;e3e, &' 1)d) V&, 6\, T, cWD 02/ 25697 PCT/ USOL/ ~2180 ' APPARATUS FOR ETCHTNG
SEM CONDUCTOR SAMPLES AND A SOURCE FOR PROVI DI NG A GAS BY SUBLI M NATI ON
THERETO SWOMRZRMOTAL FI ELD The present invention rel ates t®CI9pdsat us for
etching senmi conductor sanples. Mre particularly, the present invention
relates to an apparatus for etching sem conductor sanples having a variable
vol u hanmber and to an appa atus having two or 10 nore fixed
vol ugg,mmmmy m@mmhanbers wherein either apparatus nmay include an

appar at us, tecting the end point of the etching process. The present

I nvention a %0 relates to an i nproved source for providing a gas by

sublimnation, in particular a source for providing a gas by sublimnation
-to an appM’i’HISAHéS@GRJEﬂTCWGi SEMIGOERIKCRORNIAMRILESHENBt & BOURGE FEOIR i con

by xenon difluoride S no external
ener gy sources or %ﬁ@%hﬁé%ﬁ&%%@mf#@wmfﬁxm bits high
*selectgvity to many netals, dielectrics, and polyners used in traditional
integrated circuit processi ng, making i t easy to integrate with other
processes THGENIGAICNIBEED One 20 of the first references to the use of xenon
Etching of S| 1BSROY PEBRST e Ban g otofis semcopdibizhogls '] )
70-73, J aMorégz&cumhy [tBe preSdnt SHERASH féiét@s foh® d@p%n@%ﬁa&m& Eé&nféBndﬁﬁsﬂS}n
difluoride to silicon versus silicon dioxide, silicon carbrde, and silicon
nitride. Faneplps lgwl@a variabld Yojupe emmn@hamb@rrandéo 20 apparatyohavieg ey 9r

usefu n 2 |eL Kk nown

m cr o{ el eg{oF%)F)'rzjréec 0611% %:a aq‘gls? %haﬂ:lﬁérg I\)g%égm K mara&uesnr{l %}’olr?ﬁlug? 8% based
nmanuf act Uppgagath £ delerits BB endpHIBEESES eﬁhﬁlgljﬁr@cd:sé OThY st inVentici als®
mechani cal _devices. One exanpl e of .a nuni ature nechani cal device produced

usi ng MVEMSlate eI Egioved sewee fQitPé@Ylélﬁ’Sc} 838 by |S\éblgmté¢n depaficpaya popres J.

Sher man, " Monol it hic
Accel er onﬁ?rr?‘;{&lilggzga%ﬁ%g/@po& um onm%g%ggsrdﬁgu EE%ﬁgest of Techni cal
Papers, Seattle, WA, USA, 4-6 June 1992, p. 34-5, \/\hi ch has both a novabl e

nmechani cal structure and acconpanyi ng
15 BACKGROUND ART

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

requires no external energy sources or ion bombardment to etch 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 difluoride 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. One example of a miniature mechanical device produced
using MEMS technology is the integrated accelerometer described in S.J. Sherman, W.K.
Tsang, T.A. Core, D.E. Quinn, "A Low Cost Monolithic Accelerometer," 1992

30  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
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WO 02/25@7 -2 PCT/USOL/-t2180 circuitry to detect the notion of the
mechani cal structure. The nost popul ar application of this acceleroneter is
for aut on¥PIR@S&7r bag applicati ons whereby during a crash,paiesoreymsbl e
mechani cal structure noves, and depending on the extent of the notion, the
el ectrical signal produced by the circuitry will determne if the airbag
shoul d be depl oyed. The use of xenon difl-uori de as an etchant in the
production of MEMS devices is well known and is described in, for exanple,
Pi ster, Unircuaidy § detect tiRametion dbthe S1ezh@iad Gtrugtured ilermaest pppular apphicatioanon

di fl uori de.gt chi syste haye heen.descri.bed. xampl e, described in
Sapancoe. BEftAteRBrog ST Bltcalf A DEE St e ons er R R R RS Blel o
- wor K pi ecgolvable mdhadical 8R0Gtufl thbwR! Aitdepaidihg oh MHd S 0d tiasméthm, Blechant . 10
Anot her exanpl e, shown schematically in Figure 1, is described in P.B. Chu,

J. T. Chen¢legtricylsignabpradueed by e pireyiiy gvill gemrmingrif teairbag ghauldbg depboyader |

<" Contrgl | - i W | £ {.da" K S k9 Chi cago
016 10 TR GRSt b o OB L e tRdion of AV ERIGRS 1R AL CTES
an i nt er nkabvash end Ralebeibed i ffor exaehpl€) PaderaUnitdd Stasss Patenb NI3h6)726,480.used to
pre-nmeasure a y of xenon difluoride gas and to m x 15 the xenon

uantit i
di fluoride w t%@ﬂmoéﬁg%?ﬂ xenon dilugndeciching systemsip been ¢rscidbedhi ng
process. i hQN f i dinto a
i n chanBopag UeEHd iR 7irRe @AM N0 EITASA, Glnprlaf RrEUBE DA, ' 1) 0
silicon. #sselrholdifg 3 evvok pitict into mihikh Jeasn diftuoridahs Giiendduged esitit @thaithe nai n
chanber, and typically. the expansion chanber as well 6 are evacuated through
the uk® ofAngthebexpmmle sBPW aehrmaticatnin Fegws Lis Fiegin® -r@ﬁbitTeS:%E’ht il the
desired d fr.et ehi i et 3 wback
of the. pulSeg g chrsy ot orh i BR, Bighicke A8 S92 Piter 2 Gonk 0fed PHRE Rl oHite
nat ur e of witheXewaDufinorBiEc Tfdnsdidexs, 1 397 nChicagrellg A paldsiuon 189 anTs systemi r es
time to fill betore the etch begins, is.gpen to the main_.ch er during the
et ch, - andV1%s AReE St HaRhY Y IREslAls ARG BRIt 5 Ho cycle.
it forms gxdadkidnlchathbdrNE uSELR Pre-nidasuréa qi%ﬁtli‘tbf%@ xEx‘i&ﬁﬁﬁﬁoriﬂ@%a% ahll 8 fik | on,
or bottleneck arises primarily fromthe tine’it takes to refill the
expanki onthehxgnoedifiworile with@thatighsesosuich @s gixogean.tte enbdnse theariching processep of
t he previgﬁs‘%ﬁc“e. he maitigg thne cgg g{t n b g3 Ionﬁ as t he tinme of
all of the of ?néine‘%% IR ERY FREIBGT a%&%m?één"t‘ SR process
time, or tdiRaihinFRhé SiEcovbvefer SO the ERRINFRIMMhHIRCRICTA fidrahdLerRBPT OXi mat el y
doubl e the actual etching time. The termoverhead is 30 commonly used to
refer to @ifloge heshasa sufiicisptlmeactrd, thetmain shypkersand typicallythereapansiamal et ch
tinme. PCT/ I a non
di f1 uori \é\g‘ag'?‘f?ﬁ ?%Zgyaggsﬁa%.qé{eaé@rﬁgb@ﬁ “F%E’E% ?"g‘t ean %@?%’S ng;an 878824
A2. TX0 s piockdsigrepgsttd miilthe desireddegrea ofistchingwf tie siigomrhadiotduredi de gas,

which is controlled by nmeans of .a f]ow controller in_ conbination with an
expansi on ¢ hanbe? !ar%ﬁsgerawgﬁﬁ A Pglsaivetah Fedap ﬁswfbes}xﬁy @a&halt Fridepiooc ess
oes NOf (S Qht od. et.ch . e
the c?tgl‘éﬂrg d:%t&:@%f?ﬁécéysféﬁm. %g?ﬁc&fl‘ﬁsﬂ’re& SR xphAION Shatdisth gtflffuﬁ}fes {i

al., it does to wast e”xenon uori si nce the xenon uori de gas
i s const amtfily béforsniha gtchrbdginesis dpen forthe heimetiambeh dwiieg the ekoh, fnd isfrypicalljhe

relatively expensive nature of xenon.difluori.de crystals. makes this a nmajor
concelr \rg é@rcﬁﬁg‘? ﬁﬁ%’%g, hfﬁggcé‘aE%%(ﬁePlﬁgH?ICP'?lgwtIg?}'gfsear%t SIS SEPHB I sensi tli ve
to thes gegqaRig hrévesd. hﬁﬂﬁﬁﬁﬁkaﬁ&ﬁ@%tt@ﬂ&l&&iswﬁirﬂ\;\hﬁ&%ﬁ@ﬂTtheotim& Reakegien 10

di fl uoride ?as inlet holes) in the nmain chanber ifch may result in eddies

in the flwshlidhe gepaosiodichamberiwith xenon difluaride geErferdhel evasnitbamsieeidhe

i ndustries, as in.no manuf act uri ng i Rdustries,. t hroughput. ..i n

mmnut act GPieRQ e SUIE She VRAE R Coheh SR 1R and e S ASE el s o,

. et al. mayonigihedndhbrefdit irdtfiired tHelt6REplobEldinid, 86 tHeafiAeIthe wdferienddin the

i nherently high 15 overhead. As described in HF. Wnters and J. W Coburn,

"The et chigil} T, it Bhapprexmassty douhle theaciysh ptching pine. The term qugrheadss no.

S A 705 7 i d j , iy ure of
t he 53 eononcoé.ll%[fﬂ Pﬂ%ﬁsﬁ%glgger %%%fﬁfé@e@ﬁ?%ng‘ﬁgﬁgg ég@% tela saFn? ?leloe{r?@?%as ed

etch rat ectcHtitte, processing tinme can be decreased and manufacturing

t hroughout can be increased by raising the etching pressure. However,

rai sing the etching 20 pressure in a systemsuch as that described in Chu

et al. may not be feasible. Figure 2 is a




graph of the xenon difluoride solid vapor pressure, wherein pressures above
the curve at a particular tenperature cause the vapor to solidify. As can
be seen iWMOPM3$PE 2, the sublimation pressure of xenon di PCTEISOHE2186
approximately 3.8 Torr at roomtenperature or approximately 20C. Thus, the
pressure in the initial expansion chanber in a system 25 such as that
described in Chu et al. is limted to dpproximately 3.8 Torr if the source

of xenon difluoride gas is to be kept at roomtenperature. Although it is
shown ili Fi gur¥éet2anothex exasaplé ofp xénonideflyesideetaking systemlis dgpasibgd im hi gher

solid vapagr_equi b bri eat i ng .t.he xenon difl|uoride source also

Socel or at durifhgn Paiehl NPLEP 935S 49 T Qe ifeRy Hesb s RIS FRPLILS 2

- the xenon x@héh 8@hbfl@e ERC whedhaik bomtesllediblySn@xp 85 2 HoSldon@eRertih@8mbthatioh| s, and

therefore the sublimtion rate of the xenon difluoride fromsolid to gas

falls as weth an sipgasion ehambai lsausiererd te @g Aresgrvelrs tAlhough dhig Ringessi doepased

-upon etchin i.Lh.xe 2CT/[ USOL/ 8 4. di I por,
sl ower 5 su tﬂolgﬁ%hr% Flﬁ%rcglt%ggg 8%@%%%1%?%?@%;%@% gﬁgﬁﬁ’a‘%ﬁ%f it g ﬂ‘t:eJ t;gjlg&f tog‘rg?r%%c e of

t he syst emendih@iflbiilié biicé theaefol diflabydelgdsas tomentipdloatiag bidrepides fsthe end
point so as to avoid excess etching is also inportant. In _prior art dry

et chi ng prigaieshambeyonhpbriehe nThs; rﬁlagmlim&p@sg/&sl,awéﬁ af womdlﬁmr@@tq%ﬁalﬁ s

typically . i ) i i LS,

through aiiass REERSharsBberk. PRGN, BaB b ABROBES AR tkip Al HRAESE

bei ng r enzessitivestortihd gaonweth &f thomalrechayber dnd torthd picemeht pdihetxetleh ect i on

i F1'00D1 e BREeg. SHEGhole B0 (b e P AT Bisp STESuH edoies T o e
Iinitatioqﬁwgggﬁﬁﬂﬁdggggess is under full conputer 10 control, as found in

sem conductor-type cltster tools, and visual inspection is not convenient
or possi bl e. ErinipaViEM$ ehdsdmioondigtt éniistizs,cs e arnstmsnufatierdng mdubieies,

literature for a nunber of sem cqnductor manuf uring, etching, .and
deposi 1| onRERS SLE MER I A Ch A SRS oL e GBS SgetiaRe have
included mafhedy A3 A% I ueRlvVE R t;a‘;aEE 28l RAePTcHRIGE hA6A idRerbhilyMERN, et

al., United States atent No. 5,877,032, zero order interferoretry as
descr ilbed overh€ad. cAetlesstribed in HbhWintérSiralt oW . Pabaem “Rae etehisg vf sii¢on Rithvol t age

bi ' ' . i ; .S, 939, 886,
oust Lo s SPRsrer APl ket i, o ey 7543 TP, higb s i by ene o,
S5, 877, 407 prdshire 2thadis @8 Sreisare SRS HERRIISorfe g6 AGFihP et dichifp piovsd, Rhdsa! -

5
United States Patent No. 5,200,023, atomic 20 spectroscopy as described in
Gel ernt etto Hicreaseshételethtt Bhuss prgessme tiae can beldpermsed andompuwfheivang gas

anal ysi s scribed in nese. Nos. 1126587 11204
k067, PR bR b et R AR S R i e R v RS R e Bl
et chi og appasak s asyttnduclgasthataiestrited i Chntzesl. fay noobelfeagibk. Figmte is o be

etched, a source of etching. gas, and a collapsible, variable volune
expansi on &aplAsdhe Xenoadlitleqridgsolid Uprer pEshiR: WherPBPrassires ehevesbe cure st 2
etching g j . 21 chd TRYFi i xenon
di fluorid %ﬁpﬁ:ﬁ@e&tﬁ@c&éﬂ%ﬂﬂ?h ertt((): |&§dl@gp};gaj(§]é g%t%gég vac1 ufr%]@t’:tg t

cont ai ner shidirdativg pressare Gxedor Hiftworide iscappsiximatelyTh® Tappe rasm serpeyathicer t her

i nclude a source, of .m xj as such as .nitrogen in selectiye flu
communi caef BPTRIEIHEIK 20p BRT 1 ReRsSHiRdR horkiial semeaopehambys ipgoysge;
PCT/ USEL/ 52 4B thax (BMiddSA Chilet BEfs lirﬂﬁédlt‘éeapﬁro\kﬁﬁ%m P8 P ebeeE bye fluid

comuni cation W th the expansion chanber and the etching chanmber and a
heati ng andnaodiflnotidegasas &t bskdpd at roomt tewipeiatuge.t Adthowghpié rssshowe i Figune2

et chi ng chanber,.. an he te rature .of the expansion chanber. The vari abl e
Vol e ex fh B KN EreR e et a e B b e GereaiEe o
. vol une chaghfig the kbnch dBMaIM Esoufieildotccélbficdthe rEbE sBPPAIAE 4fhéRohoal SO have
a re5|duahig?s analg5|s apparatus coupled to the etching chanber. In

1

oper at i on diffhogigdepBtimate]y; ag the xepew diflyeride egerysiplligeanitrexpaped uHac¥8ansi on

- chambey | Fufehod Mol thé LibhinmhBbii e of BE RhGIiRHOHAS s8Rl 1S ERAIEGSS the
m xi ng gas afe ad 1 nto the expansi on chamnper . Re expansi on anper is

t hen pl acewlii rSifidetietion di fiuorids Bichigi sgsteini thivuhgut & bised gperh atohiag withokenbe
expansi on chanber is collapsed, thereby forcing the gas or gases into the
et chi ng chanber. The expansi on chanber and the etching chanber are
mai nt ai ned at tenperatures at which the etching gas will not solidify at
the etch pressure. After the etching is conplete, the etching chanber may
be evacuated. 15 The present invention also relates to a nethod of etching
a sanple held in an etching chanber at a desired etch pressure. According
to the nmethod, a volune of a collapsible, variable volunme expansi on chanber
is set to an initial volune. An etching gas, such as xenon difluoride, is

B .. T o - N - - o .



t he expansi on chanber out of fluid comunication wth the etching chanber
after the collapsing step, repeating the setting and feedi ng steps,

det er mi niNG ®R#O7an et ch process taking place in the etchiP¢J/UHHAHEP s
conpl ete, evacuating the etching chanber after the determ ning step, and
repeating the placing and col | apsi ng steps after the evacuating step. 30
The determ ning step may include determning that a predetermned etch tine
has el apsed _or .anal yzi ng gases drawn fram the etching chanber and

det er mi ni rfgﬂtlm& YaRer, Slo¥eT spRjiaiion ratgg 0 BpIpiTpREIde a0ey othep_ i s
conplete Vﬁéﬂ%ﬂh&%a“cﬁf@ﬁ@é}ﬁgfl&ﬁ.i ons of one or nore el enments or conpounds
reaches a preset val ue. e present invention also relates to an etching
- appar at us havi ribhesabikity ¢t acauratblyrdetarminer the etcllingprocessens pointsolzs tetvdidd, a

f etchi ) , h 5 di,fl d fi t i )
chanber | PCEPETIRE RISSTRPeRAML i BHPE Bk SHhibgBlostPLishg XERO TS S and
‘the et 6N ngChaRAl deRRMlorisIGFRANY SARMIEN buaNATRRIdobibe SEIATSsclib o

comuni cation with the sourcé of ‘etchi ng gas and the etching chanber. The
appar at us inspectedthiopgh amopticid microsngpe end ftchingiinsjoppss, whencthe amterial beiggn, in

selective fluid,co nihcation with.the first a second .expansi on_chanbers
o s secdstoksl RITYBIIS AR v huirfied ehd baB RerdS R et B e at T o v £
the ex pan&ip@iﬂal@b@ﬁ%fe_ﬁ havdotdRpRAGEHBedRY xahdindiflusfidestching bBsiBcsh Ricuum
punp in selective fluid communication with the expansion chanbers and the

et chi ng cHalatsdrcompounds dhisiip g chtienl distifation vdispdheprosess & undsh flbsampigert he
t enper,at ur L.ng: r e . . pansi on
chanba?  ASpRbl 8 Byl asicCu AT Spe Db olst BREY BlatpRluciEn B0 U1
t he sour ceobeniént®l pbisitlegas and the etching chamber may al so be provided.
Each of the expansion chanbers may have a fixed_ volune or nmay be vari able

vol une expansi didprifbdgtection sygeras batsderendaicribed in the pusraiurasior Aanpbesok nr ee
fixed vol . ' : ' t i t he
appar at us S RigEgag0} A GANEE S ing 3B ua3ichon JrO. A0S, ey ETRACH e "2
2A and 4A.plahd proogseingt Tlosse havesinniplded hetHodadesddiontoptitdiendssid asgleséribveder and

one or, _nor.e of the expansion chanbers, ich may be fixed volune or
vari adPe VBQHRN eé?]eﬁrﬂelde?datﬁﬁ Pﬁeﬁt_ﬁ\éo-éb%%%gp 6"&% O&ie?ﬂ ert?F_%’srBWétrbfé% es the
M Xi Ng gasjeschibfed 4 RORsHePE: 40 eMRed Sta‘écstl*hféht No?@,%@ﬂml,flil'ﬂ!vs’lt{g% gadion

with the etching chanber and the variabl e vol une expansi on chanbers, if
any, are ciskdriheden Tumer et aledirited States Regend Noa 59301880 sdfconstedneasuremeentst ashi ng

25 chanber, The .ex i on a s, and t j chanber ar.e mai nt ai ned
at tenper ﬁeﬁ‘irg’§dé? e\%ﬁ%&% ?If’ﬁ‘gx_“gag{?tﬁﬁ @tﬁgtrﬁ?'ﬁ’gﬁo{Es mrﬁ%ﬂ?cf?}mgfm? he etch
pressure. ffkefenicht ﬁfd%_EEﬂbGd i Gl hE, Ukt Siit@@PﬂGnm&@mo,Om}’atBﬁxic
evacuated. The present invention also relates to an etching apparatus

i ncl u@Png spednseeny asfdeserdrednig Gylesnt o abhUniteddetaien Pdient Nord. 46,4020 2ed chi ng
chanber in_sel ive.fluid 30.c i 0.\ I ef.chi ng gas,
ol ow contharal & R SRR Rt og; FBER R BB oar e

et chi ng chanmh&re7and a vacuum punp in selective fluid WO 02/ 25697

PCT/ USOL/ ~2180 . _ communication with the etching chanber. A source of

m xing gas in selective fluid comuni cation with the etching chanber and a
second f'%s“e‘?g@s“tﬁ’kﬁﬁﬂ%*ﬁﬁﬁ@ﬁ bet ween the source of m xing gas and the

et chi ng chanber may al so be provi ded. The source of etching gas may

conpr 2§e a vacUihepresght ingentioami mlateshaun pghmgrappiratus umtheding an btching | nt eri or

t hereof, the S ei.ng adapted to hold a soli terial, such as, K xenon
G 11 or | JEMERPET AT OGP IG e e, PO o HRBEES, i BEOIRORI i s
co nfi gur aty,qm10 Rf@Mﬁﬁj@é(pfaﬁgioﬁlcmér E}P%&tifvle eHYiPonzAthie s @NWith theX8lifee @RS €S

m Xi ng gas and/ or gases to the etching chanber. The present 1nvention also
. rel at es t etchinggasaad thy etphing chdmigera Tha stichingedas asayaonipdise kemindjflyeridef or an
etching apparatus, b ublimation froma solid material ... The squrce

i ncl udes ﬁgh@ﬁﬁﬂ?rf’f’ éﬂ © g WE’GW gcmﬁlgﬂbﬁqﬂtgaerﬁwlqlﬁgxm%” or of the
- vacuunpt i @iffudHaelcayshds., THOSiRtHud ey ARERr intliid Aotfte b@ nliving ghéisuchaki d
material. The vacuum tight container may have a cylindrical shape, and the
nmesh may Hitvegen inselpetiyedluad cemmupicapieni withdhsexpeasipn phamipr BRI¢EpIREGER| PTI ON
OF DRAW NGS Further features and advantages of the present invention wll
be apparent upon consideration of the follow ng detailed description of the
present invention, taken in conjunction with the follow ng drawing, in
which i ke reference characters refer to like 20 parts, and in which:
Figure 1 is a block diagramof a prior art etching apparatus; Figure 2 is a
graph showi ng the solid vapor pressure of xenon difluoride; Figure 3 is a
schemati c di agram of an etching apparatus according to one




enbodi nent of the present invention; 25 Figure 4A through 4D illustrate
various enbodi nents of a variable volune expansi on chamber according to an
aspect oVQPAM2¥PEsent invention; Figure 5 is a schematic BCHESHIH280 an

et ching apparatus according to a second enbodi nent of the present

I nvention; Figure 6 is a schematic diagram of an etching apparatus
according to a 30 third enbodi nent of the present invention; WO 02/ 25697
~g_ PCT/USQOL/-t2180 Figure 7 is a schematic di agram of an et chi ng apparatus
accor di ngmayp algo fferther hinadwdsoalvasunm wfn mesebp@s@ﬂulducnmmumonmguﬂle 8is a

schematic a of ch| r.at a rdi n | f odi nment
of the pr%gj ﬂg ?%%Qergﬁ r]g % rﬁ%ag‘&ﬁ r68§t§ S@Bﬁt Eﬁ?ﬁlbdl agr ans
- of prior @drﬁronﬁfgttum gsemtufdzﬁttﬁé ét@lﬁﬁgi:ﬁim@ér&‘ﬂd‘ﬁhdl@n@eﬁma‘é oftirlexgasidhr ough
subl i mati on; gure 9B is a cross sectional diagramof a vacuumtight

cont ai ner chagb ebr’Sbﬁ’ vatiaplaveluie expariogshamheigughinsnge iahellpya onesyiflvde t o an
- aspects of , kbgy f&lﬁ&%%a&ﬁé@ﬁg{ﬂ#g vagﬂgle 1#}%{3@0%9”{3 P‘é’l ofpca?ﬁﬂ?}na afth3dpe@m of an

et chi ng apparatus accor sent I hventi on;

Fi gure 1lresidusl gas apaipdis apshratgs eoﬁpaxfd tanheeétcllnngghaﬁmr atus according to a
sevent h enbodi nrent of the resent i nvent i on; ure 12 is a schematic

di agram of an @t‘lﬂ?ﬁﬁtﬁ’n&b%ﬁ%}?l‘fs ogdedonts th etcbm@r? smberandiihe c¥RmBS@Nrent  of
the pres e&fan{l}%}’g%i RN i 561 k€ T%% e{c‘fun% ggagfa (ﬂg{ LR tﬁg‘nﬁ;utn%gﬁg EJ%E' ng

apparatus according to a ni nt present 1 nven

MODE FOR EARRMIth&MsiEH&Wh&Nx@sﬁm@hmb& is hewplased éh ihidng appar at us

accor%l ng to the present invention. The &‘ﬁ par at us includes ﬁtchl ng chanber
I

27 i o wATRRURIGRQn-wite the eiching ehanthen apd th|expansionsshambrpiscrllarserd 27 i s
pr ef er abl i /BIoL, an%’fh@ﬁﬁ%x%ahé&'mfohﬁ& el?Mﬂn? cﬂg.&.b&em gfmaﬁ;bfepw gas

such as machi hed um or stainless s pre y has a solid
t ranspar ethe etclhdlgrrﬂvdmbéxr mmmamtamed ebfempemturat drwhabh thecduclang gl widlardbonat e.  An

opti onal Wﬁdga "ﬁ%}% ressure ggerqﬁé/ ettgﬁ'\mgrls? gc;n?p te t?l { crh%mtbglg m%? ggl e into

t he et chi
evacuated.

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

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

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

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

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



Al so included are variabl e vol unme expansi on chanber 26, xenon difl uoride
source 25, which may conprise a vacuumtight container such as a | ecture
bottl e orWRI%RRH¥%yl i nder such as those avail abl e from Wi tRET/W1/42150
Swagel ok Conpany, of Highland Heights, OH and dry nitrogen source 24,
whi ch may conprise a standard gas cyIinQﬁr of 30 sem conductor grade
nitrogen. Numerous ot her gases could bé*tsed in the place of nitrogen
i ncludi ng _argon and helium Connected between expansi on chanber 26 and WO
02/ 25697 igconprgte vdenthoe@pepiationg ehormenaere 2lemants sxompoynds igaehed@ sour ce
25 1s a g§§w¥FU%gé“3 mani fol d conprising pneumatically actuated di aphragm or
bel | ows val ves through 9 and needl e valves 14 and 15 that selectively
-adj ust the fl oWheprdsbet igacridon aBoashites to sk eBhing Agpaens A8%ng an aiRtlingl,
preferably capacjtance manoneters, such as the Type CT27 avail able from MKS
5 | nst r unépaebeforholdinga saprle tgbe gighsd; aursepiictihing gas. yoh @ &ANQkhr i abl e

, 1

“vol unmeg ex I [rggg . Hall ungﬁﬁmv ﬂ%gga.

t ypi ca?l yﬁgfﬁlr%gtﬁg’rflﬁ\%an %%ﬁ%?ﬂgmnﬁﬁqgggg%ﬁgt e &{;/%rﬁl\%les gﬁ 3, a%g’fﬂ and
resi dual gehing ek ysd theagigiang@thembz?, anidtalseasricexipatsich shaobermin/sdecdvé Aualr e
connected as shown. Th@ ﬁo onqtaf&ts of the %p aratus are interconnected with
st andar d SPEMyRcauon itk the sqyree of; stehing s3spmd the efchigg ghagpber, ¢ P¥MWNEat i ng

and cont r gl FRRRG3hAEdE Qs&ﬁc@amb&?ggésosdcﬁqelnmogeﬁ,hﬁ sLISBRR fligr e of the
apparatus conponents. A suitable exarpi e of automatic heating and control

appar at us ca:@mugicatien @iADhS{iRGaid $¢¢ond et pankibe chambkry and ossconéssuroe ofipl es and

N Sbobs "SRt A RS G R AR SRR 78 ey 12
val ui ng mManiy i@l durtBRANGHOR vERRARPHImE th @I&tiRE ﬁﬁmnﬁﬂﬁﬁpﬁfon%@fhea43 onst ant

tenperature between 21 and 100 degrees Cel sius, and preferably at
degr ees Cekpansion chamberp enditheretching oliamiier ada bénbing and contyplrapparatustfer sol i d

vapor pressure.of xenon difluaride,is 15 Torr. trollin e tenperature
o e he et Etihé TR Perhlute e Bfning comb e ana PR fPatebE af €8 ciBER:
condensat cdnidr. AhBird @Rpshsihinf dhdfibelp sgRsH Mg dicbmyaidatiof fwith e dSurv@sgium
system and assists in tuning the etching process. The variabl e vol une

expansf onctchagizas andbthestehingchapber ey alfelbgiprevideth dfachiohghe expensior vol ume of
whi ch | i i . i i 26
GRS

such as t basembdditient) the heatfandacloderahil fH@d volutrieditpansidh ¢HantbesosnBgasis ed
state 25 and Figure 4B in, an expanded state. Bellows 60 nay be .nounted on

rigid supp@ést nanetissembedinent theapparatys nclydesthire fixgd YRMMRCXPRBSIOR he bel | ows
60 are co %‘%ﬁgv@@t@ﬂ@g&iﬂaq@ﬂy, resulting in a longer life. As

used in the apparat e’ present ‘i nvention, bellows 60 may be
conpr2@sed or bxpEenaienh, reampleliyloaded mitd therthingsdhpmbbedidoms: @Generaypfhe fitted

t tor drive 70 h in Fi 4D f t.omat i d 30
expansi onSXR&IFIPA SPARRRF: wgh Fiay D e S8R Brigp gPlnts AN Miponent
fromthe WKdhihglas kEFIEonfediB&Me mkinSlodd, TR expREROS Mandk & théh pREARKI Vel Y,

vari abl e vol ume o _ . ) )
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
25  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.
The present invention also relates to an etching apparatus including a source of
etching gas, such as xenon difluoride, an etching chamber in selective fluid
30 communication with the source of etching gas, a flow controller connected between the

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



WO 02/ 25@7 -10 PCT/ US01/ ~2180 expansi on chanber 26 nmay be manufactured
using a fixed volunme vessel incorporating an interior sliding seal piston
arrangemeMP 9287 pi ston in such an arrangenment may be dri REGT/ES01H2180
manual |y or automatically through use of a notor drive for collapsing

vari abl e vol une expansi on chanber 26. non difluoride crystals are
typically supplied in vacuumtight botilés having an appropriate isolation
val ve. Such bottles nag be used as source 25 with the isolation valve being
val ve 2. ¢omipeicatidrowith sheradehing ehangher.dé soureeof nEging\gas shsedestive flasshpri se

connoct edtinEiisRortRIth ekt nE ARRREE B o pl BB Cor T, )21 e

-pur ge seqpeweén the souice bineing lois dddl thaefchitiglchimbatah¥eals® be providedd The0, 12
and 17 are opened and roughing punp 23 evacuates all of the interconnected

conponent SPUICEHRE efghing gasysay eompiiss afvagaure dehi eontainsy heviegs medymearedin ot her
gas from sqt I q t - evacuat ed.
This r ocng iEferifile BRAMbAMmAR, KiDich RO BRE SHERT MR e Yt PV AT NG
appar at usdiflodgde srgstalsmsed 3d gerserdte tiendching gase 16 bpaatom nbisicbafigattion S
pronpted to open valve 2 connected 15 to the xenon difluoride source 25. A
sanpl e t PB¥idss o @soptinyeusdlay ohRo¥raeriad &l sAMeERSEHIRHRE SATHEKY o S3geste thene
follow n i.rst, load | ock chanber 28 is vented and the sanple is

| oaded og?tém%ggﬁat@?ﬁ'sfer arm of | oad | ock chanber 28. Load | ock chanber 28
i s cl osed and Fhdywespne itvieytiay dsastldes toye sopeeifogproaidiey 4 Bas, Sikrasaht er, gate

val ve 18 bet.ween | oad 20.1 ock chanper 28 and evacuated etching chanber 27
is opdheftchiiigs R €fc ngragﬁgrpgﬁsf@ﬁsqbﬁp@tlgg gﬁf’h@@@a’ﬁﬂ@ﬁag#}&ﬁ@uﬁf&t e val ve
18 to | oaflohiaeka PRATRA e Sohtling! ARFAmedH)RoRNEd RIMMBHEHE! e LAl flipsen bY

t he user 1 nclude one or nore . xenon di oride to nitrogen gas ratio,

et ch ti meqontaindy, whereimuthe mesinds adapted to béld thesodid matbwalx dihervackninh tight de t o
nitrogen gas.ratio refers.to.t rati f xenon difluqaride to ni gen gas
by 26° par RIS e S i S Dt S B s et 055 W) <
control | egaped &eéaekiiorg! y opening the valves of the gas val uing manifold.
The etching gas is preferably fed into the expansi on chanber first, before
any niSxi ng gas. The etch tine is the tine the etching gas mixture is
al | oned t.9, FEMRER 21 GHII~eNaReL. 27 before etching chamber 27 is

. steh e ey peygt - when expansi on chanber 26 is placed in
fluid 30 commuRirthrt FaRréd idd fRiveRtaf@ oTiadesen? iveiionWill B sppab@Rupstch fluid
communi cation is term nated or when etching chanber 27 is ‘evacuated. The
et ch pr estonpidesatipr pkthedoleiing dpfpilog dessrption efithppreserganygntipngigken in

conjunction with the following drawing, in which like reference characters refer to like

20  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;

25 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

30  third embodiment of the present invention;



pressure inside etching chanber 27 while the sanple is being etched, i.e.,
the pressure when the gas mxture is inside etching chanber 27. The nunber
of cycl eO8¥EPL7 t o the nunber of tines the etch procedur ECTASPEREER ed for
the sanple in etching chanber 27. The precise values for each of these
paranmeters is dependent on and will thug 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 initjated, the expansion chanber 26 is evacuated using
roughi ng punp 23 byFigBEnT K sehematiodiagrgm ofanpiching apparatus #eerling @ 4 he

vari abl e %EHH%b@&iR?éﬁ?B?@e&D?s@pﬁﬁv%ﬁiohs set to the desired initial volune.
I olune o

Choosing the initra vati abl e vol unme expansi on chanmber 26,
for exanple, by conPigesss isq swheraxtxadidgram dffaa eidhimehppaniuosccbydingtoiang t he
interior ng@;%ﬁg Sets éhe etch ,Er essure because when variabl e vol une
expansi o ‘é‘?‘_mfﬁt? the presgpid YF,”“PBT_ exanpl e, manual ly or under notor
contrgl, substanti atigiralols #ls 3Gtk eRipgidRFdkY nygﬁag%ps%@m?@terred

from variabl e vol une “expansi on chanmber 26 to et
vari abl e oontaymes o peaorddmg acdoardeaf gaGthraugbestiblimataon;i niti al volunme that is

equal to the volu of etching chanber 27, 15 then the.etch pressure after
vgri abl e vol unme eggglﬁﬁeoéﬁ%%ﬁﬁsrse%qaﬁ’@&% 2PN u%’éc I&FE@F% ially
equal to ﬁrb@idﬁfgeasﬁﬁft& df“gﬁ%&bﬁ‘éﬂ ﬁlbliﬁlaﬂﬂﬁ aseobdifig tPih ﬁﬁ%@@ﬁfth@ﬁeséﬂt t he

initial volume of expansion chanber 26 is set To sone nultiple X of the
vol une ofimetidrlenng chanber 27, then the etch pressure after the expansion

cha r is collaps w l].be approxi pately .equal .to the sane multiple X of
Che Afssur 6 i n Fna gl 18 SARRAHE SR EnbhoRd g prrtroREofiteb & b
initial V@,hy@gw@ﬁjlﬂ@ﬁiogmeq,ry@huﬁjem_ﬁmgnsi on chanber 26 is set, valves 4, 5,

8, and 9 are opened_in the appropriate sequence and the desired ratio of
et chi ng and ni xi ng %jgueeek! is ¢ sgheraatisqliagramed gn gtchingoapparatus acperdirgiadsi on

chanber und i I nitkal . t point chosen by the user as
measur ed Y/e or8@?1%&@%%%@FipgégS%gé\gl{'gneti%go is 25 obtained. Valves 14 and 15
are needl e val ves pFigﬁﬁlZi@a%cl}iﬁrﬂatfcidi%dalﬁﬁffﬁnlé&;hiﬁf?@araﬁistaébélﬁiﬂg\w'aﬂ,
vari abl e vol une expansi on chanber 26 may be extended during the fill

peri dd. \eghth embodimant gf thsmsessutiavedionp@dit in vari abl e vol ume expansi on
chanber 26 is reac vay . . v, . i,S opened
and the variable ngﬁ e Olggéﬁger%%gn&%%gﬂn%érgng%ﬁfngag)g’? éuﬁ's%é&gl;?jgggﬁpr essing
bel | ows Gfinthrenibodimentiofheprpsent mveticovi ded as a part of variable vol une
expansi on chanber 26. As a result, substantially all WO 02/ 25697

PCT/ USO01/ ~2180 -12 of the gas contained in variable vol une expansi on
chanber 36pd P MOBRYGR CBRRINGGDUT T AFENTIAN Whi ch reaches its final
process pressure as neasured by pressure neasuring device 21. Valve 10 is

t hen 20l osed arkigeresyshowmanietnbing apparatusrastordingdathapresand invsntioro| Tlgppar at us

19 is started, Lf _.the nynber. of, cycles to,b erfornmed | reater, than one,
5 vari ablEPUaN RIS R Tl 158 Wicheibe SRR B B INTISER poei t1 on
and r ef i |BtinchdnberoTas prederably idBe SR 6 Ssateifal A wAl notReactalith ity to refill
vari abl e vol ume expansi on chanber 26 while the etch process is taking place
i n et chi reichittmgaseuct 7s machigehaluadapn or sainings steplandpseferabbishastrsolighput by
al | owi ng il Led. vari vl I b to go as
soon as t (ralgéee{r%rﬁ?lﬁlgr%%c lé&i I np?tgztégg ﬂ%ﬁgu‘%};ﬁ%&c@g‘%ﬂ%&é t‘g%gftaﬁ’q%b prior
art 2§st eampkilohd RekBahayesprovided forrlodditg te samplenhiccthe ebitigr shambbe27.
expansi on chanber to be gpen _to the etching chanber during the entire etch
process tAHEP Bisjudsd Seyariable Yelume srpansionghaaben 36 gengn diflugrdessourgeetSet ch
cycles i : L Ll LS, i.abl i on
chanber JoaHisgeBmpHE AVAnH gl cRftaRelb ag AL oo R RS
. Vari abl e such asmhosxpailablerfranh dvikitry (26, aSwyagebili Combbhryy, loé HigidbredHeights5 r oom
tenperatu before.refillin thereby all ow ng nore gas to enter. The
process S g éwwwpwg% which Yéewﬁé?gﬁtaeﬂ%r POYEdERgt i s set to a
- vol ung | aE@fdontifi@br %11333 HAHOER RlmREdul iofi: gﬁ@g@&ﬁm%z uséd {r@e BIBS ST

appar atus thus enabl'es xenon difluoride gas to be supplied to etching
chanber aitregentinghdipg @sgrandieliow tConnpeisd betwebreexpamsion ¢hdthbesZ6dadyapor
fromsource 25, which is typically at room 20 tenperature, to pressures
that would otherwise force it to solidify. This is possible because the
automati c heating and control apparatus 19 maintains the vacuum system
particularly the gas val uing manifold; variable volunme expansi on chanber
26; etching chanber 27; and the interconnecting tubing at a high enough
tenperature according to the paranmeters of Figure 2 such that the xenon
di fl uori de vapor does not solidify. According 25 to an aspect of the
present invention that contenplates a conputer controlled system when the

. I o - o — o o .

>




I n addition, when variabl e vol unme expansi on chanber 26 is coll apsed, the
xenon difluoride gas is forced out of the variable vol unme expansi on chanber
26 and i W8 %27 ng chanber 27. Because the xenon difl uor iPGE/ENH4HBP r ogen
gases are forced into etching chanber 27, etching can begin sooner and
process speed is increased as conpared to the 5 prior art described in Chu
et al., which utilized a fixed expansi orf chamber wherein the process gas

has to naturally flow fromthe expansion chanber tq the etching chanber.
Forci ng t METQgss seifce g apd xengn AIYSIdeReUKe #A1S B 835 Y King apamigldedaprisin s

mor e of tgﬁ%@gﬁl"ca\f;\}gggﬁqugteﬂ%qe[éoip\fldg?%%ﬂeiﬁgwéQ'szgf ?'tﬁruf b A4 a1 ‘tggv‘%emut ilized

during th cons e xenon l"'uorTde crysta 0 Wen the
-et ch ti meah&ss élanpalectivelphdies tiflandf thé gases. Ppessad menduringiddviicey 20wng 23

evacuat es etching chanmber 27. Wen a sufficiently | ow pressure, preferably
on the or &irl_’rS or yﬁ?ﬂqcitW_r‘?aqo?eéeéﬁiSBab%ﬁ tﬁ9 W%gTﬁ aﬁg‘éla%ie?g%‘in osed and
“the procegsuhymenBREARDVEAMA, &b ?r \@&ﬁ' in Wbe%ﬁé?{ weibleSlohing %}fﬂaﬁﬁoh S

conpl eted. Valve 10 may optionally be opened so that variable volune
expansi on chimabdr®6 @@ ahahindehambac At Baughimgipurap @d.utypically Sretatyrvase phinpg

chanmber 27...In this insta we , _yariable volune expansi,on.chanber 26
cannot be “pg]fa[spcpc&}e%ﬁ{ﬁivps glfc’ﬁgr MWP&@%%{F&F\%B abstaggl_yswgpgﬁgwibgfw 1ﬁ‘he etch

cycl es haygobReR vaeith{aRe 16\40é LéileSed 94 sHRVIEXPansi on chanber 26 is set to
its maxi mum vol une position. Valves 12 and 17 are opened, and roughing punp

23 evacuat es t Hhespuiponents bfthb eppazatus atglintercongeciertiwitly standard istainlessstast 20
and etgching.chamber..27 is filled.with dry, nitrpgen gas,f{rom source 24 by
opent &)« RIS e ke et bt it Bl B Arl 1L a B AL ocedur o
i's prefer aghaté BRaaMmBEratue BLtheIapPaatudbbBPorddntss e Suitible Slaglplosr AhaaRey 27,
leaving it 1n a final evacuated state. Valve 10 rnay al so be opened during

t he excavedting apdepstralapprestus 19 is s QUAR-3RG )l Fahemiiellenandowarions rnay be

evacuat ed e ] i - ' l}lﬁ?ét ; al ve 18
bet ween t ﬁ}ge?ﬁq(%a%?oc%d%g%%e&%%lgﬁéﬂle%%gﬂ% ar earnu%; I's o%oenﬁ%& he
sanpl e i s St.Nus, dMissri, Auconidie Heatiy dndcdontbbapparatud] Smdingatsethy ghye 18 to

| oad | ock chamber 28 is clgsed. Load | ock chanber 28 is vented and the

sanpl & i s valvingdaasieldgxpapsion ¢hamber 26 andwropessichamhen 374t ajconstanti abl e vol une
: ; A : _
ot ohi ng_ciERERely Febybch I PARCRIER, Chius S iathicty bOD dghs IR OP, I

val ve, f otempeastplecst whidly pe sidvdh hiRigee2 thewsalidt @aporgirésatnes fixenon dilBoridd/V O

02/ 25697 -, 14 _PCT/ USOl(_~2 80 Instrumapéé of Andover, MA, is_installed in

t he roughi'%]g;S Ferip Contalling e temperptirg at ths etohant gas apd thy SUFRUPAING YA pe
oper at ed ikdn JHAShesGRO RS oH B the Wehdh QifSBHASER drfs HRIWGARWESd N et chi ng
chanber 27 by controlling the rate at which expansi on chanber 26 coll apses,
and tB@s wvheunusystennand apsistd in tuning dleetahing processchi ng chanber 27, and the

degree of operation.af, the roughin u 23,..and thus.the. rate at ich gas
(S0 roved T omhesarfbls vefulrsPhisith Qatbet 2 isY Shalpbht for hoIdE Fark 8 Vo O
i nst al | edintexidri@niras ehivhithRdiBe kélb@ivelyr ddpdstqal! | Wafabld WTihe eghinsidnpunp 23

during the etching process, i.e., when etchin9 chanber 27
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

invention, bellows 60 may be compressed or éxpanded manually, 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



is full of gas, may be used to flush sonme of the etching by-products from
et ching chanber 10 27 and provide agitation to increase the etching

ef fecti vaHR4¥256T esh xenon difl uori de gas might be al so dP&EMUSOH#BS@t chi ng
chanber 27 during the brief punping pulse by opening valves 2, 5, 9 and I0.
A second enbodi nent of an apparatus aCCﬁ%ding to the present invention is
shown in Figure 5. The apparatus shown i™n Figure 5 includes second variable
vol ume expansion 15 chanber 30. Alternatively, variable volume expansion

chanber s @eaasian shamber 26ana by mewtfagiyrediusing afixadrwolune sesseldncasperaieg an

having th o1 dLff ' v ] fl I wn in

Fi gure 5, &mg@ngg%léﬁtﬁ%#ﬂgé I%v%ttr' ?lLa {Bgae%wﬁnlgﬁgﬁﬁgﬁgé%é\éngﬁlgﬁ%er s, allows
-for increases dihdr manuAl & anmeichlyy thiotghruye ofh nidier iUt colfapgiag t hat can
be transferred tqQ etching chanber 27 during each cycle. Furthernore, if the
20 expansY¥irbkntEe SXRHSIOR chamberdér e S, whet her fixed or variabl e vol une,
-are each provi iy i I 5, and
o coparate B e e e S B S A e
27 i s pr oyppdegtiataisolasioh lvelveas eSwihtHottidsen@gntixodkedan sowsbodmwith the golatod O,

t hr oughput ma% .be increased by allown on& expansj on, h%g&er to fill while
the ot her V4l¥e BEpgyalyedd [ QPEFalien. XpRen ¢idlpaAreso » MR Coisl GAIRIRS on
chanbers i : i i hnat i added in
e R A G e D L A
roughi ng gohipg 2B8paratys Siovn MFigee 3t adenaisiremtshstemppagesseqnerck asingtiated. dnbe
evacugt ed wi.t hout goi hr o etching chanper, 27. Referri to Figure 6,
ot T coblitntae vei¥8s Brha: By He daand B ek dhshed Sbeping Rutpa0 tyerased

nul tiple §f tﬁ@%t&&bﬂ%tﬁ%ﬁ@%h&&s.%%ﬁiﬁu@fis fhch fﬂ%éﬁ‘é&fwft’l?h%@an nif&gen

enbodi ment shown in Figure i ncludes three fixed vol une éxpansi on chanbers

36A, WOrOsther1@s froRCIYUNR(RY by Pueding viedve3IBindifbargicBbeasmenityt ieevacuatéde gas

val ui ng i fold.throu vial ves 34..and 37. ln.addition,  valves 31, 32
and 357 ar LS PORACAUA 1 B HRe e wrdF RRS b nbion Y he Bnet gl 4G
36C t 0 beyRviamyailoes 1B T & ¢lsEDantlihe udst-is HronipRetid dpeh ealve @dnspddine
expansi on chanbers are shown in Figure 6, it is possible to use two fixed
vol um® 5 exbaneranfifnendsesoyrasr2Sf our or nore fixed vol une expansi on
chanmbers. One ' [ nadt.| f. 5 exn i on chanbers
is to have, foé%;aﬁlgirflpﬁ%)ée%%re gg@?@%ﬁ@% gﬁté} é@%ﬁ%ﬁ%ﬁi@ﬂrg r?lés)uch as 36A,

36B and 3fflowiiemethod OFirse load lecksshamber 28 iswehi¢dand thd saRpledis 16ddedd antohi rd of
volune 4 times A This arrangenent all ows hrough sel ecting different

combi nat i BRérapsier arppaf load sk cb%ﬁhﬂﬁgoho%@ﬁ%éh@beé Z8dnglesgtandot al 10 vol une
from A, zﬁgﬁ%@?mg@b}/%ﬁatg?’gﬁioﬁgmgée‘alvé ?3.9'f‘h£113§ﬁerc e pavé lf?@kféfe n ighdt he

etching c openi ng the appropriate val ves and
al | ovling lochckasbayas and efdamatedretching ciainbgr 2 sndpene® The Famplefis tramdferked y i s

particul ar|l ttractive for .process devel opment erehy users of the

equi pmnt‘nﬁ‘gﬁg@ﬂggﬁﬁb?&grﬁ“ﬁgﬁt%% Veﬂgstpq?%f]ﬁf’k %ba\?g&rggb%ﬁgﬁgn chanber for
their applicatTRlsysiem ParbPfeldtoWERAGIARII the hisdr R IERAHAIr YeorE B8R kiéhat i on i's
shown in Figure 7. The apparatus shown in Figure 7 is simlar to that shown

i n Fi gur edifluesiéeiotnitrbgan gas zatid, oich tiommpishenessuregandagimben af ¢®l¢sabe Keromn

renoved. .o na research applicatjons. .the abili t. | ace the fers
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val ves, a real tine calibration independent-type gas unit, a control valve,
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provided as a part of variable volume expansion chamber 26. As a result, substantially all



10 xenon difluoride crystals 200. The nesh shoul d be wel ded, epoxied,

taped, or otherw se attached to the wall of cylinder 119 at the edge 202 of
the mesh WO922382 insertion of the mesh 201 into the cyli REIUSPYRIBE best
done before the neck of the cylinder is created for ease of access into the
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conprise gas cylinders such as lecture bottles. Xenon difluoride gas is
generated from WD 02/25697 -19 PCT/USQOL/-42180 xenon difluoride crystals
t hrough SY®P#A¥PTon in the sources 119 and 121. Two sour c@ETAB/#3180 121 of
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30 example ten times as large as etching chamber 27, and a conductance limiting device,

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



15 Pneumatically operated valve 107 allows the xenon difluoride gas to
bypass expansi on chanbers 117 and 123 and diffuse directly from sources 119
and 121 t‘goé’glé?ﬁ‘)ﬁg chanber 126. Additionally, etching cha®6d&fUSpy@2ifty be
vent ed/ purged with the m xing gas from source 120 between sanpl es by

openi ng pneunmatically operated valve 110, in which case the flow of the
venting/purging gas is controlled thro'ﬁlg‘lh' needl e val ve 20 125. Expansion
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. 9A, 9B anitir@igh eidhing erambeadd expressi on whi ch have been enpl oyed herein are
used as terns of 30 description.and not as Limtation, and .there js no
intention in t]ﬁ%feﬁglﬁ tBFQF‘%lHEﬁ 3 %%‘%%Pég?i%ﬁ%enblﬁww}ﬂq}ﬁ? i@t val ent s
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PCT/ USOL/ ~2180 thereof, it being recognized that various nodifications are
possi bl e esnbddimentsbownapEigute ¢ nelides dmwed Hxedoradume dxpansiohsbghbeadbéAcul ar
enbodi nents of the present invention have been illustrated in the foregoing
detail ed description, it is to be further understood that the present
invention is not to be limted to just the enbodi nents di scl osed, but that
they are 5 capabl e of nunerous rearrangenents, nodifications and
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WO 02/25G97 23 THE CLAIMS WHAT TS CLAIIV~-D IS: 5 1. An etching appar at us,
conprisin an etching chanber for receiving a sanple to be etched;

PCT/ USO1 998’@‘637source of etching gas; and a coll apsi bl e PGTAISO482180 v ol ume
expansi on chanber, said expansi on chanber being in selective fluid

conmuni cation with said source of etchlgg gas and said etching 10 chanber.
2. An etching apparatus according to clam1, wherein said etching gas
conprises_xenon difluoride and said source of etching gas conprises a

vacuum t i §hB 2ebie@icamrectsd) taithrgasanbingmeanifeld ithrough yalvey 33, 3¢ andd7edehi ng
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nitrogen. 5. An etching apparatus accqQrding to claiml, further _ conprising
a vacuum TRIFpCiCRPASIhabers ale shorahhiiiews Bis W%swl%@i usedwp drsd spluBRanber

-and sy LB el %Qgpﬁ{ur oPm Fé“fféd%hﬂﬂeggfﬁ Flatﬁﬁ&@r@n@g' Hp claiml1,

further cornprising a heating an control ap control |ng a
t enper at uflexible cenibinativn oif figged Iwallumerexgmthcm cﬂmmbersas to Bavef foy @kampbepthnesi on

chanber . n.etchin us a o ¢l rein said

expansi onZ’E@A\%‘HHBQ?‘Wg’@WE‘ﬁ%Q@i’e@ B %§}3 335*?9}1‘?18}0/{]‘% » 3Sor di ng
to clai m dsyoMiBE 8itinssah thrided thpws s cemmeusﬁnéé Al mh?ssaﬁrﬁtge&kn@ﬂ%s%&@ﬂ

bel lows. 9. An etching apparatus according to claim 1, wherein said

expansi onseldeting differemmondbasations pkfxed allunre expreasioa rchhnabem,gp wngé of etdlor
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etching c
expansion chamber for their application.

15 A fourth embodiment of the apparatus configuration is shown in Figure 7. The
apparatus shown in Figure 7 is similar to that shown in Figure 3 except that load lock
components 18, 28, and 13 have been removed. In many research applications, the ability
to place the wafers directly into the etching chamber 27 is acceptable, and in some cases,
preferred over the automated handling which accompanies a load lock system. Also, as

20  shown in Figure 7, an additional nitrogen source 24 and associated valve 40 are provided
and are intended to be used for flushing the apparatus.

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

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

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



5 13. An etching apparatus according to claim1, further conprising nmeans
for anal yzi ng gasses drawn from said etching chanber. 14. A nethod of

et ching VOB hel d in an etching chanber at a desired AAUPIETSOr e,
conprising the steps of: setting a volune of a collapsible, variable volune
expansion 10 chanber to an initial volu and feeding an etching gas into
sai d expansi on chanber tom a source havi'nig a source pressure; placing said
expansi on chanber in fluid comunication with said etching chamber

col | apsi npnabzed Byiha RFHappHaip a2 Agempiserpantiedersdisplays 4i pdoteofsignsl on
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- 14, wher eipieparatibn MorhiPdtiffee Mabium of dedlel Gergshyoy nul tiplying a vol une of
said etching chanber hy said etch pressure and dividing a result of said
mul ti plication Hie dhgmacal Sopmuda frabreprasents thergich progess ines fHewkdi ng to clai m
14, further conprising the steps Ohs .t gapyi iG> expansi on chanber from
fluid ?om‘runi cation with said et chli)rgaﬁzcﬁgnbgg){e;?tsz% said col |l apsi ng step;
repeat i ng Waew theetehon difhuodidé gedisibgowgthe pso thetetahing chantber B2 tomtaingigchsifc@c es s
taking place in said etching 25 chanber, is conpl ete;, evacyating sai

et chi ng o FTB e PPE BERCAS e RO dnsihe oy t?féﬁ@aqf?%éﬁsaaperawggi% and
col | apsi NansitieRmhed drials 13pteSerfih@ Tl driden S4B Rs ofith ke 9 ¢
claim 16, wherel ﬁ s%{fi%dS dgi;ee? rr% %i ng step corrsf)?i sgse)&é%% et er% i Eg s?l%a%gan
et ch tine fhasule! R4 dpparatwb2D 2APBGSET tPTPHILSChY-o2 BH®S the XeF, signal, the Xe

10  signal and the SiF, signal. When the etching reaction is complete, these signals will reach

some near-constant value, assuming there is no pumping occurring. The etching
apparatus’ control software can be set to trigger a stop to the etch process when either the
XeF,, the Xe or the SiF4 signal, or any combination of two or more of these signals,
reaches a preset value. For example, in many cases where there is a finite amount of

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

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

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

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

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



- 25 510 15 20 25 30 18. A method according to claim 16, wherein said
determ ni‘gg step conprises anal yzing gasses drawn from sai d etching chanber
and det erWPHRAP hat sai d etch process is conpl ete when tRETEGEEMBP at i ons
of one or nore elenments or conpounds reaches a preset value. 19. A nethod
according to claim 14, wherein said et cp}' ng gas conprises xenon difl uoride.
20. A method according to claim 14, wherfein said feeding step further
conprises feeding a m xing gas into said expansion chanber froma source of
m xi ng gayse efavide diamaier contaexs, sgnigimsrshaving internad trays and the depigashownip1. A
met hod acE%‘gégg to claim 20, wherein said m xing gas conprises nitrogen.
22. A net according to claim20, wherein said feeding step continues
~until a pressuFgurei9Adhowahdrasspedtidhalnirahmgada veaitlly oficiled dahddrdigaed set
poi nt pressure. 23. A nmethod according to claim 14, wherein said feeding
step cont Pyindsr 4R} pentainigsenon diffuqeide arysials200x Sagur 8B shawathersad§ual s a
-predeterm b Nt a2 i ol alm 16,
Further conarerfLe WRna mph Ao afine S BEARE RO E o BARBBLET 0.
sai d f eedcmgtald 200. andF0 dAactbt exposomarzeithd siaface amarof xenan difinodedrystalschanmber
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et chi ng chlzapbécrosgectian. dhe mesly 28p rainseried intoche cilinget efotedilin@B withhtbe ei n
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An et chi ngARBREAME v AT AT 1419 afih@lelkd202 dttht BREh 00TPThS Indéhien SPiHeCe Of
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with said first expansion chanber 5 and said second expansion chanber.
15 mesh 201 to naturally re-expand into its full size after being squeezed into the neck of the

cylinder 119. Furthermore, the use of the mesh 201 is not limited to standard gas
cylinders, but can be used with any number of custom designed vacuum tight containers.
The mesh 201 may be made of a number of non-reactive materials including aluminum,
stainless steel, and Teflon. The size of the openings in the mesh 201 is selected to be

20  smaller than the majority of the xenon difluoride crystals 200. A typical mesh opening
size would therefore be approximately 1 millimeter.

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

25  oriented as in Figure 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.



30. An etching apparatus according to claim25, further conprising a vacuum
punp in selective fluid comrunication with said first expansi on chanber,

sai d secd¥fl 9¥%¥$4hsi on chanber and said etching chamber. 3PCTABO&HZIS) ng
apparatus according to claim25, further conprising an 10 autonmati c heating
and control apparatus for controlling tenperature of said etching
chanber, a tenperature of said first expansi on chanber, and a tenperature
of said second expansi on chanber. 32. An etching_apparatus according to

cl ai m 25, Asgrinabeoneparisendf thy bettiedpfilted poindicpisd in Figuee 8d, the diegtly epepsdhg
chanber . ' ' J . u r
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-chanber. dn approgingdielpd 2annat aichss, addel idistil) firdess|tharthdbwhich ci B¢ an@l | Si ng
means for gnalyzin 28asses drawn from said etching chanber. 35. An etching
appar at usu%&ﬁwqﬁg b claim 25, wherein said first and second 20 expansi on
chanbey s have | ' | claim
25 ot her consry S be BalniFou o oifleE P WMeFRRE S0LTIAGERE Helteh

conmuni caharcow diatrietes @iy indsosiocsotidds te podiuog hiphsublivatien vhtestoflxemen chanber . 37.
An etchi ng_ apﬁar us according to claim.36, said_ first expansion chanber 25
havi ng a $ifierds of ifheoneRaghpating ok nazay eykadesher Rottless paricBREBEFACHEG hy a
fixed vol t i - S Qi | ' sl jlag a fixed
vol une eqthgﬁ ntE%H gl.e dgg%,&irllﬁgft;% | ngt%%% u(r;bar{?I ét}{s%%glecﬁcﬁgs?:J éélﬁr% to rgF‘gll\{?rllg'BG, sai d
first expAdditionalghaddrge ekposedigurfact areatcat bg ethintainedreyenswheh the cylieevpansi on

hanb ' d.fi vol , id third i.on.chanb
Pavi ) o BHP & oSae Vope kR Gier afds o Jsou et RO ed vol ures
bei ng equafuipeRNRIs8NGhLEHe mes'\ED 113/adadR4 to & FHIThG&IPbbitR]l 8RR possibility

that xenon difluoride crystals might make their way around the top edges of the mesh if

the bottle is tipped or jostled is avoided, which makes the cylinders or bottles easy to
transport.

15 A sixth embodiment of the present invention is shown in Figure 10. The
apparatus shown in Figure 10 comprises etching chamber 126 and two expansion
chambers 117 and 123. Etching chamber 126 preferably comprises a machined block of
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



39. An etching apparatus according to claim 27, wherein one of said first
and second expansi on chanbers conprise a vari abl e vol une expansi on chanber.
40. An et‘Eﬁi"Hé“&?)par atus according to claim27, wherein sdid/¥5042184nd
second expansi on chanbers each conprise a variabl e vol unme expansi on
chanmber. 5 41. An etching apparatus acc?éding to claim 27, wherein said
source of etching gas is in selective fl'dird comuni cation with said etching
chanber. 42. An etching apparatus according to claima41l, further conprising
a flow corepen fdigluorde ereysta ghsehlimation lsglm gourees 149 end hgl.ghwosaurcesi d
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source of Jm Xi as and id.etching ¢ er. . tchin par at us
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source of etching gas; 30 an etching chanber 1n selective fluid

comuf catthéA2dhisttneasared usgrmressofe sepecis hiS gudk!24, which are preferably
capacitance manometers. A mixing gas from source 120 may be added to the expansion

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

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



WO 02/ 2597 -28 PCT/USOL/-12180 a flow controller connected between said
source of etching gas and said etching chanber; and a vacuum punp in

sel ect i veWpI°&42§P9gommni cation with said etching chamber. PCRUSAH28 chi ng
apparatus according to claim48, wherein said etching gas conprises xenon
di fluoride. 50. An etching apparatus acgording to claim48, further
conprising a source of mxing gas in sefective fluid comunication with
sai d etching chanber and a second flow control | er connected between said
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contai ner conprises a s d gas cylin 25 57. An etching apparatus
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size of said xenon difluoride crystals. ' 30 ¢ A source for providing a
gas by suedse thetdpparafus-sbawa is Bigute ihwenidaise heasingrandicngtrol app@ad®/193607 - 29 a

vacuum ti ght . contai ner: and.PCT/USQ /-42180 nesh unted.in.the interior
of said VARTAR thedriperana ph e “pnarriys GRTRORRLT AP el RPaye s level af ich g

restrain ggixenditdifldori®s £4sivaduld §8lidify. sour ce according to claim 59, wherein
said nesh has a Wshaped cross 5 section. 61. A source according to claim

59, wWHerei n safreumatipalijaepesatodwalie peyaewshe xenen difluoride gas to bypass
expansion chambers 117 and 123 and diffuse directly from sources 119 and 121 to

etching chamber 126. Additionally, etching chamber 126 may be vented/purged with the
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 is 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.



62. A source according to claimb59, wherein said vacuumtight container has
a cylindrical shape. 10 63. A source according to claim62, wherein said
vacuum t i¥YRIO2Z¥AT ai ner conprises a standard gas cylinder. PEA/USAL/4HE ce
according to claimb59, wherein said nesh conprises a material chosen from
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and pressure sensors. The flow controllers 141 and 142 associated with sources 119 and
20 121 have been replaced with a single flow controller 150. Also shown is an additional
valve 151 which provides the ability to isolate the flow controller 145 from source 120.
This same valve could be added before flow controller 145 in Figure 12 as well. Unlike
the apparatus described in European Patent Application No. EP 0 878 824 A2, the
apparatus in Figure 13 does not employ a reservoir to provide a continuous flow of xenon
25  difluoride gas. With sufficient exposed surface area of xenon difluoride crystals, the
production of xenon difluoride vapor is sufficient to etch continuously. Methods of
increasing the exposed surface area of xenon difluoride crystals have been described
above in connection with Figures 9A, 9B and 9C.
The terms and expression which have been employed herein are used as terms of
30  description and not as limitation, and there is no intention in the use of such terms and

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



$8zupkfa\ W] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 8& vNYi wv

v,/ 8=L]| WI‘WB@]Z&; 49 ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] PETEHE/43188] ca] ca]
ca] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca! Lx! vs+=B+yXA@@wzupkf a\ W] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cglca] cal] ca] ca] ca] caV] ca] ca] ca] ca] ca]j
ca] ca] ca] ca] ca] ca] ca! w#& ?DX1el4<CR' 70? ql gb] Xkf a\ W ]]ca] ca] ca] ca] ca]c”a] ca
:]| EZ]U] c ;a] Ctg;r(égtwltcbae]lncgar]ec(::oagLnJ]lzCe?i]tﬁ:aat]v%gggsar]ngc?lhﬂcactlagn%%eclnagsgl%lecﬁtﬁl%]tﬁg ]sc%%tﬂo%ﬁ!ccaq e

6l z. {38_i. ] ]ca] caj
ca] ca] ca] E# ca cglc]é} ﬁgﬁ"c‘!"f&l qgeﬁ@é’? gibﬁ%ﬂ]‘ ﬁﬂa@ﬂw ] ca] ca]
-ca] ca] ca]lnadtmﬁm}m@fdieddi@d @éﬁﬂh’ﬂ]db@éﬂlﬁl@hﬁﬁlﬂalb%&ilﬁﬁdrmhéﬁi@d]tﬁaﬂtﬂ@a] cal ca]
ca] cal ca] ca] ca] ca! WKNaP vbT{]Jéléll ] calca] cal.ca ]: ]:ca] ca] cal] cauU
] ca] cal] APEH ’é‘é(f%té]“clé]"e }‘%afp h&]%@]@&p@r&f éléf aq ap thewarep22Ks$ (
'6F fS abl of num Tous re od1 cat1 ns and substjtuti
f zupkt a\ cal ca Tca ca ejn cal ca]ca]ca ca] cal] ca]ca] ca]ca]c
a] ca] ca] ca] ca] cal ca] ca] cal ca] ca] caj caI f uI Dn$3M 6F
f zupkfa\ W] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] calU]ca]]ca]ca] ca]ca]ca]c
al calcalcalcalcalcalcalcalcalcalcalcali K-s10%m& ()-S10%& ()-, St 10%&' () -
10%7& (0)-

"10%r8 () - 10%1y& ()-L! 10%&; () - BA K- 10%r& () -LS10%r& ()-! 10%r&' () -
10%m&' ()-Y!' 10%r& ()- " !10%m& ()- !'10%r& ()- @R K-) 10%r& () - F(
10%&' () - &y#10%m&' ()-$:!10%n& ()-f# 10%r& ()-! 10%r& ()-, Y10%r&' ()-RL
34i K-;
10%&' ()-f810%m& ()-6S#10%& ()-LO!10%& ()-.!10%m& ()--310%r& () - | +@ 0%r&
()-4567COGN i K; 10%r&' () - 10%r&' ()
"10%& ()-F'&L0%& ()-f1l0%r& ()-10%r& ()-10mLlOnlOm Y f i K-K& 10%% ()-@
10%&' () - #10%m& () -! 10%m& () - z#10%r& ()-s! 10%& ()-310%r& () -
\I1i K-K6"10%m&' ()-"0 "10%r&' ()-.S#H10%& ()
& 10%r&' ()-+!10%& ()-)!10%& ()-F(s10%& ()-+];
6" 1! S&$10% | & () -! NU&R$10% | & ()-!S &PL10%& () -! &$10%
& ()-10mOnmlOony810%r&' () -+ <}[<]; 6" 1! Y( $10%& ()-m kY( $10% | & () -m@
T$10%| & ()-1'\@ $10% | & () -] &$10%Iz& ()-! S&$PL10% | & ()-X 3 oM
6" 1! Y( " $10! y#10%f& ()-9![y#10% { & ()-9 10bb 10bb
10bb! f sOt $10%b& () -!fsOt $10% (& () - !" mEk$P&WX6M ! X #10%hxh&' () - $10%
& ()-11%10% hi h& ()-! X$10%I xI & () -! N$10%hnh& ()-!y#10% h
h& ()-9&8&&(1)2)3)4)xj\ N, ! X #10%hxh 10| | 10| |
10/ | '\ -#10% | & ()-9'\-#10% h| h& ()-9 a-#10N & ()-9'S #10%s& () -



4)S) *9+- , - - WUBN; s$10%& ()-!fs$10% & ()-!ks$10%& ()-!f*s$10% & ()-!p
s$109%& (é‘i s$109%& ()--///0: 12R3S3} [ 9+;

10!t Y 0s OO 1t Y 0s$109%& () - | F($10%& ()-! 1 F($10% & PLIUEII/A42180
zZ#10%& ()-Y! pl @ z#10%&' () - YS3T3U3s335446} ~<;

10! 1'S: $109XX& () - @109%&Z& () - L! @10% &jz} L1 P@10%CC8: () - L! V3@10% b
b& ()-L 10 106x678>99: }A<<; 10!!fF(#100& ()-- @&$1o<y<z&' ()-11k@

8$10%& () -1 Mp10%Z{ & ()-! NMBLO%&' ( ) - ; b<====0=} oM

10! | f F(#10! ° $10%=& ()-y 10 10 g (PR
10! aF(#10%& ()--!\ F(#10%& ()--!aF(#10%& ()--0=x>?; @ARApAz[: M 10! flf

@ 10%: () - ZS10%& ()-9! 109& ()-!# $10%.L& ()-y! I3 $10%& ()-y! SP" $10%: & ()-y
- PABBXC} CIHWIMS GDAIMEDRIS10%&: () -!\| L-" $10%& () - 4

VI L-"$10%&' ()-4sl (109 ()-4sl (10%& ()-4!;|f

@10%&: () - ZDDDDDEEEAEUV70109%& () - "10% () - @O% ()-10%& ()- 10 10

10!, 8" 10%&' ()1- AEEMEEQEQWQQ%Q%H(&TSHI%O%&I ()-S@10%& () -

109 () - 109%&’ () - S109%&

G+GvGGGHIEUV70™ f 1098 et r@qk@me Jor gscenogs ¢ parppled@be ptchodr' () - F109%& () - H_HHH

| /1 ~1 dEuV70l &G' 109 9 I YI0%&' ()-s@

910%&' () - 109%&' () - sq%o*g’/krcf)@fjef)ﬁ{ﬁé%ﬁ YN(Q)) 10 10 10y8g

iggg& (%)YG: iggfé& (% ;ad&llh;i@!%&, Yartalle vBlGBexpandon ERABbEr) sdidi bipdnbivh NhieHECO

L! 10968’ bying in selentive)fluid ogramunicatiowith saidNowoerf pekineas and said etching

| 109%6G8. ( %ﬁa:&() F10%G& ()- 109& () -

L! 10968 5% 10%& () - | PQR] SSS6TAEYNCO ) 10%5& () - F( 10938 () - &10%3& () - @
110%& () - 10%X ( )An &chih@ UpsSaratns GICOIdiblyd P8 Vehérein said etching gas

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.
4, An etching apparatus according to claim 3, wherein said mixing gas
comprises nitrogen.
5. An etching apparatus according to claim 1, further comprising a vacuum
pump in selective fluid communication with said expansion chamber and said etching
20  chamber.
6. An etching apparatus according to claim 1, further comprising a heating
and control apparatus for controlling a temperature of said etching chamber and a
temperature of said expansion chamber.
7. An etching apparatus according to claim 1, wherein said expansion
25  chamber comprises a bellows.
8. An etching apparatus according to claim 7, wherein said bellows comprise
stainless steel edge welded bellows.
9. An etching apparatus according to claim 1, wherein said expansion
chamber comprises a fixed volume chamber having an interior moveable piston.
30 10.  An etching apparatus according to claim 1, further comprising a sample

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

30  determining that an etch time has elapsed.
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xenon difluoride.

20. A method according to claim 14, wherein said feeding step further
comprises feeding a mixing gas into said expansion chamber from a source of mixing gas,
said source of mixing gas being at said source pressure.

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

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

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

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

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

25. An etching apparatus, comprising;

an etching chamber for receiving a sample to be etched;

20 a source of etching gas;

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

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

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

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

30 second expansion chamber.



10 10 10y8&! 10%& ()-6F" 10%& ()- 0! 10%& ()-. Mb10%& () - 8=Lx! vdEnbC
F10% 109%&' ()-!109%&' ()- &f "10%&' ()-! 10%& ()-3"10%& () - 10%& () - vs+dEnbC
F109% . #10Y& ZRI071 109& () - &#10%&' () - @' 10%& () - 10%& () - &PCIYHI/M4318¢+ybC
F10% 10938 ()-10%& ()- 10 10 108 10%& ()-164"10%& ()-s0 10%& () - XAdEbC
F10989 "109%:8 ()-&$109%:8 () -3

"10%G&' () - Sy@10%6& () - 3! 10%G& () - F" &108&R () - @GRIELC F10%

sOs! 10%G& () -. M 10968 ()- | (! 10%&' () - &#10%3& ()- S "10%G & ()-

10968 () - &w ! " A8YNCAmSIoking @prortys aegrding/iolam 5, wWihpgsin 69id SEXMEEES () -

38109%6G8 ( ).~ oG8 (). #D<z[ 9YNC
! N&Wlowéh?’gg’}%f%‘ge’(“) - mZ[D: $109& ()- nE#10%& ()- ! z#10%t& ()- !z#10% |

| & ()-" XZ1}[ <YRG ! | AnSetéHitkg fppardtid ddcBAddIgto(claim! 23, fin$Hd Ymplising alsbéshiOY& () -
@o%0%& ()-&MB10% & ()-1 oMC I 1!t $10! N #109%& ()-!s#10% k k& ()- 10 10
10! al * 0: $3%vge ?15 etehing ggsyy@%ept&'e(éuld ERERpgation with said first expansion chamber

5  and said second expansion chamber.

30.  An etching apparatus according to claim 25, further comprising a vacuum
pump in selective fluid communication with said first expansion chamber, said second
expansion chamber and said etching chamber.

31.  An etching apparatus according to claim 25, further comprising an

10  automatic heating and control apparatus for controlling a temperature of said etching
chamber, a temperature of said first expansion chamber, and a temperature of said second
expansion chamber.

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

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

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

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

20  expansion chambers have a fixed volume.

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

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

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

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

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

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

42.  An etching apparatus according to claim 41, further comprising a flow

controller connected between said source of etching gas and said etching chamber and a

vacuum pump in selective fluid communication with said etching chamber.

10 43.  An etching apparatus according to claim 42, further comprising a source of

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

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

44.  An etching apparatus according to claim 42, further comprising means for

controlling the conductance of said vacuum pump.

15 45.  An etching apparatus according to claim 41, wherein said source of

etching gas comprises first and second vacuum tight containers holding said etching gas,

said first vacuum tight container and said second vacuum tight container each in selective

fluid communication with said second etching cliamber, said apparatus further comprising

a first flow controller connected between said first vacuum tight container and said

20  etching chamber, a second flow controller connected between said second vacuum tight

container and said etching chamber, and a vacuum pump in selective fluid

communication with said etching chamber.

46.  An etching apparatus according to claim 45, further comprising a source of

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

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

47.  An etching apparatus according to claim 45, further comprising means for

controlling the conductance of said vacuum pump.
48.  An etching apparatus, comprising:

a source of etching gas;

30 an etching chamber in selective fluid communication with said

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

15 gas.

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

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

20  shaped cross section.

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

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

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

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

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

comprising:



10Y#Y# fuaBxY: !3
109& () - 109%&' %‘0 0%&' ()-S10%& ()-! 1109 ()-"!10%& ()-!DPa?xY: ! S

1098 () - WO&AWIB3& ()-' 1098 ()-109&' ()-!10%& ()- 10%& () - PRTAISRY42180
1)109&' ()-!;1y#: $109%& ()-!6l y#: $109%&' ()-!\|y#: $10%e& ()- !310%& ()-! S
109" x™ & ()-$3dEXY:

1 3109’ () - 110%&’ () - 010%&' ()-1.' $10%& (¥-9- 109%& ()- +@ 0% () - MIEXY:

1 3109 ()-110%&' ()- 010%& ()-1.' $109%& ()-Y6:10%& ()-,5 10%& ()- Nornal "
"Headi ng 13]c" "Headi ng 23p@mm tighigppgingniagd " Headi ng 43] c¢” " Heading 53] c”

"Headi ng 63]c" "Heading A I o af 8 YA .
Par agr aph Font 63&T0: AJ4 trlf%)ug%g 1@%@%&%@@}%@&9@2@%@@%@%& +
- &4) - S36: Omps¥dntghdaptddR6 TA8IEQna YemMir Xalid solidmaterifly N8v+#1" CBygFNvT' P

6Ti mes New RomgpAri al Couri er w'h Root EntryWr dDoc nt,
| HSYR () *+, - 1230 589%s§ :agcorclﬁ%g to cl§?m 59, whergin said mesh has a W-shaped cross

- <=>7 GABCOEESZH] JKLMNOPQRSTUVWIKYZ[ \ | ~ _" abcdef ghi j kI mopqr st uvwxyz{| } ~

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

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



