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ETCH NG SEM CONDUCTOR SAMPLES AND A SOURCE FOR PROVI DI NG A GAS BY

SUBLI M NAW® (RSBHMERETO 5 TECHNI CAL FI ELD The present i nvenPCo®AUSOIBIABES t 0 an
apparatus for etching sem conductor sanples. Mre particularly, the present
invention relates to an apparatus for e}ching sem conduct or sanpl es havi ng
a varl expansi on chanber and*fo an apparatus having two or 10

" nore W@ﬂ@ﬂﬂﬂ”ﬂﬂm expansi on chanbers, wherein either apparatus nay include
an appar etectlng the end point of the etching process. The
_present if¥Mtion also relates to an inproved source for providing a gas by
sublimnation, in particular a source for providing a gas by sublimnation
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integrated circuit processing, naking it easy to integrate with other

pr ocessesTEUSINIEGAIOMBS.D One 20 of the first refer ences to t he use of xenon
difluoride in silicon etching is in HF. Wnters burn, ‘The
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the cycling nature of the system Specifically, since the expansi on chanber
requires time to fill before the etch begins, is open to the main chanber
during theoebmedse7and is typically evacuated during the evagraisoomizbep of
the cycle, it forns a rate-limting step in the 25 etching process. This
limtation, or bottleneck arises primarily fromthe tinme it takes to refil

t he expansi on chanber with xenon diflueki-de gas after the evacuation step
~of the previous cycle. The wait'ing tine can often be as long as the tine of
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et ching processes using xen . :
main chamber, to be approximately double the actual etching time. The term overhead is

30 commonly used to refer to the difference between the total process time and the actual

etch time.



5 gas, end point detection is typically perfornmed visually. The device
bei ng processed is inspected through an optical m croscope and etching is
st opped when2tdser material being renpved is not visible topdrassyaziso

Aut omat ed end poi nt detection nethods using non optical techniques have not
been described for xenon difluoride etching of silicon and rel ated
conpounds. This is a critical limtatioBwhen the process is under ful

" conputer 10 control, as found in sem conductor-type cluster tools, and

vi sual inspect iy ahsthBPéx 8Nd eifon @i flisikei didhéng SREbnPBideberitetiést i on
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4,415, 402, and r.esidual gas analysis as, described i.n Japanese Patent Nos.
11265878, Makss iisa major s iﬁlﬁs%&#ﬁeﬂ%ﬁzﬁ'&%ﬁ@@ﬂwm@%ﬁy&w@feﬂ?b}db?’é’éee nt

I nvent i on Jeﬁéiﬂfe% the o8&ty 5 18 nARPHAIHEE ahd ol tHElpRdedBtVF TR Bdhofhanber for
hol ding a sanple to ge et ched, a source of etching gas, and a col |l apsi bl e,
vari aile wbflunrieszap anist lomle(shiarthemaimcheaiber which nidyuiesult breddirsdmthedtowpf h t he
source of etchi s and the etching chanber. The etching gas may conprise
xenon difI’ifB?‘?Q\gﬁW%?ﬁg%e source of the etching gas being a vacuum tight
cont ai ner hol difaghe®IENIS 30d SéhicHRdicets igdustiad] & in Tt AARafBtusg MRdustriest her
include a source of m xing gas such as nitrogen in selective fluid

comuni catthoughputhn & neanefaeaniigdeoldhamagor. compen a g pus, dhasystenygysorpabieg 7

PCT/ USOL/ . 52180 .5 ma | sg, further, include a, vacuum pu i I ive fluid
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then ploaceflodolyd bl sibth GRATY Biaf AseAbed'foldhnd Q31 B4 MA1GeCAMET FiRiR 1 f1a
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et chi ng chaagieof th¥ kenaxgifineiidnscdidaaper prassured, mhersin piesgpresahobe thegguave at a

mai nt ai ned at tenperatures at which the.etchin s wil.l _not solidify at
the etch pFaété%‘{i‘?" STpprapyre papse theyappyto;sol lgﬁpﬁég%‘gg‘? ﬁee@né?gﬁuﬁ%icthgnber may
be evacuat &diimhfod BRsAFESERénon N BREridRAs Adpiexinftedy 83 Téir at rebhleshpefatt Chi ng

a sanple held in an etchi ngja‘chanber at a desired etch pressure. According
to the netdrogproximaichrd0°6t Thusahe nysssuse in the apifiglsixpansomphanghep ha S35 hanber
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etch pressure, the volune of the_etching chanber, and the source pressure.
The expansthatheatingrbtheixsnemdiflugnde kiglds @ igher ok 1AM caEIPBRRTEHUEhe

et chi ng chani tgﬁlﬁ ' for QL L ahsekatiBH oF 13 »elisn Met hod,
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_pressure. The feeding step incl ude, feeding.a m Xi suc s 25
Do e s b b e e 8350 e 5,
steps of t@%ngirﬁc &e ARHRIE SOARD§Jst @Y thrBh ghiplitisbaS PR HinOWithixkRor he
et ching chanber after the coll apsing step, repeating the setting and
feeding steps, determning that an etch process taking place in the etching
chanber is conplete, evacuating the etching chanber after the determ ning
step, and repeating the placing and coll apsing steps after the evacuating

step. 30 The determ ning step may incl.ude determ ning that a predeterm ned
etch time has el apsed




or anal yzing gases drawn fromthe etching chanber and determ ning that the
etch process WO 02125697 PCT/ USQOL/ -42180 -h is conplete when the
concent r av0o2rgs60f one or nore el ements or conpounds reach®STAISot/¢H8e val ue.
The present invention also relates to an etching apparatus having an
etching chanmber for holding a sanple to %e etched, a source of etching gas,
such as xenon 5 difluoride, a first expahsion chanber in selective fluid
“communi cation with the source of etching gas and the etching chanber, and a
second exphfisérote Gpanisewer sulsighaon ratss b?mrwndﬁﬂmmed@pbthﬂmmet #et he source

. of etchin s and the etching chanber. The apparatus may further include a
source of PRgPSGLL esﬁ}'éf?nhs nitrogen, in selective fluid comunication

W th the first PhbNRGSdchxpalydetimatbatb efchingMlocess &tDpuintssols ¢e awdid 10
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vol une expehsdduvvnipvante Thisib aegtiedl lmirsionlwhearthe prcessibontiereult compheer
apparatus includes three fj xe&l vol une expansion chanbers f}avi.n vol unes A,
2A and 04 control, as Epwd R seypiconducioriyie pUStEROQis, 2t yigual ISPEUaT R §Ot hanber and
one or nor . i on chanbers, which nmay be fixed vol unme or

vari abl e ch) gérne}%ﬁ}gorr@wg'ed with the etching gas and in sone cases the

m xi ng gas. TheRmkpeinsdaectivhaysiems have been debaibed in thefliterathre tomaumimbet pHn
with the etchi ng chamber_and the l\zari aal e vol une exgansi on fh%%ﬁeré i f
any, are cYmicqreueior menufacuLingcichipg 2y dgrosiiiqn RTPETSTePRY Ot I " P%ehl ng
25 chanbery, JhenS¥aang Phese 100 RIR1d8H theilifls Bhéddl SMb il ANdSEsia 8 detribed ned
at terrpera% ures at which the etching gas will not solidify at the etch
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evacuat ed. , Th r.esent invention.al so | at.es .t e i ; S
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chanber i nqafigetihVRmidrét 81, I0hitedrvTates Pabnta¥o, \9,939, 836cacomtiC Meturéthaitd iy gas,
a flow controller connected between the source of etchin gas. and t he
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t hereof, t &h being adapted to hold a solid material, such as xenon

; : 48567 ( . .
di fluoride crystals, used to generate the etching gas. In operation, this
configuration provides for a continuous flow of source and in sone cases

m xi ng gas S t ching chanber. The present invention also
relates t a gas, such as an 10 etching gas for an
et chi ngs appar at §ie pla¥ent ithlehfiB teliied o0 AL ifpafBiFintidting Bnetcan ce

i ncludes a vacuunlglght container and a nmesh nounted in the interior of the
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etching gas and the etching chamber. The etching gas may comprise xenon difluoride

with the source of the etching gas being a vacuum tight container holding xenon
30 difluoride crystals. The apparatus may further include a source of mixing gas such as

nitrogen in selective fluid communication with the expansion chamber. The apparatus



shaped cross section. 15 BRI EF DESCRI PTI ON OF DRAW NGS Further features and
advant ages of the present invention will be apparent upon consideration of
the fol | avéd nz2d@et ai | ed description of the present inventi @aT/uSakensi n
conjunction with the followng drawing, in which |like reference characters
refer to like 20 parts, and in which: Figure 1 is a block diagramof a
prior art etching apparatus; Figure 2 r8-a graph showing the solid vapor

" pressure of xenon difluoride; Figure 3 is a schematic diagram of an etching
?12 paL at us?llay catsbﬂmnlgertimlmdnaa eadnonh premyi incfelectiee findentmunivaionivath th25 Fi gur e

. through 4D illustrate various e dinments of a variable volu expansi on
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. schemat i ¢ i RGO terAfbrutdbiiHe BRRAEhhRbEACHATRE RehpefinireHE GRNEXpRINIGHT ment
of the present 1 nvention; Figure 6 IS a schematic diagram of an etching
appar at usclamter.dThe vanebde 8olutrisiex parsivimodhiambar may inchelepy kedloms or magringlade WO

.02/ 2S@7 CT/ USUL/ ~218U. Fi 7 is.a s i c_di i
appar &t usT SXEOVRIRH SERet Biih e BABBAPRERT PoPo: e gPEtENe TR B H gur e
8 is a scheimbl %s@h@l%i@%?&fraﬁ@c&iﬁéﬁ #3GhéPRAmatlMamB&cording to a fifth

enbodi ment of the prése invention; 5 Figures 9A and 9C are )
cross- sect i onaln elexaficans safplsris naded inte, e etahing grmbebardihg EXKBABIR provi di ng

a source of gas.through. subl imation; Fi 9B .i. ! | agram
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subl i mat i g iAfCME Bkfiaisiof cABmBEP Elte erparisivh agbenis thavsiatdddin fluid Fi gure 10

Is a schematic diagram of an etching apparatus according.to_a sixth

e nb(ﬁdl(?re neoramupication withthe etahiag chanberpng theexpansian ghagahed ipgallepifdagr am of an
etching a ratus. r qi g M=yl £560

i nvention ,Hi%%bguf? IZC "i%&llg §g%8§%#§gsrr%{ f@%g%ﬁéﬁ%ﬁ??&ean eet %@iaﬁg&é%ar at tﬁgd

accor di ngtHeGtéting Shagileh tfe @anodioden termjerdthrs pt whizhithe etekingiganwilana Fi gure

13 is a schematic diagramof an etchin aratus accaording to a
solidify at the etcl%J pressure. After the etch%]gaig F(gomplete, the etching clgamber may be

evacuated.

15 The present invention also relates to a method of etching a sample held in an
etching chamber at a desired etch pressure. According to the method, a volume of a
collapsible, variable volume expansion chamber is set to an initial volume. An etching
gas, such as xenon difluoride, is fed into the expansion chamber from a source. The
initial volume of the variable volume expansion chamber is determined based on the

20  desired etch pressure, the volume of the etching chamber, and the source pressure. The
expansion chamber is then placed in fluid communication with the etching chamber and
the expansion chamber is collapsed. During the method, the expansion chamber and the
etching chamber are maintained at temperatures at which the etching gas will not solidify
at the etch pressure. The feeding step may include feeding a mixing gas, such as

25  nitrogen, into the expansion chamber. The method may further include the steps of taking
the expansion chamber out of fluid communication with the etching chamber after the
collapsing step, repeating the setting and feeding steps, determining that an etch process
taking place in the etching chamber is c'ompl'ete, evacuating the etching chamber after the
determining step, and repeating the placing and collapsing steps after the evacuating step.

30  The determining step may include determining that a predetermined etch time has elapsed

or analyzing gases drawn from the etching chamber and determining that the etch process



ni nt h enbodi nent of the present invention. BEST MODE FOR CARRYI NG QUT THE

| NVENTI ON 20 Figure 3 shows an etching apparatus according to the present

i nvent i owo #freseappar at us i ncl udes et chi ng chanber 27 into peitiuse141180 sanpl e
to be etched is placed. Etching chanber 27 is preferably nade froma
material that will not react with the etching gas such as machi ned al um num
or stainless steel and preferably has absolid transparent |id made froma
"non-reactive material such as polycarbonate. An optional 25 sanple |oad

| ock 28 maycobsplgie ovhiefl itk domkentmaidhsn gf dresorsactp lekenientsoortdompetinds negctehanber 27.
.Al'so included are vari abl e vol unme expansi on chanber 26, xenon difluoride
source 25Pre§\ﬂi"@Hlenny conprise a vacuumtight container such as a |ecture
.bottle or mcr ' HRS % &Y AbhiARbEpdriQsmWihE 8Y efeRing @

Swagel ok Corrpa%?ig%)éfaﬂlﬁgm?lgﬁgaﬁéir%lhts, OH, alng g‘r’y ni trog%n sourge 24,

whi ch may chammbger ifsrchoddisg arnsdmplt tgde etohed, reosourasfof 3chggrgasosngb @s senqgy ade
.nitrogen. nmer,ous,. ot her gases coul.d he used.in the place ni troge

inclu ngdgﬁ’@ﬁﬂe’msh@maﬂ%{m Eﬁqﬂ%t‘%ﬁgﬁ%’t"\ﬁg@‘h& %%B@Hﬁﬁcﬁth"’b?{ﬁﬁ%‘&s? Ec%é)r%d VO
02/ 25697 RhiRG Hab/ahd (iie%t@fndénanfee hind QlesthdZApandoneagibelir deltive guiiour ce
25 is a gas vdlving nmanifold conprising pneumatically actuated di aphragm or
bel | ows vabmmmmication withih@samek ofesteliing gasl and $heidching chanberaThsappaaiugel y

adj ust the flow of th ases. Pressure neasuring devi . 20 d 21,

pr ef er abl Waé{ibl\é\li&?rt"éﬂﬁ‘ie %ﬁ%ﬁ%? dPEE RN Eafﬂétrc%ﬁlﬁ’el_né%]g%mgev%@pabl e from MKS
5 | nstrumgphiudfcafbsl @rthe Wkt afd SecBh@¥kshasioh BhirtiBerk hitba beone esureant abl e

vol une expansi on chanber 26 and etchi ng chanber 27. Roughing Burrp 23,

t ypi c&f| y etehingtgas yn selensive fiwid capmpnigatiorewith the sxppsien gipmbess. The appgsgfu 7 and
resi dual gas an LS I 2 It QG ViR 6 are
connect ed%’ffg azsi?%bﬁﬁerfﬂgﬁ@%%‘géﬁém@ﬁ%@ﬁg&gggﬁlgﬁ%s ar egﬁ\(%{gﬁgg%h:\eect ed with

standard skginsloaThamibersland thd éskiing clumbdhand b keatingratd aoniolt appadatus feat i ng
and control apgarat us 19 is provided to regul ate the tenperature of .the

appar at us cesibng hedemperaiyre abihe eishingnhenbers 20d ShrlemPeREHE ChHCLFRRINR 1 ol
appar at us LS the. : ‘] ; s and
heat ers a&gl iz’a Iéx ﬁr%lﬁ@vﬁléﬁg%{ ﬁf%wﬁgk%?g%]f%ﬁﬂn‘gﬁ%%%ﬁ]@? %1?% %ﬁéekgui S,
M ssousi . efhingrgkiand fesdteligg elnantes mayalscappaoeded E&hnithe eipagsibhe gas 15

val vi ng mapi fol d, expansi on chanber 26 and cess chanber 27 at a gonstant
{ enper at uCEABRATRAE BT A/5Kred B UREGraRaY Ry aciohle VoLee pransPa SRy 45

degrees Cglg Hﬁ%o?iﬁl&?, RS AapEs Rk Gbe BEASBRME bipafitigy ERantberd bEeal 1 d

vapor pressure of Xxernon difluoride is 15 Torr. Controlling the tenperature
of the et clranin gasharethttddémenty the apphiratys umbndgsihggesfixed yoleme gxpansion

condensati on of the xenon diflyor.i gas onto the walls of the 20 vacuum
syst em an&ﬁ%{gg‘?rg %leﬁvPﬁ‘ﬁ‘?eﬁgA"tzﬁbmlﬁf@'i ng process. The variable vol une

expanspon chanhgbpaftios aafipdd e esade@ inth Bekitetany slpdiber ki@ ohdbembme ofthe ume of
whi ch can be selectively adjusted. Variable volune expansi on _chanber 26 may

be made f respansiomrbembarsi yhiohanayaby fxesh volwne exvasiabla vadege axe fled W8 hows
h as th h t ; | in Ei i d
State 25 AR AR Fhsdic CHE008 AT @, e bbb Ot ufitbe D upbn bIRA BROCC

rigid supgmid coreelaRbGoR Fihalse abigng chanbdraud ehedGriableantumectjaastionhe bel | ows
60 are conpressed and expanded Iinearllé, resul ti ng}lg a qu er Life. As
used in t vbamberarifeny 269 calkessk edentesiinbngassharefinsistied b himgirhing

conpr gsse ) dahd EERAE M shder L¥an&fatmry be fitted
to m)?ér P%Q%W%QQW@n I rgsaa[rneqhéb For gaut orratai}l)%lncorrpr ession and 30
expansi on.terfipérhmbdsent ndlidhoths eahingageaivtilinbesddidify astheghah messnte. aAderdhe onponent
fromthe Kurt J. Lesker Conpany,.of Cairton, P%ndﬁsyl vania. Alternatively,
vari abl e \FANp&is complete, the etchlng chamber may be evacuated.
| The present invention also relates to an etching apparatus including a source of
etching gas, such as xenon difluoride, an etching chamber in selective fluid
30 communication with the source of etching gas, a flow controller connected between the

source of etching gas and the etching chamber and a vacuum pump in selective fluid



WO 02/ 25@7 -10 PCT/ US01/-42180 expansi on chanber 26 may be manufact ured
using a fixed volunme vessel incorporating an interior sliding seal piston
ar rangenawio 02/348@7 pi ston i n such an arrangenent nay be dri \PEm/ES/HEBO
manual |y or automatically through use of a notor drive for collapsing

vari abl e vol unme expansi on chanber 26. Xenon difluoride crystals are
typically supplied in vacuumtight bottTes having an appropriate isolation
" val ve. Such bottles may be used as source 25 with the isolation val ve being
val ve 2. dommpdtaionomith #ertchinh dHandet.dA ssoiee ofni2éing \whs ohsebsstive flominpri se

~ several bottles or containers cannected b%/ a ni fol d ﬁnot Shfg%,ﬂ])’ IS
connect edCOmBNYHEAtONKItH frecheiungehagnbehaitha Pecops HaVLORrgHer ConPedeim syst em

_purge se b S L | Ligy! ah b viled9 TheO0, 12
and 17 afgeﬁ“g%egln%g S%Jn}gé P%&ﬁ?ﬁg&pﬁ%ﬂgé&%@ gggr?%és? afiybleﬁ(s)ﬁSS ?ﬁreo I r?t erconnect ed

conponent surcBhf ety gisusay coniprsa afMaosive gl dontadey heviagn meshrmoganiedim ot her

.gas from source 24 by_qgpeni val ves a 4 a sybsequent |l y re-evacuat ed.
This proc Bﬂ}t@“?rsth‘fﬁ%@ gfee{‘BF%‘gtPe ﬂﬁ@@ﬁttﬂﬁ atqoﬁggl}é{g?aﬁ%uc&ﬁp %f}ﬁonwi th the

appar at usg; ¥ Y&ierakd tRMchldg 84sC 16 bp&atoRRis KbRfipEation S

pr onpt ed %lgﬂ%g%en&ggw’gsf co%ne(r:t ed 15 tc_)g%{le xegon.?jifl uori dgét&sour ce 25. A

sanpl e t oproeides folnedontniaadew dfrooraelnd é sdmaepsehaiing gacoul el Sagesto thae

fol | owi ng g;at hoﬁ. First, load | ock chanber 28 is vented and the sanple is

| oaded ontlGPREIMOHsfer arm of |oad | ock chanber 28. Load | ock chamber 28

is closed and 3 SR RiveXtiSty ASH P16k (dYa PRARI fBBpréRl i 4 as, Ehe Bait er, gate

valve 18 between 1oad 20 | ock chanber 28 and evacuated etching chanber 27

i s opkhedetchihg gauiop lar ctobingrappatagisy yisublimation dienng selibmpieriab 7Tha9uist e val ve

18 to | oad ck chamber .28 is. cl A zhnsen by

the user PRERGR BRBTCrfophlisf SRERmelRoRi3) RILRRRE! e kot fHR=0

et ch ti megondifdt, Wheiithe me3h 6 ddaptedrio Adldale scdil mdibgalx eFtervadinirh tight de t o
nitrogen gas ratio refers to the ratio of xenon diflugride to nitrogen gas

_ t

by 25 par¢dangingrmeasshave acylindricah shapguerskthe mesh vy hiakga rshersd o2 WY i s
controlled_h ectil.vely opening the val ves of the gas val ving manifol d.
The etchi%&pé%gr%%ssscetﬁ{r%lferabl y fed into the expansion chanber first, before
any msxing gas. The etch tinme is the tinme the etching gas m xture is
allowed to remain in etching chamber 27 before etching chanber 27 is
evacuat edBRIBEDESCRIPTHIN QE, DR en expansi on chanber 26 is placed in
fluid 30 commup) gk ' { es&ﬂ”tﬁ«ﬂpl%g ® inRRHoARNI 8B EpyaT upbgh f 1 Ui d
comruni cati on ?ﬂé tef%lﬂg%ggugé%ﬁgn etc ngechl};mbe? 27 is-%%ﬁ;cua_ed. The
et ch pr essansileratibarod theafollbwing datiled/d2&epiiorPof thooisentinyeuion] takpn &ssur e

i nsi d hi ng_ch 7 while th Le is bei hed, i 1
pressur o ARG HChR IR f e R ST g SR ae o7 HE ier of

cycl egy r ef&isS ahPintigicRumber of times the etch procedure is repeated for the
sanpl’e in etching chanber 27. The precise values for each of these
paraneters i s depenBignre bis abldclliagramheis prigrarigteling pppaidiisir e of the sanpl e
to be etched and may. be ¢hosen by one [ ! .etch
process is initiate 1845 ‘Se&%%%%(‘ ni lg%gﬁbsérhhfgp(%rg) r%%ﬁ?ﬁ%ﬁxggwugﬁ@lﬁgﬁra%ughi ng
punp 23 by opening Fihye3 isla scHamugc dibgiam sfereteting abagatds hdverding teadree

vol ume expansion chanber 26 .is set to the desired initial volune. Choosing
t he i niti embedimentef thepresentynysniiphe vol une expansi on chanber 26, for
exanpje, by conpresg ' - infhtsBF A ¥PAYaPE vollfne

i nt gIr)#sgr pi st on, se?@?‘?&%@?ﬁ%?@@%ﬂ%‘%&bﬁé’ggé‘]n\%\%‘n vari e?bl eavol une
expansi onexjaasibs chafibéraccardirge ed asgeot oftheprsent imeemtiahy] y or under notor

control, substantially all of the.etchin as m.xture will be,.transferred
from variabl e vol unB&%Hars? she gﬁ%@graggo W RS ﬁ@%ﬁn&%@o@%%?

_variable %EH@E?%&?&?& Ofhe BARS indEitibf; set to an'initial volune that is
me o

equal to e volu et ching chamber 27, 15 then the etch pressure after
vari abl e vol ume exp@igirof ichsthomatie diagsncof dnegicldng appdratheaccording to a

EIR N ioeh

30  third embodiment of the present invention;



substantially equal to the pressure in variable vol une expansi on chanber

26. If the initial volunme of expansion chanber 26 is set to sonme nmultiple X
of the voWWain#25P7 et chi ng chanber 27, then the etch pressuPeTAfSVE#218Me
expansi on chanber is collapsed will be approximately equal to the sane
multiple X of the pressure in the variable volune 20 expansi on chanber 26.
After the initial volunme of variable vofane expansi on chanber 26 is set,
"valves 4, 5, 8, and 9 are opened in the appropriate sequence and the
desired ratio of etEigurey7 srakchematigdiggrasmes anstalihgayrhratos deedling tofd ow i nt o
~the expa%i Oﬂ chag}iﬁar 2? until an initial pressure set point chosen by the
user as eRpoment ot e EeseRELYFIIRY: devi ce 20 is 25 obtai ned. Val ves 14
and 15 are needl e vgy r rdd 1;;9&{] j '

Al ternatively, vari g‘lglﬁges%gl aﬁs'r‘?gélg?(tg:aﬁglg%ﬁl %ﬂh%%e@%% may %%&gidtl%gntc?ead during
the fill ipfhembodivieahof the presentiinventioessure set point in variable vol une

. expansi on chanber . 1S rgg\ach %F@val ves 4t 21 aBspand 9 are closed,. vtal ve 10
i s ope€ned and the vaerssl e oséifﬁ‘éhoéﬁabna%"ﬁ” rboerpn%a’i‘té'a%wgﬁged by
conpr essi dytaedrs R¥pr&HdRg dbutbelofighdihtorldhSubimpfieyi ded as a part of

vari abl e vol ume expansi on chanber 26. As a result, substantially all WO
02/ 25697 PCT/ USI | 1/ Fignueg?B isjpcross sepiéonyd diagrsm of muveruum tighticapiamer Brune

expansi on_chamber 26 is.transferr to etchi hanber 27 i reaches
ror s narPrBPg L sohfer aes MR HLEBirlaloR ye 88 0 BT R es i pg Plsichece 51

Val ve 10 ingedtfogn cl osed and a systemtiner in automatic heating and control
apparatus 19 is started. If the nupber of cycles to be perfornmed is greater
t han ¥he, vari abl e Fgrmd isasshensic dpgiamead apgtohinganparaesaccsrdingstoiani t i al
position i i s fromsources 24 and 25. The ability
to refil I%&%ﬂ@%ﬁlﬁ#&%&%ﬁ@ﬁﬁ chanmber 26 while the etch process is
taki ng pl ace in et cRignte thinizeherdatid diagrdmanfiaa gahirse ppasarseadcdrdingioaases

t hroughput by allowng a filled variaple volune expansi on chanber 26 to be
ready to Y¥ciih embgdiment of thegiresentigvesiing i s conpl ete. This can be

contrasted to 10 prj : SV : SUC IaPRE A tonal .
whi ch requires the E%Bgeﬁfsilg%s@hﬁﬂ%{ﬁ&ig@a@?fk@%&c@@ﬁe etc ci’é%g tg er
duri nig t hegighteimbedahat of theqessent ineemtivn; puventing it frombeing refilled
until after the etch cycles is conplete. Before refilling begins, variable
vol une expansi on chg‘@ﬂéhz’é w@e%@eﬁé%ra%aﬁftﬁh&ﬁgmm&t&ﬁfﬁg@@m %peni ng
val ve 11.ni¥ardnaBm¥@! diftRe preRandlventighanber 26 may optional ly be cooled to
15 roomtenperature before refilling, thereby allowing nore gas to enter.
The process of coll apsing variable volunme expansi on chanber 26 that is set
to a vol uge 2 et chi Br16 nber 27 in the present

appar at uﬁ* supplied to etching

Chambgy 27 at i@k PERWE etk AAPATOFMNG foeth pregentdhventioni The vapor
fromsource 25, which is typically at room 20 tenperature, to pressures
t hat woul ¥pperatiesrinflydes @ehking charber I3 intgiwhich theisgmpie tebssiidhied ipplacadse t he
automati ¢ i I i ystem
parti cul a];:t{&@f?l?ﬁggragéidzvﬁﬁ%%tgéaﬁgﬁﬁg%ﬁ&ﬁ&éﬁ ?ta %lgﬁ%gfi 31%0 lrt]ge><%%fa;§1’!;q1l(IE)ﬂnescharrber
26; et chi dighifaf gadeich2d mazhihel ARMinGAIE elalessisteg] andopraferatily hada ghidenough
tenperature according.tq the paraneters of Figure 2 such that the xenon
di f | uor i d&AnsBHERt %@gdﬁﬁpnswwqagﬂvep@&fﬁpeﬁ sHgh asspelycay 0%%9& ogfional e

£t et i th
pr esejy 'gmﬁ;gé L3 ﬂ‘?ﬂ‘ﬁég ﬁggbgp@&@g@ﬁgﬁg%@@ﬁﬁ%ﬁ&hieeé#grﬁﬂg%ﬁmbemﬁn e

user sets tl etc ontrol” electronics set the

et chi ng t Alpencitdadearbyasaile volynaexpansicnochasder MG xandn didhworidé sapea?at us 19
to the ap‘%.ogri ate val ue detern:iged in acc rdanée Wi kmt he par anﬁtders in
Fi gure 2. WPCh 3y AOIBISC FoteEPp fght GoptqiRer SEeh 3hct E%‘ﬁ?'%zo AT TRALAY 1Y he

. conponent §cRks iRe YAAIABIR S¥1HIWAREPEC KEBagélok (RNFARP, T HibERRE HR1JhS -
Rather, it Is necessary that each of the Conponents be at a tenperature

that is aPH eeddryadtrogeghsoascetde whishpenacamprissta shvidetd gaseylied@widi f | uori de
-9as V\gd | sne(r)rgicgn%ulct%'r fg}(a'de nity\g)geggll\?u%e%gus_ojt erl:égsrés%%(l)li]t( Belgs]eﬁ liJn the place of

nitrogen including argon and helium. Connected between expansion chamber 26 and



I n addition, when variabl e vol unme expansi on chanber 26 is coll apsed, the
xenon difluoride gas is forced out of the variable vol unme expansi on chanber
26 and i wo gty ng chanber 27. Because the xenon difl uor ipde/@sod4nigé r ogen
gases are forced into etching chanber 27, etching can begin sooner and
process speed is increased as conpared to the 5 prior art described in Chu
et al., which utilized a fixed expansi o chanber wherein the process gas

" has to naturally flow fromthe expansi on chanber to the etching chanber
Forci ng t h@tragen sGutce Oft aud kerdal diflveriderseurie24ris b gas vdivinh enan2f6ldbésuprasing ws
nore of the gas, and in particular the xenon difluoride g be utilized

, _ as, t
during t heneiaaicallypetmated disphiaem enhellows ¥alvas { thyavety and jeadlg ‘éa?v%d"\/\hen t he
.etch time ; : ki 23
evacuat es aﬁ‘ﬁ%?‘%‘g%ﬁ”ﬁﬁw%ﬁ tlﬁ%ﬁogfééfg? |Ee§| ?ﬁ%?‘ggl%q%lﬁlg%g%}}rﬁe% 28%{? erably
on t he or despreferdly oapdcitdiorermanosctart)isesteds the dlype €T22 agaithble/framéVKISosed and

Comp o8 ed InsyBELY Hatp B Mot PP HEIdp Hfohes Y PR VP eciotans SRRon
expansi on .£hanhels 2@ dBindEhAHRE AL Rng“rﬁﬂybﬁxﬁP 0QUShitallP a Whthty Bine Pumy,

chanmber 27. I'n this instance, however, variable vol ung expansi on chanber 26
cannot be withfdskéeatedimalives bF,t18y 13,land 12 und tesiduehgastanplysislapparatus 23withhe et ch

cycl es have be(f conpl et Fd, 6vari abl e olﬂ{r?e expansi on chanmber 26 is set to
its maxi m?r?ﬁoﬁ’&e@rﬂ?cﬁ _ivtavc?r}. AR FPUECIFS A MPMY are opened, and roughi ng punp
23 evacuates th@le%bﬁ‘fzﬁ?ﬁ&ltﬁiﬂﬁgﬁgpa%zms ¥l iMRfcohRecidttwitf stihBart Reiniedseirl 20

and et chi ng chanber is filled with dry nitrogen gas from source 24 by

openi g t hebinger tipdikas andvanl apéematic heatngyars! comtrel arpanatnd FDisProvigedtopr ocedur e

is preferably repeated three. tines, which flush hi 27,
| eavi ng i feg“?(ataﬁ% tﬁ'ﬁ’lperé'\t[}ggﬂgfhgd‘pg‘i‘rgtiuéPOWB?Q/%HSIGE§ @éf)g g%a égg%%ﬁgrgpt%ri ng
the excavaehtff} fideRandPajpasding/By is @ QUAD-BIRGENPA0somvIkhatberiods may be
evacuated and flushed along with etching chamber 28. 25 Next, gate valve 18

bet ween t teermogennlescanddreateseavaiable femeWaHp W estH s dEanufae yring foRIARARY Ofhe
le | ferred i o : 18 t
Coad 1 ock Scriani M5l Muforhlfy Reifle Wi Cbidf ARl c Ol S AL IAh LN RS 1 O

sanpl e5i s vdRimgamediféldogrpahsion titamstes 6 andrprodesti dhambat 2Yat & donwtani abl e vol unme

expansi on chanber 26 is |arge enough, for 30 exanple ten tines arge as
etching clempaptupsbetygen 3l agth Hifbdegies qefsh‘isb P‘?‘Fbplagiﬂg?é at 43, 0epres (2558% ferfly

val ve, for . : terf vah: LLal :

021 2507 TP B ERo TR i P ieEte 2 o @ B SR AR MR, ¢ e
roughi ng pyhj)TtbjrnéiomdjoHiI?rthe _w{u}]pcamirziof ;Hee;tdtaghgasgmdﬁp@smmdmgrvab@rﬁprer{) at ed
in a quasi-continuous, node, w a_.set desir pressure in etc chanber
27 bchontsVﬁF‘FliH’if;"ef’FFethF gprdesatipp;of eéS?ﬁS’Plgffﬁ’r‘i’n@ﬁ§ﬁ%%9t°%e W%ﬁﬁ é}lﬁg‘gs and

thus phe rabgmd erﬁ%ﬁdia%iétéﬁrtﬁﬁiﬁgrﬂ%jetélﬁrég fdekdtg chanber 27, and the degree
of operation of the roughing punp 23, an hus the rate at which gas is

renmoved from etTieivagiableawhone expansion deangher 26 fis achamb fordmiding wapai e i s

installed.in.the.roughi u | ine rief I f I unp 23

during théntg{lg%ﬁqui&mﬁ%ggvglggfca{n%g .SFI%C Vee??' %qejgﬁg(#gégﬁ%br%ggr%%@gb#%ﬁ of gas,
nmay be usegathBer 1dusly 56 ARde frohheorhehialy dvxildplostuilas beelnadge elkided chanmber
10 27 and provide agitation to increase the etching effectiveness, Fresh

xenon di f IngBevelBuchess thesgehoma ahredererpeanmeraied iadisnrn JAdAareEPSdidttng t he
bri ef ,punpi.RG- . i , odi nent
of ' an ZSppapdF e 38 iRn RGRIE U EeToRs 6B ma W¥lodidea bp HREARET OF TE
The appar ahechasiboVvgs dsshbivgun Biguré 4C kalciaaresthaiothel beldowsad) arecomprassabkgmansi on

15 chanber 30. Alternatively,. vari abl_zq \égl umre .expansi on cr}aﬂbers 6 and 30
may be rerﬂx_aér&?dtll}/wﬂly(’é@w&}ﬁé‘ 1@%%?&#11 " s updiB e_saHPé’ff‘i“F?go tRRPISSTE or _
(it rerent shiotfdo MRG0 RPLE QR EUERb] baRiRilaihl] SikiRmativiRCbRRvsUST NG
fixed or variabl'e vol unme expansi on chanbers, allows for increaséd and

vari abl e d#pnaszy byfiited teemp®or dfive A@ asshowmt indigua$Dt foasutonmatip eomprgasideanded t o

et chi chanmber 27, dur | each cycle. Furthe re, .,if the 20 i on
ChanbaPs BN SERIcHOVs A FaHalr deaSBEle TmtzaAlpe iRt Bt U, O
provi ded i) SeRREACSMpANY, 6f CRIDKE PER§IvhRiaS HlfeRfivey, aathbidvolamd if a
separate fluid connection from expansi on chanbers to etching chanber 27 is

provided, as is the case with the enbodi nent shown in Figure 10, throughput
may be increased by allow ng one




expansi on chanber to fill while the other is being used to etch.

Furt hernore, additional 25 expansion chanbers of fixed and/or variable

vol une i Wam/25%hbi nati on can be added in a simlar fashi 86T/U3a1/42480 31 and
32 and associ ated tubing connected to roughing punp 23 nmay be provided to
enabl e the expansi on chanbers to be evacuated w thout going through etching
chanber 27. Referring to Figure 6, a thi%d enbodi nent of the pr esent
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.6, it is possible to use . tw fixed vol nsi r : or
more 1 xed vol OFE SSRGS pln e SRR T SR BRI i
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: g
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accept abl e, I'n sone cases, preferred over the automated handling which
acconpiani estha xenaddiflnokdsseireds. Al so, as 20 shown in Figure 7, an

addi tional nitr,ogen.source 24 .and.assocj.ated.val.ve.40 are..provided and are
i ntended to be_AU%EH’l? gﬁ’?%ﬂ%‘ﬁllﬁg’a{i lllg%%ﬁregcg% ChRTost 74 ﬁgdlﬁ%%l:t?'gur es 3, 5,
6 and 7, g1fo98hsHRthoIAFIBE36bek cRMYBEAS iPReddaind She Saniply idleadedashtd 0

determ ne when The etch process is conplete. RGA apgarat us_ 22 is connected

t o et chi nthedtrmnfse arm2 pf toad deakiehombendi. dopdleok ohamber 2%is clsed agthar at uses are
25 wel | kngwn an eneral.l npri r ol e
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with a control processor and rel ated soft\/\gre for Bi -,spﬁgd dat a

acqui si t | 81O aishneshagbiet handepiywiye thia lpad bockggar ‘Ef%gs’éc #d:rol conmands.
|1 the vacuum 'Iﬁ)é‘égséérﬂ bfhen RerS Y BcHaR fheluler iﬂﬁuﬁ@eﬁé& mbfofMBegon30
spectroneter or qu ruﬁ’o e analyzer can be installed 1n the etching chanber
27 itsel f diflt@sidbyo pitogec s htioratdthemetetdli prgssure eed sumber qfivyplesl Therxsueh t he

variable inlet valve 16 and . 02/ 2S&7 PCT/ USUL/-42180 - 16 analyzed in

Uhe RoA” asdado piross Behiptio e an fgrie P HmopEIoHe simagn SRR

| nt engé ty L¥&hPhRsdukd R heinfHilRR lifto BlehimRIRRMELST kil fsREnEIMdHyaseldltstigm wi t h
corrosive preparation fromPfeiffer Vacuum of Asslar, Germany. The chem cal

fornul a t bp¢ning treesbres of theegas valvingroandfdd i Ehesiching gasnis preferablyfed ito the 2 Xe

+ Si F~ When the xenon dif] uokride gas.is br ht .1 1 . i er 27
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22 can be evemated. Femetch Hmgripaybegin whet exprasing chambes281is plaged g si gnal
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or any conbination of two or nore of these signals, reaches a preset val ue.
For exanple, in many cases where there is a finite anount of 15 exposed
silicon to be etched, the XeF2 signal should decrease with tine as the etch
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process is performed and then level out to a near constant val ue when no
nore XeF2 is being used to etch the wafer and the remaining gas is idle in
t he proce¥@ozkmaber. This exanpl e assunmes a hypot heti cal 'ACTsgSopyise” where
there is some silicon remaining at the beginning of the etch pul se and none
or very little at the end. 20 A fifth enbodi nent of the apparatus
configuration is shown in Figure 8. Thi Kl zonf i guration provides a
~continuous flow etch using xenon difluoride. The apparatus shown in Figure
8 is sim peassure insidxt etshingwhanmbeF 2§ swhale3he sammpis hdig ctolsad, ab) e sswne

. expansi on_chanber 26 has. heen renove 0 .th all of the s orting
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known f| oWhe preciselvalies foreppclapSibessepanaraetersiip Heneadertonapg avill s Weg withbed i n
. Eur opean PRat ent |ication.No, .ERP 0.878.824 A2 . the appas. hown in
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di fluoride. W thauht echpidcesipgicitted tht agangioBTh@hbeel w0 edadulated st
crystals, the 30 production of xenon difluoride vapor by sublimation is

suf fi ci entougbing ik dhby Apeung yalvedt h¥alyedsl is hepslesedgnd e vaupRls ¥alwung f ace
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i nternal bfayablevsiuihbexpasicrthambend, forffexatipte, BB.compgissiag dAcsimndimgeahe

cross-sectional drawing of a vertically aqriented standard g}% cyl 'Pder 119
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cust opp deskpaistbnhamber 26.ght cont ai ners. The mesh 201 may be nade of a

nunber of non-reactive. materials includipg alum num._ stainless steel, and
Teflon. The si Adtesthg lﬁ‘étl%ﬁ%‘m?gﬁfViaﬁal?lﬁéfoﬂ’ﬁ%ex?e‘lsﬁ’%c@é‘?@éEéés b ebves ¢
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9B, but to |ess



t han approximately 12 square inches, which is still far |less than that

whi ch can be attained using the mesh 201. It should be pointed out that the

use of atwaohesbomesh 201 allows for the use of narrow di ametrarsogytismders or

bottles to produce high sublimation rates of xenon difluoride. The conpact

nature of narrow cylinders or bottles is particularly attractive in

m ni m zi ng the overall dinmensions of thE -equi pment used to etch silicon

materials. Additionally, a |arge exposed surface area can be mai ntained

even whenof the gaytdntglgsd @rvatidbkaohinge éxpansion thanive26iic ahhsfernddd toletdhing her
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fi xed vol une chanbers d 0 ise a I hnum, or st ainl ess. st
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Figures 3, 5, 6, and 8 to prevent the condensation of the xenon
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hi gher qual.ity, higher purity.5 xenon difluoride,crystals than the other so
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et ching that does not r_e?gl re the sane | evel of precision, such as in
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val ves 10 pressure I n expansion chanbers 117 15 and 123 is
measur ed wgien thewses sats thesiesisal achl igssaung thdehntrhelettranies sst theetchimgy

capaci tance manoneters, A mxin as fromsource 120 be added to the
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pneumatical |y operated val ve 103. A simlar valve configuration is provided
for expansi on chanber 123 through



pneunmatically operated val ves 114 and 111 and needl e val ve 122. Once the
pressure in 25 expansion chanbers 117 and | 23 has reached the set point
defi ned Byovhesooser, as neasured by pressure sensors 118 &ad/usgu4218he gas
contained in the expansion chanbers 117 and 123 is selectively allowed to
flow into and enter etching chanber 126 by sel ectively opening
pneumati cal |y operated val ves 106 and 189 Thus, the apparatus shown in

" Figure 10 overcones the rate-limting or bottleneck 30 problemof the
syst em descr i b&dadditi&h) wieh vatiablandlusieosxpansior-clgunter 26 nmdlapedothe xer@ansi on
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bl e 1 SRR i BLORE YL CBRNR ik 720 b2 fin BRANSY AlEhagRET o 117

123 and 1 e sane unme or’o ferent vol unes such as
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Additionally, if variable volume expansion chamber 26 is large enough, for
30  example ten times as large as etching chamber 27, and a conductance limiting device,

such as a butterfly valve, for example, a Type 153 butterfly valve available from MKS



exanpl e, a continuous, accurately controlled etching flow can be produced
by openi ng val ve 101, controlling the flow of xenon difluoride gas using

fl ow contwQb?/@3¥9141, and openi ng val ve 107. |f desired, aPRTAINY48s may be
added by opening valve 110 and 10 controlling the flow of the m xing gas
using flow controller 145. Additional xenon difluoride flow can be provided
by openi ng val ve 102 and control ling thé ¥ 1 ow usi ng flow control |l er 142.
The gases are drawn through the apparatus using the vacuum punp 128 by
openi ng vhistremgdts of Bmdoveery Mo, és inatalldd By the cougbingrpimyy hee abantntvalve 82,6Me t he

- vacuum punp, .128, and hence adj ugt the rat q.that tge ethchi {1? chgnbesr 126 is
evacuat ed !G{inE ARPA B Sa1 W%%fﬁ ¥oaquas-goRHPEP S PO8F MY F B VaPVE 68Ul d be
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Andover, MA. Figure 13 shows a sinplified controlled flow apparatus, in
whi ch t heawkibanBicaatedhatigoe issransfomed itmetrhigg chamberRdy andyihe degrspef eperaivthg
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replaced pwth a single flow controller 150. Al so shown is an additional
val ve 151 which provides the ability to isolate the flow controller 145
from source 12¥lorquyvies, iEamuick a¢spenseoialve ipinstpligd ep therovghing pne bnewicfer 145

in Figure L] i . r i-hed, i lt:d#i aa0, nt
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it being recognize t various nodifications are possible within the
scopeldf thanbendentilemativelymeatiab vdhougbxpasion chimbere b edd A8 may bef t he
present invention _haye been illustrated in the foregoi il ed
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conprising;_ an etchin hagber. f.or [\l . t eg; :
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comuni cation with said source of etching gas and said.etchin )
provided with separate fluid connections to sotircés 24 and 25, and if a separate fluid

connection from expansion chambers to etching chamber 27 is provided, as is the case

with the embodiment shown in Figure 10, throughput may be increased by allowing one

expansion chamber to fill while the other is being used to etch. Furthermore, additional
25  expansion chambers of fixed and/or variable volume in any combination can be added in

a similar fashion. Valves 31 and 32 and associated tubing connected to roughing pump

23 may be provided to enable the expansion chambers to be evacuated without going

through etching chamber 27.

Referring to Figure 6, a third embodiment of the present invention is shown that

30 utilizes multiple fixed volume expansion chambers of different volumes. The

embodiment shown in Figure 6 includes three fixed volume expansion chambers 36A,



10 chanber. 2. An etching apparatus according to claim1, wherein said

et ching gas conprises xenon difluoride and said source of etching gas

conpri seW@o¥asOUmM ti ght contai ner hol di ng xenon di fl uori ®ETASpsH2IBE. 3. An

et ching apparatus according to claim1, further conprising a source of 15

m xing gas in selective fluid communication with said expansion chanber. 4.
An et chi ng apparatus according to cl aimd3; wherein said mxi ng gas

" conprises nitrogen. 5. An etching apparatus according to claim1, further

conpri si ng5BanddeM rometedi to tegamonlveg hhnifeld coonginivalaes 3% 3diant 33 ailul

expansi on amber and.said etching 20 chagber . An etchin r at
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sai d expansion chanber. 7. An etching apparatus according to claim1,
wher ei n suolimexppansiarciaBibstseard shovoomdiigee$, # ippessthleto Ge twn fixed Nphigne

~appar at us _accardi 0 claim7, wherein.said bello C ri.se stainless

St el edgehinaea aEpes is o ogmos B kR Sprio BamBel, RaHE S aim 1,
wher ei n s AkAbRMAHbIAMONGTHKLE hoRATEbaRSorPcHambREk ¥ @ HavRe, Grahapldaveéy an

interior noveable piston. 30 10. An etching apparatus according to claiml,

further cOngtvaimg eapansinn chambars shele ks TobA0ERNdB 66 aioge of ¥plumg ASHeseperd WO

riher _cBugtiaimg cpusind dandet . . |
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vol une of s@eititg @i FéreotdAidiRs oft BxedVoleine Rk pehsRPRAEALYS, acahge df fgalt 0 cl ai m
1, further conprising a residual ggas anal ysi s apparatus ¢oupled to said

et chi Hy cHelrmerdrons Ay 3A, 3A., dde @A abat/nttd §Adthalradihegupplicd tgiths etchipg ¢ her
conprisin f Re[o e} E1 ; i i er. 14.
A ot hod SrERTRR7 16 o BIE, X5 oBphiRgRR R AR L M en o PhiSnRsERATO . O
pressur e, flowiniol escHigg tientsdr s Tafs. flexililityrig particolatigattrdctiae fuxlpreqess bl e,

vari abl e vol ume expansion 10 chanber to an initial v lﬁ’gﬁ% and Ee_ed' ng an

et chi ng gd&VeleRmens Jhareby piapisiod Hheaqupmeant Eanuekly ddgalidy SRfoR! 86 ce
pressure; ] i Lon..chanber in fluid communication with said
et chi ng cﬁ’?r?ggpggré%‘??%&?fﬁ%@?@“@?ﬁansi on chanber; and 15 maintaining said
expansi on chanbeiburthdnbailtnet ofithegppiratb eonfzgurbisomis shown és Frguirethi The sai d

etchin as will not sql.idify at .said._etch pressure. 15, t had .accordin
to cl a?mgimar%m%?lﬁv‘fplé‘ |laurier7iy1??’éﬂlfa\§6‘? M&OM?WR&&CWW% P ng a e
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of said nmultiplication by sald source pressure

to place the wafers directly into the etching chamber 27 is acceptable, and in some cases,

preferred over the automated handling which accompanies a load lock system. Also, as
20  shown in Figure 7, an additional nitrogen source 24 and associated valve 40 are provided
and are intended to be used for flushing the apparatus.

Referring to Figures 3, 5, 6 and 7, a residual gas analysis, or RGA, apparatus 22
may be used to determine when the etch process is complete. RGA apparatus 22 is
connected to etching chamber 27 through variable inlet valve 16. RGA apparatuses are

25  well known and generally comprise a mass spectrometer or quadrupole analyzer, vacuum
valves, a real time calibration independent-type gas unit, a control valve, and an RGA
control unit. The RGA control unit is equipped with a control processor and related
software for high-speed data acquisition and for generating data analysis and process
control commands. If the vacuum level in the etching chamber is low enough, the mass

30  spectrometer or quadrupole analyzer can be installed in the etching chamber 27 itself. Gas
by-products from the etching process are pumped through the variable inlet valve 16 and



20 16. A nethod according to claim 14, further conprising the steps of:
renovi ng sai d expansi on chanber fromfluid conmunication with said etching
chanber av0e22%87d col | apsing step; repeating said setti n@Cafbo1/d880 ng
steps; determning that an etch process taking place in said etching 25
chanber is conplete; evacuating said etching chanber after said determ ning
step; and repeating said placing and cd6l*Papsi ng steps after said evacuating
step. 17. A nethod according to claim 16, wherein said deternm ning step
conpri ses aB@lyded irthe RGW appexatusd2.cActontpuias chaigolédralispdays a ply@femnals197 - 25

18 PCT/ USQ1/.12180 A nethgd according to clai 6, .mherein said def.erm ning
step conprSBYULYRIFUS AR %éé‘gg@e B%ﬁpﬁar%ﬁ? ?3&%6&%%%35&%5@ rcogﬂ%ge

- det er m ni ngedhatonSebil FetieRr MaOnSS 8f Assl&OTRhRAfy, When the concentrations of
one or nore ‘el enments or conpounds reaches a preset value. 5 19. A nethod

accordi ng to clHiemhemicalffemuilnthehiegrasenth thegtejuprosensps issletlowsnon di fl uori de.
.20. A pethod according to claim 14 1 | d f.eeding step further 10
conpri g‘és feeding a mxing gas i nt%Xéﬁ;%g?eggzﬁésigosﬁﬁchanber froma source of
M xi Nng gaswh&mité >ea6h aEluRkideigyd RBraast hes (1@ cidhiseltniey RC eopadapy silicéhl. A
met hod according to claim20, wherein said mxi ng gas conprises nitraogen.
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until a pr i.nsi de. sal ' r | neg:.set
poi ntpr 2B s epR FERRD RO R F Wiy Carkl iR AT
step cont ifonAslauRGA apdaratup 22 sanbesdt s ndeitewdny evaflafshoReE sigdabrtheXeal s a
predeterm ned set point pressure. 24. A nethod accoydi g%st o claim16

furthdf cougnal apchifiersies signab When(haetrbingrgagiongs ESEIB_E]-"?_E‘?’ & pigRYe ikhzgash
sai d feedi g SR cofstant H31uE! £BiHGIRRE A HFumGABRELFEHAG The etching

apparatus’ control software can be set to trigger a stop to the etch process when either the

XeF,, the Xe or the SiF, signal, or any combination of two or more of these signals,
reaches a preset value. For example, in many cases where there is a finite amount of

15  exposed silicon to be etched, the XeF,; signal should decrease with time as the etch
process is performed and then level out to a near constant value when no more XeF; is
being used to etch the wafer and the remaining gas is idle in the process chamber. This
example assumes a hypothetical “last pulse” where there is some silicon remaining at the
beginning of the etch pulse and none or very little at the end.

20 A fifth embodiment of the apparatus configuration is shown in Figure 8. This
configuration provides a continuous flow etch using xenon difluoride. The apparatus
shown in Figure 8 is similar to that shown in Figure 3, except that variable volume
expansion chamber 26 has been removed along with all of the supporting valves. In
addition, flow controllers 50 and 51 have been added. One suitable flow controller is the

25  Type 1179A mass flow controller available from MKS Instruments of Andover, MA,
although other types of well known flow controllers may also be used. Unlike the
apparatus described in European Patent Application No. EP 0 878 824 A2, the apparatus
shown in Figure 8 does not employ a reservoir to provide a continuous flow of xenon
difluoride. With sufficient exposed surface area of xenon difluoride crystals, the

30  production of xenon difluoride vapor by sublimation is sufficient to etch continuously.

Methods of increasing the exposed surface area of xenon difluoride crystals include the



an etching chanber for receiving a sanple to be etched; 20 a source of
etching gas; a first expansion chanber in selective fluid communication
with sai daveoresse7 of etching gas and said etching chanber; pamdisal/sasond
expansi on chanber in selective fluid conmunication with 25 said source of
etching gas and said etching chanber. 26. An etching apparatus according to
- claim 25, wherein said etching gas conplk7ises xenon difluoride and said
source of etching gas conprises a vacuumtight container hol ding xenon

di f1 uor i dgseCsfywitla dfumebet codMairis; bbmginaavingunteant tagh, agd the dekigh sh®e in
further conprising a source of mxing gas in selective fluid communication
wi th sai dFERFsYB.expansi on chamber and said 30 second expansi on chamber.
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communi catron wth sai expansi on chanber, said second expansion
chanber a@h.sAtebréingé noe ehbodiment, 8. mesh 28 dh Wrghaped drmere aowpledi ng t o

claim25, furth i si 0 .aut i c_heatj d
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sai d firsty2Xpanal-ofiiohamiemesR 1 & ih&HREMHb UhecRindsPbdloefingit exiansi on
chanber. 327 An etching apparatus according to claim?25, further caonprising

a sanif) e ke diffudridsoupstald 200. The thesh doulthbeweldndrepoisdIgpediar etherisy
e
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ease of access into the cylinder. Insertion is, however, still possible to accomplish after
the neck has been created due to the restorative nature of the mesh 201 which allows the
15  mesh 201 to naturally re-expand into its full size after being squeezed into the neck of the
cylinder 119. Furthermore, the use of the mesh 201 is not limited to standard gas
cylinders, but can be used with any number of custom designed vacuum tight containers.
The mesh 201 may be made of a number of non-reactive materials including aluminum,
stainless steel, and Teflon. The size of the openings in the mesh 201 is selected to be
20  smaller than the majority of the xenon difluoride crystals 200. A typical mesh opening
size would therefore be approximately 1 millimeter.

As an example of the increase in the directly exposed surface area that can be
obtained using the cylinder design in Figure 9B is illustrated. A standard lecture bottle or
cylinder has an inside diameter of approximately 1.75 inches. When the cylinder is

25  oriented as in Figure 94, the directly exposed surface area of the xenon difluoride crystals
200 is approximately 2.4 square inches. A typical lecture bottle allows for a mesh 201 of
at least 8 inches tall. Approximating the directly exposed surface area to be comprised of
the lateral surface areas of a right circular cone and a portion of a right circular cone, and
assuming that the bottoms of the W are at the middle of the radius of the inside of the

30 cylinder and that the xenon difluoride crystals 200 are filled to 7 inches, the exposed

surface area in the configuration shown in Figure 9B is approximately 40 square inches.



35. An etching apparatus according to claim25, wherein said first and
second 20 expansi on chanbers have a fixed volune. 36. An etching apparatus
accor di ngvo o2/zd6a1 m 25, further conprising a third expansi eaTatsamioaso i n
selective fluid comuni cation with said source of etching gas and said
etching chanmber. 37. An etching apparatus according to claim-36, said first
expansi on chanmber 25 having a fixed voll8me equal to A said second
expansi on chanber having a fixed volunme equal to 2A, and said third
expansi onAg hdifibedoniiRyiser iftht bt iy tltedas iadicated inFidre BB, thédiredthtexpgsed
- apparatus according to claim36, said first expansion chanb gavi n$s§a
first fixawufagepigasan bgmre@é@dorﬁhntléi%Wﬁiceﬁhﬁ@ﬁ&t%ﬂsb?homwﬁgglge§éc 0{$5% ed
vol ume, 4.4 hi ' : A ' i sai d
iror schin iyt o2 s0RRE e SRRAGE s[RIk WpCuhichEn opMIRa ST
02/ 251 97 usiig MEMddBO0L. 12180 39. An etching apparatus according to claim
.27, wherein one of said first and second expapsi on er onpri se a
variabl e vol ungsb%‘éhgip%'te@f%‘rgﬁ thegige Ogﬁtt‘é"gﬁ‘ﬂmﬁ%’ %@g%ﬁr‘g’t’%@f g'terc{gf"(?' ng to

claim 27, Gfaﬂne%icglilflde'issﬁr @d@@esﬁgggﬂ?ﬁc@ﬂgﬁ@ﬁﬁlﬁﬁaﬁmr& x@@ih conprise a

vari abl e vol unme expansi on chamber. An etching apparatus according to
cl ai m 27, diffneridé. nTlsadaanpmotinatereaff natrowicibmdgas oi wotiles is phwicnlavky aftiagtigie n

comuni catiqn with said _ef.ching chanber. 42. An etchi t di
Lo cl i m wimmizeg theovepHmenN b s oD S Be R B oo cai d
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sel ective mruni cation with said etching chanber. 10 43. An etching
appark} usbettie v mowged verticallymwiizh fifrther héds to dgpeanyemignee efanewwingfin i xi ng gas

in selective fluid, comunicatio i th sai t chi.ng.ch [ ond
1ow cont FimpitcShfetidns dig et atadylp B GhifiorATEL sRbReRRS

et chi ng chamddion dithuort¥ c8fsedld A RRE WdiSw AL HOUA 1@ tbP ededioftimedhlif t her
conprising nmeans for controlling the conductance of said vacuumpunp. 1 S

45. An et tisibetiledp pnped ergostledds avaided; whighanskes the Glimdaisor baitles sdyrtee of

et chi ng g&s conprises first and second vacuumtight containers holding said
etching g aSPRY d first vacuum ti ght contai ner and said second vacuum ti ght
cont ajsner eachAigixts @hotinvet bf thierezeniiiventioh iinghowd in Kgurd 19eThad et chi ng
chanber, said apparatus further caonprising.a first flow controller

connect edapRataeeFhona; ig Figurs d 0 gamprises i Ge CEmbsy het and i ossPansIen et chi ng

chanber, 0 i : 56 £m3SRARbIACHEM
tight con?léaﬁlﬁnge?pgln;d&n?g%' g‘@ﬁ%‘%‘g{% a%gg?ﬁg%gﬁg\eég@gum punp 1 n se?igcti ve
flui d conauriicah iwath anlid prefaralsly @iadbiofig sclithirresparedttmaténakduchiang appar at us
according to claim45, further co]rr;r?'gri sing .a source, of m xi ng@gas i

sel ect i veP?IyeaTRoRakH o Allowathr GRsRY AN OLihE IR St FARBISIOLFF 1Esh]i1r72‘mfll ow 25
cont ray | e £ REEh SO AR MaRIHeROMA ¢y ontPrisk ARmHASMAR diababd stleLtylidemshanber .

The apparatus shown in Figure 10 preferably includes a heating and control apparatus

such as heating and control apparatus 19 shown in Figures 3, 5, 6, 7 and 8 to prevent the
condensation of the xenon difluoride and nitrogen gasses onto the walls of the tubing and
the valve components. The pressure in etching chamber 126 is monitored using pressure

25  sensor 127, which preferably comprises a capacitance manometer, a suitable example of
which is the Type CT27 from MKS Instruments of Andover, MA. Vacuum pump 128,
typically a rotary vane vacuum pump, is provided to evacuate one or more of etching
chamber 126 and expansion chambers 117 and 123 by selectively opening valves 115,
104 and 112.

30 The apparatus shown in Figure 10 includes two gas sources 119 and 121 that

comprise gas cylinders such as lecture bottles. Xenon difluoride gas is generated from



47. An etching apparatus according to claim45, further conprising nmeans
for controlling the conductance of said vacuum punp. 48. An etching

appar at usyoowegw7 si ng: a source of etching gas; 30 an et clROTgUSOmAZIBEr in
selective fluid comuni cation with said source of etching gas; WO

02/ 25697 -28 PCT/US01/a2180 a flow control |l er connected between said source
of etching gas and said etching chamber19and a vacuum punp in sel ective
fluid conmunication with said etching chanber. 5 49. An etching apparatus
accor di ng xenorcdiflnorid8crystakrikiongls aitdinedtiviniin thegrmeroes A9 ke $2 kehwn sowtcesior i de.

- 50. An etchi t di to.claim48, furth | Si
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and said etching cha 0 51. An etching apparatus according to claim
50, wher eiba asaiatienbotilegAdsas onoofrhe sewces conbleomiain highanqealidhihgheappatyat us

. di |.ai m.48, i.d f hi i
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mesh bei ngeARRP bRt Préd®ich, 3uditdd diriBicBhintdiciBsddéQioas waeRbethe dtitkr ebelli ng

15 gas. 53. An étching apparatus according to claimp52, where said etching
gas conpr ibsaseddon etehitigf thataloiesinot requite thelstwie tavebef prpcisionpyick as ingenessch

di fluoride crystals, .and.said hin as, | e d jqration.
S, Ao ot R Gy AR GRS GPCH PRl ST RERRMES O A ieofenad™ |
20 shaped wrsemaadiatdihiess st&d? tubiig 64 GBIlikE. apparatus according to clai m 54,
wherein said vacuumtight container has a cylindrical shape. 56. An etching

appar abus accorapneration,ciftgr picking chpaber 426 andi oplienalh expansioashamberard 17
conprises a r.d inder . : i t ing to
claim52, a&ﬂé?%ﬁ%&es%?eg%%%@eg o?ﬁg)%nscﬁgu%idr%ﬁ% g%ﬁeag&%%gg gﬁ{&? ?%rﬁll&? %%ﬁ%(ry up of
consi sti n@pefingldiaphiign orsielions pasuiahiirlly aperafdivadres 161 &nd AD2.eThdikerpn
apparatus according to claimb53, said nesh having a Pﬁral i t%, olf openi ngs,
each of saliduaspiersan ifallosieddo snigeexnagsign Clgrabare 1 11 ath 20 %le yelyqpeaings

sai d xeno ' i S : W

bl i ot R PRy SRl e RO 108 e BResk e eI g 98S 1B
ti ght 16ontaaines js mesbuRdiskifiressAtB@nsorat $§ amb 24, exchi¢hnarelpeeferablyr i or of sai d

vacuum 1 QhL SO 0ST1 oS G sl b A0 Rt ot o e M LSRR
has a W shapffes19%Snd 188 CThOMixing gas is typically nitrogen, although other gases such
as argon and helium may be used. Also, an additional source 120 having an alternative
mixing gas could be provided such that the mixing gas entering expansion chamber 117 is
20  different than the mixing gas entering expansion chamber 123. For expansion chamber
117, the mixing gas flows through pneumatically operated valve 113, through needle
valve 116 to provide precise flow control, and through another pneumatically operated
valve 103. A similar valve configuration is provided for expansion chamber 123 through
pneumatically operated valves 114 and 111 and needle valve 122. Once the pressure in
25  expansion chambers 117 and 123 has reached the set point defined by the user, as
measured by pressure sensors 118 and 124, the gas contained in the expansion chambers
117 and 123 is selectively allowed to flow into and enter etching chamber 126 by
selectively opening pneumatically operated valves 106 and 109.
Thus, the apparatus shown in Figure 10 overcomes the rate-limiting or bottleneck
30  problem of the system described in Chu et al. and shown in Figure 1 because one

expansion chamber, for example expansion chamber 117, can be used to etch a sample in



61. A source according to claimb59, wherein said nesh has a WV shaped cross
section. 62. A source according to claimb59, wherein said vacuumti ght

cont ai newdaz2s9tyl i ndrical shape. 10 63. A source accor diptg/uso1/gi1ae m 62,
wherein said vacuum tight container conprises a standard gas cylinder. 64.
A source according to claimb59, wherein said nesh conprises a materi al
chosen fromthe group consisting of al-&mum stainless steel and Teflon.
65. A source for providing an etching gas to an etching apparatus by 15

subl i mat | @phihg RAAber AR By opkeing &alved08Pwhité agthes expanswn dhiagyber, cothisai ner ;
and a nesh nounted in the interior of said vacuumtlght cont ai ner, said
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di fl uoride sai conpri ses” xenon l'uoride crystals. 67.
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example, a continuous, accurately controlled etching flow can be produced by opening
valve 10>1, controlling the flow of xenon difluoride gas using flow controller 141, and
opening valve 107. If desired, a mixing gas may be added by opening valve 110 and
10  controlling the flow of the mixing gas using flow controller 145. Additional xenon
difluoride flow can be provided by opening valve 102 and controlling the flow using flow
controller 142. The gases are drawn through the apparatus using the vacuum pump 128
by opening valve 115. Furthermore, at 115, to control the conductance of the vacuum
pump 128, and hence adjust the rate that the etching chamber 126 is evacuated by the
15  vacuum pump 128, a butterfly or throttle valve could be added to valve 115 such as the
Type 153 available from MKS Instruments of Andover, MA.

Figure 13 shows a simplified controlled flow apparatus, in which the expansion
chambers shown in Figure 12 have been removed along with all of the supporting valves
and pressure sensors. The flow controllers 141 and 142 associated with sources 119 and

20 121 have been replaced with a single flow controller 150. Also shown is an additional
valve 151 which provides the ability to isolate the flow controller 145 from source 120.
This same valve could be added before flow controller 145 in Figure 12 as well. Unlike
the apparatus described in European Patent Application No. EP 0 878 824 A2, the
apparatus in Figure 13 does not employ a reservoir to provide a continuous flow of xenon

25  difluoride gas. With sufficient exposed surface area of xenon difluoride crystals, the
production of xenon difluoride vapor is sufficient to etch continuously. Methods of
increasing the exposed surface area of xenon difluoride crystals have been described
above in connection with Figures 9A, 9B and 9C.

The terms and expression which have been employed herein are used as terms of

30  description and not as limitation, and there is no intention in the use of such terms and

expressions of excluding equivalents of the features shown and described or portions



11110% /& ()-18&10% & ()-11!10% & () -

Y3! 109 () - $&V&&&& dBj =f!!111f."109%WE ()-19-10% & ()-*10% & () -1 F(10% & ()
& 109 &@)2/k5691! 10% & ()-' (6)7)8)9) X)) *oP1 "10%&' ()-3 PCT/USO1/42180
109K ()-!'% ! 10990& () - 10?0?70 10?020

107070 X, 1#10990P0&' () -1 N, 1#109%/ 5/ & () - **>+++2, , dEOP1
" 109 10%G& () - 10%G& () - F! 10968’ () - 109%8&~ () - 10%G8: () -

#1098 () -, ---..4/ dEOPL "10% 940%& ()- y#10%%&' ()- @

10W@8@ ( étﬁer&&‘(’/)ﬁ&e Teca %@&dt%v)aﬂéﬂskﬁBﬁE&cz(ti)on(F)é{eQ)Hs%BWBm@mbpdﬁf the()

- 10! p@t $109%& F! t $10%EEE F 21 10%x2& I P&$109%& 0%
Y323z 3330&%@&9@@#&% gh@l{g}maﬂ%ﬁweﬂ@oel)m%’@)@fﬁkg PBeseﬂ_% /éq)ﬁ%%"’(‘ ave %6%

' ,h% (L}$1I02> din%é%gfn@esfo %?}gl?gg‘&?%l%ﬁ%%wgﬁ%w tgﬂ:% ou Qx%x?%t%@%ﬁh&t}@

T All, #odstAivéntion)is néito b (Dﬁrﬁlthﬁ t6 Just theGabioginggntfdisdlosed, but that they are

h& ()-! a%1Q%h %#10 <<====g=)yg) - | 78 | 100& 10 h 10 h
10 H/ési@%f’%é? ?Sﬂmg?fﬁwfﬁ?ﬁ Sg%ﬂ@ﬂéj% fignsang L@gﬁt‘i‘é%%h& ()- -

9===, >>22dEg\ : | ZI S10%T& ()-y "10%& ()- 2 10%& ()- . 10%& ()-

10%1& () - P& | 10918 () - 22 GNAWAZAXAL A2g\ : 1 10918 () - 10%& () - @LO%I& () - S
10%r& ()- ! DS10%& ()-!$10%& () - xAAWBBBC CdEg\ : ! +10%m& () -

| (109%1&’ ()-1(10%r& ()- &10%r& () - #! 10%r8: () - ! 10%r8’ () - * COCD{ DDDAEg) : | S510%1&
'()- 310%n&’ ()-210%r& ()- OMLO%E ()- .  $10%r& ()-

L- - 10%r& () - DDDDDEEEEEDC! 109%& ()- " 109%& ()- @O%& ()- 10%& ()- 10m 10m




10mBs10%r&’ () - eEEEFNFFFAEbC! 109&' () - @O%& () - SSH109&' () -
109& ()-109%&' ()-10%& ()-F' G2G} GBGHIELC! * S109%&' () -: 10%& () - F109&' () - - #109%&' (
) - 109&' ( WO-0028807 ) - Hf HHHI 51 | dEbC! &Y" 109%&' () - %riLO%& () - ! mLeeRIUS) @180

: 109&' () - 109%& ()-10%& ()-1J/ KzLLMM M MIYNC! 10 10 10y8f
109& ()-6! 109%& ()- OM 109%& ()-.L$10%& ()-F( 10%-& ()-! M MLM@AMCNNJEYNC!
10% h& ()-!110% h& ()- L!10% h& ()-3"&18% h& ()-y10% h& () - &10%
h& () - NN?OOOPGPAEYNC! ! 10% h&' ()-10% h& ()- Y10% h& ()- 10% h& ()- L!10%
h& ()- @$10% h& () - qPQIQQRSHSIEYNEHE & h& ()-3@!10% h& ()-F 10%
h& ()-3 10% h& ()- “& 10% h& ()- &L!10% h& () - bSSS;
TTTUIBYNC! ! a. f #10%QQ8" () - 3& s! 10% h& () - 3+Y10% h& ()-3) 10% h& ()- Y(10%
 h&' () - &19U41A& 16) cLERNEVBMOW WFVKW S410%G8& () - &LO%GE' () - 10x| x| 10x| x|
10x| x| ! X@®$109%| X| & () - Fl a@$10% h h& ()-FF2 "10%
& () - KW W-XX{ YYZdBr S4! | : $10%5G&' () - Fz

0, ! | 0 ! - ) ! " 0, (Y- " 0, ! - | O

ig;@gg !101/ 0/&35&') é&%{ﬁ%g%ﬁpa?%at%&é%p%mg: 10938 () - Z5[ [\ W\ K] dEr S4! %@
1096G& () - 10%6& () - ah B0k dhambet IYERiihg Kbahptetd by enBedd! f &~ $10%& ()-!f &

$10%0GE () -+ "1093& ()-) L0%& ()- Y(-109& ()-
SH#H109G8' () - Y SaTASAVER®A ctching gaspande’ ()-1h 110% | & ()- 10G 10G 10G
y81l0%& () - @' $10%E& ()1 ' W x & () aks =~ ~\ =" 1006 &

11094 & ()- 3 "1 Oé%%klg%%l@l@,@arﬁﬂxg@ohﬁné &;@aﬁ%ﬁ%ﬁﬂnﬂ&i}?mé exﬂa%s%h‘%hﬁlber

1 10%| & bpingif%elbdive)fhad bafbin®ation dithfsaid GohrtEof sRhink(s afd 6)id efehing
10%4| & ()-&10%| & () -3, "10%| & ()-#10%4| & () -
&s! 1094&Chambes i i H j a?-\=!\, 59$10%t 4t & ()-Z 310%}| & ()-3210%| & () - 3" Oy

100 & () GePQere Tk TR BT B fo i e sid tting gas
o llO‘VG&' cymblisdsbiet@n @iftuotide |aﬁd§)d,i41 source of etcfling gas comprises a vacuum tight
10| | ' f, 59$10% | & () - Znol qdEr S1! | @109 #Z10%6&' () - ! mlO%&& () -,
: 10968 ()0911%1?&@1 g’@i’@@éﬁ{) de cryERling ()-Fpaq X v

rtr”s{s*tdBr Skl | @1} achih@Updrhtus hdQHHs ¢0 claim 1, further comprising a source of
15  mixing gas in selective fluid communication with said expansion chamber.
4. An etching apparatus according to claim 3, wherein said mixing gas
comprises nitrogen.
5. An etching apparatus according to claim 1, further comprising a vacuum
pump in selective fluid communication with said expansion chamber and said etching
20  chamber.
6. An etching apparatus according to claim 1, further comprising a heating
and control apparatus for controlling a temperature of said etching chamber and a
temperature of said expansion chamber.
7. An etching apparatus according to claim 1, wherein said expansion
25  chamber comprises a bellows.
8. An etching apparatus according to claim 7, wherein said bellows comprise
stainless steel edge welded bellows.
9. An etching apparatus according to claim 1, wherein said expansion
chamber comprises a fixed volume chamber having an interior moveable piston.
30 10.  An etching apparatus according to claim 1, further comprising a sample

load lock coupled to said etching chamber.
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10  chamber to an initial volume and feeding an etching gas into said expansion chamber
from a source having a source pressure,
placing said expansion chamber in fluid communication with said
etching chamber;
collapsing said expansion chamber; and
15 maintaining said expansion chamber and said etching chamber at
temperatures at which said etching gas will not solidify at said etch pressure.
15. A method according to claim 14, wherein said initial volume is determined
by multiplying a volume of said etching chamber by said etch pressure and dividing a
result of said multiplication by said source pressure
20 16. A method according to claim 14, further comprising the steps of:
removing said expansion chamber from fluid communication with
said etching chamber after said collapsing step;
repeating said setting and feeding steps;
determining that an etch process taking place in said etching
25  chamber is complete;
evacuating said etching chamber after said determining step; and
repeating said placing and collapsing steps after said evacuating
step. -
17. A method according to claim 16, wherein said determining step comprises

30  determining that an etch time has elapsed.
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20. A method according to claim 14, wherein said feeding step further
comprises feeding a mixing gas into said expansion chamber from a source of mixing gas,
said source of mixing gas being at said source pressure.

10 21. A method according to claim 20, wherein said mixing gas comprises
nitrogen.

22. A method according to claim 20, wherein said feeding step continues until
a pressure inside said expansion chamber equals a predetermined set point pressure.

23. A method according to claim 14, wherein said feeding step continues until

15  apressure inside said expansion chamber equals a predetermined set point pressure.

24. A method according to claim 16, further comprising the step of evacuating
said expansion chamber before said feeding step.

25. An etching apparatus, comprising:

an etching chamber for receiving a sample to be etched;

20 a source of etching gas;

a first expansion chamber in selective fluid communication with
said source of etching gas and said etching chamber; and

a second expansion chamber in selective fluid communication with
said source of etching gas and said etching chamber.

25 26.  An etching apparatus according to claim 25, wherein said etching gas
comprises xenon difluoride and said source of etching gas comprises a vacuum tight
container holding xenon difluoride crystals.

27.  An etching apparatus according to claim 25, further comprising a source of
mixing gas in selective fluid communication with said first expansion chamber and said

30  second expansion chamber.
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()- 31.  An etching apparatus according to claim 25, further comprising an
10  automatic heating and control apparatus for controlling a temperature of said etching
chamber, a temperature of said first expansion chamber, and a temperature of said second
expansion chamber.

32.  An etching apparatus according to claim 25, further comprising a sample
load lock coupled to said etching chamber.

15 33.  An etching apparatus according to claim 25, further comprising a residual
gas analysis apparatus coupled to said etching chamber.

34.  An etching apparatus according to claim 25, further comprising means for
analyzing gasses drawn from said etching chamber.

35.  An etching apparatus according to claim 25, wherein said first and second

20  expansion chambers have a fixed volume.

36.  An eiching apparatus according to claim 25, further comprising a third
expansion chamber in selective fluid communication with said source of etching gas and
said etching chamber. |

37.  An etching apparatus according to claim 36, said first expansion chamber

25  having a fixed volume equal to A, said second expansion chamber having a fixed volume
equal to 2A, and said third expansion chamber having a fixed volume equal to 4A.

38.  Anetching apparatus according to claim 36, said first expansion chamber

' having a first fixed volume, said second expansion chamber having a second fixed
volume, and said third expansion chamber having a third fixed volume, said first, second

30  and third fixed volumes being equal to one another.
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etchmg gas is in selective fluid communication with said etching chamber.

42.  An etching apparatus according to claim 41, further comprising a flow
controller connected between said source of etching gas and said etching chamber and a
vacuum pump in selective fluid communication with said etching chamber.

10 43.  An etching apparatus according to claim 42, further comprising a source of
mixing gas in selective fluid communication with said etching chamber and a second flow
controller connected between said source of mixing gas and said etching chamber.

44.  An etching apparatus according to claim 42, further comprising means for
controlling the conductance of said vacuum pump.

15 45.  An etching apparatus according to claim 41, wherein said source of
etching gas comprises first and second vacuum tight containers holding said etching gas,
said first vacuum tight container and said second vacuum tight container each in selective
fluid communication with said second etching chamber, said apparatus further comprising
a first flow controller connected between said first vacuum tight container and said

20  etching chamber, a second flow controller connected between said second vacuum tight
container and said etching chamber, and a vacuum pump in selective fluid
communication with said etching chamber.

46.  An etching apparatus according to claim 45, further comprising a source of
mixing gas in selective fluid communication with said etching chamber and a third flow

25  controller connected between source of mixing gas and said etching chamber.

47.  An etching apparatus according to claim 45, further comprising means for
controlling the conductance of said vacuum pump.
'48.  An etching apparatus, comprising:
a source of etching gas;
30 an etching chamber in selective fluid communication with said

source of etching gas;
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a vacuum pump in selective fluid communication with said etching
chamber. ’
5 49,  An etching apparatus according to claim 48, wherein said etching gas

comprises xenon difluoride.

50.  An etching apparatus according to claim 48, further comprising a source of
mixing gas in selective fluid communication with said etching chamber and a second flow
controller connected between said source of mixing gas and said etching chambér.

10 51.  An etching apparatus according to claim 50, wherein said mixing gas
comprises nitrogen.

52.  Anetching apparatus according to claim 48, wherein said source of
etching gas comprises a vacuum tight container having a mesh mounted in the interior
thereof, said mesh being adapted to hold a solid material used to generate said etching

15 gas.

53.  An etching apparatus according to claim 52, where said etching gas
comprises xenon difluoride, said solid material comprises xenon difluoride crystals, and
said etching gas is generated through sublimation.

54.  An-etching apparatus according to ciaim 52, wherein said mesh has a W-

20  shaped cross section.

55.  An etching apparatus according to claim 54, wherein said vacuum tight
container has a cylindrical shape.

56.  An etching apparatus according to claim 55, wherein said vacuum tight
container comprises a standard gas cylinder.

25 57.  An etching apparatus according to claim 52, wherein said mesh comprises
a material chosen from the group of consisting of aluminum, stainless steel and Teflon.

58.  An etching apparatus according to claim 53, said mesh having a plurality
of openings, each of said openings being sized to be smaller than an average size of said
xenon difluoride crystals.

30 59. A source for providing a gas by sublimation from a solid material,

comprising:
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10 63. A source according to claim 62, wherein said vacuum tight container
comprises a standard gas cylinder.
64. A source according to claim 59, wherein said mesh comprises a material
chosen from the group consisting of aluminum, stainless steel and Teflon.
65. A source for providing an etching gas to an etching apparatus by
15  sublimation from a solid material, comprising:
a vacuum tight container; and
a mesh mounted in the interior of said vacuum tight container, said
mesh being adapted to receive and restrain said solid material.
66. A source according to claim 65, wherein said etching gas comprises xenon
20  difluoride and said solid material comprises xenon difluoride crystals.
67. A source according to claim 65, wherein said mesh has a W-shaped cross
section.
68. A source according to claim 65, wherein said mesh has a WW-shaped
Cross sectioi.
25 69. A source according to claim 65, wherein said vacuum tight container has a
cylindrical shape.
70. A source according to claim 69, wherein said vacuum tight container
‘comprises a standard gas cylinder.
71. A source according to claim 65, wherein said mesh comprises a material

30 chosen from the group consisting of aluminum, stainless steel and Teflon.



