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
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i nclude (i) deconmpositiaon.n ich the PEC gas is deconposed b
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separation in which these materials are separated by a nenbrane; and

(i)
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t aki ng advantage .of the difference in the boiling points of the gases. 25
However, plundleitjecufrpypsses on method (i), there are 1
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2. Description of the Related Art

Conventionally, various gases are used in semiconductor
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
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,
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.

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



- 2 AUG 2004 shortcomngs in that a conplete deconposition is_diffi Lt
and the gas cannot be recovered for reuse because the gas i s aeAﬁﬁﬁﬁﬁ d
and di scharged. In the nenbrane separation (ii), although nitrogen in the
di scharge qas .can be renoved, the separatjon between CE4 and,_.NF3 or {he
i Re whi ifad AT fak 4 Gomials deimecantion 16 hethbbit nd e
(iii), the overall size of the apparatus becomes large, resulting in

i ncr eased s CaRNOL he KRAPIRFEd aFRI | ﬁ@%ﬁs’égcauaﬁntgg gast isngesemposed
because the boiling point difference between CF4 and NF3 is only 1 C, the
separ at i oandsdils¢harged. 10n SHe\iémb OinéldepanaENBHrONide alfjemiglhhititegen
present invention is to provide a gas separation apparatus capabl e of

separ at i ngd ratHeXd YéE€hab§e d @an BePtemévedy tHe §@pat@itsidn Be8ween CF, and
i nexpensively and with high purity. 15 In order to achieve the object

xpensi O e the obj ect,
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a mxture as,to _be eat ed, cont ai ni ng t speci fi ases, _the apparat us
conprisinéh%éﬁbaﬁgo?ﬁﬁﬁﬁ debitér ¢ eeﬁé%ﬁ{#11 %4ﬁf§% gFfF8p§§§§§528€ﬁPWﬁFn
the m xture gas to be treated by supplying the m xture gas to be treated
and for dé&&@8irnEeeRttaBgokddrased Goegséerb*ghew &R anduipergased
and a separator for separating chromatographically. the m xture gas
cont ai ni nyunpdngpesisiti.c gMeEEoVEer pmbiElta usds dt e ngoddinge pdinto daffievénche
plurality of gas 25 constituents. " 2

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.



AUG 2004 In this manner, by using a separator which perforns
chromat ogr aphi ¢ separation, separation of specific gases,, sach Mg 2004 or
exanple, CF, and NF3, contained in the m xture gas to be treated,, which

are otherwi se diiffigcult to be separated,.can be reliably 5 achieved. _The
separ at ed CF4 ak& N glﬁarf“?’?l%?lrbe%%col{ﬁelr’@ ﬁndselpéﬁggt?& AW%éEZ’orBFFJMmS
device is grovided befaore the separator, in which device the specific
gases are®

n
JOBAOgraRS iChERAPRAERBIBR $KPAT PLIQR OlgERechFigIaF 9% nFuatias,
t hen desorbing, the specific gases can be 10 concentrated. In this
manner,, £RE epanplec CFasoy NEyclkcond ained incheplixtug@igasdtdbe tneabed,
reliably separated at the separator. According to another aspect of the

present iwligohi afte iditherwils?f &l Bt foilat teéobeesepalriadediedth I15e f el Dgh1y
provi ded for independently concentrating the gas separated into each of

the %5 phupabiby.of rgas a&té@r@ﬁ aé}sidoﬁfaic%ﬂ 2hehh®eC W UBY QUL LPIL§

separator, and the concentrated gas obtained by the concentration neans
i's recove{.gﬁls gd reused. A carrier gas (for exanple, nitrogen) is included
in the specifr¢ gases separated chronatographically,, such as , for
exanple, 20 CF, and NF

means, each ofR*RRFES @gltﬁB%eéjggg\g%gﬁgggdgaM%gﬁ?/?é{g%%{] ;%ﬁéign
to anot her aspect of the present invention, it is preferable that a
m xt ure d@Vieattdinspgeifdcsgesesiarqasisonhed agd then Weganhedbygapurge
constituents is the PFC gas discharged froma 25 sem conduct or
manuf act gasg By asorithg landrithan elegorbinge 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



gases constitute the PFC gas, activated carbon or silica g e like
can be preferably used as the adsorbent. Al so, for desorption, S

pref er abkgeh@etSeoRithifGChitT difth &% dRtHEwegfs under an overheat ed
condition. According to another aspect of the present invention, it is

preferabl e tha hEHetﬁEC ggg;%%@tghgg o%%dgifgdggiﬁﬁémj eﬁgﬁgatégq%$§9e§t

| east one of the~ el enen as a conpositl

Accordi ng _tpo anot her,_aspect _of the present invention, it . referabl e
That t hoCREBORaGT! RilaTas dsle oF GHE INKR e eHBLedaklY JECLAE the
According to another aspect of the present invention, it is preferable
t hat t headsevbentnt idhed, car desprptdemeaksis Prafierable fouae Mitrrgen
separator which takes advantage of the perneability/inperneability of a
menbrsanegas asstheepargeobasgundepaaat overheatddlcemdichiantt.age of
difference in boiling points. Wth such a concentrati on neans,

concentration gécéP@ik§CGatnofiér Y of ehR peesbhecinvehyips| f ot nagl.
20 According to anothef aspect of the present invention, it is preferable

t hat i f i S i i
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sequence. By using ity of” colums, the separation pro can
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2 AUG 2004 treated contains nitrogen as another gas. Wen tgf spegdahi C
AUG: 240k
it

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



2 AUG 2004 at the separator contains nitrogen as the main constituent and
the nitrogen gas is reused for a given usage. According mZaA@@%Ul,aspect
of the present invention, it is preferable to performa process to renove
gas constituents other than the nitrogen gas on the gas containing

ni trogen 8hsthke separakom comtains,pitrogRPERs CHrmain crnet itnentrAnANEe
Fig. 1 is a diagramshow ng a schema of one of enbodinents 10 of the
present initnogen. gisgis2rensaddifagr amgdiven ngagest ructure of a

chromat ographi ¢ separator which uses a plurality of colums. Fig. 3 is a

di agr am show nga¢E6r@iR§EES | d¥b e iddpeaan o £1 % heEpeRE Bhl Obh (En PRENFRRED: s
EVMBODI MENT A preferred enbodi nent of the present 1nvention wll now be

ENBCD! N i | present rnvention |
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manuf act ur1 ng process 10 suc
sem c@ndugt or nufacturing _20 plant. A dischar.ge_gas .cQntaining the PFC
gas 12 t nEha, BhECRECTSRER, AR oF RBeopRg SRetaI A NF LS Sk 1
the path for the discharge gas and the di scharge gas containing PFC gas
is di scHR@yRCPRSEFER@NEmnuf acturi ng process 10 by the vacuum punp 12.
As the PFC gas, CF4, NF31 C2F41 SF6, or -.the like or a conbination 25
t hereof are suitably used. In the enbodi nent, the PFC gas contains 5 F 2
AUG 2004 CF4 and NF3. Here, because the PFC gas deconposes in the
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



manuf acturi ng process 10 to generate hydrofluoric acid, the discharge gas
al so contains hydrofluoric acid. Because of this, if the ?@nggmas S
directly introduced into the vacuum punp 12, t he vacuun1punp may be
damaged. In order to handle this problem nitrogen gas is supplled as a

diluting cgas,add O, he  fesghargécHase Paite t @richeg xecwetxp@s 12 Ifrp the

dilute the dlschargé gas. The outl et side of the’vacuum S
connect e rubber I S a

it rogen NrUERSHHdRY prndess; A0c £ J5HRREALE; M@#%ﬁéﬁ#o e
shower to di ssol ve and _absorb hydro& HFrlg aci d ggg. wi thin the di scharg
gas i nt o AFENATIeTHES]AdER. LR LFARS hYATORS UoiGhBSidrs PECANSR P tFBdﬁced
to 15 a dewatering device 16, where water is renoved. The discharge gas
from t he ifcthebdischarget gassia dirgetiyointroflugedeinindthe vacuumspumpl e

to renove water for the subsequent processes. Any form of dewatering

devi c® caR,behese@dcaun ungeViad endyndpeledamagdd, M order stprkérdbbl ehig
enpl oy a dewatering device in which water is 20 renoved by reducing the

t enper at prepdkmt, NeyidH U§adass ERgpdiisahaidea 9as16eahgl g Fﬁ(bxﬁlaﬁhé“d
nitrogen t hus obtalne S supplled 0 an adsorbi ng device 18. The

dsor bi I t
For “nasolisAREFRE $Ha' BaE S WS Thd AP 1A ch bAE qeﬁ“r’ﬁ%ﬁi%dﬁgﬂ?g”
hydrophoggg adsorbents can be used, such, for exanple, as activated 6 Z
AUG 2 | .

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
obteined 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



carbon and hydrophobic silica gel (calcined material). By gJlowing the
di scharge gas through the adsorbing device 18, the PFC ga "i&AgEd%orbed
and nitrogen is discharged. After a predeterm ned anount of PFC g whis

adsor bed, chPBoRFEHA T A8 W@gqqﬁe?pgghg{éy%@{néma%wﬁf)”} y hf{:]\gi‘ﬁa

its imt. At this e supp scharge gas 1s st'opped,
t enperatu Of; . .u 1S raise and, nit.rogen i s, su i a the .
pur ge gasf’ﬁlen 6%%@?’938 é%ios'br?lh% g&%%de%%%sewlﬁ%m%e%%ﬁuﬁag 848 18t
S preferaale to provide a plurality of colums filled 10 with the

adsor bent 2@8°tRedaa88r piltgogen i ddsgh@rged-t he colums in sequence. In
this manner, the discharge gas can be continuously processed. After PFC
gas i s concent rafteria pradeteamiared amougdsof sSPECgHS d¢ adsarbed, the PFC
chromat ogr aphi ¢ separator 20. The chronmat ographic 15 separator 20

i ncl udes gasohdsorbihgedapabhilatgesifr ethef iadserbehte widas deach passedimit .,
through the colum. In this manner, the gas is separated into the

constituws»cl?ﬁ%al@eagbe %tg%ggggz SEVEisding Cras Nt %????%Eﬁfi%

to difference in the affinity ncy for adsorptfon and

coet 11 pBla e 67, Ao OB L0 AD, ' SRESE AR iy 8 &

filler, for “exanp ca ecula e "use
separat i CF4 and NF3..In the chromatographi c separator. 20, nitrogen is
vobd a5 FPEHITEE GRS, wHY RFASHIHONBGSAPE LBRAARFBALES! SECIGA8 dnep the
desorbing and discharging CF4 and NF3 adsorbed on the filler. Wen a

fracti on A IRgRAg bbtsapueteraNgg tiospreyiddeadlural ity pfeeelumne fiidled

return - 2 AUG 2004 this fraction to the separation inlet side.
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

15 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



For exanpl e, while passing nitrogen gas; a predeternined anount of
di scharge gas can be m xed with nitrogen gas, and a fracLanﬁggnmmhnlng
CF4 and a fraction containing NF3 can be 5 separately collec

al so pref | & Vtgetﬁepéégékhkioﬂf1BQEE”§§d s the chromat ographic

separ at or ) sup hé drscharge gas to each col Um in sequence, and
col |l ect each fr ctlon from each,col unm ence. Fi.g .a
configuration eXnpf¥d 'Pﬂf ﬁ1118urpac?&%§‘f%age"zo%a5208 p&%feg&%n@d
provi ded, and fractions are obt ai ned by suppl ying the discharge gas to the
col urms (MR edisghargeagase Can t BgBAXEHN WEhC AHHE FRARR T §28 uppPred
to the columms 20a, 20b, 20c, and 20d as a carrier gas, and the discharge
gas can fgatXior r odntadntiagt rﬁ'pdmﬂma i fr aetiemceobyadniiinghi M, t¢an be
valves at the columm inlet side in sequence. Because gas of nitrogen, gas

of CF3 ar@pirdten cabbedtedt4, NF3 and nitrogen, and gas of NF3 and
nitrogen flow out fronleach of the colums 20a, 20b, 20c, and 20d, in

that order, the(9ase$ 163 e %vqid%caapgﬁéamt%oo&wcmh maS as

val ves at the ¢o unn exit 53 de 1n sequegze and actuating correspon I ng

el ar o BhEHEREgEEARNLG: seBRFaROF A, Mkl EReiq 1 FHaREE 3 e eacn

i ntroduced.. In this manner, gas of _nitrogen, réi of CF4 and n|tro and
25 gas ofOMEITadd APANEHER aRBAoBPRIREH SACR HEFashonfRaRk eAChuEe 3ga in

chromat ographi ¢ separator 20. It is preferable to performcollection of
t he gas Bequeace.

10 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

15 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

20 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

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



constituent at the exit of the chromatographic separator 20 and the
swtching of the valves in Fig. 2 based on an anal ysis result-SZoAUGHEUbas
at the eX|t For exanpl e, gas constituents can be detected using a

differenti rnal et ect or Fourier transforminfrared
anal yzer ql é%ﬁo%aﬁg perfornmed based on the anal ysis.

Wth this process the gas is separated . into the constituents, 10 and

thus, in the frdadtiénpreferablengonperdgem coddestinmsofnéhe gr§géAr each
pure m xture can be obtained with alnost no other materials present. The
obt ai ned geastdftueft atd thd reogien o5 tshgpthromd vograplhviceseparatof22andnd
t he obtained gas of NF3 and nitrogen is supplied 15 to a concentrator 24.

As the comgentwatehinglo@nthédvalves Sikreigl aRasled Bacan HREDYBAE result
separator. Wth this Structure, nitrogen 1s separated fromthe discharge

gas ang eaeh «ple ey 025 £RANSUNtR, Ol o i ] 6205 BEC A% 4Tk lls Nk Be

t he enbodi rrent concentrate IS poss e to use a subzero

cool ing dey as.the c tratar an More sp cal .

o though SRESCEEH ARgngosn AU tFar el el FheHiar dieiqivos "(E6oh G Hourier
-128.8 C, respectively), the boiling point_ of nitrogen is 5|gn|f|cantlg
di ff er ent tyangseym-gndraged c%%a%}ﬁﬁgrbe(%ﬁlﬂ s@psr atB8 MOk hran be
difference in the boiling points in order to concentrate the 25 PFC gas
const i t uepesfogmedAb@sedoon| theammiadyisdis - by circul ati ng the concentr at ed
gas several tinmes in a nenbrane separator or by using a nultiple step
menbr ane . 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.



separator, or using a subzero cooling separator, alnost 100% of nkéé]%ﬁﬁl
can be separated, |leaving a pure, 100% concentration of 5 CF4‘g&s 3
gas. The obtained CF4 gas and NF3 gas can then be recovered and reused at

t he manufacturing process_10. In this manper, in the enbodi nent, the
separation of CFa RdEtigEdarwhpYiscylatiegl the congrntratrd g3 Feveral
-~ met hods, can be reliably 10 achieved using the chromatographi c separator

20. The sejmesatin aChémbraneNs8paaatbe orduw arsddgaadmuttiplie steparenbmdrres
in the enbodi nent, an adsorbing device 18 is provided before the

chr omat ogs @par§t6£pasat @5iRg hokubeegentodliing sBparaddr, almMdst MUUEIOF
CF4 and NF3 can be reliably separated at 15 the chronmat ographi c separator

20 Using DILEOGER G HEYLHEra0RT; 1dRFLEENEFIE! AN Cordeh @t 17D df"

the fractions ned at a cert concentrati on.

Mor eo er,cﬂ',n t he %E)(i)\%j ment, for the fractions of gas of CF4 and
nitroéen, #n§3Fad F3988d nitrogen, nitrogen is renoved by 20 separate

concentration processors 22 and 24. Because of this, alnpst 100% of
nitrogen can beFheRRieRANed ¢hagas-anthNEwrgagarfapethes, beqrgcovesed and
manuf act uri ng process 10. The PFC gas includes, in addition to CF4 and
NF3, C2F&eussib,at cthe mapgfaPreringeproansbelleparated rel atively easily
by various 25 devices. In the chromatographic separator 20, these PFC gas
10 2 AUG 2004 1rrahdls ma@nes,apnedlie asmbodiient)s thwsepacatdonapsr CF, and

thus, the fraction containing these PFC gas constituents can be
respecti Y@,y 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 éan 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



separated fromthe fraction separated as nitrogen in the above exanple. 5
Al'so, nitrogen is discharged at the adsorbing device 18, chrenﬁtAﬁﬁiﬂﬂhc
separator 20, and concentrators 22 and 24. N trogen, on the other hand,
S necessarx as the diluti ng gas befare tge vacuumlpurrp 12, aa Hjne purl?e
gas for tFeNSHLERBPRES ARRERE a3 fraghdons thatcarefar grattyr aphethus, the
chromat ographi ¢ separator 20. It 10 is therefore preferable to reuse the
di schar gefract ionerontiininigdihsisenPBE gd consid tentimecgadbeinespagtively
reused can be arbitrary, but because the diluting gas before the vacuum
punp 12 isephapatedt EromChhee fictidn isepardttedbae hitroegea dnt ntdgeralisve
the diluting gas. 15 It is highly probable that the nitrogen gas to be
reused copimbis, some amount of the PFC gas. Therefore, it is-preferable

to process the nitrogen gas to renove the PFC gas. As the process, it is
preferable to y a.known h fQr S{ o :SUChy,
for e>§arrp| e, a?%%%ﬁnﬁl.g5§8ﬁﬁp %t :ag‘r? cglrao egfg%go%lg%s%?%ﬂ?g%gag%v&%;éaﬂyes’t

heating process. It is, also possible_to performthe megbrane rocess,
subzero cCIHIMYELEHAPRIForSe W ofdtrog PRGN EONCEPEFALPER afai PR, 24-
separat i %the PFC gas and reuse nitrogen. Fig. 3 shows an exanple where
the pl asihiteegemoon Fha qihreband; sieRECEFSArYA8s SHALILHTLNgyeds before
di scharged fromthe adsorbing 25 device 18 and the concentrators 22, and
24 is subjlestvectuum thampll2smaslthé2pifgei gas dben jus iadsoriping stay ixte tli8s
pl asma deconpose device 26 to deconpose the PFC gas, and the discharged
nitrogen drd rfdsatk arrtesidds iftr 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, it 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
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gas, the purge gas, or the carrier gas. Exanple 1 5 As a sanple discharge
gas, nitrogen gas was prepared which contained 0.01 @$p? 4 ding 0.01 %
of NF3 (volune percent) The sanple discharge gas was Pntroduced to the
adsor bi ng device 18 of the apparatus shown in Fig. 1, and processing
experinment' was performed at each_of the subsequent processes. 10 A

col utm tdiecpBROSIt fompracess atcthe R psR2 Besonpegedevice 2688 Aasiongodeyi ce
18. The sanpl e discharge gas was passed through the colum. The gas at
the exi thefPFhigasol and thesdisahgraed rditdogenelsusisedonst e diidemidnge gas
was stopped when the exiting gas started to contain CF. and NF3. The
adsor beda€FAthedpiNFPe varss, adesahlecedatBiby gassing the tenperature in the
col um and supplying nitrogen as the purge gas. In this manner, nitrogen
gas contEgemphg 1respectively 10% of CF4 and NF3 was obtained as the
desorbed gas. Then, the obtained desorbed .gas was passed through the

chr ograt ogr aphi€ =S epapaeodigéhatdd ddre adtuopehi jhedvad threparedawRflcyel and
using nitrogen as a carrier. As a result, gas of CF4 and 25 gas of NF3

were segahed e 0doth Hher gagd ion ot hadf Rrdevodtmé pereehunn The sample to
the difference in the retention tinmes. Respective concentrations in

ni t foge&ié!@?axﬁbzé)%sanﬁaé hig tHddulcedas LPR%adBYrbifgOEEREcai 18 0gENLRE t he
concentrators 22 and 24 (nmenbrane separators), gases of CF4 and NF3 were
obt ai negh, £aGH VshBuR! IPFig12 & ataAe M P @¥peeifent [ald fBrformed
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



The anal ysis of the nitrogen discharged at the adsorbing device 18,
chr omat ogr aphi ¢ separator 20, and concentrators 22 and 2&12 IAGGCZﬁ[Hd t hat
the nitrogen gas contained 10 ppm of PFC gas. The PFC gas was al nost

conpl et el ygpggc ndered harnless by applying a plasna
deconposi ‘fri g% %rggggglgrt%ﬁdgg obtained nitrogen. It was thus confirmed

that the nitrog gas _i.S._usabl a_di_lutli e_th a u
12, a purge gas%gF eRaLYSIS b?‘ﬁgeﬁ%vp&gkgféa &%?&%‘?r?{ér%ggs%f%ogrgwg
chr omat ogr.aphi ¢ separator 20. 13 k 2 AUG 1004 %/\gat ia‘ claimed is : 1, _A
gas separ@evVéfeapbarchremabegsaphic: $RPIERLLrr¢ ., RReERtERHPES 49 ANd
m xture gas to be treated containing a plurality of gas constituents,

sai d appa2ét indicatpdi thad: theyasi tabsgemigas deontaingd 30sppmi #f BREC gas.
specific gas constituents; and a plurality of chromatographic separators
oper ai verNe FEridRe st #1mbst gPomplisve by rdecemposed cand qeinderred tavatlaysge
gas fromthe gas adsorbing device, each of the plurality of

chromat o ' BBbmPbBItabn pLAEEsSND thkWbtiived Ald rdgen.
pl urali t%g?@&iﬁgﬁaﬁgl\%s?é@t he gt I eastn %ne iﬁl et valve and the gen

lurality,of: of ne.
Const i tudt waihBl edfcifed FEAIThENIEIqn RR18 pbely B8 o WL1Ging
chromt 0% 2P Brord e Yautth Plnp’ 2] % ‘Pirg8!gdd'dd ¥ Qb ing detice

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

13



2. A gas separation apparatus of claim1, further conprising:
concentrators for independently concentrating the each of the specific
gas constituents and obtained at an outlet of the pIuraIit¥‘2f$U 2004

chr omat ogr aphi ¢ separators; wherein the concentrated indivldua Qﬁw

constituents obtained by said concentrators are recovered and reuse
A gas separation apparatus of claim1, wherein said mxture gas hav
plurality of gas constituents is PFC gas discharged froma sem cond
manuf actWinatngi pradeeisedand :said m xture gas contains nitrogen as anot her
gas. 14 2 AUG 2004 4. A gas separation apparatus of claim3, wherein
PFC gas contains one of fluorine conpounds including at | east one e

of C, N,1andaSgas & Sidni Odppsd Ry - £8r éega§a§@fe§][ %gé%@faepag@é

claim4, wherein said PFC gas includes at | east one 0

NF3,” C2

C3F8, SF6, afsStHpEnte AQxs? Seiperid cifsapparkg usrotted fonta ingms

each of

sai g conggRhratlorsy¢s aenbrane. &f or whigh t v
of the perneabi??iy/iﬁpg}néabilggy of a nenbrane " or a subzero égg%
separ at or Wh¢@rPY ke advant age of the

arators comnmpri ses

S oS S ep a2 e R A Dl Al WAEEELInG e LA %Y

chr omat ogr aphi ¢ se

constituents; and

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.

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
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plurality of chromatographic colums that are used in sequence E. A gas
separation apparatus of claim1, wherein gas constitueg%g gnﬁém“ han t he
specific gas constituents, separated at said concentrators, said
plurality of chronmatographic separators and sai d adsorbi ng device
contain nitrogen as the main constituent and the nitrogen gas is reused
for a given usage. 9. A gas separation apparatus of claim8, wherein a
process for renoving gas constituents other than nitrogen gas is
performed on said gas constituents containing nitrogen gas as the main
constituent, 15 2 AUG 2004 10. Th as _.separatjon apparatus of claim1,
furt herlﬁ'co‘?‘rp??séisne aaragtllr?g &5 %1“ r Cdi ggﬁh‘?g#h VRHeSSheci fic gas
consti t uent said oPFd heapldoralding ohecbropRtogiAPhtSmps@idemMs by swit chi ng.
pparatus of claiml, wherein the plurality of

11. The gas, separation
chr omat ogr aphf u‘ijé't%lraaﬁ toffpfi §6SMERF CEhT ot frAphid® ébl urms and four

di schar ge p@@m$bsfgg3h(gleﬁéﬁ%_four di scharge punps is orderly connected to
each of the plurality of chromatographic separators, and four types of

gases are discharged fromthe four chromatographic separators. 16 ¢ 2 AUG

2064 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



ABSTRACT OF THE DI SCLOSURE Gas' Separ ation Apparatus A - di scharge gas
contai ning PFC gas including CF4 and NF, generated fron1a;n?ﬂ@ﬂ?§@§ i ng
process (10) is adsorbed at an 6 adsorbing device (18) and r bed
using nitrogen as a 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 (2 0) for chromatographic
separation with nitrogen as a carrier gas. In this manner; CF, and NF3
wi thin the. 1TheFCygas ecapabetsepar appdratnspacfi cullarim bacauseuttteegas i s

once concentrated. at_the adsarbing device.(1l Chr onmat ogr aphi ¢
separation of - tHe gas constid eﬁug‘pcgﬁrbgléFg%Egéﬂ?l%%eg?%&r#e’oc. 958,
i ndependent | yorconcentat i nfr&k4 and Nplwbhaicged d7y t bieromd pd@araphi ¢

separation, high purity gas._constituents of the 15 PFC gas can be’
obt ai ned, aﬁﬂoﬂﬁﬂgﬁénéﬁg M@Fuf acturing process (10). Fig. 1 17

11. The gas separation apparatus of claim 1, wherein the
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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