- 2 AUG 1004 GAS SEPARATI ON APPARATUS BACKGROUND OF THE IN\ZEIAﬂﬁOZﬂﬂ‘ll.
Field of the Invention 5 The present invention relates. to a gas
separation apparatus for separating specific gases froma a m xture
gas containing a plurality of gases. 2. Description of the Rel ated
Art Conventionally, variouSA§a8 A%%I%e“a?ﬂ §eni conductor 10
manuf act uri ng processes dependi ng on the process. For exanple,
perfluoro conpound (PFC) gas which is a mxture containing fluorine
conpounds such as CF4, NF31 C2F6, C3F8, SF6, and CHF3 is used as
a reaction gas at the JrBAGKGROUND PFoTHESINYENEIQMe thin film
formng process. In these processes, discharge gas is produced which
15 cont d@.nsFibkd RFE ges . IBendise t hese di scharge gases such as PFC
cannot be discharged out of the manufacturing |ine as such, various

met hgds are empeoysskertoinvesaiomgdlixes yasegas $rparagdiamgpparavds
include (i) deconposition in which the PFC gas is deconposed by

conmbust ifay, sePagatahySipdeifingases firamna aaminpos igasncoptajning a
menbrane separation in which these materials are separated by a

menbr anq,lu@aql@yl b¥ g&uégero cooling separation in which the
separation is achieved taking advantage of the difference in the

boi | i ng MN0i pescpiptith cratme redatbaenet, in the above.nethod (i),
there are shortcom ngs in 1l
Conventionally, various gases are used in a 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,F,, C,F,, SF,, 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
16 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 above method (i), there are shortcomings in



- 2 AUG 2004 that a conplete deconposition is difficult and tﬁbzgégs 2004
cannot be recovered for reuse because the gas is deconposed and

di scharged. in the nenbrane separation (ii), although nitrogen in
the di scharge gas can. be renoved, the separation between CF4 and
NF3 or tlg@ati X compeitehd8esmpss Mtical is0QeEionl i ael ithedghsicannot be
the above nethod (iii), the overall size of the apparatus becones
large, regdbbbréy fod LB&sEBRAUERSthE Yad He gecbipBrUd and disvmased.
running cost. Mbreover, because the boiling point difference betwee
CF4 and MhrXnhd el dhelsépatd€iseRALg] iAArnoughi {itrdden id EhelddiRErge
THE | NVENTI ON One obj ect” of the present invention i's to provide a gas
separ at i gos apRRLR! yémm,b't%eoéegsmféﬂ el ER] 8ndagr,Ne¥ i tik 13ke

plurality of gas constituents I|nexpensively and with high purity. 15

N Orger whPcRRALE Wnli 18 r MR MEY S AEL ARTIRL1 AL C A LRI abBve Hfnod

aspect of 'the present “Invention, there I's provided a gas separation

Foatod bhhihs MoRoofebit SR b il 3Darh el b Fardd? dduifing
t ' he..speci f.i B thi N s

it are. hoinear s E8PL, Bk End "By Spd7 RS EEadl R 2 cop -
ti th 1 xt ] .Ih I f 1

he-conclr TN, brfipgsdatic BLeihs FRE it srerPRgs bRRRER LA CARE

this manper, by uié ng a separatqr which, perfornms 25 chromatographic

separ at | bh,°%ahar dt i e EeRIEAtAPE {8sRLTLIGRIE- 2

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 mentioned above, according to

one aspect of the p:;esent invention, there is provided a gas
separation apparatus for separating specific gases from a mixture
gas to be treated containing the specific gases, tﬁe apparatus
comprising: a concentrator for concentrating the specifié gases
20 within the mixture gas to be treated; and a separator for
chromatographically separating the mixture gas, with the specific
gases concentrated by the concentrator, into each of the plurality

of gas constituents.
In this manner, by using a separator which performs

25 chromatographic separation, separation of specific gases, such,



- 2 AUG 2004 for exanmple, as CF4 and NF' contained in the mztmd@ 2004
gas to be treated, which are otherwise difficult to be separated,

can be reliably achieved. The separated CF4 and NF3 can then be
recovered and reused. By providing a concentrator before the

separ at ofor exampEe Spg OF, addgws g sonftained ampilee m Gt mnglas\ES beatrrénted,
reliably separated at the separator. According to another aspect of

the presehich nuehidtherviBer aifficplovidete asgpsrBash alan0beamediablyg
for separating specific gases 10 fromthe m xture gas to be treated

cont ai ni ¢hideEPedhkl Gepazatedt be; apidr Mk U a0 Hblens bed rezovepadatnd
for chromatographically separating the m xture, gas to be treated
into eackeded.Ne plurality of gas constituents; and concentration
means for .i ndependently concentrating the m xture gas separated into

each gof the plgyr ahidvidihiof a YeeneeRsthtdeNberard AHel S6fafdtddle the
separator; wherein the <concentrated gases obtai ned by the

concent fféé&ﬁfce?s&&&)’ &od eﬁaﬁlgﬁé?‘{ﬁﬁdand\ ; ré%xf bedPS1 {{ly 8¥BEPAEed

nitrogen)  Is Incfuded in the romat'ogr aphically separatéd specific

gases, Séﬁl?h:hef Qle ?ﬁlgm:.e, 20 as CF4 and NF3. By renoving the carrier
gas by the Concentrats on means, the specific gases can be recovered

and reused. A gégagg%%% anather 08!t PrRLERE nd AN Ohere

there is provit as separatiorr apparatus “for separating specifl
oases BRI H B LR Dol L SO gnees
I Corlﬁentfraoﬂ @gezmz'g‘c ur%oggs to be treated containing the specific gases,
th'e apparatus comprising: a separator for chromatographically
separating the mixture gas to be treated into each of the plurality
of gas constituents; and concentration means for independently
concentrating the mixture gas sepafated into each of the plurality
16 of gas constituents and obtained at the separator; wherein the
concentfated gases obtained by the concentrator are recovered and
reused.

.A carrier gas k(for example, nitrogen) is included in the
chromatographically separated specific gases, such, for example,
20 as CF, and NF,. By removihg the carrier gas by the concentration

means, the specific gases can be recovered and reused.
According to another aspect of the présent invention, there
is provided a gas separation apparatus for separating specific gases
from a mixture gas to be treated containing the specific gases,

25 the apparatus comprising: a front concentrator for concentrating



the specific gases within the m xture gas to be treated; a sgrzarmﬁo?ﬂm
for chromatographically separating the gases, with the speC|f|

gases concentrated by the upstream concentrator, into each of the
plurality of constituents; and rear concentrators for i ndependently 5
concent r ehé mpechi€ 1619€s|¢fsarlmniﬁh8m&bﬁﬁ,rel gisotedehtréatdd; alstelpatrlatyr

of gas constituents and obtained at the separator; wherein the

concent r fd £ te pesmatidigriapadcBY1y heep£rat ity eplet Gasess with ranoepeedfic
and reused. Wth this apparatus, the specific gases can be separated

10 ef fecgayed )bo%'&‘éntﬂahé@lfbf@ﬁéeﬁﬁéﬁééaﬁxﬂ%onaéﬁtﬁ%ﬁ, isteheaéh idfethe
obt ai ned specific gases can be easily reused. According to another

aspect Op1dF£l ¥ PSE eBngeyeﬁ@m% ahd redr d%@te%éahsré fi@tr #hdEpehdeRt I9S
containing the specific gases having. a plurality of gas

consty t U@éﬂéeﬂtsrattfl‘?xgpﬁ% gaxttie JuY gefdabaesd %n¥5 SE4R GEME bRhrality

manuf acturi ng process and the mXture gas to be treated contains

ni t rogerbgs Qé'oég}fgtﬁ %ntg‘l QﬁadeGa%ﬂegF% it gs;%&tat%fr;t %e?égﬁeﬁlﬁe

I nventi on, |s pre era e that t alns one o
fl
L?mos. PN TR Ry iR SIS RSP IR o rorl e

pr esent is preferable that the PFC gas includes one of
CF4, NFSﬂﬂBC/:%JS%gSFS SF6, or CHF3. According to another aspect of

e revert o RISH By bbpkre P, AR Saatli oK TEphL 2RSS
10 effectively and in high concentrations. Therefore, each of the
obtained specific gases can be easily 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

16 semiconductor manufacturing process and the mixture gas to be
treated contains nitrogen as another gas.

According to another aspect of the present invention, it is
preferable that the PFC gas contains one of fluorine compounds
having at least one of the elements C, N, and S as a composition

20 element. ‘

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

25 preferable that the above-mentioned concentration means is either




a menbrane separator which takes advantage of the

permeabi lity/inperneability of a menbrane or a subzero cooly at or
whi ch takes advantage of the difference in boiling point. kaniA@ﬁQﬁﬁlb
concentration nmeans, concentration of the PFC gas, for 5 exanple, can be
effectively performed. According to another aspect of the present

i nventi oR, imenbrame ef exeplalratbbat whpehir al tdResof akanthger apk# C QQlgimMms
are provided and used in sequence. By using a plurality of colums, the

separ at i PArpeakcEbityhimpermpabl ity dofl ADMENBLANE TBOUS| Jubddk ARIIding O
anot her aspect of the present invention, it is preferable that the gases

ot her thaepaietepeniéhcakeseidveriaigy 6f thaldifte e’ it Bbi‘igﬁg?éﬂit .
N a

nitrogen as its main constituent and the nitrogen gas is reu

gi ven usifeh sAetos dditen®ratbhHleads)eebnObnt Rt ESENhd W‘@n&éfnfog 'S
15 preferable to performa process to renove gas constituents®otheér™ than

the ri t rexaipXHs i beCelecEOUB) Hd¥FJPneqoden gas as its main
constituent. BRI EF DESCRI PTI ON GI?EPHE DRAWNGS 20 Fig. 1 is a diagram

showi ng a SCh%’&o‘%ﬁiﬁaetcpfant:lﬂﬁe?’ﬁ%é%%ﬁ?%%xt&%nw Eﬁ@@ét%@’,gt& Irggvm Elhg

2 is adi agram showi ng a structure _ et ographi'c epal

Croat meny o Tartectme bpitra oLy R e bk gl G R ERpRiAeT

EMBODI MEMl used in sequence. By using a plurality of columns, the
separation process can be performed almost continuously.

10 According to another aspect of the present invention, it is
preferable that the gases other than the specific gases separated
at the separator contains nitrogen as its main constituent and the
nitrogen gas is reused in a given usage.

Aécording to another aspect of the present invention, it is

16 preferable to perform a process to remove gas constituents other
than the nitrogen gas on the gas containing nitrogen gas as its

main constituent.

BRIEF DESCRIPTION OF THE DRAWINGS
20 Fig. 1 is a diagram showing a schema of one of the embodiments
of the present invention. |
Fig. 2 is a diagram showing a structure of a chromatographic
separator which consists of ‘a plurality of columns.
Fig. 3 is a diagram showing the treatment of nitrogen.

25



A preferred enbodi ment of the present invention will now be described
referring to the drawings. A PFC gas is supplied in a manu‘si;turl ng
process 10 such as 5 etching or thin filmformation at a

manufacturing plant. A discharge gas containing the PFC gas is thus
produced. The inlet side of a vacuum punp 12 is connected to the path for

t he di scharge gas andD§§§ ﬁfﬁpr&eﬁgEﬁ%a%ﬂ%eﬁ&chFc gas is

di scharged fromthe manutacturing proces uum punp 10 12. As

thor eof aro s PEBTSEiad gubpainens of She r%‘%ﬂ AieRn SETLARY 884 ang
NF3. "'erc?escl?ﬂ%% Eggrﬂ: 4 dstht%h%(%gg §%él n the manufacturing process 10

to generate hydr Fuefft rge gas al so contains

hydr of | uoric ac Because of 15 | f di,schar | S d rectly

i ntroduced i n? i’?%eg‘%fa&ﬁuﬁ?%ﬂpe lBﬁ@“%?%@ gua Mfed. In
order to.,cope with this em mtrogen as Is, supplied as dil uting
gas, Of r SHCTHEY arstaha?g@ﬁ%&b%ﬁ% Aok SRR L ma R ERr TR ARG e

di scharg)e1 ﬁas 20, The outl et side of the vacuum punp 12 is connected to a
scrubbe PheliRdErgrggag ROnA it ngs they B?%cﬁatfy ifi tPBEPF PGl i ed
to the scruybber 14, The scrubber 14 enpl oys water shower to dissolve and

absorb r SPLEDr $1de QT § MEFuRm RIRPt he #F Qanmeséedatoi Fh® Pafh dfor 25 The
di schar%e gas fromthe scrubber 14 is then introduced to 6 2 AUG 2004 a
|

dewat er disrharas gaghard the disrhargengasi corhainirg HhegBFgagas is

discharged from the manufacturing process 10 by the vacuum pump
10 12. As the mixed PFC gas, CF,, NF,, C,F,, SF,, or the like or a
| combinatio;x thereof are suitably used. In this example, the PFC
gas contains CF, and NF,. Here, because the PFC gas decomposes in -
the manufacturing.process 10 to generate hydrofluoric acid, the
discharge gas also contains hydrofluoric acid. Because of this,

16 if the discharge gas is directly introduced into the vacuum pump
12, the vacuum pump 12 may be damaged. In order to cope with this:
problem, nitrogen gas is supplied as a diluting gas, from the
discharge gas path to the vacuum pump 12, to dilute the d.iscvharge
gas.

20 The outlet side of the vacuum pump 12 is connected to a scrubber
14. The discharge gas which is diluted by nitrogen is supplied to
the scrubber 14. The scrubber 14 employs water shower to dissolve
and abéorb hydrofluoric acid (HF) within the discharge gas into
water.

25 The discharge gas from the scrubber 14 is then introduced to



fromthe scrubber 14 contains a | arge anount of water and it is desirable
to renove water for the subsequent processes. Any form of dewaterlng

devi ce can be used as the dewatering device 16, but 5 it |s-chﬁ %bf to
enpl oy a dewatering device.:; in which water is renoved by reducl "he
tenperature of the di scharge gas. The di scharge gas containing the PFC gas
and ni tr egdawatesingpdeaioed 6 swhepplvwabr dsarenpvet roh@dikehatge gas
concentrator 18 is for renoving nitrogen and is preferably a nmenbrane

separ at orfreh chelfcrsisiser WaToptainst AODargertdmbitht Wt GatBrsafdr vetiy e,
nitrogen is separated fromthe discharge gas and the PFC m xed gas (CF4

and NF3 deBithB1& i ¢eliBie) wa ter Fogethé AilfbequlentSpAbSesfASST Rh§ #dkmise a.
subzero cooling device as the concentrator 1 l\/bre specifically,

al t2 hough olthgehgt i ity BRALS éam b@%saadaé\"i%eaaswét@}ix?g devie® fe2helS

128.8 C, respectively), the boiling point of nitrogen iIs S|gn|f|cantly

dif f epenty( 1&9%19% raile/ ‘EBeQm ) ‘&%wg%e?:ﬁﬁb' deviéd 3 a&ﬁ?cﬁsw%% oL,

difference In ol l'ing p0| |n order to” concentrate t

Chr ot 0F Héﬁ asbegl[aéfcg{%rn%t gﬂeTﬁ @%ro ograp%@edggéhﬁg‘?o%%uppl o udes a

chr omat ogr ap separ 0 includes a

colum filled yid *algc%%phega; 'dd¥ainile AEPIC ABSIRA ﬁ@{f&%]%k{f@s

colum. In thi's nmanner Sép e cons
Pﬁcf‘ﬁiea%P?%?{?@?égt%‘?%éléle@n%%f%%'maso?%%rcaﬁtl?;é BPe ot oA e8et e ent)
]9{ | f gf, 9 8r re%tonvé‘yg r?PtrogCe%ngﬁ 1%e8}3f¥\4:al'>11 F $5Ré& ra;[noe %anié{éz‘? rth.A?x a
10 uses a gas permeation membrane. With this structure, nitrogen is -
separated from the discharge gas and the PFC mixed gas (CF, and NF,
in the embodiment) is concentrated. It is also possible to use a

subzero cooling device as the concentrator 18.  More specificdlly,

although the boiling points for CF, and NF, are similar (-128 °C and
15 -128.8 °C, respectively), the boiling point of nitrogen is

significantl§ different (-195 °C). Nitrogen can thus be easily

separated using this difference in the boiling points in order to
concentrate the PFC gas. |

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

20 supplied to a chromatographic separator 20. The chromatographic

separator 20 includes a column filled with a desired fillexr. The

gas is passed through the column. In this manner, the gas is

separated into the constituents because the constituents have

different retention times due to difference in the affinity

25 (tendency for adsorption and distribution coefficient) of the gas



silica gel or nolecular sieve can be used for separating CF, and NF,. In

t he chronmat ographi c separator 20, nitrogen is used as a car?igq and
CF4 and NF 3 are separated by sequentially desorbing 5 and df's @ggﬁhg CF4
and NF, - adsorbed on the filer. Wien a fraction having both CF4 and NF3 is
generated, it is preferable to return this fraction to the separator

inlet si QnstAtulyfsRith WodpEctDROUHILDL16PIEASORTilaeR) Al 6xaMPES,
anount of discharge gas can be m xed with nitrogen gas, and a 10 fraction

cont ai ni i 1G4 gad é’rfxﬁcﬁ@éu@'&r"@@b@érﬁﬁgfbé\'@eﬁaﬁobe;ﬁeﬁﬁﬁﬁifw‘ and
collected. It iS5 also preferable to provide a plurality of colums as the

chr omat ogigaphish, $RBACALGha ByrsUtARl weblPathe CHE) dfi a0 1826Hed oAl WM [ N

sequence, and collect eac action fromeach colum i'n 16 sequence. Fig.

200 are SPOITBEEiERRAE EAE, dre"Gortha dul of eTimsidiay, et oo
Jonpl Peapg THETa e 8o ARAT B eodRA B end (1307 HREh RS ERAdH Tl
éi‘mtet 33 ﬁ@l"%ﬁg? A e e S A T W

of NS BRAPFEPOLEAR 40P OF BRP Btk T 448 "col ums 20a, 20D, 20, —and
AUG 2004 Sui 1 R GEXANPLRA EULE FRE108) DRRERAFE Srtie PLRiUGnad
amount of discharge gas can be mixed with nitrogen gas, and a

10 fraction containing CF, and a fraction-containing;NF3 can be
separately collected.

It is also preferable to provide a plurality of columns as
the chromatographic separator 20, supply the discharge gas to each
column in sequence, and collect each fraction from each column in

15 _sequence.

Fig. 2 shows a configuration example in which four columns
20a, 20D, ébc, and 20d are provided, and fractions are obtained
by supplying the discharge gas to the columns in sequence. Foi
example, nitrogen can be continuously supplied to the éolumns 20a,

20 20b, 20c, and 20& as a carrier gas, and the discharge gas can be
introduced to the columns in sequence by switching thg 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 flows out from each of the columns 20a, 20b, 20c, and

25 20d, in that order, the gases can be separated and discharged by



actuating correspondi ng one of vacuum punps VP. The gas containing both
CF4 and NF3 is circulated to the colum into which the dischar ?ﬂ%i S
bei ng introduced. In this manner, gas of nitrogen, gas of C&ﬂ%%ﬁ
nitrogen, and gas of NF3 and nitrogen are obtained at the exit of the
chromat ographi ¢ separator 20. It is preferable to performthe collection
of the gggitehifd tlr:be CORSYES UgR! tRk [CoTufiti ex8t SHAeCHNO @ehiand

c
separator 20 and the swtching of the valves in Fig. 2 based on an

anal ysi s | e, ’ iSh 4 be
ot eor eq CElitingbok 85060 Hlq bHE S bhoulPpuiKER: o, 1RO B8 doili 4y
t ransf or p.LpflAr, 5 r.al : f d
based onDPhA R ALY ETkchidtplho B cblnfdikin £AN LHE 4 MEMIGET |
constituents and t hus, i.,n_the fractions of CF4 and nitrogen, and of NF3
and nitrgaﬁn?s ?Fﬁﬂﬂw&ﬁ%r PﬂFSQéan be obtained with al nost %o ot her

i al . The obt ai ned f CF4 and_pi i li
20 coheent r at off 3D18ARIRE o8R8 Hol 5ARITH RES GheTh it Bbirdddity aff og * -

to a concentrator_24. As the concentratqrs 22 and, 2 a meppran
separ at 08281 % sNBzePBdc ATV AEE i‘g’tt?slé’(f,das?ﬁi i tgxgﬁe 6F the

concentrator 18. In_particular, b%QCi rcul ati ng the concentrated gas

several FhreRatepraphdfhFeRaTatPEr2or or by using a multiple 25 menbrane
separator, or using a subzero cooling separator, .al &%%}_ 9 2 APG 200%1 100%
of the nitrogetf éapPnsLerapapfienerfeLyth "é’aiﬂt?:cé‘,mﬁ! ghe gas 1or eac |
constituent at the exit of the chromatographic separator 20 and
10 the switching of the valves in Fig. 2 based on an analysis result
of the gas at the exit. For example, constituents can be detected
using a differential thermal detector (TCD) or Fourier
transform-infrared analyzer (FT-IR), and the control can be

performed based on j:he analysis.
15 With this process, the gas is separated into the constituents ’
and thus, inthe fractions of CF, and nitrogen, and of NF, and nitrogen,
a pure mixture can be obtained with almost no other materials
present. |
The obtained gas of CF, and nitrogen is suppliedﬂ to a
20 concentrator 22 and the obtained gas of NF; and nitrogen is supplied
to a concentrator 24. As the concentrators 22 and 24, a membrane
separator or a subzero cooling device is used, similar to the
concentrator 18. In particular, by circulating the concentrated
gas several times in a membrane separator or by using a multiple

25 membrane separator, or using a subzero cooling separator, almost



concentration of CF4 gas and NF3 gas. The obtained CF4 gas and NF3 gas can
then be recovered and reused at the manufacturing process 10. In this
manner, in the enbodi nent, the separation of CF4 and NF" vm'iZ:IAUBSZ 0n4
difficult in other separation nethods, can be reliably achieved using the
chromat ogr aphi ¢ separator 20. The separated CF4 and NF3 can be recovered
and reustdos| ofpahlel aiiltalogenn ddre berbsdparated 4 Teaeiry rat puréd i190%10
provi ded before the chromat ographic separator 20 for renoving nitrogen
once. | ncohtent®ayivn o€Férarghd\lRAdCHR, pag.el i ably separated at the

chr omat ogr aphi ¢ separator 20 using nitrogen as a carrier gas. The
concentrationsriy obtaingd &F3 ga@ bhe RFAgakoBanCERen e rEovezedednat a
certain high concentration. Mor eover, in the enbodinment, for the

fracti onpe@éedast Qﬂxe%ﬁnu@&étﬁ‘fiﬁé’%ce%@d 1gas of NF3 and nitrogen,

nitrogen is rermve Separate concentration processors 22 and 24.
Becayse of thig, th 1006 A hdelnb8d Sle #2) tlﬁ%ﬁ %honsefté&ﬁt ahg4 and
NF3 can be reuse e rmanufacturi ng process 10 e PFC'das may

i ncl ude, g n @ﬁifu(ﬁ §0 IaltfglgFitalqung% sEpEfafléh m gEﬁoﬁé Ccahtes® Eeffgbﬂﬁses

can be separate relatively easi various deviceS. in

chr omat ogranhi ¢ se @;,grc,&%mattg§§gﬁﬁ’ Egsegﬁga?%%' L Ugid §e§99§@éd {eﬁ‘ése PEC

fracti ons at are I apart raction contal ni ng

gas consj aﬂé %nt??‘gg)gnbr c%%ﬁrgﬁpgﬁwg%%ecfepar ated fromthe fraction

separated as Hi he above exanpl e.
In particular, in the embodiment, a concentrator 18 is

10 provided before the chromatographic separator 20 for removing
nitrogen once. In this manner , CF, and NF, can be reliably separated
at the chromatographic separator 20 using nitrogen as a carrier
gas. Tﬁe concentrations of CF, and NF, in the fra;ctions can be
maintained at a ce;rtain high concentratiqn. .

156 Moreover, in the embodiment, for the fractions of gas of CF,
"and nitrogen, and gas of NF,; and nitrogen, nitrogen is removed by ‘
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.

20 The PFC gas may include, in addition to CF, and NF,, C,F, and
SF,, etc. These PFC gases can be separated relatively easily by
various devices. 1In the chromatographic separator 20, these PFC
gas constituents appear as fractions that are far apart, and thus,
the fraction containing these PFC gas constituents can be

25 respectively separated from the fraction separated as nitrogen in

10



Al'so, nitrogen is discharged at the concentrator 18, chromatographic
separator 20, and concentrators 22 and 24. Nitrogen, on %eza%her hand,
is necessary as the diluting gas before the vacuum punp Gaﬁﬂﬂl’the
carrier gas for the chromatographic separator 20. It is therefore
preferabltﬁI to reuse the obtained nitrogen gas. The decision on where the
obt ai ned Y ABYER eXamRifsed can be arbitrary, but because the diluting gas

‘bef ore the vacuum punp 12 is close to a crude gas, it is preferable to

reuse nitrogen®l8®, apitKegan| s ngigabargedi athi they qonssasrateratls he
nitrogen gas to be reused contains sonme anount of the PFC gas. Therefore,
it is pré&hspmptegraphisn osepareter ni2d,ogand g@oncentoaborst 2@ PEBIgad. As
the process, it is preferable to enploy a known nethod for deconposi ng

t he PFC ¥itgagenswaithd other hapde, isinegkasary decthepdilut tmg gredestore
conbustion, and catalyst heating process. It. is also possible to perform
t he Henbheneapuwr pamp 21kt ascbbe i carsiragas i for, thedcbhomatedqxapdilei C
separation again for separating the PFC gas and reuse nitrogen. Fig. 3
shows ansepampter vier e Ithés ptheref chee rrefertable poocesse 2k ichtayipledyed.

As shown, nitrogen discharged at the concentrator 18, 22, and 24 is

subj ect editpoyée gakas rhel@eigiam dbh aheieotRsSSbed indtbniprogemigdecagedse
device 26 to deconpose the PFC gas, and the obtained nitrogen is reused

as the dchntbéeGrAatraty! Neu€ Bedamiseganhe GxPimy HadSbdsose sitigvacdumchar ge
gas, nitrogen gas was prepared having 11 F 2 AUG 2004 0.01% of CF4 and
0. 01% of piig (v 9k Wik et 6 @ trude Igis SAPLE pitefehabDE to reuse nitrogen
10 as the diluting gas.
It is highly probable that the nitrogen gas to be reused
contains some amount of the PFC gas. Theréfore, 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
16 gas, such, for example, as plasma decomposition process, combustion,
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
20 is employed. As shown, nitrogen discharged at the concentrator 18,
22, and 24 is subjected to the plasma decomposition process at the
plasma decompose device 26 to decompose the PFC gas, and the obtained
nitrogen is reused as the diluting gas or the carrier gas.
Example 1

25 As a sample discharge gas, nitrogen gas was prepared having
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gas was introduced to the concentrator 18 of the apparatus_shown in Fig.
1, and processing experinment was performed at each of the [Fs@bABGH0
processes. 5 A nmenbrane separator was used as the concentrator 18. the
sanpl e gas was concentrated using the nenbrane separator to a point where
the both concentrations for CF4 and NF3 are equal to or greater than 10%
Then, t he® Cbric@hCFanad ti0lddof HE, (aolpae pedcent pugiTheeamsiy aBERgFGONI C
separator 20 with the colum filled with silica 10 gel and using nitrogen
as a car rd& Waasiptyeduged tgathefca@icentnmtoyadsobs Ntk wpparaenar shdigh and -
di scharged in that order at the colum exit, due to the difference in the
retenti odnt Figs. 1 Ragdeptrovess o experinentwas peréosned N3 ehBhnbE 1GEen was
0.01% and the purity was 100% By renoving nitrogen at the concentrators

22 and 24&ubSe@mentrprmcesya.at ors) , gases of CF. and NF3 were obtained
each wth alnost 100% concentration. The analysis of the nitrogen

obt ai fed at the memivenie separdfor wd¥ YFRHOEEAPRE CorRiAtedhebr2Ps . ag,_q] -
concentrators 22 and 24 indicated that the nitrogen gas contal ne fo ppm

of PFC gasmpTegasFagaonvent28ted ﬁﬁ@ihg&ﬁf&)hehSLXnQEQBHPQéﬁP t"i’f‘;ﬁj lqpder ed
harm ess by applying a plasma deconposition process"to the ob &g

arr ! . ! .
ni t r ogenwhete wh® bots coa88ht FARIbA 8 r IdFe a’ﬂ'g;lﬁ%gﬂh 88dal Stouéf?rreépﬁgra

diluting gas before the vacuum punp 12 or carrrer gas

G Separaton Sopar s Tor e S e R i gh g s R R tnd

chromatographic separator 20 with the column filled with silica

10 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 of CF. and NF, in nitrogen was 6.01% and the purity
was 100%. By removing nitfogen at the concentrators 22 and 24

.15 (membrane separators), gases of CF, and NF, were'obtained_eéch with
almost 100% concentration.

The analysis of the nitrogen obtained at the concentrator 18,
chromatographic separator 26, and concentrators 22 and 24 indicated
that the nitrogen gas contained 10 ppm of PFC gas. The PFC gas was

20 almost completely decomposed and rendered harmless by applying a
plasma decomposition process to the obtained nitrogen. It was thus
confirmed that the nitrogen gas is usable as a diluting gas before

the vacuum pump 12 or as a carrier gas for the chromatographic

separator 20.

12



constituents froma m xture gas to be treated containing a plurality of
gas constituents, said apparatus conprising:. a concentrator-fgr 6
concentrating the specific gas constituents within said m'xt /g, ;@Mto be
treated as a discharge gas; and a separator for chromatographically
separating the discharge gas into each of the plurality of gas
constituents, wherein the separator conprises a plurality of

chromat ographi ¢ col uims, and wherein the specific gas constituents that
separ aWeatf iencihemediuisd ity of chromat ographic colums are orderly
collected at different timngs. 2. A gas separation apparatus of claim1l,
wherein said m xture gas having a plurality of gas constituents is PFC

gas dischangegad r rapurseTioeOndpph oAt HRNUIGCT WebRGaPh AGESSpaRnds i Saifh Has
to be treated contains nitrogen as another gas. 3. A gas separation
appar at us ofRPEI FHSNLHNEFRT N2 sRIYLPFE a8 TeoReaitisadrd sontadodinge a

conpounds i pehigi NGy abr | LASt RN 1 BBt 596 3Gy ﬁ:&'s | SQEIPOSI tion
el enent . 4.ﬁA gas g%para ioﬁ:appékafhs ofScFain?g%r ergﬁﬂﬁggi C gas
i ncl udes one of 3CF4ONRE3trERFs, GIF5 cEREntarti@HF3ths. gpest sepamat i on

WAl oh t akes SVt SeE Y of  ERE™ parSab T 311 ngaPmiabi PFty 15 & hehbr Ane.
13 k 2 AUG QD9h@rgeA gpees saydiar at i on apparatus of claim 1, wherein said
a separator for chromatographically separating the
discharge gas into each of the plurality of gas
constituents, wherein the separator comprises a plurality of
chromatographic columns, and
wherein the specific gas constituents that separate

from the plurality of chromatographic columns are orderly

collected at different timings.

2. 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 gas to be treated contains nitrogen as another gas.

3. A gas separation apparatus of claim 2, wherein said PFC gas
contains one of fluorine compounds including at least one

element of C, N, and S as a composition element.

4. A gas separation apparatus of claim 3, wherein said PFC gas

includes one of CF,, NF;, CyFs, C3Fs, SF¢, or CHF;.
5. A gas separation apparatus of claim 1, wherein said

concentrator is a membrane separator which takes advantage

of the permeability/impermeability of a membrane.

13



concentrator is subzero cooling separator which takes advantage of
differences in boiling points. 7. A gas separation appar § @sAf Hjuqi m 1,
wherein said chromatographic separator includes a plurality of

chromat ographi ¢ col ums which are used in sequence. 8. A gas separation
apparatus of claim1l1, wherein gas constituents other than the specific
gas constituents, separated at said concentrator or at said separator,
contain nitrogen as a main constituent and the nitrogen gas is reused for
a givefi-usafe. g8s Asgparstpan at apopeeppss atas oflingi m,8, WHeaddier said
conprising _another separator for renoving, non-nitroq%fromthe gas

constit uent SPBERBFTHAN spci PIR2EER cometiidienitPat MWHE n tR%SSogen

gas as the savantagstot Ubifferddhce’ dasbsepanat peinepparatus for separating
specific gas constituents froma mxture gas to be treated containing a

plurality of gas constituents, said apparatus conprising: a separator for

chromayogr aphi gakl ysggRasei bRy ppdiadid € Snd ConGentyr at gps. fan, separately
concentrati ng the gas separated into each of the plurality of gas
const it uent SRTaRAC BRI atSepRraf@yar atigrclugiesr ei ® t heloowdentyr at exdf

gases obt ai Badohy: SaLLean CREAL LA oA 8-Loaauer 6 and.feused. 11, A gas
separation apparatus of clalm 10, erel n sal m Xt ure gas hav!ng a
plurality of gas constituents is PFC gas discharged froma sem conduct or
nanufag{urlﬂg 8ggce%%p%%ation apparatus of claim 1, wherein gas
constituents other than the specific gas constituents,
separated at said concentrator or at said separator,

contain nitrogen as a main constituent and the nitrogen gas

is reused for a given usage.

9. A gas separation apparatus of claim 8, further comprising
another separator for removing non-nitrogen from the gas
constituents other than specific gas constituents, that

contain nitrogen gas as the main constituent.

10. A gas separation apparatus for separating specific gas
constituents from a mixture gas to be treated containing a
plurality of gas constituents, said apparatus comprising:

a separator for chromatographically separating a
mixture and concentrators for separately concentrating the
gas separated into each of the plurality of gas constituents
and obtained at the separator; wherein

the concentrated gases obtained by said concentrators

are recovered and reused.
11. A gas separation apparatus of claim 10, wherein said

mixture gas having a plurality of gas constituents is PFC

gas discharged from a semiconductor manufacturing process

14



2 AUG 2004 and said gas to be treated contains nitrogen as another gas.
12. A gas separation apparatus of claim1l, wherein said PFC gas contains
one of fluorine conpounds including at |east one el ement{go? AJG Nuwand S
as a conposition element. 13. A gas separation apparatus of claim 12,
wherein said PFC gas includes one of CF4, NF3, C2F6, C3F8, SF6 , or
CHF3 . 14. A gas separation apparatus of claim 10, wherein at |east one
of said concentrator is a nenbrane separator which takes advantage of the

per meabi | i t yandpenidakidd t yoobea treHENCondHind HR2E8rS§PAT Al AL ARRAS at us
of claim 10, wherein at |east one of said concentrator is subzero cooling
separator whith' takes advantage of differences in boiling points. 16. A
gas separation apparatus of claim 10, wherein said chronatographic
separator includes a plurality of chromatographic colums which are used
i n seqdence.? 1735A SERIraEpanatirParaspar atfuscfinc| al m vBereher eaddgasc

constituents h t specidfi tituents, eparated at said
concentr at or%?%)é a(?&g%?gﬂsse%g?a?gr ,fllclzl%r]{ gllgn%%ﬁl to}lgégn lélgléil%ﬁg?n a&oglseﬁsttuent
and t he nitrogerelprents off dusdid fod & gevencospoeitildh Adgastseparation
apparatus of claim 17, further conprising another separator for renoving
non-nitrogen gas constituents fromthe gas constituents other than

speci fil8.15 A gas separation apparatus of claim 12, wherein said PFC

gas includes one of CF,, NF;, C,F¢, C;3Fs, SFs, or CHF;.

14. A gas separation apparatus of claim 10, wherein at least
one of said concentrator is a membrane separator which
takes advantage of the permeability/impermeability of a

membrane.

15. A gas separation apparatus of claim 10, wherein at least
one of said concentrator is subzero cooling separator which

takes advantage of differences in boiling points.

16. A gas separation apparatus of claim 10, wherein said
chromatographic separator includes a plurality of

chromatographic columns which are used in sequence.

17. A gas separation apparatus of claim 10, wherein gas
constituents other than the specific gas constituents,
separated at said concentratoror at said separator, contain
nitrogen as a main constituent and the nitrogen gas is

reused for a given usage.
18. A gas separation apparatus of claim 17, further comprising

another separator for removing non-nitrogen gas

constituents from the gas constituents other than specific

15



2 AUG 2041, gas constituents, that contain nitrogen gas as the main
constituent. 19. A gas separation apparatus for separatiEg S ﬁéific gas
constituents froma mxture gas to be treated contai ni ng'z 8 rZﬂh'l‘ty of
gas constituents, said apparatus conprising: a front concentrator for
concentrating the specific gas constituents wthin said mxture gas to be
treated as a concentrated gas; a separator for chromatographically
separating the concentrated gas, into each of the plurality of gas

const it uent sgasandoneatl taencent thbar scdrifaisepai et 6hen cogagedd athag eagh of
the plurality of gas constituents; wherein the gases obtained fromsaid
rear concen%{?r%ﬁtojr At recovered and reused. 20. A gas separation
apparatus of claim 19, wherein said mxture gas having a plurality of gas
constituents is PFC gas discharged froma sem conductor manufacturing
process®-and® s&3F gaSPRH2bECR r SHPEFAEYEL af PE FaPeageAngs spethiic s 21

A gas separ aidait AR usdl £1ARAL ghene RSALREG A% 9004 1 one

of fluorine conpounds including at |east” one enent o Sas a
conposi ti on RlEREHtY 2F gasggensephventeon spbdrapperadfusclcamprsingher ein

sai d PFC gas incal ugﬁénen%o%fceggéaigf?” OCEZF(@On Ill.:'TBfatSFn6g gi:leu—s"i)?é'ci ic A
gas separation apparatus of claimI9, erern at leas
gas constituents within said mixture gas to be treated as a
concentrated gas;

a separator for chromatographically separating the
concentrated gas, into each of the plurality of gas
constituents; and

rear concentrators for separately concentrating each
of the plurality of gas constituents;

wherein the gases obtained from said rear

concentrators are recovered and reused.

20. A gas separation apparatus of claim 19, wherein said
mixture gas having a plurality of gas constituents is PFC
gas discharged from a semiconductor manufacturing process
and said gas to be treated contains nitrogen as another

gas.
21. A gas separation apparatus of claim 20, wherein said PFC
gas contains one of fluorine compounds including at least

one element of C, N, and S as a compogition element.

22. A gas separation apparatus of claim 21, wherein said PFC

gas includes one of CF,, NF3;, C,Fs, C3F8, SF¢, or CHF;.

23. A gas separation apparatus of claim 19, wherein at least

one of said concentrator is a membrane separator which

16



one of said concentrator is a nenbrane separator which 16 2 AUG 2004
takes advantage of the perneability/inperneability of a mep a&& 34 A
gas separation apparatus of claim 19, wherein at |east one Ju‘f
concentrator is subzero cooling separator which takes advantage of
differences in boiling points. 25. A gas separation apparatus of claim 19,
wherein said chromatographic separator includes a plurality of

chromat ographi ¢ col ums which are used in sequence. 26. A gas separation

appar at us of tsked mali¥anvhgeei &f gase CQ@ﬁ&ééb&ﬂﬁé&/ﬁﬂﬁﬁfﬂé&%ﬁlﬁgg specific
gas constituents, separated at said concentrators or at sald Separator,
contain nitr® H¥a main constituent and the nitrogen gas is reused for
a given usage. 27. A gas separation apparatus of claim 26, further
conprising another separator non-nitrogen gas constituents fromthe gas
const i t#knt sh oFREr SERanaspeni ricPagasueowst i¢lamt s191t haherebnt aitn Iridstogen

as as the i i t e.ga aration. apparatus of claim1,

?urt her conpr@?ésli&ngrb%al%i ng cgnﬁ%ﬁﬁg?o%gd?gggglf%i %%O?Jﬁ%é)s%ee%afrfa}sccorga’gu‘m

const i t uent stakgpradveatpiger alfi ty fétrehcesatdsaidhiey qalinmes by switching.

29. The gas separation apparatus of claim1l, wherein the separator

conprises four chromatographic colums that are supplied with the

di schar®. gas igassegepacearivher ghparachs ofoft he1bowr €hr onp O aphit ig

col ums , , ‘
chromatographic separator includes a plurality of

chromatographic columns which are used in sequence.

26. A gas separation apparatus of claim 19, wherein gas
.constituents other than the specific gas constituents,
separated at said concentrators or at said separator,
contain nitrogen as a main constituent and the nitrogen gas

is reused for a given usage.

27. A gas separation apparatus of claim 26, further comprising
another separator non-nitrogen gas constituents from the
gas constituents other than specific gas constituents, that

contain nitrogen gas as the main constituent.

28. The gas separation apparatus of claim 1, further comprising
a single pump for discharging the specific gas constituents

from the plurality of chromatographic columns by switching.

29. The gas separation apparatus of claim 1, wherein the
separator comprises four chromatographic columns that are
supplied with the discharge gas in sequence,

wherein each of the four chromatographic columns
comprise a discharge pump that is connected to each of the

four chromatographic columns, such that four types of gas

17



conprise a discharge punp that is connected to each of the four

chromat ogr aphi ¢ col ums, such that four types of gas 17 9 ;mgua@t’
constituents are produced fromthe four chromatographic c :
ABSTRACT OF THE DI SCLOSURE Gas Separati on Apparatus A di scharge gas
containing PFC gas including CF4 and NP3 generated froma

manuf acturing process (10) is concentrated at a concentrator (18). and

t hen chromat ographically separated at a chromatographi c separator (20)

wi th nitrogerpras: it wearts eargasprdducddi Sromnngle €otr adrdiEod¥dgHin t he
PFC gas can be separated. In particular,, -because the gas is once
concentr at eacogltunﬂ € concentrator (18) t chromatographi c separation can be
efficiently achieved. By independently concentrating CF4 and NF3
obtained - by the chronmatographic separation, high purity gas
constituents of the PFC gas can be obtained, and reused at the

manuf acturing process (10). Fig. 1
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