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evacuated. The etch time may begin when expansion chamber 26 is placed in fluid
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value determined in accordance with the parameters in Figure 2. Tt 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.
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Additionally, if variable volume expansion chamber 26 is large enough, for
30  example fen 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



three tinmes, which flushes out etching chanber 27,

leaving it in a final evacuated state. Valve 10 may

al so be opened during the excavation steps so that
varialabesey0l ume expansi on chanber 26 may be evaG#ghRei/q21se
and flushed along with etching chanber 28. 25 Next

gate val ve 18 between the | oad | ock chanber 28 and

etching chamber 27 is opened. -¥he sanple is

transferred into the |oad | ock chanber 28 and gate

val Vestrogentyof gyadpver, dk it atplingin i puchingpay. ling edjdcanbitve 12, the

chanfgig éaa'ra?usvc%ﬂﬁo@ Gdd u%ﬁrgahﬁldoﬁs Bhale {jseft A&iRed pressure

t he trans er arm A |t|on if variable vo

expadngiises dumeel’ Decopsolliag @1@ ratp, aighch gxpansia@Chaybargh eollapses,
ten hy ﬂﬁ§th§§até b Q?ASME],%MQ e@éﬂﬁ@%ﬁm&? and ﬂ?c degree of operation

conduct ance device, such as a u’tt
val pétbe mﬂgh@z an@p @3, @d%éhel@ty apwhich gty 1yramvv<éfrom etching chamber
avaipbabl e from MKS WO 02/ 25697 PCT/ US01/ 42180 -14
Instrunments of Andover, MA, is installed in the

r oughi ngMpteeper, ifnauitijrespense velae isdnstalled inrthe raaghing pymp line, brief

appa g&slﬁa&%ngﬁﬁ%gmggg g%;ﬁgm@etgmﬁg mse%m' g%}ﬁa%g%mber 27

contiyfolibof gag, miebe @eé toaflushispob o£thp anthn@h}' ptmdndatefro@@tching chamber

ol | t

t‘bo é'zt%‘ (E:lzc?ﬁmwdﬁﬁﬁh gof%aé}@a g@%ﬁﬁet&g%terf%gﬁfg %piéx;%g}fie%ﬁ @ﬁuonde gas
of tihightibe algdn dmgrnpum}ytcmilg charober B Qumrkwhe; larief patping iptke by opening
gas V'El%srzegoy%% fg om etching chanmber 27. Mreover, if a

qui ck response valve is installed in the roughlng punp

l'i ne, brAstconp uinbe&n:fentcnﬁan apgmmsgacpo:dmg ﬂ&hdmsa@Whﬁon is shown
et C hl p%m‘%r O%‘%ﬁﬁg})aﬁm@s sho gﬁ:%lsglq n(g%c%% SC& r?c‘{ }[]anab]te v lumg expansion
1k5y phamhmc 8% Altamtoebh vmbbhatﬂumrexﬂgﬂlsﬁﬂ chamqum’)\mdéo may be

201 L A0} B GRS bl hEll 00, SELARL LRNESSra by £
charvbleme H]réwonﬁg;:ratﬁml shownin lhgurp lsnwghqmdr Bﬁn@ﬁx@h& wamaglple volume
valves 2 seco L ment. of

prsrietee Seebell H v e pSERL RN, By Rh B8y g smoustof
i n Eaghsteabbe ffmfmpm etthisg staoivar 2 7duling eitch chele.NBirthdesore, if the

' arm b A AR Y PR Ot e TR SRR e g ot
and paRided witheepaeqit Aciddomections edsonedes mambqsami i6# separate fluid ,

O oot R G g2t JES o

f'i x edthalie Wﬁmmm%ﬁﬁﬁﬂ%@pﬂha@emea&d vslowing one
no st et i AR e BRR Bk bt q St Rherghore, additona

~ mh al’éblﬁhﬂaﬂchiﬂjbeﬁ@fﬁ&e&laxﬁmﬁhﬁnabﬁﬁdlh@éiﬁmﬁﬁcomﬁmdﬂaﬁ c@0be added in

expg n g h a r 3 P%JS i&é@ﬁ g as%clilcrlgce(? tub1\£1\'g %E)ng%crzteé LOXI'(e)l(ljngng pump

var i é
23 may be prowded to enable the expansion chambers fo be evacuated without going

" through etching chamber 27.
Referring to Figu.re 6, a third embodiment of the present invention is shown that
30  utilizes multiple fixed volume expansion chambers of different volumes. The

embodiment shown in Figure 6 includes three fixed volume expansion chambers 36A,
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, 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
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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 difiuoride vapor by sublimation is sufficient to etch continuously.

Methods of increasing the exposed surface area of xenon diftuoride crystals include the
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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.
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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



15 A sixth enbodi nent of the present invention is

shown in Figure 10. The apparatus shown in Figure 10
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vol uFeotHBreside stysials thrayehcwhlypation ip espiraen 199 and 42 | Teepssources
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pressure sensor 127, which preferably conprises a
- capaksd wsedHferetphingiseltdops 10§ reqyire thylsame lesighoit ere@tsmnxmcb bs ip gesearch

the JVRE %%l%%tf ébﬁmam I’[’E]é k&HpERhS sﬁwﬂ%ﬂ%‘?%lgé' 10 Mg‘mterconnected

Vacuum pu y a rotary vane vacuum p
is pb)tﬂmnd%dsmee&/a@ﬁhalb@g@méledﬂ(ermre of etching
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P aort v s Rl SHBPOSH BTN 5F pls- o) Exogion shabers 117
appawmdtlZBhaya bear avacusied.ureson diflimrilegdets allowedfasntsothe @m&rafus by
119
oot g &l o ARRS %%?Pﬁ@‘%%‘%é%f%%@ PavSURH a3 107. Tho xenon
f r ondif®102 £@&56 Ao wReTd ISl cki@ 8160 chatberscliGand 123 kposelagiively opening
h
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‘bot t ¢hembei$ §15, andi@d3.0The thizirg@as ©dgpicdly ndrogem talhaughiofieegases such
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used chin not require
| ev ell’?ahe ety sis faws ﬁmmtghqoaeumatmdgecmmated valvd 113, through needle ,

co e RTS8 e BRI GRS o SOTRRIER LR ey oot
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chanBeresay orpryen B s AR Ak PR 12k hpe te pressurin
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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



the pneumatically actuated val ves 105 and 108. The
pressure in expansion chanbers 117 15 and 123 is

nmeasured using pressure sensors 118 and 124, ‘which are

pr efvenaltssyr capaci tance manoneters. A m Xi ng gaspét0891/42180
source 120 may be added to the expansion chanbers 117
and 123. The mxing gas is typically nitrogen,

al t hough ot her gases such as a@bbn and helium may be
used. Also, an additional source 120 having an

al t éfrchlag plipgberd 26 By pPerEBE B Hopehily @pihgeerpaupan cbpmber, in this

t he Pl G SRR CRAEEd: 193, §XRESHIRA AR CA fiddile dish ARl is
dlfferent Fhan the m xi ng gas enterln&mnf pansi on
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exanpl e expansi o can be used to etch a
18anpl e i Freviant32]lp Emﬁe@iﬂvdﬂa Bl4RY 86 xR difluhidngps fo bypass

E'QS%[’?FS. idP bl n%rgewmgltzé%La&féugéidlfev@méhsm%&g&ém amd 121 o
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123¢tching dembgr T30, |Aaditimtlly, giabing Alﬁand:er t2ﬁsngt bﬂvemwybefgedsmth the

chanb b Sk ol ch S CURORSH AP AR Bl perued vave
cyclLED, maﬁ@sﬂﬂb}ﬂmmhmﬂwmﬁgﬁaﬂﬂdOMﬂmMgh fredle valve
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cha 'S process can € repea ras nany
et chymglxtamdlmeamgde]sesrﬁm anDdOh ti me between etching

gig;ﬁ:l Io SL% o%\.[se s?Yeg e atho%g% g}‘f\hf t&]g gxte?e% Pﬂen%gg similar to the
al t anmmfnm shmﬂmna'«}tgn&r HI g ha\ahpﬂm:elenpﬁslgu cieanil@rsitay, 138 and 134

prOV|de tus 22 dto e i.n
 Oharer el RS A BRBS GGl RRRS b Ao R e vatve
25 n Uﬂe meh nsaﬂelﬂ&anb vilees B aud 114 Qaldé 132, méich vsildsnticalne@valves 116

var R P2 RO AR 1 td B e AT AR 485 i s

deshiehtiraltol Ivﬁlvé.@mjeﬁﬂ 108) veive hst,lvgmheS ﬁipntidﬁl oivalREs 106a8E&109,
the, BpPRLALS, ShOUL 0, FLON 54 10 1Lk a8 Sa b5 Wn s
identical to pressure sensors 118 and 124, Expansmn 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.



mai ntain the tenperature of the apparatus conponent at

a |l evel above the level at which the xenon difl uoride
gas would solidify. 15 Pneunatically operated val ve
10Avalobewsy t he xenon difluoride gas to bypass PCT/US01/42180
expansi on chanbers 117 and 123 and di ffuse directly
fromsources 119 and 121 to etching chanber 126.

Addi tional ly, etching chamber 1216 may be vented/ pur ged
with the m.xing gas fromsource 120 between sanpl es by

openi ng Peugiashe 4 sy ofthedhipa pxpansion plmbiepcapiiigurgtion of
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increasing the exposed surface area of xenon difluoride crystals have been described

above in connection with Figufes 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



control l er 142. The gases are drawn through the

appar atus using the vacuum punp 128 by openi ng val ve

115. Furthernore, at 115, to control the conductance

of wbexwsazuum punp 128, and hence adjust the rat@rrosoi/42180
that the etching chanber 126 is evacuated by the 15

vacuum punp 128, a butterfly aor throttle valve could

be added to val ve 115 such as %he Type 153 avail abl e
fromMKS | nstrunents of Andover, MA. Figure 13 shows a

si rBFredfi iebeiamieeaspizeEihatiREos Fndicatiqps ar ys<iple Bt B scope of the

ex aanstioNclaifiRaNRRkoe @%&Mﬁldr Bmbd diit Erfs éf&héﬁ\é&n@ﬁi@&mon havebeen
renmpved al ong with al t he supporting val ves

p r a¥ugiated gbﬁh@ Sregoimg Hetaidqdifsiphinsy 8 Fq tgbg ﬁfﬂlfr laﬁtc}e&tq%z‘haf the
as §REdeAl ML {8 n&wwﬁﬁm&k@ jusBilendid dlsent\BY S8 &t that they are

replaced with a single flow caontroller 150. Al so shown
5 s anabirfinumpgprcarapgemeats; medifipatiops Pdsvbdidiophe
ability to isolate the flow controller 145 from source
120. This sanme val ve coul d be added before flow
controller 145 in Figure 12 as well. Unlike the

appar atus descri bed in European Patent Application No.
EP O 878 824 A2, the apparatus in Figure 13 does not
~enploy a reservoir to provide a continuous flow of
xenon 25. .. difluoride gas. Wth sufficient exposed
surface area of xenon difluoride crystals, the
production of xenon di-fluoride vapor is sufficient to
etch continuously. Methods of increasing the exposed
surface area of xenon difluoride crystals have been
descri bed above in connection with Figures 9A, 9B and
9C. The terns and expression which have been enpl oyed
herein are used as terns of 30 description and not as
[imtation, and there is no intention in the use of
such terns and expressions of excluding equival ents
of the features shown and described or portions WO
02/ 25697 PCT/ USOL/ 42180 -22 thereof, it being

recogni zed that various nodifications are possible
within the scope of the invention clained. Although
particul ar enmbodi ments of the present invention have
been illustrated in the foregoing detailed :
description, it is to be further understood thatthe
present invention is not to be |imted to just the
enbodi nents di scl osed, but that they are capable of
numer ous rearrangenents, nodifications and
substitutions. 23 An etching apparatus, conprising:

a source of etching gas; an-etching chanmber in
selective fluid conmuni cation with said



source of etching gas; a flow controller connected

bet ween sai d source of etching gas and said etching
chanber; and a vacuum punp in selective fluid

conmuni cation with said etching chanber. 2. An etching
apparatus according to claim1,2aherein said etching
gas conprises xenon difluoride. 3. An etching
apparatus according to claiml1, further conprising a
sollaines.of i xing gas in selective fluid conmunication
with said etching chanber and a second flow

control |l er connected between said source of m xing gas
and sai tl et cA aghiopappeatusdconfmisiegchi ng appar at us
according to cl ai ' aid m xing gas

conpri ses nitroge%og?e%&é@%aﬁg appar atus accordi ng
to claim1, whereametsbingl clsaooberén ssfiectied fitid ngmigasication with said
co IS . um tight container having a nesh

o SRt er f o :

interior thereof, said nmesh being
adapted to hold a golid terial used to generate id
ctching gas. 6. MORFIHTY opPertal bvidh SRR e Hrng ges and
c| sdidretohingbieamebespardl et chi ng gas conpri ses xenon
di fluoride, said solid material conprises xenon . . .
di 11 vor i de. cr yst AecuyBIMG iy sPlegfie g CorRmupigation with said etching
gestarieed t hrough sublimation. 7. An etching apparatus
according to claim5, wherein said nesh has a

! : . W .
shaped #r ossARs8hing RPparatugacepraiiorig clajsm Ar Wigrein said etching gas

aceMmiflic8dxdrdn elfabiael/, Wherein said vacuumtight.,
container has a cylindrical sha 9. An etching

0e. ) .
apparatdis ackbPENIg PRI R08TdNGHe, AR 1o Birthey sRuRfiAing a source of

ti Glking iRt 8&186HveTRIPEInSRniSathaNidath S88ing ¥harRB&and a second
10. An etching apparatus according tqo claimb5

wher ei n
salfy FREdRierseppeded betwesp said surqer i Suxng B%‘Fr?@fi'wéa'a eihng chamber.

of consa st i Ngh efchidb Wpbaraills BESUIRY 85 Slaifi. 8elvharash skef hikhg gas
11. An etchi ng apparatus according to claim®6, said

neSHRASSS WPl ural ity of openings, each of said

openi ngs; bei Ageching dppArak@ =26&HInG o EBiAN1, Alhe?dif 6aiB@ource of
size of said xenon difluoride c%yst als. 24 12. A

s oRIFRIRD 35y CORIRIGPRIR MBCuMbliht sontalnghavie PResBRMLec B theyinterior
methBrebBbaid mesh being adapted to hold a solid material used to generate said etching
gas.

6. An etching apparatus according to claim 5, where said efching gas
comprises xenon difluoride, said solid material comprises xenon diflucride crystals, and
said etching gas is generated through sublimation.

7. An etching apparatus according to claim 5, wherein said mesh has a W-
shaped cross section.

8. An etching apparatus according to claim 7, wherein said vacuum tight.,
container has a cylindrical shape.

9. An etching apparatus according to claim 8, wherein said vacuum tight
container comprises a standard gas cylinder.

10. An efching apparatus according to claim 5, wherein said mesh comprises
a material chosen from the group of consisting nf aluminum, stainless steel and Teflon.

11. An etching apparatus according to claim 6, 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.



~conprising: a vacuumtight container; and a nesh
mounted in the interior of said vacuumti ght

contai ner, said nesh being adapted to receive and
restrain said solid material. 13. A source according to
claim 12, wherein said nmesh hasy,a Wshaped cross
section. A source according to claim 12, wherein said
nmesh has a WV shaped 14. cross section. 15. A source
accor di 1y t oA sbdtéTot grovitlitRy £44b Sadublivasdhiirh aGBkd material,
contai ner has a cylindrical shape. 16. A source
ac%OHFRFI'F"H% to claim15, wherein said vacuumti ght

contai ner coLSeGhtobtatREang gas cylinder. 17. A
source according to claim 12, wherein said nesh

conpri ses a HEEEH Mapnted ndbe iteripeohseideragr gt fokt sRateiges, sgjd mesh

of heig dtlapteito Adcaive RS Fesirhifl Shid BDKY ﬁﬁséeham 18. A source
for providing an etching gas to an etchi.ng aﬁparatu

by subld mat é‘PP"FEP%?FP%@"QJPPH Dde.SYhesgin S@Smﬁs $p g W-ghaped cross
Vadgadtisp. t i ght contai ner; and a nmesh nounted in the

interior of said vacuumtl ght container, said nesh

bei ng alfapt ey Sewcs accerding taﬁaw d<twherein saif gneshinaga WW-shaped
medredd ektionl 9. A source according to claim 18, wherein

sai d etching gas conprises xenon difluaoride and said

sol i d B er | AFOWBHFPERY R slalm 18irherRin Said verypst dghg container has a
2Qgylimuris@Whggse.according to claim 18, wherein said rresh

has a Wshaped cross section, 21 A source accordi ng

cl ai m 18 wWheiodrGe asspingds Rlajim 45, hRyRia ﬁﬁ'ﬂé’é“u%’? ey °°”ta'“e"

S eniphiBes Zdtandhrd g4 &findgrcording to claim 18, wherein
said vacuumtight container has a cylindrical shape.

23. A sHur ceP 50WeR @q;cg@:hqg)togagqn A z@er@m spidimesh gpppprises a material

V adHHER frdrd lme Q@Uﬁ foriafing Gﬁﬁﬁﬂﬁlh%%@n%&@%&%dg@ﬂon
cylinder. source according to claim 18, wherein

sai d meth cd’hﬁ‘?‘ir%%@r RReViging an etehigias 19 A Riching appasals by
COoBSfTatiB6Hh atlolidiingientl, SSrabrdlngss steel and Tefl on.

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.
19. A source according to claim 18, wherein said efching gas comprises xenon
diftuoride and said solid material comprises xenon diflucride crystals.
20. A source according to claim 18, wherein said mesh has a W-shaped cross
section.
21 A source according to claim 18, wherein said mesh has a WW-shaped
cross section.
22. A source according to claim 18, wherein said vacuum tight container has a
cylindrical shape.
23. A source according to claim 22, wherein said vacuum tight container
comprises a standard gas cylinder.
24. A source according to claim 18, wherein said mesh comprises material

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



