18 MAR 2005 WD 02/ 25697 PCT/ US01142180 | APPARATUS FOR ETCth

SEM CONDUCTOR SAMPLES AND A SOURCE FOR PROVI DI NG A GAS BY buBMARNG0DN
THERETO 5 L FIELD The present invention relates t ratus for
et chi ng sgﬁfconh%@ior sanples. Mre particularly, the prgggﬁqﬂﬁﬁggﬁtion‘
relates to an apparatus for etching sem conductor sanples having a

vari abl e vol une expansi on chanber and t.q.-an apparatus having two or 10
nore fixed vol une expansi on chanbers, wherein either apparatus may include
an apparatus for detecting the end point of the etching process. The
present invention also relates to an inproved source for providing a gas
by sublimnation, in particular a source for providing a gas by
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requires no external pREBAIGHNEPNEES BY SUBNINIRIRRIGNEHERBTE ch silicon, and
it exhibits high selectivity to many netals, dielectrics, and polyners

used i traditional integrated circuit processing, making it easy to
i ntegrat eeﬂ%@i&ﬁr cesses such as CMOS. One 20 of the first references
to the us Hofrarrruoride in silicon etching is in HF. Wnters and

J. W Coburn, " Tiig Iﬁé@ﬁt igetonStleics @arégphralfier dapiog sémRRluc umplset ¢
vol. 34, no. 1, g 1 3, Jan. 1979, where they denonstrate the high

sel ecti vi tM‘)@fP mefnreﬁ@m igeentiongelpies tmananpaiaussfor plebinggrmigoaductes; | i con

car bi de, and n nitrd The hi j it f xen e to
S P bor | Shples vl gV SoniB o Gafbt Hld f o8 ESRARRAILE KL bEE O
m cr o-@ ech&e-fived h@lm&éﬁxpélﬁdrﬁﬂﬁn‘ﬁbérswwﬁ‘eld githvEMparatseiibg detlidetaar based

manuf act uri ng techno ogy and processes are used to produce, mniature
mechani cal apgaspfusder d gihergnd é’otﬁt ofitheiehang ipracetec b Preart devAEen gsdduced

Sher ran, VRS g ol ol B Y B BT AT Ebn SRR pifrts
Accel er onebeproVvidh@d? gBMhySybjimdriation tnanApparaGis desdrited herapest  of Tec hni cal

Papers, Seattle, WA, USA 4-6 June 1992, p. 34-5, which has both a novable
mechani cal structure and acconpanying 10 MAR 2005 WD 02/ 25697

15  BACKGROUND ART

The etching of silicon by xenon difluoride is well known. Xenon difluoride

requires no external energy sources or ion bombardment to eich silicon, and it exhibits
high selectivity to many metals, dielectrics, and polymers used in traditional integrated
circuit processing, making it easy to integrate with other processes such as CMOS. One
20  ofthe first references to the use of xenon diftuoride in silicon etching is in H.F. Winters
and J.W. Coburn, “The Etching of Silicon with XeF; Vapor,” Appl. Phys. Lett., vol. 34,
no. 1, pp. 70-73, Jan. 1979, where they demonstrate the high selectivity of xenon
difluoride to silicon versus silicon dioxide, silicon carbide, and silicon nitride.
The high selectivity of xenon difluoride to silicon is very useful, particularly in the
25  emerging field known as micro-electro-mechanical systems or MEMS. In MEMS,
semiconductor based manufacturing technology and processes are used to produce
miniature mechanical devices. QOne example of a miniature mechanical device produced
' using MEMS technology is the integrated accelerometer described in 8., Shetinan, W.K.
Tsang, T.A. Core, D.E. Quinn, "A Low Cost Monolithic Accelerometer,” 1992
3O Symposium on VLSI Circuits, Digest of Technical Papers, Seattle, WA, USA, 4-6 June
1992, p. 34-5, which has both a movable mechanical structure and accompanying



-2 PCT[USO01/ 42180 circuitry to detect the notion of the ne gnM;gR 05
structure. The nmost popul ar application of this accel erorre f%@

aut omot i vey@hi e, appl i cations whereby during a crash, eP(i'l%Eéfﬁ‘B%l%(}

mechani cal structure noves, and depending on the extent of I on,

el ectrical signal produced by the circuitry will determine if the alrbag
shoul d be deployed. 5 The use of xenon .difluoride as an etchant in the
production of MEMS devices is well known and is described in, for exanple,

Pister, Un ghgm %ﬂ}@%f?é’”ﬁfer A RIS ardiibatie@NON

di fl uorldeé]}etc mSéege;%ts{% d{%ave 62%1% e;écrl ed. One mexgg‘giﬂe,a els&(l:ri bed in

Japanese Rafithistacdiderofhded HORD Aytomotipe aishay app]ﬁmﬁbnﬂwhamhjadmime;mh kel ding a

wor k pi ece int WhICh x non dlfluorld‘sﬁ as is |n ucg)g. as the tchant 10

Anot her ex@ﬁiﬁ‘? & WESRRARIFAL RHSHHE MOYFT. ¢ 61&8@11 e? en {1}?188%01% eP_. B. Chu,
‘] T. Chen,g &gigﬁ gﬁo&ﬁc@d tﬂéf ANl &tﬁmﬂ@ff'ﬂfé‘ﬁrba@@ﬁoﬁdﬁe& 9p el er,

"Controll ed Pul s I ng th Xenon Difluoride"”, Transducers
Chi cagd | LThewseld xéuonedifig@ide ﬁM@td}}Bﬁlﬂﬂhe mé@ctlanpﬁl MEMFed@VmetﬁgG welkhni que,

wher eby an i nternedi.ate, c red nber, is
used to prilayEL|disdese B%ﬂﬂ’n}) ?S?Inﬁlge% te&.‘?%@?*%%s%”;%‘ﬁiﬂ ?26%?@ 15 t he
xenon di fluori dg nirddr f fifr 283888n dieHdAscHinE spdahs hivwe Rehdaedbédcoms chi ng
process. The contents in the expansion chanbéer” are then discharged into a

mai n chanbetample; destribedin Iapent’ge Paﬁ@nervse{RéWQ?éApé@mBmﬂStaH@a@@(megﬂ of the

silicon. After,,t Xeno has uff| cien t he
i 1 on At g S RO pilld SR x08% RERSEHLL 1Rt e BBt 1
t hrougfy t h&nbhEr Gfanild, TRtSM SheMatidAKH IF .is dicEbe®@i MBOCRS,J.T.Chegpeat ed
until the desired dng ee of etchi Sﬁ of t silicon has occurred.
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chanber requifes ore ch begins, i's open t e main

chanber duiiseng pulzed eiching taﬂhdlqus whgreledn iyltenﬁmaama:hadbdurafﬁgedtbas ewacuati on
step of the cycle, it faorns a rate-limting ste |ntt}ﬁ@nf51etch|n rocess.
This |imi t@tPaBHoD hanthst.iif BEREIR PEG-ISaIrs;¢ ARARLEY Of %eng P &8s ’és to

fillydh t
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step of the previous wai ting ti e as long as the
ti me of al Thofortdmts mttheexmnsips chs;rnbﬂmmelﬂiemdxﬂcham,@daﬁmraamamcphambsr t he tot al
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tC(f)l(ramg(r:”t ﬁarcﬁﬁg?%@e {i:?,‘;bgén hrkeaid idabea ane mahfdnaader, he tﬁﬁéaﬂy thé &gRAsot | me and
chamber as well, are evacuated through the use of a roughing or vacuum pump. This
20 | process is repeated until the desired degree of etching of the silicon has occurred.

The largest drawback of the pulsed etch system described by Chu et al. relates to
the cycling nature of the system. . Specifically, since the expansion chamber requires time
to fill before the etch begins, is open to the main chamber during the etch, and is typically
evacuated during the evacuation step of the cycle, it forms a rate-limiting step in the

25  etching process. This limitation, or bottleneck arises primarily from the time it takes to
refill the expansion chamber with xenon difluoride gas after the evacuation step of the
previous cycle. The waiting time can often be as long as the time of all of the other steps

* combined and therefore requires the total process time, or the time the wafer spends in the
~ 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.



| 16 MAR 2005 WO 02/ 25697 PCT/ USO1/ 42180 -3 Yet another exanple of a xenon
- difluoride etching systemis described in European Patent N{og ﬁjﬁ@ mm
o 94s,

A2. This ' system uses a continuous flow of xenon dj |
which is g%ﬁ@%ﬁ%d by means of a flow controller in corrbiq]lrﬁﬂ:gll[#g(%{]4 W th an
expansi on chanber, also referred to as a reservoir. Al though this process
does 5 not require the cycling as in theypul sed etching systemof Chu, et

al., it does tend to waste xenon difluoride since the xenon difluoride gas
is constantly f i ng and resides in the .mai.n.ch er .only.bri.efly. The
relatively ex peﬁWw%?ﬂﬁﬁﬁﬁg%ﬂ?ﬁéﬁﬁ?P %‘?P?%%%@&"%?Xr}g%fss&sé%l%gﬁ this a
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sensitive to the geonetry of the main chanber and to the placenent, of the

xenon 10 drenonchiflensidecgasi whigh isemielyd hymesns ofaitlove penvodler irrombinglonr esul t
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i n a meduf astrdquireghe opdlingsasdn taj pilsed @vbigsystému,Chup et Ay Sitdens iad torwhstel i n
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"The et chipg: ol ] e P, ; ; , ho.
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etch rate. Thus, processin I.me can,_be decreased,and manyf act uring
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rai si ngy t hgimRbARL Be Bkt ROREY W feinihif cRMHB WhidhhaRfeshB &l cBRGH REThW Bf Chu
et al. may not be feasible. "Figure 2 is a graph of the xenon difluoride
sol i d vaporempmeliBuorisic gaber ei n pressures above the curve at a particular

t enperature cause,t vapor. to.sol,idify. As can_be seen in. F gur . the
subl i mation pr eir’st&f" i ogﬁmé‘?appﬁ‘g?ﬁ l\éguﬁt%esaﬁspmd?? o C%g%‘ﬁ‘f%gf’ room
t enper at ur gyo pﬁﬂﬁ%%hrﬁﬁﬁ&ﬁﬂn%@@l is BHSor ddhGel! GG tBe !éy&_tén*ﬂ@esbﬂbéd il
expansi on chanber in a system 25 such as that described in Chu et al. is
limted toChppitekinaynst pe sit@ciies fo thesetninsiss beeauss it hpeppmbgiepilybighde gas i s

to be kept at,roomt r at.u . t.hou o QAR i | QU8 -hat
heat i ngseof oyHe ég%gn&g?&?e olP'rLtgg' @‘i", ¢ s?g‘gj'm‘g%%}@o?ﬁa e{\}]é'gl lipesﬁltﬂ:lg]iliv')%ri um
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throughout can be increased by raising the etching pressure. However, raising the etching
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20 pressure in a system such as that described in Chu et al. may not be feasible. Figure 2isa
graph of the xenon difluoride solid vapor pressure, wherein pressures above the curve ata
particular temperature cause the vapor to solidify. As can be seen in Figure 2, the
sublimation pressure of xenon difluoride is approximately 3.8 Torr at room temperature
or approximately 20°C. Thus, the pressure in the initial expansion chamber in a system

25  such as that described in Chu et al. is limited to approximately 3.8 Torr if the source of
xenon diflnoride gas is to be kept at room temperature. Although it is shown in Figure 2
that heating of the xenon difluoride yields a higher solid vapor equilibrium pressure,
‘heating the xenon difluoride source also accelerates the recrystalization of the xenon
difluoride. Ultimately, as the xenon difluoride recrystallizes, its exposed surface area

30  falls, and therefore the sublimation rate of the xenon difluoride from solid to gas falls as

well. Since xenon difluoride etching system throughput is based upon etching with xenon



wel|. Since xenon difluoride etching systemthroughput is based upon

etching with xenon 10 MAR 2005 4 difluoride vapor, slower s i yratd rates
of xenon difl uoride vaporhanper the performance of the sysﬁgjnmmﬁai ty

to accurately determ ne the etching process end point so as to avoid
excess etching is also inportant. In phior art dry etching processes using
xenon difluoride gas, end point detection is typically perforned visually.
The device being processed is inspected through an optical mcroscope and
etching is stopped when the material being renoved is not visible to the

eye. Aut omagifidorfidapot, Blovde 6elinkHon MRES 6fhtenoH Hif lBridld Vaithdri@r theechni ques
have not been described for xenon difluoride etching of silicon and

rel ated conpeffpiEa@ncerpf heisysteMeritical |imtati on when the process is under
full mput |- ' ' - I ‘ d
u conput er cepl éBIiﬂH Ct)?%g%ﬁ%/‘lgﬁidgﬁrﬁﬁ@ e %%Efgg{ro{.:énég_%ggpﬂiﬂ g&e ?é, ROARig an

vi sual inspection | or possi in ection
syst ens havexdese ptotidgds alsedmportdnhdn pribrearadnyretcHiray pracesseb esing @énon

sem conduct Qr mapuf acturing, ,etching, and deposition processes, many of
o ch i el AUOTBIe:RsRa ot BORLAETorOn Fr e B AR RS el A SRR on
optical em §%eskedss indBeQEd @ﬁ&dh%n@ﬂti@éa\’smigltos%pe aﬁﬂt&ﬁ@)@ts@&ﬁ%d '\Dﬁ{eﬁ@ﬁe No.

5,877,032, zero order interferonetry escribed in Coronel et al.,
United St at @etariat keing MonovedgomotMBible RRthe @lye adjdomatsliang poind deiestion eitioin

Turner et al.. ni at es Pat ent . 5,939 8 acousti c. sur enment s
as descri beﬁs'?%H&ééﬁca Eecéwglfe eré'_&’lt\g?%ﬂ %%Scﬂa?iﬁ{%‘?“ @é@???%!ngioﬁf rared
eni ssi on esikdoheliNteRitaBedh@fuhtis athid i a@ritiEatiitelioralvhen HBipk@#sSlsalnger faat ent
No. 5,200,023, atom c spectroscopy as described in Gelernt et al., United

St ates Pat efMpger cantrgh gs Agpd in pemicerdupierttyrpagusdprioglsi andaysypbispedied is n
Japanese P 2378, 11204509, and 11145067. DI SCLOSURE OF

| NVENTI ON ﬁ&%gﬁ%nﬁgﬁ’é\?{&ﬁgone aspect of the present invention, there is
provi ded an et cBhdgoiapgeteationsysieonsitave ibegn dascribbd v theg lichatolegor 4 aumber

R KSR N TN

gg: no . ICRI ﬁiﬁlﬂagéh g?ﬁgrgfra' pbEbsSRETTHMse Halv@ tholldel nfdthSHsI464 8n ObtiGh eMisdpndas and
(?escribed in Gﬁinn, et al., United States Patent No. 5,877,032, zero order interferometry
as described in Coronel et al., United States Patent No. 5,807,761, RF voltage probing
as described in Turner et al., United States Patent No. 5,939,886, acoustic
measurements as described in Cadet et al., United States Patent No. 5,877,407, infrared
emission measurements as described in Gifford et al., United States Patent No.
5,200,023, atomic spectroscopy as described in Gelernt et al., United States Patent No.
4,415,402, and residual gas analysis as described in Japanese Patent Nos.

11265878,11204509, and 11145067.

DISCLOSURE OF INVENTION
‘ In accordance with one aspect of the present invention, there is provided an
etching apparatus, comprising:
an etching chamber for receiving a sample to be etched; a source of etching gas;
and
a collapsible, variable volume expansion chamber, said expansion chamber being
in selective fluid communication with said source of etching gas and said etching

chamber.



18 MAR 2005 5 In accordance wi th another aspect of the present invention,

‘there is provided a nethod of etching a sanple held in an etdlﬁ’ ;
at a desired etch pressure, conprising the steps of: setting a \%&Wa

col | apsi bl e, variabl e volunme expansi on chanber to an initial volunme and
feeding an etching gas into said expansi on chanber froma source having a
source pressure; placing said expansi on chanber in fluid conmunication with
said etching chanber; collapsing said expansi on chanber; and nai ntai ni ng

sai d expansi on Sal i e ich
sai d etching gagﬁ%ﬂ%ﬁ%ﬁ%{@q\g@ﬁnﬁr&;%g@%gﬁﬁaﬁ %{?ngﬁ]gé@@pé{haférjg Ei%ﬁegaér,\\@e
wi t h anot her aspeathodbdf éttlingaaample Hehiardn eiching biearebersat prdevireteetclan et chi ng

apparatus, conprising: .an etching chanber for receiving a sanple to be
et ched:; apé%‘?f‘PEeeCB'F’%E?'%W?g‘-‘?%%?sD?- a first expansion chanber in selective

fluid conmuni catgeing Jolurd@bCa éamhgsuepéaria%tec\tajmﬁe 8R%an3RA cPamBelloCM iRial
chanber; and a second expansi on chanber in selective fluid comuni cation

W th sai d yelumscanstfeeding lahsichingoasriotosaidexpaosiomgharnberiftom a soureadaving a
enbodi nent h%gg)¢eésﬁrégr ovi ded an etchi ng apparatus including an etching

chanber fo’rs'CJ I'hg a’'sanple to be etched, a source of etching gas, and a

col lapsible, valdoy saiekpamBior xpARBEARN flaiAaBhRAurichtiBe etk isaidestéing d
comuni cation with the source of etching gas and the etching chanber. The
et chi ng ga$h@@Petonpri se xenon difluoride with the source of the etching

gas being a vac%ﬁ{)ts'\r%l‘gaiq: ALBE chAAbS: ?Hd xenon difluoride crystals. The
er inclu

apparatus may fur € a source Of mxing gas such as nitrogen in
sel ective fl ui dncamainivigcsid expansibh chivebeqrainsiideiching chbamberEt ¢erapgratuadslst may

also further include a vacyum pu in selective fluid comrunication with
t he expansi h?ﬂ‘éﬂﬁ%ﬁ%&ﬁﬁ“ﬁﬁ@tgf"ﬁyﬁﬁsﬁ & C&¥F-a heating and control
apparatus for controlling the tenperature of the etching chanber and the

tenperature of the expansion chanber. The 18 MAR 2005 s
In accordance with another aspect of the present invention, there is provided an

etching apparatus, comprising:

an etching chamber for receiving a sample to be etched;

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.

In one embodiment, there is provided an etching apparatus including an etching
chamber for holding a sample to be etched, a source of etching gas, and a collapsible,
variable volume expansion chamber in selective fluid communication with the source of
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 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 may also
further include a vacuum pump in selective fluid communication with the expansion
chamber and the etching chamber and a heating and control apparatus for controlling the

. temperature of the etching chamber and the temperature of the expansion chamber. The



vari abl e vol unme expansi on chanber may include a bellows or may include a
fixed volume chanber with a novable interior piston. The a@QpWﬁﬁﬁ@Zgﬁg

al so have a residual gas analysis apparatus coupled to the etching
chanber. For exanple, in operation, a sanple is |loaded into the etching
chanber and the expansion chanber is set to an initial volune. The etching
gas and in sone cases the mxing gas are fed into the expansi on chanber.
The expansi on chanber is then placed in fluid communication with the

etching ch ﬁgfﬂ? ' IS : r f.orcing

t he gas or@ggg%%w&tn%@? Re e Qﬁaﬁg’egH’%ﬂg@‘.dﬁ%@é’%%ﬁ5%86"%@%@’3’%‘%&% %]he
et chi ng chahdaberavith ammion4lsle indelioa pist@nae appairatisahaydisehaveheresidubi g gas
will not solidify at the etg?ﬂ@ressure. After the etching is conplete, the

et chi ng chéﬂﬁ'e“ﬁ's_ Karglus caypig a.e_tqhmga%m?@r-_ enbodi nent, there is provided
a method of et chiFrpge@niiAdTh Spdistich, brsanﬁabnbdieqé‘daee%tsmfeﬁm@&haﬁrngésdnaqﬁe etch

pressure. According to the exanple nethod, a volume of a collapsible,
vari abl e vekpansicmghambeois sehterdranitinlvodunoe. tThveatching gassdndvoisanme.cases thet chi ng

gas, such as._.xenon_difluorjde, is.fed into fhe expansion chanmher from.a
dou cor TR BET 2 GO IS Ghooicr it ot B RBORS piftubel i Bl Arepd
det er m nedfifidseehniuhidalfien mﬁiﬁmdaaﬂﬁgr@ﬁerﬁb@f%&wtﬁe ekdtsion IcHambET is cBRapRbg i Ng
chanber, and the source pressure. The expansion chanber is then placed in

fluid commiftfreitfeeindihe 9as pegases ita dheelahbe chamber. Theewarsiesichambpaaiser i s
| | d. i . i _
coll apsed. UL-fig Eﬁaﬁnﬁé?%?@h%g@@%gr&s@p&a%eéaﬁﬁ& &%’I@ﬁ@g g?égﬂm%?

et chi ng chanber are nmal ntaine atures at which I'ng gas
will not sdlidifgiat theadtct pres®ire Afler ¢esetciting Bhwniptetd) thg etthing dmaynbenmiay e
feeding a m xing gas, such as nitrogen, into the expansion chanber. The
met hod may S¥&fe include the steps of taking the expansion chanber out

of f1uid communi fadidhier iriddiniht herBiifIproviBERheifbd 8f otbhlRg aSShipRARIEH St ep,

repeating the setting and feeding steps, determning that”an etch process
t aki ng pl aee etahingehagbehatydediredieteh pressvenAcstedingte dloaietanmye tiethast, ehi ng

chamber after th det er.m ni ng st and repeati t he ,pl aci ng, and

col | apsi ng " QrEs apliapsiait, Vauahis Yo ing SXepasion At i sahe A i 4Umg, An
i ncl ude detehifgjaBgsuchals xendhi efledrrdisTed irkd G dxpBBsibiasharfberpoatla 8burce.
anal yzi ng gases drawn fromthe etching chanber and determ ni ngét hat the

et ch procedbeinitiat yolgmerob thenariablp golbvifcetpapaieh shamber ipdetetninag Pased @higt s or
o SRR RLSTE 1 S o 0,200 26 RECOERRRALATRL prefer
sanpl e t o bepatohetiamaesie diterepladeddh Ghidroprgamicaion lvitashexetobing chamber and
the expansion chamber is collapsed. During the example 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
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 complete, evacuating the etching chamber after the
determining step, and repeating the placing and collapsing steps after the evacuating
step. 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

efch process is complete when the concenirations of one or more elements or

compounds reaches a preset value.



difluoride, a first expansion chanber in selective fluid comunication with
the source of etching gas and the etching chanber, and a Sﬁ%ﬁ?ﬂ ?a ﬁ ggon
chanber in selective fluid comrunication with the source o t A @ @

and the etching chanber. The apparatus may further include a source of

m xi ng-gas, such as nitrogen, in selective fluid comunication wth the
first and second expansi on chanbers and a second source of etching gas in
selective fluid comuni cation with the expansi on chanbers. The apparat us

may al so further_ Lnclud vac u in selective fluid comunicatiagn
winthe  expandl BT ETBAR PRI BrokReRSnSicinsCaroaliit AU Pr 6RhG
control apphambersof ilding @Rbmpld toibe dtdired! 8 EPeicabiétehing gb@,&su@h ebixBAorchanber s
and the tenperature of the expansion chanber. A third expansion chanber in

sel ective fIfiypede gffieitreansiachamber imelecive Bdid gpmnsinicationwilfa dhesaureer
etching ch I (o)A ANSLIN | - TR
have agf i xgg@] \%I%ﬁé ngrtﬁé)n%tgﬁgg c@%ﬂp?ﬁ‘gmc?%%?ﬁ&n{g %@ggﬁé?on C ar'v%gér]gangﬁaldong
enbodi ment comheingafiar withuthei soatcedd stahingamsfanddie giohingehaxpenTheappdratuber s of

equal size. | not her, enbodi nent,. the a ratuys includes_ three fixed

Vol e exp Al YS! SHAHS SRR AT T NPBITEReRIC 25 SN o9RE: 14 ACIeRRNe npl e, i n
operati on, cgmhRMRkbor witth RIS ahAlsecdife)@hRBbA SnEHSER 8hd 8REcONEsouple ST € Of

t he expansi on chanbers, which may be fixed volunme or variable volunme, are
filled wit ktahing gasdmbeigetiya duidrognmnpunication witbdise expangior ichgmbers, THhaprsxatasisi on
chanber is lLaced.in fluid conmuni cati.on.w,th the.etchi chanmber and
the var i anlEWARUBLASER W rtAlE SRckd gt spiBicRlT AT v s

result, thexgasies chambbrsataiths ERBINGGhbiBer SicCAhBgingadkehtrol HppasX@aABsi on
chanbers and the etching chanmber are maintained at tenperatures at which

t he et chi n§OYEIngithe temperature ofithe etghing ighaabens apd dassigmperatpnecy thenexpagsiehi ng
s compl et enarhii. RUGRI SaRHATBRImER N BEENRTHA EfhmldoARR WifneBhALL BPNC
there is provided an etching apparatus I ncluding a source of efching gas,
such as xerwhingigak wod itltkeetclsing ebharhbergnayhalsd be provided| Eadh ofdhé bxpathsion
communi catirc])n W t h t{}% sogr Cﬁi of etching gas,.a flow controll er connected
bet ween t hE"ABRYP MBYGRVEAINPAYOIYRE % frpyfevasiabls oy ma arpRarion SHaR0Y S um
punp i n sebRs kvBdiilent, the SPEBI FRIUIBS tHibS fixdd\RIBHE BigpisoR@BRbersAfSOUr Cce
of mxing gas in selective fluid comunication with the etching chanber
and a secofdudlisEn dvanatosrembodonerdcihe @ppgraisinciols tigeiuedwelnmeraxpguriorce of
m Xi ng gascﬁﬂﬂbér@ﬂaﬁ@b&lﬂﬂegﬁaﬂ%ﬁr y al so be provided. The source of
etching gas nay conprisée a vacuum fji ght contai ner- having a nesh nmounted in
For example, in operation, a sample is loaded into the etching chamber and one

or more of the expansion chambers, which may be fixed volume or variable volume, are
filled with the etching gas and in some cases the mixing gas. The expansion chamber is
then placed in fluid communication with the etching chamber and the variable volume
expansion chambers, if any, are collapsed. As a result, the gases are transferred to the
etching chamber. The expansion chambers and the etching chamber are maintained at
temperatures at which the etching gas will not solidify at the etch pressure. After the )
etching is complete, the etching chamber may be evacuated.

In another embodiment, there is provided an etching apparatus including a source
of etching gas, such as xenon difluoride, an etching chamber in selective fluid
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
communication with the etching chamber. A source of mixing gas in selective fluid

communication with the etching chamber and a second flow controller connected



the interior thereof, the nesh being adapted to hold a solid material, such
as xenon difluoride crystals, used to generate the etching] gaMARnZD[E
operation, this configuration provides for a continuous flow of source and
in sone cases m xing gas and/ or gases to the etching chanber. In another
enbodi ment, there is provided a source §or providing a gas, such as an
etching gas for an etching apparatus, by sublimation froma solid material.
The source includes a vacuumtight container and a nesh nmounted in the

interior of_the vacuumtight. container eregin the sh.is adapted to
ol d the SderUEeRTE S he oHRbng At S AT her ol a6 BBl i ca
shape, and solhferttsithiiB)yabave @nptisbanadudr ight\Ydhiafifer ReeIng & PSSshSREUNEE in

BRI EF DESCRI PTI ON OF DRAW NGS Further features and advantages of the
present i niBdintsier terof.sbe Aleshbeing adgeied te beld adefid mataiiabisugmas kNarowi ng
detailed d iRt | f [ Atd an, & Ny - CONj ion with
the foll ow ng OHI’B%.\EI:\A&%SQ P%\%%ﬁéﬁ%@b%@ge%émc ar?éz}'((:) letrh'sS (’ﬁbg#ig?%b%rpl i ke
parts, and grovigds foha céntipuoes flow of sbulbdecand id sage aasasf mixingrgasrand/dr gagesitong
appar at us; }Ifi gu e 2 is,a graph showing the solid vapor pressure of xenon
di fl uori de:the ECE&!?B&“@“P?- a schematic di agram of an etchi ng appar at us
according to ong, aRERSENRIHMET, hBR RHRARIAY d DR oPProviaingy §astbudyLapgh 4D
illustrate various enbodi nents of a variable vol une expansi on chamnber
accor di ng tetchinng gasfecan elthing@pparettisnby subliatioroiiom @i splid endleriad. Ehessohiegat i ¢

di f. tching. a ratus_accqrding to econd, enbodi nent of. the
o agent | iRy R Ve RERLRntind @t et hred iRE inefar e B Hah e s
accordi ng tcon®irehiwikreis FHrodbsreRtadapteti e hitt @5Lstlid inatemdl | THe vabBulMAghR005 WO

02/ 25697 PCTI USOL1/ 42180 -8 5 F.i%ure 7 is a schematic di gﬁram of an etching
appar at us &CBGIET AgYthevaa cyibrical sbape dnddir Mesh May have a&hshapreta \WiY-

Figure S i | i agram of an etching apparatus according to a
fifth enbo%Prg;%ezfé}gﬁéﬁeO%resent i nvention;

BRIEF DESCRIPTION OF DRAWINGS

Further features and advantages of the present invention will be apparent upon
consideration of the following detailed description of the present invention, taken in
conjunction with the following drawing, in which like reference characters refer to like
parts, and in which:

Figure 1 is a block diagram of a prior art etching apparatus;

Figure 2 is a graph showing the solid vapor pressure of xenon difluoride;

Figure 3 is a schematic diagram of an etching apparatus according to one

embodiment of the present invention;

Figure 4A through 4D illustrate various embodiments of a variable volume
expansion chamber according to an aspect of the present invention;

Figure 5 is a schematic diagram of an etching apparatus according to a second
embodiment of the present invention;

Figure 6 is a schematic diagram of an etching apparatus according to a third

embodiment of the present invention;



Figures 9A and 9C are cross-sectional diagrans of prior art vacuumtight
containers for providing a source of gas through sublimatioh A& Q[]%E is
a Cross sefdbMigd; di agram of a vacuum tight container for I‘Hﬁéoﬁ%ﬂgaa
source of gas through sublinmation according to an aspect of e present
invention; 10 Figure 10 is a schematic diagram of an etching apparatus
according to a sixth enbodi mrent of thegpresent invention; Figure 11 is a
schemati c di agram of an etching apparatus according to a seventh

enbodi ment of the pr t 3 DB B il 1 . 1Ca:dd am of an
et chi ng appar at us aclsél r i7nfsgzéo ana(ml %%h?#%ﬁ%%ﬁ%ﬁé%gﬁg%(%o delﬂ%?)ga'{sent

i nvent i on;foartildelabodireni 3f the pecsattieventions di agr am of an et chi ng appar at us

~according to a ninth enbodi nrent of the present jnvention. BEST FOR
CARRYI NG OUT THE | M WB&SQGCMWél@T%'ES% SIhIBE ARPHBMS BERFUEE Y Ziccor di ng

to the pr eﬁgpémj,mﬁgﬁg&qheg}@emwﬁﬁ@}us i ncl udes etching chanber 27 into
whi ch the sanple to be etched 1s placéd. Etching chanmber 27 is preferably
made fSom a mat eri alFigtas 9idod 9otre rraesectivnd] didgrameotprimgrigasusn tightas

machi ned al um num or stainl ess steel and preferably has a solid

t r anspar erf® EIBRPVF%HEQSﬂ?i‘@?ﬁ%t&?&%ﬁ%ﬂ@%%uch as pol ycarbonate. An
optional 25 sanple |mggkel 99 adBosiBYctRBalRIEAEARMA alvAEmie ASh@niadfr §&PI € i nto
the etching chanber 27. Also included are variabl e vol unme expansi on

chanber 2@rovdngn seurdewsgasdreuslssblingion aghordingia\pnsspgst pPSicgreseiuum t i ght
cont ai ner 1.suechoa,s a lecture bottle or mcro cylinder such as those

avai |l abl e F‘F&’Fﬁ Tni tey Co., a Swagel ok Conmpany, of Highland Heights, OH,
and dny nitrogen sowigreddis WotherhatinYiagefPof Geetahiap apstaiids gaordivg fowler of
30 sem conductor grade nitrogen. Numerous ot her gases could be used in the
pl ace of &ﬁ*ﬁ@@@‘%mwpﬁ@ewsﬁ%ﬁnﬁ% hel i um Connected between expansion

hanber 26 and 18 . -9- i
(2:4aangrxenoﬁndi fl u%gﬁaﬁg@gﬁ%ﬁbﬁ%ﬁéﬁﬁ%@ﬁ géctgf) @Sﬁscrz;rce

pneumat i cakventinatibediagntlofihb prgeatdiventbd;ows val ves 1 through 9 and needl e
valves 14 and 15 that selectively adjust the flow of the gases. Pressure

measuring devi ces 2G'8W& 12792 sgicatalf dBEtAn abat viEhiRg ePPRRYFRICIEIe Vigh as
the Tyge (i a¥pdditithEof M2 FKER invention; and

Figure 13 is a schematic diagram of an etching apparatus according to a

<

ninth embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
20 Figure 3 shows an etching apparatus according fo the present invention. The

apparatus includes etching chamber 27 into which the sample to be etched is placed.
Etching chamber 27 is preferably made from a material that will not react with the
etching gas such as machined aluminum or stainless steel and preferably has a solid
transparent lid made from a non-reactive material such as polycarbonate. An optional

25  sample load lock 28 may be provided for loading the sample into the etching chamber 27.
Also included are variable volume expansion chamber 26, xenon difluoride source 25,
which may comprise a vacuum tight container such as a lecture bottle or micro cylinder

* ‘such as those available from Whitey Co., a Swagelok Company, of Highland Héights,

OH, and dry nifrogen source 24, which may comprise a standard gas cylinder of

30  semiconductor grade nitrogen. Numerous other gases could be used in the place of

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



5 Instrunents of Andover, MA, are provided in the |line between vari abl
vol ume expansi on chanber 26 and et chi ng chanber 27. Roughi‘lna M ﬁ‘mg
typical | yygy 298,y vane punp, wth associated valves 11, pldudhu@pd 17
and residual gas anal ysis apparatus 22 with associated vacuumvalve 16 are
connected as shown. The conponents of the apparatus are interconnected with
standard stainless steel 10 tubing or ide |like, and an automatic heating

and control apparatus 19 is provided to regulate the tenperature of the

apparat us .¢ . | P t ' ' =epnt r ol
appar at us ETPE iR 2R A R B R e b Dl e
and heat ermeamatitAly aetifatandiddtchgmobbelomwrsi valvdad thaogh Viand nEafipeaiyesaf4 St .
gas. 15 valPing HPROREEIy SUBSHLT B R dHoares e GRUSeE BRI ED 29 ot o
gas va , at a
constant  11epResably GpReiHECRaRindly, R 104 RRS B iwitanaRdmgler abl y at

42 degrees Celsius, a tenperature at which, ds shown in Ficgure 2, the
sol i d VapdrstpresgsipfAvfovesdA, dicfirorddédia the §nd BetWeen var@big valinhe expankien

tenperature of t et chant gas a he surroundj,ng vacuum, system prevents
e conderfCaPeH bR FERRE A P BAREENS R0 0 DN piaRy Tong afipe
vacuum sy sk enhabiafdSiafics 11M% U8 A 178d 264 gaPiRGRESppdiaths aWigh €

vol une expansi on chanber 26 i$ a chanber for hol ding vapor, the interior

vol une of askctdted wacum wdve bl ay epynegteidasshewnvar i abl e vol ume expansi on
chanmber 26 may .be nmade from.comercially. avail ahl L.1l.ess I ay;
wel ded  bel | ows™ SUE %?éle?tﬁ(?g ghesalgg%%ﬁlgtare\r/]gfeé?o %‘té{eﬁuﬁn%l%gﬂr}ldg@ %ta?]ﬁl | gsltier%iei 4A in
a conpessebingloatie 1Ak, antlathgometidikatifig and exfifdldephraiuat @ is @etidehvw 60 may be
nmounted on rigid support nechanism 65 as shown in_Figure 4C to ensyre that

the bel | oissWatedheteamembas ol theapparaig sappereNts-nd Suitgble example pheptPabe | onger

life. As | | ' 60 b
conpr essed ik Bl SRR AP 1 91 hOQURISSIRG, | PR bRl afs Lithe 0, TV D
fitted to thexwcodsley end/Reatss svuilableiffonk Watlosy Bloct-oMamtfacteting Caapgptysssi on

and 30. expansion. . Suitable bel]ows are avail able as_a single stand-al one
conponent iy bPMig.dissRui ¢ W?mﬁ%ik@fm goRjrol gpparptys i?é‘i‘?‘,‘mpgﬁﬁ@ﬁa@ani a.

Al ternati =t 'élﬁr@:)% A CT/ US01142180
expansqi%on%‘g%er ggmﬁ%ﬁla%gﬂéﬁng%u g%rt%?ég%%%ﬁsg a fi §<ed§tv%%?rteaﬁvessel
i ncor por attemgemture betvesen 81 asd 1 00 depremdlelpis taod praferablyetrd A degriéseCelsing,@n i n

such an artgl%g atlire %t &E%éhba% shown in Figure 2, the solid vapor pressure of xenon difluoride

is 15 Torr. Controlling the temperature of the etchant gas and the surrounding vacuum
system prevents the condensation of the xenon difluoride gas onto the walls of the
20  vacuwm system and assists in tuning the etching process.

The variable volume expansion chamber 26 is a chamber for holding vapor, the
interior volume of which can be selectively adjusted. Variable volume expansion
chamber 26 may be made from commercially available stainless steel edge welded
bellows such as those shown at reference numeral 60 in Figure 4A in a compressed state

25  and Figure 4B in an expanded state. Bellows 60 may be mounted on rigid support
mechanism 65 as shown in Figure 4C to ensure that the bellows 60 are compressed and
expanded linearly, resulting in a longer life. As used in the apparatus of the present
in\}ention, bellows 60 may be compressed or expanded mannally, or alternatively, bellows
60 may be fitted to motor drive 70 as shown in Figure 4D for automatic compression and

30  expansion. Suitable bellows are available as a single stand-alone component from the

Kurt J. Lesker Company, of Clairton, Pennsylvania. Alternatively, variable volume



driven either manually or automatically through use of a notor drive for

col l apsing variable volune expansi on chanber 26. 5 Xenonaljdig)w rr dﬁ]ﬂ%

crystals l.cally supplied in vacuumtight bottles h
appropri a?‘re&?zt/s%ﬁgtci on val ve. Such bottles naybe used as souice 2}/s\ﬁﬂth t he

i solation valve being valve 2. In operation, xenon difluoride source 25,
whi ch coul d conprise several bottles ofgcontainers connected by a manifold
(not shown), is connected to the etching apparatus shown in Figure 3 and a

vacuum sys e se nce.L.S. 1Nkt . i . 7,
5o o, 3t 5ndRE 8 G b bl RbE it £ okl DRNECUNR mokokign, [
i nt er conneigtegidr Siidp®sRNHSton bidngpat.aThs piskntihencH aniahedemetstmalrbe cl ean
nitrogen or other gas from source_24 by openi ng val ves nd 4. and

( ; a
subsequentdtyepsitbgraauely or antpmatically taraiels useot s melF Qlaw%qré B three
times, after: i .}E]:En' us under vacuum valves 12 and 17 are
cl osed and taiéﬂl}%glrméll\% pr%ﬁ%%e toég'pen val ve 2 connected 15 to the xenon
di fl uossi de sourXenodaliflhoridenpystals arcligpiedlyhsgplie] incadedn iighitbdtthes hevirg ang

chanmber according to the follogwing nethod, First, |load_l agk_chagher 28 is
vented andPPHRPHEIiSelationvalEe dedb B%tﬂei W@YPP&F@#S%SO&?%%&““ @ﬁlﬁog%?nc hamber

28. Load I‘%%ye&f?m 81d LS s@peni ng
val ve 13. er ea er,e%a%deép\?g%@g’e%éﬁ Eg%ﬂween %g%ig@gg}‘?%\éﬁﬁgﬁg%g%l?ﬁ% and
evacuat ed severhl pajtlehmrdontair®?s ¢opnegiedeyla nindokl(npt showm),tis eonsieeted éelthei nt o
etching ch er 27 and %ate ial ve,18.t0 | oad I?ck chanber_28. i.s. 'Cée sed. The
syst em par S pRpargius om0 Kreure 3 And a Yaguny Sysfemy putgs soqengs 1s imbgleg. i)

di f 1 uapi deyahigeubid vAGSS, 928, 9,30 B arfll Chark bPfEhed il RowihBESHiiey 2R Behcabtabsll of
cycles. The xenon di fl'uoride to nitrogen gas ratio refers to the ratio of

xenon di f |afdh¢ tkereauaiied ogmnongats. Bhe ampapains isdherptleshed wathidsy plsan piYoOgeR ced

' hi hanb ' | ].ed I ' ' h
val ves. of PR 280 Gar ionE¥ed 1 BPabb Sat SRy af Rgnghbet ot PRRLT

the expariioproebdiFd @ préferdbly repedted tréatimes, ¥ftagwhiah, willhthe@lppiratusidérs t he
time the etchi ngwgas m xture 1 s allowed to, remain in etching chanber, 27
bef ore et CHCWYICYAYRS? 2ot 17greclasadanddhe vssaisqirempted ip oneny valeg? fonpseted
expansi:on %SP r | s: ol kn fluid 30 comruni cati on with etching
charrbzlr5 27t8an %%}%gf}f#% gﬁﬁ@%%ﬁ fluid conmunication is termnated or when
et chi ng chanberA2dmpk tevaetchedd loated istb el ¢iclaag chamberfecsding to the 18 MAR

2005 WD 02/ 25697 PCT/ USQ1/ 42180 -11 pressure inside. etchi hanmber, 27
whil e the g@ﬁ%m@ rpgthgtgi lﬁ,)gstelpe g)@k cﬁa}xg‘{)qr ﬁﬁgvg}tgigx&f@e sampl%% ﬁ)ageq}) onto

the transfer arm of load lock chamber 28. Load lock chamber 28 is closed and

subsequently evacuated by opening valve 13. Thereafier, gate valve 18 between load
20 lock chamber 28 and evacuated etching chamber 27 is opened. The sample is transferred
into etching chamber 27 and gate valve 18 to load lock chamber 28 is closed.

The system parameters to be chosen by the user include one or more of: xenon
difluoride to nitrogen gas ratio, etch time, etch pressure, and number of cycles. The xenon
difluoride to nitrogen gas ratio refers to the ratio of xenon difluoride to nitrogen gas by

25  partial pressure to be introduced inio eiching chamber 27 and is controlled by selectively
opening the valves of the gas valving manifold. The etching gas is preferably fed into the
expansion chamber first, before any mixing gas. The etch time is the time the etching gas
mixture is allowed to remain in etching chamber 27 before etching chamber 27 is
evacuated. The etch time may begin when expansion chamber 26 is placed in fluid

30  communication with etching chamber 27 and may end when such fluid communication is

terminated or when etching chamber 27 is evacuated. The etch pressure refers to the



when the gas m xture is inside etching chanber 27. The nunber of cycles
refers to the nunber of tines the etch procedure is repeaﬁqp[‘\ﬁ R 0065
sanpl e i Nyl giMseey chanber 27. The precise values for each@ludiigste
paraneters is dependent on and will thus vary with 5 the nature of the
sanple to be etched and may be chosen by one of skill in the art. Wen the
etch process is initiated, the expansi edlehanber 26 is evacuated using
roughi ng punp 23 by opening valve 11. Valve 11 is then closed and the

variabl e Vigsir mﬁﬁ@%ﬁiﬂg%hﬁﬁa@&bﬁrw@@e ths saﬁﬁﬁ&leﬁ@béiﬁ@et@ﬁ‘&i, 1.8dtHePréssade VoI ume.
Choosing the initial fill" volume of variable volune expansi on chanber 26,

for exanpl whembipe gasupidursiinipside etshingrhamyer 25 Tie methesnf cyetrplonpigithe t he
interior piston, .sets.the.etch pressure se en_ vari ab me
expansi on SRR &F HBES the cfehprag 115Fgareatg§§§£l;ﬂ ,sar\ﬂ!\ﬂﬁﬁ%ﬂ%@mgr&%%éégwﬁot or
control, spksprasibé Pdihes ot tachlof tHeee piraMicRes 1§ ASpatiduitwnamivwill thes vairpnsther r ed
fromvariable volune expansi on chanber 26 to etching chanber 27. If

vari ablde vibr namresithnsinmle tebreithad @ may heghosen tinonerifiski] inibe &tfe that i s
equal to the v f.etching.c r 27 . n re after
vari abl e vol une%%gh%selt%rpcr 8#1%%‘5’@?3%%%? tsh%cegpéi%boé%%a%w&@g%%u aget§1 §‘l§';“%a| |y
equal to tifagiingpswp3iby opaninglthReva| Oakyeekipia an@iosed ahid te AGiablefvolunge
initial volune of expansion chamber 26 .i.s s?t to_song | ti.ple L( of the

vol ume of \PervoRychambsRdess ssito thy desired anifiplyplgpe scheosmerthe miipdilbyolume; on
chanber is : ] | . ' X of
the. pr esouo it AR TBfell cxppifon ARRIRKSEHCLnERLRY chiieh Bins S ExRigthe

i nitiald vabelilows ot by arovaly the iténioreiston aois ithaeichprrksare Bfaise widn variablees 4,

5, 8, and 9 are opened jn the appropriate sequence and the desired ratio of
et chi ng antPlUHE RXH7GSIGAS awberd63b bollaperd dreaaripls; map Y HBIEHBOWE pansi on

chanber  26.g4pb], butdnkiBilg hRbf tHRIEBHY Sas SRKNRO W bﬁﬁ%%éhéayﬁ&ﬁ%aﬁﬁtﬂé as

i
measured by pressure neasuring device 20 is 25 obtained. Valves 14 and 15
ar e needl evohahe espapsies eharbloer 6o etchingatiamber2’h df vesiabte volaineexnpatsione| vy,

vari abl e vgl u ansi on.ch r 26 may be, ext ended duri the fi

bor i od.  WIHIDRRZS o0 on g BaL s et Besaiel s Lo BB mhg s  on
chanbers 26médthecttiGhefure\aHey ¢sridble Wlude eRPehsnhembéIEd coldsk@wildbt S
opened and the variabl e volunme 30 expansion chanber 26 is collapsed. b

conpr essi rigbgentialisqed to thegrogmreinvgrieblpivelune exppesioriehreber 36,pHithe itia
var i abl e \QluipoPXRANSHOM, CHABRE, 8010 AndnbRH K orBHRRAENL bElkNng! | 18 MR

chamber 27, then the etch pressure after the expansion chamber is collapsed will be

approximately equal to the same multiple X of the pressure in the variable volume
20  expansion chamber 26.
After the initial volume of variable volume expansion chamber 26 is set, valves 4,
5,8, and 9 are opened in the appropriate sequence and the desired ratio of etching and
mixing gasses is allowed to feed or flow into the expansion chamber 26 until an initial
pressure set point chosen by the user as measured by pressure measuring device 20 is
25  obtained. Valves 14 and 15 are needle valves preset to a pre-fixed open position.
Alternatively, variable volume expansion chamber 26 may be extended during the fill
period.
' When the initial pressure set point in variable volumné expansion chamber 26 is
reached, valves 4, 5, 8, and 9 are closed, valve 10 is opened and the variable volume
30  expansion chamber 26 is collapsed by compressing bellows 60 or by driving a piston

provided as a part of variable volume expansion chamber 26. As a result, substantially all



of the gas contained in variable volunme expansion chanber 26 is transferred
to etching chanber 27, which reaches its final process pr¢$LMARa3095
measur ed Riyo pysgsure neasuring device 21. Valve 10 is then@lgasd@apd a
systemtimer in automatic heating and control apparatus 19 is started. If
t he nunber of cycles to be perforned is greater than one, 5 variable volune
expansi on chanber 26 is extended to itsl2nitial position and refilled with
process gas from sources 24 and 25. The ability to refill variable vol une
expansi on _oGhapRChn Bl varidtievahak RpASRAThRbEIH B %aRif8GEd lobtdhifd)i NG
chanber 27 1's advantageous because it”1ncreases throughput by allow ng a
filled vardhaber 27 wineh reagims $tis dinalpracdse pres@ife sombasuraduypressurponeasudge®n as

t he etching cygle. i ete. This can be.contrasted. t,o 10 pri or t
systens s u‘ger‘f“’éélt Nﬁlfsv © g@g&lﬁeﬁ 8{?5?&%%53@{6%@%% %?Pmagﬁd}eﬂé%g Me“"‘él?%gn si on

chamber t Oap@ra@RAM i SakBle ILIhehunbeE SRITRRE tdibl ]?é‘iﬂ)rhi&@ i€ t¥ehePiiah 6he,Pr ocess
thereby préventing it frombeing refilled until after the etch cycles is

conpl etde. Wbleeohuwid ¢xpangion plagibes 26 yaextensked to/ids initial pesitian pethrefilig 26

maybe exec d oughi n ni N@&val v Vari ahl.e vol une
expansi on @rége%ggs é%ﬂ%%@rcgsp?¢l%ﬁdaﬁyﬂ%eeab@%§F%]fle%tuo‘?af%glre (J:)vé;n ég& %’Réal Ure before
refilling, cHaheckswhilé fiaidich procss Gaking pRibé 81 etcHing charise 29 i9kdvaatageqsi ng
vari abl e vol une expansi on chanber 26 that_is set to a volune |larger than

t he vol unebsspussdidnergeses Huppehpuply plowing adilisd aatiablp yalume xpansion chepbpr es
xenon di fl [ t | ' ' RLessure
Wi thout - exBiteffio b8 a8 o it Eltahd SCIEHY DIIRT s A bRotlfbaRd

typi caldl y miorafepsiails bwohesthitescribed ipChs sitdl eshich asquivesi the exbirsion se force
it to solidi f¥. This is possible _because the automatic heating and contr ol

appar at us ttbgionen {hibe irhingRhapbeediringihe et clchiRoteRtthgiely v al ui ng

mani ol o pBrdnRRk & s WERe SURRASIAAN :ARADAEN 2R ChinBibee OBETRGEARTE and

the inter nectrng tubing at a high enough tenperature according to the
par anet er sbeginsFrayiable vdhene bxpansipn chamber 26 mayi d exscutdd by apphingpesnmit by

Cont opl at BERECBN e i B FEECG LR AR PO PR SRR R Bosi e

etch prses %Bﬁ’telhﬁé’caﬁ%ﬁé@}e ehiffls! @Rleh$ aﬁ@&dnbhﬁor%%ﬁ&‘{d%teﬂ enperature by
setting automati ¢ heating and control "apparatus I9 to the appropriate

val ue det er ni nétheiprocess of ehdlapsingvatiatideolpme swpansion dhambeyfy dabis s¢ttto shoul d

be noted that i IS N necess t hat, _eac f the conmonen f the

v acuom syoviee et b the PPRERC Rr e e 1 B PrPPPERNE s o Cocsary
that each @bbledgeroampRitidesabe B suppliedocdicting endnhtik 27 iabhigh predggt as hi gh
as the tenmperature at which the xenon difluoride gas will not solidify. 18

MAR 2005 ot egesngminTxesgodifporgly vapor from source 25, which is typically at room
' 20  temperature, to pressures that would otherwise force it to solidify. This is possible

because the automatic heating and control apparatus 19 maintains the vacuum system,
particularly the gas valving manifold; variable volume expansion chamber 26; etching
chamber 27; and the interconnecting tubing at a high enough temperature according to the
parameters of Figure 2 such that the xenon difluoride vapor does not solidify. According

25 to an aspect of the present invention that contemplates a computer controlled system,
when the user sets the desired etch pressure, the control electronics set the etching
temperature by setting automatic heating and control apparatus 19 to the appropriate
value determined in accordance with the parameters in Figure 2. It should be noted that it
is not necessary that each of the components of the vacuum systems be kept at the same

30  temperature. Rather, it is necessary that each of the components be at a temperature that

is at least as high as the temperature at which the xenon difluoride gas will not solidify.



-13 In addition, when variabl e vol une expansi on chanber 26 js col | apsed,
the xenon difluoride gas is forced out of the variable vol afg&ﬂ n
chanber 2@y@ashdeni 0 etching chanber 27. Because the xenonp@fiddiRbisge and
nitrogen 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 utilized18 i xed expansi on chanber wherein
the process gas has to naturally flow fromthe expansi on chanber to the

et ching chanber 1 da94d, %eh%aﬁ@vauﬁw%&paﬁfdn%bﬁbmﬁ@%oﬂaﬁ@ag_%ﬁ@fbn@ﬁarrber
26 also allows nore of the gas, and i n particular the xenon difluoride

gas, to bediftuokide gas id detcedjonind thst wniablatviobine cpasdew cambiee 26 endintelgithingr i de
crystals. 1 en.the etch tine el.apsed, valves 12_.and, .l r£_opened
aner oughi Mg 5ot heiedte dRBnRnERRF et 5% G 0 b M€Y ow
pressure, pREARET 20 Mclﬁﬂﬁbﬂ?begﬁﬁ S eOind3Rodss %pewwipcﬂeﬁseaabb@m ged ¥pthees 12
and 17 are closed and the process is répeate until the total nunber of

preset &t chrieyat desciibedcivrighvest ell. Whigh vélized afixedsppinsian thpmber whgreindbe so t hat

vari able v i I 26 . eV | 1aneously 15
Wb ot cni RS i RSl ARG R RS RENBLAY o Diih2 DAt
expansi on ghaiiethe gdbo R dFNQEadEvolgine lekgthsiontchhmbéd 2 alidilbvwemassaf tien st ep.
Wien all of the _etch,(iﬁcl es have_been conpl et ed, v%iﬁ%bl e vol lﬁg}; expansi on
chanber 268%Ss aadin Ragtiqiar thexenendilaridseande be pikized\diripg dheojeichy are

opened, an | tes the etching chanber 27. Valves 12
and 17 ar eg%lﬁéﬁlég gse&%@é%ﬁ%?@%@ chanber 27 is filled with dry

ni trogéh gas fr Whendhe eteh Hdethas elapseidnealvdsel 2 aydd7epe opdned wad weghing polg gas
val ving mapjfold. This. procedure is preferably repeated thr times, which
flushes outs BYAHFREciEhAESEAN 6?,2_6"4 @\Wﬁgﬁuﬁm?ﬁ'&mpﬁ%u@vﬂe&a@ 0%526; e.
valve 10 Teiieph e RRIEBRIA DA Jall BCLLHRAV AL Blbsdid SRENE BrocbiAlis Kbdral! ©
vol une expansi on chanber 26 may be evacuated and flushed al ong with

et chi ng chuniflehe R&al np@besf pregpatich endlowis tomipletade alvd E0 meydptiowklybeanber 28

d etchi hamber . 27.i d. Th le is t f d into the | oad
Lock chanbaPeisg sa fitet Sapiable, uglime Fxbansion sharb e hhBiriost nmulpeonsly | oad
| ock cismb@iith 2&hinsy HHRRIHRE2 ANG) thREndAREB] Rovievek RIS toluie@ipiRRfont dhamsker

arm Additionally, if variable volume expansion chanber 26 is |arge enough,
for 30 exafrpimmot borefilled yntkafies flyeevpsuationtsisny chanber 27, and a conduct ance

put tor {1y val ve VA ArEhRE 1y o fipuceed VAR Sk chphifiich

chamber 26 is set to its maximum volume position, Valves 12 and 17 are opened, and

roughing pump 23 evacuates the etching chamber 27. Valves 12 and 17 are then closed

20  and eiching chamber 27 is filled with dry nitrogen gas from source 24 by opening the
appropriate valves in the gas valving manifold. This procedure is preferably repeated
three times, which flushes out etching chamber 27, leaving it in a final evacuated state.
Valve 10 may also be opened during the excavation steps so that variable volume
expansion chamber 26 may be evacuated and flushed along with etching chamber 28.

25 Next, gate valve 18 between the load lock chamber 28 and etching chamber 27 is
opened. The sample is transferred into the load lock chamber 28 and gate valve 18 to load
lock chamber 28 is closed. Load lock chamber 28 is vented and the sample is unloaded

' from the transfer am. T
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 vaive, for example, a Type 153 butterfly valve available from MKS



t

WO 02/ 25697 PCT/ US01/ 42150 -14 Instrunents of Andover, MA _is installed in
the roughing punp |ine adjacent valve 12, the etching app&&tMAR:@ﬁ[]@e

oper at ed | i -continuous node with a set desired Pr &35S et chi ng
chanber Zs/vbb@zl%g%tsr olling the rate at whi ch expansi on chanber @gdclg?l apses,

and thus the rate that gas is transferred to etching chanber 27, and the
degree of operation 5 . of the roughi ngipunp 23, and thus the rate at which
gas is renoved from etching chanmber 27. Mreover, if a quick response

valve is i ' F I: i Dr i . i ng
pump 23" ouir R rEot Ve VIHOR GRTR el -Dfunifi bp HBYLRERA VAL 12,465 OB
of gas, neycHieg agechtiicdhlbesdpestadan afquitieoatiniiug gnday withoaet tiesited gresadre hi ng
chanber 10 .27 _ and provide agitation to increase the etchin ffectiveness.
Fresh xendh ctabfig brmler galy contiphingdhe mie st WrshAxnampign & %ﬂﬁ"%&%&ﬂ fases 27

during t h%ﬁ%@sﬁh@%@{ﬂ&gg&% ﬁ'ﬁnﬁ%’fr%%&ﬂ}% HAHES2 2 an®theHeBRR oFBperAtiGEcond

enbodi nent of an apparatus according to the present 1 nvention is shown in
Fi gur e 55. oftike sypghing pusipA3oamd fhns fegateat Fhichgas asmeeabiiom\etohirgxbambet ume
expansi on 5 chanber 30. Alternatively, variable volunme expansi on chanbers
26 and 30 ybe replaced by fixed vol une expansi on chanbers havi ng the sane

or different TiygoviOlfWBick ERSonSO AV ANAINA 8 ‘&S&Wﬁu%llﬂngbﬁxﬁfy %ing, brigpet her

using fixed or vari abI"_e vol une = expansi on chanbers, al'lows for increased
and var i alpudses fpacioughing pumpr?S diringiks eleling proséss, gaswhenstcling clpmnber 27

transferred.t t chi ng, chanher, 27 duri each cle urt he f e, | he 20
expansi on liﬁﬁﬁ%%aé’ @?Rg)%u‘f By H E8Y o@ﬁg{aﬁﬁwg%?&d%ﬁ %%lpieg%?neg @S#Jbﬁlé are
each 1pr ovivded pibiitle 8ERA0A S inlchdabsithe QRMBR! dffBEvin@sss Tuedheendd diftdriddgasand i f
a separate fluid connection from expansion chanbers to etching chanber 27

i s provi dedighkie dlso digandatioestching ehanthsr ehdwang e brishpumping prisg by epgung

throughputva[%égesidﬁaci{ ed by allow ng one expansion chanber to fill while
the other I's beig uUsed’'to etch. Furthernore, additional 25 expansion

chanbers of fi x&decandeaboliatdnbt n MPathies dcbordiig t6 dsyirasht mvettivn ibshavtded in
a simlar fashion. Valves 31 and 32 and associ at ed tubi@g connected_ to
roughi ng poApRIres. Fhe appargps shayayindisws undudesseeond yaalln velmasfapanson pe

cvacusied ik 900fni Al SRR BB R fe R R, FLgure ©
mul ti pl e frepleckdvin/ fineel verynae sxpansioh ahdvebes bdvig it sama br didfereme fixedhe
gg‘g\?di e ntvo uf}gcvgn lihre]; cgl:lgglgrgtign éh%%énuuq%slg&rg I’5,e \?/hét{xé(reu%in\t/gotllx%g%r %X %@g %fo Umé hamber s
* expansion chambers, allows for increased and variable capacity in terms of the amount of
gas that can be transferred to etching chamber 27 during each cycle. Furthermore, if the
20  expansion chambers shown in Figure 5, whether fixed or variable volume, are each
provided with separate fluid connections to sources 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 364,



1 8 MAR 2005 WD 02/ 25697 PCTI US01/ 42180 -15 35B and 36C connected to the

gas val ving mani fold through valves 33, 34 and 37. In adqigimnggfps 31,

32 and 35 vided to allow fixed vol unme expansi on ch 36B
and 36C t})ﬁ{)@u@é&a}cuat ed using roughing punp 23. Although three 1li4xed

vol une expansi on chanbers are shown in Figure 6, it is possible to use two
fixed volume 5 expansion chanbers or foys_or nore fixed vol ume expansion
chanbers. One very flexible conmbination of fixed volune expansi on chanbers
I's to havey,pf,or I r i ' sych as
30n, 308 g SABE TR Gred B8 goo bt Bl KEUUER ERSRGRTLOB SRAMBISToHE | 3
third of \diitior, val¥dsBas3PAand Bs arcaidvdgriventibwalitedwslurhd expanbion skdreledrs ng

di fferent cagnbinations of fixed volune expansi on_ch ers,. a range of total
10 vol une mm,anéﬂxﬁcsmbemwstﬁslu@A&f@Wﬂl@W%Aﬁﬂﬁ% %ﬂﬁw upplied to

the etchi %1mﬁé‘éiﬂ3ﬁ£io%éhin?:fer§£ﬁ@h&ﬂn B&’E@&%, &kqﬁgg%i@g&f Rtk dbUaR and

al |l ow ng process ‘gas ow into etchi'ng cha his flexibility is
parti c@l arexparsidordhamber o dourpr acers fixedlevletveprpatsionhdaaibgrsuSsmesvery t he

equi prent cap.quickly.identify the best .total sized .expansion chanber for
their app|f_feaé§11%9ﬂlb@ R Fdiredivo %Mﬁfﬂ&f@%&ﬁﬁ%_&%ﬁ? _ergﬁmion i's
shown in F,Q4%8lufne J@ﬁnsi&?&%%e&b%u%ﬁ%‘@&km(ﬁ% S $5C7, dn® oF BlubRS At Dscobiat
shown in Figure 3 except that |oad |lock conponents 18, 28, and 13 have
been r enmowdaolume htimys Aesrmha thirdagfpiohune 4 Emes A HEhig birprigement glgysaduwoughe

f directly i. he et chi 27 i t abl d i

cases. C preptiedithtal SnEhaten AT K e st e P ond 1 ock

systenqp AlyefiméfomOs SOWA, i4A, BAJEACT X, 8 ANtodddithi Qe @Epﬁ&g@&héa@hiﬁ% 24 and
u

associ ated val ve 40 are provided and are intended to be used for flushing
t he appar ahamberrgtfor eichingity openingdke Fpprepriage wleesand allowignraresg 8as @nal ysi s,

or RGA, apparatus 22 b d Lo. er.n ne ess i s
conpl et e. - %tﬁ‘l%&% ﬁg:‘fré‘aeri%gg S@%%ﬁ%?%%g%" {53 e{c’(":%{l{g1 ngrﬁ t%#giﬁgg&bﬁé# rough
vari abl e idebebpMahtwehetéby Reh GIIRSEREMEEE cail quidRlyieddtify nebestiothl gaodr al |y
conprise a mass spectroneter or_quadrupol e anal yzer, vacuum valves, a real

time cal i S¥BasiR hagd theiappeatiplls unit, a control valve, and an RGA

pletod
00““95 uni t. THe, %q%g%gﬂtotrg&éﬁﬁaﬁﬂ%ﬁﬁ a%ﬁﬁsgo@ggﬁg PFogRssor and

rel ateé software Tor Speé a acqui stTtion an erating data
anal ysi s apparpiue skoen ircBigtired] isganil@to that Eiovrhim KigureBnexceptethatiload loek et chi ng

chanber is | ow enough, th ss .30 spectr.opeter or quadrupol.e anal r can
be instal ICQEIPPW‘F%Ege’ﬁSc?ﬁqibyEW&@S@ TIROVelg Fl.anﬁé‘iseg“"ﬁl apﬁ’l cations, the abflity

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 eich 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



by-products fromthe etching process are punped through the variable inlet
valve 16 and 18 MAR 2005 WD 02/ 25697 PCTI US01/ 42180 -16 an‘?lgyzmggi Q[‘]gﬁe RGA
appar at usygpeyAegonput er control I er displays a plot of sigahysei/A88HSTtY
versus tinme. A suitable RGA apparatus is the Omi Star systemwth corrosive
preparation fromPfeiffer Vacuum of Asslar, Germany. The chem cal formula
that represents the etch process is as figld ows: 5 2XeF2+Si => 2 Xe + SiF4
When the xenon difluoride gas is brought into the etching chanber 27

cont ai ni Ngagy15ielig R@ﬁfa? arahR228 LIRS REREBerCREbIRR S0 SfaigHdl on the
out put screen of RGA apparatus 22 by nonitoring signals representing the
concent r at indersityetshetimee destisbrRGA eppoatns s the OnmiStar systern vath q@osive

apparatus 22 can be s t nitor .gny, or.all of the XeF2 signal, the Xe 10
si gnal andp{aﬁgag?%ﬁoge%ﬁﬁérwgmtﬁgséﬁrﬁeﬂﬁa?yeact ion is conplete, these
signals will re@ﬁ@ch&ﬁ’i&ﬁlﬁﬁﬁﬁla@l?ﬂ%éﬁéﬁmté%d&ch?&%ﬂ@i@ﬂsfdﬂ@m: i's no punping
occurri)sng. The etching apparatus' é&og;&sql Z’gﬁ }I/\_t/agfrig4 can be set to trigger a
stop to’the etch process when eithege 1 =Xe=26 Xe or the SiF4 signal,
or any conmbiynation of £ f th Si.gn [ 8-

Vel e, For MR b Bort i Borpte AR LRtk A5 R tIE: a2 SRisil Siifthen

exposed si lvaf@thé etchiggir6dislcarl hiemditoted b thalousiin virdetleER GASEpatatus 22ibye as
the etch process is performed and then | evel qut to a near constant_val ue

when no nof@NtRrmE signals preseniitathe soraeptationg ofiircelomems apboompaynds Wghigas i s
idle in th C 9~ Thi PEEH%% het.d yh.ast
pul se" Wne?oe é?ﬁéﬁgaggégr%gl{sé%zlc%% S%ﬁa@hlﬁﬂg tt le&%%%%ﬁﬁ?%ﬁ%be t)dﬁe etch
pul se Hnd pighsl 208 theeSi¥, sighdll What tHehsicléngirea2iibnAs tbfnplete nitsd isipaals wall réabk
apparatus configuration I§f shown_ in Figure 8. This confjguration provides
a conti nuot¥M¥ PARCRREAL YE{ IS 2SSBME PR PYBPINERSCHRHEr CB%own in

Figure 8 i Athd’ %gré& doRdlars e sief'tg"—ﬂgg%gr% stop t%%ﬁf?&%ﬁnf&%ss"%énaé?dh@: el une

expansi on C anber as been renove ng wth a the supporting
val ves. | nXeBgdha Xonr thiel ik <igmdl,rovlahg cembiatordoBiveharnaeotsad thesd digdals,One

suitable flow controller is the 25 Type 1179A pass, fl ow control |l er

Svai | abl e TRUH RS YHEm R SoBPoARIBRY Cosph et oS Soh SBRRBRORY 585 of

wel | krpwietdog SR8 @/ deiidhelPitic HeF0siBRal YBAHA dbEtbhdtSyiti@me AR BRY AhH'S

descri bed in European Patent Application No. EP O 878 824 A2, the apparatus

shown in Fprggess isperéumedand sl loyel aut losencantanstapt palve wien ao ownre Xebioss f 1 ow
of xenon  SELLUOL %l bt hh BlcSBhaXRORE s B LARE pRISR: BB Fhis
example assumes a hypothetical “last pulse” where there is some silicon remaining at the

U

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 apparaius
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

o 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 AZ2, 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 diflnoride vapor by sublimation is sufficient to etch continuously.

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



30 production of xenon difluoride vapor by sublimation is sufficient to
-etch continuously. Methods of increasing the exposed surfatd djAR Ff}(kenon
di fl uori deysgysked s i nclude the 1 8 MAR 2005 WO 02/ 25697 R/ 53944e180 - 17
use of wi de dianeter containers, containers having internal trays, and the
design shown in Figure 9B. Figure 9A shows a cross-sectional drawing of a
vertically oriented standard gas cylinggr 119 contai ning xenon difluoride
crystals 200. Figure 9B shows the sane 5 cylinder 119 with a nmesh 201

provi ded ipsiofe;ada 3 w@%@ ol RA1tHEs, MbXRE @smdBOwARE tO
directly expggglmr%hggrt%ggg%%%%e area of- xenon t%??’l uor i desgnystal s 200.
Accor di ng Figue®®.enbodi ment, the nesh 201 is Wshaped, but nore conpl ex

eI - s SRR M AR S e S R e
cyli nder Ra& 1f1i9:§bhﬁaﬁﬁé xaﬂohfaiﬂ&b%idg%m@iﬁig&@@sﬂﬁmwsﬁé@h& 200. The

mesh shoul d be wel ded, epoxied, taped, 'or otherwse attached to the wall
of cyl iSndesylind®r 146 willea ouge2QDprovided insidesdhpted 1o hald éheé xenendifbieride t he mesh

201 into th inder. 119 i,s best d f th k of.4h | i
D eat ou’r Yot ehd e o ditbely engod nfe S mE e PR BoEoR biekioRaSBAR® 1 D)
possi bl e tmoagRBlihst cﬂfete%ibodiﬂi@lt,ﬂﬁéiﬁeﬂﬁﬁolbﬁeﬁ-&ﬁ%ﬂ, Bk o cbﬁlglelie

e

restorative nature. of the nesh 201 which allows t 15 mesh 201 to

nat ur al | y shepesqgaiia made@s wiell te firthes ineecase the expricAgudenseese aidiied WHE neck
of the Cysgabg% Scrrosisglﬁgel'ctri]g ‘fr'fﬁeel%la”@rﬁn iggﬁeﬁﬂe%elaf’ofmﬂl% E?%%@e? ﬁﬁiﬁygelﬁiﬁﬁg QL % ted

to standar ers, can -pe use er or cus

desi gned vapon diftuogidt cB8tle200e The mekh ehs®s be 2R 1dedpsivsisintipedfior atherwiber of
non-reactive materials _includin st ai nl ess steel, and Tefl on.

e
The size oittaghsd tofeavalgel mindﬁre%r@@l@%%gn 262 gtheanesh 208 gde msedivriot & ¢ han
th £5 t- : . : ' :

si ze woul dHiRErL 0 HEBARAEL L4 HeHRoRE b e Sk of L YPAAR isTRaRoatBe?, 00

i ncrease |idasé¢ bkacdessdnibltie edindse dnsartidraizchawaar, tshiltpossible he acoobiplisinafierusi ng

th l'ind desi in Fi 9B.is illustrated, A st N bot t |
MR R IETNEAGR RSN LT VTN TN
cylindgr igedof rt1> ‘Slorl l‘fr(%:-ré):/cgt M igs ﬂﬁzsiz%%eﬁbéiﬁﬁcid&%ﬂﬁﬁﬁﬁﬂe febkioFeRe area

of the xenon" dif als 200 is approximately 2.4 square inches.
A typical dybinderld9bdurthermaire,dinsudeayf e mesh2P10i8 not limited tostiandagl gasches tal |l .

AT TR T R RN R e R
circul ar cpREned™1 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 9A, 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.



assum ng that the bottons of the Ware at the mddle of the radius of the
inside of the 30 cylinder and that the xenon difluoride cﬁ;@th{\Q % ggare
filled toyghf)sdees, the exposed surface area in the confi%ﬁg%@gﬁg own in
Figure 9B 1s approximately 40 square inches. 18 MAR 2005

PCT/ US01/ 42180 -18 As a final conparison, if the bottle is tilted as

indicated in Figure 9C, the directly exppsed surface area can be increased
relative to the configuration shown in Figure 9B, but to |l ess than

appr oxi mat L ] ' .S .S £ o Leh can
be attaine ugéiglncg%&ndégﬁﬂ ggﬂm@@ tﬁtkds?%gtﬁl %dtéf)deﬁ%gg&nlt% g?, Eﬂt}t%tehtgf&%%éﬁse of
attached nesfac@fita add bydaicieasedirblativiste thd configuration dhowe ireFigayd 9B) et ® less
bottles to_ produce high_ sublinmation rates of xeno i flyoride, The conpact
nature of &} ?RRXP’E‘W‘F?%H&? 8qusFe Hefss; W cflss 8% f‘fﬁﬁ ﬂa@&a&wﬁl@a@b@ aﬁﬂm‘?

m nim zi ”gustix%etHQer‘eEﬁ‘b{) di rensi ons of the equi pnent used to etch silicon

mat eri al s. dditiona ]T'y, a | arge exposed surface area can be mai ntai ned

even wfen t he dykhondidbe pointta obbthet the nse ofcdtackeed nuesht 304 allows irithdusentt her

dds to th eni _of ing i i t. Also, si th h 201
s Bt t achdiPmioy SRmet FYinder B botist B wodygrigh St tes ShAgRnon
di fluori dediﬂ'&é(ﬁde@"ﬁler@oﬂgﬁacﬁﬁﬁﬁe b @ifow eiinERURBotRE i PRtAAZSSatRctivegn TESh

if the bottle Is tipped or jostled is avoided, which nakes the cylinders
or bot t | esmidmizingsthe ovenall dimensions ofthsiequipmsntivstid ie aich silicon masriatsent

I nvention |$,sho In Fiqure 10..The apparatus.shown in Fi.qur 0

conpri ses %&%‘ﬁ?’ﬁ’gﬂ’cﬁ%ﬁ%g‘% WHacs He? ?Jgf?m%ﬁeé’%gpgni}%fygﬂéﬂff&

Et chi n@ chsomdels rdaAfitdd RiredaRb WhidPRRhESRSs B B ebhvidikndt 6fHofkhting M num wi t h
alid preferably made of a solid transparent material such as

pol ycar borrawnat A lbowincaéhometr0ds atached tonde syliniep pobete, thengsatbdlityn

chanbers . fi. r LSE:

al um num (3#1 Zts’%ﬁ?%ﬁéglgﬁéggﬁlgﬁgy%g%g}r{% tﬂgﬁﬁ‘e}& g%g%%&f‘ﬂ%%h%%s I'n Fli Sﬁfg 10

pr ef er abl ythe b6ty detipredve fdstled isardidednviiich maRpsaiha tylndessiatbatileskaat fong and
control apparatus 19 shown in Figures 3, 5 6, 7 and 8 to prevent the
condensat | ‘&SBHLt he xenon di fl uoride and nitrogen gasses onto the walls of
t he tuhi ng and : [ fr’gh%hi hanber 126
S rmtliltgt ored us%%%%?@é“é‘ﬁ?% se s%ﬂtﬁ%ﬁﬁggéﬁ?ke era Iyd)g‘(%lr%}pri ses a
capaci t ancappamtheshoen in Rigerd 10duingprizeaetpiing ohambdrileh and twé exppgien CT27 from

S e R 21 RATAE! SRR MBS e B 2

aluminum with a lid preferably made of a solid transparent material such as

polycarbonate to allow the observation of the etch process. Expansion chambers 117 and .
20 123 are fixed volume chambers and may comprise aluminum or stainless steel cylinders.
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



chanmber' 126 and expansion chanbers 117 and 123 by sel ectively openin

val ves 115, 104 and 112. 30 The apparatus shown in Fi gure118 H\)u 5two
gas sourcegp dalieend 121 that conprise gas cylinders suché%q,ﬂsg%ﬂ%@

bottl es. Xenon difluoride gas is generated from WD 02/ 25697 -19 10 MAR 2005
PCT/ USO / 42180 xenon difluoride crystals through sublinmtion in the sources
119 and 121. Two sources 119 and 121 afigxenon difluoride gas provides

i ncreased capacity and added flexibility for the apparatus. For exanple,
one sour cex ol i -&Ah@s&ﬁstma} | bRRAGidd 1 1A Sffrce304D GRd §OH! Pwo RGurBesS I | er
bottle. Al so, one of the sources could contain higher quality, higher
purity 5 xéhbandl¥l eforendediflupsdagass prinddes ihereatcl eapaity tahd eddeddlesduliydotoul d

be used foy, etchi hat requires grea ecisi.gn ch.as durin
comrer ci al S BRHERFORO TIAEHLASNE Rtk o4 R blgee Bt e R S s P
does not rBaYkmaIIdHRHEAEIsd 8 lof He sBHRE édlﬂ’d‘con%iﬁ%ll'_ﬁﬁr yialft 38des Purignd
devel opnent applications. The conponents shown in Figure 10 are

i nt er cohnesensy difiyorideanyiialel then dierdtbersoshas one s@bcmgmk? be higed| fokeiching thap

r

operation,_after etching chanhers. 126 and. optionally, expansio h ers
o ang A e R R TR §F otk iinre L bR R oy ERRATRE R EED <,
t he appar abélisddor QBIERE Mt BoeRIOE RQTIre thel@ine¥ve] BN¢tRIonCAIch is BREdked
val ves 101 and 102. The xenon difluoride gas is allowed to enter expansion

chanbers 1%¥ dgygloppenhipplisptions; ¢ gorspeaenisghoRdn Bieatmil aue dptpsgonractedt ed
val Ves-105bf5't§n<fa?§staﬂl‘§ss@{egfﬁﬂﬁgfii&eqﬁ%ansi on chanmbers 117 15 and 123 is
and’

measured usli ng pressurée Sensors 124, which are preferably

capaci t@nce manhi®iegdtion, Adierdhirg dhambbisa263ad) deiohldy, erpyanben abgabers 017 he
expansion chanbers 117 and 123. The mixing gas_ is typically nitrogen,
al t hough otMbl23hayedeenespcuated, xepandiflperidrgasinplianedda cotee the appaatus By

Such that TRaEatele 8 bR b SHORY of o VIR 197508 200, TINE | 1

t han t Ee niliflungdegas ie:aﬂewé:c?'@ mtepﬁmlﬁingionmhanbﬁs 11331;(3 g:ﬁlé}esﬁwﬁsélngeﬁag‘?gr ]
117, oWs ro I \ val v, u
reedl o ol oReu ey Sevated vapen1 BT Tl IBeerirean goran it ki 1
pneunafq cabld/1 208 h?éa@lﬁe% ﬁghn%gl;e;&ée sésSis Tk @hd Y24, \(ehiGPRbipgatE@biyon i s

provi ded for expansion 123 through pneumatically operated val ves
114 and 11dapacitence sdinemetels; eA 1H2ing @as Eomiroursed 86 may Yerndded todpaexansion

chanbers 137 a0d. 123 19, 528 Resink a5s A% piRfly hinSEh, HAEbRh ohll? HR8korPS

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-limifing or bottleneck
30  problem of the system described in Chu et al. and shown in Figure 1 becanse one

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



measured by pressure sensors 118 and 124, the gas contained in the
expansi on chanbers 117 and 123 is selectively allowed to ] BwiiAR?GH%
enter etcly heyrber 126 by selectively opening pneunati at ed
val ves 10 d;%l 109. Thus, the apparatus shown in Figure 1 o%‘éfﬁé}gprr@g t he
rate-limting or bottleneck 30 problemof the system described in Chu et
al. and shown in Figure 1 because one .ggpansi on chanber, for exanple
expansi on chanber 117, can be used to etch a sanple in 18 MAR 2005 WO

02/ 25697 R - chi ' 6, while
anot her ef%%?%%ﬁe?fg?w%% gd%g%ﬁé aé%g%ﬁéskp %%?%%%g\érg}’ﬁg%&i s being
f ihl Ingd Wi tehagp&.exﬁéﬂs&mh&ﬁr??bet ]ilzﬁ,d:s,/bﬂi@bﬁﬁed wi:l]rghsa'geﬂenxhé Hﬁhtyrﬂe B(panﬁi on
chanber 117, etchin anber | can evacuat ed. an t next et chjng
cycle can CB@Q(fer‘ieJ;‘F“gﬁfi‘ﬁieﬁWQﬂFgang Hﬁde ﬁF‘S ?@b?rﬂgﬁg’ré%g? ﬁ"aé??f)tﬁ‘%?i‘ ns
chanber 12@ {&i 8Rhflz @Efé%ﬂ%@h@@?%%éﬁmﬁbgaﬂwﬁmgma% Eghgabed for

as many etching cycCl és as desir time between etching cycles is
t her ef 6r e chinheém@Bdd enighpickingltharmbadi?d. EEagretess cahbautepeatéd for gs miabh gas. As

i o PO Rle 38 b RBAT ¥ Bk o b St S geE  oc
et ch proceasiedRERcBhd BXpanSioh BBariF} RIS WAES dgarsi. et RPAYElteklhtifb HRE Aiatat®d V.,

one or both of expansion chanbers 117 and 123 maybe a variable ‘vol une
expansi on showmieFigatech) mey bapmyided gt B appartusrddoronnected toretdhinguire 3, in

whi ch casg, the par.af u own kn Figure 10.would use heating.and control
hparat e cgibe 13BRRhRE T et ek brodedt bemplpigiiil dip Bt SR rba AR OT 1 0
| evel 1above t hesltepiviveBt oddbichbth bhexpa@sion cklivhbarot 1 TgnduBs o Gtabth fy. 15
Pneurmatical |y operated val ve 107 allows the xenon difluoride gas to, bypass

expansi on veRarbespansiary chaieber surhasdheperdesmsibed in eenmegtion with Eigurcddn whichand

121 to e i 6. Lt =hi 6 be
vent ed/ puﬁcg%(}ﬂ gmawgghﬁ% ]'Fllg ! aé IP %@%ﬁ%&%%@?@ﬁ%ﬁ%& fegsa%by

openi ng paedain the tdnypedqarcaifell spphrstus chithoneit 2 ilok! sase thdlevdl laowhizh t he
venting/purging gas is, controlled through needle valve 20 125. Expansion
chanbers iﬁeﬂfe@ﬁﬂ%@@qﬂﬁ)ﬂa&\“@@dﬁ@h@’éﬁt ed/ purged with the m xing gas by

addi t hgnal Iy O@ﬁ%&iééﬂk;é‘fxéra@e%%%dlo%%w% W&oﬁiﬁﬂe&ﬁgg g@s ﬁ%ﬁg‘%h

enbodi ment of the-prese I nvention simlar tot | men own in
Fi gur e 10 chpenstvachagbersrld@ and pah saddiffibadbently fich7 sour2® ARdind 321 to at her t han

two. The affiig Mhmber P RSdi0nait Hofhg thamber 136 Say be vented/patged it the 2! V€

mixing gas from source 120 between samples by opening pneumatically operated valve

110, in which case the flow of the venting/purging gas is controlled through needle valve
20 125. Expansion chambers 117 and 123 may also be vented/purged with the mixing gas

by additionally opening valves 106 and 109.

Figure 11 shows a seventh embodiment of the present invention similar to the

embodiment shown in Figure 10 but having three expansion chambers 117, 123 and 134

rather than two. The addition of expansion chamber 134 is accomplished by adding valve
25 131, which is identical to valves 113 and 114, valve 132, which is identical to valves 116

and 122, valve 133, which 1s identical to valves 103 and 111, valve 130, which is

identical to valves 105 and 108, valve 129, which is identical to valves 106 and 109,

* valve 136, which is identical to valves 104 and 112, and pressure sensor 135, which is

identical to pressure sensors 118 and 124. Expansion chambers 117, 123 and 134 may be

30  of the same volume or of different volumes such as those shown and described in

connection with Figure 6.



25 131, which is identical to valves 113 and 114, val ve 132, i |
I dentical to valves 116 and 122, valve 133, which is identzii %\Qﬂf-ﬁ% g@@es
103 and Iy go¥dkese 130, which is identical to valves 105 gyal ve
129, which is identical to valves 106 and 109, valve 136, |%02ﬁlmsy
Identical to valves 104 and 112, and pressure sensor 135, which is

I dentical to pressure sensors 118 and 12¢. Expansion chanbers 117, 123 and
134 may be 30 of the sanme volunme or of different vol unes such as those
shown and descrihed | oA BrEl i W02 2208 AioR br 18 MAR
2005 PCTI UsQO1/ fé@gg 12%%%‘%&?%%% Tows ' a varei aplgl%}\ chh%e t hr e expansi on
chanber cdiifirg@retidrein cofnmdailyganadaBle floer eintrotientidf) iav4i,|14B) adf 14dbave

controllers 14 141, 142, 143, .and 144 hav be added. ampl e of a
Ul t abl e TeEhALlsH: P51 PRIt e HED B TE SRt e e Tt AR e
avai | abl e fdwPduiHel ASELLHIRERS MIES RREGMRALs FANdGT@VWRONEILR doRr8l1dd Q40,5 141,

142, 143 and 144 allow the flow rate of each gas to be accurately
moni t obed, 14142 143 sndid4 altov thelflowimsbs off cavh goas tetbehcenyatchrmpnitered, whielat her

t han using etchi.ng c es. Far.. exanpl e, .a ntd NUOUS ccur atel

controll egSB ﬁﬁ’lﬂ]ayfl%/%d\; "Eléﬂl% luls v'é“&t%w@g%rqus ?t?allﬂﬂaﬁ}flescgﬁ?lr rol ling
the flow Qikak8RON cElitiudfs, 8BS détirfled dtEMing BB%H @h beprddhbed B Eper@ideni Ng
val ve 107. |f desired, a m xing gas may be added by opening valve 110 and

10 cont r olviaiveg O heonfodimashe flaw afixgherydigiaeride gasgrsimigdlove epniradier 41, and.

Addi ti onal_xenon . di,fLuor i |.ow._can r,OVi | 102 and
control li r?& “P'fie vﬂv&bbt.s ?tﬁ]dgeg%%\%/ml():(gnrgtgag?[fa&rbelafgsngép%glggen{s&g? léladdér/nglwn

t hrough t henapas &idBow of @ rhiken Wbif ePcohBS e 50 daduitiehal aénem 115.
Furthernore, at 115, to control the conductance of the vacuum punp, 128,

and hence difiparisie flovecandieprovided by epeningvalye dhsmskeontrobingdhe Jaw smgdlony t he
15 | | - { |
125 such SOt ids, nbiblethid drabh bl the St Fale uBl i MY IN) D8VE Ve
Fi gure 13 wtupesing valvelllsf Fadhaniks,at | B3] té bavrd ipadoatinstanderofiis civutine

i hamnb hown_jn Fi 12 haye b ed al ith all of
Ehe. SupporRiHig Aafybecncandshbs S Bakhisiis hagFt Lip Eoner GNPt ] and
142 a330Chakiahn i 1984 Gtfri 8 @RSH1E dait LolB 6R aREENOVARIAAS dubt nd ST ngl e

flow contro Al'so s I's an additional valve 151 which provides
the abili tEyped5s sedikble five MKSUndomantd dfesndoyver, Mbm source 120. This sane
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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 Eﬁropean 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



t he apparatus described in European Patent Application No. EP O 878 824 A2,
the apparatus in Figure 13 does not enploy a reservoir to prioijddR 2005
conti nuousyg b@we®f xenon 25 difluoride gas. Wth suffici gt/ e30025R6
surface area of xenon difluoride crystals, the production of xenon

di fluoride vapor is sufficient to etch continuously. Methods of increasing
t he exposed surface area of xenon -di fl-@2r4 de crystals have been descri bed
above in connection with Figures 9A, 9B and 9C. The terns and expression

whi ch have,Regnt B&RE %e@?mﬂ&f @hivaAols Hﬁ)ﬁ?ﬁo@ﬁoﬁs%éf?oééfble FPhHLHE sbdPelFheand
not as limtation, and there is no intention in the use of such terns and

expr essi ofyeniioneslaimedi fgtheygh partiewlesegbodiments ehthgmaesentiowmtimchagie besti bed or

Pecogni »daRd G5 eiifa AR fhublti, S el MRG0 (e

i nvent i onpglséritAmebntiéh sty i bdmitedtd jast thrhabbdimeis dakcldsbe Hut Gheteyiafvent i on
have been illustrated in the foregougg detail ed_description, it Is to be

furthet updRablorofsymerms resengemasfrodifications and substigtions be Iinited to j ust
t he enmbodi nents di scl osed, but that they are 5 capabl e of numerous
rearrangenents, nodifications and substitutions. 18 MAR 2005 WO 02/ 25697
PCTf USOL/ 42180 23 THE CLAIMS WHAT IS CLAIMED IS: 5 1. An etchi.ng apparat us,
conprising: an etching chanber for receiving a sanple to be etched; a
source of etching gas; and a coll apsi ble, variable volunme expansion
chanber, said expansi on chanber being in selective fluid conmunication
with said source of etching gas and said etching 10 chanmber. 2. An etching
apparatus according to claim1, wherein said etching gas conprises xenon
di fl uoride and said source of etching gas conprises a vacuumti ght
cont ai ner hol di ng xenon difluoride crystals. 3. An etching apparatus
according to claim1, further conprising a source of



15 m xing gas in selective fluid communication with said expansi on chanber.
4. An etching apparatus according to claim3, wherein said m xing gas
conprises nitrogen. 5. An etching apparatus according to cP@@wmmAng@gﬁer
- conprising a vacuum punp in selective fluid communi cation with sai
expansi on chaﬁ?@ﬁﬁgﬁd said etching 20 chanber. 6. An etchi ngr/apparat us
according to claim1, furthér conprising a heating, and control apparatus
for controlling a tenperature of said et ging chanber and a tenperature of
sai d expansi on chanber. 7. An etching aﬁg ratus according to claiml,
wherei n said expansion 25 chanber gﬁﬁﬁ&é;ggﬂg bell ows. 8. An etching
apparatus according to claim?7, wher el l ows conprise stainless
steel edge wel ded bell ows. 9. An etching apparatus according to claim1,
wherei n said expansi on chanber conprises a fixed vol ume chanber- havi ng ‘an
interior nove ISiEAIMEDIS: 10. An etching apparatus according to claim1
further conprising a sanple |oad |ock coupled to said etching chanber. 18
MAR 2005 WD 02/ 25697 -24 PCT/USOI/42180 11. An etching apparatus according
~to claim 13 whereiln a ABRICHEIEARSFINE COPPUISSEE d expansi on chanber is greater
than a vol ume of said gf gHifEHaBBEDRE recdiing ARardpiehod beetalsdar at us accor di ng
to claiml, further conprising a residual gas analysis apparatus coupl ed
to said etching chanbef sowcerf eepRegAEAg appar at us according to claim 1,
further conprising meapg,f8kinle 3Rl vBRnE agpasiof chxnbdr/ il expanion ticdnibey
chanber. 14. A method of etching a sanple held in_ap. etchin cgﬁgggr at a
desired etch bgrpnseeaive SbidisPRafpFatevitt SQﬂmpqggFPPﬁémﬁmggﬁuec of a
col | apsi blig, yapihab! € vol ume expansion 10 chamber to an initial volune and
feeding an etching gas into said expansi on ch nb?r from., urce having a
source pressure; ﬁlaciﬂgfﬁéﬁwaé%ﬁﬂﬁ%%ﬁﬁmﬁﬁéﬂﬁan'nW?PﬁW&mgﬁ Btation with

said comprises xenon difluoride and said source of etching gas comprises a vacuum tight
container holding xenon difluoride crystals.
3. An etching apparatus according to claim 1, further comprising a source of
15  mixing gas in selective fluid communication with said expansion chamber. 7
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 contro] apparatus for controlling a femperature of said etching chamber and a
temperature of said expansion chamber.
7. An etching apparatus according to claim 1, wherein said expansiop

25 chainbeif comprises 2 bellows.

8. An etching apparatus accofdiﬁg 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.



etching chanber; collapsing said expansion chanber; and 15 nmaintaining said-

expansi on chanber and said etching chanber at tenperatures at which said

etching gas will not solidify at said etch pressure. 15. A4 tFp%Ra di ng
I'yThg a

-~ to claim14, wherein said initial volume is determ ned by I

vol ume of saiwoabakwng chanber by said etch pressure and dipyipgkéi@zike esulb't
of said nultiplication by said source pressure 20 16. A nethod according to
claim14, further conprising the steps of: renoving said expansi on chanber-
fromfluid comunication with said etchi¥fg chanber after said coll apsing

step; repeating said setting and feeding steps; determning that an etch
process taking pl dde i MsasEnsIphiaig aosrdiedprisiamm i.ovieeip b epamumpplimding

sai d et chi ng Ghosbelsdf dhefbSas oSl BETY PRk SsGietchiM cnifReat i ng sai d
pl aci ng ‘and col | apsing steps after said evacuating step. 17. A nethod

according to cl ai M216, Awrichangappaiats decorling tpiclsdn &+ fapbes gapprisings rgtddual

det erm ni ng that, 30el s WBuliatio8hid RERA. AR 2005 WO 02/ 25697 -25

PCT/ UsQ /4218%£18. 95,& n@ﬁ%‘&aoﬂgorgi ng to_%f%al%m 16, wherein said determning-

step conprises andyzidnrigurswpagiugarrordngte shiny 1 diehir somprisingyesansied

det erm ni ng tﬁﬁ%ﬁ?g@ss@é%ﬁ%ﬁﬁéﬁet&éﬂﬁ%ﬂ%@e when the concentrations of
n

one or nore ele S or conpounds reachies a preset value. 5 19. A nethod

according to clai 414, Avmethed af getiieg semiplerhyldiagn etohipe clpaber st@denired eich
di fl uori de. . i to claim 14, wherein said feeding step
further ngjr BSS&G%’%%@&%S%@

co I ses a mxing gas into said expansion chanber froma
source of mixing gas, sai dsdegaeolghe of adotepsibis viseblegolimesypaisiopur ce

e, e 100 %}Bﬂggrntg% 306136 HeIhE Belifly Gh A:IThE Dus iMB S5i EfpaniH Hadbet! N9 98S
from a source having a source pressure; .
placing said expansion chamber in fluid communication with said
etching chamber;
collapsing said expansion chamber; and
15 maintajnigg 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 'compl_e_te; | o o | . o )
. ' 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.



22. A nethod abcording to claim20, wherein said feeding step continues

until a pressure inside said expansi on chanber equals a predeterm ned set
poi nt pressure. 23. A method according to claim 14, whereir gﬁwme@{m g
step continueg until 15 a pressure inside said expansion chanber "equals a

predet er mi nedYOR R8T nt pressure. 24. A method accordi ng tRECRVHIMIIEE,
further conprising the step of evacuating 20 sai d expansi on chanber before
said feeding step. 25. An etching apparatys, conprising: an etching
chanber for receiving a sanple to be etched; a source of etching gas, a

first expansion chamer iehthasbldi § bubfs QRIUN CALLAN ML 38l g sour ce
of etching gas and said etching charber; and a second éexpan i"6R Chanber in
sel ective fl ui d*yFRGiedseeatrapm i $aid eiching chaseher endofeteeniivigibatgad ewh grasassd

et chi ng chanber co%ﬁ:l&@whé%ﬂh@éoﬁmnﬁgté@? P%n@&)yﬁm%cegp%eq{sgag g%rﬂoﬁog)l@&icﬁ%c 24, Wherein

said etching gas conprises xenon uori de and sal EIi:"ﬁi ng gas
conprises a va®tRithvalught contai ner hol di ng xenon difluoride crystals. 27.

An et ching gppar at u§9_acclggrgh@@agcgrﬂr%qj)gﬂagrﬁm’{vﬂ%r%ﬂ%ém%%g%%isg%(2 %.ﬁ%iog_:]ce of

m xing gas in selective flurd conmurm cation’w sal
chamber and sai*rongbilupsidend expansi on chamber. 18 MAR 2005 WO 02/ 25697

PCTTU501142150 - 26 : j d ding t im.27, wh '
38 %m%{h.(a@h&grdﬂ%%?[;l Fh&Rin slalﬁgeeg%égkegl eérein

said mxing gas conprises nitrogen.” - 29." An etchin “Hecor di ng
to claim25, f@Gpmpides &olipe i sidieg ges tnde sartexpawien chandfer &tmbhi sogrogafmixing gas,

sel ective fluidy 1 | | Lrst expansion chanber 5 and said
daif Qﬂﬂwufﬁﬂlggga%ﬁg tf%ld%o&ce A

second expansi on chanber. chi ng ap%ar‘zﬁUs according to claim25,
further codfrising 3l.vacumethopensprding teahiext, wherbinshid nixingyai cofpies Wit h
said first expmigg{_l chanber, said second expansion chanber and said

et chi ng chanber.
22. A method according to claim 20, wherein said feeding step continues until

- apressure 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‘m.ethod-according to claim 16, further éomprising the step of 'e\facuaﬁﬁg
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 gas3 |
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 ‘app,aratus- according to claim 25, wherein'said etching gas
' comprises xenon difluoride and said source of etching gas Wmﬁﬁses a vacuum ﬁght
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.



31. An etching apparatus according to claim25, further conprising an 10
automatic heating and control apparatus for controlling a tenperature of
said etching chanber, a tenperature of said first expansipf M}@Rb@@ﬂ]ﬁand a
tenperature of said second expansion chanber. 32. An etching apparatus , -
according to Q%Hr%5, further conprising a sanple | oad IB@%U@BGEHSM to
sai d etching chanber. 15 33. An etching apparatus according to claim 25,
further conprising a residual gas anal ysixg .apparatus coupled to said
etching chanber. 34. An etching apparatus according to claim?25, further
conprising means feog aﬂéletb’lﬁhé‘ﬂy SRR R oA TP, SRk flfd inl@nghamber . 35.
An et chi ng apparatus according tpo claim?25, wherein said first and second
20 expansi on CREWBEFSIUMPEFe a fixed volume. 36. An -etching apparatus =~
according to cl ai 5, L Sd 1 &Qﬁ; er in
sel ective fluid cgbn%uni_%gt&ihgﬁé%@;Q‘nggﬁ’gﬂ%c%ﬁ??gﬂ%%’ﬁlﬁ?ﬁg gasg%aaﬁ% sai d
et chi ng chanmbepurcgqt etdhinseaginispigetiys faidsemaupicatinnayifigatddirel exparsDe, chaabeg £ r st
expansi on (gharmg@aidgggﬁ@&@mfogéggnb\égl une equal to A said second expansion
d volu I

chanber having a fixe me equal to 2A, and said third expansion

chanber having a fP%ed SoFighes apeaius pesorime g glainngs, Surgier pompipye Byagsum
according to i :Say | : -glgﬁ.ﬁjj' ; : r@gﬁ'] : fixed
vol une, said ?ﬁg%ﬁ?ﬁgﬂ%‘%ﬁéﬂg‘ﬁ%@gr av%ﬁ%%%%s}?g |xg%’ gd\l/%%égénl%i and
~said third expangision cedwthehand shidgichigs shanthier- d fi xed vol ume, said first,

- second and third fixed ' : : el MAR 2005

VO 02/ 25697 PCr/ugBl/ 4‘3%8‘%'”%@8‘%{“?&%“2%%&3%%% at ugpcgﬁc%%dﬁ” ng to claim
27, whereil onwtopfatic h¢ating indspntsnl dppasatisderd-orixpingd iempokbinbehssidetehms se a
var i abl e vol Urgg, GpaNel00.GRATREH frsliOnaibn ChERD I PRAL LS. 3P CRH U 1 O
al irst and seco a

claim 27, wherein s expansion c ers each conprise a
vari abl e vol urspexioankimgier.chanber. 5 41. An etching apparatus according to

claim 27, wherei'n said i N [ S0k B, S ' '
comuni-cation wt h§§'ai dﬁg%}ﬁﬁ%%&’c %%%%P%f%&g%rﬁa’c I %8%}5 %%a%iu%hggcor di ng
to claim4l, (floadlbdrcouprpivissidstyhing thamber.

15 33.  Anetching apparatus according to claim 25, further comprising a residual

| gas analysis épparatus 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 efching apparatus according to claim 25, wherein said first and second

20 expansion chambers have a fixed volume. v _

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

' 37.  Anetching apparatus according to claim 36, said first expansion chamber
35 having a fixed volume equal to A, said second expansipn'chamber having a fixed volume
" equal to 2A, and said third expansion chamber having a fixed volume equalto 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
volumé, and said ﬂ;ird expansion chamber having a third fixed volume, said first, second

30  and third fixed volumes being equal to one another.



controll er connected between said source of etching gas and said etching
chanber and a vacuum punp in selective fluid communicati ondi\ég W@ﬁlm
etching chanber. 10 43. An etching apparatus according to cl ) her
conprising a swonwesegf m xing gas in selective fluid commurdmahiemsow t h
sai d etching chanber and a second flow controller connected between said
source of m xing gas and said etchi ng_chagjﬁgr. 44. An etching apparatus
according to claim42, further conprising“fheans for controlling the

conduct ance of said_ vacuyum punp. 15 45. An et chi aratus. according to
CaTm a1 Cwher o h g GAGlPE e e Bl P heas op e SRl S ong

.

vacuum ti ght ceaindieRgnsion oh:aiveg compseaivaliblgvaase expadich dhiafabdr. vacuum ti ght:

cont ai ner and said second vacuum tight container each i.n sel.ective | uid
communi cation wit h4§ai dAgéF?gWﬁa aE‘”’r‘i'?Srﬁjc e iﬂﬂeéﬁﬂé?lgiﬁ{f’gaﬂfiﬁf’ctoﬁ r ,

conprising a dxpifionichOMbee0ntE &dnieise & 0aBRIVORRkp@EIn SRinthef.i r St vacuum
tight contai ner and_said 20 etching cha ,ert .second f.| ow. cont ‘rggl | er
connected between &&id é@@@ﬁ’&gﬁﬁ@f?g‘ﬂﬁatc?cﬁ £ 10 A/ neherein §aid squgre@f chi ng

chahrrber, ﬁngb a.atazhafguga6 sl BRedtife ﬂﬁh@@&hﬁﬁciﬂouhdthsgiaréfwﬂg@m}nmﬂ Wi t hf saiﬂ
~etching chanber. 46, An etchjng apparatus according.to claim45, further
conprising a sourc&2of AREEPRE e}ﬁ%ft?srﬁc%ﬁ’@%fq%mf‘ﬁuﬁ*&ﬁ%ﬁmwwﬂ% Wi th
said et C][li ng cleaabies c@ﬂgctadﬁdgweﬂ sﬁh@m&?)f?%ninrg@bé &id sﬁa@f@a%geﬁhnhef QN
source of m xing gas and said etching chapber,. 47, An etchjng apparatus
according to CYAFHH RSP REN Ve@a}%wr@?wa‘ﬁ@aw&%aeﬁewb&ﬁﬁhﬁﬁwﬁ ng t he
conduct ancgy of sai d3vacud@cRiadRpparatus according to claim 42, further comprising a source of

mixing gas in selective fluid communication with said etching chamber and a second flow

controlier connected between said source of mixing gas and said etching chamber.
44,  An etching apparatus accordjﬁg 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 compriées first and second vacuum tight containers holding said etching gas, .
said first vacuum tight container and saidr 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 connécted between said second vacuum tight
container-and said etching chamber, and a vaciuum pump in selective fluid .

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

25 controller connected_befween source of mixing gas and 'said' etching chamber.

| o4 An etching apparatus according to ¢laim. 45, further compﬁsing means for

controlling the conductance of said vacuum pump.



