferably

al so conpriembly dsowemprisasaantianefgrdnotshomm)io elovafor gig Pirrareing 8f §§r anni ng
of the mcroprocessor W ! t [ Rel. ABRE R &t dons. The
pr obe 319" Cah cﬁ%f‘\?lewgﬁmspeﬁ% %H%g}?&g:‘ﬁo 15%%%?@@?%%' grﬁce:gvi 'E: y and gn inlet port
for fl uigtegionmbicaiingg dativeean ahtidet ot fuid pdnauprdivedsivegn theui d sour ce

Cemer at GG e B aneAenicoBEe S Pl LT rRe A e g o
t enper at BEneaRhp@hnrcflo8 BN cnfich Al hasexdhseh ope tknigerdhrScoal ent No.
1 s ont | Flomg s apdgeneiis U Seaaup 6EaOREH T U1 SEGIEIRt fon with
the procgssinNgetilrkeOlretel e SHRRA AR FrbBe b 50 RERb 2R oaMuiKYZ

communication with the processing cell 300. The support arm 312 is preferably an XYZ

robotic arm, such as can be commercially obtained from Cavro Scientific Instruments, Inc.

(Sunnyvale, CA) among others. To improve smoothness of operation at high speeds, such

XYZ robotic arms preferably have motions based on gradient variations rather than step-

function variations, and preferably are beli-driven rather than shaft driven. The auto-

delivery system 308 can further include one or more pumps (not shown), preferably syringe

pumps, for drawing and/or expelling fluids, such as liquids, and related connection lnes

(not shown) for fluid communication between the pumps, the probe 310, and liquid (e.g.

solvent) reservoirs 315. Pump configurations, such as peristaltic pumps, vacuum-pumps or

other motive-force providing means can be used additionally or alternatively.

[0092] In operation, the microprocessor of the auto-delivery system 308 can be

programmed to direct the auto-delivery system 308 to withdraw a processing fluid 314 (e.g,
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robotic arm such as can be comrercially obtained from Cavro Scientific
I nstrunents, Inc. (Sunnyvale, CA) anong others. To inprove snoot hness of
operation at high speeds, such XYZ robotic arns preferably have notions

based on ' variations rather than step- functio Latlons, and
pr ef er abl %ggg’%@!&sﬁ?dri ven rather than shaft driven. eﬂg%%'@?m%éfi very

system 308 can.further include one or nore punps (not shown), preferably
syri nge aﬁ?ﬁﬁ%ﬁﬁ) f‘PB’rafg‘Pg\%ﬁ”ﬁﬂnﬁﬁéﬁZ‘?g'e&ﬁ&Pﬂq ‘H%]fo@fmeéél}awfé@ ipfodkd ds, and

rel ated QeMRECiHES 1] ﬂﬂssubs(eq&&mg oavRL 1&19&0'%1: 51 (P GTTHEsG

§8Eni ﬁé&e@l&bog%r""ee” the
punps, the probe 310, and liquid (e.g. solvent) reservoits 315 Punp
conf i gur Aei6Hag thedlekl tadhejaqlpted weionef g\ﬁﬁb@ﬁrmé@@l throyshrivsprocessing dedr

noti ve-f atVINa 1 pional Ly or alternatively.
10002] 1 2 epaRaf SRR g, SRR e D B TP E B e 505 can
be progregrmstngdgn didecotvatite tieytroseskig cvadiyiosystemiBOBukbtywi tdpthhavt a

pr ocessi 'ﬂ%s“as‘t‘lja% 3ﬁ 4 (e.g., 28 WO 2007/046852 PCT/ US2006/ 012917 a
reactant) froma Tluid container 315 (e.g., a sanple well) forned in a
sanpl e t [@083] ntin sbie emtedimeeE Yafter @Ners bOprodliding HRAGSAMS M A Yirst RefhbgCt the
probe 310 to the processing cell 300 Tor delivering the fl uig to the

i sol at ed®FEGIER %@S@Wi%ﬁﬂ%??faﬁ Sundapll epmainiphinthecayits ebds ewg-dekiery  300. The

i CrOpr09%@@[0,‘il‘fagy,hﬁn@UE%eﬁ@d,ifM‘%&Mn}?M%%@hgt@@dn't’aﬁjﬁei ﬁd&iﬁ%@p@i’&e”“e t hat

can be programred in order to variate the processing con ons anong the
pl ur al i t ylicspativelyi thpgutefleliveeprobhenba ceaddZurifi®0@3htetval. SOlmmienbheoditerent s,

after del Vo, r I.0g Jmt er al, tp a flrst .regi.on of substrat e,
a resi duai:m,[%ﬁll(:;'rptl(ls%“hRloa?l%tE ﬁ’@*“ Py ﬁnln(lcﬁgedr?afﬁiﬁﬁ%h’ier‘fa‘flh’e(%élée\ﬁr? Bdﬁ t he
aut o- del mitkryolvpn obecdhailatlé toahyprobaandmeespellingthe HbnEXRAMILt 0 @ wWaste

cont ai ner . . Addi tignal |y or |ternatjvely, the auto-delivery probe can be
cl eaned HUFHHG %’Fﬁ Wit aé”f%ﬁ‘i‘.axéf’lé‘&%f’%gg?%‘élgaﬁﬁ V8 b TRBPYCIRSIE MO an

aut omat edmtqehh@Bssargad effadehe1g ki thS it of B8ssCMiati¥na®bn bAG &Y &9&55%‘30 with a
sol vent squrce available to the probe, and then expelling the solvent into

a wast e 2 Ebhiid arspondspian (4 a lav dials aasratablepds a ltgrastiveondddisinnalg sol vent can

be repeatigthiNRo@EolBE Brobl h%gﬁ%iﬁﬁe@%ﬁﬁ%@a?ﬁné gcﬂ&ti(gl i VKLY adob t the

extent of cross-contani nati et ween processrng Fst and & second
regi on t Bewin tegEbctivhlatrinssreaidud pragdiabirodothrihad:tienaigbitive ob theatdiezhdnal
i.n a cleani so] uti on and

cl eani ng.pr.of t r.ghe i mer sed

RO GRheor G RLIR 2 - Syl
moved ar ound &? ﬁéé?oéc | fr}%tcg{p (g "f'l%scq?l%/?}q ﬁ&}e P08 Bof e r e S IRA £ Teaf %S m bot h t he
ext er nal prpferdbiyomtwhatéd eWpilob@elding and enbavidpy ak hekeafy. prdibgeexpel | i ng step
and the gne.or ng?r‘?e cl, eagi ng steps can be, and are preferably autonated.
Wi | e ex'gﬁe}“f’}gﬁﬁay dCBIIE AT RS PE PR S igRsa PGy miBpEREPKEEsSN0 ¢l eani ng
may be remuinigdioh® aéRagssi ng applications in which mnor sanple cross-
contam nation i s acceptable.

{0094]  Referring to Figures 6A-C, the operation of the automated processing system is

described as follows. After bringing the processing cell 300 into contact with the substrate

302 to isolate a region or a portion of a region 600 of the substrate 302 from other regions of

the substrate 602, the delivery system is positioned above the processing cell 300, and the

pumps are activated causing the processing fluids located in the cavity of the probe 310 to

flow through the processing cell 300 and collect in a regjon 600 of the substrate 302 isolated

by the processing cell 300 under processing conditions. After processing, residual fluids

located in the processing cell 300 are removed via the vacuum line 316, the region is

optionally rinsed via the rinse line 318, and the delivery system 308 is optionally rinsed and

moved to the next region 602 (as shown in Figure 6B) where the next specified processing

occurs. In one embodiment of the present invention, a plurality of process fluids are

delivered and/or a plurality of process sequences are carried out in the first region 600 prior
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[0094] Referring to Figures 6A-C, the operation of the autonmated processing
systemis described as follows. After bringing the processing cell 300
into contact with the substrate 302 to isolate a region or a portion of a
regi on 60 spubstrate 302 from ot her regions of ate 602,

t he deli vg\?g g‘]:);lgt?(gr#l s positioned above the processi ngp(tlb'l?ﬁﬁgggblignd t he
punps are activated causing the ocessing fluids located in the cavity of
t he probéo @iorowsmglc@iw(i%n@mwmttg@ ngsf tseies SDAgincwe e ebmanida poke geétis in a

regi on 6 ted. t 00 under
o Sconsi addhcbihcRubald Ao ite kRl rEfoclibid REIRTAESARLNG ) LD 11C

pr ocessi agmc;&b;byi 3R6hdA cam baama&ecbomuacttolnewﬂaanmgm Ipurge gdli6 effedie cicaginon i s
optionally. rinsed via the rins 318 stem 308 is
O omal b R kb oy S adsitee Do Bt R o oo & 68)
wher e t heetext orsipectht tetepl Feesah PBoes® €GME o a lefioANEhERdiTRRtiRtiod he
present |nvent|on a plurality of process fluids are_ dellvered and/or a

pl ural i t Y0681 pracResddaldy therrsaiessipacel ap 1 @ tiseitosahzadistrbytion of B§i on 600
prior 29,M0. 2004 4Q4688208 QEE é§§ %9 QB¢ Edddent 1D (A6 PEOLSRGING 20! | 300

movi ng td the next regi on . I'n one enbodi nent, a purge gas is used in
conj unct iregipnaof the apsfrae a@fln@lﬂdmih’sflrmsseﬁimchéb@ibhsl1‘%10128m:ft}@’amswg or rinsing

fluid, SUg rena?fm&%%ﬁ) %ean 5%8\}9;1? In d‘gﬂr lg@ used in conjunction with nitrogen

purge gas I'ng rinse/dry sequence (e.g., to
el i m nat @0&:95]001?1@11@& 7m£er7@am aﬁdnvmtusmé scemetdmﬁrodnmntdm“tﬂvméseﬁxr after the

delivery. o Certal n process flu ian. The as distribution
t ube 317%"% HPORy s b regitas B’rl’&@i@sﬁ‘ﬁ aé& Phragonal py “’f’é‘g?‘é’gfml ocal i zed

di stri butdt@Rai@h of et B8 u8ASH 1O atd1R1alR T R0fRfurih It BERSUA hbwone

enbodi nent, all regions, or a portion of all regions of the substrate are

i ndi vi du&Pitgm prewes selisgtienelpreqeating wls netgindary sipetuis 798 axefe@blydi f f er ent | y
from eac Iam%s (ﬁ{dn rgé% ﬁ%hﬂ(‘c{j@ldhﬁ dll:é lg#f‘aﬁﬁﬁsﬁ& tQ)Ql?gﬂ' mﬁfvgfﬁﬁlecﬁe @tm?@thﬁga 7D and

7E il lustrat ment s r esent 1 nventio rocessi ng
regi ons ﬁmglpamcmblltelc,suwtate ashca@aﬁi)mmnmaml The oomcmm tha asllegrati on of

wet processe ed in |.C and r factur.in re 7A shows a
bot t om v g BFca FERPT Gt oro T Baaes TR HeRPL PR P BS S0t i e 700,
pr ef er abldysigre an b@spanisidigertoht B ctaE] ¢ilbudhedtracthdal cansavek cpanidri ons  of

i ndividual die locations within a single nonolithic substrate, such as a
300nmm watESSePH@t cr oss- secti on shape of the cells is not critical. For

exanpl e, @@9 hoMR B efilb8dthRnié Ane SBLRE RBES éés%e@% eSeitAl kg SnppUar e
desi gn. In her embodi ments the processing cells of the structure 700 can

have a cuﬁvr@i,ﬂaang a gablesiweradhé drvctufg9ehd the sybavateatpbing Pivesssiag. hwest ruct ure
790 1 SSPLMAT R, LEGRLLS,RERAL) IS MERL - WP 63U 1A, gt et veer

that shown in Figure 8, that is adapted to provide a sealing element around each processmg

cell of the structure 700, In another embediment, the structure can utilize several seals for

groups or individual cells of the structure.

[0097] As discussed above for the embodiments utilizing single processing cells, the

structure 700 can also include inserts for each processing cell. The inserts can be designed

to be disposable and optionally can be adapted to be used for specific types of processing.

In this manner, different processes can be conducted on different regions by using different

inserts in different cells of the structure.

[0098] Each cell of the structure 700 can be used to process a unique region 902 on the

substrate 302 in a unique fashion as shown in Figure 9A. Each unique site isolated cell can

also be used to perform a unique sequence of unit processes. Figure 7B shows an

embodiment of the multiprocessing cell array 700 mated to a stage 704 which can hold the
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enbodi nent, the structure 700 includes a groove 701 for receiving a single
seal 706, such as that shown in Figure 8, that is adapted to provide a
seal ing el ement around each processing cell of the structure 700. In

anot her e the structure can utilize several } roups or
|nd|V|duaﬁPBQ+qﬁﬂ%P the structure. [0097] As dlscusseJQQ@gégK )rp

enbodi ments utilizing single processing cells, the structure 700 can al so
i ncl ude Meaelithis S?‘lﬁ?”‘é&@% gqseiwgglaﬁ@a%@ment tpehaiques eantbe veerHo Bt gned to
be di spogadts t%&ll%ﬁ%& ofaLdcy t}ﬁ’@@iegﬁ ﬁ@%ﬁ%&ﬁ td Qacf?@oryessggndn rushegLiic types
of processing. hi s manner Feren rocesses e ‘conduct ed on

di f f er ensubsieqje 6@95 76318 mlbngclde\feﬁesleglahgmnse;mnsxmcnn;dncftjfoervmhtsteppérl s of the
structur 0 structure 700,.can be used to process a
i que r 5516h bopeg T erE Sl oy AP SRR DS R s s how 1

Fi gur e 9éibsttae bvith pésgere tosthe ﬁlultSplbads@.dg ¢&ldrragan al so be used to performa
uni que s=1ugfce of unit pra g ‘ﬁﬁ? gure 7B shows an enbodi nent of the
mul ti pr oEess SBipe glemayt 7o n éﬁh‘fiﬁ)uaéel@%t%f@%“cmﬁﬂsvﬁﬂ étiingan hold the 30
WO 2007/ 9&@8;5\%&@%3 é&ﬁ@%&@é&ﬁ& ;tn@}?,ﬂ%d hBh iy PRl Ak 5%91?@11 E’Qﬁéi ehii oni ng_and
alignnment techniques can ‘be used to align and position the cell array 700
such t hato forea seat gher} Ge aroceing celbaeaydif0 compeship oraléautpetivish B stlsgatesubst r at e
302. Thi i net.l h st epper
miors, o amrRaPREHE YRR B PR DR e RO AR WhibEues To
move t heor @wmrez, athe:h\m thosereis ;bechem:oallyhmmmmkitoir sipblos@tisespecteeink array. [0099]

A scal ing_ el ene as..in OpEric, sea . 0-rings,
correspoﬁrg e Sméra?gweﬂm fiacaling emf‘}%%gg Er%%tsg ?ngmﬂ’oth‘(’)}“i t’r#’i“’é“”%%&st oneric
seal canarig 108 €ghch bOinfRy FodveSBA) anihiSesighed SchaRs ShlDineBhtctafifdle 700 is

brought into contact with the substrate 302, The elastoneric seal 706 is

pref er abF‘VS%‘?]% % gReh diperste rgeina pElbe aubsgie BOhwilken iselated fpm@ther mgioaheinT ez,
whi ch i speheseRtd Bemchameal L}?ﬁ;ﬂ%ﬂe 'Eife sgagg{s(?ﬁotéﬁf’églsg a2 afn?%(p&%{le to the

proceSS|ng envi ronnent. The sea i's made to into the

mul ti pr otheseliskate 362 r"a’yca”ﬂ@@mf(ﬂﬁuefhseabng wntbheclgwdvalsfjals)ngaﬁdmng desi gned such
t hat whe W t ub tra 302 e regi.on of the
subst rat@ 5‘%?8‘%% [ thmlcé“gi %1 S er%cnlfeg cﬁfjsmgra Sg?”elaés}:Sngsel g@f ugl&ﬁs tsﬂ?‘her eof. In
this par ﬁéscmﬂedrabmea’bniheembdstémsﬁtasgéxgluﬁe DHAh b pedllsldadsontvaitheplallie ofo nove

t he substr %e 302 28 ally until_such sealing can be achieved.

Di spensi {1, ﬁP%@Whé *ﬁiBWﬁgklﬁ&L "% c. within each cell can be achieved
using a penoe] IHosPensRimaRS: Suak! ﬁ§pe§1mts refHBSHEL wh&ﬂh@mau&e bigfing he

enbodi ment of Figure 3A or in a_ parall Fashlon with a plurality of such
di spensebdWemgherroangnmof the mdgidual reaiong b@m@@}mmwa@hénenmdﬁvq@mm a parall el

di spensey,f§; Qc.rcg%ﬁﬂﬂl% %nﬂ’%ep%m? of &E&Bke\fﬁ@' @sﬂcgwn in Figure 7D. In another

embodiment, this is accomplished by providing a plurality of dispensing cells 716. The

dispensing cells 716 can be separate units or part of a single structure, such as a block. The
dispensing cells 716 are located above the processing cells 700 and provide a location for
processing fluids to be delivered and/or mixed prior and/or otherwise treated prior to
delivery to the processing cells 700. In some embodiments, processing fluids are delivered
to the dispensing cells 716 until every dispensing cell contains the fluids to be delivered. A
valve array 718 can then be opened so that processing fluids are delivered simultaneously to
all regions to be processed. Heating elements (not shown) can optionally be embedded in
the walls of the dispensing cells 716, or the processing cell to enable global heating of the
processing fluids 314 and/or the substrate, The substrate itself can also be heated either
directly (such as in an oven or from other external heat sources, such as a laser or UV lamp)

or via a heated stage (such as through the use of a resistive and or other suitable heating
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bet ween the processing of the individual regions becone inportant. In one
enbodi nent, this is acconplished with a plurality of dispensers 708 as
shown in Figure 7D. In another enbodinent, this is acconplished by

provi di ng woRhdhadssi y of dispensing cells 716. The di spershiia eells 716
can be separate units or part of a single structure such as a bl ock. The

di spensi pg I Qve.th ssr n cel]s 700 and provide
a locati oncﬁkéﬁpﬁgggl%ﬁﬁlgﬂgﬁ 16% BIBen glﬂ e\fﬁ‘r’ Hm&‘?‘? pgpel L‘F’)‘f‘ééﬁ prior and/ or

ot her wi serafereldy eftbsgr fode ohmtcstierlmatemyi swmetml ﬂagp@,erezs%rdtgssqzﬁtdn&n%%d In some
enbodi ment s, HB gessr ng fluids are delivered to the dispensing cells 716
until every 'nsing cell contains the fluids to be delivered. A valve

array 7180@cian] tﬁmntte)dmn@rchgzﬁeg TR7DHAGeSSh 9190 Eﬁgtb'ngl Er‘ﬁded@actu)’rﬁr ed
si mul t aneo aII regions to be processed el enents ( not

sly t
shown) carr*' llatﬁa{rw penavdeweber! indhe enthodinednt of Bifure raa cnllﬂsamarb@dmgnt:el l's

716, or bhﬁ PEABSE S atihn rocessi ng
f1 ui ds 314 &nd/or th Ceggﬁ sétsrdtgt eﬁ&%ﬁge&sﬁl)%{ja?gtr@gr 5 gt‘g %Hgg,egrgg BE°heat ed

either &R Y@éqttpyhe(}@wﬁﬁeésegrmsahl Q)lwembodunfentoam&lmhﬁran&xﬂhﬁ Ialis heatd igour ces,
such as a e such as through the use
of a res ?asc'%l ?’\gdgcésasn CHYO% Egr“%”dt { a(t)aLB aﬂogg Wg %Tle %‘?WH‘GSB rnse

PCT/ US2008¢ mz@ﬂsratcdrranm aeil Rl difhgy pa@ctewmoaductuﬁse@ 4 Odvrd Rof afpei cation of the
mul tipro essr N rr eferably chosen to be chemcally inert and
stabl e ﬁ"s?‘ég B“g&aﬂtﬁg %‘8’&@% “‘E[ﬂ]@ﬁ?%tﬁ*‘ta 0 machanigipr wameieidtatin©0101] The
enbodi r’rerlahct{bhs FF(glékﬁﬁplZQ, phfEcARG: bk LAnaLSAy g%‘teﬂ Q%Itilﬁ( QE?C:MQ‘? vacuum and

rinse |lines (not_shown) as described in the e ure 3A or the
enbodi nmefdatig apikygoe- @@dfd@ﬁat@nﬁtﬁrih@lﬂmn Heiaged po tmcdsrsagrtgetﬂeur ds and rinse

sol vent spapdsifeldo o 'ﬂgezEét nﬁleaddﬁf?)lt VGO, t&act)e %an %L%Cg% gﬁ?} gfgaégg§ ?ﬁ’ﬁl n one

enbodi nent, a vacuumand rinse line 1S oca cell of
the struttaspiatingd vitratieanl aivsthe Ehbieliionds)t , The pacassify kisten @Mdgdrésnma line are

t | at t ] | ch a Cavro robot.
TLZnSp?o?gs]gr ﬁrg&dgle IS{O bcoﬁl%e %%mg%lf"i“gﬁ‘g‘tr“?’g‘%?‘%?n g’d’é‘&hﬁ %%?lﬁéﬁlt"é)“ﬁm@ﬂam sm f or
use in feheibet dt bihgr emt&ﬂﬁﬁdnwwachlﬁm’m@%ﬁm'c%smgc&h&’a?t'ffé%aléf%&m fd, a

rragnetr call.y based a kﬁ&l on, a gas-based agitation, a vibration-based

agi tati on: t“ ?ﬁ’vt‘ﬂ@n‘?‘ ghdheyiseal fealinesiamanis, sugheas ecptire 71 goct@ls si ng
regi on ofs cithér@eRsdte elbMeRlB dsi; dQﬂlglettnt?tarzrl{gﬁétE %t ?}(j]rg ﬁtlran}?(ﬁta %%Eessnﬂ%/ %e)%gl tated via

the stage in a rotational, vibration I ke The
pr ocessi i 259 8¢ éﬁﬁ?ﬁﬁldﬁfb@r gnslivigally pDgedelity Epm@n gad smoh beargondraitigeh.i n a

m ni - envy.r, envir ntal chanber. In other
enbodi rrejlﬁtsglﬂg%g%?tdz ndivi N rﬁ%mﬁrg@%ﬁgﬁﬂ% BT c‘?ﬁ‘ HEVEREAS U TR he

out si de @Wl%@mnbrmofﬁ&t&mﬂmdmmsgh 1tt1|§téesu<a‘lﬂe of congal thagvel oRyes in HHICh as a
ated  as eit rate el enents or as a _single unitary

ESPLg{nur éﬂil Li:ﬁrnemﬁant 10 1&5‘?1“ Sf’“g@é ﬁla: s&tgqttrage and/or reagents used during the

processing of the substrate, and the like. Nitrogen, argon, helium, forming gas, and other
suitable purge gases can be used to maintain low oxygen concentrations within the mini-
environment 712, The environment 713 outside of the mini-environment 712 can be
similarly controlled. In yet another embodiment, it is desirable to control the level of
oXygen in the environment to prevent oxidation of the substrate and/or reagents used during
the processing of the substrate, and the like. Nitrogen, argon, helium, forming gas, and
other suitable purge gases can be used to maintain low oxygen concentrations within the
mini-environment 712. The outside environment 713 can be similarly controlled. The
pressure within the mini-environment 712 and/or the outside environment 713 can be also

adjusted to be below, at, or above atmospheric pressure.
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can al so be independently or individually purged with a purge gas such as
argon or nitrogen. In sone enbodinents, the mni-environnment 712 is purged
with a purge gas such as argon or nitrogen. |In another enbodinment, it is

desirabl e g 6049l the level of oxygen in the mini Wﬂgzgt;gmhto
prevent oxidation of the substrate and/or reagents used during the

pr ocessi t d the like. Ntro argon, helium form ng
gas, andTg?ﬁ)fz 8%? o f%} eudt’lJb nldﬁ%oéglzﬁgﬁt RGN gft‘?ilsﬁﬁﬂﬁteaﬁbﬁdlp’éws oxygen

concent r dtdcohsi aM)trdelwﬁlhﬁl the Stope €MiE MOABAL FdrledamPRenBOYi-R11 ngcﬂ 13
out si de of t%t]ﬁ enV| ronnent 712 can be simlarly control In yet

anot her &RBE ‘Vidf‘ar ErPasinomstsieslicsabred|io pigecss é\péllahﬁ of regiyggen i n t he
envi r omenbortiGhsi L6eHk oPX bibakdiORe Wit e %E%ft‘tﬁ&e Fnl ?x%g!nf’r ddﬁ‘%gﬁfr}(t s used

during the?ﬁpr ocessing of the substrate, troge argon,
hel i um FHPPRIREN Hswhighel sioglhamitayistratine “;Mnhgeclgh:se$lwahy beprosedng 0 mai nt ai n

| ow oxyg envi ronme 2. The outside
envi ronngﬂ%sqgﬁgﬁ%h&%g%ﬁ?nmag@l{; éc%(raﬂs hIe S'ébsu e tBPteag]s(ifllE $#'tH n t he

mni - envﬁiltcbﬁilﬂmmﬁlﬂ!zzlrsdmdéﬁrﬁgiblhmemfosésﬁiﬂ enyidcenmprbl dhZucamdige al so

adj ust ed W, or abo e spherjc pressure, 32 WD 2007/ 046852
PCT/ Dszoé‘g’%ﬁa%@l%f“ *FB?S‘%‘% A ey o rebigny Keregessedprelsp dddyrhee t hat

sever al mﬁapb af the ise@font W&ﬁm@ﬁl e enﬂ@‘cﬁ&&ﬁtp%gclf?‘&qyc%e @ﬁﬁxﬁ]%&tﬁb the scope
of the i Ciggép%for exanpl e enbodi nents in which a pluralit £

i ndi vi du PracEsping @é@uhﬁgﬁ weifoular grape, 3aé dant s qonBeiedssuah fiotamal ity of
regions erﬁfre fohi209% c%f.rer'é@gﬂr ngx@?ro%gssﬁ'lg%glli)ss%t%%ﬁal%ﬁhg\’}e%l Ly a1tehe sggpe of the

i nvention. Additional | ment t%8rY %t ructure
whi ch i ndt biges 9B, ﬁWma@Illplt}yO@fssnp}@me@m wich crelylbs atphaahtg:of sre@afpmamd& b0 a

I I ty s. Qf . bstrate he.regions, such
!to hzl;': aal fi Pmahl{ &Icg Py S &t per%‘é‘l Blfleslsacfnéﬁ%'rre:)é@grg}é%lﬁt eVFWeOt 6 Iﬁdf cel | -

structur goaasebdt\heh the eldmtolf &tqul afe&nfg&&llt, ginedtin@sdy theTEGRRG RleWEaAbisty Of
thin the scope of the invention.

regions js proces
Fu?t her mdt &7 %0? feaéecﬁﬂ@ Wl‘%‘“’“@ﬁ?é@%“ﬂh%@@” %%W“i“h%f‘l?g@fﬁ@sd 9B and

9D, the thﬁ)ﬂﬁ&&hﬂ@mﬁ@h'&F%ﬁﬁé@@l&h"gﬁx‘é|9§)r Rt And &l%qglfl gured such
that an entire region 202 is covered by the process g ce but not all

of the reRjiigied sich st gals serain regions &%m Brog@sect wigh @aleégd ce”lthqqnmemg ng
struct urgjs %Ht&lﬁngﬁy ?Q@of’f‘oﬂ 19[@&&1)& Yo 1§c%9%5 afhhur? E I?ué\}%tp§,t118§xﬁ>é;ur ality of

cells in a single structure & contigured sue 1i"atf’egl on 903
is procEBseith ertain rﬁmelswg@mf:sstmmtbrimccesﬁgwmgmﬁelfF@umml acting only the

corners ! j.ons roc sed ur illustrates the

subst r at @f%g@e lté?}letlo yheoff’}’?g?l Igésﬁ ﬂn%@l ﬁ&&d’i‘gg’gﬂmg’\ﬁ?@ﬁ qCh@qes8f i gur ati on
of Fi gurtae 9Be khowHingh @nffdndbdisr iRASsRY bR beREQCRS SN regldny 6 M Bsthate.

configured such that only certain regions 903 are processed wth the edge

of the profRSYTTHEY oferahdechpipet saenly” A adn Bron L8t TackeolpoyMshitan-Hilbe
pr ocessedosFyiaBunRadl b isd A& S0 18y %Qﬁ?&f@tﬁcﬁson—Wesley (1980), which are

incorporated herein by reference for all purposes. A number of different photolithographic
techniques known to those of skill in the art can be used. In one embodiment, for example,
a photoresist is deposited on the substrate surface; the photoresist is selectively exposed, i.e.,
photolyzed; the photolyzed or exposed photoresist is removed; a processing material is
deposited on the exposed regions on the substrate; and the remaining unphotolyzed
photoresist is removed.

[00104] Alternatively, when a negative photoresist is used, the photoresist is deposited on
the substrate surface; the photoresist is selectively exposed, i.e., photolyzed; the
unphotolyzed photoresist is removed; a processing material is deposited on the exposed

regions on the substrate; and the remaining photoresist is removed. In another etnbodiment,
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302 with certain regions 903 processed with the configuration of Figure 9D.
[00103] In addition to the foregoing isolation techniques,
phot ol i t hographi ¢ techni ques of the type known in the sem conductor

industry caQ.hesed to isolate regions of a substratep r FSha@70? erV| ew of
such techni ques, see, for exanple, Sze, VLSI Technol ogy, /{\:/%é'% ¥

(1983) and ar . cti ms,. Addi son- V\ésl ey
(1080 . Dot uiyiflissonsPleiaf Wb Bt e tor PRLES Puip 000t B8 poces” A
nurrbﬁr Onfoadmgtfaﬁigﬂfmtes mtoplmbt@ieisitsh@gé@ptmdmn thecthhe gmeasxkqgﬁw&ntaloﬂteﬂose of skill
In the art can be use In one e ment or ex otoresist is
deposi t eRPOBRShE SEITHEEPAXEOE a0 iyFs B‘ﬁé‘[’*%tf’téfé’iﬂs‘t‘ It%ovgé?e@tt/a y exposed,
i.e., péa@t@hyeg%ti ttltt@\@taamglmeﬂe QELRAPRSRS e gtwe@s%g%attﬁal repoved; a

processing nateria deposited on the expose ions on the substrate;
and the tih@?ﬁaf?Eﬂ@IﬁgaﬂﬂiﬁbﬁmT@lly%e@Phﬁh}dZ%#%iosﬁtﬂSi§r?l”é eds Wihaho4]

ALt er nat Lyl e M8l A308KY B PRAL L bolcel B WERGr DDt Or esi St i s

deposi t e substrate s ace; e photoresist iI's selectively
exposed, photaes;st. p&um@lhymbﬂhpgﬂaptec teuimpies cintredpeirdtopedi@tan agay gfhoved; a
processin g mat erl Ee&gsi te@onw&eﬁte exposed regions on the substrate
and t he TERETH HY Bﬂc?tné eSS T PRRSVRE P % anot her embodi nent, 33 WO
2007/ 0461852061CH m&&a@@dmza@ia?m@ tR6Q @S] NKhERY fak B fdtrSgdﬂlmbsm&ﬂl on the
substrate using, for exa spin-on or spin- coati ngﬁg echnj ques; a

phot or estesltmquss e iaidedtp | HSttaE?pa‘%Slf“Ot Frelrish SESEATF gV ivaR BiPEIcessiie
phot or esﬁt§t%r1él§oa§t%e%@ﬁ€'e\(@d % 1EXROS AL, Oth& dell\%p;%eg AR Ind Lo RAPLRLBFI St 1S

renoved from't exposed regions; the exposed reg| ons are etched to renove
the pr octégmcﬁglﬂﬁaméllelaalcmfalmeltsm)se regions; and the remaining unphotol yzed

phot or es‘o%ﬁ Oé gome en(‘tib d’ﬁ%en once tﬁ' m{aﬁe?vwge%smg nm?erlﬁp%ave be@n ?Sgge'dve

phot or esi'st " peruged TR aLE 0 05| otoresi’s
photol i tﬂﬁ(pgi’daﬁﬂiﬂdﬁegtamhm tﬁumstem) tle cme@fe@itxeﬁlattyoememtdetﬂer squantieidyorof

proceSS| ter on the su rate f par al | rocessing. ,[00105] It
B Tr Che SR it s OB ROy R R teRoTe (15 PRICE AR o ouni n
dep03| t'Eera&e%Qﬁﬂig%@éxa%{;ﬁe lsélh%iﬂ%@eds%ﬂhlzshélt%&ﬁﬁc}tﬁs }ﬁ@t@cﬁbﬂ{tcaﬁes'ﬁ rict, the
ways i n which the processi ng materi als can be delivered to the substrate

Ot her deferhpequgs, pelymstigaiios GeRmdpest Emalae diseigd pypthesis desdnighessiitpxial n the art
can al so 0 f processin
. @?ﬁth%@ eqélL/ g}(a@so o g&gg&%ﬂp ﬂgéucd%%ﬁcrto%vﬂ?]eraﬁg, P 9

mat eri al ave el ver efined regions on t st rate, they
can be opldimatiah,sinteraget enheang., h:ehy@@humat methbds, by flusinmbdsabieousl y using a

T o M B RE o] A S e A i
phot ochesppe@hi it @RRObLHESIn tmﬁiiyff@lhlré\&&w Gflthiseﬁchsqu 8foredvereat@t di rect ed
synt hesi gpp&o%?igtglrouutg \Smil dep Ie;[u? ())(1{ the processing steps being carried out, and the selection m

any given case will be readily apparent to those of skill in the art. In addition, it will be

readily apparent to those of skill in the art that, if necessary, the processing materials can be

mixed using, for example, ultrasonic technigues, mechanical techniques, efc. Such

techniques can be applied directly to a given predefined region on the substrate or,

alternatively, to all of the predefined regions on the substrate in a simultaneous fashion (e.g.,

the substrate can be mechanically moved in 2 manner such that the materials are effectively

mixed).

[00107] Solid state reactions at lower temperatures, such as those disclosed in U.S. Patent

5,985,356, in which materials are deposited on the substrate in the form of very thin-films

or, alternatively, by using solution based synthesis techniques wherein the reactants are

delivered to the substrate in the form of a solution can also be used.
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growt h techni ques, by the sol-gel process, by thermal, infrared or
m crowave heating, by calcination, sintering or annealing, by hydrothernal
met hods, by flux methods, by crystallization through vapori zation of

sol vent, ey g ufHolagE, Usef ul reaction techni ques w |l be,. ﬁ@@g&%ﬂ%l; o those

of skill in the art upon review of this disclosure. Mreover

appropri te wll depend on the pr ¢essin ste el n carrl ed out

and t he @b%%%t ?B’i’ihei“ﬁme ﬁ]flargr?}(/%tr?r%cﬁ%gén% b?@%&?ﬁsgé%g\ﬁeep V418"Y hose of
ski |l i nielib@y seps. HoPeaglghld, n@ierial A oM bd debi€ered Radibytegippan embsme hrhiose of
skill in the art that, if necessary, the processing r{;at erials ca m xed
usi ng, ftbtfe@@ar?ﬁll’@edMQWQWP@V%t%tﬁWPﬁé@SE Tonsxams cIOSERENHY E‘a et c. Such

techni queg, CGaANCRFeraPRlhEks eéﬁﬁhlll%e%@bsﬁaﬁ'aﬂ@%@%a@@ﬁiéa@ﬁﬁluﬁ(ﬁﬁh@éﬁoPn t he
substrate or, alternative to all of the predefined regions on the

subst r atreadtinn aoxsintmb t @hevuenipaleting ﬁnct progessing sips Witiseapde sagiahoBe

mechani in I I ively

m xed) . C‘T 6‘6‘f6571r% V§‘o de eﬁv%?@t@f%\g@tb %%ﬁéfl}%# tcf {o&\?\/see;@tsgﬁﬁgr% agtr ggﬂ%ﬁg% as those
di scl osedlisidiscldsiBe. Patent 5,985,356, in which materials are deposi ted on

t he substr in the formof v [ ernativel by using
sol uti o@ﬁi@@d ‘ﬁh é%%délb’ﬁ%m%*?t?&% e\%ﬂ@? i’ﬂﬁ'? Wgthra'ég‘?,% ﬁ%oéng&lpgtey%}gl ivered to
t he subsifade tb ﬂiufshﬁe f-08 AbabstActSiBk Whian veiddh (A Hrocdgny saeialddn WO 2007/ 046552
PCP/ US2006/ 012917 [00108] Furthernore, the array of Process mat eri al s can
be procemsesschée fawn! lopg t‘V‘aﬁf’O@%UaltYéﬁ“‘\‘iéﬁﬁl%t@%n appeleskbpice Otht erial A
can be dl%bteé/ﬂcftghét B 1ﬂc'a{1§r}s 1(51@\9!1 ?'ﬁsé}l lﬁfqp&teroﬁglﬁll andle arthﬂ?zﬂﬁﬂcfet er, exposed
to oxygen at elevate nper at ur e, exanpl e. Subsequently, material B
can be dekdvered to the flrst region on the substrate and, thereafter,
reacted under a set of reaction conditions. Oher mani puI ations and
processi ng steps which can be carried out between the various delivery
steps W Mkihbés I&@}Safeerﬂhgﬂ'@ Axi’ﬁ@s‘em\/ﬁierﬁl@i Il in the art upon readi ng this

di scl osure. 6 0109] It wll be re d|Iy apparent to t of ski in the
art that IODRAOF GMegbrasrsrbitcass aroe, tamtBaBEeE 6 1106t FRrE e e

restri Ctgmhige Y@y Sfol?r 19&hoftntf’£@1¢§1r GBS ThI\ iR RN 0dl aleRRi RS, aBéaegssed to
form at Eieast two differentially processed regions on a si ngle substrate.

Ot her rbeareeleand rovhépreddicd ragsmbows bk proved & marrdlelioepropytittidse of skil |
in the arf. . gan al so be wused. Methods For Screening the Array of Mterials
[ 00110] onee processed, the regions of the substrate can be screened either
sequent i EilOI‘!WprAccSﬂdmgll}t, aneeusibpdihent, grapey bf regionf o atisglesubstrée tSher t he

t al t t | {1
o eder | nECE BIE G e e e e Frirepay ATRRTY e et &8"or

preferably all of the regions of the substrate are processed differently from each other. By

processing the array of regions on a single substrate, screening the arvay of regions for a
property of interest is more easily carried out. Properties which can be screened for include,
for example, clectrical, thermal mechanical, morphological, optical, magnetic, chemical
composition, chemical reactivity, physical properties, magnetic propesties, mechanical
properties, efc.

[00112] The properties of the regions of the substrate can be screened for using
conventional methods and devices known to and used by those of skill in the art, In one
embodiment, screening includes determining a property of the processed regions for
structural properties such as material location, material distribution, material thickness,
material step coverage, material continuity, and mechanical properties, such as porosity. In
another embodiment, the screening includes parametric testing of the processed regions that

includes testing for propertics such as yield, via chain yield, line yield, via resistance, line



interest. [00111] Accordingly, in one enbodinment, the array of regions on a
single substrate is processed such that at | east two regions are processed
differently fromeach other, and preferably all of the regions of the
substrate @pe.pre&essed differently fromeach other. Bﬂcwﬁzﬁi&?ﬁ?}ﬁ‘g t he
array of regions on a single substrate, screening the array orf regions for
a property of Lnterest is re easily.carried oqut. Properties which can be
or benede B e se g R R iR bRt eptRREhEN cal

mor phol ogteeaing iepideCadvicetBgAEHT the probsradaadionsCrpapeiticofich ahesditiahal
reactivity, physical properties, .magnetic properties, nmechanical

propert i %@ue‘&ycsiwﬁcgﬁﬁf@ﬁegweb?ﬁ%%ﬁ“gf"égdﬁlf& S‘F(’é‘éﬁ“‘ﬁ%eﬁlf“v? Redhbstrate can
be screefgadsdi@oihgt RepachRRY SBLiLANRE andeENQAEnaNd 1H8NIESSmisbaWant Peand used
by those of skill 'inthe art. In one enbodinent, screening includes

det er nmi nicrrgniag picbides reliabiity testingppidbenserssadaegionssion vpropebrsyeh WrsiPsspr operti es
such as H@t&eﬁ{oh?élecltrgﬁ ifdh: %i%@x{iﬂa%trqu:,%ﬁeﬁa‘ng%ljeﬁgmec ﬁﬁi!sﬁl’, s:[ hi Ckness,

mat eri al ep coverage, material contirnuity, and nechanical’ properties,
such as @uoiroshenyal siress ofinidtdseoneenposhineeit parithetersoclesticag humiditndest par anetri c
testing of, the processed reqgi.ons.that ., includes testing for properties such
as vi el d@,‘“d\flgiﬁosgﬁ(gf”r?né?lgﬁeéifa’p%dﬁg%%e@ﬁﬁb“?)aiﬂgov%si stance, |line 35 WD

2007/ 0468921 BCTMYSR ARG @k3Ddcbssct egidhb anbe prekel venti@sias bafeened eakage, and
capaci tance. | n another. enbodi nent, the_ . screening includes _d?vi ce testing
of the praeadabaor disrscly sy @ bpereedingzralicismgaerars BaNical f r equency,

swi t chi ng.1$paRd su@oBlondl SRRkt RBopy™RBLY il ¥esctdcBNSRPRAMGLARCRy drive
current, threshold voltage, capacifance, resistance, and charge density.

| n anot hworesstnsdi fremtrellechisity, siffiedivhndedune Hiffeatiop eXradiffrapton, &Y ng of t he
processe egions_for a pr [ . i I :

electro é)?% f%?{l Srﬁf’%ossg?]ﬁég%gll élé%trr%gggécgﬁﬁéé}f’rgﬁ t?csa% %Cgé%&!r’f\égﬁgﬁﬁp%al stress,

envi r onndattah nitoaspy,dfT IRIR AMAST spen@s@py, cllgnoeetg reffpatoarey eonistich as heat,

humidity, light . and.atnosphere, and ti endent di.el ectric breakdown.
00113) " Efesigd R g el B Vg nETBr AL Bt gPHeRRT. TRASREL on can- be
scr eenedycoffRuaRtdtakdapy QllwrasBhit SFRabIHSY), Ve pitamahangereanetixia paral | el
usi ng various analytical techniques, such as atonic force mcroscopy,

X-ray f|ehotesdesBpRpeceseeny, Famieuripen sreqlrpgeonyy g LBS platiedect:xe r ay

reflecti wolyase Bff il A&k QAN ol fg&géiﬂg?ﬁh}fﬁs&@cﬁmqﬁ&g telilig¥es b ik et i on, X-ray

phot oel ectron spectroscopy, aug ectron spectroscopy, optical
m cr oscolyowrsio drersemipondloge tindmsinnéagrbe siewipyuch BT pRARANAK shpe edlinbilityopy

el lipso ttg%, rfﬁgf}lﬁg&g@try, contact angle, adhesion testing (e.g., stud

pul | test? CHREASEi nt bend test), sheet resistance, acoustical

spect r osnepy be tallityogphient 16 et 6skdbipyhe @t thetahe fogegpbigeieteriidy, sysags aer esol ved
X-ra e i
y intended to illustrate, and not restrict, the ways in which the array of differentially processed
regions can be screened for useful properties. Other detection systems known to and used

by those of skill in the art can similarly be used.

Example
[00114] The following examples are provided to illustrate the efficacy of the inventions

herein.

Electroless Deposition of Cobalt Alloy Copper Capping Lavers

[00115] This example illustrates a combinatorial processing approach to discovering new
materials, processes and/or process sequence integration schemes to address

electromigration issues by facilitating formation of a cobalt capping layer on electrically
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phot oel ectron spectroscopy, atom c em ssion spectroscopy, and W
phot oel ectron spectroscopy. In addition to the foregoing anal ysis
t echni ques, techni ques of the type known in the sem conductor industry can

be used, syghyApsRar ametric testing, reliability testiid:lglgg({,(,g

techniques. It wll be readlly apparent to those of skill in the art t hat
the forego det ectl st ens nded..to il not
restrict’ “Ki%gv‘?/%%}téo”isﬁ e lﬁaéat%é ?ya%/é%]@ g‘& PrEPEP Feﬁ%ﬁé‘{ﬁ‘ g% gﬂs?ﬁejnd> regi ons

c and bebSUI B! ﬁi@flﬁdi}{apmcEticISxFiﬁluhbepn ODET, 84 1eentitlel hlécln md?ctae(gf Aduasking Leys Olnnbwl[w to a ]nd
use t hose_of skKi 1N can_siml.ar us.e 00114
The fol %ﬁ!ﬁﬁge Beaippied a%kféteﬁpawtﬂ)éé)ftAoCmHﬂtﬁsTﬁ?a&y (a g‘r‘?é““&% Pi @@gy 1SF t he

i nvent i ionf8& Rl ed @ﬁ‘f&tlﬁﬁ e@t%% BES ifiddun by Robads VAL IpeyniCopper  Cappi ng
Layers [00115] "This exanp rates a conbi natori al processi ng approach

to di scomhpﬁ@nrmewbezrﬂéfléﬁl‘c%élv@nnﬁéqdo‘a?e@%aé@né}f@/ MeslnaleryssOn dddielsetee

|t ear atiQn,SENETER PuRdiieora ShaRLTAM o aklandpeyRRdie fasikl Lati ng

PCT/ DS20@64:6:2 8 The Bielenit Raggoriofited omdlapfl 8 2006gind b).S dhatentib plichona

dielectric, po desgcri.bed in co-pendi u.,S. i,cation
nunber 1“1’}1%’ {]éi?cltrmgnet”iuﬂ?cz Su @ﬁ%ﬁ&f‘{cgﬁm@%ﬁ}g@g‘glﬁ?%@ ngf%{‘asge% lle& electric
Regi on T@ Séﬁt%hﬂbbxt 3t eodBotRRbatents 6 wiiclCap Bed 1!:@)@&3’1&‘[@11335}3&@&110& fathdiy

Conducti ve i ons Se arated By The Dielectric Reg |Ied on May 18,

2005, U esmef:rat W eltosglated alﬁwlmowaﬁ%metﬁs‘s@é syffeps gg C‘ﬁﬁ)ﬁ?&b‘m BSiRati on OF A

Maski ng 11';@%@5:1 Qﬁ%u&@t’o%ﬁ&ﬁﬂn@ varBRghOR of@oriak of Hatugit Wc@ﬁtsieg@h@d A Cappi ng
Layer El ectrically Conductive Regions Separated The electric

Regi on", beiqw @dauewiw thegproees, and sombingionpiicent, sw@vhatd‘éfppbworenunber

11/ 231, 047 Pr el f Assenbl y",
filed oﬁglg%p% erlgT %g%@[ g%eﬁve ac@ﬁ%glﬁ p&e#&mﬁ&%lwae?g%gé%%n&l ncor por at ed
by ref ergoassiighistbgir entirety. The si te isolated nulti proce55| ng met hods
and syst cribed in the esent i t| on dt am ne

Tari ot oRETE° Bttt o R iR ca® S BRlRT PSR st
sequencwgegm‘n &ffa%umlﬁféem@&s aﬂ@ﬁt@@z@l@btﬂ@ﬁab@lﬁﬁ (duberewD,, SOoH, SiTal, two or

nor e esgl ons of a substrate effectively receive a different process or

sequenceSieR; piloSddets.) W00 apd srdecdiialy persipeiig Portpn {96} 2EFWHFIET10A shows an
XD 2 RG0! RS 80RO Rl LR 0RO diptongpl 2 |
Si OC, Sic@dn E&OQ:pf B @iore{rcore eh®0dingnd themegidreis pracesskbd ip suetnewey thele porti on
(such asthe m% erg layer 1004 forms on all portions of the region (shown by step 1006}, but is

easily removable from the electrically conductive portions 1002 of the region (shown by

step 1008) resulting in a masking layer 1004 on only the dielectric portion 1000 of the

region. In another embodiment, the region is processed so that the masking layer 1004 is

selective only to the dielectric portion 1000 of the region and forms a layer only on the

dielectric portion 1000 of the region (as shown by step 1010). An electroless cobalt (Co)

alloy deposition process 1012 then deposits a capping layer (such as CoW, CoWP, CoWB,

CoB, CoBP, CoWRP, Co containing alloys, ete.) 1014 on the electrically conductive

portions 1002 of the region wherein the masking layer 1004 inhibits capping layer 1014

formation over the dielectric portion 1000 of the region. In one embodiment, after

formation of the masking layer 1004, a dielectric barrier layer 1018 (such as, silicon nifride,

silicon carbide, silicon carbon nitride, etc.) is subsequently formed on top of the capping

layer 1014 and masking layer 1004.
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copper oxide) 1002. After cleaning, a masking |layer 1004 is forned at |east
on the dielectric portion 1000 of the region. In one enbodi nent, the
region is processed in such a way that the nasking |ayer 1004 forns on al

portions afobhei@e on (shown by step 1006), but is egsidddcRiRyAbl € from
the electrically conductive portlons 1002 of the region (s y step

1008) r%ﬁ@t{fgﬂﬂ\ ﬂnﬁthﬁlh% Sogll 19%}%&5 ?ustrg.tocP %Jre %ﬁ/ a‘i‘tere fognaetlo%%ﬂl ¢ portion 1000

of the |nen ed so that the

maski ng cbﬁﬁ@laﬂ@@émSythseleaﬁiltsveilwﬁeyoﬁitﬂmt a2 dheineszdirrg layepémazﬁ isn 1000 of the
r egl on an

fornms a Ia%er only Bt"‘utl diele Mlcégortlon 1000 of the region
(as showAPB§esilEpmyeH]U20arPafhe "(&lé’sl’é’rt&)é‘bl theegy e eposi t i on
process hQdged &%Bmg%eﬁegﬁu@wﬁ@pmaygthkmwha(@ﬂ%e@sve@@)ymm% CowB,  CoB,
CoBP, CoV\BP, containing alloys, etc.) 1014 on the electrically

conduct .metmnpi@ia@ i lortkis fobipnghe @ff@twee@ie@hwww@ GaPRIRG laprerRiTpRGiop ay/@}e 1004
| nhi bi tSo&ﬁﬁﬁwrg;neag%oé%ﬁmé%g@a o8B YBHiohAP18loa! BEkbIA BOGAI On 1000 of

t he region odr nent of the masking | ayer 1004,
a di el eanttiodintrat, afterrehayedpf ho iBrifisialohasking lasiet 1 @dna diekecliiddarrieslayarcon

carbide,, sjplico arbo nitride ubs en n top of the
cappi ng Hﬁg ghﬁg@ilfoﬁﬁgn%g%c%dafbééelsa} %Sbog‘}l% f&f(%? 6‘%@%&%@

PCT/ USZQG@A&QHB%& tolpQB e Chppifig ﬁ;ﬂ@tlb&t arﬁlrmﬁehnm@;humoxﬁs) liobdb.ustrated in Figure
108, after formation of the cap | ayer 14 by the electroleas al | oy
deposi t i [8A1181 3 hos, He W RIRY SF%?%“I”O %W‘tbéhe N0 ’ﬁ?c} @pf%ﬁ%%]& 9020 from
the dielg &&kﬁkportlon 1000 thereby renoving any unwanted capping | ayer
resi due may ot herwi se have formed over the dielectric portion 1000.
In this fashilon, delesrioffolraning golsbdmottp vémgresrgaiteand appthg comgraipatiodr mat i on

on the conductlv ortion 10 lative to the dielectric portion(s)
1000 i s inproved. feanmgaose%cﬁgl cudt &%fd%e% after renoval of the sacrificial

maski ng | ayer. 10Qklivaindickheiat amchforba:hmmg sollidytes) to kP8¢ (lwwoppeasxidt dridcon
nitride, silicon carbide, silicon garbo nitride, etc.) is subsequently

formed 1022 on t GPRGRUFHE" ESF Ry SORRFT SPH4F5and di el ectric portion(s)

1000. [00118]3, Thugiivdii@ wiids, PLRESESzATE PadId veiaMRontidgdhageite to form a
above-ref erenced apﬁroach include for exanple: 1. delivering cleaning

solution(s) to r medpgann e diskecgmartiongo Bt HEt i on  from exposed
di el ectric S%rfaca%ﬁvelgqg fed 'eff@crtlh?ga GhAARR @ HRIudRAYG BGsPkditdoN(s) to
and

renove the copper oxi contam nation from exposed copper surfaces; 3.
delivering wetti n@p’tafxmagfmmaItnazsa!tlmbnmiahﬁdlﬂt@mm@r@antﬁcleé@%ltig AEFEgdRt s to

forma rmasking la%}’u%{el's, sur%ao?angsl, \%let mé raée%tspﬁli Rva% SDlQ[ABt, tﬁ/@ﬁ,beﬁf B‘lraﬁlg

chemistry for electroless plating of a Co containing film;

5. delivering post plate etching and/or cleaning solution(s) to remove the sacrificial
masking layer whereby excess plating material, such as Co particulates and other
unwanted contamination which would otherwise have formed over the dielectric
region(s) are removed through the removal of the masking layer

6. delivering post cleaning solution(s) to remove contamination and/or excess
plating material, such as Co particulates from the capping layer,

7. rinsing the region; and

8. drying the region.

[00119] The site-isolated multiprocessing apparatus described above can be used to

examine variations in each of the unit processes listed above, sequencing of the processes,
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4. delivering and effecting a nulticonponent (including but limted to Co
contai ning agents, transition nmetal containing agents, reducing agents,
pl-1 adjusters, surfactants, wetting agents, DI water, DMAB, TMAH, etc.)

plating C\b@%(ﬁh)ﬁ(&azf or el ectrol ess plating of a Co Corﬁ&'f[ﬁﬁzﬂﬁﬂﬁi‘)'lm S,
delivering post plate etching and/or cleaning solution(s) to renove the

sacrificj C A s Co

parti cul a?é}%mg?@%(% %’eete%}{%%\l}va\mr}l?gagme ?(%%acﬁl%%ae?%egé#e% e&ou@%ﬂmﬁ ﬁg‘}%&%se have
fornmed oxeroctBmpgdisedrectric region(s) are renoved through the renoval of

t he masking | ayer 6. delivering post cleaning solution(s) to renove

contam nation and/or excess plating material, such as Co particulates from

t he capphfRfralidy&iPordus o8 iDigedtli@ region;, and 8. dryi ng t he region.
[00119] The site-isolated nultipraocessing apparatus g ri bed above can be

used to [0B%2MHi Abissrmpie ilbrEatene @iyl FECTHIAPE 2RI RS CQVP%%&T above,
Sequenc'rﬂ&ex@iis/éﬁ&s%@ %%é uenddnt ai%&l@s%&ﬂ&%égdf@/ﬂké A0 0b8917 and
conbi nat' ons thereof "SUGh that eac region of die effectively receives a
di f }‘ er eribwmd)@iecsscs wed mrdam@s@nm@mlalesm 6nrah) CopReeBEEPIISAt @fﬂm@ﬂ@&s Lows | {
De ectr 0120 t i & ocessin
appr oac S SeaAEPIHG Ui R ERlloatE AL SR PRPAE RO RinbRoCess! no
i nt egrat Menmﬁt}esws/:\mmaréd Lags TolizeaeA Iﬂxffgsmf quroemﬁnsd/Of Adhdswd |I@jzeect rics

used in amascene e or. _dual ), copper, inter t, for iQn as

descri b Y"?P“c?‘é%‘e‘%‘&l ‘ﬁ% egfrig Masgr tfclﬁ\gg f\li?‘afﬁlﬁﬂi‘:?hEg‘%‘ﬁérﬂ“‘%‘ﬁ’f%g%,oi%, entitled
Usi ng AynLiMphie GbtleAYihdorsthibd Bp fpdiBtlceth dady 81tirdi0. L5088 Bwhk EEIfeittiSsi @8 Barrier

And/ O Adhesi on Layer "~ Between Metal And Die ectric Mat erials”, filed on

Nov enbersugeptilgo guprequner peshiaiinsiugng bWchth%if%mﬁ%%?‘ﬁh PHOGHE B08d by

refer enc{?&pbﬁtx&lﬁ@ )ga%c' L8l thmggﬁnqgé‘\d th %W'sgmﬁ% SHBE Tk 1‘5@1@%@@;0 f4g6eRE ble to

precursor “penetrati dur ng barrier fayer formation such as in atonic

Idayler defasi 4 conningodls Byrrier kagﬂs@emdwmclh fgama ihe’eﬁildtcelﬂplmogmﬂl‘lng lgerthe lowlc
ielectric, ntlnu r r, the

i nabi | i t§/° t%]tcf ”Yl}ﬁr}hcaf’ﬁ\l‘%i‘%%‘%?é}a‘é%ﬁ% Pogn s beifae g{/e#r"%us 1@(% all of which

can subs@geantd dlsd (ggeallyexRBAMosEY L. Reape) ddbestBindarackastiusso boviekayedi el ectri cs

alsotyplcally exh |t oor (] h t ti t
Dar i or iedy Gt arasbe N Aot WENCRAT g VC AR ) DG, W YN, R
etc.) asygpupahiaeiiq (c?t@@gaﬁs% @t@lﬁﬁéﬂéaﬁ%aﬁ% or SeRs ref8BityettGs ) Whi ch can

| ead to poor device refiability. is desirable to be able to seal the
exposed firdde wfbepbleduseal WKp@p@p@@q efiperpua Fgy-b diclasfsics o/ ej@prove the

adhesion properties of porous low-k dielectrics to barrier layers used in copper interconnect

formation.
[00121] The unit process steps (involved with the above-referenced approach) for sealing
of porous low-k dielectrics used in copper interconnect formation include for example:

1. delivering cleaning solution(s) to remove organic and metallic contamination
from exposed dielectric surfaces;

2. delivering cleaning and/or reducing solution(s} to remove the copper oxide and
contamination from exposed copper surfaces,

3. delivering wetting, functionalization, and/or coating agents to selectively forma
molecularly self-assembled layer(s) on the exposed dielectric surfaces so as to
substantially fill and/or seal the exposed pores of the exposed dielectric surfaces;

4, delivering cleaning sotution(s) to remove contamination and/or residue (resulting

from step 3) from exposed copper surfaces;

(¥

rinsing the region;



adhesi on properties of porous lowlc dielectrics to barrier layers used in
copper interconnect formation. [00121] The unit process steps (involved
with the above-referenced approach) for sealing of porous |ow k

1.
dielectri §BR.4dsky copper interconnect formation i nCIM%%Z oS! e
deliveri ngwsvglléeam ng sol uti on(s) to renove organi c and net

contam nati ong ﬁi;(!ﬂ el ectric surfaces; 2. deliveri ng cl eani ng
and/ or reduci ng sg[pu ogfg toedrem)ve t he copper oxide and contam nation

from exposed Zoppeerfemidgeasproessidelrtat@eitge Welhhingy, frured i onal i zati on,
and/or coating agents to selectively forma nolecularly self-assenbl ed
| ayer (s) on the exposed dielectric surfaces so as to substantiall y fill

and/ or seged13} heT IWS%t&QﬁﬁlﬁpﬁfcesEilﬂE nRARAS S ¢ ?ét&h?gésﬁ ifed 3y gwhlegx e%eﬁt

delivering cleaning solution(s) to renpbve contam nation an residue
(resul ti AR EE Bi5dlg exanipg Exisbersdn Qwemousuﬁﬁlacms;noﬁew stepedisteg t he

region; %90&@%%9&%@%@&@% rde %Eéyﬁ&%{b%%% ﬂeofﬁc Iﬂ%?/tv:[wc]h% nl;.cgg Iﬁe%pﬂf?ﬁ)ﬂg] 7Th e

performn post - processing trea

site-i sologi1 axtpstaid @ﬁf%h@‘dgs&gmmgadﬁfekmdmomdowqm@ﬁ@oﬂﬁsahﬁsebeﬁi plodedsfd@ Present
i nventiop Gy be used to exam ne variations in one or nore of the unit
process steps | isted above, sequencing of the processes, and conbinations

t her eof , [Glidh tTigtentbadinhtsriRERibEE Q8 Sor dgtieazeaqﬁ&tegﬁg%ef feeli vely receive
a di ffer ent ocess, or uence of processes, rocessing history.
[0114] TH&Y E‘ﬁﬁ&&i’%kﬂ%ﬂ%\é@&mﬁ%ﬁ %Wémgmcem%@r% st The osgwdiofign and

process e@B@iﬂﬁ&ﬁ@ndMﬁe@ﬁfo@&ésﬁQ al 1@&% HEE e GofTBE 1{1]9 LRI fﬁ%e’ﬂgﬁ 'ﬁ%r%ea'tr LY @

substrate. The net hod of an nmbodi ment | ncl udes processi st one
regi on ofn&¢ikergeman Qféh%S‘@thﬁt@rEmﬂxa}ceﬁsmgrnfau ellnbethentC)mEuctm he)mfylegth@n of the

I t
one rogi et g 1 enge S b ATERM R e Ad kb e o

physi cal modiditioneahénies], medifieitiond, cludtd] inedificonss, ®bact lo8®katipgli f i cati ons,
phot oni ¢ nodifications, and

fications,
:)Eg[ g? Iyt| gne‘;;' e gg dd’ﬁ’sp%a%ﬁéc m‘ﬁﬁ"g‘i'iacé‘il@%‘il ﬁ’tj’lﬁ‘iotoé)ﬁ‘céﬁ%ﬁﬁdf@m 'E‘hér nms at | east
one arramoeésmdg Bf@r@moﬂahdn&'fcﬂﬁa%ﬁ&%@&aerﬁgy Qﬁéfﬁ%nnzfif}%réc%&%&l: s o 0115] TEe
pr ocessi rﬁgﬁ@;‘ an enbodi ment includes providing at one terl al in the

at | east F&§i on.
[0115]  The processing of an embodiment includes providing at least one material in the

© at least one region.
{0116] At least one of physical modifications, chemical modifications, electrical
modifications, thermal modifications, magnetic modifications, photonic modifications, and
photolytic modifications of an embodiment include at least one of cleaning, surface
modification, surface preparation, deposition, etching, planarization, chemical mechanical
planarization, electrochemical mechanical planarization, lithography, patterning,
implantation, irradiation, electromagnetic irradiation, microwave irradiation, radio
frequency (RF) irradiation, thermal treatment, infrared (IR) treatment, ultraviolet (UV)
treatment, deep ultraviolet (DUV) freatment, extreme ultraviolet (EUV) treatment, electron
beam treatment, and x-ray treatment.
[0117]  The deposition of an embodiment includes at least one of electrochemical
deposition, electroless deposition, physical vapor deposition, chemical vapor deposition,
atomic layer deposition, vapor phase epitaxy, liquid phase epitaxy, chemical beam epitaxy,
molecular beam epitaxy, molecular self-assembly, and evaporation.

[0118]  The surface modification of an embodiment includes functionalization.

40



[0116] At |east one of physical nodifications, chem cal nodifications,
electrical nodifications, thermal nodifications, nmagnetic nodifications,
photonic nodifications, and photolytic nodifications of an enbodi nent

i ncl ude atyy, bggﬂmggp of cleani ng, surface nodificati %Uﬁéiﬁmﬁ?ﬁm
e

preparation position, etching, planarization, chem cal ani cal

planarization, el ect roche cal chani c arization, |ithography,
pat t er nil ﬁ i AP BIRESSEPBAL 2 Weﬁl?bﬁge : ‘6‘ﬁlugeél %ﬁ& é“haétl‘?aét 9 F&yitat i on,

mcr O‘Na\ﬁﬁln'g%f ﬁﬁjét ahd dﬁl@deffn@@kc‘éueﬂcé eaMBeMaYatiolRF) irradiation, thernal
treatnment, infrare treatnment, ultraviolet (UV) treatnment, deep

ul travi diVE] ( Dmplpﬂﬁatlﬁﬁfﬁﬂ engheg inpsmbingiogesane By thEiNgest e atERint | el ectron
beam t r §af, %Eede@% soale ?lé(e fﬁﬁcﬁﬂf@i bis ahl ?njo@ Jéo]ﬁm%?fégs?'oﬁ% oMt 1919 embodi ment
i ncl udes a I*east one’o ect roc em ca sition ectro ess

deposi t iwing apﬂr@?@tm@tedvﬁrmdme@ep@mfmncdmcaMm cal vapor deposition, atomc

e SR 2 B LA BN S RBASE SR el boar

[0118] Thgosihaeest Bﬁdgrf)hlﬁléiﬁfeglﬂnﬁndai’htﬁﬂﬁmdislﬁgfﬁcedsm lreph@s of at least
functionalization. K 40 WO 2007/046852 PCT/ DS2006/ 012917 [0119] The

proceSS|%’§g€FF‘P§ﬁle§P?B§Jdl ment includes nodifying the at | east one region
usi ng at Oiﬁg‘St TQ@&&@E}@QP&{ &%dﬁﬁtﬂl‘t‘%ﬁl@bs‘lﬁml@&gf];lhﬁﬁﬁr@'a@ﬁ§§t ohOkgBh, The

processing an enbodi ment i ncludes nodifying the at | east one region
usi ng a [Pradef Th@dlﬂ@f@@pjlem@@f@ii emprafiitherd atclugasongrd Hrm@liﬁf‘iyﬁwgﬂ%lh’e at | east one

other re I&l%@fel}?l{l% rne 101159 é.lrtflee‘rlgteo%g ﬁg?{egﬂﬁg %Hﬁ@a%@oﬁ mtf&h?ﬂ%l ons.

[0121] THeE process an'e i’nefldes one. or equentially
pr ocessilﬁgonsrcﬂ"gtm@ﬁoﬁéotah Qa@qsdfmgmlsgr oup of regl ons and si rmul t aneously

processin egions of at. |east |ons 2], The net hod of
B enbodMle *iIRE FhiReicTEing 08k B %ﬂﬁgﬂ‘*fl dﬁ%d}a wwﬁéﬁer%é ¢ [01231 The
charact egjizh g n&)dfterﬁnpx%ﬁaﬁs@ tﬁmﬁcimcak LR SnOfRopBEal FRIRIRE, chegikent i al |y

characterrzing ions of at |east one group of regions and sinultaneously

char act eqqnmostgon rc iorlgeastivig cleglaisal PiPertist. HEYSigH BOperyes. F8giiis. [0124] The
char act e%bﬁérp% &gmfwgg)gpl H%@ﬂan }grgﬁegﬁ?echgﬁg{ g{,l zing the at |east one

region f erra ties t ude east one of optical
propert i @$25)chaie czaadlactammgoﬁ bt emhodlmhammodmles tlesartarvingyhe alleastane cal

DL OPer LS5, PIEL Rl BLERELL 85 IRATEL) S QRS BRuod DL Proverties
enbodi meqkiribitfnUEes: i SINRCRGEES iadriBDsté @ vatbgd, @askiatiatintiggi@mdéchanial r uct ur al
properties that include at |east one of material |ocation, material

properties.

[0126]  The characterizing of an embodiment includes parametric testing of the at least

one region that includes testing for at least one of yield, via chain yieid, line yield, via

resistance, line resistance, Kelvin resistance, leakage, and capacitance.

[0127]  The characterizing of an embodiment includes device testing of the at least one

region, wherein device testing is selected from a group consisting of operational frequency,

switching speed, power dissipation, mobility, transconductance, drive curtent, threshold

voltage, capacitance, resistance, and charge density.

[0128]  The characterizing of an embodiment includes reliability testing of the at least one

region that includes testing for ai least one of stress migration, electromigration, bias

thermal stress, thermal siress, mechanical stress, environmental stress of at least one

environmental parameter, and time dependent dielectric breakdown.

{0129]  The substrate of an embodiment is selected from a group consisting of blanket

wafers, patterned wafers, devices, functional chips, fanctional devices, and test structures.
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di stribution, material thickness, material step coverage, material
continuity, and nmechanical properties. [0126] The characterizing of an
enbodi ment i ncludes paranetric testing of the at | east one region that

includes twahii@ids®y at |east one of yield, via chain fy&Tﬁ Deockei 36 vi el d,
via resistance, |1 ne resistance, Kelvin resistance, |eakage, and

capaci tanc [01271 The.characterjzin f_an._enbodi ihcl udes devi ce

t esting {8¥3%B heg‘?‘fi"1 rF%&%?ftﬁﬁéubs?%af’%wm%ﬁ’glrméo’ lglsgge\’/?%eeg‘t?%s?‘lhﬁgé’i s sel ect ed
from a gpeupes enslis! flagal diopeysabitcdatrohic deniencdata siangd ddvicag speed, power
di ssipation, nobility, transconductance, clri Ye curre(%, .thr elsho 1d vol t age,
capaci t anwgactoplaaogicaleriees, AREREIRIE deviReRaTe IS vl SIS THR EH AP AL SR i ng of
an enbogjh%m{:(fepig%sug[g{spa(;@gie@gwigeg_y testing of the at |east one region that
includes testing for at | east one of stress migration, electromgration,

bias thet3ml Fhe eskodintes debrited sbev fordisrdiartiocstipg 3%d Prases r onnent al
stress of at |east .one . enyi - DALAS eld nt
o o set oS BT b 0L IMTRBh Ry TR EL Bl e dRpRes

€ suns e of “an enbodi nent 1s selected
froma gaeisdineanBichtiti@nbinabiralik gtoceswag e pBiraligacttregipmch fleef swbrated die ces,
functional chips, functiopal devices, and test structures. ;
2007/ 04685PIBETRUL 6B, H T DB 0@6‘1“@6’1"“@@‘?&5 ﬁ&%ﬁi"%}%"% 51?’@%‘2@305 Bf‘;étgt’r“é@e of an
embodi MeNLi a8ty erSesste M QARG GF BloSessing BérRGIoAL, @tbl@tlitg WF materiéll at panel
di spl ays, opt ¢el ectronic_devices, data storage devices, na%ngtoelectronic
devices,mmhgﬁéﬂG@W@N@&éé@ﬁ§@§wﬁﬁﬁﬂé@ﬁﬁéﬁm§P§@tﬁﬁ'a§‘H€9f$%§§“%%Far cells,
phot oni ¢, 4l 655oc A AAGKBRCThaal] £BRcattRIGMncT AN ML RfbRodESCT | Ded
above fof di screti ze processing and process sequence integration include
a net hodarcanpdinsinhi diffoeitortle sonshilpérrahpocestine imasteaginetegin ofdibodi ment

i ncl udes conbi natori all rocessing_ a. pl | £ M. r.egions of the

subst r at @W'agﬁeo r%%i?wg{agﬁ?agﬁ o5 %)hé:glse?loﬁé)?%% pg)?]éig%%g?%%% i ncl udes at | east
one of ajmbyr alfink ¥mehdim@hEHERLBed abavloudiadrbtized pfocpbgesdporesa plurality of
processing conditions, a plurality of mater. al a]?SEJI {'gcfati Qt?easefgltéences, and
a pl ur al Feayenst inesredncdist daneiyl CompripiBREEeiyng ASPOYIRE gt 8T8 €

Pr ocessefy RLOSESI Y fERDE bicuP BSsishBE 6 depbsidpPhiteainBichingutnaing, and
process sequences of an enbodinent 1s different for the conbinatorial
processi plgndrizingt inkpdensing.one tieatigod hemethad of #1 rbadinespt Brlydesfesai e om at

| east one ot her regi - I L L O s 11800085 e 843 Fhe saphpdi ment s
descri beamgi??ﬁ/esu?%r%e% g%cée%%ﬁggeagléé%tgdggg |(%90fzti}n gér!of:ee'ss squuenge

i nt egr at beothddedgisteofahambhiote. Chinrisisig of es einbodigrert isutrles Pwddying e at | east

S L -
met hod ofyafficeitRedihpmit] hodlitdiess, gRBBEAhiddgfications, thermal modifications,
magnetic modifications, photonic modifications, and photolytic modifications. The
processing of an embodiment forms at least one array of differentially processed regions on
the substrate.
{0133]  The method of an embodiment includes providing the processed substrate to at
least one additional process selected from a group consisting of depositing, patterning,
etching, cleaning, planarizing, implanting, and treating.
[0134]  The processing of an embodiment includes using at [east one of materials,
- processing conditions, process sequences, process sequence integration, and process
sequence conditions.
{0135]  The embodiments described above for discretized processing and process
sequence integration include a method comprising generating a processed substrate by

processing at least one region of the substrate differently from at least one other region of
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processed substrate by processing at | east one region of the substrate
differently fromat |east one other region of the substrate. The

processi ng of an enbodi nent includes nodifying the at |east one region.
The nodi f WageRhi@te enbodi ment includes at |east one ofc-Pi%sishdor

nodi fications, chemcal nodifications, electrical nodifications, thernmnal
nodi fi catgl i if | QNS., - toni ¢.nodifications, .and

phot ol yt }ﬁz:ecggtﬁ)%rlaﬁ catQ ?%)dr?gs.SH%%gm %ir%%%dglgesqt ngpuf)éF >R @W%%F ﬁ@ﬁft“ PErRECEt | east
one ar r aylhsfmadiifyingoéat erabddimprtacbsked 1Ec0iRRS pBRical NEdiSEHISHY, Ahnicd 0133] The

met hod o rbodi, nent . i ncl.udes providing the processed substrate to at
| east On%ﬂ%@&?@&c&%}%&ag@gé cggpﬁg]feé‘&a[ff? 1catippsoPRgRelA B1ogHicatiprss

deposi t i photoyiatdogiitkitgs, andphftbREc nGUERM NG, THY ;%8&_%&1&% 8% ehfBBhAREI N9, and
treating, &%134 The processing of an enbodi ment includes using at |east
one of mifttBdpsfotming 3t lsest 8as iy Q6 Atiferantally profested segions qu drecubstrapss ocess
sequence (136 9 BHel oAty i iGangl L 30], The
enbodi merilt S F(;esct i bed abovg{n%13 ggﬁﬁ?tslcﬁffqg%ggggl p@gg%é%?%gedésﬁfg&%?%ggss
sequenceGasftoagpditionn! pracssueectedfenhogoup epsissiang dgprsttingt patgringpr ocessed

substrat g By ' at .| ..one, region of the substrate differently
fromat | soue RROSE LAt 5RRnG 3NE007) 0ac852 PCTI Us2006/ 012017 t he

subst r at #1137The Thepeessingfafh eabodibadhdait utiRCiiug8tonddhiyiiag, the at | east
one region. .The npdifying of an enbodi ment includes at |east one of

physi cal PYSHFFE CGEHS PIRFTETCEURNCoSnBIAFSST teatyrsn ditegativnt sidaaicessodi f i cat i ons,
thermal padédct ealditong, magnetic nodifications, photonic nodifications, and
photol ytic _nodifications. The processing of an enbodi ment includes form ng
at | east [JAd ar%&f*T@PdlmeﬁﬁséP@ﬁ&@ﬁoye for diserstized preegisomsindprackss substrat e.
[0136] T. . i t. 1ncl.ud oy di t he .pr ocessed
subst r at gh%? %Eg?ﬁ) %1%{%1?1 %(I)ﬁiém%gg%at%%ocﬁg&l%g%%zgag{%éllsg‘%{agdose?qngrﬂlsﬁw oup

consi st i regicof Theposdisiretg reghat dfen rinbgdimentisdtideg at [6dse 8 A6h mpdigoRIsZ NG,

i mpl ant i .and.treating. [013 The processing of an enbodi ment includes
usi ng atyﬁref’és ngbc‘fﬁaéora?pﬁ?gfsé%ﬁilf%!“d”g%% ARG Ce DA IO atgbe8ss sequences,
process slegiigngerdcatseg s alirily oBiEcddiREQHSitioSE dYRRARY Sprﬁﬁibxtédl APFicakP138] The

embodi ments descrj bed above for discretized processing and process
sequence*fIRPeGr 14 D WRHE Y aercssssersaeat Ehewsapnd dscrre weiohodst a first and a

secon d désssdaghe wlc8QeOn -Ieal-h%efa:l'é‘aﬁo&ﬁ%e%ﬁl@ﬁg g sécﬁgh 9(5]1115)1Lat [t n{RQSdS!I ent .
i ncludes at | east one area nodified using- a first conbin torivar processi ng
t hat i ncihaidedudes af leess pnoofe rhirality off matetinlsya [firalitytof proadsses, aplupllivral i ty of
pr oSS SfioodiRl hlohy, aHuRfGEPRSNA HARTL Lenc, B Akl 2 mterial

process sequences. At least one of the materials, processes, processing conditions, material

application sequences, and process sequences of an embodiment is different between the

first combinatorial processing and the second combinatorial processing.

[0139]  The embodiments described above for discretized processing and process

sequence integration include a method of forming an array of differentially processed

regions. The method of an embodiment inchudes providing a substrate. The method of an

embodiment includes processing at least a portion of at least two regions of the substrate.

At least a portion of at least one region of an embodiment is processed differently from at

least a p;ortion of at least one other region. The processing of an embodiment includes at

least one of cleaning, surface modification, etching, planarization, patterning, implantation,

electromagnetic irradiation, microwave irradiation, radio frequency (RF) irradiation,

infrared (IR) treatment, ultraviolet (UV) treatment, deep ultraviolet (DUV) treatment,

extreme ultraviolet (EUV) treatment, electron beam treatment, and x-ray treatment,
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sequences, and a plurality of process sequences. The second discrete region
of an enbodi nent includes at |east one area nodified using a second
conbi natori al processing that includes at |east one of a plurality of

mat eri al s,w@ @} i@kd ty of processes, a plurality of psaGessisR%heeoNdi tions,
a plurality of material application sequences, and a plurality of process

sequenc e{ﬁlcﬂ)@t !Tgea%%tbst?ar%ee oy %dl%%ﬁé!:lﬂ!ie% 'an Bﬁ%?&ﬁa?&i%ﬁn&lr 1‘8?181?33 Lqg condi tions,
mat eri al*" " appli'cati'on sequences, and process ‘sequences of an enbodi nment is

di f f er entgibelneing bhleast tws stuctosylor datieesi al processing and the second
conbi nat or i al ocessing. [0139] The enbodi nents descrl bed. above for
di scret i@%‘lﬁpr g@%@?%’é@ﬁ&[’ﬁ%&é*‘s%em&% ﬁB’QO?‘HFBb%I%g‘if%WnF%%‘F G¢e a met hod
of formggran array of differentially processed regions. The nethod of an

enbodi ment includes providing a substrate. The nethod of an enbodi nent
i ncl udeslOptZdceEathrigeige of wpasmbodingat tistrilaef at | east two regi ons of the

substr at lgltgxl] Al Tllgﬁlt%Fefglflg 8F 1 @b Qimdl inlcﬁte&tm&ﬂﬁ'ix{gﬁgéggﬂﬂoﬁg. B3 rﬁ«fﬁ?@gxﬁmm i's

processe ffere omat least a portio east one Ot her
regi on. dfhe epbotimsstiingudsh aplnase pirodiphgeial nndifiodees, ahemicdasedifaationsf ¢l eani ng,

surface ifjcation, etchi L anari zation rnin | pl ant ati on,

el ect ron‘g%ﬂ‘éclal 180551@;3318}1%Etl?egﬁz?ﬁ%dgﬁc&%ﬁémggr}eggIin(,g? ]?%%t?onﬁ k (.Illlg %)On{‘cr equency (RF)

i rradi atiedificationd, bl gttt médikatiornt , ultraviolet (UV) treatnent, deep
ultraviolet (DUV) treatnment, extrene ultravjolet (EUV). treatnent, electron
beam t r li4nt Mogiying thegpeippef@pem ﬁ@sntm?%éwnéa%g;@&? U566/ 012917
[01401 Theysubshrate of an enbodi ment includes an array of predefined

regions, each” region including at |east two structures or devices. [01411
The at {0843 t Whe proressingpben onbadivéng isludes eus oemsodiivbemicameccliufigaér ent from

each other.. [01421 FEach.reqi f i i j . -ar 5 143] The
processi pﬁ%ﬂagF ?{tlé)ﬁ’ %e *‘8@’%%%@%%’%8@%@%@1 gr@%eﬁééq%%ﬁ%%ﬁggdlﬁog’ modi f yi ng
of an emhediareatmencdnddigisgatphy.east one of physical nodifications, cheni cal

nmodi fications, . electrjcal nodificationps, .thernal di f.i cations, magnetic
nodi f i caﬁﬂii‘gfﬂs, TR BroseIRE Oﬁ{’)‘bl‘?rg‘?oéiéff‘?% ,ep%shtéimﬁ[\%t“&li‘%f’ o I?Pﬁﬁ‘?ri‘eiogati ons.

[0144] M yieRfcd B&ok@eh Wst0fssaRpemRdhieiRLl Japsl ugestidniaeidi@nal i zati on of
a surface of the region. [01451 The processing of an enbodi ment includes
one or nAPer dspoghewipientic e amsHion, vappahars PEr o HIuie PRSE FEREN cal

R g M
deposi t i @h4TjhatThe poicerdimg ofitn trebsliman énchides at least one of a plurality of processes,
a process sequence, & plurality of processing conditions, a material application sequence,
and a plurality of processing sequence conditions. At least one of the processes, process
sequence, processing conditions, material application sequence, and processing sequence
conditions of an embodiment is different for the processing in at least one region of the
plurality of regions.
[0148]  The processing of an embodiment includes modifying at least a portion of at least
one region using at least one predefined sequence of modifications.
[0149]  The processing of an embodiment includes modifying at least a portion of a first
region using a first predefined sequence of modifications and modifying at least a portion of
a second region using a second predefined sequence of modifications different from the first
predefined sequence of modifications.
[0150]  The processing of an embodiment includes a processing sequence that includes
processing a plurality of regions of the substrate the same prior to processing at least two

regions of the plurality of regions differently from each other.
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el ectrochem cal deposition, electroless deposition, physical vapor
deposition, chem cal vapor deposition, atom c | ayer deposition, vapor
phase epitaxy, |liquid phase epitaxy, chem cal beam epitaxy, nolecular beam

epi taxy, nRbsgHlddsssel f-assenbly, and evaporation. [%}Usz&gﬁ”gqpcessi ng
of an enbodi nent 1 ncludes at | east one of a plurality of processes, a

process ence, a plurality of. processing condition s j.al
appl i cat[ﬁﬁﬁ seﬁﬁ"eﬁ@‘éégsm%ﬂ naé{lbqoﬁ\ng?‘l?fnfiﬁ%?s %’l’%%éssl%% Sﬁau%gaﬁg{r@ggé%ndi tions.
At | east sl all B8R GURSSBSiatdhe EASSsubSQMIe AORocpsinTadEisIgocegidist i ons,

mat eri al _application sequence, and processing sequence conditions of an
embodi nehifferprlydfia eacBRicfor the processing in at |east one region of the

plurali tﬁéz&{] rggci,h%gion bPHE 8sthE o PLPGRRI NG Rfpr@RseirBiadiBRahsy.ncl udes
nmodi fyi n[g at | east portion of at |east one’'region using at |east one

pr edef i N@t5%eqliesicegiof ofrbdsflistate pHmsemiodinagy ispieccped suweitigly.of an

enbodi ne jncl.udes nodi f.yi ng,.at ast J: I.L.§t region using a
first pr@&]‘%‘if]i n ?eggdeﬂ‘@ﬁg%grbsfc’q%cﬁu Lsi%%%tqu%gﬁg%dé&%ggﬁ@/Pznéé{egt | east a portion
of a seggnkhnt@@iyon using a second predefined sequence of nodifications

different fromthe first redefined sequence . of nodifications 01501 The
plrocessi WgSdr  dhe g}%{gapﬁ@hganﬁgp%mglglUgC%#]%%lgggﬁlg@Prgg?lf[fgﬁ@édcﬁﬁg‘{ i[ncl udes

processi Rgiods. PHdaddetty oPfn S@aoRs: ofltiben fdbit 8f eptichigrs@aispri or to
processing at least two regions of the plurality of regions differently

f r om eacthewidabeompsiti chepirrlgasgsly, Plerricd pomsrtgLIdrsical piPPeiies. The processi ng
of an enbodi nent | J IPGh; 066 b +da¢l udes  processing
al | regi%lg neg?pl%ﬁéelﬂgéﬂ%gﬁ%?é&Fﬁggzgcﬁgggﬁgggguenf r?ﬁﬁoﬁrltl)gessi ng at |east two
regi ons [0ds6]f erbaplopetty afaneathbdotehenclufl@ kb RAst Bae b matgiiad trcafion, hetesighst r at e

of an enmhodi nent is .processed sinmultaneousl|y. 01531 _E regi on of the
subst r at &SHPUER: BABE itﬁ’\‘é essi’émger"gﬁsé%ps%)amg’%eqé%%?%tg?q)}'fjmnt%gg'SM At |east four
regi ons ﬁ:ﬁs-ﬁ]he T30 Btk fndhBg of ateniuRadi RNideapRarisic estedhat sidindet aneous| .

[ 01551 The nethod of an enbodi nment jncludes determ ning a property of

pr ocessetstingdgi Bigst oppef pridpipisipncs leglfed RO EMER T ncl udes at | east one of
optical preger ti‘h%%es}m%%{‘i'eﬁﬂa!odﬁ%mémaés%gﬁnghﬁ%@@!T}{e%ﬁ&a bt y, el ectrical

properties, ‘physica roperties, nagnetic properties, thermal properties,
mechani cahbquiroge irtcluglss atderdt prrodsiatopain[f@lbead Heeyigd.operty of an enbodi nent
i ncl udes

R O A
The det ergbddifeht ofcliams eiThRdbiERIia ragdtudedinp arsbumite, iaod Kelstri mgsteat i ncl udes

[0160] The determining of an embodiment includes device testing of the at least one

region.

[0161]  The device testing of an embodiment is selected from a group including

operational frequency, switching speed, power dissipation, mobility, transconductance, drive

current, threshold voltage, capacitance, resistance, and charge density.

[0162]  The determining of an embodiment includes reliability testing that includes

testing for at least one of stress migration, electromigration, bias thermal stress, thermal

stress, mechanical stress, environmental stress of at least one environmental parameter, and

time dependent dielectric breakdown.

0163}  The property of each region of an embodiment is determined simultaneously.

[0164]  The property of each region of an embodiment is determined sequentially.

10165] The property of at least four regions of an embodiment is determined

simultaneously.
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testing for at |east one of yield, resistance, |eakage, and capacitance.
10158] The testing of an enbodi nent includes testing for yield. The yield
of an enbodi ment includes at |east one of via chain yield, and line yield.

[0159] Theywhesiioigs2f an enbodi ment includes testing fP(ET/{ﬁ%(ﬁ;ti nce. The
resi stance of an enbodi ment includes at | east one of via resistance, |line

el ndos O oS et G5 EHE Che PRUSESONE Pt B LT OHR TP v ce

testing @herdeli@ndrask et is selected froma group including operational
frequenc%/} sw t chi ng speed, power djssjpation, nobili t%/‘ t ransconduct ance,
drive £9dnt The m@gﬁ@pﬁam@phogg%ﬁnt bgéﬁlé%tf# fipr e erovpdpdpdipg planieh char ge

density., %{Qéq%lte T08 wHRILETs R Qildlg%]d&qu{lﬁg%ﬁ{es ][cdaﬁlldmé%nc’h@llldl ahbd, ity

testing t incl udes  festi ng | east one of stress mgration,
el ectr omugstmtasomcludmnmn@thmlmwcs% piakwbstraps inphldingstest égecturaechani cal  stress,

envi ron [ eSS of enyv neter, and tine
depende%%}zﬁ ?ZELF SUHE 82‘1%6 . nfeglggé’]sn eg%ﬁ%&r%ubg@% geach regi on of an
enbodi metcdjs datiercpionedisistbihtrneauahyodimé ituht oTbenipnapesisy of each

regi on of an enbodi i s determ ned sequentially.. 651 The property of
at | eastMeglfedcdgiitn at@?“%ﬁ”@%ﬁ?‘t‘?‘élﬁ‘fuqng; d%&’tc%?’ H?%étﬂra%%%%‘fetg’aneousl y. 45 WD
2007/ 046&5@?%&&3«9@&4& %%;gz@to&&&@@&cévl%bécmwl&ﬁoﬂﬁ dbRgesaolaayelRf an

enbodi nent rocessed differently fromevery other region of t he array.
[0167] Tﬁ@t feas endpackpged dpdesment i s sel ected froma group including

bl anket od6fie” Sme BRLEE AP YRLSRon UL AbERIE R kAR adRML OB, Substrates

i ncludin ncti on rates ncti ona ces, and
subst r at gsddfined ardasng ah embodamlentom]n@&t a8 B8PS thbet 1sasbsmerlagien efpodronenbodi ment

[ [ lith b Each b f
ermbads oty & TGRSR GahaRcar S THPBarar B er PEae et oy PR NG © "

di spl ayssegRRpt o€l ectronic deV| ces data st orage devi ces, nmgnetoel ectronic

devi ces, anetoo ptic devices, nDIecuIar electronlc deV|ces sol ar cells,
phot oni clld@li cdde sulstiais ot Ragabpdgasat dskides g e8| fopHseiohbhst rat e of an

o an enma i nen e o A L Rl R e R0 e Tegi on. & port1 on
of the aft1F3astThe rsebsnetgmﬁm ethbeliment liedsies @d@smmémnqhe@le@mns and a portion of
the at | ﬁﬁ? fh O%e%%@%ate of dgemgodunenl includes at least one thousand regions.

[0175]  The method of an embodiment includes providing a barrier to isolate the region

from other regions during processing.

[0176]  The method of an embodiment includes isolating the region that is being

processed from the other regions during processing.

[0177]  The processing of an embodiment includes simultaneously isolating at least four

regions of the substrate from other regions of the substrate with at least four processing

cells. The processing of an embodiment includes processing the at least four regions,

wherein each region is processed differently.

[0178]  Simultaneously isolating of an embodiment includes providing at least four

processing cells, wherein the substrate and the at least four processing cells are configured

to move relative to each other. Simultaneously isolating of an embodiment includes moving

the at least four processing cells into contact with the substrate so that the at least four

processing cells surround at least four corresponding regions of the substrate.

[0179}  The method of an embodiment includes providing a pxjocessing cell. The

substrate and the processing cell of an embodiment are configured to move relative to each
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[0171) The substrate of an enbodi nent includes at |east four regions.
[01721 The substrate of an enbodi nent includes at |east fifty regions.
[0173] The substrate of an enbodi nent includes at | east one hundred

regions. {@Lifhikbe substrate of an enbodi ment includ ml,(gﬁft)t” one
t housand regl ons. [01751 The nmet hod of an enbodi ment inc es providing a

The mot o 61 e SR %‘Sﬂ%'fmboé%ﬁg"g%@%F%{J&ﬁﬂ'@"?ﬁﬁ%&@”&ﬁ L REEHS Deing

pr ocessedrdun mmb@omdme subgiaarts usimging %eﬁﬁ&fé@ﬁrﬁg &4 intb @dnfcl wTﬂﬂ%haOf ocessi ng
of an enbodi tan isolating at. |east four regions

Si
of the s &Bgﬁ“ﬁ 58 ﬂTaF it ﬁ%%’onrlégq%‘iﬂig Wé)tbmt‘thf‘ewg%ﬂﬁ%ﬁ% eille WiePFocatsingeiar f our
processi nghboliglehSinclliing pﬂfc@fﬁsﬂfg&h@ﬁ;spreg@ﬁ' @ﬁ@ﬂgéégﬁ of dﬁ%’g}qgﬁl oﬁ{ ocessing the
se

at |east four regi ons wherein each region is pr oces erently.
[0178] Sitfalirdearratygiefhs @ei«eﬁrp&g:ﬂofroranmmwh ﬂmubatmet ddte prosewingdi my at

| east T OWhmpoRhRAGRILAY 1&Pltn as%&ﬁ? Blofbn o?ﬁwssﬁ hleat mo nd é%ﬁgr}g’{}sﬁ(}g [ﬂleeast Four

processing cells are configlre oCnmbve reratrve 1
Si mul t anevrshlp by Sohging thg podcessingertd odo pemdct ivits lthﬂ:d;&Bstﬂm\Sb migat tHelRecoadl | east

four pro n contact, with the subs e so. that the at |east
f our ppr%%%(zdm %""g%‘éﬁ”ﬁ%}msf)? Fera- C#h“lpé%gﬁﬁqu’éﬁ“ E@E?ﬁ@%ﬁ'&ﬁ S POGTSERS of t he
subst r at ehesk@alﬁgég:a'm@fmﬁhdﬂpﬂoxﬁftheaﬁ}st& @@II ment includes providing a

pr ocessui The substrate and t processing cell of an enbodi nent
are confi Mﬁd s nrecrasipgeliqt @%G‘E‘B‘)‘B@@H mygs A0 thoppslpdessRiionary,

PCT/ 1J sch@@/lglzﬁale7suba;a&eafan£ S ol ﬁa;eglgmo@? @%cot@ﬁggwﬁ%m | udes

isolating irst region of e su trate regions of the
subst r at d01§¢] br Amghaigotties O@ﬁ@be@mlr@aoehﬂbodimemtiso«sﬂpa@desmdth the substrate

so t hat ir r |on| 0 edwthnthe. essing cell. The
processi EMSI ﬁe plg Pﬁgﬁlﬁ}?g‘ miglpdss dedyer gf‘ﬁéﬁ’ﬂoﬁc g aaigial  The
processi rtlgormfre@m emtbeﬁhlaamtwo regiohdidelse SuBiBW Bded RAJBHRCEISHIOGEE! | from
cont act Wllt t he substra%ﬁ The processi Sg‘ of an enbodi nent includes

i sol ati n§™H ‘@¥¢ 81 A PPRGR Shths0ng W&l%&égﬁrﬁ% afer JR BIoREFing eposirbogimanhe

subst r at enchMebadiNGHiNh JBehdPrOeeSS Metetakd thla Bhéﬁgﬁ%?ﬁ%g%& t& $‘Fe I%HPSt rate

so that the second Tegionis located with r Focessi ng of
an enbodiPhBAsublsHelF Yeds cprdiiies 49 e atsheond é@tsﬂdyerl ey acpmwnfof@mm teglohr om t he

first regr@psuds@h80TndRe: R 8}%%56!{}% eﬁ]%o%n}% 1t Islr%tbﬁ%uﬁatg)e&g)tg &l}mr%%{%d ﬁgs ets h:n d

substrate is staftionary.
the procegsilagroelie posio&tcﬁtheomarqgmn dnod8& thAfiet h@ér ipairinbnTiRf each region
ssing of an enbodi nent

ncl udes BETUBPT oS PET TERB GG sarHge by ahe B R ol Proessiy

material and the second processing material for at least one other region of the at least two
regions of the substrate. At least one of the first processing material and the second
processing material delivered to the one region of an embodiment is different from at least
one of the first processing material and the second processing material delivered to the at
least one other region.

[0184]  Each region of the substrate of an embodiment includes a dielectric portion and
an electrically conductive portion.

[0185]  Processing each region of an embodiment includes forming a masking layer on
the dielectric portion.

[0186]  Processing each region of an embodiment includes forming a capping layer on the
electrically conductive portion.

[0187]  The embodiments described above for discretized processing and process

sequence integration include a method of forming an array of differentially processed
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to one region of the at |east two regions of the substrate under conditions
to forma first solid |ayer on a portion of the one region of the
substrate. The processi ng of an enbodi nent i ncludes delivering a second

processi NgyEBLEK@k, L0 the one region of the at |east fmoud.e8iens; of the
substrate under conditions to forma second solid |ayer on a portion of the

one region of the substrate. The.first solid |ayer, of i,.nent

Chhi bi t SORORIRTE SHESE o ASuhdiRgR ‘%%‘}dis"'%jpﬁf’%&‘/‘é(\g bR 1%%‘?4}?%%%%%5’t e one
regi on Ofedih&dreliBs. fRAEE teghodyETan bsbbdinmemds sitiler anphebessitigsofvoan embodi ment
i ncludes repeating the delivering of the Eg,st ,pr?ccgssi_ ng.. ma{#eri al and the
second plibeedsimyimneeiavises o BRI St SHRRIGEHFCYEG PO £ E%F | east
two re S Bat fegg%t@dléd%gioh%ﬁthe Albsk8ASAt 1RRE 2 PbriibA8F dtildasit orB kQERSHI2AY

mat eri al t he secon processing naterial delivered to the one region of
an enbodinmedimansisgidoesee diffefantiyrfram at kaga pogies obpt leaskors qthat 158G 4461 ng
material and.the. secon ' i WY : : | east one
ot her re%}f’%eﬁ?m% (ée)ff‘éi i gig% E?%gllﬁgéﬁ Q%? B?Ilﬁ%gwé) 3 rso'(t~VI %g%geﬁg%gré%@%%gﬁaét?&nent i ncl udes
a di el ecpdriign gfakid dt tastand regionsehéotodifyiag htyeasomphrten ofdhpyitasomo [ 0185]

Pr ocessi ng, each region of an enbodi ment includes form ng a masking |ayer on
t he di el ¥&8PR-c portion. [0186] Processing each region of an enbodi ment

i ncl udesypfi 98] NYe BmEARPIERS dbRWEI BBvd PBEdis@tBRE piocadsing acdpduet i ve portion.
[0187] The eénbodi ments descri bed above for di sgr_gti zed, processi ng and
process sequengeintasration e poretiodat fering ey 8F SHCrBPHY MEPET 4 r r ay of

di T er enfhBhl YrRAGaReSdn hbodifeANRAL R4 BRNRRTLWSAR0ONRIAMA ofer Qi onS.  The

met hod of “an ‘enbodi ment |1 udes providing a substrate including an array
of predehbribden egluasprotasing rdedsbnpafiomer a ksgdivereagions of 8 silstrteand
includes at |least two . different structur deyi . t hod of an
enbodi nelf BI‘FW@?%%g pBF‘SEé’E%ﬁﬁadp%r{eIF%g%{S%éoecgsﬁgé ?I?%lﬁhgfﬁg?l nggg? two regions
of the sphsibd at®leafionk 6@st re@iopOThd mocafingbdf dveashdinmet nelyiicronebr mnre

enbodi ment is processed different|y from Flt |l east.a Oi“ﬁ@' of tﬁ% 1I east one
ot her r e BAvidmEE MaFTBERRS 15E 2PrTtih SEHFSHICAEAYC ieﬁ&nﬁg‘é T " ot e of
provi di ng aqaREEHLE ¥ 1edsPv@d] rekBASITIR mdaRfdldfan e@bodilentakclhdadéteming @gi ons and
nodi fying at |east a portion of the at |east two regions 0188] The
enbodi neptopertesferidetsdd wsipne thopropirydpdudingy 1?ﬂsh%’§§§iyhf‘é‘%g‘??&fa ocess

o1 acess P B B B e 2
subst r at eurrchh ehrmbhbdaltege, alactrieaibaiitaren tapanicdrge ebarps duesys isg‘gﬂs at | egst a
portion ?Ifigrgtgonl, gl%&%orrgi\é\gtigne, %113% t Serngltal s%rgses, gn%@ﬁﬁercﬁeiagndem dielectric breakdown.

[0189]  The embodiments described above for discretized processing and process

sequence integration include a method of forming an array of materials on an array of

regions. The method of an embodiment includes providing a substrate comprising two or

more discrete regions, each region comprising a dielectric portion and an electrically

conductive portion. The method of an embodiment includes forming a masking layer on the

diclectric portion of at least one region of the two or more regions. The method of an

embodiment includes forming a capping layer on the electrically conductive portion of at

least one region of the two or more regions. At least one of the capping layer and the

masking layer of at least one region of an embodiment is different from at least one of the

capping layer and the masking layer of at Jeast one other region.

{0190]  The method of an embodiment includes forming a space between two or more

regions. A dimension of the space of an embodiment is configured to prevent materials

from substantially interdiffusing between the two or more regions.
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wherein at |least a portion of at |east one region is processed differently
fromat |least a portion of at |east one other region. The processing of an
enbodi ment i ncludes one or nore of providing a material to at |east a

portion ofywhhgralsskeast two regions and nodifying at | gastcedpRyi on of
the at least. two regions. The nethod of an enbodi rrentﬁialnc u é’s det er m ni ng

a proper of processed regions, ,the property, inecludin t | one of

yi el d, I[Qi{’ﬁége?w ‘6‘6&%%%8?%?‘20&3@??@{/% & gﬁr@%il ?‘Pgt%% %‘5%%?"‘%&% %tz‘lsessi pati on,
nobi | i t Yyorfdndtacendusd @pee, drive current, threshold voltage, electrical
resi stance, capacitance, char %e density, stres i

m gration, .
el ect r onf0¥tZat i dhe mpihad Ofﬁﬁ’eqﬂﬁiﬁ’ v} BERACSARROYIP e(‘}‘i‘éﬁlg‘ﬁ% £ afferionriog; ¢
breakdovy, ., hg&@@h Jhe12aRndidRat ShoreNiRed .abays Lo caissdset | zed

processi ng process sequerice integration include a nethod of form ng an
array ofsclratietyicditis coppiaglapgrofitheaf least et 5891. The net hod of an enbodi nent

i ncl udes viding a. sybstrate pr i si : L SGkiSL §r 4 €9i ons,
each regllﬂg%5 co%? ?aé}ﬁjﬁlétf@'eb?igqné%’t%g%{%ﬁrs 9 ?toﬂﬁM\%r? né%@%%%tg F PglallS g conduct i ve
portion.ledshendveiibed of an enbodi ment includes formng a masking |ayer on

the dielectric portion of at |east one regi.on of the two,or nore.regions.
The et HBBAT GHE MeHBOHE IR Lo HERTRET PO S matos BrRG Y 96 TR e

el ect i caldyaieenguedtideoPRIdabRe eloicdt | east one region of the two or nore
regions. At |east one of the capping |ayer and the , maski ngetsl ayer of at

| east on@198gi Jhe embedimenth dercieadtabpye fay $isaptiRt PIOFHING ¢ IQEES one of the
capping | ayer and the. i V. 3 . 90810 h&l ark8gron. [ 0190]
The net ho X%l egﬁeg@a@%é%ﬁf %%ﬁ%%gfgg%&ﬁnﬁ#lgﬁgfIgpaicae bet V\geaﬁ two or nore

r egi ons. refiofs. Mershoiwdaff ah bebstimes influden penbiod nwnsirdtscoomniibg ivwdr t o prevent

materials fromsubstantially interdiffusing, betwesn the. t L JTOr €

regi ons. 4% '%6@})654%851r%ﬁ/%@ﬁ%E?%?%i%lu‘j[%%iﬁglimf‘%zly ﬁ?x\a@%u%‘be | ayer of
an embodhdraat adds BQEcifiopdrach 01 it bafighes to provwbé y sdGeidnieiioust ofperti on of at
| east one region. [0192i1‘

The met hod of an enpodi i,ncl udes renopving the
maski ng Petyen th regiens Bichihagmaterals é%B%SHEStQ“&g@fm rﬁﬁ%‘selb«?%etmg}‘?gg?ré)bi on. The
removi ng {Tem e FARANGES cnB6hiEht iMithoes Brmfiles @aicngel ayer of the
at Ieastnlgﬁeeﬁ%}éeg%ggh 015?1? The casmi ng1 Ia;er‘ ofS eiln 1e@@kh(r-:‘rai)odi megnt i s not
for med otheteéectiicgloainnrdf ot Jpwit thanf tof font or masazgioshe T hegptbed 0481941 The

masking | ayer of .a odi_ment _i.nhj bl t 0) Kela R l.ayier materi al
"5t he ar Bvgipp el R TR b LB o8 ol TP ooy GRRRLAGN LAUCT, T2 P
descri begzabayer thefoudbsnoetrégad, phacessinyosnd thy copisg laysegddélirce

IOP tegrat Im?t?killlgnl%lzelil%?ataleagteéng%ggigg isfd?&e%n? %‘Ol%nat ?eragt%e gI‘ threr%gp riﬁgqu%r gy an array
the masking layer of at least one other region.
{0196]  The masking layer of an embodiment is not formed on the electrically conductive
portion of at least one region.
[0197]  The method of an embodiment includes removing the masking layer after forming
the capping layer of at least one region, wherein the removing enhances selectivity of the
capping layer of the at least one region.
[0198]  The capping layer of an embodiment is not formed on the dielectric portion of at
least one region.
[0199]  The masking layer of an embodiment inhibits formation of capping layer material
in the dielectric portion of at least one region.
[0200]  The embodiments described above for discretized processing and process
sequence integration include a substrate. The substrate of an embodiment includes two or

more discrete regions, each region comprising an electrically conductive portion and a
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regi ons. The method of an enbodi nent includes providing a substrate
conprising four or nore discrete regions. Each region of an enbodi nent
i ncludes an electrically conductive portion and a dielectric portion and

i's configuggdub@siovide a sufficient anount of space phaetMwgRpibhe regions
such that materials do not substantially interdiffuse betmeen the four or

more di Sg{e?etcﬁzc gﬁﬂloﬂnq‘he g&@ﬁé@%%den%fodﬂﬁm?ﬂgﬁgé g5 gsking %9 gx? peOrmMng a

maski ng | ayer he ‘dielectric the four or
nmore r egldwkﬂstucrhelomtf hfddasbénﬁi‘nglomnﬁhdt\mtmdrﬂGdgltﬁi@ST]ﬁﬁuﬁttf@a & agappi ng | ayer

on the ele onducti ve por east one of the four or nore

regi ons, G?Aﬁ%ruém% uéc%f Cﬁzggg?ppg}gela oF @egﬁ%ﬁ?lﬁ'gmpg‘%é‘?e BHgOR deﬁﬁé’ﬁ? ng | ayer

of at | e&igﬁon(]jfﬁel'xert&igI0§D[hohisregibfuic X 1@ EHst cfi{eQ)ET‘lh'i‘stLa;Lpﬁﬁ@ltayé?@ﬁd Ehfe n{alg‘l@ _I%ﬁ?&" ng | ayer
ki ng | ayer, of_ at Ieast one ot her region. e maski ng

and the

| ayer of ° gﬁﬁ“‘é’ﬁ%’ﬂﬁﬁ"ﬁéﬂ’t is differt frprafrisast one eliae féﬁpewﬁ%amdyh«t@mﬁmgu ve

portion Qiyedds ol RS bnORBert€FhPN. [0197] The method of an enbodi ment includes
removing the masking |ayer after forming the capping |ayer of at |east one
region, WH8lei milpast oreresipmol téﬂﬁé?ﬁwésog@leaadxorimmylsdlﬁﬂ}tehesonﬁgmp@tmg | ayer of

t he at r [ pi, IS not

f or med oﬁﬁﬁwegg Eglez)g'{‘a’r%?%at et ?ign 0 reéo% ‘gé - ?‘Peo %egﬁpél?f 15 iﬂ%’@@’]ﬁg%

maski ng bayen noferialy f@lﬂb&)ﬁstmﬁmﬁiy inériiihkiag bewveat theregtfnscappi ng | ayer nmateri al
in the diglec of . at st ogne regiaon. [02001 The enbodi nents
dosers bl B0y R st Bhetirsn bmibr Greadt ey s g Shecd el crariagive
|ntegratp@ﬂomaphuggc@csqﬂﬁgrate The substrate of an enbodi ment i ncl udes

two or nore discrete regions, each region conprising an electrically
conduct i {82%or tThernaskiae ey iwpepdodimead sBmopETAS A B0 IINLBIE of ailedsect i ¢

portion. OJ&J}% 1§Hgsffnrn?éde I@HIOQQ 0‘?m%qulsﬂ?lgHag%%gltaﬁg%%o@mnﬁselﬁhm%es A he

dielectric portlon of east one regi e regiens. The
subst r at ef ¢ Of&mmgéwbocﬁtheuttlezishmau@m a capping layer on the electrically

conduct i ort. .of at | east i.on nor e reglons At

| east onéﬁg'ﬁ IL ercéég RPNt 2 gﬁﬁtf’ﬁ% FRER %G’H?WEFME‘PCS&’P* Pgadt one

regi on |&mdmﬁﬂgﬂeﬂi fromat |east one of the capping |ayer and t he masking
| ayer of %é Iea t one ot her region, [0201% At | east one region of the
subst r at #4831 a %@P&r@ﬁﬁr qfgn pupedisentdehbiigaredionof coppipgilarer matsiice

bet ween gghég@§&ngggﬁ@g@p&15 | QNeqidh di mension of the space is configured
to prevent materials fromsubstantially interdiffusing between the

regi ons. UF@@OZFhfh@bmﬁgkmn@akayaidmveﬁmdeabmdﬁmﬁn£$n$an@pnkﬁﬂned on the

el ectri C?elq{lé/ncg 91@(%!['&({1011 \ilude a substrate. The substrate of an embodiment includes four or
more discrete regions, each region comprising an electrically conductive portion and a
dielectric portion and configured to provide a sufficient amount of space between the
regions such that materials do not substantially interdiffuse between the four or more
discrete regions. The substrate of an embodiment includes a masking layer on the dielectric
portion of at least one region of the four or more regions. The substrate of an embodiment
includes a capping layer on the electrically conductive portion of at least one region of the
four or more regions, wherein at least one of the capping layer and the masking layer of at
least one region is different from at least one of the capping layer and the masking layer of
at least one other region.
{0267]  The masking layer of an embodiment is not formed on the electrically conductive

portion of at least one region.
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portion of at |east one region. [0203] The masking | ayer of an enbodi nent
is renoved after the capping |layer of at |east one region is forned.
Renoval of the nmasking |ayer of an enbodi ment enhances selectivity of the

cappi ng | aygho@fosdshe at |east one region. [0204] The di@leGhdshsopprtion of
at | east one region of an enbodlnent does not include the capping layer.

0205] T phadiment inhibits formation af
L ayor. ol GOVLT DRt RE b8 o FEORBL] BTkt SECEPORE FHgH o] 6208

The enbodisRpios idasdd. Faghoabiorend aiskitiz $8eLinhaeds PIQEEEHoMBe &PFinpr 0OCESS
sequence integration include a substrate. The substrate of an enbodi nent
i ncl udes [WBLAE %&Efrat leagfome %584 et e regi ons, each region conprising an

el ectri c?ddoy;f conguGditige RAdA Ot RAY ofe redioRloB &l EhBodPQEdt a8 RPFcmAnT i gured to
provide a sufficient anobunt of space between the regions such that

mat er i al $hedoppieg lagabst antial ly interdiffuse between the four or nore

i scr et e 18] 0" 18 WS £, Sha Al IREH ARNLIdeR A, Ak ng | aver

on the di tric nor e
regi ons. niﬁtaexasmblsetdlab@mof»oramefrmwlstmntegadnncl udes a capping layer on the

electric ductl |on f at ast .one regi.on of the four or nore
regi ons, ?%J,i], ei wathqO ?‘T‘Pé’eélégﬁfnﬁazq USRI RE s ki ng | ayer of
at |eas Tsecfﬂ&@:eﬁﬁ@ér@t’fbn‘ 1§clﬁ'leJ ﬁ/&t@ﬂtfoxf Fro8Bsah 1|e§1%§§ 019£‘§Jb9tf1até hﬂle%?ﬁ&h og |ayer
and the maskin g ayer of | east one other region. [0207 he maski ng

| ayer of 2&Am A RERAh 8 SERSERtE GpREEIGE AT o] GEERE e%nqny »@@mﬁu@ﬁc ve
porti on glcﬁltcohﬁﬁ% ﬁalﬁtg?fﬁﬂmtur?% S G N

[ 0208] The nas an e nment 1s re ter the capping

| ayer of ugctudlc@@gmcesgngtqoé giapwd itspioogsaaideasRewovgbn of the hvsas Hiffagnilayer
enhances 1%:%' e?a A t1e . 0e capping layer of the at |east one region.

[ 0209] Tffn erec¢ tn? é bg%& on of at | east one region of an enbodi mnent does

not i ncl t[unaz] t MEheGRPRbINE fodlydETan elhB2dAknl THR o MELENAGs hdayet tWihoainabodi ment
i nhibits formatjon of the c% ppi n% | ayer material in the dielectric portion
of at | eieft YraUsEGh sletvedREPubrRai®enbodi nent s descri bed above for

di screti z@dzpr Oﬁﬁ:%%bé’t‘ﬁiead}@n%l%&&%nt z§§1@b‘eﬁm§eﬁxd'1£‘£c%9{eétté RBvd AGH MEe R System
for processing regions on a substrate. The system of an enbodi nment

i ncl udes dacighsalatpedo dompreessinggodn array of discrete regl ons, wherein each

regi on C‘fﬁ({ﬂid] Seﬁe%rgéeyér?é feglyof(% cgﬁa&ﬂ%tcﬁ'trlg gda%{lg {soldt% gn of tﬁe system of an

enbodi ne
substrate from other regions of the substrate during processing of the region.

[0215] The processing tool of an embodiment inchudes a processing cell adapted to
isolate one region of the substrate from the other regions of the substrate,

{0216]  The processing tool of an embodiment includes a plurality of processing cells
adapted to isolate a plurality of corresponding regions of the substrate from the other regions
of the substrate.

[0217]  The processing tool of an embodiment includes a number of processing cells
corresponding to the number of regions on the substrate.

[0218] The system of an embodiment includes one or more processing fluid sources and
a delivery system for delivering one or more processing fluids from the one or more sources
to a first region on the substrate. The system of an embodiment includes a removal system
for removing fluid from the region.

[0219]  The system of an embodiment includes a purge gas line for delivering a purge gas
fo a region of the substrate.

[0220]  The system of an embodiment includes 2 mini-environment.
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i ncl udes a processing tool adapted to process at |east one region of the
substrate differently fromat |east one other region. [0212] The
processi ng tool of an enbodinment is novable and is adapted to nove in at

| east one @hhLeshi@s relative to the substrate. [0213] dhgySuRatiat e of an
enbodi ment is novable and is adapted to nove in at | east one direction

relative t he processin 214] The processing tool of an
enmbodi nelrp?g’rls gr&l&@f%%t“& t?@é&? %Pdﬁ%iﬁf Siluges reer mormirosestias flyidm ot her
regi ons  gfurdeRendSalpIaiNigt e d@lWebn@ntﬁlQG@r%%bd?ﬂn%fto aaﬁuglﬁgbf%oceés@@glélls The

processing tool of an enbodi ment includes a processing cell adapted to
i sol ate BRgelregrofrcon naiepesing Suids fiowithe ore asnives proesghio ﬁmdfsourtm

subst rat&,mélg%]og]“gggst té)ﬁﬁa@]%ﬂr %St“%f cofif) embodi ment includes a plurality

of processing cel adapted-to i'Sol a plurality of corresponding
regi ons BﬂlﬂheT&ﬂbﬁﬁmmbﬁmmeMﬁHMmtmmhémenﬂgnbmsﬁf&mmmhﬁmaubstrate [ 0217]

The processi Q odi nent n | udes .a r of prqcessing cells
correspo%’mﬁgggmg%%gmﬁhﬁ%g¥n@fo?ﬁﬁ”% 1?W@”§%@§?§ 8 caghdesie} The system
of an ewmﬁdghﬁmqnmmﬁmqgﬁssone or nore processing fluid sources and a
dellverygéﬁﬁ for delivering one or nore proce55|ng fluids fromthe one

nor e he pgpegssigrteq] of aytrabpdgpent eludepastepbinaelemig syst em of an
embodi ”EE%M nCl’I‘l‘;@%ﬁxreﬁmﬂ? NS Xﬁ&/&rﬂe\'ll‘:@g of R TRVbRG e Al ﬁli fcﬁ@&nﬁ'e region.

[ 0219] The system of an enbodi nment includes a purge gas |ne or delivering
a purge ¢aBothels a region of the substrate. [0220] The system of an

gg??ﬂéQSB%%%lZ%%gl%F%ﬂgi%kfﬁgﬁﬁ%éggggiﬁgngégxg%% %Eégﬁgﬁgphgﬁpnlncludes one

or nore fB2vsesdiha gmfcbssin@ tocd @ﬂﬁzﬁﬁﬁbcﬁlﬂﬁhﬁmﬂﬂd&ﬁt@d folpérfofm sabdsy@feyorsyst ens
correspo d|n to a ér jty of processing cells for delivering one or
nore pro ‘éaé‘é‘] ngruing If’?tﬁ’l‘h PRECONBPFHIORTIROD U B iNEP IFRIFAIOBouUr ces  to

regi ons @RmkdaemedHsiEIMatitition! glebcE Bﬁqc%éﬂ?ﬁ%&iaﬂﬁal%ﬂn'aﬁmﬁbg ARRdera § system of
an enbodi ment includes a plura ity of renpval systens corresponding to the

pIural|twﬁ%ﬁ“%#@@é§§ﬁﬁﬁ-%@ﬁ%gmt@ka@w@mﬂngnﬂﬁmmmmnﬁm@wmeaﬂhhMleon t hr ough
the pr Oczeléi%'fﬂ: é}l%!{ 1?1(} éé%fgu?lbh al% %%@tﬁ' ﬂgaleg %];a‘naﬁrcl,nt gl?rav olnP@}V(l)l ncl udes

a sealing eIe ura |ty of str ures an es of an
enbodi nmetxtatragng, C@Elf fileranlet (O tmaanémt ekhene uItravmlet (EUV) treatment, electron
beam treatment, and x-ray treatment.
[0227]  The processing tool of an embodiment is adapted to modify the regions.
Modifying of an embodiment includes at least one of physical modifications, chemical
modifications, clectrical modifications, thermal modifications, magnetic modifications,
photonic modifications, and photolytic modifications.
[0228] At least one of physical modifications, chemical modifications, electrical
modifications, thermal modifications, magnetic modifications, photonic modifications, and
photolytic modifications of an embodiment include at least one of cleaning, surface
modification, surface preparation, deposition, etching, planarization, chemical mechanical
planarization, electrochemical mechanical planarization, lithography, patterning,

implantation, irradiation, eleciromagnetic irradiation, microwave irradiation, radio

— frequency (RF) irradiation, thermal treatment, infrared (IR) treatment, ultraviolet (UV)

treatment, deep ultraviolet (DUV) treatment, extreme ultraviolet (EUV) treatment, electron
beam treatment, and x-ray treatment.
[0229]  The deposition of an embodiment includes at least one of electrochemical

deposition, electroless deposition, physical vapor deposition, chemical vapor deposition,
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[ 0225] Each region of the substrate of an enbodinent is simlar to each
ot her region. [02261 The processing tool of an enbodinent is adapted to
performat |east one of cleaning, surface nodification, surface

prepar ati oRg 26pRe&kEL | on, etching, planarization, chem@%szmg]h@w cal
pl anari zati on, eI ectrochem cal mechani cal planarization, |ithography,

pat terni fgqich adla, J( troma netic |rrad|at|on

M crovave IEr |a |or%bé)raa%lcllpm]fj B% ’2&'7“ %ﬁfe SPite dFWi% bequpeiigisy,

t r eat mennoleduldr lbamdpx(abcﬁ)mdsm@ﬂﬁrlmmassembiyraamleOé}t%?at&)kN) treatnment, deep

ul travi torent, extrene ultraviolet (EUV) treat rrent el ectron
beam t r%ﬁ%n%ﬁlﬁd?%ﬁ? Fragp ’tnent[”EPi‘id?]‘ fuppigonghentien of ngrfaoodl fof  an
enbodi masgioh.s adapted to nodify the regions. Mdifying of an enbodi nent

i ncludes_at | east one of physical nodifications, chem cal nodifications,
el ect ri d4f3Wodilhs eraceseing toof ﬁ’féﬁmrmwormmnf is edipitenirts penﬁagmﬂeﬂaaet amedf4i cations,
phot oni GypmEl § hatdsQ n difiLcations. [02281 At |east one
of phys?pcal m)gl ficat 8%%3 g}élﬁem ca Edcgs(:’f{@lcglé s Materiggpplaion

nodi f i c#FIEhHS:; aindﬁsiplmhtyqutrcfcmatqwm& condigoet iThe phdedsingadd] N phot oni c

nmodi fic Y| dific ons of an enbodi nent include at
| east orale}aﬂbggﬁleflgla%fiar?%g% }ﬁ}é@}? a% %tét‘? Hﬁce%lpfqﬂgiséegﬂegﬁap@p@s@ﬁg
deposi t iconditi@tscibtagal applevaasi #ahdnee,.ang b@@%a"}@é ugﬁ%%ﬁﬂlﬁﬁk difl @Ry, zat i on,
el ect roc%}?em cal. mschggl cal planarization, qt hogr aphy, patterning,

i mpl ant a5 BHCSTRG g ket one fe@foé‘é’? thsrpdgpiey Pf:fegwrl%ldl ation, mcrowave

i rradi atjpxrma; ragd 588N r ~infrared
(IR tre[at m}ent uﬁ'? ? 651\/1?% | et &IyanQ dﬁﬂé:gﬂ%%n%&eﬂgo s méﬂ?l of Or{m‘t

t r eat meniast QR reEARusing At @@ﬂ@hepreéﬁwyi SQqU@aiﬁméﬂfﬂdlebtﬁﬁ]B ron beam treatnent,

and x-r ea fhe i ment includes at

| east o?% g T@F%eé%g%%%ll VRt §8§P"tei“dﬁ éjﬁ@’%&é‘f PW?&?C}?P@%%@??%‘P{& physi cal
vapor dé'mscrgmmmng(afﬁammﬁeﬁuﬁ@ﬁudﬁ%@f&héd@@hmm’%&d%d@@?fe%Q§§1%on

PCT/ USZ%QG/C%&%N atomc | ﬁe( osi tion, vapor phase epitaxy, |iquid
phase epi t Xy, < CREMHIELE 2 5] B’iﬁfi‘f QSequﬁ‘ﬁFééﬁpéﬁcﬁé&ﬁﬂ@%iWhﬁym theol ecul ar
sel f aSS'M‘pleyleﬁ@ﬂ@ecgl‘ég@;q;rf@{ddmamﬁrg230] The nodification of an enbodi nent

i ncl ude? antl onal 1 zation of a surface of the region. [0231] The

pr ocessitig?t ool heswstam 0@%@6b%ﬁ9lﬂllq~sﬂdapla®toad0¢ees @eh fegiom satulteeassiyone of a
process r roce S|n condj. tj ons
mat er i al{ozgg]g |O§iat Staﬁ%gglggrgl?]%%ngh c1‘aad t%)%,m pr?rpetgi/eafig o ég%‘?ﬂ aét%{uence

condi t i 6136] THEhepyderosimgnbaithents alapeehocicspntcbsoadogbad to apply the
at leas%m%'f't%e%usl he process, process sequence, processing conditions,
materi a appf I"cat’i on sequence, and process sequence conditions dlfferently

for {02377  The system of an embodiment includes an analytical tool for determining a

property of the regions processed, the property including at least one of optical properties,
chemical composition, chemical reactivity, electrical properties, physical properties,
magnetic properties, thermal properties and mechanical properties.

[0238]  The analytical tool of an embodiment is adapted to determine a physical property
including at least one of material location, material distribution, matexial thickness, material
step coverage, and material coniinuity.

[0239]  The analytical tool of an embodiment is adapted for parametric testing that
includes testing for at least one of yield, resistance, leakage, and capacitance,

{0240]  The testing of an embodiment is for yield that includes at least one of via chain
vield and line yield.

[0241]  The testing of an embodiment is for resistance that includes at least one of via

resistance, line resistance, and Kelvin resistance.
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the processing in at |east one region of the plurality of regions. [0232)
The processing tool of an enbodinent is adapted to nodify at |east a
portion of at |east one region using at |east one predefined sequence of

nmodi fi cati\QpSyo7l@233] The processing tool of an ermbodig@nsigeddapted to
nodify at |least a portion of a first region using a first predefined

sequence of nodifications and nodify at least a portion of a second region
usi ng a §8¢8nd Pravdrivbi@okegnembedipentipetiapied & sadscidififetesing. from t he

first pr ﬂﬁ%]i n%gxe EAUENGH mﬁr&gfagdhﬁ%&tiisoﬁ?‘ebte[i 83 z{ %r-é-{ljpgl gl)s(l itngm of an

enbodi nent i's adapted to process each region sinu y® [0235] The
syst em ofpeaaticentizdiementsvitshiag gped gotver figsqrdes neadhy, tegiendsenes tival | y.

[ 0236] Tgig‘eﬁ%%t em @f ﬂn enbodj nent i s ada tcgg t grocess at | east four
regi ons S FEghaseree: NPT RSS! "85 f1*&tbodi ment i ncl udes an
anal yti cpi244)00ITH: @falgidaPloBl dTial 9mBodiRERRSEdayte@to sdMBudteQl0ilgy RERcessed, the
property i ncl udi n(t; at |l east one of optical properties, chem cal

conposi t PSRRI tsludpeisgingyonay leag oge of stigss migrasignralqctremigniips; ey

properti gsymal MRINGhdr 1188icalt<h) : I, ani cal
properti esl.ma[ 0238] #ﬁgpsglﬁgﬁirl{e%}%gﬁwtsgo S%lmg%&g& 1tg{égs§né)%§%qf3é§?a apted to

det er m nenviophgil patamsteopod tipe depraiderd idivtpetric treglidewmne of material | ocati on,
mat eri al dihgtri i i al i.ckness erial . step coverage, and
mat eri al wg!(i)ﬁti ﬁ%%ﬁ%o@@gfgﬁfﬁgméﬁéa@ﬁi%séc]ap{%ggq 535?“1%3 Y e s adapt ed

for par argionismutiwsdousig. t hat i ncludes testing for at |east one of yield,
resi stanﬁ)g P | e age, ang ca aci ;tggn(fe. [_0240%? The testing of an enbodi nent

is for yiary tndf aldicatienl o erifimenids #iapi & daiamine antepaty 8herchi ne yi el d.
[0241] Theiche&afuemeni9f an enbodi ment is for resistance that includes at

| east one of via resistance, |ine resistance, and Kelvin resistance. 53 WO
2007/ 0468347IPCilheispdnBaloolgf an epmbodimpnt thedaaied kydsteralinet aobpenty ot enbodi ment

i s adapt geke b ¢ ‘é%ﬂn&@t%‘(éoﬁﬁ testing. [0243] The device testing of an
enbodi nent 1s selecte rom a group including operational frequency,

swi t chi n§248je e dhe powente df ssérpladdiment inehided iis talectéd fans a@radhchnibe, drive

current, threshol d voltage. capacitance, resistance, and charge density.
Tooaa1 THRERRGET e dhrest RGO DA ek £ & abpies Mo duct

reliabi | fubitidneisdhipagsubktratdshecltBel RAGidhMalevicAC hioRSsikAstihdeifoOestat | east one
of stress mgration, electromgration, bias thermal stress, thernal

stress, HENES cal stress, environnental stress of at | east one

envi ronnppigl RAE IBLEE of AN ddiRed ﬁﬁ%gsee{.'éinﬁ.é BlofiGihic Sul,g@k down.
[0250]  The substrate of an embodiment includes one of semiconductor devices, wafers,
integrated circuits, flat panel displays, optoelectronic devices, data storage devices,
magnetoelectronic devices, magnetooptic devices, molecular electronic devices, solar cells,
photonic devices, and packaged devices.
[0251}]  The substrate of an embodiment includes at least ten regions.
{0252]  The substrate of an embodiment includes at least fifty regions.
{0253]  The substrate of an embodiment includes at least one hundred regions.
[0254])  The processing tool of an embodiment includes a plurality of processing cells and
a single sealing element.
[0255]  The processing tool of an embodiment includes a plurality of sealing elements
corresponding to a plurality of processing cells.
[0256]  The embodiments described above for discretized processing and process
sequence integration include a system for processing regions on a substrate. The system of

an embodiment includes a substrate comprising an array of regions. The system of an
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[ 0245] The anal ytical tool of an enbodinent is adapted to determ ne a
property of each region simultaneously. [0246] The anal ytical tool of an
enbodi ment is adapted to determ ne a property of each region sequentially.
[0247] Theyghahxidksal tool of an enbodi nent is adapted,t,9;d6kRiH¥Ne a
property of at |east four regions simultaneously. [02481 The substrate of
an enbodi nent includes is selected froma group including blanket wafers,

pat t er neTPIRFRPEINCRIEA prasesEng toel aaptag toguvseesal leagiang reeianeaf thencl udi ng
functi ongbsiGhd dfFfereSUPSIH Bt 85 b L Gosf L i bstrat es
i ncl udi ng %est gte:r tyglt%tjr es. [l0%511@%%0115uwglgﬂog?%lng?%ér?@? odi grjé%# i ncl udes
a si ngl es adapédite heréorsusys oy mp, of BB G, sTfese suidiicativre swfacaprepariii ment

i ncl udesy,, - Of ] : Vi ces, .waf er Jdnte ted circuits, flat
panel d Car ! oSO IPRAHELSE AR LT PR B Bt

magnet oehedtuica phnaéatice difhopmphe peiphing, ifeMhats, immliRion) ddctrehegiioni C
devices,. solar cells, .photonic devices, d packaged devices. [0251) The
subst r at’ a@?ﬁ%mé%%%ﬁeﬁ@%‘ﬁafi"ﬂc*iﬂﬁlazgﬁqa?w gg‘tgt‘“g(gﬁlofle Figs reatifgB52]  The
subst r atigfratd gR) @m&@\qﬁﬁﬂavibzeﬁquw @Rat@ent, 8&plultdvididt (DOY) @RSmMek0253] The
substrate of an enbodi nent includes at |east one hundréd regions. [0254]
The procd¥sPayltieysiet gilU bhreHpadicashen basel trataens asfl gral igaymeft. processi ng

cel I's angxs7a Sirﬁgbﬁse%?ﬁalk/&ﬂ%ﬁ%lrmgﬁrea ﬁo}@*ﬁﬂgg"gﬁmﬁdggﬁﬁ%&ﬁ%& (Po(?-gheOf an

enbodi ment includes a plurality of “sea responding to a
pl ur al i tdiffeentpt pwessinggf welohson § H§286 jubThae. efrixad baendesstaethatitledoabove f or
di scretized. processi and..process , sequence integration include a system
for pr oc%’g% P ﬁan lrselréllg%dr%’g 1%%’ %ﬁghablg? puck r@? %ﬁgg‘é%/ s@%rﬂﬁgeé’?%o‘ilé?‘?“gr?ﬁgdi ment

i ncl udesvaaasun of tha trerestunprilibcbgn@dppalchaty titke bRAIIDMAShe Ahepoaystiemppf an 54 WO
2007/ 146_?5%. PCT/ US]%J&QW%,O 1291 7 enbodi nent i ncludes a processing tool
adapt ed P8 IpFGEEEsMstely Rawty Yfsanilyn shdcorariehet PEIGES Limes-refer erent |y from

at | eastie@p@:0ihBHd §BEIREbess BRAALAGESHNG1LQ0ks 9E1 A EFDRMN BN, of S adapt ed
to performone or nore of cleaning, surface nodification, surtace

pr epar atGeBfin Pragesesistebs nThearce aighe ipreation soatd turefohdeideriminedinani cal

Pl anari 2gi Qftrerel R4he ATNEALEAbTBANANLG Bhodld ANRELARLL Ol LALROGL AP,
patterning, 1nplantation, Trradiation, electronmagnetic i'rFadi atron,

m cr owavke ippeadti alaionglongditiothk fdbwepeyl dgffehlents radhiab bwh clahessal  treat nent,
i nfraredetn(ihe%) treatnment, ultraviolet (UV) treatnent, deep ultraviolet (DW)
treat nent,

[0258]  The explanations and illustrations presented herein are intended to acquaint others
skilled in the art with the invention, its principles, and its practical application. Those
skilled in the art may adapt and apply the invention in its aumerous forms, as may be best
suited to the requirements of a particular use. Accordingly, the specific embodiments of the
present invention as set forth are not intended as being exhaustive or limiting of the

invention.
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extrenme ultraviolet (EUV) treatnent, electron beamtreatnent, and x-ray
treatnent. [0257] The present invention provides greatly inproved nethods
and apparatus for the differential processing of regions on a single
substrate. It is to be understood that the above description is intended
to be illustrative and not restrict{ygms Many enbodi nents and variati ons of
the invention will becone apparent to those of skill in the art upon review
of this disclosure. Merely by way of exanple a wi de variety of process
tines,pﬁaocess t enperatures and ot her process conditions may be utilized,
as wel Sisglamed &t ent ordering of certain processing steps. The scope of
the invention should, therefore, be determined not wth reference to the
above descri ption, but instead should be determined with reference to the
appendedA aletiictdsofaloobinateridh ptdeessing, Icompﬁ:p’ﬁg:of equi val ents to which such
clains are. entitled. 02581 The e anations an | | ustrati resent ed
her ei nTe&FI¥INER WREEE £ alaaﬁ%ﬁgeﬂnat"fy}@r@n aSRPFiPRES ﬁﬁﬁlﬁ%\w&elﬁ% o Bhe

i nvent j@hns] the s@&dtﬁy%lb@l@sone%@%alstm&r Bhbd, GbrcRRICA FQRhesT BRS S skilled in
the art "may adapt and apply the invention in its numerous forms, as may be
best sambisatotially hz@c'tssqw th@mmns opfthasybatrate duh alrteﬁgbitedﬁmmwdthugﬂlgh t he
speci fic, enbodi ments of |nv nti.on as t forth are not

Pt el BRrRSEoRgPny 4o Biotiiy tie SRR Bl pfPEAEHI: o5 Oai s ha
is clainmed is: 1. A nethod of combinatorial processing, conprising:
receivin substrate conprising regions wherein a structure is defined
MAthlnzegﬁﬁﬂ@hO@hédaﬁﬁéiﬁm@er@mmﬂ§Uchture bei ng one of vias, holes, lines,
i nterconn : nch [ tor| r Jegions on
the suBSERarE PR EREE Faor A or AR oR ﬁ%%?égr*%;%@@gs g
oper at i@itfus. to nodify the structures in each of the regions. 2. The nethod
of claim1, further conprising: processing the substrate in a conventi onal
manner to conplete the structures within the regions. 3 The met hod of
claim i 4. The
nethodgé?%hﬁgﬁﬁ?g%ag ﬂ%ﬁaégﬁggbgﬁﬁgﬁﬁﬁﬁEagﬁ%ﬂg%ﬂgﬁge ace betmeen a
structure in one of the regions and a | ayer deposited through one of the
conbi natgri al n@nﬁer,Oé %P% conventional manner. 5. The nethod of claiml,
wher ei fr 51 BXHOS eHCIAMR ¢ WHDET coopEIsighst rate is formed of one of silicon

doped gifih EMNint@facR be@/BeR QRAUGTINE B b EIHe3Egions and a layer deposited through

one of the combinatorial manner or the conventional manner.

5. The method of claim 1, wherein an exposed portion of the substrate is formed of one of

silicon, doped silicon, or a semiconducting material.

6. The method of claim 1, wherein the substrate is selected from a group consisting of a
patterned wafer, a substrate including multiple dies, a substrate including a device, a substrate
including a functional chip, a substrate including a functional device, and a substrate

including a test structure.

7. The method of claim 1, wherein modifying the structures comprises cleaning, surface
modification, surface preparation, deposition, dispensing, reacting, functionalization, etching,
planarization, chemical mechanical planarization, electrochemical mechanical planarization,

lithography, patterning, implantation, and irradiation.
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6. The nethod of claim1l1, wherein the substrate is selected froma group
consisting of a patterned wafer, a substrate including nultiple dies, a
substrate including a device, a substrate including a functional chip, a
substrate including a functional device, and a substrate including a test
Struct Brehe rhethdd 61 BBEN O 0w Rereial AhBidatorMIB R s SRE kYo RDntthe sstriiet ures
conprises cleaning, surface nodification, surface preparation, deposition,
di spengichgles,r eacting, functionalization, etching, planarization, chenical
mechanj cal_ pl an?ri zation, el ectr chgrri cal. nmechani ga}l I gnar i.zation,

i t hogt HpHE ONH AL £ EFFRCRLSCIPTHSE ShELFT DAY JRG PIGFaaT QP 6r” M56°8°™The net hod of
claim1, wherein conbinatorially processing regions on the substrate

i ncludes, varying one of a process sequence or at least two unit processes
bet weeft Thﬁemtégd ehelainy 8, whareindhappcess sequanas B, vagise veihin enfeofghotaginissequence
is varied within one of the regions. 10. The method of claim1, wherein
the structure includes a dielectric portion disposed between electrically
conduct . VEhepaethdbdosclaikil |, Wwheeinehdisichoafre tlohides 3 Ajeléatrid p@tion digposedi ng:

del i vehi ng a cl eaning solution to renpbve contam nation fromthe dielectric
por t i oRetwWeen clpefEcall FRGUEVERIORiigNs10, wherein the diel ectric portion
conprises a lowk dielectric having pores and wherein nodifying the
structures conprises sealing the pores. 13. The nmethod of claim 10, further
conpr i $i.nihe thehodattaine §@,dnrtherdosypoisingg a first | ayer over a top surface of

the dielectric portion; disposing a second |ayer. over a top.surface of the
el ect r FEAEDE dSTRANEEROLGETE TOHER CARMIRHGRJEIh v friPa P8 over a top
surface of both the first and second |ayers. 14. The method of claim 13,
wherein processing histories for different regions is varied. 15. The

met hod 1 3fThel ragthed 8f clhimr 1 hevherantire Gelegtricipedapesedemiseya Law-Yidigjecdripr ocess

iable. ' f : f the di i [ .. 16. Th hod
of ol aliRSPoNp el Ao e tRe e ool S s SRR S B ¥y ons 10

perfornmed i ndependently for each of the regions. 17. The method of claim
13, wherein disposing a first |layer over the top surface of the dielectric
portion conprises formng a masking | ayer over the dielectric portion. 57
18. Thé3-rEterpethed otelaimml 4 Furthgrcomiprisigs {os §p¥igesiodecond | ayer over the top

surt 2oLt DR el ARt b3 bY SENIUS U EaRARE BAR-OOMPI | ses: el ectrol essly

deposi ti arri ayer over the electric y ¢tonductive portions.
disposing a second layer over a top surface of the electrically conductive portions; and

disposing a third layer over a top surface of both the first and second layers.
14. The method of claim 13, wherein processing histories for different regions is varied.

15. The method of claim 13, further comprising:

independently varying a process variable among regions for one of the disposing operations.

16. The method of claim 13, wherein the combinatorial processing of the regions is

performed independently for each of the regions.

17. The method of claim 13, wherein disposing a first layer over the top surface of the

dielectric portion comprises forming a masking layer over the dielectric portion.
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19. The nmethod of claim 13, wherein disposing a first |ayer over the top
surface of the dielectric portion conprises treating the top surface to

i nprove adhesion of the top surface to the third |layer, wherein the third
| ayer conprises an interlayer dielectric material. 20. A nethod of

combi g OfledheRBOERISHND . RABA URPHIA: b SEShYIRG: BvHASIpALEbaNHo 2
plurality of regions, the regions having a structure defined by a

di el ectlettricplly candnctiiiegposet doetpweemn el ectrical ly conductive portions; and
conbi nat or i,al racessing in a site-isqgl.ated nner. to.nodify the

e et earaidislyaseREBREE Balt it Sraie S PR DR ey AR st Fuctar e i s
vari ed between the regions. 21. The nethod of claim20, further conprising:
perform ng an el ectroless plating operation after conbinatorially

processing the structure. 22. The methaod of claim20, wherein nodifying

t he sul?-adw ragthedal daimy ki, arhescie dipppiing s firet dayer Averdhe prsurfped efithe ayer on t he
struct 3 : i r-el "R of the
e e R A R A L G A
deposi thedhirdiager, w2dreid the thied hodr afmmisas an 2ferlayeedieleotrivadatbyalng t he surface
of the structure conprises treating the surface to prevent poisoning of
the surface by a subsequent process. 58

20. A method of combinatorial processing, comprising:

receiving a substrate having a plurality of regions, the regions having a structure defined by a
dielectric portion disposed between electrically conductive portions; and combinatorially
processing in a site-isolated manner to modify the structure, wherein processing parameters

for modifying the structure is varied between the regions.

21. The method of claim 20, further comprising;

performing an electroless plating operation after combinatorially processing the structure.

22. The method of claim 20, wherein modifying the surface of the structures comprises

forming a sacrificial layer on the structure.

23. The method of claim 20, wherein modifying the surface of the structures comprises

improving the adhesion of the surface to a subsequent deposited layer.

24. The method of claim 20, wherein modifying the surface of the structure comprises

treating the surface to prevent poisoning of the surface by a subsequent process.
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