- 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 dratme redatbaenet, in the above.nethod (i),
there are shortcom ngs in
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



1 - 2 AUG 2004 that a conplete deconposition is difficult and"tzeA%QUM
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 tR8ati &ecdmptaitenqdbesspssitial isDReEElisnl6i&md ithedghsicanrdot be
t he above nethod (iii), the overall size of the apparatus becones

large, resdbiePéd foF BgsEBRAUEeSthé Yasd e QecdipBrYd and dixvmasrd.
runni ng cost. Moreover, because the boiling point difference betwee

CF4 and ' F€i SERALY] it houghi {6 xdyen ird @neldI¥IRY
THE INVEﬁIE%I\Ié %ﬂ%%ggp%f tlhe grezyent invgntiorﬁgs th3 provi de argéés

separ at i gps apRRLHAt P&&@é@,blt%eogegga?é’{féﬂ %t@ve%hxéf'{ 8nda%r,Ne¥ 1 tHe 13ke

plurality of gas constituents 1 nexpensively and wth high purity.- 15

In Orsieryh?%ﬁﬁgbs ti*isrque@uﬁ%t ifned da*meuéescq%wawve%%hod

aspect o e present I nventlon, ere 1s provided a gas separation

apparat ugs Lol RRCPLEN, 358 bk CAAI5BALARNL DaCHaN Ta: 085 dedditing

treated ning the Specific gases € appar at us

it e Shelngfiasl E8RL, 2L Mond "y Biiinly SR RE RSBt AIhIS copy

m xture gas ] e Treared; an : e romat ogr ap
the- conchirtate, bPHege e BPiTHhd Rl e sEerPRESBEARER VchEL M,

this manper, by u§(jj ng a separatqr which, perforns
is only 1 °C, the separation is dirfficult.

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,



25 chromat ographi ¢ separation, separation of specific gases. gqgms ﬁh#
- 2 AUG 2004 for exanple, as CF4 and NF' contained in the m Xture
gas to be treated, which are otherwise difficult to be separated,
can be reliably achieved. The separated CF4 and NF3 can then be

r ecover eflonestamp BelS @8 CFRRnANFy | diongadnedrinaiie mivtutedas totlectreated,
Separator,:,- the specific gases, for exanple, CF4 and NF3 can be

rel i abl ywsb@mrateebthdirviise deggioudt. técber sepgrdedynatane beaxeddabaf
the present invention, there is provided a gas separation apparatus
for sepagehidvedpednt gepazated LOF] romd tie, Wan! whendde irecbeeredahnd
containing the specific gases, the apparatus conprising: a separator
for chropaisgyaphically separating the mxture, gas to be treated
into each.of the plurality of gas constituents; and concentration
meang for i ndegencieR}ildsngC OACRBhEBhLRELERC PEFSl-Er & EASsepPPdRded tREO
each of the plurality 15°of gas constituents and obtai ned at the
separat ofpe WBILLAsL0E £d30RGERbL 8! W IRTE WO U BRIUrdYidKI§ separated
concentrator are“recovered and reused. A carrier gas (for exanple,

ni troge 145, d .n the chromatographically separated specific
gases, gﬁ%ﬁ?“%%%bgggg% e, 20 as CF4 and NF3. By renoving the carrier

gas by Lhe CORGERLATML A JHEPRS: ddIRcPBE!INE p9R38H: CAR IR IuRTOURLAL

and reused. Accor I'ng“to anot ra present 1 nvention,

there is PEOV]SEf 32935 RGAY RN bR L0 SERA BL40G SPgELLL ©

gases
10 from the mixture gas to be treated containing the specific gases,

tﬁ; 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 (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



froma mxture gas to be treated containing the specific gasg r@ézm"
t he apparatus conprising: a front concentrator for 'concentratT

AUG 2004 the specific gases wthin the mxture gas to be treated; a
separator for chromatographically separating the gases, with the
speci fi cthgapee it96 Rislesal tthiy theamixtareams tonectt ¢atal; aiseparasop
of the plurality of constituents; and rear concentrators for '

i ndependesi | ¢hfomativeeaphita Dy t epditatitic thes gagps| avbeh thd @peadliiof
the plurality of gas constituents and obtained at the separator;

wher ei n §dges cIHeeAtkated WAtheblps teshnb¥ohbent £@to£01iGR0 €&E1010E €he
recovered and reused. Wth this apparatus, the specific gases can be

separ at egiudd ﬂaf SEEbYSL Ve @&tk 4 Nahd FRasUHRRNhE 2hLEPS folifidRbeh@entdgh

of the obtained specific gases can be easily reused. According to

anot her  asmesie e inlyCr e ﬁ&%hré_ aesﬁkbaaraééd«iﬁtopéfé&@btﬁ? b&a&agny

m xture gas containi'lng the specitic gases having. a plurality of gas

consti t st gad Sdilt {75Endas allS6HEA BRGSO T pREEANUREOLIn the

manuf acturi hg process and t m xture gas to cont al ns
nitrogeng r ) [

mventt e g ted 838 oiRIREH BP i BREE 1EncEIRERkoRh Jok rpL6sEla
fluorine, g W having at |east one of the elements C, N, and S
as a conposition 20 elenment. According to another aspect of the
present inventj.on, it i r abl.e that .t PEC gas, _ing¢ludes_on f
CF4, NF31 C2F 11%&}_:@?.58 gggrgttr&{}":gpe é]paeclﬂ% gageg 2ah"be gSpagageg

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




Accordi ng to another aspect of the present invention, it is 25 preferable
t hat the above-nentioned concentration nmeans is either 4 2 ,ALl([‘;Alﬁf%l a
menbr ane separat or whi ch takes advantage of the ¢ 04
perneabi lity/inperneability of a menbrane or a subzero cooling separator
whi ch takes advantage of the difference in boiling point. Wth such a
concentr a8t i onemkrane caepamratari onwbich he #ffesgas adahtageexagpl e,tedn be
ef fectively perfornmed. According to another aspect of the present '
i nvent i oRereabiliyy Aimpexhkabibity aop! ar abbYasd & MBI RAP Hdo1GYHMNS
are provided and used in sequence. By using a plurality of colums,” t he
separ at | separat®s whieh takepeddvintagedbiMhle O d TanRes] Y olQiﬁ‘g?Q{iﬁltr]g to
e

anot her aspect of the present invention, it is preferablet gases

ot her t Naith lsaichpg Woricend2s €S0 WA, don8ént Fift $5PBE ALY PFEUA "Yor
nitrogen as its main constituent and the nitrogen gas Is reu ed ina

gi ver usegmpAEC Ml Be befereiviely 3didrmdly.t he present invention, it is
15 preferable to performa process to renove gas constituents other than

t he nitrogen ; | )l ' as..i .main,
constituent. %%%EEB%)E gté?%?P%%ggé%%&%%%ﬁtginkéﬁgl% ditkgtam

P e SRR R S R R S L W

2 is a diagram show ng structtre a c togra
consi st | 'uded! E'ﬁagle&éfef?éef:o' 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



Fig. 3 is a diagramshowing the treatment of nitrogen. 25 5 L 2 AUG 2004
DESCRI PTI ON OF PREFERRED EMBODI MENT A preferred enbodi nent, of the present
i nvention will now be described referring to the draw ngsL' Aﬂ@CZﬂ(p,s S
supplied in a manufacturing process 10 such as 5 etching or thin film

formati on at a sem conductor manufacturing plant. A discharge gas '

contai ning the PFC gaﬁngénﬁﬁ‘#&%wrd%d%gﬁmﬁi eEMﬂMﬁgde of a vacuum punp
or the

12 is connected to the pat | scharge gas and t he di scharge gas
taini th ' | f [ 10 b

contaln1 9 {1 BEGrafed SnphIRLAE 6 ORI TIRLACAE LA WERESES [0 PV

i ke or &&%gag%ggwé O];et, redi,gbggg%y used. In this exanple, t[]ﬁePFC,

gas contain ecause?the PFC gas deconposes in

50 cont ai noPnpRE G, of tREi T Apca MR hadtirdhalirdeds d 0gPuthate gac
dammfed CHIBRRF FBIR GHLTATMERLEN BF obl SHRIGHAd5aH BABUFeCEUEHg od as.
i ut e B1GoohafiGEnaga. T8 S KIS CEPARFGrsaRde, BRBITRAE S | o
connect e(g tQ a scrubber 14. The discharge gas which is diluted b

ni t roged %es 184EHI PP tQf & H@cYuP BBBP 44 isrirenneckseto 18he Aty Sfatmt er

shower to dissol ve .
the discharge gas and the discharge gas containing the PFC gas 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



and absorb hydrofluoric acid (HF) within the discharge gas into water. 25
The di scharge gas fromthe scrubber 14 is then introduced to 6 2 AUG 2004

a dewatering device 16, where water is renoved. The dischar &QgAthﬁ‘nm)m
t he scrubber 14 contains a |large anobunt of water and it is desira 'to
renove water for the subsequent processes. Any form of dewatering device

can be usedewstéhingl@emiieei 18, ¢hereavdtfer Wstrdmdved.s Pheiddsehaggeogasmpl oy
a dewatering device.:; in which water is renoved by reducing the

t enper at remothehgcAilsisdrige copataihbeadi sEdér foaRs o¥owhakpi 884t e fFC gas
and nitrogen thus obtained is supplied to a concentrator 18. The

concent r le@lirdBlé to remokeNPytdl foirt t REHWubH MRt Pp RSN, aaRpRANe
separator which 10 uses a gas perneation nenbrane.” Wth this sttucture,

ni tr ogen desdes@per diFdelied ¢4 il asbarae &@Sdawsitépfn%@v&héggs 935, (CF4

and NF3 in the enbodinent) is concentrated. It 1s also possible to use a

subzepo GR04 5 W diatatl et to! Bifip Y GE Ul ALRE 1A dé@i&%e%% vater is ¢

al though the boiling points CF- _ re srmlar { ~C anc

1288 Cropb 08870} libling UReD0URL AR ol HQURRES o84 001 112Nt 1Y

Ater prC gas THE ichafdePdadiconeb Mg +ho pfc URBNA Ribfadd mlE 1

chr ot OB SHPRREE o B, { REnBURSTELES R e SWANAEL1BY 1u0es 2
for removing nitrogen and is preferably a membrane separator which

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



gas is passed through the colum. In this manner, the gas is separated
Into the constituents because the constituents have differgent pg;&agion
times due to difference in the affinity 25 (tendency for ads ré nd
distribution coefficient) of the gas 7 2 AUG 2004 constituents with

respect to the filler. As a filler, for exanple, silica gel or nolecul ar

si eve cardmstitfdntSivitAPRESéNItEtherfil18F, . AbNa tfi216h] Rt egample £
separator 20, nitrogen is used as a carrier gas and CF4 and NF 3 are

separ at e?iih.\ic%\e/\ﬁléfrﬁf aHdDectAS BiBge o beliugea kgl NgeSdvh ity WF, -axtpor bed
on the filer. en a fraction having both CF4 and NF3 is generated, it

preferabwahﬁ0fheEHEUchf$%§%ééfHHﬂﬂE1s%BaEB@ofeF@UEﬁi¥fdg@heﬁssﬁgéd i9'a

exanpl e, I'l'e passing nitrogen gas, a predetermned “anount of discharge
O ot e EASE e o AR e e SOf e bl RIS STy YR ER one
Cepar & o 9o EiAd RefePy SO e e lRd BISS < (upE TUIRITL ARG
coltect SaVtaLLASHARE AR PR LA N 0 OSSR SR Ren Sl o YT
Phe col ufhas: rradtiamce B SeRRuAtrs, e B0t Can be cont i nuousty
suppl i ed 10t g oL 20%n A% 3026189°n1 8080207688, % CBHL S efied M

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 203, 20b, 20c, and

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



I ntroduced to the columms in sequence by swi tching the val ves at h

t e
colum inlet side in sequence. Because gas of nitrogen, gas ﬁﬁF
nitrogen, gas of CF4, NF3 and nitrogen, and gas of NF3 and .-m& @e Iovvs
out fromeach of the colums 20a, 20b, 20c, and 25 20d, in that order, the
gases can be separated and discharged by 8 2 AUG 2004 switching the vaI ves

at the CoLyEBhexy ek d egperpe 2odumAClddti B4qe0inCHREnee A of
vacuum pgn%s hfffcj E@égggj'g%%t ai ni ng o':nI‘t1 CF4 andgNFSl is circulated to

the colugp, tgtfny’ebetaetpsnat 7§ BREQSF vadun ?I‘@Eé% | kO Que bl il

manner, gas trogen 4 and ni and gas of NF3 an

" dtep 8gﬁe ¢é Idrﬁ!tdorm éggufér%ect i on ngp{qgrﬁ;tgg?m ‘Eh%‘%ﬁ%rc%ta% Lont

is prefera € CO eac consti't uent
at the exit of the chr onmat.Q phi c separator 20 and 10 the sw tching of
the val v88%i #° I'—t?%mgz lﬁ‘g‘&?gugﬁgén anal ysis result of the gas at the exit.

F I t t b t ed di ff I
et et or " ( Toy b Ehkg JHATeE  PARGIORHEFRFT S8 oo e e REEraden, dRATT

trol b f db d th I 5 th _thij th
coe 1o <8R8 AtgRFnt §nfinon PorasT uakbs SPLRATat i5he ne¥eF acth °%§Sof 4
and nitrog}t_o and of NF3 and nitrogen, a pure m'xture can be obt ai ned

with al nB %t%W%FQPPEF?rp? sent. The obtai ned gas of CF4 and

nitrogen is supplied t
J Ppls preferable to perform the collection of the gas for each

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 t: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



20 concentrator 22 and the obtained gas of NF, and nitrogen is supplied
to a concentrator 24. As the concentrators 22 and 24, a rane
separator or a subzero cooling device is used, -simlar to I'*‘%AUG 200
concentrator 18. In particular, by circulating the concentrated gaé
several tines in a nenbrane separator or by using a nultiple 25 nenbrane
separ at oLp0%r ofiSithe aittezreno «op| beigseppratddy , 1€dvines & BuAPS 2004 100%
of the nitrogen can be separated, |eaving a pure, 100% concentration of

CF4 gas eofcéfBrgiion bEecehtqis ahdCRe, gass.and NF3 gas can then be
recovered and reused at the manufacturing process 10. In this manner, in

the enmbodi nentthd b@tagRaaatr pyaef aEE4NpﬂdjaNFcaﬁhts£n e didclohverted hﬁdOt her
separation methods, can be rel’i abl y achi eved using the chromatographic

separ at Ofe@QedTﬁﬁ@pﬁgﬁhggcgﬁn@%d&%scqa be recovered and reused. In
particular, in the enbodi nent, a concentrator 18 is 10 provided before

the ghromat ogr H}gscan eqtog{lagﬁ Qbb8 R¥A I the Eélﬁe A U8 ¢F, bR

manner, CF4 an ere y separated at ft romat ogrlap |c

CF,
Z ﬁgaera:goﬁF,,?wﬂl‘x‘%H“gs r&:.tf'i“igﬁﬁltaﬁb@tﬁ@f rs'e?.rarag mElﬂﬁoﬁé’”%‘i‘ﬁttf1 lﬁﬁ?ﬁlﬁbi’{(

ractions can- mai ntal ned at a certai

concent r by gé%egensfépa%gﬂwnr ik thi2aBHPOLRRG cot %o Nnd Eégékgﬁ‘éd% pas of

CF4 an gas o gen nitrogen I'S renove

separ at e, &pr}&en&%@t | on eD‘:rc Ce?:% O%ﬁdzgﬂ@?}g 24. Because of this, al m)st 100%

of nitrogen cdn and NF3 can be
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 chromatographie separator 20 using nitrogen as a carrier
gas. Tﬁe concentrations of CF, and NF, in the frections can be
maintained at a certain 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 gae 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



reused at the manufacturing process 10. 20 The PFC gas may include, in
addition to CF4 and NF31 C2F4 and SF6,etc. These PFC gasr-é C be
separated relatively easily by various devices. in the c msgzﬂﬂ#hi C
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 re abe¥pyexamekert ed fromthe fracti on separated as nitrogen in 10

'k 2 AUG 200 the above exanple. Al so, nitrggen i s discharged at the

concentrat or 1Blsochndtiieggnapifi cdisphpaged 2% the concentraters & and
24. Nitrogen, on the other hand, is necessary as the diluting gas before
t he vacuGRrplapodrapinit asepatater r iz}, gandf @onceptratonst &g aphdc 24.
separator 20. It is therefore preferable to reuse the obtained nitrogen
gas. TheNdscpgenn oorthhetber handht i$ nedeasarygerthiesdituting gas Hefore
arbitrary, but because the diluting gas before the vacuum punp 12 is

cl osebt othecvackeunypampi 12 iandasf theltarnier gasefar thegehronftayxraphdc
diluting gas. It is highly probable that the nitrogen gas to be reused
cont ai nsssparatop2l. Oofitt he PRé&refisre hesfsrabde td reugpe cfiss albtainked
process the nitrogen gas to renove the PFC gas. As the process, it is

pr ef er abhéttogenmphey arHendedisirimon wheredgrooposing hberdddn 156 r@asedsuch,
for exanple, as plasnma deconposition process, conbustion, and catalyst

heati ng pancesarbiftrairy, abs® Heauisd €heodPRitirigngaBebe fEH IHE vACAGRSS,
subzero cooling separation, and chromat ographic
pump 12 is close to a crude gas, it is preferable 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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separation again for separating the PFC gas and reuse nitrggen. Fig. 3
shows an exanpl e where the plasna deconposition process ZGPQSAHﬁﬁﬂByed.
As shown, nitrogen discharged at the concentrator 18, 22, and 24 is

subj ected to the plasna deconposition process at the plasna deconpose
device 26, to deconpose the PFC gas, and the obtained nitrogen is reused-
as the di T Utih9T §Xs and Q0d icof NFel vodume Beanphe) 1 AheAsamplzaapbehaligehar ge
gas, nitrogen gas was prepared having 11 F 2 AUG 2004 0.01% of CF4 and

0. 01% of J¥3vadolutrodigarkio) the Ttencantpiatoti 16haf Gthe Gppavatus NEXGeHiced -
to the concentrator 18 of the apparatus shown in Fig. 1, and processing

exper i merith F&g. plr fapdnprioaes e experimens whae PeefbrRé@GRS $8%h S Ahe
menbrane separator was used as the concentrator 18. the sanple gas was

concent r ubdegeeny piwcesydy.ane separator to a point where the both
concentrations for CF4 and NF3 are equal to or greater than 10% Then,

t he cbncent r at Rdnenibeache) 88 paRat PR SHAS utsféBOHthl‘aQecorFé@'nQ'i‘Egegrf‘@hi Ghe :
separator 20 with the colum filled with silica 10 gel and using nlhtrogen

as a car shmpleAmsawi€tehtentasted uSHAqaitt meRBr e %'Eﬁa}\ggfgf ?:?2?@:%&%% and

di scharged in that order at the colum exit, due to"t ncein the

ret enti owher&rhe RAIDEOhEYEL r OGRS AICFQ A d0%r, Ee aag?f'ﬁ,eé,g (#Ceérﬁ? en was

0.01% and the purity was 100% By renoving nitrogen-a ators

22 and 2#hdH ownDrRée, %?xléaé@ﬂé&?t_)rategaxﬁffe@fgag:wa@ggsglga é’ﬁr.[oeug%b%giened

each wth alnost 100% concentration.
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



The anal ysis of the nitrogen obtained at the concentrator 18,

chr omat ogr aphi ¢ separator 20, and concentrators 22 and 24 in? %fﬁe? t hat
the nitrogen gas contained 10 ppm of PFC gas. The PFC gas wa aFfost
conpl etely deconposed and rendered harm ess by applying a plasm
deconposition process to the obtained nitrogen. It was thus confirned
that the nitrogen gas is usable as a diluting gas before the vacuum punp
12 or as a carrier gas for the chronmatographic separator 20. 12 - 2 AUG
2004 Wiaeti sscthameediss: 1. A gas separation apparatus for separating
specific gas constituents froma mxture gas to be treated containing a
plurality of gas constituents, said apparatus conprising: a concentrator

for comcentpatgag tdepaip@Gichi Cappsrac@sstidrienkpavhthhg Sabe{# X& Ulg Has
to be treated as,a discharge gas; and a separator for chromatographically
separating FRBSTYFYEHET gETYas? i RESLBERhIBF tRe bl rgibitef slongagning a

consti tuent g3 uWAEL € Mot N S RAALYLLRWDT k58T g?géymhé té’orﬁgrisir}gsz

chromat ogr aphi ¢ col'ums,”™ and wherein the speci gas constituen t hat
separate fromthe glomcgntratofr cheonmmanpeatriatiogl ubhs aseewifdiar | yas

ChercrCarip L SiEts LUThien. 2o foSepscgl ) e kus o FLTm
gas discharge gas; and
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



di scharged from a sem conductor manufacturing process and said gas to be
treated contains nitrogen as another gas. 3. A gas separ&ipmugpmn'at us of
claim2, wherein said PFC gas contains one of fluorine conpounds
including at | east one elenment of C, N, and S as a conposition el enent.
4. A gas separation apparatus of claim3, wherein said PFC gas includes
one of CF4, NF3, C2F5, C3F5, SF6, or CHF3. 5. A gas separation apparatus
of claim1l, wherein said concentrator is a nmenbrane separator which takes
advant &ge &f phe peepeabtiony/apperawabi lof y @faian menbr anesrekis k & AUG

2004 6. A gas.separation apparatus of clajm 1, wherein said  concentrator
i's subzerogg83f?ﬁ€r%%%%r a}%r ﬁﬁ}?ﬁ"ﬂ'ﬁ? akcé%gijaﬁﬁ/arﬁeéﬁ’erad‘fordi Merdhcdskep

boi | i ng poi atisanZagd @asd SERaaidedN iapparatug pbigtai m 1, wherein said
chromat ographi ¢ separator includes a plurality of chromatographic col umms
whi ch are used in sequence. 8. A gas separation apparatus of claim1,

wher ei n. gasa cghasti tugatst obher b dle specidifipas congldtuent Sa1g
separated at_said concentrator or at said separator, ~‘contain nitrogen as
a mai n consEhroBatogfRPite nidsrapatagas dinclusiesed feor @lginedritysagef 9. A

gas separ al LRRoRRRASALNS: el AMAR SnilH LIS LGOAPLL SLOG,Anot her separal or
for renmoving non-nitrogen fromthe gas constituents other Shan specific
gas constituents, that
8. A gas separation 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



contain nitrogen gas as the main constituent. 10. A gas separation
apparatus for separating specific gas constituents froma mxture gas to
be treated containing a plurality of gas constituents, s @ Hﬂﬁ)dma‘t us
conprising: a separator for chromatographically separating a m xture and
concentrators for separately concentrating the gas separated into each of
the plurality of gas constituents and obtained at the separator; wherein
t he concentrated gases obtai ned by said concentrators are recovered and

reused. 11. #nd@asas€payad i 06 appAddtedf cshehind Oniwbegehn 53ai ghotHxt ure
gas having a gl urality of gas constituents is PFC gas discharged froma

seni conduct o?*Pranuf act uri ng process 14 2 AUG 2004 and said gas to be
treated contains nitrogen as another gas. 12. A gas separation apparatus
of claim 11, wherein said PFC gas contains one of fluorine conpounds

i ncl udi'dg at®| gast sepseaslierempraracusNofandl B msla, cohpositi eaid amnt .

13. A gas sepas abhQp, apparalus ofs ¢l gl m12, erein.said PFC gas includes
one of CF4, “NE3,  COF6. B%Féf fé&é’%,ﬂ%r%Bﬂ%uflgf4.mﬁl&§§n§e6‘§r pEEhi
appar at us ofore sgiement wferdbi W, aandedsts aneomposiHi tbrec aileentator is a

menbr ane separator which takes advantage of the
permeabi lity/inperneability of a nenbrane.

13. 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



15. A gas separation apparatus of claim 10, wherein at |east one of said
concentrator is subzero cooling separator which takes aEéiﬂéﬁg of
differences in boiling points. 16. A gas separation appak fUhfain110,
wherein said chromatographic separator includes a plurality of

chr omat ogr aphi ¢ col ums 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 nitgagenocastatoants condhict ustitAnd hieroddd 0gas gas the Maused
for a given usageu 18.. A gas separation apparatus of claim 17, further
conpri si ng A 4 yarator for renoving non-nitrogen gas constituents
fromthe gas constituents other than specific 15 2 AUG 2041, gas
constituents, that contain nitrogen gas as the main constituent. 19. A
gas sepdrat i%n HRFpaPEPREAE PN s APRPARTNG sheEi fSePagas ingonepee e s dasom a

m xture gas dohdis dieBAlLE CANMAINNGR AU idy g2y cRLtYeRt S,
sai d apparatus conprising: a front concentrator for concentrating The
specific gdlEHsIR GEhigeswicoRPhisuent o xsand apgmntad Use compatiedngs a

R T T T i B
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



constituents; and rear concentrators for separately concentrating each of
the plurality of gas constituents; wherein the gases obtainﬁg fl@gbﬁgid
rear concentrators are recovered and reused. 20. A gas sep® &t 4
apparatus of claim 19, wherein said mxture gas having a plurality of gas
constituents is PFC gas discharged froma sem conduct or 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 eskgourdyanrabedi By ahel epsime AL A \EMBHerHeaBi1Ne a“%Sa'ﬁ_S a
conposition elenment. 22. A gas separation apparatus of cIa|n12¥, erein
said PFC gd%Ti@hfites one of CF4, NF3, C2F6, C3F8, SF6, or CHF3. 23. A
gas separation apparatus of claim 19, wherein at |east one of said
concentrator is a nmenbrane separator which 16 2 AUG 2004 takes advantage
of the perneabBREt PRPAPEEAERbIEPPRYasfisa ofmeririanel 9 24whérgas sepdreatston

appar at us of I , I east of .saj d concentrator .i.s
subzero cool?ﬁ%q%gb%fgﬁggﬁ%é%#gﬁgkfgkgg 88@%% %g%o% l%ﬁf?%ﬁ%ﬁﬁﬁ%fl%?ﬁﬁﬁ l'ing
poi nts. 25. wekes xbpartageorfappdfatasces i dion 1iGg wedmisn sai d

chromat ographi ¢ separator includes a plurality of
25. A gas separation apparatus of claim 19, wherein said
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
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chr omat ogr aphi ¢ col ums which are used in sequence. 26. A gas separation
apparatus of claim 19, wherein gas constituents other tha E?’]? psei.fic
gas constituents, separated at said concentrators or at s Qﬁa or,
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

conpri sing another separator non-nitrogen gas constituents fromthe gas
constituents other than specific gas constituents, that contain nitrogen
gas as the nenstionsiritsueate Zodieedjasrsapaital i @BuaP P Pdhts: ragdaidn 1,
further corrpcroifing% a single punp for discharging the specific gas
constituents °ft the plurality of chromatographic colums by sw tching.
29. The gas separation apparatus of claim1l, wherein the separator
conprises four chromatographic colums that are supplied with the

di scharge gas in sequence, wherein each of the four chronmatographic
colums conprise a discharge punp that is connected to each of the four
chromat ographi ¢ col ums, such that four types of gas 17 9 2 AUG 2U 4
constituents are produced fromthe four chromatographic colums. 18
ABSTRACT OF THE DI SCLOSURE
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Gas Separation Apparatus A discharge gas containing PFC gas including
CF4 and NP3 generated froma manufacturing process (10) iigo nzta‘r"at ed
a1

at a

concentrator (18). and then chromat ographically separ

chromat ographi ¢ separator (20) with nitrogen as a carrier gas. In this
manner, c¢ r, and NF3 wi t hABSERACTPOF JEHE DISCGLOSUREr ated. In
particular,, -because the gas is once concentrated at the concentrator

(18) t chromat ographic sep [ of ehil Ci achi eved. By
I ndependent |y concentrati ngé'ﬁﬁgg%ggtﬁlgg 0 ?%r%e@g by the

can be. obt o mba AFEHRARL el SR ARSI PR T ARs AfELda 2, P, BRG S

10

generated from a manufacturing process (10) is concentrated at a
~concentrator ('1'8): and then chromatogxapbically v‘geparated at a
chromatographic separator (20) witl; nitrogen as a carrier gaé. In
this manner, CF, and NF, within the PFC gas ca.n be separated. 1In
particular, because the gas is once conc'entratedat t'he concentrator
(18), chromatographic separation can be efficiently achieved. By
independently concentrating CF;_' and NEf, obtained: by the
chromatographic separation, high purity gas constituents of the

PPci'gas can be obtained, and reused at the manufacturing process

(10).

Fig.1

19





