12 AVG 2004 GAS SEPARATI ON APPARATUS BACKGROUND OF THE I NVENTI'ON 1. Field
of the Invention 5 The present invention relates to a gas Qaﬂp@ mﬁ
apparatus for separating specific gases froma m xture gas containing a
plurality of gases. 2. Description of the Related Art Conventionally,

vari ous gases are used in serGA®nSERABRTION ABRARATUGri ng processes
dependi ng on the process. For exanple, perfluoro conpound (PFC) gas which
is a mxture containing fluorine conmpounds such as CF4, NF' CZF6, C3FS8,
SF6, and CHF3 is used as a reaction gas at the dry etching process or at

the thin filmformng procegackGROUNDS ©@FTHEEII®ENTION contains the PFC
gas. discharge gas is produced whi ch Because these di scharge gases such as

PFC cann b ' .1 he manufacturing |ine as such, various
e TN B ﬁ;%{gtﬁ'ger freea Lidh

nmet hods are enploy I'g these gases. The treating nethods
i nclude (i) deconmpositiaon.n ich the PEC gas is deconposed b
20%5?5? Sdg&’

conbusti on, ARG He OV IN FiS ofp?RT tHRAL]TI9N xlﬂﬂﬁ’%s
separation in which these materials are separated by a nenbrane; and
(iii) suierserdbrthpdsEpecdtiich gasemi EROoMha Suigtibie ogas scaphiadndag a
t aki ng advantage .of the difference in the boiling points of the gases.
plurality of gases.
2. Description of the Related Art
Conventionally, various gases are used in semiconductor
10 manufacturing processes depending on the process. For example,
perfluoro compound (PFC) gas which is a mixture containing fluorine
compounds such as CF,, NF,, C,Fs, C,F,, SFe, and CHF, is used as a
reaction gas at the dry etching process or. at the thin film forming
process. In these processes, discharge gas is produced which
15 contains the PFC gas.
Because these discharge gases such as PFC cannot be discharged
out of the manufacturing line as such, various methods are employed
for treating these gases. The treating methods include (i)
decomposition in which the PFC gas is decomposed by combustion,
20 catalyst heating, or plasma decomposition; (ii) membrane separation
in which these materials are separated by a membrane; and (iii)
subzero cooling separation in which the separation is achieved
taking advantage of the difference in the boiling points of the
gases.

25 However, in the decomposition method (i), there are



25 However, in the deconposition nmethod (i), there are 1 - 2 AUG 200
shortcomngs in that a conplete deconposition is difficult arrd2t AdG )
cannot be recovered for reuse because the gas is deconposed and

di scharged., I n the nenfra eparatio id), although nitrogen ip th

di schar oo ANAFLARTIGT dotBat & RoMIEh S debmpasIcdorRs SEbE iRt And foe
| i ke which have sim|ar nolecular size is difficult. In the above method
(iii), thdas &anokibe rgcqvrregd ptPht isupecbaeauseatle, gassdst degomposed
i ncreased cost for the equipnment and increased running cost. Mreover,
because t landdischargednt Im tthermemkerabetseparatfibrmndiNFalthanily nitCogehe
separation is difficult. 10 SUMVARY OF THE | NVENTI ON one object of the

present inRYegheadisShdfge did ¢anibEafem&¢Ed) AH& B ePRRAAIDHS bedeehecs| and
separating a m xture gas having a plurality of gas constituents

| nexpegsi Y yof‘%%e%iﬁg%lgf?lg%d\}é' silla} ﬂ{:i‘téf.;uigr%f% Vs {1e AARAG, In

ment i oned abBove, accor one aspect o e present T nvention, the

is provid a_gas _separation, apparatus f separ atd ng _specifi ases from
2 xtur o EhgaaBpyeyBePRbd: LiTiShPaRS et Al S B e BBbarnE T Baranes
conprisin&é an adsorbi ng device for adsorbing the specific gases, 20 within

the m xt ut@rgss ¥eswpetingaiRdnsreansd Fosf A8 ths g RpaNt aadpinereased

and for desorbing the adsorbed specific gases by supplying a purge gas;
and a sepznandngf @osdeparMoregver, because the boiling point difference

between CF, and NF, is only 1 °C, the separation is difficult.

10
SUMMARY OF THE INVENTION
One object of the present invention is to provide a gas
separation apparatus capable of separating a mixture gas having
a plurality of gas constituents inexpensively and with high purity.
15 In order to achieve the object.mentionéd above, according to

one aspect of the present invention, there is provided a gas
separation apparatus for separating specific gases from a mixture
gas to be treated containing the specific gases, the apparatus
comprising: an adsorbing device for adsorbing the specific gases
20 within the mixture gas to be treated by supplying the mixture gas
to be treated ahd for desorbing the adsorbed specific gases by
supplying a purge gas; and a separator for separating
chromatographically. the mixture gas containing the:specific gases

from the adéorbing device, into each of the plurality of gas

25 constituents.



chromat ographically. the m xture gas containing the specific gases from
t he adsorbing device, into each of the plurality of gas 25 ccﬂwﬁUB @004 s.
" 2 AUG 2004 In this manner, by using a separator which perforns

xampr e, (P andMPEn Lot apRER | Y neind o 55PaaYRY | PRAEDs Bersnren

are ot herwb%e difficult, to be separated, can, be reli abl.¥.5 achi eved. The
separ at edCBERMALQIKRPDdS SEPRFAHeCRe IRRAER 49) OF EneedL 1A g38RYr KU as,
device is provided before the separator, in which device the specific

gases ar efaisexanplendm, end NE€socoatdined porre ngaxturygadstoy benyreatied,
t hen desorbing, the specific gases can be 10 concentrated. In this

manner, , whechpagel it heastse AfFtoult (o6 bexaepavated) awh Ve fanifsly
reliably separated at the separator. According to another aspect of the

present |AYRNEVER. |y Uil cok Nand ORPLEAR! £A8n TBR Tdcoyedd ?dng
provi ded for independentl concentrati ng the gas separated Into eac oF
the 15 pi.gﬁg jjty of gas constituents and obtained at the chromatographic

separator, and fhe concentrated gas obtained by the concentration neans
I's recovered and reused., A carcier, gas (fqr .exanple, nitrogen) is . ncluded
b e Speci 1140 GASEE iR STLOS A BRAY SUPABRERS fhe SHRAFALOT . forvhich
exanple, 20 CF. and NF3. By renoving the carrier gas by the concentration
means, device the specific gases are adsorbed and then desorbed by a purge
gas. By adsorbing and then desorbing, the specific gases can be
10 concentrated. In this manner, the specific gases, such as, for
example, CF, and NF, can be reliably separated at the separator.
According to another aspect of the present invention, it is
preferable that concentration means is further provided for
independently concentrating the gas separated into each of the
15 plurality of gas constituents and obtained at the chromatogfaphic
separator, and the concentrated gas obtained by the concentration
means is recovered and reuéed.
A carrier gas (for example, nitrogen) is included in the
specific gases separated chromatographically, such as, for example,
20 CF,andNF,. By removing the carrier gas by the concentration means,
each of the specific gases can be recovered and reused.
According to another aspect of the present invention, it is
preferable that a mixture gas containing the specific gases having

a plurality of gas constituents is the PFC gas discharged from a

25 semiconductor manufacturing process and the mixture gas to be



each of the specific gases can be recovered and reused. Acc%LdiBgzmﬁ
anot her aspect of the present invention, it is preferable™t Mba xture
gas containing the specific gases having a plurality of gas constituents

is the Pegegeedqdrsniaiagd nfitddqen’ass dHEIGHs, mnuf acturing process
and the mxture gas to be 3 2 AUG 2004 treated contains nitrogen as

anot her gas. Wighy! PReSBBELGII 0F38R U d Nehd Bp9%as AUV A Sleq

carbon or silica ge | an be preferably use

adsor bent . so, for _desorption, it ig.preferahle to use .nitroge 5 gas
as the pﬁ?ﬁggﬁagruﬁ&éﬁcéngﬁaerHgéﬁéﬁ i&%ﬁiﬂ%ﬂm %MR%ﬁi%?ﬁﬁi%)%é%é%ﬁﬁ the
aspect of the present invention, it is preferable that the PFC gas

cont ai nsadaerbent} ucklse, o deserptigni n§tats IRkefieraid e to needidigegen C.
N, and S as a conposition element. 10 According to another aspect of the

preseént gaseasi the pturge gpseuadelr ant baterheateddC apasliitnicinides one of CF4,
NF3, C2F6, C3F' SF60 or CHF3. According to another aspect of the present

invention, it AScoPd£hg§' €6 éndttidr ldipet0WE HBR! peaseneonsesht fbh PNifEaNS
is either 15 a nenbrane separator which takes advantage of the

o oy oSS LIBECTRRAL) L e SRS phe SRR 1002000 o BRI
Concentrﬁé%?&gqg@nféaggqgggté€léﬁ£'éieﬁéﬁ%éwg%gﬁ§’aﬂéns as a composition
| element.

10 According to another aspect of the present invention, it is
preferable that the PFC gas includes one of CF,, NF,, C,Fs, C,F,, SF,,
or CHF;.

According‘to another aspect of the present invention, it is
preferable that the above-mentidned concentration means is either

15 a membrane separator which takes advantage of the
permeability/impermeability of a membrane or a subzero cooling
separator which takes advantage of difference in boiling points.
With such a concentration means, concentration of the PFC gas, for
example, can be effectively performed.

20 According to another aspect of the present invention, it is
preferable that a plurality of chromatographic columns are provided
and used in sequence. By using a plurality of columns, the
separation process can be performed almost continuously.

According to another aspect of the present invention, it is

25 preferable that the gases other than the specific gases separated



exanpl e, can be effectively perforned. 20 According to another aspect of
the present invention, it is preferable that a plurality®of? AUS 2004
chromat ographi ¢ colums are provided and used in sequence. By using a
plurality of colums, the separation process can be perforned al nost

cont i nuoudkytheaEaparafPr coatains nispegencdstthe madde fonshidyendnand: the
25 preferable that the gases other than the specific gases separated 4 2
AUG 2004 nitrbgenegasatisr reused formiat giy®en assades nmai n constituent and
the nitrogen gas is reused for a given usage. According to another aspect

of the present AGYEPALAY tdlansthé¥ eisiietid O ff @hRepresend PhvEREsoh) Lenpye
gas constituents other “than the nitrogen gas on the gas contai ni ng

ni t rogen ' | t't,é;le&; K ﬁ%l AN Q—,ﬁ#&& g\l@:
Fig 1 ispgéglég%i?ié%gﬁgé\ngﬂgggﬁséc ma%?g(l)%n(g %% e oialénegr}lstrsgillo 0 txge
present inventjon. Fig. 2 is_a diagramshow ng_a _struct.yre of a .
ohr ot oot XPRi £0C SBEEFAPER HAPCRNLEDE 5351 GPALAAPINT BALRREED Gap a5 irs,
di agram showi ng t he processing of nitrogen. 15 DESCRI PTI ON OF PREFERRED
EVBODI VEN 3D (Fei gk edeREbodi nent of the present invention will now be

described referring to the drawings. A PFC gas is supplied in a
manuf acturing process 10 such as - :

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a diagram showing a schema of one of embodiments
10 of the present invention.
Fig. 2 is a diagram showing a structure of a chromatographic
separator which uses a plurality of columns.

Fig. 3 is a diagram showing the processing of nitrogen.

15 DESCRIPTION OF PREFERRED EMBODIMENT
A preferred embodiment of the present invention will now be
described referring to the drawings.
A PFC gas is supplied in a manufacturing process 10 such as
etching or thin film formation at a semiconductor manufacturing
20 plant. A discharge gas containing the PFC gas is thus produced.
The inlet side of a vacuum pump 12 is connected to the path for
the discharge gas and the discharge gas containing PFC gas is
discharged from the manufacturing process 10 by thé vacuum pump
12. As the PFC gas, CF,, NF,, C,F,, SF¢, or the like or a combination

25 thereof are suitably used. In the embodiment, the PFC gas contains



etching or thin filmformation at a seni conduct or manuf acturing 20 plant.

A di scharge gas containing the PFC gas is thus produced. Tmpz tzﬁ“de of
a vacuum punp 12 is connected to the path for the discharge g and 't he
di scharge gas containing PFC gas is discharged fromthe manufacturing

process &, Dyaddie NACUUTHBYED  Bleau¥e | RendPFEFEaSgaEF41edbimdos@E 4L SFEneor

the |ike of a conbi Aation 25 thereof are sui tabl y“used. In the enbodi nent,

t he PFC i 5 A 4,.CFA : el PFC, gas
deconposg‘%%u%%%g%%f E(’fgﬁ?lgggZgér)oggsg%gf:ggéeﬁ%{e%fﬁ%?@I tJa()A;iledd agpg,
the discharge gas al so_contains hydrof|luagric gcid. Because of this, .if
the di schASGRaFse g8sdrléect Fm’tﬁtlpédﬁ}é'éeoifﬂrﬂl&rtlﬁea\?&&unpsﬁﬁﬂselzf thés,
vacuum punp 12 may be damaged. In order to handle this problem nitrogen
gas i s sdgpltheddaschadigeugasgigadirectiyt hatradycrdr dptgashgavAcusm: hump
vacuum punp 12, to dilute the discharge gas. The outlet side of the .

vacuun paep thel vacuufegudth tiR anscrbobiamadéd 14. 10 herdies cbar yandhe vhigh
is diluted by nitrogen is supplied to the scrubber 14. The scrubber 14

enpl oys Er%tléﬁl,shﬁ."&roééh g?§§0i¥esu§@di@ascé[§3 éﬂydmﬁtua?ir Gas, dEfdHr) the

wi thin the discharge gas into water. The di scharge gas om t he scrubber

14 15 Lha3skbladioad pounleo AN Bl 195 16, aate YALMidcharge

renoved. rge-gas fromtihe scru contains a large anount o
wat er angagE S
The outlet side of the vacuum pump 12 is connected to a scrubber
10 14. The discharge gas which is diluted by nitrogen is supplied to
the scrubber 14. The scrubber 14 employs a water shower to dissolve
and absorb hydrofluoric acid (HF) within the discharge gas into
water.

The discharge gas from the scrubber 14 is then introduced to

15 a dewatering device 16, where water is removed. The discharge gas
from the scrubber-14}contains a large amount of water and it is
desirable to remove water for the subsequent processes. Any form
of dewatering device can be used as the dewatering device 16, but
it is preferable to employ a dewatering device in which water is

20 removed by reducing the temperature of the discharge gas.

The discharge gas containing PFC gas and nitrogen thus
obtéined is supplied to an adsorbing device 18. The adsorbing
device 18 is constructed from a column filled with an adsorbent
for adsorbing the PFC gas. As the adsorbent, any one of various

25  hydrophobic adsorbents can be used, such, for example, as activated



desirable to renove water for the subsequent processes. Ay form of
dewat eri ng device can be used as the dewatering device 16,"tﬂMUGi %‘M{,S
preferable to enploy a dewatering device in which water is 20 remndved by

reducing ERgbATRRE Hiirarod 1 1134760 (81 e iHIEy HatEhiarag JoBY flowing

cont ai ning PFC gas a trogen thu I's supplie 0

device 18 he. N vice 18 .s ¢C ruct from.g cQlu Il |ed,
with an a%lgl%ééﬁ?ﬁQ?%g gﬁigﬁb{%‘bgle ﬁg&%l—ééjglgosaépl%aderYemﬁjsl%r'bghle,nt%ygﬁﬁelﬁf
various 25 _hydrophobic adsorbents can be used, such, for exanple, as

acti vat ed®8S2rhes and pitgegesndsh@dsehadiged silica gel (cal ci ned
material). By flowng the discharge gas through the adsorbing device 18,

t he PFC gas i s Afitienraedesiet anintimmybamosindi ofHeFGQeaghs Afst edsarpeddetkerdmed
anount of PFC gas is adsorbed, the PFC 5 gas adsorbing capability of the

adsor Bentgas | Adseablingt 8apabil ityAbft Rhe dseebente wiUAPIneadh ditss Marme: ,
gas is stopped, the tenperature of the colum is raised, and nitrogen is

suppl i ed p a | n toed | r [
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After PF%ﬁeaSp&rsgéog“gsef“ir?tgé’déé‘ £D' e 2820%the' A§s82Bea® pFC gas into the
purgegas. It ispreferable toprovideapluralityof columns filled

10 with the adsorbent as the adsorbing device 18 and use the columns

in sequence. In this manner, the discharge gas can be continuously

‘ proéessed.

After PFC gas is concentrated in this manner, the gas is

supplied to a chromatographic sepa;:ator 20. The chromatographic

16 separator 20 includes a column filled with a desired filler. The

gas is passed through the column. 1In this manner, the gas is
separated into the constituents because the constituents have
different retention times due to difference in the affinity
(tendency for adsorption and distribution coefficient) of the gas

20 constituents with respect to the filler. As a filler, for example,
silica gel or molecular sieve can be used for separating CF, and

NF;. In the chromatographic separator 20, nitrogen is used as a
carrier gas and CF, and NF, are separated by sequentially desorbing

and discharging CF, and NF, adsorbed on the filler. When a fraction

25 having both CF, and NF, is generated, it is preferable to return
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to a chronmat ographic separator'ZO. The chromat ographic 15
r 20 includes a colum filled with a desired~fi||qr2 }QQ 2004s is '
hrough the colum. In this manner, the gas is separa Into the

C t] :phave i f nt retention tinmes due
?2%§%b¢ﬁ£?§§°épf?n?§§ é%#ggégﬁgé Fggggdégggfion and distribution
ent) of the gas 20 constituents with . respect to the filler. As

REBp P e VIt CoP AR B TH RGN 987 bd ST rTined
ng CF4 and NF3. In the chromatographic separator 20, nitrogen is
AmQunt j@f dischaggergasFaIF3Par Bixegaw: Wt EQGRRNIASN | gnd a
g and discharging CF4 and NF3 adsorbed on the filler. Wen a
fradtavdmgebathifEAgareF NRBnd s agefmacttsah contaiprdeiger¥h) ecan be
2 AUG 2004 this fraction to the separation inlet side. For

sepdratassicsl redte@en gas, a predetermned anount of discharge
be m xed with nitrogen gas, and a fraction containing CF4 and a

cont aifyl g @E%ocga'}e%ra%l%ew ?:E%lvﬁd%‘)'a' ?Qh?ﬁ-li'tty ot 8b38mns as

le to provide a plurality of colfumms as he chromat ographic

ShsrepP B be AR shoc e Re B HAve ) SRy FRe het a3 Fo 8
ation exanpl e in which _four_colunms Oa, 20b,_20c, and 2Qd are
CoANaTt ABcBPEHENGEe BBEAFALLCRY SPPITAAF 1M T C§a¥Mo1phe

I n sequence. For
sequence.

Fig. 2 shows a configuration example in which four columns
20a, 20b, 20c, and 20d are provided, and fractions are obtained
by éupplying the dischargé gas to the columns in sequence. For
example, nitrogen can be continuously supplied to the columns 20a,
20b, 20c, and 20d as a carrier gas, and the discharge gas can be
introduced to the columns in sequence by switching the valves at
the column inlet side in sequence. Because gas of nitrogen, gas
of CF, and nitrogen, gas of CF,, NF, and nitrogen, and gas of NF,
and nitrogen flow out from each of the columns 20a, 20b, 20c, and
20d, in that order, the gases can be separated and discharged by
switching valves at the column exit side in sequence and actuating
corresponding one of vacuum pumps VP. The fraction containing both
CF, and NF, is circulated to the column into which the discharge
gas is being introduced.

In this manner, gas of nitrogen, gas of CF, and nitrogen, and

gas of NF, and nitrogen are obtained at the exit of the



exanpl e, nitrogen can be continuously supplied to the colums 20a, 20b,
20c, and 20d as a carrier gas, and the discharge gas can be 1% EHAM@dmﬂbd
to the colums in sequence by switching the valves at the columm Inlet

side in sequence. Because gas of nitrogen, gas of CF4 and nitrogen, gas
of CF4, NE Qﬁﬂ?ﬁﬂqﬁ4§§%ﬁ é%ﬂfﬁﬁﬁp{ﬁiﬁFS and nitrogen flow out from each
of the colums 20a, 20b, 20c, and 20d, in that order, the gases can be
separat ed and dil¥cBsr pgefeyabdesfio: PRIrAQWaredd est ipne ofothengagi £0&i gachn
sequence and actuating correspondi ng one of vacuum punps VP. The fraction

cont ai ni ngohstituéit atd tied daxsitciof uihe echramd tegraphive separahorh20hand
di scharge gas is being introduced. In this manner, gas of nitrogen, gas

of CF4 angnel L‘WQﬁ@ﬁingndf 2Re 0781 0és NOS Byl i Ladee odr Q_nobhal?gdsai'eéﬁft
exit of the 2 AUG 2004 chronat ographi c separator 20. It is preferable to

per { orgn Coll &8 ATt NengoA. Cxt ERARD1ENPLS IR IRdnt LA be

chr omat ographi c par at or an the s the valves I n

based on gn, anal ysi s .result,. f the gas.at t it. For | e, gas,
conot i ¢ ueRPLBERASuS 178, B g {Rmant L bl (9t aote s TR Lok o S ey
or Fourier transforminfrared analyzer (FT-1R), and the contral_ can be
per f or medtBABEGOER-LRErax gty spRALYEER LR bceddd tHRegLONT Yepsra: doe
into the constituents, 10 and thus, in the fractions of CF, and nitrogen,
and of NFBenfidrmedr bgerd oa e amaly$is .can be obtained with al nost no

other materials ,
With this process, the gas is separated into the constituents,

10 andthus,inthefractionsofCF4andnitrogen,amﬂofNFaandnitrogen,
a pure mixture can be obtained with almost no other materials
present.

The obtained gas of CF, and nitrogen is‘supplied to a
concentrator 22 and the obtained gas of NF, and nitrogen is supblied

15 to a concentrator 24. As the concentrators 22 and 24, it is
preferable to use a membrane separator. With this structure,
nitrogen is separated from the discharge gas and each of the gas
constituents of the feed PFC gas (CF, or NF, in the embodiment) is
concentrated. It is also possible to use a subzero cooling device

20 as the concentrators 22 and 24. More specifically, although the
boiling points for CF, and NF, are similar (-128 °C and -128.8 °C,
respectively), the boiling point of nitrogen is significantly
different (-195 °C). Nitrogen can thus be easily separated using

this difference in the boiling points in order to concentrate the

26 ~PFC gas constituents.



present. The obtained gas. of CF4 and nitrogen is supplied to a
concentrator 22 and the obtained gas of NF3 and nitrogen is sup‘pZi@éﬁ Zﬂgll
to a concentrator 24. As the concentrators 22 and 24, it is preferable to
use a nenbrane separator. Wth this structure, nitrogen is separated from
t he di scharge ghB pawtiaehasi PRecHESUl2biRE| thRMeneantated GRPRSREAL
~(CF4 or NF3 in the enbodinent) is concentrated. It is also possible to
use a subkimescimwla mgmberanecs@panatobfeor dry axstimay armulliphd Ptep Membrane
specifically, although the boiling points for CF4 and NF3 are sim|lar

(-128 C ardfoB, Cor t:8$AGCAI ¥@b¥krot kooling Bepadatioryl alnosa0anis of
significantly different (-195C). N trogen can thus be easily separated

usi ng ”ﬂftf'ééé&r@ % éheu{%%' e PO A Sy | darg c%‘?il‘eﬁiﬁfaaéf‘o
25 PFC gas con tltuge&?ltsé%é A ’004ﬁ P rti[g]u ar,” by circulating tirebef
concentr d gas sev | _tinmes in a nenbrane separator or by using a
nul ti Ieactsfte‘eﬁgﬁer?ﬁﬁaﬁ{ﬁ 98Barator, or using a subzero cooling separator,
al nrost 100% of _nitrogen can be separated, |eaving a pure, 100%
concentration dfhe Priained Ghd 9953 ad NFrhgagpranntherrlegzecoNereds agss
can then be recovered and reused at the manufacturing process 10. In this
manner, ireused atbotheenanufacterpngaproaess 84 and NF3, which is
difficult in other separation nethods, can be reliably
In this manner, in the embodiment, the separation of CF, and
NF,, which is difficult in other separation methods, can be reliably
10 achieved using the chromatographic separator 20. The separated CF,
and NF, can be recovered and reused.
~In particular, in the émbodiment, an adsorbing device 18 is
provided before the chromatographic separator 20 for concentrating
PFC gas. In this manner, CF, and NF, can be reliably separated at
15 the chromatographic separator 20 using nitrogen as a carrier gas.
The concentrations of CF, and NF; in the fractions can be maintained
at a certain high concentration.
Moreover, in the embodiment, for the fractions of gas of CF,
and nitrogen, and gas of NF; and nitrogen, nitrogen is removed by
20 separate concentration processors 22 and 24. Because of this,
almost 100% of nitrogen can be removed, so that CF, and NF, can be
reused at the manufacturing process 10.
The PFC gas includes, in addition to CF, and NF;, C,F, , SF,

etc. These PFC gases can be separated relatively easily by various

25 devices. In the chromatographic separator 20, these PFC gas

10



10 achi eved using the chromat ographic separator 20. The separated CF4__and
NF3 can be recovered and reused. In particular, in the enbodi nseZutAUGaﬂﬂﬂ‘r
adsorbing device 18 is provided before the chromatographi c separator 20
for concentrati, ng PFC gas. In this manner, CF4 and NF3 can be regi able/
separ at edCQRS t5LHRBLEADREAD F%H SFACTIGNS: Lhat 3B fAhGPattvog8a LBUS, the
carrier gas. The concentrations of CF4 and NF3 in the fractions can be
mai nt ai nefiragtianonta iningithesecBR€rgas eensititawndis can beLeaspret ety
for the fractions of gas of CF4 and nitrogen, and gas of NF3 and

ni trogen, separaged ifeomerhecd fact idh separdtted oasenitadbgen [noddss |lsowve
and 24. Because of this, alnost 100% of nitrogen can be renpbved, so that
CF4 and NEgafpgiebe reused at the manufacturing process 10. The PFC gas
includes, 1naddition to CF4 and NF3, C2F4 , SF6, etc. These PFC gases

b t | at i vel YA ' ' . .
Chr omt ogr aphi X, i BFoYsR” L S Hhpitaed iy “hETHASERG WFce 4o,
f ti t hat f f, d thus, th ti inj
hece. PRETEPELIREAPRAR S SRATHIOT cafiic, ARG yCORRAFERERTR, A0 rAhd  24.

fraction separated as nitrogen in the above exanple. 5 Al'sqQ, nitrogen is .
di schar gdiitaroger, ansbhpiatharhrnd, 155 neg@ssRIYoRF 401e didupang 97s Refona
concentrators 22 and 24. Nitrogen, on the other hand, is necessary as the
di | uti ng tgees veefunume pump 12, as the purge gas for the adsorbing device 18,
and as the carrier gas for the chromatographic separator 20. It

10 is therefore preferable to reuse the discharged nitrogen. The
decision onwhere the discharged nitrogen is reused can be arbitrary,
but because the diluting gas before the vacuum pump 12 is close
to a crude gas, Ait is preferable to reuse nitrogen as the diluting
gas.

15 It is highly probable that the nitrogen gas to be reused
contains some amount of the PFC gas. Therefore, it is preferable
to process the nitrogen gas to remove the PFC gas. As the process,
it is preferable to employ a known method for decomposing the PFC
gas, such, for example, as plasma decomposition process, combustion,

20 and catalyst heating process. It is also possible to perform the
membrane process, subzero cooling separation, and chromatographic
separation again for separating the PFC gas and reuse nitrogen.

Fig. 3 shows an example where the plasma decomposition process

is employed. As shown, nitrogen discharged from the adsorbing

25 device 18 and the concentrators 22, and 24 is subjected to the plasma

11



t he vacuum punp 12, as the purge gas for the adsorbing device 18, and as
the carrier gas for the chromatographic separator 20. ,zlﬂuﬁsmmherefore
preferable to reuse the discharged nitrogen. The deci &i on on where the
di scharged nitrogen is reused can be arbitrary, but because the diluting
gas before the vacuumpunp 12 is close to a crude gas,_ it is preferable
to reusdespmpegihion prhceds ak tigplaasa desompose daviine2 HEBIETIORPORSt t he
nitrogen gas to be reused contains sone anount of the PFC gas. Therefore,
it is-ptbeePEDIgas,t angrieedischarged Migairaeds is reunns ast the dRdu§dsg As
the process, it is preferable to enploy a known nmethod for deconposing

t he PFCgagasthsupingd oyassxanplthe asrpliasngasleconpositi on process,
conmbustion, 20 and catal yst heating process. It is also possible to

per f or nEkARple&enbr ane process, subzero cooling separation, and

chromat ographi ¢ separati-on again for separating the PFC gas and reuse

nitropgen. Fi tas 3 $RAPS cadiSeRIY e gl aithegphagas wies grepsiredowhpencess
i s enpl oyed. As shown, nitrogen discharged fromthe adsorbing 25 device

18 and EHRt£ONEL0L bk JScR2and0d 024 dSNBYp6ThRE pedcehe)pl ati@sdidple
f2AUR2tirt deconposition process at the plasm deconpose device 26 to

d?COWPO&fscMﬁIngC;Q%s aft AdaR cdias eBarted aasbirBday Heviedsed a5 the
diluting gas, the purge gas, or the carrier gas. ample 1 5 As a sanple
di schar g&, a5 u s hERACh 93§ . VES aRGEPRE &6k ¥H S Bxperiment was performed

at each of the subsequent processes.

10 A column filled with an activated carbon was used as the
adsorbing device 18. The sample discharge gas was passed through
the column. The gas at the exit of the column was analyzed, and
the supply of the discharge gas was stopped when the exiting gas
started to contain CF, and NF,. TheadsorbedCF‘andNF,weredesorbed

15 by raising the temperature in the column and supplying nitrogen
as the purge gas. In this manner, nitrogen gas containing
respectively 10% of CF, and NF, was obtained as thé desorbed gas.
Then, the obtained desorbed gas was passed through the
chromatographic separator 20 with the column filled with silica

20 gel and using nitrogen as a carrier. As a result, gas of CF, and
gas of NF, were separated and discharged in that order at the column
exit, due to the difference in the retention times. Respective
concentrations in nitrogen was 0.01% and the purity was 100%. By
removing nitrogen at the concentrators 22 and 24 (membrane

25 separators), gases of CF, and NF, were obtained, each with almost

12



contained 0.01 % of CF4 and 0.01 % of NF3 (volune percent) The sanple

di scharge gas was introduced to the adsorbing device 18 aof % 20dhar at us

shown in Fig. 1, and processing experinent' was perforne at each of the

subsequen Oaﬁoﬁﬁiégﬂtrg%i olum filled with an activated carbon was used
as the adsorbing device 18. The sanpl e di scharge gas was passed through

the colum. The_gas _at .t he exi f the I e { .
supply of the dF88h§P6JXi%§vﬁé g?spBéB%%€§$14¥§§§§f%%§ ggs@m%e§4€§f9%99
contain CE. and NF3. The adsorbed, CFA and NF3 ¥6re qgsorbed 15 by rajsing
the tenpef€Vice 18, (ghrematearapBisuPpBPIFALORi P o RRC CRNIGIRLILATYES o2 ang,
this manner, nitrogen gas containing respectively 10% of CF4 and NF3 was
obt ai ned 24 ihdidetedb&lagathe THdiroger 333 Lortadnedr BOdPPFad fndF G aased
t hrough the chromatographic separator 20 with the colum filled with
silicg 20rpelpENGagsiwag almbefatomsletehy rderompssad rasdinendsgaredhatind eyl
25 gas of NF3 were separated and discharged in that order at the colum

exit, dueb? %ﬁ?ls'ni r%f%‘;’lea%ﬁ‘a hecbmgors%s&w %;oéégs%o Bremsstid Meed nitrogen.

concentr at ogen was 0.01% and t purity was 100% By renoving

Cra ooa N WAk s P8R SPRETRER £rafithe hidFIBKA Uap 15PA58R0E e HRITReIng
concentration. The analysis of the pitrogen dischar e% at _t,he %psorgi%q '
gas before the ¥7acuum pump ?5, agpurge gas he adsoérbing de ce‘

18, or as a carrier gas for the chromatographic separator 20.

13



devi ce 18, chromatographi c separator 20, and concentrators 22
i ndicated that the nitrogen gas contai ned 10 ppm of PFC gas.

was al nost conpl etely deconposed and rendered harm ess by gg
pl asma deconposition process to the obtained nitrogen.

and 24
The PFC gas

B a2

confirmed that the nitrogen gas is usable as a diluting gas before the
vacuum punp 12, a purge gas at the adsorbing device 18, or as
gas for the chronmat ographic separator 20. 13 k 2 AUG 1004 What

is

1. whaasisepariatddrisapparatus for separating specific gas

a carrier
is clained

constituents froma m xture gas to be treated containing a plurality of
gas constituents, said apparatus conprising: a gas adsorbing

adsor bi ng. t he §Q§C|§é§ér&%ioncoé}§§dﬁalt€f§ SfoANde

devi ce for

tpe@fific gas

FaPEHEﬁ%
chromat ographi ¢ separators operatively connected to the gas adsorbing

devi ce to retdt¥let taienhis dray

t he

val ve and t heopprising:y of outl et

& W?w@n%ﬁe adadserdisd eRviaiminach of

pluralify oficnqaret ogsaphisgsepas rlsgg ]ﬁﬂ§;
inlet valve andgg plurality of gﬁflet va ves e at astiéne |ﬁ#£t
val ves arranged such t hat each of the

specific gas cogﬁ%%é uae@é?irb rée%%ﬁ%%u% y svm hn%g%%dsgégr@lc Yas

plurality of chro

ogr ap
constituents; and

parators

a plurality of chromatographic separators operatively

connected to the gas adsorbing device to receive a

discharge gas from the gas adsorbing device, each of the

plurality of chromatographic separators comprising at

least one inlet valve and a plurality of outlet valves,

the at least one inlet valve and the plurality of outlet

valves arranged such that each of the specific gas

constituents can be sequentially collected from the

plurality of chromatographic separators by switching the

plurality of outlet wvalves.

2. A gas separation apparatus of claim 1, further

comprising:

concentrators for independently concentrating the each of

the specific gas constituents and obtained at an outlet

of the plurality of chromatographic separators; wherein

the concentrated individual gas constituents obtained by

said concentrators are recovered and reused.

3. A gas separation apparatus of claim 1, wherein said mixture

gas having a plurality of gas constituents is PFC gas

discharged from a semiconductor manufacturing process and

said mixture gas contains nitrogen as another gas.

14



plurality of outlet valves. 2. A gas separation apparatus of cI?h 1,
further conprising: concentrators for independently CO!KQppnalz g1the
each of the specific gas constituents and obtai ned at outlet of the
plurality of chromat ographic separators; wherein the concentrated

i ndi vidual gas constituents obtained by said concentrators are recovered
and reused. 3. A gas separation apparatus of claim1l, wherein said m xture
gas having a plurality of gas constituents is PFC gas discharged froma
sem conduct or manufacturing process and said m xture gas contains

ni trogen, as,anot her gas.. 14 2 AUG 2004_4._.A.,gas separation apparatus of
cIain?S%“mh%r ?% S%%I&i GEPAESHESI RE G5hatBf 3 ¢ 1 YT i conpounds

i ncl udi ng asal@aBEC anes eler@insobnE, o, fatdrhascénseompsi tion el enent. 5.
A gas separation_apparatus of claim4, wherein said PFC gas includes at

| east one o’fnﬁ?‘iﬂ“%le—sa,t AT E3egelemBntaftl CcHiEs. 2% A 3 separati on
appar at us ofofibed 18 ibn WiehRint each of said concentrators is a nenbrane
separator which takes advantage of the perneability/inperneability of a
menbrane or a subzero cooling separator which takes advantage of the

5. A gas separation apparatus of claim 4, wherein said PFC
gas includes at least one of CF,, NF;, CyFs, C3Fg, SFs, and
CHF;.

6. A gas separation apparatus of claim 2, wherein each of
said concentrators is a membrane separator which takes
advantage of the permeability/impermeability of a membrane
or a subzero cooling separator which takes advantage of the

difference in the boiling points.

7. A gas separation apparatus of claim 1, wherein said
plurality of chromatographic separators comprises a
plurality of chromatographic columns that are used in

sequence.

8. A gas separation apparatus of claim 1, wherein gas
constituents other than the specific gas constituents,
separated at said concentrators, said plurality of
chromatographic separators and said adsorbing device
contain nitrogen as the main constituent and the nitrogen

gas 1is reused for a given usage.

9. A gas separation apparatus of claim 8, wherein
a process for removing gas constituents other than
nitrogen gas 1is performed on said gas constituents

containing nitrogen gas as the main constituent.

15



difference in the boiling points. 7. A gas separation apparatus of claim
1, wherein said plurality of chromatographic separators anzdgﬁfgn
plurality of chromatographic colums that are used in seque A gas
separation apparatus of claim1l, wherein gas constituents other than the
specific gas constituents, separated at said concentrators, said
plurality of chromatographic separators and said adsorbing device
contain nitrogen as the main constituent and the nitrogen ‘gas is reused
for a giVen Tsagega$. AegasaSéparaapparapparabﬁs aefladmai m,8, fnetledm a

rocess for renDVIn as con tuent han i troge S
Berfor med on° 34 Idlga conssjtrigt el%uglp Sﬁt Q]lﬁl har%flﬁo‘&é ° %gjaél‘f 2 %rai n

consti tuent cdibs 21 ALRIZD04f 46m  ThRegaplispariali Omﬁpp@nﬁﬁém@t@jr@ﬁidn 1,
further conpr 15|n a S|r1g%_}ﬂ%i unp for discharging the specific gas

constit uent sSTT'gM ‘of chromat ographic colums by sw tching.
11. The gas separation apparatus of claiml, wherein the plurality of
chromat ogr aphi ¢ separators conprise four chromatographic colums and four
di schar gkl puf§R, J8&chseparation oaprarathar gif pakpsmi st.or wbergigoriected to

each of plurality of chromatographic separators comprise four

chromatographic columns and four discharge pumps, each of
the four discharge pumps is orderly connected to each of
the plurality of chromatographic separators, and four
types of gases are discharged from the four

chromatographic separators.
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the plurality of chromatographic separators, and four types of gases are
di scharged fromthe four chromatographic separators. 16 ¢ 2 AUG 2064
ABSTRACT OF THE DI SCLOSURE Gas' Separation Apparatus A - di sgh2rAlG 2654
cont ai ni ng PFC gas including CF4 and NF, generated from a manufacturing
process (10) is adsorbed at an 6 adsorbing device (18) and then desorbed
using nitrogen as a purge BBSTRACTeOF FHE GHQASVRE-. and NF,
concentrated can be obtained in this nmanner. The desorbed gas is then.

-supplied to a chromatogr agglgccs;eﬁj%a&rﬁ%n (@?ﬁaf faschromat ogr aphi ¢

separation with nitrogen a I'er gas I's manner, CF, and NF3

within the 10 Pnggﬁir%?]aﬁ%fgaﬁﬁggﬁqm rpp@; fhsuliacl udderu CF ¢ hend)aNF| s

once concentrﬁfél I'ng device (18); Chromatographic
separation of the gas constituents can he L Cl hy sRerdfddmsled B

i ndependeRerategndEom A i HB“E%&"%'H&'% %fé%%%d?gy)t ﬁ'%e J(:cﬁér onat ogr aphaixt:
separation, high purity gas constituents of the 15 PFC .gas

obt @ neddsarbingudediae (h8)nandbhen desopbedising fb‘;‘g‘%%? rL‘fP 2 purge

gas. A desorbed gas with CF, and NF, concentrated can be obtained
in this manner. The desorbed gas is then -supplied to a
chromatographic separator (20) for chromatographic separationwith

nitrogen as a carrier gas. In this manner, CF, and NF, within the

10 PFC gvas can be separated. In pérticular, because the gas is once

concentrated at the adsorbing device (18), chromatographic

separation of the gas constituents can be efficiently performed.

By independently concentrating CF, and NF, obtained by the

chromatographic separation, high purity gas constituents of the

15 PFC gas can be obtained, and reuséd at the manufacturing process

(10).

Fig. 1
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