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M CROFEATURE WORKPI ECE PROCESSI NG APPARATUS AND
METHODS FOR BATCH DEPGCSI TI ON OF MATERI ALS ON
WOLOROERAT URE WORKPI ECES TECHNI CAL FI ELD The preB®E81004/027012
invention is related to equi pnent and net hods for
MIW@E@GTU@ENNOM(I%IEGE PRACESBSINEGAPRARATUS AND METHODS FOR

em conduct or_waf ers ec t i [
HATCRMErOSTIN Pr MATEHIALS Sl MiSROPEATRE WK RIRCES
of materials on mcrofeature workpi eces, such as by
atom c | ayer deposition or chem cal vapor deposition.
BACKGROUND Thin film deposition techniques are w dely
TEGHNRICAD FileD manuf acturi ng of m crofeatures to forma

coat i n on a workpi ece that closely conforns t h )
surlhgcar Q%ﬁ&g?‘é?ﬂﬂ@’" i relatedoin eguingRent; @P%éﬂ%&loﬂéni%é processing
micfoPERARE Wotkp léeésh:é(.g.r,@e%lcéﬁlﬁjc%rz\ﬁ?fgrst 6 peell ¥t fi‘\‘éainventlon have

conponents 1n t evices on a wafer is constantl
partibetare atlitiigin aaonedtiennwithebateh Hepesition roft matera}scms m@rofeature
ncreasin t he densit nt s
workhigoSE et asthy g Vaies dBSs G oy bheical REBFR AR EH
the depth to the size of the opening) are increasing.
Th ' of such wafers is also increasing to provide
BAGKGRQUSP

estate for formng nore dies (i.e., chips)
on TRk G VepBEifibn i&ﬁﬁquuéﬁrbFéitvﬂHélyah@eGUfnrQﬁlé|Manufactur|ng of
transitioning from200mm to 300mm wor kpi eces, even

miciofeajuresatsr fgsmegezoalinglon aedNpissetbati clos eh/h@orffgtrms & the surface

opcPhf TSR B AR SR0RY AL g5z or e

mdedQM@dJﬂnponé@lU iNthe devlcedones svafer @keepndt@ntlyz&fsooe@smg and the
t hat have very small openings. One wi dely used thin

nunibier af daysssiin thmdeweeani .Iw@re@lr&a efiscalesiliptie deputyi ¢f gamponents
and(tﬁx %?pé?;t FafidPo f%%&?%@ g4, 1 éﬁgfﬂ‘t&ﬁﬁhg‘qeﬁatﬁ hetthd'dze of the

capa reactin
openimg¢®re lnaregsiagorTheapize cftsaich, waﬁeds iﬂmlsohherqasmgmosmowde more

ture t th f f th
e s i . BB AS B JEA rsrs e
currgﬁﬁ)\’\%ﬂsﬁubﬁmgrfﬁﬁﬁ ®BhHM tté’ 300Am dorkpibsed, Hind é\}e'nrllaﬁger workpieces
e wor kpi ec& surface. A comon way to catalyze t

will likelytheoused in the ﬁulmfeac’éhmfﬂltrhéem tecémicweLSoacrc@admgly strive to

o, Y7 g BT S BP0 s s, and

corrth®lin 88ép dBpressitris thbﬁlﬁa\}wmymr@iem?m/oac ks. For
exanmpl e, if the &ecursors are not highly reactive,

t h&nea wide)y ugsdiire dilmy rmnute@hngulee@d@lapm@abaﬁp@wéeposmon
(CVQI). ﬁ%oé?B' §ys Bﬂ&ée of Pnc{)? g‘?%cu?‘%Iré RbPhd @é&ﬁﬁé‘%’f‘ Féatcting to form

not typi’ca ecause eat

a solidr thin e atermllaedlem fa gmbalvapor stade, sarid theur the pnedursor mixture is
pres(gnrt]gcg tot teeslzur?iace gfj t[‘neadglrkplgége q’he surgcew? th(—? workplece catalyzes the
reaction between the precursors to form a solid thin film at the workpiece surface. A
common way to catalyze the reaction at the surface of the workpiece is to heat the
workpiece to a temperature that causes the reaction.

Although CVD techniques are useful in many applications, they also have
several drawbacks. For example, if the precursors are not highly reactive, then a high
workpiece temperature is needed to achieve a reasonable deposition rate. Such high

temperatures are not typically desirable because heating the workpiece can be
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| mpl anted or doped materials, for exanple, can mgrate
within silicon workpieces at higher tenperatures. On
wo bmsortser hand, if nore reactive precursors aPET/uSmd4/027012

detrﬁﬂeﬁtlt%?'io 4he é%ﬁﬂb@%ot Sfﬁé‘?rrﬁ féh‘élscﬁﬁeg’ﬁ/a &Wﬁéd ohh®B workpiece.

I ohs fay occur prematurely 1'n ase
Imphmftend or rdopeldi mgteriats,i fot exdegles Lwanandgrate Mmam/vsﬂlkpm aowrkpieces at

ioneg Sspra e, OB e s ol BN B arpppea so tht
the WoPRSie6d tathBé&idtsrer arl balower) tHeh #é%%ﬂonﬁhfdv ScduRématurely in the
deposition (ALD) is another thin film deposition

gastphaseihgiere reaghingsharidtesded sutfaealof $he wplkpiecs. e Thigds undesirable

vockEb P ALY B BRI EE Sior 4 BHI elof s o vpes

of prédutsoretRatianibe useyer of A mol ecul es is formed by
exposi ng t he workpi ece Wto a_ _precursor gas. cont abnl n

A hipmicieyer deprsiton (g} igiangthardhinfimgrasition tge waag Figures

| R
B A BRACAY 53650 0 B 8ol rOLUF RSy, otorng
Flnger1m|aelaer\bbgaauncHecthiesA ooate dhié sarface i@ warkpieoe \Ak eThe layer

of Aggllg %{I at?: a” n thge;ﬁg}egepé%&éﬁ% \Ry}op hyp%gcursor gas containing

A nﬁl@éﬂlé@rﬁﬁd Qﬁ’eﬁ ‘b"uﬁ?ﬁ g &he iHaiert Wit &S ?hﬁg’e‘egas thaehier excess A

of A nolecules is Then exposed to another precursor

molgagesorfitds prongss aanl focm @monpﬂaye«\qm mg!m.sdeﬁs @adhe\ﬁuriace of the

work$Fef Wb 4165 BBl L LT 1 B g e

purdd 696l bIgsthysios tHalsariehderdaasatiodenatey tierﬁrdémfﬁreB or chemisorption
nol ecul es. Figure 2 illustrates the stages of one

forceg @t digher temmeralyres.t fihg 1ayen of Adpglﬁculgﬁdg thgmexposed to another

preétﬁggf‘?é’é@éntaﬁnﬁ%@ mBlechks! el'Hé‘ﬁ'd'l%%ﬁ 6@)re54R0RA B BNRolecules to
Wor Kprece to rst preéecursor %b) purging excess

formi\ane xtemelg thlhdaayaxqsfoa)hdgnatwahﬁrmpllm:workpied:&e%ed' tledchamber is

B dth | | es.
therk argsct iR WD R AES R BT Rcess B ORSHRS g
PUIFGS,r8as jiludttatds the §t5§§§ dnhal dytleir-foRAmg! ¥ ehivi ddiid layer using

ei t her precursor, xhausting the purge gas and
ALEbiee!wqms;eui\ﬁaplcat ohclehiacludest () rexpesinge the nvarkpiece to the first

o 8B 9 0 Ric B3, B FRFGEIAE, A HRPEH Shofce o e

secbh@ plesurs6e Bf fan@kﬂh@ﬁs(d)lim iAydRTess Bawdlecvies.e Tﬁe/purge process
forma layer having a thickness of approxi matel

typically. gorpprises inteaslusing at%u(gg Gaso MAUEHS §ppstgothlt,}0non -reactive with
hig
ot S8 85T, Sl MUY 8, By bRIIRS prtaor rom the

reacttlmt chanthes ia aebamW&j wtémw trhrastgdl pprtocessipgy esgveral cycles are
rep%ggtsﬁ)ggaw gefsthln film on: Iwechk;')Alléctz)e q{a%?negs% gdesy l%d ﬁ\lclyness For
example, each cycle may form a layer having a thickness of approximately 0.5-1.0A,
and thus it takes approximately 60-120 cycles to form a solid layer having a thickness
of approximately 60A.

One drawback of ALD processing is that it has a relatively low throughput
compared to CVD techniques. For example, ALD processing typically takes several
seconds to perform each A-purge-B-purge cycle. This results in a total process time
of several minutes to form a single thin layer of only 60A. In contrast to ALD
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seconds to perform each A-purge-B-purge cycle. This

results in a total process tinme of several mnutes to
wo eooszissi ngle thin [ayer of only 6 A n cont rBSL/USIN04/027012

S | BEnni ' iNUEStARIMNE a BORA thick layer.
pI'Om nutde)'q?\zgftggmlgy% kﬁwggwﬁ?ybgpk }Sﬂégﬁngl e-waf er e layer
In singleasafenprotessing shambergr AbPsprecesses san 509 BOAJH@NR00% longer

ol AR SRR CPCE bRELSHS! STy B RRRSGRSR of existing
sindlEWHTEA Ve D ItédArigudshAmith thiet ytilRy of et kehRGlogYYini its icufrent state
current state 5 because ALD nay be a bottleneck in the

becgyee ALD may ez baklengcl intheseverathmanuiaataiingPKsess i on

toAdncr 1 he - p [ DO Lo

0 A8 RN 87 b, PHRBSITAALD procossing i

procagsing anphuslity ofnwafdrat(ehy.pr20e253). simultaneoGsly in a batch process.
schematically il]ustrates a convent.i

. na ch ALD .
Figyreaet seherpatcally nfjusirafes c8 s«anygntaealo ﬁ'icg g‘gbcé‘iﬁ_ﬂ&%ﬂ 0phaving a
progen %h%zséjré”oz@%tﬁléﬁa%ré” S-EBEB/t @Opéﬁeféggé@ﬁy 40. The

cl osure general l'y 1 ncludées an outer wal
processingaehaosuien20 generallyphaudes ancouteewiall 22anthan anrwlar liner 24.

er |1 _.or so ot her part of the enclasure 20 via .
A pigto tEseql agBieh 17 0fer WD or Goaie el baltieftfe nclostire 20 via a
seal B2 HOUeHRE of prARbsdehambeP 2BPIGas3 R ihRodlidedfrofethe gas supply 30 to
chanber 25 by a gas nozzle 32 that introduces gas into

the prrecassiahamhenas by a ges nogalepybthad inteasuess gagiantolhgepain chamber

e o N _ . o

28 G 4HCEPpdEs 26  URED L BFGHEE g QS8 s imvoucen

via Bfe gas rzzisaswill iflototHroega tinel ndedin ehlamizdr Z85ahd dugwardly into the
drawn out wiith a vacuum 40, A pluralit f work ifeces )

annyfar xhaust hite deadEavst olavih & vwrﬁéqzegop'vwwﬁe workpieces W,
p r r. . .

o ST RARTL el b B S TAoPELA oMpstic i & worvios

holdirsAQ. elh oparptomtaiheaten §0tHeatg the wokpligce30/Ndolad desired temnperature

andnecerS PRy A0 APLTSSa8 E GV BSoE dnREAEH @eeh and the second
pre¢ur8sF B a& disEleéarabovesh cBRREIdN With PRjueé i2al _
simul taneously on a | arge nunber of workpieces in an

AL bloweenarorwhen slepiesiingt matedalogimyltanepyslyeop, ai targgnnumber of

workgdbb 4 Sl oML 6t PG50 SN, PGS Bt o

unifBaARVdeDsihe pieduresnsrs and fB acfoss ¢he padace beeaereof theavorkpieces
wor kpi eces Wcan also 5 be problematic. n an ALD,
W. Rempovngsxeasapremusorframihe spares petween the weikpigcps W can also

[ f e [ j l,p il 0 :
ve FREIBHLAE, R0 RAGebiliPooP i Wit i Pgds 20tho primary
mechdrfismifonreritwving iresidoal pnekyrsar thetds inoé chemlisorbed oodbe surface of

th signjficantly,.reduces the throughput of the
oner BEi WoTlsPIeEET 15 WA nal/ingt NRIGHIARLISlNElSlow process that
sigrifrillyedDEES WS Hrouglp i Wt the $88XBPH0OBAL it RASS Fha)-hdt adequately
reactors may have a Tow O throughput and form
removeTasidfiak pretutses.. As such, conventional batch ALD reactors may have a low

throughput and form non-uniform films.

BRIEF DESCRIPTION OF THE DRAWINGS
Figures 1A and 1B are schematic cross-sectional views of stages in ALD

processing in accordance with the prior art.
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BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gures and are
schemati ¢ cross-sectional views of stages in ALD
w@e@s®sssng i n accordance with the prior art. FPQUUS2084/027012

i s Fﬁl’gg&%\ﬁ%gtéé Lérﬁ'f fiastrahga ‘&XEIE%F ﬂfmﬁﬁﬁilé‘)@ar%éir@’ if\LDt techniques

usi I'ques 1 n-accordance w the prior art.
in aécardapc@ with theprioeadt i ¢ representati on of a system

including a reactor .for depositing.a I

i GRS B P e Biaticcrame e at el he e Defi e, & reactor for
dep8siting il Bdtetiat ohfo amitrReatlifd workipRdkeoh atcBrdanekasitiuthe prior art.

wor kpi ece hol der in accordance wth one enbodi nent  of

t h&igureehisi am isomeftie ¥iev p§ agnisrefeatire warkpjrce inelgesn accordance
withi e Bhrbflfghttitndyentighe hol der of Figure 4. Figure.

I'S"a schematic Cross-sectional view of the
m Eigiredd isr 2 sider ddpvation Viewdsfrthe imiBiafeatase Wwoskpieée hakien of Figure
along line 6-6 of Figure 5. Figure 7 is a schematic
4. cross-sectional view of the mcrofeature wor kpi ece

ho'F@reOé igi FUWcBenthtie Edk8RealiGH JibWeof/ the Phicfoféatufe workpiece
6. gure IS a schematic cross-sectional view of the
holderof Figures dearbd kakercalongllide 6-60f Figywe 8s 4- 7 t aken

lqng i 8-8 of Fi. 6. Fi 9 ' .

o dahpel dei arechrate aswoeriMAniRY G M rEB im morkpiece
holde? GFFIQUrE3acE taldnalangling 7-eaPPigures! of the

invention. Figure 10 is a schematic isometric view of

a miguref 84t ua sohematiceerossrseaional vigwcof e deicigfeatuia workpiece
_ g o . 2 .
ol ERGurEBE AR 8ho RS SO UPERLRTE. [ 9108 it ure

woIFiguirec ishalsdhematic Fsidpuelevation Fieguoka Iiciafeature workpiece holder
schemati c _cross-sectj onal viogw of the mcrofeature

in agepranee withARthe?mMppd i IP4RRY™  ong ine 2-1
of P\féllg’#rﬁ) is 5'%@%#ﬁtiﬁém§trﬁcﬂ§%ﬂ & rﬁi&fb?éatﬁ?éWdPg@gce holder in

vi e a portion o e m crof eature workpi ece hol der
accoffdaficg withsyeiGaritzherakrebodimeand of thegntentih.of Fi gure 12.

nofiade b1 184 seROTRRe ok rRE WeRnal i Refiedure workpiece
holded- ot Figurkern.al ong line 14-14 of Figure 12. Figure 15
is a schematic illustration of a mcrofeature

woHiglrec 2 (is @gg@@mgti@me‘@!ﬁeqﬁioaab Mi,e&ag& éhwmiﬁrg{eature workpiece
noidg o PR S T o Alfnd THE TRt E B P10 o™
pr Gigael T® is a schematic cross-sectional view of a portion of the microfeature
workpiece holder of Figures 10-12 taken along line 13-13 of Figure 12.
Figure 14 is a schematic cross-sectional view of a portion of microfeature
workpiece holder of Figures 10-13 taken along line 14-14 of Figure 12.
Figure 15 is a schematic illustration of a microfeature workpiece processing
system in accordance with a further embodiment of the invention. -
Figure 16 is a schematic illustration of a microfeature workpiece processing
system in accordance with another embodiment of the invention.
Figure 17 is a schematic illustration of a microfeature workpiece processing

system in accordance with yet another embodiment of the invention.
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systemin accordance w th anot her enbodi ment of the
invention. Figure 17 is a schematic illustration of a
wor@sotwat ur e wor kpi ece processi ng systemin aECDUSHNOE7012
sEEeHNenbodi nent of the invention. DETAI LED
DEM'%%%/%IIE'I ON A QlNgrw ew Various enbodi nents of the
present invention provide m crofeature workpiece
A hollgﬂ_;;erd@gwgystens i ncl udi ng processi ng chanbers, and
" e r depositing materials onto mcrofeature
wor kpi eces. Many specific details of the invention are
deé/@rmbe(ﬁmbd)dmam‘ts of thef praseot inventieagrovide froicrofeature workpiece

nldL5R0 e TS SRR Pal AR AL AR, P Berostin

matkAalsUsiftoStisibfeat@® WBFKpioddisC hIVRInG/ Sedifit dbtailB of the |nvent|on are
m croel ectroni c devices, m cronechani cal devices,

deseribgdh helow witbrfeterepeadp waqt@rSCf@ﬁﬁ@ﬁ@ﬁtlgg raaierlatsr@?to Tmicrofeature
worﬂ%k&?s ¥ 18| “AkRffealtifs WERPRICE" &' G584 S out to include
I'eces can be sem conductor wafers such as s
su bsﬁratgal uporm vahish nandd/onah ewhichg hdereekacirehicadesices, mlcromechanlcal
j nsul t|ve substrates, and ?a ot her t
‘W%k

devigge dath ot i AIETGrisa; RO IE SPEDREON Ry 23 | gihas evices are
fabrRi4eEn. CFSF‘ W, Qﬁlcwfé%?é WRNRYIEESs Sdn Qe%'_én‘i'i'béﬁﬂlﬂﬁopﬁvafers such

greater t errmre e term gas is used
as mhccnmg:tnogmlhmm arsenidte waftgrsf @lassosubsirates, insadatlygs sulstrates, and
onfor vqu

h I t th
many, SRPLFHER Qi ate elseo 6 BAPRYEE WHBD sy EioaRy Bve gubmicron
featiss \WﬂH'd?MeﬂsfoﬂGRﬁr(ﬁOQTrﬁlcl'cﬁ%Soﬁ HroatémeFarthéiniere, the term "gas” is
tenperature so that it may I Tquefied or solidifi

ed
useéythmgjwésﬁoomcatdeaaeMnfgrranpf meatissy thed has nse%?dmshape and will

conﬁg&[w P@ Efegtdr“gl@ecgﬁﬁ%‘ %H%é h\f/ﬁ{&ﬁ %‘Ilzqn?gﬁe§%pors (ie., a

gasianifigle tempkratoregiess i ﬂ‘teamiloagtemp@mmrecad that it may be liquefied
enbodi nents of the invention. Eier son skill ed

or selidifiga] bY GOmRTEBBAR. atng RarStant eEPer ALy S PG srpodiments in
acc r%‘éﬂcé%iﬁ't %veﬁﬂ@ﬁddrg%@t a?rtlﬁ’ fin Higires 'ﬁﬂWfHe"fbllHﬂYng text to

e practiced wthout sever the details of
proxed@cajuthenwghsund\erstandnnggmfawrucuar embqohnnnenar@bdhaelnventlon A
|nvent|on rovid crof.eature | ece
perdly gt SR 8 Rl o Bl GRUaNeF, JBH TS Senton may nave
addl’(i'oﬁépé%bdrrﬁer\ﬂ@r kPt eke ifedition by BB ractidedPhRIsaRSSdV@ral of the
such as ALD. These wor kpi ece hol ders may include a gas

det&liSSIfrth@@ﬂmOddmﬁBﬁSﬂqw Bridgeiesfol & gas del | very

CORYT e FBIE5L P YRGRT LS VBB Wi noor

thatdalfeeetiaEteH wvhold pr plwalﬁy gAsmiondfeature woﬂap&:elsete@erfor chemical
t he wor kpi eces. _Thi,s can facilitate nore unifo

proGaSsing S @6 1-Dr edhESBNVRIKPIGHEs BPlderh mavinGlgle s gas distributor
comiffsliy 65€ of Mdre s détiveR&MIuits. T gas delivery conduit may have an

inlet and a plurality of outlets, which may be positioned to direct a flow of process gas
into the spaces between the workpieces. This can facilitate more uniform distribution
of reaction precursors on a microfeature workpiece surface, for example. The
distribution of these outlets may also facilitate rapid and effective purging of the space

between the workpieces.
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di stribution of these outlets may also facilitate
rapid and effective purging of the space between the
W@\mokmlesms O her enbodi nents of the inventi onP@Er/Uy100€027012
@ftﬁ FafriboRi tERﬂf@ﬁ@|®’éﬁﬁ8ﬁ§>k6\ﬂdé%ﬁér%f@at&?éa\hoﬂ@)¥ece processing
i nc an enclosure defining a process chanber,
syshemmmaﬂ mayi ioclideaan renoleaukei dsfipirgo adprocess m@@r@bern a removable

mickEaBl VRS A iR o 6 53T, BB @ process

gasVSUpphy esRdiie! d‘&feswéﬁ(iﬁécéoﬁdld%bﬁw& BaGkimilat ttﬁm@maﬁﬁplece holders
di stri butor havi ng outlets adapted to direct a fl
8

desgrked pbave Radgneltds gas disipbutor havine Qutiets adapted to dlrect a flow

[
of ofk 1o il PisBsbF 52 sBPAN nethypeh LETRACOERLE, oriiibes,
m @théeemu;bdm@mtb [of ¢hoe mveAtiom praide metimdcs oﬁ)deptlﬂltmgjmatenals on
are descri bed bel ow one met hqod havi n@@partl c

micipfeaturs, WakRigaee c AABRUGN: & NEIer 1t meleds et %ﬁﬁﬂﬁ@d abe'OW one
r pi I c

oo ARG PEHBIPLAAS, U, Sfineklog, RAG°AED SAAINES posiioning 2

micpifeatare workfieom hbtnieemse processt chwnpetome@sthepatce@eature workpiece

87 AHPOB G A< R th." JE RBFE 1 ST hE Puesk shhfts pepweon each

pairl & Q@jﬂ@éhtt w@rKﬁ:hét!@s' t & bt phstursdrsgad hREUDE WeliYefedotd the process
surface of each the m crofeature workpi eces. A

chambegdo gteposiya ceaa@mfeth@dlrﬁbptqwrswaa@f @ parface of each of the

i 5B oS, TRl SR HOAIERS, 1, mirreaure

worlafmebé doflerg T gamidrofoatrers@lkpiccetmlddremap a:aeryh;agw dlstabutor that
air of workpieces and delivers a second flow.0 gﬁ
delwﬁg% f@%tsﬂqustber@ggy 9at Haaswa%laégtosﬁ&épa%% hebyeen a pair of
r
worRBBHES R4l MESARHER, o5, I GaberkE I o 2 process
spape bebseerc laaoﬂmer patr lof woskpiacespr Eoeimathod) mayrfeabeslnnlude delivering

uantit t first p
a sqabrbrarursl oft 1o Hinpidsass BARies e She d priiudies reacts with
the EGQnﬁ’@%? tRé firgRESisaehag to fh & Myep\Wf matdnémrﬁmeogunféces of the
subdi vided into three areas of enphasis. The first
worls:elece@n di scusses m crofeature workpiece holders in

d e i .
e%doﬁﬂgbpc?sgéﬁrgég nPo‘?@Wngg:dzsc§ES|mnch,o$Wb§ﬂ\9lb%‘ into three
arewrdﬁmrﬁpﬁasﬁﬁ OCTHiss ifingt %ﬁmnﬁlscmsﬁshﬁfcrefémahenmﬂqm@ée holders in
the invention. The third section di scusses ouﬁ_l i ne

accRiionGas With SelestathrRIEDORIMIPNER Helr thes Javertiogk ¢ e Second section
desljﬁg ?g?ra?t?caqw %R{r@%ﬁtﬂr@ Wrﬁﬁ]eﬁée d?'SEé’s’%rlﬁ%\gisgé‘feﬁ% in other

strate a crofeature
emtkuﬂn@entsl@m the mwenhcianthw third o sectimb disicusses m‘utlin&s methods in

i nvent i his m rofﬁ1 ure wor kpi ece
accordance WI ' other aspects of the invention.

B. Microfeature Workpiece Holders

Figures 4-8 schematically illustrate a microfeature workpiece holder 100 in
accordance with one embodiment of the invention. This microfeature workpiece
holder 100 generally includes a base, a plurality of columns 120, and a cap 150. The

particular embodiment shown in Figures 4-8 employs 3 columns, namely columns
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hol der 100 generally includes a base, a plurality of
columms 120, and a cap 150. The particul ar enbodi nent
W@ bawan2isal Fi gures 4-8 enpl oys 3 col ums, nanel BCT/US2004/027012

120804 m%ﬁa%%zeﬁ]é‘ﬁé’selg% anahﬁe Rape 59 aﬁ’é%édh%géiﬁ?al@@emlcwcular

are eac genera y sem Cl rcular 1 n shape and
in sbapeand thexiwmas ézegm:am spanedxapproximately 90°drarermne another so

IR GE By OB a4 B Y55 AR A Bnpsed o one

anof@ul1tsHiRild BeQesbdriged tm thigiisSsitiplyp bAB pvsSibR @mbauhhm that may
enbodi nent that may be useful in connection wth

be usefubinegonnectipy Mifhetiasotaatureaverkpigrasatha arergenaially gircular in

sha gaple‘ ofthePldHib dpﬁmr%%gédgﬁwezﬁr 'f?\ﬁ/@r %élé]éfﬁ%@r'mg / o?%eec ICI)oyed. In

be e Ioe

additbﬁ tmyba@éwm aedfarithe ehpa wmnayl takeathe formcbfsekscoild platesor disk or
any other desir d sh

d
have By MGG GoAhapsy IRSEeT-STBRSHIEHRS: Grly 08 Rk Tabaghito or cap
150‘%@%&618 88 P ;Slédth%né’ad We0hasE bE dMitteRr Ad FH% bB&e 110 may

requl si e support for the columms 120. Each of th
provide theneedliste suppiogt for theoéaammse 20r kpi ece hol der 100_

is Ly circul .in Ccross ction. n other .
embar e cofiae 20 M B RIGESS Wikl a8ber. 190 is generally

cwc@éﬂﬂpbi%sslslé%tléﬁ' Wipthek 2 BEiments) @he talumhs may have other shapes.
wedge- shaped, such as those suggested in PCT

For | exasmplet it aatolpmpsi £20 imay Nee deneraltyo wedigesshapedeguch as those
sug étebcf?\n Iﬂzéftlhkeerﬁ?ggaﬁ]ubugl% thﬁoTW@?fd"}/e@@ad’}ﬁfe%ted "Silicon

ocCessi ng, i ngs o whi Ch are 1 ncorporate
Fuxthn@seereﬂmj/ ferH@heﬁGMpeEiUﬂe WiaféehPraoeiseimgs’ th2Gteaokingsed which are

. Iur [ity i ece supports spaced
mcqr B?E%" y”%leb‘?fgﬁq ts length. n the illustrated
C
12‘?&@hnﬁmhe EB é“@?bﬁh@l%@gé%‘é?ﬂfrﬁﬁty @FTW/E)H(%ﬁec% @hﬁports spaced

at exten to the colum "120
longmldmallgn’elmlgnuat tengtrhe Wor thpi ﬂwetrataddansbothmeobnﬂ‘rewe workpiece

suphgitR SOTRESe, SR {7 M e e d e PR B I caffmit 120. 1n other
emtﬁ)&knenﬁsU@W@Wo?k;bié@é' h'owe‘i@'iﬁhé)PB&Hﬁh@é uYWér@ly-ébﬁ@ﬁHianlngers rings,
and processing equi pnment. Fi'gures 4 and 5 show col ums

clamps, orpthemivoepienesapasting sueiunesknawp imiiierait,.dnhgs Isypports used

B e BB 6 SRRt BiFed 2 5 show

coltﬁmli@wﬂﬁ@ Iﬁﬁm nOfnbteh ef sloty $22!.22epend|hg omttiefapptication in which the
desired. n on i ment, each of the slots 122 is

workpigpe Baides 198500 thogauimBe ] 20 GaNclbie Tewel famore slots.
m &f,af Si%fe %ﬁci%ﬁraha' Giis Wgﬁ%%'nﬁbfﬁ&d‘%ﬂs é)esnrebd In one

single’s be deep to recelve
emisodiment, exschdithe sh)t@ﬁ 22 isradapteddb ureeecive lhmdgeepcwlbo of one of the

o RO S P St B SobAreE) | 3 AT ER iy not be
deeBCé;dggrg?”t%drgEgi\)/?té ?gfgﬁezgan@%Srtﬁihoéﬁ"'ﬁrmlbl‘bféétm@%?kmééé/ W to support
the workpiece W. In the illustrated embodiment, the slots 122 on each of the columns
120a-c are positioned relative to one another to cooperatively support the workpieces
W. As illustrated in Figure 5, each slot 122 may be generally horizontally aligned with
a corresponding one of the slots 122 on each of the other two columns 120. This
permits a workpiece W to be supported at three separate peripheral locations to

enhance the support of each of the workpieces W. If these slots 122 are spaced the
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W As illustrated in Figure 5, each slot 122 may be

generally horizontally aligned with a correspondi ng
woe®sntisshe sl ots 122 on each of the other twoPCDUS2ZINE027012

nfeﬁ@i ' tf&ﬁ rhifs 52@%6%‘?&3@22 may support
58 ggﬂgg;aall Eﬂép%rn "W&FE ocgtg\ilcrgﬁjs to enhance th y Supp
a phurppityr tofohmaatdatmfe Mmkp;eck;m\é/ces Wspacetbapaeu @%\elaw parallel

rela cpnqlﬁ&ag'g‘d L hes%g%: dr{ a‘éqce aI L\gérklge%%g‘ly il oaé?lne a process
spabe & BetWernUachl FtRE WIrkis lécé‘!x)\?\}'(p' eces Win a

spaced-apart, generally parallel relati onshi p.
sp&@eah@warschematoa&y]smul%gwe bhéhevmnirisfeatuse \wquplrece holder 100

def
s BN ARE TR0 STHBE A Bislon 0 Y atigastone gas
dean@r?rdéfnﬁattulm JAupted es dirbet alfow I pratess gaxctalatbe @ tgeSNorkpleces
dlstrlbutor 130. This gas distributor 130 includes at
. | bugineopEbgdimenl, | & single asudeliveny eandwited34 dsgemelayed. In the
parti éu?aW %-b‘tgfdﬁ@%ﬁﬁ sgﬁgm:]%i:ﬁéhgﬁcﬁgl .@E’%gﬁhﬁﬁgsgﬁ @gtrlbutor 130
mclmad&ﬂ aymadnifoldt 182 pammeotmgaa phmaluighoffgas déliveny conduits 134a-c. The

| _Fi 5. th b 0
ol TR 152 hiePspu e B, PSR G % qrouate base
11o%bt }S?d\b(dé‘soﬂdid' é&n%%aca@uonﬂ&wa&ﬁla’ gbsﬂ .ﬁlaizmwn trﬁe base 110 and

I se an arcuate fluid passageway forned
eacarqfaaeegasaéehvemcphduntqoﬂa-@a@eslnfmu usioatﬁdrﬁrnla@dlment a separate

oos RUVERL RO 1301 bt A5 cBER 1R ByiE 202 e, st

gas&EN0ehyTEdhduiB 13493¢ ahficdaby ted fi mrcxblwﬁndllﬂw h&#edmd gas delivery
associ ated with each of the colums 120.

congyif J348ais caiTied & acsaeendtcolump 120k And eothﬁg gq?edehvery conduit
134E'|§ %ErrﬁéH g?ghél?lﬂ?d c@lugﬁﬁg?@c ﬂiigﬁ\'e' é’rﬁé%gﬁﬁﬁ%‘,&érﬁaép more of the

I's”carr y a secon
colutars ¥20 yna;onmntludiélk:gassdelwery eondwuyit 13v trhother eoibodiments, more
120c. nme enbodi ts, e or re of t mms
thary 50 iy dRgve AN SagRey Beicadind By Sagh colfas T4
ot her pesgsl t r i
YRR el fﬁgy’B?act“@?oé%ﬂﬁ%'w’é%mJ?ﬁf’?‘ééﬁ domprise an
mtemaj;duwrﬁf@medwen ohe amondemlmmdw&b 13(#theugh Figures 6-8 only

|Ilus§r§% he( gﬁ: g%y]lﬁhnrg ug@g,qggssftro f f%é I?)?Ifregﬁﬂ%n?fggﬁnand 120c
mayé %G’Bsﬂaaﬂbl,ly thieesarhe Utamce, the mh@Nmtgftﬁécmidm@énérRﬁﬂy refers to a
20c may be substanti al |y the same. Hen

cqu‘naﬂ(rJI nafiang aigesdelivery epnduiti i34 ) Jhegas @eltV@nacemiwhﬁM includes a
pluréfit& ﬁQFar%gg?ﬁ%ngféégéggﬁéﬁo%thtof %ﬁﬁ?ﬁ FTQ&SQRﬁd ABhi ¥ Yas delivery

ura ransverse

conglais skle fo be, Ofi‘éCbluCéhty\meﬂ‘UﬂéltS’ GGBS fThesd dutiets t1138 ares disposed
delivery conduit 134 tq_one of @\é‘%&urallt 0
98

f.o
between twaadiacent siats 123 Hheoas OBAHE % | l"ud'ng each of the
tranggé@%e éss°d S1§§3$ E'ﬂ%reﬂ cift&llar fY eré%%&uégla%d the outlets 138
|nclud h 0 e tra sverse passages 1 I'S
defi gemmlralyy cnrcuian apeningsr dde- sizetandnshapg ohtheogas éelivery conduits
1341§’n8d outlets 138 in the microfeature workpiece holder 100 can be varied, though.
In other embodiments, for example, the outlets 138 may comprise ellipses or slots
having a transverse dimension longer than a longitudinal dimension or include a

directional nozzle (not shown).
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define generally circular openings. The size and shape
of the gas delivery conduits 134 and outlets 138 in
wo bmsno2espf eat ure wor kpi ece hol der 100 can be REX/UsTHN4/027012
t hg'v‘ﬁ@n tHe Hﬁ&%fea?ﬂf‘éng THc%s WOreqd fr thelRicRotebiRiré workpiece
may conprise el or slots having a transverse
holdir s itbey Wihdefine lazasersesl @ﬁqglocesls spaces BenAt easbone outlet 138 is

deslifBy o Fasiriedadtcn PECRo COAARSE (GRGRT (pEEHE o 1 the ilustrated
embBdimehe B’ Suth g8l isGdsitindarbekiBen il pHit bf ddihtast lots 122 on
series of process spaces S. At least one outlet 138 is

each of thepolymasstilarc e dsvid conseatienee, thire eulipts d8Ssargmssesiated with

oo et BT SR BcpBaS B Bty 200

c s@spdnting tihé evarkpienss W20lrrect|n@trans\m1$e(gmnm~s tiltoethe processing
outlets 138 are associ at ed }(\nath each rocess S

spages B eanfusther eph B’é‘FEh theflaw of REACgSHi9aR rom fhe gas Aistributor 130 into
andqm Sthé?? 9‘5 dddaost he workpi eces W Directing

ers ovvs Into the processing spaces S can
fuRdiemngn!bam«:m Flgure 149veach mﬁmee@ﬁlega§ 36r may tbee dyested inwardly
di stri but ar to-and t the SSi c
towdte” R pERAn g Bati b PRl Al & e e ShORaRER Bider 100
Corfé&)ziuéﬁtlydl\m@é‘ﬁ &b Wonksietes "0 e BositieAsed r@hh@hbweﬁ 1000 each of the
gure the m crof eature workpi ece hol der 100.

OUﬂeKvnt%ﬂqub%DOSm%ﬁdttﬁ@'mt rloc ek pracese gasdnwatieoward a center
of okm%s?FmodW rl%pqg%?sewh Al IQ%X@P&'G%H% Me\“ér{hanﬁe OH1e uniformity of

Fect a process gas
matbﬂwadebcmtmm/ooﬂemas@fthé timewmededdo eairy¥ thﬁsystem

ol moshieatiPonoteeae Bgdehd0D GRe hedeted f Sy doaterial that is
suut%l'ﬂ% |ﬁ>’|%1g'8f tﬂ@%ﬂ&é%?@%rﬁpl@@éé‘ﬁv Sith E/ﬁ‘dﬁeft vﬂiﬁ)%ecﬁébd and the

of any mat eri al IS sultable In
antitipated ccarfditiing eofwardepi edésthey winidnofehture |W0rhpllebe$)eW comprise

senﬁé@?%ﬁ:@%t %{?xgeran | Ci%@é@gv\hegﬁ%&og%a%g%;w%@femﬁéq &;E)?der 100 may be
forrﬂ\éﬁ flof glaRE, fiseiifsa (., %%@ﬁﬁéﬁtc?r or \b%l))sﬂicéﬁe(l Bolddycrystalline

0 may be forned from gl ass I'i ca
snlcbn)aeamqugrcpthyer noatepalsy s iFior (gjlner( types, ofpapgl |Qn§|thahénay be less

sengljﬁll%{a (f% gbpgﬁrﬁﬁ?ﬁ%qo ttﬁg mlgﬁ)tfgétglgé &rg Sp‘?% | Séglﬁér 4¥8 ?ﬁa)%e formed of a

metQDlat@ﬂaﬁﬁd P smbmlyrsttff ah¢adutatie polykrieanatesiatier 100
be formed of a metal, a ce ramc, or a suita

bl
St fFigurand achemptcab) Jisiatesma Shefeatire Warkpiece holder 102 in
accﬁrg{églgret\}fgrgla%ttiérl etabodhieht df The | rrﬂfeﬁlﬁBHr N\’erﬁﬁkﬁ’EStfpre workpiece

I n accordance wi th anot odi nen
holdére102\ie rdimdar i I’manynrespnécdattorme\/\m(mpf&aterehwmmlea@molder 100
ects to the m crofeat

Showg i BeEsHbB AR N Rtaice: HETRbelS, A Uses Bifdofiaset-o to lustrate

"ke_ref%rﬁéﬁ@ge nunbers are used in Figures 4-9 to

ustrate
One difference between the microfeature workpiece holders 100 and 102

relates to the design of the gas distributor. The gas distributor 130 shown in Figure 5
employs a single gas inlet 140 that communicates with each of the gas delivery
conduits 134a-c through a common manifold 132. The microfeature workpiece holder
102 of Figure 9 does not include a manifold 132. Instead, the gas distributor 131 in
Figure 9 has a separate gas inlet 140 for each of the gas delivery conduits 134.
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like elements. One difference between the mcrofeature
wor kpi ece hol ders 100 and 102 relates to the design of
wo bwsgzs3di stributor. The gas distributor 130 BECIDWA20041027012

Herfcb0'9he inlet MRICRY & ﬁuﬂ%cﬁnr%ﬁlcbﬂbﬁtwﬂﬂg firé@bne of the gas delivery

conmmuni cates W th each he gas delivery conduits
condGitsa134ahameghnd gasnimat 1rM)|b| isdh dluidszomnn@mtmmwﬁbtw second gas

delly\’\é)[&r&a%gq {é%lbd%hgtlag %fg{é%geg 14§%cdlgﬁr§ 6! ?Orﬁ]%&llfll?%t%n with a third
gashddives, Sorithft FBEAEPH B d@é@lgl Bhéh ol e §as deredrydonidiits 134 may

gas delivery conduits 134 nce, one inlet 140a is in
be adant@ld to Aalivany & Posess gas flow thet issindependent qjde process gas flow

deh?&eh\étﬁ é’ourﬁ‘f'jugéjéH @Fth]esélﬁte';@oﬁ&?@q%@ais @tﬁ& bEfQR. this dh{%y permit a

nrcatiron w a second rvery ‘con

dlffe“raﬂbpr@wsagashtd tﬂ)ﬁgdellwﬁnécgtthrb@@g Tazch of thasicdnduits 134a-c. In the
ommuyni cation wt third gas delivery con
conigxt mféhae%h@rproemoa%"nﬁﬁeatwg 'aewmﬁ%/oeawgu Fﬁ%ﬂfﬁzﬂ and 2, for

exaFFﬁ‘;‘é’ee S d%@%@gaﬁ%éﬁb%gﬁdﬁtgg(ﬁe%én&?ﬁ? 1@'49)(Vrﬁeﬂﬁbe'd%d|cated to

ent of the pr ow delivered through
dehw«ﬂg tife first predigsor gasih,tas se@md ooe roftthe gasl delivenhicenduits (e.g.,

con 5o R St SRR S L g v cas

deh{'é}? eﬂn@uﬂﬁ@ﬂ@ﬁﬁa)@bé luseado abm@ the puRgEgas.i on with
ures 1 exa one of t gas delivery
co HaHres 1(031@ sch@mmlgally g@aayt%wwf@émreaw&me&e holder 200 in
acc?r‘r?#gnégg\hlggramﬁ\efr'érﬁﬁ dddfrfe%‘ ?‘i’ﬁe‘ﬂ% n? tﬁﬁgiﬁ@rcﬁ@&u?é workpiece

Ivery con
holdes €200 gedetally éncludes sebasel ZDﬁealﬂaD%@,aan(B,at ekmisttdne column 220

oA A Lt AR 75 AR ocaer
employd QHfHee%berﬁné"DﬂﬁQi ??(ﬁcehﬁétdﬁl‘e 252)%cbq_h Eatreguidhddlary in a

anot her enbodi nment I nvention. m cT of eat ur e
mawmlquméarethMmlaﬁdes@th@abmreainl gonnectmmieethathban@rdeetura workpiece
ap 0 nd at le t col um 22 tendi ng. between .
hOkfeﬁe"@gs%f gﬂb‘ et t EaBF% colyany O%%iat?a'p@ﬂ indfildé®&"series of
londittiRHITRINacaPSIBsS 20D1 BRektRUU NNardOtowatcCat | Béﬁtra’!f axis A of the

spaced general |y egw angul ar | % in a manner simlar to
mictdfeature ywarkpiege anelder i280¢ o raebt olotheset slotsh@22 may be adapted to

recc{]qy]é agu ?@éﬁ]@g%a‘&% Eﬁ rd?%tﬂ Fd W:!)ngplgée VV thﬁ'te‘& mEIa‘(::lnré)J 10-14 for

ude a 'seri

eask 0fouhdsHstmiding) s pBaet dﬂthésslét‘tg.?zm ireat B@chmaarcdillymn 220 may be
toward a central axis A of the mcrofeature wor k

posiiignad relative teaeresPeRding st ineach.gf the othes Eﬂn%ﬂo so the
th re%:%‘?*e‘é@gﬂﬂm@%?@s%ﬂ %%Piég&e@amew Quﬁ:}?cf 5 ‘?nﬂﬁfgfgﬂ‘g?é Wonlece W.

ures or ease under st an
Ea@ne)bf the differeac@? Detween free microfeatu s wonkpiees hmk;ers 100 and

SItIO e to a c rre ondj ng sl ot ,.22
20025 B05i SRECeRE ALY B SRR s BatBRnbof the gas
dlstﬁS’utb?Q@QHQ'd&Jrﬁhé?to? tRE AvEkPiccaORAEAL | Yielttie WitRSieke sholder 100 of
m cr of eat ure wor kpi ece W
Figures 4-8, the gas distributor 130 includes several gas delivery conduits 134, each
of which comprises an internal lumen of one of the columns 120. The microfeature
workpiece holder 200 of Figures 10-14, in contrast, has substantially solid columns
220. As suggested in Figures 12 and 14, the columns 220 may have a solid interior
with a series of spaced-apart slots 222 formed in an inwardly-oriented surface of the

column.
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One of the differences between the mcrofeature
wor kpi ece hol ders 100 and 200 of Figures 4-8 and
wdot4zissespectively, relates to the rel ati onshCpUs004/027012
th‘R Jeit &L Fighrd an, iR Fril@ro tlEl‘r'én\ﬁloFRc |édé6h%é|‘209‘-‘a¢so includes a
m?h eilgvvorkpl ece | der fp Figures 4-8, the
gasghstnbutnrr generatly ﬂaelgnatﬂdjame@mmnur@bsr aao0; v@t}ncludes a series

conduits 134 whi.ch comri, ses inter
of R HAVER iR 40 b arlieE 25 rer S v LTl 234 i carried
wﬂthbBb?t‘c?tH@hﬁé@fcoﬁﬂﬁn @20a! %Ué&&fonho%éédell\rér?%inﬂﬁﬁt2_34b is carried
has substantially solid col unms suggested in

wvthnegge@tst01azsg¢m1dmolumme2%€m @ndsa ting sy delivesy gorait 434c is carried
with, r%tsﬁéétotro i Rj oIt ffo&fTﬁé’@gg@oﬂfo childtliie 948 delivery conduits

n an nvvar orien rface of 'the
234qahy e fieddrelativee tooth@ @ijaceritheolumnaragteint amedwrécbfammn In one

hol . der 200 al so i ncludes, a _gas distributor en
embpaimgnhtae 938 delivelyGanguity, 288 may;be SPHB?”?%@%HQ?i\ég&t*Ye base 210
andﬁf‘rrﬂhésca? 2%@3 ﬁue{HeVSéﬁflgG%P%Eédﬁ%ﬂts Ehé\ﬁﬁtlhqilgé‘(es 0 and 11, a

elivery conduit 234a is carried
basewmcm 242 of kachh |of the cwiduits 2340ia received withirgand passes through an
b,is carrled i th, res to a

opeB i K P SHOEPURE GPRTPCRL!BF BT greliqnaut 234 is

spadsdGroh el EasD 0.t nr gsdRef dnfbatifnt,dessH WiMthé28nduits 234 is
The position of each of the gas dellvery conduits 234

attaghed e the xep 220,225 wellt As 1sbowdj iadkiguresol Liandobd each of the gas
deh@é% %)e%'uftg %3 E}rci I?I'\é’ ggﬁﬂa%&%ﬁ[{@é}%éﬁ i Elhﬁngﬁ‘fmnbedlqtﬁlg adjacent

ry Zénd cogupbported
to ohe s tlﬁé@otmmHstm hin sagh ﬁﬁ@rramgehﬁarwaeadhcmﬂ the condmts 234 may be

attaghod dp CERIeRYSE ROYEIGAL PYEberter BY the ARGRTL ROITIA 229y In other
emtﬁf?ﬁrﬁ%ﬁtst m&u%\ﬁph‘?ﬁg rHo‘?lgg|t§ fﬁenﬂ%ﬁﬁe Qéltféch%toﬁlg% an adjacent

opposi te end e gas Ivery conduit 234 is Space
columm@20hwitbayt B&i0g direatiptaitachediiodhedase 2Ht lor die tcap 250 In still

othegimnhodiienis e s rive asichits 23 esdio i Piaitignédclose to any

of tORSMirkSs 236, II"ﬂort Q%Mbieu%fnbaé@éjdém'd@iﬁﬂhlt'%4 may be positioned
positioned | nmedi ately adjacent to one of the col Urms

between the st rtwarcowmramaaﬁemnd 22(dnand at sacondrgas delivegy conduit 234

ma B pAgidhpd Refited Dirihacsan M B as it a7 o AR 220

Shq\m)gasi telivery dohdlsits2334 provide adidid pativaynbstwieenaa gas inlet 240
adj acent colum 220 wi thout being direct] at tached to
andtah@luwgyé obpgss @ptlgiﬁ@?@apAggblstrﬁteﬁ in higyrent?, the gas delivery conduits

234e SItE(')EﬁJeé% glatsrlfelﬂ@ﬁ/ Q&I\d ?%48 g%y' |hﬁlu§§ nt'ﬁ_ﬁiltuﬂfﬁa\llp‘-?extendmg

ose to any
chaauel@ﬁfean@ s ayES cnfetransaer;secmtdways 238 m@ndmg transversely inwardly
bet ween.t he f] ums 220a an

towkising SHsatsdad Fide i) S dheiercreatlnsyiogieSs hofder 200. The
outl€&3238 Bf‘ﬁ%s'éeéé‘bﬁﬁlﬁyé Q%%ﬁé? Bd ;ﬁﬁ‘ﬂldﬂ@drlgté?é‘“wgﬁﬁgaﬂg length of the

Oc. The gas delivery conduits 234 provid
respecmwe pcamcﬂmhyZQﬂetameaaca gutlet 238t canodirect a ﬂow of process gas

intermediate a pair of adjacent slots 222. When the microfeature workpieces W (not
shown in Figures 10 and 11) are positioned in the microfeature workpiéce holder 200,
these outlets 238 would, therefore, direct a flow of process gas into the process space

(S in Figure 5) defined between two adjacent microfeature workpieces W.
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and a plurality of gas outlets 238. As illustrated in
Figure 13, the gas delivery conduits 234 (in this
wea®e/2133s del i very conduit 234b) may include BCT/US2004/027012
|l o f
A B e 30 T BEnTr v TR A CERIAB e nlet 240 for
eachrofdhellgastdelived coreduitsi 234. aki an/alnemétlvgwmbom)nem tweeor more of
Lece hol der 200 e, outlets 238 of

f K
the (G756 Ge bl e eRisb2 38 Tnag SRambngats) Wity 8 somid gl 240 via 2

maﬁnﬁﬁd kStEHovRT) |hhﬁe RseeRt0, Sinsduhe Aadifdla 152Ch the microfeature
outl et 238 can direct a flow of process gas

workpieee heldleit1§0dipeussedfabaipacent slots 222. Wen the

m crof eat ure workpi eces W (not shown in Figures and )

are p03|t| oned in the mcrofeature workpiece hol der
eatare \i{arspiece Foogssint Systemsf ore, direct a flow

of process gas into the process space (S in Figure 5)

SRS, IR RGO 6119 Ly AR PGESS oo vor

vanet@lpdalf aprecgeses. nl Etgqulél@ 1517 eschencdticaliy gastratel lsemcy mlcrofeature
conduits 234. n an alternatjve e rrent r
WorgpIeoH BroRes sl AL o bt Aploy TalErataslbs morkib g Boldern o process

a bgase |c'r61’e§f ré4Ro c,%s”@ﬁ‘mflfé'ngo(lﬁ‘lgt m“mlcﬂo‘?eétbé workpiece

, Sl m ar tO e mani f
holders recmnpiayeul én msmpmesmogcwste:msjmmuse eseleatib@r\@ioocmnents employ

M cr of eat ur e \Wor kpi ece .Pro sin

featiie SR TPt aBp MEECoIRet HEer=1 500 T Shal 209 isngyibed above.
be pisiae f@écﬁbrﬁé‘t‘idaﬁ?ﬂl@imt&@é esicRTeathir WoRkpidSe é?ocessmg system
schematically il rate sel ect m crofeature workp

300pn @ceeriange it ens emhadineapt efithgiiayesttion: uthis msnem 86@ includes a
reaggtrg?@ %Hégte%rtgcrgéélvé abahggfi'lgp{)f r%c%i%% E%&kﬁ@?é?\/@ﬁ?ﬁ holder. In

usl e mtcr ure wor |ece

the %m@cﬁmedmbbdtmmesmwnaaSFﬂggréylﬁ; ehe Waskplecressw exe carried in a
enbodi nents, enpl oy features of (Lhe m crof eature
workpiereinelder 190ubstandiglly ag slesgribpd,aboymingitiectery with Figures 4-8.

abgye. regbﬂ)‘l‘g’ﬂ mﬁﬁg@gﬁ:luﬂ%'% éﬁélb’sﬂré@ %é'ﬁned by a wall 322 and

m cr of eat ur rocessi ng
a holdepsdppartingi platfone 326b odheavall 622tmay |seabmglycenga§b| the platform

syst 300 i ncl udes .a r.eac 310 ed recejve .
326 TRl SOl B KB ewbs 5 e 45 001302 3741 qLhis il define a
proééé% SRRRbEF QZST‘WﬁIﬁ*hr‘WﬁkhSﬂh@V\ﬁndrBfe’é't&ér\ﬁoﬂ(%iedehﬁolder 100 may be

wor kpi eces Ware carried in a workpi ece hol der 100

recaivdsst arhe maqtora&aemayumn‘ammﬁa aj heaten 380t angh awacuum 340 that

congﬂlgﬁfég%s%%@@gﬁcﬁggtcﬁgm} ﬁﬁr@égldgﬁahﬁc ﬁédgiz.aﬁ'he heater 330

maybé @bﬁén?@bﬁ@éﬁtldﬁ@l ﬂéﬂgﬁoé?fl ,36inditancahea? driey like. =
seal i ngly engage the Bl atform 326, illustrated
schedad iSRRIy sysem ¢8 of thegeagior 310 agnerally ingludesyg glurality of

il 5L e 5355, RERCEng s b8 buddProgcgon of ne
procesacgages3ddfedriy pedcessingoivorkpicces AAt iar tha3dysterd 300z adhenillustrated
emt?o%cl)mten? }ncludes a first gas supply 352a to deliver a first gas (GAS,), a second

gas supply 352b adapted to deliver a second gas (GAS>), and a third gas supply 352¢c
adapted to deliver a third gas (GAS3). In the context of ALD such as that discussed
above in connection with Figures 1 and 2, the first gas supply 352a may provide a
supply of the first precursor A, the second gas supply 352b may provide a supply of
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communi cates with the process chanber 325 by a vacuum
line 342. The heater 330 may be of any conventi onal
wa@le®sgris3e. g., an i nductance heater or the |i KECT/BSTHa$027012

the SeBBAY p‘iéédr%ﬁ @5%n@fthbhﬂ|rﬂ?’#s & p?}@sgérrﬁé?'drUVMe a supply of the
includes a plurality of in |V|dual as supplies 352,

purge tdasat Hashsof the: indidduappay ebpligs B3028eal may beaproviged with an

o 5oB05 SHPRBHEAISRE, BRIy AR PIRAE Rl s 3562

are icbupleddtasa @ﬂﬁﬁir?/ gasZsupply lied 886/ 1A the likistraiged éﬁib‘ad)meﬁt each of
second ﬂas supp V 352b adapted to deliver a secaond
the Jndividuahigas §HRPY MRS 396aC 431 Qr0wWded owill ?v@'e%f'vtem .centrollable

secg H&%@é 44 Be & c%é of ThBe y%bgur Qé rQ/%Tves mgy be used to

ssed ove in nnec ion Wth
contrbbth‘e flowv gtes of dipgplgas3fba@a mx;h pf the dtdl\admlpg;ﬂg/ sopplyhab2 into the

maifydgs PPy W a0, MeriandeOUEOng e CotIAoRIoR neh oy fare of gas to the

gastslg,l rpq, |gﬁ§3§61pply 352c may provide a supply of the
pur € gas. Each of the individual gas supplies 352a-c

9@$ dlistrileutoni18A eithenbeldedda) ryay b@pwgledutﬂethe gas supply
syst%g%§5§ |g ( :5%@&% oigjn%%nél;geslﬁ c?%'cégrgilég% 'Ip #Iandfgﬁéure 15, a gas

flttlrtd1360 lith s Ip&itmnﬁmfdmasebé releashblyfcdupted tlﬂthe gaal|nlg’a340 of the
{)O(%Hnes 356a-c,is provided with sel ecti vel
holct%n |

This tting s Goupked do e serpaindge of the gasysupply 350 by a

?ﬁcondary val ves may be used to control the flow
SUPE{Q/?@%O he gas fromeach of the individual gas supply

35T henflaw tdfegasathroggls tisesppplyl linee 33680 thergas dlstrlbutor 130 of the

ol A AeabERE 1o 18 il 15 FRSR V2?32 e Wunder the
conht8l 84 chRfoNEY3I S crﬁar&o%on@r sre Wtaﬁémyyoﬁa%ﬁmy%ﬂorms

In a variety of manners. n the schematic i'l lustration
oneoémbpdiment] the xogtroller 80i egmpdses a coroppleathiaying 3 programmable

ootk AT pSRYBL ol 9 AT 10843 obltateril o

the rmeré&,@e wf. t TRe gesntealiep! 3703 pRaypalso f’depbgiérétlv@w 8bhpled to the
The 11 ow of gasthroqrghthe supply. line 356 the gas

secendary; valivesr 324cdp GaTroh dhelepmpositienyofijbe g% dejivesed to the main
vahBl 36535 3% thd' BBl Iy 3@6”3Tﬂe‘@8¥r%lf.%£§76 *}f}ém? %7%oupled to the

hé“con controller con
vacmmm Bdkeéaamwsuht@d)vm any thdr ¢ampsnent mfntheeprhmdssingtsystem 300,
t he contrg{aé‘er 30 conprises a conputer having a
egpp processor programred to control operation

of Fﬁ%ﬁ;ﬁ@é&f@ﬂﬁ&éﬂ? |Iﬂ%@f‘é¥é§ a '?i‘ﬂbﬂ'féa*}hré)ﬁloﬂﬁﬂece processing system

ces W The control may al so
3O2apea®prdm10¢ wmlm;aneallteroatnrﬁeeg@@dmamtyofvfabwesemm ¢hisoprocessing

sysf7 368 bR SRR e8Pelh b e BRB<IEbb ShEh e gy 15 anc
like 3ferémoe AlmBeRLafOudé®th FRUFEE 15 and 16 to indicate like elements. The
processing system 300 uses the microfeature workpiece holder 100 of Figures 4-8.
The workpieces W in processing system 302 of Figure 16 are instead held in the
microfeature workpiece holder 102 of Figure 9. As noted above, the gas‘distributor
131 of this holder 102 has a series of independent gas delivery conduits 134, each of
which has a separate gas inlet 140. i
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vacuum 340 (as illustrated) or any other conponent of
the processing system 300, e.g., the heater 330.

wo-e@anzislb schematically illustrates a m crof eBtTIUS2004/027012
WO Frifj ' i ¥ {ohth@ |
P B 6 SIBAT -BNA #0120l RSN RpRoH (s supply

350pmfolagaea ng. sysfigure303, eacts pfrﬂhearndmdm@rgasr elsmﬁytllges @356a-c were

Fi dlik
ok uEr 238 Bl e TR P BoueP s & AR SRS AEREIE T e
supBheBBNtS. Fifjife PIE)CIRSHEVES, Bhehesh Y intiddualngas supplles "352a-c is
m cr of eature vvorkpl ece hol der 100 of Fi gures 4-8.

indepsndently @@umﬁdrmpa Geparate @as,fitingn390a- c@fresp@qiwelmlnap@rtlcular a

first %ﬁ@ﬂg% k@y z%]aﬁbgf:&?ﬂl#htge ‘ggétk@é @8 tlﬂ%r :i%éigto the first

mIeDMMU @sb@dmiﬁgaéﬂiﬁlriga%m) Ay remasbblylmmb@@esmogdsgas supply line

356530 tharserond oatiaeh 1408 5 il Gan Tehel R0 By eleasably couple

a thﬁhgqjésaéu%ﬂ]y NREB568I88RE thitd ﬁhg%lgﬁ$4§é‘pmhlé ﬂ'ﬁ@opbas from each of
Figure 15." n Figure 15, each of the iIndividual

the gap supplies852386nay bﬁelndepemdﬂmm cantrofieddiyna §applra}e valve 354a-c

l 356 f d [ I
o %, 20 PG RER Y oL 0Bl S8 SR b bt fasefrrough an
mdép’é#kj\éhtﬂ WRldiciasd geBRIclifsryordutt 133 cariansiadretnerd to purge the gas
coup ed to a separate gas fitting 360a-c

dehve,fyp@@mdwtenw A @faldﬁh‘(ﬁﬂ@r ong piecytsagaand jbeferegdglivesing another

el 570 5 5 A6 SgEHBRl A58 gyt e

precrtﬂ'h@ragabés/ toctlnmlnﬁrcmomdos‘%begatetl])s ptp! thel Emessﬁdhag%bérhﬁ% more
secon as.inlet 14 a thir as fittjn C )
effeRiiyely EraAcing rocdsiortion Aihs seaanbite Vit B8 warkpieces W.
th r t 51 I a a
‘Fl%ag gagglﬁfggfegsgaﬁg&%gﬁ ré \ﬁcz]‘kgfecg E(fc’e%mn% sPstem 400 in
acccmiahcelwlﬁd stily amottegreerabedimeing e)f 3bd dnverttiono u'@hlsapnocmng system

controller 370. Introd each of the pro ess
400;dhagly Eivutes apimacor 4 T/ BE b prapesS BaMerRing e b ithin which
a woikpic@haert fe E;hQNdS}‘R fckhdléde00 loe Fifres - 8)’§ér¥ylng one or more
conduit 134 after de Ivering one precursor and before
workpieces W rigan bet ﬂ@@elvsdecﬂﬂ% Processing englosureARMin agrerady defined

oy 416600 QA5 CATIARTL3D HeahATR Sat EGTHSEEE ner 100

This prsdessingZénclosure 440 e&bl inelides Qaistlmercu?mmétffenctlonally divides the
dep03|t|on of the reactant to the vici nlty@?
procasskehaseler 445 mig @ Barychamist f4( &d:A geee 'mmr\uéar exhaust 428

couéfté:a:‘tp'tﬁ&‘% Eu%g@ogﬂa%\%@ﬁ IH8U42) BRSPS ﬁld"lﬁd“y also include a

anot her ment o e I nvention.
heatﬁr@t&&sm ng system 400 general l'y includes a reactor 410

o BB SSS S5 56 G5V1438 & il System 450 ana =

secgh&i@é@%uép%)sy%ﬁirﬁ Y609 Tcl’ﬂﬁlr@f é@éﬁp;\ﬂ’?% ﬁ'e?r?@éo Wdl@d/esbﬁ plurality of
recéi ved. The processing enc osure 42 general |y

individbaingals supplies 452a-c, each of which may mclude a separate process gas.

Hence, the first gas supply 452a may include a precursor gas A (GAS+) and a second
gas supply 452b may provide a supply of a second precursor gas B (GASy).
Optionally, the first gas supply system 450 may also include a supply of a purge gas
(GAS3) in a third gas supply. Each of these individual gas supplies 452a-c may be
coupled to a common gas supply line 456. A separate valve 454a, 454b, or 454c may
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by an outer wall 422 and a platform 426 adapted to

carry the workpi ece hol der 100. This processing
W(emtmlsmmse 420 al so includes a |iner 424 that PCT/US2004/027012

Y

b B B 70 PO e AT R 0 Rl % Jydvidual gas
suppkne&pﬂéZb t@%anddﬁum@@@cmelp vacuum | i ne 442. The

re tor 410 als |$r€b,] ﬁetlheater 430. . The

&

ngl?,gsugy o gu;?glysﬁysbegg @qppma)y be in fluid

corrﬁﬁt?r‘ir@ﬁird’@@ntﬁ%eaoﬁﬁ%%‘gag%EpﬁlVﬁiﬂz\fle%YﬁS?nTH@@asEhﬁply nozzle 458
first gas supply system 450 1 ncludes a pluralit

may beliadiagted tydelivenpdiave of pexgss gasde ﬁh@mq,m.qhnmb@y 427 outside the

ol W, SR8 T G085 ol A6, TH il i, oneray

Iong‘St@@mfmllygﬁm@hﬂhbméﬁmmrmhéa cﬂrtSiﬂmJé pravess chamber 425 via
econ precursor as B (GAS2) %435 the fir
the gagularigy 9u% rﬂ%useaﬁﬁypawssasr Aaldsd §Qmﬁ SPSGPCE? analogous
to trRéJg% sggﬁly Pézil@igqllt%ﬁ%lté&‘ RPEMurd8ch of these
VI gas s I es

2a-c may be“coupled to a
commrmgmefeatmpIvmrkpreee%@ces&rrrgemat@néﬁﬂaalse inciudes a second gas

supelgrnws(gor (Z be %Z@pg/r gfﬁt{-?%eiﬁi(ﬁom ] gl | d a&%& té deliver one or

mor&U@r@cb§§ g‘é’é@@ to4ﬁatbroaé§is 4h2@bef a9BeGA itHe!gas dREIbUAGr 130 of the
ine 456 of the first gas supply system 450 may

workobm Talderd10onTians oWl i et outiate 198 olfe Gas isippiip! 130 in a

el 3 Dl P 55 b 0. 1 o

spetifia@patodichénd ghewAen 'Ff“%urerm eise sepovick §a$ sapplylsystem 460 includes
process chanmber 425. is gas may flow %eneral I

a singlggneivifUPhORS SURPYLAR? EPRIAIING: 2SS GESASASsherl NG ndividual gas
supﬁ&shgghgr 866p1ed C{?)agoﬁés ‘ftﬁrgg i 63‘ Ihr‘s? tﬁBnHllaﬁﬁrrﬁX@?G‘ )y, @ valve 464

I's gas supply“sys I'n some respect
opeeatwlewhnlcedtto theeogtsllernfil. yTIS@gamﬁttg‘@sAE‘ribrszacmpw to be releasably

coupleels i kot ocoss distitide qad Afuighdngietdnd Gas supply
syst%g'g%ﬁ |W Fi§0re TLRIISOVRIGBR) ¥usplg o @ éfﬁ&effmr%@@as this gas

pted to deliVer one or nore process gases tot

supplyocseet@n&ﬁﬂrltf?y inglBdeitwot oremgess indlividuallgasosuprdies ¢k62 teeprovide a
100. 38 f
varig o6 Bidtite 4rs ot sions P ihd cbn tisttieGhyad > °

t he Iongltudl nal Iy directed flow fromthe nozzle 458
t he

i ndi vi dual gas supply 462 cont ai ni ng a purge gas (GAS

) . ABheotattliabodealothérs embadimeAs2 of sheoimpketion previgesmethods of
fitting 468 in the platform 426 by a val ve 464

progassing Migeleatureuerkpiecese IR i fYOWING diseussion rgfesence is made to

e PGS 6555109 AP picSR5aRnE 20002, 4 106 shown i
Figures otit1@asltsshmpild/ be understood, though, that reference to these particular
processing systems and the workpiece holders used therein-is solely for purposes of
illustration and that the methods outlined below are not limited to any particular
workpiece holder or processing system shown in the drawings or discussed in detail
above. In addition, the following discussion focuses primarily on ALD and also

touches on possible CVD applications. It should be recognized that the processes
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0 system 460 shown in Figure only provides a supply of
a single purge gas, this gas supply system 460 may
WO ps0zie3t wo or nore individual gas supplies 4BRT/U82004/027012

outlfﬁ'ée"%%?\{vlasoﬁr@ﬂd By R@f""ggd;fds ?iré%gpédé%ﬁﬁ;s%&ﬁfsltlon pfocesses. Indeed,

utor 13

aSpEmtposﬁ thengnethods |oa|ItIme@1bewr nfa'ahavea umwkm epph;ca&@ns in which a
abov of her ,enbodi nent s vent |

progias\Alhe" EniTBAENB] dGPaRRrh Sod o Ly PG 1) be carred out.

WOk RiReffance Wit 5fé | bdinféingCHSFetibd 'off fHE88dind Smicrofeature
made to the E@ﬁtl cular m crofeature wor kpi ece

workpieces sayginshisiedqasitiming acnlcrcéﬁatun@@/ogmﬁﬁe ihelder d@0ds a process

cha%@f %73355 (%%Ré’ tg ;zroldg r%éé s&ggegmgys %ﬁsaé @a[nﬁﬁgfr e workpiece

hold&priQ0 feg Suppder s pluralitytdfevarkpieices WWlirley spacedsapard selationship to
of illustration and that the t hods, out | i ned bel ow
defige ea RFIOCPF%i SRAGEL & BRIVGRI tQ%gEB?'rOOf\A@HI@&e@EéN‘N Pigses W. The

mic eﬁﬁ%‘%\gfrkﬁl@géy}%l? Slbg"Wlax sﬁiroﬁ%nlﬂsth%r Process chamber by

I scusse et al above ition, the f
pladihigs thesbolder 10Q ones ptallfonanZGy Iomn@L@nhndlna&rﬁotheogm&@ng 360 may

on possi bl e CVD i ons ul.d.be.recogni zed
be qiefert o Prars Dl BT The 855 P dRb uPo S ERN OREane notder
10018 ik PR 6ReRE fmzstfdiﬁpgz@tﬂh@rmaﬁ@fwsaesfnay éepdved toward the wall
aspects of the nethods outlined bel ow may have utjility

322j untilppei seals G124 pubstAntidllyaserl dbesendeswe 32to afieei the process

ion, e.g., selective etching, may be.carried-
Cha%ﬁgyﬁzgaccordance with one enbodi nent, a nethod of

pr abes ehitidirenb bisat inclidesr dglivering atalxeashal firde process gas and a
positioning a mcrofeature workpiece haol der 100 in

secw@dgggeiaqsﬁﬁeto CjiS p(r%emgchw@bsf oeessi ﬂgoae/setr@t?ﬁdé,@@nt the first
pro%%sag%seégcj"‘p% Blst I;LFQ@U r40f KW\%&%&%I%F éjlgptgg?é’roéé‘ébo&ﬁémﬁer 325 by

pi eces space
openiigathedirstiegutatodedive &54a mmk:bhesmamamivéSBB@t weresy wilhallow the first

gasiid, fy intd the e aisb Hasy T ap8 UtV in Pk Prieesssgaamber 325
via W%ﬂétstm' aﬁbnﬂotbaeaﬂ%%}ede{heﬂ@%&l@tsa1Bba¢vflloﬂéﬁv'é26a fﬁ)w of the

one enbodinent, the gas fitting 360 may be coupl ed t
process gasstrangversely intothe p@ogas sphees Sthateeen e wprkme@es wW.

s28 e RPODA A peRRT 58 T B eile R EoNE o otRe? clipbeb 525 eftner
simlulténéou‘s!}ewﬁﬁadéhvéMoStHvSfuaslt’ltpr@d:és)s g&si(e. ghedor @ DB Or at a different
320 to define the process chanber 325. ThIS enbodi nment

timey|  dhe pEaGRssnaRISterB A0 tigureath isusad o depasita @aé%ai via ALD,
for %@@%ﬂm of #fe iy gﬁ;}g?ﬁreoi 8s P& Q%ﬁ%hshﬁepea?ag%szé may be

one odi nen rocess gas,
ternmnatedrlspcloémmﬂw Mveiél5|4xaerkcﬂlotmoﬁ plergprgnssﬁsncttwm)md gas supply
first re ul at ot ,val ve .35

3528 gy DSIPLVSIEH, MR REPPPSEhaRgS B bV aRAGInG, e Fpociali regulator
vawgpg gzéé QeTSéSregUFaw Dufar 15340 nadld bautiwBed! and & AoWhéf the second
precursor gas B from the second gas supply 352b may then be introduced via the
nozzles 138. By appropriate control of the valves 354 and 362 and the vacuum 340,
the controller 370 may be used to deposit a reaction product via an ALD process such
as that discussed above in connection with Figures 1 and 2.

Delivering process gases transversely into the process space S between the

workpieces W via the outlets 138 can fairly rapidly change the gas present in the
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via the outlets 138. As noted above, these outlets 138
will deliver a flow of the process gas transversely
WO 2d06/02 1881 pr ocess spaces S between the wor kpi eB€BUYY004/027012

prog«%% nggsegd%prmqaé S5V eMBYnie s gﬁbhwfeﬁ. LR theoms Qe primary

ei t her sinultaneou e Ivery of the
medhamﬂmsrfmxcga;s egds;ar(ga . thefspao@vm)etweelattha wdirkpieces WV is diffusion.

Deilyef5a; tanuleR Tan oF GaR D, Sqe0rneaHth Srabediighiy Of ife present

inventioRtcail @8IHEe? & MBS ufifbie 'ﬁﬁbr@atfdnféﬁthétb?@bu’rsﬁﬁiw B&)hemisorbed
be termnated by closing the val ve 354a. A fl ow of

or rpacted authe switaeenef the warkpiecesWhpiDelivering the pyege gas through the
out8L |36 UA51P elob BF S LT 3B R5GhRRaRY (ARRRIR P rocess spaces

S, hbﬁﬂng rcff&aarblee ﬁkmé wgdea g dnfoavm?éxddasebmecmmdr gas@urlys quickly. This
romthe second g up 352
canThatesal 0044 LP thve PHES PRASORR] theprabse dlistaied BUFioHEs 2-
of e
o EopIERo¥SHg Sy B0USH PRfiré 16 MEGUUERS ffbcdsS Yases through a
smgd)e ddlett 140 sanan thie [@asr distributedi3Oasf tthat wdikpirees bolder 100. The

prodagiis 8V4ja80.807 ok Taplesth SIS FachtiPe rocis e basa) to be
mtr&ﬁldé@eihté hge VkS}bK@éseéﬁﬁm‘ﬁéWﬁﬂ hroGgh |£E8padte @3 delivery conduit
fairly rapidl'y change the g ng"gresent in theprocess

134gpatidbs. ofh 134€. cofhigneamnie edarlyfusafguir BothoAbDbfand CVD
ool il B el FARRL Ao 4T o R Br U L RAursors imto

sephrateondaits fiBawieds gae ndedabewalobmtmpwgdltlm”@mldm&ry system of
of the present invention can deliver a nore unifo

the jgpt |QE%W§W @ﬁfqrﬁe'rwpéyemgo?sswr@e pmwgroﬂygagg @,e same gas
dell{/ﬁgc%%?erﬂn rm Héﬁt"é%?oﬁfC\ftb‘eh‘éo D géﬁ\j’g%ntﬁsdg\éﬁréé&rately and

ge gas roug ) out
allogedviodeia inthe mt:esse spaceb®iargl odadthia thesimmetiate vucmlty of the

roce aces in c ear th rocess s aces
workpiaga Vet vy it U &f fire Sl reRFye ARCLT oL, which may
be B?dtﬁér‘n%hbyf Stﬁéeé’reléﬂrsb?@ aﬁ’érlﬁﬁoeﬁééff’togéthbhthl@”u@ﬁeéscommon gas
l[ustrated in Figure 2. The processing system 300 of

dehvergmaéhls i ntroduces process gases through a Wsingle

not Gt EkedreSe BBRcRIY bhliclind Plodiesidhatoiney ¥ frroduced

throaghane gachistributdre1 30 of ¢ss woagsecd bolder i100f oduamdsemrm process
the process chanber 325 through a separate 8
gascr@av\m ylebwaradi throughya dedivery enqlghmdepﬁnge Al the gas distributor

130|°afnt tHeHEahtekt Uf’ﬁTéJ ibBfRbR ﬁBRwV%egglﬂph%‘ﬁérﬂ%o of Figure

separat i ng hvvays for
17, lfcaamampieptrm:plrewrsnrlgases/rﬁa)sbfaanmwcradnﬁimmtsepmate individual gas

cupbas 483 St AT B BB En e S3hL Tk cetver e

pre&ﬁgemOﬂhs%é&rs gz;rceg EbéiMRerARB v@ﬂﬁm@@éé Yeia J4sHi8Manalogous
n the context of gas can be introduced

to thatpiartheAlD aeactor 10 of Flgure 3. In the purge stages illustrated in Figure 2,

though, the purge gas (gas3;) may be introduced through the gas distributor 130 either

in addition to or instead of introducing the purge gas through the nozzle 458.

Delivering the purge gas through the outlets 138 of the workpiece holder gas

distributor 130 will help positively scrub the processing spaces S, fairly rapidly

sweeping away any excess precursor.

17-



20

allowed to mx in the process space S and react in the
i mredi ate vicinity of the workpiece W This may
wo 2wsl218at e use of nore highly reactive precurBOI/ES2004/027012
Whi frile @ ¥h D cBft %I%laﬂg%gﬁﬁéé Wi SHFSUBLR e description and
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the ptmms theawotdse'lcosypisefi "«:omnmsmm'bamd thentikenfire teebe construed in an
r.ocess ases i ntroduced through the 98S ot is t
inclliFNe SERGE > 9RRPTY e EISIEY RETRIBIVG G8n3BLthat s to say. in @

sen§&oP "iﬁcll%ﬁgffbﬁt gaslimimed Re" dgbidsaisitg tHy singhla o 8|Ur2§letﬁ|)’mber also
conduit in ependent of the gas distributor 5

mclwmthﬁmméadtor@nngu&@r Mirober, éesnacivelyr KYhee &%G'@ﬁ'@%’ﬁﬁéhe word "or”
in r%yeiéﬁc% 4899 d st 4f S ¥ 8&7 {eg E%eﬁféggﬁéf gvo?’@ gso%géza IIS’8fr the following

intefprptations oﬁﬁ@vmd Hr¥loftthe diepls Inhihediss, albbf Ml}emsmlthe list, and
458. Thi s deliver the precursors to the process

anysqw&@.at@rbé%\n@éwr%@ 6riRbi eces Win a fashion
anfﬁh@%ﬁ%vé‘?ie&é‘l@d H@S&Hﬁldﬁ%DOf eéfﬁl?)éﬂlm]e(?lté)fof':ﬂ%‘ﬁﬁv@htloﬂ are not

purge stages illustrated in Figure 2, 0t
mtended mjbge@assﬂ\gmr 90 livaly thmnnvantiml tcthe pneptsagfbrm hhsc@wd above.
stri.putor, 1 th £r, i,n additi I nst ea
whi, Spetife efipaciaels g apice by ior e Hysigh 88 d¥scribed above
for ||R%t\'é’[%' PLEpbSes, I%h@@s %Ewbt&r@lﬂrﬁﬁuméa’:tloﬂﬁtdrétp‘és&i&’e Wfthln the scope

he wor Kpi ece hol de gas distributor 130 w |

of tb@smventmry ax these ﬁblllgca dedtsi ielevapd st vdl re@@gm;e For example,

whe(g%% ggpssﬁe&eggp%ga%r%@(/gﬁ ?%‘F aEf{e‘?r(f Ev%ﬁ%w%bﬁ%tg t}‘ﬁay perform

stegbe 96T a pdifferengnerdehe Thai VSrlodsh@n\thimentmnwsml@ed herein can be
rising and the |ike are to be construed in an

comhmr&q Q@Véd@nfé‘éthﬁ%em%’gg@@"tﬁo an excl usi ve or
exh
o YEEANS, 9B kBl Bind B8 ot bo consirued t
limitstheginvention tpltbe spenifictembadisents disclsedhia tﬂ)bm@mfmahon unless

the 3bPAe-dBtailb RescriphGR RESiME a¥fngs Shch Wims, Wiile et Sspects of
the ﬁﬁ@nt%rﬁecﬁ’r‘é%éﬁte@ belglv inh€ertath | b Ebrivit Qlﬁ@rﬂeﬂtbr@ﬂéontemplate

of the word: of the itens in the list, all of
the ivagaus iaspeots q>f| e, inyerticmin @@hﬂumelr@ﬁ clim fasmist eAscordingly, the

By TS RG2S a8 Bhor g sppiaton topursue

suckddalitiiniaV elaim férend forothdrisspeotsasfithe invemtibhe preci se
form di scl osed above. Wile specific enbodi nents of,

and exanples for, the invention are described above
for illustrative purposes, various equival ent

nodi fications are possible wthin the scope of the
invention, as those skilled in the relevant art w |
recogni ze. For exanple, whereas steps are presented in
a given order, alternative enbodi nents may perform
steps in a different order. The various enbodi nents
descri bed herein can be
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conbi ned to provide further enbodi nents. n general,
the terns used in the follow ng clains should not be

w@eonsozised to |imt the invention to the speciPdTUS2004/027012

enbodi nents di sclosed in tﬂ ecification, unless the
above-detail ed descriptio &Fﬁ citly defines such
terns. While certain aspects of the invention are

presented below in certain claimfornms, the inventors
é\ommerqfeameet\mrkpmeobgl@s pataptedftot hoid ra @urabity ph microfeature

nunbe cl.ai,m f or rdingly, the inventors
Wé’?é?'@ge? f?é qheaﬂ?altpéo%%%‘f%(‘f%ho%ﬁg]ggcl ains after
i lbhgitudiRgllyo@nbhdiaginember Pavieg e ;ﬂuﬁﬁtwddmkpmle SIJp@bfts spaced
fornms for_ other aspects of the invention. CLAl M5

A
mi clsigiadinadywalergi aclengl) a%rthsdlsméudma"ho%e%pmg member, the
Pl Utk bi¥cO sUBpoHe! Sé’ihﬂrgd é&%eg@ép(fr?rthéi}ﬂ if) of microfeature

processi ng, conprising: ngltu |ng
nenhmrk;lnauemm a spémd&bpagt relbtionship lfcerqnosewug tands paced

e RSl ndBrale Srsr RBIVRTH coml (emtied oy ey langitudinally

to eiifing hh@neéwaﬁhl ﬁé/vu@é dn e %?l%teoM@thhécﬁsse'cBnd outlet
a spaced- apart rel ationship for processing; and

| onQPaG@kﬂ tengitudinallyfeam ¢he disstdeutiate tye Heatcautiet cb@mg pasitioned to

y the ]lon di nal | n \
1 et 3TpLES 8t oW Bl Re SR ARG et B aeRe suppors,
| ongnd geedrl butldtrswing pesitioned todirketta prdtestigastflowidteimediate a
bei ng positioned to direct a process gas flow
i nt SERRRA Rak of the wetknirge swIPorse wor kpi ece support s,
the second outlet being positioned to direct a process

Yhe Hi&Wféd;ttJ L e n@é@e %o?cfé?oé‘fjc%?rp %hél@ﬁf ?érclﬁpdr)ieﬂfé workpiece

supports crof eature workpi ece. h
suppontd camepridas aaslbt dr theelomglttkcpneIQe extgnuing snember adapted to

' I th it d t endi
A 35adBederion PLeas oL PR midkgIsa P MRPBF e of

the m crofeature workpieces. 3. The m crof eature

Vﬂhbl‘rﬁlo‘?@@aﬁﬁé%rkp%cé|h@lld§rbf\MHime1 WHehéinl the dorgitlidirallly Yextending
extending menber |s a first longitudinally extendin;

mameer is arftrﬁblon@einénnaﬂy eytending: irmbe diiten Aampgising a second

I
mr%?% eceysuppor'Péhﬁérggﬁpéwﬁ ﬁcl@d@%tk%?!edgéwtgakgpvg?rkg i supports,
eheh sca‘cuhedwbmmdajdupxadrtg/ofemelsdcmm henditedinadly nextending member
gosltlonedr tlvetoavvorcﬁgseces ort

eing: PoiRnadistivaty SwPuw P8 sy ngilidinalipxtending
MG tRDpRFatey SScH 75 BF MeNRICKeBERE woepiBBEs.

m crof eature workpl ece holder of claim1 wherein the

| ongi tudi nal |y extending nmenber is a first o _
ToRqmiciafeRtie yakplenainaiaTaatisiaine hunereinghe lorgitudinafly extending

?r?e[}%é} ls' & first longitudinally extending member and the gas delivery conduit is
a first gas delivery conduit, further comprising a second longitudinally extending
member and a second gas delivery conduit carried by the second longitudinally

extending member.

The microfeature workpiece holder of claim 1 wherein the longitudinally extending
member is a first longitudinally extending member and the gas delivery conduit is
a first gas delivery conduit adapted to deliver a first process gas flow, further
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a first gas delivery conduit, further conprising a
second | ongi tudinally extendi ng nenber and a second

w@amsadeissvery conduit carried by the second  PCT/US2004/027012

10.

11.

. ; . H . 3 f .
AP S T e o acHeegos dlver
exnhduit icagiet: bipdhe i secandilosgitudimallyt extendingymembendthegsecond gas

er and, t. as deljv nduit is a, first .
delivery sontuitietin adpplad i GEYa satol ArbfeetBBs flow that is
drfependent dithklRsigRaBesSgagfigwsecond | ongi tudinal Iy
ext endi ng nenber and a second gas delivery conduit
carried by the second | ongitudinally extending rrecr]ber, .
the Rigeleatyeswaeinies Vo@ﬁﬁdlﬁiqla'ﬁbﬂ n\@!hﬁfférbtt@% gas delivery conduit

' |5 i ndependent
BiirKes ArdfeeRe 1B eR T ng g el Rimet. P e e
wor kpi ece hol der of claim1l wherein the gas delivery
dbeduicrofeatyse ivewkpigne iholdarrodicldiome whefreinitbe longitudinally extending
| ongi t udi nal nber. 7. The mcrofeature rkpie o
AisTie v drstihaltiginally sxisndng sembeteid g ogs defiyeryponduit is
BETEEgad Gelvery cohdliPfit cBfiphisks ananteenalilimmerrsThRg fitstdongitudinal

the gas delivery conduit is a first gas delivery _

owber, further cunprsisga secang: lengiwdinalheaxtendingemember having an
' ' f r LS wsecond

BRI HihaTinATSEEs aidksoRd s S Rk, B T

| umen that defines a second gas delivery conduit. 8.

The mictofebeat werkpizcehaider dfotidien 1okhelein thel gad eletivery conduit is

he s delivery conduit is forned separately f th .
It Separate s hea Rraiuiialerdper fi goendity of By das delivery
EBREt bxt%hh@%%ﬁﬁid@ﬂ%r@h af ehfit@dinanfehfegl t udi nal

menper. 9. The crof eat'ure workpiece hol der of claim

1 further conprising a process gas supﬁl y conduit
MToeemicibieptweuppegiacs belder of slaiar 1tfughgasomprisingr § process gas

SPROY ol PSR CHBRERY e M6 Bl EleiFon tonuit

of the gas delivery conduit is positioned to direct a
fheaaicsofgaturé wrkpisvahdlderiod ckaird tawberdirtheéacimef fifst and second

th I lity of mcrofeature workpie en th

anletr 6h e G elieiiaeorl BoHaUROnSH (heFc b iasesss gas flow
Y\ﬁ&é&eyfb‘w&?ﬁ' éﬂgénter o IReCEOMBAIUFAYBf kikrBfeatii® WFkpieces when
adapted to hold a plurality of mcrofeature

the Rcroteadyrecworkpiedesqre dogseadr ialthe yiofofertukgpwedkpiece holder.
supports adapted to support a plurality of.

. oo . ' h w .
P SEEIFAREE WBASRLCECEoiP, Ayaf0 B ' SRR Bofroteature
Workpsibeed, woenpwwikgpi eces; and a gas distributor fixed

with respect to the workpiece su&s)orts, t he ?as_ .

a plurality of workpiece supports adapted to support a plurality of microfeature
workpieces in a spaced-apart relationship to define a process space
between pairs of adjacent microfeature workpieces; and

a gas distributor fixed with respect to the workpiece supports, the gas
distributor including an inlet and a plurality of outlets, wherein the outlets
are positioned with respect to the workpiece supports to direct a flow of

process gas into the process spaces.
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di stributor including an inlet and a plurality of
outlets, wherein the outlets are positioned with

WO e®p®ozis3t 0 t he wor kpi ece supports to direct ardT/082004/027012

12.

13.

14.

15.

16.

17.

18.

Rh8Chrcto HenWBLﬂgT@éccéghﬁgﬁg%fscﬂ%ﬁ?sl11\%hm}?gﬁ each of the fworkplece

m Crof eat ure wor er of claim rein each

stpponts lqoineErisesuapsiot adapteat tseeceive| an edgeppedionoof one of the
recei an eq% ortion of one of the mcrofeature

meTof ?%EEGSWOFL e m crof eature wor kpi ece hol der of

cl ai m wherein the workpi ece supports 5 are carried by

Fheomrofeditural WrkpidcenHoldgr B8 ek, 1 atwheraii tife prkpiete supports
of the gas distributor being carried by the

REmgarried by 3 yorgitusingllyexendig. mqmbarhet [ast o¢ pattigneof the gas
ece

g%'[hl;%urt? FBelﬂgl ugﬁedjgyse?‘dg}gﬁﬁglrs vvor p| gcﬁgaé{l?%lp'orts

and a set of second workpi ece supports, the set of

ﬂhesmlomfelapjrecwodqmimmr heldeeiohglaiox 1 1 evhdrgimattfé morkpiece supports

et 308 St S Ble s RaRch N S 524 51 SoGHHRe Bbbiiese supports
W kel Sﬁﬁrsthilghe@é sfi Qd)rﬂ% %ﬁfged:éméb%y\@lﬁmlrﬁémber and the set of
supports includes a plurality of first workpiece
sappd worlgriecesypparts being @arrﬁstby]a sREPRGMEIBbELpport s,
the plurality of first workpi ece supports being

f :
TR e B4 fehho R B RAFHGEBY A4, P iRkl 4 wEFR5BC supports

inoiduds a parhlityfoftfinst weltkpmd:evwﬁpprtemdsw phoality dfsiesgnd workpiece
posi tioned reI ative to one of the fi rgt wor k

§UBBQ}}($ dhepl Q@Myeqafaﬂrsqu/k@g?ﬁ,gpppm ging; q:ggﬁeg be a first member
Tha' fie IL‘t’traﬁ}y‘é"gf c%%%s wo}g%lea_@esdﬁ poraf B@an %arrled b(%/r a second

wor kpi e ho I'ai m wnerei n'the gas strib
merhbelresaahfofrtbe sgaendeﬂorlameye suppaits baing aostwmdj rejative to one

condui t, and rein th
ot T3t WPRAIPCeL ST EroRs PHVe K UPRPE; SpB gt the 'microfeature
dRrkpigeds.conduit, further conprising a second inlet in
fluid conmuni catl on with the second gas delivery
conduit. 17. The m crofeature workpi ece hol der of

dhai miciefeaiise aarkpinge hplder of glaimd| whergin thegas distibutor includes
adpRt stoclallggh) ¥8ﬁd bhasd sQéf‘@r‘foeﬁé QFivehP rgﬂﬁt @ wherein the
secon gas ivery cond I's a ap ted rver a

frdetoisca fmsomslsmgbxm ﬁbmumeutlanwnmd@ﬁnsﬂgas defiveryeconduit, further

first process . _The m'c .of eat ure wor kpi ece ,
compsier acsaobihimaton o coBuplceieh dalh s $3apB0 T delivery
¢8hrahied by a longitudinally extending nenber and at

| east a portion of the gas distributor is fornmed
integrally with the |ongitudinally extending

ﬁ@ﬁbencrmgeatmteewrmlgﬁfédtqlm@ abclgimed6 wbemm tbe fishigas delivery
ﬁ&uﬁ s éggpt\éﬁrtgrﬂeﬁgr 5 lflpﬁoﬂr[‘:éess gas flow and the second gas delivery

conduit is adapted to deliver a second process gas flow that is independent of the

first process gas flow.

The microfeature workpiece holder of claim 11 wherein the workpiece supports
are carried by a longitudinally extending member and at least a portion of the gas

distributor is formed integrally with the longitudinally extending member.
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are carried by a longitudinally extendi ng menber and
the gas distributor includes a gas delivery conduit

whansnogisal | engt h t hat ext ends al ongsi de a | enge¢mr/os20041€27012

19.

20.

21.

22.

23.

24.

W@ghﬁ&gﬁéﬂrenﬁmecﬁzﬁold@h &f B&HPH SaLMERINH WdPkSlece supports
hol'der of claimfurther conprising a process gas

sup phyriecbby @i longitldinglhbéexteodingl reeémber taind thalgas distribiwéor includes
as _delivery conduit..21. The,njcrofeature i ecg.

Aofas deen PR haiinBen 1SRG ARG, Blalids Iy, Bngth of the
pﬂﬁimamqqé,ﬁb&i_rect the flow of process gas inwardly

toward a center of one of the plurality of

nm cr of eat ure wor kpi eces when the nicrofeature

ubekpiceleatiyeavompisg heldenel ARER orlelurihee cRpisingt@ process gas
Egt)gl?gcorg@%it réle%&ﬁl?fcgﬁ@féﬁ%"tﬁé ‘ﬁ'ﬂét‘%ﬁEQ Yad&felitFRidruito

urality o rof eature workpieces,
conprising: a first menber having a plurality of first _
Wibek piicroteatunep workpisgm dettier englasn| thogtherein eaeh fafrtee outlets is

B 5RREeq To Bl Ao b BHideSb B GBI AL bR Y ne of e
bRirglityto? riRfdfesfuré R rRMIEESS WheWhRE Phibrafeéatireivotiisieces are loaded
outlefs is disposed between two adj acent workpi ece

fnuhsomicsofeatyredverypiesatheldaetavi ng a plurality of second
wor kpi ece supports spaced along a |l ength of the second

KE rmi‘él:ofeglgl?«? e\f% rkbitieeS RORY %\Q’é éﬁﬁg etfae holt?RP. lrptlktgr;ae ieBg microfeature

position atrve to one irst wo
swpkpietss,toonemrigieg:at i vel y support a workpi ece; and at

ABLIETbAT haviig FPLBHu Al WEkRIREUPRBIE SPagRd Blong a length
cl aigftge fi\“é“t%@fﬂ?)e?,aﬁgﬂﬁﬁlity’tﬁ bitlets spBEed fctfthe length of the first

wor Kpi ece supports conprises a slot adaptedto receive
an eugyebenrandrarofnternal dimene couplingf @at inled teoeagheelethe outlets,

2 el 8588 BP0 eyl ETopoont worice

secegngpomsber outlets spaced along a Iength of the

second nenber, and an internal |unmen coupling a second
AesAsONd Member hawagta PHralle obseEshyomHPIfSEe supports spaced along a
out | . ] G, r ' I cd,al :
22 {GnET e HecBh SR80 (et Ui oS KE oA Wepice s Bits being
r el pasiibhgd calgtivedtd @nehef itme dirst @érkpiéee rsuppofte dbuceoperatively
wor kpi ece hol I§(1er of claim22 wherein the each of the

out [SHPBOT & WBKPISEned to direct a process gas flow

LRWat e dst INeeErEs S ntRb & joMed 20 ehéfirst BRd second members.

The microfeature workpiece holder of claim 22 wherein each of the first and
second workpiece supports comprises a slot adapted to receive an edge portion of
one of the microfeature workpieces.

The microfeature workpiece holder of claim 22 wherein the second member
includes a plurality of second member outlets spaced along a length of the second
member, and an internal lumen coupling a second member inlet to each of the a
second member outlets.
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plurality of m crofeature workpi eces when the
m cr of eat ure wor kpi eces are |loaded in the mcrofeature

wowrkp2wse hol der. 27. A m crofeature workpi ecECTobzes/027012

25.

26.

27.

28.

29.

F4 AP R ofetdia! WorkpRicdr RbIHLY QPEla%Cf?ﬁﬁﬁ{e'r”c%m rising a process gas
wor'kpieces, conprising: worKkprece support mnmeans r
supplyrdondaitaelelasabllyidoypleld toithe dfletat ur e wor kpi eces in a
spaced- apart relationship to define a process space

tween each pair of adjacent m crqafeature workpieces: .

§ e At e PolsRISSe THIGRCOLAPY 28 Wherei, 16, 6PR PL e outlets is
PeREBhbd Badifect t A Prodsssdgss floiuinWardRatowdrad 8hftd &F one of the
plurality of outlets, each of the outlets being

pheralityafadicrefeature weorkpieceswbenghe deiseofeature wonkpiaeesare loaded

h . 28. 1 cr of eat ure wor kpi ece
h@%@&ﬁ%ﬁ%ﬁgﬁ?p@%%&ﬁ&hg an encl osure defining a
process chanber; a renovabl e m crofeature workpiece
olrdierofdatupe swdrkipiedeh doflevcadapted tohdolibrg pumality of microfeature
m cr of eature workpi ece holder including: a plurality
SOTHRIPRER SOENRY rts adapted to support a plurality

o, AL BN PSS, oy 08 ISTMARR ot worcices

sur f acén ef spacsd-aparnt selationship tordefineca;pracessaspace between each
di stributor. includin n.nlet and a plurality of

out | et g,alrégaqﬁlqﬁen?Hggrgﬁ%qtggeswggﬁpﬁesogp#i oned to

di r gchad didtABUIRE rRESPE B8jadaRt ta1tiRe WRkPiEcE NRIpPOACARANS, the gas
spaceS; and a process gas sugfly conduit coupl e

d
t he i nidégtriytor eanssinalliding & musalityfof audlets, @a_éh@itt{)g @utlets being
wor kpi ?fj‘gitﬁﬂ)l?g €& diré?t a ﬁgxlﬁ gf‘fgé%‘i allég iﬁﬁ‘g\gﬁ% gi; ftfe%process spaces.

processing system o er

distributor includes a first conduit and a second
domitrofe atyracearkpiewe groeedsimg systemc gomprieingh of t he
first and second conduits, extendi ng | ongitudinally
2 SGRUTe HE DG A0 E55 ShEMBET Tha niorof eat ur e

Wordkt e PRIGRASRURIWRNIGHEER Ablder AisPod8d\IHeRE ipfoddding chamber,

inlet conprises a first inlet and the gas distributor
i nclthelgcreféatura wodpirdet helder iackidingad conduit spaced

f he fi adui ' h ; f )
wor P e B lafEREH Jupdtlf AiRiEd B bndh B ety Siipicrofeature
first quikpiete®ahng spadedvaphre eotationstiipi on defihé 4 hsrocess space
first ! nl et and the second c_on?wt bei rl( in fl léi d
communidgigaesh aguriace of eaek syarofeatdte workpiece; an

a gas distributor including an inlet and a plurality of outlets, each of the outlets
being positioned to direct a flow of process gas into one of the process
spaces; and

a process gas supply conduit coupled to the inlet of the gas distributor of the

microfeature workpiece holder.

The microfeature workpiece processing system of claim 28 wherein the gas
distributor includes a first conduit and a second conduit spaced from the first
conduit, each of the first and second conduits extending longitudinally adjacent the

process spaces.

-23-



20

25

30

31. The m crofeature workpi ece processing system of
claim 28 wherein the process gas supply conduit is a

W(ﬁbh(msm;ssncess gas supply conduit, further conpeT/B51004/627012

31.

32.

33.

34.

35.

36.

37.

%O Hﬁcr@?éatﬁﬁéo Wdfk;ﬂ@@@' YrbcE KR es%sfe,‘?n ofS Blafiid2@agherein the inlet

el'ivery outl et e second gas I'ivery outlet being
adaprisds dfirdkinlateandathiel gas dxstr@amruncladew adirst epnduit and a second
transyerse

RB0GY Spaeat ool teb Hondlit e R I b/ workpiece

WBIdERi Aerthdl QopsSTises Y deanal inlkgi e Sfirghessnduit Mseing in fluid
wor kpi ece hol der includes a | owget udi nal | y extendi ng

eempaynicatian cwith | e dirst dalet arthether qeﬁen%pﬂ@qilet:ebemg in fluid
t |
RGP Mo PP G anti ng. marber 33 The

m cr of eat ure wor kpi ece processing system of claim 28
Mermmnoieauheoﬁ/ombieqmpﬂqcbeg sypieon tof ataimp28 weserain the process

G, SIHOBY 00oHR Ik dESiePio8RSs s Ay sl urther CEmprising a

WBEKRY @88 SUPPHEeshaGt TyEpRA 18 a %b@bﬁ@l YasWhanehy ouist, the second
wor kpi éce su%orts are carried by a |longitudinally

grs alelivery oullebdeinghadapiadito deliven a Hawodf gascingadirection transverse

19 Bty oL REL oW 5B b5 e o BB OIRS Y

processing systemof claim 28 wherein the workpiece
Juepaicrefeature workpiede pyocedsimpsystetnrofldiaimeX8 eundreig the workpiece

Pelten indledasa fondivginayy xdasding gieriar AR GArisE ah agy some of the
WRFRSEce 34 p-g?fs the mgésaa.yfrrﬁuw wrhsﬁsn r gRemteRdl lumen of the

system of a| m 28 erein the workpl ecé supports are
tongitudihally exterating mednbarl | y ext endi ng nmenber and t he
gas di stributor includes a gas delivery conduit having

n th t X ' th.

e RS RSy B 20 ] 2B el cach of he
Wdﬁl@;ﬁéée BOppyRS eomprises ai slvt2ddapied & receahanfedgeeportion of one of
outlets is positioned to direct the flow of process
Q’&%”]"Ff@/ﬁﬁ%“ﬁ?‘f’@ﬂ@f%e& center ofone of the plurality of
m cr of eat ure wor kpi eces when the m crofeature

‘;]ijlb I&&fgémﬁgrg@iégé gré‘céés W%e&f%.ﬁ YO Whek&RThe workpiece

ture pl ece processing
supperts acooprriesi by langitadinaby extenditg mmen'g)m, atrleastsa portion of the
chaggér.' a Ib enovabl.e .m qh eat ure r ce holgg[t
gps SidHbuton beng ¢rHed by;thg lafelt Ure -
wor kpi ece hol der including: a Iongltudlnally ext endi ng

Wh@’qﬁrcrdifékétm‘ré vaornbulebalpréaessfngwsk@h@eclanpm Wh%r@ﬁaﬁédvorkplece
| ongi t udi nal | aontrzjalenth of thelong[;tudlnall
SUPBATS AL carrled by a longitudinally extending member and at least a portion of

the gas distributor is an internal lumen of the longitudinally extending member.

The microfeature workpiece processing system of claim 28 wherein the workpiece
supports are carried by a longitudinally extending member and the gas distributor
includes a gas delivery conduit having a length that extends alongside a length of

the longitudinal member.

The microfeature workpiece processing system of claim 28 wherein each of the

outlets is positioned to direct the flow of process gas inwardly toward a center of
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menber, the wafer supports being adapted to support
the plurality of mcrofeature workpieces in a

waepaseziisapart rel ati onship for processing; andP@r/uS2004/027012

38. R pligroRORLtd RBAICR Hﬂggggéigg SPLBAE TDoftHRid O

39.

40.

41.

| sriegbf tHél plrakdity 8K herdFeiu@ARoFkpid 68N Whé B! hicrefddthRFAworkpieces
by the |ongitudinally extending nenber and havi ng an

id{edeaded i thetmisrafeature wetdkpieeeboldér.out | et spaced
longitudinally fromthe first outlet, the first outlet

internedi ate a orts, the
sacenclosurel ddfinirgy a grocesistchansserf o di rect a process gas
of . .the wafer supports;

fl ' di d [
EPOYIE dBer gl i 6k Jolde iemaed DdnerROFSAG chamber,
of ttH§ nsxgg,féartﬁtréw%km%ceoﬁome?inm ify:eat ure wor kpi ece

hol der. G e m crof eature workpiece processing
sy st iangitudinallyh @ending enembac having: & eplucalikypioé seorkpiece supports

support ises.a slot in the |ongi i nal | . .
ext endisiggﬁa%&gﬁﬁa'gﬁﬁ%dal%gr &c quggh a?ig 3g§eww'6‘ﬁ"¥)f extending
one of rhémbet,cihel aalfel SupSdred ibRARS ad4PtedThS support the plurality of
m crof eat ure wor kpi ece processi ng system of claim 38

wher ei rnicFfealyrgyi WerkPieges yined t spagedprashelatiorship ffor qarocessing;
| ongi t ygiynal 'y extendi ng menber and the gas delivery
conduit 1s a first gas delivery conduit, and wherein

t he ariangithdially eextendipg ey deliviey domdultecaried iy #&s Iéhgitudinally
second I?n j.t udi na‘)lly ex%en,di ng menber_ and a second

gas. delSHRINGGIRIOPE 884 NAUBOLN 1. scirshoulet, and a second outiet
| ongi t Wdiapad 'Idnd??&hmgqﬂarﬂﬁﬁ@ﬁﬁst (ﬂﬂet,gtgﬁ Vg{f&%&ﬁ&ﬁ%ﬁ& positioned

wor kpi ece processing system of claim rern
gas delto diregt a precass gasnfiow sdsrmaediate: @ firstpainofetheovafer supports,

the | opgitud] er.42. The. mi orof egt ur.e workpi ece

pr ocesglg‘%]gggépg}%erﬁ)@gq cbgin& S@Saﬁ’@feéi fﬁot ﬁ%%%é &VPEGQ?‘ ygas flow
condui tintefmédiated seeond phrloy the aTdrikappens dngli nal

menber and a length of the gas delivery conduit

ExPEIESS Hasn §4PRI¥ condatgeeuried tadhe onlgt taf dhaagasngistdbutor of the
43. i ] i ece processing system of

cl ainﬂ—ﬁé%é‘%\t/ﬁéér)@?ﬂzdt%% }é\g@ P'of 5 first and second

outlets of the gas delivery conduit is positioned to
diheemicrafeatweessrkpicef prmoessing raystert mficoiaima 38 emh@reirotach of the

Bpeb cuBlS:bhibebe o 9] 5 B ebE ARG S8 member
@uap@‘det@tr@teivwm%soﬂﬂ@h%%ne%he“fﬂia’omﬂur%f workpieces.

processi ng m crofeature workpi eces, conprising:
ositioning a mcrofeature workpiece holder in a
hec d8isrofpalyper Workiece processing system of claim 38 wherein the

longitudinally extending member is a first longitudinally extending member and the
gas delivery conduit is a first gas delivery conduit, and wherein the microfeature
workpiece holder further comprises a second longitudinally extending member and
a second gas delivery conduit carried by the second Iéngitudinally extending
member.

The microfeature workpiece processing system of claim 38 wherein the gas

delivery conduit comprises an internal lumen of the longitudinal member.
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m cr of eat ure wor kpi ece hol der supporting first, second
and third mcrofeature workpieces in a spaced-apart

W(Dedoamizxsmshi p to define a first process space bEr/WeEN4/027012

43.

44,

45.

46.

47.

hicfe R0k W@%c@‘ de%fegéihgeméf&hk%%ﬁ\ aypd whecrjeln the gas

ine a secon cess space en the second
tdelllvelrymmrduiteafmnted/mpqnated}eﬁonv thedengitusinalgnember and a length of

Phe B85 sty i Rt Aiag e ATGAdlh & Tod Briilicinal Frember.
distributor that delivers a first flow of the first

ATHeC RfiGrofEuriel ﬁBﬂMﬁéc?eerbdeﬁﬁmgt é;@témr@rtclmm@es\ahsm ¢he each of
and delivers a second flow of the first process

firstranckseaang quiiets phibeaasdirlivenveenduiityp pesitioped 1o direct a process
I| roc t o]

SRz MG BN ¢ 68Tl bitel BE HePpRRAILy of microfeature
workpiecas dvhére thecnnm‘re@ature workpieceseard rlcmdetmem the microfeature
pro ess %Brb 45. The nethod of claim 44

P'ieﬁﬁ &he m crof eat ur e wor kpi ece hol der in the
process chanber conprises placing the mcrofeature
VIORIERh & Bf b@cesgngmmerbféataf@mﬂw@c@@ompb@tn@nt ially
sealing the enclosure to define the process chanber.
#ositiohegrea hodcrofeatiieg nwarkpigesr eheldee| iy e | REoese chamber, the

ol OGRS v dBReh it BLERERB AL fEophf T 37 microfeature

pr oGRsTR @beﬁ‘dﬁratévawegba;mrdeélatl@mshlpdoddeﬁne Iaademnpi@néss space
of the gas distributor. 47. The nethod of claim
Merb@twea@uh%éwtn@nq FECeReE SHATGieRIER wWogkileees aRd “define a second

pr o
o1 od 08 PRERIWEITIAL BecoRrahd Bl Ric R aR G WHpigces:
dielivermg ng irdti psacesisowgast to hthes eminmofeptwee seworgpiece holder, the
transyverselyinto the fir 0Cess s via t S .
o s TEEaYe TS ey ERENRS 0B aiptibOickdRelB3fiers a first
Pr OGRMP o¥afe (ird pSiess! daé Fﬁtaﬁs{ré}%e@em@lhérﬁ}@?%‘ioc%%@cgpace and
via the gas distributor: . The meéthod of claim44
wherdsilivensha sgeondiflow pbmln@rﬂrstrwmq@s:, gas firansivegsedy into the second
deliv§§ 5 .¢co dUIt and an i ndependent second gas

del iR %5 and wherein delivering the first

RIelio6nisg gas‘écbﬁd bP@:ergscg“asfteahel PPOCHSE lqhamrhaxhd:ler

conprises delivering the first process %ﬁs to

fremovingihgunicrelfatude warkpipeg helder sed dhe Fr@&%tgregwerhpéeces from

t he 583s ﬁﬂ% conprises delivering the second -
proggé ?gas fdg‘% & second gas delivery conduit. /0 49.
The nmet hod of claim48 wherein the second gas delivery
ddved mathde | ofvelagm 44 iprczsitiqi'ling/vthﬁ mihmfeafcloe]dmprkp'teagsholder in the
as tranﬁversele/ into F % proc space.an nd
rocess chamber ompnses pacmg he mizrsreatur workpiece holder in an

enclosure and substantially sealing the enclosure to define the process chamber.

The method of claim 44 wherein delivering the second process gas to the process
chamber comprises delivering the second process gas directly to the process

chamber through a delivery conduit independent of the gas distributor.

The method of claim 44 wherein delivering the second process gas to the process
chamber comprises delivering the second process gas .to the microfeature
workpiece holder and delivering a first flow of the second process gas transversely
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delivers a second flow of the second process gas
transversely into the second process space. 50. The

woredosozisef cl ai m 44 wherein the gas di stri but oPCT/US2004/027012

48.

49.

50.

51.

ijrﬂB'tngfﬁstapr% éﬁ.ﬂgb%é’ee(/hé the gN@i¥irbbutdtsh @I\'\/%iriﬂgté"@econd flow of

Irst flow o irst process gas 1s delivere

tine segbnd process gad traasyerselydota theosecdndr process Ispace via the gas
t hat. dtiQrects the first process gas into the first

ﬂllsgﬂlé‘é space and the second flow of the first process

gas is delivered through the gas delivery conduit to a

Jeeonétiod beicldimad4 dHersihsthehgad distribuiooieiriegas firstt gas delivery
t he second process space. 0 51. The nethod of claimb50

wheddit andnan indepgndent seeand gae dativery £Londpid; agg yvherein delivering

54T o o AcRFEANIL, e 8l ESHBNdn goivering tre
ifisstq@besy gas td it fjist icbadgibandeldliveriyg tendecdnd promess gas to the

first outlet that directs the first ocess gas .into
PREcass larphe T EPRSAS Qe IVEHRY 4% SREPT] Blrcars T tpilhe second gas
RERC&ESToma@sit S del i vered through the gas delivery 5

conduit to a second outlet that directs the first

rocess gas into the second process space; and _ i
&ei methathot plain et mheprio dbe segand iaast deliviery cerduit delivers a first

. CONpriSes. yver| LSk ] |
TR08E g SERbOrocPfs i bBflaTuntliiped 40 MR, bREess space and
defvierist a tsecand Ifiowd of tihé slecbhdtprdtesdcyas tiamsseseldinto the second
process gas O transversely into the first process

PHRAEISS W¢€el i vering a second fl ow of the second
process gas through the second gas delivery conduit to

FheOWidtho@ Wt Blairh "4 WhéRh Shé NasS rIMSLBF AF@E8ed3F gas delivery
transversely into the second process space. 52. A

eontioitl, arid wiptain the fret flomt of thel firsthprecess tiaatisidelivered through the

%Tﬁk iliggglsﬁ%rﬁ:ﬁgf{o: %ifgﬁbq@%ii@étgﬂ%ﬂwen.ti%ré%fr&%ts%rgeas into the first
Mrédetfsespatecan® the iseeend Podess thePMet pratesti g is delivered through
second, and third m crofeature workpieces in a

i ges-dgdinety eenduil thariesond audiet thatdiracts thefitst @sacess gas into

jrst and second m crofeature
3@?%?@@@@%&53@#% a second process space between

the second and third m crof eature workpi eces;
ddlei methot) ofi cfdimsH0 prhereinstbe gess distributer imchudessa first gas delivery

h er tod it tit f t first
300k 2T scRee das bR ot ehdSnerSBtona. and

itk KiEstMow 8f 7l fise prsidsB] Rz  dlifbiedethri\y RtHIGSE dBfvery conduit
to the mcrofeature workpl ece holder, the mcrofeature
to a first outlet that directs the first process gas into the first process space;
the second flow of the first process gas is delivered through the gas delivery
conduit to a second outlet that directs the first process gas into the second
process space; and
delivering the second process gas to the process chamber comprises:
delivering a first flow of the second process gas through the second gas
delivery conduit to a third outlet that directs the second process gas

transversely into the first process space; and
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wor kpi ece hol der carrying a gas distributor that
delivers a first flow of the purge gas transversely

WO ndos/orisel first process space and delivers a SBCDOS2004/027012

52.

1 oyefed %d%b?%‘é@&ér% grécﬂats@ éé?trﬁ&&éﬁ‘%e second gas

process s el'ivering a second precursor gas t
the pr mieﬁserychramdmt to tehfousthc ontletpthat idirssts s Sleeand iprgcess gas

with the ant’ % {vtheflrst recursor gas to forma
| ayer 6?3 prseisinthe $RE00H Aragess HaEhe first,

second, and third m crofeature workpi eces; and
e dof dEpdBiticPh aRdturis! dﬂvpﬁ'i@b%‘éﬁjrb%&ﬁbleééé ¢drBprising:

m cr of eat ure wor kpi eces fromthe process chanber.

positioning a microfeature workpiece holder in a process chamber, the
microfeature workpiece holder supporting first, second, and third microfeature
workpieces in a spaced-apart relationship to define a first process space
between the first and second microfeature workpieces and define a second
process space between the second and third microfeature workpieces;

delivering a first precursor gas to the process chamber to deposit a quantity of the
first precursor gas on a surface of each of the first, second, and third
microfeature workpieces;

delivering a purge gas to the microfeature workpiece holder, the microfeature
workpiece holder carrying a gas distributor that delivers a first flow of the
purge gas transversely into the first process space and delivers a second flow
of the purge gas transversely into the second process space;

delivering a second precursor gas to the process chamber, the second precursor
gas reacting with the quantity of the first precursor gas to form a layer of
material on the surfaces of the first, second, and third microfeature
workpieces; and

removing the microfeature workpiece holder and the microfeature workpieces from

the process chamber.
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